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ARASTIRMA MAKALESI RESEARCH ARTICLE

Bugdayda Farkh Fusarium culmorum izolatlar ile Pratylenchus thornei Etkilesimi

Interaction of Different Fusarium culmorum Isolates and Pratylenchus thornei on Wheat

Fatma Giil GOZE OZDEMIR* Serife Evrim ARICI? Ibrahim Halil ELEKCIOGLU®

Oz

Calismada Turkiye’nin Isparta ve Burdur illerinden izole edilen on iki Fusarium culmorum (W. G. Sm.) Sacc.
izolat1 ile Pratylenchus thornei (Sher and Allen),1953 etkilesimi Ikizce bugday ¢esidinde kontrollii kosullar altinda
(25+2°C ve %60+5 nem) arastirilmistir. Bugdaylarda ilk kardes yapraklar olustuktan sonra deneme kurulmus ve
4 uygulamada denemeler yapilmistir. Uygulamalar; sadece P. thornei uygulamasi (N), sadece F. culmorum
uygulamasi (FCUL), es zamanli P. thornei ve F. culmorum uygulamasi (N+FCUL) ve P. thornei uygulamasindan
2 hafta sonra F. culmorum uygulamasi (N+2FCUL) olarak yapilmistir. Fusarium culmorum izolatlarinin
inokulasyonunda her saksiya %50 oraninda seyreltilmig kiiltiir filtratt konsantrasyonundan 5 ml, P. thornei
popiilasyonu i¢in ise 1000 larva+ergin birey inokulum yogunlugu kullanilmistir. Degerlendirme islemi bugdayda
hastalik siddeti ve nematod {lireme orani {izerinden denemenin kurulumundan 8 hafta sonra gerceklestirilmistir.
Calismada N+FCUL ve N+2FCUL uygulamalaria bakildiginda P. thornei’nin sadece F. culmorum’un YLVC16
izolatinda hastalik siddetinin artisina katkisinin oldugu goriilmiistiir. YLVC16 izolatinda hastalik siddeti skala
degeri FCUL uygulamasinda 2.4 belirlenirken, N+FCUL ve N+2FCUL uygulamalarinda sirasiyla 3.4 ve 3.6 tespit
edilmistir. Pratylenchus thornei tireme oran1 N uygulamasinda 2.5 bulunmustur. Fusarium culmorum’un YLVCL16,
T21 ve K17 izolatlari ile kurulan denemelerinde P. thornei tireme oran1 N+FCUL uygulamasinda sirastyla 3.1, 3.0
ve 3.3 tespit edilirken, N+2FCUL uygulamasinda 3.1, 3.2 ve 3.4 saptanmustir. Ancak P. thornei iireme orani
acisindan YLVCI16, T21 ve K17 izolatlari ile kurulan denemelerde N+FCUL ve N+2FCUL uygulamalari arasinda
Onemli bir farklilik belirlenememistir. Calismada 12 F. culmorum izolati igerisinden sadece ¢ tanesinin (YLVC16,
T21 ve K17) P. thornei iireme oranina pozitif katkist belirlenirken, P. thornei’nin ise sadece bir F. culmorum
izolatinin (YLVC16) hastalik siddetine katkisinin oldugu belirlenmistir.

Anahtar Kelimeler: Bugday, Pratylenchus thornei, Fusarium culmorum, Patojenisite, Interaksiyon, Sinerjistik etki
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Goze Ozdemir & Arict & Elekgioglu
Bugdayda Farkli Fusarium culmorum izolatlari ile Pratylenchus thornei Etkilesimi

Abstract

In present study, the interaction of twelve Fusarium culmorum (W. G. Sm.) Sacc. isolates from Isparta, Burdur in
Turkey and Pratylenchus thornei (Sher and Allen),1953 were investigated under controlled conditions (25+2°C
and 60+5% RH) in Ikizce wheat cultivar. The experiment was established after the first leaves at tillering on wheat
and working with four applications. Applications; only P. thornei inoculation (N), only F. culmorum inoculation
(FCUL), simultaneous inoculation of P. thornei and F. culmorum (N+FCUL), and R. solani inoculation two weeks
after P. thornei application (N+2FCUL) were made. In the inoculation of F. culmorum isolates, 5 ml of 50%
diluted culture filtrate concentration was used for each pot, and 1000 larva+adult inoculum density was used for
the P. thornei population. Evaluation was carried out 8 weeks after the establishment with disease severity and
nematode reproduction rate on wheat. When N+FCUL and N+2FCUL applications were examined in the study, it
was observed that P. thornei contributed to the increase of disease severity only in the YLVC16 isolate of F.
culmorum. The disease severity scale of YLVC16 isolate was 2.4 in FCUL application, while 3.4 and 3.6 were in
N+FCUL and N+2FCUL applications, respectively. The reproduction rate of P. thornei was found to be 2.5 in N
application. In the experiment established with YLVC16, T21 and K17 isolates of F. culmorum, the reproduction
rate of P. thornei was determined as 3.1, 3.0 and 3.3 in N+FCUL application, while 3.1, 3.2 and 3.4 in N+2FCUL
application. Also, in terms of P. thornei reproduction rate, no significant difference was determined between
N+FCUL and N+2FCUL applications in the experiment established with YLVC16, T21 and K17 isolates. In the
present study, it was determined that only three of the 12 F. culmorum isolates (YLVC16, T21 and K17)
contributed positively to the P. thornei reproduction rate, while P. thornei contributed to only one F. culmorum
isolate (YLVC16) disease severity.

Keywords: Wheat, Pratylenchus thornei, Fusarium culmorum, Pathogenicity, Interaction, Synergistic effect
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1. Giris

Diinya toplam tahil {iretimi 2.7 milyar ton olup USDA’nin 2020/21 iiretim sezonu projeksiyonlara gore
bunun %28’ini bugday iiretimi olugtururken, 464 milyon ton olan diinya toplam tahil ihracatinin %42’sini bugday
olusturmaktadir. Bugday ekim alaninin %55.3’linli Hindistan, Rusya, AB, Cin ve ABD olustururken, bu iilkeler
diinya bugday iiretiminin %65.4’{in{i olusturmaktadir (USDA, 2021). Son dénemlerde diinyada yasanan COVID-
19 salgini sebebiyle bugday tirlinlerine olan talep ¢ok fazla artmaktadir ve bugday, strateji uzmanlarina gore 21.
ylizyilin en 6nemli jeo-ekonomik giiciidiir (Koca, 1999; Akdag ve Zengin, 2020). Tiirkiye ve gelismekte olan
tilkelerde ekmeklik bugday (Triticum aestivum L.) ve makarnalik bugday (Triticum durum Desf.) temel besin
kaynaklarmi olusturmaktadir. TUIK verilerine gore Tiirkiye bugday ekim alan1 2019/20 iiretim sezonu itibariyle
diinya bugday ekim alaninin %3.2’sini olusturmaktadir. Bu toplam ekilen tahil alanin %44 {inii teskil etmektedir.
Tiirkiye’de 2019/20 {iretim sezonunda 68.5 milyon da bugday iiretimi yapilmistir (TUIK, 2020).

Bugday iiretimini baz1 abiyotik ve biyotik faktorler siirlandirmaktadir. Bunlardan abiyotik faktérler; uygun
olmayan meteorolojik kosullar, elverissiz toprak sartlari, ¢cevre kirliligi ve hatali tarimsal islemlerdir. Biyotik
faktorler ise yabanci otlar, zararlilar, nematodlar ve hastalik etmenleridir. Bugdayda birim alandan elde edilecek
verimi arttirmak igin, verimli ve kaliteli ¢esitler uygun sartlarda yetistirilmeli ve bitki hastalik etmenleri ile
miicadeleye de dikkat edilmelidir. Bugday da her yil hasat edilen {iriiniin yaklasik % 20’sinin hastaliklar nedeniyle
kayboldugu tahmin edilmektedir (Araz ve ark., 2009; Kdyci ve Siikut, 2018). Bugdayda en ¢ok Fusarium spp. (F.
graminearum, F. culmorum, F. nivale, F. avenaceum, F. poae), Rhizoctonia spp. (R. solani, R. cerealis ve R.
oryzae), Pythium spp., Gaeumannomyces graminis var. tritici, Bipolaris sorokiniana, Pseudocercosporella
herpotrichoides ve Alternaria spp.’nin neden oldugu kok ve kok bogazi hastaliklar1 goériilmektedir. Yapilan
arastirmalarda Fusarium cinsi funguslarm infeksiyonu sonucu iriin kayiplariin %50’ye ulastigi saptanmistir
(Hekimhan ve ark., 2004; Araz ve ark., 2009; Aric1 ve ark., 2013).

Fusarium cinsi igerisinde F. pseudograminearum, F. graminearum, F. culmorum ve F. avenaceum virulensi
en yliksek tiirler olarak tespit edilmistir (Parry, 1990). Bu tiirler arasinda F. culmorum (W. G. Sm.) Sacc. Diinyada
ve Tirkiye’de bugdayda en 6nemli patojenlerden biri olarak tespit edilmistir (Wagacha ve Muthomi, 2007; Hogg
ve ark., 2010; Treikale ve ark., 2010; Miedaner ve ark., 2008; Aric1 ve ark., 2013; K8yci ve Sukut, 2018; Erginbas
Orakeci ve ark., 2018). Fusarium kok ¢iiriikliigi, tag ve alt gévde dokusunun glrimesi ile karakterize edilir, bu da
hastalik i¢in uygun kosullar altinda burusmus veya tanesiz daginik beyaz baslarla ve sonugta tane kalitesi ve
miktarinda azalma ile sonuglanir (Scherm ve ark., 2013). Fusarium culmorum, blyiik bir molekiler ve fenotipik
cesitlilik gosterir. Viriilenslik, mikotoksin profilleri/iiretimi ve konsantrasyonlar izolatlar arasinda farkl
olabilmektedir (Miedaner ve ark., 1996; Gang ve ark., 1998; Muthomi ve ark., 2000). Fusarium culmorum
izolatlar1 arasinda goriilen viriilenslik yiiksek kalitsalliga sahip, genetik olarak kararli bir 6zelliktir (Miedaner ve
ark., 1996). Sicaklik, yagis ve nem gibi ¢evresel faktorlerin Fusarium spp. popiilasyonu ve hastalik siddeti tizerinde
o6nemli bir etkisi vardir (Vigier ve ark., 1997). Agresif Fusarium irklarinin bugday: hastalandirma yetenegi,
kiltirde veya enfekte dokularda biyiik miktarlarda trikotesen Uretme yetenekleriyle ilgilidir (Hestbjerg ve ark.,
2002; Scherm ve ark., 2011). Fusarium culmorum tarafindan iiretilen trikotesen mikotoksinleri (DON, nivalenol
(NIV), 3-acetyldeoxynivalenol, acetyl T-2 toxin, zearalenone (ZON) ve fusarins), konuk¢u bitkiler tarafindan
aktive edilen savunma mekanizmalarini engelleyerek hastaligin yayilmasindan sorumludur (Demeke ve ark., 2005;
Llorens ve ark., 2006; Wagacha ve Muthomi, 2007).

Pratylenchus thornei (Sher and Allen), 1953 (Tylenchida: Pratylenchidae) diinyada ve Tirkiye’de ekonomik
olarak 6nemli bir bitki paraziti nematod tiirii olarak tespit edilmistir (Mokrini ve ark. 2019; Fanning ve ark., 2020;
Kasapoglu ve ark., 2014; Kasapoglu Uludamar ve ark., 2018; Yavuzaslanoglu ve ark., 2012, 2020; Toktay ve ark.,
2020; Goze Ozdemir, 2021; Goze Ozdemir ve ark., 2021). Pratylenchus thornei stileti yardimiyla bitki kok
dokusuna giris yapan ve kok korteks hiicrelerinin sitoplazmasindan besinleri ¢ekmek i¢in hiicre igine go¢ eden
hareketli endoparazit bir nematod turudiir (Channale ve ark., 2021). Beslenmenin ve kdk hiicrelerinin icinde
tremenin neden oldugu hasar nedeniyle su stresi, bodurluk, solma, klorozlu yapraklar gibi besin eksikliginde
goriilen belirtiler ortaya ¢ikmaktadir (Castillo ve Vovlas, 2007; Thompson ve ark., 2012; Whish ve ark., 2014).
Ayrica kok lezyon nematodlarinin bitkilerde penetrasyon ve beslenme siirecinde agtig1 yaralarin toprak kaynakl
patojenler i¢in giris kaynagi oldugu belirtilmektedir (LaMondia, 2003; Hoseini ve ark., 2010; Da Silva, 2010;
Mallaiah ve ark., 2014).
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Bitki paraziti nematodlar ve funguslarin etkilesimleri nematod ve fungus tiirli, yogunlugu, tireme gucd,
patojenite 6zelligi, bitki turii/gesidi, bitki yas1 ve toprak tipi gibi bir¢ok faktore bagli olarak degismektedir (Saeed
ve ark.,1998; Hafez ve ark., 1999; Agu ve Ogbuji, 2000; Back ve ark., 2002; Antoon ve ark., 2009; Hoseini ve
ark., 2010; Charegani ve ark., 2012; Hassan ve ark., 2012; Hajihassani ve ark., 2013a,b). Nematod ve fungus
arasindaki sinerjistik etkilesimde bitki zarar goriirken, antagonistik etkilesim ise bitkiye olumlu yansimaktadir
(Back ve ark., 2002). 4,15-diacetylnivalenol ve 4,15 diacetoxyscirpenol (DON) bilesiklerini iireten Fusarium
tiirlerinin bitki paraziti nematodlara kars1 toksik etkisinin oldugu tespit edilmistir (Rotter, 1996; Nitao ve ark.,
2001). Taheri ve ark. (1994), bugdayda P. neglectus varliginda F. oxysporum, F. equiseti ve F. acuminatum’un
koklerdeki hastalik siddetinin arttig1 ancak; nematod yogunlugunun baslangi¢ inokulasyon yogunlugundan daha
diisiik oldugunu bildirmistir. Baska ¢alismada Hoseini ve ark. (2010), cay bitkisinde Rhizoctania solani ve F.
proliferatum’un P. loosi yogunlugunda onemli artisa neden olurken, F. pallidorum ve Sclertotium rolfsii‘nin P.
loosi popiilasyon yogunluguna etkisinin olmadigini ve R. solani’nin P. loosi ile yiiksek sinerjistik iliski i¢erisinde
oldugunu saptamislardir. Géze Ozdemir ve ark. (2022a), Ikizce bugday cesidinde P. thornei, P. neglectus ve P.
penetrans ile F. culmorum B4 izolati ile es zamanli ve ardisik inokulasyonlar ile yiiriitttiigii calismada aralarindaki
etkilesimde, kok lezyon nematodlarinin tiirleri arasinda farkliliklar tespit etmis ve bugdayda nematod gelisiminde
F. culmorum uygulama zamaninin 6nemli oldugunu belirtmistir. Ayrica bugdayda kontrollii kosullarda u¢ P.
thornei popilasyonu (SK11, SK24 ve YLVC24) ile F. culmorum B4 izolati'min interaksiyonunun arastirildigi
calismada sadece SK24 popiilasyonu ile F. culmorum arasinda sinerjistik etkilesim bulunmustur (Géze Ozdemir
ve ark., 2022b). Fusarium culmorum izolatlar1 arasinda goriilen patojenite farkliliklarinin bitki paraziti
nematodlarla iliskileri degistirebilecegi diisiiniilmektedir. Bu ¢alismada kontrollii kosullar altinda Ikizce bugday
¢esidinde P. thornei popllasyonu ile on iki F. culmorum izolati1 arasindaki etkilesimin eszamanli ve ardisik
inokulasyonlarla belirlenmesi amaglanmastir.

2. Materyal ve Metot
2.1. Materyal

Calisma bugday tarlalarindan izole edilen on iki F. culmorum izolat1 (G14, K8, YLVC16, SK20, CAV6, T21,
GOL2, GOL18, YOVA22, YOVA27, YOVA21, K17) ve P. thornei SK24 izolati ile Ikizce bugday cesidi
kullanilarak yiiriitiilmiistiir. Pratylenchus thornei popiilasyonu daha 6nce yiiriitiilen ¢alismadan saglanmig (Goze
Ozdemir, 2021) ve kitle Uretimleri ISUBU Ziraat Fakiiltesi Bitki Koruma Bolimi Nematoloji Laboratuarinda
Zuckerman (1985) yontemiyle havug disklerinde devam ettirilmistir. F. culmorum izolatlar1 Isparta ve Burdur
illerinden bugday ve arpa tarlalarindan kok ve kokbogazi ile sap bolgesinde ¢iiriikliik seklinde hastalik belirtileri
gosteren bitki materyallerinden izolasyonu gergeklestirilmis ve morfolojik teshisleri yapilmistir (Booth, 1971;
Nelson ve ark., 1983; Leslie ve Summerell, 2006). Calismada kullanilan F. culmorum izolatlari’nin orijinleri Tablo
1’ de verilmistir.

2.2. Metot
2.2.1.Nematod Inokulumunun Hazirlanmast

Pratylenchus thornei SK24 izolatinin kitle iretimin gergeklestirildigi havug diskleri ayr1 ayri 120 mm petri
kaplarina aktarilmistir. Aktarilan havug diski kiigiik pargalara boliinmiis ve petri kabini kaplayacak sekilde steril
saf su eklenmistir. Alt1 saat sonra nematodlar gelistirilmis Baermann huni yontemi kullanilarak elde edilmistir.
Mezurlar igerisinde elde edilen nematod siispansiyonlarinin her bir tekrar1 15 ml'ye disiiriilmiis ve santrifiij
tiplerine almmistir (Mudiope ve ark., 2004). Santriflij tiiplerinde nematodlarin dibe ¢okmesi igin 4 saat
beklendikten sonra iistteki sivi atilarak 1 ml ye diistiriilmiis ve dipteki kisimdan ergint+larva 151k mikroskobu
altinda 40X biiylitmede sayilmistir. Daha sonra calismada kullanilacak nematod yogunlugu ayarlanarak saf su
iceren eppendorf tlpler icerisinde +4 °C de buzdolabinda bekletilmistir.

2.2.2.Fungus Inokulumunun Hazirlanmast

On iki F. culmorum izolatmm kiiltiir filtrat1 hazirlanmistir. Kiiltiir filtratinda PDB (Potato Dextrose Broth,
Neogen®) ortami kullanilmis olup, 50 ml PDB igeren 250 ml'lik erlenlerde otoklavda 1.2 atm basingta, 121 °C’de
20 dk. sterilize edilmistir. Daha 6nce Patates Dekstroz Agar (PDA-Merck ®) ortaminda gelisen 7-10 gunlik her
bir F. culmorum izolatinin fungus kolonisinden 5-7 adet (1 cm'lik) erlenmayer igerisine konulmusg ve laboratuvarda
25 °+1 C'de karanlikta 21 giin boyunca bekletilmistir (Bhagawati ve ark., 2000; Arici, 2006). Inkiibasyon siiresince
her giin elle ¢alkalama islemi gergeklestirilmistir. Daha sonrada fungus misel ve sporlarini uzaklastirmak igin 6nce
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iki kat filtre kagidindan (Whatman No. 1) gegirildikten sonra aspirator yardimiyla steril nuce erlenmayeri igerisine
cekilmistir. Saf kiiltiir filtrati, distile su yardimiyla %50 oraninda seyreltilmis ve denemede bu konsantrasyon
kullanilmistir (Goze Ozdemir, 2020).

Tablol. Denemede kullanilan Fusarium culmorum izolatlart

Table 1. Fusarium culmorum isolates used in the experiment

izolat izole edildigi yer izole Koordinat Y uikseklik
edildigi (m)
bitki
Gl4 Gelendost/Isparta Bugday 11:;];: 338 01 52 9032 077/ 1064
K8 Kegiborlu/Isparta Bugday 11:;];: 337 0518 745560/ 1163
YLVC16 Yalvag/Isparta Arpa 11:;];: 338 1 1395;1 087/ 1143
SK20 Sarkikaraagag/Isparta  Arpa I};I;: 3§ 10;;519 49;,/, 1211
CAV6  Cavdw/Burdur Bugday — n o7 008 1066
T21 Tefenni/Burdur Bugday gf 327;} j 51;‘303/ 1178
GOL2 Golhisar/Burdur Arpa E; 3279035 102981/ 985
GOL18  Golhisar/Burdur Bugday b o lotaecsg g 970
YOVA21 Yesilova/Burdur Arpa I};I;: 3;9331 ;%7532 ,','/ 1169
YOVA22 Yesilova/Burdur Arpa I};I:: 3279331 é}sg 58;,/, 1158
YOVA27 Yesilova/Burdur Bugday I};I:: 3279332;}? 16;/, 1183
K17 Karamanli/Burdur Arpa g; 32792523538648/ 1118

2.2.3. Bugdayda Fusarium culmorum izolatlarinin Pratylenchus thornei Popiilasyonu ile Etkilesimlerinin
Belirlenmesi

Denemede kullanilan toprak karigimi (% 68 kum, % 21 Silt ve %11 kil) otoklavda steril edildikten sonra 500
cc’lik plastik saksilara 500 g toprak karigimi konulmus ve kontrollii kosullar altinda 25+2°C sicaklik ve %60+5
orantil1 nem igeren iklim odasina yerlestirilmistir. Her saksiya 3 adet ikizce bugday tohumu atilmis ve 3 bugday
bitkisi 1 tekerriir olarak kabul edilmistir. Deneme, tesaduf parselleri deneme desenine goére 5 tekerrtrlli olacak
sekilde kurulmustur. Pratylenchus thornei popiilasyonu ig¢in inokulum yogunlugu 1000 larvatergin birey
kullanilirken, F. culmorum izolatlarinin inokulumunda her saksiya 5 ml konsantrasyon kullanilmistir (Goze
Ozdemir, 2020). Her F. culmorum izolati i¢in deneme ayr1 ayr1 kurulmus ve 4 uygulamadan olusmustur. Ayrica
bugday bitkilerine sadece F. culmorum uygulamasi ile izolatlarin patojeniteleri arastirilmistir. Uygulamalar;
sadece P. thornei uygulanmis bitki (N), sadece F. culmorum uygulanmis bitki (FCUL), es zamanlh P. thornei ve
F. culmorum uygulanmis bitki (N+FCUL), ve P. thornei uygulamasindan 2 hafta sonra F. culmorum uygulanmis
bitki (N+2FCUL) seklinde planlanmistir (Hoseini ve ark., 2010). Bugdaylarda ilk kardes yapraklar olustuktan
sonra deneme kurulmustur. Nematod inokulasyonu bugday kok bolgesi etrafina 2-3 cm toprak derinligine agilan
deliklere plastik puarli pipetler yardimiyla yapilirken, fungus inokulumu toprak yiizeyine meziir yardimiyla
dokilmistiir. Bitkiler yaklasik 8 hafta sonra sokiilerek degerlendirme islemi yapilmistir. Degerlendirme islemi; O-
4 hastalik siddeti (0 = saglikli, 1 = %25'den az nekroz, 2 = %25-50 arasinda nekroz nekroz,3=%350-75 arasinda
nekroz ve 4 = % 75'den fazla nekroz) (Wildermuth ve McNamara, 1994) ve nematod iireme oran1 (RF=PF (final)/
PI (ilk)) iizerinden gergeklestirilmistir. Ureme oran1 hesaplamak i¢in kullamlan PF degeri toprak ve kokten
gelistirilmis Baerman huni yontemiyle elde edilen nematodlarin yogunlugudur (Goze Ozdemir, 2020).
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2.2.4. Istatistiksel Analiz

Calismada elde edilen verilerin istatistiksel analizi i¢in SPSS (versiyon 20.0) programi kullanilmis ve ilgili
calisma tesadif parselleri deneme modeline gore yapilmistir. Farkli grup ortalamalarini belirlemek igin
varyanslarin homojen oldugu durumlarda "Tukey testi” kullanilmistir (P<0,05).

3. Arastirma Sonuclar1 ve Tartisma

Yapilan bu arastirmada sadece F. culmorum uygulamasinda (FCUL), bugdayda F. culmorum izolatlarinin
patojenitelerinde farkliliklar belirlenmistir. FCUL uygulamasi degerlendirildiginde en diistik hastalik siddeti skala
degeri 1.0 ile G14 izolatinda belirlenirken, en yiiksek skala degeri 3.6 ile K17 izolatinda bulunmus, bunu YOVA27
(3.4) ve CAV6 (3.4) izolatlan takip etmistir. Isparta ilinden elde edilen F. culmorum izolatlarinin (G14, K8,
YLVCI16, SK20) hastalik siddeti skala degeri 1.0-2.4 araliginda belirlenmistir. Burdur ilinden elde edilen F.
culmorum izolatlarimin 4’nin (CAV6, T21, YOVA27, K17) hastalik siddeti skala degerleri 3.0-3.6 arasinda
bulunmustur. GOL2, GOL18, YOVA21 ve YOVAZ22 izolatlarinin skala degerleri 1.2-2.2 arasinda saptanmustir.
Burdur ili Gélhisar ilgesinden izole edilen GOL2 (1.8) ve GOL18 (2.2) izolatlarin patojeniteleri birbirine yakin
bulunurken, Yesilova ilgesinden arpa bitkisinden izole edilen YOVA22 (2.2) ve YOVAZ21 (2.2) ile bugdaydan
izole edilen YOVA27 (3.4) izolatlarinin patojenitelerinde 6nemli farklilik belirlenmistir. Burdur ili Yesilova
ilgesinde bugdaydan izole edilen YOVA27 F. culmorum izolatinin daha patojenik oldugu saptanmistir (Tablo 2).

Es zamanli P. thornei ve F. culmorum uygulamasi (N+FCUL) ve P. thornei uygulamasindan 2 hafta sonra F.
culmorum uygulamasi (N+2FCUL) sadece FCUL uygulamasiyla karsilagtirildiginda hastalik siddetinde artig
olmasia ragmen YLVCI16 izolat1 hari¢ diger 11 izolatta uygulamalar arasinda istatistiki bir fark belirlenememistir
(P>0,05). YLVCI6 izolatinda hastalik siddeti skala degeri N+FCUL uygulamasinda 3.4 bulunurken, N+2FCUL
uygulamasinda 3.6 tespit edilmis ve aralarindaki fark istatistiki olarak anlamli bulunmamistir (P>0,05). Ancak
YLVCI6 izolatinda FCUL (2.4/0-4 skala) uygulamasinin hastalik siddeti skala degeri 2.4 bulunmus ve N+FCUL
ile N+2FCUL uygulamalarindan diisiik degerde tespit edilmistir. ikizce bugday ¢esidinde sadece YLVC16 F.
culmorum izolatinda P. thornei’nin hastalik siddetine katkis1 oldugu belirlenmistir (Tablo 2).

Tablo 2. Ikizce Bugday Bitkisinde Fusarium culmorum Izolatlart ve Pratylenchus thornei Etkilesiminde
Hastalik Siddeti

Table 2. Disease Severity in the Interaction of Fusarium culmorum Isolates and Pratylenchus thornei in
Tkizce Wheat Cultivar

Uygulama
gﬁ?;'rﬂnr:] Fusarium culmorum hastalik siddeti
e ortalamasi +Standart Hata
FCUL N+FCUL N+2FCUL
Gl4 1.0+0.3 e* 1.4+0.2 e 1.6+£0.2 d
K8 2.240.3 b-e 2.640.2 b-e 2.620.2 bc
YLVC16 24+02a-dB 3.4+0.2abc A 3.6+0.2ab A
SK20 1.8+0.2 c-e 2.0£0.0e 2.4+0.2 cd
CAV6 3.440.2 ab 3.6+0.2 ab 4.0+0.0 a
T21 3.0+0.3 abc 3.240.2 a-d 3.620.2 ab
GOL2 1.8+0.2 c-e 2.240.2 de 2.620.2 bc
GOL18 2.240.2 b-e 2.4+0.2 cde 2.620.2 bc
YOVA21 1.2+0.3de 1.8+0.2 ¢ 2.2+0.2cd
YOVA22 2.2+0.3 b-e 2.4+0.2 cde 2.620.2 bc
YOVA27 3.4+0.2 ab 3.8+0.8 a 4.0+0.0 a
K17 3.6+0.2 a 4.0+0.0 a 4.0+0.0 a

FCUL: Sadece F. culmorum uygulanmus bitki, N+FCUL: Es zamanl P.
thornei ve F. culmorum uygulanmis bitki, N+2FCUL: P. thornei
uygulamasindan 2 hafta sonra F. culmorum uygulanmis bitki

* Kiiciik harfler ayni siitunda ortalamalar arasindaki farkliliklari, biiyiik
harfler ayni1 satirdaki ortalamalar arasindaki farkliliklar1 géstermektedir
(P=<0.05)

Ikizce bugday cesidinde sadece P. thornei uygulamasinda iireme orani 2.5 belirlenmistir. YLVC16, T21 ve
K17 izolatlart ile kurulan denemelerde es zamanli nematod ve fungus uygulamasi (N+FCUL) ile nematod
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uygulamasindan 2 hafta sonra fungus uygulamalarinda (N+2FCUL) P. thornei iireme oraninda artis tespit
edilmistir. Ancak P. thornei tireme oran1 YLVCI16, T21 ve K17 izolatlar1 ile kurulan denemelerde N+FCUL ve
N+2FCUL uygulamalari arasinda istatistiki fark bulunamamistir. Diger dokuz izolatta N, N+FCUL ve N+2FCUL
uygulamalarinda P. thornei lireme oranlarinda bir degisim belirlenememistir. Fusarium culmorum YLVC16 (3.1),
T21 (3.2) ve K17 (3.4) izolatlar’’nin P. thornei gelisimine pozitif katkisi oldugu belirlenmistir ve P. thornei
popiilasyonunun iireme oraninda artig gézlenmistir (Tablo 3).

Tablo 3. ikizce Bugday Cesidinde Fusarium culmorum Izolatlart ve Pratylenchus thornei Etkilesiminde
Nematod Ureme Orani

Table 3. Nematode Reproduction Rate in the Interaction of Fusarium culmorum Isolates and Pratylenchus
thornei in fkizce Wheat Cultivar

Uygulama
Fusarium (Pratylenchus thornei Gireme oram
culmorum ortalamasitStandart hata)
izolatlar: N N+FCUL N+2FCUL
Gl4 2.5+0.1a* | 2.6£0.0b 2.610.1¢
K8 2.540.1a 2.6+0.2b 2.610.0 ¢
YLVC16 | 2.5+0.1aB | 3.1+0.1ab A 3.1+0.0 abc A
SK20 2.540.1a 2.6+0.1b 2.740.1 be
CAV6 2.540.1a 2.740.1 b 2.840.1 bc
T21 2.5+0.1aB | 3.0£0.0ab A 3.2+0.1ab A
GOL2 2.540.1a 2.620.2b 2.740.0 be
GOL18 | 2.5+0.1a 2.7£0.0b 2.840.0 be
YOVA21 | 2.540.1a 2.820.0b 2.840.1 bc
YOVA22 | 2.540.1a 2.7+0.2b 2.740.1 bc
YOVA27 | 2.540.1a 2.6+0.1b 2.840.1 bc
K17 2.5+0.1aB | 3.3£0.0a A 3.4+0.0a A

N: Sadece P. thornei uygulanmig bitki, N+FCUL: Eg zamanli P. thornei ve

F. culmorum uygulanmis bitki, N+2FCUL: P. thornei uygulamasindan 2

hafta sonra F. culmorum uygulanmis bitki

* Kiigiik harfler ayni siitunda ortalamalar arasindaki farkliliklari, biiyiik

harfler ayn: satirdaki ortalamalar arasindaki farkliliklar1 goéstermektedir

(P<0.05)

Caligmada F. culmorum YLVC16 izolati’nin bugdayda P. thornei iireme oranina pozitif katkisi belirlenirken,

P. thornei’nin de YLVCI16 hastalik siddetini arttirdig: tespit edilmistir (Tablo 2;3). Bugdayda YLVCI16 izolat1 ve
SK24 P. thornei izolat1 arasinda sinerjistik iligki belirlenmistir. Pratylenchus thornei’nin bugdayda F. culmorum
T21 izolatr’nin hastalik siddetine pozitif katkisi belirlenememis, ancak T21 izolati’nin P. thornei tireme oranim
artirdig1 saptanmustir (Tablo 3). K17 izolatinin bugdayda sadece F. culmorum uygulamasinda yiiksek patojenite
gosterdigi dolayisiyla nematodla birlikte oldugu uygulamalarda da en yiiksek skala degerini aldig1 i¢in aralarinda
istatistiki olarak fark bulunamamustir. Ayrica K17 izolati’nin SK24 P. thornei izolat’’nin {ireme oranina pozitif
katkisi belirlenmistir (Tablo 3). Fusarium culmorum K17 izolat1 ve SK24 P. thornei izolat1 arasinda da sinerjistik
iligski oldugu diigiiniilmektedir.

Bu calismada U¢ F. culmorum (YLVC16, T21 ve K17) izolatinin bugdayda P. thornei ile es zamanl
inokulasyonu ve nematod inokulasyonundan 2 hafta sonra uygulanmasi durumunda nematod yogunlugunu
artirmasi sonucu lireme oraninin arttigi saptanmustir. Rotenberg ve ark. (2004) Russet Burbank patates koklerinde
inokulasyondan 16 giin sonra yalniz P. penetrans uygulamasinda nematod yogunlugunu es zamanli P. penetrans
ve Verticillium dahliae uygulamasindan daha diisiik tespit etmislerdir. Hoseini ve ark. (2010), ¢ay bitkisinde F.
proliferatum’un P. loosi yogunlugunda 6nemli artisa neden oldugunu bulmustur. Mallaiah ve ark. (2014),
kontrollii kosullarda crossandra ¢igeginde P. delattrei (1 adet/g) ve F. incarnatum (%3)’un patojen
uygulamasindan 7 giin 6nce nematod uygulandiginda 150 giin sonra nematod popiilasyonunda %90.5 artis
bulurken, yiizde solgunluk oranini 58.3 olarak saptamislar ve denemedeki en yiiksek oran oldugunu belirtmiglerdir.

Bu caligmada bugdayda P. thornei’nin F. culmorum’un sadece YLVCI16 nolu izolatinda hastalik siddetine
katkist oldugu bulunmustur. Dokuz F.culmorum izolatinda (G14, K8, SK20, CAV6, GOL2, GOL18, YOVA21,
YOVA22,YOVAZ27) ise bugdayda es zamanli P. thornei ve F. culmorum uygulamasi ile P. thornei
uygulamasindan 2 hafta sonra F. culmorum uygulamasinda hastalik siddeti skala degerinin artmadig1 saptanmistir.
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Kok lezyon nematodlarinin agtig1 yaralarin toprak kaynakli patojenlerin enfeksiyon oranini artirdig: bildirilmistir
(Hoseini ve ark., 2010; Da Silva, 2010; Mallaiah ve ark., 2014). Goze Ozdemir ve ark. (2022a), Ikizce bugday
¢esidinde P. thornei'nin F. culmorum B4 izolatin'dan 6nce ve es zamanh olarak bitkiye inokulasyonunda hastalik
siddetine olumlu etki yaptigin1 belirlemislerdir. Ancak bu ¢alismada P. thornei’nin tim denemelerde bugday
koklerinde enfeksiyon olusturmasina ragmen F. culmorum izolatlarinin hastalik siddetine olumlu katkisi
belirlenememistir. Ayrica bugdayda SK11, SK24 ve YLVC24 P.thornei popiilasyonlari ile kurulan denemelerde
hastalik siddeti parametresinde yalniz fungus, es zamanl ve ardisik nematod fungus uygulamalar1 arasinda 6nemli
bir farklilik bulunamamistir (Géze Ozdemir ve ark., 2022b). Baz1 ¢alismalarda laboratuvar kosullarinda bazi
Fusarium tdrlerinin ve F. culmorum’un bitki paraziti nematodlara karsi toksik etkisinin oldugu tespit edilmistir
(Rotter ve ark., 1996; Nitao ve ark., 2001; Athman, 2006; Vu ve ark., 2006; Goze Ozdemir ve ark., 2018, 2021).
Ancak ¢alismada F. culmorum izolatlari ile P. thornei arasinda antagonistik bir iligki de saptanmamustir.

Caligmada F. culmorum yiksek viriilensligi ile nematod-fungus etkilesimlerinde dogrudan iliski
bulunamamistir. Patojenite denemesinde viriilent bulunan CAV6 ve YOV A27 izolatlari’nda beklenenin aksine P.
thornei ile herhangi bir interaksiyon belirlenememistir. YLVC16 izolati’nin virilensi FCUL uygulamasinda
CAV6 ve YOVA27 izolatlarindan daha diisiik olmasina ragmen P. thornei ile sinerjistik etkilegsim kurdugu
belirlenmistir (Tablo 2;3). Bu durum nematod ve fungus iliskilerinin olduk¢a spesifik ve birgok faktore bagh
olarak degisebilecegini gostermektedir. Ayrica yapilan ¢aligmalarda mikotoksin profilleri ve konsantrasyonlarinin
F. culmorum izolatlar1 arasinda farklilik gosterdigi belirtilmektedir (Miedaner ve ark., 1996; Gang ve ark., 1998;
Muthomi ve ark., 2000). Bu farkliliklarin nematod etkilesimlerinde 6nemli olabilecegi diisiiniilmektedir. Yapilan
aragtirmalarda fungusun virllenslik derecesi bugday: enfekte etme yetenegi, kiiltirde veya enfekte dokularda
blyuk miktarlarda trikotesen iiretme yetenekleriyle ilgili oldugu belirlenmis olmasina ragmen (Hestbjerg ve ark.,
2002; Scherm ve ark., 2011), korelasyonun her zaman dogrudan olmadig: belirtilmistir (Gang ve ark., 1998).

4. Sonug

Fusarium culmorum YLVC16 ve K17 izolatlari ile P. thornei arasinda bugdayda sinerjistik iliski bulunurken,
diger izolatlarda herhangi bir etkilesim saptanamamustir. Fusarium culmorum’un virtilent olarak belirlenen tim
izolatlar ile P. thornei arasinda bir etkilesim belirlenememistir. Bugdayda F. culmorum ve P. thornei etkilesiminin
oldukga spesifik, kompleks ve birden ¢ok faktore baglh oldugu disiiniilmektedir. Pratylenchus thornei ve F.
culmorum etkilesiminde fungus viriilensliginin dogrudan iliskili oldugu diisiinilmemektedir. Ancak F. culmorum
izolat farklihgimin P. thornei ile kurulan etkilesimde 6nemli oldugu saptanmistir. Fusarium culmorum izolatina
bagli olarak P. thornei ile kurulan sinerjistik veya antogonistik iliski diizeyinin degisebilecegi belirlenmistir.
[zolatlarin mikotoksin profilleri ve konsantrasyonlarmin farklilik gosterebilecegi bilinmekte ve bu farkliliklarin
nematod-fungus etkilesimlerinde daha 6nemli oldugu diisiiniilmektedir. Bu yiizden F. culmorum izolatlarinin
mikotoksin profillerinin belirlenmesi ve ayr1 ayri nematod etkilesimlerinin degerlendirilmesi 6nem tagimaktadir.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Ikinci Uriin Olarak Yetistirilen Silajlik Misir Cesitlerinin Silaj Verimi ve Baz1 Kalite
Ozellikleri*

Silage Yield and Some Quality Traits of Silage Maize Varieties Growing as Second Crop

Levent BURGUY, Hanife MUT?

Oz

Bu ¢aligma Bilecik ili ekolojik kosullarinda ikinci iiriin olarak ekilen 22 adet farkli hibrit silajlik misir ¢esidinin
(ADA-9510, ADA-9516, ADA-523, AGA, Arifiye, Kalideas, Keravnos, Kerbanis, Kolessous, Kilowatt, Larigal,
Sakarya, Samada-07, Simpatico, SY-Antex, SY-Inove, SY-Gladius, Dragma, Pioneer PR31G98, Pioneer P9027,
Dekalp 6308 ve Dekalp 6442) silaj verimi ve kalite Ozelliklerinin belirlenmesi amaciyla 2020 yillinda
yuriitiilmiistiir. Deneme Tesadiif Bloklar1 Deneme Desenine gore 3 tekerriirlii olarak kurulmustur. Denemeye
alman tiim bitkiler hamur olum déneminde hasat edilmistir. Hasat edilen bitki 6rnekleri parcalanmis, 2 kg’lik
plastik bidonlara 3 tekrar olacak sekilde doldurulmus ve fermantasyon siresi boyunca, dogrudan giines 15181
almayan kapali ve kuru bir ortamda, 25+2 °C sicaklikta muhafaza edilmistir. Silajlik misir ¢esitlerinde silaj verimi,
fiziksel kalite 6zellikleri (renk, koku ve striiktiir), Flieg puani, laktik asit, asetik asit, bitrik asit icerigi, pH diizeyi,
kuru madde miktari, ham protein orani, kondanse tanen igerigi, nispi yem degeri (NYD) ve bazi mineral madde
igerikleri belirlenmistir. Cesitlerin silaj verimleri 5665.43 kg da™* (Kalideas) ile 9971.30 kg da* (Sakarya), Flieg
puani 46.52 (Kolessous) ile 98.59 (PR31G98), ham protein oran1 % 6.45 (Samada-07) ile 8.95 (Ada-9510), nispi
yem degeri ise 82.79 (Kolessous) ile 137.19 (ADA-9516) arasinda degismistir. En yiiksek laktik asit icerigi Arifiye
(% 3.316), Sakarya (% 2.636), Larigal (% 3.064), Sy-Gladius (% 3.062) ve Dekalp 6308 (% 3.154) ¢esitlerinde
belirlenmistir. Silajlik misir ¢esitlerinden elde edilen silajlarin K igerigi % 1.867 (Kerbanis) ile % 3.203
(Kolessous), P igerigi % 4.453 (Kalessous) ile, % 0.320 (SY-Inove), Ca igerigi % 0.213 (Kerbanis)-0.490
(Kolessous) ve Mg igerigi ise % 0.110 (Kerbanis)-0.217 (Dekalp 6308) arasinda degismistir. Calisma sonucunda,
Bilecik ekolojik kosullarinda Arifiye, Sakarya, Larigal, Sy-Antex, Sy-Gladius, PR31G98, P9027 ve Dekalp
cesitlerinden yapilan silajlarin diger misir gesitlerinden elde edilen silajlara kiyasla silaj verimi ve arastirilan kalite
ozellikleri bakimindan 6ne ¢iktig1 goriilmiistiir.

Anahtar Kelimeler: Silajlik misir, Ikinci iiriin, Silaj verimi, Kalite, Bilecik
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Abstract

This study was conducted to determine silage yield and quality characteristics of 22 silage maize varieties (ADA-
9510, ADA-9516, ADA-523, AGA, Arifiye, Kalideas, Keravnos, Kerbanis, Kolessous, Kilowatt, Larigal, Sakarya,
Samada-07, Simpatico, SY-Antex, SY-inove, SY-Gladius, Dragma, Pioneer PR31G98, Pioneer P9027, Dekalp
6308 ve Dekalp 6442) in Bilecik ecological conditions during the 2020 year. The experiments were arranged in
randomized blocks design with three replications. The harvest was done when the plants reached at dough stage.
The harvested plant were chopped, filled in 2 kg plastic drums in 3 repetitions and stored during the fermentation
period, at 25+2 °C in a dry and out of direct sunlight indoor environment. Silage yield, physical quality
characteristics, Flieg score, lactic acid, acetic acid, butyric acid content, pH level, dry matter content, crude protein
content, condensed tannin content, relative feed value (RFV), and some minerals contents were determined. Silage
yields of the varieties were 5665.43 kg da® (Kalideas) 9971.30 kg da™* (Sakarya), Flieg score 46.52 (Kolessous) -
98.59 (PR31G98), crude protein ratio 6.45% (Samada-07) — 8.95 (Ada-9510), relative feed value varied between
82.79 (Kolessous)-137.19 (ADA-9516). The highest lactic acid was from Arifiye (3.316), Sakarya (2.636%),
Larigal (3.064%), Sy-Gladius (3.062%), and Dekalp 6308 (3.154%) varieties. The silages obtained from silage
corn varieties, K content are between 1.867% (Kerbanis) and 3.203% (Kolessous), P content is 4.453% (Kalessous),
0.320% (SY-inove), Ca content is 0.213% (Kerbanis)-0.490 (Kolessous) and The Mg content varied between
0.110% (Kerbanis)-0.217 (Dekalp 6308). As a result of the study, it was determined that silages made from Arifiye,
Sakarya, Larigal, Sy-Antex, Sy-Gladius, PR31G98, P9027 and Dekalp varieties outperformed in terms of silage
yield and quality characteristics which was investigated from other maize varieties in Bilecik ecological conditions.

Keywords: Silage maize, Variety, Morphological, Hay yield, Quality, Bilecik
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1. Giris

Hayvansal iiretimin verimli bir sekilde siirdiiriilebilmesi ve arttirilabilmesi i¢in kaba yem ihtiyacinin
karsilanmas1 énemli bir unsurdur. Ulkemizde bu amagla silajlik misir, yonca, fig, korunga, yem salgami, yem
bezelyesi ve Italyan ¢imi gibi yem bitkileri ile bugday, yulaf ve arpa gibi yesil ota yonelik tahillar yetistirilmektedir.
2020 yilinda iilke genelinde 55.206.285 ton kaba yem iiretimi yapilmis olup, bu iiretimin 17.949.764 tonu yonca,
4.303.868 tonu fig, 17.81.789 tonu korunga, 3.155.197 tonu yulaf ve 616.709 tonluk kismu ise Italyan ¢imi tarimi
ile elde edilmistir. Silajlik misir iiretimi ise 25.499.870 ton ’dur. Toplam kaba yem iiretimin % 46’lik kismin
olusturan silajlik musir {iretimi 507.412,7 ha alanda gerceklestirilmistir (TUIK, 2020). Bu veriler silajlik misir
iiretimin Tirkiye’ nin hayvansal iiretimi agisindan ne kadar 6nemli oldugunu ortaya koymaktadir.

Ulkemizde silaj iiretimine uygun birgok yem bitkisi olmasina ragmen, en ¢ok kullanilan bitki misirdir. Kuru
madde igeriginin yiiksek ve laktik asit fermantasyonunda rol alan suda ¢Ozlnebilir karbonhidratlar bakimindan
zengin olmasi silaj yaprminda avantaj olusturmaktadir. Ustelik silaj yapildiginda kaba yeme gore daha kolay ve
uzun siireli depolanabilmesi, depolanirken daha az besin maddesi kayb1 goriilmesi, yesil yem kaynaklarinin kisith
oldugu zamanlarda hazir yesil yem olarak kullanilabilmesi, lezzetli ve besleyici olmasi da diger tercih
sebeplerindendir (Karadeniz, 2019).

Silaj yapiminda temel amag, yiiksek besleme degerine sahip yesil yem materyalinin en az besin madde kayb1
ile saklanabilmesidir. Nitekim kuru ot olarak saklanan kaba yemlerde kuru madde kayb1 % 15-30, sindirilebilir
protein kayb1 % 25-35 dizeyinde iken, her iki kayip orani silo yeminde % 5’¢, kadar diigmektedir. Nigasta
degerinde ise kuru otta % 50’ye yakin kayip olurken, silo yemlerinde en fazla % 10 kay1ip goriilmektedir. (Bingol
ve ark., 2008). Bunun yaninda, daha lezzetli olmalar1 ve istah agic1 dzellikleri nedeniyle de avantaj saglamaktadir.

Ayni alanda yapilan ana {iriin ve ikinci iirin tariminda ekim tarihi, hasat tarihi, vejetasyon siiresi, toprak
sicaklig1, gece-giindiiz hava sicakliklari, nem orani ve yagis gibi onemli etmenler farklilik gosterir. ikinci Grtin
doneminde olusan farkli kosullar, ¢esitlerin verimliligini ve silaj kalitesini nemli 6l¢iide etkileyebilen etmenlerdir.
Bu nedenle ikinci {iriin silajlik misir ¢aligmalarinin ayrica yiiriitiilmesi ve sonuglarinin degerlendirilmesi 6nemlidir.

Bu calismada Bilecik ekolojik kosullarinda ikinci iiriin olarak ekilen 22 farkli silajlik misir ¢esidinin silaj
verimi ve baz kalite 6zelliklerinin tespit edilerek, bolge sartlarinda 2. iiriin olarak verimli ve silaj kalitesi yiiksek
silajlik misir gesit veya gesitlerinin belirlenmesi amaglanmistir.

2. Materyal ve Metot

Caligma 2020 yilinda Bilecik Seyh Edebali Universitesi, Tarimsal Arastirma ve Uygulama Merkezi arazisinde
yiiriitiilmiistiir. Arastirmada kullanilan silajlik misir gesitleri Tablo 1 ‘de sunulmustur.

Bilecik Ilinin uzun yillar ve 2020 yil1 vejetasyon dénemine ait (Temmuz-Ekim) iklim verileri Meteoroloji
Bolge Midiirliigiinden alinmigtir. Buna goére, uzun yillar ve 2020 yili vejetasyon donemi sicaklik ortalamasi
sirastyla 19.2 °C ve 21.2 °C olarak gerceklesmistir. Toplam yagis miktari uzun yillar ortalamasinda 94.8 mm, 2020
yilinda 50.8 mm olmustur (Tablo 2).

Calismanin yiritiildiigii arazinin toprak 6zelliklerinin belirlenmesi amaci ile analiz yaptirilmis, topragin killi
tinlt yapida, hafif alkali (pH=7.78), orta diizeyde kirecli (% 6.84) ve hafif tuzlu (% 0.045) oldugu belirlenmistir.
Ayrica topragim fosfor (22.16 kg da) ve potasyum (66.9 kg da*) bakimimdan zengin ve organik madde igeriginin
ise orta seviyede (% 2.26) oldugu tespit edilmistir.

Deneme ikinci iriin olarak 03.07.2020 tarihinde Tesadiif Bloklar1 Deneme Desenine gore 3 tekerriirlii
kurulmustur. Ekim mibzer ile yapilmis olup, sira iizeri 17 cm, sira aras1t 70 cm, parsel uzunlugu 5 m ve 4 siradan
olugsmustur. Ekim normu bir dekar alanda 12000 tohum olacak sekilde hesaplanmigtir. Ekim ile birlikte dekara 8
kg P,0s gelecek sekilde DAP giibresi ve uygulanmasi planlanan azotlu giibrenin yarisi olan 5 kg da'N gelecek
sekilde iire (% 46 N) giibresi uygulanmistir. Azotlu giibrenin diger yarist ise bitkiler 40-50 cm (Kirtok, 1998)
boylandiklarinda, yine dekara 5 kg N gelecek sekilde iire (% 46 N) uygulamasi ile verilmistir. Sulama tohumlarin
cimlenmesine kadar yagmurlama sulama seklinde, sonrasinda damla sulama olarak yapilmigtir. Yabanci ot
miicadelesi ve bogaz doldurma yapmak amaciyla 2 kez elle ¢apa yapilmigtir. Misirlar hamur olum dénemine
geldiginde silaj i¢in hasatlar1 yapilmistir.
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Tablo 1. Arastirmada kullanilan silajiik misr ¢egitleri

Table 1. The silage corn varieties used in the study

Cesit ad1 Tescil sahibi FAO olum grubu
Samada-07 Sakarya Misir Arastirma Enstitiisii 700
Arifiye Sakarya Misir Arastirma Enstitiisii 650
Sakarya Sakarya Misir Arastirma Enstitiisi 650
ADA-9510 Sakarya Misir Arastirma Enstitiisii 650
ADA-9516 Sakarya Misir Arastirma Enstitisi 650
ADA-523 Sakarya Misir Arastirma Enstitiisii 650
AGA Sakarya Misir Arastirma Enstitiisii 720
Kerbanis KWS Tiirk Tarim ve Ticaret A.S. 550
Keravnos KWS Tiirk Tarim ve Ticaret A.S. 700
Kolessous KWS Tiirk Tarim ve Ticaret A.S. 680
Simpatico KWS Tiirk Tarim ve Ticaret A.S. 200
Kilowatt KWS Tiirk Tarim ve Ticaret A.S. 700
Kalideas KWS Tiirk Tarim ve Ticaret A.S. 250
Larigal Agromar San. ve Tic. A. S. 600
SY-Antex Sygenta Tohumculuk Ticaret Ltd. Sti. 400
SY-inove Sygenta Tohumculuk Ticaret Ltd. Sti. 450
SY-Gladius Sygenta Tohumculuk Ticaret Ltd. Sti. 600
Dragma Sygenta Tohumculuk Ticaret Ltd. Sti. 450
PR31G98 Pioneer Tohumculuk San. Tic. A.S. 700
P9027 Pioneer Tohumculuk San. Tic. A.S. 300
Dekalp 6308 Bayer Crop Science Ttrkiye 650
Dekalp 6442 Bayer Crop Science Ttrkiye 650
Tablo 2. Bilecik Ili Uzun Yillar ve 2020 Yili Iklim Verileri
Table 2. Bilecik Province Long Years and 2020 Climate Data
Fuler Sicaklik (°C) Yagis (mm) Nem (%)

uYo 2020 uYo 2020 uYyo 2020

Temmuz 22.1 22.9 19.1 1.20 58.0 63.0

Agustos 22.1 23.3 13.0 6.50 57.0 56.7

Eylul 185 21.4 225 8.00 61.0 65.2

Ekim 13.9 17.1 40.2 35.1 69.0 66.6

Ortalama 19.2 21.2 61.3 62.9

Toplam 94.8 50.8

UYO: Uzun yillar ortalamasi

Her parselden rastgele segilen 10 bitkinin agirliklarmin ortalamasi, parseldeki bitki sayisi ile garpilarak
cesitlerin yesil ot verimleri belirlenmistir. Hasat, silolama ve yemleme asamalarinda olugsmasi muhtemel kayiplar
da dikkate alinmis ve yesil ot veriminin % 25 azaltilmas1 (Kutlu, 2022) ile ¢esitlerin silaj verimi belirlenmistir.

Hasat sonrast silaj makinasi ile par¢alanan bitki 6rnekleri 2 kg’lik plastik bidonlara 3 tekerrurlii olacak sekilde
doldurulmus, kapali ve kuru bir ortamda 25+2 °C sicaklikta fermantasyona birakilmistir. Silaj yapimindan yaklagik
alt1 ay sonra agilan silajlardan alinan 6rneklerin fiziksel kalite 6zellikleri Yalginkaya ve ark. (2012)’nin bildirdigi
kriterlere (renk, koku ve striiktiir) gore iki kisi tarafindan degerlendirilmistir. Buna gore silajlarda beklenen
aromatik kokuya sahip olan silaj 6rnekleri 14, hafif kizisma ve kokuda degisim goriilen silaj 6rnekleri 8, kuvvetli
kizisma ve kokuda kuvvetli degisim olanlar 4, amonyak kokusu ve ¢ok eksi koku hissedilenler 2 ve ¢iiriik kiif
kokusu belirgin goriilenler 0 puan almistir. Striiktiir degerlendirmesinde yapist bozulmamas silaj 4, biraz bozulmus
silajlar 2, cok bozulmus ve kiiflii olan silajlar 1, ¢lirlimiis ve asir1 bozulmus olan silajlar ise 0 puan almistir. Silaj
orneklerinin renk degerlendirmesinde ise 0-2 arast puan kullanilmis, hasat asamasindaki rengini koruyan silaj
orneklerine 2, rengi az degismis silaj 6rneklerine 1 ve rengi ¢ok degisen silaj 6rneklerine O puan verilmistir. Burada
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aktarilan fiziksel gozlemler neticesinde verilen toplam puanlara gére denemeye alinan cesitlerden elde edilen
silajlarin yem nitelik smiflari belirlenmistir. Buna gore; toplam fiziksel degerlendirme puani 0-4 olan silajlar kotu,
5-9 olan silajlar degeri az, 10-13 olan silajlar orta, 14-17 olan silajlar iyi ve 18-20 olan silajlar ise ¢ok iyi sinifta
yer almistir.

Silajlar acilip, alinan 6rnekler yas olarak tartilmig daha sonra etiive konularak 105 °C derecede 48 saat siireyle
kurutulmustur. Kuru 6rnek agirliginin yas 6rnek agirligma oranlanmasi ile kuru madde orani belirlenmistir.
Organik asit igeriklerinin belirlenmesi i¢in hazirlanan silaj 6rneklerinin pH’s1 dijital pH metre ile 6lgiilmiistiir.
Kuru madde orani ve pH’lar1 belirlenen silajlarin agagida verilen ve Kilig (1984)’1n, belirlemis oldugu formiil
yardimiyla Fleig puanlari da hesaplanmustir.

Flieg Puani: 220+(2 x % Kuru Madde — 15) — 40 x pH (Kilig, 1984).

Agilan silajlardan 20 g 6rnek alinarak tizerine 100 ml saf su ilave edilmis ve blender yardimi ile iyice
karistirilarak filtre kdgidindan stiziilmiistiir (Basaran ve ark., 2018). Siiziilen bu 6rneklerin laktik, asetik ve btrik
asit igerikleri yiiksek performansh sivi kromatografi (HPLC) cihazi kullanilarak 6l¢iilmustiir.

Ham protein, asit deterjanda ¢6ziinmeyen lif (ADF) ve nétr deterjanda ¢dziinmeyen lif (NDF) analizlerinin
yapilabilmesi i¢in kurutulan ornekler 1 mm ¢apindaki elekten gececek sekilde laboratuar degirmeninde
Oglitilmiistiir. Daha sonra bu 6rneklerin ham protein oranlar1 Near Infrared Reflectance Spectroscopy (NIRS)
(Foss 6500) cihazi ve IC-0904FE paket programi kullanilarak belirlenmistir. ADF ve NDF analizi ise ANKOM
Fiber Analyzer cihaz ile yapilmustir. (Van Soest ve ark., 1991)

Nispi yem degerinin (NYD) belirlenmesi i¢in ise asagida da verilen Rohweder ve ark. (1978)’nin belirlemis
oldugu formiil kullanilmistir.

Sindirilebilir Kuru Madde (SKM): (88.9 - (0.779 * % ADF).
Kuru Madde Tuketimi (KMT): (120 NDF?)
Nispi Yem Degeri (NYD): (% SKM * % KMT) 1.29'1 (Rohweder ve ark., 1978).

Silaj orneklerinin potasyum (K), kalsiyum (Ca) ve magnezyum (Mg) igerikleri Kacar (1972)’in belirtmis
oldugu yas yakma yontemine gore ve Atomik absorpsiyon spektrofotometre cihazinda, fosfor (P) icerikleri ise
Kitson ve Mellon (1944)’un belirtmis oldugu kuru yakma yontemine gore ve spektrofotemetre cihazinda
belirlenmistir.

Silajlardan 0.01 gr 6rnek tartilarak {izerine 6 ml tanen ¢ozeltisi (1.5 ml Biitanol-HCI ayraci, 250 pl tanen
ekstrakti, 50 pl Fe FeCl3 ¢ozeltisi) eklenmis ve bir tiipe konularak vortexte karistirilmistir. Test tliplinlin agz1 sikica
kapatilip 1 saat 100 °C de tutulmus ve drnekler sogutulmustur. Daha sonra 6rnekler spektrofotometrede 550 nm
absorbans degerinde okutulmustur (Bate-Smith,1975). Absorbans degerleri belirlenen drneklerin kondanse tanen
icerikleri ise agagidaki formiil yardimiyla hesaplanmustir.

Kondanse tanen: Absorbans (550 nm x 156,5 x seyreltme faktori) Kuru agirhik (%)

Aragtirmadan elde edilen verilerde SPSS 20.0 paket programi kullanilarak yapilan Anova analizleri sonunda
faktor ortalamalarinin kiyaslanmasi Duncan ¢oklu karsilastirma testine gore degerlendirilmistir.

3. Arastirma Sonugclari ve Tartisma

Farkli silajlik misir ¢esidine ait silaj 6rneklerinin renk, koku, striiktiir, toplam puanlamalar1 ve yem nitelik
smiflarina ait veriler Tablo 3’de verilmistir.

Iyi silolanmis ve korunmus bir silaj yeminin miimkiin oldugunca silolandig1 andaki rengini korumasu istenir.
Silo yeminin rengi yapildig1 bitkiye gore degismekle birlikte agik yesilden, agik kahve veya daha koyu tonlara
kadar degisebilir. Silajlarin ¢ok koyu renge sahip olmasi ya da renk degistirmis olmasi istenmeyen bir durumdur.
Eger silo yeminde koyu yesilden koyu siyaha kadar renkler gdzleniyorsa bu durum protein ve seliillozun
pargalandigna isaret eder (Uygur, 2022). Calismada SY-inove cesidi harig tiim gesitlerin silolandi1g1 andaki rengini
korudugu tespit edilmis olup silajlarda herhangi bir bozulmanin olmadig: goriilmistiir. Bu durum, hasadin dogru
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zamanda yapilmis olmasi nedeniyle kuru madde igeriginin silaj yapimi icin istenen seviyede olmasi, sikistirma
isleminin ve fermantasyonun uygun bir sekilde ger¢ceklesmesinden kaynaklanmistir.

Iyi fermente olmus silajlar, agildig1 anda rahatlikla alinabilen, silaja 6zgii bir kokular1 vardir. Bu koku 6zelligi
silaj kalitesinin belirlenmesinde ele alinan 6zelliklerden birisidir. Silaj agildiginda asir1 keskin ya da istenmeyen
asit benzeri kokular almmmasi durumunda fermantasyonun istenilen sekilde gergeklesmedigi ve silolama
asamasinda silaj igeriSine karigsan havanim silaji olumsuz etkiledigi diistiniilir (Aykan ve Saruhan, 2018).
Denemeye alinan gesitler arasinda silaj kokusu bakimindan farkliliklar tespit edilmistir. Renk kriterinde oldugu
gibi SY-Inove gesidi harig gesitlerin ogunlugunda tereyag asidi kokusunun olmadig1, hafif eksimsi, meyvemsi ve
aromatik kokuya sahip olduklar1 tespit edilmistir. SY-Inove ile kurulan silajda ise asidik kokular bulundugu
gorilmiistiir. Silolanmis yemler agildiklarinda kullanilan bitkilerin yaprak ve saplarinin bozulmadan kalmasi bir
diger 6nemli husustur.

Iyi silolanma sartlarinda silo igerisinde olusan laktik asit sayesinde bitkilerin yaprak ve saplarmnin fiziksel
goruntsi korunabilmektedir. Silajlarin striiktiir ortalamalari incelendiginde, SY-inove, Keravnos ve Kolesseus
cesitleri hari¢ tiim cesitlerde yaprak ve saplarin bozulmadan kaldig1 ve striiktiir degerlendirmesinden 4.0 puan
aldig1 tespit edilmistir. Cesitlerin toplam fiziksel puanlamalar1 degerlendirildiginde; 9-20 arasinda, yem nitelik
siniflar1 ise orta ve ¢ok iyi diizey arasinda degismistir. Kavut ve Soya (2012), baz1 misir ¢esitlerinin silaj kalite
ozellikleri iizerinde yaptig1 caligmada, gesitlerin fiziksel gozlemlerine ait toplam puanmn 18.22-19.06 arasinda
degistigini bildirmislerdir.

Tablo 3. Farkh Silajluk Misirlara Ait Silajlarin Fiziksel Gozlemleri Ile Yem Nitelik Siniflar:

Table 3. Physical Observations and Feed Quality Classes of Silage Belonging to Different Silage Corns

Cesitler Renk Koku Straktur Toplam Yem nitelik
siifi
Samada-07 2.0 11.00 4.0 17.00 Iyi
Arifiye 2.0 14.00 4.0 20.00 Pek iyi
Sakarya 2.0 14.00 4.0 20.00 Pekiyi
ADA-9510 2.0 11.00 4.0 17.00 Iyi
ADA-9516 2.0 14.00 4.0 20.00 Pekiyi
ADA-523 2.0 11.00 4.0 17.00 Iyi
AGA 2.0 14.00 4.0 20.00 Pekiyi
Kerbanis 2.0 11.00 4.0 17.00 Iyi
Keravnos 2.0 11.00 3.0 16.00 Iyi
Kolessous 2.0 11.00 3.0 16.00 Iyi
Simpatico 2.0 11.00 4.0 17.00 Iyi
Kilowatt 2.0 11.00 4.0 17.00 Iyi
Kalideas 2.0 8.00 4.0 14.00 Iyi
Larigal 2.0 14.00 4.0 20.00 Pekiyi
SY-Antex 2.0 14.00 4.0 20.00 Pekiyi
SY-Inove 1.0 6.00 2.0 9.00 Degeri Az
SY-Gladius 2.0 14.00 4.0 20.00 Pekiyi
Dragma 2.0 14.00 4.0 20.00 Pekiyi
PR31G98 2.0 14.00 4.0 20.00 Pekiyi
P9027 2.0 14.00 4.0 20.00 Pekiyi
Dekalp 6308 2.0 14.00 4.0 20.00 Pekiyi
Dekalp 6442 2.0 11.00 4.0 17.00 Iyi

Silajlarin kuru madde orani, pH ve Flieg puanlari ile kalite siniflart Tablo 4’de verilmistir. Buna gore
cesitler arasinda pH ve Flieg puani arasinda 6nemli farkliliklar (P>0.05) belirlenirken, kuru madde oranlar
arasinda farklilik tespit edilmemistir.
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Tablo 4. Silajlik misir ¢esitlerinin % kuru madde, pH, Flieg puanlari ve kalite siniflart

Table 4. Dry matter %, pH, Flieg scores and quality classes of silage corn varieties

Cegsitler Kuru madde pH* Flieg puam*® Kalite sinifi
(%)

Samada-07 33.29 4.46 cd 93.05ab Pekiyi
Arifiye 32.32 4.61 bed 85.10 ab Pekiyi
Sakarya 34.62 459 cd 90.78 ab Pekiyi
ADA-9510 34.66 4.63 bed 89.25 ab Pekiyi
ADA-9516 35.89 4.48 cd 97.45a Pekiyi
ADA-523 34.12 5.31ab 60.84 bc Iyi
AGA 34.53 4.90 a-d 78.19 ab Iyi
Kerbanis 33.15 5.03 a-d 69.96 abc Iyi
Keravnos 32.70 4.83 bed 77.07 abc Iyi
Kolessous 31.83 555a 46.52 ¢ Orta
Simpatico 37.24 4.71 bed 91.07 ab Pekiyi
Kilowatt 32.94 493 a-d 73.55 abc Iyi
Kalideas 37.23 4.78 bed 88.27 ab Pekiyi
Larigal 35.85 4.46 cd 98.31a Pekiyi
SY-Antex 34.19 4,52 cd 92.58 ab Pekiyi
SY-inove 35.91 5.17 abc 70.03 abc Iyi
SY-Gladius 34.46 452cd 93.26 ab Pekiyi
Dragma 35.64 4.47cd 97.35a Pekiyi
PR31G98 35.66 4.444d 98.59 a Pekiyi
P9027 35.05 4.44d 97.64 a Pekiyi
Dekalp 6308 34.47 4.47 cd 95.27a Pekiyi
Dekalp 6442 36.05 4.67 bed 90.43 ab Pekiyi

(*p>0.05); Ayn1 harfle gosterilen ortalamalar arasinda p>0.05 seviyesinde farklilik yoktur.

Kaliteli olarak nitelenebilmesi igin silajda kuru madde oranmmin % 25-40 arasinda olmasi gerekmektedir
(Klamem ve ark., 2005, Panyasak ve Tumwasorn, 2015). Kuru madde oranmin % 40'tan fazla olmasi, yemde
yiiksek seliiloz ve hemiseliiloz igeriginin yiiksek oldugu anlamina gelirken, bu durumun yemin sindirilmesini
giiclestirdigi ve lezzetini azaltti§1 da bilinmektedir. Ayrica yliksek kuru madde igerigi silajin sikistirilmasini
zorlagtirdigindan, bozulma riskini ortadan kaldirmak igin silolamanin daha hassas bir sekilde yapilmasini
gerektirmektedir. Diger taraftan diisiik kuru madde orani ise silajin karbonhidrat i¢erigini diisiiriir ve bozulmasina
neden olur (Panyasak ve Tumwasorn, 2015). Calismada silajlarin kuru madde oran1 % 31.83-37.24 arasinda
degismis olup, istenen seviyenin arasinda olmustur. Oztiirk ve Budakli Carpici (2019) Bursa ekolojik kosullarinda
yiiriittikkleri ¢aligmada 10 farkli silajlik misir ¢esidinden (AS 160 Silaz, Colonia, P 3394, Hacibey, 94MAY 66,
Macha, Sy Jullen, Sy Atomic ve Temuco) elde ettikleri silajlarin kuru madde oraninin % 25.58-31.46 arasinda,
Ozdiiven ve ark. (2009) tarafindan Akdeniz, Gézdem, Pioneer 3167 ve Ada 9510 hibrit misir cesitleri ile yiiriitiilen
calismada ise hamur olum doneminde hasat edilerek yapilan silajlarin kuru madde igeriginin % 29.03-30.99

arasinda degistigi bildirilmistir.

Silo yemi kalitesinin belirlenmesinde kullanilacak en onemli kriterlerden birisi de pH degeridir. Silo igi
fermantasyon diizeyinin belirlenmesinde silo yemi pH icerigi 6nemli bir parametredir. Silajin yeterince olgunlasip
olgunlagmadigi yemin pH degerine bakilmak suretiyle belirlenmektedir (Uygur, 2022). Kaliteli bir silaj elde etmek
icin silo icerisinde mutlaka asidik bir ortam dolayisiyla diisiik pH degeri istenmektedir. Laktik asit bakterilerinin
aktif caligmasi sonucunda siloda pH’nin 4.2-4.5 diizeylerine diismesinden sonra silolanan materyal stabil bir
devreye girmektedir (A¢ikgoz, 2021). Calismada kullanilan ¢esitlerin pH degeri 4.44 ile 5.55 arasinda degismistir
(Tablo 4). Bu degerlerin Kavut ve Soya (2012) tarafindan Bornova ve Odemis kosullarinda gergeklestirilen
caligmada elde edilen degerlerden (pH 3.98-4.04) daha yiiksek, Aykiz (2019) tarafindan Tekirdag kosullarinda
tespit edilen degerlerden ise daha diisiik (pH 4.80 — 5.93) oldugu goriilmiistiir. Farkliliklarin kullanilan ¢esitlerden,
hasat zamanindan ve uygulanan kiiltiirel islemlerden kaynaklandigi tahmin edilmektedir. Diger taraftan silaj
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iizerine olumsuz etkide bulunan enterobacteria mikroorganizmalar: ile clostridial sporlarinin ¢cogalmamasi igin
pH’nin 5’in altina diigmesi gerekmektedir (Filya, 2001). Buna gére, ¢alismada ADA-523 (5.31), Kerbanis (5.03),
Kolessous (5.55) ve SY-inove (5.17) disinda kalan gesitlere ait silajlarm pH’lar1 bu seviyenin altinda olmustur.
Korkmaz ver ark. (2016), Cukurova kosullarinda yiiriittiikleri ¢aligmada silajlik misir ¢esitlerinin pH’sinin 3.52-
3.73, Tantekin (2016) ise Diyarbakir ekolojik kosullarinda 3.67-3.90, Kaya ve Polat (2010) Tekirdag kosullarinda
3.58-3.66 arasinda degistigini bildirmistir.

Silajlarin pH ve kuru madde igeriginden yararlanilarak belirlenen Flieg puani mevcut ¢caligmada 46.52 ile 98.59
arasinda degigmistir (Tablo 4). Flieg puani ile kalite sinifi arasinda pozitif yonlii bir korelasyon vardir. Calismada
kullanilan gesitlerin kalite siniflar1 orta ve pekiyi arasinda degisirken, cogu gesit pekiyi kalite sinifinda yer almistir.
Korkmaz ve ark. (2019) Cukurova ekolojik kosullarinda ikinci iiriin yetistirdikleri farkl silajlik misir ¢esitlerinin
en yiiksek ve en diisiik Flieg puaninin sirastyla 122.60 ve 114.53 oldugunu belirtmislerdir.

Ikinci iiriin olarak yetistirilen gesitlerin silaj verimi ham protein orani, kondanse tanen icerikleri ile NYD
tizerinde ¢esitlerin etkisi ¢ok 6nemli (p<0.01) bulunmustur (Tablo 5).

Silajlik misir gesitlerinin silaj verimi 5665.43 kg da®ile (Kalideas) - 9971.30 kg da' (Sakarya) arasinda
degismistir (Tablo 5). Cesitlerin sergilemis olduklar1 silaj verimleri dikkate alindiginda, bolge ekolojik
kosullarinda ikinci {iriin yetistiriciliginde FAO olum gruplariin belirleyici olmadig: tespit edilmistir. Giines ve
Acar (2006) Karaman ekolojik kosullarinda yiiriittiikleri calismada cesitlerin silaj verimini 6892.8-8488.0 kg da™?,
Simsek (2006) Antalya kosullarinda 7773.8-13297.6 kg da, Balmuk (2012) Konya sartlarinda 3576.2-50476 kg
dal, Ayaz ve ark. (2013) Sanlurfa Kosullarinda 4831.75-6453.49 kg da*, Seydosoglu ve Saruhan (2017)
Diyarbakir sartlarmnda 6001-10373 kg da?, Karaalp (2015) ise Yozgat Bogazliyan kosullarinda 3065.7-4495.5 kg
da? arasinda degistigini bildirmislerdir. Calismada belirlenen silaj verimleri farkli arastirmacilarin bulgulari ile
benzer olmustur.

Silajlik misir gesitlerinin ham protein orani % 6.45 (Samada-07) — 8.95 (Ada-9510) arasinda degismistir (Tablo
5). Ham protein oram1 genetik farkliliklara bagli olarak degismekle beraber, ekolojik kosullar ile kiiltiirel
islemlerden de (ekim zamani, hasat zamani, sulama ve glbreleme) etkilenebilmektedir. Yozgat ekolojik
kosullarinda iki yil siireyle yiiriitiilen ¢aligmada farklt silajlik misir gesitlerinin ham protein orant % 7.05-9.53
(Yozgatli, 2017), Ordu ekolojik kosullarinda % 7.63-9.32 (Giines, 2017) ve Izmir ekolojik kosullarinda % 6.16-
8.61 (Y1ldiz ve ark., 2017) arasinda degigsmistir. Kaba yemlerin besleme degerlerinin belirlenmesinde en dnemli
faktorlerden biri olan ham protein oraninin yemlerde en az % 6 civarinda olmasi istenmektedir (Senel, 1986; Tan
ve Serin, 1997). Arastirmada yer alan gesitlerin ham protein oranlar1 belirtilen degerin {izerinde bulunmustur
(Tablo 5). Calismada, en yiiksek kondanse tanen igerigi Arifiye (% 1.178), Dragma (% 1.271) ve Dekalp 6308 (%
1.277), en diisiik ise % 0.825 ile PR31G98 ¢esidinde belirlenmistir (Tablo 5). Bitkilerde bulunan kondanse tanenler
rumenden salinan metan gazi iireticilerini engellemekte ve sera gazi salinimini azaltmaktadir (Martin ve ark., 2012),
(Lascano ve Cardenas, 2010). Kiiresel 1sinmanin 1/4’{in{in ruminantlarin sindirim sisteminde tiretilen ve dogaya
salinan metan gazindan kaynaklandigi bildirmektedir. Diger taraftan kondanse tanenler antihelmintik etki
gostererek hayvanlarim i¢ parazitlerini azaltmakta ve hayvanlarda verim ve kalite artig1 saglamaktadir (Liischer ve
ark., 2016). Buna gore ruminant rasyonlarinda yer alan yemlerin kondanse tanen igeriginin en fazla % 2-3 arasinda
olmast gerekmektedir (Barry, 1987). Silajlik misir ¢esitlerinin kondanse tanen igeriginin % 1 civarinda
yogunlastig1 ve kritik seviyenin altinda oldugu goriilmistiir (Tablo 5). Yal¢mn (2013) baklagillerde diger yem
bitkilerine oranla daha ¢ok kondanse tanen bulundugunu ve miktarinin % 0.15-18.70 arasinda degistigini
bildirmistir.

Silajlik misir ¢esitlerinin NYD 82.79 ile 137.19 arasinda degismistir (Tablo 5). NYD Rohweder ve ark. (1978)
tarafindan yem bitkilerinin pazar degerlerinin belirlenmesi amaciyla belirlenmis bir formiil olup, 6 kalite sinifina
ayrilmaktadir. Buna gore yemin NYD degeri 151°den biiyiik ise yem baglangi¢ siifinda, 125-151 arasinda ise 1.
sinifta, 103-124 arasinda ise 2. sinifta, 87-102 arasinda ise 3. sinifta, 75-86 ise 4. sinifta ve 75’den kiigiik oldugunda
ise 5. sinifta yer almaktadir. Bu sonuglara gore ¢aligmada kullanilan silajlik misir ¢esitleri NYD bakimindan 1-4.
siniflar arasinda yer almistir. Yilmaz ve ark. (2020) Samsun ekolojik kosullarinda farkl: silajlik misir ¢esitlerinin
nispi yem degerlerinin 102.4.-137.19 arasinda degistigini bildirmistir. Denemede ikinci iiriin olarak ekilen 22 farkli
silajlik misir ¢esidinden elde edilen silajlara ait laktik, asetik ve bitrik asit degerleri Tablo 6’da verilmistir.
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Tablo 5. Silajiik misir cegitlerinin silaj verimi, ham protein orani, kondanse tanen icerigi ile nispi yem degeri

Table 5. Silage yield, crude protein content, condensed tannin content and relative feed value of silage corn

varieties
il Silaj verimi Ham protein Kondanse tanen Nispi Yem

Cesitler (kg dat)*=* oram (%0)** icerigi (%)** Degeri
Samada-07 8645.00 abc 6.45f 0.901 d-g 85.91e
Arifiye 7766.67 a-d 7.53 b-f 1.178 ab 85.44 e
Sakarya 9971.30 a 8.39 a-e 0.835fg 119.15 abc
ADA-9510 8765.80 abc 8.95a 0.888 d-g 100.62 cde
ADA-9516 9538.33 ab 7.79 a-e 0.837 fg 137.19 a
ADA-523 7780.50 a-d 8.27 a-e 0.915 c-g 107.83 cde
AGA 8753.53 abc 8.73 ab 0.948 c-g 118.33 abc
Kerbanis 7995.17 a-d 8.64 abc 0.839 fg 135.23 ab
Keravnos 6510.33 cd 7.60 b-f 0.936 c-g 85.67 e
Kolessous 6629.87 cd 7.56 b-f 0.925 cg 82.79 ¢
Simpatico 6118.70 cd 7.69 b-e 0.956 c-g 99.19 cde
Kilowatt 6480.60 cd 8.33 a-e 0.866 efg 107.38 cde
Kalideas 5665.43 d 7.23 ef 0.866 efg .104.84 cde
Larigal 7830.20 a-d 8.93a 1.026 b-f 112.19 bed
SY-Antex 7700.93 a-d 7.85 a-e 1.070 bcd 104.23 cde
SY-inove 9398.53 ab 8.53 a-d 1.094 bc 90.75 de
SY-Gladius 9437.03 ab 7.39 def 0.923 c-g 111.64 bed
Dragma 8846.13 abc 7.48 c-f 1.271a 116.84 abc
PR31G98 8852.30 abc 8.46 a-e 0.825¢ 102.33 cde
P9027 7132.23 bed 8.52 a-d 1.041 b-e 119.69 abc
Dekalp 6308 9308.80 ab 8.15 a-e 1.277 a 103.90 cde
Dekalp 6442 9192.60 ab 8.15 a-e 0.923 cg 117.42 cde

(**p>0.01); Ayn1 harfle gdsterilen ortalamalar arasinda p>0.05 seviyesinde farklilik yoktur.

Tablo 6. Silajlik misir cesitlerinin organik asit icerikleri

Table 6. Organic acid content of silage corn varieties

Cegsitler Laktik asit (%)** Asetik asit (%)** Bitrik asit (%0)
Samada-07 1.332fg 0.0331i 0.009
Avrifiye 3.316a 0.072 e-1 0.018
Sakarya 2.636 abc 0.112 a-e 0.044
ADA-9510 1.351 fg 0.054 g-i 0.021
ADA-9516 1.732 d-g 0.118 abc 0.012
ADA-523 1.140 g 0.034 1i 0.003
AGA 1.387 efg 0.086 c-g 0.010
Kerbanis 1.336 fg 0.091 c-g 0.008
Keravnos 1.791d-g 0.102 b-f 0.005
Kolessous 1.403 efg 0.015i 0.002
Simpatico 1.512 efg 0.044 hii 0.009
Kilowatt 1.662 d-g 0.089 c-g 0.020
Kalideas 1.118¢ 0.076 d-h 0.004
Larigal 3.064 ab 0.077 d-h 0.006
SY-Antex 2.152 cde 0.140 ab 0.031
SY-inove 1.143 g 0.034 1i 0.017
SY-Gladius 3.062 ab 0.070 f-1 0.011
Dragma 1.485 efg 0.112 a-e 0.008
PR31G98 2.084 c-f 0.116 a-d 0.012
P9027 2.380 bcd 0.150 a 0.021
Dekalp 6308 3.154a 0.087 c-g 0.018
Dekalp 6442 1.518 efg 0.058 ghi 0.010

(**p>0.01); Ayn1 harfle gosterilen ortalamalar arasinda p>0.05 seviyesinde farklilik yoktur.
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Buna gore laktik ve asetik asit bakimindan ¢esitler arasinda % 1 dnemlilik seviyesinde farklilik varken, biitrik
asit bakimindan ise silajlar arasinda farklilik olmamistir. En yiiksek laktik asit Arifiye (% 3.316), Sakarya (%
2.636), Larigal (% 3.064), Sy-Gladius (% 3.062) ve Dekalp 6308 (% 3.154), en diisiik ise ADA-523 (% 1.140),
Kalideas (% 1.118) ve SY-inove (% 1.143) gesitlerinde belirlenmistir. Laktik asit silajda istenen bir organik asit
olup, silajda en az % 2 olmast istenir (Algicek ve Ozkan, 1996). Calismada Arifiye (% 3.316), Sakarya (% 2.636),
Larigal (% 3.064), Sy-Antex (% 2.152), Sy-Gladius (% 3.062), PR31G98 (% 2.084), P9027 (% 2.380) ve Dekalp
6308 (% 3.154) gesitleri bu degerin tizerinde olmustur Yozgatli (2017) farkl silajlik misir ¢esitlerinin laktik asit
icerigini % 1.504-2.571 arasinda degistigini bildirmistir.

Silaj kalitesinin belirlenmesinde ele alinan bir kriter de asetik asittir. Silolama igleminin dogru yapilmasinda
onemli bir yere sahiptir. Asetik asit silajda daima var olup fazla olmasi istenmez. Silajda asetik asit degeri %
0.8 diizeyine kadar tolere edilebilir (Algicek ve Ozkan 1996). Silajlik musir gesitlerinin asetik asit degerleri %
0.015 (Kolessous) — 0.150 (P9027) arasinda degismistir. Analiz sonuglarina gére mevcut ¢alismadaki silajlik misir
cesitlerinin asetik asit degerleri bu kritik seviyenin altinda olmugtur (Tablo 6).

Biitrik asit bakterileri proteinleri parcalayarak amin ve amonyagin agiga ¢ikmasina, bdylece proteinlerin
biyolojik degerinin diigmesine neden olurlar. Bu yiizden silo yemlerinde biitrik asit hi¢ istenmez. Nitelikli silo
yemleri bu asidi ¢ogu zaman i¢ermezler. Genelde % 0.1-0.7 arasinda bir degere sahiptirler (Uygur, 2022).
Calismada en yiiksek bitrik asit icerigi % 0.044 ile Sakarya, en disiik ise % 0.002 ile Kolessous ¢esidinde tespit
edilmistir. Caligmada silajlik musir gesitlerinin biitrik asit igerikleri bu diizeyin de oldukga altinda olmustur.
Cesitler arasinda K ve Ca bakimindan istatistiksel olarak ¢ok 6nemli (p<0.01), Mg bakimindan énemli (p<0.05)
fark varken, P bakimindan fark olmamustir (Tablo 7).

