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Azotlu Giibrelemenin Verim ve Bazi1 Kalite Ozelliklerine EtKisi
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MAKALE BILGISI OZET

Arastirma, Isparta kosullarinda hashasin farkli gelisme donemlerinde yapraktan azotlu giibre
uygulamasinin tohum ve kapsiil verimi ile bazi alkaloid igeriklerine etkisini incelemek
amaciyla 2021 yilinda yuriitilmiistiir. Arastirmada TMO1 hashas ¢esidine 1. Kontrol (azotsuz),
2. geleneksel tiretim (azotun yaris1 ekimle birlikte ve kalan yarisi rozet doneminde), 3. sapa

Alinis tarihi: 14/07/2023
Kabul tarihi: 19/10/2023

Anahtar Kelimeler: Geg azot, Gelisme
donemleri, Hashag, Yapraktan azot
uygulamast

kalkma donemi (azotun 1/3’ ekimle, 1/3’i rozet doneminde topraktan ve 1/3’i sapa kalkma
doneminde yapraktan), 4. tomurcuklanma (azotun 1/3’4 ekimle, 1/3’t rozet doneminde
topraktan, 1/3’1i tomurcuklanma doneminde yapraktan) ve 5. ¢igeklenme sonras1 donemlerde

(azotun 1/3’i ekimle, 1/3’1i rozet doneminde ve 1/3’i ¢igeklenme sonrast yapraktan) azot
uygulanmustir. Arastirma sonucuna gore; bitki boyu, kapsiil sayisi, kapsiil eni, kapsiil boyu
arasindaki farklar istatistiksel olarak 6nemli olmazken, tohum verimi, kapsiil verimi ve azot
kullanim etkinligi arasindaki farklar nemli olmus ve genel olarak kapsiil verimi, tohum verimi
ve azot kullanim etkinligi i¢in yapraktan azot uygulamasi dnerilmektedir.

DOI: 10.55979/tjse.1327795

The Effect on Yield and some Quality Characteristics of Nitrogen Fertilizer From Foliar
in Different Development Stages of Poppy (Papaver somniferum L.)

ARTICLE INFO ABSTRACT o _ o
The research was carried out with aim of examined effects on seed and capsule yield with some

alkaloid contents of fertilize with nitrogen treatment from leaves in different development
stages of poppy in Isparta conditions in the 2021 year. In the research, in the TMO1 poppy
variety, 1. Control (no N fertilizer), 2. traditional production (half of the nitrogen during

Received: 14/07/2023
Accepted: 19/10/2023

Keywords: Late nitrogen, Development
periods, Poppy, Foliar nitrogen application

sowing and the remaining half during rosette period), 3. stalking period (1/3 of nitrogen during
sowing, 1/3 from soil during rosette period, 1/3 from foliar application during the stem period),

the 4th budding (1/3 of the nitrogen during sowing, 1/3 from the soil during the rosette stage,
1/3 from foliar application during the budding period) and the 5th post-flowering periods (1/3
of nitrogen during sowing, 1/3 from soil during rosette period and 1/3 foliar application after
flowering). According to the research results; While the differences between plant height,
number of capsule, capsule width, and capsule length were not significant, the differences
between seed yield, capsule yield, nitrogen use efficiency were statistically significant, and as
general, it was advised to nitrogen treatment from leaves for capsule yield, seed yield and
nitrogen use efficiency.

DOI: 10.55979/tjse.1327795

1. Giris

Haghag bitkisinin kapsiillerinden elde edilen alkoloidler
tibbi amacli, tohumlar1 pastacilik, unlu mamulleri
iiretiminde, yag1 boya sanayisinde ve kiispesi hayvan yemi
olarak ¢ok amagli yararlanilmaktadir (Krist vd., 2005).
Tiirkiye yasal haghag tariminin yapildigi afyon alkaloidleri
iireticisi olan iilkelerin baginda yer almaktadir (ipek, 2011).
Haghag kapsiilinde morfin, tebain, kodein, noskapin
(narkotin) ve papaverin gibi tibbi degeri yiiksek olan
alkaloidler vardir. Haghas bitkisinde yeterli miktarda verim
ve kalitenin alinabilmesi i¢in uygun miktarda giibreleme
yapilmalidir. Azot; bitki gelisimini olumlu yonde
etkileyerek verimi artirdig1 gibi azot igerikli maddelerin
sentezini tesvik ederek bazi kalite ve farmokolojik
ozelliklerin de diizelmesinde etkili olmaktadir (Katar,
1997). Toprakta erozyon, hasat, yikanma ve gaz seklinde
azot kayiplari meydana gelmektedir (Miiftioglu &

Demirer, 1998). Ancak uygulanan azotu boélerek bitki
gelisiminin farkli asamalarinda uygulamasiyla hem
kullanilan azot miktar1 azaltilmakta hem de bitkinin
mevcut azottan daha iyi faydalanmasi saglanmaktadir.
Azot toprakta hizl1 yikanan bir besin maddesi oldugu i¢in
bitkiler azotlu giibrelemeye siirekli olarak ihtiyag
duymaktadir. Bu nedenle azotun béliinerek bitkinin ihtiyag
duydugu zamanda verilmesi azot alimimi ve kullanimint
etkilemektedir (Strong, 1995; Recous vd., 1997; Recous &
Machet, 1999). Bu arastirma Isparta kosullarinda haghagin
farkli geligme donemlerinde Yyapraktan azotlu giibre
uygulamasinin tohum verimine ve kaliteye etkisini
incelemek amaci ile yiiriitiilmiistiir.

2. Materyal ve Metot

Aragtirma Isparta kosullarinda “TMO1” hashas c¢esidi
kullanilarak 2021 yilinda yiriitilmiistir. Denemenin

© Isparta Uygulamali Bilimler Universitesi, Lisansiistii Egitim Enstitiisii
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yuritildiigii Isparta ili, Batt Akdeniz Bolgesinin Goller
yoresinde Akdeniz iklimi ve karasal iklimin kesisme
noktasinda, Bat1 Gegit Kusagi’nda yer almakta olup, 1050
metre rakima sahiptir. Tipik bir karasal iklim hiikiim
stirmekte, kislar1 soguk ve yagisli, yazlari sicak ve kuraktir.

Denemenin yiiriitildiigi yilin vejetasyon doneminde
ortalama sicaklik 18.5 °C olup, uzun yillar sicaklik
ortalamasindan (16.4 °C) yiiksek olmustur. Ayni1 donemde
toplam yagis miktart 34.9 mm ile uzun yillar
ortalamasindan (38.6 mm) diisiik olmustur (Cizelgel).
Deneme alani diiz bir topografik yapida, kumlu-tinli, tuz
orani diistik (0.27 dS/m), hafif alkali (8.19), kire¢ oran1 ¢ok
yiiksek (%28.14) ve organik madde orani (%1.68) diisiik
diizeydedir.

Hashas tohumlar1 5 Mart 2021 tarihinde tesadiif bloklari
deneme desenine gore 3 tekrarlamali olarak sira arasi 40
cm olacak sekilde markorle agilan siralara 1-2 cm
derinliginde elle ekilmistir.

Arastirmada saf olarak 6 kg/da fosfor hesabiyla P,Os (TSP
formunda) ve 10 kg/da azot (%33 N) uygulanmigtir. Tiim
uygulamalarda fosforlu giibrenin tamami ekimle birlikte ve
azotlu giibre ise yapraktan ¢ozdiiriilerek sirt piilverizatorii
ile parsellere uygulanmigtir. Azotlu giibre uygulamalart;
kontrol (azot uygulanmayan-yalniz P»Os uygulanmistir),
geleneksel liretim; azotun 1/2’si ekimle birlikte 1/2’si rozet
yaprak doneminde verilmistir, 1. uygulama (sapa kalkma
donemi) 1/3’1 ekimle, 1/3’{i rozet doneminde ve 1/3°1i sapa
kalkma doneminde, 2. uygulama (tomurcuklanma
donemi), 1/3’i ekimle, 1/3’1 rozet doneminde ve 1/3°1
tomurcuklanma doneminde, 3. uygulama (¢iceklenme
sonrasi) 1/3’l ekimle, 1/3’i rozet doneminde ve 1/371
¢iceklenme sonrasi donemde yapraktan uygulanmustir.

Cizelge 1. Deneme yilina ve uzun yillara ait iklim verileri
Table 1. Climatic data for the trial year and long years

Deneme alaninda, ilkbaharda bitkilerin 5-6 yaprakli oldugu
rozet doneminde 15 cm aralik birakilacak sekilde
seyreltme ve capalama yapilmistir. Bitkiler 20-25 cm
uzunluga eristiginde donemin kurak ge¢gmesi nedeniyle bir
kez sulama, 2 kez gapalama ve bogaz doldurma islemi
yapilmigtir. Hasat; 24 Temmuz 2021 tarihinde en alt haghas
kapsiillerinin sararip sertlestigi donemde yapilmigtir.
Bitkiyi ana sapa baglanma noktasindan kirmak suretiyle
kapsiiller toplanmig, doviilerek taneler ¢ikarilmis ve
eleklerden gecirilerek tohum disi1 cansiz maddelerden
temizlenmistir. Arastirmada, bitki boyu (cm), bitkide
kapsiil sayist (adet), kapsiil verimi (kg/da), tohum verimi
(kg/da), ham yag oran1t NMR (niikleer manyetik rezonans-
Bruker Minispec mq one %) cihazi kullanilarak, alkaloid
bilesenleri (HPCL metodu %) ve azot kullanim etkinligi
belirlenmistir. Azot kullanim etkinligi asagidaki formiile
gore hesaplanmistir (Kacar, 2013).

Agronomik etkinlik = (Tg-To)/ Ng (1)

Tg: Azotlu giibre uygulanan parselden alinan tane verimi,
kg

To: Azotlu giibre uygulanmayan kontrol parselden alinan
tane verimi, kg

Ng: Parsele uygulanan N miktari, kg

Alkaloid analizleri, Afyonkarahisar-Bolvadin Alkaloidleri
Fabrikas1 Isletme Miidiirliiginde HPCL metodu ile
alkaloid oranlar tespit edilmistir.

Arastirmada elde edilen ortalamalarin karsilagtiriimasi
SAS istatistik paket programindan faydalanilarak LSD
testine gore yapilmistir.

iklim vil Aylar

Faktorleri Mart Nisan Mayis Haziran Temmuz  Agustos  Ort/top.

Ortalama 2021 6.7 12.7 19.6 19.9 25.9 26.3 18.5

Sicakhik (°C) Uzun yillar 6.0 10.7 15,5 19.9 23.4 23.3 16.4

Yagis (mm) 2021 45.0 8.0 2.3 144.7 8.4 1.1 34.9
Uzun yillar 58.7 51.6 56.4 35.5 15.8 14.1 38.6

3. Bulgular ve Tartiyma

Hashasta bitki boyu, dal sayisi, kapsiil eni, kapsiil boyu ve
kapsiil sayis1 bakimindan azot uygulamalar1 arasindaki
farklar istatistiksel olarak 6nemli olmazken, tohum verimi,
kapsiil verimi ve azot kullanim etkinligi arasindaki farklar
onemli olmustur (Cizelge 2, 3). Arastirmada, bitki boyu
58.82-59.86 cm, kapsiil eni 27.13-32.00 mm, kapsiil boyu
38.50-42.23 mm, kapsiil sayis1 1.9-2.4 adet/bitki, kapsiil
verimi 20.54-43.07 kg/da, tohum verimi 22.31-39.01
kg/da, sabit yag oram %40.43-41.00, morfin %0.964-
1.071, kodein 9%0.186-0.279, oripavin %0.021-0.027,
tebain %0.017-0.029, papaverin %0.007-0.012, noskapin
%0.127-0.174 arasinda degismistir.

Aragtirmanin  yuritildigii yilda Nisan ve Mayis
aylarindaki yagislarin mevsim normallerinin altinda,
sicakliklarin ise yiliksek olmasi (Cizelge 1) nedeniyle

63

hashasin bitki boylar1 ve kapsiil sayilart diisiik kalmistir.
Bunun yaninda yazlik ekimlerde bitki boyunun kisa
kalmas1 bitkilerin heniiz vejetatif biiyiime ve gelismesini
tamamlayamadan yiiksek sicakliklarin etkisi ile generatif
gelismeye tesvik edilmesi ile de agiklanabilir (Coskun,
2014). Ghiorghita vd. (1990) ve Kara & Baydar (2018), dal
sayisindaki artisin, genellikle stirekli olmamakla beraber
bitki boyu ve kapsiil sayist ile pozitif bir korelasyona sahip
oldugunu bildirmislerdir. Savagli vd. (2011), azotun verim
arttiric1  etkisi dallanmada, dolayisiyla birim alandaki
kapsiil sayisinda sagladig1 artisla gergeklestigini, kapsiil
iriliklerinin azottan etkilenmedigini bildirmislerdir.

Aragtrmada  tim  gelisme  donemlerinde  azot
uygulamalarinin kontrole gére kapsiil ve tohum verimleri
daha yiiksek ¢ikmistir. Bu durum azot uygulamalarinin
kontrole gore kapsiil sayisi, kapsiil eni ve boyunda bir
miktar artig ile agiklanabilir. Budzynski (1994), hashasta
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ekimle birlikte ve sapa kalkma doneminde uygulanan ve tohum verimini artirdigini tespit etmislerdir. Losak &
azotun tohum verimini Onemli oranda artirdigini  Richter (2004), hashasta artan azot dozu ile bitki basina
bildirmistir. Turkhede vd. (1981), azot ve fosforlu  diisen kapsiil sayisi ve hacimlerinin diizensiz bir sekilde
giibreleme ile hashasin tohum ve kapsiil veriminin  arttigini, tohum verimi iizerinde istatistiksel olarak anlaml
arttigini, azotlu giibre uygulama zamani ve seklinin kapsiil  bir pozitif etki gosterdigini bildirmislerdir.

Cizelge 2. Hashasin farkli gelisme donemlerinde azot uygulamasinin bazi tarimsal 6zellikler {izerine etkisi
Table 2. The effect on some agricultural characteristics of nitrogen application in different growth stages of poppy

Bitki Kapsiil Kapsiil Kapsiil

Boyu Kapsil boyu sayisi verimi T o_hum
Uygulama Donemleri (cm) eni (mm) (mm) (adet/bitki) (kg/da) verimi (kg/da)
Kontrol 58.90 27.13 38.50 1.9 20.54 ¢ 22.31d
Geleneksel iiretim 59.86 28.73 41.86 2.1 36.56 b 33.62¢
Sapa kalkma donemi 58.82 32.00 42.23 2.4 38.22 ab 36.87 b
Tomurcuklanma 59.06 28.27 41.80 2.0 43.07 a 37.24 Db
Ciceklenme sonrasi 59.40 28.67 39.56 2.3 38.12 ab 39.01a
F degeri 2.10 114 1.37 2.31 43.74** 348.78**
LSD deger 2.097 8.0747 6.7274 0.6692 6.1764 1.7072
VK (%) 1.27 10.177 6.0195 11.378 6.3861 1.8428

Hashasta gelisme donemleri arasinda sabit yag oranlart  donem olmasi nedeniyle piiskiirtillen azotun daha etkin
bakimindan istatistiksel olarak ©nemli fark bulunmus kullanilmasindan kaynaklandig: diigiiniilmektedir.
%40.43 ile %41.00 arasinda degismistir (Cizelge 3). ] o ] ]
Aragtirma sonucuna benzer sekilde Budzynski (1994), Hashasfca morﬁq, kodgln, oripavin, tebain papaverin ve
hashasta ekimle birlikte ve sapa kalkma déneminde n9skap|n alkaloid igerikleri azot uygul.z'lmg doneml.erlne
uygulanan azotun yag oranma etkisinin olmadigmi  &0rS morfin orant (%1.071) geleneksel tiretim, kodein (%
belirtmistir. Ustiiner vd. (2008), kolzada tiim azotlu giibre 0.279),  tebain _(%0_'029) b noskapln_ (%0.174)
formlarinin yag orani ilizerine en fazla etkili oldugu FomurCUkIanrﬂa’ oripavin (%0.027) VePapave“n (%0'0_12_)
donemin ciceklenme sonu olarak bildirmislerdir. ise kontrole gore oransal olarak daha yliksek elde edilmistir

(Cizelge 3). Hashas alkaloidlerinin yapisinda bulunan
Haghasta gelisme donemleri arasinda azot kullamm  azotlu bilesiklerin (Tok & Gowder, 2019) bitkide
etkinligi bakimindan istatiksel olarak Onemli fark sentezlenmesi kompleks bir yapida olup, iklim
bulunmus ve en disiik deger geleneksel (%1.130), en  faktorlerinden Onemli OGlgiide etkilenmekte ve gelisme
yiiksek deger ¢igeklenme sonrasi (%1.670) donemde azot ~ donemlerine gore alkaloidler birbirine
uygulamasindan elde edilmistir (Cizelge 3). Hashasta azot ~ donisebilmektedirler (Dittbrenner vd., 2012). Yadav vd.
uygulama donemleri geciktik¢e azot kullanim etkinliginin ~ (2009), azotlu giibre miktarinin belirli bir seviyeye kadar
yikseldigi tespit edilmistir. Bu artis c¢iceklenme ve artan wuygulanmasi ile hashasta morfin igeriginin
tomurcuklanma doéneminde yapraklarin en iyi gelistigi  yiikseldigini bildirmislerdir.

Cizelge 3. Hashasin farkli gelisme donemlerinde azot uygulamasinin; azot kullanim etkinligi, sabit yag ve alkaloid
icerigine etkisi (%)

Table 3. Effect on nitrogen utilization efficiency, fixed oil and alkaloid content of nitrogen application in different growth
stages of poppy (%)

Azot

kullanim Sabit
Uygulama Dénemleri etkinligi yag Morfin  Kodein  Oripavin  Tebain  Papaverin Noskapin
Kontrol - 40.46 1.008 0.186 0.027 0.017 0.012 0.165
Geleneksel iiretim 1.130c 41.00 1.071 0.223 0.021 0.024 0.010 0.152
Sapa kalkma dénemi 1.456 b 40.93 1.049 0.227 0.025 0.020 0.008 0.134
Tomurcuklanma 1.493 ab 40.43 0.964 0.279 0.026 0.029 0.011 0.174
Ciceklenme sonrasi 1.670a 40.66 0.977 0.205 0.022 0.018 0.007 0.127
F degeri 31.71** 0.48
LSD degeri 0.2097 1.792
V.K (%) 4.8182 1.6071

4. Sonug etkinligi arasindaki farklar 6nemli bulunmustur. Genel

olarak haghasta yapraktan azot uygulamasi kapsiil verimi,
tohum verimi ve azot kullanim etkinligini artirdig: tespit
edilmistir.

Haghagta farkli gelisme donemlerinde yapraktan azotlu
gilibre uygulamasinin verim ve bazi kalite 6zelliklerine
etkisini incelemek amaci ile yiiriitiilen arastirmada elde
edilen verilere gore; bitki boyu, kapsiil sayisi, kapsiil eni,
kapsiil boyu arasindaki farklar istatistiksel olarak énemli
bulunmazken, tohum verimi, kapsiil verimi, azot kullanim
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5. TesekKkiir

Alkaloit analizlerinin yapilmasinda verilen destekten
dolay1 TMO Afyonkarahisar-Bolvadin Afyon Alkaloitleri
Fabrikas1 Isletme Miidiirliigiine tesekkiir ederiz.

Bilgilendirme: Bu arastirma, Isparta Uygulamali Bilimler
Universitesi Lisansiisti Egitim Enstitlisiinde sunulan
Yiiksek Lisans Tezinden iiretilmistir.

Cikar Catigsmast Beyani: Makale yazarlari aralarinda
herhangi bir ¢ikar ¢atigmasi olmadigini beyan ederler.

Arastirmacilarin  Katki  Orami Beyani: Arastirmanin
planlanmast, istatistik analizi ve yazim asamalar1 A.K.O ve
N.K, arazi asamasinin ise A.K.O tarafindan yiiriitiildigiinii
beyan ederler.
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OZET
Arastirmada azotlu giibre cesitleri [Nitropower 33, iire ve UTEC] ve dozlarinin (15, 20 ve 25
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kg da') seker musirinda verim ve kalite 6zelliklerine etkisi belirlenmistir. Calisma sans
bloklarinda boliinmiis parseller deneme planina gore kurulmustur. Ana parsellere giibreler, alt
parsellere ise dozlar yerlestirilmistir. Calismada, giibre ¢esitlerinin taze kogan verimine
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musir, Verim, Yavas salinimh giibre

(kavuzlu ve kavuzsuz), ham kiil oranina, toplam ¢oziilebilir seker miktarina; dozlarm ise ham
protein oranina, ham kiil oranina ve toplam ¢dziilebilir seker miktarina etkisi istatistiksel olarak
onemli oldugu belirlenmistir. Elde dilen sonuglara gore, en yiiksek kavuzlu ve kavuzsuz taze

kogan verimi, yavas salmimli giibre ¢esidinde (UTEC) ve 20 kg da™' giibre uygulamasinda
tespit edilmistir. Azot dozunun artmasiyla ozellikle toplam ¢oziilebilir seker miktari, ham
protein ve ham kiil oran1 da artmistir.

Sonug olarak, Vega F1 tatl musir ¢esidinde yavas salinimli giibre uygulamasinin (UTEC) verim
artis1 yaninda, kalite (ham protein ve toplam ¢oziilebilir seker miktar1 gibi) iizerinde de olumlu
etki yaptig1 belirlenmistir.
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The Effect of Nitrogen Fertilizer Types and Doses on Cob Yield and Some Quality
Characteristics in Sweet Corn (Zea mays saccharata Sturt.)

ABSTRACT
The effects of nitrogen fertilizer varieties [Nitropower 33, urea and UTEC] and doses (15, 20

ARTICLE INFO

and 25 kg da™) on yield and quality characteristics of sugar corn were determined. The study
was established according to the split-plot experimental design in chance blocks. Fertilizers
were placed in the main plots and doses were placed in the sub-plots. In the study, it was
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determined that the effects of fertilizer types on fresh cob yield (with and without cobs), crude
ash content, total soluble sugar content and the effects of doses on crude protein content, crude
ash content and total soluble sugar content were statistically significant. According to the

Keywords: Nitrogen, Quality, Sweet corn,
Yield, Slow release fertilizer

results obtained, the highest yields of fresh cobs with and without cobs were determined in the
slow-release fertilizer variety (UTEC) and 20 kg da-1 fertilizer application. Total soluble
sugars, crude protein and crude ash content also increased with increasing nitrogen dose.

As a result, it was determined that the application of slow release fertilizer (UTEC) had a
positive effect on quality (such as crude protein and total soluble sugar content) as well as yield
increase in Vega F1 sweet corn variety.

DOI: 10.55979/tjse.1340257

1. Giris

Seker misir1 (Zea mays saccharata Sturt.), temel olarak sert
musir, at disi misir, kavuzlu misir, cin misir, mumsu misir
ve unlu misir gibi farkli musir alttiirlerinden birisidir
(Oladejo & Adetunji, 2012). Diinya ¢apinda agirlikli olarak
seker musir taze, konserve ve dondurulmus gida olmak
iizere Ui¢ farkli pazar amaciyla yetistiriciligi yapilmaktadir.
Tatli musirin diger misirlara gore tadinin lezzetli olmasi,
ince dig kabugu, yumusak ve sekerli dokusu nedeniyle taze
tiiketimde tercih edilmektedir (Oktem vd., 2010). Ayrica,
seker misir diger musir ¢esitlerine gére embriyosu daha iri,
daha fazla yag ve protein icerigine sahiptir (Sade, 2002).
Seker musir tanesi kuru madde bazinda %15 protein ve
%64 karbonhidrat (%30'dan fazla nisasta ve %9'dan fazla
yag) icerirken (Sevov, 2017), fosfor, magnezyum, demir,
¢inko ve vitamin i¢erigi bakimindan da olduk¢a zengindir
(Keerthi vd., 2017).

Diinyada seker musir {iretimi yaklagik 1 milyon ha alanda
yapilmakta olup, liretim yaklasik 9 milyon ton, verim ise
8500 kg ha-1'dir. Seker misir en cok ABD (2.6 milyon ton)
tiretilirken, bunu sirasiyla Meksika (1.1 milyon ton),
Nijerya (776 bin ton) ve Endonezya (654 bin ton) takip
etmektedir (FAO, 2023). Ulkemizde ise seker musirinin
iretim miktar1 ve ekim alan1 hakkinda yeterli istatistiksel
bilgi bulunmamakla birlikte, son yillarda seker misirinin
iretim ve tiketimi artis gdstermistir. Nitekim, Tirkiye
2019, 2020 ve 2021 yillarinda toplam 2.5 milyon ton
ihracata karsilik 8.02 milyon ton misir ve mamulleri ithal
etmigtir (Tasdan, 2021). Diinyada seker misir iiretimi,
pazar talebini karsilamamakta ve bunun sebeplerinden
birisi de veriminin diisiik olmasidir (Laksano vd., 2018).
Seker misir1 iiretimini artirmada 6nemli faktorlerden birisi
de giibreleme ve/veya topraga organik madde ilave
edilmesidir (Irshad vd., 2013; Roeswitawati vd., 2021).
Ayrica farkli giibre uygulamalarinin tiiketici tercihlerinin
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etkili olan kalite 6zellikleri iizerine nasil etkili olacaginin
bilinmesi de dnem tagimaktadir.

En yaygin elementlerden biri olan azot, amino asitlerin,
proteinlerin, niikleik asitlerin, klorofilin ve bitki yasami
icin gerekli olan diger birgok metabolitin bir parcasidir
(Bolat & Kara, 2017). Misir yetistiriciliginde en 6nemli
makro besinlerden birisi olan azot, vejetatif ve generatif
donemlerde 6nemli rol oynamaktadir (Yiirirdurmaz &
Tansi, 2021). Ulkemizde ticari giibreler dengeli ve
ekonomik kullanilmadigr igin, {iretimin maliyeti
artirmaktadir. Ayrica, giibre ham maddelerine 6nemli
miktarda doviz 6denmektedir (Cokkizgin & Colkesen,
2006; Can & Akman, 2014). Ayrica, azot giibrelemesinden
sonra buharlagsma, denitrifikasyon ve yikanmadan
kaynaklanan nitrojen kayiplari, azot geri kazanim
etkinliginin azalmasina, iiriin performansimin diismesine
neden olmakta ve ¢evresel kirlenme riskini arttirmaktadir
(Cassman vd., 2002). Bu sorunun temel ¢6ziimlerinden
birisi, bitki gelisiminin her asamasinda bitkiye kademeli
olarak azot saglayan yavas salimmli  giibreler
kullanilmasidir. Nitekim, tarim alanlarinda yavas salinimli
giibre kullanimi ile birlikte mahsul verimi ve tarimsal
etkinlik artmakta, is¢ilik maliyetleri azalmakta ve daha az
miktarda giibre kullanimu ile birlikte toprak ile suyun daha
az kirlenmesine yol agmaktadir (Akhlaghi, 2008; Khaveh,
vd., 2015).

Bu aragtirmada, azotlu giibre ¢esitlerinin (UTEC (iireaz
inhibitorlii), Nitropower 33 ve Ure) ve dozlarmin (15, 20
ve 25 kg da™!) tatl musiri gesidinde (Vega F1) kogan verimi
ve bazi kalite ozellikleri {lizerine etkisi belirlenmistir.
Boylece, yiiksek verimli seker musir gesitlerinin farkli
bolgelerde yetistirilmesi ve Tireticilere tanitilmasi ekim
alanlarinin artmasina katki saglayabilecektir.

2. Materyal ve Metot

Aragtirma, Burdur ilinin Suludere koylinde 2020 yilinda
ylriitillmiistir. Caligmada, materyali olarak siiper tatli
(sh2) tipinde Vega F1 seker musir g¢esidi kullanilmstir.
Vega F1 misir gesidi vejetasyon siiresi 76-80 giin arasinda
degisen sar1 tane rengine sahiptir (Anonim, 2023a).

Aragtirmada, azot kaynagi olarak UTEC (yavas salinimli
giibre), iire ve Nitropower 33 kullanilmigtir. Nitropower 33
giibresi iceriginde %33 azot (%25 iire azotu ve %8 NH3
azotu) ve %20 oraninda S>O bulunmaktadir (Anonim

2023b). Ure giibresi %46 oraminda azot igermektedir
(Anonim, 2023c). UTEC giibresinde ise %45 oraninda azot
ve %0.108 oraninda iireaz inhibitdrii bulunmaktadir. Ure
azotu igeren UTEC giibre ¢esidinde iire azotu N-(n-butyl)
thiophosphoric triamide (NBPT) ile inhibe (engelleyici,
yavaslatici) edilerek {iretilmigtir. Bu giibrenin NBPT
icermesi nedeniyle iire azotunun hidrolizi geciktirilmekte
ve NH3 gazi seklindeki azot kayiplarini dnlemektedir. Bu
inhibitdr, tirenin yagmur yagmadigi ya da susuz sartlarda
NHs’a donilisiimiinii  yavaglamakta ve azotun NHj
seklindeki kaybi1 (10-15 gilin) engellenebilmektedir
(Anonim, 2023d).

Calisma 3 tekerriirlii olarak, tesadiif bloklarinda boliinmiis
parseller deneme planina gore yiiriitiilmiigtiir. Aragtirmada
ana parsellere giibreler (UTEC, iire ve Nitropower 33), alt
parsellere ise dozlar (15, 20, 25 kg/da) yerlestirilmistir. Her
bir blokta toplam 9 parsel (5 m uzunlugunda ve 6 sira), yer
almaktadir. Mayis aymin ikinci haftasinda markérle agilan
siralara (sira arast 70 cm, sira iizeri 20 cm) her ocakta 2
tohum  olacak sekilde ekilmistir. Cimlenme
tamamlandiktan sonra her ocakta 1 bitki birakilmistir.
Azotlu giibrenin yarist ve fosforun tamami (10 kg da’!,
P,0s) ekimle beraber, azotlu giibrelerin diger yarisi ise
bitkiler 30-40 cm boya ulasinca verilmistir. Sulama,
bitkinin nem stresine girmesini dnleyecek sekilde damla
sulama yontemiyle ekimden itibaren uygulanmistir.

Bitkiler siit olum doéneminde (yaklasik %70 nem), kenar
tesirleri atildiktan sonra kalan siralarda bulunan taze
koganlar elle hasat edilmistir. Bitkilerden hasat edilen
kocanlarin kavuzlu ve kavuzsuz agirliklart tartilarak
dekara cevrilmesiyle taze kogan verimi (kg da’')
belirlenmistir. Kogan randimani (%): Kavuzlu kogan
agirhiginin/kavuzsuz kocan agirligina oranlanmasi ile
bulunmustur. Koganlardan ¢ikarilan taneler, etiivde sabit
agirhiga (65°C) ulagincaya kadar bekletilerek kuru madde
orani (%) hesaplanmigtir. Tanedeki azot miktar1 Kjeldahl
metoduna gore belirlenmis (Kacar & Inal, 2010), elde
edilen deger 6.25 katsayist ile garpilarak ham protein orant
(%) hesaplanmistir (Bremner, 1965). Misir tanelerindeki
ham kiil orani, kiil firininda 550°C’de 4 saat isleme tabi
tutularak elde edilen deger 100’le c¢arpilmasiyla elde
edilmistir (Yilmaz, 2005). Toplam ¢dozilebilir seker
miktar1 fenol-siilfirik asit metoduna gore belirlenmis ve
spektrofotometrede 540 nm dalga boyunda okuma
yapilmistir (Dubois vd., 1956).

Cizelge 1. Calismanin yapildig1 yila ve uzun yillara (1970-2019) ait iklim verileri*
Table 1. Climate data for the year of the study and for many years (1970-2019)*

Aylar/iklim Faktorleri Toplam yagis (mm) Ortalama sicakhik (°C) Ortalama nispi nem (%)
2020 Uzun Yillar 2020 Uzun Yillar 2020 Uzun Yillar
Mayis 102.2 44.17 16.7 16.39 43.8 55.05
Haziran 36.2 28.84 20.4 21.05 41.6 48.63
Temmuz 4.0 13.82 26.9 24.73 30.6 41.0
Agustos 22.0 9.63 25.4 24.50 324 41.74
Eyliil 5.8 15.03 23.4 20.26 36.2 46.44
Toplam / Ortalama 170.2 114.5 22.5 21.4 36.9 46.6

*Burdur Meteoroloji Istasyonu iklim verileri
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Denemenin yiiriitiildiigii vejetasyon donemindeki sicaklik
ortalamas1 (21.4°C) ve nisbi nem (%36.9) uzun yillar
ortalamalarindan (22.5°C  ve %46.6) daha diisik
gerceklesmistir. Ayni dénemde toplam yagis miktar1 2020
yilinda (170.2 mm), uzun yillardan (114.5 mm) daha fazla
gerceklesmistir (Cizelge 1). Deneme alant (0-30 cm)
topragi killi-tinhi yapida, organik madde igerigi %1.86,
tuzsuz, pH 8.00, kire¢ (CaCOs3) igerigi %38.78, azot icerigi
%0.09 ve fosfor (P,Os) igerigi 239 kg da' olarak
belirlenmistir.

Aragtirmada elde edilen veriler, TOTEMSTAT paket
programi kullanilarak tesadiif bloklarinda bolinmis
parseller deneme desenine uygun olarak analiz edilmistir.
Ortalamalar arasindaki farkliliklar LSD testi ile
belirlenmistir.

3. Bulgular ve Tartisma

Vega F1 seker musir ¢gesidinde kavuzlu taze kogan verimi
tizerine farkli azotlu giibre g¢esitlerinin etkisi 6nemli,
dozlarin ve giibre ¢esidi x doz interaksiyonu Onemsiz
olarak bulunmustur. Giibre c¢esitlerine goére ortalama
kavuzlu taze kogan verimi 3055.86 — 3498.29 kg da’';
giibre dozlarna gore ise 3198.34 — 3380.50 kg da’!
arasinda degisim gostermistir. UTEC adli yavag saliimli
giibre uygulamasinda en yiiksek kavuzlu taze kogan verimi

elde edilmis olup, UTEC ile iire giibre cesitleri aym
istatistiki grupta yer aldiklar1 belirlenmistir. Giibre dozlar1
yoniinden 15 kg da™! azot dozunda en diisiik, 20 kg da™! azot
dozunda ise en yiiksek kavuzlu taze kogan verimi tespit
edilmigtir. Giibre ¢esidi x doz interaksiyonu Onemsiz
olmakla birlikte, yavas salinimli giibrenin 20 kg da™! kadar
uygulanmasi, kavuzlu taze kogan verimini (3838.19
kg da!) artirmugtir. Nitropower 33 giibresinde ise en
yiiksek deger 25 kg da! azot dozunda (3336.48 kg da™!)
belirlenmistir (Cizelge 2).

Seker musirt gesitlerinde ortalama kavuzlu taze kogan
verimini Atakul (2011), 140520 kg da! oldugunu
bildirmislerdir. Can & Akman (2014), misirda uygulanan
azot dozu arttikga verimin de arttigini, ancak 14 kg da!
azot dozundan sonraki dozlarda meydana gelen artigin
onemli olmadigin tespit etmiglerdir. Diger taraftan, misir
bitkisinde nitrifikasyon inhibitorlii giibre uygulamalarinin
etkisi ekolojik kosullara gore degisebilmektedir (Tsai vd.,
1984). Kavuzlu taze kogan verimi ile ilgili sonug¢larin farkls
olmasmin nedenleri arasinda ¢esit ve ekolojik faktorler
sayilabilir. Sonug¢ olarak arastirmada dozlar arasinda
istatistiksel farklilik belirlenmemis olsa da, 20 kg da!
UTEC uygulamasinda dekara 3838.19 kg kavuzlu kogan
elde edilmistir.

Cizelge 2. Farkli azotlu giibre ¢esidi ve dozlari uygulanan Vega F1 seker musirinda kavuzlu taze kogan verimine

(kg da™) ait ortalamalar

Table 2. Means of fresh cob yield (kg da!) of Vega F1 sugar corn with different nitrogen fertilizer types and doses

Giibreler Dozlar (kg da™)

15 20 25 Ortalama
Nitropower 33 2813.73 3017.38 3336.48 3055.86 B!
Ure 3357.02 3285.94 3263.64 3302.20 A
UTEC 3424.26 3838.19 3232.41 3498.29 A
Ortalama 3198.34 3380.50 3277.51

CV (a): % 5.25; CV (b): % 8.93; Giibre (A): 14.88%; Doz (B): 0.87 ns; A x B 2.48 ns

' Ayni harfi tastyan ortalamalar arasinda istatistiksel olarak fark énemli degildir. ns: Onemli degil, *: P<0.05

Vega F1 seker misir ¢esidinde kavuzsuz taze kogan verimi
iizerine farkli azotlu giibre c¢esitlerinin etkisi 6nemli,
dozlarinin ve giibre ¢esidi x doz interaksiyonu 6nemsiz
olarak tespit edilmistir. Kavuzsuz taze kogan verimi giibre
gesitlerine gore ortalama 2192.48-2852.34 kg da’!, azot
dozlarma gore ise 2321.31-2506.89 kg da! arasinda
degisim gosterdigi belirlenmistir. En yiiksek kavuzsuz taze
kogan verimi UTEC adli yavas salinimli giibre gesidinde,
en diisiik kavuzsuz taze kocan verimi ise Nitropower 33
giibresinde tespit edilmistir. Kavuzlu kogan veriminde iire
ve UTEC arasindaki farklilik istatistiksel olarak onemli
olmadig1 halde (Cizelge 2), kavuzsuz kogan veriminde
onemli ¢ikmigtir. Bu durum azotun ire formunun daha
fazla kogan yapragi olusturmasi ile agiklanabilir. Giibre
dozlarina gdre kavuzsuz taze kogan verimi, en yiiksek 20
kg da’! azot dozunda, en diisiik ise 15 kg da™! azot dozu
uygulamasinda tespit edilmis, ancak bu farklilik
istatistiksel olarak dnemli olmamistir (Cizelge 3).
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Seker misirinda kavuzsuz taze kogan verimi ¢eside, ¢evre
sartlarma ve tarimsal uygulamalara gore degisim
gostermektedir. Nitekim, en yiiksek kavuzsuz taze kogan
verimini Alp (2000), 14 kg da’' azot uygulamasinda, Ozata
(2013), ilk y11 25 kg da™! (1123.0 kg da™!), ikinci y1l ise 20
kg da! azot uygulamasinda (1336.0 da!), Can & Akman
(2014) ise 14 kg da! azot dozu uygulamasinda (1652.0 kg
da™') tespit etmislerdir. Ayrica, Ozerkisi (2016), Tekirdag
kosullarinda 2104.8 kg/da, Burcu & Akgiin (2018) Isparta
kosullarinda 1224.89 da' oldugunu ifade etmislerdir.
Sonu¢ olarak, kavuzsuz taze kocan verimini yavas
saliniml giibre uygulamas1 énemli seviyede artirmig ve 20
kg da! dozunda 2863.64 kg da’' verim elde edilmistir.
Bununla birlikte, Nitropower 33 giibre ¢esidinde daha
yiiksek verim elde edebilmek i¢in, birim alana
uygulanacak gilibre miktarinin arttirilmast  gerektigini
ortaya ¢ikmustir.
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Cizelge 3. Azotlu giibre ¢esidi ve dozlarinm tath musirinda (Vega F1) kavuzsuz taze kogan verimine (kg da') ait

ortalamalar

Table 3. Means of fresh cob yield (kg da™!) of sweet corn (Vega F1) with nitrogen fertilizer types and doses
Giibreler Dozlar (kg da)

15 20 25 Ortalama

Nitropower 33 2046.63 2169.62 2361.09 219248 C
Ure 2370.64 2487.39 2376.18 241140 B
UTEC 2546.66 2863.64 2336.72 2852.34 A
Ortalama 2321.31 2506.89 2358.00

CV (a): %5.2; CV (b): % 9.4; Giibre (A): 22.16**; Doz (B): 1.71 ns; A x B: 2.10 ns

ns: Onemli degil, **:P<0.01

Vega F1 seker misir ¢esidinde kogan randimani iizerine
farkli giibre cesit ve dozlarmin etkisi istatistiki olarak
onemsiz bulunmustur. Kogan randimani giibre g¢esitlerine
gore %72.43-73.79 arasinda degisim gostermistir. En
yiiksek kocan randimani yavag salinimli giibrede (UTEC),
en disiik ko¢an randimani ise Nitropower 33 giibresinde
tespit edilmistir. Azot dozlarinin artigiyla beraber kogan
randimani da artig gostermis fakat bu farklilik istatistiki
olarak dnemli olmamistir (Cizelge 4). Sonug olarak kogan
randimani {izerine yavas salinimli giibre uygulamasinin,
diger giibrelere gore daha avantajli oldugu ve azot
dozlarinin artmasiyla kogandaki kavuz oraninin azaldigt
tespit edilmistir.

Kogan randimani, koganin agirligindaki kavuz miktarini
ifade etmekte olup, yiiksek olmasi istenilen bir

parametredir. Kogan randimani iizerinde yapilan
aragtirmalarda c¢esidin yaninda farkli uygulamalariin
etkisi de incelenmistir. Tuncay wvd. (2005), kocan
randimani iizerine yetistirme doneminin etkisinin énemli
olmadig, ancak cesitlere gore dnemli farklilik gosterdigi
(%63.55-80.83)  belirlenmistir. ~ Ayrica,  yetistirme
donemindeki iklim kosullar1 ve uygulamalarin koganin
kavuz miktarmma  degistirebilmektedir (Esiyok &
Bozokalfa, 2005). Diger taraftan Akgiin vd. (2021), azotun
kogan randimanin {izerine 6nemli etkisinin oldugunu ve
azot dozunun artmastyla kocan randimanin yiikseldigini
ifade etmislerdir. Arastirma elde edilen bulgular diger
aragtirmalarda da goriildiigii gibi destekler nitelikte olup,
farkliliklarin ise bitki tir ve c¢esidine, yetistirme
sezonundaki iklim (sicaklik, nem ve yagis) ile toprak
yapisina bagli olarak degisiklik gosterebilmektedir.

Cizelge 4. Azotlu giibre ¢esidi ve dozlarinin tath misirinda (Vega F1) kocan randimanina (%) ait ortalamalar
Table 4. Means of cob yield (%) in sugar corn (Vega F1) with nitrogen fertilizer types and doses

Giibreler Dozlar (kg da™)

15 20 25 Ortalama
Nitropower 72.75 71.86 72.68 72.43
Ure 70.65 75.90 72.81 73.12
UTEC 74.41 74.60 72.37 73.79
Ortalama 72.60 72.62 74.12

CV (a): %4.3; CV (b): % 3.19; Giibre (A): 0.42 ns; Doz (B): 1.25 ns; A x B: 1.78 ns

ns: Onemli degil

Vega F1 tathh musir ¢esidinin kuru madde oranma farkl
giibre ¢esit ve dozlarinin etkisi istatistiki olarak énemsiz
bulunmustur. Giibre g¢esitlerine gore ortalama kuru madde
orant %24.72-25.10; giibre dozlarina gore ise %24.0-25.57
arasinda degisim gosterdigi tespit edilmistir. En yiiksek
kuru madde oram1 UTEC adli yavag salimimli giibre
uygulamasinda, ancak diger giibre ¢esitleri ile arasindaki
fark istatistiki olarak énemli bulunmamigtir. Kuru madde
orant yoniinden giibre dozlar1 arasindaki fark ©nemli
olmamis, ancak her ii¢ giibrede de, en yiiksek ise 15
kg da’! dozunda, en diisiik deger 20 kg da! azot dozunda
tespit edilmistir (Cizelge 5).

Calismada kuru madde orani iizerine azot dozlarinin etkisi
istatistiki olarak Onemsiz bulunmasina ragmen, azot
dozlarinin artigina bagli olarak kuru madde oraninda arttig1
farkli caligmalarda ifade edilmistir.
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Uslu (1999), misirda en yiiksek kuru madde oranimi 35 kg
da' azot dozu uygulamasinda elde ettiini bildirmistir.
Ayrica, misirda azot dozunun artmasiyla, azot kullanim
etkinliginin azaldigi, kuru madde veriminin ise arttig1
bildirilmigtir  (Presterl] vd., 2003). Misir bitkisine
uygulanan azot miktarinin (20, 25 ve 30 kg da)
artmasiyla, tanedeki kuru madde oraninin arttigi ve en
yiiksek kuru madde oraninin 30 kg da™! azot dozundan elde
edildigi bildirilmistir (Yilmaz, 2005). Sonug¢ olarak,
calismada azot dozlar1 arasinda istatistiksel farklilik
belirlenmemis olsa da 15 kg da! UTEC giibresinin
uygulamasi ile en yiliksek kuru madde orani tespit
edilmistir. Tanede kuru madde oraninin 15 kg da™! azot
dozunda yiiksek olmasi, bitkilerin daha hizli olgunlagmaya
gectiginin gostergesi olabilir.
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Cizelge 5. Azotlu giibre ¢esidi ve dozlarinin tath misirinda (Vega F1) kuru madde oranina (%) ait ortalamalar
Table 5. Means of dry matter content (%) in sugar corn (Vega F1) with nitrogen fertilizer types and doses

Giibreler Dozlar (kg da)

15 20 25 Ortalama
Nitropower 24.96 24.47 24.73 24.72!
Ure 25.75 23.53 25.30 24.86
UTEC 26.00 24.00 25.31 25.10
Ortalama 25.57 24.00 25.11

CV (a): %3.21; CV (b): % 5.47; Giibre (A): 0.53 ns; Doz (B): 3.46 ns; A x B: 0.42 ns

ns: Onemli degil

Vega F1 seker misir ¢esidinin ham protein oranina, azot  Seker musirinda azot dozundaki artis, tanedeki protein
dozlarmin etkisi 6nemli, giibre cesidinin ve giibre ¢esidi x ~ oranim1 da arttirmaktadir (Oktem, 2007). Nitekim, en
doz interaksiyonu onemsiz olarak tespit edilmistir. Azot yiiksek protein orani Altiparmak (2001) ve Celebi vd.
dozlarina gore ortalama ham protein oran1 %13.25-15.10  (2010), 20 kg da! azot dozu uygulamasinda tespit
arasinda degisim gostermis, en yiiksek ham protein oran1  etmiglerdir. Diger taraftan Dong vd. (2016), musirda
25 kg da! azot dozunda tesit edilmistir. En diisiik ham  kaplamali ve nitrifikasyon inhibitdrlii giibre uyguladiklar
protein oram 15 kg da' azot dozunda; bu doz ile 20 ¢alismada, kaplamali giibrelerin protein oranimi %61.38-
kg da' azot dozu arasinda istatistiki olarak fark 113 oraminda artirdigim bildirmislerdir. Karagdz (2018),
olugsmamustir. Giibre ¢esitlerine gore yavag salinimli  silajik misira amonyum nitrat, {ire, DMPP (3,4-
giibreden (UTEC) en yiiksek protein orani (%14.30) elde  dimetilpirazol fosfat) inhibit6rlii amonyum siilfat nitrat ve
edilmis, ancak giibre cesitleri arasindaki fark istatistiki  {ireaz inhibitorlii iire uygulamasinda, giibre kaynaklarinin
acidan Onemli olmamustir. Genel olarak, azot dozlarinin  ham protein oranina etkisinin olmadigini bildirmistir.
artmastyla birlikte tim giibre cesitlerinde ham protein

orani da artis gostermistir (Cizelge 6).

