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Ozet

Deneme, 2022-23 kis sezonunda golge ve agikta yetistirilen yemlik bakla (Vicia faba var. minor) bitkisinde, fosfor
diizeylerinin tane verimi ve verim unsurlarina etkisini belirlemek amaciyla yiriitiilmiigtiir. Calismada, bitkiler
lizerinde alt: farkl seviyede fosfor (0, 3, 6, 9, 12 ve 15 kg P,Os da™!) test edilmis olup, bitki boyu, bitkide bakla sayis,
bin tane agirligi, biyolojik ve tane verimleri gibi bazi 6zellikler dl¢iilmiistiir. Yetisme ortama ile fosfor oranlarinin
yemlik baklanin 6lgiilen tiim 6zellikler lizerinde énemli etkisi saptanmistir. A¢ik kosullarda yetistirilen bitkiler,
golgeye kiyasla daha yiiksek tane verimi iiretmis ve 6nemli dl¢iide istiinliik saglamistir. Kontrole (P0) gore artan P
oranlart yemlik bakla verim ve verim bilesenlerini yiikseltmistir. Farkli P seviyeleri arasinda en yiiksek biyolojik ve
tane verimi, agikta yetistirilen bitkiler i¢in 9 kg P,Os da' uygulamastyla kaydedilmistir.

Anahtar Kelimeler: Vicia faba var. minor, golge, fosfor, verim

A Preliminary Study on the Effect of Different Phosphorus Levels on the Yield and
Some Yield Components of Horse Bean (Vicia faba var. minor) Grown under Shade and
Open Conditions

Abstract

The experiment was carried out during 2022-23 winter seasons to find out the effect of phosphorus levels on the grain
yield and yield components of horse bean (Vicia faba var. minor) grown under shade and open conditions. Six
different levels of phosphorus (0, 30, 60, 90, 120 and 150 kg P,Os ha') were tested on the crops, and, some properties
were measured such as plant height, number of pod per plant, thousand grain weight, yields of biological and grain
in the research experiment. Growing condition (media) and rate of phosphorus had a significant effect on all of the
measured traits of horse bean. Crops grown at open condition produced higher grain yield compared to shade and
was significantly superior. Increasing rates of P increased the yield and yield components of horse bean compared to
the control (P0). Among different P levels the highest biological and grain yield were recorded with the application
of 90 kg P,Os ha* for horse bean grown under open condition.

Keywords: Vicia faba var. minor, shade, phosphorus, yield
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Saltas ve Geren

1. Giris

Son yillarda fotovoltaik panel kullanimin
artmasina paralel olarak, bu panellerin
golgesi altinda bitkisel ve hayvansal iiretim
yapilmast yayginlasmaktadir. Agrovoltaik
sistem olarak tanimlanan bu uygulamalarin
normal tiretime gore olumlu veya olumsuz
yonlerinin  arastirilmast  gerekmektedir
(Marrou ve ark., 2013; Cosgun, 2021;
Hudelson ve Lieth, 2021). Tirkiye’de bu
konuyla ilgili bilimsel ¢aligmalar sinirlidir.
Baklagiller (Leguminosae) familyasinin bir
tiyesi olan yemlik bakla (Vicia faba var.
minor), “Hayvan Baklas1” olarak da
isimlendirilmektedir. Yemlik bakla, 20.
yiizyll baslangicindan gilinlimiize degin
diinyada ¢ok yaygin bir yem bitkisi olarak
Fransa, Italya, Ingiltere, tiim Akdeniz
iilkeleri, Japonya, Iran, ABD, Ekvator,
Meksika ve ozellikle Cin’de
yetistirilmektedir. Diinya’daki ekim alani
yaklasik 6 milyon ha olup, bunun 4 milyon
hektar1 Cin’de, 0.5 milyon ha kadar1 da
Avrupa’da bulunmaktadir iilkemizde ve
diinyada esasen tane amaciyla yetistirilen bir
bitkidir (Ugar ve ark., 2020; Coskun ve
Demiroglu Topgu, 2022). Bakla taneleri
sahip oldugu yiiksek protein igerigi
nedeniyle kesif (yogun) yem iiretiminde
kullanilmaktadir. Yemlik bakla; tanelerinin
iri  olmasi, 0zel toprak isteklerinin
bulunmamasi, kis mevsimindeki yagislarla
yetisebilmesi, mekanizasyona uygunlugu
gibi  Ozellikleri nedeniyle goz ardi
edilmemesi gereken bir bitkidir (Geren ve
ark., 2009; Yiice ve ark., 2023).

Bilindigi gibi, bitkilerin birim alandan
elde edilen toprak f{isti (ot ve tane)
verimlerini yiikseltmenin en etkili ve temel
yollarinda birisi, giibre ihtiyaglarini uygun
deger bir dozda ve zamanda karsilamaktan
geemektedir. Fosfor (P) bitkide ¢ok 6nemli
bazi  organik  bilesiklerin  yapisinda
bulunmaktadir. Bitkide enerji transferi yapan
ATP bu bilesiklerin en Onemlilerindendir
(Dumanoglu ve Geren, 2019). Ayrica P,
karbonhidratlarin parcalanmasinda,
polisakkaritlerin  bilesiminde de  rol
tistlenmekte ve bitkide genetik O6zellikleri
belirleyen DNA’nin  olusumu i¢in de
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gereklidir. Fosfor bitki kok sisteminin
gelismesine  katkida  bulundugu  gibi,
ciceklenme ve olgunlagsmay1 da

hizlandirmaktadir (Muhit ve Kir, 2022;
Karaca Oner ve ark.,, 2023). Bitkiler
gereksinim duyduklar1 fosforun tamamina
yakin bir bolimiinii gelismelerinin ilk
donemlerinde almakta ve bunu cesitli
organlarinda biriktirmektedirler
(Hashemabadi, 2013; Fouda, 2017; Sarkar
ve ark., 2017). Bu ¢alismanin amaci, farkli
fosfor seviyelerinin golge ve agik kosullarda
yetistirilen yemlik bakla (Vicia faba var.
minor) bitkisinde tane verimi ve bazi verim
bilesenlerine etkisini belirlemektir.

2. Materyal ve Yontem

Bu ¢alisma, 2022-23 yillariin kiglik bitki
{iretim mevsiminde (Ekim-Haziran), EUZF
Tarla Bitkileri Boliimii arastirma sahasi
tizerinde gerceklestirilmistir. Denemenin
yuritildigi aylara ait ortalama sicaklik ve
toplam yagis miktari sirasiyla 16.6°C ve 604
mm, uzun yillar ortalamasi ise 14.9°C ve 677
mm olarak kaydedilmistir. Denemede
kullanilan toprak tinli-kum yapisindadir.
Toprak tahlil neticeleri, toprak pH’sinin 5.83
(orta asit), tuzun % 0.03 (tuzluluk tehlikesi
yok), organik maddenin %1.72 (humusca
fakir), kirecin % 0.82 (fakir) oldugunu
gostermistir. Bunlara ek olarak, toplam N %
0.04 (fakir), P 1.11 ppm (fakir), K 40 ppm
(noksan) ve Ca 1300 ppm (fakir) oldugu
saptanmistir. Deneme sahasinin iklim ve
toprak ozellikleri agisindan, yemlik baklanin
yetismesini kisitlayici bir unsur bulunmadigi
anlagilmig, yapilan giibre ve sulama
uygulamalar1 sayesinde oldukg¢a tatminkar
bitkiler yetistirilmistir.

Arastirmada, bitkisel materyal olarak
yemlik bakla (Vicia faba var. minor)
kullanilmistir. Calismada iki faktor ele
alimmig, bunlardan birincisi  yetigtirme
ortami, ikincisi ise fosfor (P) seviyesidir.
Birinci faktor, golge ve agik kosullar olmak
tizere iki seviye, ikinci faktor ise dekara PO:
0 kg, P3: 3 kg, P6: 6 kg, P9: 9 kg, P12: 12 kg
ve P15: 15 kg P20s olmak iizere alt1
seviyeden olusmustur. Arastirma dig ortam
saks1 denemesi seklinde ve iki faktorli
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tesadiif bloklar1 deneme desenine gore dort
tekerrtirlii olarak kurgulanmistir. Denemede
toplam 48 adet saks1 kullanilmustir.

3 Ekim 2022 tarihinde her bir saksiya dort
adet bakla tohumu, 3 cm derinlige ekilmis ve
¢esme suyu ile can suyu verilmistir. Ekim
islemine paralel olarak saks1 merkezine 5 cm
derinliginde ¢ukur agilarak ve hesaplanan
P2Os  dozlar1 TSP  giibresi  olarak
uygulanmistir. Bu islemle birlikte tim
saksilara (kontrol dahil) 2 kg N da? (iire
formunda) ve 10 kg KO dal (KzSOs
formunda) de uygulanmistir.  Giibre
uygulamalarinin tiimii bir seferde ve toplu
olarak yapilmistir (Ozdogan Cavdar ve ark.,
2020). Ekim isleminden sonra saksilarin
yarisi, % 60-70 seviyesinde golge ortama
tasinmistir. Tohum ¢ikisindan bir ay sonra
saksidaki bitki sayisi ikiye diistirilmistiir.
Bitkiler 50-60 cm boya ulastiginda,
devrilmelerini  engellemek adma, her
saksinin ortasina bir ¢ubuk dikilerek bitkiler
bu ¢ubuga baglanmistir. Saksi iginde ¢ikan
yabanci otlar elle sokiilmiistiir.

Tim bitkideki baklalarin  tamamen
kurudugu, baklanin avug icinde
ovusturuldugunda  kolaylikla  aynildig

donem, bir bagka ifadeyle tanedeki nem ~%
13’e diistiiglinde (Haziran ay1 ortasi) hasat
islemi elle gerceklestirilmistir. Arastirmada
incelenen ozellikler sunlardir: Bitki boyu
(cm): Tane hasat zamanina ulasan bitkilerin
boyu cetvelle dl¢lilmiistiir. Bakla sayis1 (adet
bitki™): Tane hasadindan 6nce bitkideki tiim
baklalar sayilmistir. Biyolojik verim (g bitki-
1): Tane hasadi amaciyla bitki toprak
seviyesinden bag makasiyla kesilmis ve
hassas teraziyle tiim bitki kuru agirlhig
kaydedilmistir. Tane verimi (g bitki™): Bitki
meyvelerindeki  tim  baklalar  elle
harmanlanmis, taneler temizlenmis ve
agirliklart kaydedilmistir. 1000-tane agirlig
(g): Tane verimini olusturan tanelerin sayisi
belirlenmis ve orant1 kurularak
hesaplanmistir. Arastirmadan elde edilen
veriler, varyans analizine tabi tutulmus
(Yurtsever, 1984), muameleler arasindaki
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farklar LSD testi
belirlenmistir.

(% 1) kullanilarak

3. Bulgular ve Tartisma
3.1. Bitki boyu

Yapilan istatistiki  analizler sonucu
yemlik bakla bitki boyu iizerine, ortam ve
fosfor seviyesi faktorleri ile bunlarin
interaksiyonunun Oonemli oldugu
anlagilmustir (Tablo 1). Interaksiyonun 6énem
arz etmesi nedeniyle en yiiksek bitki boyu
136 cm ile P9 seviyesinde ve agik ortamda
yetistirilen uygulamada saptanmis olup, onu
istatistiki bakimdan ayni1 grupta yer alan
gblge ortamda yetistirilen ve P12 (129 cm)
uygulanan bitkiler takip etmistir. En diistik
bitki boyu ise 71 cm ile agik ortamda
yetistirilen PO (kontrol) uygulamasinda
kaydedilmistir. Calismada, golge ortamda
yetistirilen yemlik bakla bitki boyu
ortalamasmin agik ortamda yetistirilen
bitkilere gore biraz daha uzun olduklar
belirlenmistir. Ayrica her iki ortamda
bitkilere uygulanan P seviyesi yiikseldikge
bitki boylarinin da arttig1 saptanmustir. Agik
ortamda P9, golge ortamda ise P12
seviyesinde bir kirilma noktasi
belirlenmesine karsilik, golge ortamda P9 ve
P15 dozlan arasinda istatistiki anlamda fark
saptanmamustir. Bitkisel iiretimde saglikli
bitki boyu uzamasi gerek biyolojik verim
gerekse tane verimini arttirict énemli bir
verim unsurudur. Bu bakimdan galismada,
golge kosullarda yetistirilen yemlik bakla
bitki boyu ortalamasinin agik kosullarda
yetistirilenlere kiyasla daha yiiksek oldugu
belirlenmis olsa da, bu uzamanin saglikli
olmadig1 yargisina varilmistir. Zira golge
kosullarda yetistirilen bitkilerde biyolojik
verim azalmistir (Tablo 1). Pek ¢ok
arastirici, golge kosullarina maruz kalan
bitkilerde sagliks1z boy uzamasinin meydana
geldigini bildirmesi, bulgularimizi
desteklemektedir (Cakir ve Tugluer, 2019;
Shafiq ve ark., 2021; Acay ve Bicer, 2024).
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Tablo 1. Agik ile g6lge kosullarda yetistirilen ve farkli P seviyelerinin yemlik baklada verim ve bazi verim

unsurlarina etkisi

Bitki boyu Bakla say1s1 Biyolojik verim (g Tane verimi 1000 tane agirlig
Fosfor (cm) (adet bitki?) bitki™) (g bitki™) (@)
seviyeleri Acik Golge Acik Golge Acik Golge Acik Golge Acik Golge
PO 71 99 14.0 45 60.5 20.7 20.8 5.2 748 650
P3 111 111 14.3 5.0 81.3 24.0 27.1 7.0 724 643
P6 111 117 15.0 5.8 104.0 37.3 335 9.0 723 562
P9 136 125 33.0 10.0 150.0 45.0 50.8 155 672 540
P12 122 129 26.5 11.0 120.0 61.0 438 20.3 640 516
P15 119 124 20.3 9.5 115.0 37.3 42.3 133 639 501
Ortalama 111 117 205 7.6 105.1 375 36.4 117 691 569
LSD (% 1) 0:19P:5.9 0:0.6P:1.6 0:15P:5.3 0:1.2P:23 0:179P: 431
OxP: 8.4 OxP: 2.3 OxP: 7.5 OxP: 3.3 OxP: 60.9

O: ortam, P: fosfor seviyesi, OXP: interaksiyon

Diger taraftan ¢alismada yemlik bakla
bitkilerine uygulanan P seviyesi arttikca
bitki boylarmin da yiikseldigi saptanmustir.
Denemede kontrol (P0) dahil, tiim saksilara
esit miktar N ve K uygulandigindan, artan P
seviyeleri kargisinda bitki boylar1 da
yiikselmistir. Bilindigi gibi, 6zellikle azotun
hiicre c¢ogalmasi ve biiylimesi {izerine
olumlu katkist nedeniyle, azot aghg
¢cekmeyen yemlik bakla bitkilerinin boylar
uzamustir. Vicia faba minor bitkisine farkli
dozlarda P (P0:0, P1:17.5, P2:35.0 ve
P4:52.5 kg hal) uygulayan Turk ve Tawaha
(2002), bitki boyu {iizerine P dozlarinin
onemli etkisinin bulundugunu bildirmistir.
PO dozunda 62.3 cm olan bitki boyunun
artan P dozlan karsisinda sirastyla 68.3 cm,
73.3 cm ve 77.0 cm’ye yiikseldigini ifade
edilmistir. Iran kosullarinda Vicia faba
bitkisine farkli dozlarda P uygulayan (P0:0,
P4:4, P8:8, P12:12 kg dal) Hashemabadi
(2013), boy tizerine P dozlarinin &nemli
etkisinin bulundugunu ifade etmistir. P0’da
109 cm olan bitki boyunun artan P dozlari
karsisinda sirasiyla 113 ve 138 cm’ye
yiikseldigini, Pl12’de ise 125 cm’ye
diistiiglinii belirten arastirici, PO, P4 ve P12
uygulamalar1 arasinda istatistiki bir farkin
olmadigin1 bildirmistir. Arastiricilarin bu
sonuglart bulgularimiz1 desteklemekte olup,
ortaya c¢ikan farkliliklarin temel nedenini,
calismalarda kullanilan bitkisel materyal ve
ekolojik faktorlerin  (iklim, toprak, vb.)
degiskenligine dayandirmak miimkiindiir.
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3.2. Bakla sayisi

Varyans analizi sonucu bakla sayist
lizerine, ortam ve fosfor seviyesi faktorleri
ile OxP interaksiyonunun o6nemli oldugu
anlasilmistir (Tablo 1). En yliksek bakla
say1s1 33.0 adet bitki™ ile P9 seviyesinde ve
acitk ortamda yetistirilen uygulamada
saptanmistir. En diisiik bakla sayisi ise 4.5
adet-bitki? ile gdlge ortamda yetistirilen PO
(kontrol) uygulamasinda belirlenirken, onu
istatistiki olarak ay1 gurupta yer alan ve
gblge ortamda yetistirilen P3 (5.0 adet) ve P6
(5.8 adet) uygulamalar1 takip etmistir.
Calismanin bakla sayisina iligkin bulgular
genel olarak degerlendirildiginde, acik
ortamda yetistirilen bitkilerde kaydedilen
bakla sayis1 ortalamasmnin golge ortamda
yetistirilen bitkilere gore daha yliksek
oldugu belirlenmistir. Ayrica her iki
ortamda, bitkilere uygulanan P seviyesi
arttikga bakla sayilarmin da yiikseldigi
saptanmistir. Ac¢ik ortamda P9, golge
ortamda ise P12 seviyesinde bir kirilma
noktast belirlenmesine  karsilik, golge
ortamda P9, P12 ve P15 dozlann arasinda
istatistiki anlamda fark saptanmamustir.

Tane {retiminde, tohumlarin olustugu
bakla veya basak gibi organlarin sayisi belli
siurlar icerisinde arttiginda birim alandaki
tane verimi de yiikselmektedir (Alan ve
Geren, 2006-2007).
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Calismada, P elementince daha iyi
beslenen ve daha fazla giines 1s181na maruz
kalan yemlik bakla bitkilerinde bitki basina
yiiksek bakla sayisi elde edilmistir. Vicia
faba minor bitkisine farkli P dozu uygulayan
Turk ve Tawaha (2002), PO dozunda 5.2 adet
olan bitki basina bakla sayisinin artan P
dozlar1 karsisinda 6.7, 9.6 ve 12.0 adede
yiikseldigini ifade etmislerdir. Benzer
sekilde, Ozdogan Cavdar ve ark. (2020)’da,
Vicia faba var. minor bitkisinde P dozlarinin
bitki basina bakla sayisi lizerinde Snemli
etkisinin ~ bulundugunu  belirtmislerdir.
Arastiricilar, bitkiye uygulanan P dozu
(PO:0, P2:2, P4:4, P6:6, P8:8, P10:10,
P12:12 ve P14:14 kg-da?) arttikca, PO
uygulamasinda 25.8 adet olan bakla
sayisinin artan P dozlar karsisinda sirastyla
35.8,38.5,45.3,51.0, 54.8, 54.0 ve 55.8 adet
oldugunu  bildirmiglerdir. ~ Ancak P8
uygulamasindan sonraki artigin istatistiki
anlam ifade etmedigini de eklemislerdir.
Degisik Vicia faba genotiplerine farkli P
dozu (P0:0, P6:6, P9:9, P12:12 ve P15:15
kg-dal) uygulayan Oncan Siimer ve Erten
(2022), PO0’da 15.4 adet olan bitki basina
bakla sayisinin, artan P dozu karsisinda
sirastyla 16.0, 17.3, 17.9 ve 17.7 adete
yiikseldigini, P12 ile P15 arasinda istatistiki

anlamda fark bulunmadigini
vurgulamislardir.

Pek c¢ok arastirict  gdlgelemenin,
fotosentez  {irlinlerinin ~ saglanmasinda

eksiklige neden oldugunu ve sonugta
bitkideki bakla sayis1 ile bakladaki tane
sayisinmn azaldigini bildirmislerdir. Ornegin
Xia (1995), % 20 ve % 50 golgeleme
yogunlugunun Vicia faba bitkisinde kontrol
(%0 [ag¢ik]) grubuna gore daha az cigek ve
bakla irettigini belirtmistir. Buna karsilik
Lake ve ark. (2019), gigceklenme Oncesi
golgeleme uygulamasinin bitki basina cicek
ve bakla sayisini artirdigini bildirmiglerdir.
Degisik Vicia faba genotiplerini farkli golge
uygulamasi (% 0 [a¢1k], % 40, % 75 ve % 95
golge) altinda yetistiren Acay ve Bicer
(2024), % 0’da 10.3 adet olan bitki basina
bakla sayismmin artan golgeleme oram
karsisinda sirastyla 12.7, 10.6 ve 8.6 adet
oldugunu saptamiglardir. Mevcut calismada,
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golge kosullarda yetistirilen yemlik bakla
bitkilerinden agik kosullarda yetistirilen
bitkilere gore daha digiik bakla sayisi
belirlenmis olup, gélge kosul altinda P dozu
arttikca bitki bagina bakla sayisinin da P12
uygulamasina kadar yiikseldigi saptanmaistir.

3.3. Biyolojik verim

Istatistiki analizi sonuglar1 yemlik bakla
biyolojik verimi {izerine, ortam ve fosfor
seviyesi faktorleri ile OXP interaksiyonunun
onemli oldugunu gostermistir (Tablo 1). En
yiiksek biyolojik verim 150 g bitki? ile P9
seviyesinde ve acik ortamda yetistirilen
uygulamada  saptanmistir. En  disiik
biyolojik verim ise 20.7 g bitki* ile golge
ortamda yetistirilen PO (kontrol)
uygulamasinda belirlenirken, onu istatistiki
olarak ayni gurupta yer alan ve golge
ortamda yetistirilen P3 (24.0 g bitki?)
uygulamasi takip etmistir. Biyolojik verime
dair bulgular genel olarak
degerlendirildiginde, acik ortamda
yetistirilen bitkilerde dl¢iilen biyolojik verim
ortalamasinin gdlge ortamda yetistirilen
bitkilere gore daha yiiksek oldugu (yaklasik
3 kat) belirlenmistir. Ayrica her iki ortamda,
bitkilere uygulanan P seviyesi arttik¢a
biyolojik verimin de yiikseldigi saptanmustir.
Acik ortamda P9, gélge ortamda ise P12
seviyesinde bir kirilma noktasi
belirlenmistir.

Bitkilerin kok harig, toprak istii kuru
agirhigimi ifade eden biyolojik verim, yliksek
verim elde etmek i¢in yapilan tarimsal
islemlerin etkinligini degerlendirmek icin
bagvurulan bir 06zelliktir. Bu baglamda,
calismada her iki yetistirme ortaminda
bitkilere uygulanan P giibresinin etkin
kullanimryla fotosentetik enerji transfer yolu
yilesmis ve vejetatif biiylimeyi artirarak
daha yiiksek biyokiitle iiretimine yol agmistir
(Fouda, 2017; Raheem ve ark., 2024).
Kontrollii kosullarda Vicia faba var. minor
bitkisinde P dozlarinin biyolojik verim
tizerinde 6nemli etkisi bulundugunu belirten
Ozdogan Cavdar ve ark. (2020), bitkiye
uygulanan P dozu  arttikgca, PO
uygulamasinda 109 g-bitki olan biyolojik
verimin artan P dozlar karsisinda sirasiyla
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126, 126, 143, 168, 225, 225 ve 226 g-bitki’
! oldugunu bildirmisler, ancak P10 ile P14
uygulamalar arasinda istatistiki agidan fark
bulunmadigin1 ifade etmislerdir. Diger
taraftan, Iran kosullarinda yetistirilen Vicia
faba bitkisinde maksimum biyolojik verimin
(10.2 t ha'l) hektara 100 kg P uygulamasiyla
elde edildigini bildiren Shakori ve Sharifi
(2016), kontrol parseline (0 kg ha?) kiyasla
verimin % 40 daha fazla oldugunu
bildirmistir. Aydin ekolojik kosullarinda
Vicia faba genotiplerine farkli P dozu
uygulayan Oncan Siimer ve Erten (2022),
P0’da 296 kg da™ olan ortalama biyolojik
verimin, artan P dozlan karsisinda sirasiyla
321, 334, 362 ve 339 kg da’a yiikseldigini,
P12’nin optimum doz oldugunu ifade
etmislerdir. Mevcut ¢aligmaya ait bulgular,
yukaridaki  arastiricilarin - sonuglariyla
karsilastirldiginda, bakla bitkisine
uygulanan farkli dozdaki fosforun degisik
tepkiler verdigini sdylemek miimkiindiir.
Arastirma sonuglar1 arasindaki farkliligin
iklim, toprak, cesit, ¢cevre kosullari, vb. gibi
faktorlerden kaynaklanabilecegi
unutulmamalidir.

3.4. Tane verimi

Varyans analiz sonuglari yemlik bakla
tane verimi lizerine, ortam ve fosfor seviyesi
faktorleri ile OxP interaksiyonunun 6nemli
oldugunu gostermistir (Tablo 1). En yliksek
tane verimi 50.8 g bitki ile P9 seviyesinde
ve acgik ortamda yetistirilen uygulamada
saptanmuistir. En diisiik tane verim ise 5.2
g-bitki? ile gdlge ortamda yetistirilen PO
(kontrol) uygulamasinda belirlenirken, onu
istatistiki olarak ay1 gurupta yer alan ve
gblge ortamda yetistirilen P3 (7.0 g bitki™?)
uygulamast izlemistir. Tane verime ait
bulgular genel olarak degerlendirildiginde,
actkk  ortamda  yetistirilen  bitkilerde
kaydedilen tane verimi ortalamasinin golge
ortamda yetistirilen bitkilere gore daha
yiksek  oldugu  (yaklastk 3  kat)
belirlenmistir. Ayrica her iki ortamda,
bitkilere uygulanan P seviyesi arttikca tane
veriminin de yiikseldigi saptanmistir. Acik
ortamda P9, golge ortamda ise P12
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seviyesinde bir kirilma noktasi
belirlenmistir.
Bilindigi gibi, bitkilerin fotosentez

yapabilmeleri i¢in giines 15181 zorunludur.
Ancak baz bitkiler gdlge kosullara biraz
daha toleranshidir. Pek c¢ok arastirici azalan
giines 15181 karsisinda verim ve verim
unsurlarinda da azalacagini bildirmislerdir.
Ornegin, Diyarbakir kosullarinda degisik
Vicia faba genotiplerini farkli golge
uygulamasi (% 0 [ag¢1k], % 40, % 75 ve % 95
golge) altinda yetistiren Acay ve Bicer
(2024), % 0°da 151 kg da! olan tane
veriminin, artan golgeleme orani karsisinda
sirastyla 185 kg, 149 kg ve 107 kg da™’a
diistiigii ifade etmislerdir. Buna karsilik, Iran
ekolojik kosullarinda degisik Vicia faba
genotiplerini farkli gélge (% O [kontrol], %
18, % 48 ve % 70 golge) ortaminda yetistiren
Nasrullahzadeh ve ark. (2007), % 70 golgede
dekara 347 kg olan tane veriminin, % 48
golgede 343 kg, % 18 ve % 0 golgede
sirastyla 287 kg ve 250 kg’a distiiglini
bildirmistir. Aragstiricilar bakla
genotiplerinin golge toleranslarinin
degiskenlik gosterdiginin altin1 ¢izmislerdir.
Buna benzer olarak Authammer ve Gotz-
Lee (1989), Vicia faba tane verimindeki
artiglarin bitki siklig1 ve golgeleme orani ile
sliresine gore degistigini, uygun yetistirme
kosullarinda (% 0 [acik] ve metrekarede 20
bitki), kontrol uygulamasina gore tane
veriminde % 40’lara varan artislar
kaydedildigini ifade etmislerdir. Patates
(Solanum tuberosum) bitkisinde farkli gélge
seviyelerinin (% 12, % 26 ve % 50) etkisini
inceleyen Schulz ve ark. (2019), % 50 golge
kosullarda bitki biiylimesi ve gelisiminde
onemli kayiplarin  meydana  geldigini
bildirmislerdir. Mevcut ¢alismamizda, golge
kosullarda  yetistirilen  yemlik  bakla
bitkilerinden a¢ik kosullarda yetistirilen
bitkilere gore daha diisiik tane verimi elde
edilmis olup, golge kosul altinda P dozu
arttik¢a tane veriminin de P12 uygulamasina
kadar ytikseldigi saptanmistir. Bulgularimiz,
yukaridaki  arastiricilarin - sonuglartyla
karsilastirildiginda, denemelerde kullanilan
bitkisel materyal, golgeleme dozu ve
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sliresinin tane verimi {iizerinde cok etkili
oldugu acikca izlenmektedir.

Caligmamizda artan P seviyesine paralel
olarak, bitki kok seviyesinde almabilir
formda fosforun varligi kok sistemini ve
gelisimini  uyararak  verim  unsurlarini
arttitrmig ve ayn1 zamanda topraktan besin
emilimini iyilestirmesi nedeniyle tane verimi
de ylikselmistir. Fosfor ayrica hiicre
boliinmesine ve biiylimesine yardimci
oldugundan yapraklardan meyvelere ve
tohumlara karbonhidrat hareketini
tyilestirmistir (Fouda, 2017; Raheem ve ark.,
2024). Mevcut bulgular, fosforun bakla
biiylimesini ve verimliligini iyilestirmedeki
hayati roliinii bir kez daha ortaya ¢ikarmustir.
Kontrollii kosullarda yetistirilen Vicia faba
var. minor bitkisinde P dozlarinin tane
verimi tlizerinde 6nemli etkisi bulundugunu
belirten Ozdogan Cavdar ve ark. (2020), PO
uygulamasinda 33.0 g bitki? olan tane
veriminin artan P dozlar1 karsisinda sirasiyla
P2:50.5, P4:59.3, P6:70.8, P8:83.3,
P10:95.3, P12:95.5 ve P14:95.8 g-bitki™
oldugunu bildirmislerdir. Arastiricilar, P10
ile P14 uygulamalart arasinda istatistiki
acidan fark bulunmadigimi  da ifade
etmislerdir. Benzer sekilde, Aydin ekolojik
kosullarinda Vicia faba genotiplerine farkli P
dozu uygulayan Oncan Siimer ve Erten
(2022), P dozlarinin tane verimi iizerinde
onemli etkisinin (P0:265, P6:287, P9:300,
P12:305 ve P15:302 kg-dal) bulundugunu
fakat P9 ile P15 uygulamalar1 arasinda
istatistiki anlamda bir fark olmadiginin altin1
cizmislerdir. Buna karsilik Hashemabadi
(2013), P dozlarinin tane verimi iizerinde
onemli etkisinin olmadigim1 belirtmistir.
Arastirici, Iran ekolojik kosullarinda Vicia
faba bitkisine farkli dozlarda P uygulamis ve
P0’dan P12’ye artan P dozlart karsisinda
tane veriminin sirasiyla P0:123, P4:126,
P8:130 ve P12:118 kg da! oldugunu
bildirmistir. Bulgularimizin, P dozlarinin
tane verimi tlizerinde Onemli etkisinin
bulundugunu bildiren arastiricilarin
sonuglariyla uyum igerisinde  oldugu
anlasilmaktadir.
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3.5. Bin tane agirhgi

Varyans analiz sonuglar1 yemlik bakla bin
tane agirlig1 lizerine, ortam ve P seviyesi
faktorleri ile interaksiyonunun Onemli
oldugunu gostermistir (Tablo 1). En yliksek
bin tane agirligl 748 g ile PO seviyesinde ve
acitk ortamda yetistirilen uygulamada
saptanmis, onu istatistiki olarak ayn1 grupta
yer alan yine agik ortamda yetistirilip P3
(724 g) ve P6 (723 g) uygulanan bitkilerde
kaydedilmistir. En diisiik bin tane agirligi ise
501 g ile golge ortamda yetistirilen P15
uygulamasinda belirlenirken, onu istatistiki
olarak ay1 gurupta yer alan ve gdlge ortamda
yetistirilen P12 (516 g), P9 (540 g) ve P6
(562 g) uygulamalart izlemistir. Calismada
bin tane agirligr ait bulgular genel olarak

degerlendirildiginde, acik ortamda
yetistirilen bitkilerde kaydedilen bin tane
agirhigt  ortalamasinin - golge ortamda

yetistirilen bitkilere gére 122 g daha yiiksek
oldugu belirlenmistir. Ayrica her iki
ortamda, PO yani kontrol uygulamalarinda
en iri tohumlarm elde edildigi ve bitkilere
uygulanan P seviyesi arttikca tane iriliginin
diistigii saptanmustir.

Tohumlarm iriligi hakkinda fikir sahibi
olunmasma yardimci olan bin tane agirlig
ozelligi, bitki beslenmesi ile dogrudan iliskili
olsa da, tane doldurmaya neden olan diger
faktorler tarafindan da etkilenmektedir.
Mevcut ¢alismada PO (kontrol) bitkilerinde
kaydedilen bitki basina en diisiikk bakla
sayisi, en yiiksek bin tane agirliginin
alinmasina neden olmustur. Her ne kadar s6z
konusu bitkilere hi¢ P uygulamasi yapilmasa
da, PO dahil tim bitkilere sabit bir N ve K
giibrelemesi yapilmistir. Bu nedenle kontrol
gurubundaki bitkiler toprakta var olan diisiik
miktardaki P sayesinde, hayatta kalmak
adina tlim enerjisini kullanarak kiigiik
boyutlu, az sayida bakla fakat iri tohum
olgunlastirmistir. Ancak bu olay her zaman
gecerli olmayabilmektedir (Sarkar ve ark.,
2017). Ornegin, kontrollii kosullarda Vicia
faba var. minor bitkisinde P dozlarinin bin
tane aguhigi iizerinde Onemli etkisi
bulundugunu belirten Ozdogan Cavdar ve
ark. (2020), PO uygulamasinda 451 g olan
bin tane agirliginin artan P dozlar1 karsisinda
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sirastyla P2:590, P4:595, P6:649, P8:746,
P10:716, P12:658 ve P14:613 grama
yiikseldigini bildirmislerdir. Arastiricilar P8
ile P10 uygulamalar1 arasinda istatistiki
acidan fark bulunmadigmi da ifade
etmislerdir. Benzer sekilde, Aydin ekolojik
kosullarinda Vicia faba genotiplerine farkli P
dozu uygulayan Oncan Siimer ve Erten
(2022), P dozlarinin bin tane agirhig
tizerinde Onemli etkisinin bulundugunu
(P0:1100 g, P6:1120 g, P9:1150 g, P12:1197
g ve P15:1150 g) saptamiglardir. Buna
karsilik Hashemabadi (2013), P dozlarinin
bin tane agirlig1 iizerinde 6nemli etkisinin
olmadigim belirtmistir.  Arastiric,  Iran
ekolojik kosullarinda Vicia faba bitkisine
farkli dozlarda P uygulamig ve PO’dan
P12’ye artan P dozlan karsisinda bin tane
agirhiginin - sirastyla  P0:2120, P4:2256,
P8:2359 ve P12:2276 gram oldugunu
bildirmistir. Bulgularimizin, P dozlarinin
tane verimi lizerinde Onemli etkisinin
bulundugunu bildiren arastiricilarin
sonuclartyla  uyum  igerisinde  oldugu
anlasilmaktadir.

Mevcut c¢aligmamizda, agik ortamda
yetistirilen bitkilerde kaydedilen 1000 tane
agirhigr  ortalamasinin, gdlge ortamda
yetistirilen bitkilere gore daha yiiksek
oldugu saptanmistir. Bulgularimiz, bazi
arastiricilarin - sonuclariyla celismektedir.
Ornegin, Iran ekolojik kosullarinda degisik
Vicia faba genotiplerini farkli gélge (% 0
[kontrol], % 18, % 48 ve % 70 golge)
ortaminda yetistiren Nasrullahzadeh ve ark.
(2007), golgelemenin bin tane agirlig
tizerinde Onemli etkisinin oldugunu ifade
etmislerdir. Bin tane agirlhigint % 0 golgede
[acik alan] 923 g olarak kaydeden
arastiricilar, golge uygulamalar1 arasinda
istatistiki a¢idan onemli fark olmaksizin %
18 golgede 1039 g, % 48°de 1044 g ve % 70
golgede 1015  grama  yiikseldigini
saptamiglardir. Acay ve Bicer (2024) agik
alan ile diisiik (% 40) ve orta (% 75) diizeyde
gblgelemenin Vicia faba’da bitki basina
bakla sayisi, bitki basina tohum sayist ve
bitki basma tohum verimini yiikselttigini
vurgulamislardir. Arastiricilar, bitkinin stres
faktorleriyle  basa  c¢ikabilmesi  i¢in
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golgelemenin  Oonemli  oldugunu fakat
golgeleme  siddetinin  durumu  aksine
dondiirmemesi gerektigini vurgulamislardir.

4. Sonug¢

Bir 6n c¢alisma niteliginde yapilan
arastirmada, golge kosulda tane {iretimi
amaciyla yapilan yemlik bakla
yetistiriciliginin  agitk  kosulda yapilan
iretime gore tlicte bir oraninda daha diisiik
tane verimi sagladigi belirlenmistir. Bu
sonu¢ calismada bitkisel materyal olarak
kullanilan yemlik bakla genotipinin golge
kosullara yeterince toleransli olmadigini
gostermistir. Gerek biyolojik verim, gerekse
tane verimi agisindan acik kosullarda en
uygun fosfor dozunun dekara 9 kg oldugu
belirlenmistir. Daha diigiilk verim saglanan
golge kosullarda ise bitkinin P ihtiyacinin
yiikselerek dekara 12 kg uygulamasinda en
yiiksek verimlerin (biyolojik ve tane verimi)
alindig1 kaydedilmistir. Sonuglarimiz bu tip
denemelerin, gélge siddeti ve siiresine bagh
olarak farkli bitkiler (aym1 bitkinin farkh
cesitleri) iizerinde ve halihazirda kurulu
fotovoltaik paneller altinda, en az iki yillik
caligmalarla tekrarlanmasi gerektigini de
akla getirmektedir.

Yazarlarin Katki Beyam

Yazarlar  makaleye esit katkida
bulunduklarini, makalenin yayina hazir son
halini gordiiklerini/okuduklarini ve
onayladiklarini beyan ederler.

Cikar Catismasi Beyani

Tiim yazarlar, bu calisma i¢in herhangi
bir c¢ikar c¢atismast olmadigmi beyan
etmektedir.

Aciklama

Bu, calisma ilk yazarin yiiksek lisans
tezinden tiretilmistir.
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Abstract

Nickel (Ni) is a vital micronutrient that significantly contributes to essential plant functions, including normal
growth, enzymatic activities, and nitrogen metabolism. Soil urease activity can markedly decrease under saline
conditions, and both plants and soil organisms necessitate Ni for the effective assimilation of urea. This study
investigates the effects of varying levels of Ni supplementation (0, 25, 50, and 100 mg kg™) under saline soil
conditions on soil and plant urease activity, biomass yield, chlorophyll content, nitrogen (N) content, and nitrate
assimilation. Thermal imaging was employed to assess plant stress by measuring leaf temperature. Results showed
that the 25 mg kg™ Ni treatment notably improved soil urease activity, leading to enhanced nitrogen uptake and
biomass production. This Ni dose also resulted in the lowest leaf temperature in maize, indicating reduced stress.
Low Ni levels increased nitrate reductase (NR) activity, nitrate content, and free amino acids in maize, while
sharply reducing ammonium accumulation, suggesting that Ni promotes plant growth by regulating nitrogen
assimilation. However, the 100 mg kg* dose caused toxicity in maize. All Ni concentrations decreased plant urease
activity, indicating decreased urea uptake from the soil. Overall, these findings suggest that low doses of Ni support
nitrogen metabolism and plant performance by regulating urease activity in both soil and plants, while higher doses
have toxic effects.

Keywords: Nickel, urease, salinity, nitrogen uptake, nitrogen metabolism
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1.Introduction

Soil salinity is a major global challenge,
significantly limiting agricultural
productivity (Singh, 2022). Salinity causes
physiological stress in plants, including
osmotic stress and ion imbalance,
negatively  impacting  their  growth,
development, and nutrient uptake (Arif et
al., 2020; VYasar et al, 2020;
Balasubramaniam et al., 2023; Canavar et
al., 2023; Goren et al., 2024). Salinity
significantly  affects the  biological
properties of soil, in addition to its direct
effects on plants. The inhibition of
microbial activity and enzymatic processes
in saline environments restricts the
availability of vital nutrients required for
optimal plant growth (Zhou et al., 2017,
Shahid et al., 2020; Ceritoglu et al. 2020;
Sun et al., 2021; Zhang et al., 2024). Urease
activity, a crucial enzymatic process, is
significantly influenced by salinity and is
essential for nitrogen transformation in soils
(Wang et al., 2021; Yao et al., 2021). Saline
conditions can significantly reduce urease
activity,  thereby limiting  nitrogen
availability to plants and ultimately
diminishing their growth and productivity
(Wei et al., 2016; Zhu et al., 2023;
Ramazanoglu et al., 2024). Urease is an
essential enzyme that catalyzes the
hydrolysis of urea into ammonia and carbon
dioxide (D’Agostino and Carradori, 2024).
The ammonia generated is then transformed
into nitrate via nitrification, supplying
plants with an essential nitrogen source for
growth in agricultural soils (Grzyb et al.,
2021; Robertson and Groffman, 2024).
However, salinity diminishes urease
activity in soils, thereby disrupting the
nitrogen cycle (Li et al., 2021; Erdel, 2022,
Ramazanoglu et al., 2024). Decreased
urease activity may force plants to uptake
urea, which is less efficient and potentially
toxic for various plant species, including
tomatoes (Tan et al.,, 2000), cucumbers
(Tabatabaei, 2009), lettuce
(Khoshgoftarmanesh et al., 2011), and
soybeans (Kutman et al., 2014).
Consequently, the regulation of urease
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activity is essential for enhancing plant
nitrogen use efficiency (Dimkpa et al.,
2020). Nickel (Ni) is a essential element
necessary for the optimal activity of the
urease enzyme, and a shortage of Ni in soils
can significantly hinder urease activity
(Kamboj et al., 2018). In saline soils, where
urease activity is already impaired, low Ni
levels might worsen this issue, further
reducing enzyme functionality and forcing
plants to directly uptake urea. Under these
conditions, Ni fertilization can increase

urease  activity, improve  nitrogen
absorption and hence promote plant growth
(Lavres et al., 2016). For instance,

Khoshgoftarmanesh et al. (2011) showed
that urease activity was dramatically
boosted by Ni supplementation in
hydroponically grown lettuce fed with urea,
resulting in improved plant nitrogen
content. Similar results were reported for
lettuce (Oliveira et al., 2013), onions
(Alibakhshi  and  Khoshgoftarmanesh,
2016), and soybeans (Barcelos et al., 2018).
Most studies have focused on the effect of
Ni on urease activity under conditions
where urea is the sole nitrogen source.
Salinity limits urease activity, but at the
same time, vital nitrogen sources such as
ammonium and nitrate remain available to
plants. The relationship between Ni
addition and soil urease activity in saline
soils, particularly with respect to plant
nitrogen uptake efficiency, has not been
adequately investigated.

This research investigates the effects of
varying Ni doses on growth and nitrogen
metabolism of maize plants under saline
soil conditions. This study aims to improve
the understanding of the role of Ni in plant
nitrogen nutrition by investigating its
regulation of soil urease activity.

2.Materials and Methods

The research was carried out in 2024
within the semi-controlled greenhouses at
the Faculty of Agriculture, Harran
University. Saline soils obtained from the
Sanliurfa Harran Plain in Turkiye served as
the experimental soil, with their



characteristics detailed in Table 1. Five
maize seeds were sown in plastic pots
containing 2.5 kg of saline soil each, and
following germination, one plant was
retained in each pot. Following
germination, various doses of NiCl, (0
(control), 25, 50, and 100 mg kg?) were
added to the pots. Ten days post-Ni

Table 1. General properties of the research soil
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treatment, 50 mg kg* of nitrogen (urea) was
administered to each pot. Furthermore 50
mg kg phosphorus and 80 mg kg*
potassium were applied during seed
planting as basic fertilization. The study
utilized 12 pots, comprising 4 treatments,
each replicated 3 times.

pH EC (dS m?) Total N (%) Total C (%) DTPA Extractable — Ni (mg kg™)
7.2 35.8 0.13 0.68 0.428
2.1. Data collection and analysis nitrate  concentration was  assessed

Leaf samples obtained from plants were
preserved at -20°C for subsequent analysis.
The remaining plants were dried at 70°C
until a constant weight was achieved for the
assessment of dry weight and nitrogen
content. The dried plant material was
subsequently ground, and the nitrogen
content was analyzed employing the
Kjeldahl method. SPAD values were
obtained by averaging three measurements
per plant using a Konica Minolta SPAD 502
instrument. Thermal images were acquired
with a FLIR T540 thermal camera, and the
images were analyzed utilizing FLIR Tools
software to ascertain plant temperature.
Leaf urease activity was evaluated using the
method outlined by Hogan et al. (1983),
while nitrate reductase (NR) activity was
determined according to Jaworski's (1971)
procedure. To analyze nitrogen compounds
in plants, fresh leaf samples were boiled in
distilled water for 1 h. After incubation, the
samples were centrifuged at 5,000 rpm for
15 minutes to obtain a clear extract. The
extracts were then used to measure total free
amino acid, nitrate and ammonium content.
Total amino acids were measured following
the method of Lee and Takahashi (1966),
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following the protocol of Cataldo et al.
(1975), and ammonium content was
evaluated according to the procedure
outlined by Husted et al. (2000). Soil
samples were collected on days 1, 7, and 15
post-urea application to assess urease
activity. Soil urease activity was assessed
utilizing the methodology outlined by
Tabatabai and Bremner (1972).

2.2. Statistical analysis

The analysis of the collected data for
statistical significance was conducted using
Duncan's Multiple Range Test in SPSS
version 21.0.

3. Findings and Discussion

Figure 1 illustrates the effects of nickel
(Ni) nutrition on temperature changes in
maize plants grown under saline soil
conditions. Maize plants treated with 25 mg
kg Ni exhibited the lowest temperature
values, whereas higher temperatures were
recorded in other treatments. Additionally,
the temperatures in plants treated with 0 mg
kg and 100 mg kg Ni remained at similar
levels. Low Ni reduced canopy
temperatures, suggesting that Ni may
support certain physiological processes.
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Figure 1. Thermal imaging of maize plants treated with 0, 25, 50 and 100 mg kg Nickel (Ni) under
saline soil conditions
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Figure 2. A) Shoot and root dry weight (DW) and B) SPAD value of maize seedlings treated with
different doses of Nickel (0, 25, 50 and 100 mg kg* Ni) under saline soil conditions

Ni is a crucial micronutrient for plants,
exhibiting both essential and harmful
properties (Parvez et al.,, 2021). Ni is
necessary at low quantities for vital
functions such enzyme activity, nitrogen
(N) metabolism, and normal growth (Kaur
et al., 2023). Although the essential role of
Ni in plants is well-documented, elevated
amounts are detrimental to numerous plant
species (Hassan et al., 2019; Turan, 2022).
Sabir et al. (2011) declared that Ni
increased microelement uptake and growth
in maize. Gerendas and Sattelmacher
(1997) demonstrated that Ni improved
biomass yield and chlorophyll content in
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rye, wheat, soybean, rape, squash, and
sunflower. In our study, 25 mg kg* Ni
increased shoot dry weight by 24%
compared to plants not treated with Ni,
while higher concentrations (100 mg kg™?)
reduced biomass vyield (Figure 2A).
Regarding SPAD values, the 0, 25, and 50
mg kg? Ni treatments produced similar
results, but the 100 mg kg™ Ni treatment
reduced SPAD values by 14% (Figure 2B).
These findings suggest that low levels of Ni
support plant growth under saline
conditions, while higher concentrations are
detrimental.



3,5 4
3,0 1
2,5 1
2,0 1
1,5 1

1,0 4

Shoot N (%)

0,5 1

00

Ugurlar

25

50 100

Figure 3. Shoot nitrogen (N) content in maize seedlings treated with different doses of Nickel (0, 25,
50 and 100 mg kg™ Ni) under saline soil conditions

The positive effects of low Ni levels on
plant growth may be due to improved
nutrient uptake and assimilation. Singh et
al. (2011) reported that low Ni levels
increased N content and uptake in wheat,
which led to improved dry matter yield,
while higher Ni concentrations reduced dry
matter yield compared to lower Ni levels
but remained higher than the control.
Similarly, in our study, the 25 and 50 mg kg
! Ni treatments increased N content in maize
by 8.6% and 15.5%, respectively (Figure 3).
However, the 100 mg kg Ni treatment did
not significantly alter total N content. This
improvement in plant N content may be
related to the effect of Ni on N
transformation processes in the soil,
because Ni is an essential component of the
urease enzyme and is necessary for the
proper functioning of this enzyme (Mazzei
et al., 2020). Urease catalyzes the
hydrolysis of urea to ammonia, a key

process  for  nitrogen  assimilation
(D'Agostino & Carradori, 2024). Saline
conditions significantly reduce urease
activity, which limits nitrogen uptake and,
consequently, plant growth and
productivity (Wei et al., 2016; Zhu et al.,
2023; Ramazanoglu et al., 2024). Goswami
et al. (2022) found that soil urease enzyme
activity increased with rising Ni content in
the soil. In our study, measurements taken
on the first day after urea application
showed that Ni increased soil urease
activity by a large amount. The highest
values were seen at the 50 mg kg™ Ni
treatment (Figure 4). Measurements taken
on day 7 showed that the maximum urease
activity occurred in the 25 mg kg? Ni
treatment, while higher Ni levels
suppressed urease enzyme activity. By day
15, we observed no significant differences
in soil urease activity across Ni treatments.
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Figure 4. Soil urease enzyme activity in saline soil treated with different doses of Nickel (0, 25, 50,
and 100 mg kg™ Ni) at 1, 7, and 15 days after urea application

988



Ugurlar

While urea serves as a crucial nitrogen
source for field crops, excessive amounts of
urea in plants, when it is the exclusive
nitrogen source, might impede growth
(Gerendas and  Sattelmacher, 1997,
Khoshgoftarmanesh et al., 2011). Ni is an
essential component of urease, which is
critical for urea assimilation (Sakamoto and
Bryant, 2001; Tabatabaei, 2009; Witte,
2011; Mazzei et al., 2020). Ni has been
shown to enhance urease activity in maize
(Gheibi et  al, 2009), lettuce
(Khoshgoftarmanesh et al., 2011), and
soybean (Barcelos et al., 2017), thereby
decreasing urea contents. Contrary to
previous studies, our findings show that Ni
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supplementation decreased urease activity
in maize leaves (Figure 5). This may be
related to decreased urea uptake by plants
due to increased soil urease due to Ni
supplementation. Khoshgoftarmanesh et al.
(2011) indicated that urease enzyme
activity was undetectable in plants supplied
with nitrogen sources other than urea. The
elevated urease activity in Ni-treated soils,
relative to untreated soils, may have
facilitated the uptake of alternative nitrogen
forms. To validate this, we require
additional ~ research, including an
examination of alterations in urea
concentrations in both soil and plant.
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Figure 5. Leaf urease enzyme activity in maize seedlings treated with different doses of Nickel (0, 25,
50 and 100 mg kg Ni) under saline soil conditions

Leaf NOy
(mmol g' FW)

Leaf FAA
(ug g' FW)

A 80 1 a ab
0] L. El 1
—~ 60
2 c
= 50 4
2Z
© <40
x X
Z 3 30
‘s Z
83 27
= 10
0
0 25 50 100
C 1,6 1
144 2
1,2
+QE 1,0 1 b
Z+, 081
S5 06
Seg -
£ o041
< c
o [ [
00 . . .
25 50

0 100

60 - a
a

S

b
40 A b
30 A
20 A
10 A
0

0 25 50 100
1,4 4 a

=

1,2 4
1,0 B

c
0,8 -
0,6 d
0,4
02 -
0,0 T T T ]

0 25 50 100

Figure 6. A) Leaf nitrate reductase (NR) activity, B) leaf nitrate (NO3’), C) leaf ammonium (NH4")
and D) leaf free amino acids (FAA) contents in maize seedlings treated with different doses of Nickel
(0, 25, 50 and 100 mg kg* Ni) under saline soil conditions



Salinity disrupts nitrogen metabolism in
plants by inhibiting the function of enzymes
responsible for nitrogen assimilation (Liu et
al., 2020; Hussain et al., 2021; Tian et al.,
2022; 2023). Hessini et al. (2019) reported
that salt stress reduced nitrate reductase

(NR) activity and nitrate  (NO3)
concentration in maize leaves while
increasing ammonium (NH4")
accumulation. Furthermore, urea

accumulation in urea-fed plants causes
disruptions in N metabolism, leading to
severe restrictions in ammonia supply for
the synthesis of certain amino acids and
diverse proteins (Gerendas et al., 1998).
Besides its function in the urease enzyme,
Ni also modulates the enzymes involved in
the reduction of NOs, therefore being
essential for nitrogen metabolism in higher
plants (Parvez et al., 2021). Zhang et al.

(2022) demonstrated that Ni
supplementation enhanced enzyme
activities by up-regulating the gene

expression of enzymes involved in carbon
and nitrogen metabolism. In our study, 25
and 50 mg kg! Ni supplementation
significantly increased NR activity and
plant nitrate content compared to soils
without Ni application (Figure 6A, B).
However, 100 mg kg Ni application
suppressed NR activity and did not
significantly change the nitrate content
compared to untreated soils. Overall, Ni
supplementation  substantially  reduced
NH4*  concentrations  (Figure  6C).
Specifically, the 25, 50, and 100 mg kg™ Ni
treatments reduced NH4* content in maize
leaves by 83%, 84%, and 29%, respectively.
Ni supplementation also increased free
amino acid (FAA) accumulation in maize
leaves (Figure 6D). Compared to the control
(0 mg kg Ni), the 25 and 50 mg kg™ Ni
treatments increased FAA content by 66%
and 26%, respectively, while 100 mg kg
Ni application decreased the FAA content
by 31%. These results indicate that Ni

improves plant growth under saline
conditions by regulating nitrate
assimilation.
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4.Conclusion

This study revealed the effects of Nickel
(Ni) supplementation on soil urease
activity, growth and nitrogen metabolism of
maize plants under saline soil conditions. Ni
supplementation at low levels (25 mg kg™)
regulated soil urease activity and positively
affected plant N uptake, plant growth and
chlorophyll content. Furthermore, Ni
supplementation supported plant growth by
regulating nitrogen assimilation processes
in plants. However, high Ni levels (100 mg
kgl) negatively affected  nitrogen
assimilation by suppressing the nitrate
reductase enzyme, leading to reduced
growth. The results show that Ni may
improve plant performance in saline soils at
low doses, but may be toxic at high doses.
Future studies on different plant species will
provide additional evidence to support the
findings. Long-term studies will contribute
to the optimization of fertilization strategies
by evaluating the persistence and effects of
Ni added to the soil.

Declaration of Conflicts of Interest

The author has no conflict of interest to
declare.

Ethical Committee Approval
No ethics committee approval required
Acknowledgment

The author would like to thank Harran
University for providing access to digital
resources and research opportunities.

References

Alibakhshi, M., Khoshgoftarmanesh, A.H.,
2016. The effect of nickel supply on bulb
yield, urease and glutamine synthetase
activity and concentrations of urea,
amino acids and nitrogen of urea-fed
onion plants. Archives of Agronomy and
Soil Science, 62(1): 37-51.



Arif, Y., Singh, P., Siddiqui, H., Bajguz, A.,
Hayat, S., 2020. Salinity induced
physiological and biochemical changes
in plants: An omic approach towards salt
stress tolerance. Plant Physiology and
Biochemistry, 156: 64-77.

Baethgen, W.E., Alley, M.M., 1989. A
manual colorimetric  procedure for
measuring ammonium nitrogen in soil
and plant Kjeldahl digests.
Communications in Soil Science and
Plant Analysis, 20(9-10): 961-969.

Balasubramaniam, T., Shen, G., Esmaeili,
N., Zhang, H., 2023. Plants’ response
mechanisms to salinity
stress. Plants, 12(12): 2253.

Barcelos, J.P. de Q., Osorio, "C.R.W.deS.,
Leal, AJ.F., Alves, C.Z., Santos, E.F.,
Reis, H.P.G., Reis, A.R.D., 2017. Effects
of foliar nickel (Ni) application on
mineral nutrition status, urease activity
and physiological quality of soybean
seeds. Australian Journal of Crop
Science, 11: 184-192.

Barcelos, J.P.Q., Reis, H.P.G., Godoy,
C.V., Gratao, P.L., Furlani Junior, E.,
Putti, F.F., Campos, M., Reis, AR.,
2018. Impact of foliar nickel application
on urease  activity, antioxidant
metabolism and control of powdery
mildew (Microsphaera diffusa) in
soybean plants. Plant Pathology, 67(7):
1502-1513.

Canavar, O., Oncan Siimer, F., 2023. The
Effect of Foliar Application of
Potasstum Fertilizer at Seedling Stage of
Soybean Plants Under Salinity. MAS
Journal of Applied Sciences, 8(3): 606-
618.

Ceritoglu, M., Erman, M., Yildiz, F., 2020.
Effect of salinity on germination and
some agro-morphological traits in
chickpea seedlings. ISPEC Journal of
Agricultural Sciences, 4(1): 82-96.

D’Agostino, 1., Carradori, S., 2024. Urease.
In: C.T. Supuran, W.A. Donald (Eds),
Metalloenzymes, Elsevier: Academic
Press, pp. 393-410.

Ugurlar

991

Dimkpa, C.O., Fugice, J., Singh, U., Lewis,
T.D., 2020. Development of fertilizers
for enhanced nitrogen use efficiency—
Trends and perspectives. Science of the
Total Environment, 731: 139113.

Erdel, E., 2022. Effects of salinity and
alkalinity on soil enzyme activities in
soil aggregates of different
sizes. Eurasian Soil Science, 55(6): 759-
765.

Gerendas, J., Sattelmacher, B., 1997.
Significance of Ni supply for growth,
urease activity and the concentrations of
urea, amino acids and mineral nutrients
of urea-grown plants. Plant  and
Soil, 190: 153-162.

Gerendas, J., Zhu, Z., Sattelmacher, B.,
1998. Influence of N and Ni supply on
nitrogen metabolism and urease activity
in rice (Oryza sativa L.).Journal of
Experimental Botany, 49(326): 1545-
1554,

Gheibi, M.N., Kholdebarin, B., Ghanati, F.,
Teimouri, S., Niroomand, N., Samavati,
M., 2009. Urease activity in maize (Zea
maize L. CV. 704) as affected by nickel
and nitrogen sources. Iranian Journal of
Science, 33(4): 299-307.

Goswami, S., Singh, S.K., Patra, A., Dutta,
A., Mohapatra, K.K., 2022. Residual
effects of nickel and its interaction with
applied zinc and npk improve the
growth, yield, and nutritional quality of
cowpea and urease activity of soil grown
in vertisols. Journal of Soil Science and
Plant Nutrition, 22(4): 4262-4272.

Goren, H.K., Tan, U., Kiiciik Kaya, S.,
Canavar, O., 2024. The Role of K-
Humate and Iron Oxide Nanoparticles in
Enhancing Nutrient Accumulation and
Salinity Stress Tolerance in Cotton
(Gossypium hirsutum L.). MAS Journal
of Applied Sciences, 9(Special Isssue):
879-891.

Grzyb, A., Wolna-Maruwka, A,
Niewiadomska, A., 2021. The
significance of microbial transformation
of nitrogen compounds in the light of
integrated crop management. Agronomy,
11(7): 1415.



Hassan, M.U., Chattha, M.U., Khan, 1.,
Chattha, M.B., Aamer, M., Nawaz, M.,
Ali, A., Khan, M.A.U.,, and Khan, T. A,
2019. Nickel toxicity in plants: reasons,
toxic effects, tolerance mechanisms, and
remediation possibilities—a
review. Environmental  Science and
Pollution Research, 26: 12673-12688.

Hessini, K., Issaoui, K., Ferchichi, S., Saif,
T., Abdelly, C., Siddique, K.H., Cruz, C.,
2019. Interactive effects of salinity and
nitrogen forms on plant growth,
photosynthesis and osmotic adjustment
in  maize. Plant  Physiology and
Biochemistry, 139: 171-178.

Hogan, M.E., Swift, I.E., Done, J., 1983.
Urease assay and ammonia release from
leaf tissues. Phytochemistry, 22(3): 663-
667.

Hussain, S.J., Khan, N.A., Anjum, N.A,,
Masood, A., Khan, M.LR., 2021
Mechanistic elucidation of salicylic acid
and sulphur-induced defence systems,
nitrogen metabolism, photosynthetic,
and growth potential of mungbean
(Vigna radiata) under salt
stress. Journal  of Plant  Growth
Regulation, 40: 1000-1016.

Oliveira, T.C., Fontes, R.L.F., Rezende,
S.T.D., Victor Hugo, A.V., 2013. Effects
of nickel and nitrogen soil fertilization
on lettuce growth and urease
activity. Revista Brasileira de Ciencia
do Solo, 37: 698-706.

Kamboj, N., Malik, R.S., Dhanker, P.,
Kumar, A., 2018. Importance of nickel in
crops. Journal of Pharmacognosy and
Phytochemistry, 7(3): 3470-3475.

Kaur, H., Kaur, H., Kaur, H., and
Srivastava, S., 2023. The beneficial roles
of trace and ultratrace elements in plants.
Plant Growth Regulation, 100(2): 219-
236.

Khoshgoftarmanesh, A.H., Hosseini, F.,
Afyuni, M., 2011. Nickel
supplementation effect on the growth,
urease activity and urea and nitrate
concentrations in lettuce supplied with

Ugurlar

992

different  nitrogen  sources. Scientia
Horticulturae, 130(2): 381-385.

Kutman, B.Y., Kutman, U.B., Cakmak, I.,
2014. Effects of seed nickel reserves or
externally supplied nickel on the growth,
nitrogen metabolites and nitrogen use
efficiency of urea-or nitrate-fed
soybean. Plant and Soil, 376: 261-276.

Lavres, J., Castro Franco, G., de Sousa
Camara, G.M., 2016. Soybean seed
treatment  with  nickel  improves
biological nitrogen fixation and urease
activity. Frontiers in  Environmental
Science, 4: 37.

Li, X., Wang, A., Wan, W., Luo, X., Zheng,
L., He, G., Huang, D., Chen, W., Huang,
Q., 2021. High salinity inhibits soil
bacterial community mediating nitrogen
cycling. Applied and Environmental
Microbiology, 87(21): e01366-21.

Liu, L., Wang, B., Liu, D., Zou, C., Wu, P.,
Wang, Z., Wang, Y., Li, C., 2020.
Transcriptomic  and  metabolomic
analyses  reveal mechanisms  of
adaptation to salinity in which carbon
and nitrogen metabolism is altered in
sugar beet roots. BMC Plant
Biology, 20: 1-21.

Mazzei, L., Musiani, F., Ciurli, S., 2020.
The structure-based reaction mechanism
of urease, a nickel dependent enzyme:
tale of a long debate. JBIC Journal of
Biological Inorganic Chemistry, 25(6):
829-845.

Parwez, R., Nabi, A., Mukarram, M., Aftab,
T., Khan, M.M.A., Naeem, M., 2021.
Role of nickel in regulation of nitrogen
metabolism  in  legume—rhizobium
symbiosis under critical conditions. In:
T. Aftab, K.R. Hakeem (Eds), Frontiers
in  plant-soil interaction, Elsevier:
Academic Press, pp. 495-522.

Ramazanoglu, E., 2023. Effects of biochar
application as a carbon substrate on
cotton plant growth and some soil
enzymes. ISPEC Journal of Agricultural
Sciences, 7(4): 904-915.



Ramazanoglu, E., Cun, S., Cevheri, C.I.,
Beyyavas, V., Sakin, E., 2024.
Cottonseed meal soil application,
nutrient uptake, biochemical attributes of
cotton (Gossypium hirsutum L.) and
activities of soil enzymes in saline
soil. Journal of Elementology, 29(3).

Robertson, G.P., Groffman, P.M., 2024.
Nitrogen transformations. In: E.A. Paul,
S.D. Frey (Eds), Soil Microbiology,
Ecology and Biochemistry, 5th edn,
Elsevier, pp. 407-438.

Sabir, M., Ghafoor, A., Zia-ur-Rehman, M.,
Ahmad, H. R., Aziz, T., 2011. Growth
and metal ionic composition of Zea mays
as affected by nickel supplementation in

the nutrient  solution. International
Journal of Agriculture and
Biology, 13(2).

Sakamoto, T., Bryant, D.A., 2001.

Requirement of nickel as an essential
micronutrient for the utilization of urea
in the marine  cyanobacterium
Synechococcus sp. PCC 7002. Microbes
and Environments, 16(3): 177-184.

Shahid, M.A., Sarkhosh, A., Khan, N.,
Balal, RM., Ali, S., Rossi, L., Gomez,
C., Mattson, N., Nasim, W., Garcia-
Sanchez, F., 2020. Insights into the
physiological and biochemical impacts
of salt stress on plant growth and
development. Agronomy, 10(7): 938.

Singh, A., 2022. Soil salinity: A global
threat to sustainable development. Soil
Use and Management, 38(1): 39-67.

Singh, R.P., Chandel, S.K.S., Yadav, P.K,,
Singh, S.N., 2011. Effect of Ni on
nitrogen uptake and yield of wheat
(Triticum aestivum). Indian Journal of
Scientific Research, 2(4): 61-63.

Sun, H., Qu, J., Wang, X., Zheng, W., Li,
C., Liu, Y., 2021. The response of soil
organic nitrogen fractions and nitrogen
availability to salinity in saline soils of
the Yellow River Delta. Chinese Journal
of Eco-Agriculture, 29(8): 1397-1404.

Tabatabai, M.A., Bremner, J.M., 1972.
Assay of urease activity in soils. Soil
Biology and Biochemistry, 4(4): 479-87.

Ugurlar

993

Tabatabaei, S.J., 2009. Supplements of
nickel affect yield, quality, and nitrogen
metabolism when urea or nitrate is the
sole nitrogen source for
cucumber. Journal of Plant
Nutrition, 32(5): 713-724.

Tan, X.W., lkeda, H., Oda, M., 2000.
Effects of nickel concentration in the
nutrient solution on the nitrogen
assimilation and growth of tomato
seedlings in hydroponic culture supplied
with urea or nitrate as the sole nitrogen
source. Scientia Horticulturae, 84(3-4):
265-273.

Tian, J., Pang, Y., Yuan, W., Peng, J., Zhao,
Z., 2022. Growth and nitrogen
metabolism in Sophora japonica (L.) as
affected by salinity under different
nitrogen  forms. Plant  Science, 322:
111347.

Turan, V., 2022. Calcite in combination
with olive pulp biochar reduces Ni
mobility in soil and its distribution in

chili plant. International Journal of

Phytoremediation, 24(2): 166-176.
Wang, J., Yang, C., Guo, Z. 2021.

Response of enzyme activity of

cultivated saline soil to sand covering.
In: B. Nurhadi (Ed), IOP Conference
Series: Earth and Environmental
Science, IOP Publishing, pp. 42043.

Wei, M.L.N., Guo, H.J., Zhang, W., Zhou,
G.W., Jun, Y.E., Hou, ZA. 2016.
Irrigation  water salinity and N
fertilization:  Effects on ammonia
oxidizer abundance, enzyme activity and
cotton growth in a drip irrigated cotton
field. Journal of Integrative
Agriculture, 15(5): 1121-1131.

Witte, C.P., 2011. Urea metabolism in
plants. Plant Science, 180(3): 431-438.

Yang, J.E., Kim, J.J., Skogley, E.O., Schaff,
B.E., 1998. A simple spectrophotometric
determination of nitrate in water, resin,
and soil extracts. Soil Science Society of
America Journal, 62: 1108-1115.



Ugurlar

Yasar, F., Yildirmm, O., Uzal, O., 2020.
Investigation of the effect of calcium
applications on antioxidative enzyme
activities in pepper plant under salt stres.
ISPEC Journal of Agricultural Science,
4(2): 346-357.

Yao, R., Li, H., Yang, J,, Yin, C., Wang, X,

Zhang, K., Li, S., Xu, Y., Zhou, Y., Ran, S.,
Zhao, H., Huang, W., Xu, R., Zhong, F.,
2022. Effect of Nickel lons on the
Physiological and  Transcriptional
Responses to Carbon and Nitrogen
Metabolism in Tomato Roots under Low
Nitrogen Levels. International Journal

Xie, W., Zhang, X., 2021. Interactive
effects of amendment materials and soil
salinity on net rates of urea hydrolysis
and nitrification in  salt-affected
soil. Journal of Soil Science and Plant

of Molecular Sciences, 23(19): 11398.

Zhou, M., Butterbach-Bahl, K., Vereecken,

H., Briiggemann, N., 2017. A meta-
analysis of soil salinization effects on
nitrogen pools, cycles and fluxes in

Nutrition, 21: 3414-3427.

Zhang, G., Bai, J., Zhai, Y., Jia, J., Zhao, Q.,
Wang, W., Hu, X., 2024. Microbial
diversity and functions in saline soils: A
review from a  biogeochemical
perspective. Journal ~ of  Advanced
Research, 59: 129-140.

coastal ecosystems. Global Change
Biology, 23(3): 1338-1352.

Zhu, H.Y., Gan, B., Xu, J.B., Liang, F.,
Zhou, B.B., Sun, Y., Duan, M.L., Bai,
Y.H., 2023. Effect of Soil Salinity on
Nitrogen Transformation in Soil with
Nitrogen Fertilizer Application. Applied
Ecology & Environmental Research,
21(6).

To Cite: Ugurlar, F., 2024. Influence of Nickel on Urease Activity and Nitrogen Dynamics in Maize (Zea mays)
Under Saline Conditions. MAS Journal of Applied Sciences, 9(4): 984-994.
DOI: http://dx.doi.org/10.5281/zenodo.14306271.

994



MAS JAPS 9(4): 995-1002, 2024

153N: 75/-56/5

Masjaps.com

0""8“““ ://dx.doi.org/10.5281/zen0do.14306946
Arastirma Makalesi / Research Article

Techno-Economic Analysis of Three 1.025 Mw Photovoltaic Power Plants
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Abstract

Techno-economic analysis of three (A, B and C) 1.025 MW solar photovoltaic power plants (SPVPs) has been
done and payback periods of these SPVPs has also been determined in this paper. Selected SPVPs were installed
in location of Adiyaman City, Turkey (Latitude: 37,45°, Longitude: 38,17° and Altitude: 672 m) in 2017. Date of
commencement of operation is November 27, 2017, installed power capacity per SPVP is 1.025 MW, installation
cost per SPVP is $1000000, supply method for installation is 100% equity capital and sales price of the electricity
to the grid is 0.133 $/kWh. The results of the work showed us that the first year average electric energy production
is 1691642 kWh, internal consumption is 11513 kWh, net generation is 1680129 kWh and average payback period
is 6.0 years for these SPVPs.
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1.Introduction

Increasing demand and scarcity in
conventional sources have triggered the
scientist to pave way for the development of
research in the field of renewable energy
sources especially solar energy (Goura,
2015, Kumar and Sudhakar, 2015).

Renewable  energy  sources  are
considered as alternative energy sources
due to environmental pollution, global
warming and depletion of ozone layer
caused by green house effect. Earth
receives about 3.8 x 10%* J of solar energy
on an average which is 6000 times greater
than the world consumption. Solar energy is
most readily available source of energy.
Solar energy is Non-polluting and
maintenance free. Solar energy is becoming
more and more attractive especially with the
constant fluctuation in supply of grid
electricity. Solar power plant is commonly
based on the conversion of sunlight into
electricity directly using photovoltaic (PV)
panel (Omar et al., 2007, Shukla et al.,
2016).

In current era the use of renewable
technology for energy generation is
growing at a faster rate. Considering the low
stock of conventional fuels and consistent
price rise the use of solar energy at places
where solar radiations are available
throughout the year must be utilized to its
maximum. At the same time as the
efficiency of the solar systems is low a real
time financial analysis must be done to
identify the conditions in which it will be
most economical. The use of energy for the
production and installation of the renewable
system must be taken into account to
calculate their energy payback time or
payback period (Khatri, 2016, Chandel et
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al., 2014, Kazem et al., 2017). Therefore,
techno-economic analysis of three 1.025
MW solar photovoltaic power plants
(SPVPs) that located in Adiyaman City,
Turkey, has been done and payback periods
of these SPVPs has also been determined in
this paper. The results of the work showed
us that the first year average electric energy
production is 1691642 kWh, internal
consumption is 11513 kWh, net generation
is 1680129 kWh and average payback
period is 6.0 years for these SPVPs.

2.Materials and Methods

Three (A, B and C) 1.025 MW solar
photovoltaic power plants (SPVPs) has
been selected for this work. These SPVPs
were installed in location of Adiyaman
City, Turkey (Latitude: 37,45°, Longitude:
38,17° and Altitude: 672 m) in 2017. Date

of commencement of operation is
November 27, 2017, installed power
capacity per SPVP is 1.025 MW,

installation cost per SPVP is $1000000,
supply method for installation is 100%
equity capital and sales price of the
electricity to the grid is 0.133 $/kWh.

Each selected solar photovoltaic power
plant mainly has steel frame constructions
for panel placing, polycrystalline silicon
type solar PV (photovoltaic) panels,
combinations of MPPT (maximum power
point tracker) + inverter boxes, collecting
busbar, transformer boxes, distributor
busbar, kWh meter (output counter),
underground cable line and mechanical
components for external grid connection,
control building, lighting and camera
monitoring system (Fig. 1).
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Figure 1. Schematic presentation of working principle of three 1.025 MW SPVPs

Technical specifications of
polycrystalline silicon PV module are given
in Table 1 and some other technical features
regarding the three 1.025 MW solar
photovoltaic power plants are also seen in
Table 2. As seen from these tables that each
PV module has 60 cells, 16.32 % peak
efficiency (under STC : Standard Test
Conditions : irradiance @ 1000 W/m? with
an air mass 1.5, module temperature @ 25
°C and @ 0 m s wind speed) , 1.6236 m?
area, 18.5 kg mass, 45 = 2 °C nominal
operating cell temperature and 97.5%,
90.0%, 80.0% of overall efficiency for first
year, 10 years and 25 years, respectively.

Besides, it should be noted that the
efficiency of solar PV panels are affected by
environmental and climatic conditions,
temperature, dust and using time (Darwish
et al., 2015, Maghami et al., 2016, Costa et
al., 2016, Ketjoy and Konyu, 2014,
Menoufi et al., 2017, Kumar et al., 2013).
In addition to this, other components of the
SPVPs such as MPPT, inverter, and
transformer has also efficiencies that
commonly changing between 95 % ... 99 %
(Koyuncu, 2018a). The maximum possible
efficiency of solar panels can also be
obtained in first year.

Table 1. Technical specifications of polycrystalline silicon PV module

Type Polycrystalline silicon
Number of cells 60
Peak efficiency (%) 16.32
97.5% power output warranty period (Year) First year
90% power output warranty period (Year) 10
80% power output warranty period (Year) 25
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Table 2. Some technical features regarding three 1.025 MW solar photovoltaic power plants

PV module type

Polycrystalline silicon

Maximum labeled efficiency of module

16.32 %

Module power output warranty for first years

0.975x 0.1632 = 0.15912 = 15.912 %

Module power output warranty for 10 years

0.90 x 0.1632 = 0.14688 = 14.688 %

Module power output warranty for 25 years

0.80 x 0.1632 = 0.13056 = 13.056 %

Estimated total efficiency of MPPT, inverter and
transformer

0.98 x0.98 x 0.97 = 0.9316 = 93.160 %

Estimated average losses of power cut

0.274 %

Estimated average losses of dust

0.5%

Calculated system total efficiency for first year

0.15912x0.9316x0.99726 = 0.14783 = 14.783 %

Measured system total efficiency for first year

A =15.04%, B=15.06%,C=1491%
Average = 15.00 %

Estimated system total efficiency during 10 years

0.14688x0.9316x0.99726x0.9950 = 0.13577 =
13.577 %

Estimated system total efficiency during 25 years

0.13056x0.9316x0.99726x0.9950 = 0.12069 =
12.069 %

Overall cost of operation, maintenance and cleaning
(twice a year) per SPVP and per year

2000 $/Year (May, 2019, Turkey)

Sales price of the electricity to the grid

0.133 $/kWh

Annual personal expenses for each SPVP

15350 $/Year (May, 2019, Turkey)

Annual interest income of capital

21000 $/Year (May, 2019, Turkey)

Payback period of a solar photovoltaic
power plant can simply be calculated by
using Equations 1 - 4. This easiest
calculation is the initial (or installation) cost
divided by cost displaced per year (CDP).
Here, the CDP is equal to the difference

PBP (Y )= 1cs
ears) =

between annual net energy income and
annual total of operation, maintenance
cleaning cost, personnel expenses and
interest income of capital per SPVP (Table
3) (Thumann and Mehta, 2008, Foster et al.,
2010, Koyuncu, 2018a; 2018b; 2019).

€]

CDP ($/kWh) = EPA x COE - (AOM + PER + INT) )

Ics

PBP (Years) =

PBP (Years) =

EPAx COE - (AOM + PER + INT)

3)

165 ($)

EPA(kWh/Year) xCOE($/kWh) - (AOM($/Year) + PER($/Year) + INT($/Year))

Here :

PBP : Payback period, (Years)

ICS : Initial cost of the system (installation
cost per SPVP), (ICS = $ 1000000)

CDP: Cost displaced per year, (KWh/Year)
EPA : Annual net produced or generated
energy per SPVP during 10 years, (EPA =
1547758, 1549230, 1529385 kWh/Year)
COE : Sales price of the electricity to the
grid, (COE =0.133 $/kWh)

C))

AOM : Annual operation, maintenance and
cleaning cost per SPVP, ( AOM = 2000
$/Year)

PER : Annual personal expenses per SPVP,
(PER = 15350 $/Year)

INT : Annual interest income of capital per
SPVP, (INT = 21000 $/Year)

Besides, in order to estimate the generated
electric energy for 10 years and 25 years,
Equations 5 — 8 can be used.
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GENy year (kWh/Year) x 01 years

GEN1gyears (kWh/Year) =

GEN; yeqr (kWh/Year) x 0.13577

GENlOyem's (kWh/Yeﬂ?") =

(5)

7?1.year

0.14783

GENy year (kWh/Year) x 35 years

(6)

GENZSyem's (kWh/Year) =

)

7}1.year

GEN, yoqr (kWh/Year) x 0.12069

GEN35 yeqrs (kWh/Year) =

Where :

GENq .o - Generated annual electric
energy for first year per SPVP, (GEN; y¢qr
= 1695811, 1698024, 1681092 kWh/Year)
GEN1g yeqr - Estimated annual generated

electric energy during 10 years, (kWh/Year)
GEN 35y - Estimated annual generated

electric energy during 25 years, (kWh/Year)

0.14783

(8)

N1year - Calculated system total efficiency
for first year, (1.yeqr = 14.783 %)

M10 years - EStimated system total efficiency
during 10 years, (110 years = 13.577 %)
725 years - EStimated system total efficiency
during 25 years, (125 years = 12.069 %)

Table 3. Description and rate of budget distribution of SPPs

DESCRIPTION
Names of SPPs AB,C
Location Adiyaman City, Turkey (Latitude :

37,45°, Longitude: 38,17° and
Altitude : 672 m)

Date of commencement of operation

November 27, 2017

Installed power capacity per SPP 1.025 MW
Installation cost per SPP $ 1000000

Supply method for installation 100 % Equity capital
Sales price of the electricity to the grid 0.133 $/kWh

BUDGET DISTRIBUTION

Solar panels (45 %) $ 450000
MPPTSs + Inverters (11 %) $ 110000
Steel frame constructions for panel placing (11 %) | $ 110000
Solar cables (7 %) $ 70000
All other underground cable line and mechanical $ 130000
components for external grid connection (13 %)

Transformer boxes (4 %) $ 40000
Cost of land (or field), control building, project,

lighting, camera monitoring system, administrative or | $ 90000

governmental permits, licenses and formalities (9 %)

3. Findings and Discussion

Electricity generation of three 1.025 MW
solar photovoltaic power plant (SPVPs),
their internal electricity consumption and

999

net generated electric energy for sale are
given in Table 4 and 5. All these monthly
data are related to first year operation of
SPVPs. As seen from these tables that total
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generated electric energy is 1695811 kWh,
1698024 kWh and 1681092 kwh for A, B
and C SPVPs, respectively. Total intenal
consumption is 9708 kwh, 10269 kWh and
14563 kwh for A, B and C SPVPs,
respectively. The first year average electric
energy production is 1691642 kwh, internal

generation is 1680129 kWh. In addition, the
payback period of there SPVPs is given in
Fig. 2. As seen from this figure that the
payback period of SPVPs are about same
and there is very less and negligible
differences between them. The average
payback period is 6.0 Years.

consumption is 11513 kWh and net

Table 4. Electricity generation of three 1.025 MW solar photovoltaic power plants

Monthly Generation For First Year (kWh /
Month)
Months Three 1.025 MW Solar Photovoltaic Power
Plants
A B C
December 2017 93542 93048 92008
January 2018 83249 82077 81959
February 2018 88937 88891 87885
March 2018 144560 144754 144106
April 2018 174266 175068 172510
May 2018 165791 165709 163447
June 2018 184866 185976 182643
July 2018 198833 200001 196571
August 2018 192605 193404 191383
September 2018 163282 163890 163203
October 2018 117175 117260 117980
November 2018 88706 87946 87397
Measured Value (From kWh Meter) For First Year
Total Gen. (kWh/Year) 1695811 1698024 1681092
Inter.Con. (kWh/Year) 9708 10269 14563
Net Gen. (kWh/Year) 1686103 1687755 1666529
Estimated Annual Average Value During 10 Years
Total Gen. (kWh/Year) 1557466 1559499 1543948
Inter.Con. (kWh/Year) 9708 10269 14563
Net Gen. (kWh/Year) 1547758 1549230 1529385
Estimated Annual Average Value During 25 Years
Total Gen.(kWh/Year) 1384478 1386285 1372462
Inter.Con. (kwWh/Year) 9708 10269 14563
Net Gen. (kWh/Year) 1374770 1376016 1357899
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Table 5. Internal electricity consumption of three identical solar photovoltaic power plants

MONTHLY INTERNAL CONSUMPTION (kWh /
MONTHS Month)
THREE 1.025 MW SOLAR PHOTOVOLTAIC
POWER PLANTS
A B C
December 2017 1298 1423 2027
January 2018 1014 1074 1822
February 2018 830 882 1464
March 2018 815 874 1442
April 2018 667 700 1114
May 2018 657 698 1109
June 2018 518 564 825
July 2018 723 723 714
August 2018 650 682 961
September 2018 743 748 951
October 2018 884 937 1047
November 2018 909 964 1087
TOTAL (kWh/Year) 9708 10269 14563
5.970 5.963 6.058 5.997

(1)
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Figure 2. Estimated payback periods of three 1.025 MW solar photovoltaic power plants

4. Results

As a result the average payback period is
6 years (24 %), average profit period is 19
years (76 %), estimated average generated
electricity is 35274418 kWh during
lifetime, average generated electric energy
for payback time is 9252746 kWh (35.55
%) and average generated electricity for
profit is 26021672 kWh (64.45 %) for these
selected SPVPs.
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Ozet

Milli yaris atlarinda kalbin gelisimine ve maksimal frekanstaki kosu hizina iliskin yeterli veriler bulunmadigi i¢in,
kalbin morfolojik ve fizyolojik kapasitesi ekokardiyografi ile non invaziv olarak rahatlikla dlgiilebilir. Bir yaris
atimin seleksiyonunda temel amag, ileri ki yarig hayatinda ortalamanin iizerinde atletik potansiyel gosterebilecek
olan1 segmektir. Calismamiza katilan atlar saglikli ve farkli cinsiyetten olusmaktaydi. Atlara barinaklarinda Esaote
AUS5 marka Renkli Doppler ekokardiyografi cihazi ile 2.5-3.75 mHz' lik prob kullanilarak atlarin standart
ekokardiyografik degerlendirmesi parasternal ve apikalden olmak iizere 5 farkli pencereden iki boyutlu (2B) mod,
M-mod ve Doppler ekokardiyografi yontemleriyle yapildi. Yapilan ekokardiyografide atlarin kalp kaslarinin
hipertrofik oldugu goriildii. interventrikiiler septum ve postorior duvarlarda kalinlasma ve asendan aortta
dilatasyon izlendi. Milli yaris atlarinda atletik potansiyelin saptanmasi igin sahaya yonelik, antrendriin ¢aligma
diizenini bozmayan ve non-invaziv testlere gereksinim duyulmaktadir. Bu testlerden biride atlarda kalbin
morfolojik ve fizyolojik kapasitelerini ekokardiyografi tekniginde elde edilen verilerdir.

Anahtar Kelimeler: At, milli yaris, ekokardiyografi

Assessment of Cardiac Hypertrophy in National Race Horses by Ecocardiography

Abstract

Since there is no sufficient data regarding the development of the heart and maximal frequency running speed in
national racehorses, the morphological and physiological capacity of the heart can be easily measured non-
invasively by echocardiography. The main goal in selecting a racehorse is to select one that will show above-
average athletic potential in its future racing life. The horses participating in our study were healthy and of different
genders. The horses were examined in their shelters using an Esaote AU5 brand Color Doppler echocardiography
device with a 10 mHz probe. Standard echocardiographic evaluation of horses was performed using two-
dimensional (2D) mode, M-mode and Doppler echocardiography methods from 5 different windows, parasternal
and apical. Detailed echocardiography was performed on the left and right chest of the horses included in the study.
In the study, reference ranges of end-diastolic diameter, end-systolic diameter, interventricular septum (IVS)
diastolic and end-systolic thicknesses, and posterior wall diastolic and end-systolic thickness diameters were
established. Fractional shortening, ejection fraction, heart rate and ventricular masses were measured.
Echocardiography showed that the horses' heart muscles were hypertrophic. Thickening was observed in the
interventricular septum and posterior walls. In order to determine the athletic potential of national racehorses,
field-oriented, non-invasive tests that do not disrupt the trainer's work routine are needed. One of these tests is the
data obtained using the echocardiography technique on the morphological and physiological capacities of the heart
in horses.

Keywords: Horse, national race, echocardiography
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1. Giris

Atlarda viicudun yaklasik % 50-55’ini
kaslar olusturmaktadir. Hareketin
olusmasmi1  saglayan iskelet kaslari,
kontraktil ve metabolik o&zellikleri ile
birbirinden farkli liflerden olusmustur
(Lindner ve ark., 2013; Edo ve ark., 2004).
Hipertrofi, spor literatiiriinde kas liflerinin
bliylimesi ve giiclenmesi anlamlarinda
kullanilmaktadir. Atlarin yarisacagi aktivite
tiiriine gore, lif tiplerinin oraninin uygun
antrenman programiyla degistirilebilmesi
sportif  performansin  gelistirilmesinde
onemli  rol  oynamaktadir. Iskelet

Toker

kaslarindaki  lif tiplerini tanima ve
antrenmana uyum mekanizmasini anlama,
uygun antrenman programi gelistirerek
atlarda sportif performansin artirilmasinda
onemlidir (Waller ve ark., 2010).

Insanlarda oldugu gibi, atlarda da iskelet
kas1 metabolik ve kontraktil yapilar
birbirinden farkli olan kas liflerinden
olusmasi, miyofibril ve sarkoplazmik
retikiilumdaki  yapisal  proteinler ile
enzimlerin sekil 1°de goriildiigii farkl
izoformlarinin olmasindan
kaynaklanmaktadir (Marlin ve ark., 2003;
Rivero ve ark., 2007).

Muscle Fiber

Striations

Nucleus

Myofibrils

Filaments containing
actin and myosin

Sekil 1. Kas lif anatomisi

Kalp kasmin kalinligindaki artisla sol
ventrikiil genellikle zorlanir (Rivero ve ark.,
2000) ve kalp boslugunun genislemesindeki
artisa, kalp odalarmin herhangi birinde
genisleme eslik eder. Kardiyak hipertrofi
siklikla, karsilastigi stresi veya basinci
arttirmak veya icindeki kanin (yiiksek
tansiyon hastalig1 gibi) ventrikiil olarak
bilinen kalbin alt odalarindan birini
etkileyen bir reaksiyon olarak ortaya ¢ikar
(Rivero ve ark., 2000). Kalp biiyiimesinin
en oOnemli nedeni kalbin arterlerindeki
arteriyel basingtir, sol ventrikiildeki aort ve
sag ventrikiildeki pulmoner arterlerde
olusur (Leadon ve ark., 1991; Toker ve ark.,
2008). Hipertrofik kardiyomiyopatide
sekil 2.3 te gorildiigii gibi ventrikiillerinin
kas duvarlarinda anormal biiylime veya
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kalinlasma meydana gelir ve kas hiicreleri
diizensiz goriiliir.

Hipertrofik kardiyomiyopati, genellikle
sol ventrikiilii (ana pompalama odas1) ve
ozellikle septumu (kalbin ortasinda, sag ve
sol taraflar1 ayiran kas alani) etkileyecegi
gibi, sag ventrikiilii de etkileyebilir. Kasin
kalinlasmas1 ventrikiilii daha sert hale
getirir, bu da kalbin gevsemesini ve kanla
doldurmasin1 zorlastirir ve kani disari
pompalamak icin biiziiliir. Kalp duvarina

ve kalinlasma miktarima bagh olarak
ventrikiilin hacmi (ve ne kadar kan
tutabilecegi)  azalabilir.  Kalp  kasi

kalinlagsmas1 kalp ritim bozukluklarina,
buradan hareketle de ani 6liim, inme gibi
problemlere ve kalp yetersizligine yol
acabilmektedir.
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Sekil 2. Kardiak hipertrofi (Sol Ventrikiil Hipertrofi)

Hipertrofik Kardiyomiyopati

Septal

Hipertrofi

Apikal Hipertrofi

y,

Sekil 3. Hipertrofik Kardiyomiyopati (Sol Ventrikiil Septal ve apikal hipertrofi)

Atlarda istenilen sportif performansin
saglanmasinda iskelet kaslarinin Gnemi
biiyliktiir ve hareketin olusumu iskelet
kaslarinin kasilmasina baglidir. Iskelet kast,
kasilabilen ve kasilma esnasinda kimyasal
enerjiyl mekanik enerjiye doniistiiren farkl
tipteki kas liflerinden olusmustur. Ciinkii
farkli kas lif tipleri sayesinde atlar, hiz,
kuvvet ve dayaniklilik gibi performans
Ogelerini  gerektiren sportif aktiviteleri
gerceklestirebilmektedir (Valberg ve ark.,
2013).

Bu calismanin amaci, ortalama duvar
kalinligr (mean wall thickness MWT),
diyastoldeki sol ventrikiiliin serbest duvar
kalinligi ile interventrikiiler septum
kalinliginin aritmetik ortalamasidir.

1005

Ventrikiiliin duvar kalinligin1 ifade etmek

i¢in, antrenmana adaptasyonun
belirlenmesinde kullanilan parametrelerden
biridir. Milli yarig atlarinda kalbin

ekokardiyografisinde alman MWT nin
antrenmana bagli olarak arttigin1 sunmak
istedik (Young, 1999).

2. Materyal ve Yontem

5-16 yaslan arasinda, 400 — 600 kg
agirhiginda, farkli cinsiyet ve 1rklardan
(ingiliz, Hollanda, Holstein, Sel France,
Hannover, Shire) olusan saghkli atlar
calismaya alindi. Atlarda ekokardiyografik
muayene ayakta ve 6n ayaklar1 yana dogru
acilmis pozisyonda uygulandi. Hareketli ve
huysuz olanlara herhangi bir ilagla
sedasyon yapilmadan seyislerinden destek



alindi. Atlarin gégiis bolgesi goriintiiyii net
alabilmek i¢in tras makinesi ile temizlendi
ve probu muayene edilecek bolgeye
yerlestirmeden once deri ile arasina hava
girisini  engellemek ig¢in  transmisyon
ultrason jeli kullanildi. Sol ventrikiil
Olcimleri gogsiin sag ve sol tarafindan
rahatlikla elde edildi.

