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Anahtar kelimeler
Celtik,

Celtik yaniklik hastaligi,
Hastalik yonetimi.

Oz: Celtik, insan beslenmesinde 6nemli besin kaynaklarindan birisidir. Celtik
yaniklik hastaligina neden olan Pyricularia oryzae geltik yetistirilen alanlarda
goriilen en yikici hastaliktir. Bu ¢alismanin amaci Akdeniz Bolgesinde geltik
alanlarinda yaniklik hastaligina karsi farkli ilaglama ve ekim seklinin hastalik
siddeti ve verim tizerine etkisinin arastirilmasidir. Tarla denemeleri, 2011 ve 2012
yillarinda sirastyla Adana ili Yiiregir ilcesi, Tabaklar Kéyii’nde ve Mersin ili
Silifke ilgesi Sokiin Koyii’nde Edirne ¢esidi yetistirilen ¢eltik tarlasinda
yapilmistir. Bu ¢aligma sonucunda, ilagli tohum ekimi ve fide dikimi hastalik
siddetini diisiirmistiir. En diisiik hastalik siddetinin yillara gére % 6.1 ve %9.3 ile
ilagh tohum seklinde fide dikimi yapilan parselde oldugu belirlenmistir. Ilach
tohum geklinde fide dikimi yapilan parselde yesil aksam ilaglamasi sonucunda da
hastalik siddeti yillara gore % 6.6 ve % 4.6 ile en diisiik bulunmustur. Farkli
ilaglama metodu ve ekim ydntemlerinin ise verim {izerine etkisi gézlenmemistir.

Determination of the Efficacy of Different Spraying and Planting Methods on
Management of Rice Blast Disease (Pyricularia oryzae) in the Mediterranean Region

Article Info
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Accepted: 28.05.2021

Online Published 30.06.2021
DOI: 10.29133/yyutbd.844852

Keywords

Rice,

Rice blast disease,
Disease management.

Abstract: Rice is one of the important food sources in human nutrition. Rice blast
disease caused Pyricularia oryzae is the most destructive disease which is seen in
rice growing. The aim of this study was to investigate the effect of different
spraying and planting methods on disease severity and yield in rice fields in the
Mediterranean Region. Field trials were conducted onto rice fields which were
grown Edirne variety in the Tabaklar village, Yiiregir, Adana province and Sokiin
village, Silifke, Mersin province in 2011 and 2012, respectively. As a result of this
study, the use of treated seeds and seedlings reduced the severity of the disease.
The lowest disease severity was found as 6.1% and 9.3% where it was used by
years. However, the disease severity was also recorded as the lowest value by 6.6%
and 4.6%, respectively through foliar spraying in the plot where the seedlings were
performed from treated seeds by years. No impact on different spraying and
planting methods on the yield was found.

**Caligma birinci yazarin doktora tezinden {liretilmistir.

259


https://orcid.org/0000-0002-5486-7502
https://orcid.org/0000-0003-4545-5968

YYU TAR BiL DERG (YYU J AGR SCI) 31 (2): 259-267
Akgali ve Kurt / Akdeniz Bolgesinde Celtik Yaniklik Hastalig1 (Pyricularia oryzae)’nin Yonetiminde Farkl ilaglama ve Ekim Yontemlerinin Etkinliginin Belirlenmesi

1.Giris

Diinyada stratejik énemi yiiksek bitki tiirlerinden birisi olan ¢eltik (Oryza sativa L.), insan
beslenmesinde bugday bitkisinden sonra gelen énemli gida maddelerinden biridir. Diger bir deyisle
celtik, diinya niifusunun % 50'sinden fazlas1 i¢in 6nemli bir temel gida tiriiniidiir ve 6zellikle Asya gida
pazarlaria hakimdir.

Beslenmeleri nigasta esasina dayal1 ve 6zellikle iklim kosullarinin ¢eltik tarimini zorunlu kildig
iilkelerde, celtik yetistiriciliginin 6nemi ¢ok daha fazla 6n plana ¢ikmaktadir.

Diinyada yaklasik 166 milyon hektar alanda 770 milyon ton geltik iiretimi yapilmaktadir. Diinya
celtik tiretim miktarinin yaklasik % 90.3 Asya kitasinda gergeklesmektedir. Diinya tiretiminde Cin, 208
milyon ton ile % 27’lik paya sahip iken bu iilkeyi % 22 ile Hindistan ve % 9.7 ile Endonezya takip
etmektedir (Anonim, 2018a). Tiirkiye’de Marmara, Karadeniz, Giineydogu Anadolu, Akdeniz ve Ege
bélgelerinde 120 bin hektar alanda 940 bin ton celtik iiretilmektedir. Toplam geltik iiretiminin % 94°1liik
kismi, Marmara ve Karadeniz bolgelerinde gergeklestirilmektedir (Anonim, 2018b).

Diinyada ve tilkemizde ¢eltik ekimi, ¢ogunlukla tohumlarin su dolu tavalara serpme yontemi ile
yapilmaktadir. Ayrica, iiretim esnasinda kullanilan suyun % 35 oraninda azaltilabilmesi ve yabanci
otlarla daha iyi miicadele edilebilmesi (De Datta, 1981) amaciyla fide yastiklarinda yetistirilen fidelerin,
fideleme makinas: vasitasiyla tarlada olusturulan tavalar igine sasirtilmasi suretiyle yetistiricilik
yapilmaktadir.

Celik tiretiminin % 37’sinin hastalik ve zararli nedeniyle kaybedilmektedir. Funguslarin neden
oldugu celtik hastaliklar1, piring tiretiminde ana kisitlayici faktor olarak kabul edilir ve hem kalitatif hem
de kantitatif kayiplara neden olur (Kongcharoen ve ark., 2020). Ozellikle celtikte Pyricularia oryzae'nin
neden oldugu yaniklik, yol agtigi % 50'ye varan verim kayiplarindan dolayr en 6nemli hastalik olarak
bildirilmistir (Nalley ve ark., 2016). Bu fungus, fide agamasindan baslayarak tiim biiylime agamalarinda
pirinci enfekte ederek, piring yapraklarina ciddi zarar verebilmektedir. Duyarli ¢eltik ¢esitlerinde uygun
kosullarda (25-30°C sicaklik ve % 80-95 nem) % 80'e varan kayiplara neden olabilir. Celtik ekim
alanlarinda Pyricularia oryzae Cavara (syn. Magnaporthe oryzae B. C. Couch)’ nin neden oldugu ¢eltik
yaniklik hastaligi, her yil goriilebilen ve zaman zaman biiyiik epidemilere neden olan hastaliklarin
basinda gelmektedir. Bu patojeni celtik kok ciiriikliigii (Gibberella fujikuroi (Saw.) Wr., Fusarium
moniliforme Sheld.) ve ¢eltik kahverengi yaprak lekesi (Cochliobolus miyabeanus (Ito and Kuribayashi)
Drechslerex Dastur Drechslera oryzae (Breda de Haan) Subram & Jain) takip etmektedir (Aktas ve
Tunali, 1986).

Celtik yaniklik hastalig1 etmeni Magnaporthe grisea [anamorph Pyricularia grisea (Cooke)
Sacc., syn. Pyricularia.oryzae Cav.], Ascomycota subesi Sordariomycetes sinifindan Magnaporthales
takimma bagli Magnaporthaceae familyasi icerisinde yer alan heterotallik bir fungustur. P.oryzae
etmeninden kaynaklanan hastaligin olusum ve siddetindeki degisiklikler; yil, bolge, gesit, {irlin yonetim
uygulamalar1 ve ¢evre sartlarina bagli olarak farklilik gostermektedir (Ou, 1985). Miicadele yapilmadigi
taktirde duyarl ¢esitlerin yetistirildigi alanlarda % 60-100 arasinda degisen oranlarda verim kaybina
neden olabilmektedir (Aravindan ve ark., 2016). Ulkemizde celtik yaniklik hastaligiin, Karadeniz
Bolgesi’nde Tortum vadisinde % 75’lere varan diizeyde, Sinop, Unye ve Terme’ de % 25-75 arasinda,
I¢ Anadolu Bélgesi’nde ise oransal nemin diisiik olmasi nedeniyle % 7’yi gecmeyen seviyede iiriin
kayiplarina neden oldugu bildirilmistir (Anonim, 1995). Fungus, celtik bitkisinin toprak iistii tim
aksamlarinda enfeksiyon olusturmakta olup bir yildan diger bir yila geltik anizlari, yabanci otlar ve
tohumla gegebilmekte ve bu gecis yollarinin en 6énemlisinin tohumla oldugu bilinmektedir.

Celtik yaniklik hastaligi, kiiresel gida giivenligini tehdit eden ciddi bir fungal hastaliktir.
Gelecekteki arastirmalar i¢in tiim bitki koruma uygulamalari, entegre bir yaklagimin pargasi olmali ve
gelecekteki iklim kosullarinda ¢eltik yaniklik hastaliginin kontrolii ig¢in adaptasyon ve azaltma
stratejileri gelistirmeye odaklanmalidir (Asibi ve ark., 2019). Ulkemizde ve diinyada geltik yamklik
hastaliginin miicadelesinde yaygin olarak kimyasal miicadele yontemi uygulanmaktadir. Bu amagla;
hastaliga kars1 yesil aksam ilaglamasi i¢in, azoxystrobin + flutriafol, azoxystrobin + epoxiconazole,
pyraclostrobin, picoxystrobin + cyproconazole, tebuconazole + azoxystrobin, trifloxystrobin +
tebuconazole, trifloxystrobin, azoxystrobin, azoxystrobin + propiconazole, prochloraz + propiconazole,
prochloraz+ epoxiconazole, propiconazole + azoxystrobin + cyproconazole,, boscalid + kresoxim-
methylgibietken maddeli fungisitlerin yanisira fluxapyroxad etken maddeli fungisitler tohum ilaci
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olarak ruhsatli bulunmaktadir (Anonim, 2020). Baz iilkelerde; tohum fungisiti olarak melanin
biyosentezini engelleyerek bitkinin direncini uyaran pyroquilon ve probenazole etken maddeli
fungusitler kullanilmaktadir. Bununla miicadele etmek i¢in en etkili, ekonomik olarak uygulanabilir ve
cevre dostu strateji, dayanikli gesitlerin gelistirilmesidir.

Stirdiiriilebilir tarimda, ¢evre sorunlar1 ve piring yetistiriciliinde dnemli ilerleme kaydetmek
icin geltik yaniklik hastaliginin biyolojik kontrol ¢ézlimiine ihtiya¢ vardir (Chen ve ark., 2019). Yapilan
calismada elde edilen mikroorganizmalarin antifungal aktivitesi (B. subtilis, B. cereus ve P. fluorecens),
celtik patojeninin (M. oryzae) biiyiimesini engelleme yeteneklerini gostermistir. Celtik yaniklik hastalig
ile biyolojik miicadele kapsaminda yapilan bir ¢alismada (Gohel ve Chauhan, 2015), Trichoderma spp.
ile yaprak uygulamasimin etkili oldugunu kanitlayarak geltik yaniklik hastaliginin olusum diizeyini
azalttig1 ve verim parametrelerini arttirdigint bildirmistir.

Diinyada oldugu gibi iilkemizde de hastalikla miicadelede ugakla yesil aksam ilaglanmasinin
yapilmamasi, tohum fungusiti olarak ruhsath bir bitki koruma iiriiniiniin bulunmamasi, P.oryzae ile
celtik bitkisi arasindaki interaksiyonun, gen icin gen iliskisi ile yonetilmesi, fungusun bitki tarafindan
hemen taninamamasi, olugsan uyumlu iliski ile konuk¢unun tepkisinin gecikmesi ve geciken bagisiklik
tepkisi sonucu firetilen fitoaleksinlere karst koyabilmek i¢in patojen mekanizmalarmin degisiklige
ugramasi sonucu bitki dayanikliliginin kisa siirede kirilmasi, yillara gore geltik yaniklik hastaligina
yakalanma siklig1 ile hastaligin salgin yapma siirecindeki dalgalanmalar sonucu kullanilan fungisitlerin
etki diizeylerindeki azalmalar hastaligin yonetimini gii¢lestirmektedir.

Bu caligsma, hastaligin siddetini azaltarak olusabilecek verim kayiplarini 6nleyebilmek amaciyla
tohum ilaglamasi, ekim sekli ve yesil aksam ilaglamasiin hastalik siddeti {izerine etkisi ile farkli
ilaglama metodu ve ekim yontemlerinin verim iizerine etkisinin tespit edilmesi amaciyla yapilmistir. Bu
caligma bu kapsamda bir ilk niteligindedir.

2. Materyal ve Yontem

Deneme, 2011 yilinda Adana ili Karatag ilgesine bagli Tabaklar Koyii’nde (36° 46" 11 K, 035°
03" 37 D koordinatinda) ve 2012 yilinda Mersin’in Silifke ilgesine bagl Sokiin Koyii’nde (36° 19” 57
K, 033° 59" 15 D koordinatinda) hastaligin yaygin oldugu celtik iiretim alanlarinda kurulmustur.
Deneme de Edirne geltik ¢esidi, thiophanate-methyl (% 70) ve trifloxystrobin (% 50) etken madde i¢eren
bitki koruma iiriinleri (BKU) kullanilmustur.

2.1. Deneme parselinin kurulmasi

Deneme; boliinen boliinmiis parseller deneme desenine gore 8 karakter ve 3 tekrarli olacak
sekilde kurulmustur (Cizelge 1).

Cizelge 1. Iki farkli geltik iiretim alaninda gerceklestirilmis olan denemenin karakterlere gére kurulum

plan1
Ekim Sekilleri Uygulamalar
Ilagli Tohum Ekimi
Tohum Ekimi flags1z Tohum Ekimi
flagh Tohum + Yesil Aksam Ilaglamas1
Ilagsiz Tohum + Yesil Aksam ilaglamasi
Ilagl Fide Dikimi
flagsiz Fide Dikimi
Fide Dikimi Ilach Fide + Yesil Aksam ilaglamasi

Ilags1z Fide + Yesil Aksam ilaglamasi

Deneme parsellerinde kullanilmak tizere 2004 yilinda tescil edilen ve ¢eltik yaniklik hastaligina
karst hassas oldugu bilinen Edirne ¢esidi, Tarim ve Orman Bakanligi’na bagli Trakya Tarimsal
Aragtirma Enstitlisit Midiirligii’'nden temin edilmistir. Tohum ilaglamas1 yapilacak tohumlar, daldirma
yontemi ile 200 g/100L su dozunda thiophanate-methyl (Cizelge 2) igerisinde 30 saat siire ile
bekletilerek ekime hazir hale getirilmistir.
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Cizelge 2. Denemeye alinan fungisitlere ait bazi1 6zellikler

Etkili Madde Adi ve Orani Kimyasal Grup Ticari Adi Dozu
Thiophanate-methyl % 70 Benzimidazole Sumitop 200 g/100 L
Trifloxystrobin % 50 Strobilurinler Flint 20 g/100 L

Her iki yilda sozii edilen lokasyonlarda kurulan 9 m? biiyiikliigiindeki deneme parsellerine
tohumlar, dekara 20 kg olacak sekilde serpme usulii ile ekilmistir. Uygulamalarin birbirini etkilemelerini
onlemek i¢in bloklar arasi 1 m ve parseller arasi iki sira aralik birakilmigtir.

Fide elde etmek icin hazirlanan tohumlar, tarlaya ekim ile ayni tarihte icinde kum, toprak ve
organik giibre karisimindan (1:1:1) olusan fide harci bulunan viyollere ekilerek yaklasik 12 giin siire ile
yetistirilmistir. Deneme parsellerine aktarilmaya uygun hale gelen fideler, 9 m? biiyiikliigiindeki
parsellere sira arasi 25 c¢cm ve sira fizeri 20 cm olacak sekilde 12 sirali olarak dikilmisgtir. Deneme
parsellerine ekim Oncesi taban giibresi olarak her parsele 15.15.15 kompoze giibreden 200 g ve salkim
olusturma doneminde iire giibresinden her parsele 150 g olacak sekilde uygulanmugtir.

Ik y1l kurulan denemede; yabanci otlardan darican (Echinochloacrus-galli) ile miicadelede
Cyhalofob-butyl 200g/L ve kizotu (Cyperus difformis), topalak(Cyperus rotundus) ile miicadelede
halosulfuron-methyl 3g/da, ertesi yil deneme parselinde darican (Echinochloacrus-galli) ve topalak
(Cyperus rotundus) ile miicadele amagli Cyhalofob-butyl 200 g/L ve halosulfuron-methyl 3g/da
dozunda herbisit uygulanmistir.

Yesil aksam ilaglamast birinci yil hastalik belirtisinin ¢eltik parsellerinde goriildiigii eyliil ay1
basinda, ikinci yil agustos ay1 sonunda yapilmistir. Yesil aksam ilaglamasinda 20 g/da hesabi ile
kalibrasyonu yapilmig ve sirt piilverizatorii ile trifloxystrobin fungusiti (% 50 etken madde igeren)
uygulanmustir.

2.2. Sayim ve degerlendirmeler

Birinci yil hastalik belirtisinin geltik parsellerinde goriildiigii eyliil aymin ilk haftasinda, ikinci
yil agustos aymin sonunda her parselin sekiz ayr1 yerine atilan % m?’lik kare gember iginde kalan
bitkilerden rastgele 50 yaprak alinarak 0-9 skalasi (Anonim, 1996)’na gore degerlendirilerek hastalik
siddeti belirlenmistir.

Celtik yaniklik hastaliginin yapraklarda olusturdugu belirtilerini esas alarak yapilan
degerlendirmede kullanilan 0-9 skalas1 (Anonim, 1996);

0: Enfeksiyon yok, 1: Toplu igne basi biiyiikliigiinde kiigiik kahverengi lezyonlar, 2: Genislemis
kahverengi lezyonlar, 3: Kahverengi sinirli, 1-2 mm c¢apinda, kiiciik, hafif yuvarlak ve uzunca gri
nekrotik lekeler, 4: Elips seklinde 1-2 cm uzunlugunda iki damar arasini kaplamus, yaprak yilizeyinin %
2’den azini kaplayan tipik yaniklik lekeleri, 5: Yaprak alaninin % 10’una kadar olan kismini kaplayan
tipik yaniklik lekeleri, 6: Yaprak alaninin % 10-25’ini etkileyen tipik yaniklik lekeleri, 7: Yaprak
alaninin % 26-50’sini etkileyen tipik yaniklik lekeleri, 8: Yaprak alaninin % 51-75’ini etkileyen tipik
yaniklik lekeleri, bazi yapraklar 6lmiis, 9: Biitiin yapraklar 6lmiis.

Birinci ve ikinci yil hastalik belirtilerinin goriildiigli donemlerde yesil aksam ilaglamasi
yapilmistir. Yesil aksam uygulamasindan sonra bitkilerden rastgele tekrar 50 yaprak alinarak 0-9
skalasia gore degerlendirilerek, Towsend-Heuberger’e gore hastalik siddeti (%) ve Abbott formiilii
yardimu ile etkileri (%) belirlenmistir. Hastaligin tanilamasi, patojenin bitkide olusturdugu belirtiler g6z
ontine alinarak yapilmustir. Belirtilerin patojene ait oldugunu dogrulamak i¢in hastalik belirtisi gosteren
bitki dokularindan ve organlarindan laboratuvarda izolasyonlar yapilarak, morfolojik tanisi ve
patojenisite testleri gerceklestirilmistir.

Yesil aksam ilaglama sonrasi, olgunlasma doneminde uygulama yapilan ve yapilmayan
parsellerin 4 farkli yerine atilan % m?’lik gember iginde kalan tiim bitkiler, ilk y1l ekim aymm ikinci
haftasi, ikinci y1l ise eyliil ayinin son haftasi olacak sekilde bir kez hasat islemi gerceklestirilmistir. Her
bir parselin 4 farkli yerine atilan % m?’lik gember iginde kalan tiim bitkilerin salkimlar1 kesilerek ayri
ayr1 verimleri hesaplandiktan sonra farkli ilaglama ve ekim yontemlerinin, hastaligin kontrolii ve verime
olan etkisi Duncan Coklu Karsilastirma Testi ile degerlendirilmistir.
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3. Bulgular
3.1. Tohum ilaclamasi ve ekim seklinin hastalik siddeti iizerine etkisi

Tohum ilaglamasi yapilan ve yapilmayan iiretimde fide dikimi ve tohum ekiminin hastalik
siddeti lizerine etkisini belirlemek amaciyla kurulan deneme parsellerinde goriilen ortalama hastalik
siddeti belirlenmistir (Cizelge 3). Elde edilen bulgulara gore, ilk yil tiretim sezonunda en diisiik hastalik
siddeti % 6.1 ile ilagh tohumla yapilan iiretimde fide dikiminde goriiliirken, en yliksek hastalik siddeti
% 10.8 ile ilagsiz tohumla yapilan iiretimde tohum ekiminde belirlenmistir.

Cizelge 3. 2011 yili tohum ilaglamasi ve ekim seklinin hastalik siddeti (%) tizerine etkisi

Uygulamalar Fide Dikimi Tohum EKimi Ortalama
[lagli Tohumla Yapilan Uretim 6.1 8.7 7.4a*
[lags1z Tohum Yapilan Uretim 7.3 10.8 9.1b
Ortalama 6.7a 9.8b

*Siitun igerisinde farkli harflerle gosterilen ortalamalar, Duncan Coklu Karsilagtirma Testine gore (P=0.05)
birbirinden énemli 6l¢iide farklidir

Ikinci y1l iiretim doneminde ise en diisiik hastalik siddeti % 9.3 ile ilagh tohumla yapilan
iiretimde fide dikiminde goriiliirken, en yiiksek hastalik siddeti % 17.6 ile ilagsiz tohumla yapilan
tiretimde tohum ekiminde tespit edilmistir (Cizelge 4).

Cizelge 4. 2012 y1l1 tohum ilaglamasi ve ekim seklinin hastalik siddeti (%) lizerine etkisi

Uygulamalar Fide Dikimi Tohum Ekimi Ortalama
Ilagli Tohumla Yapilan Uretim 9.3 13.3 11.3a*
[lags1z Tohum Yapilan Uretim 121 17.6 14.9b
Ortalama 10.7a 15.5b

*Siitun igerisinde farkli harflerle gosterilen ortalamalar, Duncan Coklu Karsilagtirma Testine gére (P=0.05)
birbirinden 6nemli 6l¢iide farklidir.

Her iki yilda kurulan deneme parsellerinden elde edilen degerlerin birbirleri ile uyumlu oldugu
ve yapilan varyans analizine gore (ANOVA) ekim seklinin ve tohum ilaglamasinin 6nemli (P=0.05)
oldugu, her ikisinin interaksiyonunun énemsiz (P= 0.05) oldugu bulunmustur.

3.2. Yesil aksam ilaclamasi ve ekim seklinin hastalik siddeti iizerine etkisi

Yesil aksam ilaglamasi ve ekim sekillerinin hastalik siddeti (%) tizerine etkisini belirlemek
amaciyla 2011 ve 2012 yil1 iiretim doneminde deneme parsellerinde goriilen ortalama hastalik siddeti
degerleri belirlenmistir.

2011 yil iiretim doneminde en diisiik hastalik siddeti % 6.6 ile ilagli tohumdan firetilen fideler
tizerinde yesil aksam ilaglama uygulamasinda goriiliirken, en yiiksek hastalik siddeti degeri % 11.7 ile
ilagli tohumla iiretimi yapilan tohuma yesil aksam ilaglama yapilmayan uygulamada belirlenmistir. 2011
yil1 yetistiricilik doneminde tohum veya fide dikimi seklinde yapilan uygulama istatistiksel olarak farkli
gruplarda yer almis olup, fide dikiminde % 7.9 ortalama degeri ile en az hastalik siddeti elde edilirken,
tohum ekimi seklinde yapilan iiretimde % 10.7 ortalama degeri ile en fazla hastalik siddeti elde
edilmistir. Yesil aksam ilaglamasi hastalik olusumunu azaltmig ve yesil aksam ilaglamasi yapilan
parsellerle, yapilmayan parsellerde istatistiksel olarak hastalik siddeti farklilik gostermistir. Yesil aksam
ilaglamas1 yapilan parsellerde hastalik siddeti % 8.6 olurken, yesil aksam ilaglamasi yapilmayan
parsellerde hastalik siddeti % 10 olarak kaydedilmistir (Cizelge 5).
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Cizelge 5. 2011 yil1 yesil aksam ilaglamasi ve ekim seklinin hastalik siddeti (%) lizerine etkisi

Uygulamalar Fide Dikimi Tohum Ekimi Ortalama
Yesil Aksam  Ilacli Tohum 6.6 9.7
Ilaglamas:
(+) [lagsiz Tohum 8.1 9.9
8.6a*
Yesil Aksam  Ilacli Tohum 7.8 11.7
Ilaglamas1
) [lagsiz Tohum 9.0 11.3
10.0b
Ortalama 7.9a 10.7b

*Siitun igerisinde farkli harflerle gosterilen ortalamalar, Duncan Coklu Karsilagtirma Testine gore (P=0,05)
birbirinden énemli 6l¢iide farklidir.

2012 yihi yetistiricilik doneminde en diisiik hastalik siddeti % 4.6 ile ilagh tohumdan iiretilen
fideler iizerinde gerceklestirilen yesil aksam ilaglama uygulamasinda goriiliirken, en yiiksek hastalik
siddeti % 17.6 ile ilagsiz tohumla iiretimi yapilan bitkilere yesil aksam ilaglama yapilmayan uygulamada
belirlenmistir. 2012 yil1 {iretim déneminde tohum veya fide dikimi seklinde yapilan iiretim istatistiksel
olarak farkli gruplarda yer almis olup, fide dikiminde % 7.9 ortalama degeri ile en az hastalik siddeti
elde edilirken, tohum ekimi seklinde yapilan tiretimde % 11.1 ortalama degeri ile en fazla hastalik siddeti
elde edilmistir. Yesil aksam ilaglamas1 hastalik olusumunu azaltmis ve yesil aksam ilaglamas1 yapilan
parsellerle yapilmayan parsellerde hastalik siddeti istatistiksel olarak farklilik gdstermistir. Yesil aksam
ilaglamas1 yapilan parsellerde hastalik siddeti % 5.9 olurken, yesil aksam ilaglamasi yapilmayan
parsellerde hastalik siddeti % 13.1 olmustur (Cizelge 6).

Cizelge 6. 2012 yil1 yesil aksam ilaglamasi ve ekim seklinin hastalik siddeti (%) tizerine etkisi

Uygulamalar Fide Dikimi Tohum Ekimi Ortalama
Yesil Aksam flagli Tohum 4.6 5.9
flaglamas1
(+) flags1z Tohum 55 7.4
5.9a*
Yesil Aksam Ilagli Tohum 9.3 13.3
flaglamas1
O] flags1z Tohum 121 17.6
13.1b
Ortalama 7.9a 11.1b

*Siitun igerisinde farkli harflerle gosterilen ortalamalar, Duncan Coklu Karsilagtirma Testine gore (P=0,05)
birbirinden énemli 6l¢iide farklidir.

3.3. Farkl ilaclama metodu ve ekim yontemlerinin verim iizerine etkisi

Farkli ilaglama metodu ve ekim sekillerinin verim lizerine etkisini belirlemek amaciyla 2011 ve
2012 yili tretim donemlerinde deneme parsellerinde ortaya ¢ikan ortalama verim degerleri
belirlenmistir.

2011 yilindaki ¢alismadaki deneme parselinde en yiiksek verim, fungusit uygulamasi yapilan
tohumda 803 g/m? olarak tespit edilirken en diisiik verim fungusit uygulamasi yapilmayan tohumda
668.2 g/ m? olarak belirlenmistir (Cizelge 7).
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Cizelge 7. 2011 yili farkl ilaglama metodu ve ekim ydntemlerinin verim (g/m?) iizerine etkisi

Verim (g/m?)

Uygulamalar Fide Dikimi Tohum EKimi Ortalama
Yesil Aksam Ilagli Tohum 679.7 722.7
Ilaclamasi
(+) flags1z Tohum 698.3 678.1
694.7a*
Yesil Aksam  Ilach Tohum 726.8 803.0
Ilaclamasi
) [lagsiz Tohum 771.3 668.2
742.3a
Ortalama 719.0a 718.0a

*Siitun igerisinde farkli harflerle gosterilen ortalamalar, Duncan Coklu Karsilastirma Testine gore (P=0,05)
birbirinden énemli 6l¢iide farklidir.

2011 yili tiretim doneminde tohum veya fide dikimi seklinde yapilan iiretim istatistiksel olarak
ayni gruplarda yer alms olup, fide dikiminde 719 g/m? ortalama verim elde edilirken, tohum ekimi
seklinde yapilan iiretimde 718 g/m? ortalama verim elde edilmistir. Yesil aksam ilaglamasi1 yapilan
parsellerde 694.7 g/m? verim elde edilirken, yesil aksam ilaglamas1 yapilmayan parsellerde 742.3 g/m?
verim elde edilmistir
2012 yilinda en yiiksek verim ilagh fide- ilagli yesil aksamda 374.4 g/m? en diisiik verim ilagsiz tohum
ekiminde 259.9 g/m? olarak belirlenmistir (Cizelge 8).

Cizelge 8. 2012 y1h farkl ilaglama metodu ve ekim ydntemlerinin verim (g/m?) iizerine etkisi

Verim (g/m?)

Uygulamalar Fide Dikimi Tohum EKimi Ortalama

Yesil Aksam flagli Tohum 374.4 319.7
flaglamasi

(+) [lagsiz Tohum 310.4 284.9

322.4a*

Yesil Aksam Tlagli Tohum 270.6 310.2
flaglamas1

O] flags1z Tohum 305.9 259.9

286.7a
Ortalama 315.3a 293.7a

*Siitun igerisinde farkli harflerle gosterilen ortalamalar, Duncan Coklu Karsilagtirma Testine gére (P=0,05)
birbirinden 6nemli 6l¢iide farklidir.

2012 y1l1 tiretim déneminde tohum veya fide dikimi seklinde yapilan iiretim istatistiksel olarak
ayn1 gruplarda yer almus olup, fide dikiminde 315.3 g/m? ortalama verim elde edilirken, tohum ekimi
seklinde yapilan iiretimde 293.7 g/m? ortalama verim elde edilmistir. Yesil aksam ilaglamas1 yapilan
parsellerde 322.4 g/m? verim diizeyi saptanirken, yesil aksam ilaglamasi yapilmayan parsellerde 286.7
g/m? verim elde edilmistir (Cizelge 8).

2011 ve 2012 yila verileri birbirlerini destekler nitelikte olmus ve yapilan varyans analizine gore
(ANOVA) ekim sekli, ilag uygulamasi ve her ikisinin interaksiyonunun &nemsiz (P=0.05) oldugu
bulunmustur.
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4. Tartisma ve Sonug¢

Bu calisma sonucunda; tohum ilaglamasi, ekim sekli ve yesil aksam ilaglamasinin hastalik
siddeti iizerine etkili oldugu, verim iizerine etkisinin olmadig1 belirlenmistir. Ilach ve ilagsiz tohum ile
yapilan iiretimde en diisiik hastalik siddeti degerinin, ilagli tohumla yapilan iiretimde oldugu tespit
edilmistir. Filippi ve Prabhu (1997) Brezilya’da geltik yaniklik hastaliginin kontrolii izerinde tohuma
fungusit uygulamas1 ve dayanikli bitkilerin birlesik etkisi iizerine 2 yil siire ile yaptiklar1 ¢alismada,
farkli dayaniklilik seviyesindeki geltik cesitlerine 4 g/kg tohum olacak sekilde pyroquilon etkili maddeli
fungusitin ortalama yaprak yanikligini1 62 giine kadar ve fide devresinden sonra 47 giine kadar
bastirdigini belirlemesi ¢aligmanin sonuglarini desteklemektedir.

Tohum ilaglamasi yapilarak iiretilen fideler ile tohum ilaglamasi yapilmadan iiretilen fidelerin
25x20 cm araliklarla dikimi sonucu; Ilaclanmis tohumdan elde edilen fidelerde en diisiik hastalik siddeti
olustugu, bunun yani sira tohum ilaglamas1 yapilmadan fide dikimi seklinde yapilacak {iretiminde
hastalik siddetini diistirdiigii belirlenmistir. Tropik kusaklarda geltik yaniklik hastaliginin gelisimi ile
¢igin iligkisini belirleme amaciyla yapilan bosluk ¢aligmalarinda, 10x10cm, 20x20 cm ve 40x40 cm sira
arasi ve sira iizeri bosluk birakilan parsellerde en fazla yaniklik lezyonunun 10x10 c¢m sira aralifinda en
az yaniklik lezyonunun ise 40x40 cm sira araliginda oldugu belirlenmis ve bunun nedeninin 10x10 cm
aralikla olusturulan parsellerdeki ¢ig siiresinin en fazla, 40x40 cm aralikta olusturulan parsellerde ise en
kisa olusundan kaynaklandigi belirtilmistir (El-Refai, 1977; IRRI, 1976).

Yesil aksam ilaglamasinda en diisiik hastalik siddetinin; tohumdan iiretilen fidelerin dikimi ile
yapilan parsellerde oldugu, bu nedenle ilagli tohumdan iiretilen fideler {izerine yapilacak yesil aksam
ilaglamasinin hastaligin yonetimi agisindan ¢ok 6nemli oldugu belirlenmistir. Kapoor ve Singh (1982)
P. oryzae etmeninin spor ¢imlenmesi ve apresoryum olusumunu benomyl’in 1.94 ppm
konsantrasyonunun etkili bir sekilde engelledigi ve ilaglamadan sonra 24-25 giin siireyle sistemik
etkilerinin devam ederek fideleri korudugunu tespit etmislerdir. Bu sonuglar, ¢alismada belirlenen
sonuglarla ortiismektedir.

Calisma sonucunda; farkli ilaglama metodu ve ekim sekillerinin verim f{izerine etkisinin
olmadigi belirlenmistir. Padmanabhan (1965) ¢eltik yaniklik hastaliginin meydana getirdigi {iriin
kaybini tahmin etmek amaciyla; epidemi olan ve olmayan alanlarda, ayni verimi veren duyarli ve
dayanikli gesitler ilizerine fungusit uygulamasi yapilan ve yapilmayan deneme parsellerinde yaptigi
caligmada, tam bir karsilagtirmanin miimkiin olmadigini, ¢linkii bagka faktorlerinde bulundugunu fakat
% 1’lik boyun infeksiyonun % 1.4 oraninda {irlinii azalttigini belirtmistir. Ayn1 zamanda burada, sepme
ekim sonucu olusacak yaprak islaklik siirelerindeki artis sonucu hastalik siddetinde bir artis olmasina
karsin, salkim saplarinda enfeksiyon olusmamasi sonucu, yaprak enfeksiyonlarindan kaynaklanacak
verim kaybinin serpme ekimle elde edilebilecek ilave firiin ile dengelendigi, bundan dolay:1 farkl
ilaglama metodu ve ekim sekillerinin verim {izerine bir etkisinin olmadigi kanaatine varilmistir. Sezer
ve ark. (2017) tane verimi yoniinden ekim yontemleri, ¢esitler ve “Ekim yontemi x Cesit” interaksiyonu
arasindaki farkin ¢ok énemli (p<0.01) oldugunu belirtmisler ve serpme ekim yonteminde tane verimini
791.22 kg/da, fideleme ekim yonteminde ise 721.58 kg/da olarak belirlemislerdir.

Sonug olarak; ¢eltik yetistirilen alanlarda iiretimi kisitlayan en énemli hastaliklardan biri olan
celtik yaniklik hastaliginin yonetiminde ve siddetini diigiirmede tohum ilaglamasinin, fide dikiminin ve
yesil aksam ilaglamasinin 6nemli oldugu belirlenmistir. ilaglanns tohumdan elde edilen fideler iizerine
yapilacak yesil aksam uygulamalarinin hastaligin siddetini diisiirmede en etkin yontem oldugu, bunun
yani sira tohum ilaglamasi yapilmadan fide dikimi seklinde yapilacak tiretiminde ilagsiz tohum ekimine
gore hastalik siddetini disiirdiigli belirlenmistir.
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Abstract: This research empirically determined the cost efficiency of the farmers
that participated in the IFAD/VCD programme in Niger State of Nigeria. The
study elicited cross-sectional data of the 2018 cropping season viz. well-
structured questionnaire complemented with interview schedule from a sample
size of 110 respondents selected through a multi-stage sampling technique. The
sampled data were analysed using the stochastic cost frontier model. The
empirical evidence showed that none of the farmers was on the cost frontier
surface i.e. inability to attain optimal minimum cost in the cultivation of rice in
the studied area. The identified significant idiosyncratic variables militating
against cost efficiency were the poor health status of the farm family which led
to the extra cost incurred in labour substitution and diseconomies of scale due to
their small-scale mode of operation. Therefore, the study recommends that the
policymakers should sensitize the farmers on the importance of health preventive
measures and should endeavour to improve on the existing basic health centres
both in human capital and logistics. In addition, the farmers should be encouraged
to explore cooperative marketing so as to take advantage of the bulk discount in
input purchase and have bargaining power in the marketing of their output, thus
tackling the problem of diseconomies of scale in their farm operations.
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Oz: Bu arastirma, Nijerya'nin Nijer Eyaleti'ndeki IFAD / VCD programina
katilan ¢iftgilerin maliyet etkinligini ampirik olarak belirlemistir. Caligma, ¢ok
asamali bir Ornekleme teknigi ile 110 katilimcidan olusan bir 6rnekleme
bliytikliigiinden secilen roportaj usulii ile tamamlanan iyi yapilandirilmis bir
anket ile 2018 {iretim sezonunun capraz kesit verilerini ortaya ¢ikardi.
Orneklenen veriler, stokastik maliyet stnir modeli kullanilarak analiz edilmistir.
Ampirik kanitlar, ¢ift¢ilerden higbirinin maliyet siirinda olmadigini, yani
incelenen alanda piring ekiminde ideal minimum maliyete ulagilamadigint
gostermistir. Maliyet verimliligine engel olan belirgin kendine 6zgii degiskenler,
is¢i ikamesinde katlanilarak ekstra maliyete yol acan ¢iftlik ailesinin kotii saglik
durumu ve kiigiik dlgekli ¢aligma bi¢imleri nedeniyle 6lgek ekonomileriydi. Bu
nedenle ¢aligsma, politika yapicilarin ¢iftgileri sagligt koruyucu 6nlemlerin dnemi
konusunda duyarli hale getirmelerini ve hem beseri sermaye hem de lojistik
alanlarda mevcut temel saglik merkezlerini iyilestirmek icin ¢aba gostermeleri
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gerektigini onermektedir. Buna ek olarak, giftciler, girdi satin aliminda toplu
indirimden yararlanmak ve ¢iktilarinin pazarlanmasinda pazarlik giiciine sahip
olmak ve boylece ¢iftlik faaliyetlerindeki 6lgek ekonomisi sorununu ¢dzmek igin
kooperatif pazarlamay1 kesfetmeye tesvik edilmelidir.

1.Introduction

Farming in Nigeria has been on the subsistence scale given that the bulk of the producers are
resource-poor. The most viable chance of breaking the vicious cycle of poverty affecting these farmers
is to transit them to a sustainable farming system. The imperfection in the markets has made it difficult
for these resource-poor farmers to keep-up with the going concern of their firm enterprises, thus
worsening their livelihood and food security of the studied area in particular and the country in general.

The essence of the IFAD-VCD programme is to secure the livelihood of the rural populace
particularly the weaker section so that they can break the vicious cycle of poverty. The feasibility of
Nigeria’s economic growth and development depends largely on empowering the rural poor
communities viz. identifications of their needs and implementations of broad based agricultural and rural
development initiatives. The failure to sustain most of the agricultural projects in the studied area is not
due to lack of interest of the target groups in farming but rather poor productivity of capital investment
which is not remunerative to sustain the livelihood of the beneficiaries more less the business going
concern. The rationality of any farmer in enterprise allocation solely lies on the cost of production which
is a function of the market prices of inputs and outputs, a condition which the farmers have little or no
control over. Thus, the business concern of a farmer to continue or pull-out from the business of crop
farming depends on cost.

For the study area to achieve rice food security and alleviate poverty which is the goal of the
programme, it is important to identify the factors that affect farmers’ cost efficiency in rice production
and further measure the extent to which they limit the cost efficiency of the decision units. In view of
the foregoing, this research was conceptualized with the aim of having a clearer understanding of cost
efficiency and the feasibility of predicting the allocative efficiency of the target groups in the studied
area.

Therefore, for the IFAD programme not to be a fail project, it becomes very imperative to
determine the cost efficiency status of the farmers participating in the programme in Niger State of
Nigeria using the parametric cost frontier model. Ogundariet al.(2006); Paudel and Matsuoka (2009);
and, Sadiq and Singh (2016) have opined that improvement in the understanding of farmers’ status of
cost efficiency and its interlink with their idiosyncratic covariates would greatly assist policymakers in
promulgating efficiency enhancing policies as well as judging the efficiency of the current and previous
reforms.

2. Materials and Methods

Niger State is located in Nigeria a sub of Africa continent and it lies between latitudes 8°20'N
and 11°30'N of the equator and longitudes 3°30'E and 7°20’E of the Greenwich Meridian time. The
vegetation of the state is northern guinea savannah with sparse of southern guinea savannah around
Mokwa Local Government Area (LGA). Agriculture is the major occupation in the study area and it’s
complemented with civil service jobs, artisanal, craftwork, Ayurveda medicines and petty trade. The
study made use of a multi-stage sampling technique to draw a sample of 110 active participants in the
programme. In the state, the programme is currently mounted in five (5) LGAs with Agricultural Zone
A (Bida) and C (Kontagora) having two LGAs each namely Bida and Katcha; and, Wushishi and
Kontagora, respectively, while Zone B has one participating LGA viz. Shiroro. In the first stage, Katcha
was randomly selected from Zone A while Shiroro LGA was automatically selected being the only
participating LGA in Zone B. Wushishi LGA due to its comparative advantage in rice production
throughout the year owing to the presence of Tungan Kawo irrigation dam was purposively selected
from the Agricultural Zone C. In the second stage, two villages were randomly selected from each of
the chosen LGAs. Thereafter, two active co-operative associations from each of the selected villages
were randomly selected. It is worth to note that Microsoft excel inbuilt random sampling mechanism
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was used for the random selections of the villages and the co-operative associations. In the last stage,
using the sampling frame obtained from IFAD/VCD office (Table 1), the Cochran’s formula was used
to determine the representative sample size. Thus, a total of 110 active rice farmers form the sample size
for the study. A well-structured questionnaire complemented with interview schedule was used to elicit
information from the respondents during the 2018 cropping season, and stochastic cost frontier model
was used to analyse the collected data. The Cochran’s formula used is shown below:

n
= —T 1
Ng 1+(nrN-1) 1)
(1.96)?
=T o2 = @)
Where:

n, = adjusted sample size for finite population

n,. = sample size for infinite population

N = population size

Np = proportion of population having a particular characteristic
Ng=1-p

e? = error gap (0.07)

Thus,p=0.40andg=1-0.60=0.40

Table 1. Sampling frame of participating farmers

LGAs Villages  Co-operative Associations SF SS
Baddegi  Managi Badeggi Farmers CMPS 24 10
Katcha Aminci Ebanti Tvv_aki CMF_’S Ltd _ 25 10
Edostu Edotsu Co-Operative Credit & Marketing CMPS 25 10
Edotsu JinjinWugakunYema CMPS 25 10
Baha Baha Abmajezhin Cooperative Multi-Purpose Society Ltd 15 7
Shiroro Abwanubo Najeyi Development Association 18 8
Paigado  Paigado Achajebwa Development Farmers Soc. 25 10
Paigado Farmers Cooperative Society Ltd 25 10
Bankogi  Bankogi Alheri Farmers Coop. Multipurpose Soc Ltd 22 9
Bankogi GwariNasara CMPS 16 7
Wushishi Kanko Kanko Arewa Farmers 25 10
Kanko Unguwar Ndakogi Cooperative Multipurpose Society 25 10
Ltd
Total 270 111

Source: IFAD-VCDP farmers’ database, 2018.
Note: SF and SS mean sampling frame and sample size respectively.

2. Material and Methods
2.1 Model specification
Stochastic Cost Frontier Function: Following Battesse and Coelli (1995); Ogndari et al. (2006);

Sadig and Isah (2015); Sadiq and Singh (2016) and Sadig and Samuel (2016), the adopted stochastic
cost frontier (SCF) function is shown below:

Ci = f(PU,YU,'lB) + (Vl + Ul) (l = 1,2 Tl) (3)
C; = Total production cost of the i farmer;
P; = Vector prices of the actual j" inputs used by the i farmer;

Y; = Vector of the actual j* output of the i" farmer;
B; = parameter to be estimated;
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V; = Uncertainty which is beyound the control of the i"" farmer;and,
U; =Risk which is attributed to the error of the it" farmer;

Positive sign preceded the composite error term because inefficiency is always assumed to
increase cost.

Given the level of technology at the disposal of a technical unit, the cost efficiency is expressed
as the ratio of the observed cost (C?) to the corresponding minimum cost (C™™), and it is given below:

C. = cb  _ f(PijYij:B)+(VitUy)
e ™ rmin — f(p.vy... :
¢ f(PL],YU,,,B)+VL

= exp(Uy) (4)

Where C, is the cost efficiency and takes the value of > 1 with 1 defining cost efficient
technical unit. The observed cost (C?) represents the actual total cost while the minimum cost (C™™)
represents the frontier total cost or the least total cost level.

The explicit form of the Cob-Douglas functional form of the SCF function is as follow:

lTlCi = lnﬁo + ZﬁklnPij + ﬁllnYU + Vi + Ui (5)

Where C; = Total production cost of i**farmer; P;= Vector of unit prices of farm inputs used:
P;= unit price of seed (MN/kg),P,= unit price of NPK fertilizer(M/kg),P;= unit price of urea fertilizer
(N/kg), P, = unit price of herbicides (MN/litre), Ps= unit price of human labour (MN/man-day), Pz=
depreciation on capital items (N), andP,= rental value of land (N/hectare); Y;= Farm output (kg) from
it"farmer; V; = random variability in the production that cannot be influenced by the it" farmer also
known as uncertainty; U;= deviation from maximum potential output attributable to cost inefficiency
and also known as risk. By=intercept; S, =vector of cost parameters to be estimated;3;,=vector of output
parameter to be estimated; i = 1,2,3 ... ... n farmers;j = 1,23 ......... m inputs.

The inefficiency model is:
Ui = 60 + 8121 + 8222 fee eee aaa s +6TLZTL (6)

Where Z; = Educational level (year); Z, = Sickness of farm family member (number); Z5 =
Extension visit (number); Z, = Access to credit (yes =1, no = 0); Zs = Age (year); Z, = Household size
(number); Z,= Income (yes =1, no = 0); Zg =Farm size (hectare); Z,= Farming experience (year); Z;o=
Non-farm income (yes =1, no = 0); Z;; = Language spoken (number); &, = intercept; and, §;_,=
parameters to be estimated.

A Frontier version 4.1 was used for the stochastic cost efficiency estimation.

3. Results
3.1 Cost efficiency of IFAD rice farmers

A cursory review of the maximum likelihood estimates (MLE) of the stochastic cost frontier
function showed the variance parameters viz. sigma and gamma (0.8631) to be different from zero at
10% degree of freedom. The implication of the significance of the sigma-squared and gamma indicate
the goodness of fit of the specified SCF and the correctness of the composite error term; and the presence
of the cost inefficiency, respectively. Therefore, it can be inferred that the differences in the cost
efficiencies of the sampled farmers accounted for 86.31% variation in the total cost (Table 2). In
addition, the calculated log-likelihood ratio test being greater than the tabulated Chi? indicates the
presence of one-sided error, thus an indication that the traditional response function (OLS) cannot fit
the data (Table 3).

Furthermore, with the exception of seed price all the parameter estimates (capital and labour
costs) induced monotonicity in the cost function as evident by the positive sign associated with their
coefficients (Table 2). The non-monotonicity of the seed price coefficient is an indication of congestion
in the use of seed input which owes to the provision of subsidy, thus the negative sign associated with
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the seed price coefficient. The empirical evidence showed that the total cost incurred in the production
of rice was influenced by seed cost, costs of agrochemicals, rental cost and rice output as indicated by
their respective probability levels which were different from zero at 10% degree of freedom.

The negative significance of the seed cost coefficient implied that improved rice seed varieties
were sold to the farmers at subsidized price, thus the non-monotonicity of the total cost despite increase
in the seed cost. The elasticity of the significant parameter estimates viz. NPK fertilizer cost, cost of urea
fertilizer, cost of herbicides, rental fees and output (kg) being positive implies that the total cost increase
monotonically with an increase in the prices of these inputs and the only output parameter included in
the SFC. Thus, a percent increase in the prices of NPK fertilizer, urea fertilizer, herbicides and land
rental fee each would increase the total cost of production by 33.39%, 43.22%, 36.56% and 29.48%,
respectively. Besides, a percent increase in the output level of rice would increase the total cost by
35.86%. The non-significance of the human labour and depreciation on capital items implied that the
farmers relied on excess available family labour which is free of cost and incurred negligible costs on
the fixed capital as they used primitive implements in the production of rice.

It was observed that the farmers despite operating in the rational stage i.e. decreasing return to
scale they were experiencing diseconomies of scale as indicated by the economies of scale (ES) index
of -3.84. This did not come as a surprise as these farmers are resource-poor who cultivate rice on small-
scale basis, thus an increase in the output will increase the cost of production. This finding is contrary
to the Schultz’s efficient hypothesis for poor farmers, that in their resource allocation behaviour under
traditional agricultural setting they are efficient giving the available technology at their disposal
(Schultz, 1964; Ogundari et al., 2006; Sadiq and Singh, 2016).

Furthermore, it was observed that cost efficiency is influenced by sickness of household
member, household size, farm size and number of language spoken as evident from their respective
parameter estimates which were different from zero at 10% degree of freedom. The positive significance
of the coefficient for sickness of household member implied that a farmer with a health challenge
affecting his household incurred extra labour cost due to substitution of family labour with hired labour,
thus affecting the cost efficiency of the farmer. Thus, a farm family having a sick fellow will have his/her
cost inefficiency increased by 0.214%. The negative significance of the household size coefficient
implied that farmers with large household size composed of able-bodied people incurred less cost on
labour due to access to free labour, thus an increase in their cost efficiency, Thus, a unit increase in the
farm family household size by one person would lead to a decrease in his/her cost inefficiency by
0.075%. The positive significance of the farm size revealed that farmers with large farm size experienced
diseconomies of scale, thus affecting their cost efficiency. Therefore, the implication of a unit increase
in the farm size by one hectare would lead to an increase in cost inefficiency by 1.655%. The negative
significance of the parameter estimates for language spoken implied that farmers who understand or
speak more than one lingua had access to information concerning innovative and appropriate practices
of allocation of farm inputs, thus making them more cost efficiency than their counterpart who
understands only one language. Thus, the tendency of a farmer to speak more than one language would
increase his/her cost efficiency by 0.469%.

A perusal of the cost efficiency scores showed the average cost efficiency to be 1.218 while the
best and worse cost inefficiency scores were 1.025 and 2.305, respectively (Table 4).Therefore, the
implication is that the average, best and worse cost inefficiency farmers incurred an extra cost of 21.8%,
2.5% and 130.5% respectively relative to the best practiced farm producing the same output and facing
the same technology at their disposal. In nominal value, it translates into N20600.51, N1484.39 and
N107948.10 for the average, best and worst inefficient farms respectively (Table 5). The individual-
wise results showed the potential minimum cost expected of each farm and the wasted incurred cost that
need to be averted for the inefficiency farms so as to optimize profit in the short-run (Table 5). The
frequency distribution of the cost efficiency scores showed none of the farmers to be on the frontier as
evident by their respective cost efficiency scores which were above the frontier score of 1.00. It was
observed that majority (53.6%) of the farmers had their efficiency scores close to the frontier level while
very few (3.6%) of the respondents recorded an efficiency scores that are farther from the frontier
surface. Similar result was found by Yakubu (2017) in his study on economic efficiency of small-scale
rice farmers in Kwara State of Nigeria. However, in maize crop, Sadig and Singh (2016); Paudel and
Matsuoka (2009) and Ogundari et al. (2006) observed similar result in their respective studied areas.
Table 2. MLE of the stochastic cost frontier of IFAD rice farmers

272



YYU TAR BiL DERG (YYU J AGR SCI) 31 (2): 268-277
Sadiq et al.,/ Cost Efficiency Status of Rice Farmers Participating in IFAD/VCD Programme in Niger State of Nigeria

Variable Coefficient Standard error t-statistic
Deterministic model

Constant 1.06895 0.99335 1.076NS
Seed (N) -0.24035 0.078993 3.043***
NPK fertilizer (N) 0.33385 0.134949 2.473**
Urea fertilizer (N) 0.43218 0.123087 3.511***
Herbicides (N) 0.36561 0.141361 2.586**
Human labour labour (N) 0.119099 0.074115 1.606NS
Rent value of land (N) 0.294837 0.0885465 3.329***
Depreciation on cap. () 0.042828 0.0427875 1.001Ns
Output (kg) 0.3585499 0.196904 1.820*
Inefficiency model

Constant -3.00142 1.05781 2.837***
Education 0.032828 0.03319 0.988Ns
IlIness of member 0.21368 0.11938 1.789*
Extension visit 0.03062 0.058304 0.525NS
Access to credit -0.08388 0.3113 0.269Ns
Age 0.009622 0.02615 0.368NS
Household size -0.074497 0.05432 1.372NS
Income 0.35555E-06 0.41535E-06 0.856NS
Farm size 1.65495 0.31176 5.308***
Farming Experience -0.008799 0.02537 0.347Ns
Non-farm income 0.051108 0.33811 0.151Ns
Language spoken -0.46844 0.27972 1.675*
Variance parameters

Sigma-squared(az) 0.15649 0.04682 3.342***
Gamma (y) 0.86307 0.044471 1.941**

Source: Field survey, 2018.
*, *x *x% and NS means significance at 10%, 5%, 1% and non-significant respectively.

Table 3. Generalized likelihood ratio test of hypothesis for parameters of SCFF

Decision
y#0

H, Log likelihood function A
y=0 23.602 21.05

Critical (5%)
16.91

Source: Field survey, 2018.

Table 4. Frequency distribution of cost efficiency scores

Efficiency level Frequency Relative efficiency %
1.00-1.09 59 53.63636
1.10-1.19 18 16.36364
1.20-1.29 10 9.090909
1.30-1.39 4 3.636364
1.40-1.49 4 3.636364
1.50-1.59 3 2.727273
1.60-1.69 3 2.727273
1.70-1.79 2 1.818182
1.80-1.89 2 1.818182
1.90-1.99 1 0.909091
>2.00 4 3.636364
Total 110 100
Mean 1.218

Maximum 2.305

Minimum 1.025

Standard deviation 0.271

Source: Field survey, 2018.

273



YYU TAR BIL DERG (YYU J AGR SCI) 31 (2): 268-276
Sadiq et al.,/ Cost Efficiency Status of Rice Farmers Participating in IFAD/VCD Programme in Niger State of Nigeria

Table 5. Individual-wise CES, Actual cost, Frontier cost and wasted cost

Farm
FM1
FM2
FM3
FM4
FM5
FM6
FM7
FM8
FM9
FM10
FM11
FM12
FM13
FM14
FM15
FM16
FM17
FM18
FM19
FM20
FM21
FM22
FM23
FM24
FM25
FM26
FM27
FM28
FM29
FM30

CES

1.147
1.113
1.662
1.078
1.466
1.066
1.064
1.092
2.123
1.495
1.058
1.07

1.109
1.141
2.016
1.227
1.039
1.121
1.57

1.508
1.103
1.395
1.17

1.069
1.086
1.047
1.046
1.417
1.855
1.074

Actual
101878
80138
251170
117802
172935
118750
110810
125364
303630
206164
106340
95722.77
114145.5
99182.77
277590
124260
66505
109085.5
215878
165909
114570
203565
139235
84440
100820
96930
76930
159760
209695
95280

Frontier

88821.27
72001.8

151125.2
109278.3
117963.8
111397.7
104144.7
114802.2
143019.3
137902.3
100510.4
89460.54
102926.6
86926.18
137693.5
101271.4
64008.66
97310.92
137501.9
110019.2
103871.3
145924.7
119004.3
78989.71
92836.1

92578.8

73546.85
112745.2
113043.1
88715.08

wcC
13056.73
8136.203
100044.8
8523.707
54971.15
7352.251
6665.263
10561.8
160610.7
68261.66
5829.603
6262.237
11218.99
12256.59
139896.5
22988.61
2496.338
11774.62
78376.09
55889.77
10698.74
57640.27
20230.73
5450.29
7983.904
4351.203
3383.155
47014.76
96651.87
6564.916

% WC
12.81604
10.15274
39.83153
7.235622
31.78718
6.19137
6.015038
8.424908
52.89684
33.11037
5.482042
6.542056
9.828674
12.35758
50.39683
18.50041
3.753609
10.79393
36.30573
33.687
9.338169
28.31541
14.52991
6.45463
7.918969
4.489016
4.397706
29.42837
46.09164
6.89013

Farm

FM31
FM32
FM33
FM34
FM35
FM36
FM37
FM38
FM39
FM40
FM41
FM42
FM43
FM44
FM45
FM46
FM47
FM48
FM49
FM50
FM51
FM52
FM53
FM54
FM55
FM56
FM57
FM58
FM59
FM60

CES
1.051
1.069
1.058
1.103
1.449
1.051
1.087
1.087
1.056
1.06
1.077
1.395
1.074
1.039
1.051
1.067
1.035
1.074
1.095
1.04
1.111
1.656
11
1.073
2.021
1.11
1.078
1.098
1.058
1.15

Actual
81028
87877.5
88180
109225
162670
98844
101500
117453
96130
90705
84087
101340
90420
45610
68245
58396
74920
102725
83250
85190
77755
121800
84050
97500
151600
104945.5
111525
110165
95145.55
111310

Frontier

77096.1

82205.33
83345.94
99025.39
112263.6
94047.57
93376.26
108052.4
91032.2

85570.75
78075.21
72645.16
84189.94
43897.98
64933.4

54729.15
72386.47
95647.11
76027.4

81913.46
69986.5

73550.72
76409.09
90866.73
75012.37
94545.54
103455.5
100332.4
89929.63
96791.3

wC
3931.901
5672.168
4834.064
10199.61
50406.37
4796.426
8123.735
9400.562
5097.803
5134.245
6011.791
28694.84
6230.056
1712.021
3311.603
3666.853
2533.527
7077.886
7222.603
3276.538
7768.501
48249.28
7640.909
6633.271
76587.63
10400.01
8069.527
9832.577
5215.918
14518.7

% WC
4.852521
6.45463
5.482042
9.338169
30.98689
4.852521
8.00368
8.00368
5.30303
5.660377
7.149489
28.31541
6.89013
3.753609
4.852521
6.279288
3.381643
6.89013
8.675799
3.846154
9.990999
39.61353
9.090909
6.803355
50.51954
9.90991
7.235622
8.925319
5.482042
13.04348

Source: Field survey, 2018.

274



Table 5 (continuation). Individual-wise CES, Actual cost, Frontier cost and wasted cost

Sadiq et al.,/ Cost Efficiency Status of Rice Farmers Participating in IFAD/VCD Programme in Niger State of Nigeria

YYU TAR BIL DERG (YYU J AGR SCI) 31 (2): 268-276

Farm CES Actual Frontier WwcC % WC Farm CES Actual Frontier WC % WC
FM61 1.063 115645.5 108791.7 6853.875 5.926623 FM87 1.05 77760 74057.14 3702.857 4.761905
FM62 1.044 64900 62164.75 2735.249 4.214559 FM88 1.045 75700 72440.19 3259.809 4.30622
FM63 1.034 64540 62417.79 2122.205 3.288201 FM89 1.056 79950 75710.23 4239.773 5.30303
FM64 1.025 60860 59375.61 1484.39 2.439024 FM90 1.049 61280 58417.54 2862.459 4671115
FM65 1.048 68300 65171.76 3128.244 4.580153 FM91 1.134 108770 95917.11 12852.89 11.81658
FM66 1.168 99485.55 85175.98 14309.56 14.38356 FM92 1.0617 85140 80192.14 4947.855 5.811434
FM67 1.075 86700 80651.16 6048.837 6.976744 FM93 1.134 120900 106613.8 14286.24 11.81658
FM68 1.353 109845.5 81186.66 28658.89 26.09017 FMo4 1.056 81600 77272.73 4327.273 5.30303
FM69 1.085 105740 97456.22 8283.779 7.834101 FM95 1.047 78780 75243.55 3536.447 4.489016
FM70 1.201 84220 70124.9 14095.1 16.73605 FM96 1.134 125500 110670.2 14829.81 11.81658
FM71 1.034 58000 56092.84 1907.157 3.288201 FM97 1.0559 87690 83047.64 4642.363 5.294062
FM72 1.089 95620 87805.33 7814.674 8.172635 FM98 1.967 196400 99847.48 96552.52 49.16116
FM73 1.39 114955 82701.44 32253.56 28.05755 FM99 1.299 278400.8 214319.3 64081.47 23.01771
FM74 1.041 62940 60461.1 2478.905 3.938521 FM100 2.305 190667 82718.87 107948.1 56.61605
FM75 1.099 106990 97352.14 9637.862 9.008189 FM101 1.092 74390 68122.71 6267.289 8.424908
FM76 1.737 182280 104939.6 77340.45 42.42948 FM102 1.274 123310 96789.64 26520.36 21.50706
FM77 1.057 105510 99820.25 5689.754 5.392621 FM103 1.1595 145000 125053.9 19946.1 13.75593
FM78 1.273 153140 120298.5 32841.49 21.4454 FM104 1.2052 161880 134318 27562.04 17.02622
FM79 1.064 90017 84602.44 5414.556 6.015038 FM105 1.861 154638 83094.04 71543.96 46.26545
FMB80 1.058 80838 76406.43 4431.573 5.482042 FM106 1.601 141230 88213.62 53016.38 37.53904
FM81 1.2495 146260 117054.8 29205.18 19.96799 FM107 1.101 90338 82050.86 8287.137 9.173479
FM82 1.222 125220 102471.4 22748.64 18.16694 FM108 1.297 112458 86706.25 25751.75 22.899
FM83 1.047 70540 67373.45 3166.552 4.489016 FM109 1.282 145330 113361.9 31968.07 21.99688
FM84 1.515 146092 96430.36 49661.64 33.9934 FM110 1.738 142564 82027.62 60536.38 42.4626
FM85 1.078 93040 86307.98 6732.022 7.235622 Mean 1.218 115098.3 94497.77 20600.51 17.89819
FM86 1.077 91380 84846.8 6533.203 7.149489

Source: Field survey, 2018.

Note: CES = Cost efficiency score; WC = Wasted cost.
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4. Discussion and Conclusion

From the foregoing findings, it can be inferred that the farmers were not efficient in minimizing
their farm costs which was largely due to health challenge of the farm family and diseconomies of scale
which owed to their mode of operation i.e. small-scale holdings. Furthermore, all the sampled farms
experienced cost wastage relative to the best practiced farm producing the same output using the same
available technology in the studied area. Therefore, it was recommended that both public and private
institutions should sensitize the farmers on the importance of health preventive measures, improvise
basic health centres with adequate staffing of health personnel, and affordable and subsidized
medications. In addition, the farmers should be enlighten on the importance of social capital viz. co-
operative marketing in order to benefit from pecuniary advantages, thus addressing the problem of
diseconomies of scale.
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aimed to determine the antimicrobial effect of different concentrations of F. verna
extracts obtained from methanol, ethanol and chloroform and the antioxidant
activity of different concentrations of the extract obtained from methanol. In the

Keywords results obtained, the best antimicrobial effect (17-20 mm) against Staphylococcus
Antimicrobial effect, aureus, Escherichia coli, Klebsiella pneumoniae, Bacillus megaterium,
Antioxidant effect, Salmonella thypii and Candida albicans was determined in the methanol extract
Ranunculus ficaria, of F. verna at a concentration of 1000 ug. It was observed that the scavenging
Medical plant. effect of the DPPH radical of F. verna increased depending on increasing

concentrations.

Ficaria verna Huds.’nin Antimikrobiyal ve Antioksidan EtKkisi

Makale Bilgileri Oz: Ficaria verna Huds. halk arasinda kostebek otu ve kirlangig otu adiyla
bilinen ve Ranunculaceae familyasina ait bir bitkidir. Antienflamatuar ve
antihemorajik gibi farmasotik etkilerinin oldugu bilinmektedir. Halk arasinda
hemoroide kars1 kullanilmaktadir. Bu ¢alismada F. verna’nin metanol, etanol ve
kloroformdan elde edilen ekstraklarinin  farkli  konsantrasyonlarinin
antimikrobiyal etkisi ile metanoldan elde edilen ekstresinin farkl

Gelis: 09.11.2020
Kabul: 23.05.2021
Online Yayinlanma 30.06.2021
DOI: 10.29133/yyutbhd.823401

Anahtar kelimeler konsantrasyonlarinin antioksidan aktivitesinin belirlenmesi amaglanmistir. Elde
Antimikrobiyal etki, edilen sonuglarda F. verna’mm metanol ekstresi 1000 pg konsantrasonda
Antioksidan etki, Staphylococcus aureus, Escherichia coli, Klebsiella pneumoniae, Bacillus
Ranunculus ficaria, megaterium, Salmonella thypii ve Candida albicans’a kars1 en iyi antimikrobiyal
Tibbi bitki. etki (17-20mm) gostermistir. F. verna’nin DPPH radikalinin siipiiriicii etkisinin

artan konsantrasyonlara bagli arttig1 gézlemlenmistir.

1. Introduction

Plants are used in different ways depending on the disease since ancient times and are considered
as natural medicines (Durdevic et al., 2013). Mankind was discovered this healing effect of plants long
ago and continues to use it today (Altay et al., 2015; Ozaslan and Oguzkan, 2018). Especially, with the
increasing number of diseases, side effects of drugs and the lack of adequate response in treatment, the
use of natural medicines of herbal origin is increasing (Dogan and Avci, 2018). Herbal preparations are
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known to have pharmacological effects such as anticancer, antimicrobial, antioxidant, anti-diarrhea,
analgesic and wound healing (Karahan and Ilgim 2008; Karahan et al., 2016; Ozaslan and Oguzkan,
2018; Karahan et al., 2019; ). For this reason, it is very important to examine herbal preparations and to
investigate their medical effects.

Various species belonging to the Ranunculaceae family are used as spices and herbal medicine
(Malik et al., 2017). These species are known to be used in conditions such as cancer, cardiac
dysfunctions, various inflammation and severe hemostasis (Darshan and Doreswamy, 2004; Salem,
2005; Dewick, 2009). In addition, some species of this genus are known to have biological activities
such as antibacterial, antiviral and antiprotozoal (Kaya et al., 2010). Ficaria verna Huds., which belongs
to the Ranunculaceae family, is used in folk medicine for anti-inflammatory and anti-haemorrhagic
effects. Especially, tuberous and dry root parts of the plant are used in treatment (Neag et al., 2017).

In this study, it was aimed to determine the antimicrobial effect of different concentrations of of
the flower and leaf parts of F. verna extracts obtained from methanol, ethanol and chloroform and the
antioxidant activity of different concentrations of the extract obtained from methanol.

2. Materials and Methods
2.1. Obtaining and preparation of plant material

F. verna (syn. Ranunculus ficaria L.) was purchased commercially from a local herbalist in
2020. The taxonomic identification of plant material was determined by using the Flora of Turkey
(Davis, 1965; The Plant List, 2021); it was performed by Prof Dr. Semsettin Civelek who is a systematic-
botanic specialist from Firat University. The plant material was pulverized. 0.5 grams of sample was
taken. Each sample was kept in an orbital shaker at 100 rpm for 72 hours to obtain an extract using 100
ml 96% methanol, ethanol and chloroform solvents. It was then filtered using Whatman filter paper.

2.2. Determination of antimicrobial effect
2.2.1. Test microorganisms

In this study; Staphylococcus aureus ATCC25923, Escherichia coli ATCC25322, Klebsiella
pneumoniae ATCC 700603, Bacillus megaterium DSM32, Salmonella thypii ve Candida albicans
FMC17 microorganisms were used. Microorganism cultures were obtained from Firat University,
Faculty of Science, Department of Biology, Microbiology Laboratory culture collection.

2.2.2. Preparation of microorganism cultures and testing for antimicrobial effect

The antimicrobial activity of extracts of F. verna obtained from ethanol, chloroform and
methanol solvents were determined according to the disk diffusion method (Erecevit Sonmez et al.,
2019). Bacteria strains (Staphylococcus aureus ATCC25923, Escherichia coli ATCC25322, Klebsiella
pneumoniae ATCC 700603, Bacillus megaterium DSM32, Salmonella thypii) were inoculated into
Nutrient Broth (Difco) for 24 hours at 35 + 1°C and yeast strains (Candida albicans FMC17) were
incubated in Malt Extract Broth (Difco) for 48 hours at 25 = 1°C. The culture of the prepared bacteria
and yeast broth, respectively; was inoculated into Miieller Hinton Agar and Sabouraud Dextrose Agar
at a rate of 1% (10° bacteria ml, 10* yeast ml). Then, after shaking well, 25 ml was placed in sterile
petri dishes of 9 cm diameter. A homogeneous distribution of the medium was achieved. 6 mm diameter
antimicrobial discs (Oxoid), each impregnated with different extracts of 100 pl (500 pg) and 200 pl
(1000 pg), were lightly placed on the solidified agar medium. After the petri dishes prepared in this way
were kept at 4°C for 1.5-2 hours, the plates inoculated with bacteria were incubated at 37 & 0.1°C for
24 hours, and the plates inoculated with yeast at 25 + 0.1°C for 72 hours. As controls, different standard
discs were used for bacteria (Streptomycin sulphate 10 pg disc™) and yeasts (Nystatin 30 pg disc™?).
Dimethyl sulfoxide (DMSQ) was used for negative control. Zones of inhibition were measured in mm.
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2.3. Determination of antioxidant effect

Antioxidant activity was determined by the free radical scavenging activity of 2,2-diphenyl-1-
picrylhydrazyl (DPPH) (Sharma and Bhat, 2009; Dimitrova et al., 2010). DPPH solution was prepared
to be 0.004% in methanol. Serial concentrations (1.25, 2.5, 5, 10 mg ml?) of plant extracts were prepared
by dissolving in methanol. 30 ul of plant extract was added on 3 ml of DPPH solution. It was left in the
dark for 30 minutes at room temperature. Then, reading was done at 517 nm in the spectrophotometer.
The antioxidant activity was repeated three times. Butylated hydroxyanisole (BHA) and methanol were
used as controls. The antioxidant activity was calculated by the formula below. AbsControl =
Absorbance of DPPH-methanol solution, AbsSample = Absorbance of plant extract.

% DPPH inhibition = [(AbsControl - AbsSample) / AbsControl] x 100 @
2.4. Statistical analysis

The statistical analysis of the study was made according to the kruskal wallis test.

3. Results

3.1. Antimicrobial effect

Antimicrobial activity results of F. verna extracts obtained from methanol, ethanol and
chloroform against Staphylococcus aureus, Escherichia coli, Klebsiella pneumoniae, Bacillus
megaterium, Salmonella thypii and Candida albicans at different concentrations are given in Table 1.

It was determined that the chloroform extract of F. verna at 500pg and 1000ug concentrations
did not show antimicrobial effect against all the microorganisms used. (Table 1).

While ethanol extract of F. verna at 1000ug concentration was formed the zone 16 mm against
E. coli, 11mm against K. pneumoniae, 14 mm against S. aureus, 10 mm against S. thypii and 14 mm
against C. albicans, it was determined that it did not show an antimicrobial effect at a concentration of
500 pg (Table 1).

It was observed that the methanol extract of F. verna at 1000pg concentration formed an
inhibition zone (17-21 mm) in different ratios against E. coli, K. pneumoniae, S. aureus, S. thypii and C.
albicans however it was determined that it did not show an antimicrobial effect in methanol extract at
500ug concentration (Table 1).

Table 1. Antimicrobial activity of different concentrations of F. verna (mm)

E. coli K. pneumoniae  S. aureus S. thypii C. albicans

R.F-C (500pg) - - - - -

R.F-C (1000pg) - - - - -

R.F-E (500png) - - - - -

R.F-E (1000ug) 16 11 14 10 14

R.F-M (500pg) - - - - -

R.F-M 20 17 21 18 18
(1000ug) 12 10 10 30 12

Control

R.F-C: Chloroform extract of F. verna; R.F-E: Ethanol extract of F. verna; R.F-M: Methanol extract of F. verna.
3.2. Antioxidant effect

The percentage of inhibition of DPPH radical in different concentrations of the methanol extract
of F. verna is shown in Table 2.

According to the results, it was determined that the DPPH radical scavenging effect of the
methanol extract of F. verna increased depend on increasing concentrations (Table 2).
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Table 2. Percent inhibition of the DPPH radical of F. verna

BHA 91.70
MetOH 1.56

1.25 mg mlt 20.90
2.5 mg ml! 42.38
5 mg mit 81.79
10 mg ml+ 95.98

BHT: Butylated hydroxyanisole; MetOH: Methanol.
Values are means +S.D.n:3, p<0.05 importantly dissimilar with Kruskal Wallis’s test.

4. Discussion and Conclusion

In previous studies, the antimicrobial and antioxidant effects of different species of plant extracts
belonging to the Ranunculaceae family were determined. Antimicrobial activities of hexane, ethyl
acetate, methanol and agqueous extract of R. sprunerianus and R. marginatus var. trachycarpus against
some microorganisms were tested. In the results obtained, it was determined that the antimicrobial
effects of these species against S. faecalis, S. aureus, S. epidermidis, B. subtilis, S. typhimurium, P.
aeruginosa, E. aerogenes and E. coli ranged between 128 and 256 pg mL™. (Kaya et al., 2010). It was
reported in studies that the inhibition zones of Ranunculus arvensis obtained by using different solvents
against E. coli, E. aerogenes, B. bronchiseptica, K. pneumoniae, M. luteus and S. anginosus are 7 mm.
It was determined that the same species did not have a significant antifungal effect against A. niger, A.
flavus, A. fumigates, F. solani and Mucor species (Bhatti et al., 2015). When the results of this study
were compared with species such as R. sprunerianus, R. marginatus var. trachycarpus and Ranunculus
arvensis in the literature, it was determined that the antimictobial effect of F. verna is different
depending on the solvents and the microorganisms used. It was observed that the methanol extract of F.
verna has a better antimicrobial effect than chloroform and ethanol extracts.

Antioxidant activities of A. hupehensis, A. spicata, C. europaea, H. foetidus, A. vulparia, T.
altissimus and C. racemosa were determined as 0.325, 0.251, 0.195, 0.172, 0.109, 0.103 and 0.156 TE
g, respectively. Studies were reported that R. ficaria has 80.9% scavenging effect of DPPH radical at
a concentration of 1 mg ml* (Barla et al., 2014). In studies, the scavenging effect of the DPPH radical
of different concentrations (50-500 pug ml?) of the roots of Ranunculus sceleratus was found to be
between 57.50% =+ 2.88 and 21.89% + 0.75 (Serag et al., 2020). The scavenging effect of the DPPH
radical of hexane, ethyl acetate, methanol and aqueous extracts of R. marginatus var. trachycarpus were
found to be 10.50% =+ 0.30, 22.34% + 0.33, 76.58% =+ 0.98 and 45.50% =+ 0.50, respectively. DPPH
radical scavenging effect of R. sprunerianus hexane, ethyl acetate, methanol and aqueous extracts was
found to be 27.60% +0.06, 37.20% +0.09, 85.34% + 0.33 and 61.09% + 0.29, respectively (Kaya et al.,
2010). The 1C50 value of the DPPH radical scavenging effect of R. ficaria extract obtained from
glycerol-ethanol and hydroalcoholic solvents was calculated as 1.9 and 243.4 ul, respectively (Neag et
al., 2017). When the results of this study are compared with A. hupehensis, A. spicata, C. europaea, H.
foetidus, A. vulparia, T. altissimus, C. racemosa, R. sceleratus, R. marginatus var. trachycarpus and R.
sprunerianus, It was determined that the antioxidant effect of F. verna is higher.

In this study, the antimicrobial and antioxidant effects of F.verna were investigated. In the
results obtained, it was found that antimicrobial and antioxidant effects increased depending on the
increase in concentration. As a result, we think that F.verna can be used as an antioxidant and
antimicrobial agent in pharmacological studies.
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Oz: Bu calismada, farkl tiplerde 23 biber genotipinde anter kiiltiirii performansi
belirlenmistir. Cigek tomurcuklariin dezenfeksiyonunda, tomurcuklar 6ncelikle
% 70°lik etil alkolde 30 saniye bekletilmis ve sonrasinda 10 dakika % 15°lik
sodyum hipoklorit ¢ozeltisinde tutulmuslardir. Anterler ilk asamada; 30 g/L
sakkaroz, 2.5 g/L aktif kdmiir, 15 mg/L giimiis nitrat (AgNO3), 4 mg/L 1-
Naphthaleneacetic acid (NAA), 0.5 mg/L 6-Benzylaminopurine (BAP) ve 6.5
g/l agar iceren Murashige and Skoog (MS) besin ortaminda kiiltiire
almmuslardir. Sonrasinda anterler, 30 g/L sakkaroz ve 6.5 g/L agar iceren ve
biiyiimeyi diizenleyici igermeyen MS besin ortamina aktarilmislardir. Elde
edilen embriyolarda, ayni besin ortamina alinmiglardir (ikinci ortama). Anterler,
on uygulama olarak, +35°C’de ve karanlik kosullarda 2 giin siliresince
bekletilmislerdir. Caligma sonuglart degerlendirildiginde, genotiplere gore 100
anter i¢in ortalama embriyo sayilart 0.83 ile 44.44 arasinda degismistir. En
yiiksek oran, FT-509 genotipinde goézlemlenmis ve bu genotipi FT-508 (23.61
embriyo/100 anter), FT-1181 (23.37 embriyo/100 anter) ve FT-905 (22.89
embriyo/100 anter) genotipleri takip etmistir. En diisiik performansi, 0.83 adet
embriyo/100 anter ile FT-1178 genotipi gostermistir. Olusan embriyolarin
tamami, bitkiye doniisebilmistir. Bu nedenle, 100 anter i¢in ortalama bitki
olusturan embriyo sayisit degerleri, 100 anter i¢in ortalama embriyo sayilari ile
ayn1 olmustur. En yiliksek ortalama bitki sayist1 20 adet ile FT-508 no’lu
genotipte gézlemlenmis ve FT-509 (17.5 bitki), FT-1181 (16 bitki), FT-905 (12
bitki), FT-263 (10.5 bitki) ile FT-507 (8.25 bitki) genotipleri tarafindan takip
edilmistir. En diisiik bitki sayist ise 0.5 adet ile FT-1178 no’lu genotipte
kaydedilmistir.
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Abstract: In this study, anther culture performances of 23 pepper genotypes
belonging different types were determined. In disinfection of flower buds, the
buds were first kept in 70% ethyl alcohol for 30 seconds and then were waited
in 15% sodium hypochlorite solution for 10 minutes. The anthers were cultured
in Murashige and Skoog (MS) nutrient medium containing 30 g L™ sucrose, 2.5
g L' activated charcoal, 15 mg L' silver nitrate (AgNO;), 4 mg L' 1-
Naphthaleneacetic acid (NAA), 0.5 mg L' 6-Benzylaminopurine (BAP) and 6.5
¢ L' agar in the first stage. The anthers were then transferred to MS medium
including 30 g L' sucrose and 6.5 g L' agar and without growth regulators. The
embryos obtained were taken to the same nutrient medium (second one). The
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Capsicum annuum, anthers were cultured at +35°C and in dark conditions for 2 days as pre-

Genotype. treatment. When the results of the study were evaluated, average embryo
number per hundred anthers according to the genotypes ranged from 0.83 to
44.44. The highest ratio was observed in the genotype FT-509 and it was
followed by the genotypes FT-508 (23.61 embryos/100 anthers), FT-1181
(23.37 embryos/100 anthers) and FT-905 (22.89 embryos/100 anthers). The
genotype FT-1178 showed the lowest performance with 0.83 embryos/100
anthers. All of the embryos developed could transform into plants. Therefore,
the average embryo number forming plant per 100 anthers was the same with
average embryo number per hundred anthers. The highest average plant number
was observed in the genotype FT-508 with 20 plants and it was followed by the
genotypes FT-509 (17.5 plants), FT-1181 (16 plants), FT-905 (12 plants), FT-
263 (10.5 plants) and FT-507 (8.25 plants). The lowest number of plant was
recorded in the genotype FT-1178 with 0.5 plant.

1. Giris

Anavatam1 Amerika kitas1 olan biber (Ontiirk ve Ciiriik, 2019; Eroglu ve ark., 2020),
Solanaceae familyasi ve Capsicum cinsi igerisinde yer alir. Bir¢ok tiirli barindiran Capsicum cinsinde,
en ¢ok tiiketimi yapilan tiir Capsicum annuum L.’dur. Tirkiye nin 2018 yilinda kapya biber tiretimi 1
128 060 ton, dolmalik tiretimi 397 175 ton, sivri liretimi 930 349 ton, ¢arliston iiretimi ise 99 390 ton
(toplam 2 554 974 ton) iken, 1988 verileri incelendiginde kapya ve ¢arliston i¢in kayith {iretim
bulunamazken, dolmalik iiretim 470 000 ton, sivri iiretim ise 260 000 ton olmustur (TUIK, 2018).
Ortiialti dolmalik biber iiretimi 1996°da 21 870 ton iken, 2018’de 100 253 ton, 1996 yilina kapya
tipinde biber iretimi gergeklestirilmezken 2018’de 136 242 ton, sivri liretimi 1996’da 261 205 ton
iken, 2018’de 282 029 ton, ¢arliston iiretimi 1996’da gerceklestirilmezken, 2018’de 70 645 ton olarak
kaydedilmistir (TUIK, 2018). Diinya taze ve kuru toplam biber iiretiminde 2018 y1li FAO verilerine
gore; ilk siray1 18 506 001 ton ile Cin alirken, Cin’i sirasi ile 3 440 044 ton ile Meksika, 2 569 269 ton
ile Tiirkiye, 2 542 358 ton ile Endonezya, 1 887 679 ton ile Hindistan, 1 281 896 ton ile Ispanya, 818
238 ton ile Nijerya, 776 321 ton ile Misir ve 706 225 ton ile Amerika Birlesik Devletleri izlemektedir.
Sadece taze biber iiretiminde 18 184 711 ton ile yine Cin ilk sirada, 3 379 289 ton ile Meksika ikinci, 2
554 974 ton ile Tiirkiye iigiincii, 2 542 358 ton ile Endonezya dordiincii, 1 275 457 ton ile Ispanya
besinci, 747 367 ton ile Nijerya altinci, 713 752 ton ile Misir yedinci ve 705 790 ile Amerika Birlesik
Devletleri sekizinci sirada yer almaktadir. Sadece kuru biber iiretiminde ise ilk sirada 1 808 011 ton ile
Hindistan yer almaktadir. Hindistan’1 321 290 ton ile Cin, 294 299 ton ile Etiyopya, 247 010 ton ile
Tayland, 148 114 ton ile Pakistan, 141 177 ton ile Banglades ve 130 335 ton ile Myanmar
izlemektedir (FAO, 2018). Tiirkiye toplam taze ve kuru ve ayn1 zamanda sadece taze biber {iretiminde
diinya ti¢linciiliigiinii korumakla beraber, Endonezya’nin ¢ok az bir farkla Tiirkiye’yi takip etmesi de
dikkate deger bir durumdur. Kuru biber iiretiminde ise Hindistan’in ¢ok agik sekilde goriilebilecek
istiinliigii bulunmaktadir.

Sebze 1slahinda doku kiiltiirii yontemlerinden, haploid bitki iiretimini hedefleyen erkek
gametten haploid uyartimi (androgenesis) ve disi gametten haploid uyartimi (ginogenesis) ve
partenogenesis onemli kolayliklar ve zamandan kazanim saglamaktadirlar. Erkek gametten haploid
uyartimi anter kiiltlirii ve mikrospor kiiltiirii; disi gametten haploid uyartimi ise oviil ve ovaryum
kiiltiirinden olusmaktadir. Kromozom eliminasyonu ve eksik veya yetersiz polenle tozlama
yontemleri de haploid bitki tiretimi amagl kullanilmaktadir. Gilinlimiize kadar yapilan ¢aligmalarda,
biberde bu yontemlerden anter kiiltiiriiniin basarili bir sekilde uygulanabildigi goriilmiis ve uygun bir
protokoliin olusturulmasi amaci ile ¢aligmalar devam ettirilmektedir. Biber anter kiiltiirii i¢in, ¢ok
sayida besin ortami bilesimi calisilmis ve basarili protokoller gelistirilmistir (Buyukalaca ve ark.,
2004; Tagkin ve ark., 2011; Ata ve ark., 2019, Shimira ve ark., 2019a). Haploid embriyo olusumunda
basariy1 en fazla etkileyen faktorler; donor bitki, genotip, kiiltiir ortami icerigi, biiylime diizenleyicileri
ve konsantrasyonlari olarak bilinmektedir.

Comlekgioglu ve Ellialtioglu (2018) tarafindan yapilan bir derleme calismasinda, iilkemizde
biberde anter kiiltiirii konusunda yapilan ¢alismalar ayrintili bir sekilde sunulmustur. Tiirkiye’de, 1983
yilinda ve takip eden 37 y1l boyunca biberlerden (Capsicum sp.) haploidlerin elde edilmesi ¢abalarinin
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baslangicindan bu yana, ¢aligmalarin amaci, ¢ogunlukla donér genotiplerin, besin ortami bilesimi ve
katki maddelerinin, biiylime diizenleyicilerin, inkiibasyon kosullarinin, dondr bitki biiylime
kosullarimin ve anterlerin alindigi farkli zamanlarin etkilerine odaklanarak yeni etkili teknikler
gelistirmek olmustur (Comlekgioglu ve Ellialtioglu, 2018). Bu yontemle olusturulan haploid
bitkilerden elde edilen saf hatlar, yeni cesitlerin gelistirilmesinde basariyla kullanilmaktadir
(Comlekeioglu & Ellialtioglu, 2018). Sunulan bu ¢alismanin amaci, 23 farkli biber genotipinde anter
kiiltiiri performansinin belirlenmesidir. Caligmada kullanilan genotipler, 6zel bir firma tarafindan islah
caligmalarinda kullanilmaktadir. Bu genotiplerin androgenesis etkinliklerinin belirlenmesi ve bu
genotiplerden dihaploid bitkilerin elde edilmesi ile 6zel firma tarafindan yiiritiilen 1slah ¢aligmalari
hizlandirilmis olacaktir.

2. Materyal ve Yontem

Calisma 2018-2019 yillar1 arasinda, ARGEERA Bilimsel Arastirma Gelistirme Uretim
Danismanlik San. ve Tic. Ltd. Sti. (Antalya)’nde yuriitilmustiir. Bitkisel materyal olarak, 1slah
caligmalarinda kullanilan ve Gzel firma tarafindan kodlanan (Semillas Fit6, Ispanya) 23 adet biber

genotipi kullanilmigtir. Genotiplerin kodlar ve tipleri Cizelge 1’de sunulmustur.

Cizelge 1. Calismada kullanilan biber genotipleri

Genotip No Tip
FT-263 Sivri
FT-500 Carliston
FT-501 Carliston
FT-507 Carliston
FT-508 Carliston
FT-509 Carliston
FT-900 Kapya
FT-901 Kapya
FT-902 Kapya
FT-903 Kapya
FT-905 Kapya
FT-906 Kapya
FT-907 Kapya
FT-908 Kapya
FT-1173 Dolma
FT-1174 Dolma
FT-1175 Dolma
FT-1178 Dolma
FT-1179 Dolma
FT-1180 Dolma
FT-1181 Dolma
FT-1182 Dolma
FT-1183 Dolma

Genotiplere ait tohumlarin ekimi, 2018 yil1 Agustos ayinda, igerisinde 2 hacim torf ve 1 hacim
perlit bulunan viyollere yapilmistir. Eyliil ay1 igerisinde, 6-7 ger¢ek yaprakli donemde iken fideler, her
genotipden 30 bitki olacak sekilde, 110 x 50 x 50 cm araliklarla plastik seraya dikilmislerdir. Bitki
gelisimi boyunca gerekli bakim islemleri (sulama, giibreleme, budama, hastalik ve zararlilarla
miicadele, yabanci otlarin temizlenmesi vb.) dikkatli bir sekilde uygulanmistir.

Denemelere baglarken anter kiiltiirli icin uygun asama, asetokarmen ile boyama yontemiyle
teyit edilmistir (Keles ve ark., 2015). Sera kosullarinda yetistirilen ve g¢igeklenmeye baslayan
bitkilerden, uygun anter sathasina sahip tomurcuklar, sabahin erken saatlerinde toplanarak, doku
kiiltiirii laboratuvarina getirilmis ve ylizey sterilizasyonuna tabi tutulmuslardir. Bu amagcla
tomurcuklar, steril kabin icerisinde % 70’lik etil alkolde 30 saniye bekletilmis ve steril saf su ile birkag
defa durulanmistir. Sonrasinda 10 dakika siiresince 1-2 damla Tween-20 igeren % 15°1lik sodyum
hipoklorit (NaClO) ¢ozeltisinde tutulmus ve tekrardan birka¢ defa steril saf su ile durulanmiglardir.
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Tomurcuklardan anterlerin alinmasi igin, steril kabinde steril edilmis filtre kagitlar {izerinde, steril
edilmis pens ve bistiiriler ile tomurcuklar agilarak, anterlere zarar verilmeden filamentlerinden
ayrilarak petri kaplarindaki besin ortamlarina yerlestirilmislerdir. Her bir tomurcuktan ¢ikarilan 5-6
adet anter, tek bir petri kabina yerlestirilmistir. Enfeksiyonun 6nlenmesi i¢in petri kaplarinin etrafi
stre¢ film ile sarilmis ve sicaklik 6n uygulamasi i¢in inkiibatore yerlestirilmistir (Tagkin ve ark., 2011).

Temel besin ortami olarak MS (Murashige ve Skoog, 1962) kullanilmistir. Anterler ilk
asamada; 30 g/L sakkaroz + 2.5 g/L aktif komiir + 15 mg/L AgNOs + 4 mg/L NAA + 0.5 mg/L BAP +
6.5 g/L agar iceren MS besin ortaminda kiiltiire alinmiglardir (Shimira ve ark., 2019a). Sonrasinda
anterler, 30 g/L sakkaroz ve 6.5 g/L agar iceren ve biiyiimeyi diizenleyici icermeyen MS besin
ortamina aktarilmiglardir (Shimira ve ark., 2019a). Elde edilen embriyolar da ayni besin ortamina
alinmiglardir (ikinci besin ortami) (Shimira ve ark., 2019a). Petri kaplarina yerlestirilen anterler 6n-
uygulama amaciyla, inkiibatérde +35°C’de ve karanlik kosullarda 2 giin siiresince 6n uygulamaya tabi
tutulmuslardir (Tagkin ve ark., 2011). On uygulamay: takiben petriler, 25+1°C sicaklik, 3600 lux
giiclindeki floresan ile aydinlatilan, 16 saat aydinlik-8 saat karanlik 151k rejimine sahip kiiltlir odasinda
bekletilmislerdir (Tagkin ve ark., 2011).

Koklenen bitkilerin dis ortama adaptasyonlarini saglamak amaciyla, tiiplere sarili stre¢ film
cikarilarak 1 giin, kiiltiir tliplerinin kapaklar1 gevsetilerek 1 giin ve kapaklar tamamen acilarak 1 giin
bekletilmislerdir. Sonrasinda bitkiler tiiplerden uzun pens yardimiyla koklere zarar vermeden
dikkatlice ¢ikarilmis ve kokleri besin ortami kalitilarindan tamamen temizlenene kadar musluk suyu
altinda yikanmistir. Bitkilerin kokleri fungusitli suya daldirilmis, bitkiler steril 2 hacim torf - 1 hacim
perlit karisimi bulunan viyollere-saksilara dikilmis ve ilk sulama fungusitli su ile yapilmistir. Bitkiler
birka¢ hafta siiresince % 90-100 nem igeren algak plastik tiineller igine yerlestirilmis, bitkilerin
bulundugu ortam, yapraklara ve tiinel igine siirekli su piiskiirtilmesi yoluyla nemli tutulmustur.
Tiinellerin ortiileri kademeli olarak agilarak, dis ortama yavas sekilde alismalari saglanmistir (Sekil 1).

Sekil 1. Anter kiiltiiri sonucu gelistirilerek dis kosullara aligtirilan biber bitkileri; dis kosullara
alistirma (A), dis kosullara adapte olup iirlin asamasindaki biber bitkileri (B).

Denemelerde; kiiltiire alinan anter sayisi, embriyo olusturan anter sayisi, kallus olusturan anter
sayis1, embriyo sayist, bitkiye doniisen embriyo sayisi ve gelisen bitki sayilar1 kaydedilmistir.

Embriyo olusturan anter orani; embriyo olusturan anter sayisinin, anter sayisina orani ile
hesaplanmustir.

Kallus olusturan anter orani; kallus olusturan anter sayisinin, anter sayisina orani ile
hesaplanmugtir.

Embriyo orani; embriyo sayisinin, anter sayisina orani ile hesaplanmuistir.
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Bitkiye doniisen embriyo orani; bitkiye doniisen embriyo sayisinin tiim olusan embriyolara
orani ile hesaplanmustir.

Deneme, tesadiif parselleri diizenine gore 4 tekerriirlii, her tekerrlirde 5 petri olacak sekilde
yapilmistir. Hesapla bulunan yilizde degerlere aci transformasyonu uygulandiktan sonra, varyans
analizi yapilmistir. Elde edilen verilerin degerlendirilmesinde, SAS temeli {izerine kurulu JMP 8.1
istatistik paket programi kullanilmistir. Elde edilen sonuglar, % 5 onem diizeyinde LSD testi ile
karsilastirilmigtir.

3. Bulgular

Cizelge 2’de, her bir genotip i¢in anter sayisi, embriyo olusturan anter sayist ve kallus olusturan
anter sayisi 4 tekerriir i¢in tekerriir ortalamasi seklinde verilmistir. Embriyo olusturan anter sayisi
ortalamalari, 5 ile 42.5 arasinda degismistir. Genotiplerde anter sayisi farkli oldugu icin (Cizelge 2),
genotipleri tekerrlirlerin embriyo olusturan anter sayilarinin ortalamalar1 seklinde karsilastirmak,
dogru sonuca yoneltmeyecektir. Bu nedenle, hem embriyo olusturan hem de kallus olusturan anter
sayis1 igin, 100 anter basina embriyo ve kallus olusturan anter sayilar1 hesaplanarak Cizelge 2’de
sunulmustur. Bu agidan, 100 anter basina embriyo olusturan anter sayisi ortalamalari, 9.16 ile 74.52
arasinda degismis, en yiksek deger 74.52 embriyo olusturan anter/100 anter ile FT-1173 no’lu
genotipten elde edilmistir. Bu genotipi, FT-500 (72.91 embriyo olusturan anter/100 anter), FT-501
(71.87 embriyo olusturan anter/100 anter), FT-509 (63.88 embriyo olusturan anter/100 anter), FT-908
(48.96 embriyo olusturan anter/100 anter) ve FT-508 (48.21 embriyo olusturan anter/100 anter) no’lu
genotipleri izlemis, en diisiik deger ise FT-1178 (9.16 embriyo olusturan anter/100 anter) no’lu
genotipten elde edilmistir. Yiiz anter bagina ortalama kallus olusturan anter sayisi agisindan ise,
sonuclar 2.37 ile 45.83 arasinda degismis, FT-902 (45.83 kallus olusturan anter/100 anter) ve FT-903
(39.25 kallus olusturan anter/100 anter) genotiplerinden en yiiksek degerler elde edilmistir. Bu
genotipleri; FT-1175 (21.43 kallus olusturan anter/100 anter), FT-1178 (20.83 kallus olusturan
anter/100 anter), FT-1181 (15.41 kallus olusturan anter/100 anter), FT-1173 (14.85 kallus olusturan
anter/100 anter) ve FT-1180 (14.09 kallus olusturan anter/100 anter) takip etmis, en diisiik performans
ise FT-501 (2.37 kallus olusturan anter/100 anter) no’lu genotipte gbzlemlenmistir.

Cizelge 2. Calismada kullanilan biber genotiplerinin kiiltiire alinan anter, embriyo ve kallus olusturan
anter sayilari

Genotip AS (adet)  EOAS (adet)  EOAS/100 A (%) KOAS (adet)  KOAS/100 A (%)
FT-263 925 20 22.62 fgh (28.40) 4 4.52 bed (12.28)
FT-500 25 18.75 72.91a (58.64) 1.25 5.42 bed (13.46)
FT-501 31.25 20 71.87 a (57.97) 1.5 2.37 d (8.86)
FT-507 475 15 30.06 d-g (33.24) 1.25 3.96 bed (11.48)
FT-508 85 425 48.21bc (43.97) 4.75 6.96 bed (15.30)
FT-509 45 28.75 63.88 ab (53.06) 1.25 6.38 bed (14.63)
FT-900 32.5 11.25 34.61 c-g (36.04) 2.5 8.37 bed (16.82)
FT-901 325 11.25 40.0 cde (39.23) 2.5 13.17 bed (21.28)
FT-902 225 7.5 43.75 cd (41.41) 5 45.83 a (42.61)
FT-903 225 7.75 42.75 cde (40.83) 5 39.25 a (38.79)
FT-905 52.5 225 40.21cde (39.35) 3.75 9.25 bed (17.71)
FT-906 90 19.75 20.68 gh (27.05) 3.25 4.94 bed (12.84)
FT-907 225 8.75 39.37 cde (38.86) 1.25 6.62 bed (14.91)
FT-908 45 225 48.96 be (44.40) 2.5 6.04 bed (14.23)
FT-1173 25 18.75 74.52 a (59.68) 3 14.85 bed (22.67)
FT-1174 40 11.75 27.50 d-g (31.63) 2.5 11.87 bed (20.15)
FT-1175 225 5 19.64 gh (26.31) 2.5 21.43 b (27.58)
FT-1178 45 5 9.16 h (17.62) 7.5 20.83 be (27.16)
FT-1179 325 10 30.62 d-g (33.60) 3.75 13.12 bed (21.24)
FT-1180 375 8.75 21.59 fgh (27.69) 6.25 14.09 bed (22.05)
FT-1181 65 25 37.29 o-f (37.64) 9.25 15.41bed (23.11)
FT-1182 375 10 26.78 efg (31.16) 2.75 7.41bcd (15.80)
FT-1183 62.5 27.5 47.5 be (43.57) 6.75 11.90 bed (20.18)

LSDEoas/100 A***=16.57 LSDxkoas/100 A**=17.43

(1): Ayni siitunda ayr harflerle gosterilen ortalamalar arasindaki istatistiksel farkliliklar 6nemli bulunmustur.
(2): O.D.: Onemli degil; *. P<0.05. **p < 0.01. ***p <0.001°i ifade etmektedir.
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Parantez i¢indeki degerler, ag1 transformasyonu yapilmis degerlerdir.
AS: Anter Sayisi, EOAS: Embriyo Olusturan Anter Sayisi, EOAS/100 A: Embriyo Olusturan Anter Sayisi/100 Anter, KOAS: Kallus
Olusturan Anter Sayisi, KOAS/100 A: Kallus Olusturan Anter Sayisi/100 Anter.

Anter kiiltlirli denemelerinde genotiplerin performanslarinin karsilastirilmasinda, genellikle 100
anter basina hesaplanan embriyo sayisi goz Oniinde bulundurulmaktadir. Bu c¢aligmada da, bu
hesaplamalar yapilarak Cizelge 3’de sunulmustur. Yiiz anter igin ortalama embriyo sayilari, 0.83 ile
44.44 arasinda degismistir (Sekil 2). En yiiksek oran, 44.44 embriyo/100 anter ile FT-509 genotipinde
gozlemlenmis, bu genotip; FT-508 (23.61 embriyo/100 anter), FT-1181 (23.37 embriyo/100 anter),
FT-905 (22.89 embriyo/100 anter), FT-501 (21.67 embriyo/100 anter) ve FT-1179 (20.37 embriyo/100
anter) genotipleri tarafindan takip edilmistir. En diisiik performansi, 0.83 adet embriyo/100 anter ile
FT-1178 genotipi gostermistir. Ortalama bitkiye donlisen embriyo sayisi, 0.5 ile 20 arasinda
degismistir. Olusan embriyolarin tamami bitkiye doniisebilmistir. Bu nedenle, 100 anter i¢in ortalama
bitki olusturan embriyo sayisi degerleri, 100 anter i¢in ortalama embriyo sayilari ile ayni olmustur.
Her genotipte bitki olusturan embriyo sayisi ortalamalar1 agisindan ise, en yiiksek bitki sayisi ortalama
20 adet ile FT-508 no’lu genotipte gézlemlenmis ve FT-509 (17.5 bitki-), FT-1181 (16 bitki), FT-905
(12 bitki), FT-263 (10.5 bitki) ile FT-507 (8.25 bitki) genotipleri tarafindan takip edilmistir. En diisiik
bitki sayisi ise 0.5 adet ile FT-1178 no’lu genotipte gdzlemlenmistir. Gelisen bitki sayis1 ise, 0.5 ile
15.75 arasinda degismistir. En yiiksek performans; FT-508 (15.75 bitki), FT-1181 (14.75 bitki), FT-
509 (12.5 bitki), FT-263 (8.25 bitki) ve FT-908 (7.25 bitki) genotiplerinde kaydedilirken, en diisiik
performansi 0.5 ile FT-902 ve FT-1178 genotipleri gostermistir.