Cizelge 6. Azotlu giibre ¢esidi ve dozlarmin tath misirinda (Vega F1) ham protein oranina (%) ait ortalamalar
Table 6. Means of crude protein content (%) in sweet corn (Vega F1) with nitrogen fertilizer types and doses

Giibreler Dozlar (kg da™)

15 20 25 Ortalama
Nitropower 12.74 13.28 15.16 13.73!
Ure 13.66 13.85 14.66 14.06
UTEC 13.36 14.08 15.47 14.30
Ortalama 13.25 B 13.73 B 15.10 A

CV (a): %3.48; CV (b): % 3.58; Giibre (A): 3.14 ns; Doz (B): 32.64**; A x B: 1.81 ns

'Ayn1 harfi tasiyan ortalamalar arasinda istatistiksel olarak fark onemli degildir. ns: Onemli degil, **:P<0.01

Aragtirmada Vega F1 tatlhi misir ¢esidinin ham kiil oran1  Vega F1 seker musir ¢esidinin toplam ¢oziilebilir seker
giibre ¢esitlerine ve azot dozlarina bagli olarak 6nemli  miktari {izerine giibre ¢esitleri, azot dozlari ve giibre ¢esidi
degisiklik gostermistir. Giibre gesitlerine gore en yiiksek  x doz interaksiyonu istatistiki olarak 6nemli bulunmustur.
ham kiil oran1 yavas salinimli giibrede (%2.56) belirlenmis,  Ortalama toplam ¢oziilebilir seker miktari giibre gesitlerine
ancak iire ile yavas salimmli giibre aym istatistiki grupta  gore 11.44-11.97 mg g!'; azot dozlarma gore ise 11.42-
yer almistir. Azot dozlarina gore ham kiil oram %2.43-2.57  11.97 mg g'! arasinda degisim gdstermistir. Giibre ¢esitleri
arasinda degisim gostermis, azot dozlarinin artmasina igerinde en yiliksek toplam ¢oziilebilir seker miktar1 UTEC
paralel olarak ham kiil oran1 da artmus, 25 kg da! azotdozu ~ adli yavas salinimli giibrede; en diisiik ise Nitropower
ile 20 kg da' azot dozu arasinda istatistiki fark  giibresinde belirlenmistir. Diger taraftan azot dolarmin
bulunmamustir (Cizelge 7). artistyla birlikte toplam ¢oziilebilir seker miktar1 da
artmustir. En yiiksek toplam ¢oziilebilir seker miktar1 25 kg
da! azot dozunda, en diisiik ise 15 kg da’' azot dozu
uygulamasinda tespit edilmistir. Her ii¢ gilibre ¢esidinde de
en yiiksek toplam ¢oziilebilir seker miktar1 25 kg da™!' azot
dozunda, en diigiik toplam ¢oziilebilir seker miktar1 ise 15
kg da™! azot dozunda belirlenmistir (Cizelge 8).

Kuru maddenin yakilmasindan sonra geriye kalan ve
yanmayan kisimdan olusan ham kiil, tohumun/bitkinin
mineral maddesinin gostergesidir (Gengtan, 1998). Ham
kiil, hiicrede o6nemli rol oynayan niikleoproteinlerin
yapisindadir ve birgok olayda gdrev alan minerallerden
olusmaktadir (Geren, 2000). Inceer (2011), tiim musir alt
tirlerinde ham kiil igeriginin olgunlasma siiresince
azaldigini belirtmistir. Arastirmaci tath misirin fizyolojik
olgunluk doéneminde (%2.12), hamur olusum dénemine
(%2.37) gore daha az ham kiil igerigine sahip oldugunu
belirlemistir. Karaman vd. (2021), seker misira farkli azot
dozlar1 uyguladiklari caligmada, ham kiil iceriginin %2.67-
2.89 arasinda degisim gosterdigini, fakat azot dozlarmin
ham kiil igerigi iizerine etkili olmadigin bildirmislerdir.
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Cizelge 7. Azotlu giibre ¢esidi ve dozlarinin tath misirinda (Vega F1) ham kiil oranina (%) ait ortalamalar
Table 7. Means of crude ash content (%) in sweet corn (Vega F1) with nitrogen fertilizer types and doses

Giibreler Dozlar (kg da)

15 20 25 Ortalama
Nitropower 2.35 2.47 2.52 2.45 B!
Ure 2.46 2.51 2.56 2.51 AB
UTEC 2.48 2.56 2.62 2.56 A
Ortalama 243 B 252 A 2.57 A

CV (a): %2.3; CV (b): % 2.09; Giibre (A): 8.09%; Doz (B): 16.16**; A x B: 0.53 ns

Ay harfi tastyan ortalamalar arasinda istatistiksel olarak fark énemli degildir. ns: Onemli degil, *: P<0.05, **:P<0.01

Seker musiri, diger musir alt tlirlerine gore daha fazla seker
miktarina sahiptir. Diger musir tiirlerinde %1-3 olan toplam
seker orani, seker musirda % 4-12 arasinda degisim
gostermektedir (Tracy, 2001). Genetik olarak su (normal,
sugary), se (sugar enhance, sekeri arttirilmis) ve sh2
(shrunken, siiper tatli) olmak tizere 3 farkli seker musiri
bulunmaktadir (Welbaum, 2015). Seker muisirinda
cesitlerin seker icerigine genetik yapinin yaninda, ¢evresel
faktorler de etkili olabilmektedir (Ledencan vd., 2008;
Szymanek, 2009). Yine seker misirinda suda ¢oziiliir kuru
madde miktar1 ile seker orani arasindaki korelasyonun
olumsuz oldugu, su ve se genetik yapisina sahip ¢esitlerde
suda ¢ozilir kuru madde miktarinin daha fazla oldugu
bildirilmigtir (Hale vd., 2005). Yine seker misirinda hasatin
gecikmesine bagli olarak seker miktarinin azaldigi ileri
stirtilmiigtiir (Suk Soon vd., 2004).

Seker misirda azot uygulamasimin seker orani iizerine
etkisinin incelendigi c¢aligmalarda farkli sonuglara
ulagilmigtir. Nitekim Wu vd., (1993) azotun seker
miktarint azalttigini, Can (2014), azot dozlarinin seker
icerigine etkisinin 6nemsiz oldugunu ve seker oraninin
%10.6 ile %11.5 arasinda degistigini bildirmislerdir. Diger
taraftan farkli azot dozlarmm (12, 16, 20 ve 24 kg)
uygulandig1 calismada (Bhatt, 2012), en yiiksek seker
icerigi 24 kg azot dozunda (15.4 °Brix ) belirlenmistir.
Azapoglu (2013), tarafindan Vega F1 seker musiri
¢esidinin kullanildigi ¢aligmada, farkli azot dozlarinda
sakkaroz igeriginin %31.6-33.7 arasinda degistigi
belirlenmis ve azotlu giibrelemenin iriiniin kalitesini
arttirdigy ileri siirilmiistiir. Yine Akgiin & Siyah (2015),
toplam seker miktari iizerinde azotun dnemli oldugunu
belirlemiglerdir.

Cizelge 8. Azotlu giibre ¢esidi ve dozlarinin tatl misirinda (Vega F1) toplam ¢oziilebilir seker miktarina (mg g') ait

ortalamalar

Table 8. Means of total soluble sugars (mg g!) in sweet corn (Vega F1) with nitrogen fertilizer types and doses
Giibreler Dozlar(kg da™')

15 20 25 Ortalama

Nitropower 10.48 b 1191 a 1193 a 11.44 C!
Ure 11.88b 11.91b 11.96 a 1191 B
UTEC 11910 1197 a 12.02 a 11.97 A
Ortalama 1142 C 1193 B 1197 A

CV (a): %0.22; CV (b): % 0.24; Giibre (A): 1081.77**; Doz (B): 1029.27**; A x B: 777.99**

' Ayn1 harfi tastyan ortalamalar arasinda istatistiksel olarak fark 6nemli degildir. **: P<0.01

4. Sonug

Tath misir (Vega F1) genel olarak taze tiiketimde
kullanildigindan kavuzsuz ve kavuzlu taze kogan verimi,
pazarlama ve tiiketim yoniinden olduk¢a onemlidir. Bu
nedenle kavuzsuz ve kavuzlu taze kogan verimi dikkate
alindiginda en yiiksek degerler yavas salinimli (UTEC)
giibre cesidinde ve 20 kg da! azot uygulamasinda
belirlenmistir. Vega F1 tath musir gesidinde azotlu
giibrelemenin verim artis1 yaninda, kaliteyi ozellikleri
(ham protein ve toplam ¢oziilebilir seker miktar1 gibi)
iizerinde de olumlu etki yaptig1 belirlenmistir.

Cikar Catismast Beyani

Makale yazarlar aralarinda herhangi bir ¢ikar ¢atigmasi
olmadigini beyan ederler.

Arastirmacilarin Katki Orani Beyani

Yazarlar makaleye esit oranda katki saglamis olduklarini
beyan ederler.
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ARTICLE INFO ABSTRACT
The present paper investigate the effects of magnetic field (MHD), Richardson and suction on
Received: 06/09/2023 an exponentially expanded infinite plate by studying the convective heat and mass transfer of

a non-Newtonian incompressible viscous and electrically conducting fluid. Cross-diffusion
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impacts are also taken into consideration. The governing partial differential equations (PDEs)
Keywords: Energy flux, Mass diffusion, are transformed into ordinary differential equations through the application of well-posed
Nanofluidic, Wolfram Mathematica similarity transformation variables (STVs). Thus, the transformed dimensionless equations are
solved analytically by integrating factor approach and the resulting solutions are simulated with
an efficient stability numerical algorithm known as Mathematica. The results are displayed in
tabular and graphical forms while the effects of various parameters on the velocity,
temperature, concentration, skin—friction coefficient, Nusselt and Sherwood numbers are
discussed in details. It was found that velocity falls when magnetic field and suction parameters
increase. Also, the temperature and nanoparticle concentration decreases as suction number
rises but are enhanced as diffusion-thermo and thermal-diffusivity parameters rise. An increase
in Richardson and Prandtl numbers leads to a decrease in skin-friction and upsurge in the rate
of heat transportation. The results of this study can be used to advance the design, operation,
and performance of various systems encountered in industrial and scientific applications.

MHD Richardson Akisinin Emis ve Capraz Difiizyon Etkileri ile Ustel Olarak Gerilmis
Sonsuz Bir Plakadan Ge¢gmesinin Analizi

DOI: 10.55979/tjse.1356407

MAKALE BILGISI OZET
Bu makale, Newtonyen olmayan sikistirilamaz viskoz ve elektriksel olarak iletken bir
Al tarihi: 06/09/2023 akiskanin konvektif 1s1 ve kiitle transferini inceleyerek, manyetik alanin (MHD), Richardson

ve emmenin istel olarak genisleyen sonsuz bir plaka tizerindeki etkilerini aragtirmaktadir.

Kabul tarihi: 09/11/2023 Capraz difiizyon etkileri de dikkate alinir. Gegerli kismi diferansiyel denklemler (PDE'ler), iyi

Anahtar Kelimeler: Enerji akisi, Kiitle konumlanmis benzerlik doniisiim degiskenlerinin (STV'ler) uygulanmasi yoluyla siradan
difiizyonu, Nanoakiskan, Wolfram diferansiyel denklemlere doniistiiriiliir. Bdylece, déniistiiriilen boyutsuz denklemler, entegre
Mathematica faktor yaklagimiyla analitik olarak ¢oziilmekte ve elde edilen ¢oziimler, Mathematica olarak

bilinen etkin kararlilik sayisal algoritmasiyla simiile edilmektedir. Sonuglar tablo ve grafik
DOI: 10.55979/tjse. 1356407 formlarinda gosterilirken, ¢esitli parametrelerin hiz, sicaklik, konsantrasyon, yiizey siirtiinme

katsayisi, Nusselt ve Sherwood sayilan {izerindeki etkileri ayrintili olarak tartigilmaktadir.
Manyetik alan ve emme parametreleri arttik¢a hizin diistiigii bulunmustur. Ayrica emme sayisi
arttikca sicaklik ve nanopartikiil konsantrasyonu azalir, ancak difiizyon termo ve termal
yayillma parametreleri yiikseldik¢e artar. Richardson ve Prandtl sayilarindaki artig, cilt
siirtlinmesinin azalmasina ve 1s1 aktarim hizinin artmasina neden olur. Bu ¢alismanin sonuglari,
endiistriyel ve bilimsel uygulamalarda karsilasilan gesitli sistemlerin tasarimini, igletimini ve
performansini gelistirmek igin kullanilabilir.

1. Introduction performance. Efforts geared towards the exploration of the
performance of magnetohydrodynamic (MHD) mixed
convection flows, which involves the combined effects of
forced and natural convections, as well as magnetic fields
shows an increasing trajectory. In MHD mixed convection
flows, two substantial physical phenomena namely, cross-
diffusion and suction effects perform fundamental roles.
The phenomena were diverse species within a fluid display

Fluid flows exposed to magnetic fields and buoyancy
impacts contribute a noteworthy performance in several
industrial and engineering applications such as in the heat
exchangers, chemical processes, and materials processing.
The comprehension and control of such flows are vital for
improving the proficiency and optimizing system
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variable diffusion coefficient, which leads to disparities in
concentration profiles and transport properties is termed
Cross-diffusion. Meanwhile, suction encompasses the
local exclusion of fluid from specific areas in a system,
ensuing in modifications to flow configurations and overall
fluid behavior. Thus, the scientific significance of suction
in fluid dynamics is noteworthy. Firstly, by controlling the
suction, scientists and engineers can handle the flow
velocity, temperature, and nanoparticle (specie)
concentrations in various applications. For example, in
cooling systems, the adjustment of suction can aid in
regulating fluid velocities and temperatures thereby
ensuring optimal cooling efficiency. Secondly, in
nanoparticle dispersion processes, the controlling of
suction allows for precise control over nanoparticle
concentrations in any desired region in a given system.
Hence, understanding the impacts of suction will facilitates
the configuration and increase in efficiency of fluid flow
systems in numerous fields, such as engineering,
environmental sciences, and nanotechnology.

The augmentation of heating or cooling is an important
aspect in the industrial processes. This is because of its
support and contribution in energy saving and optimal
performance efficacy of industrial machineries such as, gas
turbines. Similarly, some systems are also affected through
thermal enrichment processes, thus, the designing,
expansion and improvement of high performance thermal
transferal systems become necessary. Thus, the
introduction of new forms of heat transmission fluidics
such as nanofluid becomes very vital. Meanwhile,
nanofluidics occurs in form of single and multi-phase
fluids. They’re composite of convectional fluids existing as
H,0, engine oil, EGC etc., with finely divided and
suspended particles of metals and their oxides
(nanoparticles) with sizes less than 100 nanometer (nm).
However, nanoparticles exist in two forms, namely: soft
and hard forms. It can also appear as nanotubes, nano-
chips, CNTs etc. Interestingly, Bhattacharyya (2012),
examined the characteristics of steady flow and reacting
mass transmission over an exponentially elastic plate in a
moving fluid. He applied the fourth-order Runge-Kutta and
shooting methods in his solution approach. His findings
revealed that a rise in Schmidt and reaction rate parameters
leads to an increase in mass transport. Liu et al. (2013),
have explored three dimensional (3D) boundary wall layer
flow and thermal transference of viscous stream over an
exponentially expanding sheet. They employed the
Ackroyd technique and Runge-Kutta integration scheme in
solving their converted equations. Their result opined that
thermal transferal characteristics are dependent on the
temperature exponent, expanding and Prandtl factors.
Several scholars (Nadem et al., 2014), Bhattacharyga &
Layele (2014), Mukhopadhyay et al. (2014), Ene &
Marinca (2015) have investigated various facet of
nanofluidic flow past exponentially extending surface
under different constraints. Meanwhile, Das (2012),
studied the dual impact of mixed thermophoresis and
chemical reaction on MHD micropolar stream for varying
fluid properties. The analysis of micropolar fluidic flow
and thermal transferal past a lessening plate was conducted
by Turkyilmazoglu (2014). His result showed that the
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existence of physical structures of micro-rotation and
energy profiles appeared either in unique or many forms.
The MHD influence on boundary flow with absorbent
material over an exponentially contracting surface and slip
was examined by Jain & Choudhary (2015). By utilizing
the Runge-Kutta and shooting schemes, they noted that the
shear stress augments while the velocity and temperature
lessens as slip number improves. Similarly, Fauzi et al.
(2012), analyzed the mixed convective flow of nanofluids
with a leaky upright cone. They obtained twofold solutions
for some values of mixed convective factor by adopting the
shooting procedure. The examination of thermal
transference in mixed convection stream of nanoliquids
past a parallel circular cylinder was studied by Rabeti
(2014). He maintained that the immersed nanoparticles in
the convectional fluid increase the thermal distribution
from the cylinder when the non-free convection heat
circulation is the leading regime of such thermal transport.
Several scientists such as Ali & Al-Yousef (2004),
Dandapat et al. (2004), Abo-Eldahas & Abd El-Aziz
(2005), Abd El-Aziz & Salem (2007), have explored on
heat and mass transportation of a steady stream with a half-
infinite fluid layer being controlled by an unceasing
expanding plate.

The effect of cross-diffusion and suction on MHD mixed
convection flows has fascinated substantial interest owing
to their prospect, to meaningfully modify flow
characteristics, thermal transmission rates and general
system optimal efficiency. Even with their practical
significance, an in-depth comprehension of their combined
impacts on MHD fluid flow remains incomplete. Lately,
Abd El-Aziz (2009, 2010), stretched the work of
Elbashbeshy & Bazid (2004), by considering heat
radiation, Hall currents and chemical reactivity under
bounded time-dependent conditions. They opined that the
heat transfer proportion was enhanced as radiation and
Prandtl numbers rises. Similarly, Bachok et al. (2011),
investigated the similarity resolution of unsteady wall flow
and heat conveyance due to a stretching plate. The scrutiny
of Soret dissipation effect on heat and mass transfer
involving non-newtonian radiative nanofluid flow due to
Lorentz drag and Rosseland radiation was reported by
Awucha & Okechukwu (2022). They applied the series
approximation method in obtaining the analytical result
and utilized the Mathematica software in realizing the
numerical solutions. According to their finding, increasing
the Casson number begets a reduction in velocity and an
increase in temperature.

The originality of this study lies in its holistic approach to
investigating a complex fluid flow problem. While there
are existing studies on MHD flows past various types of
plates and surfaces, few combined the Dufour, exponential
stretching, suction, and Richardson effects into a single
analysis. Thus, by taking all the aforementioned
phenomena into consideration in this present study, this
research bridges the gaps in the knowledge and provides a
more accurate representation of real-world scenarios,
making it highly relevant to practical applications in
engineering, physics, and environmental science. The
insights gained from this study can lead to the development
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of more efficient systems and processes in industries where
MHD flows and diffusion effects play a critical and
advance role. The current status of the study in the
literature provides a brief review of related literature,
highlighting previous research on MHD flows past
different types of surfaces and plates. Some of the
referenced studies explored factors such as temperature
gradients, chemical reactions, and nanoparticle dispersion
in various flow configurations. The present study identifies
a gap in the literature concerning the combined effects of
Dufour, cross-diffusion (Richardson), and suction on
MHD convective flows. Despite the practical relevance of
these phenomena, a comprehensive understanding of their
combined impacts remains incomplete. Hence, the primary
goal of this study is to develop a mathematical model that
analyzes the interplay of physical parameters between

Dufour, Richardson, and suction effects on MHD
convection flows. The governing models include
continuity, conservation, energy transport, and

concentration equations. These models will be explored
using numerical and computational techniques to gain
insights into the flow behavior and heat transportation. The
study aims to contribute to the advancement of
fundamental knowledge in the field of MHD mixed
convection control and provide insights for the designing
and optimization of systems involving fluid flows
subjected to magnetic fields, buoyancy effects, and
controlled mechanisms, thereby enhancing energy
efficiency and heat transfer rates. The findings of this study
could also have implications in various fields, such as
engineering, environmental science, nanotechnology, and
biology. The breakdown of the current developments in the
literature is as follows:

Significance of MHD and Buoyancy Effects: The text
highlights the significance of fluid flows exposed to
magnetic fields and buoyancy impacts in various industrial
applications, such as heat exchangers, chemical processes,
and materials processing. This emphasizes the importance
of understanding and controlling these flows for
optimizing system performance.

MHD Mixed Convection Flows: The literature has seen an
increasing interest  in  the exploration  of
magnetohydrodynamic (MHD) mixed convection flows.
These flows involve the combined effects of forced and
natural convections, as well as magnetic fields.
Researchers are recognizing the practical relevance of
these flows and their potential to enhance system
efficiency.

Role of Cross-Diffusion and Suction: In MHD mixed
convection flows, two fundamental physical phenomena,
namely cross-diffusion and suction effects, play significant
roles. Cross-diffusion involves diverse species within a
fluid with variable diffusion coefficients, leading to
variations in concentration profiles and transport
properties. Suction, on the other hand, involves the local
exclusion of fluid from specific areas in a system, leading
to modifications in flow configurations.

Applications of Suction: Suction is highlighted as a
valuable tool for controlling flow velocity, temperature,
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and nanoparticle concentrations in various applications.
For instance, it can optimize cooling efficiency in cooling
systems and enable precise control over nanoparticle
concentrations in processes like nanofluid dispersion. This
study provides an in-depth comprehension of the principles
of suction due to its importance in the designing and
optimization of proficient systems such as pumps, turbines,
and ventilation systems. In biological systems, the
principle of suction remains vital for processes such as
respiration, feeding, and circulation. Furthermore, it is
engaged in medical applications like wound healing, drug
delivery, and blood collection. In addition, the mixed
convection plays an integral role in different applications
such as in the designing of heat exchangers, cooling
systems for electronic devices, and thermal management
for industrial processes. It also has implications in
environmental phenomena, such as the dispersion of
pollutants in the atmosphere and the movement of heat and
mass in natural water bodies. However, the current
deficiencies in the literature include:

Limited Understanding of Combined Effects: Despite the
growing interest in MHD mixed convection flows, the text
highlights that there is still an incomplete understanding of
the combined impacts of cross-diffusion and suction on
these flows. This is a gap in the literature that needs to be
addressed.

Scope of Previous Research: Previous studies have
primarily focused on individual aspects of fluid flow and
heat transfer, such as radiation, chemical reactivity, or
nanoparticle dispersion. However, there is a lack of
comprehensive research that considers the combined
effects of cross-diffusion, suction, and other factors in
MHD flows.

Unexplored Interactions: The text emphasizes that the
interactions between Richardson flow, cross-diffusion, and
suction effects in MHD mixed convection flows have not
been thoroughly explored. These interactions have the
potential to significantly modify flow characteristics and
thermal transmission rates.

Proposed Study's Contributions: The proposed study aims
to bridge the existing gaps in the literature by developing a
mathematical model that accounts for the interplay of
physical parameters related to Richardson flow, cross-
diffusion, and suction effects in MHD mixed convection
flows. By conducting a detailed analysis using numerical
and computational techniques, the study intends to provide
insights into flow behavior and heat transfer under the
influence of Dufour, Soret, and suction parameters.
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2. Materials and Method
2.1. Mathematical formulation

A steady, laminar and incompressible mixed convection
flow of an electrically conducting nanofluidic due to heat
and mass transmission past a partially infinite plate
imbedded in a fluid is considered. It is assumed that the
flow is in vertical direction along the plate in x — axis and
normal in the y —axis. The plate is kept at temperature
T,(x) and concentration C,(x) with baseline temperature
and concentration expressed as To(x) and C,(x)
respectively. However, the physical geometry of the model
is depicted in Figure 1.

thermal boundary
layer X

velocity
boundary
layer

boundary
layer

Figure 1. Schematic flow representation

In view of the aforementioned conditions and under the
Boussinesq’s approximations (1877), the governing
boundary layer models are presented below:

2.1.1. Continuity equation
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2.2.1. Momentum conservation equation
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2.3.1. Energy conservation equation
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2.3.1. Mass concentration equation
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Under the following boundary constraints
aty=0,ulx) =U,v=-V(x), T =T,

C=C; (5
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as y—-o, u—-0,T->T, C-Cyh

The suction velocity normal to the sheet is given as
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v=-V(x) (7

where the components of velocities in both x and y
directions are represented by u and v, v is the kinematic
viscosity, p =fluid pressure,

k = thermal conductance of fluid, g,, = heat flux radiation,
C, =specific heat at constant pressure, D = mass
diffusivity coefficient, g = acceleration due to gravity,
Re, = local Reynolds number dependent on the sheet
velocity, A" = characteristic length, p = fluid density,
o =electrical conductance,

k = proportion of thermal diffusivity,

K. = mass diffusivity proportion, the negative sign
specifies that the suction velocity is in the direction of the
plate. According the Rosseland estimation (1936) in terms
of g,-, we have

40* 9T'*
3k* ay'

qr = ®)

where o¢* representing the Stefan-Boltzman term
expressing the relationship between the thermal radiation
emitted by the sheet,

T = absolute temperature and k* = mean absorption
estimation. Under the condition that the temperature
gradient surrounded by the flow exist in such a way that
T'* can be stated as a linear grouping and with the aid of
Taylor series by expanding T'* at T,, , we got

T'* =Tyt + 4T3 (T' = T3) + 6T2(T' = To)? + -+ (9)

By excluding terms of greater orders that are higher than

the first degree in (T’ — T,,), we have
T'* = =3T + 4TST' (10)

Taking the derivative of Eq. (8) with respect to y’ and using

Eq. (10) produces

_ 16TS,0* 82T’
3k* aylz

9ar _

ay'

(1)

Putting Eq. (11) into Eq. (3) leads to
(kZ) +

ay'
. . Y
Introducing the stream functions, u = ™ and

ar’
ox'

ar’ 1 9

ay’ _p_CpB_y’

DKt
CsCp

16TS 0" 02T
[(C. = C.)00M] - 52222 (12)

ayp . - . .
v = —% into Eq. (1) shows that it is satisfied. Since the
pressure is a constant, we have

ap’ _
ax'

(13)

In order to transform Eq. (2), (4) and (16) into a coupled
ordinary differential equations, the following relevant
transformation variables are defined accordingly as

— vy [Yo o3t
n=y 2vL

Xd
u = UjezL —
an

(14)
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v 2 |+ 2]
T=T,+ TOer_LH(TI)

Putting Eq. (14) into Eq. (2), (4), (16) and simplifying
produces

asr dzf g 4f
ﬁ"‘f(’l)w"‘]’@(n) Mo =0 (15)
d?e de
(1+S)d—772+Prf(n)E+Df9(n) =0 (16)
d2g ag _
w+5Cf(77)E+5t9(77) =0 (17)
Subject to the following boundary expressions.
atn=0:f=my, f'=1,0=1,0=1 (18)
asn - oo f'>50,06-50,0-0 (19)
2 -
where, M = ZO-BOI, = G—tz' Gt = w’ Rex = U_Wl’
pUy Rey v v
_v __ Dkt ((Cs—Coo) _ 160°TS, _v
Pr= o by = CsCp ((TS—TDO))' §= 3k*k Sc= D and
_ Dk¢ ( (T=T)
Se = T, ((cs—cw))
refers to magnetic strength, mixed (Richardson)

convective, local Reynolds, Prandtl, Dufour, radiation,

Schmidt and Soret parameters respectively. However,
Yo

my = >0 and my = =% < 0 is indicative of the
vUg vUg
2L 2L

suction and blowing numbers.

However, the current research was solved analytically by
deploying the improved series approximation technique in
order to realize the solutions. The steps involve:

It refers to a mathematical method used in finding the
approximate solutions for differential equations with a
small parameter, denoted by §. This technique is mainly
useful when a given ODE is coupled, complex in nature
and cannot be solved directly.

1. The ODE involving a small parameter §, is written.

2. The solution is assumed in such a way that it can be
stated as a sum of an infinite power series such as: y(n) =

fo) +8f() + 8% f,() + - were fo(), fr(), f(0),

etc., are to be found.

3. The assumed solution are used in the original ODE and
coefficients of various powers of § equated.

4. The resulting equations are solved in order to find the
expressions for the unknown functions.

5. The obtained values of f,(), fi(n), f(n), etc., are
substituted into the assumed solution given in the second
step above so as to determine the approximate solution,

f@m).

6. The constants of integration that are present in the
solutions already obtained are found by applying the initial
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or boundary conditions. Thus, the obtained solutions are
iterated through simulation with a suitable numerical
software.

In accordance with Bestman (1990), the following
definitions are utilized to solve Eq. (2), (4) and (16)
meaningfully.

n=:&mg, f(n) =meF(m), 0(m) =w),

o) =Z(), w = —

2
my

(20)

Utilizing Eq. (22) and its differentials into Eq. (15)-(21)
and simplifying gives

L mo)* + f) T (mo)* +v8G) —M Lm0 1)
(1+ )52 M) + Pr(m) & (mo)? + Dz =0 (22)
(o) + Scf N 4 (me)? + 5,2 =0 (23)
n=0:f=1f=wZ=1W=1 (24)
n-oo:f 50,Z->0,W-0 (25)

1

(mg)*’

we have the following equations.

By multiplying equations (21) by (22) and (23) by

1

(mg)?”’

a*f a’f 2_ Y, =

o T gz HyZme” —M -0 =0 (26)
d?z dz

(1 +S)d—nz+Prf(n)a+DfZ(n)w =0 27

d2w aw

o+ Scf () o+ S Z(w = 0 (28)

n=0f=1f=wZ=1W=1 (29)

n—oo:f' -0,Z->0W->0 (30)

As a result of the case of suction, w <« 1, the solution of
Eq. (26) - (28) is assumed as follows:

f) =1+ X521 @/ fi ) + 0(w)® +

(31a)

w() = Zjlp=1 0/ Z (M) + 0(w)? + - (31b)
z(n) = Z?:k:lewk(n) +0(w)* +

(31¢)

Differentiating f(n) thrice while w(n) and s(n) are
differentiated twice with respect to 1, yields the following
equations.

£ = ff + Py + -
') = of!" + w?*f; + -
f’/l(n) — w nr

1wy
7' =74+ wZ} + -

(32)
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7" =70 + wZ +
W' =W, + oW, +
W' =W, + oW + -

Putting Eq. (31a, 31b and 31c¢) and (32) into Eq. (26)-(28)
and equating the coefficients of same degrees in zeroth,
unity and binary orders in w’ and further simplification of
Eq. (29)-(30) produces the following equations.

Zeroth Order

(1+5)“°+P dﬁ—o Zy(0) =1, (33)
Zy(0) =0

@ W°+5 %—0 W,(0) = 1, Wy(0) = 0 (34)
Order of Unity

L0 =0, FO =1, fix)=0 (33
(1 +5)d o s Prfy(n) 52 "+ DyZo() = 0;
Z,(0) = 0, Zl(OO) =0 (36)
W, L/ Scfy () —— Wo +S5,Z(n) = 0;

dn? dn dn

W,(0) =0, W,(0) =0 37)
Binary Order

hatlip () -ML =0

f2(0) =0, £5(0) =0, f;(0) =0 (38)

Solving the coupled systems of Eq. (33)-(38) with the
application of their respective boundary conditions yields
the following analytical solutions.

fi)) =1=exp—n (39)
1
f(n) = exp —n + exp — 2n + -
14
e € — A + Mrexp — 1 —
14 3 y )
W2A-1) 4 + yr7eTh M+ Zexp—n— -

A(Ay_l) exp —n + Mexp — 7 40)
Zy(n) = exp — An )
)2

Zy(n) = —Anexp — An — H_Aexp 3
(1+A)n+ - (1+S)nexp —An + —exp An )
Wo(m) = exp — Scn @)

(5c)?
1+Sc

Wi(m) = —Scnexp — Scn — exp — -+
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2

1+ Som+— (Sc)

17 sc exp — Scnp — -+

exp — An + exp — Scn (44)

A(A Sc) A(A S)

Therefore, substituting Eq. (39)-(40) into Eq. (31a) gives

fM=1+w(d—-exp—1n)+-

14
@ay@-n P

1
wz{nexp—n+zexp—2n+ )

Mnexp —n — r - § + 4 -

TP T A2(A—-1) 4 AGA-1D)
M+%exp—77—A(A 5 €xP — n+ Mexp —n} (45)
However, the fluid velocity is expressed as
F'(m) = (mo)*f' () (46)

Thus, we have the analytical solution of the fluid velocity
as

1
F(n) =exp—n+-—=+
() p—n o)

1
{exp —n —mnexp —n —Zexp -2 — -

exp—..An — Mnexp — n——exp—

A(A 1)

n+

exp —n} (47)

A(A 1)
Again, substituting Eq. (41) - (42) into Eq. (31b) produces
the analytical solution of the nanofluid energy transport as

Z(n) = exp — An + < )2{ Anexp — An — -

(4)?
—exp

A —(1+An+

SC(1+S) nexp —

An + —exp An}

1+A

(43)

Similarly, putting Eq. (43)-(44) into Eq. (31c), gives the

analytical solution of the nanoparticle (specie)
concentration as presented below.

W(m) =exp — Scn + )2{ Scnexp — Scn —

B exp — (1 + 5I + 2 exp — Sen — -+

1+sc XP CMN T Tise XP = 2N

A(A 5o €XP — An + A(A 5 €XP — Sen} (49)
where,

Pr .
A = — 1s constant.
1+S

The physical quantities of paramount importance for the
optimization and designing processes in the engineering,
material science and scientific analysis are defined as
follows.
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(55°)
_ T; _ ay* y*=0
AT X (Ts-T5) (50)
ac
_ (6_3/*)),*:0
S = TGy

Simplifying Eq. (50) produces the skin-friction, rate of beat
transmission (Nusselt number) and Sherwood number (rate
of mass transportation) as follows:

ou

Cr=—(— 51
f (6y)y=0 ( )

f""@m) = (me)*F" (52)
o) = — Y (RN AR Y S

f1(0) = —mg + mo ( 2T M A(A—l)) (53)

Again, the Nusselt number is resolved as

Nu 0z

= (5)y:0 (54)

0z

zZ’(n) =—-(= 55
m=-) _, (55)
"0y = A ——+ (- 2, Py @

z'(0) =4 (mg)? ( A+ (A" + Sc(1+5¢) 1+A) (56)

Similarly, the Sherwood number follows:

Sh ow

Peiale (a)yzo (57)

ow
wm=—-\— 58
m=-),_, (58)

I _ 1 _ 2 _ @

w'(n) = —-Sc+ (mo)z{ Sc + (Sc) et
St Sc(Se)

A-sc A(A—Sc)} (59)

Where, the local Reynolds factor due to the sheet’s suction
velocity is described as Re,, = Ywl

3. Findings and Discussion

Having solved the problem analytically, we have deployed
the Wolfram Mathematica software for realizing the
numerical results which have been displayed graphically
from Figures 2-13 and in Tables 1-3, respectively.
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In the study of fluid dynamics, the fluid velocity has the
tendency to decline as the magnetic field strength
parameter rises owing to a phenomenon termed
magnetohydrodynamic (MHD) drag. Meanwhile, in a
conductive fluid flow along the direction of a magnetic
field, the interaction between them spawns electric currents
in the fluid, thus creating its own magnetic fields. These
self-generated magnetic fields resist the applied magnetic
field, thereby leading to a resistance to the fluid motion.
This resistance manifests as an increase in drag, which
impedes the fluid's passage and results to a decrease in
velocity as the magnetic field strength increases. This
phenomenon is displayed in Figure 2. In Figure 3, the
influence of mixed convection parameter on the fluids’ rate
of flow is shown. As this parameter increases, the
comparative impact of forced convection becomes more
pronounced in relation to natural convection. Thus, this
breeds a general increase in velocity within the fluid
regime. As a result of this, the improved forced convection
component, determined by the external force, transmits
enormous momentum to the fluid, resulting in higher
velocities and increased fluid motion. The effect of suction
parameter, mo on velocity, temperature, and nanoparticle
concentrations are illustrated in Figures 4, 5 and 6
respectively. The removal of fluid from the system forms a
negative pressure gradient which resists the flow direction
thereby countering the natural motion of the fluid and
resulting in a decrease in velocity. Hence, the higher the
suction parameter, the more significant the deceleration of
fluid flow becomes. This phenomenon leads to lessening
of the velocity. However, the extraction of fluid begets the
loss of heat energy and causes a drop in temperature. The
extraction of fluid by suction lessens the overall thermal
energy content of a given system and creates a cooling
effect. Thus, a rise in suction contributes to a decrease in
temperature (energy) in the fluid flow. Similarly, the
dispersal of nanoparticles in the fluid is affected by the
suction mechanism. As fluid is extracted, the concentration
of nanoparticles decreases uniformly. This is because the
suction selectively eliminates fluid along with the
immersed nanoparticles. Therefore, increasing suction
results in a decrease in nanoparticle concentrations within
the fluid flow as shown in Figure 6.
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— M=00
0.8
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§=02,y=20,Pr=071,mo=3.0
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— M=30
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2 4 g O 3
Figure 2. Impact of magnetic field strength, M on the rate of flow (velocity)
1.0
f'(m)
0.8
— y=05
0.8 =10
$=02,M =0.1,Pr =0.71,mo = 3.0 i
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Figure 3. Impact of Richardson (mixed convective) parameter, ¥ on the rate of flow (velocity)
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Figure 4. Impact of suction number, m, on the rate of flow (velocity)
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5$5=02,Pr=0.71,Df =5c=20
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— mo=15
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Figure 6. Impact of suction number, m, on nanoparticle (specie) concentration

The radiation (S) parameter shows a noteworthy role in
fluid flow, mainly when considering radiative heat
transfer. Thus, its impact on velocity and temperature
in the fluid is depicted in Figures 7 and 8. In radiative
heat transfer, exchange of energy takes place between
the fluid and its surroundings through electromagnetic
radiation. Thus, the presence of radiation in the fluid
proves the relative significance of radiative heat
transferal compared to conduction or convection. When
radiation rises, the impact of radiative heat transmission
becomes more noticeable and leads to an increased
energy transferal from the fluid to its surroundings.
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Consequent upon this, the fluid exhibits an alteration in
momentum, resulting to an increase in velocity.
Similarly, radiative heat circulation can deposit or
remove extra energy in or out of the fluid, depending
on the temperature differences between the fluid and its
walls. Therefore, when the S increases, the radiative
heat motion becomes more prevailing and the energy
interchange through radiation signifies a greater impact
on the fluid temperature. Hence, this leads to a surge in
the fluid's temperature.
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Figure 7. Impact of radiation parameter, S on the rate of flow (velocity)
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Figure 8. Impact of radiation parameter, S on energy (temperature)

The effects of Dufour (Df) and Soret (S;) parameters
on temperature and nanoparticle concentration are
demonstrated in Figures 9 and 10. Meanwhile, both of
them play critical roles in heat and mass transmission.
Generally, Df enumerates the relative significance of
thermal diffusivity associated with convective heat
transmission. As it grows, the importance of thermal
diffusion becomes evident as it leads to an augmented
connection between the temperature and mass
concentration. Thus, this breeds a surge in the
temperature of the system. This process possesses
numerous applications to combustion processes,
chemical reactivity and thermal exchangers.
Correspondingly, the S; parameter quantifies the
significance relation of thermal transfer which is
likened to the solute diffusion. As it rises, the impact of
thermal distribution appears more momentous and
leads to a distinct Soret influence. This effect begets
superior dispersal of a given component over another
because of energy differences. Accordingly, an
increase in nanoparticle concentration gradients of the
fluid occasioning a higher concentration of the solute in
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certain areas remains obvious. Thus, the significance of
this parameter in this study is vital in the areas of
chemical engineering, geophysics and environmental
science where exact prediction and control of mass
concentration distributions are essential.

In figures 11 and 12, the impact of the non-dimensional
numbers i.e., Prandtl (Pr) and Schmidt (Sc) are
demonstrated. The Prandtl number relays the ratio of
momentum diffusion (viscosity) to heat dispersal.
Thus, heat energy disperses gradually when equated to
dissipation of momentum thereby leading to a reduction
in the temperature gradient. The implication of this
effect in different areas includes thermal transmission
processes which involve the control of energy
variations and it is critical for boosting system
efficiency and thermal stresses prevention. Thus, an
enhanced Pr shows that the fluid possesses a
moderately little thermal diffusion in relation to its
viscosity. Similarly, the Schmidt number involves the
ratio of momentum diffusion (viscosity) to mass
diffusion. However, an improved Sc indicates that a
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fluid has a reasonably small mass diffusion in transportation as it applies to chemical reactions and
comparison to its viscosity. Owing to this fact, the  pollutant dispersal.

dispersion of nanoparticles or its concentration

differences happens at a gradual pace in relation to

momentum circulation. Hence, this ushers decline in

nanoparticle concentration distribution in the flow. The

worth of Schmidt number is crucial in mass

1.0
Z(m
0.8
F — Ds=0.0
ae; \ $=0.2,mo = 3.0,Pr =0.71,5¢ = 2.0 — Dp,=10
0.4 — D= 2.0
— Df=3.0
0.2}
Figure 9. Impact of Dufour number, D, on energy (temperature)
1.0
win)
0.8
— 5.=0.0
S mo = 3.0,Pr =0.71,5 = 0.2,5¢ = 2.0 S, =1.0
sk — 5., =20
— 5,=3.0
2 n 3 4
Pr = 0.7
Pr=1.0
Pr=1.5
Pr =20

Figure 11. Impact of Prandtl number, Pr on energy (temperature)
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mo = 3.0,Pr=0.71,5= 02,5, = 2.0
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Sc=20
Sc=25
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Figure 12. Impact of Schmidt number, Sc on nanoparticle (specie) concentration

The effects of suction, mixed convection and radiation
on the skin friction are shown in Table 1. As the fluid
is extracted from a system, its flowing momentum
declines, thereby causing an increase in the interaction
and resistance between the fluid and its boundary walls.
Thus, an increase in suction leads to a corresponding
increase in the skin friction. Conversely, the increasing
effect of the mixed convective parameter, which
consists of forced and natural convections, begets a
shrinking condition in the skin friction because the
forced convection component which is controlled by an
applied force, improves the fluid motion close to the
wall, thereby decreasing the thickness of the boundary
layer and reducing skin friction. Also, as radiation
improves, the radiative heat dispersal appears more
pronounced as it aids in the cooling of the fluid close to
the wall by lowering the temperature differences and
accordingly diminishing skin friction. In Table 2, the
impacts of the suction, Prandtl and radiation parameters
on the rate of heat distribution (Nusselt number) are
displayed. However, as suction increases, more fluid is
loss from the system and the convective heat transport
between the solid wall and the residual fluid becomes
stronger, thus leading to a greater thermal
transportation and increased Nusselt number. On the
contrary, the Prandtl number has a crucial influence on
the Nusselt number. This is because an improved
Prandtl number signifies a relatively smaller thermal
diffusivity in relation to viscosity, which brings about a
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drop in the temperature of the fluid. However, close to
the wall, the convective heat dispersal rate lessens and
eventually leads to a decrease in the Nusselt number.
On the other hand, as the radiation parameter rises, the
radiative heat distribution becomes more noticeable,
and produces extra heat exchange between the solid
wall and surrounding fluid through electromagnetic
radiation.

The effect of suction, Schmidt and Soret parameters on
the Sherwood number are presented in Table 3. The
Sherwood number signiifies the mass transfer rate from
the plate’s surface to the immediate fluid. As fluid
extraction takes place in the system, the mass
transmitance between the sheet and residual fluid turns
to be more distinct, and causes an enhanced mass
transfer and a developed Sherwood number. Thus, an
enhancement of this number produces an increment in
the rate of mass transfer. On the contrary, the radiation
parameter which is related to radiative thermal
allocation shows a dissimilar result on the Sherwood
number as it impact on the mass transferal rate. Hence,
as it increases, the effect of radiative heat transfer
becomes obvious. Therefore, as the radiative heat
transfer influences the concentration gradients close to
the solid surface and changes the mass transfer rate, the
concentration gradients drops while the mass
circulation rate decreases, thereby resulting in a lower
Sherwood number.
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Table 1. Effect of suction, mixed convection and radiation constraints on skin frictionatM = 0.1, Pr = 0.71

s Y mo f"(0)

0.2 2.0 1.5 —0.3535
0.2 2.0 0.2 0.6099
0.2 2.0 2.5 1.3879
0.2 2.0 3.0 2.0732
0.2 0.5 3.0 2.9183
0.2 1.0 3.0 2.6366
0.2 1.5 3.0 2.3549
0.2 2.0 3.0 2.0732
0.0 2.0 3.0 2.2610
0.2 2.0 3.0 2.0732
0.4 2.0 3.0 1.8855
0.6 2.0 3.0 1.6977

Table 2. Effect of Dufour, Prandtl and suction constraints on Nusselt number (rate of thermal conveyance) at
§=0.2, Sc=2.0

Dy Pr my -0'(0)
0.0 0.71 3.0 0.6329
1.0 0.71 3.0 0.5867
2.0 0.71 3.0 0.5404
3.0 0.71 3.0 0.4941
2.0 0.7 3.0 0.5317
2.0 1.0 3.0 0.7912
2.0 2.0 3.0 1.6435
2.0 3.0 3.0 2.4868
2.0 0.71 1.5 0.3865
2.0 0.71 2.0 0.4763
2.0 0.71 2.5 0.5178
2.0 0.71 3.0 0.5404

Table 3. Effect of suction, Schmidt and Soret numbers on Sherwood number (rate of mass distribution) at
$§=0.2, Pr=0.71

S, mg Sc —-@'(0)
2.0 1.5 2.0 0.7939
2.0 2.0 2.0 1.3216
2.0 2.5 2.0 1.5658
2.0 3.0 2.0 1.6985
2.0 3.0 1.5 1.1911
2.0 3.0 2.0 1.6985
2.0 3.0 2.5 2.2038
2.0 3.0 3.0 2.7078
0.0 3.0 2.0 2.0741
1.0 3.0 2.0 1.8863
2.0 3.0 2.0 1.6985
3.0 3.0 2.0 1.5107
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4. Conclusion

Having examined the analysis of MHD convective
stream over an exponentially expanded infinite plate
with suction and cross-diffusion impacts, the following
conclusions are reached.