Calismada M  mode, iki boyutlu,
Continuous ve Pulsed Doppler 6lgiimleri
icin Esaote AUS5 marka Renkli Doppler
ultrason cihazi, 2.5-3.75 MHz’lik prob ve
ayrica siyah-beyaz ve renkli goriintiiler igin
Mitsubishi  printer cihaz1  kullanildi.
Kalpteki morfolojik degisimleri saptamak
icin sol ventrikiiler ¢ap1 sistolde (LVDs),
sol ventrikiiler cap1 diyastolde (LVDd),
interventrikiiler septum kalinlig1 sistolde
(IVSs), interventrikiiler septum kalinlig1
diyastolde (IVSd), sol ventrikiil kiitlesi
(LVM) ve ortalama duvar kalinligi (MWT)
belirlendi. Kalbin fonksiyonlarina iliskin
degisimleri belirlemek amaciyla kalp hizi
(HR), ejeksiyon  fraksiyonu  (EF),
fraksiyonel  kisalma  (FS)  saptandi.
Olgiimler 19 c¢cm ve 25 cm goriintiileme
derinliklerinde yapildi. Sag hemitorakstaki
kardiyak pencereden ilk 6nce B-mod’da
uzun eksenden goriintii alindi. Uzun
eksende 4 odacikli goriintii elde etmek icin
transduserin kilavuz 15181 4. interkostal
aralikta, dorsal diizlemde saat 1 yoniinde
hafif geriye dogru dondiiriilerek goriintii
alindi. Daha sonra sol hemitorakstaki 5.
interkostal araliktan goriintii elde edildi.
Transduserin kilavuz 15181 90 derece saat
yoniinde dondiiriiliip, yaklagik saat 4
pozisyonunda tutularak, kisa eksendeki
goriintii elde edildi. Bu maniplasyonda
chordae tendineae seviyesini ayarlamak
icin, balik agz1 goriintiisiiniin kayboldugu
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andaki seviye sabit tutulmaya c¢aligildi.
Olgiim yapmak igin B -mod ve M-mod
goriintii alindi. M-mod goriintiide iken
cihazin  teicholz  meniisiinden  eko
kardiyografik parametreler alindi.

3. Bulgular ve Tartisma

Milli yaris atlariyla yapilan ¢alismada M
mode ve iki boyutlu ekokardiyografi
teknikleri kulanildi. Sol ventrikiile ait
LVIDD, LVIDS, EF, FS, LVM ve kalp hiz1
gibi parametrelerde, goégsiin sag ve sol
tarafindan alimisa gore anlamli farkliliklar
olmadig1 tespit edildi. M mode ve iki
boyutlu ekokardiyografi yontemi ile elde
gogsiin sag ve sol tarafindan alinan sol
ventrikiile ait 6l¢ltimler arasinda anlamli bir
farklilik kaydedilmemesi, sol ventrikiilde
bir dilatasyon olmadiginin gostergesidir Sol
ventrikiil interventrikiiler septum ve arka
duvar kalinliklarinda gogsiin sag ve sol
tarafindan alinan degerlerde anlamli fark
izlenmedi. Calismamizda atlarin  kalp
kaslarmin diger kii¢iik bas hayvanlara gore
daha hipertrofik oldugu goriildii.

Bu calismada go6gsiin sol tarafindan
alinan ejeksiyon fraksiyonu ile fraksiyonel
kisalmanin sag gogiisten alinan ejeksiyon
fraksiyon ve fraksiyonel kisalma arasindaki
degerlerin farkli olmamasi, bu hayvanlarin
sol ventrikiil sistolik performansinin ve
fonksiyonel kapasitesinin normal oldugu
diistintildii. Yaris atlar1 stirekli
calistiklarindan kalp atim sayilarinda
diizenli atis gostermektedir. Sol ventrikiil
kitle indeksi, sol ventrikiil kitlesinin viicut
ylizey alanina gore normal goriildii.

Atlarda iki boyutlu (B mod) ve M mod
ekokardiyografik muayene ile asagida
tabloda goriilen parametrelere bakildi
(Tablo 1).
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Tablo 1. Atlarda iki boyutlu (B mod) ve M mod ekokardiyografide sol - sag ventrikiilden alinan

interventrikiiler septum ve arka duvar kalinliklarin parametreleri

Parametreler Ortalama| Min-Max
Sagdan interventrikiil septumun diyastol kalinlig1 (RIVSd, mm) |30 24-37
Soldan diyastolde interventrikiiler septum (LVIVSd, mm) 24 18-34
Sagdan ejeksiyon fraksiyon (REF, %) 58 39-72
Soldan ejeksiyon fraksiyon (LEF, %) 59 39-78
Sagdan diyastolde arka duvar kalinligi (RPWDd, mm) 22 7-31
Soldan sol ventrikiil diyastolde arka duvar (LLVPWDd,mm) 26 18-29

Sag ventrikiil diyastolde arka duvar kalinligi (RVPWDd,mm) 17 10-31

Sol venrikiil diyastolde arka duvar kalinlig1 (LVPWDd, mm) 22 7-31
Soldan ortalama duvar kalinligt (MWT,mm) 22 19-30
Sagdan ortalama duvar kalinligi (MWT,mm) 26 24-37
Soldan fraksiyonel kisalma (LFS, %) 34.050 21-50
Sagdan fraksiyonel kisalma (RFS, %) 32.550 19-44
Solda kalp Hizi1 (HR,Hiz1 atim say1/dak) 37.2 29-55
Sagdan kalp Hiz1 HR, (Hiz1 atim say1i/dak) 50.5 39-72
Soldan sol ventrikiil kitlesi (LVM, gr) 2810 1978-4893
Sagdan sol ventrikiil kitlesi (LVM,gr) 3194 1153-5959

4. Sonuclar

Insanlarda kalp ve damar hastaliklarmin
tanisinda ¢ok yaygin olarak kullanilan
ekokardiyografi, son zamanlarda kii¢lik ve
bliyiik hayvanlarin dogustan veya sonradan
olusan kalp hastaliklarinin tanis1 amaciyla
kullanilmaktadir.

Bu calismanin amaci, atlarda egzersize
bagli olarak kalbin kaslarinin geniglemesini
ekokardiyografide yaygin olarak kullanilan
M mode, B mode yontemleri ile tespit
etmek ve ayrica at kalbinin yapis1 ve iglevi
hakkinda daha fazla bilgi sahibi olarak daha
sonraki deneysel calismalar i¢in temel
degerler elde etmektir (Toker ve ark.,
2008). Ekokardiyografi milli atlarinda
uygulanan  antrenman  programlarina
kardiyovaskiiler sistemin verdigi yanitin
incelenmesinde ya da atin kondisyonunun
belirlenmesinde  gittikce artan oranda
kullanilan non-invasif goriintiileyen ve
kalpteki hipetrofiyi gorsel olarak en iyi
degerlendirme teknigidir (Zucca ve ark.,
2008). Ayrica ¢esitli patolojik durumlarin
kalbin yapisinda ve fonksiyonlarinda
meydana getirdigi degisimleri tam olarak
belirleyebilmek i¢in, normal biiyiime ve
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gelismenin kalple ilgili ekokardiyografik
parametreleri  nasil  etkilediginin  de
belirlenmesi gerekmektedir (Rovira ve ark.,
2009). Ciinkii ekokardiyografik verilerin
yorumlanmasinda atin ki, yasi,
yetistirildigi ¢evresel sartlar ve uygulanan

egzersiz  programlarinin  géz  Oniinde
bulundurulmasi gerekmektedir. S6z konusu
faktorler hayvanin konformasyonu

etkiledigi i¢in, ekokardiyografik verilerde
de degisime neden olmaktadir (Rovira ve
ark., 2009; Valberg ve ark., 2013). Atlarda
sol ventrikiil ¢apma iligkin normal
degerlerin bilinmesi, sol ventrikiiliin is
ylikiiniin irdelenmesi agisindan 6nemlidir
(Rovira ve ark., 2009).

Sol ventrikiil ¢capina iliskin bulgularimiz
benzer calismalarla karsilastirildiginda,
Patteson’un (1996) eriskin safkan ingiliz
atlarinda bizim caligmalarda buldugumuz
degerlere yakin oldugunu goérmekteyiz.
Bizimkiyle ayni yas grubunda ve irktaki
yaris atlarinda 6l¢iim yapan Leadon ve ark.
(1991) da oldukg¢a benzer sonuglar elde

etmiglerdir (Leadon ve ark., 1991).
Antrenmanli milli yarig atlarinda sol
ventrikiil  interventrikiiler —septum ve

posterior duvar capinda biliylime oldugu



gorlilmiistiir.  Ancak

kullanilan

bu ¢alismada
atlarda duvar kalinliginin
artmasma bagli  hipertrofinin, siirekli
yaptiklar1 egzersiz sonucunda olustugu
distiniilmektedir.

Sunulan bu calismada sol ventrikiiliin
sistolde ve diyastoldeki ¢apinin normal
oldugu goriildii. Bunlarin disinda sol
ventrikiile ait EF, FS ve LVM gibi
parametrelerde, gogsiin  sag ve sol
tarafindan alimiga gore anlaml farkliliklar
olmadig tespit edildi. Bu ¢alismada milli
yarig atlarinda gégsiin sol tarafindan alinan
ejeksiyon fraksiyonu ile sag goglisten
alman ejeksiyon fraksiyon arasindaki
degerlerin farkli olmamasi, bu hayvanlarin
sol ventrikill sistolik performansimnin ve
fonksiyonel kapasitesinin normal oldugu
seklindeki gdzlemi saglamlastirmaktadir
(Ozdemir ve ark., 1999). M mode standart
kardiyak Ol¢limlerde Yine bu g¢alismada,
gbgsiin sag tarafindan diyastolde arka duvar
kalinligi, ejeksiyon fraksiyon, sol ventrikiil
kitlesi, soldan diyastolde interventrikiiler
septum, ejeksiyon fraksiyon ve sol ventrikiil
kitlesi degerlendirilirken, atlarda Amerikan
Ekokardiyografi Cemiyeti’nin kabul ettigi
calismada bu degerlere rastlanilmamistir.

Kalp atim sayisi ve solunum tipinin,
ekokardiyografik parametreleri etkiledigini
calismalarimizda rastlanildi. Ote yandan
stirekli egzersiz yapan atlarda, egzersiz
sonunda kalp atim sayisinin kisa zamanda
normal seviyeye donme egilimi gostermesi,
bu atlarin diizenli yapmis olduklar
calismaya bagl olarak kalplerinde olustugu
tespit edilen hipertrofinin neden oldugu bir
durum olup, atlarin performanslarinin iyi
oldugunun 6nemli bir gostergesidir.

Milli yaris atlarinda gogsiin sag ve sol

tarafindan  alman  goriintiilerde,  sol
ventrikiilin M mode ve iki boyutlu
yontemle yapilan ekokardiyografi

degerlerinde interventrikiiler septum ve
arka duvar kalimliginda artis hipertrofi
izlendi.
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Ozet

Evcil hayvanlarda kalp bosluklarinda olusan ekojenik artiglar1 (kardiak tiimor-miksoma) ekokardiyografi ile
degerlendirmek ve ¢ikan sonuglart paylasmaktir. Ekokardiyografi yapilmasi i¢in 2001 ile 2024 yillar1 arasinda
veteriner kliniklere gelen kopek ve kedilerden farkli goriintiiler elde edildi. Ekokardiyografi galismasi igin
cihazlarda kedi- kopek kardiak probu kullanildi ve goriintiiler i¢in renkli printer cihazla kayitlar alinildi. Kardiak
calismalarda 6zellikle kopeklerde kalp ici ekojenik odaklarin cogu tek tarafli olmakla beraber ¢ift tarafli yerlesimli
ekojenik artiglara rastlanildi. Sol atrium yerlesim yeri agisindan en sik goriilen yer olmasina ragmen sag atriumda
nadir goriintiilere rastlanildi. Ekokardiyografide timdriin kaynaklandigi yer belirlenerek dncelikle medikal tedavi
verildi. Hasta yakinlarina eger medikal tedavi cevap vermezse tiimdriin ¢ikarilmasi gerekli oldugu sdylendi. Kedi-
kopek kardiak tiimorii olan hastalarimizdan tedaviye cevap verenler oldu. Sol ve sag atrium biatrial miksomasi
olan kopegimiz ilk zamanlarda medikal tedavide iyi gibiydi ilerleyen kisa zamanda ex oldu. Sol atrial miksomasi
olan 2 kedide bir yilin sonunda ex oldu. Hala takip edilen kedi ve kdpeklerimiz diger kardiak problemlerinin
tedaviye cevap vermesi hayat survivorlerini uzatmaktadir.

Anahtar Kelimeler: Tiimor, miksoma, renkli doppler ekokardiyografi, evcil hayvanlar

Determination of Heart Tumor Foci in Pets and Clinical Results

Abstract

To evaluate echogenic increases in the heart chambers (cardiac tumor-myxoma) in domestic animals with
echocardiography and to share the results. Different images were obtained from dogs and cats that came to
veterinary clinics between 2001 and 2024 for echocardiography. For the echocardiography study, a cat-dog
cardiac probe was used and the images were recorded with a color printer device. In cardiac studies, especially in
dogs, most intracardiac echogenic foci were unilateral, but bilateral echogenic increases were observed. Although
the left atrium was the most common location, rare images were observed in the right atrium. The origin of the
tumor was determined on echocardiography and medical treatment was given first. The patient's relatives were
told that if medical treatment did not respond, the tumor would have to be removed. Some of our patients with cat
and dog cardiac tumors responded to treatment. Our dog, who had left and right atrium biatrial myxoma, seemed
to be fine with medical treatment at first, but later died in a short time. Two cats with left atrial myxoma died after
one year. Our cats and dogs, which are still being followed, are prolonging their lives as their other cardiac
problems respond to treatment.

Keywords: Tumor, myxoma, color doppler echocardiography, pets
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1.Giris

Kardiak tiimorlerden % 70-75'i benign,
bunlarm da % 30-50'si miksomalar
olusturur. Kalp tiimorleri primer (kalp
kaynakli) olabilecegi gibi, bazen yakin bir
tlimariin yayilimi, bazen de uzaktaki bir tiimdriin
metastazi olabilirler. Yerlesimleri, sirast ile %
75-80 sol atriumda, % 8- 20 sag atriumda %
5-11 sag ve sol atriumda, % 7 iki ventrikiil
arasinda esit dagilim gosterir (Colucci ve
ark., 1992; Monnet ve ark., 1995).
Miksoma, nonspesifik  klinik  6zellikler
sebebiyle klinik stiphesi zordur.
Lokalizasyonlarina  gére serebral ve
pulmoneremboli nedeni olabilirler ve tanida
ekokardiyografi altin standarttir (Gonzalez
Ferrer ve ark., 2008; Islam, 2022).
Miksomalar her ne kadar kalbin iyi huylu
timorleri olsalar da biiylime potansiyeli
gosterdikleri, hareketli olduklar1 ve emboli
(ptht1 atma) riski arz edebilir. Timoriin
yapisi, lokalizasyonu, kitlenin biiytkligi
semptomlari belirler. Miksomalar
genellikle intrakardiyak tikanma bulgulari,
embolizasyon, senkop veya ani Olim
(mitral kapagin tam olarak tikanmasi veya
koroner  emboli nedeniyle)  veya
konstitiisyonel semptomlarla kendilerini
gosterirler. Embolizasyon kardiyak
miksomanin baslangi¢c semptomu olabilir.
Embolizasyon tipik olarak diizensiz kenarl
ve jelatindz yapisi olan, yumusak kivamli,
yazida da tip 1 miksoma olarak tanimlanan
papiller tip miksomada olusur.
Miksomalarin yaklasik % 10'unun genetik
oldugu diisiiniilmektedir. Genellikle ates,
anemi ve sedimentasyon yiiksekligi ile
birlikte klinik olarak, sistemik emboli ve

mitral darligt semptomlariyla ortaya
citkmasina ragmen nadir de olsa
semptomsuz  seyredebilirler. Hastalarin

bliyiik bir ¢ogunlugunda olusan sikayetler
genellikle kalbin sol kapakc¢igr olan mitral
kapakeik hastalarindaki gibidir yani hastada
nefes darligi ve carpinti, bazen bayilma
olabilir ve yere diisiince tekrar ayilir ¢iinkii
ayakta dururken miksoma Kitlesi mitral
kapagi tikar ve beyine kan gidisi durur ve
hasta bayilir, yere diisiince de yergekimi
etkisinden dolay1 kitle mitral kapak i¢inde
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disart ¢ikar ve beyine giden kan tekrar
baglar ve hasta uyanir. Kalbin sag tarafinda
yerlesmis ise sikayetler, trikiispid kapake¢ik
hastalarindaki gibidir, nefes darlig1, carpinti
goriiliir, cap1 ¢ok genis ise boyun venlerinde
dolgunluk, yiizde kizariklik, karinda ve
bacaklarda 6dem olusabilir.

Dolasima katilip embolizasyonuna bagl
Pulmoner Emboli goriilebilir.  Diger
komplikasyonlar arasinda belirli kan
anormallikleri bulunur. Diisiik kirmizi kan
hiicresi  sayist  (anemi) yorgunluga,
halsizlige ve solgunluga neden olabilir.
Diisiik trombosit sayist kanin pihtilasmasi
ile ilgili sorunlara neden olabilir ve
insanlarin ciltlerinde kirmizi lekeler (petesi)
veya morluklar olabilir.  Biz burada
lokalizasyonlar1  acisindan  hayvanlarda
nispeten az goriilen sag atrial ve sol atrial
kalp tiimor vakalarii degerlendirilerek
literatiirlere katki saglamay1 amacladik.

2. Materyal ve Yontem
2.1. Hayvan sec¢imi

Calisma 2001- 2024 yillar1 arasinda
veteriner  kliniklere gelen kopek ve
kedilerden  ekojenik  artigy  gOsteren
(miksoma-tiimér) hayvanlardan
olusturuldu.

2.2. Ekokardiyografik prodiiser

Transtorasik  ekokardiyografi (TTE)
oncesinde evcil hayvanlar tetkik icin
hazirladi. Biitiin hastalara renkli Doppler
Ekokardiyografi cihazlari ile 5-7,5 mHz’ lik
ekokardiyografi probu kullanildi, depth
(derinlik) 2,5 cm, frame rate 125 fps ve
renkli Doppler aliasing velositesi 40 cm/s
olacak sekilde ayarlandi. Ekokardiyografik
parametreler en az 3 kalp atimindan elde
edilecek sekilde kaydedildi. Goriintii
aliabilmesi i¢cin transdiiserin
yerlestirilecegi gogiis bolgesi ¢ok tiliylil
oldugu icin tiras edildi ve bu bolgeye jel
(Medical Mitsubishi Ultrason Gel) siiriildii.
Hastalarin hareket etmemesi icin iki kisi
ayaklarindan tutarak sol tarafa yatirdi.



2.3. Ekokardiyografik teknikler

Ekokardiyografiye parasternal uzun
eksen kesitinde 2. ile 4. interkostal araliktan
sol ve sag sternum ile birlestigi yerden
baslanildi. Sternumun orta hattinda 3. ile 4.
interkostalaralikta prob 30°-90° manevra
yaptirilarak parasternal kisa eksen kesitinde
goriintii elde edildi. Biitiin ekokardiyografi
caligmalarinda  oldugu  gibi  evcil
hayvanlarda da iki boyutlu (2D), M mod ve
renkli  Doppler teknikleri  kullanildi.
Parasternal uzun eksen kesitinnde teicholz
yontemiyle sol ventrikiile ait parametreler
alindi. Parasternal kisa eksen kesitinde aort
kapagi, mitral kapak, trikiispit kapak,
pulmoner kapak, sol ventrikiil papiller kas,
pulmoner arteler, sag ventrikiil ve sag
atrium  goriintiiler elde edildi. Prob
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sternumdan biraz asagi kaydirarak apikal
pencerelerden farkli olarak modifiye kesit
goriintii alinarak ¢aligmada degerli bilgiler
elde edildi. Ozellikle apikal 4(bosluk)
kesitlerden kardiak tiimor tanisi net konuldu
ve goriintiiler resimlendi.

3. Bulgular

Evcil hayvanlarimizda  Transtorasik
Ekokardiyografide sol atriumu ya da sag
atriumu tamamen dolduran ya da her iki
atriumda ekojenik artig gosteren kardiak
timorler yuvarlak-oval, diizgiin yiizeyli, solid
kitle goriintimiinde izlendi.

Golden Retriever Cinsi 1 (bir) K&pekte
iki boyutlu ekokardiyografide diastolde ve
sistolde biatrial kardiak tiimor izlendi (sekil
1,2).

mindray
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Sekil 1. Golden retriever cinsi kopekte iki boyutlu ekokardiyografide, diyastolde biatrial kardiak
tiimor ornegi

Sekil 2. Golden retriever cinsi kdpekte iki boyutlu ekokardiyografide, sistolde biatrial kitle (miksoma-

timor)
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Bir pedikiille (sapla) sag atrium posterior
ylziine tutunan miksomatdz yapidaki
miksomalar sapin kaynaklandigi atrium
duvarlarindan mensei aliyordu. Cocker
cinsi 9 ve 10 yaslarinda 2 kdpegimizde
sadece sol atriumda ekojenik artis izlendi.
Yaslar1 3, 11, 21 olan 2 disi 1 erkek tekir
kediler nefes darligi, halsizlik, kusma ve
karin  bolgesinin  belirgin = sisme  gibi
sikayetlerin yasanmasi iizerine kliniklere
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bagvurdular. Kedilerde yapilan Renkli
Doppler ekokardiyografi incelemelerde
parasternal  uzun  kesitinde teicholz
yontemiyle  ortalama  sol  ventrikiil

diyastolik ¢ap1 3.3 cm, sol atrium g¢ap1 2.7
cm, interventrikiiler ¢ap1 0.4 cm, lateral
duvar capt 0.3cm ve ejeksiyon fraksiyonu
% 58, fraksiyonel kisalma % 28 degerleri
elde edildi (sekil 3).

Sekil 3. Disi tekir kedide teichoz yontemiyle M mod ekokardiyografi

3.1. Sol ventrikiil parametre 6l¢iimii

Disi  tekir kedilerimizden  birinin
sikayetleri ciddi idi ve mitral kapakta orta
derecede yetmezlik ve trikiispit kapakta
hafif derecede yetmezlik goriilmekle
birlikte pulmoner arter basinct 28 mmhg

hesaplandi. Perikardial s1vi nispeten daha az
gorildii. Diger iki kedimizde sadece hafif
mitral yetmezligi goriildii. Kedilerimizde
mitral kapak anterior leaflet kisminda sol
atriumdan mensei almis miksoma Ilehine
boyutlar farkli ekojenik artig izlendi (sekil
4).

Sekil 4. Tekir kedide iki boyutlu ekokardiyografide, kitle (miksoma-tiimér) goériintii
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4. Tartisma ve Sonug¢

Iki boyutlu ekokardiyografi
goriintlistinde  biatriyal miksoma veya
interatriyal septal miksoma genellikle fossa
ovalisin sol atriyal tarafindan ortaya g¢ikar
ve foramen ovale yoluyla sag atriyuma
dogru prolabe oldugu goriiniir (Meng ve
ark., 2002; Gonzalez Ferrer ve ark., 2008;
Greco ve ark., 2008). Miksomalar kardiak
bosluklarin endokardial ylizeyinden
kaynaklanirlar ve kavite i¢i yayilim
gosterirler. Atrial miksomalarin % 95'1 tek
bir lezyondur. Atrial miksomalar % 90
oraninda pedikiilli olup, miksomanin
endokardiyal ylizeye tutunmasi ¢ogunlukla
ince bir pedikiil iledir; %10 oraninda da
pedikiilsiiz olarak genis bir tabanla
tutunur. Miksomalar fibrovaskiiler bir sapla
fossaovalise, nadir olarak sag ventrikiil (%
5), mitral kapak (% 3) ve sol atriyal
appendiksde yerlesim gosterirler (Ware,
2013; Khusnurrokhman ve ark., 2021).
Miksomalar makroskopik olarak jelatindz
ve papiller bir gériinimde olup, 1-2 cm'lik
bir sapla endokarda tutunurlar ve embolize
olmaya egilim gosterirler. Sag atriumdaki
miksomalar, sol atriumdaki miksomalara
gore daha solid yapidadilar ve daha fazla
genis tabanli olmaya
egilimlidirler.  Morfolojik olarak iki tip
miksoma tanimlanmistir: Yuvarlak, diizgiin
yiizeyli, solid kitle (globiiler yap1); diizensiz
ylzeyli, parcali kitle (polipoid yap1) yapili
diyebiliriz (Lyons, 1991; Ware, 2013).
Kardiyak miksomalarin tromboembolik
olaylar veya beyin metastazlari nedeniyle
norolojik semptomlar: iyi bilinir. Serebral

arterlerdeki  hemoraji ve anevrizma
ozellikle sol atriyum iginde biiyliyen
miksoma ile iliskilidir (Eddleman, 2010;
Boyacioglu ve ark., 2018). Atrial

miksomalar relatif olarak yavas biiyiirler ve
bazilar1 hi¢ semptom vermez. Miksomali
hastalarin % 90'imda sistemik bulgular

vardir. Bunlar baglica kilo kaybu,
yorgunluk, ates ve eklem agrilaridir
(Bartolatti ve ark., 1990; Kedokteran,
2022).

Trombiisle karigabilmesine ragmen bu
olduk¢a nadir bir durumdur ve trombiis
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daha diizensiz bir sekle sahiptir ve daha
frajildir (Ware, 2013; Kedokteran, 2022).
Miksomalar emboli sebebi olmalari
nedeniyle cerrahi eksizyonu en kisa
zamanda yapilmalidir ya da iyi medikal
tedaviyle takip edilmelidir. Embolizasyona
jelatindz, yumusak, lobiile, solid tiimdrlerde
daha sik rastlanir. Sol atriyal miksomalarda
embolizasyon insidanst %  25-50’dir.
Pulmoner emboli % 10’dan az izlenir (Ipek
ve ark., 2005). Kardiyak kitle tanisinda ilk
istenen goriintlileme yontemi genellikle
Ekokardiyografidir.

Ekokardiyografi kalpteki ekojenik artist
tespit eden, seklini, orijini, kapaklarda
fonksiyon  bozukluguna neden olup
olmadigin1 ayirt edici Ozellige sahip
laboratuar tan1 yontemidir.

Bizim vakalarda kalp dilatasyonu ve orta
derecede mitral kapak yetmezlikleri
saptandi.

Bazi1 hastalar medikal takip ve tedavi
cevap verirken malign olan biatrial timori
olan kdpegimiz medikal tedaviye ¢ok kisa
zaman cevap vererek ve ex oldu. Trikiispit
kapaklarda yetmezlik akimlar1 hafif derece
saptanirken  stenoza  rastlanilmamustir.
Cerrahi eksizyonu yapilan hastalarimiz
olmadi. Kardiak tiimorii olan hastalarin
mortalitesi medikal tedaviye ragmen zaman
icerisinde yiiksek seyretti. Eger evcil
hayvanlarda miksomalar beseride oldugu
gibi c¢ikartilma gibi imkanlar1 olsaydi
sanirim yasam kaliteleri daha iyi olurdu.

Sonug olarak, Ekokardiyografik goriintii
kalp i¢i ve disindaki ekojenik artig (kitle,
tiimor, miksoma, trombiis vb) i¢in benzersiz
bir aractir. Miksomalar en sik kardiyak
timorler olsa bile biatriyal miksomalar
beseride olduk¢a nadir goriilen bir durum
iken biz 1(bir) kopegimizde yakalama
sansint elde ettik. Kardiak tiimor ve
miksomalarda fizik muayene bulgular
olmayabilir ve klinik agidan siiphe
duyulmas1 zordur ve ekokardiyografik
kontrol sarttir.

Aciklama

Bu calismanin Onerisi ve planlanmasi
sirecinde verdigi tiim destekler i¢in



veteriner hekim arkadaslara ve kardiyolog
arkadaslara tesekkiir ederim.
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Ozet

Bu ¢aligmanin amaci, arpa hasadi sonrast ikinci {irtin misir (Zea mays L.) tariminda farkli toprak igleme sistemleri
ve herbisit uygulamalarinin yabanci ot yogunlugu ve tane verimini nasil etkiledigini belirlemektir. Bu amagla,
2022-23 yetistirme sezonunda Dicle Universitesi Ziraat Fakiiltesi deneme alanlarinda iki yillik bir tarla denemesi
yiiriitiilerek, farkli toprak isleme yontemleri [geleneksel toprak isleme (kulakli pulluk-+kiiltivatér), azaltilmis
toprak igleme (diskli tirmik) ve sifir toprak igsleme] ve herbisit uygulamalar [¢ikis dncesi, ¢ikis sonrasi, ¢ikis Oncesi
+ ¢ikis sonrasi, yabanci otsuz kontrol, yabanct otlu kontrol] karsilastirilmistir. Tesadiif bloklarinda bolinmiis
parseller deneme desenine gore {i¢ tekrarlamali olarak yiiriitiilen denemelerde, ana parselleri toprak isleme
yontemleri, alt parselleri ise herbisit uygulamalart olusturmustur. Calisma sonucunda, farkli toprak isleme
yontemlerinin hem yabanci ot yogunlugu hem de tane verimi iizerinde higbir etkisi olmadigini, herbisit
uygulamalarinin yabanci otlar ve iiriin verimi {izerinde etkili oldugu, herbisitlerin hem ¢ikis 6ncesi hem de ¢ikis
sonrast birlikte uygulamasinin yabanci otlarin yogunlugunu ve biyomas agirliklarini 6nemli dl¢iide azaltarak, tane
veriminde artis meydana getirdigi gézlemlenmistir.

Anahtar Kelimeler: kinci {iriin musir, toprak isleme, yabanci ot, herbisit, verim

Effects of Different Tillage and Herbiside Applications on Weed Control and Yield in
the Double Crop Maize Agriculture

Abstract

The aim of this study was to determine how different tillage systems and herbicide application impact weed density
and grain yield in the double crop maize (Zea mays L.) agriculture after barley. For this purpose, a two-years field
trial was carried out in the experemental areas at Agriculture Faculty, Dicle University, Diyarbakir, Turkiye in the
2022-23 growing season, comparing different soil tillage methods [conventional tillage (mouldboard
plough+cultivator), reduced tillage (disc harrow) and no-tillage] and herbicide applications [pre-emergence, post-
emergence, pre-emergence + post-emergence, weed-free control, weedy control]. In the experiments carried out
with three replications according to the split plot design in randomized blocks, the main plots were composed of
soil tillage methods and the sub-plots were composed of herbicide applications. The results of the study indicated
that while different soil tillage methods had no effect on both weed density and the grain yield, herbicide
applications significantly affected them. Both pre-emergence and post-emergence herbicide application
significantly reduced the weed density and biomass.

Keywords: Double crop maize, tillage, herbicide, weed, yield
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1. Giris
Insan gidas1, hayvan yemi ve ¢ok cesitli
endistriyel uygulamalarda ¢ok yonli

kullanilmakta olan musir bitkisi, bugday ve
piringten sonra ekilen alan ve tliketim
acisindan  kiyaslandiginda, tglincii en
Onemli tarim iriinlerinden biri haline
gelmistir. Baglangicta Orta Amerika’da
yetistirilen muisir, cografi adaptasyon ve
iklimsel direncinden dolay1 tiim diinyaya
hizlica yayilmistir (Abbassian, 2007).
Giiniimiizde ise genis kullanim alanlari,
yikksek uyum Kkapasitesi ve verimliligi
sayesinde diinya ¢apinda bugdaydan sonra
en ¢ok dretilen tahil konumuna gelmistir
(Turhal, 2021). Misir bitkisinin gelisim hizi
ve verimi bugdaydan oldukga yiiksektir.
Ayrica bugday bitkisi, 7-8 aylik bir zaman
diliminde 70-120 cm boya ulagmakta, bitki
basina 50-100 tohum iiretebilmekteyken,
muisir bitkisi 4 ay gibi kisa bir siire diliminde
2,5-4,5 metre boya ulagabilmekte ve tek bir
bitkiden 600—1000 tohum iiretebilmektedir.
Misir bitkisinin bu yiiksek dane ve yesil
aksam veriminden dolay1 insan gidasi ve
hayvan yemi olarak kullaniminin yani sira
biyo-yakit olarak ta biitiin gézleri kendisine
cevirmistir (Ozcan, 2009). Misir bitkisi ana
veya ikinci iirlin olarak yetistirilmektedir.
Ozellikle Giineydogu Anadolu gibi sicak
bolgelerde 1980 yilindan beri Gida, Tarim
ve Hayvanciik Bakanligi tarafindan
desteklenen projelerle ikinci {irtin tarimi
bugday ve arpa hasadindan sonra yaygin
olarak uygulanmaya devam etmektedir
(Ayaz ve ark., 2013). ikinci {iriin musir
tariminda karlilig1 ve verimi artirmak igin
g6z Oniinde bulundurulmast gereken en
onemli hususlardan birisi de bir Onceki
kislik tahildan bosalan tarlanin en kisa
zamanda hazirlanarak ekim isleminin
gerceklestirilmesidir.  Ulkemizde diger
tiriinlerde oldugu gibi ikinci {irlin misir
tariminda da yogun toprak isleme girdi
maliyetlerinde dnemli oranda artis meydana
getirdigi gibi, tohum yatagr hazirligi ve
ekimin zamaninda yapilmasinda Onemli
sorunlarin  ortaya  ¢ikmasina  neden
olmaktadir. Geleneksel toprak isleme
yontemlerinin gerek girdi maliyetlerinde
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meydana getirdigi artis gerekse topragin
stirdiirebilirligi tizerindeki olumsuz etkileri
nedeniyle, bu yontemlere altarnatif
olusturabilecek koruyucu toprak isleme ve
dogrudan ekim yontemlerinin
yayginlastirilmast  yoniinde yogun bir
sekilde c¢alismalar yapilmaktadir (Saglam
ve ark., 2010).

Fakat, = korumali  toprak
yontemlerinde topragin devrilerek
islenmemesi, yabanct ot tohumlarinin
toprak ylizeyinde kalmas1 ¢imlenmeleri ve
cikiglarim  kolaylagtirdigi ~ igcin  bu
yontemlerin yayginlastirilmasinda
karsilagilan en Onemli sorunlardan biri
oldugu ifade edilmektedir (Isik ve ark.,
2000). Bitkisel iiretimde ekonomik verim
kaybmin baglica nedenlerinden  biri,
yabanci otlardir. Yabanci otlar, kiiltiir
bitkileriyle hem rekabet ederek hem de
allelopatik etkiler yoluyla olumsuz bir etki
yaratmakta ve tarimsal iiretimi olumsuz
yonde etkilemektedir (Sirr1 ve ark., 2020).
Misir bitkisi, yabanci otlar ile ¢ok iyi
rekabet etmesine ragmen yabanci otlarla
miicadele  edilmedigi takdirde musir
tariminda yabanci otlar, tohum ve yesil
aksam verimi ile iiriin kalitesinin diismesine
ve hasadin yapilmasinda sorunlara neden
olmaktadir.  Ozellikle erken gelisim
doneminde  musirin  yabanci  otlarla
rekabetinin ¢ok zayif oldugu, bu dénemde
yabanci otlarin kontrol altina alinmasinin
oldukga 6nemli bir husus oldugu ifade
edilmektedir. Bitkinin ¢imlenme
doneminden 4-6 yaprakli doneme gelinceye
kadarki siiregte yabanci otlarla uygun
miicadelenin yapilmamasi iirliin verim ve
kalitesinde Onemli diizeyde kayiplarin
meydana geldigi bildirilmistir (Berzsenyi
ve ark., 1995; Hall ve ark., 2002; Giingor ve
Uygur, 2005; Silva ve ark., 2011). Bir¢ok
kiiltiir ~ bitkisinde oldugu gibi musir
tariminda da yabanci otlarin zararini en aza
indirmek icin cesitli kontrol yoOntemleri
uygulanmaktadir. Bu yabanci ot kontrol
yontemleri kiiltiirel, mekanik, kimyasal
yabanct ot kontrol yoOntemleri olarak
siralanabilir. Kiiltlirel yabanci ot kontrolii,
¢esit secimi, Uriin rotasyonu, toprak isleme,

isleme
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malclama, hasat ve hasat sonrasi igleme gibi
irlin yonetimi uygulamalarini icermektedir.
Toprak isleme, yabanci ot tohumlarinin
¢imlenmesi ve gelisimi iizerindeki biiyilik
etkisi nedeniyle yabanci ot kontroliinde en
onemli  uygulamalardan  biri  olarak
bilinmektedir (Shrestha ve ark., 2019; Isik
ve ark., 2000). Son yillarda diinya genelinde
kimyasal kullanimina y6nelik artan ¢evresel
farkindalik ve hassasiyetler, yabanci ot
kontroliinde toprak islemenin 6nemini daha
da artirmistir. Toprak isleme esnasinda
topragin fiziksel 6zelliklerinin degismesi ve
yabanci1 ot tohumlarinin topraga gémiilmesi
yabanci otlarin ¢ikis1 ve gelisimi tlizerinde
oldukca 6nemli bir etkiye sahiptir. Ayrica,
farkli  toprak  isleme aletleri  ve
makinelerinin ve bu alet ve makinelerin
periyodik  kullanimindan ortaya ¢ikan
toprak isleme yoOntemlerinin yabanci ot
kontrolii {izerindeki etkileri, topraktaki
yabanct ot  tohumlarmin  dagilim,
yogunlugu ve c¢imlenme yetenekleri
tizerindeki  farkli  etkilerinden dolay1
farklidir.  Dolayisiyla  toprak  isleme
yontemindeki degisiklik sadece kiiltiir
bitkisinin biiylimesini degil ayni zamanda
yabanct ot gelisimini de etkilemektedir
(Buhler ve ark., 2000; Reuss ve ark., 2001;
Lutman ve ark., 2002). Son yillarda, toprak
erozyonunu azaltmasi ve toprak nem
kaybin1 6nlemesi nedeniyle korumali toprak
isleme sistemlerine olan 1ilgi artmistir
(Hussain ve ark., 2021). Ancak korumali
toprak isleme yontemlerinde, toprak
ylizeyinde kalan yabanci ot tohumlarinin
¢ikisinin hizli olmasi, kiiltiir bitkilerinin ilk
gelisim  donemlerinde yabanci otlarla
rekabetini azalttig1 icin sorunlara neden
olmaktadir (Giller ve ark., 2015; Nichols ve
ark., 2015). Bir¢ok arastirmaci (Carter ve
ark., 2002; Cardina ve ark., 2002; Adeux ve
ark., 2019) korumali toprak isleme
sistemlerinin yabanci ot yogunlugunda artig
meydana getirdigini gozlemlerken,
Chauhan ve Johnson (2010); Samarajeewa
ve ark. (2006) korumali toprak isleme
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yontemlerinde bir dnceki iirlin artiklarinin
toprak ylizeyinde birakilmasinin, yabanci
otlarin ¢ikisint bastirdigi ve ¢ikis zamanini
geciktirdigi i¢in kiiltiir bitkilerinin yabanci
otlarla rekabetinde Onemli bir katki
sagladigini ifade etmislerdir. Ayrica, toprak
isleme ve toprak ylizeyindeki aniz,
herbisitlerin  etkinligi iizerinde Onemli
etkiye sahiptir (MacLaren ve ark., 2021).
Toprak isleme sistemlerinin yabanci ot
kontrolii ve verim iizerindeki bu farkli
arastirma sonuclari, calismalarin
yuritildigi alanlardaki iklim, toprak
kosullari, lirtin deseni ve uygulanan tarimsal
islemlerdeki farkliliklardan kaynaklaniyor
olabilmektedir. Topragin islenmemesinden
dolayr misir tariminda ortaya ¢ikacak
yabanci otlarin kontrolii amaciyla ekim
Oncesi, cikis Oncesi veya c¢ikis sonrasi
herbisit uygulamalari
gerceklestirilmektedir. Bu amagla misir
bitkisine selektif pek c¢ok herbisit ¢esidi
gelistirilmistir. Bu  herbisitler arasinda
Glineydogu Anadolu Bolgesinde ikinci
urtin tariminda Dimethenamid-
p+Terbuthylazine etken maddeli herbisitler
cikis Oncesi, Mesotrione+ Nicosulfuron
etken maddeli herbisitler ¢ikis sonrasi
yaygin bir sekilde kullanilmaktadir. Bu
herbisitlerin ~ farkli  toprak  isleme
sistemlerindeki  etkinligi de  farkli
olabilmektedir. Bu calismanin amaci, arpa
hasadi sonras1 ikinci {irtin misir (Zea mays
L.) tariminda farkli toprak isleme sistemleri
ve herbisit uygulamalarinin yabanct ot ve
tane verimi lizerine etkilerini arastirmaktir.

2. Materyal ve Yontem

Denemeler, 2022-2023 yaz yetistirme
sezonunda Dicle Universitesi ~ Ziraat
Fakiiltesi deneme alanlarinda (37°53'25"N,
40°16"29"E) iki yil boyunca
gergeklestirilmistir. Denemenin kuruldugu
2022 ve 2023 yillarina ve uzun yillara ait
Diyarbakir ilinin meteorolojik verileri
Tablo 1’de verilmistir.
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Tablo 1. Diyarbakir iline ait uzun yillar ve deneme alaninin kurulmus oldugu yillara ait meteorolojik

veriler
Avl Ayhk Ortalama Sicaklik (°C) Yagis Ortalamasi (mm) Nispi Nem Oram (%)

ar

Y 2022 2023  Uzun yillar 2022 2023  Uzun yillar 2022 2023  Uzun yillar

Haziran 26.9 26.2 26.49 10.8 0 5,98 34 375 34.62
Temmuz 311 30.8 31.57 0 14 1,38 226 252 255
Agustos 31 321 31.02 0 0 0,26 258 224 25.49
Eyliil 26 26.6 25.52 0 0.4 4.7 254 267 29.13
Ekim 19.1 18.7 18.45 23.4 5.8 45.02 438 529 46.8
Kasim 10.7 13.2 9.94 876 13.6 38.38 775 740 70.42

Denemelerin  yiiriitildiigi Diyarbakir
ilinin uzun yillar meteorolojik verilerine
gore, sert kara ikliminin tipik 6zelliklerini
tasidigini, yaz aylarinda sicakliklar oldukca
yiiksek, kislarin diger Dogu Anadolu
bolgelerine kiyasla daha 1liman gectigi
belirtilmektedir. En sicak ay ortalama
sicakligr 31 dereceye kadar yiikselirken, en
soguk ay ortalama sicakligi ise 1,8 derece
olarak Olciilir. Deneme ¢alismalarinin
yuriitiildigli donemlerin son 10 yillik
sicaklik ortalamalarina bakildiginda; en
yiiksek ortalama sicaklik Temmuz (31.57
°C), en fazla yagis Ekim (45.02 mm), en
yiiksek nispi nem Kasim (% 70.42) ayinda
ve vejetasyon donemlerinde ortalama 95.72
mm toplam yagis meydana geldigi
goriilmiistiir. Bitki vejetasyon ddneminin
2022 ve 2023 yillarindaki meteorolojik
verileri uzun yillarin  ortalamalariyla
karsilagtirildiginda, genellikle aylik sicaklik
ortalamalarin uzun yillardan daha yiiksek,
nisbi neminin ise daha diisiik oldugu Tablo
I’de goriilmektedir. On  bitkinin arpa
oldugu deneme ¢alismalariin yiiriitildigii
alanlarin yilizey amiz miktari, 2022 yilinda
152 kg ha, 2023 yilinda ise 247 kg ha™;
toprak ozellikleri ise kil biinyeli, ph 7,99,
organik madde 0,72, % CaCO3 2,28,
almabilir P ve K sirastyla 12,08 kg da?,
63,45 kg da? olarak belirlenmistir.

Arpa hasadi sonrasi ikinci Uriin misir
tariminda farkli toprak isleme yontemleri ve
herbisit uygulamalarimin denendigi bu
calismaki denemeler, tesadiif bloklarinda
boliinmiis parseller deneme desenine gore 3

tekerriirlii olarak kurulmustur.
Denemelerde ana parsellerin toprak isleme
yontemleri [geleneksel toprak isleme
yontemleri  (kulakli  pulluk+kiiltivator,
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KP+K), azaltilmis toprak isleme (diskli
tirmik, DT) ve sifir toprak isleme
(Dogrudan ekim)], alt parselleri ise herbisit
uygulamalar1 [cikis Oncesi (CO), cikis
sonrasi (CS), c¢ikis oncesi + ¢ikis sonrasi
(CO+CS), yabanci otsuz kontrol, yabanci
otlu kontrol] olusturmustur. Toplam parsel
sayist 45 olan denemelerdeki her bir alt
parselin genisligi 2m, uzunlugu ise 5m
olarak belirlenmistir. Geleneksel toprak
isleme yoOnteminin uygulangi parseller,
kulakli pullukla (25-30 cm) ve kiiltivator
(10-15 cm); azaltilmis toprak isleme
yonteminde diskli tirmik (15-20 cm) ile
islemis, dogrudan ekim yonteminde ise
herhangi bir toprak isleme yapilmadan ekicli
ayaklarinin oniinde diskli kesicilere sahip
pliinomatik ekim makinasiyla sira aras1 70
cm, sira tizeri 20 cm olacak sekilde ekim
yapilmistir. Tohumluk olarak Diyarbakir
bolgesinde yogun olarak tercih edilen Kws
firmasina ait kefrancos misir ¢esidi, ekim
derinligi 6-8 cm olacak sekilde ekimler
gerceklestirilmistir. Tohumluk miktar1, m?
ye 10  tohum  ekilecek  sekilde
hesaplanmistir. Giibre olarak dekara 12 kg
saf azot, 12 kg saf fosfor olacak sekilde 20-
20-0 formu ekimle birlikte ve iire formu (%
46 N) {ist giibre olarak kullanilmistir.
Ekimden hemen sonra yagmurlama
sistemiyle sulama yapilmis, daha sonraki
asamalarda bitkiler 15-20 cm boylandiginda
1 kez olmak iizere ¢apalama iglemi ve lister
cekilerek kariklar olusturulmus ve karik
sulama  sistemiyle  sulama  islemi
yapilmigtir. Ortalama 9 defa sulama
yapilmis; toprak yapisi, iklim kosullar1 ve
bitki  istekleri dogrultusunda sulama
sayisinda  artis  azalig  gOstermistir.
Diyarbakir’ da sorun olan hastalik veya
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zararlilarla  karsilagilmast  durumunda
deneme alaninin  tamamina ilaglama
yapilmistir (misir kogan kurdu, misir kurdu
ve bozkurt i¢in Maestro (50 g I Lambda-
cyhalothrin) 30-50 ml da™ dozda, Misir tel
kurdu i¢in Hekvidor (600 g I
Imidacloprid), 600 ml/100 kg tohum
ilaglamasi, Misir ¢izgili yaprak kurdu i¢in
Doctrine (WG),12,5 g da! kullanilmistir).
Denemelerde herbisit uygulamalar1 ¢ikis
oncesi, ¢ikis sonrasi, hem ¢ikis 6ncesi hem
de c¢ikis sonrast olarak uygulanmistir.
Kullanilan herbisitlerin, ticari isimleri,

Tablo 2. Deneme alanina uygulanan herbisitler

etkili maddeleri ve uygulama zamanlar1 ve
dozlar1 Tablo 2’de verilmistir. Deneme
alaninda yabanci otlara karsit herbisit
uygulamasinda yapilmasinda 16 litre
kapasiteye sahip yelpaze huzmeli meme
uglu mekanik sirt pllverizatori
kullanilmigtir.  Yabanci  otsuz  kontrol
parsellerinde, ekimden 82-90 giin sonrasina
kadar her hafta yabanci otlar elle
temizlenerek  kontrol altina alinmis;
Tamamen yabanci otlu kontrol
parsellerinde ise herhangi bir yabanci ot
kontrolii yapilmamugtir.

Ticariismi  Etkilimadde Doz (mlda?) UYoulama Etki ettigi yabanci otlar
zamanl
Benekli darican (Echinochloa colonum)
Catal out (Digitaria sanguinalis)
Darican (Echinochloa crus- galli)
Kopek tiziimii (Solanum nigrum)
Semizotu (Portulaca oleracea)
. Dimethenamid- 300 Ekimden  Sirken (Chenopodum album)
Akris P sonra3  Siiriiniicii horozibigi (Amaranthus
+Terbuthylazine giin i¢inde  blitoides)
Seytan elmasi (Datura stramonium)
Tilki kuyrugu (Amaranthus retroflexus)
Yapiskan ot (Setaria verticillata)
Yabani bamya (Hibiscus trionum)
Benekli darican (Echinochloa colonum)
Domuz pitragi (Xanthium strumarium)
Imam pamugu (Abutilon theophrastii)
Kanyasg (Sorghum halepense)
Monett Mesotrione+ 200-300 Yabanci  Kopek liziimii (Solanum nigrum)
Nicosulfuron otlar 2-6  Sirken (Chenopodium album)
iken Tarla sarmagi1g1 (Convolvulus arvensis)
yaprakli  Tilkikuyrugu (Amaranthus retroflexus)
dénemde  Yabani bamya (Hibiscus trionum)
Uygulamalarin yabanci otlarin atilarak cerceveye diisen yabanci otlar
yogunlugu  tlizerine  olan  etkilerini say1lmig ve ortalamalar1 alinmistir. Yabanci
belirlemek amaciyla yabanci otlarin otlarimn  kuru  biyomas  agirliklarini
vejatatif durumlari g0z Oniinde belirlemek amaciyla 2022 sadece hasat

bulundurularak birinci sayim ekimden 26
giin sonra (kontrol parsellerinde kiiltiir
bitkisi c¢ikislar1 tamamlandiginda), ikinci
sayim ekimden 45 giin sonra, li¢lincii sayim
ekimden 100 giin sonra (musirlarin tepe
puskiilii ¢ikardigi donemde) ve dordiincii
sayim ekimden 130 giin sonra (hasattan
once) olmak {lizere dort ayri donemde 1
m2’lik c¢ergeve her bir parsele iki defa
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oncesi, 2023 yilinda ise hem ¢apalama hem
de hasat oncesi her parselde 1 m? alandaki
yabanci otlar toprak yiizeyinden hasat
edilerek etiivde 70 ©°C’de 48 saat
bekletilerek tartimlar1 yapilmistir (Dogan
ve ark., 2009). Toprak isleme herbisit
uygulamalarinin = misir tane  verimine
etkilerini belirlemek amaciyla 4 siralh
parsellerin birer siras1 ve parsellerin



Ciftci Torun ve ark.

basindan ve sonunda 3’er bitki kenar tesiri
olarak birakilip ortadaki iki sira elle hasat
edilmis; Hasat edilen koganlar elle
danelenmis, danelenmis misirin nem igerigi
belirlenerek, dane verimi % 15 nem
igerigine gore diizeltilmistir.

Arastirma sonucunda elde edilen veriler
JMP istatistik paket programi (SAS
Institute Inc., 2002) kullanilarak Tesadiif
Bloklarinda Boliinmiis Parseller Deneme
Desenine gore varyans analizine tabi
tutulmustur. Faktorlerin etkilerinin istatistik
olarak o6nemli bulundugu durumlarda,
gruplar arasindaki LSD c¢oklu testi
kullanilarak P < 0,05 6nem seviyesine gore
karsilastirilmistir. Veriler varyans anilizine
tabi tutulmadan normallik a¢isindan test test
edilmis; normal dagilim gdstermeyen

yabanci ot yogunlugu ve yabanci ot kuru
biyomas agirhigina ait verilere karekok (Vx
+0,5) doniisiimii uygulanmistir.

3. Bulgular ve Tartisma

Deneme alaninda bulunan yabanci ot
tirleri ve yogunluklari Tablo 3’te
verilmigtir. Denemelerin yiiritiildiigi 2023
yilinda deneme alanindaki metre karede
yabanci ot sayis1 39.14 bitki m? olurken,
2022 yilinda ise 8.17 bitki m? oldugu Tablo
3’te goriilmektedir. Her iki yilda da en
yogun yabanci ot tiirlerinin kendinden gelen
arpa ve domuz pitraginin oldugu bunu
kanyasin izledigi gorilmistiir. Birinci
yildaki yabanci ot tiir sayisinin ikinci yildan
daha az oldugu goriilmiistiir.

Tablo 3. Deneme alaninda gozlenen yabanci ot tiirleri ve ortalama yogunluklar

Ortalama yogunluk, bitki m?

Bilimsel ismi Tiirkge ismi 2022 2023
Amaranthus retroflexus Kirmizi koklii horoz ibigi 0,33 0,35
Convolvulus arvensis Tarla sarmasigi 0,22 0,25
Convolvulus galaticus Boz tarla sarmagig1 0,49 0,60
Convolvulus betanicifolius  Kabatiiylii tarla sarmasigi - 0,19
Cyperus longus Uzun topalak - 1,16
Citrullus colocynthis Ebucehil karpuzu - 0,05
Glycyrrhiza glabra Meyan 0,22 -

Hordeum vulgare Kendinden gelen arpa 5,27 14,86
Hibiscus trionum Yabani bamya - 0,08
Malvella leprosa Ebegilimeci 0,02 -

Myagrum perfoliatum Gontl hardali - 0,27
Physalis angulata Fener otu - 1,02
Phsalis philadelphica Fener otu - 0,10
Portulaca oleracea Semizotu - 1,02
Polygonum coghatum Madimak - 0,05
Silybum marianum Meryemana dikeni 0,05 0,10
Sorghum halepense Kanyas 0,49 4,16
Sinapis arvensis Yabani hardal - 1,41
Xanthium strumarium Domuz pitragi 1,08 13,52
Toplam 8,17 39,14

Toprak isleme ve herbisit sonra (musirlarin tepe piiskiilii ¢ikardigi

uygulamalarinin yabanci otlarin yogunlugu
tizerine olan etkilerini belirlemek amaciyla
yabanci otlarin vejatatif durumlart goz

onlinde bulundurularak birinci  sayim
ekimden 26 gin sonra  (kontrol
parsellerinde  kiiltiir ~ bitkisi  ¢ikiglar

tamamlandiginda) ikinci sayim ekimden 45
giin sonra, liclincii sayim ekimden 100 giin
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donemde) ve dordiincii sayim ekimden 130
giin sonra (hasattan once) birim alandaki
yabanci ot sayilarma uygulanan varyans
analizi ve LSD c¢oklu karsilagtirma test
sonuclar1 Tablo 4, Tablo 5, Tablo 6, Tablo
7’de verilmistir. S6z konusu tablolar
incelendigi zaman gézlemlerin alindig1 tim
donemlerde herbisit uygulamalarinin birim
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alandaki yabanci ot yogunlugu iizerinde
onemli etkiye sahip oldugu, toprak isleme
uygulamalar1 arasinda istatiki anlamda
onemli diizeyde bir farklilhigin olmadigi
goriilmektedir. Her dort donemde alinan
yabanci ot yogunlugu goézlemlerinde de,
birim alandaki en diisiik toplam yabanci ot
sayis1, hem ¢ikis oncesi hem de ¢ikis sonrasi
herbisitlerin uygulandigi parsellerde oldugu
gozlemlenmistir. Herbisitlerin uygulandigi
parseller yabanci ot kontroliine yonelik
herhangi bir islemin yapilmadigi otlu
kontrol parselleriyle kiyaslandigi zaman,
birinci ve ikinci yabanct ot sayimi
donemlerinde, hem ¢ikig Oncesi hem de
cikis  sonrast  birlikte  uygulandig
parsellerdeki yabanci ot kontrol etkinliginin
% 87 oldugu, sadece ¢ikis sonrasi
uygulamalarda ise % 70~78 dolaylarinda
oldugu  goriilmiistiir.  Birinci  sayim
doneminde cikis sonrasi herbisit
uygulamalarindaki yabanci ot
yogunlugunun daha yiiksek olmasi, ¢ikis
sonrasi uygulanan
Mesotrione+Nicosulfuron etkili maddeye
sahip monett herbisitin deneme alanindaki
tiim yabanci ot tiirlerine etkisinin ayni1 anda
olmamasindan  kaynaklanmis  olabilir.
Herbisitlerin yabanci ot tiirlerini kontrol
etmedeki etkinligi, iklim (yagis, sicaklik),
toprak /(nem, organic madde, tekstiir, pH
vb.) ve uygulanan tarimsal iglemler gibi
birgok faktére bagli olarak degismektedir.
Fakat, hangi faktoriin herbisitin etkinligini
etkiledigini birbirinden ayirmak oldukga
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giictlir (Sushaa ve ark.,, 2018). Bu
calismada, deneme alanlarinin
ozelliklerinin her iki yilda farkli olmasi,
yabanci ot yogunluklarinin yillar arasinda
farkli olmasma neden olmus olabilir.
Yabanci ot yogunluguna etkisi bakimindan
toprak isleme yoOntemleri arasinda onemli
bir farklilik olmamasina ragmen, kulakli
pulluk+kiiltiivator toprak isleme
yonteminin kullanildig: alanlardaki yabanci
ot yogunlugunun diskli tirmik ve toprak
islemesiz ekim ydntemlerin uygulandigi
alanlardan daha diisiik oldugu goriilmiistiir.
Benzer sekilde, Conns (1987), Ali ve ark.
(2011) gibi arastiricilar, kulakli pullugun
kullanildig1  geleneksel toprak isleme
yontemlerinin  azaltilmis  ve  toprak
islemesiz ekim yontemleri ile
karsilastirildigt ~ zaman  yabanci ot
yogunlugunu azalttigin1 gdzlemlemislerdir.
Fakat Usman ve ark. (2010) korumali
toprak isleme yontemlerindeki yabanci ot
yogunlugunun geleneksel toprak isleme
yontemlerinden daha diisiik oldugunu
gozlemlemislerdir. Literatlirdeki bu farkl
sonugclar, yiiriitiilen ¢alismalardaki iklim ve
toprak ozellikleri veya uygulanan kiiltiirel
islemlerin farkli olmasindan kaynaklanmis
olabilir. Ayrica, toprak isleme
uygulamalarinda kullanilan farkli toprak
isleme aletlerinin yabanci ot tohumlarinin
topragin farkli derinliklerine gomiilmesine
neden oldugu icin yabanci otlarin ¢ikist
lizerinde de Onemli derecede etkili
olmaktadirlar (Buhler, 1995).
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Tablo 4. Toprak isleme ve herbisit uygulamalariin ekimden 26 giin sonra yabanct ot yogunluguna

etkisi (bitki m?)

Herbisit uygulamalar1 2022 2023 Ortalama
KP+K DT DE KP+K DT DE (Herbisit)
cO 4.25 5.75 4.65 12.26 13.95 17.93 9.13¢
CS 6.17 6.41 6.98 21.89 26.90 28.36 14.56 b
cO+CS 2.86 2.86 331 13.49 11.99 7.30 6.34¢c
Kontrol (otsuz) 0 0 0 0 0 0 0d
Kontrol (otlu) 34.03 26.77 23.22 51.77 86.78 83.05 48.72 a
Ortalama (Yillar) 5.75b 18.22a
Herbisit uygulamalari |
Toprak isleme Uygulamalar1  CO CS CO+CS  Kontrol (Otsuz)  Kontrol (Otlu) (Toop:;?(?;?ezle)
KP+K 7.77 12.88 7.27 0 42.44 9.94
DT 9.43 14.96 6.71 0 52.54 12.11
DE 10.27  15.93 5.13 0 48.58 11.64
Varyans Analizi

Varyasyon kaynaklari Serbestlik derecesi Kareler ortalamasi
Yil 1 67.73**
Hata 1 4 2.46
Toprak isleme 2 0.42ns
Hata 2 8 0.43
Herbisit 4 88.12**
Yil*Toprak isleme 2 0.83ns
Yil*Herbisit 4 6.42**
Toprak isleme*herbisit 8 0.28ns
Yil*Toprak isleme*Herbisit 8 0.89ns
Hata 47 0.58
Genel 88
Degisim katsayisi (%) 22.22

KP+K, Kulakli Pulluk+Kiiltiivatér; DT, Diskli Tirmik; DE, Dogrudan Ekim; CO, Cikis Oncesi Herbisit Uygulama; C'S, Cikis Sonrast Herbisit Uygulama; *,

%S5 Seviyesinde Onemli; **, %1 Seviyesinde Onemli; ns,

Onemli Degil.

Tablo 5. Toprak isleme ve herbisit uygulamalarinin ekimden 45 giin sonraki yabanci ot yogunluguna

etkisi (bitki m?)

Herbisit 2022 2023 Ortalama
uygulamalari KP+K DT DE KP+K DT DE (Herbisit)
cO 3.84 424 7.24 10.88 10.49 1241 7.84b
CcS 4.87 4.66 4.59 9.29 11.27 6.94 6.73b
cO+CS 2.20 2.45 3.65 4.48 5.59 4.97 3.79%c
Kontrol (otsuz) 0 0 0 0 0 0 od
Kontrol (otlu) 33.24 26.78 23.22 26.37 42.12 36.83 31.09a
Ortalama (Yillar) 5.34Db 9.13a

Toprak isleme Herbisit uygulamalar: Ortalama
Uygulamalari cO CS cO+CS Kontrol (Otsuz) Kontrol (Otlu) (Toprak isleme)
KP+K 6.94 9.91 3.25 0 29.70 6.36
DT 7.04 7.62 3.88 0 34.02 7.65
DE 9.65 5.70 4.28 0 29.64 741

Varyans Analizi

Varyasyon kaynaklari

Serbestlik derecesi

Kareler ortalamasi

Yil

Hata 1

Toprak isleme

Hata 2

Herbisit

Yil*Toprak isleme
Yil*Herbisit

Toprak isleme*herbisit
Yil*Toprak isleme*Herbisit
Hata

Genel

©
BRoworvroN AR

8.37**
3.49
0.14ns
0.71
54.53**
0.39ns
0.72ns
0.21ns
0.38ns
0.41

Degisim katsayisi (%)

23.33

KP+K, Kulakli Pulluk+Kiiltiivator; DT, Diskli Tirmik; DE, Dogrudan Ekim; CO, Cikis Oncesi Herbisit Uygulama; ¢S, Cikis Sonras1 Herbisit Uygulama; *,

%5 Seviyesinde Onemli; **, %1 Seviyesinde Onemli; ns,

Onemli Degil.
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Tablo 6. Toprak isleme ve herbisit uygulamalarmin ekimden 100 giin sonraki yabanci ot

yogunluguna etkisi (bitki m?)

Herbisit 2022 2023 Ortalama
uygulamalari KP+K DT DE KP+K DT DE (Herbisit)
co 7.19 9.05 5.32 13.90 12.96 15.32 10.30b
CS 7.81 7.65 10.95 9.62 1291 11.19 9.94b
cO+CS 453 4.96 3.96 5.33 8.24 7.11 5.60c
Kontrol (otsuz) 0 0 0 0 0 0 0
Kontrol (otlu) 7.19 26.78 23.22 16.38 24.62 21.29 24.06a
Ortalama (Yillar) 7.40 8.80

Toprak isleme Herbisit uygulamalari Ortalama
Uygulamalari cO CS cO+CS Kontrol (Otsuz) Kontrol (Otlu) (Toprak isleme)
KP+K 10.28 8.69 4.92 0 24.32 7.16
DT 10.92 10.25 6.51 0 25.69 8.63
DE 9.71 11.07 5.43 0 22.24 7.92

Varyans Analizi

Varyasyon kaynaklari

Serbestlik derecesi

Kareler ortalamasi

Yil

Hata 1

Toprak isleme

Hata 2

Herbisit

Yil*Toprak isleme
Yil*Herbisit

Toprak isleme*herbisit
Yil*Toprak isleme*Herbisit
Hata

Genel

@
LRoworvroN AR

1.26 ns
2.62
0.19ns
0.69
40.87**
0.46ns
1.83**
0.10ns
0.32ns
0.44

Degisim katsayisi (%)

22.83

KP+K, Kulakli Pulluk+Kiiltiivatér; DT, Diskli Tirmik; DE, Dogrudan Ekim; CO, Cikis Oncesi Herbisit Uygulama; C'S, Cikis Sonrast Herbisit Uygulama; *,

%S5 Seviyesinde Onemli; **, %1 Seviyesinde Onemli; ns,

Onemli Degil.

Tablo 7. Toprak isleme ve herbisit uygulamalarmin ekimden 130 giin sonraki yabanci ot

yogunluguna etkisi (bitki m?)

Herbisit 2022 2023 Ortalama
uygulamalari KP+K DT DE KP+K DT DE (Herbisit)
cO 11.16 9.34 10.91 6.17 10.06 7.85 9.16 b
CS 9.45 11.51 8.37 7.82 7.58 11.10 9.25b
CO+CS 6.21 5.72 7.13 4,01 3.12 4.66 5.06
Kontrol (otsuz) 0 0 0 0 0 0 0d
Kontrol (otlu) 34.28 26.78 23.22 16.39 18.89 18.12 21.98a
Ortalama (Yillar) 8.3la 6.29b

Toprak isleme Herbisit uygulamalari Ortalama
Uygulamalari cO CS cO+CS Kontrol (Otsuz) Kontrol (Otlu) (Toprak isleme)
KP+K 8.49 8.62 5.05 0 24.54 6.86
DT 9.69 9.45 4.34 0 22.67 7.42
DE 9.32 9.69 5.83 0 20.59 7.50

Varyans Analizi

Varyasyon kaynaklari

Serbestlik derecesi

Kareler ortalamasi

Yil

Hata 1

Toprak isleme

Hata 2

Herbisit

Yil*Toprak isleme
Yil*Herbisit

Toprak isleme*herbisit
Y1l*Toprak isleme*Herbisit
Hata

Genel

o A
LRoworNvrON AR

3.99*
2.61
0.00187 ns
0.36
37.83**
0.37 ns
0.69 ns
0.12 ns
0.24 ns
0.31

Degisim katsayisi (%)

22.83

KP+K, Kulakli Pulluk+Kiiltiivatér; DT, Diskli Tirmik; DE, Dogrudan Ekim; CO, Cikis Oncesi Herbisit Uygulama; C'S, Cikis Sonrast Herbisit Uygulama; *,

%S5 Seviyesinde Onemli; **, %1 Seviyesinde Onemli; ns

, Onemli Degil.

Calismada kullanilan uygulamalarin
yabanci otlarin hasat 6ncesi kuru biyomas
agirliklarina etkisini belirlemek amaciyla
elde edilen verilere uygulanan varyans
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analizi ve LSD c¢oklu karsilastirma test
sonuclart Tablo 8’de verilmistir. Tablo 8
incelendigi zaman, hem herbisit
uygulamalarinin hem de toprak isleme
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yontemlerinin yabanct otlarin hasat 6ncesi
kuru biyomas agirligint 6nemli derecede
etkiledigi goriilmektedir. Herbisit
uygulamalari iliskin ortalamalar
karsilastirildiginda, en diisiik yabanci ot
kuru biyomas agirli§i  otsuz control
parsellerinden sonra hem ¢ikis 6ncesi hem
de cikis sonrasi herbisitlerin uygulandigi
parsellerde  oldugu  gozlemlenmistir.
Yanlizca ¢ikis Oncesi ve yanlizca c¢ikis
sonrast herbisit uygulamalar1 arasindaki
farkin istatiki anlamda o6nemli olmadig:
gozlenmistir. Herbisitlerin  uygulandigi
parseller yabanci ot kontroliine yo6nelik
herhangi bir islemin yapilmadig1 otlu
kontrol parselleriyle kiyaslandigi zaman,

herbisitlerin hem ¢ikis 6ncesi hem de ¢ikis
sonrasi birlikte uygulandig1 parsellerdeki
yabanci ot kuru biyomas agirhiginin % 85
oraninda, ¢ikis dncesi uygulamalarda % 68,
cikis sonrast uygulamalarda ise % 58
oraninda daha az oldugu goriilmistiir.
Yabanci ot kuru biyomas agirligina etkisi
yoniinden toprak isleme uygulamalari
karsilastirildiginda,  kulakli  pullugun
kullanildig1  geleneksel toprak isleme
uygulamasinda yabanct ot kuru biyomas
agirliginin en diisiik oldugu, diskli tirmik ve

toprak  islemesiz ~ dogrudan  ekim
uygulamalar1 arasindaki farkin istatistiki
olarak O6nemsiz oldugu Tablo 8’de
goriilmektedir.

Tablo 8. Toprak isleme ve herbisit uygulamalarinin hasat dncesi yabanci ot kuru agirligina etkisi (g

m?)
Herbisit 2022 2023 Ortalama
uygulamalari KPK DT DE KPK DT DE (Herbisit)
coO 28.08 58.99 39.11 18.04 51.43 66.30 41.83b
CS 26.27 78.12 62.63 37.07 49.13 107.64 57.16 b
cO+CS 13.65 26.94 15.49 17.03 10.31 38.01 19.39¢
Kontrol (otsuz) 0 0 0 0 0 0 od
Kontrol (otlu) 114.80 157.09 126.06 88.46 137.70 179.97 132.37a
Ortalama (Yillar) 36.30 38.57
Toprak isleme " _ Herbisit uygulamalari Ortalama
Uygulamalar cO CcS CO+CS Kontrol (Otsuz) Kontrol (Otlu) (Toprak isleme)
KP+K 22.79 31.44 15.29 0 101.20 24.99b
DT 55.15 62.79 18.01 0 147.24 41.96a
DE 51.83 83.63 25.54 0 151.82 47.27a
Varyans Analizi
Varyasyon kaynaklari Serbestlik derecesi Kareler ortalamasi
Yil 1 0.76ns
Hata 1 4 13.34
Toprak isleme 2 28.89*
Hata 2 8 401
Herbisit 4 286.22**
Yil*Toprak isleme 2 14.93
Yil*Herbisit 4 0.21
Toprak isleme*herbisit 8 3.63
Yil*Toprak isleme*Herbisit 8 1.84
Hata 48 2.94
Genel 89
Degisim katsayis1 (%) 27.82

KP+K, Kulakli Pulluk+Kiiltiivator; DT, Diskli Tirmik; DE, Dogrudan Ekim; CO, Cikis Oncesi Herbisit Uygulama; ¢S, Cikis Sonras1 Herbisit Uygulama; *,

%5 Seviyesinde Onemli; ¥*, %1 Seviyesinde Onemli; ns, Onemli Degil.

Arpa hasadi sonrasi ikinci {irlin olarak
ekilen misirin  ortalama dekara tane
verimleri gozoniine alindiginda herbisit
uygulamalarinin ve yillarin misirin tane
verimini onemli derecede etkiledigi, toprak
isleme yoOntemleri arasinda farkliliklarin
istatiksel olarak  Onemsiz  oldugu
saptanmigstir. Ayrica ¢alismada yil, herbisit,
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toprak isleme uygulamalar1 arasindaki tiim
interaksiyonlarin istatistiksel olarak
onemsiz oldugu goriilmiistiir (Tablo 9).
Yillar  karsilastirlldigi ~ zaman, 2022
yilindaki misirin tane veriminin (1089.90
kg/dekar) 2023 yilinda elde edilen
verimden (472.89 kg dekar') &nemli
diizeyde daha yiiksek oldugu Tablo 9°da
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goriilmektedir. 2023’te toprak yiizeyinde
bulunan aniz miktarinin fazla olmasindan
dolay1 ekim mibzerinin tohumlar1 esit
dagitamamasi ve bunun sonucunda bitki
¢ikislarinin az olmasi ve bdcek zararindan
dolay1 verimde diisiis meydana gelmistir.
Birim alandaki en yiiksek tane verimi, hem
c¢ikis Oncesi hem de c¢ikis sonrasi
herbisitlerin uygulandigi parsellerde oldugu
gozlemlenmistir. Herbisitlerin uygulandigi
parseller yabanci ot kontroliine yonelik
herhangi bir islemin yapilmadigi otlu
kontrol parselleriyle kiyaslandigi zaman,
herbisitlerin hem ¢ikis 6ncesi hem de ¢ikis
sonras1 birlikte uygulanmasi misirin tane
verimini % 41.26 oraninda artirirken,
sadece ¢ikis Oncesi herbisit uygulamasi %
22, sadece ¢ikis sonrasi uygulamalarda ise
% 21 dolaylarinda iiriin verimini artirdigi
goriilmiistiir. ki yillik birlesik analiz
sonuglari, ikinci {iriin tane verimine etkisi
yonlinden toprak isleme yoOntemleri
arasinda istatiki anlamda 6nemli diizeyde
farkliliklarin =~ olmadigmi  gdstermistir.
Ortalama tane verimi, kulakl
pulluk+kiiltivatér uygulamasinda 746.82

kg/dekar, diskli tirmik uygulamasinda
796.40 kg dekar-1, toprak islemesiz
dogrudan ekim yonteminde ise 800.95
kg/dekar olarak belirlenmistir. Farkli
arastiricilar  toprak isleme yoOntemlerinin
irtin ~ verimi  lzerindeki  etkilerini
belirlemeye yonelik yirtttiikleri
calismalarda  farkli sonuclar  elde
etmislerdir. Zeren ve ark. (1993), Yal¢in ve
ark. (2003), So ve ark. (2009) gibi bir¢ok
arastirict  ikinci {irlin - misir  tariminda
minimum toprak isleme yoOntemleri veya
dogrudan ekim uygulamalarinin basariyla
uygulanabilecegini belirlerken, Korucu ve
ark. (2004), Arora ve ark. (1991), Kersten
ve Hack (1991) toprak islemesiz dogrudan
ekim yonteminde iirlin veriminin pullugun
kullanildig1  geleneksel toprak isleme
yontemlerindekinden daha diisiik oldugunu
gozlemlemislerdir. Bu  calismalardaki
sonuclarin farkliligi, caligmalarin
yuriitiildigli iklim ve toprak ozelliklerin
farkli olmasit yaninda, kullanilan ekim
makinasi, aniz yOnetimi ve kiiltiirel
islemlerin farkli olmasindan kaynaklanmig
olabilir.

Tablo 9. Toprak isleme ve herbisit uygulamalarinin ikinci iiriin misir tariminda tane verimine etkisi,

kg dekar?
Herbisit 2022 2023 Ortalama
uygulamalari KP+K DT DE KP+K DT DE (Herbisit)
coO 1103 1117 1173 400 370 479 773.60 b
CS 1120 1040 958 424 501 552 765.98 b
cO+CSs 1077 1362 1274 589 518 534 892.34 a
Kontrol (otsuz) 1161 1206 1076 559 504 553 843.40b
Kontrol (otlu) 618 1068 996 415 278 415 631.64c
Ortalama (Yillar) 1089.90 a 472.89 b
Toprak isleme Herbisit uygulamalar: Ortalama
Uygulamalari cO CS CO+CS Kontrol (Otsuz) Kontrol (Otlu) (Toprak isleme)
KP+K 752 773 833 860 517 746.82
DT 743 770 940 855 673 796.40
DE 826 755 904 815 705 800.95

Varyans Analizi

Varyasyon kaynaklari

Serbestlik derecesi

Kareler ortalamasi

Yil

Hata 1

Toprak isleme

Hata 2

Herbisit

Yil*Toprak isleme
Yil*Herbisit

Toprak isleme*herbisit
Yil*Toprak isleme*Herbisit
Hata

Genel

o
PPN~ ON AR

8565780**
625546
27048.2ns
33869.6
174942**
69060.8 ns
31968.2 ns
17093.7 ns
39450.1 ns
24882

Degisim katsayisi (%)

20.10

KP+K, Kulakli Pulluk+Kiiltiivator; DT, Diskli Tirmik; DE, Dogrudan Ekim; CO, Cikis Oncesi Herbisit Uygulama; ¢S, Cikis Sonras1 Herbisit Uygulama; *,

%5 Seviyesinde Onemli; **, %1 Seviyesinde Onemli; ns, Onemli Degil.
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4. Sonuclar

Farkli toprak isleme ve herbisit
uygulamalarinin arpa hasadi sonrasi ikinci
tirlin misir tariminda yabanci ot yogunlugu
ve tane verimi iizerine olan etkilerinin
belirlendigi bu ¢alismanin sonuglarina gore;
Yabanc1 ot kontroliine yonelik herhangi bir
islemin  yapilmadigt  otlu  kontrol
parselleriyle kiyaslandigi zaman, herbisit
uygulamalarinin hem toplam yabanci ot
yogunlugunu hem de yabanci otlarin toplam
kuru biyomas agirligim1 6nemli diizeyde
azalttig1 gorilmiistiir. Herbisitlerin  hem
c¢ikis Oncesi hem de c¢ikis sonrasi
uygulanmast durumunda yabanci otlarin
yogunluklar1 ve biyomas agirliklarinin
diger uygulamalara gore daha diisiik, tane
veriminin ise daha yiiksek oldugu tespit
edilmistir. Toprak isleme uygulamalarinin
yabanci ot yogunlugu ve verim {izerindeki
etkileri  Onemsiz  olurken,  Kulaklh
pulluk-+kiiltiivator uygulamasindaki,
yabanci ot kuru biyomas agirliginin daha
diisiik oldugu goriilmiistiir.

Sonug¢ olarak, bu calismadaki bulgular
deneme alanina benzer toprak ve iklim
kosullarinda arpadan sonra ikinci iiriin misir
tariminda dogrudan aniza ekim ydnteminin
kullanilabilecegini gostermektedir.

Yazar Katkis1

Makalenin hazirlanmasinda yazarlar esit

katkida  bulunduklar1 ve  makalenin
yaymlama  asamasinda  son  halini
gordiiklerini/okuduklarini ve

onayladiklarini beyan ederler.
Cikar Catismasi

Yazarlar herhangi bir ¢ikar g¢atismasi
olmadigini beyan etmektedirler.

Aciklama

Bu ¢alisma ilk yazarin ‘Ikinci Uriin Misir
Tarmminda Uygulanan Farkli Toprak Isleme
Yontemlerinde Siirdiriilebilir Yabanci Ot
Kontrol ~ Olanaklarinin ~ Arastirilmas1’
bashkli yazim asamasindaki doktora
tezinden tiretilmistir.
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Ozet

Alic meyvesi (Crataegus spp.), genis bir etnobotanik gegmise ve geleneksel kullanima sahip olup, 6zellikle kalp sagligini
destekleyici 6zellikleriyle taninmaktadir. Tarih boyunca farkli kiiltiirlerde halk hekimliginde kalp ritmini diizenlemek, kan
dolasimimni iyilestirmek, sindirim sorunlarini hafifletmek ve bagisiklik sistemini giiclendirmek amaciyla yaygin sekilde
kullanilmigtir. Modern bilimsel aragtirmalar ise alicin igerdigi flavonoidler, fenolik bilesikler, triterpenoidler ve
proantosiyanidinler gibi biyoaktif bilesiklerin gii¢lii antioksidan, anti-inflamatuar ve kardiyovaskiiler saghgi destekleyici
ozelliklerini dogrulamaktadir. Bu nedenle, ali¢ meyvesi fonksiyonel gidalar ve dogal saglik iirtinlerinde yiiksek bir kullanim
potansiyeline sahiptir. Alig meyvesi, diinya genelinde ve oOzellikle Tiirkiye’de 6nemli bir etnobotanik degere sahiptir.
Tiirkiye’nin ¢esitli bdlgelerinde alig, yiiksek tansiyonu diisiirmek, sindirim problemlerini hafifletmek, kan dolagimin
iyilestirmek ve sakinlestirici bir etki yaratmak amaciyla kullanilmaktadir. Anadolu kiiltiiriinde alig, sadece bir gida maddesi
degil, ayn1 zamanda saglik kaynag olarak goriiliir. Ozellikle kalp saghgin destekleyici, bagisiklik sistemini giiglendirici ve
metabolik dengeyi koruyucu etkileri 6n plana ¢ikmaktadir. Bu ¢alisma, ali¢ meyvesinin antioksidan kapasitesinin oksidatif
stresi azaltici etkilerini ve hiicre saghigmi destekleyici 6zelliklerini ele almakta ve modern saglk {iriinleri ile fonksiyonel
gidalarda dogal bir bilesen olarak kullanim potansiyelini incelemektedir. Ancak alicin saglik tizerindeki olumlu etkilerinin daha
kapsamli anlasilabilmesi icin ek arastirmalar gerekmektedir. Ozellikle alicin giivenli ve etkin doz araliklarinmn belirlenmesi,
biyokimyasal etkilerinin aydinlatilmas1 ve kanser gibi ciddi hastaliklardaki potansiyel roliiniin arastirtlmasi biiyiik dnem
tagimaktadir. Alig, cay ve kapsiil formlarinda kalp sagligini destekleyici olarak kullanilabilecegi gibi, kurutulmus meyve veya
regel olarak tiiketildiginde dogal bir antioksidan katkis1 saglar. Geleneksel tiiketim bi¢imleri olan pekmez, sirke ve marmelat
gibi tiriinler de bagigiklik sistemini destekleyen saglikli bir diyetin pargasi olarak dnerilmektedir.

Anahtar Kelimeler: Kalp sagligi, geleneksel kullanim, antioksidan 6zellikler, besin degeri

Ethnobotany, Medicinal and Nutritional Potential of Hawthorn (Crataegus spp.) Fruit

Abstract

Hawthorn fruit (Crataegus spp.) has a broad ethnobotanical history and traditional use, primarily recognized for its heart health-
supporting properties. Throughout history, it has been widely utilized in various cultures’ folk medicine to regulate heart
rhythm, improve blood circulation, alleviate digestive issues, and strengthen the immune system. Modern scientific studies
further validate these traditional uses by confirming that hawthorn’s bioactive compounds, including flavonoids, phenolic
compounds, triterpenoids, and proanthocyanidin, provide potent antioxidant, anti-inflammatory, and cardiovascular-supporting
benefits. Consequently, hawthorn fruit holds significant potential as a natural ingredient in functional foods and health products.
Hawthorn fruit is particularly valued for its ethnobotanical importance worldwide and especially in Turkey. In many Turkish
regions, it is employed for its ability to lower high blood pressure, soothe digestive problems, enhance blood circulation, and
provide a calming effect. In Anatolian culture, hawthorn is regarded not only as a food but also as a source of health. Its
contributions to heart health, immune system enhancement, and metabolic balance are particularly emphasized. This study
examines the antioxidant properties of hawthorn fruit, its effects on reducing oxidative stress, and its cell health-supporting
attributes, with an evaluation of its potential as a natural component in modern health products and functional foods. However,
further research is required to thoroughly understand the beneficial effects of hawthorn fruit on health. Specifically, determining
safe and effective dosage ranges, elucidating its biochemical effects, and exploring its potential role in serious conditions like
cancer are of paramount importance. Hawthorn can be consumed in forms such as tea and capsules to support cardiovascular
health, while dried fruit or jam offers a natural antioxidant boost. Traditional forms like molasses, vinegar, and marmalade are
also recommended as part of a health-supportive diet for immune system benefits.

Keywords: Cardiovascular health, traditional use, antioxidant properties, nutritional value, functional foods
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1.Giris

Alig meyvesi (Crataegus spp.), uzun bir
kullanim ge¢misine sahip, geleneksel tipta
onemli bir yere sahip olan bitkisel bir
tiriindiir. Ozellikle kalp ve damar saglig
tizerindeki olumlu etkileriyle taninan alig,
farkli kiiltiirlerde halk sagligin
desteklemek amaciyla siklikla
kullanilmaktadir (Chang ve ark., 2002;
Bahorun ve ark., 2003). Alicin temel
biyoaktif bilesenleri olan flavonoidler ve
fenolik bilesikler, antioksidan Ozellikleri
sayesinde kardiyovaskiiler sagligin
korunmasinda 6nemli katkilar sunmaktadir
(Nazhand ve ark., 2020). Tiirkiye’de "kalp
dostu™ olarak bilinen ali¢, halk arasinda
kalp  rahatsizliklarinin ~ hafifletilmesi
amactyla yaygin olarak tiiketilmektedir
(Walker ve ark., 2006) (Sekil 1).

Alicin besin degeri de oldukga yiiksektir;
C ve E vitaminleri, potasyum, magnezyum
gibi minerallerin yan1 sira diyet lifleri
igermesi, onu yalnizca saghgi destekleyici
bir gida olarak degil, ayn1 zamanda gida
endiistrisinde fonksiyonel bir bilesen olarak
da degerli kilmaktadir (Alirezalu ve ark.,
2020). Bu nedenle, gida takviyelerinde ve
dogal ilaclarda sik¢a kullanilan bir bilesen
haline gelmistir.

Bu calismada ali¢ meyvesinin tarihsel ve
etnobotanik Onemi, tibbi Ozellikleri ve
besinsel potansiyeli incelenmistir. Mevcut
literatlirlin  gozden gegirilmesiyle, alicin
halk sagligma katkilar1 ve genis bir

yelpazeye yayilan kullanimlari ele alinarak
bu bitkinin gelecekteki arastirmalarda daha
iyi  anlagitlmasma  katki  sunulmasi
amaglanmaktadir.

2. Etnobotanik Ozellikler
2.1 Kiiltiirel ve geleneksel kullanimi

Alig meyvesi (Crataegus spp.), tarih
boyunca hem Tiirkiye'de hem de diinya
genelinde geleneksel tipta yaygin olarak
kullanilan bir bitki olmustur. Tiirkiye nin
farkl1 bolgelerinde alig, kalp saglhigini
destekleme ve yliksek tansiyonu diigiirme
gibi sorunlarda dogal bir tedavi arac1 olarak
kullanilmaktadir. Ozellikle kirsal
kesimlerde, kalp carpintisi, anksiyete ve
sindirim sorunlarim1 hafifletmek icin ali¢
tiiketimi yaygindir (Altundag ve Oztiirk,
2011).  Tirkiye’de  alig  genellikle
kurutulmus halde tiiketilirken, ali¢ regeli,
pekmezi ve ¢ay1 gibi lirlinleri de yaygindir.
Alig cay1, Ozellikle sakinlestirici etkisi
nedeniyle stres ve uyku sorunlar1 yasayan
bireyler tarafindan tercih edilmektedir

(Sekil 1).

Avrupa’da ise alig, Orta Cag’dan bu
yana kalp saghgmna katkis1 oldugu
distintilerek  kullanilmigtir.  Almanya,

Fransa ve Ingiltere gibi iilkelerde kalp
carpmtisy, kan dolasimi problemleri ve
anksiyete gibi rahatsizliklarin tedavisinde,
alig igerikli bitkisel ilaclar kullanilmigtir
(Fong, 2008).

Sekil 1. Alig bitki ve meyvesinden yapilan genis iiriin desenine ait 6rnekler
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Cin’de ise alic meyvesi, sindirim
sorunlari, yiiksek kan basinct ve damar
sertlesmesine karsi geleneksel Cin tibbinda
onemli bir yere sahiptir (Li ve ark., 2023).
Alig, Cin mutfaginda kurutulmus formda
veya tatlilarda kullanildig1 gibi, ali¢ sarabi
gibi iceceklerin yapiminda da tercih
edilmektedir.

Alig’in tiim bu geleneksel kullanimlari,
modern tipta  yapilan arastirmalarla
desteklenmis ve bitki, kalp ve damar saglig1
ile sindirim sorunlar1 gibi alanlarda bitkisel
tedavi seceneklerinde yerini almistir (Zhang
ve ark.,, 2001). Bu ozellikleri, alig
meyvesini diinya genelinde hem kiiltiirel
hem de tibbi agidan degerli bir bitki haline
getirmistir.

2.2. Kullanim yontemleri

Alig  meyvesi, Tirkiye ve diinya
genelinde ¢esitli sekillerde tiiketilmektedir.
Taze, kurutulmus, cay, regel, surup veya
pekmez gibi formlar1 halk arasinda yaygin
olarak tercih edilmektedir. Her bir kullanim
seklinin kendine 6zgii yararlar1 bulunmakta
ve farkli saglik sorunlari igin tercih
edilmektedir.

Taze Alig Meyvesi: Taze alig, bagisiklik
sistemini destekleme, enerji saglama ve
genel sagligi koruma amaciyla dogrudan
tiikketilebilir.

Kurutulmus Alig¢ Meyvesi: Kurutulmusg
alig, yaygin bir tiiketim seklidir ve uzun
stire saklanabilir.

Alig Cay1: Alig ¢ay1, kurutulmus meyve
veya yapraklarin demlenmesiyle elde edilir.

Ali¢ Receli ve Surubu: Aligtan yapilan
recel ve suruplar, Tiirkiye’de ve diinya
genelinde  tatlandirici  olarak  tercih
edilmektedir.

Alig  Pekmezi: Tirkiye’de ozellikle
Anadolu’da ali¢ pekmezi, enerji verici ve
kan yapici 6zellikleri ile bilinir.

Ali¢ Sirkesi: Anadolu’da alig¢ sirkesi en
kaliteli sirke olarak tanimlanmaktadir.
Kullanimi1 yaygindir.

Ekstrakt ve Tablet Formlari: Alig
meyvesinin sagliga faydalar1 nedeniyle
ekstre ve tablet formundaki {iriinleri de
gelistirilmistir. Bu friinler, ozellikle kalp

1032

sagligin1 desteklemek amaciyla kullanilan
Ali¢’in  biyoaktif bilesenlerini  yiiksek
konsantrasyonda sunar (Bahorun ve ark.,

2003).
Alig meyvesinin bu farkli kullanim

yontemleri, kalp ve damar saghgini
desteklemekten sindirim  sorunlarini
hafifletmeye kadar genis bir saghk

yelpazesi sunar. Geleneksel tipta oldugu
kadar modern saglik uygulamalarinda da
yer bulan alig, halk saglig1 acisindan 6nemli
bir bitkisel destek olarak
degerlendirilmektedir.

3. Bolgesel Cesitlilik

Alig meyvesi (Crataegus spp.), Tirkiye
ve diinya genelinde genis bir cografi
yayilima sahip olup, farkli kiiltiirlerde
cesitli amaglarla kullanilan ¢ok yonlii bir
bitkidir. Bolgelere gore farkli tiiketim
sekilleri ve geleneksel kullanim alanlari
bulunan alig, her cografyada kendine 6zgii
sifa amaclar1 ve tliketim aliskanliklariyla
one ¢ikmaktadir.

Tiirkiye: Tiirkiye’nin ¢esitli bolgelerinde
alic meyvesi, geleneksel tipta yaygin bir
sekilde kullanilir. Kuzey ve I¢ Anadolu’da
halk arasinda "yaban elmasi" veya "yabani
erik" olarak bilinen alig, kalp saglhigini
desteklemek amaciyla siklikla tiiketilir
(Gercek ve ark., 2023). i¢ Anadolu’da

kurutulmus aligc meyvesi, tansiyonu
diizenlemek  amaciyla  ¢ay  olarak
demlenirken; Akdeniz bolgesinde recel,
pekmez ve surup yapilarak tiiketilir.
Glineydogu  Anadolu’da  alig, mide

sorunlarma kars1 faydali olarak goriiliir ve
sindirim sistemini desteklemek amaciyla
kullanilir. Baz1 bolgelerde ali¢ yapraklari ve
cicekleri de c¢ay olarak hazirlanarak
tilketilmektedir.

Avrupa: Alig, Avrupa’da Orta Cag’dan
bu yana kalp sagligin1 koruma ve dolasim
sistemi sorunlarint hafifletme amaciyla
kullanilan bir bitkidir. Almanya, Fransa ve
Ingiltere gibi iilkelerde kalp ritmini
diizenleme ve kan dolagimimi iyilestirme
amaciyla tercih edilen ali¢, giiniimiizde
tablet ve kapsiil formunda bitkisel takviye
olarak da  yaygm bir sekilde
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kullanilmaktadir (Fong, 2008). Almanya’da
alig bazli bitkisel ilaglar, kalp saghigini
destekleyici 6zellikleri nedeniyle resmi
olarak tibbi preparat olarak kabul edilmistir.
Ayrica, Avrupa’nin bazi bolgelerinde ali¢
cigekleri kurutularak sakinlestirici etkisi
nedeniyle ¢ay olarak da tiiketilir.

Cin ve Asya: Alig, Cin’de geleneksel Cin
tibbinda dnemli bir yere sahiptir. Ozellikle
sindirim sorunlari, yiliksek tansiyon ve
dolasim sistemi rahatsizliklarinda kullanilir.
Cin halki, alic meyvesini yemeklerden
sonra sindirimi kolaylastirmak i¢in ¢ay ya
da sekerli tatlilar olarak tiiketir (Li ve ark.,
2023). Cin’de "hawthorn berry wine" adiyla
bilinen ali¢ sarabi, sindirim sagligini ve kan
dolasimini destekleyici etkileriyle iiretilir.
Japonya ve Kore gibi Asya iilkelerinde de
benzer sekilde, alig meyvesi sindirim
sistemi saghgini destekleyici ve enerji
verici Ozellikleri nedeniyle popiilerdir.

Kuzey Amerika: Kuzey Amerika’da alig,
yerli halklar tarafindan yiizyillardir g¢esitli
hastaliklarin tedavisinde kullanilmaktadir.
Kalp sagligima olan faydalari nedeniyle
tercih edilen alig, Kuzey Amerika nin farkli
bolgelerinde kalp ve dolagim saglhigim
desteklemek amaciyla tiiketilmektedir
(Foster ve Duke, 1990). Giiniimiizde Kuzey
Amerika’da alig, kalp sagligini destekleyici
bir bitkisel takviye olarak regetesiz
satilmakta ve halk arasinda yaygin olarak
kullanilmaktadir.

Orta Dogu ve Balkanlar: Orta Dogu ve
Balkanlar’da da alic meyvesi, g¢esitli
hastaliklarin tedavisinde kullanilmaktadir.
Balkan {ilkelerinde alig, kan basincini
diisiirme ve dolagimi iyilestirme amaciyla
geleneksel olarak tercih edilir. Balkan
mutfaginda recel, komposto veya surup
olarak kullanilirken; Orta Dogu’da ali¢
meyvesi kurutulmus formda cay veya
tathlarin icinde tiiketilir ve sindirimi
kolaylastirict etkileri nedeniyle tercih edilir
(Tsanova-Savova ve ark., 2022).

Bu bolgesel ¢esitlilik, alic meyvesinin
diinya genelinde yaygin bir kullanim
alanina sahip oldugunu ve her bolgenin bu
bitkiyi  kendi  kiiltirel ve  saglk
gereksinimlerine gore uyarladigini ortaya
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koymaktadir. Ali¢’in farkli cografyalarda
cesitlenen tiiketim sekilleri ve kullanim
amaglari, bitkinin kiiltiirel a¢idan ne kadar
degerli oldugunu gostermektedir.