Cizelge 3. Denemede farkli biber genotiplerden anter kiiltiirii yoluyla elde edilen embriyo ve bitki

sayilari
Genotip ES (adet) ES/100 A (%) BDES (adet) GBS (adet)
FT-263 10.5 11.47 efg (19.77) 10.5 8.25
FT-500 2.25 9.37 fg (17.68) 2.25 1.5
FT-501 6 21.67 be (27.61) 6 5
FT-507 8.25 16.52 b-f (23.89) 8.25 6.75
FT-508 20 23.61 b (29.06) 20 15.75
FT-509 17.5 44.44 a (41.8) 17.5 12.5
FT-900 3.5 9.87 fg (18.08) 3.5 3
FT-901 3.75 12.16 efg (20.38) 3.75 2
FT-902 1.5 4.58 h (8.80) 1.5 0.5
FT-903 2.25 12.75 d-g (20.49) 2.25 1.75
FT-905 12 22.89 be (28.56) 12 6.25
FT-906 6.75 7.12 g (15.29) 6.75 4.75
FT-907 2.5 11.66 efg (19.92) 2.5 2.5
FT-908 7.75 17.50 b-¢ (24.70) 7.75 7.25
FT-1173 4 16.19 b-f(23.52) 4 2.75
FT-1174 7.25 18.87 b-e (25.74) 7.25 5.25
FT-1175 1.25 3.57h (7.71) 1.25 0.75
FT-1178 0.5 0.83h (3.71) 0.5 0.5
FT-1179 6.5 20.37 bed (26.80) 6.5 3.75
FT-1180 6.25 15.69 b-f (23.14) 6.25 4
FT-1181 16 23.37 be (28.69) 16 14.75
FT-1182 55 14.82 c-f (22.43) 55 4.25
FT-1183 7.25 11.88 efg (20.15) 7.25 6

LSDgs/100 a***=7.07

(1): Ayni siitunda ayr1 harflerle gosterilen ortalamalar arasindaki istatistiksel farkliliklar 6nemli bulunmustur.

(2): 0.D.: Onemli degil; *. P<0.05. **p < 0.01. ***p < 0.001’i ifade etmektedir.

Parantez i¢indeki degerler, ag1 transformasyonu yapilmis degerlerdir.

ES: Embriyo Sayisi, ES/100 A: Embriyo Sayis1/100 Anter, BDES: Bitkiye Doniisen Embriyo Sayisi, GBS: Gelisen Bitki
Sayis1.
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<5
Sekil 2. Denemede kullanilan bazi biber genotiplerinin anter kiiltiiriine tepkisi; FT-1174 (A), FT-906
(B), FT-1183 (C).

Koleva-Gudeva ve ark. (2007) tarafindan yapilan bir calismada; dokuz biber ¢esidinin
androgenesis tepkisi arastirilmistir. Arastiricilar gesitleri anter kiiltiiriine cevaplar agisindan kendi
aralarinda gruplamiglar; bu baglamda Feferona, Vezena Luta, Sivrija ve Rotund ¢esitleri cevap
vermeyenler; Slatko Luta, Zlaten Medal ve Kurtovska Kapija ¢esitleri zayif cevap verenler; California
Wonder ¢esidi orta-iyi cevap veren ve Féher6zon cesidi ¢ok iyi-miikemmel cevap veren olarak
gruplandirtlmistir. Sunulan bu tez c¢aligmasinda da, 100 anter sayisi basina embriyo agisindan
genotipleri karsilagtirarak, genotipleri kendi ic¢inde degerlendirdigimizde, Cizelge 4’deki gibi bir
gruplama yapilabilir.

Cizelge 4. Denemede kullanilan biber genotiplerinin anter kiiltliri performanslart agisindan
gruplandirilmasi (embriyo sayis1/100 anter igin)

Genotip No Anter Kiiltiirii Performanst Biber Tipi
FT-500 Diisiik (9.37) Carliston
FT-900 Diisiik (9.87) Kapya
FT-902 Diisiik (4.58) Kapya
FT-906 Diisiik (7.12) Kapya
FT-1175 Diisiik (3.57) Dolma
FT-1178 Diisiik (0.83) Dolma
FT-263 Orta (11.47) Sivri
FT-501 Orta (21.67) Carliston
FT-507 Orta (16.52) Carliston
FT-508 Orta (23.61) Carliston
FT-901 Orta (12.16) Kapya
FT-903 Orta (12.75) Kapya
FT-905 Orta (22.89) Kapya
FT-907 Orta (11.66) Kapya
FT-908 Orta (17.50) Kapya
FT-1173 Orta (16.19) Dolma
FT-1174 Orta (18.87) Dolma
FT-1179 Orta (20.37) Dolma
FT-1180 Orta (15.69) Dolma
FT-1181 Orta (23.37) Dolma
FT-1182 Orta (14.82) Dolma
FT-1183 Orta (11.88) Dolma
FT-509 Yiiksek (44.44) Carliston

Bu gruplama genotiplerin kendi aralarinda degerlendirmeleri ile kendimiz tarafindan yapilmistir: 0-10
embriyo/100 anter: Diigiik, 10-30 embriyo/100 anter: Orta, 30-50 embriyo/100 anter: Yiiksek.
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4. Tartisma ve Sonug¢

Biberde anter kiiltiiriine tepkide genotipin en énemli faktorlerden birisi oldugu, gliniimiize kadar
yapilan bir¢ok calisma ile ortaya konulmustur. Comlekcioglu ve ark. (2001) Kahramanmaras ve
Sanliurfa’dan iki lokal biber popiilasyonunun anter kiiltiirinde AgNOs (10 mg/L) etkisini test
etmislerdir. Bu popiilasyonlarin se¢im nedeni, arastiricilarin daha 6nce yapmis olduklar ¢aligsmalarda
cevaplarinin iyi olmamast olmustur. Caligmalarinin sonunda, her iki popiilasyonda da AgNOs’siiz
ortamlarda sonu¢ alamazken, AgNO5’lii ortamlardan sonu¢ almiglardir. Sanliurfa popiilasyonunda,
116 embriyo/100 tomurcuk ve 51.6 normal embriyo/100 tomurcuk sonuglari elde edilirken,
Kahramanmaras popiilasyonunda sonuglar, 35 embriyo/100 tomurcuk ve 35.7 normal embriyo/100
tomurcuk seklinde olmustur. Boyaci (2001) iki hibrid (Sirena Flve Amazon F1) ve li¢ standart biber
¢esidinin (Demre Sivrisi, Bagci Carliston ve Yalova Carliston) anter kiiltiiriinde, farkli besin
ortamlarinin (2,4-D ve kinetinli MS, N, C&R besin ortamlari-aktif komiirlii ve aktif komiirsiiz) etkisini
arastirmigtir. Calisma sonucunda; Demre Sivrisi, Bagc1 Carliston, Yalova Carliston ve Amazon F1
cesitlerinde, sadece kallus olusumu gozlemlenmistir. En yiliksek kallus olusumu, aktif komiir
icermeyen C&R besin ortaminda kaydedilmistir. Kallustan bitki rejenerasyonu, sadece N besin
ortaminda gozlemlenmistir (5 mg/L 2,4-D ve 5 mg/L kinetin). Embriyogenesise en iyi cevap, % 4.4
oran ile N ortaminda (5 mg/L 2,4-D, 5 mg/L kinetin ve % 1 aktif komiir) gerceklesmistir. Sirena F1 ve
Bagc1 Carliston g¢esitlerinden embriyo ve siirgiinler elde edilmis, ancak bunlarin gelisimleri
saglanamamistir. Ellialtioglu ve ark. (2001) tarafindan yapilan calismada, Kahramanmaras biber
popiilasyonunda, aktif komiir ve havug ekstrakti eklenmis iki besin ortami ve iki farkli inkiibasyon
kosulunun, anter kiiltiirii tizerindeki etkisi denenmistir. DDV (Dumas de Vaulx ve ark., 1981) kontrol
ortaminda, % 0.45 cevap veren anter ve embriyo, DDV+aktif kdmiir ortamindan % 1.05 cevap veren
anter ve embriyo, DDV+aktif komiir+havug ekstrakti besin ortamindan % 0.83 cevap veren anter ve %
1.17 embriyo; MS ortaminda ise sadece kontrol besin ortamindan % 0.66 cevap veren anter ve % 0.82
embriyo oranlari ile sonug alinabilmistir. Her iki besin ortaminin da tiim kombinasyonlarinda, 35°C’de
8 giin karanlikta bekletme ve sonra 25°C sicaklia aktarma uygulamasindan sonu¢ alinamamustir.
Yukarida verilen sonuglarin tamami, 29°C’de siirekli bekletme uygulamasindan elde edilmistir.
Buyukalaca ve ark. (2004) tarafindan yapilan bir ¢aligmada, AgNOs’ilin farkli dozlarinin (5, 10, 15 ve
20 mg/L) ve donor bitki yetistirme kosullarinin (agik alan ve sera) anter kiiltiirii iizerindeki etkisi, iki
genotipin (Urfa: U-247 ve U-238) kullanimi ile aragtirllmistir. Calismada en basarili sonuglar, U-247
genotipinin seradan toplanan tomurcuklarmin 15 mg/L AgNO; igeren besin ortamindan elde
edilmistir. Genotiplerde, U-247 genotipinin tiim uygulamalardaki performans ortalamas1 17.5
embriyo/100 anter olurken, U-238 genotipinin performanst 4.9 embriyo/100 anter olarak
kaydedilmistir. Rodeva ve ark. (2004) tarafindan biber anter kiiltiiriinde genotip etkisi arastirilmis ve
bu amagla hatlar, cesitler ve hibridlerin performansi ayri ayri degerlendirilmistir. Alt1 farkli hattin
ortalamasi; % 12.8 cevap veren anter, % 1.38 embriyogenesisle cevap veren, % 10.66 kallus olusumu
ile cevap veren, % 0.04 toplam anter sayisina regenerantlar, % 3.13 direk embriyo sayisina
regenerantlar, alti ¢esidin ortalamasi; % 12.69 cevap veren anter, % 2.29 embriyogenesisle cevap
veren, % 10.36 kallus olusumu ile cevap veren, % 0.21 toplam anter sayisina regenerantlar, % 9.99
direk embriyo sayisina regenerantlar; dort farkli hibridin ortalamasi; % 12.24 cevap veren anter, %
1.39 embriyogenesisle cevap veren, % 10.85 kallus olusumu ile cevap veren seklinde olmustur. Ercan
ve ark. (2006) donor bitki yetistirme sezonunun ve bitki yasmin (kis i¢in Kasim’dan Mayis’a haftalik
kiiltiir, yaz i¢in Nisan’dan Aralik’a haftalik kiiltiir) biber anter kiiltiirli lizerindeki etkisini, Kekova ve
Sera Demre 8 biber ¢esitlerinde arastirmislardir. Kekova ¢esidi; yaz sezonunda 4.97 embriyo/100 anter
ve 2.26 bitki/100 anter, kis sezonunda ise 2.69 embriyo/100 anter ve 1.22 bitki/100 anter
performansini gostermistir. Sera Demre 8 ¢esidinden ise yaz sezonunda 1.49 embriyo/100 anter ile
0.59 bitki/100 anter; kis sezonundan 4.26 embriyo/100 anter ve 1.36 bitki/100 anter sonuglar
alinmigtir. Deneme sonuglari, farkli genotiplerin farkli zamanlarda daha iyi performans gosterdigini
dogrulamisgtir. Calismada kullanilan gesitlerin bir tanesi yaz doneminde, digeri ise kis doneminde daha
basarili olmustur. Caglar ve ark (2004), Kahramanmaras biberlerinde NAA (2.0, 4.0, 6.0 mg/L), 2,4-D
(1.0, 2.0, 3.0, 4.0 mg/L), BAP (0.1, 1.0, 2.0, 3.0 mg/L) ve kinetin (0.1, 1.0, 5.0 mg/L)’in farkl
dozlarini, aktif komiir (% 0.25) ve AgNO; (10 mg/L) ilaveli ve farkli 6n uygulamali (4°C karanlikta,
29°C karanlikta, 35°C karanlikta) 37 adet denemelerinin, 0.1 mg/L. BAP, 4 mg/L. NAA, % 0.25 aktif
komiir ve 10 mg/L. AgNOs; eklenmis MS besin ortami ve 327 adet anterle kurulan kisminda, kallus
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gelisimi olmaksizin, % 2.8 oraninda haploid embriyo gelisimi gozlemlemiglerdir. Caligmada, 327 adet
anterin ti¢ adedinden dokuz adet embriyo gelisimi gdzlemlenmis, embriyo olusturan anter orani 0.92
olmustur. Diger denemelerde ise toplam 2903 anter kullanilmis, bu anterlerden 117 adet kallus
olusturan anter gdzlemlenmis, ancak bu anterlerden embriyo elde edilememistir. Kallus olusturan anter
sayist 4.03 anter/100 anter olmustur. Ercan ve Ayar Sensoy (2011) tarafindan biberin anter kiiltiiriinde
genotip etkisinin arastirildigi c¢alismada; Atris ¢esidinde 0.33 embriyo/100 anter, % 39.10 kallus
olusturan anter sayisi, 0.32 bitki/100 anter; Odesa ¢esidinde 3.01 embriyo/100 anter, % 44.15 kallus
olusturan anter, 0.67 bitki/100 anter; Demre ¢esidinde 1.30 embriyo/100 anter, % 19.48 kallus; DRH-
7118 ¢esidinde 0.73 embriyo/100 anter, % 21.10 kallus olusturan anter; Yaglik biber’de 1.97
embriyo/100 anter, % 39.76 kallus olusturan anter, 0.39 bitki/100 anter; Yalova Carliston’da % 17.31
kallus olusturan anter; Kandil’de % 34.35 kallus olusturan anter; Demre Sivrisi’nde 7.69 embriyo/100
anter, % 19.41 kallus olusturan anter, 2.20 bitki/100 anter; Sirena’da 0.35 embriyo/100 anter, % 29.37
kallus olusturan anter, 0.35 bitki/100 anter; Kekova’da 1.50 embriyo/100 anter, % 33.83 kallus
olusturan, 0.43 bitki/100 anter; Sera-Demre 8’de 2.26 embriyo/100 anter, % 28.51 kallus olusturan
anter, 1.13 bitki/100 anter elde edilmistir. Alremi ve ark. (2014) tarafindan B, 151 ve 171 no’lu biber
genotipleri ile Suriye’de kullanilan Alfajer ¢esidi ve 16 farkli besin ortamu ile yapilan anter kiiltiirii
calismasinda, Alfajer biber ¢esidinde 1.32 embriyo/100 anter, 0.90 bitki/100 anter; B biber
genotipinde 1.33 embriyo/100 anter, 1.26 bitki/100 anter; 171 no’lu biber genotipinde 0.24
embriyo/100 anter, 0.16 bitki/100 anter ve 151 no’lu biber genotipinde 0.57 embriyo/100 anter ile 0.42
bitki/100 anter gozlemlenmistir. Olszewska ve ark. (2014) farkli biber ¢esit ve genotipleri, bunlarin
F1’leri, farkli hatlar, farkli biber tiirleri (C. baccatum, C. chinense, C. frutescens), farkl tiirlerin
melezlenmesiyle olusan F1’ler ve dihaploid hatlarda anter kiiltiiri denemeleri yapmislar ve degisken
sonuglar elde etmislerdir. Bu denemeler esnasinda, farkli kinetin dozlar1t ve anterlerin farkli
inkiibasyon siireleri de test edilmistir. Farkl tiirlerden sadece C. frutescens’de 16 giin inkiibasyonda
0.1 mg/L kinetinde % 1.54, 0.3 mg/L kinetinde ise % 0.77 oraninda basar1 elde etmislerdir. En yliksek
sonuglar, 16 giin inkiibasyon 0.1 mg/L kinetinde AC7 dihaploid hattinda % 6.15 olarak ve takibinde
16 giin inkiibasyonda 0.1 mg/L kinetinde F1 (ATZ x PO) bitkilerinde % 4.62 olarak tespit edilmistir.
Ozsan & Onus (2017), dort farkli biber g¢esidinin anter kiiltiiriinde, vitamin B bilesiklerinin etkisini
aragtirmiglardir. Caligmalarinda denenen alti farkli besin ortaminda, Belissa g¢esidinde 3.73
embriyo/100 anter, 2.67 bitki/100 anter, 7.66 kallus olusturan anter/100 anter; Benino ¢esidinde 1.15
embriyo/100 anter, 0.39 bitki/100 anter, 0 kallus olusturan anter/100 anter; Kanyon ¢esidinde 0.19
embriyo/100 anter, 0.19 bitki/100 anter, 0.38 kallus olusturan anter/100 anter ve Filinta ¢esidinde 0.16
embriyo/100 anter, 0.17 bitki/100 anter, 0 kallus olusturan anter/100 anter kaydetmislerdir. Calisma
sonucunda, farkli vitamin B bilesiklerinin androgenesisi olumlu etkiledigini tespit etmislerdir. Ozsan
& Onus (2018), dort farkli biber cesidi ve 12 farkli besin ortami kombinasyonu kullanarak, anter
kiiltiiri ¢aligmas1 yapmislardir. Temel besin ortami olarak MS ve Gamborg B5’i kullanmislar ve ayni
zamanda glutamin etkisini de test etmislerdir. Calisma sonucunda, Erciyes ve Filinta g¢esidinde
embriyo elde edilememis; Belissa c¢esidinde 34.46 embriyo/100 anter, 0.58 bitki/100 anter ve
Ergenekon ¢esidinde 30.0 embriyo/100 anter ile 0.61 bitki/100 anter kaydedilmistir. Gelisen anter
ylizdesi ise Erciyes cesidinde % 57.10, Belissa cesidinde 42.79, Filinta ¢esidinde % 70.74 ve
Ergenekon ¢esidinde % 58.69 olmustur. Glutaminin androgenesis iizerinde olumlu bir etkiye sahip
oldugu da gozlemlenmistir. Ata ve ark. (2019) tarafindan ii¢ biber genotipi, bir ¢esidi ve iki farkli
besin ortaminda bir sene siiresince her ay tekrarlanan anter kiiltiirii galismasinda, Inan3363 ¢esidinden
22.14 embriyo/100 anter, 12.17 embriyo olusturan anter/100 anter; genotip 277A’dan 10.01
embriyo/100 anter, 5.30 embriyo olusturan anter/100 anter, genotip 195’de 4.29 embriyo/100 anter,
2.13 embriyo olusturan anter/100 anter ve genotip 421°de 1.40 embriyo/100 anter ile 1.19 embriyo
olusturan anter/100 anter elde etmislerdir. Shimira ve ark. (2019b), Ruanda’dan temin edilen Pili-Pili
(C. chinense) gesidinin anter kiiltlirii performansini, bir Tirk genotipi (A111) ve gesidi (Inan 3363) ile
karsilastirmali olarak degerlendirmislerdir (iki Tiirk materyali, C. annuum’a aittir). ki Tiirk
genotipinden, Inan 3363 ¢esidinde 19.4 embriyo/100 anter kaydedilirken, A111 genotipinden 4.46
embriyo/100 anter tespit edilmistir. Ata ve ark. (2019)’nin ¢alismasinda da Inan 3363 ¢esidinin anter
kiiltiirii performansi arastirtlmig ve iki farkli besin ortaminin ve 12 ay deneme tekrarinin ortalamasi
22.14 embriyo/100 anter olmustur. Ancak bu ¢esit bazi ay ve besin ortamlarinda, % 60’1n iizerinde de
performans gostermistir. Shimira ve ark. (2019b)’nin arastirmasinda Inan 3363 c¢esidinin segilmesi
nedeni, Ata ve ark. (2019)’nin denemelerinde yiiksek performans gostermesi olmustur. Shimira ve ark.
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(2019a) tarafindan yapilan ve 2 farkli nematoda dayanikli olarak tespit edilen biber genotipinin anter
kiiltiiriine  tepkisinin belirlenmesinin hedeflendigi ¢alismada; Alata 2095 genotipinde 45.51
embriyo/100 anter, 39.04 bitki/100 anter ve Alata 2096 genotipinde 2.25 embriyo/100 anter, 1.97
bitki/100 anter kaydedilmistir. Tiim bu galigmalarda agikga goriilebildigi gibi, biberde anter kiiltiiriinde
genotip etkisi yiiksektir. Bazi genotiplerin, ayni besin ortaminda ve ayni kosullarda anter kiiltiiriine
tepkisi olumlu olurken, baz1 genotiplerinki zayif kalabilmektedir. Tepkisi zayif olan genotipler, farkli
dozlardaki biiylimeyi diizenleyicilerle desteklenmis besin ortamlarinda veya farkli zamanlarda
(sezonlarda) kiiltiire alindiginda veya farkli 6n uygulamalara maruz birakildiginda (Ata ve ark., 2019)
performanslari yiikselebilmektedir. Ornegin, sicak kosullara adapte genotipler, Temmuz-Agustos gibi
sicak aylarda (normalde Akdeniz iklim kusag iilkeleri igin tavsiye edilmeyen donemler)
androgenesise yiiksek tepki verebilmekte ya da soguga dayanikli genotipler, normalde ¢ogu genotipten
tepki alinmayan Aralik-Ocak gibi soguk aylarda yiiksek performas (Ata ve ark., 2019)
gosterebilmektedir. Biiylimeyi diizenleyicilerin tipi ve konsanstrasyonu da, kiiltiir sezonuna veya
genotipe gore degisebilmektedir (Ata, 2011). Sunulan bu ¢alismada da genotiplerin anter kiiltiiriine
cevabr agisindan, dénemli farkliliklar goriilmiistiir (Cizelge 3). Istatistiksel analizler, sadece anter
kiiltiiriine tepkiyi karsilastirmada en belirleyici hesaplama yontemi olan, tekerriir ortalamasi embriyo
say1s1/100 anter degerlerine uygulanmistir. Bitki sayilar1 da, karsilagtirmada onemli bir faktordiir. Bu
calismada, embriyo sayisi ile bitki sayilart aymi oldugu igin, istatistiksel analizler ayrica bitki
sayilarina uygulanmamistir. FT-509 no’lu genotip, diger genotiplere nazaran 6nemli derecede yliksek
performas gosterirken, FT-1178 androgenesise en diisiik cevabi vermistir.

Koleva-Gudeva ve ark. (2007) tarafindan yapilan bir ¢aligmada; dokuz biber c¢esidinin
androgenesis tepkisi aragtirllmistir. Feferona, Slatko Luta, Vezena Luta, Sivrija, Zlaten Medal,
Kurtovska Kapija, California Wonder, Rotund ve Féher6zon cesitlerinden; Feferona, Vezena Luta,
Sivrija ve Rotund ¢esitleri anter kiiltiiriine tepki vermemis; Slatko Luta ¢esidi % 2.43 embriyogenik
anter ve 3.33 embriyo/100 anter, Zlaten Medal ¢esidi % 3.31 embriyogenik anter ve 3.66 embriyo/100
anter, Kurtovska Kapija g¢esidi % 1.55 embriyogenik anter ve 2.66 embriyo/100 anter, California
Wonder cesidi % 6.16 embriyogenik anter ve 5.66 embriyo/100 anter ve Féher6zon ¢esidi % 33.66
embriyogenik anter ve 55.36 embriyo/100 anter oranlarinda tepki vermislerdir. Arastiricilar ¢esitleri
anter kiiltiiriine cevaplar1 acisindan kendi aralarinda gruplamiglar; bu baglamda Feferona, Vezena
Luta, Sivrija ve Rotund cesitleri cevap vermeyenler; Slatko Luta, Zlaten Medal ve Kurtovska Kapija
cesitleri zayif cevap verenler; California Wonder ¢esidi orta-iyi cevap veren ve Féher6zon cesidi ¢ok
iyi-mitkemmel cevap veren olarak gruplandirilmistir. Buna benzer sekilde sunulan bu ¢alismada da;
FT-509 no’lu genotipin anter kiiltiirii performanst 44.44 embriyo/100 anter ile yiiksek; FT-508, FT-
1181, FT-905, FT-501, FT-1179, FT-1174, FT-908, FT-507, FT-1173, FT-1180, FT-1182, FT-903,
FT-901, FT-1183 FT-907 ve FT-263 genotiplerinin anter kiiltliiri performans: 11.47-23.61
embriyo/100 anter ile orta; FT-900, FT-500, FT-906, FT-902, FT-1175 ve FT-1178 genotiplerinin
performansi 0.83-9.87 embriyo/100 anter ile diisiik olarak belirlenmistir (Cizelge 4).

Niklas-Novak ve ark. (2012) (‘ATZ1’ x “TG’) F2 hibridinin 20 adet bitkisinin, bireysel olarak
anter kiltlirii performanslarin1 degerlendirmislerdir. Calismadan elde edilen sonuclar, 0.5 ile 16.5
embriyo/100 anter arasinda degismis, ortalama 3.53 embriyo/100 anter olmustur. Bu calisma, anter
kiiltiirline cevabin genotipin yani sira, ayni genotip igerisindeki bitkilerde bile degisken oldugunu
gostermektedir.

Sonuglar 6zetlenecek olursa, FT-509 no’lu genotip, 44.44 embriyo/100 anter ile en yiiksek
performansi gostermistir. FT-509 no’lu genotipe anter kiiltlirline cevap agisindan en yakin olan FT-
508’in 23.61 embriyo/100 anter olan tepkisi ile kiyaslanacak olursa, denenen 23 genotip igerinde FT-
509 no’lu genotipin kendisine en yakin olan genotipin bile neredeyse iki kat1 degerinde performans
gosterdigi agikga goriilmektedir. FT-1178 genotipi, 0.83 embriyo/100 anter ile androgenesise en diisiik
tepkiyi vermistir. Bu genotipin gergekten anter kiiltlirline tepki agisindan inatgt olup olmadigini
gorebilmek i¢in, farkli besin ortamlar1 ve farkli biiylimeyi diizenleyici konsantrasyonlari ile denemeler
yapilabilir. FT-1175 (3.57 embriyo/100 anter), FT-902 (4.58 embriyo/100 anter), FT-906 (7.12
embriyo/100 anter), FT-500 (9.37 embriyo/100 anter) ve FT-900 (9.87 embriyo/100 anter) genotipleri
de, diger genotiplere gore diisiik performas gostermislerdir. Ancak FT-1178 ile karsilastirildiginda, bu
genotiplerin en diisiik degerini veren FT-1175 bile, FT-1178’in ii¢ katindan fazla embriyo iiretmistir.
Bu calismada kullanilan genotiplerin androgenesis etkinliklerinin belirlenmesi ve bu genotiplerden
dihaploid bitkilerin elde edilmesi ile 6zel firma tarafindan yiiriitiilen 1slah ¢aligmalar1 hizlandirilmastir.
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Biberde, anter kiiltiiriine genotiplerin tepkisi degisken olmaktadir. Bu degiskenlikte genotiplerin
genetik yapilari, dondr bitki yetistirilme kosullari, yetistiricilik sezonu, besin ortami ve besin ortamina
ilave edilen biiylimeyi diizenleyicilerin tipi ve konsantrasyonu gibi faktorler etkili olmaktadir. Bazi
genotiplerin, bazi besin ortami ve yetistiricilik sezonlarinda androgenesise cevabi diisiik olurken, farkl
besin ortami ve donemlerde performas yiikselebilmektedir. Bu nedenle, sunulan bu ¢alismada anter
kiiltiiriine cevab1 diisiik olarak tespit edilen genotiplerin, farkli besin ortamlarinda da denenmesi
oOnerilebilir. Benzer sekilde sezon etkisinin olup olmadigmin anlasilabilmesi i¢in, genotiplerin yiiksek
sicakliga/diisiik sicakliga tolerans/hassaslik durumlari kontrol edilerek, daha uygun kiiltiire alma
zamanlari kontrol edilebilir.
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Abstract: This study was carried out between 2017-2018 and goji berry (Lycium
barbarum L.) varieties were propagated with cuttings. In this study, the effects of
cutting take time and indole-3-butryic acid (IBA) doses on rooting, shooting, root
and shoot characteristics were investigated. Cuttings collected from Damaye and
NQ7 goji berry cultivars grown in Karkin Village of Aksaray Province from the
year of 2015. Cuttings collected at 4 different times (August-15, October-15,
December-15 and February-15) and applied with 4 different IBA doses (0, 500,
1000 and 2000 ppm). They planted in trays with perlite medium under misting and
bottom heating for rooting. The study planned with three replication and 25 cuttings
for each replication under randomised complate block design under greenhouse.
Cuttings were mowed after two months and alive cutting rate (%), rooting rate (%),
transplantation and sapling rate (%) were determined. The highest rooting rate
(88.00%) obtained from Damaye cuttings taken in August and 1000 ppm IBA dose
applied. Damaye cuttings rooted good than NQ7 and August is the best cutting time
and 1000 ppm IBA is the best application for all investigated characteristics.
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Oz: Bu calisma 2017-2018 yillar1 arasinda yapilmis ve goji berry (Lycium
barbarum L.) gesitleri celik ile ¢ogaltilmistir. Caligmada, ¢elik alma zamani ve
Indole-3-biitrik asit (IBA) dozlarmin goji berry ¢eliklerinde kdklenme ve fidan
randimam (%) iizerine etkileri belirlenmistir. Denemede, Aksaray ili Karkin
Koyti'nde yetistirilen 3 yasindaki Damaye ve NQ7 goji berry ¢esitlerinden 4 farkl
zamanda (Agustos-15, Ekim-15, Aralik-15 ve Subat-15) alinan ¢eliklere 4 farkl
IBA dozu (0, 500, 1000 ve 2000 ppm) uygulanmis ve alttan 1sitmali tavalardaki
perlit igine dikilerek mistleme sulama sistemi altindaki yiiksek tiinelde
koklendirilmislerdir. Tesadiif bloklar1 deneme desenine gore 3 tekerriirlii olarak
kurulan denemede her tekerriirde 25 Celik kullanilmistir. Celikler dikimden iki ay
sonra sokiilerek canlt Celik orani (%), kdklenme orani (%), sasirtilan ¢elik orani
(%) ve fidan randiman1 (%) degerleri tespit edilmistir. En yiiksek kdklenme orani
(% 88.00) Agustos ayinda alman ve 1000 ppm IBA uygulanan Damaye goji berry
cesidi celiklerinden elde edilmistir. incelenen tiim 6zellikler bakimindan Damaye
¢esidi gelikleri NQ7 ¢esidi Celiklerinden daha yiiksek degerler verirken ¢elik alma
zamani bakimindan Agustos ayinda alinan ¢eliklerin, IBA dozu bakimindan ise
1000 ppm dozunun en yiiksek sonuglar1 verdigi saptanmistir.
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1. Introduction

Goji berry or wolf berry is an alternative and super foods with its antioxidant rich healthy berries.
Gojiberry (Lycium barbarum) included in the Solanaceae tfamily and have shrubby plant with red
colored and soft fruits. Goji berries are generally consumed as dried fruit and used to flavor or color
agent for chocolate, cake, desserts, salads, muesli and cosmetics (Potterat, 2010; Amagase et al., 2011,
Celik and Yayla Cetin, 2017). Fadiloglu and Coban stated that goji berry acted as a natural antioxidant
and retarded lipid oxidation of common carp sausages during 28 days of storage. Goji berry can be
propagated by cuttings or seed. It has been tried to determine how the most ideal plants can be produced
from seeds taken from goji berries with a study by Yilmaz and Kinay (2013). Feng et al. (2000)
propagated the Lycium chinense types with cutting and found that green wood cuttings were not rooting,
and that treatment of semi-wood or lignified hard wood cuttings with 200 ppm NAA or IBA for 0.5-1.0
hours positively affected rooting. Alsup et al. (2004) stated that auxin application increased the rooting
rate but also decreased the root length, and that different doses and times of cutting should be tried. As
a matter of fact, Yilmaz and Yildiz (2020), who propagated some bush-type plants with cuttings, also
found that the rooting in the cuttings they applied with 2000-8000 ppm IBA had a different effect on the
species. They also determined that the effects of IBA doses on the rooting of cuttings taken at different
times were also different. Demchak (2014), stating that goji berries are propagated as seeds or
vegetatively. They stated that the plants obtained from the seed may differ in terms of phenological,
morphological and fruit characteristics, and the types or varieties should be propagated by cuttings.
Asanica et al. (2016), who propagated Lycium barbarum and Lycium chinense types with hard wood
cuttings, found that the cutting thickness positively affected shoot length and root volume, increased
peat root quality, Razormin and 1500 ppm IBA doses gave good results. Lonnee et al. (2011) stated that
the cuttings of plants in shrubs are well rooted in perlite and peat (3:1 v/v) medium, appropriate moisture
content, excessive water retention and bottom heating (21-25°C) in the rooting environment. It also
stated that leafy cuttings taking in spring and summer can be rooted easily under the misting system.
Goji berry was successfully propagated using semi-hardwood cuttings and the propagation coefficient
was higher than that for hardwood cuttings. Preplanting treatment with IBA or NAA at 150, 250 or 500
p.p-m. promoted rooting, the rooting percentage being 84-96% compared with 0-5% for the control. The
season of cutting preparation had little effect on rooting. When transplanted into the open field, more
than 85% of the rooted cuttings survived and became established (Shen and Chen, 1990). Hartmann et
al. (2014) stated that rooting is much better in reproducing the species with green leafy or semi-hard
wood leafy cuttings taken from ornamentals compared to deciduous species and 1000-3000 ppm IBA
application also positively affects rooting. Beyl et al. (2015) stated that the injuries to the bottom of the
cuttings and etiolation are also effective on rooting, and they found that these applications accelerate
rooting and the cuttings form roots more easily. On the other hand, it has been revealed by the same
researchers that rooting will not occur without IBA application in species that are difficult to rooting
and etiolation has more effect on rooting than wounding. Beyl et al. (2015), who determined that the
auxin group hormones that encourage rooting, the cutting type and the cutting take time and the age of
the mother plant are also significant in the reproduction of bush plants such as ornamentals. Beyl et al.
(2015) stated that the best rooting medium is 3-4 parts perlite and 1 part of peat or peat and vermiculite
mixture.

In this study, the effects of the cutting taking time and IBA doses on propagating the goji berries,
which promises an important future for our country's economy and human health, were investigated.
For this purpose, the effects on the rooting of the cuttings were determined by using four different IBA
doses (0, 500, 1000 and 2000 ppm) from the cuttings taken in four different times from 15 August to 15
February.

2. Material and Methods
2.1. Plant Materials
In this study, hard-wood or leafy semi-hardwood cuttings of 15-20 cm length and 1 cm diameter

taken from 3-year-old NQ7 and Damaye goji berry varieties grown in Aksaray Province, Kargin Village
were used as plant material. Goji berry is one of the fruits with the highest nutritional value and was
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used as a food source and medicine locally in East Asian countries. It has become a functional food that
continues to increase in popularity in North America and Europe (Potterat, 2010). Goji berry is a
common name given to Lycium barbarum, Lycium chinense and Lycium ruthenicum species belonging
to the genus Lycium in the Solanacea family (Wang et al., 2015). Plants belonging to the Lycium genus
are generally in the form of a thorny bush and grow up to 1-4 m. Goji berry is a deciduous perennial
shrub with a developed root system. Moreover, it is highly resistant to many climatic and environmental
conditions due to its high tolerance to stress factors such as salty and alkaline soil (Wei et al., 2006).
The leaves are gray-green in color, small, narrow and fleshy, arranged in alternating or fascicular forms.
Flowers come out of the stem singly or in clusters. Funnel or bell-shaped petals; It can be in white, green
and purple colors. Fruits containing several or more seeds inside are two-part, 2 cm long, generally
fleshy and juicy, and are red, orange, yellow or black (Bryan et al., 2008). Its fruits are bitter or sweet
and it is estimated that the original habitat of L. barbarum could be the Mediterranean basin. While
Lycium species produces fleshy fruit containing more than 10 seeds, some American varieties produce
hard fruit with 2 seeds (Levin et al., 2005; Potterat, 2010).

2.2. Methods

Cuttings were taken in 4 different times (August-15, October-15, December-15 and February-
15) and applied with Indole-3 butryic acid (IBA) doses (0, 500, 1000 and 2000 ppm) and rooted in
perlite in bottom heated (24°C) trays. In the cuttings planted in the perlite medium in the trays
established in the polyethylene covered high tunnel and under the automatic controlled misting irrigation
system. The ambient humidity was kept above 70% and the temperature above 22°C, and the greenhouse
was taken under control with ventilation and shading applications. In the cuttings removed three months
after planting date, alive cuttings and rooting rate (%) and transplanted rooted cuttings rate (%)
determined. Rooted cuttings transplanted in to the pots and grown under greenhouse conditions at the
end of the vegetation periods and sapling rate (%) measurements were also determined (Figure 1 and 2).

The goji berry cuttings taken for rooting in perlite environment in bottom heated trays in the
plastic greenhouse were removed two months after the planting date and the following measurements
and observations were made. The rooted cuttings were taken to grow in the greenhouse environment by
planting in the sapling bags.

« Alive cutting ratio (%): 1t is determined as the ratio of alive cutting in each recurrence to the total
number of the cutting.

. Rooting rate (%): It was determined as the ratio of the rooting cuttings in each repeat to the total
number of the cuttings.

« Transplanted cuttings ratio (%): It was determined as the ratio of the number of the cuttings to
the total number of cuttings among the cuttings in each repetition two months after the planting
date.

« Sapling Ratio (%): 1t was determined as the ratio of the total number of living plants to the total
number of transplanted plants six months after the transplanting procedure.

2.3. Statistical Analyses

In the experiment, which was established in a polyethylene covered high tunnel with 3
replications according to the randomized blocks design, 25 cuttings were used for each replication. Data
as percent obtained from the experiment, transformed by using arcsinVx transformation and the
statistical analyzes were made on these transformed data. The data obtained from the experiment were
subjected to variance analysis using the SPSS program (SPSS, 2017), and the differences between the
averages were evaluated at the level of 1% with Duncan Multiple Range Test.
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Figure 1. Collecting the goji berry shoots, preparation the cuttings and planting them into the perlite
medium with bottom heated trays under high tunnel environment.

Figure 2. Removing the rooted and shooted goji berry cuttings from the benches and taking observations
and measurements.

3. Results and Discussion

Goji berry could be propagated by cuttings for clonal sapling production and genetic stability.
In the presented study the changes according to the cutting time, IBA dose and goji berry cultivars
interaction of alive cuttings, rooting, transplanted rooted cuttings and sapling rates (%) in goji berry
(Lycium barbarum L.) cuttings taken at different times and treated with different doses of IBA given in
Table 1. It was determined that the alive cutting ratio (100.00%), rooting and transplanted rooted cuttings
ratio (88.00) and sapling rate (82.67%) were found to be the highest in the cuttings taken from Damaye
goji berry variety in August and applied 1000 ppm IBA dose. On the other hand, it was determined that
the rate of alive cutting in Damaye variety, which was taken in December and applied with 2000 ppm
IBA dose, remained at the lowest level with 2.67%, in this application there was no rooting and the
sapling ratio was 0.00% (Table 1). This situation was similar for cuttings collected from the NQ7 variety
in December.

According to the interaction of variety and cutting time, survival rate (90.33%), rooting and
transplanting rate (67.00%) and sapling rate (47.00%) were the highest in cuttings taken from Damaye
goji berry variety in August. On the other hand, survival, rooting, transplanted and sapling rate were the
lowest with 23.67%, 1.50%, 3.00% and 0.67%, respectively in cuttings taken in December from NQ7
variety (Table 2).

Considering the variety and IBA doses, it was revealed that cuttings obtained from Damaye
variety with 1000 ppm IBA dose gave the highest values with survival rate (62.67%), rooting and
transplanted rooted cuttings ratio (34.67%) and sapling rate (29.33%). On the other hand, the survival
rate (45.33%) in the cuttings belonging to the NQ7 variety applied with 2000 ppm IBA dose was the
lowest, while the control cuttings of the same variety did not have any IBA in terms of rooting (9.83%),
transplanted cutting (11.33%) and seedling rate (4.33%). It has also been found to give the lowest values
(Table 3).

According to the cutting time and IBA dose interaction, it was determined that August x 1000
ppm IBA application gave the highest values with the ratio of surviving cuttings (90.67%), rooting and
transplanted cuttings ratio (70.67%) and sapling rate (59.33%). On the other hand, it was determined
that December x 2000 ppm IBA application gave the lowest alive cutting rate with 9.33%, these cuttings
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were not rooted and the seedling rate was 0.00% (Table 4). Shen & Chen (1990) stated that pre-
planting treatment with IBA or NAA at 150, 250 or 500 p.p.m. on green-wood cuttings of goji berry,
promoted rooting, the rooting percentage being 84-96% compared with 0-5% for the control. Our
findings are lower than these results and that affected from the cutting time, type and cultivars.

The survival, rooting and seedling rate of cuttings are also different according to the varieties,
and the survival rate (54.25%), rooting rate (23.17%) and seedling rate (15.17%) of the cuttings
belonging to the Damaye variety are better than NQ7 variety cuttings (52.08%, 15.50% and 7.42%,
respectively) (Figure 3.) It was determined that August cuttings reached much higher values than other
times in terms of all properties examined for cutting taking time. It was revealed that the cuttings
purchased in the following months gave lower values in terms of all properties and the values especially
in the cuttings purchased in December reached the lowest values (Figure 4). According to this, while
81.50% of the August cuttings remained alive during the trial, 52.83% of them were rooted and after all
the rooting cuttings were transplanted, 35.01% of them turned into saplings at the end of vegetation
period.

Table 1. Variation of alive cuttings ratio (%), rooting rate (%), transplanted cuttings ratio (%) and sapling
ratio (%) of goji berry cuttings taken from different varieties at different times and treated with
different concentrations of IBA

Cultivar Cutting Time  IBA Alive Cutting Rooting Rate Transplanted Sapling
Ratio (%) (%) cuttings ratio (%) Ratio (%)
0 90.67 b* 49.33cd 49.33 cd* 24.00 cde
August 500 90.67 b 72.00 b 72.00 b 48.00 b
1000 100.00 a 88.00 a 88.00 a 82.67a
2000 80.00 b-e 58.67 be 58.67 be 33.33 be
0 37.33 gk 0.00j 0.00j 0.00 1
October 500 50.67 fgh 18.67 ef 18.67 ef 9.33 efg
1000 86.67 bc 40.00 cd 40.00 cd 32.00 bed
2000 66.67 def 10.67 fgh 10.67 fgh 2.67 ghi
Damaye 0 32.00 h-1 0.00 j 0.00 j 0.00 i
December 500 30.67 h-1 5.33 hij 533 hi 1331
1000 24.00 jk1 533 g+ 533 g+ 0.00 1
2000 2.67m 0.00j 0.00j 0.001
0 50.67 fgh 5.33 g+ 5.33 g+ 4.00 f-i
February 500 26.67 i-1 533 f-i 533 f-i 0.001
1000 40.00 g-k 533 f-i 533 f-i 2.67 ghi
2000 58.67 efg 6.67 f-i 6.67 gi 2.67ghi
0 58.67 efg 12.00 fgh 12.00 fgh 9.33 efg
August 500 58.67 c-f 32.00 de 32.00 de 13.33 def
1000 60.00 bed 5333 ¢ 5333 ¢ 36.00 be
2000 42.67 b-e 57.33 be 57.33 be 33.33 bed
0 24.00 efg 8.00 f-i 8.00 f-i 533 f-i
October 500 22.67 efg 12.00 fgh 12.00 fgh 6.67 fgh
1000 32.00 d-g 2.671j 2.671j 2.67 ghi
2000 16.00 g-j 9.33 f-i 9.33 f-i 2.67 ghi
NQ7 0 69.33 jkl 3.33 hij 9.33 hij 2.67 ghi
December 500 68.00 k1 2.67 hij 2.67 hij 0.00 1
1000 48.00 h-1 0.00j 0.00j 0.00 1
2000 16.001 0.00j 0.00j 0.001i
0 69.33 def 16.00 fg 16.00 fg 0.00 1
February 500 68.00 def 14.67 fg 14.67 fg 5.33f-
1000 48.00 f-i 9.33 f-i 9.33 f-i 1.331
2000 42.7 g-j 9.33 f-i 9.33 f-i 0.00 i

* There is no difference according to 1% between the averages in the same column and marked with the same letter.
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Table 2. The variation of alive cuttings ratio (%), rooting rate (%), transplanted cuttings ratio (%) and
sapling ratio (%) of goji berry cuttings according to cultivar and cutting taking time interaction

Cultivar Cutting Alive Cutting Rooting Transplanted Cuttings Sapling Ratio (%)
Time Ratio (%) Rate (%) Ratio (%)
August 90.33 a* 67.00 a* 67.00 a* 47.00 a*

Damaye October 60.33 be 17.33 ¢ 1733 ¢ 11.00 ¢
December 2233 e 2.68d 2.67d 0.33d
February 44.00d 5.68¢ 5.67 ¢ 2.33d
August 72.67b 38.69b 38.67b 23.00b

NQ7 October 55.00 cd 8.00 ¢ 8.00 c 433cd
December 23.67 ¢ 1.50d 3.00d 0.67d
February 57.00 cd 12.33 ¢ 12.33 ¢ 1.67d

*There is no difference according to 1% between the averages in the same column and marked with the same letter.

Table 3. The variation of alive cuttings ratio (%), rooting rate (%), transplanted cuttings ratio (%) and
sapling ratio (%) of goji berry cuttings according to cultivar and IBA concentration interaction

Cultivar Cutting Alive Cutting Rooting Rate (%)  Transplanted Sapling Ratio (%)
Time Ratio (%) cuttings ratio (%)
0 52.67 13.67 b* 13.67 b* 7.00 b*
Damaye 500 49.67 25.33 ab 25.33 ab 14.67 ab
1000 62.67 34.67 a 34.67 a 29.33 a
2000 52.00 19.00 ab 19.00 ab 9.67b
0 52.67 9.83 ab 11.33 ab 433D
NQ7 500 55.00 15.33 ab 15.33 ab 6330
1000 55.33 16.33 ab 16.33 ab 10.00 b
2000 45.33 19.00 ab 19.00 ab 9.00 b

*There is no difference according to 1% between the averages in the same column and marked with the same letter.

Table 4. The variatoin of alive cuttings ratio (%), rooting rate (%), transplanted cuttings ratio (%) and
sapling ratio (%) of goji berry cuttings according to cutting taking time and IBA concentration

interaction
Cutting Time IBA Alive Cutting Rooting Rate (%)  Transplanted Sapling Ratio (%)
Ratio (%) cuttings ratio (%)
0 74.67 bc* 30.67 c* 30.67 ¢ 16.67 cd*
August 500 80.67 b 52.00 b 52.00b 30.67 be
1000  90.67 a 70.67 a 70.67 a 59.33 a
2000  80.00b 58.00 ab 58.00 ab 33.33b
0 48.00 de 4.00 efg 4.00 efg 2.67 ef
October 500 54.67d 15.33 cd 15.33 cd 8.00 de
1000  73.33 be 21.33 cd 21.33 cd 17.33d
2000  54.67d 10.00 def 10.00 def 2.67 ef
0 28.00 ef 1.67 efg 4.67 fg 1.33f
December 500 26.67 f 4.00 efg 4.00 efg 0.67 f
1000  28.00 ef 2.67 efg 2.67 efg 0.00 f
2000 933 g 0.00 g 0.00 g 0.00 f
0 60.00 cd 10.67 def 10.67 def 2.00 ef
February 500 47.33 de 10.00 de 10.00 de 2.67 ef
1000  44.00 def 7.33def 7.33 def 2.00 ef
2000  50.67d 8.00 def 8.00 def 1.33 f

*There is no difference according to 1% between the averages in the same column and marked with the same letter.

On the other hand, it was determined that only 23.00% of the cuttings taken in December could
survive, 2.08% of them were rooted and only 1.17% of them turned into saplings (Figure 4). Shen &
Chen (1990) found 84-96% rooting for auxin application compared with 0-5% for the control. When
transplanted them into the open field, more than 85% of the rooted cuttings survived and became
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established. Our survived transplants is lower than this results and this may effect by cultivar, cutting
time and auxins. Jian-Feng (2010) also found that 750 mg/L of IBA was the best for goji berry survival
rate.

It was determined that there is a statistically significantly difference between the IBA doses used
in the experiment and applied to goji berry cuttings in order to promote rooting in terms of all the
properties examined. Accordingly, 1000 ppm IBA application gave the highest results in terms of the
ratio of surviving cuttings (59.00%), rooting and transplanted rooted cuttings ratio (25.50%) and sapling
ratio (19.67%). The lowest values were determined at the rate of surviving cutting at 2000 ppm (48.67%)
application, while rooting rate was 11.75% and seedling yield was 5.67% from control (without IBA)
application (Figure 5). Shen and Chen (1990) stated that pre-planting treatment with IBA or NAA at
150, 250 or 500 p.p.m. on green-wood cuttings of goji berry, promoted rooting, the rooting percentage
being 84-96% compared with 0-5% for the control. Our findings are lower than this result and this could
be affected by the cultivar, cutting time and auxin doses.
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Figure 3. Variation in alive cutting, rooting, transplanted cuttings and sapling rate (%) in goji berry
cuttings according to the varieties.
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Figure 4. Variation in alive cutting, rooting, transplanted cuttings and sapling rate (%) in goji berry
cuttings according to the cutting collecting time.
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Figure 5. Variation in alive cutting, rooting, transplanted cuttings and sapling rate (%) in goji berry
cuttings according to the IBA doses.

Although the propagation of goji berries by seed and tissue culture in in-vitro conditions is not
practically preferred, the most preferred propagation method is reproduction by cutting. It is stated that
fully green cuttings are not preferred for goji berries, which can be reproduced with semi hard-wood
and/or hard-wood cuttings taken in summer or winter time. In addition, it has been determined that the
application of auxin group growth regulators that increase rooting in cuttings also increases the rooting
success (Feng et al., 2000, Celik et al., 2015; Asanica et al., 2016). In the present study, which
investigated the effects of cutting taking time and IBA application on rooting in the reproduction of goji
berries, 4 different doses of IBA (0, 500, 1000 and 2000 ppm), planted in perlite medium in bottom
heated trays and they rooted under high tunnel conditions with misting. The highest results in terms of
rooting rate of goji berry cuttings rooted under misting irrigation were obtained from cuttings (88.00%)
with 1000 ppm IBA dose, which were taken from Damaye goji berry in August. While the best rooting
result (67.00%) in terms of cultivar x cutting time interaction was obtained from the cuttings taking from
the Damaye goji berry variety in August, the lowest rooting results (1.50%) were obtained from the
cuttings obtained from the NQ7 variety in December (Table 1). According to these results, it is seen that
the rooting rate can be very high when three factors in the experiment (Variety x Cuttings time x IBA
dose) are taken into account. Considering only the cutting time, it was determined that the highest
rooting rate was obtained from the cuttings taken in August with 52.83%, and when the rooting rate was
evaluated only in terms of variety, Damaye variety had a higher rooting rate with 23.17% (Figures 3 and
4). According to Celik et al. (2015) semi hardwood cuttings taken in the end of the growing period, roots
better than fully dormant cuttings. On the other hand, the cuttings that were taken from Damaye goji
berry variety in October and the control group cuttings that did not apply IBA and the cuttings that were
taken in December with the dose of 0 (control) or 2000 ppm IBA and the cuttings that were taken from
the NQ?7 variety in December and applied 1000 or 2000 ppm IBA dose could not be rooting obtained
(Table 1). These findings are the same with Celik et al. (2015) results. Again, only 2.67% of the cuttings
taken from Damaye variety in December could be transplanted and this value was recorded as the lowest
level (Table 2). According to the literature, the rooting rate could be affected by cutting time (Celik et
al., 2015), mother plant age and growing conditions (Celik and Celik, 2017), auxins rate and types
(Hartmann et al., 2014; Beyl et al., 2015) and cutting growing environment (Asanica et al., 2016). At
the end of six months after the transplanting process, it was determined that the rate of alive plants also
varied according to the time of taking the cuttings, the IBA dose and the variety of the cuttings. It was
determined that there were significantly differences between the rate of transplanted rooted cuttings and
the rate of alive saplings. Celik et al. (2015) also stated that cutting taking time and IBA doses could
have positive affection on alive cuttings rate. Jian-Feng (2010) also found that IBA and the NAA
treatments had the positive effects on the survival rate, height of seedlings, the average numbers and the
average root length of goji berry. In the present study it has been determined that there are statistically
significant differences between sapling rates in terms of variety x cutting time x IBA dose interaction.
Cuttings from Damaye goji berry variety taken in August, and applied 1000 ppm IBA dose, reached the
highest sapling rate as 82.67%. On the other hand, since there are no alive plants in many application
groups and the seedling rate was recorded as 0.00% (Table 1). It is obvious that the goji berry cuttings
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taken during active dormant period like winter time, they could not root well unless external auxin
spraying (Celik et al., 2015). Markovic et al. (2018) also found that pH value of substrate and substrate
type had positive affection on rooting performance. They stated that the rooting percentage was the
highest (66%), and the length of primary roots, number and length of shoots were higher in sand
compared to other mediums. According to Shen and Chen (1990), the season of cutting preparation had
little effect on rooting. But we found cutting time is dramatically affected to the both rooting and
transplanting ratio. Shen and Chen (1990) also pointed out that the daily mean temperature (20-30°C),
a relative humidity (90-100%), a soil moisture content (<15%) and a 50% reduction in light transmission
by shading in the plastic film-covered nursery provided the optimum conditions for rooting of goji berry
cuttings. This means that rooting of goji berry cutting may affected to the soil and environmental
conditions.

In the present study, when the variety and the cutting taking time were examined, cuttings taken
from Damaye and in August reached the highest value with a sapling rate of 47.00% at the end of the
research. However, the living plant ratio of cuttings taken from Damaye goji berry variety in December
and rooting remained at the lowest level with 0.33% (Table 2). The number or ratio of rooted cuttings
obtained after the cultivation of other higher plants such as ornamental plants with cuttings and which
can be confused depends on the ambient temperature (Ball, 1998), rooting medium and auxin type and
concentration (Alsup et al., 2004; Hartmann et al., 2014). Celik and Karasakal (2018), the highest living
plant rate was obtained in July from the spreading mountain medlar cuttings planted in the peat
environment without IBA and were obtained as 86.68%. They were also determined that the rate of
living plants in the cuttings take in August and planted in perlite medium after 1000 ppm IBA application
was at the lowest level with 23.33%. It is believed that the survival rate of the transplanted rooted
cuttings can vary depending on the containers used, ambient conditions, transplanting time, irrigation,
fertilization, light and temperature (Toogood, 1999; Hartman et al., 2014; Osburn et al., 2015) and
cutting type (Toogood, 1999, Beyl et al., 2015, Osburn et al., 2015, Markovic et al., 2018). However,
only when IBA doses are examined, it is seen that 1000 ppm IBA dose application reached the highest
rooting rate (25.50%) (Figure 5). Studies show that the rate of rooting in cuttings may vary depending
on the time the cuttings are taken, the IBA dose applied and rooting environments (Hartmann et al.,
2014). As a matter of fact, Celik and Celik (2017) applied different doses of IBA to the autumn olive
berry cuttings they bought at different times and achieved 97.33% rooting success by applying 500 or
1000 ppm IBA to the leafy semi-hardwood cuttings taken on May 15 or July 15. This shows that rooting
is affected by many factors such as cutting taking time, cutting type and auxin dose. The obtained results
showed significant affection on rooting of goji berry with cuttings taking during different periods and
spraying auxins. As Feng et al. (2000) found that greenwood, cuttings, i.e. tender shoots with green
leaves, were not suitable for cutting propagation of Lycium chinense. Lignified or semi-lignified
hardwood cuttings, treated with NAA or IBA at 200 mg/kg for 0.5~1.0 h., or with H 3BO 3 at 500
mg/kg for 0.5 h., rooted readily. The auxin treatments increased rooting rate and root number, but
decreased root length. Qiong (2011) also stated that the use of plant growth regulators (PGRs) is
necessary for successful propagation of this plant. Asanica et al. (2016) obtained 60% rooted goji
cuttings (0.4 - 0.8 cm diameter) in a control treatment in a peat and sand (1: 1) mixture, 50% rooted
cuttings after treatment with 1500 ppm IBA, and only 40% rooted after treatment with 500 ppm IBA.
However, their results with thinner cuttings (0.1 - 0.3 cm) were significantly different, reaching 90%
rooting of cuttings treated with 500 ppm IBA, rooted in a same substrate mixture. Gehlot et al. (2015)
showed that success of hardwood cuttings rooting depends of several factors and their interactions,
including cuttings diameter, PGRs type and concentration and a rooting medium. Genotype is also
important factor, and each clone could have a different response to a treatment, and the rooting rate can
vary from 30% to 100% depending on genotype (Asanica et al., 2016). Zong-Cai et al. (2012) used I[AA
and ABT plant growth regulators and their 4 concentrations for hardwood cuttings of Ningqi-1 goji
berry. They proved that the survival rate of hardwood cuttings were developed and the growth of the
roots, stems and leaves of cutting seedlings were promoted best when the hardwood cuttings of Ningqi-
1 Licium barbarum L.were soaked in IAA or ABT with 100 mg/L.

Goji berry is a deciduous shrub that has been used for centuries in China as a traditional
medicinal and food supplement. Today, it is widely grown as a fruit as well as a landscape ornamental
species, including some ornamental varieties. It is easily grown plant, suitable for hedges, and it endures
pruning. Goji has well developed root system and it can be planted for erosion control or to stabilize
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sandy soils. It can be propagated by seed, cuttings, layering and division. Propagation by cuttings is the
most convenient method for mass production of uniform plants. In vegetative propagation of
horticultural plants, rooting rate, root quality, sprout and shoot quality, as well as the ratio of plants that
can survive and turn into seedlings that can survive by reaching the appropriate quality after being
transplanted to the pots, and which can be put up for sale, is also very significant. Therefore, the rate of
plants that were transplanted to the pots and the rate of sapling rate at the end of the research, after six-
seven months, were also calculated.

4. Conclusion

In conclusion, the increasing interest of consumers for goji fruits and plants and the opportunity
seized for growers to deliver valuable and profitable products on the local market raise the need of
producing new plants of Lycium sp. In this respect, the present work reveals some particularities
in semihardwood and hardwood cuttings propagation for two goji berry cultivars. In the experiment,
88.00% rooting and 82.67% sapling rate were obtained in cuttings taken from Damaye goji berry variety
in August and applied 1000 ppm IBA dose. December cuttings for both cultivars were not profitable. It
was found that auxin (IBA) application generally increased the number of both rooting, alive cutting
rate and sampling rate. We know goji berry is a promising medicinal and aromatic plant for the
agriculture of our country. It is extremely important that goji berries are promoted to the farmers of our
country, encouraged by the Ministry of Agriculture and Forestry, evaluated in terms of the added value
it will provide to our economy. For this reason, it will be possible to propagate good types or varieties
vegetatively by using the results of this study on the reproduction of goji berries.
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Oz: Phomopsis viticola’nin neden oldugu Phomopsis siirgiin ve yaprak lekesi
(Oliikol) diinyada birgok bag alaninda oldugu gibi Tiirkiye’nin Ege Bolgesinde
de sorun olan onemli bir hastaliktir. Bu caligmada, Ege Bolgesinde bag
alanlarindan elde edilen P. viticola izolatlarinin morfolojik molekiiler ve
patojenik karakterizasyonu yapilmistir. Bu amacla, Ege Bolgesi bag alanlarindan
416 siirgiin 6rnegi toplanmis ve toplamda 232 Phomopsis spp. izolati izole
edilmistir. izolatlarin biiyiik g¢ogunlugunda (% 94.39) sadece alfa konidi
goriilmiisken sadece 13 izolatta alfa ve beta sporlar1 goriilmiistir. Fungal
izolatlarin gogunlugu (% 69.39) hizli koloni gelisim gostermisken sinirli sayida
izolatta (15 adet) yavas koloni gelisimi gozlemlenmistir. Fungal izolatlarin
koloni rengi degerlendirmelerinde ise izolatlarin % 35.77°s1 beyaz, % 59.05’s1
gri ve % 5.17 agik krem renkte koloni olusturmustur. P. viticola nin molekiiler
tanimlanmasi i¢in PCR analizleri yapilmis ve 214 P. viticola izolatin tanisi
gerceklestirilmistir. Morfolojik olarak PCR negatif ve PCR pozitif izolatlarin
arasinda biiyiik farkliliklara rastlanmamistir. Bu nedenle P. viticola’nin dogru
tanilanmasi i¢in morfolojik tanmin yaninda molekiiler taninin da kullanilmasi
gerekmektedir. Bu calismada Ege Bélgesinde bag alanlarinda Oliikol belirtilerini
gosteren bitkilerden elde edilen izolatlarin biiyiik bir ¢ogunlugunun (% 92.24)
P. viticola oldugu ortaya konmustur. Patojenisite testinde izolatlarin farkli
viriilenslik diizeylerine sahip olduklari (2.3-18.7 c¢m lezyon uzunluklarr)
goriilmiis ancak izolatlarin morfolojik o6zellikleri ile viriilenslik dereceleri
arasinda bir iligki bulunamamastir.

Morphologic, Molecular and Pathogenic Characterization of Phomopsis viticola isolates
Collected from the Vineyards of the Aegean Region in Turkey
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Abstract: Phomopsis cane and leaf spot caused by Phomopsis viticola (dead
arm) is an important problem in the vineyards of the Aegean Region of Turkey,
like in many parts of the world. In this study, morphological molecular and
pathogenic characteristics of P. viticola isolates collected from the vineyards of
the Aegean Region were determined. For this purpose, 416 shoot samples were
collected and a total of 232 Phomopsis spp isolates were isolated. In the majority
of isolates (94.39%), only alpha conidia were observed, while alpha and beta
conidia ocured in only 13 isolates. While most of the isolates (69.39%) showed
rapid colony growth, a limited number of isolates (15 izolates) produced slow
growing colony. In the fungal colony colour characteristics, 35.77% of the
isolates were white, 59.05% were gray and 5.17% were light cream. In the PCR
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assay, 214 isolates were identified as P. viticola. No important differences were
found between PCR negative and PCR positive isolates morphologically.
Therefore, molecular diagnosis must be made in order to correctly identify P.
viticola. This study indicated that most of the isolates (92.24%) obtained from
the plants showing Phomopsis cane and leaf spot symptoms in vineyards of the
Aegean Region are P. viticola. There were different levels of virulence with the
lesion lenght ranging between 2.3 and 18.7 cm among the isolates tested in
pathogenicity test; however, no relationships were observed between any of the
morphological and virulence level.

**(Caligma birinci yazarin doktora tezinden iiretilmistir.
1. Giris

Tiirkiye; toplam 448 bin hektar bag alam ile Ispanya, Cin, Fransa ve Italya’dan sonra 5. sirada
yer almaktadir (FAO, 2018). Tiirkiye nin bag alanlarinin % 32.5 gibi biiyiik bir kism1 Ege Bolgesinde
bulunmaktadir (Anonim, 2019a). Ulkemiz i¢in dnemli olan bagcilik giiniimiizde iiretimden pazarlamaya
kadar gecen siiregte bircok sorunla karsilagsmaktadir. Bu sorunlardan biri de fungal etmenlerin neden
oldugu hastaliklardir (Poyraz ve Onogur, 2011). Bu hastaliklardan birisi diinyada Phomopsis Siirgiin ve
Yaprak Leke Hastaligi olarak bilinen Phomopsis viticola (Sacc.) Sacc’min neden oldugu Oliikol
hastaligidir (Nita ve ark., 2006). Hastalik ilk olarak ilkbaharda yapraklarda kiiclik sar1 klorotik lekeler
seklinde ortaya ¢ikmakta, ilerleyen donemlerde ise siirgiinlerin dip kisimlarinda koyu renkli lekeler ve
odun dokusuna kadar ulasan gatlaklar olusturmaktadir (Mostert, 2000). Oliikol Hastalig1 ile enfekte olan
asmalarda genel olarak yaprak, siirgiin hatta salkim kurumalari nedeniyle % 10 civarinda verim kayb1
meydana gelmekte ve ertesi yil gozlerinin 6lmesi ile de daha yiiksek oranlarda verim kayiplari
olusabilmektedir (Anonim, 2019b).

Ulkemizde ilk olarak Karaca ve Eroglu (1967), tarafindan 1967 yilinda Marmara ve Ege
Bélgelerinde rapor edilmis bu hastalik, o ddnemde diinyada kabul géren ismi olan Oliikol (Dead-Arm)
ile adlandirilmistir. Daha sonraki yillarda diinyada hastaligin ismi Phomopsis Siirgiin ve Yaprak Leke
hastalig1 olarak degistirilse de Tiirkiye’de Oliikol isminin kullanimma devam edilmistir. Hastaligin
etmeni dogada anamorf formda bulunan fungal patojen P. viticola olarak bildirilmistir. Gerek
Phomopsis cinsinde yer alan patojenlerin karmasik konukcu dizileri gerekse de DNA dizilim analizleri
sonucunda etmenin birden fazla teleomorf Diaporthe tiirii ile iligkilendirilmis olmasi nedeniyle
hastaligin etmeni olarak anamorf P. viticola’nin kullanim1 yayginlikla devam etmektedir (Niekerk ve
ark., 2005).

Ulkemizde Ege ve Marmara bdlgeleri bag alanlarinda Phomopsis siirgiin ve yaprak leke
belirtilerini gosteren asmalardan siklikla P. viticola’nin izole edildigi bir¢ok arastirici tarafindan
bildirilmistir (Cetinkaya ve Onogur, 2006; Yildirim, 2014; Awan, 2017; Glingor Savasg, 2019). Bunun
disinda Ankara ili bag alanlarinda Oliikol Hastaligimin belirtilerini sergileyen asma ornekleri iizerinde
morfolojik tan1 esas alinarak P. viticola’nm varlig1 bildirilmistir (Ozben, 2011). Ege Bolgesinde sinirlt
saylda alandan asma siirgiin 6rneklerinden toplanan 23 fungal izolatin morfolojik karakterizasyonunun
yanisira ve DNA dizilimi ile molekiiler olarak tanisi yapilmis ve tiim izolatlar P. viticola (Diaporthe
ampelina) olarak tanilanmigtir (Awan, 2017). Manisa ve Tekirdag illerinden P. viticola etmenini
morfolojik yapilaria bakilarak ve Real Time (RT)-PCR’dan elde edilen PCR firiinlerin DNA dizilimi
cikartilarak P. viticola 'nin tanis1 yapilmistir (Giing6r Savas, 2019). Hosseinalizadeh ve ark. (2020), Ege
Bolgesinin izmir ve Manisa illerinden P. vificola belirtilerini sergileyen asmalardan morfolojik
Ozeliklerine bakilarak toplam 80 izolatta P. viticola etmenini tespit etmislerdir. Ancak son yillarda
asmada diger Phomopsis tiirlerinin yanisira odun dokusunda farkli patojenlerin de varlig1 bildirilmeye
baglanmis olup bu patojenlerin birbirlerine benzer sekilde belirtiler meydana getirebildikleri ve hatta
birlikte karigik enfeksiyonlarin ise hastaliklarin tamisim1 daha karmasik hale getirdigi belirtilmektedir
(Merrin ve ark., 1995; Mostert ve ark., 2001; Niekerk ve ark., 2005; Udayanga ve ark., 2011; Schilder,
2005; Giing6r Savas, 2019). Boyle durumlarda etmenlerin hizli ve giivenilir tanis1 6n plana ¢ikmaktadir.
Morfolojik taninin bazi durumlarda etmenlerin teshisinde tek basina yeterli olmamasi, arastiricilar
molekiiler diizeyde taniya yonlendirmistir. Nitekim son zamanlarda gelistirilmis ticari bir kit
(Phomopsis viticola End-Point PCR Kit-NORGEN, BIOTEK CORPORATION/ Canada) ile P.
viticola’nin PCR ile tanis1 yapilabilir hale gelmistir. Ege Bolgesi bag alanlarinda Oliikol ¢alismalaria
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bakildiginda genelde Izmir ve Manisa ilerinden toplanan sinirli sayida ornekler iizerinde calismalar
yapildig1 goriilmektedir.

Bu galismada Ege Bolgesinde onemli bag iireticisi illeri olan Aydin, Denizli, Manisa ve [zmir’de
Oliikol belirtisi gdsteren bitki drnekleri P. viticola yéniinden incelenmistir. Bitki érneklerinden elde
edilen izolatlarin 6nce morfolojik karakterizasyonu yapilmis ardindan P. viticola’ya 6zgi ticari bir tani
kiti ile PCR da molekiiler tanilar1 gergeklestirilmistir. Bunun disinda, secilmis bazi P. viticola
izolatlarinin siirgiin testi ile virililenslik belirlenme ¢aligmalari yiiriitiilmistiir.

2. Materyal ve Yontem
2.1. Hastahkh bitkilerin toplanmasi

Ege Bolgesinin asma iiretimi yapilan Denizli (Cal, Buldan ve Giiney), Izmir (Menemen,
Kemalpasa ve Bayindir ), Manisa (Alasehir, Salihli ve Saruhanli) ve Aydin (Kogarli, Nazili ve Kusadasi)
illerinden Oliikol Hastalik etmeni P. viticola izolatlarinin elde edilmesi icin 2018 yilinin {iretim sezonu
igerisinde sorvey ¢alismalar1 yapilmistir. Bu ¢aligmalar sirasinda omcalarin siirgiinlerinde siyah lekeler,
catlamis kabuk dokular1 ve yapraklarda sar kiigiik lokal lekeler gibi, Oliikol Hastalig1 belirtileri gosteren
bitkilerin siirgiinlerinin dip kisimlarindan 5-10 cm uzunlugunda olacak sekilde toplam 416 adet siirgiin
ornegi alimmistir (Cizelge 1).

2.2. Siirgiin érneklerinin izolasyonu ve saflagtirmasi

Laboratuvara getirilen siirgiin drneklerinin Oliikol Hastaligi belirtisi gosteren kisimlarindan
steril bistiiri yardimiyla hasta ve saglikli dokuyu igerecek 5x6 mm boyutlarinda pargalar kesilmis ve
%?2’lik NaOCl i¢inde 2 dakika siire ile bekletilerek yiizeysel olarak dezenfekte edilmistir. Steril saf suda
2 kez durulanip takiben steril filitre kagitlar: arasinda kurutulan 6rnekler petri kaplarinda bulunan patates
dekstroz agar (PDA, Difco™ Becton Dichson, USA) iizerine yerlestirilerek karanlik kosullarda 24°C de
inkiibe edilmislerdir. Yaklagik bir haftalik inkubasyonun ardindan gelisen koloniler makroskobik ve
mikroskobik olarak incelenmis ve P. viticola oldugu diisiiniilen kolonilerin kenarindaki misel uglarindan
alman parcalar tekrar PDA besi yerine alinarak saf kiiltiirler elde edilmistir.

2.3. Fungal izolatlarin kiiltiirel 6zelliklerinin degerlendirilmesi

Saflastirilan tiim izolatlar PDA besi ortaminda gelistirilerek kiiltiirel 6zellikleri yoniinden
incelenmislerdir (Schilder ve ark., 2005). Bunun i¢in; PDA {izerinde aktif olarak gelisen her bir izolata
ait kolonilerin kenar kisimlarindan alinan 4 mm ¢apindaki diskler, icinde PDA bulunan 9 cm’lik Petri
kabinin orta kismina yerlestirilmis ve izolatlar inkiibatorde 24°C de 7 giin karanlik kosullar1 takiben 7
giin aydinlik ortamda inkiibasyona birakilmiglardir. Her bir Petri bir tekerriir olarak degerlendirerek
caligma ii¢ tekerriirlii olarak yapilmistir.

2.3.1. Koloni gelisme hizlari ve piknit olusumu

Inkiibasyonun 14. giiniinde toplam 232 adet izolatin koloni gelisme hizlar1 koloni gaplari
birbirini dik kesen iki noktadan cetvelle Olgiilerek belirlenmistir. Her bir izolat i¢in koloni ¢api
ortalamas1 hesaplanmis ve bu degerlere gore izolatlar gruplandirilmistir. Gelisim hiz1 yoniinden; yavas
(Grup 1), orta (Grup II), ve yiiksek (Grup III) olacak sekilde ii¢ grup, ¢calismada elde edilen en biiyiik
koloni ile en kiigiik koloni farkinin {i¢ esit araliga boliinmesi ile olusturulmustur (Erincik ve ark., 2018).
Izolatlarin  piknit olusumu ise inkiibasyonun 4. haftasinda degerlendirilmistir. Yapilan
degerlendirmelerde her bir Petri kabinin tesadiifi olarak segilen yaklasik 1 cm?’lik dort farkli alaninda
piknit yogunlugu belirlenmistir. Koloni tizerinde 6lglim yapilacak alan 4 mm ¢apinda bir mantar delici
ile kesilerek isaretlenmistir. Stereomikroskop altinda kesili alanda 0-4 (0: piknit yok, 1: piknit sayis1 1-
25, 2: piknit say1s1 26-50, 3: piknit sayis1 50-100 ve 4: piknit sayis1 >100) skala kullanilarak piknit say1s1
tahmin edilmistir.
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2.3.2 Koloni renkleri ve spor olusumlari

Izolatlarin 14. giiniinde koloniler renk tipleri (W, beyaz renkli koloni, G, gri renkli koloni ve
kahve renkli koloni ) yoniinden degerlendirilmistir. Inkiibasyonun dérdiincii haftasinda 3 tekerriiriinden
tesadiif olarak bir Petri kabi se¢ilmis ve tiim izolatlarda 25 adet alfa (o) konidi , bulunmasi durumunda
ise 25 adet beta () konidi’nin boyutlari mikroskop (Leica DFC320) altinda Labsens bilgisayar programi
kullanilarak 6lgiilmiistiir (Uecker, 1998; Kanematsu ve ark., 2000).

2.4. Fungal izolatlarimn PCR da molekiiler tanilanmasi

DNA izolasyon i¢in kullanilacak izolatlara ait miseller, PDA ortami iizerine konulan steril
selefon diskler iizerinde yerlestirilmis ve inkiibatorde 24°C’de karanlik kosullarda 6-7 giin
inkiibasyonun birakilmistir. Selefon disklerde gelisen kolonilerden, yaklasik 3x3 cm boyutlarinda misel
kitlesi steril kiirdan ile aliarak 1.5 ml santrifiij tliplere yerlestirilmis ve ardindan DNA ekstraksiyonu
Erincik ve ark, (2011)’ e gore yapilmistir. Elde edilen DNA’lar agarose jelde DNA’nin varligina
bakilmistir ve DNA’lar PCR da kullanilmak tizere -20 °C de saklanmustir.

Elde edilen DNA’larin PCR igin Phomopsis viticola End-Point PCR Kiti kullanilmistir. Kit
protokoliine gore; 10 uL MDx 2X PCR Master Mix, 2 uL P. viticola Primer Mix, 2.5 ul 6rnek DNA ve
5.5 ul steril safiile toplam 20 ul’ye tamamlanmistir. Thermal cycler igerisinde 40 dongii olarak planlanan
PCR da ilk denatiirasyon 94° C de 3 dakika olarak baslanmis ve 94°C de 15 saniye denatiirasyon, 60°C
de 30 saniye annealing, 72° C de 45 saniye extension ve 72°C de 5 dakika final extension seklinde
uygulanmigtir. PCR iiriinleri 150V, 30 dakika % 1.4 lik agaroz jel eletroforezde ayristirilacak ve
goriintiilenmistir. Molekiiler agirlik olarak 2000 bp DNA marker kullanilmis ve P. viticola’ nin tanisi
300 bp agirliklar esas alinarak yapilmistir. Ayrica kitin igerisinde bulunan P. viticola negatif ve pozitif
ornekler PCR da kullanilmistir (Phomopsis viticola End-Point PCR Kit, NORGEN, BIOTEK
CORPORATION, Canada).

2.5. Fungal izolatlarin viriilenslik testi

PCR testi ile P. viticola oldugu teyit edilmis izolatlar arasindan, kiiltiirel 6zellikleri goz oniinde
bulundurularak tiim illeri temsil edecek sekilde toplam 49 adet izolat viriilenslik testi i¢in se¢ilmistir.
Viriilenslik testi, sultani ¢ekirdeksiz asmalardan alinan 1-2 ¢cm ¢apinda ve yaklasik 30 cm boyundaki
homojen goriiniimlii yesil asma siirgilinleri {izerinde Rawnsley (2002)’e gore yapilmistir. Test i¢in
oncelikle siirglinler musluk suyuyla yikanip kurulandiktan sonra % 2’lik sodyum hipoklorit icerisinde 2
dakika bekletilerek yiizeysel olarak sterilize edilmis ve steril su ile durulanip, steril kosullarda
kurumalarn saglanmistir. Daha sonra her bir dal pargasinin iist u¢ kismi eriyik haldeki parafine
daldirilarak yara bolgesinin kapanmasi saglanmis ve siirgiinlerin u¢ kismin 10 cm altindan 4 mm
capindaki mantar delici ile birer disk ¢ikartilarak yara agilmig, ardindan PDA iizerinde gelistirilen
izolatlarin kolonilerinin geng kisimlarindan alinan ayni ¢aptaki miselyal diskler yaranin igine gelecek
sekilde yerlestirilerek inokulasyon islemi gerceklestirilmistir. Miselyal diskin kurumasini engellemek
icin inokulasyon yerleri parafilm ile sarilmistir. Kontrol icin kullanilan siirgiinlerde sadece steril PDA
diski konulmustur. Dallar dik bir sekilde, icerisinde nemli steril perlit bulunan saksilara c¢elik
koklendirme yontemine benzer sekilde daldirilmis iklim odasinda 25 °C sicaklikta 30 giin siire ile
karanlikta inkiibe edilmislerdir. Her tekerriirde tek dal olacak sekilde deneme dort tekerriirlii olarak
yiiriitiilmiistiir. Inokulasyondan 1 ay sonra siirgiinler iizerinde olusan lezyonlar uzunlamasina bir uctan
diger uca Ol¢ililmiistiir. Elde edilen degerden yara alaninin uzunlugu g¢ikarilarak gergek lezyon uzunlugu
elde edilmistir. Verilerin istatiksel analizi tek yonlii varyans analizi ile (p degeri <0,05) SPSS 18.0
program paketinde yapilmis ve izolatlar arasindaki viriilenslik farkliliklar1 Duncan Coklu Karsilastirma
testine gore belirlenmigtir.
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3. Bulgular
3.1. Ornekleme ve izolasyon

Ege Bolgesinin Denizli (Cal, Buldan ve Giiney), Izmir (Menemen, Kemalpasa ve Bayindir ),
Manisa (Alasehir, Salihli ve Saruhanli) ve Aydin (Kogarli, Nazili ve Kusadasi) illerinin bag alanlarinda
Oliikol Hastaligimn belirtileri olan asma siirgiin diplerinde siyah lekeler ile catlamis kabuk dokular1 ve
yapraklarda sar kiiciik lokal lekelere siklikla gozlemlenmistir (Sekil 1). Ornekleme calismalari yapilan
tiim il ve ilgelerde 6lii kol hastalig1 belirtisi gdsteren asmalara rastlanmis ve toplamda 416 adet siirgiin
ornegi alinmistir. Laboratuvara getirilen 6rneklerden PDA besi ortaminda patojenin izolasyon islemleri
gerceklestirilmistir. izolasyon Petrilerinde gorsel olarak belirgin hale gelen miselyal koloniler
makroskobik ve mikroskobik olarak incelenmis ve sonugta Aydin’dan 53, Denizli’den 50, Manisa’dan
59 ve Izmir’ den 70 olmak iizere P. viticola oldugu diisiiniilen toplam 232 adet izolat saflastirilmistir

(Cizelge 1).

. - L " .
i e | % 3 -
== 9 * 4 v

Sekil 1. Sérveylerde 6rnekleme yapilan yapilan bitkilerde Olii kol belirtileri: Asma yapraklarda sar1
klorotik lekeler (A) ve siirgiinlerde siyah lezyonlar (B).

Cizelge 1. Oliikol belirtisi gdsteren bitkilerden alinan 6rnek sayilar1 ve izole edilen Phomopsis spp. izolat
sayilarinin Ege Bolgesi il ve ilgelerine gore dagilinm

iller ilgeler Ornek sayilart izolat sayilart
Nazili 32 18
Aydin Kogarlt 11 8
Soke 5 4
Kusadasi 42 23
Ara Toplam 90 53
Cal 20 17
Denizli Giiney 9 6
Buldan 33 27
Ara Toplam 62 50
Salihli 43 24
Manisa Alagehir 24 13
Saruhanli 34 22
Ara Toplam 99 59
Selguk 30 15
Bayimndir 53 25
[zmir Efem gukur 4 3
Urla 8 3
Menemen 49 15
Kemal pasa 21 9
Ara Toplam 165 70
Genel Toplam 416 232
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3.2. Fungal izolatlarin tamlanmasi ve kiiltiirel 6zelikleri
3.2.1. Koloni gelisme hizlar1 ve piknit olusumu

Izolatlar, PDA ortaminda 24°C’de 14 giinliik inkiibasyon sonrasinda farkli miselyal koloni
gelisimleri gostermislerdir. Toplam 15 izolat 2.28-3.85 cm ortalama miselyal ¢ap1 ile yavas gelisen Grup
1’de yer almistir. Ortalama miselyal koloni ¢ap1 3.86-5.43 cm olan 56 izolat orta hizda gelisen Grup
2’de yer almigtir. Geri kalan 161 izolat 5.44-7 cm ortalama miselyal koloni ¢api ile hizli gelisen Grup
3’de yer almistir (Cizelge 2). Tiim illerde orta ve hizli gelisen izolatlara rastlanmigken Denizli ilinden
yavas gelisen izolatlara rastlanmamustir.

Inkiibasyonun 4. haftasinda izolatlara ait piknit say1s1 ortalama skala degerlerine gore, 5 izolatta
piknit olusumu gozlenmemistir. Bes izolat “1” skala degerini alarak diisiik sayida piknit (1-25/cm?)
olusturmustur. Kalan izolatlardan, 31’1 “2” skala degerini alarak orta diigiik sayida piknit (26-50/cm?),
151’1 “3” skala degerini alarak orta yiiksek sayida piknit (50-100/cm?) ve 40’1 “4” skala degerini alarak
yiiksek sayida piknit (>100) olusturdugu saptanmustir (Sekil 2 ve Cizelge 2).

Sekil 2. Inkiibasyonun 4. haftasinda piknit yogunlugu belirlemede sayim yapilan alanlar (A) ve
stereomikroskop altinda piknit gériiniimii (B).

2.3.4 Koloni renkleri ve spor olusumlar:

PDA’da 24°C 14 giinliik inkiibasyonun ardindan, izolatlar koloni renkleri yoniinden beyaz, gri
ve acik krem olmak {izere 3 farkli gruba ayrilmiglardir. Toplam 137 izolat gri, 83 izolat beyaz ve 12
izolat agik krem koloniler olugturmustur (Sekil 3). Beyaz ve gri renkli izolatlara tiim illerde rastlanirken
Manisa’da krem renkli izolata rastlanmamuistir. (Cizelge 2).

Sekil 3. inkiibasyonun 14. giiniinde beyaz (A), gri (B), acik krem (C ) renkte olusan Phomopsis spp.
Kolonileri.
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Cizelge 2. Ege Bolgesin’den elde edilen Phomopsis spp. izolatlarmin patates dekstroz agar besi
ortaminda 14 giinliik miselyal koloni ¢aplari, koloni renkleri ve inkiibasyonun 4. haftasinda
piknit olusumuna gore iller bazinda sayisal dagilimlart

iller Koni Cap Aralig1 (cm) ve izolat Koloni Renkleri Stroma Olusumu index Degeri®
Sayilar®
Grup I Grup II Grup II Beyaz Gri Krem 0 1 2 3 4
Aydin 1 11 41 23(9.92) 28 2 0 1 4(1.72) 30 18 (7.76)
044 (475  (17.67) (12.06)  (0.86) (0.43) (12.93)
Denizli 0 8 (3.45) 42 13 (5.6) 33 4 0 1 8(3.45) 29(12.5) 12(5.17)
(18.10) 1423)  (1.72) (0.43)
Manisa 6 15 38 16(689) 43 0 3 1 4(1.72) 45 6(2.59)
(2.56)  (647)  (16.38) (18.53) (130)  (0.43) (19.40)
Tzmir 8 2 40 31 33 6 2 2 15(647) 47 4(1.72)
(.45  (949)  (17.24)  (1336)  (1423)  (2.59)  (0.86)  (0.86) (20.26)

a: Koni Cap Arali1 (cm): Grup I (2.28-3.85), Grup 1I (3.86-5.43) ve Grup I1I (5.44-7).
b: 0-4 skalasi (1 cm2’lik alanda piknit sayis1); 0 (piknit yok), 1 (1-25), 2 (26.50), 3 (50-100) ve 4 (100<).
c: Parantez igerisinde yer alan degerler izolatlarin % degerini gostermektedir.

Inkiibasyonun 14. giiniinde izolatlarm spor degerlendirilmesinde; izolatlarin hepsi PDA
iizerinde o sporlan iiretmis ve sadece 13 izolatta B sporlan goriilmiis ve o sporlarin yogunlugu 3
sporlarina gore daha fazla oldugu gézlemlenmistir. a sporlarin boyutlari ortalama 8-11.04 um x 1.7-2.8
um biiyilikliik arasinda degismistir. B sporlar ise 20.5-25.14 um x 0.83-1.06 pm boyutlarinda olup
kivrimli uglar olusturmuslardir (Sekil 4). Toplam Aydin’da 4, Denizli’de 1, Manisa’da 3 ve izmir’de 5
izolatta her iki spor (a ve B) tipi goriiniirken ve diger izolatlarda (219 izolat) sadece a sporlarin varlig
belirlenmistir.

Sekil 4. Fungal izolatlarin o ve j sporlarindan goriiniimler.
3.4. Fungal izolatlarimin tanilanmasi

Ticari kit ile yapilan PCR testi sonucunda 232 izolattan 214’iinde beklenen 300 bp agirliginda
bandlar elde edilmistir (Sekil 5 ve Cizelge 3). Boylece bu izolatlarin P. viticola olarak kesin tanist
gerceklestirilmistir. Ornekleme yapilan tiim illerde P. viticola izolatlar elde edilmistir. Cizelge 8’e gore
Aydin ilinden 50, Denizli ilinden 50, Manisa ilinden 52 ve izmir ilinden 62 izolat P. viticola izolati
olarak tanilanmustir.
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300 bp

Sekil 5. Phomopsis viticola izolatlariin PCR iriinlerine ait elektroforetik goriiniimii.

Cizelge 3. PCR testi sonucunda tanilanan Phomopsis viticola izolat sayilarinin il ve ilgelerine gore

dagilimi
iller flgeler izolat sayilari

Nazili 18

Aydin Kogarlt 6
Soke 2
Kusadasi 24
Ara Toplam 50

Cal 15

Denizli Giinay 6
Buldan 29
Ara Toplam 50
Salihli 24
Manisa Alagehir 12
Saruhanl 16
Ara Toplam 52

Selguk 13
Baymndir 26
[zmir Efem gukur 1
Urla 1
Menemen 14
Kemal pasa 7
Ara Toplam 62
Genel Toplam 214

3.5. izolatlarin viriilenslikleri

Viriilenslik testinde tiim izolatlar asma siirgiinlerinde siyahims1 kahverengi nekrotik yiizeysel
lezyonlar meydana getirmistir (Sekil 4). Kontrol siirgiinlerinde ise nekrotik lezyon olusmamuistir.
Izolatlara gore siirgiinlerde gelisen lezyonlarin uzunluk ortalamasi 2.3-18.7 cm arasinda degismis olup,
bunlardan bazilar1 arasindaki fark istatistiki olarak énemli bulunmustur (Cizelge 4). En viriilent izolat,
18.7 cm’lik ortalama lezyon uzunlugu ile Izmir’in Bayindir ilgesinden elde edilmis olan ve kiiltiirde
beyaz koloni olusturup hizli gelisme 6zelligine sahip 1061B izolati olmustur. Bunu 15.3 ¢m lezyon
uzunlugu ile Manisa ilinin Saruhanli ilgesinden toplanmus kiiltiirde gri koloni olusturup orta hizda
gelisen 998Sr izolat: takip etmistir. Farkli illerden toplanmis ve aralarinda kiiltiirde gri ve beyaz koloni
ile yavas, orta hizda ve hizli gelisen 6zellikte izolatlarin oldugu 14 izolat 3 cm ve altinda lezyon meydana
getirerek diisiik viriilenslik gdstermislerdir. izolatlarm biiyiik bir ¢ogunlugu (28 izolat) 3.1-6.5 cm
lezyon araliginda yer alarak diisiik orta viriilenslik derecesi gostermislerdir. Geri kalan 5 izolat ise 7.8-
11.6 cm lezyon aralig1 ile yiiksek orta viriilent grubunda yer almistir. Yine izolatlarin piknit olusturma
potansiyelinin viriilenslikte belirleyici bir 6zellik olmadig: gériilmektedir. Ornegin 4 skala degerini alan
izolatlardan 799Se, 812Ku ve 783Se sirasiyla 2.4, 3.1 ve 4.1 cm uzunlugunda lezyonlar meydana
getirirken en yiiksek viriilenslige sahip 1061B (18.7 cm) ve 998Sr (15.3 cm) izolatlar1 ile en diisiik
viriilenslige sahip 847Ku (2.3 cm) izolatt 3 nolu piktit olusum skalasinda yer almistir. Tiim izolatlarin
o, konidi sekil ve biiyiiklik olarak birbirlerine benzer bulunmuslardir. Sadece 6 izolatta B konidi
bulunmus ve bunlar viriilenslik, koloni gelisimi ve rengi ile piknit olusumu yoniinden digerlerine gore
belirgin bir farklilik gostermemislerdir. Genel olarak morfolojik 6zellikler (koloni rengi, gelisme hizi,
piknit olusturma ve spor biiyiikliikleri) ile viriilenslik arasinda belirgin bir iligki bulunmamustir.
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Cizelge 4. Phomopsis viticola izolatlarinin asma siirgiiniinde olusturdugu lezyonlarin biiytikliikleri ve
izolatlarin patates dekstroz agar besi ortaminda kiiltiirel 6zelikleri

izolat Lezyon Uzunlugu(cm)? Koloni Piknit skala Koloni Alfa Spor Boyut Beta Sporlarin
gelisim hiz1 degeri rengi olctimii
Boy En Boy En
(um) (um) (um)  (um)
847Ku 2.3 h° I 3 Gri 9.9 2.68 - -
799Se 2.4 gh I 4 Beyaz 9.11 227 - -
910M 2.5gh I 3 Beyaz 9.46 1.8 22.11 0.89
1032K 2.5 gh 111 2 Gri 9.62 1.73 - -
1098B 2.6 gh I 3 Gri 9.1 241 - -
889G 2.6 gh I 2 Gri 9.54 2.45 - -
843Ku 2.6 gh II 3 Gri 9.6 232 - -
1124Sa 2.7gh II 2 Beyaz 8.23 1.72 20.5 0.89
1080B 2.9 gh II 2 Gri 9.35 1.86 - -
809Ku 2.9 gh II 3 Gri 7.73 2.18 - -
759Ko 2.9 gh I 3 Gri 8.92 247 - -
1065B 2.9 gh I 3 Krem 8.67 2.29 - -
919M 2.9 gh II 1 Beyaz 9.45 2.25 23.79 0.99
784Se 3.0 gh I 3 Beyaz 8.49 1.77 24.03 1.06
812Ku 3.1 fgh I 4 Beyaz 8.73 2.53 -
927 3.1 fgh I 4 Gri 9.29 2.73 23.58 0.99
903M 3.2 fgh I 2 Beyaz 9.78 2.45 - -
1036K 3.3 fgh I 2 Gri 10.69 1.72 - -
1095B 3.3 fgh I 4 Beyaz 8.88 2.19 - -
947 3.3 fgh 111 3 Beyaz 8.73 1.95 - -
841Ku 3.4 fgh II 3 Gri 8.45 1.79 - -
900Bu 3.4 fgh I 3 Krem 9.20 2.68 - -
1227Na 3.4 fgh I 3 Beyaz 9.28 2.36 - -
1137Sa 3.5 fgh I 0 Gri 9.23 2.35 - -
1071B 3.6 fgh 111 3 Krem 8.78 1.85 - -
1024K 3.8 fgh I 3 Krem 5.42 1.79 - -
962M 3.8 fgh I 3 Gri 8.77 1.83 - -
899Bu 3.8 fgh II 1 Gri 8.74 243 - -
1045K 3.9 fgh II 3 Gri 9.61 1.73 - -
783Se 4.1 fgh II 4 Gri 8.59 2.8 - -
1216Na 4.3 fgh I 1 Beyaz 11.03 2.78 - -
1108Sa 4.3 fgh I 3 Beyaz 10.87 1.74 - -
770S6 4.6 efgh II 3 Gri 9.57 1.79 - -
785Se 4.6 efgh II 3 Beyaz 5.39 1.71 - -
781Se 4.7 efgh 11 3 Beyaz 9.52 1.7 - -
1027K 4.7 efgh I 2 Beyaz 8.17 1.81 - -
1248Bu 4.8 efgh II 3 Beyaz 9.36 2.18 - -
1005Sr 4.9 efgh II 3 Gri 10.86 2.78 - -
961M 5.3 efgh 111 2 Beyaz 10.32 2.33 - -
1252Bu 5.5 efgh 11 3 Beyaz 10.19 2.87 - -
1091B 5.8 efg 11 1 Beyaz 8.77 2.37 - -
828Ku 6.5 def II 3 Gri 9.34 2.29 - -
1049B 7.8 de 111 3 Beyaz 8.78 1.96 - -
780Se 7.9 de I 3 Gri 9.21 1.8 - -
1207Al 92 cd I 3 Gri 8.1 1.45 - -
861C 115¢ 111 3 Gri 8.01 1.73 - -
878C 11.6¢ 111 3 Beyaz 10.36 2.8 - -
998Sr 153D II 3 Gri 9.24 2.31 2391 0.91
1061B 18.7 a 111 3 Beyaz 9.52 1.51 - -

Not: Na Nazilli, Ku Kusadasi, S6 Soke, C Cal, Bu Buldan, Se Selguk, M Menemen, K Kemalpasa, B Bayindir, Sr Saruhanli, Sa Salihli, Al
Alasehir.

a: Patojenite testinde her bir izolat i¢in hesaplanan siirgiin lezyonlarinin degerlerini ifade etmektedir.

b: Ortalama degerler arasinda istatistiki fark Duncan Coklu Karsilastirma Testine gére yapilmustir. Siitun boyunca ayni harfi alan degerler
arasinda fark istatistiki olarak 6nemli degildir.
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Sekil 4. Phomopsis viticola ile inokule edilen siirgiinlerde inkiibasyonun 15. giiniinde lezyon olugumu.
4. Tartisma ve Sonug¢

Bu ¢alismada, Ege Bolgesinin bag alanlarmin yogun oldugu Manisa, [zmir, Denizli ve Aydin
illerinin 6rnekleme yapilan tiim ilgelerinde Oliikol Hastaligmin belirtilerini gdsteren asma bitkilerinin
varligina rastlanmistir. Hastalikli bitkilerde dip yapraklarda gelisen sar1 klorotik lekelerin yani sira
stirgiin diplerinde nekroz ve derin catlaklarin salkim sagligini olumsuz etkiledigi goézlemlenmistir.
Gegmiste Ege Bolgesinde Oliikol Hastaliginin varligi birgok calismada rapor edilmistir (Karaca ve
Eroglu, 1967; Ozhendekgi, 1978; Erkan ve Larignom, 1998; Ar1, 2000; Y1ildirim, 2014). Oldukca genis
siirvey alaninda yapilan bu calisma ile 6lii kol hastaliginin giinimiizde de Ege Bolgesinde bag
yetistiriciliginde Onemini halen devam ettirdigi ortaya konmustur. Nitekim Tarim ve Orman
Bakanliginin yayinladigi teknik talimatlarda Tiirkiye’de Oliikol Hastalig1 asmanin en énemli dért ana
hastaligindan biri olarak kabul edilmektedir (Anonim, 2011).

Oliikol belirtileri gosteren asmalardan alinan doku oOrneklerinden elde edilen 232 adet
Phomopsis spp. izolat1 arasinda kiiltiirel 6zellikleri arasinda belli diizeylerde farkliliklarin oldugu
belirlenmistir. Izolatlarin ¢ogunlugu (% 69.39) hizli gelisme gosterirken, sinirh sayida izolatta (15 adet)
yavag gelisme gozlemlenmistir. Koloni rengi degerlendirmelerinde izolatlarin % 35.77°s1 beyaz, %
59.05’s1 gri ve % 5.17 acik krem renkte koloni olusturmustur. Phomopsis cinslerinin besi ortaminda W
(beyaz renkli koloni) ve G (gri renkli koloni) olmak iizere iki farkli renkte koloni olusturdugu daha
onceki caligsmalarda bildirilmistir (Kanematsu ve ark., 1999; Kanematsu ve ark., 2000; Awan, 2017).
Awan (2017), Ege Bolgesi bag alanlarindan izole edilen P. viticola izolatlar1 arasinda her iki koloni
rengine sahip izolatlara rastlandig1 ve W tipi koloniye sahip olanlarin gelisme hizi ve viriilensliginin G
tipte olanlara gore daha diisiik oldugunu bildirmistir. Caligmamizda beyaz ve agik krem renkli kolonileri
olan izolatlar hizl1 ve orta hizda koloni gelisim gostermisken, kolonileri gri renkte olan izolatlar % 70.8
oraninda hizli gelisim gostermistir. Ancak bu calismada izolatlarda olusan beyaz ve gri koloni
renkleriyle viriilenslik siddeti arasinda herhangi bir farklilik saptanmamaistir. Bunun diginda galismada
izolatlarda gdzlemlenen koloni gelisim hizi, piknit olusumu ile spor tipi ve biiyiikliikleri gibi diger
morfolojik 6zellikler ile viriilenslik arasinda bir iliski kurulamamistir. Tiim viriilenslik gruplarinda
hemen hemen her morfolojik 6zellikte izolatlar yer almistir.

Morfolojik olarak PCR negatif ve PCR pozitif izolatlarin arasinda biiylik bir farkliliklara
rastlanmamistir. Bu nedenle P. viticola’nin dogru tanimlanmasi i¢in molekiiler taninin yapilmasi
gerekmektedir. Akgiil ve ark. (2015), asma govde fungal hastaliklar ile ilgili yaptiklar1 calismada
yaklagik 350 siirgiin 6rneginden sekiz farkl tiir asma gdvde fungal etmeni izole etmislerdir. Calismada
Diaporthe ampelina (P. viticola), etmeni krem renkte koloniler, alfa ve beta sporlari ile tanimlamustir.

Izolatlarmn piknit olusum degerlendirmesinde ise, izolatlarin % 97.84’ inda piknit olusumu
gozlemlenirken piknit yogunlugunda farkliliklar saptanmistir. Sadece 5 izolatta piknit olusumu
gbzlemlenmemistir.

Besi ortaminda izolatlardan sadece 13 adeti alpha ve beta sporlardan her ikisini de olustururken
izolatlarin biiyiik cogunlugunda (% 94.39) sadece alpha konidi goriilmiistiir. Beyaz ve agik krem renkli
olan izolatlarda alfa ve beta sporlar goriilmiis ve gelisme hiz1 ve biiyiime ¢api gri renkli kolonileri olan
izolatlara gore daha az ve dar biiylime halkalan ile gelisme gostermistir. P. viticola diger Phomopsis
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tiirleri gibi piknidium ic¢indeki a ve B sporlarin orani ve boyutlart 6nemli 6l¢iide degisebilmektedir
(Uecker, 1998; Sergeeva ve ark., 2003; Ozben, 2011; Awan, 2017). Schilder ve ark. (2005), asma
ornekleriden izole edilen P. viticola izolatlarin ortalama o sporlarin boyutlarinin 9.8-12.6 x 3.1-4.5 um
arasinda oldugunu saptamislar ve bu boyutlarin Mostert ve ark. (2001), ve Pearson ve Goheen (1994),
calismalarindan farkli oldugunu ve farkliligin nedeninin biiyiime ortamindaki farkliliklar veya izolatlar
arasindaki genetik farklilik olabilecegini ifade etmislerdir. Calismamizda sirasiyla 8-11.04 pm x 1.7-2.8
um boyutta alfa ve beta sporlar1 saptanmig ve bu degerler Schilder ve ark. (2005), ¢aligmasinda ifade
edilenlere yakin olsa de genel olarak yine de farkli olduklari sdylenebilir. Ayrica Akgiil ve ark. (2015),
tarafindan Diaporthe ampelina (P. viticola), etmeninin Alfa ve beta sporlariin ortalama boyutlari
sirastyla 10.0 x 2.4 ve 22.5 x 1.0 olarak ol¢iilmiistiir.

Calismamizda izole edilen 214 P. viticola izolatinin End-Point PCR kiti kullanilarak molekiiler
tanist basarilt bir sekilde gergeklestirilmistir. Tirkiye’de gegmiste yapilan birgok c¢alismada P.
viticola’nin tanisi sadece morfolojik 6zelliklere bakilarak yapilmistir (Karaca ve Eroglu, 1967; Onogur
1985; Cetinkaya ve Onogur, 2006; Ozben, 2011; Yildirim, 2014). Phomopsis spp’nin molekiiler tanisi
DNA’nin farkli gen bdlgelerinin polimeraz zincir reaksiyonlar1 (PCR) ile ¢ogaltilmasi ve filogenetik
analizler ile gerceklestirilmistir (van Niekerk ve ark., 2005; Santos ve ark., 2010; Udayanga ve ark.,
2011 ve Gomes ve ark., 2013). Akgiil ve ark. (2015), Tiirkiye'nin Ege Bolgesi izmir ve Manisa Illeri
bag alanlarindan sultaniye ¢ekirdeksiz asmalardan elde edilen 6lii kol izolatlarinin kiiltiirel 6zelliklerinin
yanisira ITS, TUB ve EF1-a gen bolgelerinin dizi analizleri ile tan1 galigmalari sonrasinda ve P. viticola
teleomorf D. ampelina ile iliskilendirilmistir. Awan (2017), 23 Phomopsis (Diaporthe) spp. izolatin,
PCR da universal primerler kullanilarak elde edilen PCR iiriinlerinin DNA dizilim analizi sonrasinda P.
viticola olduklarmi saptamiglardir. Giingdr Savas, 2019 yillinda Ege Bolgesinde Manisa ilinin
Sehzadeler, Salihli ve Akhisar ilgeleri ile Marmara Bolgesi Tekirdag ilinden toplanan odun dokusu
patojen izolatlarinin ITS1 ve ITS4, Bt2a ve Bt2b primerler kullanilarak elde ettikleri PCR iiriinlerinin
DNA dizi analizleri sonucunda P. viticola’nin tanisi yapilmistir.