1. An increase in mixed convective and radiation

parameters y =0.5,1.0,1.5,2.0 and S =
0.0,0.2,0.4,0.6, begets a rise in velocity and
temperature.

2. Enhancement of Dufour, D;=0,1,2,3 and Soret
S; = 0.0,1.0,2.0,3.0 numbers leads to a surge in
temperature and concentration.

3. The improvement of the skin-friction, Nusselt (heat
transfer rate) and Sherwood numbers (mass
transference rate) is as a result of increasing suction
mo = 1.5, 2, 2.5, 3 parameters.

4. An upsurge in Dufour number reduces the Nusselt
number whereas a rising effect of Soret parameter S, =
0.0,1.0,2.0,3.0 shows a growth in the Sherewood
number.

5. A rise in the values of Prandtl factor, Pr =
0.7,1.0,1.5, 2.0 indicate an increase in the heat transfer
rate.

Future Study Recommendations

In line with the current study, the following
recommendations are made as areas of future studies.

1. Parametric Studies: The investigation of the
sensitivity of the flow characteristics to various
parameters is essential. Future studies can explore how
changes in vital parameters, such as the magnetic field
strength, suction velocity, and diffusion coefficients,
affect the flow patterns and boundary layer properties.
Thus, understanding the parameter dependencies can
guide engineers and researchers in optimizing real-
world applications.

2. Multiscale Modeling: The consideration of
multiscale modeling approaches that incorporate both
macroscopic and microscopic phenomena is vital.
However, Cross-diffusion effects often involve
interactions at the molecular level, while MHD flow is
a macroscopic phenomenon. Future research can
explore how to bridge the gap between these scales to
develop more accurate and comprehensive models for
practical scenarios where both effects are present.
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Nomenclature
CNTs Carbon nanotubes
MHD  Magnetohydrodynamic

n, Nanoparticle

ng Nanofluid

u,v  Velocity components in x and y axe (ms™2)

X,y Coordinates of the horizontal and vertical axes
U Dimensionless free stream velocity (ms™1)

U, Velocity at the wall of the plate (ms™")

T, Temperature far from the plate (K)

T, Temperature at the exterior of the plate (K)

Cy Nanoparticle concentration at the wall (kg m™3)
Co Nanoparticle mass far away from the wall (kg m™3)
T Fluid temperature (K)

Dr Coefficient of thermophoresis

D,,  Coefficient of mass diffusivity (m?s~1)
n Similarity variable

f' Dimensionless velocity
6 Non-dimensional temperature
(0] Dimensionless concentration.
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ABSTRACT

In this study, resistant cultivars to Tomato yellow leaf curly virus (TYLCV) of different cherry
and cocktail tomato cultivars were determined using molecular DNA markers. For this
purpose, resistance to Tomato Yellow Leaf Curly Virus (TYLCYV) of a total of 409 different
cherry and cocktail tomato cultivars was determined by polymerase chain reaction (PCR)
using the primer Ty3P6-25. As a result of the assays, 291 cherry and cocktail tomato cultivars
were found to be susceptible (rr), 66 cultivars were heterozygous resistant (Rr), and 45
cultivars were homozygous resistant (RR) to TYLCV. In addition, no molecular markers were
detected in 7 cherry and cocktail tomato cultivars. It was found that the molecular DNA
marker used is useful in determining resistance responses to 7YLCV in cherry tomato and
cocktail tomato and can provide reproducible and reliable results in a short time.

TYLCV'ye Dayanikli Kiraz ve Kokteyl Domates Cesitlerinin Molekiiler Markorler ile
Belirlenmesi
OZET

Bu ¢aligmada, farkli kiraz ve kokteyl domates cesitlerinin Domates sar1 yaprak kivircik
viriisine (TYLCV) kars1i dayanikliliklari molekiiler DNA markorleri  kullanilarak
belirlenmistir. Bu amagla, Ty3P6-25 primeri kullanilarak polimeraz zincir reaksiyonu (PCR)
ile toplam 409 farkl kiraz ve kokteyl domates ¢esidinin Tomato Yellow Leaf Curly Virus'a
(TYLCV) dayaniklilign belirlenmistir. Testler sonucunda, 291 kiraz ve kokteyl domates
¢esidinin TYLCV'ye duyarli (1r), 66 gesidin heterozigot dayanikli (Rr) ve 45 cesidin
homozigot dayanikli (RR) oldugu tespit edilmistir. Ayrica, 7 kiraz ve kokteyl domates
¢esidinde herhangi bir molekiiler belirteg tespit edilmemistir. Kullanilan molekiiler DNA
markoriiniin kiraz domatesi ve kokteyl domatesinde TYLCV'ye karsi direng yamitlarini
belirlemede yararli oldugu ve kisa siirede tekrarlanabilir ve giivenilir sonuglar saglayabilecegi
bulunmustur.
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any time of the year. In 2021, 4.4 million tons of tomatoes
were produced under glass in Turkey. When listing
tomato cultivation areas in Turkey in 2021 by province, it
was found that Antalya ranked first with 19 thousand
hectares, Bursa ranked second with 16 thousand hectares
and Manisa ranked second with about 13 thousand
hectares (TUIK, 2022).

1. Introduction

Vegetables, grown in many parts of the world, are an
extremely important source of nutrients needed by living
things. Tomato. Tomato is one of the most important
vegetables in global agricultural production because it
contains various minerals and vitamins, is one of the most
produced, consumed, and traded agricultural products in

the world, and has many uses in the food industry such as  Tomato varieties cultivated in the world differ in their

canned food, tomato paste, and ketchup (Tatar & Piring,
2017). About 7% of tomatoes, of which 186 822 thousand
tons are produced on an area of 5052 thousand hectares
around the world, are produced in Turkey, and with this
production amount, our country ranks 3rd in tomato
production in the world after India and China (FAO,
2021; FAO, 2022). Turkey's vegetable production as of
2021 is approximately 32 million tons. Tomato, which is
the most produced vegetable in Turkey, has a share of
41.2% (13.1 million tons) in total vegetable production in
2021 (TUIK, 2022).

Moreover, greenhouse cultivation is very common in our
country, and tomato production and export can be done at

physical properties and bioactive compounds contained in
them. The cultivated tomato (Solanum lycopersicum L.) is
rich in nutrients, economically important and the second
most consumed vegetable in the world (Foolad, 2007).
Cherry tomato (Solanum lycopersicum var. cerasiforme)
is physically smaller than the cultivated tomato and is the
ancestor of the domesticated form of the cultivated tomato
(Ranc et al., 2009). Generally, the amounts of components
such as tocopherol, folate and potassium, including
bioactive phenolic compounds, are higher in cherry
tomatoes compared to large tomatoes (Choi et al., 2011).
Also, cherry tomatoes contain higher levels of phenolic
compounds and nutrients than their processed products.
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Therefore, the demand for fresh tomato fruit is increasing,
and especially cherry tomato, because of its high
nutritional content, its consumption is increasing and it is
becoming more and more popular as a fresh salad dish.

Phytopathological and entomological problems arise from
failure to properly maintain greenhouse conditions such
as cultivation, temperature, humidity, and ventilation that
limit tomato production and yields throughout the world
and cause economically significant product losses.
Despite years of intensive efforts to develop disease-
resistant.

tomato breeding programs, numerous viral and fungal
plant diseases still threaten tomato production. Major viral
diseases that negatively impact tomato production
include: Tomato Yellow Leaf Curl Virus (TYLCYV),
Tomato Mosaic Virus (ToMV), Tomato Ring Spot Virus
(ToRSYV), Potato Y Virus (PVY), Tomato Spotted Wilt
Virus (TSWV) (Wani ve et al.,, 2010), Tomato Brown
Rugose Fruit Virus (TBRFV) diseases (Salem et al., 2016;
Luria et al, 2017) significantly damage tomato
production. Tomato yellow leaf curl virus (TYLCYV)
disecase is one of the most important virus diseases
affecting tomato production worldwide (Czosnek &
Laterrot, 1997; Hanssen et al., 2010; Moriones, et al.,
2011). TYLCV, a member of the whitefly-transmitted
genus Begomoviruses belonging to the family
Geminiviridae, has a 2.7-2.8 kb ssDNA genome (Zhe et
al., 2021). TYLCV was first described by Israel in 1939
(Pico et al., 1996). TYLCV is an economically important
plant pathogen as it causes yield losses of up to 100% in
tomato (Péréfarres et al.,2012; Kil et al., 2016; Thierry et
al., 2012). The disease is most common at high
temperatures, especially in many tropical and subtropical
regions, and shows its most destructive effect at high
temperatures (Lapidot et al., 2007). TYLCV causes
yellowing and upward curling of the plant's upper leaves,
flower drop, and stem stunting (Pico et al.,1996; Cohen &
Lapidot, 2007). With the onset of breeding studies and the
increasing popularity of cherry tomatoes among the
population, the demand for cherry tomatoes has increased.
This has prompted growers to develop new varieties that
are higher yielding as well as more flavorful and disease
resistant. Convective tomato breeding studies only allow
phenotypic selection for plant susceptibility. However,
due to the effects of environmental conditions and
specific growing conditions on phenotype, field screening
is a time-consuming and complex process (Junker et al.,
2015; Moriones et al., 2007). With the development of
molecular markers and genetic mapping methods, high-
quality and disease-resistant tomato cultivars could be
developed in a shorter time. Molecular markers are
methods to select parents to be used in breeding programs
and screen the desired gene region or gene loci related to
disease resistance in the organism (Yorgancilar et al.,
2015).
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Marker assisted selection (MAS), developed as a modern
molecular biology technique and molecular marker,
greatly increases the speed and efficiency of developing
resistant cultivars in phenotypic selection (Yorgancilar et
al., 2015). Simple Sequence Repeat (SSP), Amplified
Fragment Length Polymorphic (AFLP), Random
Amplified Polymorphic DNA (RAPD), Single Nucleotide
Polymorphic (SNP) methods developed based on PCR are
molecular techniques to detect resistant gene regions for
disease resistant tomato selection (Yang et al, 2014;
Hanson et al., 2016; Yorgancilar et al., 2015).

In addition, Amplified Polymorphic Sequence (CAPS)
and Sequence Characterized Amplified Region (SCAR)
are important PCR-based molecular methods for
identifying 7Ty-1/Ty-3 resistant gene regions for TYLCV-
resistant tomato selection. 7YLCV resistance in tomato is
mostly based on 7y-3 (Adedze et al., 2018).

The objective of this study is to identify some cherry and
cocktail tomato cultivars developed by our breeding
program that are resistant to 7YLCV disease by PCR using
TYLCV-specific DNA molecular marker.

2. Materials and Methods

Samples taken from the young leaves of a total of 409
cherry and cocktail type tomato cultivarsin our breeding
program grown in greenhouse were taken into 1 ml
eppendorf tubes and their genomic DNAs were isolated
by CTAB method (Doyle & Doyle, 1990). The
concentration of the obtained genomic DNA samples was
measured with the help of spectrophotometer (Thermo
ND-1000) (100 ng/ml) and stored at 4 °C for later use.

PCR was performed with gene-specific 7y3 P6-25
primers (Jensen et al., 2007) to determine the resistance of
cherry and cocktail tomato cultivars to 7YLCV. PCR
reactions for TYLCV were performed in a total volume of
25 ul; 2.2 pl DNA, 2.5 pl 10X Dream Taq Buffer
(containing 20 mM MgCI2), 4 pul ANTP (each dNTP 2.5
mM), 0.25 pl Taq (5U pl-1 Taq DNA polymerase), 1 pl
forward and reverse primers and ddH,O were added to a
total volume of 25 pl.

PCR cycle parameters for TYLCV: initial denaturation at
94°C for 3 minutes, denaturation at 94°C for 30 seconds,
binding at 53°C for 1 minute, elongation at 72°C for 1
minute, and an additional 10 at 72°C. minutes and 35
cycles in total.

PCR products were transferred to 1.5% agarose gel
prepared with 0.5 TAE (Tris-acetate-EDTA) buffer and
ethidium bromide (0.5 mg/ml) and run for 120 minutes at
110 volts. PCR results run in gel were visualized and
recorded using an ultraviolet (UV) light imaging system
(Vilber Lourmat, France).
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3. Results ve Discussion

The results of PCR studies with 7y3P6-25 primers (Figure
1.2.3.4) were examined genotypically: Samples with
homozygous (RR) resistant genotype produced a single
band of 630 bp, while samples with heterozygous (Rr)
genotype had a band of 630 and 320 bp. had two bands.
Finally, samples with homozygous recessive (rr)
genotype had a single band of 320 bp (Tables 1,2,3,4). As
a result of MAS assays, 291 cherry and cocktail tomato
cultivars were found to be susceptible (), 66 cultivars
were heterozygous resistant (Rr), and 45 cultivars were
homozygous resistant (RR) to TYLCV. In addition, no
molecular markers were detected in 7 cherry and cocktail
tomato cultivars.

Resistance to 7YLCV has been found in numerous tomato
wild species, including Solanum pimpinellifolium, S.
peruvianum, S. chilense, S. habrochaites, and .
Cheesmaniae (Pico et al., 1996). Many loci on tomato
genome (i.e. Ty-1 to Ty-5) for TYLCV resistance have
been described. The genes conferring resistance to 7YLCV
contribute to the resistance originating from S.
habrochaites (Sade et al., 2012; Eybishtz et al., 2009;
Eybishtz et al., 2010). Three resistance genes, 7y-1, Ty-3
or Ty-3a are primaryl used for TYLCD resistance in many
tomato breeding program worldwide.

Evaluation of the results of this study showed that the
PCR method using the Ty3 P6-25 primers (Jensen et al.,
2007) used in the determination of 7y3, the molecular
marker for the presence of Tomato Yellow Leaf Roll

Virus (TYLCYV) disease resistance in cherry and cocktail
tomato cultivars is very useful and safe. Therefore, the
molecular resistance marker (7)3) developed against
Tomato Yellow Leaf Roll Virus (7YLCV) should be used
in different breeding programs to develop the above
TYLCV resistant cultivars. This method provides the
opportunity to test more tomato plant material and
increase the success rate by reducing the duration of
tomato breeding programs.

Although cherry and cocktail tomato cultivars resistant to
TYLCV have been determined in this study by using
molecular marker, pathogenicity tests are essential for a
safer TYLCV resistance. Therefore, testing different
genotypes of the pathogen against plants that have been
identified as resistant may provide a more accurate and
stable resistance against genotypes of the pathogen from
different geographic areas. For this purpose, in the next
step of this study, cherry and coctail tomato cultivars
determined to be resistant 7YLCV by molecular marker
will be tested in vivo against different genotypes of
Tomato Yellow Leaf Curl Virus (TYLCYV).

The use of molecular markers and pathogenicity tests
together in determining the resistance reactions against
diseases is of great importance in terms of the reliability
and sustainability of the resistance obtained. In such
studies, it is essential to have different strains or
genotypes of pathogens for pathogenicity tests.

Table 1. Genotypic characteristics of cherry and cocktail type tomato cultivars (1-96) analyzed by PCR

Cultivar No Ty3P6 Cultivar No Ty3P6 Cultivar No Ty3P6
1 rr 33 rr 65 Rr
2 - 34 rr 66 rr
3 rr 35 rr 67 rr
4 rr 36 rr 68 rr
5 rr 37 rr 69 rr
6 rr 38 rr 70 rr
7 rr 39 Rr 71 rr
8 rr 40 rr 72 rr
9 rr 41 rr 73 rr
10 rr 42 rr 74 rr
11 rr 43 rr 75 rr

12 rr 44 rr 76 rr
13 rr 45 rr 77 rr
14 rr 46 rr 78 rr
15 rr 47 rr 79 rr
16 rr 48 rr 80 rr
17 - 49 rr 81 rr
18 rr 50 rr 82 rr
19 rr 51 rr 83 rr
20 rr 52 rr 84 rr
21 r 53 rr 85 rr
22 rr 54 rr 86 rr
23 rr 55 rr 87 rr
24 r 56 rr 88 rr
25 rr 57 rr 89 rr
26 Rr 58 rr 90 rr
27 RR 59 RR 91 rr
28 RR 60 RR 92 r
29 rr 61 rr 93 rr
30 r 62 rr 94 rr
31 rr 63 rr 95 rr
32 rr 64 rr 96 rr

RR: Homozygous Resistant, Rr: Heterozygous, rr: Sensitive, -: Not detected
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Figure 1. PCR results of cherry and cocktail type tomato varieties for 7y3 P6-25. M, Marker 100 bp; Tomato cultivars,
1-96

Table 2. Genotypic characteristics of cherry and cocktail type tomato varieties (101-196) analyzed by PCR

Cultivar No Ty3P6 Cultivar No Ty3P6 Cultivar No Ty3P6
101 T 133 Rr 165 T
102 T 134 Rr 166 T
103 Ir 135 Rr 167 Rr
104 T 136 Rr 168 Rr
105 Ir 137 Rr 169 Rr
106 Ir 138 Rr 170 RR
107 T 139 T 171 RR
108 Ir 140 Ir 172 RR
109 Ir 141 Rr 173 Ir
110 Ir 142 Rr 174 T
111 Ir 143 Ir 175 -
112 Ir 144 Ir 176 Rr
113 T 145 T 177 Rr
114 T 146 T 178 RR
115 T 147 T 179 RR
116 T 148 T 180 T
117 T 149 T 181 T
118 T 150 T 182 T
119 T 151 T 183 T
120 T 152 T 184 T
121 Ir 153 Ir 185 Rr
122 Ir 154 Ir 186 Rr
123 T 155 T 187 T
124 Ir 156 Ir 188 RR
125 RR 157 T 189 RR
126 Rr 158 T 190 Rr
127 RR 159 T 191 RR
128 RR 160 T 192 RR
129 Rr 161 - 193 RR
130 RR 162 RR 194 Rr
131 Ir 163 RR 195 Rr
132 T 164 T 196 T

RR: Homozygous Resistant; Rr: Heterozygous; rr: Sensitive, -: Not detected

92



Basim et al. / Tiirk Bilim ve Miihendislik Dergisi, 5(2): 89-96, 2023

Figure 2. PCR results of cherry and cocktail type tomato cultivars for 7y3 P6-25. M, Marker 100 bp; Tomato cultivars,
101-196.

Table 3. Genotypic characteristics of cherry and cocktail type tomato varieties (201-296) analyzed by PCR

Cultivar No Ty3P6 Cultivar No Ty3P6 Cultivar No Ty3P6
201 Rr 233 T 265 T
202 Rr 234 - 266 Rr
203 Ir 235 Rr 267 Rr
204 T 236 Rr 268 Rr
205 Ir 237 T 269 Rr
206 RR 238 T 270 Rr
207 RR 239 Rr 271 RR
208 Ir 240 RR 272 Rr
209 Ir 241 RR 273 RR
210 Rr 242 T 274 Rr
211 RR 243 T 275 Rr
212 Ir 244 Rr 276 Rr
213 RR 245 Rr 277 Rr
214 T 246 RR 278 Rr
215 T 247 RR 279 Rr
216 T 248 T 280 Rr
217 - 249 T 281 Rr
218 T 250 T 282 Rr
219 Ir 251 T 283 RR
220 T 252 T 284 Ir
221 Rr 253 RR 285 Rr
222 Rr 254 T 286 Ir
223 Rr 255 T 287 T
224 Ir 256 RR 288 Rr
225 T 257 RR 289 Rr
226 T 258 Rr 290 T
227 T 259 T 291 -
228 T 260 Rr 292 T
229 T 261 Rr 293 T
230 T 262 T 294 T
231 T 263 T 295 T
232 T 264 T 296 T

RR: Homozygous Resistant; Rr: Heterozygous; rr: Sensitive, -: Not detected
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Figure 3. PCR results of cherry and cocktail type tomato cultivars for 7y3 P6-25. M, Marker 100 bp; Tomato
cultivars, 201-296.
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Figure 4. PCR results of cherry and cocktail type tomato cultivars for 7y3 P6-25. M, Marker 100 bp; Tomato
cultivars, 301-396 and 401-425.
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Table 4. Genotypic characteristics of cherry and cocktail type tomato varieties (301-396 and 401-425) analyzed by PCR

Cultivar No Ty3P6 Cultivar No Ty3P6 Cultivar No Ty3P6
301 rr 342 rr 383 Rr
302 rr 343 rr 384 rr
303 rr 344 rr 385 rr
304 rr 345 rr 386 rr
305 rr 346 rr 387 rr
306 Ir 347 rr 388 rr
307 rr 348 rr 389 rr
308 rr 349 rr 390 rr
309 rr 350 rr 391 rr
310 rr 351 rr 392 rr
311 rr 352 rr 393 rr
312 rr 353 rr 394 rr
313 rr 354 rr 395 rr
314 rr 355 rr 396 rr
315 rr 356 rr 401 rr
316 rr 357 rr 402 rr
317 rr 358 rr 403 rr
318 rr 359 rr 404 RR
319 rr 360 RR 405 RR
320 rr 361 RR 406 rr
321 rr 362 rr 407 rr
322 rr 363 rr 408 Rr
323 rr 364 rr 409 Rr
324 rr 365 rr 410 Rr
325 rr 366 RR 411 Rr
326 rr 367 Rr 412 RR
327 rr 368 Rr 413 RR
328 rr 369 RR 414 rr
329 rr 370 RR 415 RR
330 rr 371 rr 416 RR
331 rr 372 rr 417 rr
332 rr 373 rr 418 rr
333 rr 374 rr 419 rr
334 rr 375 rr 420 rr
335 rr 376 rr 421 rr
336 Rr 377 rr 422 rr
337 rr 378 rr 423 rr
338 rr 379 rr 424 Rr
339 Rr 380 rr 425 rr
340 rr 381 rr
341 rr 382 Rr

RR: Homozygous Resistant; Rr: Heterozygous, rr: Sensitive, -: Not detected

4. Conclusion

In this study, cherry and cocktail tomato -cultivars
resistant to Tomato Yellow Leaf Curl Virus (TYLCV)
disease was succesfully determined. The resistance of the
resistant cherry and cocktail tomato cultivars identified in
this study will be verified by pathological testing using
different genotypes of TYLCV.
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OZET

Domates diinya genelinde en ¢ok iiretilen sebezlerden biridir ve domates ile ilgili 1slah
caligmalar1 da giin gegtikge yeni bir boyut kazanmakta, yeni taleplere cevap vermektedir.
Calismada, ayn1 kosullarda yetistirilmis kokteyl ve kiraz tipli, kirmizi, kirmizi-yesil kir¢ill,
sar1 ve turuncu domateslerin mineral igerigi, C vitamini, likopen, B-karoten miktarari,
antioksidan aktiviteleri, fenolik ve flavonoid madde miktarlar1 tespit edilmistir. Hem insan
sagligi hem de bitkilerin gelisme ve adaptasyon yetenekleri igin bir¢ok agidan faydali olan bu
bilesiklerden askorbik asit (4.91-60.09 mg/100 g) sar1 ve turuncu domateslerde daha diisiik
bulunurken, koyu renkli domatesler yiiksek degerler gostermistir. Flavonoid madde miktarlart
4.42-35.40 mgC/100 g arasinda degismekte olup benzer sekilde koyu renkli domateslerde daha
yiiksektir. Bu durum antioksidan kapasiteleri (0.28-0.71 mmolITE/100 g) iginde gegerli olup
fenolik madde miktarlari (30.25-80.91 mgGAE/100 g) ise boyutlara bagli olarak kiraz
domateslerde daha yiiksek bulunmustur. Likopen (0.31-18.6 mg/100 g) ve 3-karoten (0.75-6.29
mg/100 g) miktarlar ise renklere bagli olarak degisebilmekte olup sari-turuncu domateslerin
B-karoten agisindan zengin oldugu belirlenmistir. Bu sonuglara dayanarak albenisi yiiksek bu
farkli renklerdeki domateslerin tiiketimi ve 1slah ¢alismalarinin artirilmasi onerilmektedir.
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Determination of Biochemical Contents of Some Cherry and Cocktail Tomato Lines

ABSTRACT

Tomato is one of the most produced vegetables worldwide, and breeding efforts related to
tomatoes are continually evolving and responding to new demands. The mineral content,
vitamin C, lycopene, B-carotene levels, antioxidant activity, and phenolic and flavonoid
compound amounts of cocktail and cherry-type tomatoes, red, zebra, yellow, and orange
tomatoes grown under the same conditions have been determined. These compounds, which
are beneficial in many ways for both human health and the development and adaptation abilities
of plants, exhibit lower values of ascorbic acid (4.91-60.09 mg/100g) in light-colored tomatoes
while showing higher values in dark-colored tomatoes. Flavonoid compound amounts range
from 4.42-35.40 mgC/100g and are similarly higher in dark-colored tomatoes. This is also true
for antioxidant capacities (0.28-0.71 mmolTE/100g), while phenolic compound amounts
(30.25-80.91 mgGAE/100g) are found to be higher in cherry tomatoes, depending on size.
Lycopene (0.31-18.6) and B-carotene (0.75-6.29) levels can vary depending on color, and it has
been determined that yellow-orange tomatoes are rich in B-carotene. Based on these results, it
is recommended to increase the consumption of these appealing, differently colored tomatoes
and to enhance breeding efforts.
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1. Giris Giiniimiizde Domates diinya ¢apinda yetistiriciligi yapilan
en onemli sebzelerden biridir 6yle ki diinya genelinde
iklimi elverisli olup da yetistiricilik yapilmayan yer yoktur.
Bunun yaninda iklim kosullarmin uygun olmadig1 yerlerde
de ortii alt1 yetistiricilik tekniklerinin gelismesi ile beraber
neredeyse diinya iizerinde insan elinin degdigi her yerde
yetistiriciligi yapilmaktadir. En son FAO verilerine gore
diinya genelinde toplam 180 milyon tonun {izerinde iiretim
yapildig1 bildirilmistir. Domates yetistiriciligi yapilan alan
ve verim miktar1 1999’dan 2009 yilina kadar hizla artmaya
devam etmis, 2009 yilindan gilinlimiize kadar ise ivme

Domatesin anavatant Giiney ve Orta Amerika olarak
bilinmektedir. Ik olarak Meksika yerlileri tarafindan
kiiltire alindig1 diistiniilmektedir. Domatesin Avrupa’ya
girisi ile ilgili ilk kayitlar ise 1554 yilinda italyan herbalist
Pier Andrea Mattioli tarafindan olusturulmustur. Zehirli
oldugu sanilan domatesin burada bir sebze olarak
karsilanmasi ve kiiltiir bitkisi olarak deger kazanmasi ise
uzun zaman almistir. Domatesin Kuzey Amerika’daki
yetistiriciligiyle alakali ilk kayitlar ise 1710 yilina

dayanmaktadir. Tiirkiye’ye 1. Diinya Savagsi yillarinda
gelmistir. Avrupa iilkelerinde oldugu gibi tlilkemizde de
baslarda zehirli oldugu diistiniilmiistiir. Ilk olarak Marmara
ve Ege bolgelerinde yayginlasmistir (Tigchelaar, 1986;
Mamay & Yanik, 2012; Baykal, 2020).

azalsa da artis devam etmistir (FAO, 2022).

Domatesin 2021 yilinda diinya genelinde yaklasik 5.16
milyon ha alanda yetistirildigi bilinmektedir. Diinyanin ve
ilkemizin hemen her yerinde farkli miktarlarda
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ekim/dikim alanima sahip olan iilke Cin’dir. Toplam diinya
iretiminde 56 milyon ton ile en biiyiik paya sahiptir.
Tiirkiye dnceki yillarda ortalama 12 milyon ton iiretim ile
Cin, Hindistan ve ABD’den sonra 4. sirada yer alirken
iretimdeki artiglar ile 2021 yilinda 3. siraya yerlesmistir
(FAO, 2022).

Domates, gida sanayinde salca, ketgap, tursu, domates
suyu ve dondurulmus, sal¢a, sos, ket¢ap domates suyu,
tursu, domates piiresi, soyulmus domates, dilimlenmis, kiip
seklinde dogranmis, kurutulmus, konserve, regel ve
domates kurusu gibi ¢esitli kullanim alanlarina da sahiptir
(Kaur vd., 2008; Yesdhanulla & Aparna, 2018; AbdElrazig
vd., 2018).

Tiiketiminin bu derece yaygin olmasimin nedeni, domates
piyasasinda giinimiiz arz-talep dengesi sayesinde
bulunabilirliginin kolay olmasmin yaninda giiphesiz
besleyici degerinin de olduk¢a yiiksek olmasidir.
Gilintimiizde diinyanin bir¢ok yerinde insan beslenmesinin
onemli bir parcasi olan domates yiliksek miktarlarda lif,
vitamin (askorbik asit, tokoferol), mineral, fenolik
maddeler ve karotenoidler igermektedir (Lavelli &
Torresani, 2011;  Cardenas-Castro  vd., 2021;
Chattopadhyay vd., 2021; Zhang vd., 2021; Badin vd.,
2021; Carbajal-Vazquez vd., 2022). Yapilan caligmalar
domatesin insan sagligina katkilarinin 6zellikle i¢erdigi bu
bilesenlerden ileri geldigini bildirmektedir (George vd.,
2004; Frusciante vd., 2007; Dono vd., 2020). Bu
biyoaktifler arasinda polifenoller, karotenoidler ve
vitaminler, anti-inflamatuar, antialerjenik, antimikrobiyal,
antitrombotik, kardiyo-koruyucu ve antioksidan etki gibi
cok ¢esitli fizyolojik fayda saglamaktadir (Yang vd., 2008;
Szabo vd., 2019).

Sebzelerin ve meyvelerin antioksidan igerikleri, tiirlere
hasat zamani ve hasat yOntemlerine, depolama ve
muhafaza ortamimnin 1sisina, 1§1gma, iklime, nemine,
gidanin hazirlanmasi, hatta kisi ve toplumun tiiketim
aligkanliklarina gore degisebilmektedir (Moure vd., 2001;
Cornelli, 2009). Beslenme yoluyla alman antioksidanlar,
meyve ve sebzelerde bol miktarda bulunan vitaminler (C,
E ve A vitaminleri), mineraller ve bitkisel bilesikler
(polifenoller, flavonoidler ve karotenoidler) igerir. Bu
antioksidanlar, serbest radikallerle savasarak hiicrelerin
oksidatif hasardan korunmasma yardimer olur ve sagligin
korunmasinda o6nemli bir rol oynar. Bu bilesikler
(karotenoidler, fenolik  bilesikler, askorbik asit)
antioksidan 6zelliklere sahip olup, domateste bol miktarda
bulunduklarindan bu bilesiklerin konsantrasyonu ile
paralel olarak domateslerin antioksidan kapasiteleri de
yikselir (Serio vd., 2006; Vagi vd., 2007; Butt vd., 2008;
Alhaithloul vd., 2021; Campos-Lozada vd., 2022).

Bitkilerde karotenoidler hiicreleri asir1 radyasyondan korur
ve ¢igeklere, meyvelere ve vejetatif organlara sari, turuncu
ve kirmizi gibi ¢esitli renkleri verir (Giuliano vd., 1993;
Rapoport vd., 2021). Cigeklerin ve meyvelerin parlak
renkleri, tozlayicilari ¢eker ve Dbdylece bitkilerin
¢ogalmasin1 kolaylastirir. Karotenoidler, absisik asit
(ABA) ve strigolaktonlar gibi bitki hormonlarinin yani sira
cesitli apokarotenoidlerinde onciileridir (Ahrazem vd.,
2016). Karotenoidler 6nemli antioksidan ve antikanserojen
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pigmentler olup insan viicudunda sentezlenemediklerinde
disaridan alinmasi gereklidir (Nisar vd., 2015). Her
karotenoidin insan sagligini gelistirmekte farkli rolleri
vardir. Ornegin, A vitamininin dnciisii olan B-karoten, géz
saghgr icin gerekli olup katarakti ve makiiler
dejenerasyonu oOnler. [B-karoten, yaklagik 50 farkli
karotenoid icerisinde en yiiksek pro-vitamin A aktivitesine
sahip oldugu bilinen bilesendir (Giorio vd., 2013; Li vd.,
2021, Fraser & Bramley, 2004). Benzer sekilde, likopende
kronik hastaliklara karsi koruyucu etki gostermekte, kanser
ve kardiyovaskiiler hastalik riskini azaltmaktadir (Ford &
Erdman, 2012; Nayak & Bhushan, 2019; Sharma vd.,
2021; Trombino vd., 2021).

Fenolik bilesikler, bitkilerde yaygin olarak bulunan
sekonder metabolitler olup, bitkileri bocek ve hayvan
zararlilarina karst korurken ayni zamanda tat ve aroma
olusumuna katk1 saglarlar (Calinoiu vd., 2018). Domateste
bulunan fenolik bilesiklere kafeik, klorojenik, p-kumarik,
ferulik ve rosmarinik asit 6rnek verilebilir (Cetkovié vd.,
2012). Bu bilesikler, enzim sistemlerinde inhibitér veya
aktivatér olarak, metal selati1 olusturma ve serbest
radikallerin  siipliriilmesinde rol alarak fonksiyonel
ozelliklerini gosterir. (Nichenametla vd., 2006; Wang vd.,
2022; Kim & Lee, 2004; Scalbert vd., 2005; Fernandez-
Panchon vd., 2008; Szabo vd., 2019).

Flavonoidler, bitkilere g¢esitli renkler veren ve ayni
zamanda insan sagligi i¢in faydali olan biyoaktif
bilesenlerdir. Antosiyaninler, flavonoidlerin bir alt grubu
olup, bitkilerde kirmizi, mavi ve mor renklerden
sorumludur. Bu bilesikler, antioksidan, anti-inflamatuar ve
anti-kanser etkileri ile bilinir (Manach vd., 2004; Pandey
& Rivzi, 2009; Cassidy & Minihane, 2017; Tsao, 2010;
Panche vd., 2016).

Domateste askorbik asit oldukca yiiksek miktarda
bulunmaktadir. 100 gr domates tiiketimi yetiskin bir
bireyin glinlik vitamin C ihtiyacimin = %40’ 11
karsilayabilmektedir (Anil, 2006). Bu sebeple askorbik asit
miktar1 yiiksek domates ¢esitlerinin 1slah1 ve arastirilmasi
insan beslenmesi i¢in ayrica onem kazanmaktadir (Durmus
vd., 2018).

Vitamin ve antioksantlarin yanin da Onemli olan
minerallerden potasyum, sodyum, kalsiyum, magnezyum,
fosfor, kiikiirt, klor, demir, ¢inko, selenyum, bakir, krom,
manganez, kobalt, iyot, flor, molibden insan
beslenmesinde onemlidir (Strain & Cashman, 2009; Nieder
vd., 2018; Yin vd., 2023).

Kalsiyum, magnezyum ve bakir, kemik gelisiminde hayati
bir rol oynarken, fosfor, niikleik asitler ve fosfolipidler gibi
fosfor iceren organiklerin bileseni olarak énem tagir (Sana
vd., 2020; Yang vd., 2021; Sommer vd., 2022). Bu
elementler, domatesin besin degeri, tat ve hasat sonrasi
depolama kalitesi agisindan 6nemli bir rol oynamaktadir.
Domatesin Kkalitesi, verilen besin maddelerinin tipi ve

miktart1 ile de dogrudan iliskilidir. Dogru besin
maddelerinin  kullanilmast  ve dengeli bir sekilde
uygulanmasi, domatesin verimini ve besin degerini

artirabilir, tadim gelistirebilir ve hasat sonrasi depolama
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kalitesini iyilestirebilir (Sainju vd., 2003; Fernandez-Ruiz
vd., 2011).

Bu aragtirmada, farkli renk ve boyutlardaki domateslerin
biyokimyasal igerikleri incelenmistir. Piyasada nispeten
yeni olan renkli domateslerin yan1 sira yaygin olarak
tiketilen kirmizi domatesler de bu c¢alismaya dahil
edilmistir. Bu c¢aligmada, ayni kosullarda yetistirilmis
kokteyl ve kiraz tipli, kirmizi, kirmizi-yesil (zebra), sar1 ve
turuncu renkli 20 adet domates hattinin mineral igerigi, C
vitamini, likopen, B-karoten miktarlari, antioksidan
stiplirme aktiviteleri, fenolik ve flavonoid madde miktarlart
tespit edilmistir. Incelenen bu parametrelerin hem kendi
aralarindaki iliskileri hem de domateslerin renk ve irilikleri
ile olan iliskileri belirlenmistir.

2. Materyal ve Metot
2.1. Materyal

Bu ¢alisma 2021-2022 yillari arasinda Isparta Uygulamali
Bilimler Universitesi, Ziraat Fakiiltesi biinyesinde bulunan
seralarda ve Bahcge Bitkileri Boliimii Laboratuvarlarinda
yuriitiilmiistiir. Caligma kapsaminda kullanilan hatlar
Isparta Uygulamali Bilimler Universitesi, Ziraat Fakiiltesi,
Bahgce Bitkileri Boliimii, Sebze Yetistiriciligi ve Islah1 gen
havuzundan temin edilmistir. Islah amaciyla yetistirilen
farkli segmentlerdeki F7-F8 jenerasyonunda 118 domates
hatt1 (Sekil 1) igerisinden segilen farkli renk ve iriliklerdeki
20 domates hatt1 incelenmistir.

Sekil 1. Calismada kullanilan domates hatlari
Figure 1. Tomato lines used in the study

2.2. Metot

Calismada kullanilan domates hatlar1 2021 yili bahar
sezonunda Isparta Uygulamali Bilimler Universitesi,
Ziraat Fakiiltesi biinyesinde bulunan plastik serada
yetistirilmistir. Yetistiricilik yapilan sezon boyunca iklim
degerleri minimum sicaklik ortalamast 9 °C, maksimum
sicaklik ortalamasi 32 °C olarak kaydedilmistir. Deneme
tesadiif bloklar1 deneme desenine gore 3 tekerriirlii ve her
tekerriirde 10 bitki olacak sekilde yiiriitiilmiistiir.

Denemede domates hatlarinin sira aras1 100 cm, sira tizeri
50 cm olacak sekilde ayarlanmistir. Deneme siiresince
kiiltiirel islemler (ipe alma, dolama, budama gibi) devam
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etmistir. Vibrasyon yapilarak tozlanma ve dollenme
gergeklestirilmistir. Denemede gilibreleme ve sulama
fertigasyon sistemine gore damlama sulama yapilarak
gergeklestirilmistir.

2.2.1. Domates orneklerinin muhafazasi

Hasat edilen domates meyvelerinde belirlenen agronomik
gozlemler tamamlandiktan sonra biyokimyasal analizlere
kadar muhafaza edebilmek i¢in meyveler aliiminyum folyo
ile sarilip etiketlendikten sonra sivi azot ile -196 °C’de
dondurulmustur. Dondurulan 6rnekler -20 °C’de analizlere
kadar muhafaza edilmistir.
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2.2.2. Meyve sap kalinhigi (mm)

Hasat edilen meyvelerin saplar1 dijital kumpas (Mitutoyo
500-171-30) yardimiyla milimetre olarak dl¢tilmiistiir.

2.2.3. Kaliks durumu

Hasat edilen domateslerin kaliks durumu agik-kapali
seklinde gruplandirilmistir.

2.2.4. Meyve parlakhg:

Kolorimetre yardimi ile dl¢iilen L* degerlerinin yaninda
meyvenin albenisi gosteren parlaklik degeri ayrica gozlem
olarak kaydedilmistir. Parlaklik degerleri 1-mat, 5- ¢ok
parlak olmak iizere 1-5 skalasi ile degerlendirilmistir.
(1-mat, 2-yar1 mat, 3-orta, 4-parlak, 5-¢ok parlak)

2.2.5. Ortalama meyve agirhg (g)

Her genotipten 10 ayr1 meyvenin agirligi hassas terazi
yardimi1 ile gram cinsinden Ol¢iilmiistiir. Kaydedilen
rakamlarin ortalamasi alinarak ortalama meyve agriligi
hesaplanmustir.

2.2.6. Meyve ¢ap1 (mm)

Her genotipten 10 meyvenin ekvatoral kismi dijital kumpas
(Mitutoyo 500-171-30) yardimiyla milimetre 6l¢iilmiistiir.

2.2.7. Meyve uzunlugu (mm)

Her hattan 10 meyvenin sap ¢ukurundan ¢i¢cek burnuna
kadar olan kismui dijital kumpas yardimiyla milimetre
cinsinden ol¢iilmiistiir.

2.2.8. Meyve sekli

Meyve sekillerinin belirlenmesinde UPOV tarafindan
belirlenen meyve ozellikleri, sekil gruplart listesi
kullanilmustir.

2.2.8. Meyve kabuk rengi

Her genotipten 10’ar adet segilen pazarlanabilir domates
meyvelerinin ekvatoral eksenlerinde renk 6lger (Konica,
Minolta CR-410, ABD) yardimu ile 6l¢iimler yapilarak L*,
a*, b*, hue® ve kroma olarak belirlenmistir.

CIE renk sistemine gore, L* (lightness) dl¢iim yapilan
alanin 15181 yansitma durumu, (0=Beyaz; 100=Siyah), a*
degeri kirmizidan yesil renge; b* degeri ise saridan maviye
renk degisimlerini ifade edilmektedir. Hue® ag¢1 degeri
rengin niteligini (0°=kirmizi-pembe, 90°=sar1, 180°=yesil,
270°=mavi) belirtirken, kroma degeri de rengin canliligini
(doygunlugunu) gostermektedir (Mc Guire, 1992).

2.2.9. Suda ¢oziinebilir kuru madde (SCKM) i¢gerigi (%o
brix)

Meyvelerin pulp haline getirilmesi ve siiziilmesi
sonrasinda elde edilen meyve suyunda dijital refraktometre
(Milwaukee MA 884) kullanilarak belirlenmistir.

2.2.10. C vitamini (Askorbik asit) tayini

Hasat edilen domates Orneklerinin vitamin C miktarlar
spektrofotometrik tayin metodu ile belirlenmistir. Daha
Once sivi azot ile dondurulan ve -20 derecede muhafaza
edilen oOrnekler kullanilmistir. Bu yontem 2, 6
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dikloroindofenol Na tuzunun (boya) askorbik asit ile
tepkimeye girerek renk degistirmesine dayanir. Askorbik
asit oksidasyon boyasini renksizlestirir ve boyanin kalant
pembe renk alir. Boya ¢o6zeltisi i¢in 1 L saf suya 12 mg
boya eklenip ¢dziinmesi i¢in 1sitilmig daha sonra sogumaya
birakilmistir.  Orneklerin ~ vitamin ~C  degerlerini
kaybetmemesi amaciyla stabilzan ¢ozelti hazirlanmistir.
Stabilizan ¢ozelti icin 4 g oksalik asit 1 L suda
¢Ozdiriilmiistiir. Daha sonra bu ¢ozelti igerisinde drnekler
parcalanarak ekstrakte edilmistir. Her genotip i¢in 3 tekrar
ekstrakte hazirlanmistir ve kaba filtre kagidiyla siizlilerek
kullanilmistir. Her genotip i¢in iki tiipe 1 ml ekstrakt alinip
birine 9 ml saf su digerine 9 ml boya ¢ozeltisi eklenmig saf
su ile hazirlanan tiip sahit olarak kullanilip boya ile
hazirlanan tiip bu sahit ¢ozeltisine karst 518 nm dalga
boyunda okunmustur. Kaydedilen absorbans degerlerinin
hesaplanmasi i¢in standart grafik hazirlanmistir. Standard
askorbik asit grafigi i¢in 100 mg askorbik asit 100 ml
oksalik asit igerisinde ¢Ozdiiriilerek stok ¢Ozelti
hazirlanmis daha sonra bu stoktan 1 mg/100 ml, 2 mg/100
ml, 3 mg/100 ml ve 4 mg/100 ml askorbik asit iceren
cozeltiler elde edilmistir. Bu ¢ozeltilerinde ayni sekilde
spektrofotometre ile absorbans degerleri kaydedilmis bu
degerlerden standart grafik olusturulmustur ve grafik
denklemi hesaplamada kullanilmistir. Sonuglar mg/100 g
askorbik asit cinsinden ifade edilmistir (Nakilcioglu-Tas &
Otles, 2020).

(Abs+0.0095)
0.061

Askorbik asit (mg/100 g) = xSf Q)
Abs

St

= Ornek absorbans degeri
= Seyreltme faktorii
2.2.11. Likopen ve B-karoten tayini

Ekstraksiyon hazirligi i¢in 1’er g’lik domates ornekleri 15
ml aseton: hekzan karigimi (4:6) ile homojenizatorde 2 dk
boyunca homojenize edilmistir. Hazirlanan ¢ozelti faz
ayriminin ger¢eklesmesi i¢in oda sicakliginda, karanlik
kosullarda 5 dk inkiibe edilmis olup, inkiibasyondan sonra
iist kismindaki hekzan fazi mikropipet yardimu ile alinarak
spektrofotometrede 663, 645, 505 ve 453 nm dalga
boylarinda aseton:hekzan (4:6) sahit ¢ozeltisine karsi
okunmustur. Kaydedilen absorbans degerleri formiillerde
yerine koyulup elde edilen sonuglar mg/100 ml olarak ifade
edilmistir. (Nagata & Yamashita, 1992).

