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Yeni nesil sekanslama teknolojileri ve biyoinformatik alanlarinda gergeklestirilen gelismeler, giiniimiizde sekans
spesifik DNA markdrlerinin yiiksek veri ¢ikisli analizler ile tiim genom/transkriptom diizeyinde gelistirilmesine
olanak vermektedir. Son 10 yillik siiregte yeni nesil sekanslama platformlar1 ve sekans analiz yontemlerinin
cesitlenmesi, RAPD (rastgele ¢cogaltilmis polimorfik DNA), ISSR (basit dizi tekrarlar arasi) gibi sekans bilgisine
dayanmayan, jenerik DNA markérlerine bagvurmay1 gereksiz kilmakta, bu tip markdorler yerine yiiksek tekrar
edilebilirlikte sonug iireten sekans spesifik markdorler bitki molekiiler genetigi uygulamalari igin kullanigh genomik
araclar olarak etkin sekilde kullanilmaktadir. Bu ¢alismada, ‘kekik’ ad1 ile bilinen baslica tibbi ve aromatik bitki
tiirlerinden olan Origanum vulgare L. genomuna 6zel genik SSR (basit dizi tekrar1) markorlerinin gelistirilmesi
amaglanmstir. Origanum cinsi iyi bilinen tibbi ve aromatik bitkileri iginde barindirmakla birlikte, bugiine kadar
Origanum cinsine ozel gelistirilmis genom-spesifik markor sayisi yalnizca 33 adettir. Bu ¢alisma kapsaminda,
Tiirkiye’nin 6nemli bir gen merkezi oldugu Origanum cinsinin diinya genelinde yaygin olarak bilinen tiirleri
arasinda yer alan O. vulgare L. ssp. vulgare transkriptomu, de novo transkriptom birlestirme yontemi ile analiz
edilerek bir birlestirilmis transkriptom elde edilmis ve transkriptom sekansi triniikleotit SSR lokuslart igin
taranmigtir. Elde edilen lokuslarin, yiiksek GC igerigi ile kodlayan bolgelerde sik rastlanan tipte basit dizi tekrarlar
oldugu goriilmiistiir. Transkriptoma dayali gelistirilen DNA markorleri, genomik markorlere kiyasla daha yiiksek
korunmusluk diizeyi gostermekle birlikte, transkript edilen bolgelerdeki polimorfizmlerin fenotip iliskilendirme
analizleri igin elverislilikleri yiiksektir. Bu ¢alisma kapsaminda kekik transkriptomunda belirlenen SSR lokuslar1
tizerinden yiiksek veri cikisli markor dizayni islemi gergeklestirilerek 1731 adet sekans-spesifik genik SSR
markorii gelistirilmistir. Agik okuma gergevesinde veya 5°/3” UTR bolgelerde (translasyona ugramayan bolge)
lokalize SSR polimorfizmlerinin kodlanan amino asit dizisini veya protein katlanmasmi ve gen ekspresyon
diizeyini etkileme potansiyelleri yiiksek oldugundan, bu markérler Origanum cinsi igin bir genom-spesifik aday
fonksiyonel markor seti olusturmaktadir.

Development of Genic SSR (Simple Sequence Repeat) Markers Based on an Oregano
(Origanum vulgare L.) Transcriptome Assembly
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Developments in next generation sequencing technologies and bioinformatic analyses enable the identification of
sequence specific DNA markers at the whole genome/transcriptome level. During the last decade, diversification
of the next generation sequencing platforms as well as the associated sequence analysis algorithms have made
generic marker systems such as RAPD (random amplified polymorphic DNA) and ISSR (inter simple sequence
repeat) almost obsolete and sequence specific markers constitute useful genomic tools for applications in plant
molecular genetics. The aim of the present work was to develop genic SSR (simple sequence repeat) markers
specific for the well-known medicinal and aromatic herb, oregano (Origanum vulgare L.). Although the Origanum
genus hosts widely-recognized medicinal and aromatic species, only 33 genome-specific markers have been
developed to date for the genus. In the course of the present work, the transcriptome sequence of O. vulgare L.
ssp. vulgare, one of the most widely known members of the Origanum genus, was assembled via a de novo
transcriptome assembly approach. The assembly was scanned for the identification of trinucleotide SSRs. GC rich
loci were found to be the most abundant simple sequence repeats, which is indeed characteristic for coding
sequences. While genic SSRs are more conserved compared to genomic SSRs, markers that represent transcribed
loci are more likely to be useful for trait association studies. In the course of the present work, the loci identified
in the transcriptome sequences were used in the high-throughput marker development process, yielding a total of
1731 sequence-specific genic SSR markers. Since SSR polymorphisms located in open reading frames and 5°/3”
UTR (untranslated region) carry the potential to affect the amino acid sequence or protein folding and the level of
gene expression, the markers introduced in the present work constitute a genome-specific set of candidate
functional markers.
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GIRIS

‘Kekik’ adi ile bilinen baslica tibbi ve aromatik bitki tiirlerinden olan Origanum vulgare L. (2n =
2x = 30), antik caglardan beri baharat olarak ve yani sira c¢esitli hastaliklarin tedavisinde
kullanilmaktadir (Alekseeva ve ark., 2020). Origanum tiirleri, esansiyel yag iceriklerinde bulunan
sekonder metabolitler sebebi ile antienflamatuar, antioksidan, antibakteriyel, antidiabetik, vb. pek ¢ok
farkli biyolojik aktivite gostermektedir. Tiirkiye’nin de icinde yer aldig1 Akdeniz cografyasinda yayilim
gosteren Origanum tirlerinin %65°1 (23 tiir) iilkemizde endemiktir ve dolayisi ile Tiirkiye Origanum
cinsi i¢in bir gen merkezidir (Bozdemir, 2019). O. vulgare L. ssp. vulgare, O. vulgare L. ssp. hirtum ve
O. majorana L., diinya genelinde en ¢ok bilinen baglica Origanum tiirleridir (Alekseeva ve ark., 2023).

Dogal veya kiiltiire alinmis bitki popiilasyonlari geleneksel olarak fenotipik ve duyusal 6zelliklere
dayali olarak tanimlanmakta ve karakterize edilmektedir (Cartea ve ark., 2003; Santos ve ark., 2012;
Martinez ve ark., 2017; Dal ve Tiirkmen, 2022). Ancak morfolojik ve duyusal 6zellikler, subjektif
olabildikleri gibi, cevre ve yetistirme kosullarina bagli olarak karakter ekspresyonu plastisite de
gostermektedir. Ayrica genotipik siniflandirmayr miimkiin kilacak, Olgiilebilir diizeyde fenotipik
varyasyon mevcut olmayabilir (Alekseeva ve ark., 2020). Dolayisi ile gerek kiiltiire alinmig tiirlerde
gerekse dogal popiilasyonlarda genotip diizeyinde tanimlama, siniflandirma, 6nemli zirai 6zelliklerin
karakterizasyonu ve gen havuzlarinda mevcut genetik gesitliligi belirleme ¢aligmalarinda molekiiler
genetik analizlerin kullanimi 6ne ¢ikmaktadir (Uncu ve ark., 2015; Islam ve Blair, 2018; Jasrotia ve ark.,
2019; Allam ve ark., 2022; Yeo ve ark., 2023; Karct ve Kafkas, 2024). SSR (simple sequence
repeat/basit dizi tekrar1) sekans-spesifik bir markor sistemi olup, SSR lokuslar1 teoride sinirsiz sayida
potansiyel alel barindirabilir ve SSR markdrleri ile heterozigot genotipler tespit edilebilir. Bu
ozelliklerinden dolay1 SSR markdr sistemi bitki molekiiler genetigi ¢aligmalari i¢in oldukga avantajlidir.
Dolayis1 ile bu markor sistemi genetik cesitliligin belirlenmesi, popiilasyon yapisinin belirlenmesi,
molekiiler 1slah programlar1 kapsaminda hastaliklara dayanikli/duyarli genotiplerin tespit edilmesi,
germplazm koleksiyonlarmin zirai éneme sahip cesitli karakterler bakimindan genotip diizeyinde
karakterizasyonu ve tiim genom/gen/QTL (quantitative trait locus/kantitatif karakter lokus) haritalama
caligmalarinda c¢ok gesitli bitki tiiriinde basari ile kullanilmaktadir (Bhagya ve ark., 2020; Cetin ve ark.,
2021; Shukla ve ark., 2021; Sa ve ark., 2023; Yeo ve ark., 2023).

O. vulgare’de gerceklestirilmis molekiiler genetik caligmalarin sayis1 esasen kisith olup, bu
caligmalarin 6nemli bolimiinde tiir-spesifik olmayan, ‘jenerik’ markor sistemleri kullanilmigtir
(Katsiotis ve ark., 2009; Azizi ve ark., 2009; Jedrzejczyk, 2018). Jenerik DNA markorlerinin temel
kisitlayic1 yoni, tekrar edilebilirliktir. Soyle ki, sekans-spesifik olmayan markor sistemleri analiz
kosullarindan yiiksek seviyede etkilendiklerinden ayni genotiplerin analizi neticesinde farkli sonuglar
iretebilmektedir. O. vulgare’de tiir-spesifik DNA markorlerinin gelistirilmesi, ilk kez 2008 yilinda
rapor edilmis olup (Novak ve ark., 2008), ¢alisma kapsaminda 13 adet SSR markdrii tanitilmustir.
Origanum genotiplerinin SSR markorleri ile molekiiler genetik karakterizasyonunu rapor eden
caligmalarda Novak ve ark. (2008) tarafindan tanitilmis olan markdr seti kullanilmistir (Helsen ve ark.,
2013; Mechergui ve ark., 2017; Alekseeva ve ark., 2020). Alekseeva ve ark. (2023), yakin zamanda O.
vulgare genomuna 6zel 20 adet SSR markorii gelistirmislerdir. Sonug olarak Origanum cinsinde
gelistirilmis genom-spesifik markor sayisi 33 adettir. Dolayisi ile bu markdrlerin tamaminin kullanimi
ile dahi elde edilebilmesi miimkiin olan genom kapsayicilig1 oldukca diisiiktiir. Yeni nesil sekanslama
teknolojileri ve biyoinformatik biliminin giiniimiizde sagladig1 olanaklar, ¢alisilmakta olan canli tiiriinde
ylksek sayida genomik veri noktasindan bilgi iiretebilecek molekiiler markorlerin gelistirilmesine
olanak vermektedir. Bu caligma kapsaminda O. vuigare L. ssp. vulgare transkriptomu iizerinde
biyoinformatik analizler gergeklestirilmis ve bu analizler sonucunda O. vulgare’ye 6zel 1731 adet
sekans-spesifik SSR markorii gelistirilmistir. Calisma kapsaminda rapor edilen markdrler, dnemli bir
tibbi ve aromatik bitki olan kekikte, iistiin 6zelliklere sahip ‘genotiplerin’ belirlenmesi ve detayl
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molekiiler genetik karakterizasyon ¢aligmalari i¢in gerekli molekiiler araglar olusturacaktir.

MATERYAL VE YONTEM
O. vulgare RNA Sekans Verisi ve Ham Veri Analizi

O. vulgare yaprak transkriptom ham verisine GenBank veritabanindan erisilmistir (BioProject:
PRINA780386). RNA-seq ham verisinin kayip data, okuma uzunlugu ve Q30 Phred skoruna gore
temizlenme iglemi Trimmomatic (flexible read trimming tool for Illumina NGS data) (Bolger ve ark.,
2014) yazilimi kullanilarak gerceklestirilmistir.

Transkriptom Birlestirme ve Markor Gelistirme Analizleri

Transkriptom birlestirme islemi (assembly) maSPAdes (Bushmanova ve ark., 2019) yazilimi ile
gergeklestirilmigtir. Assembly gen biitlinliigii ve kalitesi BUSCO (benchmarking universal single-copy
orthologs) (Simao ve ark., 2015) analizi ile belirlenmistir. Konsensiis transkriptler birlestirilmis
sekanslardan cd-hit (Li ve Godzik., 2006) yazilim1 ile olusturulmus, TransDecoder (Haas ve ark., 2013)
yazilimi ile en uzun potansiyel biitiinliikte ORF (open reading frame/agik okuma c¢ercevesi) sekans
verileri ortaya c¢ikarilmistir. Elde edilen konsensiis transkript sekanslari GMATA (Genome-wide
microsatellite analyzing tool Package) (Wang ve Wang, 2016) yazilimmnin ‘SSR identification” modiilii
kullanilarak triniikleotit SSR’lar i¢in analiz edilmistir. SSR tarama parametreleri olarak minimum ve
maksimum motif uzunlugu i¢in 3, minimum tekrar sayisi i¢in 5 kullanilmistir. Transkriptom verisinin
tamaminda high-throughput markoér gelistirme analizi icin GMATA yaziliminin ‘marker designing’
modiili kullanilmigtir. Markér dizayn parametreleri su sekilde uygulanmistir: Minimum amplikon
uzunlugu: 100 bp, Maksimum amplikon uzunlugu: 300 bp, optimum Tm: 60 °C.

BULGULAR VE TARTISMA

O. vulgare yaprak transkriptom verisinin birlestirilmesi sonucunda 58,015 adet transkriptten
olusan bir transkriptom assembly elde edilmistir. Birlestirilmis transkriptomun kalite analizleri, referans
tek kopya ortolog gen kiitiiphanesi olarak 1614 adet genden olusan BUSCO seti
embryophyta odb10’nin kullanilmasi ile gerceklestirilmistir. BUSCO biitiinliigii gerek birlestirilmis
genomlarda, gerekse transkriptomlarda Onemli bir temel kalite kriteridir ve birlestirilmis
transkriptomlarin  gen igerigini temsil etmesinin Olgiitiidiir. Analiz sonucunda birlestirilmis
transkriptomun BUSCO biitiinligii %91.3 olarak belirlenmistir (Sekil 1). Elde edilen sonuglara gore
yaprak transkriptomunun tiim O. vulgare ftranskriptlerinin %90’indan fazlasim temsil ettigi
goriilmektedir. Tespit edilen 1474 adet tim BUSCO’nun (complete BUSCO) 830 adedi (%51.4) tek
kopya, 644 adedi (9%39.9) c¢oklu kopya halindedir (Sekil 1). Transkriptom verilerinde genom BUSCO
analiz sonuglarindan farkli olarak ortologlarin yiiksek bir bolimii ¢oklu kopya halinde tespit
edilmektedir. RNA sekanslama analizleri sonucu elde edilen dizi etiketlerinin ortalama uzunlugu 150
bp oldugundan, dizi etiketlerinin her bir gen i¢in birden fazla bolgeye hizalanmasi, dolayisi ile ayni
genin BUSCO analizinde birden fazla kez tanimlanmasi beklenen bir sonuctur ve ilerleyen analiz
siireglerinde konsenstis transkriptlerin belirlenmesi ile esdeger transkriptler elenmektedir.

Birlestirilmis transkriptomdan konsensiis transkriptlerin olusturulmasi sonucunda 36,678 adet
essiz transkript sekansi elde edilmistir. Transkript sekanslari (CDS: coding sequences/kodlayan
sekanslar) ve bu sekanslarin kodladig1 peptit sekanslar iki ayr veri seti halinde Figshare veritabaninda
depolanarak https://doi.org/10.6084/m9.figshare.27276600 adresinde erisime agilmugtir.