4. Tibbi Potansiyeli

Alig meyvesi (Crataegus spp.), icerdigi
biyoaktif bilesenler (flavonoidler, fenolik
asitler, triterpenoidler gibi) sayesinde ¢esitli
farmakolojik etkiler sunar. Bu bilesenler,
antioksidan, anti-inflamatuar, kan basincini
diizenleyici  (antihipertansif) ve kalp
koruyucu (kardiyoprotektif) ozellikleriyle
kalp-damar sagligint ve genel sagligi
destekler. Giiniimiizde yapilan arastirmalar,
alicin kalp-damar saglig1 basta olmak iizere
bir¢cok saglik sorununda olumlu etkilerini
kanitlamaktadir.

Antioksidan  Etkiler:  Alig, yiiksek
antioksidan icerigi ile serbest radikalleri
notralize ederek hiicre hasarim1 Onler,
oksidatif stresi azaltir ve bagisiklik
sistemini destekler. Bu o6zellikler, kronik
hastaliklarin ~ (kanser,  diyabet, kalp
hastaliklar1 gibi) 6nlenmesine yardime1 olur
ve yaslanma siirecini geciktirir (Bahorun ve
ark., 2003; Nazhand ve ark., 2020).

Anti-inflamatuar Etkiler: Ali¢’in igerdigi
bilesikler, inflamatuar yaniti baskilayarak
iltihaplanmay1 azaltir. Bu 6zellik, romatoid
artrit ve kardiyovaskiiler hastaliklar gibi
kronik inflamasyonla iliskili durumlarda
alicm  yararhh  bir  destek  olarak
kullanilmasini saglar (Chang ve ark., 2002).

Antihipertansif Etkiler: Flavonoidler
sayesinde ali¢, kan damarlarin1 genisletir ve
kan akisim1 1yilestirerek kan basincim
diizenler. Bu etkisi, alicin dogal bir tansiyon
dengeleyici  olarak  halk  arasinda
kullanimin1 yaygilastirmistir (Walker ve
ark.,2006).

Kardiyoprotektif Etkiler: Alig, kalp kasi
iizerindeki stresi azaltarak kalp
fonksiyonlarim1 destekler, oksijenlenmeyi
artinr ve gogis agris1 (angina), kalp
yetmezIligi, aritmi  gibi  durumlarin
yonetiminde faydalidir. Klinik caligmalar,
diizenli ali¢ tiikketiminin carpinti  ve
anksiyete gibi semptomlari
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hafifletebilecegini gdstermektedir (Koch ve
Malek, 2011; Chang ve ark., 2002).

5. Biyolojik Aktiviteler

Alic meyvesi, icerdigi flavonoidler,
fenolik  bilesikler, triterpenoidler ve
proantosiyanidinler gibi biyoaktif

maddelerle pek ¢ok biyolojik etki saglar. Bu
bilesenler kalp-damar sagligin1 korur,
inflamasyonu azaltir, bagisiklig1 giiclendirir
ve yaslanma karsit1 faydalar sunar.

Flavonoidler: Quercetin, hyperoside,
rutin ve vitexin gibi flavonoidler, giiclii
antioksidan o6zellikleriyle serbest radikalleri
yok ederek hiicreleri korur, kalp-damar
hastaliklari riskini azaltir (Bahorun ve ark.,
2003).

Fenolik Bilesikler: Klorojenik asit ve
proantosiyanidinler gibi fenolik bilesikler,
antioksidan kapasiteyi artirarak kronik
hastaliklarin (kanser, diyabet) 6nlenmesine
katkida bulunur ve bagisiklig1 giiclendirir
(Nazhand ve ark., 2020).

Triterpenoidler: Ursolik asit, oleanolik
asit ve betulinik asit gibi bilesikler,
iltihaplanmay1  azaltarak  artrit ~ gibi
hastaliklarda yarar saglar ve bazi kanser
tirlerine kars1 koruma sunar (Alirezalu ve
ark.,2020).

Proantosiyanidinler: Damar saglhigin
destekleyerek hipertansiyon ve damar
tikanikligin1  Onler, aym1 zamanda cilt
sagligin destekleyerek yaslanma
belirtilerini azaltir (Chang ve ark., 2002).

5.1. Yan etkiler ve giivenlik

Aligc meyvesi, genellikle gilivenli kabul
edilen bir bitkisel destek olmasina ragmen,
asir1 veya yanlis kullanimi bazi yan etkilere
yol agcabilir. Ozellikle kardiyovaskiiler

sistem tlizerinde etkili olan alig, bazi
ilaglarla etkilesime girebilir, bu nedenle
dikkat edilmesi gereken durumlar sunlardir:

Hipotansiyon Riski: Tansiyon diisiirticii
etkisi nedeniyle, tansiyon ilaglariyla birlikte
ali¢ tiiketimi, kan basincinda asir1 diisiise
yol acabilir. Bu durumda ali¢ kullanmadan
once doktora danisilmalidir (Pittler ve ark.,
2003).

Kalp ilaglariyla Etkilesim: Kardiyotonik
ilaglarla birlikte ali¢ kullanimi, kalp ritim
diizensizliklerine sebep olabilir. Kalp ilaci
kullanan bireyler, ali¢ iiriinlerini doktor
gbzetiminde kullanmalidir (Chang ve ark.,
2002).

Sindirim Sistemi Yan Etkileri: Asir1 alig
tiketimi mide bulantis1 ve ishal gibi
sindirim sorunlarina yol acabilir. Bu etkiler
genellikle tiikketim miktarinin azaltilmasiyla
diizelir (Bahorun ve ark., 2003).

Alerjik  Reaksiyonlar:  Alig, baz
bireylerde alerjik reaksiyonlara yol agabilir;
bu nedenle ilk tiiketimde diisilk dozlar
onerilir.

Hamilelik ve Emzirme: Hamile veya
emziren kadinlarda ali¢ kullanimiyla ilgili
yeterli veri bulunmamaktadir; bu gruptaki
bireyler  doktor  tavsiyesi  almalidir
(Alirezalu ve ark., 2020).

Cocuklarda Kullanim: Cocuklarda alig
tiketimi  yiiksek  dozlarda  gilivenli
olmayabilir; kullanimi doktor Onerisine
dayal1 olmalidir.

Alig meyvesi, dikkatli ve dozaja uygun
kullanildiginda  genellikle giivenli  bir
takviye olarak kabul edilir. Ancak, hassas
blinyelerde  veya  yiliksek  dozlarda
tiikketildiginde yan etki riski
olusabileceginden, kullanmadan  Once
uzman goriisii almak 6nemlidir.

Tablo 1. Ali¢ meyvesinin besin igerikleri (USDA-Food Data Central)

Besin Ogesi 100 g Alic Meyvesi Besin Ogesi 100 g Ah¢ Meyvesi
Kalori 52 kcal Vitamin B2 (Riboflavin) 0.05 mg
Karbonhidrat 11.3 ¢ Vitamin B3 (Niasin) 0.3mg

Lif 2240 Potasyum 300 mg
Seker 6.4 Kalsiyum 25 mg
Protein 09a Demir 0.9 mg

Yag 0.4q Magnezyum 18 mg
Vitamin C 90 mg Fosfor 30 mg
Vitamin A 2ug Cinko 0.15mg
Vitamin B1 (Tiamin) 0.044q

1034



Mustafa ve ark.

6. Besin Icerigi

Alig meyvesi (Crataegus spp.), zengin
besin igerigiyle saglikli bir gida ve besin
destegi olarak 6ne ¢ikmaktadir. Icerdigi C
vitamini, mineraller, diyet lifleri ve
antioksidanlar, Ali¢’in bagisiklik sistemi
destekleyici, sindirimi diizenleyici ve
kardiyovaskiiler sagligi koruyucu
ozelliklerini gliglendirmektedir (Tablo 1).

6.1. Makro besin 6geleri

Karbonhidrat: Ali¢ meyvesi, ¢cogunlukla
dogal sekerlerden olusan karbonhidrat igerir
ve bu, enerji saglar. Lif agisindan zengin
olmas1 sayesinde sindirimi yavaslatir ve
tokluk hissi saglar (Li ve ark., 2023).

Lif:  Ozellikle ¢dziinmeyen lifler
acisindan zengin olan alig, bagirsak
hareketlerini diizenleyerek kabizligi onler
ve Kolesterol seviyesini dengelemeye
katkida bulunur (Alirezalu ve ark., 2020).

C Vitamini: Alig, yiiksek C vitamini
icerigiyle bagisikligi gii¢lendirir, viicudu
serbest radikallerden korur, cilt saglhigini
destekler ve demir emilimini artirarak
kansizlik riskini azaltir (Bahorun ve ark.,
2003).

B Vitaminleri: Alig, enerji
metabolizmasi ve sinir sistemi saglig1 i¢in
onemli olan B vitaminlerini igerir. Bu
vitaminler, hiicre yenilenmesini destekler
(Zhang ve ark., 2001).

A Vitamini: Aligta diisiik miktarda da
olsa A vitamini bulunur; gbéz sagligina
katkida  bulunur, bagisiklik sistemini
giiclendirir ve cilt sagligini korur.

Potasyum: Kalp sagligini1 destekler, kan
basincin1 diizenler ve kas fonksiyonlarini
tyilestirir (Walker ve ark., 2006).

Magnezyum: Sinir sistemi saglig1 ve kas
islevleri i¢in  Onemlidir. Kalp ritmini
diizenlemede de rol oynar.

Demir: C vitamini ile birlikte alindiginda
demir emilimini artirir ve kansizliga karsi
destek saglar.

Cinko ve Kalsiyum: Cinko bagisiklik
sistemini giiclendirirken, kalsiyum kemik
sagligini korur.
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6.2. Antioksidan bilesenler

Alig meyvesi (Crataegus spp.), sahip
oldugu cesitli antioksidan bilesenlerle
viicudu serbest radikallerin zararlarindan
koruyarak hiicre sagligini destekler ve
yaslanma siirecini yavaslatir. Ozellikle
flavonoidler, fenolik asitler, triterpenoidler
ve proantosiyanidinler gibi bilesikler, alicin
yiiksek antioksidan kapasitesinin temelini
olusturur.

Flavonoidler, quercetin, rutin, vitexin ve

hyperoside gibi bilesenlerle, viicutta
oksidatif stresin neden oldugu hiicre
hasarin1  azaltir, kalp-damar sagligim

destekler ve bagisiklik sistemini gii¢clendirir
(Bahorun ve ark., 2003). Fenolik asitler,
ozellikle klorojenik ve kafeik asit,
kardiyovaskiiler sagligi koruyarak kanser
gibi kronik hastaliklara kars1 koruma saglar
(Nazhand ve ark., 2020). Triterpenoidler,
ursolik ve oleanolik asit gibi bilesenlerle
iltihaplanmay1 Onleyici ve anti-timor
etkiler gosterir, bu da kalp sagligini ve genel
saglig1 destekler (Alirezalu ve ark., 2020).
Proantosiyanidinler ise damar saghgmi
koruyan ve cilt elastikiyetini artirarak

yaglanma  belirtilerini  azaltan  giiclii
antioksidanlar olarak bilinir (Zhang ve ark.,
2001).

Bu biyoaktif bilesenler sayesinde ali¢
meyvesi, hiicre sagliginm1 korur ve kronik
hastaliklara kars1 dogal bir destek sunar.

7. Diyet ve Saghk Iliskisi

Ali¢ meyvesi (Crataegus spp.), icerdigi
vitaminler, mineraller, lif ve antioksidan
bilesenler ile saglikli beslenmeye degerli bir
katki sunar. Dogal bir gida takviyesi olarak
giinliik diyete eklenebilen alig, ¢esitli saglik
yararlar1 saglayarak uzun vadeli sagligi
destekler ve bircok kronik hastaligin
onlenmesine yardimci olur.

7.1. Kalp ve damar saghg

Alig, kalp saghgmi  destekleyen
flavonoidler,  fenolik  bilesikler  ve
triterpenoidler agisindan zengindir. Bu
bilesenler kan damarlarin1 genisleterek kan
akisini iyilestirir, kan basincini diizenler ve

kalbe daha fazla oksijen saglar (Koch ve
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Malek, 2011). Bu etkiler, alicin yiiksek
tansiyon, damar sertligi ve kalp
hastaliklarinin ~ Onlenmesinde  faydali
olmasin1 saglar.

Ayrica, alic koti kolesterol (LDL)
seviyelerini dilistirmeye yardimci olurken
iyi kolesterol (HDL) seviyelerini artirabilir;
bu da kalp hastalig1 riskini azaltmada
onemli rol oynar (Walker ve ark., 2006).

7.2. Bagisikhk sistemi ve hastahiklara
kars1 koruma

Yiiksek C vitamini ve antioksidan igerigi
ile alig, bagisiklik sistemini gili¢lendirir. C
vitamini, bagisiklik hiicrelerinin islevini
destekleyerek viicudu enfeksiyonlara karsi
korur (Bahorun ve ark., 2003). Soguk
alginhigr  gibi  yaygin  hastaliklarin
onlenmesinde etkilidir.

Alig, serbest radikalleri notralize ederek
yaslanmay1 yavaglatir ve kansere Kkarsi
koruma saglar (Nazhand ve ark., 2020).

7.3. Sindirim sistemi saghgi

Alig, ¢oziiniir ve ¢oziinmez lif agisindan
zengindir ve sindirim sistemini destekler.
Lifli yapisi, bagirsak hareketlerini diizenler,
kabizlig1 6nler ve saglikli bir sindirim siireci
saglar (Li ve ark., 2023).

Mide saglhigini destekleyen alig, mide
asidini diizenleyerek siskinlik ve mide
agrisini hafifletir. Geleneksel Cin tibbinda
ali¢, sindirim sistemi sagligini iyilestirmek
i¢in yaygin olarak kullanilir.

7.4. Kan sekeri kontrolii ve diyabet
riski
Alig, kan sekeri seviyelerini

diizenlemeye yardimeci olabilir. Icerigindeki
bilesikler, insiilin duyarliligmi artirarak
diyabet riskini azaltmada destek saglar
(Chang ve ark., 2002).

Lifli yapisi, karbonhidratlarin
sindirimini ~ yavaglatarak kan  sekeri
dalgalanmalarim1  6nler, bu da diyabet
yonetiminde énemlidir.

7.5.
etkiler

Antioksidan ve anti-inflamatuar

Ali¢’in antioksidan kapasitesi, viicutta
iltihaplanmay1 azaltmaya yardimci olur.
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Antioksidanlar, hiicrelerdeki oksidatif stresi
azaltarak inflamasyonun Oniine geger; bu
durum diyabet, kalp hastaliklar1 ve kanser
gibi bircok hastaligin temel sebeplerinden
biridir (Alirezalu ve ark., 2020).

Alig aym1 zamanda yaslanma siirecini
yavaglatir, cilt sagligin korur,
kinisikliklarim - olusumunu  geciktirir  ve
cildin elastikiyetini artirir.

7.6. Giinliik diyete eklenmesi

Alig meyvesi taze, kurutulmus, cay,
recel, surup veya pekmez olarak giinliik
diyete kolayca eklenebilir. Lifli yapisi
sayesinde tokluk saglar, enerji verir ve
saglikli bir tatlandiric1 alternatifi olarak
tercih edilebilir.

Alig cayi, kalp saghigini destekleyici ve
sakinlestirici etkileri nedeniyle giinliik
diyetin bir parcasi olabilir. Antioksidan
kapasitesi  sayesinde,  gilinlik  c¢ay
aliskanliginiza saglikli bir alternatif sunar.
Alig meyvesinin diizenli tliketimi, saglikli
bir yasam tarzin1 destekleyerek uzun vadeli
saglhik  yararlart  sunar.  Antioksidan
kapasitesi, lif igerigi ve kalp-damar
sagligina yonelik olumlu etkileri sayesinde
alig, kronik hastaliklarin riskini azaltir ve
genel sagligi destekler.

8. Gida Endiistrisinde Kullanim

Ali¢ meyvesi (Crataegus spp.), besin
degerleri ve biyoaktif bilesenleri ile gida
endiistrisinde fonksiyonel bir bilesen olarak
genis kullanim alanina sahiptir.
Antioksidan, anti-inflamatuar,
kardiyovaskiiler sagligi destekleyici ve
sindirimi kolaylastirict 6zellikleri sayesinde
ali¢, fonksiyonel gidalar, besin takviyeleri
ve saglikli yasam {iriinlerinde tercih
edilmektedir. Saglikli {iriinlere artan talep
dogrultusunda Ali¢’in gida endiistrisindeki
rolii giderek 6nem kazanmaktadir.

8.1. Fonksiyonel gidalar

Alig¢ meyvesi, yiiksek antioksidan igerigi
sayesinde fonksiyonel gidalarda raf émriinti
uzatici rol oynar. Ali¢ 6zleri, meyve suyu,
enerji igecegi, yogurt ve smoothie gibi
saglikli iceceklerde sik¢a kullanilmaktadir
(Koch ve Malek, 2011). Hafif tatli tad1 ve
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diistik kalorisi ile alig, dogal bir tatlandirici
olarak da fonksiyonel gidalara eklenir.
Ozellikle organik ve dogal iiriinleri tercih
eden tiiketiciler i¢in alic katkili {iriinler
giderek daha popiiler hale gelmistir.

8.2. Fonksiyonel igcecekler ve caylar

Alig cayi, stres azaltici ve tansiyon
dengeleyici etkileri ile popiiler bir igecek
haline gelmistir. Bitkisel ¢cay karigimlarinda
kalp sagligmi destekleyen &zellikleri
nedeniyle siklikla kullanilir (Chang ve ark.,
2002). Alig ekstrakti veya ali¢ aromasi,
enerji icecekleri, probiyotik icecekler ve
soguk caylar gibi cesitli iceceklerde de yer
alir. Bu igecekler, sindirim sistemini
destekleyici ve bagisiklik giiclendirici
ozellikleri ile tiiketiciye saglik faydalar
sunar.

8.3. Besin takviyeleri

Alig¢ ekstraktlari, kapsiil ve tablet
formlarinda  besin  takviyesi  olarak
kullanilir. ~ Ogzellikle  kalp  saghgm

destekleme ve antioksidan oOzellikleriyle
bilinen ali¢ takviyeleri, diyetine dogal
destek eklemek isteyen bireyler arasinda
poptlerdir (Pittler ve ark.,, 2003). Bu
takviyeler kan dolasimmi iyilestirme,
tansiyonu dengeleme, stresi azaltma ve
bagisiklik sistemini giliclendirme  gibi
Ozellikleri ile o©ne ¢ikar ve oOzellikle
yaglanmaya baglh kalp-damar sorunlar
yasayan bireyler i¢in koruyucu rol oynar.

8.4. Recel, marmelat ve suruplar

Alig, dogal tatlandirici olarak recel,
marmelat ve surup gibi iiriinlerde kullanilir.
Ozellikle Tiirkiye’de geleneksel olarak
tilketilen ali¢ receli ve surubu, lezzetli
oldugu kadar saglikli bir alternatiftir (Li ve
ark., 2023).

Alig surubu, hafif tath yapisi ve sindirimi
kolaylagtirict 6zellikleriyle yemek sonrasi
tikketilir.  Endistriyel iiretiminde alig
kullanimi, saglikli ve dogal (irlinlere
yonelik artan talebi karsilar.

8.5. Atistirmalik ve firin iiriinleri

Alig, kurutulmus meyve veya piire
formunda atistirmaliklarda tercih edilir.
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Kurutulmus alig, enerji barlari, granola ve
findik karisimlarinda saglikli bir alternatif
olarak kullanilir. Antioksidan 6zellikleri ile
cilt saghgim destekleyici ve yaslanma
karsit1 etkiler saglar.

Alig piire veya kurusu, biskiivi ve kek
gibi firn {riinlerinde dogal bir tat ve
antioksidan katkis1 sunar; bdylece saglikli
atistirmalik se¢enekleri yaratir.

8.6. Gida koruyucu ve dogal antioksidan

Alig, gida endiistrisinde dogal bir
koruyucu olarak kullanilir. Antioksidan
ozelligi sayesinde oksidatif bozulmay1
yavaglatarak {irlinlerin raf Omriinii uzatir
(Nazhand ve ark., 2020). Ali¢ ekstrakti,
islenmis  gidalarda  koruyucu olarak
kullanilir ve kimyasal koruyuculara dogal
bir alternatif sunar. Kimyasal katkilardan
kacinmak isteyen tiiketiciler i¢in ali¢ katkili
tiriinler ideal bir secenek haline gelmistir.

Aligc meyvesi, saglikli yasam talebini

karsilayan fonksiyonel gidalardan
takviyelere, recel ve atistirmaliklardan
iceceklere kadar genis bir yelpazede

tiikketiciye sunulmaktadir. Bu 6zellikleri ile
alig, dogal ve besleyici bir secenek olarak
gida endiistrisinde 6nemli bir bilesen olarak
one ¢ikmaktadir.

9. Sonu¢ ve Oneriler

Alig  meyvesi (Crataegus  spp.),
etnobotanik mirasi, tibbi faydalar1 ve zengin
besin icerigi ile kiiltiirel ve tarihsel olarak
onemli bir bitki olup, geleneksel halk
hekimliginde kalp sagligini destekleme,
sindirim sorunlarint hafifletme ve genel
saglhig iyilestirme amaciyla uzun yillardir
kullanilmaktadir. Modern bilimsel
arastirmalar da alic meyvesinin saglik
tizerindeki olumlu etkilerini desteklemekte;
ozellikle flavonoidler, fenolik bilesikler,
triterpenoidler ve proantosiyanidinler gibi
biyoaktif bilesenlerin antioksidan ve anti-
inflamatuar  6zellikleri ile kalp-damar
sagligim ve bagisiklik sistemini
giiclendirdigi bulgusuna ulasilmaktadir. Bu
ozellikleri sayesinde alig, fonksiyonel
gidalar ve saglik destek iirlinlerinde tercih
edilerek saglikli yasami destekleyen dogal
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bir bilesen olarak 6ne ¢ikmaktadir. Alig’in
saglik lizerindeki olumlu etkilerini daha iyi
anlamak i¢in kapsamli ¢aligmalara ihtiyag
vardir. Ozellikle giivenli ve etkin doz
araliklariin  belirlenmesi, biyokimyasal
etki mekanizmalarinin ayrintili  olarak
incelenmesi ve alicin kanser gibi ciddi
hastaliklar tizerindeki potansiyel etkilerinin
arastirilmasi oncelikli konular arasinda yer
almalidir. Ayrica, diizenli alig¢ tiikketiminin
metabolik saglik ve bagisiklik sistemi
tizerindeki  uzun  vadeli  etkilerini
degerlendiren ¢aligmalar da ali¢ meyvesinin
saglik lizerindeki yararlarin1 daha net bir
sekilde ortaya koyabilir. Ali¢ meyvesini
giinliik yasama dahil etmek isteyenler icin
cesitli uygulama Onerileri bulunmaktadir.
Kalp saghigimi desteklemek amaciyla alig
cayr veya kapsiil formunda tiiketimi
Onerilirken, kurutulmus meyve ya da regel
olarak diyetin bir pargast haline getirilmesi
dogal bir antioksidan kaynagi sunmaktadir.
Stres ve uyku diizenine katkida bulunmak
icin aksamlar1 ali¢ cayr tiiketimi yararh
olabilir. Ayrica, ali¢ meyvesinin dogal bir
koruyucu olarak fonksiyonel gidalar ve
saglik takviyelerinde yer almasi, iirlinlerin
raf Omriinli uzatma ve saglikl bir alternatif
saglama acisindan Onemlidir. Geleneksel
tilketim bigimleri olan ali¢ pekmezi, sirke
ve marmelat gibi {riinler de bagisiklik
sistemini desteklemek amaciyla giinliik
diyete dahil edilebilir. Ali¢ tiim triinleri ile
saghikli yasamin desteklenmesinde ve
cesitli saglik sorunlarinin Onlenmesinde
degerli bir bilesen olarak  dikkat
c¢ekmektedir. Bununla birlikte, alicin tibbi
etkilerinden tam anlamiyla yararlanabilmek
icin bireylerin tiiketim sekli ve miktarina
O0zen gostermeleri, gerektiginde uzman
goriisine basvurmalart onerilmektedir. Bu
bilingli yaklasim, Ali¢’in saglik tizerindeki
potansiyel yararlarmin en st diizeye

cikarilmasina  ve  toplum  sagliginin
tyilestirilmesine onemli katkilar
saglayabilir.
Yazarlarin katki beyam

H.JM.M Derlemenin makaleye

doniistiiriilmesinde katkida bulunmustur.
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AY: Derlemenin planlanmasi, arastirilmasi
ve  makalenin  yaziminda  katkida
bulunmustur. LD: Derlemenin etnobotanik
ve halk hekimligi kisimlarmin yaziminda
katkida bulunmustur.

Cikar catismasi

Makale yazarlar aralarinda herhangi bir
cikar ¢atismasi olmadigini beyan ederler.
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Abstract

Hemocytes are specialized hemolymph cells found in insects, responsible for a variety of important physiological
functions such as immunity, wound healing, and the regulation of the insect's circulatory system. The study of
insect hemocytes has become increasingly important in recent years due to the emergence of insect-borne diseases
and the need to develop new strategies for insect control. Understanding the biology of insect hemocytes has the
potential to lead to the development of novel insecticides and strategies for controlling insect-borne diseases. The
aim of this study was to examine the hemocytes in Lepisma saccharina to determine if there were any variations
in the types of hemocytes present among ametabolous and holometabolous insect or in comparison to other
arthropods. Hemolymph of L. saccharina collected and hemolymph smears were stained with Wright’s stain. In
adult L. saccharina two hemocyte types, prohemocyte and plasmatocyte were observed. The hemocyte types were
identified based on their size, presence or absence of granules, and the ratio of their nucleus to cytoplasm, using
light microscopy.

Keywords: Hemolymph, insect, prohemocyte, plasmatocyte, granulocyte, oenocytoid
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1. Introduction

Most species on Earth are insects, and
thus understanding their evolutionary
relationships is key to understanding the
evolution of life. (Trautwein et al., 2012).
Lepisma saccharina, commonly known as
the silverfish, is a small, wingless insect
found throughout the world. It is a primitive
insect that has remained largely unchanged
for millions of years. With its distinctive
silvery scales and elongated body (van
Gelderen et al., 2010; Joshi et al., 2020), it
IS an intriguing creature that has fascinated
scientists and casual observers alike for
centuries. L. saccharina has even been
incorporated into medical treatments
(Zimian et al., 1997). The features of the
immune system of this ancient and
interesting speciesare also quite
remarkable.

Immunity is a response to environmental
conditions. From the moment life began on
Earth, immune mechanisms have also
begun to develop. Insects, as invertebrates,
lack certain important immune mechanisms
found in vertebrates. The most significant
of these is the production of antibodies
specifically developed for antigens, a form
of defense known as acquired immunity.
While insects do not have such a robust
immune system, they are not completely
defenseless in the external world (Zhang et
al., 2015). In 1918, Rudolf W. Glaser
revealed for the first time that grasshoppers
had immune systems (Glaser, 1918).

Unlike vertebrates, insects do not exhibit
antigen-specific immune responses. These
immune responses are mediated by
antibodies produced in vertebrate animals
against microorganisms. This defense
system, known as adaptive or acquired
immunity, is absent in insects, as in all
invertebrates. However, the absence of
antibody production does not mean that
invertebrates  lack  defenses  against
microorganisms. In fact, they can defend
themselves, primarily through their innate
immune system. Innate immunity can occur
at both the cellular and humoral levels,
utilizing body fluids circulating between

cells. VVarious mechanisms exist to fend off
microbial spread (Zhang et al., 2015).

When vertebrates and invertebrates are
compared in terms of immune system, body
fluids in vertebrates are mostly found in a
closed circulation within the blood and
lymphatic vessels, while invertebrates have
an open circulation. In invertebrates with an
open circulatory system, such as insects,
body fluids are called hemolymph because
there is no separation of blood and
lymphatic fluids as seen in vertebrates.
Therefore, there are different mechanisms
in invertebrates to prevent the spread of
microbes. Hemocytes mediate defense
mechanisms such as phagocytosis, capsule
formation and coagulation (Lackie, 1988;
Strand and Pech, 1995; Gillespie et al.,
1997; Irwing et al., 2005). Encapsulation is
an immune response wherein insects protect
themselves from multicellular parasites
such as nematodes. During encapsulation,
specific insect hemocytes are attracted to
foreign invaders and accumulate on their
surfaces (Levin, 2007). This process
effectively traps the invader in a capsule of
hemocytes, rendering the parasite harmless
to the insect host.

In humoral immunity, when compared
especially with vertebrates, the lipid and
glycogen-rich fat body, which is a structure
reminiscent of the liver in terms of its
function, takes part in insects (Larsen,
1976). Here, different mechanisms such as
coagulation, formation of melanin pigment
and production of peptides with
antimicrobial properties can be mentioned.

The main factor in the evolutionary
success of insects is their effective immune
system that allows them to fight pathogens
(Morley et al., 2013). Insects do not have an
adaptive immune system capable of
specifically recognizing and responding to
particular pathogens. Instead, they possess
various physical, chemical, and cellular
mechanisms that work together to protect
them from infection (Owens, 2019). One
important adaptive ability of insects that
facilitates their success is the plasticity of
their immune system. Although they only
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have innate immune mechanisms, insects
can increase their resistance after the first
encounter with the pathogen (Sutek et al.,
2021). Insects possess a Vvariety of
hemocyte types that play important roles in
their immune system. They are responsible
for recognizing, engulfing, and Kkilling
pathogens. The most common types of
hemocytes in insects are plasmatocytes,
granulocytes, oenocytoids, spherulocytes,
adipohemocytes and coagulocytes (Kwon et
al., 2014).

In this context, research on insect
immunity has become increasingly
significant, with scientists making great
strides in unraveling the mysteries of this
ancient and complex system. This study
was conducted to analyze L. saccharina, an
ametabolous insect species, in terms of
hemocyte types.

2. Material and Methods

In this study, samples of Lepisma
saccharina from the Lepismatidae family
were examined. Lepisma saccharina
samples were collected as a result of field
surveys in and around Iznik during March
and April. A total of 15 samples were used
in the study. Hemolymph needed for the
measurement  and  examination  of
hemocytes was obtained by cutting the
femur at the joint connecting it to the thorax
using small scissors. The hemolymph was
collected into heparinized hematocrit
capillary tubes. Hemocyte measurements
and counts were performed using smears
stained with Wright's dye.

Preparation of the smear: A drop of
hemolymph fluid was dripped 1 cm from
one edge of a pre-cleaned slide. A second
clean slide was taken as a spreader and

adjusted to make a 25° angle with the
hemolymph drop, the spreading was
performed by pushing the spreading slide at
the same speed and left to dry. Staining was
performed according to the staining cup
method.  Accordingly, well  spread
preparates were selected and placed on the
shelf of the staining cup. It was waited for
one minute by dropping enough (10-12
drops) of Wright's dye was added enough
(10-12 drops) to be spread on the slide and
10-12 drops of buffer solution were dropped
and waited for 10 minutes. Then, the dye-
buffer mixture was poured, shaken in
distilled water and left to dry. Afterwards,
the concealer was dripped and the coverslip
was closed to make a permanent preparate.

Hemocyte Counting: Hemocyte type
counts were performed using a Neubauer
hemocytometer. Counting was conducted
for each type of hemocyte detected in each
sample in 25 squares with an area of 1 mm2
in the middle and the average was taken.
Standard Hayem's solution was used as the
dilution solution for counting hemocyte

types.
3. Findings and Discussion

The first studies on hemocytes, known as
insect blood cells, were conducted in 1918
by Rudolf W. Glaser, who discovered that
grasshoppers had an immune system. Since
then, studies on the insect immune system
have primarily focused on determining
hemocyte types. Initially, many different
types of hemocytes were identified. Up to
30 different hemocyte types have been
identified in some insects (Demirsoy,
2006). Gupta (1979) compiled a table of
hemocyte types identified across various
insect orders (Table 1).
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Table 1. In the study conducted by Gupta (1979), hemocyte types detected in various insect orders
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SP Co AD OE

+
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+ - + -
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+ |+
1

Mantodea

Plecoptera
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Lepidoptera
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+

Diptera + + +
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+

PR=Prohemosit, PL=Plazmatosit, GR=Graniilosit, CO=Koagiilosit, AD=Adipohemosit, OE=Onositoit

Different numbers of hemocyte types
were determined in studies on insects.
Seven types of hemocyte were identified as
ultra-structurally: Prohemocyte,
plasmatocyte, granulocyte, spherulocyte,
adipohemocyte, oenocytoid, and
coagulocyte. Two more varieties were
observed: vermicide and podosite. When
podocytes and vermicides were first
observed, they were not considered as
separate hemocyte types because they were
ultrastructurally similar to plasmatocytes
(Devauchelle, 1971). In lepidopteran
larvae, four different hemocyte types are
known: plasmatocytes, which play a role in
capsule formation; granulocytes, which
perform phagocytosis eucytoids, which
produce enzymes like phenoloxidase
involved in  melanin synthesis; and
spherulocytes  whose  immune-related
functions are not fully understood (Lavine
and Strand, 2002). Jalali and Salehi (2008)
determined a total of six hemocyte types in
Papilio demoleus type: prohemocyte,
plasmatocyte, granulocyte, spherulocyte,
eocytoid, and adipohemocyte. Yelkovan et
al. (2021) determined five hemocyte types
in Apis mellifera anatolica as prohemocyte,
plasmatocyte, granulocyte, adipohemocyte
and oenocytoid in all castes. Oztiirk et al.

(2024) identified four different hemocyte
types (prohemocyte, plasmatocyte,
granulocyte, and oenocytoid) in Bombyx
mori throughout its life stages.

In this study, light microscopy
examinations of the hemolymph of the
ametabolous species Lepisma saccharina
revealed the presence of two main
hemocyte types: prohemocytes and
plasmatocytes (Figure 1). An average of 30
prohemocytes and 70 plasmatocytes were
counted per 1 mm3 of hemolymph.
Although the prohemocytes detected in the
hemolymph are smaller in size, they have a
nucleus that fills almost the entire cell. The
average diameter of prohemocytes was
measured as 7.25+0.14um. The average
size values were calculated as 40+1.58um?,
According to Silva et al. (2002), the
diameter of prohemocytes in Anastrepha
obliqua larvae was reported to be in the
range of 7.5-13.12 um. Prohemocytes are
undifferentiated cells found in the
hematopoietic ~ system  of  insects,
particularly in the larvae and pupae stages
(Lanot et al., 2001). They are typically
located in the hematopoietic organs of
insects, such as the lymph glands (Lan et al.,
2020). These cells are capable of
differentiating into other types of
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hemocytes (plasmatocytes or granulocytes),
which play a crucial role in the immune
response of insects (‘Yamashita and
Iwabuchi, 2001). Wu et al. (2016) stated
that prohemocytes were not detectable in
the hemolymph of Galleria mellonella
larvae since they quickly transformed into
different types of hemocytes.
Plasmatocytes have a spherical shape
and do not vary in form; they are usually
found in groups within the hemolymph. The
nucleus of plasmatocytes is also spherical
and is typically located near the center of
the cell. The average length values of
plasmatocytes  were  measured  as
10.50£0.74 pm. The average size values
were calculated as 96+1.39 pm? In A.
obliqua larvae, Silva et al. (2002) found that
spherical plasmatocytes had a diameter of
13-26 um, while oval plasmatocytes were

a)

10 ym

26-34 um in length and 15-30 pm in width.
Plasmatocytes, which are similar to
vertebrate macrophages, play a role in
phagocytosis, eliminating apoptotic cells
during development, encapsulating or
digesting pathogens (Evans et al., 2003;
Hartenstein, 2006).

Prohemocytes and plasmatocytes are
similar in shape. It was observed that
prohemocytes were usually single, while
plasmatocytes were usually composed of
several cells. In prohemocytes, it was
observed that the nucleus filled almost the
entire cell and the cytoplasm occupied very
little space. In plasmatocytes, the nucleus is
centrally located and includes most of the
cell. Plasmatocytes are generally spherical
in shape, and cytoplasmic extensions are
not observed.

10 ym

Figure 1. Hemocyte species detected in the hemolymph of Lepisma saccharina a) Prohemocyte b)
Plasmatocyte

Previous studies on hemolymph in
Lepisma saccharina primarily focused on
amino acid determinations (Punzo, 1987).
Lepisma saccharina species was included
in the Zygentoma order instead of the
Thysanura order. Gupta did not conduct a
study specifically on this order because it
was classified as a subclass within the
Thysanura order until a new classification
was made as a separate order. Gupta (1979)
included granulocyte, plasmatocyte and
spherulocyte types in the palaeoptera
included in the Thysanura team. In the
current  study, prohemocyte and
plasmatocyte types were observed in the
hemolymph of samples belonging to
Lepisma saccharina  species, while

granulocyte and spherulocyte types were
not observed. Prohemocyte was detected in
the samples in accordance with the studies
where prohemocyte is considered as the
common origin of hemocyte types,
especially plasmatocyte. For example, in a
study conducted in the larvae of Lithacodes
fasciola species, hemolymph ranged
between 1.10 x 106 - 8.23 x 106 cells/ml
(Stoepler et al., 2012).

4. Conclusion

In the relatively primitive insect species,
ametabolous Lepisma saccharina, two
hemocyte  types—prohemocytes  and
plasmatocytes—were identified.  The
absence of granulocytes, which play
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significant roles in the immune system,
suggests that Lepisma saccharina has a
more primitive immune system. It can also
be interpreted that the immune system they
have in terms of the habitat is sufficient to
contribute to the survival of the insect.
Prohemocytes are smaller in size than other
cells and similar in shape and are spherical.
Only spherically shaped plasmatocytes
were detected in Lepisma saccharina.
Plasmatocytes were larger cells than
prohemocytes and were usually seen in
groups. Although the prohemocytes
detected in the hemolymph of Lepisma
saccharina species are smaller in size, they
have a nucleus that fills almost the entire
cell. It was determined that prohemocytes
were smaller in size than other cells. In the
studies conducted by Gupta (1979), it was
determined that prohemocytes were
generally 6-14 um in diameter. In the
current study, the mean diameter of
prohemocytes in Lepisma saccharina was
measured as 7.25 pm.

In the current study, plasmatocytes in
Lepisma saccharina had a spherical shape
and when examined morphologically, it was
determined that they did not show diversity
and were generally found in the hemolymph
in groups. Besides, in plasmatocytes
detected in this species, the nucleus has a
spherical shape and is usually located close
to the center. It was stated by Gupta (1979)
that plasmatocytes could be 3.3-5 um in
width and 3.3-40 pm in length. In the
current study, the mean diameter detected in
spherically shaped plasmatocytes in
Lepisma saccharina was measured as 10.50
um. It can be said that the absence of
granulocytes, which play an important role
in the immune system, in Lepisma
saccharina indicates that it has a more
primitive immune system compared to
other insects.

Based on the literature data, insects are
incredibly diverse and have evolved a range
of strategies for dealing with immune
challenges. Therefore, hemocytes can vary
in terms of their size, shape, and function,
and different insect species may have

different combinations of these cell types.
Additionally, the density of hemocytes in
the insect's hemolymph can also vary
depending on a range of factors, including
the insect's life stage, the type of infection
or immune challenge it is facing, and the
specific hemocyte types involved. Overall,
the complex interplay between different
types of hemocytes and their densities is a
fascinating area of research that continues
to yield insights into the remarkable
immune defenses of insects.

In conclusion, insect immune system
plays a pivotal role in shaping the evolution
of insect-pathogen interactions, with
pathogens evolving strategies to evade
immune responses and insects developing
countermeasures to detect and combat these
pathogens. By  understanding  the
complexity and adaptability of the insect
immune system, we can gain insights into
how insects have evolved to survive in their
environments, which may inform new
strategies for controlling insect-borne
diseases.
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Abstract

GxE interaction is critical for understanding how genetic and environmental factors affect plant performance, and
this interaction is essential for developing more efficient and adaptive genotypes in plant breeding. In study, The
GGE biplot analysis played a crucial role in determining effects on the yield performance of genotype x
environment (GXE) interactions and comparing the stability and adaptability of genotypes in Diyarbakir and
Kiziltepe. Additionally, cluster analysis was performed using the Ward method, which grouped the genotypes
based on yield similarities and identified distinct groups adapted to different environmental conditions. The
experiments were arranged by the factorial experimental design with four replications in each environment during
the summer seasons of 2015 and 2016.Consequently, the significant differences were determined between
genotypes and locations and their interactions. GGE biplot analysis found that the variations in the yield
performance of genotypes were caused by 81.24% by the first principal component (PC1) and 18.76% by the
second principal component (PC2). FLIP98-206C and FLIP98-143C genotypes were shown high yield potential
and stability. In contrast, genotypes D1-3 and Azkan exhibited lower stability and yield performance. Therefore,
the high-yielding and broadly adapted genotypes must be prioritized for experiments in regions Diyarbakir and
Kiziltepe. However, narrower target regions must be identified for low-performing genotypes and large-scale
experiments in these regions should be conducted to understand the long-term yield and stability performance of
high-yielding genotypes.

Keywords: Chickpea, GGE biplot, Genotype x Environment interaction, yield performance, cluster analysis
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1.Introduction

Legumes (Leguminosae) are recognized
as a key component of sustainable
agriculture. This group of plants
contributes to environmental sustainability
by improving soil fertility and through their
ability to biologically fix nitrogen, thus
reducing the need for chemical fertilizers
(Rufaioglu ve Tunc, 2024). Chickpea
(Cicer arietinum L.) is a significant legume
crops worldwide with high nutritional value
and economic benefits particularly in arid
and semi-arid climates (Varshney et al.,
2019; Ipekesen ve Bicer, 2021). Chickpea
plays a critical role in human nutrition due
to its high protein content, richness in fiber
and essential minerals (Jukanti et al., 2012).
The increasing demand for food and the
rapid decline in agricultural areas have
required genetic improvement and the
development of suitable cultivation
strategies in strategic crops like chickpea to
enhance agricultural productivity (Patel et
al., 2021). However, global climate change
is a threat for the sustainability and
productivity of agricultural production.
Therefore, the vyield performance of
genotypes should be identified, and the best
genotypes should be selected having high
yield under optimal environmental
conditions (Yan and Tinker, 2014). This is
particularly  critical  for identifying
genotypes capable of providing high
productivity in marginal agricultural areas
and under changing climatic conditions
(Upadhyaya et al., 2011).

GGE biplot analysis has been used as an
effective method for evaluating genotypex
environment interactions in many crops.
GGE biplot was used to compare the yield
performances of chickpea genotypes
undergrown in different locations (Yan and
Tinker, 2015). GGE biplot analysis is a
technique developed to evaluate the yield
performance of genotypes under specific
environmental conditions and to visualize
genotypexenvironment interactions (Yan
and Kang, 2003). This analysis method,
unlike  other analytical techniques,
highlights both the effects of genotype and

1049

environment, thus providing a more
comprehensive evaluation (Mohammadi
and Amri, 2013). It provides a graphical
tool to better understand the performance of
genotypes under different environments and
to identify genotypes having the best yields
(Yan and Tinker, 2006; Gauch, 2006). GGE
biplot analysis simultaneously presents both
yield and stability performance of
genotypes under different environments
(Yan and Tinker, 2006; Gauch, 2006). GGE
biplot analysis facilitates decision-making
processes in genetic breeding programs and
cultivation strategies (Yan and Tinker,
2014). Moreover, GGE biplot analysis
serves as a crucial tool for farmers and
breeders by enabling a multidimensional
assessment of environmental impacts on
genotype performance particularly in
ensuring  sustainable  productivity in
agricultural production (Yan and Tinker,
2006; Dehghani et al., 2019). Thus,
producers can predict which genotype will
be more productive under specific
conditions and design production (Yan et
al., 2007; Gauch, 2013).

GGE biplot method has been widely
employed to investigate genotype X
environment interactions in many crops
such as maize, wheat, and cotton (Blanche
and Myers, 2006; Alwala et al., 2010; Yan
et al., 2010). Besides simple analysis of
variance and correlation analyses, the
interpretation of graphs such as GGE biplot,
which looks complex but offers a visual
feast for multiple selections, provides a
great advantage when  determining
genotype superiority (Bayhan, 2022). This
method was also used to determine the yield
and stability performance of chickpea
genotypes under different locations and
provides more effective and reliable results
compared to alternative methods (Yanetal.,
2007; Gauch, 2013). GGE biplot analysis,
by revealing the sensitivity of genotypes to
environmental conditions, facilitates the
selection of the most suitable genotypes for
cultivation in specific regions. Thus, it
contributes to a better understanding of the
impact of environmental variables on
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agricultural production and the
development of genotypes capable of
coping with these effects (Upadhyaya et al.,
2011) and plays a significant role in
selecting genotypes for yield and stability
(Patel et al., 2021).

GGE biplot analysis can also identify
specific adaptation abilities of genotypes by
determining the adaptation abilities of
genotypes to different environments and
helps optimize local agricultural practices
(Yan and Tinker, 2014).In another study,
GGE biplot analysis was used to determine
in which traits genotypes were superior and
it was suggested that these genotypes could
be used as parents in quality-oriented
breeding programs (Karaman, 2020).Some
studies have shown that GGE biplot
analysis makes it possible to select chickpea
genotypes that provide high vyields in
specific regions and exhibit stability against
environmental variations (Mohammadi ve
Amri, 2013). This case both provides higher
profits to the producer and contributes to the
sustainability of agriculture (Patel et al.,
2021). Therefore, GGE biplot analysis is
significant both in genetic breeding studies
and for the sustainability of agricultural
economics.
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The aim of this study is to evaluate the
yield performance of chickpea genotypes
grown in different locations using the GGE
biplot method and to reveal the responses of
the genotypes to environmental variations.

2.Materials and Methods
2.1. Material

The experiments were carried out during
the 2015 and 2016 summer season in two
different environments in Turkiye. The
locations consist of Diyarbakir province
and Kiziltepe district of Mardin province
located in the South-eastern Anatolia
Region, Tirkiye (Figure 1). Summer
experiments were made in Kiziltepe on 15
February, in Diyarbakir on 18 February
2016. The experiments were set up based on
the factorial experimental design with four
replications in each environment. The plots
consisted of six rows of 5 m length and 40
cm intervals. Sowings were made manually
at a sowing density of 55 seeds/m2. In
experiments, 30 kg ha® nitrogen and 50 kg
ha! phosphorus fertilizers were used. Data
on seed yield were obtained from 6.4 m2 of
each plot. The name and origin of 19
chickpea genotypes were given in Table 1.

Mardin/Kiziltepe

Diyarbakir

Figure 1. Study area map
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Table 1. Name/Code and origin of 19 chickpea genotypes
Name/Code Origin
D2-5 Konya x Balikesir
D2-8(9) Konya x Balikesir
D1-3 Konya x Balikesir
D2-6 Konya x Balikesir
D1-13 Konya x ILC3279
D1-14 Diyar 95 x ILC 482
D1-28(9) ILC3279 x Balikesir
R4 Diyar 95 x ILC 482
R6 Diyar 95 x ILC 482
N5-5 Diyarbakir local variety
FLIP97-254C Icarda
FLIP99-34C Icarda
FLIP98-143C Icarda
FLIP98-206C Icarda
DIYAR Tiirkiye
Arda Tiirkiye
Azkan Tirkiye
Gokce Tirkiye
Cagatay Tiirkiye

2.2. Soil properties 2.3. Climate data for locations

The soil texture of Diyarbakir Figure 1 was presented the monthly

experiment was clay loam, pH was between
7.19 and 7.24 and was poor for organic
matter (0.79%). The soil texture of
Kiziltepe experiment was clayey, pH was
7.59 and there was better organic matter
(1.69%) than Diyarbakir experiment.
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average temperature (°C) and total rainfall
(mm) data for Diyarbakir and Kiziltepe
locations. Mean temperatures exhibited
similar trends in both locations, however,
Kiziltepe generally had higher temperature
values than Diyarbakir.
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Figure 2. Climate data for two locations

When examining rainfall values, it was Diyarbakir and  Kiziltepe. Rainfall
seen that seasonal variations in both increased during the winter months
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(November-February) and  decreased
significantly during the summer season
(June-September). Particularly in January,
rainfall was recorded as 79.2 mm in
Diyarbakir and 143.4 mm in Kiziltepe,
highlighting this period as one of the wettest
seasons in both locations. Additionally,
January was the coldest period in terms of
temperature  values.  The  average
temperature was reduced to 0.9°C in
Diyarbakir and 5.3°C in Kiziltepe. This
difference showed that Kiziltepe had a
relatively milder climate even during
winter. Data was a crucial guide for
developing location-specific strategies in
agricultural  practices and genotype
selection (Figure 2).

2.4. Statistical analysis

Data were subjected to GGE biplot
analysis to determine the effect of location,
genotype and location X  genotype
interaction for yield in Genstat 12" Edition
software. The cluster analysis realized to
divide genotypes into groups based on
similarity in yield by wusing Ward
(Standardized by Column) method in JMP-
Prol7 software. Graph analysis of the GGE
biplot was realized by single-value
decomposition according to the following
formula reported by Yan et al. (2000).

Yij: the mean of ith genotype in jth
environment,

u mean of all genotypes

Bj; main effect of jth environment

n; Singular value,

M and A2; the special quantities for the
first and second components

&1 and &jp; the special vectors of
genotypes

nir and #i2 ; Environment eigenvectors
for n'" interaction principal component,

€lj; the remaining quantity for the ith
genotype in jth environment

Yij — u—pfj = A1 Cumjn + A2bionjz +eij
(Yan, et al., 2000).

The GGE biplots were carried out to
obtain the correlations among environments
and genotypes using polygon, ranking and
comparison techniques (Yan, 2002).

3. Result and Discussion

The results of the variance analysis
showed that genotype (F=17.36**),
location (F=60.78*%*), and genotype X
location interaction (F=4.72**) were found
to be statistically significant (p<0.01)
(Table 1). All three factors had remarkable
effects on the traits. The error variance was
calculated as 149.55, and a coefficient of
variation (CV) of 10.02% was observed
(Table 2).

Table 2. Analysis of variance for 19 chickpea genotypes sown in the summer season at two

environments

Variance Sources DF Mean Square F Ratio
Genotype 18 2595.556 17.3556**
Location 1 9089.244 60.7766**
Genotype x Location 18 705.2157 4.7155**
Error 114 149.5518

C. Total 151

CV (%) 10.02

**, significant level at P<0.01.
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Figure 3. The determination of suitable genotypes in each environment by polygons

In the polygon graph, the first principal
component (PC1) explained 81.24% of the
total variance, while the second principal
component (PC2) accounted for 18.76%.
These components created new variables
that reduced data complexity, making the
similarities and differences between
genotypes more comprehensible. In our
study, the high explanatory values of PC1
and PC2 indicated that these two
components effectively represented the
genotype-environment interactions in the
data. Each point in the graph represented a
genotype, and the distance between
genotypes reflected the degree of similarity
or difference in their responses to
environmental  conditions.  Genotypes
positioned close to each other exhibited
similar  responses to environmental
conditions for the traits analysed, whereas
those farther apart showed different
responses.

The polygons in the graph illustrated the
range of environments in which each
genotype performs well. The polygons
divided into two major regions labelled
Diyarbakir and Kiziltepe, represented the
performance of genotypes in the experiment
conducted in these two locations. The

1053

boundaries of the polygons highlighted
which genotypes were most suitable for
specific locations and under what
conditions they achieved the highest yields.
While the genotypes in the DYB region
were better adapted to the environmental
characteristics of Diyarbakir, the genotypes
in the Kiziltepe region were adapted to the
characteristics of Kiziltepe. Since these two
locations had different climatic and
environmental conditions, the responses of
the genotypes varied under these
conditions. This clustering of genotypes
was highly useful in identifying regional
adaptation differences and determining
which genotypes were better suitable for
specific regions. The clustering of
genotypes such as Diyar, D1-3, D1-14, D1-
28, and D2-96 under Diyarbakir location
showed that these genotypes had a higher
performance for yield compared to other
genotypes in this location.

These genotypes were found to have a
high adaptation structure to the soil and
climate conditions of Diyarbakir. In the
Kiziltepe region, Gokge, Azkan, DZ-87 and
FLIP98-143C  were clustered. The
temperature in Kiziltepe, climate and soil
conditions of these genotypes showed that
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they were well suited to this region. The
superior yield and stability of the FLIP98-
143C and FLIP98-206C genotypes in this
region showed that these genotypes could
be recommended specifically for Kiziltepe.
The closeness of FLIP98-206C and
FLIP98-143C in the graph showed that
these two genotypes responded similarly to
environmental conditions and therefore

showed comparable performance in both
locations. There was a significant distance
between genotypes located in different
clusters such as Azkan and Diyar. This
indicated that the responses of these two
genotypes to environmental conditions
considerably differed, and they performed
better in different locations (Figure 3).
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Figure 4. The determination of stability of genotypes based on average environment coordination
(AEC) by ranking biplot analysis

Figure 4 represents a ranking biplot
analysis based on the Average Environment
Coordinate (AEC) method to determine the
stability of chickpea genotypes. In this
graph, the performance and stability of
genotypes for yield were evaluated. The
AEC line indicated whether the genotypes
were close to the average yield and how
well they adapted to environmental
conditions. Genotypes located on or near
the AEC line were considered closer to the
average yield and generally stable, while
those farther from the line were less stable
and exhibited more variable performance
under different environmental conditions.

The clustering of genotypes in two
separate locations can be interpreted as an
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indication of their specific adaptation
capabilities to environmental conditions.
Genotypes located in the Kiziltepe region
were more adapted to the environmental
conditions of this region and exhibited
higher yield performance. On the other
hand, genotypes clustered in the Diyarbakir
region were better adapted to its specific
conditions. Diyar, Azkan, and D1-3 located
near or along the AEC line in the graph
suggested that these genotypes were more
stable compared to others in terms of
stability. In contrast, genotypes positioned
farther from the AEC line (FLIP98-206C)
were more sensitive to environmental
conditions  and  exhibited variable
performance for yield (Figure 4).
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Figure 5. Ranking of genotypes according to ideal center by comparison biplot analysis

Figure 5 compares the yield performance
and stability of chickpea genotypes in
different locations with the ideal genotype.
The ideal genotype represented the best
characteristics for high yield and stability,
and the proximity of genotypes to this
center was used to assess their performance
and adaptability. In the graph, the ideal
genotype was positioned at a central
location, and the distances of other
genotypes from this center indicated their
overall performance in yield and stability.

Genotypes located closest to the ideal
centre were the most suitable for high-yield
potential and environmental stability. In this
graph, FLIP98-206C and FLIP98-143C
were located closer to the ideal center, and
these genotypes exhibited above-average
performance in both locations. Genotypes
located farther from the ideal center had a
lower ideal performance for yield and
stability. Especially, D1-3, Azkan, and DZ-
87 located at a distance from the ideal
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genotype indicated lower adaptability for
both yield and stability.

The clustering of genotypes based on
Kiziltepe and Diyarbakir locations reflected
the impact of environmental factors in these
locations on the stability of the genotypes.
The proximity of the Gokce genotype to the
Kiziltepe cluster indicated that this
genotype was better adapted to Kiziltepe
and performs well under its environmental
conditions. Evaluating genotypes based on
such a biplot analysis was crucial for
identifying genotypes that exhibited high
yield and stability in both environments.
Among genotypes, FLIP98-206C located
near the ideal center demonstrated wide
adaptability. Therefore this genotype could
be used as parents in breeding programs.
Conversely,  genotypes  with low
environmental adaptability (D1-3) should
be required to be reassessed for different
environmental conditions or have their use
in breeding programs limited (Figure 5).
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Figure 6. Clustering analysis by using Wards method for summer sowing

This graph represents the clustering
analysis performed using the Ward method.
On the left side of the graph, the
dendrogram illustrated the clustering of
genotypes, while on the right side, the visual
representation of genotypes was shown
using multidimensional scaling (MDS).
This analysis aimed to group genotypes into
similar clusters based on their vyield
performance and similarities. The Ward
method clustered genotypes according to
their degree of similarity, enabling a clearer
observation of their responses to
environmental conditions (Ward, 1963).
The dendrogram in the graph showed how
genotypes were grouped into clusters and
how these clusters were organized based on
yield and environmental responses.

In the graph, genotypes evaluated
separately for Diyarbakir and Kiziltepe
locations were placed in different clusters
based on their responses to environmental
conditions. This indicated that the
environmental differences observed in these
two locations affect the yield and stability
performance of the genotypes. Genotypes
within the same clusters demonstrated
better adaptation to similar environmental
conditions and exhibited high yield and
stability characteristics (Figure 5). This
suggested that these genotypes could be
utilized in agricultural practices and
breeding programs to ensure yield and
stability under similar environmental
conditions (Milligan and Cooper, 1987).
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This analysis was crucial for identifying
which location genotypes achieved higher
yields and where they maintained stable
performance (Kaufman and Rousseeuw,
2005). The similarities identified in the
clustering analysis of genotypes facilitated
the selection of genotypes most suitable for
varying environmental conditions. Utilizing
these genotypes as parents in future
breeding programs will contribute to the
development of varieties with a broad
adaptation capacity (Hair et al., 2014).

4.Conclusion

The GGE biplot analysis in the study
demonstrated that genotypes respond
differently to wvarious environmental
conditions and possess broad adaptation
ability. The genotypes FLIP98-206C and
FLIP98-143C, positioned close to the ideal
center in the biplot analysis, were shown to
have high yield potential and stability. In
contrast, genotypes such as D1-3 and Azkan
were found to exhibit lower stability and
yield performance. It is recommended that
high-yielding and broadly adapted
genotypes like FLIP98-206C and FLIP98-
143C be prioritized for trials in regions such
as Diyarbakir and Kiziltepe. However,
large-scale experiments in these regions
will provide a more detailed understanding
of the long-term vyield and stability
performance  of  these  genotypes.
Additionally, the adaptability of these
genotypes should be tested in other arid and



Ipekesen et al.

semi-arid regions to plan their widespread
cultivation under suitable conditions.
Additionally, for low-performing genotypes
(D1-3 and Azkan), it is recommended to
identify narrower target regions and focus
more intensively on breeding efforts in
these areas. Developing specific tolerances
of these genotypes to certain environmental
conditions and conducting improvement
studies in this direction will provide a more
strategic approach to their utilization.
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Bazi Patates Klonlarimin (Solanum tuberosum L.) Tarimsal Ozelliklerinin Belirlenmesi
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Calisma, Ege Universitesi Ziraat Fakiiltesi Tarla Bitkileri Arastirma ve Uygulama Alanlarinda gerceklestirilmistir.
Patates 1slah1 kapsaminda, ebeveyn olarak kullanilan Bettina, Nif ¢esitleri ile bunlarin melezi patates klonlari, 1
Mart 2023 tarihinde Tesadiif Bloklar1 Deneme Deseninde tarla denemesine alinmistir. Patates klonlariimn optimum
gelisimini saglamak i¢in bakim islemleri diizenli olarak yapilmistir. Gelisimlerini tamamlayan bitkiler 30 Haziran
2023 tarihinde hasat edilmistir. Calismada, bitki boyu, sap sayisi, yumru sayisi, tek yumru agirligi, ocak verimi,
parsel verimi, yumru eni ve yumru boyu gibi morfolojik ve verim ozellikleri incelenmistir. Varyans analizi
uygulanarak bu o6zelliklerdeki varyanslar hesaplanmis ve Asgari Onemli Fark (AOF) smiflandirmalari
gergeklestirilmistir. Melezlemeler sonucu elde edilen patates klonlari arasinda morfolojik ve verim 6zellikleri
bakimindan istatistiksel olarak 6nemli farkliliklar bulunmustur. Morfolojik 6zellikler bakimindan; en yiiksek bitki
boyu Klon 1-387 (68.00 cm) ve en yiiksek sap sayisi Klon 1-375 (5.33 adet)’den elde edilmistir. Verim 6zellikleri
degerlendirildiginde; yumru sayist bakimindan Klon 1-445 (10.33 adet), tek yumru agirligi bakimimdan Klon 1-
327 (79.29 g), ocak verimi bakimmdan Klon 1-327 (768.84 g), parsel verimi bakimindan Klon 1-445 (5.00 kg),
yumru eni i¢in Klon 1-445 (5.14 cm) ve yumru boyu i¢in Klon 1-327 (7.54 cm) ile en yiiksek ortalamay1 vermistir.

Anahtar Kelimeler: Patates klon, seleksiyon, morfolojik ve verim 6zellikleri

Determination of Agronomical Characteristics of Some Potato Clones (Solanum
tuberosum L..)

Abstract

The study was carried out at Ege University, Faculty of Agriculture, Field Crops Research and Application Areas.
In the scope of potato breeding, Bettina, Nif varieties used as parents and their crosses potato clones were taken
into the field trial on March 1, 2023 in the Randomized Complete Block Design. Potato clones were regularly
maintained to ensure optimum development. The plants that completed their development were harvested on June
30, 2023. Morphological and yield characteristics of tubers such as plant height, stem number, tuber number, single
tuber weight, plant yield, plot yield, tuber width and tuber length were analyzed in the study. Variances in these
traits were calculated by applying analysis of variance and Least Significant Difference (LSD) groupings were
performed. Statistically significant differences were found among the potato clones obtained as a result of crosses
in terms of morphological and yield traits. In terms of morphological traits; the highest plant height was obtained
from Clone 1-387 (68.00 cm) and the highest mean was obtained from Clone 1-375 (5.33 number) in terms of
stem number. When yield characteristics were evaluated; Clone 1-445 (10.33 number) for tuber number, Clone 1-
327 (79.29 g) for single tuber weight, Clone 1-327 (768.84 g) for plant yield, Clone 1-445 (5.00 kg) for plot yield,
Clone 1-445 (5.14 cm) for tuber width and Clone 1-327 (7.54 cm) for tuber length had the highest means.

Keywords: Potatoes clone, selection, morphological and yield characteristics
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Karakanli ve Oztiirk

1. Giris

Patates  (Solanum  tuberosum L.)
anavatani Gliney Amerika olan Solanaceae
familyasima ait karbonhidrat bakimindan
zengin, nisasta, protein ve mineral maddeler
icerigi yaninda A, B, C vitamin
kompleksleri iceren ¢ok yonli kullanima
sahip tek yillik bir endistri bitkisidir
(Ilisulu, 1986; Caylak, 2002; Ozturk,
2021a; Ozturk, 2021b).

TUIK 2023 yili verilerine gbre,
Tirkiye'de patates iiretimi 5.7 milyon ton
olarak ger¢eklesmistir. Bu tiretim, 150.9 bin
hektar ekim alaninda gerceklestirilmis olup,
dekara verim 3777 kg dal olarak
kaydedilmistir (TUIK, 2023). Son yillarda
Ulkemiz yerel patates cesitleri gelistirilmis
ancak yeterli diizeyde degildir. Bu nedenle
tilkemizde patates 1slah g¢alismalar1 hem
verimi artirma hem de yerli ¢esit sayisini
arttirtp, ¢iftgilerin  hizmetine sunmak ve
bunun da siirekliliginin saglanmas1 ile
miimkiin olacaktir.

Bugiin  Avrupa’da kiiltiirii  yapilan
patatesler Andigena ve Tuberosum alt tiirii
olup, 1slah g¢alismalart bu gen kaynaklari
yaninda yabani tiirler ve Neotuberosum
kiilltir formlar1 ile de yapilmaktadir
(Yildirim, 1979; Yildinm ve Yildirim,
2002b; Ozturk, 2021a; Ozturk, 2021b).
Patates 1slah ve melezleme ¢alismalari
yuksek oranda ¢igek ve tohum olusturma
potansiyeline sahip olan tiirlerde basarili
bulunmustur (Simmonds, 1997; Yildirim ve
Yildirim, 2002a; Ozturk ve Yildirim, 2020).

Patates 1slahinda amag¢ yiiksek verim
kapasitesine sahip ve biyotik ile abiyotik

stres kosullarma karst dayanikli, su
kullanim etkinligi yiiksek, depo kosullarina
dayanikli yeni c¢esitler gelistirmektir

(Ozturk, 2022). Bu amaglarin bir veya bir
ka¢1 g6z Oniine alinarak baglatilan patates
1slah ¢aligmalar1 yogun is giicli, zaman ve
emek gerektirmektedir (Swiezyflski, 1984,
Ozturk, 2022).

Patatesteki gesitli melezleme zorluklari
patates 1slahinin klon seleksiyonu olarak
gerceklesmesine  olanak  saglamaktadir
(Giiltekin ve Caliskan, 1997; Yildirim ve
ark., 1988; Bradshaw ve ark., 1998; Aydin,
2021; Mehmet, 2021). Seleksiyonla elde
edilen  klonlar  birkag  generasyon
cogaltilarak 1slah programina baglanmakta
(Gopal, 2015) ve bu klonlar mikro verim
denemelerine alinarak seleksiyona devam
edilmektedir (Oztiirk ve Yildirim, 2018).

Bu calismada, Bettina x Nif melez
kombinasyonlarina ait patates klonlarinin
tarla ~ verim  denemelerine  alinarak
morfolojik  ve  verim  Ozelliklerinin
belirlenmesi amaglanmistir.

2. Materyal ve Yontem

2.1. Arastirma alanmn yeri, yili, iklim
kosullar: ve toprak ozellikleri

Calisma, 2023 yili patates yetistirme
dénemi iginde Ege Universitesi Ziraat
Fakiiltesi Tarla Bitkileri Arastirma ve
Uygulama Alanlarinda  yiriitilmustiir.
Calismanin yiiriitiildiigii izmir ili Bornova
ilcesine ait 2023 yili iklim verileri Tablo
I’de verilmistir. Ayrica tarla denemesi
alanlarindan alinan toprak Orneklerinin
cesitli 6zellikleri Tablo 2'de sunulmustur.

Tablo 1. 2023 yili deneme alanina (Bornova) ait aylik iklim verileri*

Aylar Ortalama Sicaklik (°C) Toplam Yagis (mm)
Subat 9.1 8.5
Mart 13.4 89.3
Nisan 16.1 86.1
May1s 20.6 18.4
Haziran 25.6 81.2
Temmuz 30.7 1.2

*: Meteoroloji Genel Midiirligii
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Tablo 2. Tarla denemesinin bulundugu Bornova’ya ait toprak dzellikleri (Oztiirk, 2021d)

Toprak . . . Organik Toplam
P Tekstiir Kum Mil Kil pH Kireg mgdde Tpuz
Derinligi %) (%) (%) (%CaCOs) (%) %)
0-20cm  wmilli-Kil 2472 4272 3256 7.10 15.46 2.17 0.095
20-40 cm Killi-Tin 32.72 36.72 30.56 7.60 18.64 2.15 0.075
2.2. Tohumluk materyali patates ¢esidi olup; oval sekilli yumrulara
Calismada  materyal olarak, Ege sahiptir. Bettina ¢esidi ise orta erkenci ve

Universitesi Ziraat Fakiiltesi Tarla Bitkileri
Boliimiinde daha Once baglatilan patates
1slah programi kapsaminda, elde edilen
Bettina x Nif melez kombinasyonuna ait
patates klonlar1 kullanilmistir. Calismada
ebeveyn olarak Tarla Bitkileri Boliimiinde
1998 yilinda tescil edilen ilk yerli ¢esit olan
Nif ile intodiiksiyon ticari ¢esidi olan
Bettina kullanilmistir. Nif c¢esidi yiiksek
diizeyde cicek ve meyve iiretim kapasitesi
bulunan orta erkenci ve yiiksek verimli bir

beyaz cigekli olup, agir toprak ve zorlu
iklim kosullarinda dahi yiiksek verim
potansiyeline sahiptir. Oval sekilli, sari
kabuklu ve piiriizsiiz yiizeyli yumrulara
sahip olan Bettina, acgik sar1 et rengindedir
(Oztirk ve Yildirnm, 2018; Ozturk ve
Yildirim, 2020; Ozturk, 2021c). Tarla
denemesinde kullanilan Bettina x Nif melez
kombinasyonuna ait patates klonlar1 Tablo
3’te verilmistir.

Tablo 3. Bettina X Nif ¢esidi melez kombinasyonuna ait patates klonlart

Sira No Patates Klon No Pedigri (2 x &)
1 1-317 Bettina x Nif
2 1-327 Bettina x Nif
3 1-338 Bettina x Nif
4 1-375 Bettina x Nif
5 1-387 Bettina x Nif
6 1-407 Bettina x Nif
7 1-420 Bettina x Nif
8 1-445 Bettina x Nif
9 Bettina (Kontrol) Franzi x 795/883
10 Nif (Kontrol) Cosima x R.143
2.3. Yontem bogaz doldurma islemi uygulanmigtir.
Calismada genetik materyal olarak Yetistirme dqneml bqyu nea b atates
kullanilan ~ Bettina x  Nif  melez klonlarnin opt} mal g¢'311$1m1n1. ﬁaglar.na.k
kombinasvonuna  ait tat Kklonlart amaciyla gerekli bakim islemleri diizenli bir
yonu patates onla

Bornova deneme tarlasinda 1 Mart 2023
tarihinde  Tesadiif Bloklar1 Deneme
Desenine gore sira tizeri 30 cm ve sira arasi
70 cm olacak sekilde 3 tekerriirli ve 2
siradan olusan tarla denemesine alinmistir
(Ozturk, 2022).

Dikim islemini takiben 30 giin i¢inde
bitki ¢ikislart % 75 olarak gdzlemlenmis
olup, bitkiler yaklagik 10-15 cm uzunluga
ulastiginda ilk capalama yapilmistir. Bitki
gelisimini takriben ikinci ¢apalama islemi
gerceklestirilmis ve son olarak bir kez
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sekilde yapilmistir. Bu kapsamda, sulama

ve yabanct ot temizligi gibi bakim
uygulamalar1  periyodik  olarak  elle
gergeklestirilmistir.  Cigeklenme  siirecini
takiben, 5 Mayis 2023 tarihinde patates
klonlarinin morfolojik ozelliklerini
degerlendirmek  amaciyla  gozlemler
gergeklestirilmis  ve  bu  gozlemler
sonucunda elde edilen veriler
kaydedilmistir.

Geligimlerini tamamlayan bitkiler 30
Haziran 2023 tarihinde hasat edilmistir.


https://www.plantbreeding.wur.nl/PotatoPedigree/lookup.php?name=BETTINA

Karakanli ve Oztiirk

Hasat sonrasi elde edilen yumrularin;
yumru sayist (adet), tek yumru agirhigi (gr),
ocak verimi (g), parsel verimi (kg), yumru

eni ve boyu (cm) gibi verim oOzellikleri
Olciilmiistiir.

Sekil 1. a;b;c;d;e. Patates klonlarinin tarla denemesindeki bakim islemleri ve gelisim donemleri, f.
Patates klonlarina ait morfolojik 6zelliklerin 6l¢iimii, g. Hasat edilen patates klonlari, h;i. Tarla
denemesi sonucunda hasat edilen patates klonlarinin yumrularina ait 6l¢lim islemleri

2.4. istatistiksel analizler

Tarla denemesinde yetistirme periyodu
icinde Bettina X Nif melez
kombinasyonlarina ait patates klonlarindan
elde edilen 6l¢tim sonuglari, TOTEMSTAT
(A¢ikgoz ve ark., 2004) istatistik programi
kullanilarak analiz edilmis ve ortalamalar
Asgari  Onemli Fark (AOF) testi
kullanilarak karsilastirilmistir (Steel and
Torrie, 1980).
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3. Bulgular ve Tartisma

Bettina x Nif melez kombinasyonuna ait
patates klonlarinin tarla denemesinden elde
edilen Ozelliklere ait verilerin varyans
analiz sonuclar1 ve AOF smiflandirmalar
Tablo 4’de verilmistir. Morfolojik ve verim
ozelliklerine ait ortalamalarin dagilimlar
ise Sekil 2 ve Sekil 3’de sunulmustur.
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Tablo 4. Tarla denemesinde yetistirilen klonlarin morfolojik ve verim o6zelliklerine ait ortalamalari,

AOF siniflandirmasi ve F degerleri

Tek Yumru Agirhg

Sira no Klon No Bitki Boyu (cm) Sap Sayisi (adet)  Yumru Sayis1 (adet) @
1 1-317 44.67d 3.00 bed 9.67 a 71.22 ab
2 1-327 56.33b 3.00 bed 10.00 a 79.29 a
3 1-338 44.67d 4.33ab 6.33 bc 66.36 ab
4 1-375 51.33¢c 533a 8.33ab 65.34 ab
5 1-387 68.00 a 2.67 cd 9.67a 79.12a
6 1-407 37.33e 4.00 abc 9.33a 63.89 ab
7 1-420 29.67 f 1.67d 2.67d 41.25¢
8 1-445 47.00d 3.00 bed 10.33a 70.86 ab
9 Bettina (Kontrol) 44.33d 3.67 bc 5.33cd 70.29 ab
10 Nif (Kontrol) 50.67 ¢ 4.00 abc 6.00 bc 51.75 bc

AOF 05 2.823 1.516 2.973 20.277
F degeri 119.502™ 4.000** 6.512** 2.955*

Sira no Klon No Ocak Verimi (g) Parsel Verimi (kg) Yumru Eni (cm) Yumru Boyu (cm)
1 1-317 675.27 abc 3.12b 4.86 ab 6.16 bc
2 1-327 768.84 a 440a 4.39 cd 754 a
3 1-338 519.63 cd 2.58 bc 4.55 bc 5.89 cd
4 1-375 542.68 bed 2.39¢ 4.53 be 6.04 bc
5 1-387 742.36 a 4.50 a 4.88 ab 6.59 b
6 1-407 596.50 abc 247c 4.42 cd 6.53 bc
7 1-420 116.37 f 0.57 d 3.62e 427e
8 1-445 724.33 ab 5.00 a 514a 6.03 bc
9 Bettina (Kontrol) 378.10 de 2.18¢c 4.33cd 5.95 bed

10 Nif (Kontrol) 303.31e 0.90d 3.99 de 5.33d
AOF .05 184.076 0.622 0.425 0.649
F degeri 11.892** 49.829** 9.498** 15.022**

*p<0.05diizeyinde onemli ** p<0.01 diizeyinde onemli

Tarla denemesinde Bettina x Nif melez
kombinasyonuna ait patates klonlarinin
bitki boyuna (cm) ait varyans analizi sonucu
bulunan F degeri ile patates klonlarinin
ortalamalar1 Tablo 4’de gosterilmistir.

Tablo 4 incelendiginde bitki boyu (cm),
sap sayisi, yumru sayisi, ocak verimimi,
parsel verimi, yumru eni, yumru boyu
bakimindan p<0.01; tek yumru agirhig:
bakimindan p<0.05 diizeyinde istatistiksel
farkliliklar saptanmigtir.

3.1. Morfolojik ozellikler

Tablo 4’deki patates klonlarinin bitki
boyu (cm) ortalamalar1 karsilastirildiginda
en yiiksek bitki boyu ortalamasi 68.00 cm
ile Klon 1-387’den elde edilmistir. Bu
klonu 56,33 cm ile Klon 1-327 takip
etmistir. Bitki boyu bakimindan Klon 1-375
(51.33 cm) ve Nif (50.67 cm) ayni grupta
yer alip bu klonlar1 izlemistir. Bitki boyu
bakimindan 1-420 no’lu klon 29.67 cm ile
en diislik ortalamay1 vermistir. Yildirim ve
ark. (1988) tarafindan yapilan melezleme
calismasinda, ebeveyn kaynagi olarak
kullanilan Nif patates ¢esidi, Cosima x
R.143 melez kombinasyonu sonucu islah
edilmis olup, yliksek bitki boyu o6zelligi
gostermistir. Oztiirk ve Yildirrm (2018)
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tarafindan yapilan ¢aligmada, Bettina x Nif
melez kombinasyonu klonlarinin bitki boyu
acisindan  yiikksek ortalama  degerler
verdigini bildirilmiglerdir. Mehmet (2021)
ve Oztiirk (2021d) tarafindan yapilan
seleksiyon g¢aligmalarinda, ebeveyn olarak
kullanilan Nif ¢esidine ait patates
klonlardan en yiiksek bitki boyu elde
edilmistir. Calismamizda, Bettina x Nif
melez kombinasyonundan elde edilen
klonlardan bazilar1 kontrol grubu olan Nif
ve Bettina ebeveynlerinden  yiiksek
ortalamalar verdigi goriilmiistiir.

Tablo 4’deki patates klonlarinin sap
say1sl (adet) ortalamalari
karsilagtirildiginda en yiiksek sap sayisi
ortalamast 5.33 adet ile Klon 1-375
vermistir. Bu klonu 4.33 adet ile Klon 1-338
takip etmistir. Klon 1-407 (4.00 adet) ve Nif
(4.00 adet) ise aymi grupta yer alarak bu
klonlar1 izlemislerdir. Sap sayist yoniinden
1-420 numarali klon 1.67 adet ile en diisiik
ortalamay1 vermistir. Oztiirk ve Yildirim
(2018) ve Mehmet (2021) tarafindan
yapilan 1slah caligmalarinda, ebeveyn
olarak kullanilan Bettina ve Nif melez
kombinasyonuna ait patates klonu 177 en
yliksek ortalamay1 verdigini
aciklamuslardir. Oztiirk (2021d)’{in yaptig1
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melezleme c¢aligmasinda Bettina x Nif
melez kombinasyonu klonu 1-122 (5.5 adet)
en yiiksek ortalamay1 verdigini bildirmistir.
Sap sayist 6onemli bir seleksiyon Kkriteri
olarak degerlendirilmekte olup bu alanda

80,00

68,00

70,00
60,00
50,00
40,00
30,00
20,00
10,00

0,00

56,33

IOO

1-327

51,33
44,67

IOO

1-317

44,67

I33

1-338 1-375

m Bitki boyu (cm)

37,33
29 67
,33

1-387

daha once yapilan caligsmalarda elde edilen
sonuglar ile uyumlu bulunmustur.

Patates klonlarmin morfolojik
Ozelliklerine ait ortalamalarin dagilimlar
Sekil 2°de verilmistir.

50,67
47,00 44 33

1-407 1-420 1-445  Bettina

Sap Sayisi (Adet)

Sekil 2. Tarla denemesindeki patates klonlarinin morfolojik 6zelliklerine ait ortalamalarinin
dagilimlari

3.2. Verim ozellikleri

Tablo 4’deki patates klonlarinin yumru
sayist (adet) ortalamalari
karsilastirildiginda en yiiksek ortalama
Klon 1-445 (10.33 adet), Klon 1-327 (10.00
adet), Klon 1-387 (9.67 adet); Klon 1-317
(9.67 adet) ve Klon 1-407 (9.33 adet)’den
elde edilmistir. Yumru sayis1 bakimindan 1-
420 no’lu klon 2.67 adet ile en diisiik
ortalamay1 vermistir. Oztiirk ve Yildirim
(2018) tarafindan yiiriitiillen seleksiyon
calismasinda, Bettina x Nif melezinden elde
edilen Klon 176 (12.00 adet) ve Klon 174
(11.80 adet) yumru sayist bakimindan
yiiksek ortalamalar verdigini
belirtmislerdir. Mehmet (2021) ayni1 melez
kombinasyondan elde edilen Klon 177
(13.80 adet) ve Klon 176 (13.00 adet)
klonlarinin da yiliksek yumru sayisi
verdigini  bildirmistir. Ayrica, Oztiirk
(2021d) tarafindan yiriitilen calismada
Bettina x Nif melezinden elde edilen Klon
1-75 13.00 adet ile yiiksek yumru sayisi
verdigini bildirmigstir. Patates 1slahinda
yumru sayist bir seleksiyon kriteri olup,
ocak verimi ve parsel verimi ile birlikte
degerlendirilmektedir.
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Tek yumru agirligr (g) bakimindan en
yiiksek ortalama Klon 1-327 (79.29 g) ve
Klon 1-387 (79.12 g)’den elde edilmistir.
Klon 1-317 (71.22 g); Klon 1-445 (70.86 g);
Bettina (70.29 g); Klon 1-338 (66.36 Q);
Klon 1-375 (65.34 g) ve Klon 1-407 (63.89
g) ayni grupta yer alarak bu klonlar
izlemiglerdir. Tek yumru agirhg (g)
bakimindan 1-420 no’lu klon 41.25 g ile en
diisiik ortalamay1 vermistir. Yapilan bir
caligmada tek yumru agirligi bakimindan
ortalamalar karsilastirildiginda Bettina x
Nif melezine ait Klon 1-20 ve Klon 1-120
numarali klonlar 118.30 g ile en yiiksek
bulunmustur (Oztiirk, 2021d). Bagska bir
caligmada ise ayni1 melez kombinasyondan
elde edilen Klon 159, tek yumru agirlhigi
bakimindan 63.70 g ile yiiksek ortalama
verdigini bildirilmistir (Mehmet, 2021).
Bettina x Nif melez kombinasyonu elde
edilen sonuglar farkli yillarda gergeklesmis
olup elde edilen bulgular yukaridaki

arastiricilarin -~ sonuglart  ile  uyumlu
bulunmustur.
Ocak verimi (2) ortalamalari

karsilastirildiginda ise en yiiksek ortalama
768.84 g ile Klon 1-327 vermistir. Bu klonu
ayni grupta yer alan 742.36 g ile Klon 1-387
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takip etmistir. Klon 1-445 (724.33 g); Klon
1-317 (675.27 g) ve 1-407 (596.50 Q)
yiiksek ortalama degerleriyle One ¢ikan
diger klonlar arasinda yer almaktadir. Ocak
verimi yoOniinden, 1-420 numarali klon
116.37 g ile en diisiik ortalama vermistir.
Oztiirk (2021d), ocak verimi bakimindan
p<0.01 diizeyinde o6nemli farkliliklar
gozlemlendigini belirtmis ve bu patates
klonlarinin ortalamalar1 karsilastirildiginda
en yiiksek degeri Bettina x Nif melezi olan
Klon 1-20'nin (1239.50 g) sagladigini ifade
etmistir. Yapilan baska bir caligmada yine
ayn1 melez kombinasyonundan elde edilen
Klon 159 (795.40 g) en yiiksek ortalamay1
verdigini bildirmistir (Mehmet, 2021).
Parsel verimi (kg) ortalamalar
karsilastirildiginda, en yiliksek ortalama
degeri 5.00 kg ile Klon 1-445 saglamistir.
Bu klonu ayni1 grupta yer alan sirasiyla, 4.50
kg ile Klon 1-387 ve 4.40 kg ile Klon 1-327,
yiiksek ortalama degerleriyle takip etmistir.
Parsel verimi agisindan, Nif (0.90 kg) ve
Klon 1-420 (0.57 kg) en diisiik ortalama
degerleri gostermislerdir. Oztiirk (2021d)
tarafindan  gerceklestirilen  seleksiyon
calismasinda, Bettina x Nif melezi olan
Klon 1-86 (10.4 Kkg) parsel verimi
bakimindan en yiiksek ortalama elde
edimistir. Buna karsilik, Mehmet (2021)
tarafindan yiiriitillen bir diger melezleme
caligmasinda, ayn1 kombinasyona ait Klon
159'un (2.20 kg) en yiiksek parsel verimini
elde ettigini bildirilmis olup, bu sonug,
caligmamizin bulgularindan daha diisiik bir
deger olarak bulunmustur. Gopal ve ark.
(1992) patates 1slahinda baslangigta pozitif
seleksiyonun uygun olmadigini belirtmis ve
bu siirecte daha giivenilir sonuglar elde
edebilmek i¢in daha fazla yil, lokasyon ve
tekrarli deneme yapilmasi gerektigini
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vurgulamiglardir. Calismamiz  tek  yil
lizerine  gerceklestirilmis  olup, tescil
asamasinda secilen klonlarin birkag yil ve
birka¢ lokasyonda degerlendirilmesi uygun
olacaktir (Yildirim ve Yildirim, 2002).

Yumru eni (cm) ortalamalari
karsilastirildiginda en yiiksek yumru eni
(cm) ortalamast 5.14 cm ile Klon 1-445’ten
elde edilmistir. Bu klonu 4.88 c¢cm ile Klon
1-387 ve 4.86 cm ile Klon 1-317 takip
etmistir. Yumru eni bakimindan 1-420
no’lu klon 3.62 cm ile en diisiik ortalamay1
vermistir. Oztiirk (2021) ve Mehmet (2021)
yaptiklar 1slah ¢alismalarinda Bettina x Nif
melez kombinasyonlarina ait patates
klonlarinin yumru eni bakimindan yiiksek
ortalamalara sahip olduklarini
vurgulamiglardir.

Tablo 4’deki patates klonlarinin yumru
boyu (cm) ortalamalar karsilastirildiginda
en yiiksek yumru boyu (cm) ortalamasi 7.54
cm ile Klon 1-327 olmustur. Bu klonu 6.59
cm ile Klon 1-387 takip etmistir. Klon 1-
407 (6.53 cm); Klon 1-317 (6.16 cm); Klon
1-375 (6.04) ve Klon 1-445 (6.03) yiiksek
ortalama degerleriyle oOne c¢ikan diger
klonlar arasinda yer almaktadir. Yumru
boyu yoniinden, 1-420 numarali klon 4.27
cm 1ile en disik ortalama degeri
gdstermistir. Oztiirk (2021d), yumru boyu
bakimmdan p<0.01 diizeyinde O6nemli
farkliliklar gozlemlendigini belirtmis ve bu
patates klonlarinin ortalamalari
karsilastirildiginda en yiiksek degerleri
Bettina x Nif melezi olan Klon 1-107 (7.2
cm); Klon 1-120 (7.1 cm) ve Klon 1-20 (7.1
cm) verdigini bildirmistir.

Patates klonlarinin verim o6zelliklerine
ait ortalamalarm dagilimlart Sekil 3’de
verilmistir.
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Sekil 3. Tarla denemesindeki patates klonlarinin verim 6zelliklerine ait ortalamalarinin dagilimlar

4. Sonuglar

Tarla denemesinde Bettina x Nif melez
kombinasyonlarina ait patates klonlarinin
bitki boyu, sap sayisi, yumru sayisi, tek
yumru agirligi, ocak verimi, parsel verimi,
yumru eni ve yumru boyu gibi cesitli
tarimsal Ozellikleri incelenmistir. Varyans
analizi  sonuglarma  gore, incelenen
morfolojik ve verim 6zellikleri bakimindan
klonlar arasinda istatistiksel olarak anlamli
farkliliklar tespit edilmistir.

Bu ¢aligmanin bulgular, patates klonlar1
arasinda performans farkliliklart oldugunu
ortaya koymaktadir. Bu farkliliklar, patates
1slah  programlarmin daha verimli ve
dayanikli gesitler gelistirme siirecinde
onemli bilgiler sunmaktadir. Klonlar
arasinda yapilan karsilagtirmalarda, belirli
klonlarin tarimsal Ozellikler bakimindan
iistlin performans sergiledigi goriilmiistiir.

Elde edilen bulgular ve bu bulgularin
tartisilmasi sonucunda asagidaki sonug ve
oneriler verilmistir;

Bulgulara gore, bitki boyu Klon 1-387
(68.00 cm), sap sayist Klon 1-375 (5.33
adet), yumru sayis1 Klon 1-445 (10.33
adet), tek yumru agirligi Klon 1-327 (79.29
g) ve ocak verimi Klon 1-327 (768,84 g) ile
elde en yiiksek bulunmustur. Ayrica, parsel
veriminde en yiliksek deger Klon 1-445
(5.00 kg), yumru eni bakimindan en yiiksek
ortalama Klon 1-445 (5.14 cm) ve yumru
boyunda en yliksek ortalama Klon 1-327
(7.54 cm) olarak belirlenmistir.
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Sonu¢  olarak, patates 1slahinda
kullanilacak klonlarin sec¢ilmesinde, hem
verim hem de morfolojik &zelliklerin
dikkate alinmasi, yiiksek verim ve 1iyi
morfolojik Ozellikler sunan klonlarin,
gelecekteki 1slah programlarinda tercih
edilmesi ve bu klonlarin ¢esitli g¢evresel
kosullarda performanslarinin daha detayl
degerlendirilmesi Onerilmektedir. Ayrica,
yiiksek performans gosteren klonlarin ticari
iretimde uygulanabilirliginin artirilmasi
icin farkli yillar ve lokasyonlarda
denemelerinin yapilmasi, 1slah siirecine
katkida bulunabilir. Bunun yani sira, diisiik
performans gosteren klonlarin
iyilestirilmesi ve gelistirilmesi yOniindeki
caligmalar, daha dengeli ve yiiksek verimli

patates  cesitlerinin  elde edilmesine
yardimei olabilir.
Yazarlarin Katki Beyam

Yazarlar makaleye esit katkida

bulunduklarini, makalenin yayina hazir son

halini gordiiklerini/okuduklarini ve
onayladiklarini beyan ederler.
Cikar Catismasi1 Beyani

Tim yazarlar, bu ¢alisma i¢in herhangi
bir ¢ikar c¢atigmasi olmadigimi beyan
etmektedir.
Aciklama

Bu, calisma ilk yazarin yiiksek lisans
tezinden tiretilmistir.
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Ozet

Tatli patates [I[pomoea batatas (L.) Lam.] insan ve hayvan beslenmesi yaninda nisasta sanayide kullanilan yiiksek
katma degerli bir endiistri bitkisidir. Bu caligmada tatli patatesin aksillary tomurcuklarinin in vitro’da MS temel
ortamina farkli konsantrasyonda Kinetin iceren besin ortamlarinda siirglin gelisimi incelenmistir. Bitkicik boyu,
kok sayis1, kok uzunlugu (cm) ve yaprak sayisi bakimindan 0.5 mg I Kinetin igeren besin ortami sirasiyla 8.0 cm;
3.0 adet; 2.1 cm ve 10.0 adet ile yiiksek bulunmustur. Gelisen siirgiinler 1.0 mg I"* IBA (Indol 3- butirik asit) ve
1.0 mg It NAA (1-Naftalenetik asit) ortamlarinda alt kiiltiire alinmis ve ¢ogaltimlarina devam edilmistir. Bitki
boyu, kok sayisi, kok uzunlugu, yaprak sayisi ve bogum sayis1 bakimindan 1.0 mg I* IBA igeren ortam basarilt
bulunmustur. Elde edilen sonuglar degerlendirildiginde tath patates [lpomoea batatas (L.) Lam.] genotipinin
aksillary tomurcuklart ile in vitro siirgiin rejenerasyonu saglanmistir. Elde edilen siirgiinlerin alt kiiltiirii ile ¢ok
sayida fide liretimi yapilarak ticari tiretimde iyi bir potansiyel olusturulabilir.

Anahtar Kelimeler: Tatl patates, siirgiin gelisimi, kinetin, IBA, NAA

Shoot Regeneration of Sweet Potato [Ipomoea batatas (L.) Lam.] under In Vitro
Conditons

Abstract

Sweet potato [Ipomoea batatas (L.) Lam.] is a high income industrial plant used in human and
animal nutrition and starch industry. Shoot initiation of axillary buds of sweet potato was
investigated in vitro on different culture media in this study. Different concentrations of Kinetin
were supplemented with MS basic medium and in vitro shoot regeneration was compared. The
length of plantlets, root number, root length (cm) and number of leaves had the highest mean
in 0.5 mg I"! Kinetin medium with 8.0 cm, 3.0, 2.1 cm and 10.0, respectively. The growing
shoots were sub-cultured in 1.0 mg It IBA (Indole 3-butyric acid) and 1.0 mg I NAA (1-
Naphthalenetic acid) media and propagation was continued. The medium of 1.0 mg I"* IBA had
found to be successful in terms of plant height, root number, root length, leaf number and
internode. In result, in vitro shoot regeneration of sweet potato [Ipomoea batatas (L.) Lam.]
genotype has been found successful. So in vitro propagation can be done with axillary buds and
a potential can be achieved in commercial production with sub-cultures.

Keywords: Sweet potato, shoot initiation, kinetin, IBA, NAA
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1. Giris

Tatli Patates [Ipomoea batatas (L.)
Lam.]’in anavatani1 Orta Amerika ile Giiney
Amerika’nin kuzey-bati bolgeleri oldugu
tahmin edilmekte, Tirkiye’ye 19. ylizyilin
ikinci yaris1 ile 20. yiizyilin baslarinda,
Kibris tizerinden girdigi tahmin
edilmektedir (Arioglu, 1997). Diinyada
yaklasik 133 milyon ton yillik iiretimi ile
bugday, piring, misir, patates, arpa ve
manyok’dan sonra 7. sirada gelmektedir
(Isler, 2009). Tatl1 patates sicak iklim bitkisi
olup, Akdeniz iklim kusaginda ve iliman
bolgelerinde yetistirilmektedir (Sanli, 2019;
Karan ve Sanli, 2021). Yabanci dollenme
%60 civarinda olup, kiiltiirii yapilan tiirlerin
ploidi seviyesi 2n=6x=90 hexaploiddir
(Austin, 1988; Shiotani ve ark., 1991; Sanli,
2019). Saplari otsu ve siiriiniicli yapida olup
sap uzunluklart 50-250 cm  kadar
boylanabilmektedir (Isler, 2009).