Likopen ve B-karoten i¢in kullanilan formiiller

. mg
Likopen (W ml) = — 0.0458xA663 + -
0.204xA645 + 0.372xA505 + 0.0806xA453  (2)
mg
£ — Karoten (ﬁ ml) = 0.216x4663 — -
1.22xA645 — 0.304xA505 + 0.452xA453 3)

2.2.12. Toplam fenolik madde tayini

Toplam fenolik madde miktarin1 belirlemek amaciile 1 g
meyve Ornegi %80’lik methanol ile 10 ml’ye
tamamlanmigtir. Daha sonra homojenizatérde 2 dk
boyunca homojenize edilip karanlik kosullarda 24 saat
+4°C’de (buzdolabinda) beklemeye birakilmistir. Ornekler
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10000 rpm’de 20 dk santrifiij edildikten sonra iist faz
analizde kullanilmigtir. Toplam fenolik madde miktar1
Folin Ciocaltaeu kolorimetrik yontemi kullanilarak
spektrofotometrik ile belirlenmistir (Swain & Hillis, 1959).
Ekstrakte edilen orneklerden; 150 pL almarak iizerine
2400 pL saf su + 150 pL Folin Ciocaltaeu ¢ozeltisi ilave
edilmistir. 300 pL %20’lik sodyum karbonat (Na2CO3)
¢Ozeltisi eklenerek karanlikta oda kosullarinda 2 saat
beklemeye birakilmistir ve daha sonra 725 nm’de
spektrofotometre ile absorbans degerleri kaydedilmistir.
Degerlerin hesaplanmasi i¢in gallik asit ile standard grafigi
hazirlanmistir. Grafigi elde etmek i¢in 20 mg/100 ml gallik
asit iceren stok c¢oOzelti hazirlanmistir, daha sonra bu
stoktan 2.5 mg/100 ml, 5 mg/100 ml, 10 mg/100 ml ve 20
mg/100 ml gallik asit ¢ozeltiler elde edilmistir. Cozeltiler
yonteme gore ayni islemlere tabii tutularak absorbans
degerleri kaydedilip standart grafigin hazirlanmasinda
kullanilmis ve kalibrasyon egrisi ¢izilmistir. Grafikten elde
edilen denklem ile sonuglar hesaplanarak mg/100 g gallik
asit (mgGAE/100 g) seklinde ifade edilmistir.

Abs+0.0059
(Ab5+00059) ¢ ¢
0.0121

mgGAE/100 g = 4)
GAE = Gallik asit esdegeri
Abs

St

= Ornek absorbans degeri
= Seyreltme faktorii
2.2.13. Toplam flavonoid madde miktari

Daha 6nce hazirlanmis olan metanolik ekstrakttan 0.25 ml
almarak iizerine 1.25 ml saf su ve 75 pL %5 NaNO2
(Sodyum nitrit) ilave edilmistir. 6 dakika bekletildikten
sonra 150 pL %10 AICI3 (Aliiminyum klorit) eklenip 5
dakika daha bekletilmistir. Son olarak 5 ml 1 N NaOH
(Sodyum hidroksit) eklenerek hizlica 510 nm dalga
boyunda okunup absorbans degerleri kaydedilmistir.
Degerlerin  hesaplanmasinda kullanilacak kalibrasyon
grafigini elde etmek ig¢in 5 farkli katesin ¢ozeltisi
hazirlanmistir. Stok ¢6zeltiler 1.25 mg/ 100 ml, 2.5 mg/100
ml, 5 mg/100 ml, 10 mg/100 ml ve 20 mg/100 ml olarak
hazirlanmistir. Cozeltiler yonteme gore ayni islemlere tabii
tutularak absorbans degerleri kaydedilip standart grafigin
hazirlanmasinda  kullanilmis ve kalibrasyon egrisi
cizilmistir. Grafikten elde edilen denklem ile sonuglar
hesaplanarak mgC/100 g katesin seklinde ifade edilmistir
(Dewanto vd., 2002).

mgC/100 g = (Abs+0.0025) xSf

0.0113

(6)

C  =Katesin esdegeri

Abs = Ornek absorbans degeri

Sf = Seyreltme faktorii

2.2.14. Toplam antioksidan madde miktar:

Toplam antioksidan madde miktarini belirlemek amaci ile
toplam fenolik madde tayini i¢in hazirlanan stok halindeki
siipernatantlar kullanilmigtir. Toplam antioksidan madde
miktar1 (serbest radikalleri indirgeme kapasitesi) DPPH
(1,1-diphenly-2-picrylhdrazy) metodu ile spektrofotometre
yardimiyla belirlenmistir. DPPH radikal siipiiriicii aktivite
tayini i¢gin 0.2 mM’lk DPPH (1,1-diphenly-2
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picrylhdrazy) ¢ozeltisi hazirlanmistir. Bunun igin 7.94 mg
DPPH tartilip 50 ml %80°lik methanolde ¢6zdiirilmistiir.
Analiz i¢in 10 mI’lik test tiiplerinin, her birine 1 ml DPPH
¢ozeltisi ve siipernatanttan 500 pL alinip, iglerinde radikal
¢Ozeltisi bulunan tiipler iizerine ilave edilmistir. Tip
iceriklerinin toplam hacmi 2 ml’ye %80’lik metanol ile
tamamlanmigtir. Tiipler 20-30 saniye vortekslenip ve oda
sicakliginda karanlik ortamda 30 dk inkiibasyona
brrakilmistir. Hesaplamada kullanilacak kontrol absorbans
degerini elde etmek i¢cin 1000 pL. DPPH radikal ¢ozeltisi
iizerine 1 ml %80°lik methanol eklenip ve oda sicakliginda
karanlikta 30 dk inkiibasyona birakilmistir. Inkiibasyon
stiresi dolduktan sonra, spektrofotometrede 517 nm dalga
boyunda kontrol absorbans ¢ozeltisi ve inkiibasyonu
tamamlanmig Ornekler %80°lik methanol blankine karsi
okunmustur. Elde edilen degerler kontrol absorbans
degerine karsi degerlendirmeye tabi tutularak A absorbans
degeri kaydedilmis ve bu deger tizerinden asagidaki formiil
ile mg/100 g troloks esdegerligi (mmolTE/100 g YA) elde
edilmistir (Brand-Williams vd., 1995; Bener vd., 2022;
Erdogan & Erdogan, 2022).

(mmol TE/100 g) = (52

vm
x —
Vs

xSfXVE) x100 (5)

AA= Ornek absorbansinin kontrol absorbansa farki (Ne
demek)

ETE= Troloks esdegerinde molar sogurma katsayisi
Vm= Yodntemin toplam hacmi

Vs= Numune hacmi

Sf= Seyreltme faktorii

VE= Ekstrakt hacmi

2.2.15. Mineral madde tayini

Hasat edilen domates meyveleri saf su ile yikanarak
temizlenmigtir. Ardindan etiivde 70 C° {i¢ giin boyunca
kurutulmustur. Kurutulan  6rnekler  degirmende
parcgalanarak toz haline getirilmistir. Ogiitme isleminden
sonra her bir 6rnekten 0.4 g numune tartilarak mikrodalga
tipleri igerisine konulmustur. Tiplerin igerisine 2 ml
hidrojenperoksit ve 5 ml nitrik asit eklenerek 200 C° de 1
saat boyunca mikrodalga cihazinda yas yakma iglemi
gerceklestirilmistir.  Daha sonra hacim 20 ml’ye
tamamlanarak filtrasyon iglemi yapilmistir. Filtre edilen
ornekler Agilent 5110 ICP-OES cihazinda elementel
analizleri gergeklestirilmistir ve gerekli hesaplamalar
yapilmustir. Ornekler Sabanci Universitesi, Miihendislik ve
Doga Bilimleri Fakiiltesi laboratuvarlarinda analiz
edilmistir

2.3. Verilerin Degerlendirilmesi

Calismada elde edilen degerlere uygulanan varyans
analizleri (p<0.01) sonucunda istatistiki olarak énemli fark
gosteren parametreler TUKEY testine tabi tutularak
gruplandirilmistir (p<0.05). Birbirleri ile iliskili oldugu
Ongoriilen parametreler arasinda korelasyon katsayilari
belirlenmistir. Calismada incelenen Ozelliklere iliskin
verilerin  degerlendirilmesinde Minitab 19.0 paket
programi kullanilmustir.
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3. Bulgular ve Tartisma

Cizelge 1. Calismada incelenen domates hatlarinin genel 6zellikleri
Table 1. General characteristics of the tomato lines analyzed in the study

Tip Hat (Uslg(k)l{/) Renk Pa{;flsl()llk °Brix(%0) Sap kalinhgi (mm) Kaliks sekli
1 Yuvarlak kirmizi-yesil 2.8 8.6 241 Agik
2 Yuvarlak kirmizi-yesil 2.8 8.4 2.25 Acik
3 Dilimli Basik kirmizi 34 6.6 2.61 Kapali
4 Yuvarlak kirmizi 4.4 7.4 2.98 Acik
5 Yuvarlak kirmizi 4.2 6.3 2.85 Kapali
6 Yuvarlak Basik kirmizi 4.8 5.5 231 Agik
Kokteyl 7 Yuvarlak kirmizi 4.4 7.8 2.51 Acik
8 Ters Oval kirmizi 4.0 8.0 1.83 Acgik
9 Ters Oval kirmizi 4.6 6.7 2.73 Kapali
10 Uzun Basik kirmizi 2.6 7.9 1.77 Kapali
11 Oval Hafif Basik turuncu 5.0 8.8 1.49 Kapali
12 Oval Hafif Basik sar1 3.8 9.7 1.16 Agik
13 Uzun Basik kirmizi-yesil 4.6 7.6 1.36 Kapali
14 Kalp kirmizi 4.8 8.3 2.18 Acik
15 Oval Hafif Basik kirmizi 4.8 9.8 1.61 Kapali
16 Yuvarlak turuncu 5.0 9.6 1.61 Acik
Kiraz 17 Armut turuncu 3.6 9.4 1.17 Acgik
18 Yuvarlak kirmizi-yesil 5.0 8.3 1.67 Agik
19 Uzun Basik kirmizi 4.8 8.3 1.39 Kapali
20 Yuvarlak kirmizi 5.0 10.3 2.01 Kapali
Ort. 4.2 8.16 1.99
Max. 5.0 10.3 2.98
Min. 2.6 55 1.16

Cizelge 1’de calismada incelenen hatlarin genel 6zellikleri
listelenmistir. Domates meyvelerinin gekilleri UPOV
kriterlerine gore siniflandirilmistir.  Meyve  sekilleri
yuvarlak, yuvarlak basik, dilimli basik, ters oval, uzun
basik, oval hafif basik, kalp ve armut sekilli olarak bircok
gruba ayrilmaktadir.

Domateslerin renkleri ise kirmizi, turuncu, sart ve yesil
kirmizi  olacak sekilde dort farkli gruba ayrildig:
gOrilmiistiir.

Gozlem alarak kaydedilen parlaklik degeri ortalamalari
bakimindan genel olarak kiraz tipi hatlarin daha ytiksek
degerlere sahip oldugu goriilmiistiir. En yiiksek parlaklik
degerine kiraz grubunda 11, 16, 18 ve 20 numarali hatlar
sahip olmustur. En diisiik degerler ise genellikle yesil-
kirmizi renklerde olan kokteyl grubundan 1, 2 ve 10
numarali hatlarda goriilmiistiir. Bu degerler kolorimetre
yardimi ile alinan parlaklik o6l¢iimleri ile paralellik
gostermemektedir ve bu durum duyusal analizlerin
giivenilirligi ile ilgili sorunlar1 ortaya koymaktadir.

Domateslerde brix degeri ve sap kalinligi depolama ile
yakindan iligkili olup brix degeri bakimindan genel olarak
kiraz tipi domatesler daha yiliksek degerler gdstermis olup,
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sap kalinlig1 bakimindan ise kokteyl tipi domatesler daha
yiiksek degerler gostermektedir. Yine meyve kalikslerinin
kivrilma durumlarina gore agik veya kapali olma durumlari
da Cizelge 1’de verilmistir.

Domateslerin sap kalinligi, o6zellikle hasat ve tasima
sirasinda meyve sapinin dayanikliligi ve meyve tutma giicii
acisindan Onemlidir. Sap kalinligi, domates bitkisinin
genetik Ozelliklerine ve gevresel faktorlere bagl olarak
degisebilmektedir. Bir c¢aligmada, domates bitkisinin
asimilat degisimi ve karbonhidrat birikimi
mekanizmalarini  incelenmistir. Aragtirmaci, domates
meyvesi ve sapt arasindaki asimilat akisinin, meyve
sapinin  kalinhigr  ve giici ile iliskili oldugunu
belirtmektedir. Bu, kiraz ve kokteyl domateslerin sap
kalinliginin, meyve tutunma giici ve meyve kalitesi
iizerinde Onemli bir etkiye sahip olabilecegini ortaya
koymaktadir (Ho, 1996).

Daha Once yapilan ¢alismalarda incelenen domates
meyvelerinin brix degerleri ¢aligmamiza yakin olsa da bazi
hatlarin brix degerleri literatiire gore yiiksek bulunmustur.
Arastirmamizda kiraz tipi domateslerin genel olarak daha
yiiksek brix degerine sahip oldugu goriilmiistiir (Causse
vd., 2002; Renna vd., 2019).
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Cizelge 2. Domates hatlarina meyvelerin pomolojik 6zellikler
Table 2. Pomological characteristics of fruits of tomato lines

Hat Meyve agirhg Meyve boyu Meyve ¢api

: (9) (mm) (mm)
1 21.34+0.54 D-F 33.59+1.04 F-H 32.73+0.83 C-D
2 21.08+0.65 E-F 35.31+0.49 E-G 33.83+0.50 B-D
3 40.61+1.22 B 29.07+0.68 H-I 52.10£2.23 A
4 51.41+£2.97 A 41.72+1.30 C-D 48.87+1.58 A
5 27.45+1.07 C 36.95+0.63 D-F 38.20+0.51 B
6 25.60+1.13 C-D 37.59+0.73 D-F 38.09+1.34 B
7 16.32+0.75 G-H 31.26+0.96 G-H 29.60+0.71 D-E
8 16.46+0.50 G-H 39.76+1.21 C-E 26.98+0.44 E-F
9 23.384+1.23 C-E 43.39+0.86 B-C 34.99+0.92 B-C
10 23.82+0.93 C-E 57.59+0.70 A 25.29+0.69 E-G
11 12.94+0.55 H-J 41.52+1.13 C-D 22.81+0.71 F-H
12 7.04+0.18 K-L 33.90+0.88 F-G 18.86+0.41 H-1
13 13.85+0.51 G-I 53.68+1.67 A 21.72+0.41 G-l
14 18.03+0.48 F-G 31.26+0.49 G-H 32.16+£0.42 C-D
15 11.25+0.43 I-K 33.20+0.62 F-H 24.01+0.41 F-G
16 9.05+0.28 J-L 25.82£1.03 I 24.70+0.45 F-G
17 5.39+0.16 L 33.76+0.76 F-H 18.83+0.41 H-1
18 9.51+0.30 I-L 23.42+0.24 J 24.734+0.34 F-G
19 9.13+0.19 J-L 48.40+1.25 B 18.10+0.69 |
20 6.90+0.18 K-L 24.71£0.55 1) 21.75+0.60 G-I
Ort. 18.53 36.80 29.42
Max. 51.41 57.59 52.10
Min. 5.39 23.42 18.10

Aymni siitunda farkli harfleri alan domates hatlarinin degerleri arasindaki fark 6nemlidir (p<0.05).

+ : Standart hata degerleri

Meyve irilik 6zellikleri bakimindan elde edilen verilere
yapilan varyans analizi sonucunda degerler ortalamalari
arasindaki farklar istatistiki olarak Onemli bulunmustur
(p<0.01).

Yapilan Tukey testi sonuglart meyve iriligine dair
ortalamalar lizerinde harfler ile gosterilmistir. Miisterek
harf tagiyan degerler arasindaki farklar istatistiki olarak
onemli degilken, miigterek harf tagimayan degerler
arasindaki farklar istatistiki olarak 6nemlidir (p<0.05).

3.1. Meyve agirh@

Meyve agirhigi agisindan kokteyl domatesler igerisinde en
yiiksek ortalama deger 51.41 g ile kokteyl tipi, dilimli bir
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domates olan 4 numarali genotipte, en diisitk deger ise
16.32 g ile 7 numarali genotipte belirlenmistir. Benzer
sekilde kokteyl domateslerle yapilan bir ¢alismada meyve
agirliklart 30-40 g arasinda degisirken, genel olarak
kokteyl domateslerin 20-50 g arasinda degisim gosterdigi
bildirilmektedir (Carrillo-Rodriguez vd., 2018; Renna vd.,
2019; Georgaki vd., 2023). Kiraz domatesler i¢in meyve
agirlig1 bakimindan ise en yiiksek deger 18.03 g ile 14, en
diisiik deger 5.39 g ile 17 numarali genotipte bulunmustur
(Cizelge 2). Yapilan bir calismada kiraz domateslerin
meyve agirliklart belirlenmis ve en diisiik agirligmm 7.9 g
oldugu  gorilmiistiir. Benzer c¢aligmalarda  kiraz
domateslerin meyve agirlhiklarmin 18-20 g araliginda
oldugu saptanmustir (Ibitoye vd., 2009; Carrillo-Rodriguez
vd., 2018; Georgaki vd., 2023).
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Sonu¢ olarak, incelenen Ozelliklerin degerleri ve
gruplandirmalari, farkli hatlarin  meyve &zellikleri
acisindan  Oonemli  farkliliklar  gosterdigini  ortaya
koymaktadir. Bu durum, meyve Ozelliklerinin ayni
kosullarda yetistirilen bu hatlarda genetik faktdrlerden

kaynaklandigi 6ngoriilmektedir.
3.2. Meyve boyu

Hatlarin meyve boyu ortalamalari 57.59 ile 23.42 mm
arasinda degismektedir. 16, 18 ve 20 numarali hatlarin
meyve boylari arasindaki farklar istatistik olarak dnemli
olmayip bu 1ii¢ genotip daha diisik meyve boyu
ortalamalarina sahiptir. 10 ve 13. Hatlar arasindaki
farklarda istatistiki olarak Onemli olmayip en
yiiksekmeyve boyu ortalamasina sahip hatlar olarak dikkat
¢ekmektedir (p<0.05). Calisma sonuglart mini segment
domateslerin incelendigi literatiirlerle benzerlik (20-50
mm) gosterirken en yiiksek ortalama gdsteren domates
hatlar1 oval, uzun tipli olanlardir. Bu hatlar daha iri veya
meyve agirligi bakimmdan daha yiiksek degerler

gostermezken meyve boyu bakimindan yiiksek degerler
gostermeleri uzun meyve yapilarindan ileri gelmektedir
(Renna vd., 2019; Islam vd., 2019).

3.3. Meyve cap1

Hatlarin meyve ¢ap1 ortalamalari 18.1 ile 52.1 mm arasinda
degismektedir. Meyve capt acisindan, verilerde hatlar
arasinda farklar istatistiki olarak 6nemli olup 52,10 mm ile
kokteyl tipi bir domates olan 3 ve 4 numarali hatlarda en
yiksek meyve cap1 degeri belirlenmistir. Bu genotipin en
yiikksek c¢ap degerine sahip olmasi koy tipi dilimli
domateslerin tipik Ozelligi olan basik, genis meyve
seklinden kaynaklanmaktadir. En diisiik degerler ise kiraz
tipi domatesler olan 12, 17 ve 19 numarali hatlarda
goriilmistiir. Bu degerler koy tipi kokteyl domates olan 3
numaralt genotipin disinda literatiir ile uyum igerisindedir
(Renna vd., 2019; Islam vd., 2019).

Cizelge 3.Hatlara ait meyvede belirlenen antioksidan, fenolik madde, flavonoid, likopen, B-karoten ve askorbik asit

igerikleri

Table 3. Antioxidant, phenolic substance, flavonoid, lycopene, B-carotene and ascorbic acid contents determined in the

fruit of the lines

Antioksidan Fenolik Flavonoid Likopen B-karoten C vitamini

et (mmol TE/100g) (mg GAE/100g) (mg C/100g) (mg/100g) (mg/100g) (mg/100g)
1 0.50+0.01 E-G 49.4+1.3 E-G 10.2+0.5 G-H 4.45+0.1 1-J 2.1+0.02 D-E 60.1+0.7 A
2 0.56+0.01 C-E 58.6+2.0 C-D 18.7+0.6 D-F 14.4+0.1 B 4.0+0.08 C 33.9+0.4 C
3 0.50+0.01 E-G 49.5+1.2 E-G 9.88+0.7 G-H 4.03+0.1 J 1.9+0.04 E-F 24.1+0.9 D-F
4 0.41£0.01 1-J 43.2+0.8 G-J 21.3+0.8 C-E 7.24+0.2 E-G 1.9+£0.06 E-F 19.9+£0.8 GH
5 0.35+0.01 30.3+1.4 L 5.01+0.5 | 5.99+0.1 G-H 1.8+0.06 E-F 25.4+0.7 D
6 0.28+0.01 K 33.1+0.5 K-L 4.42+0.5 | 13.9+0.4 B 2.0+0.05 E 15.8+0.7 |
7 0.45+0.01 G-I 40.1+0.9 I-K 11.2+1.1 G 7.49+0.2 E-F 1.8+£0.04 E-F 21.7£0.6 E-G
8 0.42+0.02 | 37.6+1.8 J-K 4.57+0.2 | 9.42+0.4 C 2.0+0.17 E 25.7+0.9 D
9 0.62+0.01 c 55.9+1.2 C-E 33.2+0.9 A-B 6.45+0.2 F-H 2.2+0.06 D-E 24.1+0.6 D-F
10 0.63+0.01 B-C 67.7+1.1 B 29.8+0.9 B 5.29+0.4 H-1 1.8+0.17 E-F 25.0+0.7 D-E
11 0.58+0.01 C-D 58.1£1.5 C-D 5.75+0.5 | 0.48+0.1 L 1.8+£0.27 E-F 22.0+0.5 E-G
12 0.54+0.01 D-F 61.4+1.4 B-C 17.6+0.4 E-F 0.40+0.1 L 1.2+0.08 F-G 4.91+0.3 K
13 0.71+0.01 A 80.9+1.7 A 35.4+1.4 A 4.57+0.4 1-J 5.0+0.25 B 24.5+0.5 D-F
14 0.44+0.01 G-l 53.7+1.2 D-F 6.78+0.8 H-1 18.6+0.2 A 6.3+0.30 A 21.5+1.1 F-G
15 0.60+0.01 C-D 58.1+1.3 C-D 11.1+0.7 G 6.28+0.3 G-H 1.7+0.06 E-F 36.0+0.6 C
16 0.49+0.03 F-H 42.0+1.5 H-J 9.73+£0.5 G-H 0.31+0.1 L 0.8+0.14 G 10.2+0.7 J
17 0.43+0.03 H-1 49.0+1.1 E-H 11.7+0.6 G 2.19+0.1 K 1.6+0.04 E-F 13.9+0.4 |
18 0.39+0.01 1-J 47.1+1.3 F-1 23.7+0.8 C 9.22+0.3 C-D 3.8+0.09 C 24.8+0.5 D-E
19 0.59+0.01 C-D 68.0+1.9 B 21.5+0.7 C-D 5.61+0.3 H-1 2.3+0.15 D-E 17.0+£0.4 H-1
20 0.69+0.01 A-B 76.0+1.4 A 16.8+0.9 F 8.22+0.1 D-E 2.8+0.19 D 44.9+0.6 B

Ort. 0.50 51.76 15.34 6.65 241 23.71

Max. 0.71 80.91 35.40 18.60 6.29 60.09

Min. 0.28 30.25 4.42 0.31 0.75 491

Ayni stitunda farkli harfleri alan domates hatlarinin degerleri arasindaki fark 6nemlidir (p<0.05).

Calismada incelenen domates hatlarmin fito-kimyasal
ozellikleri Cizelge 3’te verilmistir. Meyvelerin fito-
kimyasal ozellikleri bakimindan elde edilen verilere

yapilan varyans analizi sonucunda degerler ortalamalari
arasindaki farklar istatistiki olarak Oonemli bulunmustur
(p<0.01).
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Yapilan Tukey testi sonuglart meyve fitokimyasal
iceriklerine dair ortalamalar lizerinde latin harfleri ile
gosterilmigtir. Miisterek harf tagiyan degerler arasindaki

farklar istatistiki olarak 6nemli degilken, miisterek harf
tasimayan degerler arasindaki farklar istatistiki olarak
onemlidir (p<0.05).

3.4. Antioksidan

Domateslerin antioksidan aktivitesi DPPH yontemi ile
belirlenmis ve mmol Trolox esdegeri/100 g taze agirlik
olacak sekilde ifade edilmistir. Hatlarin antioksidan

stiplirme kapasiteleri incelendiginde en yiiksek antioksidan
aktivitesine sahip hatlar kiraz tipi domateslerden olan 13
ve 20 numarali hatlardir. Bunu takiben kokteyl
domateslerden 9 ve 10 numarali hatlar ii¢lincii en yiiksek
antioksidan aktivite gosteren hatlar olmuslardir. En diisiik
antioksidan aktivite ise 6, 5 ve 18 numarali hatlarda
gozlemlenmistir (p<0.05).

Bu sonuglara gore genel olarak koyu renkli kirmizi-yesil
olarak smiflandirilan hatlar yiiksek antioksidan aktivite
gostermektedir. Turuncu veya sar1 renkli domatesler ise
ortalamaya yakin degerler gostermistir ve genel olarak
kirmizi domateslerden &nemli derecede farkli olduklar
sOylenemez. Kokteyl ve kiraz domateslerin ortalama
antioksidan aktivitesi ayr1 olarak degerlendirildiginde kiraz
domateslerin 6nemli bir farkla kokteyl domateslerden daha
yiiksek antioksidan aktivite gosterdigi gorilmiistiir.

Bu g¢alismada genel olarak Orneklerin antioksidan
aktiviteleri 0.28-0.71 mmol TE/100 g YA arasinda degisim
gostermektedir ve bu degerler literatiirlerle de yakinlik
gostermektedir (Figas vd., 2015; Szabo vd., 2019).
Calismalarda genel olarak hem mini segment hem de iri
domateslerin  antioksidan aktiviteleri incelendiginde
ortalama 0.25-0.55 mmol TE/100 g YA araliginda
degismektedir. Calismamizda 0.71 mmolTE/100 g YA ile
en yiiksek degeri alan 13 numarali kiraz tipi domates
hattinin (kirmizi-yesil) koyu renkli bir domates olmasi da
ayrica dikkat ¢ekmektedir (Proteggente vd., 2002;
Capanoglu vd., 2008; Figas vd., 2015; Groveza vd., 2020;
Yang vd., 2021; Georgaki vd., 2023).

3.5. Fenolik madde miktari

Toplam Fenolik madde miktarlart bakimindan hatlar
arasinda ciddi farklar oldugu goriilmektedir. Toplam
fenolik madde miktarlar1 gallik asit esdegeri cinsinden
ifade edilmis olup en degerlere sahip hatlar sirasiyla 80.9
ve 76.0 mgGAE/100 g taze agirlik olmak iizere 13 ve 20
numarali hatlar olarak belirlenmistir. En diisiik deger ise
30.2 mgGAE/100 g ile 5 numarali hatta gézlenmistir.
Cizelgede goriildiigii gibi kiraz tipi domatesler genel olarak
daha yiiksek toplam fenolik madde igermektedir.
Domatesin biyokimyasal iceriklerini  inceleyen
caligmalarda toplam fenolik madde miktarlar1 25 — 135
mgGAE/100g YA (Yas Agirlik) ile cok genis bir aralikta
degismektedir ve ¢aligmamizin da bu degerler igerisinde
yer aldig1 goriilmektedir (Pek vd., 2010; Figas vd., 2015;
Renna vd., 2019; Groveza vd., 2020; Formisano vd., 2021;
Vega-Lopez vd., 2022). Yine calismamizda en yiiksek
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fenolik miktarinin 13 numarali, koyu renkli, kiraz tipi
genotip olmasi dikkat ¢cekmektedir.

3.6. Flavonoid madde miktar:

Calismada toplam flavonoid madde miktarlar1 katesin
esdegerligi ile ifade edilmistir. En yiiksek flavonoid madde
miktar1 13, 9 ve 10 numarali hatlarda gdzlenmistir. En
diisiik miktarlar ise 6, 8, 5 ve 11 numarali hatlarda
belirlenmigtir. Yine bu degerlerin renkle iliskisi
incelendiginde 1 numarali genotip hari¢ koyu renkli
domatesler yiiksek flavonoid madde igerigine sahipken
acik renkli yani sart ve turuncu domateslerin daha diisiik
degerler aldig1 goriilmiistiir. Bu durumun bitki biinyesinde
flavononlarin renk maddelerinin birikiminde rol oynamast
ile baglantili oldugu disiiniilmektedir. Daha 6nce yapilan
calismalarda incelenen domateslerin toplam flavonoid
madde miktarlar1 1.5-50 mg/100 g YA gibi genis bir
aralikta yer aldig1 gézlemlenebilmektedir (Ilahy vd., 2011;
Friedman vd., 2019; Georgaki vd., 2023). Calismamizda
belirlenen en yiiksek deger yine koyu renkli, kiraz tipi
domates hatlarindan 13 numarali genotipte (35.4 mg/100
g) belirlenmistir ve c¢aligmamizda belirlenen degerler
literatiir ile yakinlik gostermektedir. Yapilan ¢aligmalarda
flavonoidlerin renk maddeleri ile iliskisini ispatlamaktadir
(Tsao, 2010; llahy vd., 2011; Elbadrawy & Sello, 2016;
Panche vd., 2016; Cassidy & Minihane, 2017; Friedman
vd., 2019; Fernandes vd., 2021).

3.7. Likopen

Genotiplerin toplam likopen miktarlart mg/100 g taze
agirlik seklinde ifade edilmistir. Hatlar arasinda farkli
renklerin olmasi sebebiyle likopen bakimindan 6nemli
farklar oldugu goriilmektedir. En yiiksek likopen miktarlari
koyu kirmizi ve kirmiz1 yesil hatlarda gozlenmistir. Bu
hatlar sirasiyla 14, 2, 6 ve 8 numarali olanlardir. En diisiik
likopen miktarina sahip hatlar ise beklendigi gibi sar1 ve
turuncu renkli olanlardir. Bunlar sirasiyla 16, 12, 11 ve 17
numaralt hatlar olup bunlar igerisinde koyu turuncu,
kirmiziya yakin bir renk gdsteren 17 numarali genotip
diger acik renkli domateslere gore oldukca yiiksek likopen
icermektedir. Calismamizda incelenen domates hatlarinin
likopen igerikleri 0.31-18.6 mg/100 g arasinda degisim
gosterirken literatiire bakildiginda bu araligin 0.5-25
mg/100 g arasinda degisim gosterdigi gorilmustiir.
Calismamiz genel olarak daha o6nce yapilan ¢aligmalar ile
uyum gosterse de sar1 renkli domateslerin oldukea diisiik
miktarlarda likopen igerdigi goriilmektedir (Ibitoye vd.,
2009; Pek vd., 2010; George vd., 2011; llahy vd., 2011,
Djidonou vd., 2016; Yang vd., 2021; Felfoldi vd., 2022).

3.8. B-karoten

En yiiksek B-karoten miktar1 14, 13 ve 2 numarali hatlarda
gozlemlenmistir. En diisiik degerlere sahip hatlar ise yine
acik renkli domatesler olan 16, 12 ve 17 numaral hatlardr.
Toplam  B-karoten  miktarlarimin  renkle  iliskisi
incelendiginde acik renkli domatesler diisiikk miktarda 83-
karoten igerirken koyu renkli, kirmizi-yesil renkli
domatesler genel olarak yilksek miktarda [(-karoten
icermektedir. Calismamizdaki domates hatlarinin = B-
karoten igerikleri 0.75-6.29 mg/100 g arasinda
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degismektedir. Literatiirde ise domateslerin B-karoten
miktarlart 0.3-6.2 mg/100 g arasinda degistigi gorilmiistiir.
Daha once yapilan c¢aligmalarda da goriildiigii gibi
calismamizdaki turuncu renkli domateslerde likopenin
aksine B-karoten miktarlart yiiksektir. Bu durum 8-
karotenin sar1, turuncu renklerle iligkili olmasindan
kaynaklanmaktadir (Pinela vd., 2012; Figas vd., 2015;
Djidonou vd., 2016; Kondratieva & Golubkina, 2017;
Felfoldi vd., 2022).

3.9. C vitamini

Domates yiiksek miktarda askorbik asit igeren bir sebzedir.
Domateslerin vitamin C miktarlart bircok faktére gore
degisebilmektedir. Cizelge 3’te goriildigi gibi ayni
kosullarda yetistirilen domateslerin vitamin C miktarlart
genetik  faktorlerden  etkilenerek  olduk¢a  yiiksek
degisimler gostermektedir. Calismamizda incelenen
domates hatlarinin askorbik asit miktarlar1 4.91-60 mg/100
g arasindadir. Incelenen domates hatlar1 arasinda en
yliksek askorbik asit miktarina sahip olanlar 1, 20, 15 ve 2
numarali hatlar olarak belirlenmistir. En diisiik askorbik
asit miktar1 ise 12, 16, 17 ve 6 numarali hatlarda

gozlemlenmistir. Bu sonuclara gore acgik renkli, sar1 ve
turuncu domateslerin digerlerinden daha diisiik miktarda
askorbik asit icerdigi goriilmektedir. En diisiik deger ise en
acitk renkli olan (sar1) 12 numarali domateste
gozlemlenmistir. Bunun yaninda en yiiksek askorbik asit
iceren genotipin kirmizi-yesil renkli domateslerden olan 1
numaralt genotip oldugu belirlenmistir. Koyu renkli olan
domatesler genel olarak daha yiiksek veya ortalamaya
yakin askorbik asit igerigine sahip oldugu goriilmiistiir.
Daha once yapilan literatiirde domatesin askorbik asit
miktarinin 15-67 mg/100 g arasinda degisim gosterdigi
goriilmektedir. Calismamizda literatiirde  belirlenen
degerlerin altinda askorbik asit igeren domateslerin de
oldugu  gorilmiistir. Bu  durum  ¢alismamizda
degerlendirilen acik renkli domateslerin askorbik asit
miktarlarmin klasik kirmizi domateslerden oldukga diisitk
olmasindan kaynaklanmaktadir. Bu konuda 6zellikle en
yiiksek degeri alan domates hattininda koyu renkli
(kirmizi-yesil) bir domates hatti olan 1 numarali genotipde
belirlenmesi, askorbik asit miktar1 ile renk arasinda bir
iliskinin olabilecegini gostermektedir (Pinela vd., 2012;
Djidonou vd., 2016; Renna vd., 2019; Felfoldi vd., 2022;
Georgaki vd., 2023).

Cizelge 4. Biyokimyasal 6zelliklerin korelasyon katsayilari
Table 4. Correlation coefficients of biochemical properties

Fenolik Antioksidan Flavonoid Likopen B-karoten
(mgGAE/1009) (mmolTE/100g) (mgC/100g) (mg/100g) (mg/100g)
Antioksidan 0.860
(mmolTE/100g) 0.000
Flavonoid 0.621 0.578
(mgGAE/100g) 0.000 0.000
. -0.151 -0.295 -0.127
Likopen (mg/100g) 0.106 0.001 0.178
B-karoten 0.334 0.164 0.238 0.633
(mg/100g) 0.000 0.080 0.011 0.000
C Vitamini 0.192 0.272 0.001 0.192 0.187
(mg/100g) 0.040 0.003 0.988 0.043 0.050

Her korelasyon katsayisinin altinda 6nem dereceleri belirtilmistir (p<0.05).

Yukarida Cizelge 4’de bilesenlerinin arasindaki iligkiler
incelenmistir. Cizelgedeki her hiicre, ilgili iki degisken
arasindaki korelasyon katsayisini1 gosterirken. Cizelgedeki
degerler, Pearson  korelasyon  katsayismma  (r2)
dayanmaktadir.

Bu ¢izelgeye gore, farkli renk ve iriliklerdeki domateslerin
fenolik ile antioksidan kapasitesi (0.86), flavonoid (0.621),
3-karoten (0.334) ve vitamin C (r2=0.192) arasinda pozitif
ve istatistiksel olarak ©nemli korelasyon gosterirken
(p<0.01), fenolik ile likopen arasinda istatiksel olarak
Onemsiz fakat negatif yonlil bir korelosyon vardir (-0.151).

Antioksidan kapasitesi ve fenolik madde miktarlar
bakimindan elde edilen veriler arasinda hesaplanan
pearson korelasyon 0.86 olarak bulunmus olup istatistik
olarak 6nemli oldugu goriilmistiir (p<0.01). Bu degerin
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1’e yakinlig1 iki 6zellik arasinda giiglii bir korelasyon
oldugunu ve dogrusal artis sergilediklerini gostermektedir.

Ikiside renk maddesi olan likopen ve B-karoten miktarlari
arasinda katsayisi 0.63 olan pozitif bir korelasyon oldugu
goriilmektedir (Cizelge 4).

Ote yandan, likopen degerleri ile fenolik ve antioksidan
degerleri arasinda diiiik diizeyde negatif korelasyonlar

(-0.151 ve -0.295) goézlenmektedir. Bununla birlikte, bu
korelasyonlar 6nemli diizeyde degildir (p>0.05).

Son olarak, askorbik asit degeri ile diger tiim degiskenler
arasinda  diisik  diizeyde  pozitif  korelasyonlar
gozlemlenirken, sadece B-karoten degeri ile askorbik asit
arasinda anlamli bir korelasyon vardir (p<0.05). Cizelgede
goriilen degerler igerisinde en ¢cok dikkat ¢ceken, fenolik ve
flavonoid madde miktarlar1 ile antioksidan aktiviteleri
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arasinda gorilmektedir. Bu maddeler ayrica kendi

aralarinda da 6nemli korelasyon gostermektedir (Cetkovié
vd., 2012).

Antosiyaninler ve renk maddeleri ile iligkili olan
flavononlarm ise likopen ile korelasyonu istatistiki olarak

renkli domateslerin renk degerleri ortalamalarini
diislirmesi ile iligkili oldugu 6ngériilmektedir. Daha 6nce
yapilan ¢aligmalarda ise renk maddeleri ile flavononlar
arasinda poizitif iligkiler tespit edilmistir (Manach vd.,
2004; Panche vd., 2016; Cassidy & Minihane, 2017
Coyago-Cruz vd., 2019; Friedman vd., 2019).

onemli olmayip, B-karoten ile diisiikte olsa pozitif bir
korelasyon gosterdigi goriilmekte bu durumun ise agik

Cizelge 5. Domates hatlarima ait kolorimetrik renk degerleri
Table 5. Colorimetric color values of tomato lines

Hat L* ax b* C* h°

1 35.5+0.2 D-H 16.6+0.7 E-F 17.4+0.4 E-H 24.1+0.6 F-1 46.4+1.2 F-G
2 38.0+0.8 C-E 6.3+0.7 G-H 20.8+1.3 C-F 21.8+1.3 G-I 74.8+1.4 B-C
3 37.8+0.6 C-E 27.2+1.1 B 22.6+0.7 B-C 35.4+0.8 B-C 39.62.7 G-l
4 39.8+0.5 C 31.4+0.9 A 26.2+0.9 B 41.0+1.0 A 39.6%1.1 G-l
5 34.7+£0.9 F-H 22.8+0.3 C 17.3+1.3 F-H 28.6+0.8 D-F 37.1£1.5 |
6 35.3+0.3 D-H 20.7+0.4 C-D 17.3+0.7 E-H 27.0+£0.7 D-F 39.8+0.7 G-l
7 35.2+0.6 E-H 23.0+0.6 C 17.7£0.7 D-H 29.0+£0.9 D-F 37.6£0.6 |
8 37.4+0.3 C-F 22.2+0.8 C 20.5+0.5 C-F 30.2+0.8 D-E 42.7+0.8 F-1
9 38.1+£0.7 C-D 21.6+1.0 C-D 21.6+1.1 C-E 30.6%1.5 C-D 45.0+0.6 F-H
10 36.3+£0.5 D-H 19.7+0.5 C-E 17.7£0.8 D-H 26.6+0.8 D-G 41.5+0.6 F-1
11 36.4+0.5 D-H 7.2+0.5 G-H 19.0£0.7 C-H 20.3+0.8 H-1 69.3+1.1 C-D
12 45.4+0.5 A-B 16.6£0.6 E-F 34.7+1.0 A 38.4+1.1 A-B 64.5+0.5 D-E
13 48.1+0.9 A 1.9+0.2 | 21.8+0.7 C-D 21.9+0.7 G-I 85.6+£0.5 A
14 33.9+0.3 G-H 21.8+0.8 C-D 15.7£0.5 G-H 26.9+0.9 D-G 35.9+0.5 |
15 36.7+0.9 D-G 3.6+0.6 H-I 19.0£1.3 C-H 19.3£1.3 | 81.7+2.1 A-B
16 34.1+0.3 G-H 20.9+0.8 C-D 15.1£0.6 H 25.8+1.0 D-G 35.8+0.3 |
17 35.8+0.3 D-H 9.3+1.9 G 17.5+0.7 D-H 20.2+1.5 H-1 64.4+3.8 D-E
18 36.3+0.7 D-H 17.9+0.6 D-F 19.9+1.1 C-G 26.8+1.1 D-G 47.9+1.0 F
19 33.7+0.3 H 19.9+0.7 C-E 15.5£0.6 H 25.2+0.9 E-H 37.9+0.5 H-I
20 43.1+0.5 B 15.4+£0.5 F 26.5+0.7 B 30.7+0.7 C-D 59.8+0.9 E
Ort 37.6 17.3 20.2 27.5 51.3

Max 48.1 314 34.7 41.0 85.6

Min 33.7 1.9 15.1 19.3 35.8

Ayni siitunda farklr harfleri alan domates hatlarinin degerleri arasindaki fark 6nemlidir (p<0.05).

Yukaridaki ¢izelgede domates meyvelerinin renk degerleri
verilmistir. Renk degerleri L*(parlaklik, 0-siyah, 100-
beyaz), a*(kirmizi/yesil, +a-kirmizi, -a-yesil),
b*(sari/mavi, +b-sari, -b-mavi), c*(doygunluk, +c-canli, -
c-donuk), hue® ag¢1 degeri (rengin niteligini, 0°=kirmizi-
pembe, 90°=sar1, 180°=yesil, 270°=mavi), birimleri ile
ifade edilmistir.

3.10. L* parlakhk degeri

Kolorimetre yardimi ile belirlenen parlaklik degerleri
incelendiginde en yiiksek parlaklik, 13, 12 ve 20 numarali,
diger taraftan en diisiik parlakliga sahip olanlarm ise 19, 14
ev 16 numarali hatlar olmustur. Hem en yiiksek hem de en
diisiik parlaklik degerlerine sahip olan hatlar kiraz tipi
domateslerden oldugundan parlaklik ile kokteyl veya kiraz
tipi domates olmasi arasinda bir iliski goriilmemistir.
Genel olarak hatlarin L* degerleri 33.7 ile 48.1 arasinda
degistigi  saptanmigtir. Bu  sonuglar literatiir ile
karsilastirildiginda  bir ¢ok domates hattinin  aym
kosullarda genetikxcevre interaksiyonunun incelendigi
caligmalar ile benzerlik gostermektedir (Sacks & Francis,
2001; Formisano vd., 2021).
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Calisma sonuglarinin domateslerin renkleri ile iliskisini
bakildiginda en yiiksek degerleri gdsteren ii¢ genotipin
sarl, kirmizi ve kirmizi-yesil renklerde oldugu ve bu
duruma bakilarak parlaklik degerinin goriinen renklerden
etkilenmeyip yiizey parlakligi ile daha yiiksek iliskili
oldugu dngoriilmektedir.

3.11. a* degeri

Domates meyvelerinin kirmizi ve yesil tonlarini belirleyen
a* degeri bakimindan en yiiksek degerleri gosteren hatlar,
4, 3 ve 7 numaralt hatlar olmustur. En diisiik degerler ise
13, 15 ve 2 numarali hatlarda goriilmistiir. a* degerinin
tanimina uygun olarak kirmizi-yesil renkli domateslerin
daha diisiik degerler almig olmasi da bu ifade uyumludur.
Bunun yaninda turuncu ve sar1 renkli domateslerde Cizelge
5’te goriilldigi gibi daha diisiik likopen igerdiginden
kaynakli oldugu tahmin edilerek bu hatlarinda a* degerleri
genel olarak daha disiiktiir. Bu degerler daha onceki
calismalar ile uyum igerisindedir. En diisiik deger yesil
renginden dolayr -a* degerine yakinlikk gosteren 13
numaralt genotipte 1.9 olarak belirlenmis olup benzer
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calismalardaki degerlerin altinda kalmistir (Jing vd., 2010;
George vd., 2011).

3.12. b* degeri

Sar1 ve mavi renkleri ifade eden b* degeri acisindan en
yiiksek degere sahip olan 12, 20 ve 4 numaral1 hatlar olup,
en diisiik degere sahip olanlar ise 16, 19 ve 14 numarali
hatlar olarak belirlenmistir. Goriildiigii gibi b* degerinin
tanimina uygun olarak sar1 renkli bir kiraz domates olan 12
numarali en yiiksek degere sahip olmustur. Bunun yaninda
koyu renkli, kirmizi-yesil domates &rnekleri b* degeri
acisindan belirgin bir dagilim gostermemistir.

Sar1 ve kirmiz1 renklerdeki domateslerin b* degerlerinin
incelendigi bir calismada b* degeri sar1 domates igin
ortalama 50, kirmizi domates i¢in 25°tir. Caligmamiz ile
kiyaslandiginda makale ile benzer sonuglar gosteren hatlar
olsa da genel olarak degerler daha diigiiktiir. Bunun
yaninda daha oOnce yapilan c¢aligmalardaki sari renkli
domateslerde benzer sekilde daha yiliksek b* tespit
edilmistir (Jing vd., 2010; George vd., 2011).

