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ARASTIRMA MAKALESI RESEARCH ARTICLE

Yag Giilii Tariminda Uretim Etkinliginin Analizi: Isparta Ili Ornegi*

Analysis of Production Efficiencies in Oil-Bearing Rose Agriculture: The Case of Isparta
Province

Orhan Or¢un BITRAK", Selim Adem HATIRLI?

Oz

Tiirkiye, diinya yag giilii Giretiminin %55’ini gergeklestiren lider iilke konumundadir. Yag giilii yetistiriciliginin
yaygin olarak yapildigi Isparta ili, iiretimin yaklasik %80’ini karsilamaktadir. Bu ¢aligmanin amaci, Isparta ilinde
yag giilii yetistiriciligi yapan isletmelerin iiretim etkinliginin belirlenmesi ve isletmelerin etkinsizliklerine neden
olan faktorlerin ortaya koyulmasidir. Bu dogrultuda, isletmelerin 2021-2022 iiretim dénemine iligkin Isparta ilinde
yag giili yetistiriciliginin yogun olarak yapildig1 yedi ilce ve bu ilgelerdeki koylerde bulunan 169 yag giilii
isletmesinden anket yontemiyle elde edilen veriler kullamlmistir. Isletmelerin etkinsizliginin belirlenmesinde
uygulanan stokastik iiretim sinir1 modeli, Cobb-Douglas fonksiyonu ile tahmin edilmistir. Model tahmin
sonuglarina gore, isletmelerde ortalama iiretim etkinsizligi 0.21 olarak hesaplanmis ve isletmelerin gdzlenen
tiretimi ile ulasabilecegi maksimum {iretim arasindaki farkin %50.3’{inlin teknik ve dagilim etkinsizliklerinden
kaynaklandigi, geriye kalan kismin ise dngoriilemeyen tesadiifi faktorlerden kaynaklandig: tespit edilmistir. Bu
sonug, isletmelerdeki teknik ve dagilim etkinsizliklerinin énemini vurgulamaktadir. Uretim etkinsizliginin sonucu
olarak, yag giilii yetistiriciligi yapan isletmelerin dekara ortalama verim kayiplarmm 95.10 kg oldugu
belirlenmistir. Isletmelerdeki iiretim etkinsizliginin nedenlerinin arastirildigi model tahmin bulgularma gére,
isletme yoneticisinin yasi, yag giilii bahg¢esindeki ortalama agag yasi, yag giilii arazisinin sulama durumu, yayim
faaliyetlerine katilim durumu, isletmede yag giilii disinda bagka bir bitkisel {irline yer verilip verilmedigi, yag giilii
arazisinin rakim seviyesi ve kredi kullanimi degiskenleri istatistiksel olarak anlamli bulunmustur. Buna gore,
isletme yoneticisinin yasi, igletmenin sulu araziye sahip olmasi, yayim faaliyetlerine katilim ve kredi kullanimin
etkinsizligi azalttigi, bahgedeki agaglarin ekonomik verim g¢aginin disinda olmasi, isletmede yag giilii diginda
bagka iirlinlere yer verilmesi ve yag giilii arazisinin rakim seviyesinin ise etkinsizligi artirdigi tespit edilmistir.

Anahtar Kelimeler: Yag giilii, Stokastik iiretim sinir1, Cobb-Douglas, Uretim etkinligi
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Bitrak & Hatirly
Yag Giilii Tariminda Uretim Etkinliginin Analizi: Isparta {li Ornegi

Abstract

Turkey is the world’s leading country realizing 55% of the world oil-bearing rose production. Isparta province,
where widespread oil-bearing rose cultivation, meets more than 80% of country’s production. This study aims to
investigate the production efficiency of oil-bearing rose cultivation enterprises in Isparta province and to reveal
the factors that cause the inefficiency of the enterprises. In this direction, the study, which covers the production
period 2021-2022, used the data obtained through the survey method from 169 oil-bearing rose enterprises seven
districts and villages in these districts where oil-bearing rose cultivation is intensively practiced in Isparta province.
Stochastic Cobb-Douglas production frontier model was established to determine the production efficiency of the
enterprises. According to the model estimation results, the average production inefficiency of the enterprises was
calculated 0.21. It was found that 50.3% of the difference between the observed production of the enterprises and
the maximum production they can achieve is the due to technical and allocation inefficiencies, while the remaining
part is due to unexpected random factors. This result emphasizes the importance of technical and allocative
inefficiencies in farms. As a result of production inefficiency, the average loss of yield per decare of oil-bearing
rose farm was 95.10 kg. Among the variables included in the inefficiency model established to explain the
production inefficiency in the enterprises, the age of the enterprise manager, the average age of the trees in the oil-
bearing rose land, the irrigation status of the oil-bearing rose land, the participation in extension activities, whether
the enterprise includes another crop other than oil-bearing rose, the altitude of the oil-bearing rose land, and use
of credit were found to be statistically significant. Accordingly, it was found that the age of enterprise manager,
having irrigated fields, participating in extension activities, and the use of credit decreased inefficiency. On the
other side, the trees in the land were outside the economic yield age, cultivating crops other than oil-bearing rose
on the farm, and the altitude level of the oil-bearing rose land increased inefficiency.

Keywords: Oil-bearing rose, Stochastic production frontier, Cobb-Douglas, Production efficiency
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1. Giris

Giil ¢igegi, hem siis bitkisi sektdriinde kesme ¢igcek ve agik hava bitkisi olarak kullanilan, hem de tibbi ve
aromatik bir bitki olarak gida, parfiimeri ve kozmetik endiistrilerinde biiyiik bir 6neme sahiptir. Diinya genelinde
100’lin {izerinde giil ¢icegi tiirli bulunmaktadir (Baydar ve ark., 2008). Bununla birlikte, endiistriyel amagla
kullanilan farkli giil gesitleri arasindan (Rosa gallica L., Rosa alba L., Rosa centifolia L., Rosa moschata Herrm
ve Rosa rugosa L.) ekonomik degeri yiiksek, en fazla ugucu yag miktarina ve yiiksek kaliteli koku bilesenlerine
sahip olan1 Rosa damascena Mill.’dir. Bu giil tiirii ayn1 zamanda "Isparta giilii," "Kazanlik giili," "Sam giild,"
"Pembe yag giilii" veya sadece "Yag Giili" olarak da taninmaktadir (Timor, 2011).

Diinya yag giilii iiretiminin yaklasik %90°lik kismi Tiirkiye ve Bulgaristan tarafindan gergeklestirilmektedir.
2022 yil1 verilerine gore, yag giilii ekili alan1 Tiirkiye’de 4126 hektar, Bulgaristan’da ise 4373 hektardir. Ayrica
iiretim miktar1, Tiirkiye’de yaklasik 20 bin ton iken, Bulgaristan’da yaklagik 13 bin ton olarak gerceklesmistir
(TUIK, 2023a; MZH, 2023).

Giil ¢igegi dogrudan tiiketilen bir iriin olmamakla birlikte, giiliin islenmesiyle elde edilen {iriinlerin tiiketimi
s6z konusudur (T.C. Ticaret Bakanligi, 2020). Giil ¢iceginden giil yag1 ve giil konkreti olmak iizere iki ana {iriin,
yan iiriin olarak giil suyu elde edilmektedir (Bektasoglu, 2006; Ormeci Kart ve ark., 2012). Giilden elde edilen yag,
dogal karistiric1 zelligi gdstermekte olup diger koku maddelerini birlestirme dzelligi tasimaktadir (Oztiirk ve ark.,
2008). Giil triinleri iiretiminde, maliyetin %75°1 kadar biiyiik bir bolimiinii giil ¢igegi girdisi olugturmaktadir.
Mevsimsel kosullara bagli olarak degismekle birlikte, 1 kg giil yagi elde edebilmek i¢in genel olarak 3500 kg giil
cicegi kullanilmaktadir (Aslancan Ates ve Toprak, 2018). Diinya giil iiriinleri piyasasinin neredeyse tiimiinii elinde
bulunduran Tiirkiye ve Bulgaristan, yillik ortalama 3 ton civarinda giil yag: iiretmektedir. Bu iilkelerde iiretilen
giilden elde edilen yaglar ve yan iiriinlerinin sadece kii¢iik bir boliimii tilke icinde tiiketilmekte, biiyiik bir kismi
ise diinyanin 6nde gelen kozmetik ve saglik iirlinleri iireten iilkelerine ihra¢ edilmektedir (BAKA, 2020). Bu
yoniiyle sektor, lilkenin tarimsal ekonomisine sagladigi faydanin yani sira ugucu yag ihracatinda da oldukg¢a 6nemli
bir yere sahiptir (Ormeci Kart ve ark., 2012). 2022 yilinda giilden elde edilen iiriinlerden, Tiirkiye 19.15 milyon
Euro, Bulgaristan ise 22.5 milyon Euro ihracat geliri elde etmistir (TUIK, 2023b; NSI, 2023).

Tiirkiye’de yag giilii ve giil driinleri tiretimi, gogunlukla Goéller Bolgesi’nde (Isparta, Burdur, Afyonkarahisar
ve Denizli), Bulgaristan’da Kazanlik Bolgesi’nde (Stara Zagora, Karlova, Plovdiv ve Pazarcik) yapilmaktadir
(Baydar, 2015). Tirkiye’deki yag giili ve giile dayali iiriin {iretiminin %80’den fazlasi Isparta ilinde
gerceklesmektedir. ilde yaklastk 10 bin aile gecimini yag giilii yetistiriciligiyle saglamaktadir (T.C. Ticaret
Bakanligi, 2020). Dolayisiyla, Isparta hem bolgesinin hem de diinyanin 6nemli yag giilii ve giil tiriinleri iiretim
merkezi konumundadir (Atay ve ark., 2016; Ozcan ve Dénmez, 2018).

Isparta’da yag giilii yetistiriciliginde aile isletmeleri oldukg¢a yaygin olup isletmelerin kiigiik 6l¢ekli olmalari,
iiretim siirecinde kullanilan kaynaklarm etkin kullaniminit daha da onemli kilmaktadir. Literatiirde, yag giili
sektoriinii ekonomik agidan ele alan bir¢ok g¢alisma bulunmaktadir. Bu g¢alismalarda, giil yetistiriciliginin ve
isleyiciliginin maliyet ve karlihd1 (Singh ve Singh, 2001; Demircan, 2005; Giray ve Ormeci Kart, 2012; Aslancan
Ates ve Toprak, 2018), Tiirkiye’de yag giilii yetistiriciliginin ekonomik yapis1 (Oztiirk ve ark., 2008; Gékdogan
ve Demir, 2011) ve Bulgaristan’da giil yagi sanayinin yapisi (Georgiev, 2016), Isparta giiliiniin Tirkiye
ekonomisindeki yeri (G6kdogan, 2013), organik giil yetistiriciligini etkileyen sosyo-ekonomik faktdrler (Chalova
ve ark., 2017) ve Tiirkiye yag giilii sektoriiniin sorunlart (Dagli, 2019) konulari ele alinmistir. Bununla birlikte,
literatirde yag giilii sektoriindeki isletmelerin {iretim etkinligi {izerine yapilmis herhangi bir arastirmaya
rastlanilamamustir.

Isletmelerin performans dlgiimiinde etkinlik kavrami 6n plana ¢ikmaktadir. Etkinlik, teknolojik kosullar
sabitken mevcut girdi seviyesi ile maksimum ¢ikti miktarin1 elde etme becerisi veya mevcut ¢ikti seviyesini
minimum girdi miktar ile saglama becerisi olarak tanimlanmaktadir (Farrel, 1957; Kopp, 1981; Coelli ve ark.,
2003). Baska bir ifadeyle etkinlik, {iretim birimlerinin amaclarina ulagsmasinda kullandig1 mevcut ve potansiyel
kaynaklar arasindaki farka yogunlasmakta ve dogru isleri yapmay1 konu almaktadir (Yiik¢l ve Atagan, 2009).
Etkinligin belirlenmesi neticesinde, isletmeler sahip oldugu kaynaklar1 ne derecede etkin olarak kullandiklarini
belirleme firsatina sahip olabilmektedirler. Boylece etkinligin Olglimii, genel durum tespiti olarak
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kullanilabilmekte ve genel refah seviyesi acisindan mal ve hizmetler ile iliskilendirerek ekonominin rekabet
giiciiniin belirlenmesine de yardime1 olmaktadir (Cavmak ve Cavmak, 2017).

Bu ¢alismanin temel amaci, diinya yag giilii tiretiminin 6nemli bir kismini karsilayan Isparta ilindeki yag giilii
isletmelerinin iiretim etkinlik seviyelerinin belirlenmesi ve belirlenen etkinlik seviyelerini etkileyen faktorlerin
neler oldugunun tespit edilmesidir. Bu amagla, Isparta ilinde yag giilii tariminin yaygin oldugu Aksu, Atabey,
Egirdir, Gonen, Keciborlu, Merkez ve Siitgiiler ilgeleri ve bu ilgelere bagl kdylerde bulunan yag giilii isletmeleri
calisma sahasi olarak belirlenmistir. Isletmelerin etkinsizliginin belirlenmesinde ise literatiirde yaygin olarak
kullanilan stokastik {iretim sinir1 yaklagimi ekonometrik olarak tahmin edilmistir. Caligmada, yag giilii yetistiren
isletmelerin iiretimdeki etkinliklerinin ve etkinsizliklerini azaltacak politika Onerilerinin ortaya koyulmasi
nedeniyle, literatiirdeki 6nemli bir boslugun doldurulmasi beklenmektedir. Diger taraftan, isletmelerin dogru
kaynak bilesimi kullanimi ve etkinlik diizeylerini artirmaya yonelik politikalarin uygulanmasi sayesinde
isletmelerin toplam gelirlerinde artis saglanabilecegi gibi maliyetlerin diigmesi sonucu Tiirkiye’nin uluslararasi
pazardaki rekabet giicli dolayisiyla giil ve giilden elde edilen iiriinlerden saglanan doviz girdisinin artiritlmasi
miimkiin olabilecektir.

2. Materyal ve Metot
2.1. Materyal ve Ornekleme Yontemi

Isparta ilinde agirlikl olarak yag giilii yetistiriciliginin yapildigi Aksu, Atabey, Egirdir, Gonen, Kegiborlu, Siitciiler
ve Merkez ilgeleri arastirma bolgesi olarak secilmis olup, anket uygulamasiyla elde edilen veriler arastirmanin ana
materyalini olusturmustur. Aragtirma bolgesine iliskin iiretici sayisi ve ekim alani bilgilerine, T.C. Tarim ve Orman
Bakanlig1 Cift¢i Kayit Sistemi'nden (CKS) ulasilmig olup, veriler 2021 yilina aittir. Buna gore, arastirmanin evrenini,
16933 dekar alanda faaliyet gosteren toplam 2318 adet yag giilii {ireticisi olusturmaktadir. Popiilasyonu temsil edecek
orneklem sayismin belirlenmesinde, ilk olarak Neyman yonteminin kullanilmasi planlanmis olsa da sahadaki
gerceklerden ve gergeve listesinin olusturulamamasindan kaynakli olarak basit tesadiifi 6rnekleme yontemi
kullanilmistir (Yamane, 1967):

N x 02 x t?

n= (N-1)d?+(c2x t2)

(Es.1)

Esitlikte verilen n &rnek sayismi, o2 popiilasyonun varyansini, N popiilasyonu olusturan toplam iiretici say1sini, t
giiven sinirini (%90 giiven araligina tekabiil eden degeri) ve d (n x 0.10) ise popiilasyona iligkin hata degerini ifade
etmektedir.

Popiilasyona iligkin 6rneklem sayisi, %90 giiven araliginda, %10 hata pay1 ¢ergevesinde belirlenmistir. Yapilan
hesaplamalar sonucu, aragtirma bélgesini temsil edebilecek anket sayisi 166 olarak belirlenmis olup, analizler 169 adet
anket {izerinden gerceklestirilmistir. Anketler, Isparta ili merkez ve alti adet ilgesindeki toplam yag giilii arazisi
genisliklerine gore oransal olarak dagitilarak uygulanmistir. Veri toplama asamasi, 2022 yili Ekim-Kasim aylarinda,
bizzat arastirmaci tarafindan gergeklestirilmis olup veriler 2021-2022 iiretim donemine aittir. Saha anket ¢alismasinin
yiiriitilmesi hususunda, Siileyman Demirel Universitesi, Universite Etik Kurulu tarafinca 30.03.2022 tarihli E-
87432956-050.99-242734 say1h etik kurulu karartyla onay alinmastir.

2.2. Arastirmada Kullanilan Yontem

Literatiirde etkinligin 6l¢iimiinde, veri zarflama analizi (VZA) ve stokastik sinir analizi (SSA) yaklasimlar1 olmak
iizere kullanimi1 olduk¢a yaygin olan iki yaklasim one ¢ikmustir. Etkinligin dlgtimiinde, Charnes, Cooper ve Rhodes
tarafindan 1978 yilinda, benzer karar birimlerinin goreceli etkinliginin degerlendirilmesi ig¢in matematiksel
programlama formiilasyonu tanimlanarak parametrik olmayan bir yaklasim olan VZA gelistirilmistir (Banker ve
Morey, 1986). VZA yaklasiminda, Pareto-Koopmans’in tam etklinlik yaklagimi, tiretim birimleri arasindaki goreli
etkinligi hesaba katarak revize edilmistir. Buna gore, herhangi bir karar verme birimi diger karar verme birimleri ile
karsilastirildiginda, girdi veya ¢iktilarini iyilestiremeyecegi veya azaltamayacagi bir durumdaysa, bu karar verme
birimi tam etkinlik seviyesinde oldugu kabul edilmektedir. (Cooper ve ark., 2011). Etkinligin 6l¢iimiinde bir diger
yaygin yontem olan SSA, Aigner ve ark. (1977) ile Meeusen ve van den Broeck (1977) gibi arastirmacilar tarafindan
parametrik bir ekonometrik yaklagim olarak gelistirilmistir. Bu yaklasimda, her bir firmanm ¢iktisi rastgele bicimde
degisebilen bir stokastik sinir tarafindan belirlenmektedir. Bu teknikte, {iretim sinir1 {izerinde firmanim kontroliinde
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olan ve olmayan sebeplerden kaynaklanan istatistiksel sapmalar agik¢a gdzlemlenebilmektedir (Schmidt ve Lovell,
1979).

Stokastik sinir analizi ve veri zarflama analizi yontemlerini ayiran temel farkliliklar asagidaki gibi 6zetlenebilir
(Hatirlt ve ark., 2008):

* Stokastik sinir analizinde fonksiyonel bir kalip kullanilirken veri zarflama analizinde kullanilmamaktadir,
« Stokastik sinir analizinde etkinsizligi gosteren hata terimindeki dagilima iliskin varsayimlarda bulunulmaktadir,
» Stokastik sinir analizinde, sonuglarin test edilebilecegi istatistiki dzellikler yer almaktadir.

Etkinligin 6l¢timiinde kullanilan her iki yontemin de belirli avantaj ve dezavantajlar1 bulunmaktadir. Bununla
birlikte, SSA yontemi, veri setinin kalitesine bagli olarak izlenen tahmin prosediirii dogru uygulandig: takdirde etkili
sonuglar verebilmekte ve iiretim smirinin tizerindeki bireysel agiklayici faktorlerin énemi hakkinda istatistiksel
cikarimlar yapabilmektedir (Sarafidis, 2002). Boylece, ¢evresel degiskenlerle de kolayca basa ¢ikabilmektedir (Coelli
ve ark., 2003). Bu sebeplerden dolay1 SSA, ¢esitli alanlarda yapilan politik analizlere uygundur (Bauer, 1990). Bunun
yani sira, gelismekte olan iilkelerdeki tarim iiriinlerine yonelik etkinlik ¢aligmalarinda, stokastik smir analizi
yonteminin daha uygun oldugu goriisii yaygindir. Bunun sebebi, tarim alanindaki faaliyetlerde, hava kosullarindaki
degiskenlik ve hastalik ve zararlilardan kaynakl 6l¢iim sapmalarinin dikkate alimmasidir (Gézener, 2013).

Bu calismada, yag giilii yetistiriciligi yapan isletmelerin etkinlik seviyelerinin belirlenmesi amaciyla stokastik
dretim smirt yaklasgimi kullanilmistir. Stokastik {iretim smir1 yaklasimi genel olarak agagidaki sekilde ifade
edilmektedir (Ali ve Flinn, 1989):

Y; = f(P;j, Zi, Di;) exp(e;) (Es.2)

Esitlikte, ¥; isletmenin ¢iktisini, Py girdi fiyatini, Z;;, sabit tiretim faktoriiniin seviyesini, Dj; isletmeye 6zgl
kosullara iliskin digsal degiskenler vektoriinii ve e; ise sinir yaklasimina uygun olan hata terimini gostermektedir.
Ayrica esitlikte bulunan hata teriminin u; — v; olmak {izere iki bileseni bulunmaktadir ve v; ile u; birbirlerinden
bagimsiz bicimde dagildig1 varsayilmaktadir. Istatistiksel giiriiltiiyii ifade eden v; bagimsiz ve esit, isletmenin
etkinsizligini gésteren u; ise sifira esit veya biiyiik tek yonlii olarak dagilmaktadir (Aigner ve ark., 1977).

Negatif olmayan tek yonlii bir yari normal dagilim gosterdigi varsayimi altinda, etkinsizlik teriminin (u;)
popiilasyona iliskin ortalama deger ve varyansi hesaplanabilmektedir. Hata terimine iliskin marjinal siklik
fonksiyonu, asimetrik ortalama ve varyansla dagilmistir. Bu durum asagidaki esitliklerde ifade edilmistir
(Kumbhakar ve Lovell, 2003):

E(e)=—-Ew) =—oa, |* (Es.3)

T
V) = 622+ 0f (Es.4)
Popiilasyonun beklenen (ortalama) etkinlik tahmincisi agsagidaki esitlikte gdsterilmistir;
far
E(exp{—u}) = 2[1 - 0(0,)] = exp {2} (Es.5)

Her bir igletmenin kosullu etkinlik degerlerinin belirlenmesi i¢in hata terimi (e;) igin etkinsizlik terimin (u;)
kosullu dagilimi asagidaki esitlikte ifade edilir:

_ fawe) _ @leir/o) (el
E(ui /&) = feo O [1—g(ei/1/a) (o)] (Es.6)

Yukaridaki esitliklerdeki ¢ (.) ve @ (.) sembolleri sirasiyla, standart normal yogunluk fonksiyonunu ve

standart normal kiimiilatif dagilim fonksiyonunu (CDF) gostermektedir. Ayrica, 02 = 0202/0? ve A = 0,/ 0,

seklindedir.
Boylece her tireticiye iliskin teknik etkinlik degerleri hesaplanabilmektedir;

TE; = exp (—1;) (Es.7)
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Esitlikte (Es.7) gosterilen 4;, E (u;/e;) olarak ifade edilmektedir ve her bir {ireticiye 6zgii liretim etkinsizlik
indeksi yukaridaki esitligin sonuglarinin kullanilmasiyla asagidaki gibi gosterilmektedir:

UEI = (1 — exp[—1}; ]) (Es.8)

Etkinsizlikten kaynaklanan tiretim kaybu, isletmenin teknoloji ve girdi seviyesi veri iken gozlemlenen ¢ikt1 ve
potansiyel ¢ikt1 arasindaki farki gostermektedir. Isletmenin {iretim etkinsizligini etkileyen faktérler, isletmeye
0zgli sosyo-ekonomik degiskenlerle modellenerek aciklanmaktadir. Yukaridaki esitlikten (Es.8) elde edilen UEI
vektorii ise bagimli degisken olarak kullanilmaktadir (Battese ve Broca, 1997).

Bu calismada yag giilii yetistiriciligi yapan isletmelerde, stokastik iiretim smir1 fonksiyonunda digsal
degiskenler olarak, isletmenin yag giilii liretiminde kullandigi isgiicii siiresi, ekipman masraflariin toplami,
materyal masraflarinin toplami ve igletmenin yag giilii alan1 dikkate alinmistir.

Stokastik iiretim sinir1 tahmininde, modelin deterministik kismina iliskin fonksiyon kalibinin belirlenmesi
sonuglarin giivenilirligi agisindan biiyiikk 6nem tagimaktadir (Li ve Rosenman, 2001; Hatirli ve ark., 2008).
Literatiirde stokastik tiretim sinir1 tahmininde kullanilan farkli fonksiyon kaliplari bulunmasinin yani sira Cobb-
Douglas ve translog kaliplari siklikla tercih edilmektedir (Battese ve Broca, 1997; Ruggiero, 1999).

Translog fonksiyonu, Cobb-Douglas fonksiyonun daha esnek halidir. Bununla karsin, 6zellikle 6rneklem
biiylikliigiiniin 100’iin altinda oldugu durumlarda stokastik iiretim smirmin performansinin Cobb-Douglas
fonksiyonuna gore daha zayif ve hatali sonuglar verdigi, 6rneklem biiyiikligliniin 100’{in {izerinde oldugu
durumlarda ise sonuglarin Cobb-Douglas formuna yaklagtig1 belirlenmistir (Ruggiero, 1999). Ayrica, fonksiyon
kalibinin esnek forma biiriinmesi, daha fazla parametre tahmin edilmesine ve ekonometrik olarak zorluklarin
yasanmasina neden olabilmektedir (Coelli ve ark., 2005). Analizde kullanilan veri setine hangi fonksiyon kalibinin
uygulanmasi gerektiginin test edilmesi, modelden elde edilen sonuglarin istatistiksel giivenilirligi agisindan
onemlidir. Fonksiyon kalibinin se¢imine iligkin karar, literatiirde siklikla kullanilan olabilirlik orani testi (LR)
yardimiyla yapilmaktadir (Coelli ve ark., 2003). Yaklasik serbestlik derecesinin bagimsiz kisitlamalarin sayisina
esit ki-kare dagilimina sahip olan LR testi asagidaki esitlikte sunulmustur (Wilson ve ark., 1998):

Ar = 2[L(Hy) — L(Hy)] (Es.9)

Esitlikte, H,, sifir hipotezi (kisitl model) altinda olabilirlik degerini; H; ise alternatif hipotez (kisitsiz model)
altindaki ilgili degeri ifade etmektedir. Burada, iiretim fonksiyonunda, Cobb-Douglas formunun uygunlugunu
gosteren sifir hipotezinin testi gerceklestirilmektedir. Elde edilen LR istatistik degeri, tablo degerinden kiigiik ise
Cobb-Douglas, tersi durumda ise translog formunun uygunlugunu géstermektedir.

Bu calismada, asagida ifade edilen Cobb-Douglas fonksiyon kalib1 kullanilmis ve fonksiyon kalibinin se¢imine
iliskin uygulanan testin sonucu, arastirma bulgulari boliimiinde sunulmustur. Buna gore, stokastik iiretim sinir1
modeli asagidaki esitlikte ifade edilmistir:

InY; = ag + a1 InP,; + aylnP,; + azInPs; + B1InZ,; + ¢; (Es.10)

Esitlikte, Y; i’ninci isletmenin iiretim verimini, P; isglicii kullanim siiresini, P, isletmenin kullandigi toplam
ekipman yakit masrafini, P; isletmenin kullandig1 toplam materyal masrafini ve Z; isletmenin sahip oldugu yag
giili alanini ifade etmektedir. Modelde bulunan e; ise daha dnce ifade edilmis olan (e; = v; — u;) bilesik hata
terimini gostermektedir.

Stokastik tiretim sinir1 modelinde bagimli degisken olarak ele alinan iiretim verimi (Y;), i’ninci isletmenin
iiretim miktarmin yag giilii arazisine boliinmesi ile elde edilmistir. Modele aciklayici degisken olarak dahil edilen
toplam isgiicii kullanim siiresi (P;;), i’ninci isletmenin tiretim doneminde, bakim ve hasat islemleri i¢in, kullandig1
dekara isgiicii siiresinin toplamidir. Modele agiklayici degisken olarak dahil edilen bir diger degisken olan toplam
ekipman masrafi (P,;), i’ninci igletmenin yag giilii iiretiminde kullandig: traktor, budama motoru, motorlu ¢apa
gibi ekipmanlarin dekara yakit masraflarinin toplanmast ile elde edilmistir. Toplam materyal masrafi degiskeni
(P3;) ise iiretim doneminde kullanilan giibre, ilag ve sulamay1 da igeren dekara materyal masraflarinin toplanmasi
ile modele dahil edilmistir. Modelde yer alan bir diger digsal degisken ise isletmenin toplam yag giilil arazisi
(Z;)’dir. Stokastik Cobb-Douglas iiretim sinirt modelinde kullanilan degiskenler ve bunlara iliskin agiklamalar
Tablo 1’de yer almaktadir.
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Tablo 1. Stokastik Uretim Sinirt Modelinde Kullanilan Degiskenler ve Tanimlamalart

Table 1. Variables and Their Definitions Used in the Stochastic Production Frontier Model

Bagimh Degisken
Y; i’ninci igletmenin verimi (kg da™!)
Bagimsiz Degiskenler
P, Ilgili {iretim donemindeki toplam isgiicii kullanim siiresi (sa da™)
P, Ilgili {iretim dénemindeki toplam ekipman masrafi (TL da™)
Py Ilgili iiretim dénemindeki toplam materyal masrafi (TL da™')
Z4 Ilgili iiretim dénemindeki yag giilii yetistiriciligi yapilan toplam alan (da)

e; Bilesik hata terimi

Tgili iiretim donemine iliskin stokastik Cobb-Douglas fonksiyonu tahmin edildikten sonra, isletmelerin iiretim
etkinsizliginin nedenlerini agiklayabilmek i¢in, Esitlik 8’de ifade edilen isletmeye 6zgii UEI degerlerinin bagiml
degisken olarak modellenmesi gerekmektedir. Literatiirde, tarimsal {iriinlerdeki etkinsizlik etkilerinin 6l¢iimiinde
en kiiglik kareler (EKK) ve tobit regresyon yontemlerinin siklikla kullanildigi goriilmektedir (Kalirajan ve Shand,
1988; Binici ve ark., 2006; Alemdar ve Isik, 2008; Kili¢c ve ark., 2009; Tipi ve ark., 2009; Aktas ve ark., 2011;
Dlamini ve ark., 2012). Ote yandan, bagiml degisken olarak hesaplanan iiretim etkinsizlik degerleri 0 ile 1 smirlar
arasinda degismektedir. Bagimli degiskenin O ile 1 arasindaki smirlar igerisinde modellendigi analizlerde,
artiklarin normal dagilimi ve degisen varyans gibi sorunlarla karsilasiilmamasi ve daha tutarli ve yansiz sonuglar
elde edilebilmesi igin kesirli tahmin modellerinden olan beta regresyon analizi ydnteminin uygulanmast
onerilmektedir (Baum, 2008; Ferrari ve Cribari-Neto, 2004). Beta regresyon analizi, ¢esitli disiplinlerde, siirekli
ve oransal deger araliginda modellenen bagimli degiskenlerin analizinde siklikla uygulanmaktadir (Hunger ve ark.,
2011; Diinder ve ark., 2015; Kog, 2019). Bununla birlikte, Endalew ve ark. (2022) ve Endalew ve ark. (2023),
cesitli tarimsal iiriinlerdeki etkinsizligi etkileyen faktorleri belirlemek amaciyla gelistirdikleri modellerde, bagimli
degiskenin 0 ile 1 degerlerinin igerisinde sinirlt olmasi nedeniyle ve tahmin edilen sonuglarin tutarliligt agisindan
beta regresyon analizi yontemini tercih etmislerdir.

Bu calismada, yag giilii yetistiriciligi yapan isletmelerin etkinsizligini etkileyen faktorlerin belirlenmesinde
beta regresyon modeli kullanilmis ve en yiiksek olabilirlik (MLE) yontemiyle tahmin edilmistir. Analizdeki
bagimli degisken asagidaki esitlikte bulunan beta dagilimina sahiptir (Ferrari ve Cribari-Neto, 2004):

Fo+a) o _
fOip.@) =1 55y A=), 0<y <1 (Es.11)

Esitlikte gosterilen p > 0,7 > 0 ve ['(.) gamma fonksiyonunu ifade etmektedir. y = p%q ve ¢ = p + q olmak
iizere yukaridaki esitlik asagidaki gibi ifade edilir:

) - r(¢) po-101 — y)1-wWp-1

0<y<1,0<pu<1ve¢>0iken y~B(u,¢) ve E(y) = u, Var(y) = u(1 — pn)/(1 + ¢) olmaktadir.
Burada, y bagimli degiskenin ortalamasi olarak gosterilmistir. ¢, 4 sabit oldugunda dagilimin ne kadar yayildigini
gosteren bir yayilim parametresi olarak yorumlanmakta ve bu degerin yiiksek olmasi, bagimli degiskenin
varyansinin diisiik oldugunu gostermektedir (Endalew ve ark., 2023).

V1 e e e YV, bagimsiz rastgele degiskenlerdir. Her bir y,, t = 1,.....n i¢in beta dagilimma sahiptir ve
dagilimin ortalamasi y; ve hassasiyeti ¢, ile tanimlanmaktadir (Ferrari ve Cribari-Neto, 2004):

9(ue) = X X (Es.13)

Burada, S = (B1,B .. --.Bx)T bilinmeyen regresyon parametrelerini temsil etmektedir. x =
(Xt1%¢z v - - Xy ) sabit kovaryatlar: belirtmektedir. g(.) ise siki bir bigimde monoton ve iki kez tiirevlenebilir olan
baglant1 fonksiyonunu gostermektedir. Beta regresyonda, logit, probit, cloglog ve loglog olmak fizere cesitli
baglant1 fonksiyonlar1 kullanilabilmektedir. Uygun bir baglanti fonksiyonunun se¢ilmesi modeli énemli 6l¢iide
iyilestirebilmektedir. Bu nedenle, en iyi baglanti fonksiyonunu belirlemek i¢in AIC ve BIC kriterleri
kullanilmaktadir (Diinder ve ark., 2015). Bununla birlikte, bagimli degiskenin 0 ile 1 degerleri arasinda oldugu
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ancak sinir degerlerini i¢ermedigi durumlarda logit baglanti fonksiyonunun tercih edilmesi Onerilmektedir
(Endalew ve ark., 2022; Endalew ve ark., 2023).

Yag giilii yetistiriciligi yapan igletmelerin etkinlik seviyesini etkileyen faktorlerin arastirilmasinda, potansiyel
bagimsiz degiskenler, dnceki literatiir gozden gecirilerek belirlenmistir Literatiirde etkinsizligin belirleyicileri
olarak, genellikle, iireticinin yast ve egitim durumu ile igletmelerin arazi kullanim bigimi, arazi 6zellikleri, bolgesel
farkliliklar, igletmenin finansman imkanlari ve isletmenin faaliyetlerindeki yonetsel farkliliklarma iligkin
degiskenlere yer verilmistir (Kalirajan ve Shand, 1988; Ali ve Flinn, 1989; Wilson ve ark., 1998; Battese ve Coelli,
1995; Abdulai ve Huffman, 1998; Ahmad ve ark., 2002; Binam ve ark., 2005; Bozoglu ve Ceyhan, 2007; Kili¢ ve
ark., 2009; Rahman ve ark., 2012; Mukete ve ark., 2016; Ali ve ark., 2019; Endalew ve ark., 2022). Bu ¢alismada,
yag giilii yetistiriciliginin yapildig: isletmelerdeki {iretim etkinsizligini aciklamak i¢in digsal degigkenler olarak
iireticinin yas1, egitim durumu, giil alani i¢in parsel sayisi, isletmedeki giil agaglarinin ortalama yasi, giil arazisinin
sulama durumu, yayim faaliyetlerine katilim durumu, isletmenin tarimsal kooperatif iiyeligi, giil arazisinin rakim
seviyesi ve kredi kullanim durumu dikkate alinmistir. Buna gore, iiretim etkinsizlik modeli, logit baglanti
fonksiyonu kullanilarak beta regresyon yontemi ile asagidaki esitlikte ifade edilmistir:

gWEI) = log (25L1)

1-UEI;

g(EL) = 8, + 8,Y; + 8,EDy; + 83EDs; + 8,PS; + 85BYy; + 84BYs; + 8,5V, + 85YF; + 8,GDU; +
8,0UYE; + 6,,RAK; + 6,,KK; (Es.14)

Yukaridaki esitlikte, bagimli degisken olarak ele alinan iiretim etkinsizlik indeksi (UEI;), i’ninci igletmenin
teknik etkinlik degerinin birden ¢ikarilmasi ile hesaplanmigtir. Diger taraftan, i’ninci igletmeye iliskin, tireticinin
yast (Y;), egitim durumu (ED,; ve ED3;), giil bahgesinin parsel sayisi (PS;), giil bahgesinde bulunan agaglarin
ortalama yas1 (BY,; ve BY3;), giil arazisinin sulama durumu (SV;), isletmenin yayim faaliyetlerine katilim durumu
(YF;), isletmede yag giilii disinda baska bir bitkisel iiriine yer verme durumu (GDU;), isletmenin tarimsal
kooperatife iiyeligi (UYE;), yag giilii arazisinin rakim seviyesi (RAK;), kredi kullanim durumu (KK;), a¢iklayici
degiskenlerinin tiimii ¢esitli kistaslar g6z oniinde bulundurularak modele kukla degiskenler olarak dahil edilmistir.
Isletmecinin yas1 ve giil bahgelerinin parsel sayisii gosteren kukla degiskenlerin degeri, ilgili degiskenlere iliskin
orneklemin ortalama degerleri dikkate alinarak hesaplanmustir. Ureticinin egitim durumu kukla degiskeni,
isletmecinin egitim seviyesinin yiiksekokul ve {izeri 6grenime sahip olup olmama durumuna gore (referans)
modele dahil edilmistir. isletmede yer alan yag giilii agaclarinin ortalama yasini gosteren kukla degiskenler ise yag
giilii agaclarmin ekonomik ¢agi olan 5 ve 10 yas araliginda olup olmama durumlarina gore (referans) belirlenmistir.
Isletmelerin iiretim etkinsizligini agiklayan digsal degiskenler ve bunlara iliskin agiklamalar Tablo 2’de verilmistir.

Tablo 2. Uretim Etkinsizlik Modelinde Kullanilan Degiskenler ve Tanimlamalar

Table 2. Variables and Their Definitions Used in the Production Inefficiency Model

Bagimh Degisken
UEI; i’ninci isletmenin iiretim etkinsizlik indeksi
Bagimsiz Degiskenler

Y Ureticinin yas1
ED, Ureticinin egitim durumu yiiksekokul ve iizeri ise=1, degilse=0 (Referans)
ED, Ureticinin egitim durumu ilkokul ve alt1 ise=1, degilse=0
ED; Ureticinin egitim durumu ortaokul ve lise ise=1, degilse=0

PS Isletmedeki giil bahgelerinin parsel sayis1

BY; Yag giilii bahgesinin ortalama yas1 ekonomik verim ¢aginda ise=1, degilse=0 (Referans)
BY, Yag giilii bahgesinin ortalama yasi ekonomik verim ¢aginin altinda ise=1, degilse=0
BY; Yag giilii bahgesinin ortalama yasi ekonomik verim ¢aginin iizerinde ise=1, degilse=0
SV Yag giilii arazisinde sulu tarim uygulaniyorsa=1, degilse=0

YF Isletme yayim faaliyetlerine katiliyorsa=1, degilse=0
GDU Isletmede yag giilii disinda bitkisel {iriin iiretimi yapiliyorsa=1, degilse=0
UYE Isletme tarimsal kooperatife iiye ise=1, degilse=0
RAK Rakim seviyesi 1200 m ve lizeri ise=1, degilse=0

KK Isletme tarim kredisi kullaniyorsa=1, degilse=0
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3. Arastirma Sonuclari ve Tartisma

Isparta ilinde yag giilii tarim1 yapan igletmelerin arazi dagilimi incelendiginde, goriisiilen isletmelerdeki isletme
bagina diisen toplam arazi genisliginin 15.70 dekar oldugu tespit edilmistir. Toplam isletme arazisi i¢erisindeki
yag giilii arazisinin pay1 ise ortalama %39.89’luk oranla 7.14 dekar olarak hesaplanmstir. Ureticilere uygulanan
anketler, igletmelerin yag giilii alan1 dagilimina gore {i¢ gruba ayrilmistir. Buna gére 2.99 dekar ve altinda yag giilii
alanina sahip isletmeler (37 isletme) L. grup, 3-8.99 dekar arasindaki yag giilii alanina sahip isletmeler (89 isletme)
II. grup, 9 ve tizeri dekar yag giilii alanina sahip isletmeler (43 isletme) III. grup olarak tanimlanmigtir. Yag giilii
arazisi genislik gruplari itibariyle, toplam isletme arazisi igerisindeki yag giilii arazisinin pay1 I. grupta %18.91, II.
grupta %39.35 ve III. grupta %59.06 olarak hesaplanmistir. Ayrica goriisiilen isletmelerde, yag giilii arazilerinin
ortalama yasinin 7.86 yil oldugu, ortalama parsel sayisinin ise 1.66 oldugu belirlenmistir. Incelenen isletmelerde,
ortalama hane genisliginin 3.08 kisi oldugu, ortalama isletme y0neticisi yasmnin yaklasik 54 oldugu ve isletme
yoneticilerinin %33.73 liniin ilkokul ve alt1, %49.70’inin ortaokul-lise ve %16.57’sinin ise yliksekokul ve iizeri
egitim seviyesine sahip oldugu tespit edilmistir.

Isparta ilinde yag giilii yetistiriciligi yapan isletmelerin iiretim etkinsizligi ve etkinsizlik nedenlerinin
belirlenmesi i¢in 6ncelikle stokastik {iretim sinir1 deterministik kismimnin (fonksiyon kalib1) belirlenmesi ve bu
asamay1 takiben model tahmini yapilmasi gerekmektedir. Modeldeki fonksiyon kalibinin, veri setine gore degisim
gostermesi nedeniyle mevcut kullanilan veri seti icin hangi fonksiyon kalibinin uygulanmasi gerektigi test
edilmelidir. Bu amag¢ dogrultusunda, olabilirlik oran testi (LR) kullanilmigtir. Test sonucuna goére, LR degerinin
12.18 oldugu ve ki-kare dagilimina gore %1 6nem seviyesindeki ki-kare degerinden diisiik oldugu belirlenmistir.
Buna gore, Cobb-Douglas fonksiyon kalibinin uygunlugunu belirten H,, hipotezi kabul edilmistir.

Esitlik 10°da ifade edilen ¢ift yonlii logaritmik Cobb-Douglas iiretim sinir1t modeli en yiiksek olabilirlik teknigi
(MLE) ile LIMDEP programi kullanilarak tahmin edilmis olup model tahmin sonuglar1 7ablo 3’te sunulmustur.
Analizden elde edilen sonuglara gére, modele dahil edilen degiskenlerin 6nemli bir béliimiiniin istatistiksel olarak
anlamli oldugu ve tiim degiskenlerin beklenen isarete sahip oldugu goriilmektedir. Toplam isgiicii kullanim siiresi,
toplam ekipman masrafi ve toplam materyal masraflar1 degiskenlerinin katsayilar1 pozitif ve toplam isgiicii siiresi
ve toplam materyal masrafi degiskenlerinin katsayilari sirasiyla istatistiksel olarak %1 ve %10 6nem seviyesinde
anlamli bulunmustur. Buna gore, yag giilii isletmelerinin faaliyetlerinde toplam isgiicii siiresi, toplam ekipman
masraflar1 ve toplam materyal masraflarinda meydana gelecek artislarin verim iizerinde olumlu bir etkide
bulunacagi 6ngoriilmektedir. Bu sonug, beklentiyle uyumludur. Nitekim giil tariminda 6zellikle hasat zamaninda
isgiicli kullanimi, rekolte miktarina olumlu bir etki gostermektedir. Ayrica arazi bakim islemlerinde, ekipman
masrafi ve giibre, ilag¢ ve sulamaya iliskin yapilan materyal masraflari iiretim verimini artirmaktadir. Buna karsin,
toplam ekipman masrafi degiskeninin katsayisi istatistiksel olarak anlamsiz sonu¢ vermistir. Bunun nedeni olarak,
Isparta ilindeki giil bahgelerinin, genel olarak, diisiikk dekara sahip olmasi ve sira aralarinin stk olmasi gosterilebilir.
Giil bahgelerinde sira aralarinin sik olmasi, bakim islemlerinde traktor kullanimini 6nlemektedir. Bunlara ek olarak
giil tariminda, bakim ve hasat islemlerinin daha cok emek yogun olarak gergeklestirildigi ve tarirmda mekanizasyon
tekniklerinin ilgili iirlinde uygulanmasinin oldukga zor oldugu da bir gergektir (Chalova ve ark., 2017). Stokastik
sinir analizinde, girdi unsurlarmin yani sira toplam yag giilii alan1 da modele dahil edilmistir. Analizden elde edilen
sonuglara gore, toplam yag giilii alan1 degiskeni, pozitif katsayisi ile istatistiksel olarak %1 onem seviyesinde
anlamli bulunmustur. Bu sonug, yag giilii alan1 biiyiik olan igletmelerde verimin kii¢iik alana sahip olanlara gore
daha ytiksek oldugunu gostermektedir.

Model tahmin sonuglarma gore hesaplanan lamda (1) degeri (1.005), u’nun standart sapmasinin v’nin standart
sapmasina oranlanmasi ile hesaplanmis olup her 6nem seviyesinde istatistiksel olarak anlamli sonu¢ vermistir.
Buna gore, etkinsizligi ifade eden tek yonlil hata teriminin (u), simetrik hata terimine (v) gére baskin oldugu
belirlenmistir. Bu sonuca gore, isletmelerin miimkiin olan maksimum iiretim veriminden sapmalarinin ve daha
diisiik diizeyde iiretim verimi elde etmelerinin nedeni, isletme tarafindan kontrol edilmeyen tesadiifi soklardan
degil, isletmeler arasindaki uygulama farkliliklarindan kaynaklandig: belirlenmistir. Diger taraftan, isletmelerin
etkinsizliginin ifade edilmesinde kullanilan bir diger gosterge de hata terimlerinin varyanslari ile hesaplanan 7 =

2
(Usl‘az), T parametresi yardimiyla belirlenmektedir (Battese ve Corra, 1977). Hesaplanan t parametresi, sifir ile
v u

bir arasinda bir deger almaktadir. Parametre degerinin sifira yakin olmasi etkinsizligin diisiik seviyede oldugunu,
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bire yakin olmasi ise yliksek seviyede etkinsizligin varligin1 géstermektedir. Model tahmin sonuglarindan elde
edilen t degeri 0.503 olarak hesaplanmigtir. Buna gore, isletmelerin gozlenen iiretim verimi ile ulasabilecekleri
maksimum {iretim verimi arasindaki farkin %50.3’{iniin teknik ve dagilim etkinsizliginden kaynaklandig1 ve kalan
kisminin ise igletmenin kontroliinde olmayan tesadiifi faktdrlerden kaynaklandigi belirlenmistir (7ablo 3).

Tablo 3. Stokastik Uretim Sinirt Modelinin Tahmin Sonuclart

Table 3. Estimation Results of the Stochastic Production Frontier Model

Degisken Parametre Katsayl Standart z-Istatistigi ~ Anlamhhik
Sabit a 1.901 0.510 3.722 0.000%*
InP, a, 0.559 0.698 8.007 0.000*
InpP, a, 0.070 0.046 1.536 0.124
InP; as 0.088 0.050 1.768 0.077**
InZ, b1 0.121 0.044 2.734 0.006*

Lamda A 1.005 0.215 4.671 0.000*
Sigma o 0.419 0.001 225.988 0.000*
oy 0.297
oy 0.295
Log-likelihood -60.046

* ve ** sirastyla %1 ve %10 6nem seviyesinde istatistiksel olarak anlamlidir.

Uretim etkinsizliginin isletme yiizdelerine gére dagilimi incelendiginde, isletmelerde, iiretim etkinsizlik
degerinin 0.09 ile 0.45 arasinda degistigi belirlenmis ve isletmelerin ortalama etkinsizlik degeri ise 0.21 olarak
hesaplanmistir (Sekil ). Hesaplanan ortalama etkinsizlik degeri, isletmelerin ulagabilecegi iiretim verimi
sirinin %21 altinda faaliyet gosterdiklerini ifade etmektedir. Ayrica, isletmelerin yaklasik %59 unun ortalama
etkinsizlik degerinin altinda faaliyette bulundugu belirlenmistir. Bu sonuca gore, teknik ve dagilim etkinliginin
saglanmasi halinde isletmeler, ortalamada mevcut iiretim verimlerini %21 oraninda artirabileceklerdir. Model
tahmin sonuglart dogrultusunda, isletmelerin etkinsizlikten dolay1 dekara ortalama iiretim verimi kaybinin 95.10
kg oldugu belirlenmistir. Diger bir ifadeyle, isletmelerin faaliyetlerinde etkinligi sagladiklari takdirde dekara

iiretim verimini ortalama 95.10 kg artirabileceklerdir.
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Figure 1. The Distribution of Production Inefficiency in Enterprises
Sekil 1. Isletmelerin Uretim Etkinsizliginin Dagilimi

Isparta ilinde yag giilii yetistiriciligi yapan isletmelerin iiretim etkinsizliginin nedenlerini belirlemek
amaciyla, daha once Esitlik 14’te ifade edilen ekonometrik model, STATA programi kullanilarak beta
regresyon analizi ve maksimum olabilirlik (MLE) ydntemi ile tahmin edilmistir. Modelin tahmini, isletmelere
iligkin etkinsizlik degerlerinin 0.09 ve 0.45 arasinda olmasi ve 0 ile 1 sinir degerlerine ulasmamasi nedeniyle
logit baglant1 fonksiyonu kullanilarak yapilmistir. Arastirma kapsamindaki isletmelerin iiretim etkinsizligine
iliskin modelden elde edilen tahmin sonuglar1 Tablo 4’te sunulmustur.
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Tablo 4. Uretim Etkinsizlik Modelinin Tahmin Sonuclar

Table 4. Estimation Results of the Production Inefficiency Model

Degisken  Parametre Katsay1 S z-Istatistigi Al
Hata Seviyesi
Sabit 8o -1.28 0.11 -11.60 0.00*

Y 8, -0.14 0.06 -2.25 0.02%**
ED, 5, -0.03 0.08 -0.36 0.72
ED, 83 -0.13 0.08 -1.63 0.10

PSs 64 0.03 0.05 0.66 0.50
BY, 5s 0.20 0.06 3.07 0.00*
BY, S 0.14 0.07 1.98 0.04%*

SV 65 -0.10 0.05 -1.83 0.06%**

YF 8 -0.16 0.06 -2.68 0.00*
GDU 8 0.14 0.06 2.40 0.01**
UYE 810 0.04 0.06 0.64 0.51
RAK 811 0.12 0.06 2.14 0.03**
KK 612 -0.15 0.08 -1.88 0.06%**

@ 3.78 0.11 34.99 0.00*
Log-likelihood= 238.1874 Ki-kare= 46.09 (0.000)

¥ ** ye *** girastyla %1, %5 ve %10 onem seviyesinde istatistiksel olarak anlamlidir.

Yag giilii isletmelerinin etkinsizliginin belirleyicilerinin incelendigi beta regresyon analizi sonuglari
degerlendirildiginde, ki-kare ve ¢ yayilim parametresinin %1 onem seviyesinde anlamli oldugu tespit edilmistir.
Ki-kare degeri modelin uyumunun iyi oldugunu gosterirken, 3.78 olarak hesaplanan yayilim parametresinin
istatistiksel olarak anlamli olmasi, modelin varyansinin iyi bir sekilde agiklandigini, yani modelin bagimli
degisken tizerindeki degisimi yakalamada basarili oldugunu ve tahmin edilen degerlerin gézlemlenen degerlerle
uyumlu oldugunu ifade etmektedir. Etkinsizlik modeli katsayilar1 ise egitim durumu, parsel sayis1 ve kooperatif
iiyeligi disindaki tim degiskenlerin istatistiksel olarak anlamli oldugunu gostermektedir.

Aragtirma kapsamindaki igletmelerde, isletme yoneticisinin yast yaklasik ortalama 54 olarak hesaplanmistir.
Analiz sonuglari, isletme yOneticisi yaginin ortalama {izerinde olmasinin isletmenin tiretim etkinsizligini azalttigini
gostermektedir. Isletme ydneticisinin yasindaki artisin deneyimin artmasi olarak kabul edilebileceginden dolay1
elde edilen sonug beklentiye uyumludur. Nitekim literatiirde, iireticinin deneyiminin etkinsizligi azaltic bir etkisi
oldugunu destekleyen ¢esitli aragtirmalar mevcuttur (Wilson ve ark., 1998; Kebede, 2001; Bozoglu ve Ceyhan,
2007; Alemdar ve Isik, 2008; Dlamini ve ark., 2012; Gbigbi, 2021). Arastirma kapsamindaki isletmelerdeki dekara
iiretim verimi, 54 yaginin {izerindeki yoneticilere sahip isletmelerde 463.21 kg, 54 yasinin altindaki yoneticiye
sahip isletmelerde ise 439.88 kg olarak hesaplanmistir. Dolayisiyla, ilgili degiskenin isareti aragtirma bulgulariyla
desteklenmektedir. Bu dogrultuda, yayim faaliyetleri uygulamalarindaki hedef kitlenin geng iireticiler olmasi,
isletmelerin liretim etkinsizliginin azaltilmasinda etkili olabilecektir.

Analize dahil edilen bir diger degisken isletmecinin egitim durumu kukla degiskenidir. Model sonuglari,
igsletme ydneticisinin egitim durumunun ilkokul ve alt1 ve ortaokul-lise seviyesinde olmasmin igletmelerde {iretim
etkinsizligini azaltiginm1 gostermektedir. Diger bir ifadeyle, yiiksekokul ve iizerinde egitim seviyesine sahip
iireticilerin ilkokul ve alti ve ortaokul-lise seviyesindeki iireticilere nazaran daha etkinsiz oldugu sonucuna
ulasilmugtir. Ancak ilgili degiskenler istatistiksel olarak anlamli bulunmamustir. Tlgili sonucun beklentiyle uyumlu
olmadig1 goriilmekle birlikte, isletme yoneticisinin yiiksek egitim seviyesine sahip olmasi, tarim dis1 gelir ile
iligkilendirilebilir. Literatiirde tarim dis1 ¢alisma ve tarim dist gelir durumunun etkinsizlige sebep oldugunu
destekleyen c¢esitli arastirmalar bulunmaktadir (Ali ve Flinn, 1989; Abdulai ve Huffman, 1998; Aktas ve ark., 2011;
Tipi ve ark., 2009). Arastirma kapsaminda yer alan ve yiiksekokul ve iizeri egitim seviyesine sahip, tarim dist
calisma ve tarim dis1 gelire sahip olan igletme yoneticilerinin sayisi azimsanmayacak dlgiidedir. Nitekim incelenen
isletmelerde, yiiksekokul ve iizeri egitime sahip, tarim dis1 ¢aligan ireticilerin orani yaklasik %28.57 olarak
hesaplanmigtir. Diger taraftan yiliksekokul ve iizeri egitim seviyesinde olan tiim iireticilerin tarim dis1 gelire sahip
olduklar1 belirlenmistir. Bu dogrultuda ortaya ¢ikan bu sonucun baglica nedenleri olarak, isletme yoneticilerinin
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giil tarimindan elde edecekleri gelire 6nemli derecede bagimli olmamalari, giil tarimina yeterli zamani
ayrramamalari ve c¢alisma durumuna bagli olarak giill bahgelerine uzak bir konumda ikamet etmeleri
gosterilebilmektedir.

Uretim etkinsizliginin agiklanmasinda, isletmelerin sahip oldugu giil bahgesine iliskin baz1 6zellikler modele
dahil edilmistir. Incelenen isletmelerin yag giilii arazilerinin ortalama olarak 1.66 parcadan olustugu belirlenmis
olup ortalama {izerinde parsele sahip olan isletmelerin iiretim etkinsizliginin ortalamanin altinda parsel sayisina
sahip olan isletmelere gore daha fazla oldugu belirlenmistir. Ancak ilgili degisken istatistiksel olarak anlamli bir
katsaytya sahip degildir. Diger taraftan, incelenen isletmelerin liretim verimi, ortalama ve iizerinde parsele sahip
olan isletmelerde 415.30 kg, ortalamanin altinda olan isletmelerde ise 481.41 kg olarak hesaplanmistir. Bu yoniiyle
elde edilen sonug, isletmelerin parsel sayist arttik¢a iiretim etkinsizliginin artacagi yoniindeki ilgili degiskenin
isareti ile tutarlilik gostermektedir.

Giil bitkisi, ekonomik ¢agina 4-6 yaslarinda ulagsmakta ve on yasindan sonra ise yaslanarak verimden
diismektedir (Baydar, 2015). Model tahmin sonucuna gore, incelenen igletmelerdeki ortalama bes yasinin altinda
ve on yaginin lizerindeki yag giilii agag¢larinin, ortalama bes ve on yaslar1 arasindaki agaglara nazaran daha fazla
tiretim etkinsizligine neden oldugu tespit edilmistir. Diger bir ifadeyle, giil bahgelerinde, aga¢ yasimin ekonomik
verim ¢agmin altinda ve ilizerinde olmasi, iretim etkinsizligini artirmaktadir. Elde edilen sonug beklentiyle
uyumludur.

Giil tariminda sulama imkani, verimi énemli 6l¢iide olumlu etkilemektedir (BAKA, 2020). Modele kukla
degisken olarak dahil edilen, giil bahgelerinde sulu tarim yapma durumu ise negatif katsayisi ile beklentiyle
uyumlu olarak {iretim etkinsizligini azalttig1 belirlenmistir. Bagka bir deyisle, giil tariminda sulama yapilan
arazilerin sulama yapilmayan arazilere gore daha etkin oldugu sonucuna ulagilmistir.

Isletmelerde yayim faaliyetlerine katilim durumunun, isletmelerin iiretim etkinsizligi {izerindeki etkisi modelde
aragtiritlmistir. Model tahmin sonuglarina gore, yayim faaliyeti kukla degiskeni ile iiretim etkinsizligi arasinda
negatif bir iligkinin bulundugu tespit edilmistir. Bu sonuca gore, beklentiyle uyumlu olarak, yayim faaliyetlerine
katilim saglayan isletmelerin katilim saglamayanlara nazaran iiretim etkinliginin daha fazla oldugu tespit edilmistir.
Bagka bir ifadeyle, yayim faaliyetlerine katilimin iiretim etkinsizligini azaltici etkisi bulunmakla birlikte
literatiirdeki cesitli arastirmalarda benzer sonuglara ulagilmigtir (Ahmad ve ark., 2002; Ali ve ark., 2019; Bozoglu
ve Ceyhan, 2007; Mukete ve ark., 2016; Hayran, 2019; Ngango ve Kim, 2019).

Isletmelerin iiretim deseninin etkinsizlik {izerindeki etkisinin belirlenmesi amaciyla, modele isletmede yag giilii
disinda {irlin tiretilip iiretilmedigine iligskin kukla degisken dahil edilmistir. Elde edilen sonuglara gore, yag giilii
disinda bagka bitkisel {iriin iireten isletmelerin sadece yag giilii tireten igletmelere nazaran daha etkinsiz olduklart
saptanmustir. Literatiirdeki ¢esitli arastirmalarda, birden fazla bitkisel {iriin iireten isletmelerin tek {iriine odaklanan
isletmelere gore daha etkinsiz olduguna iligskin benzer sonuglar elde edilmistir (Abdulai ve Huffman, 1998;
Lachaal ve ark., 2005).

Gorlgiilen isletmelerde, Tirkiye’deki yag giilii ihracatinda 6ncli ve Onemli bir konuma sahip olan
GULBIRLIK ¢ iiyelik durumunun iiretim etkinligi iizerine etkisi de modele dahil edilmistir. Analiz sonuglarina
gore, GULBIRLIK e iiye olan isletmelerin iiye olmayanlara nazaran daha etkinsiz olduklar1 ve degiskene ait
katsayinin istatistiksel olarak anlamsiz oldugu tespit edilmistir. Beklentiyle uyumlu olmayan bu sonucun ortaya
¢ikmasindaki baslica nedenler olarak, kooperatifin arastirma kapsamindaki bazi bolgelerde herhangi bir faaliyet
gostermemesi, kota uygulamalar1 ve faaliyetlerini biiyiik 6l¢iide iiriin pazarlamast ile sinirlandirmasi belirtilebilir.
Diger taraftan incelenen isletmelerde, kooperatife iiye olanlarin dekara iiretim verimi 430.97 kg iken, iye
olmayanlarin ise 463.70 kg olarak hesaplanmistir. Bu sonuglar model bulgusu ile desteklense de daha 6nce
belirtildigi iizere bu durumun ortaya ¢ikmasinda, isletmelerin kooperatife iiyeligi disindaki uygulamalar1 ve
isletmelerin yonetsel ve yapisal durumlarindan da kaynaklanabilir. Nitekim yapilan saha ¢aligmasinda, kooperatife
iiye olan {reticilerin biiylik bir bolimiiniin aileden kalan iyeliklerinin devam ettigi ve iiyelik durumuna
bakilmaksizin {ireticiler, ortalama olarak, toplam rekoltesinin yalnizca %9.12’lik bir boliimiinii kooperatifce
pazarladig1 anlagilmistir. Tiim bu bulgular degerlendirildiginde, isletmelerin GULBIRLIK e olan iiyeliklerinin
etkinlik iizerine etkisinin iiriiniin kalitesi, fiyatlari, giil bahgelerinin yas1 gibi faktorlerin de dikkate alinarak daha
kapsamli arastirilmasi 6nem arz etmektedir.
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Isletmelerdeki etkinsizlik nedenlerinin belirlenmesinde yag giilii bahgelerinin bulundugu cografi konum da
arastiritlmistir. Bu amagla, yag giilii bahgelerinin rakim seviyesini agiklayan kukla degisken modele dahil edilmistir.
Isparta ilinde yag giilii arazilerinin rakimi1 800 ve 1600 metre arasinda degismektedir (BAKA, 2020). Arastirma
bulgularina gore, incelenen isletmelerin %31.26’s1 faaliyetlerini 1200 metre ve tizeri rakimda gergeklestirmektedir.
Modelde, rakim seviyesi, 1200 metre ve lizerinde bir konumda olan yag giilii bahgelerinin diger konumdaki
bahgelere nazaran daha etkinsiz oldugu sonucuna ulagilmistir. Bu durum, yiiksek rakim seviyesindeki bahgelerdeki
olumsuz iklim kosullar1 ile agiklanabilmektedir. Nitekim 1200 metre ve iizerindeki rakim seviyesinde
konumlanmis isletmelerin dekara iiretim verimi 383.86 kg olarak hesaplanirken 1200 metrenin altindaki
isletmelerde 484.37 kg olarak hesaplanmustir.

Etkinsizlik modelinde, isletmelerin finansman olanaklarimi irdelemek amacryla ilgili donemde kredi
kullaniminin yapilip yapilmadigina iligkin kukla degisken analize dahil edilmistir. Analizden elde edilen sonuglara
gore, kredi kullaniminin tiretim etkinsizligi azalttig tespit edilmistir. Diger bir ifadeyle, kredi kullanan isletmelerin
digerlerine nazaran daha etkin oldugu sonucuna ulasilmistir. Elde edilen sonucun literatiirde tarimsal kredi
kullaniminin {iretim etkinligi {izerine etkisinin arastirildig1 bir¢cok ¢aligsma ile tutarlilik gosterdigi belirlenmistir
(Abdulai ve Huffman, 1998; Kebede, 2001; Ahmad ve ark., 2002; Bozoglu ve Ceyhan, 2007; Mukete ve ark.,
2016; Hayran, 2019; Endalew ve ark. 2022).

4. Sonug¢

Diinya kozmetik, parfiimeri ve ila¢ sanayi i¢in temel bir girdi niteliginde olan yag giiliiniin bu sanayi dallart
arasindaki kritik konumuna ragmen, diinyada yetistiriciliginin yapildig1 alanlar olduk¢a sinirlidir. Keza diinyada, yag
giilii tiretiminin yaklasik %901 Tiirkiye ve Bulgaristan tarafindan gergeklestirilmektedir. Diinya yag giilii arazilerinin
yaklasik %45’ine ve yillik ortalama 20 bin tonluk iiretime sahip olan Tiirkiye, diinya yag giilii tiretiminin %55’ini
gerceklestiren lider iilke konumundadir. Tiirkiye’nin diinya yag giilii {iretimi ile ihracatindaki avantajli konumunu
devam ettirmesi ve etkinsizligini artirmasi uygulayacagi politikalara baglhdir. Tirkiye’deki yag giilii
tiretiminin %80’inden fazlasinin gergeklestirildigi Isparta ilinde, yag giilil yetistiriciliginin yapildig1 isletmelerin {iretim
etkinliginin ve {iretim etkinsizligini etkileyen faktorlerin arastirilmasi amaciyla yapilan bu ¢alismada, igletmelerdeki
etkinsizlik kaynaklarinin belirlenmesi ile sektore iligkin izlenecek politikalarin saptanmasi amaglanmustir.

Isletmelerin etkinsizlik seviyelerinin belirlenmesi amaciyla olusturulan Cobb-Douglas iiretim smnir1 modeli
sonuglarina gore, yag giilii isletmelerinin iiretim etkinsizligine bagli nedenlerden {iretim sinirindan sapmalar yasadiklart
belirlenmistir. Ayrica iggiicii kullanim siiresi, toplam materyal masrafi ve isletmenin sahip oldugu yag giilii arazisinin
isletmenin dekara {iretim verimini olumlu etkiledigi belirlenmistir. Yag giilii isletmelerinin iiretim etkinsizliginin
nedenlerinin incelendigi etkinsizlik modeli sonuglara gore, isletme yoneticisinin yasi, sulama, yayim faaliyetine
katilm ve kredi kullanimmm {iretim etkinsizligini azaltici, giil bahgesinin ekonomik verim ¢agi diginda olmasi,
isletmede yag giilii disinda baska bitkisel iirline yer verilmesi ve yag giilii arazisinin rakim seviyesinin etkinsizligi
artiric1 faktorlerden oldugu belirlenmistir.

Stokastik Cobb-Douglas iiretim sinir1 ve etkinsizligi modelinden elde edilen sonuglar dogrultusunda, faaliyetlerin
daha ¢ok emek yogun olarak gergeklestirildigi giil tarrminda gerek bakim gerekse hasat islemlerinde yeterli ve nitelikli
sayida ig¢inin bulunmasi iiretim verimini artirabilecegi belirlenmistir. Bunun yani sira, bakim islemlerinde gerek ¢igek
veriminin artirilmasi gerekse hastalik ve zararlilara bagl olarak yasanacak iiretim kayiplarmin oniine gegilmesi
acisindan giibre, ilag¢ ve sulama masraflarinda kaydedilecek artislar {iretim verimine olumlu katkilar saglayabilecektir.
Bu baglamda, sektdrii diizenleyen kurum ve kuruluslarin ilag ve giibre gibi materyallere iliskin verecegi destek ve
egitimler 6nem arz etmektedir. Diger taraftan, yogun tarim tekniklerinin kullanilabilmesini miimkiin kilan biiyiik
Olgekli bahgelerin tesisine yonelik destekleyici politikalarin uygulanmasi verim {izerine olumlu etkiler
saglayabilecektir. Bunlarin yaninda, yayim faaliyetlerinin sayis1 ve 6zellikle hedef kitlenin geng iireticilere yonelik
olarak cesitliliginin artirilmasi, isletmelerin parcalanmasini azaltici dnlemler, bahgelerin yenilenmesini tesvik edici
genclestirme budamasi destegi, tarim kredisine ulagimin kolaylastirilmasi ve bahge tesisinde iiretim deseninin iklim
ozelliklerinin gbz oniinde bulundurulmasma yonelik politikalarm yag giili isletmelerinde iretim etkinliginin
artirillmasinda etkili olabilecektir.

Aragtirmadan elde edilen sonuglarin igletmelerin etkinsizliginin nedenleriyle ortaya koymasi sebebiyle ve
isletmelerin ekonomik etkinligini artiracak politikalarin belirlenmesi sayesinde, sektdrde bulunan ilgili kisi ve
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kuruluglara 6nemli katkilarda bulunmasi beklenmektedir. Isletmelerin etkinsizligini azaltacak politikalarm
uygulanmasi, isletmelerin maliyet ve kaynak kullanimimna olumlu etki saglayacak, sektérde bulunan isletmelerin gelir
ve karliliginda artis saglanabilecektir. Ayrica bu sayede, Tiirkiye yag giilii sektoriiniin uluslararasi pazardaki rekabet
giicii ve dolayistyla giilden elde edilen iiriinlerden saglanan ihracat geliri ve doviz girdisinin artmasi da miimkiin
olabilecektir.
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Investigation of the Effects of Rooting Medium and IBA Concentration on Rooting and
Shoot Development of Bougainvillea (Bougainvillea spp.) Cuttings

Begonvil (Bougainvillea spp.) Celiklerinin Koklenme ve Siirgiin Gelisimi Uzerine,
Koklendirme Ortami ve IBA Konsantrasyonunun Etkilerinin Aragtirilmasi
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Abstract

In this study, the effect of different rooting mediums (peat moss, peat + sand, peat + loam) and IBA (indole-3-
butyric acid) concentration was investigated on hardwood cuttings taken from Bougainvillea glabra, Bougainvillea
spectabilis, and Bougainvillea x buttiana species. The cuttings were treated with 0, 1000, 2000 and 3000 mg/l IBA.
Statistical evaluation was performed according to a randomized block experimental design with three factors and
three repetitions. The results showed that Bougainvillea x buttiana cuttings had the highest number of roots, root
fresh weight, longest shoot length, and shoot fresh weight. Cuttings grown in 100% peat medium had the highest
rooting percentage, root number, root dry weight, leaf number, and shoot fresh weight. Regarding IBA
concentrations, the cuttings treated with 3000 ppm IBA had the highest number of roots, root length, and root fresh
weight. Furthermore, in all of the Bougainvillea species, the highest rooting percentage and leaf number were
observed in cuttings treated with 2000 ppm IBA. Notably, Bougainvillea x buttiana cuttings treated with 1000
ppm IBA dose and planted in peat medium provided the longest shoot length, highest shoot fresh weight, and shoot
dry weight. In conclusion, the findings show that the growing medium has a statistically significant effect on the
rooting and root quality of cuttings and that it would be useful to investigate various rooting hormones, dasages
and rooting media to increase rooting and shoot development. Considering growing medium plays a crucial role
in plant growth, it can be stated that further improvements in rooting and growth can be realized via utilizing the
enhanced physical and chemical properties of peat-based mixtures.

Keywords: Bougainvillea, IBA, Ornamental plants, Plant propagation, Rooting medium
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Oz

Bu calismada, Bougainvillea glabra, Bougainvillea spectabilis ve Bougainvillea x buttiana tiirlerine ait sert odun
celikleri icin farkli koklendirme ortamlarinin (turba yosunu, turba yosunu + tin (1:1), turba + kum (1:1)) ve IBA
(indol-3-biitirik asit) konsantrasyonunun etkisi arastirilmistir. Celiklere 0 (Kontrol), 1000, 2000 ve 3000 mg/1
seviyelerinde IBA uygulanmistir. Istatistiksel degerlendirme, tesadiif bloklarinda ii¢ faktorlii ve ii¢ tekrarli, deney
olarak tasarlanmigtir. Sonuclar, Bougainvillea x buttiana geliklerinin en fazla kok sayisina, kok taze agirliina, en
uzun siirglin uzunluguna ve siirgiin taze agirligina sahip oldugunu gostermistir. Yalnizca turba yosunu ortaminda
yetistirilen ¢eliklerde en yiiksek kdklenme yiizdesine, kok sayisina, kok kuru agirligina, yaprak sayisina ve siirgiin
taze agirligina ulasildig: belirlenmistir. IBA konsantrasyonlarinin etkisine bakildiginda, 3000 ppm IBA uygulanan
geliklerin en yiiksek kok sayisina, kok uzunluguna ve kok taze agirligina sahip oldugu goriilmiistiir. Ayrica
Begonvil tiirlerinin tamaminda en yiiksek koklenme yiizdesi ve yaprak sayismin 2000 ppm IBA uygulanan
celiklerden saglandig1 goriilmiistiir. Ozellikle, 1000 ppm IBA dozu ile muamele edilen ve yalnizca turba yosunu
bulunan ortamina dikilen Bougainvillea x buttiana ¢eliklerinden en uzun siirgiin uzunlugu, en yiiksek siirgiin taze
agirhig ve siirgiin kuru agirligt sagladigi belirlenmistir. Sonug olarak, bulgularin genel degerlendirmesi, yetistirme
ortaminin ¢eliklerde koklenme yetenegi ve kok kalitesi lizerinde istatistiksel olarak dnemli bir etkiye sahip
oldugunu ve koklenme ve siirgiin geligimini arttirmak i¢in ¢esitli kdklendirme hormonlarinin, dozlarinin ve
koklendirme ortamlarinin arastirilmasinin  faydali olacagini gostermektedir. Yetistirme ortaminm bitki
biiylimesinde ¢ok dnemli bir rol oynadig1 goz dniine alindiginda, turba yosunu bazli karisimlarin gelismis fiziksel
ve kimyasal Ozelliklerden yararlanilarak koklenme ve biiylimede daha fazla olumlu sonu¢ alinabilecegi
sOylenebilir.

Anahtar Kelimeler: Begonvil, IBA, Siis bitkileri, Bitki yetistiriciligi, Koklendirme ortami
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1. Introduction

Nyctaginaceae family comprises 300-400 species of trees, shrubs, and herbaceous plants grouped into
approximately 30 genera (Mabberley, 1997). Among them, the Bougainvillea genus includes 14 species.
Bougainvillea is a popular tropical and subtropical ornamental plant commonly grown in containers in cooler
climates during summer, and it can be overwintered or replanted annually (Gilman, 1999). The name
"Bougainvillea" is derived from Louis Antoine de Bougainville, a French sailor and military leader who first
observed the Brazilian plant in 1768 (Kobayashi et al., 2007). This climbing plant with thorns grows chaotically
and can reach heights of up to nine meters. It is frequently used as a hedge, barrier, or slope cover, effectively
covering large and challenging-to-maintain areas, preventing weed growth (Eed et al., 2015).

Bougainvillea is a versatile ornamental plant, suitable for hanging baskets, containers, and bonsai (Kobayashi
et al., 2007; Rasul et al., 2021). Its popularity has grown due to urbanization, landscape horticulture, pollution and
drought resistance, easy maintenance compared to other plants, and numerous applications (Singh, 2017).
Additionally, it has gained attention for planting in heavy industrial areas and traffic islands to mitigate pollutants
and greenhouse gases (Chauhan et al., 2016).

The Bougainvillea plant is utilized as a traditional treatment for digestive disorders in Mandsaur, India.
Bougainvillea glabra has shown antidiarrheal activity linked to its antimicrobial properties. The genus
Bougainvillea is known for its presence of anti-diabetic compounds. For optimal growth, Bougainvillea plants
require full sun, high light density, and well-drained, acidic soil with specific temperature ranges. Reproduction is
mainly achieved through stem cuttings.

The onset of urbanization, the emergence of environmental problems, and the longing of people who are away
from nature for green areas have increased the importance of ornamental plants and forest trees (Gencer Gokce et
al., 2022). There are some problems in plant propagation methods in the ornamental plant breeding sector, and it
becomes extremely important to determine the appropriate propagation techniques of plants (Ak et al., 2022). The
choice of a suitable propagation medium is crucial for successful rooting of cuttings. It provides an ideal
environment for root development and nutrient uptake (Laubscher and Ndakidemi, 2008; Ak et al., 2021). A proper
growing medium allows plants to extract water and nutrients effectively from the soil, contributing to healthy root
systems (Landis et al., 1990). The quality of the rooting medium significantly influences rooting percentage and
root quality (Kumar et al., 2015). It's essential to ensure adequate moisture and aeration in the medium for
successful cutting establishment. While various propagation media exist, not all are suitable for all plant varieties
and environmental conditions. Factors like plant type, season, use of growth-promoting compounds, and
interactions between these elements affect the effectiveness of the propagation process (Dirr and Heuser, 1987,
Ak et al., 2021). The most effective propagation method varies based on the plant type, cutting type, season, and
the propagation facility used. Techniques such as misting fog and polyethylene tunnels are sometimes employed
to control environmental conditions like air, temperature, relative humidity, and light during propagation (Beyl
and Trigiano, 2016).

IBA (Indole-3-butyric acid) is a type of auxin that plays a crucial role in promoting the growth of adventitious
roots in plants. Auxin is essential for plant propagation as it regulates various developmental processes, including
stem elongation, early root formation, callus production, enzyme induction, and flowering, fruit, and leaf
senescence. The rooting potential of certain plant species varies significantly based on the season when stem
cuttings are taken, rather than a specific calendar date (Hartmann et al., 1997). Additionally, factors like the age
of the mother tree and the use of plant growth regulators influence the rooting process of cuttings (Alto¢ et al.,
2011; De Oliveira et al., 2015). It was determined that only the use of IBA during the rooting stages increased the
number of roots (Ocalan et al., 2023).

Bougainvilleas are generally propagated by cuttings, but rooting failure is observed when propagated by
hardwood cuttings. Auxin must be used to promote rooting (Akyigit and Baktir, 1989; Ibironke, 2019). Rooting
percentages of cuttings in Bougainvillea plants are low. This may cause economic losses (De Klerk et al., 1999).
In this context, the hormones IBA, IAA and NAA are recommended, but due to the availability, accessibility and
cost of supply of auxins, the study focused on determining the appropriate concentration of a single hormone.

The main objectives of this study are to compare the rooting ability of hardwood cuttings of three different
Bougainvillea species (Bougainvillea glabra, Bougainvillea spectabilis, and Bougainvillea x buttiana). It was
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aimed to determine the suitable environment and appropriate IBA concentration for hardwood cuttings of three
different Bougainvillea plant species.

2. Materials and Methods

2.1. Material

The study was carried out in the plastic house of the Horticulture Department at the Directorate General of
Agriculture in Duhok Governorate, located at 36° 51°42" N, 42° 56"13" E, and at an altitude of 522 m. The research
was conducted from 15" February to 30 May 2021.

In the study, 3 different Bougainvillea species were used as plant material. The characteristics of these plants are
explained in the following paragraphs.

Bougainvillea glabra is an evergreen climber with elliptical leaves that are green or variegated and have a glossy
shine. The plant produces bracts in various sizes and shapes, usually triangular and mauve or purple, sometimes white.
The bracts grow along the branches and at the branch tips, with blooms ranging in color from white to cream. The plant
has short thorns with a curled point, and green-leaf types exhibit rapid growth with a spreading habit.

Bougainvillea spectabilis is distinguished by its sticky stems and leaves. The large, ovate leaves have hairs on the
underside and rippled edges. The small flowers are cream-colored, while the bracts come in dark pink, red, or purple
shades. The species exhibits an intense growth habit with vibrant bracts appearing both above and below the branches.
Thorns on this plant can be large and curved.

Bougainvillea hybrids, specifically B. x buttiana, display dark pink or red bracts and short, straight thorns. The
plant's open growth habit requires regular trimming to maintain a bushy appearance. These hybrids are known for
blooming multiple times a year on average (Kobayashi et al., 2007).

The brand of peatmoss used is Greenterra®. The sand size used in this study is 0.2 - 0.5 mm (Figure 1).

Figure 1. Growing media used in the research

Table 1. Some physical and chemical properties of the propagation media.

. Sand . Clay pH EC (dS/m) OM(%) WHC(%)
Media Silt (g/kg)
(g/kg) 8 (ke
Peat moss - - - 6.47 0.74 74.70 70.00
Peat + 71170 141.10 147.20 7.10 0.19 7.86 65.00
Sand (1:1) ' ' ' ‘ ' ' '
Peat +
500.50 303.30 191.70 7.15 0.265 11.35 52.00
Loam (1:1)

OM: Organic matter,

WHC: Water Holding Capacity

The g/kg ratios in the table are determined
according to dry weight.

In Table 1, various chemical and physical characteristics of samples were collected from three different growth
mediums were presented. Texture analysis of media, including sand, silt, and clay content, was conducted using the
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hydrometer method proposed by Bouyoucos (1962). pH and EC measurements were performed following the
procedures outlined by Page et al. (1982). Organic matter content in the soil was assessed using soil analysis methods
provided by Black et al. (1965).

2.2. Methods

In this study, the rooting response of three Bougainvillea species to different propagation media and varying
IBA concentrations were investigated. Cuttings of the species were obtained in January from plants grown in the
gardens of floriculture nurseries in the Department of Horticulture in Duhok province.

All cuttings that were cut were 20 cm and had 10 to 12 buds. These cuttings were taken from branches that
were 2 years old. The cuttings were kept in a damp cloth in cold storage until February. The fresh weight is taken,
then placed in a nylon bag inside a paper bag and dried in the oven for 48 hours at a temperature of 70 degrees
Celsius the dry weight is taken. This process is carried out in the laboratories of the College of Agriculture at the
University of Duhok. Irrigation is done according to soil dryness and use elecronic soil tester.

The cuttings from these species were treated with four different IBA concentrations (0, 1000, 2000, and 3000
mg I'). The cuttings were kept in the hormone for 10 seconds. All cuttings were at length 20 cm, and cut out a
slant shape and put in 2/3 of the cuttings in the rooting media after it has been treated with rooting hormone.
Subsequently, they were planted in black plastic pots of 28cm heightx24cm dimensions, filled with three different
media, that is, a peat moss and two peat moss-based mixtures. The peat moss-based mixtures were prepared using
peat moss and sand in a ratio of 1:1 by volume and peat moss and loam in a ratio of 1:1 by volume.

Both the cuttings and the planting media were sterilized using Beltanol L 50% at a concentration of 1 ml 1",

In this experiment, a factorial Randomized Complete Block Design (RCBD) with three factors was employed,
resulting in a total of (3 x 3 x 4) = 36 different treatments. Each treatment was replicated three times, and in each
replication, there were eight cuttings per pot, resulting in a total of (3 x 3 x 4 x 3 x 8) = 864 cuttings for all species
combined and 288 cuttings for each individual species.

At the end of the experimental period, the number of cuttings that had successfully developed roots was
recorded, and these numbers were then converted into percentages for all the experiments.

After each experiment, the researchers recorded the number of visible roots formed on each cutting and
measured the longest root length in centimeters from the base to the tip of the longest root using a ruler. The roots
produced on the cuttings were then separated, placed in paper bags, and dried in an oven at 70°C for 48 hours.
Once dried, the roots were weighed precisely using a balance. Moreover, the researchers counted the number of
shoots that sprouted from the cuttings for each treatment and replication. The length of the shoots on the rooted
cuttings was measured with a ruler and centimeter. Additionally, the number of leaves that developed on the
cuttings was recorded for each treatment and replication.

The data from the experiments were analyzed using the SAS program (Anonymous, 2001), with means
compared through Duncan's Multiple Range Test at a confidence level of less than 5%.

3. Results and Discussion
3.1. Rooting percentage (%)

The interaction between species and growing media affects significantly the rooting percentage of the cuttings.
The highest rooting percentage (90.42%) was observed in the interaction of cuttings planted in peat moss medium,
while the lowest percentage (66.67%) was found in peat moss + loam medium. Regarding IBA treatment, B. glabra
cuttings treated with 1000 and 2000 mg L' IBA exhibited the highest rooting percentages of 85.00% and 84.72%,
respectively. B. spectabilis cuttings with 0 mg L' IBA showed the lowest percentage of 61.11%. The interaction
between growth media and IBA also played a significant role in rooting. The highest percentage (94.44%)
observed in cuttings treated with 2000 mg L' IBA and planted in peat moss, while the lowest value (56.94%) was
recorded in peat moss + loam medium.

Regarding the tree factor interactions between media, species and IBA dosages, the highest rooting percentage
(100%) was observed in B. glabra cuttings planted in peat moss and treated with 2000 mg L' of IBA, indicating
a successful rooting response. On the other hand, the lowest rooting percentage (50%) was recorded for untreated
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cuttings of B. spectabilis planted in peat moss + loam medium, indicating a less favorable rooting outcome in this
specific combination.

Table 2. Propagation media and IBA concentrations’ effect on the rooting percentage of hardwood cuttings

of three Bougainvillea species

Species Media IBA Concentrations
Oppm 1000ppm  2000ppm  3000ppm  Species x Media
B. glabra Peat 87.50cd  92.50bc 100.00a 81.67d-f 90.42a
Peat+Sand 79.17ef 87.50cd 58.33i 83.33de 77.08bc
Peat+Loam 50.00j 75.00fg 95.83ab 75.00fg 73.96¢
B. Peat 79.17ef 79.17ef 95.83ab 95.83ab 87.50a
spectabilis  Peat+Sand 54.17ij 75.00ef 87.50cd 79.17ef 73.96¢
Peat+Loam 50.00j 87.50cd 66.67h 75.00fg 69.79d
B. x Peat 79.07ef 66.67h 87.50cd 75.00fg 77.06bc
buttiana Peat+Sand 83.33de  75.00fg 79.17ef 79.17ef 79.17b
Peat+Loam 70.83gh  70.83gh 58.33i 66.67h 66.67¢
Peat+Sand 72.22f 79.17cd 75.00ef 80.56¢cd
Peat+Loam 56.94g 77.78de 73.61f 72.22f
Species means
Species x B. glabra 7222 ef  85.00a 84.72a 80.00bc 80.49a
IBA Conc.  B. spectabilis  61.11g 80.56bc 83.33ab 83.33ab 77.08b
B. x buttiana 77.74cd  7083f 75.00de 73.61ef 74.30c
Media means
Media x Peat 81.91bc  79.44cd 94.44a 84.17b 84.99a
IBA Conc.  Peat+Sand 72.22f 79.17cd 75.00ef 80.56¢cd 76.74b
Peat+Loam 56.94g 77.78de 73.61f 72.22f 70.14¢
IBA conc. means 69.69¢ 78.80b 81.02a 78.98b -

According to the Duncan Multiple Range Test, means with the same letter for every factor and interactions are not statistically different

at the 5% level.

Table 3. Propagation media and IBA concentrations’ effect on roots number of hardwood cuttings of three

Bougainvillea species

Species Media IBA Concentrations Species x  Species
Oppm 1000ppm 2000ppm  3000ppm  Media means

B. glabra Peat 9.99r 16.38i-1 13.54m-q  13.12n-q 13.26de
Peat+Sand 11.46qr 12.6lo-q  14.00l-p 11.47qr 12.38¢ 12.03c
Peat+Loam 5.78s 11.92pr  14.17l-p 9.88r 10.44f

B. Peat 16.19j-1 21.01d-f  21.93c-e 28.69a 21.96a

spectabilis ~ Peat+Sand 15.25j-n  16.17j-1 19.23f-h 20.22e-g 17.72¢ 17.15b
Peat+Loam 6.27s 16.93h-k  15.28j-n 15.88j-m 13.59d

B. x Peat 20.15e-g  23.28b-d  22.37c-e 23.66bc 22.37a

buttiana Peat+Sand 17.65h-j  17.29h-j  21.38c-f 23.29b-d 19.90b 20.10a
Peat+Loam 18.64g-i  14.55k-0  13.94l-p 24.97b 18.03c

Species x B. glabra 9.08¢g 13.64de 13.90d 11.49f

IBA Conc.  B. spectabilis 12.57ef 18.03c 18.81c 21.60b Media means
B. x buttiana 18.81c 18.37¢ 19.23¢ 23.97a

Media x Peat 15.44e 20.22b 19.28bc 21.82a 19.19a

IBA Conc. Peat+Sand 14.79¢ 79.17cd 18.20c 18.33c 16.67b
Peat+Loam 10.23f 77.78de 14.46¢ 16.91d 14.02¢

IBA conc. means 13.00c 16.68b 17.32b 19.02a -

According to the Duncan Multiple Range Test, means with the same letter for every factor and interactions are not statistically different at

the 5% level.
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3.2. Root number per cutting

The results presented in Table 3 demonstrate that the species, growth media, and IBA concentrations all have
significant effects on the number of roots formed on the cuttings. According to species main effect, B. x buttiana
had the highest number of roots per cutting (20.10), while B. glabra had the lowest (12.03). The peat moss medium
resulted in the maximum number of roots per cutting (19.19), while the medium containing peat moss + loam (1:1)
had the lowest number (14.02). Treatment with 3000 mg L' IBA led to a significant increase in the number of
roots per cutting (19.02) compared to the untreated cuttings (13 roots) (Figure 2). The interactions between species
and propagation media, species and IBA concentrations, and propagation media and IBA concentrations also
showed significant differences in the number of roots formed on the cuttings. The highest root number was
observed in B. x buttiana cuttings planted in peat moss medium with 3000 ppm IBA treatment (22.37 roots), while
the lowest number was in B. glabra cuttings planted in peat moss + loam medium (10.44 roots). Triple interaction
effects also revealed significant differences, with B. spectabilis cuttings planted in peat moss medium with 3000
mg L' IBA showing the highest root number (28.69 roots), and B. glabra cuttings planted in peat moss + loam
medium and untreated (0 ppm) having the lowest root number.

Figure 2. Effects of IBA concentrations on root number

3.3. Length of longest root per cutting

The data in the Table 4 indicated that main effect of Bougainvillea species were significant on the longest roots
length, the cuttings of B. glabra and B. x buttiana had the longest root length (26.54 and 26.00 cm) respectively
when compared with cuttings of B. spectabilis which gave a shorter root length (24.41 cm). The roots produced
on cuttings planted in peat moss medium provided the longest root length (26.18cm) in comparison with the shorter
root length (24.99 cm) for Peatmoss + Loam (1:1) medium. IBA concentration (3000) mg L-1 showed the highest
root length (26.30 cm) which was significant with control (24.78 c¢m). It was concluded from the results of the
dual interaction between species and propagation media the excellence of cuttings of B. glabra planted in alone
peat moss medium which gave the longest roots (27.33 cm) in comparison to minimum roots length (23.53 c¢m)
were found on cuttings of B. spectabilis planted in medium contained peatmoss + loam (1:1). From the interaction
between species and IBA concentrations, the significantly highest length root was found from Cuttings B. glabra
treated with 3000 mg L' IBA (28.12 cm) in comparison with the least root length (24.11 cm) from 2000 mg L-!
of B. spectabilis cuttings. The results for a dual-action of propagation medium and concentrations of IBA cleared
that the cuttings planted in peat moss medium and treated with 3000 mg L' of IBA provided the significantly
highest root length (26.98 cm) while the minimum root length (24.03 cm) were shown in the control treatment 0
mg L' in peatmoss + loam media (1:1). For triple interaction among all three studied factors, the significant highest
length of roots (29.56 cm) was noticed for B. glabra cuttings that were planted in peatmoss medium and treated
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with 3000 mg L' of IBA which was different importantly with all interactions while the minimum length of roots
(22.66 cm) was for same species cuttings that planted in peatmoss + loam (1:1) and treated with 0 mg L' of IBA.