Tath patates ¢ok yonli kullanimi ile
onemli bir kiiltiir bitkisidir. Taze olarak
insan ve hayvan beslenmesinde, bunun
yaninda sanayi hammadde kaynag1 olarak
islenerek de degerlendirilmektedir. Depo
koklerinden nigasta ve alkol hammaddesi
ile glikoz, un, tekstil ve surup gibi farkl
alanlarda yararlanilmaktadir (Scott, 1992;
Wolfe, 1992; Tewe, 1994). Yumru et
renkleri agik saridan, kirli beyaza ve koyu
portakal rengine degismektedir. Sar1 veya
turuncu renkli ¢esitler protein, vitamin A ve
C vitamini, beyaz et renkli cesitler ise
nisasta bakimindan zengin olup, piirelik
olarak da degerlendirilmektedir (Woolfe,
1992). Yumrulari igerdigi fenolik bilesikler
ve antioksidanlar bakimindan kansere, kalp
rahatsizliklarma  karst  etkili  oldugu
bildirilmistir (Kohlmeier ve Hastings, 1995;
Van Popoel ve Goldbohm, 1995; Russell,
1998; Tokusoglu ve ark., 2003; 2005;
Scalbert ve ark., 2005; Yildirnrm ve ark.,
2007; Karan ve Sanli, 2021).

Tathi patatesin posast protein ve
karotenoidlerce zengin oldugundan kiispe
yapimda, toprak iistli aksami1 kurutularak ya
da silaj yapilarak da hayvan beslenmesinde
kullanilmaktadir (Vural ve ark., 2000;
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Yildirim, 2009; Peters ve ark., 2009; An ve
ark., 2004).

Tath patates yetistiriciligi yumru, kokli
siirglin ve c¢elik gibi klasik yontemler
yaninda biyoteknolojik yontemler ile de
gerceklestirilmektedir (Valverde ve ark.,
2007; Yildirim ve ark., 2011; Ozturk,
2021). In vitro ¢ogaltim ile basta viriis ve
diger hastalik etmenlerinden ari in vitro
bitkiciklerin elde edilmesi (Mukherjee,
2002; Dugassa ve Feyissa, 2011; Sivparsad
ve Gubba, 2012), ve bu genetik materyalin
mikro ¢ogaltim kiiltiirii ile hizli ve etkili bir
liretim gerceklestirilmektedir
(Kalashnikova ve Kirakosyan, 2016;
Kalashnikova, 2020; Ozturk, 2023).

Doku kiiltiirii ¢ogaltimui ile hizli gogaltim
yaninda, her mevsim iiretim yapilabilmekte,
depolamada yer ve zamandan kazang
saglanmaktadir (Zobayed ve ark., 1999;
Aka-Kagar ve ark., 2001; Ferreira, 2021).
Ticari iiretimde in vitro kosullarda eclde
edilen fideler dis kosullara alinarak 6nemli
bir iiretim potansiyeli saglanmaktadir
(Templeton ve Collins 1985; Yildirim ve
ark., 2005; Oggema ve ark., 2007; Dugassa
ve Feyissa, 2011). Tath patatesin in vitro
kosularda farkli eksplantlari kullanilarak ve
farkli  kiltiirleri  yapilarak in  vitro
rejenerasyon  yetenekleri  arastirilmigtir
(Paula ve ark., 1991; Zobayed ve ark., 1999;
Hirai ve Sakai, 2002; Mukherjee, 2002;
Lineberger, 2006; Oggema ve ark., 2007;
Yildirim ve ark., 2011; Ogero ve ark., 2012;
Shaibu ve ark., 2016; Masekesa ve ark.,
2016; Guillermo ve ark., 2017; Parvin ve
ark., 2018; Alula ve ark., 2018; Ye ve ark.,
2020). Besin ortaminda BAP ve Kinetin
gibi sitokinin ile NAA gibi oksinler
kombineli olarak kullanilmaktadir (Gaspar
ve ark., 1996; Grossmann, 2007).

Bu ¢alisma ile Tamayukata tatli patates
genotipinin in vitro kosullarda Kinetinin
farkli dozlarin1 igeren besin ortaminda
rejenerasyon yeteneklerinin belirlenmesi ve
alt kiltiriiniin  yapilarak  ¢ogaltilmasi
amaglanmistir. Calisma ile tatli patates
bitkisi i¢in ticari iiretimde kullanilacak en
uygun ve ekonomik in vitro protokoliin
olusturulmas1 hedeflenmistir.
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2. Materyal ve Yontem

Calismada Tamayukata tathh patates
genotipi kullanilmigtir. Tarla kosullarinda
yetistirilen bu genotipe ait saplar alinmis ve
aksilary tomurcuklar eksplant kaynagi
olarak  kullanilmistir.  Calisma  Ege
Universitesi Ziraat Fakiiltesi Tarla Bitkileri
Bolimii Doku Kiiltiirii Laboratuvarinda
gerceklestirilmistir. Tamayukata genotipine
ait stirgiinlerin temizlenmesi ve
sterilizasyon iglemleri 6n hazirlik odasinda
gergeklestirilmistir. Yiizey sterilizasyonlari
%70’lik etil alkolde ve %2.5’luk sodyum
hipokloritte (NaOCl) tamamlanan
tomurcuklarin in vitro kiiltiirleri yapilmstir.
Kontrol olarak Murashige ve Skoog (1962)
temel besin ortami kullanilmis, bu ortam
stirglin gelisim i¢in 0.5; 1.0; 2.0 ve 3.0 mg
I* Kinetin (Kn) ile diizenlenmistir. In vitro
rejenerasyon i¢in kiiltiiriiler 2000-3000 liiks
151k siddetinde ve 16 saat aydinlik 8 saat
karanlik kosullarda iklim odasina alinmis
ve Tesadiif Parselleri Deneme Desenine
gore 2 tekerriirlii olarak in vitro denemeler
gergeklestirilmistir. Tath patates
genotipinin  tomurcuklarinin  in  vitro
rejenerasyonu saglanmais, siirgiin sayisi, kok
say1s1, kok uzunlugu (cm) ve yaprak sayisi
gozlemleri yapilmistir. Gelisen siirgiinlerin

1.0 mg IBA?! ve 1.0 mg It NAA iceren
ortamlarda Tesadiif Parselleri Deneme
Desenine gore alt kiiltiirleri yapilmistir.
Burada bitki boyu (cm), kok sayisi, kok
uzunlugu, yaprak sayist ve bogum sayisi
Ozellikleri  Olgiilmiistiir. Elde  edilen
sonuglar Totemstat (Acikgoz ve ark., 2004)
programi ile analiz edilmis, ortalamalar
Steel ve  Torrie (1980)’ye  gore
karsilastirilmistir.

3. Bulgular ve Tartisma

Bu calismada Tamayukata tatli patates
genotipinin aksilary tomurcuklari
kullanilarak fakli Kn i¢eren ortamda siirgiin
rejenerasyonu saglanmistir. Farkli
konsantrasyonlarda Sitokinin ortaminda
bitkicik boyu (cm), kok sayisi, kok
uzunlugu (cm) ve yaprak  sayisi
ozelliklerine ait varyans analizi sonucu
Tablo 1’de bu 6zeliklere ait dagilimlar Sekil
1’de verilmistir. Elde edilen in vitro
bitkilerin iki farkli oksin i¢eren ortamda alt
kiiltiirii yapilmis ve bitki boyu (cm), kok
sayisi, kok uzunlugu, yaprak sayisi ve
bogum sayis1 6zelliklerine ait ortalamalar,
LSD ve F degerleri ise Tablo 2’de, bu
ozelliklere ait dagilimlar ise Sekil 2°de
verilmistir.

Tablo 1. Tath patates [Ipomoea batatas (L.) Lam.]’in tomurcuk eksplantlarinin farkli konsantrasyonda
Kinetin (Kn) iceren ortamlarda in vitro rejenerasyonu

Ortamno | Ortam Bitkicik boyu (cm) | Kok sayist | Kok uzunlugu (cm) | Yaprak sayist
1 MS (Kontrol) 0.0 0.0 0.0 0.0
2 0.5mgltK 8.0 3.0 2.1 10.0
3 1.0mg It K 5.9 25 15 7.0
4 20mg K 1.6 25 0.8 3.0
5 3.0mglItK 0.4 1.0 0.4 2.0
LSD(o.05) 1.696 1.991 0.508 2.300
F 58.776** 5.250* 36.833** 40.750™

Tamayukata tath patates genotipinin
kontrol ve 4 farkli konsantrasyonda Kn
igeren besin ortaminda cesitli 6zellikler
bakimindan elde edilen ortalamalar Tablo
1’de verilmistir. Tablo incelendiginde in
vitro kiiltiirde ortamlar arasinda kok sayisi
disinda, bitkicik boyu (cm), kdk uzunlugu
(cm) ve yaprak sayist  Ozellikleri
bakimindan p<0.01, kok sayis1 oOzelligi
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bakimindan p<0.05 diizeyinde istatistiksel
farkliliklarin oldugu goriilmektedir. Farkli
konsantrasyonda Kn igeren ortamlar
karsilagtirildiginda bitkicik boyu
bakimidan 2. no’lu MS+0.5 mg I Kn
ortammmn 8.0 cm ile One c¢iktigl
goriilmektedir. Bu ortam litreye 1.0 mg Kn
iceren ortam 5.9 cm ile izlemistir. Kok
say1st bakimindan litreye 0.5 mg Kn (3.0
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adet) iceren ortam yiiksek bulunmus olup
bu ortami 1.0 ve 2.0 mg It konsantrasyona
sahip ortamlar izlemistir. Kok uzunlugu
bakimindan 2.1 cm ile 0.5 mg It Kn iceren
ortam en yliksek bulunmustur. Bu ortami
1.5 cm kok uzunlugu ile litreye 1.0 mg I*
Kn iceren ortam izlemistir. Yaprak sayisi
bakimindan MS+0.5 mg I"* Kn igeren ortam
10 adet ile yiiksek bulunmus, bu ortami 7
adet ile 1.0 mg IT Kn igeren ortam
izlemistir. Tamayukata tatli  patates
genotipinin  aksillary tomurcuklar1 ile
yapilan in vitro kiiltiirde MS+0.5 mg It Kn
iceren ortam incelenen tim o&zellikler
bakimindan tstiin bulunmustur. Mukherjee
(2002) 3 ila 5 mm ebatlarinda ki aksiller
tomurcuk eksplantlarin1 1 mg It BAP iceren
ortamda kiiltiire almis gelisen siirgiinleri dis
kosullara alistirmistir. Abubakar ve ark.
(2018) yaptig1 calismada farkli tatli patates
genotiplerinin in vitro rejenerasyonunun
farkli  oldugunu bildirmistir.  Yiiksek
konsantrasyonda sitokinin igeren besin
ortamlarinin kallus olusumunu tesvik ettigi
ozellikle BAP, Kinetin ve BA gibi sitokinin
iceren ortamlarin siirglin gelisimini tesvik
ettigi diisiikk konsantrasyonda Kinetin igeren
ortamlara  NAA eklenmesi durumunda
kallus olustugunu aksi durumda siirgiin
gelisiminin tesvik edildigini bildirmistir
(Masekesa ve ark., 2016). Litz ve Conover
(1978), aksiller tomurcuk eksplantlar1 ile

yaptiklari ¢alismada 1 mg I"! Kinetin igeren
ortamda 5.1 adet siirgiin elde edildigini ve
bu ortamin dnerildigi bildirmistir. Ogero ve
ark. (2012), MS besin ortaminda 30 g
sakkaroz i¢eren ortamlar1 ekonomik olarak
onermistir. DoliEski ve ark. (2013)
yaptiklar1 ¢alismada 0.1 mg 1! Kinetin ve
1.0 mg I GA kombinasyonunun kok ve
sirglin  olusumu bakimindan olumlu
sonuglar verdigini bildirmistir. Sitokinin ve
GA igeren ortamlarin oksin igeren
ortamlara gore daha fazla kok ve siirgiin
olusturdugu, bogum olusturma iizerine
herhangi bir etkisinin olmadig1 rapor
edilmistir. Alula ve ark. (2018) 0.5 mg I
BAP ile 0.5 mg I? Kn igeren ortamlarin
meristem gelisimi i¢in en uygun oldugunu
bildirmistir. Parvin ve ark. (2018) 1.5 mg I
1 BAP +0.1 mg I'! Kn igeren ortamin siirgiin

saytstni 11 adet olarak bulmustur.
Calismamizda tek basmna Kn igeren
ortamlar  kullanilmis olup, diisiik

konsantrasyonda Kn igeren ortam bagarili
bulunmustur. Ticari iiretimde ekonomiklik
g0z Oniline alindiginda tek basina hormon
kullanim1 bir avantaj olarak goriilebilir.
Tatli patates (Ipomea batatas (Lam) L.)
genotipinin bitkicik boyu (cm), kdk sayist,

kok  uzunlugu ve  yaprak  sayisi
ortalamalarinin  dagilimlar1 ~ Sekil 1°de
verilmistir.

Tath patates [Ipomoea batatas (L.) Lam.]

12
10 = MS (Kontrol)
2 ® 0.5 mg/l K
4 1.0 mg/l K
(2) [ | I I I - I m2.0 mg/l K
Bitkicik boyu Kok sayis1 Kok uzunlugu Yaprak sayisi 3.0mg/l K
(cm) (cm)

Sekil 1. Tatli Patates [Ipomoea batatas (L.) Lam.]’in farkli Kn igeren ortamlarda bitkicik boyu (cm),
kok sayisi, kok uzunlugu ve yaprak sayisi dzelliklerine ait ortalamalariin dagilimlari

Tatli patates [Ipomoea batatas (L.)
Lam.], genotipinin in vitro kosullarda elde
edilen fideleri MS (Kontrol), MS+1.0 mg I
L IBA ve MS+1.0 mg IT NAA igeren
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ortamda alt kiiltiire alinmustir. Alt kiiltiir
kosullar1 bitki boyu (cm), kok sayisi, kok
boyu (cm), yaprak sayisi ve bogum sayisi
ozellikleri Tablo 2’de verilmistir
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Tablo 2. Tath patates [I[pomoea batatas (L.) Lam.]’in iki farkli oksin igeren ortamda alt kiiltiirii

Ortam no Ortam Bitki boyu (cm) | Kok sayist | Kok uzunlugu (cm) | Yaprak sayis1 | Bogum sayisi
1 MS (Kontrol) 0.0 0.0 0.0 0.0 0.0
2 1.0mg I IBA 5.7 3.0 4.8 10.0 9.0
3 1.0mg It NAA | 21 1.7 3.8 5.0 3.7
LSD(0.05) 0.997 1.332 1.589 2.307 2.401
F 99.125™ 15.250™ 30.279™ 56.250™ 42538

Tablo 2’de iki farkli oksin igeren besin
ortaminda elde edilen bitki boyu (cm), kok
sayis1, kok uzunlugu (cm), yaprak sayisi ve
bogum sayis1 6zellikleri i¢in p<0.01 6nem
diizeyinde farkliliklarin oldugu
goriilmektedir.  Bahsedilen  6zellikler
bakimindan ortamlar karsilastirildiginda
bitki boyu bakimmdan MS+1.0 mg I* IBA
iceren ortam 5.7 cm ile yiksek
bulunmustur. MS+1.0 mg I IBA iceren
ortam kok sayist (3.0 adet), kok uzunlugu
(4.8 cm), yaprak sayist (10 adet) ve bogum
sayist (9.0 adet) bakimindan da NAA igeren
ortama gore yiiksek bulunmugtur.

Alula ve ark. (2018) 1.0 mg It IBA ile
1.0 mg I NAA kombinasyonunun 11.7
adet ile en yliksek kok sayisi, IBA 0.75 mg
I ile NAA 0.5 mg I"* kombinasyonu en
yiiksek kok uzunlugu (3.43 cm) verdigini
bildirmistir. Parvin ve ark. (2018) 0.5 mg I
LIBA + 0.1 mg It NAA igeren ortamdan en
yuksek kok sayist ve uzunlugu elde

etmislerdir. S6z konusu ortamin daha fazla
hiicre boliinmesini ve kok uzamasim
sagladig1 ve sonugta bitkicik basina daha
fazla kok olusturdugunu vurgulanmistir.
Baydemir (2021) tath patatesle yaptigi
caligmada kok sayisinin BA, NAA ve GA
icermeyen ortamlarda yiiksek oldugunu,
kok uzunlugunun ise besin ortaminda NAA
konsantrasyonuna gore degistigini
bildirmistir. Calismamizda  kombine
olmadan IBA ve NAA igeren ortamlar
kullanilmis olup, IBA igeren ortam basarili

bulunmus ve yukarida  bahsedilen
arastiricilarin -~ sonuglart  ile  uyumlu
bulunmustur.

Tatli patates (Ipomea batatas (Lam) L.)
genotipinin iki farkli oksin iceren alt kiiltiir
ortaminda bitki boyu (cm), kok sayisi, kok
uzunlugu (cm), yaprak sayist ve bogum
sayis1 Ozelliklerine ait ortalamalarinin
dagilimlar Sekil 2°de verilmistir.

Tath patates [Ipomoea batatas (L.) Lam.

12

10

Bitki boyu (cm)

o0}

(o2}

SN

N

Kok sayist
(cm)

Kok uzunlugu  Yaprak sayist

= MS (Kontrol)
= 1.0 mg/l IBA
1.0 mg/l NAA

Bogum sayis1

Sekil 2. Tatli patates [Ipomoea batatas (L.) Lam.]’in iki farkl1 oksin igeren ortamda alt tiirii ve bitki
boyu (cm), kok sayisi, kok uzunlugu, yaprak sayisi ve bogum sayisi 6zelliklerine ait ortalamalarinin
dagilimlari
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4. Sonuclar

Tatli patates [Ipomoea batatas (L.)
Lam.] genotipinin farkli konsantrasyonda
Kn igeren besin ortamlar1 rejenerasyon ile
bitkicik boyu, kok sayisi, kok uzunlugu
(cm) ve yaprak sayist  Ozellikleri
bakimimdan MS+0.5 mg I"! Kn iceren ortam
basarili bulunmustur. Alt kiiltiir asamasinda
bitki boyu (cm), kok sayisi, kdk uzunlugu,
yaprak sayist ve bogum sayis1 6zellikleri
bakimmdan 1.0 mg It IBA igeren ortam
basarili bulunmustur. Aksillar tomurcuklar
ve diisiik oranda Kn tath patates bitkilerinin
in vitro rejenerasyonu ve buradan gelisen
bitkilerin alt kiiltiirii i¢in 1.0 mg I IBA
iceren ortam Onerilebilir. Alt  kiiltiir
asamasinda daha hizli ve ¢ok sayida fide
elde edilmesi bakimindan kombine
olmayan besin ortamlari  ekonomik
bakimdan daha avantajli olup bu bitkinin
ticari tiretiminde klasik yontemlere gore in
vitro kiiltiirlerin de degerlendirmesine
olanak saglayacaktir.

Yazarlarin Katki Beyam

Yazarlar  makaleye esit katkida
bulunduklarini, makalenin yayina hazir son
halini gordiiklerini/okuduklarimi ve
onayladiklarini beyan ederler.

Cikar Catismas1 Beyam

Tilim yazarlar, bu ¢alisma i¢in herhangi
bir ¢ikar ¢atigmas1 olmadigin1 beyan
etmektedir.

Kaynaklar

Acikgoz, N., llker, E., Gokcol, A., 2004.
Evaluation of biological research in
computer. E.U. TOTEM, Publication
No:2, Izmir.

Aka Kagar, Y., Yalgin Mendi, Y., Yilmaz,
N., Kiiden, A., Cetiner, S., 2001. In vitro
besi ortaminda kullanilan  degisik
katilagtiricilart maddelerinin ve farkli pH
diizeylerinin bazi kiraz (Prunus avium
L.) anaclarinin c¢ogaltilmas1 {izerine
etkileri. 1. Sert Cekirdekli Meyveler
Sempozyumu, 25-28 Eyliil, Yalova, s.
161-166.

1074

Alula K., Zeleke H., Manikandan M., 2018.
In vitro propagation of sweet potato
(Ipomoea batatas (L.) Lam) through
apical meristem culture. Journal of
Pharmacognosy and Phytochemistry.
7(1):2386-2389.

An, L.V., Lindberg, J.E., 2004. Ensiling of
sweet potato leaves (Ipomoea batatas
(L.) Lam) and nutritive value of sweet
potato leaf silage for growing pigs,
Asian-Aus. Journal of Animal Science,
17:497-503.

Arioglu, H.H., 1997. Nisasta ve Seker
Bitkileri, Cukurova Universitesi Ziraat
Fakiiltesi, Genel Yayin Say1: 188.

Austin, A.D., 1988. The taxonomy,
evolution and genetic diversity of
sweetpotatoes and related wild species.
In: International Potato Centre (CIP).
Exploration, Maintenance and
Utilization of Sweetpotato Genetic
resources, pp. 27-59.

Baydemir, G., 2021. Portekiz Gandera yerel
tatli patates (Ipomoea batatas (L.) Lam)
genotipinin in vitro mikro ¢ogaltilmasi
lizerine bitki bilylime diizenleyicilerinin
ve besi ortamlarmin etkisi. Yiksek
Lisans Tezi, Dicle Universitesi Bahce
Bitkileri Boliimii, Diyarbakar.

DoliEski, R., Olek, A,  2013.
Micropropagation of sweet potato
(Ipomoea batatas (L.) Lam.) from node
explants. Acta Scientiarum Polonorum
Hortorum Cultus, 12(4): 117-127.

Dugassa, G., Feyissa, T., 2011. In Vitro
production of virus-free sweet potato
[Ipomoea batatas (L.) Lam] by meristem
culture and thermotherapy. Ethiopian
Journal of Science and Technology,
34(1): 17-28.

Ferreira, M.E., 2021. Boas Praticas na
Cultura da Batata-Doce. (www.iniav.pt),
(Erisim Tarihi:18.06.2024).

Gaspar, T., Kevers, C., Penel, C., Greppin,
H., Reid, D.M., Thorpe, T.A., 1996.
Plant hormones and plant growth
regulators in plant tissue culture. In Vitro
Cellular & Developmental Biology-
Plant, 32(4):272-289.



Oztiirk ve Aydin

Grossmann, K., 2007. Auxin herbicide
action: lifting the veil step by step. Plant
Signaling & Behavior, 2:421-425.

Guillermo, E.D.P., Consuelo, R.l., Jorge,
C.C., En IS, F., Walter, H., 2017.
Development and agronomic evaluation
of 1n vitro somaclonal variation in sweet
potato regenerated plants from direct
organogenesis of roots. Asian Journal of
Plant Science and Research, 7(1):39-44.

Hirai, D., Sakai, A., 2002 Simplified
cryopreservation of sweet potato
[l[pomoea batatas (L.) Lam.] by
optimizing conditions for
osmoprotection. Cell Biology and
Morphogenesis, 21:961-966.

Isler, N., 2009. Tath patates,
(Www.mku.edu.tr/files/898-beb83317-
d033-46¢0-8c9d-  243289a43abc.pdf.)
(Erisim Tarihi: 18 Ekim 2024)

Kalashnikova, E.A., Kirakosyan, R.N.,
2016. Modern aspects of biotechnology,
M.: RGAU-MSKhA

Kalashnikova, E.A., 2020. Plant Cell
Engineering: Textbook and Workshop,
M.: Yurait, Ser. 76 Higher Education
(2nd ed.).

Karan, Y.B, Sanli, O.G., 2021. The
assessment of yield and quality traits of
sweet potato (Ipomoea batatas L.)
genotypes in middle Black Sea region,
Turkey. PLoS One, 16(9): e0257703.

Kohlmeier, L., Hastings, S.B., 1995.
Epidemiologic evidence of a role of
carotenoids in cardiovascular disease
prevention. The American Journal of
Clinical Nutrition, 62(6):1370S-1376S.

Litz, R.E., Conover, R.A., 1978. In vitro
propagation  on  sweet  potato.
HortScience, 13(6): 659-660.

Masekesa, R.T., Gasura, E., Matikiti, A.,
Kujeke, G., Ngadze, E., Icishahayo, D.,
Robertson, A., 2016. Effect of BAP,
NAA and GAs, either alone or in
combination, on meristem culture and
plantlet establishment 1 sweet potato
(CV BRONDAL). African Journal of
Food, Agriculture, Nutrition and
Development, 16(1): 10653—-10669.

1075

Mukherjee, A., 2002. Effect on NaCl on in
vitro propagation of sweet potato
(lpomoea  batatas L.). Applied
Biochemistry and Biotechnology, 102:
431-441.

Murashige, T., Skoog, F., 1962. A revised
medium for rapid growth and bioassay
with tobacco cultures. Plant Physiology,
15:473-479.

Ogero, K.O., Mwangi, M., Mburugu, G.N.,
Ngugi, M.M., Ombori, O., 2012. Low
cost tissue culture technology in the
regeneration of sweet potato (Ipomoea
batatas (L) Lam). Research Journal of
Biology, 2(2):51-58.

Ozturk, G., 2021. Field performances of
different seedling types used in sweet
potato [Ipomea batatas (L.) Lam]
growing. Turkish Journal of Field
Crops, 26(1): 54-59.

Ozturk, G., 2023. In Vitro Propagation of
Ornothogalum  umbellatum. ISPEC
Journal of Agricultural  Sciences,
7(4):825-832.

Parvin, J., Robbani, M., Hasan, M.F.,
Hoque, F., 2018. Standardization of
plant growth regulators for successful
tissue culture of sweet potato. Journal of
the Bangladesh Agricultural University,
16(2):178-181.

Paula, M.A., Reis, V.M., Ddobereiner, J.,
1991. Interactions of Glomus clarum
with  Acetobacter diazotrophicus in
infection of sweet potato (Ipomoea
batatas), sugarcane (Saccharum spp.),
and sweet sorghum (Sorghum vulgate).
Biology and Fertility of Soils, 11:111-
115.

Peters, D., Tinh, N.T., Thach, P.N., 20009.
Sweet potatoroot silage fermentation and

guality,  Svedish  University  of
Agricultural Sciences, Deparment of
Animal Nutrition and

ManagementUppsala, 46p.

Russell, R.M., 1998. Physiological and
clinical significance of carotenoids.
International Journal of Vitamin and
Nutrition Research, 68: 349-353.



Oztiirk ve Aydin

Scalbert, A., Manach, C., Morand, C.,
Remesy, C., Jimenez, L., 2005. Dietary
polyphenols and the prevention of
diseases. Critical Reviews in Food
Science and Nutrition, 45: 287-306.

Scott, G.J., Otieno, J., Ferris, S.B.,
Muganga, A.K., Maldonado, L., 1998.
Sweetpotato in Ugandan food systems:
Enhancing food security and alleviating
poverty. Program Report 1997-98,
International Potato Center, Lima, Peru.

Shaibu, A.S., Abubakar, A.S., Lawan, Z.
M., lbrahim, A.K., Rabiu, H.M.,
Muhammad, A.l, 2016. Media
optimization and effect of surface
sterilization timing on 1  Vvitro
propagation of  sweet  potato.
Proceedings of the 2nd International
Conference on Drylands.

Shiotani, I., Huang, Z.Z., Sakamoto, S.,
Miyazaki, T., 1991. The role of wild
Ipomoea trifida germplasm in sweet
potato breeding. Proc. of the 9 th
Symposium of the International Society
for Tropical Root Crops, 20-26 October,
Accra, Ghana.

Sivparsad, B.J., Gubba, A., 2012.
Development of an efficient plant
regeneration protocol for sweet potato
(Ilpomoea batatas L.) cv. Blesbok.
African Journal of Biotechnology,
11(84): 14982-14987.

Steel, R.G.D., Torrie, J.H., 1980. Principles
and procedures of statistics, McGaw-Hill
Book Company, Inc. N.Y.

Sanli, O.G., 2019. Baz1 tath patates yerel
genotiplerinin Tokat-Kazova sartlarinda
yetistirilerek bitki gelisim ozellikleri ve
verim degerlerinin belirlenmesi. Yiiksek
Lisans Tezi, Tokat Gaziosmanpasa
Universitesi Fen Bilimleri Enstitiisii
Tokat.

Templeton-Somers, K.M., Collins, W.W.,
1985. Heritability of regeneration in
tissue cultures of sweet potato (Ipomoea
batatas L.). Theoretical and Applied
Genetics, 71:835-841.

Tokusoglu, O., Kocak, S., Aycan, S.,
Yildirim, Z., 2003. Comparative study
for detection of B-group vitamins and

1076

folic acid by gas chromatograpy-mass
spectrometry (GC-MS) and differential
pulse polarography (DPP) in sweet
potato (Ipomea batatas L.). In 2003 IFT
Annual Meeting Book of Abstracts.
p.239. July 12-16 in McCormick Place,
South Building, Chicago IL, USA.

Tokusoglu, O., Yildirim, Z., Durucasu, 1.,
2005. Nutraceutical phenolics (total
polyphenols, chlorogenic [5-O-
Caffeoylquinic] acid) in tubers, leaves,
stalks and stems of new developed
sweetpotato  (Ipomea Batatas L.):
Alterations in tubers during short-term
storage. Journal of Food Technology,
3(3): 444-448.

Valverde, R.A., Clark, C.A., Valkonen,
J.P.T., 2007. Viruses and virus disease
compluxes of sweetpotato. Plant Viruses
1: 116-126.

Van Popoel, G., Goldbohm, R.A., 1995.
Epidemiological evidence for B-carotene
and cancer prevention. American
Journal of Clinical Nutrition, 62: 1393-
1402.

Vural, H., Esiyok, D., Duman, I., 2000.
Kiiltlir Sebzeleri (Sebze Yetistirme), Ege
Universitesi Basimevi, S:253-260

Woolfe, J.A., 1992. Sweet potato: an
untapped food resource, Cambridge
University Press, Cambridge, UK, 634s.

Ye, A,, Singh, J., Somaratne, G., Nau, F.,
Ferrua, M.J., Dupont, D., Singh, R.P.,
2020. Role of biochemical and
mechanical disintegration on -carotene
release from steamed and fried sweet
potatoes during in vitro gastric digestion.
Food Research International, 136: 1-8.

Yildirim, Z., Tokusoglu, O., Aygiin, H.,
2005. Ege bolgesine uygun tath patates
(Ipomoea batatas L.) genotiplerinin
belirlenmesi, Proje Sonu¢ Raporu
(TOGTAG-2957), Tiibitak, Ankara.

Yildirim, Z., Tokusoglu, O., Oztiirk, G.,
Aygiin, H., 2007. Ege Bolgesine uygun
tatll patates (Ipomoea batatas L.)
genotiplerinin belirlenmesi, Tiirkiye 7.
Tarla Bitkileri Kongresi 25-27 Haziran,
Erzurum, s.450-453.



Oztiirk ve Aydin

Yildirim, Z., 2009. Tathh  patates Zobayed, F.A., Zobayed, S.M.A., Kubota,
yetistiriciligi. Tarim Tiirk Dergisi, C., Kozai, T., Hasegawa, O., 1999.
15:70-71. Supporting material affects the growth

Yildirim, Z., Tokusoglu, O., Oztiirk, G., and development of in vitro sweet potato
2011. Determination of sweet potato plantlets cultured photoautotrophically.
[I[pomoea batatas (L.) Lam.] genotypes In Vitro Cellular & Developmental
suitable to the Aegean region of Turkey. Biology — Plant, 35:470-74.

Turkish Journal of Field Crops, 16(1):
48-53.

Atif Sekli: Oztiirk, G., Aydin, M.A., 2024. in Vitro Kosullarda Tatl Patates [Ipomoea batatas (L.) Lam.]’in Siirgiin
Rejenerasyonu. MAS Uygulamalr Bilimler Dergisi, 9(4): 1069-1077.
DOI: http://dx.doi.org/10.5281/zen0do.14352745.

To Cite: Oztiirk, G., Aydin, M.A., 2024. Shoot Regeneration of Sweet Potato [Ipomoea batatas (L.) Lam.] under
In Vitro Conditons. MAS Journal of Applied Sciences, 9(4): 1069-1077.
DOI: http://dx.doi.org/10.5281/zenodo.14352745.

1077



MAS JAPS 9(4): 1078-1094, 2024

~ournal of Applied sciences
- Uygulamalr Bilimler Dergisi

DOI: http://dx.doi.org/10.5281/zenodo.14354468 &,
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Ozet

Bu calisma, Mus ili merkez ilgesine bagh Ozdilek koyii kosullarinda farkli yonca (Medicago sativa L.)
genotiplerinin verim ve kalite 6zelliklerini degerlendirmek amaciyla gerceklestirilmistir. Tohumluk materyal
olarak Mus ilinin farkli lokasyonlarindan toplanan 10 popiilasyon kullanilmistir. Tesadiif bloklar1 deneme desenine
gore li¢ tekerriirlii olarak yiiriitiilen arastirmada bitki boyu, seyreklesme orani, ana sap sayisi, bi¢im sayisi, ana
sapta yan dal sayisi, ¢igeklenme, giin sayisi, kisa dayaniklilik, yesil otta kuru ot orani, yesil ot verimi, kuru ot
verimi, asit deterjan lif, notral deterjan lif, asit deterjan lignin, ham protein orani, ham protein verimi, sindirilebilir
kuru madde verimi, sindirilebilir kuru madde orani, nispi yem degeri gibi parametreler incelenmistir. Ortalama
ciceklenme siiresi genotipler arasinda 111.33 ile 125.33 giin arasinda degisirken, ana sap uzunlugu 62.95 cm
(Poptilasyon 8) ile 114.65 cm (Popiilasyon 4) arasinda degisim gostermistir. En yiiksek yesil ot verimi 5032 kg da-
! (Popiilasyon 9) ile kaydedilirken, en diisiik 3950 kg da (Popiilasyon 7) olarak bulunmustur. Ham protein orani
ise % 20.70 (Popiilasyon 2) ile % 24.09 (Popiilasyon 5) arasinda degismistir. 1, 9 ve 10 numarali genotipler, verim
ve kalite agisindan iistiin 6zellikler gostermis ve gelecekteki 1slah galismalarinda kullanilabilir potansiyele sahip
olduklar1 belirlenmistir. Bu ¢aligma, Dogu Anadolu Bdlgesi'nde yonca yetistiriciligi ve kaba yem agigmin
kapatilmasina yonelik dnemli bulgular sunmaktadir.

Anahtar Kelimeler: Mus, yonca, verim, kalite

Determination of Yield and Quality Parameters of Different Alfalfa (Medicago sativa L.)
Populations in Mus Ecological Conditions

Abstract

This study was conducted to evaluate the yield and quality characteristics of different alfalfa (Medicago sativa L.) genotypes
under the conditions of Ozdilek village in the central district of Mus province. Ten populations collected from different
locations of Mus province were used as seed material. Plant height, number of main stems, number of cuttings, number of
lateral branches on the main shoot, flowering time, number of days, winter hardiness, ratio of green herbage to dry hay, green
herbage yield , the yield of dry grass, the acid detergent fiber, the neutral detergent fiber, the acid detergent lignin, the crude
protein ratio, the crude protein yield, the digestible dry matter yield, the percentage of digestible dry matter and the relative
feed value were examined. The mean flowering time varied between 111.33 and 125.33 days among the genotypes, while the
main stem length varied between 62.95 cm (population 8) and 114.65 cm (population 4). The highest yield of green grass was
5032 kg ha (population 9) and the lowest was 3950 kg ha (population 7). The crude protein content varied between 20.70%
(population 2) and 24.09% (population 5). Genotypes 1, 9 and 10 showed superior characteristics in terms of yield and quality
and have the potential to be used in future breeding studies. This study provides important insights for alfalfa cultivation in the
Eastern Anatolia region and to address the feed deficit.

Keywords: Mus, alfalfa, yield, quality
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1. Giris

Son yillarda hayvanciligin en 6nemli
sorunlarindan biri, kaliteli kaba yem
iretimindeki yetersizliktir. Tirkiye’de
kaba yem acigi, hayvanlarin besin
ihtiyaglarinin karsilanmasini
zorlagtirmakta ve hayvanciligin
ekonomik verimliligini olumsuz
etkilemektedir (Anonim, 2019; Dénmez,
2023; Goniilal ve Palta, 2024). Tirkiye
Istatistik Kurumu (TUIK) verilerine gére,
yem bitkileri ekim alam1 yaklasik 2
milyon hektar olup, bu alandan yillik
ortalama 13 milyon ton kuru ot
uretilmektedir. Ancak bu tretim miktari,
Tiirkiye’nin ~ toplam  18.6  milyon
bliytikbag hayvan birimini (BBHB)
beslemek icin yeterli degildir (TUIK,
2019).

Yem bitkileri arasinda yaygin yonca
(Medicago sativa L.), yiiksek adaptasyon
yetenegi ve lstiin besin degerleri ile
dikkat ¢cekmektedir. Yonca, hem protein
hem de karbonhidrat bakimindan zengin,
uzun Omirlii bir bitki olup, genellikle
dinyanin  bir¢ok  bdlgesinde “yem
bitkilerinin kraligesi” olarak
adlandirilmaktadir (Avcioglu ve ark.,
2009; Armagan ve Isik, 2023; Ozkurt ve
ark.,, 2023). Sulama ve bakim
uygulamalarinin etkin oldugu bolgelerde,
yonca kuru ot verimi 2500 kg dalya
kadar ¢ikabilmekte ve bu durum bitkinin
potansiyelinin yuksek oldugunu
gostermektedir (Tosun, 1974; Avcioglu
ve ark., 2009).

Mus ili, Dogu Anadolu Boélgesi’nde
cayir mera ve yem bitkileri {iretim
alanlarmin genis oldugu bir bdlgedir.
Ancak, bolge yiiksek tliretim kapasitesine

ragmen verim  agisindan  Tirkiye
ortalamasinin gerisinde kalmistir.
Mus'taki  yonca iretimi, 2018 yili
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verilerine gore 1343140 ton yesil ot ile ilk
siralarda yer almasina ragmen, ortalama
kuru ot verimi 2528 kg da ile 40. sirada
kalmistir (Kara ve ark., 2009). Bunun en
onemli sebeplerinden biri, bolgeye uygun
genotiplerin belirlenmemesidir.

Bu calisma, Mus ekolojik kosullarinda
yetistirilen bazi1 popiilasyonlarin verim ve
kalite  Ozelliklerini ~ degerlendirmek
amacityla yiiriitiilmiistiir. Calismada elde
edilen bulgular, bolgedeki kaliteli kaba
yem aciginin kapatilmasi ve yonca
yetistiriciliginin verimliliginin
artirllmasina  yonelik  onemli  veriler
sunmay1 hedeflemektedir. Ayrica
iireticilerin genellikle yerel
popiilasyonlar1  kullanmas1 da  bu
arastirmanin onemini ortaya
koymaktadir.  Ureticilerin  6zellikle
kaliteden ¢ok verime onem vermesi elde
edilen  yonca  otunun  Kalitesinin
bilinmemesine yol agmakta bu da hayvan
beslemede kaliteli bir ot yerine digiik
kaliteli yonca otu ile beslenmeye yol
acmaktadir. Bolgede iiretilen yoncalarin
biiyiik bir kisminin yerel ekotipler olmasi
da genetik varyasyonun belirlenmesi
acisindan arastirmaytr Onemli bir yere
koymaktadir.

2. Materyal ve Yontem

Bu arastirma, 2020-2022 yillan
arasinda Mus ili merkez ilgesine bagl
Ozdilek  koyii  iiretici  arazisinde
yuriitilmistiir. Calisma alaninda
kullanilan toprak analizleri, deneme
deseni, gozlem ve Olgiim yontemleri
asagida detaylandirilmistir.

Aragtirma alanina ait toprak 6zellikleri
Tablo 1’de verilmistir. Bu 6zellikler,

Tarim ve Orman Bakanligi Toprak,
Giibre ve Su Kaynaklart Merkez
Arastirma Enstitiisii Midirhigi

tarafindan analiz edilmistir.
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Tablo 1. Arastirma alanina ait toprak 6zellikleri

Yagis Miktari(mm) Sicakhik

2021 2022 Uzun yillar ort. 2021 2022 Uzun yillar ort.
Ocak 105.47 107.03 104.8 -5.95 -10.99 5.4
Subat 42.19 47.83 79.8 -4.31 -5.9 -35
Mart 126.56 176.47 128.4 0.45 -4.84 3.1
Nisan 17.05 36.4 65.2 8.58 7.34 11.0
Mayis 7.66 84.26 69.4 15.12 10.32 15.8
Haziran 3.29 27.37 25.0 21.59 18.71 21.6
Temmuz 331 117 9.8 27.15 24.78 26.2
Agustos 9.98 0.09 35 25.82 26.8 26.5
Eyliil 13.84 10.77 16.7 18.73 20.44 21.6
Ekim 45.48 21.38 57.9 10.61 12.45 14.2
Kasim 38.68 57.27 50.1 4.08 3.69 6.5
Aralik 74.58 5.13 89.1 -6.54 -0.52 -0.8
Toplam/ortalama 488.08 575.15 699.7 9.69 8.6 114

Tablo 2. Mus ili uzun yillar (2012-2022) ve arastirma yillar (2021-2022) vejetasyon dénemini

kapsayan bazi iklim verileri

Ozellik Deger
Toprak biinyesi Killi-tinl1
pH 6.61
Elektriksel iletkenlik 0.61 dS/m
Organik madde oran % 2.21
Toplam alinabilir fosfor 2.20 kg da*
Toplam alinabilir potasyum 78.0 kg da!

Kaynak: https://power.larc.nasa.gov/data-access-viewer(2023)

Arastirma Mus ili ekolojik
kosullarinda 10.04.2021 tarihinde merkez
ilgeye bagh Ozdilek koyii iiretici
sartlarinda Tesadiif Bloklar1 Deneme
Desenine gore 3 tekrarlamali olacak
sekilde yiriitiilmistiir. Arastirmada sira
aras1 mesafe 20 cm ve her parsel 6 siradan
olusmustur. Parsel sira uzunlugu 5
metredir. Buna gore parsel alani her bir
cesit icin 6 m? olarak hesaplanmistir.
Arastirmada  kullanilacak ~ tohumluk
miktar1 ise 2 kg da! iizerinden
hesaplanmistir (Yilmaz ve Albayrak,
2016). Parsele atilacak tohumluk miktar1
cesitlerin ¢imlenme yiizdeleri dikkate
alinarak hesaplanmistir.

Deneme alanina toprak analizi
sonucuna gore saf 4 kg da* azot, 10 kg da-
! fosforlu giibre gelecek sekilde eksik
kalan kismin tamamlanmasi seklinde
giibre (18-46 DAP) uygulanmistir.
Sulama, bitkinin gelisme donemine ve
bolgenin  yagis durumuna  gore
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yapilmistir. Yabanci ot kontrolii 6zellikle
bitkiler fide doneminde iken yapilmistir
Hasat; bitkiler % 10 c¢i¢eklenme
donemine geldiginde iki sira ve ortadaki
dort siranin her iki ucundan 50 cm'lik
kisimlar1 kenar tesiri olarak deneme dis1
birakilarak yapilmistir (Avcioglu ve ark.,
2009). Cok yillik yem bitkilerinde, ekim
yil1 tesis yil1 oldugundan ilk y1l gdzlem ve
Ol¢tim alinmamistir. Gozlem ve Ol¢timler,
yoncanin 2. verim yilinda (2021) elde
edilmistir. Denemede ana sap uzunlugu,
ana sap kalinligt ve ana sap sayisi
ozellikleri 2. bicimden once
belirlenmistir. ~ Arastirmada  asagida
agiklanan goézlem ve Ol¢limler Ankom
(2008), Anonim (2001), Bulgurlu ve
Ergiil (1978), Cherney ve ark. (1985),
Cerek¢i  (2003). Sarigigek  (1995),
Sevimay (1992), Sheaffer ve ark. (1995),
Van Soest ve ark (1991)'lin kullandig:
yOntemler esas alinarak yapilmaistir.


https://power.larc.nasa.gov/data-access-viewer(2023)
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2.1.Arastirmada incelenen ozellikler

Cigeklenme giin sayist Ekim tarihi ile
parseldeki bitkilerin % 10 ¢igeklendigi
doneme kadar gecen giin sayis1 olarak
hesaplanmistir. Yatma Durumu (1-5):
Her parseldeki bitkiler (1-5) skalasina
gore; 1=dik, 2 = yar1 dik, 3= orta, 4= yar1
yatik, 5= yatik seklinde belirlenmistir.
Seyreklesme Orani (%): Her parseldeki
bitkiler =~ sonbaharda  go6zlenerek %
seyreklik durumu belirlenmistir. Kisa
Dayaniklilik (%): Parselde kis zarari
goren bitkilerin %’si gozle tahmin
edilerek belirlenmistir. Ana sap uzunlugu
(cm): ikinci bigim &ncesinde her parselde
on adet bitkiden toprak yiizeyinden
itibaren ilk tomurcuk arasinin uzunluga
kadar olan kismu cetvelle olgiilerek
hesaplanmistir. Ana sap kalinligi (mm):
Ikinci bigimde her parselde on adet ¢igek
tomurcugu olusturan ilk bitkilerinin sap
kalinlig1 2. ve 3. bogum arasi 0.1 mm
bolmeli kumpasla Olgiilerek
hesaplanmistir. Ana sapta yan dal sayisi
(adet): Her parselde on bitkide ana sap
iizerindeki dal sayis1 sayilmistir. Bigim
sayist (adet): Yilda ka¢ kez bicim
yapildigi belirlenmistir (Anonim, 2001).
Yesil ot verimi (kg da™): Her parselin
kenarlarindan 1'er sira, 1list ve alt
kismindan 0.5 m bigilerek parselden
uzaklastirilmistir. Geriye kalan alan
bicilerek hasat edilmistir. Her parselden
elde edilen yesil ot tartilacak ve elde
edilen degerler dekara ¢evrilerek yesil ot
verimi hesaplanmistir. Yesil otta kuru ot
orani (%): Hasat edilen bitkilerden 0.5
kg'lik 6rnekler once dis ortamda golgede
2-3 giin kurutulduktan sonra 60 °C'ye
ayarlanmis etiivde 48 saat silireyle sabit
agirliga gelinceye kadar kurutulduktan
sonra tartilacak ve belirlenen kuru
agirliklarda gerekli doniisiimler
hesaplanarak % yesil otta kuru ot oranlar1
belirlenmistir. Ham protein, kuru madde
verimi, asit deterjan lif (ADF) orani (%),
nétral deterjan lif (NDF) orani (%), asit

deterjan lignin (ADL) oram1 (%),
sindirilebilir kuru madde oran1 (%), Near
Infrared  Reflectance  Spectroscopy
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(NIRS) (Foss6500) cihazi ile IC-0904FE
paket programi kullanilarak
belirlenmistir.

Ham protein verimi (kg dal): Ham
protein oranlar1 belirlenecek parsellerde,
kuru madde verimleri ile ham protein
oran1 ¢carpilarak parsel ham protein
verimleri belirlenmistir. Bu degerlerden
daha sonra dekara ham protein verimleri

hesaplanmaistir.
Sindirilebilir Kuru Madde Oram
(SKMO) asagida  verilen  esitlik

yardimiyla hesaplanmuistir.
SKMO:88.9-(0.779x%ADF)
Sindirilebilir kuru madde verimi (kg
dal): Sindirilebilir kuru madde orani,
kuru madde verimleri ile ¢arpilarak
sindirilebilir kuru madde verimi elde
edilmistir (Sheaffer ve ark., 1995). Nispi
yem degeri (NYD): Yem bitkilerinde
yaygin olarak kullanilan kalite 6l¢iistidiir.

ADF ve NDF analiz sonuglari
kullanilarak, asagidaki esitliklerden
yararlanarak hesaplanmigtir (Sheaffer ve
ark., 1995).

Kuru Madde Tiiketimi (KMT) =120/ (%
NDF)

Nispi Yem Degeri = (SKMO x KMT) /
1.29

2.2. Verilerin degerlendirilmesi

elde edilen sonuglar
MSTAT paket analiz programi ile
varyans analizine tabi tutulmustur.
Varyans analiz sonuglarina gore ortaya
¢ikan ortalamalar arasindaki farkliliklarin
karsilastirilmasinda Duncan coklu
karsilastirma testi kullanilmistir.

Arastirmada

3. Bulgular ve Tartisma
3.1. Ciceklenme giin sayisi

Yonca popiilasyonlarinin c¢igceklenme
giin say1lar1 Tablo 3’te verilmistir. Ortalama
ciceklenme giin sayist 111.33-125.33 giin
arasinda degismistir. Yonca popiilasyonlari
ilk yilda ortalama 117.033 giinde, ikinci
yilda ortalama 115.100 giinde
ciceklenmislerdir (Tablo 3). Istatistik analiz
sonuglarina gore y1l*¢gesit interaksiyonunun
etkisi onemli bulunmustur. En yiiksek
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ortalama ¢igeklenme giin sayist degeri
125.333 giin ile 7. popiilasyon, en diisiik
ortalama ¢igeklenme giin sayist degeri
111.333 giin ile 3. popiilasyondan elde
edilmistir. Benzer ¢aligmalarda Giilcan ve
Anlarsal (1992), ¢igeklenme giin sayilarinin

25.25-26.83 giin, Oten ve ark. (2017)
ciceklenme gilin sayisim1i  155-165 giin
arasinda degistigini bildirmislerdir.
Farkliliklarin genotip, tarimsal uygulamalar
ve farkli ekolojilerden kaynaklandigi
diistiniilmektedir.

Tablo 3. Arastirmada incelenen yonca popiilasyonlarinin ortalama ¢igeklenme giin sayilari (giin) ve ana

sap uzunluklar1 (cm)

Ciceklenme Giin Sayisi (Giin) Ana Sap Uzunlugu (cm)
Popiilasyonlar 1.yil 2.y1l Ortalama 1.yil 2.y1l Ortalama
1 118.33 D" 119.33C 118.833 C? 84.633 C” 68.400 J 69.350 E?
2 120.667 B 119.66 BC 120.167 B 70.300 | 70.300 | 68.533 F
3 112.331 110.33J 111.333G 66.767 L 115.300 A 114.650 A
4 115.33 EF 111.66 1 113.500 F 114.000 B 79.500 E 76.467 C
5 113.66 GH 115.66 E 114.667 DE 73.433 H 80.800 D 82.717B
6 115.33 EF 112.67 HI 114.000 EF 68.433J 64.567 N 66.500 H
7 130.00 A 120.66 B 125.333 A 63.267 O 65.433 M 64.350 |
8 114.33 FG 112.66 HI 113.500 F 62.500 P 63.400 O 62.950 J
9 115.67 EFG 114.67 EFG 115.167 D 66.500 L 67.300 K 66.900 G
10 114.66 EFG 113.66 GH 114.167 EF 74.700 G 75.200 F 74.950 D
Ortalama 117.033 a* 115.100 b 74.453 bt 75.020 a

*)Ayn1 siitiin iginde benzer harf ile gosterilen popiilasyon x y1l kombinasyon ortalamalar Duncan testine gore P <0.01 hata sinirlari iginde istatistiksel olarak
birbirinden farksizdir. 1) Farkl: kiigiik harf ile gosterilen y1l ortalamalari istatistiksel olarak birbirinden farklidir. 2) Benzer italik harf ile gosterilen y1l ortalamalari
Duncan testine gore P <0.01 hata sinirlar1 i¢inde istatistiksel olarak birbirinden farksizdir.

3.2. Ana sap uzunlugu

Yonca popiilasyonlarinin ana  sap
uzunluklar1 Tablo 3’te verilmistir. Tabloya
gore her iki yilda da en yiiksek ana sap
uzunlugu 4. popiilasyondan elde edilmistir.
Yonca  popiilasyonlariin  ana  sap
uzunluklar1 yil*popiilasyon interaksiyonu
bakimindan 6nemli farklar tespit edilmistir.
Ortalama ana sap uzunlugu bakimindan en
yiiksek 114.650 cm ile 4. popiilasyon, en
diisiik 62.950 cm ile 8. popiilasyondan elde
edilmistir (Tablo 3). Ana sap uzunlugu,
cevresel faktorlerden Onemli diizeyde
etkilenen morfolojik karakterlerden biri

olup, bitki biiyiime ve gelisim diizeyinin
belirlenmesinde en o6nemli kriterlerden
birisidir. Benzer c¢alismalarda ana sap
uzunlugu Kir (2010) 85.10-93.20 cm,
Karakoy ve Sara¢ (2018) 70.1-74.5 cm,
Erbeyi ve ark., (2022) 52.26-59.29 cm
bulunmustur. Ana sap uzunlugunda
meydana gelen farklilik popiilasyonlarin
genetik yapisindan ileri gelmis olabilir.

Ayn1  zamanda ana sap uzunlugu
bakimindan arastirmalar arasindaki
farkliliklar  yonca c¢esitlerinin  degisik

ekolojilere farkli tepki vermesinden de
kaynaklanabilir.

Tablo 4. Arastirmada incelenen yonca poptilasyonlarinin ortalama ana sap kalinligi (mm) ve ana sap

sayisi (adet)
Ana Sap Kalinhgi (mm) Ana Sap Sayisi (adet)
Popiilasyonlar 1.yil 2.y1l Ortalama 1.yil 2.y1l Ortalama
1 3.20 DE” 3.16 DE 3.18 D? 10.33C" 10.00 D 10.16 CD?
2 3.20 DE 280F 3.00E 10.00 D 11.00 A 10.50 B
3 3.50 BC 3.10 DE 3.51 AB 10.00 D 10.00 D 10.00 D
4 4.20 A 3.53A 3.65A 10.66 B 10.00 D 10.33 BC
5 3.16 DE 3.10 DE 3.18D 9.00E 9.00E 9.00 F
6 3.50 BC 3.20 DE 3.41BC 11.00 A 11.00 A 11.00 A
7 3.10 DE 2.83F 2.96 E 10.00 D 10.00 D 10.00 D
8 3.03 EF 3.23 DE 3.13DE 9.00E 10.00 D 9.50 E
9 3.20 DE 3.36 BCD 3.28CD 10.00 D 9.00E 9.50 E
10 3.26 CDE 3.00 EF 3.13DE 10.00 D 10.00 D 10.00 D
Ortalama 3.33a 3.15b 10.66 a 10.00 b

*Ayn siitiin iginde benzer harf ile gosterilen gesit x y1l kombinasyon ortalamalar Duncan testine gore P <0.01 hata sinirlari iginde istatistiksel olarak birbirinden
farksizdir. 1) Farkli biiyiik harf ile gosterilen yil ortalamalari istatistiksel olarak birbirinden farklidir. 2) Benzer italik harf ile gosterilen yil ortalamalar1 Duncan
testine gore P <0.01 hata sinirlar1 iginde istatistiksel olarak birbirinden farksizdir.
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3.3. Ana sap kalinh@

Yonca popiilasyonlarinin ana  sap
kalinliklar1 Tablo 4’te verilmistir. Yonca
popiilasyonlarinin ana sap kalinliklari her
iki yilda da 4 nolu popiilasyondan (4.20
mm, 3.53 mm) elde edilmistir. Yonca
poplilasyonlarinin  ana sap kalinliklar
yil*cesit  interaksiyonlart  bakimindan
onemli farklar tespit edilmistir. Ortalama
ana sap kalinligi bakimindan en yiiksek
3.650 mm ile 4 nolu popiilasyon, en diisiik
2.967 mm ile 7 nolu popiilasyondan elde
edilmistir (Tablo 4). Mevcut sonuglar Kir
(2010) ve Karakdy ve Sarag (2018)’in
bulgular1 ile benzer, Erbeyi ve ark.,
(2022)’nin sonuglarindan yiiksek
bulunmustur. Bunun sebebi farkli cesit,
ekoloji ve uygulamalar  arasindaki
farkliliklardan kaynaklanabilir.

3.4. Ana sap sayisi

Yonca popiilasyonlariin ana sap sayist
Tablo 4’te verilmistir. Yonca
popiilasyonlarinin ana sap sayilari ilk yil 4
nolu popiilasyondan (11.00 adet), ikinci y1l
4 nolu ve ayni istatistiki grupta yer alan 2
nolu popiilasyondan (11.00 adet) elde

edilmistir. Yonca popiilasyonlarinin ana sap
sayilar1  yil*popiilasyon interaksiyonlari
bakimindan 6nemli farklar tespitedilmistir.
Ortalama ana sap sayist bakimindan en
yiiksek 11.000 adet ile 6 nolu popiilasyon en
diisiik 9.000 adet ile 5 nolu popiilasyondan
elde edilmistir (Tablo 4). Faridullah ve ark.
(2009) yoncada ana sap sayis1 veya bitkide
kardes sayisinin genetik bir 6zellik
oldugunu bildirdigi gibi mevcut calismada
da ortaya cikan farkliliklarin
popiilasyonlarin  genetik  6zelliklerinden
kaynaklandigi  disiiniilebilir. ~ Ayrica
arastirmalarin yuriitildigi ekolojik
kosullarinda s6z konusu farkliliklara neden
oldugu soylenebilir.

3.5. Yatma durumu (1-5)

Yonca popiilasyonlarinin yatma
durumlar1 Tablo 5’te verilmistir. Yonca
popiilasyonlarinin yatma durumlart yillar,
cesitler ve yi1l*popiilasyon interaksiyonlari
bakimindan Onemsiz bulunmustur.
Yoncanin dik gelisme 6zelligi ile baklagiller
arasinda 6nemli bir yeri oldugunu belirten
Gengkan (1992) ve Avcioglu ve ark. (1989)
ile de sonug¢larimiz benzerlik
gostermektedir.

Tablo 5. Arastirmada incelenen yonca popiilasyonlarimin ortalama yatma durumu (1-5), ortalama
seyreklesme orani (%), kisa dayaniklilik orani ortalamalar1 (%)

Yatma Durumu (1-5) Seyreklesme Orani (%) Kisa Dayanikhilik (%)
Popiilasyo | 1.y1l 2.1l Ortalama 1.yl 2.1l Ortalama 1.yl 2.1l Ortalama
nlar
1 3.00 2.00 2.50 8.00 9.00 8.50 92.00 93.00 92.50
2 2.00 3.00 2.50 8.00 9.00 8.50 95.00 95.00 95.00
3 2.00 2.00 2.00 9.00 9.00 9.00 95.00 94.00 94.50
4 1.00 1.00 1.00 10.00 8.00 9.00 94.00 93.00 93.50
5 1.00 1.00 1.00 9.00 9.00 9.00 93.00 94.00 93.50
6 3.00 2.00 2.50 10.00 10.00 10.00 95.00 96.00 95.50
7 2.00 1.00 1.50 8.00 9.00 8.50 93.00 94.00 93.50
8 1.00 2.00 1.50 9.00 9.00 9.00 95.00 95.00 95.00
9 1.00 1.00 1.00 9.00 8.00 8.50 96.00 97.00 96.50
10 2.00 1.00 1.50 10.00 8.00 9.00 98.00 98.00 98.00
Ortalama | 1.80 1.60 9.00 8.80 94.60 94.90
3.6. Seyreklesme oram olarak tespit edilmistir. Popiilasyonlar

Yonca popiilasyonlarinin seyreklesme
oranlar1 Tablo 5te verilmistir.
Popiilasyonlarin  ortalama  seyreklesme
oran1 birinci y1l % 9.0 ikinci y1l ise % 8.80

icinde en fazla seyreklesme oran1 6
numarali popiilasyondan elde edilirken, en
az seyreklesme orani ise 1, 2, 7 ve 9
numarali popiilasyonlardan elde edilmistir
(Tablo 5). Yonca popiilasyonlarinin
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seyreklesme oranlar1 yillar, g¢esitler ve popiilasyonlarmin  kisa  dayanikliliklar
yil*cesit  interaksiyonlari1  bakimindan yillar,  cesitler ve  yil*popiilasyon
onemsiz bulunmustur. interaksiyonlart ~ bakimindan  dnemsiz
bulunmustur. En yiiksek ortalama kisa

3.7.Kisad khhk .
193 Sayancdtt dayaniklilik % 98 ile 10. popiilasyondan en
Yonca popiilasyonlarimin kiga diisiik % 92.50 ile 1. popiilasyondan elde

dayaniklilik Tablo 5’te verilmistir. Yonca

edilmistir (Tablo 5).

Tablo 6. Arastirmada incelenen yonca gesitlerinin ortalama yesil ot verimleri (kg da?) ve kuru ot

verimleri (kg da)

Yesil Ot Verimi (kg dal) Kuru Ot Verimi (kg dal)
Popiilasyonlar Lyl 2.y1l Ortalama 1.y1l 2.y1l Ortalama
1 5.140 A” 4.700 BCD 4.920 A? 1.287 A* 1.173 B-E 1.230 A2
2 4.663 B-E 4,553 B-F 4,593 B 1.160 B-F 1.137 B-G 1.148B
3 4.367 FG 4.297 G 4.332C 1.093 GH 1.073H 1.083C
4 4.437 EFG 4,737 BC 4,587 B 1.113E-H 1.183BC 1.148B
5 4503 C-G 4.463 D-G 4483 B 1.127 C-H 1.117 D-H 1.122B
6 4.373 FG 4.703 BCD 4,538 B 1.090 GH 1.177 BCD 1.133B
7 3.630 H 4270 G 3.950 D 907 1 1.067H 987D
8 4.610 B-F 4.407 EFG 4,508 B 1.150 B-G 1.100 FGH 1.125B
9 5.277 A 4,787 B 5.032 A 1320 A 1.197B 1.258 A
10 4.403 EFG 4.620 B-E 4512 B 1.103 FGH 1.157 B-F 1.130B
Ortalama 4,537 4,554 1.135 1.138

* Ay siitiin i¢inde benzer harf ile gosterilen gesit x y1l kombinasyon ortalamalar Duncan testine gore P <0.01 hata sinirlari iginde istatistiksel olarak birbirinden
farksizdir. 1) Farkl kiigiik harf ile gosterilen y1l ortalamalari istatistiksel olarak birbirinden farklidir. 2) Benzer italik harf ile gosterilen yil ortalamalar1 Duncan
testine gore P <0.01 hata sinirlari iginde istatistiksel olarak birbirinden farksizdir.

3.8. Yesil ot verimi

da‘1.) poplilasyondan elde edilmistir (Tablo
6). Iki y1llik arastirma sonuglarina goére mus

Yonca popiilasyonlarinin  yesil ot 1 -
verimleri Tablo 6’da verilmistir. Yonca ilinde t"?lanan pOPulafyonlardan ! ve 9
popiilasyonlarinin  ortalama  yesil ot no{u populasyonlar'm yliksel yas ot verimi
verimlerinde popiilasyonlar ve degerleri vermesi bu popiilasyonlarin
yil*popiilasyon interaksiyonlar Yapllacak olan 1slah ar'%stlrrnalarln(‘la
bakimindan istatistiksel agidan Onemli umitvar olduklarim gostermektedir.

farkliliklar tespit edilmistir. Popiilasyonlarin
ortalama yesil ot verimleri 3950-5032 kg da’*
arasinda degisiklik gostermistir. Ortama yas
ot verimleri bakimindan en diisiik verim 7
nolu popiilasyondan elde edilirken, en yiiksek
verim ise 1 nolu popiilasyon ile ayni istatistiki
grubu olusturan 9 nolu popiilasyondan elde
edilmigtir. Arastirmanin birinci yilinda en
yiiksek yesil otverimi 1 nolu popiilasyon ile
9 nolu popiilasyondan, ikinci yil ise 1, 2, 4,
6 ve 10 nolu popiilasyon ile ayni istatistiki
grubu olusturan 9 nolu popiilasyondan elde
edilmistir. Y1il*popiilasyon
interaksiyonunda en yliksek ortalama yesil
ot verimi aragtirmanin birinci y1linda 9 nolu
(5032 kg dal) ve 1 nolu (4920 kg da™)
poplilasyondan, en diisik ise yine
arastirmanin birinci yilinda 7 nolu (3630 kg
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Yoncada yesil ot verimlerinin, Tokat-
Kazova ekolojik kosullarinda 7 902-12 323
kg da! (Acar 2002), Ankara ve Konya
kosullarinda 7 398,95 kg da! ile 9 292,67
kg da! (Mohammed, 2007), (Tongel ve
Ayan, 2010), Kirsehir kosullarinda 1
310,99 - 1 650,92 kg da* (inal, 2015),
Isparta kosullarinda 8.181-10.247 kg da
(Yilmaz, 2011), Giiney Dogu Anadolu
kosullarinda 3 672,13 - 6 153.38 kg da’
(Bagbagve ark., 2002) olarak belirlenmistir.
Arastirmadan elde edilen bulgular ile diger
arastiricilarin bulgulari arasindaki
farkliliklar, genotiplerin farkliligi, bicim
sayist ve arastirma siiresinin farklilig
yaninda arastirmalarin  farkli  ekolojik
ozelliklere sahip bolgelerde yiiriitiilmiis
olmasindan kaynaklanabilir. Verim 6zelligi
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bir taraftan cesitlerin genetik yapilariyla
iliskili ~ olabilirken, diger taraftan da
cesitlerin yetistigi bolge verim iizerinde
belirleyici olmaktadir. Bilindigi {izere,
Akdeniz ikliminin hiikiim stirdiigli yerlerde
yetistirilen yonca ¢esitlerinde dormansi yok
denecek kadar az oldugundan dolay1 iyi bir
gelisme gostermekte ve ortalama 8-10 kez
bicilerek yiiksek verim elde edilmektedir.
Nitekim Dennis ve ark. (1981), yoncalar
degisik ki dormansilerine gore
gruplandirirlarken, Elliott ve ark. (1972),
kisa dayanikli yonca g¢esitlerinin, kisa
dayanikli olmayanlara oranla daha erken
sonbahar dormansisi ve daha yavas ilkbahar
biiylimesine sahip oldugunu
bildirmektedirler. Aragtirmanin
yuritiildigii bolgenin iklim kosullar1 da
oldukca sert olup, vejetasyon siiresinin
kisaligina bagh olarak iki bi¢cim alinmig

olmast da disik verimlere neden
olmaktadir.

3.9. Kuru ot verimi

Yonca popilasyonlariin  kuru ot
verimleri Tablo 6’da verilmistir. Yonca
poplilasyonlarinin  ortalama  kuru ot
verimleri  ¢esitler ve yil*popiilasyon
interaksiyonlart bakimindan istatistiksel

acidan onemli farkliliklar tespit edilmistir.
Aragtirmadan  elde  edilen  degerler
incelendiginde popiilasyonlarin  ortalama
kuru madde verimleri 987 kg da! ile 1.287
kg/da arasinda degisiklik gostermistir. Iki
yillik arastirma sonuglarina gore en yiiksek
kuru ot verimi 1 nolu popiilasyon ile ayni

istatistiki ~ grubu  olusturan 9  nolu
popiilasyondan elde edilmistir (Tablo 6).
Aragtirmanin birinci yilinda en yiiksek kuru
ot verimi yesil ot verimine paralel olarak 1
ve 9 nolu popiilasyonlardan, ikinci yil ise 1,
2, 4, 6 ve 10 nolu popiilasyon ile ayni
istatisiki  grubu  olusturan 9  nolu
popiilasyondan  elde  edilmistir. Y1l
*popiilasyon interaksiyonunda en yliksek
ortalama kuru ot verimi 9 (1258 kg da) ve
1 nolu (1230 kg da?) popiilasyondan, en
diisiik 7 nolu (987 kg da) popiilasyondan
elde edilmistir. Arastirmada elde edilen
degerlere bakildiginda kuru ot verimleri ile
yesil ot verimleri arasinda bir paralellik s6z
konusudur. Nitekim kuru ot verimleri
hesaplanirken  yesil ot  verimlerinin
kullanilmast bu sonucu dogurmaktadir.
Arastirmamizda elde edilen toplam kuru ot
verimleri bazi arastiricilarin sonuglarindan
diisiik, bazilarminkinden ise yiiksek
olmustur (Cocti ve Sancak, 2007; Avci ve
ark., 2007; Demiroglu ve ark., 2008;
Mohammed, 2008; Avci ve ark., 2009; Kir,
2010; Kizil Aydemir ve ark., 2011;
Giiltekin ve ark., 2011; Karadag ve ark.,
2011; Saruhan ve Kusvuran, 2011; Avct ve
ark., 2013; Kavut ve ark., 2014; Inal, 2015;
Engin ve Mut, 2017; Turan ve Celen, 2017).
Arastirmadan elde edilen bulgular ile diger
arastiricilarin bulgular arasindaki
farkliliklar, farkli genotiplerin kullanilmasi,
bi¢im sayis1 Ve arastirma stiresinin farklilig
yaninda arastirmalarin  farkli  ekolojik
ozelliklere sahip bolgelerde yiiriitiilmiis
olmasindan kaynaklanabilir.

Tablo 7. Arastirmada incelenen yonca popiilasyonlarinin kuru madde ve ham protein

Kuru Madde Orani (%) Ham Protein Oram (%)
Popiilasyonlar 1.yil 2.y1l Ortalama Lyl 2.y1l Ortalama
1 93.00 90.00 91.50 21.33D" 20.86 E 21.09 D?
2 92.00 91.00 91.50 20.53 F 20.86 E 20.70 E
3 93.00 90.00 91.50 23.46B 2254C 23.00B
4 90.00 91.00 90.50 2246 C 21.45D 21.96 C
5 92.00 92.00 92.00 24.64 A 2354C 24.09 A
6 93.00 91.00 92.00 2347 B 22.33C 22.90B
7 90.00 90.00 90.00 2257C 21.48 D 22.02C
8 91.00 92.00 91.50 23.73B 22.28C 23.01B
9 92.00 90.00 91.00 21.47D 2227C 21.87C
10 91.00 91.00 91.00 2240C 2152 D 21.96 C
Ortalama 91.70 90.80 22.60 a' 2191b

*Ayni siitiin i¢inde benzer harf ile gosterilen popiilasyon x yil kombinasyon ortalamalar Duncan testine gore P <0.01 hata sinirlan i¢inde istatistiksel olarak
birbirinden farksizdir. 1) Farkli kiigiik harf ile gosterilen yil ortalamalar istatistiksel olarak birbirinden farklidir. 2) Benzer italik harf ile gosterilen popiilasyon
ortalamalar1 Duncan testine gdre P <0.01 hata sinirlari iginde istatistiksel olarak birbirinden farksizdir.
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3.10. Kuru madde oram

Yonca popiilasyonlarinin ortalama kuru
madde oranlar1 Tablo 7°de verilmistir.
Yonca popiilasyonlarinin kuru madde orani
yillar, cesitler ve yil*gesit interaksiyonlari
bakimindan Onemsiz bulunmustur.
Popiilasyonlarin  ortalama kuru madde
oranlar1 %90.00-92.00 arasinda degismistir
(Tablo 7). Kuru madde orani ekolojik
etmenlerin yani sira genetik yapidan da
etkilenmektedir.

3.11. Ham protein oram

Yonca popiilasyonlarinin ham protein
oranlari1 Tablo 7°’de verilmistir. Yonca
popiilasyonlarinin ortalama ham protein
oranlar1 yillar, cesitler ve yil*gesit
interaksiyonlar1 bakimindan istatistiksel
acidan onemli farkliliklar tespit edilmistir.
Ik yil ortalama ham protein oran1 % 22.60,
ikinci y1l % 21.91 olarak tespit edilmis ve
bu farklilik istatistik ac¢idan Onemli
bulunmustur (Tablo 7). Ortalama en yiiksek
ham protein orant % 24.09 ile 5 nolu
popiilasyondan, en diisiik ise % 20.70 ile 2

nolu popiilasyondan elde edilmistir.
Arastirma sonuglarina gore popiilasyonlarin
ortalama  ham  protein  oranlarinda
yil*popiilasyon  interaksiyonu  Onemli
cikmig, en yiikksek ham protein orani
arastirmanin  birinci  yilinda 5 nolu
poplilasyondan elde edilirken, en diigiik
ham protein orani ise yine arastirmanin
birinci yilinda 2 nolu popiilasyondan elde
edilmistir. En yiiksek ve en diisiik ham
protein oranlarinin ayni yilda ¢ikmis olmasi
arastirmada kullanilan popiilasyonlarin ham
protein acgisindan ne kadar genis bir
varyasyon gosterdiginin kaniti
niteligindedir. Farkli ekolojilerde yiiriitiilen
yonca ¢esit denemelerinde ham protein
oraninin Acar (2002) % 17.25-18.77, Kir
(2006) % 17.86-20.26, Avci ve ark. (2009)
% 17.0-18.0, Kir (2010) % 22.21-23.31,
Kizil Aydemir ve ark. (2011) % 17.6-18.3,
Karadag ve ark. (2011) % 14.36-17.78,
Saruhan ve Kusvuran (2011) % 17.95-
22.67, Yilmaz (2011) % 16.23-17.53, Avci
ve ark. (2013) % 18.5-19.4 ve Inal (2015) %
18.38-20.45 arasinda degistigini rapor
etmislerdir.

Tablo 8. Arastirmada incelenen yonca popiilasyonlarinin ham seliilloz, NDF ve ADF oranlari (%)

Ham Seliiloz Oram (%) NDF Orani (%) ADF Orani (%)
Populasyo | 1.yil 2.yl Ortalama | 1.yl 2.1 Ortalama | 1.yl 2.yl Ortalama
nlar
1 3141 G* | 3046 H 30.93 F? 26.54 G” 2593 1 26.23 F? 28.46 L 26.37S 274101
2 297110 | 31.26G 3049G 2597 ) 2642GH | 26.19F 30.86 C 28150 29.50 F
3 3346D | 3253E 32.99D 27.03E 28.38B 27.70C 29.88 F 30.75D 3031C
4 2870 K | 29.37J 29.03 1 26.79F 27.49D 27.14D 28.88J 3156 B 30.22D
5 31.23G | 32.02F 31.62E 27.14E 2854 AB | 27.84B 30.29E 30.86C 30.57B
6 30.15HI | 3046 H 30.93F 28.61 A 2749D 2817 A 29.83G 29.73H 29.78E
7 29.55) 31.08 G 30.61FG | 25.79J 25.39 K 2559 G 28.44 M 26.57Q 2750 H
8 36.07B 29.75 ) 29.65 H 2642GH | 2649GH | 26.45E 27.64P 28.95 | 28.29G
9 37.65A | 3353D 34.80C 26.33H 26.02 1 26.17F 28.75K 3579 A 3227 A
10 3537C | 3642B 37.03A 25.811J 2542 K 25.61G 26.38 S 28.37N 27.371)
Ortalama | 32.33 35.02 26.64 b* 26.78a 28.94 b? 29.71a

*Ayn siitiin iginde benzer harf ile gosterilen gesit x y1l kombinasyon ortalamalar Duncan testine gore P <0.01 hata sinirlari iginde istatistiksel olarak birbirinden
farksizdir. 1) Farkl kiigiik harf ile gosterilen y1l ortalamalar istatistiksel olarak birbirinden farklidir. 2) Benzer italik harf ile gosterilen yil ortalamalar1 Duncan

testine gore P <0.01 hata sinirlar1 iginde istatistiksel olarak birbirinden farksizdir.

3.12. Ham seliiloz oram

Yonca popiilasyonlarmin ham seliiloz
oranlar1 Tablo 8’de verilmistir. Yonca
poplilasyonlarinin ortalama ham seliiloz
oranlar1 yillar, popiilasyonlar  ve
yil*popiilasyon interaksiyonlar1
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bakimindan istatistiksel agidan Onemli
farkliliklar tespit edilmistir. Arastirmadan
elde edilen ortalama ham seliiloz oranlart %
29.03 ile 9% 37.03 arasinda degisiklik
gostermistir. ki yilhk arastirma sonuglarina
gore ortalama ham seliiloz oranlar1 bakimindan
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en yiiksek ham seliiloz oran1 % 37.03 ile 9
nolu popiilasyondan, en diisiik ise % 29.03
ile 4 nolu popiilasyondan elde edilmistir
(Tablo 8). Arastirmada ortalama ham
seliiloz oran1 bakimindan yil*popiilasyon
interaksiyonu istatistiksel olarak ©Onemli
farkliliklar meydana getirmis ve en diisiik
ham seliiloz orani arastirmanin birinci
yilinda 4 nolu popiilasyondan (% 28.70)
elde edilirken, en yliksek ham seliiloz orani
ise yine arastirmanin birinci yilindan 9 nolu
poplilasyondan (% 37.65) elde edilmistir.

3.13. Notraf deterjan lif

Yonca popiilasyonlarinin NDF igerikleri
Tablo 8’de verilmistir. Yonca
popiilasyonlarinin ortalama NDF
igeriklerinde yil, poptilasyon ve
yil*popiilasyon interaksiyonlar1
bakimindan istatistiksel agidan Onemli
farkliliklar tespit edilmistir. Arastirmanin
birinci y1linda ortalama NDF orani % 26.64,
ikinci yilinda ortalama % 26.78 olarak
tespit edilmis ve bu farklilik istatistiki
acidan &nemli bulunmustur. Iki yillik
ortalama sonuglarina gore en yiiksek NDF
icerigi 6 nolu popiilasyondan elde edilmis,
en diisiik 1se 10 nolu popiilasyon ile ayni
istatistiki ~ grubu  olusturan 7 nolu
popiilasyondan elde edilmistir ve bu
farklilik  istatistiksel —agidan  Onemli
bulunmustur (Tablo 8). Arastirmada
kullanilan popiilasyonlarin yi1l*popiilasyon
interaksiyonu istatistiki acidan Gnemli
bulunmustur. Arastirmada en yiiksek NDF
orani arastirmanin ikinci yilindaki 5 nolu
popiilasyon ile aym istatistiki grubu
olusturan arastirmanin birinci yilinda %
28.61 ile 6 nolu popiilasyondan, en diisiik
ise sirastyla % 25.42 ve % 25.39 ile 7 ve 10
nolu  popiilasyonlardan  belirlenmistir.
Ornegin; cesitlere ait NDF iceriklerinin Avci
ve ark. (2007) % 36.7-47.3, Avci ve ark.
(2009) % 48.0-49.9, Kir (2010) % 42.68-
44.13, Yilmaz (2011) % 44.32-42.27, Yiicel
ve ark. (2011) 43.1-44.3, Kizil Aydemir ve
ark. (2011) % 47.6-47.3, Karadag ve ark.
(2011), % 45.21-47.77, inal (2015) %
45.73-47.46, arasinda degistigini
bildirmislerdir. Elde etigimiz bulgularin

1087

diger arastiricilarin bulgulartyla farklilik
gostermesinin nedeni, arastirmalarda farkl
cesitlerin kullanilmasi, bi¢im devresinin ve
bigim sayilarinin farkli olmasi, kurutma
yontemleri ve arastirmalarin farkli ekolojik
ozelliklere sahip bdlgelerde yiriitiilmis
olmas1  gosterilebilir.  Yem  bitkileri
yetistiriciliginde NDF oranlar1 iyi bir kalite
gostergesidir. Kullanilan yemlerdeki NDF
iceriklerinin belirli bir diizeyin altinda
olmasi istenir. Nitekim yemlerin NDF
miktarlarinin az olmasit o yemin daha
kaliteli oldugu ve iginde bulunan lignin,
seliiloz, pektin, hemipektin gibi
sindirilemeyen maddelerin daha az oldugu
anlamina gelmektedir. Arastirmamizda elde
ettigimiz bulgulara gére 7 ve 10 nolu
popiilasyonlarin NDF igeriklerinin
diisiikligi sebebi ile iyi kalitede bir ot

iretimi  gergeklestirilebilecegi sonucuna
varilmistir. Bu popiilasyonlarin ileride
yapilacak 1slah aragtirmalarinda

kullanilmasi tiretilecek yeni cesitlerin ot
kalitelerinde O6nemli ve olumlu bir etki
yapacaktir.

3.14. Asit deterjan lif

Yonca popiilasyonlarinin ADF igerikleri
Tablo 8’de verilmistir. Yonca
poptilasyonlarinin ortalama ADF
iceriklerinin yil ve cesit ortalamalan ile
yil*¢esit  interaksiyonlar1  bakimindan
istatistiksel agidan 6nemli farkliliklar
oldugu tespit edilmistir. Arastirmanin
birinci yilinda ortalama ADF oran1 % 28.94,
ikinci yilinda ise % 29.71 bulunmus ve bu
farklilhik  istatistiki acidan  Onemli
bulunmustur. ki yillik ortalama sonuglara gore
ortalama ADF oranlan istatistiksel agidan
onemli farkliliklar yaratmis ve en yiiksek
ADF igerigi % 32.27 ile 9 nolu
popiilasyondan, en diisikk %27.37 ile 10
nolu popiilasyondan elde edilmistir (Tablo
8). Ancak ADF igeriginin yonca cesitleri
arasinda Onemli farkliliklar gostermedigi
bazi arastiricilar tarafindan da rapor
edilmistir (Kir, 2010; Yiicel ve ark., 2011,
Kiz1l Aydemir ve ark., 2011; Karadag ve
ark., 2011; Kalkanli ve Basbag, 2022).
Yil*popiilasyon interaksiyonu da ortalama
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ADF oranlan iizerinde istatistiksel olarak
onemli farkhiliklar yaratmis ve en yiiksek
ADF igerigi aragtirmanin ikinci yilinda 9
nolu popiilasyondan elde edilirken, en
diisiik ADF igerigi ise arastirmanin yine
ikinci yihinda 1 nolu popiilasyondan elde
edilmistir. Elde etigimiz bulgularin diger
arastiricilarin -~ bulgulariyla  farkliliklar
gostermesinin nedeni, arastirmalarda farkli
cesitlerin kullanilmasi, bi¢im devresininve
bicim sayilarimin farkli olmasi, kurutma
yontemleri ve arastirmalarin farkli ekolojik

ozelliklere sahip bolgelerde yiiriitiilmiis
olmast gosterilebilir. Tablo 8
incelendiginde NDF orant bakimindan en
diisiik istatistiki grubu olusturan 7 ve 10
nolu  popilasyonlarin ~ ADF  oram
bakimindan da diisiik istatistiki grubu
olusturdugu goriilecektir. Gerek NDF
gerekse ADF oranlarinin yemin kalitesini
belirlemede 6nemli bir parametre olmasi ve
bu ikisinin birbirine paralellik gostermesi
beklenen bir durumdur, nitekim arastirma
sonuclar1 da bunu desteklemektedir.

Tablo 9. Arastirmada incelenen yonca gesitlerinin ADL, SKMO oranlar1 (%) ve KMT

ADL Orani (%) SKMO oranlar1 (%) Kuru Madde Tiiketimi
Populasyonlar 1.yl 2.y1l Ortalama | 1.yl 2.y1l Ortalama | 1.yl 2.y1l Ortalama
1 8.78 H* 8.030 | 8.40G? 66.98 F* 68.36 B 67.67 B2 452 K* 463D 457 E?
2 9.03F 946K | 9.24C 65.14 P 66.97 G 66.05E 462E 4541 458D
3 897G 8.02P 849 F 65.89 M 64.94 Q 65.41 H 444 M 4.23Q 433H
4 9.37D 924E | 930A 66.66 J 64.31S 65.48 G 448 L 4360 442G
5 8.751 897G | 886E 65.57 O 64.86 R 65.21 1 442N 4.20R 4311
6 790 R 822M | 8.06J 65.93 L 65.74 N 65.83 F 4198 432P 4261
7 842 L 795Q | 8181 67.00 E 68.20 C 67.60 C 465C 472 A 468 A
8 951 A 9.03F 9.27B 67.61 D 66.35 K 66.98 D 454 H 4531 453F
9 8.13N 8.641 8.38H 66.76 | 61.02T 63.89 456 G 461F 458C
10 8.46 K 942C | 894D 68.59 A 66.80 H 67.69 A 465C 472B 468B
Ortalama 8.73a! 8.69 b 66.61 bt 65.75 a 4.50at 4.48b

*Aymni siitiin i¢inde benzer harf ile gosterilen gesit x y1l kombinasyon ortalamalar Duncan testine gore P <0.01 hata sinirlar iginde istatistiksel olarak birbirinden
farksizdir. 1) Farkl kiigiik harf ile gosterilen y1l ortalamalari istatistiksel olarak birbirinden farklidir. 2) Benzer italik harf ile gosterilen yil ortalamalar1 Duncan
testine gore P <0.01 hata sinirlari iginde istatistiksel olarak birbirinden farksizdir.

3.15. Asid deterjan lignin

Yonca popiilasyonlarinin ADL igerikleri
Tablo 9’da verilmistir. Yonca
popiilasyonlarinin ortalama ADL igerikleri
yil ve c¢esit ortalamalar1 ile yil*gesit
interaksiyonu  bakimindan istatistiksel
acidan 6nemli farkliliklar tespit edilmistir.
Arastirmanin birinci yilinda ortalama ADL
oran1 % 8.73, ikinci yilinda % 8.69 olarak
tespit edilmis ve bu farklilik istatistiki
acidan 6nemli farklilik olusturmustur. ki
yillik ortalama sonuglara gore
poplilasyonlarin ortalama ADL oranlar1 %
8.06 ile % 9.30 arasinda degisim gOstermis
ve bu farklilik istatistiki agidan Onemli
bulunmustur. En yiiksek ADL oran1 4 nolu
popiilasyondan elde edilirken en diisiik
ADL orani1 ise 6 nolu popiilasyondan elde
edilmistir. ADL oraninin ADF ve NDF
oranlari ille  paralellik  gosterdigi
goriilmektedir (Tablo 8 ve 9). Nitekim
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diisiik ADL orani da ADF ve NDF oranlar1
gibi istenilen bir durumdur. ADL orani
yemin icinde bulunan seliilozun bir
gostergesidir. Bu yiizden ADL oran1 yemin
icinde bulunan selilloz miktarinin bir
gostergesi  olup diisiik olmasi yemde
bulunan seliilloz oraninin da diisiikliglinti
ifade etmektedir. Nitekim 6zellikle 7 nolu
popiilasyonun ADF, NDF ve ADL oram
incelendiginde disiik istatistiki gruplar
icinde yer almasi bu popiilasyonunun
digerlerine gore daha kaliteli yem trettigini
ortaya koymaktadir. Arastirmada elde

edilen verilere gbére yil*popiilasyon
interaksiyonu istatistiki acidan ADL
iizerinde  istatistiki  olarak  Gnemli

farkliliklar yaratmis ve en yiiksek ADL
oran1 % 9.51 ile arastirmanin birinci yilinda
8 nolu popiilasyondan elde edilirken, en
disiik ADL oranmi ise arastirmanin ikinci
yilindan % 7.95 ile 7 nolu popiilasyondan
elde  edilmistir. Yapilan  6nceki
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calismalarda yoncanin farkli ekolojik
kosullar ve farkli ¢esitlere gére ADL orani,
% 5.24-5.97 (Geleti ve ark., 2014), % 8.38
(Unalp, 2014), % 6.88-9.81 (Keskin ve
ark., 2021), % 7.36 (Oten ve Albayrak,
2021), % 10.31-10.96 (Kir ve Karadag,
2022) olarak belirlenmistir.

3.16. Sindirilebilir kuru madde orani

Yonca  popiilasyonlarinin =~ SKMO
degerleri Tablo 9’da verilmistir. Yonca
popiilasyonlarinin ortalama SKMO
degerleri y1l ve popiilasyon ortalamalari ile
yil*cesit  interaksiyonlart  bakimindan
istatistiksel agidan 6nemli farkliliklar tespit
edilmistir. Arastirmanin birinci yilinda
ortalama SKMO % 66.61, ikinci yilinda ise
% 65.75 olarak tespit edilmis ve bu farklilik
istatistiki acidan 6nemli bulunmustur. Iki
yillik  arastirma  sonuglarina gore
poptilasyonlarin ortalama SKMO
bakimindan en diisiik deger % 63.89 ile 9
nolu popiilasyondan, en yliksek ise %67.69
ile 10 nolu popiilasyondan elde edilmis ve
bu farklilik ortalama SKMO iizerinde
istatistiksel ~olarak o6nemli farkliliklar
yaratmistir. Yil*popiilasyon interaksiyonu
istatistiksel acidan SKMO iizerinde 6nemli
farkliliklar yaratmis ve en yiiksek SKMO %
68.59 ile arastirmanin birinci yilinda 10
nolu popiilasyondan elde edilirken, en
diisiik ise arastirmanin ikinci yilinda %
61.02 ile 9 nolu popiilasyondan elde
edilmistir (Tablo 9). Benzer ¢aligmalarda
yoncaya ait SKMO degerleri % 60.81-67.17
(Aydin ve ark., 2015). % 64.08 (Cacan ve
ark., 2015). % 61.4-63.2 (Mutlu 2019), %
64.1-67.0 (Keskin ve ark, 2021)
bulunmustur. Elde etigimiz bulgularin diger
aragtiricilarin bulgulariyla farklilik
gostermesinin nedeni, arastirmalarda farkli
gesitlerin kullanilmasi, bigim devresinin ve
bi¢gim sayilarinin farkli olmasi, kurutma
yontemleri ve arastirmalarin farkli ekolojik
Ozelliklere sahip bolgelerde yiiriitiilmiis
olmasi gosterilebilir. Yemlerin sindirilebilir
kuru madde hesab1 yapilirken ADF
oranlarindan faydalanilmaktadir.
Sindirilebilir kuru madde orani ile ADF
orani arasinda ters oranti bulunmaktadir.
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Yani bir yemin ADF degeri ne kadar
diistikse sindirilebilir kuru madde orani da o
kadar yiiksek olmaktadir. Nitekim ADF
orant diisiik olan 10 nolu popiilasyonun
SKMO’nun en yiiksek ¢ikmast bunu
destekler niteliktedir.

3.17. Kuru madde tiikketimi

Yonca popiilasyonlarmin kuru madde
tiketimi  ortalamalar1 ~ Tablo  9’de
verilmistir.  Yonca  popiilasyonlarinin
ortalama KMT yil ve ¢esit ortalamalari ile
yil*cesit interaksiyonu bakimindan
istatistiksel agidan 6nemli farkliliklar tespit
edilmistir. Aragtirmanm birinci yilinda KMT
4.50, ikinci yilinda ise 4.48 olarak tespit edilmis
ve bu farkhilik istatistiki acidan Onemli
farkliliklar meydana getirmistir. Iki yillik
arastrma sonuglarma gore popiilasyonlarin
ortalama en yiiksek KMT 4.68 ile 7 nolu
popiilasyondan, en diisiik 4.26 ile 6 nolu
popiilasyondan elde edilmis ve bu farklilik
istatistiki agidan Onemli bulunmustur.
Arastirmada yil*popiilasyon interaksiyonu
istatistiki a¢idan Onemli bulunmus ve en
yiiksek kuru madde tiikketimi arastirmanin
ikinci yilinda 7 nolu popiilasyondan, en
diisiik ise aragtirmanin birinci yilinda 6 nolu
popiilasyondan elde edilmistir (Tablo 9).
KMT oranlariin belirlenmesi amaciyla
ylriitilen baz1 c¢alismalarda Yonca’nin
KMT oranlarinin % 2.56 (Yavuz, 2005). %
2.4-3.1 (Cacan ve ark., 2012), % 2.53-3.05
(Aydin ve ark., 2015), % 2.6 (Cagan ve ark.,
2015), % 2.82-3.06 (Keskin ve ark., 2021)
olarak tespit etmislerdir. Elde etigimiz
bulgularin diger arastiricilarin bulgulariyla
farklilik gostermesinin nedeni,
arastirmalarda farkli gesitlerin kullanilmasi,
bicim devresinin ve bi¢im sayilarinin farklh
olmasi, kurutma yontemleri ve
arastirmalarin farkli ekolojik ozelliklere
sahip  bolgelerde yiiriitiilmiis  olmasi
gosterilebilir.  Yemlerin  kuru madde
tilketimleri hesaplanirken ortalama NDF
degerlerinden yararlanilmaktadir.
Sindirilebilir kuru madde oranlarinda
oldugu gibi KMT’de de ters oranti
mevcuttur. Yani NDF oran1 diisiik olan
yemlerin KMT degerleri daha yiiksek
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cikmaktadir. Nitekim NDF orani diisiik olan
7 ve 10 nolu popiilasyonlarin en yiiksek

KMT  degeri vermesi de  bunu
desteklemektedir.

Tablo 10. Arastirmada incelenen yonca gesitlerinin NYD oranlari (%)

Populasyonlar 1.yl 2.y1l Ortalama
1 234.78 G* 24523 C 240.00 B?
2 233.32 GH 235.80 F 23456 C
3 226.77J 212.88 NO 219.82 F
4 231471 21758 M 22452 E
5 22474 K 211400 218.07G
6 21437 N 220.53 L 21745 G
7 241.67D 249.88 A 24577 A
8 238.08 E 233.03 HI 23555C
9 235.87F 21815 M 227.01D
10 247.20B 24438 C 24579 A
Ortalama 232.82 a' 228.88 b

*Ayni siitiin iginde benzer harf ile gosterilen popiilasyon x yi1l kombinasyon ortalamalar Duncan testine gore P <0.01 hata sinirlar iginde istatistiksel olarak
birbirinden farksizdir. 1) Farkl: kiigiik harf ile gosterilen y1l ortalamalari istatistiksel olarak birbirinden farklidir. 2) Benzer italik harf ile gosterilen y1l ortalamalari
Duncan testine gore P <0.01 hata sinirlar1 i¢inde istatistiksel olarak birbirinden farksizdir.