Tablo 7. Silajiik misir cesitlerinin K, P, Ca ve Mg Icerikleri
Table 7. K, P, Ca and Mg Contents of Silage Corn Varieties

Cegsitler K (%0)** P (%) Ca (%)** Mg (%)*
Samada-07 2.583 b-g 0.370 0.363 c-f 0.143 bed
Arifiye 2.940 a-d 0.413 0.407 a-e 0.133 bed
Sakarya 2.393d-h 0.373 0.347 c-f 0.150 bced
ADA-9510 2.597 b-g 0.360 0.370 b-f 0.157 bed
ADA-9516 2.010gh 0.360 0.270 fg 0.137 bed
ADA-523 2.560 b-g 0.377 0.323 d-g 0.130 bed
AGA 2.370 d-h 0.387 0.320 d-g 0.133 bed
Kerbanis 1.867 h 0.383 0.213 g 0.110d
Keravnos 2.617 b-f 0.380 0.420 a-d 0.170 abc
Kolessous 3.203a 0.453 0.490a 0.157 bed
Simpatico 2477 c-g 0.380 0.367 c-f 0.137 bed
Kilowatt 2.423 c-h 0.367 0.343 c-f 0.147 bed
Kalideas 3.097 ab 0.433 0.477 ab 0.177 ab
Larigal 2.277 e-h 0.370 0.357 c-f 0.167 a-d
SY-Antex 2.457 cg 0.370 0.320 d-g 0.127 bcd
SY-inove 2.990 abc 0.320 0.443 abc 0.160 bed
SY-Gladius 2.233 e-h 0.360 0.297 efg 0.130 bed
Dragma 2.073 fgh 0.330 0.283 fg 0.143 bcd
PR31G98 2.693 a-e 0.380 0.340 c-f 0.117 cd
P9027 2.277 e-h 0.350 0.323 d-g 0.150 bed
Dekalp 6308 2.127 e-h 0.347 0.313 d-g 0.217 a
Dekalp 6442 2.157 e-h 0.357 0.307 d-g 0.143 bed

(**p>0.01; *p>0.05); Ayni1 harfle gosterilen ortalamalar arasinda p>0.05 seviyesinde farklilik yoktur.

Silajlik musir gesitlerinin K igerigi % 1.867 (Kerbanis) ile % 3.203 (Kolessous) arasinda degismistir (Tablo 7).
Yozgatli (2017: 13-22) farkl silajlik misir ¢esitlerinin K igerigin % 1.91 ile % 2.24 arasinda degistigini bildirmistir.
En yiiksek P icerigi % 4.453 ile Kalessous, en diisiik ise % 0.320 ile SY-Inove cesidinden yapilan silajda
belirlenmistir (Tablo 7). Mese (2020) Bilecik ekolojik kosullarinda ana iiriin olarak 18 farkli silajlik misir ¢esidinin,
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P iceriginin % 0.238-0.315 arasinda degistigini bildirmistir. Silajlarin Ca igerigi % 0.213-0.490 arasinda olmustur
(Tablo 7). Silajlarin Mg igerigi ise % 0.110 (Kerbanis) — 0.217 (Dekalp 6308) arasinda degismistir. Yapilan bir
calismada, farkli silajlik musir cesitlerinin Mg icerigi ortalama % 0.19 olarak belirlenmistir (Ozata, 2017).
Ruminant saglig1 agisindan kaliteli kaba yemlerde K oraninin en az % 0.8, P oraninin % 0.21, Ca igeriginin % 0.18
- 0.44 ve Mg igeriginin ise % 0.04 - 0.10 arasinda olmasi gerekmektedir (Kidambi ve ark., 1989; Yozgatli, 2017).
Mevcut ¢alismada, tiim silajlik misir ¢esitlerinden elde edilen silajlarin % mineral madde iceriklerinin istenilen
seviyede oldugu belirlenmistir (Tablo 7).

4. Sonug

Silajlik misir iiretiminde basarinin arttirilabilmesi icin mevcut ¢esitlerin hangi ekolojilerde daha iyi performans
gosterdigi, cesitlerden elde edilen silajlarin yem kaliteleri ve ikinci iiriin tiretimindeki performanslari tiim farkli
ekolojilerde aragtirilmalidir. Bu tiir ¢alismalar sonucunda farkli bolgelerdeki Ureticilerimize bolge kosullarinda
iistlin performans gosteren ¢esitler onerilebilecektir. Bolgeye uygun gesitlerin yetistirilmesi ile de silajlik misir
tretimi daha verimli bir gekilde gerceklestirilecek ve hayvansal iiretimin ihtiyact olan Kaliteli kaba yem
saglanabilecektir.

Bu calismada Bilecik ili ekolojik kosullarinda, 22 silajlik misir ¢esidi ikinci iiriin olarak yetistirilmis ve
cesitlerin silaj verimi ile silajlarin baz1 kalite 6zellikleri karsilastirilmistir. Silaj verimi ve kalite 6zellikleri birlikte
ele alindiginda; Arifiye, Sakarya, Larigal, Sy-Antex, Sy-Gladius, Pioneer PR31G98, Pioneer P9027 ve Dekalp
6308 cesitlerinin diger misir ¢esitlerinden daha iistlin performans sergiledigi gorilmustiir.

Tesekkiir

Bu calisma Bilecik Seyh Edebali Universitesi Bilimsel Arastirma Projeleri Koordinatorliigii tarafindan 2021-
01.BSEU.01-03 numarali BAP projesi ile desteklenmistir.
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Abstract

The aim of this study was to determine the differences and the importance of the differences in terms of some
socio-economic factors and agricultural practices of the producers who had soil analysis in Edirne and Tekirdag
provinces and to evaluate the opinions of the producers about soil analysis and soil analysis subsidies. Three
laboratories were selected among the laboratories with the highest number of sample acceptances for soil
analysis in the provinces determined in the study. For each province, total of 60 producers who applied to the
laboratories in 2015 and who utilized from soil analysis subsidies, and consequently, total of 120 producers were
interviewed. The analysis of the differences of the producers who had soil analysis in Edirne and Tekirdag
provinces was determined by the regression tree model (CHAID analysis). According to the CHAID analysis, in
which the provinces were taken as the dependent variable, it was seen that the first most distinctive feature was
the state-supported agricultural insurance. Of the producers who stated that they did not have agricultural
insurance, 31% were located in Edirne and 69% were located in Tekirdag. It was seen that 56% of the producers
in Edirne and 44% of the producers in Tekirdag had agricultural insurance. The most important feature of the
second node was the education level of the producers, the third sub-node decision point was whether the
producers had training on fertilization, and the fourth decision point was whether the producers faced risks in
agriculture in the last three years. The four most important reasons for the producers to have soil analysis in
Edirne province were to increase the product yield, to reduce the cost, to increase product quality and protect the
environment, respectively. In the province of Tekirdag, the criteria of increasing the product yield was on the
first rank, increasing the product quality in the second rank, reducing the cost in the third rank and protecting the
environment in the fourth rank. It is expected that it will be beneficial to introduce soil analysis conditions to the
producers at the stage of purchasing fertilizers, and thus to ensure that the producer purchases fertilizer by
determining the type and amount of fertilizer to be disposed of according to the analysis results.
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Oz

Bu calismanin amact Edirne ve Tekirdag illerinde toprak analizi yaptiran ireticilerin bazi sosyo ekonomik
faktorler ve tarimsal uygulamalar yoniinden farkliliklarmin ve farkliliklarm 6nem diizeylerinin belirlenmesi ve
Ureticilerin toprak analizi ve toprak analizi destekleri ile ilgili goriislerinin degerlendirilmesidir. Arastirmada
belirlenen illerde toprak analizi igin numune kabul sayisi en fazla olan laboratuvarlar arasindan 3 adet
laboratuvar secilmistir. Her il i¢in 2015 yilinda laboratuvarlara bagvuran ve toprak analiz desteginden yararlanan
Ureticilerden toplamda 60 Qretici olmak Uzere, toplamda 120 iiretici ile goriistilmistiir. Edirne ve Tekirdag
illerinde toprak analizi yaptiran treticilerin farkliliklarinin analizi regresyon agaci modeli (CHAID analizi) ile
belirlenmistir. illerin bagimli degisken olarak alindigit CHAID analizine gére, birinci en belirgin 6zelligin devlet
destekli tarim sigortasi yaptirma oldugu goriilmiistir. Tarim sigortast yaptirmadigimi ifade eden
iireticilerin %31°1 Edirne ilinde, %69’u Tekirdag ilinde yer almaktadir. Edirne ilinde ireticilerin %56’sinin,
Tekirdag ilinde iireticilerin %44 iiniin tarim sigortasi yaptirdiklar1 goriilmektedir. Ikinci diigiim noktasinin en
onemli 6zelligi, iireticilerin egitim diizeyleri, liglincii alt diigiim karar noktasinda iireticilerin giibreleme ile ilgili
egitim alip almama durumlari, dordiincii karar noktasinda ise iireticilerin son ii¢ yil iginde tarimda riskle
karsilasip karsilasmama durumlar1 yer almaktadir. Edirne ilinde iireticilerin toprak analizi yaptirmalarindaki en
o6nemli dort nedenin sirasiyla iiriin verimini arttirmak, maliyeti diisiirmek, iiriin kalitesini arttirmak ve gevreyi
korumak oldugu belirlenmigtir. Tekirdag ilinde de ilk siray1 {iriin verimini arttirmak kriteri almakta olup, ikinci
stray1 {irlin kalitesini arttirmak, ti¢lincii siray1 maliyeti diisiirmek ve dordiincii siray1 ¢evreyi korumak kriterleri
almaktadir. Ureticilere giibre satin alma asamasinda toprak analizi sartinin getirilmesinin, dolayistyla analiz
sonuglarina gore atilmast gereken giibre cinsi ve miktarinin belirlenerek ireticinin giibre satin almasinin
saglanmasinin faydali olacagi beklenmektedir.

Anahtar Kelimeler: Regresyon agaci, Toprak analizi, Toprak analiz destegi, Uretici goriisii
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1. Introduction

The main factor of agricultural production is soil. As long as the fertility of the soil is at an appropriate level,
the amount and quality of the product to be taken from the unit area will be high. Therefore, it is extremely
important to increase and protect the productivity levels of soils. It is obligatory to restore the plant nutrients that
are depleted from the soil in various ways (Ozyazic1 et al., 2013). Soil pollution usually occurs as a result of
activities (fertilization, spraying, irrigation, etc.) performed by people unconsciously, reducing the sustainable
yield capacity of the soil and causing soil fatigue. Although soil fatigue is not as well known as environmental
pollution, it is one of the most important issues in terms of the economic life of soils (Bellitiirk, 2011).

The main aim in agriculture is to obtain the highest possible yield and quality product from the cultural lands.
Achieving this aim is possible, first of all, by taking a series of cultural measures that will increase the
productivity of the soils. Among these cultural measures, fertilization takes the first place. However, fertilizing
does not indicate that high quality and high yield power can be achieved. As a matter of fact, unconsciously,
excessive fertilization of the soil not only disrupts the structure of the soil, but also disrupts the ecological
balance (Giligdemir and Kalinbacak, 2009).

Soil analysis should be taken as a basis for effective and correct fertilization. Farmers, who apply the
fertilizer recommendations made according to the results of the samples which are duly taken and analyzed, will
make a significant contribution to both their own budgets and the country's economy by making a balanced and
conscious fertilization. Before fertilizing, it is extremely important technically and economically to learn the
amount and application manner of the fertilizer. Profitable fertilization can only be done by using the most
appropriate methods to supply the plant nutrients needed by the plant as much as necessary. At this point, the
importance of soil analysis emerges. The purpose of soil analysis is to determine the soil structure and the
amount of nutrients available to the plants in its content, and to complete the missing part of the nutrients needed
by the plants to be grown in that soil with fertilization.

In order to protect the agricultural sector, encourage agricultural activities and promote its sustainability,
support payments are made by the state in different subjects (Sayin et al., 2021). In order to ensure adequate and
economical fertilization with the fertilization programs created in accordance with the analysis results by
encouraging the producers to have soil analysis, it was decided to give soil analysis subsidies with the decree
dated 28.03.2005 and numbered 2005/8629 in addition to the direct income support by the Ministry of
Agriculture and Forestry.

In this context, the principles regarding soil analysis subsidies are explained in subparagraph b of article 11
of the Communiqué numbered 2005/21 published in the Official Gazette dated 30.04.2005. Soil samples
declared by the farmers to the laboratory were analyzed and reported by the laboratories authorized by the
Ministry of Agriculture and Forestry, and their support began to be given as of 2006 and the payment was made
at a maximum of 60 da. Communiqué dated 31.12.2008 and numbered 27097 published in the Official Gazette
and 2008/70 communique dated 18.03.2010 were revised as a maximum of 50 support payments for each soil
analysis. According to the communiqué numbered 29019 dated 03.06.2014 and the communiqué numbered
29368 dated 27.05.2015, soil analysis support payments were given to the farmers with diesel and fertilizer
support. In accordance with the decision on agricultural supports to be made in 2016 No. 2016/8791, soil
analysis support payments were abolished. In accordance with the communiqué numbered 30183 published in
the Official Gazette dated 17.09.2017, it was stated that the soil samples will be taken by the technical staff of
the authorized soil analysis laboratories using a coordinate determining device. Finally, in the 10th article of the
Communiqué on the Payment of Support to Plant Production, published with the communiqué number 2019/46
dated 9.11.2019, the application principles for soil analysis support payments and the issues related to soil
analysis laboratories that want to benefit from these payments are included.

In this study, the differences and importance levels of the differences in terms of some socio-economic
factors and agricultural practices of the producers who had soil analysis in Edirne and Tekirdag provinces were
determined, and the opinions of the producers on soil analysis and soil analysis subsidies were given.
Evaluations were made separately for the producers in Tekirdag and Edirne provinces, and the provinces were
compared.
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2. Materials and Methods

2.1. Materials

The material of the research consisted of data obtained from primary and secondary sources. The primary
data of the research consisted of the data obtained from the survey studies conducted with the producers who had
soil analysis in 2015 in the laboratories that accepted the most sampling for soil analysis and gave fertilizer
advice in the provinces of Edirne and Tekirdag, which had the largest number of laboratories in the Thrace
Region. Secondary data in the research was obtained from Turkish Statistical Institute, TR Ministry of
Agriculture and Forestry, FAO, domestic and foreign universities and publication services' reports and previous
studies and websites. The selected laboratories in the research area are given in Table 1.

Table 1. Laboratories in the research area

Provinces Districts Laboratories
Corlu Tua Agriculture Industry and Trade Limited Company
Corlu Tekirdag Thrace Oilseeds Agricultural Soil Analysis Laboratory
Tekirdag Hayrabolu Tekirdag Hayrabolu Commodity Exchange Soil Analysis Laboratory
Central District  Namik Kemal University, Faculty of Agriculture, Soil Plant Analysis Laboratory
Central District Tekirdag Commaodity Exchange Soil Analysis Laboratory
Malkara Tekirdag Malkara Soil Plant and Irrigation Water Analysis Laboratory
Kesan Simcan Laboratory Services Industry and Trade Limited Company
Edirne Kesan Edirne Kesan Commodity Exchange Soil-Plant Analysis Laboratory
Uzunkdpri Edirne Uzunkdprii Commodity Exchange Soil Plant Analysis Laboratory
Central District Edirne Commaodity Exchange Agricultural Analysis Laboratory
2.2. Methods

In the provinces determined in the research, 3 laboratories were selected among the laboratories with the
highest number of sample acceptances for soil analysis. For each province, total of 60 producers who applied to
the laboratories in 2015 and who utilized from soil analysis subsidies, and consequently, total of 120 producers
were interviewed.

The compiled data were coded, loaded into the computer and evaluated with the widely used SPSS program.
Descriptive statistics and cross tables were used in the analysis of the data obtained. The chi-square test in cross-
sectional data was used to determine whether there was a difference between the groups in terms of the variables
examined. The analysis of the differences of the producers who had soil analysis in Edirne and Tekirdag
provinces was determined by the regression tree model (CHAID analysis), one of the data mining methods.

Data mining is a method that can make predictions using meaningful information from complex data sets
(Kugukdnder et al., 2014). The most widely used method in data mining is classification and regression tree
algorithms based on tree structure. The structure formed by the continuous dependent variable is called the
“Regression Tree” (Kog, 2016). The structure formed by the categorical dependent variable is defined as the
"Classification Tree" (Orugoglu, 2011).

It is a very useful technique with its tree structure and easy rule extraction. In this context, it is known that
decision trees are widely used in medicine, industry, agriculture and engineering sciences (Kayri and Boysan,
2008, Sugumaran et al., 2007).

The regression tree method is a method that does not require assumptions that are important for parametric
tests (such as normality, homogeneity), and has a visual superiority that is not affected by multiple correlations,
missing observations and extreme values (Mendes and Akkartal, 2009). With the diagram created by the
regression tree method, the interaction between the independent variables and which independent variables affect
the dependent variables can be easily seen. At the same time, the regression tree method allows the decision
rules used in the creation of tree structures to be easily understood (Aksahan and Keskin, 2015).

The most frequently used decision tree models are called CART (Classification and Regression Trees)
analysis and CHAID (Chi-Square Automatic Interaction Detector). Both are used for the same purposes, but
there are differences in the decision tree creation stage. However, the CHAID method is preferred over the other
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method. CHAID analysis is a sub-analysis within the classification and regression tree method (Albayrak and
Kotlan-Yilmaz, 2009). The most important difference between CHAID analysis and other decision tree methods
is due to tree formation. While the other method generates binary trees, CHAID analysis generates multiple trees
(Ture et al., 2009). A regression equation to be obtained by CHAID analysis is kept independent of known
classical assumptions (normality, linearity, homogeneity, etc.). Because with a strong translation algorithm, the
whole universe can be divided into stable sub-nodes. This process can also ensure normality and homogeneity in
the distribution of the data. In addition, continuous and categorical data can be included in the model at the same
time with CHAID analysis (Dogan, 2003). For this reason, CHAID analysis removes the distinction between
parametric and non-parametric and has a statistically semi-parametric feature in the method algorithm (Kayri and
Boysan, 2008). In CHAID analysis, especially the relationships and interactions of independent variables with
each other are examined. For this reason, it also tests the relationships between variables. If the dependent
variable is categorical, the relationship between the variables is tested with chi-square analysis, and if the
dependent variable is continuous, it is tested with the F test. (Kayri and Boysan, 2008).

3. Results and Discussion
3.1. Anaylsis of the differences of the producers

In this part of the study, the differences and the importance of the differences in terms of some socio-
economic factors and agricultural practices of the producers who had soil analysis in Edirne and Tekirdag
provinces were examined with the help of CHAID analysis. The distribution of the variables used in the analysis
in the provinces is given in Table 2.

Producers who had analysis in Edirne and Tekirdag provinces were predominantly in the middle-aged group
(41-60 years old). While it was seen that the ratio of the producers who were primary school graduates in Edirne
province was higher than Tekirdag province, the ratio of producers who were secondary school, high school and
university graduates was higher in Tekirdag province. While it was determined that 45% of the producers in
Tekirdag province had less than 25 years of agricultural experience, this ratio was lower in Edirne province as
33.33%.

The ratio of obtaining agricultural insurance was 85% in Edirne and 66.67% in Tekirdag. It was seen that the
ratio of the producers who stated that they had non-agricultural income in Edirne (66.67%) was higher than those
in Tekirdag (48.33%). It was seen that the ratio of the producers who stated that they faced risks in agriculture in
the last three years was quite close to each other in Edirne and Tekirdag provinces.

It was determined that the ratio of the producers (23.33%) who were engaged in animal husbandry as well as
plant production in Edirne province was slightly higher than the producers in Tekirdag (15%). The ratio of the
producers who stated that they cultivated more than 250 decares of land in Edirne and Tekirdag provinces were
found to be quite close to each other in both provinces. 68.33% of the producers in Edirne and 55% of the
producers in Tekirdag stated that they used fertilizer support to buy fertilizer.

While the rate of producers who stated that they received training on fertilization in Edirne was 33.33%, this
ratio was found to be 50% for producers operating in Tekirdag. 46.67% of the producers in Edirne and 51.67%
of the producers in Tekirdag stated that they had separate analyzes for each parcel. While 58.33% of the
producers operating in both provinces stated that they complied with the recommended fertilization program,
10% of the producers in Edirne and 28.33% of the producers in Tekirdag stated that they always complied with
the fertilization program (Table 2).

The regression tree created with the CHAID algorithm to determine the differences of the producers who had
soil analysis in Edirne and Tekirdag provinces is given in Figure 1. According to the CHAID analysis, in which
the provinces were taken as the dependent variable, it was seen that the first most distinctive feature was the
state-supported agricultural insurance. Of the producers who stated that they did not have agricultural insurance,
31% were located in Edirne and 69% were located in Tekirdag. It was seen that 56% of the producers in Edirne
and 44% of the producers in Tekirdag had agricultural insurance. The most important feature of the second node
was the education level of the producers, the third sub-node decision point was whether the producers had
received training on fertilization, and the fourth decision point was whether the producers faced risks in
agriculture in the last three years.
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Table 2. Descriptive statistics of the variables used in the analysis

Variables Edirne Tekirdag
Number % Number %
Age
Young (20-40 years old) 4 6.67 10 16.67
Middle-aged (41-60 years old) 36 60.00 37 61.67
Elderly (61 years and older) 20 33.33 13 21.67
Young (20-40 years old) 4 6.67 10 16.67
Education level
Primary school 29 48.33 16 26.67
Middle school 5 8.33 11 18.33
High school 16 26.67 21 35.00
College/University 10 16.67 12 20.00
Agricultural experience
Less than 25 years 20 33.33 27 45.00
25 years and above 40 66.67 33 55.00
Agricultural insurance
Yes 51 85.00 40 66.67
No 9 15.00 20 33.33
Non-agricultural income
Yes 40 66.67 29 48.33
No 20 33.33 31 51.67
Encountering risks in agriculture
Yes 24 40.00 22 36.67
No 36 60.00 38 63.33
Type of activity
Vegetative 46 76.67 51 85.00
Vegetative + animal 14 23.33 9 15.00
Total land size
0-250 da 16 26.67 15 25.00
251 da and above 44 73.33 45 75.00
Purpose of use of fertilizer support
To get fertilizer 41 68.33 33 55.00
Out of agriculture 0 0.00 2 3.33
Apart from fertilizer but still in agricultural production 19 31.67 25 41.67
Getting training on fertilization
Yes 20 33.33 30 50.00
No 40 66.67 30 50.00
Performing analysis for each parcel
Yes 28 46.67 31 51.67
No 32 53.33 29 48.33
Comply with the fertilization recommendation program
Always 6 10.00 17 28.33
Generally 35 58.33 35 58.33
Rarely 11 18.33 4 6.67
Very rare 6 10.00 1 1.67
No 2 3.33 3 5.00

The situation of not having agricultural insurance was affected by the education level variable and divided
into two juvenile nodes. 61.5% of the producers who did not have agricultural insurance in Edirne and 38.5% of
those who did not have agricultural insurance in Tekirdag were primary school graduates. While the ratio of the
producers who were above primary school graduates in the producer group who did not have agricultural
insurance in Edirne province was determined as 6.2%, this ratio was found as 93.8% in Tekirdag province.
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Agricultural insurance was affected by the total land size variable and divided into two juvenile nodes. The total
land size of 51.4% of the producers who had agricultural insurance in Edirne and 48.6% of those who had
agricultural insurance in Tekirdag province was over 250 decares.
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Figure 1. Regression tree for provinces using CHAID algorithm

The variable of land size over 250 decares was divided into two juvenile nodes by being affected by the
variable of training on fertilization. While it was determined that 61.5% of the producers working on 250 decares
of land in Edirne province did not receive training on fertilization, this ratio was found as 38.5% in Tekirdag
province. The rate of training with fertilization by the producers who cultivated a land of more than 250 decares
was found to be 40% for Edirne province and 60% for Tekirdag province. The variable of receiving education
about fertilization was affected by the risk exposure variable in agriculture in the last three years and divided into
two juvenile nodes. 14.3% of the producers who received fertilization training in Edirne and 85.7% of the
producers who received fertilization training in Tekirdag stated that they did not encounter any risk in agriculture
in the last three years. In the provinces of Edirne and Tekirdag, the ratio of encountering any risk in agriculture
in the last three years was found to be 57.1% and 42.9%, respectively (Figure 1).
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3.2. Opinions of the producers on soil analysis and analysis subsidies

In this part of the research, the opinions of the producers about soil analysis and soil analysis subsidies are
given. Evaluations were made separately for the producers in Tekirdag and Edirne provinces, and the provinces
were compared. The reasons for the soil analysis of the producers were determined (Table 3). Producers were
asked to rank the reasons for having soil analysis in order of importance (1 = lowest; 5 = highest). The total
scores of the criteria were obtained by multiplying the degree of importance given to the reasons for the soil
analysis by the producers and the number of producers responding, and adding the obtained values.

In Edirne province, 91.67% of the producers stated that they had soil analysis done to increase product yield,
71.67% to increase product quality, 78.33% to reduce costs, and 61.67% to protect the environment. In Tekirdag,
88.33% of the producers stated that they had soil analysis done to increase product yield, 60% to increase
product quality, 43.33% to reduce costs, and 36.67% to protect the environment. Producers listed the reasons for
having soil analysis according to the degree of importance, and it was determined that the four most important
reasons for producers to have soil analysis in Edirne province were to increase the product yield, reduce the cost,
increase the product quality and protect the environment, respectively. In the province of Tekirdag, the criteria of
increasing the product yield was the first rank, increasing the product quality in the second rank, reducing the
cost in the third rank and protecting the environment in the fourth rank. It was determined that the last three
criteria that were effective in soil analysis by producers in both provinces were getting subsidies, learning about
the condition of the soil and protecting the soil.

In the study conducted by Kiigiikkaya and Ozgelik (2014), it was determined that wheat producers had soil
analysis done in order to use less fertilizer, increase product yield, benefit from support and learn the condition
of the soil, respectively. In the study of Coénoglu et al. (2016), producers who benefited from soil analysis
subsidies and those who did not, stated that the most important purpose of soil analysis was to use the right
fertilizer and increase product yield. In the study conducted by Tanriverdi (2017), the majority of the producers
stated that they had soil analysis done to benefit from the supports. The result of this research was similar to the
results of Kiigiikkaya and Ozgelik (2014) and Conoglu et al. (2016) literature.

Table 3. Reasons for producers to have soil analysis

Reasons for soil Edirne Tekirdag

. Total Order of Total Order of
analysis Number % . . Number % . .

Points importance Points importance

To increase product 55 9167 245 1 53 8833 249 1
yield
To improve product 43 7167 158 3 36 6000 139 2
quality
To reduce the cost 47 78.33 182 2 26 43.33 94 3
To protect the 37 6167 86 4 22 3667 64 4
environment
For supporting 8 13.33 20 5 14 23.33 45 5
Toknowthe 5 833 16 6 7 1167 30 6
condition of the soil
To protect the soil 4 6.67 10 7 7 11.67 28 7

* More than one option marked

The sources of information about the soil analysis of the producers were also determined (Table 4).
Producers were asked to rank their sources of information on soil analysis in order of importance (1 = lowest; 5
= highest).

In the province of Edirne, 81.67% of the producers stated that their information sources about soil analysis
were employees of the provincial/district directorate, 83.33% were laboratory workers, 31.67% were research
institutes, 30% were friends-neighbours, 25% were fertilizer dealers, 21.67% were cooperatives, 15% were
newspapers/TV and brochures, and 13.33% were social media sites. In Tekirdag, 66.67% of the producers stated
that their information sources about soil analysis were employees of the provincial/district directorate of the
information sources on soil analysis, 38.3% were laboratory workers, 30% were friends-neighbours, 26.67%
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were cooperatives, 25% were newspaper/TV and brochures, 20% were fertilizer dealers, %16.67 were social
media sites and 11.67% were research institutes.

When the producers ranked the soil analysis information sources according to their importance, it was
determined that the two most important sources of information about soil analysis of the producers in Edirne and
Tekirdag provinces were the employees of the provincial/district directorate and laboratory workers. While the
research institute option was in the third place in Edirne province, it was in the last place in Tekirdag province.

In the studies conducted by Giilag (2011), Kiiciikkaya and Ozgelik (2014), and Tanriverdi (2017), it was
determined that the majority of the producers who had soil analysis received information from the district
agriculture directorate about soil analysis, which showed similarities with the research result.

Table 4. Information resources of the producers on soil analysis

Soil analysis Edirne Tekirdag

information Total Order of Total Order of
* Number % . : Number % ; .

resources Points importance Points importance

Provincial/District
directorate of

agriculture 49 81.67 228 1 40 66.67 178 1
employees

Laboratory 50 83.33 211 2 23 38.33 100 2
Friend-neighbor 18 30.00 38 5 18 30.00 60 3
Research institute 19 31.67 67 3 7 11.67 27 8
Fertilizer dealer 15 25.00 48 4 12 20.00 42 6
Cooperative 13 21.67 26 6 16 26.67 59 4
E'rf)"(‘:’ﬁﬁfg’se” TV and 9 1500 15 8 15 2500 54 5
Social media sites 8 13.33 16 7 10 16.67 29 7

* More than one option marked

Information sources on soil analysis subsidies of producers were also determined (Table 5). Producers were
asked to rank their sources of information on soil analysis subsidies in order of importance (1 = lowest; 5 =
highest).

Almost all of the producers in Edirne and Tekirdag provinces stated that the information sources on soil
analysis subsidies were the publication and training activities of the provincial/district directorate of agriculture.
While 45% of the producers in Edirne stated that the information sources about soil analysis subsidies were
friends-neighbours, 41.67% of them were newspapers/TV, these ratios were found to be 25% and 23.33% in
Tekirdag. The ratio of producers who stated that their source of information about soil analysis subsidies was the
village headman was very close to each other in Edirne and Tekirdag provinces. While 33.33% of the producers
in Edirne stated that they learned about the supports through cooperatives, this ratio was determined as 16.67%
for Tekirdag province. While the ratio of producers who stated that they received information about soil analysis
subsidies from the research institute in Edirne province was 33.33%, this ratio was determined as 1.67% in
Tekirdag province. While 6.67% of the producers in Tekirdag stated that they obtained information about the
support from the internet, no producers were found in Edirne who stated that they obtained information via the
internet.

When the producers ranked the soil analysis subsidies information sources according to the degree of
importance, it was determined that the most important source of information on soil analysis of the producers in
Edirne and Tekirdag provinces was the publication and training activities of the provincial/district directorate of
agriculture, and the second and the third information sources were friend-neighbor and newspaper/TV options.

In the studies conducted by Giilag (2011), Kiiciikkaya and Ozgelik (2014), Giildal (2016) and Tanriverdi
(2017), it was determined that the most important information sources about the soil analysis subsidies of the
producers who had soil analysis were the education and publication activities of the provincial-district
directorate which showed similarities with the research result.
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The distribution of the producers according to the years (2010-2015) in which they benefited from the soil
analysis subsidies is given in Table 6. It was seen that the ratio of the producers receiving support in 2010 was
quite close to each other in both provinces. The ratio of the producers benefiting from soil analysis support in the
province of Edirne in 2011, 2012 and 2013, and the ratio of the producers benefiting from soil analysis support
in Tekirdag in 2014 and 2015 was higher. It was seen that the year that benefited the most from soil analysis
support between 2010 and 2015 was 2015, according to the provincial average.

Table 5. Information resources on soil analysis support

Soil analysis Edirne Tekirdag

support

. PP . Total Order of Total Order of
information Number % . . Number % . .
—— Points importance Points importance

Provincial/District
directorate of

agriculture extension 59 98.33 290 1 57 95.00 276 1
and training
activities
Friend-neighbor 27 45.00 84 2 15 25.00 57 2
Newspaper/TV 25 41.67 75 3 14 23.33 48 3
Headman 11 18.33 41 6 13 21.67 43 4
Cooperative 20 33.33 57 4 10 16.67 24 5
Research institute 20 33.33 55 5 1 1.67 2 8
Internet 0 0.00 0 9 6.67 14 6
Faculty of 4 667 6 8 2 333 5 7
agriculture
Laboratory 2 3.33 9 7 1 1.67 2 9
* More than one option marked
Table 6. Years of producers benefiting from soil analysis subsidies
Edirne Tekirdag Total

Years*

Number % Number % Number %
2010 42 70.00 43 71.67 85 70.83
2011 53 88.33 45 75.00 98 81.67
2012 54 90.00 48 80.00 102 85.00
2013 57 95.00 51 85.00 108 90.00
2014 55 91.67 56 93.33 111 92.50
2015 56 93.33 60 100.00 116 96.67

* More than one option marked

It was also asked whether the producers had separate analyzes for each parcel (Table 7). 46.67% of the
producers in Edirne and 51.67% of the producers in Tekirdag stated that they had soil analysis done for each
parcel. As a result of the chi square test, it was determined that the status of the producers to have soil analysis
for each parcel did not change according to the provinces.

Table 7. Status of manufacturers to have separate analysis for each parcel

Making analysis for each parcel Edirne Tekirdag Total
Number % Number % Number %
Yes 28 46.67 31 51.67 59 49.17
No 32 53.33 29 48.33 61 50.83
Total 60 100.00 60 100.00 120 100.00

Chi-square: 0.300 p: 0.584
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It was also determined whether the producers complied with the recommended fertilization program
according to the soil analysis results (Table 8). 58.33% of the producers operating in both provinces stated that
they complied with the recommended fertilization program. While 10% of the producers in Edirne stated that
they always complied with the fertilization program, this ratio was found as 28.33% for Tekirdag province. The
ratio of compliance with the fertilization program of the producers in Tekirdag province was higher than the
producers in Edirne province. As a result of the chi square test, it was determined that the producers' compliance
with the recommended fertilization program according to the soil analysis results varied according to the
provinces.

In the study conducted by Ataseven et al. (2014) in the province of Ankara, 39.3% of the producers, in the
study conducted by Ceyhan (2010) in Samsun, 7% of the producers, in the study conducted by Olhan et al.
(2010), 25.9% of the producers, in the study conducted by Kiiciikkaya and Ozgelik (2014), 43.33% of the
producers, in the study conducted by Carkaci et al. (2016) in Konya province, 16.66% of the producers, in the
study conducted by Giildal (2016), 33.33% of the producers and 30.19% of the producers in the study conducted
by Tanriverdi (2017) stated that they applied fertilizers according to the results of soil analysis. According to the
results of the research, the ratio of producers who stated that they applied fertilizers according to the results of
soil analysis was quite high when compared to the literature.

Table 8. Compliance with the recommended fertilization program according to the soil analysis results of
the producers

Compliance with fertilization Edirne Tekirdag Total
program Number % Number % Number %
Always 6 10.00 17 28.33 23 19.17
Generally 35 58.33 35 58.33 70 58.33
Rarely 11 18.33 4 6.67 15 12.50
Very rare 6 10.00 1 1.67 7 5.83
No 2 3.33 3 5.00 5 4.17
Total 60 100.00 60 100.00 120 100.00
Chi-square: 10.097 p: 0.039

The producers who stated that they seldom or did not comply with the fertilization program were asked about
the reasons for not complying with the program (Table 9). 52.63% of the producers operating in Edirne province
and 37.50% of the producers operating in Tekirdag province stated that they did not consider the recommended
amount of fertilizer sufficient. While 31.58% of the producers in Edirne stated that they had soil analysis done
only to benefit from the support, this ratio was lower for Tekirdag province and was found as 12.50%. While
75% of the producers in Tekirdag stated that they did not trust the results, this ratio was lower for Edirne and
was determined as 31.58%.

Table 9. Reasons for non-compliance with the recommended fertilization program according to the soil
analysis results of the producers

Reasons for non-compliance with the Edirne Tekirdag Total
fertilization program* Number % Number % Number %
The amount of fertilizer was insufficient 10 52.63 3 37.50 13 48.15
I'm getting analysis to take advantage of 5 3158 1 12,50 7 25 03
support

I don't trust the result 6 31.58 6 75.00 6 22.22
Due to financial difficulties 1 5.26 1 12.50 2 7.41

* More than one option marked

In the study conducted by Gilag (2011), financial impossibilities took the first rank among the reasons for
not using fertilizers according to the results of soil analysis, and the second rank was the insufficient amount of
fertilizer written in the analysis. In the study conducted by Kiigilkkaya and Ozgelik (2014), it was determined
that the producers did not comply with the fertilization program primarily due to financial impossibilities and
they had an analysis done only to benefit from the subsidies. Cénoglu et al. (2016) stated that the biggest factor
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in not using fertilizers according to soil analysis was the low amount of fertilizer obtained as a result of the
analysis. In the study conducted by Gildal (2016), the reasons for not using fertilizers according to the soil
analysis results of the producers in the enterprises that had soil analysis were determined as performing analysis
to benefit from fertilizer support, not relying on the analysis results, and insufficient amount of fertilizer in the
analysis. In the study conducted by Sahinli et al. (2016), the first three reasons for not using fertilizers according
to the analysis results of the producers who had soil analysis were to benefit only from the subsidies, not to trust
the analysis results, and to have insufficient amount of fertilizer. In the study conducted by Tanriverdi (2017),
the vast majority of producers stated that they had soil analysis done only to benefit from support. The result of
this research was similar to the results of Cénoglu et al. (2016) literature.

The reasons for choosing the laboratory where the producers had soil analysis were also determined (Table
10). 68.33% of the producers operating in Edirne and 58.33% of the producers operating in Tekirdag stated that
they preferred the laboratory because it wasclose. While the ratio of the producers who stated that they preferred
the laboratory because they found the laboratory reliable in Tekirdag province was 38.33%, this ratio was
determined as 26.67% for Edirne province. As a result of the chi square test, it was determined that the reasons
for choosing the laboratory where the producers had soil analysis did not differ according to the provinces.

Table 10. Reasons for the producers to choose the soil analysis laboratory

Reasons for choosing a Edirne Tekirdag Total
laboratory Number % Number % Number %
Near 41 68.33 35 58.33 76 63.33
Trustworthy 16 26.67 23 38.33 39 32.50
Fast 3 5.00 2 3.33 5 4.17
Total 60 100.00 60 100.00 120 100.00
Chi-square: 1.930 p: 0.379

The producers were asked who took the soil sample for soil analysis, and their distribution according to the
answers they gave is given in Table 11. While almost all of the producers in Tekirdag (98.33%) stated that they
took the soil sample themselves, only one producer stated that their relatives took it. In Edirne province, the ratio
of producers who stated that they took the soil sample was lower than Tekirdag province and was found to be
86.67%. Four producers operating in the province of Edirne stated that the laboratory staff took the soil samples,
and two producers each stated that their relatives or the workers they employed. As a result of the chi square test,
it was determined that the people who took soil samples for soil analysis varied according to the provinces. In
the study conducted by Ozcelik and Giildal (2014) in the province of Ankara, it was determined that 91.32% of
the producers took the soil sample themselves, which was similar to the research result.

The information on how the producers took soil samples for soil analysis and from which depth they took the
soil sample is given in Table 12. It was determined that the ratio of the producers who stated that they took the
soil samples by drawing zigzags according to the shape of the land in both provinces was the same (95%).

All of the producers operating in Edirne stated that they took the soil sample from 0-30 cm depth. For
Tekirdag province, this ratio was found to be 98.33%. Only one producer operating in Tekirdag stated that he
took the soil sample from a depth of 30-60 cm.

It was also determined whether the producers had regularly soil analysis done every year (Table 13). It was
determined that 48.33% of the producers operating in the province of Edirne and 26.67% of the producers
operating in the province of Tekirdag stated that they had a soil analysis done every year. As a result of the chi
square test, it was determined that the status of the producers to make soil analysis every year varied according
to the provinces. In the study conducted by Gula¢ (2011), 34% of the producers, in the study conducted by
Ataseven et al. (2014), 59% of the producers in Ankara, and 56.1% of the hazelnut producers in the study
conducted by Aydogan and Demiryiirek (2012) in Samsun stated that they had soil analysis done regularly.
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Table 11. Soil sampling for soil analysis

. Edirne Tekirdag Total
Who takes soil sample? Number % Number % Number %
Myself 52 86.67 59 98.33 111 92.50
laboratory staff 4 6.67 0 0.00 4 3.33
Relatives 2 3.33 1 1.67 3 2.50
Workers 2 3.33 0 0.00 2 1.67
Total 60 100.00 60 100.00 120 100.00

Chi-square: 9.099 p: 0.039

Table 12. How and depth of soil sampling by producers for soil analysis

Edirne Tekirdag Total

Soil sampling method
Piing Number % Number % Number %

By drawing zigzags according to the shape of

the land 57 95.00 57 95.00 114 95.00
Straight from one end of the field to the other 3 5.00 3 5.00 6 5.00
Total 60 100.00 60 100.00 120 100.00
Soil sampling depth

0-30cm 60 100.00 59 98.33 119 99.17
30-60cm 0 0.00 1 1.67 1 0.83
Total 60 100.00 60 100.00 120 100.00

Table 13. Status of producers to have soil analysis performed every year

Status of soil analysis every year Edirne Tekirdag Total
Number % Number % Number %
Yes 29 48.33 16 26.67 45 37.50
No 31 51.67 44 73.33 75 62.50
Total 60 100.00 60 100.00 120 100.00

Chi-square: 5.120 p: 0.024

Table 14. Soil analysis criteria of the producers

Soil analysis criteria Edirne Tekirdag Total
Number % Number % Number %

For soil control 34 56.67 30 50.00 64 53.33
If the yield decreases 9 15.00 15 25.00 24 20.00
To get support 9 15.00 8 13.33 17 14.17
As far as | can think of 5 8.33 6 10.00 11 9.17
When i change the product 2 3.33 1 1.67 3 2.50
If necessary 1 1.67 0 0.00 1 0.83
Total 60 100.00 60 100.00 120 100.00

Chi-square: 3.284 p: 0.701

The criteria for soil analysis were also asked to the producers (Table 14). Majority of the producers in both
provinces stated that they had soil analysis done for soil control. In Edirne province, the ratio of producers who
stated that they had soil analysis done in case of decrease in yield or to get support was found to be 15%, while
in Tekirdag province, 25% of the producers stated that they had it done in case of decrease in yield, and 13.33%
to get support. While 8.33% of the producers in Edirne and 10% of the producers in Tekirdag answered this
question whenever they came to my mind, two producers operating in Edirne and one producer operating in
Tekirdag stated that they had a soil analysis done when they were going to change the product they were
planting. A producer operating in Edirne stated that he had soil analysis done if necessary while it was
determined that there was no producer who preferred this criterion in Tekirdag province. In the study conducted
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by Gilag (2011), it was concluded that the majority of the producers had soil analysis done in case the yield
decreased.

4. Conclusions

It was seen that some of the producers who had soil analysis did not comply with the recommended
fertilization program according to the soil analysis results. In order to increase the fertilizing status according to
the results of the analysis report, it is thought that it would be appropriate to introduce the soil analysis condition
in fertilizer sales in order to increase the use of fertilizers, or the soil analysis condition in fertilizer support for
lands of 50 decares or more, as well as the requirement to purchase fertilizer according to the analysis results.

In terms of the reliability of the soil analysis, it is very important to take the soil sample to be analyzed
correctly. The majority of the producers in the research area stated that they took the soil sample as a result of
their own knowledge. It would be more appropriate for the privately authorized soil analysis laboratories,
together with the laboratories belonging to the Ministry of Agriculture and Forestry in the region, to inform the
producers more about the soil sampling, and if possible, the soil samples should be taken by the personnel in the
laboratory where the analyzes were made, not the producers.

It is important to give practical training to the producers on sampling, not to take fertilizer without soil
analysis results, to make supports mandatory and to remove the area limitation. In addition to these, it is thought
that it would be beneficial to implement fertilizer sales according to the analysis reports of the laboratories, to
expand the training and extension studies, and to explain the necessity of having analysis done by the producers
who make a living from the fields. It is expected that it will be beneficial to introduce soil analysis conditions to
the producers at the stage of purchasing fertilizers, and thus to ensure that the producer purchases fertilizer by
determining the type and amount of fertilizer to be disposed of according to the analysis results.

Acknowledgment

This study was carried out within the scope of the project “Evaluation of Fertilizer Use Behaviors of Farmers
Based on Soil Analysis in Edirne and Tekirdag Provinces and Developing Suggestions Based on Soil Analysis
Support” supported by the Ministry of Agriculture and Forestry, General Directorate of Agricultural Research
and Policies.

38



JOTAF/ Journal of Tekirdag Agricultural Faculty, 2023, 20(1)

References

Aksahan, R., Keskin, 1. (2015). Sigirlarda besi sonu canh agirligini etkileyen bazi viicut dlgiilerinin regresyon agact yontemi ile belirlenmesi.
Sel¢uk Tarim Bilimleri Dergisi, 2(1): 53-59.

Albayrak, A.S., Kotlan-Yilmaz, S. (2009). Veri madenciligi: karar agaci algoritmalart ve IMKB verileri {izerine bir uygulama. Stileyman
Demirel Universitesi Iktisadi ve Idari Bilimler Fakiiltesi Dergisi, 14(1): 31-52.

Ataseven, Y., Akga, M.O., Namli, A. (2014). Farmers’ attitudes towards soil analyses in Ankara Province of Turkey, Fresenius
Environmental Bulletin, 23(8a): 2038-2044.

Aydogan, M., Demiryiirek, K. (2012). Organik ve Konvansiyonel Findik Yetistiricilerinin Giibre Kullanimi Konusundaki Bilgi
Kaynaklarinin Sosyal Ag Analizi Ile Kargilastirilmasi. /0. Ulusal Tarim Ekonomisi Kongresi, 5-7 Eylul, Cilt 2, s: 1137-1141. Konya,
Turkiye.

Bellitiirk, K. (2011). Edirne ili Uzunkdprii ilgesi tarim topraklarinin beslenme durumlarinin belirlenmesi. Tekirdag Ziraat Fakiiltesi Dergisi,
8(3): 8-15.

Ceyhan, V. (2010) Assessing the agricultural sustainability of conventional farming systems in Samsun Province of Turkey. African Journal
of Agricultural Research, 5(13): 1572-1583.

Carkaci, D.A., Yokus, S., Olmez, O., Karadavut, U. (2016). Konya ilinde Kimyevi Giibre ve Toprak Analizi Desteginin Sosyo-Ekonomik
Acidan Incelenmesi. XII. Ulusal Tarim Ekonomisi Kongresi, 25-27 Mayzs, s: 1643-1652. Isparta, Tiirkiye.

Cénoglu, S., Kaynak, T., Demirbas, N., Tosun, D. (2016). Ciftgilerin toprak analizi desteginden yararlanma egilimleri: Izmir ili 6rnegi. Ege
Universitesi Ziraat Fakiiltesi Dergisi, 53(4): 441-449.

Dogan, 1. (2003). Holstayn 1rk1 ineklerde siit verimine etki eden faktdrlerin CHAID analizi ile incelenmesi. Ankara Universitesi Veterinerlik
Fakultesi Dergisi, 50(1): 65-70.

Giicdemir, I.H., Kalinbacak, K. (2009). Toprak, Su ve Bitki Analizi Icin Numune Alinmasi. T.C. Tarim ve Koyisleri Bakanligi Tarimsal
Aragtirmalar Genel Mudiirligii Toprak Giibre ve Su Kaynaklart Merkez Arastirma Enstitiisii Miidiirligii Teknik Yayin No: 33, Ciftei
Yayimlar1:3, Ankara.

Giilag, Z.N. (2011). Sivas Ili Hafik Iicesi tarim isletmelerinde toprak analizi uygulamalarimin benimsenmesi ve yayimas iizerine bir
arastirma. (Yiksek Lisans Tezi) Gaziosmanpasa Universitesi Fen Bilimleri Enstitiisii, Tokat, Tiirkiye.

Giildal, H.T. (2016). Bugday yetistiriciliginde toprak analizi sonucuna gére kullamlan giibrenin maliyete etkilerinin belirlenmesi: Konya Ili
Cihanbeyli Iigesi 6rnegi. (Yiksek Lisans Tezi) Ankara Universitesi Fen Bilimleri Enstitiisii, Ankara, Ttirkiye.

Kayri, M., Boysan, M. (2008). Bilissel yatkinlik ile depresyon diizeyleri iliskisinin simiflandirma ve regresyon agaci ile incelenmesi.
Hacettepe Universitesi Egitim Bilimleri Dergisi, 34(34): 168-177.

Kog, Y. (2016). Hayvancilikta elde edilen farkli verilere regresyon agact metodunun uygulanmast, (Yiksek Lisans Tezi) Igdir Universitesi
Fen Bilimleri Enstitiisii, [gdir, Tiirkiye.

Kugiikkaya, S., Ozgelik, A. (2014). Bugday Uretiminde Toprak Analizi Yaptirmanin Isletme Uzerine Etkileri: Ankara Gélbas Tlgesi Ornegi,
Tarimsal Ekonomi ve Gelistirme Enstitiisti, Yaym No: 237, Ankara.

Kiigukonder, H., Ugkardes, F., Narig, D. (2014). Hayvancilik alaninda bir veri madenciligi uygulamasi: Japon bildircin1 yumurtalarida
dolliiliige etki eden bazi faktorlerin belirlenmesi. Kafkas Universitesi Veteriner Fakiiltesi Dergisi, 20(6): 900-908.

Mendes, M., Akkartal, E. (2009). Regression tree analysis for predicting slaughter weight in broilers, Italian Journal of Animal Science, 8(4):
615-624.

Olhan, E., Giin, S., Ataseven, Y., Arisoy, H. (2010). Effects of agricultural activities in Seyfe Wetland. Scientific Research and Essay, 5(1):
9-14.

Orugoglu, O. (2011). Holstein Irki ineklerin 305 giinliik siit verimini etkileyen ¢evre faktorlerinin regresyon agact ile belirlenmesi. (Y Uksek
Lisans Tezi) Stileyman Demirel Universitesi Fen Bilimleri Enstitiist, Isparta, Tirkiye.

Ozgelik, A., Giildal, H.T. (2014). Tarim Isletmelerinde Toprak Analizi Yaptirmanin Destekleme Odemeleri, Dogal Kaynak Kullanimi ve
Uriin Maliyetleri Yéniinden Etkileri: Ankara ili Polath Tlgesi Ornegi. XI. Ulusal Tarim Ekonomisi Kongresi, 3-5 Eyliil, Cilt 2, s: 923-928.
Samsun, Trkiye.

Ozyazici, M.A., Dengiz, O., Aydogan, M. (2013). Cay yetistirilen tarim topraklarmin reaksiyon degisimleri ve alansal dagilimlari. Topraksu
Dergisi 2(1): 23-29.

Sayin, B., Bayav. A., Besen. T., Emre, M., Celikyurt, M.A., Karamdirsel, D., Kuzgun, M., Yilmaz, S.G., Arslan, S. (2021). Biyolojik -
biyoteknik miicadele desteklemeleri hakkinda tiretici goriiglerinin belirlenmesi. Tekirdag Ziraat Fakiiltesi Dergisi, 18(2): 344-358.

Sugumaran, V., Muralidharan, V., Ramachandran, K.I. (2007). Feature selection using decision tree and classification through proximal
support vector machine for fault diagnostics of roller bearing. Mechanical Systems and Signal Processing, 21(2): 930-942.

Sahinli, M.A., Ozgelik, A., Giildal, H.T. (2016). Toprak Analizi Sonucuna Gore Kullanilan Giibrenin Verime Etkisinin Belirlenmesi: Konya
ilinde Bugday Yetistiren Tarim Isletmeleri. XII. Ulusal Tarim Ekonomisi Kongresi, 25-27 May1s, s: 157-166. Isparta, Tirkiye.

39



Aydin & Ozkan & Kayali & Atav & Giirbiiz & Kursun & Kayhan
Examination of Soil Analysis Applications and Soil Analysis Subsidies in terms of Producers in Edirne and Tekirdag Provinces

Tanriverdi, K. (2017). Toprak analizine dayali giibrelemenin ekonomik analizi; Konya ili Cumra ilgesi ornegi. (Yuksek Lisans Tezi), Selcuk
Universitesi, Fen Bilimleri Enstitiisii, Konya, Tirkiye.

Tiire, M., Tokatli, F., Kurt, U. (2009). Using kaplan-meirer analysis together with decision tree methods (C&RT, CHAID, QUEST, C4.5 and
ID3) in determining recurrence-free survival of breast cancer patients. Expert Systems With Applications, 36(2): 2017-2026.

40



. . Ocak/J 2023, 20(1
o Journal of Tekirdag Agricultural Faculty Basvsiu/;::;rvye " 03/01/(22)
Jo a Tekirdag Ziraat Fakiltesi Dergisi Kabul/Accepted: 19/10/22
DOI: 10.33462/jotaf.1052851

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

ARASTIRMA MAKALESI RESEARCH ARTICLE

Optimization of Drying Conditions of Kiwi Rings with Osmo-solar Dehydration*

Ozmo-solar Dehidrasyon Kurutma ile Kivi Halkalarinin Kurutma Kosullarinin
Optimizasyonu

Zehra YILDIZY, Sabri Furkan GENCER?
Abstract

It is the oldest and most common traditional food preservation method known to dry by laying food products under
the sun. However, if the food product is in direct contact with the sun light, there is a decrease in the color and
nutrient values of the product. To solve these problems, solar dryers have been developed which can be utilized
due to indirectly the effect of the sun. In this study, kiwi rings were dried by using osmosolar dehydration as a
combination of osmotic dehydration and solar drying. Kiwi rings were first immersed in sucrose solutions and
then dried in a solar dryer. Response Surface Methodology used to determine effects of the conditions ondrying
performance and find out optimum levels drying conditions for the responses to a safe level. In the response surface
method, the drying conditions were selected as the kiwi slice thickness (A), sucrose concentrations (B), immersed
time (C) and solar drying time (D). The response to be optimized was chosen as water loss, diameter shrinkage
ratio and greenness (a) color change. A successful mathematical model was obtained by the response surface
method between the drying conditions and the responses. The suitable model is chosen quadratic for water loss,
2F1 model for color change model and shrinkage ratio. The model R? value is 0.952 for water loss, 0.737 for a
color change and 0.856 for shrinkage ratio. The regression coefficients, along with the corresponding P-values, for
the model of production water loss, a color change and shrinkage ratio are described by ANOVA. Values of

"Prob>F" less than 0.0500 indicate model terms are significant. In this case B, C, C’ are significant model terms
for water loss. A, B, C, AB, AC, AD, BC and CD are significant model terms for color change and B, C, AC, AD,
BD, CD are significant model terms for shrinkage ratio. The optimum drying conditions levels was determined to
sucrose concentration 12.7 %w/v, ring slice thickness 4.06 mm, solar drying time 125 min and immersed time 70.9
min, respectively. In addition, pretreatment of osmotic dehydration was found to be effective in drying kiwi rings
with solar tray dryer.
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Oz

Gida triinlerinin giines altna serilerek kurutuldugu bilinen en eski ve en yaygin geleneksel gida muhafaza
yontemidir. Ancak gida {irlinii giines 15181 ile direkt temas ederse {irliniin renginde ve besin degerlerinde azalma
olur. Bu sorunlar1 ¢6zmek igin giinesin dolayl1 olarak etkisinden yararlanilabilen giines kurutucular1 gelistirilmistir.
Bu caligmada kivi halkalari, ozmotik dehidrasyon ve giineste kurutmanin bir kombinasyonu olarak ozmosolar
dehidrasyon kullanilarak kurutulmustur. Kivi halkalar1 6nce sakaroz ¢dzeltilerine daldirilmis ve ardindan bir giines
kurutucusunda kurutulmustur. Yanit Y{izey Ydntemi metodu, kosullarin kurutma performansi tizerindeki etkilerini
belirlemek ve giivenli bir seviyeye tepkiler i¢in optimum kurutma kosullarin1 bulmak i¢in kullanilir. Yanit YUzey
Yonteminde kurutma kosullart kivi dilimi kalinlig1 (A), sakaroz konsantrasyonlar1 (B), daldirma slresi (C) ve
glineste kurutma siiresi (D) olarak secilmistir. Optimize edilecek yanitlar nem kaybi, capsal biiziilme orani ve
yesillik (a) renk degeri olarak segilmistir. Kurutma kosullari ile tepkiler arasinda yanit yiizeyi yontemi ile basaril
bir matematiksel model elde edilmistir. Nem kaybi i¢in kuadratik model, renk degisimi ve biiziilme orani i¢in ikili
etkilesim modeli secilmistir. Model R? degerleri nem kayb1 igin 0.952, renk degisimi igin 0.737 ve biiziilme oran1
i¢in 0.856 dir. P degerine karsilik regrasyon katsayilari, nem kaybi, a renk degisimi ve biiziilme orani igin ANOVA
ile ifade edilmigtir. "Prob>F" degerleri 0.0500 de daha az ise model terimleri 6nemli bulunmugtur. Bu durumda
B, C, C2 nem kaybi i¢in 6nemlidir. A, B, C, AB, AC, AD, BC ve CD renk degisimi i¢in 6nemlidir. B, C, AC, AD,
BD, CD biiziilme orant ii¢in 6nemlidir. Optimum kurutma kosullar1 seviyesi sakaroz ¢6zelti derisimi i¢in %12.7,
dilim kalinlig1 i¢in 4.06 mm, giines kurutma stiresi i¢in 125 dakika ve ozmotik dehidrasyon suresi igin 70.9 dakika
belirlenmistir. Ayrica ozmotik dehidrasyon n isleminin giines enerjili rafli kurutucu ile kivi halkalar1 kurutma da
etkili oldugu bulunmustur.

Anahtar Kelimeler: Kivi kurutma, Giines enerjili kurutucu, Yamt yiizey yontemi, Ozmotik dehidrasyon, Ozmosolar
dehidrasyon
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1. Introduction

Both efficient and economical drying methods are required to meet the increasing need for dry food products
and to produce quality marketable products. Traditional solar is carried out loss of color and nutritional values,
non-hygienic drying, and long drying time in the large areas (Yildiz and Akkari, 2021). The pre-treatments to be
applied before drying have important effects on the quality and operating cost of the product to be dried (Yokus,
2014; Giirel et al., 2016; Fernandes et al., 2006). Research on the application of osmotic dehydration as a drying
pretreatment technique has attracted attention in recent years. This process is the partial removal of water from the
tissues of the product immersed in an osmotic solution such as sugar, salt, honey, fruit juice, lemon juice, ascorbic
acid and citric acid solutions (Abano and Sam-Amoah, 2011; Pandya and Yadav, 2014; Gurel et al., 2016). It is
stated that the samples dried after osmotically dehydrated are products with high-water absorption ability and high
sensory properties such as color, texture, appearance and are at an acceptable level in terms of aroma and taste.
Solar dryers are becoming increasingly important as fresh and durable dried fruit is obtained as much as possible
(Torringa etal., 2001; Lombard et al., 2008; Bérquez et al., 2010; Amer et al., 2010; Karaaslan, 2012; Akar, 2017).
Studies are carried out on combining osmotic drying with new techniques to shorten the processing time. In
addition, many studies have been carried out on hybrid drying techniques, where various drying methods are used
together, such as vacuum drying, microwave drying and osmatic dehydration (Bérquez et al., 2010). It can be used
in conjunction with osmotic dehydration to increase the efficiency of the solar drying process.

The drying process in which osmotic dehydration and solar dryer are used together can be called osmosolar
dehydration drying process. Due to the loss of water during osmotic dehydration applied before drying, the water
removal load of the dryer decreases, samples enter the dryer with a higher dry matter content. Thus, the osmotic
dehydration pretreatment enables shortening the drying time and increasing the drying potential. In addition,
osmosolar dehydration drying process takes place at low temperatures, and heat damage such as aroma change
and oxidation in food is less. In this way, denser, quality in color, texture and appearance, and a dry product
acceptable in terms of aroma and taste can be obtained. By drying the kiwi rings, both the spread of consumption
to a wider area and the diversity and added value in the food industry and trade will be achieved. Studies on
osmaotic dehydration have focused on drying kinetics, optimization, modeling, mass and heat transfer.

Response surface methodology (RSM) usually has been used for optimization of drying process of vegetables
and fruits (Uddin et al. 2004; Corzo and Gomez, 2004; Eren and Ertekin, 2007; Singh et al., 2007; Han et al., 2010;
Abano et al., 2014; Sadeghi et al., 2020). RSM combines mathematics with statistics, modeling, evaluating the
controlling drying conditions and optimization of the drying conditions. This method can be optimized with less
experiments number with not need to any mathematical model. The experimental results statistically are employed
on by using the analysis of variance (ANOVA). It is determined the optimum values which maximized the water
loss, shrinkage ratio and color change in the study on the optimization of solar drying of kiwi slice by RSM. The
condition levels such as kiwi slice thickness, drying time and kiwi slice load should be optimized.

2. Materials and Methods
2.1. Experimental analysis

Drying experiments were carried out with natural heat convection in the solar tray dryer and the effect of drying
conditions on drying process was determined. The fresh organic kiwis were dried by using solar tray dryer in local
market. Fresh kiwis were obtained from a local market, sorted visually for size, maturity level and physical damage.
The product was stored at 4°C under refrigeration until used. The dirt, flower pit, shell, core house remnants, stalk,
leaf parts, core, etc. found in or on the kiwi were cleaned. For these reasons, the kiwi samples were thoroughly
washed with water to remove adhering soil and other debris. Kiwi samples were peeled and sliced to a ring shape
form according to RSM experiment conditions as five kiwi samples. Kiwi rings were immerged in sucrose solution
in order to osmotic dehydration. Solar drying trials were performed with the solar tray dryer shown in Figure 1.
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Figure 1. Solar tray dryer

Shrinkage ratio was determined by measuring of diameter. These experiments were replicated five samples
and obtain a reasonable average. The water loss, a color change and shrinkage ratio were calculated according to
the following Eq. 1 and Eq. 2 (Aboud, 2013; Ochoa-Martinez et al. 2006).

Mo — M
Water Loss = ——— (Eq. 1)
M,
DO - Dt
Do

Shrikange Ratio = (Eq.2)

Where Mg and M are the sample mass (g), Do and D are the sample diameter (mm), at the beginning and at
time t, respectively. Air temperature and humidity in the drying cabinet were monitored by CEM brand DT-802
model air quality measuring device.

The color change of kiwi rings is a parameter that negatively affects the quality. In order to prevent the kiwi
rings from darkening as a result of oxidation and to reduce the drying time, the kiwi rings were first immersed in
sucrose solution at the determined concentrations. Color parameters are L, a and b values. L is the luminance value
and it varies between 0-100. An L value of 100 indicates white, a 0 value indicates black. b-value gives information
about the blue-yellow colors. The positive value of b denotes the yellow and the negative value the blue color
(Y1ldiz et al., 2015). The a value ranges from (-60) to (+ 60) and gives the red-green color value. a positive value
gives red (+60) and a negative value (-60) the green color (Askari et al., 2008, Celen et al., 2016, Arslan et al.,
2021). Kiwi rings are green in color and turn green-brown over time. Therefore, a value (greenness) for kiwi is
important in color analysis. Color parameters a value of kiwi rings before and after drying were determined with
the FRU marka WR18 Colormeter. Color measurement was made three times and the average value was taken. a
color change was calculated according Eq. 3. ao indicates the color parameter of fresh kiwi rings and a after the
drying period.

Aa ay—a

Eq.3
@ " (Eq.3)

2.2. Statistical analyses

The response surface methodology was described as the optimization of the experimental results by using
binary combination of mathematical and statistical methods in the analysis and modeling of problems. The
parameters affecting the process are called independent variables and the responses are called dependent variables.
A mathematical model, describing the relations between the drying conditions and the responses in a second-order
equation, was developed. Code value of the variables was done according to the following Eq. 4:

y=bo+ X b Xi+ Xk b X2+ XF Z? b XiX; + e (Eq. 4)

i]'<j
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Where i and j are linear and quadratic coefficients, respectively, b is a regression coefficient, k is the factor
optimized in the experimental design, and e is random error. The suitable value of the equation was expressed by
the coefficient of determination R? and its statistical significance was determined by the F-test. The coefficients of
the equation were determined by employing Design Expert software. It was done ANOVA for the final predictive
equation by the design expert software. The equation was optimized for maximum vyield in the range of the
variables by using the software.

3. Results and Discussion
3.1. RSM analysis

RSM was used to decide the optimum levels of drying conditions. Face centered design for three independent
variables was used. The independent variables selected for the optimization were the influence of drying conditions
(kiwi ring load, drying time and kiwi ring thickness) and come out optimal drying conditions for the water loss
(WL), shrinkage ratio (SR) and a color change (CC). The response was selected Ywt, Ysrand Ycc. A five level
central composite rotatable design (CCRD) design was used with kiwi ring thickness (2-6 mm), B sucrose
concentrations (0- 40 %w/v), C immersed time (60-150 min) and D solar drying time (60-480 min), were chosen
independent variables as drying conditions. The five levels chosen were -a, -1, 0, 1 and a as shown in Table 1.

Table 1. Codes and actual levels of the input variables for design of experiment

Codes levels
Inpendent Variables Symbols -2 -1 0 1 +2
Kiwi ring thickness (mm) A 2 3 4 5 6
Sucrose concentrations (%w/v) B 0 10 20 30 40
Immersed time (min) C 30 60 90 120 150
Solar drying time (min) D 60 120 240 360 480

The correct spacing for the axial parameter () is chosen for the CCRD experiment design. It is a=2 for our
experimental design (input variables, k=4). The input variables and their ranges were selected on the basis of the
preliminary experiments avoiding that any experimental point get burn (Yildiz, 2017; Bilen et al. 2018). The
experimental design consisted of a total of 30 experimental runs (n=2%+2k+m, n=total experimental points, k=4
and central point, m=6) which included eight factorial points, six axial points, and six replicated central points as
shown in Table 2. The results of experiments in the design expert are shown in Table 2.

Based on the experimental response, Yw. produced by the water loss ranged from 0.009 to 0.819, Ysr produced
by shrinkage ratio ranged from 0.006 to 0.823 and Ycc produced by color change the ranged from 0.006 to 0.389.
Standard no 13 and no 21 had the maximum and minimum for the water loss and shrinkage ratio respectively.
Standard no 15 and no 14 had the maximum and minimum for shrinkage ratio respectively. Standard no 2 and no
3 had the maximum and minimum for color change ratio respectively.

An F-value several times greater than the tabulated F-value shows that the model predicts the experimental
results well and the estimated factors effects were real. The R? is one of the measures of degree of fit of a model.
There is only a 0.01% chance that a Model F-Value this large could occur due to noise. ANOVA suggests the
model to be significant at P<0.0001. All the variables have significant effects on the water loss, color change and
shrinkage ratio. The suitable model is chosen among linear, 2FI, quadratic, cross-product, cubic. The suitable
model is chosen quadratic for water loss. It is determined 2FI model for color change model and shrinkage ratio.
The cubic model is not aliased. Adjusted R? (Adj R?) and the Predicted R? (Pred R?) focus on the model. A negative
Pred R?implies that the overall mean is a better predictor of the response than the current model. Adeq precision
measures the signal to noise ratio. A ratio greater than 4 is desirable. The ratio of 18.802, 11.216 and 12.723
indicates an adequate signal for water loss, color change and shrinkage ratio respectively. The Pred RZof 0.7510
is in reasonable agreement with the Adj R? of 0.9072 for water loss. A negative Pred R? implies that the overall
mean is a better predictor of your response than the current model for a color change. The Pred R? of 0.4494 is not
as close to the Adj R? of 0.7804 as one might normally expect for the shrinkage ratio (Table 3). This may indicate
a large block effect or a possible problem with your model and/or data. Things to consider are model reduction,
response tranformation, outliers, etc. This model can be used to navigate the design space. The quadratic model
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showed for Yw. and Ysg, and the 2FI model for Ycc, a good fit and effectively represented the relationship among
the variables selected.

Table 2. Four-level CCRD and the experimental responses

Std No A B C D YwL Ysr Ycc
1 -1 -1 -1 -1 0.412 0.063 0.201
2 1 -1 -1 -1 0.265 0.187 0.389
3 -1 1 -1 -1 0.209 0.105 0.006
4 1 1 -1 -1 0.246 0.035 0.102
5 -1 -1 1 -1 0.607 0.053 0.245
6 1 -1 1 -1 0.735 0.168 0.253
7 -1 1 1 -1 0.545 0.234 0.131
8 1 1 1 -1 0.635 0.070 0.149
9 -1 -1 -1 1 0.361 0.039 0.069
10 1 -1 -1 1 0.451 0.079 0.067
11 -1 1 -1 1 0.218 0.014 0.042
12 1 1 -1 1 0.249 0.071 0.083
13 -1 -1 1 1 0.819 0.244 0.266
14 1 -1 1 1 0.774 0.006 0.236
15 -1 1 1 1 0.711 0.823 0.212
16 1 1 1 1 0.679 0.113 0.170
17 -2 0 0 0 0.621 0.207 0.107
18 2 0 0 0 0.548 0.136 0.152
19 0 -2 0 0 0.637 0.009 0.197
20 0 2 0 0 0.469 0.201 0.100
21 0 0 -2 0 0.009 0.232 0.023
22 0 0 2 0 0.779 0.221 0.252
23 0 0 0 -2 0.515 0.096 0.112
24 0 0 0 2 0.475 0.128 0.121
25 0 0 0 0 0.556 0.137 0.169
26 0 0 0 0 0.584 0.136 0.179
27 0 0 0 0 0.548 0.138 0.168
28 0 0 0 0 0.586 0.138 0.165
29 0 0 0 0 0.584 0.142 0.174
30 0 0 0 0 0.584 0.146 0.175
Table 3. ANOVA values of the regression parameters for RSM
Response Regression df R? Adj R? Pred R? Fvalue Pr>F
Linear 4 0.891 0.873 0.837 50.853 < 0.0001
2FI 6 0.902 0.850 0.723 0.363 0.894
Quadratic 4 0.952 0.907 0.751 3.926 0.0225
Cubic 8 0.988 0.950 0.168 2.607 0.112
Residual 7
WL Total 30
Linear 4 0.236 0.114 -0.193 1.936 0.136
2FI 6 0.737 0.599 -0.160 6.034 0.00114
Quadratic 4 0.770 0.555 -0.326 0.530 0.716
Cubic 8 0.983 0.928 -1.51 10.684  0.00267
Residual 7
CcC Total 30
Linear 4 0.566 0.496 0.324 8.144 0.000239
2FI 6 0.856 0.780 0.449 6.388 0.000823
Quadratic 4 0.868 0.744 0.237 0.324 0.858
Cubic 8 0.966 0.859 -3.90 2.535 0.119
Residual 7
SR Total 30
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Table 4. ANOVA for the model on responses

Source Sum of Squares df F P>F
Water Loss

Model 1.0411 14 21.2587 < 0.0001
A 0.0000 1 0.0002 0.990

B 0.0671 1 19.1914 0.000537
C 0.8951 1 255.8972 < 0.0001
D 0.0116 1 3.3161 0.0886
A? 0.0013 1 0.3580 0.559

B2 0.0000 1 0.0121 0.914

C? 0.0462 1 13.2102 0.00245
D? 0.0068 1 1.9389 0.184
AB 0.0006 1 0.1787 0.678
AC 0.0010 1 0.2944 0.595
AD 0.0002 1 0.0699 0.795
BC 0.0026 1 0.7357 0.405
BD 0.0017 1 0.4811 0.499
CD 0.0061 1 1.7550 0.205
Residual 0.0525 15

Lack of Fit 0.0455 10 3.2820 0.101
Pure Error 0.0069 5

Cor Total 1.0935 29

R? = 0.952

Color Change

Model 0.1661 10 11.3034 < 0.0001
A 0.0056 1 3.7808 0.0668
B 0.0437 1 29.7465 < 0.0001
C 0.0565 1 38.4452 < 0.0001
D 0.0040 1 2.7301 0.115
AB 0.0002 1 0.1125 0.741
AC 0.0086 1 5.8258 0.0261
AD 0.0073 1 4.9736 0.0380
BC 0.0015 1 1.0302 0.323
BD 0.0202 1 13.7581 0.00149
CD 0.0186 1 12.6307 0.00212
Residual 0.0279 19 11.3034

Lack of Fit 0.0279 14 3.7808

Pure Error 0.0000 5 29.7465

Cor Total 0.1661 29 38.4452

R?=0.737

Shrinkage Ratio

Model 0.4534 10 5.3307 0.000882
A 0.0407 1 4.7868 0.0414
B 0.0426 1 5.0102 0.0374
C 0.0501 1 5.8889 0.0254
D 0.0120 1 1.4143 0.249
AB 0.0536 1 6.3072 0.0212
AC 0.0824 1 9.6861 0.00574
AD 0.0458 1 5.3887 0.0315
BC 0.0520 1 6.1086 0.0231
BD 0.0290 1 3.4123 0.0803
CD 0.0451 1 5.3040 0.0327
Residual 0.1616 19

Lack of Fit 0.1616 14 1392706.5856 < 0.0001
Pure Error 0.0000 5 5.3307

Cor Total 0.6150 29 4.7868

R? = 0.856

The P-values confirmed the significance of each of the coefficients, which are essential to recognize the pattern
of the common interactions between the independent variables. Values of P less than 0.0001 indicate that the model
terms are significant. The P-values used as a tool to check the significance of each of the coefficients in turn

47



Yildiz & Gencer
Optimization of Drying Conditions of Kiwi Rings with Osmo-solar Dehydration

indicate the pattern of interactions between the variables. A smaller value of P was more significant to the
corresponding coefficient. ANOVA of the regression model for Ywi-Ycc-Y'sr response established that the model
was significant due to a very low probability value (P model >F-0.001). ANOVA (F-test) for the model explained
the response of the dependent variable. The regression coefficients, along with the corresponding P-values, for the
model of production water loss, a color change and shrinkage ratio are described by ANOVA. Values of "Prob >

F" less than 0.0500 indicate model terms are significant. In this case B, C, Care significant model terms for water
loss. A, B, C, AB, AC, AD, BC and CD are significant model terms for a color change and B, C, AC, AD, BD,
CD are significant model terms for shrinkage ratio (Table 4). VValues greater than 0.1000 indicate the model terms
are not significant. If there are many insignificant model terms that not counting those required to support hierarchy,
model reduction may improve the model.

ANOVA results of the models, indicating a good model performance with an R? value of 0.952 and an F value
of 21.259 for water loss. The Model F-value of 21.26 implies the model is significant. R? value of 0.737 and F
value of 11.303 for color change and with an R? value of 0.856 and an F value of 5.33 for shrinkage ratio. The
model R? values of 0.952 (for water loss), 0.737 (for color change) and 0.856 (for shrinkage ratio) imply that the
variations of 95% for water loss, and 74% for a color change and 86% for shrinkage ratio can be attributed to the
independent variables. The corresponding second-order model and 2FI models in coded variables were assembled
for each response (Eq. 5-7).

Yw=0.550-0.000159A-0.05289B+0.193124C+0.021984D+0.006 756 A°-0.00124B>-0.04105C -
0.01572D2+0.006251AB+0.008022AC-0.00391AD+0.012682BC-0.01026BD+0.019588CD (Eq. 5)

Y=0.1452-0.04119A-0.042138B+0.045683C+0.0223888D-0.0519AB-0.07176 AC-
0.05352AD+0.056985BC+0.04259BD+0.053099CD (Eq. 6)

Ysr=0.1566-0.0152A-0.0427B-0.0485C-0.0129D-0.0032AB-0.0231AC-0.0214AD
+0.0097BC+0.0355BD+0.0341CD (Eq.7)

A statistically significant multiple regression relationship between A, B, C, D and the Ywr, Ycc, Ysr can be
established. The optimum drying condition levels were obtained for the water loss, the color change and the
shrinkage ratio values predicted by RSM optimization tool box. The optimum parameter levels were selected
according to desirability from different solutions with a (desirability) value of 1, considering their cost. The
optimum drying point was chosen for the corresponding experimental values were sucrose concentration
12.7 %wilv, ring slice thickness 4.06 mm, solar drying time 125 min and osmotic dehydration time 70.9 min,
respectively.

4, Conclusions

In the solar dryer, the kiwi rings dry out in a shorter period of time due to the fact that it is more heat and less water
loss than drying in the sunshine and drying in the shadows. The air humidity in solar drying is an important problem
in the regions where the air humidity is high. The air humidity is less in the drying cabinet, and to solve the problem
by using the solar dryer. In addition, the parameters of the drying process are optimized to make process designs
and process efficient and solar dryers can be expanded by increasing their applicability in the industry. The present
study aims to model the water loss, shrinkage ratio and color change as a function of the drying conditions and to
find the optimum drying conditions that maximize the water loss, minimum shrinkage ratio and minimum a color
change by using RSM. The method experimentally was optimized and modelled with 30 experiments number.
RSM analysis results statistically are suitable for the experimental results. The quadratic model a good fit and
effectively represented for water loss (R? = 0.952) and shrinkage ratio (R? = 0.856), and the 2FI model selected for
a color change (R? = 0.737). Optimum results of solar tray dryer parameters were determined to be 12.7 %w/v for
sucrose concentration, 4.06 mm for ring slice thickness, 125 min for solar drying time and 70.9 min for osmotic
dehydration time for maximum water loss, minimum both shrinkage ratio and color change. It was significantly
found that sucrose concentration and osmotic dehydration time had effect on the responses. This result showed
that osmotic dehydration has a positive effect on the solar drying process.
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Benchmarking of Irrigation Performance in Karatas and Karacal Irrigation
Associations*

Karatag ve Karacal Sulama Birliklerinde Performansinin Karsilastirmali Degerlendirilmesi

Ahmed Qadar ABDISAMAD?, Mehmet SENER?"
Abstract

This study was carried out to evaluate the system performances of Karatag and Karagal irrigation associations
located in Burdur province. Karatas irrigation association was put into operation in 1982 and Karagal irrigation
association in 2015 with irrigation areas are 5476 and 4975 ha, respectively. The same public personnel were
appointed to both irrigation associations as the Head of the Association in 2018, and as of 2019, both irrigation
Associations were gathered under the management of Karatas irrigation association. In this study, the
performances of Karatag irrigation, which has an old and predominantly open canal system, and Karagal irrigation
systems, which are relatively new and have a pressurized irrigation system, between the years 2015-2019 have
been evaluated. In the performance evaluation, a set of indicators under two main headings as water use efficiency,
and financial efficiency recommended by the International Technology and Research Program in Irrigation and
Drainage (IPTRID) was used. According to the results of the research, when the water use efficiency is examined,
especially Annual relative irrigation supply (0.53-0.73 for Karatag; 0.47-0.96 for Karacal) and irrigation ratio (20-
72% for Karatas; 36% for Karagal) 55) values were not at the desired levels. In terms of Financial Efficiency, cost
recovery ratio (119-401% for Karatas; 144-311 for Karagal) and revenue collection performance (78-442% for
Karatag; 10-130 for Karagal) were found to be high. Although this is a new irrigation, Karagal irrigation shows
that relatively high maintenance costs are incurred. Total operating maintenance and management (MOM) cost
per unit area is US$ 9.60-14.98/ha for Karatag and as 1.32-22.92 US$/ha for Karagal. These values showed that,
in general, both irrigations have sufficient financial strength.

Keywords: Water use efficiency, Economic efficiency, Irrigation system performance, Irrigation association, Performance
indicators.
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Oz

Bu c¢aligma, Burdur ilinde yer alan, Karatags ve Karagal Sulama Birliklerinin sistem performanslarini
degerlendirmek amaciyla yapilmistir. Aragtirma alanlarindan, Karatas Sulama birligi 1982 yilinda, Karagal sulama
birligi ise 2015 yilinda igletmeye agilmig ve sirasiyla sulama hizmet alanlar1 5476 ve 4975 ha’dir. Her iki sulama
birligine 2018 yilinda DSI tarafindan alinan karara istinaden ayni1 kamu personeli birlik baskan1 olarak atanmistir.
Ayrica, 2019 yili itibariyle de her iki sulama, Karatag sulama birligi ¢atis1 altinda toplanmislardir. Bu ¢alisma ile
eski ve agirlikli olarak agik kanal sisteme sahip Karatas sulamasi ile nispeten yeni ve kapali sisteme sahip Karagal
sulama sistemlerinin karsilastirmali olarak 2015-2019 yillar1 arast performanslart degerlendirilmeye calisiimistir.
Performans degerlendirmesinde Sulama ve Drenajda Uluslararast Teknoloji ve Arastirma Programi (IPTRID)
tarafindan tavsiye edilen gosterge setleri kullanilmistir. Bu amagla, su kullanim etkinligi ve finansal etkinlik olmak
tizere iki ana baslik halinde hazirlanan bir gdsterge seti kullanilmigtir. Arastirma sonuglarina goére, su kullanim
etkinligi incelendiginde 6zellikle sulama suyu temin orani (Karatas i¢in 0,53-0,73; Karagal i¢in 0,47-0,96) ve
sulama orani (Karatas i¢in %20-72; Karagal icin %36-55) degerleri istenen seviyelerde olmadigi goriilmiistiir.
Finansal Etkinlik ag¢isindan, masraflarin karsilanma oran (Karatas igin %119-401; Karacal igin %144-311) ve
Tahsilat oranlar1 (Karatas igin %78-442; Karagal i¢in 10-130) yiiksek bulunmustur. Bakim masraflarin gelire orani
Karatas i¢in %7-43; Karacal i¢in %17-48 bulunmustur. Bu durum yeni bir sulama olmasina ragmen Karagal
sulamasinda nispeten yiiksek miktarda bakim masrafi yapildigini gostermektedir. Birim alana diisen toplam
isletme bakim yOnetim masrafi Karatas i¢in 9,60-14,98 US$/ha; Karagal icin 1,32-22,92 US$/ha olarak
belirlenmistir. Bu degerler, genel olarak her iki sulamanin finansal agidan yeterli giice sahip olduklarini
gostermistir.

Anahtar Kelimeler: Su kullanim etkinligi, Ekonomik etkinlik, Sulama performans, Sulama birligi, Performans gdstergesi.
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1. Introduction

Water is a crucial resource for agricultural production. Water scarcity and overuse pose a severe and growing
hazard to human life and development. Because water is a scarce resource in most parts of the world, irrigation is
essential for improving yields and sustaining food production.

Poor performance in irrigation schemes; It can lead to losses in crop production and reduction in sustainable
irrigation areas. The indicators of whether the expected benefit from irrigation investments aimed at transforming
limited water resources into economic benefits by increasing crop production is achieved are the monitoring and
evaluation parameters of the performance of irrigation schemes.

Performance assessment is an essential component of irrigation management. With performance evaluation, it
is assessed whether the system's performance is satisfactory and whether there is chance for improvement.
Irrigation management will determine which areas of performance need to be addressed at the conclusion of the
performance evaluation. Monitoring and evaluation are two essential elements of how performance evaluations
are carried out. Monitoring determines whether project operations were accomplished on time, within the set
budget, and according to project specifications. Assessment, on the other hand, is done on projects that have
already been completed and is used to determine whether or not the project activities were accomplished
satisfactorily. Performance is measured using performance indicators derived from obtained and recorded data.
Indicator analysis provides information on performance levels. Performance evaluations frequently result in
recommendations for redefinition of objectives, re-identification of operation objectives, personnel training,
rehabilitation measures, new infrastructure construction, maintenance work, new management plans, alternative
irrigation methods, and system rehabilitation (Burton, 2010). Malano and Burton, (2001) defined comparative
evaluation as periodic assessments of irrigation scheme activities using internal and external indicators. In this
sense, the major goal of monitoring and assessment activities is to improve irrigation scheme performance.

According to the 2016 data of Surug Plain, Akcakale, Sanlurfa-Harran, Yaylak and Upper Harran irrigation
networks, which are SHW XV™ Region irrigation networks; water use in agriculture was evaluated with water use
efficiency indicators. As a result of the research, Annual relative water supply (RWS); 0.46-1.79 and irrigation
ratio (IR) values; It was calculated to be between 58 and 116% (Colak and Cakmak, 2018). Sener (2011) examined
the water use performances of 10 existing irrigation systems in SHW XI™ regional directorate. The research stated
that the values of RWS 0.45-6.28 and Annual Relative irrigation supply (RIS) varied between 0.0-7.07. Akgay
(2016), evaluated 25 irrigation cooperatives in Aydin province between 2006 and 2014 in terms of water use
efficiency and RWS was determined between 0.89-1.58, and RIS was between 0.64-1.20. Tekiner and Cakmak
(2010) found Total cost per person employed on water delivery (CTp) in Canakkale-Kepez Cooperative to be
1,100-16,680 TL/person for the years 2002-2008. According to the 2016 data of Surug¢ Plain, Ak¢akale, Sanlurfa-
Harran, Yaylak and Upper Harran irrigation schemes, which are SHW XV Region irrigation schemes; water use
in agriculture was evaluated with water use efficiency indicators. At the end of the research, RWS were calculated
as 0.46-1.79 and IR as 58-116% (Colak and Cakmak, 2018). Sener and Kurg (2012), stated that cost recovery ratio
(CRR), revenue collection performance (RCP), and maintenance cost to revenue ratio (MCR) were determined as
20-205%, 16-100% and 10-223%, respectively in 22 small irrigation schemes in Thrace region.