SSR markorleri bitki molekiiler genetigi ve genomigi ¢aligmalarinda giincel olarak siklikla
kullanilmakta olup, yeni nesil sekanslama teknolojilerinin gelisimi ile birlikte ¢ok sayida tiiriin genom
ve transkriptom sekanslar1 yiiksek veri ¢ikigli SSR markorii gelistirme ¢aligmalarinda kullanilmaktadir.
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Transkriptom sekanslari, hedefli sekilde genik markor gelistirmeye olanak vermektedir ve yapilan
caligmalar bitki transkriptomlarindan gelistirilen SSR markdrlerinin ORF bolgelerde yer alma
olasiligimin yiiksek oldugunu goéstermistir (Hodel ve ark., 2016). Markoér niteligi tasiyan polimorfik
lokuslarin ORF i¢inde yer almasi, fonksiyonel markor olarak kullanilma potansiyellerinin yiiksek olmasi
anlamima gelmektedir. Bu calismada de novo transkriptom birlestirme biyoinformatik is akisi
kullanilarak birlestirilen

Sekil 1.
Birlestirilmig transkriptomun BUSCO biitiinliigii analiz sonuglart

. Butdn (C) ve tak kopya (S) . Biitdm {C) ve goklu kopya (D)

Pargali (F) |

WBUSCOs

kekik transkriptomunda SSR markdrleri gelistirilmistir. Motif tekrar sayisini degistiren
mutasyonlarin agik okuma gercevesinde cerceve kaymasina sebep olma olasiligindan dolay triniikleotit
SSR’larin diger motif tiirlerine gore peptit kodlayan bdlgede bulunma olasilig1 daha yiiksektir (Metzgar
ve ark., 2000; Morgante ve ark., 2002; Li ve ark. 2004). Bu sebeple ¢alismada triniikleotit SSR
markdrlerinin - gelistirilmesi hedeflenmistir. ~ Toplam 36,678 adet sekanstan olusan 36 Mb
bliytikligiindeki yaprak transkriptomunda 2536 adet en az 5 adet ardisik tekrardan olusan triniikleotit
SSR lokusu tespit edilmistir. En yiiksek siklikta goériilen motif CCG/CGG, tespit edilen SSR’larin
%13.6’s1n1 olusturmaktadir. CGC/GCG (%9.2) ve GGC/GCC (%38.3), ikinci ve ii¢ilincii siradaki en sik
rastlanan motifleri olusturmaktadir (Sekil 2). Tespit edilen motiflerin tamami Tablo 1’de verilmektedir.
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Sekil 2.

O. vulgare transkriptomunda stk rastlanan SSR motifleri
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Tablo 1.

Yaprak Transkriptomunda Belirlenen Triniikleotit SSR Motiflerinin Dagilimi.

Motif(5°>3) Motif Sayisi Motif Sikhig1 (%)
CCG/CGG 346 13,6
CGC/GCG 234 9,2
GGC/GCC 210 8,3
TTC/GAA 201 7,9
GAG/CTC 160 6,3
CTT/AAG 151 6
CAG/CTG 150 5,9
TCT/AGA 139 5,5
TCC/GGA 124 4,9
GCA/TGC 102 4,1
AGC/GCT 94 3,7
TGG/CCA 90 3,6
ATC/GAT 86 34
AGG/CCT 71 2,8
ACC/GGT 62 2.4
TCA/TGA 58 2,3
ATG/CAT 57 2,2
GTG/CAC 53 2,1
GTC/GAC 33 1,3
CGA/TCG 23 0,9
TTG/CAA 23 0,9
AAC/GTT 21 0,8
ACA/TGT 13 0,5
CGT/ACG 10 0,4
CTA/TAG 7 0,3
ACT/AGT 6 0,2
AAT/ATT 5 0,2
TAT/ATA 4 0,2
TAC/GTA 3 0,1
TOPLAM 2536 100
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Kodlayan sekanslarm GC igeriginin genomun tamamina kiyasla yiiksek oldugu bilinmektedir ve
bu calismada, O.vulgare transkriptomik SSR’larinda en sik rastlanan motiflerin GC igerigi yiiksek
motifler oldugu goriilmektedir (Sekil 2 ve Tablo 1).

Tespit edilen tekrar lokuslar1 markdr gelistirme analizlerinde kullanilmistir. Toplam 2536 adet
potansiyel polimorfik tekrar lokusu i¢in 1731 adet markdr gelistirilmistir. Bu markorler, 2536 lokusun
2209 adedini kapsamaktadir. Markorler amplikon biiytikliikleri 100 ve 300 bp arasinda olacak sekilde
dizayn edilmistir. Bu boyut aralig1 gerek agaroz jel elektroforezi, gerekse yliksek ¢oziniirliiklii kapiler
elektroforez sistemlerinde analiz edilmeye uygundur. Her bir markdr i¢in birlestirilmis transkriptomda
hangi sekansta yer aldigi, primerlerin sekans {izerindeki konumlari, amplikon uzunlugu, primer erime
sicakliklar1 ve primer sekanslar1 bir veri seti halinde Figshare veritabaninda depolanarak
https://doi.org/10.6084/m9.figshare.27276600 adresinde erisime a¢ilmistir. Tablo 2°de 20 adet markor
icin primer sekanslari ve amplikon uzunluklar1 verilmektedir. Calisma kapsaminda gelistirilen sekans-
spesifik genik SSR markdrleri, iilkemizin gen merkezi oldugu ve, 6nemli tibbi ve aromatik bitkiler
arasinda yer alan Origanum tiirlerinde molekiiler diizeyde gerceklestirilecek genotip tanimlama,
germplazm karakterizasyonu vb. ¢caligmalar i¢in gerekli molekiiler araglari olusturacaktir.

Tablo 2.
SSR Markorii Cogaltan Primer Sekanslart ve Markor Amplikon Uzunluklart.
Markér  Primer-F (5'>3") Primer-R (5'>3") g:;y‘:lll‘(ll‘g;‘u bp)
>MK1 TGCAGCCAATACGATTCTCA TCATCAAGCTCATCCCCTTC 120
>MK2 AGGAGCAGGTTGTGGATGAC CTCCTTCTCCCTCCTTGCTT 156
>MK3 AGGAGCAGGTTGTGGATGAC ACACCGGTACCTTCGATCAC 223
>MK4 TCGGAGAGGAATCGAAAAGA ACATCTCGGAGGCTGAGGTA 132
>MK5 TTGACCTTTGCCATCATTCA ACGGCTTCCTACACGAATTG 152
>MK6 GAGAGGGGAGGTGAAAATCC CAACTTGAACAGAAACAGCACA 236
>MK7 TACTTCCCTCCCCAGAATCC CTTGACGAAGGGCAAGTCTC 211
>MKSE TTTCACAACCCAACCCAAAT ATGGCTTCCCCTTCTTTTGT 265
>MK9 CATCAGCCCTCTCATCCAAT CACGTGTGGCATCAAAGAAC 249
>MKI10 CTCTGGAGCTTCTGCTTTCG TGGAGCCTTTCGATGATTTC 237
>MK11 CCAAACCCTACCGCCAAC CAGCCCTACCTCCCTAAACC 120
>MK12 AATGCGATCCCCTCAAGTG TGAAGACCTGGGCAGGATAC 241
>MK13 TGCTGAAAACGCTAATCACG CTCCGAATTGCCTCAAGAAG 252
>MK14 CCCTCCAACAAAAGACCTCA GGTTTTCGACCGTGTTGACT 238
>MK15 TCTAAGGCGACGGAAGAAGA ACCGAAACAGCAAACCAGAG 249
>MK16 ACCCTTCCCTTCCCCTTTAT GTACTCCGACGCAGACGAA 216
>MK17 ATCGCCATGGTCGTGATAA GTAGGGCGGAGACTCGATA 165
>MK18 GTTGAAGAAACGGTGGTGGT GCTTTCAATGCTCTCCTTGC 266
>MK19 AGATCGCCGACAAAATTCAC GAACACATCAGCAGCTTTGC 173
>MK20 CGAAGCAGCATAAGGTGGAT GAAAGTTGGAACGGCAAGAC 263
SONUC

Kekik (Origanum vulgare L.), onemli ve yiiksek taninirliga sahip bir tibbi ve aromatik bitki tiirt
olup, Anadolu cografyasi Origanum tiirlerinin biiylik b6limii i¢in gen merkezidir. Bu ¢alismada en ¢ok
bilinen baglica kekik tiirleri arasinda yer alan O. vulgare L. ssp. vulgare transkriptom sekansi
kullanilarak yiiksek sayida (1731 adet) sekans-spesifik genik SSR markorii gelistirilmistir. Bitki
transkriptomlari iizerinden gelistirilen SSR markorlerinin peptit kodlayan ORF bolgelerini temsil etme
potansiyeli yiiksektir. Dolayis1 ile bu markdrlerin polimorfizm gosterdigi genotiplerde kodlanan
peptidin de polimorfizm gdstermesi olasiligi yiiksek olmaktadir. Olgun mRNAda belirlenen bir markor
konumu OREF i¢ine denk diismeyip UTR (untranslated region/¢evrilmeyen bolge) bolgelerde yer alsa
dahi transkripsiyon hizi, translasyon etkinligi ve yani sira protein katlanmasina etki edebilmektedir. Bu
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da kodlayan sekans bolgelerinde yer alan markdrlerin kodlanan peptidi degistirmeden de ilgili genin
fonksiyonunda degisimlere yol agabilecekleri anlamina gelmektedir. Bu sebeple galigma kapsaminda
gelistirilen markorlerin bir tibbi ve aromatik bitki olan kekikte ‘fonksiyonel markor’ olarak metabolik
karakterlerin iliskilendirme analizlerinde kullanilma potansiyelleri yliksektir. Ayrica bu markéorlerin
genetik cesitliligin molekiiler diizeyde arastirildigi caligmalarda ‘ekspres edilen’ genetik farkliliklar i¢in
belirleyici olmalar1 beklenmektedir.
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Birgok iilkede oldugu gibi iilkemizde de bugday (Triticum aestivum L.), yaygin olarak yetistirilen 6nemli
bir tarim tiriinii olmasinin yani sira biiyiik bir ekonomik degerdir. Yetisme donemindeki sinirh yagis, Konya
Ovast’nda yar1 kurak iklim kosullari altinda yetistirilen ekmeklik bugdaym verim ve kalite degerlerini
olumsuz etkilemektedir. Optimum tane veriminin yani sira kaliteli liretim yapilabilmesi i¢in sulama
zorunluluktur. Fakat bolgede su kaynaklart oldukca sinirlidir ve dolayisiyla su tasarrufu saglayan sulama
stratejilerine ihtiya¢ duyulmaktadir. Bu amagla, ekmeklik bugdaym kritik gelisme donemlerine (sapa
kalkma, basaklanma ve siit olum) bagl farkli tamamlayici sulama stratejilerinin bugdaym un verimine
etkisini belirlemek i¢in Konya’da iki yillik bir tarla denemesi yiiriitiilmiistiir. Deneme biri sulamasiz, tigii
toprak nemine bagl ve dokuzu sabit miktarlarda (50, 70 ve 90 mm) sulama suyu uygulanan toplam 13
konudan olusmustur. Elde edilen sonuglar, en yiiksek un verimlerinin, bugdayin ii¢ kritik gelisme
doéneminde sulandigi konulardan ve en diisiik un veriminin ise yagisa bagl konudan elde edildigini
gostermistir. Tamamlayici sulama stratejilerinin bugday un verimi tizerinde 6nemli etkisinin oldugu, ancak
321 mm (%71.2) ile 150 mm (%70.3) sulama uygulamalarinin un verimleri arasinda ¢ok biiyiik bir fark
olmadig belirlenmistir. Bu denemenin sonuglari, bugdayda optimum un veriminin, bugdayin sapa kalkma,
basaklanma ve siit olum donemlerinde, her bir donemde tam sulama yerine 50 mm, toplamda 150 mm
sulama suyu uygulanan kisintili tamamlayici sulama ile saglanabilecegini gostermistir. Boylelikle tam
sulama konusuna gore sulama suyu un iiretkenligi (IWPy,) %79.6 diizeyinde artirilmistir. Ayrica, su
tasarrufu saglayan sulama stratejileriyle sulu tarim arazilerinde daha fazla bugday tarimi yapilmasmm
tesvik edilmesi, diinyanin en biiyilk un ihracatcist olan iilkemizin un iretiminin artirilmasma katki
saglayacaktir.
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Limited rainfall during the growing season negatively affects yield and quality values of bread wheat grown
under semi-arid climate conditions in Konya Plain. Irrigation is a must for optimum grain yield and quality
production. However, water resources are quite limited in the region and therefore water-saving irrigation
strategies are needed. For this purpose, a two-year field experiment was conducted in Konya to determine
the effects of different supplemental irrigation strategies based on critical development stages (Stem
elongation, heading and milk stage) of bread wheat on flour yield of wheat. The experiment consisted of a
total of 13 plots, one of which was non-irrigated (rainfall), three of which were dependent on soil moisture
and nine of which were applied fixed amounts (50, 70 and 90 mm) of irrigation water. The results obtained
showed that the highest flour yields were obtained from the applications where wheat was irrigated during
the three critical development stages and the lowest flour yield was obtained from the application based on
rainfall. It was determined that supplemental irrigation strategies had a significant effect on wheat flour
yield, but there was no significant difference between the flour yields of 321 mm (71.2%) and 150 mm
(70.3%) irrigation applications. The results of this experiment showed that optimum flour yield in wheat
could be achieved with deficit supplemental irrigation, where 50 mm of irrigation water was applied in each
stage instead of full irrigation, and 150 mm in total, during the stages of wheat stem elongation, heading
and milk stage.
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GIRIS

Birgok iilkede oldugu gibi iilkemizde de bugday (7riticum aestivum L.), yaygin olarak yetistirilen
onemli bir tarim iirlinii olmasinin yani sira bilyilk bir ekonomik degerdir. Bugday, farkli cevre
kosullarina adapte olabilmesi, kolay yetistirilmesi ve depolanabilmesine ek olarak toplumlarin sahip
olduklar1 beslenme aligkanliklar1 nedeniyle bitkisel iirlinler arasinda énemli bir yere sahiptir (Dizlek ve
ark., 2013). Diinyada ve iilkemizde temel gida maddesi olan ekmegin yani sira bugday bazli gida
maddeleri, 6zellikle gelismekte olan iilkelerde insanlarin enerji ihtiyacinin biiyiik bir kismini karsilamasi
dolayisiyla, bugday tarimi ve ticareti biiyiik bir énem tasimaktadir (DESMUD, 2024). Diinya’da 2022-
2023 firetim sezonunda 804 milyon ton bugday iiretimi ve 208 milyon ton bugday ticareti oldugu
bildirilmistir (TMO, 2024). Ulkemizde 2023 y1l1 verilerine gore, yaklasik 4.3 milyon hektar1 kuru tarim
arazilerinde, 1.3 milyon hektar1 ise sulu tarim arazilerinde olmak iizere toplam 5.6 milyon ha alanda
ekmeklik bugday tarimi yapilmigtir. Bu alandan yaklagik 17.7 milyon ton iiretim gergeklestirilmistir. Bu
iretimin yaklasik %68’1 (12.1 milyon ton) kuru tarim arazilerinden elde edilirken, %32’si (5.6 milyon
ton) sulu tarim arazilerinden elde edilmistir. Konya ilinde Tiirkiye’nin ekmeklik bugday tiretiminin
yaklasik %9'u tiretilmektedir. Dolayistyla, Tiirkiye’de dnemli bir tarimsal {iretim alan1 olan Konya’da
bugday ana tarimsal iiriindiir. 2023 yili verilerine gore, Konya’da 400 bin ha alanda bugday tarimi
yapilmig ve yaklasik 1.6 milyon ton iiretim gergeklestirilmistir. Bugday tarimi yapilan alanin yaklasik
%63’ (250 bin ha) kuru tarim, %37’si (150 bin ha) ise sulu tarim arazileridir (TUIK, 2024). Bu
verilerden de anlasilacagi gibi lilkemizde ve Konya bolgesinde bugday iiretimi biiyiik oranda kuru tarim
arazilerinde yapilmaktadir.