Gegmiste P. viticola izolatlarinin farkli asma ¢esitlerinin yesil siirgiinlerin iizerinde patojenisite
testi birgok arastirici tarafindan yapilmis ve yapilan tiim ¢alismalarda P. viticola’nin patojenik oldugu
ve viriilenslik agisindan izolatlar arasinda farkliliklarin oldugu bildirilmistir (Baumgartner ve ark., 2013;
Urbez-Torres ve ark., 2013 ve Awna, 2017). Nitekim Tiirkiye’de yapilan bir ¢aligmada, yillik Tarsus
Beyazi asma cesidini yesil siirgiinleri ile yapilan patojenisite testin sonucunda izolatlar arasinda
viriilensligi yiiksek izolatlarin yanisira diisiik olanlarin da varligr bildirilmistir (Awan, 2017). Bu
calismada da siirgiinlerde yapilan patojenisite testinde izolatlarin tiimiinde Oliikol simptomlari
gozlemlenmis olup ve izolatlar arasinda farkl: viriilenslik dereceleri saptanmustir.

Sonug olarak, bu calismada Ege Bolgesinde bag alanlarinda Oliikol belirtisi gdsteren bitkilerden
elde edilen izolatlarin biiyiik bir cogunlugunun P. viticola oldugu ortaya konmustur. Bu bulgular Ege
Bolgesi bag alanlarinda Oliikol Hastaliindan sorumlu ana patojenin P. viticola oldugunu
gostermektedir. Asmalarda diger Phomopsis tiirlerinin yanisira farkli Diaporthe tiirlerinin de Oliikol
Hastaligina yakin belirtiler verdigi daha dnceki ¢alismalarda belirtilmistir. Ancak bu c¢alisma ile Ege
Bolgesi bag alanlarinda diger Phomopsis tiirlerinin ekonomik agidan 6nemli olmadigi anlasilmaktadir.
Bu calismada gen dizilimi analizi yapilmamis olmasi nedeniyle P. viticola izolatlarinin hangi teleomorf
Diaporthe tiri ile iligkili oldugunu kesin olarak sdylemek miimkiin degildir. Ancak bolgede daha dnce
yapilan ¢alismalarda P. viticola izolatlan siklikla Diaporthe ampelina ile iligkilendirilmistir (Akgiil ve
ark., 2015; Awan, 2017). Bu raporlara gore caligmada elde edilen izolatlarin D. ampelina olma olasilig
oldukca yiiksektir. Ancak bu durumun agikliga kavusturulmasi i¢in izolatlarin DNA dizilim analizleri
ile teleomorf tanilarinin yapilmasi faydali olacaktir. Bu calismanin sonuglar1 bolgede hastalikla ilgili
gelecekte yapilacak olan galigmalara katki saglayacag diisliniilmektedir.

Tesekkiir

2170293 proje numarast ile bu ¢alismay1 destekleyen TUBITAK-TOVAG’a tesekkiir ederiz.
Bu ¢alisma doktora tezden elde edilmistir. Bu ¢alisma yayin etigine uymakta. Bu ¢alismada etik kurul
onay1 gerektirmemektedir. Bu ¢aligmada yazarlar arasinda herhangi bir potansiyel ¢ikar catigmasi
bulunmamaktadir.
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Abstract: The aim of this research is to evaluate and analyze the influence of
different degrees of salt stress on the tolerance of Australian wheat lines having
characteristics derived from wild types in comparison with a local cultivar well—
adapted to Anatolian conditions under controlled conditions. In the research, the
two lines, namely AU5924 and AU5907, adapted to Australian conditions
harbor HKTI,;4 and HKTI;5 loci and Bayraktar 2000 cultivar used as genetic
material. In our study, a trial plan with four replicates and two salt treatment
doses (0 mM control group and 200 mM stress group) was designed. The
samples were collected for elemental analysis, measuring physiological
parameters as well as determining proline content after the appearance of stress
symptoms. In this respect, (K), known to play an important role in enhancing
stress tolerance, was found to be higher in HK7T—containing lines in comparison
to Bayraktar 2000. HKT genes could improve the production of Anatolian
varieties. While the dry weight of the genotype Bayraktar 2000 was higher than
the lines checked, the proline content of line 5907 was lower and the potassium
and (K/Na) ratio decreased. These parameters effectively increased the dry
weight under salt stress. However, the line 5907 demonstrated the best tolerance
among all analyzed genotypes.
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Oz: Bu calismanin amaci, yabani formlarin genetik 6zelliklerinden yararlanarak
elde edilen Avustralya kdkenli bugday hatlari ile Anadolu’ya uyum yapan yerel
bugday cesidimizin tuz stresinden ne derece etkilendiklerini karsilastirmali ve
kontrollii kosullarda irdelemektir. Arastirmada, Avustralya kosullarina uyum
yapan ve HKTI,4 ile HKTI;5 lokuslarini tastyan AU924 ve AU5907 hatlari ile
Bayraktar 2000 cesidi kullanilmistir. Deneme; kontrol (0 mM) ve stres
kosullarinda (200 mM) iki doz ve 4 tekrarlamali olarak diizenlenmis; stres
etkisindeyken prolin ve element analizi i¢in 6rneklenme ile temel baz1 fizyolojik
biiyiime parametrelerinin saptanmasina yonelik goézlemlerin yapilmistir. Buna
gore, parametreler ile kritik bazi makro ve mikro besin elementleri agisindan
genotiplerin tuz stresinden olumsuz etkilendikleri saptanmis, strese toleransin
artisinda pay sahibi olan (K) igeriginin, toleransli oldugu bilinen Nax tastyicist
yabanci bugday hatlarinda yerel ¢eside gore daha yiiksek oldugunun anlagilmasi
ve bu bakimdan etkili genlerin Anadolu kokenli bugday c¢esitlerine
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aktarilmasinin tuzlu ortamlarda bugday diretimimizin arttirilmasina katki
saglayabilecegi sonucuna vartlmig; kuru agirlik agisindan en iyi genotipin
Bayraktar 2000 oldugu saptanmig, AU5907’deki prolin igeriginin digerlerinden
daha diisik ve (K) ile (K/Na) oranlarindaki azalma, tuz stresinde artig
gostererek, AU5907’deki tuza tolerans digerlerine gore 6n plana ¢ikmustir.

1. Introduction

The demand for cereals has been growing tremendously worldwide and the most cultivated
and important one is common wheat (7riticum aestivum), in other words, the common wheat is the
most consumed cereal globally (Wang et al., 2020). Together with other major cereals (Zea mays,
Oryza sativa), T. aestivum is the most vulnerable to stress (Zorb et al., 2019). The extremely harsh
environmental conditions such as drought, salinity, heavy metal, etc. could severely reduce wheat
production. For example, drought and salinity stress, especially in arid and semi—arid regions affect
the wheat production severely. Both these stress conditions have become major concerns of the
modern world and therefore getting increasing attention. Salinization, especially in cultivated
(approximate 20% of cultivated and 33% of irrigated land) areas is a major yield—limiting factor
(Cirillo et al., 2018). As the vital necessities (such as nutrient, water, light, etc.) of plants during the
growing stage are not met properly, the majority of plant yield including that of wheat is reduced in
the cultivation area (Zo6rb et al., 2019). The salinity impairs more than one of these basic factors by
manipulating the plants in two ways: first, ion toxicity that impairs photosynthesis and second is
excess of (Na) that inhibits protein synthesis (Isayenkov and Maathuis, 2019).

The dominant reason for the emergence of salinization—based soil pollution is the heavily used
irrigation system in agricultural production for providing food supply. A larger area of irrigated lands
has been severely affected by the increased salinity in the soil ecosystem (Singh, 2010; Valipour,
2014). To be considered a soil type as salty, it must contain at least 4 dS m™! EC values in which equal
to the 40 mmol L' NaCl or 0.2 MPa osmotic pressure together with 7.0 to 8.5 pH value (Ghosh et al.,
2016).

Considering these challenges, the development of new tolerant varieties is required to provide
food supply to the growing world populations. In this respect, wild types are an indispensable source
for the development of tolerant varieties. To cope with salinity stress, some other salt—tolerant loci
have been discovered and transferred to the modern wheat varieties from their wild relatives such as
einkorn wheat (7riticum monococcum) and entitled to Nax! and Nax2 loci (James et al., 2006).

The main aim of the present study was to determine the changes in the mineral nutrition
profile of some wheat genotypes under salinity stress conditions and observe physiological responses
of selected wheat genotypes at an early stage. The Nax locus introgressed lines were obtained from
Australia; these lines can be easily screened for the Nax locus using specific molecular markers.
However, a preliminary study including the comparisons between the cultivar well adapted to the
Central Anatolian conditions and provided lines should be realized and their activities should be
checked under saline conditions.

2. Material and Methods
2.1. Experimental materials

AUS5924 and AU5907 common wheat (7. aestivum L.) lines (kindly provided by CSIRO) that
are carriers of HKT1;4 (Nax2), and HKTI;5 (Naxl) salinity tolerance loci and the Bayraktar 2000
wheat (7. aestivum L.), a registered variety, which is frequently cultivated under the Central Anatolian
conditions, were used to investigate stress responses and mineral nutrient contents under the salinity
stress conditions. Major differences of selected genetic materials are summarized as follows: the
AUS5924 and AUS5907 lines were derived by introducing 7. monococccum originated HKT loci,
whereas the Bayraktar 2000 has the salinity stress tolerant loci.
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2.2. Experimental details

The seeds were sterilized using sodium hypochlorite containing Tween 20 and subsequently in
75% ethanol for 5 min (Hamurcu et al., 2015). The experiment was performed according to a
randomized plot design in a hydroponic chamber with four replications. For salinity stress treatment,
based on our preliminary results, 200 mM salt concentration was used as the salinity stress, whereas
Hoagland solution prepared without any salt addition was used as the control group. Germinated seeds
were transferred and grown under the following conditions; 45% to 55% humidity, 16/8 h light/dark
photoperiod, a temperature of 21+1 °C, and 10 000 Lux/daylight intensity (Hamurcu et al., 2015). For
the salt application, the plants were allowed to reach the first three—leaved stage after which salt
treatments were applied in each pot of stress group solution, whereas the control group continued to
grow without salt addition (harvested at the end of 3 weeks).

2.3. Plant growth measurements

Before harvesting, roots and stems of control and salt—treated plant samples were separated
from each other. Root and stem lengths and root and stem fresh weights of each group were measured
(Munns and James, 2003).

2.4. Elemental analysis

The plant samples were dried at 70 °C until their weight became constant. Afterward, all
samples were fine powdered separately using a grinder. Plant samples were mineralized (CEM Mars
5) by heating at 210 °C in a microwave oven and using a high—pressure step (200 PSI). After cooling,
the mineralized samples were leached from 1 to 2 um filter paper (Whatman no: 42) and filled up to
15 mL with ultrapure water in falcon tubes (Hakki et al., 2014). Standard solutions were prepared, and
calibration of inductively coupled plasma optical emission spectroscopy was performed using multi—
element stock solutions of 1000 ppm (Merck). The concentrations of (B), (Ca), (Cu), (Fe), (K), (Mg),
(Na), and (Zn) were determined using the ICP-AES (Inductively coupled plasma atomic emission
spectroscopy) apparatus.

2.5. Proline analysis

The method introduced by Bates et al. (1973) was used to determine the proline content. The
absorbance value of the toluene fraction aspirated from the liquid phase was read at 520 nm in the
spectrophotometer. The proline concentration in the analyzed samples was calculated using the
calibration curve and expressed as p mol proline g™! fresh weight.

2.6. Statistical analysis

The observations and measurements were first subjected to variance analysis according to the
randomized blocks factorial experiment pattern using MSTAT-C statistical software package
program. LSD analysis was done to the mean of traits that were found to be at least 5% significant
among the analyzed traits. A correlation test was performed using MSTAT-C statistical software.

3. Results
3.1. Plant growth responses of wheat genotypes under salt—stress

The seedlings of wheat grown under salinity stress in the hydroponic chamber displayed a
significant reduction in root and leaf length, and root and leaf fresh and dry weights. Plant growth
responses of wheat genotypes under salt stress are shown in Figures 1-3. While the maximum plant
height was observed in the Bayraktar 2000 under control condition in comparison with the remaining
lines, it also exhibited the highest percentage decrease (20%) under salt stress (Figure 1A). The
percentage reduction in plant heights in the lines AU5907 and AU5AU924 was found to be 10% and
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8%, respectively. In the case of root lengths, the maximum percentage reduction was detected in the
line AU5924 (29%) and root length in the line AU5907 showed a 22% decrease, whereas the decrease
in the root length of Bayraktar 2000 was 19% in comparison to the control groups of same genotypes
(Figure 1B).

As shown in Figure 2B, the reduction in the plant dry weight of wheat seedlings varied from
26% to 28%. As an exception to the pattern of reduction in the dry matter content, the fresh and dry
weight results in the line AU5907 were found to be the same under both conditions (Control and
Salinity stress). Regarding the root fresh weights of wheat seedlings, the reduction rates in root fresh
weight of genotypes included in the presented study were — the Bayraktar 2000 (38%), the line
AUS5924 (27%), and the line AU5907 (25%) (Figure 3A). However, root dry weight results appeared
to be significantly different from the fresh weight results (Figure 3B).

60 50
B
>0 40
40
30
30 #0mM
20
p
20 %200 mM
10
10
0 : 0
5924 5907 Bayraktar 5924 5907 Bayraktar

Figure 1. Plant and root length of evaluated wheat genotypes under salinity stress and normal
conditions (A: Plant length (cm), B: Root length (cm)).

3 0,4
25 A 0,35 B

0,3

2 0,25

1,5 #OmM 0,2

g 4200 m
0,0(5) %

5924 5907 Bayraktar 5924 5907 Bayraktar

% 200 mM 0,15
0,1

Figure 2. Plant fresh and dry weight of evaluated wheat genotypes under salinity stress and normal
conditions (A: Plant fresh weight (g), B: Plant dry weight (g)).
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Figure 3. Root fresh and dry weight of evaluated wheat genotypes under salinity stress and normal
conditions (A: Root fresh weight (g), B: Root dry weight (g)).
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3.2. Mineral nutrients of wheat seedlings against salt—stress

After determining the concentrations of macro—and microelements in the analyzed wheat
seedlings samples, a literature survey related to these elements in plant metabolism was conducted to
identify the permissible limits. These limits varied from 0.2% to 1.0% for (Ca), 1% to 5% for (K),
0.1% to 0.4% for (Mg), 10 to 200 mg kg ! for (B), 5 to 30 mg kg! for (Cu), 100 to 500 mg kg' for
(Fe), and 25 to 150 mg kg—1 for (Zn) (Maathuis, 2009; Rattan, 2015).

The ICP—AES (Inductively coupled plasma atomic emission spectroscopy) data revealed a
substantial difference in the concentration of minerals in wheat seedlings under salinity stress. The
root and shoot macro—and micronutrient contents of wheat seedlings are summarized in Tables 1-2. In
the case of (Ca), the concentration of root and shoot decreased (percentage) by approximately half in
comparison with that under salinity stress (Table 1). (Mg) concentration in the roots and shoots of
wheat seedlings ranged from 0.177% to 0.279% in shoots (control), 0.159% to 0.198% in shoots
(stress), 0.144% to 0.211% in roots (control), and 0.018% to 0.025% in roots (stress) (Tables 1-2).
The (Na) content of included wheat genotypes substantially varied in control and salt applied groups
as follows: 0.078% to 0.176% within control shoots, 2.1% to 2.7% within stressed shoots, 0.543% to
1012% within control roots, and 2.2% to 3.3% within stressed roots (Tables 1-2). As in (Mg), salinity
significantly influenced the (K) content of roots and shoots of seedlings as compared with the control
groups, ranging from 3.8% to 4.6% in the control group of shoot samples, from 3.1% to 3.8% in
stressed shoot samples, from 4.9 to 5.6% in the control root samples, and from 1% to 1.4% in stressed
root samples (Tables 1-2).

Table 1. Shoot macro (%) and micronutrient (mg kg™') concentrations of wheat under salinity stress
condition and control

(%) (Ca) Mg) (Na) X)
Control Stress Control Stress Control Stress Control Stress
AU5924 0.513 0.304 0.253 0.198 0.112 2.709 4.330 3.777
AU5907 0.604 0.285 0.279 0.196 0.176 2.553 4.624 3.800
Bayraktar 2000 0.546 0.371 0.177 0.159 0.078 2.180 3.840 3.178
(mg kg™ (B) (Cu) (Fe) (Zn)
Control Stress Control Stress Control Stress Control Stress
AU5924 9.0 73 11.7 7.0 112.4 473 67.3 333
AU5907 11.2 6.1 114 6.7 74.4 51.0 68.8 332
Bayraktar 2000 7.8 52 9.1 59 67.6 67.08 57.8 453

Concerning micronutrients, the (B) contents of the shoot of wheat seedlings were found to be
significantly different, ranging from 7.8 to 11.2 mg kg! in the control group and from 5.2 to 7.3 mg
kg™ under salinity stress (Table 1). In root samples, (B) contents fluctuated between 2.47 and 3.51 mg
kg™! in the control group and between 0.44 and 1.06 mg kg™' under salinity stress (Table 2). (Cu)
concentrations of wheat seedlings were found to range from 9.1 to 11.7 mg kg! and from 5.9 to 7.0
mg kg! in control and stressed conditions, respectively, in shoot dry weights (Table 1). The (Fe)
concentrations were: 67.6 to 112.4 mg kg™ in shoot control and 47.3 to 67.08 mg kg™ in shoot stress
(Table 1). The (Fe) concentrations of root samples were detected to range from 494.4 to 963.7 mg kg™
in control and 995.6 to 1122.7 mg kg! under stress (Table 2). Finally, the (Zn) levels in the analyzed
wheat seedlings were: 57.8 to 67.3 mg kg™ in the control shoot and 33.2 to 45.3 mg kg! in the
stressed shoot (Table 1), whereas it ranged from 106.5 to 289.4 mg kg! in control root and from 31.7
to 58.4 mg kg! in stressed root samples (Table 2).
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Table 2. Root macro (%) and micronutrient (mg kg™') concentrations of wheat under salinity stress
condition and control

(%) (Ca) (Mg) (Na) (X)
Control Stress Control Stress Control Stress Control Stress
AU5924 0.212 0.145 0.211 0.021 0.986 3.156 5.618 1.467
AU5907 0.270 0.137 0.174 0.018 1.012 3.307 5.620 1.079
Bayraktar 2000 0.218 0.082 0.144 0.025 0.543 2.265 4.910 1.103
(mg kg ) ®) (Cu) (Fe) (Zn)
Control Stress Control Stress Control Stress Control Stress
AU5924 2.97 0.44 111.6 36.8 583.2 1002.8 190.3 58.4
AU5907 3.51 1.06 98.3 34.6 963.7 995.6 289.4 51.0
Bayraktar 2000 2.47 0.93 61.0 30.4 494.4 1122.7 106.5 31.7

3.3. Proline contents of wheat seedlings against salt—stress

The changes in the proline contents related to the wheat seedlings are summarized in Table 3.
These results showed that the application of salt stress increased the proline content by approximately
10—fold in the root samples collected from the line AU5924 and Bayraktar 2000 genotypes. In the line
AUS5907, this increase was limited to only 4.75 fold as compared to the control group (fold changes
calculated from Table 3).

Table 3. Proline concentrations of wheat root and shoot samples under salinity stress condition and
control (umol g~! Fresh Weight)

Roots Shoot
Control 200 mM stress Control 200 mM stress
AU5924 0.03 0.32 0.03 2.26
AUS5907 0.04 0.19 0.04 0.84
Bayraktar 2000 0.03 0.31 0.05 1.55

Compared to root samples, the proline contents of wheat shoot samples differed. The highest
increase was observed in the line AU5924 leaves with 75 fold more than compared to the control
shoot samples. The next highest increase was observed in the Bayraktar 2000 leaves with
approximately 31-fold more increased value as compared to the control leaf sample. Finally, the
lowest amount of proline increase occurred in the line the AU5907 shoots with a 21—fold increase, as
compared to control samples (fold changes calculated from Table 3).

4. Discussion

In the present study, salinity stress led to an ion imbalance in the composition of macro and
micronutrients of wheat seedlings. Salinity also reduced adversely the physiological growth in early
wheat seedlings. Several studies have reported a decrease in physiological parameters under salt stress
including, cereal crop species. For example, HvHKTI,5 gene containing Hordeum vulgare haplotypes
(group B) and sensitive genotypes were compared in terms of salt stress (200 mM NaCl) induced
decrease in plant and shoot dry weight (van Bezouw et al. 2019). Another similarity between the study
of Van Bezouw et al. (2019) and the given is that it did not cause any decrease in the root dry weight
in the line AU5907 and the HvHKT gene containing Hordeum vulgare genotypes. However,
significant differences were observed in the shoot (Na®), (K*), (Na'/K") contents within the salt
treatment and control groups of Hordeum vulgare. Khan et al. (2019) reported reduced root length,
root and shoot fresh weights, and shoot and root dry weights in some common wheat seedlings under
salt stress. Several other studies have tried to find the resistance level of selected genotypes against
salinity stress and have reported reduced physiological growth as a response to salt stress. These
include studies conducted in boron and salinity treatment in common wheat (Naz et al., 2018), silicon
treatment responses against salinity stress in common wheat (Sienkiewicz—Cholewa et al., 2018), and
physiologic and mineral nutrition responses of Gossypium hirsutum genotypes to salt stress.
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Munns and James (2003) stated that root and leaf elongation rates are the key parameters of
carly (two—week—old seedlings under controlled conditions) detection of salinity tolerance in cereals,
particularly wheat, besides the biomass and yield parameters. From the perspective of growth
parameters, the order of decreasing plant heights (decreasing rate stated as percentages) was observed
to be Bayraktar 2000 > AU5907 > AU5924, whereas the order of decreasing root lengths (decreasing
rate stated as %) was found to be AU5924 > AUS5907 > Bayraktar 2000. The osmotic imbalance
(water deficit plant tissue) within the stressed plants (Munns and James, 2003; van Bezouw et al.,
2019) owing to impaired water absorption resulted in fluctuating fresh weights of wheat seedlings
under normal and stress conditions. The number, growth, and size of levels depend on several factors
such as phyllochron, plastochron, polarity, blade size, leaf orientation and angle, and genetics (Shaaf et
al., 2019). These factors affect the above—ground biomass production of plants and are controlled by
the stability of the genetic structure (cultivar and breeding line differences). Fresh weights of wheat
seedlings may be insufficient to explain the difference between the genotypes with salt resistance.
However, it provides general anticipation related to the resistance status of evaluated genotypes. As
seen in Table 4, the best recovering rate in terms of plant fresh weight contents under salt stress was
observed in the line AU5907. This line also exhibited the best performance against 200 mM salinity
stress in terms of dry matter, concerning both roots dry and shoot dry weight contents. Munns et al.
(2012) tested the Tamaroi lines introgressed with TmHKTI,5-A and reported the yield increase under
salinity stress under field conditions. Similar supportive studies were conducted in wheat and close
relative species were published; these were related to the superior performance of HKT gene
introgressed lines under both field and in vitro conditions (Rahnama et al., 2011; James et al., 2012;
Kobayashi et al. 2017; Tounsi et al., 2017). Similar to our study, these studies, clearly demonstrated
that the lines expressing the HKT genes performed better than those not expressing these genes under
salt stress conditions under both fields and in vitro conditions.

Based on the calculations given in Table 1, the calculated rates of (Na) entrance in the shoot
are in the order of the Bayraktar 2000 > the line AU5924 > the line AU5907. This implies that 27.9
fold more (Na) is taken into the shoots in the Bayraktar 2000 in comparison to the control samples,
whereas 14.5 fold more (Na) is transferred to the shoots in the line 5907 in comparison to the control
samples. James et al. (2006) reported that both Nax/ and Nax2 introgressed lines can restrict (Na)
uploading from roots to shoots. In addition to this restriction function, Nax! also has the capability of
retrieving the previously unloaded (Na) from the xylem tissue in durum wheat (James et al., 20006).
The (Na) unloading from plant shoots stated by James et al. (2006) has been observed in the line Nax!
introgressed 5907 under salinity stress conditions. These results are also supported by other studies,
such as common wheat under salinity and waterlog conditions (James et al., 2011) and durum wheat
under saline soil conditions (James et al., 2012).

Table 4. Salinity tolerance of hexaploid wheat cultivars and selections grown in control or salt
treatment (200 mM NacCl) after 15 d

Genotypes Control Shoot dry welghts(agl)t Treatment Salt tolerance (%) control
AU5924 0.18 0.13 72.6
AU5907 0.14 0.14 96.6
Bayraktar 2000 0.31 0.23 73

Maintaining this strict (K*/Na") balance at the cellular level during stress conditions is a major
sign of tolerance against salinity as these ions play several physiological roles and K—dependent signal
pathways (Isayenkov and Maathuis, 2019). Considering the (K) contents of wheat seedlings under
salinity stress conditions, the highest decrease rate was observed in the line 5907 (0.824%), whereas
the lowest decrease rate was observed in the line AU5924 (0.523%). The (K) capacity of Bayraktar
2000 unstressed plants was equivalent to that of the line AU5907 within the stressed plants. This
implies that when we combine this situation with the absorption of less (Na) than others, it is observed
that the best performing the genotype is line AU5907 under salt stress. That could be a possible
explanation for the results shown in Tables 4—5. Table 4 shows the recovery rates of wheat seedlings
under stress conditions and Table 5 provides (K*/Na") under the same stress conditions. The (K*/Na*)
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of line 5907 (1.48) in the given study validated with those of another study that demonstrated similar
results during the salt stress—resistant genotype detection research (El-Hendawy et al., 2017). Tables
4-5 show that the line 5907 retained better recovery and (K'/Na") than other compared genotypes.

Table 5. (Na") and (K") content in leaves of salt—treated wheat seedlings

Genotypes (Na) (K) (K*/Na")
5AU924 2.709 3.777 1.39
5907 2.553 3.800 1.48
Bayraktar 2000 2.180 3.178 1.45

The root and shoot proline values of wheat seedlings in the present study are summarized in
Table 5. The proline contents preferably get accumulated at a considerably higher level in leaves
rather than in roots to prevent photosynthetic activity and the turgid status of the cell under salinity
stress (Silva—Ortega et al., 2008). Although the given results support this finding, the proline content
in salt-resistance line 5907 appeared to be lower than in other compared genotypes. Several studies
have reported the proline content of resistant genotypes under salt stress to be higher than that of
sensitive genotypes (Dugasa et al., 2019; Ami et al., 2020). However, the proline level of resistant line
5907 did not exactly match with the explained situation. The low level of proline in the best—
performing wheat (line 5907) could be attributed to the restricted transport of (Na) to shoots (13.4%
less (Na) transport to shoots).

In general, stress conditions triggered the accumulation of proline and related low molecular
type metabolites; however, certain other inconsistent correlation results have also been published in
different plants (Bhaskara et al., 2012). For example, Kim et al. (2016) observed that another member
of the Poaceae family, switchgrass (salt—tolerant ones among 46 Panicum virgatum lines), behaved as
the line 5907 with a slight increase in the proline content under saline condition. A possible
explanation could be that the down-regulation of PDH genes under the saline conditions strongly
correlated with an extraordinary bidirectional balance with P5CS genes. Per et al. (2017) stated that
the proline accumulation was related to the PDH gene rather than the P5CS gene, this slight increase is
explained as mentioned above.

The correlation analysis was performed for shoot dry mass in the common wheat seedlings
and the related parameters and results are presented in Table 6, which show a positive or negative
relation between such parameters and dry mass. A strong correlation was found between the wheat
shoot dry mass and the absorption rates of cations such as (Ca), (Mg), and (K) at a miliequivalent scale
under salt stress. A moderate correlation was found between the (Ca/Na), (Mg/Na), and (K/Na) in the
shoots of wheat seedlings under salt stress. The correlation analysis was also performed for the root
dry mass of wheat seedlings and the related parameters are summarized in Table 7. Regarding shoots,
a similarly strong correlation was found between the dry weight of the roots and the absorption of
cations such as (K), (Ca), and (Mg) at the miliequivalent scale. The same moderate level of
correlations was also detected in root dry matter of the wheat seedlings and (Ca/Na), (Mg/Na), (K/Na)
at a 0.05 significance level. When the Mg contents for wheat seedlings were evaluated from this angle,
the correlation between the root dry mass and mg contents at the miliequivalent scale appeared to be
more significant. Moreover, the (Mg/Na) in the shoots of wheat seedlings seemed to be important for
the continuity of photosynthesis. When the (Ca) values in the shoots of wheat seedlings were
evaluated in this respect, the strong correlation of shoot dry mass and (Ca) as miliequivalent
(particularly Nax introgressed lines) was found to be a possible explanation of better performance
under saline conditions.
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Table 6. Shoot dry mass (SDM), elemental concentrations (%) and miliequivalent (me) correlations (p<0.01 and p<0.05)

SDM (ca%) (Mg%) (Na%) (k%) (caNa)  (MgNa) (KNa)  (Proline)  (Ca#) (Mg#) (x#)

(Ca%) 0371
(Mg%)  -0.300  0.716%*
(Na%) — —0.461* —0.933%* 0615+
(K%) —0315  0.653*  0.955%*  —0.596%*
(Ca/Na) ~ 0.649%%  0.833*  0.401 —0.914%F  0.423*
Mg/Na) 0.5 . 547 -0.95 5 97

/ 0.516%*%  0.864%*  0.547%* 0.952%*  0.561%*  0.976%*
(K/Na) — 0.571%  0.835% 0473+ ~0.933%*  0.500* 0.980%*  0.994%*
Proline -0.35 —0.81 —0. .885 —0. 0. —0. —0.

li 0351  —0.811%*  —0.606**  0.885%* 0.622%*%  —0.808**  —0.848**  _0.828**
(Came)  0.903*  0.705%  0.082 ~0.732%*  0.063 0.868%*  0.771%*  0.803%*  —0.613%*
(Mgme)  0.894%%  0.709%  0.145 —0.751%* 0.1 0.862%*  0.789%*  0.811%*  _0.647%*  0.982%*
(Kme)  0.958*  0.578*%  —0.038 ~0.653%*  —0.037 0.813%%  0.712%%  0.752%%  —0.553%*  0.974% 0977+
(Name)  —0.220  —0.873**  —0.711**  —0.901**  —0.705%*  —0.863**  —0.007**  —0.886**  0.834**  _0.583**  _0.572**  _0.463*

#me 100g™" soil, *is Significant at p < 0.05, ** is significant at p < 0.01, SDM: Shoot dry matter.

Table 7. Root dry mass (RDM), elemental concentrations (%) and miliequivalent (me) correlations (p<0.01 and p<0.05)

RDM (ca%)  (Mg%) (Na%) (K%) (caNa)  (MgNa)  (K/Na) (Proline)  (Cat) (Mg#) (x#)

(Ca%) 0073

(Mg%)  0.099 0.926**

(Na%) ~ —0.500%%  -0.547%¢  (601**

(K%) 0.196 0973 0.968%*  —0.597**

(CaNa)  0.450* 0876*  0.920%%  —0.817*%  (.887**

(Mg/Na) ~ 0.422* 07776 0.022%%  _0.825%%  (.843%%  .954%

(K/Na)  0.527%* 0871% 0057 _0.793%  0922%  0974**  0.981**

(Proline)  —0.243 S0721% Q791K 0792 _0.744%* —0.848%%  _0.844%*
0.861%*

(Came) 0716 0592%%  (.586%*  —0.813%%  0536%F  0.759%*%  0.684**  0.672%*%  —0.789%*

(Mgme)  0.643** 0597**  0.740%%  —0.868%F  0.650%F  0.854**  0.887**  0.835%*%  —0.885%*  (.839%*

(Kme)  0.742%* 0724%%  0.803%%  _0.872%%  0756**  0.906**  0.892%%  0.881%%  _0.899%*  (.877** 0.972%*

(Name)  0.041 S0786**  _0.866**F  0.751%*%  —0.849%*%  — —0.920%%  —0.926%*  0.824%%  _0.678%%  —0.882%%  —0.905%*
0.917+*

# me 100g-' soil, *is Significant at p < 0.05, ** is significant at p < 0.01, RDM: Root dry matter.
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Table 8. SDM, proline and micronutrient correlations (p<0.01 and p<0.05)

(SDM) (Proline) (B) (Zn) (Fe)
(Proline) —0.351
(B) -0.136 —0.607**
(Zn) 0.314 —0.774** 0.738**
(Fe) 0.112 —0.588** 0.443* 0.738**
(Cu) 0.046 (0.738** 0.865%* 0.880** 0.720%*

*is Significant at p < 0.05, ** is significant at p < 0.01, RDM: Root dry matter, B: Boron, Zn: Zinc, Fe: Iron.

Table 9. RDM, proline and micronutrient correlations (p<0.01 and p<0.05)

(RDM) (Proline) (B) (Zn) (F)
(Proline) —0.243
(B) 0.171 —0.911**
(Zn) -0.073 —0.748** 0.893%*
(Fe) -0.310 0.691** —0.550%** -0.293
(Cu) —0.137 —0.808** 0.905%* 0.905%* —0.537**

*is significant at p <0.05, ** is significant at p < 0.01, RDM: Root dry matter, B: Boron, Zn: Zinc, Fe: Iron.

As seen in Tables 8-9, there was no correlation between the micronutrients and the root and
shoot dry weights of wheat seedlings under saline conditions. Some micronutrients appeared to have a
positive or negative correlation among them. The proline contents of the evaluated wheat seedlings
had a strongly negative or moderately negative correlation with all micronutrient contents. Under the
salinity stress, the (Fe) contents (especially root samples have approximately two fold more Fe) of
plants increased as compared with the control groups, for example in the emmer wheat (Sheng et al.,
2019) and rice (Oryza sativa) (Irakoze et al., 2019). While the (Fe) accumulation was observed in the
line of AU5924 and the Bayraktar 2000, it is interesting to see that the (Fe) accumulation did not occur
in salt-resistant line 5907. In light of these findings, it would not be wrong to conclude that the (Fe)
status of the line AU5907 was associated with the salt tolerance. As with the value of proline, the
slight increase in the (Fe) content of stressed plants or an equal quantity of the (Fe) accumulation just
like unstressed plants could be a sign of salt stress resistance in the present study.

4.1. Conclusion

In the current study, the responses against the salinity stress of certain selected wheat
genotypes (two of them were extra salinity tolerant introgressed lines of Australian origin, and the
other one was a well-adapted cultivar to the Central Anatolian conditions) were determined using the
hydroponic system. The line AU5907 was found to be performing best among the examined
genotypes. Parameters such as shoot dry mass, (Na) rates of shoots, proline contents, and (K/Na) were
employed on experimentally grown plants to find the best performing line. Although the results were
closely related, the Nax loci introgressed lines were found to be better than the compared cultivar (the
Bayraktar 2000), while line AU5907 was at the forefront. The ultimate goal of the study was to
compare Nax—introgressed Australian wheat lines and well-adapted cultivar in terms of their
performance to salt stress in a controlled environment and field conditions. Consequently, locally
well-adapted cultivars could be developed to cope with the salinity stress by enlarging their genetic
background with extra tolerance loci, of which Nax/ and Nax2 (in this case) had great potential for
wheat improvement programs owing to their easy tracking nature via related molecular markers.
Therefore, these could be easily integrated into any marker—assisted selection programs.
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DOI: 10.29133/yyutbd 846822 laboratuvarda ve seralarda, 2019 yilinda 28 hafta siireyle katlamaya alinan

tohumlarin 2020 yilinda ¢ikiglarinin incelenmesiyle yiiriitiilmiistiir. Kusburnu

Anahtar kelimeler tohumlarina, kum, torf, vermikiilit ve vermikompost ortamlarinda 14 hafta

22°C’de 1lik katlama + 14 hafta 4°C’de soguk katlama yapilmig, katlama
Katlama, sonucunda tohumlar serada viyollere ekilmistir. Torf ve vermikompost ortaminda
On islem, ¢ikis meydana gelmemis, kum ve vermikiilit ortamlarinda ise ¢ikis oranlari
Rosa spp. sirastyla % 2.5 ve % 11.75 olarak gerceklesmistir. Cikis yapan fideler 5 cm

biiyiikliige ulasinca saksilara alinmis, vegetasyon periyodunun sonunda kusburnu
¢ogiirlerinde; tag biiyiikliigii, kok bogazi capi, govde sayisi, govde uzunlugu ve
¢api, siirglin sayisi, siirgiin uzunlugu ve capi, kok uzunlugu, kok kuru ve yas
agirligl, govde kuru ve yas agirligi olmak iizere farkli morfolojik &zellikler
belirlenmistir. Calisma sonunda kusburnu (Rosa canina L.) tohumlarinda, 14
haftalik 1lik katlama + 14 haftalik soguk katlama siiresinin yetersiz kaldigi, bu
nedenle hem kisa siireli katlama hem de uzun siireli katlama uygulamalarinda
yalnizca katlama ortami ve sicakligmn tek basma yeterli olmadigi kanaatine
varilmstir.

The Effect of Different Stratification Media and Temperature Applications on Seed
Germination and Seedling Growing in Rosehip (Rosa canina L.)

Article Info Abstract: In this study, the effects of different stratification media (sand, peat,
vermiculite and vermicompost) and different temperature degrees (warm + cold)
on the germination rate and seedling growth of rosehip seeds were investigated.
This study was carried out in the laboratory and greenhouses of Kirsehir Ahi
Evran University Faculty of Agriculture, Department of Horticulture, by
investigating the germination of seeds in 2020, which were stratificated for 28
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Keywords weeks in 2019. Rosehip seeds were stratificated in sand, peat, vermiculite and

vermicompost for 14 weeks at 22°C + cold stratification at 4 °C for 14 weeks, and
Stratification, at the end of the folding period, the seeds were seeded in viols in the greenhouse.
Pretreatment, There was no emergence in peat and vermicompost, and the emergence rates in
Rosa spp. sand and vermiculite were 2.5 % and 11.75 %, respectively. When the emerging

seedlings reached a size of 5 cm, they were taken into pots. At the end of the
vegetation period, in rosehip seedlings, different morphological characteristics
were determined including crown size, root collar diameter, stem number, stem
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length and diameter, shoot number, shoot length and diameter, root length, root
dry and wet weight, stem dry and wet weight. At the end of the study, it was
concluded that 14-week warm stratification + 14-week cold stratification was
insufficient in rosehip (Rosa canina L.) seeds, therefore, only the stratification
and temperature were not sufficient for both short-term stratification and long-
term stratification.

1. Giris

Rosaceae familyasmin Rosa cinsine dahil olan kusburnu (Rosa canina L.), vadilerde yol
kenarlarinda bahge sinirlarinda dogal olarak yetisen ¢ok yillik ¢ali formunda bir bitkidir (Bilgener ve
ark., 1996). Bugiine kadar diinyada yaklagik 200 civarinda kusburnu cinsi tanimlanmis olup, tigii
endemik olmak fizere, 35 tiir Tiirkiye florasinda dogal olarak yayilis gostermektedir (Aslan, 2012;
Riek ve ark., 2013). Tiirkiye kusburnunun gen merkezlerinden biri olup, son yillarda gerek beslenme
gerekse tibbi amagl kullanimi giin gegtikce artan, 6nemli 6l¢iide ekonomik deger kazanmis bir meyve
tiridiir (Dogan ve Kazankaya, 2006). Sadece besin veya tibbi amach olarak degerlendirilmeyen
kusburnu, aym1 zamanda peyzaj diizenlemelerinde ve kesme giil yetistiriciliginde ana¢ olarak da
kullanilmaktadir. Yaz aylarinda agan renkli cicekleri (pembe, agik kirmizi, agik sar1 ve beyaz),
sonbahar aylarinda olgunlasan parlak kirmizi meyveleriyle estetik ve fonksiyonel olarak tekli ya da
gruplar halinde peyzaj diizenlemelerinde kullanilir (Kogan, 2010). Giiniimiizde diinyada ve {ilkemizde
meyve tiiketicileri, meyveyi sadece tatlar1 i¢in degil ayn1 zamanda besin igerigi yoniinden de dikkate
alarak tiiketmektedirler (Boyaci ve Yilmaz, 2020). Dolayisiyla, kusburnu zengin vitamin ve mineral
icerigi ile son zamanlarin gézde meyveleri arasinda bulunmaktadir.

Bir tiiriin yetistiriciliginin yapilabilmesi i¢in 6ncelikle o tiiriin gogaltma yeteneginin bilinmesi
gerekmektedir. Kusburnu, generatif ve farkli vegetatif yontemlerle (¢elik, doku kiiltiirii ve daldirma)
¢ogaltilabilmektedir (Orhan, 2001). Kusburnunun tohumla ¢ogaltilmasinda meyve ve bitki 6zellikleri
bakimindan tiirlere gore farkliliklar bulunmaktadir. Tiirler igerisinde en fazla agilim Rosa dumalis ve
Rosa villosa; en az agilim ise Rosa rubiginosa ve Rosa canina tiirlerinde goriilmektedir. Cok az agilim
gosteren Rosa rubiginosa ve Rosa canina tiirleri tohumla ¢ogaltilir (Nybom ve Carlson, 1992). Ancak,
tohumla cogaltma kolay olmakla birlikte birgok sorunlari da olan teknik bir iglemdir (Kaska ve
Yilmaz, 1990). Ozellikle Rosaceae familyasina ait olan tiirlerin tohumlar1 bazi 6n islemlerden
gecmedikce genellikle ¢cimlenemezler ya da ¢ok diislik oranlarda ¢imlenirler (Kaska, 1970). Genel
olarak bir¢ok meyve tiirliniin olgunlagsmig saglam tohumlarinin tiim kosullar (¢evre kosullari) optimum
olmasina ragmen c¢imlenememesine tohum biinyesindeki dormansi neden olmaktadir (Cetinbas ve
Koyuncu, 2005). Bu nedenle, ekim oncesinde yapilacak bazi 6n islemlerle (katlama, suda 1slatma,
hormon uygulamasi, ¢itlatma vb.) dormansi engelinin ortadan kaldirilmasi gerekir. Kusburnu
tohumlariin sert gegirimsiz dis kabugundan dolay1 ¢ok zor ¢imlenmesi, bu 6n uygulamalarin sadece
birisi ya da kombinasyonun yeterli olmayabilecegi pek ¢ok ¢alisma sonucunda raporlanmistir (Foster
ve Wright, 1983; Tans1 ve ark., 1996; Ercisli, 2000; Belletti ve ark., 2003, Hosafc1 ve ark., 2005,
Anderson ve Byrne, 2007).

Bu 6n uygulamalardan katlama, sicak ve soguk olarak yapildiginda dormansiyi kiran etkili bir
yontemdir (Zhou ve ark., 2009). Orhan (2001), Rosa dumalis subsp. boissieri var. antalyensis, Rosa
dumalis subsp. boissieri var. boissieri ve Rosa canina tirleriyle yaptig1 calismada, farkli siirelerde
sicak katlama (20°C ve 25°C) + soguk katlama (4°C) uygulamalarinin, soguk katlama + asitle (H>SO4)
asindirmaya goére daha iyi sonucglar verdigini bildirmistir. Alp ve ark., (2009) Rosa canina, R.
pulverelanta ve R. dumalis tiirlerinde 25°C’de 11, 12, 13 hafta sicak katlama, daha sonra 1, 3 hafta 5°C
soguk katlama yaptig1 caligmasinda, genel ¢imlenme yiizdesini R. canina, % 18,80, R. pulverelanta'da
% 13.80 ve R. dumalis'te % 13.53 olarak belirlemisler, bu ii¢ takson i¢in en uygun yontemin 11 hafta
sicak ve soguk katlama oldugunu bildirmislerdir. Ayrica Rosa tiirlerinde genetik 6zelliklerinden dolay1
¢imlenmenin ¢ok zor oldugunu, sicak + soguk katlamanin dormansinin kirilmasinda etkili bir
¢imlenme yontemi oldugunu bildirmislerdir.

Bu c¢alismada kusburnu tohumlarmin farkli katlama ortamlar1 (kum, torf, vermikiilit ve
vermikompost), farkli katlama (1lik+soguk) sicakliklarinda, tohumlarda ¢ikis oranlari ve ¢ogir
gelisimi incelenmistir.
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2. Materyal ve Yontem

Bu calisma Kirsehir Ahi Evran Universitesi Ziraat Fakiiltesi Bahge Bitkileri Boliimiine ait
laboratuvarda ve serada yliriitiilmiistiir. Aragtirmada, 2019 yilinda 14 hafta siireyle katlamaya alman
tohumlarn 2020 yilinda ¢ikiglart incelenmistir. Calismanin materyalini Kirsehir’de dogal yayilis
gosteren kusburnu (Rosa canina) bitkilerinden olgun donemde hasat edilen meyvelerin tohumlari
olusturmustur. Kusburnu meyvelerinden tohumlar ¢ikartilarak temizlenmis, yikanmis ve uygulama
zamanina kadar laboratuvarda muhafaza edilmistir. Dormansinin kirtlmasi amaciyla kusburnu
tohumlar1; kum, torf, vermikiilit ve vermikompost olmak iizere dort farkli ortamda, 1 kg’lik plastik
kaplara (20.60 x 11.20 x 6.90 cm) yaklasik 1 cm derinliginde katlamaya alinmistir. Tohumlar daha
sonra, 22+1°C’de 14 hafta siire 1lik ve nemli katlama, daha sonra +4°C’de 14 hafta siireyle soguk ve
nemli katlamaya tabi tutulmustur. 13 Aralik 2019 tarihinde deneme, tesadiif parselleri deneme
desenine gore 4 tekerriirlii olarak, her tekerriirde 100 tohum olmak iizere toplamda 1600 tohum
kullanilarak kurulmustur. Katlama siiresinde farkli katlama ortamlarinin nem durumlar1 diizenli olarak
kontrol edilerek ortamlarin nemli kalmas1 saglanmistir.

Katlamadan c¢ikarilan tohumlar 6 Temmuz 2020 tarihinde kontrolli sera kosullarinda torf
ortamima ekilmislerdir. Diizenli olarak kontrolleri yapilan bitkilerin ¢ikis oranlar1 giinliik olarak
kaydedilmistir. 5 cm biiytkliigiine ulasan ¢ogiirler; 27 Agustos 2020 tarihinde 2 kisim toprak + 2
kisim torf + 1 kisim perlitten hazirlanmig saksilara sasirtilarak biiylimeleri gézlenmistir. 28 Kasim
2020 tarihinde Kusburnu bitkilerinde; ta¢ biiylikliigii, kok bogazi capi, govde sayisi, govde uzunlugu
ve ¢api, siirgiin sayist, siirgiin uzunlugu ve ¢api, kok uzunlugu, kok kuru ve yas agirligi, govde kuru ve
yas agirlig1 olmak tizere farkli morfolojik 6zellikleri belirlenmistir.

Calisma sonunda elde edilen veriler, tesadiif parselleri deneme desenine gore SPSS 22.0
istatistiksel paket programi kullanilarak varyans analizlerine tabi tutulmus; ortalamalar arasidaki
farkliliklar, Duncan ¢oklu karsilastirma testi ile kontrol edilmistir (Yurtsever, 1984).

3. Bulgular

Kusburnu tohumlarinda dormansinin kirilmasina yonelik olarak; kum, torf, vermikiilit ve
vermikompost ortamlarinda 14 hafta ilik katlama ve 14 hafta soguk katlamadan ¢ikan tohumlar sera
kosullarinda torf ortamina ekilmistir. Ekim sirasinda, 6zellikle vermikiilit ortaminda katlamaya alinan
tohumlarin ¢itlama oranlarinin yiiksek oldugu goézlemlenmistir. Tohum kabugunun incelmesinden
ziyade kabukta ¢itlama oldugu belirlenmigtir. Kum ortaminda da vermikiilit kadar olmasa da az
miktarda ¢itlama oldugu gézlenmistir. Vermikompost ve torf ortaminda bulunan tohumlarda ¢itlamaya
rastlanilmamistir. Vermikompostta tohumlarin renginin koyulastigi, torfta grilestigi kum ve
vermikiilitte tohum renginin orijinal rengine yakin bir renkte kaldigi saptanmistir. Serada torf
ortaminda viyollere ekilen tohumlarin diizenli olarak bakim isleri yapilarak giinliikk goézlemler
kaydedilmistir. 6 Temmuz 2020 tarihinde viyollere ekilen kusburnu tohumlarinda 1 hafta icinde
cikiglar gézlenmistir. Ekilen tohumlarin ¢ikis oranlar1 Cizelge 1’de verilmistir.

Cizelge 1. Kusburnu tohumlarinin ¢ikis oranlari

Uygulama Cikis orant (%)

Kum 2.5b +£1.04
Vermikompost 0+0.00
Torf 0+0.00
Vermikiilit 11.75a+5.48

Vermikompost ve torf ortaminda soguklamasi karsilanan tohumlarda ¢imlenme meydana
gelmemistir. Kum ortaminda katlanan tohumlarin ¢ikis orant % 2.5, vermikiilit ortaminda katlanan
tohumlarin ¢ikis oran1 % 11.75 olarak ger¢eklesmistir.

Calismada sadece kum ve vermikiilit ortaminda katlanan tohumlardan c¢ikis meydana
gelmistir. Elde edilen ¢ogiirlerin diizenli bakim isleri yerine getirilerek biiylimeleri gdzlenmistir.
Viyollerde 5 cm biiyiikliigiine ulasan kusburnu ¢ogiirleri saksilara sasirtilmis, vejetasyon periyodunun
sonunda bunlar {izerinde Cizelge 2’de verilen morfolojik dl¢limler yapilmistir.
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Cizelge 2. Kusburnu ¢dgiirlerinde yapilan morfolojik 6l¢iimler

Morfolojik Ozellikler Kum Vermikiilit

Tag yiiksekligi (cm) 37.98 £1.62 35.85+4.81
Govde yiiksekligi (cm) 33.12+ 1.66 31.64+3.33
K&k bogazi ¢ap1 (mm) 4.56+0.14 4.44+0.26
Govde ¢ap1 (mm) 2.22+0.10 2.19+0.09
Govde sayisi (adet) 1.23+0.12 1.77+0.23
Siirgiin sayis1 (adet) 1.33+0.09a 0.36+0.15b
Siirgiin boyu (cm) 15.05+1.88a 3.19+1.44b
Siirgiin ¢cap1 (mm) 1.43+£0.17a 0.35+0.15b
Kok boyu (cm) 30.67+0.88 31.57+2.03
Govde yas agirhig: (gr) 2.91+0.25 2.48+0.34
Govde kuru agirhigr (gr) 5.77+0.50 5.25+0.70
Kok yas agirhigi (gr) 5.98+0.14 5.92+0.79
Kok kuru agirligr (gr) 13.97+0.50 12.39+0.82

Farkl1 harfler arasindaki fark p<0.01 diizeyinde ¢ok dnemlidir.

Yapilan morfolojik gozlemlerde, tag yiiksekligi, gévde ylksekligi, govde capi, gdvde sayisi,
kok bogazi capi, kok boyu, gévde yas ve kuru agirligi, kok yas ve kuru agirligi degerleri arasindaki
farklar istatistiki bakimdan 6nemsiz bulunmustur. Siirgiin sayis1 bakimindan; uygulamalardan kumda
katlanan tohumlarin siirgiin sayis1 1.33 adet iken, vermikiilitte katlanan tohumlarin siirgiin sayisi 0.36
adet olarak belirlenmis, bu ortalamalar arasindaki fark ise istatistiki bakimindan énemli bulunmustur.
Stirglin boyu kum ortaminda katlanan tohumlarda 15.05 cm ile en yiiksek degeri verirken, vermikiilitte
katlanan tohumlarda 3.19 cm ile en diisiik deger tespit edilmistir. Siirgiin cap1 bakimindan;
uygulamalar arasindaki fark ta istatistiki olarak 6nemli bulunmustur. Siirgiin ¢ap1 kum ortaminda
katlanan tohumlarda 1.43 mm ile en yiiksek, vermikiilit ortaminda katlanan tohumlarda 0.35 mm
olarak saptanmistir.

4. Tartisma ve Sonug

Aragtirmada; vermikompost ve torf ortaminda katlanan tohumlarda ¢imlenme
gergeklesmemistir. Buna karsin, kum ortaminda katlanan tohumlarin ¢ikis oranit % 2.5, vermikiilit
ortaminda katlanan tohumlarin ¢ikis oran1 % 11.75 olarak belirlenmistir. Kaminski (1983), Polonya’da
farkl1 Rosa canina tiplerini kullanarak yaptigi ¢caligmada, 4°C’de 180 giin katlama sonucunu % 0.5; 90
giin 20°C + 90 giin 4°C’de katlama sonucunu % 11.7; 180 giin 4°C + 300 giin -1°C’de katlama
sonucunu % 80.5; 90 giin 20°C + 90 giin 4°C + 300 giin -1°C’de katlama sonucunu % 74 olarak
bulmustur. Benzer sekilde Werlemark ve ark., (1995) bazi kusburnu tiirlerinde farkli katlama sicakligi
uygulamalar1 yaptig1 calismasinda, 12 hafta 20°C’de ve 5°C’de tutulan kusburnu tohumlarinin
¢imlenme oraninm1 % 9.7, 24 hafta 5°C de tutulan tohumlarin ¢imlenme oranmi da % 0.8 olarak
belirlemislerdir. Orhan (2001), perlit ortaminda yaptig1 calismada ¢imlenme oranlarini; birinci yilda
20°C’de 1 ay + 4°C’de 4 ay katlamada % 1.94, 20°C’de 2 ay + 4°C’de 4 ay katlamada % 2.08 ve
20°C’de 3 ay + 4°C’de 4 ay katlamasindan % 3.89 olarak belirlemigler, ayrica 25°C’de 1 ay + 4°C’de 4
ay katlamadan % 0.56, 25°C’de 2 ay + 4°C’de 4 ay katlamasindan % 3,89 ve 25°C’de 3 ay +4°C’de 4
ay katlamasindan % 4.86 ¢imlenme oranlar elde etmislerdir. Arastiricilar; katlama siiresinin arttikca
¢imlenme oranlarinda da artis oldugunu bildirmislerdir.

Kusburnu tohumlar1 sert ve gegirimsiz bir perikarp tabakasiyla ¢evrilidir. Bu tabaka tohumun
su emilimini ve hava gecirgenligini engelleyerek, embriyonun genislemesine fiziksel bir engel
olusturur (Werlemark ve ark., 1995; Meyer, 2008). Ayrica kusburnu tohumlarinin biinyesinde yiiksek
oranda bulunan absisik asit ¢imlenme igin bir inhibitor gorevi iistlenmektedir (Hartmann ve ark.,
2002). Belirtilen bu nedenlerden dolayr kusburnu tohumlarinin ¢imlenmesi zordur. Kusburnu
tohumlarinda dormansiyi kirmak i¢in en yaygin kullanilan yontem katlamadir (Zlesak, 2007). Daha
once farkli arastiricilar tarafindan yapilan g¢alismalara ek olarak farkli ortam ve farkli katlama
sicakliklart denenerek yapilan bu arasgtirmada, vermikiilit ortaminda katlanan tohumlarm; Kaminski
(1983), tarafindan yapilan 4°C de 180 giin katlama, 90 giin 20°C ve 90 giin 4°C de katlanmasinda,
Werlemark ve ark., (1995) 12 hafta 20°C’de ve 12 hafta 5°C’de, 24 hafta 5°C deki uygulamalar ile
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Orhan (2001)’1n perlit ortaminda farkli katlama sicaklik kombinasyonlar1 ile ilgili uygulamalarinin
tamamindan daha iyi sonuglar elde edilirken, kum ortaminda ise Kaminski (1983), 4°C de 180 giin,
Werlemark ve ark. (1995) 24 hafta 5°C de katlamaya tabi tutulan tohumlara gore, daha yiiksek veriler
elde edilmistir.

Kusburnu tohumlarinda dormansiyi kirmak i¢in uygulanan 6n islemlere dair calismalar da
mevcuttur. Ancak ¢ikistan sonra ¢ogiir 6zelliklerinin incelendigi aragtirmalara rastlanilmamistir. Her
ne kadar yapilan bu calismada diisiik c¢ikis oranlar1 elde edilmis olsa da, calisma, morfolojik
Ozelliklerinin incelenmesi acisindan da farkli bir bakis agisi olusturmustur. Ancak farkli tiirlerde
tohumlara uygulanan 6n islemlerden sonra ¢6giir gelisiminin takip edildigi arastirmalar mevcuttur.
Yasin ve Glibbiik (2005), yabani ke¢iboynuzu tohumlarina yapilan bazi 6n islemlerin tohum ¢imlenme
orani ve siliresi ile ¢oglr gelisimi iizerine etkilerini inceledikleri bir aragtirmada, ekim Oncesinde
kontrol, + 4 °C’de 80 ve 100 giin muhafaza, + 4 °C’de 80 ve 100 giin kumda katlama, + 4 °C’de 80 ve
100 giin perlitte katlama, 40 °C’de sicak suda 2 saat bekletme, 18 + 2 °C suda 2 giin bekletme
uygulamalar1 yapmuslardir. Tohum ¢imlenme oraninin % 44.62 ile % 77.80 ve ¢imlenme siiresinin ise
6.61 ile 13.09 giin arasinda degistigini, bitki boyu ve govde ¢apinin + 4°C’de 100 giin bekletilen
tohumlarda diger uygulamalardan daha yiiksek oldugunu tespit etmislerdir. Rahemi ve ark. (2009),
baz1 yabani badem tiirlerinin tohum ¢imlenmesi ve fidan iiretimi ilgili yaptiklar ¢alismada, yabani
badem tohumlar1 24 saatte 4 farkli gibberelik asit (GAs) (0, 250, 500 ve 750 ppm) dozlarinda nemli
perlitte 5 £ 0.5 °C'de ve karanlik kosullarda 8 hafta katlamaya alinmis, sonunda ¢imlenme hizi,
cimlenme ylizdesi, canlilik ve kdk uzunlugunun farkli oldugu, hormon uygulamasinin etkinliginin
olmadig1 belirlenmistir. ikinci uygulamada ise farkl1 alt1 yabani badem cesidi tohumlarinin ¢imlenme
yeteneklerini karsilagtirmiglar, ¢imlenme yiizdesi, canlilik indeksi ve kok uzunluguna ait ortalama
degerler arasindaki farkliliklar istatistiki anlamda 6nemli oldugu belirtilmistir. Ertan ve Alkan (2015),
farkli ortamlarin kestanede ¢imlenme ve c¢dgiirlerinin biiyiime ve gelisme performansi iizerine
etkilerini belirlemek amaciyla yiiriittiikkleri c¢alismalarinda; perlit, torf, vermikiilit, pomza (kaba),
klinoptilolit, kum (ince) ve toprak ortamlart kullanmislar, vermikiilit ve torf ortamlarinin kestane
cogiirlerinde ¢imlenme orani ve gelisme performansinin artmasina neden oldugunu bildirmislerdir.

Kusburnu son yillarda hem tibbi amagli hem de besin yoniinden kullanimi artan gelecegi
parlak meyve tiirlerinden biridir. Artan talebin karsilanabilmesi ve ihracat imkanlarinin gelismesi
acisindan, sadece dogadan toplama seklinde iiriin elde etmenin yani sira, kapama bahgeler kurulmasi
amaciyla fidan talebi fazla olan bir tiirdiir. Bu baglamda kusburnunda Rosa canina tiirleri genetik
yonden az agilim gosterdigi i¢in tohumla ¢ogaltma tercih edilmektedir. Sert ge¢irimsiz bir tohum
kabuguna sahip kusburnu tiiriiniin, uygun 6n islemler belirlenerek ¢ogaltilmas1 énemli bir ihtiyactir.
Kusburnu tohumlarinda dormansiyi kirmak icin en yaygin yontemin katlama oldugu (Zlesak, 2007) ve
bu katlama siiresinin tiirlere gore degisebilecegi bildirilmistir (Werlemark ve ark., 1995; Alp ve ark.,
2009) Ayrica Orhan (2001), kusburnu tohumlarinda katlama siiresi arttik¢a ¢imlenme oranlarinda da
artis oldugunu belirlemistir. Hajian ve Khosh-Khui, (2000); Rosa damascena tohumlarinda dormansiyi
kirmak i¢in 150 giinden daha uzun bir katlama siiresine ihtiya¢ duyuldugu, ilaveten tohumlarin % 70-
80 silfiirik asit icinde 10 dakika bekletilmesiyle c¢imlenme yiizdesinin % 80'in {izerine
cikarilabilecegini belirtmislerdir.

Aragtirma sonuglarina gore; katlama siiresinin kisa tutuldugu durumlarda ¢ikis yiizdesinin ¢ok
diisiik oldugu bu nedenle hem kisa siireli katlama hem de uzun siireli katlama uygulamalarinda
yalnizca katlama ortami ve sicakligin tek basina yeterli olmadigi, ozellikle kisa siireli katlama
uygulamalarinda biiylime diizenleyici kullaniminin gerekli oldugu kanaatine varilmistir.
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Abstract: This study was conducted to determine the nutritional status of maize
cultivated lands and maize plant in Sanliurfa province in term of selenium and
micro elements. For this purpose, samples of soil and plants were taken from
Sanliurfa province and Akcakale, Ceylanpinar, Harran and Viransehir districts.
Texture, soil reaction, electrical conductivity, CaCOs, organic matter, available
selenium, exchangeable iron, zinc, copper, manganese and boron analysis were
done in the soil samples. Total iron, zinc, copper, manganese, selenium and boron
content were determined in plants samples. According to results of soil and leaf
analysis, nutritional problems in term of selenium have been determined in the
lands of maize cultivation in all districts. Nutritional problem in term of zinc has
been determined in only Ceylanpinar district, in term of copper has been
determined in Ceylanpinar and Viransehir district. Considering the results of the
work carried out in Sanliurfa; it is understood that effective fertilization programs,
methods and fertilization time are extremely important. The quality and highly
efficient production in the maize cultivation is related to balanced fertilization,
addition of organic fertilizers and other technical applications.
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Oz: Bu calisma, Sanlmurfa ilinde musir yetistiriciligi yapilan topraklarin ve musir
bitkisinin selenyum ve mikro elementler agisindan beslenme durumlarinin
belirlenmesi amaciyla yiritilmistir. Bu amagla Sanlwrfa ili Merkez,
Akgakale, Ceylanpmar, Harran ve Viransehir ilgelerinden toprak ve yaprak
ornekleri alinmigtir. Toprak Orneklerinde; tekstiir, pH, EC, CaCOs, organik
madde, alinabilir selenyum ve degisebilir demir, ¢inko, bakir, mangan, bor
analizleri yapilmigtir. Yaprak 6rneklerinde toplam demir, ¢inko, bakir, mangan,
selenyum ve bor igerikleri belirlenmistir. Toprak ve yaprak analiz sonuglarina
gore; tim ilgelerde musir tarimu yapilan alanlarda selenyum agisindan beslenme
sorunlarinin yasandigi tespit edilmistir. Cinko agisindan beslenme sorununun
sadece Ceylanpmar ilgesinde, bakir agisindan beslenme sorununun da
Ceylanpinar ve Virangehir ilgesinde yasandigi tespit edilmistir. Sanliurfa ilinde
gergeklestirilen bu calismanin sonucglar1 dikkate alindiginda, etkili giibreleme
programi, yontemi ve zamaninin son derece 6nemli oldugu anlagilmaktadir.
Misir tariminda kaliteli ve yiiksek verimli {iretim; dengeli giibreleme, organik
glibre ilavesi ve diger teknik uygulamalarla ilgilidir.
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1. Introduction

In the nutrition circle among human, plant and animal, the use of plant nutrient sources is
important in animal feed, the use of animal nutrient sources is important in human nutrition. Maize is
one of the important nutrients used as human food and animals feed. In recent years, maize has
become the most important grain product used in the food industry of the modern world. In the World,
the maize production is in second place after sugar cane with production amount of 1 016 736 092 tons
according to the year 2013 data. In Turkey maize production with the 5.9 million tons production is in
fourth place after wheat, sugar beet and barley. In Sanliurfa province, maize production is 732 125
tons of grain, 205 635 tons of sillage on the 1 003 482 da area (Anonymous, 2013). Light acidic,
unsalted, good organic matter, low medium calcareous and tin structure soils are ideal for maize
plants. For maize plants, it is desired soil that the groundwater level is not high, welldrained but
sufficiently waterholding, without stone gravel, dark and in term of macro-micronutrients sufficient
and balanced (Zengin and Ozbahce, 2011). The soil selection of maize plant is not too high, outside of
very sandy or heavy clay soils, the soils of rich organic matter and plant nutrient, well drained, high
water retention capacity are the most suitable for high yield (Kun, 1985), and high grain yields are
obtained due to the developments of good root in deep, loamy and clayey-loamy soils (Bayram and
Elmaci, 2014). Kun (1985) found that maize cultivation can be carried out in a very wide range of soil
due to the reaction, but that the most suitable soil is slightly acidic or neutral soils maize is included in
the medium-sensitive plants class in term of soil salinity. In general, maize plants can start to
germinate when the soil temperature is 10-11 °C, germination accelerates when the temperature of the
soil reaches 15 °C at 5-10 cm depth. When the temperature reaches 32 °C, a sudden decrease in the
stem, stem extension is observed, when the temperature reaches 40 °C, germination stops (Kirtok,
1998). In term of human nutrition, maize grain contains iron (Fe), magnesium (Mg), potassium (K), A,
B1, B3, B9 and C, as well as high carbohydrate (starch), protein, different sugar derivatives, fiber and
fat content. Due to high protein, vitamin A content, maize grains become indispensable in animal
nutrition, participate in feed rations at a rate of 15-65% (Emeklier, 2002). Maize grain has become one
of the most important silage plants in the world for ruminant animals in recent years with the
development of silage techniques, together with being a good feed for single mussels and poultry in
animal feeding. The intense consumption of cerealbased foods, which are poor in micronutrient,
causes micronutrient deficiencies in humans and serious health problems associated with it (Welch
and Graham, 2005; Cakmak, 2008; Cakmak et al., 2009). These important nutrients are Fe, zinc (Zn)
and selenium (Se). Selenium is one of the most studied micronutrients in the world along with Fe and
Zn (Cakmak et al., 2009). Selenium which has an important place in nutrient is also commonly
consumed by feed (Shamberger, 1984). Selenium has a potent antioxidant role in animals with vitamin
E as synergistic action (Lawrence et al., 2003). In animal, white muscle disease occurs in case of lack
Se. It is desirable that concentration of Se in consumed foods should be between 100-1000 pg kg™ for
adequate nutrition of humans and animals (Alloway, 1968; Adams et al., 2002; Broadley et al., 2007;
Cakmak et al., 2009). The most important source of Se and other nutrients in plant-based foods is soil
(Marchner, 1995). Excessive or inadequate fertilization reduces yields, negatively affects product
quality, and increases the susceptibility of plants to disease and harm (Gunes et al., 2000). Soil and
leaf analysis should be used in order to establish a correct fertilization program in plants crops. With
the soil analyzes the available concentrations of the nutrients in the soil are determined for plants, and
the insufficiencies can be eliminated by fertilization. However, in addition of soil analysis, plant
analysis need to be done in order to determination of the nutritional levels of plants and apply of
fertilization programs. Plant analysis is a very important technique in term of revealing the utilization
rate of plants from the nutrients available in the soil. There are many ecological factors limiting
nutrient uptake conditions, although the nutrient ions are available (Deliboran et al., 2014).

This study aimed to determination of the nutritional status of maize growing areas in the Center,
Viransehir, Ceylanpinar, Harran and Akcakale districts of Sanliurfa province in terms of Se and micro
nutrients by soil and leaf analysis; to compare the obtained results with the reference values and to
determine the problems arising for various reasons.
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2. Materials and Methods

Soil and leaf samples constituting the research material were collected from total 38 maize
farms in 2012 as Sanliurfa province Center, Akcakale, Ceylanpinar, Harran and Viransehir (Figure 1).
Soil samples were taken from 0-30 cm depth (Jackson, 1967); leaf samples were taken from the
complete leaves that has not completed its development just below the point where the hilltop leaves
before pre-tuft of maize plants. The samples were prepared for analysis according to Kacar (1972).
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Figure 1. The research area.

In soil samples, texture (Bouyoucos, 1995); pH, electrical conductivity (EC), lime (CaCQg)
(Tuzuner, 1990); organic matter (OM) (Black, 1965); extractable Fe, Zn, manganase (Mn), copper
(Cu) (Lindsay and Norvell, 1978); available boron (B) (Kacar, 1995) were determined. Available Se
was determined by KH,PO, extraction method by the Atomic Absorption Spectrophotometer (ASS)
connected to ETC-60 (Electrothermal Temperature Controller) and VGA-77 (Vapor Generator
Aparatus) apparatus (Cakmak et al., 2009).

Plant samples were burned with nitric acid (HNOgz)+perchloric acid (HCIO4) mixture and total
B, Fe, Cu, Zn, Mn were determined by ICP (Kacar, 1995). Samples were dried to a constant weight at
40 °C in an air circulating dryer cabinet. The dried and ground samples were prepared for Se
determination by wet digestion in microwave oven with 5 ml concentrared HNO3z and 2 ml 30%
hydrogen peroxide (H:O,) by using a digesting program, which have been developed. All Se
measurements were checked against certificated Se values in different reference plant material (1547
Peach Leaves, NIST). After digestion, the total volume was completed up to 20 ml, and Se
concentration of the samples were measured by ASS equipped with VGA 77 and ETC-60. Firstly, Se
(+ V1) in the samples was reduced to Se (+ 1V) form by treatment with hydrochloric acid. After, it was
reacted with sodium tetraborate (NaBH,) reductive in acidic medium and it was reduced to form
volatile hydrogen selenide (SeH:) and the absorption intensity was measured by atomizing SeH- at
high temperature (850-950 °C) with ETC-60 instrument in the hydride forming unit of a hydride
generator module (VGA-77) which mounted in front of the sample entry system of the Se (+ IV) AAS
device. The accuracy and reproducibility of the analysis values were controlled using standard
reference materials (NIST, Gaithersburg, USA) (Cakmak et al., 2009).
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3. Results
3.1. Physical and chemical properties of soils

Some physical and chemical properties of Center, Viransehir, Ceylanpinar, Harran, Akcakale
districts and General were given Table 1. In General the sand, clay and silt content of soils changed
between 17-45%, 19-63%, 13-48%; the soil reaction, lime, OM and EC contents were between 7.10-
8.00; 0.4-29.2%; 1.32-3.27%, 0.49-1.61 dS m, respectively.

Table 1. Some pyhsical and chemical properties of soil samples taken from maize cultivation area in
the Sanliurfa province

Province Texture (%) pH EC CaCOs O.M.
Sand Clay Silt (ds m) (%) (%)
Minumum 17 53 17 7.59 0.90 0.40 1.70
Center Maximun 22 61 21 7.81 1.36 26.9 3.13
Average 26 55 19 7.69 1.06 12.1 2.27
Minumum 22 51 13 7.61 0.92 7.6 1.59
Viransehir Maximun 28 63 22 7.81 1.44 14.0 2.39
Average 25 59 17 7.68 1.35 10.8 1.98
Minumum 22 33 19 7.59 0.49 16.3 1.89
Ceylanpinar Maximun 43 59 26 7.75 0.88 28.8 3.27
Average 35 42 23 7.64 0.67 25.1 2.50
DK 21 19 12 1 19 18 20
Minumum 27 43 16 7.43 0.49 21.2 1.35
Harran Maximun 37 53 26 7.76 1.60 27.3 2.71
Average 32 47 21 7.60 1.07 24.3 2.04
Minumum 21 19 16 7.10 0.65 15.1 1.32
Akcakale Maximun 45 53 48 8.00 1.61 29.2 3.11
Average 31 44 25 7.72 1.11 23.0 2.03
Minumum 17 19 13 7.10 0.49 0.40 1.32
Maximun 45 63 48 8.00 1.61 29.20 3.27
Average 30 48 22 7.66 1.03 19.88 2.19
General Kurtosis -0,44 0,73 12,58 4,47 0,04 -0,04 -0,13
Skewness 0,58 -0,71 2,75 -1,02 0,52 -1,02 0,40
Median 29,44 49,05 21,50 7,68 1,03 22,60 2,20
StdS 6,74 9,85 5,64 0,15 0,34 8,46 0,50
Variance 44,25 94,47 30,93 0,02 0,12 69,65 0,25
DK 22 21 26 2 33 43 23

The soil reaction was determined between 7.59-7.81, 7.61-7.81, 7.59-7.75, 7.43-7.76, 7.10-
8.00 and 7.10-8.00; the lime and OM contents changed between 0.4-26.9%, 7.6-14.0%, 16.3-28.8%,
21.2-27.3%, 15.1-29.2%, 0.4-29.2%; and between 1.70-3.13%; 1.59-2.39%; 1.89-3.27%; 1.35-2.71%,
1.32-3.11%, 1.32-3.27%, respectively. Also the EC content varied between 0.49-1.61 dS m™ (Table 1).

The extractable B, Fe, Zn, Mn and Cu contents ranged between 0.16-1.12 mg kg?, 1.42-5.09
mg kg, 0.17-4.63 mg kg, 0.02-5.19 mg kg, 0.47-1.93 mg kg, respectively in General. In General,
Se content changed 0-50.830 pg kg™. In the Central district, the available Se content changed between
1.039-50.830 pg kgl; in the provinces of Viransehir, Ceylanpinar, Harran and Akcakale, the Se
content was found to be less than 1 ug kg™ (Table 2).
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Table 2. Extractable B, Fe, Zn, Mn, Cu and available Se concentrations of soil samples taken from the
maize cultivation area in the Sanliurfa province

Extractable elements (mg kg?)

: -1
Province B Fo 7n VN Cu Se (ng kg™t)
Minumum 0.17 1.81 0.27 1.90 0.98 1.039
Maximun 0.77 4.09 4.63 5.19 1.46 50.830
Average 0.35 3.22 1.60 3.27 1.22 10.320
Kurtosis 1.56 -0.08 -0.32 0.18 -1.20 6.57
Center Skewness 1.46 -0.67 124 0.64 -0.27 2.54
Median 0.24 3.09 0.64 3.15 1.26 2.35
StdS 0.22 0.82 1.79 111 0.18 18.04
Variance 0.04 0.57 2.74 1.06 0.03 278.84
DK 63 25 112 34 15 175
Minumum 0.16 2.36 0.33 2.09 1.17 <lppb
Maximun 0.25 3.33 2.67 3.68 1.20 <lppb
Average 0.22 3.02 0.95 3.02 1.18 <lppb
Kurtosis 2.09 3.76 4.61 0.39 -1.56 -2.91
Viransehir Skewness -1.35 -1.88 212 -0.75 0.47 -0.24
Median 0.22 3.18 0.57 2.98 1.18 0.41
StdS 0.03 0.38 0.97 0.62 0.01 0.15
Variance 487.69 64.32 1497.26 120.64 23.99 11236.57
DK 16 13 103 21 1 40
Minumum 0.23 1.42 0.17 211 0.47 0
Maximun 0.44 2.68 4.59 4.87 0.98 <lppb
Average 0.34 2.10 1.73 343 0.76 <lppb
Ceylanpinar Kurtosis -0.80 -0.03 -1.64 -1.73 2.78 9.00
Skewness 0.21 -0.29 0.62 0.05 -0.77 3.00
Median 0.34 2.06 0.38 361 0.76 0.00
StdS 0.06 0.31 1.37 0.83 0.04 0.00
Variance 0.00 0.13 2.92 1.01 0.02 0.00
DK 17 15 79 24 5 0
Minumum 0.35 2.32 0.21 191 0.84 0
Maximun 0.78 5.09 2.72 4.87 1.37 <lppb
Average 0.53 3.34 1.36 3.71 1.06 <lppb
Kurtosis 2.65 181 -0.48 0.85 -0.30 7.00
Harran Skewness 1.09 1.09 0.50 -0.80 0.60 2.65
Median 0.50 3.38 1.18 3.48 1.09 0.00
StdS 0.13 0.92 0.86 0.99 0.19 0.03
Variance 0.02 0.73 0.64 0.85 0.03 0.00
DK 26 28 64 27 18 265
Minumum 0.42 1.57 0.18 0.02 0.74 0
Maximun 112 3.99 1.83 4.82 1.93 <lppb
Average 0.62 2.70 0.76 2.88 1.24 <lppb
Kurtosis 0.54 -0.43 -1.05 0.63 0.10 0.29
Akcakale Skewness 121 0.00 0.69 -0.50 0.98 1.38
Median 0.52 2.65 0.53 2.84 1.13 0.00
StdS 0.24 0.78 0.61 1.43 0.39 0.36
Variance 0.05 0.55 0.33 1.84 0.14 0.12
DK 39 29 80 50 32 170
Minumum 0.16 1.42 0.17 0.02 0.47 0.000
Maximun 112 5.09 4.63 5.19 1.93 50.830
Average 0.44 2.84 1.34 3.22 1.09 3.181
Kurtosis 1.67 0.28 0.83 0.41 1.56 34.89
General Skewness 1.23 0.48 1.37 -0.38 0.82 5.82
Median 0.42 2.78 0.67 3.41 1.06 0.00
StdS 0.22 0.81 1.30 111 0.30 8.30
Variance 0.05 0.64 1.65 1.20 0.09 67.01
DK 49 29 98 35 28 261

3.2. Micro nutrient content of plant

In General, total B contents ranged from 17.56 to 160.60 mg kg?, total Fe, Cu, Zn, Mn
between 67.97-253.00, 10.93-27.52, 14.36-101.50, 58.30-270.50 mg kg, respevtively. Se contents
ranged between <10-38.48 ug kg™ in the Center, between 0-27.53 pg kg in Viransehir, depending on
the provinces in general ranges from 0 to 38.48 pg kg*. The samples taken from Ceylanpinar, Harran
and Akcakale districts do not contain Se (Table 3).
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Table 3. Values for total B, Fe, Zn, Mn, Cu and Se concentrations of maize leaf samples

Provi B Fe Zn Mn Cu Se
rovince % ngka?
Min. 17.56 75.90 26.71 90.87 17.17 <10 ppb
Center Max. 32.62 156.10 101.50 157.80 26.54 38.48
Auvr. 26.77 101.56 48.33 113.80 20.89 18.76
Min. 36.43 67.97 2477 86.07 17.80 nd
Viransehir Max. 149.20 97.59 57.27 176.90 25.66 27.53
Auvr. 98.95 88.26 38.67 124.31 19.69 <10 ppb
Min. 79.21 79.92 14.36 67.83 15.00 nd
Ceylanpinar Max. 160.60 156.40 88.24 177.40 26.15 nd
Auvr. 113.13 114.41 46.08 119.99 20.21 nd
Min. 43.72 121.70 27.18 58.30 12.13 nd
Harran Max. 56.10 253.00 83.17 206.50 19.27 nd
Auvr. 49.24 164.96 52.81 126.63 15.74 nd
Min. 28.02 116.10 17.29 74.18 10.93 nd
Akcakale Max. 74.67 243.70 75.19 270.50 27.52 13.32
Avr. 51.43 166.19 47.13 151.66 18.11 <10 ppb
Min. 17.56 67.97 14.36 58.30 10.93 nd
General Max. 160.60 253.00 101.50 270.50 27.52 38.48
Avarage 67.90 127.08 73.22 127.28 18.93 <10 ppb

nd: not detected.
4. Discussion and Conclusion
4.1. Physical and chemical properties of soils

According to Anonymous (1951); all soil samples of Center, Harran and Viransehir were C;
10% of Akcakale were L, 20% CL, 70% C; 56% of Ceylanpinar were CL, 44% C (Table 4). The vast
majority of the studied agricultural lands were heavily textured (C) and the territory of the region is

suitable for maize cultivation in terms of structure (Bayram and Elmaci, 2014).

Table 4. Distribution of some pyhsical and chemical properties of soil samples taken from maize
cultivation areas according to the limits of adequacy

Center Akcakale  Ceylanpinar  Harran Viransehir General
Properties NS % NS % NS % NS % NS % NS %
Loamy (L) - - 1 10 - - - - - - 1 3
Texture (%) Clayey Loamy - - 2 20 5 56 - - - - 7 18
(CL) 7 100 7 70 4 44 7 100 5 100 30 79
Clayey (C)
6.6-7.3 Neutral - - 1 10 - - - - - - 1 3
oH 74-78 Mild Alkaline 7 100 6 60 9 100 7 100 5 100 34 89
7.9-84 Alkaline - - 3 30 - - - - - - 3 8
8.5-9.0 Strong Alkaline - - - - - - - - -
2.5> Saltless 7 100 10 100 9 100 7 100 5 100 38 100
EC 2.6-4.5 Saline - - - - - - - - - - - -
(mmhos cm?)  4.6-6.9 Medium saline - - - - - - - - - - - -
7.0-10.0  High saline - - - - - - - - - - - -
10< Extreme saline - - - - - - - - - - - -
0-2.5 Low 2 29 - - - - - - - - 2 5
CaCO, 2.6-5.0 Limy 1 14 - - - - - - - - 1 3
(%) 5.1-10.0  High 1 14 - - - - - - 2 40 3 8
10.1-20.0 Very high - - 3 30 1 11 - - 3 60 7 18
20.0< Extreme 3 43 7 70 8 89 7 100 - - 25 66
o.M 0-2 Poor humic 2 29 5 50 1 11 3 43 2 40 13 34
(%) 2-5 Less Humic 5 71 5 50 8 89 4 57 3 60 25 66
5-10 Humic - - - - - - - - - - - -

NS: Number of samples.

342



YYU TAR BiL DERG (YYU J AGR SCI) 31 (2): 337-347
Deliboran and Nacar / Evaluation of Nutritional Status In Term of Selenium and Micro Nutrients of Maize Cultivation Lands in Sanliurfa Province

According to Kellogg (1952), all of the soils of Center, Ceylanpinar, Harran and Viransehir
were mild alkaline; 10% of Akcakale neutral, 60% mild alkaline, 30% alkaline. Generally 3% of the
soil were neutral, 89% mild alkaline, 8% alkaline (Table 4). Considering that maize vegetation can
show the best growth in 6-7 pH range (Larson and Hanway, 1977; Zengin and Ozbahce, 2011), as a
results of our study the soil of the region is suitable for maize farming in terms of pH. However, in
order to decrease the pH in the alkaline reacting soil, powdered sulfur should be used in the autumn,
preferably with farmyard or physiological acid fertilizers (Deliboran et al., 2014). Depending on the
causes of alkalinity, opening of drainage channels, washing with water, soil jibs application can be
done.

All of soils were unsalted class, the research area does not constitute a problem for salinity. If
the soil salinity increases to 10 mmhos cm?, it is impossible to obtain the yield (Doorenhos and
Kassam 1979; Kilic, 2005). In term of CaCOs, 29% of the Center were low, 14% limy, 14% high, 43%
extreme limy. In Harran, Akcakale, Ceylanpinar, Viransehir and General, all of the soils were very
high and extreme limy class (Table 4). The lime content of the research soils were high when
considering that the maize plant grows well in the low-medium limy soil.

29% of Center, 50% of Akcakale, 11% of Ceylanpinar, 43% of Harran, 40% of Viransehir and
39% of General soils were humus-poor class (Table 4), all soils were poor class. There is a generally
high correlation between the OM and Zn content which is caused by the chelating compounds are
cleaved during the decomposition of the OM, by increasing the Zn availability by making zinc-chelate
compound (Aktas, 1995). For these reasons, it is thought that importance should be attached to organic
fertilization.

Table 5. Distribution of determined extractable B, Fe, Zn, Cu, Mn and available Se concentrations of
the soil samples taken from maize cultivation areas according to the limits of adequacy

Center Akcakale  Ceylanpinar Harran Virangehir Gernel
Properties NS % NS % NS % NS % NS % NS %
<0.50 Very low 5 71 5 50 9 100 2 29 5 100 26 68
Extractable B 0.50-0.99 Low 2 29 4 48 - - 5 71 - - 11 239
(mg kg 1.00- Adaguate - - 1 1 - - 1
2.49 Much - - - -
2.50-4.99 Very much
>5.00
Extractable Fe ~ 2.5> Lack 1 14 3 30 8 89 2 29 1 20 15 39
(mg kg™t 2.5-4.5 Show deficieny 6 86 7 70 1 11 4 57 4 80 22 58
4.5< Good - - - - - - 1 14 - - 1 3
Extractable Zn  0.5> Lack 2 29 5 50 5 56 1 14 2 40 15 39
(mg kg™t 0.5-1.0 Show defcieny 2 29 1 10 - - 2 29 2 40 7 18
1.0< Good 3 42 4 40 4 44 4 57 1 20 16 42
Extractable Cu  0.2> Inadequate - - - - - - - - - -
(mg kg1 0.2< Adaguate 7 100 10 100 9 100 7 100 5 100 38 100
Extractable Mn 1> Inadequate - 1 10 - - - - - - - -
(mg kg1 1< Adaguate 7 100 9 90 9 100 7 100 5 100 38 100
Available Se 100> Poor 7 100 10 100 9 100 7 100 5 100 38 100
(ngkg?) 100-1000 Middle - - - - - - - - - - - -
1000< Rich

NS: Number of samples.

When extractable B contents of soil are evaluated according to Wolf (1971); in Center,
Ceylanpinar, Viransehir and Harran 100% were very low/low; in Akcakale 90% were very low/low,
10% adequate. In general, 97% were very low/low, 3% adequate class, boron deficiency was observed
in 97% of the maize cultivated fields (Table 5). Low content of OM and high amount of lime, over-
drought and over-precipitation are factors that reduce the use of available B (Keren et al., 1985;
Goldberg, 1997). Soil pH is the most important soil characteristic that affects the intake by the boron
plants. Boron uptake is decreased in plants due to increase in soil pH or excess calcification (Bartleta
and Picarelli, 1973). According to the results, it has been determined that the B contents of soils that
its pH was very low and low class was changed between 7.10-8 and slightly alkaline. When all of the
above mentioned information is evaluated together, it is thought that boron deficiency indications in
plant leaves are well observed, and boron deficiency is observed leaf analysis with soil analyzes, and
foliar applications of boron fertilizer from leaf.
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As a result of the classification reported by Lindsay and Norvell (1978), extractable Cu, Mn
contents were adequate class, extractable Fe of Ceylanpinar soils were lack, the vast of the other
provinces showed deficiencies class. For extractable Zn, 29% of Center were lack, 29% show
deficieny, 42% good; 50% of Akcakale soils were lack, 10% show deficiencies, 40% good; 56% of
Ceylanpinar were lack, 44% good; 14% of Harran were lack, 29% show deficieny, 57% good; about
80% of Viransehir were lack and show deficieny, 20% good class; in Generally 39% of soils were
lack, 18% deficient, 42% good class (Table 5).

It has been determined that except 14% of Harran soils, all districts soils have a nutritional
problems in terms of Fe, and about 57% of soils at all district have a problem in terms of Zn nutrition.
Fe and Zn deficiency are the most common micronutrient deficiencies in soils. Fe and Zn deficiency is
mainly caused by factors affecting the availability of iron to the soil and plant. These factors can be
listed as low amount of Fe that can be taken to the soil, high amount of lime in the soil, high pH, high
HCOs ion concentration, excess of other heavy metals and low reduction capacity of plant roots.
Higher pH due to excess lime and high amount of Ca** and HCO;™ ions in the soil solution reduces the
Fe and Zn availability in calcareous soil. In addition, sulfide formation and drainage disorders reduce
Zn availability. There is usually a high correlation between soil organic matter coverage and
extractable Zn coverage, when the OM is broken, due to chelating compounds, zinc-chelate compound
is formed and zinc avaibility is increased (Aktas, 1995). In the research, the soils that have deficieny
extractable Fe and Zn have a mildly alkaline character and a high/very high and over-calcified lime
content, humus-poor and less humus. The low level of extractable Zn of soil can be lead to Zn
deficiency in the plant, which causes considerable yield losses. Plant species show different tolerance
to Zn deficiency. It is known that the response to Zn deficiency and Zn application is largely different
between grain varieties or cultivars. Maize is only one of these plant species (Ozer, 1999; Ozguven
and Katkat, 2001).

The results of the analysis were evaluated by Fine et al. (1971); all of the soil samples were in
the poor class of Se (Table 5). Cakmak et al. (2009) reported that Se concentration of favorable soil
collected from different parts of Turkey; in the South East Anatolia Region, is changed between 2.2
and 6.0 ug kgt, with an average of 2.2 pg kg™, It is seen that the results of the low content of Se in the
soil taken from the maize grown fields are overlapped with the findings of the researcher.

4.2. Nutrient content of plant

Table 6. Distrubution of total B, Fe, Zn, Mn, Cu and Se concentrations of maize leaf samples
according to the limits of adequacy

Limit values Center Akcakale Ceylanpinar Harran Viransehir General

NS % NS % NS % NS % NS % NS %

2-4 Low - - - - - - - - - - - -

B 5-25 Adequate 4 57 - - - - - - - - 4 11

(mg kgt 26-60 High 3 43 9 90 - - 7 100 2 40 21 55

61< Very high - - 1 10 9 100 - - 3 60 13 34

10-20 Low - - - - - - - - - - - -

Fe . 21-250 Adequate 7 100 10 100 9 100 6 86 5 100 37 97
(Makg™) 251350 High . - 7 I |
15-24 Low - - - - 2 22 - - - - 2

m gZEg'l) 25-100 Adequate 6 86 10 100 7 78 7 100 5 100 35 92

101-150 High 1 14 - - - - - - - - 1 3

10-19 Low - - - - - - - - - - - -

(mg/lI?g'l) 20-200 Adequate 6 100 8 80 9 100 6 86 5 100 35 92

201-300 High - - 2 20 - - 1 14 - - 3 8

2-5 Low - - - - 4 44 - - 4 80 8 21

(mgclgg'l) 6-20 Adequate 4 57 8 80 5 56 7 100 1 20 25 66

21-70 High 3 43 2 20 - - - - - - 5 13

20 Low 3 43 10 100 9 100 7 100 4 80 33 87

Se 20-200 Adequate 4 57 - - - - - - 1 20 5 13

(hgke?) 200< High - -

NS: Number of samples.

344



YYU TAR BiL DERG (YYU J AGR SCI) 31 (2): 337-347
Deliboran and Nacar / Evaluation of Nutritional Status In Term of Selenium and Micro Nutrients of Maize Cultivation Lands in Sanliurfa Province

Compared with the reference B values, 57% of Center leaves were adequate, 43% high; in
Akcakale 100% of Akcakale, Ceylanpinar, Harran and Viransehir were high/very high class (Table 6).
It is seen that maize-grown areas do not have any nutritional problems in term of B, due to the leaves
have sufficient levels of B, while extractable B levels of soils is very low and low (Table 5).

It was determined that leaves samples were adequate and high in terms of Fe, Zn and Mn
(Table 6). When leaf and soil nutrient contents are evaluated together, the fact that the leaves contain
enough Fe, even though almost half of the soil of all the provinces is in the deficient, shows that there
is no nutritional problem related to this element. Although nearly half of the soil is in the deficient or
deficient range of Zn, the fact that the leaves contain enough Zn suggests that there is no nutritional
problem related to this element except Ceylanpinar district. It can be said that there is no problem in
terms of Mn due to sufficient Mn contain of all soil and leaves samples in all districts. However,
except 44% and 80% of Ceylanpinar and Viransehir districts are in the low class respectively, all the
districts samples are in the adequate class for Cu (Table 6). For this reason, it can be said that
nutritional problems are experienced in these two districts in terms of Cu, and nutrition problems are
not experienced in other districts (Table 5; 6).

According to the Ozbek et al. (2001), 100% of Akcakale, Ceylanpinar and Harran soils were
low, 43% of Center were low, 57% adequate; 80% of Viransehir were low, 20% enough class (Table
5). Leaf samples which appear in the sufficient group are insufficient in terms of Se feeding
considering that they are in sufficient group with a very small difference when considering Se content.
Considering that the available Se contents of soils are insufficient in all regions (Table 5), it appears
that there is a feeding problem in terms of Se feeding in maize grown areas. According to Alloway
(1968); Adams et al. (2002); Broadley et al. (2007), it is desirable that the concentration of Se in
consumed foods is between 100-1000 ug kg for adequate nutrition of both humans and animals.
Miller et al. (1991) indicate that at least 0.1-0.3 mg kg Se should be used in animal feed, 0.1-1 mg kg
1 Se is sufficient, and >5 mg kg is toxic effect. Deliboran et al. (2016) showed that the Se content of
maize was increased with Se application from leaves, that the Se content of leaves was 626.95 ug kg
and the Se content of grain was 523.37 ug kg in 100 g ha?® dose of sodium selenate, and this is
adaquate for animal feed. As our research, the low content of Se in the leaves taken from the maize
grown areas indicates that there is no contribution to the feeding of selenium using this leaves as silage
in terms of animals Se feeding.

It is considered that the results of this study carried out in Sanliurfa province, effective
fertilization program is very important in terms of being economical and ecological its method and
time. Also, quality and high yield production can be achived with balanced fertilization, the addition
of organic fertilizers and other technical applications.
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ArticleInfo Abstract: Mulberry fruits contain large amounts of anthocyanins, polyphenols,
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theecologicalconditions of the Malatya region were investigated. ‘Kenmochi’,
‘Bursa Siyah’, ‘44 BA 05, ‘Elaz1g igme’, ‘23 MRK 09’ the mulberry genotypes
and one patented ‘Ichinose’ cultivar were studied concerning their total phenolic
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Anthocyanin, individual sugar compositions. Some mulberry genotypes were found the richest
Mulberry, with regard to total phenolic and total anthocyanins content. The total phenolic
Phytochemical. content was found from 958.60 to 3573.79 mg/kg gallic acid equivalents, total

anthocyanin content to vary from 177.10 to 2221.60 mg/kg cyanidin-3-
glucoside. The antioxidant activities of ‘Kenmochi’ and ‘44 BA 05’ genotypes
were higher than those of the others genotypes. These results will be useful for
selecting mulberry species that are important in terms of phytochemical content.

Malatya Ilinde Yetisen Bazi Dut Genotiplerinin Fitokimyasal Ozellikleri

Makale Bilgileri Oz: Dut meyvesi, insan sagligi i¢in énemli antosiyanin, polifenol, flavonoid
bilesenlerini ve mineral maddelerini yiiksek miktarda igermektedir. Bu
calismada, Malatya bolgesinin ekolojik kosullarindaki bazi dut genotiplerinin
fitokimyasal ozellikleri incelenmistir. “Kenmochi’, ‘Bursa Siyah’, ‘44 BA 05’
‘Elaz1g I¢me’, 23 MRK 09’dut genotiplerivle tescillenmis bir cesit olan
‘Ichinose’ toplam fenolik madde icerigi, toplam monomerik antosiyanin, toplam

Gelis: 25.08.2020

Kabul: 18.05.2021
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Anahtar kelimeler antioksidan kapasite ve seker bilesimleri bakimindan incelenmistir. Bazi dut
Antosiyanin, genotiplerinin toplam fenolik ve toplam antosiyanin i¢erikleri bakimindan daha
Dut, zengin oldugu belirlenmistir. Toplam fenolik madde igerigi 958.60 ile 3573.79
Fitokimyasal. (mg/kg gallik asit esdegeri), toplam antosiyanin igerigi ise 177.10 ile 2221.60

(mg/kg siyanidin-3-glukozit) araliginda degismektedir. ‘Kenmochi’ ve ‘44 BA
05’ genotiplerinin, antioksidan aktiviteleri bakimindan diger genotiplerden daha
yiiksek aktivite gosterdigi belirlenmistir. Bu sonuglarin, fitokimyasal igerik
bakimindan o6nemli olan dut genotiplerinin secilmesinde faydali olacag:
diistiniilmektedir.

1. Introduction

Fruits contain the nutrients necessary for the improvement of the human body, protection from
diseases and the good functioning of many organs. The mulberry, which exists is in small fruits, has an
important place in nutrition due to the high nutrient content, and interest in the mulberry is increasing
recently. Mulberry belongs to the Moraceae family. The most commonly occurring species are Morus
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nigra (Black mulberry), Morus rubra (Red-purple mulberry) and Morus alba (White mulberry) but the
color of mulberry fruits is not enough to describe mulberry species (Aramwit et al., 2010; Ercisli and
Orhan, 2007; Khalifa et al., 2018). Morus rubra is mostly grown in Mediterranean and Middle Eastern
countries and these fruits particularly desirable in Turkey (Ercisli et al., 2010). The cultivation of this
species has been known for many years in Turkey (Ercisli, 2004). Red-purple mulberries have
attracted attention as a natural source of minerals (Akbulut and Ozcan, 2009; Ercisli et al., 2010; Jiang
and Nie, 2015), vitamins (Ercigli et al., 2010; Giindogdu et al., 2018), carotenoids (Isabelle et al.,
2008) and phenolic compounds (Sanchez-Salcedo et al., 2015).

Small fruits are important fruit types that are liked and consumed in various forms in the world
and Turkey. Mulberry fruit is consumed by processing it in different products as well as fresh
consumption. There is an increase in fresh fruit consumption due to its potential health benefits and
high polyphenols content (Brand et al., 2017). People's fresh fruit consumption requests made it
possible for this fruit to be placed on the market shelves in small packages.

In the last years, there is increasing research in mulberry fruits, their chemical composition
and health benefits. There have been some in vivo and in vitro studies on the main nutrient
components, chemical compositions, biochemical, and antioxidant properties of mulberry species
grown in different regions of the Turkey.

Fruits, leaves, roots, and bark of several mulberry species have been used in traditional
medicine in Turkey. Especially black fruits are used against various diseases diabetes, hypertension,
anemia and mouth lesions (Ozgen et al., 2009). Therefore black mulberry is more popular than other
mulberry varieties. Mulberry juices are used to increase hair growth, aid in weight loss and control
excessive thirst (Nazim et al., 2017).

Mulberry fruit is rich in compounds with phytochemical properties but fruit
cultivars/genotypes, seasonal differences, fruits maturity, processing procedure, and geographic origin
affect in the nutritional characteristics. The various genotypes of the same fruit may show some
differences in terms of polyphenol and chemical compounds as in other studies (Bae and Suh, 2007;
Ercisli and Orhan, 2008; Jakobek et al., 2012). Moreover, maturity stages as full-ripe and semi-mature
affect the chemical properties of fruits such as ascorbic acid, total phenolic content (Mahmood et al.,
2017; Nayab et al., 2020).

In general, the major phenolic groups were hydroxy benzoic and hydroxy cinnamic acid
derivatives in mulberry fruits (Khalifa et al., 2018). The results of Giindogdu et al. (2011) indicated
that the highest content of phenolic acids, which mainly chlorogenic acid. Natic et al. (2015) reported
the content of rutin in black-colored mulberry samples are high while the contents in the white- and
pink-colored sample were low.

Our purpose in this study is to determine the phytochemical properties of some mulberry
genotypes in mulberry genetic resources. Furthermore, it is to reveal that mulberry fruit is a natural
source of polyphenol compounds.

2. Materials and Methods
2.1. Plant materials

Five genotypes of mulberry; including ‘Kenmochi’, ‘Bursa Siyah’, ‘Elaz1g Igme’, ‘23 MRK
09’ and ‘44 BA 05’ and one cultivar ‘Ichinose’ were used to in this study. The fruits were collected
from mulberry genetic resources parcel in Apricot Research Institute, Malatya. Mulberry fruits used in
this study are red and black colored.

2.2. Fruit harvest and physicochemical features of mulberry fruits

Fruit characteristics of mulberries were measured on fresh mulberry immediately after the
harvest.
The total soluble solids content was indicated with a digital refractometer (Pocket refractometer PAL-
1, Atago, Tokyo) and the values were stated in “Brix.
The titratable acidity was determined by titration of an aqueous mulberry homogenate solution with
0.1 N NaOH to ultimate value pH 8.1 and the values were expressed as malic acid.
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pH, the fruits were homogenized and the pH was measured in fruit juice using a digital pH meter (pH
Benchtop Meter, Thermo Scientific Orion 2 Star).

Fruit weight, the fruit weight was measured by using an electronic balance (BL-320H, Shimadzu). The
weight of mulberries with respect to three replications, with ten fruits in each replication.

2.3. Preparation of mulberry extracts

Mulberry fruits were harvested in full ripeness stage in Malatya, in June of 2019. Fruits were
homogenized with an electric blender. A 1.0 g of homogenized samples were transferred into a test
tube and were extracted by a mixture solution of the composition methanol: water: hydrochloric acid
(70:29.9:0.1, v/v/v). After that, the mixture was centrifuged (10 min, 6000xg) and the obtained
supernatant was taken into another tube. The extraction procedure was repeated two times and extracts
were combined. The crude extract was filtered before used for analysis. Extracts were prepared daily
and were kept at +4 °C until used.

2.4. Determination of total phenolic content

The total phenolic content was determined by the modified Folin Ciocalteu method (Singleton
and Rossi, 1965). The results were expressed as milligrams of gallic acid equivalents (GAE) per kg of
fresh weight.

2.5. Determination of antioxidant activity

The total antioxidant activity was determined by 2,2-diphenyl-2-picrylhydrazyl (DPPH) and
2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) assays.

2.5.1. DPPH antioxidant assay

The DPPH method was performed according to Thaiponga et al. (2006) with some
modifications. The results were calculated as milligrams Trolox equivalents (TE)/kg of fresh weight.

2.5.2. Trolox equivalent antioxidant capacity (TEAC)

The TEAC assay is based on the inhibition of radical cation ABTS™, which prepared with
potassium persulfate, by antioxidant compounds in samples (Singh and Singh, 2008). The absorbance
of standard and samples was taken at 734 nm using the UV-spectrophotometer (UV-VIS 1208
Spectrophotometer, Shimadzu, Japan). Total antioxidant activities of the samples were expressed as
milligrams Trolox equivalents (TE)/kg fresh weight (Thaipong et al., 2006; Re et al., 1999).

2.6. Total monomeric anthocyanins

Total anthocyanins were determined by pH-differential method (Lee et al., 2005) using a UV-
VIS spectrophotometer (UV-VIS 1208 spectrophotometer, Shimadzu, Japan).

2.7. Content of sugar

Mulberry fruits were analyzed by using HPLC to determine the sugar content. The mulberry
samples (1.0 g) were taken in a tube. 10 mL of distilled water was added and vortexed. After
centrifugation, an amount was taken from the upper phase and filtered through a 0.45 pm filter (25
mm HPLC syringe Filter, PVDF, Lab marker).Analysis of samples was performed by HPLC
(Shimadzu, Japan) with a reagent index detector (RI) (Llano et al., 2017; Talcott et al., 1999). The
elution solvents consist of 100% ultrapure water. The separation column was used a Carbosep CHO
87C carbonhydrate column (7.8x300 mm, Concise separations, San Jose, California) at 80 °C.
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2.8. Statistical analysis

Statistical analysis was performed by one-way analysis of variance using the SPSS package
(version 25). The differences among the genotypes were analyzed using the Duncan test at the 0.05
significance level. The correlations between the total phenolic content and antioxidant activities were
tested by Pearson's coefficient.