In this study; Irrigation performances of Karatas and Karagal irrigations, which were put into operation in
Burdur in 1982, and 2015, for the years 2015-2019 were investigated. Performance evaluation of irrigations was
carried out using a selected set of performance indicators for water distribution, and financial performance was
evaluated by the indicators recommended by the International Technology and Research Program in Irrigation and
Drainage (IPTRID).

2. Materials and Methods
2.1. Material

As the research area, Karatas and Karagal irrigation systems in Burdur province were chosen as material. Karatas
and Karagal irrigation systems selected as the research area are located in the Burdur Lakes Basin, 51 km from Burdur
to the west (Figure 1).

The basin is geographically between 290 38' and 300 37' east longitudes and 370 08' and 370 42' north latitudes
(SHW, 2009). The climate of the research area is in the transition zone between the Mediterranean climate and the
continental climate (SHW, 2019). The average temperature of the research area is 11.8 °C, the average precipitation is
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310.7 mm, the month with the lowest precipitation is July with 2.6 mm, and the month with the highest precipitation
is January with 78.6 mm. Average relative humidity is 49%; the lowest average value is 40% in July and the highest
average value is 78% in January (SHW, 2019).

The soil type in the research area is generally alluvial soil, and most of it has a clayey and calcareous composition,
the irrigation area soils are generally soils with high natural fertility. Plain soils, most of which have medium and
medium-heavy texture, and heavy textured character is observed towards the west (SHW, 2019).

Figure 1. Location of the study

2.2. Method

In this study, the approach recommended by the International Technology and Research Program in Irrigation
and Drainage (IPTRID) for the comparative evaluation of the performance of irrigation and drainage systems was
used (Malano and Burton, 2001). Performance evaluation of irrigations was carried out using a selected set of
performance indicators for water distribution, financial and agricultural production recommended by the IPTRID.

The performance indicators were calculated using information from the Karatag and Karacal irrigation
associations (Anonymous, 2015-2019a; Anonymous, 2015-2019b) and SHW (SHW, 2015-2019a; SHW, 2015-
2019b). The US Dollar (USD) was used as the currency to compare the outcomes.

2.2.1. Water use efficiency

In the determination of water use efficiency in Karatag and Karagal irrigation system a set of 6 indicators was
used namely; Total annual volume of irrigation supply (IWS), Annual irrigation water delivery per unit command
area area (IWSCA), Annual irrigation water supply per unit irrigated area (IWSIA), annual relative water supply
(RWS), annual relative irrigation water supply (RIS) and irrigation ratio (IR). Formulas for indicators used to
determine water use efficiency are given in equations 1, 2, 3, 4 and 5 (Malano and Burton, 2001).

Annual irrigation water supply per unit command area (IWSCA) (m®ha),

Total annual volume of irrigation supply (IWS
IWSCA = g pply (IWS) (Eq.1)

command area

Annual irrigation water supply per unit irrigated area (IWSIA) (m®hat),

Total annual volume of irrigation supply (IWS
IWSIA = g pply (IWS) (Eq.2)

irrigated area

Annual relative water supply (RWS),

Total annual volume of water suppl
RWS = PPy (Eq.3)

" Total annual volume of crop water demand
Annual relative irrigation water supply (RIS),

Total annual volume of irrigation suppl,
RIS = g PPy (Eq.4)

" Total annual volume of crop irrigation demand
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Irrigation ratio (IR), (%)

__irrigated area
IR = irrigable area (Eq5)
In equations; irrigated area (ha) refers to the portion of the area actually irrigated during one irrigation season.
Amount of irrigation water delivery to the irrigation network (m®) represents water delivery for irrigation, total
plant water consumption (m?®), potential plant water consumption (ET;) or actual evapotranspiration (ETc) when
the full crop water demand is met.

Evapotranspiration and irrigation requirement were calculated with the help of the CROPWAT software, taking
into account the Burdur meteorological station records for each year. The reference evapotranspiration (ETo) was
calculated according to the Penman-Monteith method, and then the evapotranspiration was calculated with the
help of the crop coefficients (FAO, 1992). The effective precipitation values (Pe) were determined according to
the US Soil Conservation Service method and the irrigation water requirements of the crops were determined.
RWS and RIS values show whether there is sufficient supply to meet the need. Values of 1 or higher RWS and
RIS indicate adequate irrigation, while values less than 1 indicate insufficient irrigation supply (Sener, 2004).

2.2.2. Financial Efficiency

In determining the financial efficiency of irrigation systems 7 indicators were examined including; cost recovery
ratio (CRR), maintenance costs to revenue ratio (MCR), Total MOM cost per unit area (MOMPUA), Total cost per
person employed on water delivery (TCPWD), Revenue collection performance (RCP), Staffing numbers per unit area
(SNPUA) and Total MOM cost per unit volume supplied (MOMPUWS) (Malano and Burton, 2001). The equations
for the indicators used in the study are givenin 6, 7, 8, 9, 10, 11 and 12.

Cost recovery ratio, (CRR), (%),

Gross revenue collected
(Eq.6)
Total MOM cost

Costrecovery ratio =

Cost recovery ratio represents the ratio of the expenses incurred for the operation, maintenance and
management of the irrigation system with the water service fee paid by the water users. Cost recovery ratio
indicates when less than or equal to 30% is poor, 40-60% acceptable, 60-75% satisfactory condition, and more
than 75% good condition (Vermillion, 2000).

Maintenance cost to revenue ratio, (%), (MCR),

Maintenance cost
(Ea.7)

MCR =

Gross revenue collected

Total MOM cost per unit area (US$ ha't), (MOMPUA),

Total MOM cost

-1y —
MOMPUA (US$ ha ) ~ Total irrigated area serviced by the system (Eq 8)
Total cost per person employed on water delivery (TCPWD),
—1y _Total cost of personnel engaged in I&D service
TCPWD (US$ personel ™) = Total number of personnel engaged in I&D service (Eq' 9)
Revenue collection performance (RCP),
RCP (%) — Gross revenue collected (Eq 10)

Gross revenue invoiced

Revenue collection performance of less than 30% is poor, 40-60% is acceptable, 60-75 percent is
satisfactory, and more than 75 percent is excellent (Vermillion, 2000)
Staffing numbers per unit area (SNPUA)

_1) — Total number of personnel engaged in I&D service*1000

SNPUA (personnel 1000 ha (Eg. 11)

Total annual irrigated area serviced by the system

The number of personnel per 1000 hectares irrigated is referred to as staffing numbers per unit area. If the number
of staffing numbers per unit area is greater than 3 persons per 1000 ha, it is considered weak; if the number is less
than 3 persons per 1000 ha, it is considered good (Vermillion, 2000).
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Total MOM cost per unit volume supplied (MOMPUWS)

Total MOM cost

Total annual volume of irrigation water delivery

MOMPUWS (US$ m™3) = (Eq. 12)

3. Results and Discussion
3.1. Water use efficiency

In this section, water use efficiency was calculated using 6 performance indicators. Table 1 and Table 2 shows
Total annual volume of irrigation supply (IWS), Annual irrigation water supply per unit command area (IWSCA),
Annual irrigation water supply per unit irrigated area (IWSIA) in Karatas and Karagal irrigation systems.

Table 1. IWS, IWDCA and IWDIA in Karatas irrigation association

Years Irrigated area  Command area (IWS) (m?) (IWSCA) (IWSIA)
(ha) (ha) (m3hal) (m3ha)
2015 2343.0 5476 11223000 2049 4790
2016 3926.3 5476 23250000 4246 5922
2017 2326.4 5476 9687000 1769 4163
2018 1084.8 5476 3490000 637 3217
2019 3705 10.451 11520000 1102 3109
Table 2. IWS, IWSCA and IWSIA in Karacal irrigation association
Years Irrigated Command area (IWD) (m®) (IWDCA) (IWDIA)
area(ha) (ha) (m®ha?) (m®ha?)
2015 2723.0 4975 9624000 1934 3534
2016 2733.2 4975 21277000 4276 7778
2017 2323.4 4975 17140000 3445 7377
2018 1868 4975 6730000 1353 3603

As seen in Tables 1 and 2 IWSCA was found to be the lowest 637 m®ha*in 2018 and the highest 4246 m®ha-
Lin 2016 in Karatas irrigation system. In Karagcal irrigation system it is seen that IWSCA varies between 1353-
4276 m®ha’. In Karatas irrigation association IWSIA calculated lowest 3217 m3ha'in 2018 and the highest is
5922 m*ha?in 2016 while in Karagal irrigation association the lowest is 3534 m®ha*in 2015 and the highest is
7778 m*hal in 2016. IWSCA and IWSIA were 1102 and 3109 in 2019, respectively, after Karagal irrigation
association joined Karatas irrigation association. Elicabuk and Topak (2017) determined IWSCA as 665-1301 m?
haland IWSIA as 2577-5273 m®ha* in Gevrekli Irrigation Association. Total amount of diverted irrigation water
was 6.054x105-10.747x10% m® year® IWSCA 7.23-10.54 m® ha! and IWSIA 7.68-16.15 m® hal in Akincilar
irrigation system (Nalbantoglu and Cakmak, 2007). The other indicators used in evaluation water use performance
are RWS RIS and IR and were calculated and the result are shown Table 3 and Table 4.

The result of RWS and RIS shown in Table 3 and 4 were calculated as 0.79-0.95; and 0.47-0.96 at Karatas and
Karagal respectively it is seen that inadequate water distribution is supplied in both irrigation systems. However,
it should not be forgotten that values of 0.9-1.1 are considered to be equivalent to each other in the evaluation.
Also, the results of RIS shows that inadequate irrigation water is supplied both the irrigation systems. Vermillion
and Vermillion and Garces-Resrepo (1996) determined RWS in Coello and Saldana to be 1.4 and 1.8 respectively
in 1993. Ucar and Yardimci (2003) determined Irrigation ratio as 15-83% and RWS as 1.66-5.72 in the irrigations
of SHW in Isparta province.

Table 3. RWS RIS and IR in Karatas irrigation association

Years IWD + Total Irrigation RWS RIS IR (%)
Effective water
rainfall (m®) requirement
(m°)
2015 20735580 22926688 0.90 0.61 43
2016 36985271 40092861 0.92 0.73 72
2017 16419602 21446196 0.77 0.56 42
2018 8244678 9046585 0.91 0.53 20
2019 23742135 22242595 1.07 0.39 35
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Table 4. RWS RIS and IR in Karacal irrigation association

Years IWD + Total Irrigation RWS RIS IR (%)
Effective water
rainfall (m®) requirement
(m?)
2015 20680192 26179046 0.79 0.50 55
2016 30823197 27734119 1.11 0.96 55
2017 23865920 24998915 0.95 0.80 47
2018 14915253 18356155 0.79 0.47 37

3.2 Financial efficiency
Cost recovery ratio of Karatas and Karacal irrigation association research area is shown in Table 5.

Table 5. Cost recovery ratio (%)

Karatas irrigation association Karagal irrigation association
Gross revenue  Total MOM CRR (%) Gross revenue  Total MOM CRR (%)
Years | collected (US$)  cost (US$) collected cost (US$)
(US$)

2015 186473 79252 235 11672 6573 178
2016 223624 82034 272 182378 114044 160
2017 210819 52591 401 225621 72641 311
2018 92599 77848 119 77390 53766 144
2019 311214 117503 265

Cost recovery ratio for Karatag and Karagal irrigation associations was found as 119-401% and 144-311%
respectively. The value was calculated as the ratio of total irrigation fee collected from the users to total operation-
maintenance-management costs. The Asartepe Irrigation Association stated a cost recovery ratio of 52-170% for
the years 2001-2004 whereas state irrigation schemes recorded a ratio of 21-91% and the country average was 65%
(Beyribey, 1997). Maintenance cost to revenue ratio is given in Table 6.

Table 6. Maintenance cost to revenue ratio (MCR)

Karatag irrigation association Karagal irrigation association
Maintenance Gross revenue MCR Maintenance Gross revenue MCR (%)

Years cost (US$) collected (US$) (%) cost (US$) collected (US$)

2015 55237 186473 30 1356 11671 12
2016 48100 223624 22 71308 182378 39
2017 15774 210819 7 39323 225621 17
2018 40259 92599 43 37067 77390 48
2019 156658 311214 50

MCR was determined as the lowest at 7% in 2017 and the highest at 43% in 2018 for the Karatas irrigation. In
Karagal irrigation association the lowest was 12% in 2015 and the highest was 48% in 2018. MCR was determined
as 50% for 2019 after the merger of Karatag and Karagal irrigation associations. When Table 6 is examined, it is
seen that more maintenance was carried out in Karacal irrigation association than in Karatas irrigation association
in 2016 and 2017 excluding the year 2015 when irrigation was opened. Although it is a relatively new irrigation
scheme it was determined that relatively high maintenance costs were incurred in Karacal irrigation before the
transfer. Total MOM per unit area is given in Table 7.

Table 7. Total MOM cost per unit area (MOMPUA) (US$/ha)

Karatas irrigation association Karagcal irrigation association

Years Total MOM  Irrigated MOMPUA Total MOM Irrigated MOMPA

cost (US$)  area (ha) (US$ ha'l) cost (US$) area-(ha) (US$ ha?)
2015 79252 2343 33.83 6573 2723 2.41
2016 82034 3926 20.90 114044 2735 41.70
2017 52590 2326 22.61 72640 2323 31.27
2018 77848 1085 71.75 53765 1868 28.78
2019 117502 3705 3171
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Lowest MOMPUA was 20.90 US$ ha' in 2016 and the highest MOMPUA was 71.75 US$ ha'in 2018 in
Karatas irrigation system (Table 7). Lowest MOMPUA in Karagal irrigation system was 2.41 US$ ha? in 2015
highest was 41.70 US$ halin 2016. Diker (2018) stated that MOMPUA were calculated between 6.73 and 321
US$ ha for the years 2011 and 2015 in the Lower Seyhan Plain. The total cost per person employed in water
delivery is given in Table 8.

Table 8. Total cost per person employed on water delivery (TCPWD)

Karatas irrigation association Karagcal irrigation association
Total cost of Total (TCPWD) Total cost of  Total number of (TCPWD)
personnel number of  (US$ person™) personnel personnel (US$ person?)

Years engaged in personnel engaged in  engaged in 1&D

1&D service  engaged in 1&D service service

(US$) 1&D (US$)
service

2015 51073 7 7296 56841 8 7105
2016 55061 7 7866 21950 4 5488
2017 49174 7 7025 57872 7 8267
2018 29039 7 4148 28251 9 3139
2019 82700 15 5513

As seen in Table 8 the lowest cost for each person employed in water delivery was 4148 US$ person-tin 2018
and the highest cost was 7866 US$ person in 2016 for Karatas irrigation. The lowest cost for Karagal irrigation
was 3139 US$ person in 2018; the highest cost was 8267 US$ persontin 2017. After the Karatas and Karagal
irrigation were combined the total cost per person employed in water distribution was 5513 US$ person. When
TCPWD values are examined, it is seen that much more expenses were incurred in Karacal irrigation system which
is a pressurized system.

Table 9. Revenue collection performance (RCP)

Years Karatas irrigation association Karagcal irrigation association
Gross revenue Gross RCP (%) Gross revenue Gross revenue RCP (%)
collected revenue collected (US$) invoiced (US$)
(US$) invoiced
(US$)

2015 186473 153674 121 11671 112174 10
2016 223624 268676 83 182378 265733 69
2017 210819 271358 78 225621 240173 94
2018 92599 20944 442 77390 59621 130
2019 311214 340528 91

Revenue collection performance (RCP) of Karatag and Karagal irrigation systems is given in Table 9. Revenue
collection performance for Karatag irrigation association was determined as 442% in 2018 and the lowest as 78%
in 2016. It is seen that the highest is 130% in 2018 and the lowest is 10% in 2015 in Karacal irrigation association.
On the other hand, after the merger the collection rate was 91%.

RCP were calculated for the Ilgin plain pumped irrigation in the Konya region is between 83.5% and 147%
(Kalender, 2017). It has been reported as 75% for the Cumra Plain irrigation association (Cihan, 2017). Vermillion
and Garces-Restrepo (1996) reported that RCP in Coello and Saldana irrigation in 1993 was 102% and 109%.
Regarding the research area staffing numbers per unit area is given in Table 10.

Accordingly, it is seen that SNPUA for Karatas irrigation association between 2015-2018 varies between 3.06-
10.14 personnel 1000ha™. In Karacal irrigation association it is seen that SNPUA varies between 1.83-5.35
personnel 1000 ha'. This indicator was realized as 6.48 personnel 1000ha after merging of irrigation associations.
According to Vermillion (2000) it was determined that staffing numbers per unit area in both irrigation areas was
weak. Total MOM cost per unit volume supplied in Karatag and Karagal irrigation areas are given in Table 11.

When Table 11 is analyzed the highest total MOM cost per unit volume supplied in Karatag irrigation is 0.022
US$/m? in 2018 and the lowest cost is 0.004 US$/m? in 2016. In Karagal irrigation association the highest total
MOM cost per unit volume supplied was 0.008 US$/m? in 2018 and the lowest was 0.001 US$/m? in 2015.
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Table 10. Staffing numbers per unit area (personnel 1000ha') (SNPUA)

Karatas irrigation association Karagal irrigation association

Total number Total annual (SNPUA) Total number of Total annual (SNPUA)

Years | of personnel irrigated area personnel irrigated area
engaged in serviced by engaged in 1&D serviced by the

1&D service the system service system
2015 13 2.343 5,55 11 2.723 4,04
2016 12 3.926 3,06 5 2.735 1,83
2017 12 2.326 5,16 8 2.323 3,44
2018 11 1.085 10,14 10 1.868 5,35
2019 24 3.705 6,48

Table 11. Total MOM cost per unit volume supplied (MOMPUVS)

Years Karatas irrigation association Karagcal irrigation association

Total Total annual (MOMPUV Total Total annual (MOMPUVS

MOM cost volume of S) (US$ m3) | MOM cost  volume of irrigation ) (US$ m)
(US$) irrigation water (US$) water delivery (m?)
delivery (m3)

2015 79252 11223000 0.007 6573 9624000 0.001
2016 82034 23255000 0.004 114044 21277000 0.005
2017 52590 9687000 0.005 72640 17142000 0.004
2018 77848 3490000 0.022 53765 6730000 0.008
2019 117502 11520000 0.010

4. Conclusions

In this study the water use efficiency and financial efficiency performance of Karatas and Karagal irrigation system
were assessed using comparative indicators.

In Karagal irrigation area it is seen that low irrigation ratio is realized despite the newly established completely
pressurized system. The main reason inadequate irrigation in the Karacal irrigation area is the Karacal dam's inability
to store enough water due to the low precipitation regime. When the water use efficiency is examined a very low level
of insufficient distribution was observed in the water supply in the Karagal System.

It is seen that sufficient irrigation water distribution could not be realized to meet the irrigation water requirement
in Karagal irrigation association. This situation is also stated in the planned water distribution reports of the irrigation
areas. In periods when the water supply is insufficient the plants that grow under rainfed agricultural conditions in the
irrigation area should be supported in the cultivation of vegetables fruits and industrial plants with high economic value
in the areas where irrigation is planned.

When the financial efficiency is examined, it is seen that the water fee collection rate in the Karacal irrigation area
is higher than the Turkey average. Due to this situation, it has been determined that there is no problem in meeting
MOM costs in both systems. In order to create a stronger sustainable financial structure in the irrigation association it
is necessary to increase the collection rate of irrigation water fees higher.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Cukurova Kosullarinda Yetistirilen Tath Sorgum Genotiplerinin Seliilozik Biyoetanol
Veriminin Belirlenmesi

Determination of Cellulosic Bioethanol Yield of Sweet Sorghum Genotypes Grown Under
Cukurova Conditions

Mine AKSOY?, Aysegiil EFENDIOGLU CELIK? Mahmut DOK?, Celal YUCEL*, Kadir
AYDIN®

Oz

Tath sorgum bitkisi ve 6zsuyu alindiktan sonra geriye kalan posasi birinci nesil biyoetanol, hayvan yemi, giibre,
biyoyakit ve seliilozik biyoetanol iiretimi gibi ¢esitli amaglar icin degerlendirilmektedir ve genis kullanim
alanlarindan dolay1 giin gegtikge 6nem kazanmaktadir. Bu ¢alismada, farkli tatli sorgum genotiplerinin 6zsuyu
alindiktan sonra geriye kalan saplarinda (posasinda) teorik sellilozik biyoetanol potansiyelinin belirlenmesi
amaclanmistir. Bu amagla yurt i¢i ve yurt disindaki degisik kaynaklardan temin edilen 21 farkl tath sorgum
(Sorghum bicolor var. saccharatum (L.) Mohlenbr.) genotipi materyal olarak kullanilmigtir. Tarla denemeleri,
Cukurova (Adana) ikinci tiriin kogullarinda 2016 ve 2017 yillarinda yiiriitiilmiistiir. Bitkilerin hasadi, salkimdaki
tanelerin stt-hamur olum donemine denk gelen tarihlerde yapilmistir. Hasat edilen bitkilerin yapraklari ve
salkimlar1 ayrildiktan sonra saplar ekstrakte edilip 6zsuyu alinmistir. Ozsuyu aliman saplar (posalar) kurutulduktan
sonra seliiloz ve hemiseliiloz analizleri yapilmig ve teorik seliilozik biyoetanol verimleri kuru madde bazinda L
ton"tve L da* cinsinden hesaplanmistir. Caligma sonucunda iki y1llik ortalamalara gére; tath sorgum genotiplerinin
seliiloz igeriginin %33.21-45.13, hemiseliiloz igeriginin %20.63-25.36, teorik seliilozik biyoetanol veriminin ise
183.7-231.0 L ton? kuru madde (KM) ve 297.4-767.6 L da' (KM) arasinda degistigi saptanmustir. Arastirmada
Ozsuyu alindiktan sonra kalan posanin seliilozik biyoetanol iiretimi amaciyla kullanilabilecegi ve Grassl, Tracy,
UNL-Hyb-3 ve No91 genotiplerinin birim alanda 600 L da* tizerinde seliillozik biyoetanol tretme kapasitesi ile
one cikan genotipler olduklar: gorilmektedir. Tatli sorgum bitkisinin 6zsuyundan biyoetanol elde edilmesi ve
ayrica geriye kalan kiispesinden de seliilozik biyoetanol iiretilmesi ile ylksek biyokitle potansiyeline sahip
bitkinin tamamindan yararlanilarak daha fazla biyoetanol elde edilebilecegi ve bdylece yenilenebilir enerji kaynagi
olarak siirdiiriilebilirlik, ¢evre ve ekonomi gibi ¢esitli agilardan avantajlar saglanabilecegi sonucuna ulagilmaktadir.
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Aksoy & Efendioglu Celik & Dok & Yicel & Aydin
Cukurova Kosullarinda Yetistirilen Tatli Sorgum Genotiplerinin Sellilozik Biyoetanol Veriminin Belirlenmesi

Abstract

Sweet sorghum and its bagasse of sweet sorghum plant which is left after extracting of its juice is used for various
purposes such as first generation bioethanol, animal feed, fertilizer, biofuel and cellulosic bioethanol production
and it has gained significance because of its broad use areas day by day. In this study, it was aimed to determine
the theoretical cellulosic bioethanol potential of the remaining stalks (bagasse) of different sweet sorghum
genotypes after extraction of its juice. For this reason, 21 different sweet sorghum (Sorghum bicolor var.
saccharatum (L.) Mohlenbr.) genotypes obtained from different domestic and foreign sources were used as
material. Field trials were carried out under second crop conditions in Cukurova (Adana) region in 2016 and 2017.
The plants were harvested on dates that coincided with the milk-dough period of the grains in the cluster. After
the leaves and inflorescences of the harvested plants were removed, the stalks were extracted and the juice was
taken. Theoretical cellulosic bioethanol yields were calculated on the basis of dry matter (DM) in L tonand L da
by performing cellulose and hemicellulose analyzes after the stalks (bagasse) was dried. As a result of the study,
according to the two-year averages; it was determined that the cellulose content and hemicellulose content of sweet
sorghum genotypes and theoretical cellulosic bioethanol yield ranged from 33.21% to 45.13%, from 20.63 to
25.36%, from 183.7 to 231.0 L ton* dry matter (DM) and from 297.4 to 767.6 L da™* (DM), respectively. In the
research, it is seen that the remaining bagasse after the removal of juice can be used for cellulosic bioethanol
production and Grassl, Tracy, UNL-Hyb-3 and No91 genotypes are prominent genotypes having the capacity to
produce cellulosic bioethanol over 600 L da per unit area. It is concluded that if bioethanol is obtained from the
juice of sweet sorghum plant and also cellulosic bioethanol is produced from its bagasse remaining after extraction
of its juice more bioethanol can be supplied from the unit area by using the whole plant having a high biomass
potential and thus it can be provided advantages in terms of different aspects such as sustainability, environment
and economy as a renewable energy source.

Keywords: Sweet sorghum, Genotype, Bagasse, Cellulosic bioethanol, Yield
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1. Giris

Tim dinyada oldugu gibi ilkemizde de enerjinin bityiik bir bolimi petrol ve petrol tirevlilerden
saglanmaktadir. Diinya niifusunun artmasi ile birlikte enerji ihtiyacinin da artmasi, fosil yakit kullanimi da buna
paralel olarak artmaktadir. Giiniimiizde fosil yakitlarin yakilmasi, diinya ¢apmda &nemli CO;
konsantrasyonlarinda artisa yol agarken, iklimdeki agir1 degisikliklerle birlikte kiiresel 1sinma ve hava durumunu
olumsuz etkiledigi bilinmektedir (Chauhan ve ark., 2021). Fosil yakitlarin kullanimini azaltmak i¢in ¢evreye daha
az zararli olan yenilenebilir enerji kaynaklarmin kullaniminin artirilmasi 6nemli olmaktadir. Alternatif enerji
kaynaklari arasinda da yenilenebilir ve siirdiiriilebilir enerji kaynaklar1 dikkati cekmektedir.

Yenilenebilir enerji kaynaklarinin basinda ise birim alanda yiiksek biyokiitle potansiyeline sahip tarimsal
tiriinler ve bu tarimsal iiriinlerden etanol (biyoetanol) eldesi onem kazanmaktadir. Tkinci nesil biyoetanol, daha ¢ok
biyokiitle kaynaklarindan elde edilmektedir. Biyokiitle kaynaklarinin, gida amagli olarak tiretimi yapilan rinlerle
rekabet etmemesi veya {iretimlerini sinirlandirmamasi igin marjinal alanlarda tiretimin yapilmasi da 6nemli bir
avantaj olarak gorilmektedir (Bazaluk ve ark., 2021). ikinci nesil selillozik etanol, 6zellikle tarim ve orman
atiklarinin hammadde olarak kullanildigi tilkeler i¢in uygun oldugu bildirilmektedir (Rivera-Burgos ve ark., 2019).
Ulkemizde potansiyel ve gesitliligi fazla olan yeterince degerlendirilemeyen biyoyakit kaynaklari; pelet haline
getirilerek iilke ekonomisine katki saglayabilir (Develi ve ark., 2021).

Diinya genelinde kullanilmakta olan enerji kaynaklariin birgogunu fosil enerji kaynaklar1 olusturmaktadir
(Aybek ve ark., 2015). Etanol, hava kirliligini azaltmak ya da petrol iriinlerinin tiiketimini azaltmak amaciyla
benzinle degisik oranlarda karistirilarak kullanilabilen bir yakittir. En yaygin uygulamalar, E10 ya da E85 diye
bilinen sirasiyla %10 ve %85 etanol igeren karigimlardir (Yasar, 2009). Tath sorgumdan fermente edilebilir 6zsu
ayrildiktan sonra geriye posa kalmakta ve bu lignoseliilozik artik, 6nemli miktarda polimerik karbonhidratlar
(seliiloz ve hemiseliiloz) icermektedir. Bu polisakkaritler, sekerlere hidrolize edilebilmekte ve daha sonra ikinci
nesil biyoetanole fermente edilebilmektedir. Etanol kullanimi %35’e ulasan yiiksek oksijen igerigi nedeniyle
yandiginda ¢ok temiz olmasi, atmosferde karbondioksit birikimine katkida bulunmamasi sebebiyle ¢evreyle dost
ve yenilebilir olmas1 gibi ¢esitli avantajlara sahiptir (Arif ve ark., 2019). Alternatif enerji kaynag: olarak tatlh
sorgumun, siirdiiriilebilir tarimsal faaliyetler agisindan yenilenebilir enerji kaynaklari grubunda yer almast, verimli,
diisiik maliyetli, uygun ve glivenli olmast, ayrica yaklasik %37 oksijen icermesi nedenleriyle ¢ok iyi bir biyoetanol
hammadde kaynagidir (Wyman ve ark., 1993; Raud ve ark., 2015). ikinci nesil etanol, birinci nesile gore sera gazi
emisyonlarinin azaltilmasi igin ¢ok daha yiiksek bir potansiyele sahiptir (Batog ve ark., 2020).

Lignoseliilozik biyokiitle, diinyada en yaygin olarak bilinen biyokiitledir. Bu nedenle lignoseliilozik biyoetanol
iiretimi, son yillarda halen siklikla kullanilan nisasta biyoetanoliine bir alternatiftir. Lignoseliiloz, bitkilerde
bulunan seliiloz, hemiseliiloz, lignin ve diger ektraktlar veya mineralden olusmaktadir. Sorgum posast %11.73-
48.0 seliiloz ve %10.73-26.14 hemiselliloz igermektedir (Yu ve ark., 2014; Khalil ve ark., 2015; Mahdy ve ark.,
2018). Tatli sorgum posasi bir¢ok ¢evreci teknoloji uygulamalarinda kullanilabilmekte ve seliilozik etanol iretimi
de dahil 6ne ¢ikan biyoenerji teknolojilerinde kullanim i¢in uygun olabilmektedir (Mahapatra ve ark., 2017).

Tatlt sorgum (Sorghum bicolor var. saccharatum (L.) Mohlenbr.), Poaceae familyasina bagl bir C4 bitkisi
olmasi nedeniyle, yiiksek fotosentetik etkinligi olan, kurak ve olumsuz iklim kosullarinda tarimi yapilabilen,
nispeten diisiik girdi gereksinmeleri olan 6nemli bir bugdaygil enerji bitkisidir (Steduto ve ark., 1997; Dolciotti ve
ark., 1998; Mastrorilli ve ark., 1999; Ritter ve ark., 2007; Shinde ve ark., 2013). Tath sorgum uygun kosullarda 4-
5 ay gibi yetistirme siiresinde 4.5 m’ ye kadar boylanmakta, tatli sorgumdan 4.5-11 ton da yas biyokiitle verimi
alinmakta (Dweikat, 2014) ve birim alanda yliksek biyokutle tretimi icin yeterli miktarda selilozik etanol kaynagi
olmasini saglamaktadir (Han ve ark., 2013). Tatli sorgum, agir metal toleransina ve 6zellikle kadmiyumu (Cd)
uzaklastirma oOzelligine sahiptir. Bu nedenle, tath sorgum, Cd ile kirlenmis toprak icin siirdiiriilebilir bir
fitoremediasyon sistemi olusturmak, iyilestirme ve es zamanli etanol {iretimi i¢in biiyiik bir potansiyele sahiptir
(Xiao ve ark., 2021).

Ulkemizde tatli sorgum biyokiitlesinden ikinci nesil enerji iiretimi ile ilgili galismalar yok denecek kadar az
olup, bu konu ile ilgili yeterli bilgiye ulagilamadig: goriilmektedir. Bu ¢alisma; endiistride biyoetanol elde etmek
icin Cukurova bdlgesi ikinci iirliin kosullarinda yetistirilen farkl tatli sorgum genotiplerinin 6zsuyu alindiktan
sonra geriye kalan saplarinin (posasinin) teorik seltilozik biyoetanol verimlerini belirlemek ve farkli genotiplerin
kimyasal bilesimi ve biyoetanol verimlerindeki farkliliklar da ortaya koymak icin yiiriitilmiistiir.
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2. Materyal ve Metot
2.1. Materyal

Calismada, cesitli kaynaklardan temin edilen 21 adet farkli tatli sorgum (Sorghum bicolor var. saccharatum
(L.) Mohlenbr.) genotipi materyal olarak kullanilmistir. Temin edildigi kaynaklara gore materyallerin adlari ve
temin edildigi kuruluslar, asagidaki gibi gruplandirilmstir.

1) Cowley, Dale, Grassl, M81-E, Mennonita, Nebraska sugarcane, P1579753, Ramada, Roma, Rox Orange,
Smith, Sugar Drip, Theis, Topper 76, Tracy, UNL-Hybrid -3 (26297xM81 E), Williams (Prof. Dr. Ismail Dweikat,
Nebraska Universitesi, Lincoln, ABD)

2) No2 USDA orijin Cin, No91 USDA orijin Tayvan, No5 USDA orijin Glney Afrika (BATAEM, Bati
Akdeniz Tarimsal Arastirma Enstitiisii, Antalya)

3) Yerel cesit Giilseker (Uludag Universitesi, Ziraat Fak. Tarla Bitkileri Bolumii, Bursa)
2.2. Metot

Tarla denemeleri ikinci {iriin sartlarinda, tesadiif bloklar1 deneme desenine gore dort tekerriirlii olarak 2016 ve
2017 yillarinda Haziran-Ekim déneminde, Cukurova/Adana kosullarinda (Dogu Akdeniz Tarimsal Aragtirma
Enstitiisic Midiirliigli Arastirma alaninda) yiiriitiilmistiir. Laboratuvar ¢aligmalar1 ise Karadeniz Tarimsal
Aragtirma Enstitiisii biinyesindeki Enerji Tarimi Aragtirma Merkezi Laboratuvari’ nda gergeklestirilmistir.

Bitkilerin hasadi, her genotip i¢in salkimdaki tanelerin siit-hamur olum ddnemine denk gelen tarihlerde
yapilmistir. Hasat edilen tatli sorgum genotiplerinin yaprak ve saplart alindiktan sonra kalan saplari, 6zel
tasarlanmis aletten gegirilerek dzsuyu (sirast) alimmgtir. Ozsuyu alinmis saplar (posa) énce tartilmis ve daha sonra
kurutulmustur (Sekil 1).

Figure 1. The process of bagasse production from sweet sorghum biomass

Sekil 1. Tatl sorgum biyokiitlesinden posa elde edilmesi streci

Tatli sorgum genotiplerin posalarmin seliiloz ve hemiseluloz iceriklerini belirlemek icin NDF (Nétral
Deterjanda Coziinmeyen Lif), ADF (Asit Deterjanda Cozlinmeyen Lif) ve ADL (Asit Deterjanda Cézlinmeyen
Lignin) analizleri yapilmistir. Bu analizler i¢in her bir genotipi temsil edecek sekilde 500 g yas ot 6rnegi alinmistir
ve kurutma dolabinda 65-70°C” de agirliklar1 sabitlesince seliilozik hammadde analizleri igin 6gitiilmiistiir.
Ogiitiilen 6rneklerden de 0.5 gram tartilarak NDF, ADF ve ADL analizleri ANKOM Fiber Analyzer Cihazi’ nda
gergeklestirilmistir (Van Soest ve ark., 1991; Kutlu, 2008). Analizler sonucunda ise asagidaki esitliklerden
yararlanilarak % seluloz ve hemiseliiloz igerikleri hesaplanmustir.

% Seliiloz = % ADF - % ADL (Es.1)
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% Hemiseliilloz = % NDF - % ADF (Es.2)

Teorik selilozik biyoetanol verimleri ise; hemiseliloz ve selilloz degerlerinin teorik olarak sekere
doniistimiinden yola c¢ikarak litre/ton KM posa cinsinden hesaplanmigtir (Badger, 2002). Tathi sorgum
genotiplerinin dekara kuru madde verimleri hesaba katilarak ayrica litre cinsinden dekara teorik selulozik
biyoetanol verimleri de hesaplanmigtir. Hesaplamada; hemiseliiloz doniisiim verimi (%90), xylose fermentasyon
verimi (%50), etanol stokiyometrik orani (%51), seliiloz doniisiim verimi (%76) ve glukoz fermentasyon verimi
(%75) doniisiim katsayilart kullanilmigtir.

Incelenen tiim 6zellikler 4 tekrarh olarak gerceklestirilmis ve sonuglar, ortalama olarak verilmistir. Istatistiksel
analizde ise, elde edilen veriler JMP istatistik paket programi kullanilarak varyans analizine tabi tutulmus ve
ortalamalar, ¢oklu kargilagtirma Tukey testine gére yapilmustir.

3. Arastirma Sonugclari ve Tartisma
3.1. Seliiloz ve Hemiseliiloz i¢erikleri

Yapilan varyans analizi sonuglarina gore seliiloz igerigi bakimindan incelendiginde, genotiplerde ve genotip x
yil interaksiyonunda P<0.01 seviyesinde istatistiki olarak 6nemli farklilik bulunmustur (Tablo 1). Genotiplere gore
degigsmekle birlikte tatli sorgum genotiplerinin posalarindan elde edilen seliiloz igeriginin, 2016 ve 2017 yillarinda
strastyla %32.19-41.48 ve %29.18-48.41 arasinda degistigi saptanmistir. Iki y1llik birlestirilmis analizlere gére,
seliiloz icerigi %29.18-48.41 arasinda degismis olup en yiiksek seliiloz igerigi, aragtirmanin ikinci yilinda Giilseker
genotipinde, en diisiik seliiloz igerigi ise yine ¢aligmanin ikinci yilinda PI579753 genotipinde elde edilmistir.
Genotip ortalamasimin %33.21-45.13 arasinda degistigi ve en diisiik degerin Mennonita ¢esidinde elde edildigi ve
bunu sirastyla Cowley ve PI579753 genotiplerinin izledigi belirlenmistir.

Hemisellloz igerigi incelendiginde ise, genotipler arasinda ve genotip x yil interaksiyonunda P<0.01
seviyesinde istatistiki olarak 6nemli farklilik bulunmustur (Tablo 1). Tath sorgum genotiplerinin posalarindaki
hemiseliiloz igerigi 2016 ve 2017 yillarinda sirasiyla %22.15-27.95 ve %16.58-24.30 arasinda saptanmistir. ki
yillik birlestirilmis analizlere gore hemiseliiloz igeriginin %16.58-27.95 arasinda degistigi ve en yiiksek deger
2016 yilinda Grassl genotipinde, en diisiik deger ise 2017 yilinda Cowley genotipinde belirlenmistir. Genotip
ortalamas1 %20.63-25.36 arasinda degisirken en diisiik hemiseliiloz igerigi Cowley genotipinde elde edilmistir.
Cowley genotipini sirasiyla Thesis ve Topper 76 cesitleri izlemistir. Seliiloz ve hemiseliiloz iceriklerinin

genotiplere, ¢cevre kosullarina gore degistigi bircok arastirici tarafindan da bildirilmektedir (Dolciotti ve ark., 1998;
Su ve ark., 2010; Mahdy ve ark., 2018; Chauhan ve ark., 2021).

Calismada, seliiloz icerigi yiiksek olan genotiplerin hemiseliiloz igeriklerinin de yiiksek oldugu ve seliiloz
icerigi yliksek olan genotiplerin seliilozik etanol verimliliginin de yiiksek oldugu goriilmektedir. Seliiloz igerigi ile
hemiseliiloz arasinda olumlu ve dnemli iligkilerin oldugu gériilmektedir. Han ve ark. (2013) deterjan lif, lignin ve
sindirilebilirlik 6l¢timlerinin, etanol Uretimi ile ylksek oranda iliskili oldugunu bildirmektedir. Tatli sorgum
posasindan farkli genotip ve ekolojilerde degisik analiz yontemleri ile yapilan ¢alismalarda, seliiloz ve hemiseliiloz
icerikleri ile ilgi yapilan ¢aligmalar asagida 6zetlenmistir. Marx ve ark. (2014), mikrodalga 1smnlama kullanarak
yaptig1 calismada; seliiloz ve hemiseliiloz igeriklerini sirasiyla %36.60 ve %22.96 olarak saptamuslardir.
Umagiliyage ve ark. (2015), tatl sorgum posasinin enzimatik hidrolizini gelistirme iizerine yaptiklar ¢aligmada;
seliiloz ve hemiseliiloz igeriklerini sirasiyla %36.9+1.6 ve %17.8+0.6 olarak bulmuslardir. Zhang ve ark. (2011),
tath sorgum posasmin enzimatik hidrolizi lizerine farkli 6n muamelelerin etkisini inceledikleri ¢alismada; tath
sorgum posasinin seliiloz ve hemiseliiloz igeriklerini sirasiyla %45.3 ve %26.3 olarak belirlemislerdir. Guimaraes
ve ark. (2014), NIRS cihazinda 957 posa 6rneginin seliiloz ve hemiselilloz iceriklerinin sirastyla %21.4-49.1
ve %18.4-34.8 arasinda degistigini saptamislardir.

Mahdy ve ark. (2018), Giza/Misir’da tatli sorgum posasinin seliiloz igeriginin %19.48-24.11, hemiseliloz
iceriginin %10.73-14.39 arasinda degistigini bildirmislerdir. Khalil ve ark. (2015), hemiseliiloz igeriginin %11.73-
17.20 ve seliiloz igeriginin %20.18-26.14 arasinda degistigini saptamiglardir. Barcelos ve ark. (2016), seliiloz ve
hemiseliiloz igeriklerini sirasiyla %40.4+2.6 ve %20.0+2.5 olarak belirlemislerdir. Batog ve ark. (2020),
Polonya’da ana ve ikinci iiriin kosullarinda gesitlere gore degismekle; seliiloz igeriginin %21-41.2 ve hemiseliiloz
iceriginin %21.9-35.6 arasinda degistigini, ana iiriin ortalamalarinin genelde ikinci iiriin ortalamalarina gére daha
yiksek oldugunu bildirmislerdir.
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Tablo 1. Tath sorgum genotiplerinden elde edilen posalarinin kuru madde bazinda seliiloz ve hemiselloz
icerik ortamalar: ve énemlilik gruplart
Table 1. Avarage values and significance groups of cellulose and hemicellulose contents on dry basis of
bagasses obtained from sweet sorghum genotypes

Seliiloz I¢erigi (%) Hemiseliiloz Icerigi (%)

Genotipler

2016 2017  Ortalama 2016 2017 Ortalama
Cowley 37.72ef" 29431  33.57m*  24.68 b-f* 16.58 k 20.63 1*
Dale 37.69ef 4793a 4281lb 26.35ab  22.72abc 24.53 abc
Grassl 40.06 b 4436b 42.21b 27.95a 22.77abc 25.36a
M81-E 38.60cde 37.77f 38.18d 23.57c-h  20.58e-h 22.07e-h
Mennonita 35.17h 31.25h  33.211 23.04e-h  20.17 gh1  21.60 ghi
N. sugarcane 32.191 39.64de 3591f 25.27bcd 24.30a 24.79 ab
P1579753 39.14bcd 29.181 34.16h 24.44b-g 18.13jk  21.29 ghi
Ramada 35.4h1 34.66g 35.04¢ 22.92e-h  19.33h;j 21.12h1
Roma 35.85gh 37.73f 36.79e 22.15h 20.70d-h  21.42 ghi
Rox Orange 38.07 def 42.09c 40.08¢c 23.41d-h 24.29a 23.85 bed
Smith 35.65gh 44.24b 39.9c 22.99e-h 23.71ab  23.35cde
Sugar Drip 34.69 h 39.52e 37.10e 2550 bc  18.66 i 22.08 e-h
Theis 39.18bcd 34.40g 36.79e 23.02e-h  18.83 20.93 i
Topper 76 36.82fg 40.75d 38.79d 2266 fgh 19.58h;j 21.12h1
Tracy 35.36 h 45.02b 40.19c 22.54gh  22.40bcd 22.47 efg
UNL-Hyb-3 37.98def 39.33e 38.65d 22.89e-h  20.02 gh1 21.45 ghi
Williams 35.70gh 4233c¢ 39.01d 22.48gh  21.48c-g 21.98fgh
No2 35.41h 37.64f  36.52ef 22.62fgh 21.40c-g 22.01fgh
No91 39.52bc 3745f 38.48d 24.33b-g 22.16b-e 23.24c-f
No5 38.66cde 38.16f 38.41d 2486 b-e 20.35f1 22.61d-g
Giilseker 41.84a 48.41a 45.13a 2241 gh  22.07b-f 22.24e-h
Ortalama 37.18 39.11 23.81 20.96
DK (%) 1.22 3.25
F (Genotip) *x **
F (Y1) Onemli Degil Onemli Degil
F (Genotip x Y1l Interaksiyonu) ** **

+) Aym harf ile gosterilen gesit x y1l interaksiyonu ortalamalar1 arasinda Tukey testine gore P<0.05 seviyesinde istatistiksel olarak énemli
farklilik yoktur.

*) Ayni siitun igerisinde benzer harf ile gosterilen gesit ortalamalari arasinda Tukey testine gére P<0.05 seviyesinde istatistiksel olarak onemli
farklilik yoktur.

**) P<0.01 seviyesinde istatistiksel olarak dnemlidir.

Han ve ark. (2013), sorgum bitkisinin sap ve posalarinda hemiseliiloz igeriginin %23.90-27.80, seliiloz
igeriginin %30.5-34.4 ve lignin igeriginin %3.3-6.00 arasinda degistigi bildirmislerdir. Su ve ark. (2010), sorgum
posasinin kuru madde bazinda %17-18 selilloz ve %18-21 hemiseliiloz arasinda degistigini belirlemistir. Sorgum
saplarmin hemiseliiloz igeriginin %34-37 ve seliilloz igeriginin 39.2-41.5 arasinda degistigini bildirilmistir

(Chauhan ve ark., 2021).

Cotton ve ark. (2013), yemlik sorgum cesidinin seliiloz igeriginin %27.7-35.3 arasinda ve hemiseliiloz
igeriginin ise %21.2-23.8 arasinda degistigini bildirmislerdir. Sorgum gibi bugdaygil bitkilerinden elde edilen
biyokiitlesinin genel olarak ortalama bilesimleri %25-40 seliiloz ve %25-50 hemiseliiloz oldugunu, seliloz ve
lignoselillozik bakimindan zengin oldugu belirlenen biyokiitlenin, etanol Uretimi igin iyi bir substrat olarak
kullanilabilecegi bildirilmektedir (Sun ve Cheng, 2002; Howard ve ark., 2003; Wongwatanapaiboon ve ark., 2012;
Saini ve ark., 2015).

3.2. Teorik Seliilozik Biyoetanol Verimleri

Varyans analizi sonuglarina gore teorik seliilozik biyoetanol verimi (L/ton KM) bakimindan incelendiginde;
genotipler ve genotip x yil interaksiyonu bakiminda P<0.01 seviyesinde istatistiki olarak Onemli farklilik
bulundugu ancak yillara gore P<0.01 seviyesinde istatistiki olarak 6nemli farklihik bulunmadigi goriilmektedir
(Tablo 2). Tath sorgum genotiplerinin posalarindan elde edilebilecek teorik seliilozik biyoetanol veriminin 2016
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yilinda 192.1-228.9 L ton"t KM arasinda, 2017 yilinda ise 156.7-242.7 L ton™* KM arasinda degistigi saptanmustir.
Iki yillik birlestirilmis analiz sonucunda, teorik seliilozik biyoetanol verimi 156.7-242.7 L ton KM arasinda
degismis olup en yiiksek biyoetanol verimi 2017 yilinda Dale gesidinde, en diisiik verim ise yine aragtirmanin

ikinci yilinda Cowley ¢esidinde elde edilmistir. Genotip ortalamasmin 183.7-231.0 L ton KM arasinda degistigi
gorilmektedir (Tablo 2).

Tablo 2. Tatl sorgum genotiplerinden elde edilen posalarinin kuru madde bazinda teorik seliilozik biyoetanol
verim ortalamalari ve onemlilik gruplart
Table 2. Avarage values and significance groups of theoretical cellulosic bioethanol yield on dry basis of
bagasses obtained from sweet sorghum genotypes

Teorik Seltlozik Biyoetanol Teorik Seltlozik Biyoetanol

Genotipler Verimi (L tont KM) Verimi (L dat KM)
2016 2017 Ortalama 2016 2017 Ortalama
Cowley 210.8cd*  156.71 183.7 j* 352.7e-h* 300.2ef 3265¢g"
Dale 215.5 bc 242.7 a 229.1a 362.2e-h  395.7c-f 379.0efg
Grassl 228.9 a 229.7bc 2293 a 621.0b 603.7abc 612.3b
M81-E 210.8 cd 199.0f 204.9 ef 567.5bc  457.4b-f 512.5b-e
Mennonita 196.6 fgh  173.8h 185.2 ] 385.9d-h 307.9ef 346.9fg
N. sugarcane 192.1h 216.7d 204.4 ef 325.5gh  453.5b-f 389.5efg
P1579753 215.3 bc 160.3 1 187.8 1 4359c-h  251.1f 343.5fg
Ramada 197.1fgh  183.9¢g 190.51 451.4c-g 570.6a-d 511.0b-e
Roma 196.5fgh  199.2f 197.9 gh 514.2b-e 593.6abc 553.9 bc
Rox Orange 208.4d 225.7¢ 217.0b 364.0e-h  444.2b-f 404.1d-g
Smith 198.2fgh  232.0b 215.1b 299.9gh  650.1ab  475.0 b-f
Sugar Drip 202.0 ef 199.9 f 200.9 fg 304.5gh  330.4def 3175¢g
Theis 211.3 cd 18159 196.4 h 556.9bc  524.8a-e 540.9 bcd
Topper 76 201.6efg 207.1e 204.3 ef 500.8 b-f  596.2 abc 548.5 bed
Tracy 195.8 gh 231.0bc  213.4bc 341.8fgh  404.8b-f 373.3efg
UNL-Hyb-3 206.5 de 203.1ef  204.8 ef 793.7a 7415a 767.6 a
Williams 196.9 fgh  218.4d 207.7 de 2709 h 323.9def 297.4¢g
No2 196.3fgh  200.9f 198.6 gh 338.2fgh 262.1f 300.2¢g
No91 216.4 be 202.4ef  209.4 cd 637.6 ab 592.0abc 614.8b
No5 214.8 bc 199.8 f 207.3 de 533.0bcd 338.0def 435.5c-g
Giilseker 219.4b 2425a 231.0a 286.6gh  375.8c-f 331.2fg
Ortalama 206.2 205.1 440.2 453.2
DK (%) 1.09 18.02
F (Genotip) *x *x
F (Y1) Onemli Degil Onemli Degil
F (Genotip x Y1l o o
Interaksiyonu)
+) Aym harf ile gosterilen gesit x y1l interaksiyonu ortalamalart arasinda Tukey testine gore P<0.05 seviyesinde istatistiksel olarak énemli
farklilik yoktur.

*) Ayni siitun igerisinde benzer harf ile gosterilen gesit ortalamalari arasinda Tukey testine gére P<0.05 seviyesinde istatistiksel olarak onemli
farklilik yoktur.
**) P<0.01 seviyesinde istatistiksel olarak onemlidir.

Ayrica, tatli sorgum genotiplerinin dekara kuru madde verimleri hesaba katilarak, litre cinsinden dekara teorik
sellilozik biyoetanol verimleri de hesaplanmistir. Teorik sellilozik biyoetanol verimi (L da* KM) bakimindan
incelendiginde ise genotipler ve genotip x yil interaksiyonu P<0.01 seviyesinde istatistiki olarak Onemli
bulunurken, yillara gére P<0.01 seviyesinde istatistiki olarak onemli farklilik bulunmamistir (Tablo 2). Tath
sorgum genotiplerinin posasindan elde edilebilecek teorik seliilozik biyoetanol verimi, 2016 ve 2017 yillar igin
sirastyla 325.5-793.7 L da* KM ve 251.1-741.5 L da’* KM arasinda degismistir. Dekara teorik seltilozik biyoetanol
verimi 2017 yilinda daha yiiksek bulunmustur. Iki yillik birlestirilmis analizlere gére, teorik seliilozik biyoetanol
verimi 251.1-793.7 L da’* KM arasinda degismistir ve en yiiksek teorik seliilozik biyoetanol verimi ise arastirmanm
ikinci y1linda P1579753 genotipinde elde edilmistir. Genotip ortalamas1 297.4-767.6 L da KM arasinda degisirken
en diigiik deger Williams genotipinde elde edilmis ve bunu sirasiyla No2 genotipi ve Sugar Drip gesidi takip
etmistir.
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Zhao ve ark. (2009), tath sorgumda seliilozik etanol verimini 2006 yilinda 198.5-448.9 L da™ arasinda; 2007
yilinda ise 179.6-659.1 L da! arasinda degistigini bildirmislerdir. Guimaraes ve ark. (2014), tath sorgum bitkisinin
saplarindaki 6zsuyu alindiktan sonra geriye kalan posa drneklerinde teorik seliilozik etanol veriminin 221-412 L
ton"? KM arasinda degistigini belirlemislerdir. Barcelos ve ark. (2016), tath sorgum posasindan teorik seliilozik
etanol verimini 430 L ton KM olarak saptamislardir.

Batog ve ark. (2020), Polanya’da sorgum gesitlerinin biyoetanol verimini 223-506 mg L™t KM sap arasinda
degistigini bildirmektedirler. Rakhmetova ve ark. (2020), bitki 6zsuyundan alman siradan 404.1 L da* ve 639 L
da! arasinda etanonol elde edilecegini ve ek olarak da posanm kullanimu ile toplam biyoetanol veriminin 1.142,3
L da! ulagabildigini bildirmektedirler. Mahdy ve ark. (2018), etanol iiretimi icin yiiksek seliiloz ve diisiik lignin
icerigine sahip cesitlerin tercih edilmesi gerektigi bildirilmistir. Tang ve ark. (2018), ortamin bitki biiyiimesi,
biyokiitle verimi ve bilesenleri ve ardindan enerji sorgumun etanol potansiyelini 6nemli 6l¢iide (p<0.05)
etkiledigini bildirmektedirler.

Maw ve ark. (2017), Midwest Amerika’da New Franklin lokasyonunda tatli sorgum posalarinin yillara gore
seltlozik etanol verimi, 399.7-1011.9 L da* KM arasinda, Mount Vernon lokasyonunda ise verimin 202.6.-844.3
L da! arasinda degistigini saptamiglardir. Cotton ve ark. (2013), teorik etanol verimi, sinirli su uygulamasi altinda
yetistirilen bitkilerde 264-338 L da™* olarak belirlenirken su uygulamasi yapilmadan yetistirilen bitkilerde ise 160-
252 L da? olarak tespit etmislerdir.

4. Sonug

Fosil yakitlarin enerji kaynagi olarak kullanimi, enerji agisindan iilkemizin disa bagimli olmasi, bu kaynaklarin
kullanim1 sonucunda kiiresel 1sinma, iklim degisikligi gibi olumsuz ¢evresel etkileri alternatif ve yenilenebilir
enerji kaynaklarina yoneltmistir. Tarimsal kaynakli alternatif biyoetanol kaynaklar1 yenilenebilir, stirdiiriilebilir,
cevre ile dost ozellikleri sebebiyle biiyiik 6nem tagimaktadirlar. Bu ¢alismada; diger bitkilere kiyasla su ve giibre
ihtiyaci daha az olan ve de birim alandan daha yiiksek biyokiitleye sahip tatli sorgum bitkisinin biyoetanol kaynag:
olarak degerlendirilebilme potansiyeli incelenmistir. Cukurova lokasyonunda 2016 ve 2017 yillarinda genotiplerin
iki y1illik ortalamalarina gore, 6zsuyu (sirasi) alindiktan sonra geriye kalan tatli sorgum posasindan elde edilen
seliiloz igeriginin %33.21-45.13, hemiselilloz igeriginin %20.63-25.36, teorik selilozik biyoetanol veriminin
183.7-231.0 L ton: KM ve 297.4-767.6 L da™* arasinda degistigi saptanmistir. UNL-Hyb-3 genotipinin, ¢aligmada
incelenen tiim genotipler arasinda hem 2016 (793.7 L da) ve 2017 (741.5 L da?) yillarinda ve hem de iki yillik
birlestirilmis analiz sonucunda (767.6 L da?) birim alanda en yiiksek biyoetanol verimine sahip oldugu
saptanmustir. Teorik seliilozik biyoetanol verimlerinin iki yillik ortalamalarina gére UNL-Hyb-3 genotipini
sirastyla 614.8 L datile No91 ve 612.3 L datile Grass1 genotipleri takip etmistir. Yapilan tiim analizler géz oniine
alindiginda tath sorgum bitkisinin biyoetanol kaynagi olarak degerlendirilebilecegi anlagilmistir. Enerji ihtiyacinin
biiyiik bir oraninin ithalat ile karsilandig: iilkemizde, siirdiiriilebilir ve yenilenebilir enerjinin saglanmasi i¢in
alternatif kaynaklardan biri olan biyoetanol, énemli ve biyiik bir potansiyel olusturmaktadir. Biyoetanol, ayrica
cevre kirliligini azaltmas1 ve ekonomiye katk1 saglamasindan dolay1 da énem tasimaktadir. Ulkemizde biyoetanol
iiretimi ve biyoetanol {iretiminde diger bitkilere kiyasla toprak segiciligi, su ve giibre kullanim1 daha az olan tath
sorgum bitkisinin hammadde olarak kullanimi tesvik edilmelidir.

Tesekkiir
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numarali projenin bir béliimiidiir. TUBITAK’ a desteklerinden dolay: tesekkiir ederiz.

68



JOTAF/ Journal of Tekirdag Agricultural Faculty, 2023, 20 (1)

Kaynakca

Arif, A.B., Budiyanto, A., Diyono, W., Hayuningtyas, M., Marwati. T., Sasmitaloka, K.S., Richana, N. (2019). Bioethanol Production From
Sweet Sorghum Bagasse Through Enzymatic Process. 2nd International Conference on Agriculture Postharvest Handling and Processing
10P Conf. Series: Earth and Environmental Science 309. https://doi:10.1088/1755-1315/309/1/012033.

Aybek, A., Ugok, S., Ispir, M.A., Bilgili, M.E. (2015). Digital mapping and determination of biogas energy potential of usable animal manure
and cereal straw wastes in Turkey. Journal of Tekirdag Agricultural Faculty, 12(3): 109-120.

Badger, P.C. (2002). Ethanol from cellulose: A general review, Trends in new crops and new uses, 17-21. In: J. Janick and A. Whipkey (Eds.),
Trends in new crops and new uses. ASHS Press, Alexandria, VA. https://www.hort.purdue.edu/newcrop/ncnu02/pdf/badger.pdf, (Erigsim
tarihi: 20.08.2021).

Barcelos, A.C., Maeda, R., Anna, L., Pereira Jr, N. (2016). Sweet sorghum as a whole-crop feedstock for ethanol production. Biomass and
Bioenergy, 94: 46-56. https://doi.org/10.1016/j.biombioe.2016.08.012

Batog, J., Frankowski, J., Wawro, A., Lacka, A. (2020). Bioethanol production from biomass of selected sorghum varieties cultivated as main
and second crop. Energies, 13: 6291. https://doi.org/10.3390/en13236291.

Bazaluk, O., Havrysh, V., Fedorchuk, M., Nitsenko, V. (2021). Energy assessment of sorghum cultivation in southern Ukraine. Agriculture,
11: 695. https://doi.org/10.3390/agriculture11080695.

Chauhan, N.M., Hajare, S.T., Mamo, B., Madebo, A.A. (2021). Bioethanol production from stalk residues of chiquere and gebabe varieties of
sweet sorghum. International Journal of Microbiology, 12: 1-16. https://doi.org/10.1155/2021/6696254.

Cotton, J., Burow, G., Acosta-Martinez, V., Moore-Kucera, J. (2013). Biomass and cellulosic ethanol production of forage sorghum under
limited water conditions. Bioenergy Research, 6: 711-718. https://d0i.10.1007/s12155-012-9285-0

Develi, C.H., Aybek, A., Ugok, S. (2021). Antep fistig1 kabugu ve zeytin kiispesinden biyoyakit amach pelet elde edilmesi. Tekirdag Ziraat
Fakultesi Dergisi, 18(4): 689-701.

Dolciotti, I., Mambell, S., Grandi, S., Ventur, G. (1998). Comparison of two sorghum genotypes for sugar and fiber production. Industrial
Crop Production, 7: 265-272.

Dweikat, 1. (2014). Sorghum diversity paper, sweet energy crop article. http://agronomy.unl.edu/sweetsorghum, (Erisim tarihi: 07.03.2020).

Guimardes, C.C., Simeone, M.L.F., Parrella, R.A.C., Sena, M.M. (2014). Use of NIRS to predict composition and bioethanol yield from cell
wall structural components of sweet sorghum biomass. Microchemical Journal, 117: 194-201.

Han, K.J., Pitman, W.D., Kim. M., Day, D.F., Alison, M.W., McCormick, M.E., Aita, G. (2013). Ethanol production potential of sweet sorghum
assessed using forage fiber analysis procedures. GCB Bioenergy, 5: 358-366. https://d0i:10.1111/j.1757-1707.2012.01203.x

Howard, R.L., Abotsi, E., Jansen van Rensburg, E.L.J, Howard, S. (2003). Lignocellulose biotechnology: issues of bioconversion and enzyme
production. African Journal of Biotechnology, 2(12): 602-619. https://doi: 10.5897/AJB2003.000-1115

Khalil, S.R.A., Abdelhafez, A.A., Amer, E.A.M. (2015). Evaluation of bioethanol production from juice and bagasse of some sweet sorghum
varieties. Annals of Agricultural Sciences, 60(2): 317-324. https://doi.org/10.1016/j.a0as.2015.10.005

Kutlu, H.R. (2008). Yem Degerlendirme ve Analiz Yéntemleri. Cukurova Universitesi Ziraat Fakiiltesi, Zootekni Boélimii Ders Notu, 68 S.
http://www.zootekni.org.tr/upload/File/sunular/tm.pdf. (Erisim tarihi: 04.08.2020).

Mahapatra, A.K., Ekefre D.E., Pattanaik N.K., Jena U., Williams A.L., Latimore M. (2017). Thermal properties of sweet sorghum bagasse as
a function of moisture content. Agricultural Engineering International: CIGR Journal, 19(4): 108-113.

Mahdy, E.M.E., Ramadan, H.A., Emara, M.A. (2018). Suitability of some sweet sorghum varieties for bioethanol production. Journal of
Agricultureal Chemistry and Biotechnology, 9(9): 205-210.

Marx, S., Ndaba, B., Chiyanzu, I., Schabort, C. (2014). Fuel ethanol production from sweet sorghum bagasse using microwave irradiation.
Biomass and Bioenergy, 65: 145-150. https://10.1016/j.biombioe.2013.11.019

Mastrorilli, M., Katerji N., Rana G. (1999). Productivity and water use efficiency of sweet sorghum as affected by soil water deficit occurring
at different vegetative growth stages. European Journal of Agronomy, 11: 207-215.

Maw, M.J.W., Houx, J.H., Fritschi, F.B. (2017). Maize, sweet sorghum, and high biomass sorghum ethanol yield comparison on marginal soils
in Midwest USA. Biomass and Bioenergy, 107: 164-171. https:// doi:10.1016/J.BIOMBIOE.2017.09.021

Rakhmetova, S.0., Vergun, O.M., Blume, R.Y., Bondarchuk, O.P., Shymanska, O.V., Tsygankov, S.P., Yemets, A.l., Blume, Y.B., Rakhmetov,
D.B. (2020). Ethanol production potential of sweet sorghum in North and Central Ukraine. Open Agriculture Journal, 14: 321-338.

Raud, M., Tutt, M., Olt, J., Kikas, T. (2015). Effect of lignin content of lignocellulosic material on hydrolysis efficiency. Agronomy Research,
13(2): 405-412.

Ritter K.B., Mcintyre C.L., Godwin I.D., Jordan D.R., Chapman S.C. (2007). An assessment of the genetic relationship between sweet and
grain sorghums, within Sorghum bicolor ssp. bicolor (L.) Moench, using AFLP markers. Euphytica, 157: 161-176.

Rivera-Burgos, L.A., Volenec, J.J., Ejeta, G. (2019). Biomass and bioenergy potential of brown midrib sweet sorghum germplasm. Frontiers
in Plant Science, 10: 1142. https://doi:10.3389/fpls.2019.01142.

69


https://www.hort.purdue.edu/newcrop/ncnu02/pdf/badger.pdf
https://doi.org/10.1016/j.biombioe.2016.08.012
https://doi.org/10.3390/en13236291
https://doi.org/10.3390/agriculture11080695
http://agronomy.unl.edu/c/document_library/get_file?folderId=4134571&name=DLFE-25504.pdf
http://agronomy.unl.edu/c/document_library/get_file?folderId=4134571&name=DLFE-25505.pdf
https://doi/
https://doi.org/10.5897/AJB2003.000-1115
https://www.sciencedirect.com/science/journal/05701783
https://doi.org/10.1016/j.aoas.2015.10.005
http://www.zootekni.org.tr/upload/File/sunular/tm.pdf

Aksoy & Efendioglu Celik & Dok & Yicel & Aydin
Cukurova Kosullarinda Yetistirilen Tatli Sorgum Genotiplerinin Sellilozik Biyoetanol Veriminin Belirlenmesi

Saini, J.K., Saini, R., Tewari, L. (2015). Lignocellulosic agriculture wastes as biomass feedstocks for second-generation bioethanol production:
concepts and recent developments. Biotechnology, 5(4): 337-353. https://doil 10.1007/s13205-014-0246-5

Shinde, M.S., Repe, S.S., Gaikwad, A.R., Gadakh, S.R. 2013. Physio-biochemical assessment of sweet sorghum genotypes during post rainy
season. Journal Academia Industrial Research, 1(8):501-507.

Steduto, P., Katerji N., Puertos-Molina, H., Unlu, M., Mastrorilli, M., Rana, G. (1997). Water use efficiency of sweet sorghum under water
stress conditions. Gas exchange investigations at leaf and canopy scales. Field Crops Research, 54: 221-234.

Su, M.Y., Tzeng, W.S., Shyu, Y.T. (2010). An analysis of feasibility of bioethanol production from Taiwan sorghum liquor waste. Bioresource,
Technology, 101: 6669-6675.

Sun, Y., Cheng, J. (2002). Hydrolysis of lignocellulosic materials for ethanol production: a review. Bioresource Technology, 83(1): 1-11.

Tang, C., Li, S,, Li, M., Xie, G.H. (2018). Bioethanol potential of energy sorghum grown on marginal and arable lands. Frontiers in Plant
Science, 9: 440, 1-11. https://doi:10.3389/fpls.2018.00440.

Umagiliyage, A.L., Choudhary, R., Liang, Y., Haddock, J., Watson, D.G. (2015). Laboratory scale optimization of alkali pretreatment for
improving enzymatic hydrolysis of sweet sorghum bagasse. Industrial Crops and Products, 74: 977-986. http:/
d0i:10.1016/j.indcrop.2015.05.044

Van Soest, P.J., Robertson, J.B., Lewis, B.A. (1991). Method for dietary fiber, neutral detergent fiber and nostarch polysaccharides in relation
to animal nutrition. Journal of Dairy Science, 74: 3583-3597.

Wongwatanapaiboon, J., Kangvansaichol, K., Burapatana, V., Inochanon, R., Winayanuwattikun, P., Yongvanich, T., Chulalaksananukul, W.
(2012). The potential of cellulosic ethanol production from grasses in Thailand. Journal of Biomedicine and Biotechnology, 2012:1-10,
doi:10.1155/2012/303748.

Wyman, C.E., Bain, R.E., Hinman, N.D., Stevens, D.J. (1993). Ethanol and Methanol from Cellulosic Biomass. In: Johansson, T.B., Kelly, H.,
Reddy, A.K.N., Williams, R. (Eds.), Renewable Energy. Island Press, Washington DC, 865-924.

Xiao, M.Z., Sun, Q., Hong, S., Chen, W.J., Bo, P., Du, Z.Y., Yang, W.B., Sun, Z., Yuan, T.Q. (2021). Sweet sorghum for phytoremediation
and bioethanol production. Journal of Leather Science and Engineering, 3: 32. https://doi.org/10.1186/s42825-021-00074-z

Yasar, B. (2009). Alternatif enerji kaynagi olarak biyodizel iiretim ve kullanim olanaklarinin Tiirkiye tarimi ve AB uyum siireci agisindan
degerlendirilmesi. (Doktora Tezi) Cukuroava Universitesi Fen Bilimleri Enstitiisii, Adana.

Yu, M., Li, J.,, Li, S.Z, Ran, D., Jiang ,Y., Fan, G., Zhao, G., Chang, S. (2014). A cost-effective integrated process to convert solid-state
fermented sweet sorghum bagasse into cellulosic ethanol. Applied Energy, 115: 331-336. https://doi: 10.1016/j.apenergy.2013.11.020

Zhang, J., Ma, X,, Yu, J., Zhang, X., Tan, T. (2011). The effects of four different pretreatments on enzymatic hydrolysis of sweet sorghum
bagasse. Bioresource Technology, 102: 4585-4589. https://doi.org/10.1016/j.biortech.2010.12.093

Zhao, Y.L., Dolat, A., Steinberger, Y., Wanga, X., Osman, A., Xie, G.H. (2009). Biomass yield and changes in chemical composition of sweet
sorghum cultivars grown for biofuel. Field Crops Research, 111: 55-64. https://doi.org/10.1016/j.fcr.2008.10.006

70


https://doi.org/10.1016/j.biortech.2010.12.093
https://doi.org/10.1016/j.fcr.2008.10.006

. . Ocak/January 2023, 20(1)
»

Journal of Tekirdag Agricultural Faculty Basvurw/Received: 26/01/22

J Tekirdag Ziraat Faklltesi Dergisi Kabul/Accepted: 08/03/22

DOI: 10.33462/jotaf.10633250

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

ARASTIRMA MAKALESI RESEARCH ARTICLE

Geleneksel ve Analize Dayal Kimyevi Giibre Uygulamasinin Masir Verimi ve Yaprakta
Bitki Besin Elementleri I¢erigine Etkisi

The Effect of Traditional and Analysis-Based Chemical Fertilizer Application on Corn Yield
and the Content of Plant Nutrient Elements in the Leaf

Nureddin ONER?, Filiz ONER?

Oz

Bu arastirma; 2016 yilinda Mugla Dalaman Tarim Isletmesi Miidiirliigii (TIGEM) 72MAY80 tanelik ve silajlik
misir ¢esidinde, deneme sahasinda tesaduf bloklar1 deneme desenine gore li¢ tekrarlamal olarak yiiriitiilmistiir.
950 kg da musir verimi igin gerekli olan bitki besin elementleri miktarindan toprak analiziyle belirlenen
elementler gikarildiktan sonra uygulanacak giibre miktar belirlenmistir (41,5 kg da Gre). 950 kg da™* misir verimi
icin gerekli olan giibre uygulamasinin %40 azaltilmas (24,95 kg da ! iire) ve %40 arttiriimasi (58.1 kg da  (ire)
ile iiretici uygulamasi (60 kg da ! Ure, 32,3 kg da %, 15-15-15 ve 14 kg da "* KNOs) olmak iizere dort farkl oranda
gubre uygulamasinin misir bitkisinin verimine ve yapraktaki azot (N), fosfor (P), potasyum (K), kalsiyum (Ca),
magnezyum (Mg), kiikiirt (S), demir (Fe), bakir (Cu), ¢inko (Zn), mangan (Mn), bor (B) ve molibden (Mo)
elementleri igerigine etkisini belirlemek amaciyla yapilmistir. Topraga tabandan uygulanan iire, 15-15-15,
gubreleri ekim mibzeri ile birlikte banda verilmistir. Deneme parsellerinde iist giibre olarak kullanilan iire ve KNO3
gubresi damlama sulama sistemiyle (i¢ farkli zamanda uygulanmistir. Arastirma sonuglarina gore topraga 950 kg
da! misir verimine gore giibre uygulamasi, giibre uygulamasinin %40 azaltilmas1 ve %40 arttirilmast ile iiretici
uygulamasinin musir verimi ve yapraktaki azot (N), fosfor (P), potasyum (K), kalsiyum (Ca), magnezyum (Mg),
kiikiirt (S), demir (Fe), bakir (Cu), ¢inko (Zn), mangan (Mn), bor (B) ve molibden (Mo) elementleri
konsantrasyonuna etkisi istatistiki olarak énemli bulunmustur (p<0.01). Misir bitkisinde en yiiksek verim uretici
uygulamasinda (1.367,0 kg da™) elde edilirken, bu uygulamay1 sirayla giibre miktarmin 40 arttirilmasi (1357,0 kg
dal), 950 kg da’* misir verimine gore giibre uygulamasi (1.225,3 kg da?), en diisiik verim ise giibre miktarinmn %40
azaltilmas1 uygulamasinda (991,0 kg da!) elde edilmistir. Ayrica deneme parsellerine 2016 y1l giibre fiyatlarina
gobre uygulanan toplam giibre maliyeti (TL) belirlenmis ve belirlenen bu miktar 2016 yili musirin kg fiyatina
boliinerek elde edilen misir miktar1 verimden ¢ikarilarak giibre maliyeti hari¢ net verim elde edilmistir.

Anahtar Kelimeler: Misirda giibreleme, Verim, Giibre maliyeti, Bitki besin elementi, Yaprak analizi
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Abstract

This study is conducted in Mugla Dalaman Agricultural Management Directorate (TIGEM) in 72MAY80 grain
and silage maize in the trial area according to purely random trial the randomized complete block design in 3
replications in 2016. The amount of fertilizer is obtained by substracting elements determined by soil analysis
from the amount of plant nutrients required for corn yield in -t in 950 kg. (* in 41.5 kg urea). The aim of this
research is to determine whether fertilizer application at 4 different rates including the reduction of fertilizer
application required for corn yield - in 950 kg. by 40% (* in 24.95 kg urea) and increasing it by 40% (* in 58.1
kg urea) and manufacturer application (* in 60 kg urea, *in 32,3 kg, 15-15-15 and L in 14 kg. KNO;) has an effect
on the yield of corn plant and the element content of nitrogen (N), phosphorus (P), potassium (K), calcium (Ca),
magnesium (Mg), sulfur (S), iron (Fe), copper (Cu), zinc (Zn), manganese (Mn), boron (B) and molybdenum (Mo)
in the leaf. The urea applied to the soil from the base, 15-15-15, fertilizers are given to the band with the sowing
seeder. The urea fertilizer used as a top fertilizer in trial plots and KNO3 fertilizer has been applied with drip
irrigation system at 3 different times. According to the research results, the effect of applying fertilizer to the soil
according to " in 950 kg. corn yield, 40% reductions and 40% increases in fertilizer application, and manufacturer
application on the yield of corn and the concentration rate of nitrogen (N), phosphorus (P), potassium (K), calcium
(Ca), magnesium (Mg), sulfur (S), iron (Fe), copper (Cu), zinc (Zn), manganese (Mn), boron (B) and molybdenum
(Mo) elements in the leaf is found to be statistically significant (p<0.01). The highest yield in corn plant is achieved
in the application of manufacturer (X in 1.367,0 kg) and the application of increasing the amount of fertilizer by
40% (in 1357.0 kg), fertilizer application according to * in 950 kg corn yield (*in 1225.3 kg), respectively,
whereas, the lowest yield is achieved in the application of reducing the amount of fertilizer by 40% (*in 991.0
kg). Moreover, the total amount of fertilizer used in trial plots is calculated according to the fertilizer costs in 2016
and the price spent on fertilizer is determined in Turkish Liras (TL) and this price is divided by the 2016 corn kg
price and subtracting the amount of corn obtained from the yield, and net yield is obtained excluding the fertilizer
cost.

Keywords: Fertilization in corn, Yield, Fertilizer cost, Plant nutrient, Leaf analysis
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1. Giris

Genckan (1983)’a gore musir bitkisinin anavatan1 Orta Amerika’da Meksika-Guatemala olup, binlerce yildir
bolgenin ana {iriinii olarak yetistirilmektedir. Tropik bir bitki olmasina ragmen iizerinde yapilan yogun islah
calismalar1 ile Diinya iizerinde Ekvator’dan Baltik Denizi’ne kadar (60° kuzey enlemi ile 42° giiney enlemi
arasinda denizden 4000 m yiikseklige kadar) genis bir alana yayilmistir (Cakmake1 ve Dallar, 2019).

Subhan (1987), misira 0, 10, 15, 20, 25, 30 ve 35 kg da? dozlarmda azot uyguladii ¢alismada, azot
uygulamayan kontrol parselinde 462 kg da™* kuru madde verimi alirken, 30 kg da™ azot uygulandigi parselde 631
kg da! en yiiksek kuru madde verimi elde etmistir.

Aydeniz ve Brohi (1991), misir gibi gelisme hiz1 yiiksek ve fazla miktarda organik madde ireten bitkilere
toprak kosullarina bagh olarak, 2-8 kg da™ arasinda fosfor uygulanabilecegi, Lourence (1984) musir bitkisinde en
yiksek verimin 8 kg da™ fosfor uygulamasiyla elde edilecegini, Ozdemir (1983), olsen fosfor analiz metoduna
gore toprakta 1, 2, 3, 4, 6 kg da™* fosfor olmasi durumunda 23, 19, 16, 13 ve 7 kg da™* fosforlu giibrenin uygulanmasi
gerektigini bildirmektedir.

Farkl1 bes azot dozu (0, 5, 10, 15 ve 20 kg da* N) ve 4 farkli fosfor dozunun (0, 4, 8 ve 12 kg da* P,Os) melez
musir ¢esidinin (TTM-815) silaj verimi ve kalitesi Uzerine etkilerini belirlemek amaciyla yiiriitiilen aragtirmada,
azot ve fosfor dozlarmin yesil ot verimi, kuru ot verimi, bitki boyu, bitki kogan orani, ham protein orant ve ham
protein verimi lizerine etkileri dnemli bulunmustur. Denemenin ilk yilinda en yiiksek yesil ot verimi 20 kg da!
azot ve 8 kg da? fosfor uygulamasinda (6.552,4 kg da?), en yiiksek kuru ot verimi 15 kg da azot ve 12 kg da™
fosfor (1.547,1 kg da'!) uygulamasinda elde edilmistir. Denemenin ikinci yilinda ise en yiiksek yesil ot verimi 20
kg da! azot ve 8 ve 12 kg da* fosfor (6.767,1 kg da*) uygulamasinda, en yiiksek kuru ot verimi ise 20 kg da™ azot
ve 8 ve 12 kg da* fosfor (1.039,0 kg da) uygulamasindan elde edilmistir (Celebi ve ark., 2010).

Melez atdisi misir gesidinin yetistirildigi topraga 18 kg da* N ve 9 kg da* P,Os uygulanacak sekilde 15 farkli
taban glibresi ¢esidinin misirda tane verimi, verim unsurlar1 ve kalite tlizerine etkilerini belirlemek amaciyla
yiiriitiilen arastirmada en yiiksek tane verimi 1.328 kg da® 20.20.0 glbre cesidinde ve 1.324 kg da? ile
10.20.20+6S+Zn giibre ¢esidinden elde edilmistir (Elmali ve Soylu, 2008).

Yirmi kg saf azot (N), 10 kg saf fosfor (P205) uygulandig: farkl 6zelliklere sahip 6 misir ¢esidinde (PR31D24,
Kalipso, 70MAY82, Suerto, P1921, DKC6724) kalite, verim ve verim unsurlarinin belirlenmesi amaciyla
yiiriitiilen ¢calismada, tane verimi istatistiki agidan 6nemli bulunmamig ve 70MAY 82 misir ¢esidinde 1.348,81 kg
da! verim elde edilmistir (Kiling ve ark., 2018).

Vejetasyon donemini belirlemek amaciyla 13 silajlik misir ¢esidinde yapilan aragtirmada kaba yem verimi
6.736.33-9.476.72 kg da™* arasinda, kuru madde verimi 1.758,41-2.153,43 kg da* arasinda degismistir (Oner ve
Gines, 2019).

Silajlik misir yetistiriciliginde organik giibre kullaniminin verim ve verimle ilgili 6zelliklere etkisini arastirmak
amaciyla yapilan ¢alismada kati ahir giibresi igeren organik giibre 0, 250, 500 ve 1000 kg da*, kontrol parseli igin
kimyasal gtibre (15 kg N, 10 kg P20s) uygulanmistir. Hamur olum déneminde yapilan hasatta yesil ot verimi, kuru
madde orani, kuru madde verimi vb 6zelliklere ait veriler istatistiksel olarak 6nemli bulunmustur. En yiiksek kuru
madde verimi kimyasal giibre uygulamasinda (2000 kg/da?), bu uygulamay1r 1000 kg da organik gibre
uygulamasi (1.962,67 kg da! ) ile aym gurupta yer alan 500 kg da organik giibre uygulamasinda (1.785,33 kg da-
1) elde edilmistir (Arslan, 2016).

Dogan ve ark., (2020) yapmis oldugu ¢alismada II. {iriin olarak farkli iki misir ¢esidine (Dekalp-5401 ve LG
30.597); glibresiz (kontrol parseli), 8 kg da* P,0s, 20 kg da* N ticari giibre, 1000 kg da* tavuk giibresi, 1500 kg
da® ciftlik glbresi ve 1.200 kg da! solucan giibresi olacak sekilde iki y1llik yapilan arastirma sonuglarma gore,
Dekalb 5401 gesidinde en yiiksek tane verimi 1219,2 kg da* ile ticari giibre verilen parselde, LG 30.597 musir
cesidinde ise en yiiksek tane verimi 1.124,4 kg da* ile tavuk giibresi uygulamasinda elde edilmistir.

Bu ¢aligmada, 950 kg da’? misir verimi igin gerekli olan giibre miktar1 (Barber ve Olson, 1968) baz alinarak
toprak analizi yapilmigtir. 950 kg da™* misir verimi igin gerekli olan element miktarindan analiz sonucunda bulunan
elementler ¢ikarildiktan sonra hangi element uygulanmasi gerekiyorsa ona gore giibre programi yapilmistir. Bu
uygulamaya ilave olarak toprak analizi yaptirmadan geleneksel olarak fazla ya da ¢ok az miktarda giibre kullanan
tireticilerimiz dikkate alinarak 950 kg da! misir verimi igin 6nerilen giibre dozunun %40 azaltilmasi ve %40
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arttirtlmasi ile bu uygulamalardan bagimsiz geleneksel giibre uygulamasi yapan tiretici uygulamasi olmak iizere
topraga 4 farkli oranda giibre uygulamasi yapilmistir. Topraktan yapilan bu uygulamalarin piiskil olusum
doneminde kogan yapragindaki bitki besin elementleri degisimi ile birlikte misir verimi {izerine etkileri belirlemek
amaciyla yapilmistir.

2. Materyal ve Metot
2.1. Materyal

Deneme Mugla ilinin Dalaman ilgesinde TIGEM deneme arazisinde 2016 yilinda yiiriitiilmiistiir. Calismada
bitkisel materyal olarak 72MAY 80 tanelik ve silajlik misir ¢esidi, glibre materyali olarak iire, potasyum nitrat ve
15-15-15 giibresi kullanilmistir.

2.2. Yontem

Arastirma, tesadif bloklar1 deneme desenine gore 3 tekrarlamali olarak yiiriitilmiistiir. Deneme parsellerinde
musir bitkisi sira araligi 70 cm ve sira {izeri 15 cm olacak sekilde pnomatik mibzerle ekimi yapilmistir. Her bir
deneme parselin alan1 1100 m?’dir.

Topraga yapilan dort farkli giibre uygulamasinda kullanilan giibrelerin adi, uygulama zamanlar1 ve toplam
uygulama miktar1 (kg da’?) ve uygulanan saf element miktarlar1 (N, P,Os, K20 kg da?) Tablo 1’de verilmistir.