3.18. Nispi yem degeri

Yonca popiilasyonlarinin NYD Tablo
10°da verilmistir. Yonca popiilasyonlarinin
ortalama NYD yi1l ve ¢esit ortalamalar ile
yil*¢esit interaksiyonu bakimindan
istatistiksel agidan 6nemli farkliliklar tespit
edilmistir. Arastirmanin birinci yilinda
NYD 232.82, ikinci yilinda ise 228.88
olarak tespit edilmis ve bu degisim
istatistiksel olarak énemli bulunmustur. Iki
yilhik  arastirma  sonuglarina gore
popiilasyonlarin ortalama NYD en yiiksek
ayni istatistiki grubu olusturan 10 ve 7 nolu
poplilasyonlardan, en diisik ise aym
istatistiki grubu olusturan 5 ve 7 nolu
popiilasyonlardan elde edilmis ve bu
degisim popiilasyonlarin ortalama NYD
tizerinde  istatistiki  acidan  Onemli
farkliliklar  yaratmistir.  Yil*popiilasyon
interaksiyonu bakimindan popiilasyonlarin
ortalama NYD istatistiki a¢idan Onemli
farklilik olusturmus ve en yiliksek NYD
arastirmanin  ikinci  yilimda 7 nolu
poplilasyondan elde edilirken, en diisiik ise
yine arastirmanin ikinci yilinda aym
istatistiki grubu olusturan 3 ve 5 nolu
popiilasyonlardan elde edilmistir (Tablo
10). Farkli yonca tiirii ve gesidi ile farkli
lokasyonlarda  yiiriitilen  galismalarda
yoncanin NYD degerlerinin 118.8 (Yavuz,
2005), 111.1 (Cagan ve ark., 2012),
118.75-157.32 (Aydin ve ark., 2015), 126.6
(Cagan ve ark., 2015), 138.1-154.4
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(Agikbas ve ark., 2017), 132.5-160.6
(Engin  ve Mut, 2018), 150.2-164.6
(Mutlu, 2019), 148.48-162.72 (Albayrak
ve Oten, 2020), 141.2-156.8 (Keskin ve
ark., 2021) arasinda oldugunu
belirlemislerdir. Elde etigimiz bulgularin
diger arastiricilarin bulgulariyla farklilik
gbstermesinin nedeni, arastirmalarda farkli
cesitlerin kullanilmasi, bi¢im devresinin ve
bigim sayilarinin farkli olmasi, kurutma
yontemleri ve aragtirmalarin farkli ekolojik
ozelliklere sahip bolgelerde yiiriitiilmiis
olmas1 gosterilebilir. Nispi yem degeri
ozellikle yoncanin ¢igceklenme doneminde
bi¢ilmesi  neticesinde  belirlenen  bir
parametredir. Bu de8er yoncaya gore
hesaplanmis ve Ozellikle yem kalite
degerlerinin  Olclilmesinde  uluslararasi
gegerliligi olan bir parametredir. NYD
hesab1 yapilirken SKMO ve KMT degerleri
kullanilmaktadir. Bu nedenle ozellikle
SKMO ve KMT degerleri yiiksek olan
yemlerin NYD’nin de yiiksek olmasi
beklenen bir durumdur. Nitekim SKMO ve
KMT yiiksek olan 7 ve 10 numaral
popiilasyonlarin da NYD bakimindan en
yiksek istatistiki grubu olusturmasi bunu
kanitlamaktadir.

4. Sonug

Mus ekolojik kosullarinda farkli yonca
(Medicago sativa L.) popiilasyonlarinin
verim ve kalite 6zelliklerinin belirlenmesi
amaciyla gergeklestirilen calismada, en
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yiiksek yesil ot ve kuru madde verimleri
bakimindan 1 ve 9 nolu popiilasyonlar 6n
plana cikarken kalite parametreleri (HPO,
ADF, NDF, KMT, NYD gibi) bakimindan
ise 7 ve 10 nolu popiilasyonlar 6n plana
cikmigtir. Bu  popiilasyonlarin  ileride
yapilacak 1slah arastirmalarinda
kullanilmast agisindan {imitvar oldugu
goriilmektedir.  Ayrica  Mus  ilinde
iireticilerin kaliteden daha ¢ok verime 6nem
vermesi nedeni ile hem verim acgisindan
hem de kalite acisindan 6n plana c¢ikan
genotiplerin kullanilmasi yonca iiretiminde
onemli bir paya sahip olan gerek Mus
gerekse Dogu Anadolu Bolgesinde bulunan
kaliteli kaba yem ac¢igmin kapatilmasinda
onemli katkilar sunacaktir.

Yazarlarin Katki Beyam

Yazarlar makaleye esit katkida
bulunduklarini, makalenin yayina hazir son

halini gordiiklerini/okuduklarini ve
onayladiklarini beyan ederler.
Cikar Catismas1 Beyam

Tiim yazarlar, bu calisma i¢in herhangi
bir ¢ikar catismasi olmadigin1  beyan
etmektedir.
Finansman

Mus Alparslan Universitesi Bilimsel
Arastirmalar Proje ofisi tarafidan “BAP-20-
UBF-4901-02”  nolu  proje  olarak
desteklenmistir.
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Ozet

Gida, ilag ve kozmetik dahil olmak {izere ¢esitli endiistrilerde dogal ve fonksiyonel bilesenlere yonelik artan talep
nedeniyle son yillarda biyoaktif bilesenlerin dogal kaynaklardan ekstraksiyonu biiyiik ilgi gérmektedir. Biyoaktif
bilesenlerin insan sagligi izerinde antimikrobiyal, antikanser, anti-enflamatuar ve antioksidan gibi 6nemli etkileri
bulunmaktadir. Bu derleme makalesi, dogal kaynaklardan biyoaktif bilesenlerin ekstraksiyonunda son zamanlarda
kullanilan enzim destekli ekstraksiyon, siiperkritik akigkan ekstraksiyonu, mikrodalga destekli ekstraksiyon,
stibkritik solvent ekstraksiyonu, ultrason destekli ekstraksiyon ve yiizey aktif madde destekli ekstraksiyon gibi
cesitli ekstraksiyon teknikleri incelenerek prensipleri, avantajlari ve siirlamalar1 vurgulanmaktadir. Derlemede
ayrica, biyoaktif bilesenler i¢in farkli ekstraksiyon tekniklerinin uygulanmasina iligkin aragtirma makalelerinden
deneysel sonuglar sunulmaktadir. Genel olarak, bu derleme makale dogal kaynaklardan biyoaktif bilesenlerin
ekstraksiyonu ile ilgilenen aragtirmacilar, bilim insanlar1 ve endiistri profesyonelleri i¢in degerlidir. Farkli gelismis
ekstraksiyon teknikleri ve potansiyel uygulamalar1 hakkindaki bilgileri bir araya getirerek, bu alanda daha fazla
ilerleme kaydedilmesini ve dogal kaynaklardan biyoaktif bilesen ekstraksiyonu icin yenilik¢i ekstraksiyon
yontemlerinin gelistirilmesini kolaylastirmaktadir.

Anahtar Kelimeler: Ultrason, mikrodalga, enzim, yiizey aktif madde, siibkritik, stiperkritik

Some Innovative Methods used to Extract Bioactive Compounds

Abstract

The extraction of bioactive components from natural sources has attracted great interest in recent years due to the
increasing demand for natural and functional ingredients in various industries including food, pharmaceuticals and
cosmetics. Bioactive components have important effects on human health such as antimicrobial, anticancer, anti-
inflammatory and antioxidant. In this review article, various extraction techniques recently used in the extraction
of bioactive compounds from natural sources such as enzyme-assisted extraction, supercritical fluid extraction,
microwave-assisted extraction, subcritical solvent extraction, ultrasound-assisted extraction and surfactant-
assisted extraction are reviewed and their principles, advantages and limitations are highlighted. The review also
presents experimental results from research papers on the application of different extraction techniques for
bioactive components. Generally, this review article is valuable for researchers, scientists and industry
professionals interested in the extraction of bioactive components from natural resources. By bringing together
information on different advanced extraction techniques and their potential applications, it facilitates further
progress in this field and the development of innovative extraction methods for the extraction of bioactive
components from natural sources.

Keywords: Ultrasound, microwave, enzyme, surfactant, subcritical, supercritical
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1. Giris

Biyoaktif bilesenler, cesitli bitki, hayvan
ve mikroorganizmalarda bulunan, biyolojik
aktiviteye sahip ve insan saglig1 {izerinde
olumlu etkilere sahip dogal bilesiklerdir. Bu
bilesenler tip, beslenme ve farmakoloji
acgisindan 6nemli olmakla birlikte hastalik
Oonleme agisindan da hayati 6neme sahiptir
(Hiranvarachat ve ark., 2013). Yapilan
calismalar biyoaktif bilesenlerin
antioksidan, anti-enflamatuar,
antimikrobiyal, antikanser ve noroprotektif
ozellikler gibi ¢esitli biyolojik aktiviteler
sergiledigini gostermistir (Amini ve ark.,
2020). Bu aktiviteler oksidatif stresle
miicadeleye, kronik enflamasyonu
azaltmaya, kanser hiicrelerinin biiyiimesini
engellemeye, bagisiklik sistemini
giiclendirmeye ve yasa bagl bilissel
gerilemeye karsi korumaya yardimeci
olabilmektedir. Ayrica, biyoaktif
bilesenlerin kardiyovaskiiler hastaliklar,
diyabet, obezite ve norodejeneratif
bozukluklar da dahil olmak iizere cesitli
kronik hastaliklarin 6nlenmesi ve yonetimi
tizerinde de etkileri oldugu ifade edilmistir
(Bhadange ve ark., 2024; Xavier ve ark.,
2024).

Biyoaktif bilesenler, hem dogal hem de
islenmis gidalarda bulunmaktadirlar. Bu
bilesenler, belirli saglik  kosullarmi
hedefleyen veya yasam kalitesini arttiran
triinlerin formiilasyonunda kullanilmakta
olup, insan sagligini iyilestirme ve dogal
temelli terapotik yaklasimlar gelistirme

potansiyelleri  nedeniyle Onem  arz
etmektedir. Bu  bilesenlerin daha
derinlemesine arastirilmasi, tam
potansiyellerinin ortaya ¢ikarilmasi ve

saglikli yasam tarzlarinin tesvik edilmesi
acisindan gereklidir (Amini ve ark., 2020).

Biyoaktif bilesenler, insan sagligini
iyilestirme potansiyeli tasiyan Onemli
maddelerdir. Bu bilesenler arasinda beta-
karoten, C vitamini, E vitamini, likopen,
lutein, allisin, fisetin ve betain 6rnek olarak
verilebilir. Havug, musir, kabak, yesil
yaprakli sebzelerde bulunan karotenoidlerin
antioksidan  ozellikleri ~ bulunmaktadir
(Eggersdorfer ve Wyss, 2018). Yesil biber,
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dolmalik biber, brokoli, karnabahar, 1spanak
domates, turunggillerde  bulunan C
vitamininin antioksidan ozelligi ve zararl
reaktif tlrlere karst1 koruma etkileri
bulunmaktadir (Pennington ve Fisher,
2009). Domates ve karpuzda bulunan
likopen, beta karoten, lutein, zeaksantinin
anti-proliferatif ve antikanser Ozelligi
gostermektedir (Przybylska, 2020).
Probiyotiklerde bulunan kisa zincirli yag
asitleri pro-inflamatuar ve anti-inflamatuar
ve bagisiklik sistemini diizenleyici etkileri
bulunmaktadir  (Markowiak-Kope¢ ve
Slizewska, 2020). Taze sebzelerde bulunan
izoflavonoidler ve polifenoller antioksidan,
immiinomodiilator, antiosteoporotik ve
antikanser 6zellik gostermektedir (Lima ve
ark., 2014). Havug, tath patates ve 1spanakta
bulunan beta-karoten pro-vitamin A ve
antioksidan etkisi bulunmaktadir
(Hiranvarachat ve ark., 2013). Sarimsakta
bulunan allisin antimikrobiyal,
kardiyovaskiiler destek, bagisiklik sistemini
giiclendirici etkileri gostermektedir
(Nguyen ve ark., 2021). Cilek, elma ve
soganda bulunan fisetin antioksidan,
antiinflamatuar ~ ve  antiaging  etkisi
bulunmaktadir (Vishwas ve ark., 2022).
Pancar, 1spanak ve kepekli tahillarda
bulunan  betain  karaciger  saghgi,
kardiyovaskiiler destek, biligsel islev
iizerine olumlu etkileri bulunmaktadir
(Escudero ve Ruiz, 2011).  Biyoaktif
bilesikler ~ bakimindan  zengin  olan
menengicin antioksidan, antimiktobiyal,
anti-enflamatuar ve sitotoksik aktiviteye
sahip oldugu ifade edilmektedir (Cakir ve
Ergenekom, 2021). Bu gibi biyoaktif
bilesenlerin daha fazla arastirilmasi, dogal
temelli terapilerin gelistirilmesi ve saglikli
bir yasam tarzinin tesvik edilmesi agisindan
kritik Gneme sahiptir.

Ilag, kozmetik ve gida endiistrisi iiriinleri
i¢in, iirtinlerin bileseni olarak ekstraktlarin
kalitesi  krittk Oneme  sahiptir = ve
ekstraktlardaki ~ biyoaktif  bilesenlerin
miktarinin arttirilmast zorlu bir gorevdir.
Ekstraksiyon, bitki materyalinden biyoaktif
bilesenlerin izolasyonu ve
saflastirilmasinda ilk ve O6nemli adimdir
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(Khoddami ve ark., 2013; Cuji¢ ve ark.,
2016).

Biyoaktif bilesenlerin dogal
kaynaklardan  ekstraksiyonu,  istenen
ozelliklerin elde edilmesi ve potansiyel
uygulamalarin arttirilmasi agisindan kritik
Ooneme sahiptir. Bu degerli bilesenleri
verimli bir sekilde izole ve konsantre etmek
amaciyla, geleneksel yontemlere alternatif
olarak cesitli ileri ekstraksiyon teknikleri
gelistirilmistir (Nguyen ve ark., 2021).
Geleneksel ekstraksiyon teknikleri arasinda
maserasyon, 1sitmali geri akis
ekstraksiyonu ve Soxhlet ekstraksiyonu yer
alirken; yenilik¢i ekstraksiyon yoOntemleri
arasinda enzim destekli ekstraksiyon,
stiperkritik akigkan ekstraksiyonu,
mikrodalga destekli ekstraksiyon, siibkritik
solvent ekstraksiyonu, ultrason destekli
ekstraksiyon ve yiizey aktif madde destekli
ekstraksiyon gibi yontemler bulunmaktadir.
Yenilik¢i ekstraksiyon teknikleri,
verimliligi artirma, ekstraksiyon siiresini
kisaltma ve solvent kullanimini minimize
etme yetenekleri sayesinde biyoaktif
bilesenlerden daha yiiksek verim elde
edilmesini  saglamaktadir. Ayrica, bu
yontemler segicilifi  arttirarak  hassas
bilesiklerin korunmasina olanak
tanimaktadir. Dolayisiyla bu yontemler
yiiksek kaliteli biyoaktiflerin
ekstraksiyonunu  miimkiin  kilmaktadir
(Zhang ark., 2020a; Nguyen ve ark., 2021;
Bhadange ve ark., 2024).

Stiperkritik siv1 ekstraksiyonu (SFE),
biyoaktif  bilesenleri  ¢ikarmak  i¢in
karbondioksit gibi siiperkritik  sivilari
kullanilan bir tekniktir. SFE, diisiik
toksisite, minimum kalint1 ve ayarlanabilir
¢Oziicii giicii gibi avantajlar sunmaktadir.
Mikrodalga destekli ekstraksiyon (MAE)
mikrodalga enerjisini kullanarak
ekstraksiyon  silirecini  hizlandirirken,
ultrason destekli ekstraksiyon (UAE) kiitle
transferini artirmak ve hiicre yapilarini
bozmak i¢in yiiksek frekansli ultrason
dalgalar1  kullanilir ve bu  durum
ekstraksiyon verimliligini arttirmaktadir
(Bhadange ve ark., 2024). Bu yenilik¢i
ekstraksiyon teknikleri son yillarda giderek
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onem kazanmaktadir. Bu yoOntemler
arasinda enzim destekli ekstraksiyon, yiizey
aktif madde destekli ekstraksiyon ve
subkritik  solvent  ekstraksiyonu da
bulunmaktadir. Enzim destekli
ekstraksiyonda (EDE) biyoaktif bilesiklerin
gidalardan ekstrakte edilmesinde
enzimlerin kullanilirken, yiizey aktif madde
destekli ekstraksiyonda (SDE) enzimler
yerine ylizey aktif maddeler
kullanilmaktadir (Dalkiran, 2014; Sevindik
ve Selli, 2017). Subkritik solvent
ekstraksiyonu (SSE), c¢oziicliyli kritik
noktasinin  altindaki  sicakliklarda ve
basinglarda kullanir ve benzersiz ¢oziinme
Ozellikleri nedeniyle ¢esitli malzemelerden
biyoaktif  bilesiklerin  ekstraksiyonunu
gelistiren bir tekniktir (Li ve ark., 2024).
Gidalardan biyoaktif bilesenler ekstrakte

edilirken kullanilacak ekstraksiyon
tekniginin se¢iminde, hedef biyoaktif
bilesenlerin  dogasi, gida  matrisinin

bilesimi, hedef verim ve istenen uygulama
gibi faktorlere baghdir. Ayrica, c¢oziici
secimi, ekstraksiyon siiresi, sicaklik,
ultrasonik genlik, basing, gii¢, enzim ve
yiizey aktif madde gibi ekstraksiyon
parametrelerinin optimize edilmesi, elde
edilen biyoaktif bilesenlerin verimliligi ve
kalitesini Onemli Olciide
etkileyebilmektedir. Bu nedenle, gidalardan
istenen biyoaktif bilesenlerin elde edilmesi
icin uygun bir ekstraksiyon tekniginin
secilmesi ¢ok Onemlidir. Bu biyoaktif
bilesenlerin ilag, gida ve kozmetik
sektorlerinde gelistirilmesi ve kullanilmasi,
iriin kalitesinin, islevselliginin ve igsel
degerinin artirilmasina katkida bulunur
(Warminski ve ark., 2021; Bhadange ve
ark., 2024).

Bu c¢alismanin temel amaci, biyoaktif
bilesenlerin gidalardan ekstrakte
edilmesinde  kullanilan baz1  yenilik¢i
ekstraksiyon tekniklerine genel bir bakis
saglamaktir. Ayrica tekniklerinin
prensiplerini, avantajlarini ve siirlamalari
hakkinda bilgi vermektir. Baz1 biyoaktif
bilesenler icin farkli  yenilikgi ve
stirdiiriilebilir  ekstraksiyon tekniklerinin
etkinligini  sergilemek i¢in  yapilan
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calismalar1 incelemektir. Bu c¢alisma,
biyoaktif bilesenlerin ekstraksiyonu ve
uygulamalariyla ilgilenen arastirmacilar,
bilim insanlar1 ve endiistri profesyonelleri
icin degerli bir kaynak gorevi gormektedir.

2. Enzim Destekli Ekstraksiyon (EAE)

EAE, enzimlerin dogru 6zgiilliik, bolge
seciciligi ve biyoaktif bilesiklerin biyolojik
potansiyellerini koruyarak hafif kosullar
altinda reaksiyonlar1 yiiritme yetenekleri
ile reaksiyonlar1 ilerletme Ozelliklerine
baglhidir (Puri ve ark., 2012). EAE’nin temel

prensibi, hiicre ici bilesenleri serbest
birakmak i¢in optimum deneysel kosullar
altinda bir katalizor olarak  enzim

kullanilarak bitki hiicre duvarinin hidrolize
edilerek pargalanmasidir. Bitki hiicre duvari
enzimin aktif bolgesine baglanir. Bu,
enzimin seklini degistirmesine neden olur,
bdylece substrat aktif bolgesine oturur ve
boylece  ikisi  arasinda  maksimum
etkilesime neden olur. Enzimin seklindeki
degisiklik, hiicre duvarinin baglarinin
kirillmasmma ve aktif bilesenlerin disari
salinmasina yol acar (Sheldon ve van Pelt,

2013)

Bu ekstraksiyon yoOntemi yalnizca
tehlikeli ¢oziiclilere olan gereksinimi
azaltmakla  kalmaz, aym1  zamanda

ekstraksiyon siiresini de kisaltmaktadir.
Ayrica, bu ekstraksiyon kontrollii sicaklik
kosullarinda  gergeklestirildiginden 1s1ya
duyarl biyoaktif bilesenlerin ekstraksiyonu
icin ¢ok kullamish olmaktadir. EAE
sirasinda genellikle ¢ok ¢esitli karbonhidrat
hidrolize edici enzimler kullanilmaktadir.
Pankreatin, domatesten likopen elde etmek
icin (Dehghan-Shoar ve ark., 2011);
glukoamilaz ise beyaz fasulyeden protein
elde etmek i¢in kullanilmistir (Bildstein ve
ark., 2008). Ksilanaz, amilaz, papain,
pektinaz ve hemiseliilaz gibi enzimler de
ekstraksiyon verimini en st diizeye
cikarmak i¢in ekstraksiyondan 6nce bir 6n
islem adimi  olarak  kullanilmistir
(Sowbhagya ve Chitra, 2010). Reaksiyon
sicakligi, ekstraksiyon siiresi, sistemin pH',
enzim konsantrasyonu ve substratin partikiil
boyutu gibi kosullar ekstraksiyon islemi
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icin kritiktir (M'hiri ve ark., 2014). Ayrica,
EAE geleneksel yontemlere kiyasla daha
diisik enerji  tiketimi, daha hizl
ekstraksiyon, daha yiiksek ekstraksiyon
verimi ve daha az solvent kullanimi ile daha

basit geri kazanim sagladigi ifade
edilmektedir (Puri ve ark., 2012)
Ekstraksiyonun  verimliligi  ¢oziicii

sistemine, sicakliga, enzimin etki sekline,
ekstraksiyon siiresine, enzim yiiklemesine,
substrat mevcudiyetine ve pH kosuluna
baghdir. Enzimatik hidroliz i¢in optimum
pH her enzim igin farklidir. Birgok enzimin
optimum pH'1 proteinlerin izoelektrik pH't
araligindadir (Talley ve Alexov, 2010).
Proteinler bu pH araliginda yiiksek oranda
cozlinmediginden, biyomolekiil salinimi

engellenebilmektedir. Bu nedenle, pH
sadece enzimlerin caligsmasini
engellemeyecek  sekilde degil, ayni

zamanda proteinin izoelektrik noktasi
araliginda olmayacak sekilde secilmesi
gerekmektedir (Nadar ve ark., 2017). pH'in
yan1 sira sicaklik da ekstraksiyon sirasinda
ihmal edilemeyecek bir parametredir.
Yiiksek sicakliklarda ¢alisma, proteinlerin
ve diger biyoaktiflerin inaktivasyonunun
yanisira enzim aktivitesinde de kademeli bir
kayba neden olmaktadir (Peterson ve ark.,
2007). Ekstraksiyon reaksiyonunun daha
diisiik sicakliklarda yiiriitiilmesi enzimlerin
etkisini hizlandirmamakta ve
biyomolekiillerin daha az ekstraksiyon
verimliligine yol a¢maktadir. Enzimlerin
ekstrakt ile 1slatilmasinin uzatilmasi hiicre
duvart  bilesenlerinin  ¢oziinebilirligini
olumlu yonde etkileyebilmektedir. Bununla
birlikte, biiyiik olgekli bir ekstraksiyonda
cok uzun inkiibasyon siiresi, diisiik {iriin
kalitesine ve enerji verimsizligine yol
acmaktadir (Babbar ve ark., 2016).
Enzimler, ozellikle geleneksel
ekstraksiyon yontemlerinden Once bitki
materyalinin islenmesi i¢cin
kullanilmaktadir. Seliilazlar, pektinazlar ve
hemiseliilaz gibi ¢esitli enzimler, bitki hiicre
duvarinin yapisal biitiinliigiinii bozmak ve
boylece bitkilerden biyoaktif maddelerin
ekstraksiyonunu arttirmak amaciyla siklikla
kullanilmaktadir. Bu enzimler hiicre duvari
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bilesenlerini hidrolize ederek hiicre duvari
gecirgenligini arttirmakta ve bu durum daha
yiiksek biyoaktif madde ekstraksiyonu
saglamaktadir. Enzimler bakteri, mantar,
hayvan organlar1 veya sebze/meyve
ekstrelerinden tiiretilebilmektedir.
Enzimleri ekstraksiyon uygulamalari i¢in
en etkili sekilde kullanmak icin, katalitik
ozelliklerini ve etki bigimlerini, optimum
calisma kosullarimi  ve segilen bitki
materyali i¢in hangi enzim veya enzim
kombinasyonunun uygun oldugunu
anlamak onemlidir (Puri ve ark., 2012).

Yapilan bir c¢alismada, CO> bazl
stiperkritik ekstraksiyondan once
dondurularak kurutulmus domates
materyaline glikozidaz enziminin

uygulanmasinin likopen miktarini ii¢ kat
arttirdig1 gézlemlenmistir (Lenucci ve ark.,
2015). Defne yapraklarindan ugucu yag
ekstraksiyonunda seliillaz, hemiseliiloz,
ksilanaz ve bunlarin gl karigimi
kullanilmast verimi artirilabilecegi
belirtilmistir (Boulila ve ark., 2015).
Zerdegaldan kurkumin ekstraksiyonunda o-
amilaz ve amiloglukosidaz enzimlerinin
kombinasyonunun ekstraksiyon verimini
arttirdigr ifade edilmistir (Sahne ve ark.,
2017). Uziim kabuklarindan
polisakkaritlerin ekstrakte edildigi
calismada, ¢oziicii (etanol) ekstraksiyonuna
kiyasla seliilaz, pektinaz ve B-glukozidaz
karigtminin  kullanilmasinin  ekstraksiyon
stiresini  kisalttigt ve antosiyanin gibi
fenolik bilesiklerce zengin yiiksek bir
pektin verimi sagladig: bildirilmistir (Xu ve

ark., 2014). Carkifelek meyvesinin
kabuklarindan pektin  ekstraksiyonunda
proto-pektinaz enziminin kullanimi1

geleneksel kimyasal ekstraksiyona kiyasla
daha yiiksek verim sagladigi belirtilmistir
(Vasco-Correa ve Zapata, 2017). Ayrica,
seliilaz, hemiseliilaz ve pektinaz gibi
enzimler, seker iiretiminde kullanilan
ananas kabuklarindan sirke elde etmek i¢in
kullanilabilecegi bildirilmistir (Roda ve
ark., 2016). Uziim cekirdeginden yag
ekstrakte etmek i¢in seliilaz, proteaz, ksilaz
ve pektinaz enzimlerinin kullanilmasi
verimde artis saglamistir (De Maria ve ark.,
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2007). Domatesten likopen ekstrakte etmek
icin pankreatin, selillaz ve pektinaz
enzimlerinin kullanilmas1 verimi
arttirmistir (Dehghan-Shoar ve ark., 2011;
Choudhari ve Ananthanarayan, 2007).
Benzer sekilde, piring  kepeginden
oligosakkarit ekstrakte etmek icin seliilaz
(Patindol ve ark., 2007), havug posasindan
karoten ekstrakte etmek i¢in pectinex ultra
SP-L (Stoll ve ark., 2003), caydan katesin
ekstrakte etmek icin pepsin (Ferruzzi ve
Green, 2007), narenciye kabugundan
fenolikleri ekstrakte etmek i¢in seliilozim
MX (Li ve ark., 2007), yer fistigindan yag
(Deng ve ark., 2018), ketenden lignanlari
ekstrakte etmek icin seliilaz ve glikozidaz
(Renouard ve ark.,, 2010) enzimleri
kullanilmustir.

3. Siiperkritik Akiskan Ekstraksiyonu
(SFE)

Coziicii olarak stiperkritik akiskanlar
kullanilarak gidalardan istenen bilesiklerin
ekstrakte edilmesi icin kullanilan bir
tekniktir.  Siiperkritik  akiskan,  kritik
noktasinin iizerinde bir sicaklik ve basingta
bulunan ve hem sivi hem de gaz 6zellikleri
gosteren bir maddeyi ifade etmektedir.
SFE'de en yaygm kullanilan siiperkritik
akiskan, diisiik toksisite, bulunabilirlik ve
nispeten diislik kritik nokta gibi olumlu
ozellikleri  nedeniyle  karbondioksittir
(CO2). Ancak uygulamaya bagli olarak
etan, propan ve su gibi diger siiperkritik
akiskanlar da kullanilabilmektedir (Wrona
ve ark., 2017; Tapia-Quirds ve ark., 2023).
Bazi  durumlarda, belirli bilesiklerin
ekstraksiyonunu artirmak i¢in bir yardimci
¢Oziicii (co-solvent) kullanilabilmektedir
(Palaric ve ark., 2023).

SFE sisteminde basing, sicaklik,
kati:¢coziicli orani, ekstraksiyon siiresi ve
kullanilan ¢oziicii verimliligi etkileyen
temel faktorlerdir. Basing, siiperkritik
stvinin  ¢ozme giliclinii ve yogunlugunu
dogrudan etkilemektedir. Sicaklik, sivinin
yogunlugunu, difiizivitesini ve genel
cozlinme kapasitesini etkilediginden SFE
i¢in 6nemli bir unsurdur. Kati:¢6ziicili oran,
ekstraksiyon prosediiriiniin etkinligi ve
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verimliligini  dogrudan  etkilemektedir.
Ekstraksiyon siiresi, ekstraksiyon igleminin
maliyetini ve uygulanabilirligini belirledigi
icin son derece Onemlidir. Kullanilan
¢oziicii, ekstraksiyon isleminin verimliligini
ve seg¢iciligini etkilemektedir (Bhadange ve
ark., 2024).

Stiperkritik sivilar, basing ve sicakligi
ayarlayarak belirli bilesikleri secgici bir
sekilde ¢ikarmak i¢cin optimize
edilebilmektedir, bu durum ytiiksek secicilik
saglamaktadir. Siiperkritik CO> ¢oziicii
olarak kullanildiginda, iiriinlerde kalinti
birakmaz ve gida, ilag gibi hassas
uygulamalar i¢in uygundur. SFE, diger
yontemlere gore daha diislik sicakliklarda
gerceklestirilerek 1siya duyarli bilesiklerin
termal bozunma riskini azaltmaktadir.
Ayrica, SFE hizli sonuglar vererek yiiksek
tiretkenlik ve verimlilik saglamaktadir.
CO», toksik olmayan ve g¢evre dostu bir
¢Oziicii olarak tercih edilmekte ve ekstrakte
edilen bilesenlerin saflig1 genellikle yiiksek
olmaktadir. SFE, lipitler, ugucu yaglar,
tatlar, kokular ve biyoaktif bilesikler gibi
cesitli bilesenlere uygulanabilmektedir (Hu
ve ark., 2023; Rodrigues ve ark., 2023;
Hasanov ve ark., 2023).

Tiim bu avantajlarinin yanisira SFE
kullannmmin  bazi  dezavantajlar1  da
bulunmaktadir. Stiperkritik S1V1
ekstraksiyonu i¢cin gereken ekipman
pahalidir. SFE ekipmaniin calistirilmasi,
basing ve sicaklik kosullarmin kontrol
edilmesinin karmasiklig1 nedeniyle egitimli
personel gerektirmektedir. Siiperkritik CO»,
polar bilesikler i¢in sinirl ¢oziiniirliige
sahiptir ve bu da belirli bilesik tiirleri i¢in
daha diisiik ekstraksiyon verimliligine
neden olabilir. Stiperkritik COo,
ekstraksiyon verimliligini ve iiriin kalitesini
etkileyebilecek nemin varligina duyarh
olabilmektedir. Islemin kendisi daha diisiik
sicakliklarda gergeklestirilirken, CO:z'nin
stiperkritik kosullara sikistirilmast 6nemli
miktarda  enerji  gerektirebilmektedir.
Optimum ekstraksiyon kosullarina ulagsmak
zor olabilmekte ve parametrelerdeki kiiclik
degisiklikler ~ ekstraksiyon isleminin
verimliligini ve seciciligini
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etkileyebilmektedir (Hasanov ve ark., 2023;
Frohlich ve ark., 2023; Alwazer ve ark.,
2023).

Stiperkritik  CO>  kullanarak  elma
cekirdeginden tokoferolce zengin yag
ekstrakte edilmeye calisilan c¢alismada,
artan basincin  ekstraksiyon  verimini
artirdigini,  yiksek  sicakliklarin  ise
tokoferol  igerigini  azalttifin1  tespit
edilmistir (Montanés ve ark., 2018).
Adagayi bitkisel tozundan monoterpenlerin
geri kazaniminin arastirildigr ¢alismada,
SFE’nin geleneksel tekniklere kiyasla
monoterpen verimi ve segiciligi agisindan
onemli avantajlar sagladigi ifade edilmistir
(Pavli¢ ve ark., 2018). Miirver suyu isleme
yan lriinlerinden (pirina) degerli non-polar
bilesenlerin geri kazaniminin arastirildigi
calismada, SFE’nin geleneksel yontemlere
kiyasla daha yiiksek ekstraksiyon verimi ve
daha kisa ekstraksiyon siiresi sagladigi
bildirilmistir (Kitryt¢ ve ark., 2020). Nar
cekirdeklerinden yagin ekstraksiyonunda
Soxhlet yontemine kiyasla SFE ile elde
edilen yagin punikik asit iceriginin ve
antioksidan aktivitesinin daha yiiksek
oldugu ifade edilmistir (Natolino ve Da
Porto, 2019). Benzer sekilde, Brezilya
kirazlarindan terpen, y-elemene,
germacrene (e Santos ve ark., 2015), ¢ilek
tohumlarindan ellagitanninler ve
flavanoller (Grzelak-Btaszczyk ve ark.,
2017), devedikeni tohumundan trigliseritler
ve flavonolignanlar (Palaric ve ark., 2023),
mantardan ergosterol (Almeida ve ark.,
2024), Dendrobium chrysotoxum
ciceklerinden kuersetin ve epigallokatesin
(Hu ve ark., 2023), keten tohumundan yag
(Hasanov ve ark., 2023), Acacia dealbata
Link. kabugundan lupan-triterpenoidler
(Rodrigues ve ark., 2023), karanfil
yapragindan 6jonel (Frohlich ve ark., 2023),
kinoa tohumlarindan tokoferolce
zenginlestirilmis  yag  (Przygoda ve
Wejnerowska, 2015), Moringa oleifera
tohumundan yag (Ruttarattanamongkol ve
ark., 2014) ve Gynostemma pentaphyllum
tohumundan yag (Wang ve ark., 2016) gibi
cesitli biyoaktif bilesenler SFE kullanilarak
etkili bir sekilde ekstrakte edilmistir.
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4. Siibkritik Solvent
(SSE)

Stibkritik solvent ekstraksiyonu (SSE),
bir ¢oziciliyli (genellikle su) kritik
noktasinin altindaki sicakliklarda ve kritik
basincinin altindaki basinglarda kullanan
yenilik¢i bir tekniktir (Li ve ark., 2024).
Diger bir deyisle, SSE secilen bir
ekstraksiyon ¢oziiclistinii kaynama
noktasini asan ancak kritik sicakliginin
altindaki bir sicaklikta kullanan ve
¢Oziiciiyii islem sirasinda sivi halde tutmak
icin basinci dikkatlice ayarlayan yenilik¢i
bir yontemdir (Liu ve ark., 2014). Bu
yontem, c¢Oziicliniin kritik altt kosullar

Ekstraksiyonu

altindaki benzersiz ozelliklerinden
yararlanarak dogal kaynaklardan ¢esitli
biyoaktif bilesikleri ¢Oziindiirme

kabiliyetini arttirmaktadir (Li ve ark.,
2024). SSE, SFE’ye gore daha diistik bir
sicaklik ve basingta gerceklestirilmektedir,
bu da bu teknigi gida maddelerinin 1siya
duyarli bilesenlerini bozmadan giivenli ve
etkili hale getirmektedir (Liu ve ark., 2014).
Ekstraksiyon islemi uygulanacak gida
maddesi ekstraksiyon kabina alinir ve
¢Oziicii eklendikten sonra sistem Kkritik alt1
kosullara kadar basinglandirilarak
¢Ozilicliniin S1V1 halde kalmasi
saglanmaktadir. Bu durum ¢oziiciiniin kati
matrise etkili bir sekilde niifuz etmesini
saglamaktadir. Subkritik siv1 ekstraksiyon
sirasinda bir ¢oziicli gérevi gorerek dogal
kaynaklardan biyoaktif bilesikleri ¢oziiniir
hale getirmektedir (Bhadange ve ark.,
2024). SSE’nin baglica c¢oziiciileri sivi
amonyak, sivilastirilmis biitan, dimetil eter,
tetrafloroetan (R134a) ve sivilastirilmis
propandir (Wang ve ark., 2021). Belirli
basing altinda, subkritik ¢oziiciiler organik
coziiciilere benzer 6zellikler gdstermekte ve
ayrica disiik ve orta polar bilesenleri
cozebilmektedirler (Hrnci¢ ve ark., 2018).
SSE'deki ekstraksiyon verimliligi, birkag
faktorden etkilenmektedir. Bu faktorler
arasinda sicaklik, basing, ekstraksiyon
siiresi ve kati-¢coziicii oran1 bulunmaktadir.
Sicaklik, ¢Ozlicliniin ozelliklerini
degistirmektedir. ~ Yiksek  sicakliklar
¢Oziiciiniin ¢ozlniirligiini ve diflizivitesini
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artirarak etkili Dbilesik ekstraksiyonunu
tesvik etmektedir. Ancak, asir1 sicakliklar
istya duyarli bilesenlerin  bozulmasina
neden olabilmektedir. Basing, ¢oziicliniin
yogunlugunu degistirerek  ekstraksiyon
arttirmaktadir. Ekstraksiyon siiresi, ¢oziici
ile hedef bilesikler arasindaki temas
siresini  belirlemektedir. Yeterli siire,
bilesiklerin ¢0ziicli icinde c¢oziinmesine
olanak taniyarak optimum ekstraksiyon
verimliligi saglamaktadir. Uygun bir kati:
¢Ozlici orani, kati matris ile ¢0Oziicli
arasinda yeterli temasi saglayarak hedef
bilesiklerin optimum sekilde ¢dziinmesine
olanak saglamaktadir (Bhadange ve ark.,
2024; Li ve ark., 2024; Zhang ve ark.,
2020a).

SSE’nin dogal kaynaklardan biyoaktif
bilesikler elde etmek icin c¢evre dostu,
verimli ve segici bir yontem olarak kabul
edilmektedir. Onemli bir avantaji, termal
olarak hassas biyoaktifleri bozmadan belirli
bilesikleri hedefleyen seciciligidir.
Genellikle ¢oziicli olarak su kullanilmakta
ve g¢evreye zararli olabilecek organik
coziiciilere  olan  ihtiyact ortadan
kaldirmaktadir. Dolayisiyla tehlikeli atik
olusumunu azaltmakla birlikte siireci daha
strdiirilebilir hale getirmektedir. Nispeten
diisiik maliyetli ve kolayca temin edilebilir
¢oziiciiler (su, etanol, biitan, aseton, vb.)
kullanilmaktadir. SSE, daha yiiksek sicaklik
ve basing nedeniyle gelismis ¢oziici
ozelliklerine  sahiptir ve  geleneksel
yontemlere kiyasla ekstraksiyon siiresini
kisaltmaktadir. SSE'nin seg¢iciligi, sicaklik

ve basing kosullar ayarlanarak
degistirilebilmektedir. Bu, belirli
bilesiklerin hedeflenen sekilde
ekstraksiyonuna olanak saglamaktadir. Su
ekstraksiyon coziiciisii olarak
kullanildigindan, ekstrakte edilen

malzemede genellikle daha diisiik bir kalint1
¢Ozlicli riski bulunmaktadir. Bu durum
nihai tirlinii giivenli hale getirmekle birlikte
gida ve ila¢ endiistrilerindeki uygulamalar
icin daha uygun hale getirmektedir
(Bhadange ve ark., 2024).

SSE’de kullanilan ¢oziiciiler iyi ¢dzme
ozelliklerine sahip olmalarina ragmen



Yilmaz ve Durmaz

siirlt  ¢oziiniirliige sahip belirli bilesik
tiirlerinin ~ ekstraksiyonu  i¢in  etkili
olmayabilmektedir. Bu durum ekstraksiyon
siirecinin verimliligini etkileyebilmektedir.
SSE tipik olarak daha yiiksek sicakliklar ve
basinglar  gerektirdiginden bu durum
ekstraksiyon ekipmanlari i¢in daha yiiksek
maliyetlere  ve  potansiyel  giivenlik
sorunlarina yol acabilmektedir. SSE'de
kullanilan ytiksek sicakliklar termal olarak
hassas olan bilesiklerin  ekstraksiyon
sirasinda bozulmasina neden
olabilmektedir. Bu durum hedef bilesiklerin
kaybina veya istenmeyen bazi yan {iriinlerin
olusmasina neden olabilmektedir. Yiiksek
sicaklik ve basinglarla basa ¢ikabilen
ekipmanlarin tasarimi ve yapimi karmagsik
ve pahali olabilir. Bu durum, o&zellikle
kiigiik olgekli uygulamalar veya smirh
kaynaklara sahip laboratuvarlar i¢in zorluk
teskil edebilmektedir (Bhadange ve ark.,
2024). Gida tirtinlerinden ekonomik agidan
onemli  fenolik  bilesiklerin  organik
coziiciiler yerine su kullanilarak ekstrakte
edilmesi c¢ok daha avantajli olmaktadir
(Zaky ve ark., 2024). Bugday samanindan
biyoaktif fenolik bilesiklerin ekstraksiyonu
icin su bazlh subkritik ekstraksiyon
kullanilmis ve hidroliz i¢cin en uygun
kosullarin 190 °C'de 30 dakikalik hidroliz
stiresi, 180-355 um partikiil boyutu ve 6:1
sw:saman  orant  oldugu  bildirilmistir
(Abdelmoez ve ark., 2014). Sogan
kabugundan biyoaktif bilesenlerin
ekstraksiyonunda  geleneksel  solvent
ekstraksiyonuna  kiyasla subkritik su
ekstraksiyonunun daha verimli oldugu
bildirilmistir (Munir ve ark., 2018). Papaya
tohumundan subkritik su ekstraksiyonu
(150 °C'de 5 dk) kullanilarak elde edilen
ekstraktin, Soxhlet ekstraksiyonu (40 °C'de
6 saat) ile elde edilen ekstrakta kiyasla
fenolik madde (ferulik, mandelik ve vanilik
asitler) i¢eriginin daha yiiksek oldugu ifade
edilmistir (Rodrigues ve ark., 2019).
Carkifelek meyvesi tohumundan yag elde
edilmesinde kritik alt1 propan ekstraksiyonu
(60 °C ve 6 MPa basingta) ile elde edilen
yagin  tokoferol igeriginin  n-hekzan
coziiclisii kullanmilarak uygulanan Soxhlet
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yontemine (65 °C'de 4 saat) kiyasla daha
yliksek oldugu bildirilmistir (Pereira ve
ark., 2017). Yan siirekli modda subkritik su
kullanilarak {iziim kabuklarindan ve yagi
alinmis izlim cekirdeklerinden
polifenollerin ekstrakte edildigi ¢alismada
hem kabuklar hem de yagr alinmis
cekirdeklerde toplam polifenol veriminin
sicaklik arttikca Onemli oOlgiide arttig
bildirilmistir. Sicaklik 80°C’den 120 °C’ye
yiikseltildiginde toplam polifenol
miktarinin, kabuklar i¢in 44.3 = 0,4'ten 77 +
3 mg/g'a, yagi alinmis tohumlar icin ise 44
+ 2'den 124 + 1 mg/g'a yiikseldigi tespit
edilmisgtir (Duba ve ark., 2015). Nar
cekirdegi atiklarindan fenolik bilesiklerin
subkritik su ekstrakte edildigi ¢aligmada,
optimum ekstraksiyon siiresinin 30 dk,
kati:su oraninin 1:40 oldugunu ve en yiiksek
toplam fenolik maddenin 220 °C'de elde
edildigini bildirilmistir (He ve ark., 2012).
Subkritik su ekstraksiyonu kullanilarak
patates kabuklarindan gallik asit, klorojenik
asit, kafeik asit, protokatesuik asit, siringik
asit, p-hidroksil benzoik asit, ferulik asit ve
kumarik asitin ekstrakte edilmistir (Singh
ve Saldafia, 2011). Uziim posasindan
fenolik bilesiklerin subkritik su
ekstraksiyonu ile elde edilen ekstraktin
geleneksel yontemler ile elde edilene
kiyasla daha yiiksek polifenol, flavonoid ve
antioksidan aktiviteye sahip oldugu ifade
edilmistir (Aliakbarian ve ark., 2012).
Subkritik biitan ekstraksiyonu ile sinek
larvasindan yag (Chen ve ark., 2023) ve
Acer truncatum tohumundan yag (Wang ve
ark., 2023) ekstrakte edilmistir. Benzer
sekilde, Flaveria bidentis bitkisinden
subkritik su ekstraksiyonu elde edilen
ekstraktinin geleneksel yonteme kiyasla iki
kat daha yiikksek verim sagladigi
bildirilmistir  (Falletti ve ark., 2023).
Benzer sekilde, subkritik su ekstraksiyonu
ham palm yag1 ekstraksiyonunda -karoten
bakiminda zenginlestirmede (Sarip ve ark.,
2023), elma posasindan polifenollerin ve
pektinlerin  ekstraksiyonunda  (Yilmaz-
Turan ve ark., 2023), carkifelek meyvesi
kabuklarindan (Passiflora edulis sp.) pektin
(Pereira ve ark., 2024) ve arpa tanesinden
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(Hordeum vulgare L.) B-glukan bilesikleri
(Machmudah ve ark., 2023) elde etmek i¢in
kullanildig: bildirilmistir.

5. Ultrason Destekli Ekstraksiyon (UAE)

Ultrason destekli ekstraksiyon (UAE),
hedef bilesenlerin ¢esitli numunelerden
ekstraksiyon siirecini  gelistirmek igin
yuksek frekansl ses dalgalar1 kullanan bir
tekniktir. UAE, ultrason dalgalari tarafindan
iiretilen mekanik titresimler, kavitasyon ve
mikroakiglarla kiitle transferini arttirarak
hiicre yapilarin1 bozmakta ve istenen
bilesenlerin serbest kalmasini
kolaylastirmaktadir (Nie ve ark., 2021;
Sharma ve ark., 2023). Ultrason dalgalari,
20 kHz ila 100 MHz frekans araliginda,
herhangi bir ortamdan gegebilme, genlesme
ve sikismaya neden olma ve kavitasyon
veya kabarcik olusumunu indiikleme
yetenekleri nedeniyle gidalarin islenmesini
iyilestirmek icin yaygin olarak
kullanilmaktadir (Zaky ve ark., 2024).

UAE'deki  ekstraksiyon  verimliligi,
birka¢ faktorden etkilenmektedir. Bu
faktorler arasinda ultrason dalgalarinin
frekansi ve siddeti, ekstraksiyon ¢ozgeninin
secimi, ekstraksiyon siiresi, sicaklik gibi
unsurlar bulunmaktadir. Bu faktorlerin,
hedef bilesenlerde bozulma veya termal
hasar meydana gelmeden maksimum
ekstraksiyon verimliligini saglamak icin
dikkatlice = ayarlanmasi  gerekmektedir
(Kousar ve ark., 2023). Ultrasonik gii¢
genligi, biyoaktif bilesiklerin UAE'sinde
¢ok onemli bir rol oynar. Genlik, ultrasonik
dalgalarin yogunlugunu belirler, hiicre
duvarlarmi kirmak ve kiitle transferini
artirmak icin ¢ok Onemli bir olay olan
kavitasyonu etkiler. Ekstraksiyon siiresi,
biyoaktif  bilesenlerin  geri  kazanim
verimliligini etkileyen  krittk  bir
parametredir. Ultrason dalgalarina maruz
kalma siiresi, bitki hiicrelerinin
parcalanmasin1i ve biyoaktif bilesenlerin
serbest kalmasini dogrudan etkilemektedir.
Sicaklik, cesitli kaynaklardan biyoaktif
bilesenlerin  ekstraksiyon  verimliligini
etkilemektedir. Kati:¢6ziicii orani, UAE'de
kritik bir dneme sahiptir ¢linkii bu oran, kat1
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materyallerden ekstrakte edilen biyoaktif
bilesenlerin konsantrasyonunu
belirlemektedir. Optimal bir oran, materyal
ile ¢oOziicii arasinda etkili bir temas
saglarken, kiitle transferini ve bilesenlerin
¢cOziinlirliiglinii artirmaktadir (Bhadange ve
ark., 2024).

UAE, hiicre duvarlarin1 ve membranlari
parcalayarak kiitle transferini ve g¢esitli
materyallerden  biyoaktif  bilesiklerin
ekstraksiyon verimliligini arttirmaktadir.
Geleneksel yontemlere kiyasla ekstraksiyon
stiresini 6nemli Olgiide azaltmaktadir (Nie
ve ark.,, 2021). Ayrica olusturdugu
kavitasyon etkisi, hiicre i¢i bilesenlerin
hiicre disina salinmasini tesvik ederek hedef
bilesiklerden daha yiiksek verim elde
edilmesini saglamaktadir. Ultrason belirli
frekanslara  ayarlanabildiginden dolay1
belirli bilesiklerin secici ekstraksiyonuna
izin vermekle birlikte diger bilesikleri
korumakta, bu durum onu c¢esitli
uygulamalar i¢in ¢ok yonlii bir yontem
haline getirmektedir (Singh ve Kumar,
2023).  Genellikle daha disiik c¢o6ziicl
hacimlerinin kullanilmasina olanak
sagladigindan siirdiriilebilir ve ekonomik
bir tekniktir. Geleneksel yontemlere kiyasla
daha diisiik sicakliklarda calisabilmekte, bu
durum ekstraksiyon sirasinda 1siya duyarl
bilesiklerin termal bozulmasin1 en aza
indirmektedir (Christou ve ark., 2021).

UAE’nin tiim bu avantajlarinin yaninda
bazi dezavantajlar1 da bulunmaktadir.
UAE’nin ekipmanlarinin satin alinmasi ve
bakimi, 6zellikle biiytik 6l¢eklerde nispeten
pahali olabilmekte ve bu durum bazi
laboratuvarlar veya kiiciik 6lgekli isletmeler
icin bir engel teskil edebilmektedir. UAE,
yliksek frekanshi dalgalar iiretmek igin
enerji gerektirmekte ve bu enerji tiikketimi
biiyiik 6l¢ekli uygulamalar i¢in ekonomik
olmayabilmektedir (Ayyildiz ve ark., 2018).
Ultrason dalgalarinin homojen dagilimini
saglamak i¢in ekstraksiyon ekipmaninin
uygun tasarimi kritik 6neme sahiptir ve bu
durum belirli malzemeler veya numune
tiirleri icin zor olabilmektedir (Bhadange ve
ark., 2024). Asir1 yogun ultrason kosullari,
ozellikle hassas veya 1stya duyarli bilesikler
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icin  numunenin  bozulmasina neden
olabilmekte ve parametrelerin dikkatli bir
sekilde kontrol edilmesini gerektirmektedir
(Zhang ve ark., 2019). UAE sirasinda
giiriiltli olmakta ve bu durum endiistriyel
ortamlarda  giiriilti  kirliligine neden
olabilmektedir (Zhou ve ark., 2021).

Sonug olarak, UAE verimlilik, se¢icilik
ve islem siiresinin kisaligi agisindan ¢ok
sayida avantaj saglamaktadir, ancak basarili
bir sekilde uygulanmasi i¢in ekipman
maliyetlerinin, optimizasyon zorluklarinin
ve potansiyel numune bozulmasinin
dikkatli bir sekilde degerlendirilmesi
gerekmektedir (Bhadange ve ark., 2024).

Enginar yapraklarindan (Cynara
scolymus L.) % 80 metanol ile oda
sicakliginda 15 dakika ekstraksiyon
stiresinde klorojenik asit ekstrakte etmek
icin UAE’ nin kullanilmasi, maserasyon ile
karsilastirildiginda verimde % 50'ye varan
onemli bir artis sagladigi bildirilmistir
(Saleh ve ark., 2016). Bu islemin hiicre
dokusunun pargalanmasini hizlandirdig: ve
lutein ve B-karotenin 1spanaktan ¢ikarilma
oranini artirdig1 ifade edilmistir (Altemimi
ve ark., 2015). Kabak ¢ekirdeginden yag
ekstrakte edilen bir calismada UAE’nin
yagin verimi, skualen ve toplam fenolik
madde igerigi iizerinde etkili oldugu ifade
edilmistir (Singh ve Kumar, 2023). UAE ile
mor patlican kabugundan fenolik bilesikleri
ekstrakte edildigi caligmada maksimum
karotenoid verimi i¢in ideal kosullarin pH
2.0'da 60 dakika boyunca 60 °C oldugunu
bildirilmistir (Ferarsa ve ark., 2018).
Keciboynuzu posasindan polifenollerin
ekstraksiyonunda, geleneksel yontemlere
kiyasla UAE’nin antioksidan verimini
arttirdig1 ve ekstraksiyon stiresini kisalttigi
ifade edilmistir (Christou ve ark., 2021).
Spirulina  platensis  algdan  B-karoten
ekstraksiyonunda UAE’nin ekstraksiyon
verimini arttirdigr bildirilmistir (Dey ve

Rathod, 2013). Giglii antibakteriyel
ozelliklere sahip olan goji  berry
kabuklarindan UAE ile gallik asit

ekstraksiyonu i¢in optimum kosullarin 220
W/cm?*de 25 dakika boyunca 55 °C oldugu
ifade edilmistir (Skenderidis ve ark., 2019).
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Palmiye preslenmis lifinden yag asitleri, j3-
sitosterol, a-tokoferol, skualen, toplam
fenolikler ve karoten gibi bilesiklerin
ekstraksiyonunda UAE’nin etkili oldugu
bildirilmistir (Dal Pra ve ark., 2017).
Turunggil  kabugundan  flavonoidlerin
(neohesperidin, tangeritin, hesperidin ve
diosmin) geri kazaniminda UAE’ nin etkili
oldugu tespit edilmistir (Londofio-Londofio
ve ark., 2010). Benzer sekilde, bagka bir
calisgmada UAE islemi uygulanan hiinnap
kabuklarindan basta flavonoidler (rutin,
kuersetin 3-B-D-glukozit ve kaempferol-3-
O-rutinosid) olmak {izere polifenol
ekstraksiyonunda biiyiik bir artis oldugu
bildirilmistir (Zhu ve ark., 2022). Yesil
caydan epigallokatesin, epikatesin gallat ve
epikatesin  ekstraksiyonunda geleneksel
yontemlere kiyasla UAE’nin daha etkili
oldugu bildirilmistir (Ayyildiz ve ark.,
2018). Havug posasindan toplam fenol,
antioksidan kapasite, klorojenik asit, kafeik
asit, katesin ve epikatesin ekstraksiyonu
iizerinde UAE’nin verimli bir proses
oldugunu bildirilmistir (Jabbar ve ark.,
2015). Yapilan benzer bir arastirmaya gore,
UAE’nin ejder meyvesi kabugundan
flavonoid (betasiyanin) ekstraksiyonu i¢in
etkili oldugu ifade edilmistir (Raj ve Dash,
2020). Benzer sekilde, domatesten likopen
(Kumcuoglu ve ark., 2014), Camellia
oleiferamin meyve kabuklarmdan
antioksidan (Zhou ve ark., 2021), sogan
atiklarindan kuersetin (Jang ve ark., 2013),
kuskonmaz koklerinden fenolik madde
(Zhang ve ark., 2019), nar atiklarindan
karotenoidler (Goula ve ark., 2017) ve erik
ve Uuziim kabuklarindan antosiyaninler
(Medina-Meza ve Barbosa-Céanovas, 2015)
gibt c¢esitli biyoaktif bilesenler UAE
kullanilarak etkili bir sekilde ekstrakte
edilmistir. Bu calismalara gore, UAE’nin
biyoaktif bilesen ekstraksiyonunu artirmak
icin  uygun maliyetli bir alternatif
olabilecegi ifade edilebilir.

6. Mikrodalga Destekli Ekstraksiyon
(MAE)

Mikrodalga  destekli  ekstraksiyon
(MAE), karmasik formiilasyonlardan
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biyoaktif bilesenlerin c¢ikarilmasinda ana
yontemlerden biri haline gelen etkili bir

yontemdir. Ekstraksiyon stirecini
tyilestirmek amaciyla mikrodalga
enerjisinden yararlanan yenilik¢i  bir
tekniktir. Ilag, gida ve dogal iiriinlerin
ekstraksiyonu gibi c¢esitli endistrilerde
yaygin bir sekilde uygulanmaktadir.

Mikrodalgalar, 300 MHz ila 300 GHz
arasinda degisen bir frekansa sahip
elektromanyetik dalgalar olarak, iyonik
iletim ve dipol hareketinin kombinasyonu
yoluyla maddelerin 1sitilmasindan
sorumludur. MAE isleminde, numune
malzemesi bir ekstraksiyon kabinda uygun
bir ¢oziicl ile karistirilmaktadir. Ardindan,
karigimi hizl bir sekilde 1sitarak ¢ziiciiniin
kaynamasina neden olan ve numune i¢inde
i¢ basing olusturan mikrodalga enerjisi

uygulanmaktadir. Bu  basing, hiicre
duvarlarinin  pargalanmasina  yardimci
olmakta ve hedef bilesiklerin

ekstraksiyonunu kolaylastirmaktadir (Turan
ve ark., 2024; Zaky ve ark., 2024). Coziicii
secimi, hedef bilesiklerin dogasina ve
¢Oziiniirliiklerine bagh farklilik
gostermektedir (Zhang ve ark., 2023).
Mikrodalga  gii¢  seviyeleri  0zel
uygulamaya ve numunenin Ozelliklerine
bagli olarak degisebilmektedir. Mikrodalga
enerjisi uygulandiginda, ¢oziicii enerjiyi
emmekte ve hizla 1sinmaktadir. Isi,
¢Oziiciiniin kaynamasina neden olmakta ve
numune i¢inde i¢ basing olusturarak hiicre
duvarlarmin  yirtilmasina  ve  hedef
bilesiklerin salinmasina yol ag¢maktadir.

Mikrodalga radyasyonu tehlikeli
olabileceginden, MAE gerg¢eklestirilirken
giivenlik onlemlerine uyulmast

gerekmektedir (Zhang ve ark., 2023).

MAE sisteminde sicaklik, ekstraksiyon
siiresi, kati:¢ozlicii oram1 ve mikrodalga
gici  verimliligi etkileyen  temel
faktorlerdir. Yiiksek sicakliklar hiicre
duvarlarinin par¢alanmasini kolaylagtirarak
hedef  bilesiklerin  salinimmi  tesvik
etmektedir. Ekstraksiyon siiresi, mikrodalga
enerjisine maruz kalma derecesi, hiicre
yapilarinin ~ par¢alanmasint  dogrudan
etkileyerek biyoaktif bilesenlerin bitki
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matrislerinden salinmasini
kolaylastirmaktadir. Kati:¢oziicii oran1 igin
optimal bir oran, bilesenlerin
¢Oziinlirliiglinii artirarak matristen etkin bir
sekilde salinmasini saglamaktadir
(Bhadange ve ark., 2024).

MAE, geleneksel yontemlere kiyasla
ekstraksiyon siirelerini 6nemli Olcilide
azaltma potansiyeline sahiptir.
Mikrodalgalarin uygulanmasi, hem
¢Oziiciiniin hem de numunenin hizli bir
sekilde 1sitilmasini saglayarak daha hizli bir
ekstraksiyon kinetigi ortaya ¢ikarmaktadir.
Bu durum, MAE'nin geleneksel
ekstraksiyon tekniklerine gore daha yiiksek
biyoaktif bilesik verimi elde edilmesine
olanak tanimasini saglamaktadir (Nde ve
ark., 2015; Gunalan ve ark., 2023).

Mikrodalgalarin  kullanimi, genellikle
daha diisiik sicakliklarda ekstraksiyon
yapilmasina imkan taniyarak  Dbiiyiik
miktarlarda ¢oziicii ihtiyacini azaltmaktadir.
Bu 6zellik, yontemin ¢evre dostu olmasina

katkida  bulunurken, aynm1  zamanda
ekstraksiyon isleminin genel maliyetini de
diisiirmektedir. Mikrodalgalar,

polaritelerine ve dielektrik 06zelliklerine
bagli olarak belirli bilesikleri segici bir
sekilde hedefleyebilme  kapasitesine
sahipti. ~ Bu  segicilik, istenmeyen
bilesiklerin  ekstraksiyonunu en aza
indirirken, hedef biyoaktif bilesenlerin
ekstraksiyonu acisindan avantajlar
sunmaktadir (Chew ve ark., 2023).

MAE'nin  ekstraksiyon stirecinde
sicakligi  kontrol etme ve smirlama
yetenegi, yliksek sicakliklarda bozunma
riski tagiyan termal olarak hassas biyoaktif
bilesiklerin korunmasina yardimci
olmaktadir. Ayrica, MAE, nispeten basit ve
anlasilir  bir  ekstraksiyon teknigidir.
Karmagik kurulum gereksinimlerini ve
uzun ekstraksiyon = siirelerini ortadan
kaldirarak, laboratuvar ve endiistriyel
uygulamalar i¢in uygun bir secenek
sunmaktadir (Chew ve ark., 2023; Zhang ve
ark., 2023)

Genellikle daha diisiik sicakliklar ve
daha kisa ekstraksiyon siireleri gerektiren
MAE, enerji tiketimini azaltabilir ve
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ekstraksiyon siirecinin genel c¢evresel
etkisini olumlu yonde etkileyebilir. Bununla
birlikte, MAE, bitki materyalleri, gidalar ve
dogal iirtinler gibi ¢ok ¢esitli numune
tirlerine uygulanabilmektedir. Bu ¢ok
yonliilik, MAE'yi c¢esitli arastirma ve
endiistriyel uygulamalar i¢in uygun hale
getirmektedir (Afoakwah ve ark., 2023).
MAE’nin tiim bu avantajlarinin yaninda
baz1 sinirlamalari bulunmaktadir.
Mikrodalga enerjisinin numuneye
penetrasyon derinligi sinirlidir. Bu durum,
ozellikle karmasik matrislerde esit olmayan
1sinmaya yol agarak biyoaktif bilesiklerin

eksik ekstraksiyonuna neden
olabilmektedir.  Dikkatli  bir  kontrol
saglanmadiginda, mikrodalgalarin

kullanim1 numunedeki belirli alanlarin lokal
olarak asir1 1sinmasina yol acabilmekte ve
bu da 1s1ya duyarli bilesiklerin bozulmasina
veya degismesine sebep olabilmektedir
(Parappa ve ark., 2023). MAE, bilesiklerin

dielektrik  ozelliklerine dayali  segici
ekstraksiyon imkani1 sunarken, farkl
kimyasal bilesimlere sahip karmasik

numuneler i¢in yiiksek secicilik elde etmek
zor olabilmektedir. Ayrica, mikrodalga
ekstraksiyon ekipmani genellikle pahalidir
ve bakim maliyetleri, bazi geleneksel
ekstraksiyon yoOntemlerine goére daha
yiiksek olabilmektedir (Parappa ve ark.,
2023; Afoakwah ve ark.,, 2023).
Mikrodalgalarin kullanima,
elektromanyetik radyasyona maruz kalma
potansiyeli nedeniyle gilivenlik endiselerini
giindeme getirmektedir. Bu nedenle,
operatorleri ve aragtirmacilari korumak i¢in
gerekli giivenlik Onlemleri saglanmalidir.
Ek  olarak, mikrodalgalarin = matris
bilesenleri 1ile etkilesimi, bazen girisim
yapan maddelerin salinmasma yol agarak
ekstrakte edilen biyoaktif bilesiklerin
safligini etkileyebilmektedir (Azhar ve ark.,
2023). Bu siirlamalara ragmen MAE,
ozellikle 1siya dayanikli bilesikler i¢in ve
zaman  verimliliginin  krittk  oldugu
durumlarda degerli bir ekstraksiyon teknigi
olarak varligm siirdiirmektedir (Tapia-
Quirds ve ark., 2023). Genel olarak, MAE,
ekstraksiyon siirecini hizlandirma, verimi

1106

artirma ve termal olarak hassas bilesiklerin
ekstraksiyonunu  gelistirme  yetenegi
sayesinde popiilerlik kazanan giicli ve
etkili bir tekniktir (Bhadange ve ark., 2024).

MAE’nin yiiksek biyoaktif bilesen
ekstraksiyonu sagladigi ve ekstraksiyon
verimi arttirdig1 bildirilmistir (Ivanovi¢ ve
ark., 2018). Geleneksel ekstraksiyona
kiyasla MAE’nin visne posasindan fenolik
asit konsantrasyonunu ve antiradikal
etkinligini  arttirdigi  ve  ekstraksiyon
siiresini 6nemli Olgiide kisalttigi ifade
edilmistir (Simsek ve ark., 2012). Tibbi
Asya bitkilerinden tanen ve sinnamaldehit
ekstraksiyonunda MAE’nin verimli oldugu
bildirilmistir (Asghari ve ark., 2011). Uziim
atiklarindan yogunlastirilmis tanenler ve

polifenoller, MAE kosullar1 optimize
edilerek etkili bir sekilde ekstrakte
edilmistir (Brahim ve ark., 2014). Opuntia
ficus-indica meyvesinin  kabuklarindan
MAE (70°C’de 1 saat) ile betalain
ekstraksiyonu  basarili  bir  sekilde
gerceklestirilmistir  (Ciriminna ve ark.,

2019). Uziim kabuklarindan antosiyanin
pigmenti ekstraksiyonu amaciyla MAE

uygulanan caligmada, antosiyanin
ekstraktinin 100 °C sicaklikta daha fazla
stabilite  sergiledigi ifade edilmistir.

Bununla birlikte, bu sicakligin iizerinde,
ekstrakt verimi ve stabilitesi azalmis, bu da
molekiilin ~ parcalanmig  olabilecegini
distindiirmistiir. Ancak bu sicakligin
iizerinde ekstrakt verimi ve stabilitesi
diiserek molekiiliin parc¢alandigin
distindiirmistiir (Liazid ve ark., 2011).
Benzer sekilde mango tohumlarindan
MAEnin 1:60 (g MI") kati:¢oziicii orani
optimum kosullarinda yiiksek
konsantrasyonda biyoaktif madde ekstrakte
edildigi bildirilmistir. Calismada ayrica
mango tohumlarinda bulunan temel
antioksidanlarin etil gallat, pent-O-galloil-
glukozit (PGG) ve hamnetin-3-[6-2-
butenoil-hexoside] oldugu belirtilmistir
(Torres-Leon ve ark., 2017). Avokado
tohumlarindan optimum biyoaktif madde
ekstraksiyonunda MAE kosullarinin ¢oziici
olarak aseton i¢in 72.18 °C’de 19.01 dk ve
etanol icin ise 71.64 °C’de 14.69 dk oldugu
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tespit edilmistir (Aratjo ve ark., 2020).
Bununla birlikte, bitki materyalinin
bilesiminde bulunan su kullanilarak
solventsiz  MAE da gerceklestirilebilir,
bdylece ek hidroliz reaksiyonlar1 en aza
indirilmektedir (Zaky ve ark., 2024).
Kakule  ugucu  yagmin  (Elletaria
cardamomum L.) solventsiz MAE ile elde
edildigi calismada geleneksel yoOntemlere
kiyasla daha degerli ve yiiksek kokulu
aromatik bilesiklerden olusan oksijenli
fraksiyonun daha fazla ekstrakte edildigi
ifade edilmistir (Lucchesi ve ark., 2007).
Literatiirde baz1 ¢alismalarda MAE diger
ekstraksiyon yontemleri ile kombine
edilerek de kullanilmistir. MAE ile kombine
edilmis ters misel ekstraksiyonu Sophora
flavescens Ait’ten alkaloidlerin
ekstraksiyonu ve saflastirilmasinda
kullanilmistir (Zhang ve ark., 2016). Benzer
sekilde, Lippia citriodora’dan iridoidler,
fenilpropanoidler ve flavonoidler gibi
degerli biyoaktif bilesiklerin izolasyonu
icin MAE ile kombine edilmis farkli dogal
derin Otektik c¢oziiciiler kullanilmigtir.
Ayrica, neem meyvesinden yag (Nde ve
ark., 2015), Carica papaya Linn
yapragindan rutin (Chew ve ark., 2023),
Moringa (Moringa oleifera Lam.) bitkisinin
yapraklarindan biyomolekiil (Gunalan ve
ark., 2023), siyah fasulye atiklarindan
antioksidan (Mali ve Kumar, 2023),
propolisten krisin (Parappa ve ark., 2023),
Kudiis enginarindan fenoliklerin
(Afoakwah ve ark., 2023) ve portakal
kabuklarindan pektin (Turan ve ark., 2023)
gibi cesitli  biyoaktif  bilesenlerin
ekstraksiyonunda MAE kullanilarak ifade
edilen bilesenler etkili bir sekilde ekstrakte
edilmistir. Yapilan c¢alismalara gore MAE,
gidalardan biyoaktif bilesik ekstraksiyonu
icin geleneksel yontemlere degerli bir
alternatif olarak kabul edilmistir.
7. Yiizey Aktif Madde
Ekstraksiyon (SAE)

Yiizey aktif maddeler gida 6rneklerinden
cesitli analitlerin izolasyonu, ekstraksiyonu
ve On konsantrasyonu i¢in yaygin olarak
kullanilmaktadirlar. Analitlerin izolasyonu
icin farkli ozelliklere sahip kendiliginden

Destekli
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bir araya gelen yapilar olusturma
yeteneklerinden  dolayr  yilizey  aktif
maddeler giderek daha fazla ilgi

gormektedir. Yiizey aktif maddeler, polar
veya iyonik bir grup ve uzun bir
hidrokarbon zinciri olmak iizere hem
hidrofobik hem de hidrofilik bilesenler
iceren amfifilik molekiillerdir. Yiizey aktif
maddeler ekstraksiyon sirasinda analitlerle
hidrofobik etkilesimler, dipolar etkilesimler
ve hidrojen baglar1 gibi cesitli etkilesimlere
neden olabilmektedir. Ayrica polar veya
non-polar ¢oziiciilerle farkli morfolojilere
de (normal faz, ters faz, cubuk sekilli
miseller, vezikiiller, mikroemiilsiyonlar ve
stvi  kristaller) neden olabilmektedirler
(Lombardo ve ark., 2015; Perinelli ve ark.,
2020). Yiizey aktif madde konsantrasyonu
kritik misel konsantrasyonuna (CMC)
ulastiginda, amfifilik monomerlerin daha

bliylik agregatlar (miseller) halinde
kendiliginden birlesmesi meydana
gelmekte ve bunlar cozeltideki

monomerlerle dinamik denge halindedir
(Perinelli ve ark., 2020).

Yiizey  aktif maddeler  organik
coziiciilerin  yerini  etkili bir gsekilde
alabilmektedir. Bu durum analitlerin hafif
kosullar altinda verimli bir sekilde
ayrilmasini saglamaktadir. Yiizey aktif
maddeler hem sivi-sivi ekstraksiyonunda
hem de kati-faz  ekstraksiyonunda
kullanilmaktadir. Bir yandan, istenen
ozelliklere sahip ekstraksiyon ¢oziiciileri
tasarlamak i¢in Oncii olarak uygulanirken
O0te  yandan  ekstraksiyon  islemini
desteklemek icin emiilgatdr veya dagitici
¢Ozlciiler olarak  kullanilabilmektedir.
Ayrica, yiizey aktif maddeler kati faz
ekstraksiyonunda sorbent partikiillerinin
yigin ¢ozeltideki dagiliminmi iyilestirmek
veya sorbentin ekstraksiyon ozelliklerini
iyilestirmek i¢in kat1 malzemenin yiizeyini
degistirmek ic¢in kullanilmaktadir. Genel
olarak, ekstraksiyon siireclerindeki yiizey
aktif maddeler, prosediirlerin verimliligini
ve seciciligini ve ayrica bilesiklerin
¢Oziinlirliiglinli 6nemli Ol¢lide artirarak
analitlerin daha yiiksek ekstraksiyon geri
kazanimi ve uygun maliyetli numune
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hazirlama ile sonuglanmaktadir (Vakh ve
Koronkiewicz, 2023). SAE biyoaktif
bilesen ekstraksiyonunda tek basina
kullanilabildigi gibi diger ekstraksiyon
yontemleri (MAE, UAE ve SFE gibi) ile
kombine edilerek de kullanilabilmektedir.

Yiizey aktif maddeler farkli polaritelere
ve karmasik kimyasal yapilara sahip
molekdillerin ekstraksiyonunu
saglamaktadir (Muhammad ve ark., 2024).
Yiizey aktif maddeler, diisiik
konsantrasyonlarda kullanildiginda bile
ylizey gerilimini azaltip mikroemiilsiyonlar
olusturarak biyoaktif bilesenlerin geri
kazanimimi artirmaktadirlar. Ayrica diisiik
maliyetli, giivenli bir ekstraksiyon
prosediiriiniic miimkiin  kilmaktadirlar
(Amiri-Rigi ve Abbasi, 2016).

Yiizey aktif maddeler toksik maddeler
degildirler. Yiiksek ekstraksiyon verimliligi
saglamaktadirlar. Genis aralikli polarite ve
yiike sahip analit ekstrakte etme
potansiyeline sahip olduklarindan dolay1
birka¢ Ornegin ayni anda ekstraksiyonunu
miimkiin  kilmaktadir. Bununla birlikte
tlimlt  kosullar  altinda  ekstraksiyon
gerceklestirme ve diisilik enerji tiiketimi gibi
avantajlara sahiptirler (Garcia-Prieto ve
ark., 2008).

Teknigin bu avantajlarma ragmen
uygulamasini sinirlandiran bazi
dezavantajlari da bulunmaktadir.

Koaservatif faz, uygun bir pH degerinde
olugmaktadir (Lopez-Jiménez ve ark.,
2008). (Koaservasyon,  baslangictaki
homojen kolloidal ¢6zeltinin iki karigsmaz
stv1 faza ayrildig: fiziksel bir olgudur. Bu
fazlar  kolloid  bakimindan  zengin
(koaservatif) bir faz ve koaservatif faz ile
dengede olan kolloid bakimindan fakir bir
faz olarak ifade edilmektedir.) (Vakh ve
Koronkiewicz, 2023). Bu durum diisiik pH
kosullarinda  c¢aligmay1  gerektirdiginde
analitin ayrilmasina sebep olabilmektedir
(Cantero ve ark., 2004). Koaservatif fazin
S1v1 fazdan ayrilmasi kolay
olmayabilmektedir. ~ Ayrica fazin
ayrilmast  bekleme  siiresi,  sicaklik,
sonikasyon, santrifiij gibi deney
prosediirlerine  ve ekstrakte edilecek

bu
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bilesigin  molekiiler  yapisina  bagh
olmaktadir (Yazdi, 2011). Teknigin sicaklik
gereksinimi, sicakliga duyarli bilesiklerin
yapisinda kararsizligina neden
olabilmektedir. Yiizey aktif maddeler
yiiksek viskozite ve diisiik uguculuk
ozelliklerine sahip olmalarindan dolay1
ekstrakte edilen analitin GC yontemiyle
tespiti sinirli olabilmektedir (Takagai ve
Hinze, 2009).

UAE ile kombine edilen SAE ile
domates kabugundan likopen ekstrakte
edilmeye calisilan ¢alismada, yiizey aktif
madde kullanimiin ekstraksiyon siiresini
kisalttigt ~ ve  likopenin  antioksidan
aktivitesini korudugu bildirilmistir (Yadav
ve ark., 2023). Tween 20 ve Span 20 gida
siifi yiizey aktif maddelerini birlestirerek
carkifelek meyvesinin tohumundan oda
sicakliginda (25°C) yag c¢ikarmak igin
EAE’nin sulu ekstraksiyonun uygulandigi
calismada %1 ylizey aktif madde
kullanimin yag verimini arttirdigi ve
ekstraksiyon stiresini kisalttig1 bildirilmistir
(Surlehan ve ark., 2019). Cay agac1 yagi
olarak da bilinen Melaleuca alternifolia
yapraklarindan ugucu yag ekstraksiyonunda
hidrodistilasyon ile birlikte yenilenebilir
noniyonik Triton CG-110 yiizey aktif
maddesinin  kullanilmas1  ekstraksiyon
verimini arttirdig bildirilmistir. Calismada
kullanilan yiizey aktif maddenin nispeten
daha yiliksek kaynama noktast ve daha
diisiikk uguculugu nedeniyle iiretilen ugucu
yagda  yiizey aktif madde izine
rastlanmadig1 da ifade edilmistir (Vo ve
ark., 2022). Costus speciosus ¢igeklerindeki
flavonoidlerin ekstraksiyonu i¢in yiizey
aktif madde destekli basinghi  siv1
ekstraksiyonun kullanildigi calismada, %
0.2 w/w sodyum dodesil siilfat (SDS) ve %
0.1 v/v Triton X-100 igeren sulu ¢dzeltinin
en yiiksek ekstraksiyon verimliligine sahip
oldugunu bildirilmistir (Chang ve ark.,
2011). MAE ile birlikte yiizey aktif madde
(PEG8000) kullanilarak incir (Ficus carica
L.) yapraklarindan kafeoilmalik asit (9.72
mg g!), psoralik asit-glukozit (5.95 mg g™!),
rutin (4.77 mg g, psoralen (15.65 mg g™)
ve bergapten (3.49 mg g!) fenolik
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bilesikleri ekstrakte edilmistir. Ayrica
ekstraksiyon  verimlerinin  geleneksel
yontemlerle elde edilenlerden c¢ok daha
yuksek oldugunu ifade edilmistir (Yu ve
ark., 2020). Karanfil cicegi
tomurcuklarindan (Syzygium aromaticum)
antioksidanlarin ekstraksiyonunda Tween
80 ve Span 80 kullaniminin antioksidan
aktiviteyi arttirdigr bildirilmistir (Cortés-
Rojas ve ark., 2015). EAE’nin Lycium
barbarum meyve ve yapraklarindaki
fenollerin ekstraksiyon verimini arttirdigi
ve sirasiyla 2.459 + 0.006 mg GAE g!' ve
3.16 £ 0.010 mg CatE g! degerlerine
ulastig1 bildirilmistir (Ni ve ark., 2024).
Tween-80 kullannminin Capsicum annuum
L. Meyvesinden kapsasin ekstraksiyonunu
arttirdig1 ifade edilmistir (Waqas ve ark,
2022). Zanthoxylum bungeanum'dan aroma
bilesiklerinin ekstraksiyonunda yiizey aktif
madde (kalsiyum stearil laktilat) ve enzim
(selilaz, notr proteaz) kullanilminin,
limonen, linalool ve alkilamid verimini
arttirdigr  bildirilmistir (Zhang ve ark.,
2020b).

8. Sonu¢

Biyoaktif  bilegenler, antioksidan,
antimikrobiyal, antiviral, antidiyabetik ve
anti-enflamatuar 6zellikleri bulunmaktadir.
Bu maddeler insan saghigi {izerindeki
faydal1 etkileri nedeniyle biyik ilgi
gormektedir. Bu  derleme, dogal
kaynaklardan biyoaktif bilesenlerin elde
edilmesine yonelik yenilik¢i ekstraksiyon
yontemleri hakkinda bilgi vermektedir.
Stiperkritik ¢6ziicli ekstraksiyonu, subkritik
¢oziicli ekstraksiyonu, mikrodalga destekli
ekstraksiyon, ultrason destekli
ekstraksiyon, enzim destekli ekstraksiyon
ve ylizey aktif madde destekli ekstraksiyon

gibi  ¢esitli  tekniklerin  prensipleri,
avantajlari ve dezavantajlarindan
bahsetmektedir. Stiperkritik ¢Oziicl

ekstraksiyonu, minimum cevresel etki ile
verimli ekstraksiyon elde etmek igin
stiperkritik sivilar1 kullanan giiclii ve ¢evre
dostu bir yontem olarak ortaya ¢ikmaktadir.
Mikrodalga destekli ekstraksiyon, hizli ve
secici ekstraksiyon sunarak hem zamani
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hem de kaynak kullanimmi optimize
etmektedir. Ultrason destekli ekstraksiyon,
mekanik ve termal etkiler yoluyla etkili
oldugunu kanitlayarak kiitle transferini ve
ekstraksiyon verimini arttirmaktadir. Hafif
kosullar altinda calisan subkritik ¢oziicii
ekstraksiyonu, sicakliga duyarl bilesiklerin
korunmasi i¢in umut vaat etmektedir.
Enzim destekli ekstraksiyon segiciligi ile
istenen  bilesiklerin  ekstraksiyonunu
miimkiin kilmaktadir. Yiizey aktif madde
destekli ekstraksiyon segici, ¢evre dostu
olmasi ve istenen bilesenlerin ekstraksiyon
verimini  arttirmaktadir. Bu  yenilikgi
teknikler, cesitli biyoaktif bilesikler igin
O0zel c¢ozlimler sunan  ekstraksiyon
yontemlerinin  gelismesine toplu olarak
katkida  bulunmaktadir.  Ekstraksiyon
prosediiriiniin se¢imi, takip eden analitik
gorevlerin gilivenilirligini ve kalibresini

etkiledigi icin cok onemlidir.
Ekstraksiyonun temel hedefi, biyoaktif
bilesenleri ~ korumakla  birlikte  bu
maddelerin  verimini en st diizeye

cikarmaktir. Ayrica uygun maliyetli, ¢evre
dostu olma ve daha kisa ekstraksiyon stiresi
saglamaktir.  Geleneksel  ekstraksiyon
yontemleri,  ekstraksiyon  siirelerinin
uzunlugu, ¢oOziicii gereksiniminin fazla
olmasi,  ekstrakte  edilen  biyoaktif
maddelerin zarar gérmesi ve diisiik verim
gibi ¢esitli dezavantajlar1 bulunmaktadir.
Buna karsilik, yenilik¢i ekstraksiyon
yontemleri daha kisa ekstraksiyon siireleri,
daha diislik solvent gereksinimi, ekstrakte
edilen biyoaktif maddelerin korunmasi,
daha ytiksek verim ve daha diislik enerji
kullanim1 gibi ¢esitli avantajlara sahiptir.
Bu yontemlerin arastirma ve endiistriyel
uygulamalara entegrasyonu daha fazla
verimlilik, daha az ¢evresel ayak izi ve daha
fazla segicilik vaat etmektedir. Sonug
olarak, bu derleme makalesi arastirma ve
endiistriyel uygulamalarda gelismis
ekstraksiyon tekniklerinin benimsenmesini
desteklemektedir. Aragtirmacilar  ve
uygulayicilar, dogal {iriin ekstraksiyonunun
gelecegi  olarak bu iler1 teknikleri
benimsemeye tesvik edilmektedir.
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Yazarlarin Katki Beyani

Yazarlar  makaleye esit  katkida
bulunduklarini, makalenin yayina hazir son
halini gordiiklerini/okuduklarini ve
onayladiklarin1 beyan ederler.

Cikar Catismasi Beyam

Tiim yazarlar, bu ¢alisma i¢in herhangi
bir ¢ikar c¢atismasi olmadigin1 beyan
etmektedir.

Kaynaklar

Abdelmoez, W., Nage, S.M., Bastawess, A.,
Ihab, A., Yoshida, H., 2014. Subcritical
water technology for wheat straw
hydrolysis to produce value added
products. Journal  of  Cleaner
Production, 70: 68-77.

Afoakwah, N.A., Zhao, Y., Tchabo, W.,
Dong, Y., Owusu, J., Mahunu, G.K,,
2023. Studies on the extraction of
Jerusalem artichoke tuber phenolics
using microwave-assisted extraction
optimized conditions. Food Chemistry
Advances, 3: 100507.

Almeida, C.F., Manrique, Y.A., Lopes, J.C.
B., Martins, F.G., Dias, M.M., 2024.
Recovery of ergosterol from Agaricus
bisporus mushrooms via supercritical
fluid extraction: A response surface

methodology optimisation. Heliyon,
10(2).
Alwazeer, D., Elnasanelkasim, M.A.,

Cicek, S., Engin, T., Cigdem, A.,
Karaogul, E., 2023. Comparative study
of phytochemical extraction using
hydrogen-rich water and supercritical
fluid extraction methods. Process
Biochemistry, 128: 218-226.
Aliakbarian, B., Fathi, A., Perego, P,
Dehghani, F., 2012. Extraction of
antioxidants from winery wastes using
subcritical water. The Journal of
Supercritical Fluids, 65: 18-24.
Altemimi, A., Lightfoot, D.A., Kinsel, M.,
Watson, D.G., 2015. Employing
response surface methodology for the
optimization of ultrasound assisted
extraction of lutein and B-carotene from
spinach. Molecules, 20(4): 6611-6625.

1110

Amini, M.R., Sheikhhossein, F., Naghshi,
S., Djafari, F., Askari, M., Shahinfar, H.,
Shab-Bidar, S., 2020. Effects of
berberine and barberry on
anthropometric measures: A systematic
review and meta-analysis of randomized
controlled trials. Complementary
Therapies in Medicine, 49: 102337.

Amiri-Rigi, A., Abbasi, S., 2016.
Microemulsion-based lycopene
extraction: Effect of surfactants, co-
surfactants and pretreatments. Food
Chemistry, 197: 1002-1007.

Aratjo, R.G., Rodriguez-Jasso, R.M., Ruiz,
H.A., Govea-Salas, M., Pintado, M.E.,
Aguilar, CN.,, 2020. Process
optimization of microwave-assisted
extraction of bioactive molecules from
avocado seeds. Industrial Crops and
Products, 154: 112623.

Asghari, J., Ondruschka, B.,
Mazaheritehrani, M., 2011. Extraction of
bioactive chemical compounds from the
medicinal Asian plants by microwave
irradiation. Journal of Medicinal Plants
Research, 5(4): 495-506.

Ayyildiz, S.S., Karadeniz, B., Sagcan, N.,
Bahar, B., Us, A.A., Alasalvar, C., 2018.
Optimizing the extraction parameters of
epigallocatechin gallate using
conventional hot water and ultrasound
assisted methods from green tea. Food
and Bioproducts Processing, 111: 37-44.

Azhar, B., Gunawan, S., Setyadi, E.R.F,,
Majidah, L., Taufany, F., Atmaja, L.,
Aparamarta, H.W., 2023. Purification
and separation of glucomannan from
porang tuber flour (Amorphophallus
muelleri) using microwave assisted
extraction as an innovative gelatine
substituent. Heliyon, 9(11).

Babbar, N., Roy, S.V., Wijnants, M.,
Dejonghe, W., Caligiani, A., Sforza, S.,
Elst, K., 2016. Effect of extraction
conditions on the saccharide (neutral and
acidic) composition of the crude pectic
extract from various agro-industrial
residues. Journal of agricultural and
food chemistry, 64(1): 268-276.



Yilmaz ve Durmaz

Bhadange, Y. A., Carpenter, J., Saharan, V.
K., 2024. A Comprehensive review on
advanced extraction techniques for
retrieving bioactive components from
natural sources. ACS Omega, 9(29):
31274-31297.

Bildstein, M., Lohmann, M., Hennigs, C.,
Krause, A., Hilz, H., 2008. An enzyme-
based extraction process for the
purification and enrichment of vegetable
proteins to be applied in bakery products.
European  Food  Research  and
Technology, 228(2): 177-186.

Boulila, A., Hassen, 1., Haouari, L., Mejri,
F., Amor, 1. B., Casabianca, H., Hosni,
K., 2015. Enzyme-assisted extraction of
bioactive compounds from bay leaves
(Laurus nobilis L.). Industrial Crops and
Products, 74: 485-493.

Brahim, M., Gambier, F., Brosse, N., 2014.
Optimization of polyphenols extraction
from grape residues in water medium.
Industrial Crops and Products, 52: 18-
22.

Cantero, M., Rubio, S., Pérez-Bendito, D.,
2004. Determination of non-ionic
polyethoxylated surfactants in sewage
sludge by coacervative extraction and
ion trap liquid chromatography—mass
spectrometry. Journal of
Chromatography A, 1046(1-2): 147-153.

Chang, Y.Q., Tan, S.N., Yong, J.W., Ge, L.,
2011. Surfactant-assisted pressurized
liquid extraction for determination of
flavonoids from Costus speciosus by
micellar electrokinetic chromatography.
Journal of separation science, 34(4):
462-468.

Chen, Y., Wang, Z., Liu, J., Guo, Y., Chen,
A., Chen, B., Niu, J., 2023. Subkritik
biitan ekstraksiyonu yoluyla kara asker
sinegi larvast yagmin ekstraksiyon
faktorlinlin optimizasyonu ve besinsel
karakterizasyonu. LWT, 186: 115221.

Chew, S.K., Teoh, W.H., Hong, S.L.,
Yusoff, R., 2023. Rutin extraction from
female Carica papaya Linn. using
ultrasound and microwave-assisted
extractive methods: Optimization and
extraction efficiencies. Heliyon, 9(10).

1111

Choudhari, S.M., Ananthanarayan, L.,
2007. Enzyme aided extraction of
lycopene from tomato tissues. Food
Chemistry, 102(1): 77-81.

Christou, A., Stavrou, LJ., Kapnissi-
Christodoulou, C.P., 2021. Continuous
and pulsed ultrasound-assisted
extraction of carob’s antioxidants:
Processing parameters optimization and
identification of polyphenolic
composition. Ultrasonics
Sonochemistry, 76: 105630.

Ciriminna, R., Fidalgo, A., Avellone, G.,
Danzi, C., Timpanaro, G., Locatelli, M.,
..., Pagliaro, M., 2019. Integral
extraction of Opuntia ficus-indica peel
bioproducts via microwave-assisted
hydrodiffusion and hydrodistillation.
ACS  Sustainable  Chemistry  and
Engineering, 7(8): 7884-7891.

Cortés-Rojas, D.F., Souza, C.R.F., Oliveira,

WPD., 2015. Surfactant mediated
extraction of  antioxidants  from
Syzygium  aromaticum.  Separation

Science and Technology, 50(2): 207-213.

Cujié, N., Savikin, K., Jankovi¢, T,
Pljevljakusi¢, D., Zduni¢, G., Ibri¢, S.,
2016. Optimization of polyphenols
extraction from dried chokeberry using
maceration as traditional technique.
Food Chemistry, 194: 135-142.

Cakir, C.A., Ergenekom, M., 2021. Farkl
oranlarda menengig ilavesinin
dondurmanin fiziksel, kimyasal, duyusal
Ozellikleri ve antioksidan aktivitesi
iizerine etkisi. ISPEC Journal of
Agricultural Sciences, 5(3): 704-713.

Dalkiran, G.N., 2014. Kabak ¢ekirdeginden
enzimatik sulu ekstraksiyon ile yag
eldesi ve ylizey aktif madde kullaniminin
yag verimine etkisi. Yiiksek Lisans Tezi,
[stanbul Teknik Universitesi, Fen
Bilimleri Enstitiisii, [stanbul.



Yilmaz ve Durmaz

Dal Pra, V., Lunelli, F.C., Vendruscolo,
R.G., Martins, R., Wagner, R., Lazzaretti
Jr, A.P., Rosa, M.B., 2017. Ultrasound-
assisted  extraction of  bioactive
compounds from palm pressed fiber with
high antioxidant and photoprotective
activities. Ultrasonics Sonochemistry,
36: 362-366.

Dey, S., Rathod, VK., 2013. Ultrasound
assisted extraction of [B-carotene from
Spirulina platensis. Ultrasonics
Sonochemistry, 20(1): 271-276.

Dehghan-Shoar, Z., Hardacre, A.K.,
Meerdink, G., Brennan, C.S., 2011.
Lycopene extraction from extruded
products containing tomato  skin.
International Journal of Food Science
and Technology, 46(2): 365-371.

De Maria, L., Vind, J., Oxenbgll, K.M.,
Svendsen, A., Patkar, S., 2007.
Phospholipases and their industrial
applications. Applied Microbiology and
Biotechnology, 74: 290-300.

Deng, B.X., Li, B., Li, X.D., Zaaboul, F,,
Jiang, J., Li, J.W.,, Liu, Y.F., 2018. Using
short-wave infrared radiation to improve
aqueous enzymatic extraction of peanut
oil: evaluation of peanut cotyledon
microstructure and oil quality. European
Journal of Lipid Science and
Technology, 120(2): 1700285.

Duba, K.S., Casazza, A.A., Mohamed,
H.B., Perego, P, Fiori, L., 2015.
Extraction of polyphenols from grape
skins and defatted grape seeds using

subcritical water: Experiments and
modeling. Food and Bioproducts
Processing, 94: 29-38.

Eggersdorfer, M., Wyss, A., 2018.

Carotenoids in human nutrition and
health. Archives of Biochemistry and
Biophysics, 652: 18-26.

Escudero, 1., Ruiz, M.O., 2011. Extraction
of betaine from beet molasses using
membrane contactors. Journal of
Membrane Science, 372(1-2): 258-268.

E Santos, D.N., de Souza, L.L., Ferreira,
N.J., de Oliveira, A.L., 2015. Study of
supercritical extraction from Brazilian
cherry seeds (Eugenia uniflora L.) with

1112

bioactive compounds. Food and
Bioproducts Processing, 94: 365-374.