3. Results

3.1. Some physicochemical features such as total soluble solids, pH, titratable acidity, fruit
weight in mulberry fruits

Some physical and chemical characteristics of mulberry genotypes (the fruit weight, pH, total
soluble solids, titratable acidity) are given in Table 1. Statistical differences (P<0.05) were found in
physicochemical properties among the mulberry genotypes. Fruit weight of mulberry genotypes
ranged between 1.30 g and 3.03 g, with ‘Kenmochi’ mulberry fruits having the biggest fruit weight.
The acidity from 0.19% (Bursa Siyah) to 0.45% (Elaz1g Icme), pH from 6.18 (Bursa Siyah) to 4.84
(Kenmochi), TSS from 13.30% (Kenmochi) to 27.45% (Bursa Siyah).

Table 1. Fruit weight, TSS, pH and titratable acidity in mulberry fruits

Genotype/Cultivar Fruit weight (g) Total (slcq)éusl?(l)z )SOhdS pH Tltratal()ol/f): )ac1d1ty
Bursa Siyah 1.82cd 27.45a 6.18a 0.19d
Kenmochi 3.03ab 13.30e 4.84b 0.28bc
44 BA 05 2.31ab 23.90b 5.06b 0.40a
Elazig igme 2.6la 20.02¢ 5.01b 0.45a
23 MRK 09 1.30d 21.40c 5.93a 0.23cd
Ichinose 1.69bc 17.75d 4.90b 0.35ab

*Difference between means showed with the different letters within the same column are significant at 0.05 level.

3.2. Content of sugar in mulberry fruits

Individual sugar contents were identified by HPLC (Shimadzu, Japan). The results of the
sugar analysis are given in Table 2.

Table 2. Content of sugar in mulberry fruits (g/100 g)

Genotype/Cultivar  Bursa Siyah Kenmochi 44 BA 05 Elazig igme 23 MRK 09 Ichinose

Glucose 8.19a 5.18cd 5.72¢ 6.55b 6.40b 4.70d
Fructose 10.53a 6.41c 8.58b 8.49b 8.09b 5.80¢c

*Difference between means showed with the different letters within the same column are significant at 0.05 level.
3.3. Total phenolic content and antioxidant activity in mulberry fruits

The antioxidant activity was determined using DPPH and ABTS methods and the results show
that the total antioxidant activity in mulberries ranged from 871.32-2368.76 mg TE /kg of fw for
DPPH methods. The results between 743.00-4072.34 mg TE/kg of fw were obtained with the ABTS
method. The phenolic contents and antioxidant activities determined are shown in Table 3. The results
show that statistically significant differences were observed in mulberry genotypes.
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Table 3. Total phenolics and antioxidant activity in mulberry fruits

Total phenolic DPPH (2,2-diphenyl-1- ABTS (Trolox equivalent
Genotype/Cultivar content (mg picrylhydrazyl) antioxidant capacity)
GAE/kg of fw) (mg TE/kg of fw) (mg TE/kg of fw)
Bursa Siyah 1429.71c 1166.97d 1220.31d
Kenmochi 3568.17a 2221.60b 4072.34a
44 BA 05 3573.79a 2368.76a 3818.91b
Elazig Igme 2203.60b 1737.07¢ 2442 .94c¢
23 MRK 09 958.60d 871.32¢ 743.00e
Ichinose 3475.77a 2217.49b 4027.72a

*Difference between means showed with the different letters within the same column are significant at 0.05 level.
3.4. Total monomeric anthocyanin in mulberry fruits

The total anthocyanin contents were from 177.10 to 2221.60 mg/kg fresh weight of fresh fruit.
The results concerning the total anthocyanins of genotypes are shown in Table 4. Genotypes
‘Kenmochi’ and ‘44 BA 05’ have the highest anthocyanin content and no istatistical difference was

found between these genotypes.

Table 4. Total monomeric anthocyanins in mulberry fruits

Genotype/Cultivar ~ Bursa Siyah Kenmochi 44 BA 05 Elazig igme 23 MRK 09 Ichinose

Total monomeric 177.10e 2200.24a 2221.60a 1272.15¢ 445.82d 2055.00b
anthocyanins
(mg/kg fw)

*Difference between means showed with the different letters within the same column are significant at 0.05 level.
4. Discussion and Conclusion

The analysis of mulberry samples indicated different physicochemical properties among the
genotypes/cultivar. Organic acids, sugars, total soluble solids (TSS) and their ratios, play important
roles in the taste and flavor properties of fruit (Liang et al., 2012). Organic acid and sugar contents of
fruits vary according to cultivars. In addition, sugar-acid composition and amounts are the primary
determinants of taste attributes of fruits (Giindogdu et al., 2014). Therefore, the acidity is an important
parameter to assess the taste of mulberry fruits. Malic acid is the most predominant organic acids in
mulberry fruits species (Glindogdu et al., 2011). The ‘Bursa Siyah’ has the highest total soluble solids
and pH value. Therefore, these properties give the ‘Bursa Siyah’ mulberry fruits a better taste. These
results may be due to genotype difference. The findings of mulberries characteristics are showed
similarities comparison with Co¢en’s work (2017).

According to the results of this study, the main sugar identified were fructose (5.80-10.53
g/100 g FW) and glucose (4.70-8.19 g/100 g FW). Fructose was the dominant sugar followed by
glucose, while sucrose was not detected. These results are showed similarity with those previously
reported (Ozgen et al., 2009; Sanchez et al., 2014). Glucose and fructose were considerably higher in
fruits of genotype ‘Bursa Siyah’ than in fruits of other genotypes. Besides, ‘Bursa Siyah’ had the
highest content of soluble solids content. Sugars constitute a large part of water-soluble dry
substances. The sugar content in mulberries depends on many reasons such as the growing conditions
and fruits maturity.

Anthocyanins, the main color pigments of mulberry fruit and important for potential health
effects. The black-colored mulberries are a source of anthocyanins, which mainly consist of cyanidin
3-O-rutinoside, cyanidin 3-O-glucoside, pelargonidin 3-O-rutinoside and pelargonidin 3-O-glucoside
(Khalifa et al., 2018). Cyanidin 3-O-glucoside is the highest content in mulberry fruit. Similar results
have been indicated by Kim and Lee, (2020). The amount of anthocyanin increases with maturation in
mulberries, but factors such as harvest time and type and fruit processing procedure are affect the
amount of anthocyanins. Anthocyanins in some mulberry genotypes are very sensitive to enzymatic
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oxidation, and waiting for a certain period leads to browning (Karagali, 2002). This characteristic
feature was mostly observed in ‘Bursa Siyah’genotype.

Fruits have different polyphenols composition and their antioxidant activities that may be
caused differ greatly. Furthermore, various genotypes of the same fruit can indicate important
differences in the phytochemical properties (Jakobek et al., 2012). Berries containing bioactive
compounds reduce the oxidative reaction which can lead to various diseases. Literature indicates that
antioxidant activity differs in many berries (blackberry, strawberry, raspberry, chokeberry, bilberry,
and mulberry) with genotypes and harvest maturity (Mikulic-Petkovsek et al., 2012; Nayab et al.,
2020). Mulberry fruits have higher polyphenols content, like other berries. ‘44 BA 05° had the highest
content of total phenolics in mulberry fruits from different genotypes followed by ‘Kenmochi’
genotypes. A statistically significant difference was found between genotypes ‘Ichinose’, ‘Kenmochi’
and ‘44 BA 05’ (the highest phenolic compound content) and 23 MRK 09’ (the lowest amount).
DPPH and ABTS methods are simple and rapid. ABTS radical scavenging assay is a short procedure
time (Durmaz, 2012) and ABTS™ radicals react rapidly with antioxidant compounds in fruits.
However, if absorbance values are read before the end of there action, the results can be lower than
expected. Therefore, the endpoint of there action was determined, when reduce of absorbance reached
the finish (Jakobek et al., 2012). ‘Kenmochi’ have the highest antioxidant activities in genotypes.

In conclude, there were determined statistically significant differences between mulberry
species in contents of total phenolic, total anthocyanin, total antioxidants and sugar. In addition,
between total phenolic content and total antioxidant activities of mulberry genotypes were determined
a high positive correlation.
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Abstract: In this study, symptomatic fish samples were taken from rainbow
trout farms. Isolation and identification of agents isolated from fish samples
were made. DNA isolations from different purified colonies were carried out
with the mericon bacterial DNA kit. Real-Time PCR procedure was performed
by using universal bacterial primers. Molecular identifications were performed
by blasting the nucleotides obtained by sequence analysis of PCR amplicons.
Spectrophotometric measurements were performed at 412 nm wavelengths for
AChE activity and 412 nm for BChE activity from liver and brain tissues of fish
samples. The activity differences of different disease factors among themselves
and according to the control group were examined. As a result of the study,
isolation and identification of Bacillus subtilis, Lactococcus garvieae and
Staphylococcus epidermidis from 5 different farms were performed. Over 98%
similarity was observed as a result of sequencing analysis of the isolates. In this
study, it was observed that three different bacteria isolated from trout farms
suppressed AChE and BChE enzyme activities in both tissues of trout.

Farkh Bakteriyel Hastaliklara Maruz Kalmis Gokkusag Alabahiklarinda Karaciger ve
Beyin Dokularinda AChE ve BChE Enzim Aktivite Seviyesi Farkhiliklar:
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Oz: Bu caligmada, gokkusagi alabaligi islemelerinden semptomlu balik
ornekleri alinmistir. Balikk  6rneklerinden etkenlerinin  izolasyonu ve
identifikasyonlar1 ~ yapilmistir. ~ Saflastirilan  farkli  kolonilerden = DNA
izolasyonlar1 mericon bacterial DNA kiti ile gerceklestirilmistir. Real-Time
PCR prosediirii evrensel bakteriyel primerler kullanilarak gergeklestirilmistir.
Molekiiler identifikasyonlar PCR amplikonlarinin dizi analizi ile elde edilen
niikleotidlerin blastlamasi ile gerceklestirilmistir. Balik orneklerinin karaciger
ve beyin dokularindan AChE aktivitesi i¢in 412 nm ve BChE aktivitesi i¢in 412
nm dalga boylarinda spektrofotometrik 6l¢timler yapilmistir. Farkli hastalik
etkenlerinin kendi aralarinda ve kontrol grubuna gore aktivite farkliliklart
incelenmistir. Calisma sonucunda, 5 farkli isletmelerin 3’linden Bacillus
subtilis, Lactococcus garvieae ve Staphylococcus epidermidis etkenlerinin
izolasyon ve identifikasyonlar1 gerceklestirilmistir. izolatlarin dizileme analizi
sonucunda %098'in iizerinde benzerlik gozlenmistir. Caligmada, alabalik
ciftliklerinden izole edilen ii¢ farkli bakterinin her iki dokusunda da AChE ve
BChE enzim aktivitelerini baskiladig1 goriilmistiir.
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1. Introduction

As in the whole world, our country's aquaculture industry has entered a rapid development
process and reached a production volume of 276 thousand 502 tons according to 2017 data. The most
cultivated species in this production volume was rainbow trout, with 109 thousand 657 tons of
production (TOB, 2019). Several factors negatively affect the rapid development process in
aquaculture production, and infectious diseases come first. Growing fish intensively with a high
population density increases the incidence of infections and causes the disease to spread quickly,
settle, and continue for a more extended period. In addition, fish diseases have been reported to be
affected by environmental factors, especially changes in water temperature (Balta et al., 2016).
Vaccine and antibiotic applications play an essential role in preventing the entry of diseases to
enterprises and treating diseases. However, these applications lead to some problems. Hundreds of
tons of antimicrobials are used every year to prevent and treat bacterial infections in aquaculture. This
situation causes the development of bacteria resistant diseases, accumulation of antibiotics in fish
tissues and organs indirectly, and harmful results in terms of the aquatic environment and human
health (Balta and Cagirgan, 2007).

External effects on metabolism in all living things cause some changes in enzyme systems.
Because, enzymes are sensitive biocatalysts, most of which are in protein structure and carry out
biochemical reactions (Massouli¢ et al., 1992; Chatonnet and Lockridge, 1989). Enzymes regulate the
speed of many essential reactions for metabolic pathways in cells and increase the speed of reactions.
In the central cholinergic system, it is a complex system in which cell bodies and dendrites operate
with various enzymes. The cholinergic system is responsible for the transport of impulses between the
central and peripheral nervous system cells. Cholinesterase's acetylcholinesterase (AChE) and butyryl-
cholinesterase (BChE) are among the essential enzymes of the cholinergic system (Ryhdnen, 1983;
Ekholm, 2001). Therefore, it was aimed to determine the changes in the enzymes of the cholinergic
system of different bacterial diseases.

2. Material and Methods
2.1. Sampling

The study was carried out with the decision of Van Yuzuncu Yil University, Animal
Experiments Local Ethics Committee dated 31.01.2019, and numbered 2019/01. The sampling time of
the study covers the date range of May-August 2018. The rainbow trout used in the study were
selected from the enterprises that produce fry in Van province. For this purpose, 30 fishes, 6 of which
were from 5 different establishments, were purchased. Fish that exhibited symptoms such as slowness
in movements, separate swimming, darkening in color, symptoms such as bilateral exophthalmos, and
such as swimming disorder, fin melting were selected as external symptoms. After the external
surfaces of the sampled fish are disinfected with 70% ethanol, each fish sample is separated in separate
locked bags. Fish samples were brought to the laboratory at +4 °C the same day with rubbermaid with
a probe thermometer (Touraki et al., 2012).

2.2. Bacteria isolation

Bacteria isolations and molecular-based studies were carried out in Van Yuzuncu Yil
University, Faculty of Fisheries, Disease Laboratory. Enzyme studies were performed in Van Yuzuncu
Yil University, Faculty of Science, Biochemistry Laboratory. After necropsy performed under aseptic
conditions, plantations were made from kidney and symptom fin tissues to TSA. The media were
incubated at 21 and 37 °C for 24 hours (Austin and Austin, 2016).

2.3. Molecular identification
Real-Time PCR procedure was performed using 27F-1492R universal primers for the

identification of bacteria. For this purpose, DNA isolations from bacteria were performed with
mericon bacterial DNA kit (Qiagen). The purity of DNA was measured with a nano-
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spectrophotometer (Thermo). Real-Time PCR was performed using DNA and universal primers
isolated from bacteria (Inoue et al., 2005). DNA amplification was performed with a RotorGene Q
5Plex-HRM (Qiagen) at 95 °C for 10 min, followed by 45 cycles, each one divided into denaturation
(94 °C, 45 sec), annealing (56 °C, 30 sec), and elongation (72 °C, 45 sec), plus a final elongation at 72
°C for 7 min (Metin et al., 2014).

2.4. Sequence analysis

After Real-Time PCR procedure performed for bacterial identification, sequence analysis was
performed using the Sanger method using PCR amplicons and primer pairs. In line with the sequence
data, the similarity rates were evaluated on the NCBI website. Nucleotide sequences are interpreted in
CLC Workbench software (Zhu et al., 2014).

2.5. Biochemical analysis

Fish tissue samples were weighed and homogenized with phosphate buffer (50 mM KH2PO4
and 10 mM EDTA). Tissue samples homogenized with the homogenizer are 10 minutes at 3500 rpm
centrifuged. After the centrifugation process, the liquid part was taken, and the analyses were done.
Acetylcholinesterase and Butyrylcholine esterase levels were determined in the brain's homogenates,
and liver tissues were taken from fish. Acetylcholinesterase and Butyrylcholine esterase activity
analyses were performed according to the colorimetric method of Ellman et al. (1961). Cholinesterase
catalyses the breakdown reaction of acetylthiocholine to thiocholine and acetate. 5-thio-2-
nitrobenzoic acids, which turn yellow as a result of the reaction of DTNB with the thiocholine ratio
released as a product, is formed. The absorbance values of the prepared mixes were read with a
spectrophotometer at a wavelength of 412 nm (Yeltekin and Oguz, 2018).

2.6. Statistical analysis

The results are expressed as mean =+ standard error. The one-way analysis of variance
(ANOVA) and Duncan’s multiple comparison tests were applied to the data, and the differences
between the data were determined (p < 0.05). SPSS 20 software was used for statistical calculations
(SPSS Inc., 2020).

3. Results
3.1. Bacteria isolation

It was observed that the water temperature varied between 15-17 °C during sampling. Fish
samples were selected from fish that were left alone in the aquaculture ponds, floating outside of the
flock, darkening in colour, and shaped by exophthalmos in the eyes. In the necropsy procedure
performed after sampling, samples were taken from kidney and symptom fin tissues. Planting was
performed on TSA and BA media from kidney and symptom fin tissues taken during necropsy.
Colonies that developed after a 24-hour incubation period at 37 °C were purified again. The medium
images of the purified isolates are given below (Figure 1).
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Figure 1. Bacterial disease factors isolated from rainbow trout farms (A: L. garvieae, B: B. subtilis, C:
S. epidermidis).

No bacterial growth was observed in 2 of 5 different farms. From other farms, respectively;
The factors of L. garvieae from farm 3, L. garvieae, and B. Subtilis from farm 4 and S. epidermidis
from farm 5 were isolated.

3.2. Molecular identification and sequence analysis
DNAs obtained from isolated bacterial agents were used as templates in Real-Time PCR.

Real-Time PCR procedure was performed to identify the isolates. Real-Time PCR results with
Universal (27F-1492R) primers are given below (Figure 2).
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Figure 2. Real-Time PCR image performed with bacterial DNAs isolated in the study (Sigmoidal
curves positive, negative control sample below the threshold value).

In line with Real-Time PCR results, it was observed that bacterial DNAs gave positive results
in SYBRGreen-based fluorescent irradiation by binding with universal primers. According to the
results of sequence analysis of Real-Time PCR amplicons obtained by Sanger One Way sequencing;
Among the bacteria isolated in the study, B. subtilis were similar with 97.88%, S. epidermidis 98.67%
and L. garvieae 90.77% (Figure 3).
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Figure 3. Sequence identifications of isolated bacteria and their closeness to the closest sequences.

These results also show similarity rates between the isolates in the same area isolated. As a
result of the Blast process of the nucleic acid sequence performed on NCBI and CLC web bases, all of

the isolated bacteria had 97-99% sequence overlap.

3.3. Enzyme activity results

When the graphic of brain tissue AChE levels change in infected fish was examined, the
change of AChE levels among other infected fish groups of control group fish was found to be
statistically significant (p<0.05). It was determined that the brain tissue AChE enzyme activity of

infected fish decreased significantly compared to the control group fish (Fig. 4).
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Figure 4. Change of brain tissue AChE levels in infected fish (p<0.05).
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When the liver tissue AChE levels change of infected fish was examined, it was observed that
all three bacterial species showed a significant decrease compared to the control group. It was
determined that there was a significant decrease in the fish with Staphylococcus epidermidis bacteria
(Figure 5).

AChE (EU/mg) Liver

1,2
1
0,8
0,6
0,4
0,2
0
Staphylococcus ep.  Bacillius subtilis Lactococcus garvieae Cont.

Figure 5. Change of liver tissue AChE levels in infected fish (p<0.05).

The change in brain tissue BChE levels in all of three bacterial infection groups in fish showed
a statistically significant change (p<0.005). It has been observed that the BChE level of trouts with L.
garvieae bacteria decreased more than other groups (Figure 6).
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Figure 6. Change of brain tissue BChE levels in infected fish (p<0.05).

When the liver tissue BChE level change graph was examined, it was found that the enzyme
levels of infected trout groups showed a statistically significant decrease. As in brain tissue, it was
observed that the trout with L. garvieae bacteria was lower in BChE levels than in other groups (Fig.
7).
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Figure 7. Change of liver tissue BChE levels of infected fish (p<0.05).
4. Discussion and Conclusion

Infections occurring in the aquaculture sector cause economic losses. It has been reported that
bacterial pathogens are responsible for 54.9% of these infections, viruses for 22.6%, mycotic for 3.1%,
and parasitic agents for 19.4% (Dhar et al., 2014). It is reported that L. garvieae is among the most
important factors in bacterial studies carried out in the field of aquaculture. The isolation and
identification period of the disease agents is essential for the ongoing diseases' treatment process
(Balta and Dengiz Balta, 2019).

Nowadays, DNA-RNA isolations performed with automated robots can be performed in a
much shorter time than manual studies. The fast and reliable isolation of DNA and RNA before PCR
analysis is also essential for the accuracy. It has been reported by some researchers that the studies
performed with automatic isolation robots create more reliable and pure isolations (Pinchi et al.,
2013). In this study, the QIAcube DNA-RNA-Protein isolation robot was used in the isolation method.
The purity degree of all of the isolated DNA was found between 1.8-2.0, and the subsequent PCR
process was started. Today, the first methods that come to mind in terms of rapid diagnosis are among
the molecular methods performed by Real-Time PCR. The PCR method is preferred by most
researchers in that it provides fast results and is more reliable than other methods (Das et al., 2016). In
this study, bacteria-specific universal primers were used. The same universal primers have been
reported by many researchers carrying out bacterial studies (Nadkarni et al., 2002). After PCR
analysis, identification of the bacteria isolated in the study was performed by sequence analysis. As a
result of the study, L. garvieae, B. subtilis, and S. epidermidis agents were isolated. Thanks to the
identification of the factors with the sequence, identification can be made among all the species
available in the gene bank. Among the sequence methods, NGS is reported as the newest technology,
but it is also known as the costliest technique. Among other methods, the sanger method is also
reliable and is applied at more affordable price ranges (Al-Hebshi et al., 2015).

The increase in acetylcholine levels in the cholinergic system contributes to the
neuromodulation in the neurological system, explaining the formation of the proposed synapses in the
cerebral cortex and cerebellum (Schwertz et al., 2016). AChE and BChE changes of juvenile Silver
catfish (Rhamdia quelen) fish infected with A. hydrophila were investigated. In the study, it was stated
that the infection affects the cholinergic system and reduces AChE and BChE levels (Baldissera et al.,
2016). A study has been conducted to evaluate whether the bovine infected with L. monocytogenes has
altered the cholinesterase activity and to modulate its neurotransmission. In the study, it was
determined that Acetylcholine level increased, Acetylcholine esterase level decreased. It has been
stated that enzyme inhibition may cause this condition (Jaguezeski et al., 2018). Baldissera et al.,
(2018) found that neurological enzymes are reduced in the cerebral fluids of silver catfish infected
with Streptococcus agalactiae associated with the central nervous system. It is seen that the results of
our study are compatible with other studies in the literature.

ACHhE has anti-inflammatory effects. It is reported by Das (2007) that this reduction in AChE
activity is a probable proinflammatory response of metabolism and may result from less AChE
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hydrolysis to reduce tissue damage. Also, some fish species have been found to have no BChE enzyme
(Chuiko, 2000). There are very few studies on the cholinergic system in infected fish. In this study, it
was found that cholinergic system enzymes (AChE and BChE) started to decrease in the brain and
liver tissues of rainbow trout infected with three different bacterial species (Staphylococcus spp., B.
subtilis and L. garvieae). As a result; It can be thought that the cholinergic system enzymes of trout-
infected trout have undergone denaturation or inhibition or reduced the enzyme secretions due to the
anti-inflammatory properties of the cholinergic system.
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Abstract: The presence of several minor compounds, such as biophenols, are
associated with the quality, health benefits and sensory characteristics of olive
oil. The objectives of this study were to compare the profile of the individual
phenolic compounds of major brands of olive oils produced in Iran and to
correlate the minor polar biophenolic compounds with sensorial properties and
finally discriminate the samples. In order to define similarities and differences
between Iranian virgin olive oils, profiles of their biophenolic compounds have
been investigated using HPLC, analysis of variances and principal component
analysis (PCA). Samples of olive oil were notably varied in terms of individual
biophenolic compounds and total phenolic content (TPC). Hydroxytyrosol,
tyrosol, oleuropein, luteolin, apigenin, and ligstroside aglycone (aldehyde and
hydroxylic form) were detected in all samples, whereas caffeic acid was not found
in any brands. Based on the differentiating made by PCA, samples were
categorized into two distinct groups (TPC<300 and TPC>300 mg tyrosol/kg of
olive oil). The analysis of the main components resulted in a model that describes
86% of the total variance discriminating them from the minor biophenolic
compounds of the examined olive oils. This analysis can be considered for
assessing the quality and commercial needs related to preferences on olive oil.

Iran Zeytinyaglarimin Biyofenolik Minér Polar Bilesiklerine Gore Karakterizasyonu ve

Organoleptik Ozelliklere Katkilar
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Oz: Biyofenoller gibi birkag kiiiik bilesigin varligi, zeytinyagmin kalitesi, saghk
iizerine yararlar1 ve duyusal zellikleriyle iliskilidir. Bu galismanin amact, iran'daki
baslica zeytinyagi markalarinin bireysel fenolik bilesiklerinin profilini
karsilastirmak ve kiiciik polar biyofenolik bilesikleri duyusal o6zelliklerle
iliskilendirmek ve son olarak &rnekleri ayirt etmekti. iran sizma zeytinyaglar
arasindaki benzerlik ve farkliliklar1 tanimlamak ig¢in, bunlarin biyofenolik
bilesiklerinin profilleri HPLC, varyans analizi ve temel bilesen analizi (PCA)
kullanilarak incelenmistir. Zeytinyagi numuneleri, ayr1 ayr1 biyofenolik bilesikler
ve toplam fenolik i¢erik (TPC) agisindan 6nemli 6l¢iide farkliydi. Tiim 6rneklerde
hidroksitirosol, tirosol, oleuropein, luteolin, apigenin ve ligstrosit aglycone (aldehit
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Ana Bilesen Analizi (PCA), ve hidroksilik form) tespit edilirken, hi¢bir markada kafeik asit bulunmadi. PCA ile
Kalite, _ yapilan farklilastirmaya dayali olarak, numuneler iki farkli gruba ayrildi (TPC <300
Duyusal analiz. ve TPC> 300 mg tirozol / kg zeytinyag1). Ana bilesenlerin analizi, onlar1 incelenen

zeytinyaglarmin kiiglik biyofenolik bilesiklerinden ayiran toplam varyansin %
86's1n1 tanimlayan bir modelle sonuglandi. Bu analiz, zeytinyag: tercihleriyle ilgili
kalite ve ticari ihtiyaglar1 degerlendirmek icin diistiniilebilir.

1.Introduction

One of the healthiest components of the Mediterranean diet is olive oil. Olive oil consumption
is increasing all around the world subsequent to the growing the Mediterranean diet. Consequently,
consumers should be aware of the quality aspects of the oils to have the best choice. The health benefits
of olive oil not only relate to the high monounsaturated fat content, but also depends on several minor
compounds such as bio phenols. Olive oil consists of 98% fatty acids, mainly oleic acid (C18:1), and
2% other minor components, including squalene, pigments, tocopherols, waxes, and the polar fraction.
Phenolic compounds are located in this polar fraction which is a complex mixture of phenolic acids,
simple phenols and their derivatives, lignans, and flavones (Tresserra-Rimbau and Lamuela-Raventos,
2017). Phenolic compounds of olive oils have a crucial rule, as these compounds have the health profits,
effect on the organoleptic attributes such as bitterness, astringency and oxidative stability of oils (Pandey
and Rizvi, 2009; Garcia-Gonzalez et al., 2010; Squeo et al., 2019, Rodriguez-Lopez et al., 2020).
Furthermore, phenolic fraction of olive and olive oil act as antioxidant and radical scavenger with anti-
carcinogenic, anti-inflammatory, anti-atherogenic, and anti-microbial activities properties due to the
health-promoting attributes (Lerma-Garcia et al., 2009; Servili et al., 2014; Tresserra-Rimbau and
Lamuela-Raventos, 2017).

Several statistical methods were used to analyze the data of the quality attributes of olive oil.
Among them, principal component analysis (PCA) is a powerful pattern recognition technique which
has been used for analyzing and classifying different products (Garcia-Gonzélez et al., 2010; Shavakhi
et al., 2011). Consequently, it has been successfully applied in the following areas: for data analysis of
olive oil such as discriminating between olive oil produced in three Italian geographical areas based on
quality parameters including phenols (Ranalli et al., 2000), for interpreting the behavior of the virgin
olive oil profile of phenols and volatiles regarding olive cultivar and ripeness (Garcia-Gonzalez et al.,
2010), classification of Iranian olive oils based on the fatty acids (Piravi-Vanak et al., 2012; Shavakhi
et al., 2020), unsupervised grouping of individual phenolic contents of olive oil samples by crop year
(Rodrigues et al., 2019), extending multivariate models to discriminate the virgin olive oils with low
and high total phenolic content (Squeo et al., 2019), and discrimination of olive oils according to
phenolic compounds and antioxidant potencies (Amanpour et al., 2019).

It also would be worthwhile to categorize the olive oil brands, to gain consumer insights on the
importance of quality attributes, and variables which affect these properties. Thus, it is necessary to
classify the different brands of olive oil based on their variables. To our knowledge, there is no data on
the classification of different brands of Iranian olive oils based on biophenolic compounds. Therefore,
the objectives of this study were to compare the individual phenolic compound of olive oils produced
in Iran and to discriminate of different oils with various geographical origins, to correlate of these
compounds to organoleptic properties, and also discrimination of samples based on the biophenolic
minor polar compounds using PCA.

2. Material and Methods

Eleven Iranian virgin olive oil (VOO) samples were collected from November 2017 to March
2018 from six major producing provinces of olive oil. Characteristics of climate regions for sampling
the olive oils are shown in Table 1. In terms of weather condition, Golestan, Qazvin, Gilan and Zanjan
provinces have the Mediterranean climate, but Fars and Qom provinces have cold semi-arid and dry
desert climate respectively. These provinces and samples were Golestan (Goi, Go,, and Gos), Qazvin
(Qai, Qaz, and Qas3), Zanjan (Z1, Z»), Gilan (G), Fars (F), and Qom (Q). Cluster random sampling was
used and more samples were collected from the provinces with more factories. These oils were either
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purchased or donated by the manufacturers. The suppliers guaranteed the geographical origin and quality
grade of all the samples. Samples were kept in dark glass bottles at room temperature (22+2°C) prior to
conducting the experiments. Tyrosol and syringic acid were purchased from (Sigma-Aldrich, Boston,
USA). All reagents were analytical grade and were purchased from Merck (Berlin, Germany) and
Sigma-Aldrich (Boston, USA).

Table 1. Characteristics of climate regions for sampling of the olive oil in Iran

Minimum Maximum

Province Temperature (°C) Temperature (°C) Longitude Latitude Elevation (m)
Golestan 12.8 22.7 55.38 37.23 155
Qazvin 6.9 21.2 49.99 36.31 1297
Zanjan 4 18 48.96 36..92 1638
Gilan 11.3 20.6 50.01 37.20 36.7
Fars 9.8 25.6 52.53 29.61 1519
Qom 10.2 25.9 50.88 34.65 932

2.1. Determination of acidity, peroxide and extinction coefficient

To confirm the quality grade of the samples, these analyses were conducted. All measures were
determined using IOC methods (IOC, 2018b). Briefly, the titration method using potassium hydroxide
solution was employed for free fatty acid (% oleic acid) quantification; the titration method using
thiosulfate 0.01 N was used for peroxide value (meq O kg); a spectrophotometric method using
cyclohexane as reagent was employed for extinction coefficient determination at 232 and 270 nm (ka3»,
k270).

2.2. HPLC analysis

The official method of the International Olive Council (IOC, 2017) was used for detection and
quantification of biophenolic compounds of olive oil. Extraction of the biophenolic compounds was
performed using 2.0 g of olive oil that was weighed in a 10 mL test tube, and of 1 mL of internal standard
(syringic acid, 0.015 mg/mL) was added to the olive oil. Then mixture was sealed with screw cap and
shaken for 30 sec. Afterward, 5 mL of the methanol/water 80/20 (V/V) was added and was shaken for
1 min. The mixture was placed in the ultrasonic bath for 15 min at room temperature; subsequently it
was centrifuged for 25 min (5000 rpm). An aliquot of the supernatant was filtered with a 0.45 mm PVDF
filter, and subsequently injected into HPLC.

The analysis was conducted on a HPLC (Young-Lin, Acme 9000, South Korea) with Spherisorb
ODS-2 column (4.6 x 250 mm, dp=5 pm) and UV-Vis detector at 280 nm. The chromatography column
conditioned for at least 15 min with gradient elution of water 0.2 % H3PO4 (V/V), methanol and
acetonitrile 96/2/2 (v/v/v) and 20 pL of the external standard solution (tyrosol 0.03 mg/mL and syringic
acid 0.015 mg/mL) was injected into the HPLC system and the chromatogram was recorded at 280 nm.
The value of response factor (RF) for 1ug of tyrosol, 1ug of syringic acid and the ratios between two
response factors (RRF) were calculated as follows (1-3):

RF1pg (syringic acid) = Area of syringic acid/ ug of syringic acid injected @)
RF1pg (tyrosol) = Area of tyrosol/ pug of tyrosol injected 2)
RRFsyr/tyr = RF1pug (syringic acid)/ RF1ug (tyrosol) 3)

The injection volume was 20 pL and chromatograms were recorded at 280 nm. All analyses
were carried out at room temperature. The amounts of phenolic compounds were calculated according
to the following equation (4):

syr .
(@) ~ (A) x 1000 x RRF £ % (W syr.acid) “4)

kg’ (A syr.acid) x (W)
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In the equation, (A) is the peak areas of the biophenols (hydroxytyrosol, tyrosol, natural and
oxidised oleuropein and ligstroside derivatives, lignans, flavonoids and phenolic acids) recorded at 280
nm; (A syr. Acid) is the area of the syringic acid internal standard; 1000 is the factor used to express the
result in mg/kg; (W) is the weight of the oil used, in grams; (RRFsyr/tyr) is the multiplication coefficient
for expressing the final results as tyrosol; (W syr. Acid) is the weight of the syringic acid used as internal
standard in 1 ml of solution added to the sample in mg. The sum of the areas of the individual peaks
(3_A) was used to calculate the total content of all individual compounds quantified.

2.3. Sensory analysis

Sensory evaluation was performed by a group of eight trained tasters and coordinated by a panel
leader. Scores of positive sensory attributes (fruity, bitter, and pungent) and negative sensory attributes
were given to the olive oil samples based on IOC method (I0C, 2018a).

2.4. Statistical analysis

Phenolic compounds data were analyzed using the analysis of variances (ANOVA) and principal
component analysis (PCA). Data of individual phenols were subjected to ANOVA to evaluate the
significant differences between the brands. The differences among the means were determined using
Duncan’s multiple range tests with 95% confidence interval. The correlations between variables were
evaluated using Pearson’s coefficients. PCA was used for interpreting the behaviour of the profiles of
VOO phenols with respect to oil samples. Minitab v. 16 statistical package (Minitab Inc., Pennsylvania,
USA) was used for carrying out the statistical analyses. The experiments were carried out in triplicate.

3. Results and Discussion

According to the international standard of IOC (2018b), acidity of all samples was within the
range of extra virgin olive oil (less than 0.8%) except for Fars and Golestan (F, Gos) as ordinary and
virgin olive oil with the acidity of 2.59+0.3 and 1.7540.3 respectively. Also, peroxide values and delta
extinction coefficients (Ak) of all samples were in accordance with the IOC standard (less than 20
meqO2/kg and <0.01 of oil respectively). According to the results of sensory analysis (Table 2), all
examined olive oils were in extra VOO (EVOO) category with no defect and fruity score of more than
zero, except for Q and F samples which showed fusty and musty defects, respectively. Q sample with
fusty defect median of 0.6, and median of fruity above zero and F sample with musty defect median of
1.1 categorized as virgin olive oil (VOO). Fusty and musty are defects of olive oil and define as
characteristic flavor of olive oil as a result of anaerobic fermentation and also long storage in humid
condition or earth or mud with high amounts of fungi and yeasts, respectively (I0C, 2018a).

Table 2. Results of panel test of Iranian olive oil samples*

Sample Code Fruity Pungent Bitter Defect Defect
Specification
Q 22 2 1.7 0.6 Fusty
G 2.6 0.7 0.5 0 -
Go, 2 1 1.8 0
Go, 35 1.5 0 0
Gos 1 1.5 1.4 0
Z, 1.9 1.4 1 0
Z, 2.65 2.9 2.5 0
Qa,; 1.5 1 0.8 0
Qa, 2.1 1.7 0.25 0
Qa; 33 1.7 1.25 0 -
F 0 0.7 0.1 1.1 Musty

*Data expressed as median value.
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Table 3-Phenolic compounds of different samples of Iranian Olive oil-mean (sd) (mg/kg)

Sample code

Phenolic Go; Go» Gos Qa; Qa, Qa; 7 7 G Q F
compound
Hydroxytyrosol  11.82(1.51)® 9.43(0.81)° 986(1.61)  14.77(0.99)  1.72(0.51)" 1270(1.2)  17.61(1.82)  12.83(1.91)%  3.48(1.55®  15.01(1.01)  4.41(0.6)°
Tyrosol 19.05(1.54)  17.92(1.1)°  9.82(155)%  11.19(0.93)®  2.05(0.16)*  7.82(154)>  1334(1.60)  7.73(L.14)°  2.11(0.95¢  12.92(0.96)¢  3.09(0.96)°
Vanilic acid 9.75(0.87)°  3.45(0.47)° ND ND 7.41(0.68)¢ ND ND ND 0.5(0.06)°  1.74(0.52)° ND
Caffeic acid ND ND ND ND ND ND ND ND ND ND ND
Vanillin 137(0.27) ND 6.54(0.49) ¢ ND 5.53(0.5)° ND 9.41(0.67)" ND ND 7.437(0.70)¢ ND
Para-Cumaric  2.37(0.14)" ND ND 455(0.08)° ND ND ND 14.56(0.53)°  2.29(0.24)" ND 8.53(0.06)*
acid
Hydroxytyrosol  4.16(0.73)¢ ND ND ND 626(0.29¢  7.32(023)  581(1.09¢  1121(0.78)*  1.61(0.16)°  2.91(0.01)° ND
acetate
Ferrulic acid 1.520.04)°  2.67(0.67)°  5.29(0.06)° ND 13.38(0.73)" ND 10.53(0.63)¢  16.41(0.94)¢ ND 8.04(0.66)° ND
Ortho-Cumaric ~ 2.71(0.63)°  5.78(0.15F°  11.93(0.61)°  6.41(0.54)° ND 2.19(0.87)° ND 17.47(0.70)°  10.96(0.87)° ND 9.55(1.07)¢
acid
Decarboxymethyl 6.9 (0.63)° ND 6.67(0.18)"  25.59(1.79)¢ ND 13.87(1.06)°  3041(2.17)¢  5021(3.18)" ND 28.73(0.88)¢  7.39(0.61)"
Oleuropein
aglycone !
Oleuropein 242(0.64)°  27.56(1.06)  1.71(043)°  6.65(1.14)%  622(0.06)%  5.06(0.35)  4.55(0.49) 250(0.04)°  33.08(1.04)¢  6.150.14)%  9.64(1.07)¢
Oleuropein ND 5.35(0.07)° ND ND 2.8(0.05)" ND ND 1451(0.16)¢  5.64(0.76)°  2.08(0.36)°  5.39(0.05)°
aglycone !
Tyrosol acetate ND 5.82(0.81)° ND 8.59(0.86)¢ ND ND 5.16(0.79)° 8.19(0.67)"  4.88(0.51) ND 2.67(0.52)"
Decarboxymethyl ~ 0.863(0.53)" ND ND 299(0.29)°  39.44(2.48)"  32.38(0.63)" ND 95.26(1.65)° ND 1.10(0.49)*  0.86(0.08)¢
ligstroside
aglycone 2
Decarboxymethyl ~ 0.86(0.41)° ND ND 299(029)°  39.44(036)¢  32.38(1.01)¢ ND 95.26(1.1)° ND 1.10(0.48)*  0.86(0.26)°
ligstroside
aglycone !
Pinoresinol ! 7.68(0.21)° ND 23.36(1.05)¢  33.39(1.19)¢ ND ND 24.30(1.15)¢ ND ND 62.09(1.04)"  4.25(0.43)
acetoxy
pinoresinol
Cinnamicacid ~ 3.26(043)°  17.27(0.05)7  9.14(0.79) ND ND 26.44(0.9)* ND ND 1226(0.30)°  2.40(0.61)°  11.09(0.92)°
Ligsteroid ND 78.43(3.76)° ND ND 8.64(0.59)°  1.050.04)*  19.82(1.12)¢ ND 61.54(0.58) ¢ ND 9.06(0.16)°
aglycone !
Luteolin 48(095°  13.00(0.40)°  135024)*  47(0.11)°  15.14(0.88)¢  4.7(0.81)° 4.64(0.08°  27.98(1.86)7  24.92(1.71)¢  13.07(0.48)°  11.61(1.59)¢
Oleuropein 4.6400.08)  2.56(0.66)°  2.18(0.92) ND 2257(1.15)8  421(037)°  29.82(0.54)"  6.50(0.54)°  487(0.67)¢  17.20(0.10)  5.55(0.49)%
aglycone 3
Apigenin 2420.14)®  628(LO1)  596(0.07)¢  24.60(4.50)"  2.16(0.47)°  3.95(0.56)  28.83(1.70)  4.89(0.52)*  7.50(1.03)°  0.1(0.02)" 11.13(0.81)°
Ligstroside 4410.63)°  20.35(1.09)7  2.87(0.19)™  224(0.79)®  7.08(0.10)  3.91(0.22)¢  127(020)°  27.82(1.47)¢  3.89038)%  3.77(0.51)%  4.4(0.64)°
aglycone?
Total phenol  135.03(5.49)  276.04(14.70)  140.25(3.52) 186.35(8.25)° 207.29(10.40F  139.71(8.50)  248.87(10.9)  354.53(11.12)' 221.85(9.94) 239.94(8.49)  144.98(6.04)"

1=(Dialdehyde form), 2=(Oxidized dialdehyde form), 3=(Aldehyde and hydroxylic form).
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Table 4- Pearson coefficients of different phenolic compounds of olive oil
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Hydroxytyrosol -
Tyrosol .647%* -
Vanilic_acid -0/259  0/311 -
Vanillin 0/279  0/129  0/034 -
p_cumaric_acid -0/026  0/264  0/264  .492%* -
Hydroxytyrosol acetat -
e 0/212  0/125  0/086 0/063  .347* -
- .676*
Ferrulic acid 0/124  0/103 0/08  .497** 0/258  * -
- - - 127%
o_cumaric_acid -0/199  0/295  .433*%  476%*  * 0/005  0/046 -
- .558%* 571% .543%
d m oleuropein a 691 %* 0/128  .419* 0/141 * * * 0/216 -
Oleuropein 451 %% 0/135  0/074 -392* -0/159  -414*  -389* 0/155  .493** -
- - .808* 449%*
OAD_form -0/211  0/297  0/196  -.412* * 413% * .698%*  399% 0/204 -
- .542% 499*
Tyrosol acetate 0/234  0/045 .423*  -380* * 0/025  0/092  .471**  464** 0/296  * -
- - .639% 834 .661* J712%
D ligstAo -0/007  0/302  0/056  -0/224 * * * 407* 549*%*  _0/308 * 0/242 -
- - .640%* .833%* .662%* J713% 1.000*
DLAD_form -0/007  0/303  0/055  -0/224 * * * 407* 549%* - -0/307 * 0/243 * -
- - 931%*
Ligsteroid AgDform -0/327  0/071  0/005  -0/252 -0/236 -347*  -0/246 0/08 .461%*  * 0/183  0/323 -0/293  -0/293 -
- - .552% A454% .860°%* .564%
Luteolin -.387* 440% 0/077  -0/329 * 361%* .392% 4887 0/206 * * .392% .564%%* * .349% -
- .620% - -
OAAHform 0/128  0/075  0/136  .779**  -0/286  .380* * 579%* 0/209  -0/235 -0/146  0/035 0/035  0/035 0/107  0/006 -
577* 468%* .837* A71% .698%* .628%* -
Ligstroside AAHform -0/025  0/097  0/014 -.388%* * 420% * 518%* 0/34  0.151 * * 697%* * 027 * 0/199 -
- .655°% J723%* .618* .549* .697* 7158*
Total phenol 0/191  0/065  0/182 0/02  .406* 439°% * 0.29 568%* (.22 * * .549°%* * 0/322  * 026  * -

** Correlation is significant at the 0.01, * Correlation is significant at the 0.05 level.

370



YYU TAR BIL DERG (YYU J AGR SCI) 31 (2): 365-376
Shavakhi et al., / Characterization of Iranian Olive Oils based on Biophenolic Minor Polar Compounds and their Contribution to Organoleptic Properties

Table 3 shows the phenolic pattern of the analyzed Iranian olive oils including 22 phenolic
compounds. Secoiridoids were major phenolic compounds in olive oils which include mainly
oleuropein, aglycon derivatives of oleuropein, demethyloleuropein, ligstroside. Hydroxytyrosol, tyrosol,
oleuropein, luteolin, apigenin, and ligstroside aglycone (aldehyde and hydroxylic form) were detected
in all samples, whereas caffeic acid was not found in any brands. Similar phenolic pattern was observed
in Spanish olive oils (Franco et al., 2014). Consequently, caffeic acid in Turkish olive oil was not found
or indicated in trace amount (Ocakoglu et al., 2009). According to ANOVA results, different content of
oleuropein aglycone (aldehyde and hydroxylic form) were the main difference in phenolic fraction
among selected brands (Table 3).

From the Table 3, it was found that high concentration of decarboxymethyl ligstroside aglycone
(oxidized dialdehyde form and dialdehyde form), decarboxymethyl oleuropein aglycone (Dialdehyde
form), ortho-Cumaric acid, ferrulic acid and para-cumaric acid were notable in the Z, sample. As
pungent olive oils consist of higher amounts of deacetoxy ligsteroside aglycone, it could be concluded
that this sample has strong pungency and throat irritation comparing to the other samples and results of
sensory evaluation (Table 2) confirmed this finding. These results are similar to previous studies
(Andrewes et al., 2003, Beauchamp et al., 2005, Boskou et al., 2005)

Hydroxytyrosol of Z; sample, was significantly (p<<0.05) higher than the other brands (Table 3).
Hydroxytyrosol is a simple phenol with significant antioxidant activity (Boskou et al., 2005). Holding
of olives before oil extraction and consequent degradation of cell structure and mold growth may result
in considerable loss of antioxidant. In order to have extra virgin olive oil with median defects of zero, it
is necessary to extract the oil with no delay after harvesting. Table 2 shows that Z; sample had no defects
and classified as EVOO.

Phenolic alcohols of olive oils which consist of tyrosol and hydroxytyrosol varied between 4-
31 mg/kg (Table 3). The lowest amounts of the phenolic alcohol were observed in Qaz, G, and F samples
(3.77, 5.59, and 7.5 mg/kg respectively) with no significant differences (Table 3). Phenol alcohols of
Turkish olive oil were reported between 4.86-14.56 mg/kg (Alkan et al., 2012). These compounds are
related to the freshness of the olive oils which was mentioned before (Reboredo-Rodriguez et al., 2018).
Concentration of hydroxytyrosol was often higher than tyrosol (Boskou et al., 2005), which was in
accordance with the results obtained in this study. Although there were some exceptions in our study
(Goi, Goy, and Qay) and also in the study conducted before, which reported that amounts of tyrosol was
higher than hydroxytyrosol (Ocakoglu et al., 2009).

The main phenolic acids observed in this study were vanillic acid, o-cumaric acid, p-cumaric
acid, and ferrulic acid (Table 3). In Turkish olive oils, vanillic acid, syringic acid and p-cumaric acid
were identified (Ocakoglu et al., 2009). The oleuropein content of the samples varies between 1.71 and
33.08 mg/kg for Gos and G samples, respectively. During maturation of olive, the oleorupein
continuously was reduced and replaced by its derivatives such as de methyl oleuropein. Therefore, the
maximum content of oleuropein in G sample may indicated that other sample of olive oils with lower
oleuropein contents have been made from more ripe olives. The main compounds which contributed to
the bitterness of olive oil are oleuropein aglycone and other secoiridoid derivatives of hydroxytyrosol
(Garcia et al., 2001, Vitaglione et al., 2015). It was, therefore; expected that Go, and Z, samples have
minimum and maximum bitterness respectively, which was confirmed by the results of sensory
evaluation (Table 2).

Flavonoids levels represented by luteolin and apigenin varied between 1.35-27.98 mg/kg and
0.1-28.83 mg/kg, respectively. This finding consistent with the work done before, which reported
flavonoids range of 0.05-30 mg/kg (Franco et al., 2014). These flavonoid compounds were determined
in most of the Spanish, Italian, Portuguese and Turkish olive oils (Vinha et al., 2005, Bendini et al.,
2007, Ocakoglu et al., 2009, Franco et al., 2014).

As can be seen in Table 3, the concentration of total phenolic compounds of the samples varies
from 135.03 mg tyrosol/ kg for Go; to 354.53 mg tyrosol/ kg for Z, sample. These were within the range
for extra virgin olive oil (100-800 mg kg™'), which was indicated before (Tresserra-Rimbau and
Lamuela-Raventos, 2017). The wide range of total phenol content was reported between 50 and 1000
mg/kg and usually described in the range of 100-300 mg/kg (Boskou et al., 2006). In general terms, TPC
amounts of various samples showed significant differences (p<0.05). There are a good and significant
correlations between TPC and ligstroside aglycone-aldehyde and hydroxylic form (r=0.758), luteolin
(r=0.697), oleuropein aglycone-dialdehyde form (r=0.723) (Table 4). Also, there is a good correlation
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between TPC and stability of the olive oil, as total phenol content increased, the shelf life of the oil was
also increased (Boskou et al., 2005). Although, when TPC exceeds 300 mg/kg, the oil may have a bitter
taste, which Iranian consumers would not prefer despite its high nutritional values. Therefore, samples
with TPC less than 300 mg/kg could be recommended for olive oil consumers in Iran.

According to the European Food Safety Authority (EFSA), not all the phenolic compounds are
beneficial for health, and olive oils containing at least 5 mg of hydroxytyrosol and its derivatives such
as oleuropein complex and tyrosol, per 20 g of olive oil are allowed to be labeled for protection of blood
lipids from oxidative stress (EFSA Panel on Dietetic Products and Allergies, 2012). All olive oil samples
in this study met this criterion, due to the amount of hydroxytyrosol and its derivatives (Table 3).

Due to the fact that the phenolic compounds could be deemed as fingerprint, they could be used
to describe and categorize the product (Alkan et al., 2012). In order to obtain the overall schematic
pattern of sample classification regarding phenolic compounds, the information carried by the original
variables was projected onto a smaller number of underlying variables, called principal components and
their values as scores outlined in Table 5. The first principal component (PC1) covers as much of the
variation in the data as possible (63.2%). The second principal component (PC2) is orthogonal to the
first and covers as much of the remaining variation as possible (22.8%). The eigenvalues of correlation
matrix which are equal to the variances of the principal component, when they are greater than one,
were used. Therefore, the first two principal components which explained 86% of the data variability or
total variance was an adequate amount of variation explained the data. Consequently, the other
proportions which explain smaller amount of the variability in data, were not important to include (Table
5).

Table 5- Eigen value and cumulative percent of variances for the two main principal components

No Phenolic compound Principle 1 Principle 2
1 Hydroxytyrosol 0.023 0.722
2 Decarboxymethyl Oleuropein-aglycone-dialdehyde form 0.272 0.541
3 Oleuropein-aglycone-dialdehyde form 0.403 -0.180
4 Decarboxymethyl ligstroside aglycone-oxidised dialdehyde form 0.401 0.059
5 Decarboxymethyl ligstroside aglycone- dialdehyde form 0.396 0.053
6 Luteolin 0.338 -0.380
7  Total phenol 0.379 0.024
8 Tyrosols 0.433 -0.038
Cumulative Percent 63.2 86
Eigen value 0.632 0.228

In the first component, “Oleuropein-aglycone-dialdehyde form”, “Decarboxymethyl ligstroside
aglycone-oxidised dialdehyde form”, and Tyrosols with coefficients of 0.403, 0.401, and 0.433 are the
more important corresponding variable in calculation the component and showed the most important
and positive effect on the group separation. By increasing these compounds, the first component also
increased. Consequently, Hydroxytyrosol and “Decarboxymethyl Oleuropein-aglycone-dialdehyde
form” showed the highest positive effect on the second component with coefficients of 0.722, 0.541
respectively, which played a significant role in discrimination of the olive oils. The reason of high
discriminating power of these compounds is the lack or trace amounts of these phenols in olive oil
samples. This finding was in accordance to the results obtained for vanillin and syringic acid due to the
different harvest years of Turkish olive oils (Ocakoglu et al., 2009).

Score plot which shows the scores of the second principal component versus the scores of the
first principal components (Figure. 1) clearly displays the difference between samples. As shown in the
Figure 1, Z, sample with TPC>300 mg tyrosol/kg, placed in one group, alone (Groupl), which has the
highest value of the first component. The other samples with TPC<300 mg tyrosol/kg, also placed in the
other group (Group 2). Z, sample belongs to the Mediterranean climate with average temperature and
elevation of 11°C and 1638 meter, which is coldest and highest one in the studied climate regions (Table
1).

As shown in Figure 2, the loading plot associated with each component allows the most
important variable to be selected. The loading plot of eight variables of olive oil samples shows that the
most variables were placed in the positive and direct of the first component. The remaining eight
variables were resulted after removing variables based on ANOVA, Pearson’s coefficients and small
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coefficients of principal components. These variables which strongly influenced the components, were
important in the group differentiation of the olive oil samples. Consequently, this variable showed the
most significant correlation coefficients with the other variables (Table 4).

PC2 (%22.8)

-3
2 1 0 1 2 3 4 5 6 7
PC1(%63.2)

Figure 1. Score plot of Iranian olive oil samples scattered in principle components area based on the
phenolic compounds.
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-
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Oleuropein-aglycone-dialdehyde form
-0.25
Luteolin
-0.50
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Figure 2. Loading Plot of the first two principal components PC1 and PC2.

According to the classification established by TPC, it can be concluded that Z, sample were
within the category of high content phenolic compound (350<TPC<550 mg tyrosol/kg), samples with
200<TPC<300 mg tyrosol/kg including Q, G, Go., Qa,, and Z; were within the intermediate content,
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and samples with TPC<200 mg tyrosol/kg including Goi, Gos, F, Qa;, and Qas were within the low
content phenolic compounds (Franco et al., 2014). VOO rich in phenolic content has more stability
during cooking (Olivero-David et al., 2014). According to this concept, it could be considered that group
with TPC less than 200mg/kg as the less stable olive oils and Z, sample with the highest TPC, as the
most stable one PCA was not able to completely separate these samples based on TPC, but in some
cases such as Go; and Gos or Qa; and Qas , they were placed near as can be seen in score plot which
belongs to the same climate conditions. In the other study conducted before (Shavakhi et al., 2020), fatty
acid profiles of the Iranian olive oils using the same samples revealed that samples of Go, Z, and Qa;
were placed in high quality group of olive oil. Since the quality of olive oil was affected by various
variables such as cultivar, geographical origin, irrigation, climatic conditions, processes condition,
degree of maturity, harvesting methods, freshness of fruit before oil extraction, extraction method and
storage conditions (Boskou et al., 2005, Franco et al., 2014, Servili et al., 2014, Reboredo-Rodriguez et
al., 2018) therefore, overall quality assessment of the olive oils requires a holistic view of different
experiments approaches.

4. Conclusion

This study showed that virgin olive oils could be discriminated by differences in their phenolic
compounds. PCA was able to discriminate olive oil samples based on their phenolic profiles. Since the
first two components account for the most of the variation in the data (86%), they could be used to assess
the data structure, detect clusters, outlier and trends. In general terms, two distinct groups were observed
based on separate distribution in the data, including TPC<300 mg tyrosol/kg olive oil and TPC>300 mg
tyrosol/kg of olive oil based on their richness in total phenolic compounds, which could be related to
the organoleptic characteristics, and consequently possible health claims of the olive oil. The results of
this work will help define qualitative analysis strategies for olive oils. Moreover, based on the
polyphenolic components, it can be considered a valid approach to enhance the quality and consider the
needs of the producer and the consumer. In addition to other qualitative parameters, phenolic compounds
assessment may have potential for quality ranking of the olive oils. It also can be applied to confirm the
results of sensorial assessment of the oils.
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Abstract: The aim of this study was to determined effect of different doses of N:
P: K applications on fruit yield and some quality traits in Anatolian chestnut in
Bursa (Turkey) ecological condition during 2013 and 2014. In the research, triple
experimental zones were determined in a 20-year-old chestnut orchard. Each of
these experimental zones consisted of 30 trees. As experimental treatments, 1.1,
2.2,3.3,and 4.4 Ib N tree (N application zone; NAZ), 0.55, 1.1, 1.65, and 2.2 Ib
P tree! (P application zone; PAZ), 1.1, 2.2, 3.3, and 4.4 Ib K tree! (K application
zone; KAZ) were applied except for the control dose. The fertilizer doses were
applied by mixing to 30 cm depth of tree canopy soil in April. According to
analyses of collected, nitrogen, phosphorus, and potassium affected fruit yield by
30, 31, and 27%, respectively. Total protein increased the fastest at the nitrogen
application's zone (NAZ) at an average of 14% rate. The highest increasing in
carbohydrate, starch, and invert sugar was recorded as 20, 24, and 18%,
respectively at N: P: K application's zone.
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Oz: Bu galismanin amaci, Bursa (Tiirkiye) ekolojik kosullarinda 2013 ve 2014
yillarinda Anadolu kestanesinde farkli dozlarda N: P: K uygulamalarinin meyve
verimi ve baz1 kalite Ozellikleri tizerindeki etkisinin belirlenmesidir.
Aragtirmada, 20 yillik bir kestane bahgesinde Orneklenen ii¢lii deneme
bolgelerinde gerceklestirilmistir. Bu deneme bdlgelerinin her biri 30 agagtan
olusmaktadir. Deneme konular1 olarak, kontrol dozu haricinde 1.1, 2.2, 3.3 ve
4.4 1b N aga¢™* (N uygulama bolgesi; NAZ), 0.55, 1.1, 1.65 ve 2.2 b P aga¢™ (P
uygulama bolgesi; PAZ), 1.1, 2.2, 3,3 ve 4,4 Ib K aga¢™ (K uygulama bolgesi;
KAZ) uygulanmistir. Giibre dozlar1 Nisan ayinda 30 cm derinligindeki agag tag
izdligiimi topragina karistirilarak uygulanmistir. Elde edilen verilere gore azot,
fosfor ve potasyum meyve verimini sirasiyla % 30, % 31 ve % 27 oraninda
etkilemistir. Toplam protein, en hizli nitrojen uygulama bdlgesinde (NAZ)
ortalama % 14 oraninda artmistir. Karbonhidrat, nisasta ve invert sekerde en
yiiksek artis N, P, K uygulama bdlgelerinde sirasiyla % 20, 24 ve 18 olarak
kaydedilmistir.
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1. Introduction

Generally, macro fertilization defines the three essential nutrients nitrogen, phosphorus, and
potassium needed by cultivated plants. It has direct effects on the vegetative and generative
development of plants as well as fruit yield and quality. Chestnuts are wealthy in starch and sugars,
principally monosaccharides, and disaccharides such as glucose, fructose, sucrose, and raffinose.
Besides, chestnuts diverge from other nuts for their low-fat content which makes them an ideal fit for
high complicated carbohydrates and they have an inimitable taste (Vasconcelos et al., 2010). Chestnut
fruits are highly esteemed and widely consumed throughout Europe, America, and Asia. Worldwide
chestnut production is 2 327 500 tons. Chestnuts are mainly cultivated in China (1 879 000 tons),
Bolivia (84 800 t.), Turkey (64 750 t.), and the Republic of Korea (56 200 tons) (FAO, 2019).

A fertilizer program is needed to make fertilizer product profitability and get products of high
quality in chestnut production. If chemical fertilization is to be applied, fertilizers of the appropriate
type and quantity can be determined by a regular soil analysis. Regardless of the type of fertilizer,
applications have to be passed in spring and never fertilization after June (Wahl, 2002). Because of the
gathering of potential in fruit, nitrogen fertilizers could be expected to affect plenty of quality
properties, primarily protein content in chestnut. It has been reported that low levels of nitrogen in
chestnuts while cause poor growth and reduced flowering, low phosphorus levels cause a decrease in
the number of developing female flowers (Rutter et al., 1990).

The goal of this study is to determine the effect of N: P: K mineral fertilizer applications on
fruit qualitative and quantitative properties in mature Anatolian chestnut trees. Also, this study is to
prove the change of some nutritional values of sugar chestnuts with macro fertilization.

2. Materials and Methods
2.1. Site properties

The experiment was carried out in a chestnut orchards of Bursa in the Osmanoglu cultivar the
sweet Anatolian chestnut trees of 20 years old during 2013 and 2014. Chestnut orchard was divided
into three fertilization zones as nitrogen application zone (NAZ), phosphorus application zone (PAZ),
and potassium application zone (KAZ). The study was prepensed as a randomized parcel design with
three replications and two trees in each parcel. Fertilization was applied to a total of 90 trees.

Nitrogen fertilizer applications were adjusted to be No: 0, N1: 1.1, N2: 2.2, Na: 3.3, N4: 4.4 Ib
tree, phosphorus fertilizer applications, Po: 0, P1: 0.55, P2: 1.1, Ps: 1.65, P4: 2.2 Ib tree! and potassium
fertilizer applications, Ko: 0, Ki: 1.1, K2 2.2, Ks: 3.3, K4: 4.4 Ib treel. Moreover, support fertilizers
were applied for nitrogen application treatments as 1.65 Ib P tree and 3.3 Ib K tree™, for phosphorus
application treatments as 3.3 Ib N tree and 3.3 Ib K tree™, for potassium application treatments as 3.3
Ib N tree and 1.65 Ib P tree™. Treatments and support fertilizers were applied to the canopy of the
chestnut tree in April month mixed in 0-30 cm soil depth. In the research, urea (CH4N20) was used as
a nitrogen origin, triple superphosphate (Ca(H.PQa.)..H,O) as a phosphorus origin, and potassium
chloride (KCI) as a potassium origin.

The territory is located in the Marmara and the Aegean climate transitional zone. In the
vegetation period (from March to October), the total amount of annual rainfall was 364.4 mm in the
first year and 398.9 mm in the second year. The average temperature throughout the study was
consistent with the long-term average temperature (18.3 C). Also, the total rainfall was coherent with
the total rainfall long term years. Climate data for the experimental orchard and periods were shown in
Figure 1.
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Figure 1. Climate data of the research site during the chestnut vegetation period over two years.

The soil samples of the research site were taken in March. Some physical and chemical
analyses of soils concerning to the chestnut orchard were presented in Table 2. According to results,
when the soil properties of the chestnut orchard were examined, it was determined that the soil's
physical structure was loamy, the soil pH was slightly acidic (5.65), and organic matter (1.51 %) were
insufficient. It was found that the total salt (0.04 %) and CaCO3 (0.38%) content of the soil were low
levels. Also, the macronutrient contents were determined to be insufficient and micronutrient contents
were found to be sufficient in the soil.

Table 1. Some soil physicochemical characteristics of the research orchard (0-30 cm depth)

Soil characteristics Methods Soil characteristics Methods*
Soil texture Loamy Bouycous Potassium (mg kg™) 1242  NHiOAc
Total Salt (%) 0.04 Saturation sludge Calcium (mg kg?) 620.8  NH4OAc
pH; 1:1 (wiv) 5.65 Saturation sludge Magnesium (mg kg 152.3  NHiOAc
CaCOs (%) 0.38 Scheibler Iron (mg kg*) 4215  DTPA
Organic matter (%) 151 Walkley-Black Zinc (mg kg?) 1.26 DTPA
Total nitrogen (%) 0.05 Kjendahl Manganese (mg kg?) 51.24 DTPA
Phosphorus (mg kg™?) 7.36 Olsen Cupper (mg kgt) 0.76 DTPA

*NH,OAc: Amonium Acetate, DTPA: Diethylenetriaminepentaacetic acid.

2.2. Harvest and biochemical analysis in fruit

Chestnuts were harvested during the mercantile harvest period (mid-October) in Bursa when
fruits reached a physiological maturity stage where the chestnut burs began to separate and the fruits
had grown and brown color. To determine the gross yield of each tree, nuts were harvested by
vibrating trees and picking by hand. The fruit samples of randomly sampled 120-150 gr nuts were
analyzed by crushing them with mortar after removing their outer shell and seed shell (testa). Dry
matter contents of the samples were determined by drying them in a hot air oven at 105 °C overnight
(12 h) (Ertiirk et al., 2006).

The total protein content was calculated by multiplying the nitrogen content by the Kjeldahl
method with a coefficient of 5.30 (AOAC, 1990). The dinitrophenol method was used in the analysis
of total carbohydrate, total and invert sugar (Ross, 1959) using a Beckman Du 530 model
spectrophotometer. The amount of starch was calculated by multiplying the value obtained by
subtracting total sugars from total carbohydrates by a factor of 0.94.

2.3. Statistical analysis

The data was analyzed by JMP according to the randomized parcels design. The differences
between the average values and application years were determined by the LSD test and the
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relationships between the features examined were also estimated in the same statistic package. The
means were grouped by the Duncan test.

3. Results and Discussion
3.1. Fruityield

Fertilizers applied in a certain balance contributed significantly to chestnut yields at statistical
levels (p<0.05) in all fertilizer application zones (Table 2). The fastest yield increasing was achieved
in the nitrogen application zone (NAZ). In the first year, the yields increased by about 25% compared
to the control, while the yields increased by about 37% in the second year. Statistical significance was
showed at both the year and the dose level. Besides, year x fertilizer dose interaction was found to be
statistically significant. The N3PK dose of average fruit yields came to the fore and the highest yield
was recorded at this dose of balanced fertilizer. As it is known, when nitrogen is applied to plants, it
causes an increase in nutrients in leaf tissues and thus an increase in yield (Centeno and Campo, 2011,
Yagmur et al., 2019).

Table 2. Chestnut yields (Ib tree?) after balanced N:P:K applications.

Nitrogen Application Zone (NAZ)

Years NoPK NiPK N2PK NsPK N4PK Average
2013 60.5 %™ 58.7 f 63.6 755 63.8 64.4 A
2014 5159 59.2 ¢f 66.2 ° 70.4° 62.7 o€ 62.0°
Average 56.0 b 59.0 ¢ 64.9 8 73.04 63.35

Phosphorus Applications Zone (PAZ)
Years PoNK P1INK P2NK P3sNK PaNK Average
2013 48.6 54.1 59.0 60.3 49.5 54.3 B*
2014 47.1 54.8 61.6 64.9 55.9 56.8 A
Average 479 ¢ 5458 60.3A 62.6 A 5278

Potassium Applications Zone (KAZ)
Years KoNP KiNP K2NP KsNP KaNP Average
2013 47.4 474 56.0 60.6 58.1 53.9
2014 494 53.9 55.2 62.5 62.8 56.8
Average 48.4 P 50.7 ¢P 55.6 BC 6154 60.5 A8

The capital letters represent the results of the Duncan test (*, P <0.05) for averages, and lower case letters show the results of the Duncan test
(*P<0.05) for interaction between years and treatments. There is no statistical difference between values not shown with letters.

In the balanced fertilization in the phosphorus application zone (PAZ), the highest yield was
found at the PsNK dose. Statistically significant differences were obtained in both the years and the
fertilizer dose level. But, Year x Fertilizer interaction was not significant. Fruit yields increased by an
average of 35% in this zone. The most obvious reason for this situation is the nitrogen and potassium
applications applied together. In the first year, the fruit yield increased by 24% compared to the
control level, while in the second year it increased by approximately 33%. Studies on cultivated plants
have shown that phosphorus fertilizers significantly increase the amount of crops and continuous
phosphorus application has stimulating effects on yield (Giines et al., 2010).

Fruit yield increased by an average of 27% with a balanced fertilization in the potassium
application zone (KAZ). Although there was no statistically significant difference between the
application years, significant differences were obtained between the fertilizer doses. Besides, year x
fertilizer interaction was not significant. In the first year, while fertilizer balanced potassium fertilizer
applications increased the yield of approximately 28%, in the second year, 27% yield increase was
recorded. The highest fruit yield was detected in KsNP balanced fertilizer application. Potassium
applications increase the size, yield, and quality of the fruit (Kacar and Katkat, 2011).

3.2. Total protein
According to the protein analysis results, no statistically significant (p<0.05) difference was

found between the application years in all application zones. Despite, important differences have been
obtained between the application levels. Also, year x fertilizer interaction was found to be statistically
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insignificant in all fertilizer application zones (Table 3). The fastest fruit protein content increase was
obtained in NAZ (NsPK: 10.64 mg 100 g?). An increase of approximately 14% has been determined
in this application compared to the control dose. The amount of nitrogen in the soil and many cultural
practices could be effective on the protein ratio and quality (Fageria et al., 2011).

Table 3. Chestnut total protein (g 100 g*) contents after balanced N:P:K applications

Nitrogen Application Zone (NAZ)

Years NoPK NiPK N2PK NsPK N4PK Average
2013 9.20 9.56 10.51 10.61 10.13 10.00
2014 9.42 9.61 10.54 10.66 9.86 10.02
Average 9.31¢ 9.59 ¢ 10.52 A 10.64 A 10.00 B

Phosphorus Applications Zone (PAZ)
Years PoNK PiINK P2NK P3NK PsNK Average
2013 6.05 6.61 6.03 6.04 6.11 6.17
2014 6.19 6.43 6.76 6.34 5.81 6.31
Average 6.12 BC” 6.52 A 6.40 A8 6.19 ABC 5.96 ¢

Potassium Applications Zone (KAZ)
Years KoNP KiNP K2NP KsNP KaNP Average
2013 6.68 6.87 6.98 7.25 7.24 7.01
2014 6.85 6.98 7.03 7.33 7.27 7.09
Average 6.77 ¢ 6.92 BC 7.01 ABC 7.29 A 7.26 A8

The capital letters represent the results of the Duncan test (*, P <0.05) for averages, and lower case letters show the results of the Duncan test
(*P<0.05) for interaction between years and treatments. There is no statistical difference between values not shown with letters.

However, the highest fruit protein content in PAZ was recorded as 6.52 mg 100 g* for P1NK
dose. An increase of 6.5% was achieved compared to the control level with this application. In
addition, the lowest fruit protein content at the highest P level was determined as 5.96 mg 100 g. So,
when N and K were in equilibrium, increasing of P were decreased the protein content of fruit. This
perhaps due to the negative interaction of nitrogenous and potassium fertilizers given in basic
fertilization with the final phosphorus dose. As known, fertilization with high amounts of phosphorus
causes the plants are not to benefit from sufficient nitrogen and potassium (Kacar and Katkat, 2011).

Potassium plays a role in protein synthesis in plant growth and is essential for the production
of high-energy molecules such as ATP (Imas, 1999). The highest fruit protein content in KAZ was
recorded as 7.29 mg 100 g* for KsNP. Unlike P, fruit protein content increased as K levels increased.
A 7.7% increase was detected at this dose compared to the control dose. The protein contents was
reported between 3.43 and 13.28 g 100 g-1 by researchers on chestnut. (Ertiirk et al., 2006).

3.3. Carbohydrate

Statistically significant differences were obtained in fruit carbohydrate contents only in NAZ
and KAZ both between years and between doses. In PAZ, on the other hand, no statistically significant
difference was detected only between application doses. In addition, year x fertilizer interactions were
found important in all regions. The second dose of fertilizers applied in NAZ and PAZ achieved the
highest carbohydrate content. A decrease was noted with subsequent doses. However, in KAZ, the
highest carbohydrate content was detected in the third application dose (Table 4). The highest
carbohydrate content in NAZ was recorded as 45.9 mg 100 g at the N.PK dose. In this balanced
nitrogen application, an increase of 17.4% was achieved compared to the control dose. A decrease in
the carbohydrate content of the fruit was noted at doses after this dose. As the amount of nitrogen
applied to plants increases, the content of carbohydrates decreases (Rodrigues et al., 2006).
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Table 4. Chestnut carbohydrate (g 100 g) contents after balanced N:P:K applications

Nitrogen Application Zone (NAZ)

Years NoPK N1PK N2PK N3sPK N4PK Average
2013 40.0 ¢~ 40.3 419 39.1¢f 426° 40.85"
2014 38.2° 46.1° 4992 445° 40.1¢ 4384
Average 39.10" 43.28 4594 418°¢ 413¢

Phosphorus Applications Zone (PAZ)
Years PoNK PiNK P2NK PsNK P4NK Average
2013 51.8 ¢ 529« 52.6 51.1¢ 51.4« 5208
2014 52.6 53.6 55.8 2 57.0° 555 54.9 A
Average 52.2 53.3 54.2 54.1 53.5

Potassium Applications Zone (KAZ)
Years KoNP KiNP K2NP KsNP KaNP Average
2013 35.3°¢ 406° 405°¢ 40.6 ¢ 39.8« 3948
2014 38.1¢ 42.7° 46.72 4742 43.9° 4384
Average 36.7 ¢ 4178 43.6 A 44.0 A 4198

The capital letters represent the results of the Duncan test (*, P <0.05) for averages, and lower case letters show the results of the Duncan test
(*P<0.05) for interaction between years and treatments. There is no statistical difference between values not shown with letters.

Besides, compared to the first application year, the carbohydrate increase was 7.3% in the
second year. Carbohydrate content was recorded as 54.2 g 100 mg for the highest P,NK dose in PAZ.
Compared to the control level, this dose increased by a 3.8% rate. Furthermore, compared to the first
year, the fruit carbohydrate content increased by 5.6% in the second year. Moreover, when there was
enough phosphorus in the fruit, the amount of starch could be increase (Fageria et al., 2011). The
fastest increase in carbohydrate content occurred a 19.9% increase in the KsNP dose was noted
compared to the control dose in KAZ. Potassium was very effective on carbohydrate mechanism. In
addition, continuously applied potassium increases the quality of cultivated plants (Kumar et al.,
2006). In addition, the fastest carbohydrate increase among the years has been determined in KAZ.
Carbohydrate content increase in the second year was recorded at approximately 11.1% compared to
the first year.

3.4. Total starch

Starch content of chestnut fruit gave positive responses to balanced macro fertilization in all
fertilizer application zones. The applied fertilizers were found to statistically significant contributions
to the fruit starch content. However, significant statistical differences have been obtained in NAZ and
KAZ both between years and between applications. Starch contents were found to be statistically
significant in PAZ only between years. In addition, statistical differences in year x fertilizer
interactions of all applications were recorded (Table 5).

The highest starch content in NAZ was determined as 35.7 mg 100 g* at N.PK application.
According to the control level, the starch content increased by about 20% in this application. Also,
compared to the first year, the fruit starch content increased by 6% in the second year. In PAZ that
another application zone, the highest starch content was recorded as 43.3 mg 100 g* for P.NK
application. Compared to the first year, the starch content in the fruit increased by 6.5% in the second
year. However, after the second dose applied in both NAZ and PAZ, the starch content decreased
despite the increased fertilizer applications. Also, when there was excessive phosphorus in fruit, the
amount of starch perhaps decreased (Kumar et al., 2006).
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Table 5. Chestnut total starch (g 100 g*) contents after balanced N:P:K applications

Nitrogen Application Zone (NAZ)

Years NoPK N1PK N2PK N3sPK N4PK Average
2013 30.6 ¢ 31.1¢% 326« 29.1° 33.2¢ 3138
2014 200 355° 38.9° 333¢ 29.4 ¢ 3324
Average 20.8 0" 33.38 3/7A 312°¢ 313°¢

Phosphorus Applications Zone (PAZ)
Years PoNK PiNK P2NK PsNK PaNK Average
2013 41.9 % 422 % 41.8¢% 40.4¢ 40.7 % 4148
2014 425 o 42.8 b 44.8%® 4592 445 3¢ 4414
Average 42.2 425 43.3 43.2 42.6

Potassium Applications Zone (KAZ)
Years KoNP KiNP K2NP KsNP KaNP Average
2013 248" 29.4 < 28.9 ¢ 29.0 ¢ 28.1 ¢ 28.0 8"
2014 27.2¢ 31.1b¢ 34.8° 35.3° 32.1° 3214
Average 26.0 ¢ 30.38 3184 3224 30.18

The capital letters represent the results of the Duncan test (*, P <0.05) for averages, and lower case letters show the results of the Duncan test
(*P<0.05) for interaction between years and treatments. There is no statistical difference between values not shown with letters.

Furthermore, the fastest increasing in fruit starch content was determined in KAZ.
Approximately 24% increasing was determined for KsNP application compared to the control. In
addition, a very fast increasing in sugar was found over the years. Fertilizers applied in the second year
compared to the first application year increased the fruit sugar ratio by approximately 15%. Potassium
action in starch synthetase enzyme activity is quite high up to a certain grade (Fageria et al., 2011).
Starch was transported to the storage organs especially in the entity of adequate potassium (Kacar and
Katkat, 2011).

3.5. Total sugar
Significant statistical differences were recorded between total sugar content and all fertilizer
applications in NAZ, PAZ, and KAZ. However, statistically, significant differences were detected

between years and year x fertilizer interactions only in NAZ (Table 6).

Table 6. Chestnut total sugar (g 100 g*) contents after balanced N:P:K applications

Nitrogen Application Zone (NAZ)

Years NoPK NiPK N2PK NsPK N4PK Average
2013 8.17 ¢ 793¢ 7.94°¢ 8.85°P 797°¢ 8.178
2014 8.00°¢ 9.08° 9.41%® 9.792 9.44 % 9.14 A
Average 8.09 ¢ 8.50 BC 8.678 9.324 8.71B

Phosphorus Applications Zone (PAZ)
Years PoNK PiINK P2NK P3sNK PaNK Average
2013 7.25 8.01 8.09 8.12 8.15 7.92
2014 7.37 8.09 8.12 8.19 8.11 7.98
Average 7.318 8.05 4 8.114 8.16 A 8.13 4

Potassium Applications Zone (KAZ)
Years KoNP KiNP K2NP KsNP KaNP Average
2013 8.98 9.27 9.75 9.78 9.94 9.54
2014 9.14 9.64 9.70 9.87 9.73 9.62
Average 9.06 ¢ 9.46 8 9.73 /8 9.83 B 9.84 A

The capital letters represent the results of the Duncan test (*, P <0.05) for averages, and lower case letters show the results of the Duncan test
(*P<0.05) for interaction between years and treatments. There is no statistical difference between values not shown with letters.

Total sugar content in fruit was recorded as 9.32 mg 100 g* at the highest N3sPK dose in NAZ.
Against the control dose, a 15% increase in the fruit sugar content was determined at the N3PK dose.
However, compared to the first year, the total sugar rate in the second year increased by approximately
12%. But, the sugar content decreased at the final N dose. The sugar content decreases at increasing
nitrogen doses (Kumar et al., 2006). The excess of nitrogen is elongated the vegetative progress term
of the plant, delays blooming, and decreases sugar synthesis (Fageria et al., 2011). The total sugar
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content was found to be 8.16 mg 100 g* at the PsNK dose and an increase of approximately 12% was
determined compared to the control in PAZ. There was no statistical difference between years in the
PAZ. However, the sugar content was noted as the highest in KAZ, with an average of 9.84 mg 100 g*
in K4sNP. Despite the increasing potassium doses, there was an increase in the total sugar content of the
fruit. An increase of about 9% was obtained in the last dose compared to the control level. Plant
nutrition with phosphorus and potassium contributes positively to sugar metabolism (Mengel, 1991).

3.6. Invert sugar

The invert sugar content in chestnuts was found to be very low compared to total sugar. The
total sugar ratio of invert sugar was determined as 6.5, 6.2, and 12.6% in NAZ, PAZ, and KAZ,
respectively. Year x fertilizer interaction was found to be statistically insignificant in all fertilizer
application zones. Nevertheless, significant statistical differences were obtained both year and
fertilizer doses in PAZ. However, K doses also made statistically significant contributions to the
amount of invert sugar in the fruit (Table 7).

Table 7. Chestnut invert sugar (g 100 g*) contents after balanced N:P:K applications

Nitrogen Application Zone (NAZ)

Years NoPK NiPK N2PK NsPK N4PK Average
2013 0.573 0.550 0.590 0.580 0.583 0.575
2014 0.543 0.553 0.570 0.577 0.497 0.548
Average 0.558 0.552 0.580 0.578 0.540

Phosphorus Applications Zone (PAZ)
Years PoNK PiINK P2NK P3sNK PaNK Average
2013 0.477 0.514 0.507 0.443 0.450 0.478 B*
2014 0.523 0.527 0.496 0.499 0.490 0.507 A
Average 0.500 A8* 0.520 A 0.501 AB 0.471B 0.4708

Potassium Applications Zone (KAZ)
Years KoNP KiNP KzNP KsNP KaNP Average
2013 0.537 0.611 0.690 0.640 0.610 0.618
2014 0.560 0.607 0.610 0.557 0.610 0.589
Average 0.548 B* 0.609 A 0.650 A 0.599 A8 0.610 A

The capital letters represent the results of the Duncan test (*, P <0.05) for averages, and lower case letters show the results of the Duncan test
(*P<0.05) for interaction between years and treatments. There is no statistical difference between values not shown with letters.

Increasing nitrogenous fertilizer applications showed a situation that did not affect invert sugar
among all fertilizer applications. However, the highest fruit invert sugar content was detected at the
N2.PK application dose (0.580 mg 100 g?'). Compared to the first year, the invert sugar content
decreased by 5% in the second year. This situation paralleled the increase in nitrogen doses. But, the
invert sugar content in the fruit decreased by 7.4% in the last two doses. The invert sugar content
decreases in excess nitrogen doses (Fageria et al., 2011).

Phosphorus applications also affect showed similarly to NAZ. The highest invert sugar content
for P1NK averaged 0.520 mg 100 g, while it tended to decrease as increasing phosphorus doses.
There was a 10.6% rate decline in the final P dose. Yet, against the first year, invert sugar increased by
6% in the second year in PAZ. The invert sugar content in the fruit gave positive responses to
increasing K doses. The fastest increase occurred in this application zone. Compared to the control
level, the KoNP dose increased the fruit invert sugar content by about 19%. Whereas, there was a 5%
decrease in the second year compared to the first year between the implementation years. In spite of
potassium does not constitute a part of the structure of plant components, it increases the quality of
fruits by providing the desired sugar-acid balance and maturing of the fruit (Kumar et al., 2006).

3.7. Correlation analyses
According to correlation analyses, a statistically significant strong positive relationship was
found between chestnut fruit yield and all fertilizer application doses (Table 8). While there was a

strong positive correlation between N and K applications on total protein content, P doses had no
significant effect on fruit protein content. A statistically significant and strong correlation was noted
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between carbohydrate and starch contents and P and K applications. In addition, it has been
determined that N has no effect on both carbohydrate and starch mechanisms. All applications made
statistically significant and positive contributions to the total sugar ratio. A negative correlation was
found between fruit invert sugar content P applications. However, statistically insignificant
relationships were estimated between invert sugar in fruit and N and K applications.

Table 8. Relationship of chestnut yield and some quality properties due to balanced N: P: K
applications according to Pearson's correlation model

Qualitative and quantitative Fertilizer Application Zones

parameters NAZ PAZ KAZ
Yield (kg tree?) 0.620™" 0.424" 0.752™
Total protein (g 100 g1) 0.599™ -0.239 ™ 0.617™
Carbohydrate (g 100 g%) 0.122 0.415" 0.492™
Total starch (g 100 g %) 0.041 " 0.505" 0.439"
Total sugar (g 100 g) 0.385" 0.729™ 0.678™
Invert sugar (g 100 g% -0.026 ™ -0.424" 0.289

**_Correlation is significant at the 0.01 level, *. Correlation is significant at the 0.05 level, ns: not significant
4. Conclusions

The results of this study proved that balanced macro fertilization has an effect on the yield and
some quality characteristics of chestnuts. However, chestnut tree is still accepted in the world as a
forest tree. Therefore, the chestnut plant does not sufficiently care and cultural processes. Yet, as in
other cultivated plants, chestnut needs some cultural processes such as soil cultivation, fertilization
and irrigation. Although this study is a regional study, it seems effective in revealing the nutrients that
affect the yield and quality of a mature chestnut tree and drawing a certain road map. Also, different
regional macro plant nutrients applied in the same garden presented various evidence for the
parallelism of the study.

In the light of all the data, the most appropriate N dose to be applied to the soil per tree in mid-
April was determined as 3.3 Ib, P dose 1.65 Ib and K dose 3.3 Ib. In addition to this situation, it is
necessary to make organic fertilization in order to increase the organic matter in chestnut orchards.
Thus, the effectiveness of other chemical fertilizers applied to the soil will increase and some physical
and biological properties of the soil will be enriched in chestnut orchards.
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Makale Bilgileri Oz: Trkiye’de 6nemli bir yere sahip olan kishk sebze tretimi, iklim kosullarmimn
. uygun oldugu bir¢ok bolgede yapilmaktadir. Onemli bir kiglik sebze olan ve Ig
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acisindan etkileyen bir¢ok viral hastalik etmeni bulunmaktadir. Bu 6nemli viral
hastalik etmenlerinin durumunun tespit edilmesi amaciyla 2017-2018 yillarinda
Ankara, Eskisehir ve Konya illeri marul alanlarinda siirveyler yapilarak, 164 adet

Anahtar kelimeler ornek toplanmustir. Toplanan 6rnekler, 14 farkl: viriis [Beet western yellows virus

(BWYV), Broad bean wilt virus (BBWV), Cauliflower mosaic virus (CaMV),
DAS-ELISA, Cucumber mosaic virus (CMV), Lettuce mosaic virus (LMV), Mirafiori lettuce
Marul iri damar hastaligi, big-vein virus (MiLBVV), Radish mosaic virus (RaMV), Tobacco mosaic virus
RT-PCR, (TMV), Tobacco necrosis virus (TNV), Tobacco rattle virus (TRV), Tobacco
Virds, streak virus (TSV), Tomato black ring virus (TBRV), Tomato spotted wilt virus
Yaygmlik. (TSWV), Turnip mosaic virus (TuMV)] serolojik olarak DAS-ELISA yontemi ile

test edilmistir. Serolojik olarak ticari kiti bulunmayan 2 viris icin [Lettuce big
vein associated virus (LBVaV) ve Tomato infectious chlorosis virus (TICV)]
molekiler bir yontem olan RT-PCR kullanilmigtir. Ayrica serolojik olarak
bolgede yiiksek oranda tespit edilmis olan MiLBVV molekiiler yontemlerle
dogrulanmigtir. Yapilan analizler sonucunda LBVaV, MIiLBVV, LMV, TNV
etmenleri sirastyla % 31.7, 19.5, 7.3 ve 3.7 oraninda tespit edilmistir En yaygin
viral etmenlerin LBVaV ve MiLBVV oldugu goriilmistiir.

Determination of Virus Diseases in Lettuce Production Areas of Ankara, Eskisehir, and
Konya Provinces of Turkey

Article Info Abstract: Winter vegetable cultivation is realized in several having suitable
) climate condition region of Turkey. Lettuce, an important winter crop for Turkey
Received: 02.12.2020 is cultivated in various provinces of the Central Anatolia Region. A lot of virus
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Online Published 30.06.2021
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agents affect lettuce plants in the sense of quality and quantity. To identify these
viral agents, surveys were conducted in lettuce cultivation areas in Ankara,
Eskisehir and Konya provinces and 164 samples were collected during the

Keywords vegetation period of 2017 and 2018. Collected samples were tested serologically

by DAS-ELISA tests using specific commercial antibodies against the following
DAS-ELISA, viruses: Beet western yellows virus (BWYV), Broad bean wilt virus (BBWV),
Lettuce big vein disease, Cauliflower mosaic virus (CaMV), Cucumber mosaic virus (CMV), Lettuce
RT-PCR, mosaic virus (LMV), Mirafiori lettuce big-vein virus (MiLBVV), Radish mosaic
;/rler\ljZience virus (RaMV), Tobacco mosaic virus (TMV), Tobacco necrosis virus (TNV),

Tobacco rattle virus (TRV), Tobacco streak virus (TSV), Tomato black ring virus
(TBRV), Tomato spotted wilt virus (TSWV), Turnip mosaic virus (TuMV).
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Samples were also molecularly analysed by RT-PCR against 2 viruses [Lettuce
big-vein associated virus (LBVaV) and Tomato infectious chlorosis virus
(TICV)] that have no commercial serological kits. Additionally, MiLBVV that
was serologically detected at a high rate in the region, was also confirmed by RT-
PCR analysis in the study. As a result of the analysis, infection rates of LBVaV,
MILBVV, LMV, and TNV were found as 31.7, 19.5, 7.3 and 3.7 %, respectively.
With the present study, LBVaV and MiLBVV were determined to be the most
prevalent viruses in lettuce in the region.

1. Giris

Salata grubu yapragi yenen en dnemli bitkilerin baginda gelen marul bitkisi (Lactuca sativa L.)

Turkiye’nin hemen hemen her bolgesinde iklim ve cografi kosullara bagl olarak agik alan veya ortii
altinda yetistiriciligi yapilmaktadir. Dinyada marul iiretimi yaklasik olarak 27.3 milyon ton olup, Cin
15 546 415 ton dretim miktari ile ilk sirada yer alirken, TUrkiye 487 543 ton iiretim miktari ile diinyada
8. sirada yer almaktadir (FAO, 2018). i¢ Anadolu Bolgesi 108 849 ton marul iiretim miktar ile Tiirkiye
Uretiminin yaklasik % 22.33’Unii karsilamaktadir. I¢ Anadolu Bélgesinde marul Uretiminin en yaygin
yapildig iller siras1 ile Ankara, Eskisehir, Karaman ve Konya’dir (TUIK, 2018).
Biitiin bitkilerde oldugu gibi marul bitkisi de bircok zararli organizmadan etkilenmektedir. Viral
etmenler de marulu olumsuz olarak etkileyen énemli bir patojen grubudur. Uygun olmayan cevre ve
yetistirme kosullarinda viriislerin marul yetistiriciliginde %100’e varan verim kaybina yol actigi
bilinmektedir. Marul iri damar hastaligina (Lettuce big-vein disease) neden olan viriislerin marul ekilis
alanlarinda % 50-70’¢ varan kayiplara yol actig1 (Resende ve Cupertino, 1995; Moreno ve Fereres, 2012;
Maccarone, 2013) ve 0Ozellikle son yillarda diinyada marul yetistiriciligi yapilan hemen her yerinde
yaygin olarak goriildiigiine dair birgok rapor mevcuttur (Bernal-Vicente ve ark., 2018; Opatovsky ve
ark., 2019; Salem ve ark., 2020). Diinyada marul bitkisinde viriis galismalar1 1920’li yillarda baslarken
(Jagger, 1921; Newhall, 1923), Turkiye’de ilk ¢alismalar Ozalp (1964) ve Kur¢gman (1969) tarafindan
Ege Bolgesi’nde gozleme dayali olarak baglatilmistir. Bunu takip eden yillarda Akdeniz Bolgesi marul
alanlarinda LMV (Y1lmaz,1981), akabinde LMV ile birlikte CMV ve BBWV (Erkan ve Schlosser,
1985), izmir ilinde LMV (Fidan ve Tiirkoglu, 1988), Dogu Anadolu Bélgesinde LBVaV (Doken ve ark.,
1993), Giineydogu Anadolu Bolgesinde LMV (Yilmaz ve ark., 1995), Yalova’da LMV (Uzunogullar
ve Besirli, 2011) varlig1 rapor edilmistir. Bu virUslerin yaninda marulda az oranda da olsa TSWV ve
AMYV enfeksiyonlar1 da belirlenmistir (Ozdemir ve Erilmez, 2007; Yardimci ve Kilig, 2009;
Kamberoglu ve Alan; 2011).

Ozet olarak marul yetistiriciliginde 20’ye yakin viriis hastalig1 saptanmis, ancak bunlardan
yaklagik 10 tanesinin Akdeniz ve Avrupa bolgesinde ekonomik olarak onemli oldugu Moreno ve
Fereres, (2012) tarafindan bildirilmistir. Ulkemizde ise lokal olarak marul yetistiriciligi yapilan hemen
hemen tim bolgelerde 7 farkli viriisiin varligi rapor edilmistir (Tekinel ve ark., 1969; Fidan ve Tiirkoglu,
1988; Doken ve ark., 1993; Bozdogan, 2009; Alan, 2012; Erkan ve ark., 2013; Sertkaya, 2015).
Turkiye’de son yillarda yapilan ¢aligmalarda Marul iri damar hastaligina yol acan MiLBVV ve
LBVaV’nin baskin olarak yer aldig1 farkli ¢aligmalarda rapor edilmistir (Sertkaya, 2015; Randa-Zelyiit,
2016; Ertung ve Randa-Zelyt, 2019; Saglam ve Kamberoglu, 2019).

Bu calisma, Ankara, Eskisehir ve Konya illeri acik alan ve ortii alt1 marul yetistiriciligi yapilan
sahalarda, 0zellikle treticilerden gelen sikayetlerin viral kaynakli olup olmadiginin ortaya konulmasi
amaciyla gerceklestirilmistir. i¢ Anadolu Bolgesinde marul alanlarinda bu zamana kadar viral
etmenlerin varliginin arastirilmasi amaciyla farkli ¢alismalar yapilmis olmasina ragmen, bu ¢alisma ile
16 farkli viral etmenin varhig1 arastirilarak, viriis kaynakli problemlerin daha etkin bir sekilde ortaya
konmasi planlanmistir. Ayrica son yillarda tiim diinyada marul viriis hastaliklarinin ana hastalig1 olarak
g06ziken Marul iri damar hastaliginin etmenleri olan MiLBVV ve LBVaV’nin bdlgedeki son durumunun
belirlenmesi amaglanmustir.
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2. Materyal ve Yontem
2.1. SUrvey calismalari ve érneklerin toplanmasi

Slrvey ¢alismalar1 2017-2018 yillar1 arasinda iki farkli vejetasyon déneminde bélgede marul
yetistiriciliginin yogun olarak yapildigi Ankara ilinin Ayas, Beypazar1 ve Nallihan; Konya ilinin Cumra
ve Meram; Eskisehir ilinin Mihalgazi ve Tepebasi ilgelerinde yapilmig ve virls belirtisi gosteren 164
bitkiden 6rnek toplanmustir.

2.2. Serolojik ¢calismalar

Toplanan marul ornekleri 14 farkli viriis antiserumu ile (Cizelge 1) DAS-ELISA (Double
Antibody Sandwich Enzyme Linked Immunosorbent Assay) metoduna gore analiz edilmistir. DAS-
ELISA testleri antiserumlarin temin edildigi firmalarin (Loewe® Biochemica GmbH, Germany ve
Agdia Inc. Elkhart, IN, USA) belirledigi protokollere uygun olarak yapilmistir. Degerlendirmelerde
negatif kontrol OD degerinin 2 kat1 ve tlizeri olan 6rnekler enfekteli olarak kabul edilmistir.

Cizelge 1. DAS-ELISA analiziyle varlig: arastirilan viral etmenler

Etmen Akronim Etmen Akronim
Beet western yellows virus BWYV Tomato black ring virus TBRV
Broad bean wilt virus BBWV Tobacco mosaic tvirus TMV
Cucumber mosaic virus CMV Tomato spotted wilt virus TSWV
Cauliflower mosaic virus CaMV Turnip mosaic virus TuMV
Lettuce mosaic virus LMV Tobacco necrosis virus TNV
Mirafiori lettuce big-vein virus MiLBVV Tobacco rattle virus TRV
Tobacco streak virus TSV Radish mosaic virus RaMV

2.3. Molekiiler cahismalar

DAS-ELISA ¢alismalarinda ticari antiserumu bulunmayan “Tomato infectious chlorosis virus
(TICV)” ve “Lettuce big-vein associated virus (LBVaV)” un tespiti i¢gin molekiiler analizler yapilmustir.
Bununla beraber marul iiretim alanlarindaki Marul iri damar hastaligina sebep olan etmenlerden biri
olan ve DAS-ELISA ¢alismalarina gore en yogun olarak tespit edilen MiLBVV’de molekiiler analizlere
dahil edilmistir. Bu amag¢ dogrultusunda RNA yapisinda olan bu ii¢ viriise kars1 ilk olarak total RNA
ekstraksiyonu, ardindan tek agsamali RT-PCR (Reverse Transcription Polymerase Chain Reaction)
analizi gerceklestirilmistir.

2.3.1. Total RNA ekstraksiyonu

Nikleik asit ekstraksiyonu Foissac ve ark. (2001)’nin 6nerdigi yontemde mindr modifikasyonlar
yapilarak gerceklestirilmistir. Bu protokole gore; 100 mg bitki dokusuna 1 ml ekstraksiyon tampon
cozeltisi (6 M guanidine thiocyanate, 0.2 M sodium acetate, 25 mM EDTA, 1 M potassium acetate, %
2.5 PVP-40 ve % 1 mercaptoethanol) ilave edilip, ezilerek karistirilmistir. Bu karigimdan 500 pl alinarak
100 pl % 10 sodium lauryl sulfate solisyonu ilave edilip karistirilmistir. Bu karigim 70 °C de 10 dk ara
sira karistirilarak inkiibe edildikten sonra 5 dk buzda bekletilmistir. Daha sonra 14.000 rpm de 10 dk
santrifiij edilmis ve tiipilin {izerinde kalan yaklasik 300 pl siv1 yeni bir tiipe transfer edildikten sonra
uzerine 150 pl ethanol, 35 pl silika jel (Silicon Dioxide, pH: 2) ve 300 pl 6 M sodium iodide ilave
edilmigtir. Karigim oda sicakliginda 10 dk galkalayicida karigtirilarak bekletildikten sonra 6.000 rpm de
1.5 dk santrifiij edilmistir. Sonra iist siv1 atilmig ve pelet 500 pl yikama tamponu (0.05 mM EDTA, 50
mM NaCl ve % 50 ethanol iceren 10 mM Tris-HCI) igerisinde ¢ozdiiriilmiistiir. Yikama islemi iki kez
tekrarlandiktan sonra pelet 75 pl RNase-free su icerisinde ¢ozdiiriilmiistiir. Son olarak 70 °C de 4 dk
kuru blokta inkiibe edilip, 14.000 rpm de 3 dk santrifiij edilmis ve iist s1v1 yeni bir tiipe alinmistir. Elde
edilen total RNA’larin miktar1 ve saflig1 elektrospektrofotometrede (Nanodrop 2000, Thermo-USA)
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olgiildiikten sonra her bir 6rnek konsantrasyonu 50 ng/ul olacak sekilde seyreltilerek, RNA’lar —20
°C’de saklanmustir.

2.3.2. RT-PCR

Ekstraksiyon asamasindan sonra elde edilen total RNA’lar virtslere spesifik primerler (Cizelge
2) kullanilarak tek agamali RT-PCR yo6ntemi ile analiz edilmistir. RT-PCR karigimi1 toplam hacmi 25 pl
olacak sekilde her 3 viriis i¢in; dH20 11.4 pl, 5X Go Taq reaksiyon tampon soliisyonu 7 pl, 25 mM
MgCl; 1.25 pl, 10 mM dNTPs 0.7 pl, F-R primer 2ul (1+1), Taq DNA polimeraz (Promega-M3005)
0.25 pl (1.25 U/ul), RT enzim (Thermo-EP0441) 0,2 ul ((200 U/ul), RNase (NEB- M0243L) 0,2 pl ve
RNA 2 ul (50 ng/ul) olarak hazirlanmustir.

Cizelge 2. TICV, LBVaV ve MiLBVV etmenleri icin RT-PCR’da kullanilan primerler

Baz

Viriis ad1 Primer ad1 ve dizisi boyuty Kaynak

TICV F-5-TCA GTG CGT ACG TTA ATG GG-3' 501 bp Hartono ve ark.,
R- 5'-CAC AGT ATA CAG CAG CGG CA-3’ 2003

LBVaVv VP 248- 5'-CGC CAG GAT CTT TGA TCC ATC TG-3 296 bp Navarro ve ark.,
VP 249- 5-TTG CGA CAT GTT CCT CCT CAT CG-3 2004

MiLBVV VP 286- 5-TAT CAG CTC ACA TAC TCC CTATCG-3’ 469 bp Navarro ve ark.,
VP 287- 5'-CAA CTA GCT CAG AAT ACATGC AG-3’ 2004

Cizelge 2’de verilen primerler ile her viriise 6zgii reaksiyon kosullar1 optimize edilerek
hazirlanmigtir. LBVaV i¢in RT-PCR kosullari 50 °C’de 30 dk, 95 °C’de 5 dk, 35 déngii 94 °C 30 sn, 42
°C 45 sn ve 72 °C’de 45 sn’yi takiben son uzama (extension) igin 72 °C’de 7 dk olarak uygulanmistir.
MiILBVV icin 42 °C’de 50 dk, 95 °C’de 5dk, 35 dongl 94 °C 30 sn, 59 °C 45 sn ve 72 °C’de 1 dk’y1
takiben son uzama (extension) i¢in 72 °C’de 10 dk olarak uygulanmistir. TICV igin 50 °C’de 30 dk, 94
°C’de 5 dk, 35 dongii 94 °C 15 sn, 57°C 30 sn ve 72 °C’de 30 sn’yi takiben son uzama (extension) igin
72 °C’de 5 dk olarak uygulanmistir. PCR tiriinleri Pronasafe nikleik asit boyasi (Conda, Madrid, Spain)
ilaveli % 1.5’luk agaroz jelde 100 V’da 75 dk kosturularak, UV transilumindrde goriintiilenmis ve elde
edilen bant goriintiileri degerlendirilmistir.