Tablo 1. Denemede kullanilan giibre ¢esidi, miktari ve uygulama zamani

Table 1. Fertilizer type, amount and application time used in the experiment

Misir Giibre Uygulamasi Giibre adi (kg Uygulama Zamanlari ve Dozlar1 Toplam Element Miktari
da?) (kg dat) (kg dat) (kg dat)
Taban Sulama N P20s K20
1 2 3
950 kg da* verime gére gilbre  Ure 5 4 14 185 415 19.1 - -
uygulamasi
Giibre oraninin %40 Ure 3 24 8.7 111 24.9 11.45 - -
azaltilmasi
Giibre oraninin %40 Ure 7 5.6 19.6 25.9 58.1 26.72
arttirilmasi
Ureticinin geleneksel giibre Ure 8.5 225 135 155 60
uygulamasi 15-15-15 323 32.3 3427 485 11.29
KNOs - 3 5.5 5.5 14

Barber ve Olson (1968)’e gore, musir bitkisi dekardan 950 kg musir danesi ve kogani i¢in 19.1 kg N, 8.9 kg
P20s, 23.5 kg K20, 7.3 kg MgO, 7.6 kg Ca0, 213 g Fe, 11 g Cu, 38 g Zn ve 34 g Mn elementini kaldirmaktadir.
Caligmanin yapildig1 alaninin toprak analiz sonucu ile ilgili veriler Tablo 2°de verilmigtir. Tablo 2’°de goriilecegi
gibi 1 dekar alanda bitkiler tarafindan alinabilecek bitki besin element miktarlari; 18.32 kg P,Os, 75.68 kg K20,
339.33 kg MgO, 1.552,6 kg CaO, 2.620 g Fe, 1.080 g Cu, 600 g Zn ve 1.920 g Mn’dir. 950 kg misir verimi ve
giibre miktarinin %40 arttiritlmasi uygulamasi i¢in gerekli olan P.Os, K>O, MgO, CaO, Fe, Cu, Zn ve Mn
elementleri 950 kg verim i¢in toprakta fazla olmasi nedeniyle giibre olarak kullanilmamustir. Fosforlu ve
potasyumlu giibre sadece iiretici uygulamasinda kullanilmis ve sadece azotlu giibre kullanilmistir. Uretici
uygulamasinda ise azotlu giibre ile birlikte fosforlu ve potasyumlu giibre kullanilmigtir. Giibre uygulamalari taban
giibresi misir ekimiyle birlikte banda verilirken, {ist giibre ii¢ farklt donemde damlama sulama ile uygulanmistir.

Denemede her parselden piiskiil olusum doneminde 50 adet kogan yapragi alindiktan sonra ¢esme suyu ve saf
su ile ytkanmig, 70°C'de 48 saat siireyle kurutulduktan sonra 6giitiilerek analize hazir hale getirilmistir. Orneklerde
toplam N Kjeldahl yontemiyle (Bremner, 1965), toplam P, K, Ca, Mg, S, Fe, Cu, Zn, Mn ve B analizleri
mikrodalgada yas yakma yontemine gore (0,5 g 6rnek +2 ml H,0; + 6 ml HNO3) yapilmig (Kacar ve inal, 2008)
plastik balonjojelerde 50 mI’ye tamamlanarak ICP-OES cihazinda okunmustur.

Aragtirma verileri tesadiif bloklar1 deneme deseni planina gore SPSS programinda varyans analiz yapilnmis ve
Onemli goriilen ortalamalarin karsilastirilmasinda Duncan ¢oklu karsilastirma testi kullanilmistir.
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3. Arastirma Sonuclari ve Tartisma
3.1. Deneme alaninin toprak ozellikleri
Masir bitkisi ekilmeden dnce deneme alanini temsil edecek sekilde 0-20 cm derinlikten alinan toprak 6rneginin
analiz sonuglar1 Tablo 2'de verilmistir.
Tablo 2. Arastirma alant topraginin baz fiziksel ve kimyasal ozellikleri

Table 2. Some physical and chemical properties of the soil of the research area

Analiz adi ve Yontemi Sonu¢  Referans
Saturasyon (%) Su ile doygunluk 57.64  (Tlzlner,1990)
EC (mmhos/cm) (Saturasyon Camuru) 0.75 (Richards, 1954)
pH (Saturasyon Camuru) 7.69 (Anonim, 1988)
Kireg (%) (Kalsimetrik 18.71  (Anonim, 1988)
Organik Maddde (%)(Walkley Black) 2.52 (Anonim, 1988)
N (%).(Teorik Hesaplama) 0.13 (FAO, 1990)
P,0s (kg da?) (Olsen Spektrofotometre) 18.32  (FAO, 1990)
K20 (kg da?) (A. Asetat, ICP OES) 75.68  (FAO, 1990)
CaO (kg dal) (A. Asetat, ICP OES) 1.552,6 (FAO, 1990)
MgO (kg dal) (A. Asetat, ICP OES) 339,33 (FAO, 1990)

Fe (g/da) (DTPA, ICP OES) 2.620  (Lindsay ve Norvel, 1969)
Cu (g/da) (DTPA, ICP OES) 1.080  (Follet, 1969)
Mn (g/da) (DTPA, ICP OES) 1.920 (FAO, 1990)

Zn (g/da) (DTPA, ICP OES) 600 (FAO, 1990)

Tablo 2 incelendiginde, aragtirma alani topraklarinin killi tin biinyeli, tuzsuz, hafif alkali karakterli, fazla kiregli,
orta diizeyde organik madde igermektedir. Toplam azot (N), fosfor (P), potasyum (K), bakir (Cu) ve ¢inko (Zn)
miktarlar1 yeterli, kalsiyum (Ca) ve magnezyum (Mg) miktar1 fazla, mangan (Mn) miktar1 az, demir (Fe)
kapsamlarmin yiiksek olduklar1 saptanmigtir.

3.2. Topraga farkl oranda giibre uygulamanin misir verimine ve yapraktaki bitki besin elementi icerigine
etkisi

Misir tarimi yapilan topraga 4 farkli giibre uygulamasinin misir verimi ve yapraktaki bitki besin elementleri
igerigi lizerine etkileri ile ilgili veriler tesadiif bloklar1 deneme deseni planina gére SPSS programindan varyans
analiz yapilmis ve sonuglar Tablo 3’de verilmistir. Onemli gériilen ortalamalarin karsilastiriimasinda Duncan
¢oklu karsilastirma testi kullanilmistir.

Tablo 3. Giibre uygulamalarin miswr verimi ve yapraktaki bitki besin elementleri degigimine ait varyans analiz
sonucglart

Table 3. Variance analysis results of fertilizer applications on corn yield and plant nutrient changes in leaves

Uygulama Verim(kgda-1) N P K Ca Mg S Zn Fe Cu Mn B Mo
% % % % % % ppm ppm ppm ppm ppm ppm

Gubre *%* *%* *%* *% **% *%* **% *%* *% *% *%* *%* *%

** p<0.01 diizeyinde 6nemli farklilik

Tablo 3’de goriilecegi gibi topraga farkli oranda giibre uygulamanin misir verimi ve yapraklardaki toplam
azot, fosfor, potasyum, kalsiyum, magnezyum, kiikiirt demir, bakir mangan, ¢inko, bor ve molibden miktar1
tizerine etkisi istatistiki olarak 6nemli bulunmustur (p<0,01). Uygulamalara bagl olarak musir bitkisinde elde
edilen verim ve toplam bitki besin element ortalamalarina ait onemlilik gruplar1 Tablo 4’da verilmistir.

Tablo 4°de goriilecegi gibi giibre uygulama miktarinin artigina bagli olarak misirda tane verimi artmigtir. En
yiiksek verim giibre kullanim miktarinin en yiiksek oldugu iiretici uygulamasinda elde edilmis (1.367 kg da'*), bu
parseli sirastyla giibre oranmin %40 arttirilmasi uygulamasi (1.357 kg dal), 950 kg da verime gore glbre
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uygulamasi (1.225,3 kg da!) takip etmistir. Misir bitkisinde en diisiik verim ise giibre miktarmnin % 40 azaltilmasi
uygulamasinda (991 kg da™') elde edilmistir.

Tablo 4. Topraga farkl oranda giibre uygulamanin misir verimi ve yapraktaki bitki besin elementleri
ortalamalart ve énemlilik gruplart

Table 4. Corn yield of fertilizer application to the soil at different rates, averages of plant nutrients in the leaves
and their importance groups

Giibre Uygulamalari Verim (kg Azot P K Ca Mg S Zn Fe Cu Mn B Mo
da*)
(%) (%) (%) (%) (%) (%) (ppm)  (ppm) (ppm)  (ppm)  (ppm)  (ppm)

950 kg da* verime gore giibre 1.2253¢c 22¢c 0.55a 2.74 0.35¢ 0.44 0.22d 40.62 353.3¢c 5.8d 53.7d 26.52 6.6b

uygulamast b b b a

Giibrenin %40 azaltilmasi 991d 218 0.01d 2.46 0.36 0.36 0.25¢ 43.6a 287.23 72¢c 60.40 ¢ 22.0b 1.57d
c c cb d d

Giibrenin %40 arttirilmast 1.357h 2.60 0.18¢ 221 0.37b 0.42 0.29b 2481 479.0b 9.07b 94.75 b 22.28 8.00a
b d b d b

Uretici uygulamast 1367 a 3.18 0.52b 2.89 0.52a 0.47 0.35a 30.79 601,22 11.63 111.01 21.26 38¢c
a a a c a a a b

HKO 2.333 0.006 0.000 0.004 0.000 0.000 0.000 0.963 3.407 0.057 6.916 1.191 0.263

Sinur degerleri* 950 2.7-4 02505 1.7-3 0.21-1 0.2-1  0.21-05 25-100 21-250 6-20 20-200 5-25 >0.2

*Mustr bitkisinde piiskiil olusturma doneminde kocan yapraginda bulunmasi gereken bitki besin elementleri miktari.

Topraga uygulanan giibrelerin yapraktaki bitki besin elementi miktar1 tizerine etkisi Tablo 4’de verilmistir.
Tablo 1’de parseller i¢in uygulanan toplam N, P,Os ve K;O miktar1 verilmistir. Toplam azot en fazla Uretici
uygulamasinda (34.27 kg dal), bu uygulamayi giibre miktarmin %40 arttirilmasi (26.4 kg dal), 950 kg da* verime
gore giibre uygulamas (18.9 kg da?) ve glibre miktarinin %40 diisiiriilmesi (11.31 kg da?) izlemistir. Topraktan
giibre uygulamasinin bitkide toplam azot miktar1 iizerine degisimi liretici uygulamasinda en yiiksek deger (%3.18)
elde edilirken, bu uygulamay1 giibre miktarinin %40 arttirilmasi (%2.60) takip etmistir. En diisiik toplam N miktart
950 kg da' verime gore giibre uygulamasi (%2.2) ve glbre miktarmin %40 azaltilmasmda (%2.18)
uygulamalarinda belirlenmistir. Uretici uygulamasinda elde edilen toplam N miktar1 sinir degerlerin arasinda yer
alirken diger uygulamalar sinir degerinin altinda belirlenmistir.

Tablo 1°de goriilecegi gibi P giibre sadece iiretici uygulamasinda 4.85 kg da™ uygulanmus diger parsellere
toprakta alimabilir fosfor yiiksek olmasi nedeniyle uygulanmamistir. Yapraktaki en yiiksek toplam P miktar1 950
kg da! verime gore giibre uygulamasimda (%0.55) en diisiik P miktar1 giibrenin %40 azaltilmasi uygulamasinda
(%0.01) elde edilmistir. Giibre oraninin %40 arttirtlmasi ve %40 azaltilmasinda yapraktaki fosfor miktari sinir
degerinin altinda belirlenirken diger iki uygulamadaki sonuglar sinir degerinin lizerinde belirlenmistir.

Topraktaki potasyum miktar1 950 kg da™ verim i¢in gerekli olan miktardan ¢ok fazla olmasi nedeniyle (75.68
kg da’?) potasyumlu giibre iiretici parseli hari¢ uygulanmamistir. En yiiksek potasyum orani iiretici uygulamasinda
(%2.89), en diisiik ise giibre oraninin % 40 arttirilmasinda (%2.21) elde edilmistir. Uygulamalardan sonra yaprakta
elde edilen K miktarlari sinir degerinin ig¢inde yer almstir.

Topraga farkli oranda uygulanan giibrelerin yapraktaki Ca oranina etkisi iiretici uygulamast ile bitkideki en
yliksek Ca orani (%0.52) elde edilirken, en diisiik oran 950 kg da’* verime gore giibre uygulamasmda (%0.35) elde
edilmistir. Tiim uygulamalar sonucunda bitkide elde edilen Ca miktar1 sinir degerinin arasinda belirlenmistir.

Giibre uygulamalart sonucunda yaprakta elde edilen Mg elementi miktart sinir degerlerin arasinda
belirlenmistir. En yiiksek konsantrasyon {iretici uygulamasinda (%0.47) elde edilirken en diisiik deger giibre
miktarinin %40 azaltilmasi uygulamasinda (%0.36) elde edilmistir.

Giibre uygulamalarin S elementi konsantrasyonuna en fazla arttiran uygulama iiretici uygulamasi (%0,35) iken,
en diisiik etkiyi 950 kg da™* verime gore giibre uygulamasinda (%0,22) elde edilmistir. Uygulamalardan sonra
yaprakta elde edilen S miktarlari sinir degerlerin arasinda yer almigtir.
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Topraga uygulanan giibre miktarinin %40 azaltilmasiyla yaprakta en yiiksek ¢inko konsantrasyonu elde
edilirken (43.6 ppm), en diisiik konsantrasyon giibre miktarinin %40 arttirilmasinda (24.81 ppm) elde edilmistir.
Giibre miktarinin %40 arttirilmasi uygulamasi hari¢ diger uygulamalarda elde edilen Zn degerleri sinir degerleri
arasinda belirlenmistir.

Uygulamalar sonucunda yaprakta elde edilen Fe miktar1 sinir degerinin iizerinde toksik olacak seviyede
bulunmustur. Uretici uygulamasinda en yiiksek deger elde edilirken (601.22 ppm), en diisiik deger giibre
miktarinin %40 azaltilmasinda (287.23 ppm) elde edilmistir.

Uretici uygulamasinda en yiiksek Cu miktar elde edilirken (11.63 ppm) en diisiik miktar 950 kg da™ verime
gore giibre uygulamasinda (5.8 ppm) elde edilmis ve bu uygulama hari¢ diger uygulamalarda elde edilen Cu
miktar1 sinir degerlerinin arasinda belirlenmistir.

Uygulamalardan sonra yaprakta elde edilen Mn elementi miktar1 sinir degerlerinin arasinda yer alirken en
ylksek deger iiretici uygulamasimda (111.01 ppm) en diisiik ise 950 kg da™* verime gore giibre uygulamasinda
(53.7 ppm) elde edilmistir.

Yaprak analizleri sonucunda elde edilen B elementi yeterli olarak belirlenmistir. 950 kg da verime gore giibre
uygulamasinda en yiiksek B miktari (26.52 ppm) elde edilirken diger uygulamalarin hepsi ayn1 gurupta (22.0 ppm,
22.28 ppm, 21.26 ppm) yer almis ve en diisiik deger elde edilmistir.

Tiim uygulamalardan sonra elde edilen Mo elementi miktarlart sinir degerlerin {izerinde belirlenmistir. En
yiiksek bor elementi miktar1 giibrenin %40 arttirilmasinda (8.0 ppm) en diisiik ise giibrenin %40 azaltilmasi
uygulamasinda (1.57 ppm) elde edilmistir.

Tablo 4 incelendiginde uygulamadan sonra misir yapraginda yapilan 12 bitki besin elementi analizinde N, K,
Ca, Mg, Fe, S, Cu, Mn miktar1 agisindan iiretici uygulamasindan en yiiksek konsantrasyon elde edilen uygulamadir.
Bitki yapraginda toplam N elementi {iretici uygulamasi hari¢ diger {i¢ uygulamada elde edilen degerler sinir
degerinin altinda belirlenmistir. Bitkideki P elementi miktar1 giibre uygulamasinin %40 arttirilmasi ve azaltilmasi
uygulamalart hari¢ sinir degerlerinin iginde belirlenmistir. K, Ca, Mg, Zn, Cu, Mn ve B elementleri tiim
uygulamalarda sinir degerleri arasinda belirlenirken, Fe ve Mo ise tiim uygulamalarda sinir degerinin {izerinde
belirlenmistir. Deneme yapilan arazinin toprak analizi sonucuna bakildiginda bitki besin elementlerince ¢ok giiclii
olmas1 misir verimin yiiksek olmasinda dnemli bir faktordiir.

4. Sonug

Maisir verimi, yapraktaki bitki besin elementi oranina etkisini ve glibre maliyetini belirlemek amaciyla dekara
950 kg verime gore giibre uygulamasi, bu giibre miktarinin %40 azaltilmasi ve %40 artirilmas: ile Uretici
uygulamasi olmak iizere topraga dort farkli oranda giibre uygulamasi yapilmistir. Giibre maliyetleri ¢ikarilmadan
elde edilen verim miktar1 ve maliyetler ¢ikarildiktan sonra elde edilen net verim miktarlari ile ilgili bilgiler Tablo
5’de verilmistir.

Denemenin kuruldugu 2016 yilinda her deneme parsellinde kullanilan toplam giibre miktar1 Tablo 1’de
verilmistir. 2016 yilindaki birim giibre fiyatlar1 dikkate alinarak giibre maliyetleri belirlendikten sonra misirm 1
kg satis fiyat1 olan 0.65’e boliinerek her parselde giibre maliyetine karsilik gelen misir miktar1 belirlenmistir. Giibre
maliyeti i¢inde olan verim miktarindan, parseller i¢in hesaplanan misir miktar1 diisiilmiis ve giibre maliyeti
olmayan net misir verimi belirlenmistir.

Tablo 5’te goriilecegi gibi glibre maliyeti iginde misir veriminde en yiiksek verim, iiretici uygulamasinda elde
edilirken (1.367 kg da?) giibre maliyetlerinin diisiiriildiikten sonra 2. siraya (1.176,54 kg da) diismiistiir. 950 kg
da! verime gére giibre uygulamasi sonucunda elde edilen verim 3. siradan (1.225,3 kg da*) 2. siraya (1.174,23 kg
dal) yiikselmistir. Giibre maliyeti diisiiriilmeden en yiiksek verim 1.367 kg da™* (iiretici uygulamasi) ile en diisiik
verim 991 kg da? (giibre miktarmin %40 diisiiriilmesi) arasinda 376 kg da? fark olusmustur. Gibre maliyeti
diistiriildiikten sonra giibre miktariin %40 arttirilmasi uygulamasinda elde edilen en yiiksek verim (1.285,5 kg da
1) ile giibrenin %40 azaltilmas1 uygulamasinda elde edilen en diisiik verim (960.36 kg da?) arasinda 325.14 kg da
" fark olusmustur.
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Tablo 5. Gubre maliyetli ve guibre maliyetsiz verim (kg da)

Table 5. Fertilizer cost and fertilizer free yield (kg da)

Giibre Uygulamalar: Gubre maliyetli Glbre maliyetsiz* Uygulanan guibrelerin TL Misir
verim (kg dat) verim (kg dat) olarak degeri karsihg (kg)

Ure 15-15-15 K2S04

950 kg da’* verime gore giibre 1.225,3 1.174,23 415 - - 51.07
uygulamasit

Giibrenin %40 azaltilmasi 991 960,36 24.9 - - 30.64
Giibrenin %40 arttirilmasi 1.357 1.285,5 58.1 - - 71.50
Uretici uygulamasi 1.367 1.176,54 60 323 14 190.46

*Denemenin kuruldugu 2016 tarihinde tre 0.8 TL/kg, 15-15-15 0.96 TL/kg, KNO3 3.2 TL/kg, Misir 0.65 TL/kg’dur.

Gubre bayilerinde 06.01.2022 tarihi itibariyle giibre fiyati; iire giibresi 14.000,0 TL ton, 15-15-15 giibresi
10.000,0 TL ton* ve KNOs gibresi ise 20.000,0 TL ton’dir. 08.11.2022 tarihi itibar1 ile Edirne Ticaret
Borsasindaki misirin fiyat1 2 000,0 TL ton™’dir (Anonim, 2022a). Misir hasadinin yapildigi 2016 tarihinde 1 ABD
dolar1 2.9846 TL (Anonim, 2016), 21.01.2022 tarihinde ise 1 ABD dolar1 13.4431 TL’dir (Anonim, 2022b). Bu
sonuclardan da goriilecegi gibi dolar kurundaki ve dolayisiyla giibre fiyatlariin artis1 da dikkate alindiginda 2016
yilina gore 1 kg iire giibresi fiyat1 0.85 TL’den 14 TL’ye 16.47 kat, 1 kg 15-15-15 glibresi 0.96 TL’den 8,6 TL’ye
8.95 kat ve 1 kg KNOj giibresi 3.2 TL’den 20 TL’ye 6.25 kat artis olurken musir fiyat1 0.65 TL’den 2 TL’ye 3.076
kat artis olmustur.

Giibre c¢esidindeki artisi misir tanesindeki artigla kiyasladigimizda 2 ile 5.5 kat oraninda artis olmustur.
Ekonomik karlilik bakimindan tarimsal iiretimde en onemli girdi olan giibrenin dogru ¢esit ve miktarlarda
kullanilabilmesi igin iireticilerin toprak analizi ve onu destekleyen bitki analizleri yaptirarak verilen giibreleme
programini uygulamasi giibreden kaynaklanan girdi maliyetini azaltacaktir.

78



JOTAF/ Journal of Tekirdag Agricultural Faculty, 2023, 20(1)

Kaynakca

Anonim (1988). Tirkiye Gibreler ve Giibreleme Rehberi. T.C.T.0.K.B. Koy Hizmetleri Genel Midiirliigii, Toprak ve Giibre Aragtirma
Enstitiisii Miidiirligii Genel Yaym No:151.

Anonim (2016). https://www.tcmb.gov.tr/kurlar/201609/26092016.xml (Erisim tarihi: 21.01.2022)

Anonim (2022a). http://www.etb.org.tr/tr/index.html (Erisim tarihi: 21.01.2022)

Anonim (2022b). https://www.tcmb.gov.tr/wps/wecm/connect/tr/tcmb-+tr/main+page+site+ area bugun/ (Erisim tarihi: 21.01.2022)

Aydeniz, A., Brohi, A. (1991). Gilbreler ve Giibreleme. Cumhuriyet Universitesi, Ziraat Fakiiltesi, Yayin No: 10, Ders Kitabt No: 3, ToKat.

Arslan, M. (2016). Silajlik misir yetistiriciliginde organik giibre kullaniminin verim ve bazi verim 6zelliklerine etkisi. Research Journal of
Agricultural Sciences, 9(2):37-41.

Barber, G., Olson, S. (1968). Maiz Deficienciasy Toxidades. 77 s. shf; 2-3 (https://dokumen.tips/documents/maiz-deficiencias-y-toxicidades-
nuevo.html)

Bremner, J.M. (1965). Total Nitrogen. Method of Soil Analy., Part. 2, Amer. Soc of Agr. inc., P:1149-1178, USA.

Cakmake, S., Dallar, A. (2019). Farkl sicaklik ve tuz Konsantrasyonlarinin bazi silajlik misir Gesitlerinin ¢imlenme 6zellikleri Uzerine etkileri.
Tekirdag Ziraat Fakiiltesi Dergisi, 16(2):1-12.

Celebi, R., Celen, A.E., Celebi, $.Z., Sahar, A K. (2010). Farkli azot ve fosfor dozlarmm misirin (Zea mays L.) silaj verimi ve kalitesine etkisi.
Sel¢uk Universitesi Sel¢uk Tarim Ve Gida Bilimleri Dergisi, 24(4):16-24.

Dogan, S., Acibuca, V., Dogan, Y. (2020). Il. Grlin musir Gesitlerinde organik ve inorganik giibre uygulamasinin verim ve kaliteye etkisi ile
ekonomik analizi. Uluslararast Tarim ve Yaban Hayati Bilimleri Dergisi, 6(3): 592-604.

Elmali, H., Soylu, S. (2008). Melez atdisi misirda farkli taban glibresi gesitlerinin tane verimi, verim unsurlar ve kalite tizerine etkileri. Selguk
Universitesi Ziraat Fakiiltesi Dergisi, 22(44): 104-112.

FAO (1990). Micronutrient. Assessment at the Country Level: An International Study. FAO Soil Bulletin by Mikko Sillanpaa. Rome.
Follet, R.H. (1969). Zn. Fe. Mn and Cu in Colorado Soils. (PhD. Thesis). Colorado State University.

Gengkan, S. (1983). Yem Bitkileri Tarimi1, Ege Universitesi Ziraat Fakiiltesi Yaymi No:407, izmir.

Kacar, B., Inal, A. (2008). Bitki Analizleri. Nobel yayin, no;1241.

Kiling, S., Karademir, C., Ekin. Z. (2018). Baz1 misir (Zea mays L.) gesitlerinde verim ve kalite 6zelliklerinin belirlenmesi. KSU Tarim ve
Doga Dergisi, 21(6): 809-816.

Lindsay, W.L., Norvell, W.A. (1969). Development of a DTPA Soil Test For Zinc, Iron, Manganese and Copper. Soil Science Society of
Amerikan Proceeding, 42(3): 421-428.

Lourence, R.S. (1984). Yield of maize phoenix and residual phosphorus in a heavy yellow latosol in Randonia. ComunicadoTecnio, UEPAE
de Porto Velho, No:28, 7pp, Brazil.

Oner, F., Giines, A. (2019). Determination of silage yield and quality characteristics of some maize (Zea mays L.). Tekirdag Ziraat Fakiiltesi
Dergisi, 16(1):1-9.

Ozdemir, O. (1983). Bafra ve Carsamba Sulu Kosullarinda Misirin Azotlu ve Fosforlu Giibre Istegi ve Olsen Fosfor Analiz Metodunun
Kalibrasyonu. Samsun Bdlge Toprak-Su Arastirma Enstitlisi Mudiirligii Yayinlari, Yayin No: 31, Samsun.

Richards, L.A. (1954). Diagnosis and Improvement of Saline and Alkali Soils. USDA. Agriculture Handbook, No:60.

Subhan, B. (1987). Effect of nitrogen fertilizer on vegetative growth and yield of maize (Zea mays L,) cv, Bastar kuning Local. Field Crop
Abstracts, 46(4).

Tiiziiner, A. (1990). Toprak ve Su analiz Laboratuvarlari Kitabi, T.C. Tarim Orman ve Kdyisleri Bakanligi Koy Hizmetleri Genel Miidiirliigii,
s, 1-3.

79


https://www.tcmb.gov.tr/kurlar/201609/26092016.xml
http://www.etb.org.tr/tr/index.html
https://www.tcmb.gov.tr/wps/wcm/connect/tr/tcmb+tr/main+page+site+%20area%20bugun/

. . Ocak/J 2023, 20(1
o Journal of Tekirdag Agricultural Faculty Basvsiu/;::;rvye ot 4/(22)
Jo a Tekirdag Ziraat Fakiltesi Dergisi Kabul/Accepted: 26/05/22
DOI: 10.33462/jotaf.1105955

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

ARASTIRMA MAKALESI RESEARCH ARTICLE

Yonca Uretiminde Enerji Tiiketimi: Hasat Sistemleri Arasinda Bir Karsilastirma*

Energy Consumption in Alfalfa Production: A Comparison Between Harvesting Systems

Muttalip GUNGORMEZ?, Fulya TAN?, Mehmet Firat BARAN®"

Oz

Bu ¢alismanin temel amaci, Tekirdag ilinde balya formunda yonca kuru otu iiretiminde kullanilan farkli hasat
sistemlerinin girdi ve ¢ikt1 enerjilerini belirlemektir. Veriler 2019 yilinda 176 yonca isletmesinden toplanmistir.
Caligilan igletme sayisim belirlemek icin tesadiif 6rnekleme metodu kullanmilmistir. Hasat sistemleri, yonca
iiretiminde kullanilan farkli alet ve makina kombinasyonlarindan olusmaktadir. Kullanilan makinalarin 6zellikleri
ve kapasitesi birbirinden oldukga farklidir. Hasat sistemlerinde; balya makinasi (dikdortgenler prizmasi/silindirik),
sartlandirict tirmiklarin kullanim siklig1 ve sayilar1 dikkate alinmistir. Bu nedenle, ¢aligma gruplarinda 6 farkl
hasat sistemi olusturulmustur (H/1-6). Ilave olarak, bicim sayisma gore (1,2,3,4,5,6) hasat sistemlerinin enerji
tiketimleri de incelenmistir. Ilk bigim prosesi olarak yonca iiretimi dikkate almirken, tek bigim prosesi olarak
kesme isleminden sonraki uygulamalar dikkate alinmistir. Aragtirma sonuglar: enerji kullanim etkinligi, enerji
iretkenligi, net enerji iretiminin balya makinasi g¢esidine, sartlandirict kullanim sayisma gore degistigini
gostermistir. Hasat sistemlerinde toplam girdi ve ¢ikti enerji degerleri oldukga degisken olmustur. En yiiksek enerji
girdisi oran1 yakit (38.77%) ve azotlu giibrelemede (24.89%) kaydedilmistir. En ylksek kullanilan yakit miktaria
karsilik olarak birim alan igin toplam H6 sisteminde 3244.57 MJha yakit enerjisi hesaplanmigtir. Sartlandirici
ekipman kullanim sayisinin artig1 ve bigim sayisinin artmasina bagli olarak enerji tiiketimleri de artmigtir. Alti
bi¢im yapildiginda; dikdortgenler prizmasi seklinde balya yapan balya makinasi kullanilan hasat sisteminde
1248.57 MJha* makina enerjisi tiiketimi, silindirik balya makinasi kullanilan hasat sisteminde ise 1751.07 MJha"
! makina enerjisi tiiketimi hesaplanmustir. En yiiksek toplam enerji girdisi (ilk bigim) silindirik balya makinasinin
kullanildig1 sistemlerde (H5-H6) 8179.41 MJhat, 8377.54 MJha! olarak hesaplanmistir. En diisiik 6zgiil enerji
dikdértgen balya makinast kullanilan sistemlerde (H3-H4) 2.94 MJkg?, 3.17 MJkg™ olarak hesaplanmustir.

Anahtar Kelimeler: Yonca, Girdi enerjisi, Cikt1 enerjisi, Enerji etkinligi, Bigme, Balya makinasi

IMuttalip Giingérmez, Tekirdag il Tarim ve Orman Miidiirliigii, Tekirdag. E-mail: muttalip_59@hotmail.com “* OrclD: 0000-0003-2630-3002.

ZFulya Tan, Tekirdag Namik Kemal University, Agriculture Faculty, Biosystem Engineering Department, Tekirdag, Turkey. E-mail: ftan@nku.edu.tr OrclD:
0000-0002-0037-4251.
3*Sorumlu Yazar/Corresponding Author: Mehmet Firat Baran, Siirt University, Agriculture Faculty, Biosystem Engineering Department, Siirt, Turkey.
E-mail: mfb197272@gmail.com OrcID: 0000-0002-7657-1227.
Atif/Citation: GlUngormez, M., Tan, F., Baran, M.F. Yonca iiretiminde enerji tiiketimi: Tiirkiye’de hasat sistemleri arasinda bir karsilastirma. Tekirdag Ziraat
Fakultesi Dergisi, 20 (1), 80-93.
*Yiiksek Lisans Caligmasindan tiiretilmistir.
©Bu ¢aligma Tekirdag Namik Kemal Universitesi tarafindan Creative Commons Lisansi (https://creativecommons.org/licenses/by-nc/4.0/)
kapsaminda yayinlanmustir. Tekirdag 2023

80



mailto:muttal%C4%B1p_59@hotmail.com.tr
mailto:ftan@nku.edu.tr
mailto:mfb197272@gmail.com
https://orcid.org
https://orcid.org
https://orcid.org

JOTAF/ Journal of Tekirdag Agricultural Faculty, 2023, 20(1)

Abstract

The purpase of this study was to determine the amount of input-output energy used in different harvest systems in
baled alfalfa hay production in Tekirdag province, Turkey. Data were collected from 176 alfalfa farms in 2019-
2020. The simple random sampling method was used to determine survey volume. Harvesting systems consisting
of different tool-machine combinations are used in alfalfa production. The capacities and features of the machines
used are quite different from each other. In harvesting systems; baler type (rectangular/round), number and
frequency of use of the conditioner rake were taken into account. Therefore, the studied population was divided
into six groups based on different harvesting systems (H/1-6). In addition, according to the number of mowing
(1,2,3,4,5,6); The energy consumption of the harvesting systems used was determined. While alfalfa production
was taken into consideration in the first cutting process, the applications made after the cutting process were taken
into account in the single mowing process. Results showed that the energy use efficiency, energy productivity and
net energy varied according to the type of bale machine used and the number of conditioners. The total energy
input and output in harvesting systems was highly variable. The highest share of input energy was recorded for
diesel fuels-oil (38.77%) and N fertilizer (24.89%). The fuel energy of 3244.57 MJha* was calculated in the H6
system for the highest amount of fuel used per unit area. Due to the increase in the number of use of conditioner
equipment and the number of mowing, energy consumption has also increased. When mowing six times; 1248.57
MJha! machine energy consumption was calculated in the harvesting system using rectangular baler, and 1751.07
MJha* machine energy consumption in the harvesting system using round baler. The highest total energy input
(first cutting) was 8179.41 MJhal, 8377.54 MJha'! in the systems using round baler (H5-H6). The lowest specific
energy was calculated 2.94 MJkg™, 3.17 MJkg* in the systems using rectangular baler (H3-H4).

Keywords: Alfalfa, Input enegy, Output energy, Energy efficiency, Mowing, Baler machine
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1. Giris

Yonca (Medicago sativa), baklagiller (Fabaceae) familyasindan uzun yillar yasayan gerek yesil ot gerekse
kuru ot olarak degerlendirilebilen ¢ok yillik bir serin mevsim yem bitkisi tiiriidiir (Anonim 2021a). Yem
bitkilerinin en 6nemlilerinden biri olup yem degeri de oldukga yiiksektir. Diinyada en ¢ok yetistirilen yem bitkileri
arasinda yer almaktadir. Tiirkiye’de en fazla ekilisi yapilan yem bitkisi yoncadir. Ulkemizde yoncanin ekim alan
2000 yilindan 2020 yilina, 2.508.000 da’dan 6.628.887 da’a yiikselmistir. TUIK 2021 yil1 verilerine gére 2020
yilinda yoncanin yesil ot liretimi ekilen alanda 19.290.519 ton olarak ger¢eklesmistir. Yonca iiretimi 2020 yilinda
toplam 22.686.644 da olarak ekilen yem bitkileri icerisinde ekim alan1 oran1 %29.2 ulasmistir (TUIK, 2021).

Yonca hasat sonrasi yesil ot/ kuru ot ve silaj olarak degerlendirilmekte ve hayvan beslemede kaba yem kaynagi
olarak kullanilmaktadir (Tan, 1997; Toruk, 2003). Pelet ve un formunda tiketime sunulabildigi gibi erozyona karsi
ortiicii bitki ve yesil giibre olarak da degerlendirilmektedir. Protein, kalsiyum ve diger mineraller ile B, C, D, E ve
K vitamini agisindan oldukga zengin olmasi nedeniyle tercih edilmektedir (Anonim 2021b).

Kuru ot iiretiminde genellikle balya formunda iiretim yontemleri kullanilmaktadir. Balyalama islemlerinde
dikdortgenler prizmasi seklinde balya yapan balya makinalar1 ve silindirik sekilde balya yapan balya makinalari
kullanim1 gériilmekte olup, tilkemizde ¢ogunlukla dikdortgen balya yapiminda kiigiik kapasiteli (15-25 kg) balya
makinalar1 kullanim tercih edilirken, silindirik balya yapiminda ise blyuk kapasiteli (750 kg-1000 kg) balya
makinalar1 yogun olarak kullanilmaktadir. Bu durum sartlandirma ekipmanlarinin kullanimma ydnelik farkli
sayilarda alet-ekipman kullanimma da neden olabilmektedir. Dogal olarak farkli makina kullanimlart {iretim
sistemlerinin enerji tiikketimleri agisindan da farklar yaratabilmektedir (Toruk, 2003).

Yem bitkileri tariminda 6nemli bir iiretim alanina sahip olan yonca genel olarak yilda, ii¢ veya dort kez hasat
edilmektedir. Sulama yapilan bolgelerde ise, yilda bes veya alt1 kere (May1s, Haziran, Temmuz, Agustos, Eyliil,
Ekim) hasat edilmektedir. Artan hasat sayisi, yoncanin degerlendirilmesi amaciyla kullanilan hasat sistemlerinin
ve makina kullaniminin énemini daha da arttirmaktadir.

Tarimsal iretimle ilgili olarak yapilacak enerji analizleri tarimsal sistemlerin enerji tiiketimi agisindan
tamimlanip gruplandiriimasinda dnemli bir yaklasimdir. Uretimde verimi artirmak ve girdileri azaltmak icin
iretimde kullanilan girdi ve ¢iktilarin dikkatli bir sekilde analiz edilmesi gereklidir (Sabah, 2010).

Son yillardaki siirdiiriilebilir tarim ilkeleri dogrultusunda bir tarimsal {iretim projesinin degerlendirilmesinde
ekonomi, enerji ve cevre uclust birlikte incelenmektedir (Baran ve Gékdogan, 2016a). Baska bir agilimla, herhangi
bir tarimsal iiretim kolunda birim alandaki iiriiniin enerji esdegeri ile iiretim i¢in harcanan enerji miktar1 arasindaki
oran, basarilt ve karl bir iiretim i¢in bir gosterge ve bir kiyas degeri olarak kullanilabilecegi gibi, ¢evresel
duyarliligin hizla arttig1 giiniimiizde enerjinin etkin kullanimi agisindan da 6nemli bir degerdir. Ayrica, alternatif
Uretim teknikleri arasindaki farkliligin degerlendirilmesinde birim alan bagina maliyet ile birlikte gbz oniinde
bulundurulmasi gereken 6nemli bir yaklagimdir (Erdogan, 2009).

Enerji etkinligi degerini artirmak i¢in ya verimin artirilmast ya da girdilerin azaltilmasi gerekmektedir.
Ozellikle toplam enerji girdisi igerisinde biiyiik yer tutan yakit, kimyasal giibreler, tarimsal ilaglar, makina ve
traktor girdilerinin azaltilmasi gerekmektedir. Verimin artirilmasi belirli sinirlar igerisinde saglanabilir. Fakat
enerji kullanim etkinlik degeri girdilerin bilingli bir sekilde yapilmasiyla (ilaglama, mekanizasyon ve giibreleme)
azaltilabilir (Celen, 2016). Enerji kullanim etkinligini belirlemek amaciyla yapilan bazi ¢aligmalarda; yonca
(Mobtaker ve ark. 2012; Asgharipour ve ark. 2016), arpa (Baran ve Gokdogan, 2014), yazlik fig (Baran, 2016),
ikinci {irtin silajlik misir (Baran ve Gokdogan, 2016a), sekerpancari (Baran ve Gokdogan, 2016b), bugday + fig
(Baran ve ark., 2016), susam (Baran ve Gokdogan, 2017), fig ve yem bezelyesi, (Kokten ve ark., 2017a), adi fig
ve macar fig (Kokten ve ark., 2017b), misir (Kokten ve ark, 2018; Abbas ve ark., 2018), pamuk (Baran ve ark.,
2021) drdnlerin Gretiminde enerji kullanim etkinlikleri belirlenmistir.

Yonca bitkisinin yil igerisinde birden fazla sayida hasat edilmesi, farkli hasat sistemlerinin kullanilmast, farklt
degerlendirme yontemlerinin uygulanmasi, yonca iiretiminde enerji etkinliginin 6nemini daha ¢ok arttirmaktadir.
Hasat islemlerinde kuru ot ve silajlik olmak {izere farkli hasat sistemleri uygulanmaktadir. Bu ¢aligmada balya
formunda kuru ot {iretiminde uygulanan hasat sistemleri arasinda enerji tiikketimleri agisindan bir karsilagtirma
yapilmas1 amag¢lanmustir.
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2. Materyal ve Yéntem
2.1. Materyal
2.1.1. Anket uygulanacak isletme sayistminbelirlenmesi

Caligma, hayvancilik ve yonca {iiretiminde onemli bir bdlge olan Tekirdag bdlgesinde yliriitiilmiistiir.
Caligmanin ana materyalini olusturan veriler, il ve il¢elerindeki yonca {ireticileriyle yliz ylize anket yapilarak
toplanmistir. Ornek hacmi sonlu bir popiilasyon igin belli bir 6zelligi tasiyanlarin bilinen veya tahmin edilen
oranina gore asagidaki esitlik (1) ile hesaplanmustir.

N*p*q
n= (Es.1)
(N-D)*a’p+p*q
Esitlikte;
n: Ornek bityiikliigii,
N: Popiilasyondaki isletme sayist,
a?p: Orann varyansi,
r: Ortalamadan sapma (%5)

o2p=r/Z a2

P degeri daha, dnceki arastirmalardan elde edilebilecegi gibi sezgisel olarak da tahmin edilebilir. Maksimum
ornek hacmine ulagsmak i¢in P = 0.5 alinmalidir. P’nin 0.5’ten daha az veya daha yiiksek degerleri 6rnek hacmini
diigiiriir. O nedenle P’nin bilinmedigi durumlarda maksimum 6rnek hacmiyle ¢calismak olas1 hatay1 azaltacagindan
P = 0.5 alinmalidir (Miran, 2002).

Ornek sayisinin belirlenmesinde ortalamadan % 5 sapma ve % 95 giiven derecesi ile caligilmistir. Yapilan
hesaplamalar sonucunda, calisilmast gereken ornek isletme sayist 175 olarak bulunmustur. Arastirmada yonca
treticilerine uygulanan anket sayisi ise 176 adettir.

2.1.2. Yonca Uretiminde enerji girdilerinin belirlenmesi

Enerji girdileri insan giicli enerjisi, makina enerjisi, yakit-yag enerjisi, tohum enerjisi, su enerjisi, giibre enerjisi
ve ilag enerjisinden olugsmaktadir. Enerji girdisinin belirlenmesinde Farrel ve ark. (2006)’dan uyarlanan esitlik 2,
3’ den faydalanilmistir:

TEG = Sy R(D) x Eey(D) (Es.2)
Burada;

TEG : Tarmmsal enerji girdisi (MJ ha™),

R(i) : 1 girdisinin uygulama miktar1 (birimgirgi ha™),

Ee(i) : i girdisinin enerji esdegeri (MJ birimgirgi %) dir.

Enerji ¢iktis1 ise birim alandan elde edilen iiriin ve yan iriinden olugmaktadir. Enerji ¢iktisinin
belirlenmesinde uyarlanan asagidaki esitlikten faydalanilmistir:

TEC=Y *«LHV (Es.3)
Burada;

TEC : Tarmsal enerji ¢iktis1 (MJ ha'l),

Y : Verim (kg hal)

LHV : Alt1s1l deger (MJ kg)dir.

Tablo 1’ de enerji kullanim etkinliginin belirlenmesinde kullanilan 4, 5, 6 ve 7 numaral esitlikler verilmistir.
(Y1lmaz ve ark., 2010).

Tarimsal iiretimde kullanilan girdi ve ¢iktilarin enerji esdegerleri Tablo 2°de verilmistir. Enerji ¢iktisi, birim
alandan elde edilen Uriin ve yan iiriinden olugsmaktadir. Enerji girdisinin ve enerji ¢iktisinin hesaplanmasinda girdi
ve cikt1 gesitlerinin enerji es degerlerinin bilinmesi gerekir. Enerji esdegerlerinin belirlenmesinde daha once
yapilan arastirmalardan faydalanilmistir.

Yonca Uretimindeki enerji girdileri, dogrudan ve dolayh enerji girdileri olarak iki grupta hesaplanmustir.
Yonca Uretiminde tarim alet ve makinalar: tarafindan tliketilen yakit ve yag enerji degeri dogrudan enerji girdisi
olarak, kullanilan insan isgiicii, tarim alet ve makinalari, giibre, ilag ve tohumluk i¢in tiiketilen enerji degerleri
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dolayl enerji girdisi olarak dikkate alinmistir (Kogtiirk ve Engindeniz, 2009). Hasat sistemlerinde kullanilan balya
makinalart (kiigiik dikdortgen-buyUk silindirik) i¢in her biri ayri ayr1 hesaplanmugtir.

Tablo 1. Enerji etkinligi egitlikleri

Table 1. Energy efficiency equations

Esitlikler

Toplam enerji girdisi (TEG)

Toplam enerji ¢iktisi (TEC)

Enerji orani
Ozgiil enerji
Enerji tretkenligi

Net enerji verimi

n MJ ha't @)
D R x By ()
i=1
Y « LHV MJ ha't 3)
TEC : @)
TEG
TEG M) kg™ ©)
Y
Y kg M)~ ©®)
TEG
TEC — TEG MJ ha~! ©)

Tablo 2. Tarimsal iiretimde girdi ve ciktilarin enerji esdegerleri

Table 2. Energy equivalents of inputs and outputs in agricultural production

Girdiler Enerji esdegeri Referanslar
Katsayisi
(MJbirim™)
Insan Isgiicii (h) 1.96 Bojaca ve Schrevens (2010); Mousavi Avval ve ark., 2011
Makina Uretim Enerjisi (kg)
Traktor 158.50 Keener ve Roller, (1975); Goziiblyuk ve ark., (2012)
Toprak Isleme Aletleri 121.30 Keener ve Roller, (1975); Gozubuyuk ve ark., (2012)
Tirmik
Yakit ve yag (L)
Dizel 39.60 Rathke ve Diepenbrock, (2006);
Yag 6.51 Eren,(2011); Arikan,(2011)
Kimyasal Gubreler (kg)
Azot (N) 60.60 Singh, (2002)
Fosfor (P20s) 11.10 Singh, (2002); Hedau ve ark. (2014)
Potasyum 6.70 Singh, (2002); Hedau ve ark. (2014)
Tlaclar (kg)
Herbisit 269 Baran ve ark.(2019)
Insektisit 363.60 Pimentel, (1980)
Tohum (kg)
Yonca 6.9 Hoeppner ve ark. (2005)
Cikt1
Yonca otu 17.17 Hoeppner ve ark. (2005)

2.1.3. Hasat sistemleri

Balya halinde kuru ot iiretiminde; cayir bigme makinasi (diskli tip) + Tirmiklar (sartlandiricilar) +Balya
makinas1 (dikdortgen tip balya makinasi-silindirik tip balya makinasi) asamalar1 olmak iizere bir sistemden
olugmaktadir. Bu sistem zincirinde makina kullanimlart igletmelere gore farkliliklar géstermektedir. Balya
makinalar1 kullaniminda dikdértgen tip makina kullaniminda kiigiik kapasiteli makinalar kullanilir iken, silindirik
balya makinalarinda bilyilik kapasiteli makina kullanimi belirlendiginden arastirmada her iki makina tipi esas
alinmistir. Makina kullanimina gore alt1 farkli hasat sistemi dikkate alinmigtir. Hasat sistemleri ile, yonca kuru otu
iretiminde farkli balya makinasi kullanimi, farkli sayida sartlandirici kullanimi durumlarinda enerji etkinligi
farklariin etkisini ortaya koyabilmek ve her farkli durum i¢in bir fikir ediniminin saglanmasi hedeflenmistir.

Tablo 3’de incelenen hasat sistemleri verilmistir.
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Tablo 3. Hasat sistemleri

Table 3. Harvest systems

Hasat Cayir bigme Tirmik (Sartlandirici) Balya makinas1
Sistemleri makinast
Diskli tip 1 2 4 Dikddrtgen Silindirik
(kucuk) (buyik)
H1 v
H2 v v
H3 v v v
H4 v v v
H5 v v v
H6 v v v
2.1.4. Bicim

Yonca bitkisinin bir hasat dénemi igerisinde farkli sayilarda bigim yapilmasi nedeni ile bigme sayis1 ve iglemi
dikkate alinmustir. ilk bigim, toprak isleme, ekim ve bakim islemlerinin dahil edilerek hesaplandig1 bicimi ifade
etmektedir. Tek bi¢im, ilk bi¢im harici bi¢imdir ve bigim sonras1 uygulanan giibreleme isleminin dahil edilerek
hesaplandig1 bigimdir. Boylelikle isletmeler her hasat donemi igerisinde uyguladiklar bi¢im sayisini dikkate alarak
enerji tilkketimi ve etkinligini hakkinda da fikir edinebilecektir.

3. ARASTIRMA SONUCLARI VE TARTISMA
3.1. Dogrudan Enerji Girdileri (yakit +yag)

Hasat sistemlerine gore olusturulan yakit, yag, toplam enerji esdegeri ve toplam enerji girdisine oranlar1 Tablo
4’ de verilmistir.
Tablo 4. Hasat sistemlerinde hesaplanan yakit, yag, toplam enerji esdegeri (MJha') ve toplam enerji

girdisine orant (%)

Table 4. The ratio of fuel, oil, total energy equivalent (MJha*) and total energy input calculated in
harvesting systems (%)

Yakat Toplam  Toplam Yag Toplam  Toplam Yakittyag Toplam  Toplam

S tiiketimi enerji enerji tiketimi enerji enerji tiketimi enerji enerji
E (L/ha) esdegeri  girdisine  (L/ha)  esdegeri girdisine (L/ha) esdegeri  girdisine
- (MJha't) orani (MJhat)  oram (MJha't) orani
(%) (%) (%)
H1 55.71 1988.28  11.54 0.300 1.95 0.0113  56.01 1990.23  11.55
H2 65.71 2345.18 13.61 0.348 2.26 0.0131  66.05 234744  13.62
H3 77.71 277347  16.09 0.426 2.77 0.0161  78.13 2776.24  16.11
H4 82091 2959.05  17.17 0.474 3.08 0.0179  83.38 2962.13  17.19
H5 85.71 3058.98  15.72 0.412 2.68 0.0138  86.12 3061.66  15.74
H6 90.91 324457  16.67 0.460 2.99 0.0154  91.37 324756  16.69

Hasat sistemlerinde makina kullanimi ve sayilarina bagli olarak sistemlerde yakit ve yag tiiketimlerinde artiglar
belirlenmistir. Yonca iiretiminde birim alan (ha) bagina toplam yakit tiiketimi H1 sisteminde hektara 55.71 litre en
diistik, 90.91 litre ile H6 sisteminde en yiiksek olarak hesaplanmistir. Kullanilan yakit miktarina karsilik olarak
birim alan icin toplam H1 sisteminde 1988.28 MJha! yakit enerjisi tiiketilirken H6 sisteminde 3244.57 MJha'
yakit enerjisi hesaplanmistir. Yonca liretiminde birim alan (ha) basina toplam yag tiiketimi H1 sisteminde hektara
0.30 litre en diisiik, 0.47 litre ile H4 sisteminde en yliksek olarak hesaplanmistir. Kullanilan yag miktarina karsilik
olarak birim alan igin toplam H1 sisteminde 1.95 MJha yag enerjisi tuketilirken H4 sisteminde 3.08 MJha! yag
enerjisi hesaplanmigtir. Toplam dogrudan enerji girdilerine bakildiginda birim alan (ha) basina en yiiksek deger
sirastyla sistemlerde H6>H5>H4>H3>H2 ve H1 de seklinde hesaplanmistir. H1 sisteminde 1990.23 MJha
yakit+yag enerjisi tiikketilirken, H6 sisteminde 3247.56 MJha! yakit+yag enerjisi hesaplanmigtir. En yiiksek toplam
enerji girdisine orani ise % 17.19 ile H4' de, %16.69 ile H6 da olmugtur. Bunun temel nedeni tirmik sayisinin
kullaniminin artmasi ile ifade edilebilir. Ayrica, biiylik kapasiteli balya makinalar1 kullaniminda toplam enerji
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esdegeri kiiclik balya makinasi kullanimina gore elde edilen degerlerden fazla saptanirken, toplam enerji girdisine
orani dikkate alindiginda kii¢iik balya makinalarinda daha yiiksek oldugu goriilmektedir.

Tablo 5' te yilda ¢ok kez bigim yapilan yonca otu igin ilk bi¢im, tek bigim ve alt1 bi¢im olarak hesaplanan
yakit+yag tliketimleri ve toplam enerji esdegerleri verilmistir. Bu nedenle, bi¢imlere iliskin toplam enerji
esdegerleri ayrica hesaplanmustir. I1k bicim, tiim uygulamalarin dahil oldugu bitkisel iiretim yontemidir. Tek bigim
olarak ifade edilen hesaplamalar, isletmelerin 3,4,5 veya 6 gibi ¢ok sayida bigim yapmasi durumunda hesaplama
yapabilmeleri adina verilmistir. Bolgemizde ve sulamaya bagl olarak genellikle ortalama 6 bigim kullaniminin
yogun olmasi nedeni ile degerlendirilmistir. isletmede 3 bigim yapilmasi durumda [ilk bigim + (tek bigim x 2)]
olarak hesaplama yapilmasi gereklidir. Artan bigim sayisina bagli olarak katsay1 artarak hesaplanmalidir.

Tablo 5. Yonca otu ilk bicim, tek bicim, alti bicim icin yakit tiiketimleri ve toplam enerji esdegerleri

Table 5. Fuel consumptions and total energy equivalents for alfalfa first cut, single crop, and six crops

o [lk bigim Tek bigim 6 bicim

ig) Yakit+yag Toplam enerji Yakit +yag  Toplam enerji Yakit+ yag Toplam enerji
% tiketimi esdegeri tiketimi esdegeri tiketimi esdegeri

n (L/ha) (MJhat) (L/ha) (MJhat) (L/ha) (MJhat)

H1 56.01 1990.23 10.03 357.10 106.17 2519.85

H2 66.05 2347.44 15.28 543.00 142.46 3058.62

H3 78.14 2776.24 32.60 1157.69 241.17 8564.76

H4 83.38 2962.13 43.10 1529.47 298.89 10609.49

H5 86.12 3061.66 40.59 1443.11 287.08 10277.24

H6 91.37 3247.56 51.08 1814.90 346.81 12322.06

Hasat sistemleri arasinda her bir bigme isleminde yakit+yag tiiketimleri ve toplam enerji esdegerleri farkliliklar
hesaplanmustir. En yiiksek toplam enerji esdegeri ve yakit+yag tikketimi H6 (1814.9 MJha, 51.08 L/ha) ve H4
(1529.47 MJha't, 43.10 L/ha) ile tirmik kullanimi sayismin fazla oldugu sistemlerde bulunmustur. Balya makinasi
kullanim1 dikkate alindiginda ise, silindirik balya makinasi kullanilan hasat sistemlerinde daha yiiksek
hesaplanmistir. Bu durum balya makinasi kullaniminin etkinligini géstermektedir.

3.2. Dolayl Enerji Girdileri

Dolayli enerji girdileri; incelenen hasat sistemleri igin farklilik gdsteren girdiler (insan iggiicii girdisi, makina
girdisi) ve hasat sistemleri icin benzer olan girdiler (glbre, ila¢ ve tohum girdileri) sekilde verilmistir. Tablo 6’ da
insan isgiicii ve makina girdisine iliskin toplam enerji esdegeri ve toplam enerji girdisine oranlari, Tablo 7° de ise,
ilk bi¢im, tek bigim ve alt1 bigim dikkate alinarak hesaplanan insan isgiicii ve makina girdileri, toplam enerji
esdegerleri verilmistir. Tablo 8 de tim hasat sistemleri i¢in ortak olan glbre, ila¢ ve tohum girdileri verilmistir.

Tablo 6. Dolayli enerji girdileri (insan isgiicii, makina girdisi, toplam enerji esdegeri ve toplam enerji
girdisine oranlart

Table 6. Indirect energy inputs (human labor, machine input, total energy equivalent and their ratio to total
energy input)

Insan isgiicii ~ Toplam enerji ~ Toplam enerji Makina girdisi ~ Toplam enerji Toplam enerji

ig) girdisi esdegeri girdisine orant (h/ha) esdegeri girdisine orani
% (h/ha) (MJha't) (%) (MJha't) (%)

n

H1 7.75 17.64 0.102 16.00 484.86 2.81

H2 8.25 18.62 0.108 16.50 496.11 2.88

H3 9.00 20.09 0.117 17.25 551.22 3.20

H4 9.50 21.07 0.122 17.75 562.47 3.26

H5 9.25 20.58 0.106 17.50 634.97 3.26

H6 9.75 21.56 0.111 18.00 646.22 3.32
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Tablo 7. ilk bicim, tek bicim ve alti bicim dikkate alinarak hesaplanan insan isgiicii,
makina girdileri ve toplam enerji esdegerleri

Table 7. Human labor and machine inputs, total energy equivalents calculated considering the first form,
uniform and six forms

Ilk bicim Tek bigim Alt1 bigim

s Insan isgiicii Toplam enerji Insan isgiicii Toplam enerji ~ Insanisgiici ~ Toplam enerji
= girdisi esdegeri girdisi esdegeri girdisi esdegeri
g (h/ha) (MJha?) (h/ha) (MJha?) (h/ha) (MJha?)
(%]

H1 7.75 17.64 1.25 1.96 14.00 27.44
H2 8.25 18.62 1.50 2.94 15.75 33.32
H3 9.00 20.09 2.75 5.39 22.75 47.04
H4 9.50 21.07 3.75 7.35 28.25 57.82
H5 9.25 20.58 3.00 5.88 24.25 49.98
H6 9.75 21.56 4.00 7.84 29.75 60.76

Ilk bicim Tek bigim Alt1 bigim

- Makina girdisi Toplam enerji Makina girdisi ~ Toplam enerji  Makina girdisi ~ Toplam enerji
= (h/ha) esdegeri (h/ha) esdegeri (h/ha) esdegeri
g (MJha?) (MJha?) (MJha?)
(%]

H1 16.00 484.86 1.00 37.11 21.00 670.41
H2 16.50 496.11 1.50 48.36 24.00 737.91
H3 17.25 551.22 2.75 114.72 31.00 1124.82
H4 17.75 562.47 3.75 137.22 36.50 1248.57
H5 17.50 634.97 3.00 198.47 32.50 1627.32
H6 18.00 646.22 4.00 220.97 38.00 1751.07

Yonca kuru ot iiretiminde toplam olarak (dikdortgenler prizmasi seklinde balya yapan balya makinasi
kullaniminda) birim alan basina toplam en yiiksek 9.50 saat insan isgiicii kullanim1 hesaplanmigstir. Bu siire
icerisinde birim alan icin hektara 21.07 MJ insan iggiicii enerjisi tiiketimi hesaplanmugtir. Silindirik balya makinasi
kullanilan hasat sisteminde ise, 9.75 h/ha insan isgiicii kullanimi ve 21.56 MJha™ insan isgiicii enerjisi tiiketimi
hesaplanmigtir. Alt1 bigim yapildiginda; kuru ot iiretiminde toplam olarak (dikdortgenler prizmasi seklinde balya
yapan balya makinasi kullaniminda) 28.25 h/ha insan isgiicii kullanimi ve 57.82 MJha? insan isgiicii enerjisi
tiiketimi, silindirik balya makinasi kullaniminda 29.75 h/ha insan isgiicii kullanimi ve 60.76 MJha™! insan isgiicii
enerjisi tiiketimi hesaplanmustir (Tablo 7).

Makina girdisi hasat sistemlerine gore degiskenlik gostermistir ve dikdortgenler prizmasi seklinde balya yapan
balya makinasi kullaniominda birim alan basma toplam en yiiksek H4 de 17.75 saat makina kullanimi
hesaplanmuistir. Bu siire icerisinde birim alan i¢in hektara 562.47 MJ makina enerjisi titketimi hesaplanmistir. Hasat
sisteminde silindirik balya makinasi kullaniminda ise, en yiiksek 18.00 h/ha makina kullanimi ile H6 da ve 646.22
MJha! makina enerjisi tiiketimi hesaplanmistir (Tablo 7).

Tablo 8. Hasat sistemleri igin ortak olan gubre, ilag, sulama ve tohum girdileri

Table 8. Fertilizer, pesticide, irrigation and seed inputs common to harvesting systems

Toplam enerji Toplam enerji
Girdiler (ha) esdegeri girdisine orani (%)
(MJha')
(Ekim yil1) 182.5 42725 24.78
Gbre (Bakim yil1) 142.0 4291.2 24.89
Iki bicim aras1 40 2424.0 14.06
Tlac Herbisit 0.5 134.5 0.78
Insektisit 0.5 134.5 0.78
Tohum Yonca 8.0 55.2 0.32

Yilda alt1 kez bi¢im yapilan yonca otu i¢in ilk bigim, sonraki bigim ve toplam bigim (6 bi¢im) i¢in birim {iretim
alan1 bagina makina miktar1 ve makina enerjisi tiikketimi hesaplanmistir. Alt1 bigim yapildiginda; kuru ot iiretiminde
toplam olarak (dikdértgenler prizmas: seklinde balya yapan balya makinasi kullaniminda) 36.50 h/ha makina
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kullanim1 ve 1248.57 MJha* makina enerjisi tiiketimi, silindirik balya makinasi kullamminda 38.00 h/ha makina
kullanimi ve 1751.07 MJha'! makina enerjisi tiiketimi hesaplanmistir. Toplam olarak yonca iiretiminde ekim yil
i¢in birim alan basina 182.5 kg/ha giibre kullanilmaktadir. Bu giibrelerin kullanimina bagli olarak tiiketilen iretim
enerjisinden birim alan (ha) icin toplam 4272.5 MJ enerji tilketilmektedir. Bu miktar yonca bitkisinin diger bakim
yillart i¢in diismekte ve ortalama kullanilan toplam giibre miktar1 142.0 kg/ha olmaktadir. Bu miktarda giibre
kullanimu ile hesaplanan enerji tiiketim degerleri ise toplam 4291.2 MJha? olarak saptanmistir (Tablo 8). Yonca
iiretiminde etkili madde olarak, hektara 0.5 kg herbisit uygulamasi yapilmakta ve toplam birim alan basmna 134.5
MJha? enerji tiikketimi yapilmaktadir. Yonca iiretiminde etkili madde olarak, hektara 0.5 kg tohum uygulanmakta
ve toplam birim alan bagma 55.2 MJha! enerji tiiketimi yapilmaktadir.

3.3. Toplam Enerji Girdisi

Toplam enerji girdisi hasat sistemlerine gore hesaplanarak Tablo 9 da verilmistir. Sekil 1 de dolayli ve
dogrudan enerji girdilerinin degisimi gosterilmistir.

Tablo 9. Toplam enerji girdileri

Table 9. Total energy inputs

il bigim Alt1 bigim
Girdiler Uygulama Enerji girdisi ~ Toplam enerji Enerji Toplam enerji
(MJhat) girdisine orani girdisi girdisine orani
(%) (MJha) (%)
Dogrudan enerji H1 1990.23 28.69 2519.85 12.30
girdisi H2 2347.44 32.05 3058.62 14.47
H3 2776.24 35.55 8564.76 31.73
H4 2962.13 37.00 10609.49 36.37
H5 3061.66 37.43 10277.24 35.18
H6 3247.56 38.77 12322.06 39.25
Dolayli enerji girdisi H1 4947.16 71.31 17897.35 87.69
H2 4976.93 67.95 17970.73 85.52
H3 5033.51 64.45 18371.36 68.26
H4 5045.74 63.00 18505.89 63.62
H5 5117.75 62.57 18876.80 64.81
H6 5129.98 61.23 19011.33 60.74
Toplam H1 6937.39 100 20417.2 100
H2 7324.37 100 21029.35 100
H3 7809.75 100 26936.12 100
H4 8007.87 100 29115.38 100
H5 8179.41 100 29154.04 100
H6 8377.54 100 31333.39 100

6000
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2000
1000 I I
0
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® Dogrudan ® Dolayli
Sekil 1. Dolayli ve dogrudan enerji girdilerinin degigimi

Figure 1. Variation of indirect and direct energy inputs

Tablo 9 incelendiginde yonca iiretiminde kuru ot {iretim sisteminde en yiiksek girdi, silindirik tip balya
makinasi kullanimu ile dogrudan H6 sisteminde (3247.56 MJha') ve dolayh enerji tiiketimi ise (5129.98 MJha)

88



JOTAF/ Journal of Tekirdag Agricultural Faculty, 2023, 20(1)

toplam1 8377.54 MJha! olarak hesaplanmistir. Toplam enerji tiiketiminin; % 38.77’si dogrudan, % 61.23’0 ise
dolayl enerji tiiketimleri olusturmaktadir. Tlk bicim sonrasi bi¢im islemlerinde dogrudan enerji tiiketimleri daha
yiiksek olmustur ve en yiiksek enerji girdisi kuru ot iiretim sistemlerinde hesaplanmistir. Alt1 bigim yapan yonca
isletmesinde toplamda en yiiksek dogrudan enerji tiiketimi % 52.83 dolayli enerji girdisi ise %47.17 olarak
hesaplanmistir. Sekil 1’ de hasat sistemleri arasinda en biiyiik farkliliklarin dogrudan enerji girdileri ile meydana
geldigi goriilmektedir.

3.4. Toplam Enerji Ciktist

Yonca Uretiminde birim Gretim alani igin ortalama 16800 kgha™ yesil ot elde edilmistir. Yonca igin enerji
esdegeri 17.7 enerji giktis1 ise 28845.60 MJha! olarak tespit edilmistir (Tablo 10). Eren (2011) Tatl sorgum
toplam enerji ¢iktisin1 199024.50 MJha™ olarak hesaplanmustir (Eren 2011), Baran ve ark. (2016) ikinci (rin
silajlik misirda farkli uygulamalarda toplam enerji giktisin1 221940,21 MJhal, 245594.16 MJha 201999.28 MJha
1 Kékten ve ark. (2018) dane misir da toplam enerji ¢iktisim 28504.54 MJha? olarak hesaplamislardir.

Tablo 10. Yonca Uretiminde enerji ¢iktist

Table 10. Energy output in alfalfa production

Cikt1 Verim(kg ha?) Enerji degeri Enerji ¢iktist Toplam enerji
(MJha?) (MJhah) ciktisina orani (%)

Yonca otu 16800 17.17 28845.60 100

Tek bigim 1500 17.17 25775.0 100

Bes bigim 7500 17.17 128775.0 100

3.5. Yonca Uretiminde Enerji Etkinligi
Yonca iiretimi i¢in hesaplanan enerji etkinligi degerleri Tablo 11' te verilmistir.
Tablo 11. Yonca iiretiminde enerji etkinligi

Table 11. Energy efficiency in alfalfa production

Sistemler H1 H2 H3 H4 H5 H6

Enerji orant 7.69 7.45 5.83 5.40 5.39 5.02
Ozgiil Enerji (MJkgh 223 2.30 2.94 3.17 3.18 3.41
Enerji Uretkenligi (kg MJ?) 0.44 0.43 0.34 0.31 0.31 0.29

*Net Enerji Uretimi (MJ ha'%) 137148.2 136486.1 130629.3 128450.0 1284114 126232.0

*Tiim bigim dahil edilmistir.

Tablo 11’i inceledigimizde enerji orani, iiretim sonucunda kazanilan toplam enerji miktarinin, Gretim
islemlerinde kullanilan toplam enerji miktarina oranidir. Birim Uretim alani (ha) icin tiketilen birim enerji (MJ)
miktarina karsilik, Uretim sonucunda birim Uretim alanindan (ha) kazanilan enerji miktarin1 (MJ) belirtir. Enerji
oraninin yiiksek olmasi, Uretimdeki enerji etkinliginin yiiksek oldugunu ifade etmektedir. Yonca iiretiminde kuru
ot liretimi i¢in hesaplanan enerji oranlari; en yiiksek kiigiik balya yapiminda kullanilan kuru ot iiretiminde 5.83, en
diisiik silindirik balya makinasinin kullanildig: sistemlerde 5.39, 5.02 olarak hesaplanmigtir. Mobtaker ve ark.
(2012) yonca calismalarinda 1.88, Baran ve ark. (2016) ikinci iiriin silajlik musir ii¢ farkli toprak isleme
uygulamasinda enerji oranini1 9.06-10.36, Baran, (2016) yazlik fig ¢calismasinda enerji oranini1 9.51, Kokten ve ark.
(2018) musir ¢alismalarinda enerji oranini 4.23, Baran (2017) kislik fig ¢alismasinda enerji oraninin 8.05 olarak
hesaplamiglardir.

Yonca uretiminde hesaplanan 6zgul enerji, sadece birim tretim alanindan (ha) alinan yonca otu miktar1 dikkate
alindiginda; dikdortgen balya makinasi kullanilarak yapilan kiigiik balya uretim sisteminde kuru ot Uretiminde, 1
kg yonca otu dretimi icin 2.94 MJ, 3.17 MJ enerji, silindirik balya makinasi kullanimi ile bityiik balya yapiminda
1 kg yonca otu Uretimi igin 3.18, 3.41 MJ enerji, olarak tespit edilmistir. Sartlandirici ekipman kullaniminin
artmasina bagl olarak 6zgiil enerji degeri artis gosterirken, en yiiksek artig silindirik balya iiretim sisteminde
hesaplanmustir.

Enerji Uretkenligi ise, 6zgul enerji degerinin tersi olup, hasat edilen toplam riin miktarinin, tiretim islemlerinde
kullanilan toplam enerji miktarina oranidir. Enerji tiretkenligi degeri, tiiketilen birim miktar (MJ) enerji miktarina
karsilik dretilen Grin miktarint (kg) belirtir. Enerji Uretkenligi degerinin yuksek olmasi, Uretimde enerji
etkinliginin ylksek oldugunu gostermektedir.
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Yonca Uretiminde hesaplanan enerji uretkenligi, sadece birim Uretim alanindan (ha) alinan yonca otu miktar
dikkate alindiginda; dikdértgen balya makinasi kullanilan kiigiik balya iiretim sisteminde kuru ot iiretiminde, 1 MJ
enerji tiiketimi karsiliginda 0.34 kg yonca otu balyalanmus, silindirik balya makinast kullaninu ile biiyiik balya
yapiminda 1 MJ enerji tiiketimi karsiliginda 0.31 kg yonca otu balya yapildig1r hesaplanmistir. Sartlandirici
ekipman kullanimma bagl olarak enerji iiretkenligi degerlerinde azalma oldugu da belirlenmistir. 1MJ enerji
tilketimi kargiliginda; Mobtaker ve ark. (2012) 0.119, Asgharipour ve ark. (2016) 0.209, Baran (2016) yazlik
fig *de 0.39, Baran (2017) kislik fig ‘de 0.47, Kokten ve ark. (2018) dane musirda 0.21, olarak hesaplamislardir.

Net enerji Uretimi degerinin yiliksek olmasi, Uretimdeki enerji etkinliginin yiiksek oldugunu géstermektedir.
Yonca iiretiminde ayni yil icerisinde alt1 bicim yapilarak alt1 hasat isleminin uygulanmasi, her bicim sonrasi
glbreleme isleminin uygulanmasi yonca iiretiminde enerji verimini arttirmaktadir. Yonca {iretiminde net enerji
uretimi, sadece birim Uretim alanindan (ha) alinan yonca otu miktar: dikkate alinarak hesaplanmistir. Ekim y1li ilk
bi¢im dahil kullanilan hasat sistemlerine gore; dikdortgen balya makinasi kullanilarak kiigiik balya yapilan iiretim
sisteminde, birim Gretim alanindan (ha), 128450.0 MJ net enerji, silindirik balya makinas1 kullanimu ile biyiik
balya yapiminda birim tiretim alanindan (ha), 126232.0MJ net enerji kazanilmstir.

4. Sonug ve Oneriler

Tarimda enerji kullanimi, artan niifus, sinirl ekilebilir arazi arzi ve daha yiliksek yasam standartlar1 arzusuna
yanit olarak artmaktadir. Artan gida {iretimindeki siirekli talep, kimyasal giibre, bocek ilaci, tarim makinaleri ve
diger dogal kaynaklarin yogun kullanimina neden olmustur. Ancak enerjinin yogun kullanimi, halk sagligini ve
¢evreyi tehdit eden sorunlar yaratmaktadir. Tarimda enerjinin verimli kullanilmasi ¢evre sorunlarini en aza
indirebilir, dogal kaynaklarin tahribatini1 6nleyebilir ve ekonomik bir {iretim sistemi olarak siirdiiriilebilir tarimi
tesvik edebilir. Fosil yakitlarin sinirli bir kullanim siiresine sahip olmasi ve yenilenebilir enerji kaynaklariin ¢evre
dostu ve siirdiiriilebilir enerji sistemleri olmasi nedeniyle enerjinin dnemi her gecen giin artmaktadir (Baran,
2016a).

Caligma kapsaminda yonca {iretimi yapan 176 isletmeden toplanan veriler {izerinde enerji kullanim etkinligi
ve girdi/¢cikti maliyetine iliskin hesaplamalar yapilmistir.

e  Yonca kuru ot iiretiminde dikddrtgen tip balya makinasi kullanimi ile dogrudan (8564.76 MJhat) ve
dolayl (18371.36 MJha) enerji tuketimlerin toplami 26936.12 MJha* olarak hesaplanmistir. Silindirik
balya makinasi kullaniminda ise enerji tiiketimi ortalama %7.61 oraninda daha yiiksek hesaplanmistir.

e Toplam enerji tlketiminin; yaklasitk %40’1 dogrudan, %60’s1 ise dolayl enerji tiketimleri
olusturmaktadir.

e Dikdortgen tip balya makinasi kullanimi ile 1 kg yonca otu tiretimi i¢in 2.94 MJ-3.17 MJ eneriji, silindirik
balya makinas1 kullanimi ile biiylik balya yapiminda 1 kg yonca otu iiretimi i¢in 3.18, 3.41 MJ enerji,
olarak tespit edilmistir.

e Ik bicim sonras1 bicim islemlerinde dogrudan enerji tiiketimleri daha yiiksek bulunmustur.

e Birim (retim alan: (ha) icin tiketilen birim enerji (MJ) miktarina karsilik, iretim sonucunda birim tretim
alanindan (ha) kazanilan enerji miktarini (MJ) en yiiksek silindirik balya makinas1 kullanilan sistemlerde
hesaplanmuistir.

e Dikdortgen balya makinasi kullanilan hasat sistemlerinde enerji etkinligi silindirik balya makinasi
kullanilan sistemlere oranla %1.73’liik bir fark saglayabilmistir.

e Sartlandirict  kullaniminin  sayisindaki artis ise; dikdortgen balya makinast kullanilan hasat
sistemlerinde %1.67’lik bir fark saglarken, bu fark silindirik balya makinasi kullanilan sistemlerde %1.7
olarak hesaplanmistir.

Ulke tariminin gelecegi agisindan birim iiretim alan1 bagina harcanan biitiin girdilerden en yiiksek degerde
verim alinarak iiretimin siirdiiriilmesi son derece dnemlidir. Ulkemiz kosullarmi yansitir sekilde; giibre, ilag ve
mekanizasyon unsurlarina iliskin birim {iretim enerjisi gereksinim degerlerinin 6ncelikle belirlenmesi bir
zorunluluktur. Bu sayede gercek kosullar1 yansitir daha dogru sonuglarin iiretilmesi miimkiin olacaktir. Ayrica,
anket ¢alismalartyla toplanan verilerle ilgili biiyilik sorunlar yasanmakta, daha dogru sonuglarin elde edilmesine
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katkis1 olacak fazla sayida anket verilerinin degerlendirilmesi, ¢eliskili yanitlar ve anket iptali nedeniyle miimkiin
olmamaktadir. Bu amagla, bilisim teknolojilerinin kullanilmasiyla uygun sayisal hesap ve depolama ortamlarmin
olusturulmasi1 olduk¢a Onemlidir. Bu gibi ortamlardan siiziilecek verilerin optimum isletmecilik ilkeleriyle
harmanlanmasiyla, karlilig1 ve enerji etkinligini diisliren etmenlerle ilgili dogru degerlendirmeler yapilabilmesi
miimkiin olacaktir.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Effect of Cutting Treatment on Seed Yield and Seed Quality of Dill

Bicimin Dereotu Tohum Verimi ve Kalite Ozellikleri Uzerine Etkisi

Ozlem ALAN'*, Hulya ILBI?
Abstract

Dill, Anethum graveolens L., is grown in various regions of the world. It has been used as vegetable and medicinal
plant since ancient times. Seed quality is important in dill cultivation and there is limited information on the effects
of cutting treatment in this species. This research was carried out to find out the effect of cutting treatment on
phenological traits, seed yield and quality of dill at Ege University, Izmir, during 2016-2018. The experiments
were carried out in the randomized complete block design with three replications, comprising of cutting treatment
for both spring and autumn seeding period. Significant differences were noted in the flowering period, seed yield
and quality attributes with cutting treatment for both seeding period. The obtained results showed that the days
from sowing to bolting initiation were increased with cutting treatment from 51 days to 65 days in spring seeding
period and from 153 days to 184 days in autumn seeding period. The plant height, number of umbels per plant,
seed weight per plant were lower in the cut plants in comparison to that of uncut plants for both seeding period.
The uncut plants has produced significantly higher plant height (113 cm-spring seeding period; 133 cm-autumn
seeding period), number of umbels/plant (8.4-spring seeding period; 10.1-autumn seeding period) and seed
weight/plant (6.4 g-spring seeding period; 10.9 g-autumn seeding period). The cutting treatment decreased
germination percentage by 9.27% in the spring seeding period and by 12.13% in the autumn seeding period
compared to the control plant seeds. Lower mean germination time at 20/30°C (3.77 days-spring seeding period,;
4.54 days-autumn seeding period) were also observed in uncut plants. Thus, it was concluded that cutting is not
recommended in the vegetative stage in dill seed production as it provided lower seed yield and seed quality for
both autumn and spring seed planting periods.

Keywords: Anethum graveolens L., Cutting, Phenological observations, Seed weight, Germination
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Oz

Dereotu, Anethum graveolens L., diinyanin ¢esitli bolgelerinde yetistirilmektedir. Antik ¢aglardan beri sebze ve
tibbi bitki olarak kullanilmaktadir. Dereotu yetistiriciliginde tohum kalitesi énemlidir ve bu tiirde bicimin etkileri
konusunda sinirli bilgi bulunmaktadir. Bu arastirma, dereotunun fenolojik 6zellikleri, tohum verimi ve kalite
parametreleri tizerine bicimin etkisini belirlemek amaciyla, 2016-2018 yillarinda Ege Universitesi, Izmir’de
yapilmistir. Denemeler, ilkbahar ve sonbahar tohum ekim doéneminde, tesadif bloklart deneme deseninde, (¢
tekerriirlii olarak kurulmustur. Her iki ekim doneminde de bigim ile ¢igeklenme donemi, tohum verimi ve kalite
ozelliklerinde onemli farkliliklar kaydedilmistir. Elde edilen sonuglar, tohum ekim tarihinden generatif dénem
baslangicina kadar gecen siirenin bi¢im uygulamasi ile ilkbahar tohum ekim déneminde 51 giinden 65 giine;
sonbahar tohum ekim déneminde 153 giinden 184 giine ¢iktigin1 gdstermistir. Bigim yapilan bitkilerde bitki boyu,
bitki basina semsiye sayis1 ve bitki bagia tohum agirligi, her iki ekim déneminde de bigim yapilmamis bitkilere
gore daha diisiik bulunmustur. Bigim yapilmayan bitkiler, daha yiiksek bitki boyu (113 ecm-ilkbahar ekim dénemi;
133 c¢m sonbahar ekim dénemi), bitki bagina semsiye sayis1 (8.4-ilkbahar ekim dénemi; 10.1-sonbahar ekim
doénemi) ve bitki basma tohum agirhig (6.4 g-ilkbahar ekim dénemi; 10.9 g-sonbahar ekim ddnemi) meydana
getirmistir. Bigim uygulamasi kontrol bitki tohumlarina gore ¢cimlenme yiizdesini ilkbahar ekim déneminde %9.27,
sonbahar ekim doneminde ise %12.13 oraninda diigiirmiistiir. Bi¢im yapilmayan bitkilerde daha diisiikk ortalama
¢imlenme zamani (3.77 giin-ilkbahar ekim donemi; 4.54 giin sonbahar ekim donemi) gézlenmistir. Bu nedenle,
dereotu tohumluk Uretiminde, hem sonbahar hem de ilkbahar ekim doneminde daha diisiik tohum verimi ve tohum
kalitesini sagladigi i¢in, vejetatif asamada bi¢imin tavsiye edilmedigi sonucuna varilmistir.

Anahtar Kelimeler: Anethum graveolens L., Bicim, Fenolojik 6zellikler, Tohum agirligi, Cimlenme
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1. Introduction

Dill which has been cultivated since ancient times is native to South West Asia or South East Europe and
belongs to the Apiaceae (Umbelliferae) family. There are two cultivated species of dill in the world: European dill
(Anethum graveolens) which grows in most parts of the World and Indian dill (Anethum sowa) which grows in
and around India (Gupta et al., 2012). In addition to its leaves being used as vegetable, both its leaves and seeds
are consumed as medicinal and aromatic plants due to the essential oils it contains by 2.5-4% (Carvon, Apiol,
Dihydrocarvon, Limonen) and it is also used as a sedative, antispasmodic, diuretic and carminative in babies
(Oztiirk et al., 2004).

According to the recent statistics, the amount of dill production has increased in Turkey. The amount of
production, which was 2.978 tons in 2010, reached to 8.267 tons with an increase of 194% in 2020. While 1.6%
of this production is provided by greenhouse production, open field growing accounted for the remaining part of
it (Anonymous 2019a). And organic production is carried out for approximately 50 tons of the specified production
amount while conventional production is performed for the remaining amount (Anonymous, 2019b). Based on
production area, it is observed that 56% of dill production in Turkey is provided by the Mediterranean region,
followed by Marmara region by 23%, Aegean region by 9%, and Central Anatolia region by 7% (Yaldiz et al.,
2018).

Seeds for dill production is provided by various public and private sector institutions. Mostly open pollination
varieties are used. Seeds are also provided by farmers who produce their own seeds.

Dill is marketed continuously throughout the year as a green vegetable and is grown both in open field
conditions and under plastic tunnels (Yaldiz et al., 2018). Single cut is performed when grown as a green vegetable
but two cuts are recommended under good care conditions (Vural et al., 2000). For seed production, dill requires
cool weather conditions in vegetative development periods and warm and dry weather conditions during seed
formation and seed maturity. Thus, seeds can be planted in regions having temperate climatic conditions with
relatively warm winters in early spring (February-March) or in autumn (September-October) seasons (Alan et al.,
2022). In both seasons, high and low soil temperatures cause failure of field emergence or irregular emergence in
this species that is grown by direct seeding and that has a long field emergence period, resulting in product loss
(Zehtab-Salmasi et al., 2006; Ghassemi-Golezani et al., 2018). In addition, there have been reports about problems
with the quality of the produced dill seeds, such as poor germination and slow and heterogeneous field emergence
(Bukharov et al., 2021; Alan et al., 2022).

It was stated that, various production factors such as soil, cultural practices, harvest time, and climate conditions
affect seed quality (Delouche, 1980; Balkan, 2019; Kadioglu, 2021). Especially climate conditions (maximum and
minimum temperature, precipitation, humidity) in the period that starts with flower formation and continues with
pollination, fertilization, and seed maturation affect seed quality and yield (Singh et al., 2013). It has also been
shown that dill seed yield and quality was affected by some factors such as weather conditions, irrigation, seed
harvest time (Zehtab-Salmasi et al., 2006; Ghassemi-Golezani et al., 2018; Alan et al., 2022), seed stalk
architecture, disease and pests (Bralewski et al., 2005; Dorota and Bralewski, 2006; Holubowicz and Morozowska,
2011), umbel position (Bukharov et al., 2021). To the best of our knowledge there have been no studies to date
investigating the effects of cutting on seed quality in dill, although it was reported that cutting decreased seed yield
(Moustafa et al.,1990; Osman and El-Wahab, 2009).

In general, private companies and medicinal and aromatic plant breeders produce dill seed in both autumn and
spring seeding seasons depending on years and regions. At the same time, it is noted that farmers who produce
their own seeds get their supply of seeds from cut plants. Therefore, in this study we aimed to compare the effects
of cutting on phenological traits, seed yield, and quality of dill seeds under temperate climate conditions for spring
and autumn seeding period.

2. Materials and Methods
2.1. Plant material and cultural practices

The study was conducted at Ege University Odemis Vocational Training School field (latitude 38°12°N, longitude
27°52’E, altitude 111 m a.s.l.) and laboratory, and Ege University Seed Technology Application and Research Center
laboratory in 2016-2018 period.
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Physical and chemical properties of soil of the trial field were given in Table 1, climate data were given in Figure
1. The soil of the field was clay-loam, neutral, without salt problems and had a low organic matter content.

Table 1. Some physical and chemical characteristics of experimental soil

Soil Depth, cm
Characteristics 0-30 30-60
Organic Matter, (%) 1.34 0.78
Total Nitrogen, (%) 0.081 0.047
Phosphorus, (ppm) 24 28.8
Potassium, (ppm) 210 300
pH 7.9 7.7
Saturation (%) 60.9 (clay-loam) 62.9 (clay-loam)
Electrical Conductivity 0.08 0.17
(MOhms/cm)
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Figure 1. Mean monthly meteorological data of dill growing seasons from March 2016 to July
2017(Anonymous 2017)

For field tests a randomized block design was used with three replications in which 10 m x 1.50 m=15 m? plots
contained two cutting treatment in both season. And experimental set up was randomized plot design for the seed
quality parameters.