Kiiresel iklim degisikliginin etkileri altinda bugday kalitesinin korunmasi, gida arz1 ve bugdayin
emtia degeri icin kritik oneme sahiptir. Iklim degisikligiyle iliskili olarak bugday iiretiminde artan
cevresel stres, bugday tliretiminin hem verimini hem de kalitesini etkileyecektir (Nuttall ve ark., 2017).
Bugday kalitesi, hasat sonrasi isleme ve pazarlama endiistrisinin girdi maliyetini en aza indirmesi ve
kar1 maksimize etmesi i¢in dnemli ve karmasik bir kavramdir. Yam sira, bugday deger zincirindeki
paydaslar tarafindan farkli sekilde tanimlanabilen oldukca goreceli bir kavramdir. Bugday kalitesi,
bugday yetistiren giftci, ticaretini yapan tiiccar, 6giiten degirmenci ve son {iriin olarak isleyen gida
sanayisi i¢in farkli anlamlar ifade edebilmektedir (Bilgicli ve Soylu, 2016). Bugday kalitesi, ciftci
acisindan yiiksek tane verimi ve satig fiyati iken, tiiccar i¢in safiyeti, protein igerigi, bin tane agirligi ve
hektolitresi yiiksek triin demektir. Degirmen endiistrisi igin kalite, yiiksek un verimi, diisiik enerji
sarfiyati ile yiiksek 6giitme verimliligi ve diisiik eleme kayiplaridir. Bugday1 son iiriine isleyen gida
sanayisi i¢in ise kalite, isledigi Urliniin en uygun; fiziksel, kimyasal, fizikokimyasal ve reolojik
ozelliklere sahip olmasidir (Elgiin ve Ertugay, 1992).

Bugdayin ununun teknigine uygun, hijyenik sartlarda iiretimi ve piyasaya arzinda tagimasi
gereken ozelliklerini belirleyen Tiirk Gida Kodeksi Bugday Unu Tebligi’ne (Teblig no: 2013/9) gore
bugday unu; yabanci madde, tat ve koku icermez, kendine dzgii renk ve goriiniisii vardir. ilgili teblige
gore ekmeklik bugday ununun bazi kimyasal 6zellikleri ise, %14.5 nem, protein en az %10.5 ve asitlik
en ¢ok %0.07 olarak belirlenmistir. Yine Tiirk Gida Kodeksi Ekmek ve Ekmek Cesitleri Tebligi’ne
(Teblig no: 2012/2) gore ise bir ekmek en az 250 g agirhginda olmalidir. Giinde 200 g ekmek
tiiketildiginde bir insan i¢in gerekli olan enerjinin ortalama olarak %35°1, lif ihtiyacinin %55°1, protein
ihtiyacinin %25°1 ve B1 vitamininin %66’s1 karsilanmaktadir. Yam sira; ¢inko, demir, fosfor,
magnezyum, sodyum, potasyum, bakir, A, E, B1, B2, B6 vitaminleri ve niasin gibi insanlar igin
yasamsal olan besin kaynaklar1 karsilanmis olacaktir (TUSAF, 2024). Dolayistyla temel gida maddesi
olan ekmek basta olmak iizere birgok gidanin hammaddesi olan bugday unu, insanlarin beslenmesinde
onemli bir yer tutmaktadir.

Temel gida maddesi olan un aym zamanda énemli bir ticari {iriindiir. Ulkemizin yillik toplam
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oglitme kapasitesi 30.1 milyon ton olup 2022 yili un iiretimi yaklasik 10.8 milyon ton olarak
bildirilmistir (TOBB, 2023; TUIK, 2024). Buna gore iiretimde, giitme kapasitesinin yaklasik 3’te 1’
kullanilmistir. Bu tiretim kapasitesi ile i¢ piyasa talebinin karsilanmasinin yani sira 6nemli miktarda
ihracat potansiyeline ulasilmistir. Ulkemizde son 10 yilda un ihracati %60 artmis ve Tiirkiye un
ihracatinda Diinya 1.’si olmustur. Ulkemiz 2023 yilinda 160 iilke, 6 serbest bdlgeye, 3.6 milyon ton un
ihrac¢ ederek 1.5 milyar dolar ihracat geliri elde etmistir (TUSAF, 2024; TUIK, 2024).

Konya yoresinde kislik bugdayin mevsimlik su tiiketimi ortalama olarak 545 mm iken (Anonim,
2017), uzun yillar yagis ortalamasinin 326 mm civarinda (MBM, 2021) ve y1l i¢inde diizensiz dagilmasi,
dolayisiyla bugday tariminda tane verimini artirmak i¢in sulamay1 zorunlu kilmaktadir. Ancak bdlgenin
su kaynaklar1 da oldukg¢a smirlidir. Konya’da toplam tarim arazisinin yaklasik %32’si (590 bin ha)
sulanmaktadir. Bu arazinin %64l (377 bin ha) devlet sulamasi, %36°s1 (213 bin ha) ise halk sulamasidir
(DSI, 2021).

Yetisme donemindeki sinirli yagis, Konya’da yar1 kurak iklim kosullar1 altinda yetistirilen
ekmeklik bugdayin verim ve kalite degerlerini olumsuz etkilemektedir. Optimum tane veriminin yani
sira kaliteli {iriin elde edebilmek i¢in sulama zorunluluktur. Fakat bolgede su kaynaklari oldukca
sinirlidir. Dolayistyla su tasarrufu saglayan sulama stratejilerine ihtiya¢ duyulmaktadir. Bu ¢alismada,
ekmeklik bugdayn kritik gelisme donemlerine dayali farkli tamamlayici sulama stratejilerinin bugdayin
un verimine etkisi arastirilmistir.

MATERYAL VE YONTEM

Caligma Konya’da 2018/2019 ve 2019/2020 iiretim sezonlarinda yliritiilmiistiir. Denemeler
Konya Toprak Su ve Collesme ile Miicadele Arastirma Enstitiisii’niin merkez arazisinde, her iki tiretim
sezonunda farkli parselde kurulmustur. Konya ili 36° 41" ve 39° 16" kuzey enlemleri, 31° 14" ve 34°
26" dogu boylamlarinda yer almaktadir. Rakim 1016 m olup yar1 kurak karasal iklim kosullarina sahiptir.
Konya Meteoroloji Bolge Miidiirliigii (MBM) istasyonundan alinan uzun yillar (1985-2020) ve Enstitii
arazisinde bulunan meteoroloji istasyonundan alinan; 2018, 2019 ve 2020 yillarina ait ortalama,
maksimum, minimum sicaklik ve yagis degerleri Tablo 2’de verilmistir.

Denemenin yiiriitiildigii parsellere ait topraklarin baz fiziksel ve kimyasal analiz sonuglar1 Tablo
1’de verilmistir. Calisma alani topraklar1 killi biinyeli ve 0-90 cm toprak profilinde kullanilabilir su
tutma kapasitesi (TAW) iki liretim sezonu ortalamasi 133.7 mm/90cm’dir. Arazide tuzluluk ve drenaj
problemi yoktur.

Tablo 1
Topragin bazi fiziksel ve kimyasal ozellikleri
yn Derinlik  Kum Silt  Kil  Binye TOK* s(}v** K‘g‘fril‘:;zl pu EC  Kire g[ggda;‘;k
(cm) %) (&) (%) Smfi (%) (%) SUE @smh (%) o)
0-30 23.7 20.8 554 C 270 179 1.3 7.70 0.76 254 1.61
o 30-60 21.6 188 596 C 323 200 1.27 7.88 0.71 29.1 0.66
S 60-90 19.6 188 61.7 C 328 203 1.26 7.90 0.72 30.1 0.68
0-30 26.4 20.8 528 C 29.0 18.1 1.34 7.75 0.84 20.4 1.96
o 30-60 222 208 570 C 31.6 19.6 1.30 7.73 0.82 21.0 1.15
S 6090 20.1 229 570 C 322 19.9 1.29 7.57 0.88 21.2 1.01

*TK: Tarla kapasitesi, “*SN: Solma noktasi

Denemede, Konya 2002 ekmeklik bugday cesidi deneme materyali olarak kullanilmistir. Konya
2002; kilgikli, beyaz basakli ve orta sert kirmizi taneli bir gesittir (Ayranci, 2012). Bugdayin tim
fenolojik gelisme donemleri izlenmistir. Bugdayin gelisme dénemlerinin (sapa kalkma, basaklanma ve
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siit olum vb.) tespitinde, bunun igin gelistirilen Zadoks skalas1 kullanilmistir (Zadoks ve ark., 1974).
Deneme arazisi birinci sinif (pulluk) ve ikinci sinif (kazayagi, kombi kiiriim ve merdane) toprak isleme
aletleri kullanilarak ekime hazir hale getirilmistir. Tohum ekimi, mibzer ile dekara 20 kg ekim
normunda, ilk y1l 19 Ekim, ikinci y1l ise 24 Ekim tarihinde yapilmistir. Parseller ekimde; 2.60 m x 12
m = 31.2 m? ve hasatta 2.02 m x 10 m = 20.2 m?’dir. Parseller arasinda 2.60 m ve bloklar arasinda 4 m
bosluk birakilmistir. Denemede giibreleme 16 kg/da azot (N) ve 10 kg/da fosfor (P,Os) olacak sekilde,
Diamonyumfosfat (DAP) (%18N-46P), iire (%46N) ve Amonyumsiilfat (AS) (%21N) giibreleri ile
yapilmistir. Arazide; 452.42g/1 (300 g.a.e./l) 2,4-D EHE + 6.25g/1 Florasulam etken maddeli herbisit,
84 g/l Epoxiconazole ve 250 g/l Fenpropimorph etken maddeli Fungusit ve 250 g/l Cypermethrin etken
maddeli Insektisit ile gerekli zirai miicadele calismasi yapilmistir. Hasat, parsel bigerddveri ile birinci
yil 12 Temmuz, ikinci y1l 19 Temmuz tarihlerinde yapilmustir.

Tablo 2
Uzun yillar (1985-2020), 2018, 2019 ve 2020 yillarina ait bazi meteorolojik veriler

Villar  yieteorolojik Avlar Yillik
Ocak Subat Mart Nisan Mayls Haziran Temmuz Agustos Eyliil Ekim Kasim Arahk
Ortalama
Sicaklik (°C) 03 1.2 5.8 11.1 157 204 24.0 239 193 13.1 6.0 1.5 11.8
Maksimum
o Stcaklik (°C) 4.6 6.8 122 17.8 226 273 30.8 30.8 26.8 202 126 6.4 18.2
g Minimum
S
E Sicaklik (°C) 4.0 -34 0.1 4.6 8.9 13.5 17.0 17.0 120 6.6 0.6 2.3 5.9
% Yagis (mm) 346 235 273 336 396 259 7.2 5.9 153 30.7 385 43.6 325.6
Ortalama
Stcaklik (°C) 1.3 5.8 9.9 135 169  20.7 24.5 27.3 193 129 7 3.1 13.5
Maksimum
Sicaklik (°C) 129 188 248 27 28.8 329 344 34.1 333 254 199 13.5 25.5
Minimum
2 Stcaklik (°C) -103 -7.5 3.1 -14 5.3 9.3 13.1 11.2 5.4 22 46 -109 04
§ Yagis (mm) 33.8 8.6 252 7.6 54.8 56 4.8 1.8 7.4 29.8 226 53.8 306.2
Ortalama
Stcaklik (°C) 0.5 4.1 6.4 11 18.5 21.2 224 22.7 185 151 79 2.9 12.6
Maksimum
Sicaklik (°C) 10.5 144 20.1 241 34.1 33 349 34.8 31.6 284 219 13.1 25.1
Minimum
g Stcaklik (°C) -16.8 -4 -64 -04 29 8.2 10.1 10.9 2.3 2.4 -3.2 -39 0.2
§ Yagis (mm) 56.6 22 144 273 132 304 6.2 7.8 9.6 14 39.6 89.2 330.3
Ortalama
Sicaklik (°C) 0.6 33 7.4 11 16.1 20.3 25.1 22.8 215 161 5.6 4.7 129
Maksimum
Stcaklik (°C) 108 188 21 243 338 33.2 35.8 355 373 307 175 14.4 26.1
Minimum
s Sicaklik (°C) 98 -103 -6.1 -07 29 7 13.2 9.4 9.7 4.6 -6.7 -6.5 0.6
§ Yagis (mm) 53 304 198 13,6 17 19.4 0 19.2 7.8 8.8 16.6 11.4 217.0

*: Meteoroloji Bolge Miidiirliigii (MBM 2021), **: Toprak Su ve Céllesme ile Miicadele Arastirma Enstitiisii (TSCMAE 2020).

Caligma Tesadiif Bloklar1 Deneme Deseninde 3 tekerriirlii olarak yiiriitilmiistiir. Denemede
toprak nemine dayali tam tamamlayici sulama ile farkli seviyelerde kisintili tamamlayici sulama ve
yagisa bagli (susuz) konu olmak iizere {i¢ farkli stratejide sulama programlari olusturulmustur. Boylece
toplam 13 deneme konusu planlanmistir. Toprak nemine dayali tam tamamlayici sulama konularinda,
bugdaymn; sapa kalkma (SK), basaklanma (B) ve siit olum (SO) donemlerinde sulama yapilmasi
planlanmigtir. Bu sekilde 3 adet sulama programi olusturulmustur. Diger tamamlayici sulama
konularinda ise bugdayin SK, B ve SO donemlerinde esit miktarlarda sulama yapilarak 9 adet kisintili
tamamlayici sulama konusu olusturulmustur. Arastirma konular1 Tablo 3’de verilmistir.
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Tablo 3
Arastirma konular

Bitki biiyiime donemleri Toplam sulama

Konular Sapa kalkma Basaklanma Siit olum Sulama says: suyu (mm)
Si TK" TK TK 3 -

S, TK TK - 2 -

S3 TK - - 1 -

Ss4 50 50 50 3 150
Ss 50 50 - 2 100
Se 50 - - 1 50
Sy 70 70 70 3 210
Sg 70 70 - 2 140
So 70 - - 1 70
Sto 90 90 90 3 270
St 90 90 - 2 180
Si2 90 - - 1 90
Sis Yagisa bagli (Susuz) - -

*TK: Tarla kapasitesi

Denemede S, S; ve S; grubu konular, toprak nemine bagli tam sulamanin yapildigi konulardir.
S| konusunda bugdaym; SK, B ve SO donemlerinde, S, konusunda SK ve B donemlerinde ve S;
konusunda ise sadece SK doneminde toprak nemini tarla kapasitesi diizeyine ulagtiracak sekilde sulama
yapilmistir. S4 S7 ve S0 konularinda, SK, B ve SO donemlerinin her birinde konu sirastyla 50, 70 ve 90
mm sulama yapilmistir. Ss, Sg ve Si; konularinda, SK ve B dénemlerinin her birinde konu sirasiyla 50,
70 ve 90 mm sulama suyu uygulanmistir. Se, So ve Si» konularinda ise yalnizca SK déneminde konuya
gore sirasiyla 50, 70 ve 90 mm sulama uygulanmistir. Denemede Si3 konusunda ise sulama
yapilmamustir.