Falletti, P., Vazquez, M.F.B., Rodrigues,
L.G.G., Santos, PH., Lanza, M,
Cabrera, J.L., Comini, L.R., 2023.
Optimization of the subcritical water
extraction of sulfated flavonoids from
Flaveria bidentis. The Journal of
Supercritical Fluids, 199: 105958.

Ferarsa, S., Zhang, W., Moulai-Mostefa, N.,
Ding, L., Jaffrin, M.Y., Grimi, N., 2018.
Recovery of anthocyanins and other
phenolic compounds from purple
eggplant peels and pulps using
ultrasonic-assisted extraction. Food and
Bioproducts Processing, 109: 19-28.

Ferreira, V.J., Arnal, A.J., Royo, P., Garcia-
Armingol, T., Loépez-Sabirén, A.M.,
Ferreira, G., 2019. Energy and resource
efficiency of electroporation-assisted
extraction as an emerging technology
towards a sustainable bio-economy in
the agri-food sector. Journal of Cleaner
Production, 233: 1123-1132.

Ferruzzi, M.G., Green, R.J., 2006. Analysis
of catechins from milk—tea beverages by
enzyme assisted extraction followed by
high performance liquid
chromatography. Food Chemistry, 99(3):
484-491.

Frohlich, P.C., Santos, K.A., Ascari, J., dos
Santos Refati, J.R., Palu, F., Cardozo-
Filho, L., da Silva, E.A., 2023.
Antioxidant compounds and eugenol
quantification of clove (Syzygium
aromaticum) leaves extracts obtained by
pressurized liquid  extraction and
supercritical ~ fluid extraction. The
Journal of Supercritical Fluids, 196:
105865.

Garcia-Prieto, A., Lunar, L., Rubio, S.,
Pérez-Bendito, D., 2008. Decanoic acid
reverse micelle-based coacervates for
the microextraction of bisphenol A from
canned vegetables and fruits. Analytica
Chimica Acta, 617(1-2): 51-58.



Yilmaz ve Durmaz

Goula, A.M., Ververi, M., Adamopoulou,
A., Kaderides, K., 2017. Green
ultrasound-assisted extraction of
carotenoids from pomegranate wastes
using vegetable oils.  Ultrasonics
Sonochemistry, 34: 821-830.

Grzelak-Blaszezyk, K., Karlinska, E.,
Grzeda, K., R6j, E., Kotodziejczyk, K.,
2017. Defatted strawberry seeds as a
source of phenolics, dietary fiber and
minerals. Lebensmittel-Wissenschaft &
Technologie, 84: 18-22.

Gunalan, S., Thangaiah, A., Rathnasamy, V.
K., Janaki, J.G., Thiyagarajan, A.,
Kuppusamy, S., Arunachalam, L., 2023.
Microwave-assisted  extraction  of
biomolecules from moringa (Moringa
oleifera Lam.) leaves var. PKM 1: A
optimization study by response surface
methodology (RSM). Kuwait Journal of
Science, 50(3): 339-344.

Hasanov, J., Salikhov, S., Oshchepkova, Y.,
2023. Techno-economic evaluation of
supercritical fluid extraction of flaxseed
oil. The Journal of Supercritical Fluids,
194: 105839.

He, L., Zhang, X., Xu, H., Xu, C., Yuan, F.,
Knez, Z., Gao, Y., 2012. Subcritical
water extraction of phenolic compounds
from pomegranate (Punica granatum L.)
seed residues and investigation into their
antioxidant activities with HPLC-
ABTS+ assay. Food and Bioproducts
Processing, 90(2): 215-223.

Hiranvarachat, B.,  Devahastin, S.,
Chiewchan, N., Raghavan, G.V., 2013.
Structural modification by different
pretreatment methods to enhance
microwave-assisted extraction of f-
carotene from carrots. Journal of Food
Engineering, 115(2): 190-197.

Hmei¢, M.K., Cér, D., Knez, Z., 2018.
Subcritical extraction of oil from black
and white chia seeds with n-propane and
comparison with conventional
techniques. The Journal of Supercritical
Fluids, 140: 182-187.

Hu, Y., Yang, L., Liang, Z., Chen, J., Zhao,
M., Tang, Q., 2023. Comparative
analysis of flavonoids extracted from

1113

Dendrobium chrysotoxum flowers by
supercritical ~ fluid extraction and
ultrasonic cold extraction. Sustainable
Chemistry and Pharmacy, 36: 101267.

Ivanovi¢, M., Alanén, M.E., Arraez-
Roman, D., Segura-Carretero, A., 2018.
Enhanced and green extraction of
bioactive compounds from Lippia
citriodora by tailor-made natural deep
eutectic solvents. Food Research
International, 111: 67-76.

Jabbar, S., Abid, M., Wu, T., Hashim, M.
M., Saeeduddin, M., Hu, B, ..., Zeng, X.,
2015. Ultrasound-assisted extraction of
bioactive compounds and antioxidants
from carrot pomace: A response surface
approach. Journal of Food Processing
and Preservation, 39(6): 1878-1888.

Jang, M., Asnin, L., Nile, S.H., Keum, Y. S.,
Kim, H.Y., Park, S.W., 2013.
Ultrasound-assisted ~ extraction  of
quercetin from onion solid wastes.
International Journal of Food Science
and Technology, 48(2): 246-252.

Khoddami, A., Wilkes, M.A., Roberts, T.H.,
2013. Techniques for analysis of plant
phenolic compounds. Molecules, 18(2):
2328-2375.

Kousar, M.U., Jabeen, A., Fatima, T.,
Hussain, S.Z., Zargar, [.LA., Amin, T,
Yaseen, M., 2023. Optimization of
ultrasonic-assisted extraction of
eugenol-rich fraction from basil leaves:
Characterization of extract for phenols,
flavonoids and antioxidant activity. Food
Chemistry Advances, 3: 100374.

Kitryté, V., Laurinaviciené, A., Syrpas, M.,
Pukalskas, A., Venskutonis, P.R., 2020.
Modeling and  optimization  of
supercritical carbon dioxide extraction
for isolation of wvaluable lipophilic
constituents from elderberry (Sambucus
nigra L.) pomace. Journal of CO:
Utilization, 35: 225-235.

Kumcuoglu, S., Yilmaz, T., Tavman, S.,
2014. Ultrasound assisted extraction of
lycopene from tomato processing
wastes. Journal of Food Science and
Technology, 51: 4102-4107.



Yilmaz ve Durmaz

Lenucci, M.S., De Caroli, M., Marrese, P.
P., Iurlaro, A., Rescio, L., Bohm, V., Piro,
G., 2015. Enzyme-aided extraction of
lycopene from high-pigment tomato
cultivars by supercritical carbon dioxide.
Food Chemistry, 170: 193-202.

Li, F., Muhmood, A., Tavakoli, S., Park, S.,
Kong, L., Zhu, H., Wei, Y., 2024.
Subcritical low temperature extraction of
bioactive ingredients from foods and
food by-products and its applications in
the agro-food industry. Critical Reviews
in Food Science and Nutrition, 64(23):
8218-8230.

Liazid, A., Guerrero, R.F., Cantos, E.,
Palma, M., Barroso, C.G., 2011.
Microwave assisted extraction of
anthocyanins from grape skins. Food
Chemistry, 124(3): 1238-1243.

Lima, G.P.P., Vianello, F., Corréa, C.R.,
Campos, R.A.D.S., Borguini, M.G.,
2014. Polyphenols in fruits and
vegetables and its effect on human
health. Food and Nutrition sciences,
1065-1082.

Liu, J., Chen, P., He, J., Deng, L., Wang, L.,
Lei, J., Rong, L., 2014. Extraction of oil
from Jatropha curcas seeds by subcritical
fluid extraction. Industrial Crops and
Products, 62: 235-241.

Lombardo, D., Kiselev, M. A., Magazu, S.,
Calandra, P, 2015. Amphiphiles self-
assembly: basic concepts and future
perspectives of supramolecular
approaches. Advances in Condensed
Matter Physics, (1): 151683.

Londono-Londofio, J., de Lima, V.R., Lara,
0., Gil, A., Pasa, T.B.C., Arango, G.J.,
Pineda, J.R.R., 2010. Clean recovery of
antioxidant flavonoids from citrus peel:
Optimizing an aqueous ultrasound-
assisted extraction method. Food
Chemistry, 119(1): 81-87.

Lopez-Jiménez, F.J., Rubio, S., Pérez-
Bendito, D., 2008. Single-drop
coacervative microextraction of organic

compounds prior to liquid
chromatography: theoretical and
practical considerations. Journal of

Chromatography A, 1195(1-2): 25-33.

1114

Lucchesi, M.E., Smadja, J., Bradshaw, S.,
Louw, W., Chemat, F., 2007. Solvent free
microwave extraction of FElletaria
cardamomum L.: A multivariate study of
a new technique for the extraction of
essential oil. Journal of Food
Engineering, 79(3): 1079-1086.

Machmudah, S., Wahyudiono, W., Adschiri,
T., Goto, M., 2023. Hydrothermal
extraction and micronization in a one-
step process for enhancement of [3-
glucan concentrate at subcritical water
conditions. South African Journal of
Chemical Engineering, 46(1): 72-87.

Markowiak-Kope¢, P., Slizewska, K., 2020.
The effect of probiotics on the
production of short-chain fatty acids by
human intestinal microbiome. Nutrients,
12(4): 1107.

Mali, P.S., Kumar, P., 2023. Optimization of
microwave assisted extraction of
bioactive compounds from black bean
waste and evaluation of its antioxidant
and antidiabetic potential in vitro. Food
Chemistry Advances, 3: 100543.

Medina-Meza, 1.G., Barbosa-Canovas, G.
V., 2015. Assisted extraction of bioactive
compounds from plum and grape peels
by ultrasonics and pulsed electric fields.
Journal of Food Engineering, 166: 268-
275.

M’hiri, N., Ioannou,
Boudhrioua, N.M., 2014. Extraction
methods of citrus peel phenolic
compounds. Food Reviews
International, 30(4): 265-290.

Montanés, F., Catchpole, O.J., Tallon, S.,
Mitchell, K.A., Scott, D., Webby, R.F.,
2018. Extraction of apple seed oil by
supercritical carbon dioxide at pressures
up to 1300 bar. The Journal of
Supercritical Fluids, 141: 128-136.

Muhammad, D.R.A., Ayouaz, S.,
Rachmawati, A.N., Madani, K., Fibri, D.
L.N., Rafi, M., Fahmy, K., 2024.
Advanced and Potential Methods for
Extraction of Bioactive Compounds
from Avocado Peel—A Review. Applied
Sciences, 14(14): 6018.

I., Ghoul, M.,



Yilmaz ve Durmaz

Munir, M.T., Kheirkhah, H., Baroutian, S.,
Quek, S.Y.,, Young, B.R., 2018.
Subcritical water extraction of bioactive
compounds from waste onion skin.
Journal of Cleaner Production, 183:
487-494.

Nadar, S.S., Pawar, R.G., Rathod, VK.,
2017. Recent advances in enzyme
extraction strategies: A comprehensive
review.  International  journal  of
biological macromolecules, 101: 931-
957.

Natolino, A., Da Porto, C., 2019.
Supercritical carbon dioxide extraction
of pomegranate (Punica granatum L.)
seed oil: Kinetic modelling and
solubility evaluation. The Journal of
Supercritical Fluids, 151: 30-39.

Nde, D.B., Boldor, D., Astete, C., 2015.
Optimization of microwave assisted

extraction  parameters of neem
(Azadirachta indica A. Juss) oil using the
Doehlert’s experimental design.

Industrial Crops and Products, 65: 233-
240.

Nguyen, B.T., Hong, H.T., O’Hare, T.J.,
Wehr, J.B., Menzies, N.W., Harper, S.
M., 2021. A rapid and simplified
methodology for the extraction and
quantification of allicin in garlic.
Journal of Food Composition and
Analysis, 104: 104114.

Nie, J., Chen, D., Ye, J., Lu, Y., Dai, Z.,
2021. Optimization and kinetic modeling
of ultrasonic-assisted extraction of
fucoxanthin from edible brown algae
Sargassum fusiforme wusing green
solvents. Ultrasonics Sonochemistry, 77:
105671.

Ni, Z.J., Ma, R.H., Wang, W., Thakur, K.,
Ma, Y.L., Khan, M.R., Wei, Z.J., 2024.
Potential biosurfactant and methanol
extraction for phenolic active substances
from Lycium barbarum fruits and leaves.
Industrial Crops and Products, 212:
118333.

Palaric, C., Atwi-Ghaddar, S., Gros, Q.,
Hano, C., Lesellier, E., 2023. Sequential
selective supercritical fluid extraction
(S3FE) of triglycerides and

1115

flavonolignans  from milk thistle
(Silybum marianum L, Gaertn). Journal
of CO2 Utilization, 77: 1026009.

Parappa, K., Krishnapura, P.R., Iyyaswami,
R., Belur, P.D., 2023. Microwave-
assisted extraction of chrysin from
propolis and its encapsulation feasibility
analysis in casein micelles. Materials
Today: Proceedings.

Patindol, J., Wang, L., Wang, Y.J., 2007.
Cellulase-assisted extraction of
oligosaccharides from defatted rice bran.
Journal of food science, 72(9): C516-
C521.

Pavli¢, B., Bera, O., Tesli¢, N., Vidovi¢, S.,
Parpinello, G., Zekovi¢, Z., 2018.
Chemical profile and antioxidant activity
of sage herbal dust extracts obtained by
supercritical fluid extraction. Industrial
Crops and Products, 120: 305-312.

Pennington, J.A., Fisher, R.A., 2009.
Classification of fruits and vegetables.
Journal of Food Composition and
Analysis, 22: S23-S31.

Perinelli, D.R., Cespi, M., Lorusso, N.,
Palmieri, G.F., Bonacucina, G., Blasi, P.,
2020. Surfactant self-assembling and
critical micelle concentration: one
approach fits all?. Langmuir, 36(21):
5745-5753.

Pereira, M.G., Hamerski, F., Andrade, E.F.,
Scheer, A.D.P., Corazza, M.L., 2017.
Assessment of subcritical propane,
ultrasound-assisted and Soxhlet
extraction of oil from sweet passion fruit
(Passiflora alata Curtis) seeds. The
Journal of Supercritical Fluids, 128:
338-348.

Pereira, D.T.V., Méndez-Albifiana, P.,
Mendiola, J.A., Villamiel, M., Cifuentes,
A., Martinez, J., Ibafez, E., 2024. An
eco-friendly extraction method to obtain
pectin  from passion fruit rinds
(Passiflora edulis sp.) using subcritical
water and pressurized natural deep
eutectic solvents. Carbohydrate
Polymers, 326: 121578.



Yilmaz ve Durmaz

Peterson, M.E., Daniel, R.M., Danson,

M.J., Eisenthal, R., 2007. The
dependence of enzyme activity on
temperature: determination and

validation of parameters. Biochemical
Journal, 402(2): 331-337.

Przybylska, S., 2020. Lycopene—a bioactive
carotenoid offering multiple health
benefits: a review. International Journal
of Food Science and Technology, 55(1):
11-32.

Przygoda, K., Wejnerowska, G., 2015.
Extraction of tocopherol-enriched oils
from Quinoa seeds by supercritical fluid
extraction.  Industrial Crops and
Products, 63: 41-47.

Puri, M., Sharma, D., Barrow, C.J., 2012.
Enzyme-assisted extraction of bioactives
from plants. Trends in Biotechnology,
30(1): 37-44.

Raj, G.B., Dash, K.K., 2020. Ultrasound-
assisted extraction of phytocompounds
from dragon fruit peel: Optimization,
kinetics and thermodynamic studies.
Ultrasonics Sonochemistry, 68: 105180.

Renouard, S., Hano, C., Corbin, C.,
Fliniaux, O., Lopez, T., Montguillon, J.,
Lainé, E., 2010. Cellulase-assisted
release of secoisolariciresinol from
extracts of flax (Linum usitatissimum)
hulls and whole seeds. Food chemistry,
122(3): 679-687.

Roda, A., De Faveri, D.M., Giacosa, S.,
Dordoni, R., Lambri, M., 2016. Effect of
pre-treatments on the saccharification of
pineapple waste as a potential source for
vinegar production. Journal of Cleaner
Production, 112: 4477-4484.

Rodrigues, V. H., Portugal, 1., Silva, C.M.,
2023. Economic analysis of the
supercritical fluid extraction of lupane-
triterpenoids from Acacia dealbata Link
bark. Industrial Crops and Products,
200: 116838.

Rodrigues, L.G.G., Mazzutti, S., Vitali, L.,
Micke, G.A., Ferreira, S.R.S., 2019.
Recovery  of  bioactive  phenolic
compounds from papaya  seeds
agroindustrial residue using subcritical

1116

water extraction. Biocatalysis and
Agricultural Biotechnology, 22: 101367.
Ruttarattanamongkol, K., Siebenhandl-

Ehn, S., Schreiner, M., Petrasch, A.M.,
2014. Pilot-scale supercritical carbon
dioxide extraction, physico-chemical
properties and profile characterization of
Moringa oleifera seed oil in comparison
with conventional extraction methods.
Industrial Crops and Products, 58: 68-
77.

Sahne, F., Mohammadi, M., Najafpour, G.
D., Moghadamnia, A.A., 2017. Enzyme-

assisted ionic liquid extraction of
bioactive compound from turmeric
(Curcuma  longa  L.):  Isolation,

purification and analysis of curcumin.
Industrial crops and products, 95, 686-
694.

Saleh, I.A., Vinatoru, M., Mason, T.J.,
Abdel-Azim, N.S., Aboutabl, E.A.,
Hammouda, F.M., 2016. A possible
general mechanism for ultrasound-
assisted extraction (UAE) suggested
from the results of UAE of chlorogenic
acid from Cynara scolymus
L.(artichoke) leaves. Ultrasonics
Sonochemistry, 31: 330-336.

Sarip, M.S.M., Morad, N.A., Nawi, M.A.
H.M., Aziz, M.K.T.A., Jaapar, S.Z.1.S.,
2023. B-carotene enrichment in crude
palm oil wusing subcritical water
extraction and its relationship with the
solubility. Food Chemistry Advances, 2:
100245.

Sevindik, O., Selli, S., 2017. Uziim
cekirdek yagi eldesinde kullanilan
ekstraksiyon yontemleri. Gida, 42(1):
95-103.

Sharma, D., Lecoutre, C., Palencia, F.,
Nguyen, O., Erriguible, A., Marre, S.,
2023. Assessment of machine learning
algorithms for predicting autoignition
and ignition delay time in microscale
supercritical water oxidation process.
Fuel, 352: 129098.

Sheldon, R.A., van Pelt, S., 2013. Enzyme
immobilisation in biocatalysis: why,
what and how. Chemical Society
Reviews, 42(15): 6223-6235.



Yilmaz ve Durmaz

Simsek, M., Sumnu, G., Sahin, S., 2012.
Microwave assisted extraction of
phenolic compounds from sour cherry
pomace. Separation  Science and
Technology, 47(8): 1248-1254.

Singh, A., Kumar, V., 2023. RSM and ANN
approach for optimization of ultrasonic
assisted extraction of pumpkin seed oil
and their quality assessment. Food
Chemistry Advances, 3: 100552.

Singh, P.P., Saldana, M.D., 2011.
Subcritical water extraction of phenolic
compounds from potato peel. Food
Research International, 44(8): 2452-
2458.

Skenderidis, P., Mitsagga, C., Giavasis, L.,
Petrotos, K., Lampakis, D.,
Leontopoulos, S., Tsakalof, A., 2019.
The in vitro antimicrobial activity
assessment of ultrasound assisted
Lycium barbarum fruit extracts and
pomegranate fruit peels. Journal of Food
Measurement and Characterization, 13:
2017-2031.

Sowbhagya, H.B., Chitra, V.N., 2010.
Enzyme-assisted extraction of flavorings
and colorants from plant materials.
Critical Reviews in Food Science and
Nutrition, 50(2): 146-161.

Stoll, T., Schweiggert, U., Schieber, A.,
Carle, R., 2003. Process for the recovery
of a carotene-rich functional food
ingredient from carrot pomace by
enzymatic liquefaction. /nnovative Food
Science and Emerging Technologies,
4(4): 415-423.

Surlehan, H.F., Noor Azman, N.A., Zakaria,
R., Mohd Amin, N.A., 2019. Extraction
of oil from passion fruit seeds using
surfactant-assisted aqueous extraction.
Food Research, 3(4): 348-356.

Talley, K., Alexov, E., 2010. On the pH-
optimum of activity and stability of
proteins. Proteins: Structure, Function,
and Bioinformatics, 78(12): 2699-2706.

Takagai, Y., Hinze, W. L., 2009. Cloud point
extraction with surfactant derivatization
as an enrichment step prior to gas
chromatographic or gas
chromatography— mass spectrometric

1117

analysis. Analytical chemistry, 81(16):
7113-7122.
Tapia-Quirds, P., Granados, M., Sentellas,

S., Saurina, J., 2023. Microwave-
assisted extraction with natural deep
eutectic  solvents for  polyphenol

recovery from agrifood waste: Mature
for scaling-up?. Science of the Total
Environment, 168716.

Torres-Leodn, C., Rojas, R., Serna-Cock, L.,
Belmares-Cerda, R., Aguilar, C.N.,
2017. Extraction of antioxidants from
mango seed kernel: Optimization
assisted by microwave. Food and
Bioproducts Processing, 105: 188-196.

Turan, O., Isci, A., Yilmaz, M.S., Tolun, A.,
Sakiyan, O., 2024. Microwave-assisted
extraction of pectin from orange peel
using deep eutectic solvents. Sustainable
Chemistry and Pharmacy, 37: 101352.

Vakh, C., Koronkiewicz, S., 2023.
Surfactants application in sample
preparation techniques: Insights, trends,
and perspectives. TrAC Trends in
Analytical Chemistry, 165: 117143.

Vasco-Correa, J., Zapata, A.D.Z., 2017.
Enzymatic extraction of pectin from
passion fruit peel (Passiflora edulis f.
flavicarpa) at laboratory and bench scale.
Lebensmittel-Wissenschaft &
Technologie, 80: 280-285.

Vishwas, S., Singh, S.K., Gulati, M.,
Awasthi, A., Khursheed, R., Corrie, L.,
Kumar, R., Collet, T., Loebenberg, R.,
Porwal, O., Gupta, S., Jha, N.K., Gupta,
PK., Devkota, H.P., Chellappan, D.K.,
Gupta, G., Adams, J., Dua, K., 2022.
Harnessing the therapeutic potential of
fisetin and its nanoparticles: Journey so
far and road ahead. Chemico-Biological
Interactions, 356: 109869.

Vo, T.V., Truong, T.H., Chen, B.H., 2022.
Surfactant-assisted extraction of
Melaleuca alternifolia (tea tree) oil by
hydrodistillation and its application in
microemulsion. Journal of Chemical
Technology and Biotechnology, 97(12):
3419-3429.



Yilmaz ve Durmaz

Xavier, J.R., Sameer, B., Gupta, D., Mehta,
S., Chauhan, O.P., 2024. Bioactive
compounds of foods: Phytochemicals
and peptides. Food and Humanity,
100354.

Xu, C., Yagiz, Y., Borejsza-Wysocki, W.,
Lu, J., Gu, L., Ramirez-Rodrigues, M.
M., Marshall, M.R., 2014. Enzyme
release of phenolics from muscadine
grape (Vitis rotundifolia Michx.) skins
and seeds. Food Chemistry, 157: 20-29.

Wang, W.Y., Yan, Y.Y., Liu, H. M., Qi, K.,
Zhu, X.L., Wang, X.D., Qin, G.Y., 2021.
Subcritical low temperature extraction
technology and its application in
extracting seed oils. Journal of Food
Process Engineering, 44(10): e13805.

Wang, L., Wang, X., Wang, P., Xiao, Y., Liu,
Q., 2016. Optimization of supercritical
carbon dioxide extraction,
physicochemical and  cytotoxicity
properties of Gynostemma pentaphyllum
seed oil: A potential source of conjugated
linolenic  acids.  Separation  and
Purification Technology, 159: 147-156.

Wang, J., Gao, Y., Shi, J., Tian, S., Zhou, Z.,
Du, C., Ren, Z., 2023. Subcritical butane
extraction of acer truncatum seed oil:
Kinetics, thermodynamics, and
optimization. The  Journal of
Supercritical Fluids, 203: 106083.

Wagas, M., Ahmed, D., Qamar, M.T., 2022.
Surfactant-mediated  extraction  of
capsaicin from Capsicum annuum L.
fruit in various solvents. Heliyon, 8(8).

Warminski, K., Stolarski, M. J., Gil, L.,
Krzyzaniak, M., 2021. Willow bark and
wood as a source of bioactive
compounds and bioenergy feedstock.
Industrial Crops and Products, 171:
113976.

Wrona, O., Rafinska, K., Mozenski, C.,
Buszewski, B., 2017. Supercritical fluid
extraction of bioactive compounds from
plant materials. Journal of AOAC
International, 100(6): 1624-1635.

Yadav, R.D., Khanpit, V.V., Dhamole, P.B.,
Mandavgane, S. A., 2023. Integrated
ultrasound-surfactant assisted extraction
of lycopene from tomato peels.

1118

Chemical Engineering and Processing-
Process Intensification, 191: 109474,
Yazdi, A.S., 2011. Surfactant-based
extraction methods. 7rAC Trends in

Analytical Chemistry, 30(6): 918-929.

Yilmaz-Turan, S., Gal, T., Lopez-Sanchez,
P., Martinez, M.M., Menzel, C.,
Vilaplana, F., 2023. Modulating
temperature and pH during subcritical
water extraction tunes the molecular
properties of apple pomace pectin as
food gels and emulsifiers. Food
Hydrocolloids, 145: 109148.

Yu, L., Meng, Y., Wang, Z.L., Cao, L., Liu,
C., Gao, M.Z, Fu, YJ., 2020.
Sustainable and efficient surfactant-
based microwave-assisted extraction of
target polyphenols and furanocoumarins
from fig (Ficus carica L.) leaves.
Journal of Molecular Liquids, 318:
114196.

Zaky, A.A., Akram, M.U., Rybak, K.,
Witrowa-Rajchert, D., Nowacka, M.,
2024. Bioactive compounds from plants
and by-products: Novel extraction
methods, applications, and limitations.
AIMS Molecular Science, 11(2): 150-
188.

Zhang, S.B., Wang, Z., Xu, S.Y., 2007.
Optimization of the aqueous enzymatic
extraction of rapeseed oil and protein
hydrolysates. Journal of the American
Oil Chemists' Society, 84(1): 97-105.

Zhang, W., Liu, X., Fan, H., Zhu, D., Wu,
X., Huang, X., Tang, J., 2016. Separation
and purification of alkaloids from
Sophora flavescens Ait. by focused
microwave-assisted aqueous two-phase
extraction coupled with reversed
micellar extraction. Industrial Crops and
Products, 86: 231-238.

Zhang, H., Birch, J., Xie, C., Yang, H.,
Bekhit, A.E.D., 2019. Optimization of
ultrasound assisted extraction method
for phytochemical compounds and in-
vitro antioxidant activity of New
Zealand and China Asparagus cultivars
(Officinalis L.) roots extracts. Food
Chemistry, 294: 276-284.



Yilmaz ve Durmaz

Zhang, J., Wen, C., Zhang, H., Duan, Y., The difference mechanisms between
Ma, H., 2020a. Recent advances in the single and combined assisted extraction.
extraction of bioactive compounds with Ultrasonics Sonochemistry, 95: 106356.
subcritical water: A review. Trends in Zhou, L., Luo, S., Li, J., Zhou, Y., Wang, X.,
Food Science and Technology, 95: 183- Kong, Q., Ding, C., 2021. Optimization
195. of the extraction of polysaccharides from

Zhang, X., Zhou, X., Xi, Z., Yan, J., Liu, H., the shells of Camellia oleifera and
Xu, B., 2020b. Surfactant-assisted evaluation on the antioxidant potential in
enzymatic extraction of the flavor vitro and in vivo. Journal of Functional
compounds from Zanthoxylum Foods, 86: 104678.
bungeanum. Separation Science and Zhu, J., Kou, X., Wu, C,, Fan, G, Li, T.,
Technology, 55(9): 1667-1676. Dou, J., Shen, D., 2022. Enhanced

Zhang, Y., Lei, Y., Qi, S., Fan, M., Zheng, extraction of bioactive natural products
S., Huang, Q., Lu, X., 2023. Ultrasonic- using ultrasound-assisted aqueous two-
microwave-assisted  extraction  for phase system: Application to flavonoids
enhancing antioxidant activity of extraction from jujube peels. Food
Dictyophora indusiata polysaccharides: Chemistry, 395: 133530.

Atif Sekli: Yilmaz, A., Durmaz, G., 2024. Biyoaktif Bilesenlerin Ekstrakte Edilmesinde Kullanilan Baz1 Yenilik¢i
Yontemler. MAS Uygulamalr Bilimler Dergisi, 9(4): 1095-1119.
DOI: http://dx.doi.org/10.5281/zenodo.14355780.

To Cite: Yilmaz, A., Durmaz, G., 2024. Some Innovative Methods used to Extract Bioactive Compounds. MAS
Journal of Applied Sciences, 9(4): 1095-1119.
DOI: http://dx.doi.org/10.5281/zenodo.14355780.

1119



MAS JAPS 9(4): 11201129, 2024

~ournal of Applied sciences
- Uygulamalr Bilimler Dergisi

DOI: http://dx.doi.org/10.5281/zenodo.14358364 &)

The Effect of Alternative Weed Control Methods on Yield Parameters in Chickpea
(Cicer arietinum L.)

Murat TUNC ", Sibel IPEKESEN 2| Fatma BASDEMIR 2", Siireyya Betiil RUFAIOGLU
! Harran University, Agriculture Faculty, Department of Field Crops, Sanliurfa
2 Dicle University, Agriculture Faculty, Department of Field Crops, Diyarbakir
3 Harran University, Ceylanpinar Agriculture Vocational High School Sanliurfa
4 Harran University, Agriculture Faculty, Department of Soil Science and Plant Nutrition, Sanliurfa
*Corresponding author: sureyyarufaioglu@harran.edu.tr

Received: 16.08.2024 Accepted: 30.09.2024

Abstract

This study focused on the significance of weed control in organic chickpea (Cicer arietinum L.) cultivation and
the effectiveness of alternative weed control methods. The environmental impacts of herbicide use and the
development of resistance in weeds, which are among the chemical control methods, necessitate the improvement
of alternative weed control methods for sustainable agricultural practices. In this study, the effectiveness of
different methods, such as organic source materials, biological control agents, mechanical hoeing and other cultural
practices on weed control was evaluated. The research was carried out in the area reserved for organic cultivation
in the field crops application and research area of Dicle University Faculty of Agriculture, Faculty of Agriculture
in the 2021 growing season. The experiment was set up according to the Randomized Block Design with 3
replications and Arda chickpea was used. Weedless control, weedy control, hand plucking before flowering, hoeing
before flowering, hand plucking at pod stage, hand plucking at pod stage, hand plucking before flowering + pod
stage, sowing with 20 cm spacing, sowing with 45 cm spacing, whey, whey + hoeing, pickle juice and pickle juice
+ hoeing were applied as weed control. Plant height, fresh weight, total number of pods, total pod weight, number
of full pods, number of empty pods and number of grains per plant were investigated. Consequently, mechanical
practices such as hoeing and manual weed control have reduced weed pressure and increased plant yield. Hoeing
treatment increased the number of full pods by 28%, grain weight by 35%, and manual weed control reduced weed
pressure by 20% and increased yield by 25% compared to other treatments. In the treatment without weed control,
a 40% loss in yield was observed. By comparing different control methods in the research, it will contribute to the
determination of sustainable weed management strategies and increase agricultural productivity. Furthermore,
different control methods should be investigated in order to develop sustainable weed management strategies.

Keywords: Chickpea, weed control, sustainable agriculture, mechanical weed control, organic methods
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1.Introduction

Chickpea (Cicer arietinum L.) is an
essential legume species with high
nutritional value that is widely cultivated
worldwide, particularly in regions with
Mediterranean climate (Tiirker et al., 2019).
At the same time, it is important as a cheap
and abundant source of protein, which is in
ever-increasing demand. (Sozen and Peker,
2023). It is of great significance as a
fundamental food source in human nutrition
with its protein, carbohydrate, vitamin and
mineral content. It also contributes to
increasing soil fertility in agricultural
ecosystems thanks to its ability to fix
nitrogen (Kaya et al., 2020). The
sustainability of chickpea production is of
major value both economically and
environmentally. There are many biotic and
abiotic factors affecting yield and quality in
chickpea production. These factors include
drought, low or high temperatures, nutrient
deficiency, weeds, diseases and pests.
Weeds are among the most important biotic
factors limiting chickpea yield.
Nevertheless, one of the most important
biotic problems encountered in chickpea
cultivation is the presence of weeds
(Adiyaman and Kahriman, 2021). Despite
these sensitive characteristics, chickpeas
play a vital role in human and animal
nutrition in a wide geography (Ceritoglu et
al., 2020). Weeds compete with chickpea
plants for limited resources such as water,
nutrients and light, and thus negatively
affect the growth, development and yield of
the plant. Intense weed pressure in chickpea
fields can lead to considerable losses in crop
yield and reduced quality (Chauhan and
Johnson, 2019). This demonstrates the vital
role that weed control plays in chickpea
farming. Traditionally, herbicides have been
widely used for weed control. Although the
rapid and effective control provided by the
use of herbicides is an attractive option for
many producers, the environmental impact
of these chemicals and their negative effects
on non-target organisms is a major concern.
It is also known that the use of herbicides
develops resistance in weed species in the
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long term, which reduces the effectiveness
of control strategies (Singh et al., 2021).
Consequently, it is important to reduce the
use of herbicides and develop alternative
weed control methods within the scope of
sustainable agricultural practices. In recent
years, interest in environmentally friendly
and sustainable methods for weed control in
chickpea agriculture has increased. The use
of organic materials, biological control
methods, mechanical hoeing and other
cultural practices are among the methods
considered as alternatives or complements
to herbicides (Tiirker et al., 2019).
Increasingly, these approaches are gaining
significance both to reduce environmental
impacts and to maintain the yield of
chickpea plants. The use of organic and
biological methods has gained significance
especially with the widespread use of
organic farming practices and research on
the effectiveness of these methods has been
increased (Kaya et al., 2020). The control of
weeds is of great significance not only to
prevent yield losses but also to protect soil
health and support biodiversity. The
restriction of the use of chemical herbicides,
especially in organic farming, necessitates
the development and application of
alternative control methods. Integrated
control strategies using a combination of
mechanical, biological and cultural
methods are considered as an important
solution in the agricultural sector by
ensuring both economic and environmental
sustainability (Kumar et al., 2020). Such
methods are one of the most effective
strategies that can be applied to reduce the
density of weeds and maintain the
productivity of cropland. In addition,
raising farmers' awareness and supporting
them with training is an important step to
increase the success of weed control
practices. Increasing farmers' knowledge
and awareness of alternative methods can

support the spread of sustainable
agricultural  practices by  reducing
dependence on chemical herbicides

(Johnson and Chauhan, 2019). Adopting
safer and more sustainable production
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processes in terms of
productivity, environmental protection and
human health is considered as a long-term
strategy in chickpea cultivation. In this
respect, our research aimed to
comprehensively examine the effects of
alternative weed control methods used in
chickpea cultivation on plant yield
parameters. In particular, the effectiveness
of organic and mechanical methods on yield
was evaluated in order to minimize the
negative environmental and health effects
of herbicides.

In this regard, the comparison of
environmentally friendly and sustainable
alternative methods that can be used instead
of herbicides aimed to create positive
impacts on agricultural productivity and
ecosystem sustainability. The results of the
study are expected to contribute to the
development  of  sustainable  weed
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agricultural management strategies and the
identification of alternative control methods
for farmers.

2.Materials and Methods

This research was conducted as a field
experiment in the research and application
area of Dicle University, Faculty of
Agriculture, Department of Field Crops in
2021. The experimental area reserved for
organic cultivation was used for the field
trial experiment (Figure 1).

2.1. Material

The soil of the experimental area was
clay loamy, slightly saline, slightly alkaline,
low in phosphorus, high in potassium, very
low in organic matter, very low in nitrogen,
sufficient in iron and magnesium and high
in calcium (Table 1).

Figure.1. Study area

Table 1. Results of physical and chemical analysis of 0-30 cm soil of the experimental area

Soil parameters

Texture 72.6
EC (ds cm™) 0.042
Clay (%) 7.46
pH 7.76
P20s (kg ha™') 18.8
K:0s (kg ha™) 1363
Organic matter (%) 0.65
N (%) 0.03
Fe (ppm) 37
Ca (ppm) 93.74
Mg (ppm) 5639

Source: Giibretas Soil-Plant Analysis Laboratory (Yarimca/izmit Ministry of Agriculture Reference Laboratory
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Analysis of the growing season 2021
climatic data, during which the experiment
was carried out, revealed that the average
temperature was 15.6°C, that it dropped
between January and March, rose sharply
between April and June, and peaked in June

experiment was 147.7 mm, with the highest
rainfall (57.9 mm) in March and a rapid
decrease in the April-June period. January
had the highest humidity of 71.8%, with a
decrease in humidity in the April-June
period in inverse proportion to temperature

at 28.6°C. Total rainfall during the (Figure 2).
Climate data for 2021 growing season
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Figure 2. Climate data for the experimental year (Diyarbakir MGM)

The suitability of alternative weed
control techniques for organic chickpea
farming was investigated in this single year
study. Weedless control, weedy control,
hand weeding before flowering, hoeing
before flowering, hand weeding at pod
stage, hand weeding at pod stage, hand
weeding before flowering + pod stage,
sowing at 20 cm spacing, sowing at 45 cm
spacing, whey, whey + hoeing, pickle juice
and pickle juice + hoeing were applied as
weed control (Table 2). Arda chickpea
variety obtained from GAP International
Agricultural Research and Training Center
was used in the experiment. Arda variety
has high adaptability to Southeastern
Anatolia Region, plant height between 64-
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85 cm, ripening days between 163-182
days, drought and lodging resistant, suitable
for machine harvesting, yield 250-350 kg
ha! and tolerant to wilt and anthracnose
disease.

The field experiment was conducted
according to the Randomized Block Design
with 3 replications. Each plot was 4 m long
and 4 rows with 45 cm between rows.
Sowing was performed in the first week of
February and harvesting in the last week of
June. Plant height, fresh weight, total
number of pods, total pod weight, number
of full pods, number of empty pods and
number of grains per plant were
determined.
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Table 2. Methods of control used in the experimental field of organic chickpea cultivation

Treatments Treatments

Treatment period

Code
T1 Control group (No applications) During the vegetation period
T2 Control group (Weed control was manually realized) During the vegetation period
T3 Herbicide Weeds with 4-5 leaves
Content:
600 g I'! Aclonifen: 125 ml da’!
T4 Manuel Weed Control Pre-Blooming stage
TS Manuel Weed Control Pre-Blooming + Podding stages
T6 Manuel Weed Control Podding stage
T7 Pre-flowering + Broad Bean period hand plucking Pre-Blooming + Podding stages
T8 20 cm spacing planting Hand plucking twice pre-blooming stage
T9 45 cm spacing Hand plucking twice pre-blooming stage
T10 Whey Weeds with 4-5 leaves
Content:
Water: 90%
Protein 0.45
Fat: 0.05%
Lactose: 3.0
Mineral Matter: 0.1-0.5
Salt: 6.0%
T11 Whey+hoeing Weeds with 4-5 leaves
T12 Pickle Juice Weeds with 4-5 leaves
Content:
Water: % 89,6
Salt: % 10.4
T13 Pickle Juice +hoeing Weeds with 4-5
leaves

2.2. Data evaluation

The data were analyzed using Jump-Pro
17 statistical package programs according
to the randomized block design. Differences
between means were compared according
to LSD test.

3. Result and Discussion

The impacts of weed control methods on
various plant growth and yield parameters

in organic chickpea cultivation are shown in
(Table 3). As can be clearly seen in the table,
fresh weight, total number of pods, number
of full pods, number of seeds and seed
weight parameters were found to be
significant (p <0.05). Whereas no
statistically significant difference was
obtained for plant height and pod weight. As
a consequence, weed control methods have
significant effects on yield.

Table 3. Effect of weed control methods on plant growth and yield parameters in organic chickpea

cultivation
Parameters P Value
Fresh Weight 0,01**
Plant Height 0,11
Pod Weight 0,23
Number of Total Pod 0,00%*
Number of Filled Pod 0,00%*
Number of Empty Pod 0,02*
Number of Grain 0,01%*
Grain Weight 0,03*

**; significant level at P<0.05
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Figure 3. Effects of different weed control methods on fresh weight and plant height of chickpea

plants

T7  (Hoeing  before  flowering)
application reached the highest fresh weight
value. T1 (Manual weed control) and T11
(45 cm spacing) applications had similar
fresh weight values and there was no
statistically significant difference between
these three treatments. T2 (Control, no
weed control) and T12 (Whey + hoeing) had
the lowest fresh weight values. T3 (Pickle
juice + hoeing), T4 (Manual weed control
before flowering), TS5 (Manual plucking
before flowering + pod stage) and T6
(Manual plucking at pod stage) treatments
showed moderate fresh weight values. T9
(Herbicide) and T8 (Pickle juice) treatments
showed similar fresh weight values. Results
showed that the effectiveness of weed
control methods varies depending on the
time of application and the material used.
Similarly, Avola et al. (2008) reported that
mechanical application was successful in

chickpea cultivation (Figure.3). TI13
(Whey) application reached the highest
plant height value and statistically
significantly differed from the other

applications. Whey positively affected plant

height with its nutrients and growth-
promoting components. T3 (Pickle juice +
hoeing) and T4 (Manual weed control
before flowering) treatments also showed
high plant height values and there was no
significant difference between these two
treatments, indicating that these methods
supported plant growth. T2 (No weed
control) and T6 (Manual weeding at pod
stage) treatments showed low plant height
values, indicating that weeds negatively
affected plant growth and lack of control
suppressed  development. The  other
treatments (T1, TS5, T7, T8, T8, T9, T10,
T11, T12) showed moderate plant height
values and the difference between them was
not statistically significant. This indicates
that these methods provided similar levels
of weed control and made a particular
impact on plant growth. Merga and Alemu
(2019), in their study investigating different
weed control methods, reported that the
combination of herbicide and hand plowing
was effective compared to weed-free
control (Figure.3).
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Figure 4. Effects of different weed control methods on pod weight, total number of pods, number of
filled pods and number of empty pods of chickpea plants
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T7  (Hoeing  before  flowering)
application reached the highest pod weight
and differed statistically significantly from
the other applications. Hoeing reduced
weed pressure and increased plant growth
and pod yield. T1 (Manual weed control)
likewise reached the highest pod weight
values and the results were similar to T7.
The lowest pod weight was observed in T2
(No weed control), indicating that weeds
compete with the plant, limiting nutrient,
water and light utilization. Treatments T6
(Hand plucking at pod stage) and T13
(Whey) also achieved high pod weights,
indicating that natural practices and manual
weed control methods can support plant
growth. The other treatments (T3, T4, T3,
T8, T9, T10, T11, T12) showed moderate
pod weight values. Especially T12 (Whey +
hoeing) showed a lower performance.
Dubey et al. (2018) reported that weed
control methods can increase yield and
producer income in chickpea, and it is
important to determine appropriate control
methods for this purpose (Figure.4). T7
(Hoeing before flowering) and T1 (Manual
weed control) applications reached the
highest total number of pods and differed
significantly from the other treatments.
Hoeing and manual control increased yield
by reducing weed pressure. T2 (No weed
control) treatment had the lowest total
number of pods, indicating that weeds
negatively affect yield when not controlled.
The other treatments (T3, T4, TS5, T13, T10,
T12, T8, T9) showed low or medium pod
number. Korkmaz and Kayan (2010) also
reported that manual control methods were
effective in increasing chickpea yield
(Figure4).

T7 (hoeing before flowering) application
reached the highest number of full pods and
was determined to be significantly superior
to the other applications. It indicates that
hoeing is effective in controlling weeds and
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increasing the number of full pods. T1
(Manual weed control) also achieved a
similarly high number of full pods. T2 (No
weed control) treatment had the lowest
number of full pods, indicating that weeds
negatively affected yield. The other
treatments, which had a moderate number
of pods, showed some efficacy but were not
as successful as mechanical hoeing. In
overall, T7 (hoeing) and T1 (manual
control) were the most effective treatments.
Aslam et al. (2007) also reported that
manual plucking and herbicide applications
were effective in weed control to increase
yield (Figure.4). T7 (Hoeing before
Flowering) treatment reached the highest
number of empty pods, and this was
significantly different from the other
practices. According to the results, hoeing
may cause stress on the plant and increase
the occurrence of empty pods. T4 (Manual
control before flowering) and T3 (Pickle
juice + hoeing) also had relatively high
number of empty pods. The lowest number
of empty pods was observed in T2 (No
weed control) treatment. T1 (Manual
control), T6 (Hand plucking at pod stage),
T9 (Herbicide) and T10 (20 cm spacing)
treatments showed low number of empty
pods. T12 (Whey + hoeing) and T13
(Whey) treatments had relatively high
numbers of empty pods. In general, T7 had
the highest number of empty pods,
indicating that excessive mechanical
intervention may have a negative impact on
plant growth. The fact that T2 had the
lowest number of empty pods indicates that
plants experienced less stress when weed
control was not applied, but the overall
yield decreased. Demir et al. (2005)
compared different herbicides and hoeing
methods and reported that hoeing was the
most effective method for weed control
(Figure.4).
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Figure 5. Effects of different weed control methods on grain number and weight of chickpea plants

Number of grains is an important
indicator of plant yield. T7 (Hoeing before
flowering) had the highest grain number
and was statistically significantly superior
to the other applications. T1 (Manual weed
control) and T11 (45 cm spacing) also had
the highest grain number, indicating that
hoeing and manual control were effective in
increasing yield. T2 (no weed control) had
the lowest grain number, indicating that
weed pressure negatively affected yield.
Peruzzi et al. (2008) reported that
mechanical hoeing was effective, while
Suso et al. (2003) emphasized the positive
effects of different weed control methods on
yield (Figure.5). T7 (Hoeing before
flowering) treatment reached the highest
grain weight and was significantly different
from the other treatments, indicating that
hoeing effectively controlled weeds and
enabled the plant to efficiently utilize the
resources provided (Figure.5). T1 (Manual
weed control) and T11 (45 cm spacing) also
reached high grain weight and were
effective in reducing weed pressure and
increasing yield. The lowest grain weight
was observed in T2 (No weed control)
application, indicating the limiting effect of
weeds on plant resources. The other
treatments (T3, T4, TS5, TI13) showed
moderate grain weight, while T12, T8 and
T9 treatments had low grain weight values.
Fontinelli et al. (2015) and Suso et al.
(2003) reported that hoeing and mechanical
methods are significant in weed control and
yield improvement. Results in general
emphasize the effectiveness of mechanical
and manual weed control methods in terms
of yield increase (Figure.5).
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4. Conclusion

Weed control in chickpea cultivation is a
critical requirement for agricultural
productivity and sustainability. The
environmental impacts of conventional
herbicide use and the development of
resistance in weeds necessitate the
development and application of sustainable
alternative methods. In this research, we
evaluated the efficacy of different weed
control methods and reported that
mechanical and organic methods were
successful in reducing weed pressure and
increasing chickpea yields. In particular,
mechanical methods such as hoeing and
manual weed control have emerged as an
important option for weed control.
Furthermore, the  dissemination of
sustainable weed management strategies
and raising awareness of farmers on this
issue is of great importance in increasing
agricultural productivity and achieving
environmental protection goals. For this
reason, future studies should focus on
assessing the wider applicability and long-
term impacts of these methods.
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Abstract

Noise pollution is a critical environmental problem that negatively affects human health and quality of life. It is
particularly significant in educational environments, where excessive noise can impair students’ learning abilities,
concentration, and overall academic performance. This study evaluates noise pollution on the Osmanbey Campus
of Harran University, with a specific focus on traffic-related noise levels. Measurements were conducted at 11 key
points during the Ld (07:00-19:00), Le (19:00-23:00), and Ln (23:00-07:00) periods. The SoundPlan 7.4 model
was used to generate noise maps and analyze the distribution of environmental noise across the campus. Road
traffic was identified as the main source of noise, especially in areas with high vehicle density, such as intersections
and bus stops. The results determined that noise levels on campus exceeded the thresholds established by the WHO
across all periods. The highest noise level was recorded at Point 2 during the day (74.90 dBA), a busy area with
frequent bus activity and human movement. The lowest level, measured at Point 5 during the night (56.40 dBA),
was in a quieter area near the Faculty of Sports Sciences but still slightly above the recommended nighttime limits.
These findings underscore the importance of addressing noise pollution, particularly in educational settings, to
support a conducive learning environment. Suggested mitigation strategies include traffic management, acoustic
landscaping, and continuous noise monitoring. Additionally, promoting sustainable transportation options, such as
cycling can contribute to reducing noise levels and fostering a healthier campus atmosphere.

Keywords: Enviromental noise, noise pollution, sound level measurement, university campus
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1. Introduction

Noise pollution has emerged as one of
the major issues arising from modern

urbanization and human  activities,
becoming an increasingly significant
environmental issue in contemporary

society. Noise refers to unwanted or harmful
sound that disrupts normal daily life
(Iannace et al., 2021). It has long been
recognized as a significant threat to human
health, communication and overall well-
being, negatively impacting the quality of
life (Goines and Hagler, 2007). Common
sources of noise include traffic, industrial
activities and urbanization (Kumari et al.,
2023). As urban areas continue to grow,
traffic volumes increase to meet the needs
of a rising population, leading to heightened
noise pollution. This continuous rise in
vehicle numbers 1is exacerbating the
problem, making road traffic noise the
primary source of annoyance (Khan et al.,
2018). The persistent intrusion of such noise
disrupts daily life and contributes to various
health issues, further emphasizing its
growing dominance as a public concern.
Noise pollution is typically defined by its
intensity, duration, and frequency. It is often
measured in decibels (dB). However, in
environmental noise assessments, the use of
A-weighted decibels (dBA) is more
common, as it accounts for the varying
sensitivity of the human ear to different
frequencies. A-weighted decibels provide a
more accurate evaluation of noise levels,
considering that low and high frequencies
are less perceptible to humans. According to
the World Health Organization (WHO)
report (WHO, 2019), it is strongly
recommended that the average noise
exposure during daytime hours be reduced
to below 53 dBA for road traffic-related
noise, as this level of A-weighted equivalent
sound pressure (LAeq) is associated with
adverse health effects. Noise levels above
this threshold are linked to various negative
health impacts. Understanding noise impact
is crucial for managing its effects on urban
populations. Numerous studies have shown
that continuous exposure to high noise
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levels can not only cause hearing loss
(Redman et al., 2022; Welch et al., 2023),
but also lead to psychological health issues
such as stress, anxiety, depression and
fatigue (Ma et al., 2020; Stansfeld et al.,
2021; Petri et al., 2021; Gong et al., 2022).
According to a European Environment
Agency report, road noise pollution is
associated with approximately 10,100
premature deaths annually across 32
European countries, highlighting its critical
role as an escalating environmental and
health concern (Peris et al., 2020).

The increase in noise pollution is
attributed to several factors, including
traffic (Wang et al., 2022), construction
activities (Lee and Hong, 2019), social
interactions and various events (Sors et al.,
2019). The resulting noise pollution not
only negatively affects attention and
learning processes in the short term but can
also impact students’ academic
performance due to prolonged and
continuous exposure (Shukla and Tandel,
2024). Specifically, classroom teaching
requires a process of thinking and
comprehension, and noise on campus can
distract students, which can hinder the
effectiveness of teaching. Furthermore,
individuals exposed to prolonged noise are
likely to experience psychological and
cognitive effects, not only during class but
also  afterwards.  Generally, verbal
communication, teaching and learning,
mental activities and sleep are often the
most affected (Gilani and Mir, 2022;
Natarajan et al., 2023).

In recent years, the level of noise on
university ~ campuses  has  become
increasingly complex and varied. A study at
the University of Technology Malaysia
examined environmental noise problems.
Within the scope of the study, one-hour
measurements were taken at 24 different
points on the campus during working hours.
According to the results, 95.8% of the
measurements exceeded the permissible
limits determined by the Department of
Environment (Haron et al., 2015). A study
conducted at the Cukurova University
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campus examined the effects of traffic-
related noise pollution between 2010 and
2017. The study created noise maps during
the day and evening hours using
SoundPLAN 7.4 software, and these maps
were compared with the noise threshold
values determined by the European Union.
The results showed that noise levels of 60
dB(A) and above increased in 2017
compared to 2010, and faculty buildings
that did not provide protection against noise
were particularly affected (Colakkadioglu
et al., 2018). A study conducted at the
Federal University of Juiz de Fora in Brazil
examined the effects of noise pollution on
user perception and behavior. Sound
measurements made at 32 outdoor and 11
indoor locations were compared with
national standards and the
recommendations of the WHO. According
to the results, 87% of outdoor
measurements exceeded NBR 10.151
limits, and 53% exceeded WHO limits (de
Souza et al., 2020). In a study conducted at
the University of Jos in Nigeria, noise levels
on campus were examined and traffic and
students were identified as the main noise
sources. Most of the measurements made at
17 locations were observed to be above the
WHO standards. A value above the
educational area limit of 50 dB was
recorded (Akintunde et al., 2020).

In this study, noise pollution on the
Osmanbey Campus of Harran University
was examined through measurements taken
at 11 different points using the SoundPlan
7.4 model. Measurements were conducted
during the day, evening, and night, and the
collected data were compared with the
recommended limit values outlined in the
WHO Environmental Noise Guidelines for
the European Region. The highest daytime
noise level was recorded at point 2, with
74.90 dBA. The lowest value was observed
at point 5, with 63.10 dBA. In areas with
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numerous educational buildings and student
dormitories within the campus, noise levels
tend to rise due to heavy pedestrian and
vehicle traffic. This study aims to improve
the understanding of noise pollution within
the campus and contribute to the
development of strategies to mitigate this
issue.

2. Materials and Methods

2.1 Study area and selection of measure
points

For this study, Harran University's
Osmanbey Campus was selected as the
primary site for noise  pollution
measurements  (Figure 1).  Harran
University, located in Sanlwurfa, in
Tiirkiye’s Southeastern Anatolia Region,
was founded in 1987. Educational activities
are conducted across three campuses:
Osmanbey, Yenisehir, and Eyylibiye. The
Osmanbey Campus, established in 2003,
spans 15 km? and serves as the main hub of
the university's academic and research
activities within its total area of 27 km?
(Rastgeldi Dogan, 2019). Additionally, the
Osmanbey Campus is approximately 18 km
from the city center, which means that staff
and students typically travel to the campus
by bus or private vehicles.

The university comprises 13 faculties, 3
vocational schools, 1 state conservatory, 14
vocational high schools, 3 institutes, and 14
research and application centers. As of
2023, Harran University hosts 28,716
students, making it a bustling academic hub
(Harran University, 2023). This substantial
student and staff population contributes to
potential noise pollution, particularly from
traffic. In large campuses like Osmanbey,
managing noise levels and mitigating
environmental impacts are critical areas of
focus.



Rastgeldi Dogan et al.

Black Sea

Figure 1. Study area location and noise measurement points within the campus

Within the scope of this study, a total of
11 points were selected in Harran
University Osmanbey Campus where road
noise levels could be observed intensively.
These points were determined especially in
the intersections located within the campus

and were determined in order to determine
the noise sources and to observe their
distribution in a balanced way. The
measurement points and coordinates are
presented in Table 1.

Table 1. Measurement points and coordinates for noise observation

X Y Measurement Name Of The

Coordinate Coordinate Point Measuring Point
499608.42 4114716.71 1 Campus Entrance

499640.72 4114902.41 2 Collection Stop

500024.24 4115036.39 3 Science-Literature Junction
500271.82 4115226.57 4 Agriculture Faculty Junction
500459.52 4115480.38 5 "Besyo" Junction

500490.36 4115642.66 6 Engineering Faculty Junction
499875.82 4115862.80 7 Dormitory Stop

499646.47 4115818.90 8 Mosque Junction
499660.47 4115501.20 9 Lodging Junction
499542.36 4115224.04 10 Theology Faculty Junction
499566.22 4114811.79 11 Hospital Junction

It is seen that Harran University is at a
critical point in terms of noise pollution due
to the increase in vehicle density parallel to
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the rapidly increasing number of students
and staff in recent years and the visitor
traffic coming to the hospital located on the
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campus. One of the selected measurement
points also covers the vicinity of the
hospital on the campus, which enabled the
study to represent different density points
within the university.

2.2 Using the soundplan model for noise
measurement

For making a noise map of Osmanbey
campus is used SoundPLAN 7.4 (64-bit)
software with the NMPB 96 calculation
method to process modeling data.
SoundPLAN has been on the market since
1986 (WKC Technology Ltd., 2024). It
enjoys the largest number of noise
simulation software users worldwide. The
complete noise propagation into the
environment makes this software the ideal
tool for engineers working in the fields of
noise planning, noise in the workplace,
noise mapping and as part of general
environmental assessment studies (Ongel
and Sezgin, 2017; Colakkadioglu et al.,
2018; Chan et al., 2019). The unsurpassed
numerical and graphical presentations make
it easy to explain findings to the public and
to researchers. It is used by governments,
consultants and researchers in many
countries and is the world’s leading
environmental prediction software. The
first step in the mapping process involved
importing the site plan of the Harran
University’s Osmanbey campus into
SoundPLAN. The campus's topographical
characteristics were then modeled in three
dimensions to ensure accurate
representation. This step provided a detailed
foundation for noise modeling and analysis,
enabling the integration of relevant
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environmental and structural parameters
into the simulation process.

According to the recommendations of
the WHO Environmental Noise Guidelines
for the European Region, the following
indicators are used to establish noise
standards: setting environmental noise level
limits, assessing and predicting noise
exposure, creating strategic noise maps, and
planning measures for noise protection.

Indicator for noise disturbance during
the day (Ld) or daily noise level which is A-
equivalent long-term average sound level.

Indicator for noise disturbance during
the evening (Le) or evening noise level
which is A-equivalent long-term average
sound level.

Indicator for noise disturbance during
the night (Ln) or night noise level which is

A-equivalent long-term average sound
level.
According to the Regulations for

application of noise indicators, additional
indicators of noise, method of measuring
noise and methods of assessment indicators
for noise in the environment the indicator
for noise disturbance during the day (Ld)
covers the period of 12 hours, from 07:00 to
19:00, indicator for noise disturbance
during the evening (Le) covers the period of
4 hours, from 19:00 to 23:00 and indicator
for noise disturbance during the night (Ln)
covers the period of 8 hours, from 23:00 to
07:00.

In the SoundPLAN Manager, emission
time slices are defined for analysis. Figure
2 provides an overview of the software
interface.
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Figure 2. The interface of the SoundPLAN software

The following fundamental acoustic
equations are applied to determine the

LAeq,T =10 logl

where LAeq, T is the equivalent
continuous A-weighted sound pressure
level, in dB, determined over a time interval
T starting at t1 and ending at t2; po is the

sound pressure level in the noise mapping
process:

t;

0,
pAZ dt
Po

1
_tl
t

2

(1

reference sound pressure (20 pPa); and
pPA(t) is the instantaneous weighted sound
pressure of the sound signal.

Lp=1L, —20log(r)—8

Lp represents the sound pressure level in
dB(A), Lw refers to the sound power level
of the source in dB(A), and r is the distance
over which the noise propagates from a
point source on a flat surface. The sound
power level can be input directly or via the
software's library.

In this study, all parameters necessary for
constructing the noise map were carefully
defined and incorporated using the
SoundPlan 7.4 software. These parameters
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2)

encompassed details about buildings, area
sources, and traffic characteristics. Campus
buildings were categorized according to
their functions, and key attributes such as
their heights and number of floors were
included in the model. Similarly, traffic-
related inputs, including lane dimensions,
speed limits, and vehicle flow rates, were
also specified to ensure accurate noise
simulations.
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2.3. Method

The measurements were conducted by
technical personnel using the Testo 861-1
sound level meter as shown in Figure 3,
available at  Harran  University’s
Environmental Engineering Air and Noise
Laboratory, in accordance with ISO 1996-1
and ISO 1996-2 standards. This Type 2
device 1is calibrated with a certified
calibrator at the beginning of each

measurement and can perform A-weighted
decibel (dBA) measurements, accurately
reflecting human auditory sensitivity.
Measurements were taken during peak
traffic hours across the daytime, evening
and nighttime periods, ensuring reliable
data for environmental noise pollution
analysis. Vehicle counts were conducted at
an observation point with a clear view of the
road, using camera recordings to record
traffic during the specified time frames.

Figure 3. Noise measurement process and the Testo 861-1 noise measuring device

The evaluation of traffic noise levels was
conducted with reference to the WHO
Environmental Noise Guidelines for the
European  Region = (World  Health
Organization, 2018), which recommend a
threshold of 53 dBA for Ld and Le (day and
evening), and 45 dBA for Ln (nighttime
noise). These values served as reference
standards to evaluate the environmental
noise levels at different times of the day.
They were critical in determining whether
the measured noise levels on campus
exceeded acceptable limits, thus identifying
areas that required urgent intervention. The
comparison of the measured noise levels
with  these thresholds provided a
comprehensive  assessment of  noise
pollution on the Osmanbey Campus.

3. Results and Discussion

Analysis of noise measurements taken
across the Osmanbey Campus, focusing on
day (Ld), evening (Le), and night (Ln)
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levels, reveals critical insights into the
acoustic environment of the area. The
results are presented in Table 2, which
summarizes the calculated and measured
values along with their differences for each
observation point. These findings facilitate
a detailed examination of noise dynamics
across various campus zones, enabling the
identification of high-noise areas. Notably,
all values measured for Ld, Le, and Ln
exceed the limits recommended by the
WHO, which specifies thresholds of 53
dBA for daytime and evening and 45 dBA
for nighttime. This significant exceedance
is a matter of concern, as prolonged
exposure to such high noise levels can lead
to adverse health and well-being impacts on
campus residents and visitors. The data
underline the urgent need for targeted noise
mitigation strategies to address these
critical areas and improve the acoustic
quality of the campus environment.
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Table 2. Comparison of Calculated and Measured Noise Levels Across Measurement Points

Calculated Value
Measurement Point Ld Le Ln
1 66,50 60,10 58,30
2 74,90 67,30 64,80
3 72,60 66,00 63,50
4 66,90 56,30 62,00
5 63,10 56,70 56,40
6 62,50 56,60 58,90
7 65,70 62,10 62,60
8 65,70 60,90 60,40
9 66,80 60,00 60,10
10 66,60 61,20 57,00
11 72,30 66,70 60,40

3.1. Ld noise measurement

Ld (07:00-19:00) is the time period when
the campus is at its busiest. During this
period, factors such as traffic density,
student and staff mobility significantly
increase noise levels. Daytime

measurements provide a critical database
for understanding the noise levels across the
campus and identifying particularly busy
areas. Figure 4 presents the Ld values
measured at Osmanbey Campus, allowing
visualization and analysis of noise levels in
different areas.

338888
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Figure 4. Daytime noise levels (Ld) across campus
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The noise levels (Ld) measured during
the daytime reveal the basic acoustic
structure throughout the campus. The data
calculated with SoundPlan 7.4 software
provide a more comprehensive picture
compared to the measured values, as it takes
into account not only vehicle traffic but also
factors that may affect the propagation of
noise (distance of buildings to the road,
wooded areas, road width). The Ld values
obtained at Osmanbey Campus showed
significant variation. These differences
were closely related to the functional and
environmental conditions of different areas
within the campus. The highest Lday value
was measured in the 2nd point area (74.90
dBA). This area is one of the busiest points
on the campus. It is the last stop of buses
coming from the city and a transfer point
where students who want to go to the city
center gather. Bus movements, stopping and
engine starting operations throughout the
day keep the noise level of this area
constantly high. In a similar study (de Souza
et al., 2020), the highest daytime noise level
was recorded as 70-71 dBA. Compared to
our findings, this indicates that the noise
levels at Osmanbey Campus are noticeably
higher, likely due to increased traffic
density at the enterence and greater human
activity factors in the measured areas. In
addition, individual vehicles, especially
going towards the hospital, medical school
and cafeteria and passing through this area,
is another important factor that increases the
noise.

Another high Lday value was recorded at
Point 3 (72.60 dBA). This point is an
intersection where the Faculty of Arts and
Sciences, one of the academic centers of the
campus, is located and is used intensively
by students. In this area where pedestrian
and vehicle traffic in the surroundings meet,
in addition to the entrances and exits to the
faculty buildings, vehicle movement within
the campus also creates a significant source
of noise. The traffic, which is especially
intense at the beginning and end of class
hours, causes the noise level to increase
significantly. Since the noise at this point is
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at a level that can affect academic
functioning on campus, the noise control
measures to be taken here will be of great
importance.

Similarly, point 11 stands out as another
area that draws attention with 72.30 dBA.
This point is located on the main road
providing access to the campus hospital,
and the source of the noise varies. The
frequent use of this point by ambulances,
hospital logistics vehicles, and individual
visitors leads to constant traffic movement.
The increasing patient entry and exit
density, as well as personnel traffic in the
morning hours, cause the noise level to
remain high throughout the day. In addition,
the background noise created by hospital
logistics operations is also an important part
of the noise levels at this point. In a study
by Colakkadioglu et al. (2018), it was found
that the Balcali Research Hospital in the
study area was exposed to 45-60 dB(A)
noise levels throughout the day. Compared
to these findings, the noise levels at point 11
on Osmanbey Campus are significantly
higher. This difference could be attributed
to the higher traffic density and logistics
activity near the campus hospital,
highlighting the need for urgent noise
management strategies in this sensitive
area.

Point 1, which functions as the main
entrance of the campus, has a medium-high
Ld level of 66.50 dBA. This area draws
attention as an area where vehicles entering
the campus are concentrated. Especially in
the morning hours, the slowing down,
stopping and accelerating of service
vehicles, buses and individual cars during
the entrance causes the noise level to
increase. As the traffic decreases later in the
day, the noise levels in this area decrease
relatively, but this point remains active
throughout the day due to its function as an
entrance area.

Similarly, point 9 offers a medium Ld
level of 66.80 dBA. This point draws
attention as it is close to the campus
lodgings. During the daytime, daily
activities, working vehicles and logistics
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operations around the residence create a
moderate level of noise in this area, while
generally having a quieter environment.
Since the residence area is a resting area for
campus residents, keeping these noise
levels low is an important requirement in
terms of improving the quality of life.
Areas such as point 4 and point 5 have
relatively lower levels of noise. For
example, point 4 is an area where the
Faculty of Agriculture is located and
intensive agricultural work is carried out.
The noise here can mostly be caused by the
occasional agricultural activities. Point 5 is
an area close to sports sciences and has a
less intense traffic flow with 63.10 dBA.
Although the noise level in these areas is
lower than the average on campus, this
situation offers an advantage that supports
the academic and social functions of the
environment. Noise levels in different parts
of the campus, especially in areas with
intense human movement such as student
dormitories and social areas, are affected by
certain social and functional factors. Point 7
is at the top of these points. This area where
the dormitories are located is the departure
and arrival point of buses, which are an
important part of on-campus transportation.
The stopping, departure and maneuvering
processes of the buses cause an increase in
noise levels. In addition, mass movement
during students' entry and exit to the
dormitories is an important factor that
increases noise levels. However, individual
vehicle traffic is limited in this area, and the
noise generated by buses and students is
generally more pronounced. Similarly,
although point 8 offers a quieter noise level,
there may be a temporary increase in noise,
especially during prayer times and mass
events. Although such density increases
environmental noise levels, this area is
generally quite quiet outside of time. Since
point 8 functions as the religious center of
the campus, it is natural for density in such
areas to increase over time and cause an
increase in noise. Point 10 is located at the
intersection of important academic and
administrative centers of the campus. Being
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located between the Faculty of Theology,
Faculty of Medicine and Dean's Office
buildings, this increases the noise levels in
this area. The constant movement of
vehicles, students and staff entering and
exiting the faculty, especially during class
hours, determines the noise level of this
area. In addition, duty visits to the Dean's
Office building and the busy times of the
Faculty of Medicine cause the noise levels
in the area to increase. Especially during
social events and meetings, the intensity of
academic and administrative activities in
the faculties further increases this noise.
The noise in this area can both prevent the
efficient conduct of academic activities and
negatively affect the general quality of life
of campus residents. This intense noise

between faculties and administrative
buildings should be reduced in order to
provide a more peaceful working

environment for students and employees.
This is especially important for individuals
who study or engage in activities that
require concentration.

Areas with lower Lday levels are located
in quiet areas of the campus. For example,
point 6 has one of the lowest values with
62.50 dBA. This area is where the
engineering faculty is located and is
generally less trafficked. One of the main
reasons why the area remains quiet is that it
is located at the upper end of the campus
and there are not many faculties around it.
In addition, the surrounding wooded areas
significantly reduce noise by acting as both
a visual and acoustic buffer. This quiet
environment provides an ideal environment
for academic activities and is also quieter
than the density in other parts of the

campus.
Ld values on campus are directly related
to the functions and environmental

characteristics of the areas. Areas such as
main entrances, transfer points and the
hospital have the highest noise levels, while
areas such as faculties and the surroundings
of the residences remain at lower levels.
This analysis provides the basis for the
identification and management of noise
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sources throughout the campus, while also
allowing strategic recommendations to be
developed to increase acoustic comfort.

3.2 Le noise measurement

Le (19:00-23:00) represents a time
period when social and academic activities

on campus begin to decrease, but activity
still continues. During this time, traffic
density decreases, while student and staff
activities in social areas continue to have a
small impact on noise levels. Figure 5
shows detailed noise levels for the evening
hours on the Osmanbey Campus.
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Figure 5. Evening noise levels (Le) across campus

Evening hours are a period when both
social and academic activities of the campus
continue, but traffic and general mobility
begin to decrease compared to daytime
hours. The highest Le value was recorded at
Point 2 (67.30 dBA). Although noise levels
decrease slightly in the evening hours
compared to daytime hours (74.90 dBA),
the stopping and departure processes of
buses keep the noise in this area high. In
addition, the exit of personnel buses from
the campus during these hours, students
waiting at the bus stop and social
interactions also contribute to the noise.

Point 11 is another notable point in the
evening hours with 66.70 dBA. This area is
located on the main route providing access
to the hospital and the traffic, which is
especially concentrated during the evening
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work hours, leads to high Le values. This
point, where ambulance passages and
individual vehicle mobility continue, plays
a decisive role in the noise level of the
hospital environment. Point 3 stands out as
an academic intersection with 66.00 dBA.
In the evening hours, the use of this area as
both a social meeting point and an area
where activities continue after class causes
the noise levels to remain relatively high. In
particular, the effect of the cafeteria or
resting areas around this area is a noticeable
noise source in the evening hours.

Point 7 has a moderate Le value of 62.10
dBA. Since this point is an area where
student dormitories are located, the activity
continues partially in the evening hours.
Students entering and exiting the
dormitories, campus shuttles and social
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activities prevent the noise level from
completely decreasing in this area in the
evening hours. Lower Le values are
generally measured in quiet areas. For
example, point 6 offers on of the lowest
value 56.60 dBA. Point 4 recorded a value
0f 56.30 dBA, making it quieter zone on the
Osmanbey Campus. This point is located
near the Faculty of Agriculture, an area
characterized by relatively low pedestrian
and vehicular activity during evening hours.
The agricultural focus of the area, combined
with limited evening usage, contributes to
the reduced noise levels observed here
compared to busier parts of the campus.
When compared with a study reporting
minimum mean noise levels of 53.61 dBA
near an Agriculture Faculty (Ozer et al.,
2014), a clear similarity is observed. Both
locations are situated near faculties with
agricultural activities, which tend to
experience less human and vehicular traffic,
especially during evening hours. While
Point 4's noise level is slightly higher, likely
due to localized campus dynamics, both
areas exhibit lower noise levels compared to
other parts of their respective campuses.
These findings highlight that agricultural

faculties or their surroundings typically
offer quieter environments, likely due to
their peripheral locations and specialized
usage patterns that naturally limit evening
activity. This area is generally located
between academic units and vehicle and
pedestrian traffic decreases significantly in
the evening hours. Le values offer a special
reflection of the social and academic
activity on campus in the evening hours.
Areas such as bus stops, hospitals and
student dormitories stand out as the main
sources of noise during this time period.
The existence of quieter areas (such as the
engineering faculty area) in the evening
hours reveal the diversity within the campus
and the change in the noise levels.

3.3 Ln noise measurement

Ln is a time period when the overall
activity on campus is at its lowest, but some
areas are still exposed to noise. These
measurements are particularly important for
assessing the tranquility of recreational
areas on campus. Figure 6 shows noise
levels during night hours, providing a basis
for identifying quiet areas and areas
requiring improvement.
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Although noise levels are generally
lower throughout the campus at night, some
points continue to have a certain noise level
throughout the night.

Point 2 shows the highest value on
campus in terms of nighttime noise levels,
with 64.80 dBA. Buses passing at night,
starting and stopping their engines, cause
noise levels to remain high at this point
throughout the night. In addition, this area
is constantly in motion due to being located
at a busy access point of the campus. This
makes it difficult to provide a peaceful
environment for campus residents,
especially at night. The persistent traffic
activity throughout the night can be an
obstacle for students and staff who wish to
rest, so reducing noise levels at this point is
critical to improving the quality of campus
life. A similar situation is reported by
Lannace et al (2021) in their study, where
areas affected by nightlife generate noise
levels between 85 dBA to 90 dBA. This
study found that such noise caused
significant ~ disturbances for residents,
leading to conflicts between patrons, club
managers, and residents. The constant
movement and noise in these areas created
uncomfortable conditions, particularly at
night. Similarly, in this study, the high
nighttime noise levels at Point 2, combined
with continuous traffic and movement,
highlight the discomfort noise causes for
those seeking peace, particularly during
nighttime. These findings underscore the
critical need to address nighttime noise
pollution to improve the overall living
conditions for residents in both urban and
campus settings.

While noise levels generally decrease
throughout the campus at night, some points
maintain a significant noise level due to
factors such as human and vehicle traffic.
For example, point 3 stands out as a busy
academic area even at night with 63.50
dBA. Extracurricular activities, group work
and social interactions of students increase
the noise in this area. Similarly, point 7
stands out as an area where student
dormitories are located with 62.60 dBA.
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The stops and passages of buses on campus
and the movement of students around the
dormitories increase the noise levels at this
point. Point 4 has a certain noise level with
62.00 dBA due to the low night traffic
movement. On the other hand, points 8 and
9 are among the areas with medium noise.
These points maintain a certain sound
intensity with 60.40 dBA and 60.10 dBA,
respectively, due to reasons such as human
movement and bus passages at night. Point
11 creates a significant noise source with
58.57 dBA due to ambulance passages and
hospital activities continuing throughout the
night. Point 6, located near the stadium, has
anoise level of 58.90 dBA during the night,
which is primarily due to low traffic and
student activities. Although the stadium is
situated nearby, it was not used for any night
activities, and no sports matches took place
during the measurement period. This is in
contrast to a study by Akintunde et al.
(2020), which recorded the highest average
noise level of 76.4 dB during the morning
hours over a 1-week period at J.T. Useni
Stadium. This stark difference highlights
how the presence of a stadium, when
actively used for events, can significantly
elevate local noise levels, far exceeding
those observed in this study on the
Osmanbey Campus.

Point 5 has the lowest night noise level
on campus with 56.40 dBA. The main
reason for the quietness of this area is that
there is no heavy traffic and active social
areas around it. This area, which draws
attention with its proximity to the Faculty of
Sports Sciences, has a very calm
atmosphere at night due to the sports
facilities generally used during the day. In
addition, the low density of buildings and
structures in this area, combined with the
natural environment, creates an acoustic
buffer zone and ensures that noise levels
remain low. The low nighttime activities
around the sports fields also make this area
one of the most peaceful places on campus.

All Ln measurement points exceeded the
highway environmental noise limit value of
55 dBA. This situation makes it difficult to
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provide a peaceful environment for campus
residents, especially at night. Long-term
high noise levels at night can negatively
affect the sleep quality of students staying
in the dormitory and campus security
personnel, and harm their physical and
mental health. It also carries the risk of
decreasing academic success and overall
living comfort. Therefore, controlling noise
sources and implementing acoustic
improvement strategies stand out as a
critical necessity to improve the quality of
campus life.

4. Conclusion

This study comprehensively analyzes
noise pollution levels between various
points on the Osmanbey Campus,
highlighting the effects of noise exposure
over time periods. The findings aim to
contribute to a broader understanding of
how environmental factors, traffic patterns,
human mobility, and campus functions
affect the acoustic structure in academic
environments.

The importance of weighted noise levels
(Ld, Le and Ln) over time in a holistic
assessment of acoustic pollution is
demonstrated. Differentiating noise levels
between daytime, evening and nighttime
allowed for a more precise determination of
critical noise points. In terms of practical
applications, this study highlights the need
for targeted noise reduction strategies in
areas with high noise exposure. In
particular, areas with intense noise such as
bus stops, academic centers, and hospital
areas should be prioritized for interventions
aimed at reducing noise exposure. Among
the suggestions that can be developed are
encouraging the use of existing bicycles and
walking paths within the campus. Providing
bicycles and improving the safety of roads
to encourage bicycle use. Walking paths can
be made more attractive with rest areas and
lighting. In addition, electric scooter and
bicycle rental systems can be established on
campus.

A “green transportation  hours”
application can be initiated to increase the
preference for bicycle and walking paths
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during busy traffic hours on campus. This
application can balance bus and vehicle
traffic while encouraging students to use
alternative transportation methods. In
addition, awards can be offered to students
who prefer bicycle and walking paths for

transportation.  Such  incentives can
encourage students to adopt
environmentally friendly transportation

habits, reduce traffic density on campus and
reduce noise generation.

The creation of sound barriers or
acoustic landscaping in high traffic areas
and the creation of quiet zones close to
academic and student residential areas are
necessary. In addition, noise regulations and
better noise planning regarding the
organization of evening and nighttime
events are important to prevent disruption
of campus life.

In addition, continuous monitoring of
noise levels is of great importance to
evaluate the effectiveness of implemented
noise control measures and to adapt
according to changes in campus use.
Regular evaluations can help identify new
trends in noise pollution sources and
quickly intervene in possible increases.

In conclusion, by adopting a data-driven
approach and implementing recommended
measures, it will be possible to create a
more comfortable acoustic environment
that will support academic success and
living comfort in the campus environment.
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Ozet

Ahsap elemanlarin nem ile iliskileri ekonomik ve teknik a¢idan énem arz etmektedir. Cilinkii ahsap elemanlarin
nem orani degisimi ile, 6zellikle islenme ozellikleri ve mekanik davraniglart gibi dnemli yapisal davranislar
degisiklik gostermektedir. Bir ahsap malzemede rutubet miktarinin tayini, eskiden beri kullanilan kurutma
yontemlerinin yaninda artik elektrikli rutubet lgerler ile yapilmaktadir. Ahsap nem dlgliimiinde kullanilan bu tip
cihazlar genel olarak yurt digindan ithal edilmekle birlikte, fiziki ve teknik yap1 eksikliklerinden dolay1 sadece
kisitlt 6zelliklere sahip olmaktadirlar. Ayrica yurtdisindan dovizle alindig igin yiikksek maliyete sahiptirler. Bu
sebeple ahgapta nem Ol¢iimiinde maliyeti diistirmek ve yerli milli ahsap nem dlgerimizin iiretilmesinde yeni bir
Oneri olusturmak amaciyla ¢alisma hazirlanmistir. Ahsapta nem 6l¢iimiinii, otomasyon sistemi tasarimlarinda
siklikla tercih edilen ve ayni zamanda ekonomik ¢6ziim iiretimine elverisli Arduino sistem {izerine kurmak tercih
edilmistir. Olusturdugumuz cihaz ile farkli tiir ahsaplardan aldigimiz nem 6l¢iim degerleri, piyasada mevcut
cihazlarin nem 6l¢iim degerleri ile karsilastirilmis ve grafikler iizerinde gosterilmistir.

Anahtar Kelimeler: Arduino, ahsap, nem, nem 6lgme, nem 6lger

Devices Used in Measurement of Moisture VValues in Wooden Elements and a New
Device Proposal

Abstract

The relationship of wooden elements with humidity is of economic and technical importance. This is because the
important structural behaviour of timber elements, especially their processing properties and mechanical
behaviour, changes with the change in moisture content. The determination of the amount of moisture in a wood
material is now carried out with electric moisture meters in addition to the drying methods used in the past. This
type of devices used in wood moisture measurement are generally imported from abroad, but they have only
limited features due to their physical and technical structure deficiencies. In addition, they have high costs as they
are purchased from abroad in foreign currency. It has been preferred to install the moisture measurement in wood
on the Arduino system, which is frequently preferred in automation system designs and is also suitable for the
production of economic solutions. The moisture measurement values obtained from different types of woods with
the device we have created are compared with the moisture measurement values of the devices available in the
market and shown on graphs

Keywords: Arduino, wood, moisture, measuring moisture, moisture meter
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1. Giris

Ahsap elemanlarda nem miktarinin
tespiti onemli bir husus olmasinin yaninda,
genelde zor ve zahmetli bir yontem olan

kurutma metodu ile yapilmaktadir.
Kurutma yonteminin en bliyiik
sorunlarindan  biri, nem  miktarin

hesaplamanin birka¢ giin siire almasidir.
Ozellikle bazi ahsap tiirlerinde kurutma
islemi esmasinda, 1s1 etkisi ile ahsabin
icerdigi sudan baska ugucu maddelerin de
yok olmasi sebebi ile hatali nem oranlar
tespit edilmektedir.

Yillar  Oncesine  dayanan  ahsap
elemanlarda nem oranini kurutma metotlari
ile belirlemenin yaninda, artik giiniimiizde
daha kolay ve hizli bir yoOntem olan
elektrikli rutubet Olcerler ile nem orani
tespit edilmektedir. Yapr sektoriinde sik
kullanilan kerestede gibi ahsap yap1
malzemelerinde genelde nem orani direng
tipi elektrikli rutubet Olcerlerle
yapilmaktadir. Direng tipi elektrikli nem
Olciim cihazlarinda, genel olarak ahsap yap1
malzemesi  igerisine  saplanan  metal
elektrotlarin uclar1 arasindaki elektriksel
direng 6l¢iilmektedir. Bu yontem sayesinde
ahsap  yapt  malzemelerinin  farkh
derinliklerindeki nem miktarinin tespiti
kolaylikla belirlenmektedir.

Ahsap nem Olctimiinde kullanilan bu tip
cihazlar genel olarak yurt disindan ithal
edilmekte ve yiiksek maliyetli olmaktadir.
Bu cihazlar, belirli araliklarla ahsap
numune lizerinden Ol¢lim degerlerini alip,
cthaz disinda pc veya diziistii pc tiirii bir
cihaza aktarabilme kabiliyetine sahip
olmadiklar1 gibi, uzun siire defalarca 6l¢tim
yapabilecek batarya sistemine de sahip
degildir. Ayrica probsuz veya kisa boyutlu
problu  olmalar1  gibi  fiziki  yap1
eksikliklerinden dolay1 sadece ylizeysel
nem durumunu 6l¢ebilmektedirler.

Ahsap elemanlarin yapisal davraniglari
konusunda c¢aligmalarimizda kullanmay1
planladigimiz ahsap nem oOlger cihazinin
tasarlanmas1  ve  Uretimi ile ilgili
yurdumuzda ve yurt disinda yapilan
calismalarla ilgili literatlir arastirmalar
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yapilmis olup, benzer bir ¢aligmaya
rastlanmamustir.

Calismamizin amaci, 6nemli bir husus
olan ahsapta nem Ol¢limiini yerli ve milli
imkanlarla gelistirecegimiz bir cihazla
gergeklestirmek ve bu cihazi miimkiin
oldugu kadar gelismis Ozelliklere sahip

etmektir.
1.1. Ahsap elemanlarda nem ol¢iimii

Ahsap elemanlarimn nem ile iliskileri
ekonomik ve teknik acidan Onem arz
etmektedir. Ciinkii ahsap elemanlarda nem
miktar1 degisimi ile;

1. Ahsap hacminin degismesi

2. Yikleme ve tagimada hem agirhigin
hem de maliyetin yiikselmesi

3. Suda yiizme becerisi

4. Olusacak mantarlarin ahgabi ciiriitme
etkisine kars1 gosterdigi direng

5. Ahsabin 6zgiil agirligin degisimi

6. Ahsabin mekanik 6zelliklerin degisimi

7. Malzemenin islenme Ozelliklerinin
degisimi

8. Ahsabin 1s1 degerinin degisimi

9. Ahsabin kurutulmasi

10. Ahsabin biikiilme 6zellikleri degisir.

Ahsap elemanlarda nem kayba ile; ahsap
mobilyalarin birlegsme yerlerinde
gevsemeler, donme ve ¢ukurlagmalar, ahsap
parkelerin aralarinda agilmalar, pencere
cerceve koselerinde ve Ozellikle kapi,
pencere  gibi  ahsap  dogramalarda
caplanmalar acilmalar  meydana
gelebilir.  Ahsapta nem  miktarinin
artmasiyla beraber, ahsap elemanlarda
clirime ve renk degisimine yol acan
mantarlara kars1 hassasiyet olumsuz yonde
artar. Ayrica bazi nem degerlerinde
boceklerin sebep oldugu hasarlar goriiliir.

Yillar ~ Oncesine  dayanan  ahsap
elemanlarda kurutma yontemleri disinda,
artik giiniimiizde elektrikli rutubet olgerler
kullanilarak kereste, kaplama levha ve
yongalarda rutubet tayini yapilmaktadir. Bu
cihazlar c¢ok kisa bir siirede kolay bir
islemle ahsap elemanlarda nem oranini
tespit ettikleri i¢in, endiistriyel amacla
siklikla kullanilmaktadir.

Ve
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Ahsap sektoriinde kullanilan diger bir
nem Ol¢iim cihaz1 da, kapasite rutubet Slger
tipi cihazlardir. Bu tip cihazlarda, ahsap
elemanin icerdigi nem miktar1 yaninda
ahsabin yogunlugu da 6nemlidir. Dielektrik
sabitesini 6lgen bu tip elektrikli nem dlger
cihazlarda, igne tipi elektrotlar yerine,
temas tipi elektrotlar kullanilmaktadir
(www.slideserve.com).

Ahsap nem Ol¢limiinde kullanilan bu tip
cihazlar genel olarak yurt disindan ithal
edilmekte birlikte, 6l¢tim degerlerini cihaz
disinda pc veya dizlistii tiirii bir cihaza
aktarabilme ve probsuz veya kisa boyutlu
problu  olmast  gibi  fiziki  yap1
eksikliklerinden dolay1 sadece yiizeysel
nem durumunu Olcebilme gibi kisith
ozelliklere sahip olmaktadirlar. Ayrica
yurtdigindan dovizle alindigi igin yiiksek
maliyete sahiptirler.

1.2.Ahsap elemanlarin yapisal
davranislarina nem etkisi

Ahsap elemanlarin yapisal
davranislarina nemin etkisi konusunda

yurdumuzda ve yurt digsinda yapilan
calismalar agsagida sunulmustur.

Oztiirk (2005), ¢alismasinda ozellikle
iilkemizde yetisen sarigam agaglarindan
yaplt malzemesi olarak {retilen ahsap
kirislerin mekanik ozelliklerini
arastirmistir. Yaptigi calismalar sonucunda,
cevre lizerinde olumsuz etkisi olmayan,
ayni zamanda giliniimiizde enerji verimi
yiiksek olan ve siirdiiriilebilir malzemelerin
secilmesinin Onem arz ettigini belirtmistir.
Bu baglamda ahsap malzemenin sahip

oldugu ozellikler itibariyle alternatifi
olmayan bir yapt malzemesi oldugu
vurgulanmistir.

Akyol (2008), ozellikle ahsaptan imal
edilen asma catilarla ilgili ¢caligmasinda, bu
catilar1 imkanlar dahilinde yapilabilecek
geometrik sekillerine gore ve imalatta
kullanilan malzemelere gore
simiflandirmalar yapmistir. Ayrica, asma
cat1 yapiminda ahsap malzeme kullaniminin
Oonemini vurgulamasinin yaninda,
iilkemizde ve diinyada uygulanmis ahsap
asma cati uygulamalarim1 da incelemek
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suretiyle, bir asma ¢atinin nasil modern bir
sekilde yorumlanacagini gostermistir.

Samanci (2019), bu calismada ahsap
duvarlarin farkli ahsap duvar katmanlagsma
diizeni, 1s11 ve nemsel performansi igin
uygun malzeme se¢imi ve 6zellikleri, ahsap
duvarlarda 1s1 kopriisii ve meteorolojik
verilerin se¢imine bagli olarak enerji
korunumu ve etkinliginin degerlendirilmesi
ve binanin insa edildikten sonraki kullanim
sirasindaki performansi i¢in nem iligkisine
bagli olarak 1s1l ve nemsel performans
durumlar1  bilgisayar benzetim araci
kullanilarak incelenmistir. Son yillarda
yapimi giderek artan gerek modern gerekse
tarihi yapilarin restorasyonunda kullanilan
ahsap iskeletli duvar ve c¢apraz tabakali
masif ahsap duvarlarin kullanim sirasinda
ve mevcut sartlar altinda gosterecegi
higrotermal performansin benzetim araci
kullanarak hesaplanmasi amaclanmustir.

Obataya ve ark. (1997), ¢alismalarinda
ladin  agacimin  (Picea  Sitchensis)
uzunlamasina yonde cesitli nem
iceriklerinde depolama modiilii ve kayip
durumunu 20°C'de o6l¢miis ve adsorbe
edilen suyun etkisi, matris katkisini ortadan
kaldirmak i¢in tek eksenli bir reolojik
model kullanarak aragtirmiglardir. Degisken
nem igerigine sahip ahsabin dinamik
ozelliklerindeki degisiklikler, sadece matris
yapisindaki  degisiklikleri degil, aymi
zamanda hacim fraksiyonlarindaki
degisiklikleri ~ de  yansitabilmektedir.
Bununla  birlikte, fibrillerin  ahsabin
uzunlamasma yonii boyunca uzandigi
varsayimi, yiksek nem igeriklerinde
Olciilenden ¢ok daha biiyiik bir depolama
modiili degeri dngdrmiistiir.

Chauhan  ve  Aggarwal (2003),
caligmalarinin amaci, farkli nem emme
durumlar1  sirasinda  ahsaptaki  enine
boyutsal degisiklikleri ve buna karsilik
gelen anizotropisiteyi anlamaktir. Firinda
kurutulmus farkli ahsap Ornekleri adsorbe
edildi ve ardindan sabit sicaklikta (35°C)
desorbe edildi. Tegetsel ve radyal boyut
degisiklikleri (sigsme), her iki sorpsiyon
durumu sirasinda bagil nem ve nem
icerigine gore analiz edildi. Tegetsel
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yondeki boyutlarin, yiiksek nemde radyal
yone gore nispeten daha biiyiik bir oranda
degistigi bulunmustur.
Jiang ve ark.
calismanin  amaci,

(2012), yaptiklari
farklt nem emme
durumlar1  sirasinda  ahsapta titresim
ozelliklerini ve buna karsilhik gelen
anizotropisiteyi arastirmakti. Akcaaga¢ ve
kirmizi  mese  numuneleri, firinda
kurutulmus halden adsorpsiyon islemi ile
suya doymus hale getirildi. Desorpsiyon
islemi ile de nemden arindirildi. Calismalar
sonucunda kararsiz bir durumdaki ahsabin,
denge durumundaki ahsaba gore daha
diisiik elastikiyet ve mukavemet ve daha
yiiksek soniimleme Ozellikleri gosterdigini
gostermistir.

Ishimaru ve ark. (2001), nemlendirme
periyodu sirasinda ahsabin  mekanik
Ozelliklerindeki  degisiklikler  {izerine
calisma yapmiglardir. Adsorpsiyon islemi
ile sartlandirilmis ahsabin  elastikiyet
modilli, nem igerigi hemen hemen hig
degismediginde, sartlandirmanin sonraki
asamalarinda Onemli artiglar gostermistir.
Bununla birlikte, desorpsiyon islemiyle,
nem igerigi biiyiik Ol¢lide azaldiginda,
kosullandirmanin  erken  asamalarinda
artmasma  ragmen,  kosullandirmanin
sonraki asamalarinda ¢ok fazla artmamustir.
Ahgsabin  gerilme  gevsemesi, hem
adsorpsiyon hem de desorpsiyon islemleri
ile sartlandirma siiresinin  artmasiyla
azalmistir. Bu sonuglar, mevcut nem
durumunun gergek bir denge durumundan
farkli olmasinin neden oldugu kararsiz bir
durumdaki ahsabin, gercek bir denge
durumundaki ahsaba gore daha diislik
elastikiyet ve mukavemet ve daha yiiksek
akiskanlik gosterdigini gostermektedir.