Dill seeds of cv. "Gonen" (from Kiicukgiftlik Seed Company, Turkey) were sown with a spacing of 30 cm between
plants within a row and 35 cm between the row on 20 March 2016 for the spring growing cycle and on 29 September
2016 for the autumn growing cycle. Same fertilization practices were performed in both season. Plants were fertilized
with equivalent to 40 kg ha nitrogen, 40 kg ha™* P,Os and 20 kg ha! K,O (Zehtab-Salmasi et al., 2006) based on the
soil test results. Before sowing the soil was fertilized using about 13.3 kg 15:15:15 composite fertilizer per 0.24 acres.
Thus potassium was completely added to the base. After removing the nitrogen and phosphorus provided from base
dressing, all the remaining nitrogen and phosphorus were applied 30 days after sowing through fertigation as urea (3.5
kg / per acre) and MAP (monoammoniumphosphate; 3.3 kg / per acre). Weed control was conducted mechanically
between plots and by hand in rows and drip irrigation method was applied as needed.

Cuttings were performed on May 11, 2016 for spring seeding period, on November 12, 2016 for autumn seeding
period when plants reached 15-20 cm in height by cutting back to 3-5 cm above the soil level. In order to investigate
the effects of cutting treatment, the following observations and seed yield and quality parameters were studied.
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2.2. Phenological observations

When plants enter into generative stage, daily field observations were conducted to determine days to bolting
initiation (the emergence of the elongated stalk on which flower buds develop), days to 50% bolting, days to the
end of the bolting, days to flower initiation (5% open primary flowers) and days to 50% flower formation from
date of sowing on the whole plot basis for both seeding period.

2.3. Seed yield parameters

Seed harvests were performed when seeds matured on main plant but not shed. This period was coincided with
mid-July at cut and uncut plants in spring period (55 days after anthesis) and with the end of June at cut and uncut
plants in autumn period (65 days after anthesis). During harvest period, 10 plants from the centre of each replicate were
harvested randomly in the morning and plant height (cm) and number of umbels per plant were determined. Then the
seeds were dried to 8% moisture content in room temperature and seed weight per plant (g) was determined.
Subsequently, harvested seeds from each replicate were mixed then stored in sealed glass jars at 5 + 1°C for three
months.

2.4. Seed quality parameters

The seed quality tests were carried out in the laboratory of Ege University, Research and Technology Center for
Seed Science. The germination tests were carried out using 8 x 50 seeds. Seeds were sown between moistened paper
and kept at a temperature of 5 °C for seven days and then placed into an incubator at 20/30 °C- 16 hours in the dark
and 8 hours in the light conditions for the standard germination (SG) test. A low temperature germination (LG) test
was performed at 13 °C (ISTA, 2020). Normal seedling percentage were evaluated according to ISTA, (2020) after 21
days for SG test and 30 days for LG test. In addition, during both germination tests, the number of germinated seeds
with a 2 mm radicle were counted every 24 h, to calculate mean germination time (MGT). MGT was calculated as Eq
1. (Ellis and Roberts, 1980);

2 (nt) Yn (Eq.1).

where n = number of seeds newly germinated (2 mm radicle) at time t;
t = days from when set to germinate
2.5. Statistical analysis

Analysis were conducted using TARIST statistical software (A¢ikgdz et al., 1994) and least significant differences
between means were calculated at P=0.05

3. Results and Discussion

3.1. Phenological observations

The effects of cutting on phenological characteristics of dills in both growing seasons are presented in Table 2.
During spring seeding, significant differences were noted in the times from sowing to bolting initiation, 50%
bolting, end of bolting and flower initiation (P<0.05). Cutting treatment had no effect on the times from sowing to
50% flower formation. Bolting was initiated 51 days (May 12th) after seeds were sown in the uncut plants, while
65 days (May 25 th) after for the cut plants. Similar results were obtained for days to 50% bolting, end of bolting
and days to flowering initiation where the span of reproductive phase was decreased. Although cutting had not
statistically significant effect on the days to 50% flower formation, this period in cut plants was more extended
compared to the uncut plants. It can also be seen that bolting was initiated on May 12th for uncut plants and on
May 25th for cut plants while 50% flower formation took place at the end of May for both cut and uncut plants.

In autumn seeding period, cutting treatment had significant effect on bolting initiation (P<0.01), 50% bolting,
end of the bolting and flower initiation (P<0.05), while it had no effect on the times from sowing to 50% flower
formation (Table 2). Bolting was initiated 153 days (March 1st) after seeds were sown in the uncut plants, while
184 days (April 2nd) after for the cut plants. Also, cutting treatment increased the times from sowing to 50%
bolting (from 166 days to 199 days), end of bolting (from 190 days to 206 days), flower initiation (from 173 days
to 186 days) in this seeding period. It was also noted that the 50% flower formation took place by mid-April for
both cut and uncut plants. This study showed that while the bolting and flowering were initiated in May for spring
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seeding cycle, they were initiated earlier (uncut plants-March, cutting plants-April) and were extended for a longer
period in autumn seeding cycle (Table 2). While phenological properties varied according to genotypes, they can
also change depending on cultural applications and climate characteristics. Because a certain vegetative growth is
required ahead of bolting initiation, this period caused extension of bolting initiation and flower initiation in cut
plants. Similarly, in Trifolium alexandrinum L. (Yadav et al., 2015) and Medicago sativa (Kowithayakorn and Hill,
1982) late bolting and flower initiation were reported in cut plants.

Table 2. The effect of cutting on bolting and flowering for spring and autumn seeding period in dill.

Spring Autumn

Uncut plants Cutplants  Significance  Uncut plants Cut plants Significance
Days to bolting
initiation (date) 51 (10 May) 65 (24 May) * 153 (1 March) 184 (01 April) **
Days to 50%
bolting (date) 65 (24 May) 74 (02 June) * 166 (14 March) 199 (16 April) *
Days to the end
of bolting (date) 72 (31 May) 81 (09 June) * 190 (07 April) 206 (23 April) *
Days to
flowering
initiation (date) 63 (22 May) 71 (30 May) * 173 (21 March) 186 (03 April) *
Days to 50%
flower formation
(date) 69 (28 May) 73 (01 June) ns 195 (12 April) 200 (17 April) ns

ns = not significant, * = significant at P<0.05; ** = significant at P<0.01

3.2. Seed yield parameters

In spring seeding period, cutting had significant effect on plant height (P<0.01), number of umbels per plant
(P<0.05), and seed yield per plant (P<0.05) (Table 3). Cutting treatment decreased the plant height from 113 cm
to 89 cm, the number of umbels per plant from 8.4 to 5.8 and the seed yield per plant from 6.4 g to 4.5 g.

In autumn seeding period, the cutting treatment had significant effect on plant height and seed yield per plant
(P<0.01) whereas it had no significant effect on the number of umbels per plant (Table 3). Plant height of cutting
plants was taller by 9% (133 cm-uncut plant; 122 cm-cut plant). The seed yield was decreased by cutting treatments
from 10.9 g seed/plant to 9.1 g seed/plant. Although there was no statistically significant difference in the number
of umbels per plant in both treatments, the number of umbel per plant decreased by 0.4 with cutting.

Table 3. The effect of cutting on dill seed yield and yield parameters for spring and autumn seeding period

Seeding Plant height Number of Seed yield/plant
period (cm) umbels/plant (9)
Sori Uncut plants 113+1.45 8.4+0.32 6.4+0.38
pring Cut plants 89+1.45 5.8+0.32 4.5+0.38
Significance ** * *
Autumn Uncut plants 133+0.73 10.1+0.32 10.9+0.15
Cut plants 122+0.73 9.74£0.32 9.11+0.15
Significance ** ns **

ns = not significant, * = significant at P<0.05; ** = significant at P<0.01
Data are expressed as mean + standard error

In this study cutting back plants to 3-5 cm above the soil level when plants reached 15-20 cm in height lead to
the decrease in plant height, in the number of umbels per plant and in seed yield per plant in both seeding period.
Literature in relation to the effect of cutting treatment on the seed yield was varied. Moustafa et al., (1990)
mentioned that first cutting of dill 75 days after seeding and second cutting 45 days after that increased seed yield
compared to uncut plants. The increases in temperature along with the differences in total temperature values
between the two cutting applications may have led to this result. On the other hand, Osman and EI-Wahab (2009)
argued that one or two cuts in dill and parsley resulted in decrease in seed yield and in components compared to
uncut plants. Similar results of cutting treatment had been reported in Setaria sphacelate (Dwivedi et al., 1999),
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fenugreek (Gill et al., 2001), coriander (Datta et al., 2008), some grass plants (Bhatt et al., 2009), and sorghum
(Sorghum bicolor (L.) Moench.) (Patil and Merwade, 2016). It was also noted in this study that the cutting
treatment decreased the plant height by 21%, the number of umbel per plant by 31% and the seed yield per plant
by 30% in spring seeding period but the treatment decreased all yield parameters by 8%, 4% and 16%, respectively
in autumn seeding period. Thus, it can be stated that higher decrease on the yield and yield components in spring
seeding period was due to the increase in maximum and minimum temperature (Figure 1) combined with day
length causing bolting initiation in plants with insufficient vegetative growth in this growing period.

3.3. Seed quality parameters

As can be seen in Table 4, in spring seeding period the SG (P<0.01), the LG (P<0.05) and the MGT at 20/30 °C
(P<0.05) were affected significantly by cutting treatment, but treatment had no effect on the MGT at 13 °C. The
SG was 86.3% in uncut plants and 78.3% with cutting treatment. The MGT was increased from 3.77 days to 4.38
days by cutting treatment. While LG were 83.5% in uncut plants, and it was decreased to 80.0% by cutting.

Table 4. The effect of cutting on seed quality of dill for spring and autumn seeding period

Seeding SG MGT at 20/30 °C LG MGT at 13°C
period (%) (days) (%) (days)
Sori Uncut plants 86.3+1.40 3.77+0.19 83.56+1.12 8.85+0.13
Pring Cut plants 78.3+1.40 4.38+0.19 80.0+1.12 8.60+0.13
Significance ** * * ns
Autumn Uncut plants 80.8+1.8 4.54+0.19 75.3+0.95 8.16+0.19
Cut plants 71.0+1.8 5.15+0.19 59.0+0.95 10.69+0.19
Significance ** * ** **

ns = not significant, * = significant at P<0.05; ** = significant at P<0.01
SG: standard germination; MGT: mean germination time; LG: low temperature germination.
Data are expressed as mean + standard error

The effect of cutting on SG (P<0.01), MGT (at 20/30 °C; P<0.05), LG (P<0.01), and MGT (at 13 °C; P<0.01)
in autumn seeding period was also found to be significant (Table 4). The cutting decreased SG from 80.8% to
71.0% and LG from 75.3% to 59%. The cutting treatment delayed germination from 4.54 days to 5.15 days at
20/30 °C; from 8.16 days to 10.69 days at 13 °C.

This study showed that higher SG and LG and lower MGT at both temperatures were found in cut plants. There
are no data available on the effect of cutting on seed quality in dill. However, cutting treatment had adverse effect
on seed quality compared to uncut grass plants in Setaria sphacelat (Dwivedi et al., 1999) and in sorghum
(Sorghum bicolor (L.) Moench.) (Patil and Merwade, 2016). In this research, it was also determined that the cutting
treatment decreased the SG by 9% and the LG by 4% in spring seeding period but the treatment decreased the SG
and the LG by 12% and 22%, respectively in autumn seeding period. Particularly, the decrease in LG in autumn
seeding might be due to the decrease in seed vigor by cutting.

In autumn seeding period, 50% flower initiation occurred in April and the seeds harvested in June. As shown
in Figure 1 minimum and maximum temperatures during seed development stages including pollination,
fertilization, and seed maturation were recorded as 2 °C - 29.7 °C in April, as 7.5 °C - 43 °C in May, and as 12.9 °C
- 42.7 °C in June, respectively. In spring seeding period, 50% flower initiation occurred in May and the seeds
harvested in July. And minimum and maximum temperatures varied between 7.8 °C — 34.5 °C in May, 11.6 °C —
38.9 °C in June, and 16.6 °C — 37.6 °C in July, respectively. Therefore, it may be hypothesized that significant
decrease in seed quality parameters in autumn period, particularly in cut plants, may result from extreme
temperatures during pollination, fertilization, and seed maturation periods. Decreasing effect of high temperature
conditions after flower initiation and thorough the fertilization and seed maturation periods in seed quality has also
been reported in Phaseolus vulgaris, Oriza sativa, Hordeum vulgare L. and wheat (Siddique and Goodwin, 1980;
Ellis et al., 1993, Ellis and Pieta Filho, 1992).

According to Bukharov et al. (2021) who studied the short-term (1-5 days) effect of high temperature (40°C)
on the growth of the embryo and germination of dill seeds, the degree of development of the embryo determines
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seed germination. The reported results showed that the less developed embryos in seeds from secondary umbels
are more sensitive to high temperatures during dill seed germination. It can be stated that the extreme temperatures
during seed production can lead to less developed embryos in dill seeds.

4, Conclusions

We found that the days to bolting and to flower initiation in cut plants was shorter than in uncut plants but cutting
had no effect on the days from sowing to 50% flower formation. Also, while the bolting and flowering initiated in May
for spring seeding period, both phenological stages took place earlier (in March for uncut plants- and in April in cut
plants-) and times for each stages were longer in autumn seeding period. Plant height, number of umbels per plant and
seed weight per plant decreased with cutting treatment. The uncut plants had the highest seed yield and seed quality
due to better attributing components. In addition cutting treatment decreased germination percentage at 20/30°C (SG)
and at 13°C (LG), and increased mean germination time at 20/30°C. Thus it can be concluded that cutting treatment of
dill at vegetative stage to market green leaves is not advisable for commercial seed production of dill.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Evaluation of NASA POWER Climatic Data against Ground-Based Observations in The
Mediterranean and Continental Regions of Turkey

Tiirkiye'nin Akdeniz ve Karasal iklim Bolgelerinde NASA POWER Iklim Verilerinin Yerden
Yapilan Gozlemlere Karsi Degerlendirilmesi

Abdul Hasib HALIMI!, Cihan KARACAZ, Dursun BUYUKTAS
Abstract

The weather reanalysis datasets are very advantageous data types worldwide that fill the gaps of missed measuring
data and are alternatives that compensate for the scarcity of observed climate data. The main purpose of this study
was to evaluate the effect of horizontal distance, altitude, and climatic regions compared to sea level on NASA
POWER reanalysis data for daily temperature variables, relative humidity, and wind speed observed in
meteorology stations in the Mediterranean and Continental regions of Turkey. For this purpose, three different
meteorology stations (Antalya airport, Elmali, Teffenni) from the Mediterranean region with different distances
and elevations compared to sea level and one station (Ankara) far from the Mediterranean region with continental
climate were selected. The statistical approach used to compare observed and estimated values in this study was
determination coefficient (R?), Nash-Sutcliffe Efficiency (NSE), Root Mean Square Error (RMSE), Normalized
Root Mean Square Error (NRMSE), and Mean Bias Error (MBE). The results showed a high relation between the
POWER reanalysis dataset and observed data for all parameters except wind speed. For daily maximum, minimum
and mean temperature, the R? and NSE achieved higher than 0.91 and 0.88 respectively, while the mean bias error
MBE ranged between -3 °C up to +2 °C and the RMSE was less than 4 °C in all stations. Additionally, POWER
estimated data correlation accuracy for temperature variables increased toward higher altitudes in the study area.
Similarly, this performance was followed by relative humidity, increasing relation accuracy toward higher elevated
regions. The R? was higher than 0.69 in higher altitudes and less than 0.4 in lower elevations. The MBE for relative
humidity ranges -2% in Antalya to +9% in Ankara, and the RMSE attained less than 13.81% in all regions. The
POWER daily wind speed did not show relation with observed data without adjusting for elevation and seasonal
bias correction. Overall, it was concluded that the NASA POWER dataset could predict temperature and relative
humidity over study area and give a promising result if used in research, water, and agricultural decision-making
where observation data are not available.
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Oz

Iklimsel parametreler i¢in yeniden analiz veri kiimeleri, diinya capinda olciilemeyen ya da eksik verilere
alternatifler olan ¢ok avantajli veri turleridir. Bu ¢alismanin temel amaci, {ilkemizin Akdeniz ve karasal iklime
sahip bolgelerindeki meteoroloji istasyonlarinda 6lgiilen ve NASA POWER yeniden analiz yontemiyle tahmin
edilen giinliik sicaklik, bagil nem ve riizgar hiz1 parametrelerine ait verilerin deniz seviyesine gore yatay mesafe,
yiikseklik ve iklim bolgelerinin etkisine baglh olarak degerlendirmektir. Bu amagla, Akdeniz bdlgesinden deniz
seviyesine gore farkli yatay uzaklikta ve kotlarda ii¢ farkli meteoroloji istasyonu (Antalya havalimani, Elmali,
Teffenni) ile Akdeniz bdlgesine uzak karasal iklime sahip bir istasyon (Ankara) se¢ilmistir. Bu ¢alismada 6l¢iilen
ve tahmin edilen degerleri karsilastirmak icin, determinasyon katsayisi (R?), Nash-Sutcliffe Verimliligi (NSE),
Ortalama Kareler Hatasinin Karekokii (RMSE), Normallestirilmis Ortalama Kareler Hatasinin Karekokii (NRMSE)
ve Ortalama Yanli Hatas1 (MBE) performans kriterleri kullanilmistir. Sonuglar, riizgar hizi digindaki tiim
parametreler icin POWER yeniden analiz veri seti ile gdzlemlenen veriler arasinda yiiksek bir iliski gostermistir.
Giinliik maksimum, minimum ve ortalama sicaklik i¢in, R? ve NSE sirastyla 0.91 ve 0.88'den daha yiiksek bir
degere ulasirken, MBE -3 °C ile +2 °C arasinda degiskenlik gosterdi. Istasyonlarin tamamimda RMSE’nin 4 °C az
oldugu belirlenmistir. Ayrica, sicaklik degiskenleri igin POWER tahmininin veri dogrulugu, yiikselen irtifaya bagh
olarak artis gdstermistir. Ortalama bagil nem icin de benzer sonuglar elde edilmistir. R?, yiksek irtifalarda 0,69'dan
fazla ve algak irtifalarda 0,4'ten diisiik olarak elde edilmistir. Tiim bolgelerde RMSE degerinin %13.81'den daha
az oldugu saptanmigtir. POWER giinliik riizgar hizi, farkli ylkseklik ve iklim tiplerinde gézlemlenen verilerle iyi
bir iliski g0stermemistir. Sonug olarak, NASA POWER veri setinin ¢aligma alani iizerindeki sicaklik ve bagil nemi
tahmin edebilecegi ve gozlem verilerinin bulunmadigi arastirma, su ve tarimsal karar verme sirecglerinde
kullanilmasi durumunda umut verici sonuglar verebilecegi sonucuna ulagilmistir.

Anahtar Kelimeler: Karar verme, Tahmin, Kiiresel atmosferik modeller, Meteorolojik veriler, Yeniden analiz verileri
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1. Introduction

Climate information is considered vital in the decision-making of the environmental, agricultural, and industrial
services. Empirical models are widely applied for decision making of crop water requirement and irrigation
scheduling which is highly dependent to weather information data (Konukcu et al., 2020; Sener et al., 2007).
Spatially surveying and figuring out promising areas for particular cultivars and tracking of local water use are the
maximum sizable targets withinside the agricultural sector (White et al., 2008). Spatially monitoring of specific
traits of a crop in a region with different characteristics, requires long-term daily weather records well covering
the targeted area (Daly, 2006). Although satellite and measuring station-based meteorological has advanced in
many nations, however, in many growing countries either measuring stations are missed, measuring
meteorological station records are low in quality, or observing weather information is not available for free
(Rodrigues and Braga, 2021). Therefore, the NASA POWER reanalysis meteorological data from a mix of
observation, satellites, and global atmospheric models is considered as one of the most crucial climate data sources,
which can be used to fill the gaps and compensate for the shortage of measured weather data (Aboelkhair et al.,
2019). There are many reanalysis datasets available around the world (CFSR, ERA, JRA-55, MERRA,
NCEP/NCAR, and POWER) and these datasets has given acceptable results in many regions around the globe
(Chen et al., 2019; Chen et al., 2014; Bao and Zhang 2013). However, these reanalysis datasets are either not
globally, lack some of weather parameters, or need specific data processing skills. Therefore, the NASA POWER
reanalysis meteorological data from a mix of observation, satellites, and global atmospheric models is considered
as one of the most crucial climate data sources, which is a single point and global coverage with hourly, daily,
annually temporal average, and its user-friendly interface that helps any user to access near-real-time climatic data
for any part of the world. These can be used to fill the gaps and compensate for the shortage of measured weather
records (Aboelkhair et al., 2019). Furthermore, many studies (Schneider et al., 2013; Dee et al., 2011; Kobayashi
etal., 2015; Kanamitsu et al., 2002; Rienecker et al., 2011; Chandler et al., 2013) evaluated most of the parameters
from various mentioned reanalysis datasets against different sources of observation around the globe, and the
majority of these investigations showed a close agreement of reanalysis data with the ground-based observation
datasets. On the other hand, there are a small number of studies that investigated the performance of POWER
datasets.

Rodrigues and Braga (2021) investigated the applicability of POWER maximum and minimum air temperature,
wind speed, relative humidity, and solar radiation in Portugal. The result of this study recommended the accuracy
of POWER variables with observation data for all parameters except wind speed. Similarly, Aboelkhair et al.
(2019) assessed POWER satellite and model datasets for minimum, average, maximum temperature, dew point,
and relative humidity in Egypt. This study concluded that a good relationship existed between POWER and
observed data for all temperature variables demonstrating an RMSE of 5 °C but the estimated relative humidity
was not predicted correctly with the RMSE of 11.6%. Bai et al. (2010) evaluated the POWER model-derived and
observation weather dataset for daily maximum and minimum temperatures and total solar radiation, resulting
agreement of POWER and the monitored data with acceptable accuracy in China. POWER daily temperature
variables tested by White et al. (2008) in the continental climate of the USA showed a good fit with observed data
demonstrating 4.1 °C and 3.7 °C differences for maximum and minimum temperatures, respectively. Moreover,
this investigation suggested the possibility of data improvement by correcting seasonal bias and ground elevation
effect. Likewise, an assessment was conducted in Italy by Negm et al. (2017) to validate the suitability of POWER
data in the prediction of reference evapotranspiration through daily total solar radiation, wind speed, relative
humidity, minimum, average, and maximum air temperatures. This investigation proved the accuracy of the NASA
POWER dataset. However relative humidity was not accurately estimated in comparison to coastal weather
stations. Another study has been carried out by Monteiro et al. (2018) in Brazil, concluding similar results for the
coastal relative air humidity. There are some studies using satellite and model-derived datasets evaluating
watershed runoff, land and sea surface temperature, and climate change projections in Turkey. These studies have
claimed satisfaction and the accuracy of satellite and model-based meteorological parameters in modeling of
hydrology and agro-climatology (Alramlawi and Fistikoglu, 2022; Kuzay et al., 2022; Tuzcu Kokal and Musaoglu,
2021; Bicer, 2020; Irvem and Ozbuldu 2019; Tan, 2019; Demircan et al., 2017). However, the NASA POWER
reanalysis dataset for different weather variables over Turkey has not been assessed yet. So, The main aim of the
study was to evaluate the accuracy of daily measured meteorological variables with daily POWER Dataset (daily
maximum, minimum, and mean air temperature, relative humidity, and wind speed) in the lower elevation of the
coastal area to the higher elevation of the inland area in Turkey.
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2. Materials and Methods
2.1. Study Area

This study took place in two different climatic zones of the study area located in specific geographical
coordination datum shown in Table 1. Due to the geographical location of Antalya, the meteorology stations vary
in terms of their distance from the sea and their altitudes Since this condition is directly related to the purpose of
the study, meteorological stations located in Antalya in the Mediterranean region were selected. The altitude ranges
are between zero meters in the Mediterranean Sea to 1142 meters in the Elmali district (Figure 1). The
Mediterranean zone, specifically Antalya province has cool, rainy winters and hot, moderately dry summers.
Higher altitudes across the Mediterranean zone block the Mediterranean effects to increases inland, giving the
Central Anatolia (Ankara) area a continental climate. The Ankara region is high exposure to extremes than are the
coastal areas. Despite intense extreme winters at the plateau, the summers are warm and dry (MGM, 2022).

Table 1. Geographic information of the study area

Altitude ~ Distance
Station Longitude Latitude Climate type (m) fromsea  Ranges of data
(km)
Antalya-(Airport) 30.7990 36.9076  Mediterranean 64 8 Jan/2016-Dec/2020
Elmali 29.9121 36.7372 Mediterranean 1142 55 Jan/2016-Dec/2020
Teffenni 29.7794 37.3161 Mediterranean 1095 90 Jan/2016-Dec/2020
Ankara 32.8637 39.9727  Continental 891 185 Jan/2016-Dec/2020
25° E 30° E 35°E 40° E 45° E
Black Sea

r40° N

P
40° N- C’_
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Figure 1. Climatic stations in the study area
2.2. Data

The observed daily meteorological data for the period of five years (from the start of January 2016 up to the
end of December 2020) were obtained from the Turkish General Department of Meteorology which had recorded
by automated meteorological ground stations located in the Antalya airport, Elmali, Teffenni, and Ankara. The
height of the wind speed sensor in these measuring stations is 10 meters from the ground surface while the
temperature and relative humidity, and sunshine duration sensors are installed two meters high from the surface,
respectively (MGM, 2022). The daily weather data for the same period and sensor were downloaded from the
NASA POWER website (NASA POWER, 2022) for each station based on their geographic coordination points
(Table 1).

107



Halimi & Karaca & Biiyiiktas
Evaluation of NASA POWER Climatic Data against Ground-Based Observations in the Mediterranean and Continental Regions of Turkey

2.3 Method

We selected Antalya airport, Elmali, and Teffenni stations in the Mediterranean, and the Ankara station in the
continental climate region of Turkey. Since the elevation of these measuring stations varies from each other,
therefore, we expected to test NASA POWER weather variables in different elevation and climatic regions. All
observed daily weather parameters (average temperature (°C), maximum temperature (°C), minimum temperature
(°C), relative humidity (%), and wind speed (m s*) have been processed for quality check by R-Instat software.
One-day missed measuring data were interpolated from one day before and after the missing day based on the
linear regression method. The continued missed values for more than a day were deleted from the database.
Furthermore, we used a total number of (1827) clear values for all variables in the measuring stations of Antalya
airport, Ankara, and Elmali while the total number of clear daily values used for temperature variables, relative
humidity, and wind speed in Teffenni station was 1823, 1793, and 1823, respectively. The measured and estimated
datasets were evaluated based on determination coefficient (R?), Nash-Sutcliffe Efficiency (NSE), Root Mean
Square Error (RMSE), Normalized Root Mean Square Error (NRMSE), and Mean Bias Error (MBE) that were
listed in equations (1-5) given below:

R = LR (Eq.)
S (xi-x) 2, (vi-Y)

RMSE = |H=®rD (Ea.2)

NRMSE = RMiSE 100 (Ea.3)

MBE = Z= ) (Eq-4)

where Xi, Yi, Xi, and Yi represents observed, estimated values, mean observed, and mean estimated values,
respectively. Each sample is demonstrated by (i) and the number of samples pinpointed as (n) in the equations.
The best and worst determination coefficient values for RZ and NSE presented more than 0.75 up to 1 and less than
0.25 respectively (Henseler et al., 2009). The smaller value, the better accuracy defines RMSE, and the goodness
of fit is below than 15% shown by NRMSE. The MBE measures the over or underestimation of predicted data
through its positive and negative values (Willmott and Matsuura, 2006).

3. Results and Discussion
3.1. Evaluation of NASA POWER daily mean, maximum and minimum temperature

The NASA POWER successfully proved the estimation of daily mean, minimum and maximum temperature
in all stations indicating a relation coefficient value of higher than 0.9, showing an excellent accuracy when
compared with five years of daily observed data in different altitudes of the study area (Figure 2-4). These results
were obtained by adopting the determination coefficient and other statistical calculations performed in Table 2.

The POWER mean temperature indicators demonstrated a maximum RMSE of 3.05 °C day* and MBE of -
2.74 °C day* for Ankara station followed by Antalya and Teffenni stations recording MBE and RMSE of -1.62°C
day?, 2.45°C day? and -0.09, 1.37, respectively, while Elmali station kept its positive MBE of 1.13°C day*. The
POWER mean temperature’s underestimation slightly increased in Antalya and Ankara regions. According to
mentioned statistical criteria illustrated in Table 2, the POWER mean temperature estimation was successful in
Elmali and Teffenni regions but there was a slight underestimation in Ankara and Antalya stations (Figure 2).
Similarly, the relation of simulated maximum temperature was sufficiently high in the Teffenni region (Figure 3)
having the RMSE, MBE, and NSE of 1.69 °C day*, -0.84°C day, and 0.96 respectively. Additionally, maximum
RMSE was calculated in Antalya 2.78°C day™* followed by Ankara 2.46 °C day* and Elmali 2.39 °C day*
(Table 2). The maximum MBE -1.95 °C day* determined in Ankara; describing an underestimation of about 2°C
in the region. Despite, representing a high determination coefficient of NASA POWER minimum temperature
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Figure 2. The relation of NASA POWER daily estimated and measured mean temperature
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Figure 3. The relation of NASA POWER daily estimated and measured maximum temperature
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Figure 4. The relation of NASA POWER daily estimated and measured minimum temperature
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Table 2. Statistical evaluation of observed and NASA POWER predicted daily temperature parameters

Parameter Station R? RMSE NRMSE MBE NSE
Antalya airport  0.96 2.45 0.12 -1.62 0.88
Mean Temperature (°C) Elmali 0.96 1.95 0.14 1.13 0.94
Teffenni 0.98 1.37 0.10 -0.09 0.97
Ankara 0.98 3.05 0.22 -2.74 0.87
Antalya airport  0.93 2.78 0.11 -1.13 0.87
Maximum Temperature (°C) Elmal 0.96 2.39 0.11 -1.35 0.93
Teffenni 0.98 1.69 0.08 -0.84 0.96
Ankara 0.98 2.46 0.12 -1.95 0.93
Antalya airport ~ 0.91 3.02 0.20 -2.08 0.8
Minimum Temperature (°C) Elmalt 0.90 3.62 0.49 2.82 0.73
Teffenni 0.94 1.93 0.28 0.47 0.92
Ankara 0.93 3.8 0.46 -3.19 0.74

with the ground-based measured minimum temperature in the study area, The POWER data had underestimated
minimum temperature by 3°C in Ankara regions, showing the effect of continental climate in this region (Figure
4). Ankara station has shown a negative MBE -3.19°C day* followed by Antalya station having a daily -2°C of
underestimation, while Elmali showed a positive MBE 2.82°C day™ value pinpointing a slight overestimation.
This variable was normally estimated in the Teffenni station showing a daily MBE of 0.47°C day™ (Table 2).

The comparison of temperature data showed good agreement with POWER temperature variables in the
Mediterranean region of Turkey. There was a high relation (R? > 0.9) of NASA POWER temperature variables in
the study area with different elevations while White et al. (2008) reported a relationship of less than (R? < 0.88) in
major parts of the USA. They concluded that temperature has highly affected by elevation in the mountainous and
coastal area while our results showed that elevation and coastal regions do not affect temperature variables. We
assume that this variability might be due to other sources of errors such as industrialization, land-use intensity, and
land cover variability, which can affect temperature variables, specifically the maximum temperature.
Furthermore, temperature variables might be affected by point-based and regional-based correlations since
regional-based temperature might be higher in residential areas, industrialized regions, and rock lands in
comparison to the dense vegetation and well-covered grasslands. On the contrary, the minimum temperature might
fall much more down during the night throughout the winter season. These factors could be sensed in regional-
based POWER temperature variables pixel by pixel while point-based POWER temperature variables are not
exposed to mentioned factors. Additionally, a good correlation of point-based POWER temperature variables was
proved in various regions including the Mediterranean, desert lands, and the mountainous area when they reported
a good correlation of point-based POWER temperature variables in Egypt and Oman (Aboelkhair et al.,2019, and
Marzouk, 2021). The NASA POWER temperature data at the two-meter above surface is implying the reliability
and accuracy of these datasets around the globe. Hence, we can strongly suggest the applicability of NASA
POWER temperature variables as the complement of missing data or applying instead of measured low-quality
temperature parameters in the study area.

3.2. Evaluation of NASA POWER daily relative humidity

Based on the data shown in Table 3 and Figure 5, the estimated daily relative humidity from the POWER
reanalysis dataset was shown a good relationship with the observation data except for the Antalya airport station,
showing the R? of 0.4 and MBE of -2.33%. The maximum R? value (0.77) and MBE (9.13%) were recorded in the
Ankara-based station followed by the Teffenni (R>=0.72) and Elmal: (R?=0.70) stations with the MBE of 2.27%
and 5.32% respectively.

Table 3. Statistical evaluation of observed and NASA POWER predicted daily relative humidity (%)

parameter
Station R? RMSE NRMSE MBE NSE
Antalya airport 0.41 13.81 0.22 -2.33 0.26
Elmali 0.69 12.24 0.21 5.32 0.59
Teffenni 0.72 9.72 0.16 2.27 0.64
Ankara 0.77 12.48 0.22 9.13 0.48
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Figure 5. The relation of NASA POWER daily estimated and measured mean relative humidity

Based on the literature review, NASA POWER has estimated a slightly lower percentage of relative humidity
in lower altitudes. However, a higher relation between POWER estimated relative humidity was recorded in higher
elevation (Table 3). This little uncertainty could be obvious for estimating RMSE 13.81% and 12.48% for Antalya
and Ankara stations respectively. The RMSE and R? for Elmali and Teffenni Stations were 12.24%, 0.69 and
9.72%, 0.72 respectively. Generally, the estimated relative humidity showed an acceptable relationship in different
part of the Mediterranean region and a good correlation to regions with a stable climate and higher elevation. The
previous study carried out in Brazil by Monteiro et al. (2018) also reached the same conclusion regarding the effect
of elevation and Mediterranean on the estimation of relative humidity by NASA POWER. However, Aboelkhair
et al. (2019) stated disagreement of NASA POWER-based estimation of monthly relative humidity with a
relationship of (R?<0.1) in coastal weather stations but our result for daily relative humidity shows a relationship
range of (R?=0.7 or >0.5) in the Mediterranean and continental regions. Therefore, we can conclude that distance
from the sea might affect the correlation of POWER relative humidity.

3.3. Evaluation of NASA POWER daily wind speed

NASA POWER estimated wind speed showed the lowest relation with the observation variable among all
parameters (Table 4). The maximum R? (0.45) of estimated wind speed was shown in the Antalya station
describing disagreement of estimated wind speed values with the observed data (Figure 6).

These values gradually decreased for Teffenni, Elmali, and Ankara stations with a much lower determination
coefficient of (0.45), (0.35), and (0.18), respectively. Furthermore, the lowest RMSE and MBE were recorded 0.33
m st and -0.47 m s for Antalya airport followed by Elmali station with an RMSE and MBE of 1.23 m s and
1.01 m s respectively. The higher RMSE (2.07 ms?) and MBE (1.74 ms™) was found in Teffenni station
followed by Ankara which represented 1.68 m s of RMSE and 1.13 m s'*of MBE in the study area (Table 4).

Table 4. Statistical evaluation of observed and NASA POWER predicted daily relative humidity

parameter
Station R? RMSE NRMSE MBE NSE
Antalya airport 0.45 0.33 0.33 -0.47 0.32
Elmali 0.35 1.23 0.94 1.01 -6.93
Teffenni 0.45 2.07 2.05 1.74 -36.46
Ankara 0.18 1.68 0.82 1.13 -1.81

Wind circulations prevalence remained challengeable in the territory of Turkey due to its being surrounded on
three sides by the sea and varied topography. Rapid changes of pressure and availability of high-altitude mountains
across the study area interrupt wind speed and its direction to the region (Malanotte-Rizzoli and Bergamasco,
1989). This could be very apparent withinside the Ankara area with its surrounding high mountains that decrease
the influence of the Mediterranean weather and create a different microclimate in central Anatolia. The rugged
topography and surrounding oceans are the main reasons that affect wind speed and its direction and are tough to
be estimated by weather global models before adjusting for elevation and seasonal bias correction.
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Figure 6. The relation of NASA POWER daily estimated and measured mean wind speed

4, Conclusions

Weather data is a notable factor for water resource management. However, data availability with good quality
is still a significant challenge in the majority of the regions around the world. Therefore, assessing the usefulness
of applying daily reanalysis data like NASA POWER as an alternative to ground observations is highly required.
The results showed a high relation between the POWER reanalysis dataset and observed data for all parameters
except wind speed. For maximum, minimum, and mean temperature, the coefficient of determination (R?) and
Nash Sutcliff model efficiency (NSE) achieved higher than 0.91 and 0.88, respectively. The mean bias error (MBE)
ranged between -3 °C to +2 °C, and the root mean square error (RMSE) reached less than 4°C in all stations.
Additionally, POWER estimated data correlation accuracy for temperature variables increase toward higher
altitudes in the study area. Similarly, this performance was followed by relative humidity, increasing correlation
accuracy toward higher elevated regions. The R? was higher than 0.69 in higher altitudes and less than 0.4 in lower
elevations. The MBE for relative humidity ranged from -2 % in Antalya to +9% in Ankara, and RMSE attained
less than 13.81% in all regions. Our assessment's findings demonstrated that POWER-based data can estimate
most of the climatic data such as maximum, minimum, and mean temperature, and relative humidity with high
accuracy. However, wind speed and precipitation of NASA POWER simulated data estimations still need
improvements. To sum up, NASA POWER model-simulated data could be frightful to obtain weather data sets
where ground weather station data is not available. Nevertheless, additional studies suggested validating the use
of NASA POWER in estimation of water requirement through calculation of evapotranspiration, and crop yield
response to various weather parameters in the study area.
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Traditional Machine Learning-Based Classification of Cashew Kernels Using Colour
Features

Kaju Cekirdeklerinin Renk Ozellikleri Kullanilarak Geleneksel Makine Ogrenmesine Dayali
Simiflandirilmasi

Geofrey Prudence BAITUY, Omsalma Alsadig Adam GADALLA?, Yesim Benal OZTEKIN?
Abstract

Cashew is one of the major commercial commaodities contributing to the national economy of Tanzania as foreign
revenue. And yet still the processing of cashew is run locally using manual labour for a big part. If processed well
under ideal conditions, cashews kernels are expected to be white in colour. But due to various factors like prolonged
roasting in the steam chambers or over-drying, some cashew kernels tend to have a slight brown colour, and these
are referred to as scorched cashews. Despite sharing the same characteristics with white cashew kernels, including
nutritional quality, these cashew kernels are supposed to be graded differently. In many places around the world,
particularly in Tanzania, the sorting and grading process of cashew kernels is performed by hand. In international
trade, cashew grading is very important and this means more effective and consistent methods need to be applied
in this stage of production in order to increase the quality of the products. The objective of this study was to
evaluate the use of traditional Machine Learning techniques in the classification of cashew kernels as white or
scorched by using colour features. In this experiment, various colour features were extracted from the images. The
extracted features include the means (p), standard deviations (o), and skewness (y) of the channels in RGB and
HSV colour spaces. The relevant features for this classification problem were selected by applying the wrapper
approach using the Boruta Library in Python, and the irrelevant ones were removed. 5 models are studied and their
efficiencies analysed. The studied models are Logistic Regression, Decision Tree, Random Forest, Support VVector
Machine and K-Nearest Neighbour. The Decision Tree model recorded the least accuracy of 98.4%. The maximum
accuracy of 99.8% was obtained in the Random Forest model with 100 trees. Due to simplicity in application and
high accuracy, the Random Forest is recommended as the best model from this study.
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Oz

Kaju, Tanzanya'nin iilke ekonomisine dis gelir olarak katki saglayan baslica ticari iiriinlerden biridir. Kaju
cekirdeklerinin islenmesi, halen biiyiik lgiide el emegi kullanilarak yerel olanaklarla yapilmaktadir. Ideal
kosullarda iyi islenirse kajularin beyaz renkte olmasi beklenir. Ancak, buhar odalarinda uzun siire kavurma veya
agirt kurutma gibi ¢esitli faktorler nedeniyle, baz1 kaju gekirdekleri hafif kahverengi bir renge doniisebilmektedir.
Renk degistirmis bu kajulara kavrulmus kaju denir. Besin kalitesi de dahil olmak iizere beyaz kaju ¢ekirdekleri ile
ayni Ozelliklere sahip olmasina ragmen, renk ve goriinim tiiketicilerin kalite algisin etkiledigi igin bu kaju
¢ekirdeklerinin ayrilmasi gerekmektedir. Tanzanya basta olmak iizere diinyanin pek cok yerinde kaju
¢ekirdeklerinin ayirma ve smiflandirma islemi elle yapilmaktadir. Uluslararas ticarette, kaju siniflandirmasi ¢ok
onemli olup iiriin kalitesini artirmak i¢in tiretimin bu asamasinda daha etkili ve tutarli yontemlerin uygulanmasi
gerektigi anlamina gelir. Bu c¢aligmanin amaci, kaju c¢ekirdeklerinin beyaz veya kavrulmus olarak
siniflandirilmasinda renk 6zellikleri kullanilarak geleneksel Makine Ogrenmesi tekniklerinin kullaniminin
degerlendirilmesidir. Bu ¢aligmada, goriintiilerden farkli renk 6zellikleri ¢ikarilmigtir. Cikarilan 6zellikler, RGB
ve HSV renk uzaylarinda kanallarin ortalamalar1 (p), standart sapmalar1 () ve garpikligin (y) igerir. Python'da
Boruta Kiitiiphanesi kullanilarak sarmal (wrapper) yontemi uygulanarak bu smiflandirma problemi igin ilgili
ozellikler se¢ilmis ve ilgili olmayanlar ¢ikarilmistir. Bu ¢alismada 5 model ¢alisilmis ve verimlilikleri analiz
edilmistir. Degerlendirme teknikleri Lojistik Regresyon, Karar Agaci, Rastgele Orman, Destek Vektér Makinesi
ve K-En Yaki Komsu (KNN) yontemleridir. Karar Agacit modeli, %98.,4 ile en diisiik dogrulugu vermistir. 100
agacli Rastgele Orman modelinde maksimum %99,8 dogruluk elde edilmistir. Uygulamadaki basitligi ve yiiksek
dogrulugu nedeniyle Rastgele Orman bu galisma i¢in en iyi model olarak 6nerilmektedir.

Anahtar Kelimeler: Lojistik Regresyon, Karar Agaci, Rastgele Orman, Destek Vektdr Makinesi ve K-En Yakin Komsu
(KNN), Kaju fistig1
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1. Introduction

The cashew tree (Anacardium occidentale) is an evergreen tropical tree of the Anacardiaceae family that
produces cashew nuts and cashew apples. This tree can grow to a height of 8-20 m depending on different factors
like climate and soil characteristics, also there are dwarf cultivars that can be as short as 6 m (Catarino et al., 2015).
In general, all types of nuts have numerous health benefits to humans (Karcik and Tasan, 2018). With different
kinds of nuts in the market like, pistachios, macadamias, peanuts, almonds and hazels, the low sugar, rich fibre,
heart-healthy fats and plant protein content of cashew nuts make them one of the most edible nuts in the world
(Kilanko et al., 2020). Tanzania is one of the cashew producers in the world and due to its good soil condition and
favourable weather, Tanzania is famous for producing premium quality cashew nuts. Cashew nut plays a major
role in Tanzania’s economy as one of the main cash crops, in the season 2019/20 about 232.7 tons of cashew were
produced showing an increase in production from the previous crop season where 225.1 tons were produced as
indicated in (Figure 1), (Faria, 2021). Cashew nut processing can be summarized into six steps which are roasting,
cutting, drying, humidifying, peeling and grading (Muniz et al., 2006). In order to meet international standards,
the grading process becomes a crucial part so, it has to be done carefully (Kumar et al., 2013). Based on their size,
shape and colour cashew kernels are visually inspected and graded into grades. Currently, in many places the
sorting and grading process is done manually by using human labour, this makes the process tedious, subject to
human errors, inconsistent as well as time-consuming and this raises a concern to apply automated ways to perform
this task (Mehak and Veena, 2018). The use of mechanization for agriculture production has a crucial significance
in the quality of the product (Ozpmar and Gay, 2018). And as mechanization is for human physical labour, so is
artificial intelligence for human mind labour.
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Figure 1. Cashew production in Tanzania between 2014 and 2020 (Faria, 2021).

Computer-based vision and machine vision technologies are relatively economical, consistent, flexible and
reliable and have over and over proven to have superior accuracy (Du et al., 2016). Ahmadabadi et al., (2017) used
Support Vector Machine to design and develop an online grading system for peeled pistachio nuts equipped with
machine vision technology. Various models with different kernel functions were developed and tested, and the
highest accuracy of 99.17% was obtained from a model using the cubic polynomial kernel function. Nagpure and
Joshi (2016) also did a study to grade cashew nuts on the bases of colour, texture and size by applying the K-
Nearest Neighbours classifier. A Feed-Forward Neural Network model using colour features extracted from Red
Green Blue (RGB) images was used to classify cashew kernels into six grades with a classification rate of 80%
(Ganganagowdar and Siddaramappa, 2011a). Also, another study was done to classify white whole cashew kernel
using texture features. In this study, a Multilayer Feed-Forward Neural Network was used, and the accuracy of this
algorithm was 90% (Ganganagowdar and Siddaramappa, 2011b). A novel intelligent model extracted 24 colour
and 16 morphological features of the cashew kernel and used a Multilayer Perceptron ANN to recognize and
classify white wholes into different grades using a Backpropagation learning algorithm and attained a classification
of 88.93% (Ganganagowdar and Siddaramappa, 2016). Vidyarthi et al. (2020) applied four different deep
Convolutional Neural Network models, which are VGG-16, ResNet50, Inception-V3 and a custom model to
classify cashew kernels into five categories. The overall minimum accuracy of all the models was 95.1%. A study
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was done by Aran et al., (2016) to find out the effect of different features in the grading of the cashew kernel. In
this study, colour, texture, shape and size features were extracted and tested on five different classification
algorithms (i.e., Random Forest, Multilayer Perception, Multi-class classifier, Regression and Backpropagation
Neural Network (BPNN)). The results revealed that BPNN had the best accuracy of about 96.8%. Sunoj et al.,
(2018) used the morphological features and shadows from cashew kernel images to classify whole and split cashew
kernels. In this study, a single point light source inclined at 56° was used to generate cashew shadows, which were
then processed in the ImageJ plugin. The classification algorithm developed in this study used object shadows and
surface grayscale-intensity-profile for the whole and split-up cashews, respectively, and it had a 100% accuracy.
Babu et al. (2012) developed an intelligent classifier model by extracting colour features of the cashew kernel and
passing them as inputs into the Neural Network system. The system had an accuracy of 86% in classifying the
cashew kernels into different grades. Mehak and Veena (2018) implemented two classification techniques to
develop an accurate and efficient classification model for industrial cashew kernel grading. Eight cashew grades
were used in this study. Support Vector Machine had an accuracy of 85% when running with the One-vs-All
algorithm. When the One-vs-One algorithm was used, the accuracy increased to 90.6%. The highest accuracy
observed in this study was in the Random Forest classifier, where the maximum recorded accuracy was 94.28%.
Nadar and Kundargi (2018) used the Bayes algorithm to build a classification model in MATLAB 7.8 to classify
the cashew kernels by analysing the shape parameters of the cashew kernel (i.e., length (L), width (W) and
thickness (T)). Another study was performed by Thakkar et al. (2011) to evaluate the performance of different
classification algorithms in cashew nuts grading systems. In this study, the physical properties of the cashew
kernels were extracted and used as attributes for the classification model. Various classification algorithms were
tested, including; ML-Perceptron KNN, Naive Bayes SVM and Decision Tree. The results of the study were as
follows; ML-Perceptron had a classification accuracy of 86%, Decision Tree-79%, K-Nearest Neighbour- 76%,
Naive Bayes-81% and SVM had an accuracy of 77%.

Computer vision has been widely applied in agricultural product inspection, and more studies are still being
carried out to improve this technology. In the experiments listed above, we can see how various textural,
morphological, colour features have been used to classify the cashew kernels in different ways. Most of the studies
performed used representational machine learning approaches to classify the cashew kernels. There has not been
an experiment done to study the effect of colour features in the classification of cashew kernels using traditional
machine learning. In this study, the main objective was to study the usefulness of the colour features in the
classification of cashew kernels into white and scorched categories. The emphasis was put on using traditional
machine learning-based algorithms to classify the cashew kernels instead of using the representational machine
learning algorithms. The algorithms were written using the Python programming language and run in Spyder
integrated development environment.

2. Materials and Methods
2.1. Experiment samples

The cashew kernel samples were obtained from the Tanzania Agricultural Research Institution Centre in
Naliendele (TARI Naliendele), located at 10° 22’ 20S, 40° 10’ 34“E along the coastal belt of the Indian Ocean.
The samples were raw and included the scorched and white whole classes of cashew kernel. The samples were
inspected and stored at room temperature. A total of 1000 cashew kernels (both white and scorched) were collected
for the experiment.

2.2. Image acquisition

Like other computer vision studies, the first step was the acquisition of samples’ images. In this experiment, a
high-resolution Guppy Pro F-032 camera was utilized to capture the images and store them in Portable Network
Graphics file format (PNG). The size of the image used was 120x120. By using a tripod stand, the camera was
fixed at a constant distance from the base, where the samples were placed. A black surface was used as a
background in this experiment. Proper lighting is very essential in acquiring images with the best quality. In this
experiment, two 8-watt fluorescent lamps were used as the source of light in the image acquisition chamber.

2.3. Image pre-processing and segmentation

After the image acquisition process, the images may need to be pre-processed to make the following steps free
of error and easier. Noise is one of the most unavoidable problems in image acquisition. So, after the images were
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captured, they were pre-processed to remove noise. Later, image segmentation was performed to remove the
background of the image retaining only the object of interest while keeping the colour information of the original
cashew kernel after segmentation. To achieve the image segmentation process, the system should first detect the
object from the background. Threshold segmentation technique was applied in this study, as explained by (Dong
etal., 2013). Various threshold values were tested until an optimal threshold value with maximum spread between
the foreground and the background was found.

2.4. Feature extraction and feature selection

The features used in this study to classify the cashew kernels were the colour features of the cashew kernels. A
wide range of colour features can be extracted from an image, but the colour moments are the most prominent
features that can define the characteristics of the image. Among the colour moments, the most important ones used
in image retrieval applications are the low order moments. Different colour features were extracted from the
captured images and the features that were extracted in this experiment include the means (p), standard deviations
(o), and skewness (y) of the red (R), green (G) and blue (B) channels from the RGB colour space, the hue (H),
saturated (S) and value (V) channels from the HSV colour space, the excess blue (2B-G-R), excess green (2G-R-
B) and excess red (2R-G-B). The mean (p), standard deviation (o), and skewness (y) of the pixels in the image
were calculated using the following equations, respectively (Aran et al., 2016).

Mean(u) = ?’:1%3" (Eq.1).
Standard deviations (o) = \/(%Z?’:l(Pij — E)?) (Eq.2).
Skewness (1) = |G )y (Py - ) (Eq3)

A total of 21 features were extracted from the images. To improve the efficiency of a classification model and
decrease the running time, it is highly recommended to use only the important features and get rid of irrelevant
features. This process is called feature selection. In this experiment, feature selection was done in Python using the
Boruta Library, which uses the wrapper approach to select the relevant features by building a random forest
classifier.

2.5. Classification models

With the development in technology, the invention of machine learning has proven to be very useful in different
areas. Machine learning generally means the computer can learn to perform a particular task without being detailed
programmed to do so. Firstly, the computer learns from specific data then it can work on new data on its own.
Generally, we can group machine learning models into two groups depending on the kind of data fed into the
system. The first type is traditional machine learning. These are algorithms that usually use numerical features as
input. In traditional machine learning, the choice of the algorithm and the input data (features) to be used is
determined by the expert. On the other hand, we have representational machine learning which can take
unstructured data like videos and photos as input and learn from these data the significant features to focus on
without the expert having to extract and specify the features. In this experiment, five traditional machine learning
models were tested and studied for classifying the cashew kernel into white and scorched classes using the selected
colour features. These models are Logistic Regression, Decision Tree, Random Forest, Support Vector Machine
and K-Nearest Neighbour model.

3. Results and Discussion
3.1. Data collection

Out of the 1000 collected cashew kernels samples, 812 were selected and captured for the experiment. 402 of the
captured images were scorched and 410 were white. (Figure 2) shows an example of the images captured in this
experiment. 67% of these samples were used for training the model, the rest 33% were spared for testing the model.
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Figure 2. Sample of the captured cashew kernels scorched nut on the left, white nut on the right.
3.2. Image segmentation

Different threshold values were tested to segment the foreground from the background in Python and the threshold
of 60 was found to have the best performance. This threshold value was used to segment the images in a sense that the
pixels with intensity value less than 60 were not processed and those with intensity value greater than 60 were assigned
a constant value to create a mask that can be applied to the original image to segment the foreground from the
background. (Figure 3) show the stage an image went through from an original image to the segmented image both for
white and segmented.

a b C d
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a b c d

Figure 3. Raw image segmentation stages

3.3. Feature selection and extraction

This experiment used the colour features of the cashew kernels to classify them into white or scorched categories.
21 colour features were extracted and after evaluating the effectiveness of all features in predicting the category of the
cashew kernels only 14 features were found to have a significant effect and the other irrelevant 7 features were left out.
(Table 1) below shows the list of features used and those left out.

Table 1.List of accepted and rejected features

No. Feature Status No. Feature Status

1. Red Mean Rejected 12.  Excess Blue Rejected
2. Green Mean Rejected 13. Hue Mean Accepted
3. Blue Mean Accepted 14.  Saturated Mean Rejected
4, Red Std Accepted 15.  Value Mean Rejected
5. Green Std Accepted 16.  Hue Std Accepted
6. Blue Std Accepted 17.  Saturated Std Accepted
7. Red Skewness Accepted 18.  Value Std Accepted
8. Green Skewness Accepted 19.  Hue Skewness Accepted
9. Blue Skewness Accepted 20.  Saturated Skewness Accepted
10.  Excess Red Rejected 21.  Value Skewness Accepted
11.  Excess Green Rejected
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3.4. Classifiers

Five traditional Machine Learning models were evaluated in this study, the classification accuracy, recall, precision
and F1_score were used for comparison of the models. (Table 2) below shows a summary of classification report for
all the models tested. The first model was Logistic Regression, the accuracy of this model from the validation was
found to be 99.6%. (Figure 4) below shows the confusion matrix of the Logistic Regression model for this classification
problem.
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Figure 4. Logistic Regression model confusion matrix

The second model to be tested was the Decision Tree model. The classification Decision Tree implicated in this
experiment used the Gini impurity as a deciding factor at the split nodes. The accuracy of the Decision Tree in this
experiment was found to be 98.1%. (Figure 5) below shows the confusion matrix of the Decision Tree model for this

classification problem.
- 120
3 -100
- 80
- 60
A 2 -40
-20

Scarched White

Scarched

Actual Cashew Kernel Category

White

Predicted Cashew Kernel Category

Figure 5. Decision Tree model confusion matrix

A Random Forest is a correction of many decision trees so, it is an improvement of the Decision Tree method. First,
a Random Forest with 10 trees was used and the accuracy was 98.5%. Later the number of trees was increased to 100
trees, and the accuracy elevated to 99.8%. (Figure 6) below shows the confusion matrix for the two Random Forest
models tested for this classification problem.

A Support Vector Machine was also used in this classification. The accuracy of the Support Vector Machine
algorithm was 99.6%. (Figure 7) below shows the confusion matrix of the Decision Tree model tested for this
classification problem.

Last but not least, the samples were tested in the K-Nearest Neighbour algorithm. First, the value of K was set to 7
and the accuracy of the system was found to be 98.8%. Upon decreasing the value of K to 5 the accuracy increased to
99.5%. The maximum accuracy was obtained after lowering the value of K down to 3 where we got 99.7% accuracy.
(Figure 8) below shows the confusion matrix for the three KNN models tested for this classification problem.

(Table 2) show the summary of the test algorithms with their performance accuracies, recall, precision and F1
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Table 2. Classification performance of the tested model

No. Classification Method Classification Recall  Precision F1_score
Accuracy
1. Logistic Regression 99.6% 0.9925 0.9987 0.9962
2. Decision tree 98.1% 0.9849 0.9776 0.9812
3. Random 10 Trees 98.5% 0.9774 0.9923 0.9848
Forest
100 Trees 99.8% 0.9924 0.9991 0.9982
4, Support Vector Machine 99.6% 0.9925 0.9987 0.9962
5. K- Nearest K=7 98.8% 0.9874 0.9922 0.9898
Neighbour ~ K=5 99.5% 0.9901  0.9989  0.9951
K=3 99.7% 0.9913 0.9990 0.9975
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4. Conclusion

Cashew kernel classification is still a very big problem in many places where manual labour is used extensively.
This means that still there is a need to apply computer vision-based classification techniques to help improve the
efficiency of the classification process as well as lower the overall operation costs. This study aims to evaluate the
effectiveness of colour features in the classification of cashew kernel into white and scorched categories. From the
results obtained, the colour features have proved to be effective in the classification of the cashew kernels into these
two categories. All the tested traditional Machine Learning techniques have given promising results in this
classification. Random Forests are usually easy to construct and with the accuracy obtained in this study, it would be
more practical to prefer Random Forest for this classification.

Acknowledgment

This work was supported by Ondokuz Mayis University (Project No: PYO.ZRT.1904.22.010), Turkey.

123



Baitu & Gadalla & Oztekin
Traditional Machine Learning-Based Classification of Cashew Kernels Using Colour Features

References

Ahmadabadi, H.N,. Omid, M., Mohtasebi, S.S,, Firouz, M.S. (2017). Design, development and evaluation of an online grading system for peeled
pistachios equipped with machine vision technology and support vector machine. Information Processing in Agriculture, 4(4): 333-341.

Aran, M., Nath, G,A., Shyna, A. (2016). Automated Cashew Kernel Grading Using Machine Vision. 2016 International Conference on Next
Generation Intelligent Systems (ICNGIS). 1-3 September, P.1-5. Kottayam, India.

Babu, C.S., Thota, L.S., Rao, A.A., Hanuman, T., Rambabu, P., Sankar. Y.V.P., Maroju. S.P., Seshagiri. A., Medisetty. R., Al-Ahmari. A.M.,
Mesrie. A., Al-Shehri, A., Al-Hanif, A.K.A. (2012). Intelligent model to classify cashew kernels. International Journal of Engineering
and Innovative Technology, 2(6): 294-302.

Catarino, L., Menezes, Y., Sardinha, R. (2015). Cashew cultivation in Guinea-Bissau — risks and challenges of the success of a cash crop.
Scientia Agricola, 72(5): 459-467.

Dong, Y., Li, M., Sun, Y. (2013). Research on threshold segmentation algorithms. Advanced Materials Research, 860-863: 2888-2891.

Du, C.J., He, H.J., Sun, D.W. (2016). Chapter 4 - Object Classification Methods. Computer Vision Technology for Food Quality Evaluation.
Academic Press, San Diego.

Faria, J. (2021). Production Volume of Cashew Nuts in Tanzania from The Crop Season 2014/15 to The Crop Season 2019/20.
https://www.statista.com/statistics/1184534/production-volume-of-cashew-nuts-in-tanzania/ (Accessed date: 07.01.2022) from Statista.

Ganganagowdar, N.V., Siddaramappa, H.K. (2011a). Cashew kernels classification using colour features. International Journal of Machine
Intelligence, 3(2): 52-57.

Ganganagowdar, N.V., Siddaramappa, H. K. (2011b). Cashew kernels classification using texture features. International Journal of Machine
Intelligence, 3: 45-51

Ganganagowdar, N.V., Siddaramappa, H.K. (2016). Recognition and classification of White Wholes (WW) grade cashew kernel using artificial
neural networks. Acta Scientiarum. Agronomy, 38: 145-155.

Karcik, H., Tagan, M. (2018). Determination of heavy metal contents in some organic certified dried nuts. Journal of Tekirdag Agricultural
Faculty, 15(2): 101-111.

Kilanko, O., Ojolo, S.J., Leramo, R.O., llori, T.A., Oyedepo, S.O., Babalola, P.O., Fayomi, O.S., Onwordi, P.N., Ufot, E., Ekwere, A. (2020).
Dataset on physical properties of raw and roasted cashew nuts. Data in Brief, 33: 106514

Kumar, J.A., Rao, P.R., Desai, A.R. (2013). Cashew kernel classification using machine learning approaches. Journal of the Indian Society of
Agricultural Statistics, 67(1): 121-129.

Mehak, A., Veena, D. (2018). A machine vision-based approach to cashew kernel grading for efficient industry grade application. International
Journal of Advance Research, ldeas and Innovations in Technology, 4(6): 865-871.

Muniz, C.R., Freire, F.C., Lemos, E., Pinto, G.A., Figueiredo, E.A., Figueiredo, R.W. (2006). Effect of processing conditions on the
microbiological quality of cashew nuts. Brazilian Journal of Food Technology, 9(1): 33-38.

Nadar, W., Kundargi, J.M. (2018). Classification of cashew based on the shape parameter. International Journal of Engineering Research and
Technology, 2(4): 159-163.

Nagpure, V., Joshi, K. (2016). Grading of cashew nuts on the bases of texture, color and size. International Journal on Recent and Innovation
Trends in Computing and Communication, 4(4): 171-173.

Ozpinar, S., Cay, A. (2018). The role of agricultural mechanization in farming system in a continental climate. Journal of Tekirdag Agricultural
Faculty 15(2): 58-72.

Sunoj, S., lgathinathane, C., Jenicka, S. (2018). Cashews whole and splits classification using a novel machine vision approach. Postharvest
Biology and Technology, 138: 19-30.

Thakkar, M., Bhatt, M., Bhensdadia, C.K. (2011). Performance evaluation of classification techniques for computer vision based cashew
grading system. International Journal of Computer Applications, 18(6): 9-12.

Vidyarthi, S., Singh, S., Tiwari, R., Rai, R. (2020). Classification of first quality fancy cashew kernels using four deep convolutional neural
network models. Journal of Food Process Engineering, 43(12): 1-13.

124



. Ocak/January 2023, 20(1)
o t CI f Journal of Tekirdag Agricultural Faculty Bagvuru/Received: 11/03/22
Kabul/Accepted: 06/10/22

Tekirdag Ziraat Faklltesi Dergisi DOI: 10.33462/jotaf. 1086419

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

ARASTIRMA MAKALESI RESEARCH ARTICLE
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Abstract

In the study, seasonal changes in follicle-stimulating hormone (FSH), lutein hormone (LH), total testosterone
(TTH), and Free Testosterone Hormone (FTH) of Saanen goats were investigated. In order to determine the
hormone levels between February 2019 and December 2019, blood samples were taken from bucks (n=6) twice a
week during the entire trial. FSH level started to decrease relatively after August and the lowest value was
determined as 173.01 mlU/ml in January. The difference between the months in the mean FSH level was found to
be significant (p <0.05). The highest LH level was obtained in July (13.12 mlU/mL) and the lowest level (8.02
mIU/mL) was obtained in May. However, during the mating season, the increase in LH level was found to be
similar to the FSH level. The difference in LH levels by months was found to be statistically significant (p<0.05).
Total testosterone level was similar to FSH and LH levels. The highest and lowest total testosterone hormone
(TTH) levels in March and January, respectively; 3.03 ng-/mL and 0.62 ng-/-mL. The highest free testosterone
hormone (FTH) level was 119.69 pg/ml in August and the lowest was 29.09 pg/ml in December. The difference
between FTH by months was significant (p<0.05). The effect of day length on seasonal variation of reproductive
hormones in Saanen bucks is statistically significant (p<0.05). As a result, it was determined that reproductive
hormone levels in Saanen bucks depend on the season and the release levels are significantly affected by climatic
factors such as day length. To summarize, there is a need for more different studies including sampling frequency,
sampling time as well as sample size, and other environmental factors in order to examine the effects of male
reproductive characteristics and other important hormones in bucks in more detail to interpret the results more
accurately.
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Oz

Arastirmada, Saanen tekelerine ait folikiil uyarici hormon (FSH), Iutein hormon (LH), toplam testosteron (TTH)
ve Serbest Testosteron Hormonunun (FTH) mevsimsel degisiklikleri incelenmistir. Subat 2019 ile Aralik 2019
arasindaki aylarda hormon diizeylerinin belirlenmesi i¢in tekelerden (n=6) haftada iki kez olmak tizere tim deneme
stiresince kan ornekleri alindi. FSH diizeyi, agustos ayindan sonra goreli olarak diismeye baslamis ve en diisiik
deger ocak aymda 173.01 mlU/ml olarak belirlenmistir. FSH diizeyi ortalamalarinda aylar arasindaki fark anlamli
bulunmustur (p <0.05). En yiiksek LH diizeyi Temmuz (13.12 mIU/mL) ve en dusiik diizey ise (8.02 mIU/mL)
mayis ayinda elde edilmistir. Ancak ¢iftlesme mevsiminde, LH diizeyindeki artisin FSH diizeyiyle benzer oldugu
saptanmigtir. Aylara gére LH diizeylerindeki fark istatistiksel olarak 6nemli bulunmustur (p<0.05). Toplam
testosteron diizeyi, FSH ve LH diizeyi ile benzerlik gostermistir. Mart ve ocak aylarinda en yiliksek ve en diisiik
toplam testosteron hormonu (TTH) diizeyi sirasiyla; 3.03 ng-/mL ve 0.62 ng-/-mL dir. En ylksek Serbest
testosteron hormonu (FTH) duzeyi agustos ayinda 119.69 pg/ml, en diisiik ise aralik ayinda 29.09 pg/ml olarak
belirlenmistir. Aylara gore FTH arasindaki fark anlamlidir (p<0.05). Saanen tekelerinde iireme hormonlarinin
mevsimsel degisimi tizerine giin uzunlugunun etkisi istatistiki olarak onemlidir (p<0.05). Sonug olarak, Saanen
tekelerinde iireme hormonu diizeylerinin mevsime bagli oldugu ve salim diizeylerinin giin uzunlugu gibi iklimsel
faktorlerden dnemli Slgiide etkilendigi belirlenmistir. Ozetlemek gerekirse, tekelerde erkek treme 6zellikleri ve
diger onemli hormonlarin etkilerini daha ayrintili incelemek ve sonuglarin daha saglikli yorumlanabilmesi igin
ornek alma sikligi, 6rnek alma zamaninin yani sira 6rnek biyiikligii ve diger ¢evresel faktdrlerin de iginde yer
aldig1 daha farkli ¢alismalara da ihtiyag vardir.

Anahtar Kelimeler: Saanen teke, Ureme hormonu, Mevsimsel degisim, Serbest testosteron hormonu, Yillik dongii
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1. Introduction

The seasonality of reproduction is influenced mainly by annual variations in the photoperiod. It means that
increase the proportionally to latitude such that reproductive and non-reproductive seasons for some farm animals
(Sharpe, 2003; Abecia et al., 2012; Vasantha, 2016). However, in animals raised in tropical regions, other
environmental factors other than day length also influence the mating season (Rosa and Bryant, 2003; Nakao et
al., 2008). The most obvious effects of seasonal variation in reproduction are seen in female mammalian farm
animals, cattle may be excluded (Koluman Darcan et al., 2013). These animals have a mating and anestrus period,
unlike poultry (Goodman and Inskeep, 2006; Cattanach et al., 1977). Males have a mating season similar to
females. (Chemineau et al., 1988; Cheng et al., 1981). Characteristics in male animals that change depending on
the season are respectively; sexual activity, semen production, testicular characteristics, and accordingly changes
in the level of reproductive hormones (Kafi et al., 2004; Zamiri and Khodaei, 2005; Todini et al., 2007; Zarazaga
et al., 2009).

FSH and LH hormones play an important role in spermatogenesis in male farm animals (Kumar et al., 1997;
Araki et al., 2000). However, studies in male mice suggest that a mutation occurring during FSH production
adversely affects both testicular and semen characteristics. In addition, growth retardation in reproductive organs
negatively affected Gn - RH production of spermatozoa capable of fertilization in mice (Cattanach et al.,1977;
Abdelrahman et al., 2019). FSH and LH hormones regulate the function of reproductive organs by a feedback
mechanism. The issue of how the inhibin hormone regulates FSH secretion in domestic mammal female animals
is still a research topic. Immunoneutralization of inhibin hormone in females has been studied in many animal
species such as the rat (Culler and Negro-Vilar, 1988), cattle (Kaneko et al., 1995), sheep (Mann et al., 1990), and
hamster (Kishi et al., 1997) and was observed to cause a certain increase in FSH secretion in most of the animals.

FSH and LH are important hormones in the reproductive physiology of both male and female organisms (Senok
et al., 2020). However, in male animals, testosterone is the most important gonadal hormone regulating both FSH
and LH secretion. As known, the role of the inhibin hormone, which acts as a regulator of FSH secretion, is largely
dependent on the species and age of the animal. However, the importance of inhibin hormone in the regulation of
FSH secretion in adult male animals varies between species (Martin et al., 1991; McKeown et al., 1997; Dias et
al., 2012). In this study, it was aimed to investigate the seasonal variations of some reproductive hormones in
Saanen bucks. For this purpose, the experiment was carried out to determine the annual cycles of FSH, LH, total
testosterone and free testosterone hormones of bucks.

2. Material and Method

This research was conducted under the supervision of the Ege University Animal Experiments Local Animal
Ethics Committee (number: 2017-0/90). This study was carried out on province, Turkey. The average annual
precipitation is 742 mm. Bornova district coordinates are latitude 38.4710 and longitude 27.2177. The highest and
lowest ambient temperature the in Bornova district in June and January months is 31°C and 5.3°C, respectively.
Relative humidity in the study area changes between 48 % and 79 %. The experiment animals consist of 2-year-
old 6 head Saanen bucks.

The barn where the goats were stabled has a total floor area of 72 m2 (12 individual pens x 6 m2). In addition,
there was a open-top area of 10 m2 in front of each pen. The energy content was 1.2 times the energy requirement
in flushing rations for bucks (NRC, 2007). Alfalfa hay (89.44% DM, 18.59% CP), and corn silage (87.21% DM,
9.88% CP) were fed concentrated feed (90.44% DM, 17.99% CP) 700 g was given to the animals individually in
the male units. There is at least one double and 8-liter capacity floated waterer in each pen in the facility. The staff
veterinarian of Ege University routinely performed health protection practices for all animals.

In this study, five-milliliter blood samples were taken (AYSET TUBE 8,5 mL Serum Sep Clot Activator) twice
a week from bucks (96 times/1 buck) to determine hormones level (Yarney and Sanford, 1983). Blood samples
were centrifuged at 5000 rpm for 10 minutes and then stored at -20 degrees Celsius. The blood serum was
performed by radioimmunoassay method. Levels of the free testosterone were measured by RIA kit (Immunotech
Beckman Coulter Company, RIA Testosterone: REF DSL4900), the sensitivity of this assay was 0.13 pg/mL of
serum. Levels of the testosterone were measured by RIA kit (Immunotech Beckman Coulter Company, RIA
Testosterone: REF IM1087), the sensitivity of this assay was 0.05 ng/mL of serum. Levels of the FSH were
measured by RIA kit (Immunotech Beckman Coulter Company, RIA Testosterone: REF IM3301), the sensitivity
of this assay was 0.17 IU/L of serum. Levels of the LH were measured by RIA kit (Immunotech Beckman Coulter
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Company, RIA Testosterone: REF IM1381), the sensitivity of this assay was 0.16 1U/L of serum. Analyzes on
hormones took place in the pharmaceutical laboratory of the nuclear center research at Ege University. Serum FSH,
LH, total and free testosterone hormone levels were analyzed using the SAS. Analysis was done on the monthly
individual average of the samples taken. The experiment (differences between months investigated for each
hormone parameter) were analyzed repeated measures analysis of variance (ANOVA). The difference between the
months was observed with Duncan Test (Gurbiz et al., 2003).

3. Results

FSH hormone level has higher values in between August and November in bucks compared to other months
due to the mating season. In all bucks, the highest value was obtained in August during the mating season. In
August, the mean value of FSH is 411.65 mlU/ml. FSH hormone level started to decrease relatively after August
and the lowest value was determined as 173.01 mlU/ml in January.

As expected, bucks first increased during the breeding season (between August and November), peaked in
August, and then decreased with the autumn season. The difference in FSH level among months was found to be
statistically significant. When the male goats were examined individually, the difference in FSH levels was
significant in August (p <0.05). Follicle Stimulating Hormone means were given in Table 1. Before the mating
season (January — July), the LH analysis revealed that the individual data of LH were very close to each other. The
figures are similar to FSH values. The highest LH levels were in July (13.12 mlU/mL) and the lowest in May (8.02
mlU/mL). However, by entering the mating season, it was found that LH values also increased as much as FSH
values. When the means were examined for a mating period, the highest and lowest LH values were 34.24 mlU/mL,
12.00 mIU/mL, respectively. LH values of the Saanen bucks were given in Table 1. The difference in LH levels
by months was statistically significant (p<0.05).

The TTH values (January - July) were found to be very close before the breeding season. The total testosterone
values showed a resemblance to the FSH and LH values. The highest and lowest TTH levels were 3.03 ng/mL and
0.62 ng/mL in March and January, respectively. However, the TTH value, at the start of the breeding season,
increased very rapidly similar to those of FSH and LH values. The highest TTH level was 14.85 ng/mL in August
and the lowest value was 3.99 ng/mL in December. The difference between the TTH values in terms of months
was significant (p<0.05). The total testosterone hormone (TTH) were given in Table 1.

Before the breeding season (January — July), the free testosterone hormone (FTH) level showed that the
individual values of FTH were very close to each other. The values of free testosterone (FTH) show a similarity
to FSH, LH, and TTH values. The highest FTH level in March was 10.76 pg/mL and the lowest was 0.82 pg/mL
in January. However, with the emergence of the breeding season, similar to that of FSH, LH, TTH, and FTH values
were also found to increase very rapidly. The highest FTH level in August was found to be 119.69 pg/mL and the
lowest was 29.09 pg/mL in December. The difference between the FTH by months was significant (p<0.05). FTH
values of Saanen bucks were given in Table 1.

Table 1. Hormones level changes by months (mlU/ml)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

FsH 17301 17658 17647 17337 18050 18274 19373 41165 28241 27877 27434 239.98
miumy  £0.71%  £134%  £140® 158 #0.71° 074 £1.08P 7129 #545° 17.99°¢ #4.23° 1.99°¢
LH 9.06 8.51 9.74 8.80 8.02 8.82 1312 3424 2578 2070 1833 1200
miumy  ¥0.47°  $061% $0.36° 054% £040® 053% 20.34° 020° 0389 20819 0409 10.36°
TTH 0.62 0.93 3.03 173 155 0.98 1.23 1485 1071 11.89 7.08 3.99
miumy  £0.11%  $0.34%  £0.72¢ 20.46° +046° 021* +0.26° x091F £203° 2090° 0709 1.31°
FTH 0.82 150 1076 430 5.03 1.83 341 11969 6348 6962 5739  29.09

mumy  *¥0.29% 0587 3.15¢ 2.16° #214° 0447 +1.12P £1511F £150° +8.08° 6.20° 8.92¢

a,b,c,d :different lower cases in the same line represent statistically significant differences
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Reproduction hormones analysis revealed in examined that the individual data of all hormones were very close
to each other (Figure 1). The highest hormones levels were in August. However, this peak continued to decline
after a month.
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Figure 1. Change of hormones throughout the year
4. Discussion and Conclusion

This study was conducted in order to determine the year-round variability of some reproductive hormones
levels in Saanen bucks vary during the whole year. In addition to the determining factor of day length,
incommercial goat farms, the length of the breeding season is varying among different genotypes also depending
on different environmental factors and especially day length (Yilmaz, 1999; Karadag and Soysal, 2018; Nikbin et
al., 2018). The effect of day length on bucks is proportionally less than on does. However, this effect can sometimes
be negative on testicular development and sperm production (Chemineau et al., 1988; Marai et al., 2007; Coloma
etal., 2011; Fatet et al., 2011). Reproductive activity on bucks raised in temperate climates is not wholly dependent
on the season such as goats, but they generally show a reproductive cycle stimulated by reduced day length (Todini
etal., 2007; Muduuli et al., 1979; Dellal and Cedden, 2012). In small ruminants, ovulation/mating generally occurs
in autumn. The breeding season length of Saanen bucks in izmir province where the study was conducted continues
from September until the end of November (Kandemir et al., 2018). As it is known, the control of reproduction
depending on the length of the day is controlled by increasing regular secretions of melatonin hormone produced
from the pineal gland in the period when the days begin to decrease (Eldon, 1993; Gomez-Brunet et al., 2009).

The results of this study on FSH concentrations in Saanen bucks during the breeding season were examined,
the difference in FSH between months was statistically significant (p<0.05). These findings of FSH concentrations
are similar to those obtained in other goat and sheep breeds (Araki et al., 2000; Gomez-Brunet et al., 2009, Findlay
and Clarke, 1987). Increased levels of Gn-RH cause the expression and secretion of FSH and LH hormones for
goats (Mori and Kano, 1984; Malpaux et al., 1994; Medan et al., 2003).

The differences between months in FSH and LH concentrations for Saanen bucks are similar to studies in
Angora goats (Loubser et al., 1983), dwarf goats (Howland et al., 1985), Australian Kashmiri goats (Walkden-
Brown et al., 1994), Zaraibi goats (Barkawi et al., 2006), and Angora goats (Pehlivan et al., 2017). Similar to our
study, Todini et al. (2007) found that plasma testosterone concentrations for bucks were higher in summer than
autumn. The study of Chentouf et al. (2011) confirms these results. The authors stated that plasma testosterone
levels in Northern Moroccan bucks increased during the spring and summer. This indicates the photoperiod-related
reproductive seasonality of Northern Moroccan bucks. On the other hand, seasonal changes in plasma testosterone
levels for Akkeci bucks in Turkey were determined in autumn with the highest values and the lowest values in
spring (Polat et al., 2011). Todini et al. (2007) found that plasma testosterone concentrations for bucks were higher
in summer than autumn. Similar results were found in this study. Plasma testosterone levels increased during the
spring and summer (Chentouf et al., 2011). This indicates the photoperiod-related reproductive seasonality of
northern Moroccan bucks. Barkawi et al. (2006) concluded that seasonal sexual activity has a different period in
Zaraibi goats. In the northern hemisphere, especially in autumn and summer, gonadal hormones are working
effectively above the standard level. Perez and Mateos (1995) reported that Maguena and Vareta bucks were at
high levels in autumn and summer. Zarazaga et al. (2009) determined the effects of the season on the reproductive
performance with intense sexual activity between August and November for Payoya bucks. Circumference of the
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scrotum is positively related to sexual activity. Al-Ghalban et al. (2004), detected that circumference of the scrotum
had high figures in August for Damascus bucks. In the same study, they reported that it started to increase for the
spring months. Circumference of the scrotum is positively related to sexual activity

The plasma testosterone increase begins before or around the summer in subtropical regions in Mexico’s local
breeds (Delgadillo et al., 2002; Delgadillo et al., 2004). Similar effects were seen on testosterone hormone levels
in Creole bucks from Mexico (Delgadillo et al., 2001). The testosterone hormone plays an important role breeding,
regulation of secondary sexual characteristics and spermatogenesis in male goats (Perez and Mateos, 1995; Polat
et al., 2011). The seasonal variation of testosterone hormone level is controlled by LH concentrations synthesized
in the pituitary gland (Delgadillo et al., 1999; Delgadillo et al., 2001). According to the results, the levels of LH
and testosterone hormones in Saanen bucks during the breeding season (September-October) show similar results.
Mean testosterone hormone levels for Saanen male goats’ mean in August were 119.69 ng/ml (Table 1). Similar
results have been reported in other studies performed for Angora male goats, the testosterone values in breeding
season were observed to be 15.86 ng/ml by Loubser et al. (1983), 9.21 ng/ml by Ritar (1991) and 13.80 ng/ml by
Pehlivan et al. (2017). The results of the testosterone concentrations in the Saanen bucks were also consistent with
those reported in the other goat breeds (Zarazaga et al., 2009; Muduuli et al., 1979; Howland et al., 1985; Polat et
al., 2011). The effects of the seasons affect the sexual activity of females more than male goats. Throughout the
year, sexual activity in male goats does not completely stop, and when the level decreases, it is not observed. Male
reproductive cells production continues. Male reproductive cell production continues. It is not affected by the
seasons. It is observed that the expression of sexual activity increases as the mating season approaches (Delgadillo
et al., 2001, Quin et al., 2000; Zhang and Yang, 2006; Mayer, 2016).

In this study, it was determined that the reproduction hormone secretions in Saanen bucks were season
dependent and their release levels were significantly affected by environmental factors such as day length.
Additionally, the Saanen bucks studied were found to exhibit intense sexual activity in July and August.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Taze Kesilmis Pirasada Askorbik Asit Uygulamasinin Sogukta Depolama Boyunca
Kalite Degisimine Etkisi*

The Effect of Ascorbic Acid Treatment on The Quality Changes of Fresh-Cut Leek During
Cold Storage

Bekir GULAL?, Mehmet Ali KOYUNCU%
Oz
Calismada askorbik asit (AA) uygulamasinin taze kesilmis ‘Lincoln’ pirasa ¢esidinin sogukta depolama boyunca
kalitesi {izerine etkileri incelenmistir. Optimum dénemde derimi yapilan pirasalar hizli bir sekilde laboratuvara
nakledilmistir. Pirasalar zorlanmis hava ile (2 °C) 6 saat slreyle 6n sogutma iglemine tabi tutulduktan sonra
uygulamalar (kontrol, %1 ve %2 AA) igin (i¢ gruba ayrilmistir. On sogutma isleminden sonra pirasalar serin ve
steril kosullar altinda 5-6 °C sicakliktaki ¢esme suyuna birkag kez daldirarak bahge kaynakli toz ve kalintilar
uzaklagtirllmigtir. Taze kesim isleminden sonra %1 ve %2 AA uygulanmis pirasa drnekleriyle kontrol grubu kopiik
kaselere yerlestirilerek tizeri streg filmle (16 W) kaplanmistir. Ambalajlanmig pirasalar 0+1 °C ve %9045 oransal
nemde 30 giin boyunca depolanmistir. Depolama boyunca alt1 giin araliklarla pirasalarda agirlik kaybi (%), yalanci
govde sertligi (N), suda ¢oziinebilir kuru madde (%), titre edilebilir asitlik (g 100 mIt), solunum hizi (ml CO2/kg-
Lh-Y), yalanci gévde rengi ve duyusal ézellikler belirlenmistir. AA uygulamalar1 kontrole kiyasla taze kesilmis
pirasalarda agirlik kayiplarmi azaltmistir. Depolama boyunca %2’lik doz daha etkili olmak (zere, AA
uygulamalar1 yalancit govde sertligini kontrole gdre daha iyi korumustur. Sogukta depolama boyunca AA
uygulamalar1 taze kesilmis pirasalarin TEA miktarini korumus ve solunum hizini net bir sekilde baskilamigtir. AA
uygulamalar1 kontrol drneklerine kiyasla depolama sliresince pirasalarin gorsel kalitelerini daha iyi korumustur.
Sonug olarak, AA uygulanmayan kontrol grubundaki pirasalar 0+1 °C ve % 90+5 oransal nemde 24 gin
depolanabilirken, her iki AA (%1ve %2) uygulamasi bu slreyi 30 gine kadar uzatmistir. Ancak farkli doz ve
uygulama sekilleri kullanilarak bu konuda daha detayli ¢alismalara ihtiyag vardir.
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Abstract

In the present research, the effects of ascorbic acid (AA) treatments on the quality of fresh-cut leek cv. ‘Lincoln’
during cold storage were investigated. Leek samples, harvested at optimum stage, were immediately transferred
to the laboratory. Leek samples were pre-cooled with forced air (2 °C) for 6 hours and divided into three groups
for treatments (control, 1% and 2% AA). After pre-cooling, dust and residues on leeks originating from the orchard
were removed by dipping into cold tap water (5-6 °C) under cool and sterile conditions. After fresh-cut processes,
the AA treated (1% and 2%) and control samples were packaged in polystyrene foam tray covered with stretch
film (16 p). Packaged leeks were stored at 0 = 1 °C and 90 + 5% relative humidity (RH) for 30 days. The weight
loss (%), pseudo stem firmness (N) total soluble solids (%), titratable acidity (g 100 ml-), respiration rate (ml CO,
kg h-1), pseudo stem colour and sensory evaluation of leeks were performed at six day intervals during storage.
The AA treatments decreased weight loss of fresh-cut leeks compared to control. The AA treatments, especially
the 2% dose, preserved the pseudo stem firmness better than the control during storage. The AA treatments clearly
suppressed respiration rate and maintained the TA of fresh-cut leek during cold storage. The AA treatments
preserved the visual quality of the leeks better than the control samples during storage. As a result, it was
determined that control group leeks could be stored for 24 days at 0 + 1 ° C and 90 + 5% (RH) but this period
could be extended up to 30 days by AA (%1-2%) treatments. However, further detailed research on this topic
considering different treatment type and dozes is required.

