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Biyoteknolojik yontemlerin bazilar1 1980’li yillardan sonra kiiltiir bitkilerinde
basar1 ile uygulanmaya baslamis ve diinya ¢apinda bircok {ilkenin tarim
sistemlerine dahil edilerek pratige aktarilabilir duruma gelmistir. Bitki doku
kiiltiirtinde totipotensi; canli bir bitki hiicresinden tamamen yeni bir bitki iiretme
yetenegi olarak tanimlanabilir. Teorik olarak kok, yaprak, polen ve petal
hiicrelerinden tamamen yeni bitkiler yetistirmek miimkiindiir. Bitki doku kiiltiirii
hiicrelerin, dokularin, organlarin ve bunlarin bilesenlerinin tanimlanmis fiziksel ve
kimyasal kosullar altinda in vitro aseptik kiiltiirii hem temel ve uygulamali
calismalarda hem de ticari uygulamada Onemli bir aragtir. Bitki 1slahi
programlarinda klasik ve biyoteknolojik yontemlerin kombinasyonu, daha iyi
hastalik tolerans: ve stres tolerans kapasiteleri, iyi adapte edilmis yiiksek verimli
genotiplerde yararh varyantlarin secimi ve tistiin kalitede bitkiler {iretmek i¢in genis
bir potansiyele sahiptir. Bitki kalitesinin iyilestirilmesi ve ekonomik
stirdiiriilebilirlik i¢in 6nemli firsatlar saglayan bir arag olarak bitki doku kiiltiiri,

bitki 1slah1 programlarinda siireyi ve is giiclinii azaltmstir.
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Some of the biotechnological methods have been successfully applied in
cultivated plants after the 1980s and have become practical by being included in the
agricultural systems of many countries around the world. Totipotency in plant tissue
culture; It can be defined as the ability to produce a completely new plant from a
living plant cell. Theoretically, it is possible to grow completely new plants from
root, leaf, pollen and petal cells. Plant tissue culture The in vitro aseptic culture of
cells, tissues, organs and their components under defined physical and chemical
conditions is an important tool in both basic and applied studies and commercial
application. The combination of classical and biotechnological methods in plant
breeding programs has ample potential to produce plants of superior quality and
better disease tolerance and stress tolerance capacities, selection of useful variants
in well-adapted high yielding genotypes. As a tool that provides significant

opportunities for plant quality improvement and economic sustainability, plant

tissue culture has reduced the time and workforce in plant breeding programs.

GIRiS

Insanoglu, baz1 besin kaynaklarinin arzu edilen
ozelliklere sahip olmasi nedeniyle digerlerine tercih
edildigini kabul ederek ve dolayisiyla su veya bu
sekilde {istlin sayilanlar1 segerek evrimsel dogal
secilimi degistirmistir. Gelismis “gesitlerin” secimi
bilingsiz bir sekilde baslamis, ancak giiniimiize
gelinceye kadar daha organize hale gelmistir.
Sonunda, bitkilerin ve hayvanlarin segici iireme
olasilig1 kabul edilmis ve modern tarimsal gelismenin
temel tasi haline gelmistir. Buna karsilik modern
tarim, modern uygarligin temeli haline gelmis ve
insanoglunun gegimlik bir yagsam tarzindan daha 6nce
hayal bile edilemeyen faaliyetler pesinde kosmay1
tesvik eden bir yasam tarzina gec¢mesine izin
vermistir. Bu diistiniilemez faaliyetler, bitki biliminin
anlayisi, gelisimi ve takibi ile gerceklesmistir.
Bitkilerin gesitli faydali {irtin ve iiriinlere doniismesi
ancak insanlarin ¢abasi ve arastirmalari ile miimkiin
olmustur (Trigiano & Gray, 2004). Gilinlimiizde
biyoteknoloji ile hi¢ beklemedigimiz 6zelliklere sahip
bitkiler elde etmek miimkiin hale gelmistir (George
vd., 2008).

Biyoteknoloji, peynir ve tursu yapimi, gida
muhafazas1 ve
kullanilmakta olan bir tekniktir (Zhong vd., 1995).
Biyoteknoloji 1970lerde c¢esitli gen teknolojilerinin

fermantasyon igin yiizyillardir

gelistirilmesine yol agan ve dolayisiyla 20. yiizyilin en
olarak kabul

restriksiyon enzimlerinin kesfi ile biiyiik bir ivme

bliytik  bilimsel devrimi edilen
kazanmistir. Biyoteknoloji, gercek anlamda bir

organizmanin  Ozelliklerini, insanligin yararina

hiicresel ~ve molekiiler diizeyde geleneksel
teknolojilerin yapabileceginden daha verimli bir
sekilde degistirmek ve gelistirmekle ilgilenir. Ilgili
biyolojik sisteme (organizma) bagli olarak, bitki
biyoteknolojisi, mikrobiyal biyoteknoloji, hayvan
biyoteknolojisi ve olarak
ayrilabilir.  Bitki

biyoteknoloji  ve

insan biyoteknolojisi
molekiiler
DNA
teknolojisi arastirmalari, genom karakterizasyonu,
teknikleri,

organlarin aseptik biiyiimesi ve bitkilerin in vitro

biyoteknolojileri;
genetik, rekombinant

gen transfer hiicrelerin, dokularn,
rejenerasyonuna kadar uzanan genis bir strateji ve
teknoloji grubunun bir parcasi olarak kabul edilir
(Zhong vd., 1995). Geleneksel bitki 1slahindan farkl
olarak, genetik modifikasyonlar igin biyoteknolojik
yontemler biiyiik oOlgiide organ, doku, hiicre,

protoplast ve molekiiler seviyelerde ¢alismaktadir. Bu
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yenilik¢i teknikler, verimli ve hassas bitki 1slah1 icin
geleneksel yontemlere ek olarak kabul edilmektedir
(Zhong vd., 1995; Brown & Thorpe, 1995; Kang vd.,
2007).

Modern bitki biyoteknolojisinin teorik cercevesi ve
deneysel temeli, hiicresel totipotens (tek bir hiicrenin
biitiin bir bitkiyi bélme ve {iretme yetenegi) ve genetik
transformasyon (genetik degisim, yabanci genetigin
kararli entegrasyonu ve ifadesi) kavramlarindan
tiiremistir. Hiicre Teorisinin dogasinda bulunan
totipotens kavraminin gegerliligini test etmek igin
hicbir
bulunulmamustir. Yirminci yiizyilin basma kadar
Avusturyali Alman botanik¢i Gottlieb Haberlandt,

biitiin bitkileri yenileme umuduyla bitki hiicrelerini

siirekli veya organize girisimde

besin soliisyonlarinda kiiltiirleyerek totipotensiye
dair deneysel kanitlar elde etmeye calisan ilk kisi
(Vasil,  2008).  Bitki

totipotensinin dogrudan ve kesin kanit1 nihayet, bir

olmustur hiicrelerinin
mikrokiiltiir odasinda yeni hazirlanmis bir besin
soliisyonunda yetistirilen tamamen izole edilmis tek
bir hibrit tiitiin hiicresinden bitkileri yeniden iireten
Vasil & Hildebrandt (1965a, 1965b, 1967) tarafindan
saglanmistir. Bu sonuglar, yalnizca Schleiden ve
Teorisinin” en  6nemli

Schwann'in  “Hiicre

ilkelerinden  biri olan totipotens kavramin
dogrulamakla kalmamis, aynm1 zamanda 1980’lerde
bitkilerin genetik doniisiimii i¢in teorik gerceveyi de
yaratmistir (Vasil & Hildebrandt, 1965a, 1965b, 1967;
Vasil, 2008). Bitki doku kiiltiirii tekniklerinin pratikte
kullanilmasmi saglayan bitkilere 6zgli 06zel bir
yetenek olarak adlandirilan “Totipotent” teriminin
tam bir organizmaya

dontigebilir veya bir

organizmanin  herhangi  bir  hiicre tipine
farklilasabilmesi olarak temelde farkli iki yorumu
vardir (Condic, 2014). Birinci ve daha genis anlamda,
yalnizca zigotlar veya tek hiicreli embriyolar
totipotenttir. Ikinci kavram ise, bir organizmanin tiim
cesitli hiicre tiplerine doniisebilen ancak her biri farkli
kosullar altinda gelisebilen hiicreler de totipotent

olarak tanimlanmaktadir (Fehér, 2019).

Tarmmsal biyoteknoloji kapsaminda o6nemli bir
kavram haline gelen bitki biyoteknolojisi: bitki doku
kiiltiirii, genetik transformasyon ve molekiiler biyoloji
tekniklerinin gesitli yonleriyle ilgilenir. Doku kiiltiirti

yontemleri, tarla, meyve, sebze ve orman bitkileri ile

tibbi ve aromatik bitkilerin iyilestirilmesi icin genetik
degiskenligin yaratilmasi, korunmasi ve kullanilmasi
icin zengin bir kapsam sunar. Kallus ve bitki
rejenerasyonunun mikro

uyarilmasi, ¢ogaltma,

somatik embriyogenez, somaklonal varyasyon,
meristem kiiltiirii, anter kiiltiirii, embriyo kiiltiiri,
protoplast kiiltiirii, kriyoprezervasyon ve sekonder
metabolitlerin {iretimi gibi gesitli 6zel alanlar1 igerir.
Bunlar arasinda mikro c¢ogaltma, somaklonal
varyasyon ve embriyo, anter ve protoplast kiiltiirii,
bitki 1slahinda dogrudan uygulamalara sahiptir.
Mikrogogaltma teknolojisi, vejetatif olarak ¢ogaltilan
bitki tiirlerinde 6zel bir 6neme sahip olan bitkilerin
tlirline uygun, hizli ve kitlesel ¢ogalmasini saglar.
Anter ve mikrospor kiiltiirii, somaklonal varyasyon,
embriyo kiiltiirii ve somatik hibridizasyon gibi bazi
temel doku kiiltlirti teknikleri, ticari gesitlerde
kademeli iyilestirme elde etmek icin faydali genetik
olusturmak i¢in  kullamilmaktadir.

degiskenlik
Aromaterapide kullamilan gida aromalari, gida
boyalari, boyalar, parfiimler, ilaglar ve kokulu yaglar
gibi sekonder metabolitlerin hiicre kiiltiirleri yoluyla
iiretimi molekiiler tarimin 6nde gelen ornekleridir

(Gosal vd., 2010).

Bitki doku kiiltiirii tekniklerinin deneysel temeli,
Alman Bilimler Akademisi’'nden Gottlieb Haberlandt
tarafindan 1902’de tek hiicre kiiltiir{i iizerine yaptig1
gozlemler iizerine onerilmistir. Ik gercek kiiltiirler,
Acer pseudoplatanus’'un (Dag akcaagaci) kambiyal
dokusundan elde edilmigtir. Bitki doku kultari
(Mikrogogaltma) terimi genellikle bitki hiicrelerinin,
dokularinin, organlarinin ve bunlarin bilesenlerinin,
tanimlanmis kimyasal ve fiziksel faktorlerin in vitro
olarak aseptik kiltiirii icin kullanilir. Bitki doku
teknikleri geng,

meristematik bitki parcalari, “eksplantlar” olarak

kialtirta sayesinde; hastaliksiz,
adlandirilan daha kiigiik pargalara ayrilabilir ve biitiin
bir bitki teknik,

gliniimiizde hiicrelerinin

haline getirilebilmektedir. Bu
tim  bitki

totipotent ve rejeneratif olma yetenegine sahip olmasi

neredeyse

nedeniyle miimkiin olmustur. Hiicrenin her kopyasi,
tim bitkiyi olusturmak icin gerekli olan genetik
bilgiye ve hiicresel mekanizmaya sahiptir. Iki kavram,
plastisite ve totipotens, rejenerasyon ve bitki hiicre
kiiltiirtinii anlamak igin iki merkezi siireclerdir. Bitki

hiicreleri ve dokulari in vitro olarak kiiltiirlendiginde,
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bunlarin ¢ogu genellikle ¢ok yiiksek derecede bir
plastisite sergiler, bu da bir tip organ veya dokunun
bagka bir tipten baslatilmasina izin verir. Bu sekilde,
tiim bitki daha sonra rejenere edilebilir, iste genetik
potansiyelin bu tip korunmasina totipotens denir
(Bidabadi & Jain, 2020; Sivagamasundari, 2022).

Geleneksel yetistirme, cesitli cevresel ve iklimsel
faktorlerden etkilenir, ancak mikro ¢ogaltma ve doku
kiltiitii teknikleri, minimum yer ve zaman kullanarak
iyi bir diizenli bitki tedarikini garanti etmektedir.
Mikrogogaltma, yapay biiylime ortamlarinda aseptik
ve uygun kosullarda bitki dokularindan veya
tohumlarindan vejetatif biiyiime ve ¢ogalma islemi
olarak tanimlanmaktadir. Doku kiiltiirii bagarisi temel
olarak ana bitkideki eksplantlarin genotipine, yasina,
tiirlerine ve konumuna baglidir. Doku kiiltiiriinde in
vitro mikro c¢ogaltmanin avantajlar;; hizli klonal
yayilma ve ¢ogalma, kontrollii ve degistirilmis ¢evre
dikim

mevcudiyeti, istenilen klonlarin tanimlanmasi ve

kosullar;, yil  boyunca materyalinin
uretilmesi, sekonder metabolitlerin tretimi, tehdit
altindaki bitki tiirlerinin korunmas: gibi ¢ok genis bir
kullanim alani sunmaktadir (Bhojwani & Razdan,

1986; Nhut, 2022).

1990’1arda, in vitro teknolojilerin artan sayida bitki
tiriine uygulanmasinda devam eden genisleme
gozlemlenmistir. Doku kiiltiirii teknikleri, tahillar ve
otlar (Vasil & Vasil, 1994), baklagiller (Davey vd.,
1994), sebzeler (Reynolds, 1994), patates (Jones, 1994),
diger kok ve yumru bitkileri (Krikorian, 1994), yaglh
tohumlar (Palmer & Keller, 1994), iiman meyveler
(Zimmerman & Swartz, 1994), tropikal meyveler
(Grosser, 1994), orman agaclar1 (Harry & Thorpe,
1994), ve tabii ki siis bitkilerinde (Debergh, 1994)

kullanilmaya baslanilmistir.

Diinya niifusunun hizla artmasi ve insanoglunun
daha kaliteli besinlere duydugu gereksinim bitki
her

zorlastirmaktadir. Islah amaglarinda meydana gelen

islahgilarimin  igini gecen giin biraz daha
cesitlilik ve birbirinden bagimsiz olan ¢ok sayida gen
tarafindan kontrol edilen bir¢ok karakterin tek bir
genotip {lizerinde toplanmasi zorunlulugu, 1slah
programlarinda incelenmesi gereken popiilasyonlarin
arttirmaktadir.

biuytkligiini  de Popiilasyon

biiyiikliigii arttikca geleneksel 1slah yontemleri ile bu

popiilasyonlari elde etmek ve incelenmesi de uzun bir
siire¢ olup aymi zamanda yogun bir is giicline
gereksinim goOstermektedir. Bu sebeplerden dolay:
daha c¢ok farkh bitkilerde

basariyla uygulanan ve son yillarda ekonomik 6nemi

gliniimiizde model
olan kiiltiir bitkilerinde kullanilabilmeleri i¢in yogun

calismalar  yapilan biyoteknolojik  yontemlerin

geleneksel bitki 1slah programlarinda karsilasilan
sorunlar1 1slahinin

¢ozerek  bitki etkinligini

arttirabilecegi tiizerinde durulmaktadir (Geng &

Yagbasanlar, 2018).

Doku Kiiltiirii Tekniklerine Genel Bir Bakis

Biyoteknolojik yontemlerin ¢ogu yiizyill Once
kesfedilmis olmasina ragmen, énemli bazi yontemler
1980°li yillardan sonra kiiltiir bitkilerinde bagari ile
duruma

uygulanmaya ve aktarilabilir

Hem klasik hem de biyoteknolojik

pratige
gelmistir.
yontemlerle bitki 1slahi ve mahsul iiretimi, bitki
kalitesinin iyilestirilmesi ve ekonomik
stirdiiriilebilirlik i¢in 6nemli firsatlar saglayan bir arag
olarak kullanilmaya baslanmistir. In vitro ¢ogaltma
yoluyla, yeni ve/veya secgkin bitkiler, geleneksel
yontemlere gore ¢ok daha hizli bir sekilde toplu olarak
cogaltilabilir hale gelmistir (Gosal vd., 2010; Baydar,

2020).

Bitkilerin Totipotensi Yetenekleri ile Mikro

Cogaltma ve In vitro Bankacilik Yontemi

Mikro ¢ogaltma (in vitro cogaltma), bitkilerin gesitli
doku, hiicre ve organ kiiltiirii yontemleri ile klonal,
tiirline uygun ¢ogaltma icin kullamilan en yaygmn
terimdir. Mikro ¢ogaltma, tanimlanmis uygun kiiltiir
ortamlar1 ile ve kontrollii ¢evresel kosullar altinda
kapali kaplarda doku ve organlarin kiigiik
boliimlerinin (yani eksplantlarin) aseptik kiiltiiriinii
ifade eder (Tripathi vd. 2021). Doku kiiltiirii
tekniklerinden biri olan mikro ¢ogaltma, su anda ticari
odakli  bitki

biyoteknolojisidir ve ¢ogu durumda viriis veya diger

olarak en verimli ve pratik
patojenlerden arimnmis olan birgok bitki tiirtinden ¢ok
sayida klonal olarak cogaltilmis bitkilerin hizli bir
sekilde dretilmesiyle sonuglanir. Ayrica, mikro
cogaltim artik transgenik bitkilerin ve somatik olarak
bitkilerin teknik

baglantidir. Transgenik bitkilerin verimli {iretimi

yetistirilmis uretimindeki
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biiyiik 6lclide, icine “yabanci” DNA'nin eklendigi ve
ifade edildigi dokulardan

organlardan yeniden

hiicrelerden,
bitkileri
yetenegine dayamir. Ek olarak, mikro ¢ogaltma ve

doku kultiirt

veya
biitin {iretme

diger teknikleri ile molekiiler
biyolojideki yeni modaliteler, yeni genotiplerin veya
arzu edilen bitkilerin se¢imlerinin daha hizli test
edilmesini saglayabilmektedir (Loberant & Altman,

2010).

Mikro ¢ogaltma, onemli tarla, bahce ve orman
bitkileri ile tibbi/aromatik bitkilerin, kiigiik bitki
parcalarindan in vitro klonal ¢ogaltimi i¢in kullanilan
endiistriyel bir teknoloji haline gelen bitki doku
kiltiirintin en iyi in vitro ticari uygulamalarindan
biridir. Mikrogogaltma, tek tek bitkilerin genetik
olarak aymi kopyalarmnin nispeten kisa bir siire ve
smirl bir alanda, tipine uygun, hizl1 ve kitlesel olarak
¢ogalmasini saglayarak eski gesitlerin genglesmesini
veya biyotik ve abiyotik streslere direngli yeni
gesitlerin hizla yenilenmesini saglamaktadir (Kane,
2011; Bhojwani & Dantu, 2013). Diinyada her yil
mikrogogaltim yoluyla farkli bitki tiirlerine ait
500 bitki

uiretilebilmektedir. Mikrogogaltma endiistrisi gevre

tahminen milyondan fazla
dostudur ve kimyasal olarak ¢ok az hammadde

gerektirir. Bu teknoloji asagidaki avantajlara sahiptir:

i) Uretilen gercek tipte bitkiler, yani donérle ayn

(in vitro klonlama).

ii) Tek bir eksplanttan biitiin bir bitkinin rejenere

edilmesi.

iii)Secilen iyi Ozelliklere sahip bitkicikler,
diinyanin herhangi bir yerinde ayni 6zelliklere

sahip olarak ¢ogaltilabilir.

iv) Elit  klonlarin/cesitlerin hizli ve toplu
¢ogaltilmas: (1 ila 10/dongii her biri 2 hafta),
aksi  takdirde  geleneksel  yontemlerle

¢ogaltilmasi zordur.

v) Mevsimsel ve hammadde kisitlamalarindan

bagimsizdir.
vi) Hastaliksiz bitki tiretimi.

vii) Ulusal/uluslararas: germplazm degisimi igin
elit bitki materyali, patojen ve bocek riskini

ortadan kaldirir.

viii) Klasik ~yontemlere kiyasla daha kolay
sekonder metabolit {retimini mimkin
kilmaktadir.

ix) Mikro cogaltilmis, tarlada yetisen bitkiler daha
yiiksek verim verir ve daha iyi kalite sergiler
(Gosal vd., 2010).

Haberlandt

arastirmasinda

doniim noktasi
ilk olarak bitki

kavraminmi kesgfetmistir (Haberlandt,

niteligindeki
hiicresi  kiiltiirii
1902). Daha
sonra, diinyanin dort bir yanindaki arastirmacilar,
canli bitki hiicresi, doku ve organ Kkiiltiirlerinin
tretimi i¢in gerekli olan bu kosullarin tanimini biiyiik
bir ilgiyle takip ettiler. Haberlandt, tarihi makalesinin
yaymlanmasindan bu yana gegen 100 yilda

muhtemelen bitki doku Kkiiltiirlinii  totipotens
kavramini incelemek ve morfogenezi kesfetmek igin
bir sistem olarak kullanmay1 amaglasa da elde edilen
muazzam ilerlemeyi ongormesi pek olas1 degildir.
Bitki doku kiiltiiriiniin bir¢ok potansiyel kullaniminin
en pratik ve ticari uygulamasi, arzu edilen
genotiplerin ekonomik olarak uygulanabilir hizl
¢ogalmasini  saglamak
kullanilmasidir (Baydar, 2020). Bitkileri kiiciik bitki

parcalarindan, hatta hiicrelerden hizla c¢ogaltma

icin mikro ¢ogaltmanin

yetenegi, bilim insanlariin énemli mahsul tiirlerinin

iistin  elit  genotiplerini  olusturmak  icin
biyoteknolojinin ~ pratik  uygulamalarini,  yani
dogrudan genetik miidahaleyi basariyla

uygulamalarii saglayan temeli saglamistir (Read,
2004).

In vitro ortamda bitkilerin hiicresel totipotensi
yetenekleri sayesinde, kallus farklilasmasi ve vejetatif
¢ogalmanin olusturulmas1 gibi, bitki bilimlerinin
uygulamali alanlarinda farkli bakis agilar1 getirmis ve
yeni boyutlar kazandirmistir. Arzu edilen ve ticari
bakimdan 6nemli kiiltiir bitkilerinin hizli vejetatif
¢ogaltimi veya mikro c¢ogaltim Ozellikleri, tam
bitkicikleri

segmentinden ¢oklu siirgiin indiiksiyonu (Sekil 1b) ve

yetistirmek ic¢in: nodal siirgiinler
bunlarin in vitro koklenmesi ($ekil 1c) yoluyla

miimkiindiir. Somatik embriyogenesis ve
organogenesis (kallus farklilasmasi) diger mikro
¢ogaltma yontemleridir. Olgun tohumlardan elde
edilen fideler (Sekil 1d), nadir ve nesli titkenmekte

olan bitki tiirlerinin biiyiik 6lgekli ¢ogalmasi igin bir
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kaynak olarak da kullarulabilir (Dagla, 2012).
Viriissiiz bitkiler, viriis bulasmis bitkilerin apikal
meristemleri kullanilarak yetistirilebilir (Bhojwani &
Razdan, 1986). Ozellikle klasik 1slah metotlar1 ile uzun
yillar alan homozigot bitkilerin elde edilmesi,
haploid
hiicrelerin diploidizasyonu ile tek bir nesilde elde
edilebilir (Hussain vd., 2012). Protoplast teknolojisi,

geleneksel melezleme yontemlerinin gii¢ oldugu,

olgunlasmamis polen  hiicreleri gibi

uzaktan akraba bitki tiirlerinin ve cinslerinin somatik
hibritlerinin ve sibridlerinin gelistirilmesini miimkiin
kilmistir (Baydar, 2020).

Protoplastlar ayrica, bakterilere gen transferine
benzer bir sekilde bitkilerin genetik mithendisligi i¢in
uygun bir materyaldir. Tiim bu yontemlerin basarili
uygulamalar: ile doku ve hiicre kiiltiirii teknikleri
sayesinde, ekonomik agidan 6nemli bitkilerin yeni
gesitlerinin {iretimi i¢in hiicre varyantlarinin secimi ve
uyarilmasi icin Onemli bir kaynak haline gelmistir
(Dagla, 2012).

Embriyo Kiiltiirii ile In Vitro Tozlasma

Zigot (dollenmis yumurta), bir dizi iyi tanimlanmais
gelisim evresinden gecerek, bir sonraki neslin atasi
olan bir embriyo olusturur (George wvd. 2008).
Embriyonun biiyiimesini ve gelismesini gesitli fiziksel
ve kimyasal faktorler diizenler. Cevre dokular,
ozellikle endosperm, onceden belirlenmis embriyo
gelisim modelini de kontrol eder. Bu faktorlerdeki
herhangi bir bozukluk ve asir1 anormallik
durumlarinda da embriyonun diismesine neden olur
(Bhojwani & Dantu, 2013). Genis hibridizasyonun
zigotik safha sonrasi basarisizliginin en yaygin
nedeni, zayif endosperm gelisimi nedeniyle embriyo
abortusudur. Laboratuvar ortaminda eksize edilmis
zigotik embriyolarin gelisimin farkli asamalarinda
kiiltiirti, embriyogenezin gelisimsel ve fizyolojik
yonleri  hakkinda
(Bhojwani & Dantu, 2013). Embriyo kiiltiirii, diistik

tohum olusumu, tohum dormansisi, yavas tohum

faydali bilgiler saglamistir

¢imlenmesi gibi embriyo biiyiimesini indiikleme gibi
sorunlar1 ¢bzmenin iistesinden gelmede basarili
olmustur (Raghavan, 1980, 1994; Yeung vd., 1981;
Collins & Grosser, 1984; Zenkteler & Nitzsche, 1990).

Zigotik veya tohum embriyolari, 6rnegin kallus
kiilttirlerini baglatmak icin bitki doku kiiltiiriinde
eksplantlar
kullanilir (George vd., 2008). Embriyo kiiltiiriinde

embriyolar tohumlardan ayrilir ve elde edilen

olarak siklikla avantajli bir sekilde

embriyolar ayri1 ayr1 izole edilerek eksplant basina bir
bitki saglamak igin in vitro olarak ¢cimlenmesi saglanir.
Embriyo kiiltiirii ayn1 zamanda, uzamis bir dormansi
periyoduna sahip tohumlardan hizli bir sekilde fide
iretimine de yardimci olmaktadir. Ebeveynler genetik
olarak farkl tiirler oldugunda, genis gen havuzuna
sahip bitkiler

calismalarinda, endosperm dejenerasyonu embriyo

ile yapilan kapsamli melezleme
kaybmma ve melezlemenin basarisiz olmasina yol
agmaktadir. Bu gibi durumlarda, embriyo kiiltiirii
veya embriyo kurtarma teknigi, tiirler aras1 melezler
elde etmek icin pratik bir yaklasimdir (Gosal & Bajaj
1983). Embriyo kiiltiirii ayrica kapsamli melezleme
¢alismalarinda haploidler tiretmek i¢in de kullanilir
(Bains vd., 1995; Verma vd., 1995).

Bitki yetistiricileri tarafindan kullamlan doku

kiltiirii  tekniklerinden en basarilisi  embriyo

kiltiiridiir. Embriyo oOliimii, bazen ayni tiirler
arasinda ve bazen de farkl tiirler arasinda capraz
iireme sonrasi ortaya ¢ikan yaygin vakalardan biridir.
Bu gibi durumlarda, embriyo erken asamalarda izole

edilmedikge ve bir bitkiye doniismek ve gelismek igin

bir diyetle biiyiitiilmedik¢e embriyo Olimii
kaginilmazdir. Dogrudan dollenmeden sonra
embriyonun  kiigiik olmasi  nedeniyle izole

edilemedigi ¢ok erken evrelerde, arastirmacilar tiim
yumurtay1 izole ederek embriyonun gelisimine kadar
uygun ortami saglayarak embriyo gelisimine izin
vermektedirler. Ovul teknolojisi, Ozellikle genetik
olarak farkl

kaldirmak i¢in de kullanilir. Polen, akarlar agilanmaya

tirlerde uyumsuzluklar1 ortadan
hazir olmadan erken bir zamanda olgunlasabilir.
inhibitorlerin
tarhinda

Ciceklenme  mevsiminde  bazi

varligindan dolay1 as1 tipl ¢igek
biiyliyemez. In vitro tozlasma ve dollenme, oositlerin
izole edilmesi ve daha sonra fidelere veya yumurtalik
implantlarina daha sonra biiyiiyen canli embriyolarin
tohumlarinin elde edilmesi igin istenen bitkiden polen
ile dollenmesi ile bu tistesinden

gelinebilmektedir (Baday, 2018).

sorunun
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a b

Figure 1. An example of micropropagation a: Callus replication. b: Multiple shoot induction from nodal shoots

segment. c: In vitro rooting of the shoot to grow a full plant. d: In vitro seed germination and seedling development

(Dagla, 2012).

Sekil 1: Bir mikro ¢ogaltim 6rnegi a: Kallus cogaltimi b: Nodal siirgiinler segmentinden ¢oklu siirgiin indiiksiyonu. c: Tam bir

bitki yetistirmek icin siirgiiniin in vitro koklenmesi. d: In vitro tohum ¢cimlenmesi ve fide gelisimi (Dagla, 2012).

Embriyo kiiltiiriinde daha fazla ilerleme ve genetik
calismalarda embriyo kiiltiirii teknigini kullanma
imkanini, ilk kez goOsteren Laibach'in (1925, 1929)
Linum (¢ok yillik keten)'daki calismasi olmustur.
belirli

meyvenin ufaldigr ve tohumlarin cliz ve cansiz

Linum’daki turler arast melezlemelerde,

oldugu bulunmus, ancak bu tiir tohumlarin
embriyolart1  kesilip  bir sakkaroz  ortamina
yerlestirildiginde, cimlenmeleri saglandig1

gozlemlenmistir (Dulberger, 1973). Embriyo kiiltiirii
Gregory & Purvis (1938) tarafindan vernalizasyon
calismalarinda da bir ara¢ olarak kullanilmistir. Bu
calisma, eksize edilmis cavdar embriyolarmi %2
sakaroz ortaminda vernalize ettikten sonra
¢imlenmenin endosperm veya aleuron tabakasinn
vernalizasyonuna degil, embriyonun soguk tedaviye
yanitina bagh oldugunu gostermislerdir. Gregory &
(1938),

olusumu i¢in embriyolarin vernalizasyonu sirasinda

deRopp bu c¢alismaya miitakiben c¢icek

sekerin gerekliligini gosterebilmiglerdir
(Narayanaswami & Norstog, 1964; Yatsuyanagi &
Takahashi, 1953). Szala vd. (2016), Brassica oleracea L. x
B. rapa L. melezlerini elde etmek icin acilan
yumurtaliklarin in vitro tozlasmasmin uygulanmasi
tizerine yaptiklari calismada, B. napus'un yeniden
sentezleri, B. oleracea x B. rapa’min tiirler arasi

hibridizasyonu ve ardindan embriyo kurtarma ve

genom ikiye katlama yoluyla gerceklestirilmistir.
Dogal olarak gerceklesen belirli alogami engelleri
nedeniyle, tozlasma yeterince iyi olmamis ve bu
nedenle B. rapa poleni, yumurtaliklar1 acilmis bir
B.oleracea in vitro olarak tozlagtirllmigtir. Calismanin
bir  sekilde

gelistirildigini ve farkli 6zellikler i¢in genetik yapisinu

ardindan, B. mnapus’'un basarili

genislettigini bildirmislerdir (Tefera, 2019).

Maternal Haploid Teknigi ve Anter Kiiltiirii

Yontemleriyle Di/Double Haploid Bitki Uretimi
Geleneksel  bitki

homozigotluk seviyesini elde etmek iizere arzu edilen

islah  yontemleri, gerekli

ozellikler icin alt1 ila yedi se¢im dongiisii
gerektirmektedir. Bu siireg, bir ¢esidin tescil edilmesi
i¢in klasik 1slah yontemleri ile 11 ila 13 yil alirken,
double haploid (DH) teknolojisi ile tek bir nesilde
daha hizli tam homozigot bitkilerin elde edilmesine
1slah

hizlandirmaktadir (Hussain vd.,

yardimci olarak programlarini
2012). Haploid
bitkiler, gametik kromozom sayisin1 (2n yerine n)
tasiyan sporofitlerdir. Bir haploidin kendiliginden
veya indiiklenmis kromozom kopyalanmasi meydana
geldiginde, ortaya ¢ikan bitkiye double haploid (DH)
adz verilir. Karsilastirildiginda, dihaploid bitkiler (2n
= 2x), bir ototetraploidden (4x) elde edilen haploid

bitkilerdir =~ (Kasha &  Maluszynsky, 2003).
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Kendiliginden veya  kolgisinlerin  indiikledigi
kromozomal ikiye katlama ile gelistirilen double
haploidler, tek bir nesilde heterozigot bitkilerden
tamamen homozigot hatlarin dogrudan iiretimine yol
acmaktadir. Anter kiiltiirii yoluyla double haploid
1slahi, heyecan verici ve gliglii bir arag¢ olarak bitki
1slaht igin geleneksel tekniklere uygun bir alternatif
olarak ortaya ¢ikmistir (Tefera, 2019). Ayrica double
haploid teknigi, homozigot saf hatlarin stabilitesi i¢in
en az g ila dort nesil kendileme tasarrufu da
saglamaktadir (Hassawi vd., 2005). Ornek olarak
lahanagiller familyasindan Brassica tiirlerinde, ¢ok
sayida kendine uyusmazlik SI (Self-incompatibility)
allelleri bulundugundan F6 jenerasyonuna kadar en
az bes kere tomurcuk tozlasmasi gerekirken, DH
teknolojisi sayesinde sadece bir defa tomurcuk
tozlagsmasi yeterli olabilmektedir. Ayrica bitki 1slah
programlarinda F6 jenerasyonuna kadar yapilan
kendileme islemi ile heterezigotluk orani %2-3
oraninda devam ederken, DH teknigi ile elde edilen
%100

hatlarin oraninda

gerceklesmektedir (Baydar, 2020).

homozigotluk  oram

Guniimiizde en yaygm kullarulan haploidy

teknikleri anter ve polen kiiltiirline dayall
androgenesistir. Temel ama¢ mikrospor kaynaklh
embriyo elde etmek ve bu siirecte olgunlasmamais
mikrosporlar (tek c¢ekirdekli sathadan erken cift
cekirdekli sathaya kadar) in vitro ortamda sicak, soguk
ve kolgisin uygulamalar1 ile gametofitik polen
olusumu yerine sporpfitik haploid veya double
haploid (DH) embriyo olusturulmaya ¢alisilarak daha
hizli bir homozigotiye ulasmak bu teknoloji sayesinde
miimkiin olmaktadir (Baydar, 2020). Double haploid
(DH) tekniginde kolgisinin yani sira; trifluralin,
oryzalin, siilfonamid, pendimetalin ve klorpirifos gibi
gesitli kimyasal herbisitler, kromozom ikiye
katlanmasin indiiklemede biiyiik potansiyele sahiptir
(Allum vd., 2007). Bu antimitotik ajanlarin kromozom
ikiye katlanmasmi gergeklestirme mekanizmalari,
kolgisin ile aynidir. Kolgisin ile karsilastirildiginda, bu
ajanlar bitki tiibiiline kars1 daha baskin bir afiniteye
sahip olup mikromolar seviyede kullanilan
konsantrasyon, toksisite daha diisiik iken, kolgisine
benzer bir kromozom katlama etkisine sahiptir.
Kimyasal antimitotik ajanlarin yam sira, onemli bir

fiziksel mutajen olarak yiiksek sicaklik da bitkilerde

kromozom katlama ¢alismalarinda etkili oldugu
kanitlanmistir (Zhang vd., 2003; Wang vd., 2012,
2013a). Yiiksek sicaklikta isleme, tek bicimlilige ve
ekonomik ve operasyonel avantajlara sahiptir (Guo
vd., 2017).

Ik dogal sporofitik haploid 1921’de Dorothy
Bergner tarafindan bir yabani ot tiirti olan Datura
stramonium L.’de gozlemlenmis, Blakeslee vd. (1922),
tarafindan rapor edilmistir. Bunu tiitiin, bugday ve
diger bazi mahsul tiirlerinde dogal haploidlerin
raporlart izlemistir. Bu c¢alismadan sonra, bitki
1slahinda ve genetik arastirmalarda haploidlerin
onemi giderek ivme kazanmaya baslamistir (Kumari
& Aswath, 2018). Datura anoxia’min olgunlasmamais
anterlerinin in vitro kiiltiiriinden haploid embriyo
gelisimi ilk kez Guha & Maheswari (1964) tarafindan,
mikrosporlarin  normal  gametofitik  gelisimini
sporofitik bir gelisime doniistiirmenin miimkiin
oldugunu ve daha sonra haploid kromozom sayisina
sahip embriyolarin ve  bitkilerin {iretilecegi
Bu, bir

ilerleme ve atilim olmus ve tespit edilen kendiliginden

kesfedilmistir. haploidlerin gelisiminde
haploidlerin sayis: istikrarli bir sekilde artarak 1974’te
Kasha (1974) 100’den fazla anjiyosperm  tiiriiniin
olusumunu kaydetmistir. Daha sonra, DH'nin in vitro
yontemlerle gelistirilmesi i¢in ¢aba harcanmis ve
250’den fazla bitki tiirii i¢in protokoller yayilanmigtir
(Maluszynski vd., 2003).

Double haploid (DH) teknigindeki ilerleme ve
ozellikle

Gramineae’de basarili olan anter kiiltiirti hakkinda

atilimlar, Solanaceae,  Brassicaceae ve
daha ileri ve kapsamli arastirmalarin yolunu agmustur.
Bununla birlikte, ilgili angiosperm bitkilerinin tiimii,
embriyogenez indiiksiyonuna verimli bir sekilde
yanit vermez ancak, arpa (Hordeum vulgare L.), kolza
tohumu (Brassica napus L.), tiitin (Nicotiana spp.) ve
bugday (Triticum aestivum L.), yiiksek rejenerasyon
verimlilikleri (Forster vd., 2007), Arabidopsis gibi
bilimsel veya ekonomik olarak ilgin¢ diger tiirler,
bir¢ok odunsu bitki veya baklagil familyasinin {iyeleri
mikrospor embriyogenezini incelemek ig¢in model
tirler olarak kabul edilmektedirler.
Norreel vd., 1986; Bajaj, 1990a; Germana, 2006, 2009).
Double haploid (DH) teknigi: gamet embriyogenezi,

(Sangwan-

yliksek bir genom heterozigotlugu, uzun bir genglik

donemi ile uzun bir nesil dongiisii, biiyiik bir boyut
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ve genellikle kendine uyusmazik ile karakterize edilen
ve bunlarin olmadig1 odunsu bitkilerde homozigotluk
elde etmek icin Ozellikle vazgecilmez bir aractir
(Germana, 2006, 2009).

Somaklonal Varyasyon

Bitki doku kiiltiirii, bitki 1slahg¢ilarina yardimc
olmak icin pek ¢ok yeni
kolaylastiric1 bir teknolojidir. Bitki doku kiiltiirii

teknikleri ile 1slah siirecinin hizini veya etkinligini

aracin  gelistirildigi

artirmak, mevcut germplazma erisilebilirligini
iyilestirmek ve bitki 1slah1 i¢in yeni varyasyonlar
yaratmak miimkiin olmaktadir. Bitki doku kiiltiirii
tekniklerinden somaklonal varyasyon, doku kiiltiirii
sistemlerinin hem avantaji hem de dezavantaji oldugu
icin benzersiz bir konuma sahiptir. Somaklonal
varyasyon ilk olarak 1981’de konuyu gézden geciren
bitki

kullanimlarina dikkat ¢ekmek igin birkag¢ arastirmaci

ve o donemde islah1  igin  potansiyel
arasinda yer alan Larkin ve Scowcroft tarafindan,
hiicre ve doku kiiltiirlerinden kaynaklanan varyasyon
olarak tanimlanmigtir (Larkin & Scowcroft, 1981).
Beklentileri biiytik dlciide, patates (Shepard vd., 1980),
seker kamigs1 (Heinz, 1973; Krishnamurthi & Tlaskal,
1974), musir (Green, 1977) ve celtik (Oono, 1978)
protoplast ve eksplant Kkiiltiirlerinden tiiretilen
bitkilerde genis ¢esitlilik rapor edilen gozlemlerden
kaynaklanmaktadir. Kisa siire sonra, somaklonal
varyasyonun yaygin oldugunu ve bu nedenle
goriiniiste tiim bitki yetistiricileri igin erisilebilir
oldugunu gosteren, tiim tiirler yelpazesinde c¢ok
sayida arastirma yapilmistir (Karp, 1995). Su anda,
somaklonal varyant terimi evrensel olarak doku
kiiltiiriinden tiiretilmis varyantlarin tiim formlari igin
1990b), bununla birlikte

protoklonal, gametoklonal ve meriklonal varyasyon

kullanilmaktadir (Bajaj,

gibi diger isimler genellikle sirasiyla protoplast, anter
ve meristem kiiltiirlerinden varyantlar: tanimlamak
i¢in kullanilmaktadir (Bajaj, 1990Db).

doku

tekniklerinden bir digeri de somaklonal varyasyon

Gunumiizde kullanilan kiiltara
yontemidir. Braun (1959) tarafindan somaklonal
varyasyonun ilk gozlemi ve raporundan bu yana,
doku bircok  bitkinin

problemlerinden biri olmustur ve olmaya devam

kiltiiri  yapilan ana

etmektedir. Bitki hiicrelerinin in vitro olarak biiyiimesi

ve biitiin bitkilere d6niismesi, sadece hiicrenin mitotik
boliinmesini igeren aseksiiel bir siirectir ve teorik
olarak herhangi bir varyasyona neden olmamalidir.
ideal olarak, genetik olarak tek tip bitkilerin klonal
¢ogaltilmasi beklentidir (Bairu vd., 2011). Bu nedenle,
kiltiir siireci sirasinda kontrolsiiz ve rastgele
spontane varyasyonlarin ortaya ¢ikmasi beklenmeyen
ve ¢ogunlukla istenmeyen bir olgudur (Karp, 1994).
Bununla birlikte, bu olumsuz etkilerin aksine, yeni
varyantlarin  yaratilmasi  yoluyla  mahsuliin
iyilestirilmesindeki yararlilignt da iyi bir sekilde
belgelenmistir. Indiiklenmis somaklonal varyasyon,
poligenik  Ozelliklere sahip ekinlerin  genetik
manipiilasyonu i¢in kullamilabilir (Bairu vd., 2011).
Hastaliklara dayaniklilik ve kalite iyilestirme ve daha
iyi verim sergileyebilen yeni gesitlerin {iretilmesi
yoluyla bitki 1slahi i¢in de 6nemli bir arag olabilecegi
bildirilmektedir (Karp, 1995; Emaldi vd., 2004). Bu
nedenle somaklonal yararl
kabul Doku

kiiltirinden tiretilen bitkilere somaklonlar denir ve

varyasyonun
potansiyellerini etmek Onemlidir.
farkliliklar sergileyen doku kiiltiiriinden tiiretilen
bitkilere somaklonal varyantlar adi verilir (Larkin &
Scowcroft, 1981).

Skirvin & Janick (1976) bahge bitkileri tiirlerinin
genotip iyilestirmesinde klonal varyasyonun énemini
ilk vurgulayanlar arasinda yer almaktadir. Shepard
vd. (1980), ‘Russet Burbank’ patatesinin (Solanum
tuberosum L.) kiiltiirlenmis yaprak protoplastlarindan
(protoklonlar) rejenere edilen bitkiler arasinda biiyiik
cesitlilik  oldugunu  gostermistir. Bu  genetik
degiskenlik kaynaginin kapsamini ve olasi énemini
arastirirken, konuyu kapsamli bir sekilde goézden
ilk olarak

“somaklonal varyasyon” teriminin, bir siire sonra

geciren Larkin & Scowcroft (1981),

doku veya hiicre kiiltiiriinden rejenere edilen bitkiler
arasinda gozlenen fenotipik varyasyonu tanimlamak

icin kullanilmasini 6nermiglerdir (Skirvin vd., 1994).