Kojiro ve ark. (2007), suyla sismis
ahsabin dinamik viskoelastik 6zellikleri ve
boyutlari lizerindeki etkisi ile ilgili ¢calisma
yapmislardir. Suyla sismis ahsabin mekanik
Ozellikleri, numunelerin sicakliklart 20°C
ile 90°C arasinda ylikseltilirken
viskoelastik ~ ozellikler ve  boyutsal
degisiklikler olgiilerek incelenmistir. Suyla
sisirilen  ahsabin  hem  viskoelastik
ozellikleri hem de boyutsal degisimleri ilk
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1sitma isleminde diger 1sitma islemlerinden
oldukca farklhidir. Sogutma yoOntemleri,
viskoelastik ~ 6zellikleri  biiyiikk  Olciide
etkilerken, sicaklik yiikseldiginde boyutsal
degisiklikleri pek etkilemedi. Suyla sismis
ahsabin mikro yapilarindaki lokalize
gerilim, 1sitma islemindeki mekanik
ozellikleri etkilerken, bir sogutma setinin
neden oldugu orantisal sinirin altindaki dis
gerilimin higbir etkisi olmadig1
gorilmiustir.

Merig (2019), ahsap
malzemelerinin  fiziksel ve mekanik
Ozellikleri tlizerine c¢aligmalar yapmak
suretiyle, ahsap yapt malzemelerinin
tastyict sistemlere olan etkisini ortaya
koymustur. Yirirlikte olan standart ve
yonetmeliklerden ~ Ornekler  vermekle
beraber, ahsap yapilarin  giiniimiizde
kullanimina ve dnemine deginmistir.

Aytemiz (2021), caligmasinda
geleneksel konutlarin bulundugu Gazipasa
Mahallesi’nden  segilen  bir  binada
aragtirmalar  yapmis, binadan alinan
ornekten hazirlanan numunelerde fiziksel
ve mekanik deneyler yapilmis, binada
kullanilmis olan ahsap malzemenin tiirii,
yasl, nem orani, birim agirligi, egilme ve
basing dayanimi ve elastisite modiilii
belirlenmistir.  Elde  edilen  veriler
sonucunda binalarin restorasyon ve onarim
faaliyetleri ile ilgili Oneriler sunulmustur.

Calisgkan ve ark. (2019), ahsap
elemanlarin  6nemli baz1 fiziksel ve
mekanik Ozellikleri iizerine c¢aligmada
bulunmus olup, ayrica ahsap malzeme ile
imal edilmis yapilarin {ilkemiz ve
diinyadaki  durumunu incelemislerdir.
Genel olarak ahsap yapilar hakkinda,
Tiirkiye ve diinyada kullanilan standartlar
ve yonetmelikler izerine bilgi
paylasilmistir.

Bilgin (2009), calismasinda ahsabin
ozellikle dis cephelerde ¢ok kullanilmakta
oldugunu vurgulamistir. Ahsap malzemenin
cesitli ahsap yapilar tizerinde yap1 elemani
olarak hangi sekilde kullanmildigini, dis
cephelerdeki gorlinlimiinii ve montajini
incelemistir. Ahsap yap1 elemanlarinin,
yapilar icin ne kadar 6nem arz ettiinin

yapi
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anlasilmasinda literatiire katkida
bulunmustur.

Cagstur (2021), caligmasinda, son yillarda
yapi mimarisinde kullanilmakta olan
endistriyel ~ ahsap  yap1  elemanlar
tizerinden, diinyada yapilmis olan bazi
karakteristik yap1 Orneklerini incelemek
suretiyle, ahsap malzemenin yapisin1 ve
yapt sistemlerini irdelemistir. Yapilan
caligmalarda incelenen Ornek yapilarda,
endistriyel ahsap malzemelerden hangi
tiirin ne miktarda kullanildig1 ve yapilarda
nerelerde kullanildig1 belirtilmistir.

Kolbay (2010), yaptig1 c¢alismasinda,
ahsap yap1 malzemesiyle olusturulacak cati
iskeletinin ne sekilde segilecegini ve yapi
malzemesi bilesenlerinin hangi etkenlere
bagh olarak detaylandirilacagini
arastirmisgtir. Yaptigi caligmasinda,
geometri ve Kkesit belirlenmesi disinda
kullanilmast gereken malzeme segimine

kadar bir¢cok konuyu irdelemistir. Yapilan

incelemeler sonucunda her tasarim
etkeninin bilesenin farkli bir yoniinii
bigimlendirdigi  saptanmustir.  Ornegin;
statik  etkenlerin  bilesenin  boyutsal

degerlerini, yap1 fizigi ile ilgili etkenlerin
cat1 performansin1 ve teknolojik etkenlerin
de bilesenin yapilabilirligini belirlemekte
oldugu saptanmustir.

Yaman (2015), caligmasinda géknar ve
karagam agac tiirlerinin fiziksel ve mekanik
Ozelliklerini incelemek adina, Bolu iline
bagli Mudurnu yoéresinde bulunan tarihi
ahsap evler lizerinde ¢alismalarda bulunup,
aynt zamanda yapilarda kullanilan aym
tirlere  ait  kontrol  Ornekleri  ile
karsilastirmalar yapmistir. Ahsap yapilarda
kullanilan goéknar ve karagam numuneleri
tizerinde yapilan fiziksel test caligmalar
sonucunda, kontrol amagli 6rneklerin
rutubet ve su alma oranlarinin, tarihi
orneklere gore daha yiiksek oldugu
belirlenmistir. Ayrica yapilan mekanik
testler sonucunda da, kontrol orneklerinin
tarthi Orneklere nazaran daha yiiksek
mukavemet gosterdigi tespit edilmistir.

Yiicel (2008), ahsap yap1 iskelet
sistemlerini farklt yap1 malzemeleriyle
kaplamak  suretiyle  farkli  kesitler
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olusturmustur. Olusturulan bu farkli ahsap
yap1 iskeleti kesitlerini 1s1 ve buhar gegisi

acisindan incelemistir. Mevcut kesitler
iizerinde bazi sistemsel hesaplamalar
yapmis ve bunu grafiksellestirmistir.

Yapilan c¢alismalar sonucunda, ahsap
iskelet sistemleri iizerine saglam, giivenli ve
1s11  konfor sartlarinin  olusturulabildigi
yapisal sistemlerin olusturulmasinda katki
saglanmustir.

Korkmaz (2018), standart ve mikro
boyutlu sapsiz meseden alinan ahsap
numunelerinin bazi mekanik &zellikleri
iizerinde rutubetin etkisinin belirlenmesi
lizerine calismalarda bulunmustur. Mikro
ve standart boyutlu numuneler ile yapilan
caligsmalarda, numunelerin egilmede olusan
elastikiyet modiilleri, egilme direncleri,
liflere paralel ¢ekme ve liflere paralel
basing direngleri degerleri Olgiilmiistiir.
Mikro boyutlu ornekler iizerinde ayrica,
rutubetin etkisi de belirlenmistir.

Tunca (2019), ahsap yapilarda su ve
neme karsi dogru ydntem ve uygun
malzemeler kullanarak bakim, onarim ve
koruma uygulamalarinin yapilmast ve bu
sayede geleneksel ahsap evlerin
Ozgiinliigiiniin ~ bozulmadan,  giiniimiiz
modern yapilarmin konfor kosullarinin
sunulmasi amaglanmigtir. Ayrica bu tiir
yapilarin terk edilmek suretiyle
yikilmalarinin  Oniine gecilmesi de goz
ontlinde bulundurulmustur. Yapilan
caligmalar sonucunda, geleneksel ahsap
yapilarin su ve rutubete karsi korunmasi
icin, yapi tiirline uygun malzemeye, bu
malzemeleri dogru uygulamaya, kalifiye is
giicine gerek oldugu tespit edilmistir.
Ayrica bu amaca uygun olarak, giincel
yapim standartlarina ihtiya¢ oldugu kadar,
devlet, akademisyen ve kullanici {igliisiiniin

birlikteligine de ihtiyac oldugu
kararlastirilmistir.
2. Materyal ve Yontem

Tasarlamay1  planladigimiz ~ cihazin

temelini, otomasyon sistemi tasarimlarinda
siklikla tercih edilen ve ayni zamanda
ekonomik ¢Oziim {retimine elverisli
arduino uno sistem iizerine kurduk.
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Oncelikle yapacagimiz deney
caligmalarinda  kullanacagimiz ~ kavak,
ceviz, mese ve cam gibi farkli tiir ahsap
malzemelerin temini, yoremizde bulunan
insaat ve diger sektorlere ahsap ve kereste
temin eden firmalardan  yapilmistir.
Olusturulacak arduino sistemi icin gerekli

donanimlar, elektronik  Urlin  satan
firmalardan temin edilmistir. Arduino
sistemi ile yapilacak Olclimlerde elde

edilecek degerlerin  karsilastirilmast
amaciyla, piyasada mevcut olan elektrikli
ahsap nem 06l¢iim cihazi temin edilmistir.

2.1. Arduino sistemler

Arduino en temel haliyle elektronik
projeler i¢in bir elektronik  gelistirme
kartidir. Arduino’nun kendine ait bir
yazilmi vardir. Bu yazilim sayesinde

uyumlu elektronik komponentler, sensorler
ve modiller 1ile elektronik devreler
kurulabilir, projeler gelistirilebilir ve
prototipler tretilebilir.

Arduino, iletigimini iizerinde bulunan
pinler aracilig1 ile sagliyor ve bu pinler ile
kontrol edebileceginiz ¢ok sayida sensor,
motor, ekran ve modiller vardir. Bu
pinlerin kontrollerini Ardino’nun USB
girisi araciligr ile atacagimiz kodlar
iizerinden yapiyoruz. Arduino’ya program
yliklemek i¢cin  Arduino IDE yazilimim
kullanmak gerekir. Bu yazilimi
Arduino’nun  sitesinden indirebilirsiniz
(www.arduino.cc).

Arduino’yu bilgisayarimiza baglamak
icin USB kablosuna ihtiya¢ duyariz, daha
sonrasinda ise IDE yazilimi araciligi ile
programlamaya baglayabiliriz.

Sekil 1. Arduino uno karti

Veri gonderme yani ¢ikis ve veri alma
yani giris islemleri pinler aracilig1 ile
yapilir. Veri gondermek istedigimiz pini
c¢ikis olarak, veri almak istedigimiz pini ise
giris  olarak  ayarlamamiz = gerekir.
Arduino’da pinler iizerinden ¢ikis ve giris
yaparken analog ya da dijital sinyalleri
kullaniriz. Dijital sinyaller Evet ve Hayir
mantig1 ile c¢alisir. LOW komutu Hayuir,
HIGH komutu ise Evet’t temsil
eder. Elektronik olarak ise LOW komutu
arduinoya OV, HIGH komutu 5V gonderir.
Analog sinyallerise 0 ve 5V arasinda
herhangi bir degerde olabilir. Fakat Arduino

1151

iizerinden direkt olarak analog sinyal
alimamadig1 i¢in analog sinyali taklit eden
dijital sinyaller kullanilir. Bu
sinyallere PWM yani Pulse Width
Modulation ismi verilir. Arduino’nun tiim
pinleri analog sinyal yani PWM uyumlu
degildir. PWM sadece analog uyumlu
olan 3,5,6,9,10 ve 11 numarali pinler
tizerinden calisir (Www.blog.direnc.net).

2.2. Arduino diizenegi ile ahsap nemini
olcme

Ahsap elemanlarda nem durumu ile
neme kars1 gosterilen direng ters orantilidir.
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Ahsap malzemedeki yliksek nem igerigi
daha 1iyi iletkenlik anlamina gelir ve bu
durumda yiliksek neme sahip ahsap numune
daha diisiik bir direng gosterir. Ahsap
triinde bulunan diisik nem durumu da,
malzemenin zayif iletkenlik gosterecegi
yani yliksek dirence sahip olmasi anlamina
gelir. Nem sensorii, ahsap malzemenin
gosterecegi direng degerine gore bir ¢ikis
voltaj1 tretir. Piyasada mevcut bir nem

algilama sensoriiniin iki bileseni vardir.
Bunlardan; Prob bileseni, sensoriin ahsap
nemini Olgmek i¢in ahgaba batirilan iKi
iletken metal seklinde parcadan olusur.
Modiil bileseni ise, probu Arduino'ya
baglayan elektronik Kkarttir ve probun
direncine gore bir c¢ikis voltaji {retir.
Uretilen bu degerler analog ¢ikis (AO) veya
dijital ¢ikis (DO) pini tizerinden Arduinoya
iletilir.
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Sekil 2. Arduino nem sensoril baglant1 semast

Temin edilen donanimlar kullanilarak

Arduino ile ahsap nem  Olglimi
yapilabilecek donanimsal sistem
olusturulmustur.  Hazirlanan  Arduino

donanimsal sistemi ile ahsap nem ol¢iim
degerlerinin analog sekilde elde
edilebilecegi, probumuzdan gelen analog
verileri 1000 mikrosaniye (1sn) ara ile
6l¢iip Arduino programi ekranina aktaracak
Olclimii yapacak yazilim hazirlanmistir.
Ayni sartlar altinda ve ayni ortamda,
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olusturdugumuz Arduino sistemine ait ve
piyasadan temin ettigimiz ahsap nem olcer
cihazi ahsap nem Ol¢iim degerleri, excel
iizerinde tablolastirilarak
grafiksellestirilmis ve bu grafik tizerindeki
noktalardan gegen en uygun dogru
denklemine gore Arduino sistemi oOl¢iim
sonuglart ile ahsap nem 6lger cihazi 6lgiim
sonuglar1 kalibre edilmistir. Bu ¢alisma
farkli ahsap tiirleri i¢in ayr1 ayn
tekrarlanmistir.

y =11.493x+ 80,44
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Sekil 3. Cam numuneye ait nem Slger kalibrasyon grafigi
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Sekil 4. Kavak numuneye ait nem 6lger kalibrasyon grafigi
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Sekil 5. Mese numuneye ait nem 6Slger kalibrasyon grafigi

800
700
600
500
400
300
200
100

0

0 10

y=12.622x+110.56

20

30

40

50

Sekil 6. Ceviz numuneye ait nem 06lcer kalibrasyon grafigi

Excel programi kullanilarak ahsap nem
Olctim cihaz1 ve Arduino ahsap nem 6l¢iim
sistemi aras1 karsilastirmali nem Olgiim
degerlerine gore bulunan kalibrasyon
denklemi farkli ahsap tiirleri i¢in ayr1 ayri
arduino yazilimina entegre edildi.

Program kalibrasyon entegre islemi
devaminda Arduino ahsap nem Ol¢lim
sistemimiz donanimsal olarak da giinellenip
sisteme buton eklenerek her basildiginda
sistem mod degistirip farkli ahsap tiirline
gore nem Olgim yapacak duruma
giincellendi.

1153

Farkli ahsap numuneler {izerinde,
giincellenen Arduino ahsap nem Ol¢iim
sistemi kullanarak ol¢timler yapildi. Ahsap
nem Olgme cihazi ile Arduino ahsap nem
Olglim sistemi Olglim degerleri arasinda
yiizde doksan gibi yiiksek bir uyumluluk
oldugu tespit edildi.

Ahsap nem Ol¢tim cihaz1 ile kendi
rettiimiz Arduino ahsap nem o&lglim

sistemi arasi kalibrasyon islemi
tamamlandiktan sonra, Arduino sistemi ile
yaptigimiz ~ Olgim  sonuglarmi  sdkart

kullanarak kayit etmeye yonelik sistemi
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yazilimsal ve donanimsal giincelleme
caligmalar1 yapildi. Arduino ahsap nem
Olcim sistemine led eklenerek cihaz
sdkart’a kayit yaparken ledin yanarak bize
sistemin  kayit ~modunda  oldugunu
bildirmesi saglandi. Arduino ile
olusturdugumuz ahsap nem 6lger cihazinda
pc ekranindan bagimsiz 6l¢lim sonuglarini
lcd ekrandan gorebilmek igin, sisteme 2*16
led panel ekran eklenmis ve cihaz
donanimsal ~ ve  yazilimsal  olarak
gelistirilmigtir.  Tasarladigimiz ~ Arduino
sistemi ile yaptigimiz Ol¢glim sonuglarinin
hangi tarth ve saatte yapildigim
kaydedebilmek i¢in, sistem donanim ve
yazilimsal olarak gelistirilerek Arduino
sisteme DS3231 gergek zamanli hassas saat
modiilii entegre edilmistir. Olusturulan
Arduino ahsap nem Ol¢lim sistemi igin
gerekli enerjinin bilgisayardan bagimsiz
sekilde elde edilebilecegi sekilde, sistemde
donanimsal olarak gelistirme yapilarak
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sistemin enerjiyi powerbank’tan almasi
saglanmistir. Olusturulan Arduino ahsap
nem Olciim sistemini daginik diizenden
daha derli toplu ve kullanigli hale getirme
amagli, olusturdugumuz Arduino nem
Ol¢clim sistemini muhafaza edecek kutu
tasarlanmis ve Arduino sistem tiim sensor
ve modiilleri ile birlikte kutu igerisine
entegre edilmigtir. Tasarlayip
olusturdugumuz Arduino ahsap nem 6l¢iim
cihazi Ol¢iim sonuglarinin saglikli olma
durumunu daha detayli kontrol etmek adina
piyasada kullanilan farkli bir ahsap nem
Ol¢iim cihazi temin edilmistir. Temin edilen
cihazin dl¢lim sonuglan ile ilk aldigimiz
ahsap nem Olglim cihazi ve kendi
olusturdugumuz Arduino ahsap nem Slgiim
cihaz1 Ol¢iim sonucglart karsilastirilmistir.
Karsilastirma sonucunda tiim sonuglarin
birbiri ile yliksek oranda uyumlu oldugu
gorilmustir.
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Sekil 7. Cam numuneye ait nem dlger kalibrasyon grafigi

1000
900
800
700
600
500
400
300
200
100

20

y =7.5542x+350.57

40

60 80

Sekil 8. Kavak numuneye ait nem 6lcer kalibrasyon grafigi
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Sekil 9. Mese numuneye ait nem dlcer kalibrasyon grafigi
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Sekil 10. Ceviz numuneye ait nem Olger kalibrasyon grafigi

piyasadan temin ettigimiz iki farkli marka

3. Bulgular ve Tartisma ve model nem oOlger cihazlarini kullanarak

Fgrkl} tiir ahsap numunelejri 1'ize.rinde3 yaptigimiz nem Ol¢lim caligmalarina ait
kendi imkanlarimizla Arduino sistemi sonuclar asagida ayri ayr1 tablolarda
tabanl olusturdugumuz nem 6lger cihazi ile verilmistir.

Tablo 1. Cam numunelere ait nem 6l¢iim degerleri

Arduino nem dlcer (%) Nem 6lcer 1(%) Nem odlcer 2 (max%40)
322 21 19,5
343 22,8 19,8
400 28 26,2
420 30 27,6
454 32,5 31,6
£ 520 38 334
8 540 40 35
670 51 -
700 53 -
710 54 -
740 58 -
765 60 -
810 64 -
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Tablo 2. Kavak numunelere ait nem olgtim degerleri

Kavak

Arduino nem dlcer (%) Nem olcger 1(%) Nem olger 2 (max%30)
454 13,6 9,7
495 19,2 19
545 26 24,3
590 315 29,8
610 33 -
690 48 -
720 49 -
770 54 -
790 59 -
800 60 -
830 62 -
840 66 -
860 66 -

Tablo 3. Mese numunelere ait nem o6lgiim degerleri

Mese

Arduino nem 6l¢er (%) Nem 6lcer 1(%) Nem olcer 2 (max%30)
390 16 12
400 17,1 12,8
410 18 15,5
480 26,4 25,4
515 30,2 27,8
495 26 -
555 34 -
545 35 -
610 42 -
710 49 -
675 51 R
740 53 R

Tablo 4. Ceviz numunelere ait nem 6l¢iim degerleri

Arduino nem o6lger (%) Nem olcer 1(%) Nem olcer 2 (max%25)
320 16,5 145
345 18,5 18,2
355 19,4 19
370 20,5 20
390 23 -
2 400 25 -
8} 513 28,5 -
520 30 -
505 35 -
590 38,5 -
600 39 -
640 40 -
670 44 -
Yapilan nem Olglim  karsilastirma 4. Sonuclar
gahsme}.larma gbre, tiim sonuglarin birbiri Ulkemizde ahsap yapi malzemelerinin
ile yiksek oranda uyumlu oldugu ot
ot e nem Olclimiinde kullanilan problar arasi
goriilmiistiir.
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imkanlarimizla olusturdugumuz Arduino
tabanli nem o6l¢lim cihaz1 olgiim degerleri
arasinda goz ardi edilemeyecek biiyiikliikte
bir fark olmadig1 gorilmiistiir.

Arduino  otomasyon  sistemi ile
olusturulan ahsap nem Olgiim cihazi
imkanlar dahilinde ¢ok fonksiyonel ve
kullaniglhi  hale  getirilmistir.  Arduino
otomasyon sistemi kullanarak
olusturdugumuz nem 6l¢iim cihazi ile farkl
ahsap tlirlerinin igerdigi nem oranlarini
tespit etme c¢alismalart ¢ok olumlu ve
verimli sonuglar vermis olup, mevcut

imkanlar ile piyasada bulunan pahali
cihazlardan ¢ok daha islevsel ve diisiik
maliyetli iiriinler tiretilebilecegi
gosterilmistir.
Yazarlarin Katki Beyam

Yazarlar makaleye esit katkida

bulunduklarini, makalenin yayina hazir son
halini gordiiklerini/okuduklarini ve
onayladiklarini beyan ederler.

Cikar Catismas1 Beyam

Tilim yazarlar, bu calisma i¢in herhangi
bir ¢ikar ¢atigmasi olmadigini beyan
etmektedir.
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Ozet

Tarimda bitkisel iiretimi korumak i¢in bir¢ok organik bilesik organik giibre olarak kullanilmaktadir. Biyogar
organik toprak iyilestirmeleri, ¢evre dostu olmalari, verimlilikleri ve ekonomik uygulanabilirlikleri nedeniyle
sorunlu topragn iyilestirilmesi i¢in yaygin olarak dnerilmektedir. Denemede bitki materyali olarak kanola bitkisi
kullanilmistir. Besin kaynagi olarak ¢inko fosfat ve farkli dozlarda pamuk sap1 biyogari kullanilmistir. Tesadiif
parselleri deneme desenine gore 3 tekerriirlii olarak yiiriitilen ¢alismada plastik saksilar kullanilmistir. Denemede
tim uygulamalar ekim islemi ile birlikte yapilmistir. Kontrol grubuna herhangi bir uygulama yapilmadan 2.
uygulamada sadece 0.8 g ¢inko fosfat topraga uygulanmis ve toprak iyice karistirilmistir. Diger uygulamalarda ise
0.8 g cinko fosfat ile birlikte sirastyla 1.2 g saks1™?, 2.4 g saks1™ ve 3.6 g saks1™ olacak sekilde pamuk sap1 biyogari
uygulanmistir. Kanola bitkisine ¢inko fosfat ve ¢inko fosfat+biyokdmiir uygulamalarinin artan dozlara baglh olarak
sirasiyla 0.8 g ¢inko fosfat %66.40, 0.8 g ¢inko fosfat+1.2 g biyokdomiir %14.57, 0.8 g ¢inko fosfat+2.4 g biyokomiir
%20.21 ve 0.8 g cinko fosfat+3.6 g biyokdmiir uygulamastyla %25.75 artmistir. Uygulamalar arasinda en fazla
artis 0.8 g cinko fosfat+3.6 g biyokomiir uygulamasindan elde edilirken, en az artig ise 0.8 g ¢inko fosfat
uygulamasindan elde edilmistir. Calismada, biyogar uygulamasinin bitkisel parametrelere olumlu katki yaptigi
goriilmistiir.

Anahtar Kelimeler: Biyogar, kanola, bitkisel parametreler, ¢inko

Effects of Different Doses of Biochar and Zinc Phosphate Applications on the
Development of Canola Plants

Abstract

In agriculture, many organic compounds are used as organic fertilizers to maintain plant production. Biochar
organic soil amendments are commonly recommended for improving problematic soils due to their environmental
friendliness, efficiency, and economic viability. In this experiment, canola (rapeseed) was used as the plant
material. Zinc phosphate and cotton stalk biochar at different doses were used as nutrient sources. The study was
conducted using a randomized block design with 3 replications, and plastic pots were used. All treatments were
applied along with the planting process. In the control group, no treatment was applied, while in the second
treatment, only 0.8 g of zinc phosphate was added to the soil, and the soil was mixed thoroughly. In other
treatments, cotton stalk biochar was applied along with 0.8 g of zinc phosphate in the following doses: 1.2 g/pot,
2.4 g pot?, and 3.6 g pot . The results showed that the application of zinc phosphate and zinc phosphate + biochar
increased the canola plant yield in relation to increasing doses. Specifically, with 0.8 g zinc phosphate, the increase
was 6.40%, with 0.8 g zinc phosphate + 1.2 g biochar it was 14.57%, with 0.8 g zinc phosphate + 2.4 g biochar it
was 20.21%, and with 0.8 g zinc phosphate + 3.6 g biochar, the increase reached 25.75%. The highest increase
was observed with the application of 0.8 g zinc phosphate + 3.6 g biochar, while the lowest increase was observed
with 0.8 g zinc phosphate. The study demonstrated that the application of biochar positively contributed to the
plant parameters.

Keywords: Biochar, canola, plants parameters, zinc
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1. Giris
Diinya niifusundaki hizlh artis ve
ekilebilir arazilerin azalmasi, tarimsal

iiretim ve kiiresel gida giivenligi agisindan
Oonemli bir sorun teskil etmektedir (Dai ve
ark., 2020). Kiiresel niifus artmaya devam
ettikge, gida talebi de artmakta ve
milyarlarca insanin ihtiyaglarini karsilamak
icin tarim sistemleri lizerinde biiyiik bir
baski olusturmaktadir. Ayni zamanda
kentlesme, iklim degisikligi ve toprak
bozulmasi gibi faktorler de tarima elverisli
arazi miktarin1 azaltiyor. Artan talep ve
daralan arzdan olusan bu ikili tehdit, gida
tiretimini baltalayarak herkesin yeterli ve
besleyici gidaya erisimini saglamay1
giderek zorlastirtyor. Bu sorunun ele
alinmasi, siirdiiriilebilir tarim uygulamalari,
ileri teknolojiler ve verimli arazi kullanimi
ile ¢evrenin korunmasm tesvik eden
politikalar ~ gibi  yenilik¢i  ¢dzlimler
gerektirmektedir. Tarimda bitkisel iiretimi
korumak i¢in birgok organik bilesik,
organik gilibre olarak kullanilmaktadir. Bu
organik  bilesiklerden bazilar1  ¢iftlik
giibresi, yesil giibre, hiimik maddeler,
kompost ve biyokémiirdiir (De Corato,
2021; Karmegam ve ark., 2021; Khayat,
2021; Mghaiouini ve ark., 2021,
Radziemska ve ark., 2021). Organik
giibreler  yalmizca topragin  fiziksel,
kimyasal ~ve  biyolojik  6zelliklerini
tyilestirmekle kalmaz, ayn1 zamanda
bitkiye gerekli besin maddelerini de saglar
(Lazcano ve ark., 2021). Ayrica toprak
ekolojisi ve bitki verimliliginin
tyilestirilmesinde kritik bir rol oynayan
mikrobiyal popiilasyon icin yeterli miktarda
katki sagladig1 ¢aligmalarda vurgulanmistir
(Dahunsi ve ark., 2021; Viketoft ve ark.,
2021). Biochar organik toprak
tyilestiricileri, sorunlu topraklarin
tyilestirilmesindeki etkinlikleriyle yaygin
olarak taninmakta ve ¢evre dostu, verimli
ve ekonomik olarak uygulanabilir bir
¢Oziim sunmaktadir (Karim ve ark., 2022).
Organik  maddelerin  pirolizi  yoluyla
iretilen bir biyocar, toprak yapisini
tyilestirir, su tutma 6zelligini artirir ve besin
kullanilabilirligini gelistirir. Bu faydalar
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onu ozellikle verimsiz, asitli veya kirlenmis
topraklar i¢in degerli kilmaktadir. Toprak
sagligin1 iyilestirerek, daha iyi bitki
biliylimesini ve esnekligini tesvik ederken,
aynt zamanda karbonu tutarak iklim
degisikliginin azaltilmasina katkida
bulunur. Ayrica biyokdmiir, tarimsal
atiklar1  yeniden degerlendirdigi  i¢in
stirdiiriilebilir bir segenektir ve maliyetleri
digtiriirken  toprak  kalitesini  artirmak
isteyen c¢ifteiler i¢in hem ekolojik hem de
ekonomik bir avantaj saglar. Biyogar,
tuzdan etkilenen toprak iyilestirme maddesi
olarak biiyiik ilgi gérmektedir. Ote yandan
biyogar, yapinin ayrilmaz bir parcast olan
bitkilere  besin  maddesi de saglar.
Biyokodmiiriin eklenmesi topraktaki organik
karbonu (°C) ve N, P, K, Ca, Mg ve S gibi
mineral besin maddelerini artirdigini
vurgulamistir  (Hossain ve ark., 2020).
Cinko, bir¢ok enzimin 6nemli bir bileseni
olan ve bitki gelisimi ile veriminde
diizenleyici rol oynayan temel bir
mikrobesindir. Cinko, bitkiler tarafindan iki
degerlikli formda (Zn**) alinip ksilem
yoluyla tagmir. Floemde ise, ¢inko, diisiik
molekiiler agirlikli  organik  asitlerle
kompleksler olusturur ve konsantrasyonu
artar. Ancak diger mikrobesinler gibi, ¢cinko
da erozyona ugramis, kirecli ve asidik
toprak c¢ozeltilerinde bitkiler i¢in hareketsiz
hale gelir ve kullanilamaz olur. Cinko fosfat
uygulamalari, daha iyi gelisimi ve genel
saglig1 tesvik eden temel mikro besinleri
saglayarak kanola bitkisinin biiylimesini
onemli Olciide etkileyebilir. Cinko bitkiler
icin hayati bir elementtir ve enzim
aktivasyonu, protein sentezi ve hormon
regiilasyonunda 6nemli bir rol oynar. Cinko
fosfat olarak uygulandiginda, topraktaki
cinko kullanilabilirligini artirmaya
yardimcr olur ve Ozellikle diisiik ¢inko
seviyelerine sahip topraklarda kanola
biliyiimesini  engelleyebilecek potansiyel
eksiklikleri giderir (Dhaliwal ve ark., 2022).
Dogru ¢inko beslemesi kok gelisimini
gelistirir, klorofil iiretimini artirir, su ve
besin maddelerinin verimli kullanimini
destekler. Sonu¢ olarak, ¢inko fosfat ile
muamele edilen kanola bitkileri genellikle
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artan biyokiitle, gelismis tohum verimi ve stirdiiriilebilir tarim uygulamalarina iliskin
stres faktorlerine karst daha iyi direng bilgiler saglayacaktir.

gosterir (Shao ve ark., 2023). Bununla
birlikte, ¢inko fosfat uygulamalarinin
etkinligi toprak pH'l, nem ve kanola
cesidinin  Ozel ihtiyaglar1 gibi faktorlere
bgghdl‘r, .‘.bu 'da' optlm}lm somuglar igin kontrollii sera kosullarinda yiirtitiilmustiir.
dikkatli yonetimi gerekli kilar (Shaaban ve : 10.02.2024 tarihinde kurul
ark., 2023). Bu ¢alismanin amaci, farkli Galisma 10.02. arinde Curimys

C . SN olup 16.04.2024 tarihinde hasat ile
miktarlarda biyocar ve c¢inko fosfat’in landirlmustir. D de bitki matervali
birlikte uygulamasinin kanola bitkisinin SO ANCITIISH. Jenemece bitkl materya'
biivi e T  tizerindeki etkilerini olarak kanola bitkisi kullanilmistir. Besin
ouyume ve gellymest uzerindeil ekl eri, kaynagi olarak c¢inko fosfat ve farkh
ozellikle kok uzunlugu, bitki boyu, bitki yas .

< OTI dozlarda pamuk sap1 biyocart
ve kuru agirliklar1 ve SPAD degeri ilizerine .

Jakl K deserlendirmekt; B kullanilmistir. Toprak materyali arastirma
odaxlanarak = - degeriendirme tl{' e ve uygulama alanindan 0-30 cm derinlikten
parametreleri inceleyerek, biyokomiir ve ’: .

. L e toplanmis, 2 mm’lik elek ile -elekten
cinko fosfatin sinerjik kullantminin bitki gecirilmis ve ardindan saksilara
biiylimesini artirip artiramayacagini ve daha yerlestirilmistir.  Calismada  kullamilan

iyl genel bltkl, saghgma katk1da bulunup topragin fiziksel ve kimyasal ozellikleri
bulunamayacagini belirlemeyi amaclayan Tablo 1°de verilmistir

calisma, kanola  yetistiriciligi  i¢in

2. Materyal ve Yontem
2.1. Materyal

Arastirma, Harran Universitesi Ziraat
Fakiiltesi Tarla Bitkileri Boliimii'niin yar1

Tablo 1. Deneme topragina ait bazi fiziksel ve kimyasal 6zellikler

Toprak pH EC (mScm™  Kireg (%) N P (kg da K Organik Su ile doymusluk
Biinyesi | (1:2.5) 1 (%) 1 (kgdal)  madde (%) (%)

Killi 8.07 0.30 28.6 0.06 1.66 143.1 1.00 70
Harran  Universitesi ~ Ziraat  Fakiiltesi olarak kullanilan Pamuk sap1 kullanilmistir.
aragtirma ve uygulama alaninin topragi; Ciftci arazilerinden elde edilen bu tarimsal
killi biinyeli, pH hafif alkali ve ¢ok fazla atiklarin 400 °C’de 30 dakika boyunca az
kirecli bir yapisi vardir. Azot ve fosfor oksijenli ortamda yakilmasi (Sakin ve
bakiminda fakir, Potasyum bakimindan Yanardag, 2019) ile biyocara
yeterli ve organik maddece yetersizdir. doniistiirilmesinden  elde  edilmistir.

Arastirmada  kullanilan biyocarin  bazi

2.1.1. Biyokémiir materyali dzellikleri Tablo 2’de verilmistir.

Biyokomiir materyali olarak Harran
Ovasi’nda tarimi yapilan ve endiistriyel atik

Tablo 2. Arastirmada kullanilan biyokdmiiriin 6zellikleri
Biyokomiir KDK (cmol/kg) Ca (mg/kg) N (%) Toplam C (%) Su tutma kapasitesi

(%)

Pamuk sap1 134.2 1058 0.539 40.7 364.6
2.1.2. Denemenin kurulmasi saksitya 5 tohum ekildikten sonra toprak
Deneme i¢in 0-30 cm toprak kalinliginda tarla kapasitesine getirilmistir. Tohumlar
alinan toprak ornekleri 2 mm’lik elekten cikis yaptiktan sonra her saksida bir fide
gecirilmistir. Hazir hale getirilen topraga kalacak sekilde seyreltmeler yapilmistir.
uygulamalar yapilip iyice karistirildiktan Denemede yiiksekligi 18 cm, taban ¢ap1 7.5
sonra 5 kg’lik saksila doldurulmustur. Her cm ve Ust capt 12 cm olan saksilar
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kullanilmistir. Deneme, tesadiif parselleri
deneme desenine gore 3 tekerriirlii olarak
ylritiilmistir. Deneme asagidaki sekilde
dizayn edilmistir.

I-Kontrol (uygulamasiz)

11-0.8 g cinko fosfat

111-0.8 g ¢inko fosfat+1.2 g biyogar

IV-0.8 g ¢inko fosfat+2.4 g biyocar

V-0.8 g cinko fosfat+3.6 g biyocar

2.2. Yontem
2.2.1. incelenen bitkisel parametreleri
2.2.1.1. Biiyiime parametreleri

Bitki kok ve bitki boyu uzunluklart cm
olarak, yas ve kuru agirliklar1 g olarak ifade
edilmistir. Olciim ve tartim islemleri
tekerriirlii olarak yapilmistir. Yas agirliklar
tartildiktan sonra Ornekler 70 °C’de sabit
agirliga gelinceye kadar etiivde 72 saat
bekletilerek kuru agirliklart bulunmustur
(Acar ve ark., 2011).

2.2.1.2. Bitkinin SPAD degerleri

Her tekerriirde (en gen¢ yapragin
altindaki yaprak) Minolta SPAD 502 aleti
yardimi ile Ol¢iilmiistir (Johnson ve
Sounders, 2002).

3. Arastirma Bulgular1 ve Tartisma
3.1. Arastirma Bulgulan
3.1.1. Bitki boyu

Yapilan varyans analizi sonucunda; bitki
boyu (cm) yoninden Zn3(PO4), ve
Zn3(PO4)+BC  uygulamalar1  arasinda
onemli diizeyde (p<0.01) farkliliklar ortaya
cikmistir (Sekil 1). Calismada bitki boyu
incelendiginde; kontrol grubuna (26.57 cm)
gore diger uygulamalarda bitki boyunda
onemli derecede artiglar gozlemlenmistir.
Denemede uygulamalar arasinda en diisiik
bitki boyu Zn3(PO4), uygulamalarinda
goriiliirken, en yiiksek bitki boyu ise
Zn3(PO4),+3.6 g BC (3340 cm)
uygulamasinda Ol¢lilmiistiir. Kanola bitki
boyu Zn3(PO4). ve Zn3(PO4),+BC
uygulamalarinin artan dozlara bagl olarak
sirasiyla 0.8 g Zn3(PO4),  %6.40,
Zn3(PO4),+1.2 g BC %1457, 08 g
Zn3(PO4)>+2.4 g BC %20.21 ve 0.8 ¢
Zn3(PO4),+3.6 g BC uygulamasiyla
%25.75 oraninda artmistir. Uygulamalar
arasinda en fazla artis 0.8 g Zn3(PO4),+3.6
g BC uygulamasindan elde edilirken, en az
artis ise 0.8 g Zn3(PO4). uygulamasindan
elde edilmistir.

Bitki boyu (cm)  LSD (0.01): 1.01

40

45

Kok uzunlugu (cm) LSD (0.01): 0.85

ab a

35
= ™

30
25
20
15

11

10
Kontrol CF

be
+

( F+12Bio CF+24Bio CF+3.6Bio

25
20
15
10

5

0

40 -
35 -
30 -

a
1

il

Kontrol CF (.F+ 12 Bio CF+24 Ko CF+ 3.6 Bio

Sekil 1. Zn3(PO4), ve Zn3(PO4),+BC uygulamalarinm bitki boyu ve bitki kok uzunluguna etkisi

3.1.2. Kok uzunlugu

Yapilan varyans analizi sonucunda; bitki
kok uzunlugu (cm) yoniinden Znz(PO4), ve
Zn3(PO4),+BC  uygulamalar1  arasinda
onemli diizeyde (p<0.01) farkliliklar
saptanmustir (Sekil 1). Calismada bitki kok
uzunlugu (cm) kontrol grubu (24.9 cm) ile
karsilastirildiginda uygulanan Zn3(PO4),
ile birlikte artan dozlarda BC uygulamalari

bitkinin kdk uzunlugunu artirmistir. Bu artis
en az Zn3(PO4), uygulamasinda (30.5 cm),
en fazla Zn3(PO4), + 36 g BC
uygulamalarinda (37.03 cm) Ol¢iilmiistiir.
Kanola  bitkisinin  yetistigi  ortama
uygulanan Znz(PO4). ve Zn3(PO4)+BC’1n
artan dozlara bagli olarak bitkinin kok
gelisimine etkisi sirasiyla sadece 0.8 g
Zn3(PO4), %22.48, Zn3(PO4),+1.2 g BC
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%27.31, Zn3(PO4)2+2.4 g BC %32.37 ve
Zn3(PO4),+3.6 g BC uygulamasiyla
%48.71 oraninda arttirmistir. Uygulamalar
arasinda en fazla artis Zn3(PO4),+3.6 g BC
uygulamasindan elde edilmistir.

3.1.3. SPAD degeri

Yapilan varyans analizi sonucunda;
bitkinin SPAD degeri yoniinden Zn3(PO4),
ile Zn3(PO4),+BC uygulamalar1 arasinda
onemli diizeyde (p<0.01) farkliliklar oldugu
belirlenmistir  (Sekil  2). Denemede
kullanilan Zn3(PO4), ve Zn3(PO4),+BC
uygulamalarinin bitkinin SPAD degerlerini

28.10-33.20 arasinda artirmistir. Bu artis
kontrol grubuna (26.53) grubuna en diislik
SPAD degeri Zn3(PO4), uygulamalarinda
goriiliirken (28.10), en yiiksek SPAD degeri
ise Zn3(PO4), +3.6 g BC (33.20)
uygulamasinda elde edilmistir. Kanola
bitkisine Zn3(PO4). ve Zn3(PO4), +BC
uygulamalarinin artan dozlara bagli olarak
bitkinin SPAD degerlerini sirasiyla 0.8 g
Zn3(PO4), %05.92, Zn3(PO4), +1.2 ¢
Zn3(PO4)2 %11.57, Zn3(PO4), +2.4 g BC

%13.19 ve Zn3(PO4), +36 g BC
uygulamasiyla %25.14 oranlarinda
arttirmistir.

SPAD
40

LSD (0.01): 0.42

35 |
0] 4
25 1
15 -
10

5

0

b

a

—-—

b

C
20
Kontrol CF

CF+12Bio CF+24Bio CF+3.6Bio

Sekil 2. Cinko fosfat ve Cinko fosfat+Biyokomiir uygulamalarinin SPAD degeri iizerine etkisi

3.1.4. Bitki yas agirhg:

Yapilan varyans analizi sonucunda; bitki
yas agirligi (g) yoninden Znz(PO4), ve
Zn3(PO4); +BC uygulamalar1 arasinda
onemli diizeyde (p<0.01) farkliliklar oldugu
izlenmistir (Sekil 2). Calismada bitki yas
agirhigt  (g) incelendiginde; denemede
kullanilan Zn3(PO4), ve Zn3(PO4), +BC
uygulamalarinin 34.43-38.33 g arasinda
degismistir. Buna gore yapilan uygulamalar
bakimindan, en diisiik bitki yas agirligl1 8 g

Zn3(PO4), uygulamalarinda (34.43 g)
goriillirken, en yiiksek bitki yas agirlig ise
Zn3(PO4), +3.6 g BC (38.33 ¢
uygulamasinda elde edilmistir. Kanola
bitkisine Zn3(PO4), ve Zn3(PO4), ile
birlikte artan dozlarda BC uygulamalari
durumunda bitkinin yas agirligim sirasiyla
0.8 g Zn3(PO4), %31.76, Zn3(PO4), +1.2 g
BC %36.62, Zn3(PO4), +2.4 g BC %39.53
ve Znz(PO4); +3.6 g BC uygulamasiyla
%46.69 oraninda arttirmistir.

Bitki kuru agirhgi (g) LSD (0.01): 0.37

Bitki yas agirhg: (g) LSD (0.01): 0.97

45
40 ab 4
35 1 L —ll)— E& ™
30 - c
25
20
15 A
10 -
5 4
0 - T T T

Kontrol CF CF+1.2Bio CF+24Bio CF+3.6Bio

20 4

15 A

10 -

5 4

0 4

Kontrol CF CF+12Bio CF+24Bio CF+3.6Bio

Sekil 3. Cinko fosfat ve Cinko fosfat+Biyokdmiir uygulamalarinin bitki yas agirligi ve bitki kuru agirligina etkisi

1163



Beyyavas ve ark.

3.1.5. Bitki kuru agirhg:

Yapilan varyans analizi sonucunda; bitki
kuru agirligi (g) yoniinden Zn3(PO4). ve
Zn3(PO4), +BC uygulamalar1 arasinda
onemli diizeyde (p<0.01) farkliliklar oldugu
izlenmistir (Sekil 3). Bitki kuru agirligi (g)
incelendiginde;  denemede  kullanilan
Zn3(PO4), ve Zn3(PO4), +BC uygulamalari
bakimindan, bitkinin kuru agirligi 15.66-
16.13 g arasinda degismistir. En diisiik bitki
kuru agirligr kontrol (14.23 g) grubu ile
karsilastirildiginda Zn3(PO4), (15.63 Q)
uygulamalarinda goriiliirken, en yiiksek
bitki kuru agirhigi ise Zn3(PO4), +3.6 g BC
(16.13 g) uygulamasinda elde edilmistir.
Zn3(PO4); ve Zn3(PO4); ile artan dozlarda
BC uygulamalar1 Kanola bitkisinin kuru
madde  miktarint  6nemli  oranlarda
artirmistir. Bu artis 0.8 g Zn3(PO4), %9.84,
Zn3(PO4), +1.2 g BC %10.05, Zn3(PO4)>
+2.4 g BC %10.75 ve Zn3(PO4), +3.6 g BC

uygulamasiyla %13.35 oranlarinda
arttirmistir.
3.2. Tarisma

Zn3(PO4)2  ve biyokomiiriin  farkh
dozlarda topraga uygulanmasi, kanola

(Brassica napus L.) bitkisinin ¢esitli
biiylime parametrelerinde onemli
gelismeler gostermistir. Bunlar arasinda
artan biyokiitle oranlarindan uygulama bitki
boyu, kok uzunlugu, bitki yas ve kuru
agirhigr ve SPAD degerlerini 6nemli derece
artirmistir. Bu ¢alisma, oOzellikle kanola
yetistiriciligi baglaminda, toprak
verimliligini artirmada ve bitki biiylimesini
tesvik etmede mikro besinlerin ve organik
bilesiklerin rolii hakkinda artan bilgi
birikimine katkida bulunmaktadir. Cinko
(Zn) bitkiler i¢in temel bir mikro besin
maddesidir ve enzim aktivasyonu, protein
sentezi ve  bilyime  hormonlarinin
diizenlenmesi de dahil olmak iizere cesitli
metabolik slireclerde 6nemli bir rol oynar.
Cinko eksikligi, 6zellikle alkali pH, yiiksek
fosfor seviyeleri veya diisiik organik madde
icerigi olan bir¢cok toprakta yaygindir
(Alloway, 2008). Bir ¢inko fosfat bilesigi
olan Zn3(POa)2, ozellikle Zn'nin
biyoyararliliginin diisiik oldugu topraklarda
bitkiler i¢in etkili bir ¢inko kaynagi olarak
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kabul edilmistir (Mousavi, 2011; Saibou,
2022). Zn3(POa4)2 uygulamasi muhtemelen
kanola bitkileri i¢in mevcut ¢inko igerigini
artirmis ve bu da biiylime parametrelerinde

gbzlemlenen iyilesmelere katkida
bulunmus olabilir. Cinko  eksikligi,
fotosentez ve karbonhidrat

metabolizmasinda yer alan kilit enzimlerin
aktivitesini sinirlayarak bodur biiylimeye
yol acgabilir (Cakmak, 2008). Zns(POa):,
daha kolay erisilebilir bir ¢inko kaynagi
saglayarak, muhtemelen olas1 eksiklikleri
hafifletmeye ve gelismis bitki gelisimini
desteklemeye yardimci olmustur. Bu
calismada, bitki boyu, kok uzunlugu ve
biyokiitledeki (hem yas hem de kuru
agirlik) doza bagli artig, artan ¢inko
mevcudiyetinin genel bitki biiylimesini
destekledigini  gostermektedir.  Onceki
calismalar da benzer sekilde, ¢inko
takviyesinin 6zellikle kanola gibi iiriinlerde
bitki boyutunun ve biyokiitle birikiminin
artmasimna neden oldugunu bildirmistir
(Afsahi ve ark., 2020). Zns(PO4):'nin kok
uzunlugu iizerindeki olumlu etkisi 6zellikle
Oonemlidir, ¢linkii daha uzun kokler bitkinin
topraktan su ve besin maddelerine erigsme
yetenegini artirarak genel biiyiimenin daha
iyl olmasma katkida bulunur (Kumar ve
ark., 2018). Organik maddelerin pirolizi
yoluyla iiretilen kararli bir karbon formu
olan biyokdmiir, toprak verimliligini ve
bitki biiyltimesini 1yilestirme potansiyeli
nedeniyle son yillarda toprak 1slahi olarak
dikkat c¢ekmektedir (Lehmann ve ark.,
2011). Topraga biyokdmiir eklenmesinin

besin tutma, su tutma kapasitesi ve
mikrobiyal aktiviteyi tyilestirdigi
gosterilmistir (Ding ve ark., 2016).
Biyokomiiriin yliksek ylizey alam1 ve
gbzenekli yapist, besin  maddesi

adsorpsiyonu i¢in alanlar saglar, bu da besin
maddesi sizintisin1 azaltabilir ve bitkiler
icin besin maddesi kullanilabilirligini
artirabilir. Bu durum, biyokomiir ile
muamele edilen kanola bitkilerinde bitki
biyokiitlesi ve kok gelisiminde gdzlenen

artislar1  agiklayabilir. Bu c¢alismada,
biyokdmiiriin =~ Zns(PO4). ile  birlikte
uygulanmast  bliylime parametrelerinin
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iyilesmesine yol agmistir. Bu sinerjik etki,
biyokdmiir ve Zns3(POas)'nin tamamlayici
rollerine baglanabilir. Biyokdmiir topragin
fiziksel ozelliklerini gelistirerek yapisini ve
nem tutma Ozelligini artirirken, Zns(POa)2
muhtemelen bitki metabolik fonksiyonlari
icin gerekli bir mikro besin maddesi
saglamistir. Klorofil igerigini  ve
fotosentetik kapasiteyi yansitan SPAD
degerlerindeki artig, biyokomiiriin daha iyi
bitki biiyiimesine yol agacak sekilde besin
kullanilabilirligini ve fotosentezi artirdigi
fikrini daha da desteklemektedir (McHenry
ve ark., 2009; David, 2015). Hem Zns(POs)2
hem de biyokomiir ile bitki bliylimesindeki
doza bagli artis, uygulama oranlarinin
kanola gelisimini tesvik etmek igin
optimize edildigini gostermektedir.
Bununla birlikte, Zns(PO4). ve biyokomiir
de dahil olmak tiizere herhangi bir girdinin
asir1 uygulanmasinin azalan getirilere ve
hatta bitki biiylimesi {izerinde olumsuz
etkilere yol acabilecegine dikkat etmek
onemlidir. Ornegin, ¢ok yiiksek ¢inko
seviyeleri toksisiteye yol acarak bitki
biiylimesini engelleyebilir ve besin alimini
azaltabilir (Marschner, 2012). Benzer
sekilde, asir1 yiiksek oranlar toprak
dengesizliklerine, besin kilitlenmesine veya
bitki  biliylimesinin  azalmasina  yol
acabileceginden biyokomiir dozlar1 dikkatle
yonetilmelidir (Thomas ve Gale, 2015).
Mevcut ¢alismada, daha yiiksek dozlarda
artan biyokiitle oranlar1, her iki degisikligin
test edilen dozlarinin bitki biiylimesini
tesvik etmek icin en uygun aralikta
oldugunu gostermektedir.  Gelecekteki
arastirmalar, en etkili uygulama oranlarim
belirlemeye ve toprak sagligi ve mahsul
verimliligi lizerindeki uzun vadeli etkileri
arastirmaya odaklanabilir. Biiytime
parametrelerinde  gézlenen iyilesmeler
cesitli mekanizmalara baglanabilir.
Zn3(PO4)2  kaynakli ¢inko mevcudiyeti
muhtemelen protein sentezinde yer alan
enzim faaliyetlerini ve her ikisi de hiicre
boliinmesi ve uzamasi icin kritik olan
oksinler ve gibberellinler gibi bitki
hormonlarinin diizenlenmesini arttirmistir
(Cakmak, 2008). Biyokomiiriin sinerjik
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etkisi, toprak yapisint ve mikrobiyal
cesitliligi iyilestirerek besin alimini1 daha da
kolaylastirmis olabilir, ¢linkii biyokomiiriin
besin dongiisiinii artiran faydali toprak
mikroplarmi tesvik ettigi gOsterilmistir
(Rondon ve ark., 2007). Her iki degisiklikle
gozlenen  kok  uzunlugundaki  artis,
muhtemelen bitkinin besinler i¢in daha
genis bir toprak hacmini kesfetme
yetenegini  gelistirmis, bdylece artan
biyokiitleye ve gelismis fotosentetik
verimlilige katkida bulunmustur.

4. Sonug¢

Sonug olarak, uygun dozlarda Zns(POa4):
ve DbiyokOmiir uygulamasinin kanola
bitkisinin biiylimesi i¢in faydali oldugu ve
bitki boyu, kok uzunlugu, biyokiitle ve
klorofil igerigi gibi temel fizyolojik
parametreleri  gelistirdigi  kanitlanmistir.
Gozlenen sinerjik etkiler, bitkisel iiretimi
optimize etmek i¢in mikro besin giibrelerini
organik degisikliklerle birlestirme
potansiyelini  vurgulamaktadir. Bu tiir
uygulamalarin toprak sagligi ve mahsul
verimi iizerindeki uzun vadeli etkileri
lizerine yapilacak daha fazla arastirma,
sirdiiriilebilir tarim uygulamalart  i¢in
degerli bilgiler saglayacaktir.

Yazarlarin Katki Beyam

Yazarlar  makaleye esit katkida
bulunduklarini, makalenin yayina hazir son
halini gordiiklerini/okuduklarini ve
onayladiklarini beyan ederler.

Cikar Catismasi1 Beyani

Tiim yazarlar, bu calisma i¢in herhangi
bir c¢ikar c¢atismasi olmadigin1  beyan
etmektedir.
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Abstract

Soil pH and electrical conductivity (EC) are critical soil properties influencing agricultural productivity and
environmental sustainability. This study evaluates the performance of stacked machine learning models in
predicting and mapping soil pH and EC values. Base models such as Ordinary Kriging (OK), Universal Kriging
(UK), and Disjunctive Kriging (DK) were employed, and their outputs were integrated into a Multilayer Perceptron
(MLP) neural network meta-model. The results reveal the superior performance of the MLP meta-model across all
metrics. For instance, in predicting pH, the MLP model achieved an RMSE of 0.028, an MAE of 0.020, and an R?
of 0.858 on the training dataset. For EC predictions, the MLP model outperformed others on the test dataset, with
an RMSE of 0.039, an MAE of 0.028, and an R? of 0.900. In contrast, the UK and DK methods exhibited lower
accuracy, particularly on test datasets. This study shows the advantage of modern machine learning algorithms in
modeling nonlinear spatial relationships and their significant potential in digital soil mapping. The findings
demonstrate the applicability of these approaches in enhancing agricultural productivity and supporting sustainable
soil management practices.

Keywords: Soil pH, electrical conductivity, machine learning, kriging, digital soil mapping
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1. Introduction

Soil pH is a key factor that indicates
whether soil is acidic or alkaline and plays
a crucial role in shaping various soil
properties and processes. Plants have
specific pH preferences, and maintaining
the appropriate pH range is essential for
ensuring nutrient availability to support
healthy plant growth (Neina et al., 2019).
Soil acidity poses a global challenge,
arising from both natural processes and
human activities. Naturally, it can result
from the leaching of base cations such as
calcium, magnesium, and potassium in
areas with high rainfall, leaving behind
hydrogen and aluminum ions. Other natural
contributors include the weathering of
minerals, aluminum hydrolysis, plant
uptake of cations over anions, and the
oxidation of organic matter and sulfur
minerals. Human activities also contribute
significantly to  soil  acidification,
particularly through the burning of fossil
fuels that release sulfur and nitrogen gases,
leading to acid rain. Furthermore, the
excessive use of ammonium-based
fertilizers intensifies the problem (Hue,
2022).

Soil salinity is a significant global
concern, affecting more than 900 million
hectares of land (Hopmans et al., 2021).
This issue is especially harmful in semi-arid
and arid regions, where it degrades soil and
water quality, hampers seed germination,
reduces agricultural productivity, and
accelerates land degradation (Singh, 2022).
In these areas, conditions such as high rates
of evapotranspiration, limited precipitation,
and specific soil characteristics promote the
accumulation of salts in the soil. The
concentration of salts, particularly in the
upper soil layers, modifies soil properties
and impairs its overall functionality
(Butcher et al., 2016).

Soil pH is an important property that
directly affects plant growth and
development, making its assessment and

management critical for agricultural
productivity and environmental
sustainability (Lu et al., 2023). By
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monitoring soil pH, farmers can make
strategic decisions regarding fertilization
and soil management, leading to healthier
crops and higher yields (Singh, 2022).
Extremely acidic or alkaline soils can
hinder nutrient availability, reducing plant
productivity, while soil pH also influences
microbial activity, a key factor in
maintaining soil health (Suarez, 2006).

Under natural conditions, soil pH
changes occur gradually, with spatial
variability driven by factors such as
topography, climate, parent material,
vegetation, and human activities (Cannone
et al., 2021; Zhao et al., 2024). In contrast,
agricultural practices can result in rapid and
substantial shifts in soil pH. Understanding
these temporal and spatial variations is
essential for sustainable agricultural
practices. Tools such as Geographic
Information Systems and digital soil
mapping provide effective means for
analyzing and mapping the spatial
variability of soil pH (Filippi et al., 2018).

Estimating and mapping soil pH and EC
over large areas is essential for efficient
resource management and enhancing crop
productivity. However, performing these
tasks using traditional methods is both time-
consuming and costly. Geostatistical
methods, particularly kriging interpolation
techniques, have long been employed for
spatial modeling of soil properties as they
enable the prediction of soil parameters
across extensive landscapes (Filippi et al.,
2018; Lu et al., 2023; Zhao et al., 2024).

In recent years, modern interpolation
techniques such as High Accuracy Surface
Modeling (HASM) have demonstrated
significant advantages in spatial predictions
of variables like soil pH. Shi et al. (2009)
reported that HASM achieved higher
accuracy, with lower MAE (0.16) and
RMSE (0.22) wvalues, compared to
traditional methods such as kriging, IDW,
and splines. Nonetheless, these methods
may encounter limitations in capturing
complex spatial patterns and minimizing
prediction errors.
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Recently, machine learning algorithms
have emerged as powerful tools for
improving  prediction  accuracy  in
environmental studies (Giinal et al., 2021:
Abakay and Giinal, 2023; Durmaz et al.,
2024). For example, the Random Forest
algorithm has been reported to deliver
superior performance in predicting soil pH
and EC (Lu et al., 2023; Zhao et al., 2024).
The careful selection of machine learning
algorithms significantly impacts model
performance. In a study by Khaledian and
Miller (2020), various algorithms were
compared in terms of hyperparameter
requirements, dataset size, and model
interpretability. The Cubist and Random

Forest  algorithms  showed  strong
performance, particularly with smaller
datasets.

Ensemble methods, especially stacked
machine learning models, provide a
significant advantage by combining
multiple base models to harness their
individual strengths. The integration of
geostatistical techniques with artificial
neural network-based meta-models
improves the reliability of spatial
predictions by effectively addressing both
systematic and random errors.

This study investigates the effectiveness
of stacked machine learning models in
predicting and mapping soil pH and EC.
Khaledian and Miller (2020) evaluated
machine learning algorithms based on five
critical criteria: hyperparameter count,
sample size, variable selection, training
time, and model interpretability. Their
findings highlighted the superior accuracy
of Cubist and Random Forest algorithms,
even when applied to small datasets. These
results served as a foundation for designing
the stacked models used in this research.
The proposed methodology utilizes
Ordinary Kriging (OK), Universal Kriging
(UK), and Disjunctive Kriging (DK) as base
models, which are then integrated with a

Multilayer  Perceptron (MLP) neural
network serving as the meta-model. This
approach  introduces an innovative

framework for spatial modeling of soil
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properties, aiming to advance precision
agriculture practices.

2. Materials and Methods
2.1. Study area

The study area spans a vast region within
Sanlurfa province, which is known for its
prominent pistachio cultivation. Located in
southeastern Turkey, Sanlurfa has a rich
geological background, with much of the
area composed of limestone, basalt, and
alluvial rocks from the Cenozoic era.
Limestone formations are especially
significant in the province's geology, found
primarily in the Fatik Plateau to the north
and west and the Tektek Mountains to the
east. The Fatik Plateau contains extensive
Eocene limestone deposits, often white or
yellow in color and highly calcified, while
the Tektek Mountains feature younger
limestone deposits from the Oligocene-
Miocene epochs, generally yellow or
brown, with less Kkarstification (Ozcan,
1974).

On the geological map of Sanlurfa,
green areas indicate Cretaceous-Paleocene
clastic and carbonate rocks, orange areas
represent Eocene limestones, and yellow
areas correspond to Miocene limestones.
These limestones are part of the Midyat
Group, which includes formations from the
Eocene, Oligocene, and Early Miocene
periods. Under the region's arid climate,
these limestone formations  support
xerophytic vegetation, such as maquis and
steppe communities.

Sanlurfa, located in southeastern
Turkey, is where the Mediterranean and
continental climates meet, resulting in a
semi-arid Mediterranean climate.
Precipitation is concentrated in the winter
months, when temperatures are more
moderate. The long-term average annual
rainfall is 459.3 mm, which is below the
Mediterranean regional average. Most
rainfall occurs between November and
March, while there is a significant reduction
in rainfall during July and August. Summers
are hot and dry, with an average annual
temperature of 18.5°C. The coldest month
is January, with an average temperature of
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5.6 °C, while July is the hottest month, with
an average temperature of 32 °C. Winters
are generally mild, with January being the
coldest month, though temperatures rarely
drop below freezing. Snowfall is typically
observed in December, January, and
February, but the snow cover is usually
brief. The climate of Sanlurfa significantly
influences its natural vegetation and
agricultural practices. Due to the hot, dry
summers, the region's vegetation mainly
consists of drought-resistant maquis and
steppe plants. Agriculture is predominantly
focused on irrigated farming during the
winter months (MGM, 2024).
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2.2.Soil sampling and laboratory
analysis
Soil samples were collected from

disturbed soils at a depth of 0-20 cm from
104 points, representing three primary land
uses: dry farming fields, pasture areas, and
pistachio orchards. These points were
selected from homogeneous units with
areas >1 km? (Figure 1). Among the
samples, 13 were from fields that had been
used for barley, wheat, or other crops like
lentils and alfalfa but were not planted at the
time of sampling. Additionally, 65 samples
were taken from pistachio orchards of
various ages, 14 from pasture areas, 8 from
cotton fields, and 4 from olive orchards. The
coordinates of each sampling point were
recorded in the field using a handheld GPS
device.
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Figure 1. The locations of the soil samples within the study area and their distribution in the test and training
datasets of the models

After air-drying, the soil samples were
sieved through a 2 mm mesh and prepared
for further analysis. Electrical conductivity
(EC) and pH were measured in a 1:2.5 soil-
water suspension using an EC-pH meter,
following the method outlined by the US
Salinity Lab Staff (1954).

2.3. Modelling approach
The Stacked Machine Learning Model,
also known as stacking or stacked
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generalization, is an ensemble learning
technique that integrates multiple predictive
models. The fundamental concept behind
stacking is to capitalize on the strengths of
various base models (Level 0: Ordinary
Kriging, Universal Kriging, and Disjunctive
Kriging) and use a meta-model (Level 1:
Multilayer Perceptron Neural Network,
MLP) to optimally combine their
predictions. This two-level approach
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enables the meta-learner to correct biases in
the base models and reduce both systematic
and random errors, thereby enhancing
prediction accuracy (Ma et al., 2018; Wang,
2018).

2.3.1. Base models (Level 0)

Ordinary Kriging (OK) is a geostatistical
interpolation method used with spatial data
and is defined as the Best Linear Unbiased
Estimator (BLUE). This method provides a

Z(so) = Y=y MiZ(s)

A Weight coefficients,

Z(si): Observations at the existing data points,

n: The number of data points used.

prediction that is "optimal" (minimizing
error variance), "linear" (using a weighted
linear combination of existing data), and
"unbiased" (with an error mean equal to
zero). The fundamental principle of
Ordinary Kriging is to predict the value of a
regionalized variable, Z(s0), at a location to
be estimated, based on the surrounding
available data. (Equation 1) (Mesi¢ Kis,
2016; Webster and Oliver, 2007):

(1)

These weights are determined to satisfy the conditions of unbiasedness (Equation 2) and
minimum variance (Equation 3), as outlined below (Journel and Huijbregts, 1978):

Z?i=1} Ai = 1

min VAR| Z(s,) —

Yh-nAiZ(s)]

)
3)

To determine the weights, the equation in matrix form from Equation 3 is used (Malvi¢ and

Bali¢, 2009):

v(s1,51)  Y(51,52)
v(s2,51)  v(S2,52)

Y(STLJ Sl) Y(Sn; SZ)
1 1

Y(Slrsn) 1
(52' Sn) 1
Y(Sn' Sn) 1

Where:

Y(51,50)

Y(SZ.J SO) (3)

Y(STLJ SO) 1

v(Si,Sj): represents the semivariogram value between the points si and sj,

u: Lagrange multiplier.

Universal Kriging (UK) is a
geostatistical method employed for spatial
data prediction when a significant trend is
present in the data. It is particularly useful
when the mean of the variable is not
constant, meaning the  stationarity

assumption is violated. Universal Kriging
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decomposes the predicted variable into two

components: a deterministic function
(u(x)), which represents the significant
trend, and a random component (Y(x)), as
expressed in Equation 4 (Wackernagel,

2003):
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Z(x) =pnkx) +Y(x) 4

Where:

Z(x): The regionalized variable at location x,
1(X): the deterministic trend that varies with spatial location,
Y(x): the random component, which is considered a stationary process.

The trend component (p(x)) is modeled as a polynomial function, which is represented in

Equation 5. This polynomial function captures the underlying trend in the data, accounting for

spatial variations that cannot be explained by the random component alone (Kumar, 2007):

ux) = Xy o fi(x)
Where:

a.: The coefficients to be predicted from
the data,

f.(x): the basic function that defines the
spatial coordinates,

k: the number of functions used to model the

trend.

Disjunctive Kriging (DK) relies on the
principle of transforming the data into
standard normal variables using Hermite

Zpi(x) = Tz GrcHe (Y ()

b = 70, ZCH(Y () g (Y () dY

Where:
Zpk(x): Estimated value,
#: Hermite coefficients,

Hk(Y(x)): The k-th Hermite polynomial of Y(x)

2.3.2. Levell

The Multilayer Perceptron Artificial
Neural Network (MLP-ANN) is a type of
artificial neural network that consists of an
input layer, one or more hidden layers, and
an output layer. It functions through
supervised learning, where it learns the
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)

polynomials and then applying the kriging
method to predict these polynomials. The
predicted values are subsequently inverse-
transformed to obtain results in the original
units of the variable (Oliver et al., 1996).
DK expresses the prediction of a variable
using the equation provided in Equation 6:

(6)
(7

nonlinear relationships between the input
variables and the target outputs. Each layer
is made up of nodes (neurons), which are
processed with weights and biases (Pinkus,
1999). A multilayer MLP is represented by
Equation 8 (Haykin, 1999):
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ﬂnzf(wuwaq)+bm)

(8)

Where; W®ve b®, 1 — represents the weight matrix and bias vector of the n n-th layer.

GridSearchCV is a methodical approach
used for hyperparameter optimization of
machine learning models, and it was
applied in this study to enhance the
performance of the MLP-ANN model. This
method tests different combinations of
predefined hyperparameters via a grid
search and evaluates the accuracy of each
combination using k-fold cross-validation
(Kong et al, 2024). In this study,
GridSearchCV was implemented with 5-
fold  cross-validation to  optimize
hyperparameters specific to the MLP-ANN
model, such as ‘'activation', ‘alpha',
'hidden_layer_sizes', and 'solver', with error
metrics used to assess the model's
performance.

For this study, the outputs from the Level
0 base models were used as input data
(common variables) for the Level 1 meta-
model. The dataset was split into 70% for

1
RMSE = \/; " (E; —

Where RMSE (Root Mean Square Error)
is the square root of the average squared
error, E;, M; and n represent the predicted
values, measured values, and the number of
samples, respectively. To evaluate the
prediction performance of each model at

M;)?

ME =~ $7[20x) = Z(x)]

1 N
MAE =37, |2(x) - 2(x)|

Lt (zi-2)?

Y, (zi-2)?

R*=1-

training and 30% for testing at both levels
(Figure 1). The Level 0 Kriging models and
the Level 1 MLP models were both trained
using the training dataset. While the Level
0 models were generated using ArcGIS 10.8
Geostatistical Wizard, the Level 1 model
was developed in Python 3.8 using the
Scikit Learn library.

2.4. Accuracy assessment

Root Mean Squared Error (RMSE) is
designed to compare the final predicted
output with the target output and is a
performance metric calculated from the
differences between the network's output
and the target. RMSE is inversely
proportional to prediction accuracy (a larger
RMSE value indicates lower prediction
accuracy). The RMSE value is calculated
using the following equation *;

(€]
different levels, three wvalidation indices
defined by Isaaks and Srivastava (1988)—
Mean Absolute Error (MAE) and Root

Mean  Square  Error (RMSE)—are
calculated using the following equations:

(10)
(11)
(12)

In the equation; Z(x;) represents the predicted soil properties (such as pH or EC), Z(x;) refers to
the measured soil properties, and n is the number of samples used for validation.
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3. Results and Discussion
3.1. Statistical analysis
When
properties
conductivity (EC) values between the
datasets,

comparing the  statistical

of soil pH and electrical
training and  test several
similarities and differences were observed
(Table 1). For pH values, there were no
significant statistical differences between
the two datasets, both showing similar
distributions. The mean pH value for both
the training and test datasets was 7.78.
However, the standard deviation for the
training dataset was 0.09, slightly higher

than the test dataset's standard deviation of

0.08, suggesting slightly more variability in
the training data's pH values.

For EC values, the mean in the training
dataset was 0.44, while the test dataset's
mean was 0.45. However, the coefficient of
variation for EC was higher in the test
dataset (31.45%) than in the training dataset
(24.27%), indicating that the EC values in
the test data exhibited greater variability.
These findings suggest that the training and
test datasets exhibit different
characteristics during model validation,
with the test dataset, particularly for EC

may

predictions, requiring more careful analysis.

Table 1. Statistical properties of soil pH and EC values for training and test data

Training Test

pH EC pH EC
Number of Samples 70 70 30 30
Mean 7.78 0.44 7.78 0.45
Standard Deviation 0.09 0.11 0.08 0.14
Minimum 7.45 0.275 7.58 0.282
Maximum 7.95 0.784 7.92 0.947
Coefficient of Variation (%0) 1.16 24.27 0.99 31.45

3.2. Model parameters

In this study, the spatial distribution of
soil pH and EC was modeled using digital
soil mapping techniques and machine
learning algorithms. The first stage of
spatial modeling for soil pH, referred to as
Level 0 (base models), was performed using
three  different kriging interpolation
methods: Ordinary Kriging (OK), Universal
Kriging (UK), and Disjunctive Kriging
(DK), which aim to capture distance-
dependent variations in soil properties. The
semivariogram parameters and spatial
dependence rates for soil pH and EC values,
based on the OK, UK, and DK methods, are
summarized in Table 2. The spatial
dependence rate is defined as the ratio of the
nugget to the sill and is interpreted
according to the classification proposed by
Camberdella (1994). According to this
classification, a spatial dependence rate of
<25% indicates strong spatial dependence,
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between 25-75% indicates moderate spatial
dependence, and >75% indicates weak
spatial dependence.

For the analysis of pH values, the OK
method showed a nugget value of
0.0000258017, a partial sill value of
0.00010771, and a total sill value of
0.00013351, resulting in a spatial
dependence rate of 80.7%, which indicates
weak spatial dependence. The range value
of 5530 m suggests a moderate effect
distance. The UK method produced a
nugget value of 0.0011356647, a partial sill
value of 0.00682873, and a total sill value
of 0.0079644. With a spatial dependence
rate of 85.7%, it also indicated weak spatial
dependence, suggesting that pH values are
distributed homogeneously over a wide
spatial area. The range value of 5530 m was
consistent with that of the OK method. In
the DK method, the nugget value was
0.2352803000, the partial sill value was
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0.767537, and the total sill value was
1.0028173, indicating higher variation in
pH values. The spatial dependence rate for
DK was 76.5%, also indicating weak spatial
dependence. The range value of 5050 m
suggested a shorter effect distance
compared to the OK and UK methods.
These results indicate the variations in the
spatial distribution of soil pH across
different kriging methods, offering unique
insights into the spatial structure of the data.

In the analysis of EC values, for the OK
method, the nugget value was calculated as
0.0061058190, the partial sill as
0.00785807, and the total sill as
0.01396389. This method shows a moderate
spatial dependence rate of 56.3%, with a
range value of 5762 m, indicating a
medium-sized effect distance. For the UK
method, the nugget value was determined as
0.0012816100, the partial sill as
0.00013297, and the total sill as
0.00141458, showing a spatial dependence
rate of 90.6%. This indicates weak spatial
dependence, with EC values being more
homogeneously distributed and a shorter

effect distance of 3551 m. For the DK
method, the nugget value was calculated as
0.0149452000, the partial sill as
0.03995901, and the total sill as
0.05490421, indicating a model with higher
variation in EC values. The spatial
dependence rate of 72.8% suggests
moderate spatial dependence, with the
range value of 9638 m reflecting a very
large effect distance.

Overall, the findings suggest that soil pH
values in the study area generally exhibit
weak spatial dependence, whereas EC
values show moderate spatial dependence.
These results align with those of Zhao et al.
(2024), who conducted a similar study on a
European scale. In their research, they
found that pH shows weak dependence on
environmental variables but a stronger
dependence on EC, which is attributed to
differing soil processes. Moreover, they
demonstrated that the spatial variation of
pH is often associated with topography and
carbonate content, while EC is more
strongly influenced by salinity and climatic
factors.

Table 2. Semivariogram parameters and spatial dependence ratios for different kriging methods for soil

pH and EC values
Model Nugget Partial Sill Sill Range (m) Spatial Dependence (%)
Ordinary Kriging 0.0000258017 0.00010771 0.00013351 5530 80.7%

Jé_ Universal Kriging 0.0011356647 0.00682873 0.0079644 5530 85.7%
Disjunctive Kriging 0.2352803000 0.767537 1.0028173 5050 76.5%
Ordinary Kriging 0.0061058190 0.00785807 0.01396389 5762 56.3%

8 Universal Kriging 0.0012816100 0.00013297 0.00141458 3551 90.6%
Disjunctive Kriging 0.0149452000 0.03995901 0.05490421 9638 72.8%

The optimal hyperparameters for the
Level 1 Multi-Layer Perceptron (MLP)
models are presented in Table 3. For both
pH and EC values, various hyperparameter
settings were tuned using GridSearchCV. In
this study, to develop the final spatial
models for soil pH and electrical
conductivity (EC) characteristics, the input
data consisted of the OK, UK, and DK
values. For the Level 1 MLPpH model, the
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best performance was achieved with the
following hyperparameters: 'relu’ activation
function, an a (L2 regularization term) of
0.001, a single hidden layer with 50
neurons, and the 'adam' solver. For the
Level 1 MLPEC model, the lowest Mean
Squared Error (MSE) was obtained with the
'tanh' activation function, an o of 0.0001, a
single hidden layer with 100 neurons, and
the 'adam' solver. These hyperparameter
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selections ensured that the models
generalized well according to the data

characteristics and facilitated an efficient
training process.

Table 3. Optimal Hyperparameters for Level 1 MLP Model

Model Optimal Hyperparameters

kjﬁl: {'activation": 'relu’, ‘alpha’; 0.001, 'hidden_layer_sizes'": (50,), 'solver': 'adam'}
p

IK/?KI?’I; {activation”: 'tanh’, 'alpha’: 0.0001, 'hidden_layer_sizes": (100,), 'solver': 'adam'}

3.3. Digital soil maps

The predicted spatial distribution maps
for soil pH from the Level 0 base models
(OK, UK, and DK) and the Level 1 meta-
model (MLPpH) are shown in Figure 2. The
numerical soil map for the MLPpH model
displays the broadest spatial wvariation,
capturing small-scale spatial changes, with
a minimum value of 7.62, a maximum value
of 7.92, and a standard deviation of 0.05. In
comparison, the Level 0 models are ranked
based on their ability to capture general
trends and large-scale variations in pH

values, with the following standard
deviation values: UK (0.04), OK (0.03), and
DK (0.01).

Soil pH maps for the study area,
generated using different interpolation
methods and modeling approaches, are
presented in Figure 2. The OK method (a)
reveals distinct spatial patterns in pH
distribution, with smooth transitions. pH
values range from 7.705 to 7.870, showing
high pH values concentrated in the northern
regions and lower pH values predominantly
in the central and southern regions. The DK
method (b) shows more pronounced spatial
variability compared to OK, although its
prediction range is narrower, from 7.693 to
7.833. This narrower range indicates
reduced sensitivity to potential over-
smoothing or outlier effects. The spatial
locations of high and low pH regions are
similar to those in the OK method, but the
transition zones are less abrupt. The UK
method (c) most effectively highlights the
variability in pH values, with a broader pH
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range from 7.528 to 7.914. This method
captures spatial gradients more clearly, with
high pH areas concentrated in the northeast
and low pH areas more prominent in the
southwest.

The Level 1 MLPpH Model (d) provides
smoother transitions in spatial patterns
compared to other methods, with a
prediction range from 7.619 to 7.926. This
model effectively captures small-scale
differences and potential extreme pH values
in both the northern and southern regions in
great detail. While the spatial patterns
generally align with those of the other
methods, the MLP model stands out for its
ability to capture complex interactions in
spatial relationships with greater flexibility.

Overall, all methods consistently
identify high pH values in the
northern/northeastern regions and low pH
values in the southern/central regions.
However, the sensitivity to transition zones
and the approach to spatial dependency vary
across methods. The UK method is
particularly strong in detecting spatial
gradients, making it a solid choice for
capturing pH variations. The OK method
offers a balanced and reliable approach for
overall pH mapping, while the DK method
may be preferred for reducing the impact of
outliers. The MLP model excels in its
flexibility to capture nonlinear spatial
relationships. However, for the final
selection of methods, it is recommended
that wvalidation wusing local data be
performed to ensure accuracy.
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Figure 2. Digital soil maps for soil pH: a, b, and ¢ correspond to Level 0 kriging interpolation methods—Ordinary
Kriging, Disjunctive Kriging, and Universal Kriging, respectively. d represents the Level 1 MLP i model.

The predicted digital soil maps for soil
EC are presented in Figure 3. The analysis
of the soil EC maps highlights the spatial
variability characteristics of the different
methods used. The OK method predicted
EC values ranging from 0.318 dS/m to
0.780 dS/m, providing smooth and balanced
transitions. High EC values were
concentrated in the southwest, while low
EC values were predominantly observed in
the northern and eastern regions. The DK
method presented a similar distribution but
showed more pronounced differences in
transition zones. In this method, EC values
ranged from 0.324 dS/m to 0.769 dS/m,
with high EC areas more concentrated in
smaller zones, while low EC areas
expanded.

The UK method predicted EC values
within a wider range, from 0.317 dS/m to
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0.843 dS/m, reflecting spatial variability
more distinctly. High EC concentrations in
the southwest were defined in detail, and
low EC areas were more prominent in the
northeast. The Level 1 MLPEC model
predicted EC values between 0.249 dS/m
and 0.911 dS/m, offering a wider variation
compared to other methods. Although the
spatial patterns were generally consistent
with OK and DK, the MLP model provided
smoother transitions and better-defined
high EC areas.

Overall, high EC values in the southwest
and low EC values in the northern and
eastern regions were consistently observed
across all methods. OK and DK methods
provided balanced and general predictions,
while UK and the MLPEC model were
more effective in capturing detailed spatial
variations. UK stood out in defining
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gradients and transition zones, while the
MLPEC model flexibly captured nonlinear
relationships and complex spatial patterns.
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Figure 3. The digital soil maps for soil EC are presented as follows: Figure 3a shows the Level 0 Ordinary Kriging
(OK) method, Figure 3b displays the Level 0 Disjunctive Kriging (DK) method, Figure 3c illustrates the Level 0
Universal Kriging (UK) method, and Figure 3d depicts the Level 1 MLPEC model.

The performance metrics of the four
different models used for predicting the soil
pH and EC values in the study area are
provided in Table 4. For soil pH spatial
prediction, the Level 1 MLPrc model
demonstrated the best performance with
significantly lower MSE (0.001), MAE
(0.0204), and RMSE (0.028), and the
highest R? (0.858) values. The low MAE
and RMSE values indicate that the model
effectively minimized both systematic and
random errors. The OK and DK methods
showed reasonable accuracy in the training
dataset, but the OK method performed
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poorly in pH predictions, as evidenced by
its low R? value (0.103) and higher RMSE
(0.081) and MAE (0.059) values.
Furthermore, the OK method had the
highest MSE (0.007), indicating low
accuracy in pH predictions.

The UK method showed moderate
accuracy in the training dataset (R*: 0.546)
but failed in the test dataset with a negative
R? value (-0.880). The Level 1 MLPEC
model, however, provided the best results in
pH prediction with MSE (0.002), RMSE
(0.040), and R? (0.715) in the test dataset.
Meanwhile, the OK method performed
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acceptably in the test dataset with R?
(0.632), while the DK method showed
lower accuracy (R?: -0.309). The low R? in
the training set and high R? in the test set of
the OK method indicate that the model was
prone to overfitting. Lu et al. (2023)
performed soil pH mapping in Europe by
combining multiple environmental
variables with various machine learning
algorithms. The study evaluated nine
models (three linear and six nonlinear) for
spatial prediction, using statistical metrics
such as R?, RMSE, and
performance/deviation ratio (RPD) for
model comparison. The results indicated
that nonlinear machine learning models
performed better than linear models in
predicting soil pH. The random forest
model achieved the best prediction
performance with an R? value of 0.70,
RMSE of 0.75, and RPD of 1.84.

In soil EC predictions, the Level 1
MLPgc model outperformed all other
methods, showing superior performance on
both training and test data. The MLPgc
model achieved the highest accuracy on the
training data with MSE (0.001), RMSE
(0.031), and R? (0.900), and similarly
provided the best results on the test data
with MSE (0.002), RMSE (0.039), and R?
(0.900). The OK method achieved high
accuracy with R? (0.791) on the training
data and R? (0.794) on the test data.
However, it had relatively high RMSE
(training: 0.0533; test: 0.0625) and MAE
(0.0407) wvalues, limiting error reduction.
DK method showed moderate accuracy
with R? values of 0.606 (training) and 0.624
(test), along with noticeable improvements
in RMSE (0.0732) and MAE (0.0567). On
the other hand, UK method showed the
lowest performance in EC predictions,
particularly on the test data, where it lagged
behind other methods with MSE (0.012),
RMSE (0.108), and R? (0.380).

Overall, the MLP model provided the
best results across all metrics in both pH and
EC predictions, demonstrating a clear
advantage over the other methods. These
results highlight the potential of modern
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methods in minimizing error rates for soil
pH predictions. Shi et al. (2009) showed
that the HASM method performed
excellently in spatially predicting soil pH,
particularly with low MAE (0.16) and
RMSE (0.22) values. Similarly, the stacked
machine learning model used in our study
achieved significant success with low MAE
(0.0204) and RMSE (0.028) values in pH
predictions. Unlike HASM and other
geostatistical methods, the meta-model
approach was more flexible in modeling
nonlinear relationships, further reducing
error rates, and offering a method that could
contribute to sustainable agricultural
practices. The MLP model stands out with
low MSE, RMSE, and MAE values, and its
high R? values prove the explanatory power
of the model. The R? metric used to evaluate
pH and EC predictions in our study shows
the proportion of total variance that the
model can explain. Zhao et al. (2024)
reported R? wvalues of 0.70 for pH
predictions and 0.53 for CaCOs; predictions
using the Extremely Randomized Trees
(ERT) algorithm in their European-scale
study. These values indicate that nonlinear
models perform better than linear models in
capturing complex environmental factors.
The performance of the models in our study
aligns with these findings. RMSE, used to
evaluate model accuracy, provides the
square root of the average of the squared
differences  between  predicted and
measured values. Zhao et al. (2024)
reported an RMSE of 0.75 for pH
predictions, demonstrating that the ERT
algorithm achieved lower error rates,
especially for pH predictions. The RMSE
results used in our study indicate that the
model performance is acceptable when
compared with these reference values.
Among Kriging methods, DK generally
performs better than OK and UK. In EC
predictions, the OK method shows
reasonable performance, but the MLP
method stands out as the more powerful
approach.  Although DK  provides
reasonable results in some cases, its
accuracy is not as high as that of the MLP
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model. However, particularly in pH
predictions, UK’s weak performance on the
test set limits the generalizability of the
method. These findings highlight that the
MLP model is the most suitable method for
pH and EC predictions in terms of accuracy
and reliability. The results suggest that deep
learning-based approaches, such as MLP,
outperform traditional spatial prediction
methods, especially for complex and
nonlinear data structures. Our study found
that machine learning models demonstrated
higher  performance  compared to
geostatistical methods, with stacked models
reducing error rates. This finding aligns
with Zhao et al. (2024), whose European-
scale study showed that nonlinear
algorithms such as Random Forest
performed better than classical methods like
Kriging for pH and CaCO; predictions.
Zhao et al. (2024) emphasized that
nonlinear algorithms are more effective in
capturing  complex interactions  of
environmental variables, enhancing model
performance.

In another study, Kshatriya et al. (2024)
compared deep learning—multi layer
perceptron (DL-MLP) and one-dimensional
convolutional neural networks (1D-CNN)
models and reported that the DL-MLP
model performed better in pH predictions
(R?>=0.30, RMSE=0.97). This finding is
consistent with the accurate results of the
Level 1 MLP models in our study. However,
Kshatriya et al. (2024) noted that deep
learning models are sensitive to high data
requirements and that low sampling density
could limit model accuracy. This
observation corroborates the impact of data
density on prediction accuracy observed in
our study. Furthermore, the study supported
the fact that DL-MLP models are
particularly effective at capturing complex
spatial patterns, which is reflected in the
performance of pH and EC predictions in
our study.

In a recent study, Kshatriya et al. (2024)
analyzed model accuracies using metrics
such as R? and RMSE for pH and organic
carbon predictions and found that the DL-
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MLP model achieved reasonable accuracy
in pH predictions (R?>=0.30, RMSE=0.97).
When compared to the model accuracy
values obtained in our study, these results
reveal the potential of the DL-MLP model
for predicting soil properties. The lower
RMSE values from the models in our study
suggest that machine learning algorithms
can improve performance in regions where
spatial variability shows more
homogeneous distribution. However, the
relatively low R? value in Kshatriya et al.
(2024) study suggests that the effect of
environmental variables on pH predictions
might be limited, and including additional
variables in the model could improve
accuracy.

When evaluating the performance of soil
pH and EC predictions, it is crucial to
consider the MAE (Mean Absolute Error)
values. MAE represents the average of the
absolute differences between the predicted
and actual values, providing a clear measure
of the model's error magnitude. One of the
key advantages of MAE is its lower
sensitivity to the magnitude of errors
compared to other metrics, as it treats all

errors equally. This makes MAE
particularly useful for realistic error
assessment in models, as it is less

influenced by outliers.

For pH predictions, the MLP model
demonstrated the lowest MAE (0.020) on
the training dataset, indicating the highest
accuracy and reliability. The DK method
achieved a similar MAE value of 0.020,
though it lagged behind the MLP model in
other performance metrics. The MAE for
the UK method (0.029) was slightly higher,
while the OK method had the highest MAE
(0.059), indicating larger errors in
predictions. On the test data, the MLP
model again performed best with the lowest
MAE (0.037), while the OK method
showed a reasonable MAE (0.035).
However, the UK method (0.074) and DK
method (0.067) exhibited relatively high
MAE values, indicating a significant
increase in prediction error.
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Table 4. Performance comparison of kriging methods and multi-layer perceptron (MLP) in pH and EC

spatial prediction using

Dataset Method MSE RMSE MAE R?

Ordinary Kriging 0.007 0.081 0.059 0.103
. Universal Kriging 0.003 0.058 0.029 0.546
= Disjunctive Kriging 0.002 0.047 0.02'0 0.694
g MLP 0.001 0.028 0.020 0.858
E Ordinary Kriging 0.003 0.053 0.041 0.791
1) Universal Kriging 0.009 0.095 0.074 0.331
W Disjunctive Kriging 0.005 0.073 0.057 0.606
MLP 0.001 0.031 0.024 0.900
Ordinary Kriging 0.002 0.046 0.035 0.632
- Universal Kriging 0.011 0.104 0.074 -0.880
= Disjunctive Kriging 0.007 0.086 0.067 -0.309
7 MLP 0.002 0.040 0.037 0.715
= Ordinary Kriging 0.004 0.062 0.047 0.794
) Universal Kriging 0.012 0.108 0.081 0.380
W Disjunctive Kriging 0.007 0.084 0.064 0.624
MLP 0.002 0.039 0.028 0.900

For EC predictions, the MLP model test data, its performance was less

again showed superiority in terms of MAE.
On the training dataset, the MLP model
achieved the best performance with the
lowest MAE (0.024). The OK method
(0.041) provided an acceptable MAE for
EC predictions, while the DK method
(0.057) and UK method (0.074) showed
higher MAE values, indicating an increase
in errors. On the test data, the MLP model
continued to outperform the others with the
lowest MAE (0.028), demonstrating greater
consistency in its predictions. The OK
method (0.047) also yielded a reasonable
MAE on the test data, but the DK (0.064)
and UK (0.081) methods exhibited higher
MAE values, signaling increased prediction
errors.

Overall, the MAE values confirm that
the MLP model consistently provides the
lowest error rates for both pH and EC
predictions, establishing it as the most
reliable method among the models tested.
While the OK method produced reasonable
results in terms of MAE, particularly on the
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impressive in other metrics. Conversely, the
DK and UK methods showed weaker
performance in terms of MAE, further
highlighting the MLP model’s superior
accuracy. The robustness of MAE to
outliers has allowed for a more realistic and
reliable assessment of model performance,
making it a crucial metric in evaluating the
accuracy of the predictions. These findings
underscore the MLP model's ability to
consistently deliver reliable results with
minimal error in both training and test
datasets for pH and EC predictions.
Similarly, Vandana et al. (2024)
investigated the spatial variability of soil pH
and EC values in the South Telangana
region of India, using a combination of
kriging and machine learning techniques for
digital soil mapping. The performance of
the models was evaluated using RMSE, ME
(Mean Error), and R? metrics. Their results
showed that the Random Forest (RF) model
outperformed traditional  geostatistical
methods, offering an effective tool for
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spatial prediction of soil pH and EC. The RF
model's high R? and low RMSE values
indicated its reliability in digital soil
mapping. A similar study by Tziachris et al.
(2020) compared machine learning models
(including Random Forest, Gradient
Boosting, and Neural Networks) with
geostatistical methods (Ordinary Kriging,
Regression Kriging) for predicting soil pH.
The study highlighted that low MAE could
significantly enhance prediction accuracy,
with the Gradient Boosting Kriging
(GBKxgbT) model achieving an MAE of
0.177. In comparison, the MLP model in our
study excelled in pH predictions,
demonstrating low MAE (0.0204) and
RMSE (0.028) wvalues. These findings
indicate that machine learning-based
approaches, such as MLP, are highly
effective in minimizing error rates and
modeling nonlinear relationships, offering
promising potential for improving soil
property predictions.

Mousavi et al. (2023) identified
significant performance differences
between the integration of kriging and
machine learning methods, which align
with the findings in our study when
evaluated using various error metrics. In
their research, the RF-OK model, which
models the kriging of random forest
residues, demonstrated successful
performance in pH predictions with an R?
value of 0.82. Similarly, the MLP-ANN
model in their study outperformed this
approach, achieving a higher R? value of
0.858 and a lower RMSE value of 0.028 for
pH  predictions. This  performance
difference can be attributed to the MLP-
ANN model’s superior ability to capture
nonlinear relationships and generalize more
effectively, resulting in smaller error rates.
In contrast, the RF-OK model excels in
addressing large geographical variations
and environmental variables, offering
broader applicability, especially in diverse
landscapes. The accuracy differences
between these two models are influenced by
factors such as dataset size, the impact of
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environmental variables on modeling, and
the spatial dependence levels of the data.
Hybrid models, such as RF-OK and MLP-
ANN, have shown significant
improvements in prediction accuracy for
pH and EC in the literature. Barikloo et al.
(2024), in their study in the Urmia Plain,
reported an R? of 0.82 and RMSE of 0.032
for the Random Forest (RF) model in pH
predictions. However, by integrating
kriging with the Random Forest model (RF-
OK), they achieved an R* of 0.89 and
reduced the RMSE to 0.007. Similarly, in
our study, the MLP-ANN model
outperformed traditional kriging methods,
achieving an R? of 0.858 and an RMSE of
0.028 for pH predictions, showcasing the
effectiveness of machine learning models in
improving accuracy over conventional
methods. These findings reinforce the
potential of hybrid approaches in enhancing
soil property predictions by leveraging the
strengths of both machine learning and
geostatistical techniques.

4. Conclusion

This study demonstrates that stacked
machine learning models, particularly the
Multilayer  Perceptron (MLP) neural
network meta-model, outperform
traditional geostatistical methods in spatial
predictions of soil pH and electrical
conductivity (EC) values. The integration of
the MLP meta-model with fundamental
geostatistical methods, such as Ordinary
Kriging (OK), Universal Kriging (UK), and
Disjunctive Kriging (DK), has significantly
enhanced prediction accuracy by reducing
both systematic and random errors.