3.13. C* degeri

Domates 6rneklerinin renklerinin canliligint gosteren C*
parametresine gore en yiiksek degere sahip olan 6rnekler 4,
12, ve 3 numarali hatlar olarak belirlenmis olup, en disiik
degerlere sahip olanlar ise 15, 17 ve 11 numarali hatlardir.
Cizelge 5’te de goriildiigii gibi genel olarak kokteyl tipi
domateslerin canlilik degerleri daha yiiksektir. Yine C*
degeri bakimindan sar1 renkli bir kiraz domates olan 12
numaralt genotip genellemenin disinda en yiiksek

degerlerden birine sahiptir, fakat diger a¢ik renklere sahip

turuncu  domatesler  ortalamaya yakin  degerler
gostermektedir.
Calismamizda incelenen domates hatlarinin  C*

degerlerinin literatiirlerde belirtilen degerlerin altinda
kaldig1 goriilmektedir fakat benzer sekilde c¢aligmalarda
sar1 renkli domates meyvelerinin daha yiiksek degerler C*
degerleri gosterdigi tespit edilmistir (Jing vd., 2010;
George vd., 2011).

3.14. Hue® degeri

Incelenen domates &rneklerinin renklerinin niteligini
belirten hue® a¢1 degeri bakimindan en yiiksek sonuglar 13,
15 ve 2 numarali hatlarda gozlemlenmistir. Kaydedilen en
diisiik degerler ise 16, 14, 5 ve 7 numarali hatlarda
belirlenmistir. Hatlar arasinda hue® a¢1 degeri bakimindan
turuncu renkli kiraz tipi bir domates olan 16 numarali
genotip hari¢ kirmizidan farkli renklere sahip (sar1, turuncu
ve kirmizi-yesil) domateslerin daha yiiksek degerler
aldiklar1 gozlemlenmistir. Bu durum hue® ag¢1 degerinin
tanimma uygun olarak 0’dan wuzaklastikca koordinat
diizleminde kirmizi-pembe renklerden uzaklasiimasi ile
ilgili oldugu diigiiniilmektedir. Diger renk parametrelerinin
aksine bu c¢alismada hue degeri bakimindan en yiiksek
deger kirmizi-yesil renkli bir domateste belirlenmis olup
sart ve turuncu renkli domateslerinde yiiksek degerler
aldig1 ama ortalamaya daha yakin oldugu Ongériilmiistiir
(Sacks & Francis, 2001; George vd., 2011; Formisano vd.,
2021).

Cizelge 6. Renk pigmentleri ile kolorimetrik renk degerleri arasindaki korelasyon katsayilari
Table 6. Correlation coefficients between color pigments and colorimetric color values

Likopen B-karoten L* a* b* Cc*
B-karoten 0.686
0.001
L* -0.213 0.129
0.367 0.588
ax 0.142 -0.195 -0.330
0.551 0.409 0.155
b* -0.213 -0.127 0.795 0.024
0.366 0.594 0.000 0.919
Cc* -0.023 -0.199 0.288 0.766 0.652
0.923 0.401 0.218 0.000 0.002
h° -0.190 0.139 0.593 -0.917 0.325 -0.470
0.423 0.559 0.006 0.000 0.163 0.036

Her korelasyon katsayisinin altinda 6nem dereceleri belirtilmistir (p<0.05).

Cizelge 6’da birbirleriyle iligkili olan farkli degiskenler
arasindaki korelasyon degerleri verilmistir Cizelgedeki her
hiicre, ilgili iki degisken arasindaki korelasyon katsayisini
gostermekte ve degerler, Pearson korelasyon katsayisina
dayanmaktadir.

Likopen degeri ile B-karoten degeri arasinda yiiksek bir
pozitif korelasyon vardir (0.686). L* degeri ile a* ve b*
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degerleri arasinda diisiik diizeyde negatif korelasyonlar (-
0.213 ve -0.195), L* degeri ile C* degeri arasinda diisiik
diizeyde pozitif korelasyon (0.129), a* degeri ile b* degeri
arasinda diisiik diizeyde negatif korelasyon (-0.330), b*
degeri ile C* degeri arasinda orta diizeyde pozitif
korelasyon (0.795), C* degeri ile h* degeri arasinda orta
diizeyde pozitif korelasyon (0.652) ve h* degeri ile L*, a*,



Aydin & Aktas / Tiirk Bilim ve Miithendislik Dergisi, 5(2): 97-111, 2023

b* ve C* degerleri arasinda diigiik diizeyde korelasyonlar
gozlemlenirken, B-karoten degeri ile diisiik diizeyde pozitif
bir korelasyon oldugu belirlenmistir.

Bu korelasyonlar, bu degiskenler arasindaki iliskiyi
anlamak ve Ozellikle gida endistrisi gibi uygulama
alanlarinda renk ve bilesenler arasindaki iliskileri anlamak
i¢in 6nemlidir.

Ceri domateslerindeki karotenoid iceriginin renk degerleri
ile renk pigmentleri arasindaki korelasyonu incelemeyi

Cizelge 7. Domates 6rneklerinin mineral igerikleri
Table 7. Mineral contents of tomato samples

amaclayan bir ¢aligmada renk yiizey degeri a* ile toplam
karotenoidler (0.82) ve likopen igerigi (0.87) arasinda
giiclii korelasyonlar bulunmustur. Ayrica, b* renk degeri
ile B-karoten (0.86) arasinda pozitif korelasyon
gozlemlenmistir. L* degeri, karotenoidlerdeki artigla
negatif korelasyon (-0.78) gostermistir. Renk degerleri L*,
a*, b* ve karotenoidler arasindaki bu yakmn iliskilerin
bazilar1 paralellik gosterse de genel olarak calismamizdaki
korelasyon katsayilarinin daha diisiik oldugu goriilmiistiir
(Pandurangaiah vd., 2020).

Hat K (%) P (%) S (%) Ca (%) Mg (%) Na (%) Fe (mg/kg)
1 3.17 0.20 0.11 0.11 0.08 0.05 30
2 3.56 0.19 0.14 0.11 0.12 0.11 26
3 3.63 0.22 0.16 0.06 0.11 0.07 24
4 3.58 0.24 0.16 0.16 0.12 0.06 23
5 3.17 0.22 0.18 0.18 0.12 0.06 29
6 3.21 0.22 0.19 0.19 0.10 0.06 20
7 2.90 0.23 0.14 0.12 0.09 0.07 21
8 2.73 0.19 0.15 0.16 0.10 0.05 23
9 3.43 0.21 0.17 0.09 0.13 0.05 29
10 2.87 0.27 0.16 0.10 0.11 0.04 22
11 2.33 0.13 0.10 0.17 0.07 0.07 26
12 2.79 0.14 0.15 0.17 0.08 0.08 21
13 2.95 0.19 0.14 0.11 0.10 0.08 20
14 2.72 0.14 0.14 0.18 0.09 0.08 32
15 2.68 0.18 0.15 0.09 0.08 0.04 19
16 2.77 0.16 0.14 0.14 0.08 0.04 16
17 2.42 0.17 0.13 0.13 0.07 0.05 21
18 3.08 0.11 0.15 0.18 0.09 0.06 22
19 2.74 0.22 0.14 0.13 0.11 0.05 26
20 3.28 0.21 0.18 0.10 0.10 0.04 22
Ort 3.00 0.19 0.15 0.13 0.10 0.06 23.52
Max 3.63 0.27 0.19 0.19 0.13 0.11 32.30
Min 2.33 0.11 0.10 0.06 0.07 0.04 15.62

Cizelge 7’de caligmada incelenen domates hatlarinin
potasyum (K), fosfor (P), kiikiirt (S), kalsiyum (Ca),
magnezyum (Mg), sodyum (Na) ve demir (Fe) igerikleri
verilmistir. K elementi bakimimdan en yiiksek degerler 3 ve
4 numarali hatlarda goriiliirken en diisiik degerler 11 ve 17
numarali hatlarda belirlenmistir. P elementi i¢in en yiiksek
degerler 10 ve 4 numarali hatlarda, en diisiik degerler 18 ve
11 numaral: hatlarda, S elementi bakimindan en yiiksek 6
ve 5, en diisiik 11 ve 11, Ca elementi bakimindan en yiiksek
6, 5, 14 ve 18, en diisiik 3 ve 9, Mg elementi bakimindan
en yiiksek 9, 2, 4 ve 5, en diigiik 11 ve 17, Na elementi
bakimindan en yiiksek 2, 12, 13 ve 14, en diistik 10, 15, 16
ve 20, Fe elementi bakimindan en yiiksek 1 ve 14, en diisiik
16 ve 15 numarali hatlarda belirlenmistir. Calismamizda
belirlenen domateslerin element miktarlar1 literatlir ile
uyum igerisindedir (Guil-Guerrero & Rebolloso-Fuentes,
2009; Renna vd., 2019; Formisano vd., 2021.

4. Sonug

Bu calisma sonuglarina gore; koyu renkli domateslerin
daha yiiksek askorbik asit, flavonoid ve antioksidan
kapasitesi yiiksek bulunurken, agik renkli domateslerde bu
degerlerin daha disiikk seviyede oldugu belirlenmistir.
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Ozellikle askorbik asit degerleri 4.91-60.09 mg/100 g
arasinda degisim gosterirken, flavonoid madde miktarlari
ise 4.42-35.40 mgC/100 g arasinda degisim goéstermistir.
Kiraz ve kokteyl domatesler kiyaslandiginda ise kiraz
domateslerinde daha yiiksek fenolik madde igerdigi
belirlenmigtir. Yapilan arastirma sonuglarina gore fenolik
madde miktarlar1 30.25-80.91 mgGAE/100 g araliginda
belirlenmistir. Bu durum, kiraz domateslerin daha yiiksek
antioksidan kapasiteye sahip oldugunu gostermektedir.

Likopen ve B-karoten miktarlarinin meyve renklerine bagl
olarak degistigi belirlenmis, buna gore likopen miktari
0.31-18.6, B-karoten miktarlar1 ise 0.75-6.29 araliginda
belirlenmistir. Turuncu domatesler yiiksek miktarda (-
karoten igermekte olup g6z saglig iizerine olumlu etkileri
olan bu fitokimyasalin aliminda turuncu renkli domatesler

degerli materyaller oldugunu gostermektedir.

Fonksiyonel gidalarda 6nemli olan diger bir kriterde
tilketilen meyve ve sebzelerin mineral madde igerikleri
olup, besleyicilik agisindan o6nemli oldugu bir¢ok
aragtirmayla belirlenmistir. Potasyum elementinin domates
meyvelerinin renkleri ile iliskisi incelendiginde koyu
renkli domatesler kirmizi domateslerden kesin olarak
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ayrilmasa da daha yiiksek, acik renkli domatesler ise
genellikle daha disiik degerler gostermektedir. S ve Mg
elementlerinin agik renkli domateslerde daha diisiik oldugu
diisiinilmektedir. P, Ca, Na, ve Fe elementlerinin renklerle
iligkisi gézlemlenmemistir.

Sonu¢ olarak koyu renkli domateslerin insan
beslenmesindeki onemli oldugu bu baglamda yapilacak
islah c¢alismalarinda bu tip domateslerin 6zellikle mini
segment olarak adlandirilan kiraz ve kokteyl grubu
domateslerin dneminin artacagi diisiiniilmektedir. Bu tip
aragtirmalarim ~ kapsami  genisletilerek,  arastirma
sonuglarinin genetik tabanimin incelenmesi ve bu tiplerin
1islah calismalarinda kullanimi i¢in daha detayli bilgilerin
ortaya konulmasi gerekmektedir.

5. Tesekkiir

Bu ¢alisma Giilnur AYDIN tarafindan hazirlanan “Bazi
Kiraz ve Kokteyl Domates Hatlarinin Biyokimyasal
Iceriklerinin Belirlenmesi” isimli Yiiksek Lisans tezinden
tretilmistir.

Cikar Catismast Beyani

Makale yazarlari aralarinda herhangi bir ¢ikar ¢atismasi
olmadigin1 beyan ederler.

Arastirmacilarin Katki Orani Beyani

Yazarlar makaleye esit oranda katki saglamis olduklarini
beyan ederler.
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MAKALE BILGISI OZET

Tarim iriinlerinin {iretimi sirasinda ekonomik kayip olusturan zararh tiirlerle etkili bir

miicadele yapmak igin zararli faunasinin bilinmesi 6nemlidir. Bu ¢alisma kapsaminda 2021-
2022 yillart arasinda, Burdur ilinde bagciligin yaygin olarak yapildigi Kurugay, Akyaka,
Yassigiime, Hacilar, Yazikdy ve Diiger koylerindeki bag alanlarindaki zararli olan tiirler
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belirlenmistir. Calismada bocekleri yakalamada gozle kontrol yontemi, elle toplama yontemi
ve feromon tuzagi kullanilmistir. Belirtilen bolgede Insecta sinifina ait 32 tiir ve 11 aver tiir
olmak iizere toplam 43 tiir saptanmistir. Bunlardan baglarda ekonomik diizeyde zararli olan
tiirler; Tortricidae familyasindan Lobesia botrana, Cicadellidae familyasimdan Empoasca

decipiens, Coccidae familyasindan Parthenolecanium corni, Cydnidae familyasindan
Trigomaster bicolor, Scarabaeidae familyasindan Tropinota hirta, Melolanthidae
familyasindan Polyphylla fullo, Curculionidae familyasindan Otiorhynchus sp., Cerambycidae
familyasindan Chlorophorus varius, Tenebrionidae familyasindan Opatrum sabulasum,
Zophosis punctata ve Pimelia verrucifera’ dir. Lobesia botrana tiirii Burdur ilinde tuzaklarin
asildig1 Yassigiime, Hacilar ve Yazikdy olmak iizere 3 kdyde de saptanmustir. Burdur da
bageiligin yogun yapildigi alanlardaki bag alanlarinda bulunan bocekler saptanarak ortaya
konulmustur. Burdur ili bag alanlarinda zararli tiirler ile dogru bir miicadele stratejisi
olusturmak igin temel veriler elde edilmistir.
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Detection of Insect Fauna in Burdur Provincial Vinery Areas

ABSTRACT

ARTICLE INFO o . .
It is important to know the pest fauna to effectively control of pest that cause economic loss

during the production of agricultural products. Within the scope of this study, harmful species
were determined in the vineyard areas of Kurugay, Akyaka, Yassigiime, Hacilar, Yazikdy, and
Diiger villages where viticulture is common between 2021-2022 in Burdur province. The study
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used visual control, hand collection, and pheromone traps to catch insects. A total of 43 species,
including 32 species and 11 predatory species belonging to the Insecta class, were identified in
the specified region. Species that are economically harmful in vineyards; Lobesia botrana from

Keywords: Viticulture, Insect, Burdur,
Trap, Useful, Pest

Tortricidae family, Empoasca decipiens from Chrysomelidae family, Parthenoleconium corni
from Coccidae family, Trigomaster bicolor from Cydnidae family, Tropinota hirta from
Scarabaeidae family, Polyphylla fullo from Melolanthidae family, Otiorrhynchus sp., from
family Curculionidae, Chlorophorus varius from Cerambycidae family, Opatrum sabulasum
Zophosis punctata ve Pimelia verrucifera from Tenebrionidae family. Lobesia botrana was
also detected in 3 villages, namely Yassigiime, Hacilar and Yazikdy, where traps were hung in
the province of Burdur. The insects found in the vineyard areas in the areas where intensive
viticulture is practiced in Burdur were identified and revealed. Basic data were obtained in
order to establish a correct control strategy against pest species in the vineyards of Burdur
province.

DOI: 10.55979/tjse.1362660

1. Giris

Uygun ve elverigli yetistirme olanaklarina sahip olan
Tirkiye’de bagcilik eski ve koklii bir kiiltiire sahiptir.
Uziim, iklim ve toprak yoniinden fazla segici olmamasi ve
alternatif degerlendirme olanaklarina sahip olmasi
nedeniyle diinyada ve Tiirkiye’de yaygmn kiltiir
bitkilerinden biridir (Semerci vd., 2015).

Bagcilik icin bildirilen en elverisli iklim kusagi tizerinde
yer alan iilkemiz; ¢ok zengin bir asma gen potansiyeline
sahiptir (Kismali, 1980). Uziim ¢ogaltma ydntemlerinin
kolay olmasi ve bircok farkli alanda degerlendirilebilir

olmasindan dolay1 yaygin bir kiiltiir bitkisidir. Tiirkiye’de
iizim yas, kuru, sofralik, sirke, pekmez, saraplik vb. olmak
tizere bir¢ok alanda tiiketilmektedir. Ayrica ikinci bir iiriin
olarak asma yapraginda da salamura yapilmaktadir.
Ulkemizde asma bahgelerinin miras yoluyla paylagilmas,
bakimsizlik ve bag alanlarinda bulunan zararlilar nedeniyle
asma agaclarinin iiziim veriminde diismeler yaganmaktadir
(Seckin, 2011). Asmanin tomurcuk zamanindan iizim
hasadma kadar bir¢cok zararli yer almaktadir. Bilhassa
zararhlar ile miicadelede kullanilan kimyasallarin hasat
doneminde uygulanmasiyla meyvelerde kalinti problemi
ortaya c¢ikmakta insan ve ¢evre sagligini olumsuz
etkilemektedir. Tiirkiye’ de bag alanlarinda zararlilari
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tespit etmek ve onlarin zarar1 ekonomik zarar seviyesinin
altinda tutmak i¢in ¢alismalar yiiriitiilmektedir.

Tirkiye’de bagcilik sektorii onemli bir yere sahiptir. Bag
Yetistiriciligi; tarla, meyve ve sebze tarimi yapilamayan
egimli arazilerde kurulabildiginden bu gibi atil kalmis
alanlarm degerlendirilmesi, erozyondan korunmasi ve
buralarda yasayan insanlar i¢in bir ge¢im kaynagi olmasi
agisindan da 6nemli bir yere sahiptir. Ureticinin gegimi igin
onemli bir rol oynayan bagcilik faaliyeti ayrica iilkemizin
ekonomisine 6nemli bir katki saglamaktadir (Gézener vd.,
2014).

Bag alanlarinda yiiriitiilen ¢aligmalarda ekonomik zarara
sebep olan baglica zararlilar; Lobesia botrana (Salkim
giivesi), Polyphylla fullo (Haziran bocegi), Melolontha
melolontha (May1s bocegi), Eriophyes vitis (Bag uyuzu),
Tetranychus urticae (iki noktali kirmizi 6riimecek),
Arboridia adanae (Bag iivezi), Otiorhynchus sp.
(Maymuncuklar), Planococcus citri (Turunggil unlu biti),
Empoasca decipiens (Yaprak piresi), Empoasca decedens
(YYaprak piresi), Arboridia decedens (Bag iivezi), Viteus
vitifolii (Fileksera), Anaphothrips vitis (Bag tripsi), Thrips
tabaci (Titiin thripsi), Drepanothrips reuteri (Bag tripsi),
Frankliniella occidentalis (Cigek tripsi), Mycterothrips
albidicornis (Bag tripsi), Haplothrips aculeatus
Haplothrips  globiceps, Haplothrips reuteri’dir
(Tiirkmenoglu, 1967; Kisakiirek, 1972; Iren, 1972; Erkan
vd., 1998; Ozdemir vd., 2005; Mamay & Cakir, 2014;
Mustu & Altinok, 2015; Aslan & Candan, 2018).

Burdur da bagcilik yoresel anlamda gelismis durumdadir.
Bagcilik genel anlamda geleneksel olarak algak sistemlidir
ve gooble terbiye sistemi uygulanmaktadir. Burdur ilinde
Dimrit ¢esidi ve Razaka c¢esidi yaygm bir sekilde
iretilmektedir. Burdur Dimriti liziim ¢esidi, ildeki {iziim
iretiminin  %60’1mn1 olusturmaktadir. Burdur’da iiziim
yetistiriciligi bahar doneminde baslayarak, sonbaharda
iiziim hasadma kadar devam etmektedir. ildeki iireticiler
{iziimii bircok alanda degerlendirmektedir. Uziimii yas,
kuru, sofralik, pekmez ve sirke olarak degerlendirirken,
yapragini yas ve salamura olarak pazarlamaktadirlar.

Burdur ilinde TUIK 2019 yilin verilerine gore toplam 10
000 tona yakm tiziim {iretimi yapilmaktadir. Tirkiye’de
Burdur ili kurutmalik ¢ekirdeksiz tiziim tiretimi yapilan 12
il arasinda yer almaktadir. Yillik 1000 tona yakin
kurutmalik iiziim iiretilmektedir (TUIK, 2019).

Tirkiye’ de bag alanlarinda zararlilar hakkinda birgok
caligma olmasina karsilik Burdur ili bag alanlarinda
zararlilarin tespitine yonelik ¢ok fazla bir caligmaya
rastlanilmamas1 nedeniyle bu c¢alisma ele alinmistir.
Bagciligin 6nemli bir yere sahip oldugu bilinen Burdur
ilinde bdyle bir ¢alismanin yapilmasi, bu ¢alismadan elde
edilen sonuglarm, ileride bu konuda yapilacak olan
caligmalar i¢in alt yap1 olusturmasi amaglanmaistir.

Calismanin temelini Burdur ili bag alanlarinin yaygin
oldugu 6 koy olan Kurucay, Akyaka, Yassiglime, Hacilar,
Yazikdy ve Diiger kdylerinde oOrneklerin toplanmasi,
uzmanlar tarafindan teshisi ve gerekli bilgilerin
ogrenilmesi olugturmustur.
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2. Materyal ve Yontem

2021-2022 yillar1 arasinda yapilan bu ¢alisma kapsaminda
Burdur ilindeki bageiligin  yaygin olarak yapildig:
Kurucay, Akyaka, Yassigiime, Hacilar, Yazikoy ve Diiger
koylerindeki bag alanlarma gidilerek 6rnekler alinmistir.
Diizenlenen soérvey c¢alismalarinda toplanan &rnekler
uzmanlar tarafindan teshis edilmis, zararli ve yararli bocek
tiirleri saptanmustir.

2.1. Bag alanlarinda o6rneklerin toplanmasi
uzmanlar tarafindan teshisi

ve

Sorvey caligmast icin bagciligin yogun olarak yapildigi
bolgedeki toplam 6 kdye en az iicer kez gidilmistir. Bag
alanlarina bolgenin mevsimsel 6zellikleri ve asmalarin
fenolojik dénemleri esas alinarak bir yil boyunca asmalarin
tomurcuk, koruk, iiziimlerin olgunlasma donemi ve kis
aylarinda bag alanlarim1 ziyaret edilerek gerekli
orneklemeler yapilmistir ve 6rnekleme yapilan baglarda
izlim ¢esitleri kayit edilmistir (Cizelge 1).

Cizelge 1. Orneklerin toplandig1 bag alanlar

Table 1. Vineyard areas where samples were collected

Bag alaninin bulundugu yer
Kurugay \ BURDUR
Akyaka \ BURDUR

Yassigiime \ BURDUR
Hacilar \ BURDUR
Yazikoy \ BURDUR
Diiger \ BURDUR

2.2. Gozle Kontrol Yontemi

Gidilen her bag alninda araziyi temsil edecek sekilde
kenarlar ve orta siradan 2-3’er asma atlanarak arazi
biliyiikligine gore 10-15 asmaya bakilmistir. Arazi
calismalarinda bitki materyali olarak yaprak, dal, gévde ve
kok bolgesi giplak gozle ve lupla kontrol edilerek 6rnekler
almmustir.

2.3. Elle Toplama

Aspirator veya emme tiipii yardimyla yakalama:
asmanin lizerinde dinlenme veya beslenme halinde olan
boceklerin konduklar1 yerden dogrudan yakalanmasinda
kullanilmistir.

Bitki materyalini koparma suretiyle toplama:
koparilmasina izin verilen asmalarin yapraklar: iizerinde
dinlenmekte ve beslenmekte olan bdcekler yapraklarla

koparilarak poset veya gazete kagitlar1 arasina
konulmustur.
ince wuclu firca yardimiyla: koparilmasma izin

verilmeyen asmalarda dinlenmekte ve beslenmekte olan
bazi tiirler bitki lizerinden fir¢ca yardimiyla kiiciik falkon
tiiplere alinmustir.

Bicak yardimiyla: Asmalarin gdvdelerinde bulunan
kabuklu bitler bigak yardimiyla ¢ikartilarak %70’ lik alkol
bulunan falkon tiiplerine alinmistir.

2.4. Pasif toplama



Goksel vd. / Tiirk Bilim ve Mithendislik Dergisi, 5(2): 112-120, 2023

Tuzakla yakalama: Burdur ilinde ilaglamanin
yapilmadig1 veya daha az ilaglamanin yapildigi Kurugay,
Yazikdy, Yassigiime ve Hacilar kdylerinin her birine birer
tane Salkim Giivesi (Lobesia botrana) feromon tuzagi
asilarak erginlerin yakalanmasi saglanmigtir. Lobesia
botrana feromon tuzagi astigimiz koylerde salkim
giivesinin saptamak i¢in asilmstir.

2.5. Boceklerin tanilanmasi

Bag alanlarindan toplanan bdcekler laboratuvara
getirilerek ayrimlar1 yapilmistir. Canli bocekler %70 lik
alkol bulunan siselere konularak  oldiirilmistiir.
Oldiiriildiikten sonra biiyiik olanlar ignelenmis, kiigiik
olanlar ii¢gen kesilmis kagitlara yapistirilmig. Kabuklu
bitler %70’lik alkol bulunan falkon tiiplere konularak
saklanmigtir. Tuzak igerisinde Olii olarak yakalanan
bocekler ise icerisine nemli pegete yerlestirilerek petri
kabina konulup yumusayinca igneleme isleme yapilmistir.

Laboratuvarda ayrimi yapilan drneklerin iizerlerine etiket
bilgisi olarak toplanildig1 yer ve tarih yazilmistir. Ayrica
GPS (Global Positoning System) yer belirleme aleti il
koordinatlar1 belirlenerek arazi defterine de Orneklerin
toplanildig1 yer, tarih, koordinat ve diger bilgiler
kaydedilmistir.

Coccidae familyas: tiirliniin teshisini Isparta Uygulamali
Bilimler Universitesi Bitki Koruma Béliimii 6gretim
iiyelerinden Prof. Dr. Biilent YASAR; Chrysomelidae
familyas1  tilirlerinin  teshisini  Siileyman  Demirel
Universitesi Biyoloji Béliimii dgretim iiyelerinden Prof.
Dr. Ebru Giill ASLAN; Attebalidae familyas1 tiiriiniin
teshisini Aydin Adnan Menderes Universitesi Bitki
Koruma Bolimii 6gretim iiyelerinden Prof. Dr. Tiilin

114

AKSIT; Cicadellidae familyasini tiirlerinin teshisini Adnan
Menderes Universitesi Bitki Koruma Boliimii 6gretim
iiyelerinden Prof. Dr. Hiiseyin BASPINAR; Pentamidae
familyas1 ve Cyndae familyas: tiirlerinin teshiglerini
Trakya Universitesi Biyoloji Boliimii dgretim iiyelerinden
Prof. Dr. Meral FENT; Apidae familyast tiiriiniin teshisini
Kahramanmaras Siitcii imam Universitesi Bitki Koruma
Bolimi ogretim {iiyelerinden Prof. Dr. Mahmut Murat
ARSLAN; Tenebrionidae familyast tiirlerinin teshisini Ege
Universitesi Biyoloji Boliimii 6gretim iiyelerinden Prof.
Dr. Bekir KESKIN; Curculionidae familyas: tiirlerinin
teshislerini Hacettepe Universitesi Biyoloji Béliimii
Ogretim liyelerinden Prof. Dr. Osman SERT; Forficulidae
familyasi, Tenebrionidae  familyasi, Scarabaeidae
familyasi, Isssidae familyasi, Syrphidae familyasi,
Melalanthidae familyas1 Buprestidae familyasi, Oniscadae
familyasi, Cixidae familyasi, Cerambycidae familyasi,
Tentredinidae familyasi, Carabidae familyasi, Elateridae
familyasi, Pyrrhocoridae familyasi, Rhopolidae familyasi,
Coccinellidaec  familyasi, Anthocoridaec familyas1 ve
Chrysopidae  familyas1 tiirlerini  teshislerini  Firat
Universitesi Biyomiihendislik Boliimii 6gretim iiyesi Prof.
Dr. inang OZGEN tarafindan yapilmistir.

3. Bulgular ve Tartisma

Burdur ilindeki bagciligin  yaygin olarak yapildigi
Kurugay, Akyaka, Yassigiime, Hacilar, Yazikoy ve Diiger
koylerindeki bag alanlarinda 2021-2022 yillar1 arasinda
yapilan ¢alisma sonuglarina gore Insecta sinifina ait 43 tiir
saptanmigtir. Bu tiirlerden 3 tiir cins seviyesinde tespit
edilirken, 11 tiir aver tiir olarak belirlenmistir. Mevcut
ornekleme yontemine gore ¢alisma sonucunda elde edilen
tirler Cizelge 2 ve Cizelge 3’de verilmistir.



Goksel vd. / Tiirk Bilim ve Mithendislik Dergisi, 5(2): 112-120, 2023

Cizelge 2. Burdur ili bag alanlarinda bulunan tiirlerin listesi
Table 2. List of species found in the vineyard areas of Burdur province

SINIF: INSECTA

Takim

Familya

Tiir

Lepidoptera

Tortricidae

Lobesia botrana (Den.et Schiff.)

Chrysomelidae

Oulema melanopus (Linnaeus)
Clytra quadripunctata (Linnaeus)

Attebalidae

Rhynchites hungaricus Desbr.

Tenebrionidae

Lagria hirta (Linnaeus)
Opatrum sabulosum (Linnaeus)
Pimelia verrucifera Solier
Zophosis punctata Brulle

Blaps lethifera Marsham

Elateridae Drasterius bimaculatus (Rossi)
Coleoptera Scarabaeidae Tropinota hirta Poda
Protaetia cuprea (Fabricius)
Oxythyrea cinctella (Schaum)
Melolanthidae Polyphylla fullo (Linnaeus)
Buprestidae Agrilus roscidus Kiesenwetter
Capnodis tenebrionis (Linnaeus)
Cerambycidae Chlorophorus varius (Miiller)
Curculionidae Psalidium maxillosum Schoenherr
Otiorhynchus sp. (Germar)
Lixus sp. Fabricius
Y Tenthredinidae Caliroa limacina Retz.
ymenoptera Apidae Apis mellifera Linnaeus

Cicadellidae

Empoasca decipiens Paoli

Pentatomidae

Rhaphigaster nebulosa (Poda)
Dolycoris baccarum (Linneaus)

Cydnidae Tritomegas bicolor (Linneaus)
Coccidae Parthenolecanium corni (Bouche)
Cixidae Cixius sp. Latreille

Issidae Agalmatium bilobum (Fieber)
Pyrrhocoridae Pyrrhocoris apterus

Rhapalidae Corizus hyoscyami (Linneaus)

Cizelge 3. Burdur ili bag alanlarinda bulunan aver tiirler
Table 3. Predator species found in the vineyard areas of Burdur province

Circulifer haematoceps (Mulsant & Rey)

SINIF: INSECTA
Takim Familya Tiir
Coccinella septempunctata Linneaus
Coccinellidae Ognopla C(_)nglok_)ata (Linneaus)
| Hippodamia variegata (Goeze)
Coleoptera Propylea quatuordecimpunctata (Linneaus)
. Anchomenus dorsalis (Pontoppidan)
Carabidae Anisodactylus binotatus (Fabricius)
. . Anthocoris nemoralis (Fabricius)
Hemiptera Anthocoridae Orius horvathi (Reuter)
Neuroptera Chrsopidae Chrysoperla carnea (Stephens)
Dermaptera Forficulidae Forficula auricularia Linneaus
Diptera Syrphidae Episyrphus balteatus (De Geer)
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Bu calismada Burdur ilinde bagciligin yogun olarak
yapildig1 6 kdyde (Kurugay, Akyaka, Yassigiime, Hacilar,
Yazikdy ve Diiger) baglarda zararli ve yararli tiir olarak
bilinen boceklerin  tanimi, konukgulart ve yasayist
incelenmistir.

Bag alanlarinda birgok tiir az sayida saptanmigtir. Tiirlerin
az sayida yakalanmasi bu tiirleri bag alanlarinda zararli
veya bag alanlarinda zararsiz olarak siniflandirilmasinda
yeterli olmadigi igin tiirleri smiflandirirken literatiir
¢aligmalarindan yararlanilmistir.

Bag alanlarinda saptanan tiirler hakkinda yapilan literatiir
ve gozlem ¢aligmalart sonucunda; tiirlerin bulunma sikligs,
yayilisi ve yogun olarak bulunmasina gore 11 tiiriin bag
alanlarinda  ekonomik  diizeyde  zararli  oldugu
belirlenmistir. Bu tiirler: Lobesia botrana, Empoasca
decipiens, Parthenoleconium corni, Trigomaster bicolor,
Tropinota hirta, Polyphylla fullo, Otiorhynchus sp.,
Chlorophorus varius, Opatrum sabulosum, Zophosis
punctata ve Pimelia verrucifera’dir.

Bag alanlarinda saptanan tiirler hakkinda yapilan literatiir
ve gozlem c¢alismalart sonucunda bag alanlarinda
asmalarda zarara sebep olmayan 21 adet tiir saptanmuistir.
Bu tiirler: Oulema melanopus, Clytra quadripunctata,
Rhynchites hungaricus, Lagria hirta, Blaps lethifera,
Drasterius bimaculatus, Protaetia cuprea, Oxythyrea
cinctella, Agrilus roscidus, Capnodis tenebrionis,
Psalidium maxillosum, Lixus sp., Caliroa limacina, Apis
mellifera, Circulifer haematoceps, Rhaphigaster nebulosa,
Dolycoris baccarum, Cixius sp., Agalmatium bilobum,
Pyrrhocoris apterus ve Corizus hyoscyami’ dir.

Bag alanlarinda avci olarak saptanan tiirler: Coccinella
septempunctata, Oenopia conglobata, Hippodamia,
variegata Propylea quatuordecimpunctata, Anchomenus
dorsalis, Anisodactylus binotatus, Anthocoris nemoralis,
Orius horvathi, Chrysoperla carnea, Forficula auricularia
ve Episyrphus balteatus’tur.

Bu calismada saptanan 43 adet tiirden 1 tanesi tuzakla
yakalanma yontemiyle yakalanmisken geriye kalan 42 adet
tir elle toplama yodntemi ile toplanmigtir. Calismada
saptanan tiirlerin bulunduklar1 tarihler ve bulunduklar
koordinatlar elde edilmistir.

Lobesia botrana (Salkim giivesinin) Burdur ilinde
¢alismanin yapildigi kdylerde bulunup bulunmamasinin

belirlenebilmesi ig¢in 15.04.2022 tarihinde Yazikoy
(N:37.61\E:30.08), Kurugay (N:37.63\E:30.16),
Yassigiime (N:37.59\E:30.11) ve Hacilar

(N:37.58\E:30.10) koyiine 1’er adet feromon tuzag:
astlmistir. Kurucay koyiine asilan tuzak asildigr bag
alaninda bulunamamistir. Diger koylerdeki tuzaklarda ise
22.04.2022 zararlmin ilk ¢ikisi gozlemlenmistir. Asilan
tuzaklarda 22.04.2022 tarihinde yapilan sayimda
Yassigiime kdyiinde 11, Hacilar kdyilinde 7 ve Yazikdy’de
3 adet Lobesia botrana yakalanmistir. Feromon tuzaklara
temmuz ayinda bakildiginda ¢ok sayida Lobesia botrana
yakalanmuigtir.

Tropinota hirta Burdur ilinde ¢aligmanin yapildig:
Yazikoy koyiinde 11.06.2022 tarihinde (N:37.63 E:30.08)
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1 birey ve Yassigiime koéyiinde 24.06.2022 tarihinde
(N:37.59 E: 30.11) 1 birey olmak iizere ¢aligmada toplam
2 birey yakalanmustir.

Protaetia cuprea 11.06.2022 tarihinde Burdur’un
Yazikéyi’'nde asma tizerinde (N:37.63\E:30.08) 1 birey
yakalanmuistir.

Oxythyrea cinctella 11.06.2022 tarihinde Burdur’un
Yazikéyi’'nde asma tizerinde (N:37.63\E:30.08) 5 birey
yakalanmuistir.

Polyphylla fullo Burdur ilinde ¢alismanin yapildigi
Yazikoy koytinde 27.06.2022 tarihinde (N:37.61 E: 30.08)
1 birey ve Diiger kodyiinde 11.06.2022 tarihinde (N:37.59
E:30.02) 1 birey olmak iizere ¢alismada toplam 2 birey
yakalanmuistir.

Otiorhynchus sp. Burdur ilinde caligmanin yapildigi
Yazikoy koyinde 10.10.2021 tarihinde (N:37.63 E:30.08)
1 birey ve Yassigiime koyiinde 04.10.2021 tarihinde
(N:37.59 E:30.11) 1 birey olmak tizere ¢aligmada toplam 2

birey yakalanmuistir.

Psalidium maxillosum 10.10.2021 tarihinde Burdur’un
Yazikoyii’nde asma lizerinde (N: N:37.63\E:30.08) 1 birey
yakalanmustir.

Lixus sp. 11.06.2022 tarihinde Burdur’un Yazikdyii’nde
asma lizerinde (N: N:37.63\E:30.08) 1 birey yakalanmistir.

Chlorophorus varius 24.06.2022 tarihinde Burdur’un
Hacilar kdyiinde asma tizerinde (N:37.58\E:30.10) 1 birey
yakalanmuistir.

Opatrum sabulosum 01.10.2021 tarihinde Burdur’un
Hacilar kdyiinde asma tizerinde (N:37.58\E:30.10) 1 birey
yakalanmuistir.

Zophosis punctata Burdur ilinde c¢alismanin yapildig:
Yazikoy kdyiinde 10.09.2021 tarihinde (N:37.61 E:30.08)
1 birey, Yazikoy koyilinde 10.09.2021 tarihinde (N:37.61
E:30.09) 1 birey, Hacilar koyiinde 01.10.2021 tarihinde
(N:37.58 E:30.10) 1 birey ve Yassigiime koyilinde
10.09.2021 tarihinde (N:37.59 E:30.11) 1 birey olmak
tizere caligmada toplam 4 birey yakalanmustir.

Pimelia verrucifera Burdur ilinde ¢alismanin yapildigi
Yazikdy kdyiinde 17.04.2022 tarihinde (N:37.61 E:30.08)
1 birey ve Yassigiime kdyiinde 27.05.2022 tarihinde
(N:37.59 E: 30.11) 1 birey olmak iizere ¢caligmada toplam
2 birey yakalanmustir.

Lagria  hirta  27.05.2022  tarihinde = Burdur’un
Yazikoyii'nde asma tizerinde (N:37.58\E:30.30) 1 birey
yakalanmastir.

Blaps lethifera Burdur ilinde galismanin yapildig1 Yazikoy
koyiinde 03.09.2021 tarihinde (N:37.61 E:30.09) 1 birey,
Yazikoy koytnde 10.09.2021 tarihinde (N:37.61 E:30.08)
1 birey, Yazikdy koyiinde 10.09.2021 tarihinde (N:37.60
E:30.11) 1 birey ve Yassigime koyiinde 10.09.2021
tarihinde (N:37.59 E:30.11) 1 birey olmak iizere ¢aligmada
toplam 4 birey yakalanmistir.
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Agrilus roscidus Burdur ilinde ¢alismanin yapildigi
Akyaka kdyiinde 27.05.2022 tarihinde (N:37.62 E:30.15) 1
birey, Diiger kdyiinde 21.05.2022 tarihinde (N:37.59
E:30.02) 1 birey, Kurugay kdyiinde 11.06.2022 tarihinde
(N:37.63 E:30.16) 1 birey, Yazikdy koyiinde 21.05.2022
tarihinde (N:37.61 E:30.09) 1 birey, YazikOy koyiinde
11.06.2022 tarihinde (N:37.61 E:30.09) 1 birey, Yazikoy
koytinde 27.06.2022 tarihinde (N:37.61 E:30.08) 2 birey
olmak tizere ¢alismada toplam 7 birey yakalanmistir.

Capnodis tenebrionis 11.06.2022 tarihinde Burdur’un
Yazikoyii'nde asma iizerinde (N:37.61\E:30.09) 1 birey
yakalanmigtir.

Clytra quadripunctata 11.06.2022 tarihinde Burdur’un
Yazikoyii'nde asma tizerinde (N:37.63\E:30.08) 1 birey
yakalanmuistir.

Oulema melanopus Burdur ilinde g¢aligmanin yapildigi
Yazikdy kdyiinde 20.09.2021 tarihinde (N:37.63 E:30.09)
1 birey, Yazikdy kdyiinde 26.05.2022 tarihinde (N:37.63
E:30.08) 1 birey, Kurugay kdyiinde 11.06.2022 tarihinde
(N:37.63 E:30.16) 1 birey ve Yassigime koyilinde
24.06.2022 tarihinde (N:37.59 E:30.10) 1 birey olmak
iizere calismada toplam 4 birey yakalanmistir.

Drasterius bimaculatus Burdur ilinde ¢alismanin yapildigi
Hacilar koytinde 10.09.2021 tarihinde (N:37.58 E:30.10) 1
birey, Yassigiime kdyiinde 03.09.2021 tarihinde (N:37.60
E:30.11) 2 birey, Yassigiime koytinde 03.09.2021 tarihinde
(N:37.59 E: 30.11) 1 birey, Yazikdy kdytinde 10.09.2021
tarihinde (N:37.61 E:30.08) 1 birey, Yazikdy koyiinde
10.09.2021 tarihinde (N:37.61 E:30.09) 1 birey, Yazikdy
koytinde 10.09.2021 tarihinde (N:37.62 E:30.11) 1 birey
olmak iizere ¢caligmada toplam 7 birey yakalanmustir.

Rhynchites hungaricus 27.05.2022 tarihinde Burdur’un
Akkaya kOylinde asma tizerinde (N:37.62\E:30.15) 1 birey
yakalanmigtir.

Apis mellifera Burdur ilinde ¢alismanin yapildig1 Yazikoy
koytinde 24.06.2022 tarihinde (N:37.63 E:30.09) 1 birey,
Hacilar koytinde 24.06.2022 tarihinde (N:37.58 E:30.10) 1
birecy ve Yassiglime koylinde 11.06.2022 tarihinde
(N:37.59 E: 30.11) 1 birey olmak iizere ¢aligmada toplam
3 birey yakalanmistir.

Caliroa limacina Burdur ilinde c¢alismanin yapildigi
Hacilar koytinde 11.06.2022 tarihinde (N:37.58 E:30.10) 1
birey, Hacilar kdyiinde 24.06.2022 tarihinde (N:37.58
E:30.10) 2 birey, Akyaka kdyilinde 11.06.2022 tarihinde
(N:37.62 E:30.15) 1 birey, Akyaka kdyiinde 24.06.2022
tarihinde (N:37.62 E:30.15) 1 birey, Diiger koyiinde
24.06.2022 tarihinde (N:37.59 E:30.02) 1 birey, Yazikoy
koytinde 26.05.2022 tarihinde (N:37.63 E:30.08) 1 birey,
Yazikoy kdyiinde 11.06.2022 tarihinde (N:37.63 E:30.08)
1 birey, Yazikdy koyiinde 11.06.2022 tarihinde (N:37.61
E:30.09) 2 birey, Yazikdy koyiinde 24.06.2022 tarihinde
(N:37.63 E:30.08) 1 birey, Yazikdy koyilinde 25.06.2022
tarihinde (N:37.63 E:30.08) 2 birey, Yazikdy koyiinde
27.06.2022 tarihinde (N:37.61 E:30.09) 1 birey ve Kurugay
koyiinde 24.06.2022 tarihinde (N:37.63 E:30.16) 1 birey
olmak iizere caligmada toplam 15 birey yakalanmistir.

Parthenolecanium corni  Burdur ilinde ¢alismanin
yapildigr Yazikdy, Yassigime ve Hacilar kdylerinde 9
farkli alanda ¢ok sayida gdzlenmistir. Ornekler %70’lik
alkol bulunan falkon tiiplere 3’er adet toplanmustir (Cizelge
4)

Cizelge 4. Burdur ilinde bulunan Parthenolecanium corni’ya ait etiket bilgileri
Table 4. Label information for Parthenolecanium corni found in Burdur province

Yer Tarih Koordinatlar
Yazikoy (Burdur) 23.08.2021 N:37.63 E:30.10
Yazikoy (Burdur) 23.08.2021 N:37.63 E:30.10
Yazikoy (Burdur) 19.09.2021 N:37.63 E:30.09
Yazikoy (Burdur) 21.09.2021 N:37.63 E:30.097
Yazikoy (Burdur) 21.09.2021 N:37.63 E:30.09
Yazikoy (Burdur) 23.09.2021 N:37.63 E:30.09
Yazikdy (Burdur) 10.09.2021 N:37.61 E:30.08

Yassigiime (Burdur) 10.09.2021 N:37.59 E:30.11
Hacilar (Burdur) 21.05.2022 N:37.58 E:30.10
Tritomegas bicolor 26.05.2022 tarihinde Burdur’un  07.08.2021 tarihinde (N:37.63 E:30.09) 1 birey, Yazikdy

Yazikoyii'nde asma iizerinde (N:37.63\E:30.08) 13 birey
yakalanmuigtir.

Empoasca decipiens Burdur ilinde ¢alismanin yapildig:
Yazikdy kdyiinde 23.08.2021 tarihinde (N.37.63 E:30.10)
1 birey, Yazikdy koyiinde 05.09.2021 tarihinde (N:37.63
E:30.09) 1 birey, Yazikdy koyiinde 10.09.2021 tarihinde
(N:37.63 E:30.09) 1 birey, , Yazikoy koyiinde 23.09.2021
tarihinde (N:37.63 E:30.09) 1 birey, Yazikdy koyiinde
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koyiinde 10.09.2021 tarihinde (N:37.63 E:30.09) 1 birey,
Yazikdy kdyiinde 11.06.2022 tarihinde (N:37.61 E:30.08)
1 birey ve Yassigiime koyiinde 10.09.2021 tarihinde
(N:37.59 E:30.11) 1 birey olmak iizere ¢aligmada toplam
10 birey yakalanmustir.