3. Bulgular
3.1. Arazi ¢calismalari

Ankara ili Ayas, Beypazari, Nallihan; Eskisehir ili Tepebasi, Mihalgazi; Konya ili Cumra ve
Meram marul ekilis alanlarinda (sera ve agik alan) yapilan siirveylerde, marullarda mozaik, halkal
klorotik ve nekrotik lekeler, kivrilma, sekil bozuklugu, damarlarda sisme ve ciicelik gibi karakteristik
viral belirtiler gozlenmistir. Ancak en yaygin goriilen belirtilerin damarlarda agilma, siskinlik,
yapraklarda nekroz ve sekil bozuklugu oldugu (Sekil 1), bazi bolgelerde s6z konusu belirtilerin tarla/sera
kenarlarindan baslay1p iceri dogru lokal olarak yer aldigi1 goriilmustiir.
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Sekil 1. Arazi ¢alismalarinda goriilen nekroz (a), sekil bozuklugu (b) ve ciicelesme (c) belirtileri.
3. 2. Serolojik analiz sonuglar:

DAS-ELISA ile 14 virUs igin yapilan analiz sonuglarina gore toplam 164 marul 6rneginden 40
adetinin bir veya birden fazla viriis ile enfekteli oldugu geriye kalan 124 6rnegin herhangi bir virtis ile
enfekteli olmadig1 belirlenmistir. Ankara ilinden toplanan 66 Ornegin 22’sinin, Eskisehir ilinden
toplanan 82 6rnegin 18’nin viriis ile enfekteli oldugu bulunmustur. Konya’dan toplanan 16 6rnegin
tamami negatif sonug¢ vermistir. DAS-ELISA testlerinde pozitif 40 adet marul bitkisinin MiLBVV,
LMV ve TNV etmenleri ile enfekteli oldugu belirlenmistir (Cizelge 3).

Cizelge 3. il-ilge bazinda ELISA test sonucuna gére tespit edilen viriisler

Enfekteli Ornek

il flge MiLBVV LMV MiIiLBVV+LMV TNV Sayist

Ayas - - - - -

Ankara Beypazari 8 8 6 - 22
Nallithan - - - - -

L Tepebasi 8 - - 6 14
Eskisehir Mihalgazi - 4 - - 4

Cumra - - - -
Konya Meram - - - ' ~
Genel Toplam 16 12 6 6 40

3. RT-PCR sonuglari

Molekiiler ¢aligmalarda ii¢ viral etmen igin ayr1 ayri yapilan tek asamali RT-PCR sonuglarina
gore TICV hari¢ drneklerin LBVaV ve MILBVV ile enfekteli oldugu belirlenmistir. LBVaV igin VP
248-249 primer ¢ifti ile gergeklestirilen amplifikasyon sonucunda beklenen 296 nt’lik PCR Grunlere ait
ornek agaroz jel goruntlisu Sekil 2°de ve MILBVV igin VP 286-287 primer cifti ile gergeklestirilen
amplifikasyon sonucunda beklenen 469 nt’lik PCR Urlnlerine ait 6rnek agaroz jel goriintusi Sekil 3’de
verilmistir.
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Sekil 2. LBVaV igin VP 248-249 primer ciftleri kullanilarak yapilan RT-PCR amplifikasyonuna ait
agaroz jel goruntisi. (M; 100 bp DNA Markdr, 1; Su Kontrol 2; Negatif Kontrol, 3; Pozitif
Kontrol, 4-9; LBVaV izolatlari).

Sekil 3. MiLBVV igin VP 286-287 primer ciftleri kullanilarak yapilan RT-PCR amplifikasyonuna ait
agaroz jel goruntisi. (M; 100 bp DNA Markoér, 1; Pozitif Kontrol 2; Negatif Kontrol, 3; Su
Kontrol, 4-10; MiLBVYV izolatlar1).

RT-PCR calismalarinda MiLBVV’nin DAS-ELISA ile tespitinden farkli olarak 32 Grnegin
fazladan enfekteli oldugu tespit edilmistir. Ankara ilinden alinan 66 marul 6rneginden 58 adetinde,
Eskisehir ilinde alinan 82 marul 6rneginin 50’sinde tek ya da karisik LBVaV ve MiLBVV enfeksiyonu
belirlenmistir. Elde edilen bu sonuglar dogrultusunda Ankara ve Eskisehir illerinde enfeksiyon
oranlarmin oldukga yiiksek oldugu goriilmiistiir. Ankara ilinde 16 6rnekte, Eskisehir ilinde 8 drnekte
her iki viriisiin ortak enfeksiyonu tespit edilmistir. Konya ilinden toplanan 16 6rnegin tamaminda
herhangi bir viriis enfeksiyonu belirlenmemistir (Cizelge 4).

Cizelge 4. LBVaV ve MiLBVYV i¢in yapilmis olan RT-PCR sonuglari

Siirvey Toplam Ornek LBvVavV  MiLBVV LBVaV+MiLBVV  Temiz Ornek Sayisi
Yapilan Iller Sayisi
Ankara 66 26 16 16 8
Eskisehir 82 26 16 8 32
Konya 16 - - - 16
Toplam 164 52 32 24 56

4. Tartisma ve Sonug¢

Ankara, Eskisehir ve Konya illeri marul yetistiriciligi yapilan alanlarda 2017-2018 yillarinda
viriis sliphesi uyandiran 164 6rnegin 108’nin en az bir viriis ile enfekteli oldugu serolojik ve molekiiler
testlerle belirlenmistir. Ciicelesme, yaprak kivircikligi, genel sararma, mozaik ve damarlarda sisme
belirtileri gosteren 6rneklerin alindig1 bitkilerin ¢esitli viriisler ile enfekteli oldugu ve bunlarin daha 6nce
bu konuda yapilan ¢aligmalar ile uyumlu oldugu gozlenmistir (Colariccio ve ark., 2005; Uzunogullar
ve Besirli, 2011; Ertung ve Randa Zelyit, 2019; Saglam ve Kamberoglu, 2019).

Yapilan serolojik testlerde, Ankara ilinde 14 adet marul bitkisinde MiLBVV’nin varli1 tespit
edilmis olmasina ragmen RT-PCR sonucunda bu sayinin 32’ ye ¢iktig1; benzer sekilde Eskisehir ilinden
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toplanan orneklerde bu sayinin 8 den 24 e ¢iktigi goriilmistiir. Bu da RT-PCR’1in MiLBVV tespitinde
daha hassas sonuglar verdigini bir kez daha gostermistir (Navarro ve ark., 2002; Navarro ve ark., 2004).

Stirvey yapilan 2017-2018 yillarinda Konya ilinden viriis siiphesi ile toplanan 16 6rnege yapilan
serolojik ve molekiler analizler neticesinde herhangi bir viris tespit edilmemesi, belirtilerin bitki besin
maddesi noksanligi, hatali tarimsal iglemler ya da uygun olmayan iklim kosullari gibi abiyotik
sorunlardan kaynakli belirtilerden oldugu kanaatini uyandirmistir (Kennelly ve ark, 2012).

Ankara ili marul ekilis alanlarinda RT-PCR analizine gore gore 16 bitkide, Eskisehir ilinde ise
8 bitkide LBVaV+MiLBVV’nin karisik enfeksiyonu tespit edilmistir. Karisik enfeksiyonlarin
goriildiigi bitkilerde belirtilerin daha siddetli oldugu ve bitkilerin ticari degerini tamamiyla kaybettigi
gozlenmistir (Sekil 4). Sanches ve ark.(2008) ve Heidari ve ark. (2010) da benzer sekilde marul
bitkisinde karisik viral enfeksiyonlarm gorildiigiinii ve bu durumun belirtileri daha da siddetli kildigini
rapor etmislerdir.

Sekil 4. LBVaV ve MiLBVV’nin karisik enfeksiyonunun marul bitkisinde olusturdugu asir1 damar
siskinligi belirtisi.

Daha 6nce yapilan ¢alismalarda (Randa-Zelyit, 2016; Ertun¢ ve Randa-Zelyit, 2019) Ankara
ilinde varligi saptanan MIiLBVV ve LBVaV etmenlerinin, iretim alanlarinda yaygin olarak
bulunmasinin nedeni vektér Olpidium brassicae’ye baglanmustir. Virlslerin toprakta vektorunin
dinlenme sporlarinda uzun siire canli kalabildigi ve salma sulama ile sporlarin harekete gegmesiyle aktif
duruma gegtigi diisiiniilmektedir. Enfekteli bitkilerin daha ¢ok salma sulamanin yapildigi yerlerde
yogunlagmasi bu ihtimali giiclendirmistir. Ayni sekilde strvey yapilan illerde viriisiin yogun olarak
gorildigi alanlarda ekim nobeti yapilmadan art arda ekim yapildig1 saptanmig ve burada vektorlerin
paymin oldukca yiiksek oldugunu diistinmekteyiz. Benzer sekilde Heidari ve ark. (2010) art arda yapilan
marul yetistiriciliginde MiLBVV ve LBVaV’nin epidemi yapmasina sebep oldugunu rapor etmislerdir.

Marul iri damar hastaligina yol agan viriislerin tek basina enfeksiyonlarinin yaninda, karigik
enfeksiyonlarinin da s6z konusu oldugu farkli galismalarda belirlenmistir (Salem ve ark., 2020). Benzer
sekilde Ankara ili marul sahalarinda LBVaV’nin tek basina veya MiLBVV ile karigik enfeksiyon
olusturdugu, Eskisehir ilinde ise her iki virlisiin karisik enfeksiyonunun yaninda tek basia ayr ayri
enfeksiyon olusturdugu da goriilmistiir.

Marul bitkisinde LBVaV ve MiILBVV etmenleri kadar tahribata sebep olan TSWV
enfeksiyonuna siirvey yapilan illerde rastlanmamistir. Tirkiye’de farkli arastirmacilar tarafindan
(Tekinel ve ark., 1969; Bozdogan, 2009; Kamberoglu ve Alan, 2011; Sertkaya, 2015) marul bitkisinde
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bu viriisiin enfeksiyonu tespit edilmesine ragmen bu ¢alismada varligina rastlanmamustir. Bu durumun
I¢c Anadolu Bolgesinde marul ekim doneminin Akdeniz kusagina gore daha soguk donemlerde yapilmasi
ve vektoru olan Thrips popiilasyonun erken donemde ortaya c¢ikmamasimndan kaynaklandigi
diistiniilmektedir. Ayni sekilde daha dnceki ¢alismalarda saptanan diger 6nemli bir viriis olan CMV’ye
de bu calismada rastlanmamustir (Fidan ve Tirkoglu, 1988; Sertkaya, 2015). Bu bulgular Ertung ve
Randa-Zelyut (2019)’un Ankara ili marul alanlarinda yapmis oldugu c¢aligmayla paralellik
gostermektedir.

Sonu¢ olarak 2017-2018 yillarinda Ankara ve Eskisehir illerinde LBVaV-MiLBVV
enfeksiyonun diizenli olarak tespit edilmesinde vektor populasyonu ile 6zellikle diizensiz iklim
sartlarinin (asir1 sicak, kuraklik, nem, don) etkili oldugunu diistinmekteyiz. Marul yetistiriciligi yapilan
alanlarin siirekli aymi iriin i¢in kullanilmasi, hastalik oraninin artmasinda birinci sebep olarak
goriilmektedir. Uretim alanlarinda ekim nébeti uygulamalarina énem verilmesi ve bitki artiklarinin
vektdr popiilasyonun artmasina sebep olmasi nedeniyle {iretim alanlarindan kesinlikle uzaklagtirilmast
gerektigini diigiinmekteyiz. Calismada ayrica serolojik olarak tespit edilen LMV ve TNV etmenlerinin
RT-PCR analizlerinin yapilarak, LBVaV-MiLBVV izolatlarn ile beraber dizi analizlerinin
gerceklestirilmesi ve izolatlarin genetik c¢esitliliginin arastiritlmasinin gerekli oldugunu kanaatine
varilmistir.
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Abstract: The investigation was carried out on slightly leached chernozem soil
type during 2014 — 2016. The effects of different soil tillage methods for
sunflower on the vertical distribution of the seeds in the soil layer and the
development of the plants were followed — ploughing at 24-26 cm, chisel
ploughing at 24-26 cm, disking with disk harrow at 10-12 cm and no-tillage.
The highest percent of sunflower seeds in the zone of the soil layer optimal for
sowing (5-7 cm) were significantly placed in the areas cultivated with chisel-
ploughing (62.1%). Under the other types of soil tillage, their amount decreased.
When sowing was performed at a mean diurnal air temperature close to the
norm (10.1 °C), the emergence of the plants in the variants with chisel
ploughing, disking and no-tillage occurred significantly slower in comparison to
ploughing. At higher mean diurnal air temperature (12.0 °C), only at the
beginning of sunflower emergence some delay was observed depending on the
type of the applied soil tillage. Under these conditions, a significant difference
in the occurrence of the phenophases was determined in the variants with
disking and direct sowing, as compared to the areas with ploughing. With the
minimizing and exclusion of the soil tillage, the growth of the sunflower plants
was significantly retarded at the initial stages of their development. At
phenophase flowering, the plant height and the stem diameter were lowest in the
areas cultivated with disking. The investigated types of soil tillage did not have
a significant effect on the diameter of the sunflower heads.
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Makale Bilgileri

Gelis: 05.07.2020

Kabul: 21.03.2021

Online Yaymlanma 30.06.2021
DOI: 10.29133/yyuthd.764441
Anahtar kelimeler

Tohumlarin topragin
derinligine gore taksimati,
Temel toprak isletilmesi,
Bitkilerin gelismesi,
Aycicegi.

Oz: Arastirma, 2014-2016 tarihleri arasinda General Tosevo kentine baglh
arazide, turunin tipik ozelliklerine sahip cernezyom toprak tipi Uzerinde
gergeklestirilmisgtir.  Farkli  temel toprak isleme yoOntemlerinin aygigegi
tohumlariin toprak tabakasindaki dikey dagilimmna ve bitki gelisimine
lzerindeki etkisi gézlemlendi: 24-26 cm derinlikte toprak siirme, 24-26 cm
derinlikte devirmeden toprak isleme, 10-12 cm derinlikte diskli toprak isleme ve
direkt ekim (sifir). Ekim i¢in en uygun toprak tabakasi alaninda (5-7 cm) en
yiksek aycicegi cekirdegi yilizdesinin devirmeden toprak islemenin yapildigi
(62.1%) bolgelerde oldugu istatistiksel olarak kanitlanmistir. Diger toprak
isleme yontemleri kullanildiginda, onlarin miktar1 azalir. Normal degerine yakin
ortalama giinliik hava sicakligi kosullarinda (10.1 °C) ekim ger¢eklestirildiginde
devirmeden toprak isleme, diskli toprak isleme ve sifir isleme yontemlerinin,
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toprag1 slirmeye kiyasla istatistiksel olarak daha yavas ilerledigi tespit
edilmistir. Daha yiiksek ortalama giinliik hava sicakligi kosullarinda (12.0 °C),
kullanilan toprak igleme tiiriine bagl olarak, sadece aygigegin ¢imlenmesi siireci
baslangicinda belirli bir gecikme gdzlemlenir. Bu kosullar altinda, diskli toprak
isleme ve direkt ekim yontemlerinin, toprak slirme yontemine kiyasla, bu
agamanin seyrinde istatistiksel olarak kanitlanmig bir farklilik tespit edilmistir.
Toprak isleme yontemleri etkisinin en aza indirildiginde veya g6z ardi
edildiginde, aycicegi bitkilerinin gelisimlerinin ilk asamalarindaki bliytimeleri,
istatiksel olarak yavasladigi tespit edilmistir. Cigeklenme fenofazinda, aygicegi
saplariin yiiksekligi ve ¢api diskli toprak igsleme yontemi kullanildig1 takdirde
en kiiciik oldugu tespit edilmistir. Incelenen toprak isleme yontemlerinin,
aycigegi tablasinin ¢api iizerinde istatistiksel olarak kanitlanmis olan bir etkisi
bulunmamaktadir.

1. Introduction

Sunflower is a main oil seed crop in Bulgaria. The different soil and climatic conditions in the
country and the desire of the producers to obtain higher yields at lower cost price are the reasons to
seek for cost effective agronomy practices when growing this crop (Yanchev and Kirchev, 2007
Delchev, 2013; Delibaltova and Dallev, 2017; Drumeva and Yankov, 2018). This includes also the
ways for main tillage of soil.

During the last decades, wide usage of chemicals in conventional agriculture is being
observed. It is based on the great offer and use of various mineral fertilizers and preparations for plant
protections. This imposes the necessity to reconsider the significance of deep ploughing as a main
means for increasing the effective soil fertility, and for control of weeds, diseases and pests on the
grown cultural plants. On the other hand, a tendency towards permanent increase of the prices of fuels
is also being observed, and ploughing is one of the most energy-consuming operations in agriculture
(Zugec et al., 2000; Sin et al., 2008).

The ways for soil tillage depending on the used soil tillage tools and the technological
processes related to them have different effects on the physical, chemical and biological properties of
the soil. The main physical characteristics directly influenced by the applied types of soil tillage are
the soil structure, the bulk density, the porosity, the moisture and the temperature. They, on their part,
are important for the emergence, development and productivity of the grown agricultural crops (Licht
and Al-Kaisi, 2005). Under the conditions of Bulgaria, the recommendable optimal depth for sowing
of sunflower is from 5 to 7 cm (Klochkov et al., 1988). The applied ways for main and pre-sowing soil
tillage have different effects on the percent distribution of the structural agents in the zone of seed
planting (Guérifa et al., 2001). Some of them increase the share of the large fractions, while others
lead to stronger dusting of soil (Yankov, 2009a). This is a prerequisite a part of the seeds to fall to
greater or lower depth (Yankov, 2012; Yankov and Drumeva, 2014).

The physical properties of the seed bed are especially important also for the emergence, the
optimal density and the distribution of the plants in the crop, the growth of the plants and the yield
obtained from them (Ozpinar and Cay, 2006). In order to emerge fast and uniformly, the sunflower
seeds should be placed in a well settled soil, and the upper soil layer should be loose. Thus, a supply of
moisture from below and of air from above is ensured, and the penetration of the sprouts to the soil
surface is facilitated. It is also necessary to provide good contact of the seeds with soil (Radford and
Nielsen, 1985). Investigating the effect of different ways for soil tillage on the development and
productivity of sunflower, Sessiz et al. (2008) reported higher percent of emerging plants under
conventional tillage, followed by direct sowing, minimal tillage and chisel-ploughing. In an 11-year
experiment, Dam et al. (2005) also determined a slower rate of emergence of maize in a variant with
direct sowing.

Sessiz et al. (2008) did not find a statistically significant difference for the effect of the
different ways of soil tillage on the height of the sunflower plants, the head diameter and the stem. The
greatest height, head diameter and stem were measured in the areas with chisel-plough, followed by
those with conventional tillage, disking and direct sowing. The different intensity of the chisel plough
also influenced these biometrical parameters. Guirguis et al. (2008) determined the highest stem height
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and head diameter in the variant involving chisel-plough three passes followed by disk-harrow one
pass. Lower values of these parameters under direct sowing were also reported by Yalcin et al. (2008).
In spite of the small variations between the conventional and no-tillage, the differences were
significant.
The aim of this investigation was to follow the effects of different ways of main tillage
methods of the slightly leached chernozem soils on the vertical distribution of the sunflower seeds in
the soil layer and the development of the plants.

2. Material and Methods
2.1. Soil and climatic conditions

The investigation was carried out on the territory of General Toshevo during 2014 — 2016. The
soils in the region where South Dobrudzha is located, are represented by slightly leached chernozems
(Yolevsky et al., 1959). According to their mechanical composition, they are sandy-loamy, with
favorable water and air regime. Their bulk density characterizes them as soils with loose structure,
without compact horizons down the entire profile. Their soil reaction is neutral. They have a
comparatively powerful humic horizon (60-80 cm), with a mean content of humus in the plough layer
of 3.7 %. The reserves of P,Os are from low to moderate, and the reserves of K;O — from moderate to
good.

The mean annual temperature in the region is 10.6 °C. January is the coldest month (-0.3 °C),
and July is the warmest (21.3 °C). The mean annual precipitation sum is 518.3 mm. The maximum of
rainfalls is during May — June, and the minimum — during August — September.

The meteorological data for the years of the investigation showed that it was carried out under
varied climatic conditions (Figure 1). The mean diurnal air temperature in April of 2014 and 2016,
when the sunflower plants emerged and started their development, was higher than normal and
reached 12 °C. The air temperature during this period of 2015 was close to the climatic norm (10.1
°C). In July, mass flowering of sunflower occurred. It was warmer in 2015 and 2016 in comparison to
the long-term mean diurnal air temperature for this month. In 2014, the air temperature for this period
was close to the norm.

In April of 2015, the sum of the rainfalls was close to the climatic norm. During the other two
years of the investigation, the rainfalls were lower. The large amount of rainfalls in June of 2014 is
noteworthy. It was with 210.0 % above the mean long-term value. In July, the month next in
importance for the vegetative growth of sunflower, only year 2014 was close to the climatic norm by
amount of the rainfalls. The other two years from the investigation were drier.
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Figure 1. Air temperature and precipitation during the vegetation period from May to September of
2014, 2015 and 2016.

2.2. Field experiment

Four types of main soil tillage methods for sunflower were investigated as ploughing
(conventional tillage) at 24-26 cm (CT), chisel ploughing at 24-26 cm (CP), disking with disk harrow
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at 10-12 cm (DD) and no-tillage (NT). The experiment was designed according to the long plot
method. Each variant was tested on plot being 576 m?, divided in eight equal replications with size of
72m? (12 x 6 m).

The main types of soil tillage for sunflower were performed in August. The pre-sowing tillage
of the areas cultivated with ploughing and disking included two times processing with cultivator and
harrow. In the other two variants such pre-sowing treatments were not applied. In the variants with
chisel-ploughing and no-tillage, a total herbicide was applied for control of weeds. At high infestation
with weeds, double spraying with the herbicide was done — one in autumn, and the other one in spring,
prior to sowing of sunflower. Only a single pre-sowing spraying with the herbicide was applied at low
density of weeds.

Sunflower seeds were sown by use of a pneumatic planting machine setted up for sowing
density of 65 000 plants/ha, 0.7 m spaced rows and sowing depth of 6 cm. During the vegetative
growth of the crop, the weeds in all tested variants were controlled by using the appropriate herbicide.
Mechanical inter-row cultivation of the soil in the studied variants was not done.

2.3. Distribution of the seeds in the soil layer

To determine the depth of seed placement, the etiolated part of the ladder of plants removed
from the soil was measured. The measurements were carried out after the end of germination and
covered randomly 20 plants from each replication.

2.4. Dynamics of plant emergence

The dynamics of plant emergence was counted daily from two rows with 6 m length for each
replication. Plant counts were made in the marked rows from the first emergence until a constant
number of germinated plants from each replication of the variants was reached. From the number of
total emerged seeds and the number of planted seeds, the percentage of emerged seedling was
calculated.

2.5. Biometrical parameters of the plants

The plant height and the stem diameter at budding and full flowering stages were estimated on
the plants of each replication from two rows of 6 m, marked at sowing. 20 plants per row were
measured. On the same plants the head diameter was measured at stage full flowering.

2.6. Statistical analysis

All data were analyzed using the analysis of variance (ANOVA) procedure to test the effects
of different main soil tillage methods on the measured parameters — distribution of the seeds in the soil
layer, dynamics of plant emergence and biometrical parameters of the plants. Mean comparisons were
performed using the Fisher’s LSD (the least significant difference) test at P <0.05, 0.01 and 0.001.
After performing the analysis of variance, we compared the different main soil tillage methods, using
the Duncan’s Multiple Range Test (DMRT). SPSS (2007) was used for statistical data processing.

3. Results and Discussion
3.1. Distribution of the seeds in the soil layer

The placement of the seeds at a suitable depth and their even distribution in the soil layer
depends on the quality of the soil tillage that has been performed. It had to be uniform down the soil
profile, to ensure favorable percentage distribution of the agronomically valuable structural units with
a size from 10 to 0.25 mm in the zone of seed placement, to incorporate at the necessary depth the
previous crop plant residues.

Depth of sowing has been an important factor in ensuring the uniform germination of plants
and the desired density of crops. If the seeds were sown deeply and the soil was cold, germination
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would be prolonged and would affect the vitality of young plants. Conversely, if the seeds have been
laid shallowly, when the surface soil layer dries, their germination has been delayed and even the
already germinated seeds would dry out. Therefore, the depth of sowing and its uniformity has to be
approached precisely. The omissions or bad quality of this agro-technical practice would be
irreparable and difficult to compensate.

The data on the vertical distribution of the sunflower seeds in the soil cultivated in different
ways showed that at the optimal depth (5-7 cm), most seeds were placed in the area with chisel-
ploughing, followed by that with disking and ploughing (Figure 2). Lowest percent of seeds in this soil
layer were determined in the variant with direct sowing. The differences, as compared to ploughing,
were statistically significant at P=0.01 for chisel-plough, and statistically not significant for disking
and no-tillage. With the reduction of the soil tillage, the amount of seeds placed at a depth lower than
the favorable (<5-7 cm) also increased. The differences, as compared to ploughing, were significant at
P=0.05 for tillage without turning of the soil layer, and for minimal tillage and no-tillage — at P=0.001.
The highest percent of seeds were registered in the variant with ploughing in the soil layer under the
optimal for sowing (>5-7 cm). Such a tendency in this soil type has been determined in studies on
other crops as well (Yankov, 2012; Yankov and Drumeva, 2014). This variant was followed by
minimal tillage, tillage without turning of the soil layer and no-tillage. The differences, as compared to
ploughing, were statistically significant at P=0.01 for disking, and for chisel-plough and direct sowing
—at P=0.001.

10.3%%%
oS 193¢+ | 18.6% 222+ [205%%E
2
298 _ 1o eee
537 62.1%* 553 50.6
T cp DD NT

CT - ploughing at 24-26 cm; CP — chisel ploughing at 24-26 cm; DD — disking at 10-12 cm; NT — no-tillage
Depth,cm  LSD oos LSD o.01 LSD o.001

(| <5-7 2.072 3.139 5.047
O 5-7 3.965 6.006 9.655
O >5-7 3.190 4.833 7.769

*, ** *** _ Sjgnificance of effects and variations at P levels 0.05, 0.01 and 0.001, respectively
Figure 2. Distribution of sunflower seeds along depths according to the type of soil tillage (%).
The applied analysis of the variances showed that the performed types of main soil tillage
methods have a significant effect on the vertical distribution of the sunflower seeds down the soil

profile (Table 1). In the different layers the influence of this factor on the studied parameter was
significant at P=0.001.

Table 1. Variance analysis of the investigated index

Index Depth, cm df Mean Square F Sig.
<5-7 315.547 291.499 .000
Soil tillage 5-7 3 70.827 23.472 .000
>5-7 194.820 71.823 .000

To follow the effect of the tested factor on this agronomy parameter, Duncan test was applied
(Table 2). At a depth greater than the recommendable for sowing of sunflower (<5-7 cm), based on the
percent distribution of the seeds in the soil layers, a similarity between the separate types of tillage was
not found. Each of them fell within a separate group.

At the optimal depth (5-7 cm), three groups were formed. Direct sowing fell within the most
unfavorable one (a), which was with the lowest amount of seeds placed in this soil layer. The test
distributed conventional tillage in this group as well (a), but also classified it to the next better one (b),
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which, too, included the variant with disking. Chisel plough was in an independent group (c), and in
this area the highest percent of seeds at the recommended depth were determined.

Three groups were formed under the soil layer favorable for sowing (>5-7 cm). The first of
them (a) included direct sowing, which was with the lowest percent of seeds placed in this horizon. In
the next group (b), the test placed the areas with disking and chisel-plough, which occupied an
intermediate position with regard to the values of the investigated parameter. The third group (c)
included conventional tillage with the highest percent of seeds below the optimal depth.

Table 2. Statistical grouping of soil tillage in the respective depths of the soil layer based on the
percent of vertical distribution of sunflower seeds (Duncan)

Depth, cm
Soil tillage <5-7cm 5-7cm >5-7cm
Groups (Values)
CT a (16.5) a, b (53.7) € (29.8)
Ccp b (18.6) c (62.1) b (19.3)
DD c (22.5) b (55.3) b (22.2)
NT d (39.1) a (50.6) a (10.3)

CT - ploughing at 24-26 cm; CP — chisel ploughing at 24-26 cm; DD - disking at 10-12 cm; NT — no-tillage.

Probably the deviations from the optimal depth of seed placement in the variants with
ploughing and disking were due to the variation of the depth of the performed pre-sowing cultivation
and the looseness of the soil, which increased the percent of seeds sown deeper. Exclusion the tillage
of the surface soil layer in the areas with chisel ploughing and no-tillage helped to reduce the
microuneven of the terrain. The higher bulk density of the slightly leached chernozems in the areas
with direct sowing (Yankov, 2007) conditioned the greater amount of the seeds placed at a shallower
depth in the soil profile. The low degree of loosening on soil in variant with chisel plough led to a
reduction and exclusion of the destructive effect of intensive tillage on the bulk density and aggregate
stability (Abu-Hamdeh, 2004; Barzegar et al., 2003; Yankov, 2007; Yankov, 2009a; Nunes et al.,
2020), which benefited a more equal sowing regime.

3.2. Dynamics of plant emergence
The dynamics of the emergence of the plants under the studied types of soil tillage was

followed at different mean diurnal air temperatures during the period from sowing to the end of
emergence (Figure 3).
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CT - ploughing at 24-26 cm; CP — chisel ploughing at 24-26 cm; DD — disking at 10-12 cm; NT — no-tillage
°C LSD o.05 LSDoo1  LSD o.001 °C LSD o.05 LSD oor  LSD o.001
10.1 3.339 4,545 6.131 12.0 2.435 3.315 4.472
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Figure 3. Dynamics of sunflower emergence after different soil tillage and day/night air temperature
(%).
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At mean diurnal air temperature close to the norm (10.1 °C), the emergence of sunflower in
the areas with disking and direct sowing started with 1-2 days later. The replacement of conventional
ploughing with minimal and no-tillage also decreased the dynamics of emergence, which was
especially well expressed at the initial periods. Later, the differences in the rate of emergence between
the variants decreased. Under chisel-plough and disking, the emergence of sunflower was completed
within two days, and under direct sowing — with four days later than under ploughing. At the end of
this phenophase, regardless of its later and slower rate of occurrence, the percent of emerging plants
was approximately the same under the different ways for tillage of soil. The differences in the
occurrence of this phase under alternative types of soil tillage, as compared to ploughing, were
significant at P=0.01 for chisel-plough, and for disking and direct sowing — at P=0.001.

Under the conditions of a higher mean diurnal air temperature (12.0 °C), some delay was
observed only at the beginning of the sunflower emergence depending on the type of the used soil
tillage. On the 7" day after sowing, the highest number of emerging plants were registered under
ploughing. With the reduction of the soil tillage types, their number decreased. After the 9" day, a
relative uniformity in the percent of emerging plants was observed under the investigated types of soil
tillage methods. Under these more favorable temperature conditions, there was no significant
difference between ploughing and chisel plough during the occurrence of this phenophase. A
significant difference noted in the other two variants. In the areas with disking, it was significant at
P=0.05, and in the areas with direct sowing — at P=0.001.

The applied analysis of variances showed that the factors “soil tillage”, “mean diurnal air
temperature” and the combination between them had a statistically significant effect on the dynamics
of the emergence of the sunflower plants (Table 3). The effect of the factors on the investigated trait
was significant at P=0.001.

Table 3. Analysis of variance of soil tillage (A) x mean diurnal temperature (B) in dynamic of
sunflower emergency

Indices df Mean Square F Sig.
Soil tillage (A) 3 320.068 46.834 .000
Mean diurnal temperature (B) 1 508.805 74.450 .000
AxB 3 86.602 12.672 .000

The Duncan test, with regard to the effect of the investigated types of tillage on the dynamics
of the plant emergence, placed at the beginning of this phenophase ploughing and chisel-plough in the
same group (b), (Table 4). To the next group with a lower number of emerging plan (a) belonged
disking and direct sowing.

In the middle of the phase, the test formed three groups. The most unfavorable one (a)
included direct sowing, which was with the lowest number of registered plants. The areas with disking
and chisel plough fell within the second, better group (b). Those with applied ploughing were
classified separately (c), and they were with the highest percent of emerging plants.

Table 4. Statistical grouping of soil tillage based on the dynamics of sunflower emergence (Duncan)

Dynamics of sunflower emergence (%)

- at the beginning of the in the middle of the at the end of the

Soil tillage

phenophase phenophase phenophase

Groups (Values)

CT b (8.50) c (66.50) b (88.50)
Ccp b (7.50) b (59.00) a, b (86.00)
DD a (3.55) b (57.50) a (83.50)
NT a (2.05) a (49.50) a (82.00)

CT - ploughing at 24-26 cm; CP — chisel ploughing at 24-26 cm; DD — disking at 10-12 cm; NT — no-tillage.
At the end of the emergence phenophase, again two groups were formed. One of them (a)

included disking and direct sowing, in which a smaller end number of sunflower plants were
determined. The test placed chisel-plough in this group as well, but at the same time classified it in the
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next better group (b), where the variant with conventional tillage was placed. This allowed the
conclusion that under favorable temperature and water regime, chisel plough may be recommended as
an alternative to conventional ploughing with regard to the studied trait. The lower percent of
emerging plants and the slower occurrence of this phenophase in the tested ways for alternative soil
tillage, as compared to the conventional one, were probably due to the less favorable thermal
conditions and aeration of the surface soil layer in these areas (Yankov, 2007; Yankov, 2009b). Sessiz
et al. (2008) also reported a higher percent of emerging plants under ploughing.

3.3. Biometrical parameters of the plants

The effect of the studied ways for soil tillage on the vegetative development of sunflower was
followed by measuring the plant height and the stem diameter at stages budding and full flowering. At
phenophase full flowering, the head diameter was measured since it was one of the parameters
determining the yield from this crop.

The height of the sunflower measured at budding stage was highest under conventional tillage,
followed by chisel plough (Figure 4). With the reduction of the tilths, the plant height decreased
statistically significant under disking (P=0.05) and direct sowing (P=0.001). During these
phenophases, in the variant with no-tillage, the highest stem diameter was read. The differences in the
values of this parameter between the separate ways of soil tillage were not significant.

plant height. cm stem diameter. mum
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CT - ploughing at 24-26 'cm; CP — chisel ploughing at 24-26 cm; DD — disking at 10-12 cm; NT — no-tillage

CP
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Indices LSD o.05 LSDoor  LSD o.001
plant height, cm 3.450 5.225 8.340
stem diameter, mm 2.234 3.899 5.874

*, ** *** _ Significance of effects and variations at P levels 0.05, 0.01 and 0.001, respectively

Figure 4. Effect of soil tillage on plant height and stem diameter at budding stages of sunflower.

At phenophase full flowering, in the variant with chisel plough, the greatest height of
sunflower was registered. Next came ploughing and direct sowing. Lowest were the plants in the areas
with disking, statistically significant at P=0.05 (Figure 5). The lowest stem diameter was also
measured in this variant. The statistical differences in the values of this parameter during this
phenophase were not significant between the separate ways of soil tillage.
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Figure 5. Effect of soil tillage on stem height and diameter at blooming stages of sunflower plant
development.

The differences in the head diameter between the applied types of soil tillage at stage full
flowering were also not significant (Figure 6).
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3.299 4,997 8.033
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Figure 6. Effect of soil tillage on head diameter at blooming stages of sunflower.

The applied analyses of variances showed that the factor “soil tillage” had a significant effect
on sunflower height (P=0.001), (Table 5). It did not have a significant effect on the diameter of stems
and heads. The factor “vegetative stage of development” influenced the height of the plants and the
diameter of their stems significantly at P=0.001. The combination of the two factors — soil tillage and
vegetative phase of development had a statistically significant effect only on the height of plants
(P=0.05).

Table 5. Analysis of variance of soil tillage (A) x vegetative phase of development (B) in sunflower
for plant height, stem diameter and head diameter

Indices df Mean Square F Sig.
plant height

Soil tillage (A) 3 113.794 20.349 .000

Vegetative phase of development (B) 1 62689.482 12.121 .000

A*B 3 44.661 7.986  .002
stem diameter

Soil tillage (A) 3 1.324 .728 550

Vegetative phase of development (B) 1 232.504 127,925 .000

A*B 3 1.764 970 431
head diameter

Soil tillage (A) 3 427 .208 .888
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The Duncan test, regarding the effect of the investigated ways for soil tillage on the vegetative
development of plants, placed the studied variants in different groups only by the parameter plant
height (Table 6). At phenophase budding, three groups were formed. The most favorable of them (c)
included ploughing and chisel-plough. Disking was referred to the next group with shorter plants (b).
Direct sowing belonged to the least favorable group (a) and in this group the sunflower plants were the
shortest.

At phenophase flowering, the differences decreased and two groups were formed. One of them
(b) included chisel-plough, ploughing and no-tillage, in which the height of the plants was
approximately the same. Other authors also reported greater plant height of sunflower in the variant
with chisel-plough (Guirguis et al., 2008; Sessiz et al., 2008). The other two types of tillage were
placed by the test also in the next less favorable group (a), to which disking was referred separately. In
the areas of this variant, the plants were shortest during this phase. Opposite were the findings of
Sessiz et al. (2008), who determined greater plant height of sunflower under disking in comparison to
direct sowing.

For the other two parameters, diameter of stems and heads, the test placed all investigated
types of tillage in one group (a). Sessiz et al. (2008) also did not find statistical significance
concerning the effect of the different types of soil tillage on these parameters. Opposite were the
results of Yalgin et al. (2008) according to them the differences were significant in spite of the small
variations in the values.

Table 6. Statistical grouping of soil tillage based on the vegetative development of sunflower

(Duncan)
Groups (Values)
Soil tillage budding stages blooming stages
plant height
CT c (76.3) a, b (175.6)
cp c (75.8) b (177.8)
DD b (71.5) a (170.4)
NT a (62.2) a, b (172.9)
stem diameter
CT a (18.8) a(24.7)
CpP a(17.7) a(25.3)
DD a (17.5) a(23.9)
NT a(19.1) a(24.1)
head diameter
CT a(21.4)
cp a (21.0)
DD a (20.5)
NT a (20.8)

CT - ploughing at 24-26 cm; CP - chisel ploughing at 24-26 cm; DD — disking at 10-12 cm; NT — no-tillage.

In the investigated alternative ways of main soil tillage, the lower height of the plants at
phenophase budding was probably due to the lower soil temperatures at the end of the spring and the
beginning of summer, as well as to the higher bulk density of the soil layer. The complex effect of
these factors suppressed the upward growth of sunflower. At phenophase flowering, the lower plant
height and stem diameter in the variant with disking were probably due to the weaker roots of the
plants because of the higher bulk density of the soil layer to the depth to which this type of tillage was
performed (Yankov, 2007; Osman et al., 2011; Gbadamosi, 2013; Nargish et al., 2014). A similar
tendency in the same soil type and way of soil tillage has been established in another spring crop —
grain maize (Yankov and Drumeva, 2017).

4. Conclusion
The highest percent of sunflower seeds in the zone of the soil layer optimal for sowing (5-7

cm) were placed when cultivation with chisel-plough was applied. Under the other types of soil tillage,
their amount decreased. In the variants with disking and direct sowing, the percent of the seeds placed
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at a depth lower than the favorable one (<5-7 cm) increased. Under the layer optimal for sowing (>5-7
cm), the highest amount of seeds were determined in the ploughed areas.

When sowing was performed at a mean diurnal air temperature close to the norm, the
emergence of the plants in the variants with chisel plough, disking and no-tillage occurred
significantly slower in comparison to ploughing. In these areas the phenophase was with 2 to 4 days
longer. At higher mean diurnal air temperature, only at the beginning of sunflower emergence some
delay was observed depending on the type of the applied soil tillage. Under these conditions, a
significant difference in the occurrence of the phenophases was determined in the variants with
disking and direct sowing, as compared to the areas with ploughing.

With the minimizing and exclusion of the soil tillage, the growth of the sunflower plants was
significantly retarded at the initial stages of their development. At phenophase flowering, the plant
height and the stem diameter were lowest in the areas cultivated with disking. The investigated types
of soil tillage did not have a significant effect on the diameter of the sunflower heads.
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Abstract: The purpose of this study is to examine the effects of fixed capital
investments on agricultural growth in Turkey. For this purpose, in the study,
agricultural growth, agricultural private fixed capital, agricultural public fixed
capital investments and agricultural employment variables were analysed with
the help of VAR Analysis and Granger Causality Test using annual data
between 1995-2018. According to the results of variance decomposition and
impact response functions obtained from the VAR Model, variables were
interacted and agricultural growth was affected by fixed capital investments and
employment variables. Granger causality analysis is that there is a two-way
causality between agricultural growth and employment and one-way causality
from public fixed capital investments to agricultural growth.

1. Giris

Tarim sektoriinde biiyiime sektore yapilacak yatirimlarin devamliligi ve arttirilmasi ile
miimkiin olmakla birlikte, bu yatirimlar sayesinde sermaye birikiminin de artmasi saglanmaktadir
(Olgun ve ark., 2018). Tarimsal iiretimin temel bir bilegeni olan sermaye, tarimsal biiylime ve
kalkinma siirecinin de anahtar1 sayilmaktadir (Butzer ve ark., 2010). Yatirim ise fiziksel sermaye
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stokundaki, yani bir y1l veya daha uzun kullanim 6mriine sahip fiziksel girdilerdeki (arazi, ekipman,
makine, depolama tesisleri, hayvancilik) degisiklik olarak tanimlanabilmektedir (Zepeda, 2001). Sabit
sermaye yatirimlari, mal ve hizmet liretim kapasitesinin temel gostergelerinden biridir (Bayraktutan ve
Arslan, 2008). Sabit sermaye diger sektorlerde oldugu gibi tarim sektoriinde de yatirimlara
doniismekte ve yatirima doniisen sermayenin ise tarimsal ve ekonomik biiylimeye katki saglayacag:
ifade edilebilmektedir (Terin ve ark., 2013; Teyyare, 2018). Tarim sektdriinde {iretim genel olarak
emege dayali olarak gercgeklestiginden, emegin verimli olmasi i¢in yatirimlara Gnem verilmesi
gerekmektedir (Cengiz ve Baydur, 2010). Yapilan arastirmalarin ¢ogu sermayenin tarimsal geliri ve
isglici verimligini arttirma konusuna vurgu yapmaktadir (Bathla, 2012).

Tarim sektdrii, hem insan beslenmesindeki 6nemi hem de {ilke ekonomisine sagladigi katkidan
dolay1 vazgecilmez bir sektordiir. Ulke ekonomisine sagladigi katkiy1, sanayi icin hammadde kaynag:
olmasi ve istihdama katki saglamasi seklinde ifade etmek miimkiindiir (Dogan ve Tiimer Ikikat, 2019).
Tiirkiye ekonomisi iginde tarim sektoriiniin Gayrisafi Yurt i¢i Hasiladaki pay: goreceli olarak azalsa
da etkinligini korumaktadir. Tarimin 6nemli bir ekonomik sektor oldugu gelismekte olan iilkelerde
tarimsal yatirim planlarinin, sadece tarim ve gida giivenligi tizerindeki etkilerine degil, ayn1 zamanda
makroekonomik faktorlere (ekonomik biiylime, istihdam yaratma ve yoksullugun azaltilmasi)
katkilarmin da dikkate alinmasi beklenmektedir (Benfica ve ark., 2019). Dolayisiyla tarimsal
yatirimlar iiretimi, geliri ve istihdami artirarak tarimsal kalkinmay1 tesvik eden 6nemli unsurlardir.
Uretim ve gelir artisindaki etkisi ile birlikte tarimsal yatirimlar, iiriin maliyetinin azalmasia yardimci
olarak, arazi verimliliginde artig saglamasi ile yine ekonomik biiyiimede olumlu yonde etki
gosterebilmektedir (Li ve Wang, 2011). Aym1 zamanda siirdiiriilebilir tarimsal biiyime konusu,
kalkinma planlarinin odak konularindan birisi olup, tarimsal yatirimlara Onem verildigi
anlagilmaktadir. Clinkli sulamaya, kirsal altyapiya, kurumlara, arastirmalara ve yayim faaliyetlerine
yapilan yatirimlar, tarim sektoriinde biiylimeye dnemli bir katki saglamaktadir (Roy ve Pal, 2002). On
Birinci Kalkinma Plan Dénemi ig¢in (2019-2023) Toplam Kamu Sabit Sermaye Yatirimlarinda
Hedefler bagliginda 2018 fiyatlariyla, tarim sektoriinde hedef 46 032 milyon TL ve pay1 % 6.1 olarak
belirtilmektedir.

Ekonomik biiyiime stirecinde tarim sektoriiniin 6nemi dikkate alindiginda, fiziksel sermaye ve
iiretim seviyesi tahminleri ve bunlar arasindaki iligkilerin belirlenmesi 6nem arz etmektedir (Donckt
ve Chan, 2019). Ciinkii tarim sektoriindeki verimlilik artisi ekonominin diger sektdrlerine kaynak
saglamaktadir. Kirsal niifusun ge¢im kaynaginin 6nemli oranda tarim sektdriine dayanmasi nedeniyle
verimlilik ve gelir artiglari, dogrudan eldeki kaynaklarin iiretkenligi ile iliskilidir. Eldeki kaynaklarin
tiretkenliginin artiginda sabit sermaye yatirimlar rol almakta sabit sermaye yatirimlar ise bireysel
haneler, 6zel sektdor ve kamu sektorii tarafindan yapilmaktadir. Bireysel haneler ve 6zel sektor
yatirimlari; 6zel yatirimlari, kamu sektorii tarafindan yapilan yatirimlar ise kamu yatirimlarini
olusturmaktadir.

Bu dogrultuda tarimsal biiylimenin ekonomik biiyiimeye etkisi disiiniildiigiinde, sektore
yapilan sabit sermaye yatirimlarla arasindaki iligkinin ortaya koyulmasi gerekmektedir. Konuyla ilgili
literatiir incelendiginde sabit sermaye yatirimlarinin tarimsal biiylime iizerinde olumlu etkisinin
belirlendigi ¢alismalara rastlanmaktadir (Roy ve Pal, 2002; Fan ve ark., 2008; Terin ve ark., 2013;
Zhang ve ark., 2014; Singh ve ark., 2015; Benfica ve ark., 2019). Sivagnanam ve Murugan (2016),
kamu yatiriminin, tarim sektoriinii tesvik etmek icin 6nemli faktor oldugunu belirtmis, tarima yapilan
yatirimlarin biiyiime {izerine olumlu etkisi oldugunu ifade etmislerdir. Ayrica tarimda kamu ve 6zel
yatirim arasinda uzun dénemli bir iligki oldugunu ortaya koymuslardir.

Bu arastirmanin temel amaci da Tiirkiye tarim sektoriinde hem kamu hem de 6zel sektor
tarafindan gergeklestirilen tarimsal sabit sermaye yatirimlart ile tarimsal Gayri Safi Yurti¢ci Hasila
arasindaki nedensellik iligkilerinin ortaya konulmasidir. Ayrica ¢alismada agiklayici degisken olarak
isttihdam degiskeni de analize dahil edilmistir. Bunun sebebi sabit sermaye yatirimlarinin biiyiimeyi
etkileyecegi ve tarimsal biiyiime ile gelirin artmasi sonucu istihdamin bundan etkilenebilecegi
diistincesidir.

Bu amagla calisma ii¢ boliimden olusmaktadir. Calismada giris boliiminii takiben ikinci
boliimde tarim sektoriinde sabit sermaye yatirimlar1 ve istihdam iliskisi agiklanmaktadir. Ugiincii
boliimde arastirmada kullanilan materyal ve metot tanitilarak elde edilen bulgular sunulmakta ve
sonug¢ boliimii ile ¢alisma tamamlanmaktadir.
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1.1. Tarim sektoriinde sabit sermaye yatirimlari ve istihdam

Uretim faaliyetlerinde kullanilan fabrikalar, alet ve makineler, isyerleri ve diger dayamkli
mallar sabit sermaye yatirimlarimi olusturmaktadirlar (Teyyare, 2018). Sabit sermaye yatirimlarinin
ekonomik biiylimeye katkisi; teknoloji transferi, sermaye birikimi, tiretim, istihdam ve gelir artisi,
fiyatlar ve 6demeler dengesinde istikrar, ekonomik gelisme ve genel refah seviyesi iizerinde olumlu
etkileri ile gerceklesmektedir (Bayraktutan ve Arslan, 2008).

Tiirkiye’de tarima yapilan yatirimlar, kamu sektorii tarafindan yapilan sabit sermaye
yatirimlar1 ve 6zel sektdr tarafindan yapilan sabit sermaye yatirimlari seklinde siniflandirilmaktadir.
Tarim sektdriine yapilan sabit sermaye yatirimlarinin ekonomi {izerinde bir takim etkilerinin oldugu
bilinmektedir. Tarim sektoriine yapilan yatirimlarin tarimsal iiretimi arttirarak Tarimsal Gayrisafi
Yurti¢i Hasilada (TGSYH) artis saglayacagi beklenmektedir (Olgun ve ark., 2018). Cogunlukla devlet
tarafindan kirsal yollar, kopriiler, sulama, arazi toplulagtirma, hayvan ve bitki saglig1 ile denetim dahil
gida giivenilirligi altyapisinin iyilestirilmesi, arasgtirma, yayim ve egitim vb. seklinde altyap:
gelistirmek icin yapilan kamu yatirimlari, ¢iftcilerin, daha verimli yatirim yaparak varlik sayisini
artirmalarina neden olmaktadir. Ozel yatirimlar ise tarim isletmelerinde bina, arazi islahini, makine
gibi ayrica dayanikli tikketim mallar1 ve agirlikli olarak tarim sektoriinden elde edilen kari artirmak
icin inga edilen ve yiriitiilen diger varliklar1 artirmak i¢in yapilan yatirimlart igermektedir (Akber ve
Paltasingh, 2019).

Tiirkiye’de baz1 yillar icin tarim sektorii GSYIH, tarim sektdriiniin pay1 ve bir 6nceki yila gore
degisim oranlar1 Cizelgel’de gosterilmektedir. Tarim sektoriiniin GSYIH igindeki nispi orani azalsa da
tarim sektorii Tiirkiye ekonomisi i¢in 6nemini koruyan bir sektordiir. 2018 yilinda tarim sektdriiniin
GSYIiH’daki payr % 5.8°dir. Bununla birlikte tarimsal GSYIH degerlerine iliskin degisim oranlari
incelendiginde 2018 yilinda bir 6nceki yila gore degisim orant % 14.5 olarak ger¢eklesmistir. 1998-
2018 yillarin1 kapsayan donemde genel olarak bir artis oldugu ancak 2016 yilinda bir 6nceki yila yakin
bir degerde tarimsal GSYIH nin gergeklestigi goriilmektedir.

Cizelge 1. Tarimsal GSYIH (bin TL) ve Istihdam (bin kisi)

Yillar Tarimsal GSYTH Degisim Orani Tarim sektoriiniin Istihdam Istihdam degisim
(%) GSYIH icindeki pay1 orant
(%)
1998 8957 343 - 125 9.388 -
1999 11229 013 25.4 10.5 7.894 -15.9
2000 17 205 761 53.2 10.1 7.769 -1.6
2001 21729 848 26.3 8.9 8.089 4.1
2002 36901 720 69.8 10.3 7.458 -7.8
2003 46 249 933 25.3 9.9 7.165 -3.9
2004 54 365 145 175 9.4 5.713 -20.3
2005 62 349 598 14.7 9.3 5.154 -9.8
2006 64 415 593 33 8.2 4.907 -4.8
2007 66 197 107 2.8 7.5 4.867 -0,8
2008 74 451 345 12,5 75 5.016 31
2009 81234 274 91 8,1 5.240 4,5
2010 104 703 635 28,9 9,0 5.683 8,5
2011 114 838 169 9,7 8,2 6.143 8,1
2012 121 692 893 6,0 7,8 6.097 -0,7
2013 121709 079 0,0 6,7 6.015 -1,3
2014 134 724 745 10,7 6,6 5.470 -9.1
2015 161 447 917 19.8 6.9 5.483 0.2
2016 161 304 618 -0.1 6.2 5.305 -3.2
2017 189 193 521 17.3 6.1 5.464 3.0
2018 216 666 387 145 5.8 5.297 -3.1
2019 277494885 28.07 6.4 5.097 -3.8

Kaynak: TUIK, 2020.
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Cizelge 2. Tarim sektorii sabit sermaye yatirimlari

Yillar Kamu sektorii sabit Degisim orani (%) Ozel sektér sabit sermaye yatirimlari Degisim orani (%)
sermaye yatirimlari
1998 253881.7 - 469407.3
1999 401166 58.0 347999.1 -25.9
2000 748974.3 86.7 512342.1 47.2
2001 690000 -7.9 284000 -44.6
2002 674000 -2.3 242000 -14.8
2003 1363.788 -99.8 1067.092 -99.6
2004 1651.125 211 2460.211 130.6
2005 1966.265 19.1 2265.137 -7.9
2006 2067.855 5.2 3167.408 39.8
2007 2894.73 39.9 3645.462 15.1
2008 3359.218 16.0 2572.924 -29.4
2009 5019.905 49.4 1410.28 -45.2
2010 4624.899 -7.9 3002.761 1129
2011 5202.351 12.5 6641.869 121.2
2012 6428.577 23.6 4793.379 -27.8
2013 7499.089 16.7 5115.7 6.7
2014 7084.199 -55 5163.823 0.9
2015 8687.948 226 6384.75 23.6
2016 9290.137 6.9 6063.648 -5.0
2017 12014.45 29.3 7527.006 241
2018 11936.43 -0.6 7386.663 -1.9

Kaynak: www.sbb.gov.tr.

Cizelge 2’de 1998- 2018 inceleme doneminde tarimda sabit sermaye yatirimlari, kamu ve 6zel
sektor sabit sermaye tutarlar1 ve degisim oranlart birlikte sunulmaktadir. Tarim sektoriinde kamu
sektorii yatinmlarinda genisleme gozlenmektedir. Tarim sektoriinde kamu ve 6zel sabit sermaye
yatirimlarinin tutarlar1 ve bir dnceki yila gore degisim oranlari yer almaktadir. Ozel sektdr sabit
sermaye yatirimlarmin bir Onceki yila gore en yiiksek degisimin oldugu yilin 2004 yili oldugu
goriilmektedir. Onu sirasiyla 2011 ve 2010 yillar1 izlemektedir. 1999- 2003, 2008- 2010 ve 2012-
2018 yillar1 arasinda ise kamu sektorii sabit sermaye yatirimlarinin, 6zel sektor sabit sermaye
yatirimlarindan daha fazla oldugu anlasilmaktadir.

2. Materyal ve Yontem

Bu c¢aligmada Tiirkiye’de tarimsal sabit sermaye yatirimlari ile tarimsal biiyiime arasindaki
iligki 1995-2018 donemini kapsayan yillik veriler kullanilarak incelenmeye calisilmistir. Verilere ait
tanimlamalar Cizelge 3’de gosterilmektedir. Tarimsal biiyiime degiskenini temsilen tarimsal iiretim
degerinin yillik degisim orani kullanilmistir. Calismada kullanilan degiskenlerden tarimsal istihdam
disindaki verilerin logaritmasi alinip analize dahil edilmistir.

Calismada oOncelikle degiskenler igin birim kok testlerinden ADF birim kok testi
uygulanmigtir. Degiskenlerin farkli seviyelerde duragan olmalarinin tespit edilmesi iizerine VAR
modeli tahmin edilmigtir. Daha sonra degiskenler arasindaki iligkinin ve yoniiniin arastirilmasi igin
Granger nedensellik analizi testi uygulanmustir.

Cizelge 3. Calismada kullanilan veriler

Degiskenler Degigkenlerin Kullanilmast Kaynak
LNTB Tarimsal biiyiime (%) Strateji ve Biitge Baskanligi
LNOSSY Ozel sektor sabit sermaye yatirimlari Strateji ve Biitge Baskanlig1
LNKSSY Kamu sektdrii sabit sermaye yatirimlari Strateji ve Biitce Baskanlig1
IST Tarimsal istihdam Strateji ve Biitge Bagkanhgi
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3. Arastirma Bulgular1 ve Tartisma
3.1. Birim kok testi

Zaman serisi analizinde oncelikle degiskenlerin duraganliklarinin belirlenmesi gerekmektedir.
Zaman serilerinin duragan olmamas1 sahte regresyon sorununu ortaya ¢ikarmakta ve bu serilerden
ortaya c¢ikan sonuglar gergek iliskiyi yansitmamaktadir (Gujarati, 1999). Degiskenlerin birim kdk
icerip icermedikleri Genisletilmis Dickey Fuller (ADF) testi yardimiyla arastirilmistir.

Birim kokiin varliginin sinanmasi halinde hipotezler asagidaki gibidir:

Ho:0=0 Seride birim kok vardir.

Hi:0<0 Seride birim kdk yoktur.

Calismada tarimsal biiyiime ve sabit sermaye yatirimlart arasindaki iliskinin incelenmesi
tizerine degiskenler icin oncelikle ADF birim kok testi uygulanmistir. Cizelge 4’de ADF birim kok
testi sonuglar1 gosterilmektedir.

Cizelge 4. ADF birim kok testi sonuglari

Degiskenler ADF
C C+T
1(0) I(1) 1(0) I(1)
LNTB -7.2753™ -4.7099 -4.7099 -2.7856
LNOSSY -1.4569 -1.7706 -5.0354™" -4.9599™"
LNKSSY -1.5494 -1.8114 -4.4723™ -4.3758™
IST -2.1518 -1.2971 -5.9659™" -3.5539"

Not: *** *** girastyla %10, %5 ve %1 anlamlilik degerlerini gostermektedir.

ADF birim kok testinin sonuglarmin verildigi Cizelge 4’e¢ gore, calismada kullanilan biitiin
degiskenlerin duragan olduklar1 gériilmektedir. Cizelge’den de goriildiigii tizere bagimli degisken olan
tarimsal biiylime degiskenin seviyesinde duragan oldugu goriiliirken diger degiskenlerin birinci
farkinda duragan oldugu goriilmektedir.

3.2. VAR modeli testi

Iktisadi degiskenler arasindaki iliskinin ¢ok y&nlii olmasi ve karmasikligi esanli denklem
sistemlerinin kullanilabilirligini ortaya ¢ikarmaktadir. Tktisadi degiskenler arasindaki karmasik iliskiler
analizin tutarliligimi etkilemektedir. Dolayisiyla esanli denklem sistemlerinde bu tiir problemleri
giderebilmek amaciyla model iizerinde bazi kisitlamalar yapilmalidir (Adrian ve Darnell, 1990). Bu
tiir sorunlarin ortadan kaldirilmast i¢cin VAR modeli 6nerilmektedir (Mucuk ve Alptekin, 2008). VAR
modelinin kurulmasi ile elde edilen parametrelerin yorumlanmasindan ise, tahmin sonuglarinin
artiklarinin analizi yapilarak, gelecege yonelik ¢ikarimlarin yapilmasi tercih edilmektedir (Tar1 ve
Bozkurt, 2006).

Calismada tarimsal biiyiime ve sabit sermaye yatirimlari arasindaki iligkinin incelenmesi
iizerine kurulan VAR modeli Cizelge 5’de verilmistir. Oncelikle degiskenler icin uygun gecikme
uzunlugunun belirlenmesi gerekmektedir.

Cizelge 5. VAR modeli uygun gecikme uzunlugu kriterleri

Lag LogL LR FPE AIC SC HQ
0 -251.3166 NA 141398.6 23.21060 23.40897 23.25733
1 -187.4568 98.69242* 1882.788* 18.85970* 19.85156* 19.09336*

Cizelge 5’de VAR modeli uygun gecikme uzunlugu kriterleri verilmistir. Cizelge’de gorildugi
gibi biitiin bilgi kriterlerinin 1 gecikme uzunlugunda uygun oldugu goriilmektedir. Hata terimleri igin
uygulanan otokorelasyon LM testi sonuglar1 Cizelge 6’da verilmistir.
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Cizelge 6. Otokorelasyon LM testi sonuglart

Gecikme LM-Istatistik Olasilik
1 15.80758 0.4665
2 15.70986 0.4734

Cizelge 6’daki sonuclar % 5 anlamlilik diizeyinde otokorelasyonun olmadig1 yoniindedir. Hata
terimlerinin varyansinin Dbiitlin 6rneklem i¢in sabit olup olmadigimi belirlemek i¢in White
Heteroskedasticity (White Degisen Varyans Testi) Test sonucu Cizelge 7°de verilmistir.

Cizelge 7. White degisen varyans testi sonucu

Ki-kare Std. Olasilik

84.32271 0.3489 0.3489

Cizelge 7’deki White testi sonuglarina gore olasilik degerinin 0.05’ten biiyiikk olmasi degisen
varyans olmadigi, yani hata teriminin varyansinin biitiin gézlemler i¢in ayni oldugu anlamina
gelmektedir.

Inverse Roots of AR Characteristic Polynomial

-1.5 1.0 0.5 0.0 o5 1.0 1.5
Sekil 1. AR karakteristik polinomun ters koklerinin birim ¢ember konumu.

Sekil 1’de tarimsal biiyiimenin bagimli degisken ve sabit sermaye yatirimlart degiskeninin
bagimsiz degisken olarak secilmesiyle kurulan VAR modeli i¢in, AR karakteristik polinomunun ters

koklerinin birim ¢ember igerisindeki konumlari, modelde duraganlik bakimindan bir sorun olmadigini
ve kurulan modelin giivenilirliginin saglandigini ortaya koymustur.

Cizelge 8. Tarimsal biiyiime degiskeninin varyans ayristirma sonuglari (%)

Dénemler Standart hata LNTB LNOSSY LNKSSY IST
1 0.0922 100.0000 0.0000 0.0000 0.0000
2 0.1319 89.2090 2.3916 3.5843 4.8149
3 0.1655 79.3784 9.1515 6.4313 5.0385
4 0.1872 75.4088 11.896 7.0324 5.6619
5 0.2028 73.1659 13.4952 7.5468 5.7920
6 0.2139 71.8802 14.4043 7.5468 5.9428
7 0.2221 71.0377 15.0043 7.9477 6.0101
8 0.2282 70.4751 15.4035 8.0537 6.0674
9 0.2328 70.0786 15.6855 8.1330 6.1027
10 0.2362 69.7952 15.8868 8.1878 6.1300
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Cizelge 8’de verilen sonuglar ilk donemlerde tarimsal biiyiime degiskenin % 100 gibi yiiksek
oranla daha ¢ok kendi dinamikleri tarafindan belirlendigini gostermektedir. Ikinci donemden itibaren
tarimsal biiylime degiskeninin kendi soklarinin etkisi azalmaya baglamistir. Tarimsal biiyiime {izerinde
ikinci dosnemde LNOSSY nin etkisi % 3, LNKSSY % 3.5, IST % 4.8’e ¢ikarken 6. dénemde tarmmsal
biiyiime {izerinde LNKSSY nin etkisi % 7.54, LNOSSY % 14.4 ve IST % 5.94 oldugu gériilmiistiir.
Ancak tarimsal biiyiime degiskeninin 6zel sabit sermaye yatirimlar1 ve kamu sabit sermaye yatirimlar
degiskeninden etkilenme orani zamanla artig gostermistir.

Response to Cholesky One S.D. Innovations + 2 S.E.

Response of LNTB to LNTB Response of LNTB to D(LNOSSY) Response of LNTB to D(LNKSSY) Response of LNTB to D(IST)

12| 12 12
084 08-{ 8
0 o o

T T T 04— T T T -04 T T 04— T T T
1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10 12 3 4 5 6 7 8 9 10 12 3 4 5 6 7 8 9 10

Response of DILNOSSY) to LNTB Response of D(LNOSSY) to D(LNOSSY) Response of DILNOSSY) to D(LNKSSY) Response of D(LNOSSY) to D(IST)

— : T T T - — - —
12 3 4 5 6 7 8 9 10 123 45 6 7 8 910 12 3 4 5 6 7 8 9 10 12 3 4 5 6 7 8 9 10
Response of DLNKSSY) to LNTB Response of D(LNKSSY) to DILNOSSY) Response of D(LNKSSY) to D(LNKSSY) Response of D(LNKSSY) to D(IST)
14 14 1 1
0 0 0 0
L A A A
12 3 4 5 6 7 8 9 10 12 3 4 5 6 7 8 9 1 12 3 4 5 6 7 8 9 10 12 3 4 5 6 7 8 9 10
Response of D(IST) to LNTB Response of D(IST) to D(LNOSSY) Response of D(IST) to D(LNKSSY) Response of D(IST) to D(IST)
a0 %0 &0 a0
60 60 60 6004
400 0 40 a0
204 204 20 204
0 0 0 0
200 -200-] 20 2004
0 20 0 w0

T T T T T T T « T T T T T T
1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10 12 3 4 5 6 7 8 9 10 12 3 4 5 6 7 8 9 10

Sekil 2. Analizde kullanilan degiskenler i¢in etki-tepki fonksiyonlari.

Sekil 2, VAR modelinden elde edilen kiimiilatif etki-tepki fonksiyonlarini gdstermektedir.
Sekillerde dikey eksende ilgili degiskene verilen bir standart hatalik artis sokuna diger degiskenlerin
verdigi tepkinin yonii ve bliylikliigli gosterilmektedir. Yatay eksende ise sokun verilmesinden sonra
gecen 10 yillik donemdeki gelisim incelenmektedir. Sekil 2’de yer alan etki-tepki fonksiyonlari
sonuclarina gore, tarimsal biiylime degiskeninin kendisinin bir birim standart sapmalik sokuna kars1
stirekli olarak azalma yoniinde tepki verdigi goriiliirken, tarimsal biiyiime degiskeninin 6zel sabit
sermaye yatirimlarina, kamu sabit sermaye yatirimlarina ve tarimsal istihdam degiskenlerine karst
verdigi tepkinin dnce artan oranlarda sonra azalan oranlarda oldugu goriilmektedir.

3.3. Granger nedensellik analizi
Granger nedensellik analizi, degiskenlerin ge¢mis ve simdiki degerleri arasinda iligkinin

varligin1 ve yoniinii arastirir (Durkaya ve Ceylan, 2006). Degiskenler arasindaki nedensellik iliskisi
asagidaki Cizelge 9’da verilmistir.
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Cizelge 9. Granger Nedensellik Analizi

Degiskenler LNTB LNOSSY LNKSSY iST

LNTB - 0.0035 0.0914 4.0807
0.9530 0.7624 0.0434™

LNOSSY 1.7499 - 0.0353 0.7242
0.1859 0.8509 0.3948

LNKSSY 2.7330 0.0403 - 3.1724
0.0983" 0.8409 0.0749"

ST 3.3786 0.1046 0.3816 -
0.0660" 0.7463 0.5367

VAR tahmininden elde edilen Granger nedensellik testi Cizelge 9’da gosterilmektedir.
Granger nedensellik testinden elde edilen sonuglara gore tarimsal biiylime ile istihdam arasinda ¢ift
yonlii ve kamu sabit sermaye yatirimlarindan da tarimsal biiylimeye tek yonlii nedensellik iliskisi
oldugu ortaya ¢ikmistir. Yani tarimsal biiylime ve istihdam arasindaki iligkinin ¢ift yonlii olmasi her
iki degiskenin de birbirini etkiledigi seklinde yorumlanmaktadir. Tarimsal kamu sabit sermaye
yatirimlar: ile tarimsal biiyiime arasindaki iliski ise kamu sabit sermaye yatirimlarindan tarimsal
biiylimeye dogru bir etkinin oldugunu goéstermektedir. Calismadan elde edilen sonuglar literatiirdeki
cogu calismanin sonuglartyla paralellik gostermektedir. Terin ve ark. (2013)’de yaptiklar
caligmalarinda, sabit sermaye yatirimlarinin tarimsal biiylimeyi olumlu yonde etkiledigini ifade
etmislerdir. Teyyare (2018) ise arastirmasinda sabit sermaye yatirimlarinin diger sektorlerle birlikte
tarim sektorll icin de ekonomik biiylime etkisini incelemistir. Calisma sonucunda tarim sektoriinde
gergeklestirilen 1 birimlik artisin, bagimli degisken olan biiyiime iizerinde yaklasik olarak 0.43
birimlik bir artis meydana getirdigini tespit etmistir. Elde ettigi bu sonuca gore tarim sektoriindeki
yatirimlarin ekonomik biliylimeyi artirdigini belirtmistir. Uluslararas: literatiirde ise konuyla ilgili
olarak Roy ve Pal (2002) aragtirmalarinda hem kamu hem de 6zel yatirimlarin tarimsal iiretkenlik ile
pozitif bir iliskisi oldugunu gozlemlemislerdir. Ayrica, yatirimin verimlilik iizerindeki etkisinin
stibvansiyonlarin etkisinden daha gii¢lii oldugunu bulmuslardir. Dubska (2006) tarafindan yapilan
caligmada, sabit varliklara yapilan yatirnmlarin gayri safi yurtici hasiladaki payimin, ekonominin
gelecekteki gelisiminin 6nemli bir gostergesi oldugunu, ancak tiim tiirlerinin gelecekteki ekonomik
biiytimeye ayni sekilde katkida bulunmadigini belirtmektedir (Dubska, 2006). Zhang ve ark., (2014)
aragtirmalarinda tarimsal AR-GE ve yayim caligmalarina yapilan kamu yatirnmlarinin tarimsal
verimliligi arttirdigint1 belirtmiglerdir. Singh ve ark., (2015), tarima yapilan kamu yatirimlarinimn
egilimlerini ve tarima yapilan kamu yatiriminin, tarimsal biiylime {izerindeki uzun vadeli etkisini
incelemeyi amaglamiglardir. Calisma sonucunda tarima yapilan kamu yatirimlarmin inceleme donemi
icin bazi donemler harig, bliylime oranina olumlu etkisinin oldugunu saptamiglardir. Ayrica tarimda
kamu ve 6zel yatirim arasinda uzun dénemli bir iliskinin varligini ortaya koymuslardir.

4. Sonu¢

Tarimsal sabit sermaye yatirimlar ile tarimsal biiylimenin pozitif olarak birbirine bagli oldugu
ve kaynak tahsisi ve yoksullugun azaltilmasina yonelik kamu politikasi tizerinde giiglii etkilerinin
oldugu disiiniildiigiinde, yapilan yatirimlarin etkilerinin birbirleri arasindaki iligkiler ve iligkilerin
yonlerinin tespiti onemli ¢alisma konularini olusturmaktadir.

Gelismis iilkelerde tarim sektoriiniin ekonomik biiylimeye katkisi son yillarda giderek
azalmasina ragmen gelismekte olan ilkelerde ekonomik biliylimede tarim sektdrii Gnemini
korumaktadir. Tarimin ekonomik biiyiimeye igerisindeki payinda tarim sektoriinde hizli bir gelismenin
etkili oldugu diistiniilmektedir. Bunun i¢in de tarimda sabit sermaye yatirimlari énemli bir politika
araci olarak goriilmektedir.

Bu g¢alismanin amaci Tiirkiye’de sabit sermaye yatirimlari ile tarimsal biiylime arasindaki
iliskinin 1995-2018 donemini kapsayan yillik veriler kullanilarak incelenmesidir. Bu amagla 1995-
2018 yillar1 icin VAR Modeli kurulmus ve Granger nedensellik analizi yapilmistir. VAR Modelinden
elde edilen varyans ayristirmasi ve etki tepki fonksiyonlarinin sonuglarina gére degiskenlerin etkilesim
icinde oldugu ve tarimsal biiylimenin sabit sermaye yatirimlart ve istihdam degiskenlerinden
etkilendigi tespit edilmistir. Granger nedensellik analizi sonuglar1 ise tarimsal biiyiime ile istihdam
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arasinda ¢ift yonli ve kamu sabit sermaye yatirimlarindan da tarimsal biiylimeye tek yonlii nedensellik
oldugu yoniindedir.

Ekonomik istikrarin saglanmasinda ve sermaye stokunun olusturulmasinda 6nemli bir yeri
olan yatirimlarin ayni zamanda tarimsal gelismenin saglanmasi konusunda da 6nemi yadsinamaz.
Tarimsal yatirimlar 6zellikle tretim kapasitesi ve verimlilik artisi nedeniyle tarimsal gelismeyi
arttirmaktadir. Yapilan analiz sonucunda kamu sabit sermaye yatirimlarmin tarimsal biiylimeyi
etkileyebilecegi goz Oniline alindiginda tarimsal biiyiime i¢in kamu sabit sermaye yatirimlarinin
siirekliliginin saglanmasinin 6nemli oldugu ifade edilebilmektedir. VAR Modeli sonucunda da
goriildiigii gibi tarimsal biiyiimenin sadece kamu sabit sermaye yatirimlar1 degil, 6zel sabit sermaye
yatirnmlarindan da etkilendigi goriilmektedir. Bununla birlikte ¢alisma sonucunda tarim sektoriinde
kamu ve Ozel sabit sermaye yatirimlari arasinda uzun donemli bir iliskinin varligindan soz
edilmektedir. On birinci kalkinma planinda da iiretkenlik ve yenilik¢ilik odakli sabit sermaye
yatinnmlarinin artisina yonelik beklentiye dayanarak, tarim sektdriinde de bu yondeki sabit sermaye
yatirimlarinin tarimsal biiylimeye katki saglayacagi diisiiniilmektedir.
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Abstract: The purpose of this experiment was to define the influence of different
doses of calcium chloride (CaCl,) applications on fruit yield, some quality
properties, and nutrition of plant in Hicaznar pomegranate cultivar during 2016
and 2017 in Aydm (Turkey) ecological condition. In the study, 0.2, 0.4, 0.6, 0.8,
and 1.0% solutions of calcium chloride (CaCl,) were applied by spraying except
the control dose to the trees. The solution doses were twice applied during the
fruit growing season in June and August. According to the results, fruit yield, peel
thickness, fruit length, diameter, and weights were increased compared to control
dose with CaCl, applications. Foliar CaCl, applications increased foliar Ca
content by 60%. Concentrations of other plant nutrients other than N and Ca were
decreased in parallel with increasing CaCl, doses. Foliar P content was not
affected in this case. As a result, the amount of CaCl, solution to be applied to
leaves in Hicaznar pomegranate was determined as 0.6%.
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Oz: Bu calismanin amaci, Aydin (Tiirkiye) ekolojik kosullarinda 2016 ve 2017
yillarinda Hicaznar ¢esidinde farkli dozlarda kalsiyum Kkloriir (CaCly)
uygulamalarinin meyve verimi, bazi kalite 6zellikleri ve bitkinin beslenmesine
etkisini belirlemektir. Caligmada agaglara kontrol dozu diginda % 0.2, 0.4, 0.6, 0.8
ve 1.0 kalsiyum klorur (CaCl,) ¢ozeltileri piiskiirtiilerek uygulanmistir. Cozelti
dozlari, 15 Haziran ve 15 Agustos'ta meyve yetistirme mevsimi boyunca iki kez
uygulanmgtir. Elde edilen sonuglara gére, CaCl, uygulamalari ile meyve verimi,
kabuk kalinlig1, meyve uzunlugu, ¢ap1 ve agirliklari kontrol dozuna goére artmustir.
Yaprak CaCl, uygulamalari, yaprak Ca igerigini % 60 arttirmistir. Artan CaCly
dozlarina paralel olarak N ve Ca digindaki diger bitki besin maddelerinin
konsantrasyonlari azalmigtir. Yaprak P icerigi bu durumda etkilenmemistir. Sonug
olarak Hicaznar gesidinde yapraklara uygulanacak CaCl, uygulama dozu % 0.6
olarak belirlenmistir.

1. Introduction

Pomegranate's homeland Turkey, Middle East, south-southeast of Iran, the Caucasus and
including also northern India is known to be a large region. The fruit of the pomegranate, which is one
of the subtropical climate fruit species, can be evaluated in various ways in the food industry as well as
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for fresh consumption (Celik et al., 2019). Today, pomegranate cultivation is carried out in a wide area
from Australia to South Africa, USA and China (Unal, 2011). Hicaznar pomegranate is one of the
main varieties in pomegranate cultivation in Turkey. Turkey's total pomegranate production was
realized as 600 021 tonnes in 2020 (TUIK, 2020).

Calcium is an obligatory and a very important mineral for plants. It performs structural
functions in the cell walls and membranes of the plant. It is also required as a balancing agent against
inorganic and organic anions. Middle lamellae of cells that expand in calcium deficiency weaken and
crack. (White, 2001; Asgharzade et al., 2012).

During the development of the fruit, its nutrition is the most important factor determining fruit
quality and post-harvest performance (Schuman et al., 1973). The calcium intake and distribution in
the plants are affected by the movement of water in the organs that become apparent and the use of
calcium in the transport route (Saure, 2005). Although there is enough calcium in the garden soil, the
occurrence of calcium deficiency creates great economic losses and becomes a problem for many fruit
types (Montanaro et al., 2006).

Proper fruit ripening is related to calcium. The low calcium content in the fruit causes
susceptibility to many physiological and pathological diseases and a short shelf life (Conway et al.,
1992; Fallahi et al., 1997). It has been determined that calcium application before harvest prevents
physiological disorders as well as delaying maturity and increasing fruit quality in many fruit species
(Hernandez Munoz et al., 2006). Foliar application of calcium significantly increases the calcium
content in fresh fruit and the effectiveness of ripening and aging-related changes (Pooviah, 1979).

This study was carried out based on the method of spraying pomegranate leaves at different
levels and in two periods of CaCl,, a powerful source of calcium, and the results of the effects on some
quality characteristics and nutrition of pomegranate are discussed in this article.

2. Materials and Methods

The experiment was conducted during 2016 and 2017 in a 25 years old Hicaznar pomegranate
cultivar commercial orchard located in Aydin (Turkey) ecological condition. In the vegetation duration
(between March and November), the total rainfall is 660.9 mm in 2016 and 729.1 mm in 2017. In
addition, the average temperature was 20.1 °C in 2016 and 21.2 °C in 2017. The average temperature
in the research duration is coherent with the long-term average temperature (20.5 °C) and the total
rainfall is compatible with the long-term total rainfall (647.0 mm).

In April, soil samples were taken from the research orchard, air-dried, and sieved through a 2
mm sieve. The soil characteristics and analysis methods of the orchard were presented in Table 1.
When the orchard soil analysis results are evaluated; pomegranate orchard is lower calcareous and
medium organic matter content, slightly acidic, clay loamy, and lower salinity (EC: Electirical
conductivity). However, it was determined that soil samples were sufficient by macro and
micronutrients (Kacar, 1994).

Leaf samples were collected on four sides of the trees from that year's shoots to determine leaf
nutrient concentrations. The samples were before washed with mains water and after with distilled
water. Then dried at 65 + 5 © C for 2 days. Samples removed from the oven were made ready for
analysis. Total N, Kjeldahl method, foliar P concentration spectrophotometrically (Shimadzu UV-
1208, 430 nm), K, Ca, Mg, Fe, Cu, Zn, and Mn contents were analyzed using atomic absorption
spectrophotometer (Kacar and Inal, 2008).

The research was planned according to the randomized parcel design. The applications are
stated below.

1- Control (0% CaCl, tree), 2- 0.20% CaCl, tree, 3- 0.40% CacCl, tree’?, 4- 0.60% CaCl,
tree!, 5- 0.80% CacCl, tree’, 6- 1.00% CaCl, tree™!
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Table 1. Some soil physicochemical characteristics of the research orchard (0-30 cm)

Soil characteristics (0-20 cm depth) Methods Soil characteristics (0-20 cm depth) Methods
Soil texture Clay loamy  Bouycous Potassium (mg kg™) 280.2 NH4OAc
EC (dSm%) 0.17 Saturation sludge  Calcium (mg kg™) 220 NH;OAc
pH; 1:1 (w/v) 5.58 Saturation sludge  Magnesium (mg kg™?) 162 NH4OAc
CaCOs (%) 0.71 Scheibler Iron (mg kg) 6.25 DTPA
Organic matter (%) 2.74 Walkley-Black Zinc (mg kg?) 1.24 DTPA
Total nitrogen (%) 0.124 Kjendahl Manganese (mg kg™) 4.14 DTPA
Phosphorus (mg kgt)  11.57 Olsen Cupper (mg kg™ 2.51 DTPA

NH4OAc: Amonium Acetate, DTPA: Diethylenetriaminepentaacetic acid.

Regular fertilization was carried out in the experimental orchard. Every year, 2.5 kg of
20:20:20 compound fertilizer, 0.5 kg of potassium nitrate, and 1.0 kg of Urea were applied per tree.
The experiment consisted of 3 replications, 3 trees in each replica and 6 applications; It was carried
out on 54 trees (6 x 6 planting order). The CacCl, solutions were applied twice (June 15 and August 15)
by sprayed to leaves. The water requirement of the plants was met with the drip irrigation system in
the orchard. Irrigation was measured with an evaporation pot and water was applied according to the
moisture in the soil. Cultural weed cleaning is done regularly in the pomegranate orchard.

Leaf samples of Hicaznar pomegranate varieties were taken 10 September in the middle of the
annual shoots of fruitless (Ozkan et al., 1999). As a result of applications were determined to yield per
tree (kg tree?), fruit length (cm), diameter (cm), peel thickness (mm), foliar macro and micronutrients
in 2016 and 2017 years.

Analysis of variance (ANOVA) and Duncan’s tests were conducted with a P<0.05 significance
level using SPSS Version 22 (IBM Corp., 2013) statistical software.

3. Results and Discussion
3.1. Fruit yield

Applied CaCl, doses, statistically increased fruit yield per tree. According to statistical results,
significant relationships were found between application doses and fruit yield (Figure 1). The highest
fruit yield was determined as 23.0 kg tree in the 2016 year and 22.8 kg tree’? in the 2017 year at 0.6%
CaCl; dose, 22.6 kg tree? in the first year and 22.7 kg tree in the second year at 0.8% CacCl, dose.

They reported that calcium applied by spraying to pomegranate plant was effective on yield
and fruit quality in tangerine (Erogul et al., 2011), cherry (Simon, 2006), apple (Raese, 2000 and
Woijcik et al., 2002).

2016 m 2017 Year x CaCl,: ns
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1 b* €. .H.
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Control  0.2% 0.4% 0.6% 0.8% 1.0%
CaCl, solution doses

Fruit yield (kg tree)

o w

o o
(9]
*
*
(o]
O

I -

¥

3
¥

]

Letters overhead the columns indicate the effects of the Duncan test (*: P<0.05) for the yields of the pomegranate fruit
(CVa2016: 9.52; CV2017: 9.46).

2016: y = -0.1941x? + 2.2091x + 16.234. R2 = 0.822. LSD*: 2.10 (2016)

2017:y = -0.3487x? + 3.2721x + 14.765. R2 = 0.912. LSD*: 1.77 (2017).

Figure 1. Effect of foliar CaCl; applications on fruit yield of pomegranate.
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Fruit yield increased 23% at 0.6% CaCl, dose compared to the control dose. Besides, the
average tree yield was realized to be around 22 kg in 0.8% and 1.0% CaCl. applications. Results were
determined that foliar Ca applications increased fruit yield in parallel with the studies conducted by
Gineri et al. (2014); Korkmaz and Askin (2015); Bakeer (2016).

3.2. The some quality properties of pomegranate

According to the results, statistically significant relationships were determined between the
applied CaCl, doses and all the qualitative parameters indicated in Table 2. Only fruit diameter was
not affected by CaCl, doses in 2016. However, statistical differences were obtained according to
application doses in 2017. The highest fruit diameter was found to be 16.3 cm at a dose of 0.8% CaCl,
in the same year. The size of the fruit is highly influenced by environmental and cultural care
conditions as determined by the genetic characteristics of the variety (Al-Maiman and Ahmad, 2002).

Table 2. Effect of foliar CaCl, applications on some qualitative properties of pomegranate fruit

Fruit weight (g) Fruit diameter (cm) Fruit length (cm) Peel thickness (mm)

Solution doses

2016 2017 2016 2017 2016 2017 2016 2017
Control 579°b 585 b 155 15.3¢ 13.2° 13.3° 4710 482¢
0.2% CaCl, 604 598 ab 15.4 15.6 ¢ 13.7%® 13.6° 4820 4,88 be
0.4% CaCl, 605 610 @ 15.3 15.2°¢ 13.8 13.92 4932 4.92 ¢
0.6% CaCl, 6262 6242 15.7 16.0 2 1422 1442 4962 497
0.8% CaCl, 619 @ 6222 15.8 16.32 14,1 1452 4972 5.032
1.0% CaCl, 617 611 15.4 15.3°¢ 14.0 @ 13.9 % 5.022 4,95
LSD * 6.98 11.33 ns 0.26 0.17 0.57 0.18 0.03
Year x CaCl, ns ns ns ns
CV (%) 3.95 3.45 2.27 3.04 3.95 3.88 5.47 4.75

ns: not significant, * : (P<0.05).

The highest fruit weights were recorded as 626 g in the 2016 year and 624 g in the 2017 year
at a dose of 0.6% CaCl,. However, the highest fruit length was determined as 14.2 and 14.4 cm at
0.6% CaCl; dose in both application years, respectively. Finally, in parallel with increasing application
doses, fruit peel thickness increased. The highest fruit peel thickness value was 5.02 mm at 1.0%
CacCl; application in the first year and 5.03 mm at 0.8% CaCl, application in the second year. In some
pomegranate varieties, it has been determined that there is a relationship between some morphological
and physiological characteristics, leaf characteristics, and nutritional level, and a high correlation
between leaf N and K / Ca ratio and pell thickness (Hepaksoy et al., 1998). In many studies, it was
determined that foliar calcium applications increased pomegranate fruit quality properties (Bakeer,
2016; Korkmaz et al., 2016 ).

3.3. The macro and micro nutrients status of pomegranate leaves

The effect of CaCl, solution doses on the change of macronutrients in pomegranate leaves is
presented in Table 3. The findings obtained in this study clearly demonstrate the effect of CaCl;
solution doses on the intake of macronutrients and the interaction between them.

Although the doses of CaCl; applied did not change statistically the N level of the plant in the
2016 year, major differences were obtained in the 2017 year. The highest N level was determined at
0.6% CaCl.dose (2.0% N). However, there was no statistically significant change in P level of the
plant. On the other hand, reductions in foliar P concentrations were recorded in the final doses
compared to the control.

Foliar K concentrations were tended to decrease rapidly after the first dose (0.2% CaCl,). The
highest K concentration was detected in 0.2% CaCl, dose (2016: 1.67%, 2017: 1.65%), and the lowest
at 1.0% CacCl, dose (2016: 1.52%, 2017: 1.55%). As expected in the study, as CaCl, doses increased,
foliar Ca concentrations increased at the same rate. This increase is 15% on average. However, foliar
Mg concentrations gave a negative response to the administered CaCl, doses and the lowest value was
recorded at the last application dose. As a result, increasing doses of CaCl, solution doses increased
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the only N and Ca concentrations in plants, but decreased P, K and Mg concentrations. Results of leaf
analyses indicated that Ca application runs to a significant increase in the foliar Ca content when
matched with the control dose. Increases in Ca contents after foliar Ca applications have been
previously reported by Korkmaz et al. (2016).

Table 3. Effect of foliar CaCl, applications on macronutrient of pomegranate leaves

. N (%) P (%) K (%) Ca (%) Mg (%)
Solutiondoses 516" 5617 2016 2017 2016 2017 2016 2017 2016 2017
Control 187 186° 017 019 164® 164° 182° 185° 0627 063°
0.2% CaCl, 190 187° 019 018 167® 1652 1949 193" 0632 062°
0.4% CaCl, 192 193® 018 018 164® 161® 198° 1.94°® 060%® 0.60%
0.6% CaCl, 198 2002 017 018 159 159°% 204® 205% 059b  0.60%®
0.8% CaCl, 193 196% 017 017 158 157 206b 205° 057 057
1.0% CaCl, 194 193® 017 016 152¢ 1559 210a 2.09° 056¢ 0.56°
LSD * ns 002 ns ns 003 003 004 012 003 002
Year x CaCl, ns ns ns ns ns

CV (%) 347 344 853 829 372 269 48 474 458 471

ns: not significant * : (P<0.05).

Interaction between nutrients in cultivated plants are closely related to plant nutrition and
quality characteristics. In this context, calcium is an element that is subject to much work. Calcium,
especially phosphorus, potassium, magnesium, and microelements have been confirmed by many
studies (Altuntas, 2016; Giineri et al., 2014; Erogul 2011; Kacar and Katkat, 1998; Hepaksoy et
al.,1998).

The high amount of Ca accumulation in the leaves is in contention with K, Mg and other
micronutrients, especially P. Besides, Ca / N balance in the plant must be in balance for plant growth.
The amount of Ca in the plant stabilizes the N state in the leaf up to a certain level and at increasing
levels, Ca decreases the N accumulation in the leaves (Barker and Pillbeam, 2007; Kacar and Katkat,
2011).

In a study, due to the increased low calcium concentrations in the nutrient solution, the
phosphorus content of the leaves in the rice plant was not affected, but when the calcium
concentrations were further increased, the decrease in phosphorus coverage was more severe (Fageria,
2001). However, the results obtained are coherent with the research of Guneri et al. (2014).The
macronutrient contents of the leaves have remained within the specified limit values for pomegranate
(Sheik, 2006).The effect of CaCl, solution doses on the change of micronutrients in pomegranate
leaves is shown in Table 4. The findings carry out in this research plainly demonstrate the effect of
CacCl; solution doses on the level of micronutrients.

Table 4. Effect of foliar CaCl, applications on micronutrient of pomegranate leaves

. Fe (mg kg Zn (mg kg?) Mn (mg kg?) Cu (mg kg?)
Solution doses 2016 2017 2016 2017 2016 2017 2016 2017
Control 2212 2182 50.1¢ 52.12 53.4¢ 53.02 449¢@ 4532
0.2% CacCl, 211 212 49.4%2 48.3b 515 51.4 @ 42.1b 419"
0.4% CaCl, 202 be 203 be 48.1 % 47550 50.3°P 50.5°P 42.0° 41.2°
0.6% CaCl, 196 ¢ 195¢ 45.8 bc 45.3bc 49.8b 50.3P 39.7 be 39.9 be
0.8% CaCl, 192 193 o 436°¢ 425 ¢ 47.2°¢ 46.5°¢ 39.4 be 39.8 be
1.0% CaCl, 186 ¢ 184 ¢ 39.8¢ 40.8 ¢ 453°¢ 46.1° 384° 385°¢
LSD * 8.33 4.69 1.30 2.17 1.63 1.10 2.63 2.10
Year x CaCl, ns ns ns ns
CV (%) 6.68 6.42 8.54 8.85 5.76 5.50 6.13 5.88

ns: not significant * : (P<0.05).

In study, doses of CaCl, solution sprayed to leaves caused statistically significant differences
in foliar micronutrient contents. Although the micronutrient contents of the leaves decreased with the
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doses applied, it remained within the specified limit values for pomegranate (Sheik, 2006). According
to the findings, the highest Fe, Zn, Mn and Cu contents in 2016 and 2017 years were 221, 218, 50.1,
52.1,53.4,53.0, 44.9, and 45.3 mg kg'!, respectively.

In addition, the increase in the calcium concentration of the nutrient solution micro-elements
gave a more pronounced response, this response was generally in the direction of decline (Fageria,
2001). Similarly, increasing doses of Ca applied to leaves decreased micronutrient contents in leaves
parallel to the study of Glineri et al. (2014). In this case, it shows us once again that there is a negative
interaction between Ca and micronutrients.

4, Conclusions

CaCl;, solutions applied increased pomegranate fruit yield and some quality properties
compared to the control dose. Increases in fruit yield, fruit weight, diameter, height, and peel thickness
were determined as average 21%, 7.5%, 9%, 8%, and 13%, respectively. The applied CaCl; solutions
were increased the N and Ca concentrations compared to the control dose and no significant change
was determined in the foliar P content. However, foliar K, Mg, Fe, Zn, Mn, and Cu concentrations
were decreased. However, these decrease did not exceed 15% rate compared to control doses in the
pomegranate leaves. The level of all plant nutrients in the leaves remained within the specified
standard level ranges. Supplemental studies would be essential to anymore update the content and
timing of the Ca fertilizations, with the purpose to reduce the proportion of some physiological
irregularity and optimized nutrient in products such as pomegranate, which limits fruit qualitative and
guantitative properties every year.

References

Al-Maiman, S.A., & Ahmad, D. (2002). Changes in physical and chemical properties during
Pomegranate (Punica granatum L.) Fruit Maturation, Food Chemistry, 76, 437-441.

Altuntas, O. (2016). Prohexadione-Ca uygulamalarinin domateste bitki biiyiimesi besin element alimi
ve meyve kalitesi Uzerine etkileri. Yiiziincii Yil Universitesi Tarum Bilimleri Dergisi, 26 (1) ,
98-105.

Asgharzade, A., & Babaeian, M. (2012). Foliar application of calcium borate and mikronutrients
effects on some characters of apple fruits in Shirvan Region. Annals of Biological Research, 3
(1), 527-533.

Bakeer, S.M. (2016). Effect of ammonium nitrate fertilizer and calcium chloride foliar spray on fruit
cracking and sunburn of Manfalouty pomegranate trees. Sci. Hortic. 209, 300-308.

Barker A.V., & Pilbeam D.J. (2007) Handbook of Plant Nutrition. Boca Raton, FL, USA: Taylor &
Francis Group.

Conway, W. S., Sams, C. E. & Kelman, A. (1992). Enhancing the natural resistance of plant tissues to
postharvest diseases through calcium applications. Hortscience, (29),7,751-754.

Celik, F., Giindogdu, M., & Zenginbal, H. (2019). Baz1 nar genotiplerine ait meyvelerin organik asit
ve C vitamini profili . Yiiziincii Yil Universitesi Tarum Bilimleri Dergisi, 29 (3) , 489-495.

Erogul, D., & Erdogan B.S. (2011). Satsuma mandarininde giberellik asit ve kalsiyum
uygulamalarimin bazi mikro ve makro besin alimina etkileri. Gap V1. Tarim Kongresi. 09-12
Mayi1s 2011.Harran Universitesi Ziraat Fakiiltesi, Sanlrurfa.

Fageria, V.D. (2001). Nutrient interactions i crop plants. Journal of Plant Nutrition. 24(8), 1269-
1290.

Fallahi, E.,Conway,W.S., Hickey, K.D., & Sams, C.E. (1997). The Role of calcium and nitrogen in
post harvest quality and disease resistance of apples. Horticultural Science, 32, 831-835.

Giineri, M., Yildiztekin, M., Tuna, A.L., & Yokas, i. (2014). Hicaznar bahcelerinde kalsiyum ve
potasyumlu giibrelemenin verim ve beslenme {izerine etkilerinin arastirilmasi. Ege Univ.
Ziraat Fak. Derg. 2014, 51 (2), 165-174.

Hepaksoy, S., Aksay, U., Can, H.Z., & Ul, M.A. (1998). Determination of the relationship between
fruit cracking and some physiological responses, leaf characteristics, and nutritional status of
some pomegranate varieties. I. Int. Symp. on Pomegranate, p:87-92.

423



YYU TAR BIL DERG (YYU J AGR SCI) 31 (2): 418-424
Toprak / CaCl2 Solution Sprayed on Leaves Changes the Nutrition and Qualitative Properties of Pomegranate (Punica granatum L. cv. Hicaznar)

Hernandez - Munoz, P., Almenar, E., Ocio, M. J., & Gavara, R. (2006). Effect of calcium dips and
chitosan coating on postharvest life of strawberries (Fragaria ananassa). Postharvest
Biological Technology. 39, 247-253.

IBM Corp. (2013). IBM SPSS Statistics for Windows, Version 22.0. IBM Corp., Armonk, NY.

Kacar, B. (1994). Toprak Analizleri. Bitki ve Topragin Kimyasal Analizleri III. A.U. Zir. Fak. Egitim,
Arastirma ve Geligtirme Vakfi Yayinlar1 No:3, Ankara, s:705.

Kacar, B. & Katkat, A.V. (1998). Bitki Besleme, Uludag Univ. Giiglendirme Vakfi. Yayn No: 127,
Vipas Yaymlart.

Kacar, B., & Inal, A. (2008). Bitki Analizleri. Nobel Yaym Dagitim, Ankara. p:1-892.

Kacar, B., & Katkat, A. V. (2011). Bitki Besleme. Nobel Yayinlari (5. Baski) 1-678.

Korkmaz, N. and Askin, M.A. (2015). Effects of calcium and boron foliar application on pomegranate
(Punica granatum L.) fruit quality, yield, and seasonal changes of leaf mineral nutrition. Acta
Hortic.1089, 413-422

Korkmaz, N., Askin, M.A., Ercisli, S., & Okatan, V. (2016). Foliar application of calcium nitrate,
boric acid and gibberellic acid affects yield and quality of pomegranate (Punica granatum
L.).Acta Sci. Pol. Hortorum Cultus,15(3), 105-112.

Montanaro, G., Dichio, B., Xiloyannis, C., & Celano, G. (2006). Light influences transpiration and
calcium accumulation in fruit of kiwi fruit plants (Actinidia deliciosa var. deliciosa). Plant
Science. 170, 520-527.

Ozkan, C.F., Ates, T., Tibet, H., & Arpacioglu, A. (1999). Antalya bélgesinde yetistirilen nar (Punica
granatum L, cesit: Hicaznar) yapraklarindaki bazi bitki besin maddelerinin mevsimsel
degisiminin incelenmesi. Paper presented at the Tirkiye I1l. Bahge Bitkileri Kongresi, Ankara,
s. 710-714.

Pooviah, B.W. (1979). Role of calcium in ripening and senescence. Soil Science Plant Analysis, 10,
83-88.

Raese, J. T., & Drake, S. R. (2000). Effect of calcium spray materials, rate, time of spray application
and rootstocks on fruit quality of ‘Red’ and “ Golden Delicious’ apples. Journal of Plant
Nutrition. 23(10), 1435-1447.

Saure, M.C. (2005). Chemical translocation to fleshy fruit: Its mechanism and endogenous control.
Science Horticulture, 105, 65-89.

Schuman, G. E., Stanley, M. A., & Knudson, D. (1973). Automated total nitrogen analysis of soil and
plant samples. Soil Science Society. Am. Proc., 37, 480-481

Sheik, M.K. (2006). The Pomegranate. International Book Distributing, New Delhi. p: 1-191.

Simon, G. (2006). Review on rain induced fruit cracking of Sweet Cherries ( prunus avium 1.), Its
causes and the possibilities of prevention. International Journal of Horticultural Science,
12(3), 27-35.

TUIK. (2020). Turkish Statistical Institute data basis agriculture, http://www.tuik.gov.tr (Date of
access: 06.02.2021).

Unal, A. (2011). Bahge Tarimi — II., Yumusak Cekirdekli Meyve Tiirleri ve Nar Yetistiriciligi, T.C.
Anadolu Universitesi Yaymi No: 2358, s. 16 — 19.

White, P. (2001). The pathways of calcium movement to the xylem. Journal of Experimental Botany,
Volume 52, Issue 358, 891-899,

Woijcik, P., & Szwonek, E. (2002). The efficiency of different foliar applied calcium materials in
improving apple quality. Acta Horticulturae, 594 p.

424



Yiiziincii Y1l Universitesi Tarim Bilimleri Dergisi Cilt 30, Say1 2, 30.06.2021

(YYU Journal of Agricultural Science)

Yiiziincii Y1l Universitesi
Tarim Bilimleri Dergisi

http://dergipark.gov.tr/yyutbd

Arastirma Makalesi (Research Article)

Tiirkiye’de Yetisen Bazi1 Apiaceae Tiirlerinin Ucucu Yaglarimin Kok Lezyon
Nematodlarma Kars1 Nematisidal Aktiviteleri

Fatma Giil GOZE OZDEMIR™, Bekir TOSUN?, Arif SANLI®, Tahsin KARADOGAN*

!Isparta Uygulamal Bilimler Universitesi, Ziraat Fakiiltesi, Bitki Koruma Boliimii, Isparta, Tiirkiye
2Burdur Mehmet Akif Ersoy Univ., Tarim, Hayvancilik ve Gida Aras. Uyg. ve Aras. Merkezi, Burdur, Tiirkiye
34sparta Uygulamali Bilimler Universitesi, Ziraat Fakiiltesi, Tarla Bitkileri Bolumii, Isparta, Turkiye
https://orcid.org/0000-0003-1969-4041 https://orcid.org/0000-0002-2470-3865 >https://orcid.org/0000-0002-3422-8295

“https://orcid.org/0000-0002-5443-2082
*Sorumlu yazar e-posta: btosun@mehmetakif.edu.tr

Makale Bilgileri

Gelis: 18.09.2020
Kabul: 10.04.2021
Online Yaymlanma 30.06.2021
DOI: 10.29133/yyutbd.796093

Anahtar kelimeler
Apiaceae,
Nematisidal etki,
Pratylenchus spp.,
Ugucu yag.

Oz: Calismada Tiirkiye dogal florasinda yetisen Apiaceae familyasina ait 12
farkli bitki tiirliniin ugucu yagmm Kok lezyon nematodlarina (Pratylenchus
penetrans, P. thornei ve P. neglectus) karsi nematisidal etkileri incelenmistir.
Aragtirma in vitro kosullarda yiritilmis olup, her bir ugucu yagin 1000 ppm
konsantrasyonu kullanilmistir. Ugucu yaglarin nematisidal etkileri Kok lezyon
nematodu tiirline bagli olarak degisiklik goéstermis, P. neglectus turiinde
Coriondrum sativum L., P. thornei tiirinde Ferulago cassia Boiss, P. penetrans
tiriinde ise Foeniculum vulgare Miller ve Anethum graveolens L. ugucu yaglar
diger uygulamalardan daha yiiksek etkinlik gostermistir. Ucucu yag
uygulamalarina bagli olarak gergeklesen nematod 6lim oranlar1 P. neglectus
tiriinde % 24.3-64.7, P. penetrans tiirinde % 23.7-66.7 ve P. thornei tiiriinde %
33.7-85.0 arasinda bulunmustur. Aragtirmada, ugucu yag aktif maddelerinden
linalool, phallendrene ve 2,3,6 trimetilbenzaldehyde bilesenlerini igeren
bitkilerin yiksek, anethole ve carvone bilesenlerini igeren bitkilerin orta, caratol
ve curzerene bilesenlerini igerenlerin ise diisiik nematoksik aktivite gdsterdigi
anlagilmigtir. Apiaceae familyas: tiirlerinin Pratylenchus tiirlerine karst
nematisidal etkilerinin yiiksek fakat degisken oldugu, bu nedenle yiksek
aktivite gosteren ucucu yaglarin farkli dozlar kullanilarak arazi kosullarinda
etkinliklerinin denenmesi ile daha kesin sonuglara ulagilabilecegi anlagilmistir.
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Abstract: In our study, the nematicidal activity of 12 essential oils from
Apiaceae family plants of Turkey against Pratylenchus penetrans, P. thornei
and P. neglectus root lesion nematodes were investigated. The study was
conducted in vitro conditions and concentration of 1000 ppm of each essential
oil was used. The nematicidal effect was found to depending on root lesion
nematode species and high nematicidal effect were found P. neglectus species;
Coriondrum sativum L., P. thornei species; Ferulago cassia Boiss and P.
penetrans Foeniculum vulgare Miller and Anethum graveolens L. Mortality
rates depending on essential oil applications varied between 24.3-64.7% in P.
neglectus species, 23.7-66.7% in P. penetrans and 33.7-85.0% in P. thornei. In
this study, the nematicidal activity were found high that essential oil active
ingredients of plants containing linalool, phallendrene and 2,3,6
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trimethylbenzaldehyde components while the plants containing anethole and
carvone components were medium nematicidal activity and containing caratol
and curzerene components showed low. It has been understood that the
nematicidal activity of Apiaceae family species against Pratylenchus species are
high but variable, therefore, more definite results can be achieved by testing the
effectiveness of highly active essential oils using different doses in field
conditions.