Keywords: Allium porrum, Fresh-cut, Ascorbic acid, Quality, Storage
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1. Giris

Prrasa iilkemizde ve Bat1 Avrupa’da en yaygin yetistirilen kislik sebze turlerinden biridir. Giinimiizde Turkiye
basta olmak iizere Fransa, Belcika ve Polonya’da biiytiik 6lgekli olarak yetistiriciligi yapilmaktadir (Bernaert ve
ark., 2013). Turkiye son zamanlarda yillik 200.000 tonun iizerinde pirasa iiretimiyle diinyada 6nemli bir yere
sahiptir (TUIK, 2021). Pirasa iilkemizde biitiin bolgelerimizde iiretilip tiiketilen bir sebze tiiriidiir. Ozellikle kara
ikliminin hiikkiim stirdiigii bolgelerimizde kiglik sebze tikketiminin ¢ok dnemli bir boliimiini olusturur (Vural ve
ark., 2000). Lif agisindan zengin olan pirasanin insan beslenmesinde 6nemli bir yeri vardir. Pirasalarda derimden
sonra pazara ulasincaya kadar dogal olarak belirli bir siire gecmektedir. Bu asamalarda diger bazi bahge
iiriinlerinde oldugu gibi pirasada ciddi i¢ ve dis kalite kayiplari olusmaktadir. Pirasalarin biitiin olarak ya da degisik
sekillerde kesim isleminden sonra paketlenerek pazarlanmasi bu kayiplarin boyutlarinda biiylik degisiklikler
olusturmaktadir.

Son yillarda diinyada dogal, taze ve besleyici hazir gidalar igin tiiketiciler tarafindan artan talepler
dogrultusunda taze kesilmis meyve ve sebze pazarinda gelismeler oldukga hizlanmistir (Shah ve Nath, 2006; Oms-
Oliu ve ark., 2010). Bu gelismeler beraberinde gida giivenligine olan ilgiyi de arttirmistir. Gida giivenligi
tiiketicilerin gidaya olan algilarin1 ve gida tercihleriyle ilgili kararlarini da etkilemektedir (Niyaz ve Demirbas,
2018). Ulkemizde de gelismis iilkeler kadar hizli olmasa da taze kesilmis bahge iiriinlerine ve gida giivenligine
kars1 ilgi her gegen giin artmaktadir. Uluslararasi Taze Kesilmis Uriin Birligi (The International Fresh-cut Produce
Association) taze kesilmis tirtinleri %100 kullanilabilir 6zellige sahip soyulmus, kesilmis veya pargalara ayrilarak
paketlenmis, tazeligini koruyan ve besin degeri yiiksek meyve ve sebzeler olarak tanimlamaktadir.

Taze kesme islemleri sirasinda olusan mekanik yaralanmalar nedeniyle meyveler ve sebzelerde derim sonrasi
doénemde kalite kayiplar1 hizlanmaktadir (Dilmagiinal ve ark., 2014). Pirasalarda derim sonrasi kesim iglemleri
kiikiirtlii bilesikler, polifenol ve vitamin iceriginde degisiklige sebep olmaktadir. Ornegin bu islemler yiizeyde
oksidasyonu artirmakta ve polifenol iceriginde azalmalara neden olmaktadir (Bernaert ve ark., 2013).
Mikrobiyolojik bozulmalar1 da hizlandiran tiim bu siiregler iriinlerin sogukta depolama ve raf Omriinii
kisaltmaktadir. Istenmeyen bu gelismeleri ortadan kaldirmak ya da sinirlandirmak igin alternatif uygulamalara
ihtiya¢ duyulmaktadir. Bunlarin baginda degisik maddelerden hazirlanan yenilebilir kaplama maddeleri
gelmektedir (Bal, 2019). Ayrica ortamda bulunan oksijenin uzaklastirilmasi, liriine gore ambalaj i¢i gaz bilesiminin
olusturulmasi, ¢esitli kimyasal inhibitdrlerin kullanilmasi ve sogukta depolama gibi farkli yontemler de
uygulanabilmektedir. Derim sonrast 6mriin uzatilmasi ve kalite kayiplarinin yavaslatilmasi i¢in yaygin olarak
kullanilan maddelerden birisi de bir antioksidan olan askorbik asittir (Saba ve Sogvar, 2016). Antioksidanlar
oksijenle reaksiyona girerek esmerlesmenin baglamasini baskilayabilir. Bu tip maddeler renksiz o-kinonlar
kimyasal olarak indirgeyerek o-difenollere doniistiriirler Bu reaksiyon siiresince indirgen maddeler geri
doniigiimsiiz olarak okside olurlar. Dolayisiyla esmerlesme 6nlenmis olur. AA ayrica taze kesilmis sebzelerde
kesim yiizeyinde kuruma veya ligninlesme sonucu olusan beyazlasmay1 da azaltmaktadir (Kasim, 2021). Ozellikle
AA’nin meyve ve sebzelerde oksidatif esmerlesmeyi siirlandirmada ve meyve eti sertligini korumada etkili
oldugu rapor edilmistir (Bauernfeind, 1982; Liu ve ark., 2016). Askorbik asit, meyve etindeki oksidatif
esmerlesmeyi azaltmasinin yaninda genellikle pH kontrolii amaciyla asit dengeleyici olarak da kullanilmaktadir
(Shiri ve ark. 2011; Yan ve ark., 2017).

Taze kesilmis bahge {iiriinlerinin soguk zincirinde depolama asamasi 6énemli bir yer kaplamakta olup, bu
asamadaki kayiplar1 azaltmak son derece onemlidir. Bunun i¢in sogukta depolama sirasinda taze kesilmis
iriinlerde metabolik faaliyetleri yavaslatmaya ve mikrobiyolojik yiikinii diisirmeye yonelik uygulamalar
secilmelidir. Depo ortam faktorleri yaninda iiriine 6zel ambalaj malzemesi ve kaplama maddesi se¢imine 6zen
gosterilmelidir. Butiin bu bilgiler dogrultusunda mevcut ¢aligmada, AA uygulamasinin sogukta depolama boyunca
taze kesilmis Lincoln pirasa ¢esidinin kalite degisimine etkisi incelenmistir.

2. Materyal ve Metot
2.1. Deneme Materyali, Uygulamalar ve Sogukta Depolama

Denemede materyal olarak Lincoln pirasa ¢esidi kullanilmistir. Pirasalar Burdur ilinin Bucak ilgesinden, ticari
olarak yetistiricilik yapan bir tireticinin bahgesinden temin edilmistir.

Pirasalar yalanci govde uzunlugu, kalinligi ve gevrekligi ile renk o6zellikleri dikkate alinarak (Salk ve ark.,
2008) 15 Ekim 2018 tarihinde derilmistir. Derim sabahin erken saatlerinde govde kalinligi en az 3 cm’ye ulagmus,
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yalanc1 govdeleri gevrek ve diizgiin olanlar secilerek elle yapilmistir. Derimi yapilan pirasalar bir saat icinde
Isparta Uygulamali Bilimler Universitesi, Ziraat Fakiiltesi, Bahge Bitkileri Boliimii Derim Sonrasi Fizyolojisi
laboratuvarina nakledilmistir. Pirasalar hemen zorlanmis hava ile (2 °C) 6n sogutma islemine (TUrk ve ark., 2017)
(govde i¢ sicakhig 5 °C’ye diisene kadar, 6 saat slireyle) tabi tutulmustur. Pratikte daha rahat uygulanabildigi (6zel
6n sogutma iinitesi olmadiginda normal soguk odalar da kullanilabildigi i¢in) ve pirasada suyla 6n sogutmanin
olas1 yan etkileri bilinmedigi i¢in hava ile 6n sogutma yéntemi tercih edilmistir. On sogutma isleminden sonra
pirasalar 5-6 °C sicakliktaki ¢esme suyuna birkag kez hizlica (1-2 saniyelik surelerle) daldirilarak bahge kaynakli
toz vb. kalintilar uzaklastirilmistir. Yikama islemi tamamlanan pirasalarin tizerindeki su damlalar1 kuruduktan
sonra ¢ gruba ayrilarak taze kesim iglemine tabi tutulmustur. Taze kesim islemleri steril (islemin yapildig: tezgah
yiizeyi %9611k etil alkolle dezenfekte edilmis) ve serin (18 + 2 °C) kosullarda yapilmistir. Taze kesim islemi
keskin bigak kullanilarak her bir pirasa 6rnegi 15-20 cm uzunlugunda olacak sekilde elle yapilmustir.

Taze kesim isleminden sonra ilk iki grup pirasa 6rnegi %1 ve %2AA iceren 5-6 °C sicaklia sahip ¢ozeltiye
20 saniye boyunca daldirilmigtir. Doz ve daldirma siirelerine Onceki yillarda yiirittiiglimiiz ¢alismalara
(basilmamus) dayanilarak karar verilmistir. Ugiincii grup érnekler sadece 5-6 °C sicakliga sahip saf suya aym
stireyle daldirilarak kontrol olarak denemeye dahil edilmistir. Uygulamalardan sonra pirasalar ayni sicakliga sahip
soguk odada (5+1 °C) iizerindeki su damlaciklari uzaklastirilincaya kadar fan altinda bekletilmistir. Pirasalar
yukarida tanimlanmis serin ve steril kosullarda hizli bir sekilde kopiik kaselere yerlestirilerek (450-500 gr) uzeri
stre¢ filmle (16 p) kaplanmistir. Ambalajlanan pirasalar 0£1 °C ve %9045 oransal nemde 30 giin boyunca
depolanmistir. Alt1 giin araliklarla depodan ¢ikarilan pirasa drneklerine asagida belirtilen fiziksel ve kimyasal
analizler yapilmustir.

2.2. Fiziksel ve Kimyasal Analizler
Agwlik kaybu:

Deneme baslangicinda her uygulama igin U¢ tekerrlr olacak sekilde kopiik kaselere yerlestirilen pirasa
dilimlerinin (450-500 gr) dzeri stre¢ filmle (16 W) kaplanmistir. Ambalajlanmis pirasa orneklerinin baslangic
agirhigr alindiktan sonra depoya yerlestirilmis ve her analiz doneminde ayni 6rneklerde tartim yapilmistir. Bu
ornekler sadece agirlik kaybi analizlerinde kullanilmistir. Her analiz déneminde 0.01 g duyarliliktaki dijital terazi
(Scaltec SBAS1) ile agirliklari belirlenmis paketli pirasalarda baslangi¢ degerine gore agirlik kayiplar1 yizde (%)
olarak hesaplanmistir.

Yalanci govde sertligi:

Olgiimler deneme baslangicinda ve her analiz déneminde depodan ¢ikartilan dilimlenmis pirasalarin gévdesi
tizerinde, tamamen beyaz ve yesilimsi kisimlarda olacak sekilde iki ayr1 yerinden yapilmistir. Her tekerriirde paket
icerisinden rastgele secilmis 8 adet pirasa dilimi (kesilmis pirasa 6rnegi) kullanilmistir. Sertlik dlgtimleri tekstiir
cihazi (Lloyd LF Plus) ile bagli oldugu bilgisayara yiiklenen paket program kullanilarak 6l¢iilmiistiir. Denemede
100 mm dk* degismez hizda 5 mm ¢apindaki silindirik u¢ batirilmis (6 mm) ve elde edilen maksimum kuvvet
Newton (N) cinsinden sertlik degeri olarak degerlendirilmistir.

Yalanci govde rengi:

Depolama siiresince deneme orneklerinde (her tekerriirde 8 adet pirasa diliminde) renk degisimi Minolta CR-
300 marka renk 6lgme cihazi ile belirlenmistir. Renk 6l¢limiinde homojenlik saglayabilmek igin her bir pirasa
diliminde ii¢ 6l¢iim (bas, orta ve son kisim olacak sekilde) yapilmis ve ortalamalari alinarak o dilimin renk degeri
belirlenmistir. Sonuglar L", a%, b*, degerleri cinsinden belirlenmis ve buna gére kroma (C*) ve hue (h°) degerleri
hesaplanmistir (Koyuncu ve ark., 2019).

Suda ¢oziiniir kuru madde (SCKM) ve titre edilebilir asitlik (TEA) miktart.

Her analiz déneminde her tekerriirden alman 5 adet pirasa diliminin kati meyve sikacagi yardimiyla suyu
cikartilarak SCKM miktar dijital refraktometre (Atago Pocket PAL-1) ile belirlenmistir (%). Ayn1 6rnekten 10 ml
pirasa suyu alinarak pH degeri 8.1’e gelinceye kadar 0.1 N NaOH ile titre edilmis ve harcanan NaOH miktar1
tizerinden TEA miktar1 (g 100 ml?) belirlenmistir.

Solunum hizi:

Her analiz doneminde her tekerriirdeki o donme ait paket igerisinden rastgele alinan 100-150 g dilimlenmis
prrasa 6rnegi 0.5 L hacmindeki tamamen gaz sizdirmaz plastik kavanozlara tartilarak oda sicakliginda 2-3 saat
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bekletilmistir. Bir enjektdr yardimiyla gaz ornekleri alinarak hemen gaz kramotografisine enjekte edilerek
ortamdaki CO, miktar1 belirlenmistir. Elde edilen CO, miktar1 iizerinden solunum hizi (ml CO, kg-s?)
hesaplanmistir (Erbas ve Koyuncu, 2016).

Duyusal analizler:

Pirasa dilimlerinin dis goriiniis degerlendirmesi igin 1-9 skalas1 (pazarlanamaz: 1-4; pazarlanabilir: > 5; iyi: 7-
8; cok iyi: 9) kullanilmistir. Panelistler pirasa dilimlerinin biitiinlinde ve kesim ylizeylerindeki renk degisimi,
solma-sararma, biiziisme ve gozle goriilebilir mikroorganizma olusumlarini dikkate alarak degerlendirme
yapmiglardir. Degerlendirmeler 5 kisilik panelist grubu tarafindan, 3 tekerriirlii ve her tekerriirde 5 dilim pirasa
kullanilarak yapilmistir (Erbas ve Koyuncu, 2016).

2.3. Istatistiksel Analiz

Deneme tesadif parsellerinde fakttriyel deneme desenine gore (¢ tekerriirlii olarak yiiriitiilmiig ve verilerin
istatistik analizleri JMP 7 paket programi kullanilarak yapilmistir. Grup ortalamalar1 arasindaki farklarin
belirlenmesinde Tukey Testi kullanilmustir.

3. Arastirma Sonuclar1 ve Tartisma
3.1. Agirlik kayb

Taze kesilmis meyve ve sebzelerde agirlik kaybi1 dogrudan iiriiniin agirhi§inda azalmaya neden olurken ayni
zamanda gorsel kalitenin de azalmasina yol actig1 i¢in olduk¢a dnemlidir. Denemede, AA uygulamalar taze
kesilmis pirasalarda depolamanin ilk haftasindan itibaren agirlik kaybini simirlandirmigtir. Pirasalarda agirlik
kayiplar1 depolama siiresince beklendigi gibi artmis ve 30. giinde % 2.62 (kontrol) ile % 1.75 (%1 AA) arasinda
degismis olup, kontrol grubunda dahi depolamay1 sonlandiracak seviyelere ulagmamistir. Ayrica AA’ nin her iki
dozu da agirlik kaybimi kontrole kiyasla istatistik (P<0.05) olarak 6nemli oranda azaltirken, %1 ve %2’lik dozlar
ayn1 grupta yer almistir. AA uygulamalarmin tiriiniin solunum hizin1 da baskilayarak ilave bir etki yarattig1 ve
agirlik kaybimin %]1’ler seviyesinde kalmasina neden oldugu diisiiniilmektedir (Tablo 1). Kasim ve Kasim (2017)
bulgularimiza paralel olarak taze kesilmis pirasalarda 28 giinliik sogukta depolama boyunca agirlik kayiplarinin
%]1’ler seviyesinde kaldigini bildirmislerdir. Benzer sekilde Papandreopoulou ve ark. (2015) yenilebilir kaplama
maddesi uygulanmis taze kesilmis pirasalarda sogukta depolama boyunca agirlik kaybmin kontrol 6rneklerine gére
onemli derecede az oldugunu bulmuslardir. Diger taraftan degisik bahge tiriinleriyle yiritilen caligmalarda AA
uygulamalarinin agirlik kaybmi dikkate deger 6lglide azalttig1 da bildirilmistir (Zhou ve ark., 2021; Liu ve ark.,
2016).

3.2. Yalanci gévde sertligi

Taze kesilmis Lincoln pirasa ¢esidinde sogukta depolama boyunca govde sertligi (N) lizerine hem depolama
stiresi hem de AA uygulamalarinin etkisi 6nemli (P<0.05) olmustur (Tablo 1). Bitiin uygulamalarda muhafaza
stiresinin artmasina bagli olarak pirasa dilimlerinde govde sertligi azalmistir. Baslangigta 49.34 N olan govde
sertligi, 30 gilinliik depolama sonunda ortalama 37.50 N’ye kadar diismiistiir. Depolama boyunca en sert pirasalar
ortalama 47.22 N’lik degerle %2 AA uygulanan grupta bulunurken, bunu %1°lik AA uygulamasi (44.16 N) ve
kontrol 6rnekleri (42.27 N) izlemistir. Papandreopoulou ve ark. (2015) salep bazli kaplama ¢6zeltisine daldirdiktan
sonra sogukta depolanmis pirasa dilimlerinde kontrole kiyasla yalanci gévde sertliginin daha yiiksek oldugunu
belirlemislerdir. Benzer sekilde Barzegar ve ark. (2018) AA uygulanmis biberlerin depolama sonunda daha sert
kaldiklarini rapor etmislerdir. Diger taraftan Zhou ve ark. (2021) taze kesilmis patateslerde AA uygulamasinin
meyve sertligini istendigi gibi korumadigimi, Kasim ve Kasim (2016) AA’nin farkli dozlarina gore taze kesilmis
havuglarda sertligin degistigini ve kontrol drneklerinin daha sert bulundugunu bildirmislerdir. Remorini ve ark.
(2015) ise AA uygulanmis minimal iglenmis elmalarda sertlik degerlerinin cesitler bazinda degistigini rapor
etmislerdir. Goriildiigii gibi taze kesilmis farkl: tiir ve gesitlerin sertlik degerleri {izerine depolama boyunca AA
uygulamasinin etkisinin farkli olabilecegi ortaya konmustur. Mevcut ¢calismada AA’nin taze kesilmis pirasalarin
solunum hizin1 yavaslatmak suretiyle yaglanmayi geciktirmesi ve ayrica su kaybini da azaltmasi suretiyle sertligin
korunmasinda etkili oldugu kanaatine varilmistir. Nitekim Lin ve ark. (2007) AA uygulamasinin {riinlerde
membran lipitlerinin peroksidasyonunu ve solunumu yavaslatarak yumusamay1 geciktirdigini bildirmistir.
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Tablol. Taze kesilmig Lincoln pirasa ¢esidinde AA uygulamasinin depolama boyunca agwrlik kaybt (%),
yalanci givde sertligi (N), SCKM (%) ve TEA (g 100 mIY) miktari iizerine etkisi

Table 1. Effects of ascorbic acid treatment on weight loss(%), pseudo stem firmness (N), total soluble solids (%)
and titratable acidity (g 100 ml-) of fresh-cut leek cv. ‘Lincoln’ during storage

Depolama Siresi

Uygulamalar Baslangi¢ 6. giin 12. giin 18. giin 24.gin  30.gin  Ort.
Agirlik Kaybi
Kontrol - 0.571j 1.00gh 1.44ef 2.18b 2.62a  1.56A
%1 AA - 0.45j 0.81h1 1.169 1.49de 1.75cd 1.13B
%2 AA - 0.46j 0.76h1 1.18fg 1.51de 1.85¢c 1.15B
Ortalama 0.49¢ 0.86d 1.26¢ 1.73b 2.07a
Govde Sertligi
Kontrol 49.34 43.81 42.25 41.52 40.63 36.07 42.27B
%1 AA 49.34 48.53 46.88 45.24 40.59 34.39 44.16AB
%2 AA 49.34 50.61 49.93 46.71 44.68 42.05 47.22A
Ortalama 49.34a 47.65ab 46.35ab 44.49ab 41.97bc 37.50c
SCKM
Kontrol 6.50de 9.80a 7.05c-e 8.30a-d 6.45de 7.25b-e  7.56A
%1 AA 6.50de 9.03ab 6.83c-e 7.23b-e 5.80e 5.48e 6.81B
%2 AA 6.50de 8.50a-c 9.13ab 8.37a-d 5.80e 5.53e 7.31AB
Ortalama 6.50c 9.11a 7.67b 7.97b 6.02¢c 6.09c
TEA
Kontrol 0.096a-d 0.092a-e 0.072e 0.080b-e 0.097a-d  0.075de 0.085B
%1 AA 0.096a-d 0.096a-d 0.076¢-e 0.086b-e 0.111a 0.098a-d 0.094A
%2 AA 0.096a-d 0.103ab 0.094a-e 0.099a-c 0.071e 0.090a-e 0.092A
Ortalama 0.096a 0.097a 0.081b 0.088ab 0.093a 0.088ab
Onemlilik dereceleri
Depolama Siresi (DS) Uygulama (U) DS x U
Agirlik kaybi ** ** *
Govde Sertligi ** * oD
SCKM ** ** **
TEA ** ** **

OD: Onemli degil, *: P<0.05, **: P<0.01, Satir ve siitunlarda degisik harflerle gosterilen ortalamalar arasindaki farkliliklar
istatistik olarak énemli bulunmustur (P<0.05).

3.3. Suda ¢oziiniir kuru madde miktar:

Taze kesilmis pirasalarda SCKM miktar iizerine depolama siiresi, uygulama ve depolama siiresi x uygulama
interaksiyonunun etkisi istatistik olarak énemli (P<0.05) olmustur (Tablo 1). Depolama basinda %6.50 olan
SCKM degeri 30. giiniin sonunda %6.81 (%1 AA) ile %7.56 (kontrol) arasinda degismistir. Depolama boyunca
inisli ¢cikigh degiskenlik gosteren SCKM degerleri kontrol uygulamasi hari¢ baglangi¢ degerine kiyasla azalmistir.
Benzer sekilde Tsouvaltzis ve ark. (2007) ve Kasim ve Kasim (2017) taze kesilmis pirasalarda SCKM igeriginin
depolama sonunda baglangica goére azaldigimi saptamislardir. Caligmada elde edilen ortalama degerler
incelendiginde ise kontrol 6rneklerinde daha bariz olmak iizere tiim uygulamalarda SCKM degerleri artmistir. Li
ve ark. (2012) bulgularimizin aksine, AA uygulanarak aktif MAP igerisinde depolanan taze kesilmis patlicanlarda
SCKM degerlerinin kontrole gore daha yiiksek seviyelerde kaldigini bildirmislerdir. Bu durumu kombine
uygulamalarin metabolik aktiviteyi daha iyi baskilamasiyla iliskilendirmislerdir. Mevcut ¢alismada kontrol
uygulamalarinda SCKM miktarinin daha ytiksek bulunmasi, su kaybinin bu 6rneklerde daha yiiksek olmasiyla
aciklanabilir. Diger bir ifade ile bu farkliligin solunum hizindan ¢ok su kaybryla iligkili olabilecegi diistiniilmiistiir.
Farkli calismalardan farkli sonug alinmasi, denemelerde kullanilan tiir ve ¢esitlerin AA ve benzeri maddeleri iceren
uygulamalara kars1 degisik diizeyde tepki vermesiyle agiklanabilir.
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3.4. Titre edilebilir asit miktar:

Hem depolama suresi hem de AA uygulamalarmin pirasa 6rneklerinin TEA miktart lizerine etkisi istatistik
olarak énemli (P< 0.05) bulunmugtur (Tablo 1).

Baslangigta ortalama 0.096 g 100 mI?! olan TEA miktari, %2 AA ve kontrol érneklerinde kismen azalarak
depolama sonunda sirasiyla ortalama 0.090 ve 0.075 g 100 mI? olmustur. %1 AA uygulamasinda depolama
sonunda TEA miktarinin hemen hemen ayni seviyede olmasi dikkat ¢ekici olmustur. Bulgularimiza paralel olarak,
Barzegar ve ark. (2018) AA uygulanmis biberlerde sogukta depolama boyunca TEA miktarmin kontrol 6rneklerine
gore daha yliksek kaldigini saptamiglardir. Bezer sekilde Oms-Oliu ve ark. (2007) taze kesilmis kavunlarda ve
Guerreiro ve ark. (2017) minimal islenmis elmalarda AA uygulamasimin depolama boyunca TEA kaybim
siirlandirdigini rapor etmislerdir. Organik asit bakimindan olduk¢a zengin olan taze bahge iiriinlerinde yagsamsal
faaliyetlerin devam edebilmesi i¢in organik asitlerin parcalandigi, solunumda kullanildig1 ve olgunlasma ile
birlikte azaldig1 bilinmektedir (Kader, 2002). Bu ¢aligmada da AA uygulanan taze kesilmis pirasalarin solunum
hizinmn kontrol grubuna gore 6nemli oranda diisiik olmasi (Tablo 3) ve bu 6rneklerde TEA degerlerinin depolama
sonunda yiiksek olmasi bu goriisle uyumlu bulunmustur.

Tablo 2. Taze kesilmis Lincoln pirasa cesidinde AA uygulamasinin depolama boyunca yalanci govde rengi
(L*, C*, h°) Uzerine etkisi

Table 2. Effects of ascorbic acid treatment on pseudo stem colour (L*, C*, h°) of fresh-cut leek cv. ‘Lincoln’
during storage

Depolama Siiresi

Uygulamalar Baslangi¢ 6. giin 12. giin 18. giin 24.gin  30.gin  Ort.
L*
Kontrol 76.53 72.65 73.36 75.69 73.49 69.01  73.45°P
%1 AA 76.53 71.91 77.78 74.34 74.46 69.66 74.11
%2 AA 76.53 73.53 79.03 73.84 76.10 69.67 74.78
Ortalama 76.53a 72.69b 76.72a 74.62ab 74.68ab 69.45¢
C*
Kontrol 26.56 31.97 30.93 23.93 32.82 27.19  28.90A
%1 AA 26.56 28.86 24.36 24.01 29.57 25.45 26.47AB
%2 AA 26.56 24.55 22.27 25.63 28.87 2581 25.61B
Ortalama 26.56ab 28.46ab 25.85ab 24.52b 30.42a 26.15ab
he
Kontrol 62.16 61.46 61.98 65.25 60.49 63.91 62.54°P
%1 AA 62.16 62.59 64.40 66.43 60.42 64.38 63.40
%2 AA 62.16 63.94 65.88 63.74 60.35 64.04 63.35
Ortalama 62.16bc 62.66a-c 64.08ab 65.14a 60.42c 64.11ab
Onemlilik dereceleri
Depolama Siiresi (DS) Uygulama (U) DS x U
L* faiad oD oD
C* * * OD
he *x oD oD

OD: Onemli degil, *: P<0.05, **: P<0.01, Satir ve siitunlarda degisik harflerle gosterilen ortalamalar arasindaki farkliliklar
istatistik olarak énemli bulunmustur (P<0.05).

3.5. Yalanct gévde rengi

Taze kesilmis pirasalarda govde rengi L* ve hue (h°) degerleri izerine sadece depolama siiresinin etkisi 6nemli
(P<0.05) olurken, C* degeri hem depolama siiresi hem de uygulamalara gére degismistir. Caligmada depolama
sonunda en yiksek ortalama L* degeri %2’lik AA (74.78) uygulamasinda saptanirken, bunu sirasiyla %1°lik AA
(74.11) ve kontrol (73.45) uygulamalar takip etmis, ancak uygulamalar arasindaki farklilik istatistik olarak dnemli
bulunmamuistir (p>0.05). Baslangic degerleriyle (76.53) kiyaslandiginda depolama sonunda, tiim uygulamalarda
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L* degerleri (69.01-69.67) azalirken, h°® degerlerinde kismen artiglar olmus, C* degerleri ise sadece kontrol
uygulamasinda artig gostermistir (Tablo 2).

Benzer sekilde Tsouvaltzis ve ark. (2007) taze kesilmis pirasalarda depolama boyunca L* ve C* degerlerinin
azaldigini bildirmiglerdir. Kasim ve Kasim (2017) taze kesilmis pirasalarda L* degerinin tiim uygulamalarda
depolama boyunca azaldigin1 ancak yenilebilir kaplama maddesi uygulamasinda azalmanin siirli kaldigini rapor
etmiglerdir. Taze kesilmis yesil renkli iriinlerde kesme iglemi klorofil kaybma yol agarak sararmaya neden
olurken, havug gibi {irlinlerde ise beyazlasma ve renk degisimi olabilmektedir. Dolayisiyla kullanilan meyve ve
sebzelere gore taze kesilmis iiriinlerde renk degisimi farklilasabilmektedir. AA uygulamalarinin genel olarak taze
kesilmis meyvelerde basta kararma olmak {izere renk degisimine neden olan enzimlerin aktivitelerini azaltarak,
depolama siiresince meyvelerin renginin korunmasinda olumlu sonuglar verdigi bildirilmektedir (Li ve ark., 2012;
Liu ve ark., 2016; Zhou ve ark., 2021). Ancak dissal AA uygulamasinin taze kesilmis iirinlerde renk degisimini
engellemedeki mekanizmas biitiin yonleriyle agikliga kavusmus degildir (Remorini ve ark., 2015).

3.6. Solunum hiz

Taze kesilmis pirasalarin solunum hizi (ml CO; kg*s?) {izerine depolama siiresi, uygulamalar ve bunlarin
interaksiyonunun etkisi istatistik olarak 6nemli (P<0.05) bulunmustur (Tablo 3). Solunum hiz1 ilk hafta tiim
uygulamalarda baslangi¢ degerlerinden diisiik seyretmis ve depolamanm 12. giiniinden itibaren basta kontrol
ornekleri olmak tizere dikkate deger bir artig gostermistir. Son iki donemde kademeli olarak azalsa da baslangi¢
degerlerinden yiiksek kalmistir. AA uygulamalari solunum hizini bariz bir sekilde baskilamis ve yiliksek dozda (%
2 AA) etki daha glcli olmustur. Kontrol érneklerinde ortalama solunum hizi 101.15 ml CO, kg's? olurken, bu
deger % 1 ve % 2 AA uygulamalarinda sirasiyla 81.75 ve 68.70 ml CO; kg*s?olarak saptanmistir. Benzer sekilde
AA uygulamalar taze kesilmis patateslerde (Zhou ve ark., 2021) ve mantarlarda (Ojeda ve ark., 2019) depolama
boyunca kontrole 6rneklerine gére solunum hizini azaltmistir. Bahge iiriinlerinde taze kesim isleminden sonra
solunumun hizlandig1 ve {iriiniin karakteristik 6zelligini veren lezzet ve aroma bilesiklerinde farklilagmanin ve
kayiplarin arttig1 bilinmektedir (Beaulieu ve Baldwin, 2002; Liu ve ark., 2007; Zhang ve ark., 2020). Bu nedenle
asit karakteristikli koruyucu maddeler ve {iriinii ortamdan belirli oranda izole ederek solunumu baskilayan
yenilebilir kaplamalar kullanilmaktadir (Koyuncu ve Savran, 2002; Olivas ve Barbosa-Canovas, 2005). Derim
sonras1 metabolik aktivitedeki yavaglamanin bir gostergesi olan baskilanmis solunum hizi, taze iriinlerdeki
yaslanma ve kalite kayiplarin1 geciktirmektedir. Dolayisiyla solunum hizini diisiiren uygulamalar derim sonrasi
kalite kayiplarini yavaglatarak tiriinlerin depolanma siiresini uzatmaktadir (Bal ve Celik, 2005). Mevcut ¢alismada
AA uygulamasmin bir stres faktorii olarak hiicrede solunumla ilgili enzimlerin faaliyetlerini yavaslatarak ve
membran biitiinliigiinii koruyarak (Lin ve ark., 2007) solunumu baskiladigi diisiiniilmektedir.

3.7. Duyusal degerlendirmeler

Denemede AA uygulamalar1 ve depolama siiresi taze kesilmis pirasalarin dis goriintiglerini énemli diizeyde
(P<0.05) etkilemistir (Tablo 3). Kontrol ve %2 AA uygulamasinda denemenin 12., %1 AA uygulamasinda ise 18.
giiniinde baglayarak depolama boyunca pirasalarda dis goriiniis puanlari azalmis, ancak AA uygulanmig 6rneklerde
bu azalma daha sinirli olmustur. Tablo 3’de goriildiigii gibi kontrol grubundaki pirasalar dig goriinlis puanlart
bakimindan AA uygulamas: yapilan 6rneklerden depolamanin 12. giiniinden itibaren farklilasmaya baglamistir.
Bu fark depolama sonunda daha belirgin olmus ve 30. giinde AA uygulanmis pirasalar pazarlanabilir seviyeye (P>
5.00) ¢ok yakin puanlar (4.72-4.83) almistir. Kontrol &rnekleri depolamanin 24. giiniinden sonra dig goriiniis
bakimindan pazarlanabilir 6zelliklerini kaybetmis ve depolama sonunda 3.25. puan almistir. AA uygulamalarinin
depolama boyunca pirasalarda kalite kaybini sinirlandirmast hem doku biitiinliigiinii korumasi hem de metabolik
aktiviteyi yavaglatmig olmasi ile agiklanabilir. Nitekim caligmada AA uygulamasinin agirlik kaybi ve solunum
hizin1 yavaslattig1 goriilmektedir (Tablo 1 ve 3). Deneme bulgularimiza uyumlu olarak taze kesilmis patateslerde
(Zhou ve ark., 2021), elmalarda (Liu ve ark., 2016), patlicanlarda (Li ve ark., 2012) ve ananaslarda (Liu ve ark.,
2007) AA tek basina ya da gesitli kaplama maddeleriyle beraber kullanildiginda, depolama boyunca iiriinlerin
gorsel kalitesinin daha iyi korundugu rapor edilmistir. Ayrica Kasim ve Kasim (2017) yenilebilir kaplama
maddelerinin sogukta depolama boyunca taze kesilmig pirasalarin dis goriiniistiniin korunmasinda etkili oldugunu
belirlemislerdir.
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Tablo 3. Taze kesilmis Lincoln pwrasa ¢cesidinde AA uygulamasinin depolama boyunca solunum hizi (ml CO;
kg's) ve dis gériiniis (puan) iizerine etkisi

Table 3. Effects of ascorbic acid treatment on respiration rate (ml CO2 kg-*h+) and external appearance (score)
of fresh-cut leek cv. ‘Lincoln’ during storage

Depolama Siiresi

Uygulamalar Baslangig 6. glin 12. giin 18. giin 24. giin 30.gin  Ort.
Solunum hizi

Kontrol 34.97de 18.76e 107.66bc 194.39a 140.34ab  110.79bc 101.15A
%1 AA 34.97de 17.86e 43.51c-e 151.85ab 143.29ab  99.02b-d 81.75B
%2 AA 34.97de 18.77e 12.84e 132.56ab 119.84b  93.21b-d 68.70B
Ortalama 34.97cd 18.46d 54.67c 159.60a 134.49a 101.01b

Dis goriiniis puanlari
Kontrol 9.00 9.00 8.59 7.58 5.92 3.25 7.22B
%1 AA 9.00 9.00 9.00 8.50 7.56 4.72 7.96A
%2 AA 9.00 9.00 8.94 8.22 7.72 4.83 7.95A
Ortalama 9.00a 9.00a 8.84ab 8.10b 7.07c 4.27d

Onemlilik dereceleri

Depolama Siiresi (DS) Uygulama (V) DSx U

Solunum hiz1 ok *x *
Dis goriiniis *x ** oD

OD: Onemli degil, *: P<0.05, **: P<0.01, Satir ve siitunlarda degisik harflerle gosterilen ortalamalar arasindaki farkliliklar
istatistik olarak énemli bulunmustur (P<0.05).

4. Sonug

Calismada beklendigi gibi depolama siiresince tiim taze kesilmis pirasa 6rneklerinde sertlik degeri azalirken,
agirlik kaybr artmistir. Ancak AA uygulanmis pirasalarda bu kayiplar daha sinirh kalmigtir. AA uygulanmis pirasa
dilimleri daha az agirlik kayb1 ve daha sert yalanci govde ile kontrol 6rneklerinden ayrigmig ve istatistiksel olarak
farkli grupta yer almistir. Ozellikle %2’lik doz olmak (izere her iki AA uygulamasi kontrole gére dilimlenmis
prrasalarin solunum hizin1 bariz sekilde yavaslatmistir. AA uygulamasi kontrol 6rneklerine goére depolama
boyunca pirasalarin gorsel kalitelerini daha iyi korumustur. Calismada taze-kesilmis Lincoln pirasa gesidinin streg
filmle kapli kopiik kaseler iginde, 0+1 °C ve %90+5 oransal nemde 24 giin depolanabilecegi belirlenmistir. Ancak
%1ve 2’lik AA uygulamasi ile bu siirenin 30 giine kadar uzatilabilecegi goriilmiistiir.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Effects of Combination of Copper Fungicide and Plant Activator on Late Blight and
Quality Criteria of Potato

Bakarli Fungusit ve Bitki Aktivatorii Kombinasyonunun Patates Mildiydsii Hastalig1 ve Patates
Kalite Kriterleri Uzerine Etkisi

Nilay OZDEMIR""
Abstract

Late blight caused by Phytophthora infestans is one of the most important fungal diseases that cause damage to
both the green parts and tuber of the potato plant and limits potato cultivation. Systemic fungicides are mostly
preferred by farmers in the control of potato late blight. The fact that systemic fungicides cause health problems
in terms of human and environmental health has revealed the need for research on control methods that do not
threaten environmental health. In recent years, successful results have been obtained in the control of many
diseases with plant activators known as Induced Systemic Resistance (ISR) promoters. This study was carried out
in the spring season of 2016-2017 to observe the effect of copper fungicide and plant activator (Lactobacillus
acidophilus fermentation product) combination on the control of potato late blight disease and some quality criteria
of potato tubers in the experimental plots of Ege University Odemis Vocational School in Odemis district of izmir
province. The experiment was planned as two separate experiments with Marabel and Melody potato cultivars.
The experiment was established according to a split-plot experimental design with four replications. In this study,
the effect of the treatments on potato quality and yield criteria such as tuber number, tuber width, tuber length,
single tuber weight, yield per decare, and the effects of the pesticides on potato late blight disease and disease
severity parameters were evaluated. When the data obtained as a result of the study were evaluated, it was
determined that the combination application had a positive effect on the control of potato late blight disease in
both potato cultivars compared to the control plots. When the quality criteria of potato tubers were evaluated, the
highest number of tubers was obtained from the plots where copper fungicide and plant activator (Isr-2000)
combination was applied. Significant increase was obtained in potato quality and yield criteria such as tuber width,
tuber length, average tuber weight and yield per decare when the combination plots were compared with the control
plots. In conclusion, the use of contact fungicides and plant activator combinations in the control of late blight in
the spring period within the scope of sustainable agriculture is promising as an application alternative in the control
of plant diseases in organic agriculture.

Keywords: Potato, Phytophthora infestans, Organic agriculture, Plant activator, Copper fungicide

*Sorumlu Yazar/Corresponding Author: Nilay Ozdemir, Ege University, Odemis Vocational Training School, Odemis-izmir, TURKEY E-mail:

nilay.ozdemir@ege.edu.tr “=* OrclD: 0000-0002-9882-2779.

Atif/Citation: Ozdemir, N. Effects of combination of copper fungicide and plant activator on late blight and quality criteria of potato. Tekirdag Ziraat Fakiiltesi
Dergisi, 20 (1) 145-154.

©Bu galigma Tekirdag Namik Kemal Universitesi tarafindan Creative Commons Lisans1 (https:/creativecommons.org/licenses/by-nc/4.0/) kapsaminda
yayinlanmustir. Tekirdag 2023

145


mailto:nilay.ozdemir@ege.edu.tr
https://orcid.org

Ozdemir
Effects of Combination of Copper Fungicide and Plant Activator on Late Blight and Quality Criteria of Potato

Oz

Phytophthora infestans’i neden oldugu mildiy6 hastaligi patates bitkisinde hem yesil aksamda hem de yumruda
zarara sebep olan, patates yetistiriciligini sinirlandiran en 6nemli fungal hastaliklardan birisidir. Patates mildiydst
ile miicadelede ¢iftciler tarafindan en ¢ok sistemik fungusitler tercih edilmektedir. Sistemik fungusitlerin insan ve
gevre saglig1 agisindan saglik sorunlarina sebep olmasi, ¢evre sagligimi tehdit etmeyen miicadele yontemleri
aragtirma ihtiyacini ortaya ¢ikarmistir. Son yillarda yapilan arastirmalarda uyarilmis sistemik dayaniklilik (Induced
Systemic Resistance) (ISR) tesvik edici olarak bilinen bitki aktivatérleri ile birgok hastaligin kontroliinde basarih
sonuglar elde edilmistir. Calisma Izmir iline baglh Odemis ilgesinde yer alan Ege Universitesi Odemis Meslek
Yuksekokulu deneme parsellerinde bakirli fungusit ile bitki aktivatdri (Lactobacillus acidophilus fermentasyon
irlinli) kombinasyonunun, patates mildiyosii hastaliginin kontroliindeki ve patates yumrularinin bazi kalite
kriterleri iizerindeki etkisini gozlemlemek amaciyla 2016-2017 yillarinda ilkbahar sezonunda yiiriitiilmiistiir.
Deneme Marabel ve Melody patates ¢esitleri ile iki ayr1 deneme seklinde planlanmistir. Deneme, dort tekerrirli
boéliinen bolinmiis parseller deneme desenine gore kurulmustur. Bu ¢alismada, uygulamalarin yumru adedi, yumru
eni, yumru boyu, tek yumru agirligi, dekara verim gibi patateste kalite ve verim Kkriterleri ve patates mildiy6si
hastaligina ilaclarin etkisi ve hastalik giddeti parametreleri degerlendirmeye alinmistir. Caligma sonucunda elde
edilen veriler degerlendirildiginde, kombinasyon uygulamasmin kontrol parsellerine kiyasla her iki patates
¢esidinde de patates ge¢ yaniklik hastaliginin kontrolii tizerinde olumlu bir etkiye sahip oldugu tespit edilmistir.
Patates yumrularinin kalite kriterleri degerlendirildiginde, bakirli fungusit ve bitki aktivatdri (Isr-2000)
kombinasyonu uyguladigimiz parsellerden en yuksek yumru adedi elde edilmistir. Yumru eni, yumru boyu,
ortalama yumru agirlign ve dekara verim gibi patatesin kalite ve verim kriterlerinde kombinasyon uygulanan
parseller kontrol parselleri ile kiyaslandiginda onemli artis elde edilmistir. Sonug olarak, siirdiiriilebilir tarim
kapsaminda ilkbahar déneminde patates mildiyosii hastaliginin kontroliinde kontakt etkili fungusitler ve bitki
aktivatorii kombinasyonlarinin kullanimi organik tarimda bitki hastaliklari ile miicadelede bir uygulama alternatifi
olarak umut vadetmektedir.

Anahtar Kelimeler: Patates, Phytophthora infestans, Organik tarim, Bitki aktivatorii, Bakirli fungusit
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1. Introduction

Potato (Solanum tuberosum L.), which is a member of the Solanaceae family and has spread throughout the
world from the Andes of South America, is one of the most important plants that can respond to the growing
hunger problem in the world (Yildirim et al., 2005). Today, it can be grown in almost every part of Turkey. It is
one of the best plants that can be involved in crop rotation, especially in light, sandy-loam soils. Considering the
increasing world population and limited agricultural areas, potato is a product that the world cares about both in
terms of the product amount obtained per unit area and the quality of the product to meet the needs of more people.
In the countries where it is grown, potato is a plant that contributes quite a lot to the national economy due to the
high amount of product taken from the unit area (Bostan, 1996).

According to 2021 data from Turkey, the cultivation area of potatoes is 1.389.175 decares, the production
amount is 5.100.000 tons, and the yield per unit area is 3671 kg da* (Anonymous, 2022a). The Odemis province
has a significant share in terms of potato production in Turkey. According to 2021 data in Odemis, potato
production takes place in three periods on approximately 92.000 decares of land Odemis plain in spring, Golciik
plateau and Bozdag in summer, and Odemis plain again in autumn (Anonymous, 2022b).

Potato late blight (Phytophthora infestans) is one of the diseases seen in potato cultivation areas in the Odemis
district and causes the most yield loss. The pathogen of the disease subsists in crop residues, infected tubers and
other plants in the Solanaceae family. The spores of the disease's pathogen are airborne and can be carried to
healthy plants by air flows. As a result of the increase in humidity in the spring, the pathogen causes sporulation
on infected plants and these spores hold on to the plant from the lower leaves of cultivated plants close to the soil
with the wind or raindrops. They enter the plant through natural surface openings or injured tissues in cultivated
plants and penetrate the plant. They can cause secondary infections during the year (Stevenson, et al., 2001).
Fungal spores must first germinate for the development of late blight disease. Appropriate temperature and high
proportional humidity, such as water film, dew, and rain on the plant surface are required for this. The presence of
free water on the leaf increases the activity of P. infestans, the pathogen of the late blight disease as well as many
other leaf pathogens (Harrison, 1995; Agrios, 2005; Fry, 2008, Tian et al., 2016).

The most effective method in the fight against the disease is chemical control. Pesticides should be applied
with appropriate systemic fungicides when the disease is seen in the field or when the climate conditions are
suitable for the disease for chemical control to be successful. Due to the negative effects of systemic pesticides on
the environment and human health, the fact that they create resistance on the target organism over time, and the
high risk of residues, new solutions should be found in the fight against the disease. As a result of these problems,
it has become obligatory to develop more effective, environmentally friendly fungicides against P. infestans and
to use them with the best application techniques (Cook and Deahl, 1998). Plant activators are substances that
activate the natural defence system of plants, allow them to make better use of nutrients, help protect them from
stress conditions and similar external agents and factors, affect yield and product quality positively, and have
natural strengthening, resistance increasing, soil structure regulating features. Plant activators have recently been
preferred as an alternative to traditional plant disease control methods. Very successful results have been obtained
from the combination of plant activator and copper hydroxide in blight diseases (Aysan et al., 2019; Tosun and
Erglin, 2002).

In this study, copper fungicide with a contact-effective mechanism and a plant activator (ISR-2000), which is
thought to increase the resistance by affecting the natural resistance mechanisms of the plant against diseases, were
selected. ISR-2000 is a preparation consisting of biological, organic, and natural extracts formulation developed
for use in herbal production and presented to agriculture. It contains Lactobacillus acidophilus, yeast extract, plant
extract, and benzoic acid. It is a natural compound that exists in the plant but does not always appear under normal
conditions, activates the natural defence mechanism, and is obtained biologically. The use of ISR-2000 is an
environmentally friendly organic product that provides a high defence system and resistance against diseases and
stress, an increase in crop yield and quality, an excellent economic return, and an increase in earnings (Yaman,
2006).

The aim of this study was to determine the effects of copper fungicide alone or in combination with a plant
activator on plant growth characteristics, tuber quality and yield in the control of late blight disease, which causes
significant yield loss in potato plants intensively produced in the spring season in Odemis region. It is thought that
the results obtained at the end of the study will be useful for potato producers.
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2. Materials and Methods

In order to determine the effects of copper fungicide and plant activator (ISR-2000) combination on disease
control and plant growth characteristics of two potato cultivars against late blight (Phytophthora infestans) disease
in Odemis, a study was carried out in the field and laboratories of Ege University Odemis Vocational School in
the spring potato growing season of 2016-2017. Two different potato cultivars, Melody and Marabel, were used
in the study (Table 1). Copper fungicide alone, combination of copper fungicide and plant activator (ISR-2000)
and Aviso fungicide, which is a licensed commercial preparation with 57% metiram + 4% cymoxanil active
ingredient, were used against potato late blight disease (Table 2). The study was conducted as two separate
experiments on potato cultivars. The soil of the experiment area was determined as loamy sandy texture and poor
in organic matter. Climatic data for the spring potato production season in the experimental area are given in Table
3.

2.1. Determining the Efficiency of Applications in Field Conditions

This experiment was conducted to determine the efficacy of a combination of copper fungicide and plant
activator (ISR-2000) against potato late blight disease by spraying green parts under natural inoculation conditions
in an area where the disease was observed in previous years. The experiment was planned according to a split-plot
design with 4 treatments (3 fungicides + control) and 4 replications for two different potato cultivars. The
experiment was established with 20 plants in each plot after edge effects. In order to prevent the chemical
treatments from affecting each other, isolation rows of at least one metre were left between each treatment. All
maintenance operations were carried out in the same way in all plots so that there was no difference between the
plots. Potato seeds were sown between 15 February and 20 February. Potato harvesting was carried out between
20 June and 1 July. Spraying was started when the first potato late blight disease symptoms were seen in the
environment and at least three sprayings were made at 10-12 days intervals at the doses recommended by the
companies. The trial was planned in accordance with the Plant Disease Standard Pesticide Trial Methods of the
General Directorate of Agricultural Research and Policies of the Ministry of Agriculture and Forestry of the
Republic of Turkey. The counts were evaluated according to the 0-5 scale of TAGEM Plant Diseases Standard
Pesticide Trial Methods, taking into account the duration of the drug effect and the disease severity in the control
(Table 4). The values obtained as a result of the treatments were converted into disease severity using the Towsend-
Heuberger formula (Towsend and Heuberger,1943). The effects of treatments on late blight of potato disease were
calculated by comparing with control plots according to Abbott formula (Anonymous, 2015). The results obtained
in the experiment were analysed using the statistical package SPSS v. 28.0 (SPSS, 2021). Significant differences
between the averages obtained were determined using Tukey test. Treatments in the same statistical group were
grouped with the same letter and the results were interpreted.

2.2. Characteristics Related to Plant Yield and Quality

In the experiment, yield and quality characteristics of tubers obtained at the end of harvest were examined to
see the effect of copper fungicide alone and in combination with plant activator (ISR-2000) on plant yield and
quality characteristics.

Table 1. Characteristics of potato cultivars

CHARACTERISTICS MARABEL MELODY
Plant height Middle Middle
Flower Color White White
Maturity Early Mid Early
Tuber Shape Oval Oval-Flat
Tuber Color Dark yellow Light yellow
Average Yield 2228 kg da* 3475 kg da*
Late Blight Disease Resistance Resistant Middle
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Table 2. Characterization of experimental units of fungicides applied against potato late blight in feld trials.

Commercial Active Substance Provider Formulation Application dose
Name
Champion %77 Copper hydroxide Hektas WG 250 g da*
Aviso Cymoxanil+Metiram (%4,8+57) Basf WG 200 g da*
ISR 2000 855,81 g/l Lactobacillus Alltech Crop Liquid 100 g da*
acidophilus Science

Table 3. Some climate data during the potato growing seasons of Odemis, Izmir between 2016-2017 *

Months Rainfall (mm) Average temperature Relative Humidity (%0)
(°C)

2016 2017 2016 2017 2016 2017
JANUARY 252.5 51.0 9.4 11.7 70.9 74.3
FEBRUARY  187.0 18.5 11.2 11.7 70.2 68.2
MARCH 56.8 50.2 14.0 13.2 58.5 60.7
APRIL 30.2 73.8 17.3 17.0 54.0 78.5
MAY 43.7 18.4 22.7 20.8 54.7 15.3
JUNE 27.1 452 25.7 25.0 50.7 53.0

* based on the Odemis-izmir Meteorological Station records

Table 4. The disease rating scale for late blight.

Rating Reaction Description
0 No infection
At least one leaf is infected on one of the 10 branches in the plant.
Usually, at least one leaf on each branch is infected, but the plant
appears green.
50% of the leaf area in the plant is destroyed and necrosis.
75% of the leaf area in the plant is destroyed and necrosis.
All the leaves are dead, the stems are drying up,

o b~ W N

2.3. Sampling and Isolation Studies

Since Phytophthora infestans is an obligate parasite, its isolation and development in culture medium is quite
difficult. During the experiment, diseased plant samples were collected during the spring potato growing period
and isolation studies were carried out using Rye A Agar medium, one of the selective media. The experimental
field was carried out under natural inoculation conditions where the disease was observed in previous years and
no artificial inoculation was applied to the plants (Caten and Jinks, 1968; Tosun et al., 2003).

3. Results and Discussion

In order to investigate the effect of copper fungicide alone and in combination with plant activator (ISR-2000)
in the control of potato late blight disease (Phytophthora infestans), which is one of the biggest problems of potato
cultivation, trials were carried out on Melody and Marabel potato cultivars during spring potato planting periods
for two years in 2016 and 2017. As a result of the statistical analyses performed according to the data obtained,
the statistical significance of the effects of variance sources on potato late blight disease and potato yield and
quality characteristics are given in Tables 5 and 6. The effects of copper fungicide alone (Champion) and copper
fungicide and plant activator (Champion + ISR-2000) combination on late blight disease and potato yield and
quality traits in two potato cultivars are given in Tables 7 and 8. According to F values (Tables 5 and 6), the effects
of year, variety and fungicide treatments on tuber number were found to be statistically significant at p<0.01 level.
The effect of the interactions of the factors on the number of tubers was found to be statistically insignificant. The
highest number of tubers was obtained with the combination of copper fungicide (Champion) and plant activator
(ISR-2000) in both potato cultivars under Odemis conditions (11.16 number/plant; 9.99 number/plant). According
to the results obtained in this study, the combination of copper fungicide (Champion) and plant activator (ISR-
2000) increased the number of tubers, which is similar to the statements of many researchers that plant activators
have a positive effect on fruit number. In 2013, some researchers investigated the effect of plant activators alone
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on potato tuber size and yield. They found that both activators used in the study increased the number of tubers
compared to the control (Oztiirk and Y1ldirim, 2013). In another study conducted in 2003, researchers reported an
increase in the number of tubers in potato plants treated with Crop-set and ISR-2000 compared to the control (Koca
and Yildirim, 2003). The development of the tuber depends on a good vegetative development and the transport
of photosynthesis products synthesized in the leaves from the leaves to the tubers. It has been stated by various
researchers that late blight disease not only prevents the tuber from reaching the desired size but also causes a
decrease in the number of tubers of sufficient size (Glass et al., 2001; Gdler et al., 2011).

The effects of cultivar, fungicide treatments and cultivar x fungicide interactions on tuber width were found
statistically significant at p<0.01 level. In both potato cultivars used in the experiment, the highest tuber width
values were obtained in plots treated with Aviso fungicide followed by copper fungicide (Champion) and plant
activator combination (ISR-2000). Some researchers have reported that tuber width values differ according to
potato variety (Caliskan et al., 1997; Yildirim et al., 2005). The difference in tuber width measurements between
cultivars is similar to the literature. According to the findings obtained in this study, copper fungicide and plant
activator (ISR-2000) combination treatment resulted in an increase in tuber width compared to the control. The
results obtained are similar to the findings of some researchers who have worked with the plant activator in potato
(Oztiirk and Yildirim, 2013; Cahiskan et al., 2021).

Table 5. The F values of tuber number, tuber width(mm) and tuber length(mm)

Source of Variation df Tuber Number Tuber Width (mm)  Tuber Length(mm)
Year 1 25.97" 10.99" 9.64"
Cultivar 1 14.84™ 390.75™ 199.43
Treatment 3 55.72*" 976.83™ 1252.10™
Year x Cultivar 2 0.08" 15.02™ 1.23"

Year x Treatment 3 1.50"™ 5.68" 0.76™
Cultivar x Treatment 3 1.22m 25.57™ 2.92"

Year x Cultivar x Treatment 3 0.10m 3.51" 1.10m™

*Significant at the p<0.05 level

**  Significant at the p<0.01 level
ns non significant

Table 6. The F values of the single tuber weight (g), yield(kg/da) and disease severity (%)

Source of Variation df  Single Tuber Weight (g)  Yield (kg da?)  Disease Severity (%)
Year 1 11.44™ 1.90m 10.74"
Cultivar 1 312.12™ 0.19™ 12.95"
Treatment 3 4223.86™ 1967.93™ 3881.28™
Year x Cultivar 2 7.56" 28.27™ 0.23"

Year x Treatment 3 4.55" 8.26™ 2.41"
Cultivar x Treatment 3 16.5™ 6.67" 0.99™

Year x Cultivar x Treatment 3 35.78™ 6.02" 0.37™

*  Significant at the p<0.05 level
**  Significant at the p<0.01 level
ns non significant

The effect of cultivar and fungicide treatments on tuber length was found statistically significant at p<0.01
level, while the effect of cultivar x fungicide interaction was found significant at p<0.05 level. Among the
fungicide treatments, the combination of copper fungicide (Champion) and plant activator (ISR-2000) was
observed as the plots with the highest tuber length after the fungicide plots used as comparison in both potato
cultivars. It was also reported by different researchers that tuber length values differed according to the cultivars
used (Caliskan et al., 1997; Yildirim et al., 2005). In this study, the difference in tuber length among the cultivars
is in parallel with the literature. In the experiment, an increase in tuber length was observed in the plots where
copper fungicide (Champion) and plant activator (ISR -2000) combination was applied compared to the control.
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In 2013, researchers reported that plant activators provided an increase in tuber length compared to control plots
(Oztiirk and Yildirim, 2013). The results we obtained in terms of tuber length are in parallel with the literature.

Table 7. Means of treatments on late blight, tuber number, tuber width(mm) and tuber length(mm) in the

field trial
Treatment Tuber Number Tuber Width (mm) Tuber Length(mm)
Cultivar (Marabel)
Champion 10.03+0.96a 60.73+ 1.81b 83.13+2.14c
Champion+ISR2000 11.16+1.23a 68.15+1.3% 106.86+4.02b
Aviso 10.24+ 0.72a 69.43+1.59% 113.11+ 2.79a
Control 7.62+0.76b c 46.43+1.28c 57.46+2.32d
LSD(0.05) 0.67 1.75 8.95
Cultivar (Melody)
Champion 9.74+1.05a 65.23+1.60b 96.08+3.11b
Champion+ISR2000 9.99+0.99a 72.85+2.61a 118.84+2.65a
Aviso 9.28+0.48a 74.13+2.51a 121.65+ 4.61a
Control 7.16+0.59b 52.42+1.70c 65.22+2.58¢
LSD(0.05) 0.43 2.30 8.19

* Means with the same letter in the same column are in the same group.

Table 8. Means of treatments on late blight, single tuber weight(g.), yield(kg/da), disease severity(%) and
effect (%) in the field trial

Treatment Single Tuber Weight Yield (kg da?) Disease Severity Effect
(9 (%) (%)
Cultivar (Marabel)
Champion 101.97+2.68c 3200.64+120.47c 40.38+3.20b 56.87
Champion+I1SR2000 163.65+5.51b 4734.35%£297.02b 25.38+3.50c 72.87
Aviso 180.62+3.64a 5103.13+257.59a 10.50+0.92d 88.67
Control 73.95+4.05d 1810.54+123.04d 93.75+1.48a 0.00
LSD.05) 15.24 15511.78 6.22
Cultivar (Melody)
Champion 114.70+4.62c 3532.88+227.73b 37.63+3.02b 59.26
Champion+I1SR2000 188.04+7.29b 4810.10£190.29a 22.13+2.29¢ 75.87
Aviso 198.70+6.02a 5064.34+306.95a 9.88+1.64d 87.29
Control 83.80+3.09d 1786.45+154.69c¢ 92.00+2.92a 0.00
LSD0.05) 23.98 36840.82 4.36

* Means with the same letter in the same column are in the same group.

Considering the potato single tuber weight, cultivar and fungicide treatments were found to be statistically
significant at the p<0.01 level. When the effect of the combination of copper fungicide and plant activator (ISR-
2000) on potato single tuber weight was examined, it was observed that the highest tuber weight was obtained
after the comparative fungicide treatment in both potato cultivars. It was reported by many researchers that the
tuber weight values obtained in the studies differed according to the cultivars used. (Arslan and Kevseroglu, 1991;
Yildirim et al., 2005). The difference in tuber weight parameters of potato cultivars is similar to the literature. In
this study, cultivar x fungicide interaction was found to be statistically significant at the level of 1% in terms of
average tuber weight. When examined in terms of the effect of the treatment, an increase in tuber weight was
detected in both potato cultivars in the parcels where the combination of copper fungicide and plant activator (ISR-
2000) was applied. In a study conducted by researchers working with plant activators in potato plant in 2013, it
was reported that plant activator application increased single tuber weight compared to control (Oztiirk and
Yildirim, 2013). The findings related to single tuber weight are like the literature.

When the effect of copper fungicide and plant activator (ISR-2000) combination on potato yield was analysed,
it was 4734.35 kg/da. in Marabel potato variety and 4810.10 kg/da. in Melody potato variety. It was the plot with
the highest yield value after the comparative fungicide treated plots. In this study, when the effect of variance
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sources on yield per decare of potato was examined, the effect of fungicide treatments and cultivar x fungicide
interaction was found to be statistically significant at the p<0.01 level. This study, when the effect of the application
on yield per decare was examined, in parcels where copper fungicide and plant activator (ISR-2000) combination
is applied, a significant increase in tuber yield per decare was observed in both potato cultivars compared to the
control. It is also stated by many researchers that potato late blight disease is a devastating disease and adversely
affects yield and product quality. The findings obtained in this study on the effect of the treatments on the yield
values per decare in potato are in parallel with the literature. (Doke, 1983; Grenville- Briggs et al., 2005; Whisson
et al.,2007; Morgan and Kamoun, 2007; Haverkort et al., 2008).

The effect of fungicide applications on disease severity against potato late blight, which was the main objective
of this study, was found to be statistically significant at p<0.01 level. The lowest disease severity in both potato
cultivars was observed in the plots where Aviso comparison fungicide was applied (10.50%; 9.88%). This was
followed by the combination of copper fungicide and plant activator (ISR 2000) (25.38%; 22.13%). On the other
hand, in the plots where copper fungicide was applied alone, 40.38% disease severity was observed in Marabel
potato variety and 37.63% disease severity was observed in Melody potato variety. In the plots where the
combination of copper fungicide and plant activator (ISR-2000) was applied, it was found to be an effective
application in the control of potato late blight disease with 72.87% efficiency in Marabel potato variety and 75.87%
efficiency in Melody potato variety. In the plots where copper fungicide was applied alone, 56.87% effect was
observed in Marabel potato variety and 59.26% effect was observed in Melody variety against potato late blight
disease compared to the control plot. Supporting the findings of this study, it was reported that the combination of
plant activator and copper preparations against tomato bacterial spot disease increased the success in suppressing
the disease and prolonged the effect of spraying in a trial conducted in 2003 (Karabay et.al., 2003). Similarly, in a
study conducted in tomato in 2005, it was found that the combination of copper hydroxide and plant activator was
more effective against bacterial plant diseases when applied together than when applied alone (Turkulsay and Tosun,
2005). Some researchers have also stated that the use of plant activators together with fungicides is more effective
in the control of plant diseases. It was emphasised that plant activators are more preferable than classical chemical
control methods due to the low risk of developing resistance against pathogens and providing long-term protection.
In addition, in a study conducted in tomato, some researchers reported that the combination of copper hydroxide
and plant activator was effective on tomato late blight disease (Tosun and Ergiin, 2002). In a study published in
1997, it was reported that the application of a combination of plant activator and fungicide against grain powdery
mildew (Erysiphe graminis) provided 82% protection, while the combination of plant activator with metalaxyl-M
fungicide against tobacco downy mildew largely prevented the disease (Novartis, 1997). The results of this study
are in parallel with the results of many researchers that plant activators increase plant resistance against plant
diseases (Werner et al., 2002; Karavas, 2002; Karabay et al., 2003; Cetinkaya and Aysan, 2005; Ustiin et al., 2005;
Boyraz et al., 2006; Delisoy and Altinok, 2019; Karabiiyiik and Aysan, 2019; Aktepe, 2021).

4, Conclusions

As a result, the combination of copper fungicide and plant activator (ISR-2000), one of the contact-acting
fungicides, was found to be significantly effective against potato late blight disease compared to control plots. In
the study, it was determined that late blight disease had a significant effect on plant growth characteristics and
yield of potato. When potato late blight disease was controlled, it was observed that more and high quality products
could be obtained from unit area. There was no difference between the cultivars in terms of resistance to potato
late blight disease in the spring potato growing period. The data obtained in this study support the inclusion of
copper fungicide and plant activator (ISR-2000) combination in integrated control programmes against fungal
diseases in potato production areas. When the results obtained in this study are evaluated in general, it is concluded
that the use of plant activators and contact fungicides together in the treatment of fungal diseases in potato
production areas will be guiding for potato producers due to its benefits such as increased effectiveness of contact
fungicides against the disease, no residue risk, increase in yield and quality.
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Isolation, Identification and Determination of Saccharomyces cerevisiae Yeast Species
from The Wines Made by Spontaneous Fermentation Using Papazkaras1 Grapes from
Thrace Region

Trakya Yoresine Ait Papazkaras1 Uzimleri Kullanilarak, Spontan Fermantasyon ile Elde
Edilen Saraplardan Saccharomyces cerevisiae TUrii Mayalarin izolasyonu, Tanimlanmas1 ve
Teknolojik Ozelliklerinin Belirlenmesi
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Abstract

Especially in large-scale commercial wine production, fermentation is usually carried out by using the species of
Saccharomyces cerevisiae yeast cultures. Standard wine yeast starter cultures are brought from abroad and used
in industrial winemaking in our country. Thus, in course of time, the wines of all producers began to show similar
properties. Today, studies focus on terroir wines production with local characteristics by using the countries' own
local wine yeasts as a starter. Within the scope of this study Papazkarasi grapes were collected from 4 vineyards
with different characteristics, such as viticulture practices, microclimatic conditions and locations in the borders
of Edirne and Kirklareli. In addition, the grapes were also collected from the vineyard in Tekirdag Viticulture
Research Institute. Spontaneous fermentation was done by crushing the collected grapes in the laboratory. At the
end of the fermentation, yeast isolations were made from the musts to YPD medium and a total of 66 isolates were
obtained as a result of purification. Fermentation rate, H2S production amount, growth at high temperature, growth
at high sugar concentration, resistance to high ethanol, ability to grow at low pH values, resistance to SO, and
volatile acid analysis were done to determine whether they meet the technological requirements for basic
winemaking, together with two commercial wine yeasts. DNA sequencing analyzes were made by selecting 15 of
the isolates that were found to have the necessary characteristics and it was determined that they belonged to the
Saccharomyces cerevisiae species. DNA fingerprinting analysis was performed using delta 12-21 primers to
determine the strain differences of the isolates determined to belong to the same species. By DNA fingerprint
analysis, it was determined that 9 out of 15 isolates were different strains.
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Erse¢c & Demirci
Isolation, Identification and Determination of Saccharomyces cerevisiae Yeast Species from The Wines Made by Spontaneous Fermentation Using Papazkarasi
Grapes from Thrace Region

Oz

Giliniimiizde, 6zellikle biiytik ¢apli ticari sarap tiretiminde, fermantasyon genellikle Saccharomyces cerevisiae tir
maya kiiltlirleri kullanilarak gerceklestirilmektedir. Standart sarap mayasi starter kiiltiirleri Uluslararasi biiyiik
maya iireticisi firmalardan alinarak iilkemizde, sarap yapiminda kullanilmaktadir. Bu da, iireticilerin saraplarmin
zamanla birbirine benzemesine yol agmaktadir. Giiniimiizde yapilan ¢alismalar, {ilkelerin kendi yerel sarap
mayalarini starter olarak kullanarak yerel 6zellikler tasiyan teruar saraplarinin iiretimine yogunlagmaktadir. Bu
calisma kapsaminda, Edirne ve Kirklareli smirlarinda bulunan, yapilan bagcilik uygulamalari, mikroklimatik
sartlar1, konumlar1 gibi 6zellikleri farklilik tagiyan 4 bagdan ve Tekirdag Bagcilik Aragtirma Enstitlisiindeki bir
bag parselinden olmak iizere toplam 5 farkli lokasyondan Papazkarasi ¢esidine ait Uzlimler 6nolojik olgunluk
asamasinda toplanmistir. Toplanan {iziimler laboratuvara getirilerek ezilmis ve sonrasinda spontan fermantasyona
birakilmigtir. Fermantasyon sonunda fermante olmus siralardan, YPD besiyerlerine, ekim yapilmstir.
Besiyerlerinde gelisen kolonilerin saflastirmasi islemi sonucunda toplam 66 adet izolat elde edilmistir. izolatlarm,
2 adet ticari sarap mayasi ile birlikte, temel sarap yapimi igin gereken teknolojik Ozellikleri karsilayip
karsilamadiklarin belirlemek i¢in fermantasyon hizi, H,S iiretim miktari, yiiksek sicaklikta gelisebilme, yliksek
seker konsantrasyonunda gelisebilme, yiiksek etanole dayaniklilik, diisiik pH degerlerinde gelisebilme, SO;’ye
dayaniklilik, ugar asit miktar1 analizleri uygulanmigtir. Gerekli 0zelliklere sahip olanlardan 15 tanesi segilerek
DNA dizileme analizleri yapilmis ve Saccharomyces cerevisiae turiine ait olduklari tespit edilmistir. Ayni tiire ait
olduklar belirlenen izolatlarin alt tiir bazinda birbirinden farkli olup olmadiklarini belirlemek iizere delta 12-21
primerleri kullanilarak DNA parmak izi analizi yapilmigtir. Bu izolatlara yapilan DNA parmak izi analizlerinde 9
adet farkli sus tespit edilmistir.

Anahtar Kelimeler: Papazkarasi, S. cerevisiae, Sarap, DNA, Maya, Karakterizasyon
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1. Introduction

Wine is one of humanity's oldest beverages. The wine was originally formed by fermentation of damaged
grapes in barrels (Chambers and Pretorius, 2010). Today, wine fermentation is carried out using yeasts such as
Saccharomyces cerevisiae (Jolly et al., 2006). S. cerevisiae, which is also used in fields such as enzymes and bread
production today (Ozding and Velioglu, 2022), is accepted as the main yeast species responsible for alcoholic
fermentation due to its ability to grow in grape juice, which is characterized by high sugar and low nitrogen content.
S. cerevisiae species produce high amounts of ethyl alcohol, inhibit the growth of other yeasts and become
dominant during must fermentation (Cocolin et al., 2004).

The factors that determine the quality and character of the wine are the grapes used and the cultivation style,
as well as the fermentation outputs of the yeast used. Standard yeast cultures produced worldwide are widely used
in industrial winemaking. Thus, over time, the wines of all producers began to show similar characters. Today,
studies focus on wine production with local characteristics by using the countries' own local wine yeast as a starter
culture (Varela and Borneman, 2016). In addition, autochthonous yeasts show better adaptability to specific musts
determined by terroir and grape variety (Bokulich et al., 2013).

Wine yeasts selected for use in wine production need to have certain technological properties (fermentation
rate, H,S production amount, growth at high temperature, growth at high sugar concentration, resistance to high
ethanol, ability to grow at low pH values, resistance to SO», volatile acid etc.) that will make them suitable for
industrial wine production, and the determination of these technological properties is very important for the
efficiency of the fermentation process. Many of the technological features differ greatly within yeast strains.
Therefore, the technological properties of all isolates must be determined. In addition, during the selection of
yeasts, their genomic structures should be determined and defined as well as morphological differences (Lopes et
al., 2006)

Turkey terroir is very suitable for the cultivation of different grape varieties (Tahmaz et al., 2022). Thrace
region is one of the important wine grape growing regions in Turkey. Papazkarasi grape variety is the indigenous
and ancient grape variety of the Thrace region. Within the borders of Thrace, there are many Papazkarasi vineyards
with different characteristics. There is no study in the international literature on the isolation and identification of
Saccharomyces cerevisiae yeasts suitable for winemaking from Papazkarasi grapes in this region. Grapes
harvested from Papazkarasi vineyards with different characteristics in the Thrace region were used in this study
since factors such as geography, altitude, climate, the presence of other grape varieties grown in the same vineyard,
soil structure, and age of the vineyard are the most important factors on the yeast population and variety on the

grape.

The aim of the study was to isolate, identify and determine the technological properties of Saccharomyces
cerevisiae yeast strains from microvinification experiments with Papazkarasi varieties collected from vineyards in
the Thrace region. Thus, it will be contributed to the process of collecting local yeasts from our country's own
genetic resources, identifying suitable and resistant species, and selecting yeasts strains suitable for winemaking,
in order to produce wines with unique flavors with high international competitiveness. In addition, since the
isolated and identified wine yeast candidates will be stocked, a contribution will be made to the gene bank of our
country and a resource will be created for future studies.

2. Materials and Methods
2.1. Region

Grapes to be used in the study were harvested at maturity stages from 5 vineyards located within the borders of
Edirne, Kirklareli and Tekirdag (Figure 1).

. Kirklareli, Uskiip : 41°45’10”N 27°23’30"E, Altitude: 351m
. Kirklareli, Hamitabat : 41°32°00”N 27°17°41”E, Altitude: 140m
. Edirne, Kircasalih 1 41°22°52”N 26°48’6”E, Altitude: 87m

. Edirne, Yenikoy :41°20’18”N 26°45°17”E, Altitude: 78m
. Tekirdag Viticulture Research Institute 1 40°58°30”N 27°28°03”E, Altitude: 50m

While determining the technological properties of isolated yeasts, 2 commercial wine yeasts (RC212, ICV Opale)
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were used. Candida krusei strain, which is known to be a strong producer, was used to determine the level of H,S
production.

BULGARIA

SEA OF MARMARA

Figure 1. Regions where Papazkarasi grapes are harvested
2.2. Spontaneous fermentation process

25 mg I'* sulfur dioxide (SO-) has been added to avoid any biological risk but to ensure the greatest possible yeast
population in the must (Parish and Carroll, 1987). Musts were left to ferment at a constant temperature of 17°C. Until
the end of the fermentation, the weight loss in the bottles was measured every day and it was predicted that the
fermentations were finished when the weight loss stopped. In all prepared trials, fermentations were completed between
15-25 days.

2.3. Isolation

At the end of the fermentation, samples were taken from the musts and inoculated on YPD agar (1% yeast extract,
2% peptone, 2% dextrose, 1.5% agar) containing 0.015 mg I"* amoxicillin at concentrations of 10 to 10 and Incubated
at 28°C for 4 days (Cavdaroglu, 2017). At the end of the incubation, the colonies were randomly selected according to
their morphological characteristics and purified by cultivating on another YPD agar with the streaking method. The
purification process was repeated 6 times (Valero et al., 2007).

2.4. Identifying technological features

H,S Production: The rotten egg smell created by hydrogen sulfide in wines is an undesirable situation. Therefore,
yeasts to be used as wine starter cultures are required to produce low levels of HS. Isolated yeast strains were cultivated
on BIGGY (bismuth sulphite glucose glycine yeast) agar and incubated at 30°C for 5 days, and hydrogen sulfide
production was estimated by looking at the colour formation on the medium. The degree of browning of yeast lines; 1:
white, 2: cream, 3: light brown, 4: brown, 5: dark brown and 6: black (Cordente et al., 2009).

Fermentation Rate: It is desired that wine yeasts become dominant in the must and suppress other microorganisms
in the first stages of fermentation. In this study, the growth rate of the isolates was determined by measuring the weight
loss that occurred in the media between the 24™ and 72™ hours of fermentation. Inoculations were made by putting 20
mL of YPD medium with a pH of 3.5, containing 20% glucose in 50 mL sterile tubes, and the tubes were left to
incubate at 25°C. The weight loss due to CO, gas output between the 24™ and 72" hours of fermentation was calculated
in “g CO2 (L h)™*” (Pérez-Coello et al., 1999)

High Temperature Tolerance: Yeast strains were inoculated in YPD broth (10 mL), incubated at 37 and 42°C for
5 days, and their growth was examined (Nikolaou et al., 2006).

High Sugar Tolerance: Yeast cultures were inoculated into 10 mL YPD Broth medium adjusted to 30°Bx, and
incubated at 30°C for 3 days. At the end of the period, the growth of gas-forming isolates in two-thirds of the Durham
tube was considered positive (Iranzo et al., 1998).

High Ethanol Tolerance: After counting with a Thoma slide (~3 uL 10° cfu mL-1), yeast isolates are inoculated
into a 10 mL YPD medium, containing 100-130-150-170 mL L™ ethanol and incubated at 30°C for 72 hours. Their
growth at the end of this period was examined (Guimarées et al., 2006).

Low pH Tolerance: YPD media with pH values adjusted to 3.0 and 4.0 with HCL and NaOH were put in 15 mL
tubes as 10 mL. Isolates are inoculated (10 pL) and incubated at 28°C for 7 days. At the end of this period, the gas
accumulation in the tubes was examined. Unadjusted YPD medium with a pH of 6.67 was used as a control in the
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experiment. (Charoenchai et al., 1998).

Sulfur Tolerance: The growth characteristics of the isolates on YPD media supplemented with SO, at
concentrations of 0, 50, 100, 150, and 200 mg L™ were investigated. Activated yeast cultures were inoculated into the
medium at a level of approximately 106 cells mL* and incubated at 28°C for 72 hours. (Guiméaraes et al., 2006).

Volatile Acid Production: YPD medium containing 20% glucose was used to detect for volatile acid production.
The steam distillation method was used to determine the amount of volatile acid formed by yeast in the medium. Sixty
mL of liquid distilled by steam distillation system was heated to boiling point. Then, it was titrated with 0.1 N NaOH
solution under phenolphthalein indicator until colour change was observed. (Ough and Amerine, 1988).

2.5. Molecular characterization

DNA sequencing analyses: Among 66 isolated yeast strains, sequencing and DNA fingerprinting analyzes were
performed for 15 yeast strains that showed proficiency in technological tests.

After using the lyticase enzyme to break down the yeast cell walls, the steps specified in the “Wizard Genomic
DNA purification Kit” product of Promega company were followed. The purity of the isolated DNA was determined
by nanodrop.

In the studies, ITS1 (5 TCC GTA GGT GAA CCT TGC GG 3") was used as the forward primer and ITS4 (5 TCC
TCC GCT TAT TGA TAT GC 3) was used as the reverse primer. In the study, 17.5 yL nuclease-free sterile water,
2.5 pL buffer (does not contain MgCly), 0.5 pL (deoxynucleotide triphosphate) dNTPmix, 0.5 pL ITS1 forward and
0.5 UL I1TS4 reverse primers, 2 uL MgCl,, 0.5 uL Tag DNA polymerase enzyme and 50 ng DNA were added in a total
volume of 50 pL in 500 pL PCR tubes. PCR reaction parameters were programmed as 15 min initial denaturation at
95°C, 60 s denaturation at 94°C, 2 min annealing at 55°C, and 2 min extension at 72°C, and this process was repeated
35 times. PCR was completed with a 10 min final extension at 72°C (Blaiotta et al., 2002). Sequence analysis of DNA
samples visualized on agarose gel was performed at Namik Kemal University Scientific and Technological Research
Application and Research Center. The nucleotide sequences of yeast samples were compared with known sequences
in NCBI GenBank using the BLAST program.

DNA fingerprinting analysis: To see the differences in yeast samples based on strain, DNA fingerprinting analyzes
were performed using deltal2 (5 TCAACAATGGAATCCCAAC'3) and delta21
(5’CATCTTAACACCGTATATGA 3) primers. The PCR reaction contains 25 pL volume of 2.5 mM MgCly, 0.2 mM
dNTP mix, 1 uM forward primer (delta 12), 1 uM, reverse primer (delta 21), 1.25 Units of Go-taq flexi DNA
polymerase (Promega), 50 ng DNA. PCR conditions were pre-denaturation at 95°C for 4 min, then 30 cycles of 30 s
at 95°C, annealing at 46°C for 30 s, polymerization at 72°C for 90 s, and finally a final extension at 72°C for 7 min.
Post-PCR samples were run on a 1.4% agarose gel in 1XTBE buffer at 100 V for 2 hours. In the presence of ethidium
bromide, they were viewed under UV light and their photographs were recorded (Bilgin, 2015).

3. Results and Discussion

With the weightings made during the spontaneous fermentation process, data such as the start times of
fermentations, their speeds in certain periods, and the finishing stages were obtained (Figure 2).

Spontaneous Fermentation Weight Loses
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Figure 2. Weight reductions of grape must collected from different vineyards during spontaneous fermentation
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It was observed that fermentations in all samples except Yenikdy started in 2-3 days, and in Yenikdy samples,
fermentations started on the 4th day. This time may vary depending on the density of the microorganism flora in the
samples and/or the capabilities of the microorganisms initiating fermentation. In addition, the completion times and
rates of fermentations differed from each other, which is due to the differences in the initial sugar, water-soluble dry
matter and microbial flora on the peel (Lu et al., 2020).

3.1. Isolation and sampling

When the weight reductions were fixed, samples were taken from each of the fermented musts (Guimaraes et al.
2006). A total of 66 isolates were purified. The isolates were named as the initial letter of the region they were taken
from and the isolate number (H9: 9. Isolate obtained from the vineyard in Hamitabat region).

3.2. Analyzes to Determine the Technological Characteristics of Yeasts

H2S Production: Since the rotten egg odor created by hydrogen sulfide in wines is undesirable, yeasts to be used
as wine starters are required to produce low levels of H2S (Figure 3).
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Figure 3. H2S production levels according to colony colours formed by isolates on BIGGY agar

In the hydrogen sulfide production analysis, 6 strains formed cream-coloured (2) colonies on BIGGY agar, while
37 light brown (3), 17 brown (4), 2 dark brown (5) and 4 black (6) colours were formed. Commercial yeast strains
taken as references formed a brown colour, indicating that they are intermediate hydrogen sulfide producers. 60 of the
isolates that formed brown and lighter coloured colonies were accepted as potential wine starters. 6 isolates (U1, U6,
U8, U9, U16 and U19) forming dark brown and darker colonies were evaluated in the category of yeast that does not
have wine-making properties due to their high hydrogen sulfide production. It has been observed that 5 out of 6 isolates
(Y7, Y8, Y9, H6, E1), which give cream colour, have been successful in other technological analyzes as well, so they
have a high potential to be used in the production of wines that are required to have very low H,S levels from yeast or
to be made from damaged grapes.

In similar studies, it is seen that the majority of the isolated S. cerevisiae strains give light brown and brown colony
colour (Budroni et al., 2006; Lopes et al., 2007; Bagder, 2008; Celik et al., 2017).

Fermentation Rate: In the experiments, all yeasts, except for 6 isolates (U1, U6, U8, U9, U16, U19), which were
found to have no ability to ferment the must, caused a weight reduction greater than 0.25 g CO, (L h)* between 24-72.
hours. (Iranzo et al., 1998).
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Figure 4. Weight reductions in the media between the 24" and 72" hours of inoculation
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The weight reductions of the other yeasts in the study were found to be in the range of 0.739 - 1.698 g CO; (I h)™.
From this point of view, in terms of fermentation rate, it is seen that all other isolates can be used as starter cultures in
wine. It was observed that 36 of the isolates had higher fermentation rates than the control group, commercial red wine
yeast (RC212), and 30 of them had higher fermentation rates than the control group, commercial white wine yeast
(ICV Opale). It was determined that the isolates leading in weight reductions at the end of fermentation were also
prominent in weight reductions between 24-72 hours (Figure 4). Yeasts with a high fermentation rate are those isolated
from grapes collected in Yenikdy and Hamitabat, proportionally. According to other studies on this subject, it has been
observed that more than half of the isolates are dominant yeasts with a high fermentation rate that can ferment the must
very strongly (Pérez-Coello et al., 1999; Orli¢ et al., 2005; Budroni et al., 2006; Bagder, 2008).