The data presented in Table 4 shows that the length of roots on Bougainvillea cuttings is influenced by the
species, propagation media, and IBA concentrations. B. glabra and B. x buttiana cuttings had the longest roots
(26.54 cm and 26.00 cm, respectively) compared to B. spectabilis (24.41 cm). Peat moss medium resulted in longer
roots (26.18 cm) compared to peatmoss + loam (1:1) medium (24.99 cm). The highest IBA concentration (3000
mg L) showed the longest root length (26.30 cm), significantly different from the control (24.78 cm). The dual
interaction between species and propagation media revealed that B. glabra cuttings in peat moss had the longest
roots (27.33 cm) while B. spectabilis cuttings in peatmoss + loam (1:1) had the shortest (23.53 cm). In the dual
interaction between species and IBA concentrations, B. glabra cuttings treated with 3000 mg L' IBA had the
longest roots (28.12 cm), whereas B. spectabilis cuttings treated with 2000 mg L™ had the shortest (24.11 c¢m).
The interaction between propagation media and IBA concentrations showed that cuttings in peat moss treated with
3000 mg L' IBA had the longest roots (26.98 cm), while the control treatment in peatmoss + loam media (1:1)
had the shortest (24.03 cm). For the triple interaction among all factors, the longest roots (29.56 cm) were observed
in B. glabra cuttings planted in peatmoss medium and treated with 3000 mg L' of IBA, significantly different
from all other interactions, while the shortest roots (22.66 cm) were found in B. glabra cuttings in peatmoss +
loam (1:1) medium and treated with 0 mg L' of IBA.

Table 4. Propagation media and IBA concentrations’ effect on the longest root length (cm) of hardwood
cuttings of three Bougainvillea species

Species Media IBA Concentrations Species x Species
Oppm 1000ppm  2000ppm  3000ppm  Media means

B. glabra Peat 27.07a-f  28.26a-d 24.41d-h 29.56a 27.33a
Peat+Sand 23.65e-h  25.97a-h 29.33ab 28.99a-d 26.81ab  26.54a
Peat+Loam 22.66h 26.67a-h 26.07a-h 26.51a-h 25.48a-c

B. Peat 24.71d-h  26.80a-g 24.20d-h 24.11e-h 24.95b-d

spectabilis  Peat+Sand 24.90d-h  23.92¢-h 25.23¢-h 24.95d-h 24.75cd  24.41b
Peat+Loam 24.07e-h  23.61e-h 22.91gh 23.54e-h 23.53d

B. x Peat 27.04a-g 26.71a-h 24.00e-h 27.26a-¢ 26.25a-c

buttiana Peat+Sand 24.10e-h  27.40a-¢ 25.51a-h 26.22a-h 25.81a-c  26.00a
Peat+Loam 25.36b-h  23.00f-h 29.22a-c 26.23a-h 25.95a-c

Species x B. glabra 24.46cd  26.97ab 26.61a-c 28.12a

IBA Conc.  B. spectabilis  24.56cd  24.78b-d 24.11d 24.20d Media means
B. x buttiana 25.50b-d  25.70b-d 26.24a-d 26.57a-c

Media x Peat 26.27a-¢c  27.26a 24.20cd 26.98a 26.18a

IBA Conc.  PeattSand 24.22¢d  25.76a-d 26.69a 26.49ab 25.79ab
Peat+Loam 24.03d 24.43b-d 26.07a-d 25.43a-d 24.99b

IBA conc. means 24.78b 25.82ab 25.65ab 26.30a -

According to the Duncan Multiple Range Test, means with the same letter for every factor and interactions are not statistically different at
the 5% level.

3.4. Fresh weight of roots

The data in Table 5 reveals that the species, propagation media, and IBA concentrations were significant for
the fresh weight of roots per cutting in Bougainvillea. B. x buttiana had the highest root fresh weight (3.39 g)
while B. glabra had the lowest (1.89 g). Peatmoss + loam medium resulted in the highest root fresh weight (2.71
g) while peatmoss + sand (1:1) had the lowest (2.35 g). IBA concentration at 3000 mg L-1 showed the highest
fresh weight of roots (2.76 g) compared to the control (1.95 g). In the dual interaction, B. x buttiana cuttings in
peat moss medium had the maximum fresh weight (3.61 g) while B. glabra cuttings in peatmoss and peatmoss +
sand (1:1) had the least (1.63 g). For the interaction between species and IBA concentrations, B. x buttiana cuttings
treated with 3000 mg L-1 had the highest fresh weight (4.17 g) compared to B. glabra cuttings treated with the
same concentration (1.59 g). In the dual interaction between media and IBA concentrations, cuttings in peatmoss
+loam (1:1) treated with 2000 and 3000 ppm had the highest fresh weight of roots (3.04 g and 3.17 g) respectively,
while the control in peatmoss medium had the lowest (1.86 g). The triple interaction showed that B. x buttiana
cuttings treated with 3000 ppm of IBA and planted in peatmoss and peatmoss + loam (1:1) had significantly the
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highest fresh weight of roots (4.45 g and 4.52 g) respectively, while B. glabra cuttings treated with the same
concentration in peatmoss + sand (1:1) had the lowest (1.07 g).

Table 4. Propagation media and IBA concentrations’ effect on root frest weight (g) of hardwood cuttings of
three Bougainvillea species

Species Media IBA Concentrations Species x  Species
Oppm 1000pp 2000ppm  3000ppm  Media means
m

B. glabra Peat 1.69k-m  1.53Im 1.60k-m 1.71k-m 1.63f
Peat+Sand 1.87j-m 1.61k-m  1.99i-1 1.07n 1.63f 1.89¢
Peat+Loam 1.46mn 3.414d-f 2.75gh 1.99i-1 2.40d

B. Peat 1.68k-m  2.37hi 1.99i-1 1.74k-m 1.95¢

spectabilis ~ Peat+Sand 1.43mn 2,03i-k 1.82j-m 2.82¢g 2.02¢ 2.17b
Peat+Loam 1.48mn 2.66gh 3.09fg 2.99fg 2.55d

B.x Peat 2.22ij 3.74cd 4.03bc 4.45a 3.6la

buttiana Peat+Sand 3.09fg 4.22ab 2.68gh 3.55de 3.39b 3.39a
Peat+Loam 3.32d-f 1.61k-m  3.28ef 4.52a 3.18¢c

Species x B. glabra 1.67f 2.18e 2.11e 1.59f

IBA Conc.  B. spectabilis 1.53f 2.35de 2.30de 2.52d Media means
B. x buttiana 2.88¢ 3.19b 3.33b 4.17a

Media x Peat 1.86d 2.55b 2.54b 2.63b 2.39b

IBA Conc.  Peat+Sand 2.13¢ 2.62b 2.16¢ 2.48b 2.35b
Peat+Loam 2.09cd 2.56b 3.04a 3.17a 2.71a

IBA conc. means 1.95¢ 2.57b 2.58b 2.76a -

According to the Duncan Multiple Range Test, means with the same letter for every factor and interactions are not statistically different at
the 5% level.

Table 5. Propagation media and IBA concentrations’ effect on root dry weight (g) of hardwood cuttings of
three Bougainvillea species

Species Media IBA Concentrations Species x  Species
Oppm 1000pp 2000ppm  3000ppm  Media means
m

B. glabra Peat 0.397n0  0.487k-n  0.357no0 0.610h-1 0.463ef

Peat+Sand 0.363no0 0.413m-0  0.530i-n 0.413m-o0 0.430f
0.467c

Peat+Loam 0.2930 0.593h-m  0.500j-n 0.643¢g-1 0.508d-f

B. Peat 0.640g-1  0.763c-h  0.473k-0 0.647g-1 0.631c

spectabilis ~ Peat+Sand 0.353n0  0.730d-h  0.4633-0 0.593h-m  0.535de  0.584b
Peat+Loam 0.350no0  0.660g-k  0.677f-j 0.660g-k 0.587cd

B. x Peat 0.367no 0.927bc 1.850a 0.847c-f 0.998a

buttiana Peat+Sand 0.620h-1 ~ 0.903b-d  0.710e-i 0.813c-g 0.787b 0.849a
Peat+Loam 0.823c-g  0.387no  0.873c-e 1.063b 0.787b

Species x B. glabra 0.351h 0.498fg 0.462fg 0.556ef

IBA Conc.  B. spectabilis  0.448g 0.718cd 0.538e-g 0.633de Media means
B. x buttiana 0.603e 0.739¢ 1.144a 0.908b

Media x Peat 0.468gh  0.726bc  0.893a 0.701b-d 0.697a

IBA Conc.  Peat+Sand 0.446h 0.682cd 0.568ef 0.607de 0.576¢
Peat+Loam 0.489f-h  0.547e-g  0.683cd 0.789b 0.627b

IBA conc. means 0.455¢ 0.651b 0.715a 0.699ab -

According to the Duncan Multiple Range Test, means with the same letter for every factor and interactions are not statistically different
at the 5% level.
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3.5. Dry weight of roots

The dry weight of roots per cutting in different Bougainvillea species was significantly differed, with B. x
buttiana cuttings showing the highest dry weight (0.849 g) and B. glabra cuttings having the least dry weight
(0.467 g). Planting cuttings in peat moss medium resulted in the highest dry weight of roots (0.697 g), while peat
moss + sand (1:1) medium had the lowest weight (0.576 g). Treatment with 2000 mg L' IBA significantly
increased the dry weight of roots (0.715 g) compared to untreated cuttings (0 mg L' IBA, 0.455 g). Dual
interactions revealed that B. x buttiana cuttings in peat moss medium had the highest dry weight (0.998 g), and B.
glabra cuttings in peat moss + sand (1:1) had the least dry weight (0.430 g). Additionally, B. x buttiana cuttings
treated with 2000 mg L' IBA showed the highest dry weight (1.144 g) in interaction, while B. glabra cuttings with
0 mg L-1 IBA exhibited the lowest dry weight (0.351 g). The triple interaction indicated that B. x buttiana cuttings
planted in peat moss and treated with 2000 mg L' IBA had the highest dry weight (1.850 g), while B. glabra
cuttings in peat moss + loam (1:1) with 0 mg L' IBA showed the lowest weight (0.293 g).

3.6. Shoot number per cutting

The results presented in Table 6 show that the number of shoots per cutting was affected by the factors studied.
B. spectabilis species had the highest number of shoots (2.81) per cutting, while B. x buttiana had the lowest (2.24).
Cuttings planted in peatmoss and peatmoss + loam (1:1) media produced the highest number of shoots (2.54 and
2.57, respectively) compared to the lowest number (2.34) in peatmoss + sand (1:1) medium. Untreated cuttings
with 0 mg L' IBA had the maximum number of shoots (2.64), significantly higher than cuttings treated with 1000
and 3000 mg L' IBA (2.42 and 2.41, respectively). Regarding dual interactions, B. spectabilis cuttings in peatmoss
+ loam (1:1) medium had the highest number of shoots (2.92), while B. x buttiana cuttings in peatmoss + sand
(1:1) had the lowest (2.18). The highest number of shoots from dual interactions between species and IBA doses
was found in B. spectabilis cuttings treated with 3000 ppm of IBA (2.92), while B. x buttiana cuttings treated with
1000 mg L' IBA had the lowest (1.98). The interaction of peatmoss + loam (1:1) medium and 0 mg L' IBA
resulted in the highest number of shoots (2.75), while peatmoss + sand (1:1) medium and 1000 mg L' IBA showed
the lowest (2.15). In the triple interaction, the highest number of shoots (3.24) was observed in B. spectabilis
cuttings planted in peatmoss + loam (1:1) medium and treated with 3000 mg L' IBA, while the lowest number
(1.72) was found in B. glabra cuttings treated with the same IBA treatment and planted in peatmoss + sand (1:1)
medium.

Table 6. Propagation media and IBA concentrations’ effect on shoot number per cutting of hardwood
cuttings of three Bougainvillea species

Species Media IBA Concentrations Species Species
Oppm 1000ppm  2000ppm  3000ppm X means
Media

B. glabra Peat 2.74b-f 2.56¢-1 2.33e-1 2.53c-j 2.54bc
Peat+Sand 2.54¢-i 2.29f-m 2.39d-1 1.720 2.23de 2.41b
Peat+Loam 2.67b-h 2.66b-h 2.44d-1 2.02k-o0 2.45b-d

B. Peat 3.00a-c 3.08ab 2.69b-g 2.83a-¢ 2.90a

spectabilis  Peat+Sand 2.75b-f 2.41d-1 2.61b-1 2.69b-g 2.62b 2.81a
Peat+Loam 2.89a-d 2.81a-f 2.72b-g 3.24a 2.92a

B. x Peat 2.22g-n 2.38d-1 1.971-0 2.17h-0 2.19%

buttiana Peat+Sand 2.03j-0 1.75n0 2.81a-f 2.13i-0 2.18e 2.24c¢
Peat+Loam 2.69b-g 1.80m-o 2.50c-k 2.37e-1 2.34c-e

Species x B. glabra 2.65b-d 2.50c-¢ 2.39d-f 2.09gh

IBA Conc.  B. spectabilis ~ 2.88ab 2.77ab 2.67a-c 2.22a Media means
B. x buttiana 231e-g 1.98h 2.43c-f 2.51a-c

Media x Peat 2.65ab 2.67ab 2.33c-e 2.51a-c 2.54a

IBA Conc.  Peatt+Sand 2.44b-d 2.15¢ 2.60a-c 2.18de 2.34b
Peat+Loam 2.75a 2.42b-d 2.56a-c 2.54a-c 2.57a

IBA conc. means 2.64a 2.42b 2.50ab 2.41b -

According to the Duncan Multiple Range Test, means with the same letter for every factor and interactions are not statistically different at
the 5% level.
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3.7. Leaves number per cutting

The results presented in Table 7 indicate that the effects of factors were significant with regard to number of
leaves per cutting. Cuttings of B. spectabilis had the highest number of leaves (59.76) when treated with 2000 mg
L' IBA, while the lowest number (47.85) was observed with 3000 mg L' IBA treatment. In terms of dual
interactions, B. spectabilis cuttings planted in peatmoss medium showed the highest number of leaves (74.76)
compared to other interactions, especially when B. glabra cuttings were planted in peatmoss + loam (1:1) medium,
resulting in the lowest number of leaves (31.27). The number of leaves per cutting for B. glabra cuttings varied
with different IBA concentrations, with the highest number (70.00) observed with 2000 mg L' IBA treatment and
the lowest number (35.34) with 3000 mg L' IBA treatment. Additionally, when cuttings were planted in peatmoss
medium and treated with 1000 mg L' IBA, the highest number of leaves per cutting (75.64) was obtained, while
the lowest number (34.10) was observed for cuttings planted in peatmoss + loam (1:1) and treated with 2000 mg
L' IBA. The largest number of leaves (97.33) was noticed in the triple interaction of B. glabra cuttings treated
with 2000 mg L' IBA and planted in peatmoss + sand (1:1) medium, whereas the lowest number (31.63) was seen
with B. spectabilis cuttings treated with the same concentration of IBA and planted in peatmoss + loam (1:1)
medium.

Table 7. Propagation media and IBA concentrations’ effect on leaves number per cutting of hardwood
cuttings of three Bougainvillea species

Species Media IBA Concentrations Species  Species
Oppm 1000ppm 2000ppm  3000pp x Media means
m

B. glabra Peat 68.73ef  73.68de 77.46¢cd 49.07k-m  67.23b
Peat+Sand 49.92j-1 61.94gh 97.33a 35.19pq  61.10c 53.20b
Peat+Loam 32.89q 35.22pq 35.21pq 21.77r 31.27¢g

B. Peat 73.13de  90.00b 71.06e 6486fg 74.76a

spectabilis  Peat+Sand 57.37hi 50.93jk 81.82¢ 62.47gh  6315¢ 59.62a
Peat+Loam 52.49i-k  35.91pq 31.63q 43.77Tm-o  40.95f

B.x Peat 38.850p  63.25g 55.29ij 52.66i-k  52.51d

buttiana Peat+Sand 47.45k-m  40.84n-p 52.61i-k 49.21k-m 47.53e 47.09¢
Peat+Loam 45.00l-n  32.80q 35.47pq 51.63jk 41.23f

Species x B. glabra 50.51de 56.95¢ 70.00a 35.34h

IBA Conc.  B. spectabilis  60.99b 58.95bc 61.50b 57.03c Media means
B. x buttiana 43.77¢g 45.63fg 47.79ef 51.17d

Media x Peat 60.24c 75.64a 67.93b 55.53d 64.84a

IBA Conc.  Peat+Sand 51.58e 51.24e 77.25a 48.96¢ 57.26b
Peat+Loam 43.46f 34.64h 34.10h 39.06g 37.82¢

IBA conc. means 52.48¢c 53.84b 59.76a 47.85d -

According to the Duncan Multiple Range Test, means with the same letter for every factor and interactions are not statistically different at
the 5% level.

3.8 Shoots fresh weight

The results from Table 8§ show significant variations in fresh shoot weight among Bougainvillea species. B. x
buttiana cuttings had the highest fresh shoot weight (22.07 g) compared to B. glabra cuttings (10.62 g). Planting
cuttings in peatmoss medium resulted in the highest fresh shoot weight (16.94 g), while peatmoss + loam (1:1)
medium had the lowest weight (12.71 g). IBA concentrations of 2000 and 3000 mg L' produced the maximum
fresh shoot weight (16.33 g and 16.01 g) respectively, significantly higher than the control (12.47 g). In terms of
dual interactions, B. x buttiana cuttings planted in peatmoss medium showed the highest fresh shoot weight (24.40
g), while B. glabra cuttings in peatmoss + loam (1:1) had the lowest weight (7.98 g). Similarly, B. x buttiana
cuttings treated with 3000 mg L' IBA had the highest fresh shoot weight (25.69 g), whereas B. glabra cuttings
treated with the same concentration of IBA had the lowest weight (8.76 g). Cuttings planted in peatmoss and
treated with 1000 mg L' IBA showed the highest fresh shoot weight (20.32 g), while peatmoss + loam (1:1)
medium without IBA treatment had the lowest weight (11.36 g). In the triple interaction, B. X buttiana cuttings in
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peatmoss and treated with 1000 mg L' IBA exhibited the highest fresh shoot weight (30.59 g), while B. glabra
cuttings in peatmoss + loam (1:1) and treated with 3000 mg L' IBA had the lowest weight (6.37 g).

Table 8. Propagation media and IBA concentrations’ effect on shoot fresh weight of hardwood cuttings of
three Bougainvillea species

Species Media IBA Concentrations Species Species
Oppm 1000ppm 2000ppm  3000pp x Media means
m

B. glabra Peat 11.231-n  12.75i-1 12.39j-1 9.98no 11.59d
Peat+Sand 10.35m-o 11.211-n 17.72¢g 9.93n0 12.30d 10.62¢
Peat+Loam 7.06qr 9.94no 8.540-q 6.37r 7.98f

B. Peat 13.71h-k  17.63g 14.17h-j 13.80h-k  14.83c

spectabilis  Peat+Sand 12.08k-m  12.68i-1 18.04fg 15.5%h 14.60c 12.97b
Peat+Loam 9.39n-p 9.66n0 7.50p-r 11.351-n  9.47e¢

B. x Peat 14.73hi 30.59a 25.99¢ 26.28¢ 24.40a

buttiana Peat+Sand 19.70ef 21.75d 20.97de 22.15d 21.14b 22.07a
Peat+Loam 17.62g 14.79h 21.69d 28.63b 20.68b

Species x B. glabra 9.55f 11.30e 12.88d 8.76f

IBA Conc.  B. spectabilis  11.73e 13.32d 13.23d 13.58d Media means
B. x buttiana 17.35¢ 22.38b 22.88b 25.69cd

Media x Peat 13.23fg 20.32a 17.51¢c 16.69¢cd 16.94a

IBA Conc.  Peat+Sand 14.04f 15.21e 18.91b 15.89de 16.01b
Peat+Loam 11.36h 11.46h 12.57g 15.45¢ 12.71¢

IBA conc. means 12.47¢ 15.66ab 16.33a 16.01a -

According to the Duncan Multiple Range Test, means with the same letter for every factor and interactions are not statistically different

at the 5% level.

Table 9. Propagation media and IBA concentrations’ effect on shoot dry weight of hardwood cuttings of three
Bougainvillea species

Species Media IBA Concentrations Species  Species
Oppm 1000ppm 2000ppm  3000pp x Media means
m

B. glabra Peat 3.42h-1 3.41h-1 3.15i-m 2.82k-n 3.20d
Peat+Sand 2.561-n 3.11j-m 4.42¢-g 2.20mn 3.07d 2.87¢
Peat+Loam 1.88n 3.07j-m 2.38mn 2.04n 3.07d

B. Peat 4.10e-1 4.98e 3.91f 3.98f+j 4.24c

spectabilis ~ Peat+Sand 3.13j-m 3.80g-j 4.80ef 4.5le-g 4.06¢ 3.79b
Peat+Loam 3.62g-k 2.82k-n 2.25mn 3.60g-k 3.08d

B. x Peat 4.32e-h 9.58a 7.62b 6.87bc 7.10a

buttiana Peat+Sand 5.99¢d 6.65¢cd 5.90d 6.43cd 6.24b 6.57a
Peat+Loam 5.84d 4.39e-g 6.31cd 8.97a 6.38b

Species x B. glabra 2.62f 3.20e 3.31le 2.35fF

IBA Conc.  B. spectabilis  3.62de 3.87d 3.65de 4.03d Media means
B. x buttiana 5.38¢c 6.87b 6.61b 7.42a

Media x Peat 3.95de 5.99a 4.89bc 4.56bc 4.85a

IBA Conc.  Peat+Sand 3.89de 4.52bc 5.04b 4.38cd 4.46b
Peat+Loam 3.78e 3.43e 3.65¢e 4.87bc 3.93¢c

IBA conc. means 3.74b 4.65a 4.53a 4.60a -

According to the Duncan Multiple Range Test, means with the same letter for every factor and interactions are not statistically different at the

5% level.

The available results from Tables 2 to 9 consistently show that the use of alone peat moss as a propagation medium

provides better outcomes compared to other media for various characteristics. It leads to significantly higher rooting
percentage (84.99%), more roots per cutting (19.19 roots), longer root length per cutting (26.18 cm), greater root dry
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weight (0.697 g), longer shoots length per cutting (34.55 cm), more leaves per cutting (64.84), higher fresh weight of
shoots (16.94 g), and higher dry weight of shoots (4.85 g).

The findings from various studies (Bosila et al., 2010; Abdulrahman, 2012; Hasan and Hammo, 2021; Mehmood
etal., 2013) consistently confirm that peat moss is an excellent medium for promoting high rooting rates and improving
root characteristics in various plant cuttings. Peat moss has been shown to enhance root length, dry weight of roots,
and number of shoots, shoot length, and overall plant growth. Its physical and chemical properties, such as high-water
retention, low bulk density, and high porosity, contribute to its effectiveness as a growth medium. Additionally, when
combined with other media, peat moss can further enhance its physical qualities, resulting in improved plant rooting
and growth. The fertility of the medium also plays a crucial role in nutrient absorption and plant growth, especially
regarding nitrogen and other essential elements. Overall, the choice of growth medium is a vital component of the
propagation system, significantly influencing rooting ability and root quality in cuttings.

The results presented in Tables 2, 6, and 7 demonstrate that treating the cuttings with 2000 mg L-1 IBA led to a
significant increase in rooting percentage, number of leaves per cutting, and dry weight of roots. These findings are in
line with previous studies conducted by Hammo et al. (2013), Kuldeep et al. (2013), Wagh et al. (2013), and Corbaci
et al. (2023) on various plant species, which also showed positive effects of IBA on rooting and plant growth. Similarly,
Tables 2 and 4 show that the application of 3000 mg L-1 IBA resulted in the highest number of roots per cutting,
longest root length. These observations are supported by the research of Ashok and Ravivarman (2020) and Youssef
(2020) on different plant cuttings, including Bougainvillea and Ficus benjamin. Additionally, Table 9 indicates that
the highest length of the longest shoot per cutting was achieved with 1000 mg L-1 IBA, consistent with the findings of
Yeshiwas et al. (2015) and Mehraj et al. (2013) on rose and Bougainvillea cuttings, respectively. Overall, plant
hormones, particularly auxins like IBA, play a crucial role in the cutting propagation process, influencing root
development, cell division, elongation, and differentiation, as well as other growth and developmental processes in
plants.

On the other hand, B. glabra species resulted in the highest rooting percentage per cutting (80.49%) according to
Table 2. The greatest length of the longest root was found in B. glabra (26.54 cm) and B. x buttiana (26.00 cm) species,
as indicated in Table 4. Moreover, B. spectabilis showed the maximum number of shoots per cutting (2.81 shoots) and
leaves number per cutting (59.62 leaves) as shown in Tables 6 and 7, respectively. In summary, B. X buttiana cuttings
generally outperformed the other species in terms of rooting ability, root and shoot characteristics, while B. glabra
exhibited the highest rooting percentage. B. spectabilis, on the other hand, showed superior performance in terms of
shoot and leaf development.

The ability of stem cuttings to produce adventitious roots can vary significantly among different plant species (Beyl
and Trigiano, 2016). The success of woody species in cutting reproduction is often associated with the availability of
reserve components, especially carbohydrates, in the stem, providing the necessary energy for root development
(Stuepp et al., 2017).

Regarding the longest root length per cutting, B. glabra and B. x buttiana species performed noticeably better than
B. spectabilis, similar to the differences observed in stem cuttings of Actinidia deliciosa and Actinidia arguta (Peticila
et al., 2016). The improvement in root length can be attributed to genetic factors and the number of leaves. Genetic
factors play a crucial role in establishing a robust root system, while the number of leaves contributes to food production
and translocation of nutrients to support root growth (Osterbye, 1970). The influence of plant species is evident in the
highest number of shoots and leaves produced by B. spectabilis cuttings, consistent with the results of Banjara (2017)
on Terminalia species. A well-developed root system supports the growth of new shoots by ensuring efficient transport
of water and nutrients from the propagation media to the developing plant (Mewar and Naithani, 2016). The plant
hormone cytokinin also plays a role in regulating cell division and differentiation during leaf and shoot growth (Efroni
etal., 2013).

Noiton et al. (1992) suggested that the plant hormone ABA (abscisic acid) could be one of the factors hindering
root production in difficult-to-root plants. Swamy et al. (2002) studied the relationship between the amount of natural
auxins and their function in cuttings, as well as the presence of accessible forms of carbohydrates and nitrogenous
elements at the cutting's base, which can influence the rooting process and other properties. Additionally, the formation
of shoots on cuttings before root development, due to favorable environmental factors, may lead to the release of
cytokinins from these shoots, encouraging the development of buds on cuttings, as mentioned by Abdlgader (1999).
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When roots develop on cuttings, they provide the necessary water and nutrients for shoot development and growth.
4. Conclusions

According to the obtained data, Bougainvillea x buttiana cuttings showed significant superiority in terms of rooting
characteristics. The highest number of roots, fresh and dry root weight, longest shoots, and shoot weight were recorded
for Bougainvillea x buttiana. On the other hand, Bougainvillea glabra had the highest rooting percentage, while
Bougainvillea spectabilis had the highest number of shoots and leaves. Peat moss medium generally demonstrated the
best rooting performance. It resulted in the highest number of roots, dry root weight, leaves number, fresh shoot weight,
and dry shoot weight. Peat moss + loam (1:1) provided the highest fresh root weight, and alone peat moss and peat
moss + sand (1:1) produced the longest roots and shoots, respectively. Different IBA concentrations significantly
affected rooting. Treatment with 3000 mg L-1 IBA resulted in the highest number of roots and fresh root weight. 2000
mg L-1 IBA treatment led to the highest rooting percentage and leaves number, while 1000 mg L-1 IBA treatment
produced the longest shoots. Root dry weight was highest at 2000 and 3000 mg L-1 IBA treatments, whereas fresh and
dry shoot weights were highest at 2000, 3000, and 1000 mg L-1 IBA treatments, respectively. Overall, the best results
were obtained with Bougainvillea x buttiana cuttings planted in peat moss medium and treated with 1000 mg L-1 IBA.
Bougainvillea glabra cuttings planted in peat moss medium and treated with 2000 and 3000 mg L-1 IBA showed the
highest rooting percentage and longest roots, respectively. Bougainvillea spectabilis cuttings treated with 3000 mg L-
1 IBA in peat moss medium and peat moss + loam (1:1) medium produced the highest number of roots and shoots,
respectively.

The conducted experiment provides valuable recommendations for the propagation of Bougainvillea species:

e  Bougainvillea x buttiana is the preferred species for propagation over Bougainvillea glabra and
Bougainvillea spectabilis due to its superior rooting capability and higher success rate.

e The use of auxin (IBA) treatment is recommended for enhancing the rate of rooting in cuttings, especially
at higher concentrations. IBA promotes physiological processes within the cuttings, leading to improved
rooting and shoot development.

¢ Planting the cuttings in alone peat moss medium yields favorable results. Ensuring proper environmental
conditions, such as temperature and relative humidity, is crucial for successful rooting.

e  Future research should focus on the individual effects of various factors on the rooting process and shoot
development. Analyzing all cutting components, including hormones, can provide valuable insights.

o Investigating the impact of the wounding process on cuttings' success is essential to understand its beneficial
and harmful effects.

e  Exploring the use of other types of auxins, such as [AA and NAA, and combining them with IBA, may lead
to even better results in rooting cuttings of Bougainvillea species.

e Experimenting with various media types and mixtures for propagating cuttings of Bougainvillea can help
optimize the rooting process and overall plant development. By considering these recommendations,
horticulturists and researchers can improve the propagation success of Bougainvillea species and potentially
enhance their cultivation and commercial applications.
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From Practice to Science: Assessment Soil Nutrient Status Using “Minus One Element
Technique (MOET)” for Early Growth of Maize
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Abstract

Soil nutrient deficiency will influence maize growth, so it is necessary to add nutrients based on the fertility status
of the soil. One way to find out the nutrient soil status using a simple method is using the minus one element
technique (MOET). The minus one element technique (MOET) determines which element is the limiting factor.
This study was carried out to confirm the nutrient soil status using the minus one element technique (MOET) with
the early growth of maize as the indicator. The research was conducted in greenhouse, Polytechnic of Lamandau,
Central Borneo, Indonesia, at an altitude of 50 m above sea level. The research used a non-factorial design arranged
in a completely randomized block design and five fertilizer treatments based on the minus one element technique
consisting of control (without fertilization), PK, NP, NK, and NPK with three replications. The results showed that
the deficiency of nitrogen, potassium, and phosphorus reduced the growth of maize, leaf greenness, photosynthetic
rate, and especially the total dry weight of the plant. The dry weight of maize roots decreased by 18.85% - 75.47%
when N, P, and K fertilizer were not applied. Then the decrease in photosynthesis rate ranged from 18.23% to
46.21% when N, P, and K fertilizer were not applied. The low of photosynthesis rates resulted in the accumulation
of plant dry weight was hampered, and there was a decrease of 8.00% -74.43%. The results of the evaluation of
fertility status are based on the results of the relative dry weight of the plant, which was <80% in the PK and NP
fertilization treatments, meaning that nitrogen and potassium were deficient in the soil.

Keywords: Nutrient deficiency, Nitrogen, Phosphorus, Potassium, Soil
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1. Introduction

Maize is one of the most important food commodities after rice because it has a strategic role in agricultural
and economic development in the world, especially in developed countries. Maize is included in multipurpose
commodities (4F) for food, feed, fuel, and fiber (Shiferaw et al., 2011; Law-Ogbomo and Ekunwe, 2011;
Mardhiana et al., 2021). Maize production in Indonesia has had an increasing trend since 2010-2018 with total
national production in 2018 reaching 30.25 million tones. However, maize production decreased in 2019 by 25%
to 22.59 million tons and production decreased again by 0.38% in 2020 (FAO, 2022). One of the factors
influencing the decline in national maize production is the level of soil fertility (Dawar et al., 2022).

Soil fertility in optimizing maize productivity is related to the availability of nutrients in the soil. By the right
balance of nutrients soil, that is support the healthy growth and development of maize, leading to higher
productivity and maximizing yield (Yessoufou et al., 2023). Insufficient soil nutrient can have detrimental effects
on plant (Oner and Demirkiran, 2023). Without an adequate of nutrients, maize may experience stunted growth,
resulting in lower yields (Aliyu et al., 2021; Putra and Ismoyojati, 2021). In previous studies found that insufficient
soil nutrients such as N, P, K can reduce the physiological conditions and growth of maize (Studer et al., 2017;
Basal and Szabo, 2020). These deficiencies manifest through symptoms such as yellowing or discoloration of
leaves, stunted growth, decreased photosynthesis rate, decreased biomass and yield (Ding et al., 2005; Jezek et al.,
2015; Attia et al., 2022). To deal with the latter issue, soil nutrient testing can be carried out before the maize
cultivation is carried out on the field. Determining the level of nutrient availability in the soil requires soil analysis
in the laboratory. However, soil analysis requires high costs, and farmers do not have access to soil analysis, so
practical techniques are needed to be adopted by farmers in the analysis of soil nutrients status (O’Connell and
Osmond, 2022). A method that can be used to analyze soil nutrients status developed by the Philippine Rice
Research Institute, namely the minus one element technique (MOET) (Magahud et al., 2019).

MOET is easy to perform, providing a user-friendly method for assessing soil nutrients status. MOET can be
conducted in areas where soil testing laboratories are not available. Its effectiveness is comparable to soil lab
analysis. In the previous study, Cagasan et al. (2020) found that rice fields in Central Luzon State University were
deficient in nitrogen and sulfur after conducting MOET. Azhiri-Sigari et al. (2003) also used MOET to evaluate
118 rice fields in the Philippines and found 60% were deficient in nutrients, especially nitrogen, phosphorus, and
potassium in Ifugao rice field. Because these advantages make MOET a practical and reliable option for farmers
seeking cost-effective and accessible soil diagnostic solutions. However, so far, no scientific researchers have
conducted soil tests using MOET on maize fields. Maize is generally planted in dry land while rice is in wet land.
Dry land and wet land have different physical, chemical and biological characteristics (Mujiyo et al., 2022). Then
the nutritional needs of maize and rice plants are also different (Yin et al., 2019; Berge et al., 2021; Nasseri, 2021).
It is estimated that these differences will affect the effectiveness of soil nutrient status analysis using MOET on
maize fields. Therefore, a study is needed to try to test soil nutrients using MOET. Overall, this study was carried
out to confirm the nutrient soil status using the minus one element technique (MOET) with the early growth of
maize as the indicator.

2. Materials and Methods
2.1. Experimental Site

The research was conducted in greenhouse at Polytechnic of Lamandau, Central Borneo, Indonesia at an altitude
of 50 m above sea level. The average minimum and maximum temperatures in greenhouse were 21 °C and 35.8 °C
respectively, and the average relative humidity in greenhouse was 73% during the experimental period of March to
April 2021.

2.2. Experimental Design

The study used a non-factorial design arranged in a completely randomized block design. The study used five
fertilization treatments with three replications based on the minus one element technique using maize cultivar (cv.
Bisi-2) as a plant indicator. The soil used is soil on former oil palm plantations taken at a depth of 20 cm (top soil).
Then the soil was put into pots with a size of 15 cm x 30 cm, each experimental plot consisted of 5 pots so that the
total pots used were 75 pots. The fertilizers used in this study were urea as a source of nitrogen, SP36 as a source
of phosphorus, and KCl as a source of potassium (7able 1).
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Table 1. Treatment fertilizer with minus one element test (MOET) method

Fertilizer Dosage (kg. ha)"

Treatment Urea SP-36 KCl
Without Fertilizer (Control) 0 0 0
PK 0 150 100
NK 350 0 100
NP 350 150 0
NPK 350 150 100

Note: Determination of dosage is based on site-specific fertilizer recommendations in Lamandau, Central Borneo, Indonesia.
2.3. Determination of Leaf Greenness Index and Photosynthesis Rate

A quick and non-destructive method of determining the nutritional status of plants concerning nitrogen is frequently
used in agricultural practice (Argenta et al., 2004; Shah et al., 2017). It involves employing an N-Tester or a SPAD-
502 optical instrument (Soil and Plant Analysis Development) to measure the intensity of leaf greenness (Uddling et
al., 2007). The top four fully formed leaves have a SPAD value. There were three locations where SPAD readings
were taken: (a) 1/3, (b), 1/2, and (c) 2/3 of the distance from the leaf base. The average of the SPAD data across all
leaves was then calculated (Yuan et al., 2016). In addition, Li-Cor 6400 (USA) machine measured the photosynthesis
rate at maximum vegetative stage conditions in all treatments.

2.4. Determination of Biomass

Maize biomass was harvested at silking. At the time of biomass harvesting, leaf area measurements (dm?) were
carried out using the CI 202 portable leaf area meter. The shoot was divided into two parts: leaf and stalk of maize. It
was determined that 80 to 90% of root dry weight is distributed in the top 0 to 20 cm of soil (Osaki et al., 1995; Dwyer
etal., 1996), thus determining the sampling depth. The limiting nutrients of soil determined using the method of percent
dry weight total relative is used as follows:

%TDW = TDW on minus one element treatment x 100% (Eq 1)

TDW on completed fertilizer

Where TDW is total dry weight of plant. If %TDW value was < 80% is classified as deficient for the
corresponding nutrient element (Descalsota et al., 2000).

2.5. Data analysis

An analysis of variance (ANOVA) based on a complete randomized design based on ms was used to analyze
the observational data obtained. An error rate of 5% was applied to the Excel macro add-ins (DSAASTAT version
1.101), which were further tested with the Tukey HSD test if a significant difference was found after the variance
analysis (Onofri and Pannacci, 2014).

3. Results and Discussion
3.1. Root surface area of maize

Based on the evaluating method of the nutrient status using the minus one element technique on the root surface
area of maize, it was found that nitrogen was slightly available in the soil, followed by potassium and phosphorus.
The results showed that the fertilization of the minus one element technique significantly affected the surface area
of maize roots (7able 2). Table 2 showed that the without fertilizer appeared to have the lowest root surface area
of maize compared to other treatments, namely 82.06 dm?. In the NPK, maize's highest root surface area was
334.49 dm?. NP showed a significant decrease in root surface area of 50.82% compared to NPK.

The maize without potassium will experience a decrease in root surface area between 13.33%-31.17% (Du et
al., 2017). NK showed an insignificant decrease in the root surface area of maize, which was only 18.85%. Then
when PK was carried out or without nitrogen, it showed a significant decrease in root surface area, namely 59.43%.
The crops that are not given nitrogen resulted in a 15%-40% reduction in root surface area (Guo et al., 2022; Chen
etal., 2020). This demonstrates how nitrogen can encourage the development of roots. However, too much nitrogen
fertilizer treatment prevents the growth of the root surface area. Plant roots are directly affected by the nitrogen in
urea (Wang et al., 2019; Yang et al., 2019). Urea in this study contains nitrate, which involves several root
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development processes, such as proliferation in the root system (formation of new roots). A study by Saito et al.
(2014) shows that nitrogen plays a crucial role in crop development.

Table 2. Root Surface Area (dm?)

% Decreased

2
Treatment Root Surface Area (dm*) of RSA
Control 82.06+39.470 75.47
PK 135.71£6.50 b 59.43
NK 27143 +2033a 18.85
NP 164.49 £10.32 b 50.82
NPK 33449 +£48.03 a -
C.V. (%) 14.92
LSD (P <0.01) 80.79

Note: Based on the Tukey HSD test 0.05, there is no discernible difference between the values in the same column
followed by the same letter.

The deficiency of nitrogen and potassium can have detrimental effects on the root surface area of crops,
impacting root growth. Research has shown that potassium deficiency inhibits root growth in maize (Guo, 2023).
For instance, under potassium deficiency, root length, surface area, and diameter were found to decrease in maize
(Du et al., 2017). Similarly, in peanut, nitrogen and potassium deficiencies were shown to affect root growth and
development (Li et al., 2021). Additionally, potassium-deficient stress can lead to reductions in root growth and
alterations in ion balance, nitrogen metabolism, and photosynthesis in maize (Qu et al., 2011). Furthermore, studies
have indicated that changes in nitrogen availability can affect the concentration of amino acids in maize root
exudates, potentially influencing transcriptional profiles and root development (Carvalhais et al., 2013).

3.2. Plant height and leaf area of maize

The MOET significantly affected plant height growth (Figure 1) and leaf area of maize (Figure 2). The
application of NPK showed the highest growth of plant height, 164.70 cm (Figure 1). When applied with NP
without potassium, there was a significant decrease in plant height, 9.64%, compared to NPK. The decrease in
plant height due to the absence of potassium in the soil occurred in the study of Amanullah et al. (2016) and Kandil
et al. (2020), which is 4.67%-6.21%. The deficiency of potassium in plants significantly impacts their growth,
particularly in terms of height. Potassium is a crucial macronutrient that plays a vital role in various physiological
processes, including photosynthesis, enzyme activation, and water regulation within plant cells (Thornburg et al.,
2020). A deficiency in potassium may result in stunted growth, reduced leaf size, and, ultimately, a decrease in
overall plant height (Hasanuzzaman et al., 2018). Research has shown that potassium deficiency leads to a
reduction in plant height due to its essential role in cell elongation and division. For instance, noted that the
application of potassium, particularly in conjunction with low-use elements, significantly enhances plant height,
suggesting that potassium is critical for optimal growth conditions (Aghdam, 2023). Similarly, found that
increasing potassium levels positively correlated with the height of kenaf plants, indicating that adequate
potassium supply is essential for achieving maximum growth potential (Salih et al., 2014).

The application of NK showed an insignificant decrease in plant height, namely 1.82%, compared to the
application of NPK. At the time of application of PK, there was a significant decrease in plant height, namely
23.19%, compared to NPK. Then when not given fertilizer, there was a significant decrease in plant height
compared to NPK which was 35.90%. This follows the opinion of Law-Ogbomo and Law-Ogbomo (2009) and
Ahmadu et al. (2020) that the plant provides better plant height growth when given NPK. The deficiency of
nitrogen and phosphorus in plants significantly reduces plant height, impacting overall growth and development.
Both nutrients play critical roles in various physiological processes essential for plant health. A study by
demonstrated that nitrogen deficiency leads to decreased crop height, leaf area, and overall biomass in wheat plants,
indicating that insufficient nitrogen directly hampers vegetative growth (Liu et al., 2020). Furthermore, highlighted
that early-season nitrogen deficiencies can slow down plant maturity and growth rates, leading to shorter plants
(Zhang et al., 2010). Additionally, research on maize indicated that phosphorus deficiency resulted in shorter plant
heights and reduced leaf area index, as phosphorus enhances root development and nutrient absorption (Khaleeq,
2023).

38



JOTAF/ Journal of Tekirdag Agricultural Faculty, 2025, 22(1)

220 7 LSD (P<0.01)=29.39
200 - C.V. (%) =7.58

180 - 161.70 a
160 A
140 1 105.57
120
100
80
60
40
20

148.83ab 164702

126.50 be

Plant Height (cm)

Control

Figure 1. Plant height of maize

The variable leaf area of maize showed that NPK was able to form the highest leaf area of maize compared to
other fertilization, namely 1,234.77 dm? (Figure 2). However, when NP was given, the plant leaf area decreased
significantly compared to the NPK of 33.08%. The application of NK without phosphorus experienced a significant
decrease in the leaf area of maize compared to NPK of 14.67%. Then when given PK and control (without
fertilizer), the leaf area of maize experienced a very significant decrease compared to NPK which was 48.54% and
75.28%, respectively. The growth of the leaf area of maize is very sensitive to nutrient deficiency. The deficiency
of nitrogen, potassium, and phosphorus in plants leads to a significant reduction in leaf area, which adversely
affects overall plant health and productivity. Each of these nutrients plays a distinct yet interconnected role in leaf
development and expansion. Research has shown that nitrogen deficiency results in a marked decrease in leaf area.
nitrogen deficiency often leads to the redistribution of nitrogen from older leaves to younger parts, which can
reduce the photosynthetic capacity of lower leaves, further contributing to decrease leaf area (Zivéak et al., 2014).
Then, potassium deficiency has been linked to reduced leaf area and chlorosis, as it impairs the plant's ability to
maintain turgor pressure and conduct photosynthesis effectively (Song, 2023). And research has shown that
potassium and phosphorus deficient plants exhibit dwarfing and a decrease in leaf area, which ultimately inhibits
growth and yield (Kavanova et al., 2008; Song, 2023). The decrease in leaf area of crop reached 97.08% when
NPK was not given (Law-Ogbomo and Law-Ogbomo, 2009).
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Figure 2. Leaf area of maize
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3.3. Leaf greenness index and photosynthetic rate

The leaf greenness index in maize under all treatments MOET significantly decreased when compared to the
NPK (Figure 3). About 18.18% - 62.01% leaf greenness index decreased due to missing nutrients like N, P, and
K than NPK. The highest decrease in the leaf greenness index was found in maize leaves with PK, namely 62.01%.
For maize, leaf chlorophyll content, biomass yield, and yield observations are linearly correlated with the leaf
greenness index (SPAD) (Rostami et al., 2008; Kandel, 2020). Chlorophyll content has a connection to plant nitrate
nutrition and can be used as a timely and accurate indication of crop nitrate nutrient status (Cendrero-Mateo et al.,
2015). According to Wu et al. (2019), N stress may have harmed internal chloroplast structure and reduced
chlorophyll concentration, leaving plants more susceptible to light damage. In our experiments, PK significantly
decreased the chlorophyll contents.

40 7 LSD(P<0.01)=6.63
C.V. (%) =11.17
35

28.22 ab
30 A
25 4
20 A
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Leaf Greeness Index (SPAD)

Control

Figure 3. Leaf greenness Index of maize

In NK and NP, the leaf greenness Index decreased by 18.18% and 29.81%. A by product of photosynthesis,
ATP, is produced through phosphate metabolism, catalyzed by potassium (Wang and Wu, 2013). A drop in leaf
greenness Index was anticipated in the absence of N and K. Due to low chlorophyll content, crop leaves capacity
to receive and transmit light was compromised under low N and K levels, inhibiting photosynthesis (Rey-Caramés
et al., 2016).

Maize photosynthetic rate was higher when it received NPK than when just one nutrient element was absent
(Figure 4). When nutrients like N, P, and K are lacking, the photosynthetic rate decreases by about 18.23% to
46.21% compared to NPK. With the PK, maize showed the greatest reduction in photosynthetic rate (42.61%).
The deficiency of nitrogen in plants leads to a significant decrease in the photosynthetic rate, which can be
attributed to several physiological and biochemical mechanisms. Nitrogen is a fundamental component of
chlorophyll, the pigment responsible for capturing light energy during photosynthesis, and it is also a critical
element in the structure of various proteins, including those involved in the photosynthetic process (Han, 2011).
Low N stress impacted leaf N concentration, reducing the photosynthetic rate (Hiratsuka et al., 2015). This
observation aligns with the findings of, who reported that higher nitrogen fertilization levels corresponded with
increased net photosynthetic rates in wheat, indicating that nitrogen availability is crucial for maintaining optimal
photosynthetic activity (Olszewski et al., 2014; Mu et al., 2017). Similarly, demonstrated that N deficiency in
sweetpotato resulted in decreased chlorophyll content, which was linked to reduced photosynthesis (Meng et al.,
2015). The decrease in pigment contents, particularly chlorophyll, is a critical factor contributing to the decline in
photosynthetic activity following nitrogen deficiency (Zhao et al., 2017).
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Figure 4. Photosynthetic rate of maize

In the NK and NP, the photosynthesis rate decreased by 18.23% and 26.65%. Haque et al. (2019) explained
that there was a decrease in the rate of photosynthesis of 10-28% when plants experienced a shortage of
macronutrients. The soil's nutrient ratios are altered when a certain nutrient is missing, causing plants to experience
either excess or deficiency and diminished physiological activity (Veazie et al., 2020; Wu et al., 2019). So,
depending on the absent elements, we have discovered varying photosynthetic rates. The photosynthetic rate was
also boosted by adding the missing nutritional element (Haque et al., 2019).

3.4. Biomass dry weight of maize

The results showed that the MOET significantly affected root dry weight, stem dry weight, leaf dry weight,
and total dry weight of maize (Table 3). The NPK showed the highest root dry weight, stem dry weight, leaf dry
weight, and total dry weight of maize. This is after the reduction of one nutrient in the fertilization process, the dry
weight of maize decreases. A significant decrease in total dry weight occurred in the PK, which was 58.55% of
the total dry weight of the NPK. Cagasan et al. (2020) showed that in the deficiency nitrogen, the dry weight of
the plant declined up to 70% from the NPK. This is related to soils lacking nitrogen which will directly affect the
form of dry matter in plants during the vegetative phase. The deficiency of N, P, K significantly decreases the
biomass dry weight of plants, which is a critical indicator of overall plant health and productivity. Each of these
macronutrients plays a vital role in various physiological processes that contribute to biomass accumulation (Khan
et al., 2023; El-Sheekh et al., 2024). The combined deficiency of N, P, K creates a compounded effect that severely
limits biomass accumulation. It finds that the interaction of these nutrients are critical for maximizing growth and
biomass efficiency, as deficiencies in any of these macronutrients can lead to significant reductions in plant dry
weight (Akgiil and Akgiil, 2022). Furthermore, indicated that nutrient deficiencies impact crop yield and quality,
emphasizing the necessity of balanced fertilization for optimal biomass production (Sobhana et al., 2022).

Table 3. The dry weight of maize biomass (g)

Treatment Root Dry Weight (g)  Stem Dry Weight (g) Leaf Dry Weight (g) Total Dry Weight (g)
Control 2.17+1.05¢ 5.86+3.73b 3.62+1.76 ¢ 11.62+£6.51b
PK 3.52+£0.64 bc 9.07+1.07b 6.24 £ 1.53 be 18.84+£3.03b
NK 9.01 £1.41 ab 20.58+1.65a 12.16 £ 1.10 a 41.81+3.63a
NP 6.01 £2.73 abc 13.94 £ 4.99 ab 9.24 £2.94 ab 29.18 £10.48 ab
NPK 10.66 +3.76 a 2092+ 546a 13.87+0.81a 45.45+9.35a
C.V. (%) 31.47 27.21 18.88 23.19

LSD (P <0.01) 5.41 10.49 4.67 18.67

Note: Based on the Tukey HSD test 0.05, there is no discernible difference between the values in the same column followed by the same letter.
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3.5. Evaluation of soil nutrient status with biological yield

Based on the estimation of soil fertility in Table 4, it is clear that the control and PK was only able to form a
total dry weight of 25.56% and 41.45% compared to the NPK. Then the NP and NK formed a total dry weight of
64.20% and 91.99%, respectively. The MOET method results show that the soil in Lamandau is deficient in
nitrogen and potassium. Because the total plant dry weight relative value of maize without nitrogen (PK) and
potassium (NP) is less than 80%. In contrast, maize without phosphorus (NK) has a total plant dry weight relative
value is more than 80%. Descalsota et al. (2000) believe that if the total dry weight relative value is less than 80%,
the soil is deficient in a nutrient element.

Table 4. Biological soil nutrient status based on maize biomass

Treatment Total Dry Weight (g) % TDW Criteria*®
Control 11.62 25.56 Deficient
PK 18.84 41.45 Deficient
NK 41.81 91.99 Undeficient
NP 29.18 64.20 Deficient
NPK 45.45 100.00 -

4. Conclusions

In conclusion, nutrient deficiency causes decreased plant growth, such as root growth area, plant height, leaf area,
and dry weight of maize plant biomass. PK and NP fertilizers resulted in a total plant dry weight of41.45% and 64.20%,
respectively. Then NK fertilizer resulted in a total plant dry weight relative to 91.99%. Based on this, the fertility status
of soil in Lamandau Regency is a deficiency of nitrogen (N) and potassium (K) because the total dry weight of the
relative plants that are not given nitrogen (N) and potassium (K) fertilizers is <80%. Future research by confirming the
soil test method with MOET in maize fields is compared with the results of laboratory analysis and observing N, P,
and K uptake in maize so that the MOET method becomes more valid for the development of maize yield.
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Kok Kanserine Kars1 Biyolojik Miicadele Ajan1 Bakterilerin Belirlenmesi
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Abstract

This study was carried out to determine new bioagent bacteria for in vitro and semi-in vivo biological control of
crown gall disease [Rhizobium radiobacter (Agrobacterium tumefaciens)]. A total of 2012 potential bioagent
bacterial strains belonging to different genera were tested in vitro against the pathogen. Microbial identification
systems (MIS) diagnoses of bioagent bacterial strains found to be effective as a result of in vitro tests were
supported by some conventional tests. Then, the strains' semi-in vivo biocontrol activities found to be effective
were tested in carrot slices and squash fruits. Statistical analysis of the data was made according to the percentage
of surface coverage in carrot slices and the number and size of tumors in squash fruits. Then, the most effective
bioagent and pathogenic bacterial strain diagnoses were determined molecularly. According to the results; 106
bioagent bacterial strains (66 antibiosis; 40 hyperparasitic effects) were found to be effective against R. radiobacter
in vitro conditions. It was determined that conventional test results of bioagent bacteria and MIS results supported
each other. As a result of semi-in vivo biocontrol activity, it was determined that 8 bioagent bacterial strains out
of 106 bioagent bacterial strains did not produce pectolytic activity, and 8 bioagent bacterial strains could be
evaluated as a result of semi-in vivo test. The most effective strain suppressing the development of the pathogen
in carrot slices and squash fruits was RK 1986 (carrot slices 1.78+0.47; squash fruits 0.26+0.04), followed by RK
570A (carrot slices 2.89+0.82; squash fruits 0.35+0.03) and RK 1074 (carrot slices 3.44+0.99; squash fruits
0.46+0.05) strains were followed. According to the results of molecular identification, the most effective bioagent
bacterial strain (RK 1986) was Bacillus mojavensis, and the pathogenic bacteria strain (1B) was R. radiobacter.
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Oz

Bu ¢aligma kok kanseri hastaligiin [Rhizobium radiobacter (Agrobacterium tumefaciens)] in vitro ve yart in vivo
testlerle biyolojik miicadelesine ydnelik yeni biyoajan bakterilerinin belirlenmesi amaciyla yapilmistir. Farklh
cinslere ait toplam 2012 adet potansiyel biyoajan bakteri straini patojene karsi in vitro kosullarda test edilmistir.
In vitro test sonucu etkili bulunan biyoajan bakteri strainlerinin mikrobiyal identifikasyon sistem tanilar1 (MIS)
bazi konvansiyonel testler ile desteklenmistir. Daha sonra etkili bulunan izolatlarin yar1 in vivo biyokontrol
aktiviteleri havuc dilimi ve kabak meyvesinde test edilmistir. Havug¢ dilimlerinde ylizey kaplama yiizdesi
kullanilirken, kabak meyvesinde ise ur say1 ve biiyiikliigiine gore veriler elde edilmis ve istatistiki analizi
yapilmistir. Daha sonra en etkili bulunan biyoajan ve patojen bakteri strainlerinin tanilar1 molekiiler olarak
belirlenmigtir. Elde edilen bulgulara gore; R. radiobacter’e kars1 in vitro kosullarda 106 adet biyoajan bakteri
straini (66 adedi antibiyozis etki; 40 adedi hiperparazitik etki) etkili bulunmustur. Biyoajan bakterilerin
konvansiyonel tani test sonuglari ile mikrobiyal identifikasyon tani sonuglarinin birbirini destekler nitelikte oldugu
belirlenmistir. Yar1 in vivo biyokontrol aktivite test sonucu 106 adet biyoajan bakteri straininden 8 adetinin
pektolitik aktivite olusturmadigt belirlenmis ve yart in vivo test sonucu 8 adet biyoajan bakteri straini
degerlendirilebilmistir. Havug dilimi ve kabak meyvesinde patojenin gelisimini baskilayan en etkili strainin RK
1986 (havug dilimi 1.78+0.47; kabak meyvesi 0.26+0.04) oldugu, onu RK 570A (havug dilimi 2.89+0.82; kabak
meyvesi 0.35+0.03) ve RK 1074 (havug dilimi 3.44+0.99; kabak meyvesi 0.46+0.05) strainlerinin takip ettigi tespit
edilmistir. Molekiiler tan1 sonuglarina gore en etkili olan biyoajan bakteri straini (RK 1986) Bacillus mojavensis,
patojen bakteri strainin ise (1B) Rhizobium radiobacter oldugu kaydedilmistir.

Anahtar Kelimeler: Agrobacterium tumefaciens, Bacillus mojavensis, Biyolojik miicadele, Kok kanseri, Rhizobium
radiobacter
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1. Introduction

Rhizobium radiobacter (Agrobacterium tumefaciens) is a soil-borne plant pathogen that is common worldwide,
is among the top ten bacteria in plant bacterial diseases, and causes crown gall (EPPO, 2019). All virulent agent
species have Tumor Inducing Plasmid (T1), an extrachromosomal structure, except for DNA. Transferring the T-
DNA region in the pathogen Ti plasmid to the plant genome, causes the formation of galls in the root and root
collar of the plants (140 genera in more than 100 different plant families) (Agrios, 1997; Gupta et al., 2010),
causing significant economic losses in seedling cultivation (Frikha-Gargouri et al., 2017).

In the control of crown gall disease, such as using production material without disease (Peluso et al., 2003),
choosing tolerant rootstock (Goodman et al., 1993), avoiding injuring the plant (Vrain and Copeman, 1987), paying
attention to the disinfection of pruning tools (Cazelles et al., 1991), not planting in heavy and moist soils (Gloyer,
1934), soil solarization and using chemical pesticides (Moore and Canfield, 1996; Gupta and Kamal, 2006).
However, disadvantages such as intensive labor, low effect, high cost, and high phytotoxicity have made biological
control, an alternative more environmentally friendly method, important (Kotan et al., 2009; Kotan and Tozlu,
2021). Although R. radiobacter K-84 and K-1026 are widely used in the biological control against the agent
(Moore, 1988), the failure of K-84 and K-1026 in some economically important plants and the limited number of
studies makes it necessary to determine different bacterial strains that can be alternative biological control agents
showed (Khmel et al., 1998; Tolba and Soliman, 2013). In recent years, extensive research has been carried out to
determine different bacterial strains that can be used against crown gall. Accordingly, it has been reported that
bacterial genera such as Pseudomonas, Bacillus, Brevibacillus, Lactobacillus, Curtobacterium, and Azospirillium
have strains that can control crown gall disease (Zhang et al., 1991; Farrand and Wang, 1992; Moore and Canfield,
1996; Khmel et al., 1998; Rhouma et al., 2004; Gupta and Kamal, 2006; Gupta et al., 2007; Hammami et al., 2008;
Dandurishvili et al., 2010; Tolba and Soliman, 2013; Limanska et al., 2015; Abdallah et al., 2018; Bozkurt and
Soylu, 2019).

In this study, it was aimed to detect new bioagents for the biological control of crown gall disease in vitro and
to determine the ability of effective bioagents to suppress tumor formation in semi-in vivo conditions.

2. Materials and Methods
2.1. Preparation of microorganisms and cultures

R. radiobacter (1B) strain strain from a peach plant and tested for virulence was used as a pathogen strain (Tekiner
Aydin and Kotan, 2022). As a potential bioagent bacterial strain, 2012 strains belonging to 99 bacterial species kept in
the Recep Kotan Culture Collection of Atatiirk University, Faculty of Agriculture, Department of Plant Protection were
tested. Many of these strains have been tested against different plant diseases and pests before or are composed of
strains to be used for the first time in this study. Diagnosis of potential bioagent strains has been done by different
researchers in microbial identification systems (MIS) (MIDI, Sherlock Microbial Identification System version 4.5
inc., Newark, DE).

Bacterial inoculum was prepared according to Eastwell et al. (2006). Briefly, pure bacterial cultures were grown
for 24 hours (h) by transferring them to 250 ml Nutrient Broth (NB). Bacterial cultures were cooled on ice for 30
minutes (min), then centrifuged at 6000 rpm for 15 min and washed 2 times with 0.85% NaCl (saline). Then, their
density was adjusted to 1x108 colony forming bacteria milliliter (cfu ml') on a spectrophotometer (600 nm) with sterile
distilled water (sdH»O).

2.2. In vitro assay

1B pathogen strain was sown on the entire surface of the Petri dish (90 mm) containing Nutrient Agar (NA)
with the help of a swab. Then, potential candidate bioagents were drawn as a single line in the middle of these
plates with the help of a loop and the plates were incubated at 27 °C for 2-4 days. Antibiosis strains formed an
inhibition zone (mm) and the width of this zone was measured. In those with hyperparasitism, the area covered by
the bioagent strain (mm) was measured in the area where the pathogen strain developed. Measurements were taken
from 3 different points in each petri dish for both interactions and 3 replications were made for each bioagent
strain.
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2.3. Identification of bioagent bacteria by conventional tests

Some conventional tests have been performed to support MIS diagnosis of bioagent strains found to be effective
against 1B pathogen strain in vitro. These tests are; Potassium hydroxide (KOH) test (Moore et al., 2001), catalase
test (Klement et al., 1990), oxidase test (Kovacs, 1956), starch hydrolysis (Klement et al., 1990), determination of
nitrogen fixation of strains (Guerinot and Colwell, 1985), detection of phosphate solvent bacteria (Nautiyal, 1999),
levan test, pectolytic activity test and hemolytic activity test (Lelliot and Stead, 1987).

2.4. Semi-in vivo biocontrol activity

The ability of bioagent strains to suppress tumor formation was tested in carrot slices and squash fruit since in
vitro experiments have certain limitations that the efficacy of biocontrol activity may not be fully expressed in
vivo. Briefly, carrot and squash fruits were subjected to surface sterilization. Sterilized carrots were cut into 0.5-
0.8 cm thicknesses and placed in 90 mm diameter Petri dishes with moist blotting papers; sterile squash fruits were
placed in transparent rectangular boxes (7 L) covered with moist blotting papers. Eastwell et al. (2006)
pathogen/bioagent bacteria inoculum (1:1, v:v) prepared according to (1x10% cfu ml") were inoculated on the
surface of carrot slices and 100 pL in pits opened with toothpicks on squash fruits. Only pathogen bacteria were
used as positive control and only bioagent bacteria as negative control. The study was performed in 3 replications
for each bioagent. The evaluation was made 30 days after inoculation. Evaluation of carrot slices Limanska et al.
(2015) + + + + cambial ring is completely covered with tumor; + + + covers 75% of the cambial ring; + + covers
50% of the cambial ring; + covers less than 25% of the cambial ring; - Evaluation was made, and evaluation was
made in squash fruits by measuring the number and size of tumor according to Tolba and Soliman (2013).

2.5.Molecular identification of pathogen and bioagent bacteria

The comparative DNA sequencing method is one of the best genotypic methods in microbial diagnosis. Most
commonly, strains are identified using the 16S rDNA gene region. DNA extraction was performed according to
Lazo et al. (1987) for the molecular diagnosis of the bioagent and pathogen strain with the most effective semi-in
vivo biocontrol activity test result. Then, universal primer pair (27F and 1492R) recognizing pathogen and bioagent
bacterial strains was used and polymerase chain reactions (PCR) were performed. The reaction mix of PCR
consisted of dH>O 37.2 ul, 10X PCR buffer 5 pl, MgCl, 3 ul, dNTP mix 0.7 pl, forward primer 0.8 pl, reverse
primer 0.8 pl, DNA 2 ul and Taq polymerase (250 U) 0.5 ul. PCR's cycle is 95 °C for 2 min (1 cycle); 94 °C 60
s, 53 °C 60 s, and 72 °C 90 s (35 cycles); Consisting of 10 min (1 cycle) at 72 °C. In order to perform sequence
analysis of the PCR results, PCR products were purified with a commercially available PCR purification kit
(Invitrogen), and the purified PCR samples were sequenced by obtaining sequence service from Refgen
Biotechnology Company (Ankara, Tiirkiye).

3. Results
3.1. In vitro assay results

The antibiosis effect (mean inhibition zone) of the bioagent bacterial strains that were effective in the study
and the hyperparasitic effect (mean spreading area) are given in Table 1. Out of 2012 potential bioagent bacterial
strains belonging to 99 bacterial strains tested, 106 bioagent bacterial strains belonging to 27 bacterial strains were
found to be effective. Of these 106 bioagent bacterial strains, 66 showed an antibiosis effect, while 40 showed a
hyperparasitic effect. It was determined that the strain with the highest antibiosis effect in Petri trials was RK 1977
(37.5 mm), followed by RK 1978 (30 mm) and RK 1250 (24 mm). RK 1095 (3.5 mm) was determined to be the
strain that formed the lowest mean inhibition zone. In Petri trials, the strain with the highest hyperparasitic effect
was RK 593 (78.5 mm), followed by FDG 105 (70 mm), and FDG 137 (70 mm) strains. RK 1223 (12.5 mm)
bioagent bacterial strain was also determined to be the strain with the lowest hyperparasitic effect.

3.2. Identification of bioagent bacteria by conventional tests results

The biochemical and cultural test results of 106 potential bioagent bacterial strains that were effective in Petri
trials are given in Table 1. Thirty eight strains showed positive results, while sixty-eight strains gave negative
results in the KOH test. According to the catalase test, all strains gave positive results. According to the starch
hydrolysis test result; except for ten strains, all strains were able to hydrolyze starch. Thirty four strains of bacteria
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planted in a nitrogen-free medium made strong nitrogen fixation, fifty- eight strains weak nitrogen fixation, while
fourteen strains could not make nitrogen fixation at all. According to the scale used for the detection of phosphate
solvent bacteria; Thirty two strains could not dissolve any phosphate (6:-), thirty one strains were the lowest (5:+),
five strains (4:+ +), thirty strains (3:+ + +) and six strains (2:+ + + +) resolved phosphate. According to the Levan
test result, nineteen strains gave a positive reaction, while eighty seven strains gave negative results. As a result of
the oxidase test, twenty one strains gave positive results in the oxidase test, and eighty five bacterial strains gave
negative results. According to the pectolytic activity test, except for eight strains, other bacterial strains caused
pectolytic activity in potato slices. According to the hemolytic activity test, all strains showed hemolytic activity
except three.

Table 1. Bioagent bacterial strains’' antibiosis and hyperparasitic effects against 1B pathogen, and
conventional test results

Strain MIS Antibiosis Effect Conventional Tests
AIZ' (mm) KOH> K NH* N P* L7 O* PA’ HA"
RK 1250 Bacillus atrophaeus 24+0.49 C - + + 7+ 6 - - + +
RK 1986 Not determined 21+0.08 D - + + 7+ 2 - + - +
FDG 48 Bacillus sphaericus 19+0.08 DE - + + 7+ 5 - + + +
RK 546 Bacillus subtilis 16.5£0.12 EF - + + K+ 3 - - + +
RK 1062 Brevibacillus choshinensis 16+0.34 GL - + + Z+ 6 - + + +
RK 554 Bacillus atrophaeus 15£0.0 FG - + + K+ 3 - - + +
RK 578B Brevibacillus choshinensis 1540.24 FG + + + - 4 + + + -
RK 1077 Achromobacter xylosoxidans 1540.41 FG + + + K+ 6 - + + +
RK 547 Bacillus megaterium 14.5+0.12 F-H - + + 7+ 5 - - + +
RK 576B Serretia fonticola 14.5+0.29 FH + + + K+ 3 + - - -
RK 834 Bacillus cereus 14+0.08 F-I - + + 7+ 3 - - + +
RK 594 Salmonella typhimurium 14+0.33  F-I + + + K+ 3 + - + +
RK 1763 Paenibacillus macerans 13.5£0.12 G-J - + + Z+ 2 - - + +
RK 1224 Pantoea agglomerans 1340.24 G-K + + + K+ 2 + - - +
R2/2 Paenibacillus polymyxa 12.5£0.20 G-L - + + 7+ 3 - - + +
FDG 98 Yersinia pseudotuberculosis 12.5£0.20 G-L + + + - 5 - - + +
RK 578A Bacillus megaterium 12.540.12 G-L - + + K+ 5 - - + +
RK 957 Chryseobacterium meningosepticum 12+0.33 H-M + + + - 4 + + - +
RK 1071 Stenotrophpmonas maltophilia 12+0.24 H-M - + + 7+ 3 - - + +
RK 1088 Vibrio hollisae 12+0.24 H-M + + + 7+ 6 - + + +
RK 600 Hafnia alvei 11.5£0.12 I-N + + - 7+ 3 + - + +
RK 1064 Pseudomonas stutzeri 11.5+0.12 I-N - + + 7+ 5 - + + +
RK 1080 Bacillus megaterium 11.5£0.29 I-N - + + 7+ 4 - - + +
RK 844 Bacillus megaterium 11£0.08 J-O - + + 7+ 3 - - + +
RK 562 Vibrio hollisae 11+0.08 J-O + + + K+ 3 + + + +
RK 572B Stenotrophpmonas maltophilia 11£0.08 J-O - + + Z+ 5 - - + +
RK 588 Salmonella typhimurium 11£0.08 J-O + + + K+ 3 + - + +
RK 1255 Bacillus atrophaeus 10.5£0.04 K-P - + + K+ 3 - - - +
FDG 27 Brevibacillus brevis 10£0.0 L-Q - + + 7+ 3 - + + +
RK 574A Bacillus cereus 10£0.0 L-Q - + + 7+ 3 - - + +
RK 1031 Alcaligenes faecalis 10+0.0 L-Q + + - - 5 - + + +
RK 1074 Achromobacter xylosoxi 10£0.0 L-Q + + + K+ 6 - + - +
RK 932 Bacillus megaterium 9.5+0.37 M-R - + + K+ 4 - - + +
RK 1257 Bacillus atrophaeus 9.5+0.12 M-R - + + K+ 5 - - + +
RK 561 Bacillus subtilis 9+0.08 N-S - + + 7+ 3 - - + +
RK 1061 Pseudoalteromonas terraodonis 9+0.08 N-S - + + K+ 6 - + + +
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Table 1. Bioagent bacterial strains’' antibiosis and hyperparasitic effects against 1B pathogen, and
conventional test results (continued)

Strain MIS Antibiosis Effect Conventional Tests

!

AIZ' (mm) KOH? NH* N° P L7 0 PA’ HA"

RK 581 Salmonella typhimurium 8.5+0.12 O-T + + + K+ 2 + - + +
RK 590 Salmonella typhimurium 8.5+0.12 O-T + + + K+ 2 + - + +
RK 602 Salmonella typhimurium 8.5+0.12 O-T + + + Z+ 3 + - + +
RK 1253 Bacillus atrophaeus 8+0.16 P-T - + + Z+ 5 - - + +
RK 1273 Peanibacillus macerans 8+0.16 P-T - + + Z+ 3 - - + +
RK 37 Curtobacterium flaccumfaciens 7.5£0.20 Q-U - + + K+ 3 - - + +
RK 1050 Bacillus megaterium 7.5¢0.12 Q-U - + + Z+ 5 - - + +
RK 1078 Bacillus subtilis 7.5£0.20 Q-U - + - 7+ 5 - - + +
RK 605 Brevibacillus choshinensis 7+0.16 R-V + + + K+ 2 + + + +
RK 985 Stenotrophpmonas maltophilia 7+0.16 R-V + + + Z+ 3 - - + +
RK 1086 Aeromonas salmonicida 7+0.24 R-V + + + - 6 - + - +
RK 1252 Bacillus atrophaeus 7+0.08 R-V - + + K+ 5 - - + +
RK 1022 Bacillus-GC group 6.5+0.12 S-W - + + Z+ 6 - - + +
RK 1104 Bacillus megaterium 6.5+£0.12 S-W - + + 7+ 5 - - + +
RK 1239 Bacillus subtilis 6.5+0.12  S-W - + + Z+ 5 - - + +
RK 506 Bacillus subtilis 6+0.16 T-X - + + Z+ 3 - - + +
RK 601 Serretia fonticola 6+0.08 T-X + + + 7+ 5 + - + +
RK 877 Aeromonas salmonicida 5+£0.00 U-X + + - - 6 - + + +
RK 1274 Peanibacillus macerans 4.540.04 V-X - + + Z+ 5 - - + +
RK 1275 Bacillus coagulans 4.5+0.12 VX - + + Z+ 3 - - + +
RK 981 Zobellia uliginosa 4+0.08 WX - + + K+ 3 - - + +
RK 1058 Arthrobacter agilis 4+0.16 WX - + + Z+ 6 - + + +
RK 1095 Paenibacillus larvae 3.5+0.12 X - + + Z+ 5 - - + +
FDG 97 Not determined 12.5+0.20 G-L + + + K+ 6 - - + +
RK 1238 Not determined 8+0.0 P-T - + - Z+ 5 - - + +
RK 1752 Not determined 8+0.16 P-T - + + Z+ 3 - - + +
RK 999 Not determined 7.5£0.20 Q-U - + + 7+ 4 - - + +
RK 952 Not determined 6.5£0.12 S-W + + + 7+ 6 - - + +
RK 1977 Not determined 37.5£0.20 A - + + Z+ 5 - + + +
RK 1978 Not determined 30+0.82 B - + + Z+ 3 - - + +
Strain MIS Hyperparasitic Conventional Tests
Effect
ASA ' (mm) KOH> K*® NH* N° P¢ L’ 0® PA° HA"
RK 593 Bacillus cereus 78.5£0.69 A - + + K+ 6 - - + +
FDG 105 Bacillus mycoides 70£1.22 AB - + + Z+ 3 - - + +
FDG 137 Bacillus cereus 70+0.82 AB - + + K+ 6 - - + +
RK 587 Photorhabdus luminescens 70+0.82 AB + + + 7+ 5 - - + +
RK 504 Bacillus megaterium 65+1.22 BC - + + K+ 5 - - + +
FDP 8 Bacillus thuringiensis 65+1.22 BC - + + K+ 6 - - + +
RK 38 Sphingomonas capsulata 65+0.10 BC + + + 7+ 6 - - + +
RK 1786 Photorabdus luminescens 65+0.41 BC + + + K+ 3 - - - +
RK 23 Bacillus mycoides 63+0.65 B-D - + + Z+ 5 - - + +
RK 75 Bacillus cereus 62.5£0.61 B-D + + + Z+ 6 - - + +
FDG 110 Bacillus mycoides 62.5£0.20 B-D - + + K+ 5 - - + +
RK 159 Plesiomonas shigelloides 56+£0.33 C-F - + + K+ 6 - - + +
RK 574B Stenotrophpmonas maltophilia 53.5+0.12 D-G - + + 7+ 5 - - + +
RK 301 Bacillus cereus 52.5¢0.20 D-G + + + K+ 5 - - + +
RK 142 Pseudomonas putida 48+2.29 F-H - + + K+ 3 - - + +
RK 1395 Serretia odorifera 43+£0.57 G-J - + - Z+ 6 - - + +
RK 52 Pseudomonas syringae 40+1.22 H-L + + + K+ 5 - - + +
RK 1079 Pseudomonas agarici 40+1.22 H-L - + + - 6 + + + +
PM 18 Pseudomonas chlororaphis 36£1.96 I-M + + + K+ 5 - - + +
RK 1364 Varivorax paradoxus 32.5¢1.02  J-N - + - - 6 - - - +
RK 1094 Vibrio hollisae 30+0.41 K-O + + + 7+ 5 - + + +
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Table 1. Bioagent bacterial strains' antibiosis and hyperparasitic effects against 1B pathogen, and

conventional test results (continued)

Strain MIS Hyperparasitic Conventional Tests
Effect
ASA '!' (mm) KOH? K3 NH* N’ P® L’ (0} PA° HA"

RK 1066 Dunganella zoogloeoides 29+0.49 L-P - + - - 6 - - + +
RK 993 Brevibacillus centrophor 28+1.63 M-P + + + Z+ 5 - - + +
RK 1338 Bacillus cereus 26£1.14 M-P + + Z+ 6 - - + +
RK 570A Bacillus cereus 25+0.82 MQ - + + K+ 3 - - - +
RK 54 Pseudomonas viridiflava 23.5¢1.35 N-R - + + Z+ 5 - - + +
RK 1433 Paenibacillus macerans 23+0.98 N-R - + + Z+ 3 - - + +
RK 1036 Bacillus megaterium 19+1.14 O-R - + - Z+ 5 - - + +
RK 1223 Brevibacterium epidermidis ~ 12.5+0.45 R - + + K+ 6 + - + +
RK 1429 Not determined 70+1.63 AB - + - Z+ 3 + - + +
1A 1 Not determined 67.5£0.61 AB - + + Z+ 6 - - + +
RK 1417 Not determined 65+2.04 BC - + + Z+ 6 - - + +
RK 1416 Not determined 61+1.14 B-E + + + K+ 6 - - + +
RK 1305 Not determined 60+0.41 B-E - + + K+ 6 - - + +
RK 1414 Not determined 50.5+1.27 E-H - + + K+ 6 - - + +
RK 1413 Not determined 46.5+0.86  F-I - + + K+ 6 - - + +
RK 1407 Not determined 40.5+2.0 H-K - + + Z+ 6 - - + +
RK 1458 Not determined 20+0.24 O-R + + + K+ 5 + - + -
RK 1278 Not determined 18+0.98 P-R + + + Z+ 6 - - + +
RK 1102 Not determined 14+0.65 QR - + + Z+ 5 - - + +

1: AIZ: Average inhibition zone (mm), 2: KOH: potassium hydroxide test (+: positive, -: negative), 3: K: catalase test (+: positive, -: negative),
4: NH: Starch hydrolysis (+: positive, -: negative), 5: N: Nitrogen fixation (K: strongly positive, Z: weak positive, -: negative), 6: P: Phosphate
solubilization (1: (+++++), 2: (++++), 3: (+++), 4: (+1), 5: (+) 6: (-) Phosphate test scale values), 7: L: Levan test (+: pozitif, -: negatif), 8: O:
Oxidase testi (+: positive, -: negative), 9: PA: Pectolytic activity (+: positive, -: negative), 10: HA: Hemolytic activity (+: positive -: negative),
11: ASA: Average spreading areas (mm)

3.3. Semi-in vivo biocontrol activity tests results

It was determined that ninety eight of one hundred and six bioagent bacterial strains were found to be
effectively caused pectolytic activity in carrot slices and squash fruit. As a result of the semi-in vivo biocontrol
activity test, eight bioagent strains that did not show pectolytic activity could be evaluated. The statistical analysis
results of the bioagents used in the study on the pathogen inhibition of gall formation in carrot slices and squash
fruit are given in Table 2.

Table 2. Semi-in vivo biocontrol activity test results

Application Carrot Slices Test Squash Fruit Test
1B+ RK 1986 1.7840.47 E 0.26+0.04 H
1B+ RK 570A 2.89+0.82 D 0.35+0.03 G
1B+ RK 1074 3.44+0.99 CD 0.46£0.05 F
1B+ RK 1086 3.78¢0.63 B-D  0.59+0.03 E
1B+ RK 1224 3.8940.92 B-D 0.68+0.03 E
1B+ RK 957 4.12+0.31 BC 0.82+0.05 D
1B+ RK 1364 4.56+0.68 AB 0.98+0.05 C
1B+ RK 1786 4.78+0.63 AB 1.16£0.07 B
1B 5.44+0.83 A 1.61+0.28 A
Cv: 0.29 0.12
LSD: 1.08 0.09

It was observed that the most effective strain suppressing tumor formation in carrot slices and pumpkin fruit
was RK 1986, followed by RK 570A. The image of RK 1986, the most effective strain, is given in Figure I.

3.4. Molecular identification test results of pathogen and bioagent bacteria

DNAs of pathogen and bioagent bacterial strains were purified by PCR amplification and sequence analysis of
the purified products was performed. The obtained sequences were compared with the sequence analyses in the
GenBank and identified at the species level. The most effective bioagent strain RK 1986 (Genbank Number:
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MN967303) was determined to be Bacillus mojavensis and 1B pathogen strain (Genbank Number: MN967438)
Rhizobium radiobacter as a result of a semi-in vivo test.

1B 1B+RK 1986 RK 1986

Figure 1. The most effective bioagent bacteria RK 1986 strain view on carrot slices and squash fruits
4. Discussion

The fact that the crown gall disease has spread all over the world has an effective mechanism against the plant
defense system and Ti plasmid has made it difficult to control the disease. Biological control, which is an
alternative control method, has gained importance due to the inadequacy of the control against the agent (Frikha-
Gargouri et al., 2017).

K-84 and K-1026 strains have been used effectively as biological control agents against crown gall for ~40
years. However, since these bioagents are ineffective against some R. radiobacter strains, there is a need to identify
new biological control agents. In recent years, it has been determined by different researchers that bioagents of
different genera (Bacillus, Curtobacterium, Pseudomonas, Brevibacillus, Paenibacillus, Serretia,
Stenotrophomonas) have been successfully used against crown gall (Dandurishvili et al., 2010; Gupta et al., 2010;
Tolba and Soliman, 2013). The result of this study has demonstrated that the obtained data show parallelism with
the bacterial species found to be effective by other researchers, and it has been determined that the development
of the agent is suppressed in vitro and semi-in vivo conditions. It has been determined that the most effective
bioagent strains belong to the genus Bacillus and it has been reported that species belonging to this genus are used
effectively against a wide variety of plant diseases (Commare et al., 2002; Kim et al., 2003; Tozlu et al., 2018;
Tekiner et al., 2019; Tekiner et al., 2020). This situation is due to ubiquitous, high colonization capabilities, ability
to form endospores, and production of lytic enzyme-lipopeptide-antibiotic of Bacillus genus (Frandberg and
Schnurer, 1994; Jiang et al., 2001; Parke and Gurian-Sherman, 2001; Zhang and Dou, 2002; Schallmey et al.,
2004; Hardoim et al., 2008; Kotan et al., 2009; Tiwari and Thakur, 2014). It was determined that it inhibited the
development of the pathogen at different levels among strains belonging to the same species in in vitro test results.

Researchers have reported that it may be caused by features such as whether the strains are epiphytic or
endophytic, their biochemical structures, and their genetic diversity (Araujo et al., 2005; Aktan, 2018). MIS
diagnoses of effective bioagent bacteria were supported by conventional test results. Bioagent bacteria directly
prevent the development of plant diseases; They use mechanisms such as fixing nitrogen, dissolving phosphate,
producing siderophores, competing for carbon sources, and promoting plant hormones (Kotan et al., 2009). In
addition to suppressing the development of the disease, some of the effective strains within the scope of the study
were found to fixation nitrogen and dissolved phosphate. Different researchers have reported that strains with these
characteristics can increase plant growth as well as suppress the development of the disease (De Freitas et al.,
1997; Gokce and Kotan, 2016; Mohammadi, 2018; Banerjee et al., 2018).
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The strains that were effective as a result of the in vitro test were found to be low or highly effective. However,
since in vitro tests have certain limitations, it is important to support in vitro tests with in vivo tests (Inam-ul-Haq
et al., 2003). For this reason, strains that were effective in vitro were tested on carrot and squash fruits. In general,
it was determined that the tested bioagent strains were effective semi-in vivo and significantly reduced tumor
formation. There are other studies in which in vitro and in vivo tests give consistent results in studies on the
biological control of crown gall disease. However, it has been reported in different studies that such a correlation
may not always be the case (Gupta et al., 2010; Tolba and Soliman, 2013; Limanska et al., 2015; Bozkurt and
Soylu, 2019). In this study, it was determined that the strains that were low effective in vitro were found to be
highly effective in semi-in vivo studies.

5. Conclusions

As a result, the most effective bioagent strain RK 1986 (B. mojavensis; antibiosis effect) was a promising
candidate in preventing crown gall and was found to be effective against crown gall for the first time. In addition
to being the second study in our country for the biological control of crown gall, it is the first study in which the
squash fruit test was used. It has been determined that the use of squash fruit is more advantageous than the carrot
slice test since it causes symptoms earlier. In this respect, this study is a guide to research. As a future study, it is
important to contribute to the literature to determine the disease prevention potentials and mechanisms of action
of bioagent strains by testing the effective bioagents on seedlings under greenhouse conditions.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Determination of Location Quotient of Organic Agriculture in Tiirkiye

Tiirkiye’de Organik Tarimin Yogunlagsma Katsayisinin Belirlenmesi

Zeki BAYRAMOGLU', Kemalettin AGIZAN?", Siiheyla AGIZAN?
Abstract

The main objective of the study is to determine in which provinces organic agriculture is clustered in Tiirkiye.
Location quotient is one of the most widely used indices in regional concentration measurements and expresses
the degree of specialization of a certain production activity within a country/region/sector or the relative
concentration of a certain production activity in a certain region. In this direction, within the scope of the study, it
is aimed to determine the location quotient of organic agriculture, which provides competitive advantage
throughout Tiirkiye, and it is envisaged to determine the location quotient in this direction. In determining the
location quotient, the amount of production, which is one of the best indicators of economic performance, was
used. As a matter of fact, the amount of production is the most important indicator showing which production
activity is more dominant and the location quotient to be calculated takes a value between 0 and infinity (). If the
relevant production activity has a score greater than 1, it indicates that the activity is the main production activity
that is concentrated/specialised in the region. However, if the score is less than 1, it indicates that the activity is a
local one that is not sufficiently concentrated/specialised in the region. Following the analysis, Eastern Anatolia
and Central Anatolia are the regions with the highest concentration of organic agriculture production. The top 10
provinces with the most concentrated organic agriculture production are Van (7), Agrt (6), Ankara (6), Bayburt
(6), Erzurum (6), Canakkale (5), Kars (5), Mus (5), Nigde and Sivas. The most widely produced crops are alfalfa
(18), wheat (16), tomato (15), apple (14), maize (12), barley (12), hazelnut (9), sainfoin (9), olive (9), oat (9) and
vetch (9). Localized and intensified organic farming systems have proven effective in generating high income per
unit of land, optimizing agricultural land utilization, and ensuring sustainability. They also provide specialized
labour forces, sector-specific inputs, and the use of advanced technologies. Therefore, it is believed that the
formations will enhance the economic, social, and environmental sustainability of the region by increasing
productivity and promoting the growth of organic agriculture. This will lead to significant benefits for the region's
development.
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1Zeki Bayramoglu, Selguk University, Agricultural Faculty, Department of Agricultural Economics, Konya/Turkey. E-mail: zbayramoglu@selcuk.edu.tr OrclD:
0000-0003-3258-3848

2#Sorumlu Yazar/Corresponding Author: Kemalettin Agizan, Selcuk University, Faculty of Agriculture, Department of Agricultural Economics, Konya/Turkey.
E-mail: agizankemalettin@gmail.com OrcID: 0000-0002-2340-2614

3Siiheyla Agizan, Selcuk University, Cumra School of Applied Sciences, Department of organic Agriculture Administration, Konya/Turkey,

E-mail: suheyla.agizan@selcuk.edu.tr OrcID: 0000-0002-9210-1671

Atif: Bayramoglu, Z., Agizan, K., Agizan, S. (2025). Tirkiye’de organik tarimim yogunlasma katsayisinin belirlenmesi. Tekirdag Ziraat Fakiiltesi Dergisi, 22(1):
58-73

Citation: Bayramoglu, Z., Agizan, K., Agizan, S. (2025). Determination of location quotient of organic agriculture in Turkey. Journal of Tekirdag Agricultural
Faculty, 22(1): 58-73.

©Bu ¢alisma Tekirdag Namik Kemal Universitesi tarafindan Creative Commons Lisans1 (https://creativecommons.org/licenses/by-nc/4.0/)
kapsaminda yayinlanmustir. Tekirdag 2025

58


mailto:zbayramoglu@selcuk.edu.tr
https://orcid.org/0000-0003-3258-3848
mailto:agizankemalettin@gmail.com
https://orcid.org/0000-0002-2340-2614
mailto:suheyla.agizan@selcuk.edu.tr
https://orcid.org/0000-0002-9210-1671
https://orcid.org
https://orcid.org
https://orcid.org

JOTAF/ Journal of Tekirdag Agricultural Faculty, 2025, 22(1)

Oz

Calismanin temel amaci, Tiirkiye'de organik tarimin hangi illerde kiimelendigini belirlemektir. Konum katsayisi,
bolgesel yogunlagsma dlglimlerinde en yaygin kullanilan endekslerden biridir ve belirli bir iiretim faaliyetinin bir
tilke/bolge/sektor igindeki uzmanlagma derecesini veya belirli bir iiretim faaliyetinin belirli bir bolgedeki goreli
yogunlasmasini ifade eder. Bu dogrultuda ¢aliyma kapsaminda Tiirkiye genelinde rekabet avantaji saglayan
organik tarimin konum katsayisinin belirlenmesi amaglanmis ve bu dogrultuda konum katsayisinin belirlenmesi
Ongoriilmiistiir. Konum katsayisinin belirlenmesinde ekonomik performansin en iyi gostergelerinden biri olan
iiretim miktar1 kullanilmistir. Nitekim tiretim miktar1 hangi tiretim faaliyetinin daha baskin oldugunu gosteren en
onemli gostergedir ve hesaplanacak konum Kkatsayisi 0 ile sonsuz () arasinda bir deger alir. Ilgili {iretim
faaliyetinin 1'den biiytlik bir skora sahip olmasi, ilgili faaliyetin bdlgede yogunlasmig/uzmanlagmis ana iiretim
faaliyeti oldugunu gosterir. Ancak puanin 1'den kiicik olmasi, faaliyetin bodlgede yeterince
yogunlagmamig/uzmanlagmamis yerel bir faaliyet oldugunu gosterir. Analiz sonucunda, Dogu Anadolu ve Orta
Anadolu organik tarim tiretiminin en yogun oldugu bdlgelerdir. Organik tarim iiretiminin en yogun oldugu ilk 10
il sirasiyla Van (7), Agr1 (6), Ankara (6), Bayburt (6), Erzurum (6), Canakkale (5), Kars (5), Mus (5), Nigde ve
Sivas'tir. En yaygin olarak iiretilen {iriinler yonca (18), bugday (16), domates (15), elma (14), misir (12), arpa (12),
findik (9), korunga (9), zeytin (9), yulaf (9) ve figdir (9). Yerellestirilmis ve yogunlastirilmis organik tarim
sistemlerinin birim arazi basina yiiksek gelir elde etmede, tarimsal arazi kullanimini optimize etmede ve
stirdiiriilebilirligi saglamada etkili oldugu kanitlanmistir. Ayrica uzmanlasmis isgiicii, sektdre 6zgii girdiler ve ileri
teknolojilerin kullanimimi da saglamaktadirlar. Bu nedenle, olusumlarin verimliligi artirarak ve organik tarimin
biiylimesini tesvik ederek bolgenin ekonomik, sosyal ve ¢evresel siirdiiriilebilirligini gelistirecegine inanilmaktadir.
Bu da bolgenin kalkinmasi i¢in 6nemli faydalar saglayacaktir.