Kallus

kazanmak i¢in kullanilabilir, ¢tinkii in vitro kiiltiir

kiiltiirleri somatik mutantlar1  geri
ortamu tek tek hiicrenin boliinmesini ve tiim bitkinin

yenilenmesini  tesvik  etmektedir. = Somaklonal
varyantlar somatik veya genetik olarak stabil olabilir.
Genetik olarak kararli varyasyonlar mutasyonlar
adlandirilabilir. birlikte,

cevrilebilir varyasyonlarin

olarak Bununla tersine

epigenetik olasilig1
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nedeniyle, bu alan, “mutasyonlar” yerine
“varyasyonlar” terimini kullanmaktadir (Wang &
Wang, 2012). DNA dizisindeki herhangi bir degisiklik,
kalitsaldir ve mahsuliin iyilestirilmesi i¢in dnemlidir.
Ote yandan, epigenetik degisiklikler gegicidir ve geri
dontisimliidiir ve kalitsal degildir (Meins, 1983).
Genetik olarak kararli somaklonal varyantlar, nokta
mutasyonlary, kromozom sayist ve yapisindaki
degisiklikler, rekombinasyonlar, DNA dizilerinin
metilasyonu, niikleer, mitokondriyal veya kloroplast
genomlarindaki delesyonlar ve transpozisyonlar
nedeniyle ortaya c¢ikabilmektedir (Lee & Phillips,

1988; Phillips vd., 1990).

Gengenbach & Umpeck (1982), izole edilmis
mitokondriyal DNA’nin restriksiyon enzim analizini
kullanarak mitokondriyal olarak kontrol edilen erkek
kisirhigini ortaya koyarak somaklonal varyasyonun
nitkleer DNA ile smirli olmadigini gostermistir.
Aydin vd. (2016), yaptiklar calismada Murashige ve
Skoog tizerinde endosperm destekli olgun gavdar
elde kalluslardaki

varyasyonun tespiti igin rastgele amplifiye polimorfik

embriyosundan edilen
DNA (RAPD) ve coupled restriksiyon enzimi rastgele
amplifikasyon (CRED-RA) belirtegleri kullanilmislar
ve sonug olarak RAPD ve CRED-RA tekniklerinin
somaklonal varyasyonun

tespiti icin

kullanilabilecegini bildirmislerdir.

Somaklonal varyasyon teknigi bazi durumlarda,
arzu edilen morfolojik ozellikler, hastalik direnci,
bocek direnci, asit toleransi ve tuz tolerans: dahil
olmak tizere gesitlere istenen Ozellikleri kazandirmak
doku
yararlanilmistir (Baydar, 2020).

igin kiiltiiri  varyasyonundan  da

Protoplast Fiizyonu ile Somatik Hibridizasyon

Bir protoplast, hiicre duvar ¢ikarilmis sitoplazma
ve c¢ekirdekten olusan bir bitki hiicresinin canli
kismidir. Protoplastlar, tiim bitki organlarindan veya
doku kiiltiirlerinden izole edilebilmektedir (George
vd., 2008). Teorik olarak, protoplastlarin totipotent
oldugu varsayilir, bu da farklilasma ve cesitli
organlara doniisme yetenegine sahip olduklar
anlamina gelmektedir (Ishaku vd., 2020). Protoplast
fiizyonu, faydali agronomik 6zelliklere sahip ve ayni
ticari satilabilen mahsullerin

zamanda Olcekte

iretilmesinde ¢ok 6nemli bir teknik haline gelmistir.

Ozellikle son birka¢ on yilda, genetigi degistirilmis
mahsullerin halk tarafindan onaylanmamasi gibi
nedenlerden dolayi, protoplast flizyonunu kullanan
arastirmalarda bir artis meydana gelmistir (Davey
vd., 2010; Grosser vd. 2010). Protoplast fiizyonu
yoluyla somatik hibridizasyon, tiirler aras1 ve tiirler
arasi hibritlerin tiretimi i¢in 6nemli bir ara¢ haline
farkl

protoplastlarini, ardindan istenen somatik hibrit

gelmistir  ve iki genomun kaynastirici
hiicrelerin secimini ve miiteakip hibrit bitkinin
rejenerasyonunu icermektedir (Sekil 2). Somatik
hibridizasyon, artan verim ve hastaliklara kars: direng
ile yeni melezler olusturmak igin farkl tarla ve bahge
bitkilerinde yaygin olarak kullanilmaktadir. Ayrica
tuz toleransi, kalite iyilestirme, sitoplazmik erkek
kisirliginin (CMS) transferi, ¢ekirdeksiz triploidler ve
anag iyilestirme i¢in de kullanilmistir (Wang vd.,
2013b).

Bitki

arastirmalar

protoplastlarinin ~ flizyonu,  yapilan

sonucunda kimyasallar tarafindan
indiiklenebilecegi gbzlemlenmis, boylece farkli soy ve
tiirlerin protoplastlari, heterokaryonlar: tiretmek igin
fikri

Heterkaryonlarin = siirekli

birlestirilebilecegi ortaya atilmastir.
mitotik boliinmesinden
kaynaklanan kallus hiicreleri, uygun bir se¢im sistemi
kullanilarak tanimlanabilecegi ve somatik hibrit hiicre
hatlarina ve en sonunda bitkilere doniistiiriilebilecegi
kanitlanmistir (Ishaku vd., 2020). Bitki 1slahi icin
somatik hibrit {iretmek igin protoplast fiizyonunu
incelemek gerekirse ilk olarak, cinsel melez
uyumsuzluklarin tistesinden gelinebilecegi ve ikincisi
mitokondri ve

ise  kloroplastlar, plazmonlarin

birlestirilebilmesi  gibi  yeteneklerinden dolay1
protoplast flizyonu tekniginin bitki 1slahi igin ¢ok
onemli oldugu bildirilmistir. Hem tiir i¢i hem de tiirler
arast seviyelerde ¢ok sayida somatik hibrit
kombinasyon f{iretilmistir; Schieder & Vasil (1961)
tarafindan yapilan son incelemede elde edilen
somatik hibrit kombinasyonlarin &zet bir listesi
mevcuttur. Petunya tiirleri {izerinde beg yillik bir siire
boyunca ii¢ melez uyumluluk seviyesi ile protoplast
flizyonu {lizerine yiiriitillen ¢alismada, benzersiz ve
daha

olusturmak i¢in bu teknolojiden yararlanma yoniinde

once ulasilamaz tiir kombinasyonlari

kaydedilen ilerlemeyi simgeledigi gozlemlenmigtir
(Verma vd., 2008).
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Protoplazmanin Farkh

Izolasyonu
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« Enzimatik

» Kemofiizyon
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Protoplastlarinin
Fiizyonu

Hibrit se¢imi

» Mekanik Fizyon
» Elektrofiizyon

Melez Hiicrelerin
Kiltaria

Hibrit bitkiler

Figure 2. Schematic representation of hybrid plant production by protoplast fusion technique (Hussain et al., 2012).

Sekil 1. Protoplast fiizyonu teknigi ile hibrit bitki tiretiminin sematik gosterimi (Hussain vd., 2012).

Protoplast, plazmalemmay: ve dogal seliilozik
hiicre duvar1 olmadan tiim hiicreyi igermektedir.
Protoplast teknolojisinde, somatik hiicrelerden izole
edilen iki genetik olarak farkli protoplast ve
paraseksiiel hibrit protoplastlar elde etmek igin
Hibrit

protoplast, heteroplasoik sitoplazma ve iki kaynasmis

deneysel  olarak  kaynastirilmaktadir.

ana c¢ekirdek igerir. Protoplast fiizyonu, cesitli

prokaryotik ve Okaryotik hiicrelerde genetik
rekombinasyonu indiiklemek icin nispeten yeni
bircok yonlii bir teknik olarak ortaya cikmistir
(Bhojwani vd., 1977). Protoplast flizyonu, tiirler aras:
hibritleri

fiizyonu,

ve hatta tirler {iretmek
kullanilabilir.

melezleme sistemlerinin dayattig1 genetik alisverisin

arasl icin

Protoplast geleneksel

ontindeki engelleri yiktigt igin gen
manipiilasyonunun 6nemli bir aract haline gelmistir.
Protoplast fiizyon teknigi, genetik analiz ve sus
iyilestirme igin biiylik bir potansiyele sahiptir.
Endiistriyel olarak faydali mikroorganizmalar igin
Ozellikle faydali oldugu bildirilmistir (Muralidhar &
Panda, 2000). Giintimiizde izole edilmis protoplastlar,
esas olarak bitki viriisii enfeksiyonlarina yonelik
arastirmalarda ve segilen DNA fragmentlerini bitki
hiicrelerine entegre etmek iizere hiicrenin genetik
bilgisini degistirmek i¢in kullanilmaktadir. Genetigi
degistirilmis hiicreler, yalnizca yeni genetik yapiya
sahip biitiin bitkiler onlardan yeniden iiretilebiliyorsa

genel pratik degere sahip olacaktir. Bu nedenle,

protoplast kiiltiirlerinden Dbitkileri geri kazanma
bitki bilimindeki bu
mithendisligi projelerinin basarisi igin hayati 6neme
sahiptir (Davey vd., 2005).

yetenegi, tiir genetik

Somatik hibridizasyonu kullanan en yaygin hedef,
her iki fiizyon ebeveyninin tam genomlari ile simetrik
hibritlerin  {iretilmesidir. =~ Tiirler —aras1 tiitiin
hibritlerinin ilk raporundan bu yana (Carlson vd.,
1972), ¢ok sayida simetrik hibrit tiretilmistir. Mliskisiz
genomlarmn protoplast

fiizyonu yoluyla

birlestirilmesi, genellikle ebeveynlerden birinin
niikleer ve/veya sitoplazmik genomlarinin kismen
veya tamamen ortadan kaldirilmasma yol agsa da her
iki ebeveynden de agronomik dneme sahip 6zelliklere
sahip simetrik somatik hibritlerin elde edildigi bir¢ok
ornek vardir (Swapnil vd., 2020). Dihaploid S.
diploid  S.

protoplastlarinin kaynastirilmasiyla elde edilen dort

tuberosum  ve circaeifolium’un
simetrik hibritten {icii, patojen P. infestans’a karsi
tamamen direngli oldugu ve dort hibridin tiimii,
nematod Globodera pallida’ya karst olduke¢a direngli
oldugu gozlemlenmistir. Somatik hibrit (disi ebeveyn
olarak) ve S. tuberosum arasindaki eseyli hibritlerin
canli tohumlar olusturmasi, hibritlerin patates
1slahindaki potansiyeline isaret etmektedir (Mattheij
vd., 1992). S. tuberosum ve S. phureja arasindaki alti
tetraploid somatik hibritten biri, tarla denemeleri
altinda patates cesidinden {i¢ kat daha fazla verim

verdigi bildirilmistir (Mattheij vd., 1992). Kameya vd.
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(1990) S. melongena ve S. integrifolium arasinda, iki
tiriin toplam kromozom sayisina sahip olan ve
Pseudomonas solanacearum’a ebeveynlerden herhangi
birinden daha yiiksek direng gosteren somatik
melezler {iretmistir. Yine yapilan calismalar
sonucunda, Japon turpu ve karnabahar arasindaki
somatik melezler, karnabaharda ciddi bir hastalik
olan yumru koke kars: direng gostermistir (Hagimori
vd., 1992). Krizantem (Dendranthema x grandiflorum) ve
pelin (Artemisia  sieversiana) arasindaki somatik
melezler, Puccinia horiana’nin neden oldugu pasa karsi
krizantemden daha direngli oldugu bildirilmistir
(Furuta vd., 2004).

Meristem ve Siirgiin Ucu Kiiltiirii ile Viriissiiz

Bitkilerin Uretimi

Bir bitkinin biiytime konisi veya siirgiin uglari,
steril kosullarda bir besi yerinde eksplant olarak
kullanilarak kiiltiire alinip bunlardan tam bir bitkinin
elde edilmesi meristem ve siirgiin ucu kiiltiirii olarak
adlandirilmaktadir.  Viriisten ari bitki elde
edilmesinde en ¢ok basvurulan in vitro teknigi apikal
meristem ve siirglin ucu kiiltiirleridir. Bu kiiltiirde
kullanilan  eksplant  kaynaklar1 = meristematik
boliinmelerin  en yogun olarak gerceklestigi
dokulardan alindigindan viriis bulasiklig: hi¢ veya az
diizeyde olmaktadir. Viriisten ari bitki elde etmek ve
basar1 sansimi artirmak icin genellikle meristemlerin
alinacagy stirgiinlere sicaklik uygulamasi yani
termoterapi uygulanarak viriisstiz bitki elde
edilmesinde basar1 sansimi artirmaktadir (Baydar,
2020).

Zararlilar ve patojenler, tarla ve bahge bitkilerinde
onemli hasarlara ve ekonomik kayiplara neden olur.
Bu hasarin biiyiik bir kismu viriis enfeksiyonlarindan
kaynaklanmaktadir. Genellikle vejetatif yollarla
¢ogaltilan patates, tatli patates, muz, seker kamuisi,
bazi bahge ve tarla bitkileri viriis enfeksiyonundan
kaynaklanan yillik kiiresel tarimsal {iriin kayiplariin
kaba bir tahmini 69 milyar ABD dolar1 civarindadir.
Tek basina asma yaklasik 53 viriis tarafindan enfekte
edilir (Bhojwani & Dantu, 2013), tek viral hastaliktan
dolay1 yani Grapevine Fanleaf Virus (Asma yelpaze
yaprak viriisil) tahmini yillik kayip, 1,5 milyar ABD
Dolaridir (Komar vd., 2007). Patates Leafroll Viriisii

(Patates yaprak kivrilma viriisii) ve Patates Viriisii Y

(PVY) bunlarin arasinda en zararhi patates viriisleri
(Loebenstein vd., 2001) tek bagma Patates Leafroll
Viriisii  toplam  verimi  neredeyse %60 ve
pazarlanabilir ~ verimi %88  oramma  kadar
azaltabilmektedir. Seker kamismin en yaygin viral
hastaliklarindan biri olan Sugarcane Mosaic Potyvirus
(Seker kamis1 mozaik viriisii), ok sayida geleneksel
olarak yiiksek verimli seker kamis1 ¢esidinin ekim dis1
kalmas1 nedeniyle %50 kayiplara neden olmaktadir.
Patojenlerin klonal olarak c¢ogaltilan bitkilerde
bulagmasi ¢ok hizlidir. Bitki materyalleri, gesitli doku
kiltiirii asamalarina tabi tutuldugunda bakteri ve
mantar gibi patojenlerin ¢ogundan temizlenmektedir.
Bununla birlikte, viriisiin ortadan kaldirilmasi, 6zel
meristem tip kiltliri teknigini gerektirmektedir
(Bhojwani & Razdan, 1986).

a) Viriislerin bitkilerdeki dagilimi esit degildir,
enfekte olmus bitkilerin apikal meristemleri ya
serbesttir ya da ¢ok diisiik konsantrasyondadir
(Quack, 1977; Wang & Hu, 1980). Bitkideki viriis
titresi,  meristem  ucundan  uzaklastikca

artmaktadir (Holmes, 1948). Meristem ucunda

viriis olmamast igin ¢esitli nedenler One
suriilmiistiir (Wang ve Hu, 1980): a) konukcu
bitkideki viris

metabolizmasina baghdir. Aktif olarak boliinen

¢ogalmasi, viriislerin
meristematik hiicrelerde yiiksek metabolik
aktivite viriis replikasyonuna izin vermemekte

oldugu,

b) viriislerin bitkide hizla yayilmas1 meristemde
bulunmayan vaskiiler sistem yoluyla olmaktadur.
Vaskiiler olmayan bolgeleri istila eden viriisler,
hizla biiyiiyen ug bolgesine ayak uydurmak icin
oldukc¢a yavas olan plazmodesmatal baglantilar
yoluyla hiicreden hiicreye hareket etmekte

oldugu,

¢) siirglin ucglarindaki yiiksek endojen oksin

seviyesi viriislere kars1 inhibitdr olabilecegi ve

d) meristem muhtemelen belirli ‘viriis inaktive
edici sistemler” tarafindan korunuyor olabilecegi
One slirilmiis ve meristem kiltirli cesitli
arastirmalara konu olmustur (Bhojwani & Dantu,
2013).

Holmes (1948), siirglin  uglarindaki  viriis

dagilimimin gradyani bilgisini ilk kez siirgiin ucu
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kesimleri Dahlia’'nin  enfekte
bitkilerinde bitkiler
uygulamistir. Ayni prensipte, Morel & Martin (1952),
Dahlia (Yildiz ¢icegi) bitkilerinden Dahlia Mozaik

Virtisiinii (DMV) yok etmek icin meristem ucu

yoluyla olmusg

virlissiiz yetistirmek icin

kiltiirii teknigini gelistirmistir. Hastalikli bitkilerden
alinan meristem uglarmi bir besin ortaminda kiiltiire
almiglar ve viriissiiz siirgiinler elde etmislerdir. Bu
siirgiinler koklenmeyi basaramamis ve tamamen
viriissiiz Dahlia bitkilerini geri kazanmak i¢in saglikli
fide anaglarina asilanmalar: gerekmistir. O zamandan
beri, meristem ucu kiiltiirii en ¢ok viriis eradikasyonu
igin etkili bir teknik olmus ve genis bir yelpazede
viriissiiz bitkiler tiretmek i¢in basariyla uygulanmistir
(Bhojwani & Razdan, 1986).

SONUC VE ONERILER

Bitki doku kiiltiirii teknikleri, giinlimiizde en umut
verici uygulama alanlarmi temsil etmekte olup
gelecege dair bir bakis agis1 sunmaktadir. Kozai (1988,
1991) tarafindan da bildirdigi {izere in vitro asilama,
koklendirme ve iklimlendirmenin esg zamanh
uygulanmasi kullanilarak bir¢ok doku kiiltiirii teknigi
(Read, 2004).

Yetistirilmesi zor tiirleri ve elit genotipleri, klasik 1slah

gliniimiizde modernize edilmistir

programlari  ve  biyoteknolojik  arastirmalarin

kombinasyonu ile c¢ogaltmak daha miimkiin hale
genis
uygulama alanlarin1 temsil eden bitki doku kiiltiirii

gelmistir.  Biyoteknolojik  arastirmalarin
teknikleri, siis ve orman agaglarinin mikro ¢ogaltimi,
farmasotik olarak ilging ve ayni zamanda yararh
bilesiklerin iiretimi ve agaclar da dahil olmak {izere
temel mahsul bitkilerinin besin degerini iyilestirmek
bitki

dondurularak saklanmasina kadar uzanmaktadir. In

igin islahindan  degerli  germplazmin
vitro kiltiir, stirdiiriilebilir ve rekabet¢i tarim ve
bir

iyilestirilmis bitkilerin hizli bir sekilde tanitilmasi igin

ormancilikta benzersiz role sahiptir ve
bitki 1slahinda basariyla uygulanmistir (Hussain vd.,

2012).

Bitki doku kiiltiirii giliniimiizde, bitki 1slahinin
ayrilmaz bir parcast haline gelmistir. Bitkilerin
arzulanan ozelliklerini iyilestirmek, verimi arttirmak,
abiyotik ve biyotik streslere daha toleransli bitkiler
gelistirmek igin genetik miihendisligi ve molekiiler

1slah teknikleri, haploid indiiksiyon veya somaklonal

varyasyon gibi tiim biyoteknolojik yaklasimlar, etkili
bir in vitro bitki rejenerasyon sistemine gii¢lii bir
sekilde baglidir. Hizli, kaliteli, hastaliksiz ve tiniform
dikim stogu tiretimi ancak doku kiiltiirii teknikleri ile
Ayrica Dbitkilerde

varyabilitenin  genisletilmesi ve

miimkiindiir. daralan genetik
bu gelistirilen
varyabilitelerden arzulanan Ozelliklere sahip daha
verimli, abiyotik ve biyotik stres faktorlerine daha
dayanikh bitkiler yaratmak igin gesitli doku kiiltiirii
teknikleri kullanilmakta olup bu in vitro prosediirler,
bir¢ok tiirde basarili bir sekilde uygulanmis ve
kullanilmis, gelismis biiyiime ve iyilestirilmis verim

ile cok daha fazlasini sergilemistir (Bridgen vd., 2018).

Geleneksel bitki 1slahi, inat¢t melezleri kurtarmak
i¢in embriyo kiiltiirii gibi tekniklerle gelistirilmistir.
Protoplast flizyonu ve somaklonal varyasyon gibi
teknolojiler ise genellikle, var olan genetik cesitlilikten
faydalanmak veya vyeni bir genetik varyabilite
olusturmak i¢in kullanilmaktadir. Bu teknolojiler ile
arzu edilen bitkiler elde edildiginde, ¢ok sayida
gelistirilen klonu ticari pazar i¢in daha hizli ve verimli
bir
kullanilabilmektedir. Ayrica doku kiiltiirii teknikleri

sekilde tiretmek i¢in mikro c¢ogaltma da
ile viriissiiz, hastaliktan ari bitki, hizli klonal ¢ogaltim,
nesli tiikenmekte olan bitkilerin ¢ogaltilmasinda,
bitkilerden sekonder metabolit ve ila¢ hammaddesi
elde etme gibi gelecek ¢alismalarda da basvurulacak
onemli bir teknik haline gelmektedir (Smith, 2012;
Dagla, 2012; Bridgen vd., 2018). Ayrica bitkilerden
sekonder metabolit tiretimi ve ila¢ hammaddesi elde
etme gibi calismalarin yani sira, gesitli bitki doku
kiiltiirti yontemleri ile yenilebilir as1 kaynag1 olarak
bitkilerin kullanilabilecegi
bildirilmistir (Karakas & Tonk, 2022). Doku kiiltiirii

tekniklerinin, giiniimiizde arzu edilen O6zelliklere

uretiminde de

sahip abiyotik ve biyotik stres kosullarina daha
dayanikli ayn1 zamanda daha verimli cesitler elde
etmek igin, klasik 1slah ¢alismalar1 ile birlikte

kullanilmas: gerekliligi oldugu agikardar.

Etik Standartlara Uygunluk

Cikar Catismasi

Yazar herhangi bir ¢ikar catismas: olmadiginm

deklare etmektedir.
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Etik Onay

Yazar bu calisma i¢in resmi etik kurul onaymin

gerekli olmadigin bildirmektedir.

Veri Kullanilabilirligi Bildirimi

Bu calismada yeni bir veri olusturulmadigr veya
analiz edilmedigi i¢in veri kullanlabilirligi bu makale

icin gegerli degildir.
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This study aimed to examine the impact of various nitrogen sources and
concentrations on the growth and biochemical composition of Lemmna minor.
Specifically, three nitrogen sources, namely ammonium, nitrate, and urea, were
utilized. These nitrogen sources were incorporated into the Hoagland nutrient
medium at two different concentrations: 2500 uM L and 5000 uM L-1. The impact
of various nitrogen concentrations on the biochemistry of L. minor, including the
number of individuals, chlorophyll-a levels, carotene content, dry matter, and
protein content was examined. The experimental results revealed that the 7th, 5th,
and 6th groups exhibited the highest relative frond number, while no significant
statistical difference (p>0.05) was observed between the 5000 uM L and
2500 uM L groups among all experimental groups. The 2nd, 7th, and 5th groups
displayed the highest relative growth rate. The 4th group using NHs-N as the source
exhibited the highest total carotene and chlorophyll-a content. Although there were
no significant differences in the dry matter and protein values of L. minor, the protein
ratio was higher in the 3rd and 4th groups with NHs+-N as the source compared to
the other groups. The results indicate that NOs nitrogen is the most suitable nitrogen
source for promoting the growth and biochemical composition of L. minor, as
evidenced by an increase in relative frond number and relative growth. On the other
hand, NHa nitrogen showed favorable effects on protein, carotene, and chlorophyll-
a content. Additionally, the experimental groups with a nitrogen concentration of
2500 uM L yielded better overall results. Interestingly, in terms of protein
efficiency, it was observed that nitrogen concentrations played a more significant
role than nitrogen sources, and groups with lower dilution rates exhibited superior

outcomes.
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INTRODUCTION

Three quarters of the earth surface is covered by
water and aquatic plants photosynthesize much more
than terrestrial plants using the carbon dioxide in the
air. Considering that two thirds of the photosynthetic
carbon in the world is produced by algae, they are
very useful organisms for the ecosystem (Carpenter &
Lodge, 1986; Wersal & Madsen, 2012; Chapman, 2013;
Beer et al., 2014; Madsen, 2023). At the same time,
aquatic plants are the primary producers in wetlands
(Yilmaz, 2004; Foundation for Water Research (FWR),
2015; Biitiinoglu, 2018). As aquatic plants enrich their
production areas, they also enrich their own bodies
and transform dissolved substances in water into high
quality products (Madsen et al, 2001; Biitiinoglu,
2018).

Lemna species which are floating aquatic plants, are
seen in many regions around the world. They are
found in lakes, canals, ponds and many aquatic
environments (Chaturvedi et al., 2003). Lemna minor is
a species rich in nutrients, vitamins-minerals and
pigments (Rataj & Horeman 1977; Leng et al., 1995;
Madsen, 2009; Rooijakkers, 2016; Appenroth et al,
2017; Sonta et al., 2019). This plant, also found in
wetlands in Tiirkiye, is quite prevalent, thriving in
fresh waters all year round. There are 2 genera and 5
species belonging to this subfamily (Leblebici, 2010;
Coskun et al., 2018). L. minor, which has a very high
reproductive rate, grows and reproduces asexually
via the photosynthesizing and budding of young
plants formed in a meristematic region at the base of
the leaves, and forms a new leaf (individual). Each
leaflet can produce a large number of female buds
(Saygideger, 1996). Lemna which is very tolerant to
environmental conditions, can be easily cultivated at
20-30°C at a pH range of 4.5-8.5 (Topal et al., 2011). L.
minor, whose buds develop under water in winter, are
cold-resistant and start reproducing at favorable
temperatures, such as in spring when normal
conditions are restored (Saygideger, 1996, 1997,
Korner et al., 1998; Saygideger et al, 2013). This
species, whose growth and development are rapid in
stagnant waters, is a dominant plant in the region
(Akel, 2006).

Researchers have stated that nitrogen sources are
one of the most important factors affecting the growth
and biochemical composition of aquatic plants
(Gokyay & Balcigil, 2017, Biitiinoglu, 2018). Nitrogen
is the main growth-limiting element after carbon.
(Skillicorn et al., 1993; Wett & Rauch, 2003). Nitrogen,
which is found in plants at a rate of 2-4%, is included
in the structure of amino acids, proteins and nucleic
acids. Both NOs and NHy4, the most important limiting
nutrients for aquatic plant growth, are taken up and
metabolized by the plant. The general condition and
biochemical composition of the plant depends on
nitrogen uptake among other factors (Wanapat, 1994;
Cedergreen & Madsen, 2002).

The most important nitrogen sources that can be
used by plants in production are KNOs (Potassium
NOs-N (Nitrate Nitrogen), NH4+-N
(Ammonium Nitrogen) and (NH2)2CO-N (Urea
Nitrogen) (Karasahin, 1998; Kara, 2006; Brentrup &
Palliere, 2010; Biitiinoglu, 2018). L. minor has the

capacity to take up significant amounts of inorganic N

Nitrogen),

through both roots and leaves (Cedergreen & Madsen,
2002). However, the only nitrogen source is nitrate
and different studies show preferential uptake of
ammonium over nitrate (Caicedo et al., 2000;
Cedergreen & Madsen, 2002; Fang et al., 2007; Wang
et al., 2014). However, Petersen et al. (2021) reported
that little was known about the effect of different
nitrate-ammonium ratios on the growth rate and

nutrient composition of duckweed.

Cultivation of highly nutritious aquatic plants such
as L. minor means that relative growth can be easily
increased, resulting in higher yields over a shorter
period of time and thus cost reduction. This study
investigated the effects of different nitrogen sources at
different concentrations

on plant growth and

biochemical values.

MATERIAL AND METHODS

The species considered in this study is Lemna minor
(Linneaus 1753) from the family Lemnaceae of the
order Arales. L. minor is a free-swimming aquatic
plant with a small leaf-shaped leaf and a root below
the leaf. It is colored in different shades of green,

1.5-5.0 mm in size and elliptical oval shape (Figure 1).
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The L. minor used in the experiments was obtained
from the Aquatic Plant Cultivation Laboratory of Ege
University Fisheries Faculty, Urla Research Unit
Laboratories.

Culture Medium and Experimental Design

The Hoagland nutrient medium, one of the culture
media of L. minor, which is widely used in aquatic
plant studies, contains 5000 pmol L' of nitrogen in
0.202 g L' (x2.5 mL) of 2M KNOs compound (Table 1).
In this nutrient medium, KNOs was replaced by four
different nitrogen sources with the same molar weight
(Sodium nitrate, Ammonium chloride, Potassium
nitrate and Urea). Two different concentrations of
these nitrogen sources (2500 uM L' and 5000 uM L)
were prepared and a total of eight experimental
groups were studied. (Table 2).

Table 1. Hoagland nutrient medium

Component Stock mL Stock
Solution Solution 1L
Macronutrients
2M MgSO4e7H20 493 g L1 1
2M Ca(NOs)224H0 236 g 0.5L" 2.5
1M KH2POs (pH to 6.0) 136 g L1 0.5
2M KNOs 202 g L1 2.5
1M NH:NO:s 80 gL 1
Iron (Sprint 138 Iron Chelate) 15 g L-! 1.5
Micronutrients
HsBOs 2.86 g L1 1
MnCl2¢4H>0 1.81 g L1 1
ZnSOs¢7H0O 022 gLt 1
CuSOs+¢5H0 0.051 g L 1
HsMoOseH-0 or 0.09 gLt 1
Na2MoOse20 0.12gL" 1

1-liter containers were used in the experiments.
The water volume was kept at 250 mL and 5 cm in
height and at the end of the study it was 4.5 cm due to
evaporation. The water used in the research was

passed through 1-10 um, activated carbon, UV and

Figure 1. Lemna minor used in the experiment (Original)

softening filter and pH was adjusted to 6.5-7. The
cultured samples were kept constant at 25+1°C with
central heating. The temperature was measured with
the help of a thermometer with +0.1°C accuracy. The
prepared stock solutions and the culture media
prepared from them were sterilized in an autoclave at
121°C for 20 minutes. Ph values were measured using
Orion branded pH meter. Oxygen was measured with
a WTW Wissenschaftlich Oxi 315i/SET oxygen meter.

Table 2. Nitrogen sources and concentrations of the

experimental groups

Experimental Nitrogen Sources Concentration
Groups uM L1
1 NaNO:s 5000
2 (Na Nitrate-N) 2500
3 NH.Cl 5000
4 (Ammonium-N) 2500
5 KNOs 5000
6 (K Nitrate-N) 2500
7 (NH2)2.CO 5000
8 (Urea-N) 2500

Day-night (16 hours light and 8 hours dark photo
period) period was used in the experiments. Daylight
led lamps were used to illuminate the system and the
light intensity was measured as 216 umol m? s with
a light meter.

the

beginning of the experiments. A new medium was

Enrichment medium was provided at
added once a week and the experiments continued for

15 days with three repetitions.
Determination of Relative Frond Number and

Relative Growth

As far as the relative number of fronds is
concerned, the number of fronds in each experimental
group was counted every day. At the end of the study,

250 mL volume samples in each experimental group
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were harvested at the end of the study to determine
the relative growth obtained. The weights of the
Lemnas, whose weights were measured at the
beginning, were measured at the end of production to
determine the relative growth. After the leaves were
removed from the water with the help of paper towels,
their wet weights were measured and recorded on an
electronic precision balance. Relative frond number
and relative growth rate were calculated as given in
Table 3 (Wang et al., 2014).

Table 3. Definitions, formulas and units of relative

growth rate by weight and frond number

Definition Formula Volume
Relative In(N;) =In (V) day
Frond t2—4

Number Rate

Relative In(Wy) —In(Wz)  g.giday!
Growth Rate t; — 1

Note: N: Frond Number; W: Weight; N1: Initial Frond
Number; N2: Last Frond Number; Wi: Initial Weight;
W2 Final Weight; t: Time

Chemical Analyses
Total Carotene and Chlorophyll-a Analysis

The wet mass obtained was kept in a deep freezer
at -25°C for 24 hours and frozen and then dried in an
oven at 30°C for 48 hours.

Total carotene and chlorophyll-a amounts were
measured using the spectrophotometric method. For
this purpose, 5 mg of dried sample was taken and
treated with 5 mL of methanol (Merck 100%,
Hettich
homogenizer for 5 minutes. It was then subjected to
ultrasound (BandelinSonorex Super RK102H) bath at

70°C for 10 minutes. After the extract was separated

Germany) and homogenized with a

by centrifuge at 3500 rpm, the samples were read at
wavelengths of 475 nm for total carotene and 666 nm
for chlorophyll-a on an Optima SP3000 Nano uv-vis
spectrophotometer. Total carotene and chlorophyll-a
amounts were determined by the formulas given
below in Equation 1 (Zou & Richmond, 2000) and
Equation 2 (Sanchez et al., 2005).

Ccarotene (mg g'l) =4.5. A (1)

where Auzs is absorbance value read at 475 nm.
Ccnlorophyli-a (Mg g1) = 13.9. Ases (2)

where Asss is absorbance value read at 666 nm.
Dry Matter
Dry matter analysis was performed according to

AOAC (1990) (934.01). The results were calculated

using the following formula.

Dried sample weight
DM% = P ght (g)

X100  (3)

Sample weight included in the analysis(g)
Crude Protein

Crude protein analysis (AOAC-976.05) was
performed according to the method (AOAC, 1990)
and calculated according to the formula below.

(Vp—V1)xcx.0.014X6.25
m

Crude Protein = (4)
where Vo = HCl volume used in the blind test (ml);
Vi = volume of HCI used in sample titration (ml);
HCl (mol/1);
m = Weight of the sample (g).

c = concentration

Statistical Analysis

The experiments were carried out with three
replications. Mean and standard deviation were
calculated for initial and final weights, relative frond
number, relative growth, carotene, chlorophyl-a, dm
and protein at different nitrogen sources (Mean+SD)
and differences between different nitrogen sources
were tested for one-way analysis of variance at 0.05
level of significance. In order to fulfill the assumptions
of the analysis of variance. Levene’s test was used to
the the

Kolmogorov-Smirnov test was used to test the

test homogeneity of variances and
normality assumption. Since the assumptions were
fulfilled, one-way analysis of variance (ANOVA)
followed by Duncan test was used to reveal the
(Sokal & Rohlf, 1995).
Furthermore, the differences for different molarities
(2500 pM L1 and 5000 uM L) in different nitrogen

groups were analyzed by t-test for the significance of

difference in means

the difference between two means. A significance

level of 0.05 was taken into account in the statistical

117



Tekogul et al. (2023) Acta Natura et Scientia 4(2), 114-125

@ ACTANATURA ET SCIENTIA

evaluation of all these data and IBM SPSS 25.0 and
Microsoft Excel 2016 software were used.

RESULTS

As seen in Table 4, the relative frond number
increase of L. minors grown under different nitrogen
sources was the highest in the 7th experimental group
ie., 0.079+0.007% leaves day-!, while the lowest was
0.068+0.011% leaves ! in the 2nd experimental group.

The increase in the number of fronds across all
experimental groups was in direct proportion the

concentrations. However, there was no statistical

difference between the changes in the number of
individuals in all experimental groups (p>0.05).

There was no statistical difference in the initial
weight (p>0.05) and final weight (p>0.05) of L. minor
with different nitrogen sources (Table 4).

The highest relative frond number was determined
in the 7th, 5th and 6th experimental groups (Figure 2).
When evaluated in terms of relative frond number
ratio, there no
5000 pM L1 and 2500 uM L' groups of all
experimental groups (p>0.05).

was statistical difference in

Table 4. Biometric, nutrient and pigment content in the experimental groups (DM: Dry matter, X+SD:

MeanztStandard deviation)

Nitrogen Sources Concentration  Initial Final Relative Relative Carotene mg Chlorophyll-a KM% Protein
(UM L™) Weight  Weight Frond Growth 100 mL-1 mg100 mL!  (X+SD)  Values
(X+SD)  (X*SD) Number Weight (X+SD) (X+SD) (%)
(% individual. %
day?) (X+SD)
(X+SD)
NaNO:s (Na Nitrate-N) 5000 2.25+0.01 3.53+0.49  0.070+0.012  1.19+0.21 133.33+0.67¢  532.67+1.204  9.4+1.82 18.45
NaNO:s (Na Nitrate-N) 2500 2.23+0.02 4.83+0.14  0.068+0.011 1.520.04 110.00+0.57¢  442.67+0.33¢ 11.9+445  16.84
NH:Cl (Ammonium-N) 5000 2.34+0.11 3.37+0.29  0.070+0.011 1.150.11  139.67+0.33¢  552.67+1.45¢  11.6+323  21.32
NH:Cl (Ammonium-N) 2500 2.27+0.04 3.57+0.09  0.069+0.013  1.22+0.04 144.67+0.67" 578.67+0.67f  12.1+1.29 18.10
KNO:s (K Nitrate-N) 5000 2.30+0.04 4.12+0.55  0.074+0.012  1.35+0.18  94.67+0.332 376.67+0.882 9.8+1.94 18.04
KNO:s (K Nitrate-N) 2500 2.33+0.09 3.89+0.77  0.071x0.011 1.26+0.31  99.33+0.33b 397.00£1.00°  11.6+2.44 17.67
(NHz) 2CO (Urea-N) 5000 2.25+0.02 4.14+0.37  0.079+0.007  1.35+0.13 111.00£0.00c  436.33+1.33<  11.0+2.00  17.52
(NHz) 2CO (Urea-N) 2500 2.22+0.01 3.19+0.05  0.069+0.006  1.11+0.02 140.00£2.08  530.33+7.84¢  11.4+3.89  18.19
0.1 -1 -1
m 5000 uyM L w2500 M L
0.09
0.08
0.07
0.06
0.05
0.04
0.03
0.02
0.01
0

Figure 2. Relative frond number rate of the experimental groups
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Figure 3. Relative growth rate of the experimental groups

When the experimental groups were analyzed in
terms of relative growth rate, no statistical difference
found between the 3rd-4th and 5th-6th
experimental groups (p>0.05). In addition, there was a

was

statistical difference (p<0.05) in trial groups 1-2
and 7-8. The highest relative growth rate was
observed in the group with 2500 uM L in groups 1
and 2, while there was a statistical difference (p<0.05)
in trial groups 7 and 8 with 5000 pM L-1. The highest
relative growth rate was observed in 2nd, 7th and 5th
experimental groups (Table 4, Figure 3).

The sample obtained from the NHs-N source in
group 4 exhibited the highest total carotene content
(144.667+0.667 mg 100 mL). Additionally, within the
same group, the highest chlorophyll-a content was
measured, amounting to 578.667+0.667 mg 100 mL-.
The carotene and chlorophyll-a values of L. minor
different
(p=0.05).

However, there were no statistically significant

showed significant differences across

nitrogen sources and concentrations
differences observed between groups 2 and 7 in terms
of carotene and chlorophyll-a content (p>0.05).
Similarly, the amount of chlorophyll-a did not differ
significantly between groups 1 and 8 (p>0.05) (Table
4). When the dry matter and protein values of L. minor
sources and

grown with different nitrogen

concentrations were analyzed, no significant
difference was observed, but the protein ratio was
higher in the 3rd and 4th group trials with NH4+-N as

the source compared to the other groups. The 3rd

group had the highest protein rate with 21.32%,
followed by the 1st group with 18.45% and then the
8th group with 18.19%. The lowest protein rate was
16.84% in group 2 (Table 4).

According to the experimental groups, the highest
wet weight of the leaves was observed in groups 2, 7
and 5, while the highest dry weight was observed in
groups 2, 5 and 6, respectively. In addition, the Dry
Weight/Wet Weight ratio was found in the 6th, 3rd
and 5th groups, respectively (Table 5).

DISCUSSION

This study aimed to investigate the impact of
various culture conditions, enriched with different
nitrogen sources and their respective concentrations,
on the relative growth rates, relative frond number
increase, carotene, chlorophyll-a, and protein content
of L. minor. L. minor is an aquatic plant of significant
to various industries

interest including food,

cosmetics, pharmaceuticals, among others.

The family Lemnaceae possesses the ability to
assimilate nitrogen from multiple sources, including
ammonium, nitrate, nitrite, urea, and certain amino
acids. However, ammonium and nitrate are generally
recognized as the primary nitrogen sources for most
species within this family. In a previous study by
Ericsson et al. (1982) investigating growth under
different nitrogen concentrations, they found that the
growth of Lemnaceae species was primarily driven by

nitrogen demand rather than concentration ratios.
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Table 5. Mean wet weight (FW) and dry weight (DW) amounts and Wet Weight/Dry Weight rate of fronds according

to the experimental groups (X+D: Mean + Deviation)

Nitrogen Sources Concentration Groups Wet Weight Dry Weight Dry Weight/Wet Weight
(UM L) (g) XD) (g) XxD) (X+D)
NaNOs (Na Nitrate-N) 5000 1 3.5300+0.6975 0.1567+0.0287 0.0448+0.0047
NaNOs (Na Nitrate-N) 2500 2 4.8267+0.1960 0.2000+0.0082 0.0414+0.0000
NH4Cl (Ammonium-N) 5000 3 3.3700+0.4090 0.1633+0.0170 0.0497+0.0104
NH4Cl (Ammonium-N) 2500 4 3.5700+0.1219 0.1700+0.0327 0.0476+0.0092
KNO:s (K Nitrate-N) 5000 5 4.1233+0.7757 0.2000+0.0374 0.0486+0.0037
KNO:s (K Nitrate-N) 2500 6 3.8867+1.0817 0.1900+0.0356 0.0506+0.0066
(NH2)2CO (Urea-N) 5000 7 4.1433+0.5196 0.1767+0.0236 0.0442+0.0123
(NH2)2CO (Urea-N) 2500 8 3.1867+0.0634 0.1500+0.0082 0.0471+0.0029

Additionally, the study highlighted the existence of
viable strategies to achieve consistent growth rates
under low optimal nitrogen nutrition. Moreover,
Ericsson et al. (1982) observed that L. minor did not
uptake nitrogen from the environment in quantities
sufficient to meet its metabolic requirements.
Minimum and optimal nitrogen levels are thought to
vary greatly between species and geographical
isolates, with increasing light intensity increasing the
optimal nitrogen requirements for growth. The
minimum nitrogen level (in L. miniscula) was
determined between 0.0016 mM L and 0.08 mM L.
The maximum tolerated nitrogen level ranged from
30 mM Lt (L. miniscula) to 450 mM L1 (L.
aequinoctialis), while the optimal nitrogen requirement
ranged from 0.01 mM L7, (Wolffia colombia) to
30 mM L (Spirodela polyrrhiza) (Landolt & Kandeler,

1987).

When all nitrogen forms were analyzed, L. minor
and L. gibba were reported to prefer using nitrate
nitrogen and ammonium nitrogen for growth
compared to other nitrogen forms (Wang et al., 2014;
Iatrou et al., 2019). However, high concentrations of
ammonium ions have also been reported to inhibit
duckweed growth (Oron et al., 1984).

In our study, no mortality was observed in L. minor
leaves throughout the experiments. In the light of the
data obtained, the relative frond number increase and
relative growth rate were higher in the NOs form of
the experimental groups (2, 5 and 6). Similarly,
Petersen et al. (2021) reported that L. minor increased
the relative growth rate of nitrate (75-100 mM) rich

diets the most. The reason for this was that nitrate
acted as a signaling molecule that rapidly triggers
gene, metabolism and growth changes (Gojon et al,,
2011).

In experiments with different nitrogen sources and
their two different concentrations, it was found that
the highest increase in relative frond number in L.
minor groups was 0.079+0.007% individual day~' in the
7th group. This value was followed by 0.074+0.012 and
0.071+0.011% individual day? in the 5th and 6th
groups, respectively. The highest relative growth rate
was in the experimental group 2, 7 and 5. While the
final weights of the experimental groups indicate a
potential increase in the relative growth rate, caution
must be exercised when extrapolating this observation

to the relative fond numbers.

However, it is not possible to say the same thing
for relative frond numbers. In contradistinction to this
study, a study conducted by Wang et al. (2014)
indicated that the 28 mg L' NH4+-N concentrations
had maximum relative dry weight growth rate
(RDWGR) and relative frond number growth rate
(RENGR) values and the RFNGR and RDWGR were
significantly correlated. However, upon reviewing
numerous studies on nitrogen forms, it becomes
evident that L. minor and L. gibba species exhibit a
preference for utilizing nitrate nitrogen and
ammonium nitrogen (NH4+N) as sources for growth,
as opposed to other available nitrogen forms. (Jensen
et al., 2006, Brentrup & Palliere, 2010; Wang et al.,
2014; Latrou et al., 2019). This result is in agreement

with our study findings.
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In the study conducted NHs-N demonstrated that
the highest carotene and chlorophyll-a were in group
4. Similarly, the study conducted by Petersen at al.
(2021) reported that the NHs+-N concentrations
significantly affected the chlorophyll-a and carotenoid
contents and the highest Chl-a, Chl-b, Chl-a+b and Car
contents were in the 84 mg L' NHs*-N concentrations.
Also, the study stated that higher (280 and 840 mg L)
or lower (2, 7 and 28 mg L) NH4*-N concentrations
caused a significant decrease in the Chl-a, Chl-b, Chl-
a+b and Car contents. In the present study, an inverse
relationship between nitrogen concentrations and
carotenoid contents was observed in the experimental
groups, indicating that higher nitrogen concentrations
were associated with lower levels of carotenoids. It is
because although NHs*-N is a nitrogen source chosen
by most plants (von Wirén et al., 2000), it is reported
to be toxic for specific plants in high-concentration
medium (Rudolph & Voigt, 1986; Britto &
Kronzucker, 2002; Cao et al., 2004; Boussadia et al.,
2010; Wang et al., 2011, 2014; Li et al., 2013).