Table 1. Technological tests of isolates

Other technological Number of tolerant ~ Number of intolerant
tests of isolates isolates isolates

High temperature tolerance (37°C) 66 -
High temperature tolerance (42°C) 56 10
Growth at 30°Bx 66 -

Ethanol tolerance (10%) 64 2
Ethanol tolerance (13%) 57 9
Ethanol tolerance (15%) 53 13
Ethanol tolerance (17%) 10 56

pH tolerance (3.0) 66 -

pH tolerance (4.0) 66 -

SO, tolerance (50 ppm) 66 -

SO; tolerance (100 ppm) 65 1

SO; tolerance (150 ppm) 64 2

SO; tolerance (200 ppm) 64 2

High temperature tolerance: It has been observed that all isolated strains can grow at 37°C. Only 10 of 66 isolates
(K6, K8, U1, U2, Us, U9, U17, H8, H10 and H15) failed to grow at 42°C (Table 1). This rate is seen as a high rate
compared to the development of isolates in similar studies at these temperatures (Bagder, 2008; Cavdaroglu, 2017,
Antia et al., 2018). With this analysis, the temperature resistance of the majority of isolated yeasts was found to be
suitable for winemaking. Yeasts that grow well at high temperatures have the potential to be used to prevent stuck
fermentation in situations where there is no cooling system and extreme temperature rises can be observed during
fermentation. 5 of the 10 isolates that could not grow at 42°C were yeasts isolated from grapes in the Uskup region.
Since the sugar content of the grapes in this vineyard was relatively low (14°BXx) at the harvest stage, the alcohol content
at the end of the fermentation was also relatively low. Therefore, it was considered that some of the yeasts isolated
from the grapes collected from the Uskiip region may be non-Saccharomyces yeasts, and it is estimated that the isolates
that did not grow at 42°C are non-Saccharomyces yeasts (Ali and Khan, 2014). Control yeasts showed growth at both
temperatures.

High Sugar Concentration Tolerance: It was observed that all isolates in the study were able to grow at 30°Bx
(Table 1). From this point of view, it’s seen that the isolates can be used as starters resistant to osmotic pressure in the
production of wines to be obtained from musts with high sugar concentrations obtained from grapes harvested late,
grown in hot climates or obtained from grapes with botrytis. In other studies, it is seen that S. cerevisiae is generally
resistant to this sugar concentration (Kuchen et al., 2019).

Ethanol Tolerance: U16 and U19 isolates were not evaluated as wine starters since they could not grow in 10%
alcohol and K6, U9, H8, H9, H11, H12 and H13 isolates could not grow in 13% alcohol. On the other hand, K9, U2,
U6 and U17 isolates were able to grow at 10% and 13% concentrations, but not at 15% concentration (Table 1). The
use of these yeast strains in the production of high-alcohol wines can lead to potential problems. However, it is thought
to have the potential to be used in the production of white wine or lower alcohol wines. The possibilities of using them
in such areas have the quality to be researched in further studies. 53 isolates were able to grow at 15% ethanol
concentration. The fact that they can develop at this concentration is a sufficient property for wine making and shows
that they can be used as starters (Gerécs et al., 2020). In addition, K3, K5, K7, K8, K10, K11, K12, K13, U3and U18
isolates grew even at 17% ethanol concentrations. Tests for resistance to ethanol concentrations of 15% and above are
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mostly used for selecting starter cultures to be used in bioethanol or biomass production. However, considering that
ethanol is a stress factor on yeast, it can be predicted that the increase in the resistance of yeast to be used as a starter
culture to ethanol will reduce the possibility of producing secondary metabolites that are produced under stress and can
negatively affect the quality. For this reason, it was decided to select the isolates, which are thought to be starter cultures,
from among the strains that can grow at 17% ethanol concentration. In percentage terms, the results are very similar to
the other studies (Antia et al., 2018; Gerdcs et al., 2020).

pH Tolerance: In the analysis, it was revealed that all isolates and control strains were resistant to pH 3.0 and 4.0
stress factors and could grow at these pHs (Table 1). No difference was observed between the isolates and it was
observed that all durham tubes were completely filled with gas. With this result, it was observed that the isolates were
capable of initiating fermentation at low must pH's due to factors such as grape variety, grape maturity, and peel - grain
ratio.

According to the study by Lu et al. (2016), it is seen that the growth of the isolated yeast species in our study is
good in terms of resistance to must pH, which is one of the strong stress factors.

Sulfur Dioxide Tolerance: All isolates except E9 and E10 showed growth at SO, concentrations of 0-200 ppm
(Table 1). While 200 ppm SO, concentration is determined as the upper limit for white wines with a residual sugar
content of less than 4 g L* according to the International Organization of Vine and Wine (O1V) standards, this rate is
150 ppm for red wines with the same characteristic (OIV, 2021). It is thought that the isolates in the study can be used
in cases where the high sulfur application may be required (low acid must, white grape must, processing of bruised
grapes into wine etc.). The results are compatible with similar studies (Nurgel, 2000; Nikolaou et al., 2006; Bagder,
2008; Cavdaroglu, 2017; Celik et al., 2017)

Volatile Acid production: The volatile acid production potentials of 15 yeasts selected from among the isolates
whose technological properties were determined, suitable for winemaking were investigated. According to OIV
standards, it was observed that they formed less than 1.2 g L* of acetic acid (Table 2), which is the highest volatile
acid concentration that wines can have. The results are similar to the other studies (Tristezza et al., 2014; Celik et al.,
2017; Furdikova et al., 2017). The obtained values were found to be average when compared with the other studies. In
the Tukey multiple comparison test, it was observed that the volatile acid production degrees of the isolates were not
statistically different from each other.

Table 2. Amount of volatile acid produced by isolates

Isolate no Volatile acid (g L) Isolate no Volatile acid (g L)
K1 0.336 £ 0.021 u18 0.348 £ 0.094
K10 0.420 £ 0.098 H4 0.408 £ 0.138
K11 0.332 £ 0.132 H5 0.268 + 0.045
Y4 0.328 £ 0.028 H6 0.276 £ 0.012
Y7 0.304 £ 0.037 E2 0.328 £ 0.037
Y9 0.352 £ 0.091 E4 0.292 £ 0.048
(K] 0.348 £ 0.072 E7 0.256 £ 0.007
U14 0.328 £0.014 RC212 0.280 £ 0.018

3.3. Characterization

ITS gene regions were read in both directions and nucleotide sequences were compared with each other. The
regions showing differences were evaluated manually on DNA sequencing chromatograms and prepared for BLAST
analysis. Sequence analysis results were compared with the existing sequences in GenBank with the BLAST program
and molecular diagnoses of yeast samples were made. As a result of the sequencing analysis, it was determined that all
of the 15 selected isolates belong to the species Saccharomyces cerevisiae.

In the results obtained by sequencing analysis, after it was determined that all 15 isolates belonged to the S.
cerevisiae species, it was decided to apply DNA fingerprinting analysis to all selected isolates in order to evaluate the
differences on the basis of strains.

DNA samples amplified in PCR with Delta 12-21 primers were run in 1XTBE gel containing 1.4 agarose at 100V
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for 2 hours and their images were recorded (Figure 5). The gel image was found to be similar to the images taken in
studies in this area (Legras and Karst, 2003; Bilgin, 2015; Garofalo et al., 2016).
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Figure 5. Gel electrophoresis image of DNA amplified with delta 12 - delta 21 primers

When the image recorded after electrophoresis was examined, it was seen that K10 - K11, Y7 - Y9, U3 - U18, H4
- H5and E2 - E7 isolates were identical to each other. Interestingly, it was observed that the E4 isolate from a different
vineyard was the same strain as the H4 and H5 isolates. It was observed that none of the yeasts identified in this study
were the same strain as the commercial yeast (RC212). As a result of DNA fingerprinting using Delta 12-21 primers,
it was seen that 9 of the selected strains were different S. cerevisiae strains.

4. Conclusions

Obtained isolates are stored in glycerol stocks at -80°C in Tekirdag Viticulture Research Institute. Storage of
isolates is important in terms of providing resources for future studies or applications. Future studies may be needed to
determine whether these yeasts, whose basic winemaking competencies have been demonstrated, can produce quality

wine.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

A Comparison of Acrylamide Contents of Some Nuts Produced Organically and
Conventionally

Organik ve Konvansiyonel Yéntemlerle Uretilen Cesitli Kuruyemislerin Akrilamid
Iceriklerinin Karsilastirilmasi

Baha Aydin YILMAZ?!, Isin AYDIN UNSAL?, Murat TASAN®"
Abstract

Acrylamide is a carcinogenic and neurotoxic compound defined as a heat treatment process contaminant. Due to
its health concern, acrylamide formation needed to be minimized. The objective of this study is to examine how
much acrylamide is contained in dried almonds (Prunus dulcis), hazelnuts (Corylus avellana), pistachios (Pistacia
vera), peanuts (Arachishypogaea), sunflower seeds (Helianthus annuus) as well as pumpkin seeds (Cucurbita
pepo) that have been cultivated via organically-certified and conventional processes. Frequently and regularly-
consumed nuts - comprising 180 samples that have been cultivated via organically-certified and conventional
processes - were studied with UHPLC-MS/MS approach in Turkey. Substantial disparities were statistically found
(P<0.05) between the almond, pistachio, peanut and sunflower seed variations that have been cultivated via
organically-certified and conventional processes. Conversely, no considerable difference could be found among
the variations of hazelnut and pumpkin seeds. It could be observed that the average concentrations of acrylamide
in the nuts cultivated via organically-certified and conventional processes were 1.68 ng ml* and 266.14 ng ml* in
almonds, 7.90 ng mi* and 6.68 ng ml* in hazelnuts, 4.86 ng mI* and 9.95 ng mI! in pistachios, 14.09 ng mI* and
36.27 ng mlt in peanuts, 5.96 ng ml* and 4.54 ng mI! in pumpkin seeds correspondingly. The amount of
acrylamide was not ascertained in organically-certified sunflower seeds, while in conventional sunflower seeds,
the amount was 16.92 ng ml™. According to the generally-accepted theory, the production of acrylamide is
attributed to the Maillard reaction that takes place during the processing and preparation of high-temperature
foods. The data obtained show that consumers should be informed more accurately about the food safety of
organic nuts. The effects of organically produced nuts on acrylamide intake from food in daily consumption should
also be taken into account. In order to prevent or reduce the formation of acrylamide compounds in organic nuts
and to monitor them more effectively, extensive studies should be carried out and food heat treatment methods
should be optimized.

Keywords: Acrylamide, Food safety, Organic certified nuts, Heat process contaminant, UHPLC-MS/MS
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Oz

Akrilamid, 1s1l iglem proses kirleticisi olarak tanimlanan kanserojen ve norotoksik bir bilesiktir. Saglik endisesi
nedeniyle akrilamid olugumunun en aza indirilmesi gerekmektedir. Bu ¢alismanin amaci, organik sertifikali ve
konvansiyonel yontemlerle tretilen badem (Prunus dulcis), findik (Corylus avellana), antepfistig: (Pistacia vera),
yerfistig1 (Arachishypogaea), aycigegi ¢ekirdegi (Helianthus annuus) ve kabak ¢ekirdeginde (Cucurbita pepo)
akrilamid miktarlarini arastirmak ve bulunan degerleri karsilagtirmaktadir. Tiirkiye'de organik sertifikali ve
konvansiyonel yontemlerle yetistirilen ve Ulke genelinde yaygin ve diizenli olarak tiiketilen kuruyemis
gesitlerinden 180 adet &rnek UHPLC-MS/MS cihaz1 kullanilarak incelenmistir. Organik sertifikali ve
konvansiyonel yontemlerle yetistirilen badem, antep fistigi, yerfistigi ve ay¢igegi tohumu cesitleri arasinda
istatistiksel olarak onemli farkliliklar bulunmustur (P<0,05). Buna karsilik, findik ve kabak ¢ekirdegi ¢esitlerinde
onemli bir fark bulunmamigtir. Organik sertifikali ve konvansiyonel yontemlerle iiretilmis kuruyemislerde
ortalama akrilamid konsantrasyonlarinin sirastyla bademde 1,68 ng ml ve 266,14 ng ml2, findikta 7,90 ng m1?
ve 6,68 ng ml*! oldugu, sirastyla antep fistiginda 4,86 ng mlt ve 9,95 ng ml, yerfistiginda 14,09 ng ml ve 36,27
ng ml, kabak gekirdeginde 5,96 ng ml* ve 4,54 ng ml? olarak belirlenmistir. Organik sertifikali aygiceklerinde
akrilamid miktar tespit edilmezken, konvansiyonel yontemlerle iiretilmis ayciceklerinde ise 16,92 ng ml? olarak
belirlenmistir. Genel kabul goren teoriye gdre akrilamid olusumu, yiiksek sicakliktaki gidalarmn iglenmesi ve
hazirlanmasi sirasinda meydana gelen Maillard reaksiyonuna baglanmaktadir. Elde edilen veriler, tiiketicilerin
organik kuruyemislerin gida giivenligi konusunda daha dogru bilgilendirilmesi gerektigini gdstermektedir.
Organik olarak iiretilen kuruyemislerin giinliilk tiiketimde gidalardan akrilamid alimma etkileri de dikkate
alimmalidir. Organik kuruyemislerde akrilamid bilesigi olusumunu 6nlemek veya azaltmak ve daha etkin bir
sekilde izlemek icin kapsamli ¢aligmalar yapilmali ve gida 1sil isleme yontemleri optimize edilmelidir.

Anahtar Kelimeler: Akrilamid, Gida giivenligi, Organik sertifikali kuruyemisler, Isil proses kontaminat, UHPLC-
MS/MS
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1. Introduction

The interest in food products that are believed to be environmentally and health friendly such as natural and
organic foods is increasing day by day. Organic farming is a sustainable farming technique that avoids the use of
unnatural inputs such as pesticides and synthetic fertilizers and supplies quality, health and environmental
standards. Organic food production, on the other hand, is the production in which inappropriate practical
application and process are not used, without agricultural residues and chemical food additives, the least processed
product and the most appropriate packaging. With the global orientation, an organic market with a rapidly growing
trade volume has emerged today (Gok, 2008). Fruits, field crops and vegetables constitute a significant portion of
organic herbal products produced in Turkey. Since most of the organic products grown in our country are exported,
production is shaped according to the demand from abroad (Demiryurek, 2011).

Nuts and fresh/dry fruit products are organic products exported in Turkey. Production is gathered in nine main
categories. These are dried fruits, nuts, fresh and processed fruits and vegetables, legumes, cereals, oil seeds,
industrial plants, spices and medicinal plants, and other raw or processed products. Walnut, pistachios, almond,
peanut, chestnut are included in the category of hard-shelled fruits. Sunflower and sesame are in the category of
oily seeds. Peanuts, poppy seeds, hazelnut flour, apricot kernels etc. are in the other category.

According to studies conducted for consumers, organic foods are perceived as safer, more nutritious and
without chemicals that harm health in their content (Karcik and Tasan, 2018). However, the results of studies
showing that organic foods are safer than conventional foods are quite contradictory and interesting. The Institute
of Food Technologies states that there is a qualitative difference between organic and traditional foods, and more
data is needed to state that both production systems are superior to each other in terms of safety or nutritional
composition (Turkozu and Karabudak, 2013). It is stated in some studies (Buttriss and Hughes 2000; Magkos et
al., 2003; Tosun and Kaya, 2010; Berker, 2012) that various contaminations can be seen in organic foods
depending on environmental factors and may involve various risks.

In our country and in the world, heat treatment is applied to nuts at certain temperatures before being offered
for consumption. With the application of heat treatments, toxic chemical compounds that may adversely affect the
nutritive properties of the food may occur, as well as the formation of the desired properties such as color, taste
and structure (Claeys et al., 2005). Compounds such as acrylamide, hydroxymethylfurfural, chloropropanol and
its esters, polycyclic aromatic hydrocarbons, N-alkyl N-nitrosamines, trans fatty acids, furan and its derivatives
are process contaminants formed as a result of heat treatment. These chemical compounds produce carcinogenic
and/or mutagenic effects (Yavuz and Ozcelik, 2013; Mogol, 2014; Tasan and Demir, 2019). Among the mentioned
thermal process contaminants, the detection of acrylamide and 5-hydroxymethylfurfural (HMF), its metabolism,
its effects on health, and the development of strategies to reduce its levels have been the subject of many studies
(Masatcioglu, 2013; Mogol, 2014). Acrylamide is a carcinogenic (Mestdagh et al., 2008) and neurotoxic
compound originating from food ingredients and defined as a process contaminant. Although acrylamide is not
found in raw foodstuffs, its amounts in heat-treated foods are of concern. Acrylamide formation is associated with
the Maillard reaction that occurs as a result of high heat during the preparation and processing of foods. This
reaction occurs at temperatures above 100°C. When the required humidity level is provided, acrylamide formation
can be observed at temperatures below 120°C (Pedreschi et al., 2007). Although there is a linear relationship
between the degree of processing temperature and time and the formation of acrylamide, there are differences in
acrylamide level even between different products of the same food varieties or the same products produced on
different dates (Can, 2007). The composition, variety, storage conditions and seasonal changes of foodstuffs,
especially in terms of asparagine and reducing sugars (especially fructose and glucose), cause differences in
acrylamide content (Gokmen et al., 2006). Acrylamide contents have been determined in the vast majority of
foodstuffs widely consumed in the world. There are limited studies on the acrylamide content of our traditional
products in our country.

In the evaluation of the quality of organic foods, foods not only should be questioned in terms of harmful
compounds that are transmitted as a result of environmental effects such as heavy metals, pesticides or incorrect
applications but also, antinutrient compounds that can be formed by food processing should be considered (Finotti
et al., 2006). Some varieties of organic nuts can also be heat treated. In Turkey, dried nuts are produced mostly by
traditional methods and by applying minimum processing technologies (Tezer et al., 2015). In industrial
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applications, for example, hazelnuts are processed between 100-180°C for 5-10 minutes. Nuts variety, air
circulation and similar factors are decisive in these processes (Suvari et al., 2017).

When the studies on acrylamide are examined in the literature, it is seen that the studies focus on the effects of
different heat treatment methods (Zhang and Zhang, 2008), parameters (Nizamlioglu, 2015; Unver, 2016; Asadi
et al., 2020), storage time (Amrein et al., 2005), food categories (Sayaslan et al., 2008; Karasek et al., 2009). In
this study, the acrylamide content that can be formed by heat treatment in organic nuts was determined and
compared with nuts produced by conventional methods, it contributed significantly to the literature with the results
of specific food quality in the field of organic food safety.

2. Materials and Methods
2.1. Materials

Organic certified nut varieties were determined as almond (Prunus dulcis), hazelnut (Corylus avellana), pistachio
(Pistacia vera), peanut (Arachishypogaea), sunflower seeds (Helianthus annuus) and pumpkin seeds (Cucurbita pepo).
In the study, samples of each organic certified nut variety were obtained from five different brands in the market. In
order to make comparisons and evaluations, samples from five different brands were obtained from the same dried nut
varieties produced by conventional methods. In the sample procurement, attention was paid to ensure that there were
samples from all brands with three different batch numbers, and logo and certificate numbered ones were selected on
the label. Acrylamide analyzes were applied to the dried nuts samples, which were obtained in shell, after the shells
were removed.

2.2. Chemicals and reagents

Magnesium sulfate anhydrus (MgS0O.) (purity>99.5%), acrylamide analytical standard (purity> 99.8%) and
formic acid Sigma-Aldrich (UK) company, sodium chloride, aluminum oxide (Al,O3) and n-hexane were obtained
from Merck (Darmstadt, Germany), acetonitrile (ACN) was obtained from PanReac (Barcelona, Spain). Ultrapure
water (MilliQ system, Millipore, Bedford, MA, USA) was used in analysis.

2.3. Samples preparation

1 g of dried nut samples (grinded in a grinder (Siemens MC 23 200) and homogenized) were weighed and placed
in a 50 ml centrifuge tube. 5 ml of n-hexane was added and shaken with vortex (Heidolph Reax Top) for 1 minute.
Then, a mixture of 10 ml of ultrapure water, 10 ml of acetonitrile (ACN), 5 g of anhydrous magnesium sulfate (MgSQOa)
and 1 g of sodium chloride (NaCl) was added into the tube. After the salts were added, the tubes were vortexed again
for 1 minute to prevent crystallization. The tubes were centrifuged at 4500 rpm for 6 minutes and separated into layers.
3 ml of liquid from the middle chamber containing acrylamide was transferred to 15 ml small centrifuge tubes
containing 150 mg of aluminum oxide. The mixture was vortexed for 30 seconds and then centrifuged at 4500 rpm for
3 minutes. After centrifugation, 2 ml of the upper liquid was drawn with a syringe, passed through 0.45 um Macherey-
Nagel (Chromafil AO 1745/25) filters, transferred to glass tubes and evaporated under nitrogen gas to ensure dryness
with a light stream. The residue was diluted by adding 200 pl of ultrapure water to the dried glass tubes and mixed with
vortex for 1 minute. The samples taken from here into mini centrifuge vials were centrifuged at 14800 rpm for 10
minutes and transferred from these vials to vials with glass inserts. The amount of acrylamide was measured by
injecting the samples twice into the UHPLC-MS/MS (Ultra High-Pressure Liquid Chromotography Mass
Specthrometry, AB Sciex, 3200 QTrap) and the mean values were reported as ng ml-1 with their standard deviations
(Ali Omar et al., 2015).

2.4. Preparation of the calibration curve

In order to detect acrylamide quantitatively, calibration standards at different concentrations were injected into the
UHPLC-MS/MS device and a linear calibration curve (R?=0.9997) was drawn. 100 ppm main stock solution was
obtained and stored at -18°C. By diluting the main stock with ultrapure water, 2 ppm intermediate stock acrylamide
was obtained. Then, by making dilutions to the amounts taken from the intermediate stock solution, calibration
standards were obtained at concentrations of 0-1-5-10-25-50-75-100 ppb. The prepared intermediate stock solutions
were stored at +4°C.

2.5. Chromatographic conditions

Studies were carried out on the UPLC-MS/MS device according to the following conditions;
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Injection volume: 20 ul, Column: Venusil AQ C18 3 um 100 A (2.1 mm x 50 mm), Detector: MS/MS detector

Mobil Phase A: Ultrapure water containing 0.1% formic acid (90%), Mobile Phase B: Acetonitrile with 0.1% formic
acid (10%), Flow rate: 0.25 ml mobile phase/minute, Pump: Turbo pump, Column temperature: 40°C

Source parameters; Gas temperature: 550°C, lonization type: Turbo ion spray positive polarity, Capillary voltage: 5500
V, Curtain Gas (CUR): 20 psi, Nebulizer pressure 1 (GS 1): 40 psi, Nebulizer pressure 2 (GS 2): 60 psi, Infer face
heater (Ihe): On

2.6. Recovery, limit of detection (LOD) and limit of quantitation (LOQ)

Almonds, sunflower seeds, peanuts, hazelnuts, pistachios and pumpkin seeds without acrylamide were studied in
raw samples. After separating the oil by adding n-hexane on 1 gr sample. 500 ul of 100 ppm stock acrylamide standard
solution was added. Extraction continued. The necessary standards for the calibration curve were prepared by diluting
the extract obtained as a result of this process with the mobile phase. According to these standards the detection (LOD,
Limit of Detection) limit of the samples was 0.33 ng ml (ppb), the detection (LOQ, Limit of Quantitation) limit was
1 ng ml (ppb). The % recovery values of sunflower seeds, almonds, peanuts, pistachios, hazelnuts and pumpkin seeds
were determined as 143%, 136%, 137%, 135%, 118% and 128%, respectively.

2.7. Statistical analysis

Analyzes were performed in triplicate for each sample. The results were calculated as the arithmetic mean and
standard errors (z) of the replications. Statistical analyzes of the obtained data were performed with ANOVA and
Duncan test using STATISTICA Software. The significance of the difference between the mean data in the tables is
shown with the lettering system.

3. Results and Discussion

Acrylamide content of almond, hazelnut and pistachios produced via organically certified and conventional
process are shown in the Table 1. Acrylamide contents of peanuts, sunflower seeds and pumpkin seeds produced
via organically certified and conventional process are shown in the Table 2.

Table 1. Acrylamide contents of almonds, hazelnuts and pistachios produced by conventional methods and
certified organic (ng ml?)

Samples Almond Hazelnut Pistachios

Organict Conventional? Organic Conventional  Organic  Conventional
(Company number)

1 2.47x0.07b 76.81+3.16e 17.54x0.77a  9.49+0.17a  4.51x0.11c  4.44+0.20d
2 0.33+0.04e  241.08x15.27c  8.86+0.06b 3.34x0.09d  5.22+#0.12b  25.38+0.63a
3 3.22+0.11a  231.16x4.50d 6.40+0.12c 8.94+0.09b  6.33x0.42a  5.22+0.20c
4 1.35£0.10c  318.62+21.43b  3.50+0.12d 3.22+0.10d  3.09+0.14d  5.07+0.16¢
5 1.02£0.04d  463.05+£36.03a  3.18+0.15d 8.43x0.10c  5.14+0.04b  9.66x0.14b

Overall average 1.68+1.16B 266.14+140.74A  7.90%5.87 6.68+3.13 4.86+1.19B  9.95+8.87A

! They are the results of organic certified company samples and are the average of three replications

2. They are the results of the company samples produced by the conventional method and are the average of three replications.

The differences between the averages shown with different letters for the company samples were found to be statistically significant, and the
lettering was done in vertical alignment, a, b, ¢, d (]), (P<0.05). The differences between the averages of the same type of nuts shown with
different letters for the general average were found to be statistically significant, and the lettering was made in horizontal alignment, A, B (—),
(P<0.05).
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Table 2. Acrylamide contents of peanuts, sunflower seeds and pumpkin seeds produced by conventional
methods and certified organic (ng mi?)

Peanut Sunflower Pumpkin seeds
Samples
(Company number) Organic? Conventional>  Organic Conventional Organic Conventional
1 26.64+3.42a 33.64+4.92b ND 37.75£4.99a  12.61+2.21a 2.41+0.50c
2 19.17+1.40b 26.17+1.11b ND 29.25+3.47b 1.18+0.08b 4.65+0.49b
3 7.3310.42¢ 65.61+7.98a ND NDd 0.95+0.12b 4.76+0.36b
4 9.4040.92c 15.09+0.10c ND NDd 0.99+0.12b 3.89+0.73b
5 7.89+0.73c 40.82+0.62b ND 17.58+1.75¢ 14.06+1.78a 6.98+0.93a
Overall average 14.09+8.51B 36.27+18.97A NDB 16.92+17.02A 5.9616.75 4.54+1.66

1 The results of the organic certified company samples and the average of three replications.

2 It is the results of the company samples produced by the conventional method and is the average of three replications. ND: Not at detectable
level.

The differences between the averages shown with different letters for the company samples were found to be statistically significant, and the
lettering was done in vertical alignment, a, b, ¢, d (]), (P<0.05). The differences between the averages of the same type of nuts shown with
different letters for the general average were found to be statistically significant, and the lettering was made in horizontal alignment, A, B (—),
(P<0.05).

The acrylamide values of almonds produced by organic certified and conventional methods were 1.68+1.16 ng
ml? (range 0.33-3.22 ng ml?) and 266.14+140.74 ng ml! (range 76.81-463.05 ng mlt), were determined,
respectively. Since it is known that almond contains acrylamide precursors, free asparagine and reducing sugar, at
significant levels, the roasting temperature and time parameters should be adjusted appropriately. On the other
hand, although acrylamide values determined in organic certified almonds in the study remained at a very low
level, there is a possibility that short-term heat treatment was carried out. The data showed that it is important to

evaluate almonds and almond products that may contain almonds in terms of acrylamide content.

The acrylamide values of hazelnuts produced by organic certified and conventional methods were 7.90 ng ml-
! (range 3.18-17.54 ng mlY) and 6.68 ng ml* (range 3.22-9.49 ng ml?), were determined, respectively. Although
the average acrylamide values of organic certified hazelnuts were found to be higher, this difference is not
statistically significant. In the study, acrylamide values determined in hazelnuts produced by organic certified and
conventional methods remain at a very low level compared to the data in the literature. Olmez et al. (2008) found
10-421 pg kgt in roasted hazelnut samples and 128 pg kg™ on average, Jagerstad and Skog (2005) determined it
in the range of 64-457 ug kg in hazelnut and hazelnut paste samples. Amrein et al. (2005) determined low levels
of acrylamide (16-56 ng g) in roasted hazelnuts and this was due to the low levels of asparagine amino acids in
hazelnuts. (Xu et al., 2013) determined acrylamides at the level of 150 ng g™ in roasted hazelnuts.

Our data showed, it is possible that these products were subjected to short-term heat treatments at very low
temperatures and under similar conditions.

The acrylamide values of the organic certified and conventionally produced pistachios were determined 4.86
ng mlt (range 3.09-6.33 ng ml?) and 9.95 ng ml?! (range 4.44-25.38 ng ml™?), respectively. The average of
acrylamide values in organic certified pistachios was lower and the effect of the production methods that created
this difference is statistically significant. Acrylamide values were quite low compared to the data in the literature.
Schlérmann et al. (2015) found that acrylamide contents changed depending on the roasting conditions and
acrylamide compounds were found in the range of 14-88 g kg in pistachio samples, which were heated at 140.8-
185.1°C for 21-25 minutes. Ozer (2012) determined 318-462 ng g™* acrylamide compound in pistachio, while Otles
and Otles (2004) determined it as <30 ng g in pistachio powder product. In our study, it is considered that
pistachios were applied at short-term and relatively low temperatures for drying and/or roasting purposes.
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The acrylamide values of organic certified and conventionally produced peanuts were determined 14.09 ng ml-
! (range 7.33-26.64 ng ml') and 36.27 ng ml! (range 15.09-65.61 ng ml?), respectively. Olmez et al. (2008)
determined acrylamide compounds in the range of 10-120 pg kg™ (average 66 pg kg™?) in roasted peanuts and
between 45-63 g kg (average 54 ug kg) in peanut butter. Suvari et al. (2017) found 21.4-60.5 ng mI (mean
34.69 ng ml). Yates (2012) reported the acrylamide content in roasted unsalted peanuts as 28 pg kg*. Acrylamide
content of 15 roasted peanuts analyzed according to FDA data (Anonymous, 2005) varies between less than
detectable value and 36 ppb. Cressey et al. (2012) determined 9-84 ug kg™ (average 42 ug kg™). These results are
close or very similar to the values contained in the samples produced by conventional methods in our study. In
our study the effect of organic and conventional methods can be seen. The acrylamide values of peanuts were
higher than the content of hazelnuts and pistachios, but considerably lower than the content of almonds produced
by conventional methods.

The acrylamide values of pumpkin seeds produced by organic certified and conventional methods were
determined 5.96 ng ml?* (range 0.95-14.06 ng ml*) and 4.54 ng mi-1 (range 2.41-6.98 ng ml?), respectively.
Although organic certified pumpkin seeds had higher acrylamide content, this difference is not statistically
significant. On the other hand, although organic certified pumpkin seeds, hazelnuts, pistachios and peanuts
contained higher levels of acrylamide precursors compared to their acrylamide contents, it is remarkable that
organic certified almonds had a low acrylamide content.

Acrylamide compound was not detectable in organic certified sunflower seeds. On the other hand, it was 16.92
ng ml?* on average in sunflower seeds produced by conventional methods. This result, determined in organic
certified sunflower seeds, differs from other examined organic certified pumpkin seeds, hazelnuts, pistachios,
peanuts and almonds.

4. Conclusion

It is important to investigate the acrylamide compound, which has negative effects on human health, in organic
nut varieties and to evaluate the results in the context of organic food safety. The data obtained in this study stated
that similar processing conditions were applied to pumpkin seeds and hazelnut varieties, which were dried nut
varieties produced by organic and conventional methods, while relatively higher temperature and/or time were
used in the conventional method in peanut and pistachio varieties. It is remarkable that the organic certified almond
variety had the lowest acrylamide content and the organic certified sunflower seeds were free of acrylamides. On
the other hand, it is considerable that there were higher rates of acrylamides in organic certified pumpkin seeds
and hazelnuts than those produced by conventional methods. Eventually this study provides significant data that
enables comparison of suspected acrylamide compounds in both organic and conventional production systems
which fulfils the gap of research in organic product area.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Biyogaz Tesislerinde Uretilen Giibrenin Degerlendirilme Metotlar: ve Fizibiliteye
Etkisi*

Evaluation Methods of Fertilizer Produced in Biogas Plants and Its Effect on Feasibility

Volkan COBAN'"

Oz

Globallesen diinyanin en biiyiik ihtiyaglarindan biri de enerjidir. Bu sebeple Diinyada ve ulkemizde yenilenebilir
enerji kaynagi olan biyogaz tesislerinden enerji iiretimi giin gectikce artmaktadir. Hayvansal kaynakli
hammaddeden biyogaz iiretimi sonrasinda kat1 ve sivi giibre olmak {izere gesitli ¢iktilar elde edilmektedir. Bu
tesislerde iiretilen giibrenin tarimda degerlendirilmesi gerek yatirim fizibilitesine gerekse g¢evreye verebilecegi
olas1 negatif etkisinden dolay1 6nem arz etmektedir. Bu ¢alismada mezofilik sartlarda calisan 3 MW elektrik tretim
kapasiteli bir yas fermantasyon tesisinde biyogaz tiretimi boyutlandirilmistir. Biyogaz tesisinin hidrolik bekletme
suresi olarak 34 gln secilmistir. Fermantasyon tanklari ise siirekli karigtirmali tank reaktorlerdir. Enerji eldesi i¢in
biyogaz motoru kullanilmigtir. Biyogaz tesisinde enerji eldesinin yaninda {iriin olarak kati ve sivi giibre
iiretilmektedir. Biyogaz tesisinde iiretilen kati gilibrenin satilabilir forma doniistiiriilebilmesi ve toprakta
uygulandiginda daha verimli olabilmesi i¢in zenginlestirme islemleri siralanmistir. Uretilen giibrenin 3 farkli
sekilde degerlendirilebilecegi goz oniinde bulundurularak yapilabilirlik analizleri incelenmistir. Ik opsiyonda
iiretilen giibre satilmadan direkt tarimda kullanildigi, ikinci opsiyonda kati organik giibre olarak satildigi, diger
opsiyonda ise igerisine gerekli ilaveler yapilarak organomineral giibre formuna doniistiiriiliip satildigt
diistiniilmistiir. Elde edilen sonuglar kapsaminda enerji iiretiminin yani sira giibre satiginin tesis fizibilitesine olan
etkileri ortaya konulmustur. Yapilan hesaplamalar 1518inda; tesislerin birim kW basina maliyetleri sirastyla; 2.090
$/kWe, 3.726 $/kWe, 6.225 kWe olmaktadir. Yalnizca elektrik tiretiminden gelir elde bir biyogaz tesisinin 6,01
yil olan basit geri 6deme siiresi, elektrik satisina ek organomineral giibre satist ile 1,69 yila indirgendigi tespit
edilmistir. Giibrenin organik giibre olarak satilmasi durumunda ise basit geri 6deme siiresi 4,24 yil olmustur.
Ancak, geri 6demesi siiresinin azalmasina kargilik ilave olarak sisteme eklenecek diamonyumfosfat maliyeti
biyogaz tesis maliyetlerini yaklagik olarak %92,5 oraninda artirdigi gézlenmistir.

Anahtar Kelimeler: Biyogaz, Organomineral giibre, Fermente giibre, Organik giibre, Yas fermantasyon.
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Coban
Biyogaz Tesislerinde Uretilen Giibrenin Degerlendirilme Metotlar1 ve Fizibiliteye EtKisi

Abstract

Energy is a major demand of the globalization world. For this reason, energy production from biogas plants as a
renewable energy source, is increasing day by day in the world and in our country. After the production of biogas
from raw material of animal origin, various outputs can be obtained. These outputs are solid and liquid fertilizers.
The use of the fertilizer produced in these plants in agriculture is important because of its possible negative impact
on both the investment feasibility and the environment. In this study, biogas production was dimensioned in a wet
fermentation plant with 3 MW electricity production capacity operating under mesophilic conditions. 30 days was
chosen as the hydraulic retention time of the biogas plant. Fermentation tanks are continuous stirred tank reactors.
The biogas engine was used for energy generation. In the biogas plant, solid and liquid fertilizers are produced as
a product in addition to energy production. Enrichment processes are listed in order to convert the solid fertilizer
produced in the biogas plant into salable form and to be more efficient when applied to the soil. Considering that
the produced fertilizer can be evaluated in 3 different ways, feasibility analysis was examined. It is thought that
the fertilizer produced in the first option is used directly in agriculture without being sold, in the second option, it
is sold as solid organic fertilizer, and in the other option, it is converted into an organomineral fertilizer form by
making the necessary additions. Within the scope of the results obtained, the effects of energy production as well
as fertilizer sales on the feasibility of the facility were revealed. Considering the calculations made, the costs per
unit kW of the facilities are respectively: 2,090 $/kWe, 3,726 $/kWe, 6,225 kWe. It has been determined that the
simple payback period of 6.01 years for a biogas plant that generates income only from electricity production is
reduced to 1.69 years with the sale of additional organomineral fertilizers. If the fertilizer was sold as organic
fertilizer, the simple payback period was 4.24 years. However, it was observed that the cost of diammonium
phosphate to be added to the system, in addition to the decrease in the payback period, increased the biogas plant
costs by approximately 92.5%.

Keywords: Biogas, Organomineral fertilizer, Fermented fertilizer, Organic fertilizer, Wet fermentation.

176



JOTAF/ Journal of Tekirdag Agricultural Faculty, 2023, 20 (1)

1. Giris

Globallesen diinyanin en biiyiik ihtiyaglarindan biri de enerjidir. Enerji iiretimi bir¢ok ¢esitli kaynak ve
yoéntemler ile yapilirken yaygin olarak yenilenebilir enerji ve yenilenemez enerji olarak 2’ye ayrilmaktadir.
Yenilenebilir enerji; dogay1 korumak ve siirdiiriilebilirligi saglamak amaciyla 6nem arz etmektedir. Riizgar, giines,
jeotermal, hidroelektrik ve biyokiitle baglica yenilenebilir enerji kaynaklarindandir.

Fosillesmemis karbon, hidrojen, oksijen bag1 iceren organik bilesiklere biyokiitle denir. Biyogaz prosesinde;
hayvansal, tarimsal ve evsel biyokiitle atiklarindan anaerobik sartlarda; %55-%70 metan igerigine sahip yanici bir
gaz tirt olan biyogaz elde edilmektedir (Eryilmaz ve ark., 2015). Biyogaz iiretimi ¢evre dostu olmasi nedeniyle;
iilkemizde ve diinyada giin gegtikge artmaktadir.

Tirkiye’nin biyogaz Uretim potansiyeli incelendiginde; hayvansal atik miktar1 163.297.308 (ton/y1l), bitkisel
attk miktar1 176.313.301 (ton/yil), kentsel kat1 atik miktar1 31.331.836 (ton/y1l) ‘dir. Atiklarin toplam enerji es
degeri ise; 44.228.795 (TEP/yil)’dir (YEGM, 2019). Tirkiye'nin biyogaz amagli, hayvansal giibrelerden elde
edilebilir ugucu kuru madde miktar1 33.210,844 milyar ton/y1l (Aybek ve ark., 2015), toplam metan Uretim
potansiyeli 22.466 Nm3giin-1 (Kayisoglu ve Goncl, 2020), sadece tavuk giibresine dayali biyogaz potansiyeli 390
milyon m3’tur (Avcioglu ve ark., 2013). Bu potansiyele ragmen 2019°da lisansli hayvansal ve bitkisel atik
kaynakl1 biyogaz tesisi sayisi 41 olup, deponi gazindan elektrik iiretimi yapan tesis sayisi da 59°dur. Hayvansal
atik kaynakli lisansli biyogaz tesisi kurulu giicii 203,4 MW, deponi gaz (evsel atiklarin depolanmasiyla, anaerobik
kosullarda elde edilen biyogaz) kaynakli lisansli tesislerin kurulu giicii ise 299,6 MW tir (EPDK, 2019). Avrupada
ise 2000°1i y1llarin baginda 6 milyon ton petrol esdegeri (Mtoe) degerinde biyogaz iretimi varken giinimiizde bu
rakam 20 milyon tonun Uzerine ¢ikmaktadir (Akinyele ve Rayudu, 2016; Cherubini, 2010).

Enerji Piyasasi Diizenleme Kurulu (EPDK)’ nin ve Enerji isleri Genel Miidiirliigii (BEPA) nin yayimladig
veriler 1g1ginda Tirkiye’nin biyogaz {iretim potansiyeline gore kurulu giig, potansiyelin sadece kiigiik bir kismi
olarak degerlendirilmektedir. Biyogaz tesislerinin ¢evresel etkisinin artirilabilmesi igin tesis sayisi da
artirilmalidir. Tesis sayisini tetikleyen unsur ise yatirimcilara cazip hale gelecek olan karli yatirim olma
durumudur. Bir biyogaz tesisinin gelir kalemleri incelendiginde en 6nemli ve stabil gelir saglayan parametre ise
elektrik tiretimidir. Elektrik gelirinin yani sira tesis ¢iktisi olan; kat1 ve sivi giibre satigi yapilmasi gelir miktarinin
artirtlmasinda 6nemli bir rol oynayabilmektedir.

Biyogaz iiretim siireci sonrasinda iiretilen kati giibre toprak iyilestirici niteliginde, i¢erisinde toprak igin faydali
N, P ve K olarak bilinen azot, fosfor ve potasyum elementlerini ihtiva eden ve organik madde agisindan zengin
kompost gubredir (Abebe, 2017). Giibrenin tarima yoneltilmesi ve siirdiiriilebilir sekilde yararlanilabilmesi gerek
tarim gerekse ¢evre degerleri agisindan dnemlidir. Toprak iyilestirici kompost giibre topragin organik igerigini
artirmaktadir. Tirkiye tarim topraklarinin yalniz %1’i organik madde igerigi bakimindan tarim yapilabilir
degerlerin tizerindedir (Gug¢demir, 2006). Bu durum organik giibreye olan ihtiyaci arttirmaktadir. Son yillardaki
mineral giibredeki fiyat artis1 ve toprak iyilestirici giibre kullaniminin mineral giibreye olan ihtiyaci azaltmasi; bu
tarz tesislerden iretilen giibreye cifteilerin ragbet gostermesini saglamigtir. Ancak, iiretilen kati giibrenin daha
degerli forma gegmesi ve tarimda kullanilabilmesi icin ilave bir dizi operasyona ihtiya¢ duyulmaktadir. Bu
operasyonlar sonucunda elde edilen organomineral gibre formuna gecebilmek icin ise kompost glibreye mineral
ilavesi sarttir. Calisma ile; bir biyogaz tesisi fizibilitesi ve biyogaz tesisine ek organomineral gubre tesisinin
fizibilitesi, yatirim maliyetleri, gelir-gider tablolar1 karsilastirilmistir. Boylelikle literatiire biyogaz tesislerinde
elde edilen gubrelerin 6zellikleri, ilave edilmesi gereken mineral miktarlari ve bunlarin maliyetleri konusunda veri
taban1 olusturmak istenmistir.

2. Materyal ve Metot
2.1. Numune toplama, hazirlama ve karakterizasyon

Bu c¢alismada; biiylikbas atig1 ve yumurtaci tavuk atigindan elektrik {iretimi yapan bir biyogaz tesisi baz
alinarak hesaplamalar yapilmigtir. Hesaplamalarda kullanilacak numuneler (Marcato ve ark., 2008)’de tarif
edildigi sekilde toplanmistir. Bir biyogaz tesisinin biyogaz iiretim potansiyeli agisindan yaygin olarak kullanilan
hesaplama yontemi su sekildedir (Akbulut, 2012);

KM (g) = MM (g) x (KM0O(%)/100) (Es.1)
UKM(g) = KM(g) x (UKMO(%))/100 (Es.2)
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BUM (m3/saat) = (UKM ((ton.UKM)/giin) X BMP(m3/(ton.UKM)))/24(saat / giin) (Es.3)

BTK (kW) = BUM(m3/t) x MO(%) x Hmetan (kW /m?3) X € (%) (Es.4)

Caligma yapilirken biyokiitle iizerinden kuru madde (KM), ugucu kuru madde ve N, P, K analizleri yapilmustir.
Ucucu kuru madde (UKM) analizi SM- 2540 B, KM analizi SM 2540 D standardina gore yapilmistir (Ubi ve ark.,
2016). Esitlik 1°de taze materyal (MM) ile kuru madde oran1 (KMO) carpilarak giinliik yiiklenen KM miktar1
bulunmaktadir. Esitlik 2°de ise ugucu kuru madde orant (UKMO) ile KM miktar1 ¢arpilarak giinliik yuklenen
UKM miktar1 bulunmaktadir. Bu deger Esitlik 3°te malzemenin biyolojik metan potansiyeli (BMP) ile carpilmakta
ve ¢ikan sonug saatlik olarak iiretilen biyogaz miktarmi (BUM) vermektedir. Esitlik 4 ‘te BUM ile metan orani
(MO), metanin birim enerji igerigi (Hmetan) V€ gaz motoru elektriksel verimi (e) ¢arpilarak biyogaz tesis kapasitesi
hesaplanmaktadir. Hayvansal atiklarin kuru madde orani reaktor iginde karistirilmaya uygun olamadigi igin
simiilasyonda ilave su eklenecegi kabul edilmistir. N, P, K analizleri ise; Toplam N, mikro Kjeldhal’in metoduna
gore; Fosfor, amonyum molibdat mavisi yontemi ile; Potasyum EDTA titrasyonu alev fotometresinde Kalsiyum
(Ca) ve Magnezyum (Mg) ile belirlenmistir (Wendland, 2012). Karbon, hidrojen, oksijen, kilkiirt oranlart ASTM
D 5373 standardina uygun olarak analiz edilerek bulunmustur.

2.2. Biyometan potansiyel testi hesaplart

Hammaddelere yonelik analizler pratik olarak bire bir yapilirken, hammaddelerden biyogaz liretimi ve ¢ikacak
gubrenin nitelikleri ampirik olarak hesaplanmigti. BMP degeri, Buswell yontemi kullanilarak hesaplanmistir
(Symons ve Buswell, 1933). Biyokiitlenin biyogaza doniisiimiinii teorik olarak ortaya koyan esitlik, denklik 5°te
verilen sekilde bulunur. Elementer analiz sonucunda elde edilen degerler denklik 6 da yerine konuldugunda metan
(CH,) ve denklik 7°de yerine konuldugunda karbondioksit (CO2) orani hesaplanabilmektedir.

CcHnOoNnSs+1/4(4c-h-20+3n+2s) HO —1/8 (4c-h+20+3n+2s) CO»+1/8(4c+h-20-3n-25) CH4 + NNH3+ sH2S

(Es.5)
Biyokiitleden elde edilecek CH, oran1 = %(4C+h-20-3n-25) (Es.6)
Biyokiitleden elde edilecek CO; oran1 = %(4C-h+20+3n+25) (Es.7)

2.3. Kapasite tayini

Kurguya gére giftliklerden gelen hayvansal atik én depoya alinir. On depoya alian atik istenilen kuru madde
oranina gore diizenlemeleri yapilir. Kuru maddesi ayarlanmig {iriin iireteglere (reaktorlere) yiiklenilir. Uygun
bekleme strelerinde (HRT; Hydrolic retantion time) bakterilerin ¢ogalmasi saglanilir. Metagenosiz bakterileri ile
%50-%60 metan iceren biyogaz Uretilir (Bogner, 1992). Biyogaz gaz sartlandirma {iinitelerinden gegirilerek
saflastirilir ve kojenerasyon fiinitesine gonderilir. Gaz motoru vasitasiyla da elektrik iiretimi gergeklestirilir.
Reaktor sonrasindaki hammadde ise; separatore gonderilerek, kati ve sivi faz olarak ikiye ayristirilir (Sreekrishnan
ve ark., 2004). Uretilen giibre toprak acisindan faydali N, P, K ve organik madde miktar1 olarak zengin bir iiriindiir
(Brown ve ark., 2007). Biyogaz tesisine ait proses akig diyagrami Sekil 1’de verilmistir.

Organomineral tesisinde, sivi giibre dekarbonizasyon ve strippping proseslerinden islenmesiyle azot
elementince zengin amonyakli su elde edilir. Separat6r sonrasinda liretilen yaklasik %25 kuru madde igerigine
sahip kati giibre ise kompost tinitesinde %55 kuru maddeye ulasincaya dek bekletilir. Komposttan ¢ikan kat1 giibre
ile stripping sonras1 amonyakli su, homojanizatére DAP (Di amonyum fosfat) eklenerek karigtirilir. Graniilator ve
kurutma vasitasi ile de %85 kuru madde igerigine sahip organomineral giibre {iretimi gerceklestirilir. Organik
gubre ve organomineral gubre retim tesislerine ait kiitle akis semalar1 Sekil 2 ve 3’te verilmistir.

Bu calisma tesis c¢iktist olan giibre, 3 sekilde degerlendirilebilecegi gdz Oniinde bulundurularak
kurgulanmustir. {lk opsiyonda iiretilen giibre satilmadan direkt tarimda kullanilir, ikinci opsiyonda kat1 organik
giibre olarak satilir, diger opsiyonda igerisine gerekli ilaveler yapilarak organomineral gilbre formuna
dontstiiriilip satilir. Bu kapsamda giibrenin organomineral giibre degerlerine gelmesi i¢in gerekli ilaveler ve
miktarlar1 hesaplanmis, bu ilavelerin operasyonel giderlere etkisi incelenmistir.
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Figure 1. Biogas plant process flow chart

Sekil 1. Biyogaz tesisi proses akig semasi
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Figure 2. Organic fertilizer production plant mass flow chart

Sekil 2. Organik giibre iiretim tesisi kiitle akis semast
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Figure 3. Organomineral fertilizer production plant mass flow chart
Sekil 3. Organomineral giibre iiretim tesisi kiitle akig semasi
2.4, Fizibilite hesaplama metodolojisi

Bir yatirimin geri ddeme siiresinin (amortisman) hesaplanmasi i¢in, asagidaki 3 unsura ihtiya¢ bulunmaktadir
(Marcato ve ark., 2008). Bunlar; Yatirim bedeli (CAPEX), Gelirler ve Giderlerdir (OPEX).

Amortisman siiresi(y1l)=(CAPEX)V(FAVOK) (Es.8)
Favok=Gelirler-Giderler (Es.9)
Faliyetten dogan nakit akim=Favok-Vergi (Es.10)

Yillik elektrik geliri asagidaki formiil ile hesaplanmustir.
EUM=Kojenerasyon kapasitesi x o X y (Es.11)

y = (Tam kapasite orani-I¢ tiiketim orani) (Es.12)
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3. Arastirma Sonugclari ve Tartisma
3.1. Numune toplama, hazirlama ve karakterizasyon sonuglari

Yumurtaci tavuk ¢iftligi giibresi ile biiylikbas hayvan giibresine ait numunelere ait karakterizasyon sonuglari
Tablo 1 ve 2°de verilmistir. Seperator sonrasindaki kati ve siv1 giibrenin beklenen analiz sonuglart ise Tablo 3’te
yer verilmistir (Gedik ve ark, 2005).

Analiz sonuglart incelendiginde sonuglarin literatiir degerlerinin paralelinde degerler oldugu gorilmiistiir.
Tang ve ark. (2005)’nin yilinda yaptiklari galigmada biiyiikbag hayvan giibresinin karbon degeri %38-40, azot
degeri ise %2,30-2,50 araliginda degismistir. Bavariani ve ark. (2019)’nin tavuk giibresi tizerinde yapmis olduklari
analizlerde ise karbon degerini %40-42, azot degerini ise %3,80-4,70 arali§inda bulmuslardir.

Tablo 1. Yumurtaci tavuk giibresi elementer analizi

Table 1. Elemental analysis of laying chicken manure

Elementer Analiz  Atom agirhgi Molekil
(%) (gr.mol?) Bilesenleri
C 42,3 12 3,53
N 4,55 14 0,33
H 3,97 1 3,97
S 0,3 32 0,01
) 27,97 16 1,75
Tablo 2. Biiyiikbas hayvan giibresi elementer analizi
Table 2. Elemental analysis of cow manure
Elementer Analiz Atom agirhg: Molekiil
(%) (gr.mol?) Bilesenleri
C 41,07 12 3,42
N 2,63 14 0,19
H 4,79 1 4,79
S 0,4 32 0,01
0 26,87 16 1,68

Tablo 3. Separatir sonrasi iiretilen kati ve sivi giibrenin niitrient analizi

Table 3. Nutrient analysis of solid and liquid fertilizer produced after separator

TS N NH4 P20s K20

(%)  (kgm?) (kg.m?)  (kg.m?)  (kg.m?)
St faz 5,7 49 3,1 2 5,4
Kati Faz 24,3 5,8 2,7 5 5,8

3.2. Kapasite tayini sonuglart

Gili¢ lnitesi kapsaminda 2 adet %40 elektriksel verimle c¢alisan 1.500 kWe kapasiteli gaz motoru
kullanilacaktir. Mezofilik sartlarda gaz iiretimi yapilacak olup, siirekli karigtirmali (CSTR) tip 4 adet reaktor
kullanilacaktir. Hidrolik bozunma siiresi olarak (HRT) 34 giin secilmistir. Tesise giinliik olarak 345 ton biiyiikbag
hayvan giibresi, 260 ton tavuk giibresi ve 200 ton taze su ilavesi yapildig1 diistiniilmiistiir. Tablo 1, 2 ve 3’teki
verilerin Buswell esitliginde yerine konularak yapilan hesaplama sonuglar1 Tablo 4’te verilmistir. Tablo 4’teki
elektrik iiretimi kapasitesine yaklasik olarak %8 oraninda iiretim verim kaybi1 kabulii yapilarak biyogaz tesisinin
kapasitesi olarak 3 MW belirlenmistir.

Giinliik olarak 805 ton taze materyal sisteme beslenirken, kiitle denklikleri yoluyla yapilan hesaplamalar
sonucunda seperatér sonrasinda 218,85 ton kat1 giibre elde edilebilecegi hesaplanmistir.  Sivi giibre
dekarbonizasyon ve strippping proseslerinden islenmesiyle ise 4,4 ton/glin %35 oraninda azot elementine sahip
amonyakli su elde edilir. Kompostlagtirma iglemi sonrasinda %25 KM degerinden %55 KM degerine ¢ikarilmis
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95,5 ton kompost giibre elde edilir. Kompost giibrenin kati giibre olarak paketlenip satilabilmesi igin kurutma
islemi ile %85 KM degerine ¢ikarilmasi gerekir. Kurutma sonucunda 61,8 ton organik kat1 giibre elde edilmis olur.

Organomineral tesisi, organik kati giibre tesisinden kompostlastirma iglemi sonrasinda farklilagir. Giibrenin
zenginlestirilmesi amaciyla sivi giibrenin igerisinden elde edilen amonyakli su ile satin alinan DAP kimyasali
karistirilarak giibreye eklenir. Bu islemin yapilabilmesi igin giibrenin %80 kat1 oranina kadar kurutulmasi gerekir.
Kurutulan giibre ile ilave edilen DAP ve amonyakli su bir homojenizatérde homojenize edilir. Homojenizasyon
sonrasinda siradaki iglemler; granul haline getirme ve paketleme iglemleridir. Bu prosesler sonucunda 137,86 ton
organomineral giibre satilabilecek forma gelmis olur.

3.3. Fizibilite hesaplama sonuclart

3 MW elektrik iiretim kapasiteli bir biyogaz tesisinin ilk yatirim maliyeti 6.270.000 USD’dir. Yatirima ait
detaylar Tablo 5’te verilmistir. Direkt tesis maliyeti, toplam maliyetin %51°lik kismina tekabiil etmektedir. Geri
kalan kisim ise indirekt maliyetler, yiiklenici kar1 ve beklenmedik durumlarin olusturabilecegi maliyetlerdir. Bu
hesaplar yapilirken enerji nakil hattinin tesise 1 km uzakta oldugu kabulii yapilmistir. Enerji nakil hattinin tesise
daha uzak olmasi durumunda bu maliyet yaklasik olarak 50.000 USD/km artis gosterebilmektedir. Ancak, yapilan
enerji nakil hatti harcamasi 2 yil igerisinde devletten geri alinabilmektedir. Bu sebeple, enerji nakil hattinin
uzamasinin 10 yillik bazda geri 6deme siiresine etkisi sinirli kalacaktir. Biyogaz tesisine organik giibre tesisi ilave
edildiginde ilk yatirim maliyeti 11.178.000 USD, organomineral giibre tesisi ilave edildiginde ilk yatirim maliyeti
18.677.400 USD’ye ¢ikmaktadir. Bu durumda birim kW bagina maliyetler sirasiyla; 2.090 $/kWe, 3.726 $/kWe,
6.225 kWe olmaktadir. Diger yenilenebilir enerji tesislerinin birim maliyetleri ile kiyaslandiginda &zellikle
organomineral gubre ilaveli tesisin maliyetinin diger yenilenebilir enerji tesislerine gore nerdeyse 10 kat fazla
oldugu goze carpmaktadir. Ornek verilecek olursa; giinese dayal1 bir tesisin ilk yatirim bedeli yaklasik olarak
600.000 USD mertebesindedir (Vekil ve Ozyigit, 2020). Bu durum bize tesisin artik bir enerji iiretim odakl bir
tesis olmaktan ¢ok giibre liretimi odakl1 bir tesis oldugunu agikga ortaya koymaktadir.

Biyogaz tesisi yenilenebilir enerji kaynagi olarak diisiiniildiigiinde en 6nemli gelir kaynag elektrik tiretimi
olmaktadir. Caligmada elektrikten elde edilecek kazang hesabi igin 2021 yil1 ortalama elektrik birim (MWh) fiyati
ortalama USD/TL kuru iizerinden cevrilerek hesaplanmis ve yaklasik olarak 55,6 USD olarak almmustir (EPIAS,
2022). Yillik giibre geliri incelendiginde ise giinliik 61,8 ton kat1 organik giibre ya da 137,86 ton organomineral
giibre liretimi beklenmektedir. Organik giibrenin birim fiyati olarak 75 $/ton ve organomineral giibrenin birim
fiyat1 olarak 500 $/ton olarak belirlenmistir. 3 MWh kapasiteli bir biyogaz tesisinin yillik ¢alisma siiresi 7.000
saat olarak alinabilir (Walla ve Schneeberger, 2008). Tesis ig tiiketimi liretilen elektrikten karsilanmak zorundadir.
Bu sebeple elektrik retiminin biyogaz tesisinde %10’u, biyogaz ve organomineral giibre tesisinde ise; %40’1
enerji tilketim gideri olarak hesaplara katilmistir.

Tesis giderleri Tablo 6’da verilen degerler tizerinden hesaplanmigtir. Tesis isletme giderlerinde hammadde
maliyeti olarak giibrelerin yaklasik olarak ortalama 50 km uzakliktan tasindigi diisiiniilmiistiir. Tasima maliyeti
olarak 1 $/ton ve ham su maliyeti 0,2 $/ton kabul edilmistir. Kendi giibresini kendi iireten bir tesis oldugunda bu
giderin olmayacag1 veya daha uzak mesafelerden atik tagindiginda ise giderin artacagi unutulmamalidir. Cevre
mevzuati geregi atik bertaraf tesisi konumundaki bu tesislerin atik bertaraf gelirleri de olmalidir. Ancak, iilkemizde
heniiz boyle bir gelir alabilen bir tesis olmadig1 icin atik bertaraf {icreti geliri yok olarak kabul edilmistir. Cogu
iilkede biyokiitleye dayali biyogaz tesislerinin sadece elektrik satisi ile ve herhangi bir ilave destek olmadan kar
ettirilebilmesi zor oldugu bilinmektedir. Bunun sebebi ise atigin tasima maliyetleridir (Yabe, 2013). Yapilan
hesaplarda da diinya geneline paralel degerler elde edilmistir ve benzer sonuca varilmistir. Tesiste 16 kisi
calisacag diigtiniilmustiir. Bu kisilerin dagilimi su sekildedir; 1 genel miidiir, 1 muhasebeci, 1 lojistik mudird, 3
adet mihendis, 3 adet teknisyen, 4 adet giivenlik personeli ile 3 adet sofor caligan. Genel mudir birim maliyeti
1500 $/ay iken diger is¢ilerim ortalama maliyeti 600 $/ay olarak alinmigtir. Bakim maliyeti olarak gaz motorunun
ve diger ekipmanlarin ayri ayr1 maliyetleri alinip toplanmistir. Gaz motoru bakim maliyeti olarak 0,020 $/kWh,
diger bakim maliyeti olarak ise 0,006 $/kWh degeri alimmistir (Caresana ve ark., 2011). Tesisin ilk devreye
alimmasinda giibrenin fermantasyon sicakligma getirilmesi gerekmektedir. Bu kapasitede bir tesisin ilk 1sitma
maliyetinin 20.000 $ olacagi tahmin edilmistir. Dagitim bedeli ve yillik lisans bedelleri EPDK’nin belirlemis
oldugu fiyatlar {izerinden hesaplanmistir.
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Tablo 4. Buswell yontemi ile elektrik tretim kapasitesi hesaplama sonuclar

Table 4. Electricity production capacity calculation results with buswell method

Elektrik

. CHg4 CO2 CHgy A

Atik Tipi (tm' Eff:]r.l) Miktar1  Miktar1  Oram COZ(OC/Z ;a‘“ Kl:gggil';:si
. S S o
(ton.gtin!)  (ton.giin™) (%) (kWh)
Biiyiikbas hayvan giibresi 345,00 1,82 1,61 53,08 46,92 1.320,75
Yumurtact tavuk giibresi 260,00 1,70 1,83 48,16 51,84 1.927,82
TOPLAM 3.248,57
Tablo 5. Biyogaz tesisi maliyeti
Table 5. Biogas plant cost
Biyogaz tesisi maliyeti Birim Tutar Yuzde
O] (%)
A. Tesis direkt toplam maliyeti (TDM) 3.200.000 51,0

. Ekipman maliyetleri
. Montaj maliyeti
. Borulama maliyeti
. Enstriimantasyon maliyeti
. Izolasyon maliyeti
. Elektriksel maliyetler
. Enerji nakil hatti maliyeti
. Destek tinite maliyetleri
B. Tesis indirekt toplam maliyeti (TIM) 1.900.000 30,3
1. Muhendislik maliyeti
2. Insaat maliyeti
C. Yuklenici tcreti ve beklenmedik durum  1.170.000 18,7
maliyeti (YM)
1. Yuklenici Ucreti
2. Beklenmedik durum maliyeti
D. Toplam yatirum maliyeti 6.270.000 100
(TYM=TDM+TIM+YM)

O~NO O WN B

Tablo 6. Biyogaz ve organomineral giibre tesisi igletme giderleri tablosu

Table 6. Biogas and organomineral fertilizer plant operating costs

isletme Giderleri Miktar Oran
($/y1D) (%)

A. Biyogaz tesisi isletme giderleri 1.001.270 %7,5
Hammadde maliyeti
Ham su maliyeti
Personel maliyeti
Bakim maliyeti
Devreye alma maliyeti
Dagitim bedeli
Yillik lisans bedeli
Sigorta bedelleri
Ofis giderleri
B. Giibre tesisi isletme giderleri

1. DAP maliyeti 12.392.094  %92,5

N R~WNE

Tesis gelirleri hesaplandiginda biyogaz tesisinin sadece elektrik geliri 2.513.700 $/y1l’dir. Organik giibre

gelirinin de ilavesiyle bu deger 4.205.475 $/yil’a, organomineral giibre geliri ilavesiyle ise 26.835.250 $/yil’a
¢ikmaktadir. Organomineral giibrenin getirdigi gelir artis1 cok dramatiktir. Boylece tesisin yenilenebilir enerji
tesisi olmaktan giibre liretim tesisi olmaya gegisi net olarak géze ¢arpmaktadir. Tablo 7’de sadece biyogaz tesisi
ile cesitli giibre tesisi opsiyonlarmin fizibilite degerleri karsilagtirilmistir. 3 MW hayvansal atikli bir biyogaz
tesisinin basit geri 6deme siiresi 6,01 y1l, biyogaz tesisine ek organik giibre ve organomineral giibre tesisinin basit
geri 6deme siiresi 4,24 ve 1,69 yil olarak saptanmistir. Biyogaz tesisinin geri 6deme siiresi 6 y1l ¢ikmis olmasina

182



JOTAF/ Journal of Tekirdag Agricultural Faculty, 2023, 20 (1)

ragmen diinya {izerinde benzerlerinin 8§ y1l gibi daha uzun siireli degerlere sahip oldugu diisliniildiigiinde nispeten
uygundur sonucuna varilabilir (Mel ve ark, 2015). Tesisin geri ddeme siiresi veya fizibilitesinin yaninda
siirdiiriilebilirligi de énemlidir. Baulomanti ve ark.’nin da arastirmalarinda belirttigi gibi bir biyogaz tesisinin
stirdiiriilebilirligini etkileyen en 6nemli faktor giibre yonetimi olmaktadir (Baulomanti ve ark., 2013).

Tablo 7. Fizibilite Karsilastirmalart

Table 7. Feasibility comparisons

Biyogaz Tesisi Biyogaz Tesisi + Biyogaz Tesisi +
Fizibilitesi Organik Kat1 Giibre Organomineral
(Sadece Uretim Tesisi Gubre Uretim
elektrik satis Fizibilitesi Tesisi Fizibilitesi
geliri)

Yatirum Maliyeti (8/y1l) 6.270.000 11.178.000 18.677.400
Giderler ($/y1l) 1.001.270 1.001.270 13.204.200
Gelirler ($/y1l) 2.513.700 4.205.475 26.835.250
Vergi ($/yil) 469.698 566.333 2.601.694
Faaliyetten Dogan Nakit Akim ($/y1l) 1.042.732 2.637.872 11.029.356
GERI ODEME SURESI (yil) 6,01 424 1,69

4. Sonug

Caligma ile Tiirkiye’deki organik atiklarin degerlendirilmesi, topraga geri kazandirilmasi ve enerji tiikketiminde
disa bagimliliginin azaltilmas1 maksadiyla biyogaz tesis sayisinin artirilmasinin 6nemi vurgulanmistir. Biyogaz
tesislerinin ¢iktis1 olan organik giibrenin tarimsal arazilerde degerlendirilmesi gerekmektedir. Hayvancilik ve
tarimin arasinda biyogaz tesisinin bir koprii gérevi olugturmasi beklenmektedir. Organomineral ve organik giibre
pazarmin yayginlagmasi ve sifir atik politikalariyla birlikte; kimyasal giibrelerin kullaniminin git gide azalmasi,
topragin ve tarimin faydasina olacaktir.

Biyogaz tesislerinde elektrik satisina ek giibre satiginin da yapilmasi geri 6deme siirelerini kisaltip yatirimciyi
bu alanlara tesvik edecektir. Calismada; her ne kadar yatirim miktar1 biiylimiis olsa da tesis geri 6deme stresinin
6,01 yildan 1,69 yila indirgenebildigi ortaya konulmustur. Ancak, geri ddemesi siiresinin azalmasina karsilik ilave
olarak sisteme eklenecek DAP maliyeti biyogaz tesis maliyetlerini yaklagik olarak %92,5 oraninda artirmigtir.
Organomineral tesisinin isletme giderlerini yiliksek oranda artirmasi ile giibrenin satilamamasi durumunda nakit
akisinda biiytik bir risk dogurabilecegi gdzden kagirilmamalidir.
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Factors Influencing Participation in Self-Managed Livestock Markets in Rural
Communities in the Republic of Benin*

Benin Cumhuriyeti'ndeki Kirsal Topluluklarda Kendi Kendini Yo6neten Hayvan Pazarlarina
Katilim1 Etkileyen Faktorler

Oscar AKOUEGNONHOU™, Nevin DEMIRBAS?
Abstract

Livestock in West Africa is an example of regional value chain development. It is essentially based on the trade in
livestock between production areas and consumption centers. The livestock trade is an important economic activity
in pastoral and agro-pastoral communities as it is their source of income. The livestock trade in these regions takes
place at several sites, the best known of which are the livestock markets. Two different types of livestock market
are investigated in this study. Self-managed livestock markets (Marché a Bétail Autogéré: MBA), are new models
for marketing livestock in the Republic of Benin. Unlike traditional livestock markets (Marché a Bétail traditionnel:
MT), MBAs offer several advantages to its participants by creating a platform where sellers and buyers can meet
to trade without intermediaries. The absence of the intermediary system in the operation of MBA markets makes
them different from MT markets. Because of their important role in rural development, MBAs have become the
focus of policy makers and international development organizations. The purpose of this study was to analyse the
factors that affect farmers' participation in MBA markets. The study used primary data collected from face-to-face
surveys of a random sample of 300 livestock farmers consisting of 150 respondents from the MBA and 150
respondents from the MT. Descriptive statistics and Binary Logistic Regression were used to analyze the data. The
results of the Logistic Regression Analysis revealed that access to market information, payment type, cooperative
partnership, beef cattle herd size, sheep herd size, goat herd size and farmland ownership have significant positive
effects on MBA market participation, while distance to market has significant negative effects on MBA market
participation. Improving these factors could increase the participation of livestock farmers in the MBAs in the
Republic of Benin. This would increase their income and improve their living conditions. Knowledge of the factors
influencing participation in MBA markets would also help stakeholders and policy makers in their decision making.

Keywords: Binary logistic regression, Republic of Benin, Self-managed livestock markets, Traditional livestock
markets, Rural development
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Oz

Bat1 Afrika'da hayvancilik faaliyeti, bolgesel bir deger zinciri geligsimine karsilik gelmektedir. Bu zincir, temel
olarak iiretim alanlar1 ile tiiketim merkezleri arasindaki hayvan ticaretinden olusmaktadir. Bat1 Afrika’da hayvan
ticareti, pastoral ve agro-pastoral topluluklarin gelir kaynagi olmasi nedeniyle 6nemli bir ekonomik faaliyettir. Bu
bolgelerde hayvan ticareti, en yogun olarak hayvan pazarlarinda olmak iizere farkli yerlerde gergeklestirilmektedir.
Bu calismada bir Afrika llkesi olan Benin Cumhuriyeti'nde iki farkli hayvan pazari modeli kapsama alinmistir.
Bunlardan biri olan “Kendi Kendini Yoneten Hayvan Pazarlari (Marché a Bétail Autogéré: MBA)”, Benin
Cumbhuriyeti'nde hayvanlarin pazarlanmast i¢in yeni bir modeldir. Diger hayvan pazart modeli olan “Geleneksel
Hayvan Pazarlarindan (Marché & Bétail traditionnel: MT)” farkli olarak MBA'lar, satici ve alicilarin aracilar
olmadan ticaret yapmak i¢in bir araya gelebilecekleri bir platform olusturarak paydaslarma cesitli avantajlar
sunmaktadir. MBA’larin isleyis mekanizmasinda aracilik sisteminin bulunmamasti, bu pazarlart MT’lerden farkli
kilmaktadir. Kirsal kalkinmadaki énemli rolleri nedeniyle, MBA'lar Benin Cumhuriyeti’nde politikacilarin ve
uluslararasi kalkinma kuruluglarinin odak noktasi haline gelmistir. Bu nedenle, bu aragtirmada ¢iftgilerin Kendi
Kendini Yoneten Hayvan Pazarlarina katilimini etkileyen faktorlerin analiz edilmesi amaglanmigtir. Arastirmanin
birincil verileri, 150'si MBA'lardan ve 150'si MT'lerden olmak tizere 300 ciftgiden olusan rastgele bir 6rneklemle
yliz ylize yapilan anketler aracilifiyla toplanmistir. Verileri analiz etmek i¢in tanimlayici istatistikler ve Binary
Lojistik Regresyon analizi kullanilmistir. Sonuglara gore, pazar bilgilerine erigsim, 6deme sekli, kooperatif ortaklig1,
sigir siirisiiniin biiytikliigi, koyun siiriisiiniin biiyiikligii, ke¢i siirlisiiniin biiylikliigli ve tarim arazisi biiytkligi
ciftcilerin MBA sec¢imini anlamli ve olumlu yonde etkilerken, pazara uzaklik MBA se¢imini anlamli ve olumsuz
yonde etkilemektedir. Belirlenen bu fakttrlerle ilgili iyilestirmelere gidilmesi, Benin Cumhuriyeti'ndeki hayvan
yetistiricilerinin bu yeni pazar modeline katilimini artirabilecektir. Bu ise yetistiricilerin gelirlerini artirirken,
yasam kosullarimi da iyilestirebilecektir. Bu arastirmanin sonuglari, gelir ve yasam kosullarinin iyilestirilmesi
hedefleri yoniinden, pazar paydaslarina ve politikacilara karar alma siireglerinde yardimci olacaktir.

Anahtar Kelimeler: Binary lojistik regresyon, Benin Cumhuriyeti, Kendi kendini yoneten hayvan pazarlari, Geleneksel
hayvan pazarlari, Kirsal kalkinma
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1. Introduction

The Republic of Benin is a country with an agricultural economy where livestock farming occupies a
predominant place in the national economy. Its contribution to the Gross Domestic Product is 5.82% and represents
15.55% of the Gross Agricultural Production value (FAO and ECOWAS, 2016). The populations involved in
livestock activities in Benin are mainly pastoralists and agro-pastoralists. Their economic viability depends on
animal husbandry. Most pastoralists are from the Peulh ethnic group and own large herds of beef cattle, sheep or
goat (Chabi, 2016). As for the agro-pastoralists, they are a mixture of several ethnic groups (Peulh, Gando, Bariba,
etc.) and combine livestock with agriculture. The number of animals is an important capital element for farmers.
In the past, farmers did not usually sell their animals, but today most of them are involved in commercial
production and trade of live animals. This is due to many reasons such as: the increasing demand for meat and
other animal products due to the growing population (Onibon, 2004); the creation of the MBA, which give farmers
the opportunity to deal directly with buyers; the improvement of animal prices; the sedentarization of some
nomadic farmers in order to avoid the effects of climate change, etc.

Most live animal transactions take place in livestock markets. There are mainly two types of livestock markets
in the Republic of Benin. These are traditional livestock markets (MT), which are the oldest market model in Benin
and self-managed livestock markets (MBA), which are a new model (UDOPER, 2007). This study will focus on
the MBA markets. Because of their economic and financial weight, the MBA markets are a real pillar of local
development. They are a new model of livestock marketing developed and managed by the farmers themselves.
These markets are the focus of livestock farmers, livestock traders, local authorities, national and international
organizations.

The participation of livestock farmers in the market has been widely considered essential for the livelihoods of
rural people and economic growth in developing countries (Barret, 2008). The rise in income is expected to be
achieved principally through the involvement and participation of small-holder farmers and rural communities in
economic activities along the market value chain and concomitant employment generation (Kyeyamwa et al., 2008;
Ayele et al., 2019).

Analysis of market participation is fundamental to transforming livestock farming to market orientation then,
expected increase market participation. Markets are a reflection of the territorial dynamics in which livestock
farming and product marketing activities take place (Duteurtre, 2010). Analysis of market participation indicates
the factors that affect farmers' choice. For example, when transaction costs are high, it discourages market
participation by small-scale farmers (Key et al., 2000). According to Zaibet et al. (2009), the non-participation in
the market by farmers negatively affects the continuity and therefore the sustainability of the livestock activity.

The analysis of factors affecting livestock farmers' participation in livestock markets has been conducted in
many scientific studies (Alene et al., 2008; Ayele et al., 2019; Abate and Addis, 2021; Lutta et al., 2021). This is
very important in the case of Benin because of the great interest that MBA markets represent nowadays in the rural
economy. However, very few research has been conducted in the livestock sub-sector to specifically study MBA
in Benin. Onibon, (2004) revealed the existence of the MBA markets in a report and described their functioning.
But, there is no studies have been conducted on the determinants of farmers' decisions to participate in the MBA
in the Republic of Benin.

This study aimed to analyze the factors that influence participation in the MBAs in pastoral and agro-pastoral
communities in the municipalities of Gogounou, Nikki, Bassila, Matéri, Save and Iwoyé (Kétou) in Benin. This
will increase the participation of livestock farmers in the MBAS in Benin.

This information is crucial for understanding the socio-economic and market factors of the MBA markets'
participation in Benin. Because lack of knowledge about factors that determine livestock market participation
among the pastoral communities can lead to misguided interventions that can impact on improving household
welfare of pastoralists (Ehui et al., 2009; Alkemade et al., 2013).

2. Materials and Methods

This research was carried out in the Republic of Benin. It was conducted in both traditional (MT) and
modern (MBA) livestock markets. In the MT markets, the trading system is traditional and intermediaries-
driven. They are common in the local areas of many African countries. The MBA markets are the modern
livestock markets where the transactions take place without intermediaries. The trading system is much more
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organized and modernized than that in the MT markets. The research aimed to analyze the factors influencing
participation in MBAs in rural communities in the Republic of Benin.

A two-stage sampling procedure was used to draw the sample respondents. In the first stage, with the help
of the head of the Ministry of Agriculture Department, the potential MBA and MT markets were identified in
the municipalities of Gogounou, Nikki, Bassila, Matéri, Savé and Iwoyé (Kétou). In the second stage, from the
identified MBA and MT, 300 livestock farmers (150 from MBAs and 150 from MTs) were randomly selected
and surveyed. Face-to-face surveys were conducted using a structured questionnaire.

The values of the descriptive statistics were used for the purpose of summarizing and presenting the data.
To compare the frequency distribution of one variable to another, cross-tabulations were also used. The
relationship between market participation and continuous independent variables (beef cattle herd size, sheep
herd size, goat herd size, household size, farmland ownership, distance to market, age, education level) was
determined by using Pearson Correlation Coefficients (Chhetri et al., 2013; Shrestha, 2019). Chi-square tests
were used to examine the degree of association between market participation and categorical independent
variables (gender, access to market information, payment type, pasture use, cooperative partnership, access to
credit) (Chhetri et al., 2013; Shrestha, 2019). The variance inflation factor (VIF) was used to check
multicollinearity. Variable with a high VIF value (VIF > 10) was removed from the model (Girma and Abebaw,
2012; Shrestha, 2019; Marwati et al., 2020). The Binary Logistic Regression Model was used to determine the
factors that influence the farmers' participation in MBA markets. Only the independent variables of the
regression model with a statistically significant coefficient were interpreted.

The Binary Logistic Regression Model belongs to the general class of binary choice model, where the
dependent variable is dichotomous (Greene, 2003). It is an extension of the linear probability model and takes
the form:

vi=XiB+g o
yi =1, ify; *>0, otherwise y; = 0

Where X;, is the vector of independent variables related to ith livestock farmers. The dependent variable yi,
is equal to 1 if the farmer decides to participate in the MBA market and 0 otherwise. Equation (1) above
describes the probability of a farmer deciding to participate in the MBA market. Gender, access to market
information, payment type, pasture use, cooperative partnership, access to credit, beef cattle herd size, sheep
herd size, goat herd size, household size, farmland ownership, distance to market, age and education level are
the independent variables in the model. Their coefficients were used to interpret the variation they bring to the
model (Table 1).

The above linear model can be transformed into a cumulative probability function as follows:
P, =F(XiB) (Eq.2) (Greene, 2003)

If the cumulative probability function is logistic, then we have the logit model of the form:

1
1+e~xiB

The marginal effect of a particular variable on the probability that a particular household decides to sell is
given by:
opi

= FUB)BL (Eq.4)

axi
It takes the form:

e—X'B

fX'B) = e (Eq.5) (Greene, 2003)
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Table 1. Variables used in the model

Variables Variable Description Variable Type Expected sign

Dependent Variable MBA market participation

Y =1 (participation)
Y =0 (otherwise)
Independent Variables

Access to market Farmer’s access to market Dummy +

information information (1 = Yes, 0 = No)
Payment type Payment type (1 = Cash, 2 = Credit) Dummy +
Pasture Use Use of pasture (1 = Yes, 0 = No) Dummy +
Cooperative partnership Partnership to a livestock Dummy +

organization (1 = Yes, 0 = No)
Access to credit Farmer's access to credit (1 = Yes, 0 = Dummy +

No)

Beef cattle herd size Number of cattle owned (number) Continuous +
Sheep herd size Number of sheep owned (number) Continuous +
Goat herd size Number of goat owned (number) Continuous +
Household size Number of family members (number) +

Farmland ownership Farmland owned (ha) Continuous +

Distance to market The distance to market (km) Continuous -
Education level Farmer’s education level (year) Continuous +

3. Results and Discussion

3.1. Descriptive information of sample

Among the sample respondents, 97.67% were men and 2.33% were women. Men are generally head of the
households and owners of the herd; their sons are shepherds; their wife has the right to milk the herd and sell it.
Men are more likely to be involved in decision making (Nightingale, 2002; Chhetri et al., 2013). 45.33% were
between 41-60 years old. 76% had a primary education level. The family size of 40% of the farmers is less than
or equal to 3 members (Table 2).

Table 2. Descriptive statistics results for the livestock farmers

MBA MT General
Number % Number % Number %
Gender
Male 147 98.0 146 97.3 293 97.7
Female 3 2.0 4 2.7 7 2.3
Total 150 100.0 150 100.0 300 100.0
Age
21-40 90 60.0 40 26.7 130 43.3
41-60 48 32.0 88 58.7 136 45.3
>61 12 8.0 22 147 34 11.3
Total 150 100.0 150 100.0 300 100.0
Education level
(year)
Uneducated (<1) 3 2.0 63 42.0 66 22.0
Primary school (1- 142 94.7 86 57.3 228 76.0
6)
College (7-10) 5 3.3 1 0.7 6 2.0
Total 150 100.0 150 100.0 300 100.0
Household size
<3 94 62.7 26 17.3 120 40.0
4-7 44 29.3 72 48.0 116 38.7
8-11 12 8.0 51 34.0 63 21.0
>12 - - 1 0.7 1 0.3
Total 150 100.0 150 100.0 300 100.0

3.2. Econometric analysis

The Binary Logistic Regression Model was used to determine the factors affecting the MBA market choice of
farmers. Binary Logistic Regression is a method used to determine the causal relationship between the dependent
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variable and the independent variables if the dependent variable is binary or sequential (Seref et al., 2016). In this
study, those who chose MBA as the dependent variable were taken as Y=1 and those who did not choose Y=0.
Model fit hypotheses are as follows.

Ho : The model fits the data.
H1: The model doesn’t fit the data.

According to the analysis results, the Nagelkerke R? value of the model was calculated as 0.724; according to
the coefficient of this value, the variables found in the model explain 54% of the model. According to the results
of the analysis -2Log Probability Value is 181.033 (Table 3).

Table 3. The Significance Values of the Model Parameters

-2 Log likelihood Cox & Snell R Square Nagelkerke R Square
181.033 0.543 0.724

The Table 4 shows the Sig. value found for the Hosmer and Lemeshow test is 0.900, which provides
information about the goodness of fit of the created model, shows that the model is fitted (May and Hosmer, 2003).
The Hosmer and Lemeshow test statistic, which shows the Chi-Square distribution, is used to test the goodness of
fit of all the variables of the model (Shrestha, 2019; Altekin and Demirbag, 2021).

Table 4. Results of Hosmer and Lemeshow

Hosmer and Lemeshow Test

Chi-square df Sig.
3.485 8 0.900

The Binary Logistic Regression Model results showed that access to market information, payment type, age,
pasture use, cooperative partnership, beef cattle herd size, sheep herd size, distance to market and education level
significantly influenced the participation of livestock farmers in MBA markets in the Republic of Benin.

Beef cattle herd size had a significant positive correlation with MBA market participation (Table 5), implying
that as the size of the livestock increases, the incentive to sell increases and the participation in the market increases.
Regression results also showed beef cattle herd size had a significant positive association with participation in the
MBA market at 1% significant level (Table 7). This confirms the findings of Barrett et al. (2003) and Lutta et al.
(2021), who stated that the decision to participate or not in market was significantly determined by pastoralists
attaining and maintaining sufficiently large herd sizes and hence become willing to liquidate animals through the
market. Kyeyamwa et al. (2008) stated that having a bigger herd size positively influences the probability of selling.
Higher herd size increases households’ market participation (Ehui et al., 2009; Vincent et al., 2010; Terfa, 2012;
Ayele et al., 2019).

As expected, correlation test (Table 5) and regression analysis (Table 7) showed that the distance to market
had a significant negative association with the MBA market participation at 1% significant level. It suggests that
the further away the market is, the less the participation. This may also be due to poor road conditions in rural
areas. Farmers therefore go to the nearest markets to avoid wasted time and high transportation costs. This is in
the line with the result of Lutta et al. (2021) who found that the distance to market negatively influences the
decision to participate in market. They also stated that the closer a household is to the nearest market, the lesser
would be the transportation cost, loss of livestock weight due to longer trekking hours, and better access to market
information and facilities. Key et al. (2000) and Makhura et al. (2001) found that distance to market negatively
influences both the decision to participate in market and the proportion of output sold. In contrast, Kyeyamwa et
al. (2008) found that distance to market does not significantly influence the decision to sell at the market.