Circulifer haematoceps 27.05.2022 tarihinde Burdur’un
Yassigiime koyiinde asma tizerinde (N:37.59\E:30.10) 1
birey yakalanmigtir.
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Agalmatium bilobum Burdur ilinde ¢alismanin yapildigi
Yazikdy kdyiinde 20.09.2021 tarihinde (N:37.62 E:30.11)
1 birey, Yazikdy kdyiinde 26.06.2022 tarihinde (N:37.62
E:30.11) 1 birey ve YazikOy kdyiinde 25.06.2022 tarihinde
(N:37.63 E:30.08) 1 birey olmak iizere ¢aligmada toplam 3
birey yakalanmistir

Cixius sp. 27.05.2022 tarihinde Burdur’un Yassigiime
koylinde asma iizerinde (N:37.59\E:30.10) 1 birey
yakalanmigtir.

Rhaphigaster nebulosa 10.09.2021 tarihinde Burdur’un
Yazikoy koytinde asma tizerinde (N:37.61\E:30.09) 1 birey
yakalanmigtir.

Dolycoris baccarum 10.09.2021 tarihinde Burdur’un
Yazikoy koytinde asma tizerinde (N:37.62\E:30.11) 1 birey
yakalanmuigstir.

Pyrrhocoris apterus Burdur ilinde ¢alismanmn yapildigi
Yazikoy koyiinde 05.09.2021 tarihinde (N:37.63 E:30.09)
1 birey, Yazikdy kdyiinde 10.09.2021 tarihinde (N:37.61
E:30.08) 2 birey, Yazikdy koyiinde 19.09.2021 tarihinde
(N:37.63 E:30.09) 1 birey ve Yazikoy koytinde 10.09.2021
tarihinde (N:37.63 E:30.08) 1 birey olmak iizere ¢aligmada
toplam 5 birey yakalanmuistir.

Corizus hyoscyami Burdur ilinde g¢alismanin yapildigi
Yazikoy koyiinde 10.09.2021 tarihinde (N:37.61 E:30.08)
1 birey ve Yassigiime koyiinde 11.06.2022 tarihinde
(N:37.59 E:30.11) 2 birey olmak tizere ¢aligmada toplam 3
birey yakalanmuistir.

Coccinella septempunctata Kurugay, Yassigiime ve
Yazikoy’iinde saptanmistir. Oenopia conglobata Kurugay
ve Hacilar kdyiinde saptanmistir. Hippodamia variegata
Hacilar ve Diiger koyiinde saptanmistir. Propylea
quatuordecimpunctata Kurucay, Yassigiime, Hacilar,
Yazikdy ve Diiger koyiinde saptanmustir., Anchomenus
dorsalis Yassigime ve Yazikdy’iinde saptanmistir.
Anisodactylus binotatus YazikOy’inde saptanmustir.
Anthocoris nemoralis Hacilar kdyiinde saptanmistir. Orius
horvathi Kurucay koyiinde saptanmustir. Chrysoperla
carnea Yazikoy’liinde saptanmistir. Forficula auricularia
Yassigiime, Hacilar ve Yazikdy’iinde saptanmigtir.
Episyrphus balteatus Yazikoy’iinde saptanmustir.

Ulkemizde daha énce yapilan calismalara bakildiginda:
Kisakiirek (1972), Giineydogu Anadolu da bag alanlarinda
yaptig1 c¢alismada Gaziantep de Salkim giivesi (Lobesia
botrana) saptamustir. Iren (1972), Orta Dogu Anadolu da
bag alanlarinda yaptig1 ¢aligmada Bag uyuzu (Eriophyes
vitis), Bag tiivezi (Arboridia adanae), Salkim giivesi
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(Lobesia botrana), Bag maymuncuklar1 (Otiorhynchus
spp.) ve Turunggil unlu biti (Planococus citri) olmak tizere
toplam 5 tiir saptamistir. Altingag ve Akten (1993), Ege
bolgesinde asma fidanlarinda yaptig1 ¢caligmada Empoasca
decedens, Empoasva decipiens, Arboridia adanae,
Arbordia decedens. Tetranychus urticae ve Viteus vitifolii
olmak iizere 6 tiir saptamistir. Erkan vd. (1998) Ege
bolgesinde bag alanlarinda yaptiklari calismada Salkim
giivesi (Lobesia botrana), Bag uyuzu (Eriophyes vitis),
Bag yaprak piresi (Empoasca vitis), Bag tivezi (Arboridia
adanae), Bag tripsi (Anaphothrip vitis) ve Iki noktal
kirmiz1 6riimcek (Tetranychus urticae) olmak iizere 6 tiir
saptannugtir. Ozgen & Karsavuran (2009), Diyarbakir,
Elazig ve Mardin illerinde yaptiklar1 g¢aliyjmada bag
alanlarinda  Cicadellidae  familyasina ait 34 tir
saptanmustir. Ozsemerci (2007), Manisa ilinin 11 ilgesinde
(Merkez, Ahmetli, Akhisar, Alasehir, Demirci,
Golmarmara, Kirkagag, Salihli, Sarig6l, Saruhanli ve
Turgutlu) bag alanlarinda  yaptiklar1  ¢aligmada
Tysanoptera takimina bagli Aleothripidae, Thiripidae ve
Phlaeothiripidae familyasindan toplam 31 tiir saptamustir.
Ozgen & Karsavuran (2010), Diyarbakir, Elaz1g ve Mardin
illerinde  yaptiklart  ¢alismada  bag  alanlarinda
Coccinellidae familyasina ait 14 tiir, Chrysopelidae 1 tiir,
Salticidae familyasina ait 1 tiir, Thomisidae familyasina ait
1 tiir, Erythraeidae familyasina 1 tiir olmak iizere toplam
19 tiir aver bocek saptanmistir. Mustu & Altinok (2015),
Nevsehir ve Kayseri illerinde yaptig1 c¢aligmada Salkim
giivesi (Lobesia botrana) ve Bag uyuzu (Eriophyes vitis)
olmak iizere 2 tiir saptanmistir. Cakmak (2019), Siirt ili
Kezer yerleskesi bag alanlarinda yaptigi calismada
Hemiptera takimmin Cicadellidae familyasina ait 6 ftiir,
Issidae familyasina ait 1 tiir, Cercopidae familyasina ait 1
tiir. Tysanoptera takiminin Phlaeotripidae familyasina ait 2
tiir, Thripidae familyasina bagli 2 tiir; Coleoptera takiminin
Coccinellidae familyasina ait 4 tiir, Neuroptera takiminin
Chrysopidae familyasma ait 1 tiir. Lepidotera takimimin
Totricidae familyasina 1 tiir olmak iizere toplam 16 tiir
saptanmistir.

4. Sonug¢

Calisma sonucunda yiirGitildigii 6 koyde (Kurugay,
Akyaka, Yassigiime, Hacilar, Yazikdy ve Diiger) bag
alanlarinda zararl 11 adet tiir, bag alanlarinda zarara sebep
olamayan 32 tiir ve 11 adet predator tiir olmak tizere toplam
43 tiir saptanmigtir. Calisma sonucu kdyler diizeyinde
incelenirse; Kurugay 7, Akyaka 3, Yassigiime 18, Hacilar
12, Yazikdy 34 ve Diiger koyiinde 6 adet tiir bulunmugtur

(Cizelge 5).
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Cizelge 5. Koyler diizeyinde tiirlerin dagilist
Table 5. Distribution of species at village level
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Y
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0. melanopus

X
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X

R. hungaricus

L. hirta
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P.verruculifera

Z. punctata

B. lethifera

D. bimaculatus

T. hirta

XX |X[X[X

P. cuprea

O.cinctella

P. fulla

A.roscidus

C. tenebrionis

XX [X[X[X[X[X[X]|X|X

C. varius

P. maxillosum

Otiorrhynchus sp.

Lixus sp.

C. limacina

A. mellifera

E. decipiens

x

XX | X[ X|X[X

Ci. haematoceps

R. nebulosa

D. baccarum

T. bicolor

P. corni

X[ X[ X [X

Cixius sp.

A. bilobum

P. apterus

C. Hyoscgami

C. semtempunctata

X[ X [X[X

0. conglobata

H. variegata

x

P.
guatuordecimpunctata

A.dorsalis

A. binotatus

A. nemoralis

O. horvathi

C. carnea

F. auricularia

x

E. balteatus

Yapilan calisma, literatiir taramalar1 ve Burdur Tarim il
Midiirliigii Bitki Koruma boliimii ile yapilan goriismeler
sonucunda Burdur ili bag alanlarinin ana zararlis1 Lobesia
botrana (Salkim giivesi) olarak saptanmigtir. Salkim
giivesi ile miicadelede Burdur Tarim il Miidiirliigiiniin
erken uyar1 sisteminden yararlaniimaktadir.
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Bag alanlarinda zararhilar ile miicadelede c¢aligmanin
yapildigr alanlardaki predator tiirler g6z Oniinde
bulundurarak zararlilarla miicadele yontemi
belirlenmelidir.

Yapilan literatiir taramalar1 sonucunda Burdur ilinde daha
once bagcilik alaninda bocek faunasinin saptanmasi adina
bir calisma yapilmamusgtir. Bu ¢alismanin
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tamamlanmasiyla literatiirdeki boglugunun dolmasina;
Burdur ilinde bag alanlarinda arastirma ve ¢aligma yapacak
aragtiricilara genel olarak zararli ve yararli tiirleri tespit
etmelerine ve tanimalarinda yardime1 olacaktir.

5. TesekKkiir

Bu arastirma, Isparta Uygulamali Bilimler Universitesi
Lisansiistii Egitim Enstitiisiinde sunulan Yiiksek Lisans
Tezinden iiretilmistir.

Cikar Catisma Beyani

Bu ¢alismanin yazarlar olarak herhangi bir ¢ikar
gatigmasi beyanimiz bulunmadigini bildiririz.
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ABSTRACT

This study aims to reveal the impact of the COVID-19 pandemic (2020-2021) on Indonesian
palm oil exports. Secondary data were used in the study. The data used are monthly crude
palm oil production volumes, monthly crude palm oil export volumes and values, palm oil
export destination countries, and monthly crude palm oil prices in the world and local
markets from January 2019 to December 2021. Based on the research results, the COVID-19
pandemic has had a negative impact on Indonesian palm oil production and export volumes,
and due to supply chain disruptions, labor constraints, decline in demand, and other
constraints. Palm oil production and exports decreased by 2.9% and 8.5%, respectively
during the COVID-19 pandemic. On the other hand, the COVID-19 pandemic positively
impacted the increase in the price and export value of Indonesian palm oil. The world palm
oil price increased by 26% during the COVID-19 pandemic, contributing to a 16.9% increase
in Indonesia's export revenue. The Indonesian government has made various efforts to
mitigate the negative impact of COVID-19 on Indonesian palm oil exports. These efforts
include providing fiscal and economic stimulus, active promotion and economic diplomacy,
diversifying export markets, and delaying the implementation of the mandatory B30 policy.

COVID-19'un Endonezya Palm Yag: Thracat: Uzerine Etkisi

MAKALE BILGiSiI

Alinis tarihi: 06/10/2023
Kabul tarihi: 27/10/2023

Anahtar Kelimeler: COVID-19,
Endonezya, Palm yagi, Thracat

DOI: 10.55979/tjse.1372120

OZET

Bu ¢alismada, COVID-19 salgmmm (2020-2021) Endonezyamin palm yagi ihracati
iizerindeki etkisini ortaya koymak amaglanmistir. Calismada ikincil veriler kullanilmistir.
Kullanilan veriler, aylik ham palm yagi tretim miktarlari, aylik ham palm yag: ihracat
miktarlart ve degerleri, palm yag ihracat1 yapilan hedef iilkeler ve Ocak 2019 - Aralik 2021
doneminde diinya ve yerel piyasalarda aylik ham palm yagi fiyatlaridir. Arastirma
sonuglarina gore, COVID-19 salgininin Endonezya palm yagi iiretimi ve ihracat hacimleri
iizerinde olumsuz bir etki yarattig1 belirlenmistir. Tedarik zincirindeki aksakliklar, isgiicii
smirlamalari, talepteki diislis ve diger kisitlamalar nedeniyle COVID-19 salgimi sirasinda
palm yag: iiretimi %2.9, palm yag ihracati ise %8.5 oraninda azalmistir. Ote yandan,
COVID-19 salgin1 Endonezya palm yagmin fiyat ve ihracat degerindeki artis1 olumlu yonde
etkilemistir. Diinya palm yag:1 fiyati COVID-19 salgini sirasinda %26 oraninda artmis, bu da
Endonezya'nin ihracat gelirinin %16.9 oraninda artmasina etki etmistir. Endonezya hiikiimeti,
COVID-19'un Endonezya palm yag: ihracati {izerindeki olumsuz etkisini hafifletmek igin
¢esitli ¢abalar sarf etmigstir. Bu cabalar arasinda mali tegvikler ve ekonomik canlandirma
saglanmasi, aktif tanitim ve ekonomik diplomasi, ihracat pazarlarmim gesitlendirilmesi ve
zorunlu B30 politikasinin uygulanmasinin geciktirilmesi yer almaktadir.

1. Introduction

the performance of domestic sectors and weakened
demand both from within and outside the country (BPS,

2020 is the most challenging test or crisis in world history
due to the COVID-19 pandemic outbreak. COVID-19 has
an impact on the health and economic crisis and a broad
impact on all areas of life. COVID-19 has dealt a
devastating blow to the national economy. Throughout the
history of the Indonesian economy since the 2019
economic crisis, it was in 2020 that it experienced a
reasonably deep economic contraction of -2.07%. Even
during 2020, the Indonesian economy experienced an
economic recession because it experienced an economic
contraction for three consecutive quarters from the second
quarter of 2020 to the end of 2020. Indonesian 2020
economic growth rate is the first negative growth since
the 1998 economic crisis. This condition was influenced
by the impact of the COVID-19 pandemic, which reduced

2021a).

International trade plays an essential role in Indonesian
economic activity. Apart from being a component of
economic growth, export and import performance affects
the Indonesian foreign exchange reserve position. In
addition, international trade also plays a role in
maintaining the supply of commodities needed in
Indonesia. Challenges in international trade activities in
2020 have increased with the COVID-19 pandemic
experienced by almost all countries in the world. The
spread of the COVID-19 pandemic has forced many
countries to impose restrictions such as lockdowns, travel
bans, and physical distancing to ensure the health of their
people. This causes the performance of exports and
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imports between countries to be disrupted, especially the
palm oil industry, one of Indonesian primary export
commodities (BPS, 2021a).

Palm oil is a plantation commodity essential to economic
occupation in Indonesia because of its capability to make
vegetable oil, which is critical to the industrial sector.
Indonesia has remarkable prospects to market crude palm
oil and kernels domestically and abroad. Prospective
markets that will absorb the marketing of crude oil (CPO)
and kernel oil (PKO) are the fractionation/refining
industry (especially the culinary oil business), special fats
(cocoa  butter  substitute),  margarine/shortening,
oleochemicals, and body wash (BPS, 2020). Indonesia is
the biggest palm oil producing and exporter country in the
world (Indexmundi, 2022a, b), with an area of 15.38
million hectares and a total palm oil production of 45.58
million tons in 2022, followed by Malaysia with palm oil
production of 19.20 million tons, Thailand 3.26 million
tons, Colombia 1.76 million tons, and Nigeria 1.40
million tons.

Indonesian palm oil production tends to increase from
1990 to 2019. In 1990 Indonesia only produced 2.41
million tonnes of palm oil, then increased to 42.88 million
tonnes in 2018. In 2019 Indonesia produced 47.12 million
tons of palm oil, an increase of 9.8% from the previous
year. But in 2020 Indonesian palm oil production
decreased to 45.74 million tons, a decrease of 2.92% from
the previous year, which was caused by the impact of the
COVID-19 pandemic, which affected the performance of
the oil palm plantation sector. In 2021, palm oil
production again experienced a slight decline to 45.12
million tons (BPS, 2022).

Figure 1, shows the voliime and value of Indonesian palm
oil exports before and after the COVID-19 pandemic.
Indonesian palm oil export volume in 2020 was 27.63
million tons, down 8.5% compared to the previous year,
which reached 30.21 million tons. Meanwhile, in 2021,
the export volume of palm oil declined again to 27.04
million tons, a decrease of 2.1%. Although Indonesia's
palm oil production and export volumes have decreased
during the COVID-19 pandemic, there is an exciting
phenomenon: the value of Indonesian palm oil exports has
increased significantly. It is much higher than the period
before the COVID-19 pandemic. This change suggests
that the impact of the COVID-19 pandemic on Indonesian
palm oil industry is more complex than just a decline in
production or exports. Therefore, this study aims to go
deeper by analyzing the impact of the COVID-19
pandemic on Indonesian palm oil exports, particularly in
terms of export volume and value, as well as the factors
that influence these changes.
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Figure 1. The volume and value of Indonesian palm oil
exports before and after the COVID-19 pandemic
(DGEIMA, 2023)

2. Material and Method

The data used in this study are secondary data, including
monthly production data of crude palm oil, monthly
volume and value of crude palm oil exports, palm oil
export destination countries, monthly prices of crude palm
oil on the world and domestic markets in the period
January 2019 to December 2021. They were analyzed by
desk work using simple descriptive analysis. Writing
materials are obtained through a literature review by
exploring and examining data and information obtained
from various sources such as the Indonesian Central
Bureau of Statistics (BPS), Director General of Estate
Indonesian Ministry of Agriculture, Indonesian Ministry
of Trade (Bappeti), Ministry of Industry of the Republic
of Indonesia, Ministry for Economic Affairs of the
Republic of Indonesia, LPEI (Indonesia Eximbank), and
Indonesian Palm Qil Association (GAPKI), World Bank,
Index Mundi, Market Research Report, as well as
applicable information from various studies published in
multiple publications, such as books, journals, reports,
and electronic media.

3. Result and Discussion

The COVID-19 pandemic has caused a sharp decline in
the world's trade in goods. Export and import activities no
longer run normally because many countries impose
restrictions such as lockdowns, travel bans, and physical
distancing to ensure the health of their people. In April
2020, the WTO informed that at least 80 countries
imposed restrictions and export bans due to the COVID-
19 pandemic (BPS, 2021a). The Indonesian government
also imposed a Large-Scale Social Restrictions (PSBB)
policy at the beginning of COVID-19. It continued the
transition of PSBB by implementing health protocols in
public activities which directly affected almost all
economic activities in Indonesia. This restriction policy
impacts trade in agricultural commodities, especially
palm oil. About 70% of Indonesian palm oil production is
used for export, and the remaining 30% is for domestic
needs (MIRI, 2021). Given the substantial impact that the
export of palm oil and its derivatives has on Indonesian
gross domestic product (GDP), any disturbance caused by
the COVID-19 pandemic to palm oil exports will have
repercussions on the general performance of the
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agricultural sector's GDP, the national GDP, and the
regional gross domestic product (GRDP).

Figure 2, shows that the production of Indonesian palm
oil during the COVID-19 pandemic in the January-
September 2020 period has decreased compared to the
period before the COVID-19 pandemic. Palm oil
production decreased from January to September 2020
and began to increase from October to December 2020.
At the beginning of the COVID-19 pandemic in January
2020, palm oil production was only 3.65 million tons, or a
decrease of 4.5% from the previous year of 3.83 million
tons. Palm oil production in July 2020 was only 3.47
million tons or a decrease of 16.6% compared to the
previous year of 4.17 million tons. The lowest palm oil
production during the COVID-19 pandemic 2020
occurred in May, July, and August.
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Figure 2. The monthly volume of palm oil production
before and after the COVID-19 (tons) and the change (%)
(BPS, 2020, 2021b)

In 2021, the monthly production of Indonesian palm oil
fluctuated. In January 2021, palm oil production was 3.76
million tons, an increase of 2.8% from January 2020 at
3.65 million tons. Total palm oil production in 2021 was
45.12 million tons, down 1.3% from 2020's 45.74 million
tons (Figure 2). Overall, Indonesian palm oil production
was much higher in 2019.

According to the Indonesian Palm Oil Association
(GAPKI), several factors caused Indonesian palm oil
production to decline in 2020 and 2021. The first is
terrible weather. In 2019 and 2020, the El Nifio
phenomenon had a negative impact on palm oil
production. El Nifio caused a more extended and drier dry
season in several palm oil-producing regions in Indonesia,
disrupting the growth of oil palm plants and causing
production to decline. The second is the disruption to the
supply chain due to the COVID-19 pandemic. Movement
restrictions and health protocols implemented to prevent
the spread of the COVID-19 virus hampered labor
mobility in oil palm plantations, disrupted harvesting and
processing, and affected productivity. The third is labor
limitation. Labor shortages have become a severe problem
during the COVID-19 pandemic. The decrease in labor
mobility, both within the country and abroad, has resulted
in difficulties in meeting labor needs in oil palm
plantations. This has a negative impact on production
efficiency and the amount of palm oil production. Fourth
is the limitation of transportation facilities. Movement
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restrictions and the closure of several transportation
routes in response to the COVID-19 pandemic have led to
limited access and mobility in transporting palm oil from
plantations to processing plants. Delays in the
transportation of palm oil can lead to decreased
production. Fifth is plant diseases. Plant diseases such as
stem base rot (Ganoderma) and fusarium wilt also
contributed to the decline in palm oil production in 2020.
These diseases attack oil palm plants, hamper growth and
productivity, and cause a decline in production (GAPKI,
2022, 2023).

Figure 3, it can be seen a comparison of the monthly
export volume of Indonesian palm oil before and after the
COVID-19 pandemic. At the beginning of the COVID-19
pandemic in January 2020, Indonesian palm oil export
volume was only 1.80 million tons, which decreased by
32.6% compared to January 2019 of 2.67 million tons.
The volume of palm oil exports fluctuated and tended to
decline until the end of 2020, although it increased in
April, June, and July (BPS, 2020).
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Figure 3. The monthly volume of palm oil export before
and after the COVID-19 (tons) and the change (%) (BPS,
2020, 2021b)

In 2021, Indonesian monthly palm oil export volume
fluctuated. In January 2021, the export volume of palm oil
was 2.22 million tons, an increase of 23% from January
2020 of 1.80 million tons. The highest export volume in
2021 occurred in August at 3.92 million tons. The total
export volume of palm oil in 2021 was 27.06 million tons,
down 2.1% from 2020 (Figure 3).

The highest decline in Indonesian palm oil export volume
occurred in China, namely 4.39 million tons in 2020, or a
24.2% decrease compared to the previous year of 5.79
million tons in 2019 (Figure 4). China is one of the largest
importers of palm oil from Indonesia. The decline in
exports to China is due to the decline in demand for palm
oil due to the influence of the COVID-19 pandemic
(GAPKI, 2021). The decline in palm oil exports to China
occurred at the beginning of the first semester of the entry
of COVID-19 into Indonesia (Aulya, 2022). In the middle
of the semester, May 2020, China recovered from the
COVID-19 pandemic and massively increased its
vegetable oil imports to restore depleted stocks, thus
increasing palm oil exports from Indonesia again
(GAPKI, 2021). Exports to India were similar to the pre-
COVID-19 period, declining only 0.2% from the previous
year. Indonesian palm oil exports to the USA in 2020
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decreased by 5.5% compared to the previous year due to
the impact of the COVID-19 pandemic, which decreased
food and beverage consumption in the USA. Lockdowns,
movement restrictions, and decreased economic activity
also contributed to the decline in demand for palm oil
(CFR, 2023). Meanwhile, the volume of Indonesian palm
oil exports to Pakistan during COVID-19 increased by
12.2% from 2.21 million tons in 2019 to 2.48 million tons
in 2020 (Figure 4) (BPS, 2020). The increased volume of
palm oil exports to Pakistan in 2020 was due to decreased
demand for palm oil in China, so the Indonesian
government shifted palm oil exports to Pakistan. Not only
to Pakistan, the Indonesian government has also shifted
palm oil exports to Bangladesh, the United States,
Tunisia, Turkey, Egypt, Iran, Algeria, and Morocco
(Ditjenbun, 2020). Palm oil exports to Spain in 2020
reached 1.13 million tons, an increase of 5.3% from the
previous year.
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Figure 4. Five main destination countries for Indonesian
palm oil exports in 2020 (BPS, 2020)

In 2021 China became the largest destination for palm oil
exports from Indonesia. Palm oil exports to China in 2021
amounted to 4.70 million tons, an increase of 7.1%
compared to 2020 (BPS, 2021b), displacing India,
previously the leading destination country for Indonesian
palm oil exports. The increasing purchasing power of the
Chinese people has led to high demand for palm oil for
use in the food, cosmetics, and other raw materials
industries (Christina & Alison, 2022). Indonesian palm oil
exports to India in 2021 amounted to 3.08 million tons,
down 32.4% from the previous year (Figure 5) (BPS,
2021b). In early 2021, the Indian government imposed a
policy of increasing import tariffs on crude palm oil to
encourage production and protect local vegetable oil
producers in India (Jadhav et al., 2020, 2021). This
increased import tax made palm oil from Indonesia more
expensive in the Indian market, reducing its
competitiveness. In mid-2021, the Indian government
again reduced the import duty rate on crude palm oil by
2.5%. The Government of India took this adjustment step
to address the high price of vegetable oil and ensure the
availability of vegetable oil to domestic consumers at a
reasonable price. Vegetable oil import duty is one of the
critical factors affecting vegetable oil prices and domestic
prices in India (BPDPKS, 2021). In October 2021, the
Indian government again waived import taxes on crude
palm oil until March 2022 because the price of vegetable
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oil in India has continued to increase since 2021 (Kamath,
2022). This decision indeed increased Indonesian palm oil
exports to India again. Palm oil exports to Pakistan in
2021 amounted to 2.67 million tons, an increase of 7.5%
from the previous year. Palm oil exports to the USA in
2021 amounted to 1.64 million tons, an increase of 46%
from the previous year. After a downturn due to the
COVID-19 pandemic, the US economy began to recover
in 2021. With the economic recovery, food and beverage
demand increased, including palm oil products (CFR,
2023). Meanwhile, Indonesian palm oil exports to
Bangladesh in 2021 amounted to 1.31 million tons, an
increase of 28.5% from the previous year, so Bangladesh
is the fifth largest export destination country for palm oil
from Indonesia, replacing Spain, which was previously
the fifth largest palm oil export destination country from
Indonesia.

Top 5 Destination Countries for Indonesia's Palm Oil Exports 2021
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Figure 5. Five main destination countries for Indonesia's
palm oil exports in 2021 (BPS, 2021b)

In contrast to the declining volume of palm oil exports,
the value of palm oil exports increased during the
COVID-19 pandemic. Figure 6, shows the monthly
percentage increase in the value of palm oil exports
before and after the COVID-19 pandemic. The value of
palm oil exports only decreased at the beginning of the
COVID-19 pandemic in January 2020; from February
2020 to December 2020, the value of palm oil exports
continued to increase significantly (BPS, 2020). Based on
Figure 6, it can be seen that the value of palm oil exports
in 2020 and 2021 is much better than in 2019, although in
terms of export volume in 2020 and 2021, it is lower than
in 2019 (BPS, 2020, 2021b). The export value of palm oil
in 2019 was US$16.03 hillion; in 2020, US$18.72 billion;
and in 2021, the export value of palm oil increased by
53% to US$28.72 hillion (BPS, 2021b).
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Figure 6. The monthly value of palm oil export before and
after the COVID-19 (US $) and the change (%) (BPS,
2020, 2021b)

A rebound or increase in the price of Indonesian palm oil
in the global market generally caused an increase in the
value of palm oil exports in 2020. Previously, Indonesian
palm oil prices experienced a significant decline due to
issues such as the trade war between the United States and
China, the increase in palm oil import tariffs by India, and
negative campaigns related to palm oil in Europe (LPEI,
2021). In addition, during the COVID-19 pandemic,
global demand for palm oil remained high (Astra, 2021).
One of the main reasons is that palm oil is used in various
consumer products such as food, cosmetics, and biofuels
(Anonymous, 2021; MRR, 2021). The continued high
demand from key markets such as India, China, and the
European Union contributes to the rise in palm oil prices
(LPEI, 2021). Another factor affecting Indonesian palm
oil prices is that some significant palm oil producers have
experienced reduced production required to the impact of
the pandemic, such as labor reductions, travel restrictions,
and supply chain disruptions (Ashaari et al., 2022); this
decrease in production results in a more limited supply
and pressure on prices.

Based on data from the World Bank (2022), in 2020, the
average global palm oil price was 759.44 US$/mt, an
increase of 26% from 2019 with an average price of
604.52 US$/mt. In 2021 the average world palm oil price
increased again to 1124.16 US$/mt. Figure 7, it can be
seen that the monthly price of world palm oil increased
from 2019 to 2021 (World Bank, 2023). When the world
palm oil price continues to rise, Indonesia will benefit
because the export price of palm oil will be higher (Astra,
2022). Palm oil exports are measured in foreign
currencies, such as the US dollar, so a price increase will
increase revenue in that currency.
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Figure 7. The monthly of world palm oil prices before and
after the COVID-19 (US$/mt) and the change (%) (World
Bank, 2023)

The price of Indonesian crude palm oil in the domestic
market also increased during the 2020 and 2021 COVID-
19 pandemic. Figure 8, shows that the monthly price of
Indonesian palm oil in the domestic market fluctuates and
tends to increase from January 2020 to December 2021.
The increase in the domestic price of crude palm oil goes
hand in hand with the increase in world palm oil prices.
This is because the price of palm oil is a commodity price
determined by the global market, and price changes in the
international market can affect the price of domestic palm
oil (BPS, 2022). If there is an increase in world palm oil
prices, the domestic market also tends to experience price
increases.

Dotnestic Palm Oil Prices (Rp/Kg)
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Figure 8. The monthly of domestic palm oil prices before
and after the COVID-19 (Rp/kg) (Bappeti, 2023)

Based on Figure 9, it can be concluded that palm oil
production and export volume grew negatively during the
COVID-19 pandemic in 2020 and 2021. Meanwhile, the
value and price of palm oil grew positively during the
2020 and 2021 COVID-19 pandemic periods and grew
negatively before the COVID-19 pandemic in 2019.
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Figure 9. The average growth of Indonesian palm oil
production, export, value, and world prices (%) (BPS,
2021b)

Some of the policies that the Indonesian government has
carried out to overcome the negative impact of COVID-
19 on Indonesian palm oil exports are:

1. Fiscal Incentives and Economic Stimulus: The
Indonesian government provides fiscal incentives and
economic stimulus to the palm oil sector, including
export tax exemptions, import duty exemptions, and
working capital credit support. These measures aim to
encourage operational sustainability and improve the
competitiveness of palm oil producers (Kemenkeu,
2020).

Enhanced Promotion and Economic Diplomacy: The
Indonesian government has undertaken active
promotional efforts to improve the image of
Indonesian palm oil in the global market. This
involves high-level visits to export destination
countries, participation in international trade shows,
and bilateral cooperation in the palm oil trade
(MEARI, 2021).

Export Market Diversification: The Indonesian
government is also trying to diversify palm oil export
markets by identifying new countries as potential
export destinations. This reduces dependence on key
markets severely affected by the pandemic (Ditjenbun,
2020; LPEI, 2021).

Delayed Implementation of Mandatory B30 Rule: The
Indonesian  government has  postponed  the
implementation of the mandatory B30 (30% biodiesel
blend) policy to help palm oil producers deal with the
impact of the COVID-19 pandemic. This
postponement provides leeway to producers to meet
domestic and foreign demand (Christina, 2020).

The Indonesian government has implemented similar
policies, such as enhanced promotion and economic
Diplomacy, export market diversification (KOMINFO,
2019a), and the mandatory B30 program (KOMINFO,
2019b), during the America-China trade war in 2019 and
the Indonesia-EU trade war. The Indonesia-EU trade war
started in 2017 when the EU imposed anti-dumping duties
on Indonesian biodiesel products and banned palm oil as a
biodiesel ingredient. The peak of this trade war was when
the EU passed the palm oil moratorium with the
Renewable Energy Directive (RED) Il on March 13,
2019. The Delegated Regulation labeled palm oil as a
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high-risk Indirect Land Use Change (ILUC) commodity,
which resulted in palm oil-based biodiesel not being
included in the renewable energy category. These two
trade wars caused a decline in demand, volume, and price
of palm oil exports to several countries (Anonymous,
2019; Hendra, 2019; Henry, 2020).

4. Conclusion

The COVID-19 pandemic negatively and positively
affected Indonesian palm oil production and exports.
While production and export volumes declined due to
various pandemic-related challenges, the increase in
world palm oil prices resulted in higher export revenues.
To sustain long-term export performance, Indonesia must
balance price fluctuations with efforts to boost
production, enhance supply chain efficiency, and
diversify export markets. The Indonesian government's
measures, including fiscal incentives, economic
promotion, market diversification, and policy delays,
reflect its commitment to mitigating the pandemic's
negative impact on palm oil exports.
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OZET

Bu arastirmada 20 adet carliston tipi biber hattinin bazi morfolojik ozelliklerinin ortaya
konulmas: hedeflenmistir. Caligma kapsaminda 27 adet morfolojik 6zellik iizerinde
durulmustur. Caligmada biber hatlarinda gergeklestirilen gozlem ve degerlendirmelerin
sonucunda; 20 hattin tamaminda hipokotilde antosiyonin olusumunun yok oldugu, meyve
durusunun sarkik oldugu, meyve uzunlamasina kesit seklinin dar iiggen oldugu ve meyve
tadmin tatl oldugu tespit edilmistir. Bitki durus sekli bakimindan hatlardan 2 tanesinin (Ch 5
ve Ch 19) yan dik, 18 hattin ise dik bitki durusuna sahip olduklari belirlenmistir. Calismada
ayrica meyve olgunlagma zamani bakimindan; 3 hattin orta, 7 hattin gegei ve 10 hattin ise
erkenci olduklari tespit edilmistir. Hatlarin yaprak uzunlugu, yaprak genisligi, meyve sap
uzunlugu ve meyve sap1 kalinligi degerlerinin sirastyla 15.70-18.85 cm, 8.52-10.38 cm, 4.69-

6.53 cm ve 4.61-7.56 mm arasinda degistigi saptanmustir.
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ABSTRACT

In this research, it was aimed to reveal some morphological characteristics of 20 charleston
type pepper lines. Within the study, 27 morphological features were investigated. As a result
of the observations and evaluations made on the pepper lines in the study; it was determined
that anthocyanin formation in the hypocotyl was absent in all 20 lines, the fruit posture was
drooping, the fruit longitudinal cross-sectional shape was narrow triangular and the fruit taste
was sweet. In terms of plant posture, it was determined that 2 of the lines (Ch 5 and Ch 19) had
semi-upright and 18 lines had upright plant posture. Also in the study, in terms of fruit ripening
time; It was determined that 3 lines were medium, 7 lines were late and 10 lines were early. It
was determined that the leaf length, leaf width, fruit stem length and fruit stem thickness values
of the lines varied between 15.70-18.85 cm, 8.52-10.38 cm, 4.69-6.53 cm, and 4.61-7.56 mm,
respectively.

1. Giris

Andrews (1999), biberin Orta Amerika’dan Portekizliler
araciligi ile Hindistan’a buradan da Arap yarimadasina

Solanaceae familyasina ait bir tiir olan biber (Capsicum
annuum L.) iliman ve subtropik iilkelerde bir yillik olarak,
tropikal iilkelerde ise iki veya ¢ok yillik olarak yetistirilen
bir bitki tiiriidiir (Aybak, 2007). Biberin anavatan1 Amerika
Kitasi’nin subtropik ve tropik iilkeleri olarak bilinmektedir
(Salk vd., 2008). Guiniimiizde en az 32 yabani tiir (Bosland
& Votava, 2012) ve 5 adet kiiltiire alinmig tiir (C.annuum,
C. baccatum, C. chinense, C. frutescens ve C. pubescens)
bulunmaktadir (Pickersgill, 1997). Bu tiirlerden en ¢ok
yetistirilen, genis adaptasyon yetenegine sahip Ve
ekonomik olarak énemli olan tiir Capsicum annuum L. dir
(Onus, 2001; Fidan ve Barut, 2019).

Somos (1984), biberin Latince’de cins ismi olarak
kullanilan Capsicum 'un Yunanca’da ac1 anlamina gelen ve
‘kapso’ kelimesinden  tiiredigini  bildirmektedir.
Arastirmacilar biberin anavataninin tropikal Amerika
oldugunu ve buradan da diinyaya yayilim gdsterdigini
kabul etmektedirler (Vural vd., 2000).

getirildigini bildirmektedir. Daha sonra ise Bagdat ve
Antakya {izerinden Istanbul’a getirilip, 1515-1662
yillarinda Rusya, Venedik ve Orta Avrupa’da yayilim
gosterdigi bilinmektedir.

Diinya’da ve iilkemizde meyvesi yenen sebzeler arasinda
farkl1 sekillerde tiiketilen sebzelerden biri olan biber;
domates ve hiyardan sonra 1.068.884 ton ile 6rtiialtinda en
¢ok fiiretilen sebze tiirlerindendir (TUIK, 2023). Taze
tiiketimi ve sanayi sebzeciliginde islenerek degerlendirilen
biber 6nemli potansiyele sahip olan tiirlerden birisidir.
Ulkemizde hemen hemen her bdlgede yetistirilen biber,
gida sanayiinde konserve, salga, baharat, dondurularak,
tursu, sos, boya ve ilag sanayiinde farkli sekilde islenerek
kullanilmaktadir (Aybak, 2007).

Tiirkiye diinyanin en &nemli biber ireten iilkelerinden
birisidir. Diinya’da toplam iiretilen 36.286.640 milyon ton
biberin yaklasik %8.52°si Tiirkiye’de tretilmektedir.
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Tiirkiye biber iireten iilkeler arasinda Cin’den sonra 2.
sirada yer almaktadir. Bunu Endonezya, Meksika, Ispanya,
Misir, Nijerya, ABD ve diger iilkeler takip etmektedir
(FAO, 2022).

Ulkemizde biber yetistiriciligi yaygin olarak Akdeniz, Ege
ve Marmara bdlgelerinde yapilmaktadir. En ¢ok {iretimi
yapilan biber tipleri ise sirasi ile kapya (1.4 milyon ton),
sivri (979 bin ton), dolma (404 bin ton) ve garliston (153
bin ton) biberdir. Ulkemizde toplam sebze iiretim alani
2022 yilinda 816 bin hektar, toplam sebze {iretim miktar1
ise 31.6 milyon tondur. Toplam sebze iiretim alani ve
miktar1 icerisinde 764 bin da alanda, 3 milyon ton biber
iretimi yapilmaktadir. Tiirkiye’de 2022 yili toplam
carliston biber tretim alani 22.423 da olup, bu alanda
toplam 153.524 ton iiretim ger¢eklesmektedir. Ortiialtinda
ise carliston biber {iretim miktar1 122.683 tondur (TUIK,
2022).

Giliniimiizde sebze tiretiminde yogun bir sekilde F1 hibrit
cesitler kullanilmaktadir (Karaaga¢ & Balkaya, 2009).
Ortiialt: yetistiriciliginde kullanilan sebze tiirlerinin
gesitleri biiylik oranda hibrit gesitlerden olusmaktadir
(Duman vd., 2020). Ozellikle domates, biber, patlican,
hiyar, karpuz gibi sebze tiirlerinde hibrit ¢esitler yogun bir
sekilde kullanilmakta ve her gegen giin hibrit ¢esitlerin
pazar payinda artiglar yasanmaktadir (Balkaya, 2012).
Hibrit c¢esitlerin bu kadar yogun gelistirilmesinin ve
kullanilmasinin nedeni; bu ¢esitlerin standart ¢esitlere gore
daha kaliteli ve homojen {iriin vermeleri, yliksek verim ve
erkencilik saglamalari, farkli hastalik ve zararlilara karsi
dayanikli olmalari, adaptasyon giiciiniin yiiksek olmasi
gibi baz1 iistiin yanlaridir (Yanmaz, 2006).

Hibrit tohum iiretiminde kullanilacak olan ebeveynlerin
istlin genetik ve morfolojik Ozelliklere sahip olmasi
gerekir. Ozellikleri belli olmayan bir materyalin 1slah
calismalarinda degerlendirilme olasihig1 azdir. Ozellikleri
belirlenmis, karakterize edilmis materyallerle 1slah
calismasi yapmak 1slah siiresi ve maliyetlerini 6nemli
Olciide diisiirmektedir (Basak, 2019).

Yapilan sebze islaht ¢aligmalarinda verimlilik, meyve
rengi, meyve iriligi gibi dig goriiniim kalite o6zellikleri
iizerinde durulmaktadir. Ayrica hastalik ve zararlilara
dayanmimu lizerinde de g¢aligmalara agirlik verilmektedir.
Sebzelerin fitokimyasallar bakimmdan zengin olmasi, tat
ve aroma maddeleri gibi tiikketicinin 6nem verdigi kriterler
hedef olarak on plana g¢ikmaktadir (Abak, 2022). Bu
nedenle sebze tiirlerinde kaliteyi artirmak amaci ile
gerceklestirilen her tiirlii ¢aligma sebze tiirlerinin tiiketim
ve Uretimi lizerinde 6nemli derecede artislara sebebiyet
verecektir (Salles, 2008).

Ulkemizde tek  yillik  diretilen  biberde  yerel
popiilasyonlarda yapilan seleksiyon ve dogal melezlemeler
sayesinde farkli bitki yapisina ve meyve dzelliklerine sahip
genotipler ortaya ¢ikmistir. Bu nedenle biberde bitki
genetik kaynaklarinda genotip sayist her gegen giin
artmaktadir (Bozokalfa & Esiyok, 2010). Bitki genetik
kaynaklarmin degerlendirilerek eldeki gen kaynaklarinin
tanimlanmasi 6zellikle 1slahgilara genetik materyal temin
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edilmesi acisindan oldukg¢a onemlidir (Smith & Smith,
1989).

Ceside bagli olarak biber meyvesinin biiyiikliigi, sekli, et
kalinligy, tad1 vb. 6zellikler farkli olabilmektedir. Meyve et
kalinlig1 biber tiplerini birbirinden ayiran en Onemli
kriterlerdendir (Sevgican, 2002). Uretimi ve tiiketimi
acisindan degerlendirilen sofralik biber tipleri genel olarak
8 grupta toplanmaktadir (Abak & Onus, 2022).

Meyve yapisi bakimindan carliston biber, sivri biberlere
gore daha kalindir. Bu tip biberler bitki iizerinde dik veya
sarkik halde bulunurlar. Ortalama meyve uzunlugu 20-22
cm, meyve gaplari ise 5-6 cm’dir (Oztekin, 2019). Bu biber
tipinin endiistriyel meyve olgunluk rengi sar1, agik yesil,
yesildir. Taze olarak salata, kizartmasi yapilan yemeklere
tat katan etli yapida olan c¢arliston biber, haslanip sirkeli,
sarimsakli olarak tursu yapiminda kullanilir. Renklerinin
sari-yesil olmasi c¢abuk okside olmamalar1 bakimindan
karigik tursu yapiminda da kullanilirlar (Aybak, 2007).

Bu bilgiler dogrultusunda, calismada bazi garliston tipi
biber hatlarinin morfolojik 6zelliklerini  saptanmasi
hedeflenmigtir. Hatlarin morfolojik 6zelliklerinin ortaya
konulmasi ileride yapilacak olan 1slah c¢aligmalarinda
ebeveyn olarak kullanilma durumlari agisindan olduk¢a
onemlidir.

2. Materyal ve Metot

Calisma Antalya ilinin Serik ilgesinde bulunan Anamas
Tohum firmasina ait plastik ortilli  bir serada
yuriitiilmiistir. Calismada Fes kademesinde fizyolojik
bozukluklarin goriilmedigi, meyve etinde c¢atlamanin
olmadigi, sicaklik degisimlerine tolerantli olma durumlari
bakimindan 6n plana ¢ikan 20 adet garliston tipi nitelikli
biber hatti1 kullamilmistir. Gen havuzunun ilk olusumu
esnasinda F, kademesinde temin edilen tohumlar
saflastirilarak Fes kademesine getirilmistir. Islah programi
stirdiigii miiddetce her donemde fenotipik oOzellikleri
bakimindan secimler  yapilarak gen havuzu
olusturulmustur.

Genotiplere ait tohumlarin ekimi 05 Ocak 2020 tarihinde
yapilmistir. Ilaglama, giibreleme ve bakim islemleri
yapilan fideler tohum ekiminden 55 giin sonra dikim
yapilabilir agamaya gelmistir. Yetistiriciligin yapilacagi
ortiialti ortamindan elde edilen toprak analiz sonuglarina
gore, denemenin yiriitiildiigii topragin pH degeri 7.6 (hafif
alkalin), kiregli (%10.7), tuzsuz (%0.088), Killi-tinl,
organik madde miktar1 az (%1.42), toplam azot ve bitkiye
yarayish demir igerigi yeterli, bitkiye yarayish fosfor,
potasyum, mangan, ekstrakte edilebilir kalsiyum ve
magnezyum igerigi ise fazla olarak tespit edilmistir.

Genatiplere ait fidelerin dikimleri 01 Mart 2020 tarihinde
genis sira arasi 100 cm, dar sira arast 70 cm, sira iizeri 60
cm olacak sekilde gergeklestirilmistir. Deneme tesadiif
parselleri deneme desenine gore 3 tekerriirlii ve her
tekerriirde 20 bitki olacak sekilde kurulmustur.

Biber yetistiriciliginde optimum gelisme sicakligi 18-26
°C’dir. Bitkilerin gelisimi i¢in en uygun degerlerin ise
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giindiiz sicakliginin 21-26 °C, gece sicakliginin 15-17 °C
olmasi gerekmektedir. Biber yetistiriciligi yapilan
ortamlarin hava oransal nem istegi %70-75 olarak
bilinmektedir (Eren vd., 2021). Calismamiz boyunca sera
ici sicaklik derecelerinin bu degerlere yakin tutulabilmesi
i¢in havalandirma sistemleri kullanilmigtir. Denemenin
yuriitiildiigl arazi ¢aligmasinda biber bitkilerinde olusan
yeni siirglinler temizlenerek 3 ana dal iizerinden ipe
alinmigtir. Yetistiricilik donemi boyunca budama, dolama
gibi kiiltirel igslemler gergeklestirilmis, sulama yapilmus,
bazi hastalik ve zararlilar ile miicadele edilmistir.