1. Giris

Kok lezyon nematodlar1 (Pratylenchus spp.) bitkilerde en ¢ok zarar yapan paraziti nematod
gruplarindan biri olup, diinyada yaygin olarak goriilmektedir. Kok lezyon nematodlarinin konukgu
dizilerinde genis c¢esitlilik (meyveler, sebzeler ile tarla bitkilerinde) goriilmesinin yani sira 6nemli
ekonomik kayiplara neden olabilmektedirler. Kok lezyon nematodlariin hiicre igi hareketi kortikal ve
komsu hiicrelerin 6liimiine neden olmakta, membran biitlinliigiinii kaybetmekte, hiicrelerin organelleri
dejenere olmakta ve sonucunda kokte kahverengi lekeler olusmaktadir (Castillo ve Vovlas, 2007).
Bununla birlikte bir¢ok toprak kokenli hastalik ve zararli etmeninin bitkiye giris yapmasina yardimci
olmalar1 sonucu firtinde dolayli olarak ekonomik kayiplara neden olduklar1 bilinmektedir (Smiley ve
Nicol, 2009). Pratylenchus penetrans (Cobb, 1917) Filipjev&Schuurmans Stekhoven, 1941,
Pratylenchus thornei Sher & Allen, 1953, Pratylenchus neglectus (Rensch, 1924)
Filipjev&Schuurmans  Stekhoven, 1941,  Pratylenchus  brachyurus (Godfrey, 1929)
Filipjev&Schuurmans  Stekhoven, 1941, Pratylenchus coffeae  (Zimmermann, 1898)
Filipjev&Schuurmans Stekhoven, 1941, Pratylenchus goodeyi Sher&Allen, 1953, Pratylenchus loosi
Loof, 1960, Pratylenchus pratensis (de Man, 1880) Filipjev, 1936, Pratylenchus scribneri Steiner
Sherbakoff&Stanley, 1943, Pratylenchus vulnus Allen&Jensen, 1951 ve Pratylenchus zeae Graham,
1951 ekonomik anlamda 6nemli zarar yapan tiirler arasinda gosterilmektedir (Blair ve Stirling, 2007;
Jones ve Fosu-Nyarko, 2014).

Kok lezyon nematodlar: ile miicadelede yaygin kullanilan yontemler sentetik fiimigantlar,
nematisitler ve dayanikli ¢esit secimidir. Nematisitlerin neden oldugu ¢evre sorunlari, 1s1l iglemlerin
maliyeti ve dayanikli gesitlerin sinirli sayida olmasi, nematod miicadelesini biyolojik kontrol ve dogal
riinler gibi daha ekolojik alternatif yontemlere dogru yoneltmektedir. Bazi bitki tiirlerinde dogal
olarak sentezlenen alkoloidler, fenolik bilesikler, terpenoidler ve glikozitler gibi bazi sekonder
metabolitler nematodlarla micadelede sirdiiriilebilir alternatif bir yol sunmaktadir. Sekonder
metabolitlerin terpenoidler grubunda yer alan ugucu yaglar, farkli yap1 ve ozellikte biyolojik aktif
madde icermeleri nedeniyle sentetik nematisitlere alternatif olabilecek potansiyele sahip
bilesiklerdendir. Ugucu yaglarin hedef alinmayan organizmalara diisiik toksisiteye sahip olmalarinin
yani sira uygulandiklar ortamdan cabuk kaybolma o&zellikleri ile ¢evrede birikimleri ve kalinti
miktarlar1 ¢ok distiktiir (Figueiredo ve ark., 2008). Ugucu yaglar karmagsik yapilar1 sayesinde ayni
zamanda firsat¢1 tiirleri ve direngli suslar1 da kontrol edebilme gibi cesitli biyolojik aktiviteler
gosterebilmekte ve bu etki, ugucu yaglarin biyopestisit olarak degerlendirilme olanaklarini
arttirmaktadir. Apiaceae familyanin 6nemli bir kismi ugucu yag, fenolik bilesikler ve kumarinler
bakimindan zengin olup tibbi ve aromatik kullanimlariin disinda antimikrobiyal, antiviral, antifungal,
nematisidal, insektisidal ve antioksidan gibi 6zellikler gosterebilmektedirler (Dorman ve Deans, 2000;
Cavanagh, 2007; Ntalli ve ark., 2010; Lang ve Buchbauer, 2012).

Ugucu yag kaynakli ticari nematisitler piyasada heniiz goriinmiiyorsa da, bitki paraziti
nematodlar ile miicadelede bagar1 sansinin artirilabilmesi i¢in ugucu yag formiilasyonlarina dayali yeni
tirtinlerin gelistirilmesi kagmilmaz olarak gorulmektedir (Renco ve ark., 2015). Nitekim Brassicaceae,
Lamiaceae, Asteraceae, Myrtaceae, Rutaceae, Lauraceae ve Poaceae familyalarinda yer alan bazi
bitkilerin ugucu yaglarinin nematisidal aktiviteye sahip oldugu daha Onceki arastirmalarda ortaya
konulmustur (Andres ve ark., 2012). Ugucu yag bilesenleri, nematod sinir sistemine etki ettigi gibi
nematodun hiicre zarin1 bozabilmekte ve gegirgenligini degistirebilmektedir (Oka ve ark., 2000).
Apiaceae familyasina ait bazi ugucu yaglarin (Carum capticum, Carum carvi, Foeniculum vulgare ve
Pimpinella anisum) koék-ur nematodu Meloidogyne incognita (Kofoid ve White, 1919) ve
Meloidogyne javanica (Treub, 1885) tizerinde nematisidal etkiye sahip oldugu bildirilmistir (Oka ve
ark., 2000; Gupta ve ark., 2011; Ntalli ve ark., 2011). Calvet ve ark. (2001), P. brachyurus kok lezyon
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nematodu Uzerine F. vulgare ugucu yagmin yiiksek nematisit etkisi oldugunu, benzaldehit,
salisilaldehit, borneol, p-anisaldehit ve cinnamaldehyde gibi ugucu bilesiklerin P. brachyurus tlriinde
% 50'den fazla 6lime neden oldugunu bildirmislerdir. Avato ve ark. (2017), in vitro kosullarda 15
mg/ml Rosmarinus officinalis ugucu yagi uygulamasinda 96 saat sonra P. vulnus 6liim oraninin % 75'e
yikseldigini bildirmislerdir. Ugucu yag ve aktif maddelerinin K&k ur nematodlarina etkileri
konusunda ¢ok sayida arastirma yapilmig olmakla birlikte, bu ¢aligmada kullanilan tiirlerin ve
icerdikleri aktif maddelerin 6nemli bir kisminin nematisidal etkisi hakkinda herhangi bir ¢alismaya
rastlanmamistir. Ayrica, bu ¢alismada kullanilan ugucu yag bitkilerinin 6nemli bir kisminin dogal
florada yetisen tiirler olmas1 ve bu tiirlere iliskin ¢alisma bulunmamasi da ¢alismanin 6zgiinligiinii
ortaya koymaktadir.

Calismada iilkemizde kiiltiirii yapilan Apiaceae familyasina ait bazi bitki tdrlerinin (Anethum
graveolens L., Coriondrum sativum L. ve Pimpinella anisum L.,) ve dogal florada bulunan (Ferulago
pauciradiata Boiss&Held (Endemik), Foeniculum vulgare Miller., Ferulago cassia Boiss, Daucus
carota L., Angelica sylvestris L., Scandix iberica Bieb., Kundmannia anatolica Boiss (Endemik),
Heracleum platytaenium Boiss.(Endemik), Smyrnium connatum Boiss&Kotschy) ugucu yaglarinin
Kok lezyon nematodlarina (P. penetrans, P. thornei ve P. neglectus) karsi nematoksik etkilerinin
belirlenmesi ve dogal nematisit olarak kullanilabilme potansiyellerinin belirlenmesi amaglanmustir.

2. Materyal ve Yontem
2.1. Materyal

Calisma 2018 yilinda in vitro kosullarda yuritilmistiir. Calismada kullanilan KOk lezyon
nematodlar1 (P. penetrans, P. thornei ve P. neglectus) daha once bolgemizde yiiriitiilen calisma
sonucunda tanimlanan tiirlerden (S6giit ve Devran 2011), bitki materyalleri ise TUBITAK 1130284

nolu projeden (Cizelge 1) temin edilmistir.

Cizelge 1. Calismada kullanilan bitki tiirleri ve tiirlere ait meyve ugucu yaglarini olusturan 6nemli

bilesenler

Apiaceae Turleri S.M. Grubu Ana Bilegenler (%)
Anethum graveolens L. Monoterpen d-Carvone L-Limonene Dihydrocarvone

(% 51.7) (% 24.8) (% 6.3)
Angelica sylvestris L. Monoterpen B- Phellandrene L- Phellandrene Bicyclogermacrene (%

(% 29.6) (% 16.0) 10.4)
Coriondrum sativum L. Monoterpen Linalool a-pinene Gerany| acetate

(% 56.3) (% 10.0) (%9.6)
Daucus carota Linne Seskiterpen Caratol y- Cadinene B-Farnesene

(% 42.6) (% 12.8) (% 8.82)
Ferulago cassia Boiss. Aldehit Mesitaldehyde Chrysanthenyl a-pinene

(% 25.5) Acetate (% 19.3) (% 12.1)
Ferulago pauciradiata Monoterpen Epiglobulol a-pinene Ar-Crucumene
Boiss & Heldr (% 8.4) (% 7.8) (% 7.8)
Foeniculum vulgare Miller Monoterpen Trans anethole L-Limonene p-Allylanisole

(% 75.4) (% 9.06) (% 7.78)
Heracleum platytaenium  Ester Octyl Butyrate Ethylhexyl Acetate Hexyl Butanoate
Boiss. (% 38.5) (% 27.6) (% 9.5)
Kundmannia anatolica Monoterpen B- Pinene a-Pinene a-Thujene
Boiss. (% 33.1) (% 27.9) (% 8.0)
Pimpinella anisum L. Fenol Anethole Isoeugenol Humulen

(% 90.3) (% 17.4) (% 14.2)
Scandix iberica Bieb. Aldehit n-Undecanol n-Tridecanel Adacene

(% 25.0) (% 14.7) (% 13.5)
Smyrnium connatum  Seskiterpen Curzerene Germacrene D Germacrane B
Boiss&Kotschy (% 24.7) (% 17.8) (% 13.0)

2.2. Arastirmada kullanilan ugucu yaglarin iiretimi

Bu ¢alismada kullanilan bitkilere ait meyvelerin ugucu yaglari Clevenger tipi hidro-distilasyon
cihazi kullanilarak elde edilmistir. Bu amagla her tiiriin meyvelerinden 100 g 6rnek 6giitiildiikten sonra
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distilasyon cihazinin kaynatma balonunda 1/3 oraninda su eklenerek 100°C’de 3 saat slreyle
damitilmistir (Marotti ve Piccaglia, 1992).

Her tiire ait ugucu yag orneklerinin bilesenleri GC - MS (Perkin Elmer marka) cihazinda (QP-
5050 GC/MS, Quadrapole detektorlii) belirlenmistir (Stein, 1990). Bu amagla; n-hekzan seyreltilerek 1
ul kadar ugucu yag silika kapiler kolona enjekte edilerek ve belirli bir ¢alisma programinda (enjektor
sicakligr 250°C'de ve detektor sicaklign 240°C'de tutularak, kolon/ firin sicakligr ise (120°C/3 dak.//
3°C/dak//200 °C/6 dak.// 3°C/dak.//120°C/3 dak.) komponentlerine ayrilarak ve her bir komponent
daha Once tanimlanmis olan ugucu yag standart piklerinden olusan kromatogramlar araciligi
tanimlanmistir. Her bir komponentin orani ise integrator kullanilarak elde edilmistir (Stein, 1990).
Ugucu yaglarin ana bilesenleri Cizelge 1 de verilmistir.

2.3. Kok lezyon nematodlarimin Kitle iiretimi ve inokulumunun hazirlanmasi

Kok lezyon nematodlarinin kitle {iretiminde havug disk yonteminden yararlanilmistir
(Zuckerman ve ark., 1985). Taze ve hasarsiz olan havuglar segilerek yikanmis ve 5 dakika alkol
igerisinde tutulmustur. Daha sonra, steril kabinde soyulup yeniden alkol igerisine daldirilarak ylizey
sterilizasyonu yapilmistir. Havuglar 1 cm kalinliginda kesilerek 6 cm capinda steril petriler igerisine
almmis ve etrafi parafilm ile kaplanmigtir. Steril kabin igerisinde 3 giin bekletilmis ve temiz olanlar
kitle retim icin kullanilmistir. Canli kok lezyon nematodlari stereo mikroskop altinda segilerek saf su
iceren bir petriye alindiktan sonra yiizey sterilizasyonu yapilmistir. Bu amagla nematodlar % 1’lik
Streptomycin siilfat ¢6zeltisi ve penicilin igerisinde 10 dakika bekletilmis ve sonra ¢ kez steril saf su
ile yikanmugtir. Steril kabin igerisinde yiizey sterilizasyonu yapilan nematodlardan 10-15 birey
alinarak havug kiiltiiriiniin bulundugu petriye aktarilmistir. Bulagmay1 engellemek icin parafilm ile
kapatilmis ve 19-21°C’de sogutmali inkiibator igerisine yerlestirilmistir. Yaklasik 3 ayda nematodlarin
istenilen yogunluga ulastigi gorilmiistir.

Denemeler i¢in havug kiiltiirlerinden nematodlar1 elde etmek amaciyla 12 cm ¢apinda petrilere
aktarilan havug kiiltiirii ince parcalar halinde kesilerek nematodlarin suya ge¢mesini saglamak
amaciyla iizerine yeterli miktarda steril saf su konulmus ve 4-6 saat bekletilmistir. Suya gegen
nematodlar 38 pum ve 20 pm delik capina sahip olan eleklerden gegcirilerek santriflj tliplerine
almmustir. Bu sekilde kitle iiretimi yapilan nematodlardan 1s1k mikroskobu altinda sayimlar yapilarak
100 larva+ergin yogunlukta olacak sekilde tiipler hazirlanmis ve inokulasyona hazir hale getirilmistir.

2.4. Ugucu yaglarin Kok lezyon nematodlarina kars1 nematisidal etkilerinin belirlenmesi

Calismada ugucu yaglarin nematisidal etkileri Pratylenchus thornei, P. penetrans ve P.
neglectus larva+ergin bireylerinin hareket ve canliligina dayanilarak in vitro kosullarda 3 tekrarlamali
olarak yiiriitilmiistiir. Her bir mikrotlip (1.5 ml) i¢ine otomatik pipet yardimiyla 50 pl saf su ile
birlikte 100 kdk lezyon nematodu larva+ergin konulduktan sonra 1000 ppm konsantrasyonda olacak
sekilde (Oka ve ark., 2000) ucucu yag uygulamalar1 yapilmistir. Uygulama tup icerisindeki 50 pl
nematodlu su dahil konsantrasyon 1000 ppm olacak sekilde ayarlanmistir. Her bir ugucu yagm 1000
ppm konsantrasyonu Tween-80 (% 0.1) ve saf su kullanilarak hazirlanmstir. Her bir tip icerisine 950
Ml ugucu yag soliisyonu mikropipet yardimiyla konulmustur. Calismada saf su ve Teween-80
uygulanan mikro tiipler kontrol olarak degerlendirilmistir. Mikro tiipler parafilm ile kapatildiktan
sonra 25+1°C’de tutularak 3 glin sonra mikroskop altinda canli-6lii birey sayimi yapilmis ve yiizde
6liim degerleri hesaplanmistir (Oka ve ark., 2000).

Olciim ve analizler sonucu elde edilen veriler Tesadif parselleri deneme planinda faktoriyel
diizenlemeye gore SAS (2009) istatistik paket programinda GLM prosediirii kullanilarak standart
varyans analizi tekniginde (ANOVA) analiz edilmis ve ortalamalar arasindaki farkliliklar LSD ¢oklu
karsilagtirma testine gore belirlenmistir.

3. Bulgular

Calismada ugucu yaglar, nematod tiirleri ve ugucu yag x nematod interaksiyonu istatistiksel
anlamda 6nemli bulunmustur (p<0.01) (Cizelge 2).
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Cizelge 2. Ugucu yag uygulamalarinin K6k lezyon nematodlarinda 6liim oranina iliskin varyans analiz

sonuglari
Varyasyon kaynaklari Serbestlik Derecesi Kareler Ortalamast F degerleri
Ugucu yaglar (U) 13 2957 594.4**
Nematod tirleri (N) 2 687 137.4**
UXN 26 558 111.6**
Hata 84 5.00

** [statiksel olarak P<0.01 diizeyinde 6nemlidir.

Pratylenchus neglectus turinde en yuksek nematisidal aktivite istatiksel olarak ayni grup
icerisinde yer alan Coriondrum sativum (% 64.7) ve Foeniculum vulgare (% 63.3) ucucu yaglarindan
tespit edilmistir (Cizelge 3). Heracleum platytaenium, Kundmannia anatolica ve Ferulago
pauciradiata tiirlerinin ugucu yaglart mevcut P. neglectus popiilasyonunun yaklasik olarak % 50 sinde
nematisidal etki gostermistir (Cizelge 3). Pratylenchus neglectus Uzerinde Pimpinella anisum,
Smyrnium connatum, Angelica sylvestris, Ferulago cassia, Daucus carota, Scandix iberica ve
Anethum graveolens tiirlerinin ugucu yaglart diger ugucu yaglara gore daha diigiik nematisidal etkiye
sahip olmustur (Cizelge 3). Saf su uygulamalarinda meydana gelen 6liimlerin nematodlarin a¢ kalma
ihtimalinden kaynaklandig: diistiniilmektedir. Saf suya karsi Tween-80’de meydana gelen 6limlerin
fazla oldugu goriilmektedir. Bunun Tween-80’nin doku yiizeylerini yumusatarak hiicre igerisindeki
sivi dengesinin bozulmasindan kaynaklandig1 diisiiniilmektedir (Cizelge 3). Kontrole kiyasla
P.penetrans turtinde poptlasyonun % 50 den fazlasinin 6liimiine neden olan ugucu yaglar F. vulgare,
A. graveolens, A. sylvestris, H. platytaenium, C. sativum ve S. connatum tespit edilmistir (Cizelge 3).
Pratylenchus penetrans tiriinde nematisidal etkisi % 30'un altinda olan tek ugucu yag K. anatolica
olarak saptanmistir (Cizelge 3). Pratylenchus thornei populasyonunun % 70 den fazlasimi o6ldiiren 3
ucucu yag F. cassia (% 85.0), A. sylvestris (% 78.0) ve C. sativum (% 75.0) olarak belirlenmistir
(Cizelge 3). Bunun yanisira K. anatolica (% 61.7), S. connatum (% 50.0) ve P. anisum (% 50.3) ugucu
yaglarinin P. thornei popiilasyonunun yarisina yakin bir kismi {izerinde nematisidal etki gosterdigi
belirlenmistir (Cizelge 3). Ferulago pauciradiata, F. vulgare, D. carota, A. graveolens, S. iberica ve
H. platytaenium tiirlerine ait ugucu yaglar kontrol gruplarina gore P. thornei izerinde nematisidal etki
gostermesine karsilik arastirmada kullanilan diger ugucu yaglardan daha disiik nematisidal etkiye
sahip olmustur (Cizelge 3).

Cizelge 3. Calismada kullanilan ugucu yaglarin KOk lezyon nematodlarinda (P. neglectus, P.
penetrans ve P. thornei) 6liim oranlari (%)

Oliim Orani (%)

Ugucu yaglar P. neglectus P. penetrans P. thornei
CS 64.7aB 57.0cC 75.0b A
AS 37.7dcC 63.7bB 78.0b A
FC 36.0dC 51.7dB 85.0a A
FV 63.3aB 69.0a A 33.7fC
HP 54.0b A 583CcA 353fB
SC 413cB 51.3dA 50.0d A
AG 243fC 66.7 ab A 473deB
PA 423cB 453¢ AB 50.3d A
KA 527bB 23.7hC 61.7cA
FP 520b A 39.3fB 440eB
DC 3l.7eC 36.7fgB 46.3de A
Sl 26.0fB 3409A 337fFA
T™W 83gA 9.01A 53gB
SAFSU 3.0h AB 20jB 37gA
Lsduxn 3.63

Kugtk harflerle yapilmig olan gruplandirma nematodxugucu yag, Biiyikk harfler ile yapilan gruplandirma ise ugucu yag X nematod
interaksiyonuna aittir.
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4. Tartisma ve Sonug¢

Ugucu yaglarin nematisidal etkileri Kok lezyon nematodu tiiriine bagli olarak degisiklik
gostermistir ve dliim oranlar1 Pratylenchus neglectus turtinde % 24.3-64.7, P. penetrans tlrinde %
23.7-66.7 ve P. thornei turiinde % 33.7-85.0 arasinda degisim gostermistir. Pratylenchus thornei
tirdnln diger nematod tiirlerine oranla ugucu yag uygulamalarina karsi daha yiiksek hassasiyet
gosterdigi saptanmistir (Cizelge 3). Bu durum Kok lezyon nematodu tiirlerinin {ireme sekli ve iireme
giicii farkliligindan kaynaklanabilir. Pratylenchus tiirlerinin ¢ogunda parthenogenesis yoluyla Greme
goralirken, P. penetrans turinde sekstel Greme gorulmektedir (Castillo ve Vovlas, 2007). Ayrica
daha Once yiritilen c¢alismalarda aym tiirlin popiilasyonlar1 arasinda bile patojenite agisindan
biyolojik ¢esitliligin oldugu P. brachyurus (Payan ve Dickson, 1990), P. goodeyi ve P. penetrans
(Hafez ve ark., 1999) ve P. vulnus (Pinochet ve ark., 1994) turlerinde bildirilmektedir. Bu duruma
orneklerin alindig1 cografik alanlar ve bu alanlardaki toprak yapisi, bitki faktorleri vs. gibi
farkliliklarin etkili oldugu ve patojenitenin degisebildigi belirtilmektedir (Mudiope ve ark., 2004).
Nematod tdrlerinin kiitikula gegirgenliginin ugucu yag bilesiklerinin penetrasyonunu etkiledigi ve
nematod tiirleri arasindaki biyokimyasal farkliliklarin bu bilesiklerin detoksifikasyonuna ya da
bozulmasma neden olarak ugucu yag bilesenlerinin nematisidal aktivitesini azalttigi bildirilmistir
(Tsoo ve Yu, 2000).

Calismada Coriondrum sativum'un nematisidal etkisi 3 Kok lezyon nematodu tiriinde %
50'nin tizerinde saptanmistir (Cizelge 3). Bu linaool bilesiginin tek basina etkisinden olabilecegi gibi
ucucu yag icerisindeki diger bilesenlerle olan sinerjistik etkiden de kaynaklanabilir (Cizelge 1). Daha
once ylriitiilen ¢aligmalarda C. sativum ucucu yaginin Bursephelenchus xylophilus Steiner & Buhrer
1934, Nickle, 1970 ve Meloidogyne javanica nematodlari {izerinde nematoksik etkisi oldugu tespit
edilmistir (Kong ve ark., 2006; Kim ve ark., 2008; Siddiqui ve Zaki, 2017). Ayrica methone ve
linalool bilesiklerinin M. javanica, M. incognita ve B. xylophilus nematodlarina kars1 etkili oldugu
bildirilmektedir (Oka ve ark., 2000; Ibrahim ve ark., 2006; Barbosa ve ark., 2010). Liang ve ark.
(2020), Elsholtzia fruticosa tist aksamindan elde ettikleri ugucu yagin 3 ana bileseni olan limonen,
okaliptol ve terpinenin Ditylenchus destructor nematodu iizerinde nematisidal etkisi oldugunu
saptamiglardir.

Angelica sylvestris ugucu yaginin ise Pratylenchus penetrans ve P. thornei Uzerinde
nematisidal etkisi % 60'dan yiiksek bulunmustur (Cizelge 3). Bu ugucu yagin daha 6nce in vitro da
Meloidogyne incognita (zerinde yiiriitiilen galigmada da yiiksek nematisidal etki gosterdigi tespit
edilmistir (G6ze Ozdemir ve ark., 2017).

Calismada etkisi yiiksek bulunan Ferulago cassia ve Foeniculum vulgare ugucu yaglarinin
ortak bilesenlerinin ise limonen oldugu goriilmektedir (Cizelge 1). Citral, geraniol ve limonenin
toprak uygulamalarinin Meloidogyne javanica, M. incognita ve Heterodera schachtii bitki paraziti
nematodlarinin ¢ogalmasini engelledigi daha once arastiricilar tarafindan bildirilmistir (Osman ve
Viglierchio, 1988; Viglierchio, 1989; Bauske ve ark., 1994). Duschatzky ve ark. (2004), Aloysia
triphylla bitkisinden elde edilen ugucu yagin kok-ur nematodu larvalarinin % 80 den fazlasim
oldirdigiinii ve ugucu yagdaki ana bileseni limonene olarak tespit etmislerdir. Ayrica F. vulgare
ucucu yaginin P. brachyurus ve M. javanica tizerinde yiiksek nematisidal aktiviteye sahip oldugu
belirtilmektedir (Oka ve ark., 2000; Calvet ve ark., 2001; Ntalli ve ark., 2011; Marie ve ark., 2015).

Calismada ele alinan ugucu yaglardan seskiterpenoid bakimdan zengin olan S. connatum ve D.
carota'nin, monoterpenoidler bakimdan zengin olan F. vulgara, F. cassia, C. sativum, A. sylvestris ve
A. graveolens ugucu yaglarindan daha diigiikk nematisidal etkiye sahip olduklar belirlenmistir. Ayrica
caligmada pinene igerigi bakimindan yiiksek olan K. anatolica *nin nemotisidal etkisinin nematod tur
bazinda degistigi ve diger monoterpen igeren tiirlere oranla nematisidal etkisinin daha diisiik oldugu
bulunmustur. Bu durum ugucu yagin igermis oldugu diger bilesenlerin antigonistik etki
gostermesinden kaynaklanmis olabilir. Monoterpenler ve fenilpropenler, seskiterpen ve alkollere
kiyaslandiginda asetilkolinesteraz aktivitesi Uzerindeki inhibitor etkisi ile gligli bir nematisidal aktivite
gosterdigi bildirilmistir (Lee ve ark., 2001; El-Habashy ve ark., 2020). Monoterpenoid grubunda yer
alan a-pinene, o-terpinene ve eugenol bilesiklerinin asetilkolinesteraz aktivitesinin 6nemli 6lgiide
inhibe edilmesine neden oldugu belirtilmektedir (Saad ve ark., 2018). ikiyiiz elli mg/ml
konsatrasyonunda monoterpenoid grubundaki ¢ogu bilesigin P. penetrans Uzerine ticari nematisit
Oxamyl’ den daha fazla toksik etki gosterdigi bildirilmistir (Tsoo ve Yu, 2000).
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Bu ¢alisma nematisidal etkinin, aktif bilesenlerin tiirii ve igerigine bagl olarak nematod tiirleri
igerisinde degistigini ve monoterpenlerin Kok lezyon nematodlarina karsi potansiyel dogal nematisit
kaynagi oldugunu gostermistir. Linalool ve limonen bilesiklerini i¢eren ugucu yaglarin ise nematisidal
etkisinin daha yiiksek oldugu tespit edilmistir. Bu durum bu bilesenlerin ugucu yaglar igerisindeki
diger bilesenlerle sinerjistik etkisinden de kaynaklanabilmektedir. Sonug olarak, Coriondrum sativum,
Angelica sylvestris, Ferulago cassia ve Foeniculum vulgare ugucu yaglarmin Kok lezyon nematodlari
ile miicadelede dogal nematisit olarak kullanilabilecegi, bununla birlikte daha gercekci sonuclara
ulasabilmek i¢in bu ugucu yaglarin farkli konsantrasyonlarda arazi kosullarinda denenerek
performanslarinin ve bitki gelisimine etkilerinin belirlenmesi gerekmektedir.

Tesekkiir

Bu ¢alismada materyal olarak kullamlan ugucu yaglar TUBITAK 1130284 nolu projeden
temin edilmistir. TUBITAK 1130284 nolu projeye desteklerinden dolay tesekkiir ederiz.
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Oz: Bu arastirma, farkli désnemlerde bigilen baz1 yonca (Medicago sativa L.)
cesitlerinin ot verimi, verim 6zellikleri ve kalite degerlerini belirlemek amaciyla
2016-2018 yillarinda iki yil siire ile Tekirdag’da susuz kosullarda
yiriitiilmiistiir. Aragtirma tesadiif bloklar1 desenine gore faktoriyel diizende 3
tekrarlamali olarak kurulmus ve denemede Gozli-1, Bilensoy 80, Prosementi,
Plato ve Verko olmak iizere 5 farkli yonca ¢esidi materyal olarak kullanilmistir.
Ot hasadi iki farkli (%10 ve %50 ¢igeklenme) donemde yapilmistir.
Arastirmadan elde edilen sonuglarin degerlendirilmesi ile yillar arasindaki
farklar onemli bulunmus ve ayri ayri incelenmistir. ilk ve ikinci yil ortalama
degerlerine gore yonca gesitlerinde bitki boyu degerlerinin 74.99 cm ile 46.98
cm araliginda degisim gosterdigi saptanmustir. En yiiksek yesil ot verimi
4188.98 kg/da ile Gozll-1, en disiik verim ise (3543.71 kg/da) ile Bilensoy 80
cesidinde belirlenmistir. Bicim zamanlarma bagli olarak yesil ot verimi farklilik
gostermistir. Yonca cesitleri %50 ¢iceklenme doneminde (4353.24 kg/da) %10
ciceklenme dénemine gore (3190.67 kg/da) daha fazla ot verimine sahip
olmustur. Kalite analizlerinde % 10 ve % 50 ¢igeklenme zamaninda yapilan
bi¢imlerde protein oranmi 1. yil % 21.80-21.36, ikinci y1l % 22.73-2098; ADF
orani 1.y1l % 40.15-42.47, 2. Y1l % 39.60-43.25; NDF orant 1. y1il %40.96-
43.00, 2.y1l %39.95-47.22; NYD 1. yil 124.78-127.43, 2.y1l %108.72-138.83
olarak bulunmustur.
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Abstract: This study was conducted to determine effect of harvest times on yield
and yield components of alfalfa (Medicago sativa L.) varieties in Tekirdag
conditions without irrigation between 2016-2018. The study was carried out in
randomized block design with three replications. Go6zli-1, Bilensoy 80,
Prosementi Bologna, Plato and Verko varieties was used as material, plants were
harvested in two different flowering stages (%10 and %50). In two years
statistical results, the characters of the study has significant differences and first
year has higher results more than second year. According to statistical analyses
years has significant differences and years was examined separately. In two years
results plant height varied between 74.99-46.98 cm. Highest fresh forage yield
was determined from variety Gozli-1 (4188.98 kg/da), lowest fresh forage yield
was determined from variety Bilensoy-80 (3543.71 kg/da). Fresh forage yield
varied belongs to harvest stage. Alfalfa varieties had higher fresh forage yield at

434


https://orcid.org/0000-0002-8215-9124
https://orcid.org0000-0001-6588-8563/

YYU TAR BIL DERG (YYU J AGR SCI) 31 (2): 434-452 )
Gokkaya ve Orak / Baz1 Yonca Cesitlerinde (Medicago sativa L.) Bigim Zamaninin Ot Verimi ve Kalitesi Uzerine Etkilerinin Saptanmasi

50% flowering period (4353.24 kg/da) compared to 10% flowering stage
(3190.67 kg/da). According to forage quality analyses, protein content was
determined between 21.80-21.36 % in first year and 22.73-20.98 % in second
year at % 10 and %50 flowering harvest time. The ADF was determined 40.15-
42.47 % in first year and 39.60-43.25 % in second year; the NDF was determined
40.96-43.00 % in first year and 39.95-47.22 % in second year; the RFV was
determined 124.78-127.43 % in first year and 108.72-138.83 % in second year at
same harvest times.

**Bu ¢alisma Giirsel Gokkaya’nin yiiksek lisans tezinin bir boliimiinii kapsamaktadir.
1. Giris

Yonca, iilkemizde yem bitkileri igerisinde en fazla ekim alanina sahip baklagil yem bitkisidir.
2019 yihi rakamlarina gére Tiirkiye’de yonca ekim alan1 641.213 ha’dir (TUIK, 2020). Tarimda
stirdiriilebilir hayvanciligin temel bileseni olarak kaliteli kaba yem tiiretimi i¢in olduk¢a dnemli bir
bitki olup, Tiirkiye Istatistik Kurumu (TUIK) 2019 yili verilerine gore toplam yem bitkileri ekim
alanimin yaklasik % 30.76’sin1, yesil yem {iretiminin ise % 32.45’ini olusturmaktadir. Trakya bolgesi
2.4 milyon ha yiiz dl¢limii, 1.2 milyon ha islenebilir verimli arazi varlig1 ile 6nemli bir bolgemizdir.
Biiyiik bas hayvan varliginin neredeyse tamaminin kiiltiir ve melez 1rk oldugu soylenebilir. Ancak
kaba yem kaynaklart konusunda sorunlarin yasandigi bilinmektedir. Trakya bolgesinde ihtiyag
duyulan kaba yem, c¢ayir mera ve yem bitkileri ekim alanlarinin smirli olmasi nedeni ile
karsilanamamaktadir. Bolge olgeginde degerlendirildiginde yiizolgiimiin % 9.81ini ¢ayir ve mera
alanlar1 olusturmaktadir. Bu oran iilke genelinde % 18.74’tir (TUIK, 2020). Tekirdag, Edirne ve
Kirklareli illerinin mevcut hayvan varliginin (494.026 BBHB) ihtiyaci olan kaliteli kaba yem
ihtiyactnin 1.2 milyon ton oldugu ortaya ¢ikmaktadir (TUIK, 2020). Cayir mera alanlarmin simirlt
olmas1 nedeni ile yem bitkileri iiretimine agirlik verilmesi zorunlu hale gelmistir. Tek yillik baklagil
yem bitkileri yaninda yiiksek verim potansiyeline sahip ¢ok yillik baklagil yem bitkisi tiirleri de tercih
edilmeye baslanmistir. Yonca verim potansiyeli ve adaptasyon yeteneginin yiiksek olmasi nedeni ile
one ¢ikmistir. Islah edilen yonca ¢esitlerinin yogunlugu konuya verilen énemi gostermektedir. Yapilan
caligmalarda yoncanin protein igerigi ve kalitesinin cesitler arasinda fazla degisim gostermedigi, bicim
zamani, yillik bi¢im sayisinin 6nemli oldugu vurgulanmaktadir (Maurie's, 2004; Orloff ve Putnam,
2007; Putnam ve ark., 2008; Veronesi ve ark., 2010).

Yonca bal iiretiminde 6nemli kaynak olmasi, biyolojik ¢esitlili§i korumasi ve tohum verimini
artirmasi nedeni ile onemlidir (Duke, 1983). Ayrica koklerindeki bakteriler araciligi ile havanin
serbest azotunu topraga kazandirmasi ile toprak organik maddesinin zenginlesmesine yardimci
olmaktadir. Yonca sulu kosullarda ¢ok kez bicilebilen ve yiiksek ot verimine sahip olmasi yaninda,
kuru sartlarda yetistirildiginde su kullanim etkinligi yiiksek bir bitkidir (Undersander ve ark., 2011;
Orloff ve ark., 2015). Derine giden kokleri ile kuraga ve yiiksek sicakliga toleranshidir. Toprak
reaksiyonu (pH) 6.5-7.5 olan topraklarda iyi gelismekte ve tuzluluga kismen tolerans gostermektedir.
Farkli iklim kosullarinda sulanmadan ii¢ veya dort kez bigilmektedir. Yoncada yiiksek verim 2. veya
3. yilda alinmaktadir.

Yapilan arastirmalarda; Chen ve ark. (2013), Kuzey Cin-Songnen ovasinda yoncada en uygun
bicim araligin1 (30, 40, 60 giin) belirlemek amaci ile 2 yil siire ile yiiriittiikleri ¢alismada; bigim
araliginin (30, 40, 60 giin) artmasi ile bitki boyunun her iki yilda da; sirasi ile 52.5-51.3 cm, 65.66 cm
ve 75.6-76.6 cm arasinda degistigini belirtmiglerdir. Ankara ve Isparta'da sulanan kosullarda yiiriitiilen
arastirmada (Ylksel ve ark., 2016) 1 aday, 5 tescil edilmis yonca ¢esidi materyal olarak kullanilmistir.
Bitki boyunun Ankara lokasyonunda 48.00-73.38 cm, Isparta lokasyonunda ise 60.88-75.75 c¢cm
arasinda degistigi bildirilmistir. Ankara kosullarinda sulu kosullarda 2 yil siire ile yliriitiilen baska bir
arastirmada ise yonca; 5 farkli zamanda (Vejetatif, tomurcuklanma, %10 ciceklenme ve ciceklenme
donemi sonu ve bakla baglama) bigilmis ve sirasi ile 34.0, 41.4, 57.3, 81.9 ve 83.1 cm boy olgumleri
belirlenmistir. Bu arastirmada bigim zamanimin gecikmesi ile bitki boyunun ylkseldigi saptanmistir
(Mutlu, 2019).Altinok ve Karakaya (2002), Ankara ekolojisinde susuz kosullarinda 3 yil siire ile
yuriittiikleri arastirmada %10-20 giceklenme doneminde bigtikleri yoncanin yesil ot veriminin birinci
yil 1869 kg/da, ikinci y1l 4071 kg/da {igiincii y1l ise 3839 kg/da oldugunu belirlemislerdir. Yine Ankara
kosullarinda yiiriitiilen aragtirmada, farkli bigim zamanlarinin (Vejetatif, tomurcuklanma, %10
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ciceklenme ve ¢igeklenme dénemi sonu ve bakla baglama) yonca otunun verim ve kalite 6zelliklerine
olan etkisi arastirilmis, yesil ot veriminin bi¢im donemlerine bagli olarak sirasi ile 2892.5, 3460.8,
4129.7, 4732.2, 4275.7 kg/da; oldugu, en yiikksek verimin giceklenme donemi sonunda alindig
saptanmustir (Mutlu 2019).Weir ve ark. (1960), farkli gelisme donemlerinde yapilan bigimin yoncanin
verim, kalite ve dayanikliligini belirlemek igin yirittiikleri ¢alismada, bigimleri 3 yil siireyle
tomurcuklanma 0Oncesi, tomurcuklanma, %10 ¢igeklenme ve %50 cigeklenme zamaninda yapmiglar.
Deneme sonucunda, en yiiksek toplam kuru madde veriminin, %50 ¢i¢ceklenme zamaninda bigilen
yonca parselinden alindigi, en yiiksek protein ve sindirilebilir besin maddesi veriminin ise %10
ciceklenmede belirlemislerdir. Kira¢ kosullarda yiiriitiilen ¢alismalarda yoncadan 1-2 bigim ve 200-
250 kg/da kuru ot verimi aldig1 belirtilmektedir (Agikgoz, 2001). Ankara kirag kosullarinda 7 farkli
yonca ¢esidi ile ylriittigii arastirmada (Altmok ve Karakaya, 2002) %10-20 giceklenme ddneminde
yapilan bigimde kuru madde veriminin birinci y1l 651 kg/da, ikinci y1l 1297 kg/da, ti¢ilincii y1l ise 1226
kg/da oldugunu saptamislardir. Haymana’da (Ankara) sulu kosullarda yapilan ¢aligmada; en yiiksek
kuru ot veriminin 1004.60 kg/da ile Gozli g¢esidinde, en diisiik ise 830.40 kg/da ile Elgi ¢esidinde
oldugu belirlenmistir. En uygun bicim zamaninin belirlenmesi amaci ile yiiriitiilen arastirmada; en
yiiksek kuru ot verimi 1227.10 kg/da ile tam ¢igeklenme doneminde, en diisiik ise 605.80 kg/da ile
vejetatif donemde elde edilmistir (Mutlu, 2019).

Yonca otunun kaliteli olmas1 i¢in, protein oranmin yiiksek olmasi arzu edilmektedir. Yonca
kuru otunun kaitesini etkileyen faktorlerin baginda hasat zamani1 gelmektedir (A¢ikgdz ve Demirel,
2021). Weir ve ark. (1960) farkli donemlerde bigilen (Tomurcuklanma 6ncesi, %10 ¢igeklenme, %50
ciceklenme donemi) yoncanin yiiksek protein ve sindirilebilir besin maddesinin %10 ¢iceklenme
doneminde, en yiiksek protein oraninin ise tomurcuklanma doneminde alindigimi belirlemislerdir.
Bi¢im sikliginin yonca otunun protein oranina etkisinin arastirildigi ¢alismada 25, 30, 35 ve 40 giin
bi¢cim araliklarinda, ham protein oraninin, %25.5, 26.6, 27.5, 28.2 degisim gosterdigini bildirmistir
(Probst, 2008). Chen ve ark. (2013), Kuzey Cin-Songnen ovasinda yoncada en uygun bi¢im araligin
(30, 40, 60 giin) belirlemek amaci ile 2 yil siire ile yiirittiikleri calismada; en yiiksek ot verimi ve
kalitesine 40 giin ara ile yapilan bi¢imlerde ulasildigini bildirmislerdir. Ayrica; protein oraninin ilk
yilda oldugu gibi (30 giin, % 25; 40 giin, %22.56; 60 gun, %18.42), ikinci yilda da (30 giin, %25.33;
40 giin, %22.70; 60 gln, %18,62) bicim zamam geciktikge protein oranimin azaldigini saptamiglardir.
Baska bir arastirmada Mala ve Fadlalla (2013), Ilk bicimden itibaren 7 giin sonra baslayarak sonraki
bi¢im baglayana kadar (21-30 giin) devam eden silregte, 3 glinde bir yaptiklari bigimde alinan
orneklerin protein oraninin % 26°dan % 17°ye geriledigini belirlemislerdir. Sirbistan’da ydruttlen
calismada Milic ve ark. (2014) 2010-2011 yillarinda iki farkli lokasyonda 5 yonca ¢esidiyle yaptiklart
denemede, kaliteli en yiiksek ot veriminin yilda dort (ge¢ ¢igeklenme doneminde) ile bes (erken
cigeklenme doneminde) kez yapilan bi¢imde oldugunu belirlemislerdir. Yilda {i¢ kez yapilan bigimde
verimin  diistiigiini, cesitlerin  genetik  potansiyelleri ile ¢evre kosullarm1 tam olarak
degerlendiremediklerini ortaya koymuslardir. Doohong (2016), yoncada yuksek verim ve Kaliteli ot
iiretimi i¢in bicim araliginin 6nemli oldugunu, bu amagcla yiiriittiikleri arastirmada 28, 35, 42 ve 49 giin
ara ile yaptiklart bigimlerde, ham protein oraninin hasadin gecikmesi ile azaldigim (ilk yil % 29.7-
26.0-25.9-23.9; ikinci y1l % 30.5-27.9-22.8-22.2) bildirmistir. Mutlu (2019) yonca otunun protein
oraninin vejetatif donemde % 25.5, tomurcuklanma déneminde % 25.0, % 10 ¢iceklenme doneminde
% 24, tam ciceklenme doneminde % 23.2, meyve baglama doneminde ise % 22.6 oldugunu, en uygun
bi¢im zamaninin tam ¢igeklenme déneminde oldugu belirtilmistir. Ancak bigimin % 50 ciceklenme
déneminde yapilmasi ile daha kaliteli ot elde edilecegini vurgulamustr.

NDF orami hiicre duvarinin ne kadarmin sindirilebilecegini belirleyen 6nemli bir kalite
indikatorudir (Marsalis ve ark., 2009) ve NDF’yi olusturan selliloz, hemiseliloz ve ligninin
ruminantlar tarafindan sindirimi olduk¢a zordur (Mertens, 2011). Yiiksek kaliteli yonca otu iiretimi
icin NDF igeriginin % 40’in, ADF igeriginin ise % 31’in altinda olmasi gerekmektedir (Redfearn ve
Zhang, 2011; Kazemi ve ark., 2012).Yoncanin tam c¢i¢eklenme doneminde simir degerlerin NDF
iceriginde % 53, ADF igeriginde ise %4 1 oldugunu agiklayan Dunham (1998), yiiksek sindirilebilirlik
icin bunun 6nemli oldugunu belirtmistir.Kati¢ ve ark., (2009), NDF ve ADF igerikleri bakimindan
cesitler arasindaki farkin yonca ¢esitlerinin sahip oldugu genetik yapidan kaynaklandigim
belirtmiglerdir.Probst (2008) 2006-2007 yillarinda iki lokasyonda 5 yonca ¢esidiyle, dort farkli bigim
sikliginm (25, 30,35, 40 giin) yoncanin NDF oranina etkisinin arastirildigi ¢calismada % 37.6, 38.0,
38.0, 39.3 oranlar1 belirlenmistir. Yoncanin ot verimi ve kalitesini belirlemek amaci ile Cin'de yapilan
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bir arastirmada (Chen ve ark., 2013) en diisik NDF oraninin 30 giin ara ile yapilan bi¢imlerde
alindigin1 40 ve 60 giin ara ile yapilan bigimlerin bunu izledigini bildirmislerdir. Doohong (2016),
yoncanin 28, 35, 42 ve 49 giin araliklarla yapilan bi¢cimde ilk y1l NDF oranlarinin % 27.7-30.4- 32.7-
34.9, ikinci y1l ise % 33.3-34.2-44.1-45.5 degisime sahip oldugunu bildirmistir. Mutlu (2019) Ankara
kosullarinda sulu kosullarda yiiriittiigii ¢alismasinda; farkli yonca gesitlerinin farkli donemlerde hasat
edilmesi ile elde edilen otun NDF oraninin tomurcuklanma oncesinde (Vejetatif donem) % 32.7,
tomurcuklanma doneminde % 33.5, % 10 ciceklenme doneminde % 34.1, tam ciceklenme
doneminde% 36.2, meyve baglama doneminde ise % 35.6 olarak bildirmistir.

Cin’de iki yil siire ile yiriittiigii arastirmada Doohong (2016) yoncanin 28, 35, 42 ve 49 giin
ara ile bicilmesinin ADF oranim artirdigini (ilk yi1l % 21.5-24.0-25.5-27.7; ikinci y1l % 25.4-27.9-
35.1-35.2) saptamustir. Probst (2008), 2006-2007 yillarinda iki lokasyonda 5 yonca ¢esidiyle yaptigi
arastirmada, dort farkli bigim sikligimin (25, 30,35, 40 giin) yoncanin ADF oranina etkisinin
arastirildigi aragstirmada % 25.5, 26.6, 27.5, 28.2 oranlar1 belirlenmistir. Ankara  kosullarinda  sulu
kosullarda yapilan galigmada (Mutlu, 2019),; farkli yonca ¢esitlerinin farkli donemlerde hasat edilmesi
ile elde edilen otun ADF oraninin tomurcuklanma o&ncesinde (Vejetatif donem) 9%47.1,
tomurcuklanma doneminde % 47.8, %10 ciceklenme déneminde % 48.3, tam ¢igeklenme déneminde
% 50.8, meyve baglama doneminde ise % 50.3 olarak bildirmistir. Yonca otunun Kalitesinin
belirlenmesi amaci ile gelistirilen nispi yem degerini (NYD) Probst (2008), 2006-2007 yillarinda iki
lokasyonda 5 yonca cesidiyle yaptigi arastirmada, dort farkli bigim sikligimin (25, 30,35, 40 giin)
yoncanin NYD etkisini aragtirdi§i calismada 172.2, 167.4, 165.8, 159.1 olarak belirlemistir. Cin’de
yurtilen baska bir arastirmada ise (Doohong, 2016), yoncanin 28, 35, 42 ve 49 giin ara ile
bigilmesinin nisbi yem degerini (ilk yil 245-220-205-182; ikinci yil 195-184-131-125 ) 6nemli
diizeyde diislirdiigiinii aciklamistir. Ankara’da Haymana kosullarinda yapilan arastirmada, yonca
cesitlerinin farkli donemlerde hasat edilmesi ile elde edilen otun nisbi yem degerinin (NYD)
tomurcuklanma o6ncesinde (Vejetatif donem) 162.5, tomurcuklanma doneminde 160.9, % 10
cigeklenme doneminde 157.5, tam ¢igeklenme doneminde 145.4, meyve baglama doneminde ise 147.2
olarak bildirilmistir (Mutlu, 2019). Yonca ile ilgili yapilan arastirmalarda ele alinan karakterler ot
kalitesinin belirlenmesinde Onemli ve yol gosterici durumunda oldugu anlasilmaktadir. Yonca
diinyada ve {ilkemizde kabayem kaynagi olarak yetistirilen baklagil yem bitkilerinin basinda
gelmektedir. Hayvansal Uretimde isletmelerin karli olabilmesi i¢in ihtiyag duyduklari kaba yemin en
az % 60’ kendi imkanlari ile Uretmeleri dnerilmektedir. Son 50 yilda kiiltiir irk1 ve melez hayvan
tiretim bdlgesi olarak kabul edilen Trakya bdlgesi verimli topraklart ve uygun iklimi nedeni ile bugday
ve aygi¢egi tarimmin yogun oldugu, kuru tarim bolgesidir. Biylkbas hayvan varliginin neredeyse
tamami yiiksek verim potansiyeline sahip kiiltiir ve melez irklardan olusmustur. Mevcut hayvan
varligimin ihtiyaci olan kaba yem bolge ¢cayir mera alanlar ile tarla tarimi iginde yer alan yem bitkileri
iiretiminden karsilanmaktadir. 1980°li yillarin bagindan itibaren ekilmeye baslanan ve giderek artan
ekim alani ile Macar figi yaninda yem bezelyesi ve yaygin fig gibi tiirler ekim nobetine girmis ve
Uretici tarafindan benimsenmistir. Tarlay1 bir yil iginde terk eden ve 10 kg/da’a varan organik azotu
topraga baglayan tek yillik baklagiller tercih edilmistir. Yakin zamanda hayvansal iiriin fiyatlarindaki
yiikseligle birlikte verilen tesviklerin artmasi tarimla ilgisi olmayan sektorlerinde ilgisini ¢ekmistir.
Bolgede besi agirlikli ¢iftlikler kurulmus dolayist ile kaba yem ihtiyact artmistir. Cayir mera
alanlarmin sinirli oldugu bdlgede yem bitkileri iiretimine ilginin artmasi ile birlikte yonca ekimi de
artmistir. Son yillarda Orta Anadolu’dan getirilen yonca otunun ticarette ciddi boyut kazanmasi ve
yonca kuru otunun 1.3 TL’ye ¢ikmasi ile bélgede yonca otu iiretimine ilgi ekim alanini da artirmistr.
Bolgede fazla sayida yonca gesidi tohumluk olarak satilmaya baglamstir.

Bolgede baraj ve goletlere yakin arazilerde sulu, imkani olmayan yerlerde ise kira¢ kosullarda
yoncadan Yyeterli ot verimi alinmaktadir. Kirklareli kosullarinda sulu ve susuz kosullarda devam eden
arastirmada susuz kosullardaki uygulamadan, yilda 5 tonu gecen yesil ot verimi alindigr ve tahil
{iretimi ile mukayese edilir duruma geldigi bilinmektedir. iklim degisikligi nedeni ile bolgedeki bahar
yagislarimin 20 giin gecikme ile yagmaya basladigi konu uzmanlar tarafindan bildirilmektedir.
Yagisin yoncanin bigim zamanina tesadiif ettigi donemlerde ot hasadinda gecikme yasandigi
bilinmektedir. Hasat zamaninda yasanan gecikmenin yoncanmn verimi ve Kkalitesine etkisinin
belirlenmesi amaci ile planlanan ve Tekirdag susuz kosullarinda yuritulen aragtirmada GozlU-1,
Bilensoy-80, Verko, Prosementi ve Plato gesitleri ekilmis, iki farkli dénemde (% 10 ve % 50
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ciceklenme) hasat edilmistir. Elde edilen otun verim ve kalite 6zellikleri (ham protein, NDF, ADF ve
nispi yem degeri) arastirilmustir.

2. Materyal ve Yontem

Tekirdag Namik Kemal Universitesi, Ziraat Fakiiltesi, Tarla Bitkileri Boliimiinden temin
edilen Gozlu-1, Bilensoy-80, Verko, Prosementi ve Plato gesitleri materyal olarak kullanilmistir.
Deneme 2015-2016 yetistirme mevsiminde Tekirdag Namik Kemal Universitesi Ziraat Fakiiltesi Tarla
Bitkileri BOlUmiU Arastirma ve Deneme Alani’nda kurulmus, 2016-2017 ve 2017-2018 yetistirme
donemlerinde alinan sonuglar degerlendirilmistir.

Aragtirmanin yapildigi alanin yetistirme doénemlerindeki aylara ve uzun yillara ait iklim
degerleri Cizelge 1°de verilmistir.

Cizelge 1. Tekirdag ilinin uzun yillar iklim ortalamalari (1939-2018)

Aylar Aylik Toplam Yagis (mm) Oransal Nem (%) Sicaklik (°C)
KASIM 75.4 83.7 11.0
ARALIK 815 83.6 7.1
OCAK 68.8 84.1 4.7
SUBAT 54.1 82.1 5.4
MART 54.4 81.2 7.3
NiSAN 40.9 78.8 11.8
MAYIS 36.7 77.3 16.8
HAZIRAN 37.9 74.2 213
TEMMUZ 228 70.6 23.8
AGUSTOS 13.3 71.2 238
EYLUL 33.6 74.8 20.0
EKIiM 62.4 815 15.4
Toplam 581.8

(Anonim, 2018a).

Cizelge 2.Tekirdag ili 2016-2018 yetistirme donemine ait iklim verileri

Aylar Aylik Toplam Yagis (mm) Oransal Nem (%) Sicaklik (°C)
2016-2017 2017-2018 2016-2017 2017-2018 2016-2017 2017-2018

KASIM 67.2 452 83.1 76.6 11.7 121
ARALIK 52.8 113.8 80.7 76.3 9.6 6.18
OCAK 107.0 67.6 84.5 85.6 1.9 6.6
SUBAT 38.8 93.7 81.8 86.1 6.4 7.3
MART 321 78.7 82.5 85.8 9.0 9.8
NiSAN 61.1 20.5 77.7 76.4 11.1 14.0
MAYIS 16.7 36.7 76.5 79.2 16.8 185
HAZIRAN 44.3 75.9 78.1 72.6 219 22.3
TEMMUZ 52.2 98.0 69.7 69.5 24.1 25.1
AGUSTOS 16.6 0.0 66.7 63.1 25.1 26.0
EYLUL 5.1 23.1 70.8 66.1 216 218
EKIM 59.8 48.2 77.3 75.9 15.0 16.7
Toplam 553.7 701.4

(Anonim, 2018b).

Aragtirmanin yiiriitiildiigii ilk y1l 553.7 mm, 2. yil ise 701.4 mm yag1s diismiistiir. Ikinci y1l
diisen yagisi1 kis donemi ile yaz sonunda yogunlasmistir. Oransal nem Haziran ve Temmuz ay1
yagislar1 nedeni ile yiikselmistir. Ikinci y11 Ocak ay1 ilk yila gore daha 1liman gegmistir (2018b).

Deneme alanina ait topraklarin analiz sonuglart incelendiginde (Cizelge 3), Topragin killi-tinl
yapida, notr pH' da oldugu, organik madde bakimindan fakir, azot ve fosfor oraninin diisiik, potasyum
agisindan yiksek, kire¢ miktarinin diisiik, magnezyum, demir, bakir, ¢inko, mangan bakimindan
yeterli oldugu saptanmustir.

Arastirmanin yapildig1 yetistirme donemlerinde deneme alani topraklarinin baz fiziksel ve
kimyasal 6zellikleri Tekirdag Ticaret Borsasi Toprak Analiz Laboratuvarinda yapilmis (Anonim,
2018a) ve ilgili sonuglar Cizelge 3’te verilmistir. Arastirma, tesadiif bloklar1 deneme desenine gore

438



YYU TAR BIL DERG (YYU J AGR SCI) 31 (2): 434-452 )
Gokkaya ve Orak / Baz1 Yonca Cesitlerinde (Medicago sativa L.) Bigim Zamaninin Ot Verimi ve Kalitesi Uzerine Etkilerinin Saptanmasi

faktoriyel diizende 3 tekrarlamali olarak susuz kosullarda ve giibre uygulanmadan yiritilmiistiir.
Arastirmada her parsel 20 cm araliginda 5 m uzunlugunda 6 siradan olusmustur. Tohumlar 2 kg/da
ekim normu saglanacak sekilde 6 Kasim 2015 tarihinde her siraya el ile ekilmistir (Demiroglu ve ark.,
2008). Yabanci ot miicadelesi ¢apa ile yapilmistir. Tesis yilinda bigimler dikkate alinmamustir.

Cizelge 3. Arastirma yeri topragina ait fiziksel ve kimyasal 6zellikler

Birim 2016-2017 2017-2018

pH 7.58 7.55
Tuz % 0.02 0.02
Kireg % 0.65 0.63
isba 42 41
Organik Madde % 1.71 1.63
Toplam Azot (N) % 0.14 0.11
Fosfor (P) (ppm) 8.92 8.40
Potasyum (K) (ppm) 296.49 290.73
Kalsiyum (Ca) (ppm) 3440.1 35714
Magnezyum (Mg) (ppm) 117.31 116.48
Demir (Fe) (ppm) 6.98 7.00
Bakir (Cu) (ppm) 1.6 1.6
Cinko (Zn) (ppm) 1 0.9
Mangan (Mn) (ppm) 19.63 19.58

(Anonim, 2018c).

Calismada her yil 3’er bigim yapilmistir. Bi¢imler %10 Cigceklenme ve %50 Cigeklenme
olmak {iizere iki farkli donemde yapilmistir (Weir ve ark., 1960; Kalu ve Fick, 1983; Probst, 2008).
Aragtirmanin ilk yilinda ilk bigim 30 Mayis’ta son bigim ise 22 Eyliil’de almmustir. ikinci yilda ise ilk
bigim hava sicakligina bagli olarak 22 Mayis’ta, son bigim ise 2 Ekim’de yapilmustir.

Aragtirmada bitki boyu her bicimden Once her parselden rastgele secilen 10 bitkide toprak
ylizeyi ile siirgiin ucunun iist noktasi arasindaki mesafe mm bolmeli cetvel ile ol¢iilmiis, ortalamasi cm
olarak kaydedilmistir (Saruhan ve Kugvuran, 2011).

Parsel yesil ot verimleri i¢in sira basi ve sonundan 0.5 cm'lik boliim, hasat dncesi bigilerek
deneme dis1 birakilmistir. Kalan boliim (4.8 m?) parsel hasat alan1 olarak tamami bigilmis ve 0.01 g
hassas terazide (Radwag) tartilarak parsel verimleri, sonrasinda ise dekar verimleri belirlenmistir.

Bi¢im yapildiktan sonra her parselden rastgele almman 0.5 kg’lik bitki 6rnekleri kurutma
dolabinda 70 °C’de 48 saat kurutulup, daha sonra 24 saat oda kosullarinda sabit agirliga gelinceye
kadar bekletilmistir (Akyildiz, 1968). Daha sonra kurutulmus bitki Ornekleri hassas terazi ile
tartilmastir.

Calismada kullanilan 6rnekler ham protein analizi igin ilk olarak laboratuvar tipi degirmende
(Seedburo, USA) 0.5 mm elek ¢apinda dgiitiilmiistiir. Ogiitiilen yonca otu drneklerden her tekerrdr igin
0.25 g 6rnek alinmis ve temiz ve 6zel kagitlara konularak mikro Kjeldahl yontemi ile azot icerikleri
belirlenmistir. Belirlenen azot miktar1 6.25 ile ¢arpilarak ham protein oranlari bulunmustur (Akyildiz,
1984).

Yonca cesitlerine ait ot dreklerinin NIR Spectroskopy (Spectrastar 2400 D, Unity Scientfic,
Amerika) cihazinda 50 g numune, cihazin doéner kap modiiliine konulmus ve NDF ve ADF oranlar
orneklerin 48 ayr1 noktasindan 1200-2400 nm arasinda yapilan okuma ile belirlenmistir. Her bir
okuma 3 kez tekrarlanmustir. Nispi yem degeri Rivera ve Parish (2010)’a gore belirlenmistir.

2.1. Istatistiki analizler
Istatistiksel hesaplamalar deneme planina uygun olarak TARIST paket programinda (Agikgdz
ve ark., 1994) analiz edilmis ve arastirmada incelenen Ozelliklerin ortalama degerleri arasindaki

farklarin istatistiki anlamda 6nemlilikleri, MSTAT paket programi (Anonim, 1982) kullanilarak LSD
testi ile belirlenmistir.
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3. Bulgular ve Tartisma
3.1. Bitki boyu (cm):

Iki y11 devam eden ve % 10 ve % 50 ¢iceklenme olmak iizere iki farkli bicim zamaninda ve
yilda ii¢ kez bigilen yonca gesitlerinin bitki boyu degerleri ile 6nemlilik gruplar Cizelge 4 ve 5’te

verilmistir.

Cizelge 4. Farkli donemlerde bigilen yonca ¢esitlerinin bitki boyu (cm) degerleri ve dnemlilik gruplari
(2016-2017)

Bicim Dénemi %10 %50
Cesitler 1. Bicim 2. Bicim 3. Bicim Cicek  Cicek Ort.
%10 %50 Ort. %10 %50 Ort. %10 %50 Ort. Ort. Ort.
Gézlu-1 83.63 91.33 87.48 80.96 83.63 82.29 58.50 61.30 59.90 7436 7875 76.55ab
Bilensoy-80 74.40 95.67 85.03 90.60 74.40 82.50 54.20 50.96 5258  73.06 73.67 73.37ab
Prosementi 81.43 83.67 82.55 93.53 81.43 87.48 60.86 49.96 5541 7860 71.68 75.14ab
Plato 70.63 77.00 73.81 90.40 70.53 80.46 54.86 49.96 5242 7196 65.83  68.89b
Verko 85.50 97.00 91.25 87.33 85.50 86.41 67.86 62.83 65.34 80.23 81.77  81.00a
Ort. 79.11b 88.93a 84.02a 8856a 79.11b 83.83a 59.25c  55.00c 57.12b  75.64 74.34 74.99

LSD: bigim donemi:6.241**; cesit: 8.057**; bigim dénemi x bigim zamani int: 8.771**,

2016-2017 yetistirme doneminde aragtirmanin ilk yilinda (2016-2017), 5 farkli yonca ¢esidi
iki farkli zamanda (% 10 ve % 50) ve 3 kez bigilmistir. Verilerin degerlendirilmesi ile elde edilen
varyans analiz sonuglarina gore; ¢esitler arasi1 fark, bigim donemleri arasi fark ile bigim donemi x
bigim zamani interaksiyonu 6nemli bulunmustur (Cizelge 4). Cesitlerin bitki boyu degerleri
incelendiginde; Verko (81.00 cm) c¢esidi ilk sirada yer alirken, GozIi-1 (76.55 cm), Bilensoy-80
(73.37 cm) ve Prosementi (75.14 cm) gesitleri ikinci grupta yer almistir. Plato (68.89 cm) ¢esidi ise
son grupta yer almistir (Cizelge 4). Arastirmanin ilk yilinda (2016-2017) bi¢im dénemi agisindan
yapilan degerlendirmede; 1. bigcim (84.02 cm) ve 2. bigimde (83.83 cm) belirlenen bitki boyu degerleri
3. bicimden (57.12 cm) yiiksek bulunmustur (Cizelge 4).

Bi¢im dbénemi x bi¢im zamami interaksiyonunda; en fazla boylanmanin 1. bicimde % 50
ciceklenme zamaninda (88.93 cm) ve 2. bigcimde % 10 ¢igeklenme zamaninda (88.56 cm) yapilan boy
6lcumlerinde belirlenmistir. En az boylanma ise 3. bigcimde % 10 ¢iceklenme zamani (59.25 cm) ile %
10 cigeklenme zamaninda (55.00 cm) belirlenmistir. 1lk iki bigimde serin ve nemli kosullar nedeni ile
yonca ¢esitlerinin bitki boylarinda artis saptanmugtir. 3. bicim ddneminde yasanan sicaklik artig1 ve
gelisme doneminde diisen yagisin yetersizligi nedeni bitki boyunda ytikselme olmamustir (Cizelge 4).

Arastirmanin ikinci yilinda yapilan boy dl¢iimlerinin degerlendirilmesi ile elde edilen varyans
analiz sonuglarina gore; gesitler aras1 fark, bicim dénemleri arasi fark, bigim zamanlar arasi fark ile
bigim donemi x bigim zamani interaksiyonu istatistiki agidan énemli bulunmustur. Arastirmanin ikinci
yilma (2017-2018) ait bitki boyu (cm) ortalama degerler ve onemlilik gruplarnn Cizelge 5’te
verilmistir.Verko (52.12 cm) c¢esidi ilk sirada yer alirken, Gozli-1 (49.53 ¢cm) ve Prosementi (47.08
cm) cesitleri ikinci grupta yer almistir. Plato (41.89 cm) ise en az boylanan g¢esit olmustur.

Bicim doénemi agisindan incelendiginde; en fazla boylanmanin 1. bi¢cimde (57.77 cm) oldugu,
2. bigim (41.71 cm) ve 3. bigimde (41.47 cm) ise, birbirine yakin degerler saptanmustir.

Bicim zamani diizeyinde yapilan degerlendirmede; % 50 ¢igeklenmede (50.47 cm) %10
ciceklenme (43.50 cm) zamanina gére daha yiiksek boylu bitkiler bigilmistir (Cizelge 5).

Arastirmanin 2. yilinda verilerin degerlendirilmesi ile elde edilen varyans analiz sonuglarina
gore; cesitler aras1 fark, bigcim donemleri arasi fark ile bigim donemi x bigim zamani interaksiyonu
onemli bulunmustur (Cizelge 5).

Aragtirmanin 2. yilinda bitki boyuna ait sonuglarin degerlendirilmesi ile bi¢im dénemi x bigim
zamani interaksiyonunda; en fazla boylanmanin (60.60 cm) 1. bigimde, % 50 ¢iceklenme zamaninda,
en az boylanma ise (35.35 cm) 3. bigim %10 ¢igeklenme zamaninda oldugu belirlenmistir.

Cesit x bigcim donemi interaksiyonu agisindan yapilan degerlendirmede; en fazla boylanmanin
1. bicimde Verko (66.70 cm) ¢esidinde oldugu, yine 1. bicimde Gozli-1 (63.86 cm) gesidinin ikinci
sirada yer aldig1 belirlenmistir. En az boylanma ise 2. bigimde Bilensoy-80 (35.68 c¢cm) ¢esidinde
saptanmistir (Cizelge 5).
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Cizelge 5. Farkli donemlerde bigilen yonca gesitlerinin bitki boyu (cm) degerleri ve 6nemlilik gruplar
(2017-2018)

Bicim ddnemi %10 %50

Cesitler 1. Bicim 2. Bigim 3. Bigim Cicek Cicek Ort.
%10 %50 Ort. %10 %50 Ort. %10 %50 Ort. Ort. Ort.

Gozli-1 60.36 67.36 63.86ab 43.83 43.15 43.49cd 32.40 50.04 41.22cd 4553 53.52 49.53ab
Bilensoy-80 52.90 59.23 56.06b 31.53 39.83 35.68d 36.10 46.36 41.23cd 40.18 48.47 44.33bc
Prosementi 53.35 58.20 55.77b 41.85 42.42 42.13cd 39.83 46.82 43.32cd 45.01 49.15 47.08ab
Plato 44.85 48.05 46.45¢ 38.20 42.95 40.57cd 33.22 44,07 38.64cd 38.76 45.02 41.89¢c
Verko 63.20 70.20 66.70a 45.65 47.70 46.67c 35.22 50.73 42.97cd 48.02 56.21 52.12a
Ort. 54.93a 60.60a 57.77a 40.21c 43.21c 41.71b 35.35d 47.60b 41.47b 43.50b 50.47a 46.99

LSD: bigim donemi: 4.066**; ¢esit:5.249**; bi¢im zaman1:3.320**; bi¢im dénemi x bigim zamani int.: 5.713**; bi¢im donemi x ¢esit int.: 9.034**

[Ik bigimden itibaren 3. bi¢ime kadar devam eden gelisme siireci boyunca bitki boyundaki
azalma yoncanin kira¢ kosullarda yetistirilmesinden kaynaklanmaktadir. Baharin ilk doénemlerinde
yagis ve sicakligin bitki gelisimi i¢in ¢ok uygun oldugu dénem olmasi sebebi 1. bigcimde doéneminde
gelisme doneminin avantajli olmasi nedeni ile boylar1 birbirine yakin olan ylksek boylu bitkilerde
bi¢im yapilmigtir. 2. ve 3. bigimlerde ise sicaklik artisi ve yagisin azalmasi ile birlikte bitki boyu
giderek azalmistir.

Elde edilen bulgular; bi¢im zamaninin gecikmesi ile yoncanin bitki boyunun artigini bildiren
Chen ve ark. (2013)’nin bulgulart (51.3 -76.6 cm ) ile % 10 ve tam ¢i¢eklenme zamaninda ortalama
bitki boyunun 57.3 ve 81.9 cm arasinda degistigini bildiren Mutlu (2019)’nun arastirma sonuglari ile

uyumlu bulunmustur.
3.2. Yesil ot verimi (kg/da):

Arastirmanin ilk yilinda (2016-2017) verilerin degerlendirilmesi ile elde varyans analiz
sonuclarina gore cesitler aras1 fark, bicim donemleri arasi fark, bigim zamanlar1 arasindaki fark ile
bicim dénemi X bi¢im zamani interaksiyonu ve ¢esit x bigim donemi x bi¢im zamani interaksiyonu
onemli bulunmustur.

Arastirmanin ilk yilina ait yesil ot verimi (kg/da) ortalama degerleri ve onemlilik gruplar
Cizelge 6’da verilmistir. Cesit diizeyinde yapilan degerlendirmede; en fazla yesil ot verimi 5718.21
kg/da ile GozlU-1 ¢esidinden en az verim ise 4526.00 kg/da ile Prosementi ¢esidinden alinmustir.

Bigim donemi ag¢isindan incelendiginde ise; en yiiksek verim 2. bigimde (2911.17 kg/da), en
diisiik verim ise, 3. bigimde (657.57 kg/da) alinmistir. % 50 gigeklenme zamaninda yapilan bigimlerde
elde edilen toplam yesil ot verimi 5855.85 kg/da ile % 10 gi¢ceklenme zamaninda yapilan bigimlerden
elde edilen 4033.68 kg/da verime gore yiksek bulunmustur (Cizelge 6).

Bigim donemi x bigim zamani interaksiyonu incelendiginde; 2. bigimde % 50 ¢igeklenme
(3416.66 kg/da) zamaninda elde edilen ot veriminin diger interaksiyonlardan daha yiiksek oldugu
belirlenmistir. En diisiikk verim 3. bicimde % 10 giceklenme (547.00 kg/da) zamaninda saptanmistir
(Cizelge 6).

Bicim donemi x zamani x ¢esit interaksiyonu ag¢isindan incelendiginde; 2. bigimde, % 50
ciceklenme zamaninda bicilen Gozli-1 (4250.00 kg/da) ¢esidi en yiiksek yesil ot verimine sahip iken,
3. bigcimde % 10 giceklenme zamaninda bigilen Plato ¢esidinde (400.00 kg/da) en diisiik ot verimi
belirlenmistir (Cizelge 6). Ikinci bigimin ilk bigim ile iiciincii bicimden yiiksek verime sahip olmustur.

Aragtirmanin ikinci yilinda yonca gesitlerinin yesil ot verimlerinin degerlendirilmesi
sonucunda elde edilen varyans analiz tablosu degerlendirilmesi ile bigim donemleri arasi fark, bicim
zamanlari arasindaki fark ile bi¢im dénemi x bi¢im zamani interaksiyonu ve ¢esit x bigim donemi x
bicim zamani interaksiyonu énemli bulunmustur.

Yonca cesitlerinin yesil ot verim degerleri (kg/da) ve Onemlilik gruplarn Cizelge 7°de
verilmigtir. Cizelge 7'den goriilecegi gibi; bigim donemi agisindan yapilan degerlendirmede; 2.
bi¢imden elde edilen ot veriminin (1255.27 kg/da) diger bigimlerden (1. bigim 952.95 kg/da; 3. bigim
390.93 kg/da) daha yiiksek oldugu saptanmistir. Yaz sicakliginin artmasi ve yagislarin yoncanin
ihtiya¢ duydugu dénemde diismemesi nedeniyle en az verim son bigimde alinmustir.

Bigim zamani dikkate alindiginda ise % 50 giceklenme (1021.02 kg/da) déneminde yapilan
geciktirilmis bi¢imin, % 10 giceklenme (703.15 kg/da) donemine gore daha yiiksek verime sahip
oldugu belirlenmistir (Cizelge 7).
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Bi¢im donemi x bigim zamani interaksiyonu incelendiginde ise; 2. bi¢imde %50 ¢igeklenme
déneminde alinan verim (1490.55 kg/da) diger interaksiyonlardan daha yiiksek olmustur. Bu konuda
en disiik verim (327.35 kg/da); 3. bigimde % 10 c¢iceklenme doneminde yapilan bi¢imlerden elde
edilmistir (Cizelge 7).

Devam eden surecte; bicim donemi x bigim zamani x ¢esit interaksiyonunda en yiiksek ot
verimi 1. bicimde % 50 cigeklenme doneminde Gozlu-1, ¢esidinde (1666.67 kg/da), en az verimin ise,
3. bicimde % 10 ci¢eklenme déneminde yapilan bi¢imde Bilensoy-80 (194.81 kg/da) ¢esidinde oldugu
saptanmistir (Cizelge 7). Kirag kosullarda yiiriitiilen arastirmada ti¢iincii bigimin yogun sicaklara
tesadiif etmesi nedeni ile tiim cesitlerde belirgin verim azalmasi meydana gelmistir. Bu konuda
Bilensoy-80 diger ¢esitlerden daha fazla etkilenmistir.

Toplam yesil ot verimlerine ait degerler bicim zamani bakimindan incelendiginde; % 50
ciceklenme doneminde bicilen (3063.06 kg/da) yoncalardan % 10 gigeklenme ddnemine (2109.45
kg/da) gore daha fazla yesil ot alinmistir (Cizelge 7).

Elde edilen sonuglarin en yiiksek ot verimini ¢eside gore, yoncanin farkli gelisme doneminde
elde eden Bulur (2000)’dan farkli, % 10 ¢igeklenme doneminde elde ettigimiz yesil ot veriminin ayni
gelisme doneminde bi¢im yapan, Altinok ve Karakaya (2002) bulgulart ile uyumlu oldugu
saptanmistir. Haymana kosullarinda farkli bigim zamanlarmin (Vejetatif, tomurcuklanma, %10
cigeklenme ve ¢igeklenme donemi sonu ve bakla baglama) ot verimine etkisinin arastirildigi ¢aligmada
en yiiksek verimin 4732.2 kg/da ile tam ¢igeklenme doneminde alindigini, ancak daha kaliteli ot eldesi
icin %50 ¢igceklenme doneminin daha uygun oldugunu bildiren Mutlu (2019)’nun sonuglart ile benzer
bulunmustur. Yonca genis adaptasyon yetenegi ile farkli kosullara uyum saglama yetenegi ile farkl
bolge ve kosullarda bigim zamanina bagli olarak ge¢ bicimin yesil ot veriminin yiiksek olmasi
dogaldir.

3.3. Kuru Ot Verimi (kg/da)

Aragtirmanin ilk yilinda yonca gesitlerinin kuru ot verimlerine ait arastirma varyans analiz
sonuglarinin degerlendirilmesi ile bigim ddnemleri arasi fark ©") bi¢im dénemleri arasi fark (T°P),
bicim zamanlar1 aras1 fark ile bicim dénemi x bi¢im zamani interaskiyonu istatistiki agidan 6nemli
bulunmustur.

Aragtirmanin ilk yilinda (2016-2017) farkli dénemlerde bigilen yonca ¢esitlerinin kuru ot
verimi (kg/da) degerleri ve 6nemlilik gruplar1 Cizelge 8’de verilmistir.

Kuru ot verimi bakimindan bi¢im donemleri arasi farkin istatistiki olarak dnemli oldugu, en
yuksek kuru ot veriminin 2. bigcimde (561.66 kg/da), en diisiik kuru ot verimi ise 1. bi¢gimde (212.77
kg/da) belirlenmistir (Cizelge 8).

% 50 cigeklenme zamaninda alinan ortalama kuru ot verimi (384.31 kg/da), % 10 ciceklenme
zamanina goOre daha yuksek (279.10 kg/da) olmustur (Cizelge 8). Toplam kuru ot verimi
degerlendirildiginde yine % 50 ciceklenmede belirlenen kuru ot verimi (1152.93 kg/da), % 10
ciceklenme zamanina (837.30 kg/da) kiyasla daha yiiksek bulunmustur (Cizelge 8).

Bicim donemi x bigim zamani interaksiyonunda en yiiksek verimin (774.99 kg/da) 2. Bigimde,
% 50 ciceklenmede, en disiik verimin ise (114.66 kg/da) 3. bigimde % 50 ¢iceklenme zamaninda
oldugu saptanmistir (Cizelge 8).

Arastirmanin ikinci yilinda yonca gesitlerinin kuru ot verimlerinin degerlendirilmesi
sonucunda elde edilen varyans analiz sonuglarina gore ¢esitler arasi fark, bigim donemleri arasi fark,
bigim zamanlari arasindaki fark ile ¢esit x bigim zamani interaksiyonu énemli bulunmustur.

Arastirmanin ikinci yilinda (2017-2018) kuru ot verimi (kg/da) degerlerine iligkin veriler ve
onemlilik gruplart Cizelge 9’da verilmistir. Cizelge 9'dan goriilecegi gibi, en yiiksek kuru ot verimi
Verko (694.14 kg/da) ve GozlU-1 (657.60 kg/da) cesitlerinde, en diisiik verim (451.62 kg/da) ise Plato
¢esidinde belirlenmistir (Cizelge 9).

Bicim donemlerine bakildiginda ilk (221.33 kg/da) ve ikinci bigimin kuru ot verimi (253.53
kg/da) 3. bicimin veriminden (102.27 kg/da) yiiksek bulunmustur.

Bi¢im zamanlarina bakildiginda; % 50 ¢iceklenme zamaninda hasat edilen yonca ¢esitlerinin
ortalama kuru ot verimi 212.22 kg/da, % 10 cigeklenmede ise 172.53 kg/da olarak belirlenmistir
(Cizelge 9). Bicim zamanlarinda elde edilen toplam kuru ot verimine bakildiginda yine % 50
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ciceklenme zamaninda yapilan bi¢imde elde edilen 636.66 kg/da kuru ot verimi, % 10 ciceklenmede
elde edilen 517.59 kg/da verimden yiiksek ve istatistiki olarak 6nemli bulunmustur.

Cesit x bi¢cim zamani interaksiyonunda bi¢im ortalamasi bazinda en yiiksek kuru ot verimi %
50 cigeklenmede bigilen Gozli-1 ¢esidi (263.01 kg/da) ile % 10 giceklenme zamaninda bigilen Verko
(257.03 kg/da) ¢esidinde belirlenmistir. En az verimin ise % 10 ¢igeklenme zamaninda (124.62 kg/da)
Plato ¢esidinde oldugu saptanmistir (Cizelge 9).

Cesit x bicim zamani interaksiyonunda elde edilen en yiiksek toplam kuru ot verimi % 50
ciceklenme zamaninda bigilen G6zIU-1 ¢esidi (789.30 kg/da) ile % 10 ¢igeklenme zamaninda bicilen
Verko (771.09 kg/da) cesidinde belirlenmistir. En az verim % 10 gigceklenme zamaninda bigilen
(373.86 kg/da) Plato ¢esidinde saptanmistir (Cizelge 9).

Yagis rejiminin ilk yil yoncanin gelismesine uygun oldugu, ikinci yil ise daha fazla yagmur
alinmasina ragmen zamansiz yogun yagmurlar sorun olusturmus ve kuru ot iiretimini olumsuz ydnde
etkilemistir.

Elde edilen bulgular, en yiiksek kuru ot verimini ceside gore, yoncanin farkli gelisme
doneminde elde eden Bulur (2000)’un sonuglan ile benzer bulunurken, en yiksek kuru ot verimini
ciceklenme baslangicinda tespit eden Altinok ve Karakaya (2002), Yolcu ve ark. (2006) ile Milic ve
ark. (2014)’nin sonuglarindan farkli bulunmustur. Gelisme dénemi ilerledik¢e, yoncanin kuru ot
veriminin yiikseldigini bildiren Weir ve ark. (1960), Mala ve Fadlalla (2013), Chen ve ark. (2013) ve
Mutlu (2019)’nun bulgular1 bizim sonuglarimizla uyumlu bulunmustur. Trakya bolgesinde Kirklareli
kosullarinda benzer konularda yiiriiyen arastirmalardan elde edilen kuru ot verimi, bizim sonuglarimizi
destekler niteliktedir.
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Cizelge 6. Farkli donemlerde bigilen yonca gesitlerinin yesil ot verimi (kg/da) degerleri ve dnemlilik gruplari (2016-2017)

' CEm B'Q';‘ ;Z?;m' B %10 %50 Bigim %10 %50 Toplam
Cesitler %10 %50 ot Cicek Cicek zamani Cicek Cicek verim
- Ort. Ort. Ort. Top. Top. Ort.
%10 %50 Ort. %10 %50 Ort. %10 %50 Ort.
Gozli-1 1035.33h-m 1983.33efg 1509.33 2344.43def 4250.00a 3297.21 593.33 kim 1230.00g-m 911.66 1324.36 2.487.78 1906.07 3973.08 7463.34 5718.21a
Bilensoy-80 1339.00g-1 1333.33g- 1336.16 2370def 3333.33bc 2851.66 483.33 Im 520.00Im 501.66 1397.44 1728.89 1563.17 4192.32 5186.67 4689.50b
Prosementi 747.33]-m 1630.00f-1 1188.66 2343def 3000.00bcd 2671.50 533.33Im 798.331-m 665.83 1207.89 1809.44 1508.67 3623.67 5428.32 4526.00b
Plato 822.001-m 1591.66f-j 1206.83 3116.03bcd 2750.00cde 2933.01 400.00m 518.33Im 459.16 1446.01 1619.99 1533.00 4338.03 4859.97 4599.00b
Verko 1461.33g-k 1817.00fgh 1639.16 1854.93fgh 3750.00ab 2802.46 725.00j-m 774.01-m 749.53 1347.09 2113.67 1730.38 4041.27 6341.01 5191.14ab
Ort. 1080.99d 1671.06¢ 1376.03b 2405.67b 3416.66a 2911.17a 547.00e 768.13de 657.57C 1344.56b 1951.95a 1648.26 4033.68 b 5855.85 a 4944.78
LSD: gesit: 268.320*; bigim donemi: 279.904**; bi¢im zamani: 228.541**; bigim dénemi x bi¢im zamani int.:393.376**; bi¢im donemi x bigim zamani x ¢esit int.: 879.615%%*,
Cizelge 7. Farkli donemlerde bigilen yonca gesitlerinin yesil ot verimi (kg/da) degerleri ve dnemlilik gruplari (2017-2018)
Bicim Dénemi %10 %50 Bicim %10 %50 Toplam
Cesitler 1.Bigim 2. Bigim 3. Bigim Cicek Cicek zamani Cicek Cicek verim
%10 %50 Ort. %10 %50 Ort. %10 %50 Ort. Ort. Ort. Ort. Top. Top. Ort.
Gozli-1 629.56gh1 1666.67a 1148.11  933.34efg 1250.00b-e 1091.67 380.141j 459.78j 419.96 674.68 1125.48 900.08 2024.04 3376.44 2700.24
Bilensoy-80 600.00g-j 1066.67c-f 833.33 866.67e-h 1666.67a 1266.67 194.81y 40141y 298.11 553.83 1044.91 799.37 1661.49 3134.73 2398.08
Prosementi 966.67d-g 1133.33b-e  1050.00  900.00efg 1494.44ab 1197.22 407.83g-j 378.961j 393.40 758.16  1002.24  880.20  2274.48 3006.72 2640.61
Plato 666.67f-1 1000.00c-g 833.33 1000.00c-g 1666.67a 1333.34 346.851j 601.01yj 473.93 671.17 1019.26 845.22 2013.51 3057.78 2535.65
Verko 866.67e-h 933.30efg 899.98  1400.00abc  1375.00a-d 1387.50 307.13y 431.34y 369.24 857.93 913.21 885.57  2573.79 2739.63 2656.71
Ort. 745.91c 1159.99b 952.95b 102.000b 1490.55a 1255.27a 327.35d 454.50d 390.93c  703.15b 1021.02a 862.09 2109.45b  3063.06a  2586.26
LSDo: bigim dénemi: 173.111%*; bigim zamani ©):141.345%*; bigim dénemi x bigim zamani int.: 243.289%*; bigim dénemi x bigim zaman x gesit int.:408.877**; bigim zamani (T°): 387.36**.
Cizelge 8. Yonca gesitlerinin kuru ot verimi (kg/da) degerleri ve 6nemlilik gruplar1 (2016-2017 yetistirme dénemi)
Bicim Dénemi %10 %50 Bigim %10 %50 Toplam
Cesitler 1. Bicim 2. Bicim 3. Bicim Cicek Cicek zamani Cicek Cicek verim
%10 %50 Ort. %10 %50 Ort. %10 %50 Ort. Ort. Ort. Ort. Top. Top.
Gozlu-1 150.67 304.13 227.4 342.00 798.33 570.16 466.66 129.06 297.86 319.77 410.50 365.14 959.33 1231.50 1095.42
Bilensoy-80 200.85 220.90 210.87 366.66 700.00 533.33 233.33 97.50 165.41 266.94 339.46 303.20 800.82 1018.38 909.60
Prosementi 119.54 250.06 184.8 365.00 705.00 535.00 333.33 109.56 221.44 272.62 354.87 313.74 817.86 1064.61 939.6
Plato 127.66 225.66 176.66 483.33 953.33 718.33 266.66 108.96 187.81 292.55 429.31 360.93 877.65 1287.93 1082.79
Verko 212.58 315.70 264.14 185.00 718.33 451.66 333.33 128.23 230.78 243.63 387.42 315.52 730.87 1162.26 946.56
Ort. 162.26¢d 263.29bc 212.77b 348.39b 774.99a 561.69a 326.66b 114.66d 220.66b 279.10b 384.31a 331.71 837.30b 1152.93a 995.13

LSD: bigim dénemi: 86.720%*; bigim zamam ©™):70.806**; bigim donemi x bigim zamani:121.875%*; bigim zamani (T°P): 212.418**,
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Bicim Dénemi %10 %50 Bigim %10 %50 Toplam

Cesitler 1. Bicim 2. Bicim 3. Bicim Cicek Cicek zamant Cicek Cicek verim
%10 %50 Ort. %10 %50 Ort. %10 %50 Ort. Ort. Ort. Ort. Top. Top.

Gozli-1 200.00  266.67 233.33 266.67  366.67 316.67 59.55 155.69 107.62 175.40bcd 263.01a 219.20a 526.20bcd 789.30a 657.60a
Bilensoy-80 213.33  160.00 186.66 240.00  302.00 271.00 53.55 108.08 80.815 168.96bcd 190.02a-d 179.49ab  506.88bcd 570.06a-d 538.47ab
Prosementi 120.00  280.00 200.00 200.00  263.33 231.66 89.96 134.34 112.15 136.65cd 225.89ab 181.27ab 409.95cd 677.67ab 543.81ab
Plato 160.00  200.00 180.00 160.00  230.00 195.00 53.88 99.39 76.63 124.62d 176.46bcd 150.54b 373.86d 529.38bcd 451.62b
Verko 373.33  240.00 306.66 280.00  226.67 253.33 117.78  150.50 134.14 257.03a 205.72abc 231.38a 771.09a 617.16abc 694.14a
Ort. 213.33  229.33 221.33a  229.33  277.73  253.53a 74.94 129.60  102.27b 172.53b 212.22a 192.37 517.59b 636.66a 577.11

LSD: bigim dénemi: 43.170%*; bigim zamam ©): 35.248%*; Cesit OV): 55.732**; bicim zamani x gesit int. ©V): 78.324%*; bigim zaman1 (T°P): 90,643 *; Cesit (TP): 143.319%; bigim zamam x gesit int. (TP): 201.858*.
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3.3. Kalite analizleri
3.3.1 Protein oram (%):

Aragtirmanin ilk yilinda yonca ¢esitlerinin otundaki protein oranlarina ait varyans analiz
sonuclarina gore bigim donemleri arasi fark 6nemli bulunmustur.

Aragtirmanin ilk yilinda (2016-2017) yonca g¢esitlerinin otundaki protein oranlart (%) ve
onemlilik gruplar1 Cizelge 10°da verilmigtir.

Gizelge 10. Farkli donemlerde bigilen yonca gesitlerinin protein (%) degerleri ve 6nemlilik gruplart
(2016-2017)

_ Bicim donemi _ %10 %50
. 2. Bicim 3. Bicim - -

Cesitler Ciceklenme  Ciceklenme Ort.

%10 %50 ort %10 %50 ort ort ort

Ciceklenme  Ciceklenme ' Ciceklenme  Ciceklenme ' ) )
Gozlu-1 20.56 20.55 20.55 21.16 21.34 21.25 20.86 20.94 20.20
Bilensoy-80 20.53 20.55 20.54 22.54 23.57 23.05 21.53 22.06 21.80
Prosementi 20.58 21.59 21.08 21.16 21.62 21.34 20.87 21.60 21.24
Plato 20.53 20.54 20.53 22.56 21.02 21.78 21.54 20.78 21.16
Verko 20.55 20.57 20.56 21.64 22.26 21.95 21.09 21.41 21.25
Ortalama 20.55 20.76 20.65b 21.81 21.96 21.87a 21.18 21.36 21.13

LSD: bi¢im donemi: 0.654**.

2016-2017 yetistirme doneminde yonca otunun protein oranlarina iliskin aragtirma sonuglari
ait bi¢im donemi incelendiginde; 3. bicimde elde edilen otun protein orani (% 21.89) ilk grupta yer
almis ve 2. bigcimden (% 20.65) daha yiiksek bulunmustur (Cizelge 10).

Arastirmanin ikinci yilinda (2017-2018) protein (%) oranlarina ait varyans analiz sonug¢larina
gore yoncanin bi¢im zamani diginda aragtirmaya konu faktorler ve interaksiyonlart Onemli
bulunmamistir. Aragtirmanin ikinci yilinda (2017-2018) yonca gesitlerinin otunda belirlenen protein
oranlarina iligkin degerler ve 6nemlilik gruplar Cizelge 11°de verilmistir.

Cizelge 11. Farkli dénemlerde bigilen yonca gesitlerinin protein oranlari (%) ve onemlilik gruplari
(2017-2018)

1.Bi¢im
Cesitler Bicim donemi
%10 Ciceklenme %50 Ciceklenme Ort.

Gozlu-1 22.54 21.17 21.85
Bilensoy-80 23.99 21.25 22.62
Prosementi 23.22 20.61 21.91
Plato 21.21 20.35 20.78
Verko 22.69 21.50 22.09
Ort. 22.73a 20.97b

LSD: bigim donemi: 1.281*.

2017-2018 yetistirme doneminde yonca otundaki protein icerigine (%) ait aragtirma sonuglari
bi¢im zamani agisindan incelendiginde; % 10 ¢igeklenme zamanindaki protein orani (% 22.73), % 50
cigeklenme zamaninda bigilen yonca otunun protein oranindan (% 20.98) yiiksek bulunmustur
(Cizelge 11).

Elde ettigimiz sonuglarin Weir ve ark. (1960), Probst (2008), Mala ve Fadlalla, (2013; % 26-
17), Chen ve ark. (2013; % 25-18.42) ile Mutlu (% 22.6-25.5) 'nun bulgulari ile uyumlu oldugu
saptanmuistir.

Erken yapilan bi¢cimlerin daha yiiksek protein oranin sahip olmas1 dogaldir. En yiiksek protein
oraninin yoncanin vejetatif doneminde yapilan bigimlerden alinmasi bigimlerin gecikmesi ile birlikte
azalmasi beklenen bir sonu¢ olmustur.
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3.3.2 NDF oram (%):

Hiicre duvari elemanlarinin belirlenmesinde kullanilan yonca otunun NDF orani, ndtr deterjan
¢ozeltide ¢oziinmeyen hemiseliiloz, seliiloz, lignin, kiitin ve silikadan olusan lifli maddeler olarak
tanimlanabilir.

Aragtirmanin ilk yilinda yonca cesitlerinin kuru otunun NDF oranlarinin degerlendirilmesi
sonucunda elde edilen varyans analizine gore bicim donemleri arasi fark, bigim zamanlari arasindaki
fark ile bi¢im dénemi x bi¢im zamani interaksiyonu 6nemli bulunmustur.

Arastirmanin ilk yilinda (2016-2017) farkli bi¢im doneminin yonca otunun kalitesine olan
etkisinin belirlendigi ¢alismada, 2. bigimde (% 43.36) belirlenen NDF orani, 3. bi¢imden (% 40.60)
yiiksek bulunmustur (Cizelge 12).

Cizelge 12. Farkli donemlerde bigilen yonca c¢esitlerinin NDF (%) oranlar1 ve 6nemlilik gruplart
(2016-2017)

Bicim donemi

. 2. Bicim 3. Bigim - %10 : %50
Cesitler 5 . 5 . Ciceklenme  Cigeklenme Ort.

/10 /050 Ort %10 /050 Ort Ort. Ort.

Ciceklenme  Ciceklenme ' Ciceklenme  Ciceklenme '

Gozlu-1 43.53 43.81 43.67 37.73 43.57 40.65 40.63 43.69 42.16
Bilensoy-80 43.42 43.42 43.42 39.90 44.16 42.03 41.66 43.79 42.72
Prosementi 41.58 43.33 42.46 38.68 42.58 40.63 40.13 42.96 41.54
Plato 43.49 43.57 43.53 38.54 40.39 39.46 41.01 41.98 41.50
Verko 43.74 43.73 43.74 39.02 41.45 40.23 41.38 42.59 41.98
Ortalama 43.15ab 43.57a 43.36a 38.77¢ 42.43b 40.60b 40.96b 43.02a 41.98

LSD: Bicim donemi:1.213**; bigcim zaman1:1.213**; bicim dénemi x bi¢im zaman1:0.885**.

2016-2017 yetistirme doneminde bigim zaman1 bakimindan incelendiginde; % 10 gigeklenme
zamaninda bigilen yoncanin NDF oran1 (% 40.96) % 50 giceklenme zamaninda yapilan bigime (%
43.00) gore daha yiiksek bulunmustur. % 10 ¢igeklenme zamanindan sonra gecen sure ile birlikte NDF
oraninin ylikseldigi, otun kalitesinin azaldig1 belirlenmistir (Cizelge 12).

Bicim donemi x bi¢im zamani interaksiyonunda en yiiksek NDF orani 2. Bi¢im déneminde %
50 ¢igeklenme zamaninda (% 43.57), en diisiik NDF orani ise 3. bicimde % 10 ¢igeklenme zamaninda
(% 38.77) belirlenmistir. Ikinci bicimden sonra bitkilerin 3. bicim déneminde yagislarin bu donemde
yasanmasi ve sicakligin uygun olmast NDF oranimi diisiirmiis ve daha kaliteli ot elde edilmistir
(Cizelge 12).

Aragtirmada kullanilan yonca ¢esitlerinin aragtirmanin ikinci yilinda (2017-2018) NDF (%)
oranlarina ait ortalama degerler ve 6nemlilik gruplar1 Cizelge 13’te verilmistir.

2017-2018 yetistirme doneminde NDF oranlar1 bigim zamani bakimindan incelendiginde;
bicim zamani geciktikce Ornegin %10 c¢iceklenme zamaninda 9%38.95 iken, %50 ciceklenme
zamaninda %47.42’ye ylikselmis ve otun kalitesi olumsuz yonde etkilenmistir (Cizelge 13).

Otun NDF orani bi¢im doéneminde yasanan gecikmeye bagli olarak yiikselmekte ve yonca
otunun kalitesini olumsuz etkilemektedir. (Redfearn ve Zhang, 2011; Kazemi ve ark., 2012). NDF
orani hiicre duvarinin ne kadarmin sindirilebilecegini belirleyen kalite indikatoriidiir (Marsalis ve ark.,
2009). NDF’yi olusturan seliiloz, hemiselilloz ve ligninin ruminantlar tarafindan sindirimi oldukga
zordur (Mertens, 2011).

Cizelge 13. Farkli donemlerde bigilen yonca cesitlerinin NDF (%) oranlart ve 6nemlilik gruplart
(2017-2018)

Bicim donemi

Cesitler 1. Bicim
%10 Ciceklenme %50 Ciceklenme Ortalama

Gozlu-1 38.97 49.27 44.12
Bilensoy-80 40.26 46.85 43.55
Prosementi 40.14 47.48 43.81
Plato 37.73 47.31 42.52
Verko 37.67 46.18 41.92
Ortalama 38.95b 47.42a

LSD: bigim dénemi: 1.941**,
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Arastirmamizdan elde edilen NDF oranlari; Probst (2008)’un farkli bi¢im araliklari ile (25, 30,
35 ve 40 gilin) yaptig1 arastirmadan elde ettigi sonuglar (sirasi ile %37.6, 38.0, 38.0 ve 39.3), %10
ciceklenme zamaninda elde ettigimiz bulgularla uygunluk gosterirken, %50 cigeklenme zamaninda
bigilen yoncalarin NDF oranlar1 sonuglarimizdan diisiik bulunmustur. Benzer konuda Ankara
kosullarinda yiiriitillen arastirmada Mutlu (2019)’nun % 10 ciceklenme (% 48.3) ve tam ciceklenme
doneminde (%50.8) bigtigi yoncanin NDF oran1 bizim bulgularimizdan yiiksek bulunmustur.
Calismamizda % 10 ¢giceklenme doneminde bigilen yonca otunun, %50 ¢igceklenme zamaninda yapilan
bigime gore daha kaliteli oldugu literatiir bildirigleri ile desteklenmektedir (Redfearn ve Zhang, 2011;
Kazemi ve ark., 2012).

Onceki galigmalarm degerlendirilmesi ile ortaya gikan farklihigm arastirmalarmn yiiriitildigi
lokasyonlardaki iklim ve toprak kosullarindaki farkliliktan kaynaklandigi soylenebilir.

3.3.3 ADF orani (%)

ADF orani, asit deterjan lif, bitki hiicre duvarinda yer alan ve asit deterjan sollisyonlarda
cozlinmeyen selilloz, lignin, kiitin ve silikadan olusan kaba yemin sindirilme 6zelligi ve net enerji
degerinin belirlenmesine yardimci olan lifli maddeler olarak tanimlanmaktadir. Kalitenin belirlendigi
bu degerlerin pratikte % 31’in altinda olmasi arzu edilmektedir (Redfearn ve Zhang, 2011; Kazemi ve
ark., 2012). Arastirmanin ilk yilinda yonca ¢esitlerinin kuru otunun ADF oranlarinin degerlendirilmesi
sonucunda elde edilen varyans analiz sonuglarina gore bigim zamanlar1 arasindaki fark istatistiki
yonden 6nemli bulunmustur. Cesitler arasi fark ile bigim donemleri arasindaki fark ise Onemsiz
bulunmustur (Cizelge 14).

Cizelge 14. Farkli donemlerde bigilen yonca gesitlerinin ADF (%) oranlart ve 6nemlilik gruplart
(2016-2017)

Bicim donemi

. 2.Bicim 3.Bicim . %10 . %50
Cesitler %10 %50 %10 %50 Ciceklenme  Cigeklenme Ort.
.G 7 ort. . 7 ort. ort. ort.
Ciceklenme  Cigeklenme Ciceklenme  Ciceklenme
Gozlu-1 41.97 41.96 41.97 40.21 44.38 42.29 41.09 43.17 42.13
Bilensoy-80 39.21 42.04 40.63 39.18 43.63 41.41 39.20 42.84 41.02
Prosementi 40.14 38.33 39.24 40.44 43.31 41.88 40.29 40.82 40.56
Plato 38.55 42.95 40.75 40.06 42.56 41.31 39.30 42.75 41.03
Verko 40.94 42.44 41.69 40.83 43.06 41.94 40.80 42.75 41.82
Ortalama 40.16 41.54 40.86 40.14 43.39 41.77 40.15b 42.47a

LSD: bigim zamani: 2.010**.

Arastirmanin ikinci yilinda 1. bi¢im doneminde yapilan bi¢imlerde alman kuru otun ADF
oranlarinin degerlendirilmesi sonucunda elde edilen varyans analiz sonuglarina gore gesitler arasi fark
ile bicim zamanlar1 aras1 fark istatistiki yonden énemli bulunmustur.

Aragtirmanin ikinci yilinda (2017-2018) ise ADF (%) degerleri ve 6nemlilik gruplarn Cizelge
15°te verilmistir.

2017-2018 yetistirme doneminde c¢esitlerin ADF igerikleri bakimindan yapilan
degerlendirmede, en yiiksek ADF oran1 Gozli-1 ¢esidinde (%42.41), en diisiik ise (% 40.76 ) ise
Verko ¢esidinde belirlenmistir (Cizelge 15).