Chi-square tests showed a significant association between the payment type and market participation (Table
6). Moreover, regression results also showed payment type had a significant positive influence on market
participation at 1% significant level (Table 7). This implies that the farmer's participation in the market increases
if the sales result in cash payments. This result indicates that farmer prefer payment in cash than credit. One of the
critical bases of MBA market is to make the animal trading system different from MT market by improving the
payment system (Onibon, 2004). This point attracts more the farmers to MBA markets. Because they know they
will sell and get their money in cash.
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Table 5. Correlations between continuous independent variables and market participation (N = 300)

Independent variables Market participation
Beef cattle herd size 0.422*
Sheep herd size 0.055
Goat herd size -0.038
Household size 0.131*
Farmland ownership -0.006
Distance to market -0.377*

* means correlation is significant at 5%

Cooperatives partnership showed a significant association with market participation (Table 6), yielding a
significant positive coefficient at 1% significant level (Table 7), which suggests that farmers who are members of
a livestock farmers cooperative tend to have a high market participation. Partnership in groups is used as a proxy
for group marketing (Lutta et al., 2021). This allows farmers not to depend on traders (middlemen) for market
information, because they can benefit from this service with the cooperatives. Alene et al. (2008) and Lutta et al.
(2021) found that being a group member positively influences the decision to participate in livestock market.
Agricultural cooperatives reduce the likelihood of traders being sources of market information by increasing the
probability of selling (Girma and Abebaw, 2012).

Table 6. Chi-square test results for categorical independent variables and market participation

Market participation Non-market participation
Freq. Proportion Freq. Proportion X2 Sig.
(N=150) (%) (N=150) (%)
Gender male 149 99.3 144 96.0 3.657 0.056
Female 1 0.7 6 4.0
Access to market Yes 84 56.0 67 447 3.854 0.050
information No 66 44.0 83 55.3
Payment type Cash 63 42.0 18 12.0 34.247 0.000"
Credit 87 58.0 132 88.0
Pasture use Yes 144 96.0 125 83.3 12.987  0.000"
No 6 4.0 25 16.7
Cooperative Yes 67 44.7 7 4.7 64.578  0.000"
partnership No 83 55.3 143 95.3
Access to credit Yes 44 29.3 46 30.7 0.063 0.801
No 106 70.7 104 69.3

* significant at 5 %

The number of sheep owned (herd size) had a significant positive effect on market participation at the level of
10% significance (Table 7). As the sheep herding increases, market participation increases. Sheep occupy the
second place in animal sales after beef cattle. Especially during the periods of Eid al-Adha, New Year celebrations
and traditional holidays, its demand increases (Moussa, 2014).

Access to market information had a positive and significant effect on the market participation at 5% significant
level (Table 7). Ayele et al. (2019) and Lutta et al. (2021) found that farmers' access to market information had
positively and significantly influenced the probability of farmers’ decision to sell beef cattle. Access to market
information boosts confidence of farmers who are willing to participate in the market (Zamasiya et al., 2014; Bahta
and Bauer, 2007). Market information in the livestock sector remains one of the major challenges. But it is
necessary for farmers to be well informed about the market demand and prices offered, as they are very important
for the decision making to sell or not their animals (Musemwa et al., 2007). Farmers with price information are

192




JOTAF/ Journal of Tekirdag Agricultural Faculty, 2023, 20(1)

more likely to participate in the market than those without (Barrett, 2008). Although access to market information
is difficult in pastoral settings, MBA markets offer participants the advantage of acquiring it easily, mainly through
farmers' organizations, management committee, livestock organizations network, etc. Due to poor and asymmetric
access to market information, farmers receive low prices and this leads to high marketing cost (Alene et al., 2008;
Sehar, 2018). The non-participation of farmers in livestock markets is not due to market information problems
(Girma and Abebaw, 2012). The availability of complete and timely market information on supply, demand and
price, enhance spatial market integration and price transmission (Rahman et al., 2019). Relevant information
enables farmers to increase their income (Nechar et al., 2021). Market information can be an important instrument
in the support of rural development and poverty alleviation in developing countries (Rad et al., 2013).

Table 7. Factors influencing the decision to participate in MBA markets

. . 95% C.I.for
Variables B S.E. Wald Sig. EXP(B)
Lower Upper
Access to market information (1 = Yes, 0 = No) 0.934 0.429 4,725 0.030** 1.096 5.902
Payment type (1 = Cash, 2 = Credit) 1.876 0.498  14.207 0.000* 2.461 17.317
Pasture use (1 = Yes, 0 = No) 0.765 0.725 1112 0.292 0519 8.905
Cooperative partnership (1 = Yes, 0 = No) 2.636 0.624  17.868 0.000* 4.112 47.388
Access to credit (1 = Yes, 0 = No) -0.159 0.472 0.114 0.736  0.338 2.150
Distance to market =1 - - 23.248 0.000* - -
Distance to market =2 1.138 0.522 4746 0.029** 1121 8.681
Distance to market =3 -1.827 0.534 11.726 0.001* 0.057 0.458
Beef cattle herd size =1 - - 15.046 0.002* - -
Beef cattle herd size =2 0.887 0.570 2422 0120 0.794 7.423
Beef cattle herd size =3 1.414 0.590 5752 0.016** 1.295 13.069
Beef cattle herd size =4 3.348 0.897  13.944 0.000* 4.907 164.867
Sheep herd size =1 - - 4.881 0.087*** - -
Sheep herd size =2 1.177 0.536 4.834 0.028** 1.136 9.273
Sheep herd size =3 0.835 0.531 2471 0116 0.814 6.529
Goat herd size =1 - - 17.423 0.000* - -
Goat herd size =2 0.234 0.545 0.184 0.668 0.434 3.678
Goat herd size =3 1.833 0.466 15474 0.000* 2.508 15.577
Household size =1 - - 2432  0.296 - -
Household size =2 0.692 0.492 1978 0.160 0.761 5.242
Household size =3 0.111 0.533 0.043 0.835 0.393 3.179
Farmland ownership =1 - - 3.970 0.137 - -
Farmland ownership =2 1.031 0.518 3.963 0.046** 1.016 7.738
Farmland ownership =3 0.681 0.533 1.631 0.202 0.695 5.620
Education level =1 - - 0.000 1.000 - -
Education level =2 17.425 18875.984 0.000 0.999  0.000 -
Education level =3 19.150 25216.392 0.000 0.999  0.000 -
Constant -5.451 1.168 21.775 0.000* - -

Nagelkerke R?=0,724; -2Log Likelihood=181.033; Percentage Correct=%88,3
*, ** and *** mean that variable is significant at 1%, 5% and 10%, respectively.

The number of goats owned (herd size) has a significant and positive effect on market participation at 1%
significant level. Small ruminants such as goats play an important role in livestock (Ayele et al., 2003), and in
improving the livelihoods of farmers of farmers. Farmers raise them both for consumption and for markets.

Farmland ownership has a significant and positive effect on the participation of farmers in the MBA at the
level of 5%. Agricultural land is an important factor of production allowing households to produce more in order
to sell the surplus in the market (Alene et al., 2008).

4. Conclusions

Livestock farming plays a crucial role in the livelihood of pastoralists and agro-pastoralists in the Republic of
Benin. However, the marketing of animals is not well structured and developed. Livestock farmers have limited access
to the market due to various factors. In this context, this study sought to determine the factors that influence the decision
of livestock farmers to participate in livestock markets, particularly in MBA markets, which are a new model of
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livestock trade in the Republic of Benin.

The results of Logistic Regression model showed that access to market information, payment type, cooperative
partnership, beef cattle herd size, sheep herd size, goat herd size, distance to market and farmland ownership determine
the degree of participation of farmers in the MBA market in the study area.

Making relevant market information available to livestock farmers is crucial to increase the probability of their
market participation decision and as well as receiving fair price for their commodity (Ayele et al., 2019). Cooperative
partnership should be encouraged because it increases market participation, provides real-time market information and
increases the likelihood of market sales. It is important to encourage and support the young livestock farmers to
participate in MBA markets. This could create employment opportunities for unemployed youth in rural areas by
allowing them to engage in the livestock trade. The inclusion of women in the livestock trade at all levels is also
important. The pastoral system should be improved to increase animal production and productivity. The government
should invest more in the education of livestock farmers to increase their decision-making capacity and productivity.
MBA markets, as formal and well-structured markets, should be multiplied throughout Benin to allow farmers to easily
sell their animals and animal products through short marketing channels and then improve their income.
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Analysis of Energy Use Efficiency and Greenhouse Gas Emission in Rainfed Canola
Production (Case study: Canakkale Province, Turkey)

Kuruda Kanola Uretiminin Enerji Kullanim Verimliligi ve Sera Gazi1 Emisyonun Analizi
(Ornek Calisma: Canakkale ili, Tiirkiye)

Sakine OZPINAR*
Abstract

Agriculture and energy are two closely related issues, agriculture not only consumes energy, but it also supplies
energy. While increasing energy use in agriculture causes environmental problems such as greenhouse gas
emissions, it also leads to the depletion of non-renewable energy resources. On the other hand, decreasing
greenhouse gas emissions and enhancement the efficiency of energy use is among the important issues of
sustainable agriculture. Therefore, this study was done to determine the energy inputs and greenhouse gas
emissions in rainfed canola production. Data were collected by conducting face-to-face interviews in the period of
2021-2022 in 42-farm in Canakkale province, located in the northwest of Turkey. Results introduced that the
energy use efficiency and net energy gain were 3.63 and 72786.16 MJ ha'?, respectively. In energy consumption,
the highest rate of 46.62% belongs to fuel, and then nitrogen with 40.44%. The consumption of total energy is
obtained as direct (46.46%), indirect (53.54%), renewable (1.07%) and non-renewable (98.93%). It has been
determined that the energy requirements of the farms belong to non-renewable energy with an amount of 27384.03
MJ ha'l, and this is especially prominent in diesel fuel and nitrogen fertilizer. The results show that the agricultural
production in the area where the study is carried out mostly depends on non-renewable energy sources, whereas
the use of renewable energy is very low. Total greenhouse gas emissions per hectare were equivalent to 1921.66
kg CO,, and the highest amount was determined to belong to machinery and diesel fuel, with 53.20% and 32.66%,
respectively. According to the results obtained in the farms where the study was carried out, it was revealed that
the economic use and sustainability of energy can be strongly recommended in rainfed canola production using
mechanization, especially considering the non-renewable energy inputs.
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Oz

Tarim ve enerji birbiriyle yakindan iliskili iki konu olup, tarim sadece enerji tiikketmekle kalmiyor, ayn1 zamanda
tarimsal liretim igin gerekli enerji tretimini de sagliyor. Tarimda enerji kullaniminin artmasi, sera gazi emisyonlart
gibi gevresel sorunlara neden olurken, yenilenemeyen enerji kaynaklarmin da tiikenmesine yol agmaktadir. Ote
yandan, sera gazi emisyonlarmin azaltilmasi ve enerji kullanim verimliliginin artirilmasi siirdiiriilebilir tarimin
6nemli konular1 arasinda yer aliyor. Bu nedenle, bu ¢alisma, kuru kosullarda kanola tretiminde enerji girdilerini
ve sera gazi emisyonlarim belirlemek amaciyla ele alinmustir. 2021-2022 {retim doéneminde Trkiye'nin
kuzeybatisinda yer alan Canakkale ilinde bulunan 42 kanola Uretimi yapan ¢iftlikte yiiz yiize goriismeler yapilarak
gerekli olan veriler elde edilmistir. Sonuglar, enerji kullanim verimliligi ve net enerji kazancinin sirasiyla 3.63 ve
72786.16 MJ ha! oldugunu géstermistir. Enerji tiiketiminde en yiiksek oran %46.62 ile dizel yakitina ait olup,
onu %40.44 ile azotlu giibrenin izledigi saptanmigtir. Toplam enerji tiiketimi dogrudan (%46.46), dolaylh (%53.54),
yenilenebilir (%1.07) ve yenilenemez (%98.93) olarak elde edilmistir. Kanola Uretimi yapan ciftliklerin enerji
ihtiyacinin 27384.03 MJ ha miktar1 ile yenilenemeyen enerjiye ait oldugu ve bunun 6zellikle dizel yakiti ve azotlu
giibre ile 6ne ¢iktig1 belirlenmistir. Elde edilen veriler, calismanin yiiriitiildiigii alanda tarimsal tiretimin biiylik
olcude yenilenemeyen enerji kaynaklarma bagli oldugunu, yenilenebilir enerji kullaniminin ise ¢ok diisiik dlizeyde
kaldigin1 gostermistir. Hektar basina toplam sera gazi emisyonu 1921.66 kg CO; esdeger oldugu, en yiiksek
miktarin sirasiyla %53.20 ve %32.66 ile makine ve dizele yakitina ait oldugu saptanmigtir. Caligmanin yuriitildiigi
ciftliklerde elde edilen sonuglara gore, 6zellikle yenilenemeyen enerji girdileri dikkate alindiginda, mekanizasyon
kullanilarak kuru kosullarda kanola tretiminde enerjinin ekonomik kullaniminin ve siirdiiriilebilirliginin tavsiye
edilebilecegi sonucu ortaya ¢ikmaistir.

Anahtar Kelimeler: Tarimda enerji kullanimu, Girdi enerjisi, Cikt: enerjisi, Karbondioksit salinimi, Kanola
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1. Introduction

Energy consumption, environmental quality and even the economy are reciprocally interdependent issues.
There is also a significant relevance between agriculture and energy, which is heavily dependent on non-renewable
and other sources (Pimentel and Pimentel, 2007). The use of more energy than necessary in agriculture leads
negative effects on the environment; in this respect, while agriculture creates climate change, it has an impact on
the environment and is also affected by climate change. In recent years, the rapid increase in the world's population
and, the spread of new techniques in agriculture and the amount of energy required for their application has led to
a continuous increase (Kitani, 1999). Thus, energy is an important component in agriculture and an essential input
for every cultivation, transport, and social development. In this respect, agriculture will become heavily dependent
on energy use in future times to ensure food for the steadily growth of world peoples. Energy efficient in agriculture
is one of the necessities of sustainable agriculture, and it will be also had positive effects on the use of fuels and
the protection of natural resources (Mousavi-Avval et al., 2010). While agriculture consumes energy directly on
the farms as diesel fuel to run equipment, it is used indirectly to produce the machinery and chemicals (fertilizers,
pesticides) out of farm (Pimentel and Pimentel, 2007). Energy is needed on farms, especially in field practices
such as seedbed preparation, sowing, intercultural practices, water pumping, harvesting and transportation (Lal,
2004). Field practices require a huge energy to operate machinery (Pishgar-Komleh et al., 2012), for example,
tillage is a field practice that consumes about 30% of the total energy use in agriculture (Lal, 2004). The high use
of energy resources like fertilizers, pesticides, and fuel which constitute a high energy input, causes significant
threats to environmental pollution. The use of low energy input also reduces the amount of CO, gas emissions,
which have negative effects on the environment (Khoshnevisan et al., 2013). The emissions as greenhouse gas
from agriculture are 19.9 Giga tons of CO- equivalent annually, which corresponds to 24% of the total global
amount (IPCC, 2014), while this rate for Turkish agriculture is quite small with 3% (TUIK, 2021). From this point
of view, agriculture is considered to have a great function in the gas emissions due to the acquisition of inputs used
and the applications with tractor-driven equipment (Mousavi-Avval et al., 2017). However, in the last two decades,
the application of high inputs in conventional production systems and the intensive use of agricultural machinery
(Pishgar-Komleh et al., 2012) have further increased the emissions as greenhouse gas (Choudhary et al., 2017).
Considering all these, the efficient use of energy resources and the development environmental appearances of
agricultural production in order to reduce the emissions are the basic requirements of sustainable agriculture (Lal,
2004). So far, lots of studies have been done to calculate the energy use to produce field crops in Turkey or other
countries, but very few have been combined with the analysis of energy and greenhouse gas emissions for canola
under rainfed conditions. According to the results obtained in a study on rainfed potato production in Iran, it has
been revealed that the total input energy of 47 thousand MJ ha'* causes about 993 kg of CO, emissions per hectare
(Pishgar-Komleh et al., 2012). In another study conducted by Soltani et al. (2014) for many rainfed canola
production systems in Iran, energy and greenhouse gas emissions analysis were carried out. They showed that the
conventional system consumes 12953 MJ ha! of energy, resulting in an energy output of 52355 MJ ha and
greenhouse gas emissions equivalent to 1028.1 kg of CO; per hectare. They also recorded that energy efficiency,
productivity and net return were 4.1, 0.14 kg MJ* and 39402 MJ ha’, respectively. In a study conducted by
Unakitan et al. (2010) in Turkey, an energy use of canola was analysed using three farm size scenarios. The results
showed that total energy input on average farm size was 18297.61 MJ ha', which about 65% of this was related
to chemical fertilizers. The average of energy efficiency, net and productivity energy are 4.68, 67259.36 MJ ha'*
and 0.17 kg MJ?, respectively, and these values increase with the size of the farm. Optimizing energy efficiency
and reducing energy input, applying nitrogen with actual crop requirements, and adopting reduced tillage are the
most efficient techniques (Ozpinar, 2006). Ozpinar and Ozpinar (2015) concluded that under long-term tillage and
crop rotation with wheat-vetch/maize using green manure in both rainfed and irrigation conditions can increase
the maize grain yield without chemical fertilizer application.

Canola is produced in an area of approximately 38 million hectares in the world and 75 million tons of
production is made per hectare. The most important rate belongs to Canada, followed by China, India, Germany,
France, Australia, Poland, and other countries in the Mediterranean basin (FAOSTAT, 2020). In the countries in
basin, the yield per unit area and thus the production amount is lower than the rainy middle European part (Rathke
and Diepenbrock, 2006). For example, in Turkey, which does not have a long history in canola cultivation, it has
increased amount of canola, which was 110 thousand tons in 2012, to over 125 thousand tons in 2020 on an area
of 45 hectares (TUIK, 2021), with the support provided by the government for fertilizers, diesel fuel and certified
seeds per kilogram or hectare. Canola is mainly grown in the European part of Turkey, but also in other parts of
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the country, mostly for oil and rarely for animal feed. While winter varieties are grown in Thrace, Marmara and
Black Sea regions located in the northwest of the country, spring varieties can be grown in Mediterranean, Aegean,
Central and Southeastern Anatolia regions. Canakkale, partly in the Thrace region, is one of the provinces at the
coast to the Marmara Sea and is the third canola producing province in the region. It produces approximately 39%
of the country's canola production with an average yield of 3550 kg per hectare, but yield reaches over 4000 kg
ha in well-irrigated areas (TUIK, 2021). In this regard, in rainfed conditions of the study area, canola, which is
an alternative to sunflower, is produced in rotation with cereals such as winter wheat in order to increase the yield
per unit area under sustainable production systems and to enrich the soil in terms of organic matter. On the other
hand, the canola-cereals cropping system is the largest system in the area under conventional systems require
vigorous number of inputs, which contributes high energy and results in low economic returns. Despite the
sustainable characteristics of canola, widespread cultivation of the product has various harmful effects on the
environment, such as consumption of natural resources and gas emissions. So, it has become important to analyse
rainfed canola production in terms of energy and greenhouse gas emissions as CO,. While studies on different
products with energy analysis have been published for different regions of the country (Baran et al., 2021), there
have been studies on only olive (Ozpinar, 2020) and rice (Ozpinar, 2022) in Ganakkale province. However, none
of these studies have been analysed by combining energy and greenhouse gas emissions using conventional
production systems under rainfed conditions, further, the results of studies in other parts of the country are not
representative of the country's remaining larger production areas. For this reason, it has been concluded that there
is a need for energy use data, which can be a reference and guide for energy saving and reducing gas emissions in
agriculture, both in the country and in the canola production area where the study was conducted. Thus, this study
was undertaken in Canakkale, located in the northwest of Turkey, to fill the lack of data on the efficient use of
energy for canola production in the country. In this regard, it is necessary to carry out energy analysis studies that
will contain environmental effects in canola production in the study area. This energy analysis was conducted
using questionnaire data from canola producing farms, as well as other data from field observation studies.
Moreover, the aim of the study is to determine the energy inputs, output, energy efficiency, gas emissions of
rainfed canola production and to guide the technological developments necessary to reach the high energy use
efficiency of the existing production systems in the study area.

2.Materials and Methods
2.1. Study area

The study was carried out in the Canakkale province, northwest of Turkey, which is located within 25°40'-
27°30' east longitude and 39°27'-40°45' north latitude. The total area of the province is 993 thousand hectares, of
which approximately 332 thousand hectares are belongs to agricultural areas. Most of these areas are covered with
rainfed agriculture, usually the canola crop is grown in rotation with wheat, barley, and sunflower, except in
irrigated areas where usually maize/corn, rice, vegetables, and orchard crops such as peaches, apples, cherries are
grown (Ozpinar and Urkmez, 2017). The climate is under the influence of Ida Mountain, Marmara and Aegean
Seas where is semiarid subtropical. While the northern parts of the province are under the influence of a colder
climate, the southern parts have a more obvious tropical climate, the summer period is between May and September
and the winter is between October and April. Annual average of maximum temperature is about 28°C (in August)
according to the long-term period (Figure 1), and annual average of minimum temperature is 6 °C (in January)
(Figure 1). The annual rainfall increases from south to north part regardless of the altitude and varying from 460
mm to 715 mm according to years, and about 65% of annual rainfall events occur from December to May (Figure
2). For studied farms for the canola production, agricultural practices commonly include tillage, sowing, fertilizing,
weed and pest control, and harvesting. Seedbed preparation is one of the main practices in the studied area where
is under conventional production systems using mainly mouldboard plough. For this reason, the soil is first tilled
by plough at 20-25 cm followed by twice double action disk harrowing in opposite directions at 10 cm between
15 September and 30 October, and then roller application. Finally, sowing is done using pneumatic drills or grain
row-planter at average rate of around 8.20 kg ha* of seed with varying 4 and 9 kg ha'* usually using DK Exstorm
hybrid. Soil preparation is very effective practice to reduce weeds which can be controlled by using herbicide with
1.63 litre ha'* on average using a tractor mounted sprayer. Trifluralin is usually applied to the soil two weeks before
sowing, while Azotrax is used for narrow-leaved weeds such as wheat and oats at the sowing, Agil Extra and
Formula Super after canola emergence, and Lontrel Extra for broad-leaved weeds. Considering the fertilizer
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application, only nitrogen and phosphorus are applied since potassium is sufficient in the soils. Basic fertilizers in
canola production are usually urea (46% N), triple super phosphate (43-46% P,0s).
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Figure 1. Average temperature according to months for three years and long-term
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Figure 2. Rainfall distribution according to months for three years and long-term period

Thus, canola needs relatively higher levels of both nitrogen and phosphorus fertilizers. Nitrogen was applied
(150-175 kg ha'?) as 1/3 at the seeding stage [the September-October/November (%21 N as 18-46-0/20-20-0 DAP
compound)], 1/3 at the stem elongation [December-January (%46 N urea) and March-April (%26 N ammonium
nitrate)], and 1/3 before flowering in studied farms (Table 1). Phosphorus fertilizer was used only during the
sowing stage and in the amount of 50-80 kg per hectare. Canola is harvested in the last quarter of May with a self-
propelled grain combine.

2.2. Data collection and evaluation

Data were obtained from farms by visiting 42-farmer producing canola in 15 villages of the districts (Bayramicg,
Biga, Eceabat, Lapseki, Ezine) of Canakkale province during the June-September 2021 period. Most of the district
areas is generally in flat lands with cereal fields, and the economy is mostly based on agriculture. In order to collect
the necessary data about various inputs (seed, fertilizer, herbicide, fuel, etc.), a questionnaire containing detailed
information about the inputs including working time and machinery usage, and canola grain yield, etc. was
prepared. Some of the data was taken from similar studies and statistics published by relevant organizations such
as Turkish Statistical Institute and Agricultural Ministry, and some of it was measured in farmer fields or directly
on machinery. For farms, the random method was used for sampling and the sizes of sample were determined as
42 farms from the population using the Neyman method equation (Yamane, 1967).

201



Ozpmar
Analysis of Energy Use Efficiency and Greenhouse Gas Emission in Rainfed Canola Production (Case study: Canakkale province, Turkey)

Table 1. Amount of inputs used in canola production and output

Inputs/output Amount of input (ha?)
Average Lowest-Highest

Human labour (h) 28.85 27-35

Diesel fuel (I) 227.40 220-230

Nitrogen (N, kg) 184.70 160-190

Phosphorous (P2Os, kg) 85.00 70-87

Herbicide (active ingredient) (1) 1.63 1-2

Machinery (h) 14.40 10-18

Seed rate (kg) 8.20 8-9

Grain yield (kg) 3550 2500-4550

2.3. Energy and greenhouse gas emissions analysis

The considered inputs and output have been converted to energy values using their energy equivalents (Table
2). The determination of energy efficiency was based on the energy rate between output and inputs. Inputs include
seeds, fertilizers and herbicides, diesel fuel, machinery and human labour, and output consists of the yield of canola
grain. Energy consumption was obtained from the amount of input application (Table 1) by the energy equivalents
(Table 2) and expressed in MJ per hectare. Classical mathematical equations (1-8) were used to calculate the
equivalent energy of rainfed canola production. Labour is used at various stages of canola production on farms,
for example, tillage, sowing, application of fertilizers and herbicides, harvesting and operating agricultural
machinery. Labour energy input is calculated by multiplying the person number doing work in an operation
(Kosemani and Bamgboye, 2020). The total hours (Hy, h ha't) for the operations (Table 1) were multiplied by the
energy equivalent (Table 2) for human (Heqv, MJ h'%).

En = Hp X Hegy (Eq.1)

The diesel fuel energy (Ed) is obtained by multiplying the total amount of fuel (I ha) (Table 1) consumed in
all cultural operations with the heating value of the fuel (Table 2).

Eq=D X Feqp (Eq.2)

Where, Eg, the diesel energy consumed (MJ hat); D, the fuel used for operations (I ha?) (Table 1); Feqy, fuel
energy equivalent (MJ I1) (Table 2). To calculate energy for the machinery manufacturing in the farms, it is
assumed that the embodied energy will be depreciated during the economic lifetime (L, h). So, the machinery
weight (W, kg ha®) to produce one-hectare canola was calculated using the time used (Wh, h ha®) in farm.

W = MXTWh (Eq.3)

The machinery energy was calculated by determining the production energy for tractors and machinery.

MxE
Em = oc. (Eq.4)

Where, En, total farm machinery input energy in the lifetime for one hectare (MJ ha); M, the machinery
weight (kg); E, the energy equivalent of the machinery weight; L, the machinery life (h); Ce, the field capacity of
farm machinery (ha h). Energy equivalent for machinery considered energy used to produce the raw materials
(22-60 MJ kg™ for steel), the manufacturing process (86.38 MJ kg™), the transportation (8.8 MJ kg™*). The amount
of fuel used for tillage operations depending on the depth and width of tillage, the type of soil and moisture content,
the size of tractor and machinery. Effective field capacity of farm machinery (Ce) calculated using following
equation.

VWxFe
C, = ixfe (Eq.5)

Where W, the working width (m); V, the working speed (km h'l); Fe, the field efficiency. Chemical energy
input was obtained from the amount (kg) of fertilizers and herbicides used. Total energy input for fertilizers was
obtained by using the amount of fertilizer (Table 1) by the energy value (Table 2).

M /NxNegy . P205xPegy
Efertzz ( xSAq += sstx q) (Ea.6)

n=1
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Where, Eser, input for the fertilizer; Negy, the energy value of N; Peqy, the energy value of P.Os; N, the fertilizer
as percentage of N ingredient (kg); P.Os, the fertilizer as percentage of P,Os ingredient (kg); SA, the area (ha); n,
the application number nth. The NPK 20:20:0 was widely used in the study area because of K0 sufficient in the
area soils, thus, it was not considered in the calculation. The amount of the herbicide applied (Table 1) were
multiplied with the energy value (Table 2) to get the energy of the herbicide.

Ererb = Hn X Hegy (Eq.7)

Where, Eren, the energy input for herbicide (Mj ha'); Hp, the quantity of herbicide applied (kg hat); Heqy, the
energy equivalent value of herbicide (MJ kg™). The energy input of the seed was obtained by using the number of
seed used (S, kg ha'?) (Table 1) and the energy equivalent (Seqv, MJ kg?) (Table 2).

Es = Ssx Seqv (Eq.8)

The output energy (Eo, MJ ha') is estimated by multiplying the canola grain yield (Qgrain-yiels, kg hal) (Table
1) by energy equivalent (Qeqv MJ kg'?) (Table 2).

EO = Qgrain—yield X Qeqv (Eq‘g)

Energy indicators in an agricultural production include various parameters such as energy use efficiency,
energy productivity (kg MJ™?), specific energy (MJ kg?) and net energy (MJ ha't).

Total energy output (M] ha™1) (E 10)
Total energy input (MJ ha—1) Q-

Energy use efficiency =

Grain yield (kg ha™1) (Eq.11)
Total energy input (M] ha—1) g

Energy productivity (kg MJ™1) =

Total energy input (M] ha™1
(Y e ) (Eq.12)
Grain yield (kg ha—1)

Specific energy (M] kg™1) =

Net energy (M] ha™1) = Energy output — Energy input (Eq.13)

Table 2. Energy equivalents for inputs and output

Input/Output Equivalent Reference

Human labour (MJ man h1) 1.96 Kitani, 1999

Diesel fuel (MJ I 56.31 Kitani, 1999

Nitrogen (N) (MJ kg™?) 60.60 Kitani, 1999

Phosphate (P20s) (MJ kg™) 11.10 Kitani, 1999

Herbicides (active ingredient) (MJ kg™) 238.00 Mousavi-Avval et al., 2017
Machinery (MJ kg™).. 142.70 Alimagham et al., 2017

Seed (MJ kg?) 3.60 Mousavi-Avval et al., 2010
Grain yield (MJ kg™?) 28.30 Rathke and Diepenbrock, 2006

L The value was considered for manufacturing (86.38 MJ kg1), repairs, maintenance (0.55 x energy for manufacture), and
transportation (8.8 MJ kg™) energy for tractors and machinery.

Table 3. Equivalents of COz emissions from canola farms

Input Emission equivalent*
Mean Range References
Diesel fuel (1 MJ?) 2.76 Dyer and Desjardins, 2003
Nitrogen (N) (kg MJ1) 1.30 0.9-1.8 Lal, 2004
Phosphorous (P20s) (kg MJ1) 0.20 0.1-0.3 Lal, 2004
Herbicide (kg MJ%) 6.30 1.7-12.6 Lal, 2004
Machinery (kg MJ?) 0.071 Dyer and Desjardins, 2003
Labour (kg MJ?) 0.36 Nguyen and Hermansen, 2012

+ kg COzequivalent per unit; including production, transportation, storage and transfer.
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Energy sources used in agriculture consist of two main groups: natural and supplementary. Natural energy is
essential for crop growth and includes solar energy and various forms of chemical energy stored biologically in
the soil. The supplementary energy was divided into renewable and non-renewable forms, and direct and indirect
forms. Direct energy contains those quantities that are consumed during the canola production period such as
human labour and diesel fuel, while indirect energy includes seed, fertilizer, pesticide, and machinery. Renewable
energy consists of human labour and seed, while non-renewable energy consists of diesel fuel, pesticide, fertilizer,
and machinery. The greenhouse gas emissions were obtained by using CO, emission factor of agricultural inputs
(Table 3). The amount of produced CO, was calculated by using the input application rates (Table 1) and the
emission equivalent (Table 3) and expressed as kg CO2¢. ha (Pishgar-Komleh et al., 2012; Soltani et al., 2014).

3.Results and Discussion
3.1. The energy inputs and output in canola production

The total energy input is calculated as 27678.84 MJ ha™ and the output as 100465.0 MJ ha' (Table 4). The
energy input varied from 24812.72 to 28807.00 MJ ha! according to the amount of highest and lowest inputs
comparable with the range of 5187.98-27887.15 MJ ha* to produce canola in Iran (Mousavi-Avval et al., 2017),
7420-16100 MJ hal in Germany (Rathke and Diepenbrook, 2006). In another study, the highest energy input was
reported as 30889 MJ ha* for irrigated canola production (Sheikh-Davoodi and Houshyar, 2009), while Taheri-
Garavand et al. (2010) reported the total energy input and output values lower than the present study as 28705.3
MJ hatand 41230 MJ ha'?, respectively. Considering the energy consumption according to the energy requirement
of the inputs, it is evident that fuel is the highest, dominating about 12805 MJ ha'* with 47% of total energy (Table
4). In previous studies, fuel founded for the highest rate of input energy (Rabiee et al., 2021), which agrees with
this study results (Table 4). One of the main reasons using the high diesel is coming from more field operations
performed by machinery, for example for seedbed preparation and intercultural practices because of using fuel
mainly for all tractor operations. Another reason is a temporal depreciation of agricultural machinery due to the
use of dated machinery and equipment. It may be decreasing the amount of energy input by applying new
machinery or equipment with more energy efficiency. Beyond diesel fuel, fertilizers (nitrogen, phosphorous) were
among the other high energy inputs contributing to the consumption of 12136.32 MJ ha (43.85%) of the total
energy, for example nitrogen with 40.44% (Table 4). There are two important reasons for the high fertilizer
consumption. One of the reasons is the lack of knowledge of the farmers about the use of fertilizers. They do not
know the amount of chemical fertilizer required for different crops, and they have a common belief that excessive
use of fertilizer will increase the yield without soil analysis. Another reason is the prices of government subsidies
which is significantly affected the amount of fertilizer use, especially during the pandemic period of the last two
years, as it increased market prices and reduced the amount of use per unit area. As a result of the inefficient (more
than crop need) use of chemical fertilizers, it will cause soil and water, and as well as air pollution. Some
researchers indicated that energy used in the production of chemical fertilizer accounts approximately 40% of total
energy used in agricultural production in developed countries (Pishgar-Komleh et al., 2012). Others have also
reported that fertilizer and fuel were the most intensive energy inputs in canola production (Mousavi-Avval et al.,
2017; Soltani et al., 2014) because canola has relatively high demands for nitrogen (N) per yield unit. Similarly,
the others found the highest rate of nitrogen in total energy input was related to canola (37%) (Mohammadzadeh
etal., 2017) and (47%) Mousavi-Avval et al. (2017). In this study, diesel and fertilizer were the two highest energy
inputs and accounted as 92.14%. The energy inputs required for canola production in different countries strongly
supports this view (Khoshnevisan et al., 2013; Mousavi-Avval et al., 2017). This study is also in agreement with
the findings of Mousavi-Avval et al. (2010) and Mousavi-Avval et al. (2017) who reported that 85% and 81% of
total energy input in canola production is consumed by both fuel and fertilizer. This was higher (96%) in the study
of Taheri-Garavand et al. (2010) and lower (59%) in the study of Sheikh-Davoodi and Houshyar (2009) compared
with the present study. Taheri-Garavand et al. (2010) was also found that the fertilizers (usually N) had the highest
rate in the total energy with a rate of 65.5% (average of 18809.8 MJ ha't) followed by fuel with 30% (8604.2 MJ
ha). According to Rathke and Diepenbrock (2006) the rate of nitrogen ranges between 20% and 51% depending
on the amount of nitrogen in winter canola production in Germany. The results of energy analysis in canola
production of the north Iran led to the highest rate of energy input for nitrogen (42.9%) and fuel (39.81%) (Kazemi
et al., 2016), which agrees with the results of the study (Table 4). In this study, therefore, it is necessary to focus
more on fuel and fertilizer consumption due to high energy inputs than the other components to effectively reduce
energy consumption in canola production under rainfed conditions. Because fertilizer and fuel are closely related
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to the profitability of canola production in the study area, farmers are also highly receptive to integrated machinery
and nitrogen-saving technologies that can achieve high energy use efficiency. It is also necessary to reduce the use
and consumption of the machinery operation and diesel consumption in the production systems to overcome the
growing energy demands in agriculture because intensive tillage operations accounted for higher machinery use
and fuel consumption (Yadav et al., 2018).

Table 4. Energy of inputs and output for various operations in rainfed canola production

Input/Output Average Lowest Highest

(MJ ha'l) (%) (MJhal) (%) (MJ ha'l) (%)
Human labour 55.37 0.20 52.92 0.21 68.60 0.24
Diesel fuel 12804.89 46.62 12388.20  49.93 12951.30 44.96
Nitrogen (N) 11192.82 40.44 9696.00 39.08 11514.00 39.97
Phosphorous (P20s) 943.50 3.41 777.00 3.13 965.70 3.35
Herbicide 387.94 1.40 238.00 0.96 476.00 1.65
Machinery 2054.88 7.42 1427.00 5.75 2568.60 8.92
Seed 239.44 0.87 233.60 0.94 262.80 0.91
Total 27678.84 100.00  24812.72  100.00  28807.00 100.00
Grain yield 100465.00 70750.00 128765.00

It can be supported with different applications to reduce the energy input of fertilizer without reducing the yield
and production, for example, by using appropriate types of fertilizer sources such as legumes to reduce chemical
fertilizer use, especially nitrogen (Ozpinar and Ozpinar, 2015). The use of nitrogen in the required amount has an
important effect on ensuring the nutrient balance in the soil, increasing the efficiency of nitrogen use and
maintaining the yield of canola. In contrast, excessive use of nitrogen can lead to serious problems such as the
leakage of nitrogen into the environment and polluting the food chain and increasing carbon emissions in the
atmosphere (Soltani et al., 2014). Therefore, to reduce the fertilizer and fuel use in agriculture, inclusion of legumes
in crop rotation (Ozpinar and Baytekin, 2006), increment of soil organic matter and using efficient machinery
(Rathke and Diepenbrock, 2006) are apparently a reasonable integrated approach. The results revealed that 55.37
MJ ha' (0.20%) of labour energy, varying from 52.92 to 68.60 MJ ha* in lowest and highest input amounts,
respectively, and 2054.88 MJ ha* (7.42%) of machinery energy are needed per hectare (Table 5). The higher value
of machinery than labour can be mainly attributed the increasing tractor and machinery working operations and
hours. Similar results have been reported in previous studies, labour and as well as herbicide energy inputs are low
in total energy (Alimagham et al., 2017). In agreement with previous studies (Kazemi et al., 2016; Mousavi-Avval
et al., 2017), the data revealed that in addition to machinery, nitrogen also has a high contribution with 14553.2
MJ ha! to total energy consumption. Bonari et al. (1995) indicated that reducing of tillage resulted in 55% less
fuel consumption than conventional tillage without a significant difference in yield. Similarly, Rabiee et al. (2021)
concluded that conventional tillage increased total energy input and greenhouse gas emissions compared reduced
or no-tillage at the different fertilizer level. Seed energy has the lowest energy with 0.87% among all the inputs
(Table 4). One of the practices for further reduction of seed energy is to use less seed per hectare by using qualified
varieties which may also reduce the possibility of weed infestation and the energy needed for weeding. Herbicides
are another input with the lowest energy consumption with 1.40%. The yield of canola grain was considered as
3550 kg ha from the questioned farms, and the energy was resulted to be 100465.00 MJ ha?, ranging from
70750.00 to 128765.00 MJ ha due to the different input amounts of the farms, in agreement with Rabiee et al.
(2021) because of similar canola grain yield from unit area by 3458 kg ha. These results were higher than in
others (Mousavi-Avval et al., 2017) due to higher grain yield per hectare who declared that 2076.76 kg ha
produced 56695.6 MJ ha™%, varying from 23205 MJ ha™* to 107016 MJ ha™%, while lower energy output of 50091
MJ hat and 41230 MJ ha* for canola have been reported by (Kazemi et al. (2016) and Taheri-Garavand et al.
(2010), respectively.

3.2. Energy indicators and forms

Efficiency of use of energy is an index of environmental impacts, which is related to crop production systems
(Rathke and Diepenbrock, 2006) and expresses how much energy is produced in return for the energy used (Table
5). Efficiency of use of energy calculated especially for the canola grain was found to vary between 2.85 and 4.47
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in all the farms studied, with an average of 3.63. This is similar to the 3.50 (Mousavi-Avval et al., 2010) and 3.73
(Mousavi-Avval et al., 2017) in Iran, but it is lower than the 4.68 (Unakitan et al., 2010) in Turkey. This is also
lower than the values reported by Soltani et al. (2014) who founded 4.1 for the common canola production system
which represents about 70% of farmers using in the Gorgan region, Iran. In order to improve the of energy use in
the farms, it can be achieved by including applications such as crop rotations, green manure production systems
and reduced tillage that increase soil fertility. Lal (2004) indicated that energy efficiency tends to increase with
the reduction of tillage operations which can lead to reduced fuel consumption and the time and energy needed for
seedbed preparation. In general, for a sustainable crop production, the renewability and efficiency of energy should
be increased in farms (Rathke and Diepenbrock, 2006). In Table 5, the energy productivity was found to be 0.13
kg MJ, which means that 0.13 kg of canola grain are produced per one MJ of energy. These are in accordance
with Rabiee et al. (2021) and Mousavi-Avval et al. (2010) as the averages of 0.13 kg MJ, while Mousavi-Avval
et al. (2017) reported that this value was 0.14 kg MJ. Furthermore, a previous study by (Kazemi et al., 2016)
reported energy efficiency as 0.12 for canola production. The energy per amount of product was found as 7.80 MJ
kg* with the highest and lowest of 6.33 and 9.93 MJ kg, respectively (Table 5). Similarly, Soltani et al. (2014)
reported that this was 7.80 MJ kg for canola while Kazemi et al. (2016) and Mousavi-Avval et al. (2010) found
higher as 8.26 and 7.13 MJ kg™, respectively. Net energy gain recorded as 72786.16 MJ ha* on average, while it
varied from 45937.28 to 99958.00 MJ ha* in lowest and highest quantities, respectively (Table 5).

Table 5. Energy indicators of canola production

Indicator Average Lowest Highest
Energy use efficiency (dimensionless) 3.63 2.85 4.47
Energy productivity (kg MJ™?) 0.13 0.10 0.16
Specific energy (MJ kg™?) 7.80 9.93 6.33

Net energy (MJ ha) 72786.16 45937.28 99958.00

Table 6. Energy inputs for different energy forms

Energy form Average Lowest Highest

(MJ ha) (%) (MJ ha) (%) (MJ ha?) (%)
Direct 12860.26 46.46 12441.12 50.14 13019.90 45.20
Indirect 14818.58 53.54 12371.60 49.86 15787.10 54.80
Total 27678.84 100.00 24812.72  100.00  28807.00  100.00
Renewable 294.81 1.07 286.52 1.15 331.40 1.15
Non-renewable 27384.03 98.93 24526.20 98.85 28475.60 98.85
Total 27678.84 100.00 24812.72  100.00  28807.00  100.00

Energy as indirect is found slightly higher than direct with 14818.58 MJ ha* (53.54%) and 12860.26 MJ ha*
(46.46%) respectively (Table 6). In previous studies conducted by Kazemi et al. (2016) and Taheri-Garavand et
al. (2010), the corresponding values were of 59.91% and 40.09%, 69.8 % and 30.2%, respectively. Table 6 shows
that the renewable and non-renewable energy were obtained as 1.07% and 98.93%, respectively. Considering this
issue ecologically, non-renewable energy resources will eventually deplete (Rathke and Diepenbrock, 2006). This
is not only specific to the area where the study was conducted, but also the results of a long-term study in the
country made it clear that agriculture is largely dependent on non-renewable energy (Unakitan et al., 2010). The
rates of non-renewable and renewable energy were found to be 97.98% and 2.02%, respectively by Kazemi et al.
(2016) and these are in accordance with the findings of this study. In general, the country has a great potential for
renewable energy sources (solar, wind, etc.) due to the existence of different geographical regions. Despite the
energy long history in energy production from wind, renewable resources are used very low, mainly due to the
lack of suitable technology for renewable resources, as well as no-government subsidies.
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3.3. Greenhouse gas emissions

The management of energy consumption in agriculture, the use of non-renewable energy in various
applications (use of machinery, water pumping and irrigation, fertilization, chemical spraying, etc.) have recently
been the subject of interest because of growing greenhouse gas emissions all over the world. The total amount of
the emissions was determined as 1921.66 kg CO, equivalent per hectare (Table 7). This is mainly due to the
intensive machinery use, the application of high amounts of fuel and nitrogen. It can be indicated that one of the
applications of reducing greenhouse gas emissions is the reduction of field operations where a significant portion
of fuel is consumed, and the other is the use of less nitrogen in canola production are issues to be considered. In a
canola production study conducted in the northern regions of Iran, the value of 1063.5 kg CO, equivalent per
hectare (Mohammadi et al., 2014) was lower than this study value. In this study, the highest emissions belonged
to machinery with 53.20% and then 32.66% of fuel and 13.37% of nitrogen, and the rate of all remaining emissions
remained below 1.5% (Table 7). The lowest emissions were belonging to herbicide with 0.53% represents 10.27
kg COz equivalent hal. Alimagham et al. (2017) reported that emissions from machinery using for soybean was
very important for production systems using full mechanization varying from 10.2% to 22.8% in total, except for
the electricity consumption used in irrigation. However, they also concluded that in conventional soybean
production systems typically labour-intensive, while fuel (33.6-40.7%) and electricity consumption (29.8-33.6%)
were the predominant greenhouse gas emitters. The same authors noted that conventional soybean production in
comparison with mechanized systems, produce less greenhouse gas emissions per kg of grain, indicating that
conventional systems are more environmentally. In the present study, nitrogen had the first rank in greenhouse gas
emissions of 12.49% followed by phosphorus with portion of 0.88%. Lal (2004) reported that the nitrogen
accounting for 20% and 30% in large and small-scale farms, respectively. On the other hand, the reason for the
high emissions of fuel in farms may be attributed to the use of worn-out tractors, improper machinery-tractor
matching, as well as intensive tillage and intercultural operations with high energy consumption (Dyer and
Desjardins, 2003). These are consistent with the findings concluded by Soltani et al. (2014) who presented that
canola produces 1028.1 kg of CO; equivalent ha'* due to the use of intensive machinery and fertilizers. They also
reported that nitrogen (48%), fuel used in field operations (25%) and machinery (14%) are the most important
contributors in terms of increasing emissions. Moreover, the same researchers concluded that a better seedbed
preparation and selection of appropriate sowing methods can help reduce energy inputs, which can contribute to
reducing greenhouse gas emissions. Further, they suggested that introducing appropriate machinery that can work
in conservation tillage systems such as reduced tillage or no-tillage would help as measures to reduce input energy.
Mousavi-Avval et al. (2017) reported that fertilizers, especially nitrogen, are the main energy consuming inputs
and this is the main reason that increases greenhouse gas emissions. A study was managed to determine the
greenhouse gas emissions of the simplified tillage practices by Saljnikov et al. (2014). They found that shallow
tillage, which maintains higher levels of soil nutrients, reduces CO, emissions compared to intensive and deep
tillage. Lal (2004) indicated that the reduction of nitrogen and the using of no-tillage methods may be advantageous
to reduce global warming without reducing crop yield.

Table 7. COzemissions from inputs used in canola production

Input COzemission Percentage
(kg COzequivalent ha) (%)
Diesel fuel 627.62 32.66
Nitrogen (N) 240.11 12.49
Phosphorous (P2Os) 17.00 0.88
Herbicide 10.27 0.53
Machinery 1022.40 53.20
Seed
Total emission 1921.66 100.00

4.Conclusions

Energy inputs and output were investigated for rainfed canola in Canakkale province, northwest Turkey. While
the average, lowest and highest energy inputs per hectare were 27678.84, 24812.72 and 28807.00 MJ ha?,
respectively, the values for net energy were 72786.16, 45937.28 and 99958.00 MJ ha™ with the same order. Diesel
fuel energy consumption contributed the highest rate of 46.62%, 49.93% and 44.96% to the total, while labour had

207



dzpmar
Analysis of Energy Use Efficiency and Greenhouse Gas Emission in Rainfed Canola Production (Case study: Canakkale province, Turkey)

the lowest of 0.20%, 0.21% and 0.24%, respectively. It was determined that the production of canola mainly
depends on non-renewable (98.93%) and indirect (53.54%) energy, especially on fertilizer and diesel. Direct
energy in average, lowest and highest input quantities were 46.46%, 50.14% and 45.20%; while indirect were
53.54%, 49.86% and 54.80%, respectively. Energy productivity ranged from 0.10 in lowest to 0.16 in highest kg
MJ* while the energy per produced product ranged from 6.33 to 9.93 MJ kg™ for the same ranges, respectively.
Corresponding values for the energy use efficiency was from 2.85 to 4.47. In the study area, it should be tried to
increase the production by shifting the energy use from non-renewable sources to renewable to reach a self-
sufficient and sustainable production for canola. For example, it has been concluded that practices such as reduced
tillage systems and effective fertilizer use will lead to significant improvements in energy efficiency.
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In Silico Phylogeny, Sequence and Structure Analyses of Fungal Thermoacidophilic GH11
Xylanases

Fungal Termoasidofilik GH11 Ksilanazlarinin /n Siliko Filojeni, Dizi ve Yap1 Analizleri

Yusuf SURMELI{"
Abstract

Thermoacidophilic xylanase enzymes are mostly preferred for use as animal feed additives. In this study, we
performed in silico phylogeny, sequence, structure, and enzyme-docked complex analyses of six
thermoacidophilic GH11 xylanases belonging to various fungal species (Gymnopus androsaceus Xxylanase =
GaXyl, Penicilliopsis zonata xylanase = PzXyl, Aspergillus neoniger xylanase = AnXyl, Calocera viscosa
xylanase = CvXyl, Acidomyces richmondensis xylanase = ArXyl, Oidiodendron maius xylanase = OmXyl). To do
this, amino acid sequences of six fungal thermoacidophilic GH11 xylanases, belonging to unreviewed protein
entries in the UniProt/TrEMBL database, were investigated at molecular phylogeny and amino acid sequence
levels. In addition, three-dimensional predicted enzyme models were built and then validated by using various
bioinformatics programs computationally. The interactions between enzyme and the substrate were analyzed via
docking program in the presence of two substrates (xylotetraose = X4 and xylopentaose = Xs). According to
molecular phylogeny analysis, three clusters of these enzymes occurred: the first group had PzXyl, AnXyl, and
CvXyl, and the second group possessed GaXyl and OmXyl, and the third group included ArXyl. Multiple sequence
alignment analysis demonstrated that the five xylanases (ArXyl, OmXyl, CvXyl, PzXyl, AnXyl) had longer N-
terminal regions, indicating greater thermal stability, relative to the GaXyl. Homology modeling showed that all
the predicted model structures were, to a great extent, conserved. Docking analysis results indicated that CvXyl,
OmXyl, and AnXyl had higher binding efficiency to two substrates, compared to the GaXyl, PzXyl, and ArXyl
xylanases, and CvXyl-X, docked complex had the highest substrate affinity with a binding energy of -9.8 kCal/mol.
CvXyl, OmXyl, and AnXyl enzymes commonly had arginine in B8 B-strand interacted with two substrates,
different from the other enzymes having lower binding efficiency. As a result, it was concluded that the three
thermoacidophilic xylanase enzymes might be better candidates as the animal feed additive.
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Oz

Termoasidofilik ksilanaz enzimleri, ¢ogunlukla hayvan yemi katki maddesi olarak tercih edilmektedir. Bu
caligmada, ¢esitli mantar tiirlerine ait alti termoasidofilik GH11 ksilanazin (Gymnopus androsaceus ksilanazi =
GaXyl, Penicilliopsis zonata ksilanazi = PzXyl, Aspergillus neoniger ksilanazi = AnXyl, Calocera viscosa
ksilanazi = CvXyl, Acidomyces richmondensis ksilanazi = ArXyl, Oidiodendron maius ksilanazi = OmXyl) in
siliko filojeni, dizi, yap1 ve enzim-docking kompleks analizleri gergeklestirilmistir. Bunu yapmak igin,
UniProt/TrTEMBL veri tabanindaki gozden gegirilmemis protein girdilerine ait alt1 mantar termoasidofilik GH11
ksilanazinin amino asit dizileri molekdler filojeni ve dizi agisindan arastirildi. Ayrica, ti¢ boyutlu tahmini enzim
modelleri olusturuldu ve daha sonra ¢esitli biyoinformatik programlari kullanilarak hesaplamali olarak dogrulanda.
Enzim ve substrat arasindaki etkilesimler, iki substratin (ksilotetraoz = X4 ve ksilopentaoz = Xs) varliginda docking
programi araciligtyla analiz edildi. Molekiiler filojeni analizine gére, bu enzimlerin ii¢ kiimesi olustu: birinci grup
PzXyl, AnXyl ve CvXyl'e sahipti ve ikinci grup GaXyl ve OmXyl'e sahipti ve tciincii grup ArXyl'i iceriyordu.
Coklu dizi hizalama analizi, bes ksilanazin (ArXyl, OmXyl, CvXyl, PzXyl, AnXyl) daha uzun N-terminal
bolgelerine sahip oldugunu gosterdi, bu da GaXyl'e gére daha yuksek termal stabiliteye sahip olduklarini isaret
etmistir. Homoloji modelleme, tahmin edilen tiim model yapilarmin biiyiik dl¢iide korundugunu gosterdi. Docking
analizi sonuglari, CvXyl, OmXyl ve AnXyl'in GaXyl, PzXyl ve ArXyl ksilanazlara kiyasla iki substrata daha
yiiksek baglanma verimliligine sahip oldugunu ve CvXyl-Xs docking kompleksinin -9.8 kCal/mol'lik bir
baglanma enerjisiyle en yiiksek substrat afinitesine sahip oldugunu gosterdi. CvXyl, OmXyl ve AnXyl enzimleri,
daha diisiik baglanma verimliligine sahip diger enzimlerden farkli olarak, yaygin olarak B8 B-kolunda iki substrat
ile etkilesime giren arjinin igeriyordu. Sonug olarak, bu ii¢ termoasidofilik ksilanaz enziminin hayvan yemi katki
maddesi olarak daha iyi adaylar olabilecegi sonucuna varilmistir.

Anahtar Kelimeler: Termoasidofilik ksilanaz, Molekdler docking, GH11 ksilanaz, Hayvan yem katkisi, UniProt/TrEMBL
veritabani
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1. Introduction

Endo-1,4-B-D-xylanases (E.C. 3.2.1.8) cleave the B-1,4-glycosidic bonds in the main chain of the xylan, which
is a part of hemicellulose, the biggest portion of lignocellulosic material after cellulose (Nordberg Karlsson et al.,
2018; Sanchez and Cardona, 2008; Wood et al., 1989). The xylanase enzymes are classified within seventeen
glycoside hydrolase (GH) families (mainly GH10 and GH11), as indicated in the Carbohydrate Active Enzymes
(CAZy) database (Drula et al., 2022) (http://www.cazy.org/) based on the resemblance of the structure of the active
region and their sequences.

The xylanase enzyme market, annually estimated at 500 million US Dollars, has been growing for
approximately 30 years (Bajpai, 1999; Kumar et al., 2017). In recent times, the xylanase enzymes are of big interest
in many biotechnological areas including animal feed, biofuel, food, and pulp and paper industries (Beg et al.,
2001; Chadha et al., 2019; Subramaniyan and Prema, 2002). GH11 xylanase enzymes are considered more
favorable for many industrial processes (e.g. an improvement of animal feed digestibility) because they generally
possess a bigger catalytic region, higher catalytic action, greater substrate specificity, and relatively small size
facilitating the penetration into the fiber (Biely et al., 2016; Paés et al., 2012).

In fact, an addition of exogen enzyme (e.g. xylanase) into the animal feeds and the silage is one of the main
strategy to increase the animal feed digestibility (Kogyigit and Tiizemen, 2012; Park and Carey, 2019; Alagawany
et al., 2018; Bagkavak et al., 2008). The xylanase enzymes are expected to conserve most of the activity and
stability in extreme conditions and therefore, xylanolytic extremozymes with great extreme stability and
thermostability are favorable for the biotechnological fields including animal feed industry (Algan et al., 2021;
Basu et al., 2018; Collins et al., 2005). Thermoacidophilic GH11 xylanase enzymes are helpful for a variety of
industrial processes including an increase of animal feed digestibility, which is required for high temperature and
acidic pH conditions, because of heat processes and passing in low pH areas of the digestive system (Ravindran,
2013; Smeets et al., 2014). However, most of the xylanolytic enzymes are not active under these extreme
conditions (Boonyapakron et al., 2017; Collins et al., 2005; Xia and Wang, 2009). Comprehensive investigations
of thermoacidophilic GH11 xylanase enzymes are in progress.

Microorganisms, particularly bacteria and fungi, are the most important sources of industrial xylanase enzymes
(Beg et al., 2001; Motta et al., 2013). Fungi, rather than bacteria, mostly produce the industrial xylanase with
thermoacidophilic aspect because they optimally work at acidic pH conditions (Chakdar et al., 2016). For example,
a recent work has shown that thermoacidophilic xylanase enzyme of Aspergillus tubingensis possessed an optimum
pH and temperature of 5.0 and 50°C, respectively (Intasit et al., 2022). In another study, Galanopoulou et al. (2021)
have characterized thermophilic, acid-stable xylanase from Byssochlamys spectabilis, optimally working at 65°C
and pH 3.5 (Galanopoulou et al., 2021).

As omics technologies have evolved, large volumes of fungal-derived whole genome sequences have quickly
increased. In UniProt/TrEMBL database, these data-derived gene sequences are annotated as unreviewed
sequences (The UniProt Consortium, 2021). In a recent study, it has been shown that 1302 unreviewed amino acid
sequences of bacterial GH11 xylanase enzymes were available in UniProt/TrEMBL database (Sirmeli, 2022).
Therefore, a broad range of sequences of unreviewed fungal thermoacidophilic GH11 xylanase enzyme may be
acquired from UniProt/TrEMBL database. In this work, the investigation of the six fungal thermoacidophilic GH11
xylanases was carried out to determine their phylogenetical relatedness, amino acid sequence resemblance, the
comparative aspects of their three-dimensional predicted structures, and the interactions with the substrates. For
this purpose, the in silico analysis of the evolutionary relationship, multiple sequence alignment, the predicted
homology model structures, and protein docking of the six fungal thermoacidophilic GH11 xylanase enzymes was
carried out by utilizing the unreviewed and full-length amino acid sequences of these enzymes from the
UniProt/TrEMBL database. The results acquired from the in silico analyses were confirmed and discussed with
data of other experimental researches in literature.

2. Materials and Methods
2.1. Amino acid sequences of xylanases: the retrieval and selection

The sequences of unreviewed fungal GH11 xylanase enzymes were obtained from the UniProt/TrEMBL database
(The UniProt Consortium, 2021). The sequences with the thermoacidophilic character were selected according to high
melting temperature (Tm) by Tm predictor program (Ku et al., 2009) and low isoelectric point (pl) by the ProtPram tool
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(Gasteiger et al., 2005). The other biophysicochemical features (positively charged residues = PCR), threonine:serine
ratio = T/S, and negatively charged residues = NCR), of the enzymes were detected via the ProtPram tool (Gasteiger
et al., 2005). Among these enzymes, six fungal GH11 xylanases with the lowest pl were potentially accepted as
thermoacidophilic enzymes, and they were used for the next analyses.

2.2. Molecular phylogeny and sequence analyses

The six fungal thermoacidophilic GH11 xylanases were analyzed at their molecular phylogeny and sequence levels.
For doing this, phylogeny investigation was fulfilled using the maximum likelihood (ML) statistical technique having
500 bootstrap replications, and Jones-Taylor-Thornton (JTT) substitution model by MEGAL1 software (Tamura et al.,
2021). In addition, multiple sequence alignment was performed for comparison of their the xylanase sequences via
Clustal Omega program (Madeira et al., 2019).

2.3. Homology modeling

The three-dimensional predicted model structures of fungal thermoacidophilic xylanases was carried out by
ProMod3 software in SWISS-MODEL server (Mirdita et al., 2017; Steinegger et al., 2019; Studer et al., 2020; Studer
et al., 2021). The validation of the six predicted models was performed by RaptorX (Wang et al., 2016). The models
were evaluated at the overall and local quality levels and their Z-scores were determined via the ProSA server
(Wiederstein and Sippl, 2007). Stereochemical qualities and dihedral angles of the 3D models were analyzed by
ProCheck forming the Ramachandran plot (Laskowski et al., 1996). Also, Verify3D was used to predict the good match
between the 3D models and their amino acid sequences compared with the known structures (Bowie et al., 1991). The
Stride was applied to predict the secondary structures of the 3D models (Heinig and Frishman, 2004).

2.4. Molecular docking

The docking analysis of the six fungal thermoacidophilic xylanase enzymes was carried out to investigate the
enzyme-substrate interactions on two different substrates (xylotetraose=Xa, and xylopentaose=Xs) by Autodock Vina
(version 1.5.6) that uses the Lamarckian Genetic Algorithm (LGA) (Trott and Olson, 2010). To do this, the spatial data
files (SDFs) belonging to the ligands were obtained using the PubChem database, and protein data bank (PDB) files
were formed by PyMOL Molecular Graphics System (Version 2.0) (Schrodinger, LLC). Then, the substrate
preparations for molecular docking were performed using Autodock Vina. The predicted model structures were also
prepared for molecular docking by deleting the water molecules, adding the polar hydrogens, and selecting the Kollman
atom charges. The grid values were fixed 90 x 90 x 90 by a grid spacing of 0.375, and the other parameters were
adjusted as default. Thus, nine poses were obtained for each enzyme-substrate docked complex. The pose of each
docked complex with the highest binding affinity was used for the analysis of the protein-ligand interaction.

2.5. Data representation

The figures were represented using GraphPad Prism (version 6.00) for Windows (GraphPad Software, La Jolla,
CA, USA) (www.graphpad.com), MEGAL1 software, and PyMOL Molecular Graphics System (Version 2.0)
(Schrodinger, LLC).

3. Results and Discussion

In the present work, in silico analysis of the six fungal thermoacidophilic GH11 xylanase enzymes was
comparatively carried out to determine their evolutionary relationships, the similarities between their amino acid
sequences, three-dimensional structure resemblance, and the interaction between the enzymes and ligands. To do
this, the six amino acid sequences of the GH11 thermoacidophilic xylanase from various fungal species were
chosen among 2584 UniProt/TrEMBL unreviewed entries, according to the high melting temperature Tr, (above
65°C), and low theoretical pl values. These six enzymes were Gymnopus androsaceus xylanases (GaXyl) (Barbi
et al., 2020), Penicilliopsis zonata xylanase (PzXyl) (de Vries et al., 2017), Aspergillus neoniger xylanase (AnXyl)
(The UniProt Consortium, 2021), Calocera viscosa xylanase (CvXyl) (Nagy et al., 2016), Acidomyces
richmondensis (ArXyl) (Mosier et al., 2016), and Oidiodendron maius (OmXyl) (The UniProt Consortium, 2021).

3.1. The determination of biophysicochemical properties of the enzymes

Biophysicochemical properties, such as theoretical pl value, a ratio of negatively charged residues to positively
charged residues (NCR/PCR), and threonine:serine ratio (T/S), of the amino acid sequences of six enzymes were
investigated by ProtParam tool (Gasteiger et al., 2005) as summarized in Table 1. The results indicated that the
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theoretical pl values, a ratio of NCR/PCR and T/S of the xylanases were in a range of 3.64-4.16, 2.44-10.5 and
0.85-1.95, respectively (Table 1).

Table 1. Some biophysicochemical properties of the thermoacidophilic xylanases

Protein ID Protein Fungal Enzyme Molecular ~ Theoretical NCR/  T/S
name source length (aa) weight pl *
(kDa) PCR
AOABA4HBWI GaxXyl Gymnopus 185 19.62 3.64 105 0.94
androsaceus
AO0A1L9SIU9 PzXyl Penicilliopsis 213 23.56 3.86 4.57 0.85
zonata
AO0A318YH97 AnXyl Aspergillus 231 24.84 3.92 34 1
neoniger
AO0A167IM53 CvXyl Calocera 225 23.95 4.13 2.62 1.95
viscosa
AO0A150VDR5 ArXyl Acidomyces 215 23.23 4.13 2.62 1.33
richmondensis
AOA0C3CZX7 OmXyl  Oidiodendron 226 24.05 4.16 244 1.08
maius

* NCR/PCR refers to a ratio of negatively charged residues to positively charged residues.

NCR/PCR and T/S, which are two biophysicochemical properties, might be clues for thermoacidophilic feature
of the GH11 xylanases. Accordingly, the acidophilic property is characterized by a high number of acidic residues
(glutamate and aspartate) on the enzyme surface and less number of PCR, which causes a high ratio of NCR/PCR
(Fushinobu et al., 1998). For instance, the xylanase from Neocallimastix patriciarum, which works in an optimum
pH of 5.8 (Pai et al., 2010), has an NCR/PCR ratio of 1.17 (Figure S1), whereas Aspergillus niger xylanase B,
which possesses a 5.0 of optimum pH (Deng et al., 2006), has relatively a higher NCR/PCR ratio of 1.45 (Figure
S1). Furthermore, a greater T/S ratio is an indicator of the thermostability of GH11 xylanase enzymes (Hakulinen
et al., 2003). For instance, Phanerochaete chrysosporium xylanase (Decelle et al., 2004) and Penicillium oxalicum
xylanase (Liao et al., 2012) optimally working at 60°C and 50°C had a T/S ratio of 0.85 and 0.52, respectively
(Figure S1). Taken together, the present work proposed that the six GH11 xylanase enzymes might highly be
thermoacidophiles.

3.2. The phylogenetic relationship and a comparison of the xylanase amino acid sequences

The molecular phylogeny of the six GH11 thermoacidophilic xylanases was analyzed with an output group,
Arabidopsis thaliana beta-amylase amino acid sequence (Lao et al., 1999) by ML statistical technique in MEGA11
software. The results indicated that the enzymes can be evaluated as three different groups according to their
closeness to the amino acid sequences: the first group included PzXyl, AnXyl, and CvXyl, the second group had
GaXyl and OmXyl, and the third group had only one member ArXyl, distant from the former two groups (Figure
1).

The multiple sequence alignment analysis results showed that each GH11 xylanase possessed various lengths
of the N-terminal regions (NTRs). The five thermoacidophilic GH11 xylanase enzymes (ArXyl, OmXyl, CvXyl,
PzXyl, AnXyl) had a similar NTR size to each other and were clearly longer than GaXy!l and Tx-xyl having similar
NTR length (Figure 2). Tx-xyl, optimally working at 75°C and having a low molecular weight (20.6 kDa), was
highly thermostable exhibiting a great Tr, above 12 h at 60°C (Debeire-Gosselin et al., 1992; Harris et al., 1994).
In fact, the size of NTRs positively affects the thermostability of the GH11 xylanase enzymes (Han et al., 2017).
Accordingly, GH11 xylanase enzymes of Neocallimastix patriciarum and Nonomuraea flexuosa possess large
NTRs and high thermostability (Cheng et al., 2014; Hakulinen et al., 2003; Han et al., 2017). Amino acid
replacements enhance the thermostability of these enzymes generally located at the NTRs (Turunen et al., 2001;
Xiong et al., 2004). Recent work has shown that engineered N-terminal sequence resulted in an increase in thermal
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stability of GH11 xylanase from Talaromyces leycettanus (Wang et al., 2017). The present work indicated that the
five enzymes might have greater thermostability, relative to the GaXyl and Tx-xyl, which might possess a similar

thermostability.
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Figure 1. The evolutionary relationship of the six thermoacidophilic fungal xylanase enzymes. Arabidopsis
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Figure 2. The sequence alignment of the N-terminal sites of the six thermoacidophilic fungal xylanases,

relative to the Tx-xyl.

Paés et al. (2012) have shown that 17 residues from the GH11 xylanase active site are highly similar as a result
of the structural investigation of the superimposed xylanase enzyme of Thermobacillus xylanilyticus (Tx-xyl). This
work has also indicated that triple residues (P114-S115-1116) settled in the thumb site of the GH11 xylanase
enzymes had a similarity of above 90% frequency, and 1116 is occasionally substituted by valine or leucine. In
addition, P88 from the active site is available in 80% of the enzyme amino acid sequences (Paés et al., 2012). The
present work showed that the 11 amino acids in the thermoacidophilic enzymes such as catalytic residues
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(acid/base and nucleophile residues), and serine-isoleucine of the triple residues were highly conserved in reference
to Tx-xyl (Figure 3).
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Figure 3. The sequence alignment of the six thermoacidophilic enzymes, compared to the Tx-xyl. The
highlighted amino acids show the conserved residues including catalytic amino acids with green highlighted
amino acids.

3.3. The predicted structures of thermoacidophilic xylanases

The predicted model structures of the six thermoacidophilic xylanases were determined via the SWISS-MODEL
homology modeling server according to their sequences, and the validation of the structures was performed by

Table 2. The modeling scores of three-dimensional predicted structures of the six thermoacidophilic enzymes
and their template selections

No Protein ID Protein Template Sequence Coverage GMQE QMEAN OQMEAN Sequence

name id(e;:;ty (%) Disco sim(iol/r:;'ity
1 AOABA4HBWYI  GaXyl 6JWB 56.55 91 0.84 0.59 0.83+0.07 46
2 AOA1L9SJU9 PzXyl 3WP3 62.83 90 0.84 0.01 0.87 £ 0.06 51
3 AOA318YH97  AnXyl 3WP3 69.63 83 0.81 1.09 0.87 £ 0.06 53
4 AO0A167IM53 CvXyl 3WP3 62.24 87 0.81 -0.52 0.86 + 0.06 50
5 AO0A150VDR5 ArXyl 7TEO6 51.35 86 0.77 -1.05 0.76 £ 0.06 46
6 AOAOC3CZX7  OmXyl 1IXYN 71.75 78 0.78 0.36 0.91 +0.07 54
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RaptorX. The template selection was carried out based on sequence identity, sequence similarity, the global model
quality estimate (GMQE) value, and coverage.

The best template of the GaXyl was determined as 6JWB, chain 1A from Trichoderma reesei (Li et al., 2020)
possessing a sequence identity of 56.55% and a coverage of 91%. In addition, the most convenient template of
ArXyl was 7EOB6, chain 1A of Actinomycetia bacterium (Yi et al., 2021) with 86% of coverage and 51.35% of
sequence identity. As for OmXyl, the best template was selected as 1XYN chain 1A of Trichoderma reesei
(Térrénen and Rouvinen, 1995), having 71.75% and 78% of sequence identity and coverage, respectively. For the
remaining three enzymes (PzXyl, AnXyl, CvXyl), the common template was selected as 3WP3, chain 1A of
Talaromyces cellulolyticus (Kataoka et al., 2014) with a range of 62-69% and 83-90%, of sequence identity and
coverage, respectively. Three quality parameters (GMQE, QMEAN, and QMEANDIsCo values) showed that the
predicted models had a high quality (Table 2).

The predicted models (Figure S2) built via SWISS-MODEL were validated by various bioinformatics tools.
Regarding this, the secondary structures belonging to the predicted models were monitored in Figure S3. The 3D
structure alignment indicated that each predicted model structure and its template had great compatibility and
similarity in terms of overall and local structural patterns (Figure S4). Ramachandran plot analysis results indicated
that most of the amino acids in the enzymes, with a range of 83.6%-91.9%, were found in the most favored regions.
The enzymes GaXyl, AnXyl, ArXyl, and OmXyl did not possess a Ramachandran outlier, but PzXyl and CvXyl
had two outlier residues (Figure S5). As for the qualitative model energy analysis (QMEAN) scores, major
geometrical features of the predicted models indicated that they had a high resemblance to the native structures
giving the scores in the range of -1.05 to 1.09, around zero (Figure S6). Consideration of the predicted structures
with three-dimensional profiles was performed by Verify 3D and the averaged 3D-1D score > 0.2 was found as
about 100% of the amino acids in structures of AnXyl, CvXyl, ArXyl, and OmXyl. This score encompassed 97.09%
and 90.1% of the residues for the structures of GaXyl and PzXyl, respectively (Figure S7). Also, the global quality
of the predicted enzyme structures was considered by Z-scores obtained from the ProSA server. This analysis
showed that all models except ArXyl (having -5.33) had an estimated Z score of above -6.0 (ranging from -6.01 to
-6.91). These scores were intervals of the negative energy cut-off, validating the high quality of the predicted
enzyme structures (Figure S8). The Z scores are estimated by a comparison of the Z-scores of the other existing
structures of similar size, acquired using experimental techniques (e.g. X-ray and/or NMR).

The GH11 xylanase enzymes are structurally consisted of a B-jelly roll domain, which resembles a partially
closed right hand. They have an a-helix and two-bent antiparallel B-sheets turning to each other and including 14
B-strands. One B-sheet constitutes five B-strands A2-A6, whereas another possesses nine -strands B1-B9. Many
(above 60%) of the residues are placed in two B-sheets and the a-helix (Paés et al., 2012; Tdrrénen et al., 1994).
Also, the active cleft includes two grooves architectured with two pB-sheets (Collins et al., 2005). The present work
indicated that these structural characters were common in the six predicted model structures. Regarding this, PzXyl,
AnXyl, CvXyl, and ArXyl possessed a full set of B-strands having an A4/B4-extended B-strand. Among these,
AnXyl and ArXyl possessed one long A5 strand, whereas PzXyl and CvXyl had two small portions of this strand.
On the other hand, GaXyl did not have A2 and B1 strands, whereas OmXyl included no B1 strand (Figure 4).

3.4. The interactions between enzymes and the substrates

The docking analysis of the thermoacidophilic enzymes was carried out using xylotetraose (Xi) and
xylopentaose (Xs) as the substrates and assessed the pose having the highest substrate affinity. The results indicated
that CvXyl-X4 docked complex possessed the highest substrate affinity with a binding energy of -9.8 kCal/mol,
whereas Xs-docked complexes of GaXyl, PzXyl, and ArXyl had binding energy of -7.4 to -7.5 kCal/mol, having
the lowest binding efficiency. In addition, CvXyl-Xs docked complex had a binding energy of -8.9 kCal/mol with
the greatest binding efficiency, whereas the smallest substrate efficiency belonged to ArXyl and GaXyl-X5 docked
complexes by a binding energy of -7.1 kCal/mol (Table 3).

The results of the analysis of protein-ligand interaction were shown in Figure 5. According to the results, the
five common residues (T82 in B3-strand, Y206 in B4-strand, Y108 and Y112 in B5-strand, R157 in B8-strand)
were involved in X4 and Xs substrate interactions in CvXyl. Similarly, corresponding residues in OmXyl (Y206 in
B4-strand, Y114 in B5-strand, and R157 in B8-strand), involved in the stabilization of CvXyl-docked complexes,
could also form polar interactions with two substrates. In AnXyl, four residues (E208 in B4-strand, Y104 in B5-
strand, T151 and R153 in B8-strand) might act on the stabilization of the AnXyl-docked complexes.
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Figure 4. The predicted three-dimensional model structures of the fungal thermoacidophilic GH11 xylanases.
a) GaXyl, b) PzXyl, c) AnXyl, d) CvXyl, €) ArXyl, f) OmXyl.
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Among substrate-binding site residues, three residues (T82, Y112, R157) in CvXyl, two residues (Y114 and R157)
in OmXyl, and two residues (E208 and R153) in AnXyl (Figure 3) were commonly conserved in the active site of
the GH11 xylanases (Paés et al., 2012). These three xylanases had the highest binding efficiency with the substrates
(Table 3). On the other hand, ArXyl-docked complexes commonly had interactions between three residues (Y115
in B6-strand, Q159 in B7-strand, 1151 in loop between B7-strand and B8-strand) and the substrates. Besides this,
three residues in GaXyl (Q116 in B8-strand, Q130 in B7-strand, Y165 in B4-strand) interacted with two substrates.
Also, PzXyl-docked complexes included polar contacts between three residues (T121 in the loop between B6-
strand and B9-strand, Y98 in B5-strand, E200 in B4-strand) and the substrates. Among substrate-binding site
residues, three residues (Y115, Q159, and 1151) in ArXyl, two residues (Q116 and Q130) in GaXyl, and two
residues (Y98 and E200) in PzXyl (Figure 3) were commonly conserved in the active site of GH11 xylanase
enzymes (Paés et al., 2012). These enzymes (ArXyl, GaXyl, and PzXyl) had relatively lower binding efficiency,
compared to the CvXyl, OmXyl, and AnXyl (Table 3). Arginine residue in B8-strand was conserved in CvXyl,
OmXyl, and AnXyl enzymes. A recent study indicated that this residue in the thermoalkaliphilic GH11 xylanases
commonly interacted with the X,-Xs substrates by a higher binding efficiency (Sirmeli, 2022). Also, the
replacement of the arginine with asparagine or lysine leads to the activity reduction in Bacillus circulans xylanase
(Wakarchuk et al., 1994). In addition, arginine was placed in GH11 xylanases at a great prevalence of 88% (Paés
et al., 2012). Thus, this study suggests that this conserved arginine residue in B8-strand may play a crucial role in
the catalytic action.

Table 3. The docking analysis scores of the poses with the smallest free energy.

No UniProt ID Protein name  Xaaffinity (kcal/mol)  Xs affinity (kcal/mol)
1 AOAGA4HBWI GaXyl -7.4 -7.1

2 AOA1LI9SIU9 PzXyl -7.4 -8.1

3 AOA318YH97 AnXyl -8.0 -8.4

4 A0A167IM53 CvXyl -9.8 -8.9

5 AOA150VDR5 ArXyl -7.5 -7.1

6 AO0A0C3CZX7 OmXyl -9.0 -8.6

4, Conclusions

The present work had in silico analyses of six bacterial thermoacidophilic GH11 xylanases (GaXyl, PzXyl, AnXyl,
CvXyl, ArXyl, and OmXyl) to consider their phylogenetic closeness, amino acid sequence resemblance, three-
dimensional predicted model structures, and the interactions with the substrates. According to the results, the six GH11
xylanase enzymes might highly have thermoacidophile aspect since they had a high ratio of T/S and NCR/PCR. Also,
phylogenetic analysis indicated that the xylanases were clustered into three different parties as first group (PzXyl,
AnXyl, and CvXyl), the second group (GaXyl and OmXyl), and the third group (ArXyl). The amino acid alignment
results demonstrated that 11 amino acids in the active region of GH11 xylanase enzymes were conserved in the six
thermoacidophilic xylanases using Thermobacillus xylanilyticus xylanase (Tx-xyl) as a superimposed reference
enzyme. The alignment analysis also showed that the five xylanases (ArXyl, OmXyl, CvXyl, PzXyl, AnXyl) had
greater NTR size, compared to the GaXyl and Tx-xyl, indicating that they might have higher thermostability.
Homology model analysis results indicated that the six enzymes highly possessed similar structural patterns composed
of the B-jelly roll domain, which resembles a partially closed right hand. The docking analysis showed that CvXyl,
OmXyl, and AnXyl possessed greater binding efficiency with two substrates (X4, and Xs), relative to the GaXyl, PzXyl,
and ArXyl enzymes. The former three enzymes had the conserved arginine residue in the B8 B-strand involved in the
substrate interaction, indicating that it may play a crucial role in their catalytic action. Thus, this study proposed that
three thermoacidophilic xylanases (CvXyl, OmXyl, and AnXyl) may be more favorable as the animal feed additive.
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Figure 5. The interactions between each thermoacidophilic xylanase and the substrates. A) GaXyl, B) PzXyl,
C) AnXyl, D) CvXyl, E) ArXyl, F) OmXyl. Left indicates enzyme-docked xylotetraose complexes, and the right
indicates enzyme-docked xylopentaose complexes.
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Supplementary Material

> Neocallimastix patriciarum xylanase (UniProt I1D: B8YG19)

MRLGVALST IAVLLTATSARNLDKRQWGWPNFGGGNGGNGGNGGKT INDYKREQGAGRD IHVYAPSNLAPNSPLL
LSLHGMDQDPNYQQSNTHWETLADSEGFVVVYPRGGTGMSTWD IQGTKDTQWVSQI IDQMKKEYNIDTKRVYLSG
FSMGGMFTYHAMSQ I ANKTAAFAPCSGPNVFGASKAQRPVP IFHVHGTNDDVLNYQQVEGFLKNYRDQFHCPSQA
DTKTNYPNRENPNATLYTWGPCDKGVY I KHLKLQGRGHSPSSAD 1QD IWDFVSQWTVDGPVSASGNGGGNTTPTN
PSTGGNGNGNGGGNTTPTNPSTGGNGNGNGGSTDKCSSN I TKQGYKCCASNCEVVYTDSDGDWGVENDQWCGCGN
RVTVGSGTCSAKILQQGYKCCPSGCI I YYTDEDGTWGVNGEEWCGCGSGSSSTGGGNDAPSSGSGYQGANGTNFC
NNAKHSGESVTVTSNKVGD INGIGYELWADSGNNSATFYDDGSFSCSFQRAKDYLCRSGLSFDSTKTHKQIGHITY
AEFKLVKQNIQNVDYSYVG I YGWTRNPLVEFYVVDNWLSQWRPGDWVGNKKHGDFT IGGAQYTVYENTRYGPSID
GDTNFKQYFSIRQQPRDCGT ID I TAHFEQWEKLGMTMGKMHEAKVLGEAGSNNGGTSGTADFPFAKVYVKN

> Aspergillus niger xylanase B(UniProt ID: P55330)

MLTKNLLLCFAAAKAALAVPHDSVAQRSDALHMLSERSTPSSTGENNGFYYSFWTDGGGDVTYTNGDAGAYTVEW
SNVGNFVGGKGWNPGSAQDITYSGTFTPSGNGYLSVYGWTTDPLIEYY IVESYGDYNPGSGGTYKGTVTSDGSVY
DIYTATRTNAASIQGTATFTQYWSVRQNKRVGGTVTTSNHFNAWAKLGMNLGTHNYQIVATEGYQSSGSSSITVQ

> Penicillium oxalicum xylanase B (UniProt ID: E7EF85)
MISLSSVAIALTTVVGALALPSDQSVNLAARQAITSSQTGTNNGYYYSFWTNGAGSVSYSNGAAGQFSVYNWANQG
GGDFTCGKGWNPGKAQD I SFSGTFTPNGNAYLS1YGWTTGPLVEYY ILENFGSYNPGNGMTHVGTLTSDGSDYDI
YKHTQVNQPS1VGTSTFDQYWS IRKNKRSSGTVTTANHFSAWASHGMNLGSHNYQILSVEGYQSSGSASMTVSAG
SSSSGGSGSGSGSGSGSGSGSGSQTTTAGSSTGTGTGSGSGSGSGGSGGNCAAQWGQCGGQGWNGPTCCSSGTCK
ASNQWYSQCL

> Phanerodontia chrysosporium xylanase B(UniProt ID: B7SIW1l)
MVSFNSLLVAVSAATCALAFPFEFHNGTHVFPRQSTPAGTGTNNGYFYSFWTDGGGSVTYNNGPAGEYSVTWSNA
DNFVAGKGWNPGSAQAISFTANYQPNGNSYLSVYGWSTNPLVEYY ILEDFGTYNPAVSLTHKGTLTSDGATYDVY
EGTRVNEPSIQGTATFNQYWSIRSSKRSSGTVTTANHFAAWKQLGLPLGTFNYQIVATEGYQSSGSSTVTVNPAG
GVTSPIAPTGPSSVSTTPSGPSSSPSPVGTCSALYGQCGGQGWTGPTCCSSGTCKFSNNWYSQCL

Figure S1. Amino acid sequences of four biochemically characterized GH11 xylanase enzymes. These
enzymes were compared with the six fungal thermoacidophilic GH11 xylanases in this study for
NCR/PCR and T/S ratios.
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Figure S2. The predicted model structures of the six fungal thermoacidophilic GH11 xylanases by
SWISS-MODEL. a) GaXyl, b) PzXyl, c) AnXyl, d) CvXyl, €) ArXyl, f) OmXyl
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Figure S3. The secondary structure of the predicted model structures of six fungal thermoacidophilic
GH11 xylanases evaluated by Stride. a) GaXyl, b) PzXyl, ¢) AnXyl, d) CvXyl, e) ArXyl, f) OmXyl
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Figure S4. The model-template structural alignment monitored by PyMOL. a) GaXyl, b) PzXyl, c)
AnXyl, d) CvXyl, e) ArXyl, f) OmXyl. Blue refers to template, and light orange indicates to the
each thermoacidophilic xylanase
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Figure S5. Ramachandran plots of the six fungal thermoacidophilic GH11 xylanases estimated
using ProCheck. a) GaXyl, b) PzXyl, ¢) AnXyl, d) CvXyl, e) ArXyl, f) OmXyl.
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Figure S6. QMEAN value of the six fungal thermoacidophilic GH11 xylanases.
a) Gaxyl, b) PzXyl, c) AnXyl, d) CvXyl, e) ArXyl, f) OmXyl.
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Figure S7. Verify 3D assessment for compatibility of the each predicted model of the six fungal
thermoacidophilic GH11 xylanases. a) GaXyl, b) PzXyl, ¢) AnXyl, d) CvXyl, e) ArXyl, f) OmXyl.

Figure S8. The global (right) and the local (left) quality of the each predicted model of the six fungal
thermoacidophilic GH11 xylanases by ProSA. a) GaXyl, b) PzXyl, c) AnXyl, d) CvXyl, €) ArXyl,
f) OmXyl.
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