JOURNAL OF APPLIED SCIENCES UYGULAMALI BILIMLEFI DERGISI
&

YEAR-YIL:2023 VOLUME - CILT:8  ISSUE - SAYI: SPECIAL / 0ZEL



Iktisadi Kalkinma ve
Sosyal Arastirmalar Enstitisi

The Institute of Economic
Development and Social Research

IS5N: 2757-5675

masjaps.com

YIL-YEAR CiLT-VOLUME . SAYI-ISSUE
2023 8 Ozel Say1/ Special Issue



Dog. Dr. Seyithan SEYDOSOGLU Assoc. Prof. Dr. Seyithan SEYDOSOGLU
Siirt Universitesi, Ziraat Fakiiltesi, Tarla Bitkileri Boliimii, Siirt-TURKIYE
Siirt University, Faculty of Agriculture, Department of Field Crops, Siirt-TURKIYE

Do¢. Dr. Mehmet Firat BARAN / Assoc. Prof. Dr. Mehmet Firat BARAN
Siirt Universitesi, Ziraat Fakiiltesi, Biyosistem Miihendisligi Tarimsal Makine Sistemleri Béliimii,
Siirt-TURKIYE
Siirt University, Faculty of Agriculture, Department of Biosystem Engineering, Siirt-TURKIYE

Dr. Ogr. Uyesi Ayse Nur YILMAZ / Assist. Prof. Dr. Ayse Nur YILMAZ
Firat Universitesi, Saglik Bilimleri Fakiiltesi, Ebelik Boliimii, Elamg—TURKI”YE ‘
Firat University, Faculty of Health Sciences, Department of Midwifery, Elazig-TURKIYE

Dr. Ogr. Uyesi Fatma ERTAS OGUZ / Assist. Prof. Dr. Fatma ERTAS OGUZ
Igdir Universitesi, Tuzluca Meslek Yiiksek Okulu, Tibbi Hizmetler ve Teknikler Boliimii, Igdir-
TURKIYE
Igdir University, Tuzluca Vocational School, Department of Medical Services and Techniques, [gdir-
TURKIYE

Dr. Nihayet KOCYIiGIT / Dr. Nihayet KOCYIGIT
Batman Universitesi, Teknik Bilimler Meslek Yiiksekokulu-Kimya ve Kimyasal isleme Teknolojileri
Boliimii, Batman-TURKIYE
Batman University, Vocational School of Technical Sciences-Chemistry and Chemical Processing
Technologies Department, Batman-TURKIYE

Dr. Ogr. Uyesi Yeliz KASKO ARICI / Assist. Prof. Dr. Yeliz KASKO ARICI
Ordu Universitesi, Tip Fakiiltesi, Temel T1p Bilimleri Boliimi, Ordu—TURKiY]? .
Ordu University, Faculty of Medicine, Department of Basic Medical Sciences, Ordu-TURKIYE

Dr. Erhan KAHYA / Dr. Erhan KAHYA
Namik Kemal Universitesi, Teknik Bilimler MYO, Elektronik ve Otomasyon Boliimii, Tekirdag-
TURKIYE
Namik Kemal University, Vocational School of Technical Sciences, Department of Electronics and
Automation, Tekirdag-TURKIYE



Dr. Ogr. Uyesi Ali Ihsan KAYA / Assist. Prof. Dr. Ali Thsan KAYA
Adiyaman Universitesi, Miihendislik Fakiiltesi, Makine Miihendisligi Boliimii, Adiyaman-TURKIYE
Adiyaman University, Faculty of Engineering, Department of Mechanical Engineering, Adryaman-
TURKIYE

Tiirkce Dil Editorii / Turkish Language Editor
Doc¢. Dr. Arzu CIG / Assoc. Prof. Dr. Arzu CIG
Siirt Universitesi, Ziraat Fakiiltesi, Bahce Bitkileri Boliimii, Siirt-TURKIYE
Siirt University, Faculty of Agriculture, Department of Horticulture, Siirt-TURKIYE

Ingilizce Dil Editorii / English Language Editor
Dr. Shahid FAROOQ / Dr. Shahid FAROOQ
Harran Universitesi, Ziraat Fakiiltesi, Bitki Koruma Boliimii, Sanlurfa-TURKIYE
Harran University, Faculty of Agriculture, Department of Plant Protection,
Sanlurfa-TURKIYE

Istatistik Editorii / Statistics Editor
Doc. Dr. Giilen OZYAZICI / Assoc. Prof. Dr. Gulen OZYAZICI
Siirt Universitesi, Ziraat Fakiiltesi, Tarla Bitkileri Boliimii, Siirt-TURKIYE
Siirt University, Faculty of Agriculture, Department of Field Crops, Siirt-TURKIYE

Yayin ve Mizanpaj Editorii / Editorial Review and Layout
Dr. Ogr. Uyesi Yeter CILESIZ/ Assist. Prof. Dr. Yeter CILESIZ
Sivas Bilim ve Teknoloji Universitesi, Tarim Bilimleri ve Teknoloji Fakiiltesi, Sivas-TURKIYE
Sivas University of Science and Technology, Faculty of Agricultural Sciences and Technologies,
Sivas-TURKIYE

ALAN EDITORLERIi / SUBJECT EDITORS

Doc. Dr. Kiibra YAZICIi / Assoc. Prof. Dr. Kubra YAZICI
Yozgat Bozok Universitesi, Ziraat Fakiiltesi, Peyzaj Mimarhig Boliimii, Yozgat-TURKIYE
Yozgat Bozok University, Faculty of Agriculture, Department of Landscape Architecture, Yozgat-
TURKIYE

Prof. Dr. Yilmaz BAYHAN / Prof. Dr. Yilmaz BAYHAN
Namik Kemal Universitesi, Ziraat Fakiiltesi, Biyosistem Miihendisligi Béliimii
Tekirdag-TURKIYE
Namik Kemal University, Faculty of Agriculture, Department of Biosystems Engineering, Tekirdag-
TURKIYE



Doc. Dr. Ozlem DURNA AYDIN / Assoc. Prof. Dr. Ozlem DURNA AYDIN

Dicle Universitesi, Veteriner Fakiiltesi, Zootekni ve Hayvan Besleme Boliimii, Diyarbakir-TURKIYE
Dicle University, Faculty of Veterinary Medicine, Department of Animal Science and Animal
Nutrition, Diyarbakir-TURKIYE

Doc. Dr. Kivan¢ IRAK / Assoc. Prof. Dr. Kivan¢ IRAK
Siirt Universitesi, Veteriner Fakiiltesi, Temel Bilimler Boliimii, Siirt-TURKIYE
Siirt University, Faculty of Veterinary Medicine, Department of Basic Sciences, Siirt-TURKIYE

Doc. Dr. Nurhan KESKIN / Assoc. Prof. Dr. Nurhan KESKIN
Van Yiiziincii Y11 Universitesi, Ziraat Fakiiltesi, Bahge Bitkileri Béliimii, Van-TURIgYE‘
Van Yuzuncu Y1l University, Faculty of Agriculture, Departmen of Horticulture, Van-TURKIYE

Prof. Dr. Osman GUNAYDIN / Prof. Dr. Osman GUNAYDIN
Adiyaman Universitesi, Miihendislik Fakiiltesi, insaat Miihendisligi Béliimii, Adiyaman-TURKIYE
Adiyaman University, Faculty of Engineering, Department of Civil Engineering, Adiyaman-
TURKIYE

Dog. Dr. Miikerrem ATALAY ORAL / Assoc. Prof. Dr. Mukerrem ATALAY ORAL
Akdeniz Universitesi, Elmali Meslek Yiiksek Okulu, Y&netim ve Organizasyon Béliimii, Antalya-
TURKIYE
Akdeniz University, Elmali Vocational School, Management And Organization, Business
Administration Program, Antalya-TURKIYE

Dr. Ogr. Uyesi Okan ORAL / Assist. Prof. Dr. Okan ORAL
Akdeniz Universitesi, Miihendislik Fakiiltesi Béliimii, Mekatronik Miihendisligi Béliimii, Antalya-
TURKIYE
Akdeniz University, Faculty of Engineering, Department of Mechatronics Engineering, Antalya-
TURKIYE

Dog¢. Dr. Yusuf BASOGUL / Assoc. Prof. Dr. Yusuf BASOGUL
Adiyaman Universitesi, Miihendislik Fakiiltesi, Makine Miihendisligi Boliimii, Adiyaman-Tiirkiye
Adiyaman University, Faculty of Engineering, Department of Mechanical Engineering, Adiyaman-
TURKIYE

Dr. Ogretim Uyesi Ferhat CIRA / Assist. Prof. Dr. Ferhat CIRA
Harran Universitesi, Miihendislik Fakiiltesi, Elektrik Elektronik Miihendisligi Boliimii, Sanliurfa-
TURKIYE
Harran University, Faculty of Engineering, Department of Electrical and Electronics Engineering,
Sanlurfa-TURKIYE



Dog. Dr. Serpil SAVCI / Assoc. Prof. Dr. Serpil SAVCI
Bozok Universitesi, Miihendislik-Mimarlik Fakiiltesi, Sehir ve Bélge Planlama, Yozgat-TURKIYE
Bozok University, Faculty of Engineering and Architecture, City and Regional Planning, Yozgat-
TURKIYE

Dr. Ogr. Uyesi Emral GULCEK / Assist. Prof. Dr. Emral GULCEK
Siirt Universitesi, Saglik Bilimleri Fakiiltesi, Ebelik Boliimii, Siirt-TURKIYE
Siirt University, Faculty of Health Sciences, Midwifery Department, Siirt-TURKIYE

Dr. Ogr. Uyesi Mehmet YILMAZ / Assist. Prof. Dr. Mehmet YILMAZ
Siirt Universitesi, Tip Fakiiltesi, Kadin Hataliklar1 ve Dogum Anabilim Dali, Siirt-TURKIYE
Siirt University, Faculty of Medicine, Department of Obstetrics and Gynecology, Siirt-TURKIYE

Dog. Dr. Giilay OGUZ / Assoc. Prof. Dr. Gulay OGUZ
Harran Universitesi, Fen-Edebiyat Fakiiltesi, Matematik Boliimii, Sanlrurfa-TURKIYE
Harran University, Faculty of Arts and Sciences, Department of Mathematics, Sanlurfa-TURKIYE

Dr. Amin MARANDI
University of Tehran, Faculty of Veterinary Medicine, Department of Aquatic Animal Health,
Tehran-IRAN

Dr. Shalini IYYANAR
Rajiv Gandhi Institute of Veterinary Education and Research, Department of Veterinary
Gynaecology, Puducherry-INDIA

Dr. Mouttou Vivek SRINIVAS
Rajiv Gandhi Institute of Veterinary Education and Research, Department of Veterinary
Microbiology, Puducherry— INDIA

Assoc. Prof. Dr. Norhayati Binti HUSSAIN
Universiti Putra Malaysia, Department of Food Technology, Faculty of Food Science and
Technology, Selangor-MALAYSIA

Dr. J.M. Susanthi JAYASINGHE
University of Peradeniya, Department of Chemistry, Faculty of Science, SRI LANKA



Victor T. IBEABUCHI
Alex Ekwueme Federal University Ndufu Alike, Department of Civil Engineering, Abakaliki-
NIGERIA

Assoc. Prof. Dr. Belay DUGUMA
Jimma University, College of Agriculture and Veterinary Medicine, Department of Animal
Science, Jimma-ETHIOPIA
Assist. Prof. Dr. RuZica Zdero PAVLOVIC
University in Novi Sad, Novi Sad, Faculty of Agriculture, SERBIA

Assoc. Prof. Dr. Sergiy LAVRENKO
Kherson State Agrarian and Economic University, Department of Agriculture, Kherson-
UKRAINE

Dr. Krupa-Malkiewicz MARCELINA
West Pomeranian University of Technology Szczecin, Department of Plant Genetics,
Breeding and Biotechnology, Szczecin-POLAND

Dr. Javeria SHEIKH
Jinnah University for Women, Department of Pharmaceutics, Faculty of Pharmacy, Karachi-
PAKISTAN

Dr. Mehak AHSAN
Jinnah University for Women, Department of Food Science and Technology, Karachi-
Pakistan

Dr. Bojan PERCAN
University of Novi Sad, Faculty of Sciences, Department of Geography, Tourism and Hotel
Management, Novi Sad-SERBIA

Dr. Ivana PENJISEVIC
University of PriStina in Kosovska Mitrovica, Faculty of Sciences and Mathematics, Lole
Ribara, Kosovska Mitrovica-SERBIA



URUN BILGIiSi / PRODUCT INFORMATION

Dergi Kapsami: MAS Uygulamali Bilimler Dergisi, (iktisadi Kalkinma ve Sosyal Arastirmalar
Enstitiisii) IKSAD tarafindan yayinlanan agik erisimli, Uluslararasi hakemli ve indeksli bir
dergidir. Temel amacimiz uluslararas1 akademisyenler i¢in entelektiiel bir platform saglamaktir.
Matematik, Miihendislik, Saglik ve Doga bilimleri alanlarinda disiplinler arasi1 ¢aligsmalari

tesvik etmeyi ve bu alanda 6nde gelen dergi olmay1 hedefliyoruz.

Scope of the Journal: MAS Journal of Applied Sciences is an open access, internationally
refereed and indexed journal published by (Institute of Economic Development and Social
Research) IKSAD. Our main goal is to provide an intellectual platform for international
academics. We aim to encourage interdisciplinary studies in the fields of Mathematics,

Engineering, Health and Natural sciences and to become the leading journal in this field.

Yayinlayan / Publisher IKSAD /IKSAD
Yayn Dili / Language Tiirkge-Ingilizce / Turkish-English
Basim Tarihi / Date of Publication 30/12/2023

Yilda dort kez (Mart-Haziran-Eyliil-Aralik)
Yayim Aralig1 /Frequency yayinlanir.

Published four times a year (March-June-

September December)

Eurasian
E SJ I Se mr:\ml INDEX i I COPERNICUS

www.ESJIndex. or\g

Leademis
Resource 3‘1’ Brirish
Iiaidey ‘}% y
ResearchBib ] Y i e

v

Tarandig1 Indeksler / Indexed and

Abstracted in Efﬁ'?a ,-' o 73 CiteFactor
DRJI | -%&

OpenAlRE



https://journals.indexcopernicus.com/search/details?id=66032
http://britishindex.co.uk/indexed-journals/

ICINDEKILER / CONTENTS

Pediatric Blood Disorders with Central Nervous System Complications
Feray Ferda SENOL. ... e 854

Prevalance and Molecular Characterisation of Giardia duodenalis Infection on Goatkids
Southeast Turkey
Duygu Neval SAYIN IPEK . ... e, 866

Effect of Urease Enzyme Immobilized to Particle Surface with Glyoxal Molecule on
Storage Stability

Umit YASAR, Fatma ULUSAL, Pmar YILGOR HURI, Bilgehan GUZEL, Nurten
DIKIMEN. ..ottt 872

Emission Calculations of Vehicles Used in Konya and Stages of Electric Vehicle Use
Abdullah Engin OZCELIK, Muhammet KAHYAOGLU, Janset ALTAN...........ccccceueunennen. 883

Life Cycle Assessment (LCA) Case Study on Cement-bonded Particle Board Produced By
Using Construction Demolition Wood Waste
Ceren Serap AKIN, Irfan AR, Sibel HACIOGLU.. ...ttt 897

Effects of Zinc Oxide Nanoparticle Application on Growth and Zinc Uptake of Durum
Wheat
Giil Nazik BALCI, Hatice DAGHAN..........ccoiiiiiiieeeieeeseeeeese et 907

Visual Quality Assessment of Rural Landscapes: The Case of Golbasi, Ankara
Duygu DOGAN, Meryem Bihter BINGUL BULUT, Merve YILMAZ.......................... 924

Determination of Roughage Yield and Quality of Grass Pea (Lathyrus sativus L.) and
Cmmon Vetch (Vicia sativa L.) In Bilecik Ecological Conditions
Erdem GULUMSER, Ilknur YILDIRIM, Yusuf Murat KARDES, Ugur BASARAN............ 938

The Effect of Previous Crop on Different Forage Crops in Summer Sowing
Berat MUHCU, Ilknur YILDIRIM, Yusuf Murat KARDES, Erdem GULUMSER............ 943

Investigation of Dynamic Thiol Disulfide Homeostasis in Young Cattle With Pneumonia
Fatma ERTAS, Semistan KIZILTEPE, Oguz MERHAN ... 949

Determination of Yield and Quality Properties of Different Flax (Linum usitatissimum L..)
Genotypes in Eskisehir Ecological Conditions
Nimet KATAR, Mustafa YASAR, Arzu KOSE, Duran KATAR.............ovvvcviiieiiiien.955



An Assessment of Post-Earthquake Issues in UNESCO (United Nations Educational,
Scientific and Cultural Organization) Gastronomic Cities Gaziantep, Hatay and Sanhurfa
in Turkey

Cigdem KIZILGECI. .......ooiiiiiiii e 965

The Importance of Syriac Culinary Culture and Syriac Wine in The Field of Gastronomy
in Terms of Mardin Tourism
Cigdem KIZILGEC. ... ..ot 9T

Determination of Anxiety, Health Literacy and Belief Levels of Medication Use of
Individuals with Chronic Diseases During The Covid-19 Pandemic Process
GUICAN SOLMALZ . ... e 991

The Effect of Post-Coronary Angiography Foot Massage on Back Pain: A Randomized
Controlled Study
GUICAN SOLMALZ. ..o e e et eee e e eaeaaas 1001

The Effect of Peanut Shell and Different Buffering Agents on Rumen Fluid Parameters
Kadir ERTEN, Sevilay GUL, Levend COSKUNTUNA, Fisun KOC............cccc....ueunnn 1011

Detection of the Bovine Leptin Gene RS29004488 Polymorphism by Introducing a New
Restriction Enzyme Site For PCR-RFLP
Murad GURSES, Metin BAYRAKTAR, Huseyin YUCE, Ebru ONALAN................... 1024

A Study on the Determination of Fish Species Diversity in Pamucak Artificial Reefs in
Kusadas1 Bay Aegean Sea o
Ali ULAS, Serpil SERDAR, Siikrii YILDIRIM, Didem GOKTURK......................... 1032

The Effect of Different Organic Fertilizers on Soil Properties in Tolering Climate Change
Tiilay DIZIKISA, Nesrin YILDIZ. .......ooiiniiiie e e 1049

In Vitro Micropropagation of Opuntia microdasys Albata
GUISTM OZTURK ...t 1069



MAS JAPS 8(Special Issue): 854-865, 2023

155N: 27575075
Masjaps.com

8 DOI: http://dx.doi.org/10.5281/zenodo.10001530
Derleme Makalesi / Review Article

Pediatric Blood Disorders with Central Nervous System Complications

Feray Ferda SENOL'"™
'Elaz1g Fethi Sekin City Hospital, Microbiology Laboratory, Elazi1g
*Corresponding author: drferdasenol@yahoo.com

Received: 16.06.2023 Accepted: 30.07.2023
Abstract

Pediatric Hematology Oncology is a broad and complex area that encompasses perturbations of the several-formed
elements of the blood and their precursors in the bone marrow, as well as the coagulation-fibrinolytic systems in
the plasma, the reticuloendothelial system, and malignancies of the blood and solid tissues and organs. The most
common non-malignant blood disorders in adolescents include the various forms of cytopenias, anemias, bleeding
and clotting disorders, and hemoglobinopathies. Iron deficiency is the most prevalent nutritional deficiency
affecting children and adolescents worldwide. But, anemia occurs frequently in children with cancer. Iron
deficiency anaemia is commonly associated with thrombocytosis. Thrombocytopenia, or low platelets, can occur
as an isolated finding or in conjunction with a multitude of underlying clinical conditions. Venous
thromboembolism result in significant morbidity and mortality in children with cancer. Alpha-thalassemia major
is the most common genetic variant of transfusion-dependent thalassaemia seen in the Indian subcontinent, the
Mediterranean basin, Southeast Asia and China. Bleeding events still predominate as the diagnostic trigger in
children, however, the sites of bleeding vary with age. Bone marrow failure is a rare but life-threatening disorder
that usually manifests as (pan)cytopenia. Central nervous system tumors are the most common cancer diagnosed
in children after leukemia, accounting for 20% of all pediatric malignancies. Fanconi anemia is an autosomal
recessive disease characterized by developmental anomalies, bone marrow failure, cellular sensitivity to DNA
cross-linking agents, and increased incidence of both hematologic and solid tumors. This narrative review focuses
on the most suggestive symptoms of hematologic disorders with central nervous system complications in
childhood.

Keywords: Central nervous system complications, blood disorders, children, pediatry
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1. Introduction

The hematology oncology of
infancy and childhood is a relatively recent
area of study whose development depended
upon the evolution of the science of
Hematology and, especially, upon methods
to study the blood and its elements.
Pediatric Hematology Oncology has
increasingly involved other allied medical
sciences (genetics, immunology, and
molecular biology). Pediatric Hematology
Oncology has interactions and there are
significant differences in same disease in
pediatric and adult patients. Some pediatric
diseases do not occur in adults and vice
versa.

2. Pediatric Blood Disorders
2.1. Iron deficiency anemia

Iron deficiency is the most prevalent
nutritional deficiency affecting children and
adolescents worldwide. A consistent body
of epidemiological data demonstrates an
increased incidence of iron deficiency at
three timepoints: in the neonatal period, in
preschool children, and in adolescents,
where it particularly affects females
(Mattiello et al., 2020). Causes of anemia
are increased loss or destruction of red
blood cells (RBCs) or a significant
decreased rate of production. When
evaluating a child with anemia, it is
important to determine if the problem is
isolated to one cell line (e.g., RBCs) or
multiple cell lines (i.e., RBCs, white blood
cells [WBCs], or platelets). When two or
three cell lines are affected, it may indicate
bone marrow involvement (leukemia,
metastatic disease, and aplastic anemia),
sequestration (i.e., hypersplenism), immune
deficiency, or an immune-mediated process
(e.g., hemolytic anemia and immune
thrombocytopenic purpura) (Hastings et al.,
2021). Iron deficiency anemia is the most
common and preventable cause of
microcytic anemia. According to the World
Health  Organization, iron deficiency
anemia is seen in 36% of developing
countries and 8% in developed countries.
The incidence of iron deficiency anemia in
Mongolia is much higher than in developed
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countries. One of the key findings of iron
deficiency anemia is decreased appetite.
There is a positive relationship between
ghrelin, which stimulates appetite, and iron
levels, and it has been reported that
decreased appetite in iron deficiency
anemia may be due to low ghrelin levels.
The results of iron deficiency anemia and
increased appetite in children taking iron
supplements are conflicting. The causes of
iron deficiency should be investigated and
corrected,  deficiencies  should  be
eliminated, nutrition should be corrected,
patient and family education should be
provided. The clinical findings of anemia
vary according to the age of the child, the
etiology of anemia and the rate of
development. However, it is determined
that most anemic children are asymptomatic
and there are abnormalities in hemoglobin
and hematocrit values during routine
screening. Although physical examination
IS very important, it may not be
asymptomatic in most children with
anemia. As a result of the body's
compensation ability; chronic anemia
presents with lesser symptoms than an acute
anemia case with the same hemoglobin
value (Babacan, 2021b). Anemia occurs
frequently in children with cancer. A survey
was conducted in 1998 in Europe by The
Research Partnership with the objective of
determining the incidence of anemia. Data
were collected for 25,093 patients. Over
80% of patients were anemic (WHO:
hemoglobin <11  g/dL; EORTC:
hemoglobin <12 g/dL) regardless of tumor
type; 97% of patients with leukemia, the
most prevalent type of cancer (34% of the
total population), were anemic. Decreases
in hemoglobin levels to between 5.5 and 8.0
g/dL were the most common factor that
precipitated anemia treatment. Treatment
was almost exclusively blood transfusion;
less than 5% of patients received drug
treatment (which consisted mostly of folic
acid or iron). Very few patients received
recombinant human erythropoietin
(rHUEPO, epoetin alfa) to treat anemia
(Michon, 2002).
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2.2. Thrombocytopenia
Thrombocytopenia, or low platelets,
can occur as an isolated finding or in
conjunction with a multitude of underlying
clinical conditions. Thrombocytopenia is

typically subdivided into immune and
nonimmune causes. Immune causes
generally  cause increased platelet

destruction. Nonimmune causes may cause
increased destruction or decreased bone
marrow production. In patients with
splenomegaly, platelet sequestration may
also lead to thrombocytopenia. The initial
evaluation of the child with suspected ITP
begins with a complete history and physical
examination. Other than a possible
antecedent illness and the acute onset of
minor bleeding and bruising, the child
should be otherwise clinically well
appearing. More significant bleeding may
be associated with trauma. Bleeding into
joints (hemarthroses) should lead one to
consider an alternative bleeding disorder
(e.g., congenital or acquired factor
deficiency such as hemophilia). There
should be no history of unexplained fevers,
bone pain, or weight loss which would be
concerning for an underlying malignancy or
chronic infection. A medication history is
critical as many drugs have been implicated
in inducing drug-mediated immune
thrombocytopenia (Hastings et al., 2021).
General information about immune
thrombocytopenic purpura and heparin
induced thrombocytopenia/thrombosis will
be given by considering the conditions that
cause platelet deficiency in infants and
young children separately. Causes of
immune thrombocytopenia includes the
destruction  of  platelets in  the
reticuloendothelial system, mainly in the
spleen, due to antibodies against membrane
antigens such as autoantibodies, al-
loanthodes or drug-induced antibodies.
Immune damage due to platelet antibodies
is mediated by an immune complex that
directly targets the antigen on the platelet or
binds to the Fc receptor on the platelet.
Platelet antigens are divided into two
classes. Platelet-specific antigens and
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platelet non-specific antigens. Platelet-
specific antigens are complexes such as
GPlIb-11la  or  GPIb-IX-V in the
glycoprotein structure that is only on the
platelet membrane. Genetic structural
differences in glycoproteins in the platelet
membrane reveal platelet alloantigens
(Babacan, 2021c).

2.3. Thrombocytosis

In healthy pediatric subjects normal
count platelet ranges between 250,000 pL
and 450,000 pL. An elevated platelet count
greater than 2 SD defines a condition of
thrombocytosis. On a clinical level,
thrombocytosis is classified "mild" at a
platelet count between > 500,000 uL and
<700,000 pL; "moderate" at a platelet count
between >700,000/uL and <900,000/uL;
"severe" at a platelet count >900,000/uL;
and ‘"extreme" at a platelet count
>1,000,000/uL.. Thrombocytosis can be
classified as primary or secondary. Primary
thrombocytosis is divided into familial and
essential. Primary thrombocytosis is an
extremely rare clonal disease in childhood
with incidence of one per million children,
i.e.,, 60 times lower than in adults. It is
classified as a myeloproliferative disorder
with polycythemia vera, chronic myeloid
leukaemia and myelofibrosis and may be
associated with thrombotic or haemorrhagic
events. In the majority of cases no treatment
is necessary, and the patient must be only
closely monitored (Chiarello et al., 2011).
Infections may be the cause of
thrombocytosis. In addition to infections,
sickle cell anemia and iron deficiency
anemia should also be considered in the
differential diagnosis of thrombocytosis
(Babacan and Senol, 2023). Iron
deficiency anaemia is commonly associated
with thrombocytosis, however cases of
thrombocytopenia have been reported. In
most cases of iron deficiency anaemia, the
platelet count reactively increases or
remains within the normal range. Only a
few cases in the literature report the
association between severe iron deficiency
anaemia and thrombocytopenia. The exact
mechanism of thrombocytopenia in this
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setting is not well understood (Torrejon et
al., 2018).

2.4. Thalassemia

The thalassemias are a group of
inherited hematological disorders
characterised by early onset of anemia
resulting from reduced synthesis of one or
more globin chains which can be caused by
many different globin gene mutations.
Alpha-thalassemia major is the most
common genetic variant of transfusion-
dependent thalassaemia seen in the Indian
subcontinent, the Mediterranean basin,
Southeast Asia and China (Low, 2005). The
alpha-thalassemias are caused by a decrease
in the production of alpha-globin due to a
deletion or mutation of one or more of the
four alpha-globin genes located on
chromosome 16. Beta-thalassemia is caused
by mutations in the beta-globin gene.
Although there have been hundreds of
mutations identified within the beta-globin
gene locus, about 20 different alleles make
up about 80% of the mutations found
worldwide (Hastings et al., 2021).

2.5. Von Willebrand Disease

Von Willebrand disease (VWD) is
the most common inherited haemostasis
disorder in humans with an estimated yearly
incidence of 1 per 800-1,000 subjects (1).
VWD is characterised by either a
quantitative or a qualitative deficiency in
von Willebrand factor (VWF) molecule and
is divided into three categories; types 1, 2,
and 3. Whereas type 1 VWD is
characterised by a mild reduction in the
amount of a functionally normal VWF, type
2 is characterised by the production of a
dysfunctional protein, in which the ability
to participate in mediating platelet
adhesion, to bind to platelets or to act as a
carrier protein for factor VIII in plasma is
impaired. Type 3 is characterised by the
virtual absence of VWF (Halimeh et al.,
2011). Mucocutaneous bleeding
symptoms, such as bruising and epistaxis,
are common in childhood and do not always
reflect the presence of an underlying
bleeding disorder. A detailed bleeding
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history is essential to distinguish symptoms
that are abnormal from those that are
normal. However, this is often done in an
informal manner, the interpretation
dependent upon the prior experience of the
observer. It would be expected that some
children with a significant inherited
mucocutaneous bleeding disorder might not
have bleeding symptoms until late in
childhood due to the lack of exposure to
hemostatic challenges such as surgery,
dental extraction and menarche. Early
childhood bleeding such as post-
circumcision bleeding, cephalohematoma
and bleeding from the umbilical stump may
be of greater significance in this patient
group (Biss et al., 2010). Treatment
guidelines recommend the use of von
Willebrand factor/factor VIII (VWF/FVIII)
concentrate for VWD patients with type 2
or 3 VWD undergoing surgery, and type 1
patients undergoing surgery who are
unresponsive, or for whom desmopressin
acetate is contraindicated (Gill et al., 2011).

2.6. Jaundice

Jaundice is caused by an
accumulation of bilirubin in the blood. The
presentation in infants and children can be
indicative of a wide range of conditions,
with  some self-limiting and others
potentially lifethreatening. Infantile
jaundice is a common but potentially
lifethreatening condition. Referral to a
specialist is necessary if jaundice persists
beyond the neonatal period. The
differentiation  between medical and
surgical causes should be made early on by
measuring the blood level of conjugated and
unconjugated  bilirubin.  Laparoscopy
should be considered in any patient with
persistent cholestatic jaundice to exclude
BA that requires early intervention. Breast
milk jaundice can persist for as long as 12
weeks before spontaneous resolution.
Glucose-6-phosphate dehydrogenase (G-6-
PD) is an enzyme found in all cells of the
body. Apart from haemolysis (as evidenced
by a falling haemoglobin with elevated
reticulocyte count), diminished bilirubin
clearance plays a role in the pathogenesis of
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jaundice in G-6-PD deficiency infants.
Serum conjugated bilirubin studies indicate
diminished bilirubin conjugation in G-6-
PD- deficient neonates, with impaired
excretion of conjugated bilirubin into the
small intestine in bile (Chee et al., 2018).
While investigating the etiology of jaundice
in newborns, it would be appropriate to
check the G6PD levels in babies, and it
should be considered that jaundice may
improve in a long time in babies with low
G6PD levels, and the necessary treatment
should be planned in this way (Babacan,
2022c). Choledochal cyst is a congenital
disorder characterised by cystic dilatation
of the intrahepatic and/or extrahepatic bile
duct. The estimated incidence is around 1 in
5000 live births and slightly more in
Asians.44 The diagnosis is usually made in
the first few years of life when the patient
presents with jaundice or abdominal pain.
In recent years, antenatal diagnosis has
become more common and more cysts are
detected on prenatal scans. Occasionally,
the disease can remain asymptomatic until
adulthood when it presents with cholangitis.
Malignant transformation into
cholangiocarcinoma is a rare but possible
sequelae of untreated choledochal cyst and
thus, surgical excision is recommended
(Madadi-Sanjani et al., 2019).

2.7. Hemophilia

The hemophilias are the most
common X-linked inherited bleeding
disorders, which if not properly managed
can lead to chronic disease and lifelong
disabilities. The challenges and issues in
newborns are different from that in older
children and adults. Bleeding events still
predominate as the diagnostic trigger in
children, however, the sites of bleeding vary
with age. While delivery-associated
intracranial hemorrhage (ICH),
circumcision, and venipuncture bleeding
are common in the newborn period, joint
disease and head trauma occur in the older
child and adolescent. Awareness of clinical
manifestations and treatment complications
are crucial in instituting appropriate
management and implementing preventive
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strategies. Currently, inhibitors and ICH are
the most challenging complications and
prophylaxis is emerging as the optimal
preventive care strategy (Kulkarni and
Soucie, 2011).

2.8. Bone marrow failures

Bone marrow failure (BMF) isarare
but life-threatening disorder that usually
manifests as (pan)cytopenia. BMF can be
caused by a variety of diseases, but
inherited BMF (IBMF) syndromes are a
clinically important cause, especially in
children. IBMF syndromes are a
heterogeneous group of genetic disorders
characterized by  BMF,  physical
abnormalities, and predisposition to
malignancy. An accurate diagnosis is
critical, as disease-specific management,
surveillance, and genetic counselling are
required for each patient. The major
differential diagnoses of IBMF syndromes
are acquired aplastic anemia (AA) and
refractory cytopenia of childhood (RCC).
These diseases have overlapping features,
such as BM hypocellularity and/or
dysplastic changes, which make the
differential diagnosis challenging. RCC has
been defined as a histomorphologically
distinct entity. Therefore, understanding the
BM histopathology of these diseases is
essential for the differential diagnosis
(Iwafuchi, 2018). Patients with dyskeratosis
congenita are at increased risk of marrow
failure, myelodysplastic syndrome, acute
myelogenous leukemia and pulmonary
fibrosis. Allogeneic hematopoietic stem cell
transplantation is a curative procedure in
patients  with ~ Shwachman-Diamond
syndrome with bone marrow abnormalities
(Babacan, 2022b).

3. Central nervous system tumors with
blood disorders and epilepsy

Central nervous system tumors are
the most common cancer diagnosed in
children after leukemia, accounting for 20%
of all pediatric malignancies. The most
common location is infratentorial in
children up to 14 years of age, while
supratentorial tumors are more common in
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adolescents. Spinal cord tumors are also
more common in adolescents than in
younger children. Brain tumors are the most
common solid tumor in childhood. Most of
the symptoms of childhood cancer are either
due to a mass and its effect on the
surrounding  tissues, invasion of the
marrow, or secretion of a substance by the
tumor that disturbs normal function. A
careful family history should be elicited and
include familial cancers. Certain conditions
can predispose to malignancy such as
genetic diseases (e.g., Down syndrome,

Beckwith—Wiedemann syndrome,
neurofibromatosis), prior history of a
malignancy, or  radiation  therapy.

Environmental and genetic factors have
been associated with the development of
malignancy; genetic factors are known to
play a significant role in the development of
pediatric cancer, whereas environmental
factors are postulated to play a role in the
increasing incidence of certain cancers.
Headache is one of the most common
complaints in the pediatric population, the
majority of which are attributable to
nonmalignant conditions. Although few
headaches are caused by intracranial
masses, primary brain tumors or metastases
must be ruled out when dealing with a
patient with repeated or persistent
headaches. Back pain in young people is
pathologic and may be due to a tumor in the

spinal cord or one causing external
compression such as neuroblastoma,
rhabdomyosarcoma, or a leukemic

chloroma. The most common malignant
tumors in young children are neuroblastoma
and Wilms tumor (Hastings et al., 2021).

3.1. Tumors with anemia

Anemia is a common finding in
children presenting with malignancy. Up to
80% of children presenting with ALL will
be anemic at diagnosis. This can result from

bleeding, inflammation, or marrow
infiltration by tumor. It is rarely an
emergency; children can tolerate a

hemoglobin level as low as 2 to 3 g/dL if it
develops slowly from decreased production
(Hastings et al., 2021). Fanconi anemia
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(FA) is an autosomal recessive disease
characterized by developmental anomalies,
bone marrow failure, cellular sensitivity to
DNA cross-linking agents, and increased
incidence of both hematologic and solid
tumors. Fanconi anaemia is a rare, genetic
disease resulting in impaired response to
DNA damage in the FA/BRCA pathway.
Although it is a very rare disorder, study of
this and other bone marrow failure
syndromes has improved scientific
understanding of the mechanisms of normal
bone marrow function and development of
cancer. The breast cancer susceptibility
gene BRCA2 was recently found to be
associated  with Fanconi anemia
complementation group D1 (FA-D1). The
co-occurrence of brain tumors, Fanconi
anemia, and breast cancer observed in one
of these kindreds constitutes a new
syndromic association. Individuals who
carry a germline BRCA2 mutation and who
plan to have children with a partner of
Ashkenazi Jewish descent should consider
undergoing genetic counseling (Offit et al.,
2003). Central nervous system
complications are among the most common,
devastating sequelae of sickle cell disease
occurring  throughout  the lifespan.
Recommendations immediately impact
clinical care include: use of transcranial
Doppler  ultrasound  screening  and
hydroxyurea for primary stroke prevention
in children with hemoglobin SS (HbSS) and
hemoglobin SB0 (HbSPO) thalassemia

living in low-middle-income settings;
surveillance for developmental delay,
cognitive impairments, and

neurodevelopmental disorders in children;
and use of magnetic resonance imaging of
the brain without sedation to detect silent
cerebral infarcts at least once in early-
school-age children and once in adults with
HbSS or HbSPO thalassemia. Individuals
with sickle cell disease, their family
members, and clinicians should become
aware of and implement these
recommendations to reduce the burden of
central nervous system complications in
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children and adults with sickle cell disease
(DeBaun et al., 2020).

3.3. Tumors with von Willebrand disease

Wilms’ tumor also known as
nephroblastoma is the most common
primary renal tumor in children, usually
presenting between 6 months and 5 years of
age. The majority of patients present with
an abdominal mass, abdominal pain,
hypertension or hematuria. One recognized
yet uncommon presentation is a disturbance
in coagulation function related to acquired
von Willebrand syndrome (AvWS).
Bleeding episodes due to AVWS have been
reported in  patients affected by
lymphoproliferative,  myeloproliferative,
cardiovascular, neoplasia, and autoimmune
disorders. AVWS in association with
Wilms’ tumor is characterized by bleeding
related to platelet dysfunction and
disturbances of coagulation function
including an elevated partial thromboplastin
time (PTT) (Kedir et al, 2018).
Autoimmune causes of AVWS in children
include postviral antibody production
similar to immune thrombocytopenic
purpura (ITP), lymphoproliferative
diseases, systemic lupus erythematosus,
other autoimmune disorders, and some
cancers, most commonly Wilms tumor.
Wilms tumor patients may have acquired
von Willebrand disease at presentation
increasing bleeding risk (Hastings et al.,
2021).

3.3. Tumors with thrombosis

Venous thromboembolism (VTE)
result in significant morbidity and mortality
in children with cancer. The cause of VTE
in children with cancer is multifactorial and
includes genetic predisposition
(thrombophilia), disease-related factors,
and treatment-related factors including use
of central venous catheter (CVC), surgery,
and chemotherapy. The pathogenesis of
VTE in cancer is complex involving
multiple interactions between tumors and
components of the hemostasis system. A
number of general  prothrombotic
mechanisms occur related to the host

860

response to cancer including hemodynamic
compromise, inflammation, necrosis and
para protein production. However, the
development of a persistent
hypercoagulable state mediated by tumor
activity is considered a key feature in VTE
pathogenesis (Bordbar et al.,, 2018).
Pediatric patients may have both congenital
and acquired risk factors underlying
thrombus formation. The single most
common acquired risk factor for venous
thromboembolism is the presence of a
central venous catheter (e.g., endothelial
injury). Other acquired risk factors include
trauma, surgery, infection, nephrotic
syndrome, inflammatory  syndromes,
diabetes, complex congenital heart disease,
liver disease, and malignancy (e.g., acute
lymphoblastic leukemia in association with
the use of asparaginase or solid tumors with
tumor thrombus) (Hastings et al., 2021).

3.4. Tumors with neutropenia
Chemotherapy-induced

neutropeniais known to be a major risk
factor for infections in patients with cancer.
For decades, routine management for
patients with cancer presenting with fever
and neutropenia (FN) has been emergency
hospitalization and empirical broad-
spectrum intravenous antimicrobial therapy
with or without escalation to include
antifungal therapy until resolution of FN
and signs of infection. Invasive infections
are detected in a minority of patients with
FN. This has stimulated the development of
risk-adapted treatment guidelines, which
are internationally established in adult
oncology. In children with FN, presenting
characteristics and  outcome  differ
significantly from those found in adult
oncology. Different risk prediction rules
based on clinical and laboratory parameters
were developed in prospective pediatric
studies. Yet, an international consensus on
when and how to assess the risk of which
kind of adverse events (AES) in pediatric
FN is still lacking (Ammann et al., 2010).
Neutropenia can also be seen in the setting
of overwhelming bacterial infection as well
as with typhoid fever, Rocky Mountain
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spotted fever, and tuberculosis.
Phagocytosis of microbes leads to release of
toxic metabolites, which then activate the
complement system, inducing neutrophil
aggregation and adherence of leukocytes to
the pulmonary capillary bed. Tumor
necrosis factor and interleukin-1, released
by macrophages, likely accelerate this
process (Hastings et al., 2021).

3.5. Tumors with bone marrow failure
Bone marrow failure occurs during
early adulthood and is associated with a
high risk of developing aplastic anemia,
MDS, leukemia, and solid tumors (Hastings
et al., 2021). Inherited bone marrow failure
syndromes (IBMFSs) are multisystem
genetic disorders with varying degrees of
single-lineage or multilineage cytopenias
due to defective production of blood cells
and a high risk of benign and malignant
neoplasms. IBMFSs are caused by de novo
or inherited germline gene mutations. Over
80 IBMFS genes have been identified,
which are crucial for fundamental cellular
processes such as DNA repair, telomere
maintenance, cell survival, and others. Most
of IBMFSs such as Fanconi anemia,
dyskeratosis congenita, Diamond-Blackfan
anemia, and Shwachman—Diamond
syndrome are associated with wide range of
physical anomalies. However, some of the
disorders are not associated with physical
anomalies or the malformations develop
later in life. The prevalence of the IBMFSs
has not been accurately determined.
Because of the increasing availability of
genetic testing, patients with novel
presentations or partial phenotypes are
increasingly found (Alabbas et al., 2017).

3.6. Tumors with thrombocytopenia
Thrombocytopenia due to decreased
production may be a result of an acquired or
inherited disease process. Decreased
production may be a direct effect of marrow
crowding due to malignancy (leukemia or
metastatic solid tumors such as lymphoma,
Thrombocytopenia, neuroblastoma,
medulloblastoma, and rhabdomyosarcoma)
or storage diseases (Gaucher, Neimann-
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Pick, etc.) (Hastings et al., 2021).
Kasabach-Merritt phenomenon (KMP) is a
rare potentially life-threatening,
consumptive coagulopathy associated with
the  vascular  tumors:  kaposiform
hemangioendothelioma (KHE) and tufted
angioma (TA). KMP was first described in
1940 by Kasabach and Merritt in a 2-month-
old boy who presented with what was
diagnosed as a capillary hemangioma with
profound thrombocytopenia and
hypofibrinogenemia. These rare vascular
tumors when associated with KMP
typically arise in early infancy and are
rapidly growing, large (>5 cm), locally
invasive solitary lesions that most
commonly manifest on the extremities,
trunk, and face or neck. The clinical course
is characterized by severe
thrombocytopenia, microangiopathic
anemia, hypofibrinogenemia, and elevated
fibrin split products in the presence of an
underlying vascular tumor. The
coagulopathy is believed to be triggered by
sequestration of platelets and clotting
factors within the vascular lesion, which
may lead to a systemic disseminated
intravascular coagulation (Tlougan et al.,
2013). High-grade gliomas in childhood are
difficult to treat and have a very poor
prognosis. For decades, reliable radical
surgery and radiation therapy have been the
cornerstones of treatment for these cancers.
For most children, however, these
treatments provide short-term clinical
benefits and disease control, and most
patients relapse within 2 years. Infiltration
properties and resistance to radiation
therapy are considered characteristics that
determine the unpleasant course of these
tumors.  The presence of infiltrative
properties and intrinsic  radiotherapy
resistance are thought to be the features that
determine the unfavorable course of these
tumors. There is currently no effective
chemotherapy regimen to treat these
cancers, but many new treatment options
are being actively explored. The current
belief is that high-grade childhood gliomas
can be treated with multi-agency therapies.
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With the emergence of tumor biology more
and more, the importance of biological
agents is increasing and they seem to be a
beacon of hope in treatment (Babacan,
2021a). Both early radiotherapy initiation
and  high-dose  chemotherapy  with
autologous stem cell rescue were important
components in the treatment of pediatric
atypical teratoid rhabdoid tumor. Gross
total resection is the major predictor of
survival especially in choroid plexus
carcinoma (Babacan, 2022a).

3.7. Tumors with epilepsy

In the Global Burden of Disease
2010 study, severe epilepsy ranked fourth
among 220 health conditions in terms of
disability weight. The classification
emphasises the importance of aetiology,
which  allows the optimisation of
management. Antiepileptic drugs (AEDs)
are the main approach to epilepsy treatment
and achieve seizure freedom in about two-
thirds of patients. More than 15 second
generation AEDs have been introduced
since the 1990s, expanding opportunities to
tailor treatment for each patient. However,
they have not substantially altered the
overall seizure-free outcomes (Salomon et
al.,, 2012). Antiepileptic drugs lead to
weight gain and cause obesity but don’t
affect growth in prepubertal children
(Babacan et al., 2009). Epilepsy surgery is
the most effective treatment for
drugresistant focal epilepsy and should be
considered as soon as appropriate trials of
two AEDs have failed. The success of
epilepsy surgery is influenced by different
factors, including epilepsy syndrome,
presence and type of epileptogenic lesion,
and duration of post-operative follow-up.
For patients who are not eligible for
epilepsy surgery or for whom surgery has
failed, trials of alternative AEDs or other
non-pharmacological therapies, such as the
ketogenic diet and neurostimulation, may
improve seizure control. Ongoing research
into novel antiepileptic agents, improved
techniques to optimise epilepsy surgery,
and other nonpharmacological therapies
fuel hope to reduce the proportion of
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individuals with uncontrolled seizures.
With the plethora of gene discoveries in the
epilepsies, “precision therapies”
specifically  targeting the molecular
underpinnings are beginning to emerge and
hold great promise for future therapeutic
approaches (Salomon et al., 2012). Epilepsy
can result from various types of brain
tumors, but is most common in patients with
low grade intrinsic lesions. Across all brain
tumors, glioneuronal tumors, including
gangliogliomas and dysembryo-plastic
neuroepithelial tumors (DNETS), are most
likely to have seizure as the presenting
symptom (Englot et al., 2016). Long-term
epilepsy associated tumors (LEAT)
represent a frequent cause of focal
epilepsies, particularly in children and
young adults. Epilepsy associated with
LEAT is generally poorly controlled by
antiepileptic drugs while it is extremely
responsive to surgical treatment. Epilepsy
associated with brain tumours can be
divided into two groups: tumors without
other symptoms (usually low-grade tumors
affecting children or young patients) or
tumors together with neurological deficits
(more frequently high-grade tumours in
middle-aged and older patients) (Giulioni et
al., 2014).

4. Conclusions

Molecular characterization has the
potential to advance the management of
pediatric cancer and high-risk hematologic
disease. The clinical integration of genome
sequencing into standard clinical practice
has been limited. Central nervous system
complications are among the most common,
devastating sequelae of sickle cell disease
occurring throughout the lifespan. Shared
genetic susceptibility to breast cancer, brain
tumors, and Fanconi anemia was reported in
past. Anemia is a common finding in
children presenting with malignancy.
Central nervous system complications are
among the most common, devastating
sequelae of sickle cell disease occurring
throughout the lifespan. Bleeding episodes
due to von Willebrand syndrome have been
reported in  patients affected by
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lymphoproliferative,  myeloproliferative,
cardiovascular, neoplasia, and autoimmune
disorders. Venous thromboembolism result
in significant morbidity and mortality in
children with cancer.
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Abstract

Giardia duodenalis, a common intestinal protozoan, affects humans and mammals, including goats. This study
investigated the prevalence and genetic characteristics of G. duodenalis in goat Kids in southeastern Turkey. Fecal
samples were collected from 112 goatkids, and microscopic and molecular analyses were conducted. A direct
immunofluorescence test was used to confirm the presence of G. duodenalis cysts in collected fecal samples.
Molecular confirmation was done with Polymerase chain reaction (PCR) using G. duodenalis SSU-rRNA. The
secondary PCR products of all positive samples were sequenced in one direction on an automated sequencer.
Nucleotide sequence analysis was performed by BLAST alignment using the National Center for Biotechnology
Information database. Out of 112 fecal samples, 28.57% tested positive for G. duodenalis. Genotyping revealed
that all positive samples belonged to assemblage E, a genotype previously identified in various domestic animals
and even humans, suggesting zoonotic potential. These findings emphasize the significance of G. duodenalis in
goatkids for both animal and human health and highlight the need for further epidemiological studies to assess its
zoonotic potential in different regions of Turkey.

Keywords: Assemblages E, Giardia duodenalis, goatkids, Turkey
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1.Intraduction

Giardia duodenalis, also known as
Giardia lamblia or Giardia intestinalis, is a
familiar intestinal protozoan infects humans
and a diverse array of wild and
domesticated mammals. Giardiosis can
result in a broad range of clinical symptoms,
with the severity ranging from no apparent
signs to severe and acute gastrointestinal
illness (Heresi and Cleary, 1997; Cai et al.,
2021). The host's susceptibility to this
parasite appears to be influenced by their
immune system's status, making young and
immunocompromised individuals
particularly susceptible to infection. The
main route of infection is fecal-oral
transmission via contaminated food and
water (Adam, 2001). The most common
clinical symptoms associated with G.
duodenalis are the excretion of malodorous
diarrhea, weight loss, and a failure to thrive,
often resulting in significant production
losses and sometimes death (Aloisio et al.,
2006; Geurden et al., 2008). Giardia
duodenalis prevalence in goats varies from
10% to 60,2 % depending on animal age,
geographical location, and diagnostic
techniques worldwide (Robertson, 2009;
Feng and Xiao, 2011; Akinkuotu et al.,
2019). Based on molecular evidence,
humans can be infected by assemblages A,
B, and occasionally E of the eight genotypes
or assemblages (A to H) of G. duodenalis..
In ruminants, G. duodenalis assemblage E
is most frequently recorded in calves, sheep,
and goats. However, the “zoonotic”
assemblages A and B are also common,
suggesting that ruminant hosts could be
significant reservoirs of G. duodenalis
infection to humans (Geurden et al., 2008;
Xiao and Feng, 2017; Ryan et el., 2019;
Thompson and Ash, 2019). In the present
study, we have investigated the prevalence
of giardiosis in goat kids from the southeast
Turkey. The isolates found have been
further characterized by genotyping to
evaluate the potential transmission of G.
duodenalis from goats to humans.
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2.Materials and Methods
2.1.Animal source

This study was performed on 12
dairy goat farms (Hair goats breed) located
in Diyarbakir, Turkey. 112 fecal samples
were collected directly from the rectums of
all animals up to one month of age. The
fecal samples were transported in ice-
cooled containers to the laboratory.

2.2.Microscopic analysis

Fresh feces were examined for the
presence of Cryptosporidium oocysts by
Crypto/Giardia-Cel FITC Stain was used to
demonstrate  cryptosporidium  oocysts.
Fecal samples stain following kit procedure
and examined by fluorescence microscope.

2.3.DNA extraction, G. duodenalis
genotyping, and sequence analysis
Total DNA  extraction was

conducted with the direction of the
suggestion kit by using ZR Fecal DNA
MiniPrep kit (Zymo Research, Irvine, CA).
In the first PCR step, a fragment of the SSU
rRNA for Giardia (130 bp) gene was
amplified by PCR using primers previously
described (Hopkins et al., 1997) and the
primers GiarF and GiarR for the secondary
PCR (Read et al.,, 2002) as previously
described. First and second PCR
amplifications were performed in 25ul
volumes with the final mix containing 2ul
Q solution, 10 pmol of each primer, 1,25
unit DNA polymerase, 0,2mM of each
dNTP, 2,5 mM MgCI2, 10x PCR buffer,
and H20. First PCR reaction was heated to
96 °C for 2 min followed by 35 cycles of 96
°C for 4 s, 62 °C for 30 s., and 72 °C for 45
s, and one cycle of 72 °C for 4 min, and
second PCR reaction was heated to 96 °C
for 5 min followed by 35 cycles of 96 °C for
45 s, 55 °C for 30 s, and 72 °C for 45 s, and
one cycle of 72 °C for 7 min. Negative and
positive controls were included in all PCR
sets. The secondary PCR products were
sequenced in one direction on an automated
sequencer (ABI PRISM 310 model; Perkin-
Elmer, USA).


http://www.sciencedirect.com/science/article/pii/S0304401716302989#bib0085
https://www.sciencedirect.com/science/article/pii/S240567311730003X#bb0130
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3.Results and Discussion

32 (28.57%) out of 112 diarrheic
fecal samples were positive for Giardia
duodenalis  with  immunofluorescent-
antibody test. The prevalence of Giardia
duodonalis in different farms ranged from
10% to 44.44% (Table 1). The prevalence
of Giardia duodenalis in goat was reported
to be 35.8% in Belgium (Geurden et al.,
2008), 59% in Spain (Ruiz et al., 2008)
40.4% in Greece (Tzanidakis et al., 2014),
16,3% in China (Yang et al., 2023), 36,3%
in Turkey (Ayan et al., 2019), 33.8% in
goats in India (Utaaker et al., 2017), 12.3%

in Ghana (Squire et al., 2017), 60,2% in
Nigeria (Akinkuotu et al., 2019), 11% in
Brazil (Bomfim et al,  2005)
Giardia prevalence is high compared to
results from China, Ghana, Brazil while low
compared to previous studies in Belgium,
Spain, Greece, Turkey, Indian, Nigeria. The
reason for the lower rate in this study than
most other studies reported in the world
may be the geographical location of the

region, the low density of the goat
population, and the effect of farm
management.

Table 1. Prevalence and molecular characterization of Giardia duodenalis in goat kids in different

farm

Number of the farm Number of goat tested

Giardia duodenalis positive (%)

Genotype of Giardia duodenalis

1 10 3(33,33) E
2 9 4 (44,44) E
3 9 3(33,33) E
4 9 4 (44,44) E
5 9 2(22,22) E
6 11 2 (18,18) E
7 8 3(37.5) E
8 9 3(33,33) E
9 2(22.22) E
10 10 2 (20) E
11 9 3(33,33) E
12 10 1 (10) E
Total 112 32 (28,57) 32(100%)

Figure 1. Fluorescence microscopy image of giardia cysts
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The SSU rRNA gene fragment was
amplified from the 32 samples in which
Giardia cysts were microscopically
identified (Figure 1,2). The sequences of the
PCR products were analyzed, and it was
determined that all samples maintained
Giardia cysts, assemblage E. Assamblage
E identified in this study were identical to
those submitted wunder the GenBank
numbers MF069070.1 and MF069058.1.
Assemblage E has been found in various
domestic animals, including cattle, sheep,
pigs, goats, and alpacas (Ryan and Caccio,
2013; Cai et al., 2021). Although initially
believed to be only an animal-adapted
genotype, its zoonotic potential was
revealed by a report of this genotype in

humans (Zahedi et al., 2017). Likewise,
research conducted in Belgium, Australia,
Sweden, the USA, Norway, Spain, China,
Iran, and Mexico have confirmed our
findings that assemblage E is predominant
in small ruminants. [Jafari et al., 2014,
Kiani-Salmi et al., 2019; Geurden et al.,
2008; Ryan et al., 2005; Yang et al., 2009;
Lebbad et al., 2010, Robertson et al., 2010;
Gomez-Munoz et al., 2009; Faridi et al.,
2020; Di Giovanni et al., 2006; Ruiz et al.,
2008). The giardia genotype detected in
goatkids was only Assemblage E and other
genotypes were not seen because of factors
such as the age of the animals used in the
research and environmental conditions
hygiene conditions.

M 1 2 3 45

D of 8 0D 3031242

Figure 2. Electrophoretic (2% agarose) separation of SSU rRNA gene(130bp). Lane M: ladder (Marker); lane 1-12: positive

4. Conclusion

At the end of our study, new
information has been revealed regarding the
prevalence and genetic characterization of
Giardia duodenalis in goat kids in the
southeastern region of Turkey.
Furthermore, the detection of the zoonotic
importance  of  Giardia  genotype,
(assemblages E), has led us to conclude that
the cysts by goat kids are not only important
for animal health but also for human health.
To assess the zoonotic potentials and
genotype  distributions of  Giardia

sample
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duodenalis in goat, epidemiological studies
are needed in different regions of Turkey.
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Ozet

Immobilizasyon biyolojik bir katalizoriin analitik bir sistem igerisinde tutuklanmasidir. Sentezlenen kompleks
serbest biyokimyasal enzimin katalitik 6zellige sahiptir. Giinlimiizde hizli inaktiflesen enzimlerin yerine
immobilize enzim avantajlarindan faydalanilmaya ¢alisilmaktadir. Serbest enzimlere gore tekrar kullanilabilirligi,
reaksiyon ortamindan uzaklastirilma kolayligi gibi avantajlar1 giin gegtikce gelistirmektir. Bu calismada
nanoparg¢aciklarin belirlenen avantajlar1 kullanilarak iireaz enzim stabilizasyonunun saglanmasi planlandi
(Cukurova Universitesi Proje Birimi, TYD-2015-3765). Bu amagla iireaz enzimi iiretilen nanoparcaciklara
baglanarak yeniden bigimlendirilmesi sonrasi, enzim aktivitesinin katalitik o6zelligi, farkli sicakliklarda
degerlendirildi. Stiper paramanyetik nanopartikiiller (SPIONs) sentezlendi. Glioksal molekiilii kullanilarak yiizey
modifikasyonlart saglandi ve enzim kararlilig1 amaci ile iireaz enzim immobilizasyonu gergeklestirildi. Optimum
sicaklik smirlarmin altinda ve degisken (25°C- 4°C- 37°C) sartlarda aktivite dzellikleri incelendi. Istatistiksel
olarak ¢alisma gruplarmin kontrol gruplar1 ve gruplar arasi istatistiksel olarak anlamli bir fark gostermedigi

belirlendi. Calisma sonuglari immobilize enzimin depolama kararliliklarini ve raf émriinii iyilestirdigini gosterdi
(p>0,05).

Anahtar Kelimeler: Ureaz, immobilizasyon, nanopartikiil, kararlilik

Effect of Urease Enzyme Immobilized to Particle Surface with Glyoxal Molecule on
Storage Stability

Abstract

Immobilization is the immobilization of a biological catalyst in an analytical system. The synthesized complex has
the catalytic feature of the free biochemical enzyme. Nowadays, it is tried to benefit from the advantages of
immobilized enzymes instead of rapidly inactivated enzymes. Its advantages over free enzymes, such as reusability
and ease of removal from the reaction medium, are developing day by day. In this study, it was planned to provide
urease enzyme stabilization by using the advantages of nanoparticles (Cukurova University Project Unit, TYD-
2015-3765). For this purpose, after the urease enzyme was bound to the produced nanoparticles and reshaped, the
catalytic property of the enzyme activity was evaluated at different temperatures. Superparamagnetic nanoparticles
(SPIONSs) were synthesized. Surface modifications were provided by using glyoxal molecule and urease enzyme
immobilization was performed for enzyme stability. The activity properties were investigated under the optimum
temperature limits and under variable (250C-40C- 370C) conditions. Statistically, it was determined that the study
groups did not show a statistically significant difference between the control groups and groups. The results of the
study showed that the immobilized enzyme improved the storage stability and shelf life (p>0.05).

Keywords: Urease, immobilization, nanoparticle, stability
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1. Giris

Protein ve aminoasitlerin
katabolizmas1 sonucu endojen bir {iriin olan
iire olusur. Urenin amonyaga hidrolizi nikel
bagimli bir metalloenzim olan iireaz (iire
amidohidrolaz, EC3.5.1.5) enzimi
tarafindan katalize edilir(Kafarski ve
Talma, 2018; Sepehri ve Khedmati, 2023).
Katalize edilmemis bir reaksiyon hiziyla
karsilastirildiginda iireaz, lirenin
hidrolizinde yaklagik 10'* kat daha hizli ve
verimli bir katalizordiir(llleova ve ark.,
2003). Ureaz, heteropolimerik enzimler
grubunda yer alir. Bitki, omurgasiz
hayvanlarda bulundugu gibi bazi mantarlar
ve bakterilerde de bulunur(Sepehri ve
Khedmati, 2023). Ure protein ve
aminoasitlerin katabolizmas1 sonucu insan
viicudu tarafinda da tiretilmektedir. Viicutta

amonyak (NHs) formundaki
nitrojen, karaciger ve bobrekte kan, ter ve
idrar yoluyla atilmak Tlzere {reye

dondstiiriilir. Bu doniisiim tire dongiisii
sonucunda olur. Ure suda c¢oziinen bir
molekiildiir. Viicut sivilarma hizli  bir
sekilde yayilir. Viicut sivilarindaki iire
seviyesi (kan, idrar vb), 6zellikle bobrek ve
karaciger problemleri olmak iizere bazi
metabolizma bozukluklarinin bir géstergesi
olarak kullanilmaktadir. Ayrica kusma,
ishal gibi durumlarda kalp yetmezligi,
karaciger yetmezligi gibi hastaliklarda,
diisiik protein beslenmelerinde, endokrin
bozukluklarda iireaz enzim aktivitesi ile
viicuttaki tire seviyesi degisebilir(Ozbek ve
ark., 2022). Bu nedenle bu patolojik
durumlarin ~ takip  edilebilmesi  ve
degerlendirilmesi agisindan iire, seviyesinin
stirekli takip edilmesi gereken onemli bir
biyobelirtegtir(Ozbek ve ark., 2022). Ure
belirli organlarin iglevlerini kontrol amaglh
tayini yapilmaz ayni zamanda hemodiyaliz
sonras1 kandaki {ire tayini hemodiyalizin
etkinligini test etmek i¢in de kullanilabilir.
Bununla birlikte sadece tibbi alanda degil
gida ve giibre endiistrisi, toprak analizi
alanlarinda da iire tayini yapilmaktadir. Bu
katalitik enzim, iirenin hidroliz
reaksiyonunu hizlandirir ve lirenin iireaz ile
hidrolizinde bir molekiil amonyak ve bir
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molekiil karbamat ortaya ¢ikar. Bu durumda
iireaz enziminin substrati liredir ve viicut
stivi - Orneklerinde {ireyi saptamak igin
kullanilabilir(Amani  ve ark., 2022).
Canlilarda reaksiyonlar1 hizlandiran ve
kolaylastiran enzimlerin aktivitesi, Kklinik
teshis ve deneysel c¢alisma dahil olmak
lizere cesitli uygulamalar i¢in biiyiikk 6nem
tasimaktadir. Ancak kararlilik, maliyet ve
depolama gibi dezavantajlarindan dolayi,
bilim diinyasinin yeni caligmalar ile bu
enzimleri daha verimli ve kullanigl bi¢cime
doniistirmeyi hedefledigi goriilmektedir.
Dogal enzimlerin aktif bolgelerini manipiile
edilmesi sonucu bi¢imlendirilmis yeni
enzimler dogal enzimlerin giiglii mimetik
ozelliklerini tagimakla birlikte onlarin sahip
oldugu dezavantajlarinin da giderilmesi
amaglanmaktadir(Singh ve ark., 2023).
Laboratuvar ortaminda iiretilen metalik
nanopartikiillerin sentezi, benzersiz
ozellikleri ve genis kullanim alanlar
nedeniyle son yillarda biiytik ilgi gérmeye
baslamistir(Della-Flora ve de Andrade,
2023). Kii¢iik boyutlari, genis hacimleri ve
digiik iiretim maliyetleri c¢alismalardaki
cesitli sorunlart gidermede
kullanilabilmektedir(Ulusal ve Ozdemir,
2023). Dogal indirgeme, kapatma ve
stabilize etme etkileri ¢alismalar icin
avantaj  saglamaktadir. Son yillarda
nanoparcaciklar manyetik cihaz ve sensor
gibi  ¢esitlh  uygulamalarda  siklikla
kullanilmaktadir(Ulusal ve ark., 2022). Bu
tir mekanik uygulamalarla  birlikte
biyomedikal algilama ve antibiyotikler
dahil olmak tizere tibbi uygulamalarda da
goriilmeye baslanmistir(Berhe ve
Gebreslassie, 2023). Biz c¢alismada
nanoparcaciklarin  belirlenen avantajlar
kullanilarak iireaz enzim stabilizasyonunun
saglanmasini planlandik. Uretilen partikiil -
iireaz enzim konjugatlarinin amaci, enzimi
bozunmaya karsi korumak ve farkh
sicakliklarda etkinliginin devamini
saglamaktir. Bu amagla iircaz enzimi
dretilen  nanoparcaciklara  baglanarak
yeniden bigimlendirilmesi sonrasi enzim
aktivitesinin  katalik  ozelligi  farkli
sicakliklarda degerlendirilmistir.


https://www.sciencedirect.com/topics/medicine-and-dentistry/urea-cycle
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2. Materyal ve Yontem
2.1. Kimyasallar

Calismada  kullanilan  kimyasal
detaylar:  Glioksal (Sigma), Etanol
(C2H50H) (Sigma), Ureaz (Sigma) enzim
cozeltisi, iire, Sodyum Hidroksit (NaOH),
sodyum siilfat, (Na2SOs), c¢inko siilfat
(ZnS0O4) (Sigma), Azot (N2), Hidroklorik
asit (HCI) (Merck), Demir (II1) kloriir hekza
kloriir (FeCI3.6H20) (Sigma), Sodyum
kloriir (Sigma), Demir (II) siilfat mono
hidrat (FeSO4.H20) (Sigma), Fosfat Buffer
Saline (Biochrome).

2.2. Cihazlar
Etiiv; Binder, manyetik karistiricili

isitict;  WiseStir, Schelenk  diizenegi,
mekanik karistirict; WiseMix, Steril Filtre
(0.22p), elektronik terazi; Shimadzu,
otomatik Pipetler; Eppendorf, ultrasonik
banyo, Rotator; Plate; (12-96
kuyucuklu/Costar), Bio RS, ultrasonik
homojenizatér,  Bandelin, = Mikroplate

Okuyucu; Biotek Eon, santrifiij; Hettich,
Santrifiij Tip 15/50 ml, biyogiivenlik
Kabini; Berner, Calkalamali su banyosu,

Memmert, derin  dondurucu  (-18),
Elektromiknatis.  Fourier  Doniisimlii
Infrared  Spektrofotometre (FT- IR)

(Thermo), Taramali Elektron Mikroskobu
(SEM-EDX) (JEOL JSM), Gegcirimli
Elektron Mikroskobu (TEM), X- Isinlart
difratometre (XRD).

2.3. Yontem

Bu c¢alismada, nano boyuttaki
partikiiller sentezlenerek yiizeyleri; glioksal
ile gesitli teknikler kullanilarak kaplandi.
Elde edilen nanopartikiiller iizerine iireaz
enzim molekiilii Schiff baz1 olusturularak
baglandi. Immobilize ve stabilize edilen
iireaz enzimlerinde kontrole (standart) gore
aktive tayinleri yapildi. Calismada; FT-IR,
TEM, XRD, SEM-EDX, spektroskopi
analizleri yapildi.

2.3.1. Partikiil sentezi

Nano boyut partikiillerin Demir |l
ve IIl’lin belirli miktarlarda (sirasiyla
yaklagik S5Smmol; 9 mmol) kullanildi.
Sentezde yiiksek 1s1 (90-100 derece), azot
atmosferi ve mekanik karigtirict kullanildi.
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Reaksiyon sirasinda sirasiyla 0,1M’lik ve
0,3M’lik NaOH eklenerek  ¢okelme
saglandi. Yikama serisinden sonra (5x 5dk
x pH:7 tampon) glioksal molekiilleri
baglandi. Baglamda, %25’lik 15mmol’luk
glioksal ¢ozeltisi kullanildi. Mekanik
karistirma asamasi sonrasi asetonla seri
halde yikandi (3x). Son olarak vakum
altinda kuruldu.

2.3.2. Ureaz enzim immobilizasyonu

Bu asamada glioksal ara kollari
kullanilarak {ireaz enzim molekiillerinin
Schiff bazi bilesigi olusturmasi saglandi.
Boylelikle, stabilizasyonu ve
immobilizasyonu gerceklestirildi. Glioksal
kaplanmis partikiillerin Img’1
homojenizatérde homojen hale getirildi.
Uzerine 150mg ¢oziinmiis 10ml’lik pH:7
fosfat tamponunda hazirlanmis enzim
¢oOzeltisi eklendi. Ekleme sonrasi rotatorde
oda sicakliginda 5 saat karigtirilarak siire
sonunda manyetik alana maruz birakip
dekante edildi. Yikama serisinden gecirildi
(5 x pH:7 fosfat tamponu). Asamalar
sonrast iretilen nanokompleksler, pH 7,4
fosfat tamponu icerisinde 3 grup halinde
(oda sicakligi, +4 ve 37°C) ve sirastyla ilk
iki 6rnek 6 giin, iiclincili 6rnek ise 3 giin oda
sicakliginda, 3 giin +4 °C‘de bekletilip 1
saat 37 °C*de inkiibasyon yapildiktan sonra,
standart olarak hazirlanan (2,5 mmol/L)
ornekte, aktivite tayinleri yapildi. Her grup
10 farkl seride tekrarlandi. Elde edilen
absorbans degerleri: Ornek OD/ Std. OD
X30 formiilii ile hesaplandi.

2.3.3. Istatistiksel analiz

Istatistiksel ~ analizde  veriler
ortalama + standart hata olarak ifade edildi.
Normal dagilima ve homojen varyansa
sahip gruplarda iki yonli ANOVA
sonrasinda ikili karsilastirmalarda Tukey
HSD testi kullanildi.

3. Bulgular
FeSOs ve FeCls tuzlan ile siyah
renkte elde edilen nano boyuttaki

partikiillerin manyetik 6zellikleri ve FT-IR,
SEM, TEM, XRD karakterizasyonlari
yapildi. Sentezlenen partikiillerin manyetik
ozellikleri miknatisla test edilmistir. Ayrica



MAS JAPS 8(Ozel Say1): 872-882, 2023

elde edilen partikiillerin FT-IR analizleri
yapildi. Nano boyuttaki partikiillerin FT-IR
spektrumu incelendiginde 3419,84 cm™ ve

589,98 cm? iki karakteristik  pik
gozlenmistir (Sekil 1A-B).