Yoncada iki farkli donemde yapilan bigcimlerde % 10 cigeklenmede yapilan bi¢imin % 50
ciceklenme zamaninda yapilan bigcime gore daha kaliteli ot irettigi saptanmistir. Bulgularimiz
Doohong (2016) (%21.5-35.2) ve Probst (2008) (%25-28.2)' un bulgularindan yiiksek, Mutlu (2019)
(%47.1-%50.8)’nun sonuglarindan diisitk bulunmustur.
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Cizelge 15. Farkli donemlerde bigilen yonca gesitlerinin ADF (%) degerleri ve 6nemlilik gruplart
(2017-2018)

Bicim donemi
Cesitler 1. Bicim
%10 Ciceklenme %50 Cigeklenme Ort.

Gozlu-1 40.74 44.08 42.41a
Bilensoy-80 39.17 43.18 41.18bc
Prosementi 39.34 42.61 40.98bc
Plato 39.45 44.17 41.81ab
Verko 39.31 42.21 40.76¢
Ortalama 39.60b 43.25a 41.43

LSD: bigim zamant: 0.580**, gesit: 0.964**.

Yapilan degerlendirmede Mutlu (2019)’nun elde ettigi otun ADF igeriginin bizim
bulgularimizdan yiiksek oldugu saptanmistir. Cesit diizeyinde 6nemli bulunan ADF igeriginin sahip
olduklar1 genetik yapidan kaynaklanmaktadir (Kati¢ ve ark., 2009). ADF oran1 bakimindan 6nceki
caligmalara gore belirlenen farkliligin arastirmalarin yiiriitiildiigii ekolojik kosullarin farkli olmasindan
kaynaklanabilir.

3.4.3 Nispi yem degeri (%0):

Nispi yem degeri yonca otunun kalitesini belirleyen 6nemli kriterler arasinda yer almaktadir.
Arastirmanin ilk yilinda yonca gesitlerinin kuru otunun nispi yem degerinin belirlenmesi sonucunda
elde edilen varyans analiz sonuglarina gore bi¢im dénemleri arasindaki fark istatistiki yonden 6nemli
bulunmustur (Cizelge 16).

Yonca gesitlerinin arastirmanin ilk yilinda 2. ve 3. bigimde iki farkli donemde yapilan
bicimlerde elde edilen 6rneklerin nispi yem degerleri ve 6nemlilik gruplari Cizelge 16’da verilmistir.

2016-2017 yetistirme doneminde nispi yem degerlerine ait aragtirma sonuglari bigim donemi
acisindan incelendiginde; 3. bicimin (129.63), 2. bigimden (122.57) daha yiiksek oldugu belirlenmistir
(Cizelge 16).

Cizelge 16. Farkli donemlerde bigilen yonca gesitlerinin nispi yem degerleri (%) ve 6nemlilik gruplar
(2016-2017)

Bicim donemi

— — %10 %50
. 2.Bicim 3.Bicim . .
Cesitler %10 %50 o %10 %50 o Ql(;e(l)(ifnme Clgeg:fnme Ort.
Ciceklenme  Ciceklenme ) Ciceklenme  Ciceklenme ' ) )
Gozlu-1 119.31 120.15 119.73 123.06 134.57 128.81 121.18 127.36 124.27
Bilensoy-80 125.01 120.28 122.65 123.06 128.14 125.60 124.04 124.21 124.12
Prosementi 123.71 132.98 128.35 125.47 133.81 129.64 124.59 133.39 128.99
Plato 125.66 118.58 122.12 132.95 134.92 133.93 129.30 126.75 128.03
Verko 121.28 118.73 120.01 128.25 132.11 130.18 124.77 125.42 125.09
Ortalama 122.99 122.14 122.57b 126.56 132.71 129.63a 124.78 127.43 126.10

LSD: bigim dénemi: 5.635**.

Gizelge 17. Farkli donemlerde bigilen yonca gesitlerinin nispi yem degerleri (%) ve 6nemlilik gruplart
(2017-2018)

Bicim donemi
Cesitler 1. Bicim
%10 Cigeklenme %50 Cigeklenme Ort.

Gozlu-1 136.63 103.29 119.96
Bilensoy-80 135.06 110.10 122.58
Prosementi 135.01 109.17 122.09
Plato 143.49 108.13 125.81
Verko 143.95 112.92 128.44
Ortalama 138.83a 108.72b 123.78

LSD: bigim zaman1: 4.421**,
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Arastirmanin ikinci yilinda gesitlerin nispi yem degerlerine iliskin varyans analiz sonuglarina
gOre bicim bigim zamanlar1 arasindaki fark istatistiki yonden 6nemli bulunurken, gesitler aras1 fark
onemsiz bulunmustur (Cizelge 16).

Arastirmanin ikinci yilinda (2017-2018) ise NYD degerleri ve onemlilik gruplar Cizelge
17'de verilmistir.

2017-2018 yetistirme doneminde NYD igerikleri bigim zamani1 bakimindan incelendiginde; %
50 ¢iceklenme doneminde bigilen otun nispi yem degeri (108.72), ge¢ bicim nedeni ile % 10
ciceklenme donemine gore (138.83) daha diisiikk bulunmustur (Cizelge 17).

Elde edilen bulgular daha 6nce ayni konuda ¢alismalari bulunan arastirmacilarin bulgulari ile
karsilagtirildiginda; Doohong (2016) (125-195)’nin bulgularina yakin, Probst (2008) (159.1-172.2) ve
Mutlu (2019) (147.2-162.5)’nun bulgularindan diisiik bulunmustur.

Farkliligin materyal olarak kullanilan gesitlerden ve sulu kosullarda yiiriitiilen arastirmada
yoncanin daha iyi gelismesi ve daha kaliteli ot iiretiminden kaynaklanabilir.

4. Tartisma ve Sonug¢

Tekirdag ekolojik kosullarinda 2016-2017 ve 2017-2018 doéneminde ydritilen ve Goézli-1,
Bilensoy-80, Prosementi, Verko, Plato ¢esitlerinin materyal olarak kullanildig1 aragtirmada; en yliksek
yesil ot verimi ilk yil 4188.98 kg/da ile Gozli-1 ¢esidinde ikinci yil ise 2955.87 kg/da ile Verko
¢esidinde belirlenmistir. Bigcim doénemleri dikkate alindiginda iki yilin ortalamasi olarak % 50
ciceklenme donemi (4274.54 kg/da), % 10 ciceklenme donemine gore (3274.40 kg/da) daha fazla yesil
ot verimine sahip olmustur. Yine iki yillik ortalama degerlere gore; en yiiksek yesil ot verimi %50
ciceklenme doneminde Gozli-1 ¢esidi (4924.20 kg/da) ile onu izleyen Verko ¢esidinde (4534.00
kg/da) belirlenmistir. Iklim degisikliginin daha belirgin yasandigi donemde bitkisel iiretim kadar
hayvansal iiretimin de etkilenecegi gercegi kabul edilmelidir. Bu yonde yapilacak caligmalara yer
verilmesi, sonuglarinin da iiretici ile paylasilmasi 6nem arz etmektedir.

Tekirdag susuz kosullarinda yapilan arastirmada Gézli-1 ve Verko ¢esidinin % 50 ¢iceklenme
zamaninda bigilerek en yiiksek ot veriminin alindigi saptanmustir. Ancak arzu edildigi takdirde nispi
yem degeri yiiksek ot tiretimi i¢in Verko ve Gozli gesitlerinin % 10 ¢gigeklenme doneminde bigilmesi
mimkindur. Kaliteli yonca otunun eldesi igin kirag kosullarda daha fazla ¢esidin yer aldigi benzer
caligmalarin yapilmasinin énemli oldugu gériisiindeyiz.
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Oz: Bu calisma, Eskisehir Gegit Kusagi Tarimsal Arastirma Enstitiisi
arazisinde 2017-2019 yillar arasinda yuritilmistiir. Caligmada, Hat 30, Mesut,
Nacibey ve Reis kislik ekmeklik bugday ¢esitlerinin kuru kosullar altinda azot
glibrelemesine verdikleri tepkiler, spektral yansimaya dayali bitki Ortiisii
indeksleri ve bu indekslerden hesaplanan Mevsimsel Verim Tahminleri ile
karsilastirilmistir. Ortii indekslerinin dl¢iilmesinde Optik sensér (Green Seeker)
kullanilmistir. Denemede Tesadiif Bloklarinda Faktoriyel Deneme Deseni ve 6
farkli 0, 30, 60, 90, 120 ve 150 kg/ha azot dozu kullamlmustir. Vejetasyon
indeksleri (NDVI) Zadoks24, Zadoks30, Zadoks31l ve Zadoks32 blyime
dbénemlerinde okunmustur. Zadoks30 (sapa kalkma dénemi) en gercekci okuma
donemi olarak bulunmustur. 3 deneme ortalamasina gére yeni sistemin, ilkbahar
(Zadoks30) donemi uygulamalarinda 15 kg/ha daha az azot ile benzer verim
degerleri sagladigi ve timit verici oldugunu goriilmiistiir. Sensor uygulamasinin
¢iftci uygulamasindan % 5 daha etkin oldugu belirlenmistir.
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Abstract: This study was conducted at Transitional Zone Agricultural Research
Institute in Eskisehir, in 2017-2019 growing seasons. In the study, responses of
four winter wheat cultivars (Hat30, Mesut, Nacibey and Reis) to nitrogen
fertilization under rainfed conditions were compared with vegetation indices
based on spectral reflection and In- Season Estimates of Yield calculated from
these indices. Optical -held sensor (Green Seeker) was used for this purpose.
The experimental layout were used 0, 30, 60, 90, 120 and 150 kg N/ha nitrogen
rates 2 factor factorial in randomized complete block design in the experiment.
Vegetation indices (NDVI) were obtained at growth stages Zadoks24,
Zadoks30, Zadoks31 and Zadoks32. Zadoks30 (stem elongation) was found to
be the most realistic reading time. Based on the average of 3 experiment fields,
the new system resulted in the similar yields with that of 15 kg/ha less nitrogen
in the spring (Zadoks30) season, promising to be input saving and profitable.
The sensor application was found to be 5% more effective than that of farmer
application.
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1. Giris

Son yillarda farkh bitki tiirlerinde sensorler yardimiyla gelistirilen kalibrasyon denklemleriyle
azotlu giibre tavsiye sistemleri kullanilmaya baslanmigtir (Franzen ve ark., 2016). En uygun azotlu
giibre tavsiyeleri belirlenirken hedeflenen verim ve c¢iftgilerin ge¢mis tecriibeleri 6nemli rol
oynamaktadir(Westfall ve ark., 1996). Optik sensor ile ayni verim seviyelerinde daha az azot
kullanilarak ekonomik bir girdi saglarmirken aymi zamanda cevreye verilen zararda 6nemli Slclide
azaltilabilmektedir. Beklenen verimler iklimin durumuna gore, tarladan tarlaya ve yildan yila farklilik
gosterebilmektedir. Biiylime mevsimin baglarinda giibre uygulamasindan 6nce verimin ve azota
tepkilerin tahmin edilmesi zordur. Bu nedenle azot (N) eksikliklerini tespit etmek ve mevsim ici gibre
tavsiyelerini belirlemek amaciyla optik sensorlerin kullanimi artmistir (Jacop ve ark., 2018). Bu
amagla INSEY (In-Season Estimated Yield = Mevsim I¢i Verim Tahmini) degerleri ile verim
arasindaki iligkiyi gosteren kalibrasyon egrileri olusturulmakta ve daha sonra, ¢iftci tarlalarinda
yapilacak tavsiyelerin hesaplanmasinda bu denklemlerden yararlanilmaktadir. Her bdlge icin
gelistirilen kalibrasyon denklemleri ¢iftgi tarlalarinda olusturulan zengin seritler (azotga
zenginlestirilmis) ile test edilmelidir.

Klorofil, bitkilerin yesil renginden sorumlu pigmenttir ve fotosentezdeki 15181 yakalayan ve
bitkide enerji Uretimini belirleyen temel unsurdur (Araus ve ark., 1997). Optik sensorlerin
kullanilmasinda temel prensip bugdayda fazla veya yetersiz azotlu giibrelemede goriilen yesil renkteki
klorofildeki degisimlere dayanmaktadir. Azot eksikligi, yaprak klorofil konsantrasyonlarinda
azalmaya neden olmakta (Pefiuelas ve ark., 1993) ve Filella ve ark., 1995) yakin-kizilGtesi
yansimadaki azalmalarsa yaprak alan indeksi ve yesil biyolojik kiitledeki azalmalar1 gostermektedir
(Jensen ve ark., 1990). Bitkilerin spektrumun kirmizi ve yakin-kizilotesi (near-infrared) bdlgelerinde
(farkli nanometre okumalarinda) verdikleri yansima degerleri karsilastirilarak gelisme durumunu
gosteren vejetasyon indeksleri elde etmeye dayanan optik sensorle azotlu giibre tavsiye sistemlerinde
en yaygin olarak kullamilan Normalize Edilmis Vejetasyon indeks Farki (NDVI) ve basit oran Simple
Ratio (SR) olmaktadir (Aparicio ve ark., 2002). Yapilan ¢alismalar kislik bugdayda optik sensor
yansimalarinin toplam bitki kiitlesi (biyomas) ile yiiksek korelasyon verdigi (Stone ve ark., 1996),
sapa kalkma baslangicinda sensdr yansima degerleri aracilifiyla verim potansiyelinin
belirlenebilecegini gostermistir (Raun ve ark., 2002). Savashi ve ark., tarafindan 2018 yilinda
yiritilen optik sensor calismalarinda da erken donem (ekim+kardeslenme donemi) azot
uygulamalarin verim iizerine etkili oldugu bildirilmistir. Bijay-Singh ve ark. (2013) ekimle ve iki
kardes doneminde azotlu giibre iki esit donemde 3 kg N/da olarak verildiginde ve maksimum
kardeslenme donemi dncesinde SPAD ve NDVI okumalari yapilarak elde edilen 0.005-0.011 INSEY
degerleri arasinda iken uygulanan azot ile maksimum verim artis1 saglandigi belirtilmistir. YUr(tilen
bagska ¢alismalarda da klorofil konsantrasyonlarin belirlenmesinde SPAD-502 ve RGB goriintii isleme
tekniklerin kullanilabilecegi ifade edilmistir (Odabas1 ve ark., 2015).

Bu caligmada, son yillarda kullanimi yayginlagan optik sensorler kullanilarak ekmeklik
bugdayda kuru kosullar altinda en yiksek tane verimini hedefleyen optimal azot tavsiyesi igin
gelistirilen kalibrasyon denklemleri ve elde edilen sonuglar degerlendirilmistir.

2. Materyal ve Yontem

Denemede, kuru kosullar i¢in son yillarda gelistirilen Reis, Mesut, Nacibey ¢esitleri ve ileri
kademe timitvar Hat30 kullanilmistir. “Tesadif Bloklarinda Faktoriyel Deneme Deseni” nde yiritilen
denemede 0, 3, 6, 9, 12 ve 15 kg N/da azot seviyeleri karsilastirilmistir. Kardeslenme donemi (Zadoks
24), sapa kalkma baslangici (Zadoks30), sapa kalkma 1. bogumlu dénem (Zadoks31) ve sapa kalkma
2 .bogumlu dénem (Zadoks32) olmak iizere 4 farkli donemde vejetasyon indeksi (NDVI) okumalart
yapilmistir (Zadoks,1974). Oklahoma Eyalet Universitesi uyguladigi yontem ile azotun tamami ekimle
birlikte verilmistir (Raun ve ark., 2002).Bunun gerekgesi, azotlu giibrenin uygulanmasi sonrasinda
bitki tarafindan alinip klorofil oranlari tizerinde etkisini gostermesi igin gereken sire ortalama 4-5
hafta olarak ifade edilmektedir. Boylece kalibrasyonu olusturacak azot dozlarmin tamamini ekimle
birlikte uygulayarak, NDVI okumalarinda beklenen Kkarsiliklarin olusmamasi ihtimalini ortadan
kaldirmaktir. Bu amagla azotlu giibre dozlarmin tamami ekimle birlikte uygulanmistir. Yukarida
belirtilen nedenlerle, bu uygulama (ekim ile birlikte azotun tamami) kalibrasyon denklemi olusturma
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amaci ile kullanilmakta olup hicbir kosul altinda ciftgiye tavsiye edilecek bir yontem olarak
distiniilmemistir.

2.1. Optik sensor ile bitki indekslerinin élgtlmesi

Optik sensor Olgim cihazlar1 (GreenSeeker, Ntech Handheld505) ile normalize edilmis
vejetasyon indeks farki (NDVI) 6lcimu yapilmistir (Sekil 1). Sistem, spektral yansima prensibine gore
calismakta olup, bu degerleri degisik dalga boylarindaki yansimalar iizerinden hesaplamaktadir
(Penuelas ve ark., 1993). Optik sensoér okumalar1 bitki oOrtiisiinden 80 ¢m mesafeden Sl¢tilmiistiir.
Cihazin 6l¢iim isleminde kullandig: Esitlik,1'de gosterilmistir.

NDVI = (R NnR—R RED) / (R nrR+ R RED) (Raun etal. 2002)
NDVI=(Rgoo—Reg0)/(Rooo*Reso) 1)

(Raun ve ark.,2002) bu denklemde, Rnr Ve Rgep, sirasiyla yakin kizilotesi ve kirmizi 1sik
bolgelerindeki yansimalar1 gdstermektedir. Iki deger arasindaki farkin, iki degerin toplamina bdliimii
ise sensor tarafindan hesaplanip NDVI olarak verilmektedir.

RONTROL KUTUSU Ll
" handheld crop sensor
BATARYA
& Trimble)
Released, 8/6/2012 —

190,000 Mg of N consumed each year in t
: far cereal producti

- - uction
FACT: 2006 increass in NUE is worth >526,863.7d1,

Sekil 1. NTech, GreenSeeker Model505, spektrometre ve kigik el tipi optik sensor.

4 donemde indeks degerlerinden hesaplanan vejetasyon indeksine dayali Karsilik indeksi
degerlerinin, hasatta verim agisindan elde olunan gercek karsilik indeksleriyle arasinda korelasyon
caligmasi yapilmis ve okuma tarihleri i¢in hesaplanan INSEY degerleriyle hasatta elde olunan gergek
verim degerleri arasindaki iliskiden regresyon analizi sonucu kalibrasyon denklemleri hesaplanmistir.
Mevsim i¢i yansimalari kullanilarak, okuma aninda azotca zengin seridin NDVI degeri kontrol
parsellerinin NDVI degerine bdliinerek elde olunan deger de NDVI karsilik indeksi (RInpvi) olarak
tanimlanmistir ve bu iki indeks degeri arasinda yiiksek diizeyde korelasyon bulundugu belirtilmektedir
(Mullen ve ark.,2003). Buna gore, en yiksek dozda glbrelenen parsellerin verim degeri, diger
parsellerin verim degerlerine boliinerek elde olunan RI degerleri kalibrasyon denklemlerinin ¢iftgi
tarlalarindaki uygulamalarinda kullanilmisgtir:

RI Verimzverim (uygulama)/ Verim (kontrol) (2)

Okumalarin yapildig1 Zadoks skalasina gore tarif edilen gelisme donemlerinin se¢iminde, bu
konuda en yaygin arastirmalar1 yapmis ve yapmakta olan, Oklahoma Universitesi uygulamalar1 ve
tavsiyeleri g6z oOnunde bulundurulmustur (Raun ve ark.,2002). Bu donemlerde yapilan NDVI
okumalarinda elde olunan NDVI degerleri, ekimden itibaren gegen ve bugdayin gelisebilecegi bir baz
degerinin (+4.4°C) Uzerindeki giin sayisina boliinerek INSEY degerleri bulunmustur (Raun ve
ark.,2002).
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Cizelge 1. Enstitiide 6lgiilen yagis miktarlari (2016-2019)

YIL N Toplam
< s |g & | (mm
+ 2] = -
s £ £ % % |2 |s |§ |82 § E @Z
= < g 3 s @ 3 3 5 B
i w M < o 7 = =z = T [ <

Uzun yil 144 | 270 | 292 | 451 | 387 | 325 | 334 | 350 | 448 | 306 | 14.0 7.8 352.4

2016-17 29.0 7.3 278 | 27.8 | 39.8 4.5 248 | 668 | 958 | 37.9 6.2 43.9 374

2017-18 0.5 48.4 | 28,6 | 418 29 416 | 411 9.5 925 | 738 | 60.1 | 146 482

2018-19 1.0 103 | 203 | 459 | 60.2 | 50.1 | 134 | 26.7 | 422 | 457 | 335 2.4 352

Cizelge 2. Deneme yerlerinden alinan topraklarin kimyasal 6zellikleri (0-30cm)

2017 2018 2019
Toprak dzellikleri Birimi ENSTITU ENSTITU ENSTITU

*Tekstlr Simf C C C
pH (1:2.5.Toprak:Su) 7.52 7.36 7.6
EC (Tuz) (1:5,Toprak:Su) (uS/cm) 140 130 168
CaCOs (Kireg) (%) 9.6 135 9.2
Organik Madde (%) 1.1 1.31 2.08
Fosfor (P) mg/kg 32.1 8.39 20.6
Potasyum (K) mg/kg 666.7 365.4 1043
Fenoldistlfonik Asit Metodu (NOs)  mg/kg 3.3 2.29 4.7

* C = Killi (Clay) 2017 YILI YKN1, 2018 YILI YKN2 VE 2019 YILI YKNS3.

Cizelge 1'den de goriildiigii gibi 2017-18 yilinda en yiiksek yagis alinirken en disiik yagis
ortalamas1 2018-2019 yilinda olmustur. 2018-2019 yilinda sonbahar yagislar1 diisiik olmasi ¢ikislarin
gecikmesine neden olmustur. Cizelge 2’de goriildiigii gibi deneme alanlarmin toprak nitrat azotu
diizeyleri diisiiktiir. Deneme yerleri segilmeden oOnce Ornek alinan tarlalardan bu o6zellikleriyle
secilmiglerdir. Deneme yeri topraklarmin ince (killi) biinyeye ve disiik (%1-2) duzeyde organik
madde igerigine sahip oldugu da goriilmektedir. Ayrica deneme yeri topraklar orta (%5-15) ve fazla
(%15-25) kirecli, hafif alkalin reaksiyonlu, diisiik tuzlu veya tuzsuzdur. Toprak analizleri 6rnekleri
kurutulmadan araziden alindigi nemde Bremner (1965) tarafindan Gnerilen yontemle NOs azotu
analizleri yapilmistir. Bu 6rneklerde elde olunan analiz sonuglarindan, deneme kurulan alanlara ait
veriler Cizelge 2’de verilmistir. Kuru kosullarda metrekarede 500 tohum sikliginda ekilmistir.
Denemeler parsel mibzeri (Wintersteiger) ile sira arasi 20 cm ve 6 sira olarak ekilmistir. Parsel alani
ekimde 1.2x7=8.4 metrekaredir ve parsel alaninin 1.2x5=6.0 metrekaresi parsel bicerdéveriyle (Hege-
Wintersteiger) hasat edilmistir.

Her ne kadar calismada cesitlerin kendi kalibrasyon denklemleri kullanilmigsa da bolgede
ekilen ¢esit sayisinin kalibrasyon ¢alismasinda kullanilan 4 gesitten ¢ok daha fazla olmasi ve her bir
cesit icin ayn kalibrasyon denemesi kurmanin zorlugu ve giinlimiizde sayilar1 giderek artan cesit
sayilar1 nedeni ile bu ¢alismanin diginda yer alan gesitlerin ekildigi tarlalarda yurtdisinda oldugu gibi
gesitlerin  ortalamasi iizerinden elde olunan kalibrasyon denklemlerinin kullanilabilecegi
anlasilmaktadir) (Raun ve ark., 2005). Cunki verim potansiyelinden kaynaklanan, azot etkilerinin
verime yansima diizeyi arasindaki farkliliklar zaten bu yontem tarafindan goriilmekte ve hesaba
katilmaktadir. Ayrica mevsim iginde elde olunan okumalarla tahmin edilen biyolojik kiitleye iliskin
degeri dogrudan kullanmaya oranla, bu biyolojik kiitlenin ekimden itibaren birim zamandaki
gelismesini gosteren INSEY kavrammin verim potansiyelini tahmin etmekte daha etkili oldugu
bilinmektedir (Raun ve ark., 2002; Mullen ve ark., 2003).

Bu denemenin amaci, hasatta alinan verim karsiliklarinin mevsim igi spektral yansima
okumalar1 ve bunlardan elde olunan vejetasyon indeksi degerleriyle hangi 6l¢iide uyumlu oldugunu
belirlemek ve ilkbahar donemi uygulanacak azot miktarimin tavsiye edilecegi denklemler elde
etmektir. Demonstrasyon denemeleri: Azotlu glibre tavsiyesinde 2015-2018 yillari arasinda TAGEM
destekli yiratilen TAGEM/TBAD/12/A12/P01/07-002" nolu ve TAGEM/TBAD/16/A12/P01/004’
nolu Eskisehir kosullarinda azotlu giibre kalibrasyonu isimli TAGEM proje sonuglarindan elde edilen
kalibrasyon denklemleri kullanilarak azotlu giibre tavsiyeleri yapilmistir. Sensér uygulamasia dayali
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ve ¢iftci uygulamasiyla karsilastirmali olarak azot¢a zengin serit olusturularak demonstrasyon
calismalar yiiriitilmistiir.

Demonstrasyon c¢alismasinda 3 adet 3*7=21m?lik alana ekimle birlikte dekara 20 kg
diamonyum fosfat giibre (3.6 kgN/da) uygulamasi yapilmistir. Zengin serit olarak belirlenen ortadaki
parsellere ilave olarak dekara 25 kg/da lre (11.4 kgN/da) glbresi ilave edilerek geleneksel ciftci
uygulamasinda oldugu gibi tiim parsellerin ekimi deneme mibzeri ile yapilmistir. (Sekil 4). EKim
oncesinde 15 kg N/da azotga zenginlestirilmis 21 m? lik azot¢a noksan olmayan bir zengin serit
olusturulmustur. Zadoks30 (sapa kalkma) déoneminde zengin serit ve ¢iftgi uygulama kismindan NDVI
okumasi yapilmistir.

2.2. Verilerin analizi

Verilerin istatistiksel analizi JMP istatistik programi (JMP, SAS Institute, Cary, NC)
araciligiyla ile yapilmistir. Bagimsiz degiskeni (INSEY) ve Bagimli degisken ise verim olan her
caligmada yapilmasi gerektigi gibi, regresyon analizlerine bagvurulmustur. Arastirmadan elde edilen
verilerin varyans analizleri yapilarak istatistiksel 6Gnemde bulunan uygulamalara ait ortalama degerler
Duncan ¢oklu karsilagtirma testi ile gruplanmustir (Diizgiines ve ark., 1987).

3. Bulgular
3.1.Tane verimi

Kuru kosullarda 4 bugday ¢esitlerinin farkli azotlu giibre uygulamalarinda, verim ve bitkinin
farkli Zadoks 24, 30, 31 ve 32 gelisme donemlerinde verdikleri NDVI degerlerine ait varyans analiz
sonuglar1 (kareler ortalamalari) Cizelge 3’de verilmistir. Denemede elde edilen verim sonuglari
Cizelge 4’de verilmistir. Cizelge 4. incelendiginde, yillar agisinda en yiiksek verim 699 kg/daile 2018
yilinda alinirken 2017 yilinda 647 kg/da ve 2019 yilinda 278 kg/da ile en diisiik verim elde edilmistir.
2019 yilinda sonbahar yagislarin ge¢ gelmesi ve ¢ikislarin gecikmesi verim diistisiine neden olmustur.
Azotlu giibrelemeye karsilik agisindan tane verimleri degerlendirildiginde 3 deneme ortalamasina gore
en diigiikk verim 475 kg/da ile kontrolde olurken artan azot dozlan ile tane verimi istatistiki olarak
onemli artig olmus, en yiiksek 584 kg/da ile 15 kg N/da seviyesinde ger¢eklesmistir.

Cizelge 3. Kuru kosullarda 4 bugday ¢esidinin farkli azotlu giibre uygulamalarinda, verim ve Zadoks
24, 30, 31 ve 32 donemlerinde okunan NDVI degerlerine iliskin kareler ortalamalari ve
istatistiksel dnemlilikleri

Verim Kareler ortalamasi

Varyansyon kaynagi SD YKN1 YKN2 YKN3
Cesit (C) 3 294819** 145302** 248903**
Azot (N) 5 93988* 83474** 330889**
C*N 15 183554 148097** 73511*
Hata 66 509840 228382 168709
DK (%) 4.5 6.9 135
Kareler ortalamasi
Varyansyon kaynagi SD Verim NDVI ZzD24 NDVI ZD30 NDVI ZD31 NDVI ZD32
YIL (Y) 2 5041513** 0.997365** 4.371476** 0.632711** 0.291292*
Cesit () 3 216883** 0.005744 0.057043** 0.021462** 0.006799*
Azot (N) 5 77926** 0.140872** 0.096366** 0.105522** 0.080936**
Y*C 6 6397 0.012808** 0.032837** 0.009471** 0.004301
Y*N 10 11872** 0.066203 ** 0.038928** 0.048391** 0.031257**
C*N 15 15147** 0.006765 ** 0.003671 0.002757 0.002527
Y*C*N 30 177952 0.001772 0.002391 0.002940 0.003615*
Hata 199 906931 0.002434 0.002219 0.001983 0.002147
DK (%) 125 8.4 7.7 6.3 6.2

*#* [statistiksel olarak %1 diizeyinde dnemlidir.* Istatistiksel olarak %35 diizeyinde énemlidir.
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Cizelge 4. Kuru kosullarda azotlu giibre dozlarinin yillara ve bugday cesitlerine gore tane
verimlerine etkisi

Tane Verimi (kg/da) (YKN1) (2016-17)

Azot Dozu HAT30 MESUT NACIBEY REIS Ortalama
(kgN/da)
0 622 587 546 604 590 b
3 627 599 702 561 622 ab
6 583 591 795 643 653 ab
9 702 573 804 623 675 a
12 664 639 759 596 665 a
15 702 579 809 613 676 a
Ortalama 650 B 594 C 736 A 607 BC 647
Tane Verimi (kg/da) (YKN2) (2017-18)
Azot Dozu HAT30 MESUT NACIBEY REIS Ortalama
(kgN/da)
0 649 650 600 674 643 c
3 686 678 720 643 682 bc
6 806 680 799 654 735 a
9 760 690 762 660 718 ab
12 695 623 846 664 707 ab
15 775 683 747 633 709 ab
Ortalama 729 A 667 B 746 A 654 B
Tane Verimi (kg/da) (YKN3) (2018-19)
Azot Dozu HAT30 MESUT NACIBEY REIS Ortalama
(kgN/da)
0 177 180 236 179 193 e
3 221 173 343 205 236 d
6 280 206 355 183 256 cd
9 329 281 305 228 286 c
12 362 256 437 274 332 b
15 418 337 441 278 368 a
Ortalama 298 B 239C 353 A 224 C
Tane Verimi (kg/da) 3 YIL (Birlestirilmis Varyans Analiz)
Azot Dozu (kgN/da) HAT30 MESUT NACIBEY REIS
0 483 472 460 486
3 511 483 588 470
6 556 492 650 493
9 597 514 624 503
12 574 506 681 511
15 631 533 666 508
Ortalama (CESIT) 559 b 500 ¢ 611a 495c¢c
Azot Dozu (kgN/da) 2017 2018 2019 Ortalama (Doz)
0 590 643 193 475d
3 622 682 236 513 ¢
6 653 735 256 548 b
9 675 718 286 560 ab
12 664 707 332 568 ab
15 676 709 368 584 a
Ortalama verim(YIL) 647 B 699 A 278 C 541

Ayni1 harfle gosterilen ortalamalar birbirinden farksizdir.

Ug yillik ortalamaya gore genotiplerden Nacibey (611 kg/da) en yiiksek verimi vermistir, onu
sirasiyla Hat30 (559 kg/da), Mesut (500 kg/da) ve Reis (495 kg/da) cesitleri izlemistir (Cizelge 4).
Denemelerin verim ortalamasi iizerinden cesitlerin karsilastirildigr Cizelge 4 incelendiginde ise,
cesitlerin azota verdikleri karsilik arasinda farkliliklar oldugu ve bunun dogrudan dogruya gesitlerin
verim diizeyleriyle alakali oldugu goriilmektedir. Nacibey RI verim yoniinden en yiiksek karsilik
verirken, en diigiikk RI verim Mesut ¢esidinde oldugu goriilmektedir (Sekil 2).
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Sekil 2.Kuru kosullarda azotlu giibre dozlarmin RI verim degerleri iizerine etkisi (3 yil, 4 Genotip)
RIVERIM.

3.2. NDVI degerlendirmeleri

Zadoks24, Zadoks30, Zadoks3l ve Zadoks32 elde olunan NDVI degerleri Cizelge 5’de
verilmigtir. Cizelge 5’e bakildiginda 3 yil ortalamalar1 degerlendirildiginde dikkati ilk ¢ceken, NDVI
okuma donemleri arasindaki gelisme farkliliginin NDVI degerlerine yansimasi olmaktadir. En diistik
NDVI degerleri sirastyla 0.584 NDVI degeri Zadoks24, onu sirastyla 0.608 NDVI Zadoks30 dénemi,
0.711 NDVI degeri Zadoks31 déneminde ve en yiksek Zadoks32 dénemindeki okumalarda ise 0.750
NDVI degeridir. Genotipler degerlendirildiginde en yiiksek Mesut (0.684 NDVI), onu sirasiyla Reis
(0.664 NDVI) takip etmis, Nacibey (0.654 NDVI) ve en diisiik NDVI degerini Hat30 (0.652 NDVI)
genotipinden oldugu goriilmistiir (Cizelge 5). Sonugta, 3 denemede ve 4 farkli gelisme doneminde
artan azot dozu ile birlikte NDVI degerlerinde artis oldugu Cizelge 5'de goériilmektedir. ABD’ de
yapilan bir arastirma sonucunda da, 0.25” in altindaki NDVI degerlerinin toprak yiizeyinin tam olarak
kapanmamis oldugu anlamina geldigi, 0.25 ile 0.57 arasinda azot ilavesinin yarar saglayacagi, 0.73
degerinin ise ilave azottan yarar saglanabilecek son diizey oldugu rapor edilmistir (Raun ve ark.,
2005).

Cizelge 5. Hat 30, Mesut, Nacibey ve Reis bugday ¢esitlerinin farkli azotlu giibre uygulamalarinda,
Zadoks 24,30,31 ve 32 donemlerinde verdikleri NDVI degerleri (3 yillik ortalamalar)

ZADOKS Ddnemler HAT30 MESUT NACIBEY REIS Ort.
NDVI ZD24 0.577b 0.588 ab 0.577b 0.595 a 0.584
NDVI ZD30 0.582 ¢ 0.647 a 0.592 ¢ 0.610b 0.608
NDVI ZD31 0.699 b 0.736 a 0.701b 0.709 b 0.711
NDVI ZD32 0.748 b 0.764 a 0.745 b 0.742 b 0.750

ORTALAMA 0.652 0.684 0.654 0.664

Azot Dozu (kgN/da) NDVI ZD24 NDVI ZD30 NDVI ZD31 NDVI ZD32 Ort.

0 0.505 e 0.543 e 0.640 e 0.685 ¢ 0.593
3 0.549d 0.570d 0.675d 0.720d 0.628
6 0.579 ¢ 0.604 c 0.709 c 0.753 ¢ 0.661
9 0.611b 0.637Db 0.734 b 0.765 bc 0.687
12 0.617 b 0.636 b 0.743 b 0.778 b 0.694
15 0.644 a 0.661 a 0.766 a 0.797 a 0.717

ORTALAMA 0.584 0.608 0.711 0.750 0.663

Ayni harfle gosterilen ortalamalar birbirinden farksizdir.
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3.1. Insey degerleri ve kalibrasyon denklemleri

Azotlu giibrelemenin degisik Zadoks gelisme donemlerinde bugday cesitlerinin INSEY
degerlerine etkisi Cizelge 6’ da verilmistir.

Cizelge 6. Kuruda kalibrasyon denemesinde azotlu giibrelemenin degisik donemlerde INSEY

degerleri tizerine etkisi(3 yil).

Azot Dozu (kg N/da) HAT30 MESUT NACIBEY REIS Ortalama
0 0.00567 0.00609 0.00577 0.00620 0.00593

3 0.00610 0.00640 0.00631 0.00626 0.00627

6 0.00661 0.00671 0.00662 0.00642 0.00659

9 0.00678 0.00726 0.00648 0.00685 0.00684

12 0.00672 0.00709 0.00682 0.00697 0.00690

15 0.00700 0.00738 0.00709 0.00705 0.00713
ORTALAMA 0.00648 0.00682 0.00651 0.00663 0.00661

Azot Dozu (kg N/da) INSEY ZD 24 INSEY ZD 30 INSEY zD31 INSEY ZD32  Ortalama

0 0.00586 0.00567 0.00609 0.00611 0.00593

3 0.00633 0.00591 0.00642 0.00641 0.00627

6 0.00666 0.00627 0.00674 0.00670 0.00659

9 0.00698 0.00661 0.00696 0.00681 0.00684

12 0.00705 0.00659 0.00706 0.00691 0.00690

15 0.00732 0.00685 0.00727 0.00708 0.00713
ORTALAMA 0.00670 0.00632 0.00675 0.00667 0.00661

Raun ve ark., (2001) yiirtittiikleri bir calismada mevsim iginde elde olunan okumalarla tahmin
edilen biyolojik kiitleye iliskin degeri dogrudan kullanmaya oranla, bu biyolojik kiitlenin ekimden
itibaren birim zamandaki gelismesini gdsteren INSEY (In-Season Estimated Yield = Mevsim I¢i
Verim Tahmini) kavraminin verim potansiyelini tahmin etmekte daha etkili oldugunu belirlemislerdir.
INSEY degerlerinin bagimsiz, tane verimlerinin ise bagimli degisken olarak kullanildig1 regresyon
analizleri araciligiyla kalibrasyon denklemleri hesaplanmigtir. NDVI degerlerinin her deneme igin
sabit bir gilin sayisina boliinmesiyle bulundugu icin ayrica istatistik analiz yapilmasina gerek
kalmamis, bu nedenle her donem i¢in ayr1 ayri1 olmak iizere, INSEY degerleri 3 deneme ortalamasi
olarak Cizelge 6’da verilmistir. 3 denemenin verim ortalamalar kullanilarak hesaplanan kalibrasyon

denklemleri agagida verilmistir.

HAT 30

ZADOKS24:VERIM(kg/da)=13.8750+82156.21(INSEY)
ZADOKS30: VERIM(kg/da) =-228.90 +131113.09 (INSEY)
ZADOKS31:VERIM(kg/da) =-278.44 +126276.4 (INSEY)
ZADOKS32:VERIM(kg/da) =-524.46 +162763.1 (INSEY)

MESUT

ZADOKS24: VERIM(kg/da) =290.99 +30974.76(INSEY)
ZADOKS30:VERIM(kg/da) =232.93+39183.77(INSEY)
ZADOKS 31:VERIM(kg/da) =179.44+45649.18(INSEY)
ZADOKS 32:VERIM(kg/da) =62.09 +64243 .86(INSEY)

NACIBEY

ZADOKS24:VERIM(kg/da) =-518.73 +171160.97(INSEY)
ZADOKS30: VERIM (kg/da) =-399.65 +165553.08(INSEY)
ZADOKS31:VERIM(kg/da) =-537.24+173298.62(INSEY)

ZADOKS32:VERIM(kg/da) = -704.47 +199388.09(INSEY)

REIS

ZADOKS24:VERIM(kg/da) =240.51 +36795.93 (INSEY)
ZADOKS30:VERIM (kg/da) =259.39+36661.82 (INSEY)
ZADOKS31:VERIM (kg/da)=231.74+38610.63 (INSEY)
ZADOKS32: VERIM(kg/da)=-192.71 +45261.38(INSEY)

(R?=0.78**, n=6)
(R?=0.91**, n=6)
(R?=0.90**, n=6)
(R?=0.91**, n=6)

(R?=0.87*, n=6)

(R?=0.91**n=6)

(R?=0.88** n =6)

(R?=0.89**, n=6)

(R2=0.82*,n=6)

(R?=0.87** n=6)
(R?=0.89** n=6)
(R2=0.95**,n=6)

(R?=0.80** n=6)
(R2=0.78**n=6)
(R2=0.79**n=6)
(R?=0.85** n=6)
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TUM CESITLERIN ORTALAMASI UZERINDEN

ZADOKS24:VERIM(kg/da) = -16.342+83250.64(INSEY) (R?=0.988**,n=6 (3)
ZADOKS30:VERIM(kg/da)= -77.0084 +97906.5(INSEY) (R?=0.983**,n=6 (4)
ZADOKS31:VERIM (kg/da)= -150.44 +102440.6 (INSEY) (R?=0.993**,n=6 (5)
ZADOKS32:VERIM (kg/da)=-303.41 +126647.1(INSEY) (R?=0.993** n=6 (6)

*%65,**%]1 diizeyinde anlaml

Bu denklemlerde ilk dikkati ¢geken durum, biitiin ¢esitler ve donemler i¢in INSEY degerleriyle
verim arasinda dogrusal iliski bulunmus olmasidir. TUm deneme ve ¢esitler ortalamalari {izerinden
elde edilen denklemlerde goriildiigi gibi (3,4,5ve 6), denemelerin ve cesitlerin ortalamasi iizerinden
degerlendirildiginde, tiim okuma dénemleri 0,01 diizeyinde 6nemli determinasyon katsayilari elde
edilmistir. Ancak, tiim denemelerin ortalamasi iizerinden yapilan bu degerlendirmeye bakilirken, erken
gelismenin ¢ok zayif oldugu bazi tarlalarda Zadoks24 doneminde yapilan okumalar yaniltict sonuglar
verebilir. Sonug olarak, sapa kalkmadan sonra, tarlaya traktorle girmenin zorlugu ve tasidigi risk te
diistiniilerek Zadoks 3.0 (sapa kalkma baslangici) déneminin bu sistem icin kuruda da en uygun
okuma/giibre tavsiye donemi olduguna karar verilmistir. Yurt disinda da, NDVI degerinin 0.25 ve
altinda oldugu durumlarda verim tahminlerinin yaniltici olabilecegine dair bilgiler vardir (Raun ve
ark., 2005). Yurt disindaki c¢alismalarda ise genellikle Usli transformasyon denklemleri
kullanilmaktadir (Ji ve ark., 2017;Teal ve ark., 2006). Bizim degerlerimizle yaptigimiz ¢alismada da
islii transformasyonlar denenmis ancak dogrusal regresyona istlinlik saglamamistir. Gerek yurt
disinda ve gerekse yurtiginde yapilan g¢alismalarda kuru sartlar ig¢in azotlu giibre kalibrasyon
denklemlerin elde edildigi bildirilmistir.(Cekic ve ark., 2008; Walsh ve ark., 2018) Yurt dis1
calismalarda elde olunan sonuglarla aramizdaki bu farkin nedeni agik olmamakla birlikte, ABD’nin
giineyinde yer alan Oklahoma ve Meksika’nin kuzeyinde bulunan Obregon’dan ¢ok daha farkli bir
iklim kusaginda bulunmamiz buna neden olmus olabilir. Sonucta her bélge kendi kalibrasyon
denklemleriyle ¢aligmak durumunda olduguna goére, bizim igin gegerli olan bu denklemler
bolgemizdeki ¢iftci tavsiyelerinde kullanilacaktir.

Diger 3 donem okumalari arasindaki determinasyon katsayisi farklari da onemli dizeyde
oldugundan, c¢ift¢i tarlalarindaki uygulamalar i¢in Zadoks30 ve Zadoks31l dénemi en uygun
bulunmustur (Sekil 3). Sapa kalkma doneminde uygulanan azotun kiglik bugdayda gelismeye en
biiytik etkiyi yaptigi belirtilmis (Ali ve ark., 2020), ayn1 sonuca ulasan (Melaj ve ark., 2003) bunu bu
donemin gelisme hizinin maksimum oldugu dénem olmasina baglamistir. Ancak, erken gelismenin ve
kardeslenmenin zayif oldugu durumlarda, kardeslenmeyi tesvik etmek i¢in bir kisim azotun bu
donemden once kullanilmasinin yararli oldugu da belirtilmektedir (Weisz ve ark., 2001).
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Sekil 3. Degisik okuma donemlerinde hesaplanan INSEY degerleri ile verim iligkisi.
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Bu durumda en dogrusu, erken ilkbahar doneminde zayif kardeslenmeyle girilen durumlarda
bir miktar azotun erken dénemde verilmesi, ancak erken ilkbahar déneminde normal kardeslenmeyle
giren cesitlerde sapa kalkma baslangicinda yapilacak optik sensoér okumalarina dayali tavsiyelerin géz
onunde bulundurulmasi olmaktadir. Bugday sapa kalktiktan ve bogumlar giktiktan sonra, tarlaya
traktorle girmenin zorlugu ve tasidig risk diisiiniilerek, Zadoks30 déneminin bu sistem igin en uygun
okuma doénemi olduguna karar verilmistir. Burada dikkat edilmesi gereken en 6nemli husus, okuma
doneminde bitkinin hangi gelisme safthasinda oldugunun iyi belirlenmesi olmaktadir. Bunu daha iyi
aciklayabilmek igin, degisik donemlerdeki INSEY verim iligkisi Sekil 3° de grafik olarak
gosterilmistir. Sekil 3° den de goriildiigii gibi, ayn1 INSEY degerleri daha erken donemde hesaplandigi
taktirde daha yiiksek verim tahmin etmektedir. Bitkilerin aym1 gelisme durumunu daha erken elde
etmesinin daha yiiksek verim tahmini anlamina gelmesi dogal oldugundan, okumanin yapildig
donemin ¢ok iyi belirlenmesi ve hangi donemde okuma yapilmissa o déneme ait kalibrasyon
denkleminin kullanilmas1 6n kosul olmaktadir. Bu ¢aligmada gesitler arasi farklilik bu sistem agisindan
onemli bulunmamistir. Verim diizeyleri ise zaten genotipten bagimsiz olarak sensor tarafindan tahmin
edildigi i¢in, gesitler arasindaki genotipik farklar, verim diizeyindeki farklara oranla 6nemsiz diizeyde
kalmaktadir. Ancak gesitler igin sdylenen bu durumun tiirler ig¢in de gegerli olacagini diisiinmek yanlig
olabilir. Nitekim Orta Anadolu ve Bati Gegit Bolgesi’nde yapilan bir calismada(Kalayci ve ark., 1996)
makarnalik bugdaylarin ekmekliklerden daha diigiik azot kullanma etkinligine sahip oldugu, yani ayni
verim diizeyine ancak daha fazla giibre kullamimiyla ulasabildikleri goriilmiistiir. Yilmaz ve ark.,
(2020), bagka bir calismada ise azot uygulamalarinin azot kullamim etkinligini arttirdig1, azotun
fizyolojik, agronomik ve alim etkinligi iizerine etkisinin 6nemli oldugu bildirilmistir.

3.2. Demonstrasyon calismalari

Calisma kapsaminda Sensor uygulamasina dayali ve ¢iftgi uygulamasiyla karsilagtirmali olarak
azot¢a zengin serit olusturularak demonstrasyon calismalar1 yiiriitiilmiistiir. Ilkbahar Zadoks 3,0 (sapa
kalkma) doneminde zengin serit ve ¢iftci uygulama kismindan NDVI okumasi yapilmistir.Sekil 4'de
ornek bir azotlu giibre tavsiyesinin nasil yapildigi agiklanmistir. Buna gore mavi renkli alanin
doldurulmasi gerekmektedir. Tarlanin zengin serit kismindan yapilan NDVI okumasi (6rnegin 0.635)
olsun azot tavsiye tablosuna kayit edilir. Yine ¢ift¢i uygulamasi kismi ise ¢ift¢inin normal geleneksel
uygulama yaptig1 alandan bir NDVI okumasi yapilarak (6rnegin 0.554) tabloya kayit edilir. Ekimden
okuma tarihine kadar gegen gun (4.4 °C istiindeki giin sayisi) 6rnegin 99 giin olsun kayit edilir.
Ilkbahar donemi kullanilacak giibre ¢esidi iire (%46°lik) olarak excel tablosuna yazilir.
Hesaplamalarin sonucu yukarida verilen denklemlerden daha ayrintili olarak incelenebilir. Excel
dosyasinda denkleme gore azotlu giibre tavsiyesi yapilir. Ornegimizde 5.3 kg/da iire (%46°lik)
uygulanmasi ile 465 kg/da verim alinabilecegi goriilmektedir.

SENSOR UYGULAMASI

NDVI = 0.554

|Giibresiz Verim (YPO)
'Giibre Sonrasi Verim (YPN)

Atilacak saf azot kg/da

Atilacak Glbre kg/da

Sekil 4. Ekim 6ncesi ¢iftci tarlasinda zengin serit olusturulmasi.
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Tlm bu demonstrasyon ¢alismasinda okunan NDVI degerleriyle tavsiye yapilan azotlu giibre
dozlarinda alinan ¢ift¢i uygulamasi verimleri ve sensor uygulamasindan alinan verimlere ve uygulanan
azot degerlerine gore ekonomik analizler Cizelge 7'de verilmistir. Cizelge 7'den de gorulen ekonomik
etkinlik hesaplanmasinda, bu degerlendirmenin yapilmasinda TMO’den elde olunan 2019 yili resmi
bugday alim fiyatlar1 ile yine ayn1 donemde piyasadaki %46’lik iire fiyatlarinin ortalamalar
kullanilmistir(Anonim,2019). Borsa prim uygulamalar1 bundan daha yiiksek olmakla birlikte borsadan
borsaya ve alim mevsimine gore degisiklik gosterdiginden TMO rakamlar1 esas alinmistir. Buna gore,
$0z konusu dénemde 1 kg iirenin ortalama fiyat1 2.5 TL, bugday alim fiyat1 1.33 TL olarak alinmustir.

Cizelge 7. Cift¢i uygulamasi (CU) ve sensor uygulamasimnin (NDVI) ekonomik degerlendirilmesi (2
yil, 4 genotip)

Saf Azot Verim Birim fiyat  GIDER(Giib.) GELIR (iiriin)
(kgN/da) (kg/da) 1 kg/TL (TL/da) (TL/da) Protein %
Cesit CU NDVI CU NDVI safN bug. CU NDVI CU NDVI CU NDVI

K1 HAT30 6.0 6.8 566 543 544 133 326 371 752 722 134 1238
K1 MESUT 6.0 40 626 686 544 133 326 219 833 912 122 1138
K1 NACIBEY 6.0 56 539 629 544 133 326 306 716 836 114 117
K1 REIS 6.0 49 408 473 544 133 326 268 543 630 - -

K2 HAT30 6.0 43 519 584 544 133 326 232 691 777 131 134
K2 MESUT 6.0 50 373 312 544 133 326 27.0 497 415 142 138
K2 NACIBEY 6.0 48 676 649 544 133 326 259 899 864 132 130
K2 REIS 6.0 43 261 291 544 133 326 232 347 387 130 141
K3 HAT30 6.0 43 35 354 544 133 326 232 474 470 145 138
K3 MESUT 6.0 43 281 409 544 133 326 232 374 545 151 143
K3 NACIBEY 6.0 6.0 447 340 544 133 326 324 595 453 148 1538
K3 REIS 6.0 6.5 382 395 544 133 326 352 508 525 137 144
K4 HAT30 6.0 23 237 463 544 133 326 125 316 615 143 132
K4 MESUT 6.0 47 624 440 544 133 326 255 830 585 146 139
K4 NACIBEY 6.0 23 567 520 544 133 326 125 754 691 139 145

K4 REIS 6.0 24 554 593 544 133 326 130 736 788 144 139
Ort. 6.0 4.5 464 480 544 133 326 246 617 638 13.7 13.6
Fark 15 -16  Kar(Gelir-Gider)TL/da 584 614
Sistem Kar Farki(TL/da) 30
ETKINLIK( Sistem/Ciftci) 1.05

Demonstrasyonlar 4 ¢4sit ile tekerriirsiiz olarak yiiriitiilmistiir. K:kuru demonstarasyon.

Daha oncede agiklandigir tlizere calismanin yapildigr yilin iklim kosullarinin mevsim
normallerinden ¢ok farkli olmasina ragmen Cizelge 7°’den de goriildiigii gibi sistem uygulamasi
(NDVI), ciftci uygulamasina (CU) oranla ekonomik etkinlik yoniinden %5'lik bir avantaj saglamistir.
Bu avantajin iklim kosullarinin mevsim normallerine yakin oldugu yillarda daha yiiksek olmasi
beklenmektedir. Burada sensor uygulamasi ¢iftci uygulamasina gore dekara 1,5 kg saf azot daha az
kullanilarak ayni1 verim ve protein oraninin elde edildigi goriilmektedir. Burada sistemin ekonomik
yonili daha avantajli oldugu belirlenmistir. Singh ve Mohamed (2020) tarlalarda olusturulan zengin
seritlerde optik sensdr kullanilarak azotlu giibre tavsiyesi yapilabilecegi bildirilmistir. Ortiz-
Monasterio ve Raun (2007) yiiriittiikleri ¢alisma sonuglarina gore, ¢ift¢i uygulamalarina kiyasla optik
sensor uygulamalartyla aym1 verim diizeylerinde ortalama hektara 69 kg azot tasarruf
saglayabildiklerini bildirilmistir.

4.Tartisma ve Sonug

Bu c¢alisma kapsaminda azotlu giibre tavsiyelerinde verim tahmini i¢in kuru kosullarda
kullanilan kalibrasyon denklemleri elde edilmistir. Glinlimiizde sayilari iyice ¢ogalan ¢esitlerin her biri
icin kalibrasyon galismasi yapmaya gerek olmadigmi, Oklahoma ve Meksika’da oldugu gibi tiim
cesitlerin ortalamasi {izerinden elde olunacak denklemlerin yeterli oldugunu goriilmektedir. Yurt
disindaki calismalarda ise genellikle {islii transformasyon denklemleri kullanilmaktadir. Bizim
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degerlerimizle yaptigimiz ¢alismada da islii transformasyonlar denenmis ancak dogrusal regresyona
istiinliik saglamamustir.

Bu ¢alismada ikinci 6nemli bulgu ise yilin bitki gelisme durumuna gére Zadoks31 déneminde
optik sensor okumalaria gore azotlu giibre tavsiyesi yapilabilecegi belirlenmistir. Bu durum tarlaya
girilebilecek son donem oldugu i¢in bitki gelisimi ¢ok iyi takip edilerek hizli ve iyi gelisim oldugu
yillarda ve yiiksek NDVI alman yillarda Zadoks30 donemi tercih edilirken bitki gelisiminin zayif
oldugu yillarda ise Zadoks31 donemi tavsiye edilebilir. Bu konudaki caligmalar devam etmektedir.
Kuruda ZADOKS30:VERIM(kg/da)=-77.008+97906.5*INSEY (R?=0.983**) uygun dénem olarak
belirlenmistir. Sonug olarak; erken gelismenin ¢ok zayif oldugu bazi tarlalarda Zadoks24 (4 kardesli)
doneminde yapilan okumalar yaniltict sonuglar verebilir. Bu nedenle Zadoks30 (sapa kalkma) donemi
bu sistem i¢in kuruda da en uygun okuma/giibre tavsiye donemi olduguna karar verilmistir. Yapilan
demonstrasyon calismalarinda optik sensor (NDVI) uygulamasi ¢ift¢i uygulamasina (CU) gore
ilkbahar doneminde dekara 1,5 kg saf azot daha az kullanilarak ayni verim ve protein orani elde
edildigi belirlenmistir. Sonugta sensér uygulamasinin Gift¢i uygulamasinda gore ekonomik etkinligi
%>5 daha fazla olmustur.
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Abstract: Erynnis tages and Erynnis marloyi were known as European species
until recent years. Due to their narrow distribution areas, the morphological
similarities of the two species were very high, and their status was controversial.
However, as the records of these species came from the new regions, their
distribution areas turned out to be wide, contrary to what is known. With the
mtCOI gene barcode, there was a chance to identify genetic variations hidden
between inter-species and intra-species. The present study was the first time the
barcode characterization of populations in Turkey and other registered
population of barcodes with the genetic variation were assessed. Phylogenetic
trees based on mt COI gene sequences were created using Neighbor-joining,
Bayesian inference, and maximume-likelihood algorithms. Genetic divergence
was confirmed by Automatic Barcode Gap Analysis using the Kimura 2
parameter. It is genetically confirmed that E.tages and E.marloyi are two
distinct species independent from each other. E.tages population of Turkey was
found genetically similar to that of the population belonging to southern Italy.
Southern Russia was also genetically similar. However, E. marloyi Turkey's
population was genetically similar to the population of Iran.

Tiirkiye Populasyonlariyla mtCOI Genine Dayah Erynnis tages ve Erynnis marloyi'nin
(Lepidoptera, Hesperiidae) Molekiiler Degerlendirmeleri ve Genetik Divergensi

Makale Bilgileri

Gelis: 08.07.2020
Kabul: 24.02.2021
Online Yaymlanma 30.06.2021
DOI: 10.29133/yyutbd.766796

Anahtar kelimeler
Barkod,

Erynnis,

Filogeni,

Genetik varyasyon,
Tarkiye.

Oz: Erynnis tages ve Erynnis marloyi son yillara kadar Avrupa tiirleri olarak
bildirilmistir. Dar yayilis alanlar1 nedeniyle bu iki tiirtin morfolojik benzerlikleri
¢ok fazla olmasindan dolay: tiir statiileri tartisma konusu olmustur. Ancak yeni
bolgelerden bu tiirlere ait kayitlar geldik¢e yayilis alanlarinin bilinenin aksine
genis oldugu ortaya ¢ikmistir. mtCOI gen barkodu ile tiirler arasi ve tiir igi
gizledigi genetik varyasyonlart da belirleme sansit yakalanmigtir. Sunulan
¢alismada ilk kez Tirkiye populasyonlarinin barkod karakterizasyonu yapilmis
ve diger kayitli populasyonlarin barkodlar1 ile genetik varyasyonlar
degerlendirilmistir. mt COI gen dizilerine dayanan filogenetik agaglar, Komsu
birlestirme, Bayesian ¢ikarim ve Maksimum Olabilirlik algoritmalar
kullanilarak  olusturulmustur.  Genetik varyasyon Kimura-2-parametresi
kullanilarak Otomatik Barkod Boslugu Bulma analizleriyle onaylanmistir.
E.tages ve E.marloyi'nin birbirinden bagimsiz iki farkli tiir oldugu genetik
olarak dogrulanmustir. E.tages'in Tiirkiye populasyonu ile Giiney Italya ve
Giiney Rusya populasyonlar1 ve E. marloyi'nin Tiirkiye populasyonu ile de iran
populasyonu genetik olarak ¢ok benzedigi goriilmiistiir.
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1. Introduction

The genus Erynnis (Schrank, 1801), also known as the dusky-wing butterflies of the
Hesperiidae family, includes more than 27 species. According to current data records, there is the
highest number of species in Nearctic (Zakharov et al., 2009). However, new records and species
descriptions are also available in Neotropics and Palearctic in recent years. Among the members of
this genus, the two are morphologically similar species that have long been known as European
butterflies. These contain minor differences in darker color tones Dingy Skipper for Erynnis tages
(Linnaeus, 1758) and Inky Skipper for Erynnis marloyi (Boisduval, 1834) with states of out-
morphology (Mazzei et al., 1999). Species boundaries and variations between populations of the two
morphologically very similar species could not be evaluated in detail due to habitat restrictions.
Recently, the new data regarding the distribution area of these two species (with new records coming
from different geographies), necessitates the assessments at the species and population levels. New
records have been reported belonging to Turkey, Lebanon, southern Iran, Armenia, and Pakistan
(Kogak and Kemal, 2011).

With the advanced development of molecular biology techniques in the last decade, it has
become applicable in systematic and taxonomic studies for tests of taxonomic characterization with
molecular characters. A genetic identity (DNA barcodes) for the organism is created using short DNA
regions. It is the Mitochondrial Cytochrome Oxidase | (mtCOI) gene region that shows both intra-
species variations and species-level variations most reliably for butterflies. The non-overlapping
nature of mutations in the populations and species-level of this gene region have made it the most
suitable molecular character in determining inter-species and intra-species categories. Particularly
morphologically similar species, cryptic species, and diagnostic (phenotypic plasticity) features are
suitable for determining hidden taxa and also phylogeny estimations (Li et al., 2011; Mitchell and
Gopurenko, 2016; Wang et al., 2018).

Nowadays, the butterfly taxonomy has been shaped according to the barcode information of
different populations from different geographies with an understanding of the importance of
barcoding. In this study for the first time Turkey's populations of Erynnis tages and Erynnis marloyi
were barcoded and determined genetic diversity and species boundaries were determined with the
other registered populations.

2. Materials and Methods

The butterfly specimens of both species were collected in 2016 from Bahgesaray-Mukus
valley (Van, Turkey) by Muhabbet Kemal and Ahmet Omer Kocak and stored in the Entomological
Research Center Ankara (Cesa) Collection.

The legs of the Erynnis specimens were washed with ethanol. The RED Extract-N-Amp
Tissue PCR Kit (Sigma-Aldrich, St. Louis, Missouri, USA) was used to purify Total Genomic DNA
(tgDNA) (Kemal et al., 2018). PCR reaction was performed using LepFl and LepR1 primers to
amplify a 658 bp fragment of mt-COI gene from tgDNA. The PCR products were sent to Macrogen
(Macrogen, Amsterdam, Netherlands) for bidirectional sequencing.

The other population's barcodes were retriewed from GenBank (Anonymous, 2020b) and
Boldsystem (Anonymous, 2020a) database for determination of variations between E.tages and
E.marloyi species. E.brizo species was used as outgroup and a total of 85 barcodes were used for
phylogenetic analysis.

Genetic distances between populations and species were calculated using the Kimura 2-
parameter distance model (Kimura, 1980). The aligned DNA barcodes by MEGA 7.0 software were
separated into hypothetical species using Automatic Barcode Gap Discovery (ABGD) method with a
prior P that ranges from 0.005 to 0.1 and the K2P model with the default settings (Anonymous,
2020c). The neighbor-joining (NJ) tree was constructed using the Kimura 2-Parameter distance model
in MEGA 7.0 software. Maximum-likelihood (ML) bootstrapping analyses were achieved with 1000
replicates using RAXML Blackbox on XSEDE v.8.2.4 (Stamatakis et al., 2008) on the CIPRES
Science Gateway. A Bayesian inference (BI) analysis was performed in MrBayes 3.2.6 (Ronquist and
Huelsenbeck, 2003) with the Markov chain Monte Carlo algorithm. The program JModeltest v.2.1.7
(Posada, 2008) selected the TIM2+I evolutionary model as the best model according to the Akaike
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information criterion for Bayesian inference. The program was run for 5 000 000 generations, with a
sample frequency of 100 and a burn-in of 12 500.

3. Results

The aligned 85 COI fragments have the full barcode length. E. marloyi and E. tages barcodes
have 31 variable sites (4.71%), of which 20 (3.03%) have parsimony informative. The most variation
was determined at the first codon position. AT-deviation was high in the first position with an average
AT-base pairs of 93.9% (Table 1).

Table 1. Barcode characterizations of the mtCOI gene in E. tages and E. marloyi populations

Nucleotide  Variable Informative T (%) C (%) A (%) G (%) AT (%) GC
Position Site (%) Site (%) (%)
st 83.7 69.5 47.0 52 46.9 0.5 93.9 5.7
2nd 9.6 27.6 29.0 14.2 30.6 26.0 59.6 40.2
3rd 6.4 5.1 43.0 25.1 15.5 16.0 58.5 411
All 4.7 95.2 40.0 14.8 31.0 14.1 71.0 28.9

According to Kimura -2-parameter, the genetic distance between E. tages and E. marloyi was
2.98%. When the genetic distances of the two species at the intraspecies levels are evaluated, the
genetic difference of Turkey's population compared with other populations of E. tages ranged from
0.46% at -1.23%. In addition genetic distance between populations of E. marloyi obtained from
Turkey and Iran was 0.30%. Inter-species and intra-species variations were also determined as
histogram and graphics with ABGD using the K2P model (Figure 1). According to ABGD analysis
results, E. tages includes 5 intraspecific sections and E. marloyi 4 intraspecific sections (Figure 1).
The cladistic analaysis in the presented phylogenetic tree were compatible with ABGD results (Figure
2).
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Figure 1. Histogram of pairwise K2P distances of 79 (except outgroup) aligned sequences (A) and
ranked distances of two species (B).

The support values are shown on the NJ tree since the phylogenetic tree constructed with the
NJ /BI/ML algorithms showed similar topology (Figure 2). Both species were phylogenetically
separated based on strong values (NJ/BI/ML; 100/1.00/91). It has been shown that, Turkey’s
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population with Russian-EZHBA473-07/74-07 (the genetic distances 0.61%) and Italian
BIBSA1360/MN141295 populations (the genetic distance value 0.46%) of E. tages were clustered in
the same sub-clade and, Spanish-EZSPC1139-10/HM901339 (the genetic distance value 0.92%),
British-OXB248-15/MN139663 (the genetic distance value 0.92%) and Iriesh-WMB4030-
14/MN145401 (the genetic distance value 1.23%) populations have a sister position within the sub-
clade.

— BIBSA769—15éErynniS tages|COI-5P|MN140956

WMB5267-14|Erynnis tages|COI-5P|MN 138680
NJ/BI/ML WMB5160-14|Erynnis tages|COI-5P|MN140687
~ mtCoOl VWMB2051-13|Erynnis tages|COI-5P|MN142226

OXB777-15|Erynnis tages|COI-5P|MN139641
OXB320-15|Erynnis tages|COI-5P|MN139349
ODOPE302-1 '1éEryn nis tages|COI-5P|KX040002
LEATDO17-13|Erynnis tages|COI-5P
FBLMX127-11|Erynnis tages|COI-5P|KP870527
EZSPN421-09|Erynnis tages|COI-5P|GUG76618
EZSPM771-12|Erynnis tages|COI-5P|KP871137
EZSPC1284-10|Erynnis tages|COI-5P|JN277555
EZRDMQ?At-OBE rynnis tages|CDl-5PI_l Q004463
FBLMUS09-09|Erynnis tages|COI-5P|HM391840
ABOLDO81-16|Erynnis tages|COI-5P|MN140392
EULEP1981-15|Erynnis tages|COI-5P|MN140643
BIBSA1157-15|Erynnis tages|COI-5P|MN140121
EZROM976-08|Erynnis tages|COI-5P|HQ004460
EZSPC401-09|Erynnis tages|COI-S5P|GUGE9836
EZSPNZ230-09|Erynnis tages|COI-5P|GUG76993
EZSPNG641-09|Erynnis tages|COI-5P|GUG76475
GWOSK780-1 EEW” nis tages|COI-5P|JN277579
LEATD463-13|Erynnis tages|COI-5P
OXB1108-15|Erynnis tages|COI-5P|MN143326
OXB593-15|Erynnis tages|COI-5P|MN139122
F’HLAH455—12'EErynnis tages|COI-SP|KP253411
VWMBS064-14|Erynnis tages|COI-5F N145000
— BIBSAZ219-15|Erynnis tages|COI-SP|MN143590
WMBS5197-14|Erynnis tages|COI-5P|MN138482
BIBESAO010-14|Erynnis tages|COI-5P|MN143672
BIBSA1127-15|Erynnis tages|COI-5P|MN144598
EZROMQ?S—OSEEryn nis tages|COI-5P|HQO004461
EZSPC398-09|Erynnis tages|COI-5P|GUG69839
EZSPN111-09|Erynnis tages|COI-5P|GU&76822
EZSPN538-09|Erynnis tages|COI-5P|GUG676940
FBLMX129-11|Erynnis tages|COI-5P|JN277566
LEATDO93-13|Erynnis tages|COI-5P|MN144803
OXB1010-15|Erynnis tages|COI-5P|MN141747
OXB348-15|Erynnis tages|COI-5P|MN138755
OXxXB922-15 Erénnis tages|COI-5P|MMN142217
WMB2214-13|Erynnis tages|COI-5P|MN138998
VWMB5190-14|Erynnis tages|COI-5P|MN143132
VWMBS284-14|Erynnis tages|COI-SFP|MN144921
— LONS9S59-1 2I]£Erynni5 tages|COI-5P|KX047785
VWMBE33-11|Erynnis tages|COI-SP|MN141507
EZROM973-08|Erynnis tages|COI- pll\AHQOO4462
BIBSA1222-15|Erynnis tages|CDl-5l=g' N141602
EZSPC1135-10|Erynnis tages|COI-5P|HM901335
EZSPM354-09|Erynnis tages|COI-5P|GU&75884
EZSPN334-09|Erynnis tages|COI-5P|GUG76705
FBLMW329-10|Erynnis tages|COI-5P|KX040769
SGWOSK7Y81-11|Erynnis tages|COI-SP|JN277580
LEATGOO3-14é rynnis tages|COI-5P|MN144528
OXB1127-15|Erynnis tages|COI-5P|MN144218
OXB729-15|Erynnis tages|COI-5P|MN141572
WMB197-11|Erynnis tages|COI-S5P|MN14
WM55137—141 rynnis tages|COI-5 ’J’MN:
1

WMBS5213-14|Erynnis tages|COI-5P|MMN
WMBS5291-14|Erynnis tages|COI-5P|MMN
BIBSA753-15|Erynnis tages|COI-5P|MN144173

“: wWMB32581 -144Erynnis tages|COI-5P|MN142062
— EULEP2460-15|Erynnis tages|COI-5P|MN140860
:I: 4 CESA_Hesp_12_Erynnis_tages_Van Turkeg

710.99/%64 | B |BSA1360-15|Erynnis tages|COI-5P|MN14129

EZHBA473-07|Erynnis tages|COI-5

EZHBA474-07|Erynnis tages|COI-5P

79/0.98/988 EZSPC1139-10|Erynnis tages|COI-5P|HM901339
iDXBZ48—‘I 5|Erynnis tages|COI-5P|MN139663

VWMB4030-14|Erynnis tages|COI-5P|MN145401
L EZROM720-08|Erynnis tages|COI-5P|KP870932
99/1.00/100]|, ©OXB1269-15|Erynnis tages|C I-5PEN141709

OXB1356-15|Erynnis tages|COI-5P|MN141362
100/1.00/91 OXB1371-15|Erynnis tages|COI-5P|MN144604
: VWMB1840-13|Erynnis tages|COI-5P|MN143712
IRANB189-08|Erynnis marloyi|COIl-
IRANB191-08|Erynnis marloyi|COI-5FP
100/1.00/100 IRANB196-08|Erynnis marloyi|COI-5F
. A Cesa_Hesp__13_Erynnis_marloyi_Van_Turkey
IRANBZ2071-08|Erynnis marloyi|COI-5P

Erynnis brizo clade

0.01

Figure 2. The phylogenetic tree based on mtCOIl gene sequences of E. tages and E. marloyi
populations. Numbers at the nodes indicate the NJ bootstrap values, the Bl posterior
probability and the ML bootstrap values. Bar, 1 substitutions per 100 nucleotide positions.
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4. Discussion and Conclusion

Species that share close or common habitats may show similar morphological characteristics,
depending on phenotypic plasticity, regional adaptation, or coevolution mechanisms (Forsman, 2015).
Therefore, the phenotypes of these species in the ecosystem can mask true diversity. The best way to
solve such a species problem is to identify the population units available. If the distribution areas of
the species are known, adaptation to different environments and genetic variations can be revealed.
Thus, it provides an understanding of the morphological, phylogenetic, and even ecological separation
between closely related species obtained from different geographies. In recent years, with the
development of molecular biology, the concept of species identification based on ecological species
and genes has been revising taxonomy established by morphological characters. In particular, the
mtCOI gene offers very successful distinctions at the species and intraspecies levels in Lepidoptera
(Lassance et al., 2019). In this study, to determine species delimitation of E.tages, for the first time
genetic distances of Europe, Russia, and Turkey populations were compared by adding new data.
According to the results of the presented phylogenetic analysis, the populations of southern Italy and
southern Russia were closest to the population of Turkey and the farthest was the Irish population.
When the genetic distance variability between E. tages populations is supported by morphological
characters, subspecies can be suggested for some populations.

The population records of E. marloyi from Southeast Europe and Turkey, Lebanon, Iran to
South Pakistan are available. However, only the barcodes of Iranian populations have been made and
recorded until this study. In the present study, was compared only the genetic barcodes of Iran and
Turkey populations because there was not any barcode record in Genbank or Boldsystem for the
populations reported from the mentioned geographies.The genetic distance between E. marloyi
populations obtained from very close geographies (Kermanshahan / Iran and Van / Turkey) was quite
low. Molecular data from a large number of different geographies is needed to determine a reliable
variation.

In this study, Turkey's populations of E. tages and E. marloyi were firstly barcoded and made
genetic distance analysis. Two species were evaluated used the tree-based method for phylogenetically
delimiting species. According to the molecular analysis results, E. tages and E. marloyi are
morphologically similar but genetically distant (at the species level) that is, whose are two distinct
species. As the information about the spreading areas of these species increases, it will be easier to
understand phylogenetic relationships and biodiversity.
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Abstract: This study was designed to examine the effects of the Delta-Songhai
agricultural programs on beneficiaries in Delta State. Some objectives of the study
were to: ascertain the type of training, determine the income generation level of the
participants, measure the level of empowerment, and measure the level of
satisfaction. A sample size of 72 was used in the study. This was obtained from
random sampling using a multistage procedure. Results obtained were that male
respondents (62.5%) dominated more than female with a mean age of 32 years.
Respondents’ average farming experience was five years. Respondents (97.2%)
adopted poultry records skills, while respondents (94.5%) adopted aquaculture
concrete pond techniques. Respondents were greatly empowered by the training
program with a pooled mean of 2.89. Respondents’ satisfaction level was high with
a pooled mean of 2.89. Some constraints faced by the respondents were mostly,
insufficient funds from the donor, poor project monitoring, and beneficiaries
nonchalant behaviour after programme completion. Correlation result between
poultry and aquaculture on income generation showed that poultry was more
favourable than aquaculture. The study concluded that the training programme had
a great impact on youth empowerment in poultry, aquaculture, piggery, and grass
cutter production. It was recommended that these positive impacts should be
sustained.

Delta-Songhai Merkezi Tarim Programlarinin Nijerya, Delta Eyaletindeki
Faydalanicilar Uzerindeki Etkileri: Gencleri Ekonomik Olarak Giiclendirilme
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Oz: Bu galisma, Delta-Songhai tarim programlarimin Delta Eyaletindeki
yararlanicilar lizerindeki etkilerini incelemek i¢in tasarlanmistir. Caligmanin bazi
amaglari; katilimcilarin egitim tiirtinii belirlemek, gelir elde etme diizeyini
belirlemek, giiclendirme diizeyini dlgmek ve memnuniyet diizeyini Slgmek.
Calismada 72 kisilik bir drnekleme biiyiikliigii kullanilmistir. Bu, ¢ok asamali bir
prosediir kullanilarak rastgele 6rneklemelerden elde edildi. Elde edilen sonuglar,
erkeklerin (% 62.5) 32 yas ortalama ile kadinlardan daha baskin olduguydu.
Katilimcilarin ortalama ¢ift¢ilik deneyimi bes yildi. Katilimeilarin % 97.2'si
kiimes hayvanmi kayit becerilerini benimserken, % 94.5'U ise su {irlinleri
yetistiriciligi beton havuz tekniklerini benimsemistir. Ankete katilanlar, egitim
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Giiglendirme, programu ile biiyiik dl¢ilide giiglendirilerek memnuniyet diizeyleri, ortalama 2.89'e

Geng ciftgiler yiikseltildi. Katilimeilarin karsilastigi bazi kisitlamalar ¢ogunlukla, yetersiz fon
destegi, zayif proje izleme ve program tamamlandiktan sonra yararlanicilarin
kayitsiz davramiglariydi. Kanath ve su driinleri yetistiriciligi arasinda gelir
yaratmadaki korelasyon sonuglari, kiimes hayvanlari yetistiriciliginin su iiriinleri
yetistiriciligine oranla daha olumlu oldugunu gostermistir. Calismada, egitim
programinin kiimes hayvanlari, su irtinleri yetistiriciligi, domuz yetistiriciligi ve
¢im bigme iiretiminde genglerin giiclendirilmesi iizerinde biiytik bir etkiye sahip
oldugu sonucuna varilmis ve bu olumlu etkilerin devam ettirilmesi 6nerilmistir.

1. Introduction

The States and Federal Government of Nigeria over the years have formulated policies that will
sustain and improve agricultural production and provide trained high-level manpower with technical
skills, and project like the establishment of schools of agriculture, investment to train personnel who
will become specialists in the field and agriculture program such as Green House Revolution, farm
settlement scheme which was established in the 60s by the former eastern and western regional
government in Nigeria, the goal was to enhance standards and attract youth into agriculture. In the world
today, there is a need for the development of the youth and children. The need for youth is borne on the
understanding that youth are leaders of tomorrow, youth development programmes and activities
constitute veritable means for preparing the youth to take up future governance positions and
responsibilities (Muhammad-Lawal, 2006)

The state agricultural policy of 2006 was framed against the backdrop of subsisting nation all
policy on agriculture, 2001, which set the stage for state-level equivalents. Even though the policy came
seven years after the state was created, it marked a significant turning point by defining the overall
direction and goals of agricultural development, it also laid out the objectives, strategies, and targets for
various sub-sectors of agriculture and agricultural support services. It adopted en bloc the division of
agricultural development roles and responsibilities between the federal, state, local governments, and
the organized private sector (Adebayo, 2010).

The state agricultural policy, when review by 2014, aimed at achieving agricultural growth and
development for food security, industrial raw materials, gainful employment by youths, and export
revenue with the central focus on small-scale crop and livestock farmers and fishermen, the policy also
sought to provide an enabling environment for private sector deal in medium to large scale farming,
service provision, and agribusiness. Other cognate policy objects were agricultural modernization,
enhanced delivery of public agricultural services, particularly agricultural extension and modern
agricultural inputs: optimal land and water use in agriculture, prevention of environmental degradation,
and development of human resources, other sector-wide issues addressed by the policy include
agricultural land, agricultural by-product, industrial crops (oil palm, rubber, cassava, plantain, tomato).
There is a need to improve the nation's agricultural policy sector (Adebayo, 2010).

Youths possess a great deal of energy, this is exemplified in their muscular built, physical
strength, agility, and youths are able to accomplish tasks requiring a great deal of energy. Unfortunately,
this category of people is virtually left out in policies and programmes considerations even though this
is a critical state for this group of people since this is a period of transition into adulthood (Akpan, 2010).
This group of people is over 1.8-billion in the world today, 90% of whom live in developing countries,
where they lend to make up a large proportion of the population and needs to be empowered since this
is an important means of improving food security, youth livelihoods and employment (World Bank,
2010; FAO, 2018).

Many of the agricultural programmes on youth empowerment were short-lived and could not
succeed in achieving their aims and objectives as perceived gaps. The problems include leadership
tussle, lack of funds, inadequate professional leaders, lack of interest, and government attitude. Most
youths do not want to apply their energy and time to agriculture. They read only the theory and do not
apply it in practice. Ovwigho (2014) reported that youths are reluctant to practice agriculture because of
the “free or cheap’ source of income from the oil business in the Niger Delta area.
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1.1. Objectives of the study

The general objective of the study was to determine the effect of the Songhai-Delta Agricultural
Programmes on beneficiaries in Delta State, specific objectives were to:
i Describe the socio-economic characteristics of the participants.
ii. Ascertain the type of training undergone by Songhai Delta Amukpe
iii. Ascertain the level of adoption of agricultural innovations in poultry and aquaculture sector

iv. Measure the level of empowerment during the training programme.

V. Determine the income generation level of aquaculture and poultry project beneficiaries.
Vi. Measure the level of satisfaction in the training of participants

vii. Identify the problem militating against youth implementation of programme

1.2. Hypotheses

Two hypotheses were outlined to guide the study:
Ho1: There is no significant difference between socio economic characteristic and satisfaction level of
beneficiaries.
Ho2: There is no significant relationship between income generation level of aquaculture and poultry
project beneficiaries.

1.3. Related theoretical and empirical literature review

Concept of Youth in Agriculture and Development Programmes: The need for youth
development is borne on the understanding that youths are the leaders of tomorrow. Youth in agriculture
and development programmes constitute veritable means for preparing the youth to take up leadership
positions and responsibilities (Mangal, 2009).

In many African countries, development intervention programmes are targeted at women and
women without considering the youth, any human population consist primarily of children, youths and
adults. Development intervention programmes must be targeted at all groups within the society to avoid
rancor and bickering (Ovharhe and Gbigbi, 2016)

Youths play dominant roles in agriculture and community development improvement. There is
need to design programmes to enhance their efficiency in agricultural production in view of improved
livelihood. The youth stage calls for proper management on the part of the leaders to prevent problems
that will annihilate the society. Youth programmes are ostensibly designed to tackle the perennial youth
restiveness, idleness and deviant behavior that have come to characterize youth activities in African
countries. Youth have a lot of energy that they often misdirect due to absence of guidance. Programmes
are needed to attract and manage the potential energy of youths (Ovharhe, 2014; Ovharhe and Gbigbi,
2016)

The increasing realization of the place of the youth in the survival of the society has made
developing countries to embark on youth empowerment programme. Ovharhe and Gbigbi, (2016)
reflected that small scale enterprise and youth development projects are currently being embarked upon
by a number government, non-governmental organizations and clubs as well as international
development agencies including the world bank, united nations fund for population activities (UNFPA),
united nations educational scientific and cultural organizations (UNESCO) and international fund for
agriculture (IFAD).

Concept of the Delta Songhai Centre: This concept is an exact replicate of Songhai Centre in
Benin Republic. It was established in Delta State after a corporate visit of the then Delta State Executive
Council under the leadership of. The Governor of Delta State, Chief James Onanefe Ibori's (1999-2007).
The main objective was to provide, opportunities for the then restive youths of Delta State in particular
and Nigeria generally, for the acquisition of skills that would make the youths employable and indeed
become employers of labour.

The specific objectives were to:
i.  Redirect the attention and energy of youth into agriculture and related income generating
activities.
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ii.  Provide intensive vocational training for selected young graduates who will in turn establish
similar center.

iii.  Facilitate self-employment among youth using locally available resources.

iv.  Encourage trainees to discover and develop a high sense of responsibility through emphasis on
self-discipline, dialogue, creativity, initiative and courage.

v.  Assist trainees master the mechanism of operating an integrated farming system.

Delta Songhai Integrated Farming System: The Delta Songhai is into modernized and integrated
farming system tending to environmental sustainability. The ‘no waste’ philosophy which means zero
emission research initiative (ZERI), where a waste in one section becomes useful and productive in
another section. In the piggery unit, the droppings are collected and recycled for the production of gasses,
biogas technology. The poultry effluents from the unit, dead organisms, and rotten eggs are used in the
generation of maggots which is very rich in nasal protein are used to feed fishes, plants like lemma and
water lettuce is there after harvested and cultured to also feed fishes especially the tilapia fishes.

The residues from palm oil processing unit called sludge rich in fat and oil is used for feed
formulation for pigs, poultry droppings are applied as organic manure to crops such as maize,
watermelon, tomato to boost their growth and productivity. Thus, achieving product recycle as best
practices.

In value-addition chain, Delta Songhai adds value to product harvested like the processing of
coconut into coconut oil, processing of mango, orange, pawpaw, guava, zobo, ginger all to juices and
drinks. Adoptable agricultural practices in Delta Songhai Centre include: fishery, poultry, piggery, quail,
grass cutter production, snailery, maggotry, and crop.

Delta Songhai Empowerment through Training: Various another have different concept of
training, Durlak and Taylor (2007) conceives training as the process applying appropriate educational
methodology to the situation in which improved performance can result from effective training as the
act of increasing job. From this definition it can be observed that a trainee require a period of tutelage
during which he/she performs skills over a period of time and this on the job. lkoro (2014) seems to
equate training with education, he considers the period of teaching, informing and educating people so
that they can become well grinded and qualified to do their work and perform in a position of greater
difficulty and responsibility, he added that training has to be a 2-way process as someone must teach
and someone must learn. Adebayo et al. (2006) asserted that exposure of youths to empowerment
training programmes ensure performance in programme implementation.

Songhai-Delta Amukpe welcomes students on industrial attachment programme (IT). Students

from various institutions are trained effectively on agricultural activities such as in fishery, poultry,
piggery, quail, snail, grass cutter, feed mill, and agro-processing.
Institutions such as Delta State University (DELSU), University of Benin (UNIBEN), Niger Delta
University (NDU), and Benson Idahosa University (BIU) have benefited from the training. In essence
expose students to practical aspect of agricultural discipline, gives students the opportunity to apply their
theoretical knowledge to real work situation thereby linking the gap between theoretical and practical
approaches, acquaint students with development in agriculture and prepares youths for various job
opportunities in agriculture. Such Agricultural programmes include fishery, poultry, quail, snail, feed
mill, grass cutter rearing, agro processing. This prepares them to be able to manage their anticipated
farms and handle positions in the agricultural sectors.

Youths under Delta State Government (1998 till date) have been involved in initiatives such as
skill training entrepreneurial programme (STEP), youth empowerment from agricultural initiatives
(YETA), youth agricultural entrepreneurial programme (YAGEP) are programmes were participants
across 25 L.G.A were screened and selected to undergo training for life skills, attitudinal change and
hand on management in agriculture, thereafter were giving starter packs to establish their farms and
businesses.

Another impact of the Delta Songhai Centre is the field visits of primary and secondary schools
individuals who became exposed to various agricultural innovations and practices as a result of the
excursion.

Cooperate organizations which includes Universal Investment Development Company (UIDC),
Shell Petroleum Development Company (SPDC), Niger Delta Development Commission (NDDC) have
also be trained on capacity building programme and have all benefited from the modern agricultural
practices. These corporate organizations are termed donor agencies.
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2. Materials and Methods

The study was conducted in Delta State with reference to the Delta Songhai Centre in Amukpe,
Sapele. The Delta State is situated at 5.89° north latitude, 5.68° east longitudes. A multi stage sampling
procedure was used in this study. At the first stage, the three agricultural zones was selected. The second
stage involved a simple random selection of 2 Local Government Area (LGASs) from Delta North, 3
LGA from Delta Central and 3 LGAs from Delta South Agricultural Zones. At the third stage, a
purposive sampling of 100% of the participants under Youth Entrepreneurship Training in Agriculture
(YETA) scheme will be identified as registered number of trained participants (144), sample frame. At
the fourth stage, 50% of the participants was randomly selected from the sample frame; giving a sample
size of 72 respondents. Table 1 shows the computation of the sampling procedure.

Table 1. Selection of respondents in the study area (n = 72)

Agricultural Zones (Stage 1)  Local Government Total number of Participants Selection of Participants
Areas(Stage 2) (Stage 3) (50%)(Stage 4)
Delta North Ika North-East 18 9
Ukwuani 18 9
Delta South Warri South- West 18 9
Warri North 18 9
Patani 18 9
Delta Central Sapele 18 9
Ughelli North 18 9
Udu 18 9
Total 8 144 72

Source: Delta Songhai Participants.

Data collection approach: The method of data collection was objective-based and guided with
the use of questionnaire to elicit responses from respondents (Ovharhe, 2019). The questionnaire
comprises both open and close ended questions. Secondary information was obtained from Delta
Songhai

Measurement of Variables: The socio — economic characteristics of the respondents were
measure in line with contemporary standards (e.g. age was measured in years).

Contact with extension worker: This was done by appropriate indication as weekly,
monthly, quarterly, biannually and annually. To ascertain the level of agricultural practices, some
perceived statements were proposed to ascertain the level of agricultural practice in line with poultry
and aquaculture beneficiaries to determine their responses. Adoption level was measured in line with
Agbamu (2006); Ovharhe (2017) that scores ranging from 5.5 - 10 were considered as high level of
adoption; 4.1 - 5.4 were medium level of adoption and 0.0 - 4.0 were low level of adoption in
adoption practices by Fadama farmers.

Respondents level of satisfaction of agricultural activities in agreement with Delta Songhai
objectives was measured on a 4 point Likert-type scale of very satisfied=4, satisfied =3, unsatisfied =2,
poorly satisfied =1 (using 2.5 as mean cut-off point). Respondents level of empowerment was measured
by perceptual statements with Likert type weights assigned ranging from strongly agree=4, agree =3,
disagree =2, strongly disagree =1. The cut off mean value (2.5) was actualized by (4+3+2+1 = 10/4 =
2.5). This measure of empowerment computation by proxy was demonstrated by Ovharhe, and Gbigbi,
(2016); supported by Alsop and Heinsohn (2005) and Rahman and Kazi (2007) who allegedly measured
the degree of empowerment alongside with a 4-point continuum rating scale. Respondents’ level of
income on monthly and annual basis was measured by asking beneficiaries to state their income on
applicable monthly standard. An aggregate was compiled into annual format.

The types of training programme undergone by respondents in Delta Songhai was ascertained
using a dichotomous scale of “yes” and “no” to obtain the information. Respondents’ constraints were
obvious by presentation of perceptual statements to know the level of seriousness of issues as measured
on a 4 point likert-type scale of very serious=4, serious=3, not serious=2, not serious=1 with mean cut-
off point of 2.50. Constraints measures were done on Likert scale pattern.

Method of Data Analysis: Data for this study was analyzed using simple regression for the stated
hypothesis.
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There is no significant difference between socio economic characteristic and satisfaction level of
beneficiaries:

A computation by linear, semi-log and double log forms of regression were used in the
analysis. The formula of Linear Regression equation used:

Y = bo +b1 X1 +h X5 +h3X3 +0aXs ... +bg Xg +e @
Where,
Y = Farmers’ satisfaction score.
bo = A constant
b1 to bg = regression coefficient of eight variables.
X1 = Age of farmers.
X = Sex of farmers.
X3 = Level of education of farmers.
Xa = Farming experience.
Xs = Farm size.
X = Income level.
X7 = Household size.
Xs = Frequency of contact with extension workers
e = random error.

Semi-log functional form of regression

Y =logh, + bilogXi +h2logX; +hslogXs ... +bglogXs + e (2
Double log functional form of regression

LogY = logh, +bilogx1 +bslogX; +bslogXs.....+bglogXs+ e (€))

For decision rule, a lead equation was chosen to make conclusion based on (a) the relative
magnitude of the R?, (b) relative Fcal value of the models, (c) the function that showed more statistical
significance.

The second hypothesis was tested using correlation:

Hoz:  there is no significant relationship between income generation level of aquaculture and poultry
project beneficiaries

The correlation formula used:

N2 xy —(2x) 2y)
r= @)
Vo N - (200 NS - (5]

Where

r = correlation coefficient,

X = values for aquaculture

y = values for poultry

N = sampled number of respondents
> = summation

3. Result

Result in Table 2 shows that the mean age of the respondent was 32 years. This is in agreement
with the findings of Everline et al (2010) that youths involved in community affairs are within the age
bracket of 30 — 34 years. More males (62.5%) were involved in the training programme than females
(37.5%). This finding of Adesoji et al. (2006) was not different from this that more males participated
in training programmes than females.
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Majority of respondents (47.2%) were unmarried as at when the study was conducted. This
finding is in disagreement with those of Adesoji et al. (2006), that majority of respondents were married
to provide additional source of income for the farm family.

Respondents (36.1%) had as OND/NCE educational attainment level. This results confirmed
the level of literacy a participant needs before admission into the training programme. This is in
agreement with the findings of Adesoji et al (2006) that most farmers had formal education which helped
in fast learning and understanding. Average farm size for most youths was two hectares. This is in
agreement with Akintude (2016) who asserted that few youths are interested in farming. The average of
house hold size was five persons. Ofuoku, Ovharhe and Agbamu (2019) reported that most families in
Delta State have an average of five to seven persons per household.

Respondents’ average farming experience was 5 years before inception with the training
programme. The highest extension visit was bi-annual (36.1%) as indicated by respondents.

Table 2. Socio-economic characteristics of respondents (n = 72)

Variables Frequency Percentage (%) Mean
Age:

20-24 10 13.9

25-29 25 34.7

30-34 27 375 32 years
35-39 10 13.9

Gender

Male 45 62.5

Female 27 375

Marital Status

Unmarried 34 47.2

Married 26 36.1

Divorced 5 6.9

Separated 6 8.3

Widow 1 15

Level of Education

No Formal Education 1 14

Primary 14 19.4

Secondary 0 0.0

OND/NCE 26 36.1

HND/First Degree 20 27.8

Post Graduate Degree 11 15.3

Farm Size

1-3 65 90.2 2
4-6 6 8.4

7-9 0 0

10-12 1 1.4

House-hold Size

1-3 19 26.4

4-6 42 58.3

7-9 9 12.5 5
10-12 2 2.8

Farming Experience

1-3 27 37.4

4-6 28 38.7

7-9 11 15.2

10-12 4 59 5
13- 15 2 2.8

Extension Visit

Weekly 5 6.9

Monthly 7 9.7

Quarterly 24 33.3

Bi-annually 26 36.1

Annually 10 13.9

Source: Field Survey Responses.
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3.1. Ascertain the types of training empowerment by songhai Delta

Results in Table 3 shows that most of the beneficiaries participated in training for empowerment
with high participation as revealed in the following enterprises poultry (94.4%) aquaculture (90.3%)
snail production (87.5%) food processing (84.7%) piggery (80.6%) business accounting (75.0%) and
grass cutter production (55.6%). Rahman and Kazi (2007) reported that farmers experienced high level
of empowerment in aquaculture training programme in Bangladesh.

However, low participation was noticed in maggot breeding (48.6%), feed mill (54.2%) and
handicraft (41.7%) Abdoul, Fernand, Salimata and Kalifa (2018) reported that low participation and
interest was recorded among farmer using maggot as fish feed business because of the dirty
environmental conditions, inadequate supply of poultry waste and low mineral contents.

Table 3. Respondents’ types of training empowerment in Delta Songhai (multiple responses)

Various Kinds of training on:  Respondents (yes) Percentage Remark
Poultry 68 94.4% High participation
Aquaculture 65 90.3% High participation
Snail production 63 87.5% High participation
Food processing 61 84.7% High participation
Piggery 58 80.6% High participation
Business accounting 54 75.0% High participation
Grass cutter production 40 55.6% High participation
Maggot breeding 35 48.6% Low participation
Feed mill 39 54.2% Low participation
Handicraft 30 41.7% Low participation

Source: Field Survey Responses (< 50% implies low participation).
3.2. Adoptable agricultural innovations in the poultry sector

Table 4a shows that respondents had high levels of adoption of agricultural innovations in
poultry enterprises as recorded in record keeping skills (97.2%), sorting and handing of eggs (86.1%),
medication provision (86.1%), vaccination techniques (86.1%), litter application (80.6%) and feed
formulation (83.3%). Adebayo, Oluwole, Obute, and Olatunji, (2018) reported that youths expressed
more interests in poultry business than other aspects of business in Oyo State. While medium levels of
adoption of agricultural innovations rates were associated with stocking density (66.7%) and brooding
(61.1%). The implication is that many beneficiaries overstock their pens as reported by Ovharhe (2017).
Absence of power supply affects breeding. The overall adoption level mean score is 5.5. This implies
that adoption level was at high rate. This is different from the findings of Ovharhe (2016) who reported
that farmers in the Niger Delta area experienced medium adoption rate in the poultry industry.

Table 4a. Extent of respondents’ adoption of agricultural innovations in poultry (n = 72)

S/IN  Techniques Total no. of adopters Pooled adoption  Adoption level
and its % score

1 Record Keeping 35(97.2) 5.9 High

2 Sorting and Handing of Eggs 31(86.1) 5.6 High

3 Medication provision 31(86.1) 5.6 High

4 Vaccination Techniques 31(86.1) 5.6 High

5 Litter Application 29(80.6) 55 High

6 Feed Formulation 30(83.3) 55 High

7 Stocking Density 24(66.7) 51 Medium

8 Brooding 22(61.1) 4.9 Medium

Overall adoption level =5.5

Source: Field Survey Responses.
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3.3. Adoptable Agricultural Innovations in the Aquaculture Sector

Table 4b shows that respondents had high levels of adoption of agricultural innovations in
poultry enterprises as in the use of concrete ponds (94.4%), marketing techniques (88.9%), pond
treatment techniques (86.1%), harvesting technique (86.1%), record keeping (83.3%), stocking
techniques (83.3%) and water treatment techniques (80.6%). On the other hand, medium levels of
adoption was noticeable with breeding techniques (77.8%), storage techniques (69.4%), earthen pond
preparation (58.3%) and feed formulation techniques (47.2%). Only maggot breeding technique (27.8%)
had low adoption rate. This connotes that many youths do not see it as part of their best practices. The
overall adoption level mean score is 5.3. This indicates that adoption level was at medium rate. This is
similar to the findings of Ovharhe (2016) who reported that farmers in the Niger Delta area experienced
medium adoption rate in the aquaculture industry. Again, aquacultural innovations were poorly adopted
by farmers in Lagos State because of complexity and cost in technologies, poor extension contacts, low
educational standard of farmers and weak planning (Jaji, Akalode, Agbelemoge and Yusuf, 2012).

Table 4b. Extent of respondents’ adoption of agricultural innovations in aquaculture (n = 72)

S/N Training Activities Total no. of Pooled adoption  Adoption
adopters and its  score level
%
1 Concrete pond preparation 34(94.4) 5.8 High
2 Marketing techniques 32(88.9) 5.7 High
3 Pond treatment techniques 31(86.1) 5.6 High
4 Harvesting technique 31(86.1) 5.6 High
5 Record keeping 30(83.3) 55 High
6 Stocking techniques 30(83.3) 55 High
7 Water treatment techniques 29(80.6) 55 High
8 Breeding techniques 28(77.8) 5.4 Medium
9 Storage techniques 25(69.4) 5.2 Medium
10 Earthen pond preparation 21(58.3) 4.9 Medium
11 Feed formulation techniques 17(47.2) 4.5 Medium
12 Maggot breeding technique 10(27.8) 3.8 Low

Overall adoption level =5.3

Source: Field Survey Responses.
3.4. Agricultural training empowerment level

The result in Table 5 shows that the respondents generally agreed that they were empowered by
the Delta State Government to implement their acquired skills in their various farms after the Delta
Songhai empowerment programme. Five categories of beneficiaries responded that they agreed for
being empowered with skillful training (mean = 3.13), adequate participation (mean = 3.13), satisfactory
input supply (mean = 3.13), technology utilization (mean = 3.13) and income generation increase (mean
= 3.13). Only one category of beneficiaries responded that they disagreed for being empowered with
safety tips (mean = 2.10). The pooled mean level of the empowerment programme is 2.89 which further
translates that all respondents were well empowered during the training programme.

Issues relating to empowerment measurements are technical. Many scholars use proxy standards
for measurement such as Rahman and Kazi (2007). Similar to this measurement, using rating scale,
Ovharhe and Gbigbi (2016) used rating scales to measure the degree of Fadama youth empowerment
programme in Delta State. They reported that Fadama youth were satisfied with the levels of
empowerment provided for them to become self-employed which was similar to the actions of Delta
Songhai.
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Table 5. Respondents empowerment measurement level (n = 72)

Variables Strongly Disagree Agree (3) Strongly Mean
Disagree (1) (2) Agree (4) Remark

Skillful training 1 2 54 15 3.15 Agreed
Adequate 1 6 47 18 3.13 Agreed
participation

Satisfactory input 0 9 58 5 2.94 Agreed
supply

Technology 2 11 52 7 2.88 Agreed
utilization

Income generation 5 10 20 37 2.72 Agreed
Increase

Safety tips 21 32 10 9 2.10 Disagreed

Pooled mean = 2.89

Source: Field Survey Responses.
3.5. Income generation level of aquaculture and poultry project beneficiaries

Result in (Table 6) displays the monthly and annual income levels generated by beneficiaries.
On monthly basis, December had the highest volume of income for both aquaculture (N1,390,000.00)
and poultry (N1,780,000.00) project beneficiaries. The reason could be deduced from the prevalence of
business during end of year with festivals and ceremonies. The average annual income were aquaculture
(N518,666,67) and poultry (N568,166.67) respectively. From the result, it is obvious that poultry
farmers made more income than aquaculture farmers. This is a confirmation to a survey report of
Ugwumba and Chukwuji (2010) who reported that more farmers made profit in poultry than aquaculture
business in Anambra State. Furthermore, a significant higher level of production and income generation
rate attracted Oyo State youths into the poultry industry (Adebayo et al., 2018).

Table 6. Respondents’ level of income in aquaculture and poultry project (n = 72)

Monthly Income Aquaculture (N’000) Poultry (N’000)
January 380 426
February 366 490

March 400 538

April 538 570

May 590 430

June 430 350

July 380 366

August 360 495
September 490 538

October 500 385
November 400 450
December 1,390 1,780

Total 6,224,000.00 6,818,000.00
Average 518,666.67 568,166.67

Source: Field Survey Responses.
3.6. Level of satisfaction of agricultural activities in agreement with songhai objectives.

Table 7 below shows the frequency, percentage and means of the respondent on the level of
satisfaction of agricultural activities in agreement with Songhai objectives. The result shows that the
respondents were all satisfied with the management training of agricultural practices. This shows that
majority of the respondents were satisfied with the training at poultry (mean = 3.24) and on aquacultural
practices (mean = 3.19) amongst others. The pooled mean of 2.89 shows that the respondents were
greatly satisfied with the various agricultural activities at Delta Songhai. However, there was
dissatisfaction record with maggotry (mean = 2.25) and feed mill (mean = 2.01) component activities.
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Youths are satisfied when brought in as stakeholders into project conceptualization, designs,
implementation and ownership (Ajani, Mgbenka and Onah, 2015). This perception is enviable for
project sustainability.