Bu c¢alisma kapsaminda 27 morfolojik 6zellik TTSM’nin,
biber i¢in UPOV kriterlerini dikkate alarak olusturdugu,
FYD (Farklilik, Yeknasaklik ve Durulmusluk)’ye gore
incelenmistir (TTSM, 2020).

Calismada genotiplerin  fide doneminde hipokotilde
antosiyanin olusumu (var (9) veya yok (1)), genotiplerin
bitki durus sekilleri yetistiricilik doneminin sonunda (dik
(3), yar1 dik (5) veya yatik (7)), bitki govde uzunlugu (kisa
(3), orta (5) veya uzun (7)), bitki bogum aras1 uzunlugu
(¢ok kisa (1), kisa (3), orta (5), uzun (7) veya ¢ok uzun (9))
degerlendirilmistir. Genotiplerin ¢igeklenmeye baslama
zamani bitkilerin %50’sinde ¢igeklenmenin baglamasi ile
(erkenci (3), orta (5) veya gegci (7)) gozlemleri yapilmustir.
Geligimlerini tamamlayan biber genotiplerinin yaprak
uzunlugu, yaprak eni ve yaprak sap uzunlugu cetvel
yardimi ile cm cinsinden 6l¢iilmiistiir. Genotiplerin yaprak
renkleri (acik yesil (3), yesil (5) ve koyu yesil (7))
gozlemlenirken, yaprak kenarinda dalgalanma (yok veya
cok hafif (1), hafif (3), orta (5), kuvvetli (7) veya ¢ok
kuvvetli (9)) ve yaprakta kabariklilik (zayif (3), orta (5),
kuvvetli (7)) durumlarn tespit edilmistir. Meyve
olgunlagsma zamani, 2. ve 3. bogumlarindaki meyveler baz
almarak (erkenci (3), orta (5), veya gegci (7)) olgunlagma
zamanina gore degerlendirilmis, meyve olgunlasmasindan
onceki meyve renkleri (beyaz (1), sarimsi (2), yesil (3) ve
mor (4)) ve meyvelerin bitki tizerinde durus sekli (dik (1),
yatay (2) veya sarkik (3)) gozlemlenerek belirlenmistir.
Genatiplere ait meyve enine kesit sekilleri (oval (1), liggen
(2), dortgen (3), daire (4)), meyve uzunlamasina kesit sekli
(diz (1), yuvarlak (2), kalp (3), kare (4), dikdortgen (5),
ikizkenar yamuk (6), tiggen (7), dar tiggen (8), boynuz (9)),
meyve sap ¢ukuru (yok (1), var (9)) gozlem sonuglarina
gore tespit edilmistir. Genotiplerin meyve sap g¢ukuru
derinligi (ytizeysel (3), normal (5), derin (7)), meyve ug
sekilleri (¢ok sivri (1), sivri (2), yuvarlak (3), hafif basik
(4), basik (5), ¢ok basik (6)), meyvelerin yiizey yapisi
(diizglin (1), piriizli (2)) gorsel olarak gozlemlenerek
gruplandirilmistir. Hasat olgunluguna gelmis meyveler
enine kesilerek tohum odacik sayilari (iki (1), ti¢ (2), dort
(3)) ve tohum odaciklar1 arasindaki yivlilik durumlar1 (yok
veya ¢ok ylizeysel (1), yiizeysel (3), normal (5), derin (7),
¢ok derin (9) belirlenmistir. Genotiplerin her tekerriirde
tatlarina bakilarak tatli (1) veya aci (2) olma durumlart
belirlenmistir. Plasentanin bityiikliigi ise (kiigiik (3), orta
(5) veya biiyiik (7) olarak belirlenmistir. Genotiplere ait
meyvelerin sap uzunluklari cetvel yardimi ile cm; meyve
sap kalinliklar1 ise dijital kumpas yardimi ile mm olarak
kaydedilmistir. Meyvelerin kaliks yapisi ise gorsel olarak
(ortistiz (1), ortiili (2)) olarak gézlemlenmistir.
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Elde edilen veriler minitab paket programi ile varyans
analizine tabi tutulmus ve 6nemli ¢ikan (%5) ortalamalar
arasindaki farkliliklar Tukey ¢oklu karsilastirma testine
gore belirlenmis ve farkli harflerle gosterilmistir.

3. Bulgular ve Tartisma

Calismada biber fidelerinin dikimden o6nce yapilan
gozlemleri sonucunda, tim genotiplerin hipokotillerinde
antosiyanin olusumu yok olarak tespit edilmistir.

Kasapoglu vd. (2019), 20 biber genotipinin morfolojik
siniflandirmasin1  ele aldiklar1  bir ¢alismada tiim
genotiplerde fide doneminde hipokotilde antosiyanin
renklenmesinin mevcut oldugunu bildirmislerdir. Basak
(2019), 99 adet sivri biber genotiplerinde yaptigi bir
¢alismanin sonucunda genotiplerin %7.1’inde
hipokotillerde antosiyanin olusumunun yok oldugunu
bildirmektedir.

Bitki durus sekli bakimindan c¢alismada kullanilan
genotiplerden, 2 adedinin yar1 dik, 18 adedinin dik bitki
durus sekline sahip olduklar1 belirlenmistir. Yapilan
gozlemlerde biber hatlarindan 4 adedinin kisa, 11 adedinin
orta ve 5 adedinin uzun bitki gévde uzunluguna sahip
olduklar1 saptanmistir. Bitki bogum arasi uzunlugu
bakimindan hatlar degerlendirildiklerinde ise 4 hattin ¢cok
kisa, 3 hattin kisa, 6 hattin orta, 5 hattin uzun ve 2 hattin
¢ok uzun oldugu belirlenmistir (Cizelge 1). Dilfiruz
(2021), Fe kademesindeki biber genotiplerinde morfolojik
karakterizasyonlarint belirlemek amaci ile yaptiklart bir
calismada bitki durus seklinin 87 genotipte dik, 11
genotipte yari dik; bitki gévde uzunlugunun 70 genotipte
kisa, 27 genotipte orta, 1 genotipte uzun, bitki bogum arasi
uzunlugunun ise 44 genotipte kisa, 52 genotipte orta, 2
genotipte uzun olarak bildirmistir. 2010-2011 yillari
arasinda yritilen bir ¢calismada 129 adet biber ¢esidinde
bitki govde uzunlugu ile ilgili yapilan gdzlemler
sonucunda cesitlerin %10.9’unun kisa, %50.4’{iniin orta,
%38.8’inin ise uzun oldugu bildirilmektedir (Ermis vd.,
2012). 2014 ve 2015 yillarinda, Kirsehir ilinde iki sezon
yiriitiilen sivri  biber morfolojik karakterizasyon
calismasinda 99 adet sivri biber genotipi kullanilmistir.
Calismanin 2014 yilindaki dl¢im sonuglarina gore biber
bogum arasi uzunlugu 10.5-21.5 cm, 2015 yili 6l¢iimlerine
gore ise 8-20.27 cm arasinda degistigi, iki sezondaki
Ol¢iimlerinin sonucunda bogum arasi uzunluklarmin en
disiik 3.58 cm, en yiiksek 7.48 cm oldugu bildirilmistir
(Basak, 2019).

Biber genotipleri  ¢igeklenmeye baslama zamani
bakimindan degerlendirildiginde 7 hattin erkenci (Ch 1, Ch
5,Ch7,Ch9,Ch 15, Ch 17 ve Ch 20), 3 hattin orta (Ch 6,
Ch 8 ve Ch 19) ve 10 hattin gegci (Ch 2, Ch 3, Ch 4, Ch
10,Ch 11, Ch 12, Ch 13, Ch 14, Ch 16 ve Ch 18) olduklari
saptanmustir (Cizelge 1). Ermis vd. (2012) tarafindan, 129
adet biber ¢esidinde ¢igceklenme zamani ile ilgili gézlemler
sonucuna gore cesitlerin %31’inin erkenci, %51.2’sinin
orta erkenci, %17.8’inin gegci oldugu gozlemlenmistir.

Hatlarin sap ¢ukuru ve Sap ¢ukuru derinliginin incelenmesi
sonucunda Ch 13 numarali hattin sap ¢ukurunun var
oldugu ve sap c¢ukuru derinliginin ise normal oldugu
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belirlenmistir. Diger 19 biber hattin ise sap ¢cukuru yok ve
sap c¢ukuru derinliginin yiizeysel oldugu gorilmiistiir
(Cizelge 1). 2019 yilinda 4 yerel hat, 1 standart ve 1 hibrit
cesit olmak tizere 6 genotipte yapilan morfolojik
karakterizasyon incelemesi sonucunda, meyve sap ¢ukuru
tiim genotiplerde yok olarak gézlemlenmistir (Giilcan,
2020). Bagak (2019), 99 adet sivri biber genotipinde
yaptig1 bir ¢alismanin sonucunda, genotiplerde sap ¢ukuru
derinligini  %2’sinde s1g, %98’inde ise yok olarak
gdzlemlemistir.

Cizelge 2 incelendiginde yaprak uzunlugu, yaprak
genisligi ve yaprak sap uzunlugu bakimindan genotipler
arasindaki farkliligin istatistiksel olarak 6nemli (p< 0.05)
oldugu goriilmektedir. Biber genotiplerinin yaprak
uzunlugu Olciimleri sonucunda en yiiksek degere sahip
olan hatlarin siras1 ile Ch 3 (19.77 cm), Ch 6 (19.07 cm),
Ch 17 (18.85 ¢cm) ve Ch 15 (18.70 c¢m) oldugu tespit
edilmistir. Olgiim sonuglarina gére en diisiik yaprak
uzunlugu 15.62 cm ile Ch 12 numarali hattin oldugu ve onu
sirastyla 15.70 cm degerine sahip olan Ch 9, 15.86 cm ile
Ch 13 ve 15.91 cm ile Ch 11 numaral hatlarin takip ettigi
goriilmektedir. Yaprak genisligi Olclimlerinde ise en
yiiksek degere sahip olan hatlarin Ch 14 (10.38 cm), Ch 18
(10.05 cm), Ch 8 (9.70 cm) ve Ch 17 (9.60 ¢m) oldugu
tespit edilmistir. Ol¢iim sonuglarina gére en diisiik yaprak
genisligi 8.52 cm ile Ch 20 numarali hattin oldugu ve onu
sirastyla 8.74 cm degerine sahip olan Ch 9, 8.85 cm ile Ch
12 ve 8.86 cm ile Ch 2 numarali hatlar takip etmektedir
Yaprak sapi uzunlugu oSlglimleri sonucunda en yiiksek
degere sahip olan hatlarin Ch 15 (13.68 cm), Ch 4 (12.42
cm), Ch 3 (12.37 cm) ve Ch 16 (12.34 c¢m) oldugu tespit
edilmistir. Olciim sonuclarina gore en diisiik yaprak sapi
uzunlugu 7.96 cm ile Ch 5 numarali hattin oldugu ve onu
sirasiyla 8.95 cm degerine sahip olan Ch 1, 9.01 cm ile Ch
19 ve 9.14 cm ile Ch 13 numarali hatlarin takip ettigi
goriilmektedir (Cizelge 2). Adiyaman’da yapilan bir
calismada 29 biber genotipinde incelenen morfolojik
karakterizasyon gozlem sonuglarina gore, yaprak
uzunlugunun 11.66-19.00 cm, yaprak genisliginin 6.42-
10.83 cm, yaprak sap uzunlugunun ise 4.16-9.83 cm
degerleri arasinda degistigi bildirilmistir (Sahin vd., 2022).
Biber genotiplerinin yaprak renkleri yesil ve koyu yesil
olarak tespit edilmistir. Gozlem sonucuna gore 3 hattin
koyu yesil (Ch 1, Ch 15 ve Ch 19) ve diger 17 hattin yesil
yaprak rengine sahip oldugu belirlenmistir. Yaprak
kenarinda dalgalanma durumlarina gore degerlendirilen
genotiplerden 14 adedinin yok veya ¢ok hafif, 4 adedinin
hafif ve 2 adedinin orta oldugu gérilmiistiir. Biber
genotiplerinin yaprakta kabariklilik gézlemleri zayif, orta
ve kuvvetli olarak degerlendirildiginde ise 12 hattin zayif,
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7 hattin orta ve 1 hattin (Ch 4) kuvvetli oldugu tespit
edilmistir (Cizelge 2). 7 ebeveyn ve 5 hibrit olmak {izere
farkli tip biberlerde gerceklestirilen bir ¢aligmanin
sonucunda; yaprak renklerinin 5 genotipte yesil, 3
genotipte agik yesil ve 4 genotipte koyu yesil olarak tespit
ettiklerini bildirmektedirler (Roy vd., 2019). ETAE Gen
Bankasi’nda muhafaza edilen, 185 adet biber materyalinde
yapilan  morfolojik  karakterizasyon  ¢alismasinin
sonucunda; 167 genotipin yaprak kenarinda dalgaliligin
var oldugu, yaprak renginin ise 23 popiilasyonda agik yesil,
105 popiilasyonda yesil, 57 popiilasyonda ise koyu yesil
olarak gozlemlendigi bildirilmektedir (Mutlu vd., 2009).
Kirsehir ilinde 2014 ve 2015 yillarinda yapilan bir
calismada merkez ve koylerinden toplanan Dbiber
genotipleri icerisindeki 99 adet sivri biber genotipinde
UPOV  kriterlerine gore karakterizasyon c¢alismasi
yapilmistir. Genotiplerin ~ yaprakta kabariklilig1
%23.2’sinde ¢ok zayif, %74.7’sinde zayif, %2’sinde ise
orta olarak gozlemlenmistir (Basak, 2019).

Calismada kullanilan genotiplerden meyve olgunlagsma
zamani bakimimdan 10 adedinin erkenci, 3 adedinin orta ve
7 adedinin gegci oldugu belirlenmistir. Meyve olumdan
onceki rengi bakimmdan incelenen genotiplerin 11
adedinin yesil, 5 adedinin sarimsi ve 4 adedinin beyaz
renkte oldugu tespit edilmistir (Cizelge 3). Bengal’de 12
adet biber genotipinde yapilan morfolojik karakterizasyon
gbzlem sonuglarina gore, meyve olumdan Onceki meyve
rengi 3 genotip yesil, 4 genotip agik yesil, 4 genotip koyu
yesil ve 1 genotipte c¢ok koyu yesil olarak
gruplandirilmistir (Roy vd., 2019). Kirsehir’de 99 sivri
biber genotipinde yapilan bir ¢alismada, meyve
olgunlasma zamani, genotiplerin %23.2’sinde erkenci,
%59.6’sinda orta, %17.2’sinde gegci oldugu bildirilmistir
(Basak, 2019).

Calismada kullanilan 20 biber genotipinin, meyve durusu
bakimindan tamaminin sarkik ve meyve uzunlamasina
kesit sekli bakimindan tamaminin dar iiggen seklinde
olduklar1 saptanmigtir. Meyve enine kesit sekli incelenen
genotiplerde 8 adedinin (Ch2,Ch 3,Ch 7, Ch 8, Ch 10, Ch
11, Ch 15 ve Ch 20) oval, 4 adedinin (Ch 5, Ch 9, Ch 12
ve Ch 19) iicgen ve 8 adedinin (Ch 1, Ch 4, Ch 6, Ch 13,
Ch 14, Ch 16, Ch 17 ve Ch 18) daire seklinde oldugu
belirlenmistir (Cizelge 3). Roy vd. (2019) tarafindan
yapilan bir ¢alismada, 12 biber genotipinin morfolojik
karakterizasyon gozlem sonuclarma gore, meyve durus
sekli bakimindan 9 genotipte sarkik, 3 genotipte yar1 sarkik
oldugu bildirilmistir. Kasapoglu vd. (2019), 20 sivri biber
genotipinde yapmis oldugu bir ¢aligmada meyve enine
kesit sekli bakimindan 14 genotipin daire, 6 genotipin oval
oldugunu bildirmislerdir.
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Cizelge 1. Biber genotiplerine ait bitkilerin durus sekli, govde uzunlugu, bitki bogum arasi uzunlugu, ¢iceklenme baglama
zamani, meyve sap ¢ukuru, meyve sap ¢ukuru derinligi gézlemleri
Table 1. Plant posture, stem length, plant internode length, flowering time, fruit stem pit, and fruit stem pit depth

determinations of pepper genotypes

Cesit Bitki Durus Sekli Bitki Govde Bitki Bogum Ciceklenme Meyve Sap  Meyve Sap
Ad1 Uzunlugu Arasi Baslama Cukuru Cukuru
Uzunlugu Zaman Derinligi

Ch1 Dik (3) Uzun (7) Kisa (3) Erkenci (3) Yok (1) Yiizeysel (3)
Ch?2 Dik (3) Uzun (7) Kisa (3) Gegci (7) Yok (1) Yiizeysel (3)
Ch3 Dik (3) Kisa (3) Cok Kisa (1) Gegci (7) Yok (1) Yiizeysel (3)
Ch4 Dik (3) Uzun (7) Uzun (7) Gegci (7) Yok (1) Yiizeysel (3)
Chbs Yar1 Dik (5) Orta (5) Kisa (3) Erkenci (3) Yok (1) Yiizeysel (3)
Ché Dik (3) Orta (5) Uzun (7) Orta (5) Yok (1) Yiizeysel (3)
Ch7 Dik (3) Kisa (3) Cok Kisa (1)  Erkenci (3) Yok (1) Yiizeysel (3)
Chsg Dik (3) Kisa (3) Orta (5) Orta (5) Yok (1) Yiizeysel (3)
Ch9 Dik (3) Kisa (3) Cok Kisa (1) Erkenci (3) Yok (1) Yiizeysel (3)
Ch10 Dik (3) Orta (5) Cok Uzun (9)  Gegci (7) Yok (1) Yiizeysel (3)
Ch11 Dik (3) Orta (5) Uzun (7) Gegci (7) Yok (1) Yiizeysel (3)
Ch12 Dik (3) Orta (5) Orta (5) Gegci (7) Yok (1) Yiizeysel (3)
Ch 13 Dik (3) Orta (5) Orta (5) Gegci (7) Var (9) Normal (5)

Ch14 Dik (3) Orta (5) Orta (5) Gegei (7) Yok (1) Yiizeysel (3)
Ch15 Dik (3) Orta (5) Uzun (7) Erkenci (3) Yok (1) Yiizeysel (3)
Ch 16 Dik (3) Uzun (7) Orta (5) Gegci (7) Yok (1) Yiizeysel (3)
Ch17 Dik (3) Uzun (7) Uzun (7) Erkenci (3) Yok (1) Yiizeysel (3)
Ch18 Dik (3) Orta (5) Orta (5) Gegei (7) Yok (1) Yiizeysel (3)
Ch19 Yar1 Dik (5) Orta (5) Cok Uzun (9) Orta (5) Yok (1) Yiizeysel (3)
Ch 20 Dik (3) Orta (5) Cok Kisa (1)  Erkenci (3) Yok (1) Yiizeysel (3)

Incelenen 20 biber genotipinden meyve u¢ sekli
bakimindan 3 hattin ¢ok sivri, 13 hattin sivri ve 4 hattin
yuvarlak oldugu goriilmiistiir. Hatlarin meyve yiizeyinin
degerlendirilmesi sonucunda 2 hattin piiriizlii ve 18 hattin
diizgiin meyve vyiizeyine sahip oldugu goriilmistir
(Cizelge 3). Tatar (2022), 81 adet Gaziantep biber genotipi
ve 15 adet kontrol grubunda yapilan morfolojik
karakterizasyon sonunda meyve ylizey yapisinin tim
genotiplerde diizglin oldugunu goézlemlemistir. Gokmen
(2018), 23 yerel hat ve 9 adet F1 genotiplerinden olusan bir
caligmanin igerisinde bulunan 7 adet carliston tipine ait
biberlerin meyve u¢ seklinin, 1 genotipte kiit, 1 genotipte
igeride ve 5 genotipte sivri olarak gozlemlemistir. Meyve
yiizeyi gozlemleri sonucunda 4 adet genotipi piiriizsiiz, 2
adet genotipi yar1 burusuk ve 1 adet genotipi ise burusuk
olarak bildirilmistir.

20 carliston tipi biber genotipinin tohum odaciklarinin
ortalama sayist ve tohum odaciklart arasindaki yivlilik
gozlem sonuglar1 Cizelge 4’de belirtilmistir. Her bir
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genotipin meyveleri enine kesilerek tohum odaciklarinin
ortalama sayilart 2 ve 3 olarak gozlemlenmistir. Gézlem
sonucuna gore Ch 8, Ch 11, Ch 13, Ch 15, Ch 19 ve Ch 20
numarali genotiplerin 2 odacik sayisina; Ch 1, Ch 2, Ch 3,
Ch4,Ch5,Ch6,Ch7, Ch9, Ch 10, Chl2, Ch 14, Ch 16,
Ch 17 ve Ch 18 numarali genotiplerin 3 odacik sayisina
sahip olduklart tespit edilmistir. FYD kriterlerine gore
tohum odaciklar1 arasindaki yivlilik bakimmdan Ch 1, Ch
2,Ch3,Ch4,Ch6, Ch7 Chs8,Ch1ll, Ch13ve Ch20
numarali genotiplerde yok veya ¢ok yiizeysel; Ch 5, Ch 10,
Ch 12 ve Ch 17 numarali hatlarda normal ve Ch 9, Ch 14,
Ch 15, Ch 16, Ch 18 ve Ch 19 numarali hatlarda derin
oldugu belirlenmistir. Yerel popiilasyonlarin
toplanmasiyla elde edilen 29 biber genotipinde yapilan bir
calisma igerisinde bulunan 7 carliston biber genotipinde
tohum odaciklarinin ortalama sayismin 2 ile 3 arasinda
degistigi bildirilmistir (Binbir, 2010). Tatar (2022), 81 adet
Gaziantep biber genotipi ve 15 adet kontrol grubunda
yapmis oldugu bir ¢aligmada tohum odacik sayisini tiim
genotiplerde 3 adet oldugunu bildirmektedir.
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Cizelge 2. Biber genotiplerine ait bitkilerin yaprak uzunlugu, yaprak genisligi, yaprak sap uzunlugu, yaprak rengi, yaprak

kenarinda dalgalanma ve yaprakta kabariklilik degerleri

Table 2. Leaf length, width, petiole length, leaf colour, leaf margin waviness and leaf swelling values for pepper genotypes

Cesit Yaprak Yaprak Yaprak Sap Yaprak Yaprak Kenarinda Yaprakta
Ad1 Uzunlugu Genisligi Uzunlugu Rengi Dalgalanma Kabariklihik
(cm) (cm) (cm)

Ch1 17.45defg  9.49 bed 8.95 fg Koyu Yesil (7) Yok veya Cok Hafif (1) ~ Zayif (3)
Ch2 17.78 bedefg  8.86 cde 10.70 cd Yesil (5) Yok veya Cok Hafif (1)  Zayif (3)
Ch3 19.77 a 9.67 abc 12.37 ab Yesil (5) Orta (5) Orta (5)
Ch4 18.10bcde 9.06 cde 12.42 ab Yesil (5) Yok veya Cok Hafif (1) Kuvvetli (7)
Chs 17.27efgh  9.53abcd  7.96¢g Yesil (5) Yok veya Cok Hafif (1)  Orta (5)
Ch6 19.07 ab 9.22bcde  9.99 def Yesil (5) Yok veya Cok Hafif (1) ~ Zayif (3)
Ch7 18.33bcde  9.36bcde  10.59 cde Yesil (5) Yok veya Cok Hafif (1) ~ Orta (5)
Chsg 16.10 ht 9.70 abc 10.58 cde Yesil (5) Yok veya Cok Hafif (1)  Zayif (3)
Ch9 15.71 8.74 de 0.47 def Yesil (5) Yok veya Cok Hafif (1) Orta (5)
Ch 10 17.71cdefg  9.25bcde  10.59 cde Yesil (5) Hafif (3) Zayif (3)
Ch11 15.911 9.03 cde 9.40 defg Yesil (5) Hafif (3) Zayif (3)
Ch12 15.621 8.85 cde 9.33 defg Yesil (5) Yok veya Cok Hafif (1) ~ Zayif (3)
Ch13 15.86 1 9.08 cde 9.14 efg Yesil (5) Yok veya Cok Hafif (1) ~ Zayif (3)
Ch 14 18.00 bcdef  10.38a 10.15 def Yesil (5) Yok veya Cok Hafif (1) ~ Orta (5)
Ch15 18.70 abcd  9.01 cde 13.68a Koyu Yesil (7) Yok veya Cok Hafif (1)~ Orta (5)
Ch 16 17.55cdefg  9.55abcd  12.34 ab Yesil (5) Yok veya Cok Hafif (1) Zayif (3)
Ch17 18.85 abc 9.60 abc 10.42 def Yesil (5) Hafif (3) Zayif (3)
Ch18 16.73 fgh 10.05 ab 11.95 be Yesil (5) Yok veya Cok Hafif (1) ~ Orta (5)
Ch 19 17.48 defg 9.41 bcd 9.01fg Koyu Yesil (7) Orta (5) Zayif (3)
Ch 20 16.53 gh 8.52¢e 11.94 be Yesil (5) Hafif (3) Zayif (3)

*: Ayni1 harfe sahip ortalamalar arasindaki farklar P<0.05 diizeyinde 6nemsizdir.

Calismaya konu olan 20 biber genotipinin meyveleri
tathdir. Plasenta biiyiikliikleri bakimindan 6 biber hatti (Ch
2, Ch 3, Ch 5, Ch 8, Ch 9 ve Ch 18) kiigiik, 9 biber hatt1
(Ch4,Ché6,Ch7,Ch10,Ch11, Ch 12, Ch 13, Ch 15 ve
Ch 16) orta ve 5 biber hatt1 (Ch 1, Ch 14, Ch 17, Ch 19 ve
Ch 20) biyiik olarak gruplandirilmistir. Genotipler kaliks
gOriiniisii bakimindan degerlendirildiginde ise Ch 2, Ch 4
ve Ch 12 numarali 3 genotipin ortiilii, diger 17 genotipin
ise oOrtiisiiz oldugu tespit edilmistir (Cizelge 4). 20 sivri
biber genotipinde yapilan bir ¢aligmada, 18 genotipin tatli,
2 genotipin ac1 oldugu bildirilmistir (Kasapoglu vd., 2019).
Bat1 Akdeniz Arastirma Enstitiisii tarafindan yiiriitiilen bir
caligmada, 28 carliston biber hibrit ¢esit adaymin 8
adedinin ac1, 20 adedinin tatli oldugu bildirilmistir (Ozalp,
2021). Sahin vd. (2022), 29 biber genotipinde yaptiklar1 bir
¢alismada, plasenta biiyiikliigiinii, 13 genotipte biiytik, 11
genotipte orta, 5 genotipte ise kiiglik olarak tespit
etmiglerdir. Kirsehir ilinde 2014 ve 2015 yillarinda yapilan
bir caligmada, 99 adet sivri biber genotipinde UPOV
kriterlerine gore karakterizasyon caligmasi yapilmistir.
Genotiplerin kaliks goriiniisii, %30.3’iinde kaplamasiz,
%69.7’sinde kaplamali olarak bildirilmektedir (Basak,
2019).
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Calismada biber genotiplerinin meyve sap uzunlugu ve
meyve sapi kalinligi 6l¢iim sonuglar1 Cizelge 4’de
verilmistir. Degerler incelendiginde hatlar arasindaki
farklilik istatistiksel olarak onemli (p<0.05) bulunmustur.
Calismada kullanilan genotiplerin meyve sap uzunlugu
degerlerinin 4.69 (Ch 2)- 6.53 (Ch 8) cm, meyve sapi
kalinhig1 degerlerinin ise 4.61 (Ch 17)-7.56 (Ch 5) mm
arasinda degisim gosterdikleri tespit edilmistir. 23 yerel hat
ve 9 adet F; genotiplerinden olusan bir c¢aligmanin
icerisinde bulunan 7 adet ¢arliston tipine ait biberlerin
meyve sap uzunluklarmin 3.5-4.88 cm, meyve sap
kalinliklarinin  ise 2.6-7.4 mm arasinda degistigi
bildirilmistir (Gékmen, 2018). Ontiirk ve Ciiriik (2019)
tarafindan yapilan bir ¢caligmada ele alinan 16 kdy tipi biber
popiilasyonunda, meyve sap uzunlugu 3.45-5.75 mm,
meyve sap kalinhigi ise 5.18-7.02 mm arasinda degisen
sonuglar elde edilmistir.
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Cizelge 3. Biber genotiplerinde meyve olgunlasma zamani, meyve olumdan dnceki meyve rengi, meyve enine kesit sekli,
meyve ug sekli, meyve ylizeyinin yapisi

Table 3. Fruit ripening time, fruit colour before fruit ripening, fruit cross-sectional shape, fruit tip shape and fruit surface
structure in pepper genotypes

Cesit Meyve Olgunlagsma Meyve Olumdan  Meyve Enine Kesit Meyve U¢  Meyve Yiizeyinin
Ad1 Zamani Onceki Meyve Sekli Sekli Yapisi
Rengi
Ch1l Gegcei (7) Beyaz (1) Daire (4) Sivri (2) Diizgiin (1)
Ch2 Gegcei (7) Sarimsi (2) Oval (1) Sivri (2) Diizgiin (1)
Ch3 Gegci (7) Beyaz (1) Oval (1) Sivri (2) Diizgiin (1)
Ch4 Orta (5) Yesil (3) Daire (4) Cok Sivri (1) Diizgiin (1)
Chb Erkenci (3) Yesil (3) Uggen (2) Sivri (2) Diizgiin (1)
Ché Orta (5) Sarimsi (2) Daire (4) Yuvarlak (3) Diizgiin (1)
Ch7 Gegci (7) Sarimsi (2) Oval (1) Sivri (2) Diizgiin (1)
Ch8 Gegci (7) Yesil (3) Oval (1) Sivri (2) Diizgiin (1)
Cho9 Erkenci (3) Yesil (3) Ucggen (2) Sivri (2) Diizgiin (1)
Ch 10 Gegcei (7) Yesil (3) Oval (1) Sivri (2) Diizgiin (1)
Ch11 Erkenci (3) Yesil (3) Oval (1) Cok Sivri (1) Diizgiin (1)
Ch12 Erkenci (3) Yesil (3) Ucggen (2) Sivri (2) Diizgiin (1)
Ch 13 Erkenci (3) Yesil (3) Daire (4) Yuvarlak (3) Diizgiin (1)
Ch 14 Orta (5) Yesil (3) Daire (4) Sivri (2) Diizgiin (1)
Ch 15 Erkenci (3) Sarimsi (2) Oval (1) Sivri (2) Diizgiin (1)
Ch 16 Erkenci (3) Beyaz (1) Daire (4) Sivri (2) Diizgiin (1)
Ch 17 Erkenci (3) Yesil (3) Daire (4) Sivri (2) Piirtizli (2)
Ch 18 Erkenci (3) Sarimsi (2) Daire (4) Yuvarlak (3) Piirtizlii (2)
Ch 19 Erkenci (3) Beyaz (1) Uggen (2) Yuvarlak (3) Diizgiin (1)
Ch 20 Gegcei (7) Yesil (3) Oval (1) Cok Sivri (1) Diizgiin (1)

Cizelge 4. Biber genotiplerine ait tohum odaciklarinin ortalama sayisi, tohum odaciklarinin arasindaki yivlilik, plasenta
biiytlikliigi, kaliks goriiniisii, meyve sap uzunlugu ve meyve sap kalinlig1 degerleri

Table 4. Mean values for number of seed locules, groove between seed locules, placenta size, calyx appearance, pedicel
length and pedicel thickness of pepper genotypes

Cesit Tohum Tohum Odaciklarinin Plasenta Kaliks Meyve Sap  Meyve Sapi
Adi Odaciklarmin Arasindaki Yivlilik Biiyiikliigii  Goriiniisii =~ Uzunlugu Kalinhg (mm)
Ortalama Sayis1 (cm)
Ch1 3(2) Yok veya Cok Yiizeysel (1) ~ Biiyik (7)  Ortiisiiz (1) ~ 5.83 abed 6.45 cde
Ch2 3(2) Yok veya Cok Yiizeysel (1) ~ Kigiik 3)  Ortiilii (2) 4.69 h 6.76 abcd
Ch3 3(2) Yok veya Cok Yiizeysel (1) ~ Kiigiik (3)  Ortiisiiz (1)~ 4.98 efgh 6.01 def
Ch4 3(2) Yok veya Cok Yiizeysel (1) Orta (5) Ortiilii 2)  5.75 bed 6.40 cde
Ch5 3(2) Normal (5) Kiigiik (3)  Ortiisiiz (1)  5.26 defgh 7.56 a
Ché 3(2) Yok veya Cok Yiizeysel (1)  Orta(5)  Ortiisiiz(1)  6.41ab 5.77 efg
Ch7 3(2) Yok veya Cok Yiizeysel (1)~ Orta(5)  Ortiisiiz (1)  5.50 cdefg 7.50 ab
Ch8 2(1) Yok veya Cok Yiizeysel (1)  Kiigik (3)  Ortiisiiz (1) 6.53a 5.67 efg
Ch9 3(2) Derin (7) Kiigiik (3)  Ortiisiiz (1)  5.01 efgh 7.13 abc
Ch 10 3(2) Normal (5) Orta(5)  Ortiisiiz (1)  5.64 cde 6.37 cde
Ch11 2(1) Yok veya Cok Yiizeysel (1)~ Orta(5)  Ortiisiiz (1)  5.66 cde 6.52 bede
Ch 12 3(2) Normal (5) Orta (5) Ortiilii 2)  5.59 cdef 6.83 abcd
Ch 13 2(1) Yok veya Cok Yiizeysel (1)  Orta (5) Ortiisiiz (1) 4.91 fgh 6.28 cde
Ch 14 3(2) Derin (7) Bilyiik (7)  Ortiisiiz (1) 6.49 a 5.10 fgh
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Cizelge 4. Biber genotiplerine ait tohum odaciklarinin ortalama sayisi, tohum odaciklarinin arasindaki yivlilik, plasenta
biiylikligi, kaliks goriiniisii, meyve sap uzunlugu ve meyve sap kalinligt degerleri (Devami)

Table 4. Mean values for number of seed locules, groove between seed locules, placenta size, calyx appearance, pedicel
length and pedicel thickness of pepper genotypes (Continued)

Ch 15 2(1) Derin (7)
Ch 16 3(2) Derin (7)
Ch 17 3(2) Normal (5)
Ch 18 3(2) Derin (7)
Ch 19 2(1) Derin (7)
Ch 20 21 Yok veya Cok Yiizeysel (1)

Orta(5)  Ortiisiiz(1)  5.60 cdef 5.01 gh

Orta (5) Ortiisiiz (1) 6.39 ab 463h
Biiytik (7)  Ortiisiiz (1)  5.88 abed 4.61h
Kiigiik 3)  Ortiisiiz(1)  6.03 abc 5.19 fgh
Biiyiik (7)  Ortiisiiz (1)  5.02 efgh 5.11 fgh
Biiyiik (7)  Ortiisiiz (1)  4.86 gh 6.96 abcd

*

4. Sonug¢

Gergeklestirilen bu c¢aligmada 20 garliston biber hattinda
(F6 kademesinde) morfolojik karakterlerinin detayli bir
sekilde ortaya koyulmasi  hedeflenmistir.  Islah
caligmalarinda hedeflere ulasabilmenin en O6nemli
parametrelerinden birisi gen havuzundaki materyallerin
Ozelliklerinin bilinmesidir. Dolayisiyla bu ¢alismadan elde
edilen bilgiler dogrultusunda ileride yapilacak g¢esit
gelistirme c¢aligmalarinda bu hatlarin ebeveyn olarak
kullanim1 miimkiin olabilecektir. Calisma sonucunda elde
edilen veriler bir biitiin olarak degerlendirildiginde farkli
parametreler bakimimdan biber hatlarindan 6n plana
cikanlar asagida sunulmustur.

Gergeklestirilen ¢alismada gozlem ve degerlendirmelerin
sonucunda biber hatlarinin tamaminda; meyve tadinin tatlt
oldugu, hipokotilde antosiyanin olusumunun yok oldugu,
meyve durusunun sarkik oldugu ve meyve uzunlamasina
kesit seklinin dar {iggen oldugu saptanmustir. Bitki durus
sekli bakimindan hatlardan 2 tanesinin (Ch 5 ve Ch 19) yar1
dik, 18 hattin ise dik bitki durusuna sahip olduklar
belirlenmistir. Caligmada 2 hattin (Ch 17 ve Ch 18)
disindaki diger 18 hattin diizgiin meyve yiizey yapisina
sahip olduklari saptanmistir. Genotipler igerisinde yaprak
uzunlugu bakimindan Ch 17 (18.85 cm), yaprak genisligi
bakimindan Ch 14 (10.38 cm), meyve sap uzunlugu
bakimmdan Ch 8 (6.53 cm) ve meyve sap1 kalinligi
bakimindan Ch 5 genotiplerinden en yiiksek degerler elde
edilmistir. Calismada ayrica meyve olgunlagsma zamani
bakimindan; 3 hattin (Ch 4, Ch 6 ve Ch 14) orta, 7 hattin
(Ch 1, Ch2,Ch3,Ch7, Ch8, Ch10 ve Ch 20) gecci ve
10 hattin (Ch 5, Ch 9, Ch 11, Ch 12, Ch 13, Ch 15, Ch 16,
Ch 17, Ch 18 ve Ch 19) ise erkenci olduklari tespit
edilmistir.
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Lastik Agregali Betonun Darbe Dayaniminin Arastirilmasi
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MAKALE BiLGiSi OZET , _ )
Bu c¢aligmada atik tasit lastiklerden elde edilen graniil agregalarin beton harcinin
Alinis tarihi: 05/12/2023 icerisine katilmasinin betonun darbe dayanimlarmma etkileri gerekli literatir taramasi

L yapilarak yap1 malzemelerinde kauguk agrega olarak kullanilabilirligi arastirilmistir.
Kabul tarihi: 21/12/2023 Ayrica atik tasit lastiklerinin geri doniisiimii ile iilke ekonomisine tekrar kazandirilmasi,
Anahtar Kelimeler: Atk lastik, Beton, Darbe diinyada ve iilkemizde yasanan ani ¢arpma, patlama gibi darbe etkisi yaratacak olaylar
dayanimi, Kauguk, Lastik agrega nedeniyle olusan hasarlarin can kaybina yol agmamast i¢in yapilarda darbe dayanimimin

arttirilmas1  ve insaat sektoriinde siirdiiriilebilirlik ilkelerine katki saglanmasi

amaglanmigtir. Bu amagla ¢alismada ince agregalarin hacimce %10, %15 ve %20
DOI: 10.55979/tjse.1400490 oranlarinda lastik agregalar ile ikame edilmesiyle iiretilen serilerin s/¢ oran1 0.40 olarak
deneyler i¢in hazirlanmistir. Numunelerin darbe dayanimmini belirlemek amaciyla
kaliplanmig numunelere uygun olan agirhik diisirme metodu kullanilmistir. Calisma
sonucunda numunelere uygulanan darbe deneyi sonuglari incelendiginde lastik agrega
orani arttik¢a darbe dayanimlarinin arttig1 belirlenmistir.

Investigation of Impact Strength of Rubber Aggregate Concrete

ARTICLE INFO ABSTRACT _ . o
In this study, the effects of adding granular aggregates obtained from waste vehicle tires
Received: 05/12/2023 into concrete mortar on the impact strength of concrete were investigated and their

. usability as rubber aggregate in building materials was investigated by conducting the
Accepted: 21/12/2023 necessary literature review. In addition, it is aimed to recycle waste vehicle tires and
Keywords: Waste tire,Concrete, Impact resistance,  reintroduce them to the country's economy, to increase the impact resistance of

Rubber, Tire aggregate buildings in order to prevent loss of life due to events that will cause impact such as
sudden crashes and explosions in the world and in our country, and to contribute to the
DOI: 10.55979/tjse.1400490 principles of sustainability in the construction industry. For this purpose, in the study,

the series prepared by substituting fine aggregates at 10%, 15% and 20% by volume
were prepared for experiments with a w/c ratio of 0.40. In order to determine the impact
strength of the samples, the weight reduction method suitable for molded samples was
used. And when the impact test results applied to the samples were examined, it was
determined that as the rubber aggregate ratio increased, the impact resistance increased.

1. Giris Orta Asya ve Anadolu’da Tiirkler ve Persler, “Horasan
Harci “adli bir baglayic1 gelistirdiler (Cetin, 2012).
Modern beton ise 19. Yiizyilda portland ¢imentosunun
bulunmasiyla ortaya ¢ikmistir (Kocatagkin, 1965).

Beton; agrega, ¢imento, su ve kimyasal katkilarla belli
oranlarda homojen bir sekilde karistirilarak elde edilen
yapt malzemesidir (Unsal & $en, 2008). Beton tarihi 6nce  Giinjimiiz betonu farkli tiplerde iiretilmeye devam
farklt malzemelerin (kireg, algi, kil vb.) bir araya  otpektedir. Aragtirmacilar tarafindan betonun igerisine
getirilmesiyle baglamisgtir. 12000 yil once insa edilen g1, malzemeler ilave edilerek kompozit yapist
Gobeklitepe  tabaninda  beton  harcina  benzeyen  jepoinjestirilmistir.  Bu  sayede betonun mekanik
karigimlara  rastlamlmastyla beton tarihi  yeniden  gzejiklerini de iyilestirilmeye calisilmistir. Ozellikle son
yazilmistir. Gobeklitepe kalintilarinda  bulunan bu yillarda beton igerisinde plastik malzemelerin yer
karigimlarda kireg ile algmin birlikte kullanildigi tespit  ;asinm  etkileri yapilan calsmalarla arastirilmaya
edilmistir (Patlak, 2019). Camurdan yapilan harglar ise M. paqlanmigtir. Betondan istenen ozellikler; diisiik birim
0. 9600 yillarinda Mardi.n (;emka Héyﬁk’tek% kah.ntllgrda agirliga sahip, darbe dayanimma direngli ve yiiksek
bulunmustur (Ipek & Cifti, 2020). Misir piramitleri ve 1k avemetli olarak siralayabiliriz. Betonun siralanan bu
Cin Seddi’'nin yapiminda kire¢ ve algi esash harglar 5, ojikleri tastyabilmesi  icin  cesitli  calismalar
kullar}llmls‘c'lr (Tﬁlay&Gﬁleg, 2014). Romalilar, volkanik yapilmaktadir. Beton malzemesi olan agregalarm
kil ile kireci karigtirip baglayict malzeme olarak  pelirlenen oranlarda atik lastiklerinden elde edilen

kullanmglardir ~ (Yeginobali, 2001). Milat’tan sonra  ,oreoalar ile ikame edilerek kullanilmasi bu galismalardan
500’1i yilarda beton harci Ayasofya’nmin yapiminda  piridir.

kullanilmistir (Tasdemir, 1982). 1000°1i yillara dogru ise
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1.1. Atik lastik

Atik tasit lastiklerinin yapisi bes boliimden olusmaktadir.
Bu boliimler; polyester kord bezinden iiretilen karkas
boliimii, ¢elik ve bezden olusan kusak boliimii, lastigin i¢
ylizeyindeki ince kaucuk katman astar bolimii, lastige
esneklik saglayan yanak boliimii, kalin kauguktan
yapilmis yanak ile sirtin birlestigi bolge omuz boliimii
olarak adlandirilir (Yakaboylu, 2010). Arag¢ lastikleri,
agirlikca %60-65’ine kadar kauguk, %25-35’ine kadar
karbon siyahi ve kalan kismi ise hizlandiricilar ve dolgu
maddeleri olacak sekilde tasarlanmaktadir (ipek vd.,
2022). Sanayilesme ve schirlesmenin artmasiyla
gelismekte olan iilkelerde kullanilan tasitlarin sayisinda
da artis olmustur. Tasit sayisinin artis1 ile tagitlarin lastik
talebi de artmustir. Uretilen lastikler kullanim siiresini
doldurduktan sonra ya cevreye atilmakta ya da acik
alanlarda yigin sekilde istiflenmektedir (Adhikari vd.,
2000). Depolama sorunu olan atik lastikler bir yilda
yaklastk 1.5 milyar ton atik olusturabilecegi
ongorillmektedir (Mashiri vd., 2015). Son yillarda atik
tasit lastiklerinin yap1 malzemelerinde kullanimi yapilan
aragtirmalarla  incelenmeye  baglanmistir.  Yapilan
aragtirmalarda kopiik betonun igerisine atik lastik
liflerinin katilmas1 sonucunda betonun termal 6zelliklerini
iyilestirdigi goriilmiistiir (Bayraktar & Kaplan, 2021).
Atik lastiklerin farkli bigimlerde kullanilmasi olusan
¢evre sorununu ortadan kaldirmasi ve ekonomiye tekrar
kazandirilmas: saglanmis olur. Atik lastiklerden elde
edilen kirinti ve pargalar dolgu malzemesi olarak geri
donitistiiriilebilir. Kirint1 halinde elde edilmek istenen atik
lastikler iki sekilde yapilmaktadir. Cogunlukla mekanik
olarak uygulanan bu iki yontem dograma ve kriyojenik
oglitmedir (Karger-Kocsis vd., 2013). Atk lastiklerden
elde edilen graniiller birgok alanda kullanilmaktadir. Atik
lastikleri geri doniistiirme islemleri piroliz yontemi ve
kriyojenik 6giitme yontemi ile de yapilabilmektedir. Kati
atiklarin  kimyasal olaylarla geri doniistiiriilmesinde
kullanilan islem piroliz yontemidir. Piroliz yOntemi
yiiksek sicakliklarda eritilen atik lastigin karbon siyahi
elde edilmesiyle yapilir (Bostanci, 2017). Kriyojenik
oglitme yontemi ise kiigiik boyutlara getirilen atik
lastikler -80°C’ye kadar sogutularak malzemenin kirtlgan
hale getirilerek ¢ift bash kiricilarla istenen boyutlarda
kirilarak  6giitilmesi islemidir (Balbay, 2017). Bu
yontemle az enerjiyle ¢ok is yapilmis olur ancak
malzemeyi sogutma isleminde kullanilan malzemeler hem
tehlikeli hem de maliyetli oldugu igin ¢ok tercih
edilmemektedir (Sugbzii & Mutlu, 2009). Mekanik
oglitme yontemi dograma yapilarak malzeme kiiciiltme
islemidir. Bu islem hem ekonomik hem de malzemede
herhangi bir degisime yol agmamaktadir. Mekanik
ogiitmede atik lastik rendelenerek kii¢iik parcalara ayrilir
daha sonra igerisindeki elyaflar donen bicaklar yardimryla
parcalardan temizlenir. Atik lastik icerisinde bulunan
¢elikler ise miknatis yardimiyla lastikten ayrilir (Karger-
Kocsis vd., 2013). Son zamanlarda ince veya kaba agrega
boyutuna getirilmis lastik pargalar1 ile birlikte elyaf
takviye ederek beton igerisinde kullanimi c¢aligmalarda
incelenmeye baslanmistir. Yapilan ¢aligmalarda lastik
agreganin belli oranlarda ikame edilmesinde olumlu
sonuglar alinmistir. Ancak atik lastik katkili betonlarin
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kaucuk miktar1 arttikca betondaki basing ve ¢ekme
dayanimlar1 hacimce kaba agrega yerine kullaniminda
diismiis, ince agrega yerine kullaniminda ise artmistir
(Alwesabi vd., 2021). Kaba agrega olarak en biiyiik dane
cap1 20mm olan lastik pargalar1 ve ince agrega olarak
kirintt formunda lastikler kullanilarak beton numuneler
elde edilmistir. Uretilen numunelerde kum ve cakil, %25,
%50, %75 ve %100 oranlarinda hacimce lastik agregalar
ile yer degistirilmistir. Yapilan basing, ¢ekme ve egilme
dayanimi testlerinde atik lastikli betonlarmn, normal
betondan daha diisiik mukavemet degerlerine sahip
oldugu tespit edilmistir. Ancak numuneler elastik kirilma
davranis1 gostermelerine karsin tamamen gé¢cmemigtir
(Almaleeh vd., 2017). ince agrega yerine farkli oranlarda
lastik agrega ikame edilen beton numunelerde, betonun
mekanik 6zellikleri incelenmistir. Incelemelerde taze
betonun ¢okme ve su emme degerlerinin kirinti kauguk
yiizdelerinin artmas1 ile yiikseldigi fakat su emme
degerlerinde hacimce %10’dan daha fazla oranlarda diisiis
oldugu tespit edilmistir. Lastik agrega katilan betonlarda
enerji soniimi 3 kat arttigt gozlemlenmistir (Xue &
Shinozuka., 2013). Insaat miihendisliginde atik lastigin
kullanimi ve siirdiiriilebilirliginin ~ arastirilmasi igin
ekonomik, depreme dayanikl, temel-toprak sisteminde
esneklik saglayan kauguk radye temeli olusturma projesi
yiiriitiilmiigtiir. Calismada eko-kauguk sismik izolasyon
sistemi uygun maliyetli olacak bir jeo-yapisal ¢6ziim
olarak temel sistemi tasariminda atik lastiklerin yeniden
kullanim:  konut binalarmm sismik performansini
artiracak etkili bir geri doniistirme yolu olarak
yorumlanmustir (Chiaro vd., 2021).