In the study the mean dry matter rate in L. minor
was 8.47% (91.53% water rate). A study conducted by
Skillicorn et al. (1993) reported that 92-94% of fresh
plant weight is water. A study conducted by Dayioglu
et al. (2006) reported that the plant contains 92%
water. The data in our study is in agreement with the

aforementioned studies.

According to a study conducted by Leng et al.
(1995) the ammonium N in water affects raw protein
accumulation in the plant. Another study conducted
by the researcher suggests that it is possible to acquire
optimal protein content in medium where Nitrogen is
60 mg N L or higher (Leng, 1999). Similarly, a study
conducted by adding ammonium nitrogen to the
medium in order to increase the biomass of L. minor
and reproduce the plant obtained a high rate of raw
protein and the protein content of L. minor increased
from 21.9% to 39.4% (Latrou et al., 2019). Also, our
study found the highest protein value in group 3
whose source was NHs-N at the level of 21.32%.

A study conducted by Culley & Epps (1973)
demonstrated that there is a strongly positive
correlation between highly dissolved nutrients and

plant properties, especially protein and digestibility.

Also, specific researchers reported that there are
positive correlations between nutrition concentrations
and dry matter productivity, raw protein and
phosphorus content (Whitehead et al., 1987; Alaerts et
al.,, 1996). However, Bergman et al. (2000) found a very
little difference in dry matter (DM) productivity and
reported that there is no difference in the protein
content of L. gibba which is cultivated in a variety of
nutritional levels (52 to 176 mg N L).

Although there was no statistically significant
difference between the groups in the study, the
highest wet weight was in group 2, 7 and 5, the highest
dry weight was in group 2, 5 and 6 and the highest
DW/FW rate was in group 6, 3 and 5.

The study conducted by Petersen et al. (2021)
observed all biggest FW and DW in the 28 mg L
NH4*-N concentration and all smallest ones in the 840
mg L7 concentration. However, the highest DW/FW

rate was in 280 mg L-! concentration.

Similarly, this study obtained higher rates in the
groups with a lower concentration. The study
conducted by Petersen et al. (2021) reported that L.
minor uses both ammonium and nitrate as a nitrogen
source, has developed a few NOs intake systems to
survive in the changing medium and both its roots
and fronds are able to receive nitrate and ammonium
from the medium. This researcher noted that higher
dilution of the nutrient medium, i.e., much lower
nutrient concentrations, would in any case lead to

lower protein productivity.
CONCLUSION

According to the study conducted it is possible to
state that L. minor uses all nitrogen sources and while
nitrate sources come into prominence in the weight
gain, ammonium nitrogen comes into prominence in
the chlorophyll-a and carotene amount. The results
show that NOs nitrogen is the optimal nitrogen source
for the growth, leaf number, biochemical composition
and growth of L. minor. Although NOs nitrogen was
effective in growth and development, NH4 nitrogen
was more effective on protein, carotene and
chlorophyll-a content. In the protein content it is
possible to state that concentrations are as crucial as

nitrogen source.
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It is necessary to acquire a standardized product
quality to use L. minor in food and aquatic feed. Also,
the biomass and protein amount acquired is crucial for
a quality product. For that purpose, it is necessary to
use a standard cropping system. In addition to abiotic
factors such as light intensity, light spectrum,
photoperiod, temperature, water and L. minor
movement, it is necessary to try a variety of nutritional

sources and concentrations in different volumes.
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Commercial trading of plants is one of the most unregulated money-making
industries in the world, especially in Asia. In the Philippines, many plant species,
especially the endemics are already threatened of extinction. One of the threats faced
by these species is the commercial trade of ornamental plants. Though prohibited
under the wildlife resources conservation and protection laws, the trade persists due
to their popularity in social media and local plant collectors. As such, this research
aimed to quantitatively assess the illegal trade of ornamental plants in Valencia City,
Bukidnon, Philippines. Specifically, it aimed to i) determine the socio-demographic
profile of traders, ii) determine the species richness of the ornamental plants illegally
traded, iii) determine the quantity of ornamental plant species illegally traded, iv)
identify factors that drive the exploitation of the ornamental plants, and v)
determine the distribution of the ornamental plants in different areas of Valencia
City. The research adopted a covert research approach to monitor the plant trade
activities in various street markets of Valencia City, Bukidnon. Observations and
interviews have been discretely recorded using mobile phones and audio recorder
to collect the data. The survey included both the wild species and cultivated
ornamental plants. A total of 140 morphotypes (species, cultivars, hybrids, and
varieties) belonging to 60 genera and 33 botanical families were recorded. A total of
1, 473 individual plants were recorded in five barangays of Valencia City. Aroids or
arums of the Family Araceae were the most traded and collected ornamental plants
with 10 genera and 48 morphotypes. This is followed by Acanthaceae (3 genera; 13
morphotypes), Asparagaceae (3 genera; 12 morphotypes), Commelinaceae (3
genera; 12 morphotypes), Euphorbiaceae (3 genera; 6 morphotypes), Orchidaceae (3
genera; 5 morphotypes) and Polypodiaceae (2 genera; 5 morphotypes).
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INTRODUCTION

The COVID-19 pandemic has become a health,
social, and environmental trilemma in many parts of
the world. In the Philippines, this global health
concern also contributes to environmental problems
as marine litters (i.e.,, disposable facemasks) now
contributes to plastic pollution with potential serious
consequences on wildlife (Abreo & Kobayashi, 2021a,
2021b). Apart from the environmental problems, the
lockdown, social isolation, and other negative effects
of the COVID-19 restrictions, has induced public and
global mental health crisis (Jakovljevic et al., 2020;
Vigo et al., 2020). This led to the surge of interest in
home gardening and having plants in living spaces to
help reduce anxiety, depression, and other mental
distress (Pérez-Urrestarazu et al., 2021; Theodorou et
al,, 2021; Egerer et al., 2022; Gerdes et al., 2022). This
hype of collecting ornamental plants trended in the
Philippines and the neologism “plantita” and
“plantito” became part of the modern Filipino culture.
The term “plantita” and “plantito” were the
portmanteau of the words “plant” and “tita” (auntie)
or “tito” (uncle) which is used to refer to people, who
invest time, effort, and money in collecting and caring
for plants (Canuto et al.,, 2020; Sunga & Advincula,

2021).

Commercial trading of plants is one of the most
unregulated money-making industries in the world,
especially in Asia. Yet, the commercial trade of wild-
collected ornamental plants in Southeast Asia has
been almost completely overlooked (Phelps & Webb,
2015). The official trade statistics in the region barely
register the existence of trade in wild orchids,
begonias, and other horticultural important plants
(Chua et al., 2009; Phelps & Webb, 2015; Tian et al.,
2018). In the Philippines, many plant species,
the
threatened of extinction (Department of Environment
and Natural Resources, 2017). In 2008, the threatened
plants in the Philippines comprises 686 taxa, 98 of

especially country endemics are

already

which are critically endangered, 181 are endangered,
171 are vulnerable, other threatened species are 64 and
168 are other wildlife species (Fernando et al., 2008).
One of the threats faced by these species is the
persisting commercial wildlife trade (Phelps & Webb,

2015). The most recent Philippine-based assessment,
however, showed an increase of approximately 30% in
the number of threatened plants. The 2017 national list
of threatened Philippine plants and their categories
include 984 species; 179 species were critically
endangered, 254 species were endangered, 406 species
were vulnerable, and 145 species were threatened
species (Department of Environment and Natural
Resources, 2017).

During the lockdown due to the COVID-19
pandemic, there has been a surge of public interest in
trading, collecting, and gardening. However,
unfortunately, based on personal observation in the
late December 2020, several ornamental plants in the
trade were illegally collected from the forests.
Moreover, the trade persisted even after the COVID-

19 lockdown.

In this study, we explored the forgoing illegal plant
trade of ornamental plants in the province of
in Valencia City. Such

information is vital to know what species are

Bukidnon, particularly

concerned, their correct names, and the extent of their
exploitation. With this, the study provided additional
information on the illegal plant wildlife trade and its
extent. Generally, the study aimed to quantitatively
assess the illegal trade of ornamental plants in
Valencia City, Bukidnon, Mindanao, Philippines.
Specifically, it aimed to: 1. determine the socio-
demographic profile of the traders; 2. determine the
species richness of the ornamental plants illegally
traded in the city streets of Valencia; 3. determine the
quantity of ornamental plant species illegally traded
in the city streets of Valencia; and 4. identify factors
that drive the exploitation of the ornamental plants;
and 5. determine the distribution of the ornamental

plants in different areas of Valencia City.
MATERIAL AND METHODS
Study Area

The study was conducted in the selected street
City,
Bukidnon, Philippines from the months of April 2021
to June 2022 (Figures 1 & 2). Since the street markets

were not permanent establishments, the surveys were

markets and homegardens of Valencia

carried out randomly at different locations namely,
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Barangay Bagontaas, Barangay Batangan, Barangay
Hagkol, Barangay Lumbo, and Barangay Poblacion.
The five sites were selected based on accessibility since
a quarantine pass was required to enter certain
COVID-19 pandemic in
compliance to the Inter-Agency Task Force (IATF)

barangays during the

guidelines.

Figure 1. Map showing the location of Valencia City

in the Province of Bukidnon, Philippines

Figure 2. Sale of ornamental plants in the streets of

Valencia City, Bukidnon, Philippines

Field Surveys
Research Approach

We adopted a covert research approach which is
both applied in social science (Bulmer, 1982; Calvey,
2017; Roulet et al., 2017) as well as in conservation
sciences (Shepherd et al., 2016; Siriwat et al., 2019;
Siriwat & Nijman, 2020; Gong et al., 2021). In this

study, the respondents were not informed of the
research objectives in order to document illicit or
illegal activities associated with illegal gathering
and/or trading of endangered plant species in the city
streets, and private home gardens. The researcher
pretended anonymously as potential buyer to collect
the field data (i.e., plant species, prices, provenance of
the

Observations and interviews have been discretely

from plants) and photo-documentation.
recorded using mobile phones and audio recorder to

collect the data.

Survey of Traded Plants

The survey included both the “wild” species and
cultivated ornamental plants. Following the definition
of Heywood (1999), “wild” species are defined as
plants that grow simultaneously in self-maintaining
populations in a natural or semi-natural habitat
without direct human action. The term is contrasted
with “cultivated” or “domesticated” plant species that
have arisen through human action, such as selection
or breeding, and that depend on management for their
continued existence (Heywood, 1999). This included
all the plants that were gathered (not cultivated), even
those growing on cultivated lands instead of forested
areas (Termote et al., 2011). As such, those that were
propagated in nurseries, commercial gardens, and
flower shops were excluded in this research. A field
data sheet was utilized to consolidate the data. This
include the life form (i.e., tree, shrub, herb, climbers),
specific parts and quantities of the ornamental plants
being sold (i.e., shoot, whole uprooted plant, stem
cuttings, roots, bulbs, etc.), common name, street

market location, and price.

Field Documentation and Plant Identification

Photographs were taken for the identification of
the ornamental plants. Through this method, all plant
parts can be recorded —habit, bark, wood, twigs,
nodes, reproductive parts while preserving their color
and complex shapes (LaFrankie & Chua, 2015).
Consequently, because the study deals with illegally
traded ornamental plants, generally, government
permits are not required for photographs. Moreover,
the shape and color are greatly modified or lost upon

drying and typical specimens include only a fragment
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of the living plant; such characteristics cannot be

observed in herbarium specimens.

Plant photographs were then sorted, matched to
collection numbers, and then copied to external
storage. The sets of photographs were examined with
the aim of matching the images to a known
morphotypes (species, cultivar, variety, hybrid)
illustrated in “A Pictorial Cyclopedia of Philippine
Ornamental Plants, 31 edition” (Madulid, 2021). The
recorded plants were taxonomically verified by the
authors using digitized herbariums collections,
The

nomenclature and taxonomic treatment used in this

eFloras, and relevant database. botanical

study were referred from the Kew’s Plants of the
World
(http://www.plantsoftheworldonline.org/) and Co’s
Digital the
(https://www.philippineplants.org/).

online database

Flora of Philippines
The

richness was then determined by recording the

species

number of species surveyed in the area whilst the
abundance was obtained from counting the number of

individuals.

RESULTS AND DISCUSSION
Socio-Demographic Profile of Plant Collectors

A total of 31 respondents were interviewed from
five barangays or villages of Valencia City; 4 from
Bagontaas, 7 from Batangan, 5 from Hagkol, 6 from
of the

respondents were women (84%) while men account

Lumbo, and 9 from Poblacion. Most
for 16%. The age of the respondents ranges from 20-60
years old. The 41-50-year-old age group with 10
respondents (32.26%) were the most represented
group. Overall, 80% of the respondents were married,
12% reported they were single and a small percentage
reported being widowed (6%). In terms of educational
attainment, few individuals (3%) reached primary
level, 16% attended the secondary level, and nearly
half (54%) finished tertiary level. Moreover, 9 (29.03%)
started to collect plants less than 5 years, timely as the
pandemic had started, stating it has become their new
leisure; 6 (19.36%) were plant collectors for more than

11 years making profit out of their plant collections;
and 8 (25.80%) were doing it for more than 16 years.
The socio-demographic profile of the respondents is

summarized in Table 1.

Table 1. Socio-demographic profile of selected plant
collectors in the five barangays of Valencia City,
Bukidnon (n=31)

Variable Frequency/Percentage
Gender

Male 5 (16.13%)
Female 26 (83.87%)
Age Group

20-30 3 (9.68%)
31-40 9 (29.03%)
41-50 10 (32.26%)
51-60 9 (29.03%)
Civil Status

Single 4 (12.9%)
Married 25 (80.65%)
Widow 2 (6.45%)
Educational Attainment

Elementary Level 1(3.23%)
Elementary Graduate 1(3.23%)
High School Level 2 (6.45%)
High School Graduate 5 (16.12%)
College Level 5 (16.12%)
College Graduate 17 (54.84%)
Years of Collecting Plants

1-5 9 (29.03%)
6-10 8 (25.80%)
11-15 6 (19.36%)
16+ 8 (25.80%)

Botanical Diversity and Quantity of Ornamental

Plants

The trade of ornamental plants in Valencia City,
Bukidnon, Philippines included 140 morphotypes
(species, cultivars, hybrids, and varieties) belonging to

60 genera and 33 botanical families (Figure 3, Table 2).
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The aroids or arum (Family Araceae) were the
most traded and collected ornamental plants with 10
genera and 48 morphotypes. This is followed by

Acanthaceae (3 genera; 13  morphotypes),
Asparagaceae (3 genera; 12  morphotypes),
Commelinaceae (3 genera; 12 morphotypes),
Euphorbiaceae (3 genera; 6 morphotypes),
Orchidaceae (3 genera; 5 morphotypes) and

Polypodiaceae (2 genera; 5 morphotypes) (Figures 4 &
5).

A total of 1,473 individual plants were recorded in
the five barangays (Figure 2). The largest collection of
ornamental plants with 480 individuals (32.5%) were
recorded in Poblacion. This is followed by Batangan
with 410 individuals (27.8%), Bagontaas with 269
individuals (18.2%), Lumbo with 181 individuals
(12.2%), and Hagkol with 133 individuals (9%).

Although the number of respondents in every

barangay were unequally represented and
incomparable, the greatest number of plant sellers
were observed in Poblacion. However, it was also
observed that the location of the street market with
vendors selling plants frequently changes due to the
monitoring of the DENR. The inventory of ornamental
plants in the five barangays of Valencia City,

Bukidnon is summarized in Table 2.

The 6) shows the

distribution of ornamental plants among the five

Venn diagram (Figure

barangays. Seven (7) ornamental plants from
Bagontaas were not found among the other barangays
while Batangan holds the most number having
seventeen (17) ornamental plants. Whereas, Hagkol
have five (5) unique ornamental plants while Lumbo
and Poblacion have five to six ornamental plants

unique among the others.
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Twelve (12) morphotypes were present in the five
barangays (Figure 6). This includes Asplenium nidus L.,
Alocasia micholitziana Sander, Sansevieria trifasciata
bella. (W. Bull) Regel,
macrorrhizos (L.) G. Don, Alocasia zebrina C. Koch. &

Prain Calathea Alocasia
Hort. Veitch, Alocasia plumbea C. Koch ex van Houtte
‘Nigra’, Anthurium crystallinum Lind. & Andre,
Sansevieria hyacinthoides (L.) Druce, Calathea makoyana
E. Morr., Alocasia ‘Black Velvet’, Monstera deliciosa
Liebm.

Figure 6. Venn diagram showing the distribution of

ornamental plants in 5 barangays

In this study, six threatened ornamental plants
were documented (Table 3). The number of threatened

ornamental plants, however, may be under-

represented considering the number of plant

collectors who refused to be interviewed in this study.

Although orchids were among the most sought-
after plant in local and international trade in Southeast
Asia (Phelps & Webb, 2015; Gale et al., 2019; Williams
et al., 2018; Wong & Liu, 2019), this study showed the
incomparable popularity of aroids over the orchids in
Valencia City. The demand for ornamental plants with
aesthetically attractive foliage such as Alocasia,
Aglaonema, Anthurium, Caladium, Monstera, and
Philodendron may be explained by their popularity on
social media. In the Philippines, the glamorized
version of gardening was fueled by celebrities and
social media influencers with millions of followers
(Canuto et al., 2020). Some celebrities show their vast
and expensive collection of flora on various social
media platforms, many of which are aroids such as the
variegated Alocasia worth 20,000 pesos (367 USD) and
Philodendron “Spiritus Sancti” with a price of 300,000
pesos (551 USD) (Cruz, 2020a, 2020b; Pabalate, 2020).
These social media contents encouraged large
audiences to develop interest in ornamental plants as
well with the promise of the plantita lifestyle being a
social status symbol (Canuto et al., 2020). Although
there is a knowledge gap on the influence of social
media influencers on plantita and plantito
phenomenon, the findings of Dalangin et al. (2021)
showed that trustworthy social media influencers in
the Philippines can change consumers’ behaviour and
purchase intention. Furthermore, there is a significant
relationship between the advertising effectiveness and
purchase intention of consumers (Dalangin et al,
2021). Women, in particular, have a higher perception
of social media influencers than male respondents
because women use the internet more often (Dalangin

et al., 2021).

Table 3. List of threatened ornamental plant species recorded in Valencia City, Philippines

Family Species Geographical Conservation Status
Distribution
Araceae Alocasia micholitziana Sander Endemic Vulnerable (DAO 2017-11)
Araceae Alocasia sanderiana W Bull. Endemic Critically Endangered (IUCN 2021-3)
Endangered (DAO 2017-11)
Araceae Alocasia zebrina Schott ex van Endemic Vulnerable (DAO 2017-11)
Melastomataceae  Medinilla cumingii Naudin Endemic Vulnerable (DAO 2017-11)
Nepenthaceae Nepenthes truncata Macfarl. Endemic Endangered (IUCN 2021-3)
Endangered (DAO 2017-11)
Polypodiaceae Platycerium grande (Feé) Sm. ex Pres] ~ Native Critically Endangered (DAO 2017-11)
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Table 4. Frequency distribution of responses among respondents

Perspectives of the Respondents on Plant Collection Frequency/Percentage
Private plant collection 25 (80.64%)
I engage in barter/ exchange 24 (77.41%)
I like rare plants 17 (54.83%)

I like beautiful plants
I like easy to grow plants
I like highly priced plants
I like affordable plants
I like locally available
I collect plants because of my beliefs
I sell my plant collection
Selling plants at home
Selling online through Facebook

18 (58.06%)
18 (58.06%)
14 (45.16%)
14 (45.16%)
12 (38.70%)
02 (6.45%)

09 (29.03%)
02 (6.45%)

The growing public interest in ornamental plants
may have provided easy profit in the middle of the
pandemic-driven economic recession. Yet, this also
contributed to additional demand for highly-priced
rare and endemic plants poached in the wild. Some of
the threatened plants in Digos City, for example, were
collected from the areas of Bukidnon, Sarangani,
Cotabato, and Davao (Cabaobao et al., 2021). Among
the threatened plants illegally collected includes
orchids (i.e., Paphiopedilum acmodontum Schoser ex
M.W. Wood, and Vanda sanderiana (Rchb.f.) Rchb.f.),
aroids (Alocasia  micholitziana  Sander, Alocasia
sanderiana (Schott) G.Don, and Alocasia zebrina Veitch
ex ].Dix), giant staghorn fern (Platycerium grande (Fée)
Kunze), different species of endemic cycads, palms,
hoyas and other economic plants (Cabaobao et al.,
2021). Most of the wild plants like orchids are only
known to occur in certain forest ecosystems in the
Philippines (Buenavista, 2017; Betanio & Buenavista,

2018).

As such, the Department of Environment and
Natural Resources (DENR) issued a public warning
concerning the illegal collection of wild plants which
is strictly prohibited under Republic Act 9147,
the Wildlife
Conservation and Protection Act (Garcia, 2020).
Furthermore, DENR Department Administrative
Order No. 2017-11 prohibited the collection and trade

of threatened species are prohibited unless such acts

otherwise known as Resources

are covered under a permit issued by the DENR and

the species found in areas under a valid tenure
instrument or a parcel of land covered by a title under
the Torrens System (Garcia, 2020). In this study, six
threatened ornamental plants were documented. The
number of threatened ornamental plants, however,
may be under-represented considering the number of
plant collectors who refused to be interviewed in this
study.

The illegal plant trade may be driven by the hype
of having a private collection of ornamental plants
(80.64%) (Table 4). This was reinforced by the public’s
interest in engaging in barter and exchange (77.41%)
of plants for their growing collection, and the interest
for collecting rare plants (54.83%). Moreover, eleven
(11) individuals answered they sell the ornamental
plants on their garden, eight (8) were home-based
selling, two (2) through Facebook, and one (1) through
a garden display. Eighteen (18) individuals stated that
it was for their aesthetic value and another (18)
answered “because it was easy to grow”. Fourteen (14)
stated that collection was based on the affordability
and two (2) individuals collected because of their
belief (e.g., fortune, good karma, lucky charm) (Table
4).

Accordingly, gardening positively affects an

individual’s source of income, livelihood, and
employment opportunities (Guuroh et al., 2012;
Galhena et al., 2013; Legesse et al., 2016), nutrition and

health (Talukder et al., 2010), and life satisfaction and
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quality of life (Soga et al., 2017). In terms of well-being,
reviewed literature and studies provided positive
outcomes. Ambrose et al. (2020) concluded that
household gardening is strongly associated with
increased emotional well-being and positive emotions
such as happiness and meaningfulness. Moreover,
Schmutz et al. (2014) signified that involvement in
gardening promotes good mental health, reduces
stress, depression, and self-harming behaviour as well
as improving alertness, cognitive abilities, and social
and community interactions. In the Philippines, home
gardening has been a livelihood, supplementary
activity, and recreation in rural and urban areas.
Home gardening has been initiated even before the
pandemic to address problems in different areas such
as economics, food security, health, hunger, and
malnutrition (National Anti-Poverty Commission &
International Institute of Rural Reconstruction, 2016).
During the pandemic, home gardening became a form
of relief because it was associated with calling oneself
productive- which refers to having high quantities of
food crops grown and maximizing the use of their
time in times of crisis (Montefrio, 2020). Social media
users described gardening as a different form of
productivity — which is being hardworking and

persevering.

CONCLUSION

The trade of ornamental plants in Valencia City,
Bukidnon, Philippines included 140 morphotypes
(species, cultivars, hybrids, and varieties) belonging to
60 genera and 33 botanical families. This study
elucidates the botanical diversity and socio-economic
dimension of illegal trade of ornamental plants in
Valencia City, Bukidnon. The aroids or arum (Family
Araceae) were the most traded and collected
ornamental plants. It is followed by Acanthaceae,
Asparagacea, = Commelinaceae, = Euphorbiaceae,
Orchidaceae, and Polypodiaceae. A total of six
threatened ornamental plants were recorded in the
trade. The number of threatened ornamental plants,
however, may be under-represented considering the
number of plant collectors who refused to be
interviewed in this study. The illegal plant trade may
be driven by the hype of having a private collection of

ornamental plants. This was reinforced by the public’s

interest in engaging in barter and exchange of plants,
and the interest of collecting rare plants for
commercial purposes. Given its relevance in the field
of conservation science, resource management, and
environmental policy, this study recommends the

following:

1) The local government and other concerned
agency (i.e., Department of Trade Industry,
Department of Environment and Natural
Resources) should check and verify the source
of ornamental plants marketed in Valencia City
to regulate the exploitation and trade of wild
plants, particularly those species harvested
from the forest of Bukidnon and nearby

province.

2) The different online marketing and selling
platforms (i.e,, Facebook marketplace, pages
and groups) should be likewise monitored and
reported to the proper authorities to curb the

activities associated with the illegal plant trade.

3) The impact of restrictive legislation and bans
(i.e., local ordinance) on the illegal wildlife
trade should be revisited for more feasible and

effective implementation.

Public
Awareness (CEPA) materials should also be

4) Communication, Education and

disseminated in light of ornamental plants with
threatened conservation status to promote

public awareness, especially to all plant

enthusiasts.
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Anahtar Kelimeler:

Arpa aniz1

Aniz verimi
Aniz bilesimi
Ham protein
Metabolik enerji

Bu calisma bugday ve arpa tarlalarina ait amizlarm verimi, bilesimi ve ot
kalitesini belirlemek amaciyla yapilmistir. Arastirma 2021-2022 yetistirme
doneminde Canakkale’de yiiriitiilmistiir. Arastirmada bugday ve arpa
tarlalarindan alman aniz Orneklerinin yas ve kuru amiz verimleri, bilesimi (sap,
yaprak, basak ve yabanci ot oranlari) ile bunlarin tiretmis olduklar1 otun kalitesi
(ham protein, ham kiil, NDF, ADF, ADL, TSBM, ME, SE ve NE enerji degerleri)
incelenmistir. Yapilan ¢alismanin sonucunda; ortalama aniz verimleri 297,5 kg/da
olarak gerceklesmistir. Arpa tarlalarinin ortalama kuru aniz verimleri bugday
anizlarina gore %5,7 daha fazla oldugu ortaya ¢ikmistir. Ortalama aniz kuru madde
oran1 %86,8 olmustur. Her iki bitki tiirtine ait anizin %44,7’si sap, %44,2’si yaprak,
%5,8’si basak ve %5,3'ii yabanc otlar olusturmustur. Anizlarin ortalama ham
protein %9,9, ham kiil %10,9, NDF %65,5, ADF %45,7 ve ADL oranlar1 ise %7,7
olmustur. Toplam sindirilebilir besin madde oranlar1 ortalama %>55,6 olurken, arpa
anizin enerji degerleri daha yiiksek bulunmustur. Bu arastirmanin sonucunda; arpa
tarlalarindan elde edilen anizin besin madde kapsami hayvan besleme agisindan

bugday anizina nazaran daha iyi 6zelliklere sahip oldugu ortaya ¢ikmustir.
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This study was carried out to determine the yield, composition and forage quality
of wheat and barley stubbles collected from the harvested fields of the said crops.
The experiment was conducted in Canakkale during the crop growing seasons of
2021 and 2022. In this study, the yields, compositions (ratios of stalk, leaf, weed and
spike), along with the quality of forage (crude protein, crude ash, NDF, ADF, ADL,
TSBM, ME, SE and the energy values of NE) of fresh and dry stubbles, taken from
wheat and barley fields, were investigated. An average of 297.5 kg/da stubble yields
were obtained as the result of this study. Consequently, it has been revealed that the
average dry stubble yields of barley fields were 5.7% higher than that of the wheat
stubbles. Hence, the average stubble dry matter ratio was recorded as 86.8%. It is
concluded that the 44.7%, 44.2%, 5.8% and 5.3% of the stubbles of both plant species
formed the stalk, leaf, spike and weed, respectively. The average crude protein,
crude ash, NDF, ADF and ADL ratios of the stubbles were noted as 9.9%, 10.9%,
65.5%, 45.7% and 7.7%, respectively. The energy values of barley stubble were found
to be higher, while the total digestible nutrient matters were recorded as an average
of 55.6%. The overall results of this study showed that the nutrient content of stubble
obtained from barley fields has better properties in terms of animal nutrition as

compared to the stubbles of wheat.

GIRiS

bolgemizde ve iilkemizde yapilan ¢alismalarin

olmadig1 goriilmiistiir.

Tiirkiye’de hayvanciligin temel sorunlar1 arasinda
kaliteli ve yeterli kaba yem {iretiminin istenilen
diizeyin altinda olmasi onemli bir yer tutmaktadir.
Tarla alanlarinda {iretilen yem bitkilerinin yeterli
olmamast hem hayvanlarin verim gliclerinin
azalmasina hem de meralarin tizerindeki baskinin
artmasina neden olmaktadir (Gokkus vd. 2017a).
Hayvancilikta temel masraflarin %70’lik kismini yem
giderleri olusturmaktadir. Bu giderlerin ise %78’i kaba
yemlerden, %22 ise kesif yemlerden olusmaktadir
(Algicek vd., 2010; Kusvuran vd., 2011; Turan vd.,
2015; Bicakgi & Acikbas, 2018; Harmansah, 2018).
Ulkemizde hayvan yetistiriciligi agisindan 3 temel
kaba yem kaynag mevcuttur. Bunlar i) cayir ve
meralar, ii) tarla ziraati icerisinde {iretimi yapilan yem
bitkileri ve iii) tarim {irlinlerinin hasadindan geriye
kalan sap, saman vb. bitki atiklarindan olusmaktadir.
Fakat sap ve saman atiklar1 gibi kullanilan kaba yem

kaynaklarinin verim ve kalite degerleri ile ilgili

Tiirkiye’de tarla bitkilerinin ekim alan1 2022
itibariyle (16.510.000 hektar) toplam alanin (38.482.000
hektar) %42,90'ma denk gelmektedir. Bu alan
iceresinde tahillar ilk sirada yer almaktadir. Yem
bitkilerinin ekim alani ise 2.2558.247 hektardir (TUIK,
2022). Mevcut cayir ve meralar yonetim ilkelerine
uygun olmayan kullanimlar1 nedeniyle yeterli
miktarda ot iiretilmemektedir. Yem bitkilerinin ekim
alaninin  ise ¢ok disiik seviyelerde oldugu
goriilmektedir. Buna alternatif olarak iilkemizde sap,
saman vb. kaba yem kaynaklar1 kullanilmaktadir.
Bunlarin basinda ise aniz otlatma gelmektedir. En
fazla otlatilan aniz ise en ¢ok ekilen bugday ve arpa
anizlaridir. Hasat sonrasi tarimsal artik olarak tarlada
kalan kisim tiim diinyada oldugu gibi {ilkemizde de
genel olarak hayvan beslemede, toprak isleme
yontemleri ile topraga karistirilarak veya yakilarak
tarim alanlarindan ¢ikarilmaktadir. Bugday ve arpa

yetistirilen alanlarda hasattan sonra olusan sap ve
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dane artiklar1 hayvan beslemede olduk¢a yaygin bir
sekilde kullanilmaktadir. Fakat yapilan literatiir
arastirmalarinda otlatilan bu alanlardan ne kadar

kaba yem alindig1 ve bunun ne O0lciide besleyici

oldugu konusunda yeterince calismaya
ulagilamamigtir. Tarlada kalan bitki artiklarinin
hasattan sonra degerlendirilmesi hem topraga

karistirilarak organik maddesine katkida bulunacak
hem de hayvan beslenmesinde yem ihtiyacim
karsilayacak durumdadir. Kurak yaz periyodunda
aniz alanlar1 (Ozellikle bugday amizlar1) otlayan
hayvanlar i¢in ciddi anlamda yem kaynagidir. Aniz
bilesiminde bulunan bitkilerin sap, yaprak, saman ve
dane gibi artiklari ile yesil olan yabanci otlar, dogal
meranin {iretiminin sinurl oldugu dénemde 6nemli

yem kaynag1 olusturmaktadir (Gokkus vd., 2017b).

Ulkemizde tahillar icerisinde en fazla yetistirilen
bugday ve arpanin hasadindan sonra kalan anizinin
yem olanaklarmin calisilmas: ve Snemle iizerinde
durulmasi gerekmektedir. Dolayisiyla bu c¢alisma
bugday ve arpa tarlalarna ait anizlarin verimlerini
(vas ve kuru verimler), bilesimlerini (sap, yaprak,
basak ve yabanci ot orani) ve kimyasal igeriklerini
(ham protein, ham kiil, nétr deterjanda ¢6ziinmeyen

lif (NDF), asit deterjanda ¢oziinmeyen lif (ADF) ve asit
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deterjanda ¢oziinmeyen lignin (ADL), sindirilebilirligi

ve  enerji  degerleri)  belirlemek  amaciyla

yuriitilmustiir.
MATERYAL VE YONTEM

Aragstirma bugday ve arpa tarlalarinda kalan
anizin verimi, bilesimi ve besin madde kapsamini
2021-2022 yetistirme

ciftci

ortaya koymak amaciyla
Canakkale’de

ylirlitiilmiistiir. Deneme alaninin topraklar killi-tinhh

doneminde kosullarinda
biinyeye sahip olup, toprak reaksiyonu agisindan notr
karakterdedir. Topraklar orta kiregli, organik madde
bakimindan orta, fosfor igerigi orta ve potasyum
bakimindan noksan oldugu tespit edilmistir.
Meteoroloji Genel Miidiirliigii tarafindan Canakkale
ilinin uzun yillar sicaklik ortalamas: 15,09°C olarak
rapor edilmistir. Deneme ortalama
sicakliklar1 2020 yilinda 17,01°C ve 2021 yilinda

17,58°C olmak iizere uzun yillar ortalamasmin

yillariin

tizerinde yer almistir. Denemenin ytiriitildiigii 6 aylik
donemdeki (Mayis basi-Ekim sonu) uzun yillar ait
toplam yagis miktarlar1 149,9 mm’dir. Arastirmanin

ilk yilinda bu donemlerde diisen yagis miktar1 157,5

mm iken, ikinci yilda ise 201,2 mm yagis diismiistiir
(Sekil 1).
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Figure 1. Data regarding to climate of the years in which the experiment was established

Sekil 1. Denemenin kuruldugu yillara ait iklim verileri
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Ureticilerden alinan yetistiricilik bilgileri su
sekilde gerceklesmistir. Toprak sonbaharda pullukla
siirtilmiistiir. Ekim oncesi toprak diskaro, tirmik vb.
uygun aletlerle bir kez daha inceltilip ekime hazir hale
getirilmistir. Ekimle birlikte 20-20-0 kompoze
glibrelerden 20-25 kg arasi, ikinci kismi subat ay:
sonunda tire (%46 N) formunda 8-10 kg/da aras1 ve
son flicte birlik kismi da mart ay1 sonunda nitrat
formunda 16-20 kg/da aras: tarlaya serpme suretiyle
uygulanmustir. Ornek alinan tarlalarda bugdayin Bora
ve arpanin ise Efsane cesitleri kullanilmistir. Ekim
islemi tahil mibzeri ile yapilmis olup m?de 500-550
tohum dekara ise 20-22 kg olacak sekilde yapilmuistir.
Ekim zamani 15 Ekim-15 Kasim tarihleri arasinda
yapilmistir. Ekim derinligi 5-6 c¢cm olacak sekilde
yapilmistir. Hasat islemi arpa icin haziran ayinda,
bugday igin ise temmuz ay1 iginde bicerdoverle
yapilmustir. Ornekleme yapilan tarlalara ait verimler
arpada ortalama 550 kg/da bugdayda ise 530 kg/da
olmustur.

Calismada 5’er adet bugday ve arpa tarlalarinda
calisilmigtir. Her bir tarladan 5’er adet olmak {izere
bugdaydan 20 ve arpadan 20 toplamda ise 40 6rnek
alinmistir. Ornek alirken 0,5x0,5 m ebatlarinda
gerceveler kullanilmistir. Alnan Ornekler bez
torbalara konulup Canakkale Onsekiz Mart
Universitesi ~ Ziraat Fakiiltesi ~Tarla  Bitkileri
Laboratuvarma getirilmistir. Ornekler sap, yaprak,
basak ve yabanci ot olarak ayrilip verim ve kalite
degerleri incelenmistir. Calismada yesil ve kuru ot
verimleri Altin & Gokkus (1988), ham kiil oranlar
AOAC (1990), ham protein oranlar1 Bremner (1960),
sindirilebilir kuru madde Morrison (2003), NDF (notr
deterjanda c¢oziinmeyen lif), ADF (asit deterjanda
¢oziinmeyen lif) ve ADL (asit deterjanda ¢6ziinmeyen
lignin) oranlar1 Van Soest vd. (1991) tarafindan

bildirilen yoOntemlere gore analizleri yapilmistir.

Toplam sindirilebilir besin maddesi orani (TSBM)
hesaplanmasi1 icin de Morrison (2003) referans

alinmistir (Denklem 1).
TSBM (%) = 96,35 — (0,779 X %ADF) 1)

Ayrica metabolik enerji (ME), sindirilebilir enerji
(SE) ve net enerji laktasyonu degerleri (NEL)
Anonim’e (2023) gore yapilmistir (Denklem 2-4).

ME (Mkc;l KM) = (0,0445 x %TBSM) — 0,45 )
SE(Mcal/kg KM) = 0,04409 X %TSBM 3)

NEL (Mcal/kg KM) = 2,0407 — (0,0175 X %ADF)(4)

Arastirmadan elde edilen veriler tesadiif bloklar
deneme desenine gore yapilmistir. Ortalamalarin
kargilagtirilmasinda LSD c¢oklu karsilastirma testi
uygulanmistir. Verilerin istatistik analizlerinde SAS
ve JMP 13 (SW) istatistik paket programlar1 (SAS,
1999) kullanilmistr.

BULGULAR

Yas ve Kuru Aniz Verimi ile Aniz Kuru Madde

Orani

Bugday ve arpa anizlarmin yas ve kuru aniz
verimleri kuru madde oranlar1 yapilan istatistik
sonucu bitki gruplarina gore 6nemsiz bulunmustur.
Bugday anizinin ortalama yas agirligi 320,40 kg/da
arpa anmizinin ise 366,72 kg/da olarak belirlenmistir.
Bugday anizinin ortalama kuru agirligi 288,80 kg/da
iken, arpa anizinin ise 306,24 kg/da olarak
bulunmustur. Bugday anizinin ortalama kuru madde
orani %88,91 iken bu oran arpa anizinda %®84,73 olarak
belirlenmistir (Tablo 1).

Table 1. Fresh and dry weights (kg/da) and dry matter ratios (%) of wheat and barley stubbles
Tablo 1. Bugday ve arpa anizlarina ait yas ve kuru agirliklar (kg/da) ile kuru madde oranlar: (%)

Parametre Bugday Arpa Ortalama Onemlilik
Aniz yas agirlik (kg/da) 320,40 366,72 343,56 0,2921
Aniz kuru agirlik (kg/da) 288,80 306,24 297,52 0,6578
Aniz kuru madde orani (kg/da) 88,91 84,73 86,82 0,1972

Not: Kalin yazilanlar yillar arasindaki farkliliklar: belirtmektedir.
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Table 2. Fresh and dry weight, and dry matter ratios of wheat and barley stubbles (%)

Tablo 2. Bugday ve arpa anmizlarumn yas agirlik, kuru agirlik ve kuru madde oranlari (%)

Kisim Ozellik Bugday  Arpa Ortalama

Yaprak Yas yaprak agirlig (kg/da)-YYA 33,45 36,40 34,92
Kuru yaprak agirlig: (kg/da)-KYA 31,93 34,72 33,33
Yaprak kuru madde orani (%)-YKMO 95,84 95,72 95,78
Onemlilik: Pvva:0,5382, Pxva:0,5364, Pvivo:0,8628

Sap Yas sap agirlig: (kg/da)-YSA 36,49 40,76 38,63
Kuru sap agirlig: (kg/da)-KSA 32,10 35,35 33,73
Sap kuru madde orani1 (%)-SKMO 85,98 85,59 85,79
Onemlilik: Pysa:0,4694, Pxsa:0,5656, Pskmo:0,8956

Basak Yas basak agirlig: (kg/da)-YBA 6,75 3,32 5,04
Kuru basak agirlig: (kg/da)-KBA 6,16 2,56 4,36
Basak kuru madde orani (%)-BKMO 82,77 a 65,80 ° 74,29
Onemlilik: Pysa:0,1039, Pxsa:0,0755, Psxmo:0,0060

Yabana ot Yas yabanci ot agirhig: (kg/da)-YYOA 3,43 " 16,322 9,88
Kuru yabanci ot agirlig: (kg/da)-KYOA 1,88% 6,122 4,00
Yabanc1 ot kuru madde orani (%)-YOKMO 50,33 52,50 51,42
Onemlilik: Pyvoa:0,0147, Pxvoa:0,0166, Pyoxvo:0,7369

Aniz Bilesimi  Yaprak orani (%)-YO 46,22 4415 45,19
Sap orani (%)-SO 44,13 43,52 43,83
Basak orani (%)-BO 7,12a 3,36 b 5,24
Yabanc1 ot orani (%)-YOO 2,53 b 8,98 2 5,76

Onemlilik: Pv0:0,5722, Ps0:0,8717, P5o:0,0204, Pv00:0,0086

Aniz Bilesimi

Bugday ve arpa anizlarinin yapraklarina ait yas ve
kuru agirhk ile kuru madde oranlarma yapilan
varyans degerlendirmesine gore istatistiki olarak
Oonemli degisim gostermedigi tespit edilmistir. Buna
gore her iki bitki grubunun anizlarinda bulunan kuru
yaprak agirliklar1 dekara 31-34 kg olurken, kuru
madde oranlan ise yaklasik olarak %95 civarinda

seyretmistir (Tablo 2).

Bugday ve arpa amizlarinda bulunan bitkilere ait

sap degerleri agisindan yapilan varyans analizi

degerlendirmesine gore yas sap ve kuru sap agirliklar:
ile sap kuru madde oranlar1 bakimindan istatistiki
olarak 6nemli degisim tespit edilmemistir. Buna gore
bugday ve arpa bitkilerinin dekara ortalama yas sap
agirliklar1 36-40 kg ve kuru sap agirliklari ise 32-35 kg
arasinda degisim gostermistir. Sap kisimlarma ait
ortalama kuru madde oranlarinin ise %85 civarinda

oldugu tespit edilmistir (Tablo 2).

Bugday ve arpa anizlarindan elde edilen basak

degerleri agisindan yapilan

varyans
degerlendirmesine gore yas ve kuru agirliklar: 6nemli

degisim gostermez iken, sadece basak kuru madde
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oranlarindaki degisim istatistiki olarak onemlilik arz
etmistir. Bugday amizinda kuru basak agirhig
ortalama 6 kg iken bu rakam arpa amizinda 2 kg
seviyelerinde olarak belirlenmistir. Bugday anizinda
bulunan bagaklarin kuru madde oranlar1 %80 iken, bu
oran arpa anizinda %60 civarlarinda olmustur (Tablo

2).

Aniz tarlalarinda bulunan yabanc otlarin yas ve
kuru agirliklar1 agisindan yapilan varyans analizi
sonuglari bugday ve arpa anizlarina gore farklilik
gosterirken, yabanci otlarin kuru madde oranlar:
bakimindan ise bu farklihik 6nemli oranda degisim
gostermemistir. Arpa anizindaki yas yabanci ot
miktar1 yaklasik olarak 16 kg iken bu deger bugday
anizinda 3 kg'a diismiistiir. Yabanct otlarin kuru
agirliklar ise sirasiyla 6,12 kg ve 1,88 kg olmustur.
Yabanci otlarin ortalama kuru madde oranlarinin ise

%50 civarinda oldugu tespit edilmistir (Tablo 2).

Bugday ve arpa anizlariin bilesimlerinin oranlar
agisindan yapilan varyans degerlendirmesine gore
yaprak ve sap oranina gore degisim 6nemsiz olurken,
basak ve yabanci ot oranlarindaki degisim ise 6nemli
diizeyde gerceklesmistir. Bugday ve arpa anizlarimin
ortalama yaprak oranlar1 %45 ve sap oranlari ise %44
olmustur. Ortalama basak orani bugday anizlarinda
daha yiiksek tespit edilmistir. Bunun yaninda yabanci
ot orani ise bugday amizinda %2,53 iken, bu rakam

arpa anizinda %8,98’e yiikselmistir (Tablo 2).