The MLP-based meta-model achieved
an impressive R* value of 0.858 for pH
predictions and 0.900 for EC predictions,
demonstrating its superior performance
compared to conventional geostatistical
methods. The MLP model excelled at
capturing small-scale spatial variations and
nonlinear relationships, effectively
minimizing key error metrics like RMSE
and MAE. In contrast, methods like UK and
DK displayed more limited generalizability
in certain scenarios, which reduces their
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suitability for sensitive decision-making
processes, such as those in agriculture.

The findings from this study emphasize
the potential of machine learning
algorithms to significantly enhance the
mapping of soil properties. These
approaches not only improve prediction
accuracy but also support the development
of more reliable, detailed digital soil maps,
which are essential for precision agriculture
applications. By leveraging machine
learning, agriculture can benefit from more
precise insights into soil conditions, aiding
in better-informed decision-making for
sustainable farming practices.

5. Recommendations

To further enhance model accuracy,
integrating environmental factors such as
climate, topography, and vegetation into the
predictive models is highly recommended.
Incorporating such comprehensive datasets
will not only improve the generalization
ability of the predictions but also offer a
deeper understanding of spatial variability
in soil properties. Testing the proposed
methods across different regions and soil
types will provide valuable insights into
their applicability in a broader geographic
context, enabling a more thorough
evaluation of the models' ability to adapt to
regional dynamics.

For precision agriculture applications,
the creation of high-resolution soil maps
that highlight small-scale differences is
essential. These maps will support more
accurate and effective decision-making in
land management, providing a practical tool
for wusers in the agricultural sector.
Additionally, training machine learning
algorithms with more extensive and
diversified datasets can further boost model
accuracy. By utilizing larger datasets,

models can better capture nonlinear
relationships and improve prediction
precision.

Finally, the development of user-friendly
software and digital tools tailored for the
agricultural sector is of great significance.
These technologies will make the soil
mapping  process more  accessible,
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empowering farmers and other stakeholders
with the tools necessary for informed
decision-making, ultimately supporting
sustainable agricultural practices.
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Ozet

Bu ¢aligmanin amaci Malatya il sinirlarinda alti farkli farkli ilgeden alinan kuru kayisi 6rneklerinin radyoaktivite
konsantrasyonlar1 belirlemektir. Nal sintilasyon detektorii yardimiyla elde edilen gama spektrumlarinda “°K
radyoizotopunun ve 2®¥U (*®Ra) ve *’Th dogal serilerinin icerisindeki radyoizotoplardan kaynakli pikler
belirlendi. Bu piklere karsilik gelen aktivite konsantrasyonlar1 “°K igin 493+23 ile 629+30 Bq kg™ arasinda, 28U
icin 4.3£0.6 ile 18.5£2.2 Bq kg™ arasinda ve 2*?Th i¢in 0.620.1 ile 4.3+0.3 Bq kg arasinda tespit edildi. Ortalama
degerler “°K i¢in 570+27 Bq kg, 2%8U igin 10.4=1.2 Bq kg™ ve 2°2Th igin 2.6+0.2 Bq kg degerleri bulundu. Bu
olciilen degerler potasyum-40 radyoizotopu 400 Bq kg™ degerinden yiiksek olmakla birlikte kabul edilen degerler
arasindadir. Insan saghgn bakimindan risk teskil etmemektedir. Kayis1 agaclarmin potasyum igerikli yapay
giibrelerle mineral takviyesi yapilmasi buna neden oldugu degerlendirilmistir.

Anahtar Kelimeler: Malatya, kayisi, dogal radyoaktivite, gama spektrumu, esdeger doz

Determination of Natural Radiation Amount in Apricots Growing Up in Malatya

Abstract

The aim of this study is to determine the radioactivity concentrations of dried apricot samples collected from six
different districts within the borders of Malatya province. Peaks originating from the radionuclides of “°K and the
natural series of 23U (??°Ra) and 2*Th were identified in the gamma spectra obtained using a Nal scintillation
detector. The activity concentrations corresponding to these peaks were found to range between 493+23 and
629+30 Bq kg for 4°K, 4.3+0.6 and 18.5+2.2 Bq kg™ for 23U, and 0.6+0.1 and 4.3+0.3 Bq kg for 2°2Th. The
average values were calculated as 570+27 Bq kg* for “°K, 10.4+1.2 Bq kg* for 2%8U, and 2.6+0.2 Bq kg* for 2%2Th.
While the measured values for the 4°K radionuclide exceed 400 Bq kg, they are within acceptable limits. It does
not pose a risk to human health. It is evaluated that the use of potassium-containing artificial fertilizers to
supplement the mineral content of apricot trees is the cause of this.

Keywords: Malatya, apricot, natural radioactivity, gamma spectrum, equivalent dose
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1. Giris

Karasal radyoizotoplar dogal
radyoaktifligin esasini teskil eder. Karasal
radyoizotoplar, 23U, 2%Th gibi dogal
serilerden ve de yliz milyon yildan fazla bir
yar1 émre sahip “°K gibi seri olmayan bir
izotoptur. Radyoaktif serilerin yar1 dmiirleri
milyarlarca yildir (Aitken, 1985). Bu
radyontiklidler tiim c¢evresel elementlerde
bulunurlar. Havada, suda, sebzelerde,
hayvanlarda, toprakta, kayalarda ve insan
viicudunda bile degisen miktarlarda
bulunurlar. Radyoniiklitlerden yayilan alfa
ve beta pargaciklar1 emilim veya soluma
yoluyla viicuda alinabilir. 238U zincirine ait
1620 y1l yar1 démriine sahip ??°Ra, dogal
radyasyon ortamindaki ana kirleticilerden
biridir ve farkli ekosistemlerde yaygin
olarak  bulunmaktadir. Bu elementin
¢Oziiniirliigliniin uranyumdan daha yiiksek
olmasi, bu elementin yer altt sularn
tarafindan yikanarak yiizeye ¢ikmasina
neden olmaktadir. Kimyasal olarak
kalsiyuma benzeyen bu element, toprak
yoluyla bitkiler tarafindan emilir ve daha
sonra besin zinciri yoluyla insan viicuduna
girer. 2°Ra'nin neredeyse %70'i kemiklerde
birikir ve geri kalam1 viicudun yumusak
dokularma yayilir. Kemik i¢inde yaydigi
alfa radyasyonu kaynakli kemik iligi
kanseri gibi ciddi tehlikeler insan sagligini
tehdit edebilir (Changizi ve ark., 2013).
Ayrica ?°Ra nin kiz ¢ekirdegi 2%?Rn
radyoizotopunun solunum yoluyla viicuda
alinmasi insanlarin radyasyona maruz
kalmasinda en 6nemli bilesendir (TAEK
Teknik Rapor, 2010). Bu c¢aligmada
insanlarin begenerek tiikettigi kuru kayisi
icerigindeki dogal radyoizotoplarin aktivite
seviyesi belirlendi. Bir¢ok farkl tiirleri de
olan kayisi meyvesi Malatya ilinde bol
miktarda  yetistirilen ve  iilkemizde
ekonomik degere sahip iiriinlerden biridir.
Tiirkiye’de 2022 yilinda zerdali hari¢ 1.42
milyon dekar kayisi alanimin %61.9’u
Malatya’da yer almaktadir (TEPGE
Raporu, 2023). Hem yas hem kuru olarak
tilkketilebilen kayis1 meyvesi kislar1 nispeten
soguk, yazlari sicak iklime sahip bolgelerde
yetistirilmektedir. Uriinlerin  yiiksek
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kalitede olabilmesi icin yaz aylarinda
atmosferin kuru ve sicak olmasi gerekir.
Malatya taze kayist yaninda kuru kayisi
iiretiminde de birinci sirada yer alir. 2024
yil1 verilerine gore Tiirkiye’nin yillik kayist
iretimi 1.27 milyon tondur. Malatya’da
dretilen  taze  kayisimin  9%90-95°i
kurutularak ihra¢ edilmektedir. Tiirkiye
diinya kuru kayist iretiminde birinci
siradadir. Ayrica basta Rusya Federasyonu
ve Irak olmak tizere bir yakin iilkeye taze
kayis1 da ihracat1 artarak devam etmektedir.

Malatya kayisist renk, sekil, tat, aroma
ve irilik bakimindan birbirinden ayri, ¢ok
sayida cesitlilik arz eder. Ayrica diger
iilkelere gore kuru madde oran1 da yiiksektir
yani 3.5 kilo yas kayisidan 1 kilo kuru
kayis1 elde edilebilmektedir. Tiirkiye’de
kayisinin taze meyve muhafaza
yontemlerinin yeterince yaygin olmamasi
sebebiyle {retilen kayisilarin = biiyiik
cogunlugu kurutularak
degerlendirilmektedir. Diinyada iiretilen
taze kayisinin ancak %10-15'i kurutularak
piyasaya arz edilirken, bu oran iilkemizde
yaklasik %80’e ulasir. Ulkemizde kisi bas
yillik  tiketim 2.5 kg civarindadir.
Tiirkiye’de kayisi, “’Glin Kurusu’ ve
“Kikiirtleme’” denilen iki yOntemle
kurutulmaktadir (TEPGE Raporu, 2023).

Bu c¢aligmada Malatya iline bagh
Akgadag, Battalgazi, Dogansehir,
Hekimhan, Kale ve Piitiirge ilgelerinden
toplanan kuru kayisilarin igerigindeki dogal
radyoaktivite konsantrasyonlari
belirlenmistir.

Insanlarin tiikettikleri gidalarm dogal
radyoaktivitesi lizerine iilkemizde birgok
calisma yapilmistir. Ornegin  Nevsehir
ilinde yapilan calismada farkli arazilerden
toplanan 21 adet fasulye drneklerinin dogal
radyoaktivitesi gama spektrometresi ile
belirlenmis ve numunelerdeki °Ra 1.04 Bq
kg, 22Th 0.89 Bq kg ve *°K 461.47 Bq
kg? olarak dlgiilmiistiir. Ayrica bdlgedeki
fasulyelerin tiiketilmesinden dolay1 yillik
etkin doz degerleri yetiskinler, bir yasini
doldurmus bebekler ve c¢ocuklar igin
hesaplamalar  yapilmis olup  sirayla
yetiskinler, ¢ocuklar ve bebeklerde bu fi¢
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radyoizotop kaynakli etkin doz esdegeri
ortalamas1 10.73 uSv yill, 15.12 pSv yil?
ve 22.16 uSv yil! olarak hesaplanmistir
(Giirhan, 2019).

Ulkemizde yapilan bir diger ¢alismada
Rize’de yetistirilen c¢ay numunelerinde
yapay ve dogal radyoaktivite degerlerine
bulmak amaciyla 11 ilceden ve 32
istasyondan ¢ay numuneleri toplanmis olup
HPGe dedektorii ile istasyonlardaki “°K,
232Th, 137Cs ve %8 U ortalama aktiviteleri
sirastyla 372.25 Bq kg?, 4.93 Bq kg, 11.98
Bg kg! ve 460 Bq kg! degerleri
olgiilmiistiir. Ilcelerin cay oOrneklerinde
238y, 137Cs, 49K ve 232Th radyoizotoplarinin
ortalama aktiviteleri sirastyla 4.19 Bq kg?,
10.50 Bq kg?, 341.19 Bg kgtve 4.14 Bg kg
1 olarak  &lciilmiis ve bu cay
numunelerindeki tiiketimden kaynakli doz
esdegerleri istasyonlar igin 3.434 pSv yil?
ile 19.060 uSv yil! degerleri arasinda ve
ilgeler i¢in ise es deger dozlar 10.867 pSv
yilt ile 14.488 pSv yil! degerleri arasinda
hesap bulunmustur (Kabamakli, 2019).

Bir digerinde Sanlurfa’da yapilan bir
calismada farkli bolgelerden toplanan biber
numunelerinde gama spektroskopik sistem
yardimt ile radyoaktivite konsantrasyonlari
dlciilmiis ve bu konsantrasyonlar “°K, 238U
ve 22Th radyoizotoplarn aktivitelerin
ortalama degerleri sirastyla 844.99 Bq kg™,
21.57 Bq kgt ve 19.53 Bq kg! olarak
belirlenmistir (Kabul, 2021).

Komsu bir iilke Irak’in Necef ilindeki bir
yerel pazardan toplanan sebze ile
meyvelerde yapilan bir calismada da 238U,
22Th ve “K icin sebze oOrneklerinde
ortalama spesifik aktiviteler 5.21 Bq kg?,
4.76 Bq kg™ ve 186.15 Bq kg 6l¢iilmiistiir.

L : ;
- -.‘
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Sekil . Kayisilarin i(urutulmug hali ve 6giitiilmesi

Sebze orneklerinde toplam yillik etkin doz
yetigskinler, c¢ocuklar (10 yasinda) ve
bebeklerde sirayla 0.117 mSv, 0.122 mSv
ve 0.179 mSv olarak tahmin edilirken
meyve Orneklerinde toplam ortalama yillik
etkin doz ise yetiskinler, cocuklar (10
yasinda) ve bebeklerde sirayla 0.141 mSy,
0.295 mSv ve 0.388 mSv degerlerinde
oldugu ifade edilmistir (Abojassim ve ark,
2016). Yine ayn1 iilkede domates, salatalik,
bamya, patates, turp, salgam, ispanak,
marul, karnabahar ve soganda dogal
spesifik  aktivite Olglimleri  yapilmis.
Neticede patates iiriiniinde ?°Ra, 2%?Th ve
K'nin en vyiiksek spesifik aktivitesinin
sirastyla (11.46, 9.12 ve 120.54) Bq kg™ ve
sebze Orneklerinde radyum, toryum ve
potasyumun spesifik aktivitesinin ortalama
degerleri sirasiyla (7.67, 5.75 ve 98.39) Bq
kg? 6l¢iilmiistiir (Al-Hamzawi, 2017).

2. Materyal ve Yontem

Kurutulmus kayis1 o6rnekleri Malatya
ilinin Akgadag, Dogansehir, Hekimhan,
Piitiirge, Battalgazi ve Kale ilgelerinin
pazarlarindan satin almayla 2021 yilinin
sonbaharinda toplandi. Kurutulmus kayist
numunelerindeki nemi azaltmak ve 6giitme
sonucu toz haline getirmek i¢in cam beher
kaplara konularak etiivde 60 °C derece
sicakliginda bir hafta boyunca firinda
kurumaya birakildi. Kayis1 6zelligi olan
icindeki 6zsuyundan dolayr uzun siire
etiivde bekletildi ve kurutuldu. Kurutulan
kayisilar temizlenerek yabanci
maddelerden  arindirildi.  Daha  sonra
kayisilar Ogiitiilerek toz haline getirildi
(Sekil 1).
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Kurutulmus kaysilarin  toz  haline
getirilmesi  isleminden sonra  etiivde
yaklagik olarak 50 santigrat derecede 24
saat siire ile kurutulmaya birakildi (Sekil 2).
Yapilan bu iglem, kayis1 kurularini, 6l¢iim
sonucuna etkileyecek ve hataya sebep
olabilecek nemden tamamen arindirir.
Nemden arindirilmis ve toz kayisi drnekleri
1mm lik elek ile elenerek homojenize haline

getirildi. Boylelikle numune kabinda
icerisinde minimum hava boslugu olacak
bicimde bulunmasi saglandi. Ciinki

detektoriin - gida {riinleri i¢in  verim
kalibrasyonu, TAEK (yeni ismiyle
TENMAK) dan gonderilen standart ¢ay
numunesinin de bu yontemle sayimlari
yapilmistir. Bu bakimdan standart 100 ml
numune kaplar1 tam dolu ve igerisinde hava
boslugu birakilmayacak bigimde sayimlar

yapilmalidir. Yine de detektor
cozlinlrliiglinden  kaynakli  sayimdaki
belirsizlikler Olgiim sonuclarinda

hesaplanarak belirtilmistir.

Sekil 2. Etiivde kurutulan ve agz1 kapatilan numunelerin tartilmasi

Etiivde kurutulan kayist numuneleri
daras1 alinmig 100 ml'lik 6l¢iim kaplarina
konulup hava almayacak sekilde kapaklar
kapatilip, tartimlar1 yapildi (Sekil 2).
Ardindan hava sizdirmaz hale getirilen
dlciim kaplari, 2°Ra ve kiz cekirdegi 222Rn
gazinin kagmamasi saglanarak numunenin
kalic1 denge erigmesi yaklasik olarak 30 giin
bekletilmeye birakildi. Kalic1 denge haline
gelen bir radyoaktif seride tiim izotoplarin
radyoaktiviteleri esit olmaktadir. Yani seri
icinde yer alan gama spektrumunda
gozlenebilir uygun pik veren bir izotopun
aktivitesini belirlemek yeterli olacaktir. Bu
sayede toz haline getirilmis kayisi
numuneleri radyoaktivite dlgme iglemine
hazir duruma getirildi.

Dogal radyasyonu meydana getiren
radyoaktivite ve radyoizotoplarin
seviyelerini tespit etmede kullanilan birden
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cok radyo analitik yontem kullanilmakta
olup bunlar arasinda en onemlileri alfa ile
gama spektrometresidir. Orantili sayaglar
ve s1vi sintilasyon sayimi ile toplam beta ve
alfa saymmi gibi en c¢ok tercih edilen
yontemlerdendir. Yariiletken dedektorler ve
sintilasyon dedektorlerini kullanip
radyoaktivite konsantrasyonu gama
spektrometrik yontemiyle Olclim
yapilmaktadir. Gama spektrometrik
yontemi  sayesinde kimyasal ayirma
stirecine gerek olmaksizin dogrudan, hizli,
zararsiz ve ayri radyoizotoplar es zamanli
olarak Ol¢lim yapilabilmektedir (Gilmore,
2008). Bu amacla enerji ve verim
kalibrasyonu standart numuneler ile
yapilmis ORTEC marka Nal sintilasyon
detektorii kullanildi. Gama spektrumlari
detektore bagli c¢ok kanalli analizor
vasitasiyla alind1 ve kaydedildi (Sekil 3).
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Sekil 3. Nal Sintilasyon dedektoriiniin kursun zirh1 ve bilgisayar bilesenléri

Nal sintilasyon detektoriinde 6 tane
numunenin her biri i¢in 86400 saniyelik
sayim siliresi boyunca spektrum pikleri
kaydedildi. Aktivite sayimlar1 sintilasyon
detektorii hi¢ kapatilmadan seri bigimde
alindi. Ortam sicaklig1 bir klima yardimiyla
25 °C tutuldu ki her bir dlgiimde enerji
kaymalar1 olmasin. Sintilasyon
dedektorlerinin  ¢oziinilirliigli azdir. Bu
nedenle birbirine yakin enerji degerlerine
sahip piklerin {ist iiste binme olasiliklarinin
az oldugu spektrum pikleri se¢ildi (Sekil 4).
Secilen piklerin hangi enerjide basladigi ve
hangi enerjide bittigi 6onem arz etmektedir.
Bu nedenle tiim spektrumlarda secilen her

L2010

gama piki ayn1 kanallar arasi isaretlendi ve
bu piklerin toplam alanlar1 bilgisayardan
kayit alindi. Bu baglamda elde edilen
spektrumlarda  uranyum  radyoaktivite
konsantrasyonu bulunurken bozunum serisi
icerisinde bulunan ?**Bi’iin 1764 keV enerji
pikinden ve toryumun radyoaktivite
konsantrasyonu belirlenirken bu serideki
28T’in 2614 keV enerjili piki dikkate
alindi.  Ayrica  “K’in = 1460  keV
enerjisindeki pik degerinden faydalanilarak
bu radyoizotopun aktivite konsantrasyonu
belirlendi. Pik alanmi bilgisi bilgisayardaki
ilgili programdan alindi. Detektorde bos
sayim da yapilarak net sayimlar hesaplandi.

T
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Sekil 4. Ornek olarak Battalgazi ilgésinden toplanan kayisilardan olusan X2 numunesinin sintilasyon gama
spektrumu
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Dedektor vasitast ile numunenin her bir
radyoizotop i¢in radyoaktivite degerleri biriminde

Burada A; Bq kg? biriminde aktivite
konsantrasyonudur. Net Sayim; pik altinda
kalan net alan (sayim) olup pik altindaki

asagida verilen aktivite ifadesiyle hesaplanir
(Gilmore, 2008).
Net Sayim
epmt
kiitlesidir.
3. Bulgular ve Tartisma
Dogansehir, Akcadag, Piitiirge,

toplam alanlardan taban sayim alanlar
cikartilip net alanlar bulundu. &; detektoriin
ilgili enerjideki verimi, Py; ilgili enerjide
radyoizotopun gama yayinlanma olasiligi, t;
sayim zamani (S) ve m; numunenin net

Battalgazi, Hekimhan ve Kale ilgelerinden
alman orneklerde elde edilen radyoaktivite
konsantrasyonlar1 Tablo 1 de verilmistir.

Tablo 1. Malatya ilgelerinin kayisi 6rneklerinde dlgiilen radyoaktivite konsantrasyonlari

Numune No Bolge Ad1 K (Bg/kg) 238 (Bg/kg) 22Th (Ba/kg)
X1 KALE 624429 18.5+2.2 3.4+0.2
X2 BATTALGAZI 530425 9.8+1.2 3.6+0.2
X3 PUTURGE 587+28 10.5+1.2 1.140.1
X4 DOGANSEHIR 629430 4.3+0.6 2.3+0.2
X5 AKCADAG 558426 11.2+1.3 4.3+0.3
X6 HEKIMHAN 493423 8.2+1.1 0.6+0.1
Bolge Ortalamasi 570427 10.4+1.2 2.6+0.2

Tabloden de goriildiigii tiim 6rneklerin
0K radyoaktivite konsantrasyonlarmin 500
Bq kg! iizerinde oldugu goriiliir. Bu
degerler Uluslararas1  Atom  Enerjisi
Ajansinin toprak i¢in belirledigi 400 Bq kg
! degerinden yiiksektir (UNSCEAR 2000).
Ancak bu deger bitkilerin gelisimi i¢in
potasyum mineraline ihtiyaglar1 gbz Oniine
alindiginda kabul edilebilir seviyelerdedir.
e “0K en yiiksek degeri Dogansehir (629
Bq kg') ve Kale (624 Bqg kgl
numunelerinde dl¢iilmiistiir. En diisiik “°K
aktivitesi Hekimhan bolgesinde 493 Bq kg
! olarak dl¢iilmiistiir. Ortalama deger 570
Bg kg! dir. Potasyum-40, dogada bol
bulunan bir izotop oldugundan, bu degerler
normal smirlar i¢inde kabul edilebilir.
Potasyum-40 aktivitesi tim numunelerde
yiiksek olup, dogal seviyelere uygundur
clinkii bitkiler tarafindan dogal olarak
emilen bir izotoptur. Potasyum bitkilerin
kok gelismesini ve biliylimesini olumlu
sekilde etkilerken soguga dayanikliligini da
artirtr, Ayrica bitkide azotun etkinligini
artirir, hastalik  ve zararlilara karsi
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dayanikliligr gelistirir. Bu olumlu etkisi
nedeniyle potasyum agaglarin meyve
miktarin1 ve kalitesini yiikseltir (Kacar,
2005). Bu baglamda kayis1 agaclarinda
Potasyum Siilfat (K2SO4, %50 K:0) ve
Potasyum Nitrat (KNOs, %44-46 K:O)
giibrelerinin kullanimi kayis1 meyvelerinde
40K aktivite seviyesinin yiikselmesine sebep
oldugu degerlendirilebilir. Ancak bu
tiiketici sagligin1 acisindan risk seviyesinde
degildir.

e Diger taraftan en yiksek 23U degeri
Kale (18.5 Bq kg?) ve Akcadag (11.2 Bq
kgl) bolgelerinde goriilmiistiir. En diisiik
2381J aktivitesi Dogansehir numunesinde 4.3
Bg kg olarak tespit edilmistir. Ortalama
deger 104 Bq kg¥dir. Uranyum
degerlerinin farklilik gostermesi, bolgedeki
toprak yapisina ve jeolojik formasyonlara
bagh olabilir. Nitekim 23U izotopu
izotopunun Malatya ilindeki topraklarin
radyoaktivite dl¢limlerinde degerler 3.9 ile
42,0 Bq kg! araliginda bulunmustur
(TAEK 2009).

e Ote yandan en yiiksek 2%2Th aktivitesi
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Akcadag (4.3 Bq kg) ve Battalgazi (3.6 Bq
kg™l) bolgelerinde dl¢iilmiistiir. En diisiik
deger Hekimhan bolgesinde 0.6 Bq kg™
olarak kaydedilmistir. Ortalama deger 2.6
Bg kgV’dir. Toryum-232 degerlerinin bu
kadar degisken olmasi, bolgede arazilerinin
toryum zenginligine bagl olabilir. Nitekim
232Th izotopu izotopunun Malatya ilindeki
topraklarin  radyoaktivite  dl¢limlerinde
degerler 6.8 ile 55.6 Bq kg' araliginda
bulunmustur (TAEK 2009).

e Tablo 2 de farkli yas gruplarinin
gidalarin icerigindeki farkli
radyoizotoplardan beslenme yoluyla etkin
doz degerlerinin hesaplanmasina yarayan
faktorler verilmistir. Yukarida verilen
aktivite  konsantrasyonlar1  baglaminda
ornegin bir yetiskin yilda Kale ilgesinde

yetistirilen kuru kayisilardan yilda 2 Kg
tiiketiyorsa viicudu yilda “°K aktivitesinden
624 Bq kg! x 6.2 nSv. Bq' x 2 kg yil! =
7738 nSv yil! etkin doza maruz
kalmaktadir. Yine ayn1 numuneden benzer
bir hesapla 2*U aktivitesinden 10360 nSv
yil! etkin doza ve 2?Th aktivitesinden 1564
nSv yil? etkin doza maruz kalmaktadir.
Sekil 4’den goriildiigi gibi Kale ilgesinden
alman kayis1 iirinleri en yiiksek aktivite
degerlerine  sahiptir.  Diger taraftan
Hekimhan ilgesinden alinanlar ise nispeten
en diisiik aktivite degerlerine haizdir. Bir
yetigkin yilda ortalama 2.4 mSv etkin doza
maruz kalir (UNSCEAR, 2000). Bu da
2.4x10° nSv yilt etkin doza karsilik gelir.
Insanlar bu degerin ¢ok kiigiik bir kismini
(yaklasik  %10-15)  gidalardan  alir
(Abojassim ve ark., 2016).

Tablo 2. Farkli radyoizotoplar i¢in nSv. Bq* biriminde doz déniisiim faktorleri (Abojassim ve ark.)

Yas Gruplari K 238y 232Th
Yetiskinler 6.2 280 230
10 yas alt1 13 800 290
cocuklar

2 yas alt1 kiiciik

cocuklar 42 960 960

20
18
16
14
12
10

Aldivite Konsantrasyonu (Bgikg)

=T L L L~

kale Battalgazi

Piflrge

Dodansehir  Akgadad Hekimhan

m Uranyum-238 (Bag/kg) m Toryum-232 (Bg'kg)
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Pitirge

Dodangehir Akcadad Hekimhan

m Potasyum-40 (Ba/kg)

Sekil 5. Malatya ilgelerinin kayis1 numunelerindeki uranyum, toryum ve potasyum radyoaktivite konsantrasyon
kargilagtirtlmali siitun grafikleri

4. Sonug¢

e Potasyum-40 aktivitesi tim
numunelerde ortalama degerden yiiksektir
ancak bitkisel gida maddeleri i¢in dogal
seviyelere uygundur ¢iinkii “°K  bitkiler
tarafindan dogal olarak emilen bir izotoptur.
e Uranyum-238 ve Toryum-232 degerleri
bolgelere gore degiskenlik gostermekle
birlikte  tim  numunelerde  diisiik
seviyededir. Akcadag, Kale ve Battalgazi
bolgelerinden  alinan  Orneklerde  bu
radyoizotoplarin aktivitesi kendi aralarinda
gorece daha yiiksek degerlere sahiptir
(Sekil 5). Bu radyoniiklidlerin diisiik
degerlerde ¢ikmasi onemlidir. Cilinkii bu
dogal radyoaktif serileri icerisinde canli
doku igerisindeki 1s1mada en zararli alfa
parcacigl salmimudir. Alfa pargacigr yiikli
oldugundan menzili kisa olup tiim enerjisini
cevresindeki dokuya aktarir. Bu da hiicre
cekirdeginde DNA zincirlerinde hasara yol
acar. Hekimhan bodlgesi hem “°K hem de
diger izotoplar icin en diisiik radyoaktivite
seviyelerine seviyesindedir.

Bu  sonuglar, tarimsal iirtinlerin
yetistirildigi topragin jeokimyasal
ozelliklerinin ve radyoaktivite seviyelerinin
kayisilarin  radyoaktif izotop igerigini
etkileyebilecegini gostermektedir. Gida
maddelerinde bulunan dogal
radyontiklidlerin aktivite konsantrasyonlari,
yetistirildikleri bolgenin jeolojik
ozelliklerinden etkilenmektedir. Ancak
bundan daha onemli bir faktoriin tarimda
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kullanilan giibreler ve ilaglar da gidalarda
radyoniiklid birikimini artirdigidir.
Giibrelerdeki radyoizotoplarin tayini ve bu
izotoplarin  bitkiye  gecisi  hakkinda
iilkemizde birgok c¢alisma mevcuttur
(Cengiz ve ark. 2019, Otu, 2021, Kosal ve
ark. 2022) Insan saghigi acisindan, gida
driinlerinin ~ diisiik  karasal radyasyon
seviyelerine sahip bolgelerde ve uygun
giibreleme yontemleriyle liretilmesi biiyiik
Onem tasimaktadir.

Yazarlarin Katki Beyam

Yazarlar  makaleye esit katkida
bulunduklarini, makalenin yayina hazir son
halini gordiiklerini/okuduklarini ve
onayladiklarini beyan ederler.

Cikar Catismasi1 Beyani

Tlm yazarlar, bu ¢alisma i¢in herhangi
bir ¢ikar ¢catigmasi olmadigini beyan
etmektedir.

Aciklama

Bu c¢alisma “Malatya’da  Yetisen
Kayisilarda Dogal Radyasyon Miktari
Tayini” isimli Yiksek Lisans tezinden
tiiretilmistir.
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Abstract

Modeling and analyzing lifespan data is essential in many application areas, including medicine, engineering, and
finance. These types of data have been modeled using various lifetime distributions. The assumed probability
model(s) have a significant impact on the efficiency of the procedures used in statistical research.Forthisreason,
much work has been devotedtoderivingalargeclass of normal probability distributions andrelated statistical
techniques. However,real-worlddatachallenge all established probability models, leaving manyimportant issues
unresolved.This present work add another novel distribution with two parameter called two-parameter
betaexponential distribution (TPBED), including the beta (2,b)distribution and the new XLindley distribution as
special cases. We provide a complete mathematical treatment of this distribution. We derive the moment
generating function and the r-th moment, thereby generalizing some results from the literature. Expressions for the
density, moment generating function, entropy and the r-th moment of the order statisticare also obtained. We
observe in three applications to simulated and real data sets(demography and geostandards) that this model is quite
flexible and can be used quite effectively for analyzing active data in place of one and two-parameter distributions
such asthe exponential, Lindley, XLindley, new XLindley, Xgamma, Zeghdoudi, Chen, Lindley gamma, quasi-
new Lindley, two-parameter Lindley, Power XLindley, and Gamma.

Keywords: Two parameter distribution, beta distribution, new Xlindley disribution, moments
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Kouadria and Zeghdoudi

1. Introduction

In many applied sciences such as
medicine, engineering, and finance, among
others, the modelling and analysis of life
expectancy data is important. Several
lifetime distributions have been used to
model this type of data. The quality of the
procedures used in statistical analysis
depends heavily on the assumed model or
probability distribution. For this reason,
considerable efforts have been made to
develop large classes of standard
probability distributions as well as related
statistical methods. However, there are still
many important issues that do not hold up
to classical or standard probability models.

Some generalbeta distributions
havebeenremoved.
Recently, some beta-generalized

distributions have been considered. The
beta-normal, beta-Fréchet, beta-Gumbel,
beta-exponential, beta generalized half-
normal, beta generalized Rayleigh, beta
generalized exponential, and beta Lindley
distributions, in that order, were put forth by
(Eugene et al., 2002), (Nadarajah and
Gupta, 2004),(Nadarajah and Kotz, 2004),
(Nadarajah and Kotz, 2006),(Pescim et al.,
2010),(Cordeiro et al., 2013), (Barreto-
Souza et al.,, 2010)and (Merovci and
Sharma, 2014). (Jones, 2004) explores this
generic beta family and demonstrates that it
has intriguing distributional characteristics

ox

F(x):l—(?+1

as well as the possibility for fascinating
statistical applications. Its order statistics
serve as the motivation for this discussion.

In this paper, we introduce the two
parameter beta-exponential distribution, a
novel generalization of the new XLindley
distribution. In the framework of Bayesian
statistics, the new XLindley distribution
was first put up by (Khodja et al., 2023).

(Khodja et al., 2023), they discussed the
various statistical properties of new
XLindley distribution. Furthermore, the
research employs a Monte Carlo simulation
to assess and compare the performance of
various estimators in estimating the
unknown parameter of the new XLindley
distribution. This model was compared with
many current distributions such as
XLindley (Chouia and Zeghdoudi, 2021),
Weibull, gamma, exponential,
Zeghdoudi(Messaadia and  Zeghdoudi,
2018), Akash (Rama, 2015), Lindley
(Ghitany et al., 2008), Chris-Jerry
(Onyekwere and Obulezi, 2022), Shanker,
and Xgamma (Sen et al., 2016). Among all
models, it is concluded that the new one-
parameter distribution performed the best in
modeling based on criteria such as the
Akaike information criterion, Bayesian
information criterion, and others. The
cumulative distribution function (cdf) of the
new XLindley distribution (NXLD)
(Khodja et al., 2023) as follows:

jeax
where X>0 and 8>0.

And the corresponding (pdf) defined as follows:

Fx)=2

Here is how the rest of the paper is
organized. In Section 2, the formulation of
the proposed distribution is presented.
Some distributional properties of the new
model are discussed in Section 3. We give
two real data sets to demonstrate the
applicability of the proposed distribution in
section 4. A simulation algorithm is

(1+0x)

e—&x

where X>0 and 8>0.
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provided in Section 5 to generate the
random sample from two-parameter beta
exponential distribution (TPBED).

1.1. Formulation of the two-parameter
beta exponential distribution (TPBED)

Let F (x) denote the cumulative
distribution function of a random variable X
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of the new XLindley distribution, and then 2002)is generated by applying the inverse
the cumulative distribution function for a (cdf) to a beta(2,b) distributed random
new class of distribution for the random variable to obtain

variable X; as defined by (Eugene et al.,

G(X) = F(2+b)( (XZH jeeszg(_li(l (Xfﬂj j

12+K)[(b—kK)

And the (pdf) of TPBED

g(X) = 9b(X0+1)(1+ b)i(—l)l_j (%j - le(xg_’_ 2)b—j e—@x(b+1—j)

j=0

1 ) b+1-j -
g (X) = (9b(1+ b) (X@—I—l)Z(—l)LJ (%] le(xe + 2)b—j e*@X(b#»l—J)

i=0

000 = 0b(1+b) X6 +1) Zl,‘ | ((x_zeﬂj ]_ -
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o i S

(x0 +1)x%e ¢

9(x) =b(L+b) 9) (=)™ r(b-j+)r(i+1)

1
cict 2
jzogszoqzos ’(2 i1sI0(b— j+1—i)T (i +1-s)

We take

(0 ()T (b j+ )T (i+1)
2.2.2.C'C (Ej itsIT(b— j +1—i)T(i+1-s)

1 o i S
j=0 i=0 s=0 gq=0

W =b(1+Db)

Finally the (pdf) of TPBED is given by
g(x) =W (x*@+ x¥)e #

2.Statistical Properties
2.1.Moments

Proposition 1. If X —TPBED(b, ), the kth moment is given by:
a(k+q+2) . C(k+q+1)
(0(s+2)"™*  (O(s+1))" "™

E(X")=wW x{
Proof. We have
E(X*)=[x“g(x)dx
0

E(X k) W XI(Xk+q+le+ Xk+q)e—9x(s+1)dx
0

E(X k) W x (QJ' Xk+q+le—z9x(s+l)dx n J‘ Xk+qe—9x(s+1)dxj
0 0

By taking v=0x(s+1) than X =
ytaxing (s-+1) than 0(s+1)

Finally, we have

r(k+q+2) .\ I'(k+q+1) J

E(Xk) :WX k+q+2 k+g+1
(O(s+1))™"  (8(s+D)™

2.2. Moments generating function
The (mgf) of the two-parameter beta exponential distribution (TPBED) is given by

M(t)=E(")= Te‘x g(x)dx

M (t) =W x .f(x‘”l@ +x9)e DGy —\W x (9[ X0 (DX gy I xqe‘(e(s“)“)xdx]
0 0

0
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M (1) =W ar(q+2) . I'(q+1)
(0(s+D)-t)""  (O(s+1)-t)™

2.3. Entropy have been developed using entropy's
properties. The fluctuation in uncertainty is
measured by the entropy of a random
variable X. The definition of Rényi's
entropy is as follows:

Most people agree that the degree of
uncertainty in a probability distribution may
be determined using information and
entropy. Nonetheless, a lot of correlations

R(t) :ﬁlog {Jgt(x)dx}

Where t is integer greater thanOand t =1, for two-parameter betaexponential distribution
(TPBED), we have:

R(t) = % log {J.W‘ (x¥1G+x%) e“x(“l)dx}
- 0

Using the binomial expansion for (x**@+ x%)" we get
t
(Xq+10+ Xq)t — C qu(2t—l)+t0t
So
R(t) _ —Iog {W ZC |9tJ‘Xq(2t I)+t —9[X(S+l)dx}

1=0
I Nt
. WZCH .

— IO q(2t- I)+t yd
1t g (¢9t(s 1)) = I)+t+l_[y y

Finally the Rényi's entropy of two-parameter betaexponential distribution (TPBED) is given
by:
t
1 W t Z Ctle’[
R(t) = lo = (g2t-1)+t+1
( ) 1_t g (Ht(s +l))q(2tf|)+t+l (q( ) )

2.4. Incomplete moments

Thek th incomplete moment of X can be expressed as follows, according to similar
computations:

T (t)=E(X"/ X <t) :%jxkg(x)dx

J'(Xk+q+19+ Xk+q)e—9x(s+l)dx _ W [QJ' Xk+q+l 9x(s+l)dx+J'Xk+qe 0x(s+l)dX)
G(t) G(t)

W [ 9 to(s+1) l to(s+1)

— — yk+q-¢—1e—ydy_|_—Jr+ yk+qe—ydy
G(t) (9(s+1))k Wy (0(s +1))k ol
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W [ 0 (k+q+2,t0(s+1))+

TGO\ (a4 (k+q+1’w(s+1))J

-
(0(5 +1))k+q+1 /4

Finally,

T.(0)= W (7(k+q+2,t9(s+1))

k :
G(t)(0(3+1))k+q+l s+1 +7/( +q+ltl9(S+1))J

2.5. Stress-strength reliability variables X andy , following the two-

One way to calculate the stress-strength parameter b_eta exponential - distribution
reliability R for a component with (TPBED) with parameters ¢, andd, ,

independent strength and stress random respectively, is as follows:

R=P(Y<X)={g(x6)G(x6,)dx

O t—38

2.6. Order statistics the nth order statistic (or largest order

The ith order statistic of a sample is its statistic) is the maximum; that is

i th smallest value. For a sample of sizen,

Xy = { X1 X X, )

The sample range is the difference between the maximum and minimum. It is clearly a function
of the order statistics:

X = X =range{X;, X,,.., X, }
We know that if X, < X, <...< X, , denotes the order statistic of a random sample X, X,,..., X |
from a continuous population with (cdf) G(x) and (pdf) g(x) , then the (pdf) of X is given by
n! i-1 n-i
X)=————0g(X)(G(x 1-G(x
The (pdf) of the i th order statistic for the two-parameter beta exponential distribution (TPBED)
is given by

i-1

k
o _
1) (1—(X+1je ‘9*)
W (x99 1 xT)a-0x(s+D) 2, (
nIW (x40 + x%)e F(2+b)[1—(xf+1je9xj s 2

9x,, (X) = (i—1)i(n—i)! = KI@2+KI(b-k)

n—i

1-T'(2+b) [1—(X_26’+1jeaxj2 $ (-1 [1—()(29 +1je—6xj

~ K12+ K)[(b—K)

3. Hlustrations with Simulated and Real Datasets

3.1. Simulated data
In this part, we offered an approach to produce a random sample for the specified sample
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size (n) and parameter values of the two-parameter beta exponential distribution (TPBED). The
steps involved in the simulation process are as follows.

e Stepl. Set n=35and ©(b=160=3).

e Step2. Set initial value x° <1 and k=0.
e Step3. Generate U~Uniform(0,1) ,it's meanU =x.

. G -U
e Step4. Update X° by using Newton's formula such as x” = x° —(%J
g (X

X:X0

e Step5. if|x —x’| <& , then we take this value X
e Stepé. if[x"—x°|> £, then we change the initial value, and go to step 4.

e Step?7. repeat steps 4 to 6, and obtained random sample from G(X) .

We created a sample from the two-parameter betaexponential distribution (TPBED) with size

n=35using the prior algorithm. The simulated sample is given by:
0.1, 0.28252, 0.42337, 0.54985, 0.67905, 0.83465, 1.0757, 1.6796, 0.2, 0.35618, 0.48759, 0.61321,

0.75163, 0.93779, 1.2881, 2.7059, 0.3, 0.43825, 0.56417, 0.69491, 0.85603, 1.1155, 1.8245, 0.4,
0.52776, 0.65513, 0.80347, 1.0210, 1.5061, 0.5, 0.62596, 0.76704, 0.96159, 1.3455, 3.124

The variance-covariance matrix |1(b, 49) of the MLEs under the modified beta-exponential

distribution for simulated data is computed as

0.172078 —-1.128508
-1.128508  7.651671

The variances of the MLE of b and & under the TPBED for simulated data are

n

var(bj =0.172078, and var(ej =7.651671. Thus, 95% the confidence intervals for b and

@are [0,1.279243] and [0,9.717297] respectively.

Table 1.The ML estimates,-2 log-likelihood, AIC, BIC,AICC, and HQIC for Simulated data.

Model 6 é 7 AIC BIC —2L AICC | HQIC
exponential 1.129 63.496 | 65.051 | 61.496 | 63.617 | 64.033
Lindley 1.568 61.079 | 62.635 | 59.079 | 61.201 | 61.616
XLindley 1.332 62.934 | 64.489 | 60.934 | 63.056 | 63.471
New-XLindley 1.749 59.626 | 61.182 | 57.626 | 59.747 | 60.163
Xgamma 1.930 65.001 | 66.557 | 63.001 | 65.123 | 65.538
Zeghdoudi 2.735 52.254 | 53.809 | 50.254 | 52.375 | 52.791
Chen 0.814 | 0.545 | 64.945 | 68.056 | 60.945 | 65.320 | 66.019
gamma Lindley 29.326| 2.241 | 54.582 | 57.693 | 50.582 | 54.957 | 55.656
new quasi Lindley 2.144 | 44.158 | 55.586 | 58.697 | 51.586 | 55.961 | 56.660
tW(E i?}%rgf;‘“iter 2.186 | 37.857 | 55.016 | 58.127 | 51.016 | 55.391 | 56.090
Power XLindley 2849 | 0.688 | 117.67 | 120.78 | 113.67 | 118.04 | 118.74
Gamma 2.673 | 2.367 | 53.729 | 56.840 | 49.729 | 54.104 | 54.803
TPBED 0.466 4.296 / 53.262 | 56.373 | 49.262 | 53.637 | 54.336
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3.2. Real data analysis | shows the population of the United States

Two actual datasets are used in this (in millions) as recorded by the decennial
section to illustrate the new two-parameter census for the period 1790--1970.(McNeil
model's practicality. The first actual dataset and Tukey, 1977)

3.93,5.31, 7.24, 9.64, 12.90, 17.10, 23.20, 31.40, 39.80, 50.20, 62.90, 76.00, 92.00, 105.70,
122.80, 131.70, 151.30, 179.30, 203.20

Histogram Kevindiniphsity Box plot

0.006

ey
Density
04
H

QQ plot

Thearetical Qua

Figure 1. Histogram, kern density, box plot and QQ plot of the set data I.

And the second dataset Il shows a nickel content (ppm) in a Canadian syenite
numeric vector of 31 determinations of rock(Abbey, 1988).

5.2,65,6.9,70,7.0,7.0,7.4,38.0,8.0,8.0,8.0,85, 9.0, 9.0, 10.0, 11.0, 11.0, 12.0, 12.0, 13.7,
14.0, 14.0, 14.0, 16.0, 17.0, 17.0, 18.0, 24.0, 28.0, 34.0, 125.0

Table 2. The ML estimates,-2 log-likelihood, AIC, BIC,AICC, and HQIC for dataset I.

Model b é 7 AIC BIC —2L AICC | HQIC
exponential 0.014 201.32 202.26 199.32 20155 201.48

Lindley 0.028 207.63 [208.57 |205.63 |207.86 |207.79
XLindley 0.028 206.92 [207.87 [204.92 |207.16 |207.08
New-XLindley 0.021 201.65 [202.60 [199.65 [201.89 |201.81
Xgamma 0.040 21544 [216.38 |213.44 |215.67 |215.60
Zeghdoudi 0.043 220.98 [221.92 |218.98 ([221.22 |221.14
Chen 0.297 0.027 |203.96 |205.85 [199.96 |204.71 |204.29
gamma Lindley 0.017 0.024 |203.23 |205.12 |199.23 |203.98 |203.55
new quasi Lindley 0.024 |0.001 |204.55 |206.44 |200.55 |205.29 |204.87
tWOLFi’ﬁgé:feT;eter 0.022 |44.26 |203.70 |205.59 [199.70 |204.45 |204.02
Power XLindley 1.056 |0.194 |251.30 |253.19 |247.30 [252.05 |251.62
Gamma 0.014 |1.006 |203.32 |205.21 |199.32 |204.07 |203.64
TPBED 0.012 |1.241 202.88 |204.77 [198.88 |203.63 |203.20
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Table 3. The ML estimates,-2 log-likelihood, AIC, BIC,AICC, and HQIC for dataset II.

Model b 9 }/ AIC BIC —2L AICC | HQIC
exponential 0.062 235.93 | 237.36 | 233.93 | 236.06 | 236.39
Lindley 0.118 231.49 | 232.92 | 229.49 | 231.62 | 231.95
XLindley 0.113 232.60 | 234.04 | 230.60 | 232.74 | 233.07
New-XLindley 0.095 235.48 | 236.92 | 233.48 | 235.62 | 235.95
Xgamma 0.172 237.91 | 239.34 | 235.91 | 238.05 | 238.38
Zeghdoudi 0.182 23448 | 235.91 | 232.48 | 234.62 | 234.95
Chen 0.319 | 0.087 | 253.08 | 255.95 | 249.08 | 253.51 | 254.01
gamma Lindley 0.125 | 13.46 | 232.14 | 235.01 | 228.14 | 232.57 | 233.07
new quasi Lindley 0.125 | 7.013 | 232.05 | 234.92 | 228.05 | 232.48 | 232.99
tWOLi%r g;‘fiter 0.112 | 0.389 | 233.10 | 235.96 | 229.10 | 233.52 | 234.03
Power XLindley 1.178 | 0.252 | 318.53 | 321.40 | 314.53 | 318.96 | 319.46
Gamma 0.117 | 1.867 | 231.93 | 234.80 | 227.93 | 232.36 | 232.87
TPBED 0.236 | 0.393 227.53 | 230.40 | 223.53 | 227.96 | 228.46

4.Conclusion

We have proposed TPBED as a
generalizationof the new  XLindley
distribution discussed by(Khodja et al.,
2023). We provide a mathematical
treatment of this distribution thatincludes
the density of the order statistics. We derive
amomentgenerating function and provide
aninfinitesummationof the moments of the
new distribution and its order statistics.
Three applications of TPBED are given to
show that this distribution canprovidea
better fit than other sub models discussed in
the literature such asexponential, Lindley,
XLindley, new XLindley, Xgamma,
Zeghdoudi, Chen, Lindleygamma,quasi-
new Lindley, two-parameter Lindley,
Power XLindley, and Gamma. We hope
that this generalization can attract broader
applications in reliability, biology, and
actuarial science.
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Abstract

Studies show that the ventrogluteal site is safer for intramuscular injection in the gluteal region, but nurses prefer
this site less. The aim of this study was to determine the preferred site in the gluteal region for intramuscular
injection and the reasons for preference. This descriptive and cross-sectional study was conducted in a University
hospital. The study's sample consisted of 130 nurses. The data were collected with a questionnaire form and
evaluated using number, percentage, mean, and standard deviation calculations. It was determined that 62.3% of
the nurses preferred to use the dorsogluteal site, 5.4% to use the ventrogluteal site, and 32.3% to use both sites for
intramuscular injection. The reasons for the nurses' preference for the dorsogluteal site were determined as a habit,
mandatory position, obesity, patient's desire, cachexia, being a safe site, ease of application, and receiving training
only on this site. The reasons for choosing the ventrogluteal site were determined as patient desire, obesity, forced
position, more reliability, habit, cachexia, less risky, and less painful, respectively.

Keywords: Nursing, intramuscular injection, dorsogluteal site, ventrogluteal site
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1. Introduction

Giving medicine to the patient, which is
one of the therapeutic principles, is one of
the fundamental parts of the nursing
profession  (Yilmaz  Yarici, 2022).
Intramuscular injection (IM) is a widely
used method among parenteral drug
administrations (Taylor et al., 2011). The
correct and reliable application of 1M
injection is very important for the
prevention of complications (Polania
Gutierrez and Munakomi, 2023). According
to studies, the dorsogluteal site is most
commonly used in IM medication
administration (Yilmaz and Yarici, 2022).
Since the dorsogluteal site is close to the site
where the sciatic nerve and superior gluteal
artery pass, giving drugs to the nerves and
vessels brings risks such as the drug not
reaching the muscle (remaining in the
subcutaneous tissue) due to the thick
subcutaneous tissue (Caliskan et al., 2023,
Malhotra et al., 2023, Hopkins and Arias,
2013). Therefore, it is reported that
complications such as sciatic nerve injury,
skin infections, abscess, hematoma, cyst,
tissue damage, periostitis, skeletal muscle
fibrosis, muscle contracture, gangrene, and
abscess often develop as a result of incorrect
applications to this site (Hopkins and Arias,
2013, Kalayci, 2022, Fidanc et al., 2020).
In addition to these complications, if the IM
injection is made to the antigravity muscle
groups that provide standing-sitting
functions, it causes the patient to feel more
pain (Hopkins and Arias, 2013; Kaya and
Pallos, 2012).

The ventrogluteal site is further away
from major blood vessels and nerves (Treas
and Wilkinson, 2014). The muscles in this
site are wider and better defined. Therefore,
it is easier to find the breakpoints during
injection. Another advantage is that the
subcutaneous tissue thickness in this site is
thinner than the dorsogluteal site, and the
muscle tissue is thicker than the
dorsogluteal site (Giillii, 2021). Therefore,
the possibility of inadvertent administration
of IM injection to the subcutaneous tissue is
less (Treas and Wilkinson, 2014). In the
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study of Chan et al., it was reported that
more than half of the drug (68%) remained
in the subcutaneous tissue in the
intramuscular injection applied to the
dorsogluteal site and did not reach the
muscle tissue (Chan at al., 2006).

In studies conducted to date, no evidence
of vascular injury or other complications
after injection into the ventrogluteal site has
been reported yet (Apaydin and Oztiirk,
2021, Hopkins and Arias, 2013). Although
several evidence-based studies suggest that
the ventrogluteal site is a safer site for IM
injection for both patient and nurse, most
nurses are still unwilling to use this site
(Apaydm and Oztiirk, 2021; Giiven, 2023;
Yilmaz and Yarici, 2022).

2. Materials and Methods
2.1. Aim and design

The aim of this study was to determine
the preferred site in the gluteal region for
intramuscular injection and the reasons for
preference. This descriptive and cross-
sectional study was conducted in the
clinical and intensive care units of a
University hospital in the Aegean region of
Turkey between April and May 2019.
2.2. Participant setting and recruitment

The study's population consisted of
nurses (n=506) who worked clinic and
intensive care units. All nurses (n=130) who
volunteered to participate in the study were
included in the sample.
2.3. Data collection

The data were collected with a
questionnaire form prepared by the
researchers in accordance with the literatiire
(Apaydmn and Oztiirk, 2021, Giiven, 2023,
Yilmaz and Yarici, 2022). The data
collection form consists of three parts. In
the first part, there are 6 questions related to
the descriptive characteristics of the nurses
and in the second part, there are 3 questions
related to the reasons for the nurses'
preference for the gluteal region, totaling 9
questions. The third part of the
questionnaire form consisted of 33 items
including nurses' opinions on the reason for
preference of the site for IM injection.
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2.4. Statistical analysis

The data analysis was carried out with the
IBM SPSS Statistics (Version 21.0)
software. The data was analyzed using
number, percentage, mean, and standard
deviation calculations.

2.5. Ethical considerations

The study was approved by the Ethics
Committee of the Faculty of Medicine of
Pamukkale  University  (06/03/2019-

E.17315). Written permission was obtained
from the hospital management as well.
3. Results

It was established that the average age of
nurses is 30.04+6.76, 38.5% of them were
between the ages of 20 and 25, 93.8% were
women, 64.6% had a bachelor's degree, and
they had worked for at least 1 and up to 25
years, with a median of 7, 1R: 5 years.
49.2% of the nurses worked in the intensive
care units (Table 1).

Table 1. Descriptive characteristics of the nurses (n=130)

Variable M +SDorn %

Age (years) 30.04 £6.76

20-25 50 385
26-31 29 22.3
32-37 29 22.3
Age older than 38 years, 22 16.9
Sex

Female 122 93.8
Male 8 6.2
Marital status

Married 87 66.9
Single 43 33.1
Educational background

Vocational school of health 35 26.9
Associate degree 11 8.5
Bachelor degree 84 64.6
Work experience (year)

1-5 50 385
6-11 45 34.6
12-17 22 16.9
18 year and more 13 10.0
Department of working

Intensive Care Units 64 49.2
Internal Units 28 215
Surgical units 38 29.2
Total 130 100.0

Table 2 shows the distribution of the
nurses' answers regarding their gluteal
region usage preferences and reasons. It
was found that 62.3% (n=81) of the nurses
preferred to use the dorsogluteal site, 5.4%
(n=7) the ventrogluteal site, and 32.3%
(n=42) both sites for intramuscular
injection. It was determined that 5.7% of the
nurses did not give a reason for their
preference for the dorsogluteal site (DGS).
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The reasons for preferring DGS were habit
(29.4%, n=35), mandatory position (14.6%,
n=18), obesity (9.8%, n=12), patient's
desire (8.1%, n=10), cachexia (8.1%,
n=10), reliability (8.1%, n=10), ease of
application (8.1%, n=10), and | received
training just on this site (8.1%, n=10).

It was determined that 14.3% (n=7) of
the nurses who prefer the ventrogluteal site
(VGS) for intramuscular injection did not
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explain why. Patients' desire (16.3%, n=8),
obesity (16.3%, n=8), mandatory position
(14.3%, n=7), more reliable (12.2%, n=6),
habit (10.2%, n=5), cachexia (8.2%, n=4), a

lower risk (4.1%, n=2), and less painful
(4.1%, n=2) are reasons for preferring VGS
(Table 2).

Table 2. Gluteal region preference and reasons for nurses for intramuscular injection

Gluteal region preference and reasons for nurses n %
Status of site preference in the gluteal region

Dorsogluteal site 81 62.3
Ventrogluteal site 7 5.4
Both sites 42 32.3
Reasons to prefer the dorsogluteal site (n=123)

Those who did not provide reasons for their preference 7 5.7
Habit 35 29.4
Mandatory position 18 14.6
Obesite 12 9.8
Patients' desire 10 8.1
Cachexia 10 8.1
Reliable 10 8.1
Application ease 10 8.1
I got only training about this site 10 8.1
Reasons to prefer the ventrogluteal site (n=49)

Those who did not give a reason for their preference 7 14.3
Patients' desire 8 16.3
Obesite 8 16.3
Mandatory position 7 14.3
More reliable 6 12.2
Habit 5 10.2
Cachexia 4 8.2
Lower risk 2 4.1
Less painful 2 4.1

When the thoughts of the nurses about
applying injection in the dorsogluteal site
were examined, it was found that 85.3% of
them stated "I feel more ready"”, 83.0%
stated "I think it is a safe and comfortable
application site", 82.3% stated "I prefer it
because of habit", 81.5% stated "I think the
patients are more ready and compatible”,
78.4% stated "I think I have to touch the
patients less". When the distribution of their

1208

thoughts about the ventrogluteal site was
examined, it was determined that 76.9% of
them thought " I think that it should be
preferred only in obligatory situations”,
74.6% thought "I think it is far from the
sciatic nerve and vessels", 73.8% thought "I
think it is not suitable for underweight
patients”, 73.8% thought "I think patients
are not used to it" (Table 3).



Zencir et al.

Table 3. Opinions of nurses on the reasons for preferring a site for intramuscular injection in the gluteal

region (n=130)

Nurses' opinions Yes No
n (%) n (%)

Nurses' opinions on why they prefer the dorsogluteal site
| feel more ready 111 (85.3) 19 (14.7)
I think it is a safe and comfortable application site 108 (83.0) 22 (17.0)
| prefer it because of habit 107 (82.3) 23 (17.7)
I think it is easier to determine the boundaries of this site 107 (82.3) 23 (17.7)
I think the patients are more ready and compatible 106 (81.5) 24 (18.5)
I realize that | have been using this site without questioning it 103 (79.2) 27 (20.8)
I think I have to touch the patients less 102 (78.4) 28 (21.6)
I think that | do not need to choose a site because the patient 100 (76.9) 30 (23.1)
immediately takes the position and prepares himself/herself

Nurses' opinions on why they prefer the ventrogluteal site
I think that it should be preferred only in obligatory situations 100 (76.9) 30 (23.1)
I think it is far from the sciatic nerve and vessels 97 (74.6) 33 (25.4)
I think this position is not suitable for underweight patients. 96 (73.8) 34 (26.2)
I think patients are not used to it 96 (73.8) 34 (26.2)
I think this site is too close to the bone 94 (72.3) 36 (27.7)
I think there is insufficient muscle thickness in this site 92 (70.7) 38 (20.3)
I think I will have to touch the patient more 90 (69.2) 40 (30.8)
I think that only drugs with a minimal amount can be administered in 90 (69.2) 40 (30.8)
this site
I think it will be uncomfortable because | contact the patient more 89 (68.4) 41 (31.6)
during the detection
I think patients will respond negatively if | inject in this site 89 (68.4) 41 (31.6)
I received theoretical training in this field, but I think that I do not 87 (66.9) 43 (33.1)
have enough skills
Although I have theoretical knowledge, | do not trust myself because | 87 (66.9) 43 (33.1)
do not use this site much
I think there is not enough subcutaneous tissue thickness in this site 86 (66.1) 44 (33.9)
I am worried that the tip of the needle will touch the bone when 85 (65.3) 45 (34.7)
injecting this site
I think the patients would not allow it 84 (64.6) 46 (35.4)
I do not think the detection method is easy and applicable 83 (63.8) 47 (36.2)
I think that drugs with irritating properties will damage this site 80 (61.5) 50 (38.5)
I think it is difficult to position the patient 80 (61.5) 50 (38.5)
I think patients will have less pain 78 (60.0) 52 (40.0)
I think I'm going to harm the patient 75 (57.6) 55 (53.4)
I think I will cause harm to the patient 74 (56.9) 56 (43.1)
Anatomically, I'm having trouble identifying this site 73 (56.1) 57 (43.9)
| find it dangerous to inject into this site 73 (56.1) 57 (43.9)
I find this site more reliable 71 (54.6) 59(45.4)
I think it is not appropriate to use this site in obese patients 69 (53.0) 61 (47.0)

4. Discussion

The safe administration of drugs to
patients is one of the basic elements of the
nursing profession, and the knowledge,
skills and awareness of nurses on this issue
are very important (Yilmaz and Yarici,
2022). Among drug therapies,
intramuscular (IM) injection is commonly
used (Dincer and Yildirim 2021). For
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intramuscular drug administration, the
dorsogluteal and ventrogluteal sites, which
contain large muscle groups, are often used
(Kaynar Simsek, 2020).

When the literature is examined, it is
seen that the dorsogluteal site is preferred
more than the ventrogluteal site in IM drug
administration (Su and Bekmezci, 2020,
Yilmaz and Yarici, 2022). However, the
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dorsogluteal site is a more risky site in terms
of its anatomical location (Manchikanti et
al.,, 2021, Treas and W.ilkinson, 2014,
Hopkins and Arias, 2013). Improper
application to this site causes multiple
complications (sciatic nerve injury, skin
infections, abscess, hematoma, cyst, tissue
injury, periostitis, skeletal muscle fibrosis,
muscle contracture, gangrene, abscess, etc.
(Alves et al., 2018, Treas and Wilkinson,
2014, Fidanci et al., 2020). Some studies
have even reported that patients experience
more pain after IM injection in this site
(Roldan-Chicano, 2023, Hopkins and Arias,
2013, Kaya and Pallos, 2012).

Recent evidence-based studies show that
the VGS is a safer site for intramuscular
injection (Arslan and Ozden, 2018, Giilnar
and Ozveren, 2016, Sar1 et al., 2017), and
the risk of complications seen in the DGS in
terms of anatomical structure is less in this
site (Apaydin and Oztiirk, 2021, Nakajima,
et al., 2020, Hopkins and Arias, 2013).
However, in some special cases (children
under 7 years of age, cachexia) it is
recommended not to be preferred unless
absolutely necessary (Gilines Yapucu et al.,
2008, Yilmaz and Yarici, 2022).

Despite the results of multiple evidence-
based studies showing that the VGS is a
safer site for both the patient and the nurse
in the administration of IM injections, most
nurses are still unwilling to use this site
(Apaydin and Oztiirk, 2021, Cirlak et al.,
2020, Giiven, 2023, Yilmaz and Yarici,
2022). In this study, which was conducted
to determine the site preference and reasons
of nurses in the gluteal region for
intramuscular injection, it was determined
that nurses mostly preferred the
dorsogluteal site for IM injection, similar to
the literature information (Table 2). The
results of this study and the studies in the
literature show that most of the nurses are
still unable to choose a safe site for IM
injection (Apaydin and Oztiirk, 2021,
Giiven, 2023, Yilmaz and Yarici, 2022).

In this study, when the reasons why
nurses preferred the DGS were analysed,
habit took the first place. Similarly, it was
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reported in the literature that nurses stated
that injecting in the DGS was a habit and it
was difficult to give it up (Giilnar and
Caligkan, 2014, Kilic et al., 2014, Wynaden
et al., 2006). In different studies, it is seen
that nurses prefer DGS "firstly” (Giilnar and
Ozveren, 2016, Fekonja et al., 2020),
"mostly" (Giiven, 2023, Su and Bekmezci,
2020), and "as a tradition™ (Cerit, 2020,
Coskun et al, 2016) for IM injection. The
other reasons for the preference of DGS in
this study were determined as mandatory
position of the patient, obesity, patient
request, reliability and ease of application,
respectively (Table 2). Similar to the
findings of this study, nurses expressed the
reasons for preferring the DGS as "l believe
that patients will prefer this site” and "easily
accessible” (Cerit, 2020, Korkmaz et al.,
2018) "safer" (Giillii and Akgiin, 2021, Sar1
et al, 2017), and "more practical”
(Korkmaz et al., 2018). In another study, it
was found that nurses absolutely preferred
DGS especially in obese patients (Strohfus
etal., 2017).

Although the risks are known, the main
reason why nurses prefer DGS more in IM
injection is their negative thoughts and
perceptions about the ventrogluteal site.
According to the results of the study, it was
observed that the nurses did not have
sufficient knowledge about VGS, they did
not find their own knowledge sufficient,
they were not used to using the site, they
had difficulty in making behavioural
changes, they were concerned about
harming the patient because they thought
that the anatomical structure of the
ventrogluteal site was small and therefore
they did not trust themselves in this regard
(Dogu, 2016, Giiven, 2023, Kilic et al.,
2014). In another study, on the contrary, it
was determined that student nurses stated
that they received theoretical information
about the use of VGS during the education
process, but they could not transform this
knowledge into skills because there were no
nurses who applied IM injection in this site
as role models (Kilic et al., 2014, Meteris
and Biger, 2021). It is thought that this
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situation is also valid for newly employed
nurses.

When the literature is examined, it is
seen that IM injection into the VGS has
been included in the educational curriculum
for many years. As with intramuscular
injection, psychomotor skills can only
become permanent with repeated practice in
the presence of experienced colleagues
(Oztiirk et al., 2017). Studies show that
there are no nurses who are adequate role
models in the application of IM injection to
the VGS in practice. This situation creates
an barrier for students or new nurses to
acquire relevant skills (Saki¢ et al., 2012,
Sar1 et al, 2017). The fact that the
theoretical knowledge is not completely
transformed into skills creates anxiety in the
process of performing the relevant practice
(Dogu, 2016, Giiven, 2023, Kilic et al.,
2014). In this study, it was determined that
the majority of the nurses were young and
in the first years of their professional life.
This situation suggests that the nurses did
not find enough practical application
opportunities to perform injections in the
VGS.

The VGS has several advantages over
the DGS for IM injection (Nakajima et al.,
2020). However, it is known that nurses are
reluctant to use this field due to the reasons
stated above (Giiven, 2023, Kilic et al.,
2014). In this study, similar to the literature,
it was determined that very few nurses used
VGS in IM injection administration.
Approximately one seventh of the nurses
using this field did not give a reason for
preference (Table 2). This situation creates
a dilemma as to whether nurses actually use
VGS or not.

Approximately one-third of the nurses
included in the study reported that they
preferred the VGS because of habit and less
than one tenth because it was safe and less
risky (Table 2). However, it is thought-
provoking that this rate is quite low. The
reason for this is thought to be that although
the nurses are undergraduate graduates,
they have not yet transformed their
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theoretical knowledge into skills because
they are new in the profession.

Similarly, there are studies in the
literature showing that nurses do not have
sufficient knowledge or skills to administer
IM injection to the VGS (Giiven, 2023, Sar1
etal., 2017, Su and Bekmezci, 2020). It was
reported that 57.3% of the nurses in Giiven's
study and 40% of the nurses in Su and
Bekmezci's study did not use the VG site
because they were not used to it (Giiven,
2023, Su and Bekmezci, 2020). In another
study, it was found that nurses were
extremely resistant to change and did not
use VGS because they could not give up
their habits (Wynaden et al., 2006). To a
large extent, change requires the giving up
of habits. In this study, it is thought that
nurses resist change and use VGA less
because they are not used to it. This
situation also poses a risk in terms of
patient/employee safety (Cerit, 2020,
Nakajima et al., 2020, Yilmaz and Yarici,
2022).

In this study, it was determined that
nurses preferred the ventrogluteal site
because it was less painful (4.1%) (Table 2).
In previous studies, it was found that
patients reported that the intensity of pain
experienced in IM injections applied to the
VGS was less than in the DGS (Apaydin
and Oztiirk, 2021, Dere Isseven and Sagkal
Midilli, 2020). In the study conducted by
Yilmaz and Yarici, on the contrary, it was
found that more than half of the nurses
(54.2%) thought that the patient would
experience more pain in the injection made
in the VGS (Yilmaz and Yarici, 2022). The
reason for this is thought to be that nurses'
anxiety overrides their knowledge because
they administer fewer injections in the
VGS.

When Table 3 is examined, similar to the
literature information given above, it is seen
that the thoughts of the nurses affect the site
preferences for intramuscular injection in
the gluteal region.

4.1. Implications for nursing practice

In this study, it was determined that

nurses used the ventrogluteal site less
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frequently for IM injection. Knowing the
site preferences of nurses in IM injection
will be effective in reducing the barriers to
less use of the ventrogluteal site. Therefore,
it is thought that the results of this study will
contribute to the literatiire.

4.2. Limitations

The results are specific to the nurses of
only one University hospital, and therefore,
can only be generalized to them.

5. Conclusions

It was determined that although the
majority of nurses knew that the
ventroguleteal site was safer, they used this
site less. It is important for nurses to be
aware of the barriers to preferring the
ventrogluteal site for IM injection.
Therefore, it is recommended to conduct
more evidence-based research in this field
and to plan and conduct regular in-service
trainings to increase the awareness of nurses
to use ventroguleteal site.
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Abstract

This paper introduces a new one-parameter family (NPFD) derived from the cumulative distribution function
(CDF). We study the main properties of the proposed family, with a special emphasis on its moments, reliability
parameters, and asymptotic distributions of the extreme order statistics. Then, inferential considerations are
explored. We discuss the parameter estimation by the moments, maximum likelihood methods and the Bayesian
estimation. Also, likelihood estimation and Bayesian estimation using the Pitman asymptotic criterion are given.
Three applications reveal that the new model can fit well practical data sets.
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1. Introduction

Statistical models can be used to describe
and predict real-world events. In recent
years, many different types of distributions
have been used to model data in many
different fields. Recent advances have
focused on establishing new families that
extend well-known distributions while
allowing great flexibility in modeling real-
world data. Several distributions have been
proposed in the statistical literature to
modify lifespan data, including the Lindley
(1958), Exponential, Gamma, Weibull,
Zeghdoudi (Messaadia and Zeghdoudi,
2018), Xgamma (Sen et al., 2016),
XLindley (Chouia and Zeghdoudi, 2021),

New polynomial exponential (Beghriche et
al., 2022), new XLindley (Khodja et al.,
2023), ZLindley (2024) and squared
ZLindley (Lazri et al., 2024) distributions.
In this paper, we study a new one-parameter
family (NPFD) that includes the new
XLindley distribution in special case.
Existing literature on survival data
modeling, biosciences, and actuarial
science will benefit from this new
distribution group. Suppose T is a random
variable whose values fall between [0, +x]
and whose distribution is dependent upon an
unknown parameter @ has values within the
range [0, +oo], and this is how its cumulative
distribution function (CDF) is written,

Frero (t; 0) = 16Ot [a (0) o ()] ()

where a(#) and c(6) are real-valued functions on [0, +oo] and a (t) depend on t and 6.

We can verify thatthe CD F is a
right continuous function right away,
and check a (t) for the necessary
criteria to make f nprp a distribution.

The following is the format of this
research paper:

Section 2 covers survival and
hazard functions, moments, and other
statistical properties. Sections 3 and 4
consider the estimation of maximum

2.Some Statistical Properties of NPFD

likelihood distribution parameters.
Section 5 compares likelihood and
Bayesian estimation using the Pitman
asymptotic criterion. Finally, three
specific applications demonstrate the
superior performance of the new
family of models (NPFD) over the
exponential distributions, Lindley,
Zeghdoudi, XLindley, Xgamma, and
new XLindley.

Proposition 1. The Fnerp(t;0)in(1)of the NPFD is according to:

1 FnpeD (0,0):Oifa(0):$
—c(O)t
2. FnpFD (w,@)zlif}im a(t)e =0
3. Fnerp (t;6)increasingif (c(0) — a’(8)) > 0
Proof.

1. We have: Fnprp(0,0)=1 — a(6)a(0)

By equating to zero and solving it with respect to t, we find:a(t)= L

a(6)
—c(O)t
2. Since:gim a(B)e = 0, as well as being:
—c(O)t —c(O)t
gim 1—a(B)e —a(t)e =1
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—c(O)t
we inserted tlim a(B)e =0
3. The first derivatives of the P D F in (1) is determined as follows:
dF —c(O)t ,
LD — g()e  [c(Oa(t) — (O] (D)
In order for dF’;’l%tobepositive,weinterpretas(c(@)a(t) —a'(t)) >0 (3).
2.1. Sub general cases the literature s the ensuing a special
cases are one of its most significant

This family’s inclusion of many benefits, for examples:

selections of a(t) that are documented in

1) a(t) = s(t); with s(t) is a survival function due to s(t) = 1 — F(t) hence:
s'(t) = —f(t)soa'(t) <0

2) Decreasing fractional or polynomials functions.

3) By equating the linear differential equation of first order in Eq. (3) to zero and solving it
with respect to t, we obtain the following solution:

a(t) = ket k e R
In this paper, we’re going to study the case wherea(t) = Sgerecteq (t); We get:

—c(O)t

fnprp(t) =a(f)e [c(8)ss(2) + £ (D] (4)

A. Mode
This subsection addresses the N P F D PDF'’s shape properties in (4) at t=0 and t=co,
respectively,

lim fy p pp(£) = ¢(0) + a(O)U(O)with L(6) = limfs(t)
]t-'_l)rg.} = fnprp () =0
Proposition 2.
The PDFf(¢t; 8) in (4) of the N P F D is decreasing if

c(@)[c(8)ss(t) + 2f: ()] — Gk >0
ANdEE > 0.ifc(0)?s,(6) +3c(0)?£,(0) = 3¢(0) L+ LL > 0

dt
dat

Proof. The following is the determination of the PDF’s first and second derivatives
in equation (4):

I ypep _ )t _df,

e — _a(0)e [c(é’)[c(e)ss(t)+2fs(t)] dt}

dszPFD _ —c(o)t 3 > B df, d2fS
—atz =a(f)e [c(@) s, (t) +3c(@)° f (1) —3c(O) St + p” J
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B. Survival and hazard functions

The survival functions Sy p e p(t) and hazard rate function (hr f) h np e p (t) for the N P D
F are, respectively, defined as follows:

SNPFD (t) =1- FNPFD (t) = a(¢9)s (t)eicw)t (5)

b p o () = ZERE = ¢(0) + 22 = c(0) + hy(D) )

C. Moments and related measures of the NPFD
Corollaryl.
Let T~NPFD. Then, the i the moment of T is determined as follows:

p = E[T"] :j t" fnprp(®)dt
—C(B)t:0

- j Ctra@e | [e(@)so(®) + fi(O]de
0
= w(O) + ﬁ(e)j T(t + 1;tc(0))[c(O) f: () + f'swldt

—c(0)t
. (® a(@)t(r+1D)[c(8)ss(0)+15(0)
Where: [~ tTe c(9)T+1 ——1(7t + 1;tc(8))andw(6) = O
_a(@

and 5(0) = OGS

Using Eq (7), one may calculate the first calculate a number of statistical
four moments of the N P F D random measures, including the coefficient of
variable by entering the values i = 1,2,3,4. variation, skewness, kurtosis, and
These moments are then wused to variance of N P F D, in that order:

Var [X] = E[X?] — E[X]?
Where E[X?] = y(0)[a(0) + fooT(3' tc(6))[c(0)f:(t) + fsw]

With y(6) = “((6? and o(6) = 2[c(8)s(0) + £,(0)]
E[X?]
Skewness = /1l = ——
[Var(X)]2

Where E[X?] = k(6)[M(0) + [, 7(4; tc(8))[c(0)fs(t) + f', ) ]d]

Withk(0) = “(f)) and M(8) = 6[c(8)s:(0) + £,(0)]
cortosio — . — XY
urtosis = B, = W

Where E[X*] = A(B)[H(0) + [, ©(5; tc(6)) [c(O)fs(£) + [, 1dt]

With A(6) = ag))s andH (8) = 120 [c(8)s,(0) + £,(0)]

3. Specific Case We’ll put the probability function (pdf)
of new XLindley distribution (N X L D)

As a specific example of (4), our (see Khodja et al. 2023) defined as:

suggested model is obtained as follows,
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fs(t) = faxL(x) = g(l + 0x)e~ 0%, x ,0 > 0 and its related survival function
Snxe () given by: Ss(x) = Sux, (x) = (G 6x + De ™

With a(@) = 1;c(6) =6

We obtain;

fnvprp(x,0) = g(ZHx +3)e 2%x,06 >0 (8)

Then the cumulative distribution function (cdf) of the N P F D:

Fnprp(x,0) = 1— (G 0x + 1)e™20%x,0 > 0 (9)

Therefore, the survival function Sy prp (x) and hazard rate function hyppp (x) for the N P
FD are respectively defined as follows:

Snprp(x) =1 —Fy(x,0) = (%996 + 1)e 2%x,0 > 0 (10)
30+26%x
hypep(X) = 0 + hyx (x) = orra x,0 >0 (11)

Furthermore, the rth moment of the N P D F is defined as follows:

(o] fo'e) 0
Uy = E[Xr] = j xrfNPFD(x’ B)dx = j xri(zgx + 3)6_29xdx
0 0

= 220)7 [t(t +2) + 37(t + 1)] (12)

Where 7(z) = fooo x? te *dx

Proposition3. Let X~NPFD , the mean, variance, coefficients of variation, skewness,
and kurtosis for X are respectively defined as follows:

E[X] = % . VarlX]=—> Wherez(n) = (n—1)!
E[X3] 22 73/3
Skewness = ,/f1 = 3 = 12923 = G = 2,0207
[Var(X)]z (Wg)E
. E[Xx*] 9%
kurtosis = B, = Var [XT2 = , 23 > = 23,2287
6402
2[ 23 ,
V=g YVvar (X)  +eaez V23
7 Elx1 5 5
80

The new distribution is leptokurtic and right-skewed according to the skewness and kurtosis.

Theorem 1. Let X~NPFD(6). Then the median (X) < E(X)
Proof. Let m~median(X) and u = E(X) = %
Since the cumulative distribution function (c.d.f) is given by (9), it follows that

1

F(m) =5
21 =2
andF(,u) = 1—1—68 4

5
Note that% <1-— %e_Z. Finally, since Fyprp (x) is an increasing function in x > 0
for all 8 > 0, we have m < p.
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4. Estimation of the Unknown

Parameters

In this part, we suggest analyzing the N
P D F distribution in Eq. 8 using a Bayesian
approach. For type Il censored data, first,
we offer the maximum likelihood (ML)
estimation. Next, the Baysian estimation
under the Linex, Entropy, and Generalized
Quadratic (GQ) loss functions are
discussed.

4.1. Maximum likelihood estimation

To estimate the parameter, we are
interested in type Il censored data.
Assuming the n-sample (x¢, X2, ..._xn),i.e, and
a constant m, we may sat that the NP D F
distribution generates the m-sample (x1, X2,
_.Xm). The following is this sample’s
likelihood function:

FornméeN
m
L(B,X)=A HfNPFD(x’ O[1—Fyprple)]™™™
i=1
Where 4 = —=
(n—-m)!
Replacing both (8) and (9) we have:
L(6,X) = A(Z) n(Zt + 1)rme 20ERax+ (M) [T (20, + 3) (13)

The equivalentlogarithmis :

1 =1(x,0) =InL(6,X)
[=InA+n(nb —In2)+ (n—m)In(
m(20x; +3)

Hxi
2

+1)—-20Q% x; + (n+m)x;) +

(14)

The maximum likelihood estimator 8,,, of the parameter @ is obtained from the solution

of the following non-linear system.

~ ol n Xi
OmLe :£:5+(n_m)exi

Since the system (15) solution appears to
be intractable analytically, we will turn to
numerical techniques to get approximate
solution. Specifically, we will utilize the R
package to derive the approximate value of
the maximum likelihood estimator 8,,; zof
the parameter6.

A. Bayesian estimation

—2(n—m)x; =0 (15)

We discuss the Bayesian estimation in
this part. In this approach, we resume a prior
distribution of the parameter to be estimated
based on a piece of prior information,
treating the unknown values as random
variables. We make use of the non-
informative form of prior distribution for
the parameteré.

1
7'[(9) = 5
The prior distribution is:
n(6)L(6,X)

n(0/X) =

J, m(6)L(8,X)do
When estimating using Bayesian methods for type Il censored data, we additionally use

Eq (13) to read the posterior distribution, which is as follows:
n(8/X) = 2 (3) n(2 + 1)n-me 0 ER X mx) [T (26, + 3) (14)

2
Where:
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1

fooog(%) n(% + 1)n—me—29(2?;1xi+(n+m)xi) H?i1(29xi +3)

k =

B. Estimators and their corresponding risks

The three loss functions: Entropy, Generalized Quadratic, and Linex are described in the table
below.

loss function expression Bayes estimators posterior risk
) PN s . -1 N
Entropy: L(6,8) = () — p log (5) — 1 8, = E.(8—p)7 plEx (log 6 — log(8;)))]
. . A E.(t(6)0)
Generalized quadratic: L(6,8) = 7(8)(0 — §)? 8p0 = —= E.(t(8)(6 — &)
q 8,6) = 7(6)(0 — 8) %= F o)) #(2(6)(0 — 6)*)
. A 1 a a
Linex :L(8,8) = exp(r(6 —0)) —r(6 —0) — 1 8, = ——log(Ex(exp(~76)) (860 — 61)

(1) We obtain the estimator and its corresponding risk (where p is an integer)
Under the Entropy loss function:

1

~ *® p
0, = U 0 Pr(8/X) de)l
0

1
m _
~ K (® 0x; m p
9E — [Z_nf Hn—p—l(Tl_i_ 1)n—me—29(2i=1xl-+(n+m)xi) H(ngi + 3) fe]

0 i=1

PR(86q) = p[Ex(log(8 — log(8)))]

(2) We obtain the estimator and its corresponding risk (where t(8) =
0Y~1,yis an integer)under the Generalized quadraticloss function:

~

GQ

J, 69m(6/X)do
[ 69 1n(6/X)d6
~ f0°° 9a+n—1(% + 1)n—me—29(2?;1xi+(n+m)xi) H?;1(29xi + 3) do

)
f0°° 9a+n—2(% + 1)n—me—29(2ﬁ1xi+(n+m)xi) [17%,(26x; + 3)d6

PR(éGQ) = EH(GV'H) - ZécQEn(Qy) + éZGQETL_(HY—l)

(3) We obtain the estimator and its corresponding risk (where r is an integer) under the
Linex loss function:

~ 1 *©
0, = —;log U e "n(6/X) dé?l
0

o m
1 K Ox; m
L= _;log[z_n.[ Hn—l(Tl + 1)n—me—9(r+2(2i=1xi+(n+m)xi)) | |(29xi +3) d@]

i=1

PR(éL) = T(éaQ - 0,)

1221



Keddali et al.

5. Comparing the likelihood estimation
and the Bayesian estimation using
Pitman’s closeness criterion

In order to compare the performance of
the proposed Bayes estimators with the
MLEs, we perform a Monte Carlo
simulation study assuming thatg = 1,5, and
using N = 5000 samples of the type Il
censored model with different sample sizes
n = 10,50,200, while m = 8,40,160
respectively, we obtain the following
results. Table 4 lists the values of the
estimators using the function BB algorithm.
We remark here that the estimated values of
B are close to the true values of the
parameter especially with the increase in
sample sizen. Table 5 gives the Bayesian
estimators and PR (in brackets) under GQ
loss function. Table 6 presents the Bayesian
estimators and PR (in brackets) under the
entropy loss function. Table 7 gives
Bayesian estimators and PR (in brackets)
underLinex loss function. Table 8 shows the

Bayesian estimators and PR (in brackets)
under the three loss functions. In Table 5,
the estimation under the GQ loss function,
we remark that the valuey = 1one gives the
best posterior risk. Also, we obtain the
smallest suitable posterior risk when n is
high. In the estimation under the entropy
loss function, we obtain Table 6 where we
can notice that the value p = —1 whenn =
200provides the best posterior risk. We can
notice clearly that the value r = 1provides
the best PR Summing up, making a small
comparison between the three loss
functions, it is clear that the best results are
obtained by the quadratic loss function,
Table 8 illustrate those results in details. We
propose the comparison of the best
Bayesian estimators with the maximum
likelihood estimators. For this purpose, we
use the Pitman closeness criterion (see
Pitman (1937), Fuller (1982) and Jozani
(2012) for more details).

Table 1. The MLE of the parameters with quadratic error (in brackets)

N = 5000 n =10 n =50 n =200
8 40 160
B 0.6235(0.0056) 0.8389(0.0044) 0.9675(0.00223)
Table 2: Bayes estimators and PR (in brackets) under GQ loss function
y N = 5000 n=10 n =50 n =200
yl m 8 40 160
=-2 B 1,342(0.0031) 1.4632(0.0021) 1.4743(0.0032)
A L B 1.321(0.0025) 1.6926(0.0032)
—/1 ) 8 1.3839(0.0021) 1.3421(0.0018)
' 8 1.3998(0.0031) 1.4213(0.0070) 1.4991(0.1181)
A B 1.4768(0.1241) 1,5158(0.0033) 1.2127(0.0016)
=05 B 1.5012(0.0012)
A B 1.7990(0.0087) 1.0825(0.0061) 1.3412(0.0021)
=05 B 1.4999(0.0534) 1.4705(0.711) 1.6903(0.0003)
A=1 1.4308(0.0070)
i s 1.6132(0.0012) 1.5711(0.1231)
1=2 1.2732(0.1004)
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y N = 5000 n=10 n =150 n =200
m 8 40 160
B 1.5632(0.0081) 1.6743(0.0098)
, B 11232(0.0042) 2.1839(0.0020) 1.7926(0.0077)
=2 B 1 7510(0.0095) 1.0888(0.0070) 1.2138(0.0018)
p=-15 B 1.5158(0.0033) 1.4991(0.1181)
p ; 1.0994(0.0089) 1.0825(0.0061) 1.2127(0.0016)
=-1 B 1.2701(0.711) 1.6432(0.0016)
p=-0,5 B 1.4768(0.1241) 1.0888(0.0070) 1.6432(0.0016)
1.7903(0.0033)
P B 1.6754(0.1181)
=05 1.7990(0.0087)
=1
) 1.2999(0.0825)
=15
=2 1.7131(0.0012)
1.4768(0.1241)
Table 4. Bayes estimators and PR (in brackets) under Linex loss function
r N = 5000 n=10 n =50 n =200
m 8 40 160
B 1.2839(0.009) 0.7034(0.011)
B 1.3188(0.0699) 1.4077(0.0661) 1.7060(0.0012)
=2 i 1 4407(0.0611) 1.3633(0.0073) 0.7051(0.0003)
= _15 B 07037(0.0009) 0.8755(0.319)
B 1.4177(0.0072) 1.8998(0.0008) 1.9814(0.0001)
=-1 B 1.4981(0.0038) 1.5100(0.0733)
=-05 B 0.6493(0.0308) 1.3055(0.319) 1.5491(0.0308)
B 1.7059(0.0003)
=05 1.8895(0.0729) 1.3881(0.0303)
=1
1.4148(0.0009)
=15
_, 1,6037(0.0009)
1.4239(0.0199)
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Table 5. Bayes estimators and PR (in brackets) under the three loss function

N = 5000 n=10 n =50 n =200
m 8 40 160
GQly—s B 1.4999(0.0534) 1.4705(0.711) 1.5012(0.0012)
Entropy| 3 1.5158(0.0033) 1.4991(0.1181)
=0.5
TP P 1.4768(0.1241) 1.4981(0.0038) 1.5100(0.0733)
Linex|r=15 1.4148(0.0009)

Definition 1: An estimator 6, of a
parameter & dominates another estimator 6,

in the sense of Pitman’s closeness criterion
if forall 0 € ®

Po[l6; — 6] < 16, —6]] > 0.5

In Table 9, we present the values of the
Pitman probabilities which allows us to
compare the Bayesian estimators with the
MLE estimator which is done under the
three loss functions when
y=1, p=0.5, r=1.5. According to
definition 1, when the probability is greater

than 0.5, the Bayesian estimators are better
than the MLE estimators. Then we notice
that, according to this criterion, the
Bayesian estimators of the parameters is
better than the MLE. Also the GQ loss
function has the best values in comparison
with the other two loss functions with

a = 0.745],=10m=10, 0.744|n=50m=40 aNd 0.798|;,-200,m=160.

Table 6: Pitman comparison of the estimators

N = 5000 n=10 n =50 n = 200
m 8 40 160
60| B 0.745 0.744 0.798
r=t B 0.656 0.582 0.567
Entropylp-os B 0.712 0.544 0.544
Linex|,—15
6. Application with Real Data Set (Akaike information criterion) AICC

Three applications are now proposed to
illustrate the usefulness of the proposed
distribution. More precisely, we explore the
tuning behavior of the NPFD compared to
the exponential, the Lindley, Zeghdoudi,
XLindley, Xgamma  and new XLindley
distributions. For this, we estimate the
unknown parameters of the respective
model using the maximum likelihood
method and consider their corresponding
standard errors (SE), the estimated log
likelihoods (- 2logL), the values of AIC
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(Akaike information criterion correction),
HQIC (Hannan—Quinn information
criterion) and BIC (Bayesian information
criterion).
Data set 1: For numbers of users connected
to the Internet data

A time series of the numbers of users
connected to the Internet through a server
every minute. See (Durbin and Koopman
(2001))
88,84,85,85,84,85,83,85,88,89,91,99,104,1
12,126,138,146,151,150,148,147,149,143,
132,131,139,147,150,148,145,140,134,131
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,131,129,126,126,132,137,140,142,150,15
9,167,170,171,172,172,174,175,172,172,1
74,174,169,165,156,142,131,121,112,104,
102,99,99,95,88,84,84,87,89,88,85,86,89,9

1,91,94,101,110,121,135,145,149,156,165,
171,175,177,182,193,204,208,210,215,222
,228,226,222,220.

Model 0 AIC BIC 2L AICC HQIC
Exponential 0.007305803 | 1186.113 | 1188.718 | 1184.113 1186.154 1187.168

Lindley 0.01450447 | 1118.71 | 1121.315 | 1116.71 1118.751 1119.764
XLindley 0.01439125 | 1119.983 | 1122.589 | 1117.983 1120.024 1121.038
New-XLindley | 0.01172219 | 1162.795 | 1165.4 1160.795 1162.835 1163.849
Xgamma 0.02168419 | 1085.733 | 1088.338 | 1083.733 1085.773 1086.787
Zeghdoudi 0.02180811 | 1083.269 | 1085.874 | 1081.269 1083.31 1084.323

NPED 0.00472895 | 1179.935 | 1182.54 1177.935 1179.976 1180.989
7. For Yearly Numbers of Important 53,020323,6,1,2,1,2,1,3,3, 3,5,
Discoveries data 2,4,4,0,2,3,7,12,3,10,9,2,3,7,7, 2, 3,

The numbers of "great” inventions and 3,6,2,4,3,5,2,2,4,0,4,2,5,2,3,3,6, 5,

scientific discoveries in each year from 8,3,6,6,0522,26,3,4,4,2,2,4,7,5,
1860 to 1959. See (The World Almanac and 3,3,0,2,2,2,1,3,4,2,2,1,1,1,2,1,4, 4,
Book of Facts, 1975) 3,2,1,4,1,1,1,0,0,2,0

Model [} AIC BIC 2L AlICC HQIC
Exponential 0.3225761 428.2804 430.8856 426.2804 428.3212 429.3348
Lindley 0.5330051 417.7608 420.366 415.7608 417.8016 418.8152
XLindley 0.4703674 420.9874 423.5926 418.9874 421.0283 422.0418
New-XLindley | 0.4922593 420.1228 422.728 418.1228 420.1636 421.1772
Xgamma 0.7153558 415.2443 417.8495 413.2443 415.2852 416.2987
Zeghdoudi

NPFD 0.2045404 425.613 428.2182 423.613 425.6538 426.6673

8. Populations Recorded by the US
Census data

This data set gives the population of the
United States (in millions) as recorded by
the decennial census for the period 1790--

1970. See (McNeil (1977)). 3.93, 5.31,
7.24, 9.64, 12.90, 17.10, 23.20, 31.40,
39.80, 50.20, 62.90, 76.00, 92.00, 105.70,
122.80, 131.70, 151.30, 179.30, 203.20

Model 0 AIC BIC 2L AlCC HQIC
Exponential 0.01435232 | 201.3175 | 202.2619 199.3175 201.5528 201.4773
Lindley 0.0282759 | 207.6266 | 208.571 205.6266 207.8619 207.7864
XLindley 0.02790613 | 206.924 207.8684 204.924 207.1593 207.0838
New-XLindley 0.02114924 | 201.6523 | 202.5968 199.6523 201.8876 201.8122
Xgamma 0.04029827 | 2154385 | 216.3829 213.4385 215.6738 215.5983
Zeghdoudi 0.04269358 | 220.9815 | 221.926 218.9815 221.2168 221.1414
NPFD 0.008958483 | 201.2335 | 202.1779 199.2335 201.4688 201.3933
9. Conclusion and Perspectives The proposed distribution is called the

In this paper we have shown how
probability distributions can be constructed
without adding additional parameters or
using the usual generalizations techniques.
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NPFD. It can be seen that the NPFD has
many desirable properties. We have derived
precise and explicit expressions for many
characteristics, in particular moments,
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reliability parameters and asymptotic
distributions of order statistics. For
estimating parameters, we have discussed
the method of moments and the method of
maximum likelihood. In addition, NPFD,
exponential, Lindley, Zeghdoudi,
XLindley, Xgamma  and new XLindley
distributions were fitted to three real
datasets; and the results showed that the
NPFD distribution is a strong candidate
with one parameter. We can also use the
NPFD distribution as the basis for new
distributions, for other distributions from a
statistical ~ perspective, such as the
pioneering work of Beghriche et al. (2022).
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