1.2. Darbe dayanimi

Betonarme yapilar veya yapi elemanlart kullanim 6mri
stiresince basing, cekme ve egilme gibi ¢esitli dis yiiklerin
etkisine maruz kalmaktadirlar. Mukavemeti yiiksek ve
faydali 6mrii daha verimli beton elde etmek i¢in betonun
s6z konusu dis yiiklere karsi dayaniminin yiiksek olmasi
gerekmektedir. Darbe dayanimi, betonlara ani olarak etki
eden tekrarli dinamik yiikler altinda betonun gosterdigi
direng olarak tarif edilmektedir (Oltulu & Altun, 2018).
Darbe etkisinin goriilebilecegi yerler; Havayolu pistleri,
tasit yollari, betonarme dosemeler, kazik ve istinat
yapilar, askeri yapilar, savunma yapilari, kamu yapilar
vb. (Alkayis & Bagsyigit, 2021). Betonda darbe hasari
Sekil 1’de goriildiigii lizere hizla gelen bir parcanin itme
etkisiyle beton yiizeyini pargcalamasi ve carptig1 yerde
krater olusturmasidir. Carpmanin etkisi betonun arka
tarafinda kabuk atmasina neden olur (Zhang vd., 2007).

Ezilmis agrega V\\N\'\T
N \

\ / Kabuk
Darbe ve | | atmas:

itme etkisi \
\

— .
Gatlama bolgesi —

Sekil 1. Betonda darbe hasar1 (Zhang vd., 2007)
Figure 1.Impact damage in concrete (Zhang et al., 2007)
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Malzemenin ani darbelere karsi dayanimi toklugu ile
yakindan iligkilidir. Tokluk bir malzemeyi kirmak igin
gerekli enerji miktaridir. Darbe deneyi siiresince malzeme
tarafindan sogurulan enerji, malzemenin dayaniminin ve
toklugunun bir dl¢iisiidiir (Sahin, 2011).

2. Materyal ve Metot

Calismada, geri doniistiiriilmiis atik tasit lastiklerden elde
edilen agregalarin beton harci icerisinde ince agrega ile
ikame edilmesi betonun darbe dayanimi problemi igin ele
almmistir. Bu amagla, betonlarda darbe dayanimi
problemi deneysel verilerle analitik olarak ¢oziilmiistiir.
Bu baglamda beton igerisine konulacak atik lastik
agregalar gerekli elek analizi yapilarak uygun goriilen 40
Mpa basing i¢in agrega boyutu secilmistir. Agrega boyutu
secildikten sonra belirlenmis olan basinca goére beton
recetesi standartlara uygun sekilde analitik olarak
hesaplanmistir. Beton regetesi asamasindan sonra lastik
agregalt beton numunelerinin iiretimi i¢in su, ¢imento,
ince agrega (0-4)mm, kaba agrega (8-16)mm, ince lastik
agrega (0-4)mm, akiskanlastirici  ve silis dumani
kullanilarak TS 802’ye uygun olarak hazirlanmistir.
Beton numuneleri (150 x 150 x 150)mm kiibik ve (100 x
100 x 400)mm boyutlarinda prizmatik olarak tiretilmistir.
Uretilen betonlarda ince agregalar yerine ince lastik
agregalar hacimsel olarak, %10, %15 ve %20 oranlarinda
ikame edilmistir. Uretilen beton numuneler gerekli kiir
kosullar1 saglanarak 7 giinlik ve 28 giinlik basing
dayanimlar1 ve darbe dayanmimlarini belirlemek igin
deneye tabii tutulmustur. Kullanilacak darbe deneyi
Olciim yontemleri arasinda en kolay ve ekonomik olan
agirlik diistirme deneyi uygulanmistir. Agirlik diisiirme
deneyinde yiikseklik tayini belirlenip numune ilk
catlamada ve kirllmada vurus sayilari belirlenmistir.
Deney sonucunda alinan veriler darbe dayanimi
belirlemek i¢in denklem bagintilarinda kullanilmistir.
Arastirma i¢in kullanilan malzemelerden ¢imento, agrega
ve atik lastikler Isparta yoresinden temin edilmistir.
Deney numune regetesi TS 802’ye uygun olarak
hazirlanip Cizelge 1°deki gibi hazirlanmistir. Deney
numuneleri Seri 1°de atik lastik oranm1 %10, Seri 2°de %15
ve Seri 3°de %20 olarak karigima katilmistir.

Cizelge 1. Deney Numune Karigim Miktarlari
Table 1. Experimental Sample Mixture Amounts

2.1. Agrega

Arastirma icin {retilen betonlarda Isparta Bozanonil
yoresinden temin edilen agrega  kullanilmistir.
Agregalarin  baz1 fiziksel Ozellikleri Cizelge 2’de

verilmistir. Arastirmada agregalar TS 706’ya uygun
olarak secilmistir. Dmax 16 olarak alinmustir.

Cizelge 2. Kullanilan agregalarin fiziksel 6zellikleri
Table 2. Physical properties of the aggregates used

Agrega Tane Su Siilfat Kiikiirt | Kloriir
Yogunlugu Emme (%) (%) (%)
(Mg/m?*) (%)
. ga= 2.696
Ince
qrd=2.621 1.06 0.0042 0.0031 | 0.0057
Agrega
gsd=2.649
Kab ga= 2.692
A od=2682 | 037 ; - ;
Agrega
gsd=2.686

2.2. Cimento

Deney i¢in hazirlanan numunelerde piyasadan temin
edilen CEM II/A-M (P-LL) 42.5 R kullanilmisgtir.
Kullanilan ¢imentonun kimyasal ve fiziksel o6zellikleri
Cizelge 3’te verilmistir.

Cizelge 3. Kullanilan ¢imentonun 6zellikleri
Table 3. Properties of the cement used

Cimento cl SO, Priz P‘rIZ Basing dayanimi (MPa)
o bagl. | bits.
Tiirii (%) | (%) 2 7 28
(dk) | (dk) " " -
(giin) | (gin) | (giin)
CEM
1/A-M
(P-LL) 0.012 | 2.77 | 169 | 230 | 23.9 - 48.1
425R

2.3. Siiper akiskanlastirici

Calismada TS EN 934-2°¢ uygun siiper akiskanlastirict
kullanilmustir.

2.4. Numune serileri

Numune karisimlarina giren atik lastikten elde edilen
lastik agrega belirlenen yiizdelere gore dort seri ve her bir
seriden (150x150x150) mm’lik kiip numunelerden 3’er
adet (100x100x400) mm’lik prizma numunelerden de 3’er
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Seri | Malzeme Referans | Seril | Seri2 Seri 3 adet hazirlanmigtir. Seriler Cizelge 4’de gosterilmistir.
mm?
Cimento (Kg) 955 955 955 955 Cizelge 4. Hazirlanan numune serileri
o Su (LY 3.817 3.817 3.817 3.817 Table 4. Prepared sample series
9 ince Agrega (Kg) 13.647 12.959 12.282 11.60 . . ikame Edilen Lastik Agrega
3 Kaba Agrega (Kg) | 20471 | 20471 | 20.471 | 20.471 Seri Adi SeriNo | Agrega Cinsi Viizdesi
= Lastik Agrega - 0.218 0.433 0.650
3 | (Kg Referans R - 0
Akiskanlastirict 0.095 0.095 0.095 0.095
(LD) . .
SIC 040 020 040 040 Seri 1 L10 Ince Agrega 10
Cimento (Kg) 11.34 11.34 11.34 11.34 -
o Su (Lt) 4.536 4.536 4.536 4.536 Seri 2 L15 Ince Agrega 15
% Ince Agrega (Kg) 16.214 15.403 14.593 13.782
3 Kaba Agrega (Kg) | 24.322 24322 | 24.322 24.322 Seri 3 L20 ince Agrega 20
< Lastik Agrega - 0.257 0.515 0.772
S | (Kg
Akigkanlastirict 0.113 0.113 0.113 0.113
(LD
S/IC 0.40 0.40 0.40 0.40
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2.5.Su

Aragtirma i¢in hazirlanan numunelerde karistirma suyu
icin Siileyman Demirel Universitesi Bati Yerleskesi
sebekesinin suyu kullanilmistir.

2.6. Calismada kullamlan atik lastik

Calismada kullanilan lastik agregalar piyasadan temin
edilmistir. ~ Sekil 2’de  kullanilan  graniil lastik
gosterilmektedir. Atik lastigin  kimyasal 06zellikleri
Cizelge 5’de gosterilmistir.

Sekil 2. Calismada kullanilan grantil lastik
Figure 2. Granulated rubber used in the study

Cizelge 5. Atik lastigin fiziksel ve kimyasal 6zellikleri
Table 5. Physical and chemical properties of waste tire

C H N S 0} Is1l Deger Su
(%) | (%) | ) | ) | (%) | (MIkg) | emme

(%)

742 | 5.8 0.3 15 4.7 32 2-4

2.7. Deney numunelerinin hazirlanisi

Arastirma i¢in beton bilesenlerini hazirlanan beton
regetesine gore Siileyman Demirel Universitesi Insaat
Miihendisligi Laboratuvari’'nda agregalar ayri ayr1 Sekil
3’de goriildiigii gibi tartilarak beton miksere konulup
karistirtlmis ve har¢ haline getirilmistir. Sekil 4’de
goriilen kaliplanmis numuneler onceden yaglanan
kaliplara ii¢c asamada 25 kez sislenerek yerlestirilmistir.
Kaliplardan ¢ikarilan numuneler laboratuvarda kiire
alinmugtir.

Sekil 3. Ince, kaba ve lastik agrega
Figure 3. Fine, coarse and rubber aggregate

Sekil 4. Numuneler
Figure 4. Samples

Arastirmada kullanilan agregalar ve lastik agregalar
serbest eleme yontemi ile elek analizleri yapilmistir.
Betonun kivam sinifint belirlemek amaciyla beton harcina
TS EN 12350-2’ye uygun sekilde slump deneyi
yaptlmigtir. (150x150x150)mm kiip numunelere taze
birim agirlik deneyi yapilmistir. Aragtirma i¢in hazirlanan
(150x150x150)mm kiip numune serileri 7 ve 28 giinliik
kiirden ¢ikarilarak basing deneyine tabi tutulmustur.
Calismada (100x100x400)mm prizma seklindeki numune
serileri 28 giinliik kiirden ¢ikarilarak darbe deneyine tabi
tutulmustur. Darbe dayanimi deneyi diisen agirlik darbe
metodu ile gelistirilen Siileyman Demirel Universitesi
Insaat Laboratuvari’nda bulunan Sekil 5°de goriilen darbe
deney aletinde gerceklestirilmistir.

Sekil 5. Darbe deneyi aleti '
Figure 5. Impact test device

3. Bulgular ve Tartisma
3.1. Agrega tane boyutu

Calismada elek analizi yapilip graniilometri egrisi
cikarilan agregalarin maksimum dane ¢ap1 16 mm olarak
belirlenmigtir. TS 706’ya gore karisima giren agregalarin
uygun oldugu tespit edilmistir. Yapilan elek analizi
deneyinde kullanilan agregalarin Sekil 6’de goriildiigi
izere TS 802°de Ongoriillen graniilometri egrileri
icerisinde yer aldigi tespit edilmistir. Deneylerde
kullanilan lastik agregalar 0-4 mm ince lastik agrega sinifi
olarak belirlenmistir.
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Sekil 6. Agrega graniilometri egrisi
Figure 6. Aggregate granulometry curve

3.2. Cokme degerleri

Slump deneyi sonucunda beton harglari tamamen, hakiki
ve kayma gogmesi olarak ii¢ sekilde ¢okme gosterirler.
Tamamen ¢okmede har¢ siviya yakin sekilde deney
diizeneginin tabanma yayilir. Kayma ¢okmesinde beton
harcinin bir tarafi az ¢okme yaparken diger tarafi fazla
¢okme yapar. Hakiki ¢okmede beton harcinin kiitlesinde
bozulma olmadan iist kismi ayni oranda ¢oker (Desik &
Ustabas, 2019). Hazirlanan beton serilerine uygulanan
slump deneyi Cizelge 6’ya gore tim numunelerde kivam
smifi S3 olarak belirlenmistir. Gergeklestirilen slump
deneyinde Sekil 7°da goriildiigli tizere harglarin ¢okme
sekilleri hakiki ¢okme tarzinda oldugu tiim serilerde
gozlenmistir.

Cizelge 7. Beton kivam simifi ve degerleri (TS EN 206-1)
Table 7. Concrete consistency class and values

Kivam Simifi Cokme (mm)
Sl 10-90
S2 50-90
S3 100-150
S4 160-210
S5 <220

Sekil 7..Numunelerin slump deneyi
Figure 7. Slump test of samples

3.3. Taze beton birim agirh@

Deney kiip numune serilerine TS EN 12350-6’ya uygun
sekilde birim agirlik deneyi yapilmistir. Taze beton birim
agirhik degerleri Sekil 8’de gosterilmistir.
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Sekil 8. Kiip numunelerin Taze beton birim agirlik
degerleri
Figure 8. Fresh concrete unit weight values of cube
samples

3.4. Basin¢ dayanimi

Calismada basing dayaniminin belirlenmesinde TS EN
12390-3’e uygun beton numune basinglarint dlger cihaz
kullanilmistir. Numunelerin 7 ve 28 giinliik basing
dayanimlart  belirlenmis olup grafigi Sekil 9’de
gosterilmigtir. Serilerin 28 giinliik basing dayanimi
degerlerinin lastik agrega igerigine gore degisimi Sekil
10’da gosterilmistir.

45
40
35
30 = (7 giinliik)
25 — L

20 | (28 giinliik)
15 -
10 -
5 4
0 m

Basing Dayanimi (MPa)

R L 10 L15 L20

Sekil 9. Deney numunelerinin 7 ve 28 giinliik basing
dayanimlar1

Figure 9. 7 and 28-day compressive strengths of the test
samples
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Sekil 10. Deney numunelerinin 28 giinliik
degerlerinin lastik agrega igerigine gore degisimi
Figure 10. Change of 28-day pressure values of test
samples according to tire aggregate content

basing

Sekil 11°de (150x150x150)mm kiip numune serilerinin
basing deneyinden sonra olusan hasarlari gosterilmistir.
Deney sonrasi olusan catlaklar incelendiginde referans
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betonlarda deformasyon daha belirgindir ve numune
etrafinda dagilmalar goriilmiistiir. Lastik agrega katkili
serilerde ise catlaklar ve dagilmalarin daha az oldugu
gbzlenmistir. Bunun sebebi olarak lastik agrega katkili
betonlarda lastik agreganin  beton  bilesenleriyle
aderansinin  daha iyi olmasmdan kaynaklandigi
disiiniilmektedir. Lastik agregali serilerde ¢atlaklar ve
dagilmalar referans betona gdre az olmasma ragmen
numunelerde lastik orani artikga basing degerlerinde
azalma olmustur. Beton basincini etki eden bu azalmanin
sebebi ince agrega yerine lastik agreganmn ikame
edilmesiyle beton hacminin artmasi ve baglayict olan
c¢imentonun artan ylizey alanina yeterli olamamasindan
kaynaklandig1 diistiniilmektedir.

e
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Sekil 11. Kiip numunelerin basing deneyi sonrasi kirilma
tipleri

Figure 11. Fracture types of cube samples after the
pressure test

3.5. Darbe deneyi

Arastirmada darbe deneyi olarak diisen agirlik darbe
metodu kullanmilmistir. Darbe deneyi diizenegi 5000 gr
agirhgr iki boru arasinda kaydirilmasit  suretiyle
kurulmustur. Diigiin agirlik 200 mm yiikseklikten numune
iizerine serbest diigiiriilme yontemiyle uygulanmistir.

Olusan ilk catlaktaki diisiis sayilart belirlenerek darbe
dayanimlar1 hesaplanmigtir. Agirlik diisiirme darbe deneyi
her seriden 3’er adet olmak {izere toplam 12 adet
numunede gergeklestirilmistir. Bulunan darbe dayanimi
degerleri Cizelge 7’de gosterilmistir. Sekil 12°de deney
numune serilerine uygulanan darbe deneyi ve Sekil 13’de
prizma numunelerin darbe sonucu kirilma tipleri
gosterilmektedir.
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Figure 12. Impact test of prism series samples
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Sekil 13. Prizma numunelerinin darbe deneyi sonucu
kirilma tipleri

Figure 13. Fracture types of prism samples as a result of
impact test
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Cizelge 7. Deney numune serilerinin darbe dayanim
degerleri
Table 7. Impact strength values of test sample series

Darbe Dayanimi
Seri No Dar‘tg /3?r}llf)mml ortalam}eltlarl
(J/mm?)
R1 2.990
R2 2.990 3.320
R3 3.996
L10-1 3.996
L10-2 3.996 3.661
L10-3 2.990
L15-1 3.996
L15-2 3.996 3.996
L15-3 3.996
L20-1 4,995
L20-2 3.996 4.329
L20-3 3.996

Prizma numunelerinin darbe dayanimlar1 ortalamalarinin
lastik agrega igerigine gore degisimleri Sekil 14’de
gosterilmigtir.  Calismada  gerceklestirilen  deneylerin
sonuglar1 Cizelge 8’de toplu olarak verilmistir. Cizelgede
(%) olarak basing ve darbe dayanimlarinda diisiis (—) artis
(+) ile gosterilmistir. Sekil 15°te ise serilerin basing ve
darbe dayanimlarinin degisimi (%) olarak gosterilmistir

4 /
3,5 /'

Darbe Dayanimi (J/mm?)

R L10 L15 L20
Seriler

Sekil 14. Prizma numunelerin darbe dayanimi
ortalamalarinin lastik agrega igerigine gore degisim
grafigi

Figure 14. Change graph of average impact resistance of
prism samples according to rubber aggregate content

Cizelge 8. Calismada yapilan deneylerin degerleri
Table 8. Values of the experiments performed in the study

15
10 —
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=== Basin¢ dayanimi

Darbe dayanimi

Basing Dayanim Darbe Dayanimi
Seri Oort % Dort %

MPa Jimm?

R 39.11 -7.36 3.320 +10.27
L10 36.23 3.661

-6.95 +9.15
L15 33.71 3.996

L20 25.40 2485 4329 +8.33

Sekil 15. Serilerin basing ve darbe dayanimlarinin
degerlerinin grafigi

Figure 15. Graph of pressure and impact strength values
of the series

4. Sonug

Atik lastiklerden elde edilen lastik agregalarin betonun
darbe dayanimina etkisinin incelenmesi amactyla yapilan
deneylerin analizinden agagidaki sonuglara varilmistir.

1. Calismada yapilan slump deneylerinde ¢cokme sekilleri
beton harcinin kiitlesinde bozulma olmadan iist
kisminin ayni oranda ¢okme (hakiki ¢6kme) oldugu
tim serilerde gozlenmistir. Taze betonlarin esit
miktarda ¢6kme yapmas: lastik agregali betonlarin
islenebilirligini ve yeterli kohezyona sahip oldugunu
gostermistir.

2. Kiip numunelerin taze beton birim agirlik verileri
lastik agrega orani arttik¢a azaldigi belirlenmistir. Bu
durum lastik agregalarin  6zgilil agirliklariin
kullanilan  agregalara gore kiiciik degerlerde
olmasindan kaynaklanmaktadir ve bu durumda olasi
bir sonugtur.

3. Yapilan beton basing dayanimi deneyinde serilerin
lastik agrega miktar1 arttikca basing degerlerinin
azaldig1 goriilmiistiir. Bu azalma Referans beton ile
Seri 1 arasinda %7.36, Seri 1 ve Seri 2 arasinda
%6.95, Seri 2 ve Seri 3 arasinda ise %24.65 kadar
olmustur. Yiizde olarak beton basing degerlerinde

azalma oldugunun goriilmesi basing dayanim
degerlerinin  tim  lastik  agrega  oranlarinda
standartlarin  altinda kaldigr goriilmistiir. Lastik

agrega orani artikca yiizde olarak basing degerleri
belirgin gekilde azalmistir. Beton basincina etki eden
bu azalmanm sebebi ince agrega yerine lastik
agreganin ikame edilmesiyle beton hacminin artmasi
ve baglayict olan ¢imentonun artan yiizey alanina
yeterli olamamasindan kaynaklandig1
diisiiniilmektedir. ilerde yapilacak caligmalarda lastik
agrega oranl artikca ¢imento dozajmin arttirilip
basinca etkisi incelenebilir.

4. Prizma numunelerinde lastik agrega orani arttikga

darbe dayanimi arttg1 belirlenmistir. Bu artig referans
beton ile seri 1 arasinda %10.27, seri 1 ve seri 2
arasinda %9.15, seri 2 ve seri 3 arasinda ise %8.33
kadar olmustur. Numunlerde artis olmasina ragmen
lastik agrega orami arttikca artisa bagli azalma
goriilmiistiir. Ideal lastik agrega orami darbe deneyi
sonuglarina gore %10 olarak belirlenmistir. Calismada
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agirlik diisiirme deneyinde agirlik 20cm yiikseklikten
digiirilmiistir ve tim numunelere bu ylikseklik
uygulanmistir. Darbe deneyi verilerinin arttig1 ancak
artan degerler igerisinde % olarak artigin azaldigi
goriilmiistiir. Bu azalmanin agirlik diisiirme deneyinde
farkli yiiksekliklerde verecegi sonuglar incelendiginde
daha iyi yorumlanacagi diisiiniilmektedir.

5. TesekKiir

Yazarlar, TUBITAK 2211 ve YOK 100/2000 projesi
kapsaminda desteklendigi i¢in ilgili kurumlara tesekkiirii
borg bilmektedir.

Cikar Catismas: Beyani

Makale yazarlari aralarinda herhangi bir ¢ikar catismasi
olmadigimi beyan ederler.

Arastirmacilarin Katki Orani Beyani

Yazarlar makaleye esit oranda katki saglamis olduklarini
beyan ederler.
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OZET

Toprak erozyonu, diinyanin bir¢ok yerinde hem tarimsal tretkenligi hem de dogal
ekosistemleri etkileyen Onemli bir ¢evre sorunudur. Erozyon kaynakli toprak kayiplari,
halihazirda birgok sosyoekonomik sorunla bogusan bir iilke olan Somali'de gida giivenilirligi
ve arazi bozulmasi endiselerini siddetlendirmektedir. Bu aragtirmanin amaci, siirdiiriilebilir
arazi yonetimi ve kaynak planlamasi i¢in degerli bilgiler saglayarak, Somali'deki erozyon
riskini degerlendirmek igin potansiyel tekniklerin bir incelemesini igerir. Caligma, uzaktan
algilama verileri, cografi bilgi sistemi (CBS) teknikleri ve hidrolojik modelleme kullanarak
erozyon risk faktorlerini ve tilke genelindeki mekansal dagiliminin incelenebilecegini vurgular.
Bu amagla topografik veriler, toprak 6zellikleri, arazi kullanimi ve arazi Ortiisii verileri, yagis
modelleri ve bitki ortiisii indeksleri Somali’de erozyona egilimli alanlar1 ve hassas noktalari
belirlemek i¢in kullanilabilir. Ayrica, tahmine dayali modelleri kalibre etmek ve dogrulamak
icin tarihsel erozyon verileri analiz edilebilir. Somali arazilerinde siire gelen ormansizlagsma,
kotii tarim uygulamalari ve asir1 otlatma gibi insan faaliyetlerinin erozyon riskini artirmadaki
roline bagl olarak hassas alanlarin yillar igerisinde izlenmesi oOnerilmektedir. Somali
genelinde cevresel siirdiiriilebilirligi koruyabilen verimli erozyon yonetimi tekniklerini
uygulamaya koymak i¢in karar vericiler nezdinde kullanilabilecek metodolojilere
odaklanilmalidir.
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ABSTRACT

Soil erosion stands as a significant environmental concern impacting both agricultural
productivity and natural ecosystems across various regions worldwide. The soil losses
attributed to erosion exacerbate concerns about food security and land degradation in Somalia,
a country already grappling with numerous socio-economic challenges. This study aims to
evaluate the erosion risk in Somalia by examining potential techniques that offer valuable
insights for sustainable land management and resource planning. Emphasizing the utilization
of remote sensing data, geographic information system (GIS) techniques, and hydrological
modeling, the research highlights the exploration of erosion risk factors and their spatial
distribution nationwide. Topographic data, soil properties, land use and land cover data,
precipitation models, and vegetation indices could be employed to identify erosion-prone areas
and sensitive points in Somalia. Furthermore, analyzing historical erosion data can aid in
calibrating and validating predictive models. Continuous monitoring of sensitive areas over the
years is recommended, considering the role of human activities such as ongoing deforestation,
poor agricultural practices, and excessive grazing, which contribute to escalating erosion risks
on Somali lands. Decision-makers should focus on methodologies that can be utilized to
implement efficient erosion management techniques ensuring environmental sustainability
across Somalia.

1. Introduction

public health problems that human society is currently
facing globally.

Soil loss contributes to land degradation, which contributes
to environmental change (Oldeman et al., 1991; Lal et al.,
1998). Through changes in the soil profile, soil loss
influences the ability of land to dampen atmospheric heat,
agricultural productivity, surface water quality, and
landscape beauty (Feddema, 1998; FAO, 2003; Gisladottir
and Stocking, 2005). Land managers use site-specific
methods of control to stop soil erosion by identifying
eroding sites or regions with early signs of erosion. Soil
erosion is one of the most important environmental and

Soil erosion destroys approximately 10 million ha of
cropland each year, reducing the amount of cropland
available for food production. Crop loss is a significant
issue because there are more than 3.7 billion malnourished
people in the world, according to the World Health
Organization. According to Pimentel D. (2006), the rate of
soil renewal is 10 to 40 times slower than the overall soil
loss from land areas, endangering future environmental
quality and human food security. East Africa is particularly
vulnerable to soil erosion due to its steep topography,
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fragile soils, and heavy rainfall (Wynants, 2019). Land
managers in Somalia are concerned about soil loss because
of its impact on biomass production, surface water quality,
and landscape beauty. The likelihood of soil loss is
increased by clearing vegetation, using inadequate land
management techniques, and the negative effects of
urbanization. Currently, soil loss research appears to be
focusing on improving estimation accuracy (Lim et al.,
2005). As a result, there is an expanding gap between the
importance of controlling soil loss and research priorities.
In order to control accelerated soil erosion, it is necessary
to apply and integrate existing research methods for
estimating the amount and rate of soil loss. The aim of the
study is to evaluate the erosion risk in Somalia and to
provide information on techniques that can be used to
estimate soil losses.

2. Methods and Matenals

This research employs a desktop review methodology,
predominantly drawing upon secondary sources and pre-
existing literature pertaining to assessment of erosion risk
and prediction of soil losses in Somalia. The existing body
of academic research on land use and land conservation
measures has played a crucial role in informing this study,
offering valuable conceptual frameworks and empirical
evidence that serve as a foundation for further
investigation. This research was informed by an extensive
review and analysis of a diverse selection of pertinent
journal articles, conference papers, and other scholarly
publications. In essence, this study primarily relies on the
examination and integration of pre-existing secondary
sources, including previous academic research, statistical
databases, and empirical soil loss models focused
publications pertaining to the prioritization of conservation
efforts in particular regions have both been made possible
by the integration of GIS and soil loss models.

2.1. Overview of Erosion

Soil erosion is one of the most serious problems
confronting agriculture on a global scale. In particular, in
agricultural and rangelands, it poses a serious threat to soil
resources, productivity, and ultimately food and fiber
production. Although the current problem has existed since
the beginning of settled agriculture, its importance and
effects on human welfare and the environment as a whole
have significantly increased over time. Despite the
temporary increase in yield that they frequently cause,
continued high rates of soil erosion and the use of fertilizers
and other inputs will ultimately lead to a decline in crop
productivity. These problems are referred to as erosion's
side effects. Environmental pollution is also a result of soil
erosion. Floods, reservoir sedimentation, and poor water
quality are all effects of erosion downstream. A reduction
in soil quality is always accompanied by a reduction in
water and, in some cases, air quality. These are the off-site
effects of erosion (Lakew & Belayneh, 2012).

147

2.2. Global Awareness of Soil Erosion

Water erosion is influenced not only by human activities
but also by physiographic factors such as rainfall intensity,
terrain  characteristics, soil texture, and runoff.
Understanding soil erosion from water is the subject of
extensive international research due to its significance.
Numerous methods have been used to evaluate soil
erosion, from small farmland scales to regional scales. In
recent years, the use of numerical modeling for assessing
soil erosion has grown significantly, gaining significant
attention and interest from researchers all over the world.
The use of numerical models to assess soil erosion has
several advantages. For starters, it helps researchers
understand and connect the processes of sediment
production, transport, and deposition, enhancing their
understanding of erosion dynamics (Ding & Richards,
2009).

2.3. Soil Erosion Modelling

In the past decade, the estimation of soil loss and sediment
yield has successfully used a variety of erosion and
sediment transport models. Erosion modeling is crucial
because soil erosion field surveys take a very long time. If
measurement is done in the field, it is difficult to analyze
the response to land use change and even the management
of erosion over long periods of time, and it takes a lot of
time to build an adequate database (Morgan, 2005).
Erosion prediction models address these limitations by
making accurate predictions across a wide range of
environmental conditions. The estimations' validity can be
checked by comparing them to the measurements (Morgan,
2005). Morgan (1994), identifies two primary reasons for
using erosion models: first, to understand the underlying
processes and their interconnections; and second, to
estimate soil loss for conservation development. Since the
1930s, scientists have struggled to predict and assess soil
erosion, and numerous models have been developed (Lal,
2001). Physical process-based, semi-empirical, and
empirical models are the three main types of soil loss
prediction models. Empirical models frequently have a
statistical basis and rely heavily on observed data. Semi-
empirical models bridge the gap between physically
process-based models by using spatially lumped equations
for the continuity of water and sediment. Physical process-
based models, on the other hand, strive to adequately
capture the underlying principles that control erosion.
These models show the incorporation of numerous erosion-
influencing elements, such as the intricate interconnections
between various causes and their temporal and
geographical changes (Jha & Paudel, 2010).

2.3.1. RUSLE modelling

Erosion models are used to forecast soil erosion. Soil
erosion modeling allows for the representation of complex
interdependencies that impact erosion rates within a
watershed. RUSLE is the result of several factors,
including soil, climate, vegetation, topography, and human
activity, and it is used to calculate the rate of soil loss from
hillslopes (Shi et al. 2004; Teng et al. 2018). RUSLE is a
useful tool for assessing the potential for soil erosion at
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different spatial scales. These studies demonstrate
RUSLE's versatility and applicability in quantifying soil
erosion risks across large geographic areas, allowing for
informed decision-making and effective soil conservation
strategies. RUSLE is straightforward to apply (Gao, 2008).
Consequently, it may be employed in places with
insufficient data, particularly in developing nations, and it
can also be quickly altered when paired with GIS to enable
its use at a variety of spatial scales and certain regional
locations under different environmental situations (Zhou et
al., 2008). RUSLE's utility as a tool for assessing soil
erosion risk extends to capturing erosion spatial variability
at both watershed and basin scales. Previous versions of the
tool were used by Cohen et al. (2005) to assess erosion risk
in a Kenyan basin and by Irvem et al. (2007) in Turkey's
Seyhan River Basin. These studies demonstrate how the
tool and its predecessors can be used to visualize erosion
patterns and identify regions that are more vulnerable to
erosion, allowing for more focused conservation efforts
and wise land management choices. The USLE erosion
model was applied by Yilmaz (2006) in the 722 km?
amldere Dam Basin, which supplies water to Ankara. The
average annual soil loss in the basin was found to be 7.3
tons per hectare, with vegetation and topography being the
main contributors to soil erosion there. All parameters were
integrated and included in the model by the researcher. He
determined that the annual soil loss on 47% of the land was
less than 3 t ha-1 year-1 based on the model findings, and
he indicated that the fact that the area was covered with
vegetation had a significant impact on this conclusion.
RUSLE includes general database sets from which the user
can choose. Climate, crop (plant data representing above-
and Dbelow-ground characteristics), and operations
(farming and soil disturbance factors) databases are
included. Due to the breadth of the information in these
database sets, the user may require additional sets or
modify an existing set to better describe a specific site
where a soil loss estimate is required (Renard & Ferreira,
1993). To determine soil loss for a specific region, six
primary parameters are used. Each parameter is a
mathematical estimate of a condition that influences the
intensity of soil erosion at a specific location. The predicted
erosion values provided by this model may vary
significantly due to varying weather conditions (Renard et
al., 1997). RUSLE is used to calculate erosion values in
order to provide a more accurate estimation of long-term
averages. RUSLE has emerged as a valuable tool for
planning erosion control activities and evaluating soil
losses in agricultural watersheds. This model is based on
the simple equation A=R*K*LS*C*P, where A represents
the average annual potential soil loss in tons per hectare per
year. The equation incorporates several important erosion
assessment factors. R denotes the rainfall runoff erosivity
factor, K the soil erodibility factor, LS the slope length and
degree factor, C the land cover management factor, and P
the conservation practice factor. The model's integration of
GIS-based techniques, which allow for the estimation of
factor values at the grid cell level, makes it particularly
efficient. It enables accurate calculations and assessments
throughout the study area by utilizing spatial analysis and
data processing capabilities. This model is frequently used
by researchers and land managers to direct planning for
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erosion control and assess potential soil losses. This
highlights its usefulness in assisting decision-making
procedures aimed at reducing soil erosion and maintaining
agricultural landscapes (Renard et al., 1997).

2.3.2. CORINE model

The CORINE Model is an experimental model that has the
capability to provide spatially accurate predictions of soil
erosion. It is a semi-qualitative cartographic approach that
includes developing and combining multiple thematic map
layers within a GIS framework. This model demonstrates
the geographical variations in soil erosion risk. The
CORINE model's GIS implementation is relatively simple
and benefits from its straightforward structure. The model
has been successful in identifying areas at high risk of
erosion, particularly in Mediterranean regions (Gobin et
al., 2003). Zhu (2012) conducted a comprehensive study to
address soil erosion and protect soil and water resources in
the Danjiangkou area of China. This study used GIS and
RS techniques to integrate the SER, DRR, and CORINE
models. The primary goal was to identify areas at high risk
of erosion (based on the SER) and develop appropriate
erosion control strategies. According to the findings,
approximately 59.1% of the study area had a low erosion
risk, 31.2% had a medium risk, and 2.3% had a high risk.
This study demonstrates the efficacy of using integrated
models and spatial analysis tools to identify erosion-prone
areas and inform targeted erosion mitigation efforts.
Dindarolu and Canpolat (2013) conducted a study at
Kuzgun Dam Lake to identify areas where soil losses occur
and to make management recommendations to address the
issue. The CORINE model evaluated soil characteristics
based on land use conditions using Landsat satellite images
of Erzurum Province, and the model identified areas that
were or may be degraded. According to the map results,
39% of the soils are at moderate risk of degradation, while
34% are at severe risk. Researchers discovered that 53% of
the basin's soils are at risk of severe degradation based on
model results. Furthermore, they claimed that, while
forested lands are protected from loss, studies should be
conducted to prevent loss on agricultural lands and grazing
fields with steep slopes.

2.3.3. Soil loss estimation model of Southern Africa
(SLEMSA)

The SLEMSA soil loss model is widely used in African
environments (Elwell & Stocking, 1982). It is a modeling
technique or framework that makes no universal claims but
rather mechanistic descriptions of the system. The
SLEMSA framework is a methodical procedure for
developing models to predict sheet erosion on arable land
in southern Africa. The SLEMSA framework is a
methodical procedure for developing models to predict
sheet erosion on arable land in southern Africa. The
framework was intended to be used to build a variety of
sub-models, each tailored to a specific set of land, climate,
and land-use conditions. Despite the fact that the current
set of sub-models for calculating SLEMSA factors used by
the Zimbabwe Agricultural Services were developed
specifically for the Zimbabwean highveld, they are now
being used to provide the best estimates of sheet erosion
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throughout Zimbabwe and elsewhere in southern Africa in
the absence of additional data (Elwell, 1996). In a study on
the applicability of SLEMSA in mountainous areas,
Hudson (1987) discovered that estimates of soil loss were
very sensitive to variations in slope steepness (S) and
rainfall energy (E). A weakness of the model is the
apparent overestimation of soil loss values due to the co-
linearity between the slope steepness (S) and slope length
(L) factors. The problem worsens as the slope steepness
increases, indicating that the topographic sub-model
should be modified if SLEMSA's predictive ability in
nugget terrain is to be improved. The study also
demonstrated the inodel's relative insensitivity to changes
in slope length. SLEMSA calculated absolute soil loss
values that were 20 times higher than the actual
measurements. Hudson (1987) modified the slope
subroutine, which greatly increased the applicability of
SLEMSA in mountainous terrain. This is demonstrated by
the slope length (L) factor, the combination of the modified
L and rainfall energy (E), and the inclusion of a complex
slope profile factor. Because it acts as an index of the
spatial distribution of soil loss, SLEMSA is regarded as a
useful model for distinguishing between regions with a
high and low potential for erosion. The application of the
Water Erosion Assessment Program (SWEAP) model to
the SOTER (soil and terrain) database at a scale of I: 000
000 by ISRIC (1995) provided confirmation of this. The
erosion risk assessment models USLE and SLEMSA are
currently part of the SWEAP model subsystem. Both
models were modified to work with the SOTER database's
capabilities and constraints.

2.3.4. Geographic information system and modelling of
soil erosion

Numerous scientific studies have been conducted over the
last decade using GIS and RS technologies to evaluate soil
erosion over large areas (Sheikh et al., 2011). These studies
have shown that these approaches are effective and cost-
effective in providing accurate information about eroded
areas, including soil types, lithological units, and
vegetation, at a reasonable cost. Several integrated models
combining GIS and remote sensing for predicting water
and soil erosion have also been published (Fullen, 2003;
Merritt et al., 2003). Remote sensing can be analyzed in the
Arc GIS software environment in conjunction with GIS
(Karabulut et al., 2008). GIS is becoming increasingly
important in landscape planning and conservation.
Estimating erosion in an area is a broad and useful strategy
in soil conservation and planning studies, and more
effective and accurate data can be collected using GIS
technology (Okatan et al., 2007).

3. Conclusion

Empirical soil loss models have been a critical component
of soil erosion research and management in Somalia.
Empirical soil loss models are mathematical equations that
predict soil erosion based on variables like rainfall, land
cover, soil type, slope, and land management practices.
These models help researchers, policymakers, and land
managers understand and forecast the extent of soil
erosion, which is a major environmental issue in Somalia
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due to the negative effects it has on agricultural
productivity, water quality, and ecosystem health. Several
empirical soil loss models have been developed and
applied in Africa, the most widely used being the Universal
Soil Loss Equation (USLE) and its revised version, the
Revised Universal Soil Loss Equation (RUSLE), and the
Soil Loss Estimation Model of Southern Africa
(SLEMSA). These models have been adapted and
calibrated to account for the diverse soil and climate
conditions found throughout Africa. They provide useful
information about soil erosion hotspots, assisting in the
identification —of erosion-prone areas and the
implementation of targeted soil conservation and land
management strategies. This is most likely why none of the
empirical soil loss models were properly adapted and
validated over time and across a wide range of local
conditions. The latter is required for models to be used
routinely in order to accurately and confidently predict soil
loss values. However, the research shows the value of
empirical models in soil conservation research and
planning. It has contributed to a better understanding of the
factors that influence erosion in Somalia. This is critical for
the direction of soil conservation research. It serves as a
foundation for future modeling efforts. It also provides
insights into data collection and, in some cases, measured
values for some model input data. Over the next ten years,
erosion modeling will face the most challenges, including
the need to model erosion in a spatial and temporal context
and integrate erosion models and/or their results with other
land assessment models and/or techniques. Because the use
of empirical soil loss models to predict absolute values is
limited due to a lack of verification, process-based models
are the obvious method for accurately estimating soil
erosion values. These models use physically sound
equations and factors to accurately reflect the underlying
erosion processes. With relative confidence, empirical
models could be used as screening models, particularly in
a spatial context and typically through the use of a GIS.
There are already several examples of empirical models
being spatially applied, such as USLE/RUSLE or parts
(factors) of the models. Typically, it is challenging to
manually calculate slope length and other topographic
data. Other instances of the spatial application of USLE
and RUSLE include Flacke, Auerswald & Neufang (1990),
Mitasova & Iverson (1996), and Busacca et al. (1993). In
South Africa, Pretonus & Smith (1998) created a land use
planning decision support system with the risk of erosion
as the main criterion, among other tools, in a GIS
environment. Pretorius (1998) created RUSLE-based late-
dewadation monitoring and auditing techniques with the
aid of remote sensing and GIS technology. The use of these
models in Africa has also been associated with the
advancement of Geographic Information Systems (GIS)
technology, which facilitates the spatial analysis of soil
erosion risk across large areas. The better visualization of
erosion patterns and the prioritization of conservation
efforts in particular regions have both been made possible
by the integration of GIS and soil loss models. If data
requirements could be met, process-based models could be
used to generate quantified estimates of soil loss and
sediment yield in field-size areas and catchments. The
results could be used to assess the quantitative land
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resource base. These models must be calibrated using field
research and process-based modeling techniques with
measured local input data. This motivation would help to
establish this technology for erosion prediction in East
Africa. In Somalia, the use of empirical soil loss models
has had both successes and setbacks. On the plus side, these
models have helped policymakers and land managers
develop effective erosion control and land conservation
strategies. These models enable a more targeted approach
to soil conservation by identifying vulnerable areas,
allowing for more efficient resource and effort allocation.
The availability and quality of data required for accurate
application of these models, on the other hand, are critical
factors. Some African regions may lack reliable data on
factors such as rainfall, land use, and soil characteristics,
which can affect the model's precision. Efforts should be
made to improve data collection and sharing mechanisms
in order to improve the accuracy of soil loss assessments.
Additionally, Africa's diverse socioeconomic and cultural
contexts must be recognized. Implementing soil
conservation measures may necessitate community
cooperation and understanding. Cultural practices, land
tenure systems, and economic conditions can all have an
impact on the adoption and effectiveness of conservation
efforts. As a result, it is critical to involve local
communities and stakeholders in the planning and
implementation of soil erosion control measures.
Furthermore, climate change is expected to change rainfall
patterns and intensities, potentially altering soil erosion
rates in different areas. As a result, soil loss models must
be regularly updated and adjusted to account for changing
climate conditions. To summarize, empirical soil loss
models have been useful in addressing soil erosion issues
and providing a scientific foundation for soil conservation
strategies in East Africa. To ensure their long-term
effectiveness, however, ongoing efforts to improve data
availability, involve local communities, and adapt to
changing climate conditions are required. In order to
develop sustainable soil erosion control measures tailored
to the specific needs of Somali regions, it will be critical to
integrate technological advances and local knowledge.
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