Table 7. Respondents’ satisfaction level of agricultural activities in agreement with Songhai objectives

(n=72)
Beneficiaries Poorly Unsatisfied Satisfied Very Mean Remark
responses on training Satisfied 2 3) Satisfied
in: (1) (4)
Poultry 0 4 47 21 3.24 Satisfied
Aquaculture 2 5 42 23 3.19 Satisfied
Grasscutter 0 5 55 12 3.09 Satisfied
Piggery 0 5 56 11 3.08 Satisfied
Agro-processing 1 5 55 11 3.05 Satisfied
Snailry 2 8 47 15 3.04 Satisfied
Quail 4 20 43 5 2.68 Satisfied
Maggotry 16 26 26 4 2.25 Not satisfied
Feed mill 23 30 14 5 2.01 Not satisfied

Pooled mean =2.89

Source: Field Survey Responses.
3.7. Constraints militating against youth implementation of delta songhai programme

Table 8 shows that serious constraints were poor funding from donors (mean = 2.84), fund
diversion (mean = 2.76), poor farm monitoring (mean = 2.70), beneficiaries nonchalant attitude (mean
= 2.59), poor feeder road situation (mean = 2.59) and shortage of modern technology (mean = 2.56).The
unserious constraints were inadequate starter package (mean = 2.47), poor communication system (mean
= 2.41), poor publicity (mean = 2.27) and poor marketing (mean = 1.90). Ajani et al. (2015) reported
that inadequate project funding, poor environmental and infrastructural provisions affects youth in
developing interest in agriculture. Moreover, youths participating in backyard farming as a way to
generate income complained about the poor monitoring and visits of agricultural extension workers
(Ovharhe, Achoja, Okwuokenye. and Joe-James, 2020). The pooled mean for the constraint was at 2.51
it shows that the constraints were not very serious.

Table 8. Respondents’ constraints in programme implementation (n = 72)

Constraints Not Serious Unserious (2) Serious Very Serious Mean Remark
(©)] Q) (4)

Poor funding from 1 20 40 11 2.84 Serious
donors

Fund diversion 2 20 43 7 2.76 Serious
Poor project 3 29 26 14 2.70 Serious
monitoring

Beneficiaries 4 31 27 10 2.59 Serious
nonchalant attitude

Poor feeder road 6 24 35 7 2.59 Serious
situation

Shortage of modern 1 36 28 7 2.56 Serious
technology.

Inadequate starter 4 33 32 3 247 Unserious
package

Poor communication 12 26 26 8 241 Unserious
system

Poor publicity 14 29 24 5 2.27 Unserious
poor marketing 25 32 12 3 1.90 Unserious

Pooled mean =251

Source: Field Survey Responses.
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3.8. Test of hypothesis one

The result of the test of hypothesis is as follows:
Hoa1: There is no significant difference between socio economic characteristics and satisfaction level of
beneficiaries
The regression result (Table 9) revealed that the entire variables were not significant except
farming experience which has a p-value of 0.034 (p< 0.05). This result is true as farming experience can
have influence on the level of satisfaction The explanatory power of the independent variables (Age,
Gender, Marital Status, Educational level, Farm size, Farming Experience, Household size and
Extension) indicated by R? is 0.172. The R? shows that only 17% of variation in level of satisfaction was
captured by the explanatory variable and that 83% was left for the error term. This shows low predictive
capacity of the model. Surprisingly, youths have some level of farming experience due to child labour
abuse, a situation where poor farm households pressurize children into farming activities in attept to
make ends meet. This is socially unethical (Ofuoku, Ovharhe, and Agbamu, 2019).

Table 9. Regression result between socio economic characteristics and satisfaction level of beneficiaries
Coefficients

Unstandardized Coefficients Standardized

Model Coefficients T Sig.
B Std. Error Beta

(Constant) 33.820 3.441 9.829 .000
Age -.025 .083 -.051 -.301 764
Gender -.670 .800 -.104 -.837 405
MaritalS 117 501 .037 .233 .817
EduL .357 .354 120 1.008 .318
FarmS .037 .188 .025 196 .845
FarmingE -.326 150 -.312 -2.165 .034*
HouseS -.224 .203 -.138 -1.103 274
Extension -.282 .360 -.096 -.783 437

*significant (p<0.05).
3.9. Test of hypothesis two

The second hypothesis was tested using Correlation to ascertain the relationship (Table 10). Hoz:
There is no significant relationship between income generation level of aquaculture and poultry project
beneficiaries.

The correlation coefficient is 0.140 with p-value of 0.414 which is not significant. This
coefficient shows that there is a weak relationship between the income generation level of aquaculture
and poultry. The implication of this is that the income level of aquaculture is less than of poultry in the
study area.

In a various farmers’ backyard farms investment survey, it was reported that farmers were
satisfied with their poultry business amongst others (Ovharhe et al., 2020).

Table 10. Regression result between income generation level of aquaculture and poultry project
beneficiaries

Correlations

Variables Aquaculture  (Income Poultry (Income
Generation) Generation)

Pearson Correlation 1 .140

Aquaculture (Income Generation)  Sig. (2-tailed) 414
N 36 36
Pearson Correlation .140 1

Poultry (Income Generation) Sig. (2-tailed) 414
N 36 36

Not significant (p>0.05).
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4. Discussion and Conclusion

Based on the finding of this research it is believed that the training programme had a great
impact on the youths mostly in poultry, aquaculture, piggery, food processing, grasscutter production
and record keeping. It was observed that most of the beneficiaries were males with an average of five
years farming experiences. Beneficiaries adopted more poultry innovations than aquaculture as reflected
in their income generation report. As indicators of positive empowerment, beneficiaries expressed
satisfactory in input supply, skillful training and adequate participation, optimal utilization of
technology. The degree of constraints facing the youths in project implementation were not very serious
on the average.

The results of this study also showed that majority of the beneficiaries had extension visits twice
in a year. This further implies that beneficiaries do not have frequent encounters with extension agents
to further familiarize themselves with latest best practices.

The findings from this study led to the following recommendations that:
i.  Donors should introduce project monitoring scheme after participant’s graduation. This will
ensure programme sustainability.

ii.  Extension workers should endeavor to visit farmers monthly instead of the observed biannual
and annual visits. This will help boost their farm productivity by enhancing them to adopt
innovative technologies and improved techniques

iii.  More attractive enterprises should be included in the training package to attract more female
youths.

iv.  More training for beneficiaries on self-made feed mills for better profitability in livestock
production.

v.  Maggot breeding should be adopted by the aquaculture beneficiaries as it is a rich feed diet for
fish production.

vi.  Safety tips are usually ignored in agricultural training programmes; as a matter of policy
implications, efforts should be made to incorporate safety technology into agricultural training
curriculum
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Abstract: Botrytis cinerea, a polyphagous pathogen, can infect all of the
aboveground parts of tomato plants and cause significant yield and quality losses.
Fungicides are commonly used for the control of this pathogen. Currently,
resistance to fungicides, which provide the effective and fast control of
pathogens, is an important problem. In this study, resistance of B. cinerea isolates
obtained from tomato greenhouses in Antalya province against Signum®
(boscalid + pyraclostrobin) and Cantus® (boscalid) fungicides were evaluated
under in vitro conditions. Mycelium growth tests conducted with different
fungicide concentrations and ECso values were calculated. While ECsp values of
isolates sensitive to boscalid varied between 0.7 and 8.6 pg/ml, ECso values of
isolates sensitive to boscalid + pyraclostrobin were found to be between 0.1 and
1.9 pg/ml. Conidial germination tests were carried out in a 2% water agar (WA)
medium. It was determined that isolates 61, 69, 72, and 81 were resistant to both
fungicides, while isolates 57 and 97 were sensitive to boscalid and resistant to
boscalid + pyraclostrobin. It has been determined that 20% of the isolates were
resistant to both fungicides. Isolates resistant to boscalid but sensitive to
boscalid+pyraclostrobin were not found. With this current in vitro study, the first
data on the resistance formation against boscalid and boscalid + pyraclostrobin
active ingredients in B. cinerea populations in Antalya province were presented.
There is a need to develop integrated control programs that can be used in the
control of the pathogen.

Turkiye’de Domates Seralarinda Kursuni KUuf (Botrytis cinerea) Hastahgimin Boscalid ve
Pyraclostrobin’e Kars1 Fungisit Dayamiklihiginin Degerlendirilmesi

Makale Bilgileri

Gelis: 02.11.2020
Kabul: 20.03.2021
Online Yaymlanma 30.06.2021
DOI: 10.29133/yyuthd.820029

Anahtar kelimeler
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Boscalid,
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Pyraclostrobin
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Oz: Polifag bir patojen olan Botrytis cinerea, domatesin toprak iistii kisimlarini
enfekte edebilmekte ve onemli verim ve kalite kayiplarina neden olmaktadir.
Fungisitler bu patojenin kontroliinde yaygin olarak kullanilmaktadir. Giiniimiizde
patojenlerin etkili ve hizli kontroliinii saglayan fungisitlere karsi dayamklilik
olusumu 6nemli bir sorundur. Bu ¢alismada Antalya ili domates seralarindan elde
edilen B. cinerea izolatlarinin Signum® (boscalid + pyraclostrobin) ve Cantus®
(boscalid) fungisitlerine kars1 dayanikliligi in vitro kosullarda degerlendirilmistir.
Farkli fungisit konsantrasyonlar1 kullanilarak gergeklestirilen misel gelisim
testleri ile ECso degerleri hesaplanmistir. Boscalid’e hassas izolatlarin ECsg
degerleri 0,7 ile 8,6 pg/ml arasinda degisirken, boscalid + pyraclostrobin etken
maddelerine kars1 hassas izolatlarin ECso degerleri 0,1 ile 1,9 pg/ml arasinda
bulunmustur. Konidi ¢imlenme testleri % 2’lik su agann (WA) ortaminda
gergeklestirilmistir. 61, 69, 72 ve 81 numarali izolatlarin her iki fungisite
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dayanikli oldugu, 57 ve 97 numarali izolatlarin boscalide hassas iken boscalid +
pyraclostrobin’e dayanikli oldugu belirlenmistir. izolatlarin %20'sinin her iki
fungiside dayanikli oldugu tespit edilmistir. Boscalid’e dayanikli, ancak boscalid
+ pyraclostrobin’e hassas izolatlar bulunamamistir. Bu calismada Antalya
ilindeki B. cinerea populasyonlarinda boscalid ve boscalid + pyraclostrobin etken
maddelerine karsi dayaniklilik olusumuna iliskin ilk veriler sunulmustur.
Patojenin mucadelesinde entegre micadele programlarinin gelistirilmesine
ihtiya¢ duyulmaktadir.

1. Introduction

Tomato is one of the most produced vegetables in the world, which is highly valuable in fresh
markets and used as an important component in the making of various industrial products (FAO, 2020).
Turkey is an important tomato producer country in the world. In 2019, 12 841 990 tons of tomatoes are
produced in Turkey. Thirty-nine percent of the tomato production in Turkey was carried out in Antalya
province for both domestic consumption and export. In Antalya province, 2 421 247 tons in plastic
tunnels and greenhouses and 2 528 905 tons from the field are produced (Tuik, 2019). Botrytis cinerea,
a polyphagous pathogen, can infect all of the aboveground parts of tomato plants and cause significant
yield and quality losses. B. cinerea, which is a fungus prone to fungicide resistance, has been found to
be resistant to most fungicides (Kim and Xiao, 2010; Yin et al., 2011; Weber, 2011; Liu et al., 2016).
Site-specific fungicides are mainly used in the chemical control of gray mold disease (Konstantinou et
al., 2015). Boscalid and pyraclostrobin active ingredients are included in this group of fungicides.
Together with the use of these fungicides, which spread systemically within the plant, the development
of resistance in pathogen populations and a decrease in fungicide activity were observed (Hahn, 2014).
These fungicides cause death in the fungus by preventing mitochondrial respiration and by preventing
energy production in the cell (Fernandez-Ortufio et al., 2008). Mutations that cause resistance in fungi
against these fungicides have been identified (De Miccolis Angelini et al., 2010; Leroux et al., 2010;
Veloukas et al., 2014).

Currently, mixtures of Qols and SDHIs fungicides are among the recommended fungicides for
the control of B. cinerea in Turkey (Bkii Veri Tabani, 2021).

It is stated that there is a high risk of resistance to the active ingredient pyraclostrobin in the
Qols group, and the risk of fungicide resistance to the boscalid active ingredient in the SDHIs group is
medium-high (FRAC, 2020). Resistance in B. cinerea has been reported against fungicides containing
boscalid (Yin et al., 2011; Veloukas et al., 2011; Konstantinou et al., 2015; Kanetis et al., 2017) and
boscalid + pyraclostrobin active ingredients (Kim and Xiao, 2010; Fernandez-Ortufio et al., 2012,
2014;). It is stated that if fungicide-resistant populations become dominant due to selection pressure,
the control of the disease will be difficult (Kim and Xiao, 2010). Therefore, it is important to evaluate
the resistance status of fungus populations.

In Turkey, there is no research on the fungicide resistance in B. cinerea populations in
greenhouse tomato production areas. Determining the effects of commonly used fungicides against this
important pathogen of tomato will contribute to the development of programs for controlling the
pathogen. Fungicides with boscalid + pyraclostrobin active ingredients are widely used to control B.
cinerea in the greenhouse areas of the Antalya province of Turkey. This study was conducted to
determine fungicide resistance under in vitro conditions against fungicides with the active ingredients
boscalid and boscalid + pyraclostrobin.

2. Materials and Methods
2.1. Survey study in tomato greenhouses and isolation of Botrytis cinerea isolates

A survey study was carried out in tomato greenhouses of Antalya province of Turkey in
December 2018. Leaf, stem, and fruit samples that were infected with Botrytis cinerea from different
districts of Antalya were taken. Diseased plant samples were brought to the laboratory and the parts

containing diseased and healthy tissues were cut with a scalpel and kept in a 1% NaOCI solution for 1
minute. Then the tissue pieces dried between sterile paper towels and they were transferred to Potato
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Dextrose Agar (PDA) medium. Isolates were purified by taking the hyphal tips under a stereomicroscope
and then transferred to agar slants and stored at +4 °C. The isolates used in this current experiment were
selected from the isolates representing different districts and greenhouses and they were previously
phenotypically characterized (Gl and Karakaya, 2020).

2.2. Fungicides

Cantus® (50%) with the boscalid active ingredient and Signum® with boscalid 26.7% +
pyraclostrobin 6.7% active ingredients (BASF) were used in mycelium growth and conidial germination
tests. The fungicides used in the tests were obtained from BASF Central Anatolia, Turkey branch. The
stock solutions of the fungicides were prepared by dissolving them in water. The SHAM stock solution
(100 mg/ml) was prepared by dissolving in methanol for boscalid + pyraclostrobin active ingredients
(Kim and Xiao, 2010). Stock solutions were stored for up to one week at +4 °C. Different concentrations
were prepared by adding to the agar media from these stock solutions.

2.3. Mycelium growth tests

Twenty isolates presented in Table 1 were used in mycelium growth tests. Zero, 0.01, 0.05, 0.1,
0.5, 5,25 pg/ml doses of Cantus® fungicide, and 0, 0.01, 0.05, 0.1, 0.5, 1, 10, 50 ug/ml doses of Signum®
fungicide were added to the PDA medium. In the test conducted with the Signum® fungicide, to prevent
alternative oxidase breathing, 1 ml of SHAM stock solution was added to 1 liter of PDA medium to the
control and different fungicide concentrations. From the isolates grown for 2-3 days in the dark at 20°
C in PDA medium, 6 mm diameter discs were taken from the tips of the actively growing colonies using
a sterile cork borer and transferred to the Petri dishes containing different fungicide concentrations.
There were 3 replications. The test was repeated twice. Petri dishes were incubated in the dark at 20°C
for 3 days and the colony diameters were measured in two directions (Kim and Xiao, 2010).

2.4. Calculation of ECsp values and statistical analysis

Percentage inhibition values were calculated by measuring the mycelium growth diameters of
fungal isolates at different fungicide doses and control Petri dishes. Regression analysis was performed
in GraphPad Prism 8 statistics program (GraphPad Software, San Diego, CA) using percent inhibition
values obtained from mycelium growth tests and logarithmic values of fungicide doses, and ECs values
were calculated. In order to determine whether there was a significant difference among the ECs, values
of resistant and sensitive isolates, all isolates were subjected to a t-test.

2.5. Conidial germination tests

Two percent WA was used in conidial germination tests of active ingredients boscalid and
boscalid + pyraclostrobin. Conidial germination tests were performed as 5 pg/ml and 100 pg/ml doses
in boscalid + pyraclostrobin active ingredients and 5 pg/ml dose in boscalid active ingredient using 3
replications (Kim and Xiao, 2010; Yinet al., 2011). SHAM was added to media containing the boscalid
+ pyraclostrobin and their controls.

Isolates numbered as 2, 26, 43, 57, 72, 61, 69, 81, 95, 97, 103, and 143 which were thought to
be resistant and sensitive according to ECso values, were included in the conidial germination test. These
isolates used in conidial germination tests were grown in PDA medium for 10 days. To prepare the
conidial suspension, 2 ml of sterile distilled water was poured into the Petri dishes, and conidia were
harvested by using a sterile scalpel. Then, the density of the spore suspension, which was passed through
a sterile cheesecloth, was adjusted to 1x 10° conidia/ml by using the hemocytometer. Twenty pl of the
spore suspension of each isolate was transferred to the WA medium to which fungicide was added. After
the incubation of Petri dishes at 20°C for 12 hours, spore germination was examined under a
stereomicroscope.
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3. Results

Regression equations obtained as a result of mycelium growth tests, their ECso values and the
isolates found to be resistant and sensitive are presented in Table 1. While ECsp values of isolates
sensitive to boscalid active ingredient varied between 0.7 and 8.6 ug/ml, ECso values of isolates sensitive
to boscalid + pyraclostrobin active ingredients were found to be between 0.1 and 1.9 pg/ml. It was
determined that isolates 61, 69, 72, and 81 were resistant to both fungicides, while isolates 57 and 97
were sensitive to boscalid and resistant to boscalid + pyraclostrobin. As a result of the t-test, the
difference between the ECso values of the sensitive and resistant isolates to Cantus® (boscalid 50%) and
Signum® (boscalid 26.7% + pyraclostrobin 6.7%) fungicides were found statistically significant
(P<0.05).

According to ECso values, sensitive and resistant isolates were selected and conidial germination
tests were carried out. While conidial germination was not observed in sensitive isolates at the dose of
5 pg/ml in boscalid active ingredient, it was determined in resistant isolates under a stereomicroscope.
In boscalid + pyraclostrobin active ingredients, there was no conidial germination in sensitive isolates
at the 5 ug/ml and 100 pg/ml fungicide doses whereas conidial germination was observed in resistant
isolates at both concentrations.

Resistance to boscalid was determined in S3, S5, M1, and M6 phenotypic groups, and resistance
against boscalid + pyraclostrobin active ingredients occurred in phenotypic groups of S2, S3, S5, M1,
and M6. Fungicide resistance was determined in both sclerotial and mycelial type phenotypes. No
relationship could be inferred between fungicide resistance and phenotypic groups of isolates (Table 1).
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Isolate no  Districts of Phenotypes of Plant parts  Regression ECso Resistance/Susceptibility ~ Regression ECso values Resistance/Susceptibility
Antalya province the isolates from which B. equations values to boscalid equations pg/ml to boscalid +
where the isolates (Gl and cinerea  was (boscalid) pg/ml (boscalid + (boscalid + pyraclostrobin
were obtained Karakaya obtained (boscalid) pyraclostrobin)  pyraclostrobin)

2020)
2 Serik S4 Leaf Y =11x+49 1.4 S Y=19x+62 0.2
S

8 Serik M1 Leaf Y =14x+45 25 S Y=20x+66 0.3 S

11 Serik S5 Leaf stalk Y= 17x+41 2.9 S Y=40x+84 0.2 S

26 Serik S2 Leaf Y =15x+51 0.9 S 0.2 S

Y=22x+66
38 Serik S3 Leaf Y =14x+44 2.8 S Y=24x+69 0.2 S
43 Serik S1 Leaf Y =17x+43 2.6 S 0.1 S

Y=23x+73
57 Serik M6 Leaf stalk Y = 9x+45 6.7 S 49

Y=10x+29 R
59 Serik S4 Leaf Y =12x+47 2 S Y=10x+52 0.6 S
61 Finike S3 Stem Y =10x+34 25 R 27

Y=10x+19 R
69 Finike S5 Leaf Y =11x+33 29 R 30

Y=9x+20 R
72 Finike M1 Fruit Y =10x+35 19 R 12

Y=4x+24 R
74 Finike S1 Leaf Y =17x+40 4.2 S Y=15x+59 0.3 S
81 Kepez M6 Leaf Y =11x+32 30 R 44

Y=6x+20 R
92 Kepez M1 Leaf stalk Y =17x+47 15 S Y=17x+45 1.9 S
95 Kepez M3 Leaf Y =12x+41 0.7 S 1.8 S

Y=17x+42
97 Kepez S2 Leaf stalk Y = 9x+46 2.9 S 15

Y=12x+32 R

98 Kepez S4 Leaf stalk Y =14x+41 44 S Y=26x+54 0.6 S

102 Aksu S2 Leaf stalk Y =11x+45 3.1 S Y=26x+61 0.4 S

103 Aksu S3 Leaf stalk Y= 11x+46 25 S 0.2 S

Y=30x+71
143 Kumluca S3 Leaf Y =15x+37 8.6 S 0.9 S
Y=15x+51

* The isolates selected for the conidial germination tests are written in bold. S: Sensitive, R: Resistant.
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4. Discussion and Conclusion

In the Aksu and Kumluca districts of Antalya province resistance to boscalid + pyraclostrobin
was not found. Resistance to boscalid was not detected in Serik, Aksu, and Kumluca districts. A lower
number of isolates showed resistance to boscalid. Isolates resistant to both fungicides have been found
in the Finike and Kepez districts of Antalya (Table 1). It has been determined that 20% of the isolates
were resistant to both fungicides. While the rate of isolates resistant to boscalid was 20%, the rate of
those resistant to boscalid + pyraclostrobin was determined to be 30%.

It is stated that differential doses can be used as a reliable method in determining the resistance
against boscalid and boscalid + pyraclostrobin active ingredients (Kim and Xiao, 2010; Yin et al., 2011).
In our current study, similar to previous findings, it appears that conidia germination tests are compatible
with mycelium growth tests and can be used as a practical way to detect resistant isolates. In order to
calculate the ECso values of isolates by mycelium or conidia germination tests, in vitro tests should be
established using different doses of fungicides.

While resistant to boscalid, isolates sensitive to boscalid + pyraclostrobin were not found in our
current study. Similar results were obtained in a previous study by Fernandez-Ortufio et al. (2012). The
high ECso values of the isolates against boscalid + pyraclostrobin indicate a high risk of pathogen
resistance to this fungicide (Table 1). Therefore, it may be advisable to use boscalid active ingredient
alone in its chemical control to delay the formation of fungicide resistance in the pathogen (Fernandez-
Ortuiio et al., 2012). Fungicides with boscalid active ingredients are not recommended alone in the
control against B. cinerea in Turkey (Bkii Veri Tabani, 2021).

Resistance to a fungicide with the active ingredients boscalid + pyraclostrobin has been reported
in stored apples (Kim and Xiao, 2010), strawberry fields (Fernandez-Ortufio et al., 2012; 2014), and
kiwifruit (Bardas et al., 2010). In tomato, it was reported that the ECso values of B. cinerea isolates
against Signum® were 0.014-0.48 pg/ml and there was no significant resistance (Rodriguez et al., 2014).
The ECs values obtained in our current study show that resistance against this fungicide is significant
(Table 1).

To our knowledge, fungicide resistance against boscalid and pyraclostrobin active ingredients
of B. cinerea has been reported for the first time in greenhouse tomato areas in Turkey. In our future
studies, molecular characterization of fungicide resistance is planned.

It appears that the use of fungicides with active ingredients of boscalid + pyraclostrobin in
tomato greenhouses will lead to increased resistance in the B. cinerea population. For this reason, other
active ingredients should be used alternately to prevent fungicide resistance. However, in order to create
chemical control programs in tomato greenhouses, multiple fungicide resistance of B. cinerea
populations should also be evaluated. Moreover, there is a need to develop integrated control programs
that can be used in the control of the pathogen.

With this current in vitro study, the first data on the resistance formation against boscalid and
boscalid + pyraclostrobin active ingredients in B. cinerea populations in Antalya province were
presented. This resistance should also be determined molecularly by using a large number of isolates. It
is necessary to implement measures to decrease fungicide resistance to reduce the damage caused by
gray mold disease and methods that could be alternatives to chemical control should be developed
(Hahn, 2014).
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Oz: Kiiresellesme ve gelisen teknoloji kirsal kalkinma kavrammin da
degismesine neden olmustur. Bu baglamda kiiresellesen diinyaya ayak
uydurabilmek, sosyo-ekonomik gelismeye katki saglamak ve akilli ve rekabetci
kirsal alanlar olusturmak amaciyla bilgi ve iletisim teknolojilerinin (BIT) kirsal
alanlarda kullaniminin artmasi1 gerekmektedir. Literatiirde c¢esitli alanlarda
A’WOT teknigi kullanilmasima ragmen kirsal kalkinmaya yonelik ¢aligmalarda
ozellikle turizm konusu diginda yeterli sayida ¢aligma olmadig1 gozlenmistir. Bu
calismanin amaci BIT’in kirsal kalkinmadaki roliinii ortaya koyarak
Tirkiye’deki kirsal alanlarin  BIT potansiyelini A’WOT analizi ile
degerlendirmektir. Sayisal ¢oziimlemelerde veri olarak 9 uzmanin goriisiinden
yararlanilmigtir. Bulgular, kirsal alanlarin altyapisinin  yiiksek oranda
tamamlanmig ve akilli tarim uygulamalarmin kullaniliyor olmasi gibi 6nemli
avantajlara sahip olmasma ragmen, BIT cihaz sahipligi ve erisim imkanlarinin
yetersiz oldugu gostermektedir. Nesnelerin interneti (IoT) teknolojisinin her
alanda kullanilabiliyor olmasi 6nemli bir firsat olarak goriilmekte olup, kirsal
halkin tarimsal uygulamalarda BiT e kars1 mesafeli durus gdstermesi dnemli bir
tehdit olarak kargimiza ¢ikmaktadir.
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Abstract: Globalization and developing technology have caused the concept of
rural development to change. In this context, the use of information and
communication technologies (ICT) in rural areas should increase in order to
keep pace with the globalizing world, contribute to socio-economic
development and create smart and competitive rural areas. Although AWOT
technique has been used in various fields in the literature, it has been observed
that there is not enough work in rural development studies except tourism. This
study aims to determine the role of ICTs in putting ICT in rural development is
to evaluate the potential of rural areas in Turkey A'WOT analysis. In numerical
analysis, the opinions of 9 experts were used as data. Findings show that
although the infrastructure of rural areas is highly completed and smart
agriculture applications are used, ICT device ownership and access
opportunities are insufficient. The fact that the Internet of Things (loT)
technology can be used in every field is seen as an important opportunity, and it
is an important threat that rural people show a distant stance against ICT in
agricultural practices.
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1. Giris

21. yiizyilda teknoloji giin gectikce degismekte, gelismekte ve teknolojinin kullanimi yagsam
kalitesini iyilestirmektedir. Bilgi devrimi ile rekabet giicii artmakta, yeni ekonomik biiyiime ve is
imkanlar1 olusmakta, hizmetlere daha iyi erisim saglanmakta, yerel topluluklar daha da glg¢lenmeye
baslamakta ve kiiresel ekonomi yeniden sekillenmeye baglamaktadir. Kirsal alanlarda yetersiz fiziksel
erigim, smirl egitim olanaklar gibi pek ¢ok sorun kirsal halkin bilgiye erismesini engellemekte dijital
boliinmeye yol agmaktadir (Oztas, 2019).

Bilgi ve iletisim teknolojisi (BIT), iletisim sistemi, cihaz ve uygulamalar1 iginde
barmdirmaktadir. BIT’ler, ekonomik biiyiime ve sosyal giiclendirme potansiyeline sahiptir (Tripathi,
Singh ve Kumar, 2012). Hiikiimetler, isletmeler, 6zel kurumlar ve sivil toplum kuruluslarinin BiT
kullanimindaki hizl1 artisi, kiiresel olarak énemli sosyo-ekonomik gelismelere yol agmistir. BIT’in bu
yaygin kullanimi hiikiimetler, isletmeler ve siradan vatandaslar arasinda daha etkili yerel ve kiiresel
baglantilara olanak saglamistir. Aym1 zamanda insanlarin ge¢im kaynaklarinda 6nemli bir doniisiime
ve “bilgi toplumlarinin” gelismesine yol agcmistir. Modern BIT ve ilgili geleneksel teknolojilerin
entegrasyonu saglandik¢a ortaya cikan yeni bilgiler, diinyada o&zellikle egitim, saglik ve tarim
konusunda kirsal kalkinmada etkili olmustur (Maumbe ve Okello, 2013). BIT, diinya ¢apinda kirsal
kalkinma baglaminda etkili bir sekilde uygulanmaktadir (World Bank, 2005; Oztas, 2019). Gelismis
iilkeler yirmi yili askin bir siiredir BIT kullaniminda diinyay1 yénlendirmis olsa da son yillarda
gelismekte olan iilkelerin BIT kullaniminda da ciddi oranda artis goriilmektedir (ENRD, 2020; EU,
2020).

Kirsal kalkinma yoksulluk, cehalet ve firsat esitsizligini ortadan kaldirma amagli sosyal
yonden iyilestirmeyi icerdigi kadar, ekonomik yonden de iyilestirmeyi icermektedir. Gelismekte olan
iilkelerde ¢ok sayida insan kirsal alanlarda yasamaktadir. Bu nedenle kirsal kalkinma ve bu baglamda
kirsal alan planlamasi olduk¢a énemlidir. BIT ler, kirsal ve kentsel yoksullukla miicadelede énemli bir
rol oynamaktadir (EU, 2020). Hatta kirsal alanlarda ekonomik biiyiimenin tamamen BiT’lere baglh
oldugu soylenebilir (ENRD, 2020). Kirsal halk ve ciftciler teknolojiyi kullanarak her seyden haberdar
olmakta ve verimlilik artmaktadir. Verimlilik artarsa, ekonomik biiyiime ve kirsal kalkinma hiz1 artig
gOstermektedir (Tripathi ve ark., 2012).

Bu baglamda BIT’in kirsal alanda kullamimini artirarak kirsal kalkinmay1 saglamak amaciyla
stratejiler olusturulmali ve olusturulan stratejiler cergevesinde caligmalarin yapilmasi gereklidir.
Strateji olusturmak igin genel olarak SWOT (GZFT) analizi kullanilmaktadir. Ancak SWOT analizi
olusturulan stratejilerin ya da faktorlerin 6nem derecesini nicel olarak belirleyememektedir. SWOT
analizinin daha basarili sekilde uygulanabilmesi i¢in bu calismada A’WOT analizi kullanilmastir.

Kapsamli literatlir taramasi sonucunda A’WOT analizinin ekonomik yap1 belirlemede,
ormancilik alaminda (Kurt, 2020), makine endustrisinde, enerji sektorii ve enerji planlamasinda
(Gottfried ve ark., 2018), havacilik alaninda (Bakir ve ark., 2017), su kaynaklarinin yénetiminde, doga
koruma alaninda, yonetim alaninda ve stratejik planlama alaninda (Etongoa ve ark., 2018), turizm
alaninda (Kisi, 2019) olmak tizere gesitli alanlarda kullanildig1 gériilmiistiir. Aragtirmacilar analizleri
farkli amagclar dogrultusunda kendi meslek disiplinlerine uyarlamiglardir. Literatiirde gesitli alanlarda
A’WOT analizi kullanilmasina ragmen kirsal kalkinmaya yonelik calismalarda 6zellikle turizm
konusu disinda yeterli sayida ¢alisma olmadigi gdézlenmistir. Bu baglamda bu g¢aligmada 6zellikle
kirsal alanlar ve BIT konusuna odaklanilmustir.

Bu ¢alismanin amaci BIT’in kirsal kalkinmadaki roliinii ortaya koyarak Tiirkiye’deki kirsal
alanlarm BIT potansiyelini A’'WOT analizi ile degerlendirmektir. Bu amag dogrultusunda ilk nce
Tiirkiye’deki kirsal alanlarin BIT konusunda sahip oldugu giiglii ve zayif yonler ile firsatlar ve
tehditler (SWOT) ortaya koyulmustur. Sonrasinda bu SWOT alt faktorlerinin  dncelikleri
sayisallastirilmistir.  Sayisal ¢Oziimlemeler i¢in 9 uzmanin goriisiinden yararlanilmistir. SWOT
faktorlerinin sayisallagtirilmasinda AHP yontemi kullanilmistir.

1.1. BiT’in kirsal kalkinmadaki rolii
Bilgi iletisim teknolojileri, kirsal alanlarda tarim, egitim ve saglik alanlariin gelisimi i¢in yeni

uygulamalar ve yenilikler yaratmakta ve iiretmektedir. Bu bélimde BIT’in temel olarak kirsal
kalkinma ile yakindan ilgili olan egitim, tarim ve saglik alanlarindaki roliine kisaca deginilmektedir.
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1.1.1. BIT ve saghk

Saglik, kirsal yoksullugun azaltilmasi i¢in en umut verici alanlardan biridir. Saglik tesisleri,
kirsal alanlarda en ¢ok ihmal edilen konulardandir. Gelismemis ve gelismekte olan iilkelerin genelinde
kirsal alanlarda tesis yetersizligi ve zayif iletisim gibi pek ¢ok sebepten dolayr saglik calisanlari bu
alanlar1 tercih etmemektedirler. Bu baglamda, teknolojinin gelismesi ile birlikte tan1 ve tedaviyi
kolaylastirma ve uzaktan danisma icin BIT’ler kullanilmaya baslanmistir. Saghik hizmetlerinin
BIT’lerle sunulmas ile 6zellikle uzak yerlerde ve nitelikli tibbi personel ve hizmetlerden yoksun olan
kirsal topluluklarin tibbi ihtiyaclarmin giderilmesi saglanmaktadir (Ouma ve Herselman, 2008;
Pramanik ve ark., 2017).

1.1.2. BIT ve egitim

Egitim, bir milletin omurgasidir. Gelismekte olan bir¢ok iilkede cografi konum, sosyal ve
ekonomik durum gibi pek cok sorundan dolayr kirsal alanda yasayan oOgrenciler egitim alma
konusunda zorluk yasamaktadirlar. Kirsal alanlarda 6grenci sayisinin fazla ve dgretmen sayisinin
yetersiz olmasi, egitim yapilariin yetersiz kalitede olmasi, ulasimin zor olmasi gibi sorunlarin da
eklenmesiyle kirsal ve kentsel alanlarda egitim alan Ogrencilerin egitim kalitesi arasinda biilyiik bir
uyumsuzluk ve esitsizlik ortaya c¢ikmaktadir. BIT’in egitimde kullanilmasi bu uyumsuzlugu ve
esitsizligi azaltmaktadir. BIT’in 6gretim sisteminde kullanilmasi, geleneksel “dgretmen merkezli”
Ogretim modelinden “6grenci merkezli” modele gecisi miimkiin kilmaktadir. Farkli bir grup 6grenci,
ogretmen yoklugunda bile es zamanli olarak egitim ve 6gretimine devam edebilmektedir (Roy ve ark.,
2014).

BiT’ler, gelismekte olan iilkelerin uzak kirsal bdlgelerindeki egitim kalitesini ve kapasitesini
artirabilmektedir. BIT’ler kirsal toplumlarin 6gretmenleri ve ogrencileri arasinda bilgi paylasimi
yapmakta ve gelismekte olan iilkelerdeki kirsal alanlar igin farkli firsatlar yaratmaktadir. Boylece
egitim kurumlarinda ulusal, bolgesel, yerel diizeyde ve toplum diizeyinde egitim verilmesi genel
verimliligi artirmaktadir (Hepp, 2004). BIT’lerin egitimde kullanimi, dgretimin ve Ogrenmenin
kalitesinin artirilmasini ve egitime erisimi demokratiklestirmeyi amaglamaktadir (Pramanik ve ark.,
2017). Ayrica BIT yetiskin egitimi saglamada da kullanilmaktadir. BiT tabanli uzaktan egitim tesisi
ile ¢evrimici mesleki egitim dersleri alinmaktadir. Genel olarak degerlendirildiginde; bilgi toplumuna
doniisiim siirecinde, kirsal halkin bilinglendirilmesinde, bilgilendirilmesinde ve BIT kullamim
kabiliyetlerinin gelistirilmesinde BIT’in egitim alanindaki roliiniin oldukga biiyiik ve énemlidir (Hepp,
2004).

1.1.3. BiT ve tarim

Sanayilesmede go6zle goriiliir bir artisa ragmen, tarim hala gelismekte olan {ilkelerin
GSYIH’sinda biiyiik bir paya sahiptir. Tarimda akill1 teknolojilere olan talep, esas olarak kuresel niifus
patlamasinin bir sonucudur. Biiyiiyen kiiresel niifus ve bununla baglantili endiistriyel genisleme, gida
iretiminde biiyiikk bir baski yaratirken ayn1 zamanda mevcut ekilebilir arazinin genel alanini da
azaltmaktadir. Kiiresel niifus igindeki hizli ivme nedeniyle, gida talebi de artmakta, diger yandan tarim
emegi azalmaktadir. Bu baglamda, bireysel ciftciler ve kurumsal ciftlikler, akilli tarim ara¢ ve
gereclerini benimsemekte bu da gerekli gida talebini karsilamak icin yiiksek miktarda ve yiiksek
kalitede iiriin yetistirmelerine yardimci olmaktadir (Awuor ve ark., 2013).

Tarimda BIT kullamimi, tarim ve kirsal kalkinmanim gelistirilmesine odaklanan yeni bir
alandir. Kirsal alanda BIT kullanmanin yenilik¢i yollarinin uygulanmasini icermektedir (Mahant ve
ark., 2012). Bu nedenle akilli teknolojiler sektorler arasinda ilerlerken, tarim sektorii geride
birakilmamalidir. Gelismis ekonomilerde 6zellikle tarim sektorii genelinde dikkate deger dlgiide artan
bir talep kaydedilmistir. Bu gelismeler su anda insan giliciinii azaltacak ve tarimsal verimi artiracak
sekilde uygulanmaktadir. BIT deki ilerlemeler, ¢iftcilere dogru, zamaninda ve ilgili bilgi ve hizmetler
saglamak ve bdylece daha fazla gelir elde edilen tarim sektorii i¢in bir ortam saglamaktadir (Mahant
ve ark., 2012). Ciftcilerin arazi kosullarim1 daha iyi anlamalarina yardimci olmak igin mikro
denetleyici, bulut veya web tabanli platform, kameralar, sensorler ve akilli cihazlar gibi teknolojiler
kullanilmaktadir (Mahant ve ark., 2012).
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Kirsal alanda yasayanlar ve 6zellikle tarim ile ugrasanlar, kurakliktan erozyona, zararlilarla
miicadeleden hastaliga, girdilerin saglanmasindan pazar fiyatlar1 konusunda bilgiye gereksinim gibi
pek ¢ok sorunla micadele etmektedirler. Bu sorunlarin ¢dziimiinde BIT’lere gereksinim
duymaktadirlar. BiT ler, ¢iftcilere tarrm ve mahsul bakimi, hayvancilik, giibre ve hammadde girdileri,
hasere kontrolii, tohum tedariki ve piyasa fiyatlar1 gibi tarimla ilgili yararli bilgiler saglamaktadir
(Pramanik ve ark., 2017). Bu baglamda tarim sektdriiniin rekabet giiciiniin artirilmasi i¢in BIT
kullanimi desteklenmelidir.

2. Materyal ve Yontem

Bu ¢alismada BIT’in kirsal kalkinmadaki roliinii ortaya koyarak Tiirkiye’deki kirsal alanlarin
BIT potansiyelini A’WOT analizi ile degerlendirebilmek amaclanmistir. Bunun i¢in calisma
kapsaminda ilk énce BiT’in kirsal kalkinma iizerindeki roliiniin tespiti i¢in 6zellikle Tiirkiye gibi
gelismekte olan ve kirsal niifusu yiiksek iilkelerde yapilan ¢alismalar incelenmistir. Cilinkii gelismekte
olan iilkeler, BIiT’lerin gelismesi ve kirsal alanlarda yasanan yaklasim degisikligi ile birlikte kirsal
kalkinmaya yonelik daha fazla ¢alisma yapmaktadirlar.

Sonrasinda A’WOT analizi i¢in ilk 6nce SWOT analizi yapilmistir. SWOT analizi i¢in kirsal
alan, kirsal kalkinma ve BIT konusunda literatiir taramasi yapilmistir. Ozellikle de Tirkiye’de
uluslararasi ve ulusal kurum ve kuruluslarm kirsal alan ve BIT konusuna yénelik hazirlanan raporlari,
strateji belgeleri ve projeleri detayli incelenmistir. incelenen belgeler arasinda: “Kirsal Kalkinma
Eylem Plan1 (2015-2018)”, “Avrupa Birligi Katilim Oncesi Yardim Araci Kirsal Kalkinma Programi
(IPARD) (2014-2020)”, “Kirsal Kalkinma Plan1 (2010-2013)”, “Onuncu Kalkinma Plan1 (2014-
2018)”, “E-Avrupa Girisimi”, “Bilisim ve Ekonomik Modernizasyon Raporu”, “E-doniisiim Tiirkiye
Projesi”, “Tirkiye Ulusal Enformasyon Altyapisi Ana Plani: Sonu¢ Raporu”, “Bilgi Toplumu
Stratejisi (2006-2010)” ve “2015-2018 Bilgi Toplumu Stratejisi ve Eylem Plan1" yer almaktadir.

Daha sonra SWOT alt faktorleri Analitik Hiyerarsi Prosesi (AHP) yontemi kullanilarak
sayisallastirilmistir. Sayisallagtirma asamasinda ilk once faktorlerin ikili karsilastirma matrisi
yapilmistir. Bunun i¢in “Cizelge 1.”de yer alan ikili karsilastirma 6lgegi kullanilmistir. 01.06.2020-
30.07.2020 tarihleri arasinda c¢evrimi¢i hazirlanan ikili karsilagtirma anketleri 12 uzmana
gonderilmistir. Bu Orneklem, Tirkiye’de kamu kurum ve kuruluglarinda calisan kisilerden
olugmaktadir. Ankete Kiiltiir ve Turizm Bakanligi’ndan 1 kisi, Tarim ve Orman Bakanligi’ndan 1 kisti,
Sanayi ve Teknoloji Bakanligi’'ndan 1 kisi, Cevre ve Sehircilik Bakanligi’'ndan 2 kisi ve
akademisyenlerden 4 kisi olmak {izere toplam 9 uzmandan geri doniis gelmistir. 9 uzman A’WOT
analizinin yapilabilmesi icin yeterli oldugundan sayisal g¢oziimlemeler yapilmaya baglanmistir.
Sonrasinda matrisin en biiyik 0z vektorii hesaplanarak oOncelikler bulunmustur. Bu siirecte
faktorlerdeki tutarliliklar da hesaplanmistir. Ayrica faktorler arasinda kiyaslama yapilirken tutarh
davranilip davranilmadigini 6l¢gmek amacryla tutarlilik oranina bakilmistir. Tutarlilik oraninin 0.10’un
altinda olmas1 matrisi tutarli yapmaktadir.

Cizelge 1. AHP’de kullanilan ikili karsilastirma dlgegi

Onem Tanim Aciklama

Derecesi

1 Esit 6nemli Amag i¢in iki segenek de esit oneme sahiptir.

3 Orta derece d6nemli Bir segenek digerine gore biraz daha dnemlidir.

5 Yuksek derece 6nemli Bir segenek digerine gore oldukga dnemlidir.

7 Cok yiiksek derece Onemli  Bir segenek digerine gore yiiksek bigimde 6nemlidir.

9 Son derece énemli Bir segenek digerine gore oldukga yiiksek bigcimde 6nemlidir.

2,4,6,8 Ara degerler iki secenek arasinda orta bir deger vermek gerektiginde kullanilmaktadir.

Kaynak: Saaty, 1980:21.
3. Bulgular

Uygulamanin ilk agamasinda SWOT analizi yapilmistir. Calisma kapsaminda kirsal alan,
kirsal kalkinma ve BIT konusunda literatiir taramasi ve uluslararas: ve ulusal kurum ve kuruluslarin
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kirsal alan ve BIT konusuna yonelik hazirlanan raporlari, strateji belgeleri, projeleri detayli
incelenerek olusturulan SWOT analizi asagida verilmistir.
Gugla Yonler (G)
S1- Elektrik ve iletisim altyapisinin yiiksek oranda tamamlanmis olmas1
S2- Dokuzuncu Kalkinma Plani’ndan itibaren gelisen teknolojiye ayak uydurma baglaminda
“Tiirkiye’nin bilgi toplumuna donilismesi” vizyonunun olmasi.
S3- 1993 yilindan itibaren bilgi toplumuna doniisiim siirecinde olusturulan politika metinlerinin ve
araclarinin bulunmasi
S4-2006-2010 ve 2015-2018 Bilgi Toplumu Stratejisi ve Eylem Plani’nin yapilmasi
S5- Ulkemizde akilli tarim uygulamalarinin kullanilmaya baslanmasi
S6- Kirsal halkin BIT ler konusunda farkindaligiin artmaya baslamasi
S7- Tiirkge sayisal igerik ve uygulamalarin varligi
Zayif Yonler (Z)
Z1- Ar-Ge faaliyetlerinde finansal kaynaklarin yetersiz ve koordinasyonda eksikligin olmasi
Z2- BIT cihaz sahipligi ve erisim imkanlarmin yetersiz olmasi
Z3- BIT’in bilingli kullanimimnin yeteri kadar tesvik edilmemesi
Z4- Halkin sayisal becerilerinin yetersiz olmast
Z5- Tirkge sayisal icerik ve uygulamalarinin gelistirilme ihtiyacinin olmasi
Z6- Yeni teknolojilere dayali telekomiinikasyon altyapilarinin yeterli olmamasi
Z7- Tiirkiye’de kirsal kalkinma politikalarinda BIT’lerin yer almamas1 ya da kavramsal olarak yer
almasi
Z8- Bilgi toplumuna doniisiim siirecinde kirsala yonelik politika metinlerinin ve araglarinin yetersiz
olmast
Z9- 2006-2010 ve 2015-2018 Bilgi Toplumu Stratejisi ve Eylem Plani’nda kirsala yonelik stratejilerin
yetersiz olmasi
Fursatlar (F)
F1- Haberlesme ve bilisim teknolojisindeki gelisme
F2- D1s pazarlara erisim imkanlarinin giiglenmesi
F3- Uluslararasi kaynaklara/fonlara erigebilirlik
F4- BIT fiyatlarinda azalma
F5- OECD’nin BiT’lere, Diinya Bankasi’min da iklim-akilli tarim uygulamalarina destek veriyor
olmasi
F6- Nesnelerin interneti (IoT) teknolojisinin her alanda kullanilabiliyor olmasi
F7- Tarmm alaninda akilli tarim uygulamalar1 kapsaminda; iklim kosullarinin izlenmesi, sera
otomasyonu, mahsul yonetimi, hayvanlarin izlenmesi ve yonetimi, toprak kalite denetimi, zararlilarin
kontrolli, ugtan uca ciftlik yonetim sistemleri, kindle e-kitaplari, akilli sulama sistemlerinin
kullanilmasi
F8- BiT’in saglik alaninda (teletip, uzaktan saglk izleme, acil bildirim sistemleri vb) kullaniminin
artmasi
F9- BiT’in egitim alaninda (telekonferans, uzmanlarla video konferans, e-kitaplar vb) kullaniminin
artmasi
Tehditler (T)
T1- iklim kosullarinda meydana gelen degisikliklerin iiretimi etkilemesi
T2- Tarmmsal iiretimde dogal sartlardan kaynaklanan risk ve belirsizliklerin olmasi
T3- Diinyadaki kirsal kalkinma politikalarinda BiT lerin ¢ok az yer almasi
T4- Veri korsanligi-Siber saldiri
T5- Avrupa’daki kirsal alanlarin kiiresel pazardan pay almaya baslamasi
T6- Ozel firmalarin kirsal alanda BIT uygulamalarinin kullanimina yénelik finansal desteklerinin
yetersiz olmasi
T7- Kirsal halkin tarimsal uygulamalarda BIT e kars1 mesafeli durus gostermesi

Uygulamanin ikinci asamasinda uzman 9 Kkisinin goriisii alinarak ikili karsilastirmalar
yapilmistir. Bu siiregte iki faktérden hangisinin ne kadar onemli oldugunu ortaya koymak
amaglanmigtir. Faktorlerin 6nem sirasi belirlenirken Cizelge 1’deki 6l¢ek dikkate alinmistir. AHP
yontemi ile matrisin 6z degerleri belirlenerek SWOT faktorleri sayisallagtirilmistir (Cizelge 2.).
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Tablo 2. Uygulama sonucunda elde edilen agirliklar ve tutarlilik oranlar

Temel Alt Faktorler Agirliklar Tutarlilik
Faktor Orani

G1- Elektrik ve iletisim altyapisinin yiliksek oranda tamamlanmig olmasi
0.327
G2- Dokuzuncu Kalkinma Plani’ndan itibaren gelisen teknolojiye ayak 0.13
uydurma baglaminda “Tirkiye’nin bilgi toplumuna doniigmesi”
vizyonunun olmasi
Gucli G3- 1993 yilindan itibaren bilgi toplumuna doniisim siirecinde 0.216 0.073
yonler olusturulan politika metinlerinin ve araclarinin bulunmasi
G4- 2006-2010 ve 2015-2018 Bilgi Toplumu Stratejisi ve Eylem 0.083
Plant’nin yapilmasi
G5- Ulkemizde akilli tarim uygulamalarinin kullanilmaya baglanmasi 0.157
G6- Kirsal halkin BIT’ler konusunda farkindaliginin artmaya baslamasi 0.064

G7- Tiirkce sayisal icerik ve uygulamalarin varlig 0.023

Z1- Ar-Ge faaliyetlerinde finansal kaynaklarm yetersiz ve 0.104
koordinasyonda eksikligin olmasi

Z2- BIT cihaz sahipligi ve erisim imkanlarinin yetersiz olmasi 0.19
Z3- BIT’in bilingli kullanimmin yeteri kadar tesvik edilmemesi 0.054
Z4- Halkin sayisal becerilerinin yetersiz olmasi 0.176

Z5- Tirkee sayisal icerik ve uygulamalarinin gelistirilme ihtiyacinin  0.059
Zayif olmasi
Yonler Z6- Yeni teknolojilere dayali telekomiinikasyon altyapilarinin yeterli 0.23 0.036
olmamasti
Z7- Tiirkiye’de kirsal kalkinma politikalarinda BIT’lerin yer almamasi ya 0.021
da kavramsal olarak yer almasi
Z8- Bilgi toplumuna doniisim siirecinde kirsala yonelik politika 0.131
metinlerinin ve araglarinin yetersiz olmasi
Z9- 2006-2010 ve 2015-2018 Bilgi Toplumu Stratejisi ve Eylem Planinin  0.035
yapilmasi kirsala yonelik stratejilerin yetersiz olmasi

F1- Haberlesme ve bilisim teknolojisindeki gelisme 0.212
F2- Dis pazarlara erigim imkanlarinin giiclenmesi 0.039
F3- Uluslararasi kaynaklara/fonlara erigebilirlik 0.037
F4- BIT fiyatlarinda azalma 0.084

F5- OECD’nin BiT’lere, Diinya Bankasi’'min da iklim-akilli tarrm 0.023
uygulamalarma destek veriyor olmasi
F6- Nesnelerin interneti (IoT) teknolojisinin her alanda kullanilabiliyor 0.31
olmasi

Firsatlar  F7- Tarim alaninda akilli tarim uygulamalart kapsaminda; iklim 0.158 0.072
kosullarinin izlenmesi, sera otomasyonu, mahsul yonetimi, hayvanlarin
izlenmesi ve yonetimi, toprak kalite denetimi, zararlilarin kontrolii, uctan
uca ciftlik yonetim sistemleri, kindle e-kitaplari, akilli sulama
sistemlerinin kullanilmasi
F8- BIT’in saglik alaninda (teletip, uzaktan saglik izleme, acil bildirim 0.067
sistemleri vb) kullaniminin artmasi
F9- BIT’in egitim alaninda (telekonferans, uzmanlarla video konferans, e- 0.069
Kitaplar vb) kullaniminin artmasi

T1- Tklim kosullarinda meydana gelen degisikliklerin iiretimi etkilemesi 0.071
T2- Tarimsal ftretimde dogal sartlardan kaynaklanan risk ve 0.233
belirsizliklerin olmasi

T3- Diinyadaki kirsal kalkinma politikalarinda BIT’lerin ¢ok az yer 0.033

almasi
T4- Veri korsanligi-Siber saldir1 0.156
Tehditler T5- Avrupa’daki kirsal alanlarmn kiiresel pazardan pay almaya baglamas1 ~ 0.055 0.057

T6- Ozel firmalarm kirsal alanda BIT uygulamalarinin kullammma 0.114
yonelik finansal desteklerinin yetersiz olmasi

T7- Kirsal halkin tarimsal uygulamalarda BIT’e karst mesafeli durus 0.337
gostermesi
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Giiclii yonler ana faktoriinii olusturan 7 alt faktoriin agirliklar incelendiginde; G1 alt faktorii
% 32.7, G3 alt faktori % 21.6, G5 alt faktori % 15.7, G2 alt faktori % 13, G4 alt faktoru % 8.3, G6
alt faktori % 6.4 ve G7 alt faktori % 2.3 seviyesinde bulunmustur.

Zayi1f yonler ana faktoriinii olusturan 9 alt faktoriin agirliklan incelendiginde; Z6 alt faktorii %
23, Z2 alt faktori % 19, Z4 alt faktoru % 17.6, Z8 alt faktord % 13.1, Z1 alt faktori % 10.4, Z5 alt
faktord % 5.9, Z3 alt faktori % 5.4, Z9 alt faktori % 3.5 ve Z7 alt faktéri % 2.1 seviyesinde
bulunmustur.

Firsatlar ana faktoriinii olusturan 9 alt faktoriin agirliklar1 incelendiginde; F6 alt faktéri % 31,
F1 alt faktoru % 21,2, F7 alt faktori % 15.8, F4 alt faktort % 8,4, F9 alt faktori % 6.9, F8 alt faktori
% 6.7, F2 alt faktori % 3.9, F3 alt faktorli % 3.7 ve F5 alt faktdri % 2.3 seviyesinde bulunmustur.

Tehditler ana faktoriinii olusturan 7 alt faktoriin agirliklart incelendiginde ise; T7 alt faktori %
33.7, T2 alt faktori % 23.3 T4 alt faktori % 15.6, T6 alt faktori % 11.4, T1 alt faktori % 7.1, T5 alt
faktorl % 5.5 ve T3 alt faktori % 3.3 seviyesinde bulunmustur.

SWOT gruplarini olusturan alt faktorlerin agirliklarinin belirlenmesiyle, tutarlilik oranlar1 da
hesaplanmigtir. Tutarlilik orani, gii¢lii yonler igin 0.073, zayif yonler i¢in 0.036, firsatlar igin 0.072 ve
tehditler i¢in 0.057’dir. Hesaplanan bu tutarlilik oranlari, ikili karsilagtirma matrislerinin tutarli
oldugunu ifade etmektedir.

4. Tartisma ve Sonug¢

Kiiresellesme ve gelisen teknoloji kirsal kalkinma kavraminin da degigsmesine neden olmustur.
Bu baglamda kiiresellesen diinyaya ayak uydurabilmek, sosyo-ekonomik gelismeye katki saglamak ve
akilli ve rekabetci kirsal alanlar olusturabilmek amaciyla i¢in BIT lerin kirsal alanlarda kullaniminin
artmas1 gerekmektedir. BIT in kirsal alanda kullanimu ile dijital boliinme azalacak, egitim, saglk ve
tarim sektoriindeki kalite artacak, dogal kaynaklarin izlenmesi ve korunmasi kolaylasacaktir.

BiT’lerin kullaniminda ve gelisiminde altyapinin énemi kaginilmazdir. Su an Tiirkiye nin
hemen hemen her noktasinda elektrik ve iletisim altyapisi tamamlanmis durumdadir. Bu durum kirsal
alanlarin teknoloji ile entegrasyonun saglanmasina énemli katkilar saglayacaktir. Ancak altyap1 kadar
onemli olan da BIT cihaz sahipligi ve buna erisimdir. Kirsal halkin BIT cihaz sahipliginin yetersiz
olmasi, ekonomik anlamda BIT’e erisim giiglerinin zayif olmasi ve kirsal halkin saysal becerilerinin
yetersiz olmas1 BIT’in kirsal alanlarda kullanimimin az olmasina neden olmaktadir. Ciinkii kirsal
kalkinmanin saglanabilmesi igin kirsal halkin uygun alanlarda gelistirilen BiT uygulamalarma sahip
ve kullanabiliyor olmasi gerekmektedir. Ozellikle 1993 yilindan itibaren bilgi toplumuna déniisiim
stireci kapsaminda bu konu ile ilgili caligmalarin yapilmaya baslanmis olmasi bu durumun
farkindaliginin yiiksek oldugunu gostermektedir. Ancak bu ¢aligmalarda kirsal alanlara ¢ok fazla yer
verilmemesi kentsel alan ile kirsal alan arasindaki dengenin daha da bozulmasina neden olmustur.

Tiirkiye’deki kirsal halkin ekonomik anlamda birincil gecim kaynaginin tarim olmasi BiT’in
ozellikle bu alanda kullanimim yayginlastirmistir. Diinyada nesnelerin interneti (IoT) teknolojisi her
alanda kullanilmaktadir. Ozellikle tarim alaninda iklim kosullarmin izlenmesi, sera otomasyonu,
mahsul yonetimi, hayvanlarin izlenmesi ve yonetimi, toprak kalite denetimi, zararlilarin kontrold,
uctan uca ciftlik yonetim sistemleri, kindle e-kitaplari, akilli sulama gibi uygulamalar ile
kullanilmaktadir. Bu uygulamalar tarimda verimliligi ve elde edilen ekonomik kazanci artirmaktadir.
Ayrica dogal sartlardan kaynaklanan risklerin ve belirsizligin de azalmasina neden olmaktadir.
BiT’lerin kullaniminin yayginlasmasi, veri korsanliginin yasanmasi ve muadil iiriinlerin ortaya
¢ikmasi BIT fiyatlarmin diismesine neden olmustur. Bu da halkin BIT cihaz sahipligini artirmalari i¢in
onemli bir firsat sunmaktadir. Ancak BIT’in kirsal alanda kullanimimnmn artirilmasi igin 6zellikle bu
alana yonelik uygulamalarin ve finansal desteklerin artmasi gerekmektedir. Bu baglamda da sadece
devlet destegi degil dzel sirketlerin de kirsal alanda BIT uygulamalarimin kullanimima yénelik finansal
desteklerine ihtiya¢c duyulmaktadir. Bu destek ile kirsal kalkinma daha dengeli saglanmis olacaktir.
Ciinkii akill1 ve rekabetci kirsal alanlar olusturabilmek i¢in BIT’in sadece tarimda degil egitim, saglik,
ekonomi gibi bireylerin yasam kalitesini artiracak alanlarda da kullaniminin artmasi gerekmektedir.
Giiniimiizde ozellikle gelismekte olan iilkelerin kirsal alanlarda BIT’leri kullanmasi ve kirsal
kalkinmanin artmasi1 bu durumu destekler niteliktedir.

Bu ¢alismada, yaygin bir planlama araci olan SWOT, ¢ok kriterli karar verme yontemlerinden
biri olan AHP ile entegre edilerek, BiT’in Tiirkiye’deki kirsal alanlardaki potansiyelinin
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degerlendirilmesine yonelik olarak kullanilmistir. Boylece SWOT analizinin kullanilabilirligini
gelistirmek hedeflenmistir.  Sonuglar nicel bilgiler sunularak agiklayici bir sekilde sunulmustur.
Ayrica uzman goriisiine dayanan A’WOT analizi yapmak karar verme siireciyle ilgili olarak farkli
paydaslarmn goriislerini incelemek igin iyi bir firsat olusturmaktadir. BIT’den yola ¢ikarak
Tirkiye’deki kirsal alanlarin teknoloji ile entegrasyonu sirecinde onceliklendirilmesi gereken
faktorleri ortaya koyan bu ¢aligma; literatiire, kirsal alanlarin nicel bilgi tabanlarinin giiglendirilmesine
ve bu konu ile ilgili ¢alisan arastirmacilara 6nemli katki sunmaktadir.
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Oz: Balik atiklar1 besinsel agidan degerli, fonksiyonel dzelliklere sahip ve kolay
sindirilebilir, ekonomik degeri yiiksek proteinli iirlinlere doniistiiriilebilirler.
Balik isleme atiklarindan kullanilabilir gida ve biyoaktif bilesiklerin doniistimii
ile ilgili caligmalara ve ticari iiretime agirlik verilmistir. Balik protein
hidrolizatlar1 (BPH) ticari iirlin olarak fonksiyonel gida, hayvansal yem, organik
giibre ve evcil hayvan gidasi olarak kullanildigi gibi BPH’ lariin igerdikleri
nutrasotik 06zellikteki biyoaktif peptitler ile antihipertensif, antitrombotik,
antikanser, immunomodulator ve antioksidan aktivitesi gosterdikleri icin tip ve
farmakolji alaninda da degerlendirilmektedir. Hidrolizatlarinin besleyici
ozelliklerinin, diger protein hidrolizatlarindan daha dengeli ve iistiin oldugunu
gostermektedir. Protein hidrolizati iiretmek i¢in kimyasal ve enzimatik olmak
iizere iki farkli yontem kullanilmaktadir. Son zamanlarda; daha diisiik sicaklik,
basing ve 5-8 arasi bir pH aralig1 kullanildig i¢in enzimatik yontemle hidrolizat
iretimini daha cazip hale getirmistir. Hidrolizasyonun en etkili gostergesi hidroliz
derecesi (HD(%)) olarak kullanilmistir. Yapilan calismalardan elde edilen
bulgulara gore, protein geri kazanimi igin pargalanmis peptit baglarmin daha
yiiksek olmasi, HD(%)’ nin yiikselmesine neden olmaktadir. Kugik molekl
agirligina sahip proteinlerin suda daha fazla ¢oziiniirliigii, hidrolizatin protein geri
kazanimmi artirarak, fonksiyonel Ozelliklerini daha kullanilabilir hale
getirmektedir. Aragtirmalarda elde edilen farkli degerlerin balik tiirlerine, atik
kompozisyonuna, enzim tiiriine, hidroliz yontemine (sicaklik, siire ve enzim
oran1) goére degisebilecegi gorilmektedir. Bu arastirmada balik isleme
atiklarindan enzimatik hidroliz yontemi kullanilarak balik protein hidrolizati
iiretimi konusu derlenmistir.

Production of Fish Protein Hydrolizate Using Enzymatic Hydrolysis from Fish
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Abstract: Fish waste can be transformed into nutritionally valuable, functional
and easily digestible protein products with high economic value. Studies on the
transformation of usable food and bioactive compounds from fish processing
wastes and commercial production were focused. Fish protein hydrolyzates
(FPH) are used as functional food, animal feed, organic fertilizer and pet food as
commercial products, as well as in the field of medicine and pharmacology as
they show antihypertensive, antithrombotic, anticancer, immunomodulatory and
antioxidant activities with the nutraceutical properties they contain. It shows that
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Keywords the nutritional properties of fish hydrolyzates are more balanced and superior than
Fish waste, other protein hydrolyzates. Two different methods, chemical and enzymatic, are
Protein hydrolysate, used to produce protein hydrolyzate. Recently; It has made the production of
Enzymatic hydrolysis.

hydrolyzate by enzymatic method more attractive as it uses lower temperature,
pressure and a pH range of 5-8. The most effective indicator of hydrolysis was
used as HD (%). According to the findings obtained from the studies conducted,
it has been determined that higher cleaved peptide bonds for protein recovery
cause HD (%) to increase. It has been reported that proteins with smaller
molecular weights have greater solubility in water, thus increasing the protein
recovery of the hydrolyzate and making its functional properties more useful. It
is seen that the different values obtained in the studies may vary according to the
fish species, waste process, enzyme type, hydrolysis method (temperature, time
and enzyme ratio). In this study, the production of fish protein hydrolyzate from
fish processing wastes by using enzymatic hydrolysis method was compiled.

1. Giris

Diinyada artan niifusun, protein ihtiyacinin desteklenmesi igin su tirtinleri yetistiriciligi en hizl
biiyiiyen gida iiretim sektoriidiir (FAO, 2018).Ulkemizde balik atiklarmin bir kismindan genellikle
biyolojik degerliligi ve ekonomik degeri diisik balik unu elde edilmektedir. Geri kalam1 da
degerlendirilmeden kirlilik etmeni olarak ¢evreye atilmaktadir. Halbuki bu kaynaklar besinsel agidan
degerli, fonksiyonel 6zelliklere sahip ve kolay sindirilebilir, ekonomik degeri yiiksek proteinli Grlinlere
dontstirilebilirler (Ceylan, 2018; Ucar, 2020). Genel olarak, fileto olarak degerlendirilen baliklarin %
60-70° ini balik kafalari, deri, pul, kemik, i¢ organlar ve islenemeyen et pargalar1 olusturmaktadir.
Avrupa Birligi, Altinct Cevre Eylem Plani’nin dort dnceliginden biri olarak atik yonetimi belirlenmis
ve atigin kaynaginda onlenmesinin yani sira geri doniisiimiin tesvik edilmesi, kagimilmaz olan atigin
kaynak olarak kullanimi ve ek dogal kaynaklarin ¢ikarilmast AB atik yonetimi politikalarinin ana
unsurlarin teskil etmistir. Bu nedenle, bu iilkelerde balik isleme atiklarindan kullanilabilir gida ve
biyoaktif bilesiklerin elde edilmesi ile ilgili calismalara ve ticari iiretime agirlik verilmistir. Ulkemizde
ise bu atiklarin ¢ok az bir kism1 hayvan yeminde kullanilmak tizere cuzi bir {icretle balik unu tireten
fabrikalara satilmaktadir. Fakat buradan elde edilen balik ununun biyolojik degerliligi oldukga diisiiktiir.
Geriye kalani ise degerlendirilemeden direkt kirlilik unsuru olarak ¢evreye birakilmaktadir. Balik
protein hidrolizat dretimi (FPH) ile elde edilen hidrolizat geleneksel balik unu firetimi ile
karsilastirildiginda, bir¢ok farkli amagla kullanilabilecek 6zelliklere sahip bir tirtin olarak katma degeri
yiiksek bir tiriin haline doniistiiriiliir. Protein hidrolizi Gretmek igin kimyasal ve enzimatik olmak Uzere
iki farkli yontem kullanilmaktadir. Kimyasal yontemde, yiiksek sicaklik (120 °C) ve basing (100 kPa)
altinda asit veya alkali kosullar uygulanmaktadir. Bu yontem daha ekonomik iiretim maliyetine sebep
olsa da hidrolizatta arzu edilen fonksiyonel 6zelliklerinin kaybolmasina ve ekipman korozyonuna sebep
oldugu icin son yillarda ¢ok tercih edilmemektedir. Enzimatik yontemde ise, daha diisiik sicaklik, basing
ve 5-8 arasi bir pH aralig1 kullanildigi i¢in bu dezavantajlarin biiyiik bir gogunlugu olugsmaz. Bu durum,
son zamanlarda enzimatik yontemle hidrolizat {iretimini daha cazip hale getirmistir (Diniz ve Martin,
1997; Sathivel ve ark., 2005; Slizyte ve ark., 2005). Yiiksek katma degerli protein hidrolizatlarin1 (PH)
iiretmek i¢in iyi tanimlanmis protein hidrolizatlar1 enzimatik yontemle iiretilmistir. Proteinler kolaylikla,
diisiik sicaklik ve pH kosullarinda deaktive edilir. Balik ve atiklarindan protein hidrolizat: iiretmek i¢in
ticari olarak kullanilan bir¢ok enzim bulunmaktadir. Bromelain (Aspmo ve ark., 2005) ve papain (Hoyle
ve Merritt, 1994) gibi bitkisel kaynakli, kimotripsin, tripsin (Simpson ve ark., 1998) ve pepsin (Viera
ve ark., 1995) gibi hayvansal kaynakli veya alkalaz, nétraz, flavourenzim, protameks ve proteaz N
(Kristinsson ve Rasco, 2000a; Guérard ve ark., 2001; Liaset ve ark., 2002) gibi mikrobiyolojik kaynakli
enzimler balik protein hidrolizatinin {iretiminde kullanilmistir. Enzimatik hidroliz, g¢esitli enzimlerin
kullanimi sayesinde, iireticinin en iyi iirlinii elde etmesine olanak saglamaktadir. Su liriinlerinden protein
hidrolizatinin ticari bir {iriin haline doniistiiriilebilmesi icin degerlendirilemeyen ve avcilik yoluyla
iiretim miktar1 yiliksek olan tiirlerin tespitine yonelik ¢aligmalarin yapilmasi gerekmektedir. Arastirma
kapsaminda ikincil verilerden yararlanilmis olup, balik atiklarinin degerlendirilmesi, hidrolizat
yontemlerinin karsilagtirilmasi ve iiretim asamalart ile ilgili olarak bilimsel ¢alismalar incelenmis olup,
literatiire katki saglamasi ve farkindalik olusturmasi amaciyla bu derleme ¢alismasi hazirlanmistir.
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1.1. Balik atig1 proteinleri

Balik atiklarinda 6nemli miktarda protein bulundugu bildirilmektedir. Raghavan (2008), balik
atigindaki protein miktariin baliktaki toplam proteinin % 10-20'sine kadar (agirlik/agirlik)
bulunabilecegini bildirmistir. Baliktaki pullar ve deriye ek olarak balik kemigi ¢ok iyi bir kolajen ve
jelatin kaynagidir. Balik ve kabuklu deniz hayvanlar1 kas proteinleri sarkoplazmik, miyofibriler ve
stroma proteinleri olmak iizere ii¢ ana gruptan olusur. Sarkoplazmik proteinler (su veya diigiik tamponlu
¢ozeltilerde ¢oziilebilir), sarkoplazmada mevcut olan, yaklasik olarak toplam kas dokusu proteininin %
15-35'ini kapsar. Bu proteinler esasen enerji ile iligkili kreatin kinaz, aldolaz, gliseraldehit ve 3 fosfat
dehidrojenaz gibi enzimlerden olusur. Tirlere bagl olarak miyoglobin ve hemoglobin gibi pigmentli
proteinler suda ¢oziinlir protein siifinda bulunabilirler. Sarkoplazmik proteinlerin igerigi ve bilesimi
tiirler arasinda degisiklik gdsterebilir. Ornegin baz1 yumusakcalarda hemoglobin yoktur. Ayrica, baliklar
ve memeli sarkoplazmik proteinleri arasinda kompozisyon igerikleri bakimindan da farkliliklar
goriilebilecegi bildirilmistir (Belitz ve ark., 2004). Ornegin balik miyoglobini sistein amino asitini
igerirken, buna karsilik memeli myoglobini bu aminoasiti igermemektedir. Myofibriller proteinler,
yiiksek tuzlu ¢ozeltilerde ¢oziinen yapisal proteinlerdir. Bu proteinlerin orani balik kaslarindaki toplam
proteininin % 65-75'ini kapsar. Yapisal proteinler igerisinde en ¢ok orana sahip olan aktin ve miyosin,
kaslarin kasilmasindan sorumlu iki kas proteinidir. Miyosin yapisal proteinlerin % 50 ile % 58 arasinda
aktin ise % 15-20 arasinda kapsamaktadir. Miyosin iki agir (223 kDa) ve iki hafif zincir (22 ve 18 kDa)
iceren biiyiik bir molekiildiir. Molekiil hafif zincirleri igeren bolgeler ve agir zincirlerin 6nemli bir kismi
iki tane aym kiiresel kafa yapisina sahiptir. Kuyruklar, agir zincirlerin ¢ok uzun a-heliks olusturdugu
birbirini saran sarmallar olustururlar (Sekil 1A) (Blaber, 2001). Aktin iki sekilde olusur: kiiresel
monomer G-aktin ve miyosine baglanan biiyiik bir polimer olan F-aktin dir. Ince filamentler kas
kasilmasini diizenleyerek ¢ok 6nemli bir rol oynar (Sekil 1B) (Anonim, 2006). Diger kasilma ile iligkili
yapisal ve diizenleyici proteinler ve miyofibriler proteinleri, tropomiyosin, troponin, aktinin, desmin,
nebdlin ve C ve M proteinleridir.

Myvosin bas:

Myvosin knvrugua
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MMy osin hafif zincirleri
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Sekil 1. (A) Myosinin ve (B) aktinin yapisal sekli.

Agirlikli olarak kolajen, geri kalan kismi elastin ve jelatinden olusan bag dokusu veya stroma
proteinleri, ortalama olarak toplam kas proteininin % 3"%inii olusturur. Balik derisi, kemikler ve
pullardaki kollajen, kas dokuda da, énemli bir yapisal proteindir. Bu tiglii sarmal protein ve kismen

504



YYU TAR BIL DERG (YYU J AGR SCI) 31 (2): 502-513
Korkmaz ve ark., / Enzimatik Hidroliz Yontemi Kullanilarak Balik isleme Atiklarindan Balik Protein Hidrolizat: Uretimi

hidrolize edilen sargili form olan jelatin, polar olmayan glisin, valin, alanin, prolin ve hidroksiprolin
amino asitleri acisindan zengindir. Hidrofobik amino asitlerinden prolin, lipid peroksidasyonunun ve
anjiyotensin doniistiiriicii enzim (ACE)' in 6nlenmesinde énemli rol oynar.

1.2. Balik protein hidrolizat Gretimi

Hidroliz, su kullanilarak iki molekiil arasindaki baglantinin koptugu bir islemdir. Proteinler,
hidrolize edilirken daha kiiciik peptitlere ve serbest amino asitlere hidroliz olurlar. Sekil 2’de bir
dipeptitin iki serbest amino aside hidrolizi gosterilmistir (Anonim, 2009). Hidroliz islemine
hammaddenin kompozisyonu, enzim tipi, su, endojen enzimlerin inaktivasyonu, pH, sicaklik ve
zamanin etkili olabilecegi 6ne siiriilmektedir (He ve ark., 2013).

Protein

| oH

H e H R oH
N—C_—_C _—N—C_C
1_1_|

Peptid bag:y
Sekil 2. Bir dipeptidin iki serbest aminoasite hidrolizi

Hidroliz hem kimyasal hem de enzimatik olarak gergeklestirilebilir. Kimyasal hidroliz i¢in asit
veya baz kullanirken, enzimatik hidroliz enzimler tarafindan katalizlenir. Kimyasal hidroliz, yiiksek
protein geri kazanimi, hizli isleme ve diisiik maliyet nedeniyle her ne kadar popler olsa da, bahsedilen
fizikokimyasal ve biyoaktif islevselliklerinde zayifliga neden oldugu i¢in hidrolizat kalitesini kontrol
etmek olduk¢a zordur. Bu dezavantajlar, kimyasal yontemle elde edilen protein hidrolizatlarinin
yiyecek, icecek ve ilag sektoriinde kullanimini 6nemli derecede simirlandirmaktadir. Giintimiizde
kimyasal yontemle elde edilen hidrolizatlar, sadece gilbre ya da laktik asit bakterilerinin gelisimi igin
azot kaynag gibi diisiik degerli iiriinler i¢in kullamlmaktadirlar. Ote yandan, enzimatik hidroliz ile
karsilastirildiginda stireci kontrol etmek genellikle zordur ve ayrica asirt pH, basing ve sicaklik
kullanildig: i¢in besinsel kalite azalmakta ve tutarsiz fonksiyonel 6zelliklere sebep olabilmektedir
(Slizyte, 2004). Diger dezavantajlar1 ise; sindirimin ardindan nétralizasyon i¢in asirt miktarda NaCl
kullanimi, esansiyel aminoasit triptofanin tahribati ve lezzet arttiricilar olarak hidrolizatlarin kisitli
kullanimina sebep olmasi sayilabilir (Hordur ve ark., 2000). Asit hidrolizi alkaliden daha populerdir
¢linkii alkali hidroliz i¢in kullanilan kimyasallar, ¢ogunlukla hidrolizin besleyici degerine ve
fonksiyonel 6zelliklerine olumsuz etki ederler. Enzimatik yontemde ise, daha diistik sicaklik, basing ve
5-8 aras1 bir pH aralig1 kullanildig1 i¢in bu dezavantajlarin biiyiik bir ¢ogunlugu olusmaz. Bu durum,
son zamanlarda enzimatik yontemle hidrolizat iiretimini daha cazip hale getirmistir. Yiksek katma
degerli protein hidrolizatlarim1 (PH) {iretmek i¢in iyi tanimlanmis protein hidrolizatlart enzimatik
yontemle iiretilmistir. Proteinler kolaylikla hafif sicaklik ve pH kosullarinda deaktive edilir. Ureticinin
arzu edilen nihai {irline dayali en iyi iiriinii elde etmek igin farkli kaynaklardan gelen ¢esitli enzimlerin
kullanimina olanak saglanmaktadir (Pasupuleti ve Braun, 2010). Balik yan iiriinlerinden ayn1 anda
protein ve yagi elde etmek i¢in enzimatik hidroliz kullanmistir (de Oliveira ve ark., 2017). Enzimatik
hidroliz, hidrolizin besinsel kalitesi ve fonksiyonel 6zellikleri bakimindan daha iyi kaliteye sahip oldugu
icin gelecekte daha populer olacagi diigiiniilmektedir. Enzimatik hidroliz ayrica fizikokimyasal,

505



YYU TAR BIL DERG (YYU J AGR SCI) 31 (2): 502-513
Korkmaz ve ark., / Enzimatik Hidroliz Yontemi Kullanilarak Balik isleme Atiklarindan Balik Protein Hidrolizat: Uretimi

fonksiyonel ve / veya duyusal ozellikleri iyilestirmek veya degistirmek i¢cinde kullanilmaktadir. Saglik
icin gerekli esansiyel ve esansiyel olmayan amino asitler FPH'de bol miktarda bulunmaktadir (Idowu ve
ark., 2019). Balik protein hidrolizatlarinin fonksiyonel 6zellikleri, protein kaynaklarina, kullanilan
proteazlara, hidroliz derecesine, reaksiyonun siire ve sicakligina ve tampon pH'sina gore degisirken,
duyusal 6zellikleri ise kullanilan proteolitik enzim tiiriine ve hidroliz reaksiyon kosullarinin etkisine
bagh olarak degismektedir. Bunlar igerisinde 6zellikle hidroliz derecesi, bir proteoliz degerlendirme
parametresi olarak kullanilmaktadir ve farkli protein hidrolizatlarinin karsilagtirilmasinda da bir
gosterge olarak degerlendirilmektedir. Cizelge 1°de kimyasal ve enzimatik hidrolizin karsilastirilmasi
verilmigtir. (Sanmartin ve ark., 2009).

Cizelge 1. Balik protein hidrolizat1 liretiminde kimyasal ve enzimatik hidrolizin karsilastiriimasi

Hidrolizat Ydntemi Avantajlar Dezavantajlari
Kimyasal Ydntem Yiiksek protein geri kazanim  Acilik
(asit ve alkali) Kisa iglem siiresi Kéth fonksiyonel dzellikler
Diisiik isleme maliyeti Yiiksek tuz igerigi

Metallerin metal agindirmasi
Tepkimenin zor kontrolii
Lysino-alanin ~ gibi  toksik  maddeler
olusturmasi
Insanlar viicudu tarafindan emilmeyen D-
amino asitlerin olusumu
Enzimatik Ydéntem Daha az ac1 hidrolizat liretimi ~ Yiiksek isleme maliyeti

Fonksiyonlarin ve Uzun iglem siiresi

Besleyici degerin korunmast

Son tirtinde diisiik tuz igerigi

Homojen hidrolizat Gretimi

Benjakul ve Morrisey (1997), pasifik merlaninin kati atik proteinleri i¢in optimum hidrolize
kosullarmi 9.5 pH, 60 derece hidroliz sicakligi, 60 dakika hidroliz siiresi ve kat1 atik ve tampon karigim1
icin (1:1 w/v) 20 Alkalaz kg’lik enzim seviyesi olarak bulmuslardir. Ayrica hidrolizatlarin aciligini
azaltabilecegi ve alkalazin diger proteazlara gore daha az aci hidrolizatlar ortaya ¢ikardigi da tespit
edilmistir

1.3. Enzimatik hidroliz

Enzimler, gida endiistrisinde istenilen reaksiyonun katalizlenmesinde ve yiiksek degerli
tirlinlere donistiiriilmesinde biiyiik oranlarda kullanilmaktadir . Proteolitik enzimler, ekonomik olarak
en Onemli enzim gruplaridir . Proteolitik enzimlere proteazlar, proteinazlar ve peptitazlar da denir.
Ozelliklerine bagli olarak proteolitik enzimler, degisen sekanslar ve uzunluklardaki peptitleri veren iki
amino asit arasindaki peptit bagim koparirlar. Endopeptitazlar, peptit zincirindeki peptit baglarmi
parcalayip biiyiik peptitler liretirken, ekzopeptitazlar zincirin sonundaki peptit baglarini pargalayarak
dipeptitler ve serbest amino asitler olustururlar. Enzimler, ayn1 zamanda aktif baglant1 bolgelerine gore
de siniflandirilabilirler. Ornegin sistein endopeptitazlari, aktif bolgelerinde oldukga reaktif bir sistein
kalintis1 igerirler (Neil ve ark., 2013). Proteinlerin enzimatik hidrolizi, zaten hammadde i¢inde mevcut
olan endojen enzimlerle veya ticari enzimlerin eklenmesiyle gergeklestirilebilir. Endojen enzimler,
proteini ¢Oziindiirmeye ve hidrolizati arttirmaya yonelik ticari enzimlere gore daha fazla hidroliz
isleminde verimli olabilirler. Karaciger ve bagirsak gibi hammadde fraksiyonlar1 yiiksek endojen
proteolitik aktiviteye sahiptirler. Endojen ve ticari enzimlerin eszamanli kullanimi, daha yiiksek
hidrolizat verimlerinde tek basina ticari enzim kullanmasindan daha yiiksek verim alinmasina sebep
olabilirler. Bununla birlikte, ticari enzimlerin tek basina kullanilmasi, elde edilecek triinun ézelliklerini
kontrol etmede daha etkili olacaktir. Kontrollii ve yeniden iiretilebilir islemler son derece 6nemlidir ve
bu nedenle hammadde turiine goére endojen enzimler énce etkisiz hale getirilir ve ticari enzimlerin
eklenmesi bundan sonra gerceklestirilir. Proteazlar hayvan, bitki ve mikrobiyolojik kaynaklardan
tiiretilmektedir. Baz1 bitki kaynaklarindan ekstrakte edilen enzimler arasina papain, bromelain ve
keratinaz sayilabilir. Hayvanlardan ekstrakte edilen enzimler arasinda ise tripsin, kimotripsin, pepsin ve
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renin sayilabilir. Bitki ve hayvan proteazlarinin pazardaki mevcut talebi karsilayamamasi nedeniyle,
mikrobiyal proteazlara olan talebin artmasi da s6z konusudur (Kristinsson ve Rasco, 2000). Bakteriyel
proteazlar siklikla protein hidrolizatinin tiretiminde kullanilir. Bunlar esasen nétr veya alkalidir ve
Bacillus cinsi bakteriler tarafindan firetilirler. Notr proteazlar, 5-8 pH araliginda aktiftir ve diigiik
sicaklik toleransina sahiptir. Alkali proteazlar, 7-10 pH araliginda aktiftir ve genis 6zgiilliige sahiptir.
Protein hidrolizatlari {iretmek i¢in ¢ok ¢esitli ticari enzimler kullanilmistir ve bunlar alkalaz (subtilisin),
bromelain, kimotripsin, katapsin, Corolaz 7089, Korolaz PP, Denazyme AP, fisain (ficin),
Flavourenzim, pankreatin, papain, pepsin, plazmin, Protameks R, Proteinaz K, Proteks 6L, Notraz,
Seabzyme, termolizin, tripsin ve birka¢ diger proteaz bitkilerden, mikroorganizmalardan ve hayvan
dokularindan tiiretilmistir (Tveit, 2014). Alkalaz, deterjan endustrisi icin Novo Nordisk (Bagsvaerd,
Danimarka) tarafindan gelistirilen Bacillus licheniformis'den Gretilen bir alkali enzimdir. Bu enzimin,
balik protein hidrolizatin1 hazirlamak igin kullanilan en iyi enzimlerden biri oldugu kanitlanmigtir
(Benjakul ve Morrissey, 1997). Shahidi ve ark. (1995), alkalaz tarafindan iiretilen balik protein
hidrolizatinin daha iyi fonksiyonel 6zelliklere, ¢ok iyi bir azot verimi ile yiiksek bir protein igerigine,
kasin i¢erdigi amino asit kompozisyonuna benzer ve nétraz gibi diger enzimlere kiyasla daha yiiksek bir
besleyici degere sahip oldugunu belirtmislerdir. Cizelge 2’ de balik protein hidrolizat tiretiminde
kullanilan ticari enzimlerin 6zellikleri verilmistir (Vercruysse ve ark., 2005).

Cizelge 2. Balik protein hidrolizat {iretiminde kullanilan enzimler

Enzimler Orijini Ozgiinliik
Alkalaz Bacillus licheniformis Dar, esas olarak hidrofobik aminoasitler igin
Notraz Bacillus Dar, baslica Leu ve P i¢in
amyloliquefaciens
Papain Papaya Genis, endoproteaz
a-Kemotripsin Bovine pancreas Treonin, Triptofan, Fenilalanin, Lésin C-
terminalinde
Flavourenzim Aspergillus oryzae Endoprotidaz ve Ekzoproteaz karisimi

1.3.1. Enzimatik hidroliz iiretim basamaklari

Enzimatik hidrolizle balik protein hidrolizati iretiminde ii¢ ana islem basamag:
kullanilmaktadir. Bunlar; 6n hidrolizasyon, hidrolizasyon ve geri kazanim asamasidir. Sekil 3 de,
enzimatik yontemle balik protein hidrolizati iiretmek i¢in kullanilan akis diyagrami gosterilmektedir (He
ve ark., 2013).
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Sekil 3. Enzimatik yontemle balik protein hidrolizati tiretmek i¢in kullanilan akis diyagrama.
1.3.2. On hidroliz

On hidrolizasyon basamagmnin amaci, sonraki basamakta olan hidrolizasyon asamasi igin
homojen hale getirilmis diisiikk yag icerigine sahip su-kiyma karisimlari hazirlamaktir. Bu nedenle,
hidroliz asamasindan Once ticari enzimler eklenmeden, kiyilmis hammadde su ile karistirilir. Bu,
enzimlerin substrata kolay erismesini saglar. Bu islem sediman fazindaki ¢oziiniir bilesenlerin geri
kazanimini saglayarak hidrolizat verimini artirir ve proteinin artmasina neden olur. Slizyte ve ark.,
(2005), kullanilan enzim tiiriinden daha ziyade fazla su eklemenin verimi daha iyi etkiledigini
belirtmistir. Bunun olumsuz tarafi, yag veriminin diismesi ve emiilsiyonun artmasina neden olmasidir.
Bununla birlikte, ilave edilen su sonrasinda, kurutma veya konsantre etmek gibi suyun uzaklastirilmasi
icin ek islemlerin yapilmasini zorunlu hale getirmektedir. Bu sekilde, hidroliz maliyeti hem endojen
enzimlerin inaktivasyonuyla hem de su ve ticari enzimlerin eklenmesiyle artar ve bu faaliyetlerin
gerekliligi, arzulanan tiriiniin kalitesiyle baglantili olarak belirlenmelidir. Benjakul ve Morrissey (1997)
balik atiklar1 6giitiildiikten sonra esit miktarlarla (agirlik/agirlik) su ile karigtirilarak homojen bir su-
kiyma bulamaci elde etmisler ve iiriine daha fazla su eklemenin protein geri kazanimini arttirmadigini,
ancak suyun azaltilmasinin protein hidrolizatlarinin su ugurma oraninin azaltilmasina sebep olacagin
one siirmiislerdir.

1.3.3. Hidrolizasyon

Hidrolizasyon i¢in segilen enzim, 6n islem basamagindan sonra elde edilen sulu bulamag igine
homojen bir sekilde karistirilir. Isleme sicaklign ve pH, segilen enzimin en uygun degerlerine gore
ayarlanir. Hidroliz, yaklasik 30 dakika siire ile enzimleri 90 °C'de inaktif ederek son bulur.

Pepsin gibi pH degeri asidik olan enzimler diisiik pH da mikrobiyal biiylimeyi engelleyebilir.
Ancak asidik pH atmosferi asir1 hidrolizasyona sebep oldugu igin proteinin geri kazaniminin diisiik
olmasina, triptofan amino asitinin yikimina, zayif fonksiyonel 6zelliklere ve besinsel kalitenin diisiik
olmasia yol agarlar (Kristinsson ve Rasco, 2000). Bu nedenle, optimum nétr seviyeye yakin pH

508



YYU TAR BIL DERG (YYU J AGR SCI) 31 (2): 502-513
Korkmaz ve ark., / Enzimatik Hidroliz Yontemi Kullanilarak Balik isleme Atiklarindan Balik Protein Hidrolizat: Uretimi

degerine reaksiyona sahip enzimler olan alkalaz, ndtraz ve flavourenzim giiniimiizde daha kapsamli
olarak kullanilmaktadir. Hayvansal veya bitkisel kokenli enzimlere kiyasla, mikrobiyal enzimler daha
avantajlidir. Teknik ve ekonomik agidan bakildiginda, mikrobiyal enzimler 6rnegin alkalazin, balik
proteinlerinden hidrolizat iiretiminde alkali pH'da ¢alisan en verimli enzim oldugu bildirilmistir.
Enzimler ve protein hidrolizatlarinin fonksiyonlari1 arasindaki etkilesimin ayrica balik tiirlerine gore

degistigi saptanmistir (Herpvei ve ark., 2011).
1.4. Hidroliz derecesi (%HD) tespiti

HD (%), peptit baglarimin proteinden ayristigini gdsteren bir indikator olarak degerlendirilir
(Benjakul ve Morrissey, 1997). Hidroliz isleminin etkinligini gosteren hidroliz derecesi (HD), peptit
baglarmin pargalanma yiizdesi olarak tanimlanmistir. Simdiye kadar hidrolizasyonun en etkili gostergesi
HD (%) olarak kullanilmistir. Yapilan ¢aligmalardan elde edilen bulgulara gore, protein geri kazanimi
icin parcalanmig peptit baglarinin daha yiiksek olmasi, HD (%)’ nin yilikselmesine neden oldugu
saptanmistir. Daha kiiglik molekiil agirligina sahip proteinlerin suda daha fazla ¢oziiniirligii, boylece
hidrolizatin protein geri kazaniminin artarak fonksiyonel 6zelliklerini daha kullamilir hale getirdigi
bildirilmistir. Kisaca yapilan ¢aligmalar, hidrolizatlarin fonksiyonel 6zellikleri ile HD (%) arasinda bir
korelasyon olusturdugunu gostermistir (Shahidi ve ark., 1995). Hinsui ve ark. (2016), Skipjack tuna
icorganlarimin HD” sini (% 61.73) Yellowfin tuna’nin igorganlarindan elde edilen hidrolizatin HD’
sinden (% 52.98) yiiksek tespit etmislerdir. Baharuddin ve ark. (2016), alkalaz enzimi ile yapilan yilan
balig1 protein hidrolizatinin hidroliz derecesi (HD %) sonuglarini hidroliz siirelerine bagli olarak 120
dakikada % 36, 180 dakikada % 48, 300 dakikada % 69 HD degerlerini tespit etmislerdir. Ovissipour
ve ark. (2012), alkalaz, protameks, nétraz, flavourenzim ve tripsin 5 farkli enzim kullanarak Pers mersin
baligi igin elde edilen en ylksek HD (%) alkalaz hidrolizatlarinda ve en disiik ise tripsin
hidrolizatlarinda tespit edilmistir.

Yoon ve ark. (2015), Onchorhynchus keta ve Onchorhynchus gorbuscha karaciger ekstraktini,
piyasada bulunan dort farkl: ticari enzimi kullanarak 1 saat hidroliz etmislerdir. Protameks / alkalaz
kompleksiyle elde edilen HD (%)'ler O. keta ve O. gorbuscha igin sirasiyla % 21.7 ve % 23.4 olarak
bulunmustur. HD degerleri, diger proteolitik enzimler i¢cin % 20 ‘den daha diisiik elde edilmistir.
Enzimler olmadan, HD (%) degerleri % 8.9-10.5 araliginda bulunmustur. Enzim tipi ve hidroliz
kosullar1 son Urlin verimi lzerinde belirgin etkilere sahiptir. Elde edilen ¢dzlnir proteinin en yiiksek
geri kazanimlari, alkalaz kullanilarak 50 °C'de hidroliz ile pH 7.0' de elde edilmistir (Cizelge 3).

Cizelge 3. Onchorhynchus keta ve Onchorhynchus gorbuscha'dan elde edilen protein hidrolizatlarinin

(%HD)
Kontrol Flavourenzim Protameks Notraz Alkalaz Protameks+Alkalaz
O.keta 10.5 13.2 14.4 15.8 14.8 21.7
0.gorbuscha 8.9 15.7 17.1 17.5 18.5 23.4

Baharuddin ve ark. (2016), yilanbalig1 protein hidrolizatinin (EPH) farkli hidroliz derecesinin
(HD) etkisini arastirmiglardir. Hidroliz i¢in, Bacillus licheniformis susundan elde edilen bakteriyel bir
endoproteinaz olan alkalaz kullanilmistir (2.4 Au / g ve yogunluk 1.18 g / ml). EPH'nin alkalaz ile
hidrolizi sirastyla 120, 180 ve 300 dakika hidroliz zamani i¢in % 36, % 48 ve % 69 hidroliz derecesine
neden oldugu bulunmustur. Kog (2016), hamsi (Engraulis encrasicolus) eti ve isleme atiklarin1 Alkalaz
enzimi kullanarak ti¢ farkl: siirede (60, 120 ve 180 dakika) protein hidrolizine tabi tutmus; elde edilen
hidrolizatlarin besleyici, fonksiyonel ve biyoaktif O6zelliklerini incelemistir. Hamsi eti hidroliz
dereceleri; 60, 120 ve 180 dakikalik hidroliz siirelerine gore sirasiyla % 56,7+0.3, % 64,3+0.8, %
67,30,7 olarak tespit edilirken, atik érneklerinde bu degerler % 73,5+0.7, % 78.0+0.7 ve % 79.9+0.7
seklinde ve daha yiliksek bulunmustur. Arastirici, hidroliz derecesi 6zelligi lizerine materyal tipi ve
hidroliz stireleri arasinda 6nemli derecede (p<0.05) interaksiyon oldugunu tespit etmistir (Sekil 4).

509



YYU TAR BIL DERG (YYU J AGR SCI) 31 (2): 502-513
Korkmaz ve ark., / Enzimatik Hidroliz Yontemi Kullanilarak Balik isleme Atiklarindan Balik Protein Hidrolizat: Uretimi

85
— 80 ® =
= » .
= 75
g H
& 70
S £
2 g5 4 .
= -
?E 60
= 55 -

S0

o 1 2 3 a

Hidroliz Siiresi (Saat)

@ Et @ Atk

Sekil 4. Hidrolizatlarin hidroliz siireleri bazinda hidroliz dereceleri (%).

Korkmaz (2018), farkli enzimlerle 1,4.5 ve 8 saat hidrolize olan alabalik, hamsi ve mezgit
atiklarindan elde edilen protein hidrolizatlarinin hidroliz dereceleri (% HD) benzer sekilde bu calismada
da, balik atig1 ve enzim tiiriine gére hidroliz derecesinin % 50.92 ile % 74.30 arasinda degistigi
belirlenmistir. Gruplar icinde en yiiksek (HD%) % 74.30 ile alabalik atiginin protameks ile
hidrolizatindan elde edilirken (p<0.05), en diisiik (HD%) % 50.92 ile mezgit atiginin flavourenzim ile
hidrolizinden elde edilmistir. Hamsi atig1 hidrolizatinda ise en yiiksek (HD%) % 68.23 ile flavourenzim

ile elde edilmistir.
1.5. Protein geri kazanimi

Protein geri kazanimi, hidroliz sonrasi protein fazinda bulunan proteinler ile hammadde de
¢oziinlir halde bulunan toplam proteinlerin yiizdesini gosterir. Hidrolizasyonun iiretim basamaginin son
agamasinda, protein hidrolizatlari toz haline getirilir. Balik protein hidrolizatlarinin s1vi formlar1 yiiksek
su igerigine sahip oldugundan bakterilerin kolayca ¢ogalmasina olanak saglarlar ve bu nedenle ¢abuk
bozulabilirler. Balik protein hidrolizatlarinin toz hali, tasimasi daha hafif ve kolay olmasi agisindan sivi
formdan daha uzun siire saklanabilirler. Geri kazamim ig¢in s1v1 hidrolizat soliisyonu 20 dakika boyunca
4000 g'de santrifiij edilerek dort faza ayrilir: iistte yag tabakasi, hemen altinda hafif protein lipit tabakasi
ortasinda hidrolizat soliisyonu ve altta bir yar1 kati katman bulunmaktadir (He ve ark. 2003). Balik
atiklarindan enzimatik hidroliz islemi sonucunda yem hammaddesi, gida katkis1 ve takviyesi, sivi
organik giibre, balik yag1 ve hidroksiapatit gibi katma degeri yiiksek tiriinler elde edilebilir. Sekil 5’ de
stv1 protein hidrolizati elde edildiginde ortaya ¢ikan fazlar gosterilmistir (Korkmaz, 2018).

Halfif protein-lipid Yag
-
S faz Lipid-protein katmani
~ “—
Lipid-protein katmanm
Tortu —
‘*-_... r

Sekil 5. Siv1 protein hidrolizat iiretiminde ortaya ¢ikan fazlar (Korkmaz, 2018).

Shahidi ve ark. (1995), alkalaz, nétraz ve papain kullanilarak kapelin (Mallotus villosus)' den
protein hidrolizatinin ekstraksiyonu iizerine arastirma yapmislardir. Ekstraksiyon sollisyonu ayrica
otolitik hidrolize tabi tutulmustur. Elde edilen sonuglar, otolitik hidroliz verimi ile karsilastirildiginda
ticari enzimlerle elde edilen protein geri kazamimlarinin % 22.9, % 51.6, % 70'e ulastigin1 ortaya
koymustur. Alkalaz hidrolizi, diger enzimlere kiyasla en yiliksek protein geri kazanimini gostermistir.
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Protein geri kazanimi, hidroliz sonrasi protein fazinda bulunan proteinler ile hammaddede ¢6zinir halde
bulunan toplam proteinlerin yiizdesini gosterir. Ovissipour ve ark. (2009) tarafindan, Pers mersin balig
icin 5 farkli enzim (alkalaz, protameks, notraz, flavourenzim ve tripsin) kullanilarak yapilan hidroliz
calismasinda, alkalaz ile hidroliz edilen balik proteininin 18 saat sonra en yiiksek protein geri
kazanimina (% 83.64) sahip oldugunu gostermistir. Arastiricilar, Pers mersin baligi i¢in alkalaz enzimini
kullanarak protein verimini belirlemede zaman ve sicakligin 6nemli bir rol oynadigini bildirmislerdir.
Meldstad (2015), Atlantik morina (Gadus morhua) kafasindan elde edilen protein hidrolizati ile ilgili
calismasinda, en yiiksek protein igeriginin % 88.4 ile taze morinadan Uretilen hidrolizatlatlarda (FPH)
elde edildigi, en diisiikk protein kazaminin ise % 67.7 ile disarida ¢ozdiiriilmiis 6rneklerde oldugu
goriilmiistiir. Korkmaz (2018), Alkali proteaz, protameks ve flavourenzim kullanilarak alabalik, mezgit
ve hamsi atig1 hidrolizatlarinin protein geri kazanimlar (%) en yiiksek protein geri kazanimi mezgit ve
hamsi atiginin protameks ile ve mezgit atiginin alkali proteaz ile hidrolizatindan elde edilirken (p<0.05),
en diislik protein geri kazanimi1 % 73.54 ile mezgit atiginin flavourenzim ile hidrolizinden elde edilmistir
(p<0.05). Alabalik atiginda en yiiksek protein geri kazanimi1 % 89.03 ile alkali proteaz ile tespit edilirken
(p<0.05), bunu protameks ve flavourenzim takip etmistir (p<0.05). Mezgit atiginda en yiiksek protein
geri kazanimi % 95.27 alkali proteaz ve % 95.76 protameks ile saptanirken (p>0.05), en diisiik protein
geri kazanimi % 73.54 flavourenzim ile elde edilmistir (p<<0.05). Hamsi ati1 hidrolizatinda ise en
yiiksek protein geri kazanimi % 95.73 ile protameks ile elde edilmistir.

Aragtirmalarda elde edilen farkli degerlerin balik tiirlerine, atitk kompozisyonuna, enzim tiiriine,
hidroliz yontemine (sicaklik, siire ve enzim orani) gore degisebilecegi goriilmektedir.

2. Sonug ve Oneriler

Atigim kaynaginda 6nlenmesinin yani sira geri dontistimiin tesvik edilmesi, atigin kaynak olarak
kullanim1 ve ek dogal kaynaklarin ¢ikarilmasi gerekmektedir. Su iirlinleri atiklari kirlilik unsuru
olmaktan ziyade yliksek potansiyele sahip geri doniisiim kaynaklaridir. Balik atiklarindan protein
hidrolizat1 iiretiminde, atigin besin komposizyonunun mevsimsel degisiminin g6zoniine alinmasi
gerektigi  diisiiniilmektedir. Su {riinlerinden protein hidrolizatinin  ticari bir {irlin haline
dontistiiriilebilmesi i¢in degerlendirilemeyen ve avcilik yoluyla iiretim miktar1 yiiksek olan tiirlerin
tespitine yonelik calismalarin yapilmasi gerekmektedir. Balik atiklarinin enzimatik hidrolizinde alkalin
proteaz enziminin fiyat/fayda bakimindan fizibilite raporunun arastirilmasi ve hidrolizat iiretiminde
onemli bir basamak olan kurutma, iiriin kalitesinin korunmasi amaciyla ¢ogunlukla liyofilizasyon ile
gerceklestirilmekte, bu durum zaman ve maliyet acisindan sikint1 yaratmaktadir. Bu nedenle kurutma
isleminde liyofilizasyonla kalite acisindan rekabet edecek, daha hizli ve diisiik maliyetli yontemlerin
aragtirilmasi onerilmektedir.
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