Tarla denemesinde damla sulama sistemi kullanilmistir. Damlatici araligi 0.3 m ve debisi 2 L/h
olan 16 mm ¢apli yuvarlak lateral borular parsellere 0.35 m araliklarla yerlestirilmistir. Sistem basinci
manometre ile takip edilmistir. Toprak yiizeyinin tamami islatildigi i¢in sulama suyu miktarini
hesaplamada 1slatilan alan oranm1 %100 olarak kabul edilmistir. Sulama suyu her parsele yerlestirilen
debimetrelerden ol¢iilerek verilmistir.

Denemede Si, S; ve S; konularina uygulanacak sulama suyu miktarinin belirlenmesinde bitki
gelisme donemlerindeki toprak nem igerigi dikkate alinmistir. Toprak nemi gravimetrik yontemle
belirlenmis ve sulama suyu ihtiyaci asagidaki esitlikle hesaplanmistir.

FC-SM
I—WXYXDT (1)

Esitlikte; I: Sulama suyu miktar1 (mm), FC: Tarla kapasitesi (g/g), SM: Toprak nemi (g/g), y:
Hacim agirlig1 (g/cm?®), Dy: Bitkinin etkili kok derinligi (mm).

Diger tamamlayic1 sulama konularinda (S4-Si2), Tablo 3’te belirtilen sulama suyu miktarlar
uygulanmstir.

Parsellere uygulanan sulama suyu miktar1 asagidaki esitlik kullanilarak hesaplanmustir.
I,=AxD(2)

Esitlikte; Iy: Sulama suyu miktar1 (L), A: Parsel alam1 (m?), D: Sulama suyu miktar1 (mm).

Calisma konularinin dekardaki un verimleri asagidaki esitlik kullanilarak hesaplanmastir.
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Yyn = Yr X Yr (3)
Esitlikte; Yua: Un verimi (kg/da), Y1: Tane verimi (kg/da), Y Un randimani (%).

Deneme konularinin sulama suyu un iiretkenlikleri asagidaki esitlik kullanilarak hesaplanmastir.
IWPy, = 222200 (4)

Esitlikte; IWPy,: Sulama suyu un iiretkenligi (kg/m?), Yun: Sulama suyu uygulanan konunun un
verimi (kg/da), Yyb: Yagisa bagl konunun un verimi (kg/da), I: Sulama suyu (m?/da).

Arazide parsel bigerddveri ile hasat edilen bugdaylardan alinan 6rnekler, AACC metot 26-95’¢
gore tavlanmis (%14.5 rutubet olacak sekilde) ve AACC metot 26-50’ye goére Brabender Junnior
degirmende ogiitlilerek, deneme konularmin un randimanlart yiizde (%) olarak belirlenmistir
(Committee, 2000).

Sulama konularinin verileri varyans analizine tabi tutulmus, sonrasinda farkli gruplar belirlemek
icin Tukey ¢oklu karsilasgtirma testi uygulanmistir (Yurtsever, 2011). Ayrica faktorler arasindaki iliskiyi
belirlemek icin Dogrusal Regresyon analizi yapilmustir. Istatistik hesaplamalarinda da anlamlilik diizeyi
%5 alinarak SPSS (Versiyon 21) paket programi kullanilmistir.

BULGULAR

Konularin mevsimlik sulama suyu miktarlari (I) iki y1l ortalamasi olarak Tablo 4’te verilmistir.
Tablodan da goriildiigii gibi Si ve Sioen ¢ok sulama suyu uygulanan konular olmustur. Bu konularda 3
donemde (SK, B ve SO), toplam 321 ve 270 mm sulama yapilmistir. Denemede, S4 ve S; konulari
toplamda 150 ve 210 mm ile ii¢ donemde de sulanan diger konulardir. Bugdaym SK ve B dénemlerinde
iki kez sulanan S,, Ss, Sg ve Si; konularina, sirastyla 201, 100, 140 ve 180 mm sulama suyu
uygulanmistir. Bugdayin SK doneminde bir kez sulanan Sz, So ve Si» konularinda ise sirasiyla; 80, 70
ve 90 mm sulama yapilmistir. Denemede S¢ konusu bugdayin SK déneminde 50 mm sulama ile en az
sulama suyu uygulanan konu olmustur.

Tablo 4

Konulara gére sulama suyu (1), sulama sayisi ve un randimanlart (%)
Konular 1 Sulama Un Randimani (%)

(mm) Sayisi 2018/2019 2019/2020 Ortalama

Sy 321 3 71.7 70.8 71.22
S» 201 2 69.0 69.0 69.0bcd
S; 80 1 68.7 68.0 68.3¢d
S4 150 3 70.7 69.9 70.32be
Ss 100 2 67.9 68.1 68.0%
Se 50 1 66.7 67.8 67.24%
S7 210 3 70.7 69.9 70.32b¢
Sg 140 2 68.2 68.5 68.3¢de
So 70 1 67.6 67.6 67.6%
Sio 270 3 71.5 70.1 70.82b
Sii 180 2 68.3 68.9 68.6%4
Siz 90 1 68.2 68.0 68.1%
S13 - - 66.5 67.3 66.9°¢

Standart Hata: 0.398
Pkonular: 0.0001
Py 0.5575
Pxonular x vi: 0.6066

Sulama konularinin iki yillik ortalama un randimanlarma bakildiginda (Tablo 4), en yiiksek un
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randimanit S; konusunda %71.2 olarak gerceklesmistir. En diisiik un randimani ise yagisa bagli Si3
konusunda %66.9 olmustur. Un randimani S; konusundan sonra ikinci yiiksek deger ile Sio konusu
izlemistir. Diger tamamlayici sulama konularinin un randimanlart ise %67.2-%70.3 arasinda
degismistir. Sahin ve ark. (2016) yiiriitmiis olduklar1 uluslararasi1 kiglik bugday projesi denemesinde yer
alan 92 adet ekmeklik bugday hattinin ortalama un randimanini %59.8 olarak tespit etmislerdir. Benzer
sekilde Evlice ve ark. (2016) 6 lokasyonda yiiriittiikleri 9 denemelik ¢alismalarinda, hat ve cesitlere ait
ortalama un randimanlarim sirasiyla; %67.4 ve %67.8 olarak belirlemislerdir. Ayrica Ilgiin ve Soylu
(2019) 7 hat ve 3 standart cesit ile sulu kosullarda yiiriittiikleri calismada un randimanlarinin %63.65-
%72.0 arasinda degisim gdsterdigini belirlemislerdir. Bir bagka ¢alismada, Tunca ve ark. (2020) kuru
kosullardaki 20 hat ve 5 kontrol ¢esidinin un randimaninin %55-%60.4, sulu kosullardaki 20 hat ve 5
standart ¢esidin un randimaninin ise %51.1-%61.4 arasinda degistigini belirlemislerdir.

Deneme konularimin sulama suyu miktarlar1 (I) degerleri ile un randimanlar1 arasindaki iligkinin
fonksiyonel yapisini belirlemek i¢in Dogrusal Regresyon analizi yapilmis ve regresyon denklemi ile
diizeltilmis R? degeri Sekil 1°de verilmistir. Buna gore, sulama konularinin sulama suyu miktarlarinin,
konularm un randimanlar iizerindeki etkisinin toplam varyansin %83’{inii acikladig1 gézlenmistir.

Sekil 1
Sulama suyu-un randimani iligkisi

72,0 ~
y=0,0141x + 66,8

2 -
71,0 R —0,83.

70,0

c
£69,0

66,0 T T T 1

0 100 200 300 400
Sulama Suyu (mm)

Konularin dekara un verimleri ve sulama suyunun un iiretkenlikleri (kg/m?) iki yil ortalamasi
olarak Tablo 5’te verilmistir.

Tablo 5
Konulara gére Un verimi (kg/da) ve Sulama suyunun un iiretkenlikleri (kg/m’)
Konular I Un Verimi (kg/da) IWPy,
(mm) 2018/2019 2019/2020 Ortalama (kg/m®)
Si 321 564.7 563.2 563.9* 1.03
Sz 201 493.1 494.2 493.6% 1.29
S3 80 428.0 426.6 427.31% 2.41
Sa 150 510.6 513.6 512.1¢ 1.85
Ss 100 431.4 433.5 432.5° 1.98
Se 50 342.2 351.9 347.00 2.25
S7 210 540.6 536.0 538.3% 1.45
Ss 140 452.0 463.8 457.9¢ 1.59
So 70 401.6 403.0 402.3¢8 2.39
N 270 549.3 539.7 544.5% 1.15
Sn 180 469.5 474.0 471.8% 1.32
Si2 90 423.9 424.7 42431 2.11
Si3 - 232.2 237.3 234.7' -
Standart Hata: 5.103
Pkonutar: 0.0001
Pyu: 0.5544
Pkonular x vi: 0.9877
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Deneme sonuglarina gore dekara un verimi en yliksek konu (563.9 kg/da), bugdayin sapa kalkma
(SK), basaklanma (B) ve siit olum (SO) dénemlerinde, her bir donemde topragin mevcut neminin tarla
kapasitesine tamamlandig1 S; konusundan elde edilmistir. Bu konunun sulama suyu un iiretkenligi 1.03
kg/m® olmustur (Sekil 2). Dekara un verimi en diisiik konu ise (234.7 kg/da) yagisa bagh Si; konusu
olmustur. Un verimi ikinci en yiiksek konu (544.5 kg/da) Sio konusu olmus, bu konuda sulama suyu un
tiretkenligi 1.15 kg/m? olarak ger¢eklesmistir. Denemede un verimleri en yiiksek olan konular1 (S; ve
Si0), sirasiyla; 538.3 ve 512.1 kg/da un verimi ile S7 ve S4 konular1 izlemistir. Bu iki konunun sulama
suyu un iiretkenlikleri sirasiyla; 1.45 ve 1.85 kg/m? olarak gergeklesmistir. Diger konularin dekara un
verimleri 347.0 kg/da ile 493.6 kg/da arasinda degismis ve sulama suyu un iiretkenlikleri ise 1.29 kg/m?
ile 2.41 kg/m? arasinda degismistir.

Sekil 2
Konularin sulama suyu un tiretkenlikleri degisimi

3,00 ~
2,50 A
2,00 H =
1,50 A

1,00 A

IWP,,, (kg/m?3)

0,50 4

0,00
S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12

Sulama Konulari

TARTISMA VE SONUC

Deneme sonuglarina gore en yiiksek un randimam (%71.2), bugdayin sapa kalkma (SK),
basaklanma (B) ve siit olum (SO) donemlerinde, her bir donemde topragin mevcut neminin tarla
kapasitesine tamamlandigr S; konusundan elde edilmistir. Bu konuya toplam 321 mm sulama
uygulanmigtir. Un randimani S; konusunu ikinci yiiksek deger (%70.8) ile Sio konusu izlemistir. Bu
konuda bugdayn SK, B ve SO dénemlerinde, her bir donemde 90 mm sulama suyu uygulanmis ve
toplamda 270 mm sulama yapilmistir. Bu iki konuyu %70.3 un randimani ile S4 ve S7 konulari izlemistir.
Bu iki konuya ise bugdayin SK, B ve SO donemlerinde, her bir donemde sirasiyla; 50 mm ve 70 mm
sulama suyu uygulanmisg ve toplamda sirasiyla; 150 mm ve 210 mm sulama yapilmistir. Bu sonuglarina
gore sulama suyu miktari arttik¢a un randimani artmistir. Day ve Barmore (1971) bugdayin herhangi bir
biiylime donemindeki su stresinin un verimini diisiirdiigiinii bildirmislerdir. Ayrica yapilan bir calismada
kislik bugdayin tiim biiylime donemi boyunca 2-3 kez sulanmasi gerektigi bildirilmistir (Yang ve ark.,
2004).

Denemenin; Si, Sio, S4 ve S;7 konularinin un randimanlar istatistiki olarak farkli gruba girmis
olsalar da aralarinda ¢ok biiyiik farklar olusmamuistir (%71.2 - %70.3). Ozellikle S ve S; konularinin un
randimanlar (%70.3) aymi iken, S4 konusunda S; konusuna gére 60 mm daha az sulama suyu
kullanilmistir. Dolayisiyla S4 uygulamasi, S; konusuna gore su tasarrufu agisindan avantaj saglamistir.
Yine S4 konusuna, S; (%71.2) konusuna gore 171 mm, Sio (%70.8) konusuna gore ise 120 mm daha az
sulama suyu uygulanarak, Si, Sio ve S; konularina gore sirasiyla; %53, %44 ve %29 su tasarrufu
saglamistir. Bu kosullarda S4 konusu, Si, Sio ve S; konularina gore 6n plana ¢ikmaktadir. Zira S4 konusu
uygulandiginda 60 ila 171 mm su kazanci saglanacaktir. Giiler (2001) ekmeklik bugdayn belirli gelisme
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donemlerindeki su stresinin bazi kalite 6zelliklerine etkisini arastirmistir. Calismada, 300 mm sulama
suyu uygulanan konuda un randimanini iki yil ortalamasi olarak %72.03, 225 mm sulama suyu
uygulanan konuda %71.32 ve 150 mm sulama suyu uygulanan konuda %70.1 olarak tespit etmistir.
Caligma sonucuna gore un randimanlar arasinda ¢ok biiyiik farklar olusmamais, tam su konusuna gore
kisit uygulanan konularda 75 ila 150 mm daha az sulama suyu kullanilmstir.

Sulama konularinin dekara un verimleri ve sulama suyu un iiretkenliklerine baktigimizda ise, S4
konusu diger konulara (S, Sio ve S7) gore yine &n plana ¢ikmaktadir. Ornegin, S; konusunda dekara
563.9 kg un elde edilirken, 1 m® sulama suyu ile sadece 1.03 kg un elde edilebilmistir. Yine Sio
konusundan dekarda 544.5 kg un elde edilirken, 1 m* sulama suyu ile 1.15 kg un elde edilmis, S;
konusunda ise dekarda 538.3 kg, 1 m® sulama suyu ile de 1.45 kg un elde edilebilmistir. Her ne kadar
dekara un verimi bu konulara gore diisiik olsa da (512.1 kg) Ss konusunda 1 m* sulama suyu ile 1.85 kg
un elde edilmistir. Boylece, S4 konusu; Sy, Sio ve S;7 konularina gore sulama suyunun un iiretkenligini
strasiyla; %79.6, %60.9 ve %27.6 artirmistir. Zeng ve ark. (2021) bugdayin kardeslenme ve sapa kalkma
asamalarinda yapilan iki kisintili sulamanin, kislik bugdayi 6nemli biiylime donemlerinde su stresini
hafifleterek verim ve sulama suyu tiretkenligi (IWP)’nin artmasina katkida bulundugunu bildirmislerdir.

Denemenin yagisa bagh konusunda (Si3) dekara un verimi 234.7 kg/da olarak belirlenirken,
denemenin tam su konusunda (S;) un verimi 563.9 kg/da olarak en yiiksek degeri almistir. Buna gore,
bugdayn sapa kalkma (SK), bagsaklanma (B) ve siit olum (SO) dénemlerinde, her bir donemde topragin
mevcut neminin tarla kapasitesine tamamlandigi tam su konusu, yagisa bagli susuz konuya gore un
verimini %140 artirmigtir. Ayrica S4, S7 ve Sio konular yagisa bagh konuya (Si3) gbre un verimini
strastyla; %118, %129 ve %132 artirmustir. Buradan hareketle, sulu tarim arazilerinde bugday tariminin
yayginlastirtlmast ile iilkemizin un {iretimini artirmak miimkiindiir. Son 10 yildir diinyanin en biiyiik un
ihracatgisi olan iilkemizin un tiretiminin artirilmasi ile daha fazla istihdam ve doviz girisi saglanacaktir.

Bu sonuglar dikkate alindiginda, Konya ve benzer yari kurak iklim kosullarina sahip bolgelerde,
bugdayin SK, B ve SO donemlerinde, her bir donemde 50 mm ve toplamda 150 mm sulama suyu
uygulanmasi (S4 konusu), bugdayda optimum un verimi i¢in yeterlidir.

Yazar Katkilar
Tasarim: Yazar 1 (%60) — Yazar 2 (9%40)

Veri Toplama veya veri girisi yapma: Yazar 1 (%90) — Yazar 2 (%10)
Analiz ve yorum: Yazar 1 (%60) — Yazar 2 (%40)

Literatiir tarama: Yazar 1 (%90) — Yazar 2 (%10)

Yazma: Yazar 1 (%60) — Yazar 2 (%40)

Finansman

Yok

Cikar Catismasi

Yazarlar ¢ikar ¢atismasi belirtmemistir.

Siirdiiriilebilir Kalkinma Amaclar1 (SDG)

Siirdiiriilebilir Kalkinma Amaglari: 4 Temiz Su ve Sanitasyon

6.4. 2030’a kadar biitiin sektorlerde su kullanim etkinliginin biiyiik 6l¢iide artirilmasi, su kitlig
sorununu ¢ézmek ig¢in siirdiiriilebilir tatlisu tedarikinin saglanmasi ve su kithgindan mustarip insan
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sayisinin 6nemli Ol¢iide azaltilmasi.

TesekKkiir

Bu makale Mehmet Ali DUNDAR ’1n Doktora tez calismasi kapsaminda yiiriittiigii tarla denemesi
sonuglar1 kullanilarak iiretilmistir.
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Determination Of The Suitable Nutrient Medium For the Immature Embryo Culture In Different Genotypes of
Safflower (Carthamus tinctorius L.)

INTRODUCTION

Safflower (Carthamus tinctorius L.) is an annual oilseed crop originating from Eurasia, including
Tirkiye and its neighbouring countries (Esendal 2001). The oil content of safflower seeds ranges of 30-
45%, making it valuable for both food and industrial applications. In addition to oil production, safflower
seeds are commonly used as bird feed, and its fresh flowers contribute to high- quality honey production.
Interspecific hybridization studies have been conducted to broaden the genetic base of this crop species.

Safflower oil is used both as cooking oil and is preferred in biodiesel production. It is also a
plant that is used in various sectors such as margarine, paint, varnish, pharmaceutical and feed industry.
The dye obtained from safflower flowers is often used by mixing it with saffron. Safflower plant has
great importance in cultivation due to its advantages such as being resistant to drought conditions, being
resistant to diseases and pests, and being suitable for mechanized agriculture. It also plays a major role
in the evaluation of dry farming areas. The pulp remaining after the oil is extracted is used as animal
feed due to its 22-24% crude protein content (Babaoglu, 2007; Demir and Karaca, 2018).

Safflower is a valuable oil plant that can be easily grown in difficult land conditions and contains
30-45% oil in its seeds (Ery1lmaz ef al., 2014, Serim et al., 2015). The total unsaturated fatty acid ratio,
which is important for human health, is quite high, usually between 90-93%. There are two different
types of safflower oil. The first one contains a high level of linoleic acid (Omega-6) and its fatty acid
ratio is 78%. This type is generally used in the chemical and feed industries. The other one contains a
high level of oleic acid (Omega-9) and is a high-quality cooking oil. Varieties with an oleic acid ratio
of approximately 85% have been developed (Babaoglu, 2006).

Safflower plant has a bright future in closing the oil gap in our country. According to TUIK
2023 data, it has been produced in our country with 39000 tons and it is known that the production in
Kirsehir province where the trial was conducted is 3639 tons (TUIK, 2023). According to FAO 2022
data, safflower production in the world is 995507 tons and it is known that the production is mostly in
the Asian continent with 599103 tons. Kazakhstan ranks first as the country with the highest production
with 447456 tons (FAO, 2022).

In order to broaden the gene pool of safflower, interspecific crossings are possible. However,
development of hybrid embryos is impossible due to the differences between parental genomes in some
cases (C.tinctorius 2n=24 C. lanatus 2n=44). Survival rate of F1 plants is low when the chromosome
numbers of hybrid plants are different (Golkar 2014). It is needed to develop the embryo rescue
technique to overcome genetic and cytological barrier after hybridization between wild and cultivated
species. On the other hand, obtaining the homozigot lines of safflower in the breeding program is
possible to speed up through the immature embryo culture.

In this research, effects of different media on the regeneration rate of the immature embryos of
genotypes were examined.

MATERIALS AND METHODS

In the research, four lines of safflower (H1, H2, H3, H4), which are developed in the safflower
breeding program of the East Mediterranean Agricultural Research Institute, Adana, and one safflower
cultivar (Dincer), which is registered by GAP Agricultural Research Institute, Sanliurfa, were used as
plant material. Three different media, MS (Murashige & Skoog, 1962), NN (Nitsch & Nitsch, 1969)
and B5 (Gamborg ef al. 1968), were tested. The pH of the nutrient media was adjusted to 5.8 using 1N
KOH and 1IN HCI. The sterilization of the nutrient media was provided in the autoclave at 1.2
atmospheric pressure and 121°C for 15 minutes. The laboratory experiment was arranged according to
the completely randomized design in split plots with four replications, by taking genotypes as the main
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plot and the nutrient medium as sub-plot. 40 embryos were cultured in 4 petri dishes for each genotype
- medium combination.

The single safflower receptacle harvested 14 days after pollination was labeled for which
genotype it belongs to, and then it was taken into the laboratory environment. In the embryo culture, the
embryos in the fruits of the first 5 rows on the outermost part of the receptacle were used. After the fruits
separated from each receptacle are subjected to surface sterilization with 70% alcohol for a very short
time in a sterile cabinet in a glass container, alcohol is poured and sterilization solution containing 20%
bleach (containing 5% sodium hypochlorite, without perfume) + 3-5 drops of Tween 80 was added into
the container.

Fruits were sterilized by rinsing in the solution for 10 minutes (Dagiistii et al., 2012). Then, the
fruits were rinsed 4-5 times with sterile distilled water and surface sterilization was completed. For
embryo isolation and culture of isolated embryos, the skins of fruits subjected to surface sterilization
were cut and embryos were removed; after the embryos were removed and separated from the embryo
sac, 10 embryos were cultured in each 60 x 15 mm petri dish with 7 ml embryo development medium.
All cultures were kept in a climate cabinet providing photoperiod of 20 hours of light (6000-8000 Lux
light intensity)/ 4 hours of darkness and 24 + 2°C temperature conditions. After 3-4 weeks from the
beginning of the culture, the embryos that germinated and formed a plant were counted in each petri
dish, and the regeneration rate was determined by proportioning the number of embryos that formed
plants to the number of embryos cultured in the petri dish. At this stage, plant weight, plant root length
and plant height measurements were also taken in regenerated plants.

Variance analysis was applied to the data obtained from the research, using the JMP 7.0
(Copyright © 2007 SAS Institute Inc.) statistical package program according to completely randomized
desing in the split plots. The statistically significant factor means were compared with the LSD test.

RESULTS AND DISCUSSION

According to the variance analysis results, sunflower genotypes, nutrient medium and genotype
x nutrient medium interaction were found to be significant in all traits examined (Tables 1, 2, 3, 4 and
5).

Regeneration Rate(%)

Genotype, culture medium and genotype x culture medium interaction did statistically significant
affect the regeneration rate of immature embryos in the safflower. The mean regeneration rates of
immature embryos of different safflower genotypes cultured in different culture mediums are given in
Table 1.

As seen in Table 1, regeneration ratio of the embryos isolated from the genotypes showed
statistically significant differences between the genotypes. The embryos of the Line-3 showed
statistically significant higher reneration rate than those of the other genotypes. The embryos of the
Line-1 gave significantly lower reneretaion rate than those of other genotypes. Embryos of the Lin-4
showed significantly higher regeneration rate than tohose of the Line-2 and Dinger.

As an average of genotypes, B5 and MS media provided statistically significantly higher
regeneration rates than the NN medium. However, the statistical significance of genotype x nutrient
medium interaction reveals that the effect of nutrient media on regeneration rate of safflower embryos
varied significantly depending on the genotypes. In fact, while immature embryos of the Line-4 and
Cultivar Dinger showed statistically significant higher regeneration rate on NN medium than in other
media, embryos of the Line-1 cultured on the B5 mediim showed significantly higher regeneration rate
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than those on the other medioa. On the other hand, embryos of the Line-2 cultrured on MS medium gave
higher regeneraton rate than those on the other media.

Table 1
Averaged Values (%) of the Regeneration Rate of Immature Embryos of the different Safflower

Genotypes Cultured on Different Media

Genotipes B5 Medium MS Medium NN Medium Average

Line-1 71.7 b’ 31.0 g 9.0 h 39.2 d=
Line -2 67.0 cd 79.0 ab 8.3 h 51.4 c
Line -3 75.0 be 67.0 cd 59.0 de 67.0 a
Line-4 50.7 ef 46.0 f 87.7 a 61.4 b
Dinger 26.7 g 53.7 ef 65.0 d 48.4 c
Average 59.4 Al 55.3 A 45.8 B 53.5

CV (%) 10.63 LSD(0.05) Gen:5.49%* M:4.25%* Gen*M:9.51%*

* Mean values with similar low case letters in the same column are not statistically significant different from each other
according to the LSD test at P <0.01.

1) Mean values with similar upper case letters in the same row are not statistically significant different from each other according
to the LSD test at P <0.01.

2 Mean values of genotype-medium comibinations with similar low case letters not statistically significant different from each
other according to the LSD test at P <0.01.

Dagiistii et al. (2012) reported that the transformation rate of sunflower embryos varied between
0.8 and 33.8%, whereas Cil et al. (2021a) reported that this rate varied between 56.39 and 72.81%, and
again Cil et al. (2021b) reported that this rate varied between 26.7 and 100%. It can be said that the
different regeneration rates of immature embryos of different species are different due to the differences
in the plant species, genotypes and nutrient media tested in the studies.

Plant Height(cm)

According to results of the variance analyses, significant differences were determined at the
P<0.01 level among the genotypes, media and genotype x nutrient medium combinations in plant height
(Table 2). The plant height varied between 1.41 cm and 1.61 cm depending on the genotypes. Plats
regenerated from the embryos of the Line-4 showed statistically significant higher averaged plant height
than those of the lines 1 and 3. The plants regenerated on the B5 and MS medium showed statistically
significant higher plant height that those regenerated on the NN medium. However, significance of the
genotype x medium interaction means that effect of the medium on the plant height did significantly
varied depending on the genotypes. Thus, embryos of the line 1 cultured on the B5 medium regenerated
the plants with significantly higher plant height in comparison with those cultured on MS or NN
medium. Embryos of the line 2 cultured on MS medium and those of line 4 on the NN medium gave the
plants with significantly higher plant height than those cultured other mediums. On the other hand,
embryos of the line 3 cultured NN medium gave the plants with significantly lower plant height than
those cultured other medium. Media tested did not significantly changed the plant height of the
regenerated plants of the cultivar Dinger.

Cil et al. (2021a) determined the plant height values changing between 1.30 - 4.47 cm sunflower
plants regenerated immature emryos of sunflower culturen on different media. They reported that the
most suitable nutrient medium was NN nutrient medium. This results are not coincide with those of our
study. This disagreement can be explained through the difference of the plant species in the studies.
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Table 2
Averaged Values (cm) of the Plant Height of Plants Regenerated from Immature Embryos of the
different Safflower Genotypes Cultured on Different Media

Nutrient Mediums

Genotipes B5S Medium MS Medium NN Medium Average

Line-1 1.60 b-d? 1.33 e 1.30 e 3.12 b*
Line -2 1.63 bc 1.90 a 0.93 f 2.35 ab
Line -3 1.47 c-e 1.63 be 1.33 e 2.57 b
Line-4 1.63 bc 1.40 de 1.80 ab 2.65 a
Dincer 1.60 b-d 1.60 b-d 1.40 de  2.09 ab
Average 1.59 Al 1.57 A 1.35 B 2.56

CV(%) 8.21 LSD(0.05) Gen:(0.13 M:0.09** Gen*M:0.21%*

* Mean values with similar low case letters in the same column are not statistically significant different from each other
according to the LSD test at P <0.01.

1) Mean values with similar upper case letters in the same row are not statistically significant different from each other according
to the LSD test at P <0.01.

2 Mean values of genotype-medium comibinations with similar low case letters not statistically significant different from each
other according to the LSD test at P <0.01.

Plant Weight(g)

In terms of plant weight values, the differences between genotypes, nutrient media and genotype
x nutrient media interaction values were statistically significant at < 0.01 level (Table 3). In terms of
plant weight, the average values obtained from genotypes varied between 0.14 - 0.27 g. The embryos
of the line 1 and cultivar Dinger gave the plants with significatly higher plant weight than those of other
lines. On the other hand, The embryos cultured on the NN medium regenerated plants with higher plant
weight than those cultured other media. However, significance of genotype x medium interaction
showed that the effect of the medium on the plant weight significantly varied depending on the
genotypes. Thus, embryos of the Line-1 and culvar Dinger cultured on NN medium gave the plants
with significantly higher weight than those cultured on the other media. The embryos of the Line-2
cultured on MS medium gave the plants with signidicantly hgher plant weight than those cultured NN
medium, while the embryos of the Line-3 anmd Line-4 cultured on B5 showed the plants with
significantly higher plant weight than those cultured on NN medium.

Table 3
Averaged Values (g) of the Plant Weight of Plants Regenerated from Immature Embryos of the

different Safflower Genotypes Cultured on Different Media
Nutrient Mediums

Genotipes "B Medium MS Medium NN Medium ___ Average
Line-1 0.15 cd? 0.14 c-e 0.50 a 0.27 a*
Line -2 0.16 be 0.18 b 0I5 od 016 b
Line -3 0.16 be 0.15 od 012 de 015 be
Line-4 0.16 be 0.14 ce 012 e 0.14 c
Dinger 0.15 be 0.16 be  0.50 a 027 a
Average __ 0.16 B! 0.15 B___ 0.8 A 02

CV(%) 89 LSD(0.05) _ Gen:0.017+* M:0.013** G*M:0.030%*

* Mean values with similar low case letters in the same column are not statistically significant different from each other
according to the LSD test at P <0.01.

) Mean values with similar upper case letters in the same row are not statistically significant different from each other
according to the LSD test at P <0.01.

2 Mean values of genotype-medium comibinations with similar low case letters not statistically significant different from each
other according to the LSD test at P <0.01.
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Cil et al. (2021a) determined that plant weight varied between 0.12 and 0.50 g in the plants
regenerated from the embryos of different sunflower genotypes. It was reported that the most suitable
nutrient medium was BS5 nutrient medium.

Number Of Leaves Per Plant

In the study, genotypes, media and genotype x media interaction did statistically significant affect
the number of leaves per plant. The number of leaves per plant varied between 1.53 — 1.82 number
depending on the genotypes. Embryos of the Line-1 gave the plants with significantly higher number of
leaves per plant than thos of the other genotypes. The plants regenared from the embryos of the cultivar
Dinger showed significantly lower number of leaves per plant than those regenerated from embryos of
the other genotypes. The number of leaves per plant varied between 1.59 — 1.80 depending on the
medium, and the highest value of the number of leaves per plant was obtained from the plants
regenerated from the embryos on B5 nutrient medium (Table 4).

Table 4

Averaged Values of the Number of Leaves Per Plant of Plants Regenerated from Immature Embryos of
the different Safflower Genotypes Cultured on Different Media

Nutrient Mediums

Genotipes 50 dium MS Medium NN Medium Average

Line-1 2.03 a2 1.77 b 1.67 bd  1.82 a*
Line -2 1.73 b 1.43 e 1.83 b 167 c
Line -3 1.80 b 1.53 c-e 1.77 b 170 b
Line-4 1.70 be 1.70 be 1.77 b 172 b
Dincer 1.73 b 1.50 de 1.37 e 1.53 d
Average 1.80 Al 1.59 C 1.68 B 169

CV(%) 6.69 LSD(0.05): Gen:0.21 __ M:0.087* Gen*M:0.19

* Mean values with similar low case letters in the same column are not statistically significant different from each other
according to the LSD test at P <0.01.

D Mean values with similar upper case letters in the same row are not statistically significant different from each other
according to the LSD test at P <0.01.% Mean values of genotype-medium comibinations with similar low case letters not
statistically significant different from each other according to the LSD test at P <0.01.

2 Mean values of genotype-medium comibinations with similar low case letters not statistically significant different from each
other according to the LSD test at P <0.01.

However, significance of genotype x medium interaction reveals that effect of the media on the
number of leaves per plant significantly varied depending on the genoype. Thus, the plants regenerated
from the embryos of the Line-1 and cultivar Dinger cultured on BS medium gave significantly higher
number of the leaves per plant than those cultured on the other media. On the other hand, the plants
regenerated from the embryos of the Line-2 and Line 3 cultured on MS medium showed significantly
lower number of leaves per plant than those cultured other media. The number of the leaves per plant in
the plants regenerated from the embryos of the Line- 4 were not significantly influenced by medium.

Cil et al. (2021a) determined that the number of leaves per plant regenerated from the embryos
of different sunflower genotypes varied between 1.26 and 3.38. These values are consistent with the
plant height values obtained in our study.

Root Length(cm)

According to the results of the variance analyses, significant differences were determined at the
0.01 level among genotypes, nutrient media and genotype x nutrient medium interactions in root length.
It was determined that root legth varied between 1.41 — 1.53 cm depending on genotypes, these values
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varied between 2.22 - 2.84 cm depending on nutrient medium (Table 5).

Table 5
Averaged Values (cm) of the Root Length of Plants Regenerated from Immature Embryos of the

different Safflower Genotypes Cultured on Different Media

Nutrient Mediums

Genotipes B cdium MS Medium NN Medium Average

Line-1 3.73 a’ 2.97 b-d 2.67 dg 3.12 a*
Line -2 2.73 c-f 1.30 1 3.03 be 2.35 c
Line -3 2.70 d-g 1.93 h 3.07 b 2.57 b
Line-4 2.63 e-g 2.50 fg 2.83 b-e  2.65 b
Dincer 2.40 g 2.40 g 1.47 1 2.09 d
Average 2.84 Al 2.22 C 2.61 B 2.56

CV (%) 6.98 LSD(0.05) Gen:0.16** M:0.14** Gen*M:0.30**

* Mean values with similar low case letters in the same column are not statistically significant different from each other
according to the LSD test at P <0.01.

) Mean values with similar upper case letters in the same row are not statistically significant different from each other
according to the LSD test at P <0.01.

2 Mean values of genotype-medium comibinations with similar low case letters not statistically significant different from each
other according to the LSD test at P <0.01.

Embryos of the Line-1 gave the plants with significantly higher root length thant those of the
other genotypes, whie the embryos of the cultivar Dinger gave the plants with significantly lower root
length than those of the other genotype. The embryos cultured on the BS medium gave the plants with
significantly higher root length than those cultured on the otrher media. The plants regenerated from
embryos cultured on the MS medium showed significantly lower root length than those regenerated
from the embryos cultured on the other media. However, significance of genotype ¢ medium interaction
shows that effect of the media on the root length was dependend on the genotypes. Thus, the plants from
rhe embryos of the Line-1 cultured on B5 medium showed significantly higher root length than thos
regenerated from the embryos on the other media. The plants regnerated from the embryos of Line-2
and Line-3 cultured on MS medium showed significantly lower root length than thos regenerated from
the embryos cultured on the other media. The plants regenerated from the embryos of the cultivar Dinger
cultured on NN medium showed significantly lower root length than those regenerated from the embryos
cultured on the other media.

Cil et al. (2021a) determined that the plant root length varied between 3.52-4.20 in the plants
regenerated from the mbryos of the different sunflower genotypes. These values are consistent with the
plant height values obtained in our study. Again, Cil et al. (2021b) determined that these values varied
between 2.66 and 9.25 cm in a similar study they conducted on sunflower.

CONCLUSION

The results of this research showed that the immature embryo culture technique can provide
sufflower plants a month after fertilization as compaired to 2-2.5 months after fertilization under in vivo
conditions. Thus shortening the reproduction cycle of safflower and thus allowing to obtain 3-5
generations per year instead of 1-2 generations. The results of the research showed that the genotypes
of the embryos and nutrient medium are a very important factor in the success of embryo culture
technique, but the optimum medium varied depending on the genotype due to significant nutrient
medium X genotype interaction.
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INTRODUCTION

It is known that water is essential for all living things. Water is the most critical factor in the
survival of all plants and animals, including humans, in our ecosystem (Armagan and Isik, 2022).
Approximately 97% of the world's total 1.4 billion km* of water is saltwater, and the remaining 3% is
freshwater. Since most of the fresh water in our world is only found in the poles and underground, the
low amount of water that living things can use can be clearly expressed in numbers. It is a known fact
that usable water is limited to the increasing world population. With the growing demand for industrial,
agricultural, and domestic water, competition arises between sectors in the use of water. Today, limited
water resources must be utilized effectively in all sectors in a manner that is compatible with the
environment (Cakmak et al., 2003). Although seas and has many dams and rivers, it creates the image
that it is rich in terms of water resources. However, Tiirkiye is among the countries suffering from a
water shortage according to international criteria. The scarcity of usable water resources also brings
about a food problem. Therefore, it is necessary to utilize existing water resources efficiently and to
prioritize the reuse of treated wastewater. Various technologies are used in different parts of the world
for wastewater treatment. These technologies consist of physical, chemical or biological processes and
are mainly preferred depending on treatment costs. Constructed wetlands are preferred especially in
rural areas because of the low investment costs. Constructed wetlands are highly effective in removing
nutrients, particularly due to the filter materials and plants they contain (EPA, 1993).

Constructed wetlands are a natural wastewater treatment system that has been rapidly used in
recent years as an alternative to conventional treatment systems for domestic and industrial wastewater
treatment and can be easily applied in small to medium-sized areas with low energy requirements
(Anonymous, 1993; Anonymous, 1999; Tungsiper and Akga, 2006; Cift¢i et al., 2007). Nitrate,
phosphorus and heavy metals can mix into groundwater or groundwater through leaks from the bottoms
of constructed wetland ponds, waste storage areas and resting and processing ponds built for manure
management in animal shelters.

Nitrate is a factor that can cause pollution in groundwater at levels that are hazardous to the
environment and human health. Pollution that occurs with water leaking from storage and treatment
areas is defined as point source pollution. Spalding and Exner (1993) have demonstrated that nitrate is
the most common chemical pollutant in groundwater. Water contaminated with nitrate through
groundwater flows can reach surface waters and disrupt the nitrogen: phosphorus balance in these
environments, causing eutrophication and algae formation (Bolger and Stevens, 1999). The most
significant source of nitrate that threatens groundwater is agricultural waste.

Phosphorus, which poses another critical threat, is found in inorganic and organic forms as
phosphate compounds. It is mainly in the form of orthophosphate that can be used by algae and
macrophytes. Organic phosphorus is generally formed as a result of biological processes and is found
in raw wastewater, food residues, and human feces. Inorganic phosphorus is usually formed as a result
of the use of detergents for cleaning purposes. Phosphorus fertilizers also contain significant amounts
of inorganic phosphorus. While more than one process is carried out during the treatment of phosphorus
from wastewater, removal is provided until a specific capacity is reached. No additional removal occurs
after this level (EPA, 1993). Phosphorus removal requires advanced treatment technologies. Various
methods such as activated carbon, reverse osmosis, and electrodialysis are used for phosphorus removal
from wastewater (Yeoman et al., 1988; Tas et al., 2007). In recent years, research has focused on
phosphorus removal by using solid retention materials. Cui et al. (2008) in their study on phosphorus
adsorption characteristics and physico-chemical properties of nine different filter materials peat, topsoil,
gravel, medium-sized sand, blast furnace slag, coal slag, artificial blast furnace slag, artificial coal slag
and medium-sized artificial sand materials were tested. Peat material was determined to be the best
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phosphorus absorbent material. Onar and Oztiirk (1993) in their study on phosphorus adsorption by
pumice grains obtained a phosphorus removal efficiency of over 80% and stated that pumice is a
promising scavenger in phosphorus removal. Njau et al. (2003) in their study on the use of pumis as a
filter material in constructed wetlands used for the treatment of domestic wastewater stated that pumis
provided a pretty high level of phosphorus removal. Uzun et al. (2021) investigated the effectiveness of
sand, pumis and zeolite in their study aiming at phosphorus removal from wastewater and found that
pumis material was a better adsorbent than other materials.

Zeolites, which have a wide range of applications and properties among adsorbents, are
increasingly being utilized in pollution control due to their ion exchange and adsorption properties. For
this purpose, zeolites are used in the retention of radioactive wastes in water, retention of metal ions and
nitrogen compounds in wastewater, adsorption of flue gases, cleaning of oil spills, landfilling and
oxygen production. Many studies have been conducted on pollution control with zeolites. For example,
they have been used for the treatment of metal pollutants such as zinc (Calvo et al., 2009), lead and
copper (Wang et al., 2008; Stylianou et al., 2007; Sprynskyy, 2008), iron and chromium (Inglezakis et
al., 2002) from wastewater. Clinoptilolite-type zeolite was used for the removal of NH4+ ions from
landfill leachate (Dogan et al., 2018). Apart from pollution control, zeolite has many areas of use. If we
need to collect them under main headings, we can classify them as energy, agriculture and animal
husbandry, mining and metallurgy and other areas of use. In the energy sector, zeolite is used in coal
gasification, cleaning nitrogen oxides and hydrocarbons, purification of natural gas, removal of carbon
dioxide, as heat exchangers in solar energy production and as catalysts in the production of petroleum
products. Zeolites can be utilized as heat exchangers in solar energy systems by leveraging their water-
absorbing and water-giving properties (DPT, 2001). Natural zeolites are widely used as fertilizer carriers
in fertilization and soil preparation, as well as in agricultural applications. Zeolites are used in mining,
exploration of mineral deposits and retention of some heavy metals in metallurgy. Other areas of use of
zeolite, apart from the areas mentioned, are the paper sector, construction sector, health sector and
detergent sector.

In this study, an attempt was made to determine the phosphorus removal efficiency of
homogeneous mixtures of sand, zeolite, and vermiculite materials from wastewater.

MATERIAL AND METHOD

The sand, zeolite, and vermiculite used in the study were supplied by a commercial business. The
materials were sieved through sieves with 1-2 mm pore diameter, and the remaining part was used in
the study. The experiments were carried out with three replications using synthetic wastewater with
different concentrations (25, 50 and 100 ppm).

In this study, columns with an inner diameter of 3 cm and a length of 60 cm made of glass were
used. The columns were filled with 150 cm3 filter material representing constructed wetlands at a
microscale. The system was operated by continuously feeding from the top at a flow rate of 5 ml/min
using a peristaltic pump with a digital display. After the system was operated, samples were taken from
the outlet sections of the columns at 3, 6, 12, 24, and 48 hours in order to determine the capacities of the
materials depending on time (Fig. 1). The samples obtained were subjected to pH, EC, and total
phosphorus analyses. In the study, pH and EC analyses were determined using a Hanna brand device.
Total phosphorus contents were determined at a wavelength of 882 nm in a spectrophotometer according
to the ammonium molybdate blue color method (Kuo and Sparks, 1996).
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Figure 1
The glass column test setup where the study was conducted
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RESULTS

In the study carried out, solutions containing phosphorus at three different concentrations (25, 50,
and 100 ppm) were applied to the filter materials in the columns at 1 and 2 ml/min flow rates for 48
hours. During this process, samples were taken at different times to determine the time-dependent
capacities of the materials. pH, EC, and total phosphorus were determined in the obtained samples.

Effect of Different Concentration Ratios on pH at Different Flow Rates

As aresult of the experiment, the effect of different phosphorus concentrations and mixing ratios
on pH is shown in Table 1 and change in pH values with hydraulic retention times is presented in Fig.
2. The pH value of the prepared solutions was determined as 8.34. When Table 1 is examined, it is
observed that the pH values in the effluent analyses of the synthetic wastewater included in the columns
increased after contact with the material and decreased during the continuation of the study. As a result
of the experiment, different concentrations had a significant effect on the pH change, depending on the
hydraulic retention times and mixing ratios. According to the Water Pollution and Control Regulation
of the Ministry of Environment and Urbanization of the Republic of Tiirkiye, the pH range required for
discharging wastewater into the receiving environment is 6.0-9.0 (WPCG, 2004).

Table 1
Changes in pH values during the treatment process
Flow Rate  Conc. Sampling Times (hour)
(ml/min)  (ppm) 3 6 12 24 48
25 8.83 8.60 8.35 8.35 8.28
1 50 8.76 8.72 8.34 8.07 8.02
100 8.80 8.80 8.60 8.10 8.04
25 8.69 8.44 8.36 8.31 8.00
2 50 8.84 8.74 8.50 8.48 8.02
100 8.64 8.48 8.31 8.16 8.00

The pH values were determined as the lowest 8.76 and 8.64, and the highest 8.83 and 8.84 at the
end of the 3-hour period at 1 ml/min and 2 ml/min flow rates, respectively; the lowest 8.60 and 8.44,
and the highest 8.80 and 8.74 at the end of the 6-hour ; the lowest 8.34 and 8.31, and the highest 8.60
and 8.50 at the end of the 12-hour; the lowest 8.07 and 8.16, and the highest 8.35 and 8.48 at the end of
the 24-hour ; the lowest 8.02 and 8.00, and the highest 8.28 and 8.00 at the end of the 48-hour.
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Figure 2
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Effect of Different Concentrations at Different Flow Rates on EC

As a result of the experiment, the effect of different phosphorus concentrations and mixing ratios
on EC is shown in Table 2 and change in EC values with hydraulic retention times is presented in Fig.
3. The EC value of the prepared solutions was determined as 43.78 pS/cm. As a result of the experiment,
different concentrations had a significant effect on the EC change, depending on the hydraulic retention
times and mixing ratios. According to the Water Pollution and Control Regulation of the Ministry of
Environment and Urbanization of the Republic of Tiirkiye, the EC amount required for wastewater to
be discharged into the receiving environment should be below 2000 uS/cm (WPCG, 2004).

Table 2
Changes in EC (uS/cm) values during the treatment process
Flow Rate  Conc. Sampling Times (hour)
(ml/min) (ppm) 3 6 12 24 48
25 1123.00 741.67 496.60 401.23 371.53
1 50 1155.33 1064.43 617.07 556.07 533.37
100 1187.00 817.83 683.90 623.70 611.93
25 524.60 402.60 382.70 369.50 359.37
2 50 713.97 637.17 618.23 615.60 595.07
100 1111.67 1016.27 1009.93 987.07 973.20

EC values (uS/cm) were determined as the lowest 1123 and 524.6, and the highest 1187 and
1111.67 after 3 hours at 1 ml/min and 2 ml/min flow rates, respectively; as the lowest 741.67 and 402.60,
and the highest 1064.43 and 1016.27 after 6 hours; as the lowest 496.6 and 382.7, and the highest 683.9
and 1009.93 after 12 hours; as the lowest 401.23 and 369.5, and the highest 623.7 and 987.07 after 24
hours; as the lowest 371.53 and 359.37, and the highest 611.93 and 973.2 after 48 hours.

Figure 3
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Effect of Different Concentrations at Different Flow Rates on TP

The prepared phosphorus solutions of 25, 50, and 100 ppm were transferred to the columns
containing the filter material and the results obtained as a result of the analyses are given in Table 3 and
change in TP values with hydraulic retention times is presented in Fig. 4. As a result of the experiment,
it was determined that different mixing ratios had a significant effect on the TP change depending on
the hydraulic retention times of different concentrations. According to the Water Pollution and Control
Regulation of the Ministry of Environment and Urbanization of the Republic of Tiirkiye, the TP limit
required for discharging wastewater into the receiving environment is 10 ppm (WPCG, 2004).

Table 3
Changes in TP (ppm) values during the treatment process
Flow Rate  Conc. Sampling Times (hour)
(ml/min) (ppm) 3 6 12 24 48
25 0.73 0.97 1.00 1.47 2.60
1 50 0.70 0.97 1.30 1.33 22.83
100 1.13 1.20 2.67 3.23 48.00
25 0.50 0.73 0.90 3.20 4.80
2 50 0.50 0.60 3.33 18.83 37.42
100 1.20 3.13 37.33 76.67 96.45

TP values (ppm) were determined as the lowest 0.7 and 0.5, and highest 1.13 and 1.2 at the end
of the 3-hour period at 1 ml/min and 2 ml/min flow rates, respectively; as the lowest 0.97 and 0.6, and
highest 1.2 and 3.13 at the end of the 6-hour period; as the lowest 1.0 and 0.9, and highest 2.67 and
37.33 at the end of the 12-hour period; as the lowest 1.33 and 3.2, and highest 3.23 and 76.67 at the end
of the 24-hour period; as the lowest 2.6 and 4.8, and highest 48 and 96.45 at the end of the 48-hour
period.

Figure 4
Change in TP values of mixture
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Removal Rates of Different Concentrations at Different Flow Rates

As a result of total phosphorus analyses, the removal performance of the material used in the
study was determined by applying solutions with different concentrations at different flow rates to the
filter material (Table 4).
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Table 4

Changes in TP (%) values during the treatment process

Flow Rate  Conc. Sampling Times (hour)

(ml/min) (ppm) 3 6 12 24 48
25 97.07 96.13 96.00 94.13 89.60

1 50 98.60 98.07 97.40 97.33 54.33
100 98.87 98.80 97.33 96.77 52.00
25 98.00 97.07 96.40 87.20 80.80

2 50 99.00 98.80 93.33 62.33 25.16
100 98.80 96.87 62.67 23.33 3.55

TP removal (%) of the filter material was determined as the lowest 97.07 and 98.0, and highest
98.87 and 99.0 at the flow rate of 1 ml/min and 2 ml/min, respectively, for 3 hours; as the lowest 96.13
and 96.87, and highest 98.80 and 98.80 at the end of 6 hours; as the lowest 96.0 and 62.67, and highest
97.4 and 96.4 at the end of 12 hours; as the lowest 94.13 and 23.33, and highest 97.33 and 87.2 at the
end of 24 hours; as the lowest 52.00 and 3.55, and highest 89.6 and 80.80 at the end of 48 hours.

CONCLUSION AND RECOMMENDATIONS

In this study, which was carried out in the form of column experiments, homogeneous mixtures
of sand, zeolite and vermiculite were applied to constructed wastewater containing phosphorus at three
different concentrations (25, 50 and 100 ppm) for 48 hours and sampling was carried out at five different
times (3rd, 6th, 12th, 24th and 48th hours).

According to the data obtained as a result of the study, it was concluded that after the treatment
process, pH and EC values were at the desired levels and there was no obstacle in the discharge to the
receiving environments.

As a result of the phosphorus analyses, it was determined that there was no obstacle to the
discharge of solutions containing phosphorus at a concentration of 25 ppm after the application of 150
cm? of filter material for 48 hours. However, it was also found that solutions with concentrations of 50
and 100 ppm should not be discharged.

As a result of the study, it was revealed that the choice of filter materials to be used in constructed
wetlands is crucial. In the planned constructed wetlands, the homogeneous mixing of sand, zeolite, and
vermiculite for phosphorus from wastewater will provide more effective results. It has been determined
that the expected performance will increase in the treatment of wastewater with low flow rates and low
phosphorus content in constructed wetlands in order to improve the effectiveness of the materials. In
addition, it has been determined that wastewater with low pH values is easier to treat. Therefore, it will
be more effective to subject wastewater with high pH values to adsorption processes after reducing their
pH values. It has been suggested that focusing on increasing the exchange capacity of the materials in
studies aimed at enhancing their capacities would be more effective.
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Recently, the sustainability of agricultural production, influenced by intensive agricultural practices
and climate change, has become increasingly important, particularly through the adoption of
environmentally friendly methods. Researchers are showing growing interest in precision agriculture
techniques, and sustainable farming practices are being actively developed. Phylloxera
(Daktulosphaira vitifoliae Fitch) infestations have led to the widespread adoption of grafted vines as
one of the most sustainable methods in viticulture. However, some grapevine rootstocks exhibit poor
rooting and grafting success. To address this issue, synthetic chemicals are often used to enhance the
rooting rate of cuttings. Nevertheless, the harmful effects of these chemicals on human health and
the environment have increased interest in biostimulants in recent years. This study investigates the
effects of thyme hydrolate on the rooting of grapevine cuttings. To this end, cuttings from the 41 B
(V. vinifera x V. berlandieri) rootstock and the Narince' (V. vinifera L.) table grape variety were
dipped in thyme hydrolate for three seconds before being planted in a rooting medium. The untreated
cuttings served as the control group. Root number, root length (cm), fresh and dry root weights (g),
shoot length (cm), and shoot diameter (mm) were measured. The results showed that thyme hydrolate
application significantly increased root number, root length, and both fresh and dry root weights
while reducing shoot diameter in both genotypes. The 'Narince' variety treated with thyme hydrolate
exhibited the highest values for root length (24.67 cm), root number (12.67), root fresh weight (4.07
), and root dry weight (0.70 g). In contrast, the control vines of the 'Narince' showed the greatest
shoot length (25.67 cm) and shoot diameter (4.32 mm). Overall, the findings indicate that thyme
hydrolate is a promising, environmentally friendly approach for enhancing root development in
grapevine saplings.

Kekik Hidrolatinin Asma Celiklerinde Koklenmeye Etkileri
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Yogun tarim faaliyetleri ve iklim degisikliginin etkisi altindaki tarimsal tretimin gevre dostu
uygulamalarla siirdiiriilebilirliginin saglanmasi son yillarda 6nem kazanmistir. Bu baglamda,
arastirmacilarin hassas tarim tekniklerine olan ilgisi her gegen giin artmakta ve siirdiiriilebilir tarim
yontemleri gelistirilmektedir. Siirdiiriilebilirlik, gelecek nesillerin ihtiyag duydugu kaynaklarin
bulunabilirligini ve kalitesini koruyarak mevcut nesillerin gereksinimlerini karsilamak anlamina
gelir. Filoksera (Daktulosphaira vitifoliae Fitch) saldirilar1 nedeniyle, bagcilikta en siirdiiriilebilir
yontemlerden biri asili asma kullanmaktir. Ancak bazi asma anaglarinin kdklenme ve as1 tutma
kabiliyeti zayiftir. Bu nedenle c¢eliklerin koklenme oranimi artirmak amaciyla bazi sentetik
kimyasallar kullanilmaktadir. Ancak sentetik kimyasallarin insan saglig1 ve ¢evreye verdigi zararlar
nedeniyle son yillarda biyostimulantlara ilgi artmistir. Bu c¢alismada, kekik izolatimin asma
celiklerinin koklenmesi lizerine etkileri belirlenmistir. Bu amagla 41 B (V. vinifera x V. berlandieri)
asma anaci ile ‘Narince’ (V. vinifera L.) sofralik {iziim ¢esidinin odun ¢elikleri kekik hidrolatina tiger
saniye batirilarak koklendirme ortamina dikilmistir. Herhangi bir uygulamanin yapilmadig gelikler
ise kontrol grubunu olusturmustur. Celiklerde kok sayisi (adet), kok uzunlugu (cm), kok yas agirlig
(g) ve kok kuru agirhigi (g), siirgiin uzunlugu (cm) ve siirglin ¢ap1 (mm) belirlenmistir. Elde edilen
verilere gore, kekik hidrolati uygulamasi iki genotipte de kok sayisi, kok uzunlugu, kok yas ve kuru
agirhigini artirirken, siirgiin ¢apini azaltmistir. En yiiksek kok uzunlugu (24.67 cm), kok sayisi (12.67
adet), kok taze (4.07 g) ve kuru (0.70 g) agirliklart ‘Narince’ ¢esidinde kekik hidrolati uygulamasinda
belirlenmistir. En yiiksek siirglin uzunlugu (25.67 cm) ve ¢ap1 (4.32 mm) ise ‘Narince’ kontrol
asmalarinda bulunmustur. Genel bulgular, asma fidani1 koklendirmede ¢evre dostu uygulama olarak
kekik hidrolatinin 6nerebilecegini gostermistir.
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INTRODUCTION

Global grape production totals 74,942,572.95 tons, cultivated across 6,730,179 hectares of land.
The largest producers are China (12,672,896.21 tons), Italy (8,437,970 tons), France (6,199,950 tons),
Spain (5,902,040 tons), the United States (5,372,800 tons), and Turkey (4,165,000 tons) (FAO, 2024).
However, as the global population continues to grow, food demand is rising, prompting the adoption of
intensive agricultural practices to meet these increasing needs.

Various methods, including chemical treatments, cultural practices, and the use of resistant
varieties, are employed to combat diseases and pests (Allam ef al., 2022). The intensive use of chemical
applications to sustainably meet the nutritional demands of the rapidly growing global population has
resulted in environmental pollution. Consequently, the growing pressures of intensive agricultural
practices and the challenges posed by climate change are amplifying the significance of environmentally
sustainable precision agriculture techniques as a means to ensure the continued viability of agricultural
production (Gayretli et al., 2023). However, despite the promising advancements in organic farming in
recent years, the amount of organic production remains insufficient (Agizan et al., 2024). In this context,
there is a growing scholarly interest in organic applications, and sustainable agricultural methods are
being consistently developed.

Sustainability involves meeting the needs of the present generation while ensuring that the
resources required by future generations remain available and of adequate quality. Factors such as the
growing global population, technological advancements, urbanization, and industrialization contribute
to an increase in greenhouse gas emissions, the depletion of water resources, land degradation, and
various health issues (Akay and Demir, 2020). In agriculture, sustainability is further constrained by
challenges such as soil degradation and water scarcity, which could lead to significant food shortages in
the future (Muhammed Loay et al., 2022).

The most sustainable approach to combating phylloxera (Daktulosphaira vitifoliae Fitch)
infestations, a major challenge in viticulture, is the use of grafted grapevines. However, certain vine
rootstocks exhibit low rooting and grafting success rates. As a result, synthetic chemicals are often
employed to enhance the rooting success of cuttings.

Auxin-derived hormones, such as indole-3-butyric acid (IBA), naphthalene acetic acid (NAA),
and indole-3-acetic acid (IAA), are currently the most commonly used chemicals to promote rooting in
cuttings (Estrella-Maldonado et al., 2022; Sabir et al., 2004; Salis et al., 2017). However, growing
concerns regarding the detrimental effects of synthetic chemicals on human health and the environment
have led to a rise in interest in biostimulants in recent years.

In sustainable agriculture, minimizing the use of synthetic chemicals and adopting alternative
products is an effective strategy for ensuring the renewal of natural resources (Kiiciik et al., 2024;
Ozyigit, 2021). Plant extracts, in particular, have attracted considerable research attention in recent years
due to their rich content of bioactive compounds. These compounds typically include organic substances
such as polyphenols, vitamins, plant hormones, and amino acids, as well as both macro- and
microelements (Karasahin, 2022). Plant extracts have demonstrated positive effects on various plant
traits, including seed germination (Ben-Jabeur et al., 2019), rooting of cuttings (Gayretli and Sabr,
2024), physiological (Lucini et al., 2018) and vegetative (Chaouch et al., 2023; El-Hefny and Hussien,
2025; Solgi et al., 2025) properties. Thyme (Thymus spp. L.), a member of the Lamiaceae family, has
been increasingly studied in recent years for its biostimulant properties (Ben-Jabeur ef al., 2015; Beni
et al., 2020; Bill et al., 2014; Binzari et al., 2022).

42



Effects of Thyme Hydrolate on Rooting of Grapevine Cuttings

Water-soluble extracts of thyme are primarily composed of amino acids, aliphatic compounds,
vitamins such as ascorbic acid (vitamin C), organic acids like citric and formic acids, carbohydrates
including sucrose and glucose, as well as aromatic and phenolic compounds. Thyme oil and hydrolate
have been applied to various plant species, where they have been shown to promote plant growth (Ben-
Jabeur et al., 2015; Ben-Jabeur et al., 2019; Beni et al., 2020; Chaouch et al., 2023; Gayretli and Sabur,
2024; Karasahin, 2022; Sokmen et al., 2004).

Over the past 20 years, grapevine sapling production has doubled, increasing from 2 million to
approximately 4 million. Similarly, the production of fruit saplings has experienced a significant rise,
growing from 3 million to 112 million (BUGEM, 2024). The overall findings will contribute not only
to the production of grapevine saplings but also to the cultivation of other fruit saplings propagated
through vegetative methods using organic practices.

This study investigates the effects of thyme hydrolate on the rooting of grapevine cuttings as an
alternative to synthetic chemicals in grapevine sapling production. For this purpose, rootless cuttings of
the 41 B (V. vinifera x V. berlandieri) grapevine rootstock, known for its low rooting capacity, and the
Narince (V. vinifera L.) table grape cultivar, a V. vinifera L. species with high rooting ability, were used.

MATERIALS AND METHODS

This study was carried out in 2024 at the Research and Application Greenhouse of the Department
of Horticulture, Faculty of Agriculture, Selguk University (38°01.814' N, 032°30.546' E, and an altitude
of 1158 meters).

Material

In this study, two grapevine genotypes with varying rooting abilities (one with low rooting
potential and the other with high rooting potential) were utilized to assess the effects of thyme hydrolate
on rooting. For this purpose, rootless cuttings of 41 B (V. vinifera x V. berlandieri) grapevine rootstock
and the 'Narince' (V. vinifera L.) table grape variety were pruned in March and stored under cold
conditions (+4°C and 80% humidity) until the start of the experiment. Thyme hydrolate was obtained
from Thymus vulgaris, a species within the Thymus genus. Sterile agricultural perlite (with particle sizes
larger than 3 mm in diameter) was used as the rooting medium for the cuttings.

Research Design

In the experiment, the 'Narince' variety and 41 B rootstock were designated as the main plots.
Each main plot was further divided into two subplots, representing the control and thyme hydrolate
treatments. Each treatment was replicated three times, with 20 cuttings used in each replication.

Measurements and Analysis

The number of roots was determined by counting the primary roots that emerged from the basal
part of the cuttings. The lengths of the roots originating from the basal portion of the cuttings were
measured using a ruler, and the root length (cm) was recorded. The fresh weight of the roots was
determined by cutting the cuttings at the root collar and weighing them (g). Subsequently, the roots were
dried at 65°C for 48 hours, and their dry weight was measured (g). The length of the shoots on the
cuttings was measured using a ruler (cm). The shoot diameter was determined (mm) using a digital
caliper at the midpoint between the 2nd and 3rd nodes of the same shoots, measured in two directions
(Gayretli and Sabir, 2024).

To obtain thyme hydrolate for the experiment, water and volatile oil were evaporated,
concentrated in the cooler, and collected in a collection container (Kiirkgiioglu, 1995).
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Statistical Analysis

The data obtained were analyzed using the JMP statistical program (SAS Institute Inc., Cary, NC,
USA, version 5.0.1). Significant differences between the means were determined using the LSD test at
a significance level of P <0.05, based on the genotype x treatment interaction.

RESULTS

Thyme hydrolate application significantly increased the number of roots in both grapevine genotypes
(Fig. 1). The highest root count was observed in the 'Narince' with the thyme hydrolate treatment,
followed by the TH application in the 41B rootstock (24.67 and 16.67, respectively). The lowest root
number was recorded in the control group of the 41B rootstock (8.67). As anticipated, the 'Narince'
variety exhibited a higher root count than the 41B rootstock in both treatments.

Figure 1
Effects of thyme hydrolate application on the root number of 41 B rootstock and Narince variety

cuttings. Mean values with different letters indicate statistically significant differences (P<0.05).
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Thyme hydrolate significantly influenced the root length of the grapevine genotypes, as shown in
Figure 2. The longest roots were observed in the thyme hydrolate-treated 'Narince' variety (12.67 cm),
while the shortest roots were found in the control treatment of the 41B rootstock (6.67 cm). The positive
effects of thyme hydrolate on both root length and root number were evident.

Figure 2
Effects of thyme hydrolate application on root length of 41 B rootstock and Narince variety cuttings.

Mean values with different letters indicate statistically significant differences (P<0.05).
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Thyme hydrolate application significantly increased the fresh weight of the roots (Fig. 3). The
highest root fresh weight was observed in the thyme hydrolate-treated 'Narince' variety (4.07 g). In
contrast, the lowest fresh weights were recorded in the control (1.10 g) and thyme hydrolate (1.50 g)
treatments of the 41B rootstock, respectively.
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Figure 3
Effects of thyme hydrolate application on root fresh weight of 41 B rootstock and Narince variety

cuttings. Mean values with different letters indicate statistically significant differences (P<0.05).
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As shown in Figure 4, thyme hydrolate application had a significant effect on root dry weight.
The highest root dry weight was observed in the thyme hydrolate-treated "Narince' variety (0.70 g), while
the lowest values were recorded in the control treatment of the 41B rootstock (0.16 g). Thyme hydrolate
application increased dry matter accumulation in the roots of both genotypes.

Figure 4
Effects of thyme hydrolate application on root dry weight in cuttings of 41 B rootstock and Narince

variety. Mean values with different letters indicate statistically significant differences (P<0.05).
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Statistically significant differences were observed in the response of shoot length to thyme
hydrolate treatment (Fig. 5). The longest shoot length was recorded in the control (25.67 cm) and thyme
hydrolate (20.67 cm) treatments for the 'Narince' variety. The shortest shoot length was observed in the
control treatment of the 41B rootstock (12 cm). The reduction in shoot length due to thyme hydrolate
application in the 'Narince' variety was particularly notable. Furthermore, while thyme hydrolate had
contrasting effects on shoot length and root number in the 'Narince' variety, this effect was not observed
in the 41B rootstock
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Figure 5
Effects of thyme hydrolate application on shoot length in cuttings of 41 B rootstock and Narince
variety. Mean values with different letters indicate statistically significant differences (P<0.05).
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Thyme hydrolate application significantly reduced the shoot diameter of the genotypes (Fig. 6).
The largest shoot diameter was recorded in the control vines of the 'Narince' variety (4.32 mm), followed
by the thyme hydrolate treatment (3.39 mm). The smallest shoot diameter was observed in the thyme
hydrolate-treated 41 B rootstock (1.59 mm). Interestingly, thyme hydrolate application decreased shoot
diameter in both genotypes, which contrasts with its positive effects on rooting parameters.

Figure 6
Effects of thyme hydrolate application on shoot diameter of 41 B rootstock and Narince variety
cuttings. Mean values with different letters indicate statistically significant differences (P<0.05).
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DISCUSSION

Plant extracts possess biostimulant properties due to the bioactive compounds they contain,
including hormones, vitamins, and macro- and micronutrient elements (Karasahin, 2022). In addition to
their applications in human (Alp, 2020; Gokbasg, 2021) and animal health (Colgimen et al., 2020), plant
extracts have recently been increasingly utilized as biostimulants to ensure sustainability in agriculture.
This has led to extensive research into their practical use in agricultural practices (Godlewska et al.,
2021). Previous studies have demonstrated that plant extracts impact the levels of polyphenols,
hormones (Lucini ef al., 2018), organic acids and sugars (Abou Chehade et al., 2018). These primary
and secondary metabolites regulate essential biological activities that influence both physiological
responses (Barrajon-Catalan et al., 2014) and phenotype of plants (Godlewska et al., 2021).

Posmyk and Szafranska (2016) emphasized that plant extracts function differently from fertilizers

46



Effects of Thyme Hydrolate on Rooting of Grapevine Cuttings

or phytohormones, possessing biostimulant properties that promote plant growth. The use of natural,
readily available, and cost-effective resources in plant cultivation is essential (Jang and Kuk, 2019). In
this context, plant extracts hold significant potential for supporting sustainable agriculture.

The biostimulant effects of plant extracts have been studied across various plant species. For
instance, a 5% root extract of Gypsophila perfoliata L. was found to enhance both root and shoot lengths
in Hungarian vetch (Isik et al., 2024). Mallow extract has been shown to increase plant height and fresh
weight in lavender, as reported by (El-Hefny and Hussien, 2025). Furthermore, extract derived from the
zahter plant (at concentrations of 10% and 20%) enhanced root fresh weight, root dry weight, root length,
and plant height in rosemary (Solgi et al., 2025). Thyme oil was found to enhance antioxidant enzyme
activity and improve resistance to anthracnose disease in avocados (Bill e al., 2014). Additionally, Sabir
(2024) highlighted that plant oil extracts significantly enhanced callus formation and shoot growth at
the grafting point of grapevines.

In grapevines, it has been reported that fenugreek (7rigonella foenum-graecum L.) extract
increases the mineral content in grapevine leaves (Ebrahim, 2017). Soybean (Glycine max) extract has
been shown to reduce the symptoms of downy mildew disease in grapevines through its antimicrobial
effect (Lachhab et al., 2014). Additionally, different doses of thyme hydrolate have been found to
promote root and shoot development in grapevines (Gayretli and Sabir, 2024), while thyme oil reduces
weight loss in grapes during storage (Abdolahi ef al., 2010). The literature review revealed a lack of
sufficient studies on the effects of plant extracts on grapevines. Furthermore, research investigating the
biostimulant properties of thyme remains limited.

Thyme extracts are particularly rich in ascorbic acid and various amino acids, both of which are
known to exhibit biostimulant effects (Posmyk and Szafranska, 2016). Additionally, thyme extracts may
contain aliphatic compounds, vitamins, organic acids, carbohydrates, aromatic and phenolic compounds,
as well as essential elements such as Fe, Cu, Zn, Mn, B, and Al (Broadley et al, 2012). These
components enable thyme extracts to activate the enzymatic systems within plant cells. Notably,
compounds like carvacrol, eugenol, and thymol possess antimicrobial properties and play a role in
enhancing plant defense mechanisms against pathogenic microorganisms (Gurjar ef al., 2012).

Thyme extracts act as biostimulants, protecting plants from oxidative stress through their nutrient
content and antioxidant properties. Oxidative stress arises from the accumulation of reactive oxygen and
nitrogen species, including hydrogen peroxide (Sahin, 2017), singlet oxygen (Lal et al., 2019), hydroxyl
(Karabulut and Giilay, 2016), superoxide (Mittler et al., 2022), and peroxynitrite (Can, 2015). Oxidative
stress results from an imbalance between reactive oxygen species and antioxidants in living organisms.
This imbalance can give rise to cellular damage, affecting proteins, lipids, and DNA by disrupting
normal cellular functions. (Temiz and Daye, 2024).

Reactive oxygen species lead to the inactivation of genes involved in polar auxin transport and
auxin signaling. Furthermore, it has been suggested that thyme oil, owing to its antioxidant properties,
can help protect hormonal functions (Iglesias et al., 2010). The role of thyme oil in protecting
phytohormones can be attributed to its high content of natural phenolic compounds, such as d-terpinene
and carvacrol, which are the primary bioactive components in the essential oils of the Lamiaceae family
(Tohidi et al., 2017). Dash et al. (2021) reported that carvacrol, a key component in thyme extract, is
the most effective antioxidant, and it also possesses antibacterial, antimicrobial, antifungal, and antiviral
properties. According to Binzari et al. (2022), thyme oil does not inhibit cell proliferation in root
meristems.

Ben-Jabeur et al. (2019) found that in wheat seeds coated with thyme oil, the levels of ABA
decreased, while the levels of phenolic compounds increased, thereby promoting rooting. It has been
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reported that polyphenols prevent the enzymatic degradation of endogenous auxin during the rooting
process and act as cofactors for auxin (James and Thurbon, 1981).

Thyme oil was applied to the root medium of tomatoes grown in a hydroponic system, and after
two days, the accumulation of phenolic compounds in the roots and, after five days, in the leaves was
found to be higher compared to the control plants (Ben-Jabeur ef al., 2015). The researchers also reported
that thyme oil enhanced peroxidase enzyme activity.

Although it has not been conclusively demonstrated that thyme oil exerts effects identical to those
of phytohormones, it interacts with plant receptors or signaling pathways, eliciting responses
comparable to those triggered by natural phytohormones. The application of thyme oil to strawberries
has been shown to enhance shoot length, increase root number, promote root elongation, and facilitate
earlier rooting (Chaouch ef al., 2023).

Based on this information, it is suggested that the components present in the thyme hydrolate used
in our study exhibited biostimulant and nutritional effects, minimizing cellular damage during the
rooting phase due to its antioxidant properties, and promoting root and shoot development in the
cuttings. In the present study, the root number, root length, and both fresh and dry root weights were
found to be lower in the 41 B grapevine rootstock compared to the Narince' variety. It is well-known
that the 41 B rootstock has a weak rooting ability, a characteristic inherited from one of its parent species,
V. berlandieri. Consequently, a lower rooting rate is expected in the 41 B rootstock. In contrast, the
'Narince' variety exhibits a high rooting ability, as it belongs to the V. vinifera species. Our results
confirm this expectation.

Gayretli and Sabir (2024) investigated the effects of different doses of thyme hydrolate on rooting
in grapevine cuttings. Their study found that thyme hydrolate increased both root fresh and dry weights
in the 'Eksi Kara' variety. However, the same researchers reported that doses of 60% and 90% of thyme
hydrolate negatively affected shoot length and diameter in the 110 R rootstock.

In this study, the application of thyme hydrolate increased root number, root length, and both root
fresh and dry weights, while it decreased shoot diameter in both genotypes. These results are consistent
with the findings of Gayretli and Sabir (2024). Additionally, it is believed that thyme isolate may have
stimulated auxin production and, consequently, enhanced rooting by reducing ABA accumulation in the
cuttings, as reported by Ben-Jabeur er al. (2019) and Chaouch et al. (2023), and increasing the
concentration of phenolic compounds (Ben-Jabeur ef al., 2015).

CONCLUSION AND SUGGESTIONS

Environmental sustainability and resource management are among the most pressing issues in
today's world. Sustainable agriculture seeks to reduce the reliance on chemical fertilizers and pesticides,
which cause irreversible harm to human health and the environment. As a result, there has been a
growing interest in research on alternative and sustainable production methods.

In the present study, thyme hydrolate likely inhibited ABA synthesis, promoted auxin production,
and facilitated the protection of the produced auxin, possibly due to its bioactive compounds and
antioxidants such as phenolic acids and flavanols, as reported in the literature. As a result, thyme
hydrolate led to an increase in the root number of cuttings. Additionally, it had a positive effect on both
root fresh and dry weight. Therefore, thyme hydrolate can be recommended as an environmentally
friendly, sustainable approach for enhancing rooting in grapevine sapling production.

Further studies are needed to investigate the effects of different doses of thyme hydrolate on both
rooting and graft retention across various genotypes. These studies will offer more comprehensive
insights into the use of environmentally friendly, biostimulant plant extracts. Proper application of plant
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extracts, particularly in V. berlandieri hybrids (such as 41B and 110 R) grapevine rootstocks, could
enhance rooting and graft success. Furthermore, it has been concluded that thyme hydrolate can be
utilized in organic sapling production through organic methods. Therefore, thyme hydrolate presents a
valuable alternative biostimulant for environmentally friendly, cost-effective, and sustainable
agriculture by reducing the reliance on synthetic chemicals in grapevine rooting.

The results of this study could contribute not only to grapevine sapling production but also to the
organic cultivation of other fruit saplings propagated vegetatively.
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