Ham Protein Orani

Bugday ve arpa anmizlarinin protein igerikleri bitki
arpa) (PB: 0,0001), Dbitki
kisimlarina (sap, yaprak, basak ve yabanci ot) (PBK:

gruplarina (bugday,

0,0001) ve bunlar arasindaki etkilesimlere gore énemli
(PBxBK: 0,0001).

anizinin ortalama ham protein igerigi %7,87 iken bu

degisim gOstermistir Bugday
rakam arpa anizinda %11,95’e yiikselmistir. Bitki
kisimlarina gore en yiiksek protein igerigi %15,11 ile
yabanci ot ve %13,20 ile basak kisminda belirlenirken,
en diisiik degerler ise %5,88 ile yaprak ve %5,43 ile sap
kisimlarinda tespit edilmistir. Etkilesimlerde ise arpa
anizi igerisinde bulunan yabanci otlarin ham protein
igerikleri %18,38 ile ilk sirada gelirken, bunu %15,89
ile arpa basaklar1 ve %11,84 ile bugday anizinda
bulunan yabanci otlar takip etmistir. En diisiik

degerler ise %4,57 ve %4,54 ile bugdaymn sap ve
yaprak kisimlarinda belirlenmistir (Tablo 3).

Ham Kiil Oran1
Bugday ve arpa anizlarinin ham kiil igerikleri bitki

arpa) (PB: 0,0360), bitki
kisimlarina (sap, yaprak, basak ve yabanci ot) (PBK:

gruplarma (bugday,

0,0001) ve bunlar arasindaki etkilesimlere gore 6nemli
(PBxBK: 0,0049).

anizinin ortalama ham kiil igerigi %10,12 iken bu

degisim goOstermistir Bugday
rakam arpa anizinda %11,70’e yiikselmistir. Bitki
kisimlarina gore en yiiksek kiil igerigi %15,22 ile
yaprak kisminda tespit edilirken, bunu %11,38 ile sap
ve %11,11 ile yabanci otlarin ham kiil igerikleri
izlemigtir. En diisiik ham kiil orani ise %5,92 ile basak
kisminda belirlenmistir. Etkilesimlerde ise arpa anizi
igerisinde bulunan arpa bitkisinin yapraklarimin ham
kiiligerikleri %18,08 ile en yiiksek seviyedeyken, bunu
%12,57 ile arpa saplari, %12,36 ile bugday yaprak ve
bugday anizindaki yabanci otlarla, %10,68 ile arpa
anizi yabanci otlar1 ve %10,18 ile bugday saplar
izlemistir. En diisiik degerler ise %6,38 ve %5,46 ile
bugday ve arpa basaklarinda tespit edilmistir (Tablo
3).

NDF, ADF ve ADL Oranlan

Bugday ve arpa anizlarinin NDF oranlar1 bitki
arpa) (PB: 0,0001), bitki
kisimlarina (sap, yaprak, basak ve yabanci ot) (PBK:

gruplarma (bugday,

0,0001) ve bunlar arasindaki etkilesimlere gore 6nemli
(PBxBK:  0,0001).

anizinin ortalama NDF icerigi %70,33 iken, bu rakam

degisim gostermistir Bugday
arpa anizinda %60,61’e diismiistiir. Bitki kisimlarina
gore en yiiksek NDF icerigi %77,99 ile yaprak ve
%73,88 ile sap kisminda belirlenirken, en diisiik
degerler ise %57,65 ile basak ve %52,38 ile yabanci ot
kisimlarinda belirlenmisgtir. Etkilesimlerde ise bugday
anizi igerisinde bulunan bugday yapraklariin NDF
%83,12 ile en
seyretmistir. Bunu %75,60 ile bugday saplari, %72,85

igerikleri yliksek  seviyelerde
ile arpa yapraklar1 ve %72,15 ile arpa saplar takip
ederken, en diisiik degerler ise %62,61 ile bugday
anizi igerisinde bulunan yabanci otlar, %59,96 ile
bugday basaklari, %55,31 ile arpa basaklar1 ve %42,15
ile arpa amniz1 igerisinde bulunan yabanci otlarda

belirlenmistir (Tablo 3).
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Bugday ve arpa anizlarinin ADF orami bitki
arpa) (PB: 0,0001), bitki
kisimlarma (sap, yaprak, basak ve yabanci ot) (PBK:

gruplarina (bugday,

0,0001) ve bunlar arasindaki etkilesimlere gore dnemli
(PBxBK: 0,0001).

ortalama ADF orani %48,23 iken bu rakam arpa

bulunmustur Bugday anizinin
anizinda %43,21’e diismiistiir. Bitki kisimlarina gore
en yiiksek ADF orani %52,96 ile sap ve %50,74 ile
yaprak kisminda belirlenirken, en diisiik degerler ise
%42,15 ile %37,01 ile basak

kisimlarindadir. Etkilesimlerde ise bugday amzi

yabanc1 ot ve

igerisinde bulunan bugday saplar1 %53,58 ile en
yliksek ADF igerigine sahip iken %52,80 ile bugday
yapraklari, %52,35 ile arpa saplari, %48,69 ile arpa
yapraklar1 ve %46,61 ile bugday amizi igerisinde
bulunan yabanci otlar izlemistir. En diisiik ADF
degerlerine %39,93 ile bugday basaklari, %37,68 ile
arpa aniz1 igerisinde bulunan yabanai otlar1 ve %34,10

ile arpa basaklarinda rastlanmistir (Tablo 3).

Bugday ve arpa amzlarmin ADL oram bitki
arpa) (PB: 0,0001), bitki
kisimlarina (sap, yaprak, basak ve yabanci ot) (PBK:

gruplarina (bugday,
0,0001) gore oOnemli degisim gosterirken bunlar
arasindaki etkilesimlere gore onemsiz bulunmustur
(PBxBK: 0,1172). Bugday amzmin ortalama ADL
igerigi %8,05 iken bu rakam arpa amizinda %7,29'a
diismiistiir. Bitki kisimlarina gore en yiiksek ADL
igerigi %8,70 ile sap ve %7,95 ile yabanci ot kisminda
tespit edilirken en diisiik degerler ise %7,04 ile yaprak
ve %6,99 ile basak kisimlarinda belirlenmistir (Tablo
3).

Toplam Sindirilebilir Besin Maddesi Oran1

Bugday ve arpa amizlarmin toplam sindirilebilir
besin maddesi (TSBM) igerikleri bitki gruplarina
(bugday, arpa) (PB: 0,0001), bitki kisimlarina (sap,
yaprak, basak ve yabanc ot) (PBK: 0,0001) ve bunlar
arasindaki etkilesimlere gore Onemli
(PBxBK: 0,0001).

ortalama TSBM igerigi %53,76 iken bu rakam arpa

degisim
gOstermistir Bugday anizinin
anizinda %57,35 e yiikselmistir. Bitki kisimlarina gore
en yiiksek TSBM igerigi %61,77 ile basak ve %58,10 ile
yabanci ot kisminda belirlenirken, en diisiik degerler
ise %51,97 ile yaprak ve %50,38 ile sap kisimlarinda
tespit edilmistir. Etkilesimlerde ise arpa basaklarinin

TSBM igerikleri %63,85 ile ilk sirada gelirken bunu

%61,29 ile arpa ariz1 igerisinde bulunan yabanci otlar,
%59,69 ile bugday basaklar, %54,91 ile bugday amzi
icerisinde bulunan yabanci otlari, 53,44 ile arpa
yapraklar takip etmistir. TSBM oranlarinda en diisiik
degerlere ise %50,82 ile arpa saplari, %50,50 ile
bugday yapraklar1 ve %49,94 ile bugday saplarinda
ulasilmistir (Tablo 3).

Metabolik, Sindirilebilir ve Net Enerji Degerleri

Bugday ve arpa anizlariin metabolik enerji (ME)
oranlar1 bitki gruplarina (bugday, arpa) (PB: 0,0001),
bitki kisimlarina (sap, yaprak, basak ve yabanci ot)
(PBK: 0,0001) ve bunlar arasindaki etkilesimlere gore
(PBxBK: 0,0001).

anizinin ortalama ME oran1 %1,94 iken bu rakam arpa

onemli bulunmustur Bugday
anizinda %2,10’a yiikselmistir. Bitki kisimlarina gore
en yiliksek ME orani %2,30 ile basak ve %2,13 ile
yabanci ot kisminda belirlenirken bunu %1,86 ile
%1,79 ile

Etkilesimlerde ise arpa basaklar1 %2,39 ile en yiiksek

yaprak ve sap kisimlar1 izlemistir.
ME igerigine sahip iken bunu %2,28 ile arpa amnizi
igerisinde bulunan arpa yabanci otlar, %2,21 ile
bugday basaklari, %1,99 ile bugday aniz1 igerisinde
bulunan yabanc otlar ve %1,93 ile arpa yapraklar
izlemistir. En diisiik ME degerlerine %1,81 ile arpa
saplari, %1,80 ile bugday yapraklar ve %1,77 ile

bugday saplarinda ulasilmistir (Tablo 3).

Bugday ve arpa anizlarinin sindirilebilir enerji (SE)
oranlar1 bitki gruplarmna (bugday, arpa) (PB: 0,0001),
bitki kisimlarina (sap, yaprak, basak ve yabanci ot)
(PBK: 0,0001) ve bunlar arasindaki etkilesimlere gore
(PBxBK: 0,0001).

anizinin ortalama SE oran1 %2,37 iken bu rakam arpa

onemli bulunmustur Bugday
anizinda %?2,53’e yiikselmistir. Bitki kisimlarma gore
en yiiksek SE orami %2,72 ile basak ve %2,56 ile
yabanci ot kisminda belirlenirken bunu %2,29 ile
%2,22 ile

Etkilesimlerde ise arpa basaklar1 %2,81 ile en yiiksek

yaprak ve sap kisimlar1 izlemistir.
SE icerigine sahip iken bunu %2,70 ile arpa amzi
icerisinde bulunan yabanci otlar, %2,63 ile bugday
basaklari, %1,42 ile bugday amnizi icerisinde bulunan
yabanci otlar ve %2,35 ile arpa yapraklari izlemistir.
En diisiik SE degerlerine %2,24 ile arpa saplari, %2,23
ile bugday yapraklar1 ve %2,20 ile bugday saplarinda

ulasilmistir (Tablo 3).
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Table 3. Nutrient contents of different parts of wheat and barley crop stubbles (%)

Tablo 3. Bugday ve arpa anizlarimin farkls bitki kissmlarina ait besin madde icerikleri (%)

Besin Madde I¢erigi (%) Bitki Grubu Sap Yaprak Basak Yabanci ot Ortalama

Ham Protein Bugday 4,57 ¢ 4,54 ¢ 10,514 11,84« 7,87 B
Arpa 6,30 f 7,22¢ 15,89 b 18,38 2 11,954
Ortalama 543 ¢ 5,88 ¢ 13,208 15,114 -
Onemlilik Psitki 8):0,0001, Phitki kismu 8x):0,0001, Pexsx:0,0001

Ham Kiil Bugday 10,18 " 12,36 6,38 ¢ 12,36 b 10,128
Arpa 12,57 18,08 = 5,46 ¢ 10,68 11,70 4
Ortalama 11,38 B 15,22 A 592¢ 11,118 -
Onemlilik Psitki 8):0,0360, Pitki kismi (8x):0,0001, Pr~sx:0,0049

NDF Bugday 75,60 b 83,122 59,96 ¢ 62,614 70,33 A
Arpa 72,15¢ 72,85 ¢ 55,31f 42,15 60,61 B
Ortalama 73,88 B 77,99 A 57,64 ¢ 52,38 P -
Onemlilik Psitxi 8):0,0001, Phitki kismu 8x):0,0001, Pexsx:0,0001

ADF Bugday 53,58 a 52,80 ab 39,93 ¢ 46,614 48,23 A
Arpa 52,35b 48,69 « 34,10 & 37,68 £ 43,218
Ortalama 52,96 & 50,74 B 37,01 D 42,15¢ -
Onemlilik Psitki 8):0,0001, Psitki kismu 8%):0,0001, Pexsx:0,0001

ADL Bugday 9,06 2 7,52 ¢ 7,46 ¢ 8,160 8,054
Arpa 8,340 6,56 4 6,54 4 7,73 ¢ 7,29 B
Ortalama 8,70 A 7,04 ¢ 6,99 € 7,958 -
Onemlilik Psiwki 8):0,0001, Pitki kismi 8):0,0001, Prxsx:0,1172

TSBM Bugday 49,94 ¢ 50,50 fg 59,69 ¢ 54,914 53,76 B
Arpa 50,82 f 53,44 ¢ 63,85 2 61,29° 57,35 A
Ortalama 50,38 P 51,97 ¢ 61,77 A 58,10 B -
Onemlilik Psitxi 8):0,0001, Phitki kismu 8x):0,0001, Pexsx:0,0001

ME Bugday 1,77 8 1,80 f8 2,21 ¢ 1,99 d 1,948
Arpa 1,81¢ 1,93 2,39 a 2,28 b 2,104
Ortalama 1,79 D 1,86 ¢ 2,30 A 2,138 -
Onemlilik Psitki 8):0,0001, Psitki kismi 8K):0,0001, P=6x:0,0001

SE Bugday 2,208 2,23 fs 2,63 ¢ 2,424 2,37 B
Arpa 2,24 ¢ 2,35¢ 2,81 2,70 2,53 A
Ortalama 2,220 2,29 ¢ 2,72 A 2,56 B -
Onemlilik Psitki 8):0,0001, Psitki kismu 8K):0,0001, P=6x:0,0001

NEL Bugday 1,108 1,12 18 1,34 ¢ 1,224 1,208
Arpa 1,12¢ 1,19 1,44 2 1,38" 1,294
Ortalama 1,110 1,15¢ 1,394 1,308 -
Onemlilik Psitki 8):0,0001, Phitki kismi 8):0,0001, P«5x:0,0001

Bugday ve arpa anizlariin net enerji laktasyonu

(NEL) oranlar1 bitki gruplarma (bugday, arpa) (PB:

0,0001), bitki kisimlarma (sap, yaprak, basak ve
yabanci ot) (PBK: 0,0001) ve bunlar arasindaki
etkilesimlere gore oOnemli bulunmustur (PBxBK:

0,0001). Bugday anizinin ortalama NEL oram %1,20

iken bu rakam arpa anizinda %1,29'a yiikselmistir.

Bitki kisimlarina gore en yiiksek NEL oram %1,39 ile

basak ve %1,30 ile yabanci ot kisminda belirlenirken

bunu %1,15 ile yaprak ve %1,11 ile sap kisimlari takip
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etmistir. Etkilesimlerde ise arpa amnizi igerisinde
bulunan basaklar1 %1,44 ile en yiiksek NEL igerigine
sahip iken bunu %1,38 ile arpa amzi igerisinde
bulunan yabanci otlar, %1,34 ile bugday basaklari,
%1,22 ile bugday amnizi igerisinde bulunan yabanci
otlar1 ve %1,19 ile arpa yapraklar: izlemistir. En diisiik
NEL degerleri ise %1,12 ile arpa saplar1 ve bugday
yapraklar1 ve %1,10 ile bugday saplarinda tespit
edilmistir (Tablo 3).

TARTISMA

Yiriitiilen bu arastirmada bitki kisimlarima gore
ham protein igerikleri 6nemli farkliliklar gostermistir.
En yiiksek ham protein igerigi anizda bulunan yabanci
otlarda belirlenmistir. Yabanci ot olarak anizlarda en
fazla tarla sarmasig1 (Convolvulus arvensis L.) bitkisine
rastlanilmistir. Canbolat (2012) tarafindan yapilan
calismaya gore bu bitkinin ortalama protein igerigi ise
ciceklenme Oncesi %23,83, ciceklenme doneminde
%20,71 ve tohum baglama doneminde ise %16,63
olarak rapor edilmistir. Dolayisiyla tarla anizlarindaki
yabaci otun protein igeriginin yiiksek olmas: tarla
sarmasgiginin oraninin fazla olmasimdan
kaynaklanmistir. Bagaktaki protein igerigi yabanci
ottan sonra ikinci sirada yer almustir. Beklenildigi
lizere basakta bulunan tanelerin protein igerikleri
yliksek oldugundan dolayr basagin ham protein
seviyesini ytikseltmistir. Basagin dolmasi ve gelismesi
bitki
maddeleri sayesinde gerceklesmektedir (Dalling vd.,
1976; Simpson vd., 1983; Bancal, 2009). Tahillarda

azotun birikimi ilk 6nce yaprak ve sap gibi vejetatif

diger organlarindan gelen asimilasyon

organlarda olurken, basaklanma doneminden sonra
buralardaki azot basaklara aktarilmaktadir (Dalling
vd., 1976; Hortensteiner & Feller, 2002). Sap ve yaprak
kismin protein seviyelerinin basak ve yabanci ota gore
disiik bitkinin

olgunlagmasina olarak diigsmiistiir.

oranlarda  seyretmesi  ise

baglh Aniz
donemindeki arpa ve bugday yaprak ve saplar1 kuru
oldugu icin protein oranlar1 disiiktiir. Bitkilerde
olgunlasmaya baghh olarak protein igeriklerinde
distisler olmaktadir (Stone vd. 1960; Collins &
Moore, 1995). Bunun nedeni ise olgunlasma ile
bitkilerin hiicre duvar1 maddelerinde (seliiloz,
hemiseliiloz ve lignin) artis, protoplazma igeriklerinde

ise diisiis gerceklesmesidir. Bu da bitkilerin

olgunlasma ile sindirilme oranlari ile birlikte protein
igeriklerinde de diisiislere neden olmaktadir. Arpa
tarlalarindan alinan anizin ham protein igeriginin
bugday anizindan yaklasik olarak %35 daha yiiksek
oldugu ortaya ¢ikmistir. Bunun nedenlerinden ilki
bitkilerin genetik olarak farkli olmasi, ikincisi ise arpa
anizinda yabanci ot oraninin fazla olmasidir. Bu
durum anizin ham protein igerigini artirmistir. Gevis
getiren hayvanlarin tiikettikleri
diizeyinin en az %10,60 olmasi gerektigi (NRC, 2001)

dikkate alimirsa bugday amizi bu ihtiyaca cevap

otun protein

vermezken, arpa anmizinin hayvanlar i¢in yeterli ham

protein iceren yem {irettigi ortaya ¢ikarilmstir.

Bitkilerin ham kiil igerikleri arasinda Onemli
farkliliklar ortaya ¢ikmistir. Nitekim arpanin ham kiil
icerigi bugdaydan %3,4 daha fazla bulunmustur.
Bitkilerin genetik farkliliklar: igermis oldugu besin
maddesi farkliliklar
¢ikarmaktadir (Manga & Acar, 1988; Khan vd., 2006;
Kering vd., 2011; Ozyazic1 & Acikbas, 2019). Bunun

yaninda bitki kisimlarinin ham kiil oranlarinda da

miktarlarinda da ortaya

onemli diizeyde degisimler gerceklesmistir. Ham kiil
orani yaprak ve o donemde yesil olan yabanci otlarda
yiiksek ¢ikmistir. Yapraklarin besin maddesi igerikleri
diger bitki kisimlarina nazaran daha yiiksektir.
Nitekim bitki kissmlarimin besin maddesi iceriklerinin
farkli oldugu bir¢ok calismada ortaya konmustur
(Chacon & Stobbs, 1976; Chacon vd., 1978; Forbes &
Coleman, 1993).

Bugday ve arpa anizlarmin hiicre duvar
maddeleri (NDF, ADF ve ADL) bitki ¢esidine, aniz
icerigine ve bunlar arasindaki etkilesimlere gore
Oonemli degisim gostermistir. Bugday amizi genel
olarak arpa amnizindan daha yiiksek seliiloz,
hemiseliiloz ve lignin igerigine sahip olmustur. Bunun
temel nedeni Dbitkilerin genetik olarak farklh
olmasindan kaynaklanmaktadir (Manga & Acar, 1988;
Khan vd., 2006; Kering vd., 2011; Ozyazml & Acikbas,
2019). Aniz igeriginde ise sap ve yaprak kismin
sindirim degerleri basak ve yabanci ota gore oldukga
yliksek bulunmustur. Normal sartlarda bitkinin sap
kisminin sindirilme orami diger kisimlara nazaran
daha yiiksektir. Yaprak/sap orami otun tiiketimi ve
kalitesinde onemli bir faktordiir (Chacon & Stobbs,
1976, Chacon vd., 1978; Forbes & Coleman, 1993).
besin maddesi

Bitkinin yapraklarindaki icerigi
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saplardan daha fazladir. Olgunlagsmaya bagh olarak
azalan yaprak oramni ot kalitesini de diistirmektedir.
Bunun yaninda yapraklardaki lif oramimin sap
kismindaki lif oranindan daha az olmasi da ot
kalitesini etkilemektedir. Bitkinin olgun saplarindaki
besleme kalitesi de geng saplardakine oranla daha
diisiik olmaktadir (Ball vd., 2001). Yapraklarin hiicre
¢eperi bilesenleri oraninin sap kisimlarina gore diisiik
olmasimin nedeni yukarida agiklanan gerekgelerden
kaynaklanmaktadir. Ayrica en yiiksek sindirim
degerleri aniz igerisinde yesil olarak bulunan yabanci
ot ve basaklarda rastlanilmigtir. Aniz igerisinde
bulunan yabanci otlar taze ve yesil olduklar1 igin
oranlar1 oldukca yiiksektir. Bitkide
olgunlasmaya bagl olarak NDF, ADF ve ADL

oranlar1 artarken, diger besin maddelerinde ise

sindirilme

diisiisler yasanmaktadir. Bitki olgunlugu ot kalitesine
etki eden en 6nemli faktordiir. Biitiin bitki tiirlerinde
benzerlik gostermektedir. Olgunlagsmanin
ilerlemesine paralel olarak hiicre ¢eperi maddelerinde
artig olurken, ham protein ve sindirilebilirlikte
diistisler olmaktadir. Hasat sirasinda bitkinin
olgunlasma zaman ot kalitesini etkileyen en ¢nemli
faktorlerden Clnki
birlikte ot

(Cherney,

birisidir. olgunlasmanin
kalitesinde
1990).
bugdaygillerinde biiyiime baslangicindan sonraki ilk
2-3  hafta bitkinin

sindirilebilir kuru madde oraninin %80’den daha fazla

ilerlemesi ile distigler

goriilmektedir Serin  iklim

sonunda yapilan hasatta
oldugu belirlenmistir. Ancak bitki olgunlastikca
sindirilebilirlik %50'nin altina ulasana kadar her giin
1/2-1/3 oraninda azalmaktadir. Bitki olgunlastikca
hayvanlar tarafindan tiiketimi de diismektedir.
sebebi bitkide
tarafindan sindirimi zor olan yapisal hiicre geperi
bilesenlerinin (NDF, ADF ve ADL) miktarinin
artmasidir (Ball vd., 2001). Nitekim bu bilesenlerden

ligninin sindirimi %0-20, seliilozun sindirimi %50-90

Bunun olgunlasan hayvanlar

ve hemiseliilozun sindirimi ise %20-80 araliginda
degismektedir (Linn & Martin, 1999). Bitki olgunlugu
yemin kalitesini etkileyen temel faktorlerdendir.
Biiyiik sakal otunda (Andropogon gerardii) ve dalli
darida (Panicum virgatum) olgunlasma ile yem kalitesi
Oonemli diizeyde azalmistir. Haziran basinda bu
tiirlerin yaprak orami sap oranmin iki kati oldugu

halde, agustos aymna gelindiginde sap orani yaprak

oranmin iki katina ¢ikmistir (Griffin & Jung, 1983).
Olgunlasma ile ot kalitesinin diismesi, yaprak/sap
oranindaki azalma ve sap unsurlarinin kalitesindeki
diisiisten kaynaklanmaktadir (Nelson & Moser, 1994).
Meralarda bitkilerin

besleme degerlerinde diisiislere sebep olmaktadir.

otlatmanin ge¢ yapilmasi

Olgunlasmanin ilerlemesi bitkilerin ham protein ve
ham kiil oranlarinin diismesine, ham seliiloz oraninin
artmasina sebep olmaktadir (Kog, 1991; Bakoglu vd.,
1999). Bitkinin
%2,6'dan %36,1’e yiikselirken, ham protein oramni
%30,4'den %6,4’e dismistir (Gokkus vd. 1997).

Sindirilme orani yiiksek olan bir diger kisim ise basak

olgunlasmasiyla seliiloz oram

cikmistir. Bagakta bulunan tanelerin besin madde
igerigi ve sindirilme oranlari yiiksek oldugu icin bu da
basagin besin madde kompozisyonunu olumlu yénde
etkilemistir.  Ruminant  hayvanlarin  giinliik
tiikettikleri otun NDF igeriginin %45,8, ADF igeriginin
%25 ve ADL iceriginin de %10’dan fazla olmas:
istenmemektedir (NRC, 2001). Bu degerler dikkate
alindiginda bugday ve arpa anizlarinin NDF ve ADF
iceriklerinin hayvan besleme agisindan uygun
olmadig1 fakat ADL degerlerinin ise uygun sirurlar

icerisinde yer aldig: goriilmiistiir (NRC, 2001).

Arpa amzma ait toplam sindirilebilir besin

maddesi, metabolik, sindirilebilir ve net enerji
degerleri bugday anizindan daha yiiksek oldugu
ortaya ¢ikmuistir. Bu farklilik arpa ve bugdayin genetik
olarak farkli olmasindan kaynaklanmaktadir (Manga
& Acar, 1988, Khan vd., 2006; Kering vd. 2011;
Ozyazial & Acikbas, 2019). Bunun yaninda basak ve
yabanci otun sindirilebilir besin maddesi miktar1 ve
sap
kisimlarina gore daha yiiksek oldugu tespit edilmistir.

enerji degerlerinin  bitkilerin yaprak ve
Aniz Orneklerinin alindig1 dénemde yabanci otlarin
yesil halde olmasi enerji degerlerini yiikseltirken,
yaprak ve saplarin kuru durumda bulunmas enerji
degerlerinin diisiitk ¢ikmasia sebebiyet vermistir.
Nitekim bitkilerde
sindirilebilirlik  ve

olgunlasmaya bagh olarak

enerji  degerleri  diisiis

gostermektedir (Romero vd., 1976).

SONUC

Bu calisma bugday ve arpa tarlalarinda kalan
anizin verimi, bilesimi ve hayvan besleme agisindan

ot kalitesini belirlemek amaciyla 2022 yilinda
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Canakkale ilinde

bugday ve arpa tarlalarinda kalan anizlardan 20’ser

yliriitiilmistiir.  Arastirmada
adet olmak tizere toplamda 40 adet aniz 0rneginde
calisilmistir. Calismada alman aniz 6rneklerinin yas
ve kuru aniz verimleri, icerigindeki sap, yaprak, basak
ve yabanci ot oranlari ile bunlarin ham protein, ham
kiil, NDF, ADF, ADL, TSBM, ME, SE ve NEL degerleri
incelenmistir. Yapilan c¢alismanin sonunda her iki
bitki tiirline ait tarlalarda kalan ortalama yas amz
veriminin 343,6 kg/da oldugu tespit edilmistir. Arpa
tarlalarmin yas amiz verimleri bugday tarlasina gore
%12,5 daha yiiksek bulunmustur. Bugday ve arpa
tarlalariin ortalama kuru aniz verimleri 297,5 kg/da
olarak gerceklesmistir. Arpa tarlalarinin ortalama
kuru aniz verimlerinin bugday anizlarina gore %5,7
daha fazla oldugu ortaya cikmistir. Bugday ve arpa
anizlarmmin ortalama kuru madde oranlarinin %86,8
oldugu ortaya ¢ikmistir. Her iki bitki tiiriine ait anizin
%44,7'si sap, %44,2'si yaprak, %5,8'1 basak ve %5,3'li
yabanci otlardan olusmustur. Anizlarin ortalama ham
protein igeriginin %9,9 oldugu tespit edilmistir. Arpa
anizinda yabanci ot oramu yiiksek oldugu icin arizin
ortalama ham protein igeriginin bugday anizindan
%34 daha yiiksek oldugu ortaya ¢ikmistir. En yiiksek
ham protein icerigi yabanci otta, en diisiik ise bitkinin
sap kisimlarinda belirlenmistir. Anizlarin ortalama
ham kiil igerigi %10,9 olmustur. En yiiksek ham kiil
(%15,22)
belirlenmistir. Bugday ve arpa anizlarinin ortalama
NDF %65,5, ADF %45,7 ve ADL oranlar1 ise %7,7
olmustur. Aniz bilesiminde ise en yiiksek NDF, ADF

ve ADL oranlar1 kurumus yaprak ve sap kisimlarinda,

icerigi kurumus bitki yapraklarinda

en diisiik ise basak ve yesil olan yabanct ot
kisimlarinda tespit edilmistir. Amnizlarin toplam
sindirilebilir besin maddesi oranlar1 ortalama %55,6
olmustur. En yiiksek TSBM orani %61,77 ile basakta,
en diisiik ise %50,38 ile sap kisminda belirlenmistir.
Bugday ve arpa anizlarinin ortalama metabolik enerji
degeri %2,02, sindirilebilir enerji degeri %2,45 ve net
enerji degeri ise %1,25 olarak gerceklesmistir. Anizin
enerji igerigi en yiiksek olan kismi basak kismi
olurken, sap kisminin ise en diisiik enerji igerigine

sahip kisim oldugu ortaya ¢ikmagtir.

Yapilan bu calismada arpa tarlalarindan elde
edilen anizin besin madde kapsami hayvan besleme

agisindan bugday anizina nazaran daha iyi 6zelliklere

sahip oldugu sonucuna varilmistir. Fakat ilerleyen
yillarda kiiresel 1sinma ve tarimda yem bitkilerine
ayrilan alanlarin azalmasi gibi durumlar dikkate
alindiginda amiz meralarinin daha fazla nem arz

edecegi asikardir.
TESEKKUR

Bu ¢alisma Hatice Simay SARI'nin yiiksek lisans

tezinden {iretilmistir.

Etik Standartlara Uygunluk

Yazarlarin Katkis1

HSS: Makalenin ilk taslagim yazmustir. Istatistiksel

analizleri gergeklestirmistir.

FA: Calismay: tasarlamistir. Makalenin ilk taslagim

yazmistir. Istatistiksel analizleri gerceklestirmistir.
Yazarlar metnin son halini okumus ve onaylamuistir.

Cikar Catismasi

Yazarlar herhangi bir c¢ikar catismasi olmadiginm
deklare etmektedir.

Etik Onay

Yazar bu ¢alisma igin resmi etik kurul onayinin gerekli

olmadigin bildirmektedir.
Veri Kullanilabilirligi Bildirimi

Yazarlar, bu c¢alismanin bulgularin1 destekleyen

verilerin  makale icinde mevcut oldugunu

onaylamaktadir.
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The volume of the exports of the sectors moves in a certain trend, and companies
and policymakers analyze this trend to make their future plans. However, seasonal
volume changes in some sectors can be very sharp and their analysis can be as
important as trend analysis. One of these sectors is Tiirkiye’s yacht and watercraft
equipment sector. The significance of the seasonal change in exports may indicate
that analyzing and understanding the change will increase competitive advantage.
In this direction, we decomposed the export data into its components using 258
monthly observations covering the period between January 2002 and June 2023.
Afterward, we tested whether the monthly averages of the seasonal factor
component obtained from the decomposition were significantly different. The
results we obtained with the cluster analysis showed that there are 4 clusters, and
the seasonal increase is the highest in the clusters of June, July, and August. On the
other hand, the seasonal decrease was determined to be the highest in the January,
February, October, and November clusters. It is believed that the results obtained
will provide a competitive advantage, especially in terms of the smooth operation
of the supply chain and planning of marketing strategies considering the seasonal

variation.

INTRODUCTION

the shipyard sector after the proclamation of the
Republic, the shipyard investments concentrated in
the Bosphorus and the Golden Horn, shifted to the

The history of the shipbuilding industry in Tiirkiye
goes back centuries. The first shipyard in Tiirkiye was
established in Gallipoli in 1390 during the Ottoman
Empire. Following this, the Golden Horn Shipyard,
which was established during the reign of Mehmet the
Conqueror, became one of the largest shipyards in the
world. With the increase in the importance given to

Tuzla region as of 1969 (Seven, 2018). Since 1390,
Turkish shipyards have been constructing ships of
many types and tonnages at international standards
and under the supervision of recognized inspection
organizations. The shipbuilding industry, which has

grown rapidly in recent years, has become an
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important center of gravity especially for the tailor-
made ship segment and Tiirkiye has become one of the
world’s leading countries in the construction of mega
yachts (yachts longer than 25 meters in length) (Seven,
2018). The yacht building industry in Tiirkiye has been
growing steadily, especially for the last ten years. In
2022, the Turkish yacht industry proved to be the
world’s  third-largest high-performance, stylish,
modern and cool yacht manufacturer (Turk Yacht,

2022).

While Tiirkiye has become one of the world’s
brand countries in the yachting sector, it has become a
center of attraction in yacht production and
refurbishment activities. While the Turkish ship and
yacht services industry exported $ 1.4 billion in 2022,
it exported $ 550 million of exports in the first 6
months of 2023 and the yacht industry was among the
top 10 countries in the export league, and the length of
the yachts produced and the number of orders is
increasing rapidly (7deniz, 2023). While Tiirkiye’s
yacht export value was $ 185.4 million in 2020, it
increased to $ 344.2 million in 2021 and $ 429 million
in 2022. The Cayman Islands and the United States of
America have been the most important importers in
the last two years. Greece, Italy, Malta, United
Kingdom, Spain, France, Germany, Russian
Federation, Luxembourg and Singapore are among
the top 20 countries to which Tiirkiye exports yachts

in 2022 (Trade Map, 2023).

While trend is the most important component for
interpreting and predicting the movement of a
financial variable, understanding seasonal patterns
can also provide many competitive advantages. In this
research, the seasonal pattern of Tiirkiye’s yacht and
other watercraft equipment exports was aimed to be
analyzed. Thus, the study has revealed how export
cycles occur at certain times of the year and whether
there are significant differences between the cycles by
month. It was believed that the outputs of this analysis
would have various benefits for people, companies,
and governments. First, understanding the seasonal
pattern can enable companies in the industry to better
understand and plan. According to seasonal cycles,
companies can strategically plan their supply,
Thus,

optimum resource wutilization can be achieved

production, and distribution activities.

according to the seasonally changing peaks and
troughs, and they can execute a strategy to make the
most sales at the peaks (Ross, 2012). Second, states and
governments can use the seasonal pattern to forecast
the economic trends and fluctuations in the industry.
In addition, commercial policies, export-facilitating
incentives, and infrastructure investments can be
carried out according to the seasonal situation
(Goulding, 2003). Third, understanding the seasonal
pattern can facilitate supply chain management. By
optimizing their operations, manufacturers, suppliers,
and logistics companies can ensure that products are
delivered on time without any delays at peaks and
that they are not out of stock (Siirie & Wagner, 2008).
Fourth, knowing the seasonal change pattern of
exports can provide more accurate investment
2011). Fifth,

maximize their total sales revenue by developing their

planning (Dieke, companies can
marketing strategies according to the seasonal cycle,
by offering promotional products before high demand

(Vasudeva, 2006).

Literature Review

When the relevant literature is examined in the
Turkish yacht sector, the number of studies produced
so far is quite limited. It is considered that the in-depth
examination of a sector in which Tiirkiye is so strong
in exports and the realization of scientific activities
that guide future studies are very important in
reaching Tiirkiye’s 2053 goals (Karaismailoglu, 2022).
Emphasizing this gap, which has been found to exist
in the literature, is among the main motivations of this
study. In order to examine the literature in depth, on
September 01, 2023, the databases of Web of Science,
EBSCOhost, Emerald, Science Direct, Springer, Taylor
& Francis, Wiley and Ulakbim, where studies related
to the maritime sector were published intensively,
were searched with the keywords “yacht export”.
Only 2 studies were found that included the words
together. Although these two studies in the Emerald
and Science Direct databases are not directly related to

the subject examined, they are explained below.

In the study, which prepared for the yacht industry
in Taiwan, Yang & Liu (2016) aimed to determine the
criteria for evaluating yacht construction financing of

bank loan policies. The results of the research, which
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emphasizes the differences between the criteria of the
yacht production sector and the criteria of the
financing institution, revealed the importance of
eliminating the deficiencies in the ship financing
application methods for the yacht production sector.
Sarvan et al. (2011) conducted a study on companies
located in the Antalya Free Zone in order to determine
the network-based determinants of innovation
performance in clusters of yacht builders clustered in
certain regions of Tiirkiye. As a result of the study, it
was concluded that the companies in the region
generally rely on national and global networks as

information sources and strategic alliances.

Examining the limited number of studies available
in the literature, it was seen that Aydin & Yilmaz
Aydin (2019) examined Tiirkiye’s competitive power
in the yacht manufacturing industry. In the study,
which examines the yacht production industry in
Tiirkiye through many different variables such as
design, engineering, yacht types, installed engines,
and navigation systems, it has been concluded that
Tiirkiye has advantages in order to compete with the
world giants in the yacht production sector, but that
value-added services have aspects that are open to
development. In the same study, it was stated that the
material cost in the Turkish yacht production sector is
60% and the labor cost is 40%, and it was claimed that
the low-cost labor force is an important competitive
advantage of Tiirkiye. Similarly, Merendino (2014)
gave the example of Turkish and Asian yacht builders
and stated that the main reason for their competitive
advantage, in addition to low labor costs, is the

specialized and skilled labor force.

In Tiirkiye, where four seasons are experienced
together, whether the foreign trade activities of
various sectors vary according to seasonality is among
the topics discussed in the literature. Polat & Uslu
(2010) analyzed the seasonal structure of Tiirkiye’s
export and import time series for the period 1982-2008
in their study conducted in 2010. As a result of the
study, it has been determined that there are
deterministic and non-stationary stochastic seasonal
components in the foreign trade series. On the other
hand, Tung¢ (2017), in his study on the Western
Mediterranean Region, which realizes only 1% of

Tiirkiye’s exports, determined a seasonally significant

difference in the export of only one of the 3 provinces
in the Western Mediterranean region, while there was
no significant seasonal difference in the other two
provinces. As a result of the study, he suggested that
the studies using time series in foreign trade should be

seasonally adjusted.

MATERIAL AND METHODS
Data and Methodology

Export data of yachts and other vessels were
obtained from the Turkish Statistical Institute (TSI,
2023) website. The Standard International Trade
Classification, Revision 4 (SITC Rev4) was used,
which was developed by the United Nations for
merchandise trade statistics reporting (UN, 2008). In
addition, by choosing the fourth level as the digit,
statistical export data was reached with the code
“7931” and defined as “Yachts and other vessels for
pleasure or sports; rowing-boats and canoes”. The US

dollar currency was chosen as the export value.

The dataset starts from January 2002 and ends in
June 2023 and consists of 258 monthly observations.
Descriptive statistics of the variables are presented in
Table 1.
approximately $ 13.7 million. In the period when
the

approximately $ 100 million was exported, while in

Average monthly exports were

monthly  exports  reached maximum,
the period when it was minimum, approximately $
0.12 million was exported. When the distribution of
the raw series is examined by using Jarque-Bera, it is
quite far from the normal distribution. The main
reason for this is that most of the observations are
concentrated on relatively small export values. The
coefficient of variability, on the other hand, is a
relatively high value of approximately 118%,
indicating that export figures can vary greatly from
month to month. In addition, descriptive statistics of
the data in log return form are presented in the table.
Although the distribution of this series is relatively
normal, the coefficient of variation is a very high rate
of 6500%. The reason for this is that although the
arithmetically average growth rate is 1.6%, its
standard deviation is 110%. In addition, periods of
274% increase and 296% decrease in one month have

also been experienced. While exports could be made
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in very low quantities in some months, sudden

increases were experienced in the following months.

Table 1. Descriptive statistics (TSI, 2023)

Statistics EXPORT DLNEXP
Mean 13782831 0.016796
Median 7826432. -0.007920
Maximum 100994690 2.742142
Minimum 121853.0 -2.964922
Std. Dev. 16360653 1.105662
Skewness 2.593768 -0.166368
Kurtosis 11.10700 2.883604
Jarque-Bera 995.8147 1.330625
Probability 0.000000 0.514113
Observations 258 257

The course of the variable in the period under
consideration is presented in Figure 1. As can be seen,
the volatility is very high and there is a clear
seasonality. However, an increasing trend and a
decreasing trend can be observed in some periods.
Especially in the post-pandemic period, the sector has
also caught an increasing trend, as the demand for
yachts has increased a lot due to people’s reluctance to
in hotels. A

approximately $ 100 million was achieved in August

stay record export amount of
2008. After this period, the high export performances
achieved in the summer seasons came to an end in
2014. In the following period, it increased again and
approached a record level. In December 2022, it
reached $ 97.9 million, approaching the record. In
general, it can be said that the Turkish yacht and

sports equipment export sector is in a recovery trend.

Today, many economic and financial data can
follow repeating cycles at certain times of the year.
The factors that cause these cycles can be holiday
seasons, climatic changes, agricultural cycles, changes
in supply-demand balance, and seasonality in other
influential data. For example, when monitoring the
employment rate, higher rates may be observed in the
summer seasons due to seasonal effects as more job
opportunities are offered in the summer seasons
(Schneider, 2022). Or, while examining the situation in

grain prices, prices may decrease at certain times of

the year due to the harvest season (Devereux, 2009).
Whatever the reason, these seasonal regular changes
make it difficult to understand the real change in the
series. In addition, forecasting with data with seasonal
effects does not give accurate results. This makes it
difficult

governments, central banks, and other policymakers

for important authorities such as
to make more accurate decisions. For this reason, it is
of great importance to determine the seasonal effects
in the series and to remove these effects from the series

when necessary.

In general, it can be stated that a series consists of
3 main components, which are trend cycle, seasonal,

and irregular, as seen in Equation (1):
Ve SV X Vi Xy 1)

In such an equation, seasonal adjustment is
obtained by dividing y, by the estimation of y;. The
estimate of y; is generally defined as a seasonal factor
(Osborn & Ghysels, 2001). In this case, the fact that the
seasonal factor is higher in certain periods of the year
can mean that the normal value is higher at that time
due to the seasonal effect. Dividing the raw value by a
higher seasonal factor decreases the seasonally
adjusted series. In addition, the seasonal factor value
allows us to understand at which times of the year the

seasonal effect is higher or lower.

Various methods have been developed to
decompose the series into its components, to analyze
the seasonal effect and to adjust the series from
seasonal effects. TRAMO/SEATS is one of these
methods and is widely used in the literature. TRAMO
is the abbreviation of the Time Series Regression with
ARIMA Noise, Missing Observations, and Outliers,
while SEATS is the abbreviation of the Signal
Extraction in ARIMA Time Series. TRAMO forms the
pre-setting process for SEATS by completing missing
observations, detecting outliers, separating their
effects from the series, and estimating the effects of
events such as holidays and trade days (Gomez &

Maravall, 1998).
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Figure 1. Movement of the variable in the covered period (TSI, 2023)
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Figure 2. Final trend cycle

EViews software used to implement
TRAMO/SEATS in the study. This application is

embedded in this software. The components that can

was

be obtained as a result of the application are the
seasonally adjusted series, the seasonal factor, the
trend, the irregular, and the cycle. The necessary
components for our research are the seasonal factor
and the trend. The selection of the ARIMA order
required for the model was determined to be
automatic based on the minimum information criteria

value.

Considering the purpose of the study, the One-
Way ANOVA analysis was preferred to test whether
the mean of the seasonal factor according to the
months changes significantly according to the periods.
This method is used to test whether there is a

significant difference between the means of 2 or more

groups. In the one-way ANOVA method, the
dependent variable is divided into 2 components:
between-group variation and within-group variation.
F statistic is obtained by dividing the mean square of
the first one by the mean square of the second one.
Using this statistic, the null hypothesis of “there is no
significant difference between the means of the
groups” is tested. Rejecting the null hypothesis
indicates that the mean of at least one of the groups is
different from the others. If the null hypothesis is
rejected, Post Hoc tests can determine between which
groups there is a significant difference. The null
hypothesis of the one-way ANOVA test for three
groups can be represented in Equation (2):

Hy =y = pp = 3 ()
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In testing this null hypothesis, the alternative

hypothesis can be shown in Equation (3) as follows:
H; = At least one of py, 4y, and us is dif ferent than others  (3)

In addition, to apply the one-way ANOVA test,
various assumptions must be provided as much as
possible, and this is important for the reliability of the
results. These assumptions are (i) randomness of the
observations in each group, (ii) normal distribution of
the observations in each group and (iii) equal
variances of the population in each group (Levine &
Stephan, 2010). There is no known general test for
measuring the independence of variables. Whether
the series in each group is normally distributed can be
examined with the Kolmogorov-Smirnov and the
Shapiro-Wilk tests in SPSS. In cases where the sample
size is less than 30, the Kolmogorov-Smirnov test can
be used, and in cases where it is greater than or equal
to 30, the Shapiro-Wilk tests test can be used (Cevabhir,
2020). ANOVA is a robust estimator even when the
groups are not normally distributed, but at least the
group sizes should be equal. Levene’s test can be used
to test whether the variances are equal. Analyzes can
also be carried out in cases where the variances are not
equal. However, in cases where group sizes are very
unequal in size, violation of homogeneity biases the
results. In this direction, in cases where the
assumptions of normality and homogeneity cannot be
met, at least the groups being equal in size will make
ANOVA robust (Mooi & Sarstedt, 2011).

It is important whether the variances are
homogenous in the selection of the appropriate Post
Hoc test. According to the situation of the variances
determined by Levene’s equality of variance test, the
appropriate Post Hoc test is selected and the analyzes
are applied. In case equal variances are obtained,
Tukey HSD, Tukey-Kramer, Fisher, Newman-Keuls
and Duncan Post Hoc tests can be applied. Otherwise,
the appropriate tests are Brown-Forsythe, Dunnett’s
C, Tamhane’s T2 and Games Howell. Equal n’s cases
should also be considered in the selection of these tests
because some tests are more robust to these cases

(Blumberg, 2014).

Finally, we preferred the K-Means Clustering

technique to cluster the months according to the

seasonal factors and significant differences obtained
in the study. In this method, after preliminary
research, K, which represents the possible number of
clusters, is determined by the user. In this method, it
is assumed that all data are numerical. The purpose of
this method is to group the inputs in K regions in such
a way that the member in each region has the
maximum similarity and the maximum difference
from the members in the other regions. As a result of
the analysis, K averages and clusters are obtained
(Kalita, 2023). SPSS software was used in the
implementation of one-way ANOVA and K-Means

Clustering analysis.
RESULTS

TRAMO/SEATS method
proposed by Gémez & Maravall (1998) was applied

seasonality analysis
first to export variables (Yachts and other vessels for
pleasure or sports; rowing-boats and canoes). As a
result of the application, the trend, seasonal factor,
and seasonally adjusted series were taken as output
from the method that allows to obtain many
components. Also, automatic ARIMA order selection

and data transformation options were selected.

As a result of the applied seasonality analysis, the
ARIMA (0, 1, 1) model with 613 AIC values was
selected automatically. First, the trend variable was
presented, which was decomposed from the export
variable as a result of the analysis, in Figure 2. If the
temporary decline in 2007 was not counted, exports
continued to increase until August 2008, and after the
effect of the global economic crisis, it suffered a
breakdown. However, this breakdown was only in the
trend and there were no definite decreases in exports.
After that, the stationary export data showed a sharp
decline from July 2013 to July 2014. Afterward,
exports, which remained stationary until the COVID-
19 pandemic, increased by trend breakdown with the
effect of the pandemic and reached its historical peak.
The closure of hotels due to the pandemic, the
prevention of travel and the risk of crowded
environments have contributed positively to the
sector, especially by increasing the demand for yachts.
Looking at the general situation, it can be said that the
period between 2008 and 2013 was the most

productive period for the sector.
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The monthly course and average of the seasonal
factor obtained by decomposing the export variable
are presented in Figure 3. In other words, the course
of the seasonal factor values for each specific month
from 2002 to 2023 and the averages of these values are
presented. This variable roughly represents the ratio
of the actual value to the seasonally adjusted value.
For example, a value of 100 indicates that the two
values are equal, a value of 50 indicates that the actual
value is half of the seasonally adjusted value, and a

value of 200 indicates that it is double. In other words,

values above 100 indicate that the business volume
increases seasonally in those seasons, while values
below 100 indicate that it decreases. As can be seen
from the figure, starting from May, the seasonal
increase is quite high, especially in June, July, and
August. With the exception of only April, the export
figures remain relatively low in the remaining
months. From this point of view, seasonal effects are
evident enough to be discerned visually. However, it
should be supported by some statistical methods in

order to have a scientific basis.
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Figure 3. Final seasonal factor by season

Table 2. Descriptive statistics of seasonal factors
Month N Mean Min. Max. Std.Dev. Range Kurt. Skew. K-S.Norm.
January 22 38.9 16.3 57.0 10.4 40.7 -.08 -.51 0.10
February 22 40.6 18.1 55.1 9.3 37.0 .92 -1.13 0.20
March 22 70.2 30.4 90.4 14.6 59.9 1.02 -1.14 0.20
April 22 98.5 54.7 129.0 18.5 74.3 .55 -.85 0.18
May 22 128.4 63.0 179.5 23.5 116.5 3.03 -.16 0.17
June 22 178.8 79.2 549.6 93.8 470.3 12.31 3.24 0.30°
July 21 203.4 99.0 312.7 43.7 213.6 2.02 -.08 0.14
August 21 202.9 149.7 299.5 37.5 149.7 1.05 1.00 0.11
September 21 68.4 26.9 90.9 17.2 63.9 .86 -1.21 0.18
October 21 44.6 26.7 61.8 10.1 35.1 -.58 -23 0.10
November 21 51.8 27.8 77.8 15.1 50.0 -.99 27 0.11
December 21 72.7 36.9 112.7 21.4 75.7 -.60 .30 0.12
Total 258 99.8 16.3 549.6 69.2 533.2 6.43 1.82 0.16"

Note: (1) K-S indicates Kolmogorov-Smirnov test. (2) *Normality was rejected at 99% confidence level
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Table 3. Test of homogeneity of variances

Value Levene Statistic df1 df2 Sig.

Based on Mean 4.797 11 246 .000"

Based on Median 3.766 11 246 .000

Based on Median and with adjusted df 3.766 11 39.313 .001"

Based on trimmed mean 3.851 11 246 .000

Note: "Null of homogeneity was rejected at 1%.

Table 4. One-Way ANOVA test result

Value Sum of Squares df Mean Square F Sig.

Between Groups 930161.953 11 84560.178 69.160 .000

Within Groups 300778.848 246 1222.678

Total 1230940.800 257

Note: "Null of no significant difference was rejected at 1%.

Table 5. Relationship matrix of variables

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

Jan. 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.99 0.15 0.00
Feb. 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.34 0.00
Mar. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.02 1.00
Apr. 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.01
May 0.00 0.00 0.00 0.00 0.78 0.00 0.00 0.00 0.00 0.00 0.00
Jun. 0.00 0.00 0.00 0.04 0.78 1.00 1.00 0.00 0.00 0.00 0.00
Jul. 0.00 0.00 0.00 0.00 0.00 1.00 1.00 0.00 0.00 0.00 0.00
Aug. 0.00 0.00 0.00 0.00 0.00 1.00 1.00 0.00 0.00 0.00 0.00
Sep. 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.13 1.00
Oct. 0.99 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00
Nov. 0.15 0.34 0.02 0.00 0.00 0.00 0.00 0.00 0.13 1.00 0.05
Dec. 0.00 0.00 1.00 0.01 0.00 0.00 0.00 0.00 1.00 0.00 0.05

Note: (1) Null of no significant difference hypothesis was tested at %1. (2) Grey area indicates rejection of null

hypothesis.

The monthly course and average of the seasonal
factor obtained by decomposing the export variable
are presented in Figure 3. In other words, the course
of the seasonal factor values for each specific month
from 2002 to 2023 and the averages of these values are
presented. This variable roughly represents the ratio
of the actual value to the seasonally adjusted value.
For example, a value of 100 indicates that the two
values are equal, a value of 50 indicates that the actual
value is half of the seasonally adjusted value, and a
value of 200 indicates that it is double. In other words,
values above 100 indicate that the business volume

increases seasonally in those seasons, while values

below 100 indicate that it decreases. As can be seen
from the figure, starting from May, the seasonal
increase is quite high, especially in June, July, and
August. With the exception of only April, the export
figures remain relatively low in the remaining
months. From this point of view, seasonal effects are
evident enough to be discerned visually. However, it
should be supported by some statistical methods in

order to have a scientific basis.

Descriptive statistics for seasonal factors by month
are presented in Table 2. Since the data set started in
January 2002 and ended in June 2023, there are 22

observations in each month until June, and 21
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observations in the following months. Statistically,
such a small difference is too small to distort the equal
size of the groups. According to the statistics, the
lowest seasonal factor average belongs to January
with 38.9. This shows that the actual value is on
average 38.9% of the seasonally adjusted value in
January months in the covered period. In other words,
export figures show the greatest seasonal decline in
January, which is followed by February (40.6),
October (44.6) and November (51.8). The highest
seasonal factor average belongs to July with 203.4.
This month is followed by August (202.9), June (178.8),
and May (128.4). The real export value in July is about
2 times the seasonally adjusted value, indicating the

high demand in these months.

For testing the normality of the distribution in the
groups, the Kolmogorov-Smirnov test was used since
the sample sizes were less than 30 in each group.
According to the results obtained, seasonal factors of
all months except June are normally distributed
according to a 99% confidence level. When the whole
sample is tested, it does not comply with the normal
distribution. The reason why June did not comply
with the normal distribution is the extreme seasonal
increases experienced in some years in export values
in this month, as can be seen in Figure 3. Also, as seen
in Table 2, it is the month with the highest standard
deviation, range, kurtosis, and skewness values.
However, the fact that only one group does not
comply with the normality assumption will not
invalidate the one-way ANOVA test because the

sample sizes in the groups are almost equal.

Within the scope of the research, we applied
Levene’s homogeneity of variance test to the seasonal
factor values of our groups consisting of 12 months
and presented the results in Table 3. When the test was
evaluated based on the mean, the null hypothesis of
homogeneous variances was rejected at a 99%
confidence level. The unequal variances do not pose a
problem for one-way ANOVA because Post Hoc
have been that take

techniques developed

heterogeneity into account.

The results of the one-way ANOVA test, which
tests whether there is a significant difference between

the means of the groups, are presented in Table 4. The

null hypothesis of this test indicates that there is no
significant difference between the means of the
groups, as shown in Equation 2. The alternative
hypothesis is that the mean of at least one of the
groups is significantly different from the others. The
results show that the null hypothesis is rejected and at
least the mean of 1 group is significantly different
from the others. The Post Hoc test should be applied
to determine which groups’ means differ from each

other.

Tamhane’s T2 method was preferred in the Post
Hoc analysis to make Multiple Comparisons because
the variances were not equal. This method is also
robust to unequal n’s cases in the groups. A detailed
comparison chart showing whether the differences
between all the months are significant or not is
presented in Appendix A. Since it is a very long table,
itis included in the appendices. Representing the long
table, we developed a relationship matrix showing
whether the

significant and presented it in Table 5, which consists

difference between months was
of probability values. Mutual comparisons are tested
at a 99% confidence level and the relationships where

the null hypothesis is rejected are shown in gray.

The results show that the months of June, July, and
August form a cluster and clearly differ from all other
months. On the other hand, the difference between
them is statistically insignificant. This shows that they
are exposed to similar seasonal factor changes. In
other words, the export volume increases significantly
in the summer season. It is also seen that the months
of January, February, October, and November form a
cluster. As can be seen from Figure 2 and Table 2, their
average seasonal factor values are the lowest ones
while average seasonal factor values of June, July, and
August are the highest ones. These two clusters
consist of months representing two extreme
groupings. One of the months that could form a
cluster representing the average was May. In this
month, there is an increase in export figures with the
effect of the season, but not as much as in the summer
months, which makes it significantly different from all
other months. Finally, March, September and
December can be considered as a separate cluster with
similar characteristics, whose values show a slight

decrease seasonally.
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Figure 4. Positions of the seasonal factors by months

The chart in Figure 4 was prepared to reveal the
clustering between the months by using the averages
we obtained for the seasonal factor and the variables
of how many months are significantly different from
the related month. Thus, instead of struggling with
numbers, it becomes possible to visually detect
clusters of results obtained from the analysis. In the
figure, the months of the year are positioned
according to the mean values of their seasonal factors
and their total significant differences from other
months in terms of their means. Also, cluster analysis
was applied using K-Means to support graphical
clustering analysis. As a result of the analysis applied
with the initial assumption of 4 clusters, Cluster 1
consists of January, February, October and November,
Cluster 2 consists of May, Cluster 3 consists of March,
April, September and December, and Cluster 4
consists of June, July, and August. This is a very
reasonable result when Figure 3 is examined, because
the seasonal factor averages of the relevant months are

close to each other.

DISCUSSION AND CONCLUSION

Firms and policymakers aim to understand the
movements of the sectors over time and develop
policies and strategies accordingly since any
information that enables them to get ahead of their
competitors by providing a competitive advantage in
business life is very valuable. In general, when

examining the sector, the future trend is tried to be

predicted by using the past and current trends. This
general trend provides a great advantage for
companies and policymakers to see ahead. On the
other hand, it may be useful to analyze some other
components such as seasonality and irregularity,
although they are not as obvious as the movement
trends of the sectors. Having additional information
on other components will increase competitive
advantage, as the general trend is an issue on which
all stakeholders are concerned. In this direction, in our
study, we analyzed the seasonal structure of the
export volume of Turkish yachts and amusement
equipment for water sports. Although it is clear that it
will increase in summer and decrease in winter, we
aimed to scientifically reveal whether the seasonal
oscillation differs significantly according to months
and which months show similar characteristics.
Understanding seasonal fluctuations is of great
importance due to factors such as production
activities, supply chain management, distribution
network, forecasting, infrastructure investment,
commercial policies, on-time delivery, lower costs,

and marketing strategies.

In this direction, the seasonally adjusted series was
obtained by decomposing the Turkish yacht export
variable into trend, seasonal factor and irregularity
components using the TRAMO/SEATS tool. Then,
one-way ANOVA analysis was applied to determine
whether the differed

significantly from each other according to the months

seasonal factor averages
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in the period under consideration. As a result, we
determined that at least one month differed
significantly from the others. Also, K-Means
clustering analysis was applied by using seasonal
factor averages and differing month numbers. The
results showed that 4 clusters can be formed and the
months of June, July, and August, when the seasonal
effect is highest, are separate clusters. In addition,
May has formed a separate cluster since it is higher
than the months outside this cluster on average, but
not as high as those in this cluster. On the other hand,
the months with the lowest seasonality formed a
separate cluster as January, February, October, and
November. These months had values well below the
seasonally adjusted series, that is, about half as much.
This shows that the seasonal decrease in these months
is very high, while the seasonal increase in June, July,
and August is very high. In addition to the analysis of
the general trend of exports, the seasonal variation
findings obtained in this study will contribute to the
competitive  advantages of companies and
policymakers by providing opportunities for them to
make better plans. Especially for one of the important
players in the international yacht industry like
Tiirkiye (Aydin & Yilmaz Aydin, 2019), every strategic
information is of great importance in order to

consolidate its position.

While this result obtained in the study supports the
results obtained by Polat & Uslu (2010), it rejects the
results obtained by Tung (2017). Tung (2017) examined
the Western Mediterranean region as a sample and
found seasonal differences in Antalya, the touristic
and seaside province of the region with 3 provinces
but could not detect seasonal differences in Burdur
and Isparta, two non-touristy and non-marine
provinces. Considering the results obtained in this
study, which is based on Tiirkiye’s yacht export data,
it is considered that examining the differences
between seasonality and export quantity variables in
terms of touristic or seaside regions and other regions

will contribute to the current literature. In the study,

seasonality in export figures was revealed for the first
time in the literature with a statistical method rather
than the subjective observations of sector
representatives and researchers. Human observations
can be misleading due to reasons such as perceptual
bias, cognitive bias, limited perspective, and memory
limit.

The biggest limitation of the study is that
interviews were not conducted with industry
representatives. Analyzes could have been enriched
by taking into account the information in the sector
and models with different variables could have been
used. In addition, analyzes were made on “Yachts and
other vessels for pleasure or sports; rowing-boats and
canoes” data received from TSI (2023). Naturally,
there are many types of products under this data set.
Seasonal trends of these products can be very different
from each other. In further studies, analyzes can be
applied according to sub-product groups and the

results can be enriched.
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Appendix A. Multiple comparisons

(I) month (J) month Mean Difference (I-)J)  Std. Error Sig. (I) month (J) month Mean Difference (I-]) Std. Error Sig.
February -1.67 2.99 1.00 January 164.47 9.81 0.00
March -31.24 3.84 0.00 February 162.80 9.76 0.00
April -59.57 4.54 0.00 March 133.23 10.05 0.00
May -89.49 5.50 0.00 April 104.89 10.34 0.00
%\ June -139.87 20.13 0.00 . May 74.98 10.79 0.00
2 July -164.47 9.81 0.00 E] June 24.60 2217 1.00
=, August -163.97 8.49 0.00 August 0.50 12.58 1.00
September -29.45 4.38 0.00 September 135.01 10.27 0.00
October -5.72 3.13 0.99 October 158.75 9.80 0.00
November -12.92 3.98 0.15 November 151.55 10.10 0.00
December -33.81 5.17 0.00 December 130.66 10.63 0.00
January 1.67 2.99 1.00 January 163.97 8.49 0.00
March -29.57 3.71 0.00 February 162.30 843 0.00
April -57.90 4.44 0.00 March 132.73 8.77 0.00
May -87.82 541 0.00 April 104.40 9.10 0.00
%‘ June -138.20 20.11 0.00 ‘g May 74.48 9.61 0.00
j::*i July -162.80 9.76 0.00 &0 June 24.10 21.62 1.00
= August -162.30 8.43 0.00 < July -0.50 12.58 1.00
September -27.78 427 0.00 September 134.52 9.02 0.00
October -4.05 2.98 1.00 October 158.25 8.48 0.00
November -11.25 3.86 0.34 November 151.05 8.83 0.00
December -32.14 5.08 0.00 December 130.16 9.43 0.00
January 31.24 3.84 0.00 January 29.45 4.38 0.00
February 29.57 3.71 0.00 February 27.78 4.27 0.00
April -28.33 5.05 0.00 March -1.79 4.90 1.00
May -58.25 5.92 0.00 g April -30.12 5.47 0.00
5 June -108.63 20.25 0.00 _i; May -60.04 6.28 0.00
g July -133.23 10.05 0.00 32 June -110.42 20.36 0.00
= August -132.73 8.77 0.00 § July -135.01 10.27 0.00
September 1.79 4.90 1.00 August -134.52 9.02 0.00
October 25.52 3.83 0.00 October 23.73 4.37 0.00
November 18.32 4.54 0.02 November 16.53 5.01 0.13
December -2.57 5.62 1.00 December -4.36 6.00 1.00
January 59.57 4.54 0.00 January 5.72 3.13 0.99
February 57.90 4.44 0.00 February 4.05 298 1.00
March 28.33 5.05 0.00 March -25.52 3.83 0.00
May -29.92 6.40 0.00 April -53.85 4.53 0.00
- June -80.30 20.40 0.04 E May -83.77 549 0.00
EL July -104.89 10.34 0.00 £ June -134.15 20.13 0.00
August -104.40 9.10 0.00 O July -158.75 9.80 0.00
September 30.12 547 0.00 August -158.25 8.48 0.00
October 53.85 4.53 0.00 September -23.73 4.37 0.00
November 46.65 5.15 0.00 November -7.20 3.97 1.00
December 25.76 6.12 0.01 December -28.09 5.16 0.00
January 89.49 5.50 0.00 January 12.92 3.98 0.15
February 87.82 541 0.00 February 11.25 3.86 0.34
March 58.25 5.92 0.00 March -18.32 4.54 0.02
April 29.92 6.40 0.00 g April -46.65 5.15 0.00
o June -50.38 20.63 0.78 j; May -76.57 6.01 0.00
‘E“ July -74.98 10.79 0.00 g June -126.95 20.28 0.00
August -74.48 9.61 0.00 ‘23 July -151.55 10.10 0.00
September 60.04 6.28 0.00 August -151.05 8.83 0.00
October 83.77 5.49 0.00 September -16.53 5.01 0.13
November 76.57 6.01 0.00 October 7.20 3.97 1.00
December 55.68 6.86 0.00 December -20.89 5.72 0.05
January 139.87 20.13 0.00 January 33.81 517 0.00
February 138.20 20.11 0.00 February 32.14 5.08 0.00
March 108.63 20.25 0.00 March 2.57 5.62 1.00
April 80.30 20.40 0.04 - April -25.76 6.12 0.01
© May 50.38 20.63 0.78 3 May -55.68 6.86 0.00
3 July -24.60 22.17 1.00 § June -106.06 20.55 0.00
August -24.10 21.62 1.00 A July -130.66 10.63 0.00
September 110.42 20.36 0.00 August -130.16 9.43 0.00
October 134.15 20.13 0.00 September 4.36 6.00 1.00
November 126.95 20.28 0.00 October 28.09 5.16 0.00
December 106.06 20.55 0.00 November 20.89 5.72 0.05
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Anahtar Kelimeler:

Sorgum x sudanotu melezi

Ot verimi
Besleme degeri
Sindirilebilirlik

Bu calisma degisik amiz yiiksekliklerinde (5, 10 ve 15 cm) bigilen {i¢ sorgum
sudanotu melezi ¢esidinin (Greengo, Hay Buster BMR ve Cattleman’s Choice) ot
verimleri ve kalitelerini belirlemek amaciyla yapilmistir. Arastirma 2019 ve 2020
yillarinda Canakkale’nin Kalafat koytiinde yiiriitiilmiistiir. Deneme tesadiif bloklar:
deneme desenine gore 3 tekerriirlii olarak kurulmus olup, gesit ve anuz yiikseklikleri
olmak iizere iki faktor ele alinmistir. Calismada kuru ot ham protein verimleri
yaninda ham protein, notral deterjan lif (NDF), asit deterjan lif (ADF) ve
sindirilebilir kuru madde oranlar1 belirlenmistir. Calismanin sonucuna gore; kalan
aniz yiiksekliginin artisina bagh olarak sorgum gesitlerinin kuru ot verimleri
azalmistir. Ham protein orani sadece cesitlere, ham protein verimi ise sadece aniz
yliksekliklerine gore onemli farklilik gostermistir. Otun NDF ve ADF oranlan ile
sindirilebilir kuru madde orani yalnizca yillara gore 6nemli degisiklik gostermistir.
Sonug olarak, Canakkale sartlarina benzer ekolojilerde yaz déneminde kaba yem
liretimi amaciyla yapilacak olan sorgum sudan otu melezi yetistiriciliginde
Cattleman’s Choice ¢esidinin tercih edilmesi ve hasadin 5 cm aniz kalacak sekilde

yapilmasi 6nerilmektedir.

172


https://prensip.gen.tr/
https://doi.org/10.29329/actanatsci.2023.354.6
https://prensip.gen.tr/
https://prensip.gen.tr/
https://orcid.org/0009-0005-0093-1125
https://orcid.org/0000-0002-8549-8498
https://orcid.org/0000-0003-3394-5855
https://prensip.gen.tr/
https://prensip.gen.tr/
https://prensip.gen.tr/

Erecek et al. (2023) Acta Natura et Scientia 4(2), 172-185

p ACTANATURA ET SCIENTIA

The Effects of Harvesting Heights at Different Stubble Heights on Forage Yield
and Quality in Sorghum Sudangrass Hybrid Cultivars

ARTICLE INFO

ABSTRACT

Article History

Article History

Received: 22.07.2023
Revised: 16.11.2023
Accepted: 20.11.2023
Available online: 13.12.2023

This study was carried out to determine the forage yield and quality of three
sorghum sudangrass hybrid cultivars (Greengo, Hay Buster BMR and Cattleman’s
Choice) harvested at different stubble heights (5, 10, and 15 cm). The research was
conducted in Kalafat village of Canakkale Province during 2019 and 2020. The

experiment was established using a randomized complete block design with 3

Keywords:

ig%g:;;;“dangmss hybrid cultivar replications. Cultivar and stubble heights were considered as two different factors.
Nutrient value Crude protein, neutral detergent fiber (NDF), acid detergent fiber (ADF), and
Digeatibility digestible dry matter ratios along with the yields of hay and crude protein
determined in this study. The hay yield of sorghum cultivars decreased depending
on the increase in remaining stubble heights. The crude protein ratio showed a
difference only in terms of cultivars, but crude protein yield differed significantly
only according to stubble heights. NDF and ADF ratios along with the digestible dry
matter ratios changed significantly only between the years. According to the overall
results of this study, the Cattleman’s Choice cultivar and the cutting height of 5 cm
could be recommended in sorghum x sudangrass hybrid cultivation for roughage

production in summer under ecological conditions similar to Canakkale province.
GiRisS ust seviyededir. Kurak donemlerde terleme ile su
kaybim1 azaltmak icin yapraklarim1 kivirmakta,
Bugdaygiller familyasindan tropikal bir bitki olan kurakligin devami halinde uyku durumuna

sorgum, genellikle yaz mevsiminde kuru ya da sulu
sartlarda kaba yem f{iretimi igin yetistirilir. Uzun
boylu olmasi ve kardeslenmesinden dolay1 ot verimi
yliksektir ve otu lezzetlidir. Tane sorgumun sudanotu
ile yapilan melezlemesi sonucu sorgum x sudanotu
melezi (SSM) elde edilmistir (A¢tkgoz, 2001). Sorgum
(Sorghum bicolor [L.] Moench) diinyada gida ve
endiistride kullanilan Onemli bitkilerin baginda
gelmektedir (Rooney & Waniska, 2000). Gida ve yem
kaynagi olarak kullanimi1 yaninda, yap1 malzemesi, lif
ve ¢it kaynag1 olarak da kullanim alanlar1 mevcuttur
(House, 1985; Doggett, 1988). Uretilen sorgumun
%351
beslemesi, alkol iiretimi ve sanayide kullanilmaktadir
(FAO, 1995; Awika & Rooney, 2004). Afrika, Asya ve

Latin Amerika'min yar1 kurak tropik bolgelerinde

insan beslenmesinde, kalan1 da hayvan

yasayan 750 milyona yakin insanin beslenmesinde yer
alan ana tahildir (CCCF, 2011). Diinyada 700’den fazla
sorgum varyetesi tanimlanmistir (Kangama & Rumei,
2005). Ozellikle 400-600 mm yagis alan sicak, yari

kurak alanlarda diger tahillara gore uyum yetenegi

ge¢mektedir. Buharlasma ile su kaybmi en aza
indirmek i¢in yaprak yiizeyleri kalin mumsu kiitikiile
tabakasi ile kaplidir (Ramatoulaye vd., 2016).

Sorgum 2300 metreye kadar olan yiiksekliklerde
yetisebilmektedir. Yiiksek tane verimi icin ortalama
hava sicakliginin en az 25°C olmasi gerekmektedir
(Ramatoulaye vd., 2016). Bitkinin toprak iistii kiitlesi
olup, 6  metreye kadar

(Dicko wvd., 2005). Kokleri
derinlere inebilmekte ve fazla toprak alti kiitlesi

oldukca fazla

boylanabilmektedir

olusturmaktadir. Yapraklar: uzun ve genistir. Tahillar
icerinde fenolik bilesikleri en zengin olan bitkidir ve
bu oran %6’ya kadar ulasabilmektedir (Beta vd., 2000;
Awika & Rooney, 2004; Dicko vd., 2005). Cok cesitli

cevre sartlarna adaptasyonu iist seviyededir.
Diizensiz  yagis dagilmi ve yiiksek hava
sicakliklarindaki ~ yiiksek  veriminden  dolay:

olaganiistii bitki olarak adlandirilmaktadir (Griebel
vd., 2019). Yar1 kurak alanlarda tuz toleransi, ozmos

basincini ayarlayarak su stresine dayanimi, hayvan
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besleme icin yiiksek enerji igerigine sahip kiitle
iiretimi gibi karakteristik 6zellikleri vardir (Buso vd.,
2011; Vanamala vd., 2018). Hayvancilik isletmelerinde
yliksek besin degeri ve verime sahip yem
iiretmesinden dolayr yem maliyetlerini en aza
bir
konumundadir (Griebel vd., 2019). Sorgum gelismis

indirecek  alternatif yem  bitkisi olma
iilkelerde hayvansal iiretimde yem kaynagi olarak

kullanilirken, gelismekte olan {ilkelerde insan
beslemesinde de kullanilmaktadir (Ribas, 2008). Et
hayvanciliginda,  gevis
rasyonunda onemli bir yer almaktadir (Jardim vd.,

2020).

getiren  hayvanlarin

Tiirkiye’de hayvancilik sektorii hizla degismekte,
et, siit ve siit iirtinleri {iretiminde biiyiikbas hayvan
yetistiriciligi 6ne ¢ikmaktadir. Artan hayvan sayisi
tarla ziraati ic¢inde daha fazla yem bitkileri
yetistiriciligini zorunlu kilmaktadir. Ancak mevcut
durumda bile tarla alanlarmin %41,7’si kaba ve kesif
yem tlretimine tahsis edilmis durumdadir (Gokkus &
Coskun, 2023). Gida {iiretimi ile rekabete girmeden
daha genis alanlarda yem bitkileri yetistiriciligi ile
kaba

gerekmektedir. Diger yandan kisith kaynaklarin daha

artan yem  ihtiyacimin  karsilanmasi

etkin kullanilmasi ve kaliteli kaba yemin daha ucuza
elde edilmesi zorunlulugu vardir. SSM ¢esitleri hizli
bliyiime ve bigildikten sonra yeniden gelisme

yetenekleriyle, hayvan beslemede Onemli rol
oynamaktadir. Yesil ot, kuru ot, silaj ve paket ot
(haylaj)
amaciyla da kullamilmaktadir (Undersander, 2003;

Avcioglu vd., 2009).

olarak degerlendirildigi gibi, otlatma

Bigim zamami otun kalitesi yaninda yeniden
gelisme ve sonucta verim giiclinii dogrudan etkiler.
Kisa araliklarla yapilan otlatma veya bigimlerde
kaliteli ot elde edilirken, yeniden biiyiime igin
kullanilacak yeterli depo maddesi azaldigr ya da
bulunmadigindan, yeniden biiylime yavaslar ve
dolayisiyla ikinci ve daha sonraki bigcimlerde verim
diiser (Holt & Alston, 1968; Willms, 1991; Ansa &
Garjila, 2019). Sowinski & Szydetko (2011) SSM'de
bi¢im sayisinin artmasiyla kardes sayismnin arttigin,
buna karsin fotosentez alanmmin siirekli azalmasi
nedeniyle kuru madde veriminin %50'ye varan
oranlarda

azaldigini, en vyiiksek kuru madde

elde

etmislerdir. Benzer sekilde yogun bicimlerde kuru

veriminin tek bigimle edildigini  tespit
madde veriminin azaldigina dair bazi arastiricilar
tarafindan yiiriitiilen calismalar da bulunmaktadir
(Lee, 2005; Uher vd., 2005). Erken hasatlarda yiiksek
kaliteli ot elde edilirken, hasat zaman1 geciktikce ot
kabalagsmakta ve besleme degeri diismektedir (Lang,

2001).

Bu calismada da bolgede iireticiler tarafindan en
¢ok tercih edilen ii¢ farkli SSM c¢esidinin (Greengo,
Hay Buster BMR ve Catleman’s Choice), ii¢ farkli aniz
yliksekliklerinde hasat edilmesiyle ot verimi ve ot

kalitelerindeki degisimleri belirlemek amaglanmustir.
MATERYAL VE YONTEM

Calisma 2019 ve 2020 yillarinda Canakkale’nin
glineybatisinda yer alan ve merkeze 31 km uzakhiktaki
Kalafat Koyiinde cift¢i tarlasinda yiiriitiilmistiir.
Deneme alami hafif egimli olup, sulu tarim igin
Arastirmada  bitki
bolgede en cok yetistirilen Greengo, Hay Buster BMR

uygundur. materyali olarak
ve Cattleman’s Choice SSM cesitleri kullanilmistir.
Denemede kullanilan cesitler yurtdisindan ithal
edilmis olup, Canakkale’nin Biga ilgesindeki 0zel

sektorden temin edilmistir.

Deneme alanindan aliman toprak oOrneklerinin
analizleri Canakkale Onsekiz Mart Universitesi Bilim
ve Teknoloji Uygulama ve Arastirma Merkezi'nde
(COBILTUM) yapilmistir. Yapilan analiz sonuglarina
gore, topraklar killi-tinli biinyeye sahip olup, notr
karakterdedir. Orta kiregli, organik maddesi az, fosfor

ve potasyum igerikleri yetersizdir (Tablo 1).

Iklim  ozelliklerinde
yapildigt  Canakkale

Canakkale ilinin uzun yillar sicaklik ortalamasi 15,1°C

meteorolojik  dl¢iimlerin

merkezi esas alinmigtir.

olarak verilmistir. Deneme yillarinin ortalama
sicakliklar1 ise 2020 yilinda 17,5°C ve 2021 yilinda
17,0°C

tizerinde yer almistir. Denemenin yiiriitiildiigii 6 aylik

olmak tizere uzun yillar ortalamasmin
donemdeki (mayis basi-ekim sonu) uzun yillara ait
toplam yagis miktarlar1 150,2 mm’dir. Arastirmanin
ilk yilinda bu donemlerde diisen yagis miktar1 127,2
mm iken, ikinci yilda 157,5 mm yagis diismiistiir
(Tablo 2).
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Table 1. Characteristics of the soils of experiment area

Tablo 1. Deneme alanuna ait topraklarin 6zellikleri

Ornek  Isba (%) pH EC (nS/cm)  Kire¢ (%)  Organik madde (%) P (kg/da) K (kg/da)
1 70 7,52 8,69 1,92 2,90 80,0
Killi-tinlh Hafif alkali Orta kiregli Az Az Az
2 65 7,35 7,77 1,91 2,50 76,0
Killi-tinlh Notr Orta kirecli Az Az Az
Table 2. Data of rainfall and temperature for the experiment years and long years of Canakkale
Tablo 2. Canakkale'nin deneme yillari ile uzun yillara ait yagis ve sicaklik verileri
Aylar Toplam Yagis (mm) Ortalama Sicaklik (°C)
uUYy* 2019 2020 [9) 4 2019 2020
Ocak 93,2 93,2 57,2 6,2 7,7 7,3
Subat 72,2 68,4 48,0 6,7 7,2 9,7
Mart 66,9 64,5 24,3 8,3 10,8 11,7
Nisan 45,3 86,6 55,7 12,5 13,4 12,3
May1s 30,4 4,5 54,6 17,5 19,6 18,2
Haziran 24,2 56,8 38,8 22,2 25,8 22,6
Temmuz 11,6 19,6 0,1 25,0 26,7 27,0
Agustos 6,6 10,5 3,2 25,0 27,5 27,1
Eyliil 23,1 1,0 9,5 21,0 23,4 24,7
Ekim 54,3 34,8 51,3 16,1 19,4 19,3
Kasim 86,6 18,8 0,7 12,0 17,5 12,7
Aralik 107,7 47,2 113,8 8,3 11,2 11,5
Toplam 621,8 505,9 457,2 - - -
Ortalama - - - 15,1 17,5 17,0
Not: UY: Uzun yillar.
Table 3. Dry hay yields of SSM cultivars in terms of remaining stubble height (kg/da)
Tablo 3. SSM cesitlerinin birakilan aniz yiiksekliklerine gore kuru ot verimleri (kg/da)
Cesit Aniz Yiiksekligi Ortalama
5cm 10 cm 15 cm
2019
Greengo 2278,1 1747,7 1592,1 1872,7 B
Hay Buster BMR 2452,4 1877,9 1669,3 1999,9 B
Cattleman’s Choice 2690,7 2335,7 2134,8 2387,1 A
Ortalama 2473,7 A 1987,1 B 1798,7 B 2086,5 A*
Onemlilik C:0,0046, AY: 0,0005, CxAY: 0,9547
2020
Greengo 2091,9 1656,1 1518,9 1755,6
Hay Buster BMR 1979,3 1788,0 1343,2 1703,5
Cattleman’s Choice 1726,3 1618,3 1518,9 1621,3
Ortalama 1932,5 A 1687,6 AB 1460,3 B 1693,5 B*
Onemlilik C:0,6881, AY: 0,0256, CxAY: 0,7024
Yillar Ortalamasi
Greengo 2185,0 1701,9 1555,5 1814,1
Hay Buster BMR 2215,9 1832,9 1506,3 1851,7
Cattleman’s Choice 2208,5 1977,2 1826,8 2004,2
Ortalama 2203,1 A 18374 B 1629,5 B 1890,0
Onemlilik C:0,2590, AY: 0,0001, CxAY: 0,7878, Y: 0,0003

Not: C: Cesit, AY: Aniz yiiksekligi, Y: Yil. *: Yillarin ortalamasini ifade etmektedir.
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Table 4. Crude protein ratios of SSM cultivars in terms of remaining stubble height (%)

Tablo 4. SSM cesitlerinin birakilan aniz yiiksekliklerine gore ham protein oranlari (%)

Cesit Aniz Yiiksekligi Ortalama
5cm 10 cm 15 cm

2019

Greengo 13,73 12,69 12,02 12,81A

Hay Buster BMR 10,79 11,57 10,38 1091 B

Cattleman’s Choice 11,24 9,72 8,07 9,68 B

Ortalama 11,92 11,33 10,16 11,13

Onemlilik C:0,0036, AY: 0,1033, CxAY: 0,6325

2020

Greengo 12,25 11,92 11,54 11,90

Hay Buster BMR 11,51 12,37 11,64 11,84

Cattleman’s Choice 12,51 11,16 10,78 11,49

Ortalama 12,09 11,82 11,32 11,74

Onemlilik C:0,8214, AY: 0,5617, CxAY: 0,7586

Yillar Ortalamasi

Greengo 12,99 12,31 11,78 12,36 A

Hay Buster BMR 11,15 11,97 11,01 11,38 AB

Cattleman’s Choice 11,88 10,44 9,43 10,58 B

Ortalama 12,00 11,57 10,74 11,44

Onemlilik C:0,0140, AY: 0,0967, CxAY: 0,4703, Y: 0,2047

Not: C: Cesit, AY: Aniz yiiksekligi, Y: Yil. *: Yillarin ortalamasini ifade etmektedir.

Table 5. Crude protein yields of SSM cultivars in terms of remaining stubble height (kg/da)
Tablo 5. SSM cesitlerinin birakilan aniz yiiksekliklerine gore ham protein verimleri (kg/da)

Cesit Aniz yiiksekligi Ortalama
5cm 10 cm 15 cm

2019

Greengo 316,5 227,4 198,9 247,6

Hay Buster BMR 263,4 214,3 179,8 219,2

Cattleman’sChoice 303,6 2270 173,5 2347

Ortalama 294,5 A 2229B 184,1 B 233,8 A*

Onemlilik C:0,5343, AY: 0,0015, CxAY: 0,9293

2020

Greengo 256,3 196,0 172,3 208,2

Hay Buster BMR 230,1 219,7 160,1 203,3

Cattleman’s Choice 217,2 176,5 162,6 1854

Ortalama 234,5 A 197,4 AB 165,0 B 199,0 B*

Onemlilik C:0,4528, AY: 0,0065, CxAY: 0,7624

Yillar Ortalamasi

Greengo 286,4 211,7 185,6 2279

Hay Buster BMR 246,7 217,0 170,0 211,2

Cattleman’s Choice 260,4 201,8 168,1 210,1

Ortalama 264,5 A 210,1 B 174,5B 216,4

Onemlilik C:0,5517, AY: 0,0001, CxAY: 0,8993, Y: 0,0235

Not: C: Cesit, AY: Aniz yiiksekligi, Y: Yil. *: Yillarin ortalamasiri ifade etmektedir.
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Deneme tesadiif bloklar1 deneme desenine gore 3
tekerriirlit olarak kurulmus olup, ¢esit ve amz
yiikseklikleri (5, 10 ve 15 cm) olmak iizere iki faktor
ele alinmistir. Buna gore deneme toplam 27 parselden
(3 cesit x 3 aniz yiiksekligi x 3 tekerriir) meydana
gelmistir. Parseller 4 siradan olusmus, sira arasi1 35 cm
ve siire lizeri de 5 cm olacak sekilde tanzim edilmistir.
Buna gore parsel alani 25,2 m? (6 m x 4,2 m) ve toplam
parsel alani ise 226,8 m? (3 gesit x 3 tekerriir x 25,2 m?)
olarak kurulmustur. Fakat gerekli mekanizasyon
islemlerinin yapilabilmesi i¢in deneme alam 300 m?
olarak diizenlenmistir. Deneme alani ilk 6nce pullukla
daha

hazirlanmas1 igin sirasiyla kiiltivatér ve tirmik ile

derin siiriilmiis, sonra tohum yataginin

islenmistir. Tohumlar toprak sicakligi yaklasik
15°C’ye ulastiginda arastirmanin birinci yilinda 6
Mayis, ikinci yilinda ise 13 Mayis tarihinde elle
bitkiler 70

ulastiginda {i¢ farkli amiz yiiksekliginden bicilmistir.

ekilmistir. Arastirmada cm  boya
Her iki yilda da toplamda ikiser bigim yapilmustir.
Yabanci ot miicadelesinde gapa kullamilmistir. Bitkiler
damla sulama yontemi ile yaklasik haftada bir kez

olacak sekilde sulanmustir.

Ot verimini belirlemek igin parsellerin kenar
tesirleri (kenarlardan birer sira, baglardan 50’ser cm)
¢ikarildiktan sonra kalan kisim (2,25 m?) bigilmis ve
hemen tartilmistir. Bigilen yas ot drneklerinden 1 kg
ornek almis ve 6nce havada, daha sonra 65°C’ye
ayarli firnda 48 saat kurutulup tartilmistir. Tartim
sonuglarindan kuru ot verimleri hesaplanmistir (Altin
& Gokkus, 1988). Ham protein orant AOAC (1990)’ye
gore Kjeldhl yontemi ile bulunmustur. Ham protein
verimi kuru ot verimi ile ham protein orani ¢arpilarak
hesaplanmistir. Notral deterjan lif (NDF) ve asit
deterjan lif (ADF) oranlar1 Van Soest vd. (1991)
tarafindan bildirilen yOnteme gore Dbelirlenmis,
sindirilebilir kuru madde orani da Oddy vd. (1983)'ne
gore hesaplanmistir. Arastirmadan elde edilen veriler
tesadiif bloklar1 deneme deseninde varyans analizi
teknigine gore JMP 13 (SW) paket programu ile
AOF  Coklu
Karsilastirma Testiyle karsilastirilmistir.

degerlendirilmis ve ortalamalar

BULGULAR
Kuru Ot Verimi

Aragtirmanin ilk yilina ait kuru ot verimleri
cesitlere ve bicim yiiksekliklerine gore istatistiki
olarak oOnemli degisim gosterirken, cesitxbicim
yiiksekligi etkilesimi 6nemsiz olmustur. Ikinci yil ve
iki y1llik ortalamada ise sadece bi¢im yiiksekliklerine
gore onemli farklilik bulunmustur. Yillara gore kuru
ot verimlerindeki farklilk da O©nemli olmustur.
Denemenin ilk yilinda ortalama en yiiksek kuru ot
verimi 2387,1 kg/da ile Cattleman’s Choice ¢esidinde
belirlenmistir. Diger cesitler arasmmdaki verim
farklilign Snemsiz diizeyde kalmustir. Ikinci yilda
gesitlerin kuru ot verimleri birbirlerine yakin olmus
(1621,3-1755,6  kg/da),
ortalamasinda da 1814,1-2004,2 kg/da olmak {izere

ortaya ¢ikmistir (Tablo 3).

ayni  durum  yillar

Deneme yillar1 ve yillarin ortalamasimda birakilan
aniz yiiksekliklerinin artisma bagh olarak kuru ot
verimleri azalmustir. {lk yilda en yiiksek kuru ot
verimi 2473,7 kg/da ile 5 cm yiikseklikten bigilen
parsellerde tespit edilirken, en diisiik verim 1798,7
kg/da ile 15 cm yiikseklikten bigilen parsellerde
belirlenmistir. Ayni degisim ikinci yil ve iki yillik
ortalamada da kaydedilmistir (Tablo 3).

Ham Protein Orani

SSM ¢esitlerine ait otun ham protein igerikleri
arastirmanin ilk yili ve yillar ortalamasinda gesitlere
gore onemli degisim gosterirken, aniz ytiikseklikleri ve
cesitxaniz yiiksekligi etkilesimleri gerek deneme
yillar1  gerekse yillar ortalamasinda  Onemli
olmamustir. Yillar arasindaki farklihk da Onemsiz

diizeyde kalmistir (Tablo 4).

Aragtirmanin ilk yilinda ortalama en yiiksek ham
protein oranina (%12,81) sahip ot Greengo ¢esidinden
hasat edilmistir. Diger iki ¢esidin otlar1 daha az ham
protein icermislerdir (Hay Buster BMR ¢esidi %10,91
ve Cattleman’s Choice %9,68). Ikinci yilda SSM
¢esitlerinin otunun ham protein oranlar1 %11,49-11,90
arasinda degismistir. Ik yilin verilerinden kaynakl
olarak, iki yilin ortalamasinda gesitlerin ham protein
oranlar1 arasinda onemli farklilik gortilmiistiir. Bu
farklilik Greengo (%12,36) ve Cattleman’s Choice
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(%10,58)

gelmistir. Cesitlerin ortalamasi1 olarak, bicimlerde

cesitlerinin protein oranlarindan ileri
birakilan aniz yiiksekliklerine gore otun ham protein
oranlart 2019 yilinda %10,16-11,92, 2020’de %11,32-
12,09 ve yillar ortalamasinda %10,74-12,00 arasinda
yer almistir (Tablo 4).

Ham Protein Verimi

Arastirma yillar1 ve ortalamasinda ham protein
verimleri sadece amz yiiksekliklerine gore Gnemli
degisim gosterirken, cesitler arasindaki farkliliklar ve
gesitxaniz yiiksekligi etkilesimleri Onemsiz
bulunmustur. Yillara gore cesitlerin ham protein
verimleri arasinda onemli farklilik ortaya ¢ikmustir.
Cesitlerin ortalama ham protein verimleri ilk yilda
219,2-247,6 kg/da, ikinci yilda 185,4-208,2 kg/da, iki
yilin ortalamasinda ise 210,1-227,9 kg/da arasinda
degismistir. Aralarindaki farklilik 6nemli olmamakla
birlikte, her iki y1lda da Greengo ¢esidi digerlerinden
biraz daha yiiksek ham protein verimine sahip
olmustur. Bicimdeki amiz yiiksekliklerinin artisina
bagh olarak ham protein verimlerinde diizenli bir
azalma goriilmiistiir. En dipten (5 cm) bigilen
parsellerin ham protein verimleri ilk yil 294,5 kg/da,
ikinci y1l 234,5 kg/da ve yillar ortalamasinda ise 264,5
kg/da olmak iizere diger aniz yiiksekliklerinden
bicilen parsellerin ham protein verimlerinden yiiksek

bulunmustur (Tablo 5).
NDF ve ADF Oranlar1
Deneme yillar1 ve ortalamasinda hasat edilen SSM

NDF

yiiksekliklerine gore degisimi onemsiz oldugu gibi,

otunun oranlarinin  ¢egitlere ve aniz
bunlarin ikili etkilesimleri de 6nemsiz bulunmustur.
Cesitlerin yillara gore NDF igerikleri 6nemli degisim

gostermistir (Tablo 6).

Denemenin ilk yilinda ortalama NDF oranlar
cesitlere gore %58,85-64,44, aniz yiiksekliklerine gore
ise %60,61-64,21 arasinda degismistir. Tkinci y1lda aniz
yiiksekliklerine gore ortalama NDF icerikleri %57,62-
59,98 ve cesitlere gore de %58,73-59,28 arasinda
degisim gostermistir. Iki yillik ortalamada NDF
gore  %58,85-61,86 ve
%59,75-61,64 arasinda yer

oranlar1 cesitlere aniz
yiiksekliklerine gore

almustir (Tablo 6).

Yillar ve ortalamasinda SSM otunun ADF igerikleri
cesitlere, birakilan aniz yiiksekliklerine ve bunlar
arasindaki etkilesimlere gore istatistiki olarak 6nemli
farklilik gostermemis, ancak yillar arasindaki farklilik
onemli olmustur. Cesitlere gore otun ADF igerikleri
2019 yilinda ortalama %32,50-36,40, 2020 yilinda
%40,72-41,33 ve iki yilin ortalamasinda %36,61-38,87
olarak tespit edilmistir. Birakilan aniz yiiksekliklerine
gore ise 2019 ve 2020 yillar ile yillar ortalamasinda
ADF oranlar sirasiyla %33,90-35,76, %40,06-41,65 ve
%36,97-38,38 arasinda degisim gostermistir (Tablo 7).

Sindirilebilir Kuru Madde Orani

Aragtirmanin ilk yilinda bigilen otun sindirilebilir
kuru madde oranlari sadece gesitlere gore Onemli
degisim gostermistir. Tkinci y1l ve iki y1llik ortalamada
ise sindirilebilir kuru madde oranlar: hem gesitlere ve
aniz yiiksekliklerine hem de bunlar arasindaki
etkilesimlere gore 6nemsiz bulunmustur. Yillara gore
sindirilebilir kuru madde oranlar1 arasindaki farklilik

ise onemli olmustur (Tablo 8).

TARTISMA

SSM c¢esitlerinin kuru ot verimleri arasindaki
farklilik sadece 2019 yilinda 6nemli bulunmus ve
Cattleman’s Choice ¢esidi verim bakimindan One
¢ikmistir. Bu durum bu ¢esidin gevre ve yetistirme
sartlarma digerlerinden daha iyi uyum sagladigin
gostermektedir. SSM cesitleri ile yiiriitiillen birgok
aragstirmada ot verimleri arasinda onemli farkliliklar
kaydedilmis (Balabanh & Tiirk, 2005; Keskin vd., 2005;
Nazh vd., 2013; Budak & Kir, 2019) ve bu hususta
cesitlerin genetik yapilart1 6nemli yer tutmustur.
Bigimde birakilan aniz yiiksekliginin artisi ile ot
verimleri azalmistir. En yiiksek ot verimi 5 cm aniz
kalacak sekilde bigilen parsellerden elde edilmistir.
Anizi 15 cm olan bitkilere gore 5 cm aniz birakilan
parsellerde fazladan 10 cm’lik siirgiin (govde +
yaprak) kismi da hasat edilmektedir. Bitki ortiilerinde
yliksekligin artmasi ile toplam kiitlede de artis
2021). Bu
bicimlerde bigilen toplam kiitle de artmaktadir (Holt

olmaktadir (Proulx, sebeple dipten
& Alston, 1968). Anuz yiiksekliginin ot verimi {izerine
etkileri konusunda benzer bulgular arpa ile yiiriitiilen
bir arastirmada da ortaya konmustur. Arpada en

yliksek ot verimleri en kisa (5 cm) amz birakilan
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uygulamada elde edilmistir (Gokkus vd., 2017).
Sorgum sudan otu ve seker sorgum cesitlerinin farkl
bigim yiiksekliklerine gbre ot verimlerindeki
degisimlerin incelendigi baska bir ¢alismada da yine
bi¢im yiikseklikleri arttik¢a ot verimlerinin diistiigii
bulgusuna ulasilmistir (Alatiirk vd., 2022). Bitkilerin
biiytime dénemi, gelisme siirecinin uzunlugu (Koca &
Erekul, 2016) ve verimi (Ali, 2013) dogrudan iklim
sartlar1 tarafindan etkilenir. Bu sebeple tarla
denemelerinin en az iki yillik olarak planlanmasi
onerilmektedir. Bu deneme de iki yil yiiriitiilmiis ve
ot verimleri bakimindan yillar arasinda énemli bir
fark goriilmemistir. Dolayisiyla bu durumun 6zellikle
bitkilerin bliytidigii stlirecte hava olaylarindaki
degisimin yillar arasinda ¢ok farkli olmamasindan

ileri geldigi diistiniilmektedir.

Bu calismada SSM cesitlerinin deneme ortalamasi
olarak hesaplanan ham protein oranina ait %11,44
degeri, Ozaslan Parlak & Sevimay (2007) tarafindan
belirlenen 11,17’ye yakin, Iptas (1993), Aydmn &

Albayrak (1995), Biiyiikbur¢ (1997), Yilmaz &

Saglamtimur (1997), Cigdem & Uzun (2006) ve
Salman & Budak (2015) tarafindan sirastyla %6,2, 8,35,
8,5-10,2, 8,2, 6,07-1,10 ve 7,90-9,57 olarak ol¢iilen ham
protein oranlarindan daha yiiksek ve Karatas (2011)
tarafindan %13,95-15,07 olarak tespit edilen orandan
daha diisiik bulunmustur. Bu farkliliklar gesit ve cevre
farkliliklarindan ileri gelmistir. Cesitlerin fizyolojik
islevleri (ham protein iiretimleri) ve bunlar tizerindeki
cevresel etkileri farkli oldugundan (Kang, 2002), ham
protein oraninda gesitlere gore ortaya gikan degisimin
farkliliklardan

diisintilmektedir. Bu durum SSM c¢esitlerinin ele

genetik kaynaklandig:
alindig1 bir¢ok arastirmada (Nazli vd., 2013; Salman &
Budak, 2015) benzer sekilde ortaya konmustur. Ham
protein oranlariin aniz yiiksekliklerine gore dnemli
bir degisim gostermemesi, sapin dip kisimda protein
oranmin  iist kisimlarma  yakin  oldugunu
gostermektedir. Ot verimlerinde oldugu gibi, yillara
gore SSM ¢esitlerinin ham protein oranlarinda da
onemli bir farklilik ortaya ¢ikmamuistir. Yillarin iklim
Ozelliklerinin yakin seyretmesi bu durumda etkili

olmustur.

Table 6. NDF contents of hay of SSM cultivars in terms of remaining stubble height (%)

Tablo 6. SSM cesitlerinin birakilan aniz yiiksekliklerine gore otun NDF icerikleri (%)

Cesit Aniz Yiiksekligi Ortalama
5cm 10 cm 15 cm

2019

Greengo 58,70 62,71 55,15 58,85

Hay Buster BMR 66,08 62,13 65,12 64,44

Cattleman’s Choice 63,34 67,80 61,53 64,23

Ortalama 62,71 64,21 60,61 62,51 A*

Onemlilik C:0,0788, AY: 00,3983, CxAY: 0,4637

2020

Greengo 59,68 57,43 59,42 58,84

Hay Buster BMR 60,13 58,07 59,64 59,28

Cattleman’s Choice 60,12 57,38 58,69 58,73

Ortalama 59,98 57,62 59,25 58,95 B*

Onemlilik C:0,6155, AY: 0,4114, CxAY:0,9373

Yillar Ortalamasi

Greengo 58,70 62,62 61,20 58,85

Hay Buster BMR 60,74 60,90 63,27 61,86

Cattleman’s Choice 57,10 62,07 60,06 61,51

Ortalama 60,84 61,64 59,75

Onemlilik C:0,0796, AY: 0,4179, CxAY: 0,6182, Y: 0,0040

Not: C: Cesit, AY: Aniz yiiksekligi, Y: Yil. *: Yillarin ortalamasini ifade etmektedir.
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Table 7. ADF contents of hay of SSM cultivars in terms of remaining stubble height (%)

Tablo 7. SSM cesitlerinin birakilan amiz yiiksekliklerine gore otun ADF igerikleri (%)

Cesit Aniz Yiiksekligi Ortalama
5cm 10 cm 15 cm
2019
Greengo 33,43 34,00 30,06 32,50
Hay Buster BMR 36,98 34,23 38,00 36,40
Cattleman’s Choice 36,87 36,45 33,63 35,65
Ortalama 35,76 34,89 33,90 34,85 B*
Onemlilik C:0,1539, AY: 0,6604, CxAY: 0,5893
2020
Greengo 41,20 39,83 41,13 40,72
Hay Buster BMR 41,82 40,46 41,71 41,33
Cattleman’s Choice 41,93 39,88 40,52 40,78
Ortalama 41,65 40,06 41,12 40,94 A*
Onemlilik C:0,3100, AY: 00,4712, CxAY: 0,7328
Yillar Ortalamasi
Greengo 36,98 37,80 35,05 36,61
Hay Buster BMR 39,09 38,30 39,21 38,87
Cattleman’s Choice 39,04 39,04 36,63 38,24
Ortalama 38,37 38,38 36,97 37,91
Onemlilik ¢:0,0917, AY: 0,7526, CxAY: 0,6135, Y: 0,0001
Not: C: Cesit, AY: Aniz yiiksekligi, Y: Yil. *: Yillarin ortalamasini ifade etmektedir.
Table 8. Digestible dry matter ratios of SSM cultivars in terms of remaining stubble height (%)
Tablo 8. SSM cesitlerinin birakilan aniz yiiksekliklerine gore sindirilebilir kuru madde oranlar (%)
) Aniz Yiiksekligi
Cesit 5 cm : 10 cm 15 cm Ortalama
2019
Greengo 58,64 56,82 63,10 59,52 A
Hay Buster BMR 51,99 52,53 51,31 51,95 B
Cattleman’s Choice 52,62 54,11 57,72 54,82 C
Ortalama 54,42 54,49 57,38 55,43 A*
Onemlilik C:0,0155, AY: 00,3670, CxAY: 0,6889
2020
Greengo 40,77 45,69 45,17 43,87
Hay Buster BMR 40,84 46,48 45,12 44,15
Cattleman’s Choice 38,33 45,80 46,06 43,40
Ortalama 39,98 46,00 45,45 43,71 B*
Onemlilik C:0,8625, AY: 0,1885, CxAY: 0,8354
Yillar Ortalamasi
Greengo 51,05 49,87 54,17 51,70
Hay Buster BMR 47,68 47,81 48,65 48,05
Cattleman’s Choice 47,14 48,57 51,17 48,96
Ortalama 48,63 48,75 51,33
Onemlilik C: 0,0660, AY: 0,5286, CxAY: 0,8630, Y: 0,0001

Not: C: Cesit, AY: Aniz yiiksekligi, Y: Yil. *: Yillarin ortalamasini ifade etmektedir.
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Ham protein verimi kuru ot verimi ile otun ham
protein oraninin ¢arpimi ile hesaplanmaktadir.
Dolayisiyla ham protein verimini kuru ot verimi ve
ham protein oranindaki degisimler etkilemektedir.
Denemede birakilan amiz yiiksekliklerinin artisina
bagli olarak ham protein verimleri azalmistir. Bunun
nedeni SSM cesitlerinin kuru ot verimlerinin aniz
yiiksekliklerinin  artislarina  bagh  olarak ot
verimlerindeki diisiis olmustur. Zira ham protein
oranlart aniz yiiksekliklerine gore onemli degisim
gostermemistir (Tablo 4). Bu ¢alismada ortalama ham
protein verimleri 170-260 kg/da araliginda degerlere
sahip olmustur. Farkli sorgum cesitleri ile yapilan
calismalarda ortalama ham protein verimleri 96 kg/da
(Aydin & Albayrak, 1995), 57 kg/da (Yilmaz &
Saglamtimur, 1997), 89-126 kg/da (Hosaflioglu, 1998)
ve 136,6 kg/da (Yilmaz & Hosaflioglu, 2000) olarak

verilmistir.

SSM ¢esitlerinin farkli amiz yiiksekliklerine gore
hiicre ¢eperi bilesenleri (NDF ve ADF) arastirma
yillarinda 6nemli degisim gostermemistir. Bu durum
gesitlerin gelismelerinin es zamanl ve hiicre geperi
yapilarinin = da  birbirine = yakin  oldugunu
gostermektedir. Yapilan benzer calismalarda ortalama
NDF oranlar1 %57 (Gliven, 2017), %58-61 (Nazli, 2011)
ve %63-74 (Akdeniz vd., 2003), ortalama ADF oranlar
da %36-45 (Akdeniz vd. 2003), %6-10 (Kaplan &
Kizilsimsek, 2012) ve %30 (Giiven, 2017) araliklarinda
tespit edilmistir. Elde edilen sonuglar, genelde
bulunan degerlerle uyumludur. Bitkilerin biiyiime
donemindeki ortalama sicakliklar hiicre ¢eperi
bilesenlerini etkilemektedir. Ozellikle bugdaygillerde
hava sicakliklarinin yiikselmesi ile birlikte NDF ve
ADF gibi artis
yasanmaktadir (Wilson vd., 1975; Deinum, 1976;
Wilson, 1994). bitkilerde

biiytimenin oldugu haziran-eyliil arasinda ortalama

hiicre ¢eperi maddelerinde

Bu calismada etkin
aylik sicakliklar iki yilda da birbirine yakin olmustur
(2019'da 25,9°C, 2020’de 25,4°C). Bu da yillar arasinda

degisimi dnemsiz kilmustir.

Farkli SSM cesitlerinin sindirilebilir kuru madde
oranlar1 sadece arastirmanin ilk yilinda gesitlere gore
onemli diizeyde degismistir. Otun sindirilebilirligi
tizerinde NDF ve ADF gibi hiicre geperi bilesenlerinin
yaninda ham protein gibi besin maddeleri de etkilidir.

Hiicre geperini olusturan yapisal karbonhidratlarin

artmasi sindirilebilirligi azaltirken (Oba & Allen, 1999;
Mahyuddin, 2008; Spanghero & Zanfi, 2009), ham
protein  oranmin  yiikselmesi
artirmaktadir (Glover & Duthie, 1958; Ammar vd.,
2005). Bu

sindirilebilir kuru madde oranmin yiiksek olmasi

sindirilebilmeyi

calismada da Greengo cesidinde
hiicre ceperi bilesenlerinden (NDF ve ADF) ileri
gelmektedir. Bu ¢esidin hiicre ¢eperi bilesenleri diisiik
oldugu icin otunun sindirilme orani1 da yiiksek
bulunmustur. Amz yiiksekliklerindeki degisimin
otun ham protein ve hiicre ceperi bilesenlerinde
onemli bir farklihk yaratmamasi, sindirilebilirligi
tizerinde de etkili olmamasmna sebep olmustur. Bu
aragtirmada ortalama sindirilebilir kuru madde
oranlart %43-59 arasinda degisim gostermistir. SSM
gesitleri ile yapilan c¢alismalarda  ortalama
sindirilebilir kuru madde oranlar1 %51-60 (Akdeniz
vd., 2002) ve %52-67 (White & Bolsen, 1988; Sonon vd.,
1991) arasinda degismek iizere bulunan degerlere

yakin olmustur.

SONUC

Bu ¢alisma {i¢ farkli sorgum sudan otu melezi
¢esidinin (Greengo, Hay Buster BMR ve Cattleman’s
Choice),

edilmesiyle ot verimi ve ot kalitelerindeki degisimleri

tic farkli amz yiiksekliklerinde hasat
belirlemek amaciyla yapilmistir. Deneme tesadiif
bloklar1 deneme desenine gore 3 tekerriirlii olarak
kurulmus olup, gesit ve aniz yiikseklikleri (5, 10 ve 15
cm) olmak tizere iki faktor ele almmustir. Yapilan
¢alismanin sonucuna gore aniz yiiksekliginin artisina
baghh olarak sorgum cesitlerinin {iretmis olduklar
kuru ot miktarlar1 azalmistir. Ham protein oram
sadece cesitlere, ham protein verimi ise aniz
yiiksekliklerine gore onemli farkliliklar gostermistir.
Aniz yiiksekliklerinin artisina bagh olarak ham
protein verimleri diismistiir. Otun NDF ve ADF
oranlar: ile sindirilebilir kuru madde orani sadece

yillara gore onemli degisiklik gostermistir.

Arastirmanin sonucuna gore, benzer ekolojilerde
yaz doneminde kaba yem tiretimi amaciyla yapilacak
Choice
¢esidinin tercih edilmesi ve bu yetistiricilikte bigimin

olan SSM yetistiriciliginde Cattleman’s

5 com amz kalacak sekilde yapilmasi uygun

gorilmiistiir.

181



Erecek et al. (2023) Acta Natura et Scientia 4(2), 172-185

p ACTANATURA ET SCIENTIA

TESEKKUR

Bu calisma Nuri ERECEK’in Yiiksek Lisans

tezinden tiretilmistir.

Etik Standartlara Uygunluk

Yazarlarin Katkis1

NE: Makalenin ilk taslagini yazmugtir. Istatistiksel

analizleri gerceklestirmistir.

AG: Calismay tasarlamigtir. Makalenin ilk taslagim

yazmistir. Istatistiksel analizleri gerceklestirmistir.
FA: Istatistiksel analizleri gerceklestirmistir.
Yazarlar metnin son halini okumus ve onaylamustir.

Cikar Catismasi

Yazarlar herhangi bir ¢ikar catismasi olmadigim

deklare etmektedir.

Etik Onay

Yazar bu ¢alisma igin resmi etik kurul onayinin gerekli

olmadigimn bildirmektedir.
Veri Kullanilabilirligi Bildirimi

Yazarlar, bu c¢alismanin bulgularini destekleyen
verilerin  makale icinde mevcut oldugunu

onaylamaktadir.

KAYNAKLAR

Acikgoz, E. (2001). Yem Bitkileri. Uludag Universitesi
Gliglendirme Vakfi Yayin No: 182, Vipas A.S.
Yayin No: 58.

Akdeniz, H., Karsli, M. A., Nursoy, H., & Yilmaz, I
(2003). Baz1 tane sorgum cesitlerinin besin
madde kompozisyonu ve sindirilebilir kuru
madde veriminin belirlenmesi. Turkish Journal
of Veterinary and Animal Sciences, 27(6), 1349-
1355.

Akdeniz, H., Yilmaz, I. H., Keskin, B., & Arvas, O.
(2002). The effects of different nitrogen levels on
yield and yield components of some silage
sorghum (Sorghum vulgare L.) varieties grown
under irrigated conditions in Van-Turkey.
Turkish Journal of Field Crops, 7(2), 52-60.

Alattirk, F., Gokkus, A., Baytekin, H., & Ali, B. (2022).
Effects of different harvesting practices on the
agronomic characteristics of some sweet
sorghum and sorghum x sudangrass hybrid
varieties. 4th. International Conference on Natural
Sciences and  Technologies (ICONAT-2022),
Antalya, Tiirkiye. pp. 57.

Ali, M. (2013). Climate Change Impacts on Plant Biomass
Growth. Springer. https://doi.org/10.1007/978-
94-007-5370-9

Altin, M., & Gokkus, A. (1988). Erzurum sulu

kosullarinda bazi yem bitkileri ile bunlarin

karisimlarinin degisik ekim sekillerindeki kuru
ot verimleri {izerinde bir arastirma. Doga Tarim
ve Orman Dergisi, 12(1), 24-36.

Ammar, H., Lépez, S., Gonzalez., ]. S., & Ranilla, M. ].
(2005).  Relationship  between  chemical
composition and in vitro digestibility of some
Spanish browse plant species. In E. Molina
Alcaide, H. Ben Salem, K. Biala & P. Morand-
Fehr (Eds.), Sustainable Grazing, Nutritional
Utilization and Quality of Sheep and Goat Products
(pp- 327-332). CIHEAM, Options
Méditerranéennes:  Série ~A.  Séminaires
Meéditerranéens; n. 67.

Ansa, J. E. O, & Garjila, Y. A. (2019). Effect of cutting
frequency on forage growth and yield in
elephant grass in the southern rainforest of
Nigeria. International Journal of Environmental &
Agriculture Research, 5(7), 1-5.

AOAC. (1990). Official Method of Analysis (15th
Edition). Association of Official Analytical 12
Chemists, Washington, DC, USA, pp. 66-88.

Avcioglu, R, Geren, H., & Kavut, Y. T. (2009). Sorgum
sudanotu ve sorgum x sudanotu melezi. In R.
Avcioglu, R. Hatipoglu, Y. Karadag (Eds.),
Yembitkileri Bugdaygil ve Diger Familyalardan
Yembitkileri (ss. 680-701). TKB TUGEM.

Awika, ]. M., & Rooney, L. W. (2004). Sorghum
phytochemicals and their potential aspects on
human health. Phytochemistry, 65(9), 1199-1221.
https://doi.org/10.1016/j.phytochem.2004.04.00
1



https://doi.org/10.1007/978-94-007-5370-9
https://doi.org/10.1007/978-94-007-5370-9
https://doi.org/10.1016/j.phytochem.2004.04.001
https://doi.org/10.1016/j.phytochem.2004.04.001

Erecek et al. (2023) Acta Natura et Scientia 4(2), 172-185

9, ACTANATURA ET SCIENTIA

Aydin, 1, & Albayrak, S. (1995). Samsun ekolojik
sartlarinda II. {irlin olarak yetistirilen bazi
bitkilerin farkli bicim zamanlarinda ot ve ham

bir
Ondokuz Mayis Universitesi Ziraat Fakiiltesi
Dergisi, 10(3), 71-81.

Balabanli, C., & Tiirk, M. (2005). Sorgum, Sudanotu

melez ve gesitlerinin Isparta kosullarinda verim

protein verimleri {izerine arastirma.

ve kalite Ozelliklerinin belirlenmesi tizerine bir
aragtirma. Siileyman Demirel Universitesi Fen
Bilimleri Enstitiisii Dergisi, 9(3), 1-5.

Beta, T., Rooney, L. W., Marovatsanga, L. T., & Taylor,
J. R. N. (2000). Effect of chemical treatments on
polyphenols and malt quality in sorghum.
Journal Science,  31(3), 295-302.
https://doi.org/10.1006/jcrs.2000.0310

Budak, T., & Kir, H. (2019). Sira araliklarinin sorgum

ve sorgum-sudanotu melez cesitlerinin verim

Cereal

ve kalite {izerine etkisi. 21. Yiizyilda Fen ve
Teknik, 6(12), 49-58.

Buso, W. H. D., Morgado, H. S,, Silva, L. B., & Franga,
A.F.S. (2011). Utilizagao do sorgo forrageiro na
alimentagao animal. PUBVET, 5(23), 1145.
https://doi.org/10.22256/pubvet.v5n23.1145

Biiytikburg, U. (1997). Silage production possibility of
Sorghum vulgare, S. sudanense and their hybrids
on the second crop condition of Tokat-Turkey.
XVIIIL International Grassland Congress, Canada,
Vol. 2, Session 19, 9-10.

CCCEF. (2011). Working Paper on Sycotoxins in Sorghum.
Joint FAO / WHO Food Standards Codex
Committee on Contaminants in Foods (CCCF).

Cigdem, 1, & Uzun, F. (2006). Samsun ili taban
alanlarinda ikinci {iriin olarak yetistirilebilecek
bazi silajlik sorgum ve musir gesitleri {izerine bir
aragtirma. Ondokuz Mayis Universitesi Ziraat
Fakiiltesi Dergisi, 21(1), 14-19.

Deinum, B. (1976). Effects of age, leaf number and
temperature on cell wall and digestibility of

In: B. Gaillard (Ed.), Carbohydrate

Research in Plants and Animals (pp. 29-41).

maize.

Miscellaneous Papers 12, Landbouwhoge
school, Wageningen, The Netherlands.

Dicko, M. H., Gruppen, H., Traore, A. S., van Berkel,
W.J. H, & Voragen, A. G. ]. (2005). Evaluation

of the effect of germination on phenolic

compounds and antioxidant activities in
sorghum varieties. Journal Agricultural and Food
Chemistry, 53(7), 2581-2588.
https://doi.org/10.1021/jf0501847

Doggett, H. (1988). Sorghum (2nd ed.) Longman
Scientific & Technical.

FAO. (1995). Sorghum and Millet in Human Nutrition.
FAO Food and Nutrition Series No. 27, ISBN 92-
5-103381-1.

Glover, J., & Duthie, D. W. (1958). The nutritive

ratio/crude-protein relationships in ruminant

and non-ruminant digestion. The Journal of
Science, 50(2), 227-229.
https://doi.org/10.1017/50021859600031075
Gokkus, A. & Coskun, E. (2023).
Tiirkiye’sinde Cayir
Onemi. Acta Natura et Scientia, 4(1), 58-67.
https://doi.org/10.29329/actanatsci.2023.353.06
Gokkus, A., Birer, S., & Alatiirk, F. (2017). Farkli aniz
ylikseklikleri kalacak sekilde yapilan bigimlerin

Agricultural

Gelecegin

Dogal ve Meralarin

arpanin ot verimi ve kalitesine etkileri. KSU
Doga Bilimleri Dergisi, 20(Ozel Say1), 121-125.
https://doi.org/10.18016/ksudobil 349008
Griebel, S., Webb, M. M., Campanella, O. H., Craig, B.
A., Weil, C. F., & Tuinstra, M. R. (2019). The
alkali spreading phenotype in Sorghum bicolor

and its relationship to starch gelatinization.
Journal  of  Cereal  Science, 86, 41-47.
https://doi.org/10.1016/}.jcs.2019.01.002

Giiven, Y. (2017). Bigim Siklig1 ve Yiiksekliginin Bursa

Kosullarinda Sorgum-Sudanotu  Melezinin
Verim ve Kalitesine FEtkisi Uzerine Bir
Arastirma  [Yiiksek Lisans Tezi, Igdir
Universitesi].

Holt, E. C, & Alston, G. D. (1968). Response of
sudangrass hybrids to cutting practices.
Agronomy Journal, 60(3), 303-306.
https://doi.org/10.2134/agronj1968.00021962006
000030017x

Hosaflioglu, 1. (1998). Sorgum (Sorghum bicolor L.
Moench) ve sorgumxsudanotu (Sorghum bicolor-
Sorghum sudanense Stapf.) melezi cesitlerinin
silaj amaciyla ikinci iiriin olarak yetistirme
olanaklar1 [Yiksek Lisans Tezi, Yiiziinci Yil

Universitesi.

183


https://doi.org/10.1006/jcrs.2000.0310
https://doi.org/10.22256/pubvet.v5n23.1145
https://doi.org/10.1021/jf0501847
https://doi.org/10.1017/S0021859600031075
https://doi.org/10.29329/actanatsci.2023.353.06
https://doi.org/10.18016/ksudobil.349008
https://doi.org/10.1016/j.jcs.2019.01.002
https://doi.org/10.2134/agronj1968.00021962006000030017x
https://doi.org/10.2134/agronj1968.00021962006000030017x

Erecek et al. (2023) Acta Natura et Scientia 4(2), 172-185

9, ACTANATURA ET SCIENTIA

House, L. R. (1985). A Guide to Sorghum Breeding (2nd
ed.). International Crop Research Institute for
the Semi-Arid Tropics (ICRISAT).

Iptas, S. (1993). Tokat ydresinde sorgum ve sorgum x
sudanotu melezi cesitlerinde yararlanma
imkanlar1. Tarla Bitkileri Cayir-Mera ve Yem
Bitkileri Kongresi, Tiirkiye, ss. 341-351.

Jardim, A. M., Silva, G. I. N, Biesdorf, E. M., Pinheiro,
A. G, Silva, M. V., Araujo Junior, G. N., Santos,
A., Alves, H. K. M. N., Sa Souza, M., Morais, J.
E. F, Alves, C. P, & Silva, T. G. F. (2020).
Production potential of Sorghum bicolor (L.)
Moench crop in the Brazilian semiarid: Review.
PUBVET, 14(04), 1-13.
https://doi.org/10.31533/pubvet.v14n4a550.1-13

Kang, M. S. (2002). Genotype-environment

interaction: Progress and prospects. In M. S.
Kang (Ed.), Quantitative Genetics, Genomics and
Plant Breeding (pp. 221-243). CABI Publishing.

Kangama, C. O., & Rumei, X. (2005). Introduction of
sorghum (Sorghum bicolor (L.) Moench) into
China. African Journal of Biotechnology, 4(7), 575-
579.

Kaplan, M., & Kizilsimsek, M. (2012). Farkhi tane
sorgum (Sorghum bicolor L.) hat ve gesitlerinin
besleme degerlerinin belirlenmesi. Erciyes
Universitesi Fen Bilimleri Enstitiisii Dergisi, 28(1),
11-14.

Karatas, Z. (2011). Cukurova Kosullarinda II. Uriin
Olarak Bazi Sorgum x Sudan Out Melezi
Cesitlerinin Bigim Zamaninin Hasil Verim ve
Kalite Unsurlarina Etkileri Uzerine Bir
Aragtirma [Yiiksek Lisans Tezi, Cukurova
Universitesi.

Keskin, B., Yilmaz, 1. H., & Akdeniz, H. (2005). Sorgum
x Sudanotu melezi (Sorghum bicolor x Sorghum
sudanense Mtapf.) cesitlerinde hasat zamaninin
verim ve verim unsurlarina etkisi. Atatiirk
Universitesi Ziraat Fakiiltesi Dergisi, 36(2), 145-
150.

Koca, Y. O, & Erekul, O. (2016). Changes of dry
matter, biomass and relative growth rate with
different phenological stages of corn.
Agriculture and Agricultural Science Procedia, 10,
67-75. https://doi.org/10.1016/j.aaspro.2016.09.015

Lang, B. (2001). Sudan/Sorghum Forage Management.
Iowa State Univ. Ext., Fact Sheet BL-50, 6p.

Lee, S. M. (2005). Effect of the cultivation method and
cutting time on the growth characteristics, dry
matter yield and voluntary intake in sorghum x
sudangrass hybrid. Journal of the Korea Society of
Grassland Science, 25(1), 7-16.

Mahyuddin, P. (2008). Relationship between chemical
component and in vitro digestibility of tropical
grasses. HAYATI Journal of Biosciences, 15(2), 85-
89. https://doi.org/10.4308/hjb.15.2.85

Nazli, R. 1. (2011). Sorgum Sudanotu Melezi

Tariminda Bazi Organik Atiklarin Kullanim

Olanaklar1 [Yiiksek Lisans Tezi, Cukurova
Universitesi.

Nazli, R. 1., inal, ., Kusvuran, A., Sezer, M. C., & Tans;,
V. (2013). Cukurova kosullarinda bazi sorgum
x sudanotu melezi cegitlerinin verim ve kalite
ozelliklerinin belirlenmesi. Tiirkiye 10. Tarla
Bitkileri Kongresi, Tiirkiye, ss. 521-526.

Oba, M., & Allen, M. S. (1999). Evaluation of the
importance of the digestibility of neutral
detergent fiber from forage: effects on dry
matter intake and milk yield of dairy cows.
Journal ~ Dairy  Science,  82(3), 589-596.
https://doi.org/10.3168/jds.S0022-
0302(99)75271-9

Oddy, V. H,, Robards, G. E.,, & Low, S. G. (1983).

Prediction of in vivo dry matter digestibility

from the fiber nitrogen content of a feed. In G.
E. Robards & R. G. Packham (Eds.), Feed
Information and Animal Production (pp. 395-398).
Commonwealth Agricultural Bureaux.

Ozaslan Parlak, A., & Sevimay, C. S. (2007). Arpa ve
bugday hasadindan sonra bazi yem bitkilerinin
ikinci triin olarak yetistirilme imkanlari.
Ankara  Universitesi Ziraat Fakiiltesi Tarim
Bilimleri Dergisi, 13(2), 101-107.
https://doi.org/10.1501/Tarimbil 0000000446

Proulx, R. (2021). On the general relationship between

plant height and aboveground biomass of
vegetation stands in contrasted ecosystems.
PLoS ONE, 16(5), €0252080.
https://doi.org/10.1371/journal.pone.0252080



https://doi.org/10.31533/pubvet.v14n4a550.1-13
https://doi.org/10.1016/j.aaspro.2016.09.015
https://doi.org/10.4308/hjb.15.2.85
https://doi.org/10.3168/jds.S0022-0302(99)75271-9
https://doi.org/10.3168/jds.S0022-0302(99)75271-9
https://doi.org/10.1501/Tarimbil_0000000446
https://doi.org/10.1371/journal.pone.0252080

Erecek et al. (2023) Acta Natura et Scientia 4(2), 172-185

9, ACTANATURA ET SCIENTIA

Ramatoulaye, F., Mady, C., Fallou, S., Amadou, K,
Cyril, D., & Massamba, D. (2016). Production
and use sorghum: A literature review. Journal
Nutrition Health Food Science, 4(1), 1-4.
https://doi.org/10.15226/jnhfs.2016.00157

Ribas, P. M. (2008). Cultivation of Sorghum: Planting
(4th Ed.). Embrapa Milho e Sorgo.

Rooney, L. W., & Waniska, R. D. (2000). Sorghum food
and industrial utilization. In C. W. Smith, & R.

A. Frederiksen (Eds.), Sorghum: Origin, History,
Technology, and Production (pp. 689-729). John
Wiley & Sons Inc.

Salman, A., & Budak, B. (2015). Farkli sorgum x
sudanotu melezi (Sorghum bicolor x Sorghum
sudanense Stapf.) cesitlerinin verim ve verim
Ozellikleri tiizerine bir arastirma. Adnan
Menderes Universitesi Ziraat Fakiiltesi Dergisi,
12(2), 93-100.

Sonon, R. N., Souzo, R., Pfaff, L., Dickerson, J. T., &
Bolsen, K. K. (1991). Effects of maturity at
harvest and cultivar on agronomic performance
of forage sorghum and the nutritive value of
selected sorghum silages. Cattlemen’s Day, pp 1-
5, Manhattan, KS.

Sowinski, J., Szydelko, E. (2011). Growth rate and
yields of a sorghum-sudangrass hybrid variety
grown on a light and a medium-heavy soil as
affected by cutting management and seeding
rate. Polish Journal of Agronomy, 4, 23-28.

Spanghero, M., & Zanfi, C. (2009). Impact of NDF
content and digestibility of diets based on corn
silage and alfalfa on intake and milk yield of
dairy cows. Italian Journal of Animal Science,
8(Suppl. 2), 337-339.
https://doi.org/10.4081/ijas.2009.52.337

Uher, D, Stafa, Z, Madesi¢, D, Kaudi¢, D, &
Vukasinovi¢, Z. (2005). The effect of cutting

regime on yield of sorghum in different climatic

(vegetation) seasons. Mljekarstvo, 55(1), 15-30.

Undersander, D. J.,, Smith, L. H., Kaminski, A. R,,
Kelling, K. A., Doll, J. D. (2003). Sorghum —
Forage. In Alternative Field Crop Manual.
Retrieved on July 15, 2023, from
https://hort.purdue.edu/newcrop/afcm/forage.
html

Van Soest, P. ., Robertson, J. B., & Lewis, B. A. (1991).
Methods for dietary fiber, neutral detergent
fiber, and nonstarch polysaccharides in relation
to animal nutrition. Journal of Dairy Science,
74(10), 3583-3597.
https://doi.org/10.3168/jds.S0022-
0302(91)78551-2

Vanamala, J. K. P., Massey, A. R., Pinnamaneni, S. R.,
Reddivari, L., & Reardon, K. F. (2018). Grain
and sweet sorghum (Sorghum bicolor L. Moench)

serves as a novel source of bioactive
compounds for human health. Critical Reviews
in Food Science and Nutrition, 58(17), 2867-2881.
https://doi.org/10.1080/10408398.2017.1344186
White, J., & Bolsen, K. K. (1988). Influence of plant

parts on in vitro dry matter disappearance of

forage sorghum silages. Cattlemen’s Day, pp. 83-
89, Manhattan, KS.
Willms, W. D. (1991). Cutting frequency and cutting
height effects on rough fescue and Parry oat
grass yields. Journal of Range Management, 44(1),
82-86. http://dx.doi.org/10.2307/4002645
Wilson, J. R. (1994). Cell wall characteristics in relation

to forage digestion by ruminants. The Journal of

Agricultural Science, 122(2), 173-182.

https://doi.org/10.1017/50021859600087347
Wilson, J. R, & Taylor, A. O., & Dolby, G. R. (1975).

Temperature and atmospheric humidity effects

on cell wall content and dry matter digestibility
of some tropical and temperate grasses. New
Zealand Journal of Agricultural Research, 19(1), 41-
46. https://doi.org/10.1080/00288233.1976.10421044
Yilmaz, 1., & Hossaflioglu, 1. (2000). Sorgum (Sorghum

bicolor L. Moench) ve sorgum x sudan otu
(Sorghum bicolor — Sorghum sudanense Stapf.)
melezi gesitlerinin silaj amaci ile ikinci {irtin
olarak  yetistirme olanaklari.  Cukurova
Universitesi Ziraat Fakiiltesi Dergisi, 15(1), 49-56.
Yilmaz, $., & Saglamtimur, T. (1997). Amik ovasi
kosullarinda II. iiriin olarak yetistirilen sorgum
x sudanotu (Sorghum bicolor x Sorghum
sudanense) melez ¢esidinde azot giibrelemesinin
ve sira arasi mesafenin ot verimine ve kalitesine
etkisi {izerine bir arastirma. Mustafa Kemal
Universitesi Ziraat Fakiiltesi Dergisi, 2(1), 87-100.
https://doi.org/10.35193/bseufbd.715571



https://doi.org/10.15226/jnhfs.2016.00157
https://doi.org/10.4081/ijas.2009.s2.337
https://hort.purdue.edu/newcrop/afcm/forage.html
https://hort.purdue.edu/newcrop/afcm/forage.html
https://doi.org/10.3168/jds.S0022-0302(91)78551-2
https://doi.org/10.3168/jds.S0022-0302(91)78551-2
https://doi.org/10.1080/10408398.2017.1344186
http://dx.doi.org/10.2307/4002645
https://doi.org/10.1017/S0021859600087347
https://doi.org/10.1080/00288233.1976.10421044
https://doi.org/10.35193/bseufbd.715571

Acta Nat. Sci. (2023) 4(2): 186-193
DOI: 10.29329/actanatsci.2023.354.7
e-ISSN: 2718-0638

Original Research Paper

info@actanatsci.com
www.actanatsci.com

+) ACTANATURA ET SCIENTIA

Investigation of Products Based on Different Writing Speeds using 3D Printer
(Extruder)

Bayram K1Z1lkayalx * Hakan Ayyildiz2

1 Canakkale Onsekiz Mart University, Faculty of Marine Sciences and Technology, Department of Aquaculture, Canakkale, Tiirkiye,
bayram342001@yahoo.com

2 Canakkale Onsekiz Mart University, Marine Science and Technology Faculty, Department of Fisheries Industrial Engineering, 17020,
Canakkale, Tiirkiye, ayyildizhakan@gmail.com

¥ Corresponding Author: bayram342001@yahoo.com

Please cite this paper as follows:

Kizilkaya, B., & Ayyildiz, H. (2023). Investigation of Products Based on Different Writing Speeds using 3D Printer (Extruder). Acta Natura
et Scientia, 4(2), 186-193. https://doi.org/10.29329/actanatsci.2023.354.7

ARTICLE INFO

ABSTRACT

Article History
Received: 18.10.2023

Revi

Accepted: 13.11.2023
Available online: 13.12.2023

In this study, the results of products depending on the printing speed of the 3D
sed: 12.11.2023 printer are discussed. The data was compared to the standard averages (SA) of

products produced at different production speeds. The highest standard deviation

Keywords:
3D Printers

PLA

Writing Speed

is observed at a production speed of 100 mm.s™. In terms of product length (L), the
highest deviation is at 40 mm.s™, while the lowest is at 60 mm.s1. The product closest
to the desired 20 mm length was appeared at a speed of 60 mm.s!. For product
height (H), the highest deviation is at 40 mm.s™, while the lowest is at 80 mm.s. The
product closest to the desired 1 mm height is at a speed of 80 mm.s . Regarding
product weight, the highest deviation is at 40 mm.s?, and the lowest is at
100 mm.s?. The results provide further details on the standard averages and
standard deviations for each product at each production speed. The deviation
percentage (PD) and the H/L ratio were also calculated to understand the magnitude
of variation in the products. The H/L ratio was calculated to provide insight into the
difference between the highest and lowest measurement results of the produced
products. The results show that the highest differences among the products in terms
of length, height, and weight are observed at a production speed of 100 mm.s!.
Consequently, it was concluded that a production speed of 100 mm.s resulted in

the most significant variations in length, height, and weight between the products.

INTRODUCTION

manufacturing methods. Among these, 3D printers
are more cost-effective compared to traditional

3D extruders (printers) are devices used to produce production methods, especially for small-scale

three-dimensional objects created using computer-
aided design software (Dou et al., 2020). 3D printers

offer several advantages compared to traditional

production. 3D printers are also faster than traditional
which
important for prototyping and rapid production

manufacturing methods, is particularly
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(Anderson, 2017; Ming et al., 2020; Urquiza et al., 2021;
Kamer et al., 2022). 3D printers are more flexible
compared to traditional manufacturing methods,
allowing for the production of complex and
customized designs. 3D printers are utilized in
various industries and applications (Ngo et al., 2018;
Popescu et al., 2018; Kamer et al., 2022). Some of these
applications include prototyping, rapid production,
and low-volume manufacturing. Additionally, they
are used for the fabrication of prosthetics, implants,
and other medical devices. 3D printers are also
students’ skills.
Furthermore, this technology is used to create works
of art and designs (Kroll & Artzi, 2011; Murphy &
Atala, 2014; Akbaba & Akbulut, 2021). Today, the

importance of 3D printers is increasing due to various

employed to enhance design

factors. Among these, the cost of 3D printers has
significantly decreased in recent years, making them
more accessible to a broader range of businesses and
individuals. 3D printer technology has also advanced
significantly in recent years, allowing for the
production of more complex and durable objects. New
applications are constantly being explored, further
increasing the significance of 3D printers (Kroll &
Artzi, 2011; Short, 2015; Yaman et al., 2016; Kalsoom et
al, 2016). Khosravani et al. (2022) focus on the
characterization of 3D printed PLA (Polylactic Acid)
parts with different raster orientations and printing
speeds. The research aims to investigate the effects of
3D printing on the mechanical behavior and
durability of these parts. Test samples were printed
using PLA material, and tensile tests were conducted.
The results obtained determined the strength and
rigidity of the examined samples. Furthermore, the
study documented the dependency of the durability

and elastic modulus of 3D printed parts on raster

orientation. The findings of this research can be used
for the development of computational models and the
design of structural components (Khosravani et al.,
2022). 3D printing speed refers to the amount of time
a 3D printer takes to produce a part. It is influenced by
various factors, including the speed of the print head’s
movement, the extrusion rate of the material, and
cooling times. 3D printing speed is important for
several reasons. Faster prints contribute to more
efficient production and shorter delivery times
(O’'Neill, 2022). In a 3D printer, the print head uses an
extruder and a nozzle to produce a part. The extruder
pushes the material out of the nozzle, and the nozzle
deposits the material onto the part. The speed of the
print head determines how quickly the part will be
produced. The extrusion rate determines how fast the
material flows and affects the strength of the part.
Cooling times represent the time required for the
material to solidify. Cooling times play a role in
determining how quickly the part can be produced
(O’Neill, 2022).

MATERIAL AND METHODS
Material

Polylactic Acid (PLA) is a commonly used filament
type in 3D printing. In this study, ROBO90 brand PLA
filament was used, and relevant visuals of the product
are provided in Figure 1. The filament used is in the
form of a roll with a 1.75 mm diameter. The main
purpose of choosing transparent PLA filament was to
make it easier to detect the effects that may occur in
the structures of the produced products at the end of

the experimental study.

. .“"1«(
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3D Extruder (Printer)

In this study, a Creality Ender 3 S1 3D extruder
(Figure 2) was used. The calibration of the device’s

build platform and all other settings were performed

prior to the production phase.

Figure 2. Image of Creality Ender 3 S1 (3D extruder)

Production and Inspection of Products with 3D

Extruder

The study was carried out in three main stages as
preparation of 3D Plate Production Modeling and
Slicing (1), Obtaining Products with 3D Extrusion
Filament and Extrusion Process (2), and Examination
of the Obtained Products (2). In this study, plates with
dimensions of 20x20 mm and a thickness of 1 mm (H)
were designed and produced using PLA. The 3D
modeling stage of the products made extensive use of

A)

the free Tinkercad program. The products were
prepared using this program. The product designs
prepared for the next stage, slicing, were converted to
the STL (STereoLithography) format. STL file format
is an abbreviation that stands for Standard Triangle
Language or Standard Tessellation Language.
Ultimaker Cura software was used as the slicer in the
project. The products designed in 3D modeling in STL
format were prepared for production with the 3D

extrusion device through the slicing program.
RESULTS AND DISCUSSION

In 3D printers, printing speed determines how
quickly the extruder deposits a layer of material.
Printing speed is a critical parameter that affects the
quality, duration, and cost of the print. As printing
speed increases, the printing time decreases.
However, an increase in speed may also lead to a
decrease in print quality. This is because the layers
may become less smooth and exhibit more layer
separation. Printing speed varies depending on the
material used and the geometry of the print.
Generally, slower speeds are necessary for smooth
and detailed prints, while faster speeds result in less
detailed and rougher prints (Kamer et al., 2022). In this
study, 20x20 mm plates with a thickness of 1 mm (h)
made of PLA were used. For this purpose, a 3D
modeling stage was conducted for each product. The
products were prepared using relevant software. The
product designs prepared for the next stage, slicing,
were converted to the STL format. An example
modeling created with the relevant software for this
stage is provided in Figure 3(A). Visuals of the
products produced with the 3D extruder are shown in
Figure 3(B).

Figure 3. A) Product model with dimensions of 20x20x1 mm prepared using the modeling program and B) Visuals

of the produced product
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Figure 4. Stages of the 3D extrusion process created
with the slicing program. A) General view; B) Product
image designed in 3D modelling; C) Display of the x,
y, z coordinates of the product; D) initial state before
extrusion begins; E) 50% extrusion process; F) 100%

extrusion process

Figure 5 provides the standard averages (SA) of the
products produced at different production speeds and
compares them with each other. Generally, the highest
standard deviation is observed at a production speed
of 100 mm.s. In terms of product length (L) (Figure
5A), the highest is 20.66 mm at 40 mm.s, while the
lowest is 20.53 mm at 60 mm.s'. The product closest
to the 20 mm design appears at a speed of 60 mm.s.
For product height (thickness, H) (Figure 1C), the
highest is 1.17 mm at 40 mm.s?!, while the lowest is
1.10 mm at 80 mm.s!. The product closest to the 1 mm
design is at a speed of 80 mm.s'. Regarding product
weight (Figure 5E), the highest is 388 mg at 40 mm.s",
and the lowest is 366 mg at 100 mm.s-1.

In the study conducted by Yang & Yeh (2020), the
impact of printing speed on the surface morphology,
color variation, and mechanical properties of Wood-
Plastic (WPC)

investigated. Different printing speeds (30 mm.s,

Composite components  was

50 mm.s?, 70 mm.s') were used to print WPC
components in the experiments, and the results were
compared. Regarding the effect of printing speed on
surface morphology, it was observed that components
printed at lower printing speeds (30 mm.s?) had a
smoother and more uniform surface. In contrast, at
higher printing speeds (70 mm.s), irregularities and
roughness were observed on the surface of the
components. Analysis of color variation revealed the
influence of printing speed on color change. Parts
printed at lower printing speeds exhibited lower color
differences, whereas parts printed at higher speeds
showed more significant color differences. This was
attributed to the greater heating of wood fibers at
lower printing speeds, resulting in a darker color. In
mechanical property tests, it was found that printing
speed did not have a substantial impact on the
mechanical strength of the components. No significant
differences were observed between tensile and
flexural properties based on printing speed. However,
the study did identify an effect of printing speed on
the compression properties of the printed parts.
Components printed at higher speeds had lower
compression resistance. In conclusion, this study
highlighted the influence of printing speed on the
surface morphology, color variation, and certain
mechanical properties of WPC components. It was
determined that lower printing speed resulted in a
more homogeneous surface and lower color variation.
However, there was no significant impact of printing

speed on mechanical properties (Yang & Yeh, 2020).

Kamer et al. (2022) conducted a study examining
the mechanical properties of test samples produced at
different printing speeds using PLA material. Samples
produced with U2G and U2E 3D printers were
measured for mass, hardness, surface roughness, and
porosity values. Tensile tests were also performed,
and SEM images of fracture areas were captured after
the tensile tests. As the printing speed increased, the
mass of the products decreased. Moreover, higher
printing speeds led to a reduction in the upper surface
hardness and tensile strength of the products, while
the

roughness values. Additionally, an increase in

increasing porosity and arithmetic mean

printing speed resulted in a decrease in the effective

Young’s modulus of the products, making the
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material more brittle. In conclusion, the study found
that printing speed has a significant impact on the
mechanical properties of samples produced with PLA
material. This study emphasizes the importance of

considering printing speed when using a 3D printer

Standard Averages of Product Lengths (SA-L)

for production. Furthermore, it observed that different
3D printer models have varying effects on the
mechanical properties of the products (Kamer et al.,
2022).

Length Distrib%ltion of Products
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Figure 5. Data on products according to production speeds
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Figure 6. Some calculations for products according to production speeds
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CONCLUSION

The speed at which a 3D printer operates plays a
crucial role in determining the quality, duration, and
cost of a print. This parameter, known as printing
speed, refers to the rate at which the extruder deposits
layers of material. In the study, it was produced 24
products for the plate at different extrusion speeds: 40,
60, 80, and 100 mm.s™. It was obtained six products for
each of these four speeds. It is evident that the
production speed of 100 mm.s exhibits the highest
standard deviation. In terms of product length (L), the
highest standard deviation is observed at 40 mm.s-,
with a value of 20.66 mm, while the lowest is seen at
60 mm.s?, with a value of 20.53 mm. The product
closest to the desired 20 mm length was produced at a
speed of 60 mm.s1. For product height (thickness, H),
the highest standard deviation is recorded at
40 mm.s!, with a value of 1.17 mm, while the lowest is
observed at 80 mm.s!, with a value of 1.10 mm. The
product closest to the desired 1 mm thickness was
manufactured at a speed of 80 mm.s?'. Regarding
product weight, the highest standard deviation is
found at 40 mm.s!, with a value of 388 mg, while the
lowest is observed at 100 mm.s!, with a value of
366 mg. To facilitate comparison, the Deviation
Percentage (PD) was calculated, representing the ratio
between the SD and SA. The PD values indicate the
the

measurements between the products produced at

magnitude of variation in dimensional
different production speeds. Furthermore, the H/L
(highest to lowest) ratio was calculated to provide a
better understanding of the production standard by
examining the ratio between the highest and lowest
measured values of the products. A value close to 1
suggests that the produced products are within the
standard range. The H-L% values were calculated to
gain insights into the magnitude and proportion of the
differences between the highest and lowest values in
the products. The PD values for product length
indicate that products produced at 40, 60, and
80 mm.s? speeds are relatively similar, while the
products manufactured at 100 mm.s? exhibit a PD
value twice as high as the others. This suggests that as
the production speed increases, the differences in

product lengths also increase. Similar trends were

observed in H/L and H-L% calculations. When
considering product height (thickness), there was
once again a higher difference in products produced
at 100 mm.s'. The same holds true for product
weights, although the differences are relatively lower.
the

100 mm.s results in the highest differences in product

Consequently, among production  speeds,

length, height (thickness), and weight. Overall, these

findings provide valuable insights into the
dimensional variations among products
manufactured at different production speeds,

allowing for a better understanding of the impact of
speed on product quality. In conclusion, among the
production speeds analyzed, the production speed of
100 mm.s ! results in the highest differences among the
products in terms of length, height (thickness), and
weight. This information provides valuable insights
into the variations in product dimensions and can help
inform decision-making in the production process. In
conclusion, printing speed is a critical parameter in 3D
printing that affects the quality, duration, and cost of
a print. While faster printing speeds can reduce
printing time, they may lead to a decrease in print
quality, resulting in less smooth and detailed prints.
The optimal printing speed varies depending on the
material used and the geometry of the print. Proper
adjustment of parameters during the 3D slicing
achieve the desired

process is essential to

characteristics in the final printed object.
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Bu calisma seker sorgum cesitlerinin farkli bigim yiiksekliklerine gore toprak
iistli ve toprak alt1 biyomas {iiretimi ile yaprak ve saplarin enerji iceriklerinin
belirlenmesi amaciyla 2020-2021 yillarinda Canakkale Onsekiz Mart Universitesi
Ziraat Fakiiltesi arastirma alaninda yiiriitilmiistiir. Boliinmiis parseller deneme
desenine gore 4 tekrarlamali olarak kurulan arastirmada ana parselleri gesitler (M81-
E ve Topper-76), alt parselleri ise bicim yiikseklikleri (bitki boyu 30, 60, 90, 120, 150
cm oldugunda ve fizyolojik olum doneminde hasat) olusturmustur. Calismada 30
cm yiikseklikte hasat edilen parseller toplamda 5 kez, 60 cm 4 kez, 90 cm 3 kez, 120
cm 3 kez, 150 cm 2 kez ve fizyolojik olum doneminde ise bir kez bigilmistir.
Arastirmada bitkilerle ilgili olarak yesil ot verimi, yaprak, sap ve salkim oranlari,
kok miktari, yaprak ve sap kisimlarina ait TSBM, ME ve SE degerleri incelenmistir.
Elde edilen sonuglara gore toplam yesil ot verimleri bigimdeki bitki boyunun
artisina bagl olarak artis gostermistir. Cesitlere gore M81-E ¢esidinin yesil ot tiretimi
Topper-76'ya gore daha yiiksek olmustur. Yaprak oranlar: bitki biiyiimesine bagh
olarak diisiis gOsterirken, sap oranlarinda artiglar gozlenmistir. Bitkilerin iiretmis
oldugu kok miktarlar1 biiyiimeye bagh olarak artmustir. Bigimdeki bitki boyunun
artisina bagli olarak yaprak ve saplarin enerji igeriklerinde diistisler gergeklesmistir.
Genel olarak yapraklarin enerji igerikleri sap kisimlarindan daha yiiksek
bulunmustur. Yapilan ¢alismanin sonunda otlatma ve kaba yem kaynagi agisindan
yetistirilecek bu ¢esitlerde ot verimi bakimindan M81-E ¢esidinin ¢ok az farkla 6n
plana ¢iktig1 fakat otun enerji igerikleri bakimindan ise Topper-76 ¢esidinin daha
iistiin oldugu tespit edilmistir. Dolayisiyla benzer ekolojilerde kaba yem kaynag:

olarak her iki seker sorgum c¢esidinin de yetistirilebilecegi onerilmektedir.
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This study was carried out to determine the above-ground and subsoil biomass
production and the energy content of leaves and stalks of sweet sorghum cultivars
in terms of the different harvesting heights of the crop in the research area of the
Canakkale Onsekiz Mart University Faculty of Agriculture in 2020-2021. The
experiment was established according to a randomized complete block design using
4 replications, where the main plots represented the sweet sorghum cultivars (M81-
E and Topper-76) while the sub-plots consisted of the harvesting heights (30 cm, 60
cm, 90 cm, 120 cm, 150 cm and the harvest at physiological maturity stage (PMS)).
During the study, the experiment plots having the heights of 30 cm, 60 cm, 90 cm,
120 cm, 150 cm and PMS stage were harvested 5 times, 4 times, 3 times, 3 times, 2
times and once, respectively. Yield of fresh hay, leaf and stalk ratios, number of
roots, and the values of TSBM, ME and SE of the leaves and stalks were also
examined in this study. According to the results obtained, the total yields of fresh
forage increased depending on the increase in plant height. In the case of the sweet
sorghum (SS) cultivars, the production of fresh forage of the M81-E cultivar was
higher than Topper-76. There was an increase in the ratios of stalk, while a decline
was observed in the ratios of leaves depending on crop growth. On the other hand,
the number of roots produced by the crops increased depending on crop growth.
There was a decrease in the energy content of leaves and stalks of the crop
depending on the increase in crop height during harvest. Generally, the energy
contents of the leaves were found to be higher than the stalks. Consequently, sweet
sorghum cultivars are to be grown in the future in terms of grazing and roughage
source, and the M81-E cultivar in terms of forage yield came to be the first with a
little difference. However, it was found that the Topper-76 cultivar was superior in
terms of the energy content of the crop. In conclusion, it is suggested that both SS

cultivars can be grown as roughage sources under similar ecological conditions.

GIRiS

Sorgum, tarihte “Verimli Hilal” olarak belirtilen

Mezopotamya’da  kiiltiire

tarafindan

yetistirildigine

bir sorgum tiirii olan siipiirge darisy, bat1 bolgelerinde
az da olsa iiretiimekte ve siipiirge yapiminda
degerlendirilmektedir  (Saglamtimur vd., 1989;
alinmigtir.  Asurlular Baytekin, 1990). Yiiksek seker igerigi sebebiyle seker
sorgum temelde etanol {iretiminde yararlanilmasinin

yaninda (Emeklier, 2014; Bayram & Turgut, 2015),

dair kayitlar

bulunmaktadir (Ziggers, 2006). Kiiltiire alindigindan
bu yana Anadolu’da yetistiriciligi yapilmaktadir.
Dari, koca dari, boynu egri dar1 ve gilgil isimleriyle
anilmaktadir. Semseddin Sami tarla kelimesinin dar1
kokenli olup, dar1 ekili yer anlamina geldigini ifade
etmektedir (Sami, 1901). Yerel sorgum genotipleri
beyaz taneli olup, Diyarbakir ve Mugla illerinde halen
yetistirilmekte, ekmek ve boza yapimi ile kiimes

hayvanlarinin beslenmesinde kullanilmaktadir. Yine

yesil ot, silaj ve pekmez yapiminda da yaygin olarak

kullanilmaktadir.

Gegici kurakliklara yiiksek hoggorii ve kuraklik
sartlart ortadan kalkttktan sonra da yeniden
biiyiimeye devam etme yetenekleri nedeniyle sorgum
“bitkiler aleminin devesi” olarak nitelendirilmektedir

(Acgikgoz, 1991; Sanderson vd., 1992). Sorgumun
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kuraga dayaniklilik yetenegi ve su kullanim
etkinliginin yiiksek olusu, kiiresel 1stnma ve kuraklik
senaryolar1 i¢in dikkat cekicidir. Seker sorgumun
kurakliga dayanikli olusu ve kisith su kaynaklarinda
yiiksek verim giictii, Tiirkiye’de enerji tarimi yaninda,
ot ve silaj iretimi i¢in de 6nemli segeneklerden biri
oldugunu gostermektedir (Yiicel vd., 2017). Seker
sorgum etanol verimi yiiksek bitkiler arasinda yer
aldigindan (Bayram & Turgut, 2015), bu bitki ile ilgili
arastirmalarda da genellikle seker ve etanol iiretimi

potansiyeli tizerinde durulmustur.

Tiirkiye’de hayvancilik sektorii hizla degismekte,
et, siit ve siit iirtinleri {iretiminde biiyiikbas hayvan
yetistiriciligi one ¢ikmaktadir. Artan hayvan sayisi
tarla ziraati1 iginde daha fazla yem bitkileri
yetistiriciligini zorunlu kilmaktadir. Gida tiretimi ile
rekabete girmeden daha genis alanlarda yem bitkileri
yetistiriciligi ile artan kaba yem ihtiyacinin
karsilanmas1 gerekmektedir. Diger yandan kisith
kaynaklarin daha etkin kullanilmasi ve kaliteli kaba
yemin daha ucuza elde edilmesi zorunlulugu vardar.
Seker sorgum ($S) ve sorgum sudan otu melezinde
(SSM) cesitleri hizli biiytime ve bigildikten sonra
yeniden gelisme yetenekleriyle, hayvan beslemede
onemli rol oynamaktadir. Yesil ot, kuru ot, silaj ve
paket ot (haylaj) olarak degerlendirildigi gibi, otlatma
amactyla da kullanilmaktadir (Undersander, 2003;
Avcaoglu vd., 2009).

Bigim zamami otun kalitesi yaninda yeniden
gelisme ve sonucta verim gliciinii dogrudan
etkilemektedir. Kisa araliklarla yapilan otlatma veya
bigimlerde kaliteli ot elde edilirken, yeniden biiyiime
i¢in kullanilacak yeterli depo maddesi azaldig1 ya da
bulunmadigindan, yeniden biiylime yavaglar ve
dolayistyla ikinci ve daha sonraki bigimlerde verim
diiser. Sowinski & Szydelko (2011) SSM’de bigim
sayisinin artmasiyla kardes sayisinin arttigini, buna
karsin fotosentez alaninin siirekli azalmas: nedeniyle

kuru madde veriminin %50’ye varan oranlarda

azaldigini, en yiiksek kuru madde veriminin tek
bicimle elde edildigini tespit etmistir. Benzer sekilde
yogun bicimlerde kuru madde veriminin azaldigma
dair bazi arastiricilar tarafindan yiiriitiilen ¢alismalar
da bulunmaktadir (Lee, 2005; Uher vd., 2005). Erken
hasatlarda yiiksek Kkaliteli ot elde edilirken, hasat
zamani geciktikce ot kabalasmakta ve besleme degeri
diismektedir (Lang, 2001).

Ulkemizde seker sorgum cesitlerinin
adaptasyonuyla ilgili farkli bolgelerde ¢alismalar
yapilmis olmakla birlikte yetistirme teknikleri,
ozellikle biiylime egrilerinin ¢ikarilmasi, bicim
ylikseklikleri ve etanol iiretimi disinda kullanim
amaclarma  yonelik smrli  sayida  arastirma
bulunmaktadir. Seker sorgumda bicim
yiiksekliklerinin etkileri {izerinde Tiirkiye’de yapilmis
bir arastirmaya da rastlanilmamistir. Bununla birlikte,
benzer biiylime ve gelisme ritmine sahip silaj
sorgumla yapilan farkli hasat zamanlarinin etkileri
tizerinde Onemli c¢alismalar vyiriitilmiis ve bu
arastirmalarin biiyiik bir kisminda hasat zamaninin
gecikmesiyle birlikte yesil ot ve kuru madde
veriminin arttig1 bildirilmistir (Iptas & Avcioglu, 1997;
Giciik & Baytekin, 1999a, 1999b). Dolayisiyla bu
arastirma farkli bicim yiiksekliklerine bagh olarak
seker sorgum cesitlerinin toprak tistii ve toprak alt1
biyomas {retimleri ile otunun enerji degerlerini

belirlemek amaciyla gerceklestirilmistir.

MATERYAL VE YONTEM
Materyal

Arastirmada materyal olarak iki adet seker sorgum
¢esidi kullanilmistir (Tablo 1). Seker sorgum cesitleri
Nebraska Universitesinde gelistirilmis ve iilkemizde
Yiicel vd. (2017) tarafindan yiiriitillen aragtirma
sonucunda {imitvar olarak goriilen cesitler igerisinde

yer almaktadir.

Table 1. Sweet sorghum cultivars and their properties used in the experiment

Tablo 1. Arastirmada kullanilan seker sorgum cesitleri ve 6zellikleri

Cesitler Islah¢1 Kurulus Uretim Amaa Olgunlasma
Topper-76 Nebraska Universitesi Surup, etanol Orta gegci
M81-E Nebraska Universitesi Surup, etanol, silaj Gegci
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Figure 1. Climatic data for the long-time and experiment periods observed in Canakkale
Sekil 1. Calisma donemi ve uzun yillara ait Canakkale’de gozlenen iklim verileri
Table 2. Soil properties of the research area
Tablo 2. Deneme alanina ait toprak 6zellikleri
Ornekler isba (%) pH E.C. mS/cm) Kireg (%) Organik madde (%) P (kg/da) K (kg/da)
Ornek 1 70 7,50 0,85 8,65 1,89 2,95 80,36
Killi-tinlh ~ Hafif alkali Tuzsuz Orta kirecli Az Az Az
Ornek 2 65 7,35 0,88 7,69 1,95 2,45 75,69
Killi-tinli  Notr Tuzsuz Orta kiregli Az Az Az
Ornek 3 68 7,31 0,95 9,16 1,78 3,10 86,35
Killi-tinli ~ Notr Tuzsuz Orta kirecli Az Az Az
Ortalama 67,7 7,39 89,3 8,50 1,87 2,83 80,80
Killi-tinli ~ Notr Tuzsuz Orta kirecli Az Az Az
iklim ve Toprak Ozellikleri diigsen toplam yagis miktarlart uzun yillarin tizerinde

gerceklesmistir (Sekil 1).
Meteoroloji ~ Genel Mudiirligii  tarafindan

Canakkale ilinin uzun yillar sicaklik ortalamasi Deneme alarundaki topraklar killi-tinli biinyeye

15,09°C olarak kaydedilmistir. Calismanin yapildig: sahip olup, toprak reaksiyonu agsindan ndtr

donemdeki ortalama sicakliklar 2020 yilinda 17,01°C karakterdedir. Topraklar orta kirecli, organik madde

ve 2021 yilinda 17,58°C olmak tizere uzun yillar balamindan orta, fosfor icerigi orta ve potasyum

ortalamasiin {izerinde yer almstir. Denemenin bakimindan noksan oldugu tespit edilmistir (Tablo 2).

ylritildiigti 6 aylik donemdeki (Mayis basi-Ekim Denemenin Kurulmasi ve Uygulanmasi

sonu) uzun yillara ait toplam yagis miktarlar1 149,9

mm’dir. Aragtirmanin ilk yilinda diigsen yagis miktar1 Aragtirmada iki yilda da denemeye baglamadan

1575 mm iken, ikinci yilda ise 201,2 mm yagis once tohumlar temin edilmis ve deneme yeri

diismiistiir. Aragtirmaninin yiiriitilldiigii donemlerde ayrilmigtir. Tohum ekimi aragtirmarmn ilk yihnda
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(2020) 16 Mayis, ikinci yilinda ise (2021) 5 Mayis

tarihinde gergeklestirilmistir. Ekim Oncesinde tav

sulamas:1 yapilmis, sonrasinda pullukla derin
surilmiistiir. Akabinde kultivator ve diskaro
cekilerek tohum yatagi hazirlanmistir. Derin

siirimden once dekara 10’ar kg azot, fosfor ve
potasyum gelecek sekilde kompoze giibre (15-15-15)
atilip topraga karistirilmistir. Cikistan hemen sonra
iist giibre olarak dekara 5 kg azot olacak sekilde
amonyum siilfat verilmistir (Avcioglu vd., 2009).
Giibreleme Oncesinde parsellerden toprak ornekleri
almip analizleri yapilmistir. Damla sulama yontemi
ile sulanan bitkilerde, sulamaya ekimden once tav
sulamasi ile baglanmistir. Sulama siklig1 hava sicaklig:
ve yagis durumuna gore ayarlanmistir. Fakat genelde
temmuz ve agustos aylarinda yaklasik 7 giin ara ile
sulama yapilmistir. Deneme siirecinde ¢ikan yabanci
otlar sira tizerinde el ile yolunarak ve sira arasinda ise

¢apalanarak temizlenmistir.

Deneme boliinmiis parseller deneme desenine
gore 4 tekrarlamali olarak kurulmustur. Ana parselleri
cesitler, alt parselleri bi¢im yiiksekligi uygulamalar:
olusturmustur. Sira arast 70 cm ve sira tizeri 8 cm
olacak sekilde ekim islemi gergeklestirilmistir (Orak &
Kavdir, 1994; Baytekin & Silbir, 1996; Baytekin vd.,
1996; Kizil & Tansi, 1997, Mahmood & Honermeier,
2012). Parseller 5 m uzunlugunda hazirlanmis olup 4
sira olacak sekilde diizenlenmistir. Parseller arasinda
bosluk birakilmamig, bloklar arasinda 1 m mesafe
birakilmistir. Bitkiler planlanan bicim yiiksekliklerine
ulastiginda, orak ve bi¢im makinasi ile 15 cm aniz
kalacak  sekilde Bitki

donemlerinde parsel baglarindan 50’ser

bigilmistir. Ornekleme
cm’lik
kisimlar kenar tesiri olarak atilmistir. Parseller
arasinda bogluk birakilmadig: icin kenar siralar da
hasada dahil edilmistir. Koklii bitki 6rnegi igin her
parselin tarafindaki 2 sira

sag kullanilmistir.

Dolayisiyla ot Ornekleri igin bigim 2 sirada
gergeklestirilmistir. Buna bagl olarak ortaya ¢ikan
hasat alan1 5,6 m? (4 m sira boyu x 2 sira x 0,7 m sira
arasi) olmustur. Arazide bigilen ot Ornekleri yas
agirliklar1 alinmak iizere hemen el kantar1 ile
tartilmistir. Daha sonra bu yas bitkilerden 1 kg’'in
tizerinde ornekler

olacak sekilde alimip  kese

kagitlarina konulmus ve laboratuvara getirilmistir.

Ornekler laboratuvarda sap, yaprak ve salkimlarina
ayrilmistir. Arastirmada yesil ot verimleri Lang
(2001)’e, bitki basina kok tiretimlerinin belirlenmesi
Hu vd. (2018)’e, toplam sindirilebilir besin madde
orant (TSBM) Morrison (2003)’e, metabolik enerji
(ME), sindirilebilir enerji (SE) ve net enerji (NE)
degerleri ise Anonim (2023)’e gore yapilmuistir.

Istatistik Analizler

Arastirmadan elde edilen verilerin analizleri
Tesadiif Bloklarinda Boliinmiis Parseller Deneme
Teknigine gore yapilmistir. Ortalamalarin
kargilagtirilmasinda LSD c¢oklu karsilastirma testi
uygulanmistir. Verilerin istatistik analizlerinde SAS
ve JMP 13 (SW) istatistik paket programlar1 (SAS,

1999) kullanilmistr.
BULGULAR
Yesil Ot Verimi

Bigim yiiksekliklerinin artis1 ile daha ¢ok yesil ot
iiretilmistir. Bu sebeple 30 cm’den fizyolojik oluma
kadar olan bicim yiiksekliklerinde ortalama yesil ot
verimleri diizenli ve Onemli artis gostererek ilk yil
dekara 4299,3 kg'dan 9027,4 kg'a,
4157,5 kg'dan 8897,3 kg’a, iki yillik ortalamada da
4193,4 kg’'dan 8962,4 kg’'a yiikselmistir. Arastirmanin

ikinci  yil

ilk yili ile iki yillik ortalama sonuglara gore M81-E
cesidi Topper-76ya gore daha fazla yesil ot tiretmistir.
Ik yilda M81-E ve Topper-76 cesitlerinin ortalama
yesil ot verimleri 7193,2 ve 6514,3 kg/da olurken, ikinci
sirasiyla 6464,6 ve 6632,7 kg/da olarak
belirlenmistir. ki yilik ortalamalara gore MS81-E

yilda

¢esidinin ortalama yesil ot verimi 6828,9 kg/da iken bu
6573,5  kg/da
hesaplanmistir. Cesitler ile bi¢im ytiikseklikleri birlikte

deger  Topper-76'da olarak

ele alindiginda, en yiiksek yesil ot verimleri
denemenin iki yilinda da fizyolojik olumda bigilen
M81-E c¢esidinde (ilk yil 9717,2 kg/da, ikinci yil
9140,8 kg/da) saptanmustir. En diisiik verimler de yine
ayni gesidin 30 cm boylandiginda bigilen parsellerde
42285 ve 40823 kg/da
Aragtirmanin ilk yilina ait yesil
(6853,8 kg/da) ikinci yila (6548,6 kg/da) nazaran daha

yliksek olmustur (Tablo 3).

olarak belirlenmistir.

ot verimleri
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Table 3. Total fresh hay yields of sweet sorghum cultivars by years (kg/da)
Tablo 3. Seker sorgumun yillara gore toplam yesil ot verimleri (kg/da)

Bi¢im Yiiksekligi Seker sorgum (SS) Ortalama
MS1-E Topper-76

2020 y1l1

30 cm 422851 4230,1 4229,3 F
60 cm 5966,4 8 5827,5 gh 5896,9 E
90 cm 6822,2 f 5736,0 h 6279,1 P
120 cm 8520,8 b 7915,5 4 7471,7 €
150 cm 7904,1 4 7039,3 ¢ 82182 B
Fiz. olum 9717,2 2 8337,6 < 9027,4 A
Ortalama 7193,2 4 6514,3 B 6853,8 A

Onemlilik: PC:**, PBY:**, PCxBY:**

2021 yilx

30 cm 4082,3 42327 4157,5F
60 cm 5048,1 5937,5 5492,8 E
90 cm 6845,4 f 5858,6 1 6352,0P
120 cm 7535,8 d 7971,6 < 7753,7 B
150 cm 6135,0 8 71419 ¢ 6638,4 €
Fiz. olum 9140,8 2 8653,8 8897,3 A
Ortalama 6464,6 B 6632,7 A 6548,6 B

Onemlilik: PC:**, PBY:**, PCxBY:**

Yillarin birlesik ortalamasi (2020-2021)

30 cm 4155,4 b 4231,4h 41934 F
60 cm 5507,3 8 5882,5 f 5694,9 E
90 cm 6833,8 ¢ 5797,3 6315,5D
120 cm 8028,3 ¢ 7943,6 f 7985,9 B
150 cm 7019,54d 7090,6 d 7055,1 ¢
Fiz. olum 9429,0 8495,7 b 8962,4 A
Ortalama 68289 A 6573,5 B -

Onemlilik: PC:**, PBY:**, PCxBY:**, PY:sd

Not: * %5, ** %1 diizeyinde 6nemli oldugunu, % ise 6nemli olmadigin1 gostermektedir (PC: cesit, PBY: bicim
yiiksekligi, PY: yil).
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Yaprak ve Sap Oranlar1

Deneme yillar1 ve ortalamasinda  bicim
yliksekliginin artisina bagli olarak yaprak oranlar
azalmistir. Bi¢im yiiksekliklerinin artisi ile bitkilerin
ortalama yaprak oranlari ilk yil %70,8’den %13,4’e,
yil  %63,2’den  %10,6'ya iki

ortalamasinda ise %67,0'dan %12,0’'a diismiistiir.

ikinci ve yilin

Cesitlerin yaprak oranlar1 arasinda fark ilk yil ve iki

yilik sonuglara gore énemli olmustur. Arastirmanin
ilk yilinda M81-E ¢esidinin yaprak orani %44,18 iken
bu deger Topper-76’da %39,46'ya diigsmiistiir. Iki
yillik ortalamalarda ise %81-E ¢esidinin yaprak oram
%42,36 %39,03’e
gerilemistir. Cesitlerin yaprak oranlarini yillara gore
%39,6-41,8
degerlere sahip olmustur (Tablo 4).

iken bu oran Topper-76’da

degisimi Onemsiz olup, araliginda

Table 4. Mean leaf ratios of sweet sorghum cultivars by years (%)

Tablo 4. Seker sorgumun yillara gore ortalama yaprak oranlart (%)

Bi¢im Yiiksekligi Seker sorgum (SS) Ortalama
MS81-E Topper-76
2020 y1l1
30 cm 71,87 69,62 70,8 A
60 cm 59,96 54,89 57,48
90 cm 51,74 45,79 48,8 ¢
120 cm 37,92 30,80 3440
150 cm 28,34 24,16 26,3 E
Fizyolojik olum 15,25 11,50 13,4 F
Ortalama 44,18 A 39,46 B 41,8
Onemlilik: PC:*, PBY:**, PCxBY:od
2021 yilx
30 cm 62,61 63,74 63,2 A
60 cm 53,27 57,89 55,6 B
90 cm 47,12 39,58 43,4 ¢
120 cm 41,35 34,77 38,1¢
150 cm 26,21 27,24 26,7 D
Fizyolojik olum 12,71 8,42 10,6 E
Ortalama 40,54 38,61 39,6
Onemlilik: PC:0d, PBY:**, PCxBY:0d
Yillarin birlesik ortalamasi (2020-2021)
30 cm 67,24 66,68 67,0 A
60 cm 56,61 56,39 56,58
90 cm 49,43 42,68 46,1 ¢
120 cm 39,63 32,79 36,2D
150 cm 27,27 25,70 26,5 E
Fizyolojik olum 13,99 9,96 12,0 F
Ortalama 42,36 A 39,03 8 -

Onemlilik: PC:*, PBY:**, PCxBY:dd, PY:od

Not: * %5, ** %1 diizeyinde onemli oldugunu, % ise dnemli olmadigini gostermektedir (PC: gesit, PBY: bigim

yiiksekligi, PY: yil).
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Yaprak oranlarindaki degisimin aksine, sap

oranlart bicim yiiksekliklerinin artis1 ile ©Snemli

diizeyde artmistir. Cegsitlerin ortalamas1 olarak,

sap
yiiksekliklerinin artisi ile %28,9’dan %73,1’e, ikinci
yilda %36,4’den %70,6’ya ve iki yilin ortalamasinda
%32,6'dan  %71,9’a  yiikselmistir.

denemenin ilk  yilinda oranlar1  bigim

Ekilen sorgum

gesitlerinin ortalama sap oranlari birbirine yakin
olmustur. Nitekim 2020 yilinda cesitlere gore sap
oranlar1 %51,41-54,32, ikinci yilda %53,22-54,42 ve
yillar ortalamasinda %52,32-54,37 arasinda degisim
gostermistir. Bu degisim yillara gore ise %52,9-53,8
araliginda gerceklesmistir (Tablo 5).

Table 5. Mean stalk ratios of sweet sorghum cultivars by years (%)

Tablo 5. Seker sorgumun yillara gére ortalama sap oranlart (%)

Bi¢im Yiiksekligi Seker sorgum (SS) Ortalama
MS81-E Topper-76
2020 y1lx
30 cm 27,86 29,90 289E
60 cm 39,21 44,31 41,8D
90 cm 46,97 52,82 50,0 ¢
120 cm 57,91 63,77 60,8 B
150 cm 62,28 63,09 62,78
Fizyolojik olum 74,24 72,01 73,14
Ortalama 51,41 54,32 52,9
Onemlilik: PC:0d, PBY:**, PCxBY:0d
2021 yilx
30 cm 37,02 35,83 36,4D
60 cm 45,86 41,29 43,6 ¢
90 cm 51,62 59,21 55,4 B
120 cm 55,11 60,52 57,8 B
150 cm 61,04 57,14 59,18
Fizyolojik olum 68,67 72,52 70,6 A
Ortalama 53,22 54,42 53,8
Onemlilik: PC:5d, PBY:**, PCxBY:8d
Yillarin birlesik ortalamasi (2020-2021)
30 cm 32,44 32,87 32,6E
60 cm 42,54 42,80 42,7 D
90 cm 49,30 56,02 52,7 ¢
120 cm 56,51 62,15 59,3 B
150 cm 61,66 60,12 60,9 B
Fizyolojik olum 71,46 72,26 71,9 A
Ortalama 52,32 54,37 -

Onemlilik: PC:5¢, PBY:**, PCxBY: &4, PY:3d

Not: * %5, ** %1 diizeyinde 6nemli oldugunu, % ise 6nemli olmadigini gostermektedir (PC: cesit, PBY: bicim

yiiksekligi, PY: yil).
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Kok Miktari

Bicim yiiksekliklerinin artis1 ile ortalama kok
kiitlesi artmistir. Dolayisiyla en yiiksek kok {iretimi
fizyolojik olumda hasat edilen bitkilerde (ilk y1l 54,54,
ikinci yil 41,17 ve iki yillik ortalama 47,85 g/bitki)
belirlenmigtir. En az kok olusturan bitkiler ise en sik
bigilenler olmustur. Buna gore, 30 cm’de bigilen
bitkilerin ortalama kok agirlig: ilk yil 6,59 g/bitki,
ikinci yil 7,50 g/bitki ve yillar ortalamasinda

7,05  g/bitki
ortalamasinda bitki bagmna en yiiksek kok Topper-76

olarak  belirlenmistir. ~ Yillar ve
tarafindan tiretilmistir. Bigimlerin ortalamasi olarak
Topper-76 cesidinin kok agirhiklar1 sirasiyla 21,53,
20,11 ve 20,82 g/bitki olarak Olciilmiistiir. Buna
karsilik MS81-E cesidi en az kok kiitlesine sahip
olmustur (sirastyla 20,54, 17,06 ve 18,80 g/bitki).
Aragtirmanin ilk yilinda bitki basina ortalama kok
miktar1 21,03 g/bitki iken, bu rakam ikinci yilda
18,58 g/bitkiye diismiistiir (Tablo 6).

Table 6. Mean root counts of sweet sorghum cultivars by years (g/plant)

Tablo 6. Seker sorgumun yillara gore ortalama kok miktarlar: (g/bitki)

Bi¢im Yiiksekligi Seker sorgum (SS) Ortalama
MS81-E Topper-76
2020 y1l1
30 cm 4,338 8,85 6,59 F
60 cm 10,12f 12,00 ¢ 11,06 E
90 cm 14,68 d 17,27 « 15,97
120 cm 17,39 « 17,81 ¢ 17,60 €
150 cm 22,48 18,38 « 20,438
Fiz. olum 54,24 2 54,84 a 54,54 A
Ortalama 20,54 B 21,53 A 21,03 A4
Onemlilik: PC:**, PBY:**, PCxBY:**
2021 yilx
30 cm 5,00 10,00 7,50 P
60 cm 9,33 11,67 10,50 P
90 cm 13,00 16,33 14,67 €
120 cm 16,00 18,00 17,00 €
150 cm 20,00 21,33 20,67 8
Fiz. olum 39,00 43,33 41,17 A
Ortalama 17,06 B 20,114 18,58 B
Onemlilik: PC:**, PBY:**, PCxBY:04
Yillarin birlesik ortalamasi (2020-2021)
30 cm 4,671 9,42 h 7,05F
60 cm 9,73 b 11,83 s 10,78 E
90 cm 13,84 ¢ 16,80 ¢ 15,32 P
120 cm 16,70 ¢ 17,91 de 17,30 ¢
150 cm 21,24« 19,86 «d 20,558
Fiz. olum 46,62 ° 49,09 a 47,85 4
Ortalama 18,80 B 20,82 A -

Onemlilik: PC:**, PBY:**, PCxBY:**, PY:**

Not: * %5, ** %1 diizeyinde onemli oldugunu, % ise dnemli olmadigini gostermektedir (PC: gesit, PBY: bigim

yiiksekligi, PY: yil).
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Toplam Sindirilebilir Besin Madde (TSBM)

Bicimdeki bitki boyunun artisina bagh olarak
TSBM
gerceklesmistir. Buna gore en yiiksek TSBM oranlari

yapraklarin oranlarinda distisler
30 cm yiikseklige ulastiktan sonra hasat edilen
bitkilerde (ilk y1l %57,959, ikinci yil %57,897 ve iki
yilik ortalamalara gore %57,928) belirlenirken, en

diisiik ise fizyolojik oluma ulastiktan sonra hasat

edilen bitkilerde (ilk y1l %57,509, ikinci y1l %55,746 ve
iki yillik ortalamalara gore %56,627) tespit edilmistir.
Topper-76 ¢esidinin TSBM orani arastirmanin tiim
yillarinda M81-E’ye gore daha yiiksek olmustur. Tki
yilik ortalamaya gore Topper-76'min TSBM oram
%57,177 iken, M81-E cesidinde %56,909’a diismiistiir.
Bunun yaninda arastirmanin ilk yilindaki TSBM oram
(%57,487) ikinci yila (%56,599) gore daha yiiksek
olmustur (Tablo 7).

Table 7. Mean TSBM ratios in the leaves of sweet sorghum cultivars by years(%)

Tablo 7. Seker sorgumun yapraklarmn yillara gore ortalama TSBM oranlari (%)

Bi¢im Yiiksekligi Seker sorgum (SS) Ortalama
MS81-E Topper-76
2020 y1lx
30 cm 57,854 58,064 57,959
60 cm 57,970 57,684 57,827
90 cm 56,882 57,904 57,393
120 cm 56,899 57,461 57,180
150 cm 56,691 57,420 57,055
Fiz. olum 57,266 57,753 57,509
Ortalama 57,260 57,715 57,487 A
Onemlilik: PC:%d, PBY:¢d, PCxBY: od
2021 yil
30 cm 57,390 58,404 57,897 A
60 cm 56,875 56,779 56,827 B
90 cm 56,413 56,181 56,297 BC
120 cm 56,389 56,303 56,346 BC
150 cm 56,332 56,631 56,481 BC
Fiz. olum 55,946 55,545 55,746 ¢
Ortalama 56,558 56,641 56,599 B
Onemlilik: PC:0d, PBY:**, PCxBY: o4
Yillarin birlesik ortalamasi (2020-2021)
30 cm 57,622 58,234 57,928 A
60 cm 57,422 57,232 57,327 B
90 cm 56,647 57,043 56,845 BC
120 cm 56,644 56,882 56,763 ¢
150 cm 56,511 57,025 56,768 BC
Fiz. olum 56,606 56,649 56,627 BC
Ortalama 56,909 57,177 -

Onemlilik: PC:5¢, PBY:**, PCxBY: &, PY:**

Not: * %5, ** %1 diizeyinde onemli oldugunu, % ise énemli olmadigini gostermektedir (PC: gesit, PBY: bigim

yiiksekligi, PY: yil).
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Calismanin tiim yillarinda hasattaki bitki boyunun
artisina bagli olarak saplarin TSBM oranlarinda
diisiisler olmustur. En yiiksek TSBM oranlar1 30 ve
60 cm boyda hasat edilen bitkilerin saplarinda (2020
yilt %58,112-57,558, 2021 yil1 %56,791-57,390 ve 2020-
2021 yili %b57,451-57,474) belirlenirken, en diisiik ise
120, 150 ve fizyolojik olum donemlerindeki bitkilerde
(2020 y1l1 %54,561-55,174, 2021 yil1 %52,987-54,719 ve

2020-2021 yili %54,081-54,663) tespit edilmistir.
Topper-76 cesidinin sap kisimlarinin TSBM orani
MS81-E
¢esidinden daha yiiksek olmustur. Ayrica ¢alismanin
ilk y1lina ait ortalama TSBM orani (%56,100) ikinci yila
nazaran (%55,335) daha yiiksek bulunmustur (Tablo
8).

c¢alismanin yiriitildigii tim yillarda

Table 8. Mean TSBM ratios in the stalks of sweet sorghum by years (%)

Tablo 8. Seker sorgumun saplarmmin yillara gore ortalama TSBM oranlar (%)

Bi¢im Yiiksekligi Seker sorgum (SS) Ortalama
MS81-E Topper-76
2020 y1lx
30 cm 57,735 58,488 58,112 4
60 cm 57,657 57,459 57,558 AB
90 cm 55,974 57,193 56,584 B
120 cm 53,375 55,838 54,607 ¢
150 cm 54,909 55,439 55,174 ¢
Fiz. olum 54,871 54,251 54,561 ¢
Ortalama 55,754 B 56,445 A 56,100 A
Onemlilik: PC:*, PBY:**, PCxBY: o4
2021 yilx
30 cm 55,985 57,596 56,791 AB
60 cm 56,486 58,294 57,390 A
90 cm 55,443 56,893 56,168 B
120 cm 54,763 54,676 54,719 €
150 cm 51,354 54,621 52,987 P
Fiz. olum 53,768 54,146 53,957
Ortalama 54,633 B 56,037 A 55,335 B
Onemlilik: PC:**, PBY:**, PCxBY:d
Yillarin birlesik ortalamasi (2020-2021)
30 cm 56,860 58,042 57,451 A
60 cm 57,071 57,876 57,474 A
90 cm 55,709 57,043 56,376 B
120 cm 54,069 55,257 54,663 ¢
150 cm 53,131 55,030 54,081 ¢
Fiz. olum 54,320 54,198 54,259 ¢
Ortalama 55,193 B 56,241 A -

Onemlilik: PC:**, PBY:**, PCxBY: 6, PY:**

Not: * %5, ** %1 diizeyinde 6nemli oldugunu, % ise 6nemli olmadigini gostermektedir (PC: cesit, PBY: bicim

yiiksekligi, PY: yil).
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Metabolik Enerji Degeri

Bicimdeki bitki boyunun artisina bagh olarak
yapraklarin ME degerleri aragtirmanin ytriitildaga

tim yillarda diismiistiir. Topper-76 cesidinin ME

degerinin M81-E cesidinden daha yiiksek oldugu
belirlenmistir. Arastirmanin ilk yilina ait ME degeri
2,077 Mcal/kg KM iken, ikinci yilda bu deger 2,045
Mcal/kg KM olmustur (Tablo 9).

Table 9. Mean average ME ratios in the leaves of sweet sorghum by years (Mcal/Kg KM)

Tablo 9. Seker sorgumun yapraklarmmn yillara gore ortalama ME oranlar: (Mcal/Kg KM)

Bi¢im Yiiksekligi Seker sorgum (SS) Ortalama
MS81-E Topper-76
2020 yil1
30 cm 2,090 2,098 2,094
60 cm 2,095 2,084 2,089
90 cm 2,055 2,092 2,074
120 cm 2,056 2,076 2,066
150 cm 2,048 2,075 2,062
Fiz. olum 2,069 2,087 2,078
Ortalama 2,069 2,085 2,077 A
Onemlilik: PC:6d, PBY:64, PCxBY: 54
2021 yil
30 cm 2,074 2,110 2,092 A
60 cm 2,055 2,052 2,053 8
90 cm 2,038 2,030 2,034 BC
120 cm 2,037 2,034 2,036 BC
150 cm 2,035 2,046 2,041 B¢
Fiz. olum 2,021 2,007 2,014 ¢
Ortalama 2,044 2,047 2,045 8B
Onemlilik: PC:0d, PBY:**, PCxBY: o4
Yillarin birlesik ortalamasi (2020-2021)
30 cm 2,082 2,104 2,093 4
60 cm 2,075 2,068 2,0718
90 cm 2,047 2,061 2,054 BC
120 cm 2,047 2,055 2,051 ¢
150 cm 2,042 2,060 2,052 BC
Fiz. olum 2,045 2,047 2,046 BC
Ortalama 2,056 2,066 -

Onemlilik: PC:5¢, PBY:**, PCxBY:d, PY:**

Not: * %5, ** %1 diizeyinde onemli oldugunu, % ise dnemli olmadigini gostermektedir (PC: gesit, PBY: bigim

yiiksekligi, PY: yil).
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Cesitlerin saplarina ait ME degerleri arastirmanin
tiim yillarinda 6nemli degisim gostermis ve Topper-
76 6n plana ¢ikmistir. Topper-76 gesidinin ilk yi11 ME
degeri 2,039 Mcal/kg KM, ikinci y1l 2,025 Mcal/kg KM
iki yillik ortalama ise 2,032 Mcal/kg KM olurken, bu
degerler M81-E ¢esidinde sirasiyla 2,015 Mcal/kg KM,
1,974 Mcal/kg KM ve 1,994 Mcal/kg KM olmustur. ik
yila ait ME degeri (2,027 Mcal/kg KM) ikinci yila gore

(1,999 Mcal/kg KM) daha yiiksek olmustur. Bicimde
bitki boyunun artisina bagh olarak saplarin ME
En yiiksek ME degerleri

arastirmanin yiiriitiildiigii tiim yillarda 30 ve 60 cm’de

degerleri diismiistiir.
bigilen bitkilerde belirlenirken, en diisiik degerler ise
120 cm, 150 cm ve fizyolojik olum dénemlerinde hasat
edilen bitkilerde tespit edilmistir (Tablo 10).

Table 10. Mean ME ratios in the stalks of sweet sorghum by years (Mcal/Kg KM)
Tablo 10. Seker sorgumun saplarimin yillara gore ortalama ME oranlar: (Mcal/Kg KM)

Bi¢im Yiiksekligi Seker sorgum (SS) Ortalama
MS81-E Topper-76
2020 y1lx
30 cm 2,086 2,113 2,100 4
60 cm 2,083 2,076 2,080 AB
90 cm 2,022 2,066 2,044 B
120 cm 1,929 2,018 1,973 ¢
150 cm 1,984 2,003 1,994 ¢
Fiz. olum 1,983 1,960 1,971 ¢
Ortalama 2,0158 2,039 A 2,027 A
Onemlilik: PC:*, PBY:**, PCxBY: o4
2021 yilx
30 cm 2,023 2,081 2,052 B
60 cm 2,041 2,106 2,074 A
90 cm 2,003 2,056 2,029 8
120 cm 1,979 1,976 1,977 ¢
150 cm 1,856 1,974 1,915D
Fiz. olum 1,943 1,956 1,950 cp
Ortalama 1,974 8 2,025 4 1,999 B
Onemlilik: PC:**, PBY:**, PCxBY:d
Yillarin birlesik ortalamasi (2020-2021)
30 cm 2,054 2,097 2,076 A
60 cm 2,062 2,091 2,077 A
90 cm 2,013 2,061 2,037
120 cm 1,954 1,997 1,975 ¢
150 cm 1,920 1,988 1,954 ¢
Fiz. olum 1,963 1,958 1,961 ¢
Ortalama 1,994 B 2,032 A -

Onemlilik: PC:**, PBY:**, PCxBY:6d, PY:**

Not: * %5, ** %1 diizeyinde 6nemli oldugunu, % ise 6nemli olmadigini gostermektedir (PC: cesit, PBY: bicim

yiiksekligi, PY: yil).
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Sindirilebilir Enerji Degeri

bitki
olarak yapraklarin SE

Calismanin  tiim  yillarinda bicimdeki
boyunun artigina bagh
degerlerinde diisiis olmustur. Iki yillik ortalama

sonuglara gore de bigimdeki bitki boyunun artisina

baghh olarak yapraklarin SE degerleri diismiistiir.
MS81-E

gore ise

Ayrica Topper-76 c¢esidinin SE degeri
Yillara
arastirmanin ilk yilina ait SE degerleri (2,535 Mcal/kg
KM) ikinci yildan (2,496 Mcal/kg KM) daha yiiksek
bulunmustur (Tablo 11).

cesidinden daha yiiksektir.

Table 11. Mean SE ratios in the leaves of sweet sorghum by years (Mcal/Kg KM)

Tablo 11. Seker sorgumun yapraklarimin yillara gore ortalama SE oranlar: (Mcal/Kg KM)

Bi¢im Yiiksekligi Seker sorgum (SS) Ortalama
MS81-E Topper-76
2020 y1l1
30 cm 2,551 2,560 2,555
60 cm 2,556 2,543 2,550
90 cm 2,508 2,553 2,530
120 cm 2,509 2,534 2,521
150 cm 2,500 2,532 2,516
Fiz. olum 2,525 2,546 2,536
Ortalama 2,525 2,545 2,535 A
Onemlilik: PC:%d, PBY:64, PCxBY: 64
2021 yilx
30 cm 2,530 2,575 2,553 A
60 cm 2,508 2,503 2,506 8
90 cm 2,487 2,477 2,482 BC
120 cm 2,486 2,482 2,484 BC
150 cm 2,484 2,497 2,490 B
Fiz. olum 2,467 2,449 2,458 ¢
Ortalama 2,494 2,497 2,496 B
Onemlilik: PC:0d, PBY:**, PCxBY: o4
Yillarin birlesik ortalamasi (2020-2021)
30 cm 2,541 2,568 2,554 A
60 cm 2,532 2,523 2,528 B
90 cm 2,498 2,515 2,506 BC
120 cm 2,497 2,508 2,503 ¢
150 cm 2,492 2,514 2,504 B¢
Fiz. olum 2,496 2,498 2,498 BC
Ortalama 2,509 2,521 -

Onemlilik: PC:%d, PBY:**, PCxBY:0d, PY:od

Not: * %5, ** %1 diizeyinde 6nemli oldugunu, % ise 6nemli olmadigini gostermektedir (PC: cesit, PBY: bicim

yiiksekligi, PY: yil).
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Bi¢gimdeki bitki boyunun artisina bagh olarak
saplarin SE degerlerinde diisiisler gerceklesmistir.
Buna gore en yiiksek SE degerleri 30 cm yiikseklige
ulagtiktan sonra hasat edilen bitkilerde (ilk yil
2,562 Mcal/kg KM, ikinci yil 2,504 Mcal/kg KM ve iki
yillik 2,533 Mcal’kg KM)
belirlenirken, en diisiik ise fizyolojik oluma ulagtiktan
sonra hasat edilen bitkilerde (ilk y1l 2,406 Mcal/kg KM,
ikinci y1l 2,379 Mcal/kg KM ve iki yillik ortalamalara

ortalamalara gore

gore 2,392 Mcal/kg KM) tespit edilmistir. Topper-76
¢esidinin SE degeri arastirmanin tiim yillarinda
M81-E'ye gore daha yiiksek olmustur. Tki yillik
ortalamalara  gore degeri
2,480 Mcal/kg KM iken, bu deger M81-E cesidinde
2,434 Mcal/kg KM’e diismiistiir. Bunun yaninda
ilk yilindaki SE degeri
(2,473 Mcal/kg KM) ikinci yila (2,440 Mcal/kg KM)
gore daha yiiksek olmustur (Tablo 12).

Topper-76'nin ~ SE

arastirmanin

Table 12. Mean SE ratios in the stalks of sweet sorghum by years (Mcal/Kg KM)

Tablo 12. Seker sorqumun saplarimin yillara gore ortalama SE oranlari (Mcal/Kg KM)

Bi¢im Yiiksekligi Seker sorgum ($S) Ortalama
MS81-E Topper-76
2020 y1lx
30 cm 2,546 2,578 2,562 A
60 cm 2,542 2,533 2,538 AB
90 cm 2,468 2,522 2,495 8
120 cm 2,353 2,462 2,408 ¢
150 cm 2,421 2,444 2,433 ¢
Fiz. olum 2,419 2,392 2,406 €
Ortalama 2,458 B 2,489 A 2,473 A
Onemlilik: PC:*, PBY:**, PCxBY:dd
2021 yil
30 cm 2,468 2,539 2,504 a8
60 cm 2,491 2,570 2,530 A
90 cm 2,445 2,508 2,477 B
120 cm 2,415 2,411 2,413 ¢
150 cm 2,264 2,408 2,336 D
Fiz. olum 2,371 2,387 2,379 cp
Ortalama 2,409 B 2,471 A 2,440 B
Onemlilik: PC:**, PBY:**, PCxBY: &
Yillarin birlesik ortalamasi (2020-2021)
30 cm 2,507 2,559 2,533 A
60 cm 2,516 2,552 2,534 A
90 cm 2,456 2,515 2,486 8
120 cm 2,384 2,436 2,410¢
150 cm 2,343 2,427 2,385 ¢
Fiz. olum 2,395 2,390 2,392 ¢
Ortalama 2,434 B 2,480 A -

Onemlilik: PC:**, PBY:**, PCxBY:6d, PY:**

Not: * %5, ** %1 diizeyinde onemli oldugunu, % ise dnemli olmadigini gostermektedir (PC: gesit, PBY: bigim

yiiksekligi, PY: yil).
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TARTISMA

Bitkiler 6nce yavas, sonra hizli, gelismenin sonuna
dogru ise yeniden yavas biiyiirler (Altin vd., 2011).
Biiyltimenin baslangicinda fotosentez dokusu az
oldugu i¢in buna bagli olarak 6ziimleme {iiriinlerinin
iiretimi de az olmaktadir. Fakat biiyiime ilerledikce
fotosentez dokusu da artip daha fazla organik kiitle
iiretilmektedir. Vejetatif biiyiime generatif doneme
kadar stirekli artis halindedir. Generatif donem ile
birlikte fotosentez iriinleri vejetatif dokular (kok, dal,
yaprak) yerine, generatif organlara tasmmaktadir
(Altin vd., 2011). Bu da gelismenin bu asamasinda ot
verimindeki artig1 simirlandirmaktadir (Larcher, 1995,
Chattha vd., 2017). Bu sebeple denemede 30 cm bi¢im
yiiksekliginden itibaren fizyolojik oluma kadar
yapilan bigimlerde ot verimleri diizenli ve siirekli
olarak artmistir. Ulkemizde sorgum ile yiiriitiilen
denemelerde degisik verim degerleri elde edilmistir.
Ornegin, Aydinoglu & Cakmakgi (2018) ortalama yesil
ot veriminin 4600-8188 kg/da ve kuru ot veriminin de
1187-2037 kg/da arasinda degistigini belirtmistir.
Bingdl’de 13 farkli sorgum cesidi ile yapilan ¢alismada
cesitlerin ortalama yesil ot verimleri 7323,4 kg/da ve
ortalama kuru ot verimleri 1308,0 kg/da olarak
raporlanmistir (Ozmen, 2017). Farkli bolgelerde
yapilan diger calismalarda ise ortalama yesil ot
verimleri Sanliurfa’da 10.000-11.000 kg/da (Tans1 vd.,
1991), Canakkale’de 2288,8-4716,6 kg/da
(Kiigliksemerci & Baytekin, 2017), Aydin’da ortalama
6730 kg/da (Siirmen & Kara, 2022), 4650-6260 kg/da
(Celik & Tiirk., 2021) olarak tespit edilmistir. Ortalama
kuru ot verimleri ise 1308,0 kg/da (Ozmen, 2017),
609,5-1183 kg/da (Tosunoglu, 2014), 1654 kg/da
(Cegen vd., 2005), 810-2110 kg/da (Kara vd., 2019),
1350-2840 kg/da (Kir & Dursun Sahan, 2019) ve
1480 kg/da (Siirmen & Kara, 2022) arasinda degisim

gostermistir.

Cesitler  farkli

olduklaridan, belirli bir yetistirme ortaminda gevre

genetik  yapilara  sahip
faktorlerine karsi farkl tepkiler verebilecekleri i¢in ot
tiretimlerinin de farkli olmasi beklenen bir durumdur.
Nitekim bu ¢alismada da gesitler arasinda bu farklilik
ortaya cikmistir. Seker sorgumun Topper-76 cesidi
digerlerinden 6nemli 6l¢iide daha az ot verimine

sahip olmustur.

Bigimdeki bitki boylarmin artisina bagh olarak
seker sorgum ¢esitlerinin yaprak oranlarinda diisiisler
gerceklesmistir. Bu degisim cesitlere gore Onemsiz
diizeyde kalmistir. Bunun aksine bitkide biiyiimeye
baghh olarak bitkinin sap oranlarinda artislar
kaydedilmistir. Kisaca biiyiimeye baglh olarak yaprak
orani azalirken, sap oranlar1 artmistir. Bunun temel
nedeni biiyiime baslangicinda bitkinin toplam
biyomasinda yaprak orani fazladir. Fakat biiytimenin
ilerlemesine bagl olarak saplarda meydana gelen
uzama sap kisminin bitkideki oranmi arttirmistir.
Generatif doneme gecis ile birlikte ise salkim
oranlarinda artislar olmus ve bu fizyolojik olum
doneminde en yiiksek seviyeye ulasmustir. Bitkilerin
biiytimeye bagli olarak toprak iistii kiitlesi de arttig1
icin bu kiitleyi tasiyacak daha
Bu da

maddelerinden seliiloz, hemiseliiloz ve lignin gibi

saglam govde
olusturmast zorunludur. hiicre ¢eperi
yapisal karbonhidratlarin artisi ile saglanmaktadir. Bu
ylizden saplar bitkinin gelismesini takiben giderek
daha kalin ve saglam bir yapi1 kazanirlar. Bu da bitki
gelisimi ilerledik¢e toplam bitki kiitlesi igerisinde
yaprak oraninda azalma, sap oranlarinda ise artislara
sebep olmustur (Kiling, 2022). Canakkale’de bugday
ile ilgili yapilan arastirmada basak/salkim olusturma
doneminden siit olum doénemine dogru ilerledikce
yaprak/sap oraninda diizenli diisiis goriildiigii tespit
edilmistir (Kiling, 2022). Yapilan bir diger ¢calismada
bugdaymm c¢iceklenmeden siit olum donemi
bicimlerine kadar yaprak/gévde oranimin %0,197’den
%0,146’ya diistligii saptanmustir (Tas, 2010). Bagka bir
calismada ise 53 adet sorgum hatt1 ve 4 adet farkh
sorgum ¢esitlerinin ortalama yaprak oranlart %60-80
ve sap oranlarinin ise %20-40 arasinda degistigi rapor

edilmistir (Erdurmus vd., 2021).

Kok bitkisel iiretimde temel rol oynamaktadir.
Bitkiye su ve besin elementi saglamaktadir. Bunun
yaninda bitkinin topraga tutunmasi i¢in destek gorevi
gormektedir. Metabolizma olaylarinda  gorev
almaktadir. Bitkinin biiy{imesini ve isleyisini kontrol
eden hormonal dengeye de katkida bulunmaktadir
(Willigen & Van Noordwijk, 1987; Toure vd., 2018). Bir
bitkinin vejetasyon donemindeki koklerin biiyiime
hizlar1 ¢evre kosullari ile bitki biiylime ve gelisiminin
genetik olarak  degisim

programina uygun

gostermektedir. Toprak {istii aksamin gelisimi toprak
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alt1 kok gelisimi ile dogru orantihdir (Blaha, 2019).
Bitkide biliyiimeye bagh olarak kok gelisimi siirekli
artis gostermektedir (Brown, 1984). Nitekim yapmais
bitkilerde  hasat

zamanindaki boy artisina bagli olarak bitki basina kok

oldugumuz calismada da
miktarlarinda artiglar olmustur. Bununla beraber
cesitlere gore ortalama kok miktarlarinda da farklh
miktarlarda kok {iiretmiglerdir. Bu durum cesitler
genetik farkliliklarindan
kaynaklanmaktadir (O'Toole & Bland, 1987; Gregory,
1994; Kujira vd.,1994; Marschner, 1998; Fageria, 2009;
Fageria & Moreira, 2011).

arasimndaki

Bitkilerde biiyiimeye baglh olarak iceriklerindeki
enerji degerlerinde diisiisler oldugu gozlenmistir.
Bunun iki temel nedeni oldugu diisiiniilmektedir.
Bunlardan ilki bitkilerin biiylime baslangicinda
fotosentez ile iiretmis olduklar1 besin madde
Nitekim bitiklerde

olgunlasmaya bagli olarak sindirilebilirlik ve enerji

iceriklerinin fazla olmasidir.

degerleri diisiis gostermektedir (Romero vd., 1976).
Bir diger nedeni ise biiyiime bagl olarak yapraklarin
oranlarnin diismesi, sap oranlarinin artmasidir.
Nitekim yapraklarin besin madde kapsamlar1 sap
kisimlarina nazaran daha fazladir. Yapraklarin
protein, vitamin ve mineral madde igerikleri saplara
gore daha yiiksek iken, seliiloz, hemiseliiloz ve lignin
icerikleri ise daha diisiiktiir (Basbag vd., 1999).
Bitkilerin fotosentez kapasiteleri geng donemlerde
daha fazla, yash donemlerde ise daha diistiktiir.
Ciinkii gen¢ donemlerde yaprak oranlari daha
yliksektir. Yapraklarin fotosentez kapasiteleri yiiksek
oldugu icin sap ve koklere nazaran daha fazla azot ve
besin madde igerigine sahiptir (Poorter vd., 1990).
Bitkinin fotosentez kapasitesine yapragin pozisyonu,
bitkinin yas1 ve cevresel faktorler (sicaklik, yagis, giin
15181, besin) gibi birgok faktdr etki etmektedir
(Constable & Rawson, 1980; Bhagsari, 1988; Lieth &
Pasian, 1990; Rodriguez-Montero, 1997; Aighewi &
Ekanayake, 2004; Hgaza vd., 2009). Yapilan benzer
calismalarda da bi¢gim devrelerinin ilerlemesine bagh
olarak yaprak ve saplarin ham protein oranlarinda
diisiisler tespit edilmistir (Jung vd., 1964; Worker &
Marble, 1968; Wedin, 1970; Worker, 1973; Okuyucu,
1980; Kallah vd., 1999; Keskin vd., 2005; Karatas &
Tansi, 2011). Cesitlerin yaprak ve sap kisimlarinin

enerji igeriklerinin Snemli degisim gostermesi ise

genetik olarak farkli olmalarindan
kaynaklanmaktadir (Manga & Acar, 1988; Beadle,
1993; Khan vd., 2006; Kering vd., 2011; Ozya21c1 &

Acikbas, 2019).
SONUC

Arastirmada bitkilerle ilgili olarak yesil ot verimi,
yaprak, sap ve salkim oranlari, kok miktari, yaprak ve
sap kisimlarina ait TSBM, ME ve SE degerleri
incelenmistir. Yapilan ¢alismanin sonuglarina gore;
toplam yesil ot verimleri bi¢imdeki bitki boyunun
artisina bagl olarak artis gostermistir. Bitkilerin 30 cm
bitki boyuna sahipken iiretmis oldugu ot miktari
4193,4 kg/da iken, fizyolojik olum doéneminde
8962,4 kg/da’a yiikselmistir. Cesitlere gore MS81-E
¢esidinin yesil ot iiretimi Topper-76'ya gore daha
yliksek olmustur. Yaprak oranlar1 bitki biiyiimesine
bagh olarak diisiis gosterirken, sap oranlar1 artmistir.
Bitkilerin {iretmis oldugu kok miktarlar1 biiytimeye
bagh olarak artmistir. Biiylime baslangicina gore
biiyiime sonunda bitkilerin iiretmis oldugu ortalama
kok miktarlar1 7,05 g'dan 47,85 g'a yiikselmistir.
Bigimde bitki boyunun artisina bagl olarak yaprak ve
saplarin enerji degerlerinde diisiisler gerceklesmistir.
Biiylime baslangici ile biiyiime sonunda yapraklarin
TSBM oram1 %2,24, ME degeri %2,24 ve SE degeri
%2,19 azalmigtir. Sap kisminda ise biiylime baslangici
ile biiytime sonunda TSBM %5,55, ME %5,53 ve SE ise
%5,56 oranlarinda diisiis gostermistir.

Yapilan ¢alismanin sonunda hem otlatma amagl
hem de kaba yem kaynag1 olarak yetistirilecek bu
cesitlerde ot verimi bakimindan MS81-E cesidinin
enerji degeri bakimindan ise Topper-76 ¢esidinin daha
tstiin oldugu ortaya c¢ikmustir. Dolayisiyla benzer
ekolojilerde kaba yem kaynag: olarak her iki seker
sorgum ¢esidinin de fizyolojik olum doneminde hasat

edilerek yetistirilebilecegi 6nerilmektedir.
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Etik Standartlara Uygunluk

Yazarlarin Katkis1

ENS: Makalenin ilk taslagini yazmustur. Istatistiksel

analizleri gergeklestirmistir.

FA: Calismay: tasarlamistir. Makalenin ilk taslagim

yazmistir. Istatistiksel analizleri gerceklestirmistir.
Yazarlar metnin son halini okumus ve onaylamustir.

Cikar Catismasi

Yazarlar herhangi bir ¢ikar catismasi olmadigim

deklare etmektedir.
Etik Onay

Yazar bu ¢alisma igin resmi etik kurul onayinin gerekli

olmadigin bildirmektedir.
Veri Kullanilabilirligi Bildirimi

Yazarlar, bu c¢alismanin bulgularin1i destekleyen

verilerin  makale icinde mevcut oldugunu

onaylamaktadir.
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A total of 24 samples of 8 small-sized indigenous finfish species (SIS) from Ajiwa
Irrigation dam were collected for biometric evaluation. The samples comprised 4
families and were analyzed for proximate compositions (muscle protein, moisture,

lipid, ash and gross energy) as well as macro-nutrient compositions using standard

Keywords:
Ajiwa irrigation dam

procedures. The finfishes sampled ranged in size from 0.90-4.30 cm in length and

Ef‘l?;“m 1.20-9.53 g in weight. The carcasses of these finfishes contained 17.1+0.15% muscle
Ip]
Moisture protein in Sarotherodon galileus and 22.05+0.08% muscle protein in Mormyrus rume.

Proximate composition

SIS

Sodium

Moisture content ranged from 74.44+1.36% in Schilbe mystus to 78.67+0.2% in Clarias
gariepinus while the values for total lipids ranged from 3.26+0.03% in S. galileus to
15.32+0.05% in Clarias anguillaris. The minimum and maximum mean values of ash
found in M. rume and C. anguillaris were 2.25+0.02% and 3.71+0.12%, respectively. S.
galileus recorded the lowest energy value (4.48+0.06 kcal/g) while S. mystus recorded
the highest value (6.21+0.35 kcal/g). The average values of elements present in the
flesh of the finfishes were as follows: Calcium (Ca) (41.2 mg/100g and 58.7 mg/100g),
Phosphorous (P) (20.0 mg/100g and 27.0 mg/100g), Magnesium (Mg) (12.2 mg/100g
and 16.7 mg/100g) and Sodium (Na) (5.1 mg/100g and 5.6 mg/100g). The results
showed that Ca was the most abundant macro element present in the fish samples.
Additionally, the results indicated that these indigenous finfishes, which are
regularly consumed in the routine diets of rural dwellers in the surrounding
communities of the Ajiwa irrigation dam have high nutrient values and are ideal for
human and domesticated animal consumption despite their small sizes. This study
provides current and baseline information on a broad range of species, which will
assist nutritionists and the public in making informed decisions regarding the

consumption of these species.
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INTRODUCTION

Fishes are known generally to exhibit diversity in
size, shape, biology and in the habitats, they occupy
(Akinjogunla & Shu’ibu, 2022). Growth activity
depends on sexual category, stages of development
and ecological factors such as salinity, water
temperature parameters and food (Akinjogunla &
Moruf, 2019). Many rural communities in Nigeria are
surrounded by different sizes of water bodies and so,
most of the dwellers depends on the resources from
them for their survival. Edible aquatic fauna species
like catfishes, tilapias, oysters, shrimps, prawns, crabs,
etc. are cheap sources of protein (Akinjogunla et al.,
2017, 2021; Udoinyang et al., 2022). These indigenous
species of fish are valuable and easily available source
of food rich in protein, vitamin and minerals, not
commonly available in other foods (Hossain et al.,
1999). In a country with a population suffering from
malnutrition and protein deficiency, consumption of
these fish species may have positive effects in

improving the health of the nation.

Fish may be the singular inexpensive source of
animal protein for poor family units in municipal or
semi-urban regions (Onyia et al., 2010). Small sized
fish provide food and nutrition, subsistence and
supplemental income to the great majority of people
in the rural areas, particularly the poor and
disadvantaged. There is considerable demand for
these indigenous fishes both in rural and urban
markets as low-income earners are not able to afford

costly finfishes in terms of sizes.

Considering the importance of these indigenous
finfishes and yet, no documented literatures on these
species from Nigeria based on their sizes, this study
was undertaken to evaluate the nutritional values of
the small sized indigenous finfishes available to the
communities assessing the Ajiwa irrigation dam for

fishing activities.
MATERIAL AND METHODS

Study Area

Ajiwa irrigation dam with latitude 12°54'69"-
12°57'58" N and longitude and 7°42'53"-7°47'50" E is

situated at Batagarawa Local Government Area of

Katsina State, Northern part of Nigeria (Akinjogunla
& Shu’aibu, 2022).

Sampling

A total of 24 fish samples of 8 different small sized
indigenous fish species were collected from the local
farmers at the bank of the dam using cast nets for
harvesting. Identifications of the species collected
were done using the fisheries guidebook by
Olaosebikan & Raji (2004). Biometric data (length and
weight) of individual fishes were recorded using
standard measuring ruler calibrated in centimeters
and a sensitive digital weighing balance calibrated in
gram, respectively. The fish were collected in a bowl,
cleaned in water and ground whole because of their
tiny (small) sizes by using a local mortar and pastel so
as not lose any significant parts of the fish. The
carcasses were kept in a deep freezer in air tight

container for bio-chemical analysis.
Biochemical Compositions

Fish muscles were also collected separately from
fishes of each species to determine muscle protein
content. Triplicate samples of each fish species were
used to determine the proximate (Moisture, muscle
protein, total lipid, Ash) compositions and energy
value. Standards methods as described by Association
Official Analytical Chemist (AOAC, 2006) were used
for proximate analysis. The energy value was
determined indirectly by using Rubner’s coefficients
for aquatic organisms (9.45 kcal/g to total lipids, 5.65
kcal/g to muscle proteins and 4.10 kcal/g to
carbohydrate and expressed in kJ/g wet mass) as
described by Eder & Lewis (2005). The element
contents were determined following the methods of
AOAC (2006) by dissolving the ash obtained from the
sample in standard flask with distilled de-ionized
water and adding few drops of concentrated
hydrochloric acid. The fusion was warmed and
vaporized on Bochy water bath and filtered using a
filter paper. The aliquot parts were taken for
evaluations of calcium, phosphorus, magnesium and

sodium.
Data Analysis

Results collected from each analysis were subjected

to computation using Prism version 5.03 statistical
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software programs to calculate the mean and standard
deviation (SD) followed by two tailed T-test.

RESULTS

The biometric data (scientific name, local names,
average length and average weight) of 24 samples of 8
small indigenous finfish species in Ajiwa irrigation
dam are shown in Table 1. The average body size in
total length ranged between 0.90+0.10 cm in S. galileus
and 4.30£1.06 cm in C. gariepinus while the average
body weight was between the values of 1. 20+0.06 g in
S. galileus and 9.53+3.72 g in C. gariepinus. The fish
species collected for this study are at the post juvenile
stage of growth which are not usually the sizes

available for sales in the market.

The proximate compositions of the carcasses of the
indigenous finfishes found in Ajiwa Irrigation dam
are presented in Table 2. The results indicated that the
range of muscle protein content among the species
examined were between 16. 63+0.12% in C. gariepinus
and 22. .05+0.08% in M. rume. The carcass’s moisture
content ranged between 74.44+1.36% in S. mystus and
78.67+0.2% in C. gariepinus. The highest value found
for total lipid content was 15.32+0.05 in the carcass of
C. anguillaris while the lowest value of 3.26+0.03% was
found in the carcass of S. galileus. The highest values
for ash content were 3.7120.12% (C. anguillaris),
slightly followed by 3.15+0.02% (M. senegalensis) while
S. galileus came third in line with a value of
3.1240.12%. The gross energy content of the finfishes’

carcasses varied between 4.48+0.06 kcal/g in S. galileus

and 6.21+0.35 kcal/g in S. mystus on composition wet
weight basis. The Mormyridae (M. rume) has the
relatively highest value recorded for muscle proteins
while the Claridae (C. gariepinus and C. anguillaris) had
the highest values for moisture content, total lipid and

ash contents.

The mean element contents (Ca, P, Mg and Na) of
the small sized indigenous finfish species are shown
in Table 3. Ca has the highest mineral content ranging
from 41.2 to 58.7 mg/100g, followed by P ranging from
20.0 to 27.0 mg/100g, Mg ranging from 12.2 to
16.7mg/100g while Na mean values were less than 6
mg/100g but greater than 4 mg/100g. The results
showed that the most abundant macro element
present in the fish samples was Ca. The Cichlids (O.
niloticus (Linnaeus, 1758; S. galileus (Linnaeus, 1758);
C. zilli (Gervais, 1848) have the highest values recorded
for Ca and Mg while the Mormyrids (M. rume
(Valenciennes, 1847) and M. senegalensis) was recorded
for contenting the highest value for P and Na,

respectively.

The range of Ca was from 41.2 to 58.7mg/100g. The
highest Ca content was found in C. zilli while the least
value was found in C. anguillaris. Ca content in the
family Cichlidae (O. niloticus; S. galileus; C. zilli) was
observed to have similar values of greater than 50
mg/100g (> 50 mg/100g). The lowest recorded values
of P and Mg were found in M. senegalensis with values
of 20.0+0.5 mg/100g 12.2£0.17 mg/100g,
respectively. On the other hand, the highest value for

and

Table 1. Average length and weight of various indigenous finfishes used in this study

S/N Species Local Name Average Body Average Body
(Hausa)" Length (cm)+SD Weight (g)+SD
1 Schilbe mystu s (Linnaeus, 1758) Balo 1.76+0.22 3.36+2.81
2 Marcusenius senegalensis Farinwata Data 1.27+0.49 3.64+0.08
3 M. rume (Valenciennes, 1847) Milligi 2.43+0.89 6:84+0.29
4 Oreochromis niloticus (Linnaeus, 1758) Karfasa 2.80+1.06 4.83+0.93
5 S. galileus (Linnaeus, 1758) Gargaza 0.90+0.10 1.20+0.06
6 Coptodon zilli (Gervais, 1848) Karfasa 2.13+3.62 5.79+4.37
7 C. gariepinus (Burchell, 1822) Tarwada 4.30+1.06 9.53+3.72
8 C. anguillaris (Linnaeus, 1758) Kuluni 3.43+0.57 9.19+4.49
Note: "adapted from Akinjogunla & Shu’aibu (2022)
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Table 2. Proximate analysis of various indigenous finfishes’ carcasses available in Ajiwa Irrigation Dam, Katsina

State, Nigeria

S/N  Species Muscle Moisture Total Lipid” Ash” Energy Value
Protein” Content’ (kcal/g)

1 S. mystus 18.14+0.61 74.44+1.36 7.25+0.79 2.77+1.52 6.21+0.35

2 M. senegalensis 18.17+0.58 78.09+0.35 4.27+0.17 3.15+0.02 5.1+0.02

3 M. rume 22.05+0.08 78.12+0.03 3.56+0.06 2.25+0.02 5.25+0.17

4 O. niloticus 17.02+0.10 75.59+0.05 4.86+0.06 3.03+3.54 6.03+0.08

5 S. galileus 17.1+0.15 78.41+0.22 3.26+0.03 3.12+0.12 4.48+0.06

6 C. zilli 17.61+0.02 74.68+2.0 4.85+0.10 2.82+0.39 6.03+0.04

7 C. gariepinus 18.63+0.12 78.67+0.2 14.54+0.23 2.35+0.15 5.03+0.02

8 C. anguillaris 18.69+0.03 75.52+1.07 15.32+0.05 3.71+0.12 5.43+0.10

Note: "Composition wet weight (CWW) basis in %; Values in mean+SD

Table 3. Carcass’s element contents (mg/100g) of various small sized indigenous finfish available in Ajiwa Irrigation

Dam (% wet matter basis)

S/N Species Mineral (mg/100g)
Ca p Mg Na

1 S. mystus 42.3+0.58 23.6+0.3 13.0+.17 5.6+0.16
2 M. senegalensis 47.1+0.51 20.0£0.5 12.2+0.17 5.6+0.2

3 M. rume 48.03+0.15 27.0+0.23 13.0+0.26 5.13+0.02
4 O. niloticus 56.9+0.25 24.1+0.15 15.3+0.21 5.14+.002
5 S. galileus 55.3+0.58 23.940.21 16.7+0.62 5.20+0.3
6 C. zilli 58.7+0.35 23.7+0.2 16.1+0.36 5.30+0.5
7 C. gariepinus 44.5+0.50 21.1+0.17 14.2+0.29 5.1+0.01
8 C. anguillaris 41.2+0.29 22.2+0.46 14.1+0.017 5.23+0.2

Note: Values in mean+SD

Na was recorded in M. senegalensis with a value of
5.6+0.2 mg/100g. Interestingly, the highest values for
P and Mg were found in the carcasses of M. rume and
S. galileus, respectively. M. rume had a Phosphorus
value of 27.0+0.23 mg/100g, while S. galileus had a Mg
value of 16.7+0.62 mg/100g. Furthermore, the study
revealed that the most abundant macro element
presents in the carcasses of the small sized indigenous
finfishes followed a specific order. Calcium (Ca) was
found to be the most abundant, followed by
Phosphorus (P), Magnesium (Mg) and Sodium (Na).

DISCUSSION

Biometric evaluation of aquatic organisms is one of
the benchmarks used to generate justifiable biological
information on the organisms. The small sized

indigenous finfish species (SIS) collected for this study

were within the size ranges of 0.90-4.30 cm (in length)
and 1.20-953 g (in weight). Even though the
harvesting of small sized fishes (fin/shell) are
discouraged  for fishery = management and
sustainability, we cannot deny the facts that these
small sizes of finfishes are landed on the banks of
many fishing sites, jetties and fish markets in Nigeria
and more often than not, end up as regular stables for
some individuals either as a result of wrong use of
mesh sizes by the fisher folks, illiteracy/ ignorance or
overfishing of the adult sized fish species, leaving only
the small sized species for subsequent harvesting if no

re-stocking is done.

The concentration of muscle protein, moisture
content, total lipid, ash, energy value, and minerals
(Ca, P, Mg and Na) are extremely variable among the

small sized indigenous species (SIS). Different species

219



Akinjogunla & Usman (2023) Acta Natura et Scientia 4(2), 216-224

p ACTANATURA ET SCIENTIA

of fish and even strain within a species vary
significantly in the nutritional content of the carcass.
According to several documented literatures
(FAO/WHO, 1998; USDA, 2010; Bashir et al., 2012;
Womeni et al., 2014; Udoinyang et al., 2022; Egun et
al, 2023), fish meat comprises protein (16-21%),
moisture (66-81%), lipids (0.2-25%) and ash (1.2 to
1.5%). The proximate composition of the analyzed
small sized indigenous finfish’s species in this study
was within FAO’s standard ranges except for the total
ash content which is higher than the recommended
value. In this research, the results of the proximate
analysis of these SIS showed that the finfishes can all
be categorized as high-protein (15-20%) while some
are medium lipid species with 4 to 8% total lipid
contents (S. mystus, M. senegalensis, M. rume, O.
niloticus, S. galileus and C. zilli) and others (C.
gariepinus; C. anguillaris) are classified as high lipid

species (>8%).

The results obtained from this study shows that the
muscle protein content of the species was relatively
higher compared to documented reports from other
authors who had worked on proximate compositions
of fishes (both fin and shell-fish) in various Nigerian
water bodies (Babalola & Akinsoyinu, 2009; Osibona
et al., 2009; Adejonwo et al., 2010; Osibona, 2011;
Abraham-Olukayode et al., 2013; Obande et al., 2013;
Oramadike, 2015; Adejonwo, 2016; Davies & Jamabo,
2016; Akinjogunla et al., 2017) but collaborates and in
similarity with reports from Okeyo et al. (2009),
Olagunju et al. (2012), Effiong & Fakunle (2013),
Kasozi et al. (2014) and Udoinyang et al. (2022). The
high values obtained in the percentage of muscle
protein contents in these SIS may be attributed to the
fact that fishes are reliable source of protein while the
differences in values obtained could be as a result of
their adapted mode of feeding based on their present
growth sizes, availability of their preferred diets in the
environment and the conversion ability of these

nutrients from their diets (Onyia et al., 2010).

It was also observed that the Cichlids (though
herbivorous in nature) had the lowest mean values of
muscle proteins (+17%), this could be that since the
cichlids are prolific breeders, they must have
converted their protein content levels towards

reproduction instead of storing in their bodies. The

high muscle protein contents in the Carnivorous
species (Schibeidae, Mormyridae and Claridae) could
be traced to their diets which comprise majorly
smaller aquatic organisms like shrimps and crabs

which have high protein contents in them.

The fish muscle contains high percentage of
(about 66-81%).

documented that, the data for the moisture content in

moisture Several reports have
an organism give useful knowledge on how to
conserve the qualities of the organisms and also their
vulnerability and sensitivity to fungi infection in
addition to microbial spoilage and oxidative
degradation of poly-saturated fatty acids (Adeyeye et
al.,, 2013). Therefore, high moisture content in fish
body decreases the quality of fishes over time. The
mean value for the moisture content in this present
study ranged between 74.44 and 78.67%. Since the
moisture has an inverse relation with size of the fish,
the fishes in the present study being small showed
comparatively higher moisture content than that
obtained by Adejonwo et al. (2010) who reported on
Tilapia guineensis and Tilapia melanotheron; Osibona
(2011) who worked on Chrysichthys gariepinus, Tilapia
zillii, Pseudotolithus. quinquarius and Pseudotolithus.
typus; Abraham-Olukayode et al. (2013) on
Pseudotolithus. elongatus; Oramadike (2015) on C.
nigrodigitatus and Adejonwo (2016) on P. typus and
Pseudotolithus. senegalesis. The mean value ranges
obtained for moisture content in this study are in
similarity with reports from Woke et al. (2016) (73.67%
on Crassostrea gasar) and Obande et al. (2013) (76.32%
on fresh water snail) while the values were lower
compared to the values of 85.65% reported by
(2022) who worked on the

mudskippers (Periopthalmus babarus) from the Ibaka

Udoinyang et al

mangrove swamp in Calabar.

Lipids also represent a major source of energy and
provide essential lipid nutrients that feature in our
diets (Adebayo-Tayo et al., 2006). Like carbohydrates,
lipids also have been documented to play a key role in
determining the flavor, texture, mouthfeel, and
appearance of foods (Shahidi & Hossain, 2022). The
range of values of lipid obtained in this study (3.26-
15.32%) for SIS were slightly different and relatively
higher from the values of 0.86-1.05% documented by
(2016),  2.16-2.21%

Adejonwo reported by
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Akinjogunla et al. (2017)
Udoinyang et al. (2022).

and 2.29-3.05% by

The ash content of all the fish species in present
study ranged between 2.25%. (M. rume) and 3.71% (C.
anguillaris). The values are slightly higher than the
recommended values of 1.2-1.5% from FAO/WHO
(1998), 1.98-2.23% from Akinjogunla et al. (2017) and
1.20-1.81% from Udoinyang et al. (2022) but lower
than values (7.25-7.56%) reported by Kasozi et al.
(2014) who worked on the fillets on Alestes baremoze
based on sizes (< 1-2.5 kg).

The gross energy content of the analyzed small
indigenous finfish species (SIS) in this study ranged
between 4.48 and 6.21 kcal/g. The individual gross
energy content of the SIS was similar to that reported
by Alemu et al. (2013) for Nile tilapia (60.2 kcal/g) and
Kasozi et al. (2014) who worked on Alestes baremoze
(546.5-597.69 kcal/g) but lower than the values
documented by Udoinyang et al. (2022). Although the
values recorded for this study is higher compared to
that of Akinjogunla et al. (2017) who reported the
value of 114.02 kcal/g on Crassostrea species from the

Lagos estuary.

All the fish
appreciable concentrations of Ca, P, Mg and Na

samples examined contained
suggesting that these fishes could be used as good
sources of elements. The highest values of these macro
elements (Ca - 58.7 mg/100g; P — 27.0 mg/100g;
Mg - 16.7 mg/100g and Na — 5.6 mg/100g) in the
analyzed SIS shows that, though they are rich sources
of Ca and P but have low deposits of Na.
Concentration values of Ca was observed to dominate
other element concentrations in all the samples. This
tends to disagree with the work done by Moruf &
Akinjogunla (2018) where the dominant element in
the fish sampled was P while Onyia et al. (2010),
Kasozi et al. (2014) and Udoinyang et al. (2022) all
recorded Potassium (K) as the dominate element in
their analyzed samples. The values of Ca dominating
the macro elements in the sampled species is in
agreement with the works of Andem & Ekpo (2014),
Adejonwo (2016) and Akinjogunla et al. (2017). It
could be inferred from the high concentration of Ca

ions (Ca*) in the tissues of the fish species that the

water body from which the fishes were collected is

rich in Ca*.

The concentration of P in the fish samples studied
graded and recorded as the second among the
elements analyzed. Most of the small sized species
(<10 cm) have large amount of Ca and P in their body
and they can be eaten whole at once. Almost the entire
store of Ca (99%) and most of the P (80%) in the body
are in the form of bones, teeth and scales. In the
present study, the Ca content ranged between 41.2
mg/100g and 58.7 mg/100g with the highest detected
in the carcasses of the Cichlids (O. niloticus — 56.9
mg/100g, S. galileus — 55.3 mg/100g and C. zilli — 58.7
mg/100g) which might be due to their bony structures.
The highest Ca content of 58.7 mg/100g observed for
C. zilli in this present research is high when compared
to values for beef (7 mg/100g) and egg (54 mg/100g)
but lower than the value of 120 mg/100g obtained in
milk or 129.18 mg/100g obtained in freshwater snail
which are other good sources of Ca (Obande et al.,
2013).

The variations observed in the levels of the
nutrients analyzed in this study as compared to
previously documented studies (Moronkola et al.,
2011; Alemu et al., 2013; Andem & Ekpo, 2014; Kasozi
et al., 2014; Woke et al., 2016; Akinjogunla et al., 2017,
2021; Moruf & Akinjogunla, 2018) could be attributed
to the differences in the type of species, their food
preference, feeding habits, sizes, sexes, type of
habitats, availability and forms of the nutrients with
the ability to convert the nutrients from the food in

their environment.

In rural communities in developing countries like
Nigeria and other undeveloped countries, where
dairy and dairy products are way above the reach of
the common man to be included in their diets, small
fishes can be eaten since it contains important Ca and

P for growth and bone development.
CONCLUSION

The shed the
compositions of the carcasses of the SIS, revealing that

study light on elemental
they are good sources of essential nutrients and macro
elements. Since the nutritional values of these small

sized indigenous finfishes examined are now known
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through this baseline research, nutritionists and the
general public can now make informed decisions
about the consumption of these species. However, it is
important to understand the distribution and levels of
these elements as they play crucial roles in various
physiological processes. Further research can be
conducted to explore the implication of these findings
and their potential impact on the overall health and

well-being of these fish species.
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