Anahtar Kelimeler: Organik tarim, Bélgesel ekonomik faaliyet, Yogunlasma katsayisi
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1. Introduction

Due to developments in international trade, the competitiveness of regions with abundant production factors
based on cheap production has come to an end. Accordingly, the need has increased to review and redefine the
competitiveness of regions that can be considered economically stagnant and to determine the factors that improve
this strength. In line with this need, the regional competitiveness of companies is calculated, which shows their
ability to offer the goods and services they produce to international markets due to low costs and quality.

Since each province has a different demographic structure, infrastructure, natural wealth, socio-cultural
structure and agricultural structure, there are differences in the development, income and expenditure distribution,
industrialization and social and economic development indicators of the provinces. Regional development
strategies are important to reduce these differences between the provinces. Regional development strategies aim
to determine the development potential of regions and eliminate development disparities between regions. By
ensuring social and economic development, regional disparities are reduced and socio-economic development is
achieved throughout the region. The development of the underdeveloped region, which is a part of the economic
system, also supports the development of the upper region. This situation serves the same purpose by expressing
the harmony between regional and national development. (Bayraktutan, 1994).

The determination of the primary sector in a region in the economy is generally determined by the distribution
of the employment structure of workers in that region across sectors. This distribution among main and non-main
sectors can be calculated not only by employment, but also by the number of enterprises, production value, labor
wages, production volume or foreign trade volume. Three methods are commonly used to examine these
economies. The first of these methods is the hypothetical method. This is a qualitative method in which the sectors
are hypothetically determined main on sector knowledge, experience and experience in determining the dominant
sector in the region. The second method is the minimum requirements method, in which comparisons are made
with regions of a similar size and conclusions are drawn on the basis of similarities. The third method is the location
quotient method, which is a quantitative analysis. This method uses various indicators to determine the
predominant sector or production activity in a region. These indicators are generally quantitative data such as
employment, production volume, production value, wages and number of companies. The main objective of this
study is to identify the organic agricultural products concentrated in each province. To achieve this goal, the study
calculates concentration ratios main on the production values of organic products in each province, revealing which
organic product is the primary production activity in each province. When interpreting the specialization of
provinces and production activities, it is not sufficient to evaluate each province on its own. For this reason, a
location quotient is needed that allows both regional and production activities to be interpreted together, taking
into account the share of each product volume in the total country. In addition, the calculated coefficient can easily
be interpreted as a specialization ratio, as it compares the provinces and production activities with each other and
with the country (Oztiirk, 2018).

The location quotient has been used in the international literature to calculate concentration in many different
sectors and regions (Leigh, 1970; Miller et al., 1991; Chiang, 2009; Campaniaris et al., 2015; Weterings and
Marsili, 2015; Brosnan, 2017)and in Tiirkiye, the differences between regions have been examined by using the
location quotient especially in entrepreneurship (Oztiirk, 2018), manufacturing industry (Eser and Kése, 2005;
Falcioglu and Akgiingdr, 2008; Yavan and Sahin, 2014; Altug, 2017), production activities (Oz, 2004), agriculture
sector (Kazancik, 2007), logistics sector (Deliktas and Celik, 2019), textile sector (Urhan and Sandal, 2019) and
education sector (Ciftgi, 2018).

The location quotient is a widely used measure in the agricultural sector for identifying the main sectors and
sub-sectors by province and district. This measure has been studied by various authors. However, while calculating
the location coefficient, agricultural income is sometimes used in some studies, employment and production values
are used in other studies. (Wicaksono, 2011; Irham and Mulyo, 2016; Kartikawati and Sundari, 2019; Kim et al.,
2019; Lee, 2020; Anwar et al., 2021; Sausan et al., 2022). Some studies have used location quotient with micro
data to measure the economic potential of a region (Aliyu et al., 2023) and to investigate the characteristics of
agricultural community activities by region (Lee, 2020). In some studies, it is emphasized that producing in regions
with high LQ values increases specialization. (Kim et al., 2019). Therefore, this coefficient was used in the study
to identify regions where organic agriculture is more advantageous. The study tested the hypothesis that there is a
difference between provinces with high production and provinces with high concentration. For this reason, the
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location coefficient was calculated to investigate the homogeneity of organic production activities among
provinces in Tiirkiye. We aimed to determine the reasons for the differentiation of this distribution by geographical
units and how these differences contribute to the agricultural sustainability of the enterprises and the region.
Identifying the regions where organic agriculture is concentrated can reveal potential opportunities for its
development.

This paper focuses on the amount of production as the main variable, which is an indicator of the economic
size and importance of a sector or activity. Unlike other empirical studies, subjective evaluations are excluded
from this analysis. This paper focuses on the amount of production as the main variable, which is an indicator of
the economic size and importance of a sector or activity. Using output as a variable can reveal the efficiency,
effectiveness, and competitiveness of a sector or activity in a region compared to other regions or countries. This
information can be valuable for regional development and planning.

2. Materials and Methods

The data used in the study were taken from the Organic Farming Information System (OTBIS) of the Ministry of
Agriculture and Forestry and the production data for the year 2022 were analyzed. With the help of statistics for each
province and product, the location quotient of organic agriculture in Tiirkiye was analyzed. In this context, the location
quotient used in the study shows the degree of specialization of a certain production activity within the
country/region/sector and expresses the relative concentration of a certain production activity in a certain region. This
method, developed by Hildebrand and Mace (1950),was first used to determine in which sectors the labor force was
concentrated in Los Angeles, USA. This coefficient is determined by the following formula for sector i/production
activity operating in the region at the time.

LQi = (5t/ o) * 100 (Eq D).

Hi"

LQ stands for the location quotient, "e" stands for the provinces of Tiirkiye, "E" stands for Tiirkiye, "i" stands
for the volume of production in the respective production activity and "T" stands for the total volume of production
of organic products. In determining the location quotient, the production volume was used, which is one of the
most meaningful indicators of economic performance. The scale of production is the most important indicator
showing which production activity is more dominant, and this coefficient to be calculated takes a value between 0
and infinity (o). If the corresponding production branch is greater than 1, it means that this production branch is
the most important specialised production branch in the region, and if it is less than 1, it means that this production
branch is the local production branch that is not sufficiently specialised in the region (7able 1) ( Yardimci, 2014;
Alkan and Bilim, 2021). As a result of the analysis, it was determined which organic products are considered basic

production or local production in which regions.

Table 1. Location quotient group values and clustering status

Group LQ Cluster Status
1 Less than 0.50 None
2 between 0.50-0.99 Very Low
3 Between 1.00-1.09 Centre
4 1.10-1.24 High
5 1.25 and above Very high

3. Results and Discussion
3.1. Organic agriculture in Tiirkiye: area and production distribution by province

Regional economic differences in the agricultural sector show the imbalances between agricultural production
and income levels in different regions. These differences result from the interaction of many factors and include
many variables that influence the agricultural economy. Economic differences are usually caused by a combination
of factors such as geography, climate, soil structure, investment opportunities, technological infrastructure,
agricultural policy and marketing opportunities. Alternative agricultural systems are discussed to eliminate these
differences, in other words, to reduce economic disparities between regions.
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Alternative farming systems in the agricultural sector include cultivation practices such as organic farming,
good agricultural practices, greenhouse production systems, underwater cultivation, etc. Among these practices,
organic farming is recognized as the most important nature-friendly, environmentally friendly and sustainable
agricultural approach. Organic farming is described as "an agricultural system that takes into account human and
animal health, considers the soil, water and other environmental factors with a holistic approach, prohibits the use
of chemical agents, contributes to the reconstruction of the ecosystem and thus protects the ecological balance. At
the same time, organic farming is referred to as "certified production” because it is certified and controlled within
the framework of international and national legislation (Kirazlar, 2001; Demir and Giil, 2004; Turhan, 2005;
Cakmake1 and Erdogan, 2005; Ayla, 2011; Merdan and Kaya, 2013; Demirytirek, 2016; Cetin et al., 2020; Siizer,
2020; Bayramoglu et al., 2021).

Table 2. Total number of organic agriculture farmers, production area and production amount by province

. Number of Total Area Production . Number of Total Area Production

City’s Farmers (hectare) Amount City’s Farmers (hectare) G
(Tonnes) (Tonnes)

Adana 76 8779.61 20541.99 Kahramanmarag 118 765.46 6831.76
Adiyaman 92 450.31 6559.48 Karaman 103 261.70 1299.21
23"“1“‘“}‘ 812 3068.74 37207.09  Kars 930 17281.14 86611.43
Agri 842 21185.48 52852.95 Kastamonu 32 7217.65 3515.33
Aksaray 4 7.92 190.13 Kayseri 42 92.66 6367.94
Amasya 7 62.16 124.27 Kirikkale 3 8.11 70.46
Ankara 56 3773.37 19676.93 Kirklareli 6 27.74 79.43
Antalya 44 4761.34 15470.02 Kirsehir 5 69.01 142.25
Artvin 2035 2767.02 3353.47 Kilis 297 2217.65 5464.24
Aydin 6606 38802.67 140741.10 Kocaeli 11 107.98 1374.89
Balikesir 148 2108.38 3012.03 Konya 394 1959.10 20375.42
Bartin 124 191.51 593.71 Kiitahya 27 171.33 564.72
Batman 10 363.78 1682.52 Malatya 893 4629.08 49046.97
Bayburt 28 99.65 582.05 Manisa 1526 11200.27 167891.20
Bilecik 68 90.42 1432.70 Mardin 160 7473.98 53452.38
Bitlis 82 1514.18 6661.81 Mersin 123 588.83 8672.81
Bolu 8 38.38 969.68 Mugla 510 2860.38 6717.18
Burdur 21 165.41 470.36 Mus 425 6834.66 24273.60
Bursa 82 326.38 3225.14 Nevsehir 25 121.42 259.71
Canakkale 275 2063.48 8999.59 Nigde 313 7270.45 164311.30
Corum 5 7.21 43.03 Ordu 1149 3035.85 7074.73
Denizli 22 122.39 1086.73 Osmaniye 1 19.54 33.42
Diyarbakir 78 194.52 248.45 Rize 10566 3913.44 47820.89
Diizce 289 857.88 3220.00 Sakarya 324 736.91 2264.53
Edime 2 35.74 35.12 Samsun 1352 4424.54 27199.25
Elazig 92 666.77 5307.12 Sinop 30 1541.07 559.66
Erzincan 80 767.78 5618.95 Sivas 327 7743.30 18791.74
Erzurum 55 983.07 3702.77 Sanlurfa 198 6857.73 32676.20
Eskigehir 13 622.26 11188.81 Tekirdag 5 59.04 318.70
Gaziantep 68 887.83 2628.67 Tokat 52 101.94 995.66
Giresun 19 109.08 157.64 Trabzon 1700 1977.87 3625.97
Glimiishane 3 1.15 2.05 Tunceli 96 352.56 1068.22
Hatay 48 337.74 2551.61 Usak 5 18.63 51.00
Igdir 1 1.88 15.04 Van 51 594.70 2465.24
Isparta 21 100.51 1390.37 Yalova 13 68.19 118.15
Istanbul 14 60.53 431.41 Yozgat 5 196.48 184.91
fzmir 1552 13499.27 34868.41 Zonguldak 832 1425.45 3747.52
TOB (2022)

Organic farming, which is one of the alternative agricultural systems that produce enough to meet the needs of
the population without disturbing the ecological balance and polluting the environment, has ushered in a new phase
of structural change in the production process. This structural change has gained momentum due to the high
awareness of healthy living in the countries. It is believed to play an important role in reducing inter-regional
disparities due to environmental protection, quality production, sustainable use of renewable resources, protection
of human health, rural development and increased income. The multiplier effect of organic farming, its
contribution to employment in rural areas and the fact that trade in organic products is more profitable demonstrate
the impact of this agricultural production system on the rural economy and regional development. Organic
agriculture is seen as a potential solution to increase the subsistence income of smallholders ( Smith and Marsden,
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2004; Blanc and Kledal, 2012), while increasing the agricultural motivation of operators who benefit from state
support, enabling them to contribute to the environment and rural development (De Master, 2012). A study
conducted in Kenya found that organic agriculture has a positive impact on poverty reduction (Ayuya et al., 2015).
Another common view on this issue is that organic agriculture increases employment. Studies conducted in the
UK (Lobley et al., 2009), Japan (McGreevy, 2012) and Tiirkiye (Yolcu, 2013) have found that organic agriculture
has a positive impact on rural development by increasing employment.

In 2022, Tiirkiye’s organic farming sector saw 36,431 farmers producing 1.153.161.20 tonnes of organic
products on 214.101.6 hectares. Rize has the highest number of farmers engaged in organic agriculture, with
10.566 farmers (7Table 2). Aydin has the largest cultivated area, with 6.606 farmers producing 140.741.10 tonnes
of organic products on 38.802.67 hectares. Manisa has the highest production potential. In Manisa, 1526 farmers
produced 167891.20 tonnes of organic products on 11200.27 hectares. The highest productivity per cultivated area
was found in Kayseri province, with 68.73 tonnes per hectare, while the highest productivity per enterprise was
determined in Eskisehir province, with 860.68 tonnes.

Table 3. Number of farmers, production area and production amount by organic products in Tiirkiye

Number Total Area Production Number Total Production
City’s of i) Amount City’s of Area Amount

Farmers (Tonnes) Farmers (hectare) (Tonnes)
Grape 1766.00 5683.35 127562.61  Soya Bean 29.00 740.13 4731.20
Wheat 2762.00 31138.14 110667.42  Silage Maize 52.00 162.58 4584.43
Olive 8120.00 37085.37 100474.93  Strawberry 272.00 405.64 4572.27
Apple 824.00 6020.91 89785.22 Pistachio 218.00 1668.01 4417.88
Hawthorn 22.00 3156.17 79740.39 Walnut 892.00 2297.73 4297.33
Maize 315.00 3810.51 68519.14 Lentil 138.00 2305.54 4275.34
Fig 4106.00 11365.09 66283.38 Lemon 92.00 96.86 4269.92
Barley 1968.00 15881.70 57905.54 Erik 356.00 694.20 4242.57
Apricot 1348.00 4829.11 53317.98 Chickpea 296.00 1818.68 3131.95
Tea 11575.00 3729.75 48515.95 Tangerine 95.00 119.08 3040.59
Hazelnut 6982.00 14261.65 34562.34 Carrot 61.00 51.83 2975.41
Alfalfa 978.00 5514.24 32283.15 Pear 257.00 1773.67 2828.78
Pomegranate 281.00 1795.08 29131.99 Potato 98.00 65.15 2654.48
Oats 771.00 4524.92 19579.94 Mulberry 204.00 2332.31 2366.08
Tomato 273.00 266.39 16920.23 Beet (Sugar) 61.00 65.07 2115.26
Cherry 1147.00 1453.52 16885.57 Cucumber 160.00 22.89 2036.38
Sainfoin 671.00 3992.65 16261.69 Broccoli 81.00 73.85 2014.81
Vetch 294.00 2308.59 14151.68 Watermelon 122.00 53.97 1938.87
Cotton 197.00 3213.25 13859.00 Beans 276.00 210.80 1930.73
Carob (Harnup) 10.00 4241.39 12975.40 Pine Nuts 675.00 8016.87 1721.50
Sour cherry 892.00 2442.19 12557.06 Cauliflower 73.00 25.83 1481.60
Meadow Grass 729.00 3694.55 10448.01 Eggplant 143.00 14.91 1333.39
Chestnut 1524.00 2636.14 8193.62 Artificial Meadow Pasture 7.00 268.25 1294.51
Pepper 198.00 83.73 8166.02 Banana 19.00 15.89 1125.07
Sunflower 113.00 2200.52 5514.39 Triticale 60.00 303.44 1040.70
Orange 93.00 143.59 5503.37 Others 4503.00  13192.82 18014.78
Almond 268.00 1833.18 4959.28

TOB (2022)

Tiirkiye cultivates 246 types of organic products, including grapes, wheat, olives, apples, hawthorn, corn, figs,
pear, barley, apricots, and tea. The top three organic crops produced in Tiirkiye, with a production of over 100,000
tonnes, are grapes, wheat, and olives. The table in the source text shows that organic grapes are produced on
5684.35 hectares by 1766 farmers, with a total production of 127562.61 tonnes. Only 3.07% of the farmers produce
organic grapes, which constitute 2.65% of the total organic agricultural area and 11.06% of the total production.
Manisa is the leading region in organic grape production, with 1,086 farmers producing 120,926.39 tonnes on
4652.23 hectares of land. Manisa's climate is ideal for grape cultivation due to its location in the Aegean Region,
which is characterized by mild winters and hot summers. The number of sunny days, temperature, and rainfall in
Manisa are all favorable for grape growth. Additionally, the fertile soils in Manisa are rich in minerals. Manisa
province has accumulated knowledge in traditional grape cultivation, which provides an important advantage in
transitioning to organic grape cultivation. Additionally, its proximity to major ports such as Izmir Port and a large
city offers advantages for marketing and distributing organic grapes. Currently, organic wheat accounts for 4.81%
of the total number of farmers, 14.54% of the total cultivated area, and 9.60% of the total production. Organic
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wheat is predominantly produced in the Eastern Anatolia Region. Organic wheat production is particularly
prominent in the provinces of Kars, Mardin, Agri, Mus and Sanliurfa, which account for 81.21% of the total
production. This is due to the fertile soils and natural mineral wealth of these regions, as well as the limited use of
chemicals resulting from fewer industrial activities. Additionally, colder winters limit the presence of certain pest
species and diseases in these areas. In addition, these regions are rich in Triticum boeoticum (2n=14, AA) and
Aegilops speltoides (2n=14, BB), as well as the tetraploid wheat species Triticum dicoccoides, which is a close
relative of durum wheat, and archaeological excavations have determined that it has a rich biodiversity in terms of
local wheat varieties. (Aktas et al., 2018). Organic olives are the second most cultivated product after organic
grapes and wheat. In total, 100.474.93 tonnes of organic olives are produced on 37,085.37 hectares by 8,120
farmers. Approximately 65% of these olives are produced in Aydin province. The Mediterranean climate is
preferred by organic olives, which is characterized by mild winters and hot summers. Olive trees are sensitive to
cold winters and frosts, which can cause damage in regions with harsh winter conditions. The optimal temperature
range for olive tree growth is between 10°C and 35°C. Regions with an average temperature of 15°C and above
and rainfall between 300 and 600 mm per year are considered suitable for olive cultivation. Olive trees are typically
cultivated in microclimate areas at an altitude of 400-1000 m. Therefore, the soils of Aydin province are deemed
suitable for olive tree cultivation (Colakoglu and tunalioglu, 2010).

3.2. Location quotient in organic agriculture

Regionally concentrated clusters are recognized as explanatory parameters of economic development. These
clusters are both the cause and result of innovations and technologies, particularly entrepreneurship. As
concentration increases, the supply of physical and intangible capital elements required by enterprises, particularly
input supply, becomes more accessible, accelerating development and setting an example for new initiatives.
However, organic agriculture clusters are also viewed as a potential outcome of expanding organic production
areas. These clusters involve entrepreneurs or pioneer farmers in the region taking on production and marketing
risks. Within the scope of this study, we calculated the location quotient to investigate the homogeneity of organic
production activities across provinces in Tiirkiye. We aimed to identify the reasons for the differentiation of this
distribution by geographical units and how these differences contribute to the agricultural sustainability of
enterprises and the region.

Merely having a high share of production activities within provincial borders is insufficient for sustainable
production in a region. This is because a production activity with a high production amount in one province may
not have a relative advantage when compared with other provinces. To determine the main production activities
in a province, it is important to evaluate their sustainability by comparing their relative positions with other
provinces, rather than solely relying on the absolute position of the relevant product within the province. The
production potentials, sustainability, and superiority of the provinces were investigated using the location quotient
calculation. Table 4 shows the relative positions of provinces in Tiirkiye regarding the concentration levels of
organic agricultural products. The Aegean Region (33.94%) and Central Anatolia Region (21.07%) have the
highest concentration of organic agriculture production in Tiirkiye. However, the Eastern Anatolia Region has the
highest concentration of organic agriculture production activities in terms of geographical regions. Table 4 and
Figure 1 show that the top 10 provinces for organic agriculture production are Van (7), Agr (6), Ankara (6),
Bayburt (6), Erzurum (6), Canakkale (5), Kars (5), Mus (5), Nigde (5), and Sivas (5). The crops with the highest
concentration of production activities are alfalfa (18), wheat (16), tomato (15), apple (14), corn (12), barley (12),
hazelnut (9), sainfoin (9), olive (9), oat (9), and vetch (9). One of the main findings is that the crops identified in
Tiirkiye can be key or basic production activities.

Table 4 shows that the coefficient value is above 1, indicating that the related production activities are above
the average in Tiirkiye. However, it is worth noting that the coefficient value does not necessarily reflect the quality
of the production. Organic agriculture is more commonly produced in the Aegean and Central Anatolia regions
due to factors such as soil and climate conditions, cultural and traditional approaches, employment opportunities,
and government policies (Kilig et al., 2023). For instance, although Isparta and Karaman provinces are prominent
in intensive apple cultivation using traditional methods, they do not produce organic apples. Conversely,
Afyonkarahisar, Eskisehir, Tokat, Erzincan, Kahramanmarag, and Nigde are leading in organic apple production.
This disparity is due to the agricultural transformation processes in these provinces. Organic agriculture is often
concentrated in regions outside of the top conventional agriculture producers due to production and marketing
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challenges, as well as the profitability of conventional agriculture. Soil and climate conditions, environmental and
health awareness, consumer demands, and infrastructure facilities are among the factors that influence provinces'
approaches to organic agriculture. It is worth noting that the Black Sea region is the most suitable for traditional
tea and hazelnut production, and it is also where organic hazelnut and tea products are concentrated. For the
sustainability of agricultural production, it is necessary to adopt an approach in which enterprises carrying out
similar or related activities concentrate in a certain region and cooperate with each other to gain an advantage.
This approach ensures knowledge and experience sharing, cooperation, and solidarity, as well as the use of
technology, market access, and environmental sustainability. It also contributes to reducing socio-economic
differences between regions.

In this study, we calculated the concentration coefficient of organic agriculture in Tiirkiye and investigated the
organic agriculture potentials of the provinces. To determine in which provinces organic agriculture is more
advantageous, we used the location quotient. Similarly, location quotient has been used in many studies to
determine the concentration levels of products according to regions. In these studies, employment, income and
trade indicators have been used to determine which products should be produced more (Restiatun, 2009; Basuki
and Mujiraharjo, 2017). According to the results obtained from the literature, the potential commodity to be
developed is different from each region (Sausan et al., 2022). This may be due to the comparative advantages of
the potential commodity from the natural resources that support it or the competitive advantages of the potential
commodity from its ability to compete with others (Rozaki et al., 2021). Therefore, a location coefficient value of
more than one means that the commodity in the specified region has the potential to be developed (Humaidi and
Kertayoga, 2022). Higher value means higher potential. Kim et al. (2019) suggest that the production rate should
be above 1% of the national scale and 10% of the provincial scale and the LQ value should be above 2.0,
considering the agricultural characteristics of the products. Although this value is not a criterion, it can be
considered as an important threshold value in terms of specialization of agricultural products. Lee (2020) found
that the results of the LQ analysis show that the specialized regions are different for each activity. Therefore, as a
result of the differentiation of LQ values in each region and production activity, LQ values can be used to create
strategies for regional planning or community activation. At the same time, LQ value is also used to determine the
export potential of products (Darmanto et al., 2020). Accordingly, the export potential of certain products in
regions with high LQ values can be evaluated.

Our analysis revealed that Tiirkiye's organic agriculture concentration coefficients are low, indicating that
Tiirkiye should better evaluate its organic agriculture potential. Tiirkiye has a suitable climate, soil, water, and
biodiversity resources for organic agriculture. Additionally, there is an increasing demand for organic products in
both domestic and foreign markets. Therefore, the development of organic agriculture is crucial for regional
development and competitiveness. This agricultural method does not harm the environment or human health, limits
the use of chemical inputs, and preserves soil fertility and biodiversity. Organic agriculture can efficiently use
regional resources, prevent rural depopulation, revitalize local economies, improve regional income distribution,
ensure regional branding, and strengthen regional identity. Tirkiye should develop policies and strategies to
increase the concentration coefficient of organic agriculture.

The LQ value was calculated to identify a region as a superior commodity with the idea that it can sustainably
compete with other regions in the production of the same commodity. The LQ value can show a comparison of a
region's ability to produce agricultural commodities compared to regional agricultural commodity production.
With the LQ value, the ability of a region to produce a commodity can be seen. Therefore, a sectoral approach is
needed to identify leading sectors. Finding the results of the main agricultural sub-sector that will become the
capability of the sector is necessary to achieve sustainable development results. For this reason, according to the
results of our analysis Tiirkiye's organic agriculture concentration coefficients are low, indicating that Tiirkiye
should better evaluate its organic agriculture potential. Tiirkiye has a suitable climate, soil, water, and biodiversity
resources for organic agriculture. Additionally, there is an increasing demand for organic products in both domestic
and foreign markets. Therefore, the development of organic agriculture is crucial for regional development and
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Table 4. Location quotient of organic agriculture by province
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Adana 0.01 0.00 0.02 0.57 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.06 17.53  0.00 0.01 0.11 0.00 0.00 0.00 0.09 0.47 0.00
Adiyaman 0.11 0.00 0.06 0.00 0.00 0.00 0.06 0.17 0.00 0.00 0.00 0.00 30.66  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Afyon 0.00 0.41 0.00 3.18 0.00 0.03 0.00 0.69 0.04 0.00 0.00 0.46 0.00 0.19 0.32 20.22 0.00 0.14 0.00 0.00 1455 0.36
Agr 0.00 3.80 0.00 0.02 0.00 0.00 0.00 3.65 0.00 0.00 0.00 6.41 0.00 0.07 0.00 0.00 7.23 1.09 0.00 0.00 0.00 5.15
Aksaray 0.03 0.00 0.00 1.87 0.32 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.07 0.00 0.00 0.00 0.00 0.00 0.00
Ankara 0.06 0.98 0.00 0.43 0.00 0.05 0.00 1.19 0.50 0.00 0.00 3.14 0.00 2.79 4.86 1.38 0.79 0.05 0.00 0.00 0.05 8.92
Antalya 0.01 0.12 0.02 0.00 0.00 0.00 0.00 0.10 0.02 0.00 0.00 0.01 0.56 0.00 0.41 0.13 0.02 0.02 0.00 7223  0.00 0.00
Artvin 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 541 25.71 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Aydin 0.01 0.10 5.34 0.01 0.00 0.64 6.41 0.03 0.01 0.00 0.00 0.25 0.17 0.01 0.08 0.06 0.00 0.18 3.50 0.00 0.00 0.01
Balikesir 0.00 0.10 4.69 0.02 0.00 0.01 0.00 0.00 0.00 0.00 0.00 2.08 0.00 0.00 10.08  0.10 0.00 0.00 0.00 0.00 0.00 0.00
Bartin 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3292 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Batman 0.00 8.84 0.00 0.03 0.00 0.00 0.00 0.57 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Bayburt 0.00 0.67 0.00 0.00 0.00 0.00 0.00 1.14 0.00 0.00 0.00 11.13  0.00 8.07 0.00 0.00 4.07 6.12 0.00 0.00 0.00 2.80
Bilecik 0.00 0.00 0.00 0.00 0.00 0.00 0.11 0.00 0.00 0.00 0.00 0.04 3648 0.00 0.25 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Bitlis 0.00 1.40 0.00 0.17 0.00 0.00 0.00 0.89 0.02 0.00 0.00 17.21 0.00 0.00 0.00 0.00 12.69  0.00 0.00 0.00 0.00 6.81
Bolu 0.00 0.25 0.00 0.00 0.00 1.05 0.00 0.34 0.00 0.00 0.00 0.50 0.00 0.21 0.37 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Burdur 0.00 2.07 0.01 0.27 0.00 1.23 0.00 0.89 0.00 0.00 0.00 0.38 0.00 0.38 2.90 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Bursa 0.01 0.01 0.05 0.04 0.00 0.01 0.02 0.00 0.01 0.00 0.00 2.02 0.02 0.00 2.25 0.98 0.17 0.11 0.00 0.00 0.21 0.00
Canakkale 1.05 0.02 343 0.03 0.00 2.81 0.00 0.46 0.01 0.00 0.00 5.74 0.01 0.52 0.01 0.03 0.00 1.14 0.00 0.00 0.01 0.00
Corum 0.04 0.00 0.00 1.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 10.29  0.00 0.00 0.00 0.00 0.00 0.00 0.00
Denizli 0.00 0.18 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 19.64  0.00 0.00 0.00 0.00 1.17 11.93  0.00 0.00 0.00
Diyarbakir 5.79 0.00 0.00 0.17 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.44 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Diizce 0.01 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 3322 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Elazig 0.52 0.15 0.00 0.01 0.00 0.00 0.00 0.78 16.60  0.00 0.00 0.10 0.00 0.00 0.29 0.00 0.05 0.00 0.00 0.00 0.00 0.00
Erzincan 0.01 0.89 0.00 5.93 0.00 0.00 0.00 1.99 0.42 0.00 0.00 0.67 0.00 2.62 0.00 0.38 0.03 0.00 0.00 0.00 22.59 0.07
Erzurum 0.00 1.73 0.00 0.14 0.00 0.00 0.00 0.74 0.00 0.00 0.00 11.73  0.00 7.27 0.00 0.00 3.30 2.88 0.00 0.00 0.00 6.60
Eskisehir 0.04 0.00 0.00 11.85  0.00 0.28 0.00 0.01 0.01 0.00 0.00 0.00 0.04 0.13 0.30 0.01 0.00 0.00 0.00 0.00 0.43 0.00
Gaziantep 0.05 1.08 4.73 0.00 0.00 0.44 0.04 1.12 0.00 0.00 0.00 0.00 1.66 0.00 0.00 0.97 0.00 0.00 0.00 0.00 0.00 0.00
Giresun 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 3222 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Giimiishane 0.00 6.56 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Hatay 0.00 0.06 6.68 0.01 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 11.62  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Igdir 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 35.71 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Isparta 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 8.71 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
istanbul 0.08 0.82 0.00 0.60 0.00 0.09 0.05 0.21 0.06 0.00 0.04 0.05 0.02 0.00 7.90 0.22 0.00 0.92 0.00 0.00 0.26 3.79
izmir 0.64 0.03 3.12 0.01 0.00 0.44 7.14 0.00 0.03 0.00 0.00 0.05 0.30 0.00 1.47 0.09 0.00 0.03 0.00 0.00 0.00 0.00
K.Maras 0.13 0.02 0.18 5.77 0.00 0.00 0.00 0.08 0.53 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

66



JOTAF/ Journal of Tekirdag Agricultural Faculty, 202x, xx(x)

Table 4. Continued

Karaman 3.45 0.47 0.00 0.00 0.00 7.26 0.00 0.06 2.19 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.00 0.00 0.00 0.02 0.00
Kars 0.00 3.43 0.00 0.00 0.00 0.01 0.00 7.03 0.02 0.00 0.00 0.80 0.00 10.07  0.00 0.00 5.39 3.47 0.00 0.00 0.00 0.01
Kastamonu 0.00 0.15 0.00 3.07 0.21 0.00 0.00 0.02 0.00 0.00 0.00 0.43 0.00 0.53 0.00 1.99 0.24 0.00 0.00 0.00 2.69 0.00
Kayseri 0.10 0.00 0.00 0.04 0.00 0.01 0.00 0.05 0.06 0.00 0.00 0.30 0.00 0.00 0.79 0.04 0.00 0.00 0.00 0.00 0.00 0.00
Kirikkale 0.00 0.00 0.00 0.13 0.00 0.03 0.00 0.52 0.00 0.00 0.00 0.41 0.00 0.00 1020 0.14 0.00 0.00 0.00 0.00 0.00 0.00
Kirklareli 0.04 0.33 0.00 1.21 0.00 225 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.00 18.88 0.80 0.00 0.00 0.00 0.00 0.84 0.00
Kirsehir 0.21 1.51 0.00 1.78 0.07 0.00 0.00 0.45 0.11 0.00 0.00 0.00 0.00 0.00 4.91 0.29 0.00 0.00 0.00 0.00 0.45 0.00
Kilis 0.07 0.00 11.28 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Kocaeli 0.00 0.25 0.00 0.03 0.00 3.94 0.01 0.08 0.00 0.00 0.02 1.77 0.01 16.85 0.78 0.04 0.00 0.00 0.00 0.00 0.00 0.00
Konya 0.06 0.62 0.00 1.28 0.00 0.29 0.00 0.81 0.00 0.00 0.00 0.08 0.00 0.07 033 1373  0.00 0.00 0.00 0.00 1792 0.00
Kiitahya 0.00 0.69 0.00 0.00 0.00 0.00 0.00 0.28 0.00 0.00 0.00 0.63 0.00 0.00 0.00 1022  0.00 0.00 0.00 0.00 6429 0.00
Malatya 0.03 0.12 0.00 0.04 0.00 0.00 0.00 0.06 20.53 0.00 0.00 0.14 0.00 0.27 0.11 0.07 0.04 0.00 0.00 0.00 0.00 0.00
Manisa 6.51 0.05 0.50 0.00 0.00 1.03 0.00 0.06 0.00 0.00 0.00 0.10 0.85 0.08 5.15 0.06 0.00 0.66 1.34 0.00 0.00 0.00
Mardin 0.00 4.05 0.00 0.00 0.00 8.36 0.00 0.48 0.00 0.00 0.00 0.00 0.34 0.00 0.00 0.00 0.00 0.00 0.64 0.00 0.00 0.00
Mersin 0.01 0.04 2.09 0.04 0.00 0.06 0.00 0.00 0.11 0.00 0.00 0.15 0.10 0.00 2.98 0.23 0.42 0.00 0.00 3.89 0.00 0.00
Mugla 0.50 0.01 7.62 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 4.40 0.00 0.26 0.00 0.00 0.00 0.00 0.02 0.00 0.00
Mus 0.02 5.14 0.00 0.06 0.00 0.00 0.00 3.02 0.01 0.00 0.00 3.41 0.00 0.27 0.01 0.03 1.06 0.91 0.00 0.00 0.00 2227
Nevsehir 0.63 0.67 0.00 0.42 0.00 0.00 0.00 0.00 1.58 0.00 0.00 1.05 0.00 0.02 3.81 1.47 0.00 0.00 0.00 0.00 0.05 0.00
Nigde 0.02 0.05 0.00 4.56 7.01 1.01 0.00 0.02 0.06 0.00 0.00 1.32 0.00 0.04 0.00 0.21 0.00 230 0.00 0.00 0.12 0.00
Ordu 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3331 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Osmaniye 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 39.77 2044 0.00 0.00 0.00 0.00 0.00 0.00
Rize 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2323 039 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Sakarya 0.00 0.05 0.00 0.02 0.00 1.97 0.00 0.03 0.00 0.00 2593 0.26 0.01 0.00 0.02 0.02 0.00 0.00 0.00 0.00 0.01 0.00
Samsun 0.00 0.09 0.00 0.01 0.00 4.78 0.00 0.00 0.00 0.00 1549 0.00 0.00 0.00 0.01 0.01 0.00 8.15 0.00 0.00 0.00 0.07
Sinop 0.34 0.00 0.00 236 0.03 0.00 1.28 0.00 0.00 0.00 0.00 0.00 0.39 0.00 0.00 6.96 0.00 0.00 0.00 0.00 1.27 0.00
Sivas 0.00 4.05 0.00 0.01 0.00 0.17 0.00 4.68 0.42 0.00 0.00 1.68 0.00 5.00 0.00 0.01 7.80 0.17 0.00 0.00 0.00 0.65
Sanhurfa 0.00 2.98 0.05 0.02 0.00 2.10 0.00 1.14 0.00 0.00 0.00 0.00 7.62 0.00 0.00 0.00 0.00 0.00 11.89  0.00 0.00 0.00
Tekirdag 5.42 0.42 0.00 0.00 0.00 0.00 0.00 0.59 0.00 0.00 0.00 3.58 0.00 1.30 0.64 0.15 1.34 0.00 0.00 0.00 0.00 0.00
Tokat 0.05 0.35 0.00 3.98 0.00 0.00 0.00 0.09 0.00 0.00 0.00 0.51 0.00 0.32 0.32 0.04 0.42 0.00 0.00 0.00 36.81 0.00
Trabzon 0.00 0.00 0.00 0.00 0.00 0.06 0.00 0.00 0.00 6.61 2210 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.48
Tunceli 0.01 0.39 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.98 0.00 0.00 0.00 0.00 0.20 0.53 0.00 0.00 0.00 0.15
Usak 0.00 5.12 0.00 0.00 0.00 0.00 0.00 1.27 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Van 0.00 1.54 0.00 2.40 0.00 0.16 0.00 1.34 0.02 0.00 0.00 10.17  0.00 0.00 4.67 0.00 3.36 0.00 0.00 0.00 0.00 17.06
Yalova 0.00 0.77 0.19 0.11 0.03 0.04 0.06 0.00 0.00 0.00 0.06 9.17 0.17 7.78 0.04 0.00 0.00 3.10 0.00 0.00 0.00 0.23
Yozgat 0.03 3.65 0.00 0.00 0.00 0.03 0.00 2.73 0.00 0.00 0.00 0.00 0.00 0.48 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Zonguldak 0.00 0.00 0.00 0.04 0.00 0.01 0.00 0.00 0.00 0.00 32.17 0.00 0.00 0.00 0.05 0.01 0.00 0.00 0.00 0.00 0.00 0.00
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Figure 1. Concentration of organic agricultural products by province
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competitiveness. This agricultural method does not harm the environment or human health, limits the use of
chemical inputs, and preserves soil fertility and biodiversity. Organic agriculture can efficiently use regional
resources, prevent rural depopulation, revitalize local economies, improve regional income distribution, ensure
regional branding, and strengthen regional identity. Tiirkiye should develop policies and strategies to increase the
concentration coefficient of organic agriculture.

4. Conclusions

The theory of economies of location aims to support regional economic development by making the best use of
local resources and advantages and increasing the economic resilience of communities through the location of
economic activities in a particular region and the establishment of strong links between businesses, suppliers, service
providers, and consumers in that region. This approach utilizes natural resources and the labour force more efficiently,
mitigates the impact of global external shocks, preserves regional identity and culture, and is considered an important
tool for balancing the regional economy.

The study calculated the location quotient in the organic farming sector. This coefficient is important for regional
economic development, strengthening local businesses, promoting environmental sustainability, increasing economic
resilience, protecting local identity and culture, and encouraging the adoption and promotion of organic farming as a
sustainable agricultural model that contributes to the local economy, environment and social well-being. According to
the theory of location economies, businesses in the same sector can cluster in certain regions due to economies of scale,
positive externalities and knowledge creation and transfer. In order to ensure regional sustainability and increase
specialization in production activities, it is necessary to investigate the technical suitability of locally produced organic
agricultural products. Regional suitability maps should be developed to identify the basins and products suitable for
organic farming in each region. To improve soil management, maintenance, harvesting and marketing, it is
recommended to organize training activities based on main production activities at regional level. In addition, strategies
and action plans for production and research activities should be developed. Investment incentive certificates can be
prepared to support production activities, and financial support can be provided to enterprises with these certificates.
Support can also be provided for the construction of processing and storage facilities, branding and geographical
indications. Group certifications in accordance with international standards should be developed, and various
institutions and organizations should organize training for organic agricultural producers to strengthen promotion
activities. Input and product price support mechanisms should be put in place during transition periods in the organic
agriculture sector. In this context, to ensure regional sustainability and increase specialization in production activities;

- Investigating the technical feasibility of regionally concentrated organic agricultural products

- Organizing training activities on land management, maintenance, harvesting and marketing operations
according to basic production activities at regional level

- Establishing a strategy and action plans for production and research activities in organic agriculture at local
and regional level

- Increasing technical and market information resources by developing training modules for organic
agriculture producers and preparing trainings for "beginner", "transition" and "production period" producers

- To increase organization according to basic production activities, subsidies are given to organizations at the
beginning of the production period,

- Preparing investment incentive certificates to support basic production activities and providing financial
support to enterprises with these certificates,

- Only allowing the opening of facilities with processing, production, marketing, export, etc. activities in
districts with basic production activities and providing the necessary infrastructure such as cold storage,
packing house, etc. with support

- Contributing to the creation of added value by providing information on branding in districts with basic
production activities,

- Development of group certifications to reduce certification costs,

- Realization of certification procedures in international standards,
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- Organizing trainings for organic agriculture producers by various institutions and organizations in order to
increase promotional activities

- Training on crop rotation, green fertilization and similar practices should be planned at the production stage
according to the regions.

As a result, specialized labour, sectoral inputs and similar technologies are used in localized/intensified organic
farming formations, which play an important role in providing high income per unit area, optimal use of agricultural
land and ensuring sustainability. Therefore, it is expected that the benefits arising from these formations will contribute
to the economic, social and environmental sustainability of the region by increasing productivity and will also provide
significant benefits for the development of organic agriculture.
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Evaluation of Attitudes and Knowledge Levels of Olive Producers in the Application of
Agricultural Pharmaceuticals (Mardin Province)

Mardin Ili Zeytin Ureticilerinin Tarimsal ilag¢ Uriinlerinin Uygulamasinda Tutum ve Bilgi
Seviyelerinin Degerlendilirlenmesi

Mehmet KAPLAN'"
Abstract

Olives are one of the essential nutrients in human nutrition and health, thanks to the vitamins they contain. There
are many diseases, pests and weed species in olive gardens that cause a loss of productivity and quality of this
important nutrient. Producers use different methods in plant protection practices to combat these existing pests.
This study was conducted to determine the awareness levels of olive producers about plant protection practices in
Derik district of Mardin province, where olive production was intense in 2020. For this purpose, the information
collected through a 20-question survey method conducted face to face with a total of 90 producers in 15 villages
through simple random sampling was evaluated on a percentage basis. According to the results of the current study,
it was determined that the olive farmers had high education levels, and the majority of them had other non-
agricultural incomes besides agriculture. Those engaged in olive cultivation consult plant protection dealerships
and the provincial/district Directorate of Agriculture and Forestry in choosing plant protection products and
adjusting their dosage. They stated that the brand and active ingredients are important features in the selection of
chemical pesticides, and while they apply pesticides in advance for precautionary purposes without seeing the
pests and diseases, they do not use the same pesticides against the same diseases and pests every year and apply
the recommended dosage. Producers pay attention to the waiting time between the last spraying and harvest time
due to the fact that chemical pesticides leave residues on the products, and they take protective measures for their
own health during chemical pesticide application. In order to solve the plant protection problems faced by farmers
in the agricultural field, cultural measures are generally applied along with chemical control. However, it is
inevitable that chemicals will create many negative situations for human and environmental health over time. For
this reason, it is important to carry out an effective, economical and environmentally friendly struggle using
appropriate methods in plant protection practices in order to avoid being exposed to undesirable side effects.
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Oz

Zeytin igerdigi vitaminler sayesinde insan beslenmesinde ve sagliginda yer alan temel besin maddelerin birisidir.
Zeytin bahgelerinde bu 6nemli besin maddesinde verim ve kalite kaybina neden olan, bir¢ok hastalik, zararli ve
yabanci ot tiirii bulunmaktadir. Ureticiler mevcut olan bu zararlilarla miicadelede bitki koruma uygulamalarinda
farkli yontemleri kullanmaktadirlar. Bu ¢aligma 2020 yilinda zeytin iiretiminin yogun olarak yapildigi Mardin ili
Derik ilgesi zeytin iireticilerinin bitki koruma uygulamalarinda farkindalik diizeylerini belirlemek amaciyla
yapilmistir. Bunun igin, basit tesadiifi 6rneklemeyle 15 kdyde, toplam 90 adet iireticiyle yiiz yiize yiiriitiilen 20
soruluk anket metoduyla toplanan bilgiler yiizde oran lizerinde degerlendirmeler yapilmistir. Calisma sonuglarina
gore zeytincilik yapan ciftgilerin, egitim diizeylerinin yiliksek ve ¢ogunlugunun tarimla birlikte tarim dis1 baska
gelirleri oldugu belirlenmistir. Zeytincilikle ugrasanlarin bitki koruma {iriinlerini se¢iminde ve dozunu
ayarlamasinda bitki koruma bayiliklerine ve Tarim ve Orman il/ilge Miidiirliigiine danismaktadirlar. Kimyasal ilag
seciminde marka ve etken maddelerinin énemli bir 6zellik olup, zararli ve hastaliklar1 gérmeden tedbir amagh
onceden ilag uygularken her y1l ayn1 hastalik ve zararlilara kars1 ayni zirai ilac1 kullanmadiklari ve tavsiye edilen
dozu uyguladiklarini ifade etmislerdir. Ureticilerin kimyasal ilaglarin iiriinler {izerinde kalint1 biraktiklarindan
dolay1 son ilaglama ile hasat zamani arasindaki bekleme zamanina 6zen gosterdikleri ve Kimyasal ilag uygulama
esnasinda kendi saglig1 agisindan koruyucu 6nlemleri almaktadirlar. Bununla birlikte ilaglamadan 6nce herhangi
bir kalibrasyon yapmadiklar1 ve kullandiklar1 kimyasal ilaglar1 karistirarak uyguladiklarini, ilaglama sonrasinda
ise ilaglama aletlerini temizledikleri ve kullanilan kimyasallarin bos kaplarint ve ambalajlarini gevreye rastgele
atmadiklarini bildirmislerdir. Cift¢iler, tarimsal alanda karsilastiklar bitki koruma sorunlarini ¢ozmede genellikle
kimyasal miicadele ile birlikte kiiltiirel tedbirleri de uygulamaktadir. Ancak kimyasallarin zamanla insan ve gevre
saglig1 agisinda birgok olumsuz durum yaratmasi kaginilmazdir. Bu sebeple arzu edilmeyen yan etkilere maruz
kalmamak i¢in bitki koruma uygulamalarinda uygun olan yontemleri kullanarak etkin, ekonomik ve g¢evreci bir
miicadele yapilmasi 6nemlidir.

Anahtar Kelimeler: Bitki koruma sorunlari, Anket, Zeytin, Mardin
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1. Introduction

Olive, which is one of the basic foods in people's lives, is consumed in the form of cooking, oil, shampoo,
cream, etc. in the cosmetic sector. It is evaluated in different forms.

There is a total 0f 23.054.310 tons of olive production in the world in 2021, and countries such as Spain, Greece,
Italy, Turkey, Morocco, Syria, Tunisia, Algeria, Egypt, and Portugal are important olive producers in this
production. Tiirkiye ranks 3rd in the world with an olive production of 1.738.680 tons (Anonymous, 2021a).

Due to Turkey's favorable climatic and geographical conditions, olives are grown primarily in the Aegean,
Marmara, Mediterranean, Southeastern Anatolia and Black Sea regions Mete et al., 2023. The total olive
production area is 2.976.000 tons with 163.034.684 olive trees in an area 0of 9.011.261 decares (Anonymous, 2022).
Mardin province, which is an important olive production region of the Southeastern Anatolia Region, has a total
of 745.999 olive trees, 466.195 of which are fruit-bearing and 279.804 of which are non-fruitful, in an area of
20.123 decares, yielding 4.620 tons of product (Anonymous, 2022).

There are many harmful factors that directly and indirectly cause quantity and quality losses in olive production
areas. The constant demand for increased food production has led to the intensive use of chemical fertilizers,
pesticides, agricultural machinery, and other natural resources (Giingdrmez et. al., 2022). In previous years, many
studies on the detection and damage of pests in the olive fields of our country have been carried out in the Aegean,
Marmara, Mediterranean, and Southeastern Anatolia (Bodenheimer, 1941; Nizamlioglu and Gékmen, 1964;
iyriboz, 1968; Kaya, 1979; Kececioglu, 1984; Giiglii et al., 1995; Kacar and Ulusoy, 2005; Kaplan, 2019). The
commercial market value of agricultural products damaged by harmful species decreases as a result of consumers
not choosing them and not eating them (Alabouid and Bayhan, 2022). Chemical warfare is an indispensable form
of struggle used all over the world due to its easy application against pests in agricultural areas and rapid results.
However, uncontrolled and haphazard applications of pesticides used in chemical warfare negatively affect human
and environmental health. While pesticides make a great contribution to increasing efficiency and quality in
agricultural production, on the other hand, pesticides mix with soil, water and air, threatening the existence of
living organisms. Farmers generally prefer the chemical warfare method to solve plant protection problems, and
unconscious pesticide applications bring about many negativities in terms of human and environmental health
(Kaplan and Saltuk, 2021). They reported that most of the producers in Mardin Province are unaware of the
harmful insect species that significantly negatively affect the development and efficiency of agricultural
production (Kaplan and Bayhan, 2017). Chemicals employed unintentionally to combat harmful elements can lead
to the development of resistance in target pests over time, resulting in residues in food products. Conversely, the
natural balance among living organisms is disrupted by the eradication of beneficial non-target species, which
contributes to the emergence of previously unimportant pests as major ones. Additionally, phytotoxicity can occur
in plants. Given the significant role that plant protection problems and practices play in agricultural production, a
survey was conducted among olive producers.

2. Materials and Methods

In the study, data was obtained in the form of questions and answers with 20-question survey forms from enterprises
producing conventional olives in Derik district of Mardin province. In Mardin province, determined as the research
area of the study in 2020, there are a total of 261 farm holdings olives registered in the Farmer Registration System
(FRS). (Anonymous, 2021b). Since it is not possible to conduct a study by interviewing all of the farmers operating in
Mardin province, the number of farmers surveyed was calculated using the formula below using the "simple random
sampling method" (Cicek and Erkan, 1996). In the study, the sampling volume was determined within 5% error and
95% confidence limits and the number of farmers to be surveyed was determined as 90 people (Kaplan and Baran,
2021).

3. Results and Discussion
3.1. Socio-Economic Characteristics of Olive Producers

When the demographic structure of the participants in the survey study in Mardin province is examined, all
olive producers are male, 14% of them are literate, 40% are primary school graduates, 13% are secondary school
graduates, 10% are high school graduates and 23% are Collage/University. He was determined to be a graduate of
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a college/university (Table I). In the past years, the importance given to agricultural production in the region was
low and the people operating in this field were uneducated. The increase in human population in the world and the
demand for agricultural products have increased. Therefore, in recent years, with the development of technology
and the increase in the quality of life, there has been an increase in the number of educated and conscious people
involved in agricultural activities, as in every professional field. As a result of the study, the high number of
university graduates in agricultural activities in Mardin is a result of this situation. In parallel with this, 63.3% of
apple farmers in Antalya have completed primary school and 14.4% have completed college (Kizilay and Akg¢adz,
2009; Celik and Karakaya, 2017) determined that 20% of those engaged in apple production are literate and
illiterate producers, 25% are primary school graduates, 10% are secondary school graduates, 15% are high school
graduates and 10% are university graduates. It was determined that 5% of peanut producers in Siirt were illiterate,
56% were secondary school graduates, 26% were high school graduates and 13% were college/university
graduates (Dilmen et al., 2020). They reported that all vineyard producers in Mardin are male, 20% of them are
illiterate, 64% are primary school graduates, 12% are secondary school graduates, 4% are high school graduates
(Kaplan and Baran, 2021).

It was reported that 82% of olive producers in Mardin province have social security and 42% have income
other than agriculture (7able I). The reason why most of those engaged in farming have high social security is that
they work in the public sector as well as engage in trade. In Seyhan and Yiiregir, 53.6% of the farmers have social
security, while 70.5% do not have any income other than agriculture (Emeli, 2006); In Manisa, 64% of farmers
have social security, while 66% do not have any other income than agriculture (Karatag and Alaoglu, 2011); In
Nevsehir, 73.5% of the farmers have social security, 26.5% do not have social security, 31.2% have income other
than agriculture, and 68.8% do not have income other than agriculture (Erdogan and Gokdogan, 2017); They
reported that 73.9% of the vineyard producers in Mardin (Savur) province have social security and 55.6% have
income other than agriculture (Kaplan and Baran, 2021).

Table 1. Demographic information of olive producers surveyed in Mardin province

(%) Characteristic Rate (%)
Gender

Male 100
Female 0
Level of Education

Illiterate -
lliterate 14
Primary School 40
Secondary School 13
High School 10
College/University 23
Occupational status

Farmer 73
Tradesman 12
Manuel Worker -
Civil Servant 5
Pensioner 10
Social Security

Yes 82
No 18
Non-Agricultural Income

Yes 42
No 58
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3.2. Knowledge, Attitude And Behavior of Producers Regarding Plant Protection Products

In Mardin province, 63.75% of olive producers make their recommendations and choices based on the
provincial and District Directorate of Agriculture and Forestry, 34.50% look at pharmaceutical dealers, and 1.75%
look at their own experience and neighbors (7able 2). Among the studies similar to this study, Tiicer et al. (2004)
stated that 65% of the viticulturalists in Manisa Saruhanli district preferred pesticides based on the Agricultural
Organization, 16% based on their experience, 11% based on plant protection dealers and 8% based on their
neighbors; Kizilay and Akgadz, (2009), according to the recommendation of apple growers in Antalya, 54% of
them choose pesticides from plant protection dealers, and 10% of them from consultant agricultural engineers;
according to Kizilaslan and Somak (2013), 54% of the producers choose their pesticides, 3 of them reported that
they got information from agricultural pesticide dealerships, 30% based on their own knowledge and experience,
and 15.7% from agricultural district directorate officials. According to Erdogan and Gékdogan (2017), 88.9% of
the farmers in Nevsehir came from plant protection dealerships. 7.9% said they acted according to their own
knowledge and experience, 2.1% said they acted according to advice from agricultural organizations, 0.5% looked
at their neighbors and 0.5% said they acted according to the advice of the agricultural engineer who advised them;
Celik and Karakaya (2017) determined that 30.4% of apple producers choose pesticides by consulting subject
experts of agricultural organizations, 24.4% by looking at their neighbors and acquaintances, and 21.2% choose
pesticides based on their own experience. They stated that they decided to choose pesticides according to the
Provincial/District Directorates of Forestry, 52.50% according to plant protection dealerships, 2% according to the
consultancy Agricultural Engineer, and 12.5% according to their own knowledge and their neighbors (Kaplan and
Baran, 2021).

Table 2. Awareness level of producers about who they get their pesticide advice from

From whom do you get pesticide (fungicide, herbicide and insecticide) advice? Rate (%)
Vendor 34.50
District Directorate of Agriculture and Forestry 63.75
Own-experience and neighbour 1.75

Consultant Agricultural Engineer

When purchasing pesticides (fungicides, herbicides and insecticides) used against diseases and pests, 25% of
olive producers choose according to whether they have been used before, 35.50% according to their recommended
effective substance, 18% according to their brand and 21.50% according to their cheapness. It was determined that
they did (7able 3). According to Boyraz et al. (2005), 78% of apple farmers choose pesticides according to the
density of pests and diseases, 11% according to the prices of pesticides, and 6% according to spraying costs; Celik
and Karakaya (2017) stated that when apple producers buy pesticides, 50.9% of them decide based on the
mechanism of action of the pesticide, 28.7% based on the prices of the pesticides, and 20.4% based on the brand
of the pesticide. Kaplan and Baran (2021) found that in the selection of pesticides used by viticulture farmers in
Mardin against diseases and pests, 10% were based on the pesticide they used before, 20.6% on the suggested
active ingredient, 28% on the brand of the drug, and 41.4% on the pesticide. They stated that they did it because
it was cheap.

Table 3. Features they pay attention to when purchasing pesticides (Herbicide, Insecticide and

Fungicide)
What kind of situations do you pay attention to when purchasing Rate (%)
pesticides (Herbicides, Insecticides and Fungicides)?
Previous use 25
Recommended active substance 35.60
Brand 18
Price 21.40

66% of the growers in Mardin Derik district, which has a great potential for olive production, do not always
use the same pesticide against the same diseases and pests, while 34% always use the same pesticide (7able 4).
Kaplan and Baran (2021) stated that 63.5% of grape growers do not always use the same pesticides in the fight
against the same diseases and pests, while 26.5% constantly use the same pesticides.
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Table 4. Producers' knowledge levels regarding using the same pesticides against the same diseases and

pests
Do you always use the same pesticides for the same diseases and pests? Rate (%)
Yes 34
No 66

A successful chemical control against pests and diseases in the agricultural field is primarily achieved by
spraying at the appropriate time and number. Therefore, while the highest effect is achieved from the pesticides,
the pesticide costs are reduced to economical levels. In response to the question of how olive producers decide
when to spray pesticides against diseases and pests; 15.8% of the producers detect diseases and pests when they
first see them, 40.60% according to the recommendations of experts in the provincial/district directorates of
agriculture and forestry, 30.6% by consulting agricultural pesticide dealers, and 9% detect diseases and pests. and
4% reported that they decided the time to spray pesticide based on other farmers around them (7able 5). Here,
15.8% of the farmers reported that they sprayed pesticides when they first encountered diseases and pests. In this
case, it can be thought that farmers who know the pests and diseases have the essential technical knowledge,
although they do not have enough knowledge.

In generally, the application times of the drugs are considered correct considering the development periods of
the plants. However, it does not seem possible for manufacturers to determine the exact application time of drugs
by taking into account the biology of pests and diseases. Because it requires technical knowledge and experience
on this subject, this can be done with training given by subject experts of agricultural organizations.

In similar studies by Yiicel et al. (1995), 42.15% of the agricultural producers in Harran district of Sanliurfa
province reported that they decided to spray pesticides based on their experience, 9.80% by looking at their
surroundings, 34.31% by applying to agricultural organizations, and 13.72% by consulting agricultural pesticide
dealers. Uremis et al. (1996), in a survey conducted in the Cukurova region, 38.64% of the farmers responded
according to their experience and dealers' statements, 35% according to their experience, 19.09% according to
dealer statements, 5.45% according to the recommendations of technical organizations, 1.82% stated that the
dosage and timing of the drugs used were adjusted according to the drug label. Zeren and Kumbur (1998) started
that 40.18% of the farmers determined pesticide doses and application times according to the recommendations of
the pharmaceutical seller, 29.92% according to their experience, and 16.23% followed the drug labels. Inan and
Boyraz (2002) determined that 44.20% of the agricultural producers in the Konya region determined the spraying
time based on their own experience, 24.20% on the advice of agricultural pesticide dealers, 20% by consulting the
growers in the vicinity, and 11.60% by applying to the provincial/district directorates of agriculture. In a survey
conducted by Kadioglu (2003) in Tokat province, 58.74% of farmers decided on the time of spraying based on
agricultural engineers, 29.14% decided on their own, 6.20% based on advice from pesticide dealers and 5.81% on
the advice of agricultural pesticide dealers. Stated that they benefited from other farmers around them. Boyraz et
al. (2005), 35% of apple farmers stated that they sprayed for pests or diseases when they first saw them, and 22%
stated that they applied pesticides using predictive and early warning methods. Karagayir (2010) reported that 43.2%
of apple farmers in Karaman province applied pesticides before encountering pests, and 56.8% reported that they
decided to spray after they first encountered pests. Karatas and Alaoglu (2011) stated that 56% of grape growers
in Manisa resorted to spraying when they first encountered diseases or pests, and 34% of them resorted to spraying
without seeing the diseases and pests. Kaplan and Baran (2021), when 17% of grape growers in Mardin province
first encountered diseases or pests, 25% according to the recommendations of the Provincial/District Directorate
of Agriculture and Forestry, 36% by consulting agricultural pesticide dealerships, 12% of them reported that they
did not decide on the time to spray without encountering diseases or pests, and 10% of them stated that they did
not decide on the time of spraying by looking at other producers around them.

In deciding on the dosage for the use of chemical pesticides against pests in olive fields, 61% of the farmers
rely on plant protection dealers, 31.75% on the Provincial/District Directorates of Agriculture, 2% on their own
knowledge and 5.5% on their neighbors' experiences. They did (7able 6). Ozkan et al. (2003) found that 41.71%
of citrus farmers act according to the drug's package insert, and 27.81% act according to their own knowledge and
experience when deciding on the drug dosage; Kalipg1 et al. (2011), in Konya province, 8.3% of farmers consult
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Table 5. Knowledge levels of olive producers about determining the time for monitoring pests and diseases
in olive orchards pests

How do you decide when to spray against pests and diseases in olive orchards? Rate (%)
Vendor 40.60
District Directorate of Agriculture and Forestry 30.60
First sighting of pests and disease 15.80
Before sighting of any disease and pests 9
Looking at other producers 4

the drug's package insert, 26.6% their own information, 11.6% their neighbor's advice, 33.3% consult their plant
protection dealers, 10% in adjusting the drug dose. 8% of them did so by asking the recommendations of the
Provincial/District Directorates of Agriculture, 3.3% of them did so by asking the Chambers of Agriculture, and
5.8% of them did so according to the recommendation of the consulting agricultural engineer; Gedikli (2012)
asked the plant protection dealers and Agricultural Engineers of 33.33% of the farmers to choose the pesticide
dose; Gozener et al. (2017), in choosing the drug dose of farmers, 90.28% rely on the recommendations of
pharmaceutical-fertilizer dealers, 59.72% on the usage labels of the drugs, 40.28% on their own knowledge and
experience, 1% on 39% of the Food, Agriculture and Livestock Provincial/District Directorates do it according to
the recommendations of the subject experts and 1.39% according to the severity of the diseases; Kaplan and Baran
(2021), While producers in Mardin province decide on the dosage of pesticides in chemical warfare against pests
in their vineyards, 68% consult the plant protection dealer, 20.8% consult the Provincial/District Directorates of
Agriculture, 7.2% consult their own experiences and 5% consult their surroundings. Reported that they made dose
adjustments.

Table 6. Knowledge level regarding the dosageof pesticides

How do you adjust the dosage of pesticides (insecticides, fungicides and herbicides)? Rate (%)
Vendor’s advice 61
District Directorate of Agriculture and Forestry 31.75
Own experiences 2
Neighbour’s advice 5.5

In terms of knowledge about the suggested dose of the pesticide, it was reported that 91.6% of the olive
producers used the recommended dose, 4.2% used a dose above the suggested dose, and 4.2% used a dose below
the recommended dose (Table 7). Using the appropriate dose recommended by olive producers in chemical control
is likely to increase the success rate in combating pests. Similar to the results of this study, Tiicer et al. (2004)
found that 72% of viticulture farmers used the recommended dose, 26% applied a dose above the recommended
dose, and 2% applied a dose they deemed appropriate; According to Kalip¢i et al. (2011), 33.3% of the producers
make their drug dose selection according to the recommendations of plant protection dealers. Peker (2012) stated
that 88% of farmers in Konya province employed the suggested dose, 8% increased the drug dose to get better
results, and 4% applied a dose below the recommended dose; Erdogan and Gékdogan (2017) reported that 50.7%
of farmers used the recommended dose and 50.3% used more than the recommended dose; Akar and Tiryaki (2018)
stated that 71.4% of the producers follow the recommendations of plant protection dealerships in selecting drug
doses; Kaplan and Baran (2021) reported that 87.8% of Mardin vineyard producers applied the recommended dose,
and 12.2% applied a dose above the recommended dose. Contrary to these studies, Boz et al. (1998) stated that
64.47% of farmers in Aydin province used a dose higher than the recommended dose.

Table 7. Information levels regarding the recommended dosage of the pesticide

Usage of pesticide (fungicide, herbicide and insecticide) according to the recommended dosage?  Rate (%)

Recommended dosage 91.6
Exceeding recommended dosage 4.2
Below the recommended dose 4.2

Considering the opinions of olive producers in Mardin regarding the pesticide residue problem; 34.20%
reported that pesticides left residue on the products, 45.80% reported that they left little residue on the product,
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and 20% reported that they did not leave any residue on the product (Table 8). Ozkan et al. (2003), 70.4% of
producers in Antalya stated that they left pesticide residues on their products, 10.4% stated that pesticide residues
were removed by washing, and 19.2% reported that they had no idea about this issue. Karagayir (2010), 34.3% of
those who produce apples say that pesticides may leave residues on the product, 23.8% say that all agricultural
chemicals leave residues, 18.1% say that they will not leave residues when the recommended dose of agricultural
chemicals are applied, 13.4% think that residues can be removed by washing, and 10.4% stated that pesticides do
not leave residue; Kalipgr et al. (2011) repoted 70.4% of farmers in Antalya province reported that they left
pesticide residues on their products, 10.4% were unaware that cleaning removes pesticide residues. 19.2% did not
know. Erdogan et al. (2017), in Adiyaman, 38.7% of almond growers reported that their products left pesticide
residues, 32.3% reported that they left little residue, and 29% reported that there were no residues in their products.
Peker (2012) stated that 80% of tomato producers in Konya say that pesticides do not leave residues on the products,
20% say pesticides leave residues, and 40% say pesticide residues will disappear with washing. Akar and Tiryaki,
(2018) 23.3% of the producers in Antalya say that pesticide residues on the products will disappear by washing,
24.9% say that pesticides do not leave residues, 34.1% say that some pesticides may leave residues, and 17.7% do
not have information about pesticide residues. They stated. Regarding the pesticide residue of peanut producers in
Siirt, 33% of the producers reported that it was destroyed by rain washing, 39% did not have information about

the residue, 16% reported that pesticides left residue and 12% reported that their pesticides did not leave residue
(Dilmen et al., 2020).

Table 8. The knowledge levels of the growers about the pesticides leaving residue on the products

Do you know that pesticides leave residues on products?  Rate (%)

Leaves a residue 34.20
Leaves little residue 45.80
Leaves no residue 20

79% of the producers who use pesticides in their olive groves stated that they attach importance to the waiting
time in pesticides, 8.50% do not care, and 12.50% sometimes care (7able 9). It is an important result that the
majority of producers comply with the waiting period. Boyraz et al. (2005), while 71% of apple farmers paid
attention to the time to wait between the last spraying and harvest time, 29% reported that they did not pay attention
to this. Karagayir (2010) determined that 43.2% of the farmers pay attention to the waiting times between the last
spraying and harvest, 32.8% know the waiting time but do not pay attention, and 24% do not know the waiting
time. Erdogan and Gékdogan (2017) reported that 80% of potato growers pay attention to the waiting time between
the last pesticide application time and the harvest time, and 20% do not pay attention to the waiting time. G6zener
et al. (2017), 91.67% of the growers reported that they did not know the time from the last spraying to the harvest,
6.94% of them knew and did not pay attention to this period, and 1.39% of them knew and paid attention to the
time. Akar and Tiryaki (2018) determined that 87.3% of the farmers in Antalya comply with the waiting periods
between the last spraying and harvest, 12.7% of them do not comply with the time period between the last spraying
and harvest. Kaplan and Baran (2021) stated that 88.6% of the wine famersusing pesticides in Mardin paid attention
to the pesticide waiting times, while 11.4% stated that they did not.

Table 9. The knowledge levels of the famers about the time they should wait between the last spraying
and the harvest time

Do you pay attention to the waiting time of pesticides? Rate (%)
Yes 79
No 8.50
Sometimes 12.50

During spraying in Mardin, 58.34% of olive growers stated that they used protective clothing and masks, 12.50%
of them sometimes used them, and 29.16% of them never used them. It has been reported that more than half of
the olive growers comply with the protective measures and act carefully when spraying (7able 10). However,
Ozkan et al. (2003) found that 68.8% of farmers took protective measures at the time of pesticide application,
while 31.2% did not; Tiicer et al. (2004), 57.82% of gowers used protective clothing and equipment when spraying,
42.18% did not; According to the study conducted by Akbaba (2010), 61% of the producers used masks during
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spraying; Bayhan et al. (2015) found that 76% of manufacturers take protective measures during spraying and 24%
do not take any protective measures; Erdogan and Gékdogan (2017) stated that 84.7% of the breeders did not wear
protective clothing and masks at the time of drug application, while 15.3% took protective measures. According
to Akar and Tiryaki (2018), 42.1% of the farmers in Antalya use protective clothing and equipment while using
pesticides, while 31.7% do not use them because they do not consider it important; Kaplan and Baran (2021) stated
that 48% of vineyard growers use protective equipment during spraying in Mardin, 16% use it occasionally and
36% do not use any protective equipment.

Table 10. Producers’ knowledge levels regarding protective measures to be taken during pesticide

application
How do you take care of your health while spraying? (Using Rate (%)
protective clothing, mask, glasses and gloves during application)
I always use 58.34
I sometimes use 12.50
I never use 29.16

When asked what do you do with empty pesticide containers after spraying, olive producers reported that 7.5%
of the participants washed and reused them, 51.60% threw them away, 27.5% burned them and 13.4% randomly
threw them into the environment (7able 11). Similar studies on the subject have found that farmers exhibit different
attitudes and behaviors. Ozkan et al. (2003), 7.45% of farmers burned empty pesticide packages, 21.81% threw
them away, 14.36% buried them in the ground, and 7.45% randomly threw them around; Tiicer et al. (2004), 60.54%
of the producers randomly throw their empty pesticide packages into the environment, 4.98% reuse them for
various purposes, 19% bury them in the ground and 15.48% destroy them by burning; Erturk et al. (2012), 35.6%
of growers buried empty pesticide containers under the ground, 34.6% threw them into the garden/field, and 29.8%
left them in the trash; Akbaba (2010) stated that 61.1% of farmers in the Cukurova region collect empty pesticide
containers in one area and then destroy them by burning them; Karatas and Alaoglu (2011) found that 65.3% of
viticulturalists destroy empty agricultural chemical containers by burning them, 24% hrow them around
haphazardly, and 10.7% put them under the ground; Celik and Karakaya (2017) reported that 50% of apple
producers in Bingdl collected the empty pesticide packages and containers in a suitable area and destroyed them
by burning them, 30% put them in garbage bins and 20% collected them in a corner of the garden. Akar and Tiryaki
(2018) reported that in Antalya province, 8.5% of the producers randomly threw the empty medicine containers
into their surroundings, 55% burned them, 10% put them under the ground, 26.2% put them in bags and put them
in the trash, and 0.3% put them in the trash. He stated that he used it again for different purposes. Kaplan and
Baran (2021) found that in Mardin, 2% of the vineyard producers demolished and reused the pesticide containers
emptied after spraying, 15.6% buried them in the ground, 20% threw them into garbage bins, and 24.3% buried
them somewhere. They stated that they collected and burned them and 38.1% of them threw them around
haphazardly.

Table 11. Producers' knowledge levels regarding the evaluation of empty pesticide containers

What do they do with empty pesticide (fungicide, herbicide and insecticide) containers?  Rate (%)

Wash it for further use 7.5
Bury in the ground -
Put in trash 51.60
Burn 27.50
Randomly throw around 13.40

It was determined that 83% of the olive producers cleaned the spraying equipment after spraying, 12%
sometimes cleaned it and 5% did not clean it (Table 12). Tiicer et al. (2004) While 85.42% of grape producers in
Manisa clean their sprayers after spraying, 14.58% do not; Ertiirk et al. (2012), 69.2% of agricultural producers in
Igdir stated that they washed the sprayer after spraying, 27.9% said they washed it occasionally, and 2.9% did not
wash it; Erdogan et al. (2017), after spraying in almond orchards, 90.3% of the growers cleaned the sprayer, 6.5%
never cleaned it and 3.2% cleaned it occasionally; Kaplan and Baran (2021), 78.3% of grape producers reported
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that they cleaned the sprayer after spraying, 14% reported that they cleaned it occasionally, and 7.7% did not clean
it.

Table 12. Producers’ knowledge levels about cleaning the sprayer after spraying

Do you wash the sprayer after spraying? Rate (%)
Yes 83
Sometimes 12
No 5

It was started that 17.5% of those engaged in olive production applied pesticides by mixing them, 38.5%
occasionally applied them as a mixture, and 44% never used them as a mixture (7able 13). As a matter of fact,
similar to the study by Boyraz et al. (2005) found that 83% of apple growers did not apply pesticides in mixtures,
and 17% did not apply them in mixtures; Peker (2012) stated that 56% of farmers apply pesticides in mixtures,
24% apply pesticides without mixing, and 20% occasionally use pesticides in mixtures; Erdogan and Gékdogan
(2017) reported that 56.1% of farmers use pesticides in mixtures, and 43.9% use pesticides without mixing;
Erdogan et al. (2017), 78.5% of almond growers use pesticides in mixtures, 19.4% occasionally use them in
mixtures, and 2.1% never use them in mixtures; Kaplan and Baran (2021) stated that 56.5% of vineyard producers
use pesticides by mixing them, 16.5% use them by mixing occasionally, and 28% use pesticides without mixing
them at all.

Table 13. Knowledge levels of producers about the mixing and use of pesticides

Do you mix pesticides? Rate (%)
I mix pesticides 17.5
I sometimes mix pesticides 38.5
I never mix pesticides 44

To the question of how farmers producing olives in Mardin store pesticides; It was determined that 72.4% of
the farmers kept it in cool warehouses and shelters, 14.6% in a suitable place in their homes and 13% in medicine
warehouses (Table 14). Peker (2012) reported in a study that 64% of farmers keep pesticides in cool warehouses,
22% in a suitable place in their homes, and 10% in medicine warehouses. Celik and Karakaya (2017) reported that
50% of apple producers keep the pesticides they use in barns, or in a shelter, 35% in a special cupboard and 15%
reported that they store it somewhere in the house. Akar and Tiryaki (2018), 1.3% of farmers in Antalya store
pesticides in a suitable area of their homes, 22% in a private They reported that they kept it in a cabinet, 4% on
shelves in a special room, 5% in barns and animal shelters, 57.7% in their warehouses, 8.2% bought as much as
they would use, and 1.8% reported that they kept it in other places.

Table 14. Knowledge levels of farmers regarding the preservation of pesticides

Where do you preserve pesticides? Rate (%)
Cool warehouse, warehouse, barn etc. in shelters 72.40
In a convenient place in their home 14.60
In drug stores 13

It was reported that 66.2% of the producers applied chemical control, 14.84% applied cultural control, 11%
applied biotechnical control methods and 2.62% did not apply any method (7able 15). It was reported that in Tokat,
which is similar to this conflict, 43.58% of the farmers chose cultural measures, 33.33% mechanical warfare and
23.07% physical warfare instead of chemical warfare (Kadioglu, 2003). 83.3% of farmers use chemical warfare to
combat pests, diseases and weeds (Akar and Tiryaki, 2018); It was reported that 71% of vineyard growers applied
chemical control, 12.9% cultural control, 8% mechanical control, 5% physical control and 3.1% biotechnical
control methods (Kaplan and Baran, 2021).

While 78% of olive producers answered "I agree" to the statements regarding the pesticides they use may be
harmful to human and environmental health and other living organisms, 19% of the producers stated that they did
not know that they were harmful and 3% did not agree that they were harmful (Chart 16). Akbaba (2010), in a
survey conducted in Adana, reported that more than 70% of farmers "fully agreed" with the statement that the
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pesticides they use could harm human and environmental health and other living organisms. Jallow et al. (2017)
stated in their research that 71% of 250 producers stated that the pesticides used were harmful to health and 65%
were harmful to the environment. Akar and Tiryaki (2018) found that 87.5% of growers agreed with the statement
regarding the harmful effects of pesticides in agriculture. While 70% of the producers stated that they completely
agreed with the claims about the harmful effects of pesticides on the environment and other living organisms, they
reported that there were no producers who strongly disagreed with the claims about the harmful effects of
pesticides on the environment and other living organisms.

Table 15. Awareness levels of producers regarding methods of combating diseases, pests and weeds

What control methods do you use against pests, diseases and weeds? Rate (%)
Chemical control 66.20
Cultural control 14.84

Mechanic control -
Physical control -
Biotechnical control 11

Biologic control -
None 7.96
Table 16. Producers' opinions about the negative effects of pesticide use on human and environmental
health

Are pesticides hazardous to human and environmental health?  Rate (%)

I agree 78

I don’t agree 3
I don’t know 19

4. Conclusions

Unconscious and untimely chemical control against harmful organisms in agricultural production areas has
negative effects on human and environmental health. Therefore, in order to prevent these negative situations from
occurring, a survey was conducted with olive producers in Mardin province in order to raise awareness in the
application of plant protection products in olive gardens. When faced with problems related to plant protection and
applications, which have an important place in these areas, the knowledge levels of the relevant producers were
determined, as were who they consulted and what they did to solve the problems, and what they paid attention to in
the selection and application of plant protection products. As a result of the study, it was determined that 66.2% of the
producers resorted to chemical control against existing diseases, pests and weeds in the olive fields, and 63.75% of the
producers consulted the Provincial and District Directorate of Agriculture and Forestry in pesticide selection and
dosage application. They stated that the majority of producers pay attention to the required waiting period between the
last spraying time and the harvest time, since pesticides leave residues on the products. However, they knew that they
definitely agreed with the idea that pesticides would be harmful to human and environmental health and other non-
target living organisms. They stated that they took the necessary protective measures for their own and environmental
health during the spraying and that they took care in cleaning the spraying equipment, storing pesticides and destroying
empty boxes.

As a result, it is extremely important that plant protection activities are designed to reduce the possible negative
effects on the agroecosystem and biological balance in terms of sustainable agricultural production. The fight against
the main diseases and pests in olive groves should be carried out within the framework of integrated pest management;
In cases where chemical control is inevitable, it will be beneficial to use selective pesticides that are relatively safe for
human and environmental health. Thus, if practices that reduce the use of chemical pesticides are preferred, pesticide
residues and pests will be prevented from gaining resistance to pesticides, the natural balance between human and
environmental health as well as living things will be preserved, and there will be a certain level of reduction in the
production costs of the producers.
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Characteristics and Biological Activities of Bioactive Peptides Derived from Bulgur
Waste*

Bulgur Atiklarindan Elde Edilen Biyoaktif Peptitlerin Ozellikleri ve Biyolojik Aktiviteleri

Hema Aso RASHID', Hiiseyin BOZKURT?, Cigdem AYKAC?”
Abstract

Bulgur is one of the ready or semi-ready to eat cereals produced from wheat specifically Triticum durum variety.
Residues of bulgur processing are known as bulgur waste that rich in some food components. Protein is one of
the main components of bulgur that may remain in the wastes. This study was carried out to obtain and
investigate the properties of bioactive peptides of bulgur waste proteins. Protein isolated from bulgur waste was
hydrolyzed enzymatically to bioactive peptides and their potential activity against oxidation stress, microbial
inhibition and hypertension control was determined. The bulgur waste proteins extracted from samples were
hydrolyzed at different time intervals using pepsin, trypsin, chymotrypsin and protease under the optimum
conditions of enzymes and o-phthalaldehyde (OPA) method was used to determine the degree of hydrolyses. The
highest rate of hydrolysis efficiency was observed by protease as 10.08% at 240 min treatment while, the highest
antioxidant capacity was measured with chymotrypsin (526.35% at 240 min) by 2,2'-azino-bis(3-
ethylbenzothiazoline-6-sulphonic acid) (ABTS) and with trypsin (151.93 % at 240 min) by 2,2-diphenyl-1-
picrylhydrazyl (DPPH) methods. Trypsin hydrolysates showed the highest antibacterial activity against
Escherichia coli whereas pepsin hydrolysates exhibited the highest activity against Staphylococcus aureus. It has
been observed that trypsin, chymotrypsin and protease hydrolysates have higher antihypertensive effects than
protease hydrolyzates. The highest antihypertensive effect was obtained with protein hydrolyzate obtained by
hydrolysis with chymotrypsin for 180 minutes. As a result, the novel peptides indicated to offer the selected
biological effects, suitable to use as a food additive for different purposes in industrial applications.
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Oz

Bulgur, bugdayn 6zellikle Triticum durum gesidinden tiretilen, yemeye hazir veya yemeye yar1 hazir tahillardan
biridir. Bulgur isleme sirasinda olusan kalintilar, bazi gida bilesenleri agisindan zengin bir igerigi sahip olup
bulgur atig1 olarak bilinmektedir. Protein, bulgur islemi sonrasi atiklarda yer alan ana bilesenlerden biridir. Bu
calisma bulgur iretimi sonrast olusan bulgur ati@i proteinlerinden biyoaktif peptitlerin elde edilmesi ve
ozelliklerinin arastirilmast amaciyla yapilmistir. Bulgur atiklarindan izole edilen protein, enzimatik olarak
biyoaktif peptitlere hidroliz edildi. Ayni1 zamanda bulgur atiklarindan izole edilmis ve hidroliz edilen proteinin
oksidasyon stresine, mikrobiyal inhibisyona ve hipertansiyon kontroliine karsi potansiyel aktiviteleri belirlendi.
[k olarak bulgur atig1 proteinleri ekstrakte edilmis ve ardindan enzimlerin kendilerine &zgii optimum kosullart
altinda pepsin, trypsin, kimotripsin ve proteaz kullanilarak farkli zaman araliklarinda hidrolize edilmistir. Bulgur
at1g1 proteinlerinin enzimatik hidroliz derecesinin belirlenmesinde o-ftalaldehit (OPA) yontemi kullanilmigtir. En
yiiksek hidroliz etkinligi 240 dk muamelesinde %10,08 ile proteaz ile gozlenirken, en yiiksek antioksidan
kapasite 2,2'-azino-bis(3-etilbenzotiazolin-6-siilfonik asit) (ABTS) yontemi ile kimotripsin (240 dk'da %526,35)
ve 2,2-difenil-1-pikrilhidrazil (DPPH) yontemi ile de trypsin (240 dakikada %151.93) olarak olgiilmiistiir.
Enzimatik hidrolizle elde edilen protein hidrolizatlarmin antimikrobiyal etkisine bakildiginda, Tripsin
hidrolizatlar1 Escherichia coli'ye karsi en yiiksek antibakteriyel aktiviteyi gosterirken, pepsin hidrolizatlar
Staphylococcus aureus'a karsi en yiiksek aktiviteyi gosterdi. Tripsin, kimotripsin ve proteaz hidrolizatlarinin
antihipertansif etkilerinin proteaz hidrolizatlarina gore daha yiiksek oldugu gorilmistir. En yiiksek
antihipertansif etki, kimotripsin ile 180 dakika boyunca hidroliz yoluyla elde edilen protein hidrolizat: ile elde
edildi. Sonug olarak, yeni peptitlerin, endiistriyel uygulamalarda farkli amaglarla gida katki maddesi olarak
kullanilmaya uygun, farkli biyoaktif ozelliklere sahip, amaca yonelik secilmis biyolojik etkiler sundugu
belirlendi.

Anahtar Kelimeler: Bulgur ati181, Biyoaktif peptitler, Antioksidan aktivite, Antimikrobiyal aktivite, Antihipertansif aktivite
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1. Introduction

For hundred years ago the relationship between health and nutrition are familiar to popularity which
environmentally long-life term or healthy life instantaneously impacted by nutrition (Kussmann et al., 2010).
Proteins are fundamental food macromolecules that accessible in all living cells which offer valuable nutrition as
a source of essential amino acids and energy either from animal or plant sources. Collected proteins from the
plant sources are preferable for human consumption and promoting health because contains absolute bioactive
and medicinal compounds when compared to animal proteins (Sarmadi and Ismail, 2010). Food protein and
peptides have unique biological activities and this feature offers high nutritional value to foods containing
significant amount of protein (Hartmann and Meisel, 2007; Moller et al., 2008). In the last decades, researchers
interested in an inactive or encrypted substance in the peptide’s residue known as bioactive peptides. These
peptides identified as a food component that influence ultimately on human health specifically that are a
fragment of the protein that has a favorable effect on body condition and function (Kitts and Weiler, 2003). The
biologically active peptides are inert in a latent state within the protein sequence provide numerous different
health benefits. The structure and composition of these short chains of peptides residue regulate the activity of
the bioactive peptides that generally consists of 2-20 amino acids (Erdmann et al., 2008). Within the positive
physiological influences of the bioactive peptides abbreviated in antioxidative, antihypertensive, antimicrobial,
opioid agonistic, prebiotic, mineral binding, immunomodulatory, antithrombotic and hypo-cholesterolemic
activities. The peptides chain that provides the mentioned functionalities released from the protein sequence to
obtain the active form of it.

Bioactive peptides are a certain protein fraction that except it is ordinary appropriate nutrition benefits
demonstrate pharmacological features in the human body (Hartmann and Meisel, 2007). These beneficial health
effects show a wide range of physiological effects including antioxidant, antihypertensive and antimicrobial
activities. The valuable health effects of antioxidants performed as a body protector against the reactive oxygen
species (ROS) molecules. Many studies demonstrated that the antioxidant peptides usually have 5-16 amino acid
fractions. And their composition, hydrophobicity and structure associate with the diverse levels of functionality
(Saadi et al., 2015). The principle of the antioxidants actions is prevention of oxidative reactions by scavenging
free radicals (You et al., 2009; Demirci et al., 2021; Tahmaz et al., 2022). Therefore, antioxidants are vital
biological molecules to block oxidations by free radicals and protect health system. Biologically active peptides
in protein sequence may show higher activity even than the parent protein. The angiotensin-converting enzyme
(ACE) inhibitors have a crucial role in promoting health and regulating blood pressure. Diets that are rich in
bioactive peptides pretended to cure hypertension in the first stages in other word heal pre-hypertensive (Pins
and Keenan, 2006; Fluegel et al., 2010). Peptides performed high capability in food to inhibit ACE activity from
this point of view the peptides known as antihypertensive peptides utilized to prevent or handling hypertension
(Udenigwe and Aluko, 2012). These peptides are apart in destroying a number of microorganisms such as
bacteria and fungi, too. One of the most natural and crucial portions of the immunity is the availability of
antimicrobial peptides on the surface of internal organs especially small intestine and lungs incessantly exhibited
a number of possible pathogens (Douglas et al., 2001). Prevention and manage to spread of diseases in the body
by bioactive peptides that behave like an antimicrobial agent and react with the hosts or by promoting definite
response of the immune system in these two forms perform the mechanism of action (Hancock and Sahl, 2006).

Cereal grains are essential in human diet. They are used for different purposes such as energy supply, as well
as contributing to the nutrition of animals. Cereal protein described as a precious source of biologically active
peptides. Particularly, bulgur is produced from Triticum durum wheat variety beside the desirable taste it has
many health benefits. Bulgur production especially in the milling processes generates a quantity of waste like
wheat germ and wheat bran, besides the main product. Wheat germ contains protein, dietary fiber, minerals and
precious amount of vitamin E and B group vitamins (Amado and Arrigoni, 1992). Also, wheat bran is a rich
source of fiber, B vitamin groups and minerals (Preuckler et al., 2014).

This article explains the current knowledge about bioactive peptides. It was carried out (1) to obtain bioactive
peptides from bulgur waste products by hydrolysis with different enzymes, (2) to determine the biological
activities of obtained bioactive peptides and (3) to reveal the reuse capability of by-products from wheat
industries.
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2. Materials and Methods
2.1. Materials

The waste of bulgur was supplied from a factory in Gaziantep, Tiirkiye. Enzymes used in this study were trypsin
from porcine pancreases (1 BAEE Unit of Trypsin activity will produce 0.001 absorbance increase per minute at 253
nm, BAEE is Benzyl L-arginine ethyl ester), pepsin from porcine gastric mucosa (1 Unit will produce 0.001
absorbance increase per minute at 280 nm), a-chymotrypsin from bovine pancreas (1 Unit will hydrolyze 1umole
BTEE per minute at pH 7.8 and 25°C, BTEE is N-Benzoyl-L-tyrosine ethyl ester) and protease from Bacillus
specious (1 Unit of protease is the amount of enzyme needed to produce 1 mg of tyrosine per minute at 660 nm).
Sodium hydroxide (NaOH), Potassium sulfate (K2SO4), Cuppersulfate (CuSOs), sulfuric acid (H2SO4), hydrochloric
acid (HCI), Tris(hydroxymethyl)aminomethane (Tris), tri-sodium citrate dehydrate, o-phthalaldehyde (OPA), 2,2'-
azino-bis(3- ethylbenzothiazoline-6-sulphonic acid) (ABTS), potassium persulphate, 2,2-diphenyl-1-picrylhydrazyl
(DPPH), ethanol, Angiotensin Converting Enzyme from rabbit lung (ACE), N-Hippuryl-His-Leu hydrate — powder
were purchased from Sigma-Aldrich Company (USA).

2.2. Determination of Bulgur Waste Characteristics

Moisture, ash, fat and protein contents of wastes of bulgur were determined according to the AOAC (1990) with
at least duplicate runs. Moisture content was determined by heating at 105°C in oven until constant weight was
obtained. Protein content was determined by Kjeldahl method with digestion (400°C for 40 min), distillation (FOSS,
2200 Hoganas, Sweden) and titration steps (nitrogen factor 5.7). Ash content was determined by burning the sample
at 550°C up to constant weight. Fat content was determined by Soxhelet (Gerhardt, SE-416, Germany) extraction
method.

2.3. Extraction of Bulgur Waste Protein

The accessible quantity of protein from the wastes of bulgur was extracted by alkali solution treated by 0.1N
NaOH and the sample to solvent ratio was (1:10 w/v). The sample was stirred within the buffer for two hours and
then centrifuged at 10000 rpm (Eppendorf centrifuge 5810R) for 20 minutes at the room temperature. The extracted
protein was concentrated by freeze dryer (CHRIST ALPHA 1-4 LD Plus, Germany) and kept in -18°C until next use.

2.4. Enzymatic Hydrolysis of Bulgur Waste Protein

The extracted and concentrated protein was subjected to enzymatic hydrolysis by use of 1 mL of protein mixture
diluted in 1 mL deionized water with proteolytic enzymes. Protein hydrolysis was performed about 4 hours in
shaking incubator (INNOVA 40, New Brunswick, New Jersey, USA) using 3 units of trypsin (by use of sodium
citrate buffer at pH 2 and at 37°C), chymotrypsin (using Tris buffer at pH 8 and at 37°C), pepsin (using Tris buffer at
pH 8 and at 37°C) or protease (using Tris buffer at pH 8 and at 50°C) enzymes. These mentioned hydrolysis
conditions were regulated according to the optimum conditions. Enzymatic hydrolysis reaction was terminated by
heating at 95°C for 20 min, followed by cooling to room temperature in an ice bath. Then the hydrolysates were
centrifuged at 6000 rpm for 15 min and the collected supernatant was stored at -18°C until use.

2.5. Degree of Hydrolyses

The degree of hydrolysis was determined by using OPA method (Spellman et al., 2003). About 3 mL deionized
water was mixed with 75 pul OPA reagent and 10 pl of sample and shaked about 5 seconds then after two minutes the
absorbance was read at 340 nm. The degree of hydrolysis was calculated by Equation 1:

DH (%) = ((ABSx1934xd))/c (Eq. 1)
where ABS is the absorbance of samples, d is the dilution factor, and c the protein content of the sample (g/L).
2.6. Antimicrobial Activity of Hydrolyzed Peptides

Escherichia coli (25322 ATCC) and Staphylococcus aureus (25923 ATCC) were used to determine the
antimicrobial properties of peptides against Gram-negative and Gram-positive bacterial species. These
microorganisms were retained on nutrient agar plate and recovered by sub-culturing in nutrient broth for 24 hours.
About 0.1 mL stock solution of each microorganism was inoculated on plate count agar. The sterile paper discs, lcm
diameter, were prepared and dipped into the hydrolyzed samples for around one minute then semi-dried in room
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temperature. Semi-dry paper discs were stabilized on the plate count agar that contain microorganisms and incubated
for 48 hours at 37°C to verify inhibition zone diameter (mm).

2.7. Antioxidant Activity of Hydrolyzed Peptides

It is necessary to combine more than one method to evaluate the antioxidant activity of foodstuffs (Nuutila et al.,
2003; Georgetti et al., 2006). Antioxidant activities of the hydrolyzed peptides were determined by the methods of
DPPH and ABTS radical scavenging activity.

2.7.1. DPPH Radical Scavenging Activity

The antioxidant activity of the hydrolyzed peptides was determined by use of DPPH free radical scavenging
activity illustrated by Yang et al. (2008). DPPH radical stock solution, 0.1 mM, was prepared in 95% ethanol. Two
milliliters of stock solution was mixed well with two milliliter of each sample and kept at room temperature for 30
minutes in the dark place. Absorbance values of the samples were read at 517 nm by UV visible spectrophotometer
(OPTIMA SP-3000nano, Tokyo, Japan). Absorbance value of control was obtained through use of ethanol and
DPPH without the sample. DPPH radical scavenging activity was calculated by Equation 2.

DPPH radical scavenging activity % = [1 — (Absorbance of sample)/(Absorbance of control )] X
100 (Eq.2)

2.7.2. ABTS Radical Scavenging Activity

ABTS radical scavenging activity was measured according to the method described by Re et al. (1999) with some
modifications. ABTS stock solution was prepared by mixing 7 mM ABTS and 2.45 mM potassium persulfate at a
ratio of 1:1 and it was left in dark place at room temperature for 12-16 hours. Before analysis, the mixture was
diluted with 10 mM phosphate buffered saline solution at pH 7.4 to adjust the absorbance at 0.8+0.1 at 734nm. After
these modifications 1 mL of the hydrolyzed sample was mixed with 1 mL of diluted ABTS stock solution. Mixture
was rested for 10 min at room temperature and the absorbance was measured by UV visible spectrophotometer
(OPTIMA, SP-3000nano, Tokyo, Japan) at 734 nm. ABTS scavenging activity was then calculated by the Equation
3:

ABTS scavenging activity (%) = (Absorbance of control — Absorbance of sample)/
(Absorbance of control ) x 100 (Eq. 3)

where, absorbance of the control determined through replacing the sample by 1 mL deionized water.
2.8. Antihypertensive Activity of Hydrolyzed Peptides

The antihypertensive activity was measured by a modified method as described by Cushman and Cheung (1971).
About 40 puL of sample was added to a mixture of buffered substrate solution that containing 100 pL of borate buffer
pH 8.3 contains 300 mM NaCl and 6 mM hippurylhistidyl-leucine (HHL). The reaction was started by the addition
of 20 uL of ACE solution (0.1 U/mL) incubated at 37°C for 45 minutes. The reaction was stopped by adding 200 puL
of IM HCI. Then, 1.5 mL of ethyl acetate was added to separate the released hippuric acid and centrifuged at 2500
rpm for 10 minutes. About 1 mL of the supernatant was transferred into a test tube and removing of the ethyl acetate
was achieved by vacuum evaporate at 60°C for 60 minutes. The remaining sample was dissolved in 2 mL deionized
water and the absorbance was determined at 228 nm using spectrophotometer. The inhibition activity was calculated
by Equation 4:

ACE inhibitory activity % = [(Aa — A)/(Aa — Ab)] » 100 (Eq. 4)

where, Aa is the absorbance of the replaced sample by borate buffer, Ab is the absorbance of the replaced sample and
ACE by borate buffer, and A is the absorbance of sample, ACE and HHL.

2.9. Statistical Analysis

Oneway of analysis of variances (ANOVA) was applied by SPSS (19) to indicate the significance difference
between time of hydrolysis and type of enzyme at o = 0.05 level. Duncan’s multiple range tests was also carried out
to determine difference between studied groups. Time of hydrolysis and type of enzyme has been used as an
independent parameter. They compared with one way ANOVA using degree of hydrolysis, DPPH, ABTS, ACE and
inhibition of Staphylococcus aureus and Escherichia coli.
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3. Results and Discussion

The bulgur waste contains both bran and flour which remains from the wheat. These residues can contain varying
amounts of moisture, which may vary according to the manufacturing processes. The moisture content of the bulgur
waste samples was found to be 12.15%, while the whole bulgur samples had 11.21 % of moisture similar to that
reported in Tacer Caba et al. (2011).

The amount of ash in the waste of bulgur was 3.55 % (d.b) whereas the whole bulgur contains only 0.92 % (d.b).
Large variations in the ash content of the main product and waste components have been reported previously (Tacer
Caba et al, 2011).

The quantity of fat of the bulgur waste was found to be 4.58 % while the whole bulgur samples had 1.20%. The
high fat content of bulgur waste could be due to the presence of the main oil-containing part, germ, in the waste.

The main component turned to the bioactive peptides is the protein. The protein content of bulgur waste was
determined by Kjeldahl method as 2.92 % (d.b). Whereas, the amount of protein in the whole bulgur sample was
16.34 % according to the dry base matter. At the same time, the protein content in the whole bulgur reported by
Ozboy and Koksel (1998) was varied from 11.5% to 16.6% (d.b). The bulgur waste components were similar to
whole bulgur from wheat sources that contain fat, carbohydrate, minerals and protein. Changes in the moisture, ash,
oil and protein contents of the wastes and whole bulgur may have resulted from the distribution of the components.

3.1. Degree of Hydrolysis

Identifying the degree of hydrolysis is one of the main popular guides to define the functional characteristics of
the cleaved peptide bonds from the hydrolyzed proteins (Kristinsson and Rasco, 2000). The enzymes specificity
shows effectiveness on the hydrolysis processes such as pepsin cleaves peptide bonds of protein from carboxylic
sides of glutamic acid, tryptophan, phenylalanine, leucine and tyrosine (Lin et al., 2012).

Bulgur waste protein was hydrolyzed for 4 h under the optimum conditions of enzymes including pepsin, trypsin,
chymotrypsin and protease. The degree of hydrolysis was determined by the OPA method (7able I). OPA method
illustrates the enzymes ability to generate smaller peptides and display the activity of the biological peptides. When
pepsin was used, the degree of hydrolysis decreased after 120 min with time, the hydrolysis was the highest at 120
min. The hydrolysis of wheat by pepsin enzymes was reported by Nagy et al. (2009) that increasing time increased
the degree of hydrolysis within entire 120 minutes as parallel to our results. Trypsin usually cleaves primary amino
acids of the lysine and arginine (Salami et al., 2008). Degree of hydrolysis was not affected (P>0.05) by hydrolysis
time when trypsin was used.

Mainly breakage of the long polypeptides to smaller peptides by chymotrypsin start by the availability of lateral
chains as phenylalanine, leucine, tryptophan and tyrosine at C-terminal of hydrophobic or aromatic amino acids
(Salami et al., 2008). Various enzymes attack to different the amino acids sequence of protein or peptides in the
structure of bulgur waste that resulted in different degree of hydrolysis and products. The degree of hydrolysis of
bulgur waste proteins with chymotrypsin increased significantly (P<0.05) with time during 4 h incubation. The
extraction of protein from the main source, the sort of utilized enzymes for hydrolysis, the available amount of
peptides in desirable concentration and the degree of hydrolysis may affect the activity of every single peptide (Wang
etal., 2010).

The protease enzyme was also used in the hydrolysis of bulgur waste proteins. Protease had significant effect
(P<0.05) on the rate of proteolysis. The degree of hydrolysis increased gradually (P<0.05) with time (7able I).
Protease cleaves peptide bonds on aromatic amino acids of leucine, phenylalanine, tyrosine and tryptophan (Rao et
al., 1998). The notable proficiencies of protease examined by previous studies to provide high proportions of
hydrolysis rate in protein especially for legume proteins (Yust et al., 2003; Li et al., 2005). The great activity may
regard to the ability to hydrolyze the denatured proteins by the side of original protein, the suitable range of pH and
temperature, the specificity of the substrate and stability versus auto-proteolysis alongside with the other general
difficulties for of each proteases (Baldyga and Bourne, 1999).

When the effects of four enzymes were compared with respect to degree of hydrolysis, it can be said that degree
of hydrolysis increased with time when pepsin, trypsin, chymotrypsin and protease were used.
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Table 1. Degree of hydrolysis, DPPH, ABTS and ACE activity of bulgur waste hydrolysate obtained by
treatment of different proteolytic enzymes

Time
Pepsin Trypsin Chymotrypsin Protease
(min) p Yp y Yp
60 1.85 +0.09bA 7.52 +£0.3828 1.42 +0.0724 7.10 £0.35%B
Degree of 120 2.13+0.11¢A 7.24 +0.36% 3.83+£0.19%8 8.80 + 0.44%C
Hydrolysis (%) 180 1.42 +£0.0724 7.81 £ 0.392C 4.26+0.21°B 9.79 + 0.49<D
240 1.28 + 0.06*A 7.24 £ 0.36*C 3.99 +0.198 10.08+ 0.40¢P
. 60 83.98 +4.20%A 146.41 + 7.3228 141.16 + 7.062B 121.27 + 6.06%¢
DPPH radical
. 120 78.73 +£3.94%4 145.86 + 7.29%8 145.86 + 7.292B 138.95 + 6.95B
Scavenglng abA aB aC cB
activity (%) 180 91.44 +£4.57 146.41 +7.32 130.66 £ 6.53 144.48 £ 7.22
240 109.12 + 5.46%A 151.93 + 7.60%8 139.78 + 6.992C 133.70 + 6.69°€
ABTS 60 258.79 + 12.944A 405.73 +20.29B 443.01 £22.158 379.01 + 18.95%€
. 120 346.51 + 17.33b%4 403.53 £20.18*4B  477.00 + 23.85%B 44935 +22.47%B
scavengin,
t.V . g(o/g) 180 35419+ 17.71bA 409.02 +20.45B 487.97 + 24.40°C 412.61 +20.6328B
activity (%o 240 387.08 £ 19.35%A 39828+ 19.46% 5263526328  486.10+2431B
60 8.71 + 0.442bA 20.43 + 1.02%B 21.14 + 1.062B 21.00 £+ 1.05%B
ACE
. 120 8.57 £ 0.438bA 17.57 £ 0.882B 17.57 £0.37%B 23.43 +(.172€
lnhlbltory bcA cB cB aC
tivit (‘V) 180 9.29 + 0.46 27.86 +£0.39 2829+ 141 22.29+0.11
ac y o 240 10.86+ 0.54<A 2414+ 1.21<B 16.14 + 0.80°C 24.00+ 0.35%8

* Small letters show significant difference of time on degree of hydrolysis by one way ANOVA at a = 0.05 level. Capital letters (A, B, C and
D) show significant difference among pepsin, trypsin, chymotrypsin and protease enzymes at each time on degree of hydrolysis at & = 0.05
level.

3.2. Antioxidant Activity of Hydrolyzed Peptides
3.2.1. DPPH Radical Scavenging Activity

Several positive effects can occur during or after enzymatic hydrolysis such as improvement of radical
scavenging activity which directly related to antioxidant activity of hydrolyses (Aleman et al., 2011). The
primary consideration that related directly to the rate of antioxidant activity is the type of enzymes utilized in
hydrolysis. The DPPH activity of the bulgur waste hydrolysate obtained with different hydrolysis times, by
trypsin and chymotrypsin were non-significant (P>0.05). However, pepsin and protease showed a significantly
positive ability to produce an anti-oxidative peptide during the hydrolysis period (P<0.05) (Table 1). Winata and
Lorenz (1996) found that the addition of protein isolates to milk was enhanced the antioxidant activity of milk.

3.2.2. ABTS Radical Scavenging Activity

The use of enzymes for hydrolysis resulted in the formation of different peptides having various antioxidant
activities, as given in Table 1. Such as, chymotrypsin exhibited the most significant (P<0.05) increase on the
formation of bioactive peptides leading to have high ABTS activity. These outcomes may be due to the
capability of chymotrypsin to cleave peptides only at the C-terminal of leucine, tryptophan, phenylalanine, and
tyrosine of hydrophobic or aromatic amino acids. The type and amount of free amino acids, the types of enzymes
and the solubility of the hydrolysate affect the formation of the bioactive peptide that scavenge ABTS radicals
(Phanturat et al., 2010).

>

3.3. Antihypertensive Activity

Angiotensin-I converting enzyme (ACE) take a part in adjustment of human blood pressure (Raghavan and
Kristinsson, 2009). The presence of hydrophobic amino acids in the C-terminal side particularly proline,
phenylalanine, tryptophan and tyrosine have a great impact on the ACE inhibitory activity (Haque and Chand,
2008). Besides, the availability of isoleucine and valine at the N-terminal provide a positive influence on the
ACE inhibitory activity. Table I summarizes the changes in ACE inhibitory activity of the hydrolysates.
Bioactive peptides produced from pepsin, protease, trypsin and chymotrypsin hydrolysis had significant (P<0.05)
effect on the formation of antihypertensive active peptides.
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3.4. Antimicrobial Activity of Hydrolyzed Peptides

The antimicrobial activities have been demonstrated to exhibit the protein fractions ability to inhibit growth
of microorganisms. The four diverse enzymes break down the protein fractions into smaller peptides. The entire
hydrolyzed samples examined against Gram positive bacteria (Staphylococcus aureus) and Gram negative
bacteria (Escherichia coli) by evaluating the growth inhibition zone (mm) of each portion.

The protein hydrolysates showed antimicrobial activity on both Escherichia coli, and Staphylococcus aureus.
Table 2 shows the effects of each protein hydrolysates on the Escherichia coli and Staphylococcus aureus by the
extent of inhibition zone with increasing hydrolysis time. The least antimicrobial effect against Escherichia coli
was observed in peptides obtained by hydrolysis of pepsin and chymotrypsin while the highest effect was
observed in peptides obtained as a result of hydrolysis with trypsin for 240 minutes. Bulgur waste protein
hydrolysates were found to be more effective against Staphylococcus aureus than that of Escherichia coli (Table
2). All of the hydrolysates obtained from proteolysis of bulgur waste protein by trypsin, chymotrypsin, pepsin
and protease showed antimicrobial effect against Staphylococcus aureus. The most effective one was the
hydrolysate obtained as a result of hydrolysis with pepsin for 60-180 minutes. Bueno-Gavila et al (2019)
reported that the antimicrobial hydrolysate obtained from bovine casein had the highest antimicrobial activity
against Enterococcus faecalis. The enrichment of milk with antimicrobial peptides was significantly reduced the
bacterial load level to an acceptable level (Sivakumar and Dhanalakshmi, 2016).

Table 2. Effect of bioactive peptides obtained from bulgur waste by treatment of different proteolytic enzymes
on Staphylococcus aureus and Escherichia coli with increasing hydrolysis time*

Tn.ne Pepsin Trypsin Chymotrypsin Protease
(min)
E. coli S aureus E. coli S. aureus E. coli S. aureus E. coli S. aureus
60 + o+ + ++ + + ++ ot
120 + o+ ++ +++ + +++ + ++
180 + R ++ A+t + A+t ++ ++
240 ++ ++ +++ ++ + ++ + ++

*+ less effective, ++ moderate effective, +++ effective, ++++ high effective

4. Conclusions

In this study, the waste of bulgur analyzed to discover available amounts of protein especially bioactive peptides.
The moisture, ash, fat and protein contents of the bulgur waste were found as 12.15%, 3.55 %, 4.58 % and 2.92 %,
respectively. Bioactive peptides were obtained by hydrolyzing of bulgur waste with proteolytic enzymes pepsin,
trypsin, chymotrypsin and protease. The highest rate of hydrolysis was found by use of trypsin and protease.
Increasing hydrolysis time increased degree of hydrolysis when protease was used. Bioactive peptides provided by
trypsin hydrolysis can easily inhibit Gram negative bacteria, Escherichia coli. All of the bulgur waste protein
hydrolysates obtained by trypsin, chymotrypsin, pepsin and protease hydrolysis showed antimicrobial activity against
Staphylococcus aureus. It was found that all bioactive peptides have ABTS scavenging activity and the highest
activity belongs to the peptides obtained by chymotrypsin hydrolysis. The higher DPPH activity of the bulgur waste
hydrolysate obtained by trypsin and chymotrypsin than that of other proteolytic enzymes (P<0.05). Antihypertensive
activity of the pepsin, trypsin and chymotrypsin increased versus with time. As a result, the bioactive peptides can be
produced to offer the selected biological effects, suitable to use as a food additives for industrial applications.
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Genetic Diversity of Tobacco Mosaic Virus (TMYV) Isolates from Tobacco Growing
Fields of Western Anatolia, Tiirkiye

Bat1 Anadolu Bolgesi Tiitiin Uretim Alanlarindan Elde Edilen Tiitiin Mozaik Viriisii (TMV)
Izolatlarinin Genetik Cesitliligi

Filiz RANDA ZELYUT‘*, Ali KARANFiLz, Savas KORKMAZ?
Abstract

Tobacco mosaic virus (TMV) is an important plant virus in agriculture. It is the first evidence of the existence of
viruses in history. Studies on the genetic diversity of the CP gene of TMV, which plays a leading role in host
interaction, are limited both in our country and worldwide. Genetic diversity analyses were conducted on ten
isolates of the full CP gene region of TMV obtained from the most intensive tobacco cultivation areas in Tiirkiye,
and compared with global isolates. TMV infection was detected in 32 out of 300 plants collected from the Aegean
and Marmara regions (Canakkale, Balikesir, izmir, Manisa, Usak, Aydin and Denizli) between 2019 and 2020
using conventional molecular techniques. To genetically characterize the virus, 10 samples were selected from
each region, and the complete CP gene region sequences were determined. The aligned CP gene region sequences
of TMV from Tiirkiye and its global isolates exhibited nucleotide homology ratios ranging from 87.7% to 100%,
with amino acid ratios ranging from 88.7% to 100%. The Tiirkiye isolates displayed similarity rates of 98.5% to
100% at the nucleotide level and 98.7% and 100% at the amino acid level. In phylogenetic analysis, the 196 known
isolates of TMV registered in GenBank, belonging to the CP gene region, were divided into two main clades (I
and II) and two subclades (Ia and Ib). Tiirkiye isolates were clustered in the major branch with the main clade I
and subclade Ia isolates. Therefore, genetic analyses were performed on the CP gene region isolates obtained from
different parts of the world and a wide range of hosts, including the isolates obtained from Tiirkiye. The results
showed high genetic stability, similar to many tobamoviruses.

Keywords: TMV, Tobacco, RT-PCR, Phylogenetic analyses, Genetic diversity
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Oz

Tiitiin mozaik viriisii (TMV), tarimda yaygin olarak goriilen dnemli bir bitki viriistidiir. Tarihte viriislerin varliginin
ilk kanitidir. Konake1 etkilesiminde dncii rol oynayan TMV' nin CP geninin genetik ¢esitliligine iliskin ¢caligmalar
hem {ilkemizde hem de diinyada smirlidir. Bu ¢alisma kapsaminda, iilkemizin en yogun tiitiin iiretimi yapilan
bolgelerinden elde edilen 10 TMV izolat1 ile gen bankasinda bulunan kiiresel varyantlarin genetik cesitlilik
analizleri yapilmas1 gerceklestirilmistir. Ege ve Marmara bdlgelerinden (Canakkale, Balikesir, izmir, Manisa,
Usak, Aydin and Denizli) 2019-2020 yillar1 arasinda toplanan 300 bitkiden 32'sinde konvansiyonel molekiiler
teknikler kullanilarak TMV enfeksiyonu tespit edilmistir. Genetik karakterizasyon i¢in her bdlgeyi temsil edecek
sekilde 10 TMV izolat1 segilerek CP gen bdlgesine ait niikleotid dizilimlerinin tamami elde edilmistir. Tiirk ve
global TMV izolatlarinin CP gen bdlgesi dizilerinin ¢oklu dizi analizleri sonucunda niikleotid benzerlik
oranlart %87.7 ile 100 arasinda, amino asit benzerlik oranlarmin ise %88.7 ile 100 arasinda degisen degerler
gosterdigi belirlenmistir. Tiirk izolatlariin kendi i¢lerinde ise niikleotit diizeyinde %98.5 ile 100, amino asit
diizeyinde ise %98.7 ile 100 arasinda benzerlik oranlar1 gosterdigi goriilmiistiir. Gen bankasinda kayitli tiim bilinen
TMV izolatlarinin (n=196) CP gen bdlgesine gore gergeklestirilen filogenetik analizleri sonucunda iki ana gruba
(I ve II) ve bunlardan da birincisinin de iki alt gruba (Ia ve Ib) ayrildig1 belirlenmistir. Tiirk izolatlarinin Ia alt
grubu i¢inde I ana grubuna ait oldugu goriilmiistiir. Bu analizler ile diinyanin farkli cografyalarindan ve genis bir
konukgu yelpazesinden elde edilen izolatlarin yani sira Tiirkiye'den elde edilen izolatlarin da CP gen bélgesine
gore genetik analizleri gergeklestirilmistir. Gergeklestirilen bu ¢alismalarin sonucunda; birgok tobamovirus’larda
oldugu gibi TMV’nin de yiiksek genetik kararlilik gosterdigi belirlenmistir.

Anahtar Kelimeler: TMV, Tiitiin, RT-PCR, Filogenetik analiz, Genetik ¢esitlilik

99



Randa Zelyiit & Karanfil & Korkmaz
Genetic Diversity of Tobacco Mosaic Virus (TMV) Isolates from Tobacco Growing Fields of Western Anatolia, Tiirkiye

1. Introduction

Tiirkiye has a long-standing tradition of cultivating tobacco (Nicotiana tabacum), a crop that rapidly spread in
the New World and has been one of the significant agricultural products produced for many years (Giil et al., 2009).
The tobacco, which has adapted significantly to temperate climate conditions, is primarily cultivated in the
Marmara and Aegean regions of Tiirkiye, accounting for approximately 90% of its production (TURKSTAT,
2023). Globally, recognized as Turkish or Oriental tobacco in the world market, due to its distinctive aroma.

Tobacco plants are susceptible to various phytopathogens, including viruses, which can negatively impact the
quality and quantity of the plant’s leaves. It is important to note that viruses cannot be effectively controlled
through direct means. The global spread of both established and newly developed tobamoviruses has significantly
affected the production of various crops (Smith and Dombrovsky, 2020). Among these tobamoviruses, tomato
brown rugose fruit tobamovirus (ToBRFV) has recently caused a significant reduction in the production of
Solanaceae plants (Luria et al., 2017). On the other hand, infections caused by the tobacco mosaic tobamovirus
(TMV) pathogen, one of the oldest known viruses and a pioneer in the field of virology, continue to be common
in growing areas (Gibbs, 1999).

The genome of TMYV is a single-stranded positive-polarity RNA molecule, termed (+) ssRNA, and has a
compact size of 6.4 kilobases (kb) in length (Goelet, 1982). One feature that distinguishes TMV within the
Virgaviridae family is its undivided genome structure, a characteristic not shared by other genera in the family
(King et al., 2012). Virions are typically about 300-310 nm in length and 18 nm in diameter (King et al., 2012).
Studies of TMV strains have revealed a complex genome consisting of at least three non-structural proteins (P183,
P126 replication proteins and the 30 kD MP movement protein), a 54 kD protein of unknown function and the coat
protein (17.6 kD-CP coat protein) (Okada, 1999; Zaitlin, 1999). These genomic features play a major role in the
life cycle of TMV and its interactions with host plants and are the subject of ongoing virology research.

TMV is transmitted mechanically through contaminated tools or hands, and it also spreads systemically through
plant vascular tissues, causing widespread infection (Sacristan et al., 2011). The virus’s stable particle structures
are widely believed to be the reason for the difficulty in controlling TMV in tobacco cultivation fields (Alonso et
al., 2013). On the other hand, research has shown that both tobacco mild green mosaic virus (TMGMV) and TMV
exhibit limited genetic diversity. This suggests that the viruses can infect new hosts without undergoing significant
adaptive evolution, regardless of their habitat or host plant taxonomy (Zamfir et al., 2023). However, there is
currently no comprehensive study on the genetic diversity of TMV in our country. This study aimed to determine
the incidence of TMV in Western Anatolia, which is one of Tiirkiye’s most intensive tobacco cultivation areas.
Additionally, we conducted a molecular evolutionary characterization of its structural gene, the coat protein (CP
gene).

2. Materials and Methods
2.1. Virus sources

Field studies were carried out within the scope of the TUBITAK project (1190625), which aims to determine the
genetic diversity of TMV. The studies were carried out in tobacco production areas in Tiirkiye’s Marmara and Aegean
regions between 2019 and 2020. A total of 7 provinces were in the study: Canakkale, Balikesir, {zmir, Manisa, Usak,
Aydm, and Denizli. Samples were taken from plants showing virus and virus-like symptoms in randomly selected
sampling areas.

2.2. Molecular assay

TMV was identified at the species level using reverse transcription polymerase chain reaction (RT-PCR)
methods. The CTAB method with minor modifications, as previously detailed by Li et al. (2008), was used to
extract total nucleic acid (TNA) from plant leaves. the cDNA Synthesis Kit (Takara, Japan) was used to generate
complementary DNA (cDNA) libraries from the extracted TNA, along with a random hexamer primer (5'—
NNNNNN-3"). The cDNA libraries were used in amplification procedures with the 2X Emerald PCR Master Mix
(Takara, Japan) and gene-specific primer pairs Forward (5’-AGTGATGTCCGTAAAGGGA-3’) and Reverse (5°-
CGTTATCGTACGYACCACG-3’) (Karanfil et al., 2023). The outcomes were validated through agarose gel
electrophoresis stained with 1.5% Ethidium Bromide (EtBr) and visualized using a UV imager.
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2.3. Sequencing studies and phylogenetic inference

To determine the nucleotide sequences of TMV isolates within the CP gene regions, we employed the PCR
products resulting from the amplification studies. These products were cloned using the T-A cloning kit from
Promega (USA) and underwent bidirectional sequencing through the Sanger sequencing method using the M13F-
R universal primer pair for each gene region. The raw sequence data obtained were subsequently assembled using
the CLC Main Workbench V.20.3 software. To classify the complete CP gene region of TMV objectively, we
determined genetic similarity ratios between sequence pairs using the Sequence Demarcation Tool Version 1.2
(SDTv1.2) software (Mubhire et al., 2014).

Phylogenetic relationships were determined by analysing the complete CP gene region of ten TMV isolates
identified in this study, as well as 196 global isolates available in GenBank. The nucleotide sequences of the CP
gene were aligned using the ClustalW algorithm in MEGA 11 software (Tamura et al., 2021). The phylogenetic
trees were constructed using the Neighbour-Joining (NJ) statistical method, following the Tamura-3 parameter
model (Tamura, 1992). Uniform rates of complete deletion were applied to the entire CP gene region of TMV. To
increase the reliability of the main nodes, 1000 bootstrap tests supported the analyses. Tobamoviruses, including
pepper mild mottle virus (PMMoV; access no AF1037777, South Korea), tomato mosaic virus (TomV; access no
MZ323245, China), and tobacco mild green mottle virus (TMGMYV; access no MH636301, China), were used as
outgroups. The phylogenetic outcomes were also represented graphically using the Interactive Tree of Life (iTOL)
v5 online software (Letunic and Bork, 2021).

3. Results and Discussion
3.1. Symptomatology and disease prevalence

During the field research, 300 plant samples displaying typical virus and virus-like symptoms were collected
from the primary tobacco-producing areas in Western Anatolia, namely the Marmara and Aegean regions. Almost
all the collected samples exhibited various degrees of mosaics, including mild and severe symptoms (Figure I).
In addition to the mosaic symptoms, a small number of plants also displayed stunting symptoms. Molecular testing
using species-specific primers detected TMV infection in 32 out of 300 tobacco plants (10.66% infection rate)
(Table ). Additionally, as a result of amplification studies, fragments of 703 bp were obtained for the fully
encoded CP gene region of TMV (Figure 2).

Figure 1. TMV-infected tobacco plant exhibiting mosaic symptoms of varying severity
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Table 1. The number of tobacco mosaic virus isolates in the collected samples.

Region Province No of TMYV isolates No of collected samples
Marmara Canakkale 8 20
Balikesir 13 38
Aegean [zmir - 35
Manisa 1 64
Usak 9 41
Aydin - 40
Denizli 1 62
Total 32 300

"-."1.'”]'{':.'['

Figure 2. Complete encoded CP gene region of TMV with a size of 703 bp

Research on tobamoviral genetic variability has enhanced our understanding of genetic diversity in viruses,
elucidating the mechanisms responsible for its generation (Fraile and Garcia-Arenal, 2018). Furthermore, it has
provided insights into the factors influencing viral population dynamics (Karanfil et al., 2023). Thus, this study
sheds light on the genetic diversity of the CP gene region, which plays a crucial role in the complex interaction
between host and virus.

Symptoms of tobamovirus infections can vary depending on the virus species, the host plant, and environmental
conditions. Infected plants typically exhibit leaf deformation, mosaic patterns, and mottled appearances on their
leaves (Melcher et al., 2021). The severity of these symptoms can range from mild to severe, depending on the
tobamovirus and its impact on the leaves or fruits of the host plant (Fraile et al., 1997). The existence of TMV and
its symptoms have been known in our country since 1969 (Erdiller, 1969). TMV has been known to cause
significant losses in yield and quality, particularly in economically valuable crops such as eggplant, pepper,
tobacco, and tomatoes (Erdiller, 1969; Erkan and Yorganci, 1988; Culal-Kili¢ et al., 2017). Infections caused by
the agent in these plants often result in symptoms such as mosaic patterns, blistering and deformation of leaves, as
well as reduced fruit size and mottling. However, recent advancements have shown that these symptoms are not
exclusively caused by TMV. It has been demonstrated that both tobamoviruses and members of other genera can
induce similar symptoms. Recent studies conducted in Tiirkiye have reported that tobamoviruses frequently cause
single or multiple infections, often co-occurring with viruses from the same genus (Karanfil et al., 2023; Balsak et
al., 2022). These infections are typically documented as symptoms of leaf yellowing, deformations, and mosaics
on tobacco and pepper (Karanfil et al., 2023; Balsak et al., 2022). Randa-Zelyiit et al. (2022) reported the first
description of 16Sr XII-A (stolbur group) phytoplasma infections causing abnormalities in tobacco leaves in
Tiirkiye. The infected tobacco isolates used in this study were described in the study on TMGMYV by Karanfil et
al. (2023). Tobacco plants infected with TMV or multiple infections exhibited moderately mosaic symptoms.
Therefore, it is hypothesized that the prevalence of TMV infections in our country is quite low, and the symptoms
it causes are not severe. This hypothesis is supported by findings from a study that examined the prevalence and
severity of TMV infections in cucurbits (Karanfil, 2022).

3.2. Molecular evolutionary inferences and sequence similarities

Molecular evolutionary analysis indicated that the TMV isolates (n=206) were grouped into two main clades
(I and II) at the CP gene level, with strong bootstrap support (>90). Furthermore, clade I was divided into two
subgroups, I-a and I-b. The I-a subclade consisted of isolates from Indonesia, Finland, the United Kingdom,
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Thailand, Spain, Germany, Canada, Italy, the United States, Vietnam, South Korea, Japan, India, Brazil, and China,
making it the largest subclade (n=194). All 10 novel TMV isolates obtained from this study, along with 3 isolates
from the eastern region of Tiirkiye, were positioned within subclade I-a (n=194). Subclade I-b (n=6) encompassed
six isolates originating from Germany and South Africa. The main clade II (n=6) comprised six TMV CP gene
isolates, which originated from Germany, Russia, China, the United States, Taiwan, and Mexico (Figure 3).
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Figure 3. Phylogenetic relationship of tobacco mosaic virus isolates

The nucleotide sequence data for the entire CP gene region of ten randomly selected TMV-infected samples
from both the Marmara and Aegean regions have been submitted to GenBank with accession numbers OK149254-
63. The nucleotide similarity rates among the ten novel Turkish isolates obtained in this investigation ranged from
98.5% to 100% for the CP gene of TMV (Figure 4). The amino acid similarity rates among the ten novel Turkish
isolates ranged from 98.7 to 100 % (Figure 5). Subgroup I-a isolates had nucleotide similarity ranging from 99.8%
to 87.9% among themselves, while subgroup I-b isolates had nucleotide similarity ratios ranging from 99.2% to
99%. Main clade 1I isolates had a similarity ratio between 95.4% and 96% nucleotide among themselves. The
nucleotide sequence similarity ranged from 87.7% to 100% among global isolates. Furthermore, the homogeneity
of amino acid ranged from 88.7% to 100%. These results indicate that there was no significant variation among

the isolates.

RNA genomes encode the RNA-dependent RNA polymerase (RdRp) enzyme for the replicating of many plant
RNA viruses. Due to the lack of proofreading activity in this process, a high rate of nucleotide sequence errors
occurs (Drake and Holland, 1999). Mutation rates were first reported for tobacco mosaic virus and ranging from
107 to 107 nucleotide substitutions per site per round of replication in viruses that infect animals or bacteria
(Malpica et al., 2002; Sanjuan et al., 2009; Sanjuan et al., 2010). Our study revealed that TMV isolates clustered
in Clade II had more mutations in the CP gene and showed 86% nucleotide homogeneity with isolates clustered in
other branches. On the other hand, isolates that form subsets of the main clade I exhibit nucleotide homogeneity
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of over 88%. These findings, obtained for the CP gene of TMV, support the hypothesis that some RNA viruses
exhibit less genetic variation (Nichol, 1996). Studies have reported genetic stability in some RNA virus populations,
including turnip yellow mosaic virus (TYMYV), tobacco mild green mosaic virus (TMGMYV), and tomato brown
rugose fruit virus (ToBRFV) (Skotnicki et al., 1993; Karanfil et al., 2023; Giiller et al., 2023).

Figure 4. Similarity rates of tobacco mosaic virus isolates based on nucleotide
sequences of the coat protein gene region

Phylogenetic analysis of the fully encoded CP gene region of TMV revealed that it is divided into two main
groups: Clade I and II. The main group of Clade I is further divided into two subgroups (Ia and Ib). Previous
studies have reported that TMV diverged into three branches (Alishiri et al., 2013; Kimaru et al., 2020). Molecular
evolutionary analyses (n=206) were conducted using available isolates in GenBank to provide a detailed molecular
characterization of both the main and subgroup branches. The main branches emerging in the phylogenetic trees
did not reflect any geographical origin or host species from which the isolates were obtained (Alishiri et al., 2013).
The low genetic diversity supports this, as does the determination that TMV isolates from different host species
have the same dominant genotype. This suggests that host species do not contribute to the differentiation of the
virus population, as observed in other plant viruses (Garcia-Arenal et al., 2001).
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Figure 5. Similarity rates of tobacco mosaic virus isolates based on amino acid
sequences of the coat protein gene region

4. Conclusions
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The study comprehensively analyzed the genetic diversity of the complete CP gene of TMV, which plays a
crucial role in host interaction. The results indicate that TMV isolates obtained from Tiirkiye do not exhibit a high

level of diversity and global isolates also demonstrate genetic stability.

Acknowledgment

This study was supported by a grant from The Scientific Research Coordination Unit of Canakkale Onsekiz Mart

University (project # FHD-2023-4437).
Ethical Statement
There is no need to obtain permission from the ethics committee for this study.
Conflicts of Interest
We declare that there is no conflict of interest between us as the article authors.

Authorship Contribution Statement

Concept: Randa-Zelyiit, F.; Design: Randa-Zelyiit, F., Karanfil, A.; Data Collection or Processing: Karanfil, A.;
Statistical Analyses: Randa-Zelyiit, F.; Literature Search: Randa-Zelyiit, F., Karanfil, A.; Writing, Review and Editing:

Randa-Zelyiit, F., Karanfil, A.; Korkmaz, S.

105



Randa Zelyiit & Karanfil & Korkmaz
Genetic Diversity of Tobacco Mosaic Virus (TMV) Isolates from Tobacco Growing Fields of Western Anatolia, Tiirkiye

References

Alishiri, A., Rakhshandehroo, F., Zamanizadeh, H. R. and Palukaitis, P. (2013). Prevalence of tobacco mosaic virus in Iran and evolutionary
analyses of the coat protein gene, The Plant Pathology Journal, 29(3): 260.

Alonso, J. M., Gorzny, M. L. and Bittner, A. M. (2013). The physics of tobacco mosaic virus and virus-based devices in biotechnology. Trends
Biotechnology, 31(9): 530-8.

Balsak, S.C., Avcu, S.G. and Buzkan, N. (2022). Detection and Molecular Characterization of Tobacco mild green mosaic virus Isolates
Infecting Peppers in Turkey, Journal of Agriculture and Nature, 25(2): 490-496.

Culal-Kilig, H., Cikrike1, M.O., Yardime, N. (2017). Determination of Tobacco mosaic virus in tobacco fields in Denizli province, Turkey.
Scientific Papers. Seres A., Agronomy, LX: 215-219.

Drake, J. W. and Holland, J. J. (1999). Mutation rates among RNA viruses. Proceedings of the National Academy of Sciences, 96(24): 13910-
13913.

Erdiller, G. (1969). Studies on the symptoms, agents, transmission routes, and damage levels of tobacco mosaic disease in central and eastern
black sea tobacco. (PhD. Thesis) Ankara University, Graduate School of Natural and Applied Sciences, Ankara, Tiirkiye. (In Turkish).

Erkan, S. and Yorganc, U. (1988). The preliminary investigations as to virus diseases on eggplants. Journal of Turkish Phytopathology, 17
(3):91.

Fraile, A. and Garcia-Arenal, F. (2018). Tobamoviruses as models for the study of virus evolution. Advances in Virus Research, 102: 89-117.

Fraile, A., Escriu, F., Aranda, M. A., Malpica, J. M., Gibbs, A. J. and Garcia-Arenal, F. (1997). A century of tobamovirus evolution in an
Australian population of Nicotiana glauca. Journal of Virology, 71(11): 8316-8320.

Garcia-Arenal, F., Fraile, A. and Malpica, J. M. (2001). Variability and genetic structure of plant virus populations. Annual Review of
Phytopathology, 39: 157—186.

Gibbs, A. J. (1999). Evolution and origins of tobamoviruses. Philosophical Transactions of the Royal Society of London Series B, 354(1383):
593-602.

Goelet, P., Lomonossoff, G. P., Butler, P. J. G., Akam, M. E., Gait, M. J. and Kam, J. (1982). Nucleotide sequence of tobacco mosaic virus
RNA. Proceedings of the National Academy of Sciences of the United States of America, 719: 5818-5822.

Giil, U., Ansoy, H., Siviikk, H. and Ataseven, Y. (2009). Comparison of profitableness between tobacco and some products in scope of
alternative product project. Journal of Tekirdag Agricultural Faculty, 6(3): 215-226.

Giiller, A., Usta, M. and Randa-Zelyiit, F. (2023). Genetic diversity and population structure of tomato brown rugose fruit virus (ToBRFV)
variants from Antalya province, Turkey. Notulae Botanicae Horti Agrobotanici Cluj-Napoca, 51(3): 13356.

Karanfil, A. (2022). Prevalence and Genetic Diversity of Tobacco Mosaic Virus Isolates Infecting Squash Plants in Marmara Region of Turkey.
Journal of Advanced Research in Natural and Applied Sciences, 8(2): 163-170.

Karanfil, A., Randa-Zelyiit, F. and Korkmaz, S. (2023). Population structure and genetic diversity of tobacco mild green mosaic virus variants
in Western Anatolia of Turkey. Physiological and Molecular Plant Pathology, 125: 102008.

Kimaru, S. L., Kilalo, D. C., Muiru, W. M., Kimenju, J. W. and Thuku, C. R. (2020). Molecular detection of cucumber mosaic virus and
tobacco mosaic virus infecting African Nightshades (Solanum scabrum Miller). International Journal of Agronomy, 2020: 8864499, 1-7.

King, A.M., Lefkowitz, E., Adams, M. J. and Carstens, E. B. (2012). Virus Taxonomy: Ninth Report of the International Committee on
Taxonomy of Viruses, Elsevier, 9.

Letunic, L. and Bork, P. (2021). Interactive Tree of Life (iTOL) v5: an online tool for phylogenetic tree display and annotation. Nucleic Acids
Research, 49(W1): W293-W296.

Li, R., Mock, R., Huang, Q., Abad, J., Hartung, J. and Kinard, G. (2008). A reliable and inexpensive method of nucleicacid extraction for the
PCR-based detection of diverse plant pathogens. Journal of Virological Methods, 154(1-2): 48-55.

Luria, N., Smith, E., Reingold, V., Bekelman, L., Lapidot, M., Levin, 1., Elad, N., Tam, Y., Sela, N., Abu-Ras, A., Ezra, N., Haberman, A.,
Yitzhak, L., Lachman, O. and Dombrovsky, A. (2017). A new Israeli Tobamovirus isolate infects tomato plants harboring Tm-22 resistance
genes. PLOS ONE, 12(1): e0170429.

Malpica, J. M., Fraile, A., Moreno, 1., Obies, C. 1., Drake, J. W. and Garcia-Arenal, F. (2002). The rate and character of spontaneous mutation
in an RNA virus. Genetics, 162(4): 1505-1511.

Melcher, U., Lewandowski D. J. and Dawson, W. O. (2021). Tobamoviruses (Virgaviridae), Elsevier, 734-742, Amsterdam, The Netherlands.

Muhire, B. M., Varsani, A. and Martin, D. P. (2014). SDT: A Virus Classification Tool Based on Pairwise Sequence Alignment and Identity
Calculation. PLoS ONE, 9(9): €108277.

Nichol, S. (1996). Life on the edge of catastrophe. Nature, 384: 218-219.

106



JOTAF/ Journal of Tekirdag Agricultural Faculty, 2025, 22(1)

Okada, Y. (1999). Historical overview of research on the tobacco mosaic virus genome: genome organization, infectivity and gene manipulation.
Philosophical Transactions of The Royal Society of London, Series B, Biological Sciences, 29; 354(1383): 569-82.

Randa-Zelyiit, F., Santosa, A. I. and Karanfil, A. (2022). ‘Candidatus Phytoplasma solani’ (Subgroup 16SrXII-A) Associated with Nicotiana
tabacum leaf abnormality in Turkey. Journal of Tekirdag Agricultural Faculty, 19(3): 571-581.

Sacristan, S, Diaz, M., Fraile, A. and Garcia-Arenal, F. (2011). Contact transmission of Tobacco mosaic virus: a quantitative analysis of
parameters relevant for virus evolution. Journal of Virology, 85(10): 4974-81.

Sanjuan, R., Agudelo-Romero, P. and Elena, S. F. (2009). Upper-limit mutation rate estimation for a plant RNA virus. Biology Letters, 5(3):
394-396.

Sanjuan, R., Nebot, M. R., Chirico, N., Mansky, L. M. and Belshaw, R. (2010). Viral mutation rates. Journal of Virology, 84(19): 9733-9748.

Skotnicki, M. L., MacKenzie, A. M., Ding, S. W., Mo, J. Q. and Gibbs, A. J. (1993). RNA hybrid mismatch polymorphisms in Australian
populations of turnip yellow mosaic tymovirus. Archives of Virology, 132: 83-99.

Smith, E. and Dombrovsky, A. (2020). Aspects in Tobamovirus Management in Intensive Agriculture. Eds: Snjezana Topolovec-Pintari¢,
IntechOpen, Zagreb, Crotia. https://doi.org/10.5772/intechopen.87101

Tamura, K., Stecher, G. and Kumar, S. (2021). MEGA11: Molecular evolutionary genetics analysis version 11. Molecular Biology and
Evolution, 25;38(7): 3022-3027.

Tamura, T. (1992). Estimation of the number of nucleotide substitutions when there are strong 631 transition-transversion and G + C-content
biases. Molecular Biology and Evolution, 9: 678—687.

TURKSTAT (2023). https://biruni.tuik.gov.tr/medas/?kn=92 &locale=tr (Accessed Date: 20 September 2023)

Zaitlin, M. (1999). Elucidation of the genome organization of tobacco mosaic virus. Evolution and origins of tobamoviruses. Philosophical
Transactions of the Royal Society of London. Series B, 354: 587-591.

Zamfir, A. D., Babalola, B. M., Fraile, A., McLeish, M. and Garcia-Arenal, F. (2023). Tobamoviruses show broad host ranges and little genetic
diversity among four habitat types of a heterogeneous ecosystem. Phytopathology, 113(9): 1697-1707.

107


https://doi.org/10.5772/intechopen.87101
https://biruni.tuik.gov.tr/medas/?kn=92&locale=tr

. . Ocak/January 2025, 22(1)
»

J ourna} of Tekirdag Agricultural Faculty BasvurwReceived: 25/01/24

Tekirdag Ziraat Fakultesi Dergisi Kabul/Accepted: 06/01/25

DOI: 10.33462/jotaf.1425152

http://dergipark.gov.tr/jotaf
http://jotaf.nku.edu.tr/

ARASTIRMA MAKALESI RESEARCH ARTICLE

Modeling the Rehydration Behavior of Oven and Vacuum Oven Dried Shrimp at
Different Rehydration Temperatures and Determination of Quality Parameters

Farkli Rehidrasyon Sicakliklarinda Etiiv ve Vakumlu Etiivde Kurutulmus Karideslerin
Rehidrasyon Davranisinin Modellenmesi ve Kalite Parametrelerinin Belirlenmesi

Ali Can ERSAN', Azmi Seyhun KIPCAK?, Nurcan TUGRUL*
Abstract

In this study, shrimps dried by oven (OD) and vacuum oven (VOD) in the previous study, were rehydrated at
temperatures of 30, 40 and 50°C and the kinetics of rehydration during this time were examined and curves are
modeled. In rehydration kinetic studies, rehydration contents, rehydration rates, moisture ratio and effective
moisture diffusions were calculated. Modeling was done based on Peleg and Two-Term mathematical models from
the obtained rehydration curve data, and the results were evaluated statistically using the reduced chi-square (),
coefficient of determination (R?) and root mean square error (RMSE) definitions. Color measurements were chosen
as quality parameter analysis and interpretations were made based on the total color changes. When the results
were examined, it was observed that all samples reached equilibrium in the 180 and 150 minutes in oven drying
and vacuum-oven drying, respectively and the sample with the highest rehydration value was observed in the one
dried at 80°C in a vacuum-oven drying and rehydrated at 50°C. Since the drying time of the samples dried in the
vacuum oven was shorter, their pores were less narrowed and thus they experienced more rehydration. It was
observed that the samples were rehydrated more as the rehydration temperature increased. Since the rehydration
rate, moisture content and effective moisture diffusivity values are in parallel with the rehydration contents the
same increase occurred at these parameters. Looking at the mathematical modeling results, the Peleg model gave
better results in samples rehydrated at 30 and 40°C, and the Two-Term model gave better results in samples
rehydrated at 50°C. From the total color changes as expected vacuum-dried shrimps total color changes were less
than the oven-dried shrimps and the color changes increased as the rehydration temperature increases due to the
increase in the lightness values.

Keywords: Shrimp, Effective moisture diffusivity, Rehydration ratio, Seafood, Rehydration kinetics
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Oz

Bu calismada, onceki ¢alismada etiiv (EK) ve vakumlu etiivde (VEK) kurutulan karidesler 30, 40 ve 50°C
sicakliklarda rehidrate edilmis ve bu siire zarfindaki rehidrasyonun kinetigi incelenerek egriler modellenmistir.
Rehidrasyon kinetigi calismalarinda rehidrasyon igerikleri, rehidrasyon oranlari, nem oranit ve etkili nem
difiizyonlar1 hesaplanmustir. Elde edilen rehidrasyon verilerinden Peleg ve Iki parametreli matematiksel modelleri
baz alinarak modelleme yapilmis ve sonuglar indirgenmis ki-kare (x2), belirleme katsayis1 (R2) ve ortalama kare
hatas1 (RMSE) kullanilarak istatistiksel olarak degerlendirilmistir. Kalite parametre analizi olarak renk dlgiimleri
secilmis ve toplam renk degisimlerine gore yorumlar yapilmistir. Sonuglar incelendiginde tiim numunelerin etiivde
kurutmada ve vakumlu etiivde kurutmada sirasiyla 180 ve 150 dakikada dengeye ulastigi ve vakum etiiviinde
kurutulup rehidrate edilen numunelerin daha fazla rehidrasyon degerine ulastiklar1 goriilmistiir. En yiiksek
rehidrasyon degerine sahip numunenin ise 80°C'de vakum etiiviinde kurutulan ve 50 °C'de rehidrate edilen
numunede oldugu ortaya ¢ikmistir. Vakumlu etiivde kurutulan numunelerin kuruma siiresi daha kisa oldugundan
gbzenekleri daha az daraldigi icin rehidrasyon degerlerinde beklendigi iizere artis meydana gelmistir. Rehidrasyon
sicaklig arttikca numunelerin daha fazla rehidrate edildigi gdzlenmistir. Rehidrasyon orani, nem igerigi ve efektif
nem yayilim degerleri rehidrasyon igerikleri ile paralel oldugundan bu parametrelerde de benzer miktarlarda artig
meydana gelmistir. Matematiksel modelleme sonuglarina bakildiginda Peleg modelinin 30 ve 40°C'de rehidrate
edilen numunelerde, iki parametreli modelinin ise 50°C'de rehidrate edilen numunelerde daha iyi sonuglar verdigi
ortaya ¢ikmistir. Renk analizlerinde toplam renk degisimlerinden vakumla kurutulan karideslerde beklendigi gibi
toplam renk degisimi firinda kurutulan karideslere gore daha az olarak ortaya ¢ikmis ve rehidrasyon sicakligi
arttikca agiklik degerlerinin artmasina bagli olarak renk degisimleri de artmistir.

Anahtar Kelimeler: Karides, Etkili nem yay1limi, Rehidrasyon orani, Deniz Uriinleri, Rehidrasyon kinetigi
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1. Introduction

Shrimp is one of the popular commercial seafood due to its flavor and nutritional value. Global Seafood
Alliance indicates that world’s farmed shrimp production in 2023 is expected to be at around 5.6 million metric
tons (Gautam et al., 2021; Li et al., 2019; GSA, 2023). It contains high amounts of nutrients such as protein, free
amino acids, calcium, and vitamins (Gao et al., 2023; Azizpour et al., 2016). High moisture and protein content
cause shrimp to spoil quickly. For this reason, it must be preserved with the most appropriate method immediately
after harvest (Murali et al., 2021; Abedini et al., 2022). Shrimps can be stored into dried, frozen, boiled, and fried
forms. Storage conditions like time and temperature, would affect dried products quality and cause many
complicated reactions (Wang et al., 2024; Zhang et al., 2020).

Drying is the most used food preservation method and is suitable to a many kind of seafood like shrimps.
Several drying methods like conventional drying, infrared drying, microwave drying, solar drying, freeze drying
are applied to prolong the shelf life of seafoods. Drying process reduce the post-harvest loss, the moisture level to
prevent microbial growth, retard enzymatic reactions causing spoilage of food and increase the shelf-life (Akonor
et al., 2016; Murali et al., 2023; Nanan et al., 2023). Between drying methods, hot air drying is one of the most
frequently used methods because of the low investment cost and basic drying (Wang et al., 2023). Rehydration
means to moistening of dried matter. It is a crucial determinative point in choosing the storage processes and
processing. Dried foods need to be rehydrated before eating because the nutritional properties are influenced by
dehydration followed by rehydration. One of the important properties of products that are dried is rehydration.
Dried food is moistened, restoring their original structure and taste. Morphological structure, chemical composition,
drying process, dipping medium, temperature and time are factors affected rehydration (Kumar et al., 2020; Nayi
et al., 2023; Wang et al., 2016). Drying is a complicated process described by interactions of contemporaneous
heat and mass transfer. Food product attitude through drying is determined from the drying kinetics analyses. To
define and optimize the drying process several mathematical models have been used in the literature (Nayi et al.,
2023; Ersan and Tugrul, 2021).

There are lots of study about food drying, but there are few studies about shrimp drying. Ultrasound assisted
rehydration study was conducted by Riyanto et al. (2023) on sea cucumber also Jiang et al. (2022) examined hot
air drying process of sea cucumber. Aktas et al. (2013) studied effects of different drying methods on drying
kinetics and color parameters of strawberry tree (Arbutus unedo L.) fruit. Ozyalcin and Kipcak (2023) studied
rehydration kinetics and characteristics of mussels with traditionally drying. Achaglinkame et al. (2020) studied
the sensory and rehydration features on the freeze-dried snails. Arslan et al. (2020) infrared drying kinetics and
color qualities of organic and conventional sweet red peppers. Seabass drying kinetics and mathematical modelling
are studied by Ozyalcin et al. (2023). Lin et al. (2022) studied the drying of Pacific white shrimps by microwave
method by applying salting pre-treatment. Alfiya et al. (2022) studied shrimps drying by solar and microwave
drying technologies. In this study, oven (OD) and vacuum oven dried (VOD) shrimps were rehydrated at 30, 40
and 50°C, rehydration kinetics are examined, and curves are modeled. It was seen that vacuum-oven dried samples
gave better results than the oven dried samples at all rehydration temperatures.

2. Materials and Methods
2.1. Samples and equipment

In a previous study, Ersan and Tugrul (2021) examined the characteristic drying kinetics and behavior of
shrimps dried in a conventional oven and a vacuum oven. Products dried in OD and VOD at 60, 70 and 80°C are
rehydrated in this study.

2.2. Experimental method

Rehydration experiments were carried out with 4.8 = 0.05 grams of dried products in both methods. In the
experimental procedure, dried products were put in distilled water beakers (1:100 (weight dried sample: volume
water)). Rehydration temperatures were determined as 30, 40 and 50°C. Hot Plate with Magnetic Stirrer was used
to heat the beaker at 300 rpm. Every 30-minute, rehydrated products were taken from the beaker and water on the
shrimp surface were dried ordinary filter paper. Then weighted with a digital balance until reaching the equilibrium
rehydration content.
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2.3. Rehydration content and rehydration rate calculations

Rehydration rates and contents are the most important properties for dried food where rrehydration contents
(kg water / kg dry matter) were calculated using equation (1). By using equation (2), rehydration rate (Rr) (kg
water / kg dry matter . s), which is the rehydration contents per unit time in the product were determined (Kipcak
et al., 2014. Sevim et al., 2019):

Re = == (Eq. 1)
Ry = Rc (At+At)t_Rc ® (Eq.2)

2.4. Diffusion of water inside shrimps

In rehydration kinetic studies in the literature, it is assumed that water is transported through a matrix from the
center to the surface by simple mass transport (diffusion with constant spread) (Benseddik et al., 2019). Therefore,
the concentration gradient is expressed by water content and directly affects mass transfer. The ratio of moisture
(MR) (dimensionless) can be reported as a formula given below (Kipcak and Ismail, 2021):

M¢—Me
Mi—M¢

MR = (Eq.3)

The solution of Fick's second law by analytical means comes with the assumptions given in Ersan and Tugrul
(2021), Kipcak and Ismail (2018) and by using cylindrical coordinates equation (4) obtained as:

_ 8 *© 4 Kaza%t @ 4 _ 2 a\ 2
MR = ﬂ_z[zn=1 az exp—— — ] [zn=0 Gnr)? exp |—K(2n + 1)“t (7) ] ] (Eq- 4)

The first terms of the equations are neglected as they do not affect the results, so equation (4) can be written

as equation (5):
—n(2) = Rerrx (@)
In(MR) = In () — 22L% x (%) x ¢ (Eq. 5)
From the curve of In(MR) versus t graph, , Effective Moisture Diffusion Coefficient (D) can be calculated
by using the slope.
2.5. Evaluation of the mathematical modelling

Peleg model (PM) and Two-Term model (TTM) equations (Equations 6—7) of were used on the experimental
data, respectively (Kipcak, 2017; Demirhan and Ozbek, 2011)

MR = a + t/(ks + ky X t) (Eq. 6)

MR = aXx exp (kg Xt) + bXxexp (k; Xt) (Eq.7)

The computer software used for modelling calculations nonlinear regressions based on the Levenberg-
Marquardt algorithm (Statistica 6.0; Statsoft Inc., Tulsa, OK). The best model was determined by using statistical
analyses of; reduced chi-square (x?), coefficient of determination (R?) and root mean square error (RMSE)
(equations (8-10)) (Kipcak et al., 2014; Benseddik et al., 2019):

N
Zi=1(RRexp,i - RRpre,i)2

RZ=1- . (Eq. 8)
RR ;
Zﬁ1<ﬁ - RRexp,i)
i= - D,
SN (RRoxpi~RRpre)?
2 i=1 exp,i pre,i
X' = N (Eq. 9)
N _ N2
RMSE = \/ 2z Pexps Flpreg (Eq. 10)
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From the values of R?, x> and RMSE most appropriate model were chosen (Kipcak et al., 2019; Kipcak and
Doymaz, 2020; Kipcak and Ismail, 2021).

2.6. Color measurement

For aquatic products that has been dried and rehydrated, its color is the most important criterion for the
consumer in terms of the quality of the product. The L parameter refers to the darkness or measurable value of the
Hunter color policy product (0 for black, 100 for white). The parameter a refers to the redness and greenness values
of the products, and the parameter b refers to the yellowness and blueness values of the products. To determine
these color parameters, a colorimeter device was used before and after the rehydration processes. Before the color
analysis for each product, the device was calibrated with a calibration kit. Color measurements were recorded for
shrimp rehydrated at different temperatures in both methods. The total variation in color (AE) of rehydrated
products was calculated using Equation (11) (Kipcak et al., 2014).

AE = /(Lo — L)2 + (ap — @) + (by — b)? (Eq. 11)

where L, a, and b, are the color values of dried samples. L, a and b color parameters of samples were measured
from five points of every sample just after rehydration processes.

3. Results and Discussion
3.1. Rehydration curves

Figure I shows the rehydration ratio and Rr curves after rehydration of shrimps dried by two different methods.
It can be seen from the obtained rehydration ratio curve that all rehydrated products reach equilibrium in 180 and
150 min at OD and VOD, respectively. In both methods, rehydration rates increase as the drying and rehydration
temperature increase. The reason for increasing the rehydration rate as increasing the temperature of drying can be
due by the decreasing drying times, which achieved at high temperatures and therefore the decrease in the collapse
of the pores of the shrimps. In addition, since drying times are shorter in a vacuum oven than in an oven, the
rehydration rates are expected to increase more.
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Figure 1. Rc/Rcplots of A

. OD shrimp, B. VOD shrimp, and Rr plots of C. OD shrimp, D. VOD shrimp
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The maximum rehydration ratio was acquired for products 80°C dried and 50°C rehydrated. Rehydration ratios
for OD and VOD methods were obtained as 1.6901 g/g and 2.6135 g/g, respectively. Minimum rehydration ratio
were procured at products 60°C dried and 30°C rehydrated. Rehydration ratios for OD and VOD methods were
obtained as 0.8525 g/g and 1.4038 g/g, respectively. Maximum Ry appear on the Rr curve (peak values) between
0 and 30 minutes. This area can be named the increasing Rr period region. The period among 30 and 180 minutes
can be named the decreasing Rr period. For OD and VOD methods, the values of maximum acquired in the
products 80°C dried and 50°C rehydrated are calculated as 0.0486 and 0.0769 g/g.min, respectively. The lowest
peak values were determined as 0.0285 and 0.0468 g/g.min for the products 60°C dried and 30°C rehydrated,
respectively.

3.2. Diffusion mass transfer coefficient results

For comparison and calculation of Defr values, sample graphs of In (MR) versus time and versus Desr are given
in Figure 2, respectively. In Table 1, the slope obtained from the plot of In (MR) versus t and the calculated Des
values are given. Dy values are estimated in the range of 1.3-1.43x10® m?s, 1.54-1.63x10"® m?/s, for OD and
VOD, respectively. It is seen that Dy values increase as the rehydration rate increases. Higher D,y values are
obtained in the vacuum oven method compared to the drying oven method as expected from the data presented in
Figure 1.
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Figure 2. Logarithmic form of moisture ratio against time plot of Dy for a. OD shrimp, b. VOD
shrimp and c. Do versus dried and rehydrated temperatures bar graph
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Table 1. Effective moisture diffusivities

OD YOD

Slope Degr (m?/s) Slope Doy (m?/s)
Dried @ 60°C & Rehydrated @ 30°C -0.000569 1.3x108 -0.000677 1.54x108
Dried @ 70°C & Rehydrated @ 30°C -0.000580 1.32x10% -0.000681 1.55%108
Dried @ 80°C & Rehydrated @ 30°C -0.000588 1.34x108 -0.000687 1.57x108
Dried @ 60°C & Rehydrated @ 40°C -0.000603 1.37x10°% -0.000694 1.58x108
Dried @ 70°C & Rehydrated @ 40°C -0.000609 1.39x108 -0.000698 1.59x108
Dried @ 80°C & Rehydrated @ 40°C -0.000615 1.40x10°® -0.000704 1.60x10°®
Dried @ 60°C & Rehydrated @ 50°C -0.000619 1.41x10°® -0.000708 1.61x10®
Dried @ 70°C & Rehydrated @ 50°C -0.000623 1.42x10°® -0.000711 1.62x10°®
Dried @ 80°C & Rehydrated @ 50°C -0.000627 1.43x10°® -0.000714 1.63x10°®

3.3. Mathematical modelling results

As a result of the calculations, it was seen that the PM and TTM determined among the mathematical models
were compatible with the experimental rehydration rate values. Table 2 demonstrate that, the experimental data
were appropriate good with the R? values higher than 0.99. Among the models TTM were fitted better than PM.
For the product by 80°C OD and 30°C rehydrated, the highest R? and lowest x> and RMSE values were calculated
according to the PM with values of 0.998672, 0.0004 & 0.0154, respectively. For the product by 80°C VOD and
30°C rehydrated the highest R? and lowest y?> & RMSE are found by TTM with the values of 0.99999, 0.000010
& 0.000009.

For product by 80°C OD and 40°C rehydrated the highest R? and lowest ¢?> and RMSE values are calculated
by TTM with the values of 0.999926, 0.0002 & 0.0099, respectively. For the product by 80°C VOD and 30°C
rehydrated, the highest R? and lowest ¢ and RMSE values are found by TTM with the values of 0.999999,
0.000002 & 0.0008. For the product by 80°C OD and 50°C rehydrated, the highest R? and lowest x> and RMSE
values are found by TTM with the values of 0.999929, 0.000055 & 0.0048, respectively. For the product by 80°C
VOD and 50°C rehydrated at the highest R? and lowest x> and RMSE values are found by TTM with the values of
0.99992, 0.000143 & 0.0078. Calculated Rr and experimental Rr are shown in Figure 3 and Figure 4 for both
methods. The plots obtained are on the 45° meaning that the models were fitted very good to the experimental data
obtained.

3.4. Color Values

L, a and b values of rehydrated products are given in Table 3 gives. L value changes relate to decreasing
rehydration temperatures for the OD and VOD. L values change between 31.10 and 33.99, 34.78 and 36.01, 38.43
and 40.03 for the OD 30 °C, 40 °C and 50 °C, respectively. The highest and the lowest redness values attained in
the OD 30 °C and VOD 50 °C, respectively. Redness values, a, for the oven method changed between 0.98 and
0.76 and for the VOD method between-3.21 and-3.76. The highest and the lowest yellowness values for b were
obtained in VOD 50 °C and OD 30 °C, respectively. Yellowness values, b, for VOD 30 °C changed between 3.31
and 3.95 and for the OD 30 °C between -4.16 and -4.62.

As expected, the total color change in VOD shrimp was less than that in OD shrimp, and as the rehydration
temperature increased, the color changes increased due to the increase in lightness values.

4. Conclusions

Shrimps dried by oven and vacuum oven were rehydrated at the temperatures between 30-50°C. Kinetic
studies; rehydration contents, rehydration rates, moisture ratio and effective moisture diffusions were evaluated
and from the effective moisture diffusions curve Modeling was done based on Peleg and Two-Term mathematical
models. Best model was selected statistically using R?, ¥?) and RMSE. Quality analysis of color measurements
were applied and interpretations were made based on the total color changes. From the results obtained in this
study it is seen that the rehydration experiments were finished at 180 and 150 min at OD and VOD, respectively.
The highest and the lowest rehydration rates were observed in the samples of 80°C vacuum-oven dried and
rehydrated at 50°C and 60°C oven-dried and rehydrated at 30°C. Vacuum-dried samples leads to take more
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Table 2. Model coefficients and statistical data

Rehyd. oD VOD
Temp. Model Parameter Temp. (°C) Temp. (°C)
©O) 60 70 80 60 70 80

R? 0.998364 0.998533 0.998672 0.998024 0.999109 0.999125
RMSE  0.015302 0.0154 0.0154 0.026157  0.0187 0.0193

Peleg $ 0.000410  0.0004 0.0004  0.001197  0.0006 0.0007
a -0.000617 -0.000698 -0.000685 -0.000748 -0.000346 -0.000299
ki 9.468.547 9.450.920 8.854.537 5.304.961 3.997.953 3.478.465
ko 0.827416 0.772380 0.737940 0.520963 0.500106 0.482224
30 R? 0.949421 0.952001 0.951923 0.994143 0.997547  0.99999
RMSE  0.085087  0.0883 0.0926  0.045031  0.0310 0.0021
$ 0.016893 0.018184 0.020019 0.004732 0.002241 0.000010
Two-Term a 156.040  443.635  382.176 -207.826 -191.753 -190.261
ko 0.009 0.0087 0.0086 0.03594  0.05027  0.06621
b -155.974 -442946 -381.450 210.093  192.775  190.256
ki 0.009 0.0093 0.0095 0.00132  0.00028 -0.00019
R? 0.998255 0.999140 0.999589 0.999335 0.999094 0.999429
RMSE  0.018432  0.0135 0.0099  0.017817  0.0219 0.0182
Peleg o 0.000595  0.0003 0.0002  0.000556 0.000836 0.000582
a -0.000661 -0.000339 -0.000205 -0.000249 -0.000290 -0.000224
ki 7.555.117 5.988.077 5.281.367 3.131.028 2.883.560 2.650.427
ko 0.714010 0.694083 0.657530 0.458421 0.437431 0.417196
40 R? 0.947413 0.978440 0.999926 0.999994 0.999995 0.999999
RMSE  0.101195  0.0677 0.0042  0.001711  0.0016 0.0008
. 0.023894 0.010683 0.000041 0.000007 0.000006 0.000002
Two-Term a 486.930  160.714  136.055 -199.913 -212.092 -220.802
ko 0.009 0.00122  -0.00036  0.06875  0.06783  0.07095
b -486.852  -156.612 -136.050 199.911  212.089  220.802
ki 0.009 0.03215  0.06607 -0.00023 -212.092 -0.00022
R? 0.999741 0.999899 0.999899 0.99974  0.99991 0.999927
RMSE  0.008324  0.0057 0.0057  0.012869  0.0080 0.0074
Peleg . 0.000121  0.0001 0.0000  0.000290 0.000113 0.000097
a -0.000146 -0.000052 -0.000052 -0.000158 -0.000087 -0.000061
ki 4.529.770 3.373.687 3.373.687 2.536.293 2.275.392 1.919.479
ko 0.624671 0.571313 0.571313 0.398597 0.383182 0.368116
50 R? 0.999927 0.999952 0.999929 0.999934 0.999937  0.99992
RMSE  0.004412  0.0038 0.0048  0.006480  0.0066 0.0078
v 0.000045 0.000033 0.000055 0.000098 0.000102 0.000143
Two-Term a 144.137  151.564  158.880 -228.425 -236.463 -248.687
ko -0.00035 -0.00033 -0.00037 0.07367 0.07868  0.08280
b -144.129 -151.562 -158.876 228.435 236.471  248.695
ki 0.06972  0.07688  0.07871  -0.00031 -0.00039 -0.00035

moisture and rehydration temperatures also increased the rehydration capacity. The effective moisture diffusivities
are obtained between 1.3- 1.43x10"® m?/s and 1.54- 1.63x10® m?/s for the vacuum and oven dried samples
respectively at the rehydration temperatures between 30-50°C. From the modelling at 30 and 40°C Peleg model
gave the best results with the R? values between 0.998024 and 0.999125, respectively. And at 50°C Two-Term
model gave the best results with the R? values between 0.999920 and 0.999952. For the quality analysis of total
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color change values, oven-dried samples total color changes (5.38 - 9.91) were higher than the vacuum-oven dried
samples (2.70 - 9.46). As a result, for the quality analysis and maximum rehydration values vacuum-oven dried
samples gave better results the oven dried samples at all rehydration temperatures.
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Figure 3. Exp. and calc. Rc/Rcovalues obtained from the PM and TTM for OD shrimp
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Table 3. Color values of rehydrated shrimp different temperatures with OD and VOD

Dried Sample Oven 30°C 25.76 1.49 -4.98
60 31.10 0.98 -4.62 5.38
70 32.31 0.89 -4.5 6.59
80 33.99 0.76 -4.16 8.30

Dried Sample Oven 40°C 27.59 0.56 -3.8

60 34.78 -0.4 -3.61 7.26
70 35.69 -0.53 -2.99 8.21
80 36.01 -0.94 -2.72 8.62

Dried Sample Oven 50°C 30.4 0.21 -2.63

60 38.43 -1.08 -1.93 8.16
70 39.02 -1.17 -1.57 8.79
80 40.03 -1.39 -0.91 9.91

Dried Sample Vacuum

Oven 30°C 39.12 -1.25 -0.78

60 41.75 -1.76 -0.44 2.70
70 42.56 -2.1 -0.6 3.55
80 44.57 -2.29 0.68 5.74

Dried Sample Vacuum
Oven 40°C

60 47.22 -2.55 1.58 3.61
70 49.59 -2.82 2.18 6.04
80 50.34 -3.13 3.01 6.97

43.67 -1.96 1.35

Dried Sample Vacuum

Oven 50°C 46.06 -2.14 2.23

60 50.75 -3.21 3.31 4.93
70 53.58 -3.48 3.87 7.81
80 55.25 -3.61 3.95 9.46
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Understanding the Nexus of Extension Teaching Methods and Adoption of Improved
Agricultural Production Technologies: Empirical Evidence from Cowpea Farmers in
Kogi State, Nigeria*

Emmanuel Patrick ADEJO', Damilola Omojola SHAIBU*, Ufedo Monday SHAIBU?
Abstract

This study assessed the nexus of extension teaching methods and the adoption of improved production technologies.
A three-staged sampling technique was used in selecting two hundred (200) cowpea farmers. Primary data obtained
using the Kobocollect toolbox was analyzed with adoption score/index and ordered probit regression model.
Findings from this study showed that 79 % of the respondents were males while 21 % were females. The mean
age among cowpea farmers was 49 years. Furthermore, 90.5 % of the respondents adopted the recommended seed
rate, 87 % adopted the recommended planting date, and 84.5 % adopted the recommended weeding time. Most
(20.5 %) of the respondents had an adoption score and index of 8 and 0.57; while 1.5 % of the cowpea farmers
recorded an adoption score and adoption index of 10 and 0.7. Also, 45 % of the cowpea farmers were in the low
adoption category, and 27.5 % of each of the sampled cowpea farmers were found in the medium and high adoption
category. Individual extension teaching method (B = 1.192), mass extension teaching method (f = -0.189), a
combination of individual, group and mass extension teaching methods (B = 0.044), gender (p = -0.124), farming
experience (B = -0.019), and income (p = -0.00000276) significantly influenced the extent of adoption of
recommended cowpea production practices. The study concluded that individual, and a combination of individual,
mass and group extension teaching methods have positive effects on the extent of adoption of recommended
cowpea production practices. Amongst others, the study recommended the use of these teaching methods by both
private and public extension agents in disseminating information on improved farming practices.
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1. Introduction

Nigerian agriculture is dominated by smallholder farmers (FAO, 2018). This characteristic has resulted in low
harvest because most farmers cannot access or in some cases, pay for improved farming technologies with its
multiplier effect on productivity and income (Ezeh et al., 2012; Uzokwe, 2015). As a result of low harvest and
return, the levels of investment in farms have been very low, leading to abject poverty among these farmers (Eze,
etal., 2010; Shaibu et al. 2023). Consequently, the improved farming technologies that are needed to increase food
production and preservation do not get to smallholder farmers appropriately. The extension officers are mandated
to reach out to the farmers to help them in their decision-making. The method used in reaching out to the farmers
is as important as the technologies to be disseminated to the farmers.

Rees et al. (2000) and Garforth (2001) argued that agricultural knowledge and information of smallholders are
complex, diverse, and vary from area to area, depending on the area’s agroecology and agricultural enterprises.
Their studies indicated the necessity for a comprehensive investigation of extension teaching methods at
agroecological or sub-national levels, even along various agricultural enterprises. There is thus a need to
empirically establish the nexus of agricultural extension teaching methods and the adoption of agricultural
production technologies with a focus on cowpea farmers.

Farmers are often blamed for poor adoption of extension services because they are averse to change and hold
traditional values. Additionally, the successes or failures of extension delivery services are usually measured with
respect to the level of adoption without considering the effectiveness of the extension agents (Adejo, et al., 2019)
and the method adopted in reaching out to farmers. According to Nwalieji and Nnabueze, (2018); the ability to
communicate, the attitude of the extension worker, the frequency of contact with farmers, and field responsibility
are the features of an effective extension agent. These conditions, however, depend on how the improved
technologies are spread to the farmers. The effectiveness of technology adoption such as improved seeds also
depends on effective communication which is critical to information dissemination (Oladele, 1999; Nogay and
Azabagaoglu, 2024); for communication to be effective, there must be feedback. The feedback reveals if the
communication and the methods used have any effect on the adopters of technologies.

Most studies have focused more on the effectiveness of extension agents and service delivery (Ahmed and
Adisa, 2017; Nwalieji and Nnabueze, 2018; Ebenchi and Ahmed, 2019) without particular attention to the effects
of the methods used in delivering extension services to the farmers, specifically, cowpea farmers in Kogi State. A
good extension method carefully selected especially where the farmers have little to no formal education can
motivate the farmers to participate in the extension activities. Obibuaku and Hursh (1994) studied extension
message-delivering methods in Nigeria without focusing on the effects of the extension methods on farmers’
adoption of innovation. Tenebe and Mundi (2008) attempted to assess the effects of extension teaching methods
in Bauchi State, Nigeria, but the findings were based on simple descriptive statistics. Aside from geographical
differences, the present study used advanced econometric tools, such as the ordered probit regression model to
establish the relationship between extension teaching methods and farmers’ extent of adoption of recommended
cowpea production practices with an expected influence on increased productivity.

Furthermore, cowpea was chosen in this study due to its significance as an important legume crop in Nigeria
and its contribution to the country’s economy. Nigeria remains a leading producer of cowpeas in the world with a
production of 3.6 million tons in 2021, over 45% of global production (FAOSTAT, 2023). Despite the country’s
production, Nigeria is still the largest consumer of cowpea grains with significant imports from countries like the
Republic of Niger, Chad, and Cameroon (Mohammed et al., 2020). Cowpea farmers in Nigeria reported an average
yield of about 600 kg ha™! compared to a recommended yield of 1500-2500 kg ha! (ICRISAT, 2017).

Cowpea is an important food security crop and contributes to farmers’ livelihoods as most of the smallholder
farmers depend on this crop for economic and nutritional purposes (Bolarinwa, 2022). The crop is grown for food,
vegetables, fodder, green manure, and cover crops, hence, it has implications for farmers’ standard of living
(Osipitan et al., 2021). According to Nordhagen et al. (2023), cowpea is a major source of protein due to the
unaffordability of animal protein sources by the most vulnerable population. The critical role of cowpeas in
Nigeria’s food security crusade and the country’s agri-food system forms part of the essence of this study.
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This study aims to assess the nexus of extension teaching methods and the adoption of improved cowpea
production technologies in Kogi State, Nigeria. The specific objectives are to:

i.  ascertain the extent of adoption of recommended cowpea production practices in the study area;

ii. determine the effects of extension teaching methods on the extent of adoption of recommended cowpea
production technologies.

2. Materials and Methods
2.1. Study area

This study area is Kogi State, Nigeria. The State is in North Central, Nigeria and found on latitude 6°30'N and
895'N and longitude 5°51'E and 8°00'E. The study area has a total population of about 5 million people (using the
state projected growth rate of 3%) (NPC, 2006). Kogi State agricultural location has four zones (A, B, C, and D)
as delineated by the Kogi State Agricultural Development Project (Kogi ADP) efficient extension administration.

2.2. Population and sampling procedure

The population for this study comprised all the cowpea farmers in Kogi State, Nigeria. The multi-staged
sampling technique was used in selecting the respondents (cowpea farmers). In stage one, one (1) extension block
was purposively selected from each of the common four agricultural zones in the State. Each block was selected
based on the level of cowpea production. This gave four (4) agricultural blocks for the study. The second stage
involves the random selection of five (5) extension cells from each block to give twenty (20) extension cells. Stage
three involves the random selection of ten (10) cowpea farmers from each cell. A sample size of two hundred (200)
respondents was used for the study.

2.3. Data collection

Primary data collected with a semi-structured questionnaire was administered to the respondents using an
android-enabled Kobocollect toolbox mobile application. This application enabled accurate data collection from
sampled locations and on-the-spot data assessment for relevant correction. Data were collected by the researcher
and trained research assistants from the selected agricultural blocks. The research assistants were properly trained
on the content of the questionnaire and the use of the Kobocollect toolbox to approach the farmers in their local
dialect and apply relevant research ethics. Four (4) research assistants with prior knowledge of the use of the
Kobocollect toolbox were carefully selected.

2.3. Data analysis

The data were analysed using descriptive and econometric tools. The extent of adoption of recommended
cowpea production technologies by the respondents was determined using the adoption index/score, while the
nexus of extension teaching methods and extent of adoption of recommended cowpea production practices was
established using the ordered probit regression model.

Following Olumba and Rahji, (2014) and Ajayi et al. (2016), the adoption index was calculated as specified below:

Al = Tree (Eq. 1)

NTEC

Where n,,. = number of recommended cowpea production practices adopted by a particular farmer, and N, total
number of recommended cowpea production practices.

For the adoption score, a cowpea farmer scores one for each recommended practice adopted (Olumba and Rahyji,
2014; Ajayi, 2016). Following Agwu (2006), the extent of adoption was obtained from the adoption score as given:
high adoption (> 7 score); medium/moderate adoption (score = 4 — 7 score); and low adoption (< 4 score).

The ordered probit model can be generally stated as:
Y'= Xifi+ & (Eq. 2)
Where Y;* is unobserved. What is observable is:

Y=0ifY <0 (Eq. 3)
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The observed ordinal variable (dependent variable) takes on values 0— 2, indexing the extent of adoption (high =
2, moderate = 1, low = 0).

B= estimated parameter
€ = error term

Xi = individual farmer’s characteristics (these characteristics were selected based on existing studies, theoretical
and conceptual frameworks of this study).

X = Individual extension teaching method (1 if used by extension agents, otherwise, 0)
X, = group extension teaching method (1 if used by extension agents, otherwise, 0)

X3 = mass extension teaching method (1 if used by extension agents, otherwise, 0)

X4 = Indiv+group+mass (1 if used by extension agents, otherwise, 0)

Xs = gender (1 = male; 0 otherwise)

X6 = education (years)

X7 = land ownership (1 = owned/inherited, otherwise, 0)

Xg = trust in extension agents (1 if the respondent has trust in extension agents, otherwise, 0)
Xo = age (years)

X0 = membership of association (1 if a member of any farming association, otherwise, 0)
X1 = farming experience (years)

X2 = household size (number)

Xi3 = farm income (N)

X4 = extension visits (number per farming season)

€; = error term

3. Results and Discussion
3.1. Socioeconomic characteristics of cowpea farmers
Description of respondents’ socioeconomic variables are presented in Table 1.

The involvement of more males than females in cowpea production could be associated with the difficult nature
of the various activities involved in cowpea production. Such activities include land clearing, bed
preparation/ridging, weeding and pest/disease management. The higher involvement of males in cowpea
production could also be because of their easy access to land and other productive resources for agricultural
purposes. This finding agrees with Ebenehi et al. (2018) when they reported that 81.13 % of crop farmers in Niger
State were male. The mean age of 49 years could be seen as an active age required for most agricultural activities.
The reported mean age in this study is similar to the mean age of about 51 years as reported by Canan and Uluistk
(2024) among Turkish vegetable farmers. The involvement of married respondents in cowpea production could be
a plus in the adoption of agricultural innovations for productivity enhancement. Sar1 Gedik and Yilmaz (2023)
reported that about 77% of young farmers in Tiirkiye were married. This is evident as household members could
serve as the source of readily available labour and help in various production activities on the cowpea farms.

The majority (73.5%) of the respondents had a first-school leaving certificate (primary school education).
Education could influence decision-making on cowpea farms as regards recommended practices. Educated cowpea
farmers could read and interpret instructions and labels on farming inputs which will enhance their understanding
and subsequent adoption. The mean household size among cowpea farmers in the area was seven members. The
mean household size recorded in this study is the same as the national average of seven members per household
as reported by the National Bureau of Statistics (NBS, 2019). Expectedly, farming (67.5 %) was the major
occupation among the respondents. Another major occupational activity engaged by the respondents was trading
(24.5 %). This result shows that most of the respondents took farming as their main occupation. This finding is in
tandem with Adejo et al. (2019) who reported the same pattern among households in Kogi State. The average farm
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size for cowpea production in the area was 2.5 hectares. This confirms the smallholding feature of cowpea farmers
in the study area. The finding agrees with Shaibu et al. (2020) who found a mean farm size of 2.49 hectares among
crop farmers in Kogi State, Nigeria. The reported number of years spent farming in this study agrees with Idrisa
et al. (2012). Increased farming experience is expected to be directly proportional to the adoption of agricultural
innovations. The mean annual income of the respondents from cowpea production was 892, 320.00 ($194.36).

Table 1: Descriptive Statistics of Cowpea Farmers

Socioeconomic Characteristics Frequency, n = 200 Percentage Mean/Mode
A. Sex
Female 42 79.0 Male
Male 158 21.0
B. Age (years)
25-35 39 19.5
36 -45 24 12.0
46 — 55 74 37.0 49 years
56 and above 63 31.5
C. Marital Status
Married 170 85.0 Married
Unmarried 30 15.0
D. Educational Qualification
No formal education 02 1.0
First School Leaving Certificate (FSLC) 147 73.5 Primary
Secondary School Certificate (SSCE) 21 10.5 education
Tertiary educational certificate 30 15.0 (FSLC)
E. Household size (number of persons)
1-5 69 34.5
6—-10 63 31.5 7 persons
11-15 68 34.0
F. Major Occupation
Farming 135 67.5 Farming
Civil service 16 8.0
Trading /business/marketing 46 24.5
G. Farm size (hectares)
Below 2 50 25.0
2-4 71 355 2.5 hectares
Above 4 79 39.5
H. Farming Experience (years)
1-15 30 15.0
16 —30 20 10.0 23 years
30 and above 150 75.0
£ Income from Cowpea Production (N =
Naira) 121 60.5
50, 000 and below 34 17.0 92.320.00
51,000 — 100,000 45 22.5

Above 100,000

Source: Field Survey, 2021 NOTE: Naira is Nigeria’s official currency. 1 USD = 475 Nigerian Naira (as of the time of survey in 2021).
3.2. Extent of adoption of recommended cowpea production practices

Table 2 shows the frequency count on the adoption of recommended cowpea farming practices by the
respondents.

Generally, the result in Table 2 shows a high level of adoption of most of the recommended cowpea production
practices by the respondents. The impressive adoption level found in this study could be associated with cowpea
farmers’ awareness of these recommended production practices through access to extension services and as
observed during engagement with the respondents. This finding corroborates Simon et al. (2013) when they
reported a high level of awareness of sustainable agricultural land management practices among farmers in Taraba
State, and this led to an adoption rate of over 60%. The authors reported that 95.7% of the respondents were aware
of intercropping and posited that the high level of awareness is an added advantage to agricultural extension, as
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awareness of a practice is the first step in learning how to use it, followed by the interest stage which urges the
clientele to seek more information about the practice.

Table 2: Frequency distribution on the extent of adoption of recommended cowpea production practices

Recommended Practices Frequency Percentage Ranking/
Remark

I. Recommended seed rate 181 90.5 1

il. Recommended planting date 174 87.0 2nd
iii. Recommended weeding time 169 84.5 3w
iv. Recommended rate for the application of pesticide 158 79.0 4th
v. Recommended plant spacing 143 71.5 5t
vi. Recommended harvesting time 142 71.0 6t
Vil. Recommended storage 121 59.5 7th
Viil. Recommended spacing depth 119 59.5 gth
iX. Recommended stored pesticides 112 56.0 gth

X. Use of improved cowpea variety 107 53.5 10%

xi. Recommended practice for disease control 103 51.5 11

xii. Recommended herbicide for weed control 88 44.0 12h

xiii. Recommended seed treatment before planting 85 42.5 13®h

Xiv. Recommended rate of fertilizer application 21 10.5 14

Source: Field Survey, 2021

Cowpea farmers in the study area highly adopted the recommended seed rate (90.5 %), recommended planting
date (87 %), and recommended weeding time (84.5%). Cowpea farmers were familiar with the planting of 2 or 3
cowpea seeds per hole with two major planting periods (onset of early rain and late September). Two weeding
regimes were also commonly practised by the respondents using hoes; the first weeding using hand hoes is carried
out two weeks after planting followed by a second weeding in six weeks. During the field survey, it was observed
that cowpea farmers who adopted the use of herbicide for weed control majorly applied glyphosate and paraquat.
This finding agrees with Agwu (2006) who carried out a similar study in Abia State, Nigeria.

The result further indicated that the use of recommended stored pesticides (56 %) was fairly adopted by the
respondents. A possible explanation for the adoption of this recommended practice could be farmers’ knowledge
of such practice. The associated cost of purchasing pesticides and their availability could also form part of the
reasons for the fair or moderate adoption of recommended cowpea-stored pesticides. Stored pesticides are
chemicals used to control the pests of cowpeas during storage. The recommended pesticides for storage of cowpea
include Actelic 25 E.C, Actelic 2% dust, and Phostoxin tablet. It was however observed during the field survey
that, cowpea farmers in the study area used recommended cowpea storage structures such as steel drums/tins,
polythene bags, and local silos. This finding agrees with Sabo et al. (2014) who reported low adoption of cowpea
storage management practices among farmers in Mubi, Nigeria.

The low adoption of recommended herbicide application (44 %), seed treatment (42.5%), and recommended
fertilization rate (10.5%) will have implications on output. Herbicides are chemical substances for the control of
unwanted plants. Herbicides applied immediately after planting are pre-emergence herbicides; while herbicides
applied after weed emergence are post-emergence herbicides. This finding disagrees with Ajanya et al. (2014) in
analyzing the adoption of glyphosate herbicide for the control of spear grass in Kogi state. The authors reported
that 84.7% of yam farmers adopted the technology. The deviance in this finding and that of Ajanya et al. (2014)
could be associated with the focus crop and farmers’ economic situation. The result on herbicide however agrees
with Okwoche et al. (2011) who reported that 47.72% of rural farmers in Kogi State, Nigeria adopted roundup
(glyphosate) generally and with a preference level of 40.57% from among many other types of herbicides. The
finding of this study is also in tandem with Imoloame (2013) who reported that 45.3% of crop farmers in Kwara
State used more post-emergence herbicides due to the high level of root and tuber crop production in the area.

From Table 2, cowpea farmers’ adoption score and adoption index were calculated as shown in Table 3. The
adoption index is the ratio between the number of recommended cowpea production practices adopted by an
individual farmer, and the total number of recommended cowpea production practices under study (in this case,
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14 recommended cowpea production practices). Table 3 shows that most (20.5 %) of the respondents had an
adoption score and index of 8 and 0.57 respectively; while 1.5 % of the cowpea farmers recorded an adoption
score and adoption index of 1 and 0.1, respectively. The adoption score and adoption index recorded in this study
are similar to what was reported by Olumba and Rahji (2014) among plantain farmers in Anambra State, Nigeria.

Table 3: Adoption score and adoption index of cowpea farmers

Adoption Score Adoption Index Frequency Percentage
1 0.1 10 5.0
2 0.14 25 12.5
3 0.21 20 10.0
4 0.29 33 16.5
5 0.36 17 8.5
6 0.43 21 10.5
7 0.50 19 9.5
8 0.57 41 20.5
9 0.64 11 5.5
10 0.71 3 1.5
Total 200 100
Source: Field Survey, 2021
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Figure 1: Extent of adoption of recommended cowpea production practices

Figure 1 shows the extent of adoption of recommended cowpea production practices. The categorization was
done using the adoption score as presented in 7able 2. From the result (Figure 1), 45 % of the cowpea farmers
were in the low adoption category, while 27.5 % of each of the respondents were in the medium and high adoption
category.

3.2. Effects of extension teaching methods on the extent of adoption

The output of the ordered probit regression model on the effect of extension teaching methods on the extent of
adoption of recommended cowpea production practices among the respondents is presented in 7able 4. The Log
Likelihood Ratio (LR) Chi-square statistics of 78.21 was statistically significant (p< 0.01) at a 1 % level of
measurement (99 % confidence). This implies that extension teaching methods and other included variables of
cowpea farmers influenced their extent of adoption of recommended cowpea production practices. The ordered
levels of adoption of recommended production practices by the respondents are reflected in the marginal effects’
values. Adoption levels were ordered as low, medium, and high. The adoption score for individual cowpea farmers
aided the categorization or grouping of cowpea farmers into these three groups. Estimates of the marginal effects
were used because its coefficients have direct interpretation and hence aided discussion of the results. The result
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in Table 4 shows that the individual, group, and combination of individual, group and mass extension teaching
methods generally have a positive influence on the likelihood of the extent of adoption, while the mass extension
teaching method was inversely related to the extent of adoption. Five (5) of the included explanatory variables
significantly influenced the extent of adoption at various levels. The probability level was at 5 % (p<0.05); that is,
95 % confidence level. These significant variables include individual extension teaching method, mass extension
teaching method, a combination of individual, group and mass extension teaching methods, gender, farming
experience, and income from cowpea production.

The coefficient of the individual extension teaching method was positively signed and significant ata 1 % level
of significance. This means that the individual extension teaching method increases the likelihood of cowpea
farmers’ adoption of recommended production practices. The marginal estimates show that the use of individual
extension teaching methods will decrease the likelihood of farmers being found in the; low adoption category by
36.8 % and increase the probability of being found in the medium and high adoption categories by 7.2 % and
29.7 %, respectively. This result further confirms the respondents’ position on their preference for the individual
extension teaching method method in comparison to the other teaching methods. This finding agrees with Nwalieji
and Nnabueze, (2018) and Ebenehi and Ahmed (2019) when they reported that the individual extension teaching
method is effective in delivering extension messages among farmers in Anambra and Kogi States, respectively.

Table 4 shows that the coefficient of the mass media extension teaching method is negative and significant at
a 5 % level. By implication, the likelihood of adoption of recommended cowpea production practices reduces with
the use of mass media in delivering extension messages. This finding could be associated with the respondents’
low-level preference for mass media extension teaching methods as compared with other extension teaching
methods. The marginal effect analysis indicates that the use of the mass media extension teaching method increases
the probability of farmers being found in the low adoption category by 5.9 %; and decreases farmers’ likelihood
of being found in the medium and high adoption category by 1.1 % and 4.7 %, respectively.

The combined effect of individual, group and mass media extension teaching methods was positively signed
and significant at 1 %. By implication, the likelihood of farmers’ adoption of cowpea-recommended production
practices increases with the combined use of these three extension teaching methods in delivering extension
messages. Cowpea farmers in the study area would be quick to adopt recommended production practices when
they have access to both individual, group and mass media teaching methods. The outcome of the marginal effect
analysis reveals that the likelihood of cowpea farmers being found in the low adoption category decreases with the
combined use of these three methods by 1.3 %. Further, the combined use of these three extension teaching
methods favours the likelihood of cowpea farmers to be found in the medium and high adoption category by 0.3 %
and 1.1 %, respectively.

The coefficient of years spent in cowpea farming as shown in Table 4 was negative and significant at a 5 %
level of significance. By implication, an increase in the number of years spent farming will decrease the likelihood
of cowpea farmers adopting recommended cowpea production practices in the study area. Further analysis of the
marginal effect shows that an increase in years spent farming will increase the chances of cowpea farmers being
found in the low adoption category by 0.6 %. However, an additional year spent in farming cowpea will decrease
the probability of cowpea farmers being found in the medium and high adoption category by 0.1 % and 0.5 %,
respectively.

The coefficient of income from cowpea production was negative and significant at a 5 % level of significance.
By implication, the naira increase in farm income from cowpea production will decrease the likelihood of cowpea
farmers adopting recommended cowpea production practices. Further, the probability of cowpea farmers being
found in the low and medium adoption categories increases by 0.000085 % and 0.000017 %, respectively, with a
naira increase in farmers’ income, while the likelihood of cowpea farmers being found in the high adoption
category decreases by 0.000069 % with an increase in income from cowpea production.
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Table 4: Output of the Ordered Probit Analysis on the Effect of Extension Teaching Method on Farmers’ Extent of Adoption

Variables Ordered Probit Estimate Low Extent of Adoption Medium Extent of Adoption High Extent of Adoption
Coeff. Prob. dydx Prob. dydx Prob. dydx Prob.
Individual method 1.192 (0.267) 0.000™ -0.368 (0.072) 0.000™" 0.072 (0.021) 0.000™" 0.297 (0.064) 0.000™"
Group method 0.111 (0.267) 0.678N8 -0.034 (0.082) 0.677N8 0.007 (0.016) 0.679N8 0.028 (0.066) 0.677N8
Mass method -0.189 (0.085) 0.026™ 0.059 (0.026) 0.022™ -0.011 (0.006) 0.039™ -0.047 (0.021) 0.025™
Indiv+group+mass 0.044 (0.008) 0.000™" -0.013 (0.002) 0.000™" 0.003 (0.001) 0.005™* 0.011 (0.002) 0.000™*"
Gender -0.124 (0.073) 0.090N8 0.038 (0.022) 0.083NS -0.007 (0.005) 0.098N8 -0.031 (0.018) 0.089NS
Education 1.157 (0.783) 0.140N8 -0.358 (0.239) 0.134N8 0.069 (0.048) 0.151N8 0.288 (0.194) 0.138N8
Land ownership 0.055 (0.080) 0.496NS -0.017 (0.025) 0.494NS 0.003 (0.005) 0.496NS 0.014 (0.020) 0.496NS
Trust 0.044 (0.178) 0.805NS -0.014 (0.055) 0.805NS 0.003 (0.011) 0.806NS 0.011 (0.044) 0.805NS
Age 0.018 (0.376) 0.962N8 -0.005 (0.116) 0.962N8 0.001 (0.023) 0.962N8 0.004 (0.094) 0.962N8
Membership 0.005 (0.009) 0.606NS -0.002 (0.004) 0.606NS 0.003 (0.001) 0.612N8 0.001 (0.002) 0.606NS
Farming experience -0.019 (0.008) 0.021™ 0.006 (0.003) 0.018" -0.001 (0.001) 0.039™ -0.005 (0.002) 0.020™
Household size -0.581 (0.359) 0.106N8 0.179 (0.109) 0.101N8 -0.035 (0.023) 0.132N8 -0.145 (0.089) 0.103N8
Cowpea farm income -2.76e-6 (1.28e-6) 0.031™ 8.54e-7 (3.84e-7) 0.026™ 1.7e-7(8.2e-8) 0.043™ -6.9e-7 (3.2e-7) 0.030™
Extension visits 0.057 (0.052) 0.268N8 -0.018 (0.016) 0.265N8 0.004 (0.003) 0.283N8 0.014 (0.013) 0.266N8
LR Chi? 78.21 0.000
Log likelihood -174.770
Pseudo R? 0.183

Source: Authors’ computation from field survey, 2021. Figures in parentheses are standard errors. " and ™ = significant @ 1% and 5% level, respectively. NS = Sot Significant.
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4. Conclusions

The adoption of recommended cowpea production practices was relatively high for the recommended seed rate,
recommended planting date, and recommended weeding time. The adoption of improved cowpea seed variety was
moderate while recommended herbicide application recorded low adoption. The adoption of improved cowpea
seed variety is significantly influenced by individual extension teaching method, mass extension teaching method,
a combination of individual, group and mass extension teaching methods, farming experience, and income from
cowpea production.

Based on findings, discussions and conclusions drawn from this study, the following policy recommendations
are made.

1. For cowpea farmers to be found in the high adoption category, extension agents should consider focusing
more on the individual extension teaching method in disseminating information on recommended cowpea
production practices.

2. Extension agents should enlighten cowpea farmers on the need to adopt the following recommended
cowpea production practices; use of improved cowpea seed variety, practice for disease control, herbicide for weed
control, seed treatment before planting, and recommended rate of fertilizer application.

3. Since the individual and mass extension teaching methods significantly influenced the adoption of
improved cowpea seed variety, it is advisable that extension agents should focus on these methods to enhance
adoption rates.
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Domatesin Verim, Verim Unsurlar1 ve Meyve Kalitesine Etkileri

Mahmoud NAZZAL", Mehmet ZENGIN? Fatma GOKMEN YILMAZ?, Sait GEZGIN?, Firat
UZUN?

Abstract

Different nitrogen fertilizers and potassium applications have an important impact on the yield and yield
components and fruit-quality parameters of tomatoes in both alkaline and acidic reaction soils. This study
investigated the effects of different nitrogenous fertilizers and potassium doses on the yield, yield components,
and fruit quality of tomatoes grown on alkaline and acidic soils. The experiment was carried out in the research
greenhouse of the Agriculture Faculty, at Selcuk University. It was performed by using two different soil types,
three nitrogen fertilizers [ammonium sulfate (AS), ammonium sulfate with inhibitor (AS+inh.), and calcium nitrate
(CaNit)], and three different concentrations of potassium sulfate (0, 240, and 480 mg KO kg!). We conducted the
study by using a randomized experimental plot design with four replications. According to the research results,
the highest fruit yield in alkaline soil was 'inh. AS and 480 mg K,O kg™"", while the highest fruit yield in acid soils
was obtained with 'calcium nitrate and 240 mg K,O kg™!". Furthermore, different nitrogen sources and potassium
doses significantly affected tomato yield components such as stem diameter, plant height, number of fruits per
plant, fruit weight, fruit diameter, fruit hardness, fruit pH, and Brix values. According to the results of the
completed soil analysis, the applications demonstrated the importance of accurate and balanced fertilization for
high-yield and quality tomato production in different soils. In conclusion, this study highlights the importance of
selecting appropriate nitrogen fertilizers and potassium doses to increase tomato yield and yield components in
alkaline and acidic soils. It provides valuable insights for tomato farmers and researchers seeking to improve
tomato cultivation techniques in different soil conditions.
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Oz

Farkli azotlu giibreler ve potasyum uygulamalari, alkalin ve asidik reaksiyon topraklarda domatesin verim ve
verim unsurlar1 ile meyve kalite parametreleri iizerinde onemli bir etkiye sahiptir. Bu caligmada, farkli azotlu
giibreler ve potasyum dozlarimin alkalin ve asidik topraklarda yetistirilen oturak sofralik domatesin verim, verim
unsurlar1 ve meyve kalitesi {izerine etkileri arastirilmistir. Deneme Selguk Universitesi Ziraat Fakiiltesi arastirma
serasinda, iki farkli toprak, ii¢ azotlu giibre [amonyum siilfat (AS), inhibitorlii amonyum siilfat (AS+inh.) ve
kalsiyum nitrat (CaNit)] ve ii¢ farkli potasyum dozu (0, 240 ve 480 mg K,O kg!; potasyum siilfat) kullanilarak
tesadiif parselleri deneme desenine gore dort tekerriirlii olarak yiiriitiilmiistiir. Arastirma sonuglarina gore, alkalin
toprakta en yiiksek meyve verimi ‘inh. AS ve 480 mg KO kg!” interaksiyonundan elde edilirken, asidik toprakta
en yiiksek meyve verimi ‘kalsiyum nitrat ve 240 mg K,O kg™’ interaksiyonundan alinmistir. Sonug olarak, azotlu
giibre ve potasyum dozlarinin farkli uygulamalarinin gesitli toprak kosullarinda domates {iretimini artirabilecegi
ortaya konulmustur. Ayrica, farkli azot kaynaklar1 ve potasyum dozlar1 domatesin gévde ¢api, bitki uzunlugu, bitki
bagina meyve sayisi, meyve agirligl, meyve capi, meyve sertligi, meyve pH’s1 ve briks degerleri gibi verim
unsurlarimi da istatistiksel olarak 6nemli diizeylerde etkilemistir. Farkli azot kaynaklar1 ve potasyum dozlarinmn
verim ve verim unsurlari iizerindeki etkilerinin istatistiksel olarak énemli oldugunu tespit edilmis olup, yiiksek
kalitede domates yetistiriciligi i¢in dogru ve dengeli giibrelemenin dnemini ortaya ¢gikarmaktadir. Sonug olarak,
bu caligma alkali ve asidik topraklarda domates verimini ve verim unsurlarini artirmak i¢in uygun azotlu giibre ve
potasyum dozlarmin belirlenmesinin gerektigini ac¢iklamaktadir. Farkli toprak kosullarinda domates yetistirme
tekniklerini gelistirmek isteyen giftciler ile arastirmacilar i¢in dnemli bilgiler saglanmistir.

Anahtar Kelimeler: Alkalin ve asidik toprak, Azot, Domates, Meyve kalitesi, Potasyum, Verim
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1. Introduction

Tomatoes (Lycopersicon esculentum Mill.) are a highly important vegetable worldwide, offering economic
benefits and high yields due to their short growth period. They belong to the Solanaceae family, along with other
vegetables like potatoes, peppers, and eggplants. Tomatoes, which are rich in vitamins, originated in Peru and
were brought to Europe from Bolivia and Ecuador in the 16™ century (Dam et al., 2005). Tomatoes are an important
product in greenhouse vegetable cultivation and are highly nutritious. They contain important vitamins and
minerals, including thiamine, vitamin A, niacin, ascorbic acid, phosphorus, potassium, calcium, sodium, and iron.
According to Sainju et al. (2003), 100 grams of tomatoes contain 0.06 mg of thiamine, 900 IU of vitamin A, 0.7
mg of niacin, 23 mg ascorbic acid, 27 mg phosphorus, 244 mg potassium, 13 mg calcium, 3 mg sodium, and 0.5
mg iron. Nitrogen is an essential nutrient for plants, promoting vegetative growth while reducing generative
growth. It is therefore essential to maintain a balanced nitrogen-to-potassium (N/K) ratio in plant tissues. The ideal
N/K ratio in leaves is between 1.2 and 1.8, according to Campbell (2000). Potassium is the most important cation
in plant physiology in terms of quantity and physiological and biochemical functions (Leigh and Wyn Jones, 1984).
Tomato fruits have a high uptake of potassium (K*) from the soil, especially during the fruit growth period (Huett
and Dettmann, 1988). Ideal soils for growing tomatoes are low- to medium-calcareous, salt-free, loamy, and rich
in macro- and micronutrients. They should be deep, permeable, and dark in color, especially alluvial soils (Zengin
and Ozbahge, 2011). Ceylan et al. (2001) studied the effects of different doses of ammonium nitrate and urea
fertilizer on tomato N uptake and accumulation under field conditions. When applying 360 kg N ha™!, they observed
the highest levels of nitrate-N and nitrite-N in leaves and fruits during the 1st and 2nd harvests. Furthermore,
ammonium nitrate applied resulted in higher nitrate and nitrite accumulation compared to urea applied. Applying
240 kg N ha'! resulted in the highest yield. The effect of two different fertilizer sources as 20-20-0 (0, 1, 1.5 and 2
kg/ha) and Leonardite (0, 2.5, 5 and 7.5 kg/ha) were applied to tomato plants. According to the results of the study,
the differences between fertilizer applications were statistically significant in tomato plant stem height, root length,
shoot and root fresh weight, shoot and root dry weight and number of leaves (Demirkiran et al., 2012). Reboucas
et al. (2015) examined how calcium nitrate, ammonium sulfate, urea, and different amounts of nitrogen (0, 140,
280, and 420 kg N ha'!) affected the quality of tomatoes. They found that increasing nitrogen doses led to a decrease
in fruit acidity, while fruit pH and brix values remained unaffected. The type of fertilizer used had different effects.
Researchers found that nitrogen fertilizers positively affected the yield components, and they recommended
applying nitrate and ammonium to improve quality. In a sandy soil experiment in Cairo, Egypt, Awaad et al. (2016)
conducted a study to evaluate the effects of different N sources, including slow-release (urea-formaldehyde) and
rapid-release (urea) N, on lettuce yield. The results showed that the application of nitrogen alone or in combination
with potassium sulfate resulted in the highest fresh dry weight per plant and total lettuce yield per hectare compared
with the control. The combination of urea and potassium sulfate resulted in the highest fresh dry weight per plant.
The lettuce plants had the highest contents of P, K, Zn, and Mn when the combination of urea and potassium
sulfate was used, while the highest contents of N and Fe were observed with urea fertilizer alone. The lowest
nitrate levels were observed with urea alone or urea+potassium sulfate in combination. The highest protein content
in the plants was also induced by the combination of urea and potassium sulfate. The study demonstrated that urea-
formaldehyde slow-release nitrogen fertilizer significantly improved lettuce yield and quality on sandy soils. Natlia
et al. (2018) investigated the effect of nitrogen sources and doses on tomato fruit’s nutritional quality. A
commercial hybrid tomato (Dominador) was grown in four replications. The treatments included nitrogen fertilizer
dosages of 50 and 200 mg L' with a combination of four sources (urea, ammonium sulfate, ammonium nitrate,
and calcium nitrate). The results indicated that the application of urea and ammonium nitrate led to increased pH
levels in the tomato fruits. The contents of potassium, lycopene, and carotenoids did not appear to be significantly
different depending on the sources and doses of nitrogen used. The study concluded that nitrogen fertilizer sources
and doses have a significant impact on the nutritional quality of tomato fruit, affecting some parameters such as
brix, pH, titratable acidity, and sodium content. The effects of different levels of potassium and zinc fertilization
on the yield and the yield components of the artichoke were studied in the research. Different levels of potassium
were applied, including 0, 6, 12, and 18 kg K,O da’!; K,SO4; and 50% K,O. The results showed that the highest
artichoke yield (8.972 kg da’') was obtained with the application of 18 kg K,O da™! (Oztiirk et al., 2020).

About 80% of the agricultural land in Tiirkiye has calcareous alkaline soils, while the rest has acidic soils. The
effects of different doses of potassium combined with nitrogenous fertilizers such as AS, inh. AS, and CaNit on
tomato production in these soils have been the subject of very little scientific research. The study aimed to
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investigate the effect of different doses of potassium combined with nitrogen fertilizers on the yield, yield
components, and fruit quality of tomato plants. The experiment utilized two types of soil: Konya soil with an
alkaline pH and Nevsehir soil with an acidic pH.

2. Materials and Methods

The study was conducted in the greenhouse and laboratory of the Department of Soil Science and Plant
Nutrition, Faculty of Agriculture, Selcuk University, Konya. Fidesan Vegetable Company’s Mirsini tomato variety
was used as the study plant material. Chemical and physical analysis of the soil samples were carried out before
the experiment began using the following methods: pH (pH meter with a glass electrode in a mixture of soil: pure
water in a ratio of 1:2.5, Richard; 1954), EC (measured in a 1:5 soil: distilled water solution with an EC meter,
Bayrakli; 1987), lime (total CaCOs, by the Scheibler Calcimeter, Caglar; 1949), organic matter (by the Smith-
Weldon method, Bayrakli; 1987), texture (Bouyoucos, 1951), inorganic N (NH4-N + NOs-N, by the Kjeldahl
method, Bremner; 1965), available P (Olsen et al., 1954), extractable K, Ca, Mg, and Na (with 1 N ammonium
acetate, pH = 7.0, Jackson (1965), determining by the ICP-AES Varian-Vista device, and the available trace
elements Fe, Zn, Mn, and Cu (Lindsay and Norwell, 1978), and reading by the ICP-AES, Soltanpour et al.; 1979),
and B micronutrient (in the 0.01 M CaCl, + 0.01 M mannitol solution extract with the ICP-AES, Soltanpour et al.;
1979, Cartwright et al.; 1983).

According to the analysis results of the two different soil samples (Table 1), the soil from the Selcuk University
campus land in Konya City has a slightly alkaline pH of 7.74. It is salt-free and has an excess of lime. The soil is
low in organic matter and has a loamy texture. It is deficient in nutrients such as nitrogen (N), potassium (K),
magnesium (Mg), iron (Fe), manganese (Mn), and boron (B). However, it has sufficient levels of phosphorus (P),
zinc (Zn), and copper (Cu) and high levels of calcium (Ca). The other soil of Nevsehir province has a slightly
acidic pH of 5.50. It is also salt-free but has low calcium content. The soil is low in organic matter and has a sandy
texture. It is deficient in nutrients such as nitrogen (N), calcium (Ca), magnesium (Mg), and zinc (Zn). However,
it has sufficient levels of potassium (K), manganese (Mn), boron (B), and copper (Cu), as well as high levels of
phosphorus (P) and iron (Fe) (Table 1). In summary, the soils of Konya and Nevsehir have different pH values
and textures. The Konya soil is alkaline with a loamy texture, while the Nevsehir soil is acidic with a sandy texture.
Both soils are poor in various nutrients but also have sufficient or high levels of certain nutrients.

Table 1. Some physical and chemical analysis results of the soil samples

Parameters Results Results Parameters Results Results
Parameters Alkaline (Konya)  Acidic (Nevsehir)  Parameters Alkaline (Konya)  Acidic (Nevsehir)
. - 7.74 (Slightly 5.50 (Slightly 1 86 (Low) (0.22 214 (Adequate)
PH (1:2.5 soil: water) alkaline) acidic) Extracted K (mg kg™) me 100 g) (0.55 me 100 g)
EC (1:5 soil: water, i 4.910 (Much) 621 (Low) (3.10 me
uS em-) 74 (Saltless) 71 (Saltless) Extracted Ca (mg kg™) (24.55me 100 ") 100 g)
. . 131 (Low) (1.09 100 (Low) (0.83 me
o, 1
Lime (%) 30.6 (Too much) 0.3 (Low) Extracted Mg (mg kg™") me 100 g1) 100 g
Org. matter (%) 0.7 (Very low) 0.7 (Very low) Extracted Na (mg kg™") 29)4 (0.09 me 100 ]12'0 (0.05me 100 g
Clay (%) 22.6 9.6 Extractable Sodium Percent 0.34 (Good) 1.10 (Good)
Silt (%) 32.0 3.7 Available Fe (mg kg™') 1.33 (Low) 31 (Much)
: -1
Sand (%) 454 86.7 Available Zn (mg kg™) 1.10 (Adequate)  0.46 (Low)
: -1
Texture class Loamy Sandy Available Mn (mg kg™) 1.52 (Low) 13 (Adequate)
Inorg. N (NH4&-N+
NO:N) (mg kg™) 2.6 (Very low) 10.9 (Low) Available B (mg kg™) 0.02 (Low) 0.72 (Adequate)
: -1
Available P (mg kg) 8.1 (Adequate) 34 (Much) Available Cu (mg kg™ 134 (Adequate) 028 (Adequate)

Table 2. The ratio of the extractable cations to each other

Rates Results Ideal Resolutions

Konya Nevsehir Konya Nevsehir
Ca:K 111.6 5.6 12 Give K Give Ca
Ca:Mg 22.5 3.7 6 Give Mg Give Ca
Mg:K 4.9 1.5 Give K Give Mg
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In the study, we used ammonium sulfate (AS), inhibited ammonium sulphate (AS+inh.; of DOGATECH
company, the fertilizer contents as shown in 7able 3), and calcium nitrate (CaNit) as sources of nitrogen fertilizer.
These fertilizers contain different percentages of nitrogen, with AS and inh. AS both containing 21% N and CaNit
containing 15.5% N and 26% CaO. The study supplied potassium sulfate as the potassium source, which provided
51% K»0. We used triple super phosphate (TSP) with a phosphorus content of 43-45% P,Os for fertilization.
Finally, we used Etidot-67 as the source of boron, which contains 20.8% of boron.

Table 3. The source of inhibited ammonium sulphate (AS+inh.): DOGATECH Stable N-21 and the
guaranteed content of this fertilizer according to the following table

Guaranteed Ingredients (W/W) %
Total Nitrogen (N) 21
Ammonium Nitrogen (NH4-N) 21
Water soluble Sulfur Trioxide (SOs) 60
Ammonium Inhibitor (DMPB) 0.25

Source: dogatech.com.tr

The experiment was conducted in the research greenhouse of the Soil Science and Plant Nutrition Department,
Faculty of Agriculture, Selcuk University. The greenhouse was well-ventilated, with the temperature maintained
at 2543 °C, solar radiation at 175050 kcal m, and relative humidity around 60+10%. We used a randomized
experimental pot design with four replications, filling the pots with 5 kg of oven-dried soil sieved to 4 mm. Totally
500 mg N kg'! was applied into pot soil as ammonium sulfate (AS), inhibited ammonium sulfate (AS-+inh.), and
calcium nitrate (CaNit) fertilizer. Of this 250 mg N kg™! at the base of the soil during seedling planting and another
250 mg N kg! at the top of the soil during the fruit ripening period, was given. For potassium doses, half of the 0,
240, and 480 mg K kg™! was applied at the base during seedling planting, while the other half was given at the top
during fruit ripening by the potassium sulfate (PS). According to the results of the soil analysis, the phosphorus
and boron fertilizers, which contain deficient nutrients, were applied to the soil as a solution before planting. At
transplanting, we supplemented the P levels in all pots to 60 mg P kg™! using TSP fertilizer (45% P,Os). While the
Konya soil is poor in boron, the Nevsehir soil has sufficient boron. At transplanting, we added Etidot-67 fertilizer
as a solution at a rate of 1.5 mg B kg™! into each pot, serving as an alkaline fertilizer for 36 pots of Konya soil. We
planted one tomato seedling in each pot and immediately watered them. Depending on weather conditions,
irrigation with pure water was carried out at a measured rate, and maintenance activities such as spraying, and
grass removal were done as necessary.

The harvest: There were four harvests, the first being 65 days after planting. Tomatoes were picked when they
turned red. At the end of the harvesting process, the following measurements were carried out on samples of tomato
fruit and plants: In the experiment, the fruits in the pots were weighed after 4 different harvests and the total yield
per pot was determined as (g pot™'). Plant stem diameter (thickness): The stem of each plant in each pot was
measured 5 cm above the soil and in one direction with a caliper, and the stem diameter (mm) was recorded. Plant
height: A meter was used to measure the length (cm) of the plant in each pot. Number of fruits per plant: The
number of fruits per plant was determined by taking the arithmetic mean and counting the fruits in each pot until
the end of the harvest. Fruit diameter: The diameters of the fruits taken from each pot at each harvest were
measured with calipers, and the average fruit diameter (mm) was determined by taking the arithmetic mean. Fruit
weight: The average fruit weight (g) was determined by weighing the fruits taken from each pot at each harvest
and taking the arithmetic mean. Fruit hardness: The peel hardness (kg cm?) of the fruits taken from each pot was
calculated by measuring around the equatorial plane and outside the carpel wall with a flat-tipped hand
penetrometer (Bayraktar, 1970). Fruit pH: The pH of the pulped fruit samples in the laboratory was measured
directly with a pH meter without dilution and recorded. Water-soluble dry matter (brix) in fruit: The water-soluble
dry matter content (%) was determined three times by taking a teaspoon of the pulped fruit sample in the laboratory,
filtering it through filter paper, and dropping a drop of the obtained sample on the prism of the refractometer, and
the average result was expressed as % brix (Cemeroglu, 1992).

Statistical analyses of the yield and yield components and some fruit-quality parameter values obtained as a
result of the treatments were evaluated by the randomized plots experimental design and submitted to variance
analysis with the MINITAB software.
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3. Results and Discussion

This study aimed to investigate different sources of nitrogen and the effect of potassium dosage on tomato
yield and yield components in both alkaline and acid soils.

3.1. Effects of different nitrogen sources and potassium doses on yield and yield components of tomato grown
in alkaline and acidic soils

3.1.1. The tomato yields

The interaction between the application of nitrogen fertilizer and potassium dosage showed a statistically
significant effect (at a 1% level) on tomato production in both alkaline and acidic soils. Table 4 provides the values
and Duncan groups of the treatments’ effect on tomato production per pot. Figure I shows that in alkaline soil, the
lowest yield (334.10 g pot™!) was obtained from the inh. AS control treatment and the highest yield (549.00 g pot
1) from the ‘inh. AS x Kus’ interaction. Similarly, when considering nitrogen fertilizer in alkaline soil, the highest
tomato yield (520.70 g pot!) was obtained with AS fertilizer (Table 4), and tomato yield increased with increasing
potassium doses from 0 mg K,O kg™ dose to 480 mg K,O kg™! dose. On the other hand, in acidic soil, the lowest
yield (408.80 g pot™!) was obtained in the CaNit control treatment, and the highest yield (747.70 g pot™!) was
obtained in the ‘CaNit x K49’ interaction (Figure 1). Moreover, considering nitrogen fertilizers, the highest tomato
yield (656.00 g pot!) was found in the inh. AS fertilizer application, and the highest yield (683.90 g pot™!) was
found in 240 mg K>O kg™! dose application as average yield results to different potassium doses (7able 4).

800.00 - 747.70
706.30
684.00
700.00 - 542,00 530,90 668.60
620.10 : 615.20
600.00 - 15750 53710 549.00
482.
~ 50000 { *% 470.60
T 407,00 408:80
2 : 394.50 396.90
20 400.00 -
= 334.10
c
= 300.00 -
200.00 -
100.00 -
0.00 -
0 240 480 0 240 480 0 240 480
AS CaNit AS+inh.

m Alkaline Soil ® Acidic Soil

Figure 1. Effects of nitrogenous sources and potassium doses on tomato yield in alkaline and acidic
soils

The AS fertilizer is acidic. As a result, it can be easily used in both neutral and calcareous alkaline soils. In the
control application of AS+inh. in alkaline soils, because the plant was not able to utilize the slow-release nitrogen
effectively, there was an absence of potassium, and these nutrients in the soil were not sufficient for normal plant
growth. As expected, fruit weight and, consequently, yield per pot remained low due to poor plant nutrition. In
acidic soils, AS+inh. provides nitrogen in a plant-absorbable form for an extended period. Plants slowly and
regularly absorb it in a balanced way, without any loss. Fertilizers that include nitrogen in the form of ammonium
contain nitrification inhibitors. Their function is to reduce the loss of nitrogen from soils through leaching and
denitrification. Additionally, they assist in improving the efficiency of NH4" ions by maintaining soil pH for a long
period. The optimal yield was obtained in acidic soils with low calcium levels through 500 mg N kg!, 840 mg
CaO kg! with CaNit fertilizer, and 240 mg K>O kg™! with potassium fertilizer. As the nutrient balance of the plant
is more optimal with this treatment than with other treatments, fruit weight is increased with this application, and,
as a result, higher tomato yields were obtained. In the acidic soil, N, and Ca are low, and K is at a medium level.
In terms of K/Ca/Mg balance, K and Mg are required for alkaline soil, while Ca and Mg are required for acidic
soil. Ca supplied with CaNit and K supplied with potassium sulfate to the acidic soil may have provided a favorable
balance for more optimum growth of the plant. According to Zengin et al. (2009), growing sugar beet by adding
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increasing amounts of K and Mg into soils that were similar but had an imbalanced Ca/K and Mg/K balance
showed that adding potassium increased the yield and quality of the sugar beet. The results of our study about the
weight of fruit in tomatoes correspond closely with the results of some researchers. Karaman and Brohi (1996)
demonstrated that using 320 kg N ha™! of ammonium nitrate (AN) fertilizer in colluvial soil resulted in the highest
tomato production (46.650 kg ha!). Kotsiras et al. (2005) reached the highest cucumber production by using a
ratio of NO3:NH4 at 100:0. In their study, Ashraf et al. (2008) found that the combination of calcium and
diammonium phosphate-DAP (200 kg N ha™! +100 kg P,Os ha!) fertilizers, together with an interaction of 150 mg
K kg, resulted in a maximum sugarcane yield of 7,320.00 kg ha™!. They also noticed that CaNit fertilizer
performed better than urea. In their study, Souri and Dehnavard (2017) investigated the impact of several nitrogen
fertilizers (AS, urea, and CaNit) on the nutritional content of tomato leaves and the quality of the fruit. They found
that the application of CaNit resulted in the maximum yield of fruit. Since AS fertilizer is an acid fertilizer, it can
be easily used in neutral and calcareous alkaline soils. Altintas (2017) reported that the highest total productivity,
early production, and marketable fruits were obtained for tomato plants in the application of K/N: K/N=2.5; 110
mg L' N and 275 mg L' K).

3.1.2. Stem diameter

The interaction between the ‘nitrogen fertilizer and potassium dosage’ had a statistically significant (1%) effect
on tomato stem diameter in acidic soil. However, in alkaline soil, this interaction never had a statistically
significant effect on the stem diameter. The data and Duncan groups related to the impact of treatments on stem
diameter are shown in Table 4. The statistical analysis in Table 4 shows that the interaction between ‘nitrogen
fertilizer and potassium dosage’ did not have an important effect on stem diameter in the alkaline soil. The
application of various nitrogen fertilizers to the soil resulted in the highest stem diameter (12.08 mm) when AS
fertilizer was used. When different potassium dosages were applied, the control treatment produced the highest
stem diameter of 11.58 mm. Conversely, the ‘AS x K40’ interaction led to the lowest stem diameter of 12.33 mm,
while the ‘CaNit x Ko’ interaction resulted in the highest stem diameter of 14.67 mm in the acidic soil (Figure 2).
Plants have a higher and more rapid uptake of nitrate in acidic pH conditions. Furthermore, the Table 4 indicates
that CaNit fertilizer resulted in the greatest average stem diameter (13.83 mm) when used, while AS+inh. fertilizer
had the second-highest stem diameter (13.42 mm).
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13.50 13.50
14.00 1975 13.25 13.00 13.33 25
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0 240 480 0 240 480 0 240 480
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Figure 2. Effects of nitrogenous sources and potassium doses on the stem diameter of tomato in alkaline
and acidic soils

Due to high Ca in alkaline soil, the Ca/K/Mg balance may have been upset, and Ca application with CaNit may
have resulted in low stem diameter due to insufficient nutrient supply of K and Mg to the plant. According to Haby
(1990), for ideal plant growth, Ca:Mg is 6.5:1, Ca:K 13:1 and Mg:K 2:1 (Table 2). The study showed that CaNit
fertilizer resulted in the highest stem diameter in calcium-poor acidic soil with 500 mg N kg! and 840 mg CaO
kg!, due to the optimal nutrient balance of the plant. The acidic soil had low levels of N and Ca and moderate
levels of K and Mg. The CaN.it fertilizer may have provided a favorable balance for optimal plant growth. The
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results are similar to previous research, such as the study of Ashraf et al. (2008) on sugarcane plants using CaNit
and urea fertilizers, which reported that CaNit gave better results than urea. Demirkiran et al. (2012) found that
20-20-0 and leonardite, two different nitrogen sources, did not have a statistically significant effect on the diameter
of tomato stems in neutral soil (pH: 6.8).

3.1.3. Plant height

The relationship between ‘nitrogen fertilizer x potassium dose’ showed a statistically significant (1%) impact
on tomato plant height in soils with alkaline and acidic reactions. The Table 4 shows that the treatment effects on
plant height and Duncan groups. The Figure 3 shows that the control treatments of AS and inh. AS had the lowest
plant height, at 49.50 cm and 51.00 cm, respectively. On the other hand, the ‘CaNit x K40’ interaction had the
highest plant height, at 77.25 cm. In contrast, in the acidic soil, the ‘CaNit x Ko’ interaction resulted in the lowest
plant height of 63.00 cm, while the ‘CaNit x K40’ interaction led to the highest plant height of 76.00 cm.

Plant height (cm
90.00 ght (cm)
80.00 75.17 75.50 77.25 76.00 24,00
68.67 71.67 71. 00 P
70.00 65.67
60.67 0300
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51.0 49.5
50.00
40.00
30.00
20.00
10.00
0.00
0 0 240 480 0
AS CaNit AS+inh.

m Alkaline Soil m Acidic Soil

Figure 3. Effects of nitrogenous sources and potassium doses on the plant height of tomato in alkaline
and acidic soils

Armstrong (1998) found that the effect of NO3-N on tomato plant growth was higher than that of NH4-N. Our
results on plant height in tomatoes are similar to the results of some researchers. Souri and Dehnavard (2017)
applied AS, CaNit, and urea to tomatoes and obtained the highest plant height from CaNit. Ashraf et al. (2008)
applied CaNit and urea fertilizers and a 150 mg K kg™! dose to sugarcane and reported that CaNit gave better results
than urea on plant height. Colpan et al. (2013) obtained the lowest plant height (173.05 cm) at 40 kg K,O ha™! dose
and the highest plant height (181.81 ¢cm) at 160 kg KO da! dose.

3.1.4. Number of fruits

The interaction between nitrogen fertilizer application and potassium dosage had a statistically significant (1%)
effect on the number of fruits of tomato plants grown on both alkaline and acidic soils. The values and Duncan
groups for the effect of the treatments on the number of fruits in the plant are given in Table 4. The CaNit control
treatment caused the lowest number of fruits (6.25 pcs plant™!), while the ‘inh. AS x Kuso’ interaction provided the
highest number of fruits (10.50 pcs plant™), as the Figure 4 shows. The application of inh. AS nitrogen fertilizers
to alkaline soil resulted in the highest average number of fruits (9.25 pcs plant™'). However, in the acidic soil, the
‘CaNit x K¢’ interaction caused the lowest fruit number (7.00 pcs plant™), while the ‘inh. AS x K4’ interaction
yielded the highest number of fruits at (11.75 pcs plant™!). The number of fruits in the acidic soil had a positive
correlation with the increasing rates of potassium, varying from 0-480 mg KO kg™

The number of fruits in the plant is an important factor in yield and provides an effect on the total tomato
production, together with the weight of the fruits. According to Javaria et al. (2012), Potassium application
significantly increased number of flowers/plant, fruit set rate, fruit/plant and yield/ha. As a result, they need more
potassium fertilization. The study showed that optimum fruit production was obtained with 500 mg N kg™!, 840
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mg CaO kg'! with CaNit fertilizer, and 480 mg K,0 kg! with potassium fertilizer in calcium-deficient acidic soil.
The Ca was supplied by CaNit and the K was supplied by potassium sulfate to the acid soil may have provided a
favorable balance for optimum plant development. Our results for tomato fruit numbers are similar to those of
some researchers. Karaman and Brohi (1996) found the highest number of tomato fruits at a 320 kg N da™! dose of
AN fertilizer in colluvial soils. Jung et al. (1994) found the highest number of tomato fruits at a NO3:NHj ratio of
10:0. In other words, nitrate nitrogen increased the number of fruits more than ammonium. In our study, CaNit had
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a higher fruit number than other nitrogen fertilizers. Similarly, Gelmez and Miiftiioglu, (2018) they found that the
use of AN fertilizer increased the number of fruits of tomato plants.

Figure 4. Effects of nitrogenous sources and potassium doses on the fruit number of tomatoes in
alkaline and acidic soils

3.1.5. Fruit diameter

The interaction between the application of nitrogen fertilizer and potassium dosage had a statistically
significant (1%) impact on the fruit diameter of tomato plants in both alkaline and acidic soils. The values and
Duncan groups of the effects of treatments on fruit diameter are given in Table 4. The results show that the ‘AS x
Kago” treatment released the lowest fruit diameter (53.59 mm), whereas the ‘CaNit x Ko’ interaction obtained the
largest fruit diameter (60.64 mm; Figure 5) offers this relationship. In contrast, in the acidic soil, the smallest fruit
diameter (52.89 mm) was seen in the ‘AS x K4’ combination, while the largest fruit diameter (59.43 mm)
occurred in the ‘inh. AS x K¢’ combination.
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Figure 5. Effects of nitrogenous sources and potassium doses on the fruit diameter of tomato in
alkaline and acidic soils
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The results of our study about the fruit diameter in tomatoes correspond significantly with the results of some
researchers. According to Yagmur et al. (2004), the application of potassium at various dosages (0, 120, 240, and
360 kg K>O ha™!) resulted in a variety of fruit diameters for tomato plants, weighing between 59.2 and 61.6 mm.
Kotsiras et al. (2005) obtained the highest cucumber fruit diameter by applying a NO3:NHj ratio of 100:0. In their
study, Woldemariam et al. (2018) observed that the tomato plants showed the largest fruit diameter when treated
with a dose of 150 kg K>O ha™'. At a dose of 200 kg K,O ha’!, the tomato plants showed the second-highest fruit
diameter, whereas the absence of K,O application resulted in the smallest fruit diameter.

3.1.5. Average fruit weight

The interaction between ‘nitrogen fertilizer and potassium dosage’ didn’t have a statistically significant effect
on the average fruit weight of tomatoes in the soil with alkaline pH. The interaction between the nitrogen fertilizer
and potassium dosage in acidic soil had a statistically significant (1%) effect on the average weight of tomato
fruits. Table 4 provides the values and Duncan groups for the impact of treatments on average fruit weight.
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Figure 6. Effects of nitrogenous sources and potassium doses on the average fruit weight of tomato in
alkaline and acidic soils

According to the data shown in Figure 0, the effect of the interaction between nitrogen fertilizer and potassium
dosage on fruit weight was not statistically significant in the alkaline soil condition. The average results of nitrogen
fertilizers indicate that the CaNit fertilizer gave the largest fruit weight of 86.35 g, while the second highest fruit
weight of 82.04 g resulted from the application of AS fertilizer. The control dosage yielded the largest fruit weight
(87.12 g) based on the average results of potassium doses. At the same time, the ‘CaNit x K’ interaction resulted
in the lowest fruit weight of 81.76 g, while the ‘CaNit x K240’ interaction resulted in the largest fruit weight of
140.78 g in acidic soil. The CaNit fertilizer provided the largest fruit weight (107.82 g) based on the average results
of various nitrogen fertilizers. Similarly, the K»40 dosage resulted in the highest fruit weight (120.55 g) based on
the average results of different potassium doses (7able 4).

Fruit weight remained low due to poor nutrition as the plant had difficulty utilizing the slow-release nitrogen
in the inh. AS control treatment was not efficient, and potassium was not fertilized, resulting in insufficient
nutrients for normal plant growth. The study found that the highest average fruit weight was obtained with 500
mg N kg'!, 840 mg CaO kg™ with CaNit fertilizer, and 240 mg K>O kg™ with potassium fertilizer in calcium-
deficient acid soils. This was due to the optimum nutrient balance of the plant. The study also showed that K and
Mg are necessary for the alkaline soil of Konya, while Ca and Mg are necessary for the acidic soil. The balanced
nutritional requirements of Ca and K may have contributed to optimal plant development. Zengin et al. (2009)
also reported an increase in sugar beet yield and quality with potassium applications. Our results on fruit weight
in tomatoes are like the findings of some researchers. Karaman and Brohi (1996) obtained the highest tomato
fruit weight from a 320 kg N ha'! dose of AN fertilizer in colluvial soil. Kotsiras et al. (2005) obtained the highest
cucumber fruit weight from the NO3:NHj ratio (100:0). Gelmez and Miiftiioglu, (2018) they found that the use
of AN fertilizer increased the number of fruits of tomato plants.
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3.2. Effect of Different Nitrogenous Sources and Potassium Doses on Some Fruit Quality of Tomato Plants
Grown in Alkaline and Acidic Soils

3.2.1. Fruit hardness

The interaction between the application of nitrogen fertilizer and potassium dosage showed a statistically
significant effect (1%) on the fruit hardness in both alkaline and acidic soils. 7able 5 provides the values and
Duncan groups that related to the effect of treatments on fruit hardness. In the alkaline soil, the ‘AS x Ko’
application released the lowest fruit hardness (2.82 kg cm™2), whereas the ‘CaNit x Ko’ interaction caused the
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Figure 7. Effects of different nitrogenous sources and potassium doses on the fruit hardness of tomato
plants grown in alkaline and acidic soils

highest fruit hardness (4.26 kg cm™; Figure 7). The CaNit fertilizer provided the highest fruit hardness (4.00 kg
cm??) based on the average results of nitrogen fertilizers in the alkaline soil. When applying a potassium dosage of
240 mg K,0 kg, the fruit hardness reached the highest value of (3.83 kg cm2), based on the average values.
Conversely, the control treatment with AS led to the lowest fruit hardness at 2.79 kg cm™, while the ‘CaNit x K¢’
interaction resulted in the highest fruit hardness at 4.34 kg cm2. The CaNit fertilizer revealed the highest fruit
hardness (3.63 kg cm™) based on the average results of the nitrogen fertilizers applied to the acid soil. Based on
the average results from the potassium dosages, the control, and 240 mg K,0 kg treatments showed the highest
fruit hardness, measuring at 3.61 kg cm and 3.60 kg cm™, respectively (Table 5).

The CaNit applied to the acid soil may have increased the Ca concentration in the peel by maintaining a favorable
K/Ca/Mg balance. Kacar et al. (2002) reported that calcium increases sclerenchyma cells and cell wall thickness. Our
results on the hardness of the tomato fruit are similar to the results obtained by some researchers. Souri and Dehnavard
(2017) obtained the highest fruit hardness from CaNit application among different nitrogen sources (AS, urea, and
CaN:it) applied to tomato plants.

3.2.2. FruitpH

The interaction between the application of nitrogen fertilizer and potassium dosage had a statistically
significant (1%) impact on the pH of the fruit in both alkaline and acidic soils. Table 5 provides the values and
Duncan groups of the treatments’ effects on fruit pH. The Figure § indicates that the ‘AS x K240’ application had
the lowest fruit pH of 4.07, while the ‘CaNit x Ko’ interaction in alkaline soil had the highest fruit pH of 4.31. The
average results of nitrogen fertilizers indicate that CaNit and inh. AS fertilizers had the greatest fruit pH values of
4.21 and 4.19, respectively. Similarly, the average results of potassium dosages show that the control treatment led
to the highest fruit pH value of 4.23. However, in soil with high acidity, the ‘inh. AS x K40’ interaction revealed
the lowest fruit pH of 4.17, while the ‘CaNit x Ko’ interaction resulted in the highest fruit pH of 4.36. The AS
fertilizer yielded the highest fruit pH (4.34) based on the average nitrogen fertilizer levels in acid soil. The control
dosage gave the highest fruit pH (4.33) based on the average potassium doses. The application of CaNit to the
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acidic soil enables calcium absorption, which neutralizes fruit acidity and leads to a rise in the pH of fruits (7able
).

The increase in fruit pH can be related to the neutralization of fruit acidity by the increased absorption of calcium
from CaNit in acidic soil. We compared the pH results of our tomato fruit with those obtained by certain studies.
According to FAO (1992), the pH level of tomato juice was below 4.5. In their study, Sahin et al. (1998) observed that
the pH levels of tomato juice ranged from 4.21 to 5.65. According to Javaria et al. (2012), tomato juice had pH values
that varied between 4.57 and 4.87, with 0 mg K kg! resulting in the highest pH value of 4.87. In their study, Yagmur
et al. (2004) reported that the pH levels of tomato juice, when treated with varying dosages of potassium (0, 120, 240,
and 360 kg K0 ha™), ranged from 4.07 to 4.10. In a study conducted by Nzanza (2006), it was noted that the pH level
of tomato juice ranged from 4.0 to 4.5. Furthermore, increasing the concentration of potassium (K) in the nutritional
solution resulted in a decrease in the pH of tomato fruit. Fandi et al. (2010) reported that the pH of tomato juice varied
between 4.23 and 4.39. Applying CaNit alone into acidic soils with low calcium levels can lead to a good balance of
Ca, K, and Mg uptake and higher fruit dry matter because the crop can better use these three macronutrients.
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Figure 8. Effects of different nitrogenous sources and potassium doses on the pH of tomato plant fruits
grown in alkaline and acidic soils
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3.2.3. Fruit brix (dry matter)

The interaction between the nitrogen fertilizer and potassium dosage showed a statistically significant effect (at a
1% level) on the fruit brix in tomato plants in both alkaline and acidic soils. Table 5 provides the values and Duncan
groups for the treatments’ impact on brix. Figure 9 shows that the control treatment of ‘CaNit’ had the lowest brix
(5.01%), while the ‘CaNit x Ku49’ interaction had the highest brix (5.39%). The average results of potassium doses
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<30 : iy 528 528 iy
521 5.19 52 5.19 518
5.20
5.10 5.04 501
5.00
4.90
4.80
4.70
0 240 480 0 240 480 0 240 480

AS CaNit AS+inh.

m Alkaline Soil ™ Acidic Soil

Figure 9. Effects of different nitrogenous sources and potassium doses on Fruit brix (dry matter) tomato
plants grown in alkaline and acidic soils
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in alkaline soil showed that the highest brix (5.28%) was obtained with a dose of 240 mg K,O kg'. The control
treatment of AS yielded the lowest brix (5.30%) in acidic soil, while the ‘AS x K4go’ interaction resulted in the highest
brix (5.47%). The AS fertilizer yielded the highest brix (5.39%) among the nitrogen fertilizers applied to acidic soil.
High brix (water-soluble dry matter) is necessary for tomato flavor and tomato paste yield. FAO (1992) reported that
tomato brix values are between 5 and 8%. Our results on brix in tomato fruit are similar to the results of some
researchers. Yagmur et al. (2004) obtained tomato brix values between 4.32 and 5.02% with potassium applied at
different doses (0, 120, 240, and 360 kg K>O ha™). Similarly, in another study, the highest brix (5.25%) was obtained
with increasing potassium levels (150, 300, and 450 mg K L) at a 450 mg K L' dose (Oktiiren Asri and Sénmez,
2010). Fandi et al. (2010) observed that the brix values of tomatoes varied between 5.6 and 6.4%. Sahin et al. (1998)
investigated the effects of different growing media on yield, quality, and plant growth of tomato plants and found that
brix values in tomatoes varied between 4.1 and 5.65%. Javaria et al. (2012) reported that brix values in tomatoes varied
between 5.0 and 6.97% and found the highest brix value (6.97%) at a dose of 375 mg K kg™'. Sahin et al. (2016) also
reported that tomato brix values varied between 5.05 and 5.65%.

Table 4. The effect of various nitrogenous sources and potassium dosages on the yield and yield components
of tomato plants grown on different soil types

, Stem Plant Number of Fruit Averag ¢
Soil N Sources d K ledl(g Diameter height fruits (fruit diameter Fr.utt
oses pot”) 1 weight
(mm) (cm) plant”’) (mm) )
0 482.90 b 12.75 n.s 51.00 e 7.750 be 59.06 ab 92.65n.s
AS 240 542.20 a 11.50 n.s 58.67d 8.25bc 54.32 cd 72.53 n.s
480 537.10a 12.00 n.s 58.83d 8.33b 53.59d 80.95n.s
Mean 520.70 A 12.08 A 56.17 C 8.11B 55.66 B 82.04 A
0 407.00 ¢ 10.75 n.s 60.67 d 6.25¢ 60.64 a 97.76 n.s
CaNit 240 394.50 ¢ 9.25n.s 77.25a 8.00 be 54.57 cd 75.59 n.s
480 396.90 ¢ 10.25 n.s 71.67b 8.75 ab 57.17 bc 85.72 n.s
Mean 399.50 C 10.08 B 69.86 A 7.67B 57.46 A 86.35 A
. 0 334.10d 11.25n.s 49.50 9.25 ab 54.88 cd 70.95 n.s
A“S‘xi“e AS+inh. 240 470.60 b 10.75 n.s 71.00 b 8.00 be 5723bc  72.95n.s
480 549.00 a 10.75 n.s 68.33 ¢ 10.50 a 55.20 cd 74.75 n.s
Mean 451.20 B 10.92 B 62.94 B 925 A 55.77 B 72.88 B
KO 408.00 C 11.58 a 53.72C 7.75b 58.19 A 87.12 A
Koo 469.10 B 10.50 ab 68.97 A 8.10b 55.37B 73.69 B
Kiso 49430 A 11.00 b 66.28 C 9.20 a 5532 B 80.47 AB
ANOVA
N Sources kk kk kk kk kk kk
K dOSeS sk * kg * sk sk
N sour. x K doses *ok N.S *ok ** *k N.S
0 487.50 f 13.25 ab 75.17 a 10.00 ab 57.81 ab 85.11 de
AS 240 620.10d 12.33b 68.67 ¢ 8.33 be 52.86 ¢ 12398 b
480 589.90 ¢ 13.00 ab 75.50 a 11.00 a 56.03 b 98.32 ¢
Mean 565.80 C 12.86 b 73.11 A 9.78 n.s 55.57B 102.47 B
0 408.80 g 14.67 a 63.00d 7.00 ¢ 57.15 ab 81.76 ¢
CaNit 240 747.70 a 13.33 ab 76.00 a 10.68 ab 58.64 ab 140.78 a
480 706.30 b 13.50 ab 74.00 ab 1233 a 58.80 ab 10091 ¢
Mean 621.00 B 13.83 a 71.00 B 10.00 n.s 58.20 A 107.82 A
0 615.20 de 12.50b 65.67d 11.50 a 59.43 a 85.86 de
Acidic Soil AS+inh. 240 684.00 bc 14.25 ab 65.67d 11.75a 57.85 ab 96.88 ¢
480 668.60 ¢ 13.50 ab 72.25b 9.75 ab 59.17 ab 95.52 cd
Mean 656.00 A 13.42 ab 67.86 C 11.00 n.s 58.82 A 92.75 C
Ko 503.80 C 13.47 n.s 67.95C 9.50 B 58.13 A 84.24 C
K40 683.90 A 13.31 n.s 70.11 B 10.25 AB 56.45B 120.55 A
Kiso 655.00 B 13.33 n.s 73.92 A 11.03 A 58.00 A 98.25 B
ANOVA
N Sources *k * ** N.S o o
K dOSeS kK NS dk ek kk kk
N souc. x K doses *k *k ** *k ** *k

*%: p<0.01, *: p<0.05, N.S: Not Significant
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Table 5. The effect of different nitrogenous sources and potassium doses on some fruit quality of tomato
plants grown in alkaline and acidic soils

Soil N Sources K doses Fn;;{tgft:’:‘:_lzl;ess Fruit pH Brix (%)
0 2.82¢g 4.18 cd 5.04d
AS 240 343 ¢ 4.07 e 526b
480 3.39ef 4.20 bc 5.28b
Mean 3.25C 4.15B 5.20 n.s
0 426a 431a 5.01d
CaNit 240 4.15b 4.10e 539a
480 3.59d 4.21 bc 5.19¢
Mean 4.00 A 421 A 5.20 n.s
0 3.62d 4220 520¢
Alkaline Soil AS+inh. 240 390c¢ 423b 5.19¢
480 335fF 4.15d 5.18¢
Mean 3.62B 419 A 5.19 n.s
Ko 357B 423 A 5.08C
Ka 383 A 4.13C 528 A
Kiso 345C 4.18 B 522B
ANOVA
N Sources ** ** N.S
K doses sk sk 3k
N Sources x K doses ** ** el
0 2.79¢ 435a 530d
AS 240 4.10b 435a 539b
480 3.76 ¢ 432b 547a
Mean 3.54B 434 A 539 A
0 434a 436a 533 cd
CaNit 240 3.66d 427¢ 521f
480 2.89f 4.25d 5.28 de
Mean 3.63A 429 B 5.27C
0 3.69 cd 4.26cd 5.37 be
Acidic Soil AS+inh. 240 3.10e 4.17e¢ 535¢
480 3.78¢ 434a 526¢
Mean 3.53B 4.26 C 533 B
Ko 361 A 433 A 533 ns
Kaqo 3.60 A 426 C 532 n.s
Kiso 348 B 430B 534 ns
ANOVA
N Sources *k *k *k
K doses *k *k NS
N Sources x K doses ** ** ll

*%: p<0.01, *: p<0.05, N.S: Not Significant
4. Conclusions

According to the study results, the effects of different nitrogenous sources and potassium doses on tomato
yield, yield components, and some fruit quality parameters in different soils were statistically significant (P<0.01,
P<0.05). In the alkaline soil, the highest tomato yield (549.00 g pot™!) was obtained from the ‘inh. AS x Kus’
interaction. According to the average yield results for different nitrogen fertilizers applied into alkaline soil, the
highest tomato yield (520.70 g pot™') was found in AS application, and tomato yield increased with increasing
potassium doses from 0 mg K>O kg! dose to 480 mg KO kg! dose. In the acidic soil, the highest tomato yield
(747.70 g pot!) was obtained from the ‘CaNit x Ka4’ interaction. According to the average yield results of different
nitrogen fertilizers applied to acid soils, the highest tomato yield (656.00 g pot™') was obtained from the inh. AS
fertilizer application and based on the average yield results of the potassium doses, the highest tomato yield (683.90
g pot) was obtained from the 240 mg K>O kg™ dose. The relationship between potassium (K) and nitrogen (N) is
essential for the growth and development of tomatoes, since it affects numerous physiological and biochemical
processes. Potassium is vital for various plant processes, such as enzyme activation, photosynthesis, and nutrient
transport, whereas nitrogen is a crucial constituent of amino acids and proteins. The simultaneous administration of
these nutrients can substantially influence tomato growth, yield, and quality. Potassium substantially influences tomato
growth and quality; yet its relationship with nitrogen is complex and demands careful management in order to
maximize advantages. Maintaining an equilibrium among these nutrients is crucial for optimizing productivity and
quality while reducing adverse environmental effects. Nonetheless, excessive application may result in diminishing
results and possible environmental harm, underscoring the necessity of targeted nutrient management measurements.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Yeni Bir Mikrodalga Destekli Damitma Sistemi ile Defne (Laurus nobilis) Bitkisinden
Ucucu Yag Elde Edilmesi

Extracting the Essential Oil from Laurel (Laurus nobilis) Plant with a New Microwave
Assisted Distillation System

Habib DOGAN"", Abdullah GENC?, Muzaffer MUTLU?

Oz

Bu calismada, diinyadaki ticaret arzinin %901 iilkemizden gerceklestirilen Defne (Laurus nobilis) bitkisinin,
geleneksel buharli damitma sistemiyle birlikte, endiistriyel tipte tasarlanan yeni bir mikrodalga destekli damitma
(MDD) sistemi kullanilarak ugucu yaglari elde edilmistir. Literatiirdeki tibbi ve aromatik bitkilerden mikrodalga
(MD) destegiyle damitma yapilan ¢aligmalara bakildiginda ya kiiciik 6lgekli laboratuvar cihazi ya da klasik MD
firinlara clevenger ilavesi yapilarak damitma isleminin gergeklestirildigi goriilmektedir. Ancak, bitki miktar1
artikca elektromanyetik (EM) giiciin bitkiye niifuzu azalacagindan dolay1 bu kiigiik 6l¢ekli MD destekli calismalar
endiistriyel tip damitma siiregleri i¢in birebir model olmaktan uzak kalacaklardir. Bu amagla bu c¢alismada
Ozgiinlik olarak, MD giiciin biiyiik 6lgekli sistemlerdeki damitma siireglerine etkisini dogru bir sekilde
modelleyebilmek i¢in yeni bir endiistriyel tip MDD sistemi tasarlanip test edilmistir. Her bir testte 5 kg’lik bitki
damitilmakta olup tasarlanan MDD sisteminde 12 adet magnetron kullanilmigtir. Bu magnetronlarin farkli giite
calismasi kontrol devresiyle saglanarak, MD giiciiniin ugucu yag verimine ve ugucu yag bilesenlerine etkileri
gozlenmistir. Yapilan testler sonucunda, MD destegi verilerek yapilan damitma islemlerinde, Linalool, Linalyle
formate ve PB-terpinyl acetate bilesenlerinde dramatik degisimler izlenmistir. Geleneksel buhar damitma (BD)
sistemine gore ucucu yag veriminde %10-24’lik bir artis elde edilmis, siire 100 dk’dan 50 dk’ya
diistiriilmiistiir. %26-35 aras1 daha az enerji harcanmig ve tiim bunlarin karsiliginda bilegsen bazinda standart
degerlerde ugucu yag elde edilmistir. Damitilma sonucundaki ugucu yag analizleri GC-MS analizi ile kimyasal
olarak analiz edilmis ve 64 farkli bilesen elde edilmistir. Bunlardan 29 tanesinin gruplandirilmasiyla yapilan
degerlendirmede, monoterpen-oksitlerin %55.68, monoterpen-hidrokarbonlarin ise %27.96 oldugu, kalan kismin
seskiterpen-oksit, seskiterpen-hidrokarbon ve fenolik bilesenlerden olustugu tespit edilmistir. MW giiciiniin diisiik
oldugu testlerde monoterpen-oksitlerin azaldigi, MW giicii arttik¢a belli bir oranda yiikseldigi tespit edilirken
monoterpen-hidrokarbonlarda ise tam tersi bir durum izlenmistir. Linalool ve linalyl formate bilesenleri MW
giiciiyle en ¢ok degisen bilesenler olmustur. Yapilan degerlendirmeler MW desteginin, endiistriyel tip damitma
stireglerinde uygulanmasinin pozitif etkileri olacagi ve maliyetleri asagi ¢ekecegi yoniindedir.

Anahtar Kelimeler: Defne, Laurus nobilis, Mikrodalga destekli damitma, Ugucu yag, Mikrodalga gii¢
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Abstract

In this study, essential oils of Laurel plant (Laurus nobilis), 90% of the world trade supply of which is realized
from our country, are obtained by using a new industrial-type microwave-assisted distillation (MWAD) system
designed together with the traditional steam distillation system. When examining the studies in the literature on
MW-assisted distillation from medicinal and aromatic plants, it is seen that the distillation process is carried out
either with a small-scale laboratory device or by adding clevenger to conventional microwave (MW) ovens.
However, since the penetration of electromagnetic (EM) power into the plant decreases with increasing plant size,
these small-scale MW-assisted systems will remain far from being a one-to-one model for industrial-type
distillation processes. For this purpose, in this work, a new MWAD system is designed and tested in order to
accurately model the effect of MW power on distillation processes in large-scale systems, as a novelty. In each
test, 5 kg of plant can be distilled and 12 magnetrons are used in the designed MWAD system. The operation of
these magnetrons at different powers is ensured by a control circuit and the effects of MW power on essential oil
yield (%) and essential oil components are observed. As a result of the tests, radical changes are observed in some
components in the distillation processes performed with MW support. Compared to the traditional steam
distillation (BD) system, a 10-24% increase in essential oil yield is achieved, and the time is reduced from 100
min to 50 min. 26-35% less energy is consumed and in return for all this, essential oil is obtained at standard values
on a component basis. Essential oil analysis as a result of distillation is chemically analyzed by GC-MS analysis
and 64 different components are obtained. In the evaluation made by grouping 29 of them, it is determined that
oxygenated monoterpenes are 55.68%, hydrocarbon monoterpenes are 27.96%, and the remaining part consisted
of oxygenated and hydrocarbon sesquiterpenes and phenolic components. In tests where low MW power is applied,
it is determined that oxygenated monoterpenes decrease and MW power ability increases to a certain extent, while
the opposite situation is observed for hydrocarbon monoterpenes. Linalool and linalyl formate components have
become the most economical solution with MW power. Evaluations indicate that MW support will yield positive
results in the industrial distillation spectrum and reduce costs.

Keywords: Laurel, Laurus nobilis, Microwave-assisted distillation, Essential oil, Microwave power
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1. Giris

Covid salgimi sonrasi bitkisel liriinlere olan talep asir1 sekilde artis gdstermistir. Bunun nedeni ¢ok uzun
zamanlardan beri dogal olarak baz bitkilerin tibbi amaglarla yaygin bir sekilde kullanilmasi oldugu kadar, gelisen
teknoloji ile birlikte bitkilerdeki sekonder metobolitlerin ¢ok farkli amaglar i¢in kullanilabileceginin ortaya
¢ikarilmasidir. Tanenler, flavonoidler, alkaloidler, terpenoidler vs. yoniinden ¢ok zengin olan bitkilerde (Allal ve
ark., 2019), sekonder metobolitler igerisinde yer alan ugucu yaglar giiniimiizde endiistride birgok alanda
kullanilmaktadir. Bu alanlarin basinda parfiimeri, kozmetik, aroma, gida koruma ve farmakoloji gibi alanlar dikkat
¢cekmektedir.

Ulkemiz, tibbi ve aromatik bitkiler acisindan gok zengin bir cografyadadir. Neredeyse tiim Avrupa iilkelerinin
sahip oldugu ~12 000 bitki ¢esitliligi varken lilkemizde ~4 000’1 endemik olmak tizere yaklasik ayn1 sayida bitkiye
ev sahipligi yapmaktadir. Ayn1 zamanda bir¢ok bitkinin en ¢ok yetistirildigi ve birgogunun da endemik olarak
sadece kendisinde bulundugu bir gen merkezi konumundadir. Tiirkiye’nin Diinya ¢apinda yetistirilme miktart ve
ticaretinin yapildigt bitkiler agisindan liderligini acik ara siirdiirdiigii bir bagka bitki de defne bitkisidir. Ticari
veriler incelendiginde diinyadaki defne arzinin %90 oraninda Tiirkiye’den yapildigi, 2021 verilerine gore 45 000
ton defne yaprag: ihracatinin gergeklestirildigi goriilmektedir (Anonim, 2022).

Defne, Lauraceae familyasina ait Laurus cinsinden, her daim yesil kalan bir bitki olup tilkemizdeki tiirii
“Akdeniz Defnesi” olarak adlandirilan Laurus nobilis’dir. Genel olarak Akdeniz havzasinda yayilis gésteren bu
bitki Ege ve Akdeniz kiyilarinm tiimi ile yogunluklu olarak Orta Bati Karadeniz kiyilarinda, deniz seviyesinden
1200 m yiikseltisine kadar yetismektedir (Karik ve ark., 2015). Yapilan ¢aligmalar defne yapraklarinin anti-
bakteriyel (Kara ve ark., 2020), anti-fungal (Aktepe ve ark., 2019), agr1 kesici, antiseptik ve mide rahatsizliklarini
giderici, diyabeti tedavi edici, migreni Onleyici, halsizlik, hazimsizlik, romatizma ve uykusuzluk problemlerine iyi
geldigini ortaya koymaktadir (Ghorbani ve ark., 2023; Ozogul ve ark., 2022; Sevik ve ark., 2022; Tomar ve ark.,
2020). Ulkemizde kiiltiirii yapilmayan defnenin degerlendirilmesi Orman Bakanlig1’nin ¢alismalar1 dogrultusunda
ylriitiilmekte, defne yapragi tiretiminin tamami dogadan toplanilarak yapilmaktadir. Odun dis1 orman iiriinlerinin
degerlendirilmesi noktasinda da kirsal kesimlerde ekonomik olarak destek saglayici bir konumda bulunmaktadir
(Ayhan ve Erkan, 2023). Defne yapraklar1 c¢ay olarak tiiketildigi gibi yapraklar ve meyvelerindeki yaglar
¢ikarilarak da degerlendirilmektedir. Bu ¢ikarilan yaglarin baska yaglarla karistirilarak egzama ve romatizma gibi
tedavilerde kullamldigina yénelik calismalara da rastlanilmaktadir. Ote yandan cay olarak tiiketilmesinin istah
acici, kan dolasimim diizenleyici, soguk algimlig1 ve bademcik iltihaplaria iyi geldigi de raporlanmustir (Ozer ve
ark., 2019).

Bu kadar degerli bir tibbi ve aromatik bitki konumunda olan defnenin yapraklarindan ugucu yag ¢ikarilmasi,
giiniimiizde geleneksel su ve buhar damitma (HD ve BD) yontemleri ile yapilmaktadir. Bitkilerin aromasini
kaybetmeyecek sekilde gdlgede kurutulmasi sonrasinda yapilan pargalama iglemiyle bitkinin yaprak ve ince dallar1
damitma islemine sokularak ugucu yaglari alinmaktadir. Yapilan ¢aligmalar defne yapraklarindan %0.2-2.5
arasinda bir ucucu yag verimi elde edilebilecegini gostermektedir (Gollikk¢ii ve ark., 2017). Elde edilen yag
analizleri kimyasal olarak incelendiginde baskin bilesenin 1,8 Cineole oldugu, bunu farkli monoterpen ve
seskiterpenlerin izledigi goriilmektedir. Defne yapraklarindan ¢ikarilabilecek ugucu yag miktart birgok ¢evresel
faktore gore degisebilecegi gibi, icerdigi bilesiklerin oranlar1 da bu cevresel faktorlere gore degisiklik
gosterebilmektedir. Cevresel faktorler disinda bitkilerin kurutulmasi ve damitma yontemleri de elde edilecek yag
veriminde etken konumundadir. Geleneksel buharli damitma (BD) yontemlerinde damitma siiresinin daha uzun
olmasi, enerji ve iscilik maliyetlerini de artirdigindan bu yontemlere alternatif modern damitma ydntemleri
gelistirilmistir. Bu modern damitma yontemlerinin basinda ultrasonik destekli damitma (UDD), siiper-kritik
damitma (SKD) ve mikrodalga destekli damitma (MDD) yontemleri dikkat ¢ekmektedir. SKD yonteminde ¢ok
yiiksek basing degerlerinin kullanilmasi ve ¢o6ziicii (CO») ihtiyacinin devam etmesi MDD sistemlerini daha &ne
¢ikarmaktadir (Irakli ve ark., 2023; Kavoura ve ark., 2019; Mro6z ve Kusznierewicz, 2023). MDD sistemlerinde
buhar disinda herhangi bir ilave ¢oziiciiye gerek olmadan damitma iglemi gerceklestirildigi icin daha saglikli ve
diigiik maliyetli bir durum s6z konusudur. 2 450 MHz frekansinin su molekiillerinin rezonans frekansiyla titresim
olmast sonucu su molekiillerinin kinetik enerjiden 1s1 enerjisine doniligmesi, bitkilerin hiicrelerinin daha ¢abuk
parcalanmasini ve i¢lerindeki ugucu yaglari birakmalarinin kolaylagsmasini netice vermektedir. 1-300 GHz frekans
bandini kapsayan mikrodalgalarin (MD) en yogun kullanildiklar1 alanlarin basinda pisirme, kurutma, sterilizasyon
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ve pestisit miicadeleleri gelmekte olup, en yaygimn kullanimi evlerdeki MD firinlar olarak karsimiza ¢ikmaktadir.
1 kW degerindeki magnetronlarin ~4 kV’luk bir gerilim altinda ¢alistirilmasiyla elde edilen elektromanyetik (EM)
dalgalar, belli bir su molekiiliine sahip olan bitkileri de hizl1 bir sekilde, homojen bir bigimde 1sitarak (diferansiyel
sicaklik farki olusmadan) daha yiiksek verimde ve daha hizli ugucu yag elde edilmesine imkéan saglarlar. Yapilan
calismalar ugucu yag elde etmek icin MD enerjini kullanimimin yag kalitesini degistirmedigini (ana bilesenlerde
herhangi bir kayba yol agmadigini), damitma siiresini biiylik oranda azaltirken verimi artirdigini ve enerji
tasarrufunu artirdigini ortaya konmustur (Drini¢ ve ark., 2020; Suttiarporn ve ark., 2020; Markovi¢ ve ark., 2018;
Jazo ve ark., 2022; Mohamed ve ark., 2022; Zhang ve ark., 2022). Tibbi ve aromatik bitkilerde MD destegiyle
yapilan ¢alismalar genel olarak kiiciik 6l¢ekli boyutlarda gergeklestirilmistir. Caligmalara bakildiginda klasik MD
firmlara clevenger ilavesiyle damitma isleminin gergeklestirildigi goriilmektedir. Belirtilen bu ¢aligmalarda en
biiylik problem, endiistriyel tip damitmalarda biiytik 6l¢ekli bitki kiitlelerinin ayn1 anda damitilmaya ¢alisilmasi
durumunda MD desteginin kiiciik 6l¢ekli sistemlerle ayni davranisi gostermeyecegidir. Bitkilerin miktari arttikca
EM dalgalarin bitkiye niifuzu azalacak ve bitkinin her bir bdlgesinin homojen MD enerjisine maruz kalmasi
miimkiin olmayacaktir. Dolayisiyla, kiigiik 6l¢ekli ¢alismalarda MD enerjinin bu tiir bir davranisi olmayacaktir.
Bu nedenle kiigiik 6l¢ekli MD destekli ¢caligmalar endiistriyel tip damitma siiregleri i¢in birebir model olmaktan
uzak kalacaklardir. Bu amagla bu ¢alismada, MD enerjinin biiylik 6lgekli sistemlerdeki damitma siireclerine
etkisini dogru bir sekilde modelleyebilmek icin yeni bir endiistriyel tip MDD sistemi tasarlanmistir. Onerilen bu
sistemde 100 litrelik bir geleneksel damitma kazanma 12 adet magnetron 120°’1lik agilarla 4x3 konfigiirasyonlu
dizi seklinde yerlestirilmistir. Ayni anda 5 kg miktarda L. nobilis bitkisi damitilabilecek sekilde MD enerji destegi
saglanmistir. Elde edilen ugucu yag drneklerinin GC-MS cihazi kullanilarak kimyasal analizleri yapilmigtir. BD
sistemi ile Onerilen MDD sisteminin performanslart ugucu yag verimi ve yag Kkalitesi acisindan detayli
incelenmistir.

2. Materyal ve Metot
2.1. Bitkilerin hazirlanmast

Damitma islemi gergeklestirilen L. nobilis bitkisi, Karadeniz Eregli bolgesinden elde edilmistir. Defne yapraklart
06.09.2024 tarihinde toplanip getirilmistir. Yapraklar genelde defnenin iist kisimlarindan almmis olup geng
yapraklardan olusmaktadir. Bitkiler golgede kurutulduktan sonra son siirgiin dallar1 kalacak sekilde odunsu
kisimlarindan ayrilmis ve homojen bir karisim saglandiktan sonra Skg’lik esit pargalara bdliinerek damitma
gerceklestirilmistir. Bu c¢aligmada kullanilan defne yapraklarinin kurutulduktan sonraki nem orani %25 olarak
Olgiilmiistiir. Cogu uygulamada defne bitki yapraklar1 ve dallari kiyilarak damitma gergeklestirilirken bu galigmada
parcalama ve kiyilma iglemi yapilmamistir. Bunun amaci MD desteginin etkisini gérmek oldugundan, referans olarak
once geleneksel olgiim gergeklestirilmis daha sonra MD destekli 6l¢tim yapilmustir. Sekil 1a ve Sekil 1b’de sirasiyla
defne bitkisinin yapraklar1 ve tomurcuklari gériilmektedir. Seki/ /¢ ve Id’de ise sirasiyla kullanilan defne yapraklari
ve damitma kazanindan damitma sonrasi ¢ikarilan defne yapraklart goriilmektedir.

2.2. Damitma sisteminin tasarimi ve damitma siirecleri

Literatiirdeki ¢alismalar, MD destegiyle yapilan damitma iglemlerinde siirenin geleneksel sistemlere gore oldukga
kisaldigini, buna bagli olarak enerji tasarrufunun arttifii ve toplam maliyetlerin asag1 c¢ekilebilecegini
belirtmektedirler. Bu amagla, Seki/ 2’deki dnerilen sistemin tasarimi yapilmis ve testler gerceklestirilmistir. Sekil 2a’da
gosterilen sistemin BD sisteminden tek farki damitma kazanina eklenmis magnetronlar ve kontrol devresidir. Bu
magnetronlar, 220 V AC gerilimden EM enerjiyi elde etmek i¢in kullanilirlar (Sekil 2¢). Sekil 2b’de ise magnetronlari
kontrol etmek i¢in kullanilan kontrol panelinin i¢i goriillmektedir. Sekil 2a’da gosterilen sistemde 100 litrelik buhar
kazani kullanilmig, bu buhar kazanindaki suyu 1sitmak i¢in 2 adet 10 kW’lik magonlu rezistans kullanilmistir. Bu
rezistanslar kontrol panosu (2) tarafindan kontrol edilmektedir. Benzer sekilde damitma kazanmi da (3) 100 litre
hacminde tasarlanmustir. 41 cm ¢apinda 80 cm yiiksekligindedir olup, 5 kg bitki yerlesebilmektedir. Bitkilerin damitma
sonrasi rahat bir sekilde ¢ikarilabilmesi igin kazan igerisine platform eklenmistir. Buhar ve ugucu yaglar esanjor
iinitesinde (4) yogusmakta ve florentinde (5) yogunluk farkina bagli olarak ayrigmaktadir. Damitma kazanina
baglanmis magnetronlar kontrol paneli (6) lizerinden devreye alnip ¢ikarilmaktadir. Kontrol paneli ii¢ ana kisimdan
olusmaktadir. Bunlar, elektronik kontrol kartlar1 (7), gii¢ kontrol sigortalar1 (8) ve her bir magnetronu ayr1 ayri
beslemek i¢in kullanilan transformatérlerdir (9). Tiim metal malzemeler ¢elik krom (Steel-1010) malzemeden yapilmis
ve et kalinlig1 2 mm olarak secilmistir. Sisteme su beslemesi manuel olarak yapilmakta olup, esan;jor iinitesi de sehir
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sebekesine baglidir. Buhar kazan1 8 bar basinca dayanabilecek sekilde iiretilmis ve on testleri gerceklestirilmistir.
Kazan iizerine yerlestirilen emniyet valfleri, sistemin basinci 4.5 bar1 gegince agilmaktadir. Ayrica, damitma islemi
boyunca damitma kazanina yaklasik 1.2 barlik basingta buhar destegi saglanmistir. Uygulanan buhar ve MD destegi
ile bitkiden ayrilan ugucu yaglar buhara karigarak esanjore ilerlemekte ve buradan da yogusarak florentine gitmektedir.
Florentine gelen buhar ve ugucu yag yogunluk farkina bagl olarak burada ayrismakta ve iistte kalan ugucu yag her bir
test sonunda puar aparati kullanilarak meziir ile ugucu yag verimi 6l¢iilmektedir.

Figure 1. (a) L. nobilis plant and (b) plant buds (c) dried leaves before distillation and (d) leaves removed
from the dillation boiler after distillation process

Sekil 1. (a) L. nobilis bitkisi ve (b) tomurcuklar: (¢c) damitma éncesi kurutulmus defne yapraklari ve (d)
damitma sonrast damitma kazanindan ¢ikarilan defne yapraklart

Damitma kazani i¢erisine daha homojen elektrik alan saglamak amaciyla kazan yiizeyine 12 adet magnetron 4x3
seklinde yerlestirilmigtir. Defne bitkisi dal ve yapraklariyla birlikte damitilmustir. Tablo 1’de goriildiigi gibi referans
6l¢lim olarak BD yontemiyle 100 dk’lik bir damitma islemi gergeklestirilmistir. Daha sonra 150, 300, 450 ve 600 W’lik
cesitli giiclerde magnetron vasitasiyla MD destegi verilerek damitma yapilmistir. Belli araliklarda kesikli bir sekilde
uygulanan MD destegiyle yapilan her bir damitma isleminin siiresi 50 dk olarak belirlenmistir.

2.3. GC-MS ile kimyasal analizlerin yapilmasi

Damitma sonrasi elde edilen ugucu yaglar Sekil 3a’da gosterilen 25 ml’lik amber cam siselere konulup +4°C’de
buzdolabinda saklanmistir. Bu numunelerin kimyasal analizleri GC-MS cihaziyla ger¢eklestirilmistir. Analizler
Siileyman Demirel Universitesi Yenilik¢i Arastirrmalar Merkezinde (YETEM) bulunan ve Sekil 3b’de gosterilen GC-
MS cihazlariyla gergeklestirilmistir. Bilesenler Thermo Scientific ISQ 7000 Single Quadrupole Mass Spectrometer
cihazina bagli Thermo Scientific Trace 1300 Gaz Kromatograf cihaz: ile kolon kullanilarak analiz edilmistir: Agilent
HP-Innowax (30 m x 0.25 mm i.d. X 0.25 um film kalinlig1). Tastyic1 gaz olarak helyum (1.5 mL/dk akis hiz1)
kullanilmistir. Enjeksiyon sicakligi 250°C ve iyon kaynagi sicakligi 230°C olarak belirlenmistir. Enjeksiyon hacmi 2
pL'dir. 1/5 split oran kullanilmistir. Tastyici gaz olarak helyum gazi kullanilmistir ve gazi akisi 1,5 mL / dk’dir. Cihazin
sicaklik programi 35°C (2 dk), 2°C/dk 100°C (1 dk), 5°C/dk 120°C (1 dk), 5°C/dk 200°C (1 dk), 4°C/dk 220°C (1 dk)
olarak belirtilmistir. Ayrica, Wiley NIST/EPA/NIH Kiitle Spektral Kiitiiphanesi Siiriim 2.0f. Build Aug 11 2008
bilesikleri tanimlamak i¢in kullanilmaktadir. Kullanilan iyonizasyon modu 70 eV'de elektronik darbe ve kiitle aralig
41-500 m/z'dir. Ugucularin yiizde kompozisyonlar1 FID dedektorii kullanilarak elde edilir. MS, EI iyonizasyon
modunda ¢aligtirilmaktadir.
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Figure 2. (a) The proposed MWAD system (b) the control panel used to control the magnetrons and (c) the
magnetrons

Sekil 2. (a) Onerilen MDD sistemi (b) magnetronlari kontrol etmek icin kullanilan kontrol paneli ve (c)
magnetronlar
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Figure 3. (a) Essential oil samples obtained (b) GC-MS device used (c) obtaining the chemical analysis (d)
Chromatogram and main components of essential oil obtained from L. nobilis plant

Sekil 3. (a) Elde edilen ucucu yag numuneleri (b) kullanilan GC-MS cihazt (c) kimyasal analizin elde
edilmesi (d) L. nobilis bitkisinden elde edilen ucucu yagin kromatogrami ve ana bilegenleri

3. Bulgular ve Tartisma
3.1. MDD desteginin etkisinin degerlendirilmesi

Tasarlanan ve testleri L. nobilis bitkisi kullanilarak gergeklestirilen MD destekli damitma sisteminde elde edilen
ucucu yag verimi Sekil/ 4a’da gosterilmistir. Buna gére MD destegi verilmesi, defne bitkisinden alinan verimi
yaklasik %10-20 artirmaktadir. Fakat MD giicii 600 W gibi yiiksek bir degere ¢ikarildiginda verim diismektedir. Bunun
fazla 1sitmadan kaynakli bir durum oldugu disiiniilmektedir ki bu durum literatiirde diger bitkilerle yapilan MD
destekli damitma ¢aligsmalarinda da benzer sekilde izlenmistir (Markovi¢ ve ark., 2018). Damitma siiresi geleneksel
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sistemde 100 dk alinirken, MD destekli sistemde 50 dk olarak almmustir. Literatiirde defne bitkisiyle yapilan
caligmalarda 60 dk sonrasinda ugucu yag veriminde gok fazla bir degisim izlenmedigi, dolayisiyla 120 dk’ya kadar
beklemenin enerji tilketimi agisindan olumsuz oldugu vurgulanmistir. Testler sirasinda da 70 dk’dan sonra BD
sistemde kayda deger bir ugucu yag akisi izlenmediginden bu ¢aligmada geleneksel sistemle yapilan damitmanin siiresi
100 dk’da kesilmistir (Sekil 4). Sekil 4b’de verilen verim-zaman grafigini elde etmek igin 5 dk araliklarla meziir
yardimiyla ugucu yag miktar1 Olgiilmiistiir. MD destegiyle yapilan damitma igleminin adimlarn kisaca sekilde
ozetlenebilir: 11k 10 dk’da sadece buhar destegi verilmis sonra 10 dk MD uygulanmus ve 5 dk ara verilmistir. Bu sekilde
son MD giicli uygulandiktan sonra toplam 50 dk’da damitma islemi tamamlanmistir. Damitma sirasinda defne
bitkisinden ilk ucucu yagmn florentine gelmesi diger testlerde gerceklestirilen kekik, adacay1 ve lavanta bitkilerine gore
gec gelmektedir. Bunun sebebinin defne yapraklarinin, biitiin olarak kazana konulmasi olarak degerlendirilmektedir.
Eger yaprak ve ince dallar kiyillarak damitma kazanimna yerlestirilirse hiicrelerdeki par¢alanmalarin daha hizli olacag:
ve daha erken siirede ugucu yagin florentine gelecegi diisiiniilmektedir. Enerji tasarrufu agisindan incelendiginde BD
sisteminde, suyun kaynatilip 4 barlik basinca sahip buhar haline getirildigi damitma 6ncesi durumda harcanan enerji
miktar1 da dikkate alindiginda, toplamda 43.3 kWh’lik bir enerji tiikketimi s6z konusudur. Diger taraftan MDD
sisteminde ise 10 kWh’lik damitma &ncesi enerji tiikketimine ilaveten 50 dk boyunca buhar destegi i¢in harcanan 1sitma
miktar1 ve tiim magnetronlarin 30 dk boyunca farkl giiglerde c¢alistirildi harcadiklar giiglerin toplami kadar bir enerji
harcamasi gergeklesecektir. 12 magnetron ayni giicte devreye alindigi i¢in enerji harcamasina dair veriler Tablo 2°de
verilmistir. Elde edilen bu sonuglara gore, MD destekli sistemde yaklasik %26-35 arasinda bir enerji tasarrufunun soz
konusu oldugu goriilmektedir. En iyi verimin elde edildigi 450 W+ 30 dk’lik durumda bu oran yaklasik %29.56
civarmdadir.

Tablo 1. Geleneksel ve MD destekli damitma islemlerinde harcanan enerji miktarlari

Table 1. Energy consumption in conventional and MW-assisted distillation processes

Damitma Damitma Damitma Toplam Tasljllrl:l?fl Iigiucu
Testler Oncesi Buhar Siiresi Buhar Siiresi MD icin Harcanan Enerji Yiizdesi vzrifni
icin (KWh icin (KWh kWh kWh
igin (kWh)  igin (kWh) (kWh) (KWh) o o
BD 10 33.33 0 43.33 0 29
150 W + 30 dk 10 16.67 1.28 27.95 35.49 32
300 W+ 30 dk 10 16.67 2.57 29.24 32.52 34
450 W +30 dk 10 16.67 3.85 30.52 29.56 36
600 W +30 dk 10 16.67 5.14 31.81 26.59 33
MDD Desteginin Defive Ugnou Yag Verimine Etkisi -
i {11k 150 W0 dok W00 Wit dele 850 W10 dak 000 W00 dali o Laman [dik) .
(al ib)

Figure 4. (a) Effect of some MW energy support on essential oil yield of laurel plant, (b) Comparison of yield-
time values of SD and MWAD (for 450 W +30 min test) systems

Sekil 4. (a) Bazi MD enerji desteginin defne bitkisinin ug¢ucu yag verimi iizerine etkisi, (b) BD ve MDD
(450 W +30 dk testi igin) sistemlerinin verim-zaman degerlerinin karsilastirilmast
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3.2. Kimyasal Analiz Sonuglar
Tablo 2. Defne bitkisinden elde edilen ugucu yag bilesenleri

Table 2. Essential oil components obtained from laurel plant

3 3 3 3
i o & & &
Rt Kimyasal Bilesenler I;:)Tli’l?lsl?ll Grup Adi g ; ; ; ;
ER =T
6.266  o-thujene 036 050 042 041 0.43
6.527  o-pinene 5.48 6.76 6.13 593 6.29
7.085  Camphene 0.57 0.76 0.66 0.65 0.64
7.926  Sabinene 12.01 1397 1323 13.12 12.85
8.116  B-pinene 448 546 510 498 5.16
8.542 B-myrcene CioHis Monoterpen-hidrokarbon 1.06 1.27 1.12 1.12 1.15
9.761  o-terpinene 032 047 043 0.41 0.47
10.114  P-cymene 1.15 1.36 1.31 1.32 1.30
10.435 Limonene 1.50 1.04 1.65 1.49 nd*
11.756  y-terpinene 065 087 088 084 0.93
12.391  Sabinene hydrate <cis-> 0.38 0.49 0.47 0.50 0.43
Toplam (%) 2796 3295 314 30.77 29.65
10.673  1,8-cineole 36.53 4077 42.08 4341 41.13
14.090  Linalool 6.19 232 240 249 3.32
18.246  Borneol 039 007 012  0.09 0.22
18.791  4-terpineol kO Menoterpen-oksit 143 168 172 173 152
19.737  B-fenchyl alcohol 1.35 1.92 1.90 1.98 1.69
23.443  Linalyl formate 979  0.66 1.81 0.96 4.15
Toplam (%) 55.68 47.42 50.03 50.66 52.03
25.456  Bornyl acetate 0.46 0.58 0.55 0.57 0.53
25.629  Lavandulyl acetate 0.47 nd 0.07 nd 0.18
27.379  Ocimenyl acetate it Monoferpen-cster 051 081 075 079 071
29.615  B-terpinyl acetate 821 12.89 1223 1251 11.74
Toplam (%) 9.65 1428 13.6 13.87 13.16
29.906  Eugenol C1oH120; Fenol 1.08 1.38 1.26 1.23 1.00
33.116  Methyleugenol C1iH140; 057 056 053 052 0.52
Toplam (%) 1.65 1.94 1.79 1.75 1.52
34.014  Trans-caryophyllene 0.86 0.25 0.34 0.25 0.54
36.454  Farnesene <beta> CisHoy Seskiterpen-hidrokarbon 0.42 nd nd nd 0.19
37.899  Germacrene-D 0.18 0.04 0.06 0.02 0.11
Toplam (%) 146  0.29 0.4 0.27 0.84
43.735  Spathulenol 0.14 024 022 nd 0.23
43963 Caryophyllene oxide Cistl0 Seskiterpen-oksit 021 035 032 030 034
50.239  Cis-farnesol C5sHy6O 0.21 nd nd nd nd
Toplam (%) 056 059 054 0.3 0.57
Tiim bilesenlerin toplami (%) 96.96 97.47 97.76 97.62 97.77

*nd: not detected

Yapilan kimyasal analiz sonucu defne bitkisinin ugucu yaginda 64 adet bilesen bulunmus ve bunlardan ¢ogu
eser miktarda oldugu icin Tablo 1’de sadece 29 adet bilesen verilmistir. Bu sonuglar incelendiginde MD destegi
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verilmesinin damitma sonucu elde edilen bilesenler {izerinde etkisinin oldugu agik¢a gortilmektedir. Diger literatiir
calismalarinda oldugu gibi burada da en yiiksek bilesen 1,8 cineole, sabinene, a-pinene gibi ana bilesenlerdir.
MDD islemi sonucunda bu 29 bilesenden 18’unda artma, 9’unda da azalma izlenir iken 2 bilesende ise kayda
deger bir degisim izlenmemistir. Ozellikle linalool ve linalyl formate bilesenlerindeki radikal diisiisler dikkat
cekicidir. Defne bitkisinin ugucu yaglart monoterpen-oksitler, monoterpen-hidrokarbonlar, seskiterpen-
hidrokarbonlar ~ ve  seskiterpen-oksitler — olarak  gruplandirilabilir.  Grup bazinda  bakildiginda,
bilesenlerin %55.68’inin monoterpen-oksitlerden, %27.96’smin monoterpen-hidrokarbonlardan, %0.56’simin
seskiterpen-oksitlerden, %1.45 nin seskiterpen-hidrokarbonlardan olustugu goriilebilir. Gorece en biiylik grubu
olusturan monoterpen-oksitlerin MD giiciinden etkilenme bi¢imi; diisiik MD gii¢ uygulandiginda yiizde orani
diisme, ylksek MD gii¢c uygulandiginda ise artma egilimindedir. Diger taraftan hidrokarbonlu bilesenlerin ise
bunun tam tersi etkilendigi Tablo 2’den agik¢a goriilmektedir. Gruplar ve 6 ana bilesen bazinda MD giiciiniin etkisi
strastyla, Sekil 5a ve 5b’de gosterilmistir.

Defme Ugneu Yag Bilesenlerinin Grup Bazh Degisimi
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Figure 5. (a) Variation of essential oil components obtained from laurel plant according to groups (%), (b)
Variation in 6 main components (%)

Sekil 5. (a) Defne bitkisinden elde edilen ucucu yag bilesenlerinin gruplara gore degisimi (%), (b) 6 ana
bilesendeki degisim (%)
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4. Sonug

Bu ¢alismada, MD destekli bir damitma sistemi endiistriyel boyutta tasarlanarak L. nobilis tiiriiniin ugucu yaglart
cikarilmistir. 12 adet magnetron damitma kazanina homojen elektrik alan saglayacak sekilde 4x3 olarak yerlestirilmis
ve defne bitkisi dal ve yapraklariyla birlikte ugucu yag amacli damitma iglemine tabi tutulmustur. Referans 6l¢iim
olarak BD yontemiyle 100 dk’lik bir damitma islemi gergeklestirilmis ve daha sonra farkl gii¢lerde (150, 300, 450 ve
600 W) MD destegi verilerek damitma yapilmigtir. MDD igleminin siiresi 50 dk olarak alinmigtir. MD destegi kesikli
bir sekilde (belli araliklarla) uygulanmistir. Bunun nedeni magnetronlarin 4000 V gibi yiiksek gerilimler altinda
calismast ve yiiksek gerilimi saglayan transformatdrlerin agir1 1sinmasimin dnlenmesidir. ileriki ¢alismalarda 6nerilen
bu MDD sisteminin sogutma sistemi {izerine ¢alisilmasi planlanmaktadir.

Gergeklestirilen testler sonucunda elde edilen ugucu yaglarin yapilan kimyasal analizinde MD destegi
uygulanmasmin bilesenlerin bazilarinda artmaya, bazilarinda ise azalmaya yol actigi goriilmiistiir. Ozellikle
monoterpen-oksitlerin uygulanan MD giiciiyle azaldig1, monoterpen-hidrokarbonlarmn ise arttig1 dikkat ¢gekmektedir.
Monoterpen-oksitler igerisinde linalool ve linalyle acetate bilesenlerindeki degisim radikal boyutlardadir. Farkli
sektorlerin farkli bilesenlere olan ihtiyaglar1 goz oniine alindiginda MD destegiyle bilesen bazli farkliliklar olugturmak
icin calismalar yapilabilecegi degerlendirilmektedir. Ote yandan elde edilen ugucu yag verimi maksimum %24
oraninda artmis ve harcanan enerjide ise minimum %26.35 enerji tasarrufu séz konusudur.

Tiim bu sonuglar dikkate alindiginda, literatiirde kii¢iik dl¢ekli damitma islemleriyle ¢aligilmig ve ortaya konulmus
MD destegine iligkin verilerin endiistriyel bir boyutta da gegerli oldugu sdylenebilir. Verimin artmasi, harcanan enerji
miktarinin azalmasi ve bazi bilesenlerdeki degisimlerin kayda deger oranda olmasi, MD destekli endiistriyel tip
damitma sistemlerinin optimize edilip sahada kullanilabilir hale getirilmesi agisindan 6nemli bulgulardir.
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Bu ¢alisma TUBITAK (Tiirkiye Bilimsel ve Teknolojik Arastirma Kurumu) tarafindan desteklenen proje (BIGG-
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Konya ve Aydin Illerinde Siit Sigir1 Ahirlarinin Yapisal Durumlarimin Degerlendirilmesi

Evaluation of Structural Conditions of Dairy Cattle Barns in Konya and Aydin Provinces

Onur ERZURUM"

Oz

Calismada, Konya ve Aydin illerindeki siit sigirt igletmelerinden tesadiifi olarak secilen toplam 220 isletmede,
ahirlarin yapisal durumunun belirlenmesi amaglanmistir. Calismanin materyalini Konya ilinden 117 isletmeye,
Aydm ilinden 103 isletmeye ait veriler olusturmustur. Verilerin elde edilmesi amaci ile 2024 y1li Ocak-Mart aylari
arasinda yetistiricilerle goriisiilerek yiiz yiize anket uygulamasi yapilmistir. Caligmanin yapildigi isletmelere ait
sonuclarda ahirlarin %57.27’sinin yar1 agik barinak tipine sahip oldugu, isletmelerin %76.21’inin beton zemini
kullandi81, %71.82’sinde ayak hastaliklar: ile karsilasildigi, %36.36’sinin disk: temizligi i¢cin mekanik yollari
kullandig1 ve %51.82’sinin 50 bas ve alt1 hayvan sayisina sahip oldugu bulunmustur. Yapilan regresyon analizi
sonucunda giinliik sagim sayisinin, barinak tipinin ve isletmede kagag1 varliginin giinliik verim ortalamasi {izerine
etkisi 6nemli bulunurken (p<0.05), durak altlik materyali, havalandirma bacasinin varligi, diski temizleme sekli,
tirnak bakim sikligi, sagim sekli, suluk sekli ve havalandirma sisteminin giinliik verim ortalamasi {izerine etkisi
6nemsiz bulunmustur (p>0.05). Yapilan ki-kare testine gore sehirler (Konya ve Aydin) ile yetistirilen ik, barmak
tipi, barinak ve durak zemini, durak altlik materyali, duvar yap1 malzemesi arasinda iliski tespit edilmistir (p <0.05).
Ahirlarm yapisal durumlar1 dogrudan hayvan refahini etkilemektedir. Konya ve Aydin illerine bakildiginda her
ikisinde de ahirlarin yapisal durumlarimin iyilestirilmesi ve refah konusuna onem verilmesi gerekmektedir.
Ahirlarn iyilestirilmesi igin gerekli fizibilite ¢aligmalari, igletmelerin kurulum asamasinda yapilmali ve fayda /
zarar orani degerlendirilmelidir. Bu degerlendirmeler yapilirken igletmenin bulundugu bélge gz Oniinde
bulundurulmalidir. Ahirlarin yapisal durumlarimin iyiligi hayvan refahiyla ilgili oldugundan hedef en iyiye
ulagsmak olmalidir. En iyiye ulasilmasi igin yetistiricileri bilgilendirmek amaciyla egitimlerin diizenlenmesi ve bu
egitimlerin: ihtiyaci karsilayan, gerektiginde degisiklige izin veren barinaklarin tasarlanmasi, hayvan davraniglari,
hayvan refah1 ve irka 6zgii 6zellikler gibi konulari igermesi dnerilmektedir.

Anahtar Kelimeler: Siit sigir1 yetistiriciligi, Ahir yapisi, Konya, Aydin, Refah
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Abstract

It was aimed to determine the structural condition of the barns in 220 randomly selected dairy cattle enterprises in
Konya and Aydin provinces. The material of the study consisted of data from 117 enterprises from Konya province
and 103 enterprises from Aydin province. Between January and March 2024, a face-to-face questionnaire was
applied to the breeders. It was found that 57.27% of the shelters were semi-open, 76.21% used concrete floors,
71.82% had foot diseases, 36.36% cleaned feces mechanically and 51.82% had less than 50 animals. As a result
of regression analysis, while the effect of number of milkings, type of barn and the presence of a brusher on average
daily yield was found to be significant (p<0.05), the effect of stall litter material, presence of ventilation chimney,
stool cleaning method, hoof care frequency, milking method, drinker type and ventilation system was found to be
insignificant (p>0.05). According to the chi-square test, there was a relationship between the cities (Konya and
Aydin) and the breed, shelter type, barn and stall floor, stall litter material, wall construction material (p<0.05).
Structural conditions of barns directly affect animal welfare. In Konya and Aydm provinces, the structural
conditions of the barns should be improved, and welfare should be given importance. The necessary feasibility
studies for the improvement of the barns should be carried out during the establishment phase of the enterprises
and the benefit/loss ratio should be evaluated. Since the good structural condition of the barns is related to animal
welfare, the goal should be to achieve the best. For this purpose, it is suggested that training should be organized
to inform breeders and these trainings should include topics such as: designing shelters that meet the needs and
allow for changes, animal behavior and welfare, and breed-specific characteristics.

Keywords: Dairy cattle breeding, Barn structure, Konya, Aydmn, Welfare
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Erzurum
Konya ve Aydin illerinde Siit S1gir1 Ahirlarmin Yapisal Durumlarmin Degerlendirilmesi

1. Giris

Elde edilecek hayvansal iiriinlerin miktarin1 ve kalitesini arttirmak i¢in sadece yiiksek verimli hayvanlarin
kullanilmasi yeterli degildir. Bunlara ek olarak dogru rasyon programinin uygulanmasi ve ¢evre sartlarmin
iyilestirilerek hayvanlara konforlu bir alan sunulmasi gerekmektedir. Siit sigirlarina konforlu bir ortamin
sunulmasini saglayan ahirlar sabit yatirrm maliyetlerinin yaklasik %55’ini icermektedir (Alpan ve Aksoy, 2015).

Yetistiricilikte ideal ortamin olusturulabilmesi i¢in, hayvanlarin biyolojik ihtiyaglart ¢evre tarafindan
kargilanmalidir. Siirii yonetimi, bakim, besleme gibi ¢evre faktorleri genel olarak verim performansini ve saglik
durumlarin etkilerken; ahir ici gevre faktdrlerinden olan sicaklik, riizgar hizi ve bagil nem ahir igindeki ortam
kalitesine etki etmektedir. Bunlar ayni zamanda hayvanlar icin stres olusturan faktorlerdendir. Siit sigir1
isletmelerindeki olumsuz ¢evre faktorleri verim parametrelerini giiglii bir sekilde etkilemektedir (Von Keyserlingk
ve ark., 2009). Barmak yapisi (durak, zemin, havalandirma...), ahir yogunlugu, iklim sartlar1 gibi kosullar
barindirma faktdrlerinden olup, dogrudan ya da dolayli olarak hayvan davranislari, refahi ve saghigi ile iliskilidir.
Ornegin; havalandirmast yetersiz olan bir isletmede solunum yolu hastaliklar1 daha ¢ok goriilebilir, aydinlatmasi
yetersiz olan bir igletmede hayvanlarda agresiflik artabilir, durak 6lgiilerinin uygunsuz olmasi veya duraklarin
sayica az olmasi stres yaratabilir, dolayisiyla ahirlarda hayvanlara sunulan sartlar olduk¢a 6nemlidir (Alpan ve
Aksoy, 2015; House ve Eng, 2016). Ahir tasarimlari ¢evre sartlarinin etkisini hem azaltabilecek hem de
arttirabilecek bir konumda bulundugundan olduk¢a 6nemlidir (House, 2011).

Hayvancilik isletmesinin planlamasi yapilirken, barinak insasina baslamadan 6nce kapsamli bir fizibilite
calismasina ihtiyag vardir. Hayvan barinaklari bulundugu boélgenin cografi yapisina ve iklim sartlarmna gore
planlanmali, yap1 ve tesislerin ideal dl¢iilerde olmasina 6zen gosterilmelidir (Wathes ve Charles, 1994). Barinak
ingas1 esnasinda hayvanlarin dogal davranig 6zelliklerini (hareket etme, yatma, gevis getirme, yeme ve igme vb.)
ve diisiik maliyet-azami kar prensibini dikkate almak 6nem arz eder. Kisaca barinaklar insa edilirken barmak
olgiileri, iklim, hayvan refahi, hayvan davraniglari ve biyogiivenlik kurallar1 gibi etkenler dikkate alinarak modern
niteliklerde insa edilmesi gerekmektedir (Ugur, 2014).

Bu arastirma, Konya ve Aydn illerindeki siit sigir1 ahirlarinin yapisal ve teknik 6zelliklerini incelemek,
ahirlarin yapisal sorunlar1 hakkinda bilgi toplamak ve iller arasindaki farkliliklari ortaya koyabilmek amaciyla
yapilmistir.

2. Materyal ve Metot

Bu aragtirmanin materyalini Konya (117 isletme) ve Aydm (103 isletme) illerinde bulunan siit sigirciligt
isletmelerinden rastgele secilen toplam 220 isletme olusturmustur. Isletmelerle ilgili bilgilerin toplanmasinda, yiiz yiize
anket uygulamasi yapilmus, isletme sahiplerinin goriiglerine bagvurulmus, ahir ve igletme hakkinda bilgiler toplanmustir.
Yiiz ylize anket uygulamasi 2024 yilinin Ocak-Mart aylar1 arasinda yapilmistir. Anket formunda yer alan sorular
EK1’de verilmistir. Anket formunun olusturulmasinda Mundan ve ark. (2018)’dan yararlanilmistir.

Bu caligma Selcuk Universitesi Veteriner Fakiiltesi Deney Hayvanlar1 Uretim ve Arastirma Merkezi
(SUVDAMEK) Etik Kurulu’ndan 02/11/23 tarih ve 2023/116 say1l1 izin kapsammda hazirlanmistir.

2.1. Istatistik analizler

Aragtirmada elde edilen verilere ait tiim degiskenlerin normal dagilima uygunlugu Shapiro-Wilk Testi

kullanilarak Skewness ve Kurtosis degerleri hesaplanmistir. Skewness degerinin -0.612 ile 0.957 arasinda degistigi,
Kurtosis degerinin -0.959 ile 0.879 arasinda degistigi bulunmustur. Skewness ve Kurtosis degerleri +1.5 ile -1.5
arasinda oldugunda normal dagilim olarak kabul edilmektedir (Tabachnick ve Fidell, 2013). SPSS 26 paket
programi kullanilarak bagimli ve bagimsiz degiskenlerin birbirleri ile ilgili iligki diizeylerinin ortaya koyulabilmesi
amaciyla Regresyon Analizi yapilmistir. Bolge farkliliklarinin ortaya koyulabilmesinde de ki-kare testinden

faydalanilmistir. Istatistiksel islemlerin tamaminda iliski varliginin belirlenebilmesi i¢in 0.05 diizeyi kullanilmistir.
2.2. Orneklem sayisi belirlenmesi

Aragtirmada 6rnekleme sayisinin  belirlenmesinde %95 giiven araligi kullanilmistir. Ornek hacminin
belirlenmesi i¢in Esitlik 1’de verilen basit tesadiifi 6rnekleme yontemi formiilii uygulanmistir (Yamane, 1967).
Yapilan hesaplamalar sonucunda Konya ilinde 117, Aydin ilinde 103 6rnekleme sayisina ulasilmigtir.
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(Es. 1)

N*tz*p*q

n=—m—
d2(N-1)+t2xp*q

Formiilde; n 6rnekleme biiyiikliigi, p gerceklesme olasilig (0.5), q gerceklesmeme olasiligi (0.5), t %95 giiven
smirmdaki t degerini (1.96), n evren biiytlikliigii ve d kabul edilebilir hata paymni temsil etmektedir.

Aragtirmada Ornekleme sayisinin belirlenmesinde Konya ili i¢in toplam isletme sayisini 46000, hata
payini %9.05 temsil ederken Aydin ili igin toplam isletme sayisin1 17000, hata paymi %9.63 temsil etmistir. iki il
icin ise toplam isletme sayisin1 63000, hata payini %6.6 temsil etmistir.

3. Arastirma Sonugclar1 ve Tartisma

Aragtirmanin yapildig1 isletmelerde ahirlarin %57.27’sini yar1 agik (Konya %27.27 — Aydin %30), %29.55’ini
kapali (Konya %20.91 — Aydin %8.64) ve %13.18’ini de agik barmaklar (Konya %5 — Aydin %38.18) olusturmustur.
Yart agik isletmelerin digerlerine gore sayica fazla olmast Mundan ve ark. (2018) ile Yener ve ark. (2013)’nin
Sanlwurfa’da yapmis olduklart arastirma sonuglari ile benzerlik gosterirken, Demir ve ark. (2014)’nin Kars ilinde
yaptigi ¢alisma ve Ankara ili Polatli ilgesinde Kogak (2020)’1n yaptig1 calisma sonuglarindan farkli olmustur. Bu
durum farkli bolgelerdeki mevsimsel degisikliklerin etkisi ve isletme sahiplerinin kendi tercihleri olarak
yorumlanabilir. Aydin gibi yazlari sicak ve nemli, kislart yumusak gegen bir bolgede yetistiriciler agik ve yar1 agik
isletmeleri daha fazla tercih etmis, yazlar1 daha kurak, kislar1 daha sert gegen Konya da ise yetistiriciler kapali
isletmeleri daha fazla tercih etmislerdir. Hava sicakliginin inekler igin kritik sicaklik degeri olan -25°C’nin altina
diismemesi Aydin’da yari1 agik ve agik isletmelerin se¢imini etkileyen baska bir faktor olabilir.

Isletmelerde kullanilan duvar yapt malzemelerinde isletmelerin %10’unun tas (Konya %7.28 —
Aydi %2.72), %47.27’sinin briket (Konya %26.36 — Aydin %20.91), %29.55’inin tugla (Konya %12.73 —
Aydm %16.82), %13.18’inin ise kerpi¢ (Konya %6.36 — Aydin %6.82) kullandigi belirlenmistir. Duvar yap1
malzemeleri kullaniminda Mundan ve ark. (2018) yaptiklari ¢alismada ¢ogunlukla briket (%69.7) kullanildigin,
bunu tugla (%18.4) ve tas (%11.9) kullaniminin izledigini belirtmistir. Seker ve ark. (2012) Mus ilinde ilk sirada
tagin (%42.1), daha sonra briketin (%39.7) ve kerpicin (%18.2) kullanildigin1 belirtmistir. Erzurum ili i¢in Erkmen
ve ark. (2000) en ¢ok kullanilan malzeme olarak tagin %66.97 oraninda kullanildigini, Giiler ve ark. (2017) ise tas
kullanimmi  %55.3 oraninda bulduklarini ifade etmislerdir. Yapilan c¢aligmada ise en fazla kullanilan
malzeme %47.27 orant ile briket olurken, tag kullanimi1 %10 olarak belirlenmistir. Bu sonuglara gére Mundan ve
ark. (2018) yaptiklar1 ¢aligma ile benzerlik gosterirken digerleri ile benzerlik gostermemektedir. Bu durum yine
bolgelerin mevsimsel sartlarina bagh olarak degisiklik gostermis olabilir. Kerpi¢ bosluklu bir yapiya sahip olup
nem almaya miisait oldugundan, briket ve tuglanin aksine kislar sicak, yazlari serin bir ortam sunmasina ragmen
(Tiryaki, 2022) isletmeler tarafindan fazla tercih edilmemistir. Bu durum g¢evredeki diger isletmelerden goriilen
bolgesel bir aligkanlik ve maliyet etkisi olarak yorumlanabilir. Ek olarak, yap1 malzemesi se¢ciminde biyogiivenlik
icin uygunluk, kolay temin edilebilirlik ve maliyet hesab1 da géz ardi edilmemelidir.

Barmak ve durak zemini se¢imi i¢in Konya’da bulunan isletmelerin %33.64iiniin beton, %3.18’inin
tugla, %0.91inin kiremit, %9.09’unun bunlarin disinda bir malzeme kullandig1; Aydin’da bulunan isletmelerin
ise %43.18’inin beton, %4.54’liniin tugla, %2.27’sinin kiremit ve %3.18’inin bunlarin diginda bir malzeme
kullandig1 belirlenmistir. Barinak ve durak zemini i¢in aragtirmada elde edilen genel oranlar ise Sekil I’de
verilmistir. Barinak ve durak zemini tercihinde en yiiksek oranla (%76.21) beton kullanildig: belirlenmistir. Diger
caligmalarda bulunan beton kullanim oranlari; Tutkun (1999) %48.5, Késeman ve Seker (2016) %97.4, Giiler ve
ark. (2017) %43.8, Alkan ve Giiney (2019) %60.93 olarak tespit edilmistir. Bu caligsmalarda da beton en yiiksek
kullanim oranina sahiptir ve yapilan ¢alisma ile benzerlik gostermektedir. Digerlerine gore temizlenmesi daha
kolay olan ve ek bir maliyet gerektirmeyen betonun hala siklikla kullanildig1 goriilmektedir. Genel olarak barmak
ve durak zemini se¢imi i¢in aginmaya karsi dayanikli, kismen yumusak, hayvanlarin kaymasina engel olacak
sekilde piiriizli, kolay temizlenebilir ve temizlik igin kullanilabilecek kimyasallara dayanikli malzemeler tercih
edilmelidir.
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Figure 1. Shelter and stall floor preference (%)
Sekil 1. Barinak ve durak zemini tercihi (%)

Durak altllk materyali kullaniminda isletmelerin  %20.91°1 kauguk paspas (Konya %13.18 -
Aydm %7.28), %10.9’u kum (Konya %4.54 - %6.37), %50’si beton (Konya %29.54 — Aydm %20.46), %10’u
sap-saman (Konya %3.63 — Aydin %6.37), %5’1 talas (Konya %0.92 — Aydin %4.09), %3.18’i diger (Konya %1.37
— Aydin %1.83) se¢enegini isaretlemistir. Durak altlik materyalleri siit ineklerinin rahat etmesini ve konforlu bir
alanda dinlemelerini saglayan (saman, talas, kum, kauguk paspas, mattress vb...) maddelerdir. Duraklarda daha
fazla yatarak vakit gegiren ineklerin siit verimlerinde artis gézlendigi ¢alismalarda belirtilmistir (Munksgaard ve
Simonsen 1996; Bewley ve ark., 2010). Yatma siirelerini etkileyen en 6nemli faktdrlerden birisi duragin
rahatligidir. Inekler, kuru ve yumusak bir alan sunan duraklar1 digerlerine gére daha fazla tercih ederler (Boone ve
ark., 2010; Camiloti ve ark., 2012, Erzurum ve Yilmaz, 2020). Bazi isletmeler altlik malzemelerini kullanmay1
tercih ederlerken bazilari ise altlik malzemesi kullanmayarak beton zemini kullanmaktadirlar. Késeman ve Seker
(2016) yaptiklar1 ¢aligmada isletmelerin ¢cogunun (%77.3) altlik malzemesi kullanmadigini, Yayar ve Karkacier
(1996) ise isletmelerin %48.94’{inlin saman kullandigini, %22.40’min ise bir sey kullanmadigint belirtmistir.
Yenice ve Savas (2016) tarafindan Rize ilinde yapilan ¢alismada da isletmelerin %87.9’unun altlik kullanmadig1
belirtilmistir. Yapilan ¢aligmada ise igletmelerin %50°’si beton kullandigimni (beton kullanimi aslinda isletmelerin
higbir sey kullanmadi1 olarak da yorumlanabilir), %20.91’inin kauguk paspas kullandigin1 belirtmistir. Isletmeler
durak basi maliyet hesabi yaptiklari i¢in barmak kurulumunda altlik malzemesini ek bir yiik olarak gérmektedirler.
Bu nedenle beton zemini kullanmaya devam etmektedirler. Ayrica barmak ingasi sirasinda verilen hibelerin
kullanilabilmesi i¢in isletmelerin tamamen beton zemini kullanmak istemeleri de etkili olabilir (Yener ve ark.,
2013). Ancak uzun siireli diisiiniildiigiinde, duraklarin rahatligimin inekleri yatmaya tesvik edecegi ve yatma
sliresinin uzamasinin ineklerin siit verimlerinde %30 oraninda bir artig saglayabilecegi de unutulmamalidir.

Bir y1l iginde goriilen ayak hastaliklarinin degerlendirilmesinde igletmelere; ayak hastalig1 goriillmeyenler (sifir)
ile 26 ve iizerinde ayak hastaligi goriilenler arasinda degisen secenekler i¢in tercih yaptirilmigtir. Bu tercihlere
gore; ayak hastalig1 goriilmeyen isletme oran1 %28.18 (Konya %16.36 — Aydin %11.82), 1-5 aras1 ayak hastalig
goriilen isletme oran1 %54.54 (Konya %27.27 — Aydin %27.27), 6-10 aras1 %13.64 (Konya %7.73 — Aydin %5.91),
11-15 aras1 %1.37 (Konya %0.46 — Aydin %0.91), 16-20 aras1 %0.46 (Aydin %0.46), 26 ve lizerinde ayak hastalig1
goriilen isletme oran1 %1.82 (Konya %1.36 — Aydin %0.46) olarak belirlenmistir. 21-25 aras1 ayak hastalig1
goriilen isletme ise yoktur. Tim isletmeler degerlendirildiginde ayak hastaligi goriilen isletmelerin orani
ise %71.82 olarak bulunmustur. incelenen isletmelerde tirnak bakimini diizenli olarak yaptiranlar ile herhangi bir
sorun ile karsilasildiginda ihtiyac halinde tirnak bakimi yaptiranlar hemen hemen ayni oranda bulunmustur. 7ablo
I’de isletmelerin hayvanlar icin tirnak bakimlarini ne kadar siklikta yaptirdiklart verilmistir. Tirnak bakimi ayak
sagligr icin olduk¢a Onemlidir. Diizenli olarak tirnak bakimi yapilmadigi durumlarda ayak hastaliklar
goriilmektedir. Ayak hastalig1 goriilen hayvanlar ayaga kalkmak ve yiiriimek istemedikleri i¢in beslenme alanina
gitmek istemezler. Boylece yem tiikketiminde azalma ve dolayli olarak verimlerde diisiis yasanir. Tirnak bakimimm
diizenli olarak yilda 2 defa yapilmas: gereklidir. Kiyici ve Ciar (2020) ayak hastaligi bulunan isletme
oranini %31.9 olarak belirtmistir. Tatar ve Esenbuga (2022) ¢alismasinda tirnak bakimi yaptiranlarin oranini %75
olarak vermigtir. Caligmanin yapildig1 igletmelerde yilda 2 defa tirnak bakimi yapan isletme orani %27.27
bulunurken ihtiya¢ oldugunda tirnak bakimi yaptiranlarin orani ise %46.82 olarak bulunmustur. Genellikle
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isletmeler tarafindan ek bir maliyet ve is giicii olarak goriilen tirnak bakimlar1 aslinda verim i¢in oldukca dnemli
bir faktordiir. Siiriiden ¢ikarma nedenlerine bakildiginda da ayak hastaliklari ilk siralarda yer almaktadir.

Tablo 1. Tirnak bakim sikligi tercihleri (isletme sayisi)

Table 1. Hoof care frequency preferences (number of dairy cattle farms)

45 giinde 1 3aydal 6 ayda 1 Yilda 1 ihtiyac¢ oldugunda
Konya 7 15 32 9 54
Aydin 4 8 28 14 49
Toplam 11 23 60 23 103

Isletmelerin tirnak bakimu yaptiriimasinda tercih ettikleri siklik dilimleri.

Diski temizleme ile ilgili verilen cevaplarda Konya’daki isletmelerin %38.46’sinin mekanik olarak
yaptigi, %46.15’inin kiirek kullandigi, %15.39 unun diger yollara bagvurdugu, basingl su kullaniminin ise tercih
edilmedigi; Aydm’daki isletmelerin  %33.98’inin mekanik olarak yaptigi, %43.69’unun  kiirek
kullandig1, %3.88’inin basingli su kullandig1 ve %18.45’inin diger yollara basvurdugu belirlenmistir. Disk1
temizleme ilgili genel bulgular Sekil 2°de verilmistir. Diizenli olarak digki temizligi yapilmamasi tirnak yapisinin
nemli kalmasina, tirnakta yumusamaya, yabanci cisimlerin canli tirnak dokusuna gegmesine ve patojen etkenlerin
faaliyete baslamasina neden olarak ayak hastaliklarini olusturabilir.

100
80
60
40

20
Ay

Mekanik Kiirek  Basingli su Diger
S1y1rict

Figure 2. Types of fecal cleaning in dairy cattle farms
Sekil 2. Diski temizleme tipleri

Calismanin yapildigi isletmelerin biiylik kismindaki (%51.82) hayvan sayist 50 bas ve altindadir. Bu
isletmelerin %28.64ii Konya ilinde, %23.181 ise Aydin ilindedir. Isletme biiyiikliigiine dair diger sayisal veriler
Sekil 3’te verilmistir.

2 = (-50
% m51-100
= 101-150
151-200
m201-150
m251-300

m 301 ve tizeri

Figure 3. Number of animals in dairy farms (head)
Sekil 3. Siit sigir1 igletmelerindeki hayvan sayisi (bas)
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Barmak ici konforu, stresi ve hayvan saghigini etkileyen en 6nemli faktdrlerden birisi de havalandirmadir.
Havalandirma ahir ig¢indeki gazlarin (karbondioksit, metan, hidrojen siilfiir), isinan havanin ve istenmeyen
kokularin uzaklastirilmas1 igin 6nemlidir. inceleme yapilan isletmelerin %53.18’inde havalandirma bacasi
bulunmaktayken %46.82’inde bulunmamaktadir. Sigirlar i¢in otomatik kasagilar bir rahatlama araci olarak
kullanilir. Ahir i¢i refah oranini artirmakla kalmayip kan dolagimini hizlandirmasi ve istahi artirmasi ile verimler
iizerine etki edebilir (Ugur, 2014). Isletmelerdeki havalandirma bacasi ve otomatik kasag1 kullanim oranlar1 Tablo
2’de verilmistir. Havalandirma yontemi olarak baca kullanan igletmelerin oranin1 Yenice ve Savas (2016) %4.7,
pencere kullananlarin oranini ise %12.1, Alkan ve Giiney (2019) baca kullananlar1 %43.91, kullanmayanlar
ise %55.71 olarak vermistir. Yapilan calismada havalandirma bacas: kullananlarin orant %53.18 olurken
kullanmayanlarin orani ise %46.82 olmustur. Dolayisi ile havalandirma igin baska yontemlerin (pencere, kapi, fan
vb.) kullanildig: diisliniilebilir ya da havalandirmaya gereken 6nemin verilmedigi ve hayvanlarin refah agisindan
rahatsiz bir ortamda bulundurulduklari sdylenebilir.

Tablo 2. Havalandirma bacasi ve otomatik kasag kullanimi (%)

Table 2. Use of ventilation shafts and automatic brush (%)

Var Yok
Konya Aydin Konya  Aydin
Havalandirma Bacasi 56 61 61 42
Otomatik Kasagi 60 49 57 54

Isletmelerdeki havalandirma bacast ile kasag1 varliginin belirlenmesi

Verim ortalamalart; 0-20 litre, 21-30 litre, 31-40 litre, 41-50 litre, 51 ve iizeri seklinde gruplandirilmistir. Buna
gore isletmelerin %32.28’1 0-20 1t (Konya %20.46 — Aydin %11.82), %42.27’si 21-30 It (Konya %20.46 —
Aydin %21.81), %2091’ 31-40 It (Konya %10.91 — Aydmn %10), %3.18’1 41-50 It (Konya %1.36 —
Aydin %1.82), %1.36’s1 ise 51 It ve iizeri (Aydin %1.36) siit verimine sahiptir.

Elde edilen verilerin SPSS paket programu ile yapilan regresyon analizinde sagim sayisinin, barinak tipinin ve
isletmede kasagi varliginin giinliik verim ortalamasi tizerine etkisi 6nemli bulunmustur (p<0.05) (7ablo 3). Sagim
sayisindaki bir birimlik artis giinliik siit verimi {izerine 0.756 degerinde pozitif yonlil bir degisim gostermistir.
Barmak tipindeki bir birimlik artis giinliik siit verimi ilizerine -0.187 degerinde negatif yonlii bir degisim
gostermistir. Kagagi varligindaki bir birimlik artis giinliik siit verimi tizerine -0.284 degerinde negatif yonlii bir
degisim gostermektedir.

Tablo 3. Degiskenlerin giinliik verim ortalamasina iliskin regresyon analizleri sonuclar

Table 3. Results of regression analysis of variables on average daily yield

Faktorler?
Model Standardize t Onem Standart

Edilmemis Hata

Katsayilar

b

(Sabit) 1.749 2.976 0.003 0.588
Sagim sayist 0.756 4.868 0.000 0.155
Barnak tipi -0.187 -2.414 0.017 0.078
Durak altlik materyali -0.016 -0.365 0.715 0.043
Havalandirma bacasi -0.113 -0.957 0.340 0.118
Diski temizleme sekli -0.028 -0.520 0.604 0.054
Kasagi -0.284 -2.552 0.011 0.111
Tirnak bakimi siklig1 -0.018 -0.435 0.664 0.041
Sagim sekli -0.130 -0.591 0.555 0.220
Suluk sekli -0.079 -0.634 0.527 0.124
Havalandirma sistemi 0.006 0.161 0.872 0.039

R=.692 R?=.479 F(11.20=11.672 P:0.00  a: Bagimh degisken: Giinliik verim ortalamast
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Anketlerden elde edilen veriler i¢in uygulanan ki-kare testine gore sehirler (Konya ve Aydin) ile yetistirilen
ik, barinak tipi, barinak ve durak zemini, durak altlik materyali, duvar yap1 malzemesi arasinda iliski tespit
edilirken; hayvan sayisi, sagilan hayvan sayisi, giinliik verim ortalamasi, giinliik sagim sayisi, bir yil iginde ayak
hastalig1 goriilen hayvan sayisi, havalandirma bacasi varligi, digki temizleme sekli, kagagi varligi, tirnak bakim
siklig1, sagim sekli, suluk sekli, havalandirma sistemi arasinda iliski tespit edilmemistir (Tablo 4).

Tablo 4. Sehirlere gore verilerin ki-kare analizi sonuglari

Table 4. Chi-Square analysis results of data by city

Degerler Konya (117) Aydin (103) p
Hayvan sayisi1 (bas)
0-50 63 51
51-100 21 28
101-150 8 6
151-200 8 4 0482
201-250 5 2
251-300 1 3
301 ve Uistii 11 9
Sagilan hayvan sayisi (bas)
0-50 87 70
51-100 16 15
101-150 6 4
151-200 2 3 0.461
201-250 1 0
251-300 1 5
301 ve stii 4 6
Yetistirilen irk
Holstein 56 43
Simental 27 13 0.020
Ikiside 34 47
Giinliik verim ortalamasi (It)
0-20 45 26
21-30 45 48
31-40 24 22 0.109
41-50 3 4
51 ve uistii 0 3
Sagim sayist
1 3 4
2 100 79 0.248
3 14 20
Barmak tipi
Agik 11 18
Yart agik 60 66 0.002
Kapali 46 19
Barmak ve Durak zemini
Beton 95 74
Tugla 9 7 0.038
Kiremit 5 2
Diger 8 20
Durak altlik materyali
Kauguk paspas 29 17
Kum 10 14
Beton 65 45 0.025
Sap-saman 8 14
Talas 2 9
Diger 3 4
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Tablo 4. (devami) Sehirlere gore verilerin ki-kare analizi sonuclari

Table 4.(continued) Chi-Square analysis results of data by city

Degerler Konya (117) Aydin (103) p
Ayak hastalig1 goriilenler (bas)
Yok (sifir) 36 26
1-5 60 60
6-10 17 13
11-15 1 2 0.608
16-20 0 1
21-25 0 0
25 ve istii 3 |
Havalandirma bacasi
Var 56 61
Yok 61 42
Diski temizleme sekli 0.092
Mekanik 45 35 0.156
Kiirek 54 45
Basingli su 0 4
Diger 18 19
Kasagi
Var 60 49
Yok 57 54
Tirnak bakimi siklig1 0.583
45 giinde 1 7 4 0.453
3aydal 15 8
6 ayda 1 32 28
Yilda 1 9 14
Ihtiyag oldugunda 54 49
Duvar yap1 malzemesi 0.020
Tas 17 5 0.039
Briket 58 48
Tugla 28 37
Kerpig 14 15 0.109
Sagim sekli 0476
Makine 110 99 0'791
Elile 7 4 ‘
Suluk sekli
Otomatik suluk 81 73
Yalak/Tekne 36 30 0.248
Havalandirma sistemi 0.974
Pencere 16 12
Baca 14 14 0.002
Pencere + baca 30 24
Serit 28 26
Diger 29 27

Ki-kare testi ile sehirler ile degiskenlerin iligkisinin belirlenmesi

4. Sonug¢

Konya ve Aydin illeri bulunduklar1 bolge itibari ile farkli cografi ve iklimsel sartlar altindadir. Bu bolgelerde
bulunan siit sigir1 igletmelerinin bariak yapilar1 degisiklik gostermektedir. Calismada elde edilen sonuglar da
barinak yapilarinin ve donanimlarinin farkliligini ortaya koymaktadir. Sehirler ile arasinda iligki bulunan barinak
tipi, barinak ve durak zemini, durak altlik materyali, duvar yap1 malzemesi tercihleri bolgelerin cografi ve iklimsel
farkliliklar1  sonucu olabilecegi gibi bolgede yapilan geleneksel hayvancilik tekniklerinden de
kaynaklanabilmektedir. Dolayisiyla siit hayvancilig1 igin tek bir dogru bulunmamaktadir. Bolgenin ihtiyaglar ve
cevresel faktorlerine bagli olarak barmak yapilart ve donanimlar1 yapilacak olan hayvancilik tipine yon
vermektedir.
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Barmak yapi1 ve donanimlar1 ile sehirler arasinda goriilen farkliliklart bolgelerin iklim sartlart
etkileyebilmektedir. Bu sartlarin hayvanlar {izerindeki olumsuz etkilerinin azaltilmasi ideal gevre sartlarinda
barindirilmalarina baglidir. Bu amagla; bolgenin iklim sartlarinin detayli bir sekilde incelenerek hayvan sagligi ve
verimi {izerindeki olumsuz etkileri giderebilecek barmak tipleri tizerinde durulmalidir. Bulunulan bdlge Konya
gibi yazlar1 kuru ve sicak, kiglari ise soguk ve kar yagish karasal iklime sahip; Aydin gibi yazlar sicak ve nemli
kislar1 1lik ve yagish akdeniz iklimine sahip ise acik, yar1 agik barinak tipleri secilebilir. iki il iginde ayn1 barinak
tipi secilebilmesine ragmen ¢alisma da Aydin bolgesinde muhtemelen nemin etkisinden dolay1 agik ve yart agik
isletme sayisi, Konya ilinde ise ki aylarinin daha sert gegmesinden dolayir kapali barinak tipi daha fazla
bulunmustur. Kis aylarinin daha sert gegtigi dogu bolgelerinde de kapali barinak tipi segilebilir. Barinak
konumlandirilmasinda kuzey riizgarlarina hakim olacak sekilde giris yoniiniin giineye veya doguya yonelik olmasi
tercih edilmelidir (Moran, 1989; Ugur, 2014; Alpan ve Aksoy, 2015). Barmak tasariminda pahali ve tamamen
kapal1 yapilar yerine, daha ekonomik ve agik sistem barinaklar tercih edilmektedir (Arici, 1982). Tiirkiye’de siit
sigir1 barinaklar inga edilirken her yorenin iklim sartlarina, yapisal ve teknik 6zelliklerine goére yeni modellerin
gelistirilmesine, daha genis 6lgekli ve hayvan refahini gozeten galismalarin yapilmasina ihtiya¢ bulunmaktadir.

Sonug olarak Aydin ve Konya illerindeki isletmelerin yapisal olarak durumlari incelenmis olup modern siit
sigirt igletmesi bakimindan degerlendirilmesi yapilmistir. Yaklasik olarak isletmelerin yarisi hayvan yogunlugu
acisindan biiyiik kapasiteye sahipken digerlerinin daha kiigiik yapili isletmeler ya da aile isletmeleri olarak devam
ettigi sdylenebilir. Hayvan refahinin arttirilmasi i¢in kullanilan ekipmanlarm arttirilmast gerektigi ve 6zellikle
otomatik kagagilar ile durak altliklar1 kullaniminin iizerinde durulmasi gerekmektedir. Hayvanciligin gelistirilmesi
amactyla bu konularda ilgili yerlerde yetistiricilere egitim verilmesi planlanabilir. Ahirlarin planlama ve kurulum
asamasindaki maliyet hesaplarinda biiylik miktarda ekonomik yiik olusturan teknolojik ve yeni nesil ekipmanlarin
kullanimmin ilerleyen zamanlarda kendi maliyetlerini karsilayabilecegi ve hatta isletme karliligin1 arttiracagt
konusunda bilgilendirmeler yapilmalidir. Daha sonraki ¢alismalarda bu ve benzeri illerdeki ahir yapilariin detayli
olarak karsilastirilmasi bolge ve iilke hayvanciliginin daha planli olmasina katki saglayacaktir.
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Ek1: Anket formu

Siit Sigin isletmelerinin Barmak Ozelliklerinin Degerlendirilmesi

Vereceginiz cevaplar igin liitfen kutucugu isaretleyiniz.

Isletmenin bulundugu il

Konya Aydin

isletmedeki hayvan sayisi (bas)

0-50 [ 51-100 [ 101-150 [ 151200 [ 201-250 |  251-300 | 300 ve iistii

Isletmedeki sagilan hayvan sayisi (bas)

0-50 [ 51-100 | 101-150 [ 151200 [ 201-250 | 251-300 [ 300 ve istil

Giinliik hayvan bagina siit verim ortalamasi (litre)

0-20 21-30 [ 31-40 [ 41-50 [ 50 ve iistii

Yetistiriciligi yapilan irk

Holstein Simental [ ikiside

Giinliik sagim sayist

1 [ 2 [ 3

Barmak tipi

Acgik [ Yar1 agik Kapal

Barinak ve Durak Zemini

Beton Tugla Kiremit Diger

Durak Altlik Materyali

Kauguk paspas | Kum | Beton | Sap-saman | Talag | Diger

Bir y1l i¢inde ayak hastalig1 goriilen hayvan sayisi (bas)

Yok (sifir) | 1-5 | 6-10 | 11-15 [ 16-20 I 21-25 [ 26 veiistii

Isletmede havalandirma bacast var m1?

Evet | Hayr

Diski temizleme sekli

Mekanik siyirict Kiirek Basingli su Diger

Barinakta otomatik kastyict var nu?

Evet Hayir

Tirnak bakim siklig1

45 giinde 1 [ 3aydal [ 6 ayda 1 [ Yilda 1 ihtiyac oldugunda

Barinak yapiminda kullanilan duvar yapi malzemesi

Tag | Briket | Tugla | Kerpi¢ Diger

Sagim sekli

Makineli sagim Elle sagim

Suluk

Otomatik suluk Yalak / Tekne

Barinaktaki havalandirma sistemi

Pencere Havalandirma bacasi Pencere + baca
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The Influence of Nitrogen Rates on Yield and Some Quality Parameters of Sweet Corn
(Zea mays saccharata Sturt.) Growing in Diyarbakir Districts of Tiirkiye

Diyarbakir Ilinde Yetistirilen Tatli Misirda (Zea mays saccharata Sturt.) Farkli Azot
Seviyelerinin Verim ve Bazi1 Kalite Parametreleri Uzerine Etkisi

Ozlem AVSAR", Betiil KOLAY? Ugur BILGE?
Abstract

Sweet corn (Zea mays saccharata Sturt), is a maize subspecies with rapidly increasing consumption in the world

and in Tiirkiye both in terms of its nutritional content and various uses in fresh, frozen and canned form. Nitrogen

plays a crucial role in promoting most of plants growth and productivity. Plant nutrient recommendations are

important to maximise profit and productivity in sugar maize production. The influences of nitrogen (N) fertigation

on yield and some quality parameters of sweet corn under South Eastern Anatolia Region (Diyarbakir) conditions

of Tirkiye were investigated in that trial. Fertigation applications were executed under regional conditions of
Diyarbakir on the experimental land of GAPUTAEM (GAP International Agricultural Research and Training

Center). “BATEM Tatl1” variety of sweet corn was utilized as the plant material. The trial was arranged as

randomized complete block design with 4 replications and five different N applications (0-75-150-225-300 kg ha™")
were implemented to trial plots through a fertigation system. During the 2015 and 2016 growing season that the

trial was carried out a total of 520 mm and 476 mm of irrigation water were applied, respectively. According to

the study results N levels had a significant effect on fresh grain yield, crude protein (p <0.01) and crude oil

(p <0.05). Furthermore, increased N levels had no effect on brix (dissolved solids in a liquid), L* (brightness) and

a*/b* (redness/yellowness) values. Fresh grain yield (11000 kg ha™!) of sweet corn under the effect of 150 kg ha™!

nitrogen treatment was the highest. The maximum crude protein (12.60) was recorded from 300 kg ha'' N and

crude oil (5.56) under the effect of 225 kg ha™! nitrogen treatment was the highest. This study provides guidance

for nitrogen management in sweet corn production in arid regions, such as the Southeast Region of Tiirkiye.

Implementing 150 kg N ha™! with a fertigation system is a sustainable method for sweet corn production.
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Avsar & Kolay & Bilge
The Influence of Nitrogen Rates on Yield and Some Quality Parameters of Sweet Corn (Zea mays saccharata Sturt.) Growing in Diyarbakir Districts of Tiirkiye

Oz

Tath misir gerek besin igerigi gerekse taze, dondurulmus ve konserve seklindeki degisik kullanimi ile diinyada ve
Tiirkiye’de hizla tiiketimi artan bir musir alttiiriidiir. Azot, birgok bitkinin biiyiimesinde ve verimliliginde dnemli
bir rol oynamaktadir. Tatli misir iiretiminde kér1 ve verimliligi en {ist seviyeye ¢ikarmak i¢in gerekli bitki besin
elementi tavsiyeleri onem tasimaktadir. Bu ¢aligma da Tiirkiye'nin Giineydogu Anadolu Bolgesi (Diyarbakir)
kosullarinda farkli azot (N) giibreleme seviyelerinin misirda (Zea mays saccharata Sturt.) verim ve bazi kalite
parametreleri izerine etkileri aragtirilmistir. Caligma Diyarbakair ili kosullarinda GAPUTAEM (GAP Uluslararasi
Tarimsal Aragtirma ve Egitim Merkezi) deneme arazisinde yiiriitiilmiis ve bitki materyali olarak BATEM tatl1 tatl
musir ¢esidi kullanilmigtir. Aragtirma tesadiif bloklari deneme desenine gore 4 tekerriirlii olarak diizenlenmis ve
fertigasyon sistemi ile bes farkli N uygulamasi (0-75-150-225-300 kg ha™!) yapilmistir. Denemenin yiiriitiildiigii
2015 ve 2016 yetistirme sezonu boyunca sirasiyla toplam 520 mm ve 476 mm sulama suyu uygulanmistir. Caligma
sonuglarina gore, N seviyelerinin taze dane verimi, ham protein (p <0.01) ve ham yag (p <0.05) iizerinde istatistiki
olarak dnemli bir etkiye sahip oldugu goriilmiistiir. Ayrica artan N seviyelerinin brix (stvidaki ¢ozliinmiis kati
madde), L* (parlaklik) ve a*/b* (kirmizilik/sarilik) degerleri tizerinde herhangi bir etkisi olmamuistir. Tatli misirin
en yiiksek taze dane verimi (11000 kg ha!) 150 kg ha! azot uygulamasindan elde edilmistir. En yiiksek ham
protein degeri (12.60) 300 kg ha™! N'den elde edilirken, ham yag ise (5.56) 225 kg ha™!' azot uygulamasinda en
yiiksek degere sahip olmustur. Bu ¢alisma, Tiirkiyenin Giineydogu Bolgesi gibi kurak bolgelerde tatli musir
tiretiminde fertigasyon yontemiyle uygulanmasi gereken optimum azot uygulamasi konusunda yol gostermekle
birlikte 150 kg N ha! uygulamas1 siirdiiriilebilir bir yéntem olarak éne gikmigtir.

Anahtar Kelimeler: Azot, Fertigasyon, Tatli misir
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1. Introduction

Cereals are major products which cover a wide area of the world. Among cereals, corn is crucial for both human
nutrition and animal feed. As a result of the development of high-yield regular, breeding different varieties and its
extensive adaptation to environmental conditions, corn took a part as a leader, beating rice and wheat. In terms of
grain production per hectare, it is the highest-grading cereal. For a large number of industrial output and biofuels,
corn is essential and has a great economic importance not only for human consumption but also for animal nutrition
(Shyam et al., 2021). Sweet corn (Zea mays L.) may be distinguished from other types of corn consumed before
the physiologic ripening period with a short shelf life due to a higher respiration rate, which remains fresh and
before all sugar's conversion towards starch (Okumura et al., 2013). Furthermore, compared to field corn, sweet
corn offers higher prices for kg ha™! but yields are low. Lack of systematic research and the absence of better
varieties are major reasons for this low yield (Khan et al., 2017). The sweetness taste of sweet corn is owing to a
genetic mutation in the field corn's su ("sugary") gene, which affects the conversion of sugar to starch in the grain's
endosperm. Standardized practices for cultivating and managing the process of sweet corn after harvest have been
widely prevalent (Singh et al., 2014). Consuming sweet corn, which is present in various dishes as an ingredient,
has become popular in Tiirkiye due to its numerous health benefits.

Among the essential nutrients for proper plant cultivation including sweet corn, nitrogen (N) has a significant
role as it is required for chlorophyll production and protein synthesis (Basal and Szabo, 2020). Supplementing
nitrogen fertilizer is necessary to meet the demand of plants, as the naturally present N in soil is usually insufficient
for achieving high yields (Sainju and Singh, 2008). During the vegetative growth period, leaves require a large
quantity of nitrogen, and healthy leaf growing is crucial for both fruit production and retention (Oosterhuis et al.,
1983). When plants experience a shortage of nitrogen, they tend to display stunted growth and smaller leaves. Due
to the high mobility of nitrogen through phloem, older leaves demonstrate chlorosis at the beginning of nitrogen
absence. The lack of N causes the chloroplast disruption and if the nitrogen deficiency is not compensated, the
plant may die (Alimohammadi et al., 2011).

Sweet corn responds differently to nitrogen fertilizer application, which depends on soil properties, irrigation
methods, N application time and frequency. However, the relationship between nitrogen application and its effect
on the yield of sweet corn is not well-understood, especially when excessive nitrogen is applied via drip fertigation.
Based on the different climatic conditions, plant varieties as well as sowing time, researchers suggest a varying
rate of application of N for sweet corn. The most effective N application rate for sweet corn was reported as 110.8
kg ha™' N (Okumura et al., 2014), 240 kg ha™' N (Bhatt, 2012), and 120 kg ha™! N (Masood et al., 2003) whereas
some other researchers (Khazaei et al., 2010) revealed that the grain yield was not affected by the difference in
nitrogen rate. Developing optimum nitrogen management implementations for plants can enhance grain yield,
efficiency, quality and profitability for producers while reducing soil nitrate accumulation and minimizing leaching
to groundwater (Schlegel and Havlin, 1995). As a notable crop, sweet corn requires large amount of nitrogen,
which can be supplemented by applying fertilizer to the soil.

Freshwater is crucial for agricultural activities as it is used to irrigate cultivated area and provide water for
plants (Jeet et al., 2022). Meteorological forecasts predict that water scarcity will be a critical factor affecting food
security and environmental safety. Improving the water and N use efficiency is crucial for sustainable agriculture,
rural development, and environmental protection (Sttor and Gombos, 2006).

To provide the required nutrients and irrigation water of the plant, it is important to consider the amount,
method, and frequency of application. From this point of view drip irrigation is a proven method that offers
agronomic, economic, and agro-technical benefits for efficient water and fertilizer use. It can replace surface
irrigation, with 90% water use efficiency (Allen, 1998). Drip fertigation is an efficient farming technique that
involves the application of liquid fertilizer through irrigation. One of the most significant advantage of drip
fertigation is providing crop nutrients on an as-needed basis by delivering water and nutrients directly to the crop
root zone, which helps to reduce the possibility of environmental contamination. This technique is also known as
"spoon-feeding" and helps in precise delivery of water and nutrients to the crops. One previous study suggested
that drip fertigation can improve sweet corn yield in open fields, producing up to four ears per stalk (Takeshita et
al., 2019).
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Prevalent embracement of drip irrigation corn yields and irrigation water efficiency have improved over the
last few years in Tiirkiye unfortunately water use efficiency in South East Anatolia Region included Diyarbakir
province is still far lower because of applying surface irrigation systems in corn cultivation. Additionally, local
farmers are generally tended to apply high rates of N-fertilizers to obtain high yields. However, excessive use of
N leads to serious environmental risks through its loss into the environment rather than better absorption.
Regarding the findings of the study conducted in the Southeast Anatolia Region, an increase in the yield of sweet
corn and grain protein content with an increase in N rates and the highest fresh ear yields were obtained at 240 kg
N ha’! through furrow irrigation system (Oktem, 2007). In the meantime, reported that further studies are necessary
to assess the impact of NPK fertilizer applications on maize production in a moderate semi-arid environment.

As a consequence, further improvements related to increasing water use efficiency and optimum N
management strategies remain a significant requirement for the region as mentioned by (Nasseri, 2021). Although
several studies have been conducted on corn production via drip fertigation, utilize various nitrogen levels, limited
research has been carried out on sweet corn, applying different rates of nitrogen in Tiirkiye and also in Southeast
Anatolia Region.

Based on the above discussion, the main goals of this study were to assess how sweet corn production responds
to varying levels of nitrogen, and to increase the farmer's income by improving the yield while optimizing N rates.

2. Material and Method

A field study was performed at GAP International Agricultural Research and Training Center (GAPUTAEM)
Diyarbakir, Tiirkiye, in 2015-2016 years, to investigate the reaction of sweet corn to nitrogen levels on the yield
and some soil properties. Deep cracks (up to 80-90 cm) arises on the soil surface in summer as a consequence of
clay-based feature of soil (Giirsoy et al., 2006).

The soil was sampled from 0-30 cm depth through a drill and analysed at GAPUTAEM laboratory and the
findings is given in Table 1. The soil of experimental area was clay-loam, low in organic matter, high in obtainable
potassium and low in phosphorus with no salinity problems. The mean bulk density of the soil in 2015 and 2016
growing season is 1.33 and 1.25 g cm™ is respectively. The field had not been planted any plant about 2 years
before this experiment was conducted. With the assistance of a pressure plate, field capacity (FC) and permanent
wilting point (PWP) values were determined, and the available water capacity (AWC) was calculated as
subtraction from FC to PWP values (Tiiziiner, 1990).

Table 1. Some soil features of experimental site

Years 2015 2016
Clay-Loam Clay-Loam

Texture (C-L) (C-L)
EC (dSm™) 1.65 0.90
pH 8.10 8.25
CaCo03 (%) 9.97 11.00
P205 (kg ha') 321 4.02
K20 (kg ha™) 243 243
Organic Matter (%) “0.95 1.10
Bulk Density (g/cm?) 1.33 1.25
Field Capacity (%) 44.05 44.03
Permanent Wilting Point (%) 30.04 30.08

Diyarbakair is one of the provinces in the Southeastern Anatolia Region where continental climate prevails.

Table 2 shows the climatic data for the years in which the study was conducted (2015-2016) and for long years.
In the light of this information, it is observed that the average temperature values of 2016 (15.7 °C) are above the
average temperature values of 2015 and long years. Table 2 shows that the average maximum temperature value
(40 °C) determined in July 2015 is above the average maximum temperature values of long years and 2016 and
the average monthly precipitation values for long years (68.2 mm) are higher than the average precipitation values
in 2015 and 2016 years.
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Table 2. Monthly data of the climate in Diyarbakir for long period and during the 2015-2016 growing
season of sweet corn

Meteorological data Years April May June July August
Long Years 13.8 19.2 26.3 31.1 304
Average temperature (°C) 2015 12.4 18.8 26.1 31.7 309
2016 15.7 19.9 26.8 31.6 319
Average maximum temperature Long Years 20.4 26.5 33.6 38.4 382
©C) 2015 192  27.1 344 40 393
2016 23.7 275 34.7 39.2 405
Average minimum temperature Long Years 7.2 11.3 16.9 21.8 21.1
C) 2015 55 10.3 159 214 212
2016 7.1 11.6 17.3 22,5 22.1
Long Years  68.2 429 8.1 07 04
Monthly average rainfall (mm) 2015 48.6 482 74 0 0
2016 29 41.4 184 0 0.2

Reference: Diyarbakir meteorological directorate https://www.mgm.gov.tr/ ; *among 1950-2014 years

2.1. Characteristics of the plant material

Tiirkiye's first local sweet corn variety developed by the Directorate of Western Mediterranean Agricultural
Research Institute was registered in 2013. The variety was developed within the scope of Sugar Maize Variety
Development studies, which is a sub-project of the Mediterranean Region Maize Breeding Research project
supported by the General Directorate of Agricultural Research and Policies (TAGEM). BATEM TATLI is a
standard type of sweet corn variety with an average fresh cob yield of 1 513 kg ha! and grain yield of 589 kg ha'!
with crude protein (10.7%), crude fat (6.7%), starch (53.3%) and sugar (4.8%) contents. Sweet corn, which is a
hot climate plant, requires at least eight hours of direct sunlight per day. Planting should occur after the last frost
of spring, and when the soil's temperature at a depth of 7-8 cm is at least 10-12.7 °C. Low soil temperature causes
low germination rate and negatively affects cultivation. Harvesting fresh corn varies depending on the region and
climate, but typically takes 70-80 days (Anonymous, 2014).

2.2. Irrigation system and nitrogen treatments

The experiment was organized as a randomized complete block design, which included four replications. The
trial area was tillaged and levelled before planting. Sweet corn seeds were planted by hand with a row spacing of
70 cm and 20 cm (intra-row spacing) with a sowing depth of 5-6 cm and 71400 seeds per hectare on April 20 and
25, 2015 and 2016 respectively. The experiment consisted of 20 plots in total, with 5 plots in each block and a
distance of 3 meter was maintained between blocks and 2-meter between plots. The experiment comprised of 20
plots in total, with 5 plots in each block.

All observations were attained from two rows in each plot and all treatments were harvested at the milk stage,
based on the thumbnail method (Cetinkol, 1989). During both years, the initial irrigation was implemented using
sprinkler irrigation for uniform emergence. For the remaining irrigations, drip irrigation method was implemented
twice a week and the amount of irrigation water was determined by measuring the amount of evaporation from
Clas A Pan adjusting the wetting area ratio accordingly. The soil water content was monitored by gravimetric
method at 15-day intervals during the drip irrigation treatment to a depth of 90 cm every week and irrigation water
was applied to reach the field capacity, from a depth of 30 cm on each plot. The drip irrigation and fertigation were
scheduled once in five days and ten days respectively as required the treatments. As a result of the analyses,
irrigation water electrical conductivity value (EC): 0.60 dS/m, pH: 7.6 were determined. Required irrigation water
has been calculated depend on the Class A pan evaporation, utilizing the given equation.

I = A.Ep.Kp.Pc (Eq. 1)

Where I equals required irrigation water (1), A equals irrigated plot area (m?), Ep equals cumulative evaporation
quantity for 5 day intervals (mm), Kp equals coefficient (including pan coefficient kp, crop coefficient kc), and Pc
equals canopy cover area (%). The canopy cover percentage was initially set at 30% for the first irrigation, and the
subsequent irrigations performed via measured values.

Utilizing the water balance equation and soil water measurements, plant water consumption was estimated.
The formula for calculating plant water consumption includes irrigation, precipitation, water leakage, and soil

179


https://www.mgm.gov.tr/

Avsar & Kolay & Bilge
The Influence of Nitrogen Rates on Yield and Some Quality Parameters of Sweet Corn (Zea mays saccharata Sturt.) Growing in Diyarbakir Districts of Tiirkiye

water content changes during the season. The formula for calculating plant water consumption includes irrigation,
precipitation, water leakage, and soil water content changes during the season as shown:

ET =1+ P +DS-D (Eq. 2)

Where: ET is evapotranspiration (mm), I irrigation (mm), P precipitation (mm), D deep percolation (mm) and
DS is change of soil water storage. Assuming negligible deep percolation losses below the root zone, the study
implemented irrigation based on field capacity. Soil water content was measured every 15 days at 0-90 cm soil
layer during both growing seasons using the gravimetric method (oven dry basis). During the cultivation periods
of 2015 and 2016, 520 mm and 476 mm of irrigation water were respectively implemented. Chemical pesticides
were applied and weed control applications were implemented during the entire plant growth season. The crop
evapotranspiration for 2015 and 2016 was calculated as 554 mm and 495 mm, respectively. Five pure nitrogen
dosses (0, 75, 150, 225 and 300 kg ha™!) were performed in the trial. Nitrogen doses were determined as the lower
and upper values of the nitrogen levels applied by the farmers cultivating maize. Triple Super Phosphate (42%
P,0s5) and Ammonium Sulphate (21% N) were utilized as the base fertilizer, and Ammonium Nitrate (33% N) was
applied as the top fertilizer. The reason for selecting these fertilizers is that they can be used for fertilizing through
the fertigation system. Based on the soil analysis conducted in both years of the experiment, an equal amount of
100 kg ha™! phosphorus and 1/5 of the designated nitrogen was added to each parcel as a base fertilizer. The
remaining 4/5 of the nitrogen was applied equally once every two irrigations using the fertigation method till one
week before the harvest. With this fertilization schedule, the sweet corn plant's nitrogen demand is adequately met
during the necessary periods (Cetin and Tolay, 2009).

Due to the sufficient potassium content of soil potassium fertilization was not implemented during both
growing seasons. The plants were harvested on August 1 and August 3, 2015 and 2016 respectively, during the
milk stage.

In the trial, fresh grain yield, brix value, crude protein content, crude oil content, brightness (L*) and
yellowness/redness (a*)/(b*) values were explored. In the middle of two rows for each parcel, observations on
brix, crude protein content, crude oil content, brightness (L*) and yellowness/redness (a*)/(b*) values have been
made from 10 random chosen plants while the fresh grain yield were attained from every plant in the middle of a
pair of rows. The calculations of the properties investigated in the study were performed according to the methods
of the Ministry of Agriculture and Forestry, Agricultural Values Measurement Trials Technical Instruction
(Anonymous, 2015). The data obtained in the study were evaluated via JMP 5.1 statistical package. Analysis of
variance (ANOVA) and Least Significant Difference (LSD 0.05) test was attained by combination of two years.

3. Results and Discussion

Perusal of the data revealed that different N level applications had a significant (P<0.01) effect on fresh grain
yield (FGY) of sweet corn. Maximum FGY values (11000.7 kg ha™!) was reported when N was applied at the rate
of 150 kg ha™!, but further increase in N rate for both years has negative significant effect on FGY (Table 3). These
results in line with Kara and Kirtok (2006), Yilmaz (2005) who emphasized that FGY increased with increasing
nitrogen level. Turgut (1998), stated that the highest yield of sweet corn fresh ear yield was attained at 280 kg ha"
! of nitrogen level based on regression analyses via surface irrigation method. The effects of the years on FGY
were defined to be significant (P<0.01) in the study. In comparison to 2016, the average value of FGY increased
in 2015. Average maximum temperature values of 2015 (39.3 °C) were higher than 2016 (40.5 °C). High
temperature values occurred hourly especially during the flowering period in July affected the yield values. The
high yield values in 2015 can be associated with climate data. Upon examining 7able 2, it becomes apparent that
average monthly precipitation values for 2016 were lower than those of 2015. This indicates that the growing
season in 2016 was drier than in 2015, and the higher yields in the latter year can also be attributed to the study
being conducted on a fallow field.
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Table 3. Influence of different nitrogen rates on some properties of sweet corn in the 2015-2016 growing
seasons

N levels

Okgha! 75kgha! 150kgha! 225kgha' 300kgha! Mean

Fresh grain yield 2015 7 920.5 10 330.7 14 040.2 12 500.7 8 660.7 10 690.6 a
(ke ha-1)-5% 2016 5070.7 6 650.7 7970.2 6410.5 6310.5 6480.7b
Mean 6500.1d 8490.7bc 11000.7 a 9460.13ab  7490.1 cd
CV (%) 18 LSD (0.01): Nitrogen Levels:165 LSD (o.01): Years:215
2015 23.00 24.13 22.38 21.75 23.00 2290 b
Brix ** 2016 27.13 25.88 25.13 26.25 24.75 2582a
Mean 25.19 25.00 23.75 24.00 23.88
CV (%) 8.2 LSD (0.01): Years:1.9
2015 10.60 11.33 11.45 11.70 11.73 11.36
Crude protein (%)-** 2016 10.80 11.00 11.65 11.90 12.40 11.55
Mean 10.70 d 11.16 ¢ 11.55 be 11.80 ab 12.60 a
CV (%) 34 LSD (0.01): Nitrogen Levels:0.4
2015 5.18 5.28 5.30 5.33 5.20 525b
Crude oil (%) %, % 2016 5.45 5.60 5.73 5.80 5.73 5.66 a
Mean 531b 5.44 ab 5.51a 5.56a 5.46 ab
CV (%) 16 LSD (0.05): Nitrogen Levels:0.16 LSD (0.01): Years:0.07
2015 68.45 65.80 71.07 66.89 67.87 67.837b
L(Brightness) * 2016 69.00 69.25 71.88 69.00 70.20 70.20 a
Mean 68.70 67.53 71.47 69.52 67.94
CV (%) 89 LSD (0.05): Years:2.26
Yellowness/redness 2015 0.280 0.283 0.243 0.270 0.330 0.280
(a*/b¥) 2016 0.270 0.285 0.288 0.278 0.288 0.280
Mean 0.275 0.284 0.265 0.274 0.309
CV (%) 14

** significant at the level of 0.01; * significant at the 0.05 level

Based on regression analysis between nitrogen levels (X) and FGY (Y). FGY increased in a quadratic way for
N rates (Figure 1). The relation among N levels and FGY was formed by y: 538.51 +2.82 X — 0.467 X? (R%: 0.15)
equation. Increase N levels up to 150 kg ha™! leads to increase in FGY. Lower FGY values were attained from 225
and 300 kg ha'! N rates. A previous study, in which the recommended N level for sweet corn was 300 kg ha! under
surface irrigation conditions was performed in the same field that this study was conducted (Kiling et al., 2023).
However, in the mentioned study, it has been detected that applying only 150 kg ha™! of nitrogen using a fertigation
system can result in the highest sweet corn yield, which is only half of the recommended nitrogen level. This
finding not only helps reduce the production cost for producers, but also helps prevent soil and water pollution,
which is vital for sustainable agriculture.
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Figure 1. Influence of nitrogen levels on fresh grain yield

Starch and oil are crucial components of corn grain. Sweet corn quality can be assessed based on its protein,
oil content, and brix (total soluble solids). Brix represents the percentage of solids present in the kernel juice and
is directly related to the overall plant quality. In fact, it encompasses a blend of sucrose, fructose, vitamins, minerals,
amino acids, proteins, hormones, and other solid components. A higher brix level indicates superior taste and
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nutritional value (Harrill, 1998). At milk maturity, about 10 g of grains from the mid-section of each of 10 ears
were cut and squeezed by hand and the milky endosperm fluid was poured onto a refractometer and measured
in °Brix, which is an estimated expression of total sugar. The utilize of different N rates did not lead to a significant
difference in brix values, although there was an increase by 25.82% during 2016 growing season (Table 3).
According to White et al. (2007), the composition of grain is affected by environment factors such as temperature,
soil type, planting date, year and location leading to changes in quality.

Regression analysis was performed to determine association between nitrogen levels (X) and brix values (Y)
The relationship between them viewed as Brix = 22.694286 — 0.0216667 X+ 0.0023175 X2 (R%: 0.007211) the
equation. No significant difference in brix was observed for any of N levels (Figure 2).
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Figure 2. Influence of nitrogen levels on brix value

Applying different rates of nitrogen fertilization affected both the crude protein and oil contents of sweet corn
grains, as illustrated in Table 3. The grains were dried in an oven following harvest. Four replicates of each sample
from each N rate were examined. Ten subsamples for the protein and oil contents of each plot were gathered using
near-infrared (NIR) technology. The values of crude protein ranged from 10.70% to 12.06%. The application of
300 kg ha™! N level resulted in the highest and 0 kg ha™! eventuated the lowest (10.70%) crude protein content.
Goldberg (2003) reported that cereals contain 6-15% protein and that most corn protein (75%) comes from the
endosperm (Shewry, 2007), which is consistent with these findings. One of the reasons for the rise in protein in
grain could be due to the presence of N, which is part of protein (Haque et al., 2001). One possible explanation for
the rise in protein content is that nitrogen is a building block of amino acids, and amino acids build up nitrogen
over time. The oil content of sweet corn grains ranged from 5.31% to 5.56%. The highest oil content values were
achieved from 2016 growing season (5.66%) and 225 kg ha'! N application (5.56%) while the lowest ones obtained
from 0 kg ha! (5.31) and 2015 growing season (5.25). No interaction existed between the effect of the year and
different N applications. Similarly, according to Patil et al. (1996) the application of N increased oil content. This
could be due to fact that synthesis of fat requires N. In contrast, Holou and Kindomihou (2011), reported no
interaction (P = 0.14) existed between the effect of the year and that of the N rate and N fertilization did not
significantly affect the average oil content of the grain.

Crude protein (%)
I =

N

I

-50 0 50 100 150 200 250 300 350
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Figure 3. Influence of nitrogen levels on crude protein
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Figure 4. Influence of nitrogen levels on crude oil

A significant correlation between the crude protein content and the different N concentrations was observed in
the regression analysis and the relationship was interpreted according to y:12.069536 + 0.0475333 X — 0.0008159
X2 (R%: 0.147289) the equation. The crude protein content was increased as N application levels increased.

Regression analysis was performed to determine association between nitrogen levels (X) and oil content (Y)
and the relationship between N levels and oil content based on y: 6.1976429 + 0.00545 X — 0.0004302 X? (R?:
0.014544) the equation (Figure 4).

Grain colour was determined by calculating L, a* and b* parameters obtained by spectrophotometer (model:
CM-3220d, Minolta, Japan) according to CIELAB colour system and reported in terms of L*, a*/b* values at three
different points on the cobs, including the tip, middle and bottom of the cob. The L* value symbolizes the
brightness, the* value redness (positive value) and greenness (negative value), and the b* value is the yellowness
(positive value) and the blueness (negative value).

Colour properties of fresh grains were shown in 7able 3. Grain brightness values were not significantly
influenced by N rates in both years. The mean values were between 67.53 and 71.47. The second year of the
experiment has signified a significant increase (P<0.05) in bright quality. This indicates that the grains grown in
2016 (70.20) were brighter in colour than those grown in 2015 (67.87). Regression analysis was performed to
determine association between nitrogen levels (X) and L * values (Y) and the relationship between them viewed
asy: 72.955036 + 0.0232 X — 0.0110825 X2 (R?: 0.099892) the equation (Figure 5).

The results in Table 2 indicated that a*/b* colour parameters were not significantly affected by different
nitrogen rates and also no difference between years was reported. Regression analysis was executed to investigate
the relationship between nitrogen levels (X) and a*/b* colour parameters (Y) with Y:2646429 + 0.0001667 X +
0.0000254 X2 (R%: 0.008666) the equation (Figure 6).
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Figure 5. Influence of nitrogen levels on brightness (L*)
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Figure 6. Influence of nitrogen levels on yellowness/redness (a*)/(b*)

4. Conclusions

This experiment targeted to evaluate the appropriate nitrogen level for sweet corn using the fertigation system,
relying on two years of data. Increasing nitrogen application rates caused an increase in fresh grain yield of
BATEM TATLI sweet corn variety up to 150 kg ha™! N level while higher N applications (225 and 300 kg ha™)
cause a decrease. The highest crude oil (5.56) was obtained under the treatment of 225 kg ha™! nitrogen, while the
maximum crude protein (12.60) was recorded under the treatment of 300 kg ha™! N. However, nitrogen levels had
no marked effects on brix, L* and a*/b* values. The impact of different climatic conditions on FGY, brix, crude
oil, and L properties showed significant differences between years.

According to the results of the study 150 kg ha™!' of nitrogen was acquired to be the optimum level for sweet
corn production. Farmers in the South-eastern Anatolia region who produce corn performing surface irrigation
methods tend to apply around 250-300 kg ha™! N of nitrogen. Nevertheless, the study presented that almost half of
this nitrogen amount is overused, resulting in inefficiencies and potential environmental impacts. However, further
research is required to examine the effects of different nitrogen levels on various sweet corn varieties under field
conditions.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Evaluating the Nutritive Value and Quality of Fodder Pea (Pisum arvense L.) Silage
Added with Varying Rates of Barley (Hordeum vulgare L..) and Wheat (Triticum
aestivum L. Em Thell) Cracks

Farkli Oranlarda Arpa (Hordeum vulgare L.) ve Bugday (Triticum aestivum L. Em Thell)
Kirig1 Eklenen Yem Bezelyesi (Pisum arvense L.) Silajinin Besleme Degeri ve Kalitesinin
Degerlendirilmesi

Ertan ATES", Hazim Serkan TENIKECIER?
Abstract

Silage represents the most effective solution for addressing the deficit in quality, abundance and cost-effectiveness
of roughage. The main purpose of silage production is to store fresh herbage material with high nutritional value
with minimum nutrient loss. For fodder and silage production, fodder pea is grown in mixtures with cereals in
different ratios, but also for the silage from the pure fodder pea using additives. Molasses and crashed cereal grains
or cereal can be added to silage material in order to increase its carbohydrate content. The research was conducted
to determine nutritive value and silage quality of barley and wheat cracks added at different ratios to fodder pea
silage in complete randomized split-plot design with four replications. 100 g withered fodder pea sample without
additives and 100 g withered fodder pea sample with 3 g, 6 g, 9 g and 12 g cracked barley were vacuumed in to
the 20x26 cm plastic bags and were stored in a dark environment for a period of 45 days to facilitate fermentation
at ambient temperatures ranging from 15 to 28°C. Crude protein (%), crude ash (%), dry matter (%), digestible dry
matter (DDM, %), dry matter intake (DMI, %), ADF (%), NDF (%), P (%), K (%), Ca (%), Mg (%), total digestible
nutrients (TDN), Nel, NEm, Neg, pH, Fleig Score and RFV of pure fodder pea and cracked barley and wheat added
silages were determined. According to results, fodder peas, which have a high protein and low carbohydrate
content, be ensiled by the addition of high-carbohydrate wheat and barley cracks in order to obtain a quality silage.
For this purpose, it is suggested to add at least 6% wheat cracks or 9% barley cracks to fodder pea silage.

Keywords: Cereal cracks, Fleig score, Fodder pea, Mineral content, Silage

'*Sorumlu Yazar/Corresponding Author: Ertan Ates, Tekirdag Namik Kemal University, Faculty of Agriculture, Field Crops Department, Tekirdag, Tiirkiye.

E-mail: ertan_ates@hotmail.com OrcID: 0000-0002-3048-497X
Hazim Serkan Tenikecier, Tekirdag Namik Kemal University, Faculty of Agriculture, Field Crops Department, Tekirdag, Tiirkiye. E-mail:

hstenikecier@nku.edu.tr OrcID: 0000-0002-1866-410X

Atif: Ates, E., Tenikecier, H. S. (2025). Farkli oranlarda arpa (Hordeum vulgare L.) ve bugday (Triticum aestivum L. Em Thell) kirig1 eklenen yem bezelyesi
(Pisum Arvense L.) silajinin besleme degeri ve kalitesinin degerlendirilmesi. Tekirdag Ziraat Fakiiltesi Dergisi, 22(1): 187-194.

Citation: Ates, E., Tenikecier, H. S. (2025). Evaluating the nutritive value and quality of fodder pea (Pisum Arvense L.) silage added with varying rates of barley
(Hordeum vulgare L.) and wheat (Triticum aestivum L. Em Thell) cracks. Journal of Tekirdag Agricultural Faculty, 22(1): 187-194.

©Bu ¢alisma Tekirdag Namik Kemal Universitesi tarafindan Creative Commons Lisans1 (https://creativecommons.org/licenses/by-nc/4.0/)
kapsaminda yayinlanmustir. Tekirdag 2025

187


mailto:ertan_ates@hotmail.com
https://orcid.org/0000-0002-3048-497X
mailto:hstenikecier@nku.edu.tr
https://orcid.org/0000-0002-1866-410X
https://orcid.org
https://orcid.org

Ates & Tenikecier
Evaluating the Nutritive Value and Quality of Fodder Pea (Pisum Arvense L.) Silage Added with Varying Rates of Barley (Hordeum vulgare L.) and Wheat
(Triticum aestivum L. Em Thell) Cracks

Oz

Silaj, kaba yemlerin yetersizligini, kalitesizli§ini ve kaba yem iiretiminin maliyet etkinliginin karsilanmasi
acisindan en etkili ¢oziimii temsil eder. Silaj liretiminin ana amaci, yiiksek besin degerine sahip taze kaba yem
materyalinin minimum besin kaybiyla depolanmasidir. Yem bezelyesi kuru-yesil ot ve silaj {iretimi igin farkli
oranlarda tahillarla karisimlar halinde yetistiriciligi yapilirken, ayrica katki maddeleri kullanilarak saf yem
bezelyesi silaji da elde edilmektedir. Melas ve tahil veya kirilmis tahil taneleri, silaj materyaline karbonhidrat
igerigini artirmak amaciyla eklenebilir. Bu aragtirma, yem bezelyesi silajina farkli oranlarda eklenen arpa ve
bugday kiriklarinin, silajin besin degerini ve kalitesine etkisini belirlemek i¢in tesadiif parselleri deneme desenine
gore dort tekrarlamali olarak yiiriitiilmistir. 100 g katkisiz soldurulmus yem bezelyesi ile 100 g katkisiz
soldurulmus yem bezelyesine 3 g, 6 g, 9 g ve 12 g arpa ve bugday eklenmis yem bezelyesi drnekleri 20x26 cm
plastik torbalara vakumlanmig ve karanlik bir ortamda 15 ila 28°C arasinda degisen ortam sicakliklarinda 45 giin
boyunca fermantasyonun kolaylastirilmasi i¢in depolanmistir. Saf yem bezelyesi ile arpa ve bugday kiriklari
eklenmis silajlarin ham protein (%), ham kiil (%), kuru madde (%), sindirilebilir kuru madde (DDM, %), kuru
madde tiiketimi (DM, %), ADF (%), NDF (%), P (%), K (%), Ca (%), Mg (%), toplam sindirilebilir besin elementi
icerigi (TDN), Nel, NEm, Neg, pH, Fleig Skoru ve nispi yem degeri (RFV) belirlenmistir. Sonuglara gore, yiiksek
protein ve diisiikk karbonhidrat igerigine sahip olan yem bezelyesinden kaliteli bir silaj elde etmek igin yiiksek
karbonhidrath bugday ve arpa kiriklariin eklenmesiyle silolanabilecegi belirlenmistir. Bu amagla, yem bezelyesi
silajina en az %6 bugday kirig1 veya %9 arpa kirig1 eklenmesi dnerilmektedir.

Anahtar Kelimeler: Tahil kirigi, Fleig skoru, Yem bezelyesi, Mineral igerigi, Silaj
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1. Introduction

It is documented that in ancient Egypt, water-rich feeds were stored in containers with no contact with air. In
Europe, the silage production has started to develop in the 18. century. The introduction of silage in Turkey has a
history of approximately 80-90 years, with the first silage production taking place at Atatiirk Forest Farm. In the
1970s, the technology began to be recognised by animal breeders, with promotional projects being carried out and
silage machines being provided to some enterprises. These endeavours have made a considerable contribution to
the enhancement of feed management and animal nutrition. In recent years, with the growing importance and
incentives given to animal husbandry, there has been an increasing need for high-quality, abundant, and cheap
roughages for the feeding of cultivated and hybrid animals, the number of which has reached significant
dimensions, albeit insufficient. Consequently, silage represent the most effective solution for addressing the deficit
in quality, abundance and cost-effectiveness of roughage.

The main purpose of silage production is to store fresh herbage material with high nutritional value with
minimum nutrient loss (Burgu and Mut, 2023). It is possible to produce silage from a variety of plants. The most
prevalent silage crops currently in use are maize, sorghum, Sudan grass, sorghum-Sudan grass hybrid varieties,
other grasses, legumes and legume-grasses mixtures. Furthermore, vegetable residues, canned sugar, waste
products from fruit juice production, as well as some tree leaves and fruits, are also utilised in the process (Yildirim,
2015; Ozdemir and Okumus, 2021). Nevertheless, it's essential that the plant intended for ensiling possesses
suitable dry matter content and readily soluble carbohydrates for effective ensiling. The low dry matter content of
forage legumes, such as fodder peas, the low water-soluble carbohydrates and high buffer capacity of legumes
cause them to be difficult to ensilage (Yiicel et al., 2013). In their respective studies, Jones et al. (1990) and Jacobs
et al. (1995) demonstrated that the incorporation of cereal grains or beet pulp into green fodders with low dry
matter content enhances the fermentation properties of silage.

For fodder and silage production, fodder pea is grown in mixtures with cereals in different ratios, but also for
the silage from the pure fodder pea using additives. Due to the ready availability of molasses and crashed cereal
grains or cereal cracks in the market, these are added to silage material in order to increase its carbohydrate content
(Giilimser et al., 2019). Besides, many livestock breeders also ask whether wheat (Triticum sp.) or barley
(Hordeum vulgare L.) grains can be added to fodder pea silage and in what quantity. In order to answer this
question, this study was carried out to determine the effect of barley and wheat cracks on the quality of pure fodder
pea silage.

2. Materials and Methods

The fodder pea (variety 'Tore") for the research were sown on 15 November 2022, with a row spacing of 25 cm and
a seeding rate of 120 kg per hectare (Ates et al., 2020) on a 5-hectare farmer's field located in Gazioglu, Siileymanpasa-
Tekirdag, Tiirkiye. A basal fertilizer containing nitrogen (N) and phosphorus (P) at a rate of 50 kg per hectare was
incorporated into the soil during land preparation. Fresh samples were taken at the full-bloom stage at a height of 3 cm
above the ground (Tenikecier and Ates, 2021). The samples were left to wither for 2 hours and then approximately 1.5-
2 cm chopped by mechanically (Er and Mut, 2023). Grains of barley variety 'Kristal' and wheat variety 'LG-59 'were
subjected to a mechanical cracking process. 100 g withered fodder pea sample without additives and 100 g withered
fodder pea samples with 3 g, 6 g, 9 g and 12 g cracked barley and wheat (separately for both species) were vacuumed
(leri et al., 2022; Tenikecier and Ates, 2024) in to the 20x26 cm plastic bags and were stored in a dark environment
for a period of 45 days to facilitate fermentation at ambient temperatures ranging from 15 to 28°C (Jia et al., 2021).
After 45 days, the pH of the silages was measured using a pH meter. The research was conducted in complete
randomized split-plot design with four replications.

It is well-documented that oven drying feed samples at temperatures exceeding 60°C can result in heat-damaged
protein and increased values of fiber and lignin. Furthermore, oven drying feedstuffs containing proanthocyanidins,
even at temperatures below 60°C, has been shown to increase neutral detergent fiber (NDF), fiber-bound nitrogen, and
lignin content (Reed and Van Soest, 1984). To determine the dry matter content, the matured silage samples were dried
to a constant weight in an air oven at 60°C for 48 hours, followed by a subsequent day of storage at ambient temperature
(Tenikecier and Ates, 2024). The samples were then ground to small pieces (<1 mm) and utilized for analysis. The N
content was analyzed following the procedures outlined by the Association of Official Analytical Chemists (AOAC,
2019). The crude protein content (%) was calculated by multiplying the nitrogen content by a factor of 6.25. The
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samples were wet-digested with a nitric-perchloric acid mixture, and P (%) content was determined
spectrophotometrically. The potassium (K, %), calcium (Ca, %), and magnesium (Mg, %) contents were quantified
using an inductively coupled plasma-optical emission spectrometer (ICP-OES) (Isaac and Johnson JR, 1998). Crude
ash (%), acid detergent fiber (ADF, %), and NDF (%) contents were determined using Weende and Van Soest
methodologies (AOAC, 2019; Van Soest et al., 1991). All analyses were conducted in duplicate. The digestible dry
matter (%), dry matter intake (%), relative feed value (%), total digestible nutrients (TDN), net energy for lactation
(NEI), net energy for maintenance (NEm), and net energy for gain (NEg) were calculated using established equations
for forage evaluation (Schroeder, 1994). Fleig score was calculated using the formula suggested by Kilic (1986).

Statistical analysis of all data was performed using analysis of variance (ANOVA) with TARIST software (A¢ikgdz
et al., 1994), and treatment means were compared using the least significant difference (LSD) test, implemented with
MSTAT-C software.

3. Results and Discussion

The results are given in Tables I to 3. There were no statistically significant difference between means of DMI,
NEIL Neg (P>0.05).

Table 1. The crude protein, crude ash, dry matter, digestible dry matter, dry matter intake, acid detergent fiber
and neutral detergent fiber of ensiled fodder pea, cracked wheat and barley grains added fodder pea silage

Crude Crude Dry DDM DMI

Protein (%)  Ash (%) Matter (%) (%) (%) ADF (%)  NDF (%)
Fodder Pea 19.78a 3.52f 38.30bc 67.83¢c 3.15 27.05f 38.05bc
Fodder Pea+3% cracked barley 17.17g 3.90e 38.51abc 67.66f 3.14 27.26d 38.26abc
Fodder Pea+3% cracked wheat 17.52f 4.08d 37.90c 67.98a 3.19 26.85h 37.65c¢
Fodder Pea+6% cracked barley 17.54f 4.11d 38.58abc 67.61f 3.20 27.33c 38.33abc
Fodder Pea+6% cracked wheat 17.71de 421c 38.98ab 67.91b 3.10 26.94¢g 38.73ab
Fodder Pea+9% cracked barley 17.64ef 4.22bc 38.86ab 67.53h 3.11 27.43b 38.61ab
Fodder Peat+9% cracked wheat 17.88¢ 4.31b 39.05ab 67.83¢ 3.09 27.05f 38.80ab
Fodder Peat12% cracked barley 17.80cd 4.64a 38.99ab 67.441 3.10 27.55a 38.74ab
Fodder Pea+12% cracked wheat 18.24b 4.56a 39.31a 67.78d 3.07 27.12e 39.06a
Mean 17.92 4.17 38.72 67.73 3.13 27.18 38.47
LSD 0.160** 0.094** 0.932%* 0.041** ns 0.051** 0.932%*

The highest crude protein (19.78%) and lowest crude ash (3.52%) ratios were found in pure fodder pea silage.
While the highest DDM (67.98%) was determined in fodder pea+3% cracked wheat silage, the lowest dry matter
(37.90%), ADF (26.85%) and NDF (37.65%) contents were recorded in the same treatment (P<0.01). The DMI
values varied between 3.07 to 3.20% (Table 1). The addition of cereal cracks to silage has resulted in decreases in
the crude protein content of the silage. This situation arises from the lower crude protein content of the additives
compared to pure fodder pea. Indeed, in a study, the crude protein content in barley grains was determined to be
5.5% (Acar and Bostan, 2016). These researchers reported that the inclusion of barley cracks, molasses, and whey
additives in various ratios resulted in alfalfa (Medicago sativa L.) silages with ADF and NDF contents ranging
from 30.85% to 32.59% and from 39.69% to 41.20%, respectively. Turgut et al. (2005) reported that the significant
relations between silage and silage material in terms of NDF and ADF contents. Yavuz et al. (2009) recommended
that the ADF content of feeds used in the nutrition of high-yielding dairy cattle should be 30% or less, while the
NDF content should be 40% or less. Heuze et al. (2017) reported that the crude protein and digestibility ratios
decrease when the dry matter ratio increase. Gliliimser et al. (2019) found that the silages with ADF and NDF
contents ranging from 24.60% to 42.75% and from 35.97% to 55.07%, respectively. Ileri et al. (2022) also
indicated that silage fermentation is delayed and quality is reduced under low carbohydrate conditions. The results
of our analysis of NDF and ADF contents were found to be consistent with those of previous studies (Geren, 2001;
Heuze et al., 2017).

While the highest P ratio (0.38%) was found in fodder pea+3% cracked wheat silage, the lowest K (1.65%) in
and Ca (0.98%) contents were determined in fodder pea+12% cracked wheat and fodder pea+12% cracked barley
silages respectivecely (Table 2). The highest Mg content (0.39%) was identified in fodder pea silage with 3%
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cracked barley, while the lowest TDN value (64.67) was calculated in fodder pea silage with 12% cracked barley.
Tekeli and Ates (2005) asserted that the K content in roughage should be between 0.6% and 0.8%, the P content
between 0.18% and 0.39%, the Ca content between 0.18% and 0.44%, and the Mg content between 0.04% and
0.10% in order to meet the nutritional requirements of dairy and beef cattle. The skeletal system holds a significant
portion of Mg, comprising approximately 68-73% of the total Mg content in an animal's body. Additionally, the
presence of P in the rumen is vital, as higher levels of P promote Mg absorption. In instances where animals graze
on phosphorus-deficient pastures, the rumen may have low concentrations of P, further hindering Mg absorption.
Moreover, the Ca levels in the blood also influence these processes (Ates, 2017). It is observed that the mineral
contents in silages are at levels sufficient to meet the needs of animals.

Table 2. The mineral contents of ensiled fodder pea, cracked wheat and barley grains added fodder pea silage

P(%) K(%) Ca(%) Mg(%) TDN

Fodder Pea 0.31f 1.99b 1.19b 0.36¢ 65.24b
Fodder Pea+3% cracked barley 0.36¢ 2.02a 1.22a 0.39a 65.00d
Fodder Peat3% cracked wheat 0.38a 1.96¢ 1.21a 0.38b 65.47a
Fodder Pea+6% cracked barley 0.33d 1.96¢ 1.17¢ 0.38b 64.93d
Fodder Pea+6% cracked wheat 0.37b 1.86d 1.11d 0.36¢ 65.40a
Fodder Pea+9% cracked barley 0.32¢ 1.87d 1.09%¢ 0.35d 64.80¢
Fodder Pea+9% cracked wheat 0.36¢ 1.75¢ 1.11d 0.34¢ 65.24b
Fodder Pea+12% cracked barley  0.30g 1.75¢ 0.98g 0.31f 64.67f
Fodder Pea+12% cracked wheat 0.33d 1.65f 1.06f 0.31f 65.17¢c
Mean 0,34 1.87 1.13 0.35 65.10

LSD 0.005%*  0.024**  0.014%* 0.007**  0.071%*

Table 3. The Fleig score, NEI, Nem, NEg, pH and RFV of ensiled fodder pea, cracked wheat and barley
grains added fodder pea silage

NElI NEm NEg pH Fleig Score RFV

Fodder Pea 0.67 0.73 040 4.50a 101.47¢ 165.84ab
Fodder Peat3% cracked barley 0.67 0.72 040 4.40ab 106.15bc  164.51abc
Fodder Pea+3% cracked wheat 0.68 0.73 040 4.37abc 106.13bc 168.15a
Fodder Peat6% cracked barley 0.67 0.72 040 4.4lab 105.76bc  164.09abc
Fodder Pea+6% cracked wheat 0.67 0.73 040 4.19de 115.35a 163.13bc
Fodder Peat9% cracked barley 0.67 0.72 040 4.25cde 112.86a 162.68bc
Fodder Pea+9% cracked wheat 0.67 0.73 040 4.19de 115.24a 162.60bc
Fodder Pea+12% cracked barley 0.67 0.72 039 4.16e 116.58a 161.94bc
Fodder Pea+12% cracked wheat 0.67 0.73 040 4.31bcd 111.35ab 161.43¢
Mean 0.67 0,73 0.40 4.31 110.10 163.82
LSD ns ns ns  0.133%* 5.620%* 4.278**

The Nel, NEg and NEm values varied between 0.67-0.68, 0.39-0.40 and 0.72-0.73, respectively (P>0.05). The
applications of barley and wheat cracks were lowered the pH of the silage (Table 3). The lowest pH were measured
in fodder pea+12% cracked barley (4.16), fodder pea+6% cracked wheat (4.19), fodder pea+9% cracked wheat
(4.19) and fodder pea+9% cracked barley (4.25) silages (P<0.01). One of the most important factors in determining
the quality of silage is a low pH. The low pH is of significant importance in terms of proteolysis, which is the
process that leads to the deterioration of silage. Consequently, in order for proteolysis to cease completely, the pH
of the silage must be reduced to below 4 (Virtanen, 1993; Giilimser et al., 2019). In a good silage, there is a close
relationship between pH value and Flieg score of silage (Kilig, 2010; Er and Mut, 2023). The lowest Fleig scores
were calculated in fodder pea (101.47), fodder pea+6% cracked barley (105.76), fodder pea+3% cracked wheat
(106.13) and fodder pea+3% cracked barley (106.15) silages (P<0.01). Karaevli and Baytekin (2018) added barley
cracks and inoculant to silages made from wheat, barley, triticale, oats, and rapeseed herbages in varying
proportions. The researchers reported that the positive improvements in silage characteristics as the amount of
barley cracks and inoculant increased. Giiliimser et al. (2019) demonstrated that the incorporation of molasses or
barley cracks at varying proportions into cowpea (Vigna unguiculata L.) and soybean (Glycine max L.) crops
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enhanced silage quality. Among the tested silages, those containing soybean and 5% barley cracks exhibited
superior performance. The relative feed value index is a measure of the quality of a given fodder. As the RFV of
a given fodder decreases, its quality also decreases (Onal Asci and Acar, 2018). The relative feed values were
varied between 161.43-168.15 (Table 3). The relative feed values were opposite to the reports of Canbolat et al.
(2019), who reported that the values increased when molasses was added to the fodder pea silage. Tenikecier and
Ates (2024) suggested adding 12% cracked oat grains to fodder peas during ensiling to achieve high-quality silage
based on Fleig scores.

4. Conclusions

In conclusion, it is recommended that fodder peas, which have a high protein and low carbohydrate content, be
ensiled by the addition of high-carbohydrate wheat and barley cracks in order to obtain a quality silage. For this purpose,
it is suggested to add at least 6% wheat cracks or 9% barley cracks to fodder pea silage.
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Chemical Composition and Methane Production Potential of Agricultural Residues:
Olive Pomace, Cottonseed Meal and Red Pepper Processing Waste

Tarimsal Artiklarin Kimyasal Komposizyonlar1 ve Metan Uretim Potansiyeli: Zeytin Prinasi,
Pamuk Tohumu Kiispesi ve Kirmiz1 Biber Isleme Atiklar1

Serdar UCOK", Xufei YANG?
Abstract

Biogas is a renewable energy source produced through the anaerobic digestion of organic materials such as
agricultural residues, manure, sewage, and food waste. This process involves the breakdown of these materials by
microorganisms in the absence of oxygen, resulting in the production of a mixture of gases, primarily methane
(CH4) and carbon dioxide (CO.), along with trace amounts of other gases like hydrogen sulfide (H,S) and ammonia
(NHs). Biogas production from agricultural residues like olive pomace (OLV), cottonseed meal (CTM), and red
pepper processing (RPP) waste holds promise for sustainable energy generation and waste management. This study
investigates the chemical composition and methane production potential of these residues, emphasizing their
protein, fat content, and Acid Detergent Fiber (ADF)/Neutral Detergent Fiber (NDF) ratios. Chemical analyses
revealed significant variations among the materials, with cotton waste exhibiting the highest dry matter, organic
matter, protein, and fat content, while pepper waste showed the highest ash content, and olive waste had the highest
fiber (ADF and NDF) content. Methane production ranged from 0.34 to 0.45 m® kg™! of organic dry matter (ODM),
with cotton displaying the highest methane yield. Biogas production ranged from 0.61 to 0.78 m?® kg ODM, with
cotton again yielding the highest biogas production. Methane content in biogas varied between 54.64% and 57.72%,
with cotton also showing the highest methane content. At the end of the study, the dry matter (DM) and organic
dry matter (ODM)), ash, protein, fat, ADF, and NDF ratios of the materials were determined to be 85.51%-94.09%,
87.91%-92.92%, 7.08%-12.09%, 7.49%-15.93%, 3.76%-8.01%, 52.16%-71.07%, and 34.49%-55.58%,
respectively. The materials showed chemical differences. Research highlights include the significant bioenergy
potential of olive waste and cottonseed meals, alongside the environmental benefits of utilizing olive pomace for
biogas production. Experimental findings reveal varying methane and biogas yields across materials, influenced
by their nutrient compositions. The study underscores the viability of integrating these agricultural residues into
biogas production systems, contributing to renewable energy initiatives and sustainable agricultural waste
management practices.
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Oz

Biyogaz, tarimsal artiklar, giibre, kanalizasyon ve gida atiklari gibi organik materyallerin anaerobik olarak
cliriitiilmesi yoluyla tiretilen yenilenebilir bir enerji kaynagidir. Bu islem, oksijen yoklugunda bu malzemelerin
mikroorganizmalar tarafindan pargalanmasini igerir ve bunun sonucunda basta metan (CH4) ve karbon dioksit
(COy) olmak iizere bir gaz karisiminin yani sira eser miktarda hidrojen siilfiir (H.S) ve amonyak (NH3) gibi diger
gazlarin tiretilmesi saglanir. Zeytin posast (OLV), pamuk tohumu kiispesi (CTM) ve kirmizi biber isleme (RPP)
atiklar1 gibi tarimsal atiklardan biyogaz iiretimi, sitirdiiriilebilir enerji iiretimi ve atik yonetimi i¢in umut vaat
etmektedir. Bu ¢alisma, bu atiklarin kimyasal bilesimini ve metan {iretim potansiyelini, protein, yag igerigi ve Asit
Deterjan Selliillozu (ADF)/(No6tral Deterjan Sellillozu) NDF oranlarina vurgu yaparak arastirmaktadir. Kimyasal
analizler, organik materyaller arasinda 6nemli farkliliklar oldugunu ortaya koymus; pamuk atig1 en yiiksek kuru
madde, organik madde, protein ve yag icerigini gosterirken, biber atig1 en yiiksek kiil igerigini, zeytin atig1 ise en
yiiksek lif (ADF ve NDF) igerigini gostermistir. Metan iiretimi, organik kuru madde (ODM) basina 0.34 ile 0.45
m? kg! arasinda degismis ve en yiiksek metan verimi pamukta gdzlemlenmistir. Biyogaz liretimi, ODM bagina
0.61 ile 0.78 m?* kg! arasinda degismis ve en yiiksek biyogaz iiretimi yine pamuk atiklarinda ortaya ¢ikmustir.
Biyogazdaki metan igerigi %54.64 ile %57.72 arasinda degismis ve pamuk en yiiksek metan i¢erigini gostermistir.
Calisma sonucunda materyallerin kuru madde (KM) ve organik kuru madde (OKM), kiil, protein, yag, ADF (Asit
Detergent Fibre) ve NDF (Neutral Detergent Fibre) oranlar1 yapilan analizler sonucunda
sirastyla; %85.51-%94.09, %87.91-%92.92, %7.08-%12.09, %7.49-%15.93, %3.76-%8.01, %52.16-%71.07
ve %34.49-%55.58 olarak belirlenmistir. Materyaller arasinda kimyasal farkliliklar meydana gelmistir. Arastirma,
zeytin atig1 ve pamuk tohumu kiispesinin dnemli biyoyakit potansiyelini ve zeytin posasinin biyogaz liretimi igin
kullanilmasinin ¢evresel faydalarii vurgulamaktadir. Deneysel bulgular, besin bilesimleri farkli organik atiklarin
metan ve biyogaz verimlerini ortaya koymaktadir. Caligma, bu tarimsal atiklarin biyogaz iiretim sistemlerine
entegre edilmesinin yenilenebilir enerji girisimlerine ve siirdiiriilebilir tarimsal atik ydnetimi uygulamalarina
katkida bulunma olasiligin1 vurgulamaktadir.

Anahtar Kelimeler: Biyogaz, Metan, Tarimsal organik atiklar
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1. Introduction

Biogas production from agricultural by-products such as olive pomace (OLV), cottonseed meal (CTM), and
red pepper processing (RPP) waste represents a promising strategy for both sustainable energy generation and
effective waste management. These by-products, typically considered agricultural waste, can be repurposed
through anaerobic digestion to produce valuable bioenergy, reducing environmental pollution and offering a
renewable energy source.

Research has shown that anaerobic digestion of olive mill solid waste can result in substantial bioenergy
production, significantly mitigating the environmental impacts commonly associated with olive oil production.
For instance, Uddin et al. (2021) demonstrated that this process not only diverts waste from landfills but also
creates an opportunity to harness energy in a sustainable manner. Moreover, Messineo et al. (2020) have
investigated the anaerobic digestibility of both raw and pretreated olive pulp, underscoring the potential for
hydrogen and biogas production under various conditions. This highlights the adaptability of olive by-products as
feedstock for bioenergy generation under different treatment processes, further enhancing the feasibility of their
use on a commercial scale.

Similarly, cottonseed hulls have been identified as an excellent substrate for biogas production. When
combined with cow dung in anaerobic digestion processes, the biogas yield is notably enhanced (Venkateshkumar
et al., 2021). This synergistic effect between different organic materials improves the efficiency and economic
viability of the biogas production process. Investigations into other agricultural by-products, such as citrus pulp
and olive pomace, have also demonstrated the feasibility of these materials for biogas production (Valenti et al.,
2017). These findings support the notion that agricultural residues, which are often available in large quantities,
can be effectively used as feedstocks for bioenergy production, promoting a circular economy in agricultural
practices.

The potential for co-digestion processes, which involve the simultaneous digestion of multiple organic wastes,
has been explored to enhance biomethane production further. Al-Addous et al. (2017) recommended co-digestion
of olive and date waste as a means to optimize biomethane yields. This approach not only improves the overall
efficiency of biogas production but also allows for the processing of a wider range of waste materials, thereby
reducing waste disposal issues. In addition, other studies have explored the use of diverse feedstocks, such as
coffee pulp, chicken feathers, and sugar beet pulp, in biogas production. These studies showcase the versatility
and adaptability of anaerobic digestion processes to a variety of organic wastes, expanding the potential feedstock
base for biogas plants (Sumardiono et al., 2021; Zieminski and Kowalska-Wentel, 2016; Sumardiono et al., 2016).

Biogas production from olive mill waste offers significant environmental benefits. For example, Alonso-
Farifias et al. (2020) highlighted the potential for heat and electricity cogeneration through anaerobic digestion,
followed by the composting of the digestate. This not only contributes to renewable energy production but also
results in valuable by-products, such as compost, that can be used to enrich soil, thereby closing the loop in
agricultural waste management. Moreover, the integration of biogas production into circular economy concepts,
such as converting cassava pulp and wastewater into biogas, illustrates the potential for sustainable energy
generation across various industries (Lerdlattaporn et al., 2020). This approach emphasizes the need for innovative
solutions that can transform waste into resources, aligning with global sustainability goals.

Overall, research consistently indicates that biogas production from various agricultural by-products is a viable
and sustainable approach. It can significantly contribute to renewable energy generation, reduce agricultural waste,
and protect the environment by lowering greenhouse gas emissions and minimizing reliance on fossil fuels (Aybek
et al., 2015; Develi et al., 2021). By converting waste materials into valuable energy resources, biogas production
supports a more sustainable and resilient energy future.

In Turkey, cotton production is substantial, resulting in a significant amount of cottonseed pomace, also known
as cottonseed meal or cake. The country produces approximately 800.000 to 900.000 tons of cotton fiber annually,
leading to a considerable quantity of cottonseed by-products. Based on the proportion of cottonseeds to the overall
cotton output and the processing methods employed, pomace production is estimated to be in the range of several
hundred thousand tons per year (Semerci and Celik, 2018; Tokel et al., 2022). This large volume of cottonseed by-
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products presents an opportunity for biogas production, turning what would otherwise be agricultural waste into a
valuable energy source.

Similarly, the olive oil industry in Turkey generates a significant amount of waste. Out of the total 1.700,000
tons of olives grown in the country, 1.300.000 tons of oily olives were processed, resulting in the production of
around 175.000 tons of olive oil. This processing results in the generation of approximately 1.774,800 tons of
waste annually, which includes 515.000 tons of pomace and 1.259.800 tons of wastewater (Kaya, 2024). From a
biogas generation perspective, this represents a substantial quantity of raw material that can be harnessed for
energy production, turning a potential environmental liability into a renewable energy asset.

The annual biomass residues produced from greenhouse crops, such as tomatoes, peppers, and eggplants,
further contribute to the potential feedstock for biogas production. These residues amount to approximately
1.690.000 tons on a wet basis and 253.000 tons on a dry basis, with pepper crop residue alone accounting for
205.000 tons (wet) and 35.000 tons (dry) (Bilgin et al., 2015). Given the high production potential of these wastes,
they can be effectively used as additives in biogas production, enhancing the overall biogas yield.

In this study, the chemical composition, methane production, and biogas yields of cottonseed meal, olive
pomace, and pepper processing residues were determined. The findings underscore the viability of using these
agricultural by-products as valuable resources for biogas production, supporting sustainable energy initiatives and
contributing to the circular economy by transforming waste into renewable energy sources.

2. Materials and Methods
2.1. Procurement of olive pomace (OLV), cottonseed meal (CTM), and red pepper processing (RPP) waste.

The materials used were cottonseed meal, red pepper processing waste, and olive pomace from the olive oil
processing plant (Figure I). The materials were first sun-dried naturally and then ground to a size of 1 mm using
an industrial grinder. A Kern precision balance was used to weigh the raw materials and the materials obtained in
the experiments. A Microtest ash furnace was used to determine the ash and organic matter content. A Niive oven
was used to determine moisture content, a Velp UDK 139 protein meter to determine protein content, an Ankom
XT10 fat meter to determine fat content, and an ANKOM NDF/ADF fiber analyzer to determine NDF and ADF
content. The inoculum, with a solids content of approximately 2 %, was obtained from the mesophilic environment
of the Kahramanmaras Water and Sewerage Administration (KASKI) Central Wastewater Treatment Plant and
from biogas reactors with a pH of 6.8.

Figure 1. OLV (a), CTM (b), and RPP(c) waste

The Hohenheim Batch Test (HBT) method uses 100 mL glass syringes (Figure 2). The patented HBT syringe
is shown in Figure 2. The syringe consists of the following components: (1) lubricant and seal, (2) 1 mL
compartment, (3) gas chamber, (4) gas analysis port, (5) clamp, (6) glass syringe, (7) fermentation materials, (8)
plunger, and (9) thin tube. A sealed tube and clamp are attached to the tip of the syringe to prevent gas leakage.

HBT syringes are placed in a hot water bath (Figure 3), which has 128 chambers and a heater to heat the water
inside.

To determine the methane content in the biogas, an infrared-spectrometric methane-sensor "Advanced
Gasmitter" D-AGM Plus 1010 device with a precision of 20 mL was used.
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Figure 2. HBT Syringe

Figure 3. Water Bath

2.2. Method

Olive pomace (OLP), cottonseed meal (CTM) and red pepper processing waste (RPP) were dried and ground
to pass through a 1 mm sieve. The dry matter, crude ash, organic matter, crude protein (by Kjeldahl method) and
crude fat (by Soxhlet extractor method) contents of the prepared materials were determined according to AOAC,
(1990). ADF and NDF contents were determined according to Van Soest et al. (1991). For the determination of
the methane potential, all samples were weighed to 0.2 g on dry basis and filled into 100 mL test syringes in
triplicate (VDI 4630, 2006). The net biogas (Netyiogas) Was calculated by subtracting the inoculum (Tinoculum) from
the total gas (Tgas)-

Netbiogas = Tgas — Tinoculum (Eq. 1)
2.3. Evaluation of Data

The chemical properties of the materials prepared according to the standard requirements were determined in
the laboratory of the Department of Biosystems Engineering of Kahramanmaras Siit¢ii imam University, Faculty
of Agriculture. These characteristics included crude protein (CP (%)), crude fat (CF (%)), % dry matter (DM), %
organic dry matter (ODM), ADF (%), NDF (%), biogas and methane production, and methane content in biogas.
Measurements, performed in triplicate, included mean and standard deviation values, statistical differences and
analysis of variance (SPSS one-way ANOVA). Data were interpreted in tables and figures.

3. Results and Discussion

At the end of the study, the dry matter (DM) and organic dry matter (ODM), ash, protein, fat, ADF, and NDF
ratios of the materials were determined to be 85.51%-94.09%, 87.91%-92.92%, 7.08%-12.09%, 7.49%-15.93%,
3.76%-8.01%, 54.47%-71.07%, and 35.24%-55.58%, respectively. The materials differed chemically. The highest
DM (94.09%), ODM (92.92%), protein (15.93%), and fat (8.01%) were found in cotton waste, while the highest
ash (12.09%) was found in pepper waste, and the highest NDF (71.07%) and ADF (55.58%) were found in olive
waste. The lowest DM (85.51%), ODM (87.91%), were found in RPP, the lowest ash (7.08%), CP and the lowest
protein (7.49%) and fat (3.76%) in OLV waste and the lowest NDF (54.47%) and ADF (35.24%) in CTM waste
(Table I).
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Table 1. Chemical Properties of the Materials

M DM ODM Ash CP Fat NDF ADF
OLV 87.06+0.57b 92.05+0.15b 7.95+0.16b  7.49+0.35¢  3.76+0.04c 71.07+0.64a 55.58+0.43a
RPP 85.5140.62¢ 87.91+0.33¢ 12.09+0.34a 8.61+0.23b  6.74+0.16b 55.76+0.30c 36.49+0.47b
CTM 94.09+0.65a  92.92+0.08a 7.08+0.09c  15.93+0.17a 8.01£0.16a 54.47+0.30b 35.244+0.47c

P<0.05; a,b,cd, differences between the averages shown with different letters in the same column are important

3.1. Examination of the Average Methane Production of All Samples

The time-dependent methane production graph of all materials studied is presented in a figure, while the
average cumulative specific methane, biogas values, and methane ratios in the biogas of the materials are presented
in a table. In addition, the changes in the average cumulative specific methane and biogas production of the
materials are shown in a Table 2.

0.50

0.40

0.30

Cumulative methane production (m’kg! ODM )

—— inoculum
OLV
0.20 RPP
—0—CTM
0.10
- 2 J
0.00
0 5 10 15 20 25 30 35

Time (day)

Figure 4. Time-Dependent Methane Production Graph

As a result of the measurements, the cumulative methane production of the inoculum (starter) from anaerobic
(oxygen-free) decomposition was approximately 0.02 45 m’kg”' ODM. The average cumulative methane
production values of all materials were between 0.34-0.45 m*kg™! ODM. The cumulative methane production was
0.42 m*kg"' ODM for cotton, 0.39 m*kg' ODM for pepper and 0.34 m*kg™! ODM for olive. The average cumulative
biogas production values of all materials ranged between 0.61-0.78 m*kg™! ODM, with the highest cumulative
biogas production occurring in cotton (0.78 m3kg! ODM) and the lowest in olive (0.61 m*kg™! ODM) (Figure 4,
Table 2). The methane ratios in the biogas varied between 54.64%-57.72%, with the maximum methane ratio in
cotton and the minimum in pepper (7able 2, Figure 5). Statistical comparison showed that the cumulative specific
methane, biogas values and methane ratios in biogas of all materials were not significantly different (P<0.05)
(Table 2).

In the study, the average cumulative specific methane and biogas yields were highest for cotton, pepper, and
olive residues, respectively. Chemical analyses indicated that higher protein and fat content, along with lower ADF
and NDF ratios, led to higher cumulative methane and biogas production (7able I, Table 2). NDF
(cellulose+lignin+hemicellulose) and ADF (cellulose+lignin) consist primarily of cell wall components such as
cellulose, lignin, and insoluble proteins. An increase in ADF and NDF ratios indicates a higher fibrous structure,
which reduces digestibility and potentially reduces gas production. Amino acids from protein hydrolysis are
fermented via reactions such as the Strickland reaction without the formation of hydrogen, while long-chain fatty
acids (LCFA) from lipid hydrolysis can be converted to acetate and hydrogen at very low hydrogen partial
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pressures, which are consumed only by methanogenic or sulfate-reducing bacteria (Dong et al., 2009; Hallenbeck,
2009). Proteins provide nutrients for biological degradation processes and thus create a buffering capacity during
anaerobic digestion. However, high concentrations of ammonium nitrogen (NH4+) from proteins and LCFAs from
lipids can create inhibitory conditions (Ariunbaatar et al., 2015; Chen et al., 2014) and affect hydrogen production
during fermentation. Nitrogen is essential for the growth and activity of anaerobic microorganisms. Proteins and
amino acids in feedstocks can serve as nitrogen sources to support microbial activity and enhance biogas
production. Oils have a high energy content and can produce more biogas per unit weight compared to
carbohydrates and proteins because they are composed of long-chain fatty acids, which produce significant
amounts of methane when degraded (Chen et al., 2014).

Table 2. Average Cumulative Specific Methane, Biogas Values, and Methane Ratios in Biogas of the

Materials
Methane Biogas Metan rate (%)
Measurements  Ayyr, +Std error ~ Measurements  Ayr 4Std error
Materials 1 2 3 (m3kg™) 1 2 3 (m3kg™)
OLV 0.33 0.34 0.35 0.3440.009¢ 0.59 0.61 0.62 0.61£0.020c 56.91a
RPP 0.40 0.37 0.38 0.39+0.019b 0.74 0.69 0.71 0.71+0.009b 54.64b

CTM 046 0.45 0.45 0.45+0.004a  0.80 0.78 0.77 0.78+£0.013a  57.72a

P<0.05; Differences indicated by different letters (a, b, ¢, d) in the same column for cumulative specific methane, biogas production, and
methane ratios in biogas averages are significant.
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0.7
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Figure 5. Changes in Average Cumulative Specific Methane and Biogas Production of Materials

In this study, an increase in protein and fat content correlated with increased methane and biogas production.
Juanga et al. (2021) reported maximum methane production of 0.32 and 0.37 m3kg! from processed and
unprocessed cotton residues, Li et al. (2011) the daily average gas production achieved 508.57 mL/d, Borja et al.
(2003) found methane production from olive pomace of 0.25 m?kg™!, Zupancic et al. (2024) in their study of pepper
processing waste found biogas production of 0.68 m’kg! and methane production of 0.4 m’kg!. In this study,
biogas production was found to average 0.71 m’kg"' and methane production was found to average 0.39 m’kg™!,
Tufaner (2020), in its study of olive pomace, found a methane content of 62.6%. Zhang et al. (2018), obtained
around 60% methane content in biogas. If we compare it with this study, the methane content was found to be
slightly high. It can be said that the reason for this is due to the oil and persistent biodegradable content of olive
pomace, which varies according to the variety.

Compared to the literature, methane and biogas production from olive and cotton residues were higher, while
methane and biogas production from processed pepper residues were approximately similar. Variations in methane
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and biogas production may be due to product diversity and associated differences in chemical and elemental

composition.
4. Conclusions and Recommendations

The study determined dry matter (DM) and organic dry matter (ODM) content, ash, protein, fat, ADF, and
NDEF ratios, average cumulative specific methane and biogas yields, and methane content in biogas for CTM, RPP,
and OLV.

e There were chemical differences among the materials.

e Average cumulative methane production ranged from 0.34 to 0.45 m’kg'ODM, cumulative biogas
production ranged from 0.61 to 0.78 m’kg™!, and methane content in biogas ranged from 54.64% to
57.72%.

e Statistical comparisons revealed no significant differences (P<0.05) in cumulative specific methane and
biogas yields or methane content in biogas among the materials studied.

e Chemical analyses showed that higher protein and fat content and lower ADF and NDF ratios correlated
with increased cumulative methane and biogas production.

e Cotton, pepper, and olive waste have the potential to multiply as additives in biogas plants. Utilization of
these components could be an important resource for sustainable energy production.
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Swimming Behavior Characteristics in Horses and Their Impact On Pregnancy Rates

Atlarda Yiizme Davranisi Ozellikleri ve Gebelik Oranlar1 Uzerindeki Etkileri

Yavuzkan PAKSOY"", Nazan KOLUMAN?, Serap GONCU?
Abstract

In this study, the swimming behaviors of 20 Thoroughbred mares living in a private horse farm in Ulukisla district
of Nigde and the effect of swimming on pregnancy rate were investigated. 20 English breed horses between the
ages of 4-18 and without any health problems that would prevent them from getting pregnant were included in the
study. The horses included in the study had no previous swimming experience. A veterinarian specialized in equine
medicine collected the data by examining the observations and camera recordings. The behaviors of the horses
around and inside the pool were observed. The pregnancy rate was determined by dividing the number of pregnant
horses for each group by the total number of horses. The necessary graphs and tables were created with Microsoft
Excel and SPSS statistical package programs to explain and analyze the statistical descriptive characteristics of
the camera recordings and observation results. In the presented study, the analysis of pregnancy rates in the
swimming group and the control group was performed using the Chi-square method with the SPSS statistical
program. 19 of the 20 horses (95%) that were made to swim in the pool and 7 of the 12 horses (58.33%) that were
made to swim in the pool became pregnant. The results revealed a range of behaviours including initial reactions
to the pool, swimming techniques and post-swim activities. In particular, horses displayed a mixture of curiosity,
attention and exploration when first introduced to the water, with the majority taking a measured and cautious
approach during pool entry. Swimming behaviours were characterised by alertness, directional tendencies and
vocalisations reflecting natural instincts and adaptability. Post-swim activities such as tail wagging, shaking and
nose touching provided information on physical adaptation, moving away from the water and potential social or
self-comforting behaviours. These findings contribute to the understanding of the behaviour of horses in aquatic
environments and highlight the importance of welfare considerations in water-based activities for horses.
Furthermore, addressing their natural behaviours and needs improves reproductive performance by an average of
37%. Further research may explore the specific triggers behind the observed behaviours, improve our
understanding of equine behaviour in aquatic environments and encourage optimal care practices.
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Oz

Bu ¢alismada, Nigde'nin Ulukisla ilgcesindeki 6zel bir at ¢iftliginde yasayan 20 Safkan kisragin ylizme davranislari
ve yiizmenin gebelik orani tizerine etkisi incelenmistir. Yaglar1 4-18 araliginda olan ve gebe kalmalar1 i¢in herhangi
bir saglik problemi bulunmayan 20 bas ingiliz irki at calismaya dahil edilmistir. Calismaya dahil edilen atlarin
daha once yiizme deneyimi olmamustir. At hekimligi konusunda uzman veteriner hekim gézlem ve kamera
kayitlarini inceleyerek verileri toplamistir. Atlarin havuzun g¢evresinde ve igerisinde sergiledikleri davranislar
gozlemlenmistir. Gebelik orani, her grup i¢in gebe at sayisinin toplam at sayisina boliinmesiyle belirlendi. Kamera
kayitlarinin ve gdzlem sonuglarmin istatistiksel tanimlayici dzelliklerini agiklamak ve analiz etmek igin gerekli
grafik ve tablolar Microsoft Excel ve SPSS istatistik paket programlari ile olusturulmustur. Sunulan ¢aligmada,
yiizme grubu ve kontrol grubundaki gebelik oranlarmin analizi SPSS istatistik programi ile Ki-kare yontemi
kullanilarak yapilmistir. Havuzda yiizdiiriilen 20 atin 19’u (%95), kontrol grubunu olusturan 12 atin 7’si (%58.33)
gebe kalmistir. Sonuglar, havuza ilk tepkiler, ylizme teknikleri ve yiizme sonrasi aktiviteler de dahil olmak iizere
bir dizi davranisi ortaya koymustur. Ozellikle, atlar suyla ilk kez karsilastiklarinda merak, dikkat ve kesfin bir
karigimini gdstermis, ¢cogunlugu havuza giris sirasinda dl¢iilii ve temkinli bir yaklasim sergilemistir. Yiizme
davranislari, dogal icgiidiileri ve uyum kabiliyetini yansitan uyaniklik, yon egilimleri ve vokallerle karakterize
edildi. Kuyruk sallama, silkinme ve buruna dokunma gibi ylizme sonrasi aktiviteler fiziksel uyum, sudan
uzaklagsma ve potansiyel sosyal veya kendini rahatlatma davraniglart hakkinda bilgi saglamistir. Bu bulgular,
atlarin su ortamlarindaki davranislarinin anlagilmasina katkida bulunmakta ve atlar i¢in su temelli faaliyetlerde
refah hususlarmin 6nemini vurgulamaktadir. Ayrica, dogal davraniglarimi ve ihtiyaglarini ele alarak iireme
performansini ortalama %37 oraninda artirmaktadir. Daha fazla arastirma, gézlemlenen davranislarin ardindaki
belirli tetikleyicileri kesfedebilir, su ortamlarindaki at davranislarina iliskin anlayisimizi gelistirebilir ve en uygun
bakim uygulamalarini tesvik edebilir.

Anahtar Kelimeler: Davranis, At, Gebelik orani, Performans, Yiizme modelleri
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1. Introduction

To achieve sufficient perfomances from horses in horse breeding, it is crucial to establish optimal
environmental conditions (Gliciiyener Hacan and Akg¢apinar, 2013). Adequate care and nutrition for horses are
possible through understanding their behaviors. Behavior encompasses the responses of organisms to stimuli from
their environments (Akcapmar and Ozbeyaz, 1999; Gill et al., 2005), guided by their senses (Gill et al., 2005).
Horses utilize senses such as touch, sight, hearing, smell, and taste to interact with their surroundings. Horses
exhibit both normal and abnormal behaviors. Examples of normal behaviors in horses include feeding, mimicking,
swimming, exploring, establishing dominance, mothering and forming friendships (Gliciiyener Hacan and
Akcapinar, 2013). Abnormal behaviors in horses include kicking, biting, wind sucking, wood chewing and
spinning (Giicliyener Hacan and Akgapinar, 2013).

Horses were domesticated around 5000 BCE (Kelly et al., 2021). While horses were historically bred for
agriculture, transportation, military purposes and food, they are now bred for sporting purposes due to
advancements in industry and technology (Danisan et al, 2014). For horses to perform well in sporting
competitions, their physiological, anatomical and psychological health must be optimal. In addition to
conventional exercise and treatment methods, alternative methods are gaining popularity. Swimming horses in
pools or in the sea is a prime example. Swimming strengthens muscles, develops cardiovascular and respiratory
systems, activates reproductive activities, reduces stress and aids in mental rehabilitation (Tagdemir, 2023).

Swimming is a sport that actively engages the arms, legs and core muscles, requiring the use of many muscles
in the body. Swimming reduces pressure on joints, prevents injuries during training, balances heart rate, increases
fat burning, promotes muscle mass development and maintains a healthy metabolism (Jackson et al., 2022).
Endorphin release during swimming reduces pain and stress (Jackson et al., 2022). While swimming, horses
traditionally relied on natural bodies of water, today, the number of horse pools and underwater treadmills in
specialized farms or rehabilitation centers is increasing. Pool depth, width, length and water temperature are
scientifically adjusted. Scientific recommendations also guide the selection of auxiliary materials.

When incorporating swimming training into horse training and rehabilitation programs, several factors must
be considered. Horses should be adequately prepared for the program, accustomed to the equipment and water and
gradually exposed to increasing depths. Both horses and trainers should be prepared for various scenarios. Age,
gender, breed, performance status, health, swimming experience and breeding and rehabilitation goals should be
considered when designing appropriate training programs (Tranquille et al., 2017).

Horses are born with an instinctive swimming behavior, believed to be inherited from their ancestors due to
the need to navigate deep waters to escape danger or reach different grazing areas in the wild (Robinson, 2021).
The strong muscles, long legs and flexible spines of horses contribute to their swimming abilities. A horse that
may be hesitant to walk in water can often swim confidently once it ventures into deeper areas. While swimming,
horses keep their heads above water, allowing them to maintain the proper position and have a clear field of vision.
They make movements similar to paddling, akin to the trotting behavior they exhibit on land (Robinson, 2021).
Their front legs propel them forward in the water, while the hind legs provide balance and control. The hind legs
move more than the front legs during swimming, providing stability and propulsion. Horses are not as fast in water
as they are on land. While a galloping horse can reach speeds of 40-70 km/h, a swimming horse can reach speeds
of 4-10 km/h. Horses cannot hold their breath underwater for extended periods. They can swim with a rider, but
many horses are not fond of this situation. When riding a horse in water, the rider should sit on the horse's back
slowly, avoid sudden movements, and allow the horse freedom of movement (Dewsbury, 2023). Horses can
comfortably stay on the water's surface due to their large lungs. Horses propel themselves forward in water by
moving their front legs, while their hind legs are used for balance and control. The hind legs move more than the
front legs during swimming, providing stability and propulsion. Horses are not as fast in water as they are on land,
so they move more slowly while swimming. It is crucial for horses to have large lungs to stay comfortably on the
water's surface.

Several important considerations should be taken into account when introducing horses to swimming. These
include acclimating the horse to water, ensuring the water's temperature and cleanliness, gradually increasing the
depth, monitoring the horse's behavior and rinsing them clean after exiting the water.
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Considerations for introducing horses to swimming

Several considerations must be taken into account when introducing horses to swimming:
* Horses should be accustomed to water by washing their feet.
* They can be introduced to water by walking them around small puddles.

* The swimming pool, sea, water treadmill, or river should be explored, allowing the horse to become familiar
with it using its sensory organs.

* Horses should not be forced to enter the water; small encouragements can be given.
* The depth should gradually increase once the horse is in the water.

* Inexperienced horses should be guided by one or two trainers using a long rope, holding them from one or
both sides, and directing them from the pool edge.

¢ The behavior of horses inside and outside the water should be well understood before and after entering the
water to prevent any abnormal behavior or modify the training program.

* The water should be at an appropriate temperature, clean, free from harmful elements and the horse should
be rinsed with clean water after exiting.

* Horses should be given rest periods of 5-10 minutes between swimming sessions (Dewsbury, 2023; Smith et
al., 2012).

It is believed that horses are born with the instinctive ability to swim due to the need to navigate deep waters
to escape danger or reach different grazing areas in the wild. Their swimming abilities are supported by their strong
muscle structure, long legs, and flexible spines. A horse that may be hesitant to walk in water can often swim
confidently once it ventures into deeper areas. During swimming, horses keep their heads above water, allowing
them to maintain the proper position and have a clear field of vision.

Swimming in horses has been frequently recommended in recent years in terms of muscle development, heart
health and welfare issues. Many horses can swim in shallow water. There is no need to specially teach these
animals to swim, it is an instinct that is inherent in nature. However, the first swimming experience is important
and should not be forced. Due to limited literature on this topic, the aim is to contribute to colleagues and breeders
in this field. Therefore, the aim of this study was to investigate the swimming behaviour and experience of horses
in detail.

2. Materials and Methods
2.1. Ethical Approval

In this study, routine breeding in stud farms practices have not been deviated from. Data obtained in these study
within the scope of these applications for Experimental and Other Scientific Purposes Concerning the Welfare and
Protection of Animals Used Regulation (Official No. 28141 dated 13.12.2011, Gazette) article 2, second paragraph:
“This Regulation, non-experimental agricultural and clinical veterinarian In accordance with the provision does
not cover applications’, the scope since it is outside the Ministry (T.R. Adana Governorship Provincial Directorate
of Agriculture and Forestry, Number: E-74530962-325.99-13486280.) is not subject to permission.

This study utilized a total of 20 Thoroughbred mares (4-18 years old) from a private horse farm located in
Ulukisla, Nigde, Turkey. Ulukisla, where the study was conducted, has a continental climate and is located at an
altitude of 1427 m. The district is located between 34°30"16' East longitude and 36°58"5' North latitude.

The average annual temperature of the district is 9.8 °C. The lowest average temperature was found in January
with -2.1 and the highest in July with 21.9 °C. The district experiences four seasons distinctly, with spring and
autumn seasons showing a transitional feature. The climate is a Mediterranean-Central Anatolian transition climate.
Summers are cool and dry, winters are cold and snowy. Precipitation intensity shifts to spring and winter seasons.
Average annual rainfall: 513 mm.
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Figure 1. Ulukisla location
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Figure 2. Ulukisla climate

The study was conducted in a privately owned Horse Farm in Ulukisla. The horses were floated in February,
the average air temperature was 2°C and the average humidity was 72%. The horses that were swam and included
in the control group were mated in March-April-May and the average air temperature was 11°C and the average
humidity was 57%. In the trial, a pool was designed for a business to float horses. This pool is 40 m long, 3 m
wide and 2.5 m deep. The sole is covered with a non-slip material. There is a 25% inclined ramp at the entrance
and exit of the pool so that 1 m horses can enter and exit easily (Figure 3-5). The water temperature of the pool
was maintained at 25°C room temperature and the pool was cleaned daily throughout the duration of the trial.

Animal material of the study, were selected from among 60 Thoroughbred mares on the farm based on their
age and being previously healthy animals that had never swum before. Throughout the trial period, the horses were
left unshod. The horses were allowed to roam freely around the pool for two hours the day before without any
research conducted to familiarize them with the pool.

The control group of the study consisted of 12 Thoroughbred healthy mares between the ages of 5-18, kept on
the same farm. A similar care and feeding program was applied to the mares included in the control group, and
they were mated without swimming.
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Figure 3-4-5. Pool where horses are swum

Within the scope of the research, the behavior of 20 horses regarding entering and staying in the pool and all
their pool experiences were recorded with a camera. Research data was obtained by researchers by examining
camera recordings and continuous observation method. During the research, observations were made by the subject
expert and the data was recorded on camera and then the data was extracted by watching these records. The leg
movements of the horses in the pool were also examined with the help of a wide-angle camera covering the entire
pool. The data were measured with a stopwatch and the times were recorded.

Each horse was swum from one end of the pool to the other 5 repetitions a day during the trial period. After
exiting the pool, they were kept on concrete for the first 5 min and then on soil for another 5 min. They were then
washed with clean water, dried and taken back to their shelter.

The focus was on the behavioral characteristics of horses, such as the number of days it takes to enter the pool,
smelling and drinking the pool water, the way they enter the pool, and the feet they prefer for entering and exiting
the pool. All horses entered the pool at varying durations between 0-15 min through these trials.

When entering the pool, the horses were gently encouraged by caretakers on both sides to enter the pool on
their own for 5 min. Horses that did not enter were encouraged to do so with carrots and green grass for 5 min.
However, horses that still did not want to enter the pool had their eyes covered and were gently guided into the
pool, and their eyes were uncovered after all four legs entered the water. An adaptation period of 7 days was
implemented, followed by observations within the next 5 days.

During the trial period, horses are individually housed, having access to clean water through automatic troughs
in the stables and water containers in the paddock whenever they desire. They are fed three meals a day, totaling
5 kg of oats, 3 kg of barley, 3 carrots, 3 apples and 8 kg of hay daily. Each horse is fed in the same manner. It is
known that care, feeding and season affect the productivity ability of animals. Therefore, all animals included in
the study were housed under similar environmental conditions (Karadag and Soysal, 2018). No food or drink was
given to the horses 1 h before and 1 h after swimming.

In this study, data on 26 characteristics of 20 horses of similar breed and characteristics, different ages (4-18
years old), kept under the same conditions and raised in a private horse care enterprise, were evaluated. The horses'
approach to the pool, their behavior when entering and exiting and their behavior while in the pool constituted the
basic data of the study. Behavioral frequency and percentage rates were used as descriptive statistics. To see the
effect of cooling in the enterprise on the pregnancy rate in horses, horses in the same enterprise and not subject to
any treatment were evaluated as a control group. The pregnancy rate was determined by dividing the number of

210



JOTAF/ Journal of Tekirdag Agricultural Faculty, 2025, 22(1)

pregnant horses by the total number of horses for each group. The graphs and tables necessary to describe and
analyze the statistical descriptive features of camera recordings and observation results were created with
Microsoft Excel and SPSS statistical package programs (Giil and Oflaz, 2021). In the study presented, the analysis
of pregnancy rates in swimming group and control group was conducted using the Chi-square method with the
SPSS statistical program. Statistical significance was set at p < 0.05.

3. Results and Discussion

In this study, the swimming experience behaviors of 20 sample horses of the same breed and conditions, which
were cared for in a private enterprise, were observed. According to the data, 70% of the horses are 4-7; 30% are
8-18 years old. This distribution shows that the majority of horses (70%) are in the young and middle-aged group.

The behavior of animals is a mixture of instincts and behaviors based on intellectual intelligence. Living beings
learn, remember, know and apply. Many horses can swim and there is no need to specially teach these animals to
swim, it is an instinct that is inherent in nature. The first experience is effective in improving the animals' later
behaviors, abilities and reflexes. Despite it being their first time swimming in the deep part of the water, all horses
were able to swim without any hesitation.

When horses first encounter the pool step back, neigh, hit the water with front foot, smelling water and rearing
behavior has been observed (Figure 6)

Behaviors exhibited by horses when they first
encounter a pool

60
50
40
30
20
10
0 .\ —— E— ——
Step back Neigh Dipping front  Smelling water Rearing
hoof into the
water
==@==Frequency (n) Percentage (%)

Figure 6. Behaviors exhibited by horses when they first encounter a pool

According to the figure, the behaviors exhibited by horses when they first encounter a pool are as follows. Step
back behavior is observed at the highest frequency (55%). This behavior is the initial reaction of horses when
approaching water. The step back behavior appears to be the most common response as horses’ approach water.
This reaction may stem from a natural caution toward water or indicate a bit of apprehension during their initial
contact with water. Neigh behavior is observed in only 5% of the total behaviors. This seems to be a rare response
during horses' initial contact with water. This suggests that horses generally remain silent or exhibit less vocal
reactions when encountering water. Dipping front hoof into the water (10%) and smelling water (25%) behaviors
indicate horses' interest and curiosity about water. These behaviors play an important role in horses' exploration
and familiarization with water. "Rearing" behavior is less common compared to other behaviors (5%). This may
suggest that horses can show a more anxious or cautious response to water. Overall, the behaviors exhibited by
horses when they first encounter a pool reflect various emotional responses such as curiosity, anxiety and
exploration. Horse owners and caretakers can better understand how horses behave in such environments by
observing their reactions to water and taking necessary precautions.

In Table 1, an array of behavioral patterns observed during the initial entry of horses into the pool is presented.
The predominant mode of entry, evident in a substantial majority (85%) of cases, involves walking into the pool.
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This behavior signifies a measured and cautious approach, indicating that horses exhibit a level of comfort and

familiarity with the aquatic environment. Conversely, a smaller fraction (15%) of horses opted for a more energetic
response by running into the pool, suggestive of a heightened sense of eagerness or confidence. This interplay
between caution and boldness underscores the diverse behavioral repertoire exhibited by horses in novel aquatic
contexts.

Table 1. Horses' behavior upon entering the pool

Behaviour Description Frequency (n) Percentage (%)
le:i[l?grrilrelr (;fle Running 3 15
& Walking 17 85

pool
First foot

:ts ri1(1)0th Right 20 100
chiering fe Left 0 0
pool
First foot Right 20 100
leaving the pool Left 0 0

Time taken to

accept entering ! 17 85
2 3 15

the pool (days)

dinking poo Yes ‘ 20
&P No 16 80

water

Behavior of

srie?l\i/:r 0001 Yes 20 100
&p No 0 0

water

The consistent preference for using both right and left foot during both the entry into and exit from the pool,
observed in all instances (100%), may indicate either a naturally ingrained tendency or a learned behavior among
horses. This inconsequential attitude in limb selection could be influenced by factors such as limb dominance or
the cumulative experiences horses have had with water-related activities, contributing to a predictable pattern of
behavior.

Furthermore, the rapid acclimatization of the majority of horses (85%) to pool entry within a single day
suggests a remarkable capacity for environmental adaptation. However, it is noteworthy that a minority (15%)
required an extended period of two days to fully accept this behavior, highlighting the inherent variability in
adaptation rates across individual horses.

The behavior of drinking pool water, exhibited by a minority (20%) of horses, may reflect either a natural
curiosity or a physiological need for hydration. Conversely, the majority (80%) abstaining from this behavior could
be attributed to factors such as perception of water quality or access to alternative water sources. The ubiquitous
behavior of smelling pool water (100%) serves as a common exploratory strategy employed by horses to gather
crucial information about water properties, temperature and potential hazards, contributing significantly to their
overall assessment and navigation of the pool environment.

Collectively, these behavioral observations underscore the diverse range of responses displayed by horses upon
encountering a pool, encompassing elements of cautiousness, adaptability, exploratory tendencies and individual
variability. A nuanced understanding of these behavioral nuances is pivotal in designing and maintaining optimal
aquatic environments for horses, thereby ensuring their welfare and well-being in aquatic settings.

The behavioral aspects of the horses in the pool is given in Table 2. The absence of head submersion (0%)
among the observed horses indicates a behavioral tendency of keeping the head above water during swimming.
This behavior aligns with the natural instinct of horses to maintain a clear airway and visibility of their
surroundings while in the water. It suggests that the horses in this study did not engage in diving or fully
submerging behaviors typical of some aquatic species. The prevalence of "Pricked" ears (85%) while swimming
signifies an alert and focused state among the horses. Pricked ears are associated with heightened attention and
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awareness, indicating that the horses were actively monitoring their environment and responding to stimuli while
in the pool. Conversely, the presence of "Normal" ear positions (15%) may indicate moments of relaxation or less
intense engagement with the swimming activity. The consistent use of back legs for propulsion by all horses (100%)
during swimming is in line with biomechanical expectations.

Table 2. The behaviors of horses in the pool

Behaviour Description Frequency (n) Percentage (%)
Does it
submerge its Yes 0 0
head while No 20 100
swimming?
: :rss‘tvlflil‘;f the Pricked 17 85
. Normal 3 15
swimming
iv/[l?i\llel:ng legs Front 0 0
. Back 20 100
swimming
L Middle of pool 17 85
L)llcrl?fl:gzil Left side 1 5
Right side 2 10
Neighing in the Yes 20 100
pool No 0 0

Horses primarily rely on their powerful hind limbs for forward movement in water, leveraging the strength and
coordination of these muscles to navigate effectively. The majority of horses (85%) displaying a "Middle of pool"
directional inclination suggests a tendency to swim towards the central area of the pool. This behavior could
indicate a preference for open water or a neutral swimming trajectory without distinct directional biases. The
smaller percentages of horses favoring the "Left side" (5%) or "Right side" (10%) of the pool may reflect individual
variations or environmental factors influencing their swimming paths. The universal occurrence of neighing
behavior (100%) while in the pool indicates a vocalization pattern associated with various emotions and
communication among horses. Neighing could signify excitement, social interaction with other horses, or
responses to the pool environment such as unfamiliar stimuli or changes in water conditions.

Swimming is a sport renowned for its holistic engagement of various muscle groups, including the arms, legs
and core muscles, fostering overall muscular development and cardiovascular health (Jackson et al., 2022). The
activity's low-impact nature reduces strain on joints, mitigating the risk of injuries during training and promoting
joint longevity. Moreover, swimming is known to regulate heart rate, boost fat metabolism, stimulate muscle
growth and sustain a healthy metabolic rate (Jackson et al., 2022). The release of endorphins during swimming
contributes to pain relief and stress reduction, enhancing the overall well-being of swimmers (Jackson et al., 2022).

In parallel, the behavioral aspects of horses in swimming environments unveil intriguing parallels and
distinctions. Table 3 delineates these observations, notably the absence of head submersion (0%), aligning with
horses' innate instinct to maintain clear airways and visibility while in water, thus deviating from fully submerging
behaviors seen in some aquatic species. The prevalence of "Pricked" ears (85%) underscores horses' heightened
alertness and environmental monitoring during swimming, akin to humans' focused engagement in the sport.
Conversely, "Normal" ear positions (15%) among horses may denote relaxation or reduced attention during
specific swimming phases, akin to human swimmers experiencing varied levels of intensity in their workouts.

Overall, these detailed behavioral observations provide valuable insights into how horses adapt and behave in
aquatic environments. The maintenance of an alert and focused state, coupled with strategic limb usage and
directional tendencies, reflects the natural swimming behaviors of horses and their ability to navigate and interact
within pool settings.

Analysis of the behaviors observed in 7Table 3 regarding horses' post-swimming activities are as follows; All
horses (100%) exited the pool by walking, which is indicative of a deliberate and composed approach after the
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swimming session. Walking as the exclusive exit behavior suggests that horses may have developed a routine and
comfortable method for leaving the water. The first tail swinging times of horses post-exit the pool varied. Notably,
10% of horses immediately swung their tails upon exiting the pool, possibly indicating an immediate response to
the water. However, the majority (90%) had first tail swinging times ranging from 0.5 to 1.5 minutes. This tail
swinging period could signify a post-swimming relaxation process, where horses adjust physically and mentally
to their environment. Horses exhibited diverse first shake-off durations after leaving the pool. The highest
proportion (45%) had first shaken-off durations between 0.80 to 1.5 minutes, indicating a relatively quick
adjustment phase. However, 35% of horses had shaken-off later between 2.00 to 3.00 minutes, suggesting a more
prolonged recovery or water clearance process. Additionally, 15% of horses had started shaking off between 3.00
to 4.50 minutes for shaking off, reflecting further individual variations in post-swimming physical recovery.

Table 3. Horses' behavior upon exiting the pool

Behaviour Description Frequency (n) Percentage (%)
Exiting the pool Walking 20 100
manner Running 0 0
Tail swinging 0 2 10
duration (mins.) 0.5-1.5 18 90
0.80-1.5 9 45
Shake-off
duration (mins.) 2.00-3.00 7 35
3.00-4.50 3 15
First behavior Head shaking 13 65
observed after Shaking off 2 10
exiting the pool Tail swinging 5 25

Upon exiting the pool, horses displayed a range of initial behaviors. The most prevalent behavior was head
shaking (65%), which could be associated with clearing water from ears or expressing relief post-swimming. Tail
swinging was observed in 25% of horses, potentially aiding in water removal from the body. Additionally, 10%
of horses engaged in a general shake-off motion, contributing to the drying process and physical comfort.

These observations provide valuable insights into horses' post-swimming behaviors and their physiological and
psychological responses upon exiting the pool. Tail swinging and shake-off durations suggest a period of physical
adjustment and water clearance, while head shaking and neighing behaviors may reflect emotional states or
communication signals among the horses. The consistency in walking exits and the prevalence of specific post-
exit behaviors highlight the importance of considering horses' comfort and well-being during and after swimming
activities, contributing to a comprehensive understanding of equine behavior in aquatic settings.

Scientific interpretation of the data provided regarding behaviors observed in horses after exiting a pool were
given in Table 4.

Table 4. Behaviors observed in horses after exiting the pool

Behaviour Description Frequency (n) Percentage (%)
Rolling on the Yes 12 60
ground No 8 40

Time spent

nose touching 0 2 10

upon exiting the 0.5-1.5 18 90

pool (mins)

The observed behavior of horses rolling on the ground post-pool exit is a common phenomenon in equine
behavior studies. Rolling behavior in horses is associated with various factors, including thermoregulation,
alleviation of discomfort or irritation, social communication and muscular relaxation. In this study, 60% of the
observed horses engaged in rolling behavior, indicating a significant prevalence of this post-pool activity among
the studied population.
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Rolling on the ground is often linked to thermoregulation, where horses use rolling as a means to redistribute
their wet coat and regulate body temperature. Additionally, rolling can serve as a way for horses to alleviate any
potential discomfort or irritation caused by pool water, harnesses, or other equipment used during aquatic activities.
This behavior may also have social implications, as rolling can leave scent marks on the ground, contributing to
olfactory communication among herd members.

The data also includes observations of horses spending time snorting upon exiting the pool. While this behavior
was less prevalent, with 2 horses (10% of the observed behaviors) engaging in snorting at 2 minutes, it still
represents a notable aspect of post-pool behavior.

Snorting behavior in horses can indicate various states, such as relief and nose cleaning. It can also be a self-
comforting behavior which horses may remove the harmful subtances in their respiratory systems.

Overall, the combination of rolling on the ground and snorting behaviors observed in this study reflects the
diverse range of post-pool activities exhibited by horses. Further research could delve into the specific triggers and
motivations behind these behaviors, contributing to a deeper understanding of equine behavior in aquatic
environments and enhancing welfare considerations for horses engaged in water-based activities.

Pregnancy status of the treatment and control groups horses is given in Table 5 and 6. While 7 (58.33%) of 12
horses in the non-floated control group became pregnant, 19 (95%) of 20 horses that were floated became pregnant.
This shows that swimming behavior has a greater effect on pregnancy rate than expected. In horse breeding, the
birth season of the foal (January-June) is as important as obtaining a foal per year. For this, the horse must become
pregnant on time and with the least number of vaccinations. In this way, breeding stallions are used more
effectively and breeding costs are reduced. In addition, the risk of problems such as uterine inflammation due to
repeated overmating is reduced. Heat stress is also an important factor in pregnancy rate (Kang et al., 2023).

Table 5. Reproduction performances of Horses

P th
Pregnancy Total number horse regnant horse

number Ratio (%)
Control group 12 7 58.33
Pool group 20 19 95.00
X2 .018

Table 6. Swimming * Pregnancy Crosstabulation

.00 1.00 Total
Count
100 Expected 5 7 12
count 2.3 9.8 12.0
Count
200 Expected 1 19 20
Swim ’ count 3.8 16.3 20.0
Count 6 26 32
Total Expected count 6.0 26.0 32.0

As aresult of the chi-square analysis (Table 7), it was understood that pool application increased the pregnancy
rate of horses at a very significant level (p=0.018).

Factors that create stress in horses, lack of socialization and inadequate training have a negative effect on
pregnancy rates (Malschitzky et al., 2015). In line with this view, it has been observed that horses that are made to
swim are psychologically relaxed and increase their muscle mass by swimming. It has been stated that increasing
horse welfare and improving environmental conditions will have positive effects on birth rate and pregnancy rate
(Paksoy and Giingor, 2024). In our study, the welfare levels of horses that were regularly swam were increased,
necessary environmental arrangements were made and as a result, it was observed that the pregnancy rate increased.
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Table 7. Chi-Square Tests

Asymptotic
Value df Significance Exact Sig. (2-sided) Exact Sig. (1-sided
(2-sided)
Pearson Chi- 6.619° 1 010
Square
Contlnu'1tyb 4431 1 035
Correction
Likelihood Ratio 6.644 1 010
Fisher's Exact 018 018
Test
Llneali-b.}/—Llnear 6.412 | 011
Association
N of Valid Cases 32

a. 2 cells (50.0%) have expected count less than 5. The minimum expected count is 2.25.
b. Computed only for a 2x2 table

Heat stress is an important welfare issue, there is not a clear definition of heat stress in horses, and there is little
data available regarding this condition. In relation to welfare in horses, heat stress can be defined as the inability
of the horse to maintain body temperature within a prescribed temperature range (Caulfield et al., 2014).

Hot and humid climatic conditions may exacerbate heat accumulation in the body by restricting heat dissipation
(Brownlow et al., 2016; Brownlow and Smith, 2021). It has been documented that body temperature can
significantly increase as ambient temperature increases (Aujard and Vasseur, 2001; Minka and Ayo, 2016; Soroko
et al., 2017). Humidity will also influence body temperature. As aforementioned, water has high conductivity, so
it helps heat dissipation when it is used as a conductive heat transfer but during, and immediately after exercise,
the body temperature of horses is significantly higher when humidity is higher, under the same ambient
temperature (Kohn et al., 1999). Although horses are non-panting animals and they can only breathe through the
nostrils, an increase in respiratory rate during periods of heat load has been reported (Kohn and Hinchcliff, 1995)
that indicate it has a primary role in thermoregulation that can contribute to brain cooling (Lekeux et al., 2014;
Robertshaw, 2006). Effective and practical intervention methods include using a fan to supply airflow or pouring
cool water on the skin can be applied to minimize the prolonged heat stress (Brownlow, 2018; Jeffcott et al., 2009;
Marlin et al., 1998; Takahashi et al., 2020; Williamson et al., 1995).

Acute heat stress can affect reproductive functions in both the stallion and the mare. When the body temperature
of a stallion is elevated, the scrotal temperature can also be elevated, which may result in poor spermatogenesis or
mutations in gamete DNA, as well as decreasing testosterone levels for a few weeks after heat shock exposure
(Hansen, 2009; Love and Kenney, 1999; Setchell, 2006). It has also been reported that semen concentration,
number of spermatozoa and motile sperm per ejaculation in bulls were lower during summer than in winter and
spring (Bernabucci et al., 2010). However, mild heat stress may not result in diminished breeding ability due to
the thermoregulation function of the scrotum where there is heat exchange between highly coiled arteries and veins
around the testis (Amann, 2011; Gordon et al., 2014). In a study of mammalian females, acute heat stress decreased
maternal blood flow to the placenta (Alexander et al., 1987) and reduced follicular volume (Wolfenson et al.,
1997), which can cause poorer reproductive results.

If environmental heat stress is prolonged by seasonal or geographical location, various physical factors can
change, such as normal body temperature range, fat deposition, coat thickness, or hair density, as an adaptation to
mitigate the effects of long-term heat stress conditions (Bernabucci et al., 2010; Collier et al., 2019). Furthermore,
the sensitivity and population of the receptors for homeostatic signals can be changed, such as by decreasing
catecholamines and glucocorticoids (Bernabucci et al., 2010; Collier et al., 2019). When heat stress is prolonged,
following changes have been reported such as damage to oocyte quality (Al-Katanani et al., 2002), suppression of
gonadotropin-releasing hormone (Satué et al., 2021), reduced numbers of gonadotropin receptors (Hansen, 2009;
Shimizu et al., 2005) and medium-sized follicles (Roth et al., 2000), impaired embryonic development (Bernabucci
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et al., 2010; Ealy et al., 1993) and abnormal foetal development (Mortensen et al., 2009; Smith et al., 2012; Yu et
al., 2022). In various studies, the heat stress is also recognized as a teratogen (Barrier et al., 2009; Graham and
Marshall, 2005; Ouellet et al., 2021). Adaptation to heat stress changes the sensitivity of the onset of sweating, as
well as the number of active sweat glands and its volume (McCutcheon and Geor, 2000; Sawka et al., 2001;
Sneddon et al., 2008). It was reported that repeated exercise initiates the onset of sweating at lower body
temperature (McCutcheon and Geor, 2000) and the sweat gland volume in Thoroughbreds was significantly
increased during the summer season when compared to the winter season (Sneddon et al., 2008). Adaptation to
the prolonged heat stress can be fixed in gene expressions such as changes in morphological traits, behaviour,
metabolism, and productivity over generations to decrease metabolic heat production and increase heat dissipation
efficiency (Bernabucci et al., 2010; Geor et al., 1996); (Sejian et al., 2018).

4. Conclusions

In conclusion, this detailed behavioral analysis sheds light on the complex interaction of horses' natural
instincts, their adaptability and their responses to new stimuli in their aquatic environment. Swimming behavior
in horses is particularly beneficial for post-operative recovery, inadequate muscle mass, endurance in competitions
and problems experienced due to psychological disorders. This study showed that swimming behavior in horses
provided a 37% positive effect on pregnancy rate and provided significant material and spiritual gains in terms of
breeding.

It was determined that swimming behavior is innate in horses and that they are born with this behavior in their
repertoire. It was observed that horses generally exhibited a mixture of curiosity, attention and exploration such as
stepping back, sniffing the water and dipping their hooves when they first encountered a pool. This study shows
horse owners, horse caretakers and colleagues that aquatic environments increase horse welfare and positively
affect their reproductive performance.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Effect of Melatonin Treatment on Reproductive Hormones and Sexual Behaviors in
Sheep*

Koyunlarda Melatonin Uygulamasinin Ureme Hormonlar1 ve Eseysel Davranislara Etkisi

Nesrin OZTURK!', Cemil TOLU?**
Abstract

In seasonal oestrus animals such as sheep, out-off-season lambing practices and synchronization of oestrus are
important in terms of herd management and farm economics. The present study aimed to determine the effects of
melatonin implants administered before the breeding season on melatonin, estrogen, progesterone hormone
concentrations, and sexual behavior in Tahirova sheep. The study was conducted on 60 Tahirova dairy ewes, aged
1-4 years, and 6 head rams, aged 1-2 years. On June 26, melatonin implants were administered to half of the ewes
(18 mg dose/ewe) and rams (54 mg dose/ram). Fifteen days after the implantation of melatonin, all the ewes (530
g/ewe) and rams (660 g/ram) were given supplemental feeding (flushing) with grain feed for a period of 60 days.
On August 1, the ewes exhibiting signs of estrus following the introduction of a ram were relocated to individual
paddocks, where mating was conducted using the hand-mating method. The frequency of sniffing, touching the
ram's scrotum, turning the ram, head-turning, and tail wagging was recorded during the hand-mating procedure.
Additionally, the sexual behaviors exhibited by the ram were documented. Furthermore, an investigation was
conducted to ascertain whether an interaction occurred within the first minute. The intervals, sexual interaction
rate of the ewe, total frequency of sexual interaction, time per sexual interaction, and total sexual interaction time
were observed. Blood samples were collected regularly on the initial day, the 21% day, the 42" day, the 63" day,
the 94" day, and the 129 day for subsequent hormone analysis. Hormonal analyses were conducted using the
ELISA method on blood serum samples. The melatonin hormone concentration was observed to be higher in the
treatment (MT) group than in the control (C) group on the 63" day (P=0.0476). The sexual interaction rate of the
MT group was found to increase significantly in comparison to the C group (P=0.0045). Additionally, the gestation
rate was shorter in the MT group than in the C group (P<0.05). It can thus be concluded that the melatonin implant,
when applied before the breeding season, significantly increases melatonin hormone concentrations on the 63
day and significantly shortens the periods of gestation in Tahirova dairy sheep.
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Oz

Koyun gibi mevsime bagli kizginlik gdsteren hayvanlarda, mevsim dist kuzulatma uygulamalart ve dstruslarin
senkronizasyonu siirli yonetimi ve isletme ekonomisi agisindan 6nem tagimaktadir. Bu c¢aligmada, asim sezonu
oncesi uygulanan melatonin implantinin Tahirova koyunlarinda melatonin, dstrojen ve progesteron hormon
seviyeleri ve eseysel davranislara etkisi belirlenmistir. Caligmada 1-4 yaslar1 arasinda 60 bas Tahirova irki koyun
ve 1-2 yasli 6 bas kog¢ kullanilmistir. 26 Haziran’da koyun (18 mg doz/koyun) ve koglarin (54 mg doz/kog) yarisina
melatonin implant1 uygulanmistir. Melatonin implantindan 15 giin sonra koyun (530 g/koyun) ve koclarin (660
g/kog) tamamina klasik yontemle dane yemle ek yemleme (flushing) uygulamasi 60 giin siireyle
gerceklestirilmistir. 1 Agustos’ta kog katimi ile kizginliklari tespit edilen koyunlar bireysel bolmelere alinarak elde
asim yontemiyle ciftlestirmeleri gerceklestirilmistir. Elde asim sirasinda koyunlarda koklama, kogun skrotumuna
dokunma, kogun etrafinda donme, koga doniip bakma ve kuyruk sallama davranis siklig1 alinirken, koga ait olan
eseysel davranislarda kaydedilmistir. Ayrica gozlemlerde 1 dakikalik araliklarla etkilesimin olup olmadigi,
koyunlarin eseysel etkilegim orani, toplam eseysel etkilesim sikligi, eseysel etkilesim basina diisen siire ve toplam
eseysel etkilesim siiresi belirlenmistir. Calismada baslangig, 21.,42.,63., 94. ve 129. giinlerde kan alim1 yapilmustir.
Kan serum oOrneklerinde Elisa yontemi ile hormon analizleri ile yapilmistir. Calismada 63. giinde melatonin
hormon konsantrasyonu uygulama (MT) grubunda kontrol (C) grubundan daha yiiksek olmustur (P=0,0476).
Koyun eseysel etkilesim orani1 kontrol grubuna goére uygulama grubunda énemli 6l¢iide artirmigtir (P=0,0045).
Kog katimi ile gebe kalma orani uygulama grubunda kontrol grubundan daha kisa gerceklesmistir (P<0,05).
Sonugta, Tahirova siit koyunlarinda asim sezonu 6ncesi melatonin implant1 uygulamasi 63. giinde melatonin
hormon konsantrasyonunda énemli 6l¢iide artig saglamis ve gebe kalma siiresini ise onemli diizeyde kisaltmistir.

Anahtar Kelimeler: Tahirova koyunu, Melatonin, Ostrojen, Progesteron, Eseysel etkilesim orani, Gebe kalma, Koyun yasi
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1. Introduction

Fertility is the most sustainable income on a livestock farm. In seasonal oestrus animals such as sheep, out-oft-
season lambing practices and synchronization of oestrus are important in terms of herd management and farm
economics. Although the use of hormone-impregnated sponges in small ruminants is common, due to difficulties
in application, ear root implants that secrete melatonin hormone for 3-4 months have recently become common
(Sasa et al., 2016; Ozis Altingekic and Koyuncu, 2017; Elhadi et al., 2022; T6lii et al., 2022). Melatonin hormone
is used for out-off-season lambing. Melatonin hormone is not a hormone used for synchronization of oestrus.
Melatonin synthesis, secreted from the pineal gland in the brain, is under the control of neural, hormonal, and
enzymatic systems through photoperiodic interaction (Zarazaga et al., 2009). The main purpose of light
management is to increase melatonin release by increasing the dark period during the circadian cycle. The use of
exogenous melatonin administration is based on imitation of melatonin release over short days. It is known that
melatonin levels in sheep vary depending on the time of day (Carcangiu et al., 2013). The values determined during
the day are lower than those determined at night (Carcangiu et al., 2013; Sasa et al., 2016). However, an increase
in melatonin hormone levels can be observed during the daytime with the effect of the melatonin implant (Lincoln
and Ebling, 1985; Sasa et al., 2016; Elhadi et al., 2022). Kisspeptin neurons appear to play a fundamental role in
determining reproductive status, as anoestrus is characterized by increased negative feedback from estrogen on
GnRH secretion. Kisspeptin cells provide direct synaptic input to GnRH cells, and kisspeptin is a potent stimulator
of GnRH secretion (Clarke et al., 2009). It has been determined that melatonin implant in sheep has a positive
effect on oestrus period, pregnancy, birth, and offspring productivity (Toli et al., 2022).

The oestrous cycle in sheep is approximately 16-17 days. The oestrous cycle consists of proestrus, oestrus,
metestrus, and diestrus periods and the anoestrus period outside the breeding season. In sheep, the corpus luteum
begins to secrete progesterone on the 2" and 3™ day of the cycle. Progesterone hormone secretion reaches its
highest level on the 8" day and continues at this level until the 12" and 14" day. If there is no pregnancy, PGF2,
secreted from the uterus regresses the corpus luteum. Progesterone concentration begins to increase from the third
day of this period and reaches its peak level on the 8 day. Progesterone concentration, which remains at its peak
level until approximately the 11" day, decreases rapidly after this day and decreases again to <1 ng/mL in the last
two days of dioestrus (Kalkan and Horoz, 1997).

The changes observed in domestic sheep breeds mating in short photoperiods in terms of gonadal function and
the seasonal release of the hormones that control it (GnRH, FSH, and LH) show gender dependency and the direct
effect of lighting is lower in males than in females. While sexual activity in females usually stops during long days,
it can continue throughout the year in males. In Hu sheep that received subcutaneous injections of melatonin 5 and
10 mg/sheep during the oestrus period, higher levels of melatonin and progesterone hormones were determined in
the application groups compared to the control group (Song et al., 2019). Koca and Ozbeyaz (2019) reported that
estrogen levels varied between 38.66-97.57 pg/mL during the test days, low progesterone levels were necessary to
increase ovulation rates, and low oestrus levels and low progesterone levels were necessary to increase the number
of lambs. Tahirova sheep genotype, which is crossbred between East Friesian and Kivircik sheep, is an important
genotype for Tiirkiye dairy sheep breeding. Tahirova genotype lambs once a year, have a lactation period of 7-8
months and an average lamb yield of 1.6-1.8 lambs per ewe (S6nmez et al., 2009; T6lii et al., 2022). Determining
the effect of melatonin application on the reproductive hormone profile of female animals of Tahirova sheep and
its relationship with breeding behavior is important in terms of obtaining offspring out of season. In this study, the
effect of melatonin implants applied before the breeding season on melatonin, estrogen, and progesterone hormone
levels and sexual behavior in Tahirova sheep was investigated.

2. Materials and Methods

The study was conducted at Canakkale Onsekiz Mart University Faculty of Agriculture Farm Animal
Production Application and Research Unit. The unit is in the center of Canakkale (40°07'41.9"N 26°26'19.3"E).

2.1. Animals and management

In the study, 30 females of melatonin treatment (MT) and 30 females of control (C) group Tahirova sheep were
used, which received melatonin implants (18 mg 1 pellet) on June 26. In addition, hand-mating behavior data of 6
rams (3 heads with melatonin treatment, 3 pellets; and 3 heads with control) were also used in the study. Melatonin
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subcutaneous implants were applied to the back of the ear. The study was conducted on two groups (MT and C).
Ewes were distributed to the groups randomly, considering age, lactation order, milk yield, live weight, and body
condition score. While the ages of ewes varied between 1-4 years, the ages of rams varied between 1-2 years. In
the MT group, 11 ewes were 4 years old, 8 ewes were 2, 3 and 1 years old, while in the C group, 11 ewes were 4
years old, 7 ewes were 3 years old, 8 ewes were 2 years old, and 9 ewes were 1 year old. Rams with and without
melatonin implants were homogeneously distributed and mated according to the MT and C groups of the females.

The ewes included in the experiment were in the 5" month of lactation. Milk yield was 552 mL/day in the MT
group and 556 mL/day in the C group, average live weight was 54 kg and average body condition score was 2.70
in both groups. Milking was done in a 2 x 12 automatic parallel milking unit between 7:30-9:00 in the morning
and 16:30-18:00 in the evening. Fifteen days after the melatonin implant, supplementary feeding (flushing) of
ewes and rams with whole grain feed was carried out for 60 days. The ewes were fed at a level of 1.6 times the
living energy need, and rams were fed at a level of 1.2 times the living energy need during the mating period (NRC,
2007). Alfalfa hay (90.32% DM, 18.48% HP), oat straw (92.37% DM, 9.78% HP), and corn silage (90.64% DM,
10.16% HP) concentrated feed in pellet form (90.53% DM, 18.36% HP) was used in the nutrition of ewes and
rams. Ewes were given 530 g/ram barley during evening milking, and 660 g/ewe grain barley (90.35% DM, 10.67%
HP) was given to the rams in group conditions. The ewes and rams were housed under open shelter conditions in
different paddocks with trees providing shade during the daytime.

2.2. Hormone analyses

Blood serum from day 0 before the melatonin implant, and day 21, day 42, day 63, day 94, and day 129 after
the melatonin implant was used. The commercial melatonin implant product (Regulin®) contains 18 mg of
melatonin hormone and is stated to release melatonin hormone for 3-4 months. In the study, which introduced the
aproned ram 36 days after the melatonin implant, hormone levels were determined for a total of 6 periods before
the application and for 4 months. The blood samples taken were centrifuged at 3500 rpm for 10 min. and the serum
was separated from the blood cells. Blood serums were stored in a deep freezer at -20 °C until hormone analysis
was performed. Hormone analyses were performed by the Enzyme-linked immunosorbent assay (ELISA) method
at the department of Animal Science Laboratory of Canakkale Onsekiz Mart University, Thermo Scientific
Multiskan FC Microplate Reader was used in the analyses. Hormone analyses of melatonin (MEL), estrogen (ES),
and progesterone (Pg) were performed with sheep-specific commercial hormone kits. The kit (Shanghai Sunred
Biological Technology Co.) uses a double-antibody sandwich enzyme-linked immunosorbent assay.

2.3. Mating observation and measurement

In the study, ewes mating took place between the 38" and 74™ days after the melatonin implant. Ewes, whose
oestrus was detected with aproned rams in the morning and evening hours, were mated homogeneously with rams
with and without melatonin implant by hand-mating method (Figure 1). Ewes who were detected to be in heat
were mated with the assigned ram 8-12 hours later (T6lii and Savas, 2010). The oestrus search was done with the
rams used for mating. However, the rams that were going to mate were not used in the oestrus search during that
period. Gestation rates were determined from lambing status at birth. The mating behavior dataset of each ewe
was obtained from direct observation and camera recordings. The protocol for testing sexual behavior was carried
out in an area separated by iron bars 3 m wide and 4 m long. For direct observations, one observer counted the
behaviors and the other recorded them. The behaviors of ewes sniffing (SNF), touching of ram’s scrotum (TSC),
turning the ram (TR), looking back at the ram (LBR), and tail wagging (TW) were recorded during mating (To6li
and Savas, 2010; Konyali et al., 2011). The ram courtship index was calculated from the sum of the frequency of
ano-genital sniffing, foreleg kicks, tongue flicks, vocalizations, and lateral approaches (T6lii et al., 2024). Bilateral
sexual interaction rate (BSIR) and ewe sexual interaction rate (ESIR) were determined at 1-min. intervals during
the 10-min mating period. Total sexual interaction frequency (TSIF), times per sexual interaction (PSI), and total
sexual interaction time (TSIT) were determined from camera recordings. Behavioral observations in camera
recordings were made by the same person via computer.
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Figure 1. Ewes and rams in group C (left; behavior of touching of ram's scrotum) and group MT (right;
behavior of head-turning to ram) during hand-mating in Tahirova sheep

2.4. Statistical Analyses

Repeated measures analysis of variance was used to analyze reproductive hormone concentrations.
Logarithmic transformation was applied to hormone values before statistical analysis. Group (MT, C), ewe age
(1,...4), and group x age interaction were fixed factors, and the hormone value of the individual per experiment
was included in the model as a covariate. While the analysis of mating behaviors was performed with the same
model (for fixed factors), the ram courtship index (ano-genital sniffing + foreleg kicks + tongue flicks +
vocalizations + lateral approaches) was included in the model as a covariate. A square root (Vy+10) transformation
was applied to each of the behaviors. In the analysis of BSIR, ESIR, TSIF, PSI, and TSIT properties measured in
hand-mating observations (no transformation was applied), group (MT, C), sheep age (1,...4), group x age
interaction were included with fixed factors in the model. In the analysis of the gestation rate and gestation length
analyzed on the hormone measurement days, group (MT, C), ewe age (1,...4), group x ewe age interaction were
fixed factors, and the body condition score of the ewe at mating was included as covariates. Tukey test was used
in post hoc analyses. The animal was included as random effect in all statistical models. All analyses were
performed using the SAS (2021) statistical package program.

3. Results
3.1. Hormone analyses

Melatonin (MEL) hormone concentrations of Tahirova sheep, determined according to the group and ewe ages
according to the days of melatonin implant, showed significant differences between the groups on the 63 day
after the implant (Table 1). The hormone level of the MT group was higher than that of the C group on the 63™
day after implant (P<0.05). MEL concentrations at the initial, 21%, and 94" days differed significantly according
to their ewe age (P<0.05). The 4-year-old ewe differed significantly from other ewe ages with its low melatonin
value in the initial measurement. In the measurement made on the 21 day, 1- and 2-year-old ewes are lower than
3- and 4-year-old ewes. On the 94" day, 1 and 2-year-old ewes and 3- and 4-year-old ewes had higher values
(P<0.05).

The highest MEL level occurred on the 129t day after the implant, while the lowest level occurred on the 42
day in the MT group (Figure 2). The MEL level was high at the beginning and on the 129" day, while it was at
the lowest levels on the 21% day and 42" day in group C.

Estrogen (ES) concentrations were at similar levels across groups (7able 2). Estrogen concentrations differed
significantly on the 42" day and the 94" day according to ewe age (P<0.05). 1 and 2-year-old ewes had lower ES
concentrations in the measurements made on the 42" day and 3- and 4-year-old ewes ES concentrations were
higher on the 94" day (P<0.05).

After the melatonin hormone implant, ES hormone concentrations in groups MT and C were highest on the
63™ day and lowest on the 129" day (Figure 3). In the MT group, the values on the 94" day and the 129" day were
similar.
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Table 1. Least squares mean + standard error and P values* of MEL hormone concentrations (ng/L) on
melatonin implant days in Tahirova sheep according to group (C, MT) and ewe ages

fg‘;;j‘to“m’ Initial 21% day 42" day 63 day 94t day 129" day
Growp . 2852556 1360:2384 104412334 139942767 189543496 238443401
G MT_ 196141855 134362189 158653544 172543365 IS4341888 211842814

P 0.7534 0.1119 0.1132 0.0476 0.4337 0.7847

| 224.1333.95° 64.7+18.59" 147.945922 210.4£51.05 211.8+47.13* 270.6£53.70
Ewe 2 2153424.16° 70.842530°  89.7430.90  123.3£26.87 201.5430.51° 213.8426.85
age 3 267.5438.02° 215.7+34.99° 151.2+48.60 181.9+44.01 163244257 265.7+46.73
(A) 4 145241935 163.1222.28" 137.9437.55 100944029 116.7428.58" 179.8+41.36

P 0.0305 <0.0001 0.2865 0.5967 0.0093 0.9502
GxA P 0.1214 0.8405 03370 0.0539 0.0067 0.7917
Iniial P - <0.0001 <0.0001 <0.0001 <0.0001 0.0001

*Statistical analyses were performed on transformed (log n+30) values. The difference between the means shown with different letters within
each group (x-y) and ewe age (a-b) in the same column is statistically significant (P<0.05).
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Figure 2. Means of MEL hormone concentrations (ng/L) on melatonin implant days and significance levels
between days in Tahirova sheep according to groups (C, MT), (The difference between the means shown with
different letters within each group is statistically significant, P<0.05)

Table 2. Least squares mean + standard error and P values of ES hormone concentrations (pg/L) on
melatonin implant days in Tahirova sheep according to group (C, MT) and ewe ages

Estrogen, pg/L Initial 21% day 42" day 63 day 94" day 129" day
C 12.3+£2.50 12.3+£1.96 17.1£2.27 24.1£2.09 14.4+2.80 9.5+£1.05
Group (G) MT 14.7+£3.12 15.5+£2.55 16.4+2.11 22.5£1.50 11.5+1.49 8.4+1.04
P 0.1741 0.0835 0.1728 09719 0.9335 0.5331
1 17.1+4.92 13.9+4.06 11.542.112 24.842.53 17.3£3.112 10.6£2.06
Ewe age 2 9.2+2.16 12.742.78 11.2+£2.722 23.8+1.82 15.5+2.492 7.8+0.85
(A) 3 16.24+4.09 16.0+4.00  25.7+2.92° 26.24+3.06 12.0+£3.70° 9.4+1.31
4 10.443.64 13.04+2.52 16.7+2.66° 18.5+2.33 7.6+£2.16° 7.6+1.45
P 0.9565 0.1839 <0.0001 0.0660 0.0011 0.9974
GxA P 0.0520 0.1675 0.3221 0.0982 0.3174 0.4907
Initial P - <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Statistical analyses were performed on transformed (log n+5) values. The difference between the means shown with different letters within
and ewe age (a-b) in the same column is statistically significant (P<0.05).

Progesterone (Pg) hormone concentrations in Tahirova sheep were at similar levels according to groups as in
ES hormone (Table 3). Pg levels on the 42" day and 63™ day were slightly higher in the MT group than in the C
group (P<0.10). Pg hormone levels on the 21% day and the 129t day differed according to the age of ewe (P<0.05).
While 1 and 2-year-old ewe had lower values than 3- and 4-year-old ewe in the measurements made on the 21%
day, 4-year-old ewe differed from other ewe age groups with its lower values on the 129" day (P<0.05).
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Figure 3. Means of ES hormone concentrations (pg/L) on melatonin hormone implant days and significance
levels between days in Tahirova sheep according to groups (C, MT), (The difference between the means
shown with different letters within each group is statistically significant, P<0.05)

Tablo 3. Least squares mean + standard error and P values* of Pg hormone concentrations (ng/mL) on
melatonin implant days in Tahirova sheep according to group (C, MT) and ewe ages

Progesterone, ng/mL Initial 21% day 42" day  63"9day 94 day  129™ day
C 2.4+0.51 3.8+£0.59 3.9+0.46 5.0+£0.53 5.0+£0.43 5.4+0.41
Group (G) MT 2.2+0.51 2.9+0.39 4.24+0.53 5.4+0.61 4.7+0.44 4.7+0.35
P 0.3297 0.5615 0.0814 0.0715 0.3945 0.2966
1 3.4+£0.97 2.3+0.89% 4.6+0.88 5.6£1.01 4.34+0.35 5.5+£0.502
Ewe age 2 1.6+0.39 2.6+0.45% 4.7+£0.52 5.2+0.44 4.5+0.46 5.3+0.43¢
A) 3 2.6+0.75 4.7+0.76° 5.4+0.70 5.9+0.69 5.9+0.72 5.7+0.66*
4 1.5+£0.54 3.3+0.45° 2.7+£0.53 4.0+0.86 4.54+0.67 3.8+0.45°
P 0.5381 <0.0001 0.0691 0.6923 0.0613 0.0393
GxA P 0.6352 0.9483 0.5547 0.1887 0.3288 0.0571
Initial P - <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

*Statistical analyses were performed on transformed (log n+3) values. The difference between the means shown with different letters within
each group and ewe age (a-b) in the same column is statistically significant (P<0.05).

The means of Pg hormone concentrations on melatonin implant days and significance levels between days in
Tahirova sheep by groups are shown in Figure 4. Pg hormone concentrations in the groups followed an increasing
course as the days progressed. While Pg levels differ between the initial day (0 days), the 21° day, and the 42",
63", 94t and 129" day, the values between the other days were similar in the MT group. While the initial Pg
hormone concentration in group C differed significantly from the other days with its low value, there was a
significant difference between the values on the 129' day and the values on the 21 and 42" days (P<0.05).

B Group C-Progesterone, ng/mL ) ‘5 Group MT'PTGHEE*lE'D“Ehr ng/mL
- be e 5 b
=]
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3 3 ]
a [
4 2
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o 0
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Figure 4. Means of Pg hormone concentrations (ng/mL) on melatonin implant days and significance levels
between days in Tahirova sheep according to groups (C, MT), (The difference between the means shown with
different letters within each group is statistically significant, P<0.05)
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3.2. Mating observation and measurement

The sexual behaviors obtained in the ewe in the MT and C groups during the hand-mating observations that
took place for 10 min. in the study are presented in Table 4. Sexual behaviors were similar according to group and
ewe age (P>0.05). The behaviors of ewes sniffing (SNF), touching of ram's scrotum (TSC), and tail wagging (TW)
behaviors were numerically slightly higher in the MT group. Turn of the ram (TR) and head-turning (HT)
behaviors were slightly higher in the control group. Similarly, 1-year-old ewe had slightly higher behavioral
frequencies other than TR behavior (P>0.05). It is noteworthy that a lower frequency of TR behavior in 3- and 4-
year-old ewes than in 1- and 2-year-old ewes (P>0.05). The ram courtship index (RCI) value, which is included
as a covariate in the model, did not have a significant effect on the behaviors considered (P>0.05).

Table 4. Mean =+ standard error and P values* of sexual behavior during hand-mating on melatonin implant
days in Tahirova sheep according to group (C, MT) and ewe ages

Behavior, times / ewe

i SNF TSC TR HT T™W

/10 min.

C 2.6+£0.56 5.0+0.64 1.44+0.80 7.6£1.15 36.4+5.14
Group (G) MT 2.940.58 5.7+0.88 0.9+0.31 7.5+¢1.13 41.8£5.27

P 0.7912 0.4912 0.4393 0.8268 0.4328

1 3.4+0.94 7.3+1.43 2.0+£0.61 5.5+1.18 42.1£7.06
Ewe age 2 2.9+0.83 5.4+0.63 2.25+1.73 5.3£1.20 41.849.32
A) 3 2.9+0.98 5.1£1.15 0.5+0.40 9.1£2.05 41.3+6.82

4 2.0+0.56 4.1+0.87 0.3+0.09 9.7£1.65 33.4+5.86

P 0.7564 0.4074 0.2824 0.3301 0.8446
Gx A P 0.2894 0.3938 0.2868 0.6675 0.9968
RCI P 0.3868 0.9919 0.5158 0.3974 0.5935

SNF: Sniffing, TSC: Touching of ram’s scrotum, TR: Turn of ram, HT: Head-turning, TW: Tail wagging; RCI (ram courtship index): Ano-
genital sniffing + foreleg kicks + tongue flicks + vocalizations + lateral approaches. *Square Root (Vy+10) transformation was applied to the
data.

In the hand-mating observations made for 10 min. in Tahirova sheep, ewe sexual interaction rate (ESIR)
differed significantly (P = 0.0045) according to the groups, while other measurements were similar according to
the groups (Table 5). Ewes in the MT group had a higher rate of ESIR than ewes in the control group (P<0.05).
While total sexual interaction frequency (TSIF) and times per sexual interaction (PSI) differed significantly
according to ewe ages, other observations were similar according to ewe ages. While TSIF differed from 3- and
4-year-old ewe with its lower frequency in 2-year-old ewe, a significant difference was observed in PSI between
1- and 4-year-old ewe (P<0.05).

Table 5. Mean + standard error and P values of mating measurements during hand-mating on melatonin
implant days in Tahirova sheep according to group (C, MT) and ewe ages

Behavior, ewe /10 min. BSIR, % ESIR, % TSIF, times PSI, sec. TSIT, min.
Group C 90.24+2.89 30.5+3.15% 12.6+0.70 25.8+1.50 5.3+0.32
MT 87.4+3.10 44.2+3.38Y 13.1+£0.75 27.2+1.61 5.7+0.34
@) P 0.5139 0.0045 0.6123 0.5070 0.3080
1 88.9+4.12 35.3+4.49 11.9+1.00% 30.9+2.14° 6.1+£0.46
Ewe age 2 84.6+4.58 35.844.99 10.8+1.122 28.8+2.37% 5.3+0.51
(A) 3 94.6+4.58 38.344.99 15.0+1.12° 24.0+£2.37% 5.9+0.51
4 87.3+£3.62 40.0+3.94 13.8+0.88" 22.4+1.87¢ 4.8+0.40
P 0.4621 0.8564 0.0374 0.0165 0.1901
GxA P 0.7876 0.1389 0.9823 0.4100 0.4262

BSIR: Bilateral sexual interaction rate, ESIR: Ewe sexual interaction rate, TSIF: Total sexual interaction frequency, PSI: Times per sexual
interaction, TSIT: Total sexual interaction time. The difference between the means shown with different letters within each group (x-y) and
ewe age (a-c) and ewe age in the same column is statistically significant (P<0.05).

While no pregnancy was observed in group C on the 42" day after the implant, pregnancy was observed in 1
ewe in the MT group. On the 63™ day after the implant, an average pregnancy rate of 65.38% and an average
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gestation period of 6.00 days were determined in the C group, and an 88.00% pregnancy rate and an average
gestation period of 10.72 days were determined in the MT group (P<0.05; Data not shown).

4. Discussion

In Tahirova sheep that received a melatonin implant before the breeding season, it was determined that the
melatonin implant significantly increased the MEL hormone concentration on the 63 day (Table 1). At 63 days
post-implant, 172.5+£33.65 ng/L MEL hormone concentration was determined in the MT group, while 139.9+27.67
ng/L MEL hormone concentration was determined in the C group. The MEL hormone level, which decreased to
the lowest levels in the C group on the 42™ day, remained at similar values in the MT group (Figure 2). Group C
started to increase on the 63 day after the introduction of ram on the 36% day. In a study conducted with different
sheep breeds, higher levels of melatonin hormone were determined in the application group than in the control
group in measurements made on the 43" day after the implant (Sasa et al., 2016). Elhadi et al. (2022) determined
that melatonin implants in early lactation Lacaune and Manchega sheep increased the melatonin hormone
concentration in both breeds. In the study in which subcutaneous melatonin injections of 0, 5, and 10 mg/ewe were
applied to Hu sheep during the oestrus period; Melatonin hormone level was reported as 458.69 + 48.40 pg/mL in
ewe administered 5 mg melatonin, 458.09 + 60.60 pg/mL in ewe administered 10 mg, and 393.37 + 51.53 pg/mL
in the control group (Song et al., 2019).

It is known that melatonin, whose daily release increases as the days shorten, stimulates GnRH release in sheep
showing seasonal oestrus (Lincoln and Clarke, 1997; Casao et al., 2008). With the increase in GnRH secretion,
gonads are stimulated, and oestrus develops in animals. In this study, ewes with melatonin implants came into
oestrus in a shorter time and became pregnant earlier than ewes without melatonin implants. This situation seems
to occur in the MT group with the effect of the MEL hormone. It is stated that the MEL hormone is used to reduce
heat in sheep out of season or to an early period and that it also has a positive effect on embryo development
(Tamarkin et al., 1985; Cevik and Yurdaydin, 1998). In the present study, the melatonin hormone, which varies
depending on the age of the ewe, differed from each other in 1- and 2-year-olds and 3- and 4-year-olds, although
it changed from day to day. Carcangiu et al. (2013) determined that the melatonin level, which varies significantly
depending on the age of the ewe, is lower in 3—4-year-old ewes than in 16—18-month-old ewes. Significant
interactions between group and age were observed for MEL concentration at days 63 and 94, respectively (Table
1). The MEL trends of the groups were different on different days (Figure I). The age of the ewe seemed to affect
MEL hormone levels on days 63™ and 94,

While no significant change in the ES hormone was observed in the study in the days after the melatonin
implant, the ES level on the 63™ day was significantly higher than the other days in both groups (Table 2; Figure
3). In Awassi sheep, higher estrogen hormone levels were determined in the melatonin-implanted group than in
the control group (Al-Tai et al., 2021). The estrogen hormone was between 3.50 and 8.42 pg/mL, and the lowest
estrogen level was measured on the 15" day in the measurements made between 0 and 18 days in Akkaraman
sheep (Arsoy and Sagmanligil, 2018). The fact that ES values on the 63 day of the study were determined to be
higher than the other days may be since the ewes' oestrus periods and pregnancy periods occur within this date
range. So, estrogen hormone levels in sheep can reach their highest levels during the oestrus period (Hafez, 1993;
Goodman and Inskeep, 2015).

While Pg concentrations were similar between groups in the study, the MT group had slightly higher Pg
concentrations than group C on the 42" and 63 days (7Table 3). In addition, while the Pg level tended to increase
continuously until the 42™ day, it continued at similar values within the group after today (Figure 4). It can be said
that progesterone concentrations were slightly high in the study in which there was no pregnancy until the 63™ day
(except for 1 pregnant ewe on the 42" day in the MT group). In sheep, it was determined as 0.17 ng/mL during
oestrus, 6.50 ng/mL in dioestrus, 0.04 ng/mL in anoestrus, 7.32 ng/mL in early pregnancy, and 11.34 ng/mL in
mid-term pregnancy (Alagcam, 2007). Uyanik et al. (2009) determined a progesterone level of 2.02 ng/mL before
pregnancy in Morkaraman breed sheep, and they determined a progesterone level between 2.41 ng/mL and 15.92
ng/mL, increasing every week between the 5% and 21% weeks, respectively. In the study, Pg hormone levels were
above 2 ng/mL even on the days when mating had not yet started. This situation suggests the possibility that some
ewes in Tahirova sheep are in an oestrus cycle. It can be said that out-of-season oestrus monitoring and oestrus
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synchronization studies are needed to clarify this situation in the Tahirova sheep genotype obtained by the
crossbred method.

In the present study, Pg hormone levels may have been higher in the MT group because the ewes in the MT
group came into oestrus and became pregnant in a shorter time than the ewes in the C group. Studies have shown
that melatonin implantation can affect pregnancy status when rams are introduced. Therefore, the conception and
oestrus of the animals can affect the levels of progesterone hormone. In the measurements made on the 7% and 20™
day after melatonin implantation (18 mg/ewe), it was found that the progesterone hormone administration group
was higher than the control group in Kivircik sheep (Yilmazer et al., 2018). In Border Leicester x Scottish
Blackface sheep, it was reported that melatonin-implanted sheep had slightly higher progesterone hormone levels
than the control group, and the difference between groups was significant when measured at the 8™ week of
pregnancy (McEvoy et al., 1998). In Rasa Aragonesa sheep, on the 5" and 8% days after the 18 mg melatonin
implant, significantly higher progesterone hormone levels were measured in the treatment group than in the control
group sheep (Abecia et al., 2006).

The frequencies of behaviors were similar between groups in hand-mating observations made for 10 min. in
Tahirova sheep. However, the ewe sexual interaction rate (ESIR) was higher in the MT group than in the C group
(Tables 4, 5). Total sexual interaction frequency (TSIF) and time per sexual interaction (PSI) differed significantly
according to ewe age (Table 5). In the study, it can be said that the melatonin implant causes an increase in
reproductive hormones as well as an increase in the frequency of mating behavior. Studies examining the effects
of exogenous melatonin applications on sexual behavior were examined on rams rather than ewes (Rekik et al.,
2015; Abecia et al., 2018; Kleemann et al., 2021; T6lii et al., 2024). No study has been found examining the effect
of exogenous melatonin application on sexual behavior in females. It can be said that the melatonin implant, which
has been found to contribute positively to the increase in sexual activity in male sheep, also increases sexual
activity in female sheep in a similar way.

5. Conclusions

Ear subcutaneous melatonin implant application, which is applied just before the breeding season and is
expected to increase hormone secretion to higher levels during the breeding season; It significantly increased the
melatonin hormone level in Tahirova sheep, especially within the expected date ranges (for 3-4 months). Melatonin
implant, which causes an increase in reproductive hormones in ewes during mating intervals, also causes sexual
behaviors to occur at a slightly higher frequency and rate during mating. In other words, the melatonin implant
seems to increase sexual activity in ewes. So, ewes in the melatonin treatment group had a significantly higher rate
of sexual interaction than ewes without melatonin implant treatment.

Melatonin implant applied just before the breeding season (June) increased sexual activity and resulted in
oestrus and pregnancy in ewes in the treatment group in a shorter time than in the control group. However, it would
be more useful to test the melatonin implant used to provide off-season oestrus in Tahirova sheep in different
seasons other than the breeding season.
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Determination of Desalinated Sea Water Usage Possibilities in Muscari armeniacum
(Grape Hyacinth) Cultivation

Muscari armeniacum (Uziim Siimbiilii) Yetistiriciliginde Tuzdan Armdirilmis Deniz Suyu
Kullanim Olanaklarinin Belirlenmesi

Necmettin GUR!, Ozgiir KAHRAMAN?
Abstract

In the current period of time, many environmental problems have occurred in the world with the population
increase, industrialization and construction, along with migration from rural areas to urban areas. Among the
environmental problems that occur due to all these developments; the decrease in potable and usable freshwater
resources, global warming, climate change and drought are the leading environmental problems. This study was
carried out in the open field of a private apartment building in Izmir, Turkey to determine the possibility of using
desalinated seawater in the cultivation of Muscari armeniacum Leichtlin ex Baker. Depending on the purpose of
the study, Muscari armeniacum Leichtlin ex Baker was grown using desalinated seawater and tap water (control).
To determine the effect of desalinated seawater on plant growth, leaf length, leaf width, root length, underground
part weight, number of bulblets and upper part weight were measured. It was observed that Muscari armeniacum
Leichtlin ex Baker plants showed normal growth when desalinated seawater was used throughout the experiment.
According to the statistical analysis, the difference between desalinated sea water and tap water was significant
only in leaf length and leaf width parameters. While the average leaf length was 54.47 cm and leaf width were
5.71 mm in tap water (control), the average leaf length was 53.47 cm and leaf width were 5.19 mm in desalinated
sea water treatment. The effect of irrigation water sources on other parameters was statistically insignificant. As a
result of the study, desalinated seawater can be used for the cultivation of Muscari armeniacum Leichtlin ex Baker.
It is recommended that studies evaluating the possibilities of using desalinated sea water in the cultivation of
different ornamental plant species will contribute to the literature.
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Giir & Kahraman
Determination of Desalinated Sea Water Usage Possibilities in Muscari armeniacum (Grape Hyacinth) Cultivation

Oz

Icinde bulundugumuz zaman diliminde kirsal alanlardan kentsel alanlara dogru yapilan gogler ile birlikte
gergeklesen niifus artigi, sanayilesme ve yapilagsma ile birlikte diinya iizerinde birgok ¢evre sorunu meydana
gelmigtir. Tim bu gelismelere bagli olarak meydana gelen ¢evre sorunlari igerisinde; i¢ilebilir ve kullanilabilir
tatlt su kaynaklarindaki azalma, kiiresel 1sinma, iklim degisikligi ve kuraklik bu ¢evre sorunlarnin baginda
gelmektedir. Bu ¢alisma, Muscari armeniacum Leichtlin ex Baker yetistiriciliinde tuzdan arindirilmig deniz
suyunun kullanim olasiligin1 belirlemek amaciyla Tiirkiye nin Izmir ilinde &zel bir apartman dairesine ait agik
alanda gerceklestirilmistir. Calismanin amacina bagl olarak Muscari armeniacum Leichtlin ex Baker, tuzdan
arindirtlmis deniz suyu ve musluk suyu (kontrol) kullanilarak yetistirilmistir. Tuzdan arindirilmis deniz suyunun
bitki gelisimi iizerindeki etkisini belirlemek i¢in yaprak uzunlugu, yaprak genisligi, kok uzunlugu, toprak alt1 kisim
agirligl, yavru sogan sayisi ve iist aksam agirligi parametreleri dl¢ilmiistir. Muscari armeniacum Leichtlin ex
Baker bitkileri, deneme siireci boyunca tuzdan armdirilmis deniz suyu kullaniminda normal biiyiime gosterdigi
gozlemlenmistir. Yapilan istatistiksel analizlere gore, tuzdan arindirilmis deniz suyu ve musluk suyu
kullanimlarinin bitkiler iizerinde sadece yaprak uzunlugu ve yaprak genisligi parametrelerinde gosterdigi farklilik
onemli olarak goriilmiistiir. Musluk suyu (kontrol) kullaniminda ortalama yaprak uzunlugu 54.47 cm, yaprak
genisligi 5.71 mm olurken, tuzdan armdirilmig deniz suyu aritiminda ortalama yaprak uzunlugu 53.47 cm, yaprak
genisligi ise 5.19 mm olarak ger¢eklesmistir. Sulama suyu kaynaklarinin diger parametrelere etkisi istatiksel olarak
onemsiz bulunmustur. Calismanin sonucu olarak Muscari armeniacum Leichtlin ex Baker bitkisi yetistiriciliginde
tuzdan arindirtlmis deniz suyu kullanilabilir oldugu goriilmiistiir. Tuzdan arindirtlmis deniz suyunun farkl siis
bitkisi tiirlerinin yetistiriciliginde kullanim olanaklarmin degerlendirildigi calismalarin yapilmasinin literatiire
katk1 saglayacagi yoniinde tavsiyelerde bulunulmustur.

Anahtar Kelimeler: Tuzdan armdirma, Muscari armeniacum, Siis bitkisi yetistiriciligi, Sulama

234



JOTAF/ Journal of Tekirdag Agricultural Faculty, 2025, 22(1)

1. Introduction

The excessive increase in population, construction and industrialization in the world causes many
environmental problems. Global warming and climate change, increase in urban heat island effect, decrease in
natural resources due to high use and drought are the most important of these problems (Beyaz, 2023). Especially
the decrease in freshwater resources and unconscious-high water consumption is the factor that affects the present
and the future most deeply. Water is the most valuable natural resource and is very important for all living life on
earth (Bakanogullar et al., 2022). Water is the most common compound in the world as a resource and covers
most of the planet. Unfortunately, only a very small portion of this resource is available. 97.4% of the world's
water resources are salt water and 2.6% are fresh water. Only 0.8 per cent of freshwater resources are potable and
usable. The remaining part of fresh water that is potable and usable is glaciers, snow-covered areas and unusable
(Polat, 2013). In this case, different practices are carried out to protect freshwater resources. For example, in
countries such as the USA, Saudi Arabia, Australia and China, treated wastewater is used for reuse in urban open-
green areas for irrigation, ornamental plant cultivation and agricultural irrigation (Laurenson et al., 2012; Zhang
and Shen, 2019; Singh, 2021). In addition, arid landscape approaches to minimize water use in urban areas also
appear as a different application in this regard (Kavuran and Yilmaz, 2022). In addition to all these, the
transformation of salty water, i.e. seawater, which constitutes the majority of the world's water amount, into potable
and usable fresh water stands out as an unlimited potential in terms of creating water supply (Nasar, 2014).

For seawater to be used for drinking water or domestic use, many countries carry out studies for desalination
processes, establish facilities and make them available to their citizens. Saudi Arabia, United Arab Emirates, USA,
Libya, Libya, Japan, and Spain are examples of these countries (Alabdula'aly, 1997; Polat Bulut, 2021). In addition
to the potability of seawater, there are many studies in the literature on its use in agricultural production. Martinez-
Mate et al. (2018), in their study, focused on the use of desalinated seawater (DSW) in hydroponic systems in
regions experiencing water scarcity and lettuce production with this system in Southeast Spain. They stated that
lettuce production in hydroponic systems is more efficient than traditional methods in terms of water efficiency
and greenhouse gas emissions. They also found that although DSW increased energy use by 17% in hydroponic
systems, greenhouse gas emissions were low. In the study, they stated that the energy dependence required for
DSW can be met with renewable systems. Therefore, they suggested that the use of hydroponic systems with DSW
in regions where freshwater resources are scarce may be a highly efficient strategy in terms of production. Aznar-
Sanchez et al. (2021), in their study, examined farmer profiles and behaviours of farmers in Southeast Spain
towards the use of DSW for irrigation purposes. They determined that although the use of DSW as an alternative
water use is planned in Southeastern Spain, the demand of farmers is low at this point. They suggested that
necessary programmes should be carried out to increase the use of DSW by farmers. At this point, a survey was
conducted in the study area. As a result of the survey, they determined that there are different farmer typologies in
the region and that farmers have different attitudes and preferences towards DSW. As the main finding of the study,
they have determined that the pricing of the use of DSW is mainly effective on farmers. As a result, they made
recommendations to encourage the use of DSW by farmers. Martinez-Alvarez et al. (2023), in their study,
examined the supply of DSW for agricultural uses in Southeast Spain from a multidisciplinary perspective. In the
study, they stated that DSW has been used steadily in the region in the last 10 years and has given successful
results in agricultural production. On the other hand, they also examined the energy consumption and cost related
to the supply of DSW. At this point, they suggested that if the energy need is met by using renewable energy
sources, the costs can be reduced considerably. However, from different perspectives, they also stated that the use
of traditional freshwater resources and DSW will provide maximum benefit.

Among the studies conducted on the production of agricultural plants from desalinated seawater, Maestre-
Valero et al. (2020) investigated the usability of desalinated sea water in irrigation in the young stages of plants
for citrus production. In the study they carried out during two crop periods, they irrigated with only tap water
(Control), a mixture of 50% tap water and 50% desalinated sea water, and only desalinated sea water. Although
they did not observe any statistical difference in the development parameters of the plants in their results, they
determined concentrations that could increase element-based toxicity in the leaves of some plants. On the other
hand, they stated that the use of desalinated sea water as irrigation water in the young stages of plants would not
pose a problem. Antolinos et al. (2020) mentioned that both soilless plant cultivation and alternative water sources
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are very important in arid and semi-arid climates. They grew two different types of tomatoes in hydroponic systems
using only desalinated sea water, only tap water, and a mixture of the two. Although the dry matter content, colour
and acidity values showed differences because of the trial, they stated that these differences were at a tolerable
level and acceptable to the consumer. As a result, they showed that desalinated seawater can be used in hydroponic
systems and that it can be more cost-effective.

This study was carried out to determine the possibility of using desalinated sea water (DSW) as irrigation water
in the cultivation of Muscari armeniacum Leichtlin ex Baker for the conservation and sustainable use of freshwater
resources.

2. Material and Method

The study was conducted between March 2023 and June 2023, when Muscari armeniacum has the highest
utilization criteria for landscape architecture (Kilicaslan and Dénmez, 2016), in the open area of a private
apartment building in the Buca district of Izmir. Muscari armeniacum Leichtlin ex Baker (Grape Hyacinth) with
bulb circumference of 5-6 cm was used as plant material in the study. Grape Hyacinth bulbs were obtained from
Asya Tulip company, which produces and trades bulbous plants in Karatay district of Konya.

Grape Hyacinth bulbs were grown in 6-litre plastic pots measuring 31x19x17 cm. A mixture of peat and perlite
(v/v) was prepared as growing medium and this mixture was filled into the growing pots. The analysis of peat and
perlite used in the mixture are given in Tables I and 2.

Table 1. Analysis values of the peat used in the growing medium.

Parameters Analysis Values
pH 5.5-6.8

EC (uS/cm) 220
Organic Matter (%) 54-60
Humidity (%) 53.43
Purity (%) 95

Table 2. Analysis values of perlite used in the growing medium.

Parameters Analysis Values

Density 70-80 kg/m? (£%10)

Grain Diameter 0-6 mm

Thermal Conduction Coefficient 0.040-0.045 Kcal/mhC

Chemical Composition Si02 (%74)
ALOs3 (%14)
Na20 (%3)

K20 (%5)

MgO (%0.5)
CaO (%0.5)
Fe203 (%1)

pH 7

Melting Point 1200 °C

In the study, only tap water (control) and only desalinated sea water were applied to grape hyacinth bulbs. Sea
water was obtained from Ilica Public Beach in Cesme district of Izmir, where 38°18'31.08" north parallel and
26°2229.33" east meridian intersect. The seawater was boiled in a 5 litre aluminium teapot and the steam from the
jug was directed to the condensation vessel through a hose. The water vapour was condensed by cooling the
condensation vessel with ice moulds and desalinated sea water (DSW) was obtained. The pH (Joytech pH Meter)
and EC (Zauss TDS and EC Meter) values of tap water and desalinated seawater were measured before and after
desalination (Table 3). Tap water and desalinated seawater were added to the growing medium with the help of a
nosed flower watering can until water came out of the drainage holes of the plastic containers.
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Table 3. pH and EC values of tap water and seawater before and after desalination

pH EC (uS/cm)
Before Desalination of Sea 75 19990
Water
After Desalination of Sea Water 7.6 860
Tap Water 7.8 464

The study was established according to the random plots experimental design with three replications. Grape
hyacinth bulbs were planted in the growing medium at a depth of 4 cm and planting distance of 7x6 cm on 4 March
2023. In each replicate (in pots), 12 grape hyacinth bulbs were used. Plants were grown for 12 weeks with only
desalinated seawater and tap water.

Leaf length and leaf width parameters were measured every 4 weeks to determine plant growth. On 4 June
2023, root length, root weight, number of bulbs and top weight were measured after uprooting. The measurements
were made as follows.

*Leaf length: It is the measurement made with the help of a ruler from the exit point to the tip of the leaves of
the plant.

L eaf width: It is the measurement made with callipers from the widest part of the leaf.
* Root length: It is the measurement made with the help of a ruler from the base of the onion to the end point.

*Underground part weight: It is the measurement obtained by weighing the onions, bulbs, bulblets and roots
on a precision balance.

*Upper part weight: It was obtained by weighing the leaves, flower stems and flowers cut from the onion nose
on a precision balance.

*Number of bulblets: It was obtained by counting the number of daughter bulbs formed by the mother bulb
after harvesting.

Normality test was performed on the monthly measurement data obtained from each parameter. In normality
test, skewness/ kurtosis values of all data were divided by standard deviation values. All the results obtained were
between -1.96 and 1.96 and it was determined that all of the data showed normal distribution (Biiyiikoztiirk, 2011).
Independent Groups T test was applied to the data using SPSS 27 (IBM SPSS Statistics, Chicago, USA) statistical
programme and the differences of irrigation methods on the measurement parameters were determined (p=0.05).

3. Results and Discussion

As a result of the statistical analyses, it was determined that tap water (control) and desalinated sea water
treatments caused a significant difference between the treatments on leaf length at the end of the 4™, 8" and 12
week at 95% confidence interval. In all three periods, leaf length values of tap water treatment were greater than
desalinated sea water treatment (Figure 1).

The results of the Independent Groups T test on the averages of leaf length values are given in Table 4.

Table 4. Independent Groups T test results for the effect of treatments on the mean values of leaf length in the
measurement periods of the experiment

Mean Std. Error

¥ Sig. t it Sl (et Difference  Difference
k 4 Leaf
Eve iegth ca 0.986792 0.376755 12.555845  4.00 0.000232* 4333333 0345125
xieglihg Leaf 1 475032 0.291347 10.925935  4.00 0.000399* 1250000  0.114407
xieglihlz Leaf 1 491371 0.521951 3355151 4.00 0.028433* 1.000000  0.298049
Significance: p<0.05: There is a significant difference (*). / p>0.05: No significant difference
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Figure 1. Effect of irrigation treatments on leaf length at different periods

Tanriverdi (2019), in his study listing geophyte plants found in the flora of Yalova province, determined that
the leaf length values of the Muscari armeniacum plant varied between 10-40 cm. In this study, similar leaf length
results were obtained at the end of the 4" and 8" weeks, but greater values were obtained at the end of the 12
week than in this study.

Leaf width values varied between 5 mm and 7 mm in tap water (control) treatments and between 4 mm and 6
mm in desalinated sea water treatments. The results of Independent Groups T test on the averages of leaf width
values are shown in Table 5.

Table 5. Independent Groups T test results for the effect of the treatments on the mean leaf width values in
the measurement periods of the experiment

. . . Mean Std. Error
F Sig. ¢ df Sig. (2-tailed) Difference  Difference
Week 4 Leaf Width 0.235294  0.652994  5.728716  4.00 0.004597* 0.063333 0.110554
Week 8 Leaf Width 0.000000  1.000000  5.656854  4.00 0.004813* 0.053333 0.094281
Week 12 Leaf Width 0.000000  1.000000  5.656854  4.00 0.004813* 0.053333 0.094281
Significance: p<0.05: There is a significant difference (*). / p>0.05: No significant difference

At the end of the 4%, 8" and 12% week, the leaf length of plants treated with tap water was found to be higher
than that of desalinated sea water (Figure 2).

Girsoy (2009) conducted biological studies on Muscari armeniacum and Muscari neglectum plants naturally
distributed in Western Anatolia and investigated morphological, anatomical, palynological, seed germination and
growing media of the plants. The leaf width values of Muscari armeniacum plant was between 1 and 5 mm on the
studies. The leaf width values were obtained from this study coincide with Giirsoy (2009)'s study.

Root length values varied between 11 and 14 cm in tap water (control) treatments and between 11 and 14 cm
in desalinated sea water treatments. The results of Independent Groups T test on the averages of root length values
are shown in Table 6.

Table 6. Independent Groups T-test results for the effect of treatments on the mean root length values
measured at the uprooting period of the experiment.

F Sig. t df Sig. (2-tailed) Mean Std. Error
Difference  Difference
Root Length 3.287564 0.144017 1.244223  4.00 0.281346 0.193333 0.155385
Significance: p<0.05: There is a significant difference (*). / p>0.05: No significant difference
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Figure 2. Effect of irrigation treatments on leaf width at different periods
The mean values of the measurement values of the root length parameter after uprooting in the experiment are

shown in Figure 3.

Kahraman (2020) investigated the effect of 1 cm deep shallow planting, 4 cm deep medium depth planting and
7 cm deep planting depths on the growth and development of Muscari armeniacum plants. The lowest root length
value was determined at 8.56 cm deep planting depth and the highest root length value was determined at 11.50

cm medium depth planting depth. In this study, similar root length values were found.
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Figure 3. Effect of irrigation treatments on root length
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Underground part weight values ranged between 12.18 g and 13.33 g in tap water (control) treatments and
between 12.08 g and 12.66 g in desalinated seawater treatments (Figure 4). As a result of the statistical comparison
analyses performed on the averages of the measurement values, it was observed that there was no significant
difference between the two different treatments at 95% confidence interval values in the post-removal
measurements of tap water (control) and desalinated sea water treatments. The results of the Independent Groups
T test on the averages of the weight values of the underground part are shown in Table 7.

Navarro et al. (2023) used desalinated seawater in the cultivation of Citrus macrophylla and sour orange plants
in two different irrigation methods as continuous and open irrigation. As a result of their 140-day experiment, they
stated that although toxicity differences were observed in plant leaves, the use of desalinated seawater did not
statistically differ in root development in plant growth parameters.

Table 7. Independent Groups T test results for the effect of treatments on the mean underground part weight
values measured at the uprooting period of the experiment

F Sig. t df Sig. (2-tailed) Mean Std. Error
Difference  Difference
Underground Part 0.425847 0.549637 0.719475  4.00 0.511642 0.280000 0.389173
Weight
Significance: p<0.05: There is a significant difference (*). / p>0.05: No significant difference
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Tap Water {Control) Desalmated Sea Water

Figure 4. Effect of irrigation treatments on underground part weight

The values of the weight of the upper part varied between 10 and 17 g in tap water (control) treatments and
between 10 and 16 g in desalinated sea water treatments. According to the statistical analyses, it was observed that
there was no significant difference between the two different treatments at 95% confidence interval values in the
measurements of tap water (control) and desalinated sea water treatments after uprooting. The results of the
Independent Groups T test on the averages of the upper part weight values are shown in Table §.

Table 8. Results of Independent Groups T-test for the effect of treatments on the mean upper part weight
values measured during the uprooting period of the experiment

F Sig. t df Sig. (2-tailed) Mean Std. Error
Difference  Difference
Upper  Part 2.037905 0.226598 1.879645  4.00 0.133336 0.690000 0.367091
Weight
Significance: p<0.05: There is a significant difference (*). / p>0.05: No significant difference
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The averages of the measurement values of the upper part weight parameter after dismantling in the experiment
are shown in Figure 5.

Kahraman (2019) investigated the effects of taking flower buds at different developmental stages on onion and
plant growth of Muscari armeniacum plant and found that the effect of taking flower buds at different
developmental stages on the weight of the upper part of the plant was statistically insignificant. In this study, it
was observed that desalinated sea water as a different irrigation application did not cause a significant difference
on the weight of Muscari armeniacum plant tops.

The number of bulblets varied between 1 and 5 in tap water (control) treatments and between 0 and 6 in
desalinated sea water treatments. As a result of the statistical comparison analyses performed on the averages of
the measurement values, it was observed that there was no significant difference between the two different
treatments at 95% confidence interval values in the measurements of tap water (control) and desalinated sea water
treatments after disassembly. The results of the Independent Groups T-test on the number of bulbs are shown in
Table 9.
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Lipper Part Weight (g)
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Figure 5. Effect of irrigation treatments on upper part weight

Table 9. Independent Groups T-test results for the effect of treatments on the mean number of bulblets
measured at the disembarkation period of the experiment.

F Sig. t df Sig. (2-tailed) Mean Std. Error
Difference  Difference
Number of Bulblets 2.117727 0.219300 0.840169  4.00 0.448100 0.166667 0.198373
Significance: p<0.05: There is a significant difference (*). / p>0.05: No significant difference

The averages of the measurement values of the parameter of the number of bulblets after disassembly in the
experiment are shown in Figure 6.

Jeon et al. (2011), investigated the effect of different growth regulators on direct shoot and bulblets formation
of Muscari armeniacum. They used MS media supplemented with NAA, DA and TDZ in tissue culture. After the
completion of the experimental period, they reported that they did not observe phenotypic variations in the plants
and that 1-1.5 bulblets were formed per plant on average. Plant growth regulators had insignificant effect on the
number of bulblets. In this study, it was determined that irrigation treatments did not have a significant difference
on the number of bulblets.
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Figure 6. Effect of irrigation treatments on number of bulblets
4. Conclusions

In this study, DSW did not inhibit the growth and development of Muscari armeniacum Leichtlin ex Baker. As
seen in the measurement parameters, the values when DSW was used were mostly below the values when the plant
reached its optimum form in the control irrigation. However, the measured values obtained using DSW were tolerable,
although lower than the values of the control plants. The use of DSW may have different physiological effects in
different plant species. The use of DSW in ornamental plant cultivation and urban areas will contribute to the protection
and sustainability of freshwater resources. For this purpose, the effects of DSW use in the cultivation of different
ornamental plant species and irrigation of urban areas on plant species and the environment should be investigated.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Evaluating the Impacts of the Land Consolidation Project Implemented in Tekirdag
Province on Agricultural Enterprises

Tekirdag ilinde Uygulanan Arazi Toplulastirma Projesinin Tarimsal Isletmeler Uzerindeki
Etkilerinin Degerlendirilmesi

Derya ilkay YILMAZ", Fuat YILMAZ?
Abstract

This study aims to evaluate the structural, economic, and social impacts of the land consolidation project
implemented in Tekirdag province on agricultural enterprises. The research utilizes data from surveys conducted
with farmers in villages designated as consolidation areas, along with records from the General Directorate of State
Hydraulic Works. To determine the impacts of land consolidation, descriptive statistics, the Januszewski Index
(J1), the Simmons Index (SI), and other consolidation indicators were employed. Following land consolidation,
the average parcel size of enterprises increased by 30.54%, reaching an average of 34.79 decares, while the number
of parcels decreased by 42.37%, resulting in an average of 9.29 parcels. The increase in the JI value from 0.344 to
0.419 and the SI value from 0.197 to 0.254 suggests that land fragmentation has decreased. However, these values
also indicate that it could be further reduced with improved planning. From an economic perspective, fuel
consumption decreased by 11.96%, averaging 4.71 liters, and travel time loss reduced by 12.50%, averaging 0.77
hours, indicating that land consolidation has enhanced the efficiency of enterprises. The social impacts of the
project were less positive than anticipated, with many farmers expressing dissatisfaction due to insufficient
information during the planning phase, delays in project completion, and perceived discrepancies between
promised and actual outcomes. Regarding social impacts, the percentage of farmers who believed that land
consolidation would be beneficial was 93.07% before the process, which fell to 41.58% afterward. Additionally,
84.16% of farmers raised objections about the process. This suggests that the land consolidation project may not
have achieved the expected positive impacts. To improve the effectiveness of land consolidation projects and
increase farmer satisfaction, several key enhancements are needed. Project planning should be more
comprehensive and grounded in up-to-date data, with a commitment to transparency throughout all stages.
Encouraging farmer participation in the consolidation process and increasing their awareness and understanding
are essential. It is also important to create avenues for farmers to voice their concerns and actively contribute to
the process. Furthermore, accelerating project timelines and ensuring the complete delivery of promised services
would help build farmers' trust. Implementing these strategies could lead to more positive social and economic
outcomes for land consolidation projects.

Keywords: Consolidation indicators, Economic impacts, Farmer satisfaction, Rural development, Land arrangement
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Oz

Bu calisma, Tekirdag ilinde uygulanan arazi toplulastirma projesinin tarimsal isletmeler iizerindeki yapisal,
ekonomik ve sosyal etkilerini degerlendirmeyi amaglamaktadir. Arastirma kapsaminda toplulastirma ilan edilen
koylerdeki giftcilerden anket yoluyla elde edilen veriler ve Devlet Su Isleri Genel Miidiirliigii’niin kayitlar:
kullanilmustir. Arazi toplulastirmanin etkilerini belirlemek icin betimleyici istatistikler, Januszewski Indeksi (JI),
Simmons Indeksi (SI) ve diger toplulastirma gostergeleri kullamlmistir. Arazi toplulastirma sonrasinda
isletmelerin ortalama parsel biiyiikligi %30.54 artarak ortalama 34.79 dekara ¢ikarken, parsel sayis1 %42,37
azalarak ortalama 9.29 parsel olmustur. Arazi pargalilig1 gostergelerinden olan JI degerinin 0,344'ten 0,419'a ve
SI degerinin 0.197'den 0,254'e yiikselmesi, arazi par¢alanmasinin azaldigini ancak daha iyi planlamayla daha da
azaltilabilecegini ortaya koymaktadir. Ekonomik agidan, yakit titketiminin %11.96 azalarak ortalama 4.71 1 ve yol
zaman kaybmin %12.50 oraninda azalarak ortalama 0.77 saat oldugu belirlenmistir. Bu durum arazi
toplulastirmanin igletmelerin verimliligini artirdigini géstermektedir. Projenin sosyal etkilerinin beklenenden daha
olumsuz oldugu belirlenmistir. Pek ¢ok cift¢i, planlama asamasinda yetersiz bilgi verilmesi, projenin
tamamlanmasindaki gecikmeler ve vaat edilen ile gergeklesen sonuglar arasindaki tutarsizliklar nedeniyle
memnuniyetsizliklerini dile getirmislerdir. Sosyal etkiler incelendiginde, arazi toplulastirmanin faydali olacagim
diisiinen ¢iftcilerin orant %93.07 iken arazi toplulastirma sonrasi bu oran %41.58'e diismistiir. Ayrica
cifteilerin %84.16’simun siiregle ilgili itirazlarda bulundugu belirlenmistir. Bu durum, arazi toplulagtirma projesinin
beklenen pozitif etkileri tam olarak saglamamis olabilecegini gostermektedir. Arazi toplulagtirma projelerinin
etkinligini artirmak ve ¢ift¢ci memnuniyetini saglamak i¢in cesitli iyilestirmeler gerekmektedir. Proje planlamasi
daha kapsamli ve giincel verilere dayanmali, tiim asamalarda seffaflik saglanmalidir. Ciftgilerin toplulastirma
stirecine katilimint tesvik etmek ve farkindaliklarimi artirmak esastir. Ayrica, ¢iftcilerin endiselerini dile
getirebilecekleri ve siirece aktif olarak katkida bulunabilecekleri mekanizmalar olusturulmalidir. Bunun yani sira,
projelerin siirelerini hizlandirmak ve vaat edilen hizmetlerin eksiksiz olarak yerine getirilmesi, ¢ift¢ilerin giivenini
artiracaktir. Bu stratejilerin uygulanmasi, arazi toplulastirma projelerinin daha olumlu sosyal ve ekonomik
sonuglara ulasmasina katkida bulunabilir.

Anahtar Kelimeler: Toplulastirma gostergeleri, Ekonomik Etkiler, Cift¢i memnuniyeti, Kirsal kalkinma, Arazi diizenlemesi
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1. Introduction

The majority of agricultural enterprises in Tiirkiye are small in area and consist of many separate and distant
parts (Saglam, 2022). This situation leads to deterioration in the agricultural structure, makes it difficult to take
measures to increase productivity, and increases production costs (Ekinci and Sayili, 2010; Kiisek, 2014). Land
consolidation is an important tool to increase agricultural productivity by merging scattered and small parcels into
sufficient size and regulating their shapes (Aktas et al., 2006; Takka, 1993). Land consolidation is defined as the
merging of scattered and small parcels into sufficient size and the regulation of their shapes (Takka, 1993). These
efforts not only unite parcels but also contribute to saving labor and fuel, and increasing the income of agricultural
enterprises by providing agricultural infrastructure systems (roads, irrigation and drainage) (Ak¢ay and Angin,
1989; Kuzu and Degirmenci, 2020).

Land consolidation projects start with the identification of the area to be consolidated and end with the
distribution of new title deeds. These processes include the determination of the request for consolidation,
information meetings, notation in the land registry, grading and preparation of new parceling plans (Official
Gagzette, 2019). Land consolidation is considered an important solution in cases where fragmented and scattered
land ownership reduces agricultural productivity and makes mechanization difficult (Kumbasaroglu and Dagdemir,
2007; Kir, 2012). Reducing the number of parcels, increasing their size, and improving their shape enhances
agricultural efficiency and reduces costs (Polat and Manavbasi, 2012; Arslan and Tunca, 2013). Land
consolidation also contributes to environmental quality by reducing fuel consumption and CO2 emissions (Ayten
and Cay, 2017; Kirmikil and Aydus, 2018). Studies conducted in the Trakya Region show that land consolidation
has positive results in terms of agricultural productivity, irrigation, road access, and agricultural tool use (Bilgin,
2014; Gozener et al., 2016). Land consolidation projects have a positive impact on the economic and social status
of farmers (ikikat Tiimer et al., 2016).

Land consolidation is considered as an important tool to support rural development. These initiatives aim to
organize rural lands, increase productivity and ensure the sustainability of agriculture. This study, conducted in
Tekirdag province, aimed to evaluate the structural and economic impacts of the land consolidation project on
agricultural enterprises. Additionally, it aims to increase the effectiveness of future projects by examining the
problems encountered in the consolidation process and farmer opinions.

The hypotheses of the study are as follows:

Hypothesis 1: The land consolidation project implemented in Tekirdag province has structurally positive
impacts on enterprises.

Hypothesis 2: The land consolidation project implemented in Tekirdag province has economically positive
impacts on enterprises.

Hypothesis 3: The land consolidation project implemented in Tekirdag province has socially positive impacts
on enterprises.

2. Materials and Methods
2.1. Material

In Tekirdag province, a total of 36 villages, including 17 in Hayrabolu, 7 in Malkara, and 12 in Siileymanpasa
districts, were declared as consolidation areas within the scope of the soil protection and land use law numbered 5403,
with the decision published in the Official Gazette dated 11.03.2017 and numbered 30004 (Official Gazette, 2017).

The survey data obtained from farmers in the villages designated as consolidation areas constitute the primary data
and main material of the study. The records of the State Hydraulic Works were used as secondary data. The
questionnaires of the study are administered between July and October 2023.

This study was prepared within the scope of permission from the Tekirdag Namik Kemal University Social and
Human Sciences Scientific Research and Publication Ethics Committee dated 05/01/23 and numbered 254168.

2.2. Method
2.2.1. Sampling Method

The stratified random sampling formula (Equation 1) of the Neyman Method is used to determine the sample size
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(Yamane, 2001). The value of D? in the formula is calculated using Equation 2.

n = (X Ny % Sp)? (Eq.1)
"~ NZ2xD2+ X (N, *SP)

D? = d_2 (Eq.2)
A 2
N, *§
n; = n*on o (Eq.3)
2Ny * Sy
N : Number of enterprises in strata Z  :Table value according to degrees of freedom
Sh : Standard deviation of strata S#  : Variance of strata
N : Population size n; : Number of samples in a stratum
d : A percentage deviation from the mean n :Sample size

Enterprises are divided into three strata based on their land size: 0-140 da, 141-400 da, and 401 da or more. Using
a 95% confidence interval and allowing a 10% deviation from the mean, the total number of enterprises to be surveyed
was determined as 101. The sample size was distributed among these strata according to the optimum distribution
criterion (Equation 3), resulting in 32 enterprises in the 0-140 da range, 21 enterprises in the 141-400 da range, and 48
enterprises in the 401 da or more range. Additionally, the number of enterprises to be surveyed was set at 49 in
Hayrabolu district, 12 in Malkara district, and 40 in Siilleymanpasa district.

2.2.2. Determining Structural Impacts

The structural characteristics of the enterprise (enterprise size, number and size of parcels), land fragmentation
indicators (Januszewski Index [JI] and Simmons Index [SI]), distance of parcels to the enterprise and field road length
values were examined for differences before and after land consolidation. Since the data were found to be non-normally
distributed, the differences are analyzed using the Wilcoxon test. JI and SI indices, which are widely used globally,
reveal land fragmentation by analyzing the parcels owned by the enterprise (Platonova et al., 2011; Demetriou et al.,
2013; Popov, 2017).

Januszewski Index (JI): This index (Equation 4), used to define land fragmentation, is a numerical indicator of
the total parcel area (TPA) and the area of each fragmented parcel (PA) (Januszewski, 1968; McGarigal and Marks,
1995).

VTPA (Eq.4)
Xi v PA;

Simmons Index (SI): This index determines a numerical measure of land fragmentation (Equation 5). The value
is equal to 1 when the enterprise has a single parcel (Simmons, 1964).

JI =

o LiPAE (Eq:5)
TPA?

JI'and SI values approaching 1 indicate a decrease in fragmentation, while values approaching 0 indicate an increase.

In addition, the parameters used include the consolidation rate over the number of parcels (CR, Equation 6), the
total distance of parcels to the enterprise (TDP), the area-road length suitability (ARLS, Equation 7), the average
number of parcels per farmer (ANPPF), and the average number of shares per farmer (ANSPF) (Akdeniz and Temizel,
2018).
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Number of old parcels (units) — Number of new parcels (units) (Eq.6)
CR = - x100
Number of old parcels (units)
ARLS — Length of road between enterprise and parcel (km) (Eq.7)

0,043 \/Parcel area(ha)

ARLS value closer to 1 indicates a better road network for the enterprise (Kuzu and Degirmenci, 2020).
2.2.3. Determining Economic Impacts

To determine the economic impacts of land consolidation, the inputs used by the enterprises before and after
consolidation are analyzed. This analysis includes changes in the amount of inputs due to road and time, resulting from
the change in the distances of the parcels to the enterprise. The assumption is made that farmers used an average of
0.407 liters of fuel per kilometer (Polat and Manavbasi, 2012; Kuzu and Degirmenci, 2020; Giirgeng Irmakli and Aydin,
2022). While calculating the time spent by the farmers to reach their parcels, it is assumed that their average speed is
15 km h! (Boztoprak et al., 2015; Kuzu and Degirmenci, 2020; Giirgeng Irmakli and Aydin, 2022).

2.2.4. Determining Social Impacts

In order to determine the social impacts of land consolidation, farmers are asked about their level of knowledge
and their opinions on the consolidation process, and the data are evaluated using frequency tables.

3. Results and Discussion
3.1. General information on farmers and enterprises

In this section, the demographic characteristics of the farmers and the characteristics of the farms are analyzed.
Information about the farmers surveyed in the study is given in Table 1. All surveyed farmers were male. Their average
age was 59.7 years. 1.98% of the farmers were younger than 35 years, 17.82% were between 35-50 years and 80.20%
were older than 50 years. 63.37% of the farmers were primary school graduates, 14.85% were middle school graduates,
14.85% were high school graduates and 6.93% were university graduates. Farmers' agricultural experience ranged
from 2 years to 63 years, with an average agricultural production experience of 43.44 years. 54.46% of the farmers
reported earning non-agricultural income. The average family size was 3.52 persons.

Table 1. Information about farmers

Frequency % Frequency %
<35 2 1.98 1-3 60 59.41
Age 35-50 18 17.82 Family size 4-6 34 33.66
50< 81 80.20 7 and above 7 6.93
Primary School 64 63.37 Pension 50 49.50
Education Middle School 15 14.85 Non-agricultural None 46 45.54
High School 15 14.85 income Trade 3 2.97
University 7 6.93 Village headman 2 1.98

The average land size of 360.98 da before consolidation decreased by 4.35% to 345.26 da after consolidation (7able
2). Previous studies found that farm sizes decreased by between 2.90% and 45.84% after consolidation (Boztoprak et
al., 2015; Mesci and Karli, 2018; Kesici Bahar, 2019; Lok and Degirmenci, 2019; Durduran et al., 2018; Kirmikil and
Aydus, 2018). The irrigated land size of the enterprises decreased by 8.96% and the dry land size decreased by 3.98%.
The average number of parcels decreased by 42.37% from 16.12 to 9.29. The number of whole parcels decreased by
44.79% and the number of parcels with shares decreased by 43.62%. While the total size of whole parcels increased
by 4.97%, the total size of shared parcels decreased by 63.54%. The average rate of decrease in the number of all
parcels in studies conducted throughout Tiirkiye can be stated as 39.56%. The rate of decrease in the number of all
parcels in Tekirdag province was found to be close to the average for Tiirkiye (Eser and Ugan, 2012; Kir, 2012; Arslan
and Tunca, 2013; Boztoprak et al., 2015; Sisman and Bilgin, 2016; Dagdelen et al, 2017; Akdeniz and Temizel, 2018;
Akkaya Aslan, 2018; Durduran et al., 2018, Kirmikil and Aydus, 2018; Kuzu et al., 2018; Mesci and Karli, 2018;
Tunali and Dagdelen, 2018; Kesici Bahar, 2019; Kuslu and Ertem, 2019; Lok and Degirmenci, 2019; Kuzu and
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Degirmenci, 2020; Giirgeng Irmakli and Aydin, 2022)

While the average parcel size per enterprise was 26.65 da before the land consolidation project, this value increased
to 34.79 da after the consolidation project. In previous studies, the rates of change in parcel size after consolidation
vary between 27.33% and 75.23% (Eser and Ugan, 2012; Kir, 2012; Dagdelen et al., 2017; Akkaya Aslan, 2018;
Durduran et al., 2018; Tunali and Dagdelen, 2018; Kesici Bahar, 2019; Lok and Degirmenci, 2019). According to the
Wilcoxon test results, the difference was significant for all structural characteristics of the enterprises before and after
the consolidation project.

Table 2. Structural characteristics of the enterprises (before and after consolidation)

Before consolidation After consolidation

Min. Max. Average Min. Max. Average

Land size (da) 23.00  2250.00 360.98 20.00  2140.00 345.26
Irrigated land size (da) 0.00 455.00 27.22 0.00 398.00 24.78
Dry land size (da) 3.00  2115.00 333.76 2.00  2021.00 320.48
Number of parcels 3.00 63.00 16.12 2.00 37.00 9.29
Number of whole parcels 0.00 56.00 13.53 2.00 36.00 7.47
Number of shared parcels 0.00 12.00 2.82 1.00 7.00 1.59
Size of whole parcels (da) 0.00 2150.00 312.38 0.00 2140.00 327.89
Size of shared parcels (da) 0.00 364.00 47.70 0.00 70.00 17.39
Average parcel size (da) 2.30 189.00 26.65 4.60 225.00 34.79

3.2. Indicators of fragmentation and consolidation of enterprises
3.2.1. Januszewski Index (JI) and Simmons Index (SI)

When JI and SI values approach 1, it indicates that fragmentation has decreased, whereas values approaching 0
indicate that fragmentation has increased. After consolidation, the JI value increased from 0.344 to 0.419, and the SI
value increased from 0.197 to 0.254 (Table 3). The increase in these index values can be interpreted as a decrease in
fragmentation. However, the current index values remain relatively low compared to the ideal value of 1, suggesting
that there is significant room for improvement in reducing fragmentation. These results show that the land consolidation
project successfully reduced land fragmentation. However, better planning could lead to even greater improvements.

Table 3. JI and SI values of enterprises

Before consolidation After consolidation
JI 0.344 0.419
SI 0.197 0.254

In studies conducted in Nigde and Denizli provinces, JI and SI values increased after consolidation (Akkaya Aslan,
2018; Lok and Degirmenci, 2019).

According to the Wilcoxon test results, the difference between the JI values (X¥=0.344, SD:0.143) and SI values
(x=0.197, SD:0.16678) before consolidation and JI values (¥=0.419, SD:0.145) and SI values (X=0.254, SD:0.17088)
after consolidation are significant (Z=-5.539 for JI; p=0.000<0.05, Z=-5.067 for SI; p=0.000<0.05). According to these
results, the consolidation project reduced land fragmentation.

3.2.2. Consolidation Indicators

The consolidation rate (CR) of the enterprises based on the number of parcels was calculated as 35.40%. In studies
conducted on land consolidation in Tiirkiye, the consolidation rate was observed to vary between 27.11% and 77%,
with an average consolidation rate of 43.91% (Kir, 2012; Arslan and Tunca, 2013; Boztoprak et al., 2015; Sisman and
Bilgin, 2016; Dagdelen et al., 2017; Kuzu et al., 2018; Tunali and Dagdelen, 2018; Lok and Degirmenci, 2019). The
consolidation rate in Tekirdag province was found to be lower than the average.

In the study, the total distance of the parcels to the enterprise (TDP) was 13.145 km on average before consolidation,
while it became 11.584 km as a result of consolidation. An average decrease of 11.88% in the total distance of the
parcels to the enterprise was observed after consolidation. The decrease rate is similar to previous studies (Kuzu et al.,
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2018; Kuslu and Ertem, 2019). While the area-road length suitability (ARLS) was 70.326 on average before
consolidation, it decreased by 8.71% as a result of consolidation and became 64.199 (Table 4). The Average Number
of Parcels Per Farmer (ANPPF) decreased by 44.57% before consolidation and became 9.06. The Average Number of
Shares Per Farmer (ANSPF) decreased by 36.08% after consolidation and became 2.02.

Table 4. Consolidation Indicators

Before consolidation After consolidation Change (%)
TDP 13.145 11.584 11.88
ARLS 70.326 64.199 8.71
ANPPF 16.350 9.060 44.57
ANSPF 3.160 2.020 36.08

According to the Wilcoxon test results, the difference between before consolidation TDP (x =13.145,
SD:11.32129) and ARLS (x =70.326, SD:68.54491) and the after consolidation TDP (x =11.584, SD:10.44998) and
ARLS (x=64.199, SD:64.52481) is significant (Z=-4.587 for TDP; p=0.000<0.05; for ARLS (Z=-3.755;
p=0.000<0.05). These results indicate that the consolidation project reduced the total distance of the parcels to the
enterprise and the area-road length suitability values.

3.3. Change in fuel consumption and travel time loss due to shortened distance

As a result of the consolidation, the distance of parcels to the enterprise has decreased. Consequently, changes in
fuel consumption and travel time loss due to the shortened total distance have been examined.

The change in fuel consumption and travel time loss due to distance was calculated after the consolidation. Farmers
make an average of 12 trips to the fields for wheat production and 9 trips for sunflower production. Before consolidation,
the average fuel consumption per round trip was 5.35 liters, which decreased by 11.96% to 4.71 liters after
consolidation (7able 5). This difference was found to be statistically significant (p=0.01<0.05). These results
demonstrate that the land consolidation project reduced fuel consumption and associated costs.

Before consolidation, the average travel time loss per round trip for enterprises was 0.88 hours, which decreased
by 12.50% to 0.77 hours after consolidation. Considering the wheat and sunflower production processes, the travel
time loss per enterprise decreased by 6.93 to 9.24 hours after consolidation. This difference was also statistically
significant (p=0.01<0.05). Other studies have shown that travel time loss decreased by 50% to 82% (Ayten and Cay,
2017; Kuzu and Degirmenci, 2020; Giirgeng Irmakli and Aydin, 2022).

Table 5. Changes in fuel consumption and travel time loss of enterprises due to distance

Before
sy °
consolidation After consolidation Change (%)
Average fuel consumption (1) 5.35 4.71 11.96
Average road time loss (h) 0.88 0.77 12.50

3.4. Opinions and experiences of farmers about consolidation

95.05% of the farmers reported attending the informational meetings held prior to the consolidation, and 94.79%
stated that they were provided with sufficient information. The farmers who felt they were not adequately informed
indicated that the implementation differed significantly from the plans presented during the informational meetings.

The rate of farmers who objected to the new parceling plans and/or ownership lists was 84.16%. The most common
objection, accounting for 50.59%, was the change in parcel locations (7able 6). Other objections included parcel size
(21.18%)), the desire to remain in the same location (17.65%), the desire for consolidation (11.76%), parcel geometry
(8.24%), land value (5.88%), geographical structure (5.88%), neighbor relations (3.53%), individual title deeds
(1.18%)), fixed facilities (1.18%), and soil structure (1.18%). These complaints suggest that the expectations set during
the project planning phase were not adequately met. The research findings are similar to those of a study conducted by
Saym Kaya and Sisman (2020) in the province of Aksaray.

45.88% of the farmers stated that their objections did not yield any results, 35.29% said their objections were
accepted, and 18.82% reported partial success. The proportion of farmers who indicated that the consolidation took
longer than planned was 84.16%, while 24.75% reported experiencing income loss.
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Table 6. Issues that farmers object to

Subject of objection Frequency %*
Change in parcel locations 43 50.59
Parcel size 18 21.18
Desire to remain in the same location 15 17.65
Desire for consolidation 10 11.76
Parcel geometry 7 8.24
Land value 5 5.88
Geographical structure (slope, cracks etc.) 5 5.88
Neighbor relations 3 3.53
Individual title deeds 1 1.18
Fixed facilities 1 1.18
Soil structure 1 1.18

* More than one answer is

given by the farmers

Before consolidation, 93.07% of the farmers believed that the consolidation would be beneficial, but this percentage
dropped to 41.58% after consolidation. Among the farmers who expressed negative views about the consolidation
project, 48.08% stated that the outcomes did not match what was promised before the project, and 32.69% indicated
that the implementation was flawed (Table 7). This shift in perception is largely attributed to the lack of transparency
and communication throughout the project.

Table 7. Reasons for negative views after consolidation

Reasons for negative change Frequency %*

The outcomes did not match what was promised 25 48.08
The implementation was flawed 17 32.69
There was biased behavior 16 30.77
The personnel conducting the consolidation were inadequate 9 17.31
My new lands are less productive 7 13.46
No soil classification was conducted 4 7.69
I had to leave ancestral land 3 5.77
My lands became more dispersed (distance between parcels increased) 3 5.77
* More than one answer is given by the farmers

Tablo 8. Reasons for positive views after consolidation

Reason for positive change Frequency %*
Every parcel became accessible by road 32 76.19
My scattered parcels were consolidated 22 52.38
The number of shared titles decreased 14 33.33
The land was leveled, making agricultural operations easier 3 7.14
Public lands were distributed 2 4.76
Infrastructure (roads, irrigation, and drainage) facilities were established 1 2.38
Gathering the land parcels reduced my production costs 1 2.38

* More than one answer is given by the farmers

The aspects that farmers with positive views on the land consolidation project found favorable are presented in
Table 8.76.19% of the farmers reported that every parcel became accessible by road, 52.38% stated that their scattered
parcels were consolidated, and 33.33% noted that the number of shared titles decreased, leading them to view the
consolidation projects positively.

92.68% of the farmers reported incurring additional expenses due to land consolidation. Of these expenses, 62.50%
were for leveling operations, 31.25% for boundary adjustment, and 6.25% for boundary delineation. The average cost
per enterprise was calculated to be 34.307.89 TL.
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4. Conclusions

In Tekirdag province, the average land size of enterprises decreased by 4.35% following land consolidation. The
higher reduction rate compared to the deductions recorded by the General Directorate of State Hydraulic Works (DSI)
may be attributed to farmers working on lands with unclear ownership or on treasury lands.

The study found that the number of parcels per enterprise decreased by 42.37% after land consolidation. The
reduction in the average number of parcels indicates that one of the objectives of the consolidation has been achieved.

After consolidation, the number of whole parcels decreased by 44.79%, and the number of shared parcels decreased
by 43.62%. The decrease in whole parcels can be explained by the merging of adjacent whole parcels under a single
title deed. The average parcel size per enterprise increased by 30.54%, reaching 34.79 da. The increase in average
parcel sizes can be considered an indication of the effectiveness of land consolidation projects in enhancing the
efficiency of tools and machinery.

The reduction in the number of parcels, coupled with the increase in the number of whole parcels and parcel area,
is a structurally desirable situation for enterprises. This suggests that the land consolidation project has had a
structurally positive impact on the enterprises.

According to the calculated JI and SI index values, the land consolidation reduced land fragmentation. However,
the land consolidation project in Tekirdag province has reduced land fragmentation less compared to other provinces.
These results indicate that while the land consolidation project has decreased land fragmentation, better planning could
further reduce fragmentation.

The consolidation rate (CR) based on the number of parcels per enterprise was calculated to be 35.40%. By
consolidating the arable lands of enterprises, assessing the boundary losses due to fragmented lands, and saving time,
labor, fuel, and depreciation costs associated with accessing the land. These changes are expected to contribute to
increased income for enterprises, thereby benefiting the national economy.

Following the land consolidation project, the increase in average parcel size and the decrease in both the number
of parcels and land fragmentation indicate that enterprises have achieved a more efficient structure. These findings
support the first hypothesis of the study and demonstrate the positive structural impacts of land consolidation projects
on enterprises.

The total distance of parcels from the enterprise (TDP) decreased by 11.88%, from 13.145 km to 11.584 km. The
area-road length suitability (ARLS) decreased by 8.71% to 64.199. The reduction in the distance between enterprises
and their parcels increases operational efficiency, which is one of the main objectives of land consolidation. The
decrease in distance results in lower fuel consumption, reduced labor, and less time spent. This indicates that the land
consolidation project has a positive economic impact on enterprises and support the second hypothesis.

The results of the study indicate that the land consolidation projects implemented in Tekirdag province have failed
to meet social expectations and have led to dissatisfaction among farmers. After the consolidation, the percentage of
farmers who believed it was beneficial decreased from 93.07% to 41.58%, and 84.16% of the farmers raised objections
regarding the process. Additionally, 48.08% of the farmers reported that the promises made were not fulfilled, and
32.69% stated that there were errors in the implementation. Based on these findings, the study's third hypothesis should
be rejected.

While the primary goals of consolidation projects often center around economic and structural benefits, the social
benefits can significantly affect the long-term success and perception of these projects. In this study, although land
consolidation in Tekirdag province resulted in tangible economic improvements such as reduced fuel consumption and
enhanced operational efficiency, the social outcomes were less favorable. The significant drop in the percentage of
farmers who believed that consolidation would be beneficial indicates a gap between expectations and outcomes. This
dissatisfaction was largely due to the perceived shortcomings in communication and execution, with many farmers
feeling that their concerns were either inadequately addressed or ignored.

Farmers' objections to the process, particularly related to the new parceling and ownership arrangements, further
underscore the need for more inclusive and transparent project management. Over 84% of the farmers raised objections
during the implementation phase, with many citing issues such as changes in parcel locations and dissatisfaction with
parcel sizes. These objections highlight a broader issue of farmer engagement in the planning stages. For future projects,
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it is crucial to establish more effective channels for farmer participation, where their input is not only solicited but
genuinely integrated into the decision-making process. The success of land consolidation projects should be measured
not only by economic gains but also by the level of social harmony and farmer satisfaction they achieve.

To address these social challenges, land consolidation efforts must prioritize the education and involvement of
farmers from the earliest stages. Informational meetings alone are not enough; there needs to be a concerted effort to
ensure that the information provided is clear, accessible, and tailored to the specific needs and concerns of the farming
community. Additionally, building trust through consistent and transparent communication is essential. Farmers need
to feel that they are active participants in the process and that their livelihoods and opinions are valued. By fostering a
more participatory approach and addressing social concerns head-on, future land consolidation projects can not only
improve economic efficiency but also contribute to stronger, more resilient agricultural communities.

Farmers in the region generally attend information meetings. However, due to insufficient understanding of the
information provided at these meetings, farmers have reported that they are not adequately informed. The importance
of farmers' participation in these meetings should be emphasized more. To ensure farmers are satisfied with land
consolidation projects and for the projects to achieve successful outcomes, it is essential to accurately convey problems
and demands during consultations and to gain farmers' trust. Farmers living outside the village have indicated that there
are delays in receiving information about the meetings. To address this issue, new information dissemination methods
need to be implemented. Sending information messages to farmers' registered mobile phone numbers and, if available,
to their email addresses will ensure that meeting dates reach more farmers.

Farmers have reported that the lands allocated to them after the consolidation project are not suitable for cultivation
(e.g., due to elevation differences, gullies, riverbeds). This issue is thought to stem from discrepancies between actual
data and recorded data. The cadastral records are not up-to-date, riverbeds have shifted over time, and there are
unregistered streams and small creeks that do not appear as rivers on maps, leading to inconsistencies between the
mapped and actual land structures. Therefore, the database underpinning the consolidation, both spatial and non-spatial
(title deeds and farmer information), must be current, complete, and accurate.

More than 90% of the farmers reported incurring additional expenses due to the land consolidation. Land
improvement services within the fields are carried out after the completion of consolidation in nearby parcels. However,
farmers undertake tasks such as land leveling and boundary adjustments themselves to avoid missing the planting
season, as waiting for officials would cause them to miss out on the next year's crop. Therefore, such tasks should be
completed before the planting preparation period to ensure farmers do not miss the cultivation season.

The primary reason for the positive perception of the land consolidation among farmers was determined to be the
provision of roads to each parcel post-consolidation. The increase in the number of parcels with road access not only
provides economic advantages to the enterprises but also contributes to social harmony.

In order to minimize the issues encountered in land consolidation and achieve the set goals, it is essential to
prioritize educational and extension activities that foster a positive outlook among producers toward consolidation.
During these activities, all details of the consolidation projects should be explained to farmers, and necessary
information should be provided using data from successfully completed consolidation projects. It is believed that such
information meetings can help eliminate farmers' prejudices about land consolidation.

The increase in successful consolidation projects could encourage agricultural landowners to adopt consolidation
and contribute to its broader acceptance.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Mikrodalga Kurutma Yéntemiyle Uretilen Karpuz Cipslerinde Gii¢ degerlerinin
Kuruma Kinetikleri, Enerji Tiiketimi ve Renk Kriterleri Ozelliklerine Etkisi

Effect of Power Values on Drying Kinetics, Energy Consumption and Color Criteria
Properties of Watermelon Chips Produced by Microwave Drying Method

Muhammed TASOVA", Samet Kaya DURSUN!

Oz

Karpuz birgok besin degerini biinyesinde barindiran ve bol sulu kabakgillerden olan tarimsal bir {iriindiir. Karpuz
cipsi liretiminin gelismesi hem {ilke olarak hem de kiiresel boyutta taze {iriinlere alternatif fonksiyonel bir gida
olmasi agisindan 6nemlidir. Bu ¢alismada, karpuz cipsi iiretimi i¢in mikrodalga teknigi kullanilarak 180, 360 ve
540 W gii¢ degerlerinde taze karpuz dilimleri kurutulmustur. Caligmanin amaci, karpuz cipsi iiretiminde kinetik,
kalite 6zellikleri ve enerji tiiketim parametreleri agisindan en uygun mikrodalga gii¢ seviyesini tespit etmektir.
Kurutma islemlerinde i¢in kuruma siiresi, kuruma orani, nem orani, renk parametreleri, efektif nem difiizyonu,
6zgiil nem ¢ekme oran1 (SMER) ve 6zgiil enerji tikketimi (SEC) degerleri belirlenmistir. Karpuz cipsi {iretiminde
en kisa kuruma siiresi 540 W giicte kurutulan 6rneklerde 11 dakika olarak belirlenmistir. En uzun kuruma siiresi
ise 180 W giicte 48.50 dakika olarak belirlenmigtir. Kurutma iglemlerinde 180, 360 ve 540 W mikrodalga gii¢
degerleri icin tespit edilen kuruma oranlari sirayla 0.200, 0.530 ve 0.939 g nem g kuru madde.dakika™ olarak
tespit edilmistir. Taze karpuz dilimlerin L, a ve b degerleri sirasiyla 43.17, 31.32 ve 20.59 olarak belirlenmistir.
Taze dilimlere en yakin renk degerleri 360 W gii¢ degerinde kurutulan 6rneklerde belirlenmistir. Mikrodalgada
360 W gii¢ degerinde kurutulan 6rneklerin L, a ve b degerleri sirasiyla 41.35, 16.56 ve 12.07 olarak tespit
edilmigtir. Kurutma islemlerinin efektif nem difiizyon degerlerinin 3.74x10711-2.27.1071° m?.s! arasinda degistigi
tespit edilmistir. En yiiksek 6zgiil nem ¢ekme orani (SMER) 540 W giicte kurutulan 6rneklerde ortalama 0.0662
kg kWh! olarak belirlenmistir. En diisiik 6zgiil enerji tiiketim (SEC) degeri 540 W giigte kurutulan drneklerde
14.52 kW kg olarak hesaplanmistir. Bu ¢alismada kuruma siiresi, efektif nem difiizyonu ve enerji parametreleri
acisindan karpuz dilimlerinin mikrodalgada 540 W gii¢ degerinde kurutulmasi dnerilmektedir. Renk degerleri
acisindan karpuz cipsi iiretiminde 360 W mikrodalga gii¢ degerinde kurutulmasi 6nerilmektedir.

Anahtar Kelimeler: Karpuz cipsi, Kuruma kinetigi, Renk kalitesi, Enerji tiiketimi, Mikrodalga enerji
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Tasova & Dursun
Mikrodalga Kurutma Yéntemiyle Uretilen Karpuz Cipslerinde Gii¢ degerlerinin Kuruma Kinetikleri, Enerji Tiiketimi ve Renk Kriterleri Ozelliklerine Etkisi

Abstract

Watermelon is an agricultural product belonging to the cucurbit family, known for its high water content and
various nutritional values. The development of watermelon chip production is important as it serves as a
functional food alternative to fresh products, both nationally and globally. In this study, fresh watermelon slices
were dried using the microwave technique at power values of 180, 360, and 540 W. The aim of the study is to
identify the optimal microwave power values in terms of drying kinetics, quality characteristics, and energy
consumption parameters for watermelon chip production. During the drying processes, the drying time, drying
rate, moisture content, color parameters, effective moisture diffusion, specific moisture extraction rate (SMER),
and specific energy consumption (SEC) values were determined. The shortest drying time was found to be 11
minutes for samples dried at 540 W. The longest drying time was determined to be 48.50 minutes at 180 W. The
drying rates for 180, 360, and 540 W microwave power values were found to be 0.200, 0.530, and 0.939 g
moisture g.dry matter.minute™!, respectively. The L, a, and b values of fresh watermelon slices were determined
as 43.17, 31.32, and 20.59, respectively. The closest color values to fresh slices were found in samples dried at
360 W, with L, a, and b values of 41.35, 16.56, and 12.07, respectively. The effective moisture diffusion values
during the drying processes were found to range between 3.74x107'! and 2.27x107'° m?.s”!. The highest SMER
was determined to be an average of 0.0662 kg kWh™! for samples dried at 540 W. The lowest SEC value was
calculated as 14.52 kW kg for samples dried at 540 W. This study recommends drying watermelon slices in a
microwave at a power level of 540 W in terms of drying time, effective moisture diffusion, and energy
parameters. For color values, drying at 360 W microwave power is suggested for watermelon chip production.

Keywords: Watermelon chips, Drying kinetics, Color quality, Energy consumption, Microwave energy
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1. Giris

Kabakgiller familyasindan olan karpuz (Citrullus lanatus) Afrika iilkelerine ait bir kiiltiir bitkisidir (Doymaz,
2014). Yiiksek nem igerigi ve tatli aromasiyla birlikte 6zellikle yaz aylarinda susuzluk giderici meyve olarak
tiketilmektedir (Nakilcioglu-Tas ve ark., 2021). Karpuz yiiksek nem igerigi (~%90), antioksidan, fenolik
bilesikler, karotenoidler (B-karoten ve likopen), vitaminler (A, B, C ve E) ve belirli aminoasitler (sitrullin)
biinyesinde bulundurmaktadir (Akyildiz ve ark., 2017). Karpuz biinyesinde bulundurdugu maddeler sayesinde
insanlar1 kansere karst ve DNA gibi molekiilleri oksidatif hasara karsi korumakta biinyesinde bulundurdugu
likopen sayesinde kirmizi rengi almaktadir (Oberoi ve Sogi, 2015a). Taze karpuz meyvesinin, mevsimlik bir
iiriin olmasindan dolayr tiim yil boyunca bulunmasi zordur. Meyvenin yiiksek besin icerigi g6z Oniinde
bulundurulursa yil boyunca tiiketilmesi saglik agisindan yararli olabilir (Nakilcioglu-Tas ve ark., 2021). Diinya
genelinde dogal gida ve saglikli atistirmaliklara artan talep yeni iriinleri ortaya cikartmayi gerekli hale
getirmistir. Kurutulmusg iiriinler bu talepleri karsilamak agisindan tiiketiciler i¢in yenilik¢i bir {irlin alani olarak
biiyiik neme sahiptir. Meyve cipsleri agirlikta ve hacimde sagladig1 avantajlardan dolay1 nakliye masraflarini en
aza indirmekte ve bununla birlikte biyoaktif maddelerin daha yogun hale gelmesinden dolay1 insan diyetlerinde
¢ok fazla tercih edilmektedir (Du ve ark., 2013; Zou ve ark., 2013). Meyve cipsi iiretiminde uygulanan yagda
kizartma yontemi lezzet ve gevreklik agisindan insanlar tarafindan begenilen bir yontemdir. Ancak yagda
kizartma yontemiyle iiretilen meyveler ¢cok fazla yag emmesinden dolayi saglik agisindan olumsuz yonler
icermektedir vardir (Saxena ve ark., 2012; Taib ve ark., 2013). Kurutma iglemi, belirtilen olumsuz yontemlerden
uzak kalarak ve sundugu bazi avantajlardan dolay1 kurutma iglemi meyve cipsi liretiminde uygulanan en genel
yontemlerdendir.

Kurutma islemi kisaca, nem igeriginin taze iirlinden uzaklastirilmasi olarak tanimlanabilir. Bu islemdeki
temel amac enzimatik reaksiyonlar sonucunda olusabilecek bozulmalar1 dnlemek ve bu siiregte iiriinlerin aroma,
tat ve renk 6zelliklerini korumaktir (Bonazzi ve Dumoulin, 2011). Bilenen en eski kurutma yontemi agik alanlara
serilerek giineste ve golgede kurutmadir. Maliyet agisindan 6nemli avantajlar saglayan ¢evreci bir yontem olsa
da giineste kurutma isleminin yilin her déneminde yapilamamasi, genis alanlara ihtiya¢ duyulmasi, iriiniin
istenilen nem seviyesine diisiiriilememesi ve g¢evresel faktorlerden (toz, yagmur riizgar, bocekler, kuslar vb.)
olumsuz etkilenmesi gibi bazi dezavantajlart vardir (Purohit ve ark., 2006; Sharma ve ark., 2009; Taskin ve ark.,
2021). Kurutma islemlerinde yaygimn olarak kullanilan diger bir yontem ise sicak havayla kurutmadir. Sicak
havayla kurutma isleminde, 1s1 {irliniin disindan igerisine dogru difiize olur. Bu ydntem kuruma siiresinin
uzamasina, daha fazla enerji tiiketilmesine ve daha diisiik kalite ozelliklerinin meydana gelmesine neden
olmaktadir (Aksiit ve ark., 2023). Giinlimiizde popiiler hale gelen mikrodalga kurutma isleminde 1s1 sicak
havayla kurutma isleminden farkli olarak igerden disar1 dogru difiize olur. Bu durum kuruma siiresinin
azalmasima ve daha az enerji tiiketilmesine neden olmaktadir (Yilmaz ve Alibas, 2021). Kurutma islemlerinde
gerceklesen enerji tilketimi degerlerinin yiiksek oldugu bildirilmektedir. Ulkelerin toplam enerji tiiketimlerinin
ortalama %10-25 oraninin yalnizca kurutma endiistrisi ve islemlerinde tiiketildigi bilinmektedir (Mujumdar ve
Law, 2010). Bu nedenle hem iiretim maliyetinin azalmasi hem de siirdiiriilebilir olmasi i¢in kurutma islemlerinde
enerji tiiketiminin azaltilmasina yonelik farkli tekniklerin gelistirilmesi onemlidir. Karpuz kurutma ile ilgili
literatiirde bazi ¢alismalar vardir. Akyildiz ve ark. (2017), ¢alismalarinda karpuz dilimlerini konveksiyonel (70
°C) ve dondurarak (-66 °C, +5 mtorr) kurutmus ve bazi kalite 6zelliklerini incelemiglerdir. Caligma sonucunda
dondurularak kurutulan iiriinlerin L (parlaklik) ve hue degerleri artarken, kirmizilik (a) degerinin azaldigini ve en
fazla toplam renk degisim (AE) degerlerinin gergeklestigini bildirmislerdir. Chakraborty ve Mondal (2017),
calismalarinda karpuzun ozmotik dehidrasyonu ve kizilotesi destekli vakumlu kurutucuda kuruma hizini
artirmak amaciyla aralikli zorlanmig CO;, konveksiyon yontemiyle kurutmuslardir. Calisma sonucunda ozmotik
dehidrasyonu 6n islem olarak onerdikleri, aralikli tasiyict gazin (COz) kontrol grubuna gore kuruma siiresini 30
dakika kadar azalttigin1 daha diisiik aktivasyon enerjisi ve yiiksek enerji verimliligi sagladigini bildirmislerdir.
Tepe (2023), doktora tezi ¢aligmasinda kavun ve karpuz cipsi tiretmek icin farkli kurutma yontemlerinin ve 6n
islemlerin kuruma ve bazi kalite parametrelerine olan etkilerini aragtirmistir. Karpuz Orneklerini konvektif
kurutucuda, mikrodalga kurutucuda ve hibrit (sicak havatmikrodalga) kurutucuda kurutmustur. Calisma
sonucunda 6n iglem, sicaklik ve gii¢ artigiyla kuruma siirelerinin azaldigini tespit ederken efektif kiitle difiizyon
degerlerinin arttigin1 belirtmistir. En yiliksek renk degisim degerlerinin mikrodalga ve hibrit kurutma
yontemlerinde meydana geldigini bildirmistir.
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Bu calismada, karpuz cipsi liretiminde mikrodalga gii¢ degerlerinin kuruma orani, nem orani, renk degerleri,
efektif nem difiizyonu, 6zgilil nem ¢ekme orami ve o&zgiil enerji tiketimine olan etkilerini belirlemek
amaglanmistir.

2. Materyal ve Metot
2.1. Ham materyal

Caligmada kullanilan karpuz Tokat ili’n deki yerel bir semt pazarindan satin alinarak galisma sonlanana
kadar buzdolab1 kosullarinda +440.5 °C sicaklikta muhafaza edilmistir. Kurutma islemleri Tokat Gaziosmanpasa
Universitesi Biyosistem Miihendisligi béliimii kurutma laboratuvarinda gergeklestirilmistir.

2.2. Kurutma islemi

Kurutma islemleri i¢in Vestel Marka MD-GD23 model 2450 MHz (Tiirkiye) mikrodalga kurutma firini
kullanilmistir ve iiriinler yag baza gore (y.b) < % 7 nem degerine kadar kurutulmustur. Kurutma iglemleri
mikrodalga kurutucuda 180, 360 ve 540 W giic degerlerlerinde yapilmistir. Kurutulan 6rneklerin agirlik
degisimini takip etmek i¢cin AND marka GF-300 model hassas terazi (0.01 g) kullanilmistir. Kurutma iglemleri
sonlanana kadar karpuz 6rnekleri 30 saniye ve 1 dakika araliklarla agirlik 6l¢timleri yapilmistir.

2.3. Kuruma orani (KO)

Karpuz cips 6rneklerinin kuruma oranlarinin hesaplanmasi i¢in 1 numarali esitlik kullanilmistir (Doymaz ve
ark., 2000).

DR = W (Es. 1)

Burada: M; t anindaki nem igerigi (g nem.g kuru madde™), dt; dakika, DR; kuruma orani (g nem.g kuru madde
dakika™).

2.4. Nem orant (NO)

Kurutma islemi esnasinda karpuz cips Orneklerinden uzaklasan nem miktarmin siireye bagli oranlarini
belirlemek i¢in 2 numarali esitlik kullanilmistir (Maskan, 2000).

M-M,
Mo—Me

MR =

(Bs. 2)
Burada: MR; Nem orani, M; Uriiniin anlik nem igerigi (g nem.g kuru madde'), M¢; Uriiniin denge nem igerigi (g
nem.g kuru madde™), M,; Uriiniin ilk nem icerigidir (g nem.g kuru madde™).

2.5. Efektif nem difiizyonu

Kurutma islemlerinde karpuz cipslerinden uzaklasan nemin efektif nem difiizyon degerlerini hesaplamak igin
3 numarali esitlik kullanilmigtir (Corzo ve ark., 2008).

TIZ'Deff.t

8
InMR = In— e

(Es. 3)

Burada: D kiitle difiizyon degerini (m? s!), L; {iriiniin kalinlik degerinin (m) yarisi, t: ise iiriiniin kuruma
stiresini gostermektedir.

2.6. Ozgiil nem ¢ekme orani

Kurutma islemlerinde birim enerji degerine karsilik uzaklasan nem miktarin1 (SMER) hesaplamak i¢in 4
numarali esitlik kullanilmistir (Surendhar ve ark., 2019).

Kurutma isleminde uzaklasan nem (kg)

SMER = (Es. 4)

Kurutucunun tikettigi enerji (kWh)
Burada: SMER; 6zgiil nem gekme orani (kg kWh'!).
2.7. Ozgiil enerji tiiketimi

Kurutma iglemlerinde bir kilogram nemi uzaklastirmak i¢in harcanan enerji miktarini ise 5 numarali esitlik
kullanilarak hesaplanmistir (Tan ve ark., 2012).
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SEC = 2t (Es. 5)

mw
Burada: SEC; ozgiil enerji tiiketimi (kWh.kg nem™), E; toplam tiiketilen enerji (kWh), my; uzaklagan nem
miktar1 (kg).

2.8. Renk degerleri

Taze ve cips haline gelen karpuz drneklerinin parlaklik (L), kirmizi/yesil (a) ve sar/mavi (b) degerlerini
dlgmek icin CR400 model/Japan renk 6lgiim cihazi kullanilmistir. Olgiilen degerler laboratuvar 6lgiim degerleri
olup bunlar kullanilarak kroma, hue ve toplam renk degisim degerleri hesaplanmistir. Kroma degeri iiriiniin renk
tonunu belirtirken solgun renklerde diisiik, canli renklerde ise yiiksek degerler hesaplanmaktadir. Hue degeri
iiriin renk degerlerinin 360°’lik bir radyanttaki yerini belirtmektedir. Sinir agis1 degerlerinden 0°; kirmizi, 180°%
yesil, 90 °; sar1 ve 270°% mavi ana renkleri temsil etmektedir. Toplam renk degisim degeri ise kurutma
islemlerinde 1siyla parcalanan (enzimatik olmayan) renk pigmentlerinin toplam degisimini gostermektedir.
Hesaplanan renk degerleri daha ¢ok fiiriiniin ticari degeri ve tiiketici i¢in karar verici olmast agisindan 6nemlidir.
Bu degerleri hesaplamak i¢in 6, 7 ve 8 numarali esitlikler kullanilmigtir.

Renk degeri Esitlik Kaynak No
Kroma _ 2 n2y1/2 Ramallo ve Mascheroni (Es. 6)
C=(a*+b? (2012)
Hue b Alemrajabi ve ark. (Es. 7)
h® = tan‘l(a) (2012)
Toplam renk Tan ve ark.
degisimi AE = /(L - L)? + (a—a*)?> + (b — b*)? (2001) (Es. 8)

L, a ve b degerleri taze iiriinlere ait parlaklik, kirmizilik ve sarilik renk degerlerini gostermektedir L* a* ve b*
degerleri kurutulan 6rneklere ait parlaklik, kirmizilik ve sarilik renk degerlerini gostermektedir.
2.10. Istatistiksel analiz

Uretilen karpuz cipslerinin renk, ve fiziko-kimyasal dzelliklerini istatistiksel acidan degerlendirmek icin SPSS 22.
programinda Duncan ¢oklu karsilastirma testi (P<0.05) yapilmustir.

3. Arastirma Sonuclari ve Tartisma
3.1. Kuruma verileri

Karpuz o6rnekleri mikrodalga kurutucuda belirtilen nem seviyesine kadar (%7) kurutulmustur. Kuruma
stireleri 180, 360 ve 540 W giicte sirasiyla 48.5, 19.5 ve 11 dakika olarak belirlenmistir. Mikrodalga kurutucuda
kurutulan karpuz cipslerine ait kuruma egrileri Sekil 1’ de verilmistir.

Mikrodalga

12 Mikrodalga
18
—e— 180W
1,04 L o 360W 16 —e— lsow
/ sa0w _ ° - 360W
~ T 4] 540 W
o
2 08 2
= 4
3 5 12
S
= 06 2 104 )
] g :
5 = 08 J*.‘
£ 044 E X
2 5 061 ¢ B
) 2
S 02 & 044 . b
“ ° »
Z 02
00 -
004 4
0 10 20 30 40 50 60 0 10 20 30 40 50 60
Siire (dakika) Siire (dakika)

Figure 1. Drying kinetics curves

Sekil 1. Kuruma kinetigi egrileri
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Sekil 1’ e gore karpuz dilimlerine uygulanan farkli mikrodalga giic degerleri iirinlerin kuruma ve nem
oranlarimi etkilemistir. Gii¢ degerlerindeki artig istenilen nem seviyesine daha kisa siirede ulagmasini saglamistir.
Mikrodalga gii¢ degerlerindeki artigin karpuz dilimlerinin doku yapisindaki direnci daha iyi kirdig: ve {iriinden
nem difiizyonunun daha yiiksek olmasina sebep oldugu diisiiniilmektedir. Tagova ve ark. (2023a), ¢alismalarinda
balkabag: cipslerinde benzer sonuglar bulduklarini ifade etmiglerdir. Kurutma islemlerinin 180, 360 ve 540 W
mikrodalga gii¢ degerlerine gdre kuruma oranlari sirayla 0.200, 0.530 ve 0.939 g nem g kuru madde.dakika™!
olarak hesaplanmigtir. Bu durumda, mikrodalga gii¢c artisinin karpuz Orneklerinin hiicre yapisindaki basing
degerlerini yiikselterek nemin daha hizli uzaklasmasina neden oldugu diisiiniilmektedir. Y1ldiz ve Reyhan (2023)
calismasinda mikrodalga gii¢ degerinin limondan uzaklasan nem miktar1 arasinda olumlu bir korelasyon
oldugunu bildirmiglerdir. Arslan ve ark. (2021) infrared kurutma sistemiyle kurutulmus geleneksel ve organik
biber iiretmislerdir. Calismalarinda infrared sicaklik degerinin artmasiyla kurutma islemlerin nem orani ve
kuruma orani degerleri artmistir. Literatiirde Doymaz (2014) ve Dhurve ve ark. (2022), karpuz ¢ekirdekleri i¢in
benzer sonuglar elde ettiklerini ifade etmislerdir.

3.2. Efektif nem difiizyon degerleri
Karpuz cipslerinin efektif nem diflizyon degerine mikrodalga giiglerinin etkisi 7ablo 1’ de verilmistir.
Tablo 1. Karpuz cipslerine ait efektif nem difiizyon degerleri

Table 1. Effective moisture diffusion values of watermelon chips

Mikrodalga giic degerleri Efektif nem difiizyon (m?s™) R

180 W 3.74x10" 0.838
360 W 1.22x1071° 0.910
540 W 2.27x1071° 0.925

Tablo I’ e gore karpuz Orneklerinin kiitle difiizyon degerlerine mikrodalga gii¢ degerlerinin etkili oldugu
tespit edilmistir. Mikrodalga gii¢ degerlerinin artmasinin karpuz dilimlerinin kiitle difiizyon degerlerine artirict
bir etki yaptig1 tespit edilmistir. Tasova ve ark. (2023b), mikrodalga (360 ve 720 W), sicaklik kontrollii
mikrodalga (50 ve 70 °C) ve hibrit (mikrodalga+sicak hava (350 W+50 °C ve 350 W+70 °C)) kurutucular ile
kuruttuklari baliklarin kurutma iglemlerinde sicaklik ve mikrodalga gii¢c degerlerinin artmasiyla efektif difiizyon
degerlerinin de arttigini saptamiglardir. Literatiirdeki ve bu ¢alismadaki bulgularin uyumlu oldugu goriilmiistiir.
Oberoi ve Sogi (2015b), karpuz posasini akiskan yatakli kurutucuda ve konvektif kurutucuda farkli sicakliklarda
(50, 60 ve 70 °C) ve arkl besleme hizlarinda (2, 4 ve 6 kg/m?) kurutmuslardir. Kurutma islemlerinin kiitle
difiizyon degerlerinin 0.35-3.54x10® m? s! arasinda degistigini bildirmislerdir. Nguyen ve ark. (2022),
calismalarinda diisiik sicaklik (20, 25 ve 30 °C) ve disiik mikrodalga giiclerinde (1.5, 3.0 ve 4.5 W/g) calisan
hibrit bir kurutucu ile aci kavun kurutma caligmas: yapmuslardir. Calisma sonucunda ise kiitle difiizyon
degerlerini 1.14-2.59x10®¥m? s! araliginda degistigini tespit etmislerdir. Literatiirdeki ¢alisma kapsaminda tespit
edilen bulgularin bu calismada elde edilen verilerden kismen daha biiyiik oldugu goriilmektedir. Bu noktada,
kullanilan karpuz 6rneklerinin ilk nem igerigi, doku yapisi, {iriiniin yapisindaki besin maddelerinin (seker, lif vb.)
oraninin, kiitle difiizyonun daha biiyiik olmasina neden oldugu diistiniilmektedir.

3.3. Enerji tiiketim parametreleri

Karpuz orneklerine ait kurutma islemlerinin SMER, SEC ve toplam enerji tiiketim degerleri Tablo 2’de
verilmistir.

Tablo 2. Karpuz drneklerine ait enerji parametreleri

Table 2. Energy parameters of watermelon samples

Yéntem Mikrodalga SMER SEC Toplam enerji titkketimi
gii¢ degerleri (kg kWh) (kWh kg™) (kWh)
180 W 0.0429 23.30 0.226
Mikrodalga 360 W 0.0587 17.04 0.176
540 W 0.0662 14.52 0.156

Kurutma iglemleri esnasinda zamana bagl (anlik) tiiketilen enerji degerleri Sekil 2° de verilmistir.
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Figure 2. SMER, SEC and total energy consumption values
Sekil 2. SMER, SEC ve toplam enerji tiiketim degerleri

Tablo 2’ ye gore mikrodalga gii¢c degerleri kurutma islemlerinin enerji parametrelerini etkilemistir. Tagsova ve
Dursun (2024), caligmalarinda mikrodalga giic degerlerinin 6zgiil nem ¢ekme orani ve 6zgiil enerji tilketim
degerlerini etkiledigini ifade etmislerdir. Calismada mikrodalga gii¢ degerlerinin artmasiyla islemin kuruma
sliresi azalmistir ve bu sebeple 6zgiil nem ¢ekme orant (SMER) degerlerinin arttig1 gézlemlenmistir. Bu durum,
yiiksek mikrodalga gii¢ degerlerinde yapilan kurutma iglemlerinde iiriinden daha fazla nem uzaklastirildig1 i¢in
kWh enerji tiiketim degerine diigen nem miktarinin da artmasindan kaynaklanmaktadir. Tunckal ve ark. (2022),
1s1 pompali kurutucu ile kavun dilimlerini kurutma c¢aligmasi gergeklestirmiglerdir. Calisma sonucunda 6zgiil
nem ¢ekme oranmm (SMER) 0,125 ile 0,215 kg kWh'! arasinda degistigini bildirmislerdir. Bu caligmada
literatiirdeki calismadan daha diisiik degerler elde edilmesinin nedeni, ¢alismalardaki kurutucularin farkliligindan
kaynaklandig1 diisiniilmektedir. Literatiirdeki c¢aligmada kullanilan kurutucu ile bu c¢aligmadaki kurutucu
karsilastirildiginda literatiirdeki c¢aligmada kullanilan 1s1 pompali kurutucunun kuruma siiresi ve enerji
tilkketiminin daha yiiksek olmast etkili oldugu diisiiniilmektedir. Tagsova ve Dursun (2024), kopiik kurutma
yontemiyle kavun tozu iirettikleri ¢calismada hazirladiklari kavun piirelerini mikrodalga kurutucuda (360, 540,
720 ve 900 W) kurutmuslardir. Calisma sonucunda kurutma iglemlerinin SMER degerlerini 0.024-0.047 kg kWh"
! arasinda degistigini tespit etmislerdir. Literatiirdeki ve bu ¢alismadaki farkliliklarm kurutulacak olan iiriiniin
fiziki (nem, doku yapis1 ve hiicre yapist vb.) yapisindan piire icerisine ekledikleri kopiirtiicti ve kdpiigii stabilize
etmek icin kullandiklari maddelerden kaynakli oldugu tahmin edilmektedir. Bu g¢alismada, mikrodalga gii¢
degerlerinin artmasiyla 0zgiil enerji tiiketim (SEC) degerleri azalmistir. Bunun nedeni mikrodalga gii¢

degerlerinin artmasiyla iiriiniin kuruma siiresi azaldig1 icin tiiketilen toplam enerji miktarlar1 da azalmistir. Bu
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durum SEC degerlerinin azalmasina neden olmustur. Zadhossein ve ark. (2021), caligmalarinda mikrodalga
giiclindeki bir artisin SEC degerlerini dnemli 6lgiide azaltabilecegini bildirmislerdir. Calisma kapsaminda elde
edilen bulgularin literatiirdeki bulgular ile uyumlu oldugu goriilmektedir. Bu ¢aligmada elde edilen veriler
dogrultusunda SMER, SEC ve toplam enerji tilketim degerlerinin birlikte oldugu 3D gosterimi Sekil 2° de
verilmistir.

3.4. Renk parametreleri
Taze ve kurutulmus karpuz 6rneklerine ait 6lgiilen ve hesaplanan renk degerleri Tablo 3’ te verilmistir.
Tablo 3. Renk degerleri
Table 3. Color values

Yéntem Mikrodalga a b c he AE
giic degerleri

Taze - 43.172 31.32° 20.592 37.722 33.71* -
180 W 40.952 12.25¢ 9.02¢ 15.23¢ 35.942 30.04°

Mikrodalga 360 W 41.352 16.56° 12.07° 20.50° 35.06* 28.71°
540 W 36.09° 10.90¢ 8.20¢ 13.64¢ 36.612 25.95°

Tablo 3’ e gore kurutularak elde edilen karpuz cipsi ile taze karpuz 6rnegi arasinda kirmizi (a), sar1 (b) ve
kroma (C) degerleri agisindan istatistiksel olarak (p<0.05) fark bulunmustur. Uretilen karpuz cipslerinin tazeye
gore L (540 W hari¢) ve hue (k% degerini korudugu tespit edilmistir. Uretilen karpuz cipslerinin a ve b
degerlerini tazeye gore koruyamadigi belirlenmistir. Bunun nedeninin gii¢ degerleri ve 1si1l igleme maruz kalma
stiresi ile ilgili oldugu disiiniilmektedir. Song ve ark. (2017), hibrit kurutucuda (mikrodalga+vakum) kabak
kurutma calismasi gergeklestirmislerdir. Caligma sonucunda a ve b degerlerindeki degisikliklerin karoten
bozulmasima bagl olabilecegini bildirmislerdir. Mikrodalga kurutucuda kurutulan karpuz 6rneklerinin kroma
degerlerinin tazeye goOre azaldigi belirlenmistir. Zia ve ark. (2023), yaptiklari karpuz kabugu kurutma
calismasinda mikrodalga giic degerlerinin kroma degerlerini azaltti§ini tespit etmiglerdir. Bunun sebebinin
iirindeki proteinlerin, karbonhidratlarin ve karotenoidlerin termal bozulmaya karst hassas olmasindan
kaynaklandigini ve bununla birlikte Maillard reaksiyonu gibi belirli reaksiyonlarin bagladigini ifade etmislerdir.
Toplam renk degisimi (4E) en yiiksek 180 W giicte kurutulan 6rneklerde tespit edilmistir. Bu durum kuruma
sliresinin uzamasi sonucunda orneklerin daha fazla 1s1l isleme maruz kalmasindan dolayr renk pigmentlerinin
daha fazla kaybolmasindan ileri gelmektedir. Bustos ve ark. (2018), yaptiklari ¢alisma sonucunda toplam renk
degisimlerinin enzimatik ve enzimatik olmayan esmerlesme reaksiyonlari ve uzun siireli kurutma islemi
sirasinda renk pigmentlerinin bozulmasina neden oldugunu ifade etmislerdir. Akyildiz ve ark. (2017), karpuz
dilimlerini konveksiyonel (70 °C) ve dondurarak (-66 °C, +5 mtorr) kurutmus ve bazi kalite ozelliklerini
incelemislerdir. Caligma sonucunda konveksiyonel yontemle kuruttuklari karpuz 6rneklerinin L, a, b, C, h° ve
AE degerleri sirastyla 50.47, 26.27, 28.26, 38.62, 47.15 ve 12.03 olarak belirlemiglerdir. Dondurarak kuruttuklari
karpuz orneklerinin L, a, b, C, h° ve AE degerlerini sirasiyla 72.50, 11.62, 20.10, 23.22, 59.99 ve 21.80 olarak
tespit etmigler. Bu ¢alisma ve literatiirdeki ¢alismanin farkliligin nedeni farkli kurutucularin kullanilmasindan
dolay1 oldugu diisiiniilmektedir. Calisma sonucunda elde edilen bulgular dogrultusunda karpuz cipsi iiretiminde
mikrodalga kurutma yontemi ile 360 W giiciin uygulanmasi en uygun renk degerlerinin elde edilmesi agisindan
Onerilmektedir.

4. Sonug

Uretilen karpuz cipsilerinin kuruma kinetidi, enerji parametreleri ve kalite ozelliklerine mikrodalga giig
degerlerinin etki ettigi gézlemlenmistir. Mikrodalga gii¢ degerlerinin artmasinmn karpuz dilimlerinin kuruma ve nem
oranlari, efektif nem diflizyonu ve SMER degerlerinde artiric bir etki yaptigi gozlemlenirken, SEC degerlerinde
azaltic1 bir etki yaptig1 saptanmistir. Kuruma siiresi, efektif nem diflizyonu ve enerji parametreleri agisindan karpuz
cipsi liretiminde 540 W gii¢ degerinin segilmesi onerilirken, renk degerleri agisindan 360 W giic degerinde
kurutulmasi Snerilmektedir. Bundan sonraki ¢aligmalarda karpuz cipsi itiretiminde enerji ve kalite parametrelerini
iyilestirmek igin 6n islem ve farkli kurutucular kullanilarak arastirma yapilmasimin mevcut sayisal verilere daha
olumlu etkiler yapacagi diistiniilmektedir.
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Etik Kurul Onay1

Bu ¢alisma i¢in etik kuruldan izin alinmasia gerek yoktur.

Cikar Catismasi1 Beyam

Makale yazarlari olarak aramizda herhangi bir ¢ikar ¢atismasi olmadigini beyan ederiz.
Yazarhk Katki Beyam

Planlama: Tasova, M., Dursun, S. K.; Materyal ve Metot: Dursun, S. K.; Veri Toplama ve Isleme: Dursun, S. K.;
Istatistiki Analiz: Dursun, S. K.; Literatiir Tarama: Tasova, M., Dursun, S. K.; Makale Yazimi, Inceleme ve
Diizenleme: Tasova, M., Dursun, S. K.
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