631,81 589,98

Ao 000 3600 200 ZED0 2400 2000

1600 1400 1200 1000 B0 B0 4000

Sekil 1. A: Miknatis ile manyetik 6zelliklerin sunumu B: Partikiil FT-IR analizi

SEM ve TEM goriintii ve boyut analizlerine
gore tanecik boyutlar1 50nm altinda
bulunmustur. Ayrica SEM goriintiileri de
bunu desteklemektedir. SEM  analiz
sonuglart  topaklanmanin az oldugunu

10T
BE MAG: S000 & HY 1004V WO 1) 0 mm

gostermistir. TEM ve SEM goriintiilerinde
(immobilizasyon  Oncesi ve  sonrasi)
boyutlarin  kiigiik oldugu belirlenmistir
(strastyla <50nm ve <100nm) (Sekil 2).
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Sentezlenen nano demir
partikiillerinin kaplama 6ncesi yapilan EDX
analizlerinde beklenildigi gibi demir ve
oksijen ylizdeleri (Fe: 2,78 wt.%; O: 1,61
wt.%;) yiiksek c¢ikmuistir (Sekil 3A-B).
Ayrica, glioksal kaplama sonrasi yapilan
EDX analiz verileri karbon ve oksijen atom

! Spoctrum: 1387

El AN Sarlas

[wet.%] ([wt.8] [am.s]
Fa 6 K-pories 09THL  63.17 L1 4 52,53
Ft 78 M-series 146740 1&.01 16,39 3.81
O 8 N-poriss 133066 14.33 14,639 41.668
Pd 46 L-seriss 33847 4.04 4.13 1.716
58 14 F-mavies 1787 0.13 B.13 0.2

Total: 97.69% 100,00 100.00

EL AN Series

fwt.&] [wt.8] [at.] [t &) D
Pe 36 K-series 24770 56,06 57.33 35.3% .47 1
0 & W-series 243152 20.93 21.40 51139 229 ._
Pt TE M-series 157035 14.37 14.6%  2.08 031 & -
Pd 46 L-series 43209 4.87 .98 1.79 0.1%
C & FE-series 10014 1.42 1.45 4.63 .22
54 14 W-sertes 2725 0.16 0.1& 0.22 0.03
Total: 97.81 100.00 100.00 I
E Spectrmm: 137 {
ElL AN Smrins Wak mnn. C notm. © Atem. © Ereor (I Sigmal | F
fwt_h]  [we. 8]  jat.mj fwt_5j
Fa 36 KErmecies S53708 40_49 A 25.30 -8 n-.,
O 8 Kemacies LTSA4S  19.18  20.34 41,74 2.3z |
e T Mesesies LA3043 17.58 1. 5% .14 O.d% . - -
C & Ee-merics 32453  7.91 8.7 @398 - 5 |
Fd 46 L-mecies 33307 467 .84 1.53 B.18 |
EF 4 K-Sorlas BE39 .23 .3 1.68% 0.1F |
Ti 33 Ersecies 4 DOB o84 a.ss o. 61 G.0E |
Ba 11 K-Serles 11706 0.7y a.ry 1.1% 8.07F
B T Eeseries 333E (U 2 2 o, Ty 1.73 D14
S 14 E-series & 5ES B2 &, 5% B.57 8.0
............................................................. i ¥ i
Torvals S4.57 300,08 300.00

Hat man. C noars, © Ates., C Errer (1 Stoma) ]

fwe, 4]

varliginin attigini gdstermistir (sirastyla,
0,22wt.%; 2,29 wt.%) (Sekil 3C-D).
Glioksal  kaplamast  sonrast  {ireaz
immobilizasyonu yapilan partikiill EDX
sonuglarinda karbon miktarinin arttigr ve
azot varligr gozlenmistir (sirasiyla, 0,95
wt.%; 0,14 wt.%) (Sekil 3E-F).

Het onn. © pemm. C Atom. © Error (1 Sigmal 7

Sekil 3. EDX veri analiz sonuglari Sekil 3’te verilmistir. 3A-B: Glioksal molekiilii baglanmadan 6nce; 3C-D: Glioksal
molekiilii baglandiktan sonra ve 3E-F: Ureaz enzim baglanmasi sonrast

Partikiil boyut analizleri i¢in baglama
oncesi ve sonrast XRD analizleri
yapilmistir. Analiz sonuglarinda baglama
oncesi boyut ortalamasinin (23nm) Ureaz
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enzimi baglama sonrasi ortalamasina gore
(36nm) daha kiiciik oldugunu gostermistir
(Tablo 1).
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Tablo 1. A: immobilizasyon éncesi B: Sonrast XRD analizi

A No 2-theta(deg) d (A Height{cps) Int. I(eps deg) FWHM(deg) Size
1 30.410(15) 2.9369(14) 301(22) 153(3) 0.390(13) 221(7)
2 35.744(7) 2.5100(5) 982(40) 526(4) 0.389(6) 224(3)
3 37.48(5) 2.398(3) 37(8) 13.6(19) 0.34(4) 261(32)
4 43.41(2) 2.0828(9) 213(19) 109(2) 0.361(17) “247(12)
5 53.81(3) 1.7022(10) 86(12) 46(2) O.406(2) 204(11)
] 57.334(16) 1.6057(4) 245(20) 143(2) O.478(12) 198(5)
7 62.957(15) 1.4751(3) 410(26) 224(3) 0.418(11) 233(6)
8 T4.49(4) 1.2728(6) GG6(10) 38(2) 0.43(5) 240(30)
B e 2-thetaddeg) d (A) Height{cps) Imt. I{cps deg) FWHM(deg) Sixze
1 14.997(15) 5.002(6) 130(15) 50(3) 0.26(2) 320(28)
z 3.372(4) A92(29) 229(6) 0.304(18) 27716}
3 3.B97(5) T70(1L7) 53(5) 0.29(3) ZED(ZT)
4 Z.8293(12) 345(24) §2(3) 0.202(12) 4ZT(25)
G 32.525(8) 2.7506(7) OZ1(30) 284(5) 0.253(7) 343(9)
[ 45 356011} 1.0078(5) 217(19) 40(2) 0.164(12) SA7(30)
= 46 TTO(1D) 1.9307(7) 106413) 31(2) 0. 25(2) 350(32)
B 526507 1.736(2) S8(10) 34(3) 0. 42072 2Z1{37)
Q 58.13(3) 1.5857(7) 145(16) 53(7) 0.30{2) 312(26)
10 75 1.2628(4) SO(10) 20.1(15) 0.19(4) 552(128;
11 1.2272(6) 3408) 10.5(17) 0.29(5) 371(61)
Calismamizda glioksal molekiiliiyle olmak tlizere 3 gruba ayrildi ve metotta
cesitli teknikler kullanilarak stabilize edilen belirtilen inkiibasyonu sonrasi aktivite
ireaz enzim ¢ozeltileri; Grup [-11-111 calismast yapildi (absorbans degerleri
(swrastyla; oda sicakligi (25 °C), 4 ve 37 °C) Tablo 2).

Tablo 2. Aktivite caligmasi sonrasi stabilize enzimin absorbans/sonug degerleri (Grup I-11-1IT i¢in)

Group 1 1 2 3 4 5 6 7 8 9 10
No
Blank 0,04 0,04 004 0041 0041 0,041 0,041 0041 004 0,041
Standard 0,048 0,049 005 0,05 0051 0,053 0,052 0,052 0,051 0,053
Sample 0,044 0,045 0,045 0,046 0,046 0,047 0,046 0,046 0,045 0,047
UreN
15 166 15 166 15 15 136 136 136 15
mg/dI
Result
25 251 25 251 25 25 248 248 249 25
mmol/L
Group 2 1 2 3 4 5 6 7 8 9 10
No
Blank 0,04 0,039 0,04 0,042 0,042 0,04 0,039 0,041 0,042 0,042
Standard 0,048 0,048 0,048 0,054 0,055 005 0,052 005 0,048 0,055
Sample 0,044 0,044 0,044 0,048 0,049 0,045 0,044 0,046 0,045 0,049
UreN
109 166 15 15 161 15 15 133 15 15
mg/dl
Result
247 251 25 25 251 25 25 249 25 25
mmol/L
Group 3 1 2 3 4 5 6 7 g 9 10
No
Blank 0,042 0,042 0,04 0,04 0,041 0,042 0,042 0,048 0,04 0,041
Standard 0,055 0,054 0,048 0,049 0,053 054 0,053 0,054 0,049 0,053
Sample 0,049 0,048 0,044 0,045 0,047 0,048 0,047 0,042 0,045 0,047
UreN
16 15 15 166 15 15 15 15 166 15
mg/dl
Result
251 25 25 251 25 25 25 25 251 25
mmol/L
Kontrol grubu ile karsilastirildiginda p>0,05. Birbirleriyle karsilagtirildiginda
gruplar arasinda istatistiksel olarak anlamli yine gruplar arasinda anlamli fark
bir fark saptanmadi F (3,36) = 1,059 bulunmadi (Tablo 3, 4 ve Sekil 4).
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Tablo 3. Tanimlayici istatistiklerin analizi Urea-N (mmol/L)

Group N Minimum Maximum Mean=S.E
control 10 2,50 2,50 2,50
groupl 10 2,48 2,51 2,50+0,003
group2 10 2,47 2,51 2,50+0,004
group3 10 2,50 2,51 2,50+0,002
Tablo 4. Gruplar arasi karsilastirma istatistik analizi
Mualtiple Comparisons
Tukey HSD
Iisan Difference
(I gronp (D group  (I-T) Std. Error sz
control sroupl O, 003 O, OO 0,842
sroup? 0,002 0,004 0,946
sroupl sronyp’t -0 001 O, OO 0,993
sroup3 -0_006 O_00 0_ 364
Srongpt sroup3 -0 005 O, OO 0,523
Group 1 Group 3
; i
f@f 2
932, 3
24
4
7 5 7 5
b 6
Group3 3
Group2 9
Groupl
Control
22 2,25 23 235 Z4 245 25 255

E Mean Staistic. W Mean 5td. Error

Sekil 4. Grup ve gruplar arasi veri sonuglarimin grafiksel sunumu
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4. Tartisma

Enzimler canli organizmalarda
substratlarin kimyasal degisimini
katalizleyen molekiillerdir. Ozgiinliikleri
sayesinde pek c¢ok wuygulama alanina
sahiptir. Sanayide, deterjanlarda, kimyasal
sentezlerde medikalde biyosensor olarak,
polimeraz zineir reaksiyonlarinda,
proteomik analizlerde kullanilmaktadir.
Ancak kisa dmiirleri yiiziinden kullanimlari
siirl kalmakta ve endiistriyel
uygulamalarda kullanilan serbest enzimin
aktivitesini kaybetmeden geri kazanilmasi
¢ok zor olmaktadir(Yener, 2007). Bunun
carpict  Orneklerinden biri, biyosensor
gelistirme  cabalarinda  engel  olarak
karsilagilan enzim stabilizasyon eksikligi
gosterilebilir(Aykut ve Temiz, 2006). Bu
nedenle enzimlerin inaktivasyona karsi
stabilizasyonu endiistriyel uygulamalar i¢in
zorunludur.  Enzim  inaktivasyonlari;
sicaklik, pH, denatiire edici kimyasallar,
oksijen, proteazlarin mevcudiyeti gibi
bircok faktoriin etkisi ile gergeklesir.
Stabilitenin arttirilmasi enzim kayiplarin
azaltarak, enzim preparatlarinin isletmeye
olan maliyetini diislirecektir. Glinimiizde
katki  maddeleri kullanimi;  kimyasal
modifikasyon ve protein mihendisligi
enzim stabilizasyonunda sik¢a kullanilan
yontemlerdendir. Bu calismada, glioksal
molekuli kullanarak in vitro kosullarda
model olarak viicut sivilarindan iirenin
tayini amaciyla kullanilan iireaz enziminin
stabilizasyon deneme c¢aligsmasi yapildi. FT-
IR analiz sonuglarimiza gore 3000-3300
cmi‘de O-H titresim pikleri gdzlendi.
Calismada manyetiklik 6zelligi miknats ile
degerlendirildi ve sentezlenen partikiillerin
manyetik oldugu belirlendi. Sentez sonrasi
yapilan XRD sonuglari baglama Oncesi
partikiil boyutlarimin (23nm) baglanma
sonrast boyutlarina gore (36nm) daha kiigiik
oldugu belirlendi. Bu durum partikiiliin
ylizeyinde glioksal ve enzim
immobilizasyonun gostergesiydi. Baglama
oncesi ve sonrast TEM ve SEM goriintiileri
de bize baglamanin gerceklestigini, XRD
sonuglarimizla uyumlu olarak boyutlarin
baglanma Oncesi ve sonrasinda 100nm
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tizerine ¢ikmadigini gosterdi. Mikelashvili
ve arkadaslarinin yapmis oldugu sitrik asit
modifiye partikiil sonuglart da bizimkine
benzerdir. Elektrohidrolik desarj sistemi ile
hazirladiklar1 saf partikiillerin manyetik
ozellikte oldugu ve XRD  boyut
sonuclarinin 25-28nm araliginda olugunu
raporlamiglardir(Mikelashvili ~ ve  ark.,
2023). Ayrica bizim g¢aligmamiza benzer
olarak partikiill karakteristik piklerini
gostermislerdir (sirasiyla; (220), (311),
(400), (422), (511) ve (440)).Tang ve
arkadaslar1 demir partikiil sentezinde
ylizeyde OH gruplarinin olusumundan
bahsetmislerdir(Tang ve ark., 2011; Yasar
ve ark., 2023). Bizim ¢alismamizda 3000-
3450 cm¥de O-H titresiminin oldugu
belirlendi. Ayrica Fe-O gerilme piki 589,98
cm’de gozlendi. Bu sonuglara benzer
olarak 536 cm™’de karakteristik gerilme
piki ve 3492 cm™*’de OH pikinden bahseden
calismalar mevcuttur(Mikelashvili ve ark.,
2023; Pinheiro ve ark., 2013; Sahoo ve ark.,
2005). TEM ve SEM goriintiileri partikiil
kaplama ve boyutlarinin belirlenmesinde
siklikla kullanilan bir tekniktir. Bizim
calismamizda da kaplama ve boyut
analizleri XRD, FT-IR, EDX analizlerin
yant sira SEM ve TEM analizleri ile
onaylandi ve literatlirle benzerligi ortaya
kondu(Javanbakht ve ark, 2016; Yasar ve
ark., 2023). Sentezledigimiz partikiillerin
EDX analizleri incelendiginde baglama
oncesi atom cesit ve ylizdesi
degerlendirilmistir. Elde edilen bulgular
glioksal molekiilii baglama asamasindan
sonra karbon atomu yiizdesinde artis
oldugunu gosterdi. Bu durum glioksal
molekiillerinin partikiil ylizeyine
baglandiginin gostergesiydi. Enzim
baglama sonrasi aliman EDX analiz
sonuclarimizdaki ~ karbon  ve azot
atomlarinin yiizdesinin artmast mevcut
iireaz enzim molekiillerinden
kaynaklandigini diisiindiirdii (histidin, lizin
aminoasitleri gibi). EDX analiz
sonuclarindaki karbon ve azot atom
varligia atifta bulunarak organik molekiil
baglanabildigini  raporlayan literatiir
calismalari da  bizim  sonuglarimiza
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benzerdi. (Yasar ve ark, 2023).
Calismamizda kararliligin
degerlendirilmesinde farkli sicaklik
sartlarinda  bekletilmis  {ireaz-partikiil

komplekslerinin aktivitesi incelendi. 3 grup
halinde (oda sicakligi, +4 ve 37°C) ve
strastyla ilk iki 6rnek 6 giin, li¢lincii 6rnek
ise 3 giin oda sicakliginda, 3 giin +4°Cde
bekletilip 1 saat 37 °C‘de inkiibasyon
yapildiktan ~ sonra,  standart  olarak
hazirlanan (2,5 mmol/L) ornekte, aktivite
tayinleri yapildi. Her grup 10 farkli seride
tekrarlanmis ve elde edilen absorbans
degerleri ile aktivite ¢alisildi. Bulgularimiz
her 3 grubunda hem kendi aralarinda hem
de kontrol grubu arasinda anlamli bir fark
olmadigr ve kararliligin yiiksek seviyede
gerceklesmis oldugu
yoniindeydi.Literatiirde bagh ve
immobilize iireaz ¢alismalarinda pH:
sirastyla 6.5- 7.5 arasi optimum aktivite
gosterdigi  belirtilmistir.  Yine  ayni
calismada serbest ve immobilize enzimin
optimum sicakligimi sirasiyla  50-60°C
oldugunu raporlamistir(Cinar ve ark.,
2017). Biz c¢alismamizda  optimum
sicakliklarin altinda da immobilize olan
enzimin aktivitesi degerlendirmeyi
amagcladik. Sonuglarimiz kontrol grubuna
gore daha diisiik farkli sicakliklarda da
immobilize ve serbest enzimlerin iglevlerini
kaybetmedigi gostermekteydi. Bu sonuglar
sicaklik degiskenliginde bile immobilize
enzimin aktivitesini serbest iireaza gore
korudugunu gosterdi.

5. Sonuclar

Sonug olarak, Literatiirde
c¢ogunlukla immobilize {ireaz enzimin
optimum kosullar1
incelenmektedir(Alptekin, 2019). Bizim

caligmamizda ise optimum kosullardan
sadece sicaklik parametresinin diisiiriilmesi

ve bu smirlarin  altindaki  sicaklik
degisikliklerinde aktivitesini
degerlendirmekti. Boylelikle depolama

kararliliginda, raf dmriinde ve biyoreaktor
kullanimlarindaki avantaji  gOstermekti.
Sonuglarimiz,  degisken  sicakliklarda
depolanan ve daha sonra farkli sicakliklarda
degisim gosteren sartlarda dahi
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(gruplarimiz) immobilize ureazin
aktivitesini istatistiksel olarak serbest iireaz
aktivitesine benzer olabildigi yoniindedir.

Yazarlarin Katki Beyam

Yazarlar makaleye esit katkida
bulunduklarim1 ve onayladiklarin1 beyan
ederler.

Cikar Catismas1 Beyam

Tim yazarlar, bu c¢alisma ig¢in
herhangi bir c¢ikar c¢atismasi olmadigini
beyan ederler.
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Abstract

Electric vehicles have been in our lives for a long time, but in the last two years, there has been an increase in
electric vehicle sales and production. In addition to the spread of the environmental perspective day by day and
the demand by wider masses, factors that will significantly affect human life, such as global warming and the
decrease in fossil fuels, have become the biggest supporters of electric vehicles in the search for new technology.
Emission gases created by internal combustion engines significantly affect the living space we live in. If we talk
about these effects, many other components that are harmful to human and environmental health such as carbon
dioxide, nitrogen oxides, sulphurous components, particles; dispersed into the air with the exhaust gas during
emission. In this study, considering the damage caused by emission gases to the environment and people, we will
gradually transition the internal combustion engine vehicles in Konya city center to electric vehicles in stages. In
this way, we will see the significant decrease in emission gases in this study.
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1. Introduction

With the increase in the population
in the world, the use of transportation has
also increased. The transportation sector has
an important share among all sectors in the
consumption of non-renewable energy
resources (Ozbay et al., 2020), (Oncag et
al., 2021). Today, fossil fuels that we use in
every field pose a threat to humanity. First
of all, there are limited reserves (Durmaz
2016), (Zallinger et al., 2011). As the
consumption continues, the decrease in
fuels and the increase in costs proceed at the
right rate. Another most important reason is
that the greenhouse gases and other
emissions released as a result of the
combustion of fuels harm our World
(Trofimenko et al., 2020), (Cheng et al.,
2018), (Li-sheng, 2013), (Lu et al., 2018).
All kinds of gas, liquid and solid waste
emitted from a source and having harmful
effects for the environment are called
emissions. Emissions from motor vehicles
consist of CO, NOx, HC, CO_2 and other
gases (Hiroyasu et al., 2004), (Jenn et al.,
2016). The reason why these emissions
resulting from combustion are important
from other polluting sources is that besides
their pollutant qualities, they also have
immediate and direct-acting toxin qualities
(Mocerino, et al., 2021). A vehicle without
emission control can destroy a person's
daily need of 15m?® of fresh air within 10
minutes (Zaporozhets and Synylo, 2017).
As a developing country, the known
hydrocarbon  resources are  clearly
insufficient to meet the increasing energy
demand of Turkey (Ekmekgioglu, 2019).
While Turkey intensifies the exploration
activities for domestic resources, on the
other hand, it strives to activate other
possible potentials such as putting
renewable energy sources into use,
increasing energy efficiency and benefiting
from the geographical location of the
country. Laws on the markets have been
enacted, and the relevant secondary
legislation has been completed to a large
extent. Thus, an important part of the steps
that can be taken for a competitive and
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transparent energy market have been taken
(Varol, et al., 2018), (Zamboni et al., 2013),
(Ediger and Camdali, 2007). Emissions
from automobiles include carbon monoxide
CO, unburned hydrocarbons HC and oxides
of nitrogen NOx, which are currently
controlled by emissions regulations. Solid
particles from diesel engines are in this
range, but are limited by regulations
(Friedrich and Bickel, 2001), (Rexeis and
Hausberger, 2009), (Hausberger, et al.,
2003). Over time, high air pollution, global
warming and the depletion of resources
have created negativities for people and our
world (Jie et al., 2013), (Du et al., 2017).
Thanks to the technology that is advancing
day by day, our transition to electric
vehicles has become easier thanks to the
electric motor working at high torque and
the batteries with high-power storage area
(Lv et al. 2019), (Liu et al., 2015). Today,
the transition to electric wvehicles is
increasing. One of the main reasons for this
is the development of battery technology.
Due to the noticeable increases in range,
their differences have decreased compared
to internal combustion engines (Sun et al.,
2016), (Wang et al., 2015), (Zhang et al.,
2017). In this study, it is to reduce the
emission values created by the vehicles in
the center of Konya and to calculate the
emissions that will occur while producing
the energy we need. In this study, primarily,
a ranking was made according to the engine
power of the cars, minibuses and buses
located in the center of Konya. Public
transportation was also included in these
vehicles, and they were separated again and
added to our work as municipal buses, taxis
and minibuses. Then, the number of these
vehicles was determined and their emission
values were calculated. While calculating
the emission values, EURO IV, EURO V
and EURO VI values were used. Daily
average range and engine  power
calculations of each vehicle were made. As
a result of these calculations, the amount of
emissions produced by the vehicles was
calculated. In the later stages, the transition
of vehicles to electricity and the emission
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calculation that will arise from the
production of the needed electricity have
been calculated.

2. Emission Calculation of Konya City
Vehicles

1- It has been determined that the
municipal buses travel an average of 225
km per day. The total number of municipal
buses is 510, and according to the fuel they
use, 310 of them are natural gas (CNG) and
200 of them are Eurodiesel.

2- The total number of minibuses
(14+1) in public transportation is 510. As
for school and work busses, it has been
determined that this number is 10,710 and
they drive an average of 300 km per day
(pandemic is taken into account in this
number).

3- The total number of taxis is 700
and it has been determined from the taxi
drivers' room that 260 of them are
Eurodiesel and 440 of them are LPG. It has
been determined that taxis make an average
of 300 km per day.

4- The number of buses and shuttles
other than the municipal buses is 3,446, and
it is learned that they travel an average of
225 km per day.

5- The number of city cars was
determined as 214,267 and their daily
distance was calculated as 40 km on
average.

6- EURO 1V, EURO V and EURO
VI standards have been taken into account

Table 1. Total emission values of passenger cars

for emissions. The number of vehicles was
taken from the Konya Police Department
and the relevant Chambers and included in
the calculation in Konya city and districts.

2.1. Emission Calculations of Passenger
Vehicles

While calculating the emission
standards of passenger cars, Euro V and
Euro VI standards are taken as basis.
Vehicles are divided into three as gasoline,
Eurodiesel and LPG according to the fuel
they use. According to the fuel used by the
vehicles in the city center of Konya, 52,101
vehicles with gasoline, 79,238 vehicles with
LPG and 82,928 vehicles using Eurodiesel.
In our emission calculation, we will
consider our emissions per kilometer in
grams. The calculated values are the
emission value per kilometer. Multiplying
this value by our average mileage and
number of vehicles will result in our total
emissions. For example, our CO value in
EURO V and EURO VI values is 0.5 g/km.
We multiply this by the average daily
distance of our vehicle, which is 40 km, and
the total number of vehicles. CO emissions
are released from vehicles using
40x0.50%82928=1659 tons of Eurodiesel
(Varol et al., 2018). Accordingly, all
emission values calculated for taxis and cars
are shown in Table 1 in EURO V and
EURO VI tons.

> Vehicles CO NOXx HC PM CO; Total

g Taxi 0,07 0,015 0,005 0,001 40,63 40,72

w Automobile 4,53 0,836 0,422 0,035 1615,60 1621,43
S Vehicles co NOXx HC PM CO; Total
o Taxi 0,066 0,01 0,007 0,001 39,99 40,083
o Automobile 4,535 0,504 0,555 0,035 1403,99 1409,62

2.2. Emission Values for Minibuses
Public transportation vehicles are
divided into two classes as minibuses. But
they do not have a difference in terms of
emission values. It is no different from
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passenger vehicle (automobile) accounts.
The total emission value is reached by
multiplying the emission standards, the
daily distance traveled and the number of
vehicles (Table 2).
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Table 2. Total emission values of commercial vehicles

g > Vehicles CO NOx HC PM CO; Total
w Minibus 2,496 0,945 1,136 0,017 872,37 876,964
S Vehicles Co NOXx HC PM CO2 Total
o Minibus 2,496 0,422 0,705 0,017 830,22 833,86
o Vanbus 0,118 0,02 0,014 0,001 39,147 39,30
2.3. Emission Standards for Buses buses, it is known that the buses are between
Apart from the buses using 180 and 210 kW according to the brand.

Eurodiesel in the center of Konya, there are
also CNG, that is, natural gas buses. There
is a difference in the standards given when
calculating on buses. Here it is used as
g/kWh instead of g/km because our
emission standard value is given in this unit
in the table. Before starting the calculation
here, the conversion of g/kWh to g/km has
been calculated under the heading of
emission calculation for bus below. 310 of
the 510 municipal buses in Konya are CNG
powered. Since most of the buses operating
with Eurodiesel in Konya are produced in
Euro IV standards, this standard will only
be used for buses. The way to be followed
while calculating is as follows; First of all,
the average kW values of the vehicles
should be found. Then, g/kWh value will be
found according to the EURO IV value and
multiplied by the operating time of the
vehicle. The result will be divided by the
distance traveled per day and the result will
give the emission value per kilometer.
While making emission calculations of

Table 3. Bus emission values

Since the vehicle does not always run at full
power, the lowest value is accepted as 180
kW and it is considered that the buses are in
motion for 12 hours in a day.

2.3.1. Finding Emissions Values for
Eurodiesel Bus

The EURO IV value for CO
emissions is 1.5 g/kWh for buses. The
operating time of the vehicle with 180 kW
power is 12 hours, and the daily emission
value is found by multiplying it with the
relevant emission value. The emission value
per kilometer is found by dividing this value
by the distance traveled per day. The same
path will be followed for other emissions.
For instance;180 x 12 x 1.5=3240g CO is
formed. When this value is divided by the
distance traveled daily;
Its emission value per km is determined as
3240/225=14.4 g/km CO. Other emission
gases such as CO are calculated in the same
way and the values are shown in Table 3.

> Vehicles CO NOx HC PM CO; Total
g Municipal Buses 0,889 1,598 0,208 0,009 45,49 48,19
L Buses 11,16 26,05 3,42 0,15 624,15 664,95

3. Steps of Transition to Electric Vehicles

Today, electric vehicles have started
to be mentioned a lot in our agenda. One of
the main reasons for this is greenhouse
gases that harm the environment and cause
global warming. After this awareness, the
number of vehicles in traffic in the last five
years is as in Table 4. When Figure 1 is
examined, the number of electric vehicles
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shows a steady growth, no matter how
small. Here are some of the reasons why
electric vehicles have been in high demand
lately:

* Fuel economy is one of the most important
advantages of electric vehicles. Natural
resources are consumed for cars running on
fossil fuels. Electricity is a cheap energy
source compared to gasoline and diesel.
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* Electric vehicles are designed with more » Electric vehicles are environmentally
technical equipment compared to fossil fuel friendly and emit less carbon to the world.
vehicles.

Table 4. TUIK, distribution of vehicles in Turkey by fuel type of the last 5 years (TUIK, 2021)

2017 2018 2019 2020 2021
Gasoline 3120407 308926 3020017 3201894 3319123
EuroDiesel 4256305 4568665 4769714 5014356 5085617
Lpg 4616842 4695717 4661707 4810018 4851798
Electric-Hybrid 1685 5367 15053 36487 56287
Today, even if there are problems infrastructure problems of electric vehicles
such as battery and range, one of the most such as charging units.

important steps to protect our environment
is to electrify urban public transportation
vehicles. In this way, we can get rid of
emissions for vehicles in the city. Our aim
in this study is to convert the vehicles that
will not go in public transportation and long
distances in the city to electric vehicles and
to minimize harmful emissions to nature.
While doing this study, we designed the
transition of vehicles to electric vehicles
gradually, because it is not possible to make
almost all vehicles electric based on the

3.1. Stage 1. Suppose 25% of cars and
taxis are electric vehicles

Our first application in this regard
will be cars and taxis. Because the motor
power is smaller compared to the others and
can be charged for 8 hours in a 220 V
household electricity. At this stage, 25% of
the vehicles were first calculated according
to Euro V and Euro VI values. At this stage,
53567 cars and 175 taxis are taken into
account. Stage one emission results are seen

in the Table 5.
Table 5. Stage 1 emission results
Tons CO NOXx HC PM CO2 Total
z Total Emission 19,15 29,63 5,22 0,211 3198,26 3252,46
E 25% Vehicle Emission 1,15 0,21 0,10 0,0092 264,95 266,44
Percentage Change 6,01% 0,72% 2,05% 4,38% 8,28% 8,19%
— Tons CcoO NOX HC PM CO; Total
i Total Emission 19,15 28,59 4,90 0,21 2943,86 2996,71
USJ 25% Vehicle Emission 1,15 0,128 0,141 0,009 264,95 266,37
Percentage Change 6,01% 0,45% 2,87% 4,29% 9,00% 8,89%
The total EURO V and total EURO emissions, were withdrawn and replaced by
VI emission headings seen in Table 5 are electric motors in traffic. The highest
the emission values of cars, taxis, minibuses emission reduction rate is 8.28% CO_2 in
and buses currently in traffic. 25% vehicle percent.

emissions are the emissions of automobiles
and taxis that are taken into account. The
percentage change is the percentage change
between the emission values of all vehicles
and the emission values of the cars and taxis
taken into account. Internal combustion
engines, which are 25% of the total

3.2. Stage 2: 50% automobile and taxi,
25% minibus

In the second stage, cars and taxis
were increased from 25% to 50%, while
minibuses and minibuses were switched to
electric vehicles at a rate of 25%. The
number of cars is 107,134, the number of
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taxis is 350, minibuses and minibuses are
taken into account, and the total number of
vehicles is calculated as 2811. Today,
minibuses are available with a range of 210

Table 6. Emission values in the 2nd stage

km and a capacity of 25 people. Second
stage emission values are shown in the
Table 6.

Tons CO NOXx HC PM CO; Total
i Total Emission 19,151 17,815 4,317 0,211 1718,42 1759,91
USJ Vehicle Emission 2,925 0,662 0,272 0,0225 656,35 660,23

Percentage Change  15,28% 3,71% 6,31% 10,66% 38,18% 37,51%
— Tons CO NOx HC PM CO, Total
i Total Emission 19,11 419 1,90 0,131 1718,42 1743,79
E Vehicle Emission 2,92 0,362 0,359 0,02 657,35 661,016

Percentage Change 15,27% 8,65% 18,93% 16,98% 38,25% 37,91%

In terms of total emissions, 50% of
cars and taxis with internal combustion
engines and 25% of minibuses with internal
combustion engines were withdrawn from
traffic. The maximum emission reduction
rate is COa.

3.3. Stage 3: 75% cars and taxis, 50%
minibuses, 25% buses and municipal
buses

Table 7. 3rd stage emission values

In the 3rd stage, 25% of the buses and city
buses with internal combustion engines and
CNG were withdrawn from the traffic. 128
municipal buses, 5620 minibuses, 525 taxis,
160701 cars and 862 buses were included in
the 3rd Stage. With the inclusion of buses,
total emissions increased from 22% to 57%.
Third stage emission values are seen in the
Table 7.

> Tons CO NOXx HC PM CO; Total
o Total Emission 19,15 29,63 5,22 0,211  3198,26 3252,47
5 Vehicle Emission 7,711 7,769 1,80 0,074  1848,78 1866,14

Percentage Change 40,26% 26,22% 3457% 35,28% 57,81% 57,38%
— Tons CO NOx HC PM CO; Total
i Total Emission 19,15 28,58 4,90 0,21 2943,86 2996,71
USJ Vehicle Emission 7,71 7,55 1,69 0,074 1668,52 1685,54

Percentage Change  40,26% 26,43% 34,43% 35,28% 56,68% 56,25%

Since the production years of the
buses in Konya are old, the calculations are
made on the basis of the Euro 1V emission
standard. A serious percentage increase is
observed in emission values. The main
reason for this is buses. Because buses have
a larger volume compared to other vehicles
that are taken into account as engine
volume.
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3.4. Stage 4; 100% automobile and taxi,
75% minibus, 50% bus and municipal
bus

In the 4th phase, 255 municipal
buses, 8431 minibuses, 700 taxis, 214267
cars and 1723 buses were included. Fourth
stage emissions are shown in the Table 8.



MAS JAPS 8(Special Issue): 883-896, 2023

Table 8. 4th stage emission values

> Tons CO NOx HC PM CO; Total
o Total Emission 19,15 29,63 5,217 0,21 3198,26 3252,46
UEJ Vehicle Emission 12,5 15,48 3,106 0,18 2645,34 2676,55
Percentage Change 65,27% 52,23% 59,54% 60,55% 82,71% 82,29%
— Tons CO NOx HC PM CO; Total
i Total Emission 19,15 28,58 4,90 0,21 2943,86 2996,71
USJ Vehicle Emission 12,5 14,65 2,91 0,13 2401,48 2431,67
Percentage Change 65% 31% 59,33% 60,55% 81,58% 81,14%

Emission values are reduced by
83%. When the majority of vehicles are
converted to electric vehicles, the damage
to nature is minimized. In the next stage,
electric vehicles are replaced by vehicles
that are withdrawn from traffic, and the
amount of emissions generated while
generating the electricity needed by
vehicles is taken into account and
recalculated.
4. Electricity Requirements of Electric
Vehicles and Emissions From Electricity
Generation

In addition to the amount of
emissions we reduced when we switched to
electric public transportation vehicles
instead of public transportation vehicles
with internal combustion engines, the
emissions from the electricity required by
electric vehicles on the road were also
calculated.

4.1. Phase 1: 25% cars and taxis
In Table 9; %25 of the electricity
needs for cars are seen below.

Table 9. In the first phase, 25% of the electricity needed for cars

Energy Required Total Required

Vehicle Number kWh/km KM for a Vehicle (kW) Energy (KWh)
Automobile 53567 0,18 40 7,2 385682,4
Taxi 175 0,18 300 54 9450
TOTAL 395132,4

The energy consumed per km by
vehicles with smaller engines such as
automobiles is 0.18 kW. Here, the
calculation made to find the required energy
is multiplied by the energy consumed per
kilometer and kilometer by the vehicle, and
the amount of energy required for the
vehicle is found. Then, when the required
energy is multiplied by the number of

vehicles, the total energy needed for the
vehicles that are electrified in the first step
is found. The energy required by the
conversion of the vehicles in the 1st stage to
electric vehicles is 395.13 MW. Let's
examine the emissions caused by this
electricity need. Emission produced for
energy needs are shown Table 10.

Table 10. Emission produced for the energy needed
Cco NOx CO;
2 Automobile 0,759 1,697 162,37
Taxi 0,018 0,041 3,98

The emission values here were found by
multiplying the total required energy with
the above-given power plant emission

value. These values are calculated in tons.
Table 11 includes the emission changes in
stage one.
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Table 11. Emissions change in stage 1 (Euro V)

Tons CO NOXx HC PM CO;
Total Emission 19,15 29,63 5,22 0,211 3198,26
Vehicle Emission 1,150 0,21 0,11 0,009 264,95
i Percentage Change 0,060 0,007 0,02 0,044 0,08
Es Power Plant Emission 0,78 1,74 166,35
Net Emission Decrease 0,37 -1,53 98,59
Net Total Emission 18,78 31,15 3099,67
Total Reduction Rate 0,020 -0,05 0,0318

When the emissions of the electricity
needed are added in addition to these
emissions, the total change is seen in Table
3.4.

* Total Euro V Emission (Ton): Emission of
total vehicles in Konya

* Vehicle Emission (Ton): Emissions of the
vehicles we handled in the 1st stage

» Percentage Change: Ratio of vehicles
withdrawn from traffic in Phase 1 compared
to overall emissions

» Power Plant Emission:1. Emissions from
the electrical needs of vehicles in phase

Table 12. Emissions change in phase 1 (Euro VI)

» Net Emissions Reduction: The difference
in power plant emissions from converted
vehicles

* Net Total Emission: The difference of the
net emission reduction from the total
emissions

e Total Reduction Rate: The ratio of net
emissions to net total emissions is given as
a percentage.

The same process works in Euro 6. Values
are shown in Table 12.

Tons CO NOXx HC PM CO2

Total Emission 19,15 28,59 4,90 0,211 2943,86
— Vehicle Emission 1,150 0,13 0,140 0,009 264,95
i Percentage Change 6,01% 0,45% 2,87% 4,29% 9,00%
E Power Plant Emission 0,78 1,74 166,35

Net Emission Decrease 0,37 -1,61 98,60

Net Total Emission 18,78 30,20 2845,26

Total Reduction Rate 1,99% -5,33% 3,47%

4.2. Phase 2: %50 cars and taxis, %25
minibuses

Table 13. Emission produced for the energy needed

Table 13 shows the energy needs for
producing emission.

CO NOXx CO,
g Automobile 1,519 3,394 324,744
= Taxi 0,037 0,083 7,956
Minibus 0,664 1,484 142,057

2. the total electricity required to be
generated for all electric vehicles is 1127.69
MW.
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The required energy and power plant
emissions are as shown in Table 14;

The values of EURO V and EURO VI are
as follows;
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Table 14. Emissions change in stage 2

Tons CoO NOXx HC PM CO; Total
Total Emission 19,15 29,63 5,22 0,211 3198,26 3252,46
Vehicle Emission 1,15 0,21 0,11 0,009 264,95 266,43

Z Percentage Change 6,01% 0,72% 2,05% 4,38% 8,28% 8,19%

o Power Plant Emission 0,78 1,74 166,35 168,87
Net Emission Decrease 0,37 -1,53 98,59 97,56
Net Total Emission 18,77 31,15 3099,67 3154,91
Total Reduction Rate 1,99% -4,90% 3,18% 3,09%
Tons Co NOx HC PM CO, Total
Total Emission 19,15 28,59 4,90 0,211 2943,81 2996,71
Vehicle Emission 1,150 0,128 0,141 0,009 264,95 266,38

% Percentage Change 6,01% 0,45% 2,87% 4,29% 9,00% 8,89%

D Power Plant Emission 0,78 1,74 166,351 168,87
Net Emission Decrease 0,37 -1,61 98,598 97,51
Net Total Emission 18,78 30,20 2845,263 289424
Total Reduction Rate 1,99% -5,33% 3,47% 3,37%

As can be seen at this stage, higher
numbers were reached than the percentage
values in the 1st stage. But the percentile of
NOx still remains negative. The reason for
this is due to the intensity of the use of
power plants such as coal, and high value
increases are observed in terms of
emissions. In order to prevent this situation,
it is necessary to switch to clean energy

Table 15. System package for needed energy

sources and reduce the fossil fuel energy
production at our disposal.

4.3. Phase 3: %75 cars and taxis %50
minibuses, %25 municipal buses and
buses

The amount of energy needed for the
system package is shown in the Table 15.

CcO NOx CO,
Automobile 2,279 5,091 487,116
g Taxi 0,055 0,124 11,935
— Minibus 1,46 3,255 312,168
Buses 0,389 0,87 83,286
Municipal Buses 0,057 0,129 12,367

The electrical energy we need to produce in
the 3rd stage is 2120,72 MW. In the Table
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16, we can see the emission changes in third

stage.
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Table 16. Emission change in the 3rd stage (Euro V and Euro V1)

Tons CO NOy HC PM CO; Total
Total Emission 19,15 29,63 5,22 0,211 3198,26 3252,47
> Vehicle Emission 7,71 1,77 1,80 0,074 1848,78 1866,14
g Percentage Change 40,26%  26,22% 34,57% 35,28% 57,81% 57,38%
w  Net Emission Decrease 3,53 -1,562 955,95 959,80
Net Total Emission 15,62 31,19 2242,30 2292,66
Total Reduction Rate  22,62%  -5,00% 42,63% 41,86%
Tons CO NOXx HC PM CO; Total
Total Emission 19,15 28,58 4,90 0,211 2943,86 2996,71
S Vehicle Emission 7,71 7,55 1,69 0,074 1668,52 1685,54
g Percentage Change 40,26%  26,43%  34,43%  35,28% 56,68% 56,25%
@ Net Emission Decrease 3,53 -1,77 775,694 777,45
Net Total Emission 15,62 30,36 2168,167 2214,14
Total Reduction Rate 22,62% -5,85% 35,78% 35,11%

In the 3rd phase, the buses with the
highest emission rates according to the
EURO values were converted to electric
buses at a rate of 25%. While the rate of
CO2 was 6% in the 2nd stage, it changed to
35% as a result of this stage. The main
reason for this is considering the weight of
the bus ranging from 6 to 15 tons and the
engine power required to move it, the
conversion of high-engine vehicles such as
buses into electricity is of great importance
for nature and for us. It is understood from
the result that the transformation of buses
and municipal buses into electric vehicles

Table 17. Emission produced for the energy needed

will make a great contribution to the
environment. The increase in NOx emission
in the 2nd phase does not continue in the 3rd
phase. The reason is that although the
number of buses handled in the 3rd phase is
low, the amount of emissions they produce
is very high, and the increase was prevented
when electric buses were included instead.

4.4. Stage 4; 100% automobile and taxi,
75% minibus, 50% bus and municipal
bus

The emission produced for the
energy needed are shown in the Table 17.

CO NOx CO,
Automobile 3,039 6,788 649,486
g Taxi 0,074 0,166 15,914
[ Minibus 2,092 4,664 447,22
Buses 0,778 1,739 166,475
Municipal Buses 0,115 2,574 24,638

The electrical energy we need to produce is 3096.78 MW. Stage four emission change is seen

in the Table 18.
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Table 18. Emission change in stage 4

Tons CcO NOx HC PM CO; Total
Total Emission 19,15 29,62 5,217 0,211 3198,26 3252,46
S Vehicle Emission 12,5 15,47 3,106 0,127 2645,34 2676,55
o Percentage Change 65,27%  52,23%  59,54%  60,55%  82,71% 83,68%
u?j Power Plant Emission 6,1 13,62 1303,74 1323,47
Net Emission Decrease 6,4 1,851 1341,6 1349,85
Net Total Emission 12,751 27,78 1856,66 1897,19
Total Reduction Rate  50,19%  6,66% 72,26% 71,15%
Tons CO NOy HC PM CO; Total
Total Emission 19,15 28,58 4,90 0,211 2943,86 2996,71
— Vehicle Emission 12,5 14,65 2,91 0,128 2401,48 2431,67
z Percentage Change 65% 31% 59,33% 60,55% 81,58% 81,14%
E Power Plant Emission 6,1 13,62 1303,74 1323,47
Net Emission Decrease 6,4 1,03 1097,74 1105,17
Net Total Emission 12,751 27,55 1846,12 1886,43
Total Reduction Rate  50,19% 3,74% 58,19% 59,86%

Now at stage 4, NOx gas is turned to
advantage. As can be seen, all the results are
the results of a cleaner future that
contributes immensely to the environment.
Except for the NOx gas, the reduction rates
of other emission gases are over 50%. There
is a 3% change for NOx.

3500
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500

1.Stage

m Total Emission

2.Stage

5. Conclusion

As seen in our study, we see how
much difference the results make for us. In
the 4th stage, we reduced the total emissions
of 3252.46 tons to 1897.19 tons. Based on
these results, directing the electricity we
produce to cleaner sources is a very
important principle for humans and nature.
Emission changes of EURO V and EURO
V/1 Stages can be seen in the Figure 1 and 2.

3.Stage 4.Stage

Stage Emission

Figure 1. Emission change of EURO V Stages
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Figure 2. Emission change of EURO VI Stages

The biggest change that can be made in this
regard is the encouragement of people to
electric vehicles. In this regard, incentive
methods such as tax deductions can be
applied and people can be bought as private
vehicles. Although the transition period of
people to electric vehicles is a process that
will take time, the most important and first
return should be to apply in public
transportation.With the transition of electric
vehicles, our energy requirement is 3096.78
MW. Our country is in a very favorable
position in terms of clean energy. We have
natural resources from which we can
produce a lot of energy, such as solar
energy, thermal energy and wind energy. It
is very possible that we will accelerate our
progress in terms of clean energy in our
country and carry this process to a closer
date.
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Abstract

Construction and Demolition Waste (CDW) is currently seen as one of the most important concerns that national
authorities, particularly in Turkey, which is in the process of urban transformation and located in an earthquake
zone. The search for alternative secondary raw materials for industries that use wood and its derivatives as raw
materials is an important issue with the decrease on forest resources. CDW consists of bulky materials such as
asphalt, bricks, wood and plastic. The main purpose of this study is use of waste wood those obtained by recycling
the construction and demolition wood waste (CDWW) as cellulose source in production of cement-bonded particle
board (CBPP). For this purpose, alkali treatment of CDWW was carried out by using alkaline solutions at four
different concentrations of 2%, 3%, 5% and 8% NaOH by using the dipping method. A new cement-bonded
particle board design was made using these alkali treated CDWW. The mechanical and physical performance tests
of the produced particle boards were carried out and a recipe that yield the particle board having the best results
was determined and a life cycle assessment study was conducted. As the recipes were produced by holding the
cement/wood (c/w) ratio stable at 2:1, the best results were obtained from the boards produced by using CDWW
that treated with 2% NaOH. The modulus of rupture (MORY), modulus of elasticity (MOE) and density tests were
applied to the produced boards in accordance with TS EN 310 and TS EN 323 standard, respectively. The vaules
obtained as a results of MOR, MOE and density test are 10.37 N mm2, 6437.28 N mm2 and 1255.12 kg m*,
respectively. The experimental outcomes showed acceptable mechanical and physical performance of the
developed CBPP in compliance with the required standards. The feasibility of the study was evaluated by
conducting LCA studies for the most effective recipe. The global warming potential (GWP) value of the recipe
with the best result as a 677.11 kg CO; equivalent was found. The results of this study can be considered as an
effective roadmap for sustainability in all over the world and in appling secondy raw metarial CDW management.

Keywords: Construction demolition waste, cement-bonded particle board, recycling, LCA
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1. Introduction

All over the world construction
industry that create massive amounts of
construction and demolition wastes (CDW)
is a booming industry in metropolitan cities
and rapidly developing municipalities in
every year (Epd, 2015). Construction and
demolition waste often constitutes a
remarkable portion of the total municipal
solid waste in giving rise to the environment
deterioration (Lu and Tam, 2013). Although
current  regulations  require  central
collection and processing of construction
and demolition waste, most of this waste is
sent directly to landfill or thrown away
randomly. Additionally, large amounts of
construction and  demolition  waste
generated from infrastructure construction
have been transferred from urban areas to
rural areas (Huang et al., 2018). For
instance, more than 50% of waste deposited
in a typical landfill come from construction,
whilst about 70 million tons of waste are
also arise as a result of construction and
demolition activities in the United Kingdom
(Sealey et al., 2001). In another research in
related with Australia waste mass, revealed
that almost 14 million tons of waste have
been discarded to landfill each year, and it
is known that 44% of it is attributed by the
construction industry (Lu and Tam, 2013).
In the United States of America, almost
29% of solid-waste arises from construction
(Rogoff and Williams, 2012). And this
wastes in landfill bring about to major
amounts of air, water and soil pollution due
to the production of carbon dioxide (CO2)
and methane (CHs4) from anaerobic
degradation of the waste. Hence, more and
more rural areas and landfill are faced with
the problem of construction and demolition
waste day by day (Lu and Tam, 2013) and
this situation creates important
environmental problems that require urgent
intervention. There are two generic
approaches for dealing with construction
waste. As a technical point of view,
environmental engineers investigate how
‘hard’ technologies can help reduce, reuse,
or recycle construction waste (Lu and Tam,
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2013). In order to ensure sustainability, it is
imperative that every existing waste be
recycled and re-evaluated. Construction and
demolition waste is one of the heaviest and
the most voluminous waste. Many of these
are recyclable. It consists of many materials
such as concrete, brick, gypsum, wood,
glass, metals, plastic, solvents, asbestos and
excavated soil. Considering that raw
material resources are limited, construction
and demolition wastes must be used
especially as secondary raw materials in
order to protect natural resources and the
environment (Lehto et al., 2018; Oztiirk,
2017). Since wood waste is considered as a
recyclable and renewable resource, usage of
construction  demolition wood  waste
(CDWW) for synthesis of cement-bonded
particle boards (CBPB) is a prospective
upcycling option (Wang et al., 2016). The
raw material need of the industry is
increasing rapidly parallel to the rapid
development of the industry and, the
amount of waste is also increasing at the
same rate. On account of the availability of
raw materials is not unending and the
ecosystem is not able to absorb the infinite
quantities of  pollutants.  Therefore,
environmental damages have been risen
(Jacquemin et al., 2012). This situation has
encouraged the birth of environmental
policy (Eliceche et al., 2007) and thereby
the improvement of environmental
assessment methodologies to reduce the
environmental  footprints of product
manufacturing (Jolliet et al., 2005; Telenko
et al., 2008). In this way, developed life
cycle assessment (LCA) is an important tool
to determine the effect of a product’s life
cycle and the methodology of life cycle
assessment which has been applied to
products is a well-established analytical
method to determine environmental impacts
(Jacquemin et al., 2012). The aim of this
study is to investigate the use of waste
wood, which is likely to be found in
construction and demolition waste, as a
cellulose resource in the production of
cement-bonded particle board by applying
alkaline treatment. Also, it is aimed to
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evaluate of the physical and mechanical
properties of the created new boards in
order to determine their performance and to
make case study life cycle assesment of the
newly designed cement-bonded particle
board.

2. Materials and Methods
2.1. Material supply

Throughout this study, during the
production of trial boards, used CEM 1 42.5
Portland cement (OPC, Grade 425R,
Fineness 2.5%, Specific gravity 3.11 g cm’
3, Initial and final setting times are 150 and
220 min respectively., Aluminum sulfate
(Al2(SO4)3) is used as binder whereas,
sodium silicate (NazSiOs), dolomite
(CaMg(CO3)2), fly ash are used as additive,
Sodium hydroxide (NaOH) used for alkali
treatment. All these compounds were
obtained from the Research and
Development Laboratory of Tepe Betopan
A.S. Aluminum sulphate is solid, colorless
and has a density of 1.71 g cm™. In addition,
when it is in the form of 2% solution at 20°C
its pH value is between 2.5-3. Sodium
silicate is supplied as a colorless, clear
viscous liquid. While the bome value at
20°C is 39-41, the viscosity value is
between 75-300 cp. Its density at 20°C was
reported to be between 1360-1390 g cm.
The specific gravity of fly ash is 2.01 and its
chemical composition is SiO2 (58.5%),
Al203 (25.48%), Fe203 (5.86%), CaO
(1.47%), MgO (2%, 22), SOs (0.11%), K20
(4.04%), Na20 (0.59%), KK (1.19%), CI
(0.011%). As the chemical composition of
fly ash, the total of SiO2, Al20s, Fe20s3 is
89.69%. While the molecular weight of
sodium hydroxide is 40 g mol? and the
other features are as like these extra pure,
density 2.13 g cm™(20°C), assay >= 98.0%,
Sodium Carbonate (Na2COs) <= 0.5%,
Sodium Chloride (NaCl) <= 0.02%, Iron
(Fe) <= 0.001%). In addition, the fresh
wood (FW) supplied to be used in the
control experiment was obtained from the
Betopan factory of Tepe Betopan A.S. This
wood was subjected to chipping process in
the Betopan Factory production line and
chipped wood sieved to pass through the 3
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mm sieve. Then it was taken and used in the
experimental studies. As to construction
and demolition wood waste which is the
main purpose of this study, was obtained
from by collecting from different
construction waste sites in Ankara location.
Firstly, chipping process was applied to
CDWW. In this study, the average thickness
was tried to be kept constant between 0.40-
0.55 mm and wood chips passed through the
3mm sieve. By virtue of this method,
stability of the waste wood to be used in the
cement bonded particle board samples was
tried to be ensured.

2.2. Alkali treatment

The alkaline treatment was carried
out according to the dipping method using
sodium hydroxide solutions at different
concentrations. Before the experimental
study, the moisture value of CDWW was
determined according to the TSE EN 322
standard. Weight of dry wood sample was
calculated via this determined value and it
was subjected to alkali treatment for 24
hours in NaOH solution at 2%, 3%, 5% and
8% concentrations, at a dry wood-solution
ratio of 1:10. At the end of this period, the
samples were washed with pure water until
the pH value of the drained water decreased
to 7. After this stage, it was conditioned and
kept in laboratory conditions to be used in
the production of CBPB.

2.3. Production of boards
Cement-bonded  particle  board
production was carried out by using fresh
wood, constuction and demoliton wood
waste, and alkali treated constuction and
demoliton wood waste. A large laboratory
mixer was used to mix all materials
homogeneously. Wood materials is placed
into the mixer first. Then, aluminum sulfate,
sodium silicate, dolomite and fly ash
required for the production of cement-
bonded particle board are added. Finally,
the binder component cement is added to
the mixture and mixed until a homogeneous
mixture is achieved. It is aimed to make 10
mm cementitious particle board from this
mixture. In line with this goal, the
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homogeneous mixture was poured into the
mold and its surface smoothed (a 500x200
mm mold was used in the production
process under laboratory conditions). Then
the prepared mixture was taken, and then
mixture was pressed by applying a 40 kg
cm? pressure. After production of CBPB
with this method, the created CBPB were
subjected to curing process period as
follows. For this, CBPB are kept in a hot
water bath with a temperature of 80 °C for
10 hours. At the end of this period, the
boards are removed from the hot water bath
and left in laboratory conditions for 10 days
to set. After the boards were set by air
curing, experiments were carried out to
determine the physical and mechanical
properties of the plates in accordance with
TSE standards.

2.4. Experimental test

The modulus of rupture and
modulus of elasticity values of the trial
board were determined in accordance with
the principles described in the TS EN 310
standard. In addition, the densities of the
boards was determined in accordance with
the principles given in TS EN 323 standard.

2.5. Life cycle assesment case study

The life cycle assessment technique
was performed to estimate the effect of the
developed new CBPB product on the
environment. Environmental impact of
CBPB production was assessed by using the
standard LCA technigques recommended by
ISO 14040-14044 (1SO 14040, 2006; 1SO
14044, 2006). In this study, open LCA
software version 2.0 was used to evaluate
the global warming potential (GWP) and
cumulative energy demand (CED) of the
particle boards prepared by using fresh and
waste woods. Obtained results were
compared to determine the usability of the
waste woods in particleboards production.
In additional, LCA studies of three different
CBPB were carried out. These are defined
as follows;
Study 1: CBPB prepared by using fresh
wood.

Study 2: CBPB prepared by using
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construction and demoliton wood waste.
Study 3: CBPB prepared by using
construction and demoliton wood waste that
having the best mechanical and physical
properties after alkali treatment.

In order to conduct an LCA study, it is
necessary to know origin and supply
method of the raw materials and the types
and quantities of utilities used during the
production phase. In addition, detailed
information is required during the service
life of the product maintenance-repair
procedures applied during the its usage
phase and the disposal process after the end
of service life. For these reasons, in this
study, it was decided to choose the cradle-
to-gate method since sufficient data quality
could not be provided after the product was
produced (due to differences in climatic
conditions, product lifespan and disposal
conditions vary according to the
development level of the countries). This
method includes the stages of raw material
supply, transportation and manufacturing.
Because of the fact that the thickness and
dimensions of the boards may vary, 1 m?
volume was chosen as the unit function. In
the cradle-to-gate method, calculations
were made using ecoinvent v3.7 database
on the amount of raw materials, the amount
of utilities such as natural gas, electricity
and water usage, suppliers and
transportation data by distance, used by
Tepe Betopan company in the process
during 2022. In addition, since the CDWW
used in the study were supplied from
Ankara, calculations were carried out based
on the farthest Ankara distance in LCA
transportation calculations. Environmental
impact results were evaluated using the
Impact2002+ method.

3. Results and Discussion
3.1. Experimental results

The general contents of the new
designed cement-bonded particle boards for
this study and their experimental test results
according to standards (TS EN 310; TS EN
323) are presented in Table 1. In all
produced CBPB wood-cement ratio of 1:2
was used and optimum design of the
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experimental studies is to maximize the
MOE, MOR and density. Figure 1
illustrates that average modulus of rupture
and modulus of elasticity values (with error

bars) of produced cement-bonded particle
boards prepared by using both fresh wood
and construction and demolition wood
waste and their relationship with each other.

Table 1. Content of the produced boards and experimental test results

Content of Board

Test Results

Specimen Name

Wood Type  Alkali Treatment MOR (N/mm?) MOE (N/mm?) Density (kg/m®)

A FW % 0 NaOH 8.42 3394.44 1188.59

B CDWW % 0 NaOH 8.16 4944.72 1251.83

C CDWW % 2 NaOH 10.37 6437.28 1255.13

D CDWW % 3 NaOH 9.32 6380.13 1259.46

E CDWW % 5 NaOH 8.81 4487.21 1261.77

F CDWW % 8 NaOH 8.49 4705.97 1269.23
According to the test results (Table 1), general for commercial and industrial

while board C has the highest MOR value
of 10.37 N mm™, board B hads the smallest
MOR of 8.16 N mm=2. The highest MOR
value is obtained for boards prepared by
using CDWW treated with 2% NaOH,
while the lowest MOR value was obtained
for particle board prepared by using the
untreated CDWW. In addition, the board C
had the maximum MOE value of 6437.28 N
mm-? while board A had the least MOE of
3394.44 N mm2. This highest MOR value
is above the minimum standard of 9 N mm-
2 specified by standard (TS EN 634-2) for

=
=
=
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purpose particle boards. Morover, MOE
value for commercial and industrial particle
boards is specified as at least 4000 and 4500
N mm= for Class 1 and Class 2 boards,
respectively according to the standard (TS
EN 634-2). This obtained highest MOE
value in this study fulfilled the TS EN
standard requirement. Thereby, it could be
said that the board (created by using %2
NaOH alkali treated CDWW) that meet
these values can be used for structural
purposes.
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Figure 1. Modulus of rupture and modulus of elasticity values of produced boards

The purpose of the alkali treatment
is to dissolve and remove partially alkaline
soluble components such as resins,
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hemicelluloses, lignin and pectin on the
wood surface from the structure of the wood
in order to clean and activate the surface of
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the wood (Altun et al., 2013). This could be
attributed to reduction of surface impurities
(noncellulose substances or cellulose-
binding materials), including
hemicellulose, lignin, oil, waxes, and other
inorganic substances, which have potential
to adversely affect the adhesion between the
waste wood fiber and matrix (Alawar et al.,

1300

1200

1150

Density (kg/m*)

1100

1050

1000

s

2009; Bergander and Salmen, 2002; Wong
et al., 2010; Setswalo et al., 2019). As a
consequence, this situation can be explained
as a main reason of increase of mechanical
properties (MOR and MOE values) of
CBPB prepared by using alkali treated
waste wood in this study.

o E

BWood/Cement=1:2

Figure 2. Density values of produced boards

Figure 2 reveals the average density
values (with error bars) of produced
cement-bonded particle boards by using
both fresh wood and construction and
demolition wood waste. In this study the
density of CBPB made with CDWW is
higher than those made with fresh wood.
Maximum and minimum density values
belonging to boards are 1269.23 kg m2and
1188.59 kg m=, respectively (Table 1).
While these were obtained for the boards
treated with 8% NaOH with CDWW and
were obtained for the boards prepared by
using FW, respectively. It has been
observed that alkali treatment generally
increases density. However, no significant
increase or decrease was observed in the
density values. This can be explained by the
compatibility of alkali-treated wood with
cement in general. The main reason of these
results could be attributed to the higher
board-compaction ratio and fewer void
spaces inside the boards (Nasser et al.,
2016; Almeida et al., 2002). According to
the standard (TS EN 634-2) specifies
density value at least 1000 kg m3 for
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commercial and industrial purpose particle
boards. As a natural consequence, all boards
in this study meet this value and so can be
used for structural purposes.

3.2. Life cycle assesment of CBPB
production

LCA studies carried out in Study 1
(prepared using FW), Study 2 (prepared
using CDWW) and Study 3 (prepared using
alkali treated CDWW using 2% NaOH
solution) were given in this section. In this
study, the total global warming potential of
new created cement-bonded particle boards,
made by using the cradle to gate method,
and its distribution in terms of raw
materials, transportation and production are
shown in detail in Figure 3. In addition,
cumulative energy demand of these boards
are shown in Figure 4. Approximately 85%
of the GWP values in the studies came from
the raw material supply (Figure 3). The
main reason for this situation can be
explained as the high environmental burden
of the raw materials used in the process
(Debnath et al., 2022). In addition, the GWP
values of transportation is almost 4%, while
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that of production is 10% in this study. As a
result of the LCA study, it was determined
that the highest environmental impact was
the raw material and it was emphasized that
the importance of the use of secondary raw
materials was vital. In the production of
CBPB, which is a composite material, it has
been observed that cement has a high effect
on GWP, especially since it is the binding
material. GWP values in this study are listed
as Study 1, Study 3 and Study 2, from
highest to lowest, respectively. These
values are 733, 677 and 657 kg CO:2 eq,
respectively. The fact that the highest value
is in Study 1 is due to the use of fresh wood,
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which is the primary raw material. The fact
that the lowest value is in Study 2 can be
attributed to the fact that the environmental
burden of waste wood is reduced by using it
as a secondary raw material in the process
instead of storing it in landfills and burning
it. Additionally, the fact that Study 3 is
higher than Study 2 can be attributed to the
alkaline treatment with NaOH and the CO:
emission of the NaOH production process.
Therefore, CDWW provided an alternative
solution for CBPB by creating a substitute
for fresh wood and reduced the GWP value
of new created CBPB.

657

Study 2 Study 3

aNE

Manufacturing

19 18

g 5tudy 3

Figure 3. Life cycle assessment of new created CBPB from cradle to gate (a) contents of GWP (b) total GWP

The cumulative energy demand values in
this study was obtained in parallel with the
results of global warming potential values
(Debnath et al., 2022). And so, while the
peak value was obtained from Study 1 and
the lowest value was acquired from Study 2.
Again, in parallel with the GWP values, the
CED value of Study 3 is higher than Study
2, while a lower value is compared to Study
1. The energy values of Study 1, Study 2

903

and Study 3 were found as 5392 MJ, 4174
MJ and 4818 MJ, respectively (Figure 4).
Compared to Study 1, the cumulative
energy demands of the new designed
CBPBs produced with a secondary raw
material, which is CDWW, decreased by
22.6% and 10.6% for Study 2 and Study 3,
respectively. This situation showed the
importance and potential of sustainability
and circular economy.
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Figure 4. Life cycle assessment of new created CBPB from cradle to gate energy

4. Conclusions

The properties of new cement
bonded particle boards designed by using
contruction and demolition wood waste was
evaluated acording to TS EN 634-2
standard. The following conclusions were
drawn at the end of the research:
e While the peak MOR value was obtained
from the highest board C (10.37 N mm),
the lowest MOR value was obtained from
the B board (8.16 N mm-2).Additionally, the
highest MOE value was accurated from
plate C, while the lowest MOE (6437.28 N
mm-2?) value was accurated from plate A
(3394.44 N mm). The density values of the
produced boards are generally very close to
each other, and it has been observed that the
density of the boards increases as the alkali
solution concentration increases. It is
known that the most important factor in the
physical properties on the boards is the c/w
ratio (2:1), and since this it is constant, the
test results are very close. The experimental
test results clearly showed that the positive
effect of alkaline treatment on the
mechanical properties of the boards.
However, it was seen that the mechanical
properties negatively affected as the alkali
solution concentration step by step
increases. Therefore, the optimum alkaline
solution concentration was determined as
2% NaOH in this study, especially
considering its  positive effect on
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mechanical properties.

e Throughout  this study, some
assumptions was inevitably needed for
carrying out comprehensive and multi-
processes LCA. And so, system boundry
were determined as clearly and the model of
the LCA study that cradle to gate was used.
In related to LCA studies, the GWP value
was found as 733 kg CO2 eq, while the CED
value was 5392 MJ in Study 1 for the board
produced using traditional fresh wood. For
Study 2 and Study 3, the GWP values was
657 kg CO2 eq and 677 kg COz2 eq, while
the CED value was 4175 MJ and 4818 MJ,
respectively. Thus, whilst a decrease of
10.36% and 7.63% was achieved in the
GWP value for Study 2 and Study 3,
respectively, and also a decrease of 22.57%
and 10.64% in the CED value was achieved.
As a result, when manufacturing 1 m?3
CBPB by using CDWW instead of
traditional fresh wood, 76 kg CO2 eq and 56
kg CO2 eq decreased in GWP values for
Study 2 and Study 3, respectively. These
values are equal to the CO2 emissions
released during the burning of 85.1 and 62.7
pounds of coal, respectively (EPA, 2023).
Providing that the board is produced with
this new method, the carbon emissions
emited into nature will be decreased. In this
way, this study will make an momentous
contribution to both the protection of nature
and sustainability.
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e It was found that CDWW most
promising recycled construction waste
materials for composites cement-bonded
particle board industries via this study.
Additionally, taking into consideration that
Turkey is an earthquake country and due to
the massive of construction demolition
wastes being welded from earthquakes,
necessity of scientific studies on the
recycling of these CDW.
e These results showcase that the proposed
technological innovation presents a
sustainability, eco-friendly, less carbon
footprint and practical method option for
construction and demolition wood waste.
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Ozet

Cinko (Zn), canlilar i¢in dnemli bir mikro besin elementidir. Cinko eksikligi goriilen topraklarda yetistirilen tahil
tanelerinin Zn igerigini artirmak, insanlarda beslenme yoluyla ortaya ¢itkan Zn eksikligine bagli saglik problemlerini
azaltmak 6nemli bir kiiresel strateji haline gelmistir. Bu ¢aligmada, yesil sentez yontemi ile biberiye bitkisi ekstraktindan
hazirlanan ¢inko oksit nanopartikiillerin (ZnO-NP) makarnalik bugday (Triticum durum L.) bitkisinin biiyiimesi ve Zn
alimu {izerine etkileri arastirilmistir. Denemede, saksi topragina temel giibreler ve artan dozlarda (0, 1, 2, 3, 4 ve 5 mg
kgl) ZnO-NP siispansiyon seklinde uygulanarak 7 hafta siireyle bugday yetistirilmistir. Hasattan &nce yapraklarimn
Kklorofil igerikleri 6l¢iilmiis ve daha sonra bitki drneklerinin kuru agirlik ve bazi element konsantrasyonlari (Zn, azot (N),
kalsiyum (Ca), fosfor (P), magnezyum (Mg), potasyum (K), demir (Fe), bakir (Cu) ve mangan (Mn)) belirlenmistir.
Cinko oksit NP uygulamalarinin yaprak klorofil igerigi ve yesil aksam kuru agirligi iizerine etkisi dnemli (P<0.01)
bulunmustur. Bitki dokularinda Zn konsantrasyonlart ZnO-NP uygulamalart ile birlikte artis gdstermistir (P<0.01) ve en
yiiksek Zn konsantrasyonu (32.53 mg kg*) 5 mg ZnO-NP kg™ uygulama dozunda belirlenmistir. Artan dozlarda ZnO-
NP uygulamalarinin bugday bitkisinin N, Ca ve Mg konsantrasyonlari {izerine etkisi istatistiksel olarak % 5 diizeyinde,
P, K, Fe, Cu ve Mn konsantrasyonlar1 iizerine etkisi ise % 1 diizeyinde dnemli oldugu saptanmistir. Kontrol grubuna
gore artan dozlarda ZnO-NP uygulamalar1 N, P, Ca, Mg, Mn ve Fe iceriginde diisiise neden olmustur. Ancak, kontrol
bitkilerine kiyasla bitki dokularinda Cu konsantrasyonu yalnizca 3 ve 5 mg kg? ZnO-NP uygulamalarinda artis
gostermistir. Sonuglar, ZnO-NP uygulamalarinin bugday bitkisinin biiyiimesi ve Zn alimi lizerine olumlu etkisi oldugunu
gostermektedir.

Anahtar Kelimeler: ZnO, nanopartikiil, bugday, noksanlik, toprak, giibre

Effects of Zinc Oxide Nanoparticle Application on Growth and Zinc Uptake of Durum Wheat

Abstract

Zinc (Zn) is a vital micronutrient for organism. It has become an important global strategy to increase Zn content in
cereals grown in Zn deficient soils, and reduce human health problems associated with Zn deficiency. In this study, the
effects of zinc oxide nanoparticles (ZnO NPs) prepared from rosemary plant extract by green synthesis method on the
growth and Zn uptake of durum wheat (Triticum durum L.) plants were evaluated. In the trial, wheat plants were grown
for 7 weeks with basal fertilization and increasing concentrations (0, 1, 2, 3 and 5 mg kg™) of ZnO-NP as a suspension
in soil. Leaf chlorophyll content was measured before harvesting. The dry weight and some elemental concentrations
(Zn, nitrogen (N), calcium (Ca), phosphorus (P), magnesium (Mg), potassium (K), iron (Fe), copper (Cu) and manganese
(Mn)) of the plant samples were determined. The effect of ZnO-NP application on leaf chlorophyll content and shoot
dry weight was significant (P<0.01). The concentration of Zn in the plant tissues increased with the application of ZnO-
NP (P<0.01) and the highest concentration of Zn (32.53 mg kg) was found at a dose of 5 mg ZnO-NP kg* of application.
The effects of increasing doses of ZnO-NPs on the concentrations of N, Ca and Mg in the wheat plants were statistically
significant at the 5 % level, while the effects on the concentrations of P, K, Fe, Cu and Mn were significant at the 1 %
level. In comparison with the control, the application of ZnO-NP at increasing doses resulted in a decrease in the contents
of N, P, Ca, Mg, Mn and Fe. However, only the ZnO-NP treatments at 3 and 5 mg kg increased the Cu concentration
in plant tissues compared to the control. The results indicate that ZnO-NP applications positively affect wheat growth
and Zn uptake.

Keywords: ZnO, nanoparticle, wheat, deficiency, soil, fertilizer
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1. Giris

Cinko eksikligi basta lilkemiz olmak
tizere hemen hemen tim iilkelerin
topraklarinda, farkli iklim kosullarinda
ozellikle kurak ve yar1 kurak iklime sahip
kirecli topraklarda goriilmektedir (Cakmak,
2008; Alloway, 2009). Ulkemiz
topraklarinin %50’sinde (Eyiiboglu ve ark.,
1995), diinya tarim topraklarinin yaklasik
olarak %30’unda (Sillanpdd, 1982) Zn
noksanligi oldugu bildirilmistir. Cinko,
bitki biiytimesinde ve tiriin veriminde gorev
alan birincil mikro besinlerden biridir ve N
metabolizmasi, enerji transferi ve protein
sentezinde kullanilan bir¢ok enzim i¢in de
gereklidir (Chen ve ark., 2017; Zaheer ve
ark., 2019; Zhang ve ark., 2019; Zaheer ve
ark., 2022). Cinko tarafindan aktive edilen
bitki enzimleri, karbonhidrat
metabolizmasinda, hiicre zarlarinin
biitiinliigiinlin ~ korunmasinda,  protein
sentezinde ve polen olusumunda, bitkinin
patojenlere ve c¢evresel streslere karsi
korunmasinda gorev alir (Jian ve ark., 2019;
Bhantana ve ark., 2021; Seleiman ve ark.,
2021; Hamzah Saleem ve ark., 2022).
Ayrica Zn, 6nemli bir biiyiime hormonu
olan oksin tiretiminde de aktif role sahiptir
(Ugwu ve Agunwamba, 2020). Bitki
bliylimesi onemli 6l¢iide Zn beslenmesine
bagli oldugundan Zn noksanligi durumunda
bodur biliyiime, verim kayb1 ve iirlin
kalitesinde diislis goriiliir. Bitkilerde Zn
noksanlig1, insanlarda oldugu gibi 6zellikle
gelismekte olan iilkelerde yetersiz beslenme
nedeniyle hala énemli bir saglik sorunudur
(Munir ve ark., 2018). Milyonlarca hektar
tarim alan1 Zn eksikliginden
etkilenmektedir ve insan niifusunun
yaklagik tigte biri yetersiz Zn alimindan
dolay1 biiylime ve zihinsel gelisimde
gerileme basta olmak iizere bircok saglik
sorunlart yasamaktadir (Cakmak, 2008).
Bitkiler i¢in Zn’nin alinabilirligini etkileyen
baslica toprak faktorleri; topragin toplam
Zn igeriginin diisiik olmasi, yiliksek pH,
yiiksek kire¢ (CaCQOs), nem ve organik
madde igeriginin diisiik olmasi, toprak
cozeltisinde veya labil formlarda yiiksek
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Na, Ca, Mg, bikarbonat ve fosfat
konsantrasyonlar1  sayilabilir  (Cakmak,
2008; Alloway, 2009; Munir ve ark., 2018).
Tahil {iretimi yapilan topraklarda yaygin
goriilen Zn noksanlig1 sorununun kimyasal
giibrelemeyle ve tahillarda Zn noksanligini
onlemek icinse tahillara takviye ve diyet
¢esitlendirmesinin  yani  sira  {riinlin
biyolojik olarak zenginlestirilmesi gibi
farkli yaklagimlarla ¢oziimlenebilmektedir
(Cakmak, 2008; Alloway, 2009; Munir ve
ark., 2018). Ayrica, giibre kullanim
verimliligini  artirmak  i¢in  hassas
giibreleme, boliinmiis giibreleme ve nano
giibrelerin kullanim1 gibi ¢esitli stratejiler
gelistirilmistir (L4 ve ark., 2016).
Gilinimiizde nano teknolojinin gelisimi ile
nano malzemeler tarim, sanayi, kozmetik
gibi  bircok alanda yaygin  olarak
kullanilmaya baslanmistir. Yunanca son
derece kiiciik, ufacik gibi anlamlara gelen
nano teriminin bilimsel anlami ise, metrenin
milyarda biri olan 6l¢ii  birimidir.
Nanoteknoloji ise, boyutu 100 nm’den
kiigiik olan madde ve sistemleri inceleyen
bilim dali olarak tanimlanmaktadir
(Daghan, 2017) ve bu teknoloji her gecen
giin gelismektedir (Barlow, 2009). Toprak
verimliligini, bitki besin maddelerinin
yarayisliligmi ve iirlin kalitesini artirmak
icin kullanilan bir ya da birden fazla besin
elementi igeren, bitkinin biiyiime ve
geligmesini  artiran nano malzemelere
nanogiibre adi verilmektedir (Liu ve Lal,
2016; Daghan, 2017; Seleiman ve ark.,
2021). Bu giibreler etkinligi yiiksek olan,
yavag  ¢Oziinen, toprakta  degisime
ugramadan ya da yikanmadan, inorganik kil
kolloidleri, organik kolloidler ve kire¢ gibi
maddelere baglanmadan, diger elementlerle
bilesikler olusturup yarayissiz forma
gecmeden bitkiler tarafindan kolayca
alinabilen yavag salinimli gilibrelerdir
(Mukherjee ve ark., 2015; Solanki ve ark.,
2015; Seleiman ve ark., 2021). Nano
giibreler, genis yiizey alanma sahip
olmalarmin yani sira bitki kok ve yaprak
gbdzenek boyutundan daha kii¢iik boyutlara
sahiptirler (Singh, 2017). Bitki hiicrelerine
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nanopartikiillerin baska giris
mekanizmalar1 bulunmakla birlikte ¢ap1 20
nm’den kiigiik olan NP’ler hiicreye
dogrudan girebilir. Nano giibrelerin bu
ozellikleri, uygulanmis olduklar1 yiizeyden
bitkiye penetrasyonlarini, besin alimini ve
kullanim etkinligini artirir (Daghan, 2017).
Ote yandan, nano giibrelerin parcacik
boyutunun azaltilmasi birim alan basina
parcacik sayisinin  ve yiizey alaninin
artirtlmasini da saglanmig olur ve bdylece
parcaciklar icerisinde kapsiillenmis nano
giibrelerin  temas alaninin  artmasiyla
bitkilerin uygulanan besin elementlerinden
daha fazla faydalanabilmeleri
saglanabilmektedir (Singh, 2017).
Nanopatikiiller arasinda yer alan sentetik
olarak iiretilebilen, nano pargacik boyutuna
ve genis ylizey alanina sahip ZnO-NP’ler
diinya capinda en yaygin kullanilan nano
giibrelerdendir (Baddar ve Urine, 2021).
Giliniimiizde, ZnO-NP’ler, biyouyumluluk,
diisiik toksisite ve diisik maliyet gibi
miikemmel o6zellikleri nedeniyle yem ve
gida dagitim sistemleri, gida ambalaj
malzemeleri, su aritma, kirlenmis ¢evrenin
(su, toprak vd) remediasyonunda ve akilli
sensOr gelistirme gibi bir¢ok sanayi, tarim
ve ¢evre sektdriinde kullanilan en yaygin
metal oksitlerden biri haline gelmistir.
Cinko oksit NP’ler, giibre gibi cesitli
tarimsal uygulamalar ve formiilasyonlarda
veya antimikrobiyal 6zelliklerinden dolay1
pestisit olarak da etkin bir sekilde
kullanilmaktadir (Baddar ve Urine, 2021;
Sheteiwy ve ark., 2021). Son yillarda ZnO-
NP’lerin sentezlenmesi i¢in yesil sentez,
sprey piroliz, mikrodalga destekli teknikler,
buhar fazi biiylimesi, buhar-sivi-kati islemi,
yumusak kimyasal yontem, sol-jel islemi
gibi ¢esitli yontemler gelistirilmistir. Bu
yontemlerden yesil sentez yontemi bitkiler,
mantarlar ve bakteriler gibi biyo-
organizmalarin kullanildig, bu
mikroorganizmalarin hem indirgeyici hem
de stabilize edici ajan olarak c¢alistig1 ve
hicbir zararli madde veya kimyasal
kullanilmadigi i¢in toksik olmayan, ucuz ve
¢evre dostu bir biyolojik sentez yontemidir
(Seleiman ve ark., 2021). Bitkilerden
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kolayca elde edilebilmesi ve islenmesi
giivenli olmakla birlikte bitki 6zleri
tarafindan sentezlenen nanopartikiiller daha
kararlidir (Fakhari ve ark., 2019). Nano
ZnO’nun topraktaki Zn biyoyararlanimi ile
bitkilerdeki Zn birikimi arasindaki iliskiler
hakkinda ¢ok az sey bilinmektedir. Bununla
birlikte, bu calismalar ¢ogunlukla tohuma
uygulama, ¢imlenme testleri ya da su
kiiltiiri  sistemlerinde  yuriitiilmiistiir.
Ancak, tarimsal iiretim toprakta yapildigi
i¢cin ZnO-NP’lerinin toprak
ekosistemlerindeki etkilerinin daha fazla ve
cok yoOnlii arastirilmas1 gerekmektedir.
Ayrica ¢evre dostu ve ekonomik olan yesil
sentez yontemiyle elde edilen ZnO-
NP’lerin bitkiler {izerindeki etkilerinin
detayli olarak arastirilmasi gerekmektedir.
Bu calismada, Zn noksanligimin yaygin
oldugu ve yogun tahil iiretimi yapilan
iilkemizde ucuz ve ¢evre dostu yesil sentez
yontemi ile biberiye bitkisinden elde edilen
ZnO-NP’ler diger calismalardan (tohuma,
yapraga uygulama, ¢imlenme testleri vd.)
farkli olarak, topraga artan dozlarda (0, 1, 2,
3, 4 ve 5 mg kg?) uygulanmis ve bugday
bitkisinin biliylime ve gelismesi ile Zn ve
diger besin elementleri alimi iizerine
etkilerinin belirlenmesi amaglanmaistir.

2. Materyal ve Yontem

Denemede bitki materyali olarak
makarnalik bugday (Triticum durum L.)
¢esidi olan Kunduru-1149 kullanilmistir.
Bugday tohumlar1 T.C. Tarim ve Orman
Bakanligi Eskisehir Gegit Kusagi Tarimsal

Arastirma  Enstitiisii ~ Midiirligti’nden
saglanmistir.
2.1. Yesil sentez yontemi ile cinko

nanopartikiillerin sentezi

Denemede kullanilan ZnO-NP’ler
biberiye  bitkisinin  yesil  yapraklarn
kullanilarak Eren ve Baran, (2019)
tarafindan modifiye edilen yesil sentez
yontemi ile Dog. Dr. Mehmet Firat BARAN
tarafindan sentezlenmis ve
karakterizasyonlar1  yapilarak  sonuclari
yorumlanmustir.



MAS JAPS 8(Ozel Say1): 907-923, 2023

2.2. Nanomalzemenin karakterizasyonu

Cinko oksit nanopartikiillerin sekli,
morfolojisi ve ylizey analizi taramali
elektron mikroskobu Scanning electron
microscopy, (SEM) cihaz1 (Quanta
FEG250, ABD) ile belirlenmistir. Bu cihaza
bir Enerji Dagilim1 X-Isin1 (EDX) detektorii
takilarak ZnO-NP’lerin element igerigi ve
bu elementlerin kimyasal konsantrasyon
belirlenmistir. Ayrica, ZnO-NP’lerin kristal
yapilari, tane boyutlart X-1sm1 kirilma
(XRD) cihaz1 (BRUKER, D8 Discover
XRD) ile belirlenmis olup sulu c¢ozelti
icindeki nanopartikiillerin boyut dagilimlari
ve ylizey yiikii Zeta-Sizer cihazi (Malvern,
Zeta-Sizer Nano ZSP) ile ve kimyasal
kompozisyon analizi ise Fourier
Doniisiimlii Kizilotesi (FTIR)
spektroskopisi cihazi (Perkin-Elmer, ABD)
kullanilarak karakterize edilmistir (Eren ve
Baran, 2019).

2.3. Toprak hazirhg ve analizler

Saksi  denemesinde,  Eskisehir
Osmangazi Universitesi, Ziraat Fakiiltesi
deneme arazilerinden 0-30 cm derinlikten
Jackson (1962) tarafindan bildirildigi
sekilde alinan toprak kullanilmistir. Toprak
materyalinin bazi1 fiziksel ve kimyasal
toprak analizleri yapilmast i¢in 2 mm’lik
elekten elenmistir. Topraklarin kum, silt ve
kil  fraksiyonlar1 Bouyoucos (1952)
tarafindan bildirildigi sekilde hidrometre
yontemi kullanilarak yapilmistir. Topragin
suya doygunlugu ya da saturasyonu
Richards (1954) tarafindan bildirildigi
sekilde topraga doyuncaya kadar saf su
ilave edilerek tayin edilmis ve bu ¢amurda
elektriksel iletkenlik ve toprak reaksiyonu
(pH)  belirlenmistir.  Topragimn  kireg
(CaCO0s) igerigi Loeppert ve ark. (1996)
tarafindan ifade edildigi sekilde voliimetrik
metoda gore, organik madde igerigi ise
Kacar (1995) tarafindan bildirildigi sekilde
modifiye Walkley-Black (1934) yontemine
gore tayin edilerek, sonuglar % olarak ifade
edilmistir. Alinabilir P miktar1 Olsen ve
ark. (1954) tarafindan gelistirilen metoda
gore ve alinabilir K konsantrasyonu ise
Richards (1954) tarafindan bildirildigi gibi
ekstrakt cozeltisi olarak 1 N Amonyum
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asetat ((NHsOAc) pH 7.0) kullanilarak
topraktan cozeltiye gecen K
konsantrasyonu alev fotometre (BWB,
XP2011) cihaz ile belirlenmistir. Topragin
yarayisl formdaki Zn, Mn, Fe ve Cu igerigi
DTPA (dietilentriaminpentaasetik  asit)
ekstraksiyon yontemi ile belirlenmistir
(Lindsay wve Norvell, 1978). Analizin
dogrulugu ise referans toprak kullanilarak
test edilmis olup, element konsantrasyonlari
Atomik  Absorpsiyon  Spektrofotometre
(AAS) (Analytik Jena, NovAA 350 model)
cihazinda belirlenmistir.

2.4. Saks1 Denemesi

Denemede 4 mm’lik elekten
elenmis 2 kg hava kuru toprak saksilara
doldurulmustur. Ekimden 6nce her saksiya
200 mg N kg* (NH4NOs formunda), 100
mg P kg! ve 125 mg K kg! (KH2POs
formunda), 25 mg Fe kg! (Fe-EDTA
formunda) saf suda ¢oziildiikten sonra
topraga temel gilibreler ilave edilmistir.
Deneme faktoriyel deneme deseninde 3
yinelemeli olarak kurulmustur. Her bir saks1
bagimsiz bir deneme olarak kabul
edilmistir. Denemede kullanilan ZnO-NP
diizeyleri 0, 1, 2, 3, 4 ve 5 mg ZnO-NP kg
olarak belirlenmistir. Bu dozlar Lindsay
(1979) tarafindan bildirilen topraklardaki
kritik Zn diizeyi (0.5 mg kg?) géz 6niinde
bulundurularak belirlenmistir. Her saksiya
10 tohum ekilmis ve ekimden 3 giin sonra
¢cimlenme gbzlenmistir. Bitkiler
¢imlenmeden itibaren 7 hafta siire ile iklim
odasinda kontrollii kosullarda (8/16 saat
karanlik/1s1k, sicaklik 20-25 °C, nem % 60
ve 1sik  yogunlugu 8 kilo liiks)
yetistirilmistir. Saksilar tarla kapasitesi
%70-80 olacak sekilde deiyonize su ile
sulanarak kontrollii kosullarda
yetistirilmistir. ~ Denemeler  siiresince
bitkilerin morfolojik 6zellikleri izlenerek
gelisme asamalar1 ile ilgili gozlemler
alimmistir. Cinko oksit NP uygulamalarinin
bitkilerin yaprak klorofil igeriklerine
etkileri Konica-Minolta marka SPAD-502
model klorofil dl¢iim cihazi ile yapilan
Olciimlerle belirlenmistir (Daghan, 2018).
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2.5. Bitki orneklerinin hazirlanmasi ve
analizleri

Deneme sonunda bitkiler toprak
seviyesinin 1 cm {lizerinden hasat edildikten
sonra saf suyla yikanip kurutma dolabinda
65 °C de 48 saat kurutulmustur. Kurutulan
bitkilerin kuru agirliklar1 alinarak bitki
analizleri i¢in bitki 6glitme degirmeninde
(Retsch MM301, Almanya) égiitiilmistiir.
Ogiitiilen bitki 6rnekleri HNO3 ile mikro
dalga firinda c¢oziiniirlestirilerek toplam
element konsantrasyonlari (Zn, Cu, Fe, Mn,
Ca ve Mg) AAS (Analytik Jena, NovAA
350 model) cihazinda belirlenmistir. Bu
amagla 0.2 g bitki 6rnegi 2 mL deiyonize su,
2 mL % 35’lik H202 ve 5 mL % 65’lik
HNOs ile 45 dakika mikrodalga firinda
¢dziiniirlestirilmistir. Ug tekerriirlii yapilan
element analizlerinin dogrulugu, element
icerigi belli olan standart sertifikali referans
bitki materyali (NIST SRM-1573a)
Orneginin ayni yontemle analiz edilmesi ile
kontrol edilmistir. Yas yakma siiziigiindeki
K konsantrasyonlar1 alev fotometre (BWB,
XP2011) cihaz1 ile belirlenmistir (Kacar,
1995). Bitki orneklerinde toplam N miktar1
Kjeldahl analiz yontemi ile belirlenmistir
(Kacar, 1995). Bitki 6rneklerinde P analizi,
sart renk yoOntemine gore yapilmistir ve
konsantrasyonlar UV-Vis spektrofotometre
(Thermo  Scientific, Aquamate 9423

4/21/1022

b+ 4

/ mag (5 HAY WD det pressure
11:24:19AM | 20.00kV | 10000 x | 20.7 ym 128 mm | ETD | 3.64e-3 Pa

AQA2000E) cihazinda

(Kacar, 1995).

2.6. Istatistiksel analiz

Calismada elde edilen sonuglarin
varyans (ANOVA) analizi SPSS istatistik
paket programi kullanilarak ortalamalar
arasindaki farklarin 6nem dereceleri ¢oklu
karsilastirma yontemi Walker-Duncan testi
uygulanarak gruplandirilmistir. ANOVA
testinde en uygun ZnO-NP
konsantrasyonunun belirlenmesinde
uygulanan ZnO-NP dozlar1 bagimsiz bir
degisken olarak dikkate alinmistir. Bu

belirlenmistir

degiskenin bitkideki etkileri (klorofil
icerikleri, yesil aksam kuru agirhik
degisimleri, makro ve mikro -element

konsantrasyonlar1) ise bagimli degiskenler
olarak ele alinmustir.

3. Bulgular ve Tartisma
3.1.Nanomalzemelerin karakterizasyonu
3.1.1. Taramah elektron mikroskop
(SEM) ve Enerji dagihm X-ismm
spektrometre (EDX) analizleri

Cinko oksit nanopartikiillerin sekli,
morfolojisi ve ylizey analizi belirlenmis
olup Sekil 1’de ZnO-NP’lere ait SEM
goriintlileri  gosterilmistir.  Cinko  oksit
NP’lerin boyutu SEM goriintiilerinde
kiiresel oldugu belirlenmistir.

—— N L]

DICLE DUBTAM

Sekil 1. Cinko oksit NP’lerin taramali elektron mikroskop (SEM) goriintiisii
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Sekil 2’de gosterildigi gibi Enerji dagilim icerdigi elementler ve bu elementlerin
X-1s1m1 spektrometre (EDX) analizi ile yogunlugu belirlenmistir.
ZnO-NP’lerin  kimyasal kompozisyonu,
135
Zn
120
105
90
75
o
60 Zn
l\
45
30
15
ILA W
ML Y T kbl b bl B s sial dulbiadlh, Lo bl YWITR!  TSTIURRPTITA W) (VAP TR O SN NTNNY (e R
0.0 1.5 4.5 6.0 7.5 9.0 105 12.0 135
Elaemem 3:;\;’% Actlon':nac% Error% NetInt. Net Error % K Ratio Z R A F
QK 44,39 76,53 11,94 23,10 4,62 0,1618 | 1,1230 | 0,9087 | 0,3246 | 1,0000
ZnK 55,61 23,47 B,17 68,46 392 0,5223 0,8781 1,0608 1,0159 1,0626

Sekil 2. Cinko oksit NP’lerin enerji dagilim X-1gmn1 (EDX) spektrumu

Biberiye yaprak 6ziitii ile sentezlenen ZnO-
NP’lerin  element kompozisyonlarmin
degerlendirilmesinde elde edilen EDX
profili (Sekil 2) partikiillerin % 55.61’nin
Zn’ye ve % 44.39’u ise O’ya ait oldugu
goriilmektedir. Bu veri biyosentezi yapilan

3.1.2. X-151m1 kirimim (XRD) analizi
Cinko oksit NP’lerin kristal yapilar
ve tane boyutlarii degerlendirmek icin
yapilan X-1isin1  kinmim (XRD) analiz
datalarinda 20’ya karsilik gelen 111°, 200°,
220° ve 311° alinan spektrumlar ve bu

partikiillerin ZnO-NP’ler oldugunu spektrumlara ait siras1 ile 38.06, 44.35,
gostermistir. 64.35 ve 77.26 degerleri Sekil 3’de
gosterilmigtir.
: |
g L
K ) |
] \
m; f f\\»\/ﬁ\n/\ f J JL‘(\ ! i \ M
0 N i ‘\]\ - L, A}hh{.\)ﬂ,l}ﬂ;rj‘u_l E ;L\A .- ,n,.\l\., ,a..n, - ,..,.ﬁ,;l\. “‘l,/\c.., - ‘!\.,l(m A 411,1)'& NUINDS T- S

[} 70

2Theta (Coupled TwoTheta/Theta) WL=1.54060
Sekil 3. Yesil sentez yontemiyle tiretilen ZnO-NP’lerin X-1g1n1 kirinim (XRD) grafigi
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3.1.3. Zeta boyut analizi

Zeta-sizer cihazi, sulu c¢ozeltilerde
bulunan pargaciklarin  boyutunu, zeta
potansiyelini  ve  molekill agirligm
belirlemek i¢in kullanilan bir cihazdir. Yesil
sentez yontemiyle biyosentezi yapilan ZnO-
NP’lerin boyutlarinin ortalama 1-1000 nm

arasinda degistigi saptanmistir (Sekil 4).
Cinko oksit NP boyutlarinin genis bir
aralikta dagilim gostermesi bu NP’lerin
bitki hiicre duvarindaki gozeneklerden
gecisini ve bitkilerdeki etkinligini kisitlamig
olabilir.

Size Distribution by htensity
40 .............................................................................................

% <70 T T T IS
o
&
= 20 .........................................................................................
g 1
5
§ 10 ........................................................................................

0 t t t 1

0.1 1 10 100 1000 10000

Size (d.nm)
| Record 262: Cinko-1 3|
Sekil 4. Cinko oksit NP’lerin zeta potansiyel analizi
3.1.5. Fourier doniisiimlii Kizilotesi iic noktada frekans kaymasi tespit

(FTIR) spektroskopi analizi

Cinkonun iyonik (Zn*?) formunun
Zn® formuna indirgenmesinden sorumlu
olabilecek fitokimyasallara ait fonksiyonel
gruplarin  degerlendirilmesinde biberiye
bitki 0ziitii ve sentez sonrasindaki reaksiyon
stvisinin Sekil 5a ve b’de de goriildiigi gibi

edilmistir. FTIR spektrumunda 3338 cm™,
2132 cm™ ve 1636 cm™ meydana gelen
kaymalar  biyorediiksiyondan  hidroksil
gruplar (O-H gerilmesi), aromatik gruplarin
(C=C gerilmesi), flavonoid ve fenolik
fruplarin (C=0 gerilmesi) etkili
olabilecegini gdstermistir.

a)
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b} 100 ,___\‘... ST e
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Sekil 5. Orneklere ait FTIR analiz grafikleri a) Biberiye bitki dziitiiniin FTIR analiz grafigi b) ZnO-NP’lerin FTIR analiz

3.2. Saks1 Denemesi
3.2.1. Deneme topragimn ozellikleri
Arastirmada kullanilan topragin;
killi tin bir biinyeye sahip, kireg¢ igerigi %
6.90 degerle orta kiregli, saturasyon
camurunda Olgiilen pH’s1 7.69 ile hafif
alkali ve tuzsuz (0.87 dS m™) ézellikte bir
toprak oldugu belirlenmistir. Topragin
organik madde igeriginin (% 1.47) diisiik
oldugu, Ulgen ve Yurtsever (1995)’e gore
almabilir P miktarinin az (3.60 P20s kg da’
1) ve K miktarmin ise yeterli (225.3 K20 kg
da?l) oldugu tespit edilmistir. Deneme
topraginin DTPA yOntemine gore ekstrakte
edilmis elementlerin sinir degerleri; Zn <0.2
mg kg, Cu <0.2 mg kg, Mn 4-14 mg kg
ve Fe<2.5-4.5 mg kg* olarak belirlenmistir
(Alpaslan ve ark., 1998). Bu sinir degerleri
dikkate alindiginda deneme topraginda Zn
(0.03 mg kg?) ¢ok az, Cu (2.27 mg kg?)
yeterli, Fe (2.58 mg kg?) orta, Mn (6.32 mg
kg™) az miktarlarda tespit edilmistir.

grafigi
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3.2.3. Morfolojik gozlemler

Deneme stiresince bitkilerin
morfolojik degisimleri gozlenmis ve hasat
oncesi degisimler fotograflanmistir. Sekil
6’dan da  gorillecegi gibi  yapilan
gozlemlerde kontrol dahil (0 mg ZnO-NP
kg?) tiim uygulamalarda gozle goriiliir Zn
noksanlik  belirtileri saptanmamuistir.
Siddetli Zn noksanlifinda bitkilerde
bliyiime geriligi, damarlar arasi kloroza
bagli alacali yaprak, kiigiik yapraklar,
yaprak laminasinin i¢e dogru kivrilmasi ve
bogum arast kisalmast gibi belirtiler
gozlenir (Cakmak, 2000). Diger yandan,
kontrol grubu bitkilerinde Zn noksanlig
belirtilerinin ~ goriilmemesi  kullanilan
bugday tohumlarinin Zn
konsantrasyonlariin (ortalama 22.36+1.81
mg kg?) biiyiime periyodunda yeterli
gelmesi olabilir. Bu nedenle uygulamalarin
etkisinin bitkilerde goriilebilmesi i¢in
deneme siiresinin uzun tutulmasi daha
uygun olabilir.
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0 mg/kg ZnO-NP 1 mg/kg ZnO-NP

2 mg/kg ZnO-NP

:i 3 mg/kg ZnO-NP
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Sekil 6. Cinko oksit NP uygulamalarinin bugday bitkisinin gelisimi tizerine etkisi

3.2.4. Klorofil icerigi ve kuru agirhklar

Yapilan c¢alismada Zn noksanlifi olan
topraga artan dozlarda (1, 2, 3, 4 ve 5 mg
kgl) ZnO-NP  uygulamasmin  bitki
yapraklarmin  klorofil icerigi {izerine

etkilerinin ortalamalari ve coklu
karsilagtirma  yontemi ~ Walker-Duncan
testine gore olusan gruplar Tablo 1’de
gosterilmektedir.

Tablo 1. Artan dozlarda ZnO-NP uygulamalarimin bugday bitkisinin yaprak klorofil igerigi ve kuru agirlik iiretimine etkileri

Dozlar Klorofil Kuru Agirhk

(ZnO-NP) (SPAD Birimi) (g bitki™Y)
0 mg kg* 44.00 ab 0.92¢
1 mg kg'l 4253 b 1l11la
2mg kg™ 44.47 a 1.02 ab
3mg kg 42.70 b 1.07 ab
4 mg kg'1 4510 a 1.06 ab
5mg kg 42.45b 0.99 bc

F 6.26** 5.62%*

(**) P<0,01 diizeyinde istatistiksel olarak anlaml

Bitkilerin hasat oncesi yapilan klorofil
Ol¢timlerinde en yiiksek klorofil igeriginin
(45.10 SPAD birimi) 4 mg kg ZnO-NP
uygulanan  bitkilerden elde edildigi
goriilmiistiir. En diisiik klorofil degeri
(42.45 SPAD birimi) ise 5 mg kg™t ZnO-NP
uygulamasindan elde edilmistir. Kontrol
grubu klorofil degeri (44.00 SPAD birimi)
baz alindiginda, 1, 3 ve 5 mg kg ZnO-NP
uygulamalarinin klorofil iceriginde diisiise
neden oldugu, 2 ve 4 mg kg?! ZnO-NP
uygulamalarinda ise artig gosterdigi tespit
edilmistir.  Cinko oksit nanopartikiil
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uygulamasinin bugday bitkisi yapraklarinin
klorofil igerigine etkisi istatistiksel olarak
P<0.01 diizeyinde Onemli bulunmustur
(Tablo 1). Cinko oksit NP uygulamalarinin
yapraklarin klorofil {iretimi iizerine etkileri
cesitli arastirmacilarin  (Raliya ve ark.,
2015; Adhikari ve ark., 2015; Raliya ve
ark., 2016; Dimkpa ve ark., 2017) sonuglari
ile benzerlik gostermektedir. Raliya ve ark.,
(2015) tarafindan yapilan ¢alismada, ZnO-
NP uygulamalarinin, domates (Solanum
lycopersicum L.) bitki yapraklarindaki
klorofil igerigi miktarmi arttirdigin1 ve
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bdylece bitkilerin fotosentetik verimliligini
artirarak  daha yiiksek bir toplam
biyokiitleye yol acgtigini tespit etmislerdir.
Adhikari ve ark., (2015)’de benzer sekilde
ZnO-NP uygulamalarmin misir (Zea mays
L.) yapraklarinin klorofil icerigine olumlu
etki yaptigini rapor etmislerdir. Raliya ve
ark., (2016) ZnO-NP uygulamasimin mas
fasulyesi yapraklarmin klorofil igeriginde
%34.5 artis sagladigim1 bildirmislerdir.
Dimkpa ve ark., (2017), Zn noksanlig1 olan
topraga NPK diisiik (100:50:75 mg kgt) ve
yiiksek (200:100:150 mg kg™)
konsantrasyonlarda  uygulanmalara ek
olarak ayr1 ayr1 6 mg kg™ ZnO-NP ve 6 mg
kgl ZnS04.7H20 uygulamislardir. Saksi
denemesinde Zn uygulamalarinin klorofil
tiretimi {lizerindeki olumlu etkisi oldugu
uygulanan NPK dozlarinin (diisiik ve
yuksek) ise sorgum yapragi klorofil
seviyelerini etkilemedigi tespit edilmistir.
Bugday bitkisinin yesil aksam kuru
agirhigina, ZnO-NP uygulamalarimin etkisi
istatistiksel olarak P<0.01 diizeyinde
onemli bulunmustur. Bugday bitkisinin
yesil aksaminda en yiliksek kuru agirlik
(1.11g) 1 mg kg' ZnO-NP uygulama
dozundan elde edilmistir. Kontrol grubuna
kiyasla artan dozlarda (1, 2, 3,4 ve 5 mg kg

aksamdaki kuru agirlik degerlerinde artis
gosterdigi tespit edilmistir (Tablo 1).
Benzer sonug¢ Munir ve ark., (2018)
tarafindan  yapilan  calismada  elde
edilmistir. Aragtirmacilar bugday
tohumlarini farkli dozlardaki (0, 25, 50, 75,
100 mg kg?') ZnO-NP’ler de yaklasik 24
saat beklettikleri bir sakst denemesi
sonucunda bitki kuru agirliginin artan ZnO-
NP konsantrasyonlar1 ile dogrusal olarak
arttigin1  bildirmislerdir. Meher ve ark.,
(2020) tarafindan yapilan bir ¢alismada ise,
ZnO-NP uygulamasinin bugday bitkisinde
kok, siirgiin ve fide kuru agirliklarini
arttirdigini tespit etmislerdir. Yang ve ark.,
(2021) ZnSOs4 ile ZnO-NP iki farkli dozda
(25-100 mg kg?) ve ii¢ farkli Zn uygulama
asamasini (taban giibreleme, kardeslenme
ve salkim) igeren 2 yillik bir saks1 denemesi
yiiriitmiislerdir. Arastirmacilar 25 mg kg*
ZnO-NP  konsantrasyonunda  toplam
biyokiitlenin arttigini rapor etmislerdir.

3.2.5. Bitki
konsantrasyonlari
Farkl dozlardaki ZnO-NP
uygulamalarinin  bugday bitkisinde, Zn
konsantrasyonu tiizerine etkisi istatistiksel
olarak P<0.01 diizeyinde anlamli oldugu

dokularinin cinko

) ZnO-NP  uygulamalarmin  yesil saptanmstir (Tablo 2).
Tablo 2. Artan dozlarda ZnO-NP uygulamalarinin bugday bitkisinin yesil aksam Zn konsantrasyonuna etkileri
Dozlar Zn
(ZnO-NP) p——
0mg kg™ 8.96 ¢
1mg kg™ 12.57d
2mg kg’ 16.36 ¢
3mg kg 24.24b
4mg kg 26.15b
5 mg kg™ 3253a
F 98.5%*

(**) P<0,01 duzeyinde istatistiksel olarak anlaml

Bugday bitkisinin dokularindaki Zn
konsantrasyonlari, ZnO-NP uygulamalari
sonucunda  artmugtir. Yapilan  bu
uygulamalar, bugday bitkisinin
dokularindaki Zn konsantrasyonunu kontrol
grubuna gore % 40 ile % 263 arasinda artis
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gosterdigi belirlenmistir. En yiiksek Zn
konsantrasyonu (32.53 mg kg), 5 mg kg
ZnO-NP uygulama dozunda elde edilirken,
en diisiik Zn konsantrasyonu (8.96 mg kg™)
ZnO-NP uygulanmamis kontrol grubu bitki
dokularinda elde edilmistir. Bugday
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bitkisinin dokularinda ZnO-NP
uygulamalar ile Zn konsantrasyonlarinda
gbzle goriiliir bir artis saglanmis, en yiiksek
artty %263 ile 5 mg/ZnO-NP dozunda
gbzlemlenmistir. Jones ve ark. (1991)’e
gore bugday (Triticum aestivum) bitkisinin
basaklanma Oncesi doneminde  bitki
dokularinda 11-20 mg kglZn
konsantrasyonunun noksanlik, 21-70 mg
kglZn konsantrasyonunun yeterli ve 71-
150 mg kg Zn konsantrasyonunun ise fazla
oldugu belirlenmistir. Bu degerler dikkate
alindiginda 1 ve 2 mg kg?!zZnO-NP
uygulama dozlarinda  bitkilerde Zn
noksanligit oldugu saptanmistir. Diger
uygulama dozlarinda (3, 4 ve 5 mg kg

1ZnO-NP) ise bitkilerin Zn
konsantrasyonlarmin  yeterli oldugu
belirlenmistir.  Bu  durum  dikkate
alindiginda  ZnO-NP  uygulamalarina

yonelik ¢aligmalarda uygulama alt dozu 3
mg kg! ve izeri dozlar segilerek
uygulamanin etkinligi arastirilabilir. Diger
yandan Watson ve ark. (2015) ve Dimkpa
ve ark. (2019) bildirdiklerine goére ZnO-
NP’lerin etkisi, toprak Ozellikleri (toprak
nem igerigi, toprak pH’si, toprak organik

maddesi) ve  biyolojik  (mikrobiyal
faaliyetler, bitki kok salgilar1) etkiler dahil
olmak lizere birgok faktorden

etkilenebilecegini rapor etmislerdir. Ayrica
topraga P uygulama miktar1 ve bitki
dokularinda fazla P birikimi de Zn
noksanlig1 olan deneme topragina diisiik

dozlarda (1 ve 2 mg kg*) uygulanan ZnO-
NP alimmi smirlandirmis olabilir. Cinko
oksit nanopartikiil uygulamasmin bitkide
Zn konsantrasyonunu artirdigt Dimkpa ve
ark. (2017) ve Yang ve ark. (2021)’in
bildirdigi sonuclarla benzerlik
gostermektedir. Dimkpa ve ark. (2017), Zn
noksanligi olan (0.1 mg Zn kg™) topraga 6
mg kg'ZnONP uygulayarak yetistirdikleri
sorgum bitkisinin dokularinda kontrol
grubuna kiyasla %73-585 daha fazla Zn
biriktirdigini rapor etmislerdir. Yang ve ark.
(2021) 2ZnSO4 giibresi ile  ZnO-NP
uygulamalarini karsilastirdiklar
aragtirmada, ZnO-NP’lerin esmer pirincin
Zn konsantrasyonunu % 13.5-39.4 oraninda
daha fazla artirdigini tespit etmislerdir.

3.2.6. Baz1 mineral
konsantrasyonlari

Baz1 makro ve mikro elementlerin
ortalamalar1 ve ¢oklu karsilastirma yontemi
Walker-Duncan testine gore olusan gruplar
Tablo 3’de verilmistir. Farkli dozlardaki
ZnO-NP uygulamalarinin bugday bitkisinin
N, Ca ve Mg alimlan iizerine etkisi
istatistiksel olarak P<0.05 diizeyinde, P ve
K alimlar1 iizerine etkisi ise P<0.01
diizeyinde oOnemli oldugu saptanmistir
(Tablo 3). Diger yandan artan dozlarda
ZnO-NP uygulamalarinin bitki dokularinin
Fe, Cu ve Mn konsantrasyonlar1 {izerine
etkisi istatistiksel olarak P<0.01 diizeyinde
anlamli bulunmustur.

besin elementi

Tablo 3. Artan dozlarda ZnO-NP uygulanan bugday bitkisinin bazi mineral besin elementi konsantrasyonlarma etkileri

Dozlar N P K Ca Mg Fe Cu Mn
(ZnO-NP) (%) (mg kg™)
omgkg? 298la 08la 743ac 084a 034a 106.9a 10.02bc 53.11a
1mg kg™ 2.762b 068c 7.46ab 0.75b 031b 102.6a-c  9.34c 45.49 b
2mg kg'1 2766b 0.71bc 6.90c 0.73b 0.30b 103.8 ab 9.37¢c 45.45b
3mgkg® 2766b 0.74ac 7.73ab 0.75b 0.30b 96.25cd 10.36b  44.72b
4 mg kg'l 2.736b 0.70bc 797a 0.74b  0.30b 93.95d 9.86 bc 43.40b
5mgkgl 2.789b 0.76ab 7.22bc 0.79ab 0.32ab  98.13b-d 11.27a  42.60b

F 3.164*  4.97*%*  543** 3.31* 3.93* 5.445** 7.54** 6.94**

(**) P<0,0! diizeyinde istatistiksel olarak anlamli, (*) P<0,05 diizeyinde istatistiksel olarak anlaml
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Tablo 3°de ZnO-NP uygulamalarimin
bugday bitkisinin N konsantrasyonuna
etkisi % 2.736-2.981 arasinda degisim

gostermis  olup en disik total N
konsantrasyonu 4 mg kg! ZnO-NP
uygulamasinda, en yiiksek total N
konsantrasyonu  ise  kontrol  grubu

bitkilerinden elde edilmistir. Elde edilen
veriler % N konsantrasyonunun kontrol
grubuna kiyasla ZnO-NP uygulamalar1 ile
azaldigimi gostermistir. Bununla birlikte
dokularin N konsantrasyonlar1 Jones ve ark.
(1991)’e gore yeterli (% 1.75-3.00) oldugu
saptanmistir. Bu ¢aligmanin aksine Dimkpa
ve ark. (2017) ZnO-NP uygulamalarinin
bitkide N alimim destekledigini ve % 4-48

oranlarnda N almm  artirdigini
bildirmislerdir. Bitkilere ZnO-NP
uygulamalari ile dokularin P

konsantrasyonu kontrol grubu bitkilerine
gore azalma egilimi gostermistir (Tablo 3).
En yiiksek P konsantrasyonu (% 0.81) ZnO-
NP uygulanmamis kontrol bitkisinde, en
diisiik P konsantrasyonu (% 0.68) ise 1 mg
kg  ZnO-NP  uygulanmis  bitkide
belirlenmistir. Bu azalmaya ragmen %
0.68-0.81 arasinda degisim gosteren P
konsantrasyonlar1 Jones ve ark. (1991)’in
bildirdigi degerlere gore bitkilerde (> %
0.51) fazla oldugu tespit edilmistir. Bitki
dokularinda P’nin bu fazlaligi Zn ile P
arasindaki antagonistik etki ile uygulanan
ZnO-NP’den  bitkilerin  yararlanmasini
azaltmis olabilir. Deneme topraginin P
noksanligi uygulanan 100 mg kg? P ile
giderilmis ancak Zn alimini arttirmak i¢in
bu doz  azaltlarak  uygulanabilir.
Calismamiza benzer sonuglar Chai vd.
(2015) ve Dimkpa ve ark. (2017) tarafindan
rapor edilmistir. Chai ve ark. (2015)
yaptiklar calismada ZnO-NP
uygulamasinin P konsantrasyonunda
diisiise neden oldugunu tespit etmislerdir.
Dimkpa ve ark. (2017) yaptiklar1 ¢alisma
sonucunda ZnO-NP hem topraktan hem
yapraktan uygulamalarinin P alimini 6nemli
Olgiide azalttigin1 rapor etmislerdir. Diger
yandan uygulanan ZnO-NP’lerin P alimini
uyardigini ve arttirdigini tespit eden Raliya
ve ark. (2016)’nin bulgular1 ile mevcut
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calisma sonuglarmin  uyumlu olmadigi
tespit edilmistir.

Cinko oksit NP uygulamalarinin bugday
bitkisinde % K igerigine etkisi % 6.90-7.97
arasinda degisim gostermis olup en diisiik K
konsantrasyonu (% 6.90) 2 mg kg ZnO-
NP uygulamasindan ve en yiiksek K
konsantrasyonu (% 7.97) ise 4 mg kg’
ZnO-NP uygulamasindan elde edilmistir.
Elde edilen veriler, ZnO-NP’nin topraktan
uygulanmastyla K birikimini % 11-44
oraninda artirdigini rapor eden Dimkpa ve
ark. (2017)’nin sonuglartyla benzerlik
gostermektedir.  Bitki  dokularmin K
konsantrasyonu yeterlilik diizeyinin (%
1.51-3.00) ¢ok iizerindedir ve yiiksektir
(Jones ve ark., 1991). Yang ve ark. (2021)
farkli uygulama asamalarinda (taban
giibreleme, kardeslenme ve salkim)
geleneksel giibre ve ZnO-NP uyguladiklari
saks1 denemesinde ZnO-NP
uygulamalarmin bitki dokularinda N, P, K
ve Zn igeriklerini arttirdigini ve bdylece
piring veriminde artis oldugunu rapor
etmiglerdir. Kalsiyum konsantrasyonlari
ZnO-NP uygulamalariyla birlikte kontrol
grubuna kiyasla azalmistir. En yiiksek Ca
konsantrasyonu (% 0.84) ZnO-NP
uygulanmamig kontrol bitkisinde ve en
diisiik konsantrasyon (% 0.73) ise 2 mg kg’
1 ZnO-NP uygulamasinda tespit edilmistir.
Bitkilerin Ca konsantrasyonlarmin yeterli
(% 0.21-1.00) diizeyde oldugu saptanmistir
(Jones ve ark., 1991). Cinko oksit NP
uygulamalarinin  bugday bitkisinde Mg
icerigine etkisi % 0.30-0.34 arasinda
degisim gostermis olup, en diisik Mg
konsantrasyonu 2-3-4 mg kg?® ZnO-NP
uygulamalarinda ve en yiiksek Mg
konsantrasyonu ise ZnO-NP uygulamasi
yapilmayan kontrol grubunda
belirlenmistir. Bugday bitkisinde Mg
konsantrasyonu ZnO-NP uygulamalar ile
kontrol (0 mg kg! ZnO-NP) grubuna
kiyasla azalma gosterdigi tespit edilmistir.
Magnezyum konsantrasyonlarinin  tiim
uygulamalarda yeterli (% 0.16-1.00) oldugu
tespit edilmistir (Jones ve ark., 1991). En
yiiksek Fe konsantrasyonu (106.9 mg kg™?)
ZnO-NP uygulanmamis kontrol grubu
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bitkilerinden en diisilk Fe konsantrasyonu
(93.95 mg kg?) ise 4 mg kg ZnO-NP
uygulamasindan elde edilmistir. Jones ve
ark. (1991) bildirdigine gore bugday
bitkisinin Fe konsantrasyonunun tiim
uygulamalarda yeterli oldugu saptanmigtir.
Bugday bitkisinde farkli dozlardaki ZnO-
NP uygulamalar1 sonucu kontrol (0 mg kg
ZnO-NP) grubuna gore Fe
konsantrasyonunda diisiis oldugu
belirlenmis olup, sonuglar istatistiksel
olarak  P<0.01  diizeyinde  Onemli
bulunmustur (Tablo 3). Dimkpa ve ark.
(2017)  tarafindan  benzer  sonuglar
bildirilmistir. Arastirmacilar 6 mg kg™
ZnO-NP uygulamasinin, sorgum bitkisinde
Fe alimini onemli oOl¢iide engelledigini
bildirmislerdir. Diger yandan Ji ve ark.
(2022) Medicago polymorpha L. bitkisine
ZnO-NP etkisinin Fe konsantrasyonunu
onemli dl¢lide artirdigini rapor etmiglerdir.
Bu durum ZnO-NP uygulamasinin Fe
birikimine etkisinin farkli bitki tiirlerine
gore degistigini gostermektedir (Ji ve ark.,
2022). Bu calismada, ZnO-NP
uygulamalarmin  Cu  konsantrasyonuna
etkisi istatistiksel olarak P<0.01 diizeyinde
onemli bulunmustur (Tablo 3). En yiiksek
Cu konsantrasyonu (11.27 mg kg') 5 mg
kg! ZnO-NP dozundan, en diisiik Cu
konsantrasyonu (9.34 mg kg™) ise 1 mg kg
1 ZnO-NP uygulanmis bitki grubundan elde
edilmistir. Tim wuygulamalarda bitki
dokularinin Cu konsantrasyonu Jones vd.
(1991)’in bildirdigi diizeylere (5-50 mg kg
1y gore yeterli oldugu goriilmiistiir. En
yiiksek Mn konsantrasyonu (53.11 mg kg™?)
ZnO-NP uygulanmamis kontrol grubu
bitkilerinden elde edilmistir. En diisitk Mn
konsantrasyonu (42.60 mg kg?) ise 5 mg
kg'ZnO-NP uygulanmis bitki grubundan
elde edilmistir. Artan dozlardaki ZnO-NP

uygulamalari ile bitkilerin Mn
konsantrasyonu diismiistiir. Ancak Jones ve
ark. (1991)’e gore bitkilerin Mn

konsantrasyonu tiim dozlarda yeterli (16-
200 mg kgt) bulunmustur. Cinko oksit NP
uygulamasinin Mn konsantrasyonuna etkisi
istatistiksel olarak P<0.01 diizeyinde
onemli bulunmustur (Tablo 3). Dimkpa ve
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ark. (2017) yaptigi c¢alisma sonucunda
sorgum bitkisinde ZnO-NP’nin Mg ve Mn
icin besin alimi iizerinde olumlu etki
bulurken, yapilan bu ¢aligmada Dimkpa ve
ark. (2017)’nin  aksine ZnO-NP’nin
kontrole kiyasla Mg ve Mn i¢in besin alim1
iizerinde olumsuz bir etkiye sahip oldugu
tespit edilmistir. Literatiirde ZnO-NP
uygulamalarinin bitkilerin Zn disinda besin
elementi alimlar1 lizerine etkilerini arastiran
calismalar sinirli olmast nedeniyle bu
calismadan  elde edilen sonugclari
destekleyen ya da aksini gosteren ¢alisma
sayis1 da sinirhidir.

4. Sonuc ve Oneriler

Cinko oksit NP uygulamalar ile
bitki dokularinin Zn konsantrasyonunda
artis gozlenmistir. Artan dozlarda ZnO-NP
uygulamalart ile bitki dokularinin Zn
konsantrasyonu 3, 4, 5 mg kg?® ZnO-NP
uygulamalarinda yeterli iken kontrol grubu,
1, 2 mg kg uygulamalarinda ise diisiik
diizeyde oldugu tespit edilmistir. Bu
sonuglara gore topraga uygulama dozlarinin
3 mg kg ve iizeri secilmesi ve bitki hiicre
duvarindaki godzenek boyutlar1 5-20 nm
araliginda  oldugu i¢in  uygulanacak
nanogiibre partikiil boyutunun ¢ogunlukla
bu boyutlarda olmasi Onerilir. Nitekim bu
arastirmada ZnO-NP pargacik boyutu 1-
1000 nm arasinda degisim gosterdigi i¢in
bitkinin bu giibreden yaralanma etkinligi
daha sinirli olmus olabilir. Diger yandan,
bugday bitkisinin N, Ca, Mg, Fe, Cu ve Mn
konsantrasyonlar1 tim ZnO-NP
uygulamalarinda yeterli iken P ve K
konsantrasyonlar1 ise tiim uygulamalarda
fazla oldugu saptanmistir. Sonug¢ olarak,
yesil sentez yontemiyle hazirlanan ZnO-
NP’ler topraklarda Zn noksanliginin
giderilmesi, tarimsal tiretimin artirtlmasi ve
bitki biiyilimesini ve iiriiniin besin degerinin
artirllmasi i¢in kullanilmasi Onerilebilir.
Ancak topragin bazi 6zellikleri (kireg, pH,
organik madde vd.), nano giibrelerin
parcacik boyutlari, uygulama dozlar1 ve
bitki yetistirme siliresi bu giibrelerin
uygulanmasinda dikkate alinmasi gereken
hususlardir. Bununla birlikte, ZnO NP’lerin
tarimsal ekolojik sistemler (toprak, su ve
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organizmalar) ve ZnO-NP uygulanmis

bitkisel dirlinleri  tiiketen  insanlarda
olusabilecek olasi etkileri de
arastirilmalidir.

Yazarlarin Katki Beyam
Giil Nazik BALCI: Arastirmanin
yuriitiilmesi, bitki yetistirilmesi, analizlerin
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makalenin yazilmasinda katkida
bulunmustur.
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kavramsal fikirlerini gelistirilmesi,
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yaziminda katkida bulunmustur.

Cikar Catismasi1 Beyani
Yazarlar, bu ¢alisma i¢in herhangi

bir c¢ikar catigmasit olmadigin1 beyan
ederler.
Finansman

Bu calisma, Eskisehir Osmangazi
Universitesi Rektorligi Bilimsel
Arastirmalar ~ Projeleri  (ESOGU-BAP)
Koordinatorliigli tarafindan “FYL-2022-
2245” nolu proje kapsaminda
desteklenmistir.
Aciklama

Bu ¢alisma ilk yazarin yiiksek lisans
tezinden tiretilmistir.

Tesekkiir
Yazarlar, finansal destek icin
Eskisehir Osmangazi Universitesi

Rektorliigii Bilimsel Arastirmalar Projeleri
(ESOGU-BAP) Koordinatérliigiin’e  ve
ZnO-NPs sentezlenmesi, karakterizasyonu
ve sonuglarin yorumu i¢in Dog. Dr. Mehmet
Firat BARAN’a tesekkiirlerini sunar.

Kaynaklar
Adhikari, T., Kundu, S., Biswas, A.K,,
Tarafdar, J.C., Rao, A.S. 2015.

Characterization of Zinc oxide nano
particles and their effect on growth of
maize (Zea mays L.) plant. Journal of
Plant Nutrition, 38:10, 1505-1515.
Alloway, B.J. 2009. Soil factors associated
with zinc deficiency in crops and

920

humans. Environmental  geochemistry
and health, 31(5): 537-548.

Alpaslan, M., Giines, A., Inal, A., 1998.
Deneme Teknigi. Ankara Universitesi
Ziraat Fakiiltesi Yayinlart No:1502, Ders
Kitabi: s, 437-455.

Baddar, Z., Unrine, J.M., 2021. Effects of
Soil pH and Coatings on the Efficacy of
Polymer coated ZnO Nanoparticulate
fertilizers  in Wheat  (Triticum
aestivum). Environmental Science &
Technology, 55(20): 13532-13540.

Barlow, S., Chesson, A., Collins, J.D.,
Flynn, A., Hardy, A., Jany, K.D.,
Vannier, P., 2009. The potential risks
arising  from  nanoscience  and
nanotechnologies on food and feed
safety. EFSA Journal, 7(3): 1-39.

Bhantana, P., Rana, M.S., Sun, X.C.,
Moussa, M.G., Saleem, M.H., Syaifudin,
M., Hu, C.X. 2021. Arbuscular
mycorrhizal fungi and its major role in
plant growth, zinc nutrition,
phosphorous regulation and
phytoremediation. Symbiosis, 84: 19-37.

Bouyoucos, G.J., 1952. A recalibration of
hydrometer for making mechanical
analysis of soils. Agronomy Journal, 43:
434-438.

Cakmak, 1., 2000. Role of zinc in protecting
plant cells from reactive oxygen species.
New Phytologist, 146:185-205

Cakmak, I., 2008. Zinc Deficiency in Wheat
in Turkey. In: Alloway, B.J. (eds)
Micronutrient Deficiencies in Global
Crop Production. Springer, Dordrecht.

Chai, H., Yao, J., Sun, J.J., Zhang, C., Liu,
W.J., Zhu, M.J., Ceccanti, B. 2015. The
effect of metal oxide nanoparticles on
functional bacteria and metabolic
profiles in agricultural soil. Bulletin of
Environmental Contamination and
Toxicology, 94:490-495.



MAS JAPS 8(Ozel Say1): 907-923, 2023

Chen, Q., Zhang, X,, Liu, Y., Wei, J., Shen,
W., Shen, Z., Cui, J. 2017. Hemin-
mediated alleviation of zinc, lead and
chromium toxicity is associated with
elevated photosynthesis, antioxidative
capacity; suppressed metal uptake and
oxidative stress in rice seedlings. Plant
Growth Regulation, 81: 253-264

Daghan, H., 2017. Nano Giibreler. Tiirkiye
Tarimsal Arastrmalar Dergisi, 4(2):
197-203.

Daghan, H. 2018. Effects of TiO:
nanoparticles on maize (Zea mays L.)
growth, chlorophyll content and nutrient

uptake. Applied Ecology and
Environmental Research, 16: 6873-
6883.

Dimkpa, C.O., White, J.C., Elmer, W.H.,
Gardea-Torresdey, J.L, 2017.
Nanoparticle and ionic Zn promote
nutrient loading of sorghum grain under
low NPK fertilization. Journal of
Agricultural and Food Chemistry
65:8552-8559.

Dimkpa, C.O., Singh, U., Bindraban, P.S.,
Elmer, W.H., Gardea-Torresdey, J.L.,
White, J.C. 2019. Zinc oxide
nanoparticles alleviate drought-induced
alterations in sorghum performance,

nutrient  acquisition, and  grain
fortification. Science of the Total
Environment, 688: 926-934.

Eren, A., Baran, M.F., 2019. Green
synthesis, characterization and
antimicrobial  activity  of  silver

nanoparticles (AgNPs) from maize (Zea
mays L.). Applied Ecology and
Environmental Research 17(2): 4097-
4105.

Eyiiboglu, F., Kurucu, N., Talaz, S. 1995.
tiirkiye topraklarimin bitkiye yarayisl
mikro elementler bakimindan genel
durumu. Toprak Giib. Arast. Enst.
620/A-002 Projesi Toplu Sonug Raporu

Fakhari, S., Jamzad, M., Kabiri Fard, H.,
2019. Green synthesis of zinc oxide
nanoparticles: a comparison. Green
chemistry letters and reviews, 12(1): 19-
24.

921

Hamzah Saleem, M., Usman, K., Rizwan,
M., Al Jabri, H., Alsafran, M., 2022.
Functions and strategies for enhancing
zinc availability in plants for sustainable
agriculture. Frontiers in Plant Science,
13: 1033092.

Jackson, M.L., 1962. Soil Chemical
Analysis. Constable and Co. Ltd.,,
London.

Ji, H., Guo, Z., Wang, G., Wang, X., Liu,
H., 2022. Effect of ZnO and CuO
nanoparticles on the growth, nutrient
absorption, and potential health risk of
the seasonal vegetable Medicago
polymorpha L. PeerJ, 10: e14038.

Jian, L., Bai, X., Zhang, H., Song, X., Li, Z.,
2019. Promotion of growth and metal
accumulation of alfalfa by coinoculation
with Sinorhizobium and Agrobacterium
under copper and zinc stress. PeerJ, 7:
e6875.

Jones, Jr., Benton, J., Wolf, B., H.A. Mills.
1991. Plant Analysis Handbook: A
Practical Sampling, Preparation,
Analysis, and Interpretation Guide.
Micro-Macro Publishing, Athens, GA.

Kacar, B., 1995. Bitki ve Topragin
Kimyasal Analizleri, 1ll. Toprak
Analizleri. A.U. Ziraat Fak. Egitim,
Aragtirma ve Gelistirme Vakfi Yayinlari
No:3. Ankara, 704 s.

Lindsay, W. L. 1979. Chemical equilibria in
soils. John Wiley and Sons Ltd..

Lindsay, W.L., Norvell, W.A., 1978.
Development of a DTPA soil test for
zinc, iron, manganese, and copper. Soil
Science Society of America Journal
42:421-428.

Liu, R., Lal, R., 2016. Nanofertilizers. In: R.
Lal (Ed.) Encyclopedia of Soil Science,
3rd Edition, CRC Press, p: 1511-1515

Loeppert, R.H., Suarez, D.L., 1996.
Carbonate and gypsum. Methods of Soil
Analysis: Part 3 Chemical Methods, 5:
437-474.



MAS JAPS 8(Ozel Say1): 907-923, 2023

Li, S., Feng, C., Gao, C., Wang, X., Xu, X.,
Bai, X., Liu, M., 2016. Multifunctional
environmental smart fertilizer based on
L-aspartic acid for sustained nutrient
release. Journal of agricultural and food
chemistry, 64(24): 4965-4974.

Meher, B.B., Sahu, S., Singhal, S., Joshi,
M., Maan, P., Gautam, S., 2020.
Influence of green synthesized zinc
oxide nanoparticles on seed germination
and seedling growth in wheat (Triticum
aestivum). International  Journal  of
Current Microbiology and Applied
Science, 9(5): 258-270.

Mukherjee, A., Sinha, I., Das, R., 2015.
Application of nanotechnology in
agriculture: Future prospects.
Outstanding Young Chemical Engineers
(OYCE) Conference, March 13-14, DJ

Sanghvi  College of Engineering,
Mumbai, India.
Munir, T., Rizwan, M., Kashif, M.,

Shahzad, A., Ali, S., Amin, N., Zahid,
R., Alam, M.F.E., Imran, M., 2018.
Effect of zinc oxide nanoparticles on the
growth and Zn uptake in wheat (Triticum
aestivum L.) by seed priming method.
Digest Journal of Nanomaterials &
Biostructures (DJNB), 13(1): 315-323.

Olsen, S.R., Cole, C.V., Watanabe, F.S.,
Dean, L.A., 1954. Estimation of
available phosphorus in soil by
extraction with sodium bicarbonate,
Circular, 939.

Raliya, R., Nair, R., Chavalmane, S., Wang,
W. N., Biswas, P., 2015. Mechanistic
evaluation  of translocation  and
physiological impact of titanium dioxide
and zinc oxide nanoparticles on the
tomato (Solanum lycopersicum L.)
plant. Metallomics, 7(12): 1584-1594.

Raliya, R., Tarafdar, J.C., Biswas, P., 2016.
Enhancing the mobilization of native
phosphorus in  the mung bean
rhizosphere using ZnO nanoparticles
synthesized by soil fungi. Journal of

Agricultural and Food Chemistry,
64(16): 3111-3118.
Richards, L.A. (1954). Diagnosis and

Improvement of Saline and Alkali Soils.

922

United States Department of Agriculture
Handbook 60:94.

Seleiman, M.F., Almutairi, K.F., Alotaibi,
M., Shami, A., Alhammad, B.A,,
Battaglia, M.L., 2021. Nano-fertilization
as an emerging fertilization technique:
why can modern agriculture benefit from
its use?. Plants, 10(1): 2-11.

Sheteiwy, M.S., Shaghaleh, H., Hamoud, Y.
A., Holford, P., Shao, H., Qi, W,,
Hashmi, M.Z., Wu, T., 2021. Zinc oxide
nanoparticles: potential effects on soil
properties, crop production, food
processing, and  food quality.
Environmental Science and Pollution
Research, 1-25.

Sillanpai, M., 1982. Micronutrients and the
nutrient status of soils. A global study.
Food and Agriculture Organization, 48.

Singh, M.D., 2017. Nano-fertilizers is a
new way to increase nutrients use
efficiency in crop
production. International Journal of
Agriculture Sciences, 9(7): 0975-3710.

Solanki, P., Bhargava, A., Chhipa, H., Jain,
N., Panwar, J., 2015. Nano-fertilizers
and their smart delivery system. In
Nanotechnologies in  food and
agriculture (pp. 81-101). Springer,
Cham.

Ugwu, E. I., Agunwamba, J.C., 2020. A
review on the applicability of activated
carbon derived from plant biomass in
adsorption of chromium, copper, and
zinc from industrial
wastewater. Environmental monitoring
and assessment, 192(4): 240-250.

Ulgen, N., Yurtsever, N., 1995. Tiirkiye
Giibre ve Giibreleme Rehberi (4. Baska).
T.C. Bagbakanlik Koy Hizmetleri Genel
Midiirligti Toprak ve Giibre Arastirma
Enstitiisti Miidiirliigi Yayinlari, Genel
Yaym No: 209, Teknik Yaymlar No:
T.66, 5.230, Ankara.

Watson, J.L., Fang, T., Dimkpa, C.O., Britt,
D.W., McLean, J.E., Jacobson, A,
Anderson, A.J., 2015. The phytotoxicity
of ZnO nanoparticles on wheat varies
with soil properties. Biometals, 28: 101-
112.



MAS JAPS 8(Ozel Say1): 907-923, 2023

Yang, G., Yuan, H., Ji, H., Liu, H., Zhang,

Y., Wang, G., Guo, Z., 2021. Effect of
ZnO nanoparticles on the productivity,
Zn Dbiofortification, and nutritional
quality of rice in a life cycle study. Plant
Physiology and Biochemistry, 163: 87-

Zaheer, |.E., Ali, S., Saleem, M.H., Yousaf,

H.S., Malik, A., Abbas, Z., Wang, X.
2022. Combined application of zinc and
iron-lysine and its effects on morpho-
physiological traits, antioxidant capacity
and chromium uptake in rapeseed

94. (Brassica napus L.). PLoS One, 17(1):
Zaheer, L.E., Ali, S., Rizwan, M., Bareen, F. e0262140.

E., Abbas, Z., Bukhari, S.A.H., Ahmad, Zhang, J., Wang, S., Song, S., Xu, F., Pan,
P., 2019.  Zinc-lysine  prevents Y., Wang, H., 2019. Transcriptomic and
chromium-induced morphological, proteomic analyses reveal new insight
photosynthetic, and oxidative alterations into  chlorophyll  synthesis  and
in spinach irrigated with tannery chloroplast structure of maize leaves
wastewater. Environmental Science and under zinc deficiency stress. Journal of
Pollution Research, 26: 28951-28961. Proteomics, 199: 123-134.

Atif Sekli: Balci, G.N., Daghan, H., 2023. Cinko Oksit Nanopartikiill Uygulamasinin
Makarnalik Bugdayimn Biiyiime ve Cinko Alimi Uzerine Etkileri. MAS Uygulamal: Bilimler
Dergisi, 8(Ozel Say1): 907-923.

DOI: http://dx.doi.org/10.5281/zen0d0.10003026.

To Cite: Balci, G.N., Daghan, H., 2023. Effects of Zinc Oxide Nanoparticle Application on
Growth and Zinc Uptake of Durum Wheat. MAS Journal of Applied Sciences, 8(Special Issue):
907-923.

DOI: http://dx.doi.org/10.5281/zenod0.10003026.

923



MAS JAPS 8(Ozel Say1): 924-937, 2023

M [ (ﬁ Journal of Hpplied Sciences
M1 Uygulamali Bilimler Dergisi

DOI: http://dx.doi.org/10.5281/zenodo.10003558

Kirsal Peyzajlarin Gorsel Kalite Degerlendirmesi: Golbasi, Ankara Ornegi

Duygu DOGAN™ " Meryem Bihter BINGUL BULUT?", Merve YILMAZ?
Pamukkale Universitesi, Mimarlik ve Tasarim Fakiiltesi, Peyzaj Mimarhig: Boliimii, Pamukkale
2Kirikkale Universitesi Giizel Sanatlar Fakiiltesi Peyzaj Mimarlig1 Boliimii, Kirikkale
$Tiirkiye Milli Botanik Bahgesi Miidiirliigii, Ankara
*Sorumlu yazar (Corresponding author): duygudogan@pau.edu.tr

Gelis Tarihi (Received): 29.06.2023 Kabul Tarihi (Accepted): 03.08.2023

Ozet

Kirsal peyzajin planlamasi ve yonetiminde farkl: tiim 6zelliklerini ve bunlarin mekan ve zaman igindeki iliskilerini
ele alarak biitiinciil bir yaklasimla dogal ve kiiltiirel bilesenlerin degerlendirilmesi ile birlikte gdrsel peyzaj
kalitesinin degerlendirilmesi gereklidir. Calismanin amaci kentlesme baskisinin bulundugu ve kirsal alanlarin
yogun oldugu Ankara ili merkez ilgelerinden Golbasi ilgesinde ekolojik ve estetik ortak zemininde belirlenen
gorsel gostergeler kullanilarak gorsel peyzaj kalitesinin degerlendirilmesidir. Bu kapsamda yapilan analizlerde
2018 y1li CORINE AK/AO verisi kullamlarak, ilgenin gorsel kalitesi karmasiklik, dogallik, rahatsizlik ve tutarlilik
kavramlari ile ortaya konulmustur. Peyzaj diizeyindeki analizleri mekansal olarak belirleyebilmek igin alan
bdlgelere ayrilmistir. Yapilan analiz sonucuna gore insan etkisi arttik¢a (kentlesme, maden alanlar1 vb.) gorsel
kalite diismekte (6, 7 ve 9. bolgeler), insan etkisi azaldik¢a gorsel kalite yiikselmektedir. Bu yaklasimla
degerlendirildiginde, gostergeler araciligi ile kirsala 6zgii kimliklerin 6n plana ¢ikarilmasi ve alan kullanimlarinin
bu 6zgiin degere gore planlanmasi konusunda Golbast 6rneginde dneriler gelistirilmistir.

Anahtar Kelimeler: Gorsel kalite, gorsel gosterge, Golbasi, Ankara

Visual Quality Assessment of Rural Landscapes: The Case of Golbasi, Ankara

Abstract

In the planning and management of rural landscapes, it is necessary to evaluate the visual landscape quality
together with the evaluation of natural and cultural components with a holistic approach by considering all different
characteristics and their relationships in space and time. The aim of the study is to evaluate the visual landscape
quality by using visual indicators determined based on ecological and aesthetic common ground in G6lbas1 district,
one of the central districts of Ankara province, where there is urbanization pressure and rural areas are dense. In
this context, the visual quality of the area was determined by using the 2018 CORINE LC/LU Data and the visual
consept of complexity, naturalness, disturbance and coherence. To spatially determine the landscape level analysis,
the area was divided into regions. According to the results, as human impact increases (urbanization, mining areas,
etc.), visual quality decreases (regions 6, 7 and 9), while visual quality increases as human impact decreases. When
evaluated with this approach, suggestions have been developed in the Golbast example to emphasize rural
identities through indicators and to plan land uses according to this unique value.

Keywords: Visual quality, visual indicator, G6lbasi, Ankara
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1. Giris

Gilinlimiizde kirsal peyzaj
geleneksel anlayisin 6tesinde, giderek artan
bir sekilde ¢esitli olanaklar1 destekleyen,
rekreasyon ve bos zaman faaliyetlerinin
stirdiiriilebildigi ve manevi veya estetik
ilham kaynag1 olan alanlar olarak
goriilmektedir. Kirsal peyzaj, Amerikan
Peyzaj Mimarlari Dernegi tarafindan,
tilkenin yogun niifuslu olmayan veya yogun
bir sekilde gelismemis ve dogal bir
durumda korunmasi i¢in ayrilmamis arazi
alanmin c¢esitli boliimleri (ekili araziler,
ormanlar, ¢oOller, batakliklar, otlaklar,
meralar, nehirler ve goller gibi) olarak
tanimlanmakta ve bu alanlarin
korunmasinin ancak akilli arazi kullanim
planlamasi, tasarimi ve yonetimi dabhil
olmak iizere saglam ilke, politika ve
uygulamalarin ~ hayata  gecirilmesiyle
mimkiin  olabilecegini  belirtmektedir
(Anonim, 2023a). Son yillarda farkli
yonlerde hizli ve radikal degisimlere maruz
kalan kirsal peyzajlarin ¢ok boyutlu
degisimi ile basa ¢ikmak i¢in simdiye kadar
alinan 6nlemler, bu alanlarin kentlesmesine
ve sanayilesmesine yol agmis, bu da kirsal
peyzajlarin kimliklerinin kaybolmasina ve
dolayistyla bozulmasina neden olmustur
(Pinto-Correia ve ark., 2018). Mekansal
planlamada bu alanlar diizenlenmedikleri
ve dikkate alinmadiklar1 takdirde bu olgu
devam edecektir. Mc Harg (1969), giiglii
Ozelliklere ve hassasiyetlere sahip bir
bolgeyi yonetmek i¢in peyzaj yaklasiminin
gorsel kalitesinin dneminden bahsetmistir.
Kirsal peyzaj, kirsal alanlarin yeniden
yapilandirilmasinda itici bir gii¢ olabilse de
ne yazik ki {lilkemizde kirsal alan
planlamasinda peyzajlarin gorsel kalitesi
daha fazla gelisme ic¢in bir Oncelik
olmamistir. Bir peyzajin gorsel bilesenleri
sadece estetik bir kalitesi temsil etmekle
kalmaz, ayn1 zamanda kiiltiirel, ekonomik
ve biyolojik olgularin karsilikli iligkilerini
de yorumlamamiza yardime1 olur. Peyzajin
gorsel kalitesi ile ekolojik agidan zenginligi
arasinda bir korelasyon kurmak ¢ogu zaman
miimkiindiir (Nassauer, 1988). Bir diger
ifade ile, estetik ve gorsel olarak giizel
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algilanan peyzajlar genellikle ekolojik
olarak zengin peyzajlardir ya da tersi bir
durumda s6z konusu olabilir. Gorsel kalite,
ozellikle kirsal alanlarda miidahalenin
minimuma indirilmesi, dogru plan kararlar
alinmas1 agisindan belirleyici bir deger
olmaktadir. Peyzajin gorsel kalitesinin
degerlendirilmesine  yonelik  teknikleri
uygulamak her zaman kolay olmasa da bu
kalite kirsal peyzaj ¢esitliligini korumak
icin korunmasi gereken bir kaynak olarak
diistintilebilir (Angileri ve Toccolini, 1993).
Bu calisma, Ankara Golbast ilgesi kirsal
peyzajlariin kalitesini degerlendirmek icin
bir yontem uygulamakta ve daha ileri
planlama ic¢in bulgular1 tartismaktadir.
Bircok gorsel peyzaj kalite degerlendirme
yontemi vardir. Degerlendirme
yontemlerinin temelini olusturan iki ana
yaklasim dan biri objektif degerler kiimesi,
digeri ise subjektif degerler kiimesidir
(Ozvan ve Bostan, 2019). Objektif
yaklasima gore; bir peyzajin estetik kalitesi
onun 6zelliklerinde mevcuttur ve uzmanlar
tarafindan degerlendirilir. Oznel yaklasima
gore ise; estetik kalite gdzlemcinin algisi,
psikolojik, sosyo-kiiltiirel gegmisi ve
deneyimleri ile sekillenir (Lothian, 1999).
Objektif ve subjektif iki yOntemin
birlestirilmesiyle  yapilan  bir  diger
degerlendirme yontemi ise psikofiziksel
yaklasim olarak adlandirilmaktadir. Bu
calismada objektif yaklagima gore cografi
bilgi sistemleri kullanilarak gorsel peyzaj
degerlendirmesi yapilmustir. Bu
degerlendirme yapilirken gorsel gostergeler
kullanilmistir. Gorsel gostergeler, peyzaj
planlama ve yonetiminde insan algist ile
dogrudan iliskilendirilen peyzaj
ozelliklerinin belirlenmesinde objektif bir
bakis acist saglamaktadir (Tagliafierro ve
ark., 2013). Ayrica peyzaj ekolojisi ve
estetigi  arasinda  gorsel  gostergeler
kullanilarak  olusturulan  ortak  alan,
peyzajlarin mekansal yapisinin 6l¢iilmesi,
alan kullanim tiplerinin gorsel etkilerinin
belirlenmesi konusunda anahtar bir role
sahiptir (Tveit ve ark. 2006; Fry ve ark.,
2009; Ozhanci, 2014). Peyzaj gostergeleri,
insanlarin estetik tercihlerinin
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degerlendirilmesinde de merkezi bir 6neme
sahiptir ve peyzajlara iliskin gorsel
algilarint Olgtlebilir kriterlere doniistiiriir
(Sang ve ark., 2008). Yerinde gézlemlerden
elde edilen Olgiitler bilgi acgisindan
zengindir ancak birka¢ spesifik alanin
karakterizasyonu ile sirlidir (Orn. Otero
Pastor ve ark., 2007; Vouligny ve ark.,
2009). Buna karsilik, Cografi Bilgi
Sistemleri araglar1 kullanilarak yapilan
gorsel peyzaj degerlendirmeleri goriintirlik
metriklerinden peyzaj tercihlerini
aciklamak i¢in de gelistirilmistir (Dramstad
ve ark., 2006; Joly ve ark., 2009; Foltete ve
ark., 2020). Insanlar tarafindan algilanan
peyzajin ekolojik ve estetik ortak alaninin
belirlenmesinde birgok gorsel gosterge
bulunmaktadir (Tveit ve ark., 2006; Ode ve
ark., 2009; Fry ve ark., 2009) Ancak tiim
gostergelerin kullanilmasi her ¢aligma alani
icin miimkiin olmamaktadir (Tagliafierro ve
ark., 2013). Bu baglamda uygun
gostergelerin seciminde filtreleme
yapilmalidir. Filtrelemenin dogru ve akilci
yapilabilmesi ic¢in gdstergelerin; teorik
temele  uygun, peyzajlar  arasinda
aktarilabilir, Olgiilebilir ve haritalanabilir
olmasi 6nerilmektedir (Ode ve ark., 2009).
Ozellikle kirsal peyzajda yiiriitiilen gorsel
deger analizinde, yerel Ozelliklere dikkat
edilmesi On plana c¢ikmaktadir. Ayrica
peyzajin gorsel kalitesinin sadece tek bir
gosterge ile tanimlanmasi ekolojik ve
estetik deger arasindaki farkliliklarinin
belirlenmesi konusunda eksikliklerin var
olmasina neden olabilir. Bunun i¢in ekoloji
ve estetik arasindaki iligki belirlenmeli ve
yorumlanmalidir ~ (Daniel, 2001). Bu
dogrultuda c¢alismanin amaci kentlesme
baskisinin yogun oldugu Goélbasi ilgesinin
ekolojik tabanli gorsel kalitesi; karmasiklik,
dogallik, rahatsizlik ve tutarlilik kavramlari
aracihigr ile Dbelirlenmesidir. Ekolojik
temelli  metrikler  kullanilarak  gorsel
kalitenin mekansal olarak ifade edildigi
calismada, Golbas1  ilgesine  iliskin
mekansal planlama stratejilerinin
belirlenmesinde bu biitiinciil yaklagimin
dikkate alinmasi onerilmektedir.
Karmasiklik, peyzaj 0Ogelerinin  ve
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ozelliklerinin ¢esitliligini ve zenginligini ve
peyzajdaki  Oriintiilerin ~ birbiri  i¢ine
gecmesini ifade etmektedir. Literatiirde ti¢
grup gosterge tartisilmaktadir. Calisma
kapsaminda peyzaj 6zelliklerinin mekansal
organizasyonunu dl¢en gostergelerden arazi
ortiisii/lekelerin kiimelenmesi (de la Fuente
de Val ve ark., 2006) ele alinmistir (Ode ve
ark., 2008). Tutarlilik, bir sahnenin
biitiinliigli, renk ve dokunun tekrarlanma
derecesi ve arazi kullanimi1 ile dogal
kosullar arasindaki uygunluk ile ilgilidir.
Literatiir, bliyiik 6l¢iide, peyzaj 6gelerinin
mekansal diizenlemesine odaklanmaktadir
ve genel olarak suyun ve vejetasyonun
mekansal diizenlenmesi olmak tizere ikiye
ayrilmaktadir (Ode ve ark., 2008). Calisma
kapsaminda  vejetasyonun mekansal
diizenlemesi kapsaminda parcalilik ele
alimmistir. Dogallik gorsel olarak dnceden
algilanan  dogal  duruma  yakinligi
tanimlamaktadir. Insan faktdriiniin az ya da
hic olmadig1 alanlardir (Yilmaz, 2021).
Dogalligi  farkli  sekillerde  6lgmek
miimkiindiir. Bunlardan biri de alandaki
dogal bitki Ortlisii oranin1  6lgmektir
(Yilmaz, 2021). Algilanan dogallik ile
ekolojik dogallik birbirinden farkli olabilir
(Tveit ve ark, 2006). Gorsel kalite
acisindan insan algis1 dogal ve yar1 dogal
alanlart  bir biitiin  olarak  algilama
egilimindedir (Clay ve Daniel, 2000). Bu
kapsamda caligmada dogal ve yar1 dogal
alanlarin alandaki oranlar1 Ol¢lilmiistiir.
Rahatsizlik, bir peyzajdaki baglamsal uyum
ve tutarlilik eksikligini ifade etmektedir.
Literatiirde rahatsizlik gostergeleri ikiye
ayrilmistir (Ode ve ark., 2008). Kellert ve
Wilson'in (1993) Biyofili hipotezi, insanin
dogaya baglanma ihtiyacini ve insan refahi
baglaminda rahatsizligin sonuglarmi ifade
etmektedir. Calisma kapsaminda
rahatsizligin - gorsel etkisi Ol¢lilmistiir.
Bunun i¢in bozunum sahalarinin gériindiigii
alanlar  tespit edilmistir. ~ Caligmada
karmagiklik dogalligin bir tanimi olarak,
rahatsizlik ve tutarlilik ise zit kavramlar
olarak ele alinmistir. Gosterge se¢imi kadar
gostergelerin  Ol¢iilmesinde  kullanilacak
metrikleri de Onemlidir. Metriklerin
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seciminde analizlerde kullanilacak veri seti
onemlidir. Baz1 metriklerin kullaniminda
dogru sonuglar elde edilmesi igin arazi
ortiisii verilerine ek olarak arazi gézlemleri
ve ortofotolarin veri setlerine eklenmesi
gerekmektedir (Ode ve ark., 2008). Bu
dogrultuda ¢alisma kapsaminda arazi ortiisii
verilerinin kullanilmast metriklerin
se¢iminde 6nemli bir faktordiir. Ancak arazi
Ortiistiniin mekansal Ol¢ekte gorsel kalitesi
bir¢ok metrik ile 6l¢iilmektedir. Bu ¢alisma
kapsaminda; pargalilik, gorsel olarak insan
algisinda peyzajin devamliliginin
saglanmas1 ve fiziksel ¢evrenin buna gore
diizenlenmesinde insan kaynakl
degisimleri kayit altina alan tekniklerden
biri olarak secilmistir (Taylor, 2002).

Kiimelenme indeksi, farkli peyzajlar
arasinda en tutarli ve dogru sonuclari
gostermekte ayrica farkli 6lgeklerde veriyi
karsilastirabilme olanaklar1 sunmaktadir
(He ve ark., 2000). Peyzajin dogalligini
stirdiirmesi mevcut alanin ekolojik dnemine
dayanmaktadir. Bu baglamda dogal
alanlarin varliginin tespiti gorsel kalitenin
en Onemli belirleyicileri arasinda yer
almaktadir (Tagliafierro ve ark., 2013).
Kirsal peyzajda rahatsizlik unsurlarin
belirlenmesi ve Olgiilmesi yine kaliteyi
belirlemek agisindan 6nemli bir kavramdir
(Ode ve ark., 2008). S6z konusu kavramlar,
gostergeler ve kullanilan metrikler Tablo
1’de verilmistir.

Tablo 1. Calisma kapsaminda kullanilan kavram, gosterge ve metrikler

Kavram Gosterge Metrikler

Karmagiklik Agregation Indeks (Al) (Ode ve ark., 2008).
Leke sayis1 (NP) (McGarigal ve ark., 2012; Dogan, 2016)

Tutarlilik Pargalilik Ortalama leke boyutu (MPS) (Saura, 2004; Dogan, 2016)
Leke yogunlugu (PD) (McGarigal ve ark., 2012; Dogan, 2016)
Ortalama yakinlik indeksi (MPI) (McGarigal ve ark., 2012;
Dogan, 2016)

Dogallik Dogal ve kiiltiirel alanlarin alandaki orani (Yilmaz, 2021°den
degistirilerek)

Rahatsizlik Gorlniirlik Gorinirliik analizi (Ode ve ark., 2008).

2. Materyal ve Yontem

Calismanin ana materyalini Ankara
ili merkez ilgelerinden biri olan 32°29' -
33°1" dogu boylamlari, 39°50" - 39°15'
kuzey enlemleri arasinda yer alan Golbasi
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ilgesi olusturmaktadir. Batisinda Sincan ve
Haymana, dogusunda Bala, kuzeyinde
Cankaya ve Etimesgut ilgeleri, kuzeyinde
ise Konya ili bulunmaktadir (Sekil 1).
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Sekil 1. Caligma alan1 konumu ve analizlerde kullanilan bolge sinirlart

Arazi Ortlistine dayali analizler
Avrupa Komisyonu sahipliginde hazirlanan
2018 yilina CORINE Arazi Ortiisii/Arazi
Kullanim1 verisi kullanilarak yapilmistir
(Anonim, 2019). Bolgeleme ¢alismasinda
kullanilan karayollar1 verisi open stree map
ten elde edilmistir (Anonim, 2023b).
Gortiniirliik analizi Nasa tarafindan tiretilen
AsterGDEM  (Anonim, 2023c) sayisal
yiikseklik modeli kullanilarak yapilmustir. i1
smirt  ve ilge simirlart  harita  genel
miudiirligi tarafindan hazirlanan Tiirkiye
Miilki Idare Smrlari verisinden elde
edilmigtir. Akarsu verisi PEYZAJ-44
projesi (Sahin ve ark., 2013) kapsaminda
Miilga Cevre ve Orman Bakanligindan elde
edilmistir. Yontem ¢ asamadan
olusmaktadir. Ik asamada alan yollar
kullanilarak bélgelere ayrilmistir. ikinci
asamada, belirlenen gostergelerin
algoritmalart  ve yapilan  bolgeleme
calismasi kullanilarak parcalilik, dogallik,
kiimelenme 6l¢iimleri ve goriiniirliik analizi
yapilmustir. Ol¢iim sonuglar1 dogal araliklar
yontemi kullanilarak bes seviyeye (c¢ok
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yiiksek, yiiksek, orta, disiik, ¢ok diisiik)
ayrilmigtir.  Son asamada ise yapilan
analizler Ortmeler yontemi kullanilarak
alanin gorsel kalitesi ortaya konulmustur.

3. Bulgular ve Tartisma

Calisma kapsaminda sinif
diizeyinde yapilan analizlerde CORINE
arazi Ortlisii/arazi kullanimi  verisinde

seviye 1 ve 3 olarak tanmimlanan leke
siiflart kullanilmigtir. Yapay ylizeyler bu
kapsamda degerlendirilmemistir. Bunun
sebebi bu alanlarin dogal alanlar ve yari
dogal alanlarin (tarim alanlar1, su kiitleleri,
sulak alanlar) par¢alanmasina ve yok
olmasma sebep olan alanlar olmasidir.
Diger kiiltiirel alanlar ise her ne kadar insan
eliyle sekillenmis alanlar olsa da gorsel
degerlendirme kapsaminda algisal agidan
dogal alanlardan  ayrilamadigi  icin
degerlendirmeye dahil edilmistir (Sekil 2).
Calisma alaninda bulunan arazi
kullanimi/arazi oOrtiisiine iligkin siniflar
Tablo 2’de verilmistir.
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ARAZ| ORTUSU
(2018)

Akarsu

Yol
1,2,3,.. Bolge Numarasi

_| J Bdige Sinin
lige Sinin

CORINE Arazi Ortisi/
Arazi Kullanilimi

- Yapay Ylzeyler

Tarimsal Alanlar

Sulak Alanlar

- Su Yapilari

Q 10 20

Bl Orman ve Yari Dogal Alanlar

CORINE ARAZI KULLANIMI/ guff

Sekil 2. 2018 CORINE Arazi Kullanimi/Arazi Ortiisii

Tablo 2. Calisma alaninda bulunan 2018 y1li Arazi Ortiisii/Arazi Kullanimi Siniflar

Seviye 1 Seviye 3

Yapay bolgeler

Stirekli sehir yapisi

Kesikli sehir yapist

Endiistriyel ticari birimler

Karayollar1, demiryollan ve ilgili alanlar

Maden ¢ikarim sahalari

Insaat sahalar

Spor ve eglence alanlar

Tarimsal alanlar

Sulanmayan ekilebilir alanlar

Siirekli sulanan alanlar

Uziim baglar

Meyve bahgeleri

Mera alanlari

Karisik tarim alanlari

Dogal bitki ortiisii ile birlikte bulunan tarim alanlari

Orman ve yar1 dogal alanlar

Igne yaprakli ormanlar

Dogal cayirliklar

Bitki degisim alanlari

Seyrek bitki alanlar1
Sulak alanlar Karasal batakliklar
Su yapilari Su kiitleleri

Insanlar peyzaji  gorsel acidan analizler bu bolgeler géz Oniine alinarak
degerlendirirken  bir  biitiin  olarak yapilmistir. Bolgeleme calismast yapilirken
algilamaktadir (Tveit ve ark., 2006). lekeleri ayiran ve gorsel olarak biitiinligii
Bundan dolayr bazi gostergeler peyzaj bozan yollar (ilge yollar1 ve devlet
diizeyinde yapilan analizlerle karayollar1) kullanilmistir. Yapilan
degerlendirilmistir.  Peyzaj  diizeyinde bolgeleme ¢aligmasi sonucunda alan 13

yapilan analizlerin goreli degerlendirmesini
ve bu goreli degerlendirmenin mekansal
anlatimi i¢in alan ana yollar kullanilarak
bolgelere ayrilmistir (Dogan, 2016). Tim
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bolgeye ayrilmistir (Sekil 1). Yapilan
bolgeleme  calismasina  gére  arazi
kullanimi/arazi Ortlisiiniin alansal dagilimi
Tablo 3’te verilmistir.
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Tablo 3. Yapilan bolgeleme caligmasina gore arazi kullanimi/arazi 6rtiistiniin alansal dagilimi

Bolge no Orman ve Yar1t Dogal Tarimsal Alanlar Yapay Toplam Alan
Alanlar (ha) (ha) Yiizeyler (ha) (ha)
1 0 454 1 455
2 5977 5035 35 11047
3 922 7583 91 8596
4 2531 14448 260 17239
5 1372 33112 724 35208
6 2664 6340 1844 10848
7 527 3541 941 5009
8 1615 8792 604 11011
9 65 1867 417 2349
10 2446 28399 1148 31993
11 253 1562 47 1862
12 6 163 0 169
13 10 116 39 165
Toplam Alan (ha) 18388 111412 6151 135951
[lce genelinde tarmmsal alanlar ise 2 numarali bolgedir. Sadece bu bolgede

111412 ha, orman ve yart dogal alanlar
18388 (ha), yapay yiizeyler ise 6151 (ha)
alan kaplamaktadir. 6, 7, 8, 9, 10 ve 13.
bolgeler kentlesmenin  yogun oldugu
bolgelerdir. 1 numarali bolge sadece tarim
alanlar1 bulunmaktadir. Orman ve yari
dogal alanlarin en ¢ok alan kapladigi bolge

orman ve yart dogal alanlar tarimsal
alanlardan daha fazla alan kaplamaktadir.
Maden ¢ikarim sahalar1 4, 5, 6, 7, 8,9 ve 10.
Bolgelerde bulunmaktadir. Ilgede 542 ha
maden ¢ikarim sahasi  bulunmaktadir.
Maden ¢ikarim sahalarinin bolgelere gore
alansal dagilimi1 Tablo 4’te verilmistir.

Tablo 4. Maden ¢ikarim sahalarinin bolgelere gore alansal dagilimi

Bolge no Alan (ha)
4 32
5 75
6 308
7 39
8 37
10 51
Toplam alan (ha) 542

Tutarlilik analizi (pargalilik analizi) simif
diizeyinde, karmasiklik ve dogallik
analizleri peyzaj diizeyinde yapilmistir.
Rahatsizliga iliskin analiz yapilirken ise

€

gorliniirlik  analizinden yararlanilmistir.
Karmagiklik heterojenlik olarak peyzaj
diizeyinde ele alinmistir.  Analizde
kiimelenme indeksi (AI) kullanilmigtir.

u[£

max-g ..

930

P.| (100)

b |



MAS JAPS 8(Ozel Say1): 924-937, 2023

Formiilde gii = tek sayim yontemine
dayal1 olarak leke tipi (siif) i pikselleri
arasindaki benzer bitigikliklerin
(birlesimlerin) sayis1, max-gii = tekli sayim
yontemine dayali olarak leke tipi (smnif) 1
pikselleri arasindaki maksimum benzer
bitisiklik (birlesme) sayisi, Pi = 1 leke
tirinden  (sinifindan) olusan  peyzaj
oranidir. Bu indeks, sonucu 0 ile 100
arasinda derecelendirmektedir. Herhangi
bir Pi verildiginde, leke tiirleri maksimum
diizeyde ayristirildiginda (yani, benzer
bitisiklikler olmadiginda) Al 0'a esittir; Al,
peyzaj tek bir lekeden olustugunda 100'e
esit olur (Anonim, 2023d). Yani Al arttik¢a
heterojenlik azalir. Yapilan dl¢iimlere gore
karmagsiklik 1,3,5 vell. bolgelerde ¢ok
diisiik, 2,4 ve 10. bolgelerde diisiik, 6,7,8,9

Tablo 5. Metrik formiil ve agiklamalari (Dogan, 2016)

ve 12. bolgelerde orta 13. bolgede yiiksektir
(Sekil 3a). Tutarlilik kavrami Slgiimlerinde
yapilan pargalilik analizinde ele alinan
metrikler sinif diizeyinde
degerlendirilmistir. Analiz CORINE arazi
ortlisii/arazi kullanim1 seviye 3 smiflari
kullanilarak yapilmistir. Analizde ele alinan
metrikler NP (Leke sayis1) (McGarigal ve
ark., 2012), MPS (Ortalama leke boyutu)
(Saura, 2004), PD (Leke yogunlugu)
(McGarigal ve ark., 2012), MPI (Ortalama
yakinlik indeksi) (McGarigal ve ark.,
2012)dir. Analiz Fragstat ve Patch Analyst
yazilimlar1 kullanilarak yapilmistir.
Formiilleri Tablo 5’te verilmistir. Analiz
sonucunda pargalilig1 yiiksek ¢ikan alanlar
tutarlilik degeri diisiik alanlar olarak
degerlendirilmistir.

Metirk Formiil

Aciklama

NP (Leke sayis1) NP = n
(McGarigal, vd.2012)

ni: 1 leke tipinde peyzajdaki leke sayisi

MPS (Ortalama leke
boyutu) (Saura, 2004)

NP
Z i

i=1

NP

MPS =

ai: ilgili arazi Ortiisii simif her bir leke
sayisinin alanidir.

PD (Leke yogunlugu)

o
i PD = — (10,000)(100)
(McGarigal vd. 2012) Al (

ni
sayisl,
A= toplam peyzaj alan1 (m?).

i leke tipinde peyzajdaki leke

n

MPI (Ortamala yakinlik

n
e
indeksi)  (McGarigal b E”:é
vd., 2012) MPI = =1 s_r:
I

aijs =ij lekesinin belirtilen komsuluk
icindeki ijs lekesinin alani,

hijs = hiicre merkeziden hesaplanan,
leke kenarindan diger leke kenar
uzakligina dayanan, leke ijs ve leke ijs
arasindaki mesafe.

Yapilan dlgiimlere gore tutarlilik 1,2, 3, 5,6,
7,9 ve 11. bolgelerde ¢ok diisiik ve diisiik,
4, 8, 12 ve 13. bolgelerde orta, 10. bolgede
yiiksek ve ¢ok yiiksektir (Sekil 3b).

Dogallik = dogal alanlarin bolge icindeki toplam alanl)* 5+ (tarlm alanlarimin bolge icindeki toplam alani

bélgenin alani

Analiz  kapsaminda CORINE  arazi
ortlisti/arazi kullanimi verisinde seviye 1 de
belirtilen orman ve yar1 dogal alanlar dogal
alan olarak, tarim alanlar1 ise yar1 dogal alan
olarak  tanimlanmustir.  Insan  algis1

931

Dogallik dogal ve yar1 dogal alanlarin bolge
icindeki alansal dagilimlarinin orani olarak
ele alinmistir. Bu oran belirlenirken
asagidaki formiil kullanilmagtir.

)+

acisindan dogal ve yar1 dogal alanlar bir
biitiin olarak algilansa da ekolojik agidan
esit olarak degerlendirilemez. Bu yiizden
dogal alanlar dogallik agisindan en yiiksek
degerde degerlendirilirken, yar1 dogal

bdlgenin alam
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alanlar orta degerde degerlendirilmistir. Bu
durum formiilde agirlik degerleri olarak
kullanilmigtir.  Yapilan Ol¢limlere  gore
dogallik 7, 9 ve 13. bolgelerde ¢ok diisiik ve
1, 5, 6 ve 10. bolgelerde diisiik, 8 ve 11.
bolgelerde orta, 3, 4, ve 11. bolgelerde
yiiksek, 2. bolgede ¢ok yiiksektir (Sekil 3c¢).
Rahatsizlik analizi kapsaminda maden

cikarim sahalarinin  goriiniirliik analizi
yapilmistir. Maden alanlarinin goriindigii
alanlar rahatsizlik agisindan c¢ok yiiksek,
goriinmedigi alanlar ise ¢ok diislik olarak
degerlendirilmigtir. 1, 2, 3, 11 ve 12.
bolgelerde rahatsizlik c¢ok diisiik, diger
bolgelerde ise ¢ok yiiksektir (Sekil 3d).

KARMASIKLIK TUTARLILIK
— Akarsu —— Akarsu

Yol Yol
- Yapay Ytizeyler - Yapay Yizeyler
[ Isuvozeyi / [ | suvozeyi
12,3, Bolge Numarasi /|

1,2.3,.. Bbige Numaras) /

[ Jeoigesmin ] soige sinin
[ Jigesinmn I:] lige Sinint \)
Karmasikiik Parcalilik g
B Cok Dusuk I cok Disiik
Dugok Dok
Orta Orta
| Yoksek | Yiiksek
I ok Yoksek

DOGALLIK RAHATSIZLIK
— Akarsu Akarsu

Yol Yol
- Yapay Yuzeyler - Yapay Yuzeyler
[—— Su Yuzeyi r—-l Su Yuzeyi
1.2,3... Bolge Numaras! 1.2,3,.. Bolge Numarasi
E_-' Bolge Simin § EJ Bolge Siniri
:’ fige Sinin ':’ lige Simn
Dogalhik Rahatsizlik
B cok Dosok B cok Disik

DUsk I ok Yoksek

Orta

Yuksek
I ok Yuksex

d

Sekil 3. Gorsel kavramlar (a) karmasiklik, (b) tutarlilik, (c) dogallik, (d) rahatsizlik

Gorsel  kalitenin  degerlendirilmesinde
kullanilan kavramlar ayr1 ayr1 temsil edilse
de birbiri ile baglantihidir. Bu noktada
ekolojik temelli yapilan her bir analiz hem
ayri hem de biitlin olarak
degerlendirilmelidir. Karmasiklik arttikca
gorsel kalite de artmaktadir (Ode ve ark.,
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2008). Buna gore gorsel kalite 1,3,5 ve 11.
bolgelerde cok diisiik, 2,4 ve 10. bolgelerde
disiik, 6,7,8,9 ve 12. bolgelerde orta 13.
bolgede yiiksektir. Benzer sekilde tutarlilik,
peyzajin  Dbiitiinlinlin  parcalardan daha
onemli oldugu ifade eden bir anlayistir (Van
Mansvelt ve Kuiper, 1999). Tutarliligin
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yiiksek oldugu alanlar pargalilik oraninin
diisiik oldugu ve lekelerin bir biitiin olarak
algilandig1 gorsel kalitesi yliksek alanlardir
(Tveit ve ark., 2006). Buna gore gorsel
kalite 1,2, 3, 5,6, 7,9 ve 11. bolgelerde ¢ok
diisiik ve diisiik, 4, 8, 12 ve 13. bolgelerde
orta, 10. bolgede yiiksek ve ¢ok ylksektir.
Dogallik, gorsel kalitenin 6nemli bir bakis
acist olarak goriilmektedir (Tveit ve ark.,
2006) ve peyzajin dogal duruma yakinligi
ile tamimlanir (Ode ve ark., 2008). Bu
baglamda dogalligin artmasi peyzajin
ekolojik acidan gorsel kalitesinin de artmasi
ile yorumlanmaktadir (Fry ve ark., 2009).
Buna gore gorsel kalite 7, 9 ve 13.
bolgelerde c¢ok diisiik ve 1, 5, 6 ve 10.

bolgelerde diistik, 8 ve 11. bolgelerde orta,
3, 4, ve 11. bolgelerde yiiksek, 2. bolgede
cok yiiksektir. Gorsel kalite rahatsizlik
acisindan ise maden alanlarinin goériindiigi
alanlar ¢ok diisiik, goriinmedigi alanlar ise
cok yiliksek olarak degerlendirilmistir.
Calisma kapsaminda kullanilan katmanlar
ortmeler  yOnteminde esit olarak
degerlendirilmistir. Analiz sonucuna gore
insan etkisinin yiiksek oldugu yapay
ylizeylerin yogun oldugu bolgelerde (6, 7 ve
9. bolgeler) gorsel kalite diisiiktiir. Insan
etkisinin daha az oldugu ve orman ve yar1
dogal alanlarin alansal olarak daha ¢ok

GORSEL KALITE

Akarsu
Yol

- Yapay Yuzeyler
[ | suvuozeyi

1.2.3... Bolge Numarasi  /, i
:_J Boige Sinin C\‘
l: lige Sinint

Gorsel Kalite

I Gok Dusuk
Disik
orta

Yiksek

I Gok Yoksek

N

s
0 10 20

Sekil 4 Gorsel kalite analizi

Bu ¢alisma kapsaminda analiz edilen gorsel
gostergeler bir¢ok ¢aligmada kullanilmis ve
peyzajin ekolojik ve estetik degerin ortak
alanin Dbelirlenmesi ile gorsel kaliteye
iliskin sonuglara ulasilmistir. Calismalarin
bircogunda karmasiklik, dogallik, tutarlilik
ve rahatsizlik gostergeleri Olgiilmiistiir
(Tagliafierro ve ark., 2013; Martin ve ark.,
2016; Kerebel ve ark., 2019). Ancak her bir
calismada se¢ilen kavramlarin analizi farkl
metrikler kullanilarak yapilmistir.
Tagliafierro ve ark. (2013) ¢alismalarinda
karmasiklik igin Shannon Esitlik Indeksi
SHEI, dogallik i¢in dogal bitki Ortiisii
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oldugu bolgelerde ise gorsel kalite
yiiksektir (Sekil 4).
ylizdesi, rahatsizhik yangin  yasanan

alanlarin ve engelleyici unsurlarin varligi
ile belirlemislerdir. Martin ve ark. (2016)
karmasiklik; peyzaji olusturan lekelerin
sekli, dogallik; dogal alan kullanimi ile
iligkili lekelerin alani, rahatsizlik; yapay
alanlarin  goriiniirlik analizi, tutarhilik;
baglantililik gostergesi ile hesaplamislardir.
Kerebel ve ark. (2019) ise karmasiklik igin
leke yogunlugu, cesitlilik, sekil
karmagsikligi ve zithk, dogallik icin de
orman yapisi, orman yasi ve alan
kullanimina iliskin analizler
gerceklestirmislerdir. Gorildiigii tizere her
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calismada kullanilan kavramlarin ortak
olmasi, Ol¢iim i¢in kullanilacak metriklerin
de aynm1 olmasmi gerektirmemektedir.
Calisma alanin dogal ve kiiltiirel 6zellikleri,
ulasilan veri setleri ve wveri kalitesi,
calismadan elde edilmesi istenen sonuca
gore metriklere karar verilebilmektedir. Bu
calismada Tveit ve ark. (2006), Ode ve ark.
(2008) ve Fry ve ark. (2009) olusturdugu
kavramsal c¢erceve 1s1ginda, Gdolbasi
ilcesinin mevcut gorsel kalitesinin tutarl
veriler ile  yansitilacagi = metrikler
belirlenmistir. Gorsel kalitenin belirlenmesi
mekansal analizler ile kisith tutulmus, insan
algisin1 6lgmeye yonelik herhangi bir analiz
gerceklestirilmemistir. Mekansal analizler
sonucunda gorsel kalitenin en ytiksek ve en
disiik oldugu alanlardan goriintiiler elde
edilerek  insan  algisinin  Olgiilmesi,
bireylerin bu alanlara atfettigi degerlerin
belirlenmesi i¢in bu analizler 6nemli bir
altlik olusturmaktadir.

4. Sonug
Golbast ilgesi  ekolojik, sosyo-
ekonomik ve kiiltiirel agidan g¢esitlilige

sahiptir. Mogan-Eymir Golleri  sulak
alanlarinin  yaban hayatinin  barmma
bolgeleri olmast ve Gdlbasi’na 06zgi

Centaurea tchitatcheffii (Yanar doner veya
peygamber cicegi) yayilis alani olmasi
nedeniyle Gélbasi Ozel Cevre Koruma
Bolgesi ad1 altinda ¢esitli devlet kurumlar1
tarafindan koruma faaliyetleri
gerceklestirilmektedir  (Anonim, 2023e).
Ancak Mogan Goli'nde yer alan
rekreasyon alanlarmin yogun kullanima,
korunmasi oncelikli alanlardaki baskiy1
arttirmaktir. Buna ek olarak sagladigi
istihdam olanaklar1 nedeniyle ilgede niifus
artis1 yasanmakta (Anonim, 2023f) ve
kentlesme baskisti da giin  gectikge
artmaktadir. Ilgede tarim ve hayvanciligin
devam ettigi bolgeler kirsal karakter
gostermeye devam etmektedir. Yapilan
calisma ile Golbasi ilgesinin gorsel kalitesi
ekolojik-estetik temelli yaklagimla ekolojik
gostergeler ve metrikler kullanilarak
degerlendirilmistir. S6z konusu calisma ile
Golbast il¢esinde oOzellikle kirsal alanda
yapilacak mekéansal planlar i¢in altlik
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olabilecek bir caligma ortaya konulmaya
calisilmistir. Hem insan baskisinin yogun
oldugu hem de kirsal ozelliklerin baskin
oldugu ilcede mekansal planlar yapilirken
ozellikle gorsel kalitenin azalma egiliminde
oldugu yerler dikkate alinmali, s6z konusu
egilimin sebepleri ortaya konulmali ve
gerekli Onlemler alinmalidir. Mekansal
planlar yapilirken sadece ekonomik, ayni
zamanda ekolojik ve kiiltiirel bilesenler de
dikkate alinmalidir. Bu kapsamda yapilacak
planlarda peyzajin ekolojik siireglerin yani
Sira, kiltiirel islevleri de
degerlendirilmelidir. Gorsel kalite
degerlendirmesi  ¢alismalarinda ~ hem
ekolojik hem de algisal siiregleri goz oniine
alindigindan yapilacak planlama
caligmalarinda dikkate alinmasi gereken
unsurlardan  biridir.  Gorsel — kalite
degerlendirmelerinde kullanilan pek c¢ok
yontem (anket, sozlii goriisme, cografi bilgi
sistemlerine dayali yontemler) mevcuttur
(Dogan ve Bingil Bulut, 2022). Bu
degerlendirmede kullanilacak yontemler
secilirken ¢alismanin amaci, kullanilacak
veri seti, degerlendirmenin yapilacagi alan
(park, il¢e, havza vb.) 6nem kazanmaktadir.
Tim bunlarin yani1 sira secilen yontem
kapsaminda kullanilacak gostergeler ve bu
gostergeleri 6lgcmede kullanilacak metrikler
de Onemlidir. Gorsel gostergeler olarak
secilen peyzaj metrikleri, ekolojiden
saglanan bilgileri kullanarak, peyzajin
degerini tanimlanabilir hale getiren koprii
araci roliinii iistlenmektedir. Bu baglamda
peyzaj metrikleri ekonomik modellerin
olusturulmasinda, peyzajin insanlar
tarafindan algilanan gercek cesitliligini,
dogalligint ve uyumunu temsil etmesi i¢in
nicel degiskenler saglamak {izere de
kullanilabilecektir (Tagliefierro ve ark.,
2013). Bu bakis agisiyla peyzaj biitiinciil bir
yaklagimla degerlendirildiginde,
gostergeler araciligr ile kirsala 6zgi
kimliklerin 6n plana ¢ikarilmasi ve alan
kullanimlarinin  bu 06zgiin degere gore
planlanmas1 saglanabilecektir.

Yazarlarin Katki Beyam
Yazarlar makaleye esit katkida
bulunduklarini, makalenin yayina hazir son
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halini gordiiklerini/okuduklarini ve
onayladiklarin1 beyan ederler.
Cikar Catismasi1 Beyani

Tiim yazarlar, bu calisma icin

herhangi bir c¢ikar c¢atismasi olmadigin
beyan etmektedir.
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Bilecik Ekolojik Kosullarinda Miirdiimiik (Lathyrus sativus L.) ile Adi Figin (Vicia
sativa L.) Kaba Yem Verimi ve Kalitesinin Belirlenmesi
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Ozet

Bu ¢alismada yazlik olarak ekilen miirdiimiik (Lathyrus sativus L.) ve yaygin fig (Vicia sativa L.) tiirlerinin silaj
ve kuru ot verimleri ile kaliteleri incelenmistir. Materyal olarak miirdiimiigiin “Eren”, yaygin figin ise “Emir”
cesitleri kullanilmistir. Deneme 2022 yilinda Bilecik kosullarinda yiiriitilmiistiir. Calisma Tesadiif Bloklari
Deneme Desenine gore 3 tekerriirlii olarak kurulmus olup, 2 yari deneme seklinde yiiriitiilmistiir. Buna gore,
calisma silaj ve kuru ot olarak ayr1 ayr degerlendirilmistir. Miirdiimiik ve yaygin figin silaj ve kuru ot verimleri
sirastyla 568.23-246.97 kg da ve 661.98-252.62 kg da* olmustur. Cesitlerin ortalama ham protein oranlar silajda
%22.79 kuru otta ise %20.11 olarak belirlenmistir. Hem silaj hem de kuru otta belirlenen makro besin maddeleri
(K, P, Ca ve Mg) hayvanlarin besin ihtiyaglarinin karsilayacak diizeydedir. Bilecik ekolojik kosullarinda
miirdiimiik ve yaygin figin silaj ve kuru ot verimi ile kalitesinin incelendigi ¢alismada incelenen o6zellikler
bakimindan ¢esitler arasinda fark olmamustir. Buna gore her iki cesidinde bolge ekolojisinde rahatlikla
yetistirilebilecegi ongoriilmektedir.

Anahtar Kelimeler: Kaba yem, verim, kalite, miirdiimiik, yaygin fig

Determination of Roughage Yield and Quality of Grass Pea (Lathyrus sativus L.) and
Common Vetch (Vicia sativa L.) In Bilecik Ecological Conditions

Abstract

In this study, silage and hay yields and quality of grass pea (Lathyrus sativus L.) and common vetch (Vicia sativa
L.) species were examined. The "Eren" varieties of grass pea and the "Emir" varieties of common vetch were used
as materials in the study. The trial was conducted in Bilecik conditions in 2022. The study was designed according
to the Random Block Trial Design with 3 replications and was conducted in 2 half-trials. Accordingly, the study
was evaluated separately as silage and hay. Silage and hay yields of grass pea and common vetch were 568.23-
246.97 kg da? and 661.98-252.62 kg da’, respectively. The average crude protein ratio of the varieties was
determined as 22.79% in silage and 20.11% in hay. Macronutrients (K, P, Ca and Mg) determined in both silage
and hay are at a level to meet the nutritional needs of animals. In the study where the silage and hay yield and
quality of grass pea and common vetch were examined in Bilecik ecological conditions, there was no difference
between the varieties in terms of the examined traits. Accordingly, it is predicted that both varieties can be grown
easily in the regional ecology.

Keywords: Roughage, yield, quality, grasspea, common vetch
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1. Giris

Hayvanciligin vazgeg¢ilmez besin
kaynaklarindan biri olan kaba yemler, tarla
tarim1 igerisinde yer alan yem bitkileri
iretimi ve ¢aywr mera alanlarindan
karsilanmaktadir. Son veriler Tiirkiye’de 31
milyon ton kuru ot liretimi ve 19 milyon
biiyiikbas hayvan birimi (BBHB) oldugunu
gostermektedir. Hayvan varligi i¢in gerekli
olan kaliteli kaba yem miktar1 86 milyon ton
olup, kaba yem ag1g1 ise 55 milyon tondur.
Dolayisiyla bu miktarin ancak % 35.7°lik
kismi karsilanabilmektedir (Acar ve ark.,
2020). Bilecik ilinde yem bitkileri ve silaj
tiretiminden 63.344 ton, caywr mera
alanlarindan ise 6.000 ton olmak iizere
toplam 69.344 ton kaliteli kaba yem tiretimi
elde edilmektedir. Ilde toplam 45 bin
BBHB varligi bulunmakta olup, bu hayvan
varliginin yillik kaba yem ihtiyaci ise 205
bin tondur. Buna gore ilde 136 bin ton kaba
yem ag¢1g1 bulunmakta olup, iiretilen kaba
yemin ihtiyact karsilama orani ise %
33.77°dir (Mese ve ark., 2019). Miirdiimiik
(Lathyrus sp) tiirleri arasinda en yaygin olan
Lathyrus sativus L (yaygmn miirdiimiik)
zengin besinsel icerigi ile baklagil yem

bitkileri  igerisinde =~ Oonemi  giderek
artmaktadir. Genel olarak insan
beslenmesinde kullanilsa da bitki son

donemlerde hayvan rasyonlarina hem tane
hem de ot olarak dahil olamaya baslamistir.
Kurakliga dayanimi iyi olan bitkinin
Ulkemizde tarimi c¢ok dar alanlarda ve

veriler (2022 yili) iilkemizde miirdiimiik
bitkisinin ekim alaninin yaklasik olarak 66
bin ha, yesil ot ve kuru ot verimin ise
strastyla 55 bin 13 bin ton oldugunu ortaya
koymaktadir (Anonim, 2023). Diinya
lizerinde fig tiirleri arasinda en ¢ok tarimi
yapilan yaygin fig (Vicia sativa L.) yiiksek
protein ve besin kaynagi olan baklagil yem
bitkisidir (Tosun, 1974) Kis1 sert gegen
yerlerde yazlik, iliman olan yerlerde ise
kishk olarak  degerlendirilmemektedir.
Kurakliga tolerans1 yiiksek olan bitki
hayvan beslenmesinde tane, silaj ve kuru ot
olarak degerlendirilmektedir. Tiirkiye’de
2022 yili yaygin fig ile diger fig tiirlerinin
toplam ekim alami yaklasik olarak 3.5
milyon ha olup toplam yesil ot miktar1 4
milyon, kuru ot ise 1 milyon tondur
(Anonim, 2023). Bu c¢alismada yazlik
olarak ekilen miirdiimiik (Lathyrus sativus
L.) ve yaygn fig (Vicia sativa L.) tiirlerinin
silaj ve kuru ot verimleri ile kaliteleri
incelenmistir.

2. Materyal ve Yontem

Calismada materyal olarak
mirdiimiik (Lathyrus sativus L.) “Eren”,
yaygmn fig (Vicia sativa L.) bitkisinin ise
“Emir” c¢esitleri kullanilmistir. Deneme
2022  yilinda  Bilecik  kosullarinda
ylritilmistir. Bilecik ilinin uzun yillar
sicaklik ortalamast 15.8° C iken 2020
yilinda 16.8° C olmustur. ilin uzun yillar
toplam yagis miktar1 128.8 mm, deneme
yilinda ise 139.1 mm olmustur (Tablo 1).

sinirli  miktarlarda yapilmaktadir. Son
Tablo 1. Bilecik ili iklim verileri
Sicaklik (°C) Yagis (mm)
Aylar Uzun yillar 2022 Uzun yillar 2022
Nisan 115 13.3 41.8 24.8
Mayis 16.1 16.8 47.7 19.0
Haziran 19.9 20.3 39.3 95.3
Toplam/Ortalama 15.8 16.8 128.8 139.1
Denemenin yiriitiildiigii alanindan Bloklari Deneme Desenine gore 3

alanin topragi killi-tinli biinyeye sahip olup,
pH’s1 hafif alkali (7.70), kire¢ orani orta
seviyede (%6.12) ve tuz igerigi (%0.041)
hafif olarak belirlenmistir. Topragin fosfor
icerigi 21.15 kg da, potasyum icerigi 66.6
kg da?, organik madde miktar1 ise %2.02
olarak tespit edilmistir. Calisma Tesadiif
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tekerriirlii olarak kurulmus olup, 2 ayri
deneme seklinde yiiriitiilmiistiir. Buna gore,
calisma silaj ve kuru ot verim ve kalitesi
olarak ayr1 ayr1 degerlendirilmistir. Deneme
sira aras1 30 cm, sira uzunlugu 4 m ve 6 sira
olacak sekilde planlanmistir. Calisma elle
kurulmus olup (01.04.2022), tohumluk
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miktar1 miirdiimiikte 75 tohum m, yaygin
figde ise 10 kg da! olacak sekilde
hesaplanmistir. Ekimle birlikte dekara 8 kg
P20s gelecek sekilde DAP giibresi
verilmistir. Bitkilerin hasadi hem silaj hem
de kuru ot i¢in tam ¢igeklenme déneminde
gerceklestirilmistir. Hasat edilen bitkilerin
parsel agirliklari muhtemel kayiplar goz
online alinarak %30 azaltilmasiyla silaj
verimleri, etiivde 60° C’de kurutularak yas
ota oranlanmasiyla da kuru ot verimleri
belirlenmistir. ~ Silaj yapmak amaciyla
bitkiler bir miiddet soldurulduktan sonra 2
kg’lik vakumlu posetlere 4 tekrar olacak
sekilde konulmus ve agizlar1 hava
almayacak sekilde kapatilmistir.  Silaj

materyali 45 giln siireyle 25+2° C’de
bekletilmistir. Acilan silajlardan 20 g 6rnek
alinarak iizerine 100 ml saf su ilave edilmis
ve blender yardimi ile iyice karistirilarak
filtre kagidindan siiziilmiistiir. Orneklerin
pH’s1 dijital pH metre ile Olgiilmiistiir
(Basaran ve ark., 2018). Acilan silajlardan
alinan ornekler yas olarak tartildiktan sonra
etiive konularak 105° C derecede sabit
agirliga gelinceye kadar kurutulmus ve kuru
ormnek agirhgr yas Ornek agirligina
oranlanarak  kuru  madde  oranlar
belirlenmistir. Kuru madde (KM) ve pH
degerleri belirlenen silaj oOrneklerinde
Esitlik 1 ile Flieg puanlar1 hesaplanmustir.

Flieg Puant: ((220 + (2x% KM - 15) - 40 xpH) (Kilig, 1984) (1)

Hesaplanan Flieg puanina gore ise silaj
kalite siniflar1 belirlenmistir. Buna gore,
Flieg puani 0-20 arasinda koti, 21-40
arasinda diisiik, 41-60 arasinda orta, 61-80
arasinda iyi ve 81-100 arasinda ise ¢ok iyi
sinifta yer almistir. Laktik asit (LA), asetik
asit (AA) ve biitiirik asit (BA) analizleri,
ylksek performansli sivi kromatografi
(HPLC) cihaz1 ile (Shimadzu, Kyoto,
Japonya, kilcal siitun Spm X 4.6 mm x 250
mm, Japon ve 40°C  sicaklikta)
belirlenmistir (Basaran ve ark., 2018).
Silajlarda biitiirik aside rastlanilmamustir.
Silaj ve kuru otta 60° C’de sabit agirliga
gelene kadar kurutulan ve ogiitiilen
orneklerde ham protein, (HPO), Asit
Deterjanda Coziinmeyen Lif (ADF), Notr
Deterjanda Coziinmeyen Lif (NDF),
potasyum (K), kalsiyum (Ca), magnezyum
(Mg) ve fosfor (P) icerikler Near Infrared
Reflectance  Spectroscopy (Foss 6500)
cihaziyla IC-0904FE paket programi
kullanilarak belirlenmistir. Elde edilen
sonuglar SPSS 21.0 istatistik paket
programinda analiz edilmistir. Silaj ig¢in
Tesadiif Parselleri Deneme Deseni, kuru ot
icin ise Tesadiif Bloklar1 Deneme Deseni
kullanilmig  olup, grup ortalamalari
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arasindaki farkliliklar Duncan testi ile
ortaya konulmustur.
3. Bulgular ve Tartisma
3.1. Silaj verimi ve Kkalitesi
Mirdiimiik  ve  yaygin  fig

cesitlerinin silaj verimi ve Kalitesine ait
veriler Tablo 2’de verilmistir. Buna gore
tim Ozellikler arasinda istatistiksel olarak
fark olmamistir. Cesitlerin silaj verimi
sirastyla 568.23 ve 661.98 kg da™ olmustur.
Her iki ¢esitte Fleig puan1 bakimindan iyi
silaj kalitesi sinifinda yer almistir. Silajlarin
laktik asit icerikleri iyi bir silajda olmasi
gereken sinir degerinden (<%?2.0) yiiksek
olmustur. Giilimser (2019) miirdiimiik
bitkisinin laktik asit igeriginin %0.85-4.05
arasinda degistigini, Turan (2020) ise
yaygmn figin laktik asit igeriginin %1.80
oldugunu bildirmistir. Cesitlerin ortalama
ham protein, ADF ve NDF oranlar1 sirasiyla
%22.79, %33.61 ve %47.19 olarak tespit
edilmigtir. Miirdiimiik ve yaygm fig
cesitlerinin silajlarinin ortalama K, P, Ca ve
Mg igerikleri swrasiyla %3.22, 9%0.60,
%1.10 ve %0.38 olarak tespit edilmistir. Bu
degerler Kidambi ve ark. (1989)nin
hayvanlarin makro besin ihtiyact igin
gerekli olan sinirlar icerisinde olmustur.
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Tablo 2. Miirdiimiik ve yaygin fig cesitlerinin silaj verimi ve kalitesi

Ozellikler Eren Emir Ortalama
Silaj verimi (kg/da)dd 568.23 661.98 615.10
pH3d 454 4.68 4.62
Kuru madde orani (%)% 26.71 28.78 27.74
Fleig® 76.55 75.35 75.95
Laktik asit (%)% 3.06 3.30 3.18
Asetik asit (%)5 0.18 0.21 0.20
Ham protein oran1 (%)% 23.04 22.54 22.79
Asit Deterjanda Coziinmeyen Lif (%)% 33.32 33.89 33.61
Notr deterjanda ¢oziinmeyen lif (%)% 47.16 47.22 47.19
Potasyum (%)% 3.10 3.34 3.22
Fosfor (%)3 0.62 0.58 0.60
Kalsiyum (%)% 1.08 1.12 1.10
Magnezyum (%)% 0.36 0.42 0.38

Od: Onemli degil

3.1. Kuru ot verimi ve kalitesi
Miirdimiik ve  yaygm  fig
gesitlerinin kuru ot verimi ve kalitesine ait
veriler Tablo 3’de verilmistir. Buna gore
tim oOzellikler arasinda istatistiksel olarak
fark olmamuistir. Cesitlerin kuru ot verimleri
sirastyla 246.97 ve 252.62 kg da™* olmustur.
Oten ve ark (2017) miirdiimiik bitkisinin
kuru ot verimin 409.10 kg da*, Onal Asc1
ve Egritas (2017) ise yaygin figin kuru ot
veriminin 5149 kg da! oldugunu
bildirmislerdir. Farkliliklar ¢esit, lokasyon
ve uygulanan  kiiltirel islemlerden

kaynaklanmis olabilir. Miirdiimiik ¢esidinin
ham protein oran1 %20.62, yaygin figin ise
%19.59 olarak belirlenmistir. Cesitlerin
ham protein verimleri ise sirasiyla 50.98 kg
dal ve 49.55 kg da? olmustur. Cesitlerin
ortalama ADF ve NDF oranlar1 sirasiyla
%38.76 ve %50.72 olarak tespit edilmistir.
Orneklerin ortalama K, P, Ca ve Mg
icerikleri sirastyla %3.14, %0.55, %1.03 ve
%0.36 olarak tespit edilmistir. Bu degerler
Kidambi ve ark. (1989)’min hayvanlarin
makro besin ihtiyact i¢in gerekli olan
sinirlar igerisinde olmustur.

Tablo 3. Miirdiimiik ve yaygin fig ¢gesitlerinin kuru ot verimi ve kalitesi

Ozellikler Eren Emir Ortalama
Kuru ot verimi (kg/da)® 246.97 252.62 249.80
Ham protein orani (%)% 20.62 19.59 20.11
Ham protein verimi (kg/da) %¢ 50.98 49.55 50.27
Asit Deterjanda Coziinmeyen Lif (%)% 37.80 39.40 38.76
Notr deterjanda ¢dziinmeyen 1if (%)% 50.33 51.11 50.72
Potasyum (%)% 3.18 3.10 3.14
Fosfor (%)% 0.54 0.56 0.55
Kalsiyum (%)% 1.02 1.04 1.03
Magnezyum (%)% 0.34 0.38 0.36

Od: Onemli degil

4. Sonug¢ halini gordiiklerini/okuduklarini ve

Bilecik  ekolojik  kosullarinda onayladiklarini beyan ederler.
mu.rdqn.luk ve yay gm'ﬁgm sﬂ.avj.ve kuru ot Cikar Catismasi Beyam
verimi ile kalitesinin incelendigi ¢aligmada Ti -
im yazarlar, bu calisma igin

incelenen oOzellikler bakimindan cesitler
arasinda fark olmamistir. Bu durum her iki
cesidinde bolge ekolojisinde rahatlikla
yetistirilebilecegi anlamina gelmektedir.

Yazarlarin katki beyani
Yazarlar makaleye esit katkida
bulunduklarini, makalenin yayina hazir son
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herhangi bir c¢ikar ¢atismasi olmadigini
beyan etmektedir.
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Ozet

Bu ¢alisma 2023 yilinda Bilecik ili Pazaryeri il¢esinde yonca ve yulaf pesine ekilen silajlik misir (Zea mays L.),
sorgum sudan otu melezi (Sorghum bicolor x Sorghum sudanense Stapf.) ve karabugdayin (Fagopyrum esculentum
L.) kuru ot verimi ve kalite 6zelliklerinin belirlenmesi amactyla yiiriitilmistiir. Calisma Tesadiif Bloklar1 Deneme
Desenine gore 3 tekrarlamali olarak kurulmus olup, her bitki kendi icerisinde degerlendirilmistir. Bitkilerde kuru
ot verimi (KOV), ham protein oran1 (HPO) ve verimi (HPV) ile asit deterjanda ¢6ziinmeyen lif (ADF), notr
deterjanda ¢oziinmeyen lif (NDF), potasyum (K), fosfor (P), kalsiyum (Ca) ve magnezyum (Mg) oranlar
belirlenmistir. Her {i¢ bitkide en yiiksek KOV ile HPV yonca pesine ekilen parsellerden elde edilmistir. Sonuglara
gore, yonca pesine ekilen silajlik misir, sorgum sudan otu melezi ve karabugday incelenen 6zellikler bakimindan
daha iyi performans sergilemistir. Buna gore bolge ekolojisinde yazlik olarak ii¢ bitkinin de yonca pesine
ekilmesinin daha uygun olacag tespit edilmistir.

Anahtar Kelimeler: On bitki, yem bitkisi, ot verimi, ot kalitesi

The Effect of Previous Crop on Different Forage Crops in Summer Sowing

Abstract

This study was carried out to determine the hay yield and quality traits of silage mazie (Zea mays L.), sorghum
sudangrass hybrid (Sorghum bicolor x Sorghum sudanense Stapf.) and buckwheat (Fagopyrum esculentum L.)
sowing under alfalfa and oats in Pazaryeri district of Bilecik province in 2023. The study was designed according
to the Random Block Trial Design with 3 replications and each plant was evaluated on its own. The hay yield
(HY), crude protein ratio (CP) and yield (CPV), acid detergent fiber (ADF), neutral detergent fiber (NDF),
potassium (K), phosphorus (P), calcium (Ca), and magnesium (Mg) ratios were determined. The highest HY and
CPV in three plants of of were obtained from plots planted after alfalfa. According to the results, silage maize,
sorghum sudangrass hybrid and buckwheat grown after alfalfa showed better performance in terms of the
examined traits. Accordingly, it has been determined that it would be more appropriate to plant all three plants
after alfalfa as summer crops in the ecology of the region.

Keywords: Previous crop, forage crop, hay yield, hay quality
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1. Giris

Tiirkiye’de hayvan sayis1 yeterli
diizeyde olup, hayvanlarin verimleri ise
oldukca diisiiktiir. Ulkedeki biiyiikbas
hayvanlarin karkas agirligi ortalama 170 kg
civarindadir. Bu rakam Avrupa iilkelerinde
270 kg’r bulabilmektedir (Yaylak ve
Algigek, 2003). Bu durumun sebebi ise
Tiirkiye’de bulunan hayvanlarin yeterli ve
kaliteli kaba yem ile beslenememesidir
(Algicek ve ark., 2010). Nitekim kaliteli
kaba yemler hayvansal iiretim i¢in
vazgecilmez bir unsurdur ve iilkelerin
ulusal ekonomilerinin de bel kemigini
olusturmaktadir. Kislik olarak yetistirilen
bitkilerin yaz aylar1 igerisinde hasat
edilmektedir. Bolgelere gore hasat tarihleri
farklilik gosterebilmektedir. Ancak genel
olarak bir sonraki kislik ekime kadar tarim
alanlar1 4-5 ay bos kalabilmektedir. Bu siire
zarfinda sulama imkani olan bdlgelerde
vejetasyon siiresi kisa olan bir ara iirlin
degerlendirilebilir. Tiirkiye bu anlamda ¢ok
sanshi olup, bu dénemde yetistirilebilecek
cok sayida bitki tiiriine sahiptir. Bu konuda
yapilan bir calismada, bugday hasadim
takiben 4-5 ay bos kalan tarim alanlarinda
silajlik misir, sorgum, sudan otu ve sorgum-
sudan otu melezlerinin yetistirilmesi
sonucunda iilkemizde yaklasik olarak
9.000.000 ton kuru ot saglanabilecegi
bildirilmektedir (Celen ve ark., 1998;
Budak ve Soya, 2003). Tiirkiye'de toprak
genisligi bakimindan 70. sirada yer alan

Bilecik ilinin iglenebilir tarim arazisi varligi
125 bin ha olup, bu alanin 42 bin hektarinda
(%33.59) sulu tarim, 83 bin hektarinda ise
(%66.41) kuru tarim yapilmaktadir. ilde
yem bitkileri ve silaj iretiminden toplam 70
bin ton kaba yem elde edilmektedir. Ildeki
toplam biiylikbas hayvan birimi (BBHB) 45
bin olup, bir y1llik kaba yem ihtiyaci ise 205
bin tondur. Bilecik ilinde kaba yem agig1
135 bin ton olup, iiretilen kaba yem
ihtiyacin ancak %33 {iniin
karsilayabilmektedir (Mese ve ark., 2019).
Bu calismada Bilecik ili pazaryeri ilgesinde
yonca ve yulafin pesine ekilen silajlik misir,
sorgum sudan otu melezi ve karabugdayin

kaba yem verimlerinin ve Kalite
parametrelerinin belirlenmesi
amagclanmustir.

2. Materyal ve Yontem

Calismada materyal olarak silajlik
misir (Zea mays L. “Simpatico”), sorgum
sudan otu (SS) melezi ((Sorghum bicolor x
Sorghum sudanense Stapf. “Aneto”) ve
karabugday (Fagopyrum esculentum L.
“Glines”) kullanilmigtir. Deneme 2023
yilinda Bilecik ili Pazaryeri ilgesi ¢iftgi
arazisinde yiritiilmiistiir.  Bilecik ilinin
uzun yillar sicaklik ortalamasi 20.7° C iken
2020 yilinda 20.0° C olmustur. {lin uzun
yillar toplam yagis miktar1 98.7 mm,
deneme yilinda ise 112.6 mm olmustur
(Tablo 1).

Tablo 1. Bilecik ili Pazaryeri Ilgesinin vejetasyon dénemine ait iklim verileri

Aylar Sicaklik (°C) Yagis (mm)

Uzun yillar 2023 Uzun yillar 2023
Haziran 19.9 17.9 42.9 59.4
Temmuz 22.1 21.9 19.6 24.6
Agustos 22.1 22.9 13.8 2.0
Eyliil 18.5 17.4 22.4 26.6
Toplam/Ortalama 20.7 20.0 98.7 112.6

Denemenin bulundugu alana ait toprak
Ozelliklerine ait analiz sonuglar1 Tablo 2’de
verilmistir. Hem yonca hem de yulaf ekili
alanin topragi killi-tinli blinyeye sahip olup,
pH bakimindan hafif alkali (%7.95-8.11),
orta seviyede kiregli (7.55-7.91) ve tuz
icerigi ise az (%0.035-0.041) oldugu
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belirlenmistir. Topraklarin fosfor (33.45-
29.21 kg dal) ve potasyum icerikleri ise
fazla (155.67-144.89 kg da?) olmustur.
Yonca ekili topragin organik maddesinin
(%2.21) yulaftan (%1.34) daha yiiksek
oldugu belirlenmistir.
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Tablo 2. Deneme yerlerinin toprak dzellikleri

Ozellikler Yonca Yulaf
Tekstiir (%) 56.61 60.11
pH 7.95 8.11
Kire¢ (CaCOs, %) 7.55 7.91
Toplam tuz (%) 0.035 0.041
P20s (kg da?) 33.45 29.21
K20 (kg da* 155.67 144.89
Organik madde (%) 2.21 1.34

Calisma  Tesadiif Bloklar1  Deneme
Desenine goére 3 tekrarlamali olarak
kurulmustur. Her bitki kendi igerisinde
degerlendirilmis olup, yonca ve yulaf ekili
parsellere bitkiler ayr1 ayr1 ekilmistir
(22.06.2023). Ekimler elle yapilmis olup,
silajlik misirda sira tizeri 17 cm, sira arasi
70 cm, SS melezinde sira lizeri 5 c¢m, sira
aras1 50 cm ve karabugdayda ise sira iizeri
5 cm, sira arast 20 cm olacak sekilde
ayarlanmistir. Ttm bitkilere ait parsellerin
sira uzunlugu 5 m olup, sira sayist ise 6
adettir. Denemede tohumluk miktari;
silajlik muisirda 12.000 adet da, sorgumda
2.5 kg da?, karabugdayda ise 8 kg da?
olarak hesaplanmistir. Ekim ile birlikte tiim
parsellere dekara 8 kg DAP giibresi ve
yarist ekimle diger yarisi da musirt bitki
boyunun 40-50 c¢cm boylandigi donemde
tim islemlere dekara toplam 10 kg N
gelecek sekilde tire (% 46N) giibresi
verilmistir. Bitkilerde sulama ilk c¢ikista
yagmurlama ile daha sonra ise damlama
sistemi ve Dbitkilerin ihtiyag duyduklari
donemlerde  yapilmistir.  Ayrica tiim
bitkilere 1 defa el ¢apasi yapilmistir. Hasat
islemi silajlik misir ve SS melezinde hamur
olum, karabugdayda ise tam c¢igeklenme
doneminde  gerceklestirilmistir.  Hasat
edilen yesil ot ornekleri etiivde 60° C de
sabit agirliga gelinceye kadar kurutulmusg
ve daha sonra tartilmistir. Elde edilen
degerler yas ot verimine oranlanarak kuru ot
verimleri hesaplanmuistir. Kurutulan
ornekler laboratuvarda 1 mm elek capina
sahip degirmende Ogiitiilmiis ve analize
hazir duruma getirilmistir. Bu 6rneklerde
ham protein (HPO), asit deterjanda
¢oziinmeyen lif (ADF), nétr deterjanda
coziinmeyen lif (NDF), potasyum (K),
fosfor (P), kalsiyum (Ca) ve magnezyum
(Mg) oranlart1 Foss NIR Systems Model
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6500 Win ISI II v1.5 cihazinda IC-0904FE
kalibrasyon programi kullanilarak
belirlenmistir. Ayrica bitkilerin ham protein
oranlar1 dekara kuru ot verimi ile garpilarak
ham protein verimleri belirlenmistir. Elde
edilen sonuglar SPSS 21.0 istatistik paket
programi ile Tesadif Bloklari Deneme
Desenine gore analiz edilmistir. Islemler
arasindaki  farkliliklar Duncan ¢oklu
karsilastirma testi ile ortaya konulmustur.
3. Bulgular ve Tartisma

3.1. Silajhik misir

Yonca ve yulaf arkasma ekilen silajlik
misirin kuru ot verimi (KOV), ham protein
orant (HPO), ham protein verimi (HPV) ile
asit deterjanda ¢6ziinmeyen lif (ADF), notr
deterjanda  ¢oziinmeyen lif (NDF),
potasyum (K), fosfor (P), kalsiyum (Ca) ve
magnezyum (Mg) icerikleri Tablo 3’de
verilmistir. Buna gére KOV, HPV ve Ca
degerleri arasinda istatistiksel olarak %1
ihtimal seviyesinde 6nemli olmustur. Diger
oOzellikler arasinda ise fark olmamistir. En
yiiksek KOV (4981.50 kg dal) ve HPV
(554.84 kg dal) yonca pesine ekilen
parsellerden elde edilmistir (Tablo 3). Bu
durum, silajlik misirin 6n bitkisi niteliginde
olan yoncanin baklagil olmasi dolaysiyla da
toprakta artiklarinin, suyunda devreye
girmesi ile mineralize olmasi, agiga ¢ikan
azot ve mineral maddelerden misirin daha
iyi yararlanmis olmasindan kaynaklanabilir.
Ayrica toprak oOzellikleri incelendiginde
yonca parselinden alinan topragin organik
maddesi yulaf parseline gore daha yiiksek
olmustur. Nitekim yonca parseline ekilen ve
hasat edilen silajlik misirin ham protein
icerigi de daha yiiksek olmustur. Kavut ve
Geren (2015) ile Gil ve ark. (2008)
baklagillerin tahillar i¢in ¢ok iyi bir 6n bitki
oldugunu, kuru madde verimini artirdigini,
azot ihtiyacini da azalttigini bildirmislerdir.
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Silajlik misirin ortalama ADF, NDF, K, P
ve Mg igerikleri sirasiyla %38.39, %59.21,
%2.31, %0.35 ve %0.34 olmustur. En
yiiksek Ca igerigi %0.25 ile yonca pesine
ekilen misirdan elde edilmistir. Giilimser

(2016) Macar figi pesine ekilen silajlik
misirin Ca igerigini %0.28, tritikale pesine
ekilen silajlik misirin ise %0.23 oldugunu
bildirmistir.

Tablo 3. Yonca ve yulaf arkasina ekilen silajlik misirin kuru ot verimi ve kalite dzellikleri

Ozellikler Yonca Yulaf Ortalama
Kuru ot verimi (KOV, kg da)** 4981.502 4151.25P 4566.38
Ham protein oram (HPO, %)™ 11.122 9.44° 10.28
Ham protein verimi (HPV, kg dat)** 554.842 394.42b 47463
Asit deterjanda ¢oziinmeyen lif (ADF, %)% 37.90 38.88 38.39
Asit deterjanda ¢oziinmeyen lif (NDF, %)% 57.26 61.166 59.21
Potasyum (K, %)% 2.34 2.27 2.31
Fosfor (P, %)% 0.37 0.32 0.35
Kalsiyum (Ca, %0)** 0.25% 0.17° 0.21
Magnezyum (Mg, %) 54 0.35 0.33 0.34

(**) 0.01 diizeyinde dnemli; (6d): Onemli degil. Ay siitun igerisinde ortak harf tastyan ortalamalar Duncan testine gore p<0.05 hata sinirlar:

igerisinde istatistiksel olarak farksizdir.

3.2. Sorgum sudan otu (SS) melezi

Yonca ve yulaf arkasmna ekilen SS
melezinin kuru ot verimi (KOV), ham
protein orant (HPO), ham protein verimi
(HPV) ile asit deterjanda ¢oziinmeyen lif
(ADF), notr deterjanda ¢ozliinmeyen lif
(NDF), potasyum (K), fosfor (P), kalsiyum

(Ca) ve magnezyum (Mg) icerikleri Tablo
4’de verilmistir. Buna gore KOV, HPO,
HPV, P ve Ca degerleri arasinda istatistiksel
olarak %1 ihtimal seviyesinde Onemli
olmustur. Diger 6zellikler arsinda ise fark
olmamustir.

Tablo 4. Yonca ve yulaf arkasina ekilen SS melezinin ot verimi ve kalite 6zellikleri

Ozellikler Yonca Yulaf Ortalama
Kuru ot verimi (KOV, kg dat)** 1538.38? 1093.13° 1315.15
Ham protein oram (HPO, %)™ 9.232 8.95° 9.09

Ham protein verimi (HPV, kg da)** 142.082 99.18° 120.63
Asit deterjanda ¢oziinmeyen lif (ADF, %) % 31.77 33.64 32.71
Asit deterjanda ¢oziinmeyen lif (NDF, %) % 46.28 48.31 47.30
Potasyum (K, %)% 2.91 2.95 2.93
Fosfor (P, %)™ 0.33 0.26 0.29
Kalsiyum (Ca, %)** 0.642 0.56° 0.60
Magnezyum (Mg, %)% 0.39 0.38 0.38

(**) 0.01 diizeyinde 6nemli; (6d): Onemli degil. Aynu siitun icerisinde ortak harf tagtyan ortalamalar Duncan testine gore p<0.05 hata simirlar1 igerisinde istatistiksel

olarak farksizdir.

En yiiksek KOV (1538.38 kg da) ve HPV
(142.08 kg da?l) yonca pesine ekilen
parselden elde edilmistir (Tablo 4). Bu
durum, SS melezinin 6n bitkisi niteliginde
olan yoncanin baklagil olmasi dolaysiyla da
toprakta artiklarinin, suyunda devreye
girmesi ile mineralize olmasi, aciga ¢ikan
azot ve mineral maddelerden SS melezinin
daha iyl  yararlanmis  olmasindan
kaynaklanabilir. Ayrica toprak ozellikleri
incelendiginde yonca parselinden alinan
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topragin organik maddesi yulaf parseline
gore daha yiiksek olmustur. Nitekim yonca
parseline ekilen ve hasat edilen SS
melezinin sorgumun ham protein icerigi de
daha yiiksek olmustur. Kavut ve Geren
(2015) ile Giil ve ark. (2008) baklagillerin
tahillar icin ¢ok iyi bir 6n bitki oldugunu,
kuru madde verimini artirdigini, azot
ihtiyacint da azalttigini bildirmislerdir. SS
melezinin ortalama ADF, NDF, K, P ve Mg
icerikleri sirastyla %32.71, %47.30, %2.93,
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%0.29 ve %0.38 olmustur. En yiiksek Ca
icerigi %0.64 ile yonca pesine ekilen SS
melezinden elde edilmistir. Ozyazic1 ve
Acikbas (2020) farkli SS melezlerinin
ortalama Ca igeriginin %0.58 oldugunu
bildirmistir.
3.3. Karabugday

Karabugdayin kuru ot verimi
(KOV), ham protein orani (HPO), ham
protein verimi (HPV) ile asit deterjanda
¢oziinmeyen lif (ADF), notr deterjanda
¢oziinmeyen lif (NDF), potasyum (K),
fosfor (P), kalsiyum (Ca) ve magnezyum
(Mg) igerikleri Tablo 5’de verilmistir. Buna
gore KOV, HPV, ADF, K ve P degerleri
arasinda istatistiksel olarak %1 ihtimal
seviyesinde Onemli olmustur. Diger

ozellikler arsinda ise fark olmamistir. En
yiiksek KOV (334.58 kg da?) ve HPV
(31.79 kg da') yonca pesine ekilen
parselden elde edilmistir (Tablo 5). Bu
durum, karabugdayin 6n bitkisi niteliginde
olan yoncanin baklagil olmas1 dolaysiyla da
toprakta artiklarinin, suyunda devreye
girmesi ile mineralize olmasi, agiga ¢ikan
azot ve mineral maddelerden karabugdayin
daha 1yi  yararlanmigs  olmasindan
kaynaklanabilir. Ayrica toprak ozellikleri
incelendiginde yonca parselinden alinan
topragin organik maddesi yulaf parseline
gore daha yiiksek olmustur. Nitekim yonca
parseline  ekilen ve hasat edilen
karabugdaym ham protein igerigi de daha
yiiksek olmustur.

Tablo 5. Yonca ve yulaf arkasina ekilen karabugdayin kuru ot verimi ve kalite zellikleri

Ozellikler Yonca Yulaf Ortalama
Kuru ot verimi (KOV, kg dal)** 334.58¢2 258.75P 296.67
Ham protein orami (HPO, %)% 9.44 9.16 9.30

Ham protein verimi (HPV, kg da1)** 31.792 23.77° 27.78
Asit deterjanda coziinmeyen lif (ADF, %)™ 35.00° 38.072 36.53
Asit deterjanda ¢oziinmeyen lif (NDF, %) % 52.03 53.65 52.84
Potasyum (K, %)™ 2.3 2.200 2.26
Fosfor (P, %)** 0.38 0.33 0.35
Kalsiyum (Ca, %0)%d 0.22 0.22 0.22
Magnezyum (Mg, %)% 0.35 0.34 0.35

(**)0.01 diizeyinde énemli; (6d): Onemli degil. Ayn siitun igerisinde ortak harf tastyan ortalamalar Duncan testine gore p<0.05 hata sirlar1 igerisinde istatistiksel

olarak farksizdir.

Karabugdayin ortalama NDF, Ca ve Mg
icerikleri sirasiyla %52.84, %0.22 ve %0.35
olmustur. Yonca pesine ekilen
karabugdaydan daha yiiksek K (%2.32) ve
P (9%0.38) elde edilmistir. Ayrica yonca
pesine ekilen ve hasat edilen karabugday
yulaf pesine ekilen parsele oranla daha
diisiik ADF orami sergilemistir. Alkay ve
Kokten (2020) karabugdayin ham protein
oraninin  %8.76-9.88, ADF oraninin
%40.19-42.04 ve NDF oranmin %43.51-
45.11 arasinda degistigini bildirmisler.

4. Sonug¢

Bilecik ilinin Pazaryeri ilgesinde
yonca tarlasinin bozulmasi ve yulafin hasat
edilmesini takiben bos kalan alanlara ekilen
silajlik misir, sorgum sudan otu melezi ve
karabugdaym  verim ve  kalitesinin
belirlendigi bu ¢alismada; yonca pesine
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ekilen bitkilerin yulaf pesine ekilen
parsellerden incelenen ozellikler
bakimindan  daha  iyi = performans

sergiledikleri tespit edilmistir. Buna gore
bolge ekolojisinde yazlik olarak ii¢ bitkinin
de yonca ekili tarlanin pesine ekilmesinin
daha uygun olacagi 6n gorilmiistiir.

Yazarlarin Katki Beyam

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

Cikar Catismas1 Beyam

Tilim yazarlar, bu ¢alisma icin
herhangi bir ¢ikar ¢atismasi olmadigini
beyan etmektedir.
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Abstract

The aim of this study was to investigate blood levels of thiol and disulfide, a new oxidative stress marker of oxidant
and antioxidant balance, or thiol/disulfide ratios in cattle diagnosed with pneumonia and to determine its usefulness
as a new prognostic inflammatory marker. The animal material of the study consisted of 20 cattle diagnosed with
pneumonia as a result of clinical examinations, aged between 01-02 years, male and female were not important.
Total thiol, native thiol, disulfide levels and dynamic thiol disulfide balance were measured chlorometrically with
a spectrophotometer. As a result, no significant difference was found between pre-treatment and post-treatment
levels. (p<0.05). It is thought that an oxidative stress occurs in diseased animals according to the values measured
before and after treatment. It is also anticipated that the application of a real treatment for the causative agent will
reduce the oxidative stress.

Keywords: Antioxidants, cattle, dynamic thiol disulfide, oxidative stress, pneumonia
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1.Introduction

Bovine Respiratory Disease (BRD)
is one of the most economically important
health problems in cattle breeding. The
financial losses in this sense have exceeded
the cost of other diseases in cattle. These
damages, which cause serious financial
losses to the national economy, are shaped
by treatment costs, loss of production and
death of cattle (Durgut and Kose, 2017;
Tuzcu et al., 2020). Several factors are
involved in the etiology of BRD. These
factors, stress factors such  as
transplantation, weakening of the host
immune system, and the large amount of
viral, bacterial and parasitic agents in the
environment allow them to invade the lung.
(Cusack et al., 2003; Erdogan et al., 2018;
Tuzcu et al., 2020). In order to minimize
this negative situation in cattle farms, a
reliable prognosis and rational treatment
practices are required (Erdogan et al.,
2018). Pneumonia is an important lung
disease with high mortality and morbidity in
cattle (Tuzcu et al., 2020). Pneumonia is
clinically characterized by loss of appetite,
high fever, respiratory distress, increased
respiratory rate, cough and runny nose
(Lopez et al., 2017). Lesions in pneumonia
vary according to the type of agent, the
route of entry into the lung, the age and
resistance of the animal (Tuzcu et al., 2020).
Special systems are involved in maintaining
the structural integrity and normal
functioning of cells and tissues. Oxidants
and antioxidants are in balance between
these systems. It is of great importance that
this balance remains at a certain titer. If this
balance shifts in the oxidant direction,
oxidative stress occurs (Ertas and
Kirmizigiil 202; Deger et al., 2008). When
these mechanisms are inadequate, oxidative
stress leads to oxidative damage and, if it
progresses, to cell disfunction and even cell
loss. This tremendous balance is disrupted
when intracellular defense mechanisms are
inadequate. Pathological damage has been
reported to occur in the case of excessive
oxidative stress. This pathological injury is
caused by deficiencies in the function,
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activity and immunity of skeletal muscle,
heart, liver and blood cells, especially those
requiring high exertion (Akkus, 2021).
Although the lungs can be easily affected by
oxidative injury, airway epithelia possess
antioxidants to minimize the effect of
endogenous and exogenous free oxygen
radicals (Ozgelik et al., 2014; Al-Qudah,
2009). Antioxidants are substances that can
reduce the total number of oxidants in a
system by reacting with oxidants, thus
stopping oxidation. With the protective
effect of antioxidants, the damaging effect
of oxidant molecules on tissues is reduced
(Ozgelik et al., 2014). The thiol or
sulthydryl parameters (SH) constitute the
functional and most active model of the
sulfur atom. In addition to antioxidant
defense, SH is important in enzyme
function, protein folding and functionality,
detoxification, regulation of transcription
factors, signal transduction, apoptosis and
cellular stimulation systems by acting on
the active parts of enzymes (Oliveira and
Laurindo 2018; Akkus, 2021). Thiol-
Disulfite Homeostasis occupies a vital
place. Thiol and disulfide levels are known
to increase in inflammatory diseases as a
marker of total oxidant status (Erel et al.,
2014; Ustiiner et al., 2018; Georgescu et al.,
2022). Thiols, also known as mercaptans,
are a class of organic compounds containing
a sulfhydryl group (-SH) consisting of a
sulfur atom and a hydrogen atom bonded to
a carbon atom (Erel, 2014). Thiol
metabolism and its role in oxidative stress
have also started to be investigated. Thiols
are among the key molecules of protein
metabolism in the organism and are the first
antioxidants consumed in oxidative stress.
There is a balance known as dynamic
thiol/disulfide homeostasis (Sener et al.
2014). On 09.10.2023, according to the data
on the Scopus research site, 505,301 data on
"pneumonia" were accessed. But when
searching for "pneumonia and thiol", it was
found that there were only 446 documents
and these data were revealed in 2019-2023.
This result shows that the number of
publications in which pneumonia and thiol



MAS JAPS 8(Special Issue): 949-954, 2023

were evaluated together is low. In addition,
the fact that these publications are in the last
5 years indicates that this issue is current.
Our hypothesis in this study was; Are thiol
and disulfide blood levels at a level to
indicate an inflammatory process in young
cattle with pneumonia using clinical
symptoms and can this be used as a
prognostic marker? Our aim is to
investigate the answers to these questions.

2. Materials and Methods
2.1. Collection of Samples in the Study
This study was ethically approved
by Kafkas University Animal Experiments
Local Ethics Committee at its meeting on
27. 04. 2021 with the approval number
KAU-HADYEK/2021-075. The animal
material was carried out in 20 cattle
evaluated before and after treatment after
obtaining the consent of the breeder from
cattle holdings in Igdir region. Regardless
of whether male or female, 10 ml of blood
was collected from the vena jugularis of the
cattle in the study. The blood brought to the
laboratory in the cold chain was centrifuged
at 3000 rpm for 10 min and then separated
into sera and the sera were stored in
ependorf tubes at (-20°C) until the count
was completed. The age, breed, sex,

temperature, pulse rate and respiratory rate
of the animals from which blood samples
were collected were recorded.

2.2. Biochemical Analyzes

Serum samples were measured by
using Total Thiol Assay and Native Thiol
Test kits in the Biochemistry Laboratory of
the Faculty of Veterinary Medicine, Kaftkas
University using the method described by
Erel et al. The results obtained were
statistically calculated.

2.3. Statistical Analysis

The data were statistically analyzed
with SPSS (Statistical Package for Social
Scieneces) version 20.0. "Shapiro Wilk
Test" was used to determine the conformity
of the data to normal distribution. Since all
data fit the normal distribution, parametric
tests were applied in the analysis. In all
analyses, p<0.05 values were considered
statistically significant.

3. Results and Discussion
3.1. Biochemical Results

Total Thiol and Native Thiol,
Disulfite, Disulfite/native thiol,
Disulfite/total thiol, Native thiol/total thiol
values are given in Table 1.

Table 1. Total Thiol and Native Thiol, Disulfite, Disulfite/native thiol, Disulfite/total thiol, Native
thiol/total thiol values before and after treatment in Cattle with Pneumonia

Groups
Parametreler Pre-Treatment Post-treatment P-value
Ort=SS Ort£SS
Total thiol 387,36+73,15 488,17+£170,36 0,066
Natif thiol 273,53+77,39 337,73+91,91 0,067
Disulfide 56,91+£26,98 75,21+£57,35 0,164
Disulfide/native thiol 24,03+16,87 21,95+15,34 0,504
Disulfide/total thiol 14,86+6,6 13,99+6,48 0,586
Native thiol/total thiol 70,27+13,20 72,01+£12,97 0,586

Total thiol, native thiol, disulfide, disulfide/native thiol ratio, disulfide to total thiol ratio and native thiol to total thiol ratio
values before and after treatment were evaluated by 'One Way ANOVA' statistical method. No significant difference was found
between pre-treatment and post-treatment values (p<0.05).

Respiratory system diseases have an economic damage on a country basis

important place in the veterinary field. It is
known that respiratory diseases cause

(Erdogan et al., 2018). Pneumonia can be
defined as acute inflammation of the lung
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parenchyma. Pneumonia causes high
morbidity and mortality globally (Mandell
2015; Shaukat et al, 2021). Lung
inflammation causes large-scale financial
losses associated with low productivity,
high treatment costs and preventive
measures (Shaukat et al., 2021). The
problem of pneumonia is of great
importance in cattle breeding. In cattle with
pneumonia, lagging behind the herd,
moving the forelegs away from the chest,
extending the neck of the animals to
facilitate breathing, breathing through the
mouth, frequent and superficial respiration,
coughing although not very frequent,
excessive salivation and nasal discharge are
observed (Durgut and Kose 2017). It also
causes hypoxia, respiratory failure leading
to respiratory distress and microscopically
involves alveoli congestion, hemorrhages,
edema and emphysema (Shaukat et al.,
2021). The clinical symptoms mentioned in
the present study are present and parallel to
those mentioned. Oxidative stress is defined
as the imbalance of oxidant and antioxidant
mechanisms (Ertas and Kirmizigiil 2021).
Oxidative stress is a popular area of
research in the veterinary field and is
associated with many diseases (Tufarelli et
al., 2023). Some of these diseases include
bacterial/viral agents such as smallpox in
sheep, traumatic reticuloperitonitis in cattle,
osteoarthritis and tuberculosis. It has been
reported that oxidant antioxidant regulation
is impaired in these diseases (Ertas and
Kirmizigiil 2021). Oxidative stress is
thought to play an important role in the
pathogenesis of a number of lung diseases,
not only through its direct damaging effects,
but also through its involvement in
molecular mechanisms that control lung
inflammation (Al-qudah, 2009). Pneumonia
is an important lung disease that causes
great economic damage, especially in cattle
enterprises (Tuzcu et al. 2020). An
imbalance between lipid peroxides and
antioxidants has been suggested in patients
with pneumonia. It has been recorded by
various studies that this imbalance may
contribute to pulmonary endothelial
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damage. Poor perfusion in pulmonary
tissues can induce the onset of free radical
processes and free radical peroxidation.
Oxidizing agents are reported to be
produced in many infections of cattle (Al-
qudah, 2009). Thiols, which are antioxidant
molecules, constitute one of the important
links in the extracellular defense system
chain (Sener et al., 2019; Degirmengay et
al., 2021). Under oxidative stress, thiols
release hydrogen into the environment and
disulfide bonds are formed (R-S-S-R).
Thus, the released hydrogen binds excess
oxygen, leading to deactivation of ROS and
thus protecting the tissue from oxidative
damage (Sener et al., 2019). However, it is
known that they cannot resist the injury in
plasma and tissue levels (Degirmencay et
al., 2019). The sum of natural thiols and
disulfides constitutes total thiol. Currently,
there is a balance between thiols and
disulfides, so they play a protective role in
cellular redox homeostasis. Dynamic
thiol/disulfide homeostasis is known to
have basic functions such as antioxidant
defense, apoptosis, detoxification,
stabilization of protein structure and
cellular signal transduction (Sener et al.,
2019). Proteins in the cell wall and
extracellular fluid are oxidized by the
cysteine residue of thiols in the presence of
oxidant molecules. Thiols are metabolized
to disulfide bonds in this reversible reaction
(Degirmencay et al., 2019). It is suggested
that a decrease in -SH groups and functional
disorders occur when proteins are exposed
to oxidative stress. In studies conducted in
different structures and patients, a decrease
in -SH groups is generally expected with
oxidative stress (Yazict et al.,, 2002).
Cetinkaya et al., (2022) reported that total
thiol parameter was significantly lower in
rat models of Alzheimer's disease compared
to the control group. Similarly, Camkerten
et al., (2019) reported that total sulthydryl
group was significantly lower in pigs with
sarcoptyx mange compared to healthy pigs.
Degirmengay et al., (2021) revealed that
thiol levels were low in dogs with canine
distemper. In another study, Tarhan et al.,
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(2023) compared babesian dogs with a
healthy group and measured total thiol
levels. As a result, he stated that the level of
this parameter was found to be low, but this
was not significant. In this study, thiol
values were measured before and after
treatment in young cattle with respiratory
system problems. As seen in Table 1, total
thiol, native thiol and disulfide values
increased slightly from the pre-treatment
values to the post-treatment values.
However, this increase was not significant.
Similar to the aforementioned studies, thiol
values of young cattle with pneumonia
increased according to the table after the
treatment. The likely reason for this is that
an oxidative stress is said to occur in young
cattle with lung disease. In addition, it is
thought that the increase in values after
treatment reduces the oxidative stress that
occurs.

4. Conclusion

As a result, no significant difference
was found between the values of total thiol,
native thiol, disulfide, disulfide/native thiol
ratio before and after treatment in this study
(p<0.05). Pre- and post-treatment values
suggest oxidative damage in animals with
pneumonia. It is anticipated that the
application of a real treatment for the
causative agent will reduce the oxidative
stress.
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Abstract

This research was conducted to determine the performance of different flax (Linum usitatissimum L.) genotypes
(Sari-85, Clli 1351, Clli 1370, Clli 1400, Clli 1412, Clli 1423, Larnaka, Milas, NewTurk and Dillman) in terms of
the plant height, first branch height, number of branches per plant, number of capsules per plant, number of seeds
per capsule, 1000 seed weight, the seed yield, oil content, oil yield and fatty acid composition. The mean values
of the plant height, first branch height, number of branches per plant, number of capsules per plant, number of
seeds per capsule, 1000 seed weight, the seed yield, oil content and oil yield were determined as 62.80 cm, 35.93
cm, 3.51 number, 28.40 number, 11.73 number, 5.80 g, 1.75 t ha*, 34.84% and 0.61 t ha, respectively. o-Linolenic
(51.90-58.93%), oleic (16.08-21.78%), linoleic (12.90-16.00%), palmitic (5.70-6.31) and steraric (4.41-5.67%)
fatty acids were determined in flax genotypes. The linen genotypes used in the study have been found to have
linolenic acid content which is too high to be used as edible oil. Therefore, new genotypes with less than 3% a-
linolenic acid content for edible oil production should be developed by breeding programs/biotechnology.

Keywords: Flax, fatty acids, genotypes, oil content, seed yield, yield components
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1. Introduction

More than 300 species of Linum
genus were recorded in the world (Reddy et
al.,, 2013). One of them is the Linum
usitatissimum L., which is an annual plant
and produced 3.4 million tons in the world.
(Umer et al., 2017; Yasar and Yetissin,
2023). Flax (Linum usitatissimum L.) or
wild species have generally spread in the
Mediterranean countries, the Balkans and
Turkey. Flax is a plant cultivated for many
years in many countries of the world
because of its fibers obtained from its stems
and its oils obtained its seeds (Konukgil and
Bahadir, 2004). Flax is one of the oldest
crops that has been cultivated since the
dawn of civilization (Goyal et al.,
2014). Flax is produced and consumed for
its oil and fiber, and intensively used in
several sectors. It is important industrial
plants with several uses (Zuk et al., 2015;
Yasar, 2023). It had been mainly grown
only for the utilization of fibers for years
(Elayan Sohair et al., 2015). In the
following years, synthetic fibers have
become widespread in the markets due to
their production and price advantages. In
the same time period, the cultivation of
crops such as flax and hemp has gradually
declined worldwide (Zajac et al., 2012).
The negative effects of synthetic fiber
industry on the environment and the use of
these fibers on human health have been
observed. With the emergence of this
negative impact on the environment and
human health, the trends to green and health
oriented products have created new
opportunities for flax and hemp in the last
two decades (Goyal et al., 2014). In
addition, the use of linen oils with high
alpha linolenic acid content as functional
foods and the development of Solin
genotypes that contain less than 3% alpha
linolenic acid and can be used in edible oil
production has also increased the demand
for flax plants. With this period, the
cultivation of plants such as flax and hemp
began to attract attention again (Yildirim
and Arslan, 2013). On the other hand, there
are many different ways of use of oil
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obtained from the seeds of the linen plant.
This has led to an increase in the production
of linen as well as increasing the scientific
research carried out on linens (Konukgil
and Bahadir, 2004; Yildirim and Arslan,
2013). The oil content of linseeds varies
between 30-45% (Umer et al., 2017).
Linolenic acid (omega-3) content, which is
the main component of linen oil, varies
between 40-60% (Yildirim and Arslan,
2013, Ghanbari-Odivi et al., 2013). The
oxidative stability of linolenic acid that is a
triple-unsaturated essential fatty acid is low.
Since linolenic acid shortens the shelf life of
the oil, it is not desirable to have a high level
of this fatty acid in flaxseed oil (Ali et al.,
2016). In addition, linen oil, which has a
high iodine value (160-200), is considered
to be one of the drying oils. These properties
of linen oil restrict the use of conventional
oil as a edible oil. Linen oil, which is one of
the drying oils, is widely used for the
manufacture of paints, varnish, linoleum,
oil cloth, currency paper, patent leather,
printer ink, enamels, plastics, stickers,
tarpaulins, soaps (Popa et al., 2012). In
addition, linseed oil, an important vegetable
source of omega-3, is increasingly being
used as a food supplement. Linseeds
containing different secondary metabolites
are used in the treatment of many disorders.
Linseeds are known as analgesic, anti-
estrogenic, anti-inflammatory, cardiotonic,
demulcent, emollient, expectorant, laxative,
nervine, pectoral, purgative, resolvent
(Yildirim and Arslan, 2013, Gallardo et al.,
2014). Recently, new linen types with
linolenic acid ratio less than 3% and linoleic
acid ratio higher have been developed with
the breeding studies carried out on the flax
plant (Isleroglu et al., 2005). The new linen
genotype, named as Solin, have produced
high quality edible double-unsaturated oil
similar to sunflower oil (Konukgil and
Bahadir, 2004). These new genotypes of
flax have been developed by genetic
mutations (Gallardo et al., 2014). These low
linolenic acid mutants have a high level (65-
76%) of linoleic acid. The decrease in the
ratio of linolenic acid significantly
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increased the oxidative stability of the oil
(Maurya et al.,, 2017). The genetic
modification of the activity of desaturase
enzymes prevents the conversion of linoleic
acid (C18:2) to linolenic acid (C18:3) at the
stage of seed formation. After oil is
extracted from linola seeds, the remaining
meal is a valuable protein source in
ruminants feeding. In addition, the milled
linola seeds promise an important future as
a functional food component of flour to
increase the quality and shelf life of bread.
The seed contains mucilage, which has a
lowering effect on blood cholesterol, and is
an important source of lignans with anti-
carcinogenic effect (Ali et al.,, 2016).
Linseed is produced in the arid and semi-
arid regions of the world. In the regions that
are not have a very hard winter, alternative
or absolute winter varieties are sown in
autumn and are produced as winter sowing
with higher yield compared to summer
sowing (Yildirim and Arslan, 2013). One of
the most important agronomic applications
to increase the vyield and quality in
agricultural production is to determine the
appropriate genotypes for the region.
Therefore, it is necessary to determine the
performance of the different genotypes of
the crop, which will to be cultivated in any
region, firstly. For this purpose, field
experiments have been carried out and

appropriate  genotypes  have  been
recommended for the region considering
the data obtained. The same is true for flax
plant and adaptation experiments have been
carried out in many parts of the world to
determine the appropriate genotypes
(Tuncturk, 2007; Chauhan et al., 2008;
Yildirim and Arslan, 2013; Andruszczak et
al., 2015; Maurya et al., 2017). The aim of
this study was to determine the yield and
quality characteristics of different flax

genotypes in  Eskisehir  ecological
condition.

2. Materials nnd Methods

2.1. Material

The study was carried out at the
experimental fields of Eskisehir Osmangazi
University Agricultural Faculty during crop
growing period of 2017 and 2018. The plant
materials used in the experiment were
obtained  from  Translational  Zone
Agricultural Research Institute. The
properties of the experimental soils were
given in Table 1. Soil characteristics in
2017 and 2018 were: loamy, pH 7.22 and
7.33, lime 5.26% and 7.33%, salt 0.03 ds m"
19%% and 0.04 ds m™, organic matter 2.51%
and 2.68%, phosphorus 54.9 kg ha' and
58.7 kg ha and potassium 2195.3 kg ha!
and 2574.0 kg ha™.

Table 1. Some physical and chemical properties of soils in experimental fields

) Available Available ]
Lime Salt ) Organic
Structure Phosphorus Potassium pH
(%) (dsm™) Matter
(P205)(kg ha) (K20) (kg ha?)
Loamy (2017)* 5.26 0.03 54.9 2195.3 7.22 251
Loamy 2018)** 5.12 0.04 58.7 2574 7.33 2.68

*The analyze was carried out in Eskisehir Osmangazi University, Faculty of Agriculture, Soil Analysis Laboratory.
** Soil analyze was carried out in Transitional Zone Agricultural Research Institute Soil-Plant-Water analysis and Physiology laboratories.

Temperature and precipitation and total and
mean values of these meteorological data
were presented in Table 2. Total annual
precipitation in long-term period was 338.8
mm, whereas this value was lower both in
2017 (374.4 mm) and in 2018 (411.8 mm).
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Likewise, the average temperature for long-
term period was lower than the average
temperature values for both 2017 and 2018.
Mean temperature in 2017 and 2018 were
11.29 °C and 12.50 °C respectively.
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Table 2. Meteorological data of the experiment years*

Total Precipitation (mm)*

Climatic factors

Mean Temperature (°C)

Years Years

Months 2017 2018 1970-2011 (Long years) 2017 2018 1970-2011 (Long years )
January 33.00 30.00 30.6 -2.00 1.40 -0.2
February 9.20 28.80 26.1 1.90 5.60 0.9
March 16.20  49.80 27.6 7.60 8.90 49
April 62.00 16.80 43.1 9.60 13.60 9.6
May 50.80 72.00 40.0 14.40 16.40 14.9
June 4480 60.60 23.7 19.10 19.30 19.1
July 13.40 42.00 13.1 23.10 21.90 22.1
August 31.40 19.30 9.2 22.00 22.70 21.8
September 3.00 3.80 18.1 19.60 18.30 16.7
October 46.60 30.10 32.8 10.80  13.00 11.7
November 27.80 18.60 34.0 5.50 7.40 5.6
December 36.20  40.00 40.5 3.90 1.7 1.7
Total/Mean 374.40 411.80 338.8 11.29 1250 10.7

*Data were taken from Eskisehir Regional Meteorological Service.

2.2. Method

Ten different linseed genotypes
used in the experiment were Sari-85, Clli
1351, Clli 1370, Clli 1400, Clli 1412, Clli
1423, Larnaka, Milas, NewTurk and
Dillman. The experimental design was a
randomized complete block design with
three replications. Seeds were sown by
hand, with 15 cm row spacing on plots of 3
m? harvest area (0.6 m width x 5 m length)
on 28 March of 2017 and 23 March of 2018.
In order to obtain a crop stand of 400 plants
per m?, seeding was performed with a
seeding rate of 45 kg ha™t. Weed control was
made by hand when needed. No irrigation
was applied. The experimental plots were
fertilized with a dose of 80 kg N and 50 kg
P20s per ha. A row was removed from both
sides of the plots as side effect and then the
plants in the plots were harvested by hand
on 3 July 2017 and 9 July 2018. The seed
samples were properly ground and the oil
extracted with n-hexane in a Soxhlet
extractor for 4 h. Recovered crude oils were
taken to dry out on a rotator evaporator at
35 °C. Fatty acids were esterified as methyl
esters and analyzed by Agilent 6890N
Network with equipment with DB-23
capillary column (JW Scientific 122-2362
DB-23; 60.0 m x 250 pm x 0.25 pm) GC
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and FID detector. Helium was used as
carrier gas at a flow rate of 1 mL/min.
Injector and detector temperature were 260
°C and 240 °C, respectively. Column
temperature was kept at 220 °C for 69 min.
Samples of 0.5 uL was injected by hand and
in the split mode (20:1). FAMEs were
identified by comparison of their retention
times with those of reference standards. The
content of fatty acids was calculated from
corresponding integration data.

2.3. Statistical Analysis

With randomized complete block
design, analytical data collected with three
replications of each treatment were
subjected to analysis of variance using SAS
statistical ~ software  program,  and
differences between mean values were
compared via the LSD (Least Significant
Difference) test (Acikgoz, 1993).

3. Result and Discussion
3.1. Yield and yield components

As is known, the yield and yield
components are determined by genotype,
environment and genotype X environment
interaction (Reddy et al., 2013). As in other
oilseed crops, seed and oil yield in flax
plants are also under control of some yield
components (Mirza et al., 2011). The main
yield components affecting seed and oil
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yield in linseed are the number of primary
branches of each plant, the number of
capsules per plant, the number of seeds in
each capsule, thousand seed weight and the
oil content (lbrar et al., 2016). Therefore,
knowledge of the main yield components
and their inheritance is of great importance
in determining the performance of
genotypes (Katar et al., 2016). In order to
determine the performances of different
linseed genotypes, the combined values
obtained from the field experiments carried
out in 2017 and 2018 were given in Table 3.
Except for number of branches plant, 1000
seed weight and oil content (%), genetic
make-up differences among the genotypes
revealed highly significant (P<0.01)
differences for all studied parameters. The
traits evaluated manifested various levels of
variability among the genotypes studied
(Table 3). Plant height, first branch height,
branches number per plant, number of
capsules per plant, number of seeds per
capsule, 100 seed weight, seed yield, oil
content and oil yield varied between 59.93-
7252 cm, 33.44-43.54 cm, 3.08-4.11
number, 23.51-30.38 number, 9.05-14.43
number, 5.61-6.11 g, 1.09-2.12 (t ha?),
33.76-36.15% and 0.37-0.77 (t ha 7,
respectively (Table 3). Differences among
genotypes in the parameters examined can
be explained by the genetic and genomic
diversities in total genetic make-up of
examined genotypes (lbrar et al., 2016). It
is known that the genetic diversity among
genotypes encompasses all the variability
that occurs among different genotypes
(Bhandari et al., 2017). As a result, the
variation expressing itself in the form of

altered morphology, anatomy,
physiological behavior or biochemical
properties in heritable characters of

genotypes caused different performances of
genotypes (Terfa and Gurmu, 2020). The
highest plant height and first branch height
were obtained from New Turk genotype as
72.52 cm and 43.54 cm, respectively. The
highest number of capsules plant™? and the
highest number of seeds capsules® were
obtained from Milas (30.38) and Larkana
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(14.43) genotypes, respectively. In the
study, it was determined that the average
values of the genotypes for the number of
branches per plant, 1000 seed weight and oil
content were 3.51, 5.80 g and 34.84%,
respectively. The highest seed and oil yield
were determined as 2.12 t hat and 0.77 t ha
Lin the New Turk genotype, respectively.
The highest oil content was obtained from
New Turk genotype at 36.15%. Although
the highest yields were obtained from the
New Turk genotype in terms of seed and oil
yields, this genotype was statistically in the
same group with the other four genotypes
(Clli 1423, Larkana, Milas and Dillman)
(Table 3). It is known that the number of
capsules per plant, which is one of the yield
components in flax plant, has the greatest
positive effect on seed yield. Similarly,
primary branches of each plant, 1000 seed
weight, and number of seeds per capsule
have a positive direct effect on seed yield
(Mirzaetal., 2011; lbrar et al., 2016; Bagci
et al., 2023). In the study, it was determined
that in the genotypes (Clli 1423, Larkana,
Milas, NewTurk and Dillman) with high
seed yield, the number of primary branches
per plant, the number of capsules per plant,
the number of seeds per capsule and the
weight of 1000 seeds were also high. The
high seed yield obtained from some of the
examined genotypes can be explained by
the high genetic potential of these
genotypes to produce higher vyielding
components (Terfa and Gurmu, 2020).
Since there is no significant difference
between the oil ratios of flax genotypes, the
increase in oil yield in some flax genotypes
can be explained by the increase in seed
yield detected in these genotypes. It is
known that the yield and yield components
of flax are affected by genetic makeup of
flax cultivars, environmental factors and
cultural practices (Reddy et al., 2013). The
differences between genotypes obtained in
the study can be explained by the genotypic
difference of plant materials. Our plant
height, the first branch height, the number
of seeds per capsule and 1000 seed weight
were consistent with those reported by
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Yildirim and Arslan (2013). Our oil content
values were in line with the reported values

the phenotypic criteria reported by Smykal
et al. (2011), it can be said that the

by Reddy et al., 2013). When all of the genotypes used in this study are in
phenotypic criteria examined in the study intermediate  type/transitional forms
were evaluated together and compared with (convar. usitatissimum).
Table 3. Results of yield and yield components on flax varieties
Plant First Nur;ber Number ~ Number 1000 Seed Oil Oil
Genotypes - branch of of seed seed yield (t Content  Yield (t
height . branches 1 . a1 1
height 1 capsules  capsule weight ha) (%) ha)
plant 1
plant
Sari-85  60.90B  33.79C 3.21 2791A 1057BCD 561  156B  35.06 0.55B
Clli1351 6193B 36.58BC 3.28 2351B  9.05D 586  1.09C  33.87 0.37C
Clli1370  6505B  35.53C 3.55 2804A 1054BCD 562  148B  35.18 052 B
Clli1400 6126B 3427C 3.56 2788A 1027CD 611  150B  33.76 051B
Clli1412 61.36B 3435C 3.55 2792A 1027CD 574  151B 3462 053B
Clli1423 59.93B  3344C 3.08 3014A 1217ABC 580  216A  34.05 0.74 A
Larkana ~ 61.09B  34.61C 3.59 2935A  1443A 572  194A 3483 0.68 A
Milas 61.11B  3454C 3.59 3038A 1436 A 606  209A 3547 0.74 A
NewTurk  7252A 4354 A 3.61 3012A 13.09AB 578  212A 3615 0.77 A
Dillman  61.80B  38.67B 411 2876 A 1256ABC 566  201A  35.39 0.71A
Mean 62.70 35.93 351 28.40 11.73 5.80 175 34.84 0.61
** ** ns ** ** ns ** ns **
C.V.(%) 7.93 10.26 16.03 11.69 21.78 5.55 23.09 7.71 26.35

3.2. Fatty acid composition

Vegetable oils are used for different
purposes such as pharmacology, industry
and biodiesel besides being used in human
nutrition. Fatty acid composition is the most
important factor in determining the purpose
for which vegetable oils are used (Katar,
2013). For this reason, it is of great
importance to determine the composition of
fatty acids in order to ensure that vegetable
oils can be used for the right purposes and
that the breeding programs to be prepared
can be directed accordingly. In this study,
levels of fatty acids (palmitic acid,
palmitoleic acid, stearic acid, linoleic acid,
arachidic acid, behenic acid, oleic acid,
lignoceric acid and a-linolenic acid) in
different flax genotypes were analyzed by
GC and GC-MS. As a result of the analysis,
the determined fatty acids composition in
different flax genotypes was given in Table
4. As shown in Table 4, 9 different fatty
acids were identified in oils of 10 different
linen genotypes. Linolenic, oleic, linoleic,
stearic and palmitic acid were found as main

960

fatty acids in different linen genotypes. The
first three of these main fatty acids were
unsaturated fatty acids while the other two
are saturated fatty acids. The ratios of
saturated fatty acids in total fatty acids
varied between 10.11-12.10%. When the
fatty acid composition of the different linen
genotypes used in the study was examined,
it was determined that o-linolenic acid
content had changed between 51.9-58.9%
(Table 4). While the lowest a-linolenic acid
content was being determined in Clli 1423
genotype, the highest content was found in
yellow-85 genotype. In terms of a-linolenic
acid content, other genotypes showed a
value between these two genotypes. These
values also indicated us that the genotypes
had a variation in a-linolenic acid. a-
Linolenic acid values of flax genotypes
used in this study were approximately
parallel to the values reported by Reddy et
al. (2013), Yildirim and Arslan (2013) and
Ghanbari-odivi et al. (2013). Another
important fatty acid in flax genotypes was
oleic acid (omega-9). In the flax genotypes,
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the oleic acid content varied between 16.08-
21.78% (Table 4). The highest oleic acid
value (21.78%) was obtained from larkana
genotype while the lowest value (16.08%)
was found in Sari-85 genotype. The oleic
acid values of the genotypes was consistent
with the values (12-30%) reported by Umer
et al. (2017). Linoleic acid, a
polyunsaturated fatty acid and one of two
essential fatty acids for humans, was
important in terms of quality of vegetable
oil (Demir and Tasan, 2019). The flax
genotypes used in the study differed in
terms of linoleic acid contents (Table 4).
The highest linoleic acid value (17.9%) was
obtained from New Turk genotype while
the lowest value (12.9%) was found in
larkana genotype. Our linoleic acid values
belonging to the genotypes was in harmony
with the values reported by Isleroglu et al.
(2005). When the fatty acid compositions of
the studied genotypes were evaluated
collectively, the fatty acid compositions
obtained were in accordance with the
composition of the fatty acids reported by
Umer et al. (2017). In this study, a-linolenic
acid ratio of flax genotypes changed

between 51.90-58.90% and it is over 3%.
This situation showed us that the genotypes
used in the experiment did not belong to the
newly developed Solin types. As it is
known, Solin type genotypes are used as
edible oil because they have less than 3%
linolenic acid and higher ratio of linoleic
acid. As a result, the oils obtained from the
conventional flax genotypes used in this
study are among the drying oils. This type
of oil can be used only as a food supplement
in human nutrition and for industrial
purposes in the production of paints,
varnish, linoleum, oil cloth, currency paper,
soap etc. In addition, linseeds containing
different secondary metabolites is used in
the treatment of many diseases due to
analgesic, anti-estrogenic, anti-
inflammatory, cardiotonic, demulcent,
emollient, expectorant, laxative, nervine,
pectoral, purgative, resolvent activities
(Gallardo et al., 2014). Considering the
fatty acid composition of the flax genotypes
used in this study, it is seen that the fat
obtained from these genotypes is not
suitable for use as edible oil.

Table 4. Fatty Acid Composition in Different Flax Genotypes (Linum usitatissiumum) in 2018

Genotypes
New

Fatty Acid Sari-85 CIli 1351 CIli 1370 CIlli 1400 Clli 1412 ClIli 1423 Larkana Milas Turk Dillman

Palmitic acid 5.70 5.99 6.17 6.21 6.43 6.24 589 6.31 595 5093
Palmitoleic acid 0.07 0.07 0.08 0.07 0.07 0.09 0.06 0.09 0.06 0,08
Stearic acid 5.28 5.67 5.18 5.25 5.32 511 562 552 441 540

Linoleic acid 13.2 15.5 135 14.9 15.8 16.0 129 139 179 14,2
Arachidic acid 0.38 0.37 0.37 0.36 0.34 0.34 0.35 030 028 0,37
Behenic acid 0.15 0.16 0.16 0.14 0.21 0.13 0.16 015 011 0,16
Oleic acid 16.08 18.67 18.40 18.29 18.62 1997 21.78 185 187 17,63

Lignoceric acid 0.09 0.08 0.09 0.09 0.10 0.09 0.09 0.08 0.06 0,09
a-Linolenicacid  58.93 53.37 5597 5458 5298 5190 53.06 55.1 524 5576
Unidentified 0.08 0.08 0.09 0.13 0.14 0.10 0.09 0.07 011 0,09
Total 100 100 100 100 100 100 100 100 100 100
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4. Conclusion

The results obtained from the study
carried out for two years using ten different
linen genotypes in Eskisehir ecological
conditions showed that Clli 1423, Milas,
NewTurk, Dillman and Larnaka varieties
were suitable for the production of flaxseed,
respectively. These varieties produced
higher seed and oil yields compared to
others in our region. These genotypes (Clli
1423, Milas, NewTurk, Dillman and
Larnaka), which have high seed and oil
yield, are recommended to be produced for
use in functional food and oleo-chemical
industry in Eskisehir ecological conditions
due to their high level of alpha linolenic
acid. Since all the genotypes studied contain
high levels of alpha linolenic acid, these
genotypes are not suitable for use in edible
oil production.
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Abstract

Destinations catering to tourists with specific gastronomic preferences or diverse motivations may experience
occasional disruptions in the range of offerings available. This scenario may arise due to anthropogenic factors or
natural phenomena that result in varying degrees of environmental degradation. The literature commonly reports
that regions experiencing disasters such as wars, floods, epidemics, earthquakes, and hurricanes are susceptible to
significant life, property, and economic losses. The seismic events that commenced on February 6th, 2023 and
persist to the present have engendered a consequential phenomenon within the nation of Turkey. The present
research has been conducted to examine the prospective impacts of the Gaziantep/Kahramanmaras earthquakes of
2023 on Gastronomy tourism and to propose viable remedies for any associated issues. The study employed
qualitative research methods, specifically observation and literature review, to gather data. The data that was
acquired was subjected to analysis using the descriptive analysis methodology. In summary, based on the scientific
literature review and contemporary scientific assessments of gastronomic tourism, it has been observed that this
phenomenon can be leveraged as a tourism asset in the future, despite certain criticisms. Upon evaluating both
domestic and foreign visual and printed media, it is apparent that there is a prevalence of favorable news regarding
gastronomy tourism. Based on the literature and observational data gathered in the study, it is believed that the
impact of the earthquake on the gastronomic tourism of Gaziantep, Hatay, and Sanliurfa, which are recognized as
UNESCO (United Nations Educational, Scientific and Cultural Organization) gastronomic cities, can be mitigated
through appropriate measures. With multidimensional planning, the gastronomy of these cities is expected to
emerge even stronger from the aftermath of the earthquake.

Keywords: UNESCO gastronomic cities, gastronomic tourism, earthquake in Turkey
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1. Introduction

Tourism encompasses the act of
individuals traveling from one location to
another via various modes of transportation
for the purpose of gaining diverse
experiences, acquiring knowledge, and
fulfilling other motivations. The primary
determinant in this context is the inclination
towards travel that individuals cultivate
through their innate inquisitiveness and
personal preferences. Gastronomic tourism
can be pursued in conjunction with various
travel motivations. The distinctive culinary
traditions of the regions visited during
travel, motivated by factors such as
geography, environment, cultural heritage,
spirituality, and well-being, are a
compelling draw for tourists. In addition,
certain individuals engage in gastronomic
tourism as a means of discovering novel
flavors and acquiring knowledge about
diverse culinary customs. According to
Toksoz et al. (2016), the attributes of tourist
destinations serve as a motivating factor for
individuals in their decision-making
process and overall vacation experiences.
Tourist destinations catering to gastronomic
preferences or diverse motivations may
experience occasional disruptions in the
range of opportunities they provide. This
scenario may manifest as a result of
anthropogenic impacts or natural calamities
that engender varying degrees of
devastation. According to scholarly
sources, regions that experience disasters
such as wars, floods, epidemics,
earthquakes, and hurricanes are generally
associated with significant life, property,
and economic losses. Various dimensions
and aspects are negatively impacted by
these processes, resulting in the loss of
cities with significant tourism value. The
ongoing seismic activity that commenced
on February 6, 2023 has engendered a
consequential phenomenon in Turkey. The
earthquake that occurred on February 6,
2023 at 04:17 local time in Gaziantep's
Sehitkamil District Sofalaca  Village
epicenter (Mw) was reported to be a highly
destructive event with a magnitude of 7.7,
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as per the findings published by
TURKONFED. The earthquake's epicenter
had a focal depth of approximately 5
kilometers and its effects were experienced
across  several regions  including
Southeastern Anatolia, Central Anatolia,
Eastern Anatolia, and the Mediterranean.
This seismic event is referred to by various
designations, including Gaziantep-
Kahramanmaras or Southeastern Anatolia
Earthquake. At 13:24 local time, a seismic
event of moment magnitude (Mw) 7.5
transpired at the epicenter of Ekindzi
District of Kahramanmaras Province,
resulting in significant damage and loss.
The earthquake's epicenter had a focal depth
of approximately 5 kilometers and its
effects were observed in various regions
including Southeastern Anatolia, Central
Anatolia, Eastern Anatolia, and the
Mediterranean. The seismic events in
question are two major earthquakes that
occurred at a distance of roughly 105
kilometers from each other, with a temporal
separation of approximately 9 hours
between their epicenters. Notably, no
aftershocks were observed in the aftermath
of these events. According to sources such
as Turkonfed 2023 and MTA in 2023, it has
been reported that a significant portion,
specifically 15.7%, of Turkey's population
resides in the provinces that have been

designated as disaster areas, namely
Kahramanmaras, Hatay, Adryaman,
Gaziantep, Malatya, Kilis, Diyarbakir,

Adana, Osmaniye, and Sanliurfa.

1.1. Background
1.1.1. Gastronomy cities within the
UNESCO network of creative cities
Since 2005, UNESCO, a global
organization, has initiated the practice of
conferring the 'City of Gastronomy'
designation to urban centers that
demonstrate exceptional culinary expertise.
Urban centers must undergo a process of
legalization by satisfying predetermined
criteria, while also having the capacity to
establish supplementary criteria of their
own. The criteria for the application are as
follows: the city or region must possess a
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well-developed gastronomy, a quality
gastronomy  community  comprising
numerous local restaurants and chefs,
utilization of traditional interior materials in
traditional Kitchens, preservation of local
knowledge  despite  industrial  and
technological advancements, existence of
culinary practices and methods, and the
growth of traditional food and beverage
industry and traditional food sales areas.
UNESCO (2021) has identified several
distinct criteria that are specific to cities.
These include the implementation of
gastronomic festivals, competitions, and
other comprehensive tourism activities, as
well as the promotion of environmentally
sustainable local products. The city has
been designated as a member of the
UNESCO Creative Cities Network for its
contributions to various artistic fields,
including music, cinema, literature, and
gastronomy. Similar to other cities known
for their creativity, this title highlights the
importance of creativity. The prevalence of
food globalization is diminishing the

influence  of  regional delicacies.
Conversely, it is imperative to provide
backing and enhancement for the

indigenous gastronomic customs of urban
areas and to impart cultural heritage to
forthcoming cohorts (Agamirova, 2014).
The present scenario can be elucidated by
the definition attributed to the term
"gastronomy city" as per the literature. The
interplay of historical, geographical, and
climatic factors has given rise to a diverse
array of regional cuisines across the globe,
characterized by their richness and
vibrancy. The designation of "City of
Gastronomy" is conferred to underscore the
abundance of culinary offerings, with a
particular emphasis on regional provenance
(Xiomin, 2004). Over time, the designation
of a city as a gastronomic hub has become
increasingly enriched and fortified in its
purpose. Nevertheless, this designation is
conferred irrespective of the dimensions,
financial system, or populace of the urban
center. Small and medium-sized cities have
become recognized as creative cities by
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earning the designation of gastronomy city.
Metropolitan areas that are renowned for
their culinary expertise require strategic
plans for local growth and global backing,
with a focus on cultural industries and
innovative practices. Cities that satisfy
specific criteria, such as possessing a
diverse local cuisine and utilizing
conventional ingredients and culinary
methods, are designated as 'Gastronomy
Cities' on a global scale (Giiler et al., 2017).
The designation of a city as a gastronomic
hub not only facilitates its promotional
efforts, but also enhances its visibility under
this legally protected label (Akdu and
Akdu, 2018). In October 2004, UNESCO
introduced the "UNESCO Creative Cities
Network™ program, as reported by Popescu
and Corbos (2012). The objective of this
endeavor is to enhance collaboration via
assistance, as stated by UNESCO (2021).
The Creative Cities Network is comprised
of seven distinct networks, each with a
specific theme such as Handcrafts and Folk
Art, Music, Gastronomy, Design, Film,
Literature, and Media Arts. The primary
aim of these networks is to enhance the
socioeconomic and cultural growth of
cities, as noted by various scholars
(Popescu et al., 2012; Leng et al., 2014;
Kostanski et al., 2014). The UNESCO
Creative Cities Network encompasses a
total of 118 cities hailing from 54 different
countries across the globe. It is noteworthy
that the network comprises 809 members.
According to Kostanski et al. (2014), the
longevity and consistency of cities are
contingent upon their ability to fulfill the
objectives of their respective networks and
maintain their designation as such.

2. Materials and Methods

The present study aims to examine
the potential impacts of the earthquakes that
occurred in Gaziantep/Kahramanmaras on
February 6, 2023, on the domain of
Gastronomy tourism. Additionally, the
study seeks to provide viable solutions to
any issues that may arise as a result of the
aforementioned seismic events. The study
focuses on the provinces of Gaziantep,
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Hatay, and Sanlurfa, which hold significant
importance in  Turkey's gastronomic
tourism industry. The study utilized
qualitative research methods such as
observation and literature review to gather
data. Qualitative research is a methodology
that involves the use of qualitative data
collection techniques, such as observation,
document analysis, and interviews, to
uncover events and perceptions in a realistic
and comprehensive manner within a natural
setting. This approach follows a qualitative
process and is well-documented in the
literature (Cohen et al., 2007; Ritchie et al.,
2003).

3. Result
3.1. Tourism and gastronomy

The  word gastronomy is
etymologically  derived  from  the

combination of the Greek words “gatros”,
“stomach” and “nomos”, “law, rule”
(Yilmaz, 2017; Tiitlincii, 2019). However,
different disciplines reflect the definition of
gastronomy by putting their own
perspectives in focus. For this reason, it is
possible to encounter many definitions
about gastronomy. For this reason, it is not
easy to define the concept of gastronomy,
and it can be said that the definition of
gastronomy in general terms is expressed by
revealing the scientific and artistic aspects
of a quality and delicious food or beverage
(Gillespie, 2001). Gastronomy tourism is a
type of tourism in which tourists participate
in providing information on the stages from
the preparation of food and beverages to the
presentation of foods and drinks (Kivela et
al., 2006; Hall et al., 2001). The desire of
tourists to experience local tastes in
destinations and accommodations has
paved the ground for the development of
gastronomic tourism. Gastronomy tourism
belongs to a subcategory of cultural
tourism. Gastronomy is seen as an
expression of culture. (Manolaa et al.,
2020). Gastronomy tourism enables the
acquisition of information about a particular
place, the consumption of food and
beverages, resulting in a better
understanding of local traditions and the
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culture of that place There are many sub-
titles and activities of gastronomy tourism
(Kiigiikkomiirler et al., 2019). These are;
Food types such as beverage tourism,
chocolate tourism and cheese tourism
(Giizel-Sahin and Unver, 2015), edible
herbs (Pehlivan, 2023) (Quan and Wang,
2004),

e Visits to the production site (factory),
visit the peasant markets, visit the bond or
fruit garden,

e Eating and drinking in restaurants, cafes,
etc.

e Workshops and conferences,

e Applications in rural areas (Smith and
Costello, 2009; Povey, 2011),

e Festivals (Donmez and Pehlivan, 2022)
e Spices and olive oil, ice cream,
medicinal aromatic plants, gastronomy and
cooking museums (Gokee et al., 2017,
Cavdirli and Adan, 2020; Cekal et al., 2022;
Giil, 2022), can be used as a tourist vehicle
in this context.

3.2. Gastronomy cities and gastronomic
characteristics: Gaziantep, Hatay and
Sanhurfa

The cities of Gaziantep, Hatay, and
Sanliurfa have been designated as
gastronomy cities due to their prominent
culinary characteristics. These
distinguishing features have contributed to
their recognition as such. The subsequent
section presents the distinctive features of
the pertinent cities, organized under
individual headings and described in detail.
The sequence of cities included is
determined based on the order of their
titular hierarchy in Turkey:

3.2.1. Gaziantep

Gastronomy city Gaziantep is a
special and worth seeing city with unique
eating and drinking behaviors. The seasonal
preparations for eating drinks contain many
local details. This topic has attracted the
attention of many scientific researchers
(Birecikligil, 2007, Donmez et al., 2019;
Fidan et al., 2019, Shenol et al., 2021). In
many places in Turkey and the world, these
products have been named and ordered



MAS JAPS 8(Special Issue): 965-978, 2023

from Gaziantep. Gaziantep is also the
leading province in Turkey with the largest
gastronomic  portfolio in terms of
geographically marked products. This
includes 99 products and 1 traditional
product registered by the Turkish Patent and
Trademark Authority. (Gaziantep
Belediyesi, 2022). However, in Gaziantep,
the Sahre culture (the habit of picnicing on
Sundays) is another culinary value worth
considering, the fact that the city’s
distinctive dish dishes can be practically
made with butchers in every bakery of the
city, and have practical food options such as
nuts. Various scientific studies have aimed
to determine the typologies of tourists
visiting Gaziantep restaurants. According to
the data obtained in this scope, tourists who
like to eat and drink are divided into five
themes: curious people, farmers, artists,
socialists and those who care about healthy
eating. For example, it has been seen that
the expectations of tourists who like to eat
and drink curiously in their travel
motivations are to learn food-sweetened
recipes and spices used in food, to become
the foundation for the historical processes
of food and the cooking stages, and to taste
high-paid dishes (Kirici et al., 2023).
Simsek et al. (2018) stated that the
typologies of tourists visiting Gaziantep are
those who care about food, those who aim
to learn, organicists, farmers and
innovators. Gaziantep is a city renowned for
its gastronomic offerings, boasting an
extensive culinary culture characterized by
a diverse array of high-quality products.
Gaziantep was awarded the UNESCO
gastronomy city label in 2015, owing to its
rich culinary heritage. In general, Gaziantep
is known for its culinary tradition that
features meat, oil, piquant spices, and
copious amounts of tomato paste. The
practice of blending tomato and pepper
paste is a common culinary technique.
Apart from lamb, mutton is extensively
utilized in culinary preparations. All meals
are prepared using either natural butter or
oil. Sumac is widely utilized in the region
for wvarious culinary purposes such as
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enhancing the flavor of salads, meals, and
piyaz. Additionally, it is commonly used in
combination with sour cream and
pomegranate molasses to add a touch of
sweetness to the dish. Spices such as

hyssop, black pepper, haspir, thyme,
sesame, mahaleb, red pepper, saffron,
tarragon, cinnamon, and sumac are

commonly favored. Various herbs and
spices are utilized in culinary practices to
enhance the flavor and aroma of dishes. For
instance, sesame is incorporated in the
production of yoghurt dishes and pastries,
while saffron is commonly used in pastry
making. Tarragon is a popular ingredient in
rice varieties, desserts, and pastries,
whereas sumac is utilized in stuffed meats,
salads, and piyaz. Additionally, hashish is
employed in the preparation of meatballs
and soups, as reported by Sabbag (2015).
The Turkish Patent and Trademark Office,
which operates under the Ministry of
Industry and Technology, has categorized
the product under its traditional name and
sign of origin, as well as its original name.
The aforementioned classes encompass a
range of product groups, including soft
drinks, alcoholic beverages, confectionery
and chocolate products, ice creams, bakery
products, fruit and vegetable spreads, oils,
cheeses, meals, soups, condiments, and
pastry products (Tiirkpatent, 2021).

3.2.2. Hatay

Hatay tables exhibit a diverse range
of classifications, including the guest table,
holiday table, family table, Ramadan table,
hammam table, wedding table,
entertainment-banquet table, and votive
table. The food presentations prominently
showcase the hallmark hospitality of the
Mediterranean populace. According to
Aytekin (2009), ceremonial meals, believed
to have been influenced by Roman culture,
involve prolonged periods of dining at the
table and culminate in musical and
entertainment performances. According to
Sahin (2012), the predominant
characteristic of Hatay cuisine is its
utilization of spices, which are employed
extensively in dishes for both flavoring and
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embellishment purposes. Thyme, cumin,
fennel seeds, black pepper, cloves, black
cumin, and cinnamon are widely utilized in
culinary applications. The olfactory stimuli
of fragrances have the ability to create a
lasting impression in individuals' memory.
There is a prevailing notion that the aromas
emanating from culinary preparations serve
as a sensory cue for the corresponding
flavors, thereby endowing spices with a
mnemonic function. According to Comert
(2014), the utilization of spices constitutes
the foundation of the culinary creations in
Hatay cuisine. The region of Hatay is
known for its distinctive culinary offerings,
including Antakya Paper Kebab, Antakya
Kunefe, Antakya Surku, Salted Yoghurt,
Antakya Moldy Surku, and various
products that bear a geographical
indication. The Dortyol mandarin is a
product that bears the mark of origin.

3.2.3. Sanhurfa

The cuisine of Sanliurfa boasts a
diverse selection of local foods and
beverages, which is in line with the wide
range of culinary offerings found in Turkish
cuisine. The culinary tradition of Sanliurfa
has been shaped by the amalgamation of

numerous civilizations. The culinary
synthesis of Sanliurfa comprises a blend of
various cultural influences, including

Turkish, Arab, Syriac, Armenian, Kurdish,
Yazidi, and others. The entity in question
encompasses the entirety of various
ethnicities and their corresponding cultural
practices. The significant potential for
gastronomy tourism in Sanlwurfa s
evidenced by the presence of businesses and
institutions that reflect the rich culinary
culture of the region. The Turkish Patent
and Trademark Office has granted
geographical indication to 33 products,
thereby acknowledging their potential.
Upon analyzing this significant potential
through the lens of the gastronomic identity
model, as categorized by Hjalager (2002)
into local, horizontal, vertical, and cross-
development gastronomic tourism products,
the utilization of isot, a crucial gastronomic
product originating from Sanliurfa, in
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venues such as historical bazaars, local
product markets, and directly in tourism,
represents the initial archetype of the
model. This can be exemplified as a
manifestation of the local development
phase, which denotes the specific stage of
regional growth. The horizontal
development stage can be likened to the
provision of uncooked meatballs to patrons
in the food and beverage industry. During
the vertical development stage, the
integration of gastronomic products with
other tourism offerings is a common
practice. This can be observed through
various initiatives, such as showcasing local
culinary products during the sira night and
hosting gastronomy festivals. It can be
argued that Sanliurfa falls short in terms of
teaching and implementing the production
processes of the products that are
fundamental to cross-development, the final
stage of the model. According to Hjageler's
gastronomic identity model, Sanlurfa can
be classified as being in the vertical
development stage within this particular
context.

3.3. The role of tourism in economic
development and the economic effects of
disasters on tourism
3.3.1 The role of tourism in economic
development

Touristic attraction centers are
important sources of income for the
provinces where they are located and
therefore for the country. For this reason,
tourism, which is known for its high
multiplier effect on the economy, is
accepted as an ideal development tool
because it creates a revival in the direct and
indirect sectors. Since the second half of the
20th century, the tourism industry has
become one of the fastest developing and
growing economies in the world economy
(Yigit et al., 2018). Thanks to tourism,
tourists benefit from the economic level of
the country and people they travel to by
spending in the places they go, and they

carry out monetary transfer between
countries with international  tourism
activities. In addition to the mentioned
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economic effects, the social, political, etc.
effects of the tourism sector. It is possible to
see its positive effects in many fields.
Therefore, it is seen that the tourism sector
is extremely important in both developed
and developing countries (Bingol et al.,
2020). Gastronomic tourism has a special
importance in the tourism sector. Yigit et al.
(2018) states that it is predicted that
“gastronomy tourism” will be the type of
tourism that guides the world economy for
2020 and beyond. Gastronomic products

have an important place in tourism
revenues. In addition, these products
increase local product consumption,

provide income to the local economy and
support local production. Incomes to be
obtained from local economic development
fulfill an important function in the fight
against income inequality as well as having
an effect on growth and development.
According to the report prepared by the EU;
It is stated that member and candidate
countries make great contributions to the
national economies in terms of added value,
employment and number of enterprises in
terms of gastronomic tourism. The
contribution of the accommodation and
gastronomy sector to the national economy
is 30% and 70%, respectively. These data
reveal the importance of gastronomic
tourism (European Commission, 2014).

3.3.2. Economic effects of disasters on
tourism

Disasters have occurred in every
period of history. Disasters may be of
natural origin such as landslides, floods,
earthquakes, or they may occur due to
anthropogenic causes such as terrorism,
plane crash and fire. Disasters that cannot
be determined exactly when, where and in
what form they will occur have similar
effects in terms of their results. These
effects can cause economic losses,
especially physical losses, and social
psychological destruction (Altun, 2018).
Natural disasters generally affect the
country in which they are experienced in
many ways, and the source of this effect
may also be caused by some global events.
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For example; In the 2003-2021 period, the
number of foreign visitors to Turkey has
fluctuated. Bird flu (2006), the global
economic crisis in the USA (2008), swine
flu (2009-2010), Ebola (2013), MERS
(2015) and Covid-19 (2019) epidemics
were effective in this fluctuating course.
However, the biggest fluctuation
experienced is the Covid-19 (-69.48%)
pandemic, which seriously affected all other
countries (Sen et al., 2015; Ceti et al., 2019;
Piret et al., 2021; Novelli et al., 2018;
Cavusgil et al., 2020). All these negative
environmental  conditions, inevitably,
negatively affect the tourism of the region
where it takes place. This decline in tourism
has negative repercussions on the country's
economy. Tirkiye is exposed to many
disasters due to its geopolitical position.
These are disasters such as earthquakes,
landslides, floods and avalanches (Sahin et
al.,, 2016). According to the statistical
distribution of disasters in Turkey, 58% of
disaster victims are those affected by
earthquakes. Earthquake events have
occurred in the world and in Turkey in the
past and have been dealt with in many
studies with their economic dimension.
According to some of these studies;
earthquakes (and natural disasters in
general) have significant negative effects on
economic growth (Barro et al., 2003,
Raddatz, 2009). Apart from the first-degree
financial losses among these negative
effects, some studies in recent years
emphasize that there may be potential
spillover effects across the economy
through trade links and supply chains (The
et al., 2011; Ruta et al., 2021). However,
contrary to the aforementioned negative
opinions, some researchers state that
disasters such as earthquakes have mild or
even positive effects on growth (Albala-
Bertrand, 1993; Barone et al., 2014, Caselli
et al., 2004, Loayza et al., 2012, Porcelli et
al., 2019, Skidmore et al., 2002). Economic
effects of earthquakes; pre-earthquake
economic conditions depend on the
destruction they cause and the ability to
rebuild the resources of the economy



MAS JAPS 8(Special Issue): 965-978, 2023

(Hallegatte et al., 2022). Countries with
poor economies, low government spending
and weak institutions are more likely to be
affected by the negative effects of
earthquakes on growth (Cavallo et al., 2013;
DuRose, 2023; Lackner, 2018; Noy, 2009;
Toya et al., 2007). These negative effects
especially affect poor people in societies
with high domestic inequalities (Colmer,
2021). However, approximately 1 million
548 thousand people lost their lives due to
earthquakes in the 20th century in the
world. When it comes to the damages of
disasters, although death, physical losses
and injuries come to mind first, important
social, economic and psychological
consequences have emerged (Altun, 2018).
Letukas et al. (2008) report that the tsunami
and earthquake that occurred on the coast of
Sumatra, Indonesia, on December 26, 2004,
caused both short-term social changes
during the disaster and long-term social
changes due to the changes in political
structures and economy. Turkey is located
in the 1st degree earthquake zone (Altun,
2018), where 98% of its population and
93% of its territory are under the influence
of various degrees of earthquakes (Sahin et
al., 2016). Therefore, when we look at the
earthquake history of Turkey, it is not
surprising to encounter earthquakes of
different intensities in different regions. The
economic effects of earthquakes in Turkey
between 1980 and 2014 were examined by
Sahin et al. (2016). As a result, it was
determined that the earthquakes in Turkey
caused great losses in the country's
economy (Sahin et al., 2016). In order to
minimize these losses, it has been suggested
to create disaster awareness throughout the
country, to analyze disasters according to
regions, to prepare before disasters, to raise
awareness of people of all ages within the
scope of damage reduction, to take
necessary precautions during post-disaster
recovery and rebuilding phases. Land
(2019) occurred on 27.06.1998 around
Adana-Ceyhan.He states that as a result of
the  6.3-magnitude  earthquake and
numerous aftershocks, 145 loss of life, more
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than 1500 injured and substantial material
damage occurred, 1124 buildings were
destroyed in the earthquake, and 10252
buildings were uninhabitable. He stated that
the losses that first attracted the attention of
the public and public institutions as a result
of this earthquake were life and economic
losses, but besides all these losses, the
social texture, population composition and
employment opportunities of the region
were also turned upside down by the
earthquake (Kara, 2019). The Marmara
earthquake that took place on 17.08.1999,
on the other hand, caused a much greater
social reaction and social anxiety
environment among the earthquakes in
Turkey. This is due to the fact that it takes
place in a region like Marmara where
industrialization and urbanization are fast
and intense (Kolukirik et al., 2009).
Although the earthquake experienced on
February 6, 2023 is larger than the Marmara
earthquake in terms of magnitude, experts
who compare these two important
earthquakes make the following statements
(Aksoy et al., 2023); The 1999 earthquake
in Turkey was worse than the earthquake in
2023. Although of low severity, it occurred
in the industrial center of the country. The
four regions worst affected by the 1999
earthquake (Kocaeli, Sakarya, Bolu and
Yalova) comprise about 4% of the country's
population. But these are the provinces that
have important economic links with the rest
of the country, including Istanbul and
Bursa, and are directly responsible for
around 7% of GDP and 14% of industry
added value. As a result, significant damage
has occurred to energy, transport and
communications infrastructure in the wider
region. The regions that experienced major
disruptions due to the earthquake together
account for 35% of GDP and half of
industrial production. The initial economic
slowdown reflects the deterioration of
physical capital, workforce, supply chains,
inventory loss and low investment in the
immediate aftermath of the earthquake. In
this process, many small businesses went
bankrupt because they did not have
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earthquake insurance. This has a knock-on
effect on the banking sector, which saw a
sharp increase in non-performing loans
prior to the 2001 financial crisis (Bibbee et
al., 2000). On the other hand, the
reconstruction activities carried out after the
earthquake accelerated the growth of the
country in 2000. Unlike 1999, the 2023
earthquake occurred earlier in the year. As
a result, the restructuring effect will largely
occur in the same calendar year,
significantly offsetting the negative impact
of earthquake-related disruptions on GDP.
In addition, due to the widespread use of
earthquake insurance compared to 1999, its
impact on the banking sector is expected to
be more limited. The overall impact of the
2023 earthquakes on economic growth is
likely to be less than one percent of output
(GDP) in 2023, against the backdrop of
significant increases in  government
spending. However, the results of these
estimates are not yet clear. The
International Money Fund believes that the
last 7.8 earthquakes will do less damage to
the economy than the 7.6 earthquakes in
1999. Liam Peach, senior emerging markets
economist at Capital Economics in London,
"believes that economic activity can quickly
recover after the earthquake any impact this
quarter will be offset.” The Central Bank of
Tirkiye also declared that they believe that
the Turkish economy will not be affected in
the medium term. If we look at the export
figures of the 10 provinces in the Disaster
Region, these provinces realize 8.7 percent
of the total exports. While more than half of
this 19.76 billion dollars export in 2022 was
realized in Gaziantep with 10.52 billion
dollars, Hatay 3.56, Adana 3 and
Kahramanmaras exported 1.46 billion
dollars. Pulses, cereals, steel, oilseeds and
their products, etc. agricultural products;
ready-made garments, textiles and raw
materials are the leading export items
(TURKONFED, 2023). Aksoy et al. (2023)
The views of the European Bank for
Reconstruction and Development on the
subject; “He believes that Turkey could lose
up to 1% of its GDP. Growth was predicted
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as 3.5% for Tiirkiye, now it has decreased
to 3%. As Turkey is the leading supplier of
many fruits, including apricots, it could
have a ripple effect on the world economy.
Besides  agriculture and industrial
production, tourism is also an important
part. It is expected that this sector will also
take a big hit, as the Turkish economy is no
longer accessible to many popular tourist
destinations. As it can be seen, there are
positive views on the subject as well as
some concerns.

4. Discussion and Conclusions

In this study, the potential effects of
the 2023  Gaziantep/Kahramanmaras
earthquakes on Gastronomy tourism were
investigated. Gaziantep, Hatay and Urfa
provinces, which have a very important
place in Turkey in terms of gastronomic
tourism, constitute the research area in the
study. In the research, data obtained through
observation and literature review, one of the
qualitative research techniques, were
collected. The obtained data were analyzed
using descriptive analysis method. The
study is limited to the observations of the
researcher, since the earthquake event and
its effects continue throughout the research
and the researcher is actively residing in the
research area people live. The interview
technique could not be used due to various
problems caused by the panic situation. In
the literature review, scientific literature
sources, data from current domestic and
foreign news sites were used. The data
obtained in the study are presented by
dividing the titles. In conclusion; The 2023
Gaziantep/Kahramanmaras earthquakes
represent a period in which such frequent
and long-lasting earthquakes have not been
experienced together before, which caused
10 provinces and Sivas/Giiriin district to be
declared as disaster areas in Turkey. In the
earthquakes that occurred, the provinces
within the disaster area were affected by the
disaster in various forms and sizes.
Gaziantep, Turkey's first gastronomic city,
is also located in the disaster area.
Moreover, this province is one of the
important industrial cities of the region. It is
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also one of the most important provinces of
Turkey in terms of gastronomy tourism.
The earthquakes experienced caused
significant losses in the Islahiye and
Nurdag1 districts of Gaziantep. However,
the number of destroyed buildings in the
city center is very low. Although
improvement works continue at the
transportation point of the province, there is
no interruption in transportation. Local
people have turned to vineyard houses or
villages in order to stay away from high-rise
buildings. Although some of the people go
out of the city, the return has accelerated
with the opening of the schools. According
to the scientific literature review and current
scientific evaluations on gastronomic
tourism, criticisms are made that this
process can be turned into an advantage in
terms of tourism in the following periods.
When the news in the domestic and foreign
visual/printed media is evaluated, there are
positive news for gastronomy tourism.
However, some organizations abroad state
that tourism may be adversely affected by
the process in general. According to the
literature and observational data obtained in
the study, it is thought that the effects of the
earthquake in Gaziantep, Hatay and
Sanlurfa gastronomy tourism can be
overcome by taking the right steps, and the
gastronomy in the provinces will come out
stronger from the process, provided that the

planning of the current situation is
multidimensional. Regarding the 2023
Gaziantep/Kahramanmaras  earthquakes,

the European Bank for Reconstruction and
Development stated that “As many popular
touristic spots are no longer accessible, the
tourism sector and therefore the Turkish
economy is expected to suffer a major
blow” (Aksoy et al., 2023). The researcher
went to Islahiye and Nurdag, the districts
of Gaziantep, in the week of the earthquake,
to offer condolences and help to his
relatives and friends living in the disaster
area. The observations here are as follows;
“In the first days of the disaster, it was seen
that the roads were mostly open in Islahiye
and Nurdagi districts and there was no
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danger related to the road condition, the
collapsed and cracked places on the roads
were intervened and road improvement
works were continuing for the future
processes. However, in the Nurdag: tunnels
and viaducts area of the Tarsus-Adana-
Gaziantep (TAG) Highway, which makes a
significant contribution to the inter-
provincial connection of these two districts
and Kahramanmaras, Gaziantep, Adiyaman
Malatya and Sanlwrfa, there are serious
problems at the first stage and it takes time
to resolve this problem is known to have. In
addition to all these conditions, in addition
to the aid from all over the country and from
abroad, our people in the region have
embraced each other and tried to heal the
wounds together. Disaster survivors try to
help those around them by putting their own
pain and suffering aside. We all experience
together that this process binds us together
more.” At this point, although the
earthquake process first brought with it
some difficulties, there does not seem to be
an important situation that will cause
injuries to these sectors in Gaziantep, Hatay
and Sanlwurfa for gastronomy and other
tourism activities. However, considering
the extent of the disaster, it should be known
that almost every sector of Gaziantep and
the gastronomy area, which is the
prominent area of the province, also have
lessons to be learned from these
earthquakes. The following discourse
provides a comprehensive assessment of the
gastronomy tourism in Gaziantep, Hatay,
and Sanlwrfa, along with potential
measures that can be implemented to
enhance this domain. Following seismic
activity, it is common for members of the
general populace to discover commercial
establishments such as markets and food
vendors  situated beneath  high-rise
structures. It avoids locations and exhibits a
preference for single-level structures. The
proposed approach involves relocating
brand businesses that play a significant role
in Gaziantep's gastronomic tourism to
single or double-storey establishments
within the city. This measure is expected to
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instill confidence among both local
residents and international visitors. The
relocation of these enterprises from high-
rise structures to urban centers or suburban
regions is an additional aspect that warrants
consideration. The regions that were
deemed secure for habitation by the
indigenous populace have now been
developed into residences with low-floor
architecture. In this procedure, particularly
in the edifices designated as Mass Housing
Administration  edifices, which were
constructed under the supervision and
financing of the government, the attribute of
"greater robustness™ instills assurance in the
populace. The significance of the state's
involvement in the construction and
regulation processes is paramount in the
context of recuperation. The orientation of
food businesses should be ascertained with
respect to these areas, and relevant
businesses ought to be duly notified.
Furthermore, it is imperative to provide
multidimensional support to enterprises
engaged in gastronomy tourism, based on
land classification, in order to guide them
towards suitable areas and ensure
compliance  with  established safety
standards. The occurrence of an earthquake
is classified as one of the various types of
natural disasters. The contemporary issue of
ecological degradation pertains to the
depletion of natural resources such as water
and soil, as well as the challenge of ensuring
sustainable energy sources and food
production. It is imperative to promptly
implement measures to address these
requirements. The incorporation  of
sustainable urban planning should be
prioritized in the redevelopment initiatives
intended for urban regions in the aftermath
of seismic events. The integration of urban
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agriculture into the framework of
sustainable urban planning may be a viable
option for the cities of Gaziantep, Hatay,
and Sanlwrfa. Urban agriculture is a
practice that has been observed to have
several benefits. These benefits include
contributing to urban ecology, creating new
food sources, raising ecological awareness
among the populace, reducing food access
inequality,  promoting  psychological
recovery, and fostering social cohesion.
Furthermore, upon the demolition of the
significantly or moderately impaired
edifices situated in the urban hub, these
zones can be repurposed for culinary
tourism. Gastronomy enterprises have the
option to allocate a portion of their suppliers
towards these regions for food production.
These regions provide an opportunity for
both domestic and international tourists to
witness the entire process of food
production, from its inception to the final
presentation on the plate. The provision of
support necessary for the implementation of
this system by enterprises may be facilitated
through collaboration  between local
government and academic institutions.

The present study employed a literature
review approach, utilizing scientific
literature sources as well as data obtained
from current domestic and foreign news
sites. The data that was acquired was
subjected to analysis using the descriptive
analysis methodology. The study employed
a methodology of utilizing gastronomy-
tourism, disaster-earthquake-tourism,
disaster-earthquake-economy, and 2023
Turkey earthquake (in both Turkish and
English languages) as keywords to generate
the titles of the findings. Table 1 presents
the obtained results.
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Table 1. The codes used in the research and the data titles created.

The topic of discussion pertains to the

Codes headers of data
Tourism Tourism and Gastronomy
Gastronomy
Gaziantep
Hatay Gastronomy cities and gastronomic
Sanlurfa characteristics: Gaziantep, Hatay and Sanliurfa
Gastronomy
Tourism
Gig'?rg?]g]n{y The Role of Tourism in Economic_DeveIopment
. and the Economic Effects of Disasters on
Disaster Tourism
Earthquake
2023 Turkey earthquake
This study makes a valuable contribution to interim report. OECD Economics

the existing literature by addressing the
contemporary issue of earthquakes and their
significant impact on tourism. Furthermore,
the inclusion of Gaziantep, Hatay, and
Sanlurfa as focal points for gastronomy
tourism lends significant weight to the
study. These cities are renowned for their
culinary offerings and thus enhance the
study's significance.
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Abstract

The objective of this study is to assess the significance of Syriac cuisine and wine in the context of Mardin tourism,
specifically in relation to local gastronomy and geographical indications. The fundamental constituents of the
tourism product encompass transportation, lodging, and food and beverage services. Throughout history, the
culture surrounding food and beverage consumption has undergone significant evolution and enrichment. Mardin,
as an urban center, is situated within a locale that possesses a notable abundance of historical, natural, and cultural
heritage. The present study focuses on Syriac wine, which holds a significant place in the distinctive eating and
drinking culture of Mardin. The existence of distinct Syriac cuisine and Syriac wine in Mardin, which has been
officially recognized as a geographical indication, is believed to have the potential to elevate the region's status as
a significant gastronomic and wine tourism destination. Therefore, it is anticipated that this will make a
contribution to the tourism industry in the Mardin region. Simultaneously, this study holds significance as a
motivational research endeavor for the recognition of geographical indication for Syriac cuisine and Syriac wine
found in Mardin.

Keywords: Syriac, Syriac culinary culture, gastronomy, Mardin, tourism
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1. Introduction

The renowned gastronomy
specialist, Brillat-Savarin of France; The
sentence "Tell me what you eat and | will
tell you who you are" emphasizes the fact
that food is a symbol of cultural indicators
(Bloch-Dano, 2020). The structure of
culture is not inherently instinctive or
genetically determined. The phrase refers to
the complete collection of both material and
immaterial cultural legacies passed down
through society. The absence of a society
results in the absence of a culture.
According to Wells (1994), the practice of
culture is inseparable from the individuals
who comprise the society in which it is
observed. As can be understood from this
definition, the material cultural indicators of
gastronomy; spatiality in eating and
drinking, materials used in eating and
drinking and table setting. Intangible
cultural indicators refer to cultural values
and systems that encompass a wide range of
practices, including belief discourses
related to food, religious symbols
associated with food in mythology,
ceremonies, rituals, taste, and table
manners. The overt regulations present in
culinary or nutritional customs serve as
manifestations of underlying structures.
Levi-Strauss draws a comparison between
the dietary practices of various societies and
the system of signs in language,
highlighting their universal nature (Brock,
2017). The consumption of food plays a
crucial role in the preservation and
transmission of a society's culture and
identity across successive generations.
Because the phenomenon of food has
become a concept that determines the
differences of social cultures from past to
present. Throughout the course of history,
various activities including warfare,
migration, and trade have played a
significant role in shaping culinary cultures.
The interactions in question have led to a
heightened level of food diversity,
surpassing mere sustenance and being
assessed in terms of gustatory appeal and
enjoyment. The various intercultural
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interactions facilitated the emergence of
novel preferences in due course.
Notwithstanding, geographic
characteristics exert a significant influence
on the formulation and exhibition of
culinary preparations and are instrumental
in shaping the cultural identity of ethnic
cuisine (Aydin, 2015). Ethnic (Syriac)
cuisine culture, which is the main theme of
the study, has been transferred from
generation to generation as a cultural
heritage from the past to the present, and
these foods are the treasure of the culture
they represent rather than just feeding
themselves (Kim et al.,, 2017). Ethnic
culinary culture refers to the consumption
patterns and food preparation methods of a
particular geographic area or cultural group.
This includes the use of region-specific
ingredients, as well as distinct chopping
techniques. The term "ethnic culinary
culture™ refers to the cuisine and beverages
that are prepared based on the dietary
practices and customs of a particular
geographic area or culture. This includes
the use of region-specific ingredients,
cutting and cooking  techniques,
presentation styles, and preservation
methods. The objective of this study is to
assess the significance of Syriac cuisine and
wine in the context of Mardin tourism,
specifically in relation to local gastronomy
and geographical indications.

2. Syriac Culinary Culture

Nations that possess a multicultural
framework, such as Turkey, exhibit a
notable abundance of culinary customs and
a wide range of food varieties. The rationale
behind this is that it is subject to a
significant amount of cultural exposure and
transformation. The Assyrians, who have
historically inhabited and presently reside
in the region as one of several distinct ethnic
groups, constitute a significant component
of this cultural diversity. Due to their
distinctive cultures in the regions where
they reside, ethnic groups have consistently
piqued interest.  Additionally, their
coexistence with diverse populations has
resulted in mutual influence and impact.
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Currently, the kitchen presents itself as a
sitt where such interactions and
transformations are made evident. To
clarify, cuisine serves as a cultural asset
utilized by wvarious ethnic groups to
establish and express their distinct
identities. According to Levi Strauss, food
is regarded as a language and serves as a
means to establish the relationship between
nature and culture, a phenomenon that is
ubiquitous across societies (Ogiit Eker,
2018). Khare (1980) posits that the
categorization of meanings and distinctions
assigned to food by societies is a
manifestation of food culture in collective
memory. This assertion suggests that food
culture is a significant aspect of social
identity and is reflected in the way societies
classify and interpret food. Food has
permeated every facet of human existence,
including significant life events such as
birth, marriage, and death, and is intricately

intertwined  with  these  fundamental
elements. The consumption of food is
significantly  influenced by cultural

experiences, which are observed by various
communities across the globe (Tezcan,
2000). The act of consuming food and its
associated practices hold significant
symbolic  connotations  beyond  their
physiological advantages. Cuisine and
culinary practices serve as a reflection of the
socio-cultural heritage of a given society,
playing a significant role in reinforcing the
collective identity of its members (Temel,
2016). According to Tapper and Zubaida
(2000), the act of "eating and cooking™ has
been recognized as a crucial aspect of
culture  worldwide, thanks to the
contributions ~ of  sociologists  and
anthropologists over the past thirty years.
These scholars have established that
cooking and eating are considered
respectable and  honorable cultural
practices, comparable to activities such as
listening to symphonic music, visiting art
exhibitions, or reading classical literature,
and therefore warrant scholarly attention.
Religion constitutes a significant cultural
component for societies. As it affects every
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experience of the individual, it also greatly
affects the food -culture (Karaca and
Karacaoglu, 2016). In addition to religious
beliefs, the physical and cultural
characteristics of a geographical region are
recognized as influential factors in shaping
food culture (Hayta et al., 2009). The
phenomenon of migration has significant
implications for societies, as it facilitates
the diffusion of cultural practices, including
the transmission of wunique culinary
traditions to new  regions. The
aforementioned circumstance engenders a
state of perpetual flux in nutritional
practices. Additionally, it serves to illustrate
the malleable, dynamic, and unpredictable
nature of the interplay between the
individual, culture, and food. Hence, it is
advisable to adopt a comparative approach
rather than focusing on a specific society or
culture while studying the subject matter.
According to Goody (2013), societies
engage in continuous political, social, and
economic interactions. The statement was
made that food serves as a representation of
a society's culture and contributes
significantly to the formation of its cultural
identity. According to Belge (2001), if a
person is exposed to and acquires their
native language from an early age, they are
also capable of utilizing socially
constructed codes, such as flavor, in a
similar manner when it comes to food.
Numerous anthropologists contend that the
concept of "taste” is culturally constructed,
molded, and regulated within a given
cultural framework. The significance of
national cuisines is once again highlighted
through the cultural expression that is
facilitated by food in this context. Scholarly
research has indicated that the notions of
culinary culture and food are inextricably
linked to culture and identity, and
encompass a multitude of both tangible and
intangible  cultural components. An
examination of various components within
the realm of food culture is deemed crucial.
These components include the designated
area for food preparation within a
household, the tools and equipment utilized
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in the kitchen, the conditions under which
food is prepared and stored, as well as the
manner in which dishes are presented
(Sagir, 2012). Prior to delving into the topic
of Syriac cuisine, it was deemed imperative
to provide a comprehensive overview of the
element of food culture in order to facilitate
a better understanding of the subject matter.
In areas characterized by ethnic diversity, it
is challenging to demarcate strict
boundaries between groups based on
culinary practices, unlike in the domains of
music and attire. The Southeastern Anatolia
Region in Turkey is a geographically and
culturally diverse area where individuals of
varying linguistic, religious, and ethnic
backgrounds coexist (Bilge, 2001). It is
renowned for its cultural richness. The
interaction of ethnic communities within a
shared collective space has had a significant
impact on the culinary culture of the region,
resulting in a diverse array of dishes that
reflect the influence of various cultural
groups throughout the stages of life. The
culinary practices of the Syriac community
reflect the characteristic elements of the
Southeastern Anatolia Region. Various
ethnic groups, including Turks, Kurds,
Arabs, Yezidis, and Armenians, are present
within the region. The cohabitation of
diverse  ethnic  groups, including
Armenians, has led to a significant
reduction in cultural disparities, resulting in
a synthesis of cultural elements beyond the
realm of food. The Assyrians, an ancient
people of Mesopotamia, have a history that
can be traced back to 6000 years ago. The
culinary customs and traditions that have
undergone enrichment through this process
continue to exert their influence. However,
as a hidden culture that is not known much
by the people living in the same lands, it
expects not to be forgotten. The fact that the
Southeastern Anatolia Region was the
intersection point between the kingdoms of
the period in ancient times, being on the
spice route and incorporating many cultures
in terms of languages and religions are
among the elements that shape and enrich
the Syriac cuisine. The culinary culture of

982

Syriac cuisine is characterized by the
preparation of household dishes and those
prepared by monks and nuns in
monasteries, which serve as centers of
worship and belief. This distinct feature
holds a significant place in the Syriac
culinary tradition. Furthermore, Syriac
cuisine boasts a variety of authentic dishes
that are traditionally prepared for
significant events such as births, weddings,
and funerals, as well as during religious
observances such as periods of abstinence,
fasting, and holidays. Additionally, the
cuisine features a range of distinctive
flavors that are served at communal meals
held in the church following Sunday rites.
The Syriac Ancient Community attaches
great importance to neighborhood and
kinship relations, cooperation and social
solidarity. Visitors to a household are
highly valued and are therefore typically
accommodated in the most aesthetically
pleasing area of the room. The most
valuable animal of the house is slaughtered
and served for the guest. The text states that
there exists a customary practice whereby
visitors are ensured to be provided with
sustenance and are not deprived of the
morning meal. Following the main course,
it is customary to serve a selection of tea,
coffee, a fruit platter, and assorted nuts.
Visitors are consistently received with high
regard and affection. The impact of certain
customary practices in the daily lives of
Assyrians has experienced a decline in
comparison to previous eras. One aspect is
the etiquette of dining, commonly referred
to as "table manners". The familial bond of
reverence is also demonstrated through the
dining experience and associated etiquette.
As an illustration, the patriarch assumes the
initial seat at the dining table, consistently
occupying a fixed location. Subsequently,
the juveniles participate and consistently
occupy identical seating positions. The
meal has been scheduled to include women
at a later time. According to convention,
women are not typically seated at the dinner
table during formal gatherings that involve
invited guests or immediate family
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members. The guests are presented with the
most esteemed food and beverage offerings
of the household at these tables. The
primary objective is to ensure that the diners
are satiated and do not experience hunger
pangs upon leaving the dining table. The
consumption of snacks by the woman is
restricted until the conclusion of the
mealtime. The individual in question is
faced with the option of consuming
previously prepared sustenance or engaging
in the task of preparing a fresh meal
utilizing the remaining ingredients. As part
of the customary dining protocol, a prayer
ritual is observed whereby, subsequent to
all individuals taking their seats at the table,
the youngest offspring in the household
recites a grace before and after the meal
(Adigtizel, 2020).

3. Mardin assyrian cuisine and foods on
tourism

Syriac cuisine incorporates meat
and dairy products as essential components
in their dishes, featuring at least one of these
ingredients in nearly every preparation.
Ayran and butter are made by using
goatskin called “Hezbo” (Iris, 2011). This
exemplifies the significance of animal
husbandry as a crucial means of livelihood
for the community. During periods of food
scarcity, cereals such as barley, oats, and
lentils are frequently consumed by
individuals.  The  most  frequently
encountered culinary preparations are
meatballs and stuffing. There is a notable
variation in the preparation of meatballs
within the Assyrian community. The author
mentions several types of meatballs in their
text, including bellog, which are meatballs
made with lentils, ikbebet, which are stuffed
meatballs that are boiled, irok, which are
stuffed meatballs that are fried, and acin,
which are raw meatballs (lris, 2011).
Diversity and high consumption frequency
are significant factors of importance.
Furthermore, the culinary repertoire of this
cuisine encompasses distinctive dishes such
as kibbe, a preparation of stuffed tripe, and
Kapigaye, which consists of stuffed ribs.
These dishes have been incorporated into
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the culinary traditions of various societies.
Both white and red meat are commonly
utilized in culinary practices. Despite its
absence in ancient times, seafood has been
incorporated into Assyrian cuisine in recent
times. Nevertheless, given that this
constituent is not typically present in
conventional cuisine, these commodities
are commonly employed in culinary
applications through the utilization of
conventional cooking techniques.
Vegetables and legumes are commonly
found in various meal preparations.
According to Iris (2011), there is a notable
prevalence of fruit utilization in meat-based
cuisine, with a reported emphasis on
seasonal selection. An instance of this is
that Alluciye, a stew made with sour green
plums, is typically not prepared during the
winter season, or alternatively, dried plums
may be utilized in its preparation.
According to reports, wild herbs are notably
incorporated into their dietary intake. It was
stated how much importance Syriacs gave
to spices in their traditional cuisine. To such
an extent that it is employed not solely in
entrées, but also in desserts, pastries, and
beverages. The following spices, namely
Allspice, Mahaleb, Basil, Cinnamon, Anise,
Fennel, Coriander, Sumac, and Cardamom,
are considered to be the most noteworthy.
The utilization of a dozen varieties of spices
in the production of Easter buns serves as a
prime indicator of their superior quality. In
addition to sustenance, the establishment
offers a diverse selection of beverages. The
production of sherbets using spices and
compotes made from a variety of fruits is
one aspect of Syriac culinary culture.
Additionally, noteworthy Syriac beverages
include Syriac coffee, Syriac tea, Mirra (a
type of bitter coffee), Syriac wine, and
Syriac liquor, particularly those made with
sour cherry (Iris, 2011). Assyrians also pay
great attention to seasonal preparations.
Whilst such customs are no longer prevalent
among urban dwellers, they are still upheld
by rural communities. The practice of
producing tomato paste through the process
of sun-drying tomatoes and peppers has
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become a customary summer tradition in
nearly every household. The prepared
tomato paste is canned and stored in cold
storage and is prepared for the winter.
According to Iris (2011), grape and
mulberry molasses, roasted sausage, grape
sausage, walnut sausage, and bulgur and
cracked wheat are significant food items
that are commonly prepared for
consumption during the winter season.
Preparations for the summer or winter
months are made in advance. During the
vintage season, grapes are harvested and
subsequently dried. The resulting products,
such as grape molasses, walnut sausage,
cuts, and fruit pulp, are commonly
consumed as desserts during the winter
season. The maintenance of certain storage
practices from ancient times is explicated. It
is known that they are more careful not to
spoil the food, especially during the
summer period. According to Iris (2011),
milk and dairy products such as cheese and
butter are reportedly wrapped in goatskin
and transported to mountainous regions via
donkeys or horses once they have
undergone multiplication. These products
are then concealed in caves or secluded
areas that are covered with snow. Moreover,
it is a common practice for individuals to
possess mud warehouses within their
residential  premises. These storage
facilities are capable of preserving grains
and legumes, including wheat, barley, corn,
cracked grains, and sesame seeds, from
spoilage. According to Iris (2011), mud
warehouses possess a characteristic of
thermal insulation that remains consistent
throughout the year, regardless of seasonal
changes. Taking into account the
aforementioned  attributes  of  the
conventional Syriac gastronomy, it can be
posited that this ethnic group, with a lineage
spanning 6 millennia, has either resided or
continues to inhabit the geographical region
that once served as the birthplace of
Mesopotamian societies for numerous
centuries. It can be posited that the
distinctive culinary cultures observed in
these regions are a fusion of the
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gastronomic traditions  of
civilizations that inhabited
geographical areas.

preceding
the same

3.1. Syriac wine on tourism

Gastronomic tourism is a form of
tourism that places greater emphasis on the
consumption of food and beverages. This
type of tourism also encompasses the
investigation of the products that are to be
encountered (Steinmetz, 2010). According
to Shenoy (2005), gastronomic tourism can
be defined as a form of tourism where
visitors engage in activities such as dining
at local restaurants, purchasing locally
produced goods, and experiencing region-
specific cuisine. According to Brisson's
(2012) definitions of gastronomic tourism,
it can be posited that the primary motivation
for tourists to embark on such journeys is
the consumption of food and beverages.
Among the various beverages, wine
emerges as a prominent product, garnering
significant attention. Within this particular
context, wine is observed to manifest as a
constituent of tourism and a form of tourism
pursuit, rather than solely as a consumable
beverage. The conversion of raw grape fruit
into wine generates a distinct area of
consumer interest within this particular
industry. The phenomenon of wine tourism,
which was previously overlooked in
numerous countries, is  progressively
emerging as a subject of scholarly inquiry
from diverse perspectives. The escalation in
global travel and wine consumption has
been posited as the underlying cause of this
phenomenon (Charters et al., 2002).
Moreover, elements such as engaging with
the natural environment, exploring natural
commodities, and so forth, are additional
factors that contribute to the inclination
towards wine tourism. Simultaneously, the
cultural aspect of winemaking garners
public interest, as noted by Getz et al.
Brown (2006). Furthermore, areas that are
abundant in wineries and cater to wine
tourism are situated in close proximity to
the source of the raw materials. Wine
tourism exerts a significant influence on
agricultural and rural regions, particularly
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in areas such as vineyards and orchards
where wine is produced. Additionally, it has
implications for regional development. The
nomenclature of grapes and wine produced
for winemaking is influenced by the
regional variations in fruit production and
the unique taste characteristics of grapes
based on their type and origin. The
attractiveness of wine tourism is contingent
upon several factors, including the aesthetic
appeal of vineyards, their accessibility for
transportation purposes, and their proximity
to areas conducive to sea, sand, and sun
tourism, which is facilitated by the warm
climate in which they are typically
cultivated. The confluence of these factors
has the potential to yield significant benefits
for the broader tourism industry, as
evidenced by the findings of Getz et al.
(2006) regarding the potential contributions
of wine tourism. The Assyrian culture,
which is deeply committed to their beliefs,
accords significant value to wine. The
production of wine holds significant
cultural value in the ancient civilizations of
Mesopotamia and Anatolia, as evidenced by
historical records on Assyrian Wine (2017).
Assyrians, as in many branches of art; It is
also considered successful in agriculture
and viticulture. The Syriac community has
demonstrated a notable advancement in the
realm of winemaking, owing to their
emphasis on viticulture and possession of
expansive vineyards in the Midyat and
Adiyaman regions. The production of wine
by Assyrians in domestic settings has been
a practice of longstanding historical
significance. According to Kiigiik's (2008)
findings, Assyrians have been advancing in
the field of winemaking and have
established wine factories for professional
production. The production of Assyrian
wine involves the utilization of "mezrone"
and "kerkus" grape varieties cultivated in
vineyards located in the Mardin Midyat
region. The production of red wine involves
the utilization of the "Okiizgozi" and
"bogazkere" grape varieties, while white
wine is produced using other grape
cultivars. The plant commonly referred to
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as "Mahlep™ and bearing resemblance to the
blackberry is utilized in the process of wine

production to impart fragrance. The
Assyrian community residing in the
Turabdin region persist in utilizing

conventional techniques to produce wine
within their domestic milieu. Sulfur dioxide
is employed as a disinfectant agent for the
purpose of sanitizing the harvested grapes.
The production of authentic Syriac wine
does not involve the use of any additives.
Due to the high sugar content present in the
mezrone and kerkus grapes cultivated in the
area, additional sugar is not utilized.
Numerous vineyards can be found in Syriac
regions. The grapes harvested from these
vineyards undergo a process of crushing
and draining within sacks, without any
exposure to water. Subsequently, the
fermentation process, known as cibre, is
utilized for the purpose of sun-soaking.
Cibre fermentation is among the features
that distinguish Syriac wine from fabricated
production. No supplementary yeast is
employed. Distinguishing Syriac wine from
other varieties is the utilization of oak
barrels during the soaking process. The
edifice, constructed utilizing Mardin stone,
has been geographically delineated as a
church, among other structures. The
preservation of Assyrian wines takes place
in these locations. This stone exhibits a
unique characteristic of maintaining a cool
temperature during summer months and a
warm temperature during winter months.
The wine variety in question, which is
presently manufactured using conventional
techniques, is derived from the distinctive
grapes of the locality. It is seen that local
and foreign guests visiting the region are
interested in Syriac wine and taste it. Syriac
wine is believed to hold a significant
regional position within this particular
context.

4. Discussion and Conclusions

Historical records indicate that
factors such as climate, geography, and
nutrition have played significant roles in
shaping societies. As a result of various
factors, numerous societies were compelled
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to depart from their original territories and
relocate to alternative  geographical
locations. Due to these and similar reasons,
different cultures have encountered and
communicated with each other (Besirli,
2010). This has made the interaction of
different cultures inevitable. Turkey is a
country characterized by a diverse mosaic
structure, where various religious and
ethnic groups coexist. This nation boasts a
wealth of cultural heritage and traditions.
Assyrians are one of the cornerstones of this
mosaic structure. Apart from being one of
the most ancient peoples of Mesopotamia,
although they are very few in number in
Turkey, their unique culture, customs and
traditions clearly reveal their importance in
this structure. The Assyrian cultural
richness, akin to other ethnic groups,
constitutes an essential component of our
local culture and cultural diversity (Bourse
etal., 2017). What socializes a person is that
the culture into which he was born has
shaped him since his birth. Socialization is
a process whereby an individual's values
and rules are shaped or taught by their
family from the moment of birth. It is also
referred to as enculturation. Culture plays a
significant role in fostering social
connections and facilitating the exchange of
ideas among individuals. The notion of a
shared cultural identity fosters a sense of
unity and cohesion among individuals. The
concept of identity comprises two
fundamental constituents. The first of these
is identification and recognition, and the
second is belonging (Aydin et al., 2003).
Cultural identity is particularly striking in
this “belonging” part. Cultural identity is
situated within both the individual and
social domains of an individual. The
enduring survival of certain societies over
the course of centuries can be attributed to
the strength of their cultural identities.
Currently, it is appropriate to assert that
cultural identity encompasses customary
practices and traditions, historical events,
spiritual  beliefs, and social values.
Minorities, ethnic groups, and diverse
social classes possess distinct cultural
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identities within the framework of a
national cultural identity. Bilgin et al.
(2018) posit  that  there  exist
interrelationships between the cultural
identities of the constituent communities
within a society and the national cultures.
The presence and interaction of multiple
cultures contribute to the enhancement of
the overall cultural identity of the nation.
Specifically, this research explores the
significance of culinary practices, including
food preparation and consumption, in
shaping and reinforcing their cultural
identity. This study evaluates the cuisine of
Mardin and the Syriac wine using the
concepts of regional food and geographical
indication as the guiding principles. This
discussion will focus on the early
beginnings of the concept of gastronomy, as
well as the development of -culinary
practices and drinking rituals over the
course of human history. In addition, the
influence of the many different tendencies
that have surfaced throughout the course of
time in the field of gastronomy is
considered to be significant. One might
make the case that the country is home to a
culturally diversified food and beverage
landscape in terms of its traditional cuisine.
The process of moving to Anatolia is
accompanied by the integration of many
cultural  practices, which, in turn,
contributes to the creation of culinary and
beverage activities that are considered
traditional in the region. The concept of
geographical indicator has become more
important as a means of preserving the
unique characteristics of regional products
and reducing the possibility that these
products will become obsolete. Wine
tourism has gained prominence, particularly
in countries with a strong tradition of
winemaking, such as France and Italy.
Within the scope of wine tourism, various
regions across the globe have emerged as
popular destinations for wine enthusiasts.
Notably, France boasts Champagne,
Burgundy, and Bordeaux, while Italy is
home to Tuscany. In the United States,
Napa and Sonoma Valleys are renowned for
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their wine tourism offerings, while South
Africa's  Paarl,  Stellenbosch, and
Franschoek regions have also gained
recognition. Additionally, Hawk's Bay in
New Zealand is another prominent location
that attracts wine tourism enthusiasts. The
wine tourism areas have experienced swift
development. Their geographic location
and close proximity to sites of historical and
cultural significance, as well as picturesque
landscapes, have garnered significant
interest (Beames, 2003). Given the
significant role of tourism in the global
economy, wine tourism holds considerable
significance due to its potential for
generating a multiplier effect and
contributing to various economic sectors
and activities. In order to foster the growth
of wine tourism, it is imperative to ensure
that the products originating from the region
are effectively marketed and distributed
across a broad geographical expanse.
Furthermore, the exchange of wine is often
accompanied by the exchange of brands and
regional identities, which constitute a
crucial aspect of wine marketing (Hall et al.,
2001). As with the broader tourism sector,
the winemaking industry leverages the
geographical, socio-economic values, and
resources of the region in which it operates.
Hence, it can be posited that the origins of
wine production and tourism are
interconnected. According to Alonso et al.
(2007), wine tourism is a comprehensive
concept that encompasses viticulture,
winemaking, travel, and accommodation.
Strategically realizing wine production and
developing tourism regions that offer wine-
based experiences or transforming existing
tourism regions into areas that provide wine
experiences are crucial considerations, as
highlighted by Getz et al. (1999). The
significance of the wine tourism encounter
in a wide-ranging context is highlighted.
According to Walls (2013), individuals
exhibit certain behaviors during their
tourism experiences, such as repurchasing
touristic products, revisiting them, and
recommending or not recommending them
to others. Regarding the totality of Mardin,
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it would be acceptable to mention the
prosperous culinary and beverage traditions
that are prevalent there. It is possible to
view TPI's registration of six items,
including stuffed ribs, kibe, sembusek,
ikbebet, imebes, and Mardin stone, as a
manifestation of the acknowledgment of
geographical indication in the region of
Mardin. These products are: Kibe,
sembusek, ikbebet, imebes, and ikbebet. It
is currently felt that the production of wine,
which is a deeply rooted and significant
cultural activity in Mardin, is deserving of
attention and recognition equivalent to that
which is accorded other registered foods.
This belief stems from the fact that wine has
been produced in Mardin for centuries. Raki
(2009) and Turkish raki (1996) are two
examples of products that have been
granted the geographical indicator status.
Additionally, it has been noticed that
registration of geographical indications is
often obtained for grape varieties that are
unique to particular locations. This is the
case in the United States. The Kalecik
Karas1 Grape (2005) and Elazig Okiizgozii
Grape (2007) have been granted
geographical indicator registration,
particularly with regards to its application in
the manufacture of wine. In addition, the
application for Yenikoy Wine to receive
status as a product with a geographical
designation is now being processed.
Therefore, it is safe to say that there are no
roadblocks in the way of the application of
geographical indication enrollment for the
grapes known as "mezrone" and "kerkus,"
which are grown in the region and used in
the production of wine, or for Syriac wine
in its unadulterated form. This is the
conclusion that can be drawn from the
available evidence. To begin the process of
submitting an application for a geographical
indication, it is required to use an electronic
medium to fill out the Geographical
Indication Registration Application Form in
its entirety. This form may be found on the
website of the institution that is authorized
to process such applications (TPI). This
document offers extensive information
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pertaining to the product, such as its
classification within a certain product
group, a description of the product,
technical specifications, and paperwork
elaborating the  product's  physical,
chemical, microbiological, and sensory
characteristics. In some cases, pertinent
information regarding the product's raw
ingredients is also included in the
description of the product. The competent
authority is responsible for carrying out the
process of conducting the evaluation of the
registration application for a geographical
indicator or traditional product name.
According to a study that was conducted by
TPI in 2017, consumers have a tendency to
have a preference for products that are
advertised with the name of a certain place.
This is because consumers have faith in the
reputation of the region in question. As a
result, it is in everyone's best interest to
protect the welfare of the indigenous people
by preserving place names that have gained
a distinct character and cultural value as
geographical indicators or traditional
product names. This will help ensure that
the indigenous population will continue to
exist. According to the findings of the
study, Syriac wine, which has received a lot
of attention from people all over the world
in the field of wine tourism, may be
protected if certain application
requirements were met. Therefore, it will be
possible to ensure that the location gains
increased relevance and garners attention in
reference to tourism that is based on food
and drink. One of the most notable tourist
attractions in Mardin is the Assyrian wine,
which has a strong connection to the area
and its extensive natural, historical, and
cultural history. The use of geographical
indications has the potential to secure the
long-term viability of Syriac wine, which
would be an excellent complement to the
varied cuisine found in Mardin and would
benefit from the introduction of
geographical indications. It is claimed that
Mardin has a large potential as a destination
for cuisine and wine tourism. This is due to
the city's extensive historical, natural, and
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cultural legacy, as well as the strength it
draws from the registered products it
produces. In addition, it is recommended to
carry out an investigation into the
underlying circumstances contributing to
the absence of any submission for the
registration of Syriac wine, notwithstanding
the registration of six other goods under
geographical indication. This is because the
absence of any submission for the
registration of Syriac wine is a contributing
factor. In addition, another potential
weakness of the study is that it did not
conduct sufficient consultation with a
sufficient number of specialists in the
relevant fields. Additional study on the
subject calls for the gathering of
information from a wider variety of sources
and the participation of a greater number of
knowledgeable individuals.

References

Adiglizel, O., 2020. Etnik kokenlerin
mutfak  kiltiirlerindeki ~ degisimlerin
belirlenmesi: Balikesir Ornegi
(Unpublished Master Thesis). Balikesir
Universitesi, Balikesir.

Alonso, A., Cohen, A., Fraser, R., 2007.
Consumption Patterns Among New
Zealand Winery Visitors—An
Exploratory Study. Wine Industry
Journal, 22(2): 86-89.

Aydm, E., 2015. Gastronomi turizminin

sehir markalagmasina etkisi:
Afyonkarahisar ili 6rnegi (Unpublished
Master Thesis). Afyon Kocatepe

Universitesi, Afyon.

Beames, G., 2003. The Rock, The Reef And
The Grape: The Challenges Of
Developing Wine Tourism In Regional
Australia.  Journal  of  Vacation
Marketing, 205-212.

Belge, M., 2001. Tarih Boyunca Yemek
Kiiltiirii. Istanbul: iletisim Yayinlar1.
Besirli, H., 2010. Yemek, kiiltiir ve kimlik.
Milli Folklor, Y. 22. S. 87, ss. 159-169
Bilge, Y., 2001. Geg¢misten Giiniimiize
Siiryaniler. Istanbul: ZVI-  Geyik

Yayinlari.



MAS JAPS 8(Special Issue): 979-990, 2023

Bilgin, A., Oksal, A., 2018. Kiiltiirel kimlik
ve egitim. Academy Journal of
Educational Science, 2(1): 82-90.

Bloch- Dano, E., 2020. Sebzelerin Efsanevi
Tarihi. istanbul: iletisim Yaynlar1.

Bourse, M., Yicel, H., 2017. Kiltiirel
caligmalar1 anlamak. (H. Yiicel, Cev.).
Istanbul: Iletisim.

Brock, S.P., 2017. An introduction to Syriac
studies. Birmingham: Gorgias Press.
Charters, S., Ali-Knight, J., 2002. Who is
The Wine Tourist? Tourism

Management, 23(3): 311-319.

Getz, D., Brown, G., 2006. Benchmarking
Wine Tourism Development: The Case
Of The Okanagan Valley, British
Columbia,  Canada. International
Journal of Wine Marketing, 18(2): 78-
97.

Getz, D., Ross, D., Jack, C., Anderson, D.,
1999. Critical Success Factors for Wine
Tourism. International Journal of Wine
Marketing, 11(3): 20-42.

Goody, J., 2013. Yemek, Mutfak, Sinif.
(Cev. Miige Giinay Giinran). Istanbul:
Pinhan Yayinlari.

Hall, C. M., Mitchell, R., 2001. Wine
Tourism in The Mediterranean: A Tool
For Restructuring and Development.
Thunderbird International  Business
Review, 42(4): 445-465.

Hayta, M., Sitti, S., Yetim, H., 2009.
Kayseri Mantisi: Hazirlanis1 ve Kalite
Nitelikleri. II. Geleneksel Gidalar
Sempozyumu, 208- 211.

Iris, M., 2011. Siiryani Mutfak Kiiltiirii ve
Yemekleri (2. Baski). Istanbul: Ekol
Yayncilik.

Karaca, O. B., Karacaoglu, S., 2016. Kiiltiir,
Din ve Yemek Etkilesimi Cercevesinde
Arap Mutfagimin Kavramsal Olarak
Incelenmesi: Adana Ili Ornegi. Hitit
Universitesi Sosyal Bilimler Enstitiisii
Dergisi, 9(2): 561- 584.

Khare, R. S., 1980. Food as Nutrition and
Cultures: Notes Towards an
Anthropological Methodology. Social
Science Information, 19(3): 519-542.

Kim, J. H., Youn, H., Rao, Y., 2017.
Customer responses to food-related

989

attributes  in  ethnic  restaurants.
International Journal of Hospitality
Management, 61: 129- 139.

Ogiit Eker, G., 2018. Farkli Gorme
Bicimiyle Modern Diinya Ritiieli Olarak
Yemek Kiiltiiri: Sinanma/ Erginlenme
ve Intikam Alma Gizli Islevleri. Milli
Folklor Dergisi, (120): 170- 183.

Sagir, A., 2012. Bir Yemek Sosyolojisi
Denemesi Ornegi Olarak Tokat Mutfag.
Turkish Studies: International
Periodical For the Languages,
Literature and History of Turkish or
Turkic Dergisi, 7(4): 2675-2695.

Steinmetz, R., 2010. Food, Tourism and
Destination Differentiation: The Case of
Rotorua. New Zeland: (Unpublished
Master Thesis), Auckland Univesity of
Technology.

Tapper, R. Zubaida, S., 2000. Ortadogu
Mutfak Kiiltiirleri. (Cev. Ulkiin Tansel).
Istanbul: Tarih Vakfi Yurt Yayinlar1.
309 sayfa.

Temel, Z., 2016. Mardin ili
Yoresindeki Siiryani Ev  Sarapg¢iligi
Uzerine  Sosyo-  Ekonomik  Bir
Degerlendirme (Unpublished Master
Thesis). Cukurova Universitesi, Adana

Tezcan, M., 2000. Tiurk Yemek
Antropolojisi Yazilari. Ankara: T.C.
Kiiltiir Bakanlig1 Yayinlari.

Walls, A. R., 2013. A Cross-Sectional
Examination of Hotel Consumer
Experience and Relative Effects on
Consumer Values. International Journal
of Hospitality Management, 32(1): 172-
192.

Wells, C., 1994. Sosyal Antropoloji
Acisindan Insan ve Diinyas:, Cev.
Bozkurt Giiveng, Istanbul: Remzi
Kitabevi.

Yilmaz, G., 2015. Tirkiye'de Yasayan
Siiryanilerin Sosyo-Kiiltiirel
Durumlarmin Medya Uzerinden Analizi.
10. Karaburun Bilim Kongresi. izmir 2-
6 Eyliil 2015.

Yilmaz, H., Diindar, A., 2019. Gastronomi
Tarihi. Eskisehir: Anadolu Universitesi.

Yilmaz, 1., 2009. Kiiltirel Zenginlik
Bakimindan Mardin. Din Bilimleri Ak

Midyat



MAS JAPS 8(Special Issue): 979-990, 2023

To Cite: Kizilgegi, C., 2023. The Importance of Syriac Culinary Culture and Syriac Wine in
The Field of Gastronomy in Terms of Mardin Tourism. MAS Uygulamali Bilimler Dergisi,
8(Special Issue): 979-990.

DOI: http://dx.doi.org/10.5281/zenod0.10004347.

990



MAS JAPS 8(Special Issue): 991-1000, 2023

155N: £757-3675

Masjaps.com

8 DOI: http://dx.doi.org/10.5281/zenodo.10005866
Arastirma Makalesi / Research Article

Determination of Anxiety, Health Literacy and Belief Levels of Medication Use of
Individuals with Chronic Diseases During The Covid-19 Pandemic Process

_ Giircan SOLMAZ™ ™ .
!Istanbul University-Cerrahpasa, Florence Nightingale Faculty of Nursing, Istanbul
*Corresponding author: gurcansolmaz@hotmail.com

Received: 04.07.2023 Accepted: 12.08.2023
Abstract

This study was conducted to determine the state-trait anxiety, health belief, and health literacy levels of individuals
with chronic diseases during the COVID-19 pandemic. The study, which is a descriptive and relational type, was
conducted with 207 chronic patients between July and September 2020. Data were collected with a personal
information form, the Trait-State Anxiety Scale, the Health Literacy Scale, and the Health Belief Scale. The levels
of trait and state anxiety, health belief, and health literacy are higher in females, university or higher education,
single, good-income, comorbid disease, COVID-19 infected patients (p<.05). Participants aged 65 and over had
the most elevated anxiety, lowest health belief, and health literacy mean scores (p<.05). In the study, a weak
positive correlation was determined between the scales (p<.001). When the scores obtained from the trait anxiety,
state anxiety, health belief, and health literacy scales were evaluated according to sociodemographic
characteristics. Determining the anxiety, health literacy, and belief levels of individuals with chronic diseases and
their influencing factors in extraordinary situations such as pandemics can provide effective management of the
process and nursing care.

Keywords: Anxiety, Covid-19, health belief, health literacy
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1. Introduction

A new type of corona virus (Covid-
19) has been included in the high risk
group due to its treatment methods and
negative effects on the immune system (Di
Guarda, 2020; WHO, 2023). According to
December 2022 data, 72% of the deaths
from Covid-19 in the world and 65% in
our country of them are those with chronic
diseases (Biyikli and Lotfi, 2022; WHO,
2023). The restrictions imposed to prevent
transmission, on the one hand, protect
chronic patients against the virus, on the
other hand, they paved the way for them to
be in a more complex and anxious situation
such as social isolation, problems in
accessing health services and inability to
manage their ongoing treatments (Kagan et
al., 2021; Roy et al., 2020; Xiong et al.,
2020). In  studies  assessing the
psychological  effects of Covid-19
worldwide, it has been determined that the
general population experiences high levels
of stress, anxiety, depression, and post-
traumatic stress disorder. Moreover, it has
been found that women, individuals with
chronic illnesses, and those frequently
exposed to Covid-19 news constitute a
vulnerable group from a psychological
perspective (Kaye et al., 2020; Ozdin and
Bayrak, 2020). Continuing treatment of
chronic patients in cases such as
pandemics or natural disasters is an
element that cannot be ignored regarding
public health (Biyikli and Lotfi, 2022;
WHO, 2023). It is stated in studies that
anxiety caused by Covid-19 increases
compliance with treatment in individuals
with chronic diseases (De Keyser et al.,
2020; Kaye et al., 2020). It was determined
that the compliance of asthma and COPD
patients with their treatments during the
Covid-19 pandemic period increased by
14.5% compared to the pre-pandemic
period.® Adherence to treatment or the
attitude of chronic patients towards the use
of drugs is seen as an important step for
public health during the pandemic (Ozer
and Incesazli, 2021; Volpato et al., 2021).
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Another important element that emerges in
this process is accurate health information.
The concept that gathers the ability to find,
understand and apply health-related
information under the same roof is Health
Literacy (HL). Considering  these
difficulties, a critical HL level requirement
has emerged as chronic patients have
difficulties integrating the new knowledge
pool into their individual behaviors with
the pandemic (Nguyen et al., 2020). It has
been determined that chronic patients with
high HL values develop positive attitudes
toward their drugs and diseases (Ugurlu
and Akgiin, 2019; Van der Heide et al.,
2021). It is thought that nurses' knowledge
of chronic patients' anxiety, belief in drugs,
and HL levels in processes such as
pandemics or natural disasters can play an
active role in managing diseases. No
studies were found that evaluated the
anxiety, health literacy, and health belief
levels of chronic patients during the
pandemic process. Therefore, this study is
the first of its kind.

2. Materials and Methods

To  conduct the  research,
institutional permissions were obtained,
and ethical approval was obtained from the
Sivas Cumhuriyet University Ethical
Committee (Date: Number: 17.06.2020,
Decision N0:2020-06/42). After informing
the participating patients about the
research, written and verbal consent was
obtained from those who voluntarily
wished to participate. Throughout the
research, the principles of the Helsinki
Declaration on Human Rights were
followed. This descriptive and relational
study was conducted in a university
hospital in Turkey between July and
September 2020. While all chronic patients
who applied to the hospital where the study
was conducted constituted the population
of the study, the sample size; was
determined as 164 with 95% power, 0.03
margin of error, and 0.05 significance level
(Wahl et al., 2021). Two of the participants
who volunteered to participate in the study
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in July-September 2020 did not live in
Turkey, and five were not included in the
study because they were diagnosed with a
chronic disease for less than six months.
Reached 207 people. Sampling inclusion
criteria; Being able to answer all of the
questions, not having a serious mental
iliness, not having a verbal communication
disability, being literate, being diagnosed
with a chronic disease at least 6 months
ago, being 18 years old and over, agreeing
to participate in the research. Exclusion
criteria from the sample are; Those with
chronic cognitive and psychiatric diseases
did not want to participate in the study.

2.1. Data collection tools

The study data were collected with
the Personal Information Form, the Trait
Anxiety Scale, the Turkish Health Literacy
Scale, and the Health Belief Scale on Drug
Use. Personal Information Form: The form
was developed by researchers using the
literature to obtain sociodemographic and
disease data of patients (Kaye et al., 2020;
Ozdin and Bayrak, 2020; WHO, 2023).
State-Trait Anxiety Scale: It was
developed by Spielberger et al. (1970). The
scale consists of two parts: State and Trait
Anxiety Inventory. State anxiety is about
the expressed feelings or behaviors, while
trait anxiety is the evaluation of feelings,
thoughts, or behaviors. The total score
obtained from both scales varies between
20 and 80. The scale indicates that scores
between 0-19 mean no anxiety, while
scores between 60-79 indicate severe
anxiety and individuals with a score of 60
and above require professional help
(Tagdelen and  Zaybak,2013). The
Cronbach a value for this study has been
calculated as 0.82.
Health Literacy Scale (HL-32): The
Cronbach o reliability coefficient of the
scale was found to be 0.92. HL level was
evaluated in four categories according to
the score obtained: (0-25) score:
insufficient health literacy, (>25-33) score:
problematic — limited health literacy, (>33-
42) score: adequate health literacy, (> 42-
50) score: excellent health literacy
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(Kadiglu,2012). The Cronbach a reliability
coefficient for this study was 0.81. Health
Belief Regarding Drug Use: The Cronbach
o reliability coefficient of the scale
developed by Ci¢cek was found to be 0.91.
The lowest score that can be obtained from
the scale is 59, and the highest score is
151. Higher scores indicate higher health
beliefs about conscious and prescription
drug use (Kirilmaz and Doganyigit,2021).
In this study, the Cronbach o reliability
coefficient was 0.92.

2.2. Data Collection

After obtaining the consent of the
patients who met the research criteria to
participate in the study, the patients
answered the questionnaire and scale
questions in an average of 15-20 minutes.

2.3. Statistical Analysis

The data obtained from our study
were evaluated with the SPSS 23.0
program. The normality of the data was
checked with the Kolmogorov-Smirnov
test. Data were analyzed by Student's t-test
for two parametric independent groups and
by F-test (ANOVA) for more than two
groups. Cronbach's alpha coefficients were
calculated to test the validity and reliability
of the scales. As descriptive statistics,
X+SD was given for numerical variables,
and number and percentage values were
given for categorical variables. Pearson
method was used in parametric data to
calculate  the  correlation  between
continuous variables, and multiple linear
regression analysis was used to determine
independent predictors of anxiety. The
statistical significance level was accepted
as p<0.05.

3. Results

According to Table 1, the mean age
of the participants was 62.88+£15.16 years,
the majority (45.4%) was 65 years and
older, (61.4%) were female, (54%) were
primary school graduates, (66.1%) were
married, (45.4%) were middle-income,
25.1% had coronary artery disease, 71.5%
had at least one comorbid disease, and
55.1% were infected with Covid-19.
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Table 1. Sociodemographic characteristics of the participants (N=207)

Sociodemographic characteristics of | n (%)
the participants

Age

26-45 54 26.1
46-64 59 28.5
>65 94 45.4
Age mean (X+SD) (Min-Max) 62.88+15.16 26-87
Gender

Female 127 61.4
Male 80 38.6
Education status

Literacy 30 144
Primary school 52 25.2
Middle school 30 144
High school 52 25.2
University and above 43 20.8
Marital status

Married 137 66.1
Single 70 33.9
Level of income

Low 59 28.5
Middle 94 45.4
High 54 26.1
Type of chronic illness

Coronary Artery Disease 52 25.1
Diabetes 47 22.7
Chronic  Obstructive Pulmonary | 43 20.8
Disease

Rheumatoid Arthritis 33 15.9
Other 32 15.5
Presence of comorbid chronic illness

Yes 148 715
No 59 28.5
COVID-19 infection status

Yes 114 55.1
No 93 44.9

According to Table 1, the mean age of the
participants was 62.88+15.16 years, the
majority (45.4%) was 65 years and older,
(61.4%) were female, (54%) were primary
school graduates, (66.1%) were married,
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(45.4%) were middle-income, 25.1% had
coronary artery disease, 71.5% had at least
one comorbid disease, and 55.1% were
infected with COVID-19.
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Table 2. Comparison of the sociodemographic characteristics of the participants and the mean score of

the scale

Sociodemographic Trait Anxiety State Anxiety HL-32 Health Belief

Age

18-45 54.69+8.61 54.44+ 9.02 32.74+9.00 145.16+12.36

46-64 57.37£9.62 57.03+10.38 29.05+9.81 140.94+14.96

>65 59.92+8.07 60.31+8.56 24.98+9.07 137.56+15.22

p* test F:6.254 p=0.002 F:6.254 p=0.002 F:12.207 p<0.001 F:4.778 p=0.009

Gender

Female 62.53+4.90 62.98+4.96 33.84+8.04 146.70+8.58

Male 47.75+6.09 46.76+6.05 23.02+8.49 130.68+£16.98

p** test 1:19.194 p<0.001 1:21.006 p<0.001 1:9.221 1:8.969 p<0.001
p<0.001

Education status

Literacy 55.90+9.29 55.63+9.55 27.65+10.45 138.07+11.74

Primary school 56.13+8.60 56.10+9.19 25.83+9.30 134.46+20.61

Middle school 57.57+9.56 57.26+10.37 28.90+10.00 141.23+12.95

High school 53.59+8.70 53.284+9.03 32.2249.14 142.23+16.56

University and above | 60.93+7.20 61.37+7.80 34.07£7.68 145.60+12.09

p* test F=4.392 p=0.002 F=4.684 p=0.001 F=4.812 F=3.167 p=0.015
p=0.001

Marital status

Married 48.85+6.93 47.77+7.15 23.80+8.67 132.21+17.85

Singel 60.89+7.00 61.28+7.13 32.66+8.89 144.75£10.63

p** test 1:11.732 p<0.001 1:12.879 p<0.001 1:6.836 1:6.320 p<0.001
p<0.001

Level of income

Low 56.82+9.00 54.44+9.02 24.98+9.07 137.56+15.22

Middle 57.3749.62 57.00+10.38 29.05+9.81 140.94+14.96

High 59.92+8.07 60.31+8.56 32.74.49.00 145.16£12.36

p* test F=6.254 p<0.001 F=5.844 p=0.001 F=12.207p<0.001 F=4.778 p=0.009

Presence of

comorbid chronic

illness

Yes 60.46+7.33 60.83+7.53 32.48+8.81 144.42+11.98

No 47.67+£5.70 46.38+5.54 22.60+8.35 130.69+16.40

p** test 1:12.012 1:13.350 1:7.386 1:6.665

p<0.001 p<0.001 p<0.001 p<0.001

COVID-19 infection

status

Yes 62.16+5.30 62.66+5.39 33.39+8.33 145.40£13.02

No 50.26+8.25 49.41+8.49 25.10+£9.45 134.51£14.52

p** test t:12.541 1:13.623 1:6.698 1:5.679

p<0.001 p<0.001 p<0.001 p<0.001

*One-way ANOVA test, **Student t test.

According to Table 2, trait anxiety, state
anxiety, health belief, and HL-32 levels of
patients who are female, have a university
education level or higher, are single, have a
good income, have comorbid diseases, and

are infected with COVID-19 are higher
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than the others (p<0.05). At the same time,
patients aged 65 and over have the highest
anxiety (p<0.05), lowest health belief, and
HL-32 mean scores (p<0.001) compared to
other age ranges.
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Table 3. Mean scores obtained from the scales

Scales X+SD

Trait anxiety 56.82+9.00
State anxiety 56.71+9.58
HL-32 29.66+9.75
Health Belief 140.51+14.72

HL-32: Health Literacy

According to Table 3, the mean trait
anxiety score of the participants was
56.8249.00, the mean state anxiety score
was 56.71+9.58, the mean health belief
score was 140.51+14.72, and the mean
HL-32 score was found 29.66+9.75 and
this  score is  problematic/limited.
According to Table 4, between the trait
anxiety level and the state anxiety level,
there was a positive strong (r=0.979

p<0.001), HL-32 (r=0.382 p<0.001), and
Health Belief (r=0.427 p<0.001) has been
found between a positive weak correlation.
Similarly, a weak positive correlation was
found between state anxiety and HL-32
(r=0.398 p<0.001) and Health Belief
(r=0.445 p<0.001). On the other hand, a
weak positive correlation  (r=0.236,
p<0.001) was determined between Health
Belief and HL-32.

Table 4. Relationship Between Anxiety, Health Literacy, And Belief Levels About Medications

Scales Trait anxiety State anxiety Health Belief HL-32
Trait anxiety 1 0.979** 0.427** 0.382**
State anxiety 0.979** 1 0.445** 0.398**
Health Belief 0.427** 0.445** 1 0.236**
HL-32 0.382** 0.398** 0.236** 1

HL-32: Health Literacy,* * Pearson Correlation coefficient p<0.05, *** Pearson Correlation coefficient p<0.001

According to Table 4, between the trait
anxiety level and the state anxiety level,
there was a positive strong (r=0.979
p<0.001), HL-32 (r=0.382 p<0.001), and
Health Belief (r=0.427 p<0.001) has been
found between a positive weak correlation.
Similarly, a weak positive correlation was

Table 5. The predictive effect of gender on anxiety

found between state anxiety and HL-32
(r=0.398 p<0.001) and Health Belief
(r=0.445 p<0.001). On the other hand, a
weak positive  correlation  (r=0.236,
p<0.001) was determined between Health
Belief and HL-32.

health belief, and HL-32

Scales B SD p* t Adjusted R? | F

Trait anxiety | -0.784 1.947 <0.001 -7.427 0.648 52.367
Gender State anxiety | -0.711 1.940 <0.001 -7.193 0.691 63.698

Health -0.718 4.399 <0.001 -4.924 0.328 13.880

Belief

HL-32 -0.623 2.963 <0.001 -4.203 0.513 20.656

HL-32: Health Literacy

According to Table 5, when the scores
obtained from the trait anxiety, state
anxiety, health belief, and HL-32 scales
were evaluated according to
sociodemographic  characteristics, only
gender was found to be a significant
predictor. In the regression analysis, it was
calculated that gender had a significant
effect on trait anxiety by 64%, state
anxiety by 69%, health belief by 32%, and
HL-32 by 51% (p<0.001). In addition,
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women's trait anxiety, state anxiety, health
belief and HL-32 mean scores are higher
than men.

4. Discussion
According to this study,
participants were found to have

problematic/limited levels of HL, moderate
levels of anxiety (both trait and state), and
moderate levels of health belief.
Participants with high levels of anxiety,
HL, and low levels of health belief were
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found to be female, unmarried, have a
university degree or higher education,
good income levels, comorbidities, and had
been infected with Covid-19 (p<0.05).
These  sociodemographic  data  are
consistent with the literatiire (Ekici, 2020;
Yilmaz et al., 2020). However, in the
study, elderly patients had the highest level
of anxiety and the lowest level of HL and
health belief. Similarly, in the US, one in
three elderly people (34%) were found to
be anxious during the pandemic
(Applegate et al., 2020). Studies have
shown that education level, access to
health information, and access to health
services are among the factors that increase
health literacy and trust in medication
(Temel et al.,2017; Yakar et al.,2019). The
fact that only 20.8% of the participants in
this study had a university degree or higher
education, the study was conducted during
the pandemic, and the limited access to
healthcare due to the geographical location
of the study site may explain the high level
of anxiety, low HL, and low health belief
among elderly individuals. At this point, it
IS important for nurses to evaluate care
processes  considering  that  elderly
individuals with chronic diseases may have
high levels of anxiety during the pandemic
and may experience adherence problems to
their medication, as well as having limited/
problematic HL. In this study, it was found
that as the anxiety and limited HL of
chronic patients increased during the
pandemic, their health belief also increased
positively. Studies in the literature support
these research findings (Yakar et al., 2019;
Yilmaz et al., 2020). Chronic patients have
experienced more anxiety during the
Covid-19 pandemic than before due to
uncertainty, limited access to healthcare
services, social isolation, and insufficient
coping methods (Nguyen et al., 2020;
Rajkumar,, 2020; Roy et al., 2020). This
situation can be interpreted as increasing
anxiety levels during the pandemic
positively  affecting  accessing and
researching health-related information and
increasing faith in medication usage. This
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study provides an opportunity for nursing
to turn the crisis into an opportunity by
acknowledging that chronic patients'
increased anxiety levels during the
pandemic indicate their need for health
information and the possibility of
increasing their faith in medication.
Therefore, the data we presented can shed
light on how nurses can effectively manage
such  opportunities during pandemic
processes. In this study, it was determined
that women had higher levels of anxiety,
health locus of control, and medication
beliefs than men. Studies conducted in
Turkey and China that evaluated the effect
of gender on anxiety during the Covid-19
pandemic determined that women had
higher levels of anxiety than men (Goksu
and Kumcagiz, 2020; Saygin et al., 2021;
Wang et al.,2020). This can be attributed to
the negative impact of stress and anxiety
on women due to their roles and
responsibilities in society during the
pandemic, and their efforts to access
accurate health information and maintain
their faith in medication. Nurses can
support the goal of increasing the social
health level, particularly with women,
through education that emphasizes positive
medication beliefs and health locus of

control  during situations such as
pandemics and natural disasters.
5. Conclusion

The leading factors that affect

chronic patients' anxiety, beliefs about
medications, and health literacy during the
pandemic are gender, age, education level,
marital status, income level, comorbid
disease, and Covid-19 infection status. It
was revealed that the leading predictor that
affects anxiety, health literacy, and beliefs
about medications is gender, with women
being more affected. Nurses can
effectively manage time to promote public
health by being aware that women with
chronic diseases are more anxious during
the pandemic but more willing to receive
health information and adhere to their
medications. Additionally, the information
that increased levels of anxiety indicate a
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greater need for health literacy and an
increase in beliefs about medications can
be interpreted as an opportunity for nursing
to turn the crisis into an opportunity.
Therefore, the data we have presented can
shed light on nurses' ability to manage
such  opportunities  effectively  and
rationally during pandemic processes.

5.1. Limitations

Due to the restrictions imposed to
prevent transmission during the pandemic,
which caused a decrease in chronic
patients' visits to the outpatient clinic, this
situation constitutes a limitation of the
study.

Ethical Committee Approval

To  conduct the research,
institutional permissions were obtained,
and ethical approval was obtained from the
Sivas Cumhuriyet University Ethical
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research, written and verbal consent was
obtained from those who voluntarily
wished to participate. Throughout the
research, the principles of the Helsinki
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Abstract

This research was conducted to assess the impact of foot massage on back pain following transfemoral
angiography. This randomized controlled study was carried out with 41 patients (20 in the intervention group and
21 in the control group) who underwent transfemoral angiography in the Angiography Unit between 15 May- 30
June 2023. Data were collected using a questionnaire and a visual analog scale. In the intervention group, a 20-
minute foot massage, with 10 minutes for each foot, was administered two hours after the procedure. The control
group received standard pharmacological treatment. Pain assessments for all participants were conducted
immediately after angiography (1st measurement), at 30 minutes (2nd measurement), at the second hour (3rd
measurement), at the fourth hour (4th measurement), and at the sixth hour (5th measurement). The control group,
back pain intensity at the 3rd, 4th, and 5th measurements was significantly higher than at the 1st measurement
(immediately after angiography) (p <0.001). In the intervention group, pain intensity at all measurements (2nd,
3rd, 4th, and 5th measurements) was significantly higher than at the 1st measurement (p <0.001). Between-group
comparisons indicated that, except for the 1st measurement (p = 1.00), back pain intensity scores at the 4th and 5th
measurements in the intervention group were significantly lower than those in the control group (p <0.001). Foot
massage administered for 20 minutes, which is easy, without side effects, and requires no additional materials, can
reduce back pain in patients following transfemoral angiography.

Keywords: Back pain, foot massage, nursing, transfemoral angiography
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1. Introduction

In the treatment of coronary artery
disease, catheterization procedures are
commonly employed. The most widely
used interventional method for this purpose
is coronary angiography, which is
considered the gold standard for diagnosing
coronary artery disease (Baig et al., 2023;
Grubic et al., 2020). Coronary angiography
involves the radiological visualization of
coronary arteries using a radio-opaque
substance during cardiac catheterization,
with the recorded images subsequently
evaluated. Transradial or transfemoral
approaches are preferred during coronary
angiography, and the choice of approach
depends on the assessment of both the
patient and the physician. Studies
comparing the use of femoral and radial
approaches have shown that transradial
artery procedures are associated with longer
duration, higher radiation exposure, and
greater contrast agent usage compared to
transfemoral procedures, while the success
rate is lower. However, transradial
procedures are known to result in less
hematoma, bleeding, and shorter hospital
stays (Collet et al., 2017; Zhu et al., 2021).
Although Transfemoral Coronary
Angiography (TFA) is generally considered
a safe diagnostic procedure, it can lead to
complications such as hematoma, bleeding,
distal embolism, and arterial thrombosis
after the procedure (Aghili et al., 2022). To
minimize the risk of complications
following TFA, approximately 6 hours of
complete bed rest is recommended. During
this 6-hour bed rest period, the patient
should lie in a flat position and avoid rapid
movements. Complete bed rest following
TFA can be an uncomfortable experience
for patients, and immobility is often cited as
amajor contributor to post-TFA discomfort.
Such immobility can lead to pain. A recent
meta-analysis has identified back pain as
one of the most common complaints
following TFA (Busca et al., 2023,
Chaiyagad et al., 2023; Elsaman, 2022,
Tiiren et al., 2022). Post-TFA back pain can
increase sympathetic stimulation,
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potentially raising heart rate, blood
pressure, cardiac workload, and myocardial
oxygen consumption. These issues can, in
turn, lead to or exacerbate myocardial
ischemia (Matte et al., 2016; Niknam Sarabi
et al., 2021). Therefore, the management of
post-TFA back pain is crucial, especially in
patients with significant heart conditions.
Nursing care standards for patients
undergoing TFA vary. Care instructions
typically used in hospitals are based on
experiential  knowledge rather than
evidence. Hence, there is a need for research
and the development of evidence-based safe
care protocols for patients undergoing
coronary angiography. Various
pharmacological and non-pharmacological
methods are available to reduce pain. Pain-
relieving medications are the most common
pain reduction method. However, these
medications are associated with various
side effects such as inadequate pain relief,
respiratory depression, nausea, vomiting,
and paralytic ileus. Therefore, many
healthcare providers have turned to non-
pharmacological methods that have the
potential to reduce pain without causing
serious side effects (Chaiyagad et al., 2023;
Maurovich-Horvat et al., 2022). Massage is
one of the non-pharmacological
interventions used in nursing care. Massage
is considered one of the complementary
therapies with potential pain-reducing
effects. It is suggested that massage can
reduce pain by lowering cortisol and
norepinephrine levels, increasing serotonin
levels, stimulating endorphin release,
facilitating blood flow, and improving
oxygenation in soft tissues (Fitri et al.,
2021; Hassan and Ahmed, 2022). Among
massage techniques, foot massage is one of
the most commonly used. Foot massage
involves applying pressure to areas such as
the sole and the top of the foot. Studies
suggest that foot massage applied through
this pressure can support blood flow in
different parts of the body, thus enhancing
balance and promoting relaxation (Alameri
et al., 2020; Aslan and Altin, 2022).
Additionally, foot massage has been shown
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to have positive psychological effects,
inducing relaxation (Alameri et al., 2020;
Aslan and Altin, 2022). Foot massage is a
simple, inexpensive, non-invasive
procedure that can be used anywhere
without the need for special equipment and
without compromising patient privacy.
Previous studies have reported the positive
effects of foot massage on sleep quality,
vital signs, and anxiety (Aslan and Altin,
2022; Hassan and Ahmed, 2022; Pakaya
and Nento, 2023). Moreover, some studies
have suggested that foot massage can have
positive effects on back pain (Tiiren et al.,
2022; Sanli and Satilmis, 2023). However,
there is a lack of sufficient research on back
pain, which is the most common complaint
in patients undergoing TFA. Therefore, this
study aims to evaluate the effect of foot
massage on back pain that occurs after TFA.
This research could provide valuable
evidence for nursing care plans. This
research has been conducted to assess the
effect of foot massage on back pain that
develops after TFA.

2. Materials and Methods
2.1. Study design

This randomized controlled study
was conducted in the Angiography Unit of
a hospital located in western Turkey,
between 15 May and 30 June 2023. To
conduct the research, institutional
permissions were obtained, and ethical
approval was obtained from the Yalova
University Human Research  Ethics
Committee (Date: 08/05/2023, Decision
No: 2023/84). After informing the
participating patients about the research,
written and verbal consent was obtained
from those who voluntarily wished to
participate. Throughout the research, the
principles of the Helsinki Declaration on
Human Rights were followed. The study
population consisted of patients who
underwent Transfemoral Coronary
Angiography (TFA) in the hospital's
Angiography Unit during the specified time
frame. The sample size was determined
based on a similar study (Kardan et al.,
2020) using G*Power 3.1.9.2 statistical
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software. With an effect size of d=0.99
(high effect size), power of 0.95, and
0=0.05, the minimum number of patients
required for inclusion in the study was
determined to be 20 for the intervention
group and 20 for the control group, totaling
40 patients. Inclusion criteria for the study
were as follows: being 18 years of age or
older, having no communication barriers,
undergoing TFA, not reporting back pain
prior to TFA, having no conditions such as
open wounds or bone deformities that could
hinder foot massage, not having any
medical conditions that could cause back
pain, and voluntarily agreeing to participate
in the research. A total of 50 patients who
met the research criteria were approached,
and 42 patients willingly agreed to
participate in the study. During the data
collection phase, one patient from the
intervention group voluntarily withdrew
from the study, resulting in a total of 41
patients completing the research. After data
collection, power analysis was conducted
with d=0.99 (high effect size), power of
0.95, and 0=0.05.

2.1.1. Randomization

Randomization was carried out
using a 1:1 method. The allocation of the
first patient's group was determined by
drawing lots by the researcher, and after
assigning the first patient to the intervention
group, the remaining patients were
randomized 1:1 to either the intervention or
control group, resulting in a total of 21
patients in each group, totaling 42 patients
for the study. One patient from the
intervention group expressed a desire to
withdraw from the study voluntarily, and
the study was completed with a total of 41
patients. Data collection and foot massage
were performed by the researcher. Since the
patients were in single rooms for 6 hours of
bed rest after TFA, they had no knowledge
of other patients' conditions.

2.2. Data collection tools

Data  collection tools  were
questionnaire and visual analog scale. The
questionnaire, consisting of 10 questions,
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was prepared by the researcher based on
previous similar studies and the literature.
The questionnaire assessed individual
demographic data and vital signs (Alameri
et al., 2020; Kardan et al., 2020). Visual
analog scale (VAS) VAS is a scale that
allows scoring from 1 to 10. VAS pain
scores are evaluated as “pain-free"
(score=0) and "worst pain" (score=10).
Scores less than 3 are defined as mild pain,
scores between 3-6 as mild to moderate
pain, and scores greater than 6 as moderate
to severe pain (Crichton, 2001).

2.3. Data collection

The researcher individually met
with patients waiting for the TFA procedure
in the patient room. Patients were informed
about the purpose of the study, and those
who wished to participate voluntarily were
randomized into groups and asked to fill out
the questionnaires. After TFA, patients
were met by the researcher in their rooms,
vital signs were recorded, and pain scale
assessments were conducted at specified
time intervals during the study procedure.
Foot massage was applied to the
intervention group, while the control group
received standard treatment procedures.
Pain assessments for all participants were
conducted immediately after the TFA
procedure, at 30 minutes, and then at the
second, fourth, and sixth hours. In the
intervention group, foot massage was
applied at the beginning of the second hour,
and pain assessment was performed at the
end of the second hour.

2.3.1. Intervention group

Massage therapy is included in the
nursing education curriculum and is one of
the nursing care procedures. Foot massage
was applied by the researcher. Patients
assigned to the intervention group through
randomization received foot massage two
hours after TFA. According to information
obtained from the literature review, it is
observed that pain is most intense within the
first four hours after the TFA procedure
(Busca et al., 2023; Maurovich-Horvat et
al., 2022). Based on this information, foot
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massage was applied by the researcher for a
total of 20 minutes to each foot, with 10
minutes per foot, starting two hours after the
TFA procedure. Foot massage procedure:
Hands were washed, the patient was in a
supine position with the foot area exposed.
The researcher stood at the end of the bed
facing the patient, and the researcher
stroked from the distal part of the foot to the
ankle three times. The same procedure was
repeated three times for both the upper and
lower surfaces of the foot. The researcher
grasped the foot by the ankle and applied
effleurage, petrissage, friction, tapotement,
and vibration sequentially, with each
movement being repeated three times for
both the upper and lower surfaces of the
foot. Finally, stroking was performed from
the distal part of the foot to the ankle three
times, and the procedure was completed.
The same procedures were applied to the
other foot in the same order. A lubricating
gel, cream, or lotion was not used during the
massage.

2.3.2. Control Group

Patients in the control group
received the hospital's standard post-TFA
treatment. Pain measurements were made
according to the study procedure timing.

2.4. Data Analysis

Data were analyzed using SPSS
software (version 16.0) at a significance
level of 0.05. Normality distribution was
assessed with the Kolmogorov—-Smirnov
test. Nonparametric tests were used due to
the data not being normally distributed.
Descriptive characteristics were presented
as numbers and percentages. Group
differences were evaluated using the chi-
square test, and some data were presented
as mean values. Intergroup variance
analyses were evaluated using the Kruskal-
Wallis test and Mann—Whitney U test. In-
group differences were tested using the
Friedman F test, and differences between
sessions were tested using the Wilcoxon
signed ranks test.
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3. Results
3.1. Distribution of in the foot massage
and control group by demographic
variables

Initially, 42 patients were recruited
to the study and equally allocated to two
groups. A patient from the intervention
group wanted to withdraw from the study
voluntarily.  Consequently, final data
analysis was performed on the data
collected from 41 patients—20 patients in

the intervention group 21 patients in the
control group. Age mean in the control was
54.2145.79 and the intervention group was
53.25+6.15. Coronerarter diseases duration
in these groups was 9.42+5.87 and
9.84+5.13, respectively. There were no

significant differences between these
groups respecting participants’ age, gender,
marital ~ status,  educational  level,
coronerarter  diseases  duration

(p>0.05;Table 1).

Table 1. Distribution of in the foot massage and control group by demographic variables

Variables Intervention Control Group Total
Group (n=21) (n=41)
(n=20)

Age mean (years) 5D 53.25+6.15 54.21+5.79 53.73+6.19

p* Z=-1.557 p=0.120

Gender

Female 9 (45.0) 10(47.6) 19(46.3)

Male 11(55.0) 11(52.4) 22(53.7)

p** ¥2=0.414 p=0.735

Marital status

Married 17 (87.0) 20(95.2) 37(78.7)

Single 3(15.0) 1(4.8) 4(21.3)

p** v2=1.458 p=0.797

Educational

Literate 4(20.0) 3(14.3) 7(17.1)

Primary 11(55.0) 15(71.4) 26(63.4)

High school 5(25.0) 3(14.3) 8(19.5)

p** %2=0.597 p=0.988

Coronerarter disease duration (years) X+SD 9.42+5.87 [ 9.84+5.13 [ 9.63+5.46

p* Z=-0705 p=0.481

*Mann-Whitney U test, ** Chi squared, p<0.05.

3.1. Distribution of in the foot massage
and control group by demographic
variables

Initially, 42 patients were recruited
to the study and equally allocated to two
groups. A patient from the intervention
group wanted to withdraw from the study
voluntarily. Consequently, final data
analysis was performed on the data
collected from 41 patients—20 patients in
the intervention group 21 patients in the
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control group. Age mean in the control was
54.2145.79 and the intervention group was
53.2546.15. Coronerarter diseases duration
in these groups was 9.42+5.87 and
9.84+5.13, respectively. There were no

significant  differences between these
groups respecting participants’ age, gender,
marital status, educational level,
coronerarter  diseases  duration  and

(p>0.05; Table 1).
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Table 2. Vital signs distribution in the groups during the first 6 hours post-TFA

Vital sings ( X+SD) Intervention Group Control Group Comparison of groups
(n=20) (n=21) p*
X+SD X+SD
Heart rate (b/min) 77.05+1.43 76.09+1.81 Z=-1914
p=0.056
Respiratory rate (c/min) 18.80+2.70 20.47+£2.27 7=-1.822
p=0.680
Sistolic Blood Pressure 129.954+2.21 131.094+3.91 Z=-0.680
p=0.497
Diastolic Blood Pressure 83.95+3.31 84.23+3.11 Z=-0.224
p=0.823
Temperature (°C) 37.35+0.2 37.27+04 Z=-0.794
p=0.427

* Mann-Whitney U test, p<0.05

3.2. Vital signs distribution 1n the groups
during the first 6 hours post-TFA

Table 2 presents the distribution of vital
signs in the intervention and control groups

during the first 6 hours post-TFA. The
findings did not vary statistically
significantly between the two groups
(p>0.05).

Table 3. The comparison of the presence of lower back pain between groups within the first 6 hours

ost-TFA

Pain Total Intervention Group | Control Group Comparison of

n(%o) (n=41) (n=20) (n=21) groups

X+SD X+SD p*

Lower back pain n

(%)

No pain 9(22.0) 5(25.0) 4(19.5) 0.212
p=0.645

Mild pain 13(31.7) 7(35.0) 6(28.6) 0.196
p=0.658

Moderate pain 9(21.2) 6(30.0) 3(14.3) 1.476
p=0.224

Severe pain 10(24.4) 2(10.0) 8(38.1) 4.385
p=0.036

* Chi squared, p<0.05

3.3. The comparison of the presence of
lower back pain between groups within
the first 6 hours post-TFA.

Table 3 presents the comparison
between the intervention and control groups
based on the lower back during the first 6
hours post-TFA. Compared to the
intervention group, the control group had no
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statistically significant no pain (5(25.0%)
and 4 (19.5.0%)), mild pain (7(35.0%) and
6(28.6%)), moderate pain (6(30.0%) and 3
(14.3%)) and severe back pain (2(10.0%0)
and. 8 (38.1%)). The intervention group had
a statistically significant of sever pain than
the control group (p<0.05).
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Table 4. Comparison of within-and betwee group back pain average

Time Intervention Group Control Group *Test
(n=20) (n=21)
X+SD X+SD
1.Measurement 0.00+0.002 0.00+0.002 Z=0.000
(Immediately the after p*=1
TFA)
2. Measurement 2.10£2.95P 1.14+2.432 Z7=-1.125
p*=0.261
(Thirty minutes after the
TEA)
3. Measurement 3.10+1.02° 3.76+2.25b Z=-0.123
(Two hours after the p*=0.902
TFA)
4. Measurement 2.85+1.66° 5.2342.21P Z=-3.821
(Fours hours after the p*=0.001
TEA)
5.measurement (Six hours | 3.50+1.31° 5.61£2.78b Z=-2.478
after the TFA) p*=0.013
**Test 12=36.965 12=54.816
p**< 0.001 p**< 0.001

TFA: trnasfemoral anjiography * Mann-Whitney U test results for comparison of the mean scores of the two groups at each time point. ** Friedman test results
for comparison of the mean scores of the within-group, Wilcoxon signed-rank test, a<b, p<0.05,
Different letters or combinations of letters on the same line represent statistically significant differences.

3.4. Comparison of within-and betwee
group back pain average

The results of the Friedman test
illustrated significant changes in the scores
of back pain intensity in both groups across
the  five  measurement time-points
(p<0.001;Table 4). Post-hoc analysis using
the Wilcoxon signed-rank test was used to
compare 1.Measurement (Immediately the
after TFA) with other time points.
Statistical analysis showed that in the
control group, back pain intensity at 3., 4.
and 5. measurement was significantly
greater than 1.Measurement (Immediately
the after TFA) (p<0.001), while in the
intervention group, pain intensity at all
measurements (2.,3.,4. and 5. measurement)
were significantly greater than
1.Measurement (p <0.001). Between-group
comparisons using the Mann-
Whitney U test revealed that except for
1.Measurement (p=1.00), back pain
intensity scores at the 4., and 5.,
measurements in the intervention group was
significantly less than those of the control
group (p <0.001; Table 4).

4. Discussion

This study was conducted to
evaluate the effect of foot massage on back
pain that develops after TFA. In this study,
there was no statistically significant
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difference in vital signs between the
intervention group, who received foot
massage after TFA, and the control group,
who received standard pharmacological
treatment. These findings are consistent
with the results of Elsama's study (2022),
which supports the idea that there is a need
for large-scale studies evaluating the effect
of foot massage on vital signs after TFA
(Elsama, 2022). Long periods of immobile
bed rest after TFA typically involve nursing
interventions such as placing sandbags
instead of an invasive pillow and
encouraging patients to rest in bed for at
least six hours. The most commonly
encountered problem during prolonged
immobile bed rest is back pain (Elsama,
2022; Kardan et al., 2020; Suggs et al.,
2017). In this study, almost half of the
patients (45.6%) reported experiencing
moderate to severe pain after TFA, and the
number of patients experiencing severe pain
in the intervention group was significantly
lower than in the control group. Similar
studies have also shown that the frequency
of back pain after TFA varies between 11-
27% (Cha and Sok, 2016; Tiren et al.,
2022). Prolonged bed rest increases
pressure on tissues, reduces blood flow to
muscles and tissues, and can lead to muscle
fatigue and weakness (Niknam et al., 2021;



MAS JAPS 8(Special Issue): 1001-1010, 2023

Fereidouni et al., 2019). It can be argued
that prolonged bed rest after TFA leads to
back pain by causing muscle fatigue and
weakness. Studies focus on when back pain
develops during bed rest, aiming to guide
nursing care planning in this regard
(Chaiyagad et al., 2023; Elsaman, 2022;
Tiiren et al., 2022). The data obtained from
the study showed an increase in back pain
levels from the second hour after TFA in
both the intervention and control groups. In
the second hour, the back pain felt with foot
massage in the intervention group
significantly decreased compared to the
control group, where no intervention was
performed. The pain level in the control
group increased over time. In other words,
patients in the intervention group reported
significantly lower levels of back pain at the
fourth and sixth hours compared to patients
in the control group. Different studies have
reported the positive effects of foot massage
on pain in various patient groups. Elsabely
et al. (2022) found that foot massage
applied to children undergoing
chemotherapy reduced pain and fatigue
levels (Elsabely et al., 2022). Sanli and
Satilmis  (2023) determined that foot
massage applied to postpartum women
reduced back pain (Sanli and Satilmus,
2023). Findings in the literature also
indicate that foot massage applied to
osteoarthritis patients significantly reduces
pain (Yakout et al., 2022). Although the
patient population in this study is different
from other foot massage studies, the results
of many studies support the effectiveness of
foot massage in reducing pain intensity.
There are various explanations for the
positive effects of foot massage on back
pain. The most widely accepted
explanation, as mentioned earlier, is that
prolonged hours of immobile bed rest can
increase tissue pressure, reduce tissue and
muscle blood flow, lead to muscle fatigue,
weakness, and spasms, and result in back
pain. Specific pressure applied to the soles
of the feet is believed to reduce stress and,
therefore, may have positive effects on back
pain. Stress can increase the perception of
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pain, and a decrease in stress can
significantly reduce the perception of pain.
Another explanation for the positive effect
of foot massage is the stimulation of
endorphin release. The mechanism by
which massage reduces pain is explained by
the Gate Control Theory. According to this
theory proposed by Melzack in 1965, thick
touch fibers (A-alpha and A-beta) are faster
than thin fibers (A-delta and C) that transmit
pain sensations. In this context, touch
receptors and fibers in the skin, which are
stimulated through massage, activate
mechanoreceptors and fibers that inhibit
signal transmission to T cells (the gate
closes) and prevent the sensation of pain.
When substantia gelatinosa cells are
stimulated, they release endorphins, known
as endogenous opioids. Endorphins inhibit
the release of substance P, which plays a
role in the transmission of pain, and block
the passage of pain stimuli (Yagr and
Saygin, 2019). The reduction in pain levels
similar to previous studies suggests that foot
massage can be effectively used in
alleviating back pain after TFA.

5. Conclusion

Nurses can use foot massage to
reduce back pain that develops due to bed
rest in patients undergoing TFA. With a
simple, side-effect-free, and 20-minute
application of foot massage, patients can
alleviate their back pain. Additionally, the
findings of this study may provide evidence
for meta-analysis studies on the effects of
foot massage on post-TFA back pain.

5.1. Limitations

The strengths of this study include
its randomized controlled design and the
patient-perceived effectiveness of the pain
visual scale used. However, the limited
number of patients and the lack of
evaluation of the effect of foot massage on
post-discharge pain represent limitations of
the study. It is recommended that future
research includes larger-scale studies and
evaluates post-discharge pain levels in this
regard.
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Ozet

Bu caligmada, siit sigirlarinin beslenmesinde kullanilan toplam rasyon karisimina (TRK), yerfistigi kabugu (YFK),
sodyum bikarbonat (NaHCO3) ve magnezyum oksit (MgO) katkisinin, rumen sivisi parametreleri tizerine etkileri
incelenmistir. Caligmada Kontrol grubuna (R1) % 0.2 oraninda yerfistig1 kabugu (R2), sodyum bikarbonat (R3)
ve magnezyum oksit (R4) katilmistir. Ayrica, kontrol grubuna % 0.4 oraninda magnezyum oksit katilarak (RY),
MgO {izerinden doz interaksiyonun etkisi incelenmistir. Rasyona katilan YFK, NaHCO3; ve MgO katkilarinin
etkilerini incelemek i¢in standart (S) ve diisiik (D) pH degerine sahip iki farkli ¢ézelti hazirlanarak rumen sivisi
ile 2 /1 oraninda karistirilmistir. Rumen sivist karigiminda olusan pH degerleri S grubunda 7.45, D grubunda ise
6.95 olarak belirlenmistir. Caligmada, inkiibasyonun 1, 2 ve 4. saatleri sonunda pH degeri, protozoa sayisi ve
viskozite degerleri 6l¢iilmiistiir. YFK katkisinin diisiik pH kosullarinda tamponlama kapasitesinin yiiksek oldugu
belirlenmistir. Diisiik pH seviyesinin protozoalar iizerinde olumsuz etki gosterdigi tespit edilmistir. inkiibasyon
stiresi arttikca rumen sivinin viskozite degeri yilikselmis. Rasyona MgO katilirken % 0.2 yerine % 0.4 doz
katkisinin rumen mikroorganizmalar iizerine daha olumlu etki gosterdigi tespit edilmistir. Sonug olarak, atik
niteligindeki yerfistig1 kabugunun, ruminant hayvanlarin rasyonlarinda kullanilmasinin hem ekonomik hem de
ekolojik olarak fayda saglayacagi saptanmistir.

Anahtar Kelimeler: Hayvan besleme, yerfistigi kabugu, sodyum bikarbonat, magnezyum oksit

The Effect of Peanut Shell and Different Buffering Agents on Rumen Fluid Parameters

Abstract

In this study, the effects of peanut shell (PS), sodium bicarbonate (NaHCO3) and magnesium oxide (MgO)
additives to the total mixed ration (TMR) used in dairy cow feeding on rumen fluid parameters were investigated.
In the study, 0.2% peanut shell (R2), sodium bicarbonate (R3) and magnesium oxide (R4) were added to the control
group (R1). In addition, 0.4% magnesium oxide (R5) was added to the control group and the effect of dose
interaction via MgO was examined. In order to examine the effects of the addition of PS, NaHCO3 and MgO to
the ration, two different solutions with standard (S) and low (L) pH values were prepared and mixed with rumen
fluid at a ratio of 2/1. The pH values in the rumen fluid mixture were determined as 7.45 in S group and 6.95 in L
group. , In the study, pH value, protozoa number and viscosity values were measured at the end of 1, 2 and 4 hours
of incubation. It was determined that buffering capacity of PS additive was high at low pH conditions. It was
determined that low pH level had a negative effect on protozoa. The viscosity value of rumen fluid increased as
the incubation period passed. While adding MgO to the ration, it was determined that 0.4% dose addition instead
of 0.2% had more positive effect on rumen microorganisms. As a result, it was determined that the use of waste
peanut shell in the rations of ruminant animals will provide both economic and ecological benefits.

Keywords: Animal nutrition, peanut shell, sodium bicarbonate, magnesium oxide
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1. Giris

Siit ineklerinde dogum oncesi kuru
donem ve dogumla birlikte devam eden
laktasyonun ilk donemi, hayvan i¢in en
hassas olan dénemdir. Ineklerin siit verimi
laktasyonun ilk doneminde siirekli olarak
artarak en yliksek seviyeye ulasmaktadir.
Hayvanlarin artan besin madde ihtiyaglarini
karsilamak i¢in, rasyonda kaba yem orani
diistiriliirken, kolay ¢Oziinebilir
karbonhidratlarca zengin konsantre yem
orani arttirilmaktadir (Alatas, 2013; Plaizier
ve ark., 2017; Wetzels ve ark., 2017;
Cayiroglu ve ark., 2019). Rumen pH
seviyesi ve rumen hareketi, kolay
¢Oziinebilir ~ karbonhidrat  kaynaklar1
nedeniyle kisa ve uzun vadede olumsuz
etkilenmektedir. Rasyonlarda dengesiz ve
yetersiz fiziksel etkin seliiloz eksikligi, bu
olumsuz etkilesimlere neden
olabilmektedir. Rumen pH seviyesini
dengeleyen yem katkilar1 ve tiikiiriik
salgisinin yetersizligi de bu etkilesimlere
neden  olabilmektedir  (Bal, 2017).
Beslenmenin kaba ve kesif yem orani
acisindan dengeli bir sekilde yapilmamasi
durumunda, rumen pH dengesi bozulmakta
ayrica, ugucu yag asitlerinin (UY A) iiretimi
ve emilimi de hizh bir sekilde
degismektedir. Yemlemeyi takip eden ilk 2-
6 saat arasinda en biiyiik sorun olan asidozis
basta olmak iizere, metabolik bircok
problemlerin ortaya cikmasi da
miimkiindiir. Bu durum, hayvanin verimi
agisindan olumsuz sonuglarin olusmasina
neden olmaktadir (Mao ve ark., 2013;
Humer ve ark., 2018). Bu tiir metabolik
hastaliklar1 ~ 6nlemek i¢in, rasyonda
tamponlayici katk1 maddesi
kullanilmaktadir.  Hayvan  beslemede
tampon maddesi olarak, amonyak, sodyum
kloriir,  sodyum  bentonit,  sodyum
bikarbonat, potasyum karbonat, kalsiyum
karbonat, kire¢ tasi ve magnezyum oksit
kullanilmaktadir. Sodyum bikarbonat ve
magnezyum oksit bu tampon maddeleri
arasinda en yaygmn olarak kullanilan
bilesenlerdir (NRC, 2001). Bikarbonat, 40
yildir ruminant hayvanlarin rasyonlarinda
diizenli tamponlama yapmak ve siit
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yagindaki  azalmayr  onlemek  igin
kullanilanmaktadir (Beauchemin ve Penner,
2009; Calsamiglia ve ark., 2012). Kuru
madde (KM) esasina gore, hayvan basina
ginde 110-225gram sodyum bikarbonat
eklenmesi siit verimi, siit yag oran1 ve yem
tiketimi  ilizerinde olumlu bir etki
yapmaktadir (Hu ve Murphy 2005).
Sodyum bikarbonatin tampon maddesi
olarak kullanimi tercih edilmekle birlikte,
sodyumun yiiksek olmasindan olusabilecek
diger problemlerin azaltilmasi amaci ile,
hem tamponlayici etkisini saglamak hem de
mineral ihtiyacinin karsilanmasi amaciyla
magnezyum oksit kullanilmaktadir (Sahiner
ve Yavuz, 2020). Son zamanlarda hayvan
beslemede kullanim olanaklar1 incelenen
yerfistig1 kabugu (YFK), yiiksek diizeyde
sodyum ve potasyum igerigine sahiptir. Bu
da onun pH iizerinde tamponlayici etkisini
artirmaktadir (Dung ve ark., 2022;
Mokolopi, 2022). Yerfistig1t kabugunda
nisasta olmayan polisakkarit (NOP)
miktarinin yiiksek olmasina ragmen, ham
protein (HP) miktar1 (% 6.40-12.20)
bakimindan hayvan beslemede kullanilan
sap, saman vb. yemlere gore yiliksek olmasi
sebebiyle bazi arastirmacilar tarafindan
potansiyel yem olabilecegi konusu da
tartisilmaktadir (Anike ve ark., 2016; Yuan
ve Wan, 2019; Irshad, 2021; Dung ve ark.,
2022; Bizzuti ve ark., 2023). Atik olarak
nitelendirilen ve c¢evreye atilarak ekolojik
zarar olusturan yerfistig1 kabugunun yonca
samanina gore daha yiiksek in vitro gaz
iiretim (GU) degerine sahip oldugu ve
rasyona katildiginda, rumen pH degerini
arttirdigi yapilan caligmalarda
belirlenmistir (Yuan ve Wan, 2019). Ayrica
yerfistigi kabugu diisik metan (CHa)
iiretimine sahip olmasinin yaninda sera gazi
emisyonunu azaltmada da o©nemli bir
kaynak olarak goriilmektedir (Bizzuti ve
ark.,, 2023). Bu c¢alismada, rasyona
yerfistig1 kabugu, sodyum bikarbonat ve
magnezyum oksit katkisinin, rumen sivisi
parametrelerinden pH degeri, protozoa
sayist ve viskozite lizerine olan etkileri
incelenmistir.
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2. Materyal ve Yontem
Rasyonlarin hazirlanmasi

Hazirlanan rasyonlarin igerikleri ve
kimyasal bilesenlerine iliskin degerler
Tablo 1’de verilmistir. Calismanin kontrol
grubunu R1 rasyonu olusturmustur. Kontrol
grubuna % 0.2 oraninda yerfistig1 kabugu

(YFK) (R2), sodyum bikarbonat (NaHCO3)
(R3) ve magnezyum oksit (MgO) (R4)
katilmistir. Ayrica, kontrol grubuna % 0.4
oraninda magnezyum oksit katilarak (RS5),
MgO iizerinden doz interaksiyonun etkisi
incelenmistir.

Tablo 1. Rasyonlarin yem hammaddeleri (%) ve besin degerleri (%0KM)

TRK R1 R2 R3 R4 R5
Arpa 16.00 16.00 16.00 16.00 16.00
Melas 6.50 6.50 6.50 6.50 6.50
Misir 26.00 26.00 26.00 26.00 26.00
ATK 10.00 10.00 10.00 10.00 10.00
Bira mayasi 1.60 1.60 1.60 1.60 1.60
KK 6.25 6.25 6.25 6.25 6.25
SFK 10.00 10.00 10.00 10.00 10.00
Bugday kepegi 17.00 17.00 17.00 17.00 17.00
Misir DDGS 5.50 5.50 5.50 5.50 5.50
Mermer tozu 0.60 0.50 0.50 0.50 0.40
Tuz 0.35 0.30 0.30 0.30 0.20
Vit-Min. Mix. 0.20 0.15 0.15 0.15 0.15
YFK - 0.20 - - -
NaHCO3 - - 0.20 - -
MgO - - - 0.20 0.40
KM 89.12 89.20 89.14 89.17 89.17
HP 16.49 16.45 16.48 16.47 16.47
HK 9.01 8.96 9.00 9.02 9.02
HY 2.24 2.23 2.24 2.24 2.24
HS 8.69 8.79 8.69 8.69 8.69
NDF 32.58 32.81 32.59 32.60 32.60
ADF 9.90 9.97 9.91 9.90 9.90
ADL 2.44 2.48 2.44 2.43 2.43

ATK: Aygigegi tohum kiispesi, KK: Kanola kiispesi, SFK: Soya fasiilyesi kiispesi, TRK: Toplam rasyon karmasi, YFK: Yerfistig1 kabugu (pH=6.50), S: Sodyum
bikarbonat (NaHCOs3, pH=8.50), M: Magnezyum oksit (MgO, pH=10.80), KM: Kuru madde, HP: Ham protein, HK: Ham kiil, HY: Ham yag, HS: Ham seliiloz,
NDF: Nétral ¢oziiciilerde ¢6ziinmeyen lif, ADF: Asit ¢oziiciilerde ¢oziinmeyen lif. ADL: Asit ¢oziiciilerde ¢oziinmeyen lignin.

Kimyasal analizler

Yemlerin kuru madde (KM), ham
kiil (HK), ham protein (HP), ham yag (HY)
ve ham selilloz (HS) analizleri AOAC
(2005)’da  bildirilen  yOnteme  gore
yapilmistir. Analizlerde kullanilacak olan
yemler 1 mm elek ¢apina sahip degirmende
ogiitiilmistiir. Denemede kullanilan yemler
3 tekerriirlii olarak analizde kullanilmistir.
Yemlerin KM igerikleri 105 °C’de bir gece
etlivde kurutularak, HK igerigi ise 550
°C’de 6 saat kil firminda yakilarak
belirlenmistir. Yemlerin HP analizi i¢in
kjeldahl metodu kullanilmigtir. Yemlerin
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HY analizi i¢in ise eter ekstraksiyon metodu
kullanilmigtir. Hiicre duvari bilesenlerini
olusturan nétral ¢oziiciilerde ¢oziinmeyen
lif (NDF), asit ¢oziiciilerde ¢oziinmeyen lif
(ADF) ve asit ¢oziiciilerde ¢Oziinmeyen
lignin (ADL) igerikleri ise Van Soest et al.
(1991) tarafindan bildirilen yonteme gore
yapilmuistir.

Tampon cozeltisi hazirlama

Rumen s1vist igin hazirlanan tampon
cOzeltiler ve ¢ozelti icinde bulunan
kimyasal maddeler Tablo 2’de verilmistir.
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Tablo 2. Tampon ¢o6zelti icin gerekli kimyasal maddeler

Kimyasallar S D
Na,HPO, 1.368 0.228
KH,PO4 1.488 1.488
MgS0,4.7H,0 0.144 0.144
CaCl,.2H,O 0.01584 0.01584
MnCl,.4H,0O 0.012 0.012
CoClL.6H,0 0.0012 0.0012
FeCL.6H.O 0.00096 0.00096
NaHCOs3 8.4 0.0525
(NH4)HCO3 0.96 0.006
Resazurin 1.22 1.22
1 N NaOH 2.00 2.00
Na,S.7H,0 0.336 0.336

S: Standart pH degerine sahip tampon ¢ozelti (gr/L), D: Diigiik pH degerine sahip tampon ¢ozelti (gr/L).

Toplam rasyon karmasina (TRK) katilan
yer fistig1 kabugu ve tampon maddelerin
etkilerini incelemek i¢in standart tampon
¢ozelti (7,45) (S) yaninda daha diisiik pH
seviyesine sahip tampon ¢ozelti (6,95) (D)
hazirlanmis ve  rumen  swvist  ile
karistirilmistir. Rumen sivisi, kesimhanede
kesilen rumen olusumunu tamamlamis 5
yasindaki holstein 1rk1 sigirdan alinarak,
termos ig¢inde sicaklhigi 38-40 °C arasinda
sabit tutulmus ve hizli bir sekilde
laboratuvara getirilmistir. Rumen sivisi
icerisinde kalan kati kisim siiziilerek
ayrilmis  analiz  i¢in uygun forma
getirilmigtir. 100 ml hacimli cam flakon
tiiplerine 200 mg yem 6rnegi koyularak, 30
ml rumen sivist ve tampon ¢ozelti (1/2)
eklenmistir. Cam flakon tiipler 39 °C’de
inklibasyon dolabinda 1, 2 ve 4 saat
bekletilmis ve bu saatler sonunda rumen
stvisilarinda  pH, protozoa sayimi ve

_ P+xS.0«B.H

viskozite Ol¢limii  yapilmistir. Rumen
stvisinin pH degerleri, dijital bir pH metre
(WTW Inolab pH 730) ile dl¢iilmiistiir.

Protozoa sayimi

Protozoa sayisi icin inkiibasyonun
baslangicinda, 1, 2 ve 4. saatlerinde alinan
I ml rumen sivist 9 ml protozoa sayim
cozeltisiyle (0,6 g metil yesili, 8 g NaCl,
100 ml % 37’ lik formaldehit 1 litrelik balon
jojeye koyularak, lizeri 1000 ml ¢izgisine
kadar distile su ile tamamlanir)
karigtirilmistir. Isik mikroskobu
kullanilarak, Thoma laminda (derinlik:
0,100 mm, kiiciik kare alan1: 0,0025 mm?)
bir biiyiik kareye (16 tane orta biiyiikliikte
kare) diisen protozoa sayisi belirlenmistir.
Bulunan sayi, asagida verilen formiilde
yerine koyularak, 1 ml rumen sivisindaki
protozoa sayist hesaplanmistir (Harmeyer,
1965).

P.S

P.S: 1 ml rumen sivisindaki protozoon
sayist

P: Bulunan protozoa sayisi

S.O: Sulandirma orani1 (1/10)

A
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* 1000

B.H: Birim hacim (En kii¢iik birimin hacmi,
1/4000 mm?d)

A: Protozoon saymmimin gerceklestirildigi
alan (256 kiiciik kare)
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Viskozite ol¢iimii

Rumen stvilariin
yogunlugunu belirlemek i¢cin  NDJ-1
ROTATIONAL VISCOMETER cihazi
kullanildi. Inkiibasyonun baslangicinda, 1,
2 ve 4. saatlerinde elde edilen rumen sivilar
filtre kagidinda stiziildiikten sonra, 10 dk
boyunca 5000 rpm devirde santrifiij edildi.
Santrifiij tiiptinde istte kalan sivi kisim

viskozite

alinarak yogunlugu hesaplandi. 24 °C sabit
sicaklikta  viskozitesi  Ol¢iilen rumen
stvilarinin -~ dinamik  viskozitesi (1)
belirlendi. Asagida verilen formiiller ile
rumen sivilarinin kinematik viskozite (v)
degerleri hesaplandi. Dinamik viskosite
(mPa.s) = Kofaktor (K) x Kadran iizerinde
okuma (Sapma agis1) (a)

n=K Xa

Dinamik viskozite (mPa.s) = Kinematik
viskozite (mm? s-1) x Kinematik viskoziteyi

belirlerken sicakliktaki yogunluk (g cm® )
()

n=vXxXp

3. istatistiksel analizler

Elde edilen verilerin istatistik
analizleri SPSS 22 paket programi
kullanilarak yapilmistir. Verilerin

istatistiksel degerlendirilmesinde ve gruplar
arasindaki farkliligin belirlenmesinde tek
yonlii varyans analizi, grup etkilerinin
karsilagtirmasinda ise Duncan c¢oklu
karsilastirma testi uygulanmustir.
Parametreler arasindaki iligkiyi incelemek
icin Pearson Correlation analiz testi
yapilmistir (Geng ve Soysal, 2018).

4. Bulgular ve Tartisma

Rasyonlarin rumen SIV1S1
parametrelerine iliskin analiz sonuglar
Tablo 3’te verilmistir. Rasyonlarin rumen
stvisina  iliskin  pH degerleri 6.81-7.58
arasinda degismistir (Sekil 1). En yiiksek
pH degeri inkiibasyonun 2. saatinde, S
grubunda yer alan R4 rasyonunda tespit
edilirken, en diisiik pH degeri inkiibasyonun
4. saatinde, D grubunda yer alan R1
rasyonunda saptanmustir. Siireye bagh
olarak D grubunun pH degerleri degisirken,
S grubunda istatistiksel olarak farklilik
goriilmemistir. Inkiibasyon siiresi gectikce
D grubunda pH degerleri azalmistir
(P<0.05). S grubunda pH degerleri
biiyiikten kii¢iige dogru MgO > NaHCO3 >
YFK seklinde olmustur. Fakat D grubunda
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pH degerleri biiyilikten kiigiige dogru YFK
> MgO > NaHCOs seklinde olmustur. Bu
durum YFK katkismin  diisik pH
kosullarinda  tamponlama  etkinligini
artirdigin1 géstermektedir. Katki maddeleri,
kontrol grubuna gore daha yiiksek pH
degerine sahip olmasina ragmen istatistiksel
olarak onemlilik saptanmamistir (P>0.05).
S ve D gruplarn Kkarsilastirildiginda,
inkiibasyon siiresince S grubu, D grubuna
gore yiikksek pH degerine sahip oldugu
belirlenmistir (P<0.001). Sodyum
bikarbonat ve  magnezyum  oksitin
karsilastirildig bir ¢alismada, pH degeri 4.0
olarak ayarlanan soliisyon sivisinda, 0.5 g
magnezyum oksit katkisi ile pH degeri
7.02°ye  yiikselirken, 0.5 g sodyum
bikarbonat katkis1 ile pH degeri 6.94’¢
yukselmistir. pH degeri 5.0 olarak
ayarlanan sollisyon sivisinda, 0.5 g
magnezyum oksit katkisi ile pH degeri
8.18’e¢ yiikselirken, 0.5 g sodyum
bikarbonat katkis1 ile pH degeri 7.60’a
yiikselmistir. Caligmada pH degeri 6.5
olarak ayarlanan rumen sivismma 0.5 g
katilan sodyum bikarbonat ve magnezyum
oksit  karsilastirildiginda,  inkiibasyon
stiresinin 15. dakikasinda magnezyum
oksitin eklendigi rumen sivisindaki pH
degeri, sodyum bikarbonatin eklendigi
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rumen sitvisinin pH degerine gore daha
diisiik kalmistir. Ayrica pH degeri 7.0 olan
rumen siwvisina, 0.25 g katilan katki
maddelerinde, 120 dakikalik inkiibasyonun

magnezyum  oksitin  katildigit  rumen
stvisinda pH degeri 7.34 olarak tespit
edilmistir. Magnezyum oksit normal pH
kosullarinda sodyum bikarbonata gére daha

sonunda, sodyum bikarbonatin katildig1 fazla tamponlayict etki  gOstermistir
rumen sivisinin pH degeri 7.15 bulunurken, (Sahiner ve Yavuz, 2020).
Tablo 3. Olusturulan rasyonlarin rumen sivisi parametreleri
Rasyon pH Degeri Siire Katki pH Protozoa Viskozite
- S 0 Baslangig¢ 7.45 6.25 0.300
- D 0 Baslangig¢ 6.95 4.69 0.300
R1 S 1 TRK 743 ab 6.72¢C 0.415 a-c
R2 S 1 TRK+YFK 7.39 a-d 6.09d 0.364 a-c
R3 S 1 TRK+S 7.52 a 297 f 0.365 a-c
R4 S 1 TRK+M 7.56 a 23449 0.400 a-c
R1 S 2 TRK 7.53a 1.411 0.427 a-c
R2 S 2 TRK+YFK 7.44 ab 2.03 gh 0.509 a-c
R3 S 2 TRK+S 7.47 ab 2.03 gh 0.480 a-c
R4 S 2 TRK+M 7.58 a 2349 0.427 a-c
R1 S 4 TRK 7.31 a-¢ 1.09i 0.573 a-c
R2 S 4 TRK+YFK 7.38 a-d 3.28f 0.387 a-c
R3 S 4 TRK+S 741 a-c 9.84a 0.598 a-c
R4 S 4 TRK+M 7.45ab 1.09i 0.619 ab
R1 D 1 TRK 7.30 a-e 1.09i 0.298 bc
R2 D 1 TRK+YFK 7.39 a-d 7.66 b 0.299 bc
R3 D 1 TRK+S 7.00 b-e 2.03 gh 0.394 a-c
R4 D 1 TRK+M 7.10 a-e 1.09i 0.407 a-c
R1 D 2 TRK 6.89 de 2.03 gh 0.400 a-c
R2 D 2 TRK+YFK 7.39a-d 547¢e 0.550 a-c
R3 D 2 TRK+S 6.97 b-e 2.34 ¢ 0.566 a-c
R4 D 2 TRK+M 7.15a-¢ 1.72 lu 0.610 ab
R1 D 4 TRK 6.81e 0.31] 0.618 ab
R2 D 4 TRK+YFK 6.91 c-e 1411 0.636 a
R3 D 4 TRK+S 6.83 e 23449 0.421 a-c
R4 D 4 TRK+M 7.09 a-e 0.31j 0.269 c
OSH 0.042 0.352 0.021
P
Siire 0.045 0.000 0.011
Katk1 0.350 0.000 0.991
pH 0.000 0.000 0.841
Siire*Katki 0.880 0.000 0.563
Stire*pH 0.415 0.000 0.374
Katki*pH 0.230 0.000 0.671
Siire*Katki*pH 0.625 0.000 0.124

#J: Aym siitundaki farkli harf igeren gruplar arasindaki fark istatistiksel olarak énemlidir. S: Standart pH degeri, D: Diisiik pH degeri, Siire: Saat, TRK: Toplam
rasyon karmasi, YFK: Yerfistig1 kabugu, S: Sodyum bikarbonat (NaHCOs), M: Magnezyum oksit (MgO), Viskozite: (mm? s) Protozoa: x 10°, OSH: Ortalamalarin

standart hatasi.
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Farkli dozlarda NaHCO03 (%0, 0.5, 1.0, 1.5)
ve MgO (%0, 0.25, 0.5, 1.0)’in arpa, bugday
misir ve yulaf iizerine katkisin incelendigi
arastirmada, MgO katkis1 in vitro gaz
uretimi, pH ve tampon Kkapasitesini
artirirken, NaHCO3 katkis1 ise NHs-N
miktarint artirmistir (Umucalilar ve Seker,
2000). Rasyonlarin rumen sivisina iliskin
protozoa sayilar1 0.31-9.84 x10° arasinda
degismistir (Sekil 2). En yiiksek protozoa
sayist inkiilbasyonun 4. saatinde, S
grubunda yer alan R3 rasyonunda tespit
edilirken, en diisiik protozoa sayisi
inkiibasyonun 4. saatinde, D grubunda
goriilmiistiir. Inkiibasyon siiresi arttikca R3
grubu hari¢ diger rasyonlarin protozoa
sayilar1 azalmigtir. Siire interaksiyonu
istatistiksel olarak ©Onemli bulunmustur
(P<0.001). Rasyonlar arasinda en yiiksek
protozoa sayis1t R2 grubunda goriiliirken, en
diisiik protoza sayist R4 grubunda tespit
edilmistir. YFK ve NaHCOs katkilarinin
protozoalar iizerinde olumlu etki gosterdigi,
fakat MgO katkisinin protozoalar tizerinde
olumsuz etki gosterdigi belirlenmistir.
Katk1 maddeleri arasindaki fark istatistiksel
olarak énemli bulunmustur (P<0.001). S ve
D gruplan karsilastirildiginda, inkiibasyon
boyunca S grubu, D grubuna gore daha

belirlenmistir (P<0.001). Rumen
mikrofloras: i¢inde oldukca hassas olan
protozoalar pH 5,5’in altinda yasayamazlar
(Krause ve Oetzel, 2006). Asit ortamda
laktik asidi fermente eden bakteriler ve
protozoalarin  gelisiminin  baskilanmasi,
buna karsin aside dayamikli laktik asit
ureten bakterilerin gelisiminin
uyartlmasinin ~ bir sonucu olarak
goriilmektedir (Oztiirk ve Piskin, 2009).
Gruplarin rumen sivist viskozitesi 0.269-
0,636 mm? s?! arasinda degismistir. En
yiiksek viskozite degeri inkiibasyonun 4.
saatinde, D grubunda yer alan R2
rasyonunda tespit edilirken, en diisiik
viskozite degeri inkiibasyonun 4. saatinde,
D grubunda yer alan R4 rasyonunda
saptanmistir. Rumen sivisinin en diisiik
viskozite degeri inkiibasyonun 1. saatinde
tespit  edilmistir.  Inkiibasyon  siiresi
ilerledik¢e rumen sivisinin viskozite degeri
ylikselmis ve 4. saatlerinde en yiiksek
degerlere ulagmistir. Siire interaksiyonu
istatistiksel olarak Onemli bulunmustur
(P<0.05). Rasyonlar arasinda viskozite
degerleri bakimindan fark bulunmamistir
(P>0.05). S grubunun, D grubuna gore daha
yiliksek viskozite degerine sahip oldugu
belirlenmistir, fakat istatistiksel olarak
onemlilik saptanmamaistir (P>0.05).

fazla protozoa sayisina sahip oldugu
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Farkli dozlarda eklenen MgO katkisinin
rumen sivist parametrelerine iligkin analiz
sonuglar1 Tablo 4’te verilmistir. MgO
katkisinin rumen sivisina iligkin  pH
degerleri 6.81-7.59 arasinda degismistir
(Sekil 3). En yiksek pH degeri
inkiibasyonun 1. saatinde, % 0.4 MgO
katkil1 S grubunda tespit edilirken, en diisiik
pH degeri inkiibasyonun 4. saatinde, D
kontrol grubunda saptanmustir. Siire ve doz
interaksiyonlar istatistiksel olarak onemli
bulunmamistir (P>0.05). Inkiibasyon siiresi
boyunca, S grubu D grubuna gore daha
yiksek pH seviyesine sahip oldugu i¢in

istatistiksel olarak Onemli bulunmustur
(P<0.001). Rasyonlarin rumen sivisina
iliskin protozoa sayilari 0.31-6.87 x10°
arasinda degismistir (Sekil 4 ve Sekil 5). En
yiksek protozoa sayisi inkiibasyonun 1.
saatinde, S 7.43 pH degerine sahip kontrol
grubunda tespit edilirken, en diislik
protozoa  sayist  inkiibasyonun 4.
saatlerdeki, kontrol ve % 0.2 MgO katkili D
grubunda bulunmustur. En diisiik protozoa
sayilar1  inkiibasyonun 4.  saatinde
goriilmiistiir. Inkiibasyon siiresi arttikca
rasyonlarin protozoa sayilart azalmistir.

Tablo 4. Farkli dozlarda MgO katkisinin rumen sivisi parametrelerine etkisi

pH Degeri Rasyon Siire Doz pH Protozoa Viskozite
S - Baslangic - 7.45 6.25 0.300
D - Baslangic - 6.95 4.69 0.300
S R1 1 0 7.43 ad 6.87 a 0.294 d-f
S 2 0 7.53 ab 1.56 de 0.324 cd
S 4 0 7.31 ae 1.25 ef 0.454 b
S R4 1 0.2 7.56 a 2.34 bc 0.264 fg
S 2 0.2 7.58 a 2.34 bc 0.238 gh
S 4 0.2 7.45 ad 1.09f 0.301d
S R5 1 0.4 7.59a 1.72d 0.268 e-g
S 2 0.4 7.46 ac 2.66 b 0.265 fg
S 4 0.4 7.52 ac 1.09f 0.297 de
D R1 1 0 7.30 ae 1.25 ef 0.218 hi
D 2 0 6.89¢e 2.19¢c 0.311 cd
D 4 0 6.81¢e 0.31g 0.499 a
D R4 1 0.2 7.10 ae 1.09f 0.246 gh
D 2 0.2 7.15 ae 1.72d 0.317 cd
D 4 0.2 7.09 ae 0.31g 0.121i
D R5 1 0.4 7.03 be 2.34 bc 0.216 hi
D 2 0.4 7.01 ce 1.72d 0.342¢
D 4 0.4 6.94 de 1.41 d-f 0.196 1
OSH 0.050 0.230 0.014
P
Siire 0.255 0.000 0.000
Doz 0.459 0.000 0.000
pH 0.000 0.000 0.000
Siire*Doz 0.744 0.000 0.000
Siire*pH 0.758 0.000 0.000
Doz*pH 0.767 0.000 0.122
Siire*Doz*pH 0.593 0.000 0.000

#i: Aym siitundaki farkli harf igeren gruplar arasindaki fark istatistiksel olarak onemlidir. Siire: Saat, Viskozite: (mm? s) Protozoa: x 10°, OSH: Ortalamalarin

standart hatasi.
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Siire interaksiyonu istatistiksel olarak
onemli bulunmustur (P<0.001). Doz
bakimindan MgO katkisininin % 0.4
degerinde % 0.2 degerine gore daha yiiksek
protozoa sayisi saptanmustir (P<0.001). S ve
D gruplan karsilagtirildiginda, inkiibasyon
boyunca S grubunun, D grubuna goére daha
fazla protozoa sayismna sahip oldugu
belirlenmistir (P<0.001). Laktik asit ve
UYA iiretiminin asir1 miktarda artmasi
protozoa sayisini azaltmaktadir (Giimds,
2014). Gruplarin rumen sivisi viskozitesi
0.121-0,499 mm? s arasinda degismistir.
En yiiksek viskozite degeri inkiibasyonun 4.
saatinde, D grubunda yer alan % 0.4 MgO
katkisinda tespit edilirken, en dislk
viskozite degeri inkiibasyonun 4. saatinde,

8.2

D grubunda yer alan % 0.2 MgO katkisinda
bulunmustur. Rumen sivinin  viskozite
degeri en diisiik inkiibasyonun 1. saatinde
tespit edilmistir.inkiibasyon siiresi gectikce
rumen s1vinin viskozite degeri yiikselmis ve
4. saatlerinde en yiliksek degerlere
ulagmustir. Siire interaksiyonu istatistiksel
olarak 6nemli bulunmustur (P<0.001). Doz
miktar1 arttikga rumen sivisinin viskozite
degeri dismiistiir (P<0.001). Ayrica S
grubunun, D grubuna goére daha yiiksek
viskozite degerine sahip oldugu
belirlenmistir (P<0.001). Rasyona
tamponlayict madde olarak MgO katilirken,
% 0.2 yerine % 0.4 dozunun katilmasi,
rumen mikroorganizmalar1 {iizerine daha
olumlu etki gosterdigi tespit edilmistir.

8.0

7.8

76 i |

74

pH

6.8

6.6

6.4

6.2

fllan

]

pH Degeri

R1 R4 RS R1
Saat1

RS R1 R4 RS %St&ﬂuﬂk&r’[
4

Sekil 3. MgO katkisinin rumen stvisina iliskin pH degerleri
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Sekil 4. Isik mikroskobu altinda rumen protozoalart (x10)

Sekil 5. Isik mikroskobu altinda rumen protozoalart (x40)

Rumen sivist parametrelerin  korelasyon verilmistir. Caligmada standart ve diisiik pH
analizine iliskin bulgular Tablo 5’te degerine sahip rumen sivilart farkh
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etkilesimler gdstermistir. Standart pH
degerinden diisiik pH degerine
gecildiginde, inkiibasyon boyunca rumen
stvisinin pH seviyesi diisiik kalmigtir. Bu
durum protozoa sayilarim1 da dogrusal
olarak etkilemistir. Protozoa sayilar1 diisiik
pH degerinde azalma gostermistir. pH
degerleri ile rumen viskozite degeri
arasinda negatif korelasyon goriilmiistiir.
pH seviyesinin diismesi rumen viskozitesini
artirmistir.  Inkiibasyon siiresine baglh
olarak, silirenin artmasi rumen viskozite
degerini arttirmistir. Inkiibasyon siiresi
ilerledikce pH seviyesi ve protozoa
sayisinda diisme goriilmistiir. Viskozite

degeri, pH seviyesi ve protozoa sayisi ile
negatif korelasyon icerisinde bulunmustur.
Viskozite  seviyesinin  artmasi, yem
parcalanmalar1 ile birlikte ortamda hiicre
ceperi bilesenleri ve nisastanin fazla
oldugunu gostermektedir. Yemler rumende
parcalandiginda ortama ugucu yag asitleri
(UYA) cikar, bu yag asitleri rumen
stvisinda pH seviyesini diisiirerek, ortamin
asitligini artirir (Erten ve ark., 2023).
Protozoa sayist ile pH seviyesi arasinda
pozitif korelasyon bulunmustur. Diisiik pH
seviyesinde ~ hassaslasan  protozoalar,
asitligin artmasi ile birlikte yasamlarini
kaybetmektedirler (Oztiirk ve Piskin, 2009).

Tablo 5. Rumen sivisi parametrelerinin korelasyon tablosu

Korelasyon pH degeri Siire  Viskozite pH Protozoa
pH degeri Pearson's r —
P N
Siire Pearson's r -0.089 —
P 0.546 —
Viskozite Pearson's r -0.064 0.370** —
P 0.664 0.010 —
pH Pearson's r 0.714%*** -0.281  **-0.458 —
P <0.001 0.053 0.001 —
Protozoa Pearson's r 0.399** -0.189 -0.090 0.334* —
P 0.005 0.198 0.544 0.020 —
*p < 0.05, ** p < 0.01, *** p < 0.001
Sonug¢ mikroorganizmalar1 lizerine daha olumlu
Stit sigirlarmin  farkli  laktasyon etki gosterdigi tespit edilmistir. Sonug
donemlerine  gore rasyon igerikleri olarak, atitk  niteligindeki  yerfistig1
degismektedir. Metabolik hastaliklarin en kabugunun ruminant hayvanlarin
fazla  gorildigi erken  laktasyon rasyonlarinda kullanimimin, hayvancilik
doneminde, yogun yemin fazla oldugu ve tiretim  sektorliniin  siirdiriilebilirligini
kaba yemin diisik oldugu besleme arttrma  potansiyeline sahip oldugunu
yonteminde, rumen ortamimin pH diizeyi gostermektedir. Siit  sigirlarmin  erken

hizli bir sekilde diismektedir. Bu yiizden
rasyona tamponlayict maddelerin katilmasi
onemlidir. Yerfistig1 kabugu (YFK) ve
tamponlayict maddele olarak soydum
bikarbonat (NaHCOs) ve magnezyum
oksitin (MgO) kullanildig1 bu ¢aligmada,
yerfistigt  kabugu katkisinin, soydum
bikarbonat ve magnezyum oksite gore,
disik pH kosullarinda tamponlama
etkinliginin daha fazla oldugu
belirlenmistir. Rasyona MgO katilirken %
0.2 yerine % 0.4 doz katkisinin rumen
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laktasyon doneminde, rasyonda asidozu
Onleyici tampon madde olarak yerfistigi
kabugunun kullanilabilecegi  kanaatine
varilmistir.

Yazarlarin Katki Beyam

Yazarlar makaleye esit katkida
bulunduklarini, makalenin yayina hazir son
halini gordiiklerini/okuduklarini ve
onayladiklarin1 beyan etmektedir.
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Cikar Catismasi1 Beyani

Tiim yazarlar, bu c¢alisma icin
herhangi bir ¢ikar catismasit olmadigini
beyan etmektedir.
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Abstract

Leptin is a hormone mainly synthesized in adipose tissue and plays an important role in the regulation of appetite,
energy metabolism, body weight and reproductive functions. The rs29004488 polymorphism in the 2nd exon of
the bovine leptin gene, which results in an amino acid change from arginine to cysteine, has been reported to be
associated with economically important traits such as growth, carcass traits, milk yield and reproduction. In cattle,
the leptin gene rs29004488 polymorphism can be detected by PCR-RFLP method using Kpn2l enzyme. However,
this method has some limitations in terms of primer degradation. In this study, a new PCR-RFLP method was
investigated to detect rs29004488 polymorphism of leptin gene in cattle. Using the created restriction site PCR
(CRS-PCR) method, Pstl enzyme recognition site was introduced into the PCR products, and rs29004488
polymorphism was successfully detected using newly designed primers and Pstl enzyme. The obtained results
were confirmed by DNA sequence analysis and comparison with Kpn2l enzyme cleavage results. This study
demonstrates that the rs29004488 polymorphism can be detected by an efficient and low-cost method using CRS-
PCR-RFLP and Pstl enzyme.

Keywords: Bovine leptin gene, rs29004488, CRS-PCR, Kpn2l, Pstl
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1. Introduction

Leptin is a protein hormone
synthesized primarily by adipose tissue. It
plays an important role in regulating
appetite, energy metabolism, body weight,
and reproductive functions (Friedman and
Halaas, 1998; Ingvartsen and Boisclair,
2001; Kadokawa et al., 2000; Zhang et al.,
1994; Zieba et al., 2008). Leptin decreases
body weight by both suppressing appetite
and promoting energy expenditure (Morris
and Rui, 2009). Leptin concentrations in
dairy cows are high during late pregnancy.
An increased body condition before calving
provides energy storages to support milk
production during lactation. During the
early stages of lactation, when dairy cows
are in a state of negative energy balance, fat
storage during the dry period is crucial for
sustaining high milk yields (Liefers et al.,
2003; Buchanan et al., 2003). In cattle, the
leptin  gene (LEP) is located on
chromosome 4 (4932), consists of three
exons and spans a length of 16,735 kb. The
LEP gene encodes a protein of 167 amino
acids, including a signal sequence of 21
amino acids (Pomp et al, 1997; Taniguchi et
al, 2002; Giblin et al, 2010). In 2002,
Buchanan et al. (2002), identified a cytosine
(C) to thymine (T) substitution
(rs29004488) in exon 2 of the leptin gene,
that encodes the conversion of an arginine
to a cysteine. They have shown that the
rs29004488 (also known as ¢.1180C>T,
g.1047C>T, ¢.73C>T, Arg25Cys, R25C,
R4C and LEP/Kpn2l, Nugroho et al., 2021)
polymorphism can be detected by PCR-
RFLP using the Kpn2l enzyme. The authors
suggested that the T allele might be the
causative mutation, which could cause a
partial loss of biological function by adding
an extra cysteine to the protein.
Subsequently, many  studies  were
conducted to understand the effects of the
rs29004488 polymorphism (Nugroho et al.,
2021) and it was found to be associated with
economically important traits, such as
growth (Fathoni et al., 2019), carcass
characteristics (Shin and Chung, 2007),
milk yield (Fontanesi et al., 2014; Chessa et
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al., 2015) and reproductive traits (Chebel
and Santos, 2011) in cattle. The LEP
rs29004488 polymorphism in cattle can be
detected using the primer pair designed by
Buchanan et al. (2002) and the Kpn2l
enzyme. However, this method has some
limitations in terms of primer degradation.
The aim of this study was to identify the
leptin gene rs29004488 polymorphism
associated with important yield traits in
cattle using an efficient, stable and cost-
effective approach.

2. Materials and Methods
2.1. Primer design

Polymerase chain reaction (PCR)
primers were designed on nucleotide
sequence of the Bos taurus leptin (obese)
gene  (NCBI, Genbank, Accession
#U50365) (Tellam, 1996) wusing the
PrimerQuest  online primer  design tool
(Integrated DNA Technologies, Inc.,
Coralville, 1A, USA). The nucleotide
sequences of the primers used for PCR
analysis are shown in Table 1. Detection of
the rs29004488 polymorphism of the leptin
gene was initiated with the Ki primers
designed by Buchanan et al. in 2002.
Although this method was initially
successful in identifying genotypes, after a
short time the problem of atypical band
formation due to cleavage of the Kpn2l
enzyme was encountered. K2 primers were
designed in which the forward primer was
completely modified and new nucleotides
were added to the 5' end of the reverse
primer to increase the specificity of the
primers. Although better performance in
detecting the polymorphism was obtained
with the Kz primers, the same problem was
encountered again after a short time.
Investigations showed that the problem was
temporarily resolved when the primers were
resynthesized, but the same problem
reoccurred after a short time. It was
concluded that the problem was caused by
degradation of the primers over a short
period of time. To prevent primer
degradation, another restriction enzyme
was sought that could shift the mismatch
from 1 base before the 3' end of the reverse
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primer to 2 bases before. As a result, P
primers were designed using the Pstl
enzyme to create a restriction site with a
mismatch that occurs 2 bases before the 3'
end of the reverse primer.

2.2.Sequence analysis

The nucleotide sequence of the
rs29004488 polymorphism region of the
leptin gene was analyzed for compatibility
with  restriction  endonuclease  (RE)
recognition and cleavage sites for both
alleles. The New England Biolabs (NEB)

cutter program
(https://nc3.neb.com/NEBcutter) was also
used to analyze the restriction sites present
in the polymorphism region. The primer
binding regions based on different
restriction enzymes (RE) used for the
detection of the rs29004488 polymorphism
within the leptin gene #U50365 between
nucleotides 1020-1260 and the restriction
recognition regions created with a
mismatch at the 3' end of the reverse primer
are shown in Figure 1.

Table 1. Information on the nucleotide sequences of the primers used for the PCR analysis

Na Primer Sequence (5'—> 3')* Chromosomgl posglons of Amplicon References
me the primers length
K, FATGCGCTGTGGACCCCTGTATC BTA4: 93261984 - 93262005 94 bp Buchanan
R: TGGTGTCATCCTGGACCTTCC BTA4: 93262077 - 93262057 etal., 2002
F: GACGATGTGCCACGTGTGGTTTCTTCTGTT ~ BTA4:93261921 - 93261950 modified
version of
Kz BTA4: 93262086 - 93262057  166bp g o0
R: TGAGGGTTTTGGTGTCATCCTGGACCTTCC Sushaner
etal.,
. BTA4: 93261927 - 93261950
»  F GTGCCACGTGTGGTTTCTTCTGTT 155bp  This study

R: GTTTTGGTGTCATCCTGGACCCTG

BTAA4: 93262081 - 93262058

F: TCAAACCAGACCTTGAAAGCC
R: TTACCAGGCAGGAAGAATGCC

BTAA4: 93261663 - 93261683
798 bp This study
BTA4: 93262460 - 93262440

2 In the reverse sequences underlined letter indicates the mismatched nucleotide. The underlined C replaces the natural base G in K1 and K2

primers and the natural base T in the P primer.

b: Genomic positions refer to the Bos taurus UMD 3.1 genome assembly, BTA: Bos taurus autosome.

2.3.PCR

PCR amplification of a 155 bp
fragment of LEP exon 2 was performed in a
total volume of 30 pL reaction mixture
containing 3 uL of genomic DNA, 1 pL of
of each primer (20 pmol/uL), 3 pL of ANTP
(2.5 mM), 3 pL of MgCl2 (25 mM), 3 puL of
10X Taq buffer with (NH4)2SO4, 0.2 puL of
Tag DNA polymerase (5 U/ulL) and 16 pL
of ddH20O. Thermal cycler condition
included of an initial denaturation step at
94°C for 2 min, followed by 35 cycles of
denaturation at 94°C for 30 s, annealing at
60°C for 30 s, extension at 72°C for 30 s
and the final extension step was continued
for 5 min at 72°C.

2.4.RFLP

Digestion of PCR products with
restriction enzymes was performed in a total
volume of 30 pL. The digestion mixture
contained 25 puLL PCR product, 2.5 pL 10X
buffer, 0.5 U of the respective restriction
enzyme (10 U/uL), and ddH20O to a final
volume of 30 pL. Digestion was performed
at 37°C for Pstl enzymes, and 55°C for
Kpn2l enzyme, each for 16 hours. The
digested DNA fragments were separated on
3.5% agarose gel electrophoresis, stained
with EtBr, and visualized under UV light.
The number and sizes of the resulting
fragments corresponding to different
genotypes for rs29004488 polymorphism in
the exon 2 region of the leptin gene after
digestion with Kpn2l and Pstl enzymes are
shown in Table 2.
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A

1021
1081
1141
1201

agcacgtggg tgttctcgga
ccccagaage ccatcceccggg
ctttggcecct atctgtctta
aaaaccctca tcaagacaat
reverse primer

Kpn2l (BspEl)
recognition and cleavage site

1021
1081
1141
1201

agcacgtggyg
ccccagaagc
ctttggcecct
aaaaccctca
“reverse primer

Kpn2l (BspEl)
recognition and cleavage site

tgttctcgga
ccatcccggg
atctgtctta
tcaagacaat

C

1021
1081
1141
1201

tgttctecgga
ccatceccggg
atctgtctta
tcaagacaat

agcacgtggg
ccccagaagce
ctttggecct

aaaaccctca
T S —————.
reverse primer

Pstl
recognition and cleavage site

C/G mismatch

forward primer
gatcgacgat gtgccacgtg tggtttcttc tgttttcagg

aaggaaaatg cgctgtggac ccctgtatcg attcctgtgg
cgtggaggct gtgccce ggtcca ggatgacacc
tgtcaccagg atcaatgaca tctcacacac ggtagggagg

5. TVCCGGA.3 ‘ .
3..AG G CCYT..5 CIT polymorphism

C/G mismatch
forward primer
gatcgacgat gtgccacgtg tggtttcttc tgttttcagg
aaggaaaatg cgctgtggac ce¢ctgtatcg attcctgtgg
cgtggaggct gtgccce ggtcca ggatgacacc
tgtcaccagg atcaatgaca tctcacacac ggtagggagg

5. T%CCGGA.3

CIT pol hi
3..AGGCCYT.5 polymorphism

A/G Mismatch
forward primer
gatcgacgat gtgccacgtg tggtttette tgttttcagg
aaggaaaatg cgctgtggac ccctgtatcg attcctgtgg
cgtggaggct gtgcccatgtcca ggatgacacc
tgtcaccagg atcaatgaca tctcacacac ggtagggagg

5.cTGccAdc. 3
3..G4ACGTC..5'

C/T Polymorphism

Figure 1. Detection of rs29004488 polymorphism by different primers and restriction endonucleases A. K; primers and Kpn2l enzyme,
B. K; primers and Kpn2l enzyme, C. P primers and Pstl enzyme

2.5.DNA sequencing

DNA sequence analysis was
performed to verify genotypes identified for
the Pstl enzyme. For this purpose, a hew S-
primer pair was designed covering the
entire exon 2 region of the leptin gene
(Table 1). The randomly selected 6 samples

representing  different band profiles
(genotypes) due to Pstl cleavage were
sequenced by the Sanger method. The DNA
sequence analysis of the PCR products was
performed by a Sanger sequencing service
purchased from a private company using the
forward S primer.

Table 2. Fragment sizes for different genotypes of the rs29004488 polymorphism after cleavage

with Kpn2l and Pstl enzymes

Genotype 94 bp*/ Kpn2I 166 bp? / Kpn2l 155 bp3 / Pstl
cC 75+19 138+28 155
CT 94+75+19 166+138+28 155+133+22
TT 94 166 133+22

1. K1, % K2, 3 P primers, *: Buchanan et al., 2002
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3. Results
In this study, the leptin gene
rs29004488 polymorphism was

successfully detected in cattle using created
restriction-site  PCR-RFLP  with  Pstl
enzyme. PCR amplification yielded a
product of a 155 bp fragment. As shown in
Figure 2-B, after digestion with Pstl
enzyme, the homozygous C allele exhibited

>

I

=

[L@tll=

500 w—
400 =

!

a single uncut band of 155 bp, the
homozygous T allele exhibited a single
band of 133 bp, and the heterozygous
samples exhibited 2 bands of 155 and 133
bp, respectively. The 22 bp fragment
resulting from the cleavage in the
homozygous T allel and in the heterozygous
samples is not visible in the agarose gel
(Figure 2-B).

Figure 2. Restriction patterns of PCR products digestion with Kpn2l (A) and Pstl (B) enzymes, respectively. Lane M: marker

(100 bp); 1, 5: TT; 2: CT; 3, 4: CC genotypes

The results of samples digested with Pstl
enzyme were verified by comparison with
Kpn2l enzyme digestion. The genotypes
detected from the digestion results of both
enzymes showed 100% compatibility
(Figure 2-A and B). In addition, a total of 6
samples (2 samples representing each

genotype) randomly selected from the
samples genotyped for the rs29004488
polymorphism by Pstl enzyme were
confirmed by DNA sequence analysis. The
results of the DNA sequence analysis of the
CC, CT and TT genotypes for Pstl enzyme
are shown in Figure 3.

Table 3. Recognition sites and prices of respective endonucleases

Endonuclease

Recognition sequence

€/1.000 units

Pstl CTGCA/G 7,28
BspEI(Kpn21)* T/CCGGA 630
Acil CCGC(-3/-1) 315¢
HpyCH4V TGICA 630°

!BspEl is an isoschizomer of Kpn2l. Enzyme prices were determined by calculating the prices corresponding to 1.000 U of the
closest quantities available for sale as follows; % 5.000 U, ®: 10.000 U, ¢: 500 U, 9:1.000 U were calculated from the sales prices.
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The NEB cutter program to separate
different alleles of the Letin gene
rs29004488 polymorphism showed that the
"CCGC" sequence observed in the C allele
in the polymorphism region can be cleaved
by the enzyme Acil and the "TGCA"
sequence observed in the T allele can be
cleaved by the enzyme HpyCHA4V.

TG TGEC ¢ €A Tk

4. Discussion

In cattle, leptin gene rs29004488
polymorphism is detected by PCR-RFLP
method using primers designed by
Buchanan et al. (2002) and Kpn2l enzyme.
However, this method has some limitations
in terms of primer degradation. With the use
of the Pstl enzyme as a new approach in the
detection of the polymorphism, the
mismatch that should be made one base

However, the cost of the Acil and HpyCH4V
enzymes is considerably higher. The prices
of the four restriction enzymes obtained
from the NEB GmbH  website
(https://www.neb-online.de/en) are shown
in Table 3. According to Table 3, the cost of
the Pstl enzyme is approximately 11.43%
of the price of the BspEIl (Kpn2l) enzyme.

AAGG TCCAGG ATG

N\

Figure 3. Examples of DNA sequencing of PCR product of LEP gene. Three figures representing the genotype of a. CC, b.
CT, and c. TT are shown, and the bases representing rs29004488 polymorphism sites are indicated by arrows and are located
within squares.

before the 3' end of the reverse primer for
the Kpn2l enzyme, was shifted to 2 bases
before, preventing the problem of primer
degradation and providing a new
opportunity for more economical detection
of the rs29004488 polymorphism. In this
study, a new Pstl restriction enzyme site
was introduced into the amplification
products to detect the rs29004488
polymorphism of the leptin gene in cattle.
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The use of the Pstl enzyme saves
approximately 88.57% of the enzyme cost
compared to the BspEl (Kpn2l) enzyme
(Table 3). This is important for the use of
the leptin rs29004488 polymorphism,
which is associated with economically
important yield traits in cattle breeding, in
developing countries and in large herds, and
for its inclusion in breeding programs.

5. Conclusion

In conclusion, we present an
efficient and cost-effective technique for
the analysis of the bovine leptin rs29004488
polymorphism. This technique can be
widely used in future studies investigating
the effects of leptin gene polymorphisms on
yield traits and in genotypic selection
applications in cattle.
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Ozet

Bu ¢alisma Kusadas1 Korfezi Pamucak sahilinde 2001 yilinda olusturulan 822 m?® hacime sahip yapay resif alaninda
Eyliil 2019-Mayis 2020 tarihlerinde yiiriitiilmiistiir. Calismada Pamucak yapay resif alaninda tiir ¢esitliligi ve birey
yogunlugunun belirlenmesi ve yapay resiflerin yasadisi av araglarinin bolgede Onleme etkinliginin belirlenmesi
amaglanmigtir. Yapay resiflerde 6rnekleme SCUBA daligi yapilarak gorsel sayim yontemi ile tespit edilmistir. 12 aylik
caligma sonunda 12 familyaya ait 30 balik tiirii olmak iizere toplam 4522 birey tespit edilmistir. Melanurya baligi
(Oblada melanura) yilin her ayinda yapay resiflerde en ¢ok sayida (2475 adet) g6zlenen tiir olarak tespit edilmistir.
Ikinci sirada Papaz baligi (Choromis chromis) 843 birey ile gozlenirken, iigiincii sirada karagdz (Diplodus vulgaris)
baliklar1 319 birey ile her ay gozlemlenmistir. Deniz kestanesi (Paracentrodus lividus) ve deniz tavsami (Aplysia
elongata) yapay resif alaninda her ay gozlenen omurgasiz tiirleri olarak tespit edilmistir. Su sicakligi en yiiksek Agustos
ayimnda 26°C, en diisiik sicaklik Mart ayinda 14,9°C olarak kaydedilmistir. Maksimum ¢dziinmiis oksijen degeri 8,18
mg/L degeri ile Nisan ayinda, en diisiik oksijen degeri 7,10 mg/L ile Ekim ayinda dl¢iilmistiir. Minimum tuzluluk Ocak
ayimnda 37,19 mg/L, en yiiksek tuzluluk 39,91 mg/L ile Haziran ayinda 6l¢iilmiistiir. En yiiksek goriis mesafesi Agustos
ayinda 17 m, en diisiik goriis mesafesi Ekim ayinda 2,5 m olarak dl¢iilmiistiir. Sualt1 gdzlemleri sirasinda yapay resiflerde
yaklasik 74 m? resif alanin yasadis1 kullanilan aglarla kaplandigi tespit edilmistir. Aglarin % 82’sinin girgir, % 18’inin
ise uzatma aglar1 oldugu tespit edilmistir. Sonug olarak yapay resif alaninda balik agirlikli olmak {izere tiir ve birey
yogunlugu belirlenmis, yapay resiflerin, tespit edilen hayalet aglarla bolgedeki yasadist balikgiliga engel teskil ettigi
kanisina varilmustir.

Anahtar Kelimeler: Ege Denizi, yapay resif, balik tiir ¢esitliligi, gorsel sayim

A Study on the Determination of Fish Species Diversity in Pamucak Artificial Reefs in
Kusadas1 Bay Aegean Sea

Abstract

This study which was carried out between September 2019 and May 2020 in the 822m? artificial reef area created in
2001 on the Pamucak coast of Kusadas1 Bay aimed to determine the species diversity and individual density in the
Pamucak artificial reef area and to determine the prevention efficiency of illegal fishing gear of artificial reefs in the
region. The sampling of artificial reefs was determined by visual counting method by performing SCUBA diving. At the
end of the 12-month study, 4522 individuals belonging to 30 fish species in 12 families were identified. Oblada melanura
was determined as the most numerous (2475 species) observed on artificial reefs in every month of the year. Choromis
chromis was observed in the second place with 843 individuals, while the Diplodus vulgaris was observed in the third
place with 319 individuals every month. Paracentrodus lividus and Aplysia elongata are the first invertebrate species
observed every month in the artificial reef area. In the artificial reef area, the highest water temperature was recorded as
26 °C in August and the lowest temperature was recorded as 14.9 °C in March. The lowest dissolved oxygen value was
measured in April with 8.18 mg/L and the lowest dissolved oxygen value in October with 7.10mg/L. The minimum
salinity was 37.19 mg/L per thousand in January, and the highest salinity was 39.91 mg/L in June. The highest visibility
was 17 m in August and the lowest was 2.5 m in October. During underwater observations, it was determined that
approximately 74 m? of reef area in artificial reefs was covered with fishing nets illegally used. 82 % of the nets were
determined as purse seiners and 18 % as gillnets. As a result, the density of species and individuals, mainly fish, was
determined in the artificial reef area, and it was concluded that artificial reefs constitute an obstacle to illegal fishing in
the region with the detected ghost nets.

Keywords: Aegean Sea, artificial reef, fish species diversity, visual census
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1. Giris

Yapay resifler, deniz canlilar i¢in
yeni tip habitat yaratmak veya mevcut
habitatlar1 korumak ve gelistirmek amaciyla

denize  yerlestirilen  yapilar  olarak
tanimlanmaktadir (Collins ve Jensen,
1996). Denizlerdeki bu yapay resifler

canlilar i¢in potansiyel barinma, lireme,
beslenme ve korunma gibi yasamsal
fonksiyonlar agisindan secgenekli yasam
alanlar1 sunmaktadir. Yapay resifler biyo-
cesitliligin - korunmasi, biitiinlesik  kiy1
alanlar yonetimi, canlt deniz
kaynaklarindan siirdiiriilebilir bir sekilde
yararlanilmasi, etkili balik¢ilik yOnetimi
faaliyetlerinin gergeklestirilebilmesi gibi
amagclar dogrultusunda 6nem arz etmekte ve
biiyiik ilgi gormektedir (Acarli ve ark.,
2020). Yapay resiflerin ekosistem ve
balikc¢ilik lizerinde nasil etki ettigi ile ilgili
farkli  hipotezler = mevcuttur.  Hizh
kolonizasyon, yiiksek balikk yogunlugu,
yiiksek yakalama oranlari, yasam alanina
baghiligl, yapay resiflerin balik verimini
artirdigt yoniinde kanit olarak
kullanilmustir. Alternatif bir hipotez, yapay
resiflerin davranissal tercihlere bagl olarak
baliklar1  cezbettigi, c¢evrede bulunan
baliklar1 belli bir lokasyona topladig fakat
resiflerin toplam balik {retimini veya
bollugunu  arttrmadigi  bildirilmistir
(Bohnsac, 1989). Yapay resifler, pratikteki
uygulamalar bakimindan, son 20 yi1l i¢inde,
diinya c¢apinda biiyiik oranda artig
gostermistir (Seaman ve Spraque, 1991).
Yapay resifler, 1980’1 yillara kadar balik
tiretimini artirmak i¢in insa edilmis, son
yillarda ise su kalitesini gelistirme (Angel
ve Spanier, 2002) ve ekosistemi yenileme
(Rilov ve Benayahu, 2000) gibi ¢evreci ve
korumaci konular, yapay resif projelerinin

amaglarinin  belirlenmesinde oncelik
kazanmistir (Ardizzone ve ark., 1995).
Pratikteki uygulamalarin hacimsel

boyutlarina bakildiginda, dogal kaya ve
palmiyelerin kullanildig1 birkag
metrekiipliik resif iinitelerinden, karmasik
mihendislik  hesap ve tasarimlarin
yapildigi, cok biliylik boyutlu prefabrik
beton ve celik tinitelere (125 — 200 m?)
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kadar genis bir yelpazeye
rastlanabilmektedir (Charbonnel, 1990).
Japonya ve ABD, diinyada en eski
uygulamalara sahip, en iyi yazili metinlerin
bulundugu ve yapay resif uygulamalarinin
en yogun yapildigr iki iilkedir (Stone ve
ark., 1991). Avrupa’daki resif c¢aligmalar
ise son 30 yilda gelismis olup, her iilke
yapay resif kullaniminda farkli ihtiyag ve
yaklagimlara sahiptir (Jensen, 2002).
Tirkiye’de ilk yapay resif uygulamalari
kiicik olgekli ve deneme amach
baslamistir. 1983 yilinda izmir Kérfezi’nde
Urla Iskele aciklarindaki Tas ada civarina,
E.U. Hidrobiyoloji Arastirma Merkezi’nde
gecici gorevle calisan Fransiz bir bilim
adami tarafindan yuvarlak beton kiinkten
yapay resifler yerlestirilmistir. Daha sonra
Istanbul Bogazi ve Marmara kiyilarinda
Beykoz Su Uriinleri Endiistri Meslek Lisesi
ve bazi 6zel dalgi¢ kuliipleri beton, pismis
toprak ve lastikten yapay resifler yapmus,
ancak bu yapilarin olusturma teknikleri ve
elde edilen sonuclar hakkinda yayinlara
rastlanilmamistir. Subat 1989’ da ise Izmir
Korfezi’ndeki yasadisi trolleri engellemek
ve olta balik¢iligini gelistirmek amaciyla 10
adet eski troleybiis kasas1 Korfezin degisik
yerlerine atilmistir. Ancak bu ¢alismanin da
sonugclari hakkinda bir bilgi
bulunmamaktadir (Lok, 1995). Tiirkiye’
deki bilimsel amagh ilk yapay resif projesi,
E.U. Su Uriinleri Fakiiltesi tarafindan
1991-1993 yillar1 arasinda Hekim Adasi
kiyilarinda gergeklestirilmistir (Lok, 1995).
Bu projeden elde edilen olumlu sonuglarin,
cesitli toplantilarda kamuya
duyurulmasindan sonra, konuya olan ilgi
artmig ve yapay resif projeleri tiim tlke
kiyilarina yayilma egilimi gdstermistir.
Yerel yonetimlere ait ilk yapay resif
uygulamasi 1995 yilinda Cesme Belediyesi
tarafindan, Dalyankoy’de
gergeklestirilmistir. Bu projeyi 1998 yilinda
Urkmez ve Giimiildiir Belediyeleri takip
etmistir. Daha sonra denize kiyis1 olan pek
cok il/ilgenin yonetimleri ve sivil toplum
orgiitleri yapay resif projesi
gerceklestirmistir. Giiniimiize kadar 3500’
yakin beton blok, 10 adet eski troleybiis
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kasasi, 8 adet metal gemi, 2 adet ahsap
tekne, 3 adet ugak yapay resif projeleri
kapsaminda yerlestirilmistir. Tiirkiye’de bu
tiir pratik uygulamalar hizla artmasina
ragmen, yapay resifler tiizerine yapilan
bilimsel ¢alismalar sinirli kaldi (Giil ve ark.,
2005). Oysaki, yapay resiflerin balik
komdiniteleri lizerine etkilerinin ve onlarin
giinlik, mevsimsel ve wuzun vadeli
degisimlerinin  belirlenmesi, projelerin
basarisi i¢in hayati 0neme sahip oldugu
bildirilmistir. (Relini ve ark., 1994). 2010
yilinda Gida Tarim ve Hayvancilik
Bakanlig1 tarafindan uygulanan Edremit
Altinoluk yapay resif projesi, Bakanlik
tarafindan uygulanan ilk milli proje olarak

Tirkiye’nin en biiyiikk projesi olarak
faaliyete  gegmistir. 2014  yilinda
tamamlanan  projede  kiicik  Olcekli
balikeilik alanlarinin olusturulmasi,

yasadis1 siiriitme aglarimin faaliyetlerine
engel olabilecek alanlar olusturulmus ve
kisa siirede basarili sonuglar alinmistir. Bu
sonuglara ragmen Bakanlik biiyiik 6lcekli
balik¢ilik faaliyetlerinin etkisiyle yapay
resif caligmalarina ara vermis yapay resif
izinlerini  durdurmustur.  Gliniimiizde
bilimsel amagl1 yapay resif projeleri disinda
yeni yapay resif uygulamalarina izin
verilmemektedir. Bu durum mevcut yapay
resif alanlarmin daha etkin
degerlendirilmesi ve etkinliginin
belirlenmesini 6n plana ¢ikarmaktadir. Bu
kapsamda bu ¢alismada Tiirkiye’ nin ikinci
biiylik yapay resif ¢alismasi olan Selguk-

=1 vopay resif caligma bélgesi

KUSADAS! xOmrezl

Sekil 1. Calisma bolgesi

1034

Pamucak yapay resiflerinin, ortamda balik
tiir cesitliligine katkis1 ve yasadisi aveiligi
engellemedeki  caydirict  etkinliginin
belirlenmesini amag¢lamistir.

2. Materyal ve Yontem
2.1. Cahsma sahasi
alanminin ozellikleri

Arazi calismasi Izmir 1li Selcuk
ilgesine bagli Pamucak kiyilarinda 37° 55’
47" K — 27°15'54" D, 37° 55" 44" K — 27°
14'51" D, 37°57"16" K—-27°15"14" D ve
37° 57" 14" K —27° 14" 17" D koordinatlar1
arasindaki  yapay  resif  sahasinda
yuritilmustir  (Sekil  1).  Kusadasi
Korfezinin dogu kiyisinda kalan bu bolge
kumluk ve ¢amurlu dip yapisina sahiptir,
zemin egimi % 2’den azdir ve bolgesel
akintilara maruz kalmakla beraber akinti
hiz1 5 m/dk’dan az oldugu i¢in yapay resif
yerlesimine uygun Ozelliklere sahip bir
alandir. Bu baglamda 2001 yilinda
Pamucak kiyilarinda 15-20 m  derinlik
kontiiriinde 1,2 x 1,2 x 1,2 m boyutlarinda
480 adet kiibik beton bloktan (Sekil 2)
olusan yapay resif alani diizenlenmistir.
Kiibik beton bloklar 25%erli gruplar
olusturulacak sekilde deniz zeminine
serbest diisme yontemiyle atilmistir ve
denize yerlestirilme sirasinda yasadisi av
araglarmin gecisini Onleyecek mesafeler
gozetilmistir (Sekil 3). Olusturulan bu
yapay resif alaninda gozlemlenen balik
tirleri  calismanin  ana  materyalini
olusturmaktadir.

ve yapay resif
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2.2. Veri toplama ve analiz

Eyliil 2019 - Agustos 2020 tarihleri
arasinda 12 ay boyunca siirdiiriilen arazi
calismalarinda, yapay resif caligma alanina
ulasimda Ege Universitesi Su Uriinleri
Fakiiltesi’ne ait 4,60 m boyunda ve 50 hp
motor giiciine sahip ARGE isimli hizl1 bot
kullanilmigtir. Yapay resiflerin denizdeki
konumunu belirlemede Garmin 42 DV
Chart plotter+Echo sounder kullanilmistir.
Uydu sinyalleri ile mevcut konumu
belirlerken ayni anda sualtina ses pulslar
gonderen echo soundder dip yapisinda
yapay resifleri tespit ederek konum
noktalama suretiyle her 6rneklemede ayni
resif alaninin Orneklenmesi saglanmigtir.
Yapay resifler ortamdaki biyogesitliligi
artirmay1 hedeflediginden, calismada yapay
resif alanindaki balik tir cesitliligi ve
bollugunun belirlenmesinde tahribatsiz
ornekleme yontemleri tercih edilmistir.
Gorsel sayim yontemi ve sualtt video kayit

f N

Sekil 3. Yapay resif bloklarinin tasinmasi ve suyaAberal‘<11ma51
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yontemi bu amagcla balik tiir gesitliligi ve
bollugunu saptamak amaciyla caligmada
kullanilan yontemlerdir. Bu kapsamda 12
ay boyunca diizenli olarak tiiplii daliglar
(SCUBA) gergeklestirilmis ve toplam 17
saat 45 dakikayr bulan dip zamanm ile
ornekleme c¢aligmast yapilmistir (Sekil 4).
Bazi balik tiirlerinin ylizme davraniglar1 ve
boyutlarindan dolay1 gorsel sayim yontemi
ile tespitleri zor oldugundan, bu durumlarda
ikinci bir izleme yontemi olarak sualt1 video
kayit yontemi kullanilmis ve goriintiileri
kaydedilerek tiir ve birey sayilart monitor
iizerinden incelenmistir. Sualt1 kayitlarinda
GOOPRO Hero 4 modeli kamera sistemi
kullanilmistir.  Ornekleme  galismalari
boyunca deniz suyu sicaklilart Suunto D61
dalis bilgisayar1 yardimi ile kaydedilmis,
tuzluluk ve oksijen multi parametre cihazi
ile ve goriis mesafesi de secchi disk
yardimiyla metre cinsinden Slgiilmiistiir.
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Sekil 4. Sualt1 6rnekleme ¢alismalari

Balik tiir tayinlerinde Whitehead ve ark.
(1986) ve Froese (2005)’den
yararlanilmistir. Giincel sistematik bilgileri
ise World Register of Marine Species
(WoRMS, 2021) katalogundan kontrol
edilerek listelenmistir. Sualt1 gorsel sayim
ve sualt1 video kayit yontemi ile elde edilen
veriler, istatistiki analiz yontemleriyle test
edilmistir. Bu kapsamda elde edilen sayisal
bulgularin incelenmesinde ve analizlerin
yapilmasinda PRIMER-v6 (Clarke ve
Gorley, 2006) ve Microsoft Excel paket
programlari kullanilmistir.

3. Bulgular ve Tartisma
3.1. Yapay resif alaninda gozlemlenen
tiirlere ait bulgular

Pamucak yapay resif alaninda 12 ay
boyunca yapilan gézlemler sonucunda 12
familyaya ait 30 balik tlirii olmak {izere
toplam 4522 birey tespit edilmistir.
Melanurya baligi (Oblada melanura) 2475
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birey ile sayica en ¢ok gozlenen tiir olarak
tespit edilmis olup, bunu 843 birey ile Papaz
balig1 (Choromis chromis) ve 319 birey ile

karagéz (Diplodus vulgaris) Dbaliklari
izlemektedir. Tablo 1’de yapay resif
alaninda gozlemlenen tiirlerin sistematik
listesi ve sayica toplam  goriilme

ylizdelerinin dagilimlar1 gosterilmektedir.
Orneklemelerde karagdz, 1sparoz, papaz,
sivri burun, karagdz ve melanurya olmak
iizere bes balik tiirii biitlin aylarda
gbzlenmis, buna karsilik Barbunya, ¢irgir,
giimiis, fangri mercan, kum lahozu ve
mirmir olmak tlizere alt1 balik tiirii sadece bir
orneklemede gozlemlenmistir. Calismada
gozlemlenen balik tilirlerinin aylara gore
toplam birey sayilarinin yilizde frekans
dagilimi Sekil 4’de, tiirlerin aylara gore
birey sayilarinin dagilimi ise Sekil 5°te
gosterilmektedir.



MAS JAPS 8(Ozel Say1): 1032-1048, 2023

Tablo 1. Yapay resif alaninda tespit edilen tiirler ve yilizde goriilme dagilimlari

Familya Tiir %
Atherinidae Atherina boyeri (Risso, 1810) 0.44
Carangidae Seriola dumerili (Risso, 1810) 212
Congridae Conger conger (Linnaeus, 1758) 0.15
Gobiidae Gobius niger (Linnaeus, 1758) 0.11
Labridae Symphodus mediterraneus (Linnaeus, 1758) 0.02
Symphodus tinca (Linnaeus, 1758) 0.11
Coris julis (Linnaeus, 1758) 0.11
Mullidae Mullus barbatus (Linnaeus, 1758) 0.07
Mullidae Mullus surmuletus (Linnaeus, 1758) 0.27
Pomacentridae Choromis chromis (Linnaeus, 1758) 18.64
Scaridae Sparisoma cretense (Linnaeus, 1758) 0.66
Sciaenidae Umbrina cirrosa (Linnaeus, 1758) 1.81
Sciana umbra (Linnaeus, 1758) 0.75
Scorpaenidae Scorpaena scrofa (Linnaeus, 1758) 0.13
Serranidae Serranus cabrilla (Linnaeus, 1758) 0.53
Epinephelus costae (Steindachner, 1878) 0.09
Epinephelus aeneus (Geoffroy Saint-Hilaire, 1817) 0.02
Sparidae Diplodus vulgaris (Geoffroy Saint-Hilaire, 1817) 7.05
Diplodus annularis (Linnaeus, 1758) 2.10
Diplodus puntazzo (Walbaum, 1792) 0.75
Diplodus sargus (Linnaeus, 1758) 0.42
Spicara smaris (Linnaeus, 1758) 5.24
Pagrus pagrus (Linnaeus, 1758) 0.02
Sarpa salpa (Linnaeus, 1758) 1.02
Boops boops (Linnaeus, 1758) 1.06
Lithognathus mormyrus (Linnaeus, 1758) 0.73
Dentex dentex (Linnaeus, 1758) 0.15
Sparus aurata Linnaeus, 1758 0.40
Oblada melanura (Linnaeus, 1758) 54.73
Spondyliosoma cantharus (Linnaeus, 1758) 0.27

16

14

12

10

% Frekans
[+2]

Kasim  Aralik Ocak Subat Mart  Nisan Mayis Haziran Temmuz Agustos

Aylar

Sekil 4. Yapay resif alaninda gézlemlenen tiirlerin toplam birey sayilarinin aylara gore yiizde dagilimi
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Sekil 5. Yapay resif alaninda gozlemlenen balik tiirlerinin aylara gore birey sayilarinin dagilimi

Aylik 6rneklemelerde en ¢ok balik
yogunlugunun 664 ve 601 birey ile sirastyla
Mart ve Aralik aylarinda gézlemlendigi, en
az balik yogunlugunun ise 161, 178 ve 179
birey ile sirasiyla Ekim, Haziran ve May1s
aylarinda gozlemlendigi tespit edilmistir.
Gorsel sayim yontemi ile tespit edilen
tirlerde Eyliil ay1 verileri incelendiginde,
14 tlire ait 222 bireyin gozlendigi tespit
edilmigtir. Bu tiirler icinde Papaz balig1 80
birey ile ilk sirada yer almakta 55 birey ile
yapay resiflerin devamli sakini olan
karagdz baliklar1 ve 48 birey ile yapay
resifler etrafinda avlanan ve predator bir tiir
olan sar1 kuyruk balig1 gozlenmistir. Yapay
resif alaninda tespit edilen tiirlerin Bray-
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Curtis benzerlik analizi hesaplarina gore
olusturulan sayisal bolluk kiimelenme
dendogrami Sekil 6’da gosterilmistir. Bray-
Curtis benzerlik dendogramini temel alarak
olusturulan  MDS  (Multidimensional
scaling: Cok boyutlu dl¢limlendirme) analiz
semast Sekil 7°de gosterilmektedir. MDS
semasi incelendiginde merkezden uzak olan
tirlerin nadiren gozlendigi, merkeze yakin
ve tlr isimleri i¢ ige gecmis tiirlerin her
orneklemede tespit edildigi goriilmektedir.
Mirmir ve Barbunya baliklar1 y1l buyunca
sadece bir defa gozlemlendigi i¢in
merkezden uzak ve ¢erceveye yakin olarak
sembolize goziikmektedirler.
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Transform: Fourth root
Resemblance: S17 Bray Curtis similarity

40+

Benzerlik

60+

80+

100

Uhognathen mommiyus

Tarler

Sekil 6. Yapay resif alaninda gozlemlenen tiirlerin sayica Bray-Curtis benzerlik analizine dayali kiimelenme dendogrami

Transform: Fourth root
Resemblance: 317 Bray Curtis similarity

2D Stress: 0,17
Lithognathus mormryus

Boops boops

Epinephelgs,gRReH Mullus surmuletus_
iger ugP'"'ephe'USA&@ﬁW@boyeri
. Oblada melanura
SP'CQIE&BTﬁféSchromis
Coris julis Um%§ pipdtss sargus
Symphodus tin LT
Spondlysoma cam%saurata
Symphodus mediterranus
Conger conger
Sarpa salpa Scorpaerseaslaaumerili

Dentex dentex
Pagrus pagrus

Mullus barbatus

Sekil 7. Yapay resif alaninda gézlemlenen tiirlerin MDS analizi
Aylara gore MDS analiz sonuglar bir kompozisyon sergiledigi

incelendiginde Mayis ve Eyliil aylarimin gozlenmektedir Sekil 8.
diger aylara gore genel dagilimindan uzak
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Transform: Fourth root
Resemblance: S17 Bray Curtis similarity
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Sekil 8. Yapay resif alanindaki tiirlerin aylara gore sayisal MDS analizi

Kiimiilatif =~ baskinlik  aylar  bazinda
incelendiginde, Subat ayimin kiimiilatif
baskinlikta yliksek, Mayis aymin ise en
diisiik diizeyde oldugu belirlenmis olup,

birey sayilarmin aylara gore kiimiilatif
baskinlik degerlerinin dagilimi Sekil 9’da
verilmistir.

Kiamdulatif baskinlik
100 4 TP A Eylll
' +§:}§¥ SV v Ekim
y 2:‘}' & v oV Kasim
v @ Aralik
v @ Ocak
” v -+ Subat
S % Mart
g s Nisan
£ Mayis
g w7 Haziran
% 0O Temmuz
Z ¢ Agustos
5 /
= g
£ v
o
40+
A
v
20, . P —— i
1 10 100
Species rank
Sekil 9. Yapay resif alanlindaki bireylerin aylara gore kiimiilatif baskinlik dagilimi
Bray-curtis benzerlik analizi mevsimler i¢inde yer alan aylardaki

incelendiginde, sonbahar ve kis aylar ile
ilkbahar ve yaz aylarinin grup olarak
benzerlikleri % 60 oraninda belirlenirken,
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orneklemelerin sayisal benzerliginin % 75
ile % 80 arasinda oldugu tespit edilmigtir
(Sekil 10).
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Sekil 10. Yapay resif alanindaki tiirlerin Bray-Curtis benzerlik analizine dayal1 aylara gore sayica kiimelenme dendogrami

3.2. Yapay resif alam deniz
parametreleri

Yapay resif alanindaki aylik deniz
suyu sicakliklarina ait degisim Sekil 11°de
gosterilmistir.  Ortalama  deniz  suyu

sicakligi 19,9°C olarak hesaplanirken, en

suyu

30

22 22
=" 16.7

e

Deniz suyu sicakhfi ("C)

w

Eyliil Ekim Kasim  Aralik Ocak

Subat

yiksek deniz suyu sicakliginin 26°C ile
Agustos ayinda, en diisiik deniz suyu
sicakliginin ise 14,9°C ile Mart ayinda
oldugu tespit edilmistir.

Mart Nisan Mayis Haziran Temmuz Agustos

Aylar

Sekil 11. Yapay resif alan1 deniz suyu sicakliklarinin aylara gére dagilimi

Sualt1 gorsel sayim c¢alismalarinda
sualt1 goriis mesafesi 6rneklemeyi etkileyen
en Onemli kriterdir. Yapay resiflerin
iizerinde her ay diizenli olarak oOlgiilen
secchi-disk ~ degerlerine  ait  goriis
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mesafesinin aylara gore dagilimi Sekil
12°de gosterilmistir. Buna gore 17 m ile en
yiiksek goriis mesafesi Agustos ayinda
kaydedilirken, 2,5 m ile Ekim ay1 en diisiik
olarak olctilmiistiir.
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Sekil 12. Yapay resif alaninda goriis suyu mesafesinin aylara gore degisimi
Yapay resif alanina ait aylara gore oksijen degeri 8,18 mg/L ile Nisan ayinda
¢ozlinmiis oksijen dagilimi Sekil 13’de tespit edilirken, en diisiik oksijen degeri
gosterilmistir.  Maksimum  ¢Ozlinmiis 7,10 mg/L olarak Ekim ayinda 6l¢iilmiistiir.
8,40
8,20
8,00
7,80 /
7,60
7,40
720 A
7,00
6,80
6,60
6,40 T T T T T T T T T T )
Q
U R C R R
Sekil 13. Yapay resif alaninda deniz suyu ¢dziinmiis oksijen degerlerinin aylara gore degisimi
Yapay resif alanindaki aylara gore deniz 37.19 mg/L ile ocak ayinda, en yiiksek
suyu tuzlulugu degisimleri Sekil 14°te tuzluluk ise %o 39,91 mg/L ile haziran
gosterilmis olup, en diisiik tuzluluk %o ayinda tespit edilmistir.
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Sekil 14. Yapay resif alaninda deniz suyu tuzluluk degerlerinin aylara gore degisimi

Pamucak yapay resif alami Tirkiye
kiyilarinda uygulanan en biiyliik hacimli
ikinci yapay resif uygulamasidir. Yapay
resif alanina yakin olan Urkmez- Giimiildiir
yapay resif alani bir¢ok bilimsel ¢alismanin
yuritildigli yapay resif alanidir. Bu
nedenle bu bolgede daha Once yiiriitiilen
caligmalar Pamucak yapay resif alani ile
karsilastirilabilmektedir. Pamucak yapay
resif alaninda Ornekleme boyunca 12
familyanin 30 tir ile temsil -edildigi
belirlenmistir. Tespit edilen bu tiir sayisi,
Akdeniz’deki diger yapay resif alanlarinda
benzer metod kullanilarak  yapilan
caligmalarda tespit edilen sayilardan az
bulunmustur. Relini ve ark., (2002)
calismasinda, Italya’nin Akdeniz
kiyisindaki Laona yapay resif alaninda, 10
yildir yiriittiigli izleme c¢alismasinda 16
familyaya ait 44 balik tiirli tespit ettigini ve
bunun, Akdeniz’deki diger resif alanlarinda
yiriitilen calismalarda elde edilen tiir
sayllarindan ~ daha  fazla  oldugunu
belirtmektedir. Diger baz1 arastirmalarda,
calisma alan1 ve tiir sayilari; Tabarca,
Ispanya: 21 tiir (Bayle-Sempere ve ark.,
1994), Marsilya, Fransa: 23 tiir (Bregliano
ve Ody, 1985), Roquebrune, Fransa: 35 tiir
(Charbonell, 1990), Fregene, Italya:10 tiir
(Ardizzone ve ark., 1997), Golfe Juan,
Fransa: 46 tiir (Charbonell ve ark., 2002) ve
[zmir-Urla: 29 tir (Lék ve Giil, 2005)
olarak tespit edilmistir. Bu ¢aligmalar ile
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yapilan c¢alisma arasinda tiir sayilar
bakimindan  farkin  olmasi, c¢alisma
periyodunun siiresi, yapay resif bloklarinin
tasarimi, ¢evre habitatlar (Bohnsack ve ark.,
1991; Coll ve ark., 1998), resifin yasi
(Bohnsack ve ark., 1991) ve fiziko-
kimyasal parametrelerin farkliligi gibi
nedenlerden kaynaklanmaktadir. Ornegin
Lok ve Gil (2005) tarafindan yiirtitiilen
calismadaki yapay resif alani, izmir orta
korfezde yer alan Hekim Adasi’ndadir.
Buradaki deniz alani eutrofik o6zelliktedir.
Ayrica deniz trafiginin ve kiigiik 6lgekli
balik¢iligin yogun oldugu bir alandir. Bu

ozellikler, diisiik tir sayisinin baslica
nedenleri arasinda sayilabilir. Yapay
resiflerdeki  balik  komiinitesi  iginde

Sparidae, Labridaec ve Serranidae baskin
familyalar olarak goriilmektedir. Bu durum
Akdeniz’deki yapay resiflerde (Charbonnel
ve ark., 2000; Relini ve ark., 2002; Lok ve
Giil, 2005) ve dogal kayalik alanlarda (Lipe;j
ve ark., 2003; Gidetti, 2004) yaygin bir
durumdur. Bu ¢alismada resif alanlarindaki
sayisal olarak en baskin tiirler olan C.
chromis ve D. wvulgaris, Akdeniz’de
yuriitilen pek c¢ok c¢alismada da
(Charbonnel ve ark., 2000; Relini ve ark.,
2002; Lok ve Gil, 2005) baskin tiirler
olarak belirlenmistir. Urkmez Giimiildiir
yapay resif alaninda Giil ve arkadaslari
(2005) tarafindan yapilan ¢alismada camur
zemindeki resifler tizerinde 12 familyaya ait
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32 balik tiiri tespit edilmistir. Resiflerin
yerlesiminden 6 yil sonra yapilan bu
calismada ortaya konan tiir ve birey sayisi
ile bu ¢alismada elde edilen sayilar oldukga
benzerdir. Siiksesyonun baslamasindan
itibaren yapilan gozlemler yaklasik 2 yilda
resiflerin  siikksesyonu  Onemli  6lgiide
tamamladigin1  gostermektedir. Bohnsack
ve ark. (1991), vyapay resiflerdeki
kolonizasyonun resif atimindan hemen
sonra bagladigi ve resiflerdeki canli
yerlesiminin tamamlanmasi i¢in birkag yil
stireye ihtiyac oldugunu  yaptig1
arastirmalarla ortaya koymustur. Relini ve
ark. (2007) Loana yapay resiflerinde 15 yil
boyunca degisik zamanlarda yapilan
gozlemleri bir araya getirerek bolgedeki
balik toplulugu hakkinda bilgi vermislerdir.
Buna gore, gorsel sayim ile tespit ettikleri
56 balik tiirlinlin bu bolgede tespit edilen
tirlerle  biliyik  benzerlik  gosterdigi
goriilmektedir. Balik topluluguna etkiyen
en Onemli faktorlerden biri sicakliktir
(Bohnsack ve ark., 1991). Ozelikle derin
bolgedeki yapay resiflerde termoklin
tabakasinin  olusturdugu  bir katman
yiizlinden besin ve canli gocii sinirlanabilir.
Ancak  verilerimize  gore  derinlik
farkliligmma ragmen c¢aligma boyunca Su
sicakliginin yakin degerlere sahip oldugu
goriilmektedir. Genel olarak, toplulugu
olusturan tiirlerin gecici bulunma o6zelligi
gosterdigi goriilmektedir. Bunun nedeni,
hem resiflerin yeni atilmis olmasi olabilir.
Bununla  birlikte, karnivor  beslenme
ozelligindeki bircok tiiriin yapay resif
ortamlarinin beslenme amaclh kullandigi,
bu nedenle siirekli gdzlenmedikleri yapilan
bircok arastirmada da ortaya konmustur.
Guidetti (2000), ozellikle kiigiik baliklarin
resif ortaminda biiylik baliklar i¢in besin
anlamma geldigini ve bu yilizden karnivor
beslenme zincirinin yukarillara dogru
ciktigini ifade etmistir. Bu calismada ¢ikan
sonuclar ayni zamanda, karnivorlarin
baskinlik diizeyinin bu kadar yiiksek olmasi
Bohnsack ve arkadaglarinin (1991) yilinda
bir¢ok ¢aligmanin sonucu olarak ortaya
att1ig1 “yapay habitatlarda karnivor beslenen
tirler baskin olma egilimi gosterirler”
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ifadesi ile Ortiismektedir. Relini ve
arkadaglar1 (2002), 18 metre derinlikte
bulunan Loana yapay resiflerinde 10 yil
boyunca yaptiklar1 ¢alismada biyogesitlilik
degerlerinin 2,9 ila 3,5 arasinda degistigini
belirtmislerdir. Bu calisma ile
karsilastirildiginda elde edilen degerler
oldukea diisiik olmasina karsin heniiz canli
toplulugunun resifler lizerinde yerlesiminin
zayif ve baslangi¢c asamasinda oldugu goz

ardi  edilmemelidir. Bununla birlikte
derinlik de tiir ve birey sayisi agisindan
farklilik  yaratarak  dolayli  yoldan
biyogesitlilik iizerinde etkin bir rol

oynamaktadir. Istatistiksel karsilastirmalar,
genel  olarak  topluluklar  {izerinde
mevsimlerin  6nemli bir etkiye sahip
olmadigim1 ortaya koysa da, nicelik
acisindan bakildiginda mevsimlere gore
tirlerin ve tiirlere ait Biray sayilarinin
degistigi belirlenmistir. Ancak bu durumun
daha dogru bir sekilde ortaya konmasi i¢in
toplulugun yapisin1 etkileyen siiksesyon
gelisiminin tamamlanmas1 gerekmektedir.
Iki &nemli etkenin varligi, sonuglarn da
cakismasina neden olabilir. Santos ve
arkadaslari, (2002) Portekiz’in giineyindeki
Agrave bolgesinin kiyisinda yer alan yapay
resiflerde gorsel sayim teknigini kullanarak
gece gilindiiz evrelerindeki balik toplulugu
ve tiir dagilimi degisimini incelemistir. Her
bir pargast 2,7 m3 olan 735 kiigiik
modiilden olusan yapay resifler 21 gruptan
olugmaktadir. Sayimlar 1995  yilinin
Agustos ayindan, giiniin belirli saatlerinde
(7:00, 8:30, 10:00, 11:30, 14:30, 19:00,
20:30 ve 23:00) scuba dalicilar tarafindan
yapilmistir. Sayimlarda ¢ogunlugu Sparidae
familyasina ait 18 tir kayitlanmistir.
Tiirlerin  yapay resiflerdeki  bulunma
donemlerinin  ¢esitlilik  gosterdigi, tiir
sayisinin  gece doneminde minimuma
diistiigii, giin ortasinda ise maksimuma
ulagtifi goriilmiistiir. Bu sonuglara gore
aragtirmada ¢ogu tiirlin giinliik bir aktivite
gosterdigi anlasilmis, tirlerin % 61’inin
yerlesik, % 33’linlinse beslenmek ve/veya
barimmak i¢in oraya geldigi kanisina
ulasilmistir.  Relini  ve  arkadaslar
(2002)’nin Loano yapay resifinde gorsel



MAS JAPS 8(Ozel Say1): 1032-1048, 2023

sayim teknigi ile aylik olarak incelemesi
yapilan ve on yil sliren arastirmanin
sonucunda gecen on yil siliresinde gerek
gozlemlerde gerekse de Shannon-Wiener
cesitlilik endeksine gore bolgedeki tiir
sayist  giderek  artmistir.  Bolgedeki
canliligin giderek artmasi sayesinde yeni
tirler de (Phycis physic, Epinephelus
marginatus, Muraena helena, Parablennius
gattorugine) goriilmeye baslamis ve buna
bagli olarak bazilar1 da (Gobius crentatus)
gbzden kaybolmustur. Apogon imberbis,
Scorpaena notata, Serranus cabrilla gibi
sert substrata 0zgii baz tiirler de resiflerin
olusturulmasindan sonra gegcen 13 yilda
biiyiik miktarlarda artmis ve bolgede yogun
hale gelmistir. Arastirima sonuglarina gore
bolgedeki komiinite yapisinin yavas ve
uzun siliregte denge durumuna gelme
egilimi gosterdigi anlasilmigtir. Moreno
(2002)’ nun arastirmasinda bat1 Akdeniz’in
Gilineydogusundaki Ibiza adasinda yapay
resiflerle, onlarin bulunduklar1 substrattaki
balik topluluklarini incelemistir.
Arastirmada 2 yil silireyle Posidonia
cayirlar1 ya da kumluk bolgeler olmak iizere
iki farkli substrata yer alan yapay resif
kiimelerindeki balik topluluklar1 gorsel
sayim teknigi kullanilarak gézlemlenmistir.
Balik  toplulugundaki tiir ve birey
zenginliginin yani sira boy kompozisyonu
da belirlenmistir. Balik toplulugundaki
tirlerin  biiyiilk bir kismu  Labridae
familyasina  ait  oldugundan, deniz
cayirlarinin  bulundugu bolgedeki yapay
resiflerde tiir zenginligi yliksek ¢ikmustir.
Arastirma sonuglart bolgedeki ¢ogu tiiriin
habitata 6zgiin oldugunu gostermistir. Ayni
bolgedeki resiflerle arastirma sonuglari
kiyaslandigt  zaman da  Posidonia
cayirlarmin resif kolonizasyonundaki etkisi
daha 1iyi sekilde anlagilmistir. Charbonnel
ve arkadaglart (2002), 1985 yilindan
itibaren Fransa sahillerine yerlestirilmis
olan toplam 40000 m® hacmin % 38’ini
olusturan ve her biri 158 m® olan LARU
yapay resifler kiimelerinden biri {izerine
yaptiklar1 ¢alismada, 1991 yilindaki saha
calismasi ile bir LARU kiimesinin hacmini
37 m® lik malzemeleri icerisine rasgele
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yerlestirerek daha karmagik bir habitat
haline getirmiglerdir. Hacmin
arttirllmasindan 6nceki ve sonrasindaki
stirecte balik faunasindaki degisimler gorsel
sayim teknig8i ile gdzlenmistir. Arastirma
icin degisime ugratilarak incelemeye alinan
kiimedeki veriler normal kiimelere kiyasla
artis goOstermistir. Buna gore, toplam tiir
sayist 2 kat, her gozlemde rastlanan tiir
sayis1 3 kat, yogunluk 10 kat ve biyokiitle
ise 40 kat artis gostermistir. Ozellikle
Sparidler gibi ticari degere sahip olan
tiirlerde biiyiik bir artis oldugu gozlenmistir.
Ayn1 donemde kontrol kiimesi olarak
gbozlemine devam edilen standart LARU
yapay resiflerinde ise tiir zenginligine dair
kayda deger bir degisim gozlenmemisse de
yogunluk ve biyokiitle orta diizeyde bir
artis, biiyiik olasilikla resifin
olgunlagsmasiyla birlikte goriilmiistiir. Bu
sonuglara gore arastirmacilar gerek yapay
resiflerin yapisal 6zelliklerinin gerekse de
bunlarin karmagik yapilarinin saglayacagi
habitatin balik topluluklarindaki cesitlilige
ve miktarina etkisinin goriilmesi agisindan
onemli oldugu sonucuna varmislardir.

4. Sonuc¢

Sonug olarak yapay resifler, dogal
ekolojik sistemi  bir model halinde
tagiyarak, balik¢ilik ve idare konularinda
bilinmeyen birgok konuyu da
arastirabilmeyi  olanakli  kilmaktadir.
Pamucak yapay resif alaninda gozlenen
balik tiirleri, her ay gozlenen (daimi),
siklikla gozlenen (yaygm) ve nadiren

gozlenen  (ziyaret¢i)  tiirler  olarak
siiflandirilabilmektedir. Baliklarin yapay
resiflerde  bulunma nedeni Oncelikle

korunma, beslenme ve avlanma davranislari
ile iliskilendirilebilir. Yasadis1i avcilik
faaliyetlerinden bazi  o6zel alanlarin
korunmasi1 yapay resifler ile miimkiin
olabilmektedir. Orneklemeler sirasinda
karsilasilan yapay resiflere takilmis ag
pargalari, Pamucak yapay resif alaninin
yasadisi balik¢ilik  faaliyetlerine engel
olabildigini gostermektedir. Baliklarinin
biyolojisinin, davraniginin, tiir dagiliminin
ve bunlara derinligin etkisinin bilinmesi
hem balik¢iligin dengeli gelisimini hem de
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balik  stoklarinin  bilingli  kontroliinii

saglamakta faydali olacaktir.

Yazarlarin Katki Beyam
Yazarlar makaleye esit katkida
bulunduklarii, makalenin yayimna hazir son

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

Tim yazarlar, bu c¢aligma igin

herhangi bir ¢ikar c¢atismasi olmadigin
beyan etmektedir.
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Ozet

Iklim degisikligi onemli bir kiiresel sorundur. iklim degisikligini azaltmak igin siirdiiriilebilir tarrm 6nemli bir
tercihtir. Tarim topraklari, gecti§imiz yiizyillarda organik maddesini giderek kaybetmistir. iklim degisikligiyle
miicadele i¢in tesvik edilen uygulamalardan biri de toprak organik maddesinin arttirilmasidir. Organik maddeyi
artirmanin en iyi yolu ise organik giibre kullaniminin yayginlastirilmasidir. Organik giibre kullanimi; bir yandan
zararlilar1 ve hastaliklar1 engellerken diger taraftan {iriin verimini ve toprak o6zelliklerini iyilestirebilmektedir.
Toprakta karbon tutulmasi, CO'in atmosferden uzaklastirildigt ve toprak karbon havuzunda depolandigi bir
stirectir. Bu derleme ¢alismasinin amaci, farkli 6zelliklere sahip organik kokenli giibre kullaniminin; ister tarimsal
faaliyetlerden kaynaklansin, isterse kentsel, endistriyel veya ulasim faaliyetlerinden kaynaklansin, atmosferik
karbon diizeyini dengeleme ve atmosferik karbon artisiin kiiresel 1smmma {izerindeki olumsuz etkileriyle
miicadeledeki yerini ele almaktir.

Anahtar Kelimeler: iklim degisikligi, toprak organik maddesi, toprak karbonu, atmosferik karbon

The Effect of Different Organic Fertilizers on Soil Properties in Tolering Climate
Change

Abstract

Climate change is an important global problem. Sustainable agriculture is an important choice to mitigate climate
change. Soil has gradually lost its organic matter over the past centuries. One of the practices encouraged to combat
climate change is to increase soil organic matter. The best way to increase organic matter is the widespread use of
organic fertiliser. The use of organic fertilisers can improve crop yield and soil properties while preventing pests
and diseases. Soil carbon sequestration is a process in which CO; is removed from the atmosphere and stored in
the soil carbon pool. The aim of this review is to discuss how the use of fertilisers of organic origin with different
properties can reduce the adverse effects of atmospheric carbon increase on global warming, whether from
agricultural activities or from urban, industrial or transport activities.

Keywords: Climate change, soil organic matter, soil carbon, atmospheric carbon
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1. Giris

Kiiresel 1sinma ve/veya iklim
degisikligi 19. yiizyildan giiniimiize kadar
diinya giindeminde yer alan onemli ¢evre
sorunudur. Ekonomik etkinlikleri gelecek
nesilleri  dlisinmeden hayata gegiren
ilkeler, bolgesel ve kiiresel c¢evre
sorunlarina neden olmaktadirlar. Sorunun
¢ozlimil ise tiim diinyada ¢evre bilincinin

gliclenmesinden, dayanisma  kiltliriini
i¢sellestirmekten ve is birlikei
yaklagimlardan ge¢mektedir. Ulastirma,

sanayi, enerji kullanimi, tarim ve fosil
yakitlarin fazla kullanilmasiyla endiistriyel
ve dogal sera gazi miktarlar1 her gegen giin
artmakta ve iklim degisikligi diinyanin
Oonemli sorunlarindan biri olarak One
c¢ikmaktadir. Kiiresel 1sinma; atmosferdeki
sera gazi birikimlerinin antropojenik (insan
kaynakli) etkiler sonucunda Onemli
miktarda artmasiyla birlikte ekosistemlerde
olusan degisiklikler olarak tanimlanabilir
(Arikan, 2016; Sahin ve Avcioglu, 2016).
Atmosferdeki CO: seviyeleri, fosil yakit
kaynakli emisyonlarin etkisiyle siirekli
olarak artmaktadir. Yayilan CO:'nin bir
kismi deniz suyunda ¢Oziinerek derin
okyanuslara karisirken, bir diger kism1 da
bitkiler tarafindan fotosentez sirasinda
kullanilir.  Okyanuslar ve  biyosfer,
atmosferdeki CO: emisyonunu tutarak

Sektorlere gore sera gazi emisyon oranlan, 2021

%26

%128

(..(

564,4 Mt
CO, esd.

=Enei = Endistriyel Isiemier ve Uron Kullamimi = Tanm

= Atk

atmosferdeki CO: ve Oz seviyelerindeki
degisimleri dengelemeye caligirlar (Ussiri
ve Lal, 2017). Insan kaynakhi CO:
emisyonlarinin bir sonucu olarak, pH
seviyesinin silirekli olarak diismesi ve
okyanusun  karbonat  doygunlugunun
azalmas1 nedeniyle okyanus asitlenmesi
meydana gelir (Caldeira ve Wickett, 2003).
Bu durum son 200 yilda diinya genelinde
okyanuslarin asitliginde yaklasik %30'luk
bir artisa yol acmustir. Atmosferik CO:
emisyonlarinin %40, pH seviyelerindeki
0.1 birimlik diisiis gibi degisikliklere neden
olan bu etkene katki saglamistir (Johnson ve
White, 2014). Bu emilim, atmosferdeki CO-
konsantrasyonundaki artig1 yavaslatsa da
deniz yasamini olumsuz etkileyerek
okyanus kimyasini degistirmistir (Ussiri ve
Lal, 2017; Zeebe ve ark., 2008). Kiiresel
Olcekte on kaynak tarimsal sera gazi
kaynaklarini  meydana  getirmektedir.
Kaynaklar igerisinde hayvansal kokenli
tarimsal sera gazi (mide fermantasyonu
sonucu ¢evreye yayilan) metan gazi %39 ile
en biiyiik pay1 olusturmaktadir. Otlatma
esnasinda toprak ylizeyinde kalan hayvan
giibrelerinden ¢evreye yayilan sera gazlari
ise %15, hayvan giibresinin kullaniminin
yoOnetimi %6.7 ve topraga uygulanan c¢iftlik
giibresi %3.6’lik paya sahiptir (Uzel ve
Girliik, 2014).

Gazlara gére sera gazi emisyon oranlan, 2021("

=CO2 «CH4 =N20O =F-gaziar

Sekil 1. Sera gazi emisyonlar1 genel ve ayrimli oranlar (TUIK Haber Biilteni, 2023)

Tarimsal sera gazi kaynaklarin
bitkisel kokenli olanlarinda ilk siray1
kimyasal giibrelerin kullanimi %13.6, celtik
tarim1 %9.8, amiz yakilmasi %5.4, iiriin
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artiklart %3.7 ve islenmis topraklardan
cevreye yayilan sera gazi %2.5 paya
sahiptir (Uzel ve Giirliikk, 2014). Kiiresel
isinmanin ~ nedenlerinden  biri  CO2
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(Karbondioksit), CFC (Kloroflorokarbon),
metan (CH) ve N20O (Nitroz oksit) gibi sera
gazlariin oranlarinin atmosferdeki
artistdir. Azotlu giibrelemeyle nitroz oksit

(N20) emisyonu hem giibrelerin kullanim
etkinligini diisiirlir hem de kiiresel 1sinmaya
etki eder (Bayrag, 2010; Uzel ve Giirliik,
2014; 1lik, 2019).

(Miyon ton CO; esd.)

1980-2021 2020-2021

dedisim  degisim

1930 2000 2010 2015 2016 2017 2018 2019 2020 2021 (%) (%)

Toplam emisyon 2195 2989 3988 4750 5014 5286 5231 5087 5240 5644 1571 7,7
CO; 1516 2299 3162 3849 4060 4309 4221 4027 4129 4527 1936 986
CH, 425 437 518 828 §56 568 60,4 63,2 839 840 50,7 02
N0 25,0 248 274 323 343 354 35,5 37,0 405 403 815 05
F-gaziar 0,5 0,5 35 5,0 52 54 52 58 87 74 14568 10,2

Tablodaki rakamlar, yuvarlamadan dolayr toplami vermeyebilir. F-gazler florlu gazlardir

Sekil 2. Gazlara gore sera gazi emisyonlar1 (TUIK Haber Biilteni, 2023)

Iklim degisikligi; yagis rejimindeki farklilik
ve seviyesinde artis, dogal afetler ve
kuraklik gibi olumsuz etkilere sebep
olmaktadir. ~ Siralanan  bu  olumsuz
gelismeler, bircok alanda yasami olumsuz
etkilerken, Ozellikle tarimsal iretim
stirecinde verimlilik ve bitki gelisme diizeyi
tizerinde Onemli tehdit olusturan hal
almaktadir. Hizli niifus artigina ve sanayi
devrimine bagli olarak hizla artan enerji
ihtiyaci 6zellikle fosil yakitlarin kullanimini
artirdikca, atmosferdeki sera gazi miktar1 da
artmaktadir. iklim degisikligi konseptinde
uzmanlarin 6ngordiigli senaryolara gore,
1700’li yillarda ortalama 280 ppm olan
atmosferik CO2 konsantrasyonu, giiniimiiz
atmosferinde 410-414 ppm diizeyine

ulasmigtir.  Bilindigi  lizere, tarimsal
aktiviteler arasinda bitkisel tiretim optimum
toprak  kosullartyla ~ beraber  bunu

destekleyen optimum iklim kosullarina da
baghdir. Bitki gelisme etkenleri arasinda
atmosferik  karbondioksit  fotosentezin
onemli bir girdisi olup, bitki biinyesinde
karbon basta olmak {izere hidrojen ve
oksijen gibi ti¢ element bitki organik
yapinin %95’ine yakinini olusturmaktadir.
Sonugta atmosferik CO2 artis1  diger
faktorler de optimize oldugunda fotosentezi
dolayistyla verimi artirmaktadir. Ancak
atmosferik CO2 artis1 dolayli olarak bitki
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gelismesini olumsuz etkileyebilmektedir.
Bu etki bitkisel {liretimde istenmeyen
atmosferik hava olaylarina etkisi nedeniyle
ortaya c¢ikmaktadir. Yagis rejiminin
degismesi, dolu ve kisa siirede yogun
saganak yagislar, seller, bitki kok
bolgesinde nem azalmasi, kuraklik, yliksek
sicaklik, ilkbahar erken ve ge¢ donlar1 vb.
olumsuzluklar bitki gelismesinin olumsuz
etkilenmesine, verim veya iiretkenligin
diismesine veya hasar gormesine neden
olabilmektedir. iklim degisikliginin genel
etkileri, tarim uygulamalart ve
teknolojideki  degisiklikler gibi  diger
faktorlerle  birlikte  tarimsal  iiretimi
etkileyen  unsurlari  dikkate  almayi
gerektirir. Bu gelisen faktorler, giderek
daha zor hale gelen kosullarla birlestiginde,
gida giivenligi risklerinin ortaya ¢ikmasina
neden olabilir. Temel ihtiyaglar olan su ve
besinlere erisim, Oncelikle siirdiiriilebilir
kaynak yonetimiyle saglanabilir. Insanlar
ve diger canlilar i¢in gerekli olan su ve

besinlerin temini, kaynaklarin
stirdiiriilebilir bir sekilde kullanilmasiyla
mimkiindiir. ~ Stirdirilebilir  ekonomik

biliylime hedeflendiginde, iklim degisikligi
ile ilgili hizli ve etkili adimlar atilmasi
kacinilmazdir. Bu adimlar hem c¢evresel
stirdiiriilebilirligi hem de ekonomik refahi
korumay:r amagclar. Iklim degisikligi ile
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miicadelede etkin politika ve uygulamalar,
gelecekteki gida iiretimi, su kaynaklar1 ve
genel yasam kalitesi icin kritik 6nem tagir
(Anonim,  2023). iklim degisimleri
konusunda Gzellikle son donemlerde
yasanan ani yagislar ve diger atmosferik
degisimler dogrudan atmosferde artan CO2
miktar1 ile iligkilendirilmektedir (Sensoy ve
ark., 2013). Bilim insanlar1 atmosferdeki
karbondioksit salinimin1 azaltmakla birlikte
yeniden bitkiler {izerinde tutmak ve
toprakta muhafaza etmek i¢in yeni
arastirma teknikleri gelistirmelidir (Ortas,
2018). Nitekim, Toprakta karbon tutulmasi,
CO2'nin atmosferden uzaklagtirildigir ve
toprak karbon havuzunda depolandigi bir
stiregtir (Ontl ve Schulte, 2012). Tiirkiye de
kiiresel 1sinmadan etkilenmis ve
“Isinma/kuraklasma” siirecine girmistir. Bu
siireg, I¢ Anadolu Bolgesi ve benzeri
bolgelerde  bir  “¢Ollesme”  siirecine
doniismiistiir. Collesme; oOzellikle algak
arazideki tarim ve otlak alanlarinda asiri
buharlasma ile su kaybina ve giderek
tuzlanmaya ve rilizgar erozyonuna sebep
olmaktadir (Kantarci, 2009). Sera gazi
emisyonlar1 toprak karbon stoklari; toprak
Ozellikleri, arazi kullanimi, mikrobiyal
aktiviteler ile dogal dengesizlikler ile iklim
faktorleriyle bagdastirilan karbon girdi ve
ciktilariyla  oldukg¢a  yakin iligkilidir
(Arevalo ve ark., 2009; Halvorson ve ark.,
2002). Bu sebeple, tliretimdeki degisimleri
ve sera gazi emisyonunu azaltmak icin
iretimin tiiketim kaliplarindaki
degisikliklerle birlestirilmesi
gerekmektedir (Zornoza ve Muoz, 2017).
En 6nemli sera gazlarindan karbondioksit
ve metan kiiresel 1sinmada da oldukga giiclii
etkiye sahiplerdir. Karbon, “toprak-
atmosfer-canlilar”  {gliisiinde  organik
madde ve canliligin temelinde 6nemli bir

yeri olan gazdir. Karbonun temel
depolanma ortami topraktir. Toprak organik
maddesi  yaklastk % 58  karbon

icermektedir. Atmosfer ile toprak arasinda
dengeli sekilde doniisiim yapan karbon son
derece onemli ve gerekli iken topraktan
atmosfere dogru gegtiginde gelecegi tehlike
altina sokmaktadir. Karbon dongii hizinin
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bozulmas: kiiresel 1sinmayla birlikte onun
direkt ve dolayl etkileri sel olusumu,
collesme, toprak ¢oraklagmasi, erozyon ve
gida gilivenliginin tehdit altina girmesi gibi
farkl1 sekillerde hayata yansimaktadir
(Konak¢1 ve Pak, 2016). Diger taraftan,
Kiiresel 1sinmanin tarim {iizerindeki en
kiigiik etkisi bile bitki, toprak ve insan
sagligin1 kapsayan besin zincirini biiytlik
Olclide etkileyebilmektedir. Bu nedenle
bilimsel manada; bir yandan toprak bitki
yonetiminden kaynaklanan sera gazi
emisyonlar1 azaltilmasinda diger yandan da
stirdiirtilebilir tarim tekniklerinin
gelistirilmesi tizerinde caligilmasi
gerekmektedir.

2 Konuyla Ilgili Arastirmalar

Yeterli diizeyde bir bitkisel iiretim
saglamak ya da gilivenli kilmak i¢in bitki
besin elementlerini uygun ve yeterli
diizeylerde topraga uygulamanin 6nemi, her
zamankinden daha c¢ok  anlasilmis
bulunmaktadir. Yetistiriciler, kiiltiir
bitkilerinin verim ydniinden genetik st
limitlerine daha ¢ok yaklasabilmek igin,
gelistirilmis bulunan kiiltiire] 6nlemleri
kullanmak kadar, bitki besin elementleri
noksanliklarini gidermek ya da onlemek
icin biiyik bir ugras icindedirler. Bu
ugraslarin bir sonucu olarak diinyada giibre
endiistrisinde ve besin elementlerinin
tiketiminde biiylik gelismeler olmustur.
Glinlimiize  degin  gelismis  bulunan
teknoloji, daha etkili giibre bilesiklerinin
iiretilmesini saglamstir. Tarim
topraklarinda besin elementlerinin kazang
ve kayiplart arasindaki denge bozulup,
besin dengesi negatif (kayip) yoOne
kaydiginda, eksilen besinlerin yerine
konmasi zorunlu olmaktadir. Bu amacla
besin elementleri mineral (inorganik)
ve/veya organik giibreler biciminde topraga
uygulanmaktadir. Organik giibreler temelde
bitki ve hayvan yasami kalinti ve
artiklarindan kokenlenir. Organik giibreler
su ve karbon bilesikleri yoniinden varsil,
fakat mineral giibrelere oranla besin
elementlerince  yoksuldurlar.  Topraga
uygulanan organik maddeler, kuskusuz
topragin organik madde icerigini artirir ve
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boylece toprak striiktlirli, su tutma
kapasitesi, yagis sularinin infiltrasyonu ve
oteki toprak oOzellikleri olumlu yonde
etkilenir. Bu nedenle bitki yetistirme
sistemlerinin  toprak organik  madde
birikimini artirmasi1  yOniinde  bilingli
yapilmasi1 ongoriilmektedir (Giizel, 1982;
Aydemir, 1988). Siirdiriilebilir tarim
uygulamalarinda toprak yonetimi; fiziksel,
kimyasal ve biyolojik toprak ozelliklerini
iyilestirdigi, toprak havalanmasini ve su
tutma  kapasitesini  arttirdigi,  toprak
mikroorganizmalarinin aktivitesine bagl
olarak besin maddelerinin elverisliligi ve
emilimini arttirdif1 i¢in toprak organik
maddesini  iyilestiren ve  koruyan
uygulamalara dayanmaktadir.
Siirdiiriilebilir  tarimda  toprak organik
madde icerigini artirmak icin
kullanilabilecek organik madde kaynaklari
etkin bir sekilde degerlendirilmelidir
(Kayik¢ioglu ve Okur, 2012). Ciinki

saglikli  toprak  olabilmenin  temel
kosullarindan biri de, toprak organik madde
iceriginin artirtlmasi sonucu, topraklarin
immin sisteminin giliglenmesine (toprak
ozelliklerinin iyilesmesi) yonelik onlemler
alinmasi temeline dayali olmasidir. Ciinki,
toprak {iiretkenligini artirmakla kalmayip,
ayni zamanda iklim degisikliginin temel
nedeni olan sera gazlari (karbon ekonomisi)
n1 dengeleme iizerine de olumlu etkileri s6z
konusu olacaktir. Nitekim, toprakta karbon
tutulmasi, CO2'in atmosferden
uzaklastirildig1 ve toprak karbon havuzunda
depolandig bir siirectir. Bu siirece dncelikle
fotosentez yoluyla bitkiler aracilik eder ve
karbon “toprak organik karbonu” (SOC)
seklinde depolanir. Topraktaki karbon
dengesi (kahverengi kutu) fotosentezden
kaynaklanan karbon girdileri ve
solunumdan kaynaklanan karbon kayiplari
(Sekil.1) ile kontrol edilir (Ontl ve Schulte,
2012)

~

o \\
Atmosferik &‘\/\_/-V)
CoO,
Fotosentez Solunum
\ Bitki ist aksami 7,
. ~/‘» T Buﬂfi K&klerf 7 A
(‘ 2k \‘
Ayrisma

Humus

Toprak faunas) &
mikro_g{ganizmdllir

0\0\

Sekil 3. Toprakta Karbon dengesi

Topraktaki C miktari, gezegenin
karasal ekosistemlerinde bulunan karbonun
onemli bir bolimini temsil etmektedir.
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Karasal ekosistemlerdeki toplam C miktar1
yaklasik 3170 gigatondur (GT; 1 GT =1
petagram = 1 milyar metrik ton). Bu
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miktarin yaklasik % 80'i (2500 GT) toprakta
bulunur (Lal 2008). Toprak karbonu
organik (1550 GT) ya da inorganik karbon
(950 GT) olabilir. Ikincisi elementel karbon
ve kalsit, dolomit ve jips gibi karbonat
maddelerinden olusur (Lal, 2004). Canl
bitki ve hayvanlarda bulunan karbon
miktari, toprakta bulunana goére (560 GT)
nispeten daha azdir. Toprak karbon havuzu,
800 GT'lik atmosferik havuzdan yaklasik
3,1 kat daha biiyiiktiir (Oelkers ve Cole,
2008). Sadece okyanus, ¢ogunlugu
inorganik formlarda olmak tizere yaklasik
38.400 GT C ile daha biiyiik bir karbon
havuzuna sahiptir (Houghton, 2007).
Giliniimiizde  tarirmsal ~ uygulamalarda
gbzden kagirilan en Onemli sey; tarimsal
faaliyetlerin toprak, hava ve su gibi
biyosferin 6nemli bilesenleri ve bunlarin
birbirleriyle olan iligkileri ile yakindan
iligkili olmas1 ve ortaya ¢ikacak herhangi
bir sorunun tarimi, ekosistemleri ve
biyogesitliligi ~ dogrudan  etkileyecek
olmasidir. Yogun ve bilingsiz toprak
isleme, kimyasal giibre ve pestisit
kullaniomina bagli modern tarimdan
kaynaklanan toprak ozelliklerinin
bozulmasin1 ve cevre kirliligini dnlemek
icin  tarimmm  en  Onemli  Onceligi
sirdiiriilebilir ~ taritm  uygulamalarinin
yayginlastirilmast  ve  bilinglendirilmesi
olmahdir (Yildiz, 1996; Parlakay ve ark.,
2015; Giiler ve Boriiban, 2019). Son
zamanlarda; organik madde ayrismasini
azaltarak toprak verimliligini olumsuz
etkileyen kiiresel 1sinma  sorununun
olumsuz etkilerini en aza indirmek ve
organik madde yoniinden fakir tarim
alanlarin1 iyilestirmek amaciyla organik
madde kaynaklari kullanilmaya
baslanmigtir (Ortas, 2018). Toprak karbon
havuzundaki degisiklikler, kiiresel iklim
kosullarin1  ve atmosferik sera gazi
konsantrasyonlarini onemli Olcilide
etkilemektedir. Topraga organik madde
ilavesiyle 1liman iklim alanlarinda toprak
organik karbonunun uzun sure
korunabilecegi ve hi¢bir dongiiniin toprak
organik karbonunu tutamayacagini,
karbondioksit emisyonlariin iklim
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degisikligiyle artacagimi ve azot oksit
emisyonlarinin Oonemli Olciide
degismeyecegi bildirilmistir (Lal, 2004;
Diaz-Hernandez, 2010; Jeong ve ark., 2013;
Han, 2018). Toprak organik madde
miktarini artirabilmek i¢in; hayvan giibresi,
aniz, vermikompost (solucan giibresi), yesil
giibre, kompost (gida endiistrisi ve bitkisel
atiklar), biyokomiir, Leonardit, aritma
camurlar1 vs. olarak kullanilmaktadir. Evsel
kat1 atiklarm % 46’si1 organik, % 17’sini
kagit, % 10’nu plastik, % 5 ‘ini cam, %
4inli metal, % 18’ini ise diger atiklar
olusturmaktadir. Organik atiklar % 46 ile en
bliylik pay1 icermektedir (Hoornweg ve
Bhada-Tata, 2012). Degerlere bakildiginda
Tiirkiye organik atiklarin potansiyelini iyi
bir sekilde yonetebilirse iilke bu anlamda
cok ciddi bir kazang elde eder ve topraklar
organik madde yoniinden zenginlestirilir.
Ancak bununla ilgili c¢ok ciddi bir
seferberlige ihtiya¢ vardir. Organik madde
kaynaklarimiz etkin sekilde
degerlendirildiginde yillik yaklasik 112
milyon tonluk organik giibre elde edilebilir.
Bunun saglanabilmesi igin iireticilerin
toprak  organik  maddesinin  Onemi,
kullanilabilecek organik madde kaynaklari
ve bunlar1 nasil kullanacagi hakkinda
bilgilendirilmesi gereklidir. Organik atiklar
degerlendirildiginde tarim alanlarimizin
yaklasik % 25’ine yani 5 milyon hektara her
y1l uygulanabilecek, organik giibreler ve
yesil giibrelemeyle topraklarin organik
madde miktar1 artirtlarak verim potansiyeli,
yetistirilen bitkilerin verim ve Kkaliteleri
artirilmis olacaktir (Konca ve Uzun, 2012;
Anonim, 2018). Tiirkiye Istatistik Kurumu
(TUIK) 2016, 2017 ve 2018 verilerine gére
yaklagik  71.000 ton organik giibre
iiretilmistir. Ulkemizin yaklasik 3.782.000
tonluk toplam organik giibre kapasitesi ve
iretilen organik giibre miktar1 Dbirlikte
diisiiniildiiglinde toplam rakam yaklasik %
2’lik bir orana denk gelmektedir. Bu oran
organik atiklarin kullanim oraninin gercegi
yansitmadigini diistindiirmektedir. Organik
madde toprak  organik  karbonunun
kaynagini olusturur ve toprak verimliliginin
en Onemli gostergesidir. Son derece karbon
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tiketen tuzlu topraklarin oldugu yerler,
uygun bitki ve agac tiirlerinin yagmur
suyunu korumak amaciyla uygun toprak
koruma yontemleriyle beraber yetistirilmesi
sonucunda toprakta karbon birikmesi ve
bitki ortiisii i¢in yliksek potansiyele sahiptir
(Gupta ve Rao, 1994). Karbondioksiti
yakalayarak depolamayla (sekestrasyon)
hem topraga giren karbon miktarini arttirilir
hem de ayrisma veya erozyonla ayrilan
karbon miktar1 da azaltilir. Ekim, sulama,
giibreleme, arazi tesviyesi, tuzlu topraklarin
drenaji, al¢i uygulamasi, dayanikli ¢ok
amacli agac tiirlerinin dikilmesi ve alkali
topraklarin  1slah1  gibi  ¢aligmalarla
topraklarin bitki ortiisii artirilabilir boylece
toprakta karbon miktar artirilabilir (Yadav
ve Singh, 1970; Singh ve ark., 1988; Gupta
ve Rao, 1994). Tarim sektoriinde, ¢iftlik
giibreleri hem topragin besin elementlerine
ihtiyacini karsilayan bir kaynak olarak hem
de toprak Ozelliklerini gelistiren degerli
organik materyaller olarak Onem tasir.
Dogru bir olgunlagtirma siirecinden
gecirildiginde, kimyasal gilibrelere gore
daha ekonomik ve zengin bir besin elementi
kaynagi olarak toprakta kullanilabilirler.
Ciftlik  giibreleri, icerdikleri organik
maddeler sayesinde topragin su tutma
kapasitesini artirmanin yani sira, nitrojen
(N), fosfor (P), potasyum (K) ve siilfiir (S)
gibi temel besin elementlerini topraga
saglayarak bitkilerin gelisimini desteklerler
(Kacar ve Katkat, 2009). Bu giibreler ayni
zamanda bitkilerin ve toprak
mikroorganizmalarinin gelisimi i¢in gerekli
olan vitamin, hormon ve diizenleyici
maddelerin kaynagidir. Toprak
mikroorganizmalarina enerji ve karbon
kaynag1 saglayarak onlarin c¢ogalmasini
tesvik eder. Ayrica, yiiksek katyon degisim
kapasiteleri ~ sayesinde  bitki  besin
elementlerinin toprakta kalmasini saglar ve
asir1 tuzluluk veya pH degisikliklerine karst
tampon gorevi gorerek toprak sagligini
korur. Goriildiigii gibi iklim degisikliginin
yaygin etkilerinden biri olan “kuraklik ve
tuzluluk” sorunlarinin ¢6ziim odaginda da
toprak organik maddesi onemli bir sigorta
gorevi listlenmektedir. Toprak i¢in sayisiz
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faydasi olan organik materyalerden, ne
yazik ki, yeterince faydalanilmamaktadir.
Hayvan giibrelerinin verimli bir sekilde
kullanilabilmesi i¢in kompostlama islemi

Oonemlidir. Ancak, kompostlama
stirecindeki eksik bilgi, hayvan giibrelerinin
etkili ~ bir  organik  giibre  haline

doniistiiriilmesini zorlastirmakta, Ozellikle
azot gibi onemli bitki besin elementlerinin
kaybmma neden olmakta ve aymi zamanda
kotii koku ve artan sinek popiilasyonu gibi
cevresel sorunlara yol agmaktadir (Kiitiik

ve Cayci, 2010). Bu nedenle, c¢iftlik
giibrelerinin etkili bir sekilde
degerlendirilmesi ve kompostlama

siireclerinin daha 1iyi yonetilmesi hem
tarimsal verimliligi artirabilir hem de
cevresel siirdiirtilebilirligi destekleyebilir.
Organik materyallerin olgunlastiriimamasi
ve c¢ok miktarda uzun siire kullanilmasi
durumunda bazi dezavantajlar yasanabilir.
Bu sorunlar: 1- Mikro element (Fe, Zn, Cu,
Mn) noksanlik ve toksisitesi, 2- Su ve
havalanma problemleri, 3-Alleopatik etkiler
ve 4- Hastalik ve zararli sorunlart olup,
stirdiiriilebilir tarim ve toprak kalitesi
yoniinden bu sorunlarin  gbz ardi
edilmemesi gereklidir (Wolf, 2000). Tarim,
diinya karasal alaninda mevcut topraklarin
yaklasik % 40-50'sini kapsamaktadir. Bu
sebeple, tarimsal faaliyetlerde sera gazi
emisyonlarinin azaltilmasi amaciyla gesitli
stratejilere  bagvurulmaktadir. Meralarin
siirdiiriilebilir ~ yonetimi, ekim ndbeti
uygulamalart ve degradasyona ugramis
topraklarin  1slah1 gibi yontemler bu
stratejilere ornek olarak verilebilir. Toprak
organik maddesinin artirilmasi da gelecekte
saglikli tarim topraklart icin son derece
O6nemli bir adimdir. Tarimsal ekosistemler,
ozellikle toprak organik maddesi olarak
karbon agisindan 6nemli rezervlere sahiptir.
Karbon depolamasini artirmak veya kaybini
azaltmak amaciyla; T{riin rotasyonlari,
nadasa birakilan alanlarin azaltilmasi,
dengeli giibreleme, toprak isleme sikliginin
azaltilmasi, Ortil bitkileri ve bitki artiklari
kullanimi, agaclandirma, toprak organik
madde iceriginin artirilmast gibi ¢esitli
yontemler  Onerilmektedir.  Bugiinlerde
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toprak kaynaklarinin  korunmasi  esasi
uizerine odaklanarak, karasal ekosistemlerin
korunmasi tiim tlkelerin ortak amacidir.
Gida giivenliginin ve siirdiiriilebilir tarim
anlayisinin artirilmast, ormanlarin
stirdiiriilebilir yonetimi, ¢ollesmeye karsi
miicadele, biyogesitliligin korunmasi, kirsal
yoksullugun  azaltilmast  ve  tarim
arazilerinin tahribatinin minimize edilmesi
gibi  hedefler, Birlesmis  Milletler
Collesmeyle Miicadele Sozlesmesi
(UNCCD) taraf iilkelerinin 2030 hedefleri
arasinda  yer  almaktadir.  Karasal
ekosistemler diinya genelinde topraklarla en
biiyiik karbon rezervlerini barindirir. Dogru
yonetildiginde, topraklar bliyiikk miktarda
karbonu depolama potansiyeline sahiptir.
Bu, sadece iklim degisikliginin olumsuz
etkilerini azaltmakla kalmaz, ayn1 zamanda
iklim degisikligine uyum siireglerine de
katkida bulunur. Tiirkiye’de bir hektar 30
cm  derinlikteki  topraklarda  tarim
alanlarinda 36 ton, ormanlarda 56 ton,
meralarda ise 50 ton karbon depolanir ve
topraklarin tamamindaki organik karbon
stok miktar1 toplam yaklasik 3.5 milyar
tondur. Cevreyi ve atmosferi koruyan
tarimsal faaliyetlerdeki hedef; &zellikle
tarim arazileri ve meralarda toprak organik
karbon miktarini bilingli ve siirdiiriilebilir
yonetimle daha da artirmaktir. Toprak
organik karbonu (TOK), toprak organik
maddesinde bulunan karbon miktarini
belirtir.  Toprak organik  maddesinin
fraksiyonlari, degisen oranda ve ara iiriin
diizeyinde mikroorganizmalarin da dahil
oldugu aktif (labil, kararsiz) organik
fraksiyon (% 40) ve direngli veya kararli
(stabile) organik madde (% 40-60)’dir.
Organik maddenin aktif kismini taze
artiklar ve ¢oziinebilir materyaller olusturur
ve bunlarin ayrigmalari oldukg¢a hizhidir.
Toprak organik maddesi ana bileseni
TOK’dur ve  toprak  striiktiiriiniin
stabilizasyonu, besinler, toprakta suyun
infiltrasyonu ve depolanmast vb. temel
toprak fonksiyonlarin1 desteklediginden
toprak sagligi, verimliligi ve gida iiretimi
acisindan son derece kritik dneme sahiptir.
Topraklar, en biiyiik karasal organik karbon

1056

rezervlerini  barindiran alanlardir. Bu
miktar,  jeolojik  Ozelliklere,  iklim
kosullarma ve arazi kullannmi  ve

yonetimine bagl olarak degisiklik gosterir.
Topraklarin  siirdiiriilebilir  yonetimi  ve
organik karbonun artirilmast hem toprak
sagligini koruma hem de iklim degisikligi
ile miicadele acisindan biiyilkk Oneme
sahiptir. Fosil yakitlar, ayrisma vb.
olaylarin topraktan atmosfere saldigi
karbonun tekrar topraga kazanilmasinda en
etkili yol, bitkiler tarafindan fotosentez
yoluyla karbonun organik yapiya yeniden
baglanabilmesidir. Toprak organik maddesi
ayristirilldiginda, atmosfere karbon igerikli
(CO2 ve CH4) sera gazlari salinir. Bu
salmimlar ¢ok miktarda gergeklesirse
sicaklik artis1 kaginilmaz olur. Toprak
organik karbon stoklari uygun ydnetim
stratejileriyle artirilabilir ve bu sayede
atmosferdeki CO2  konsantrasyonunun
azaltilmasma katki saglanabilir. Bdylece

iklim degisikliginin etkisi azaltilabilir
(CEM, 2018). Toprakta karbon
depolanmasi, ekolojik stireclerin

etkilesiminden kaynaklanan hayati bir
ekosistem hizmetidir. Bu siiregleri etkileyen
insan faaliyetleri karbon kaybina sebep
olabilecegi gibi, karbon depolamanin
iyilesmesine de yol acabilir. Toprak
iretkenligine biiyilk bir katki saglayan
toprak organik maddesi toprakta 6nemli bir
kisim olusturmaktadir.  Toprak organik
maddesini kararli, kararsiz ve etkisiz olmak
lizere U¢ gruba ayrilir. Kararsiz toprak
organik maddesi toprak
mikroorganizmalarinin  besin ve enerji
kaynagi, kararli toprak organik maddesi
daha az aynstirilabilir organik madde
rezervi ve etkisiz toprak organik maddesi
ise topragin fiziksel ozelliklerini etkileyen
ve tepkimeye girme egilimi en az olan
organik maddedir (Strosser, 2010). Organik
madde; metal iyonlar1 ve sulu oksitler ile

suda c¢ozlinen ve suda ¢Oziinmeyen
kompleksler olusturmaktadir. Kil
mineralleriyle etkilesime girmekte ve

partikiilleri birbirine baglayarak hem dogal
hem de antropojenik organik bilesiklerin
tutunmasin1 ve ayrismasini, bitki besin
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elementlerinin  absorpsiyonunu,  serbest
birakilmasini ve toprakta suyun tutulmasini
saglamaktadir. Yani organik maddenin
varlig1 veya yoklugu kimyasallarin toprakta
veya sedimentte ~ nasil  reaksiyon
gosterecegini belirgin sekilde
etkilemektedir (Schumacher, 2002). Toprak
organik maddesi, toprak-bitki
ekosisteminin kritik bir bilesenidir. Organik
maddenin az veya yok olmasi; topragin su
tutma kapasitesinin diismesine, yiizey ve
yeraltt sulariin kalitesindeki diisiise, zayif
agregasyona, toprak erozyonunun
artmasina, bitki besin elementlerinin
yikanarak kaybolmasina, toprak biyolojik
ve enzim aktivitelerinde azalmaya yol acar.
Bunlarin sonucunda iiretimde kayiplar olur.
Bu nedenle, toprak organik maddesi
topraklarin  siirdiiriilebilirligi  acisindan
oldukca 6nemli bir yere sahiptir (Gregorich
ve ark., 1994; Campbell ve ark., 1998;
Ghani ve ark., 2003). Kararsiz toprak
organik maddesi; ¢evre sagligi ve toprak
kalitesi hakkinda bilgi saglayan énemli bir
gostergedir. Toplam organik maddeye
kiyaslandiginda tarima, giibrelemeye, iiriin
rotasyonuna,  asillamaya  ve  diger
miidahalelere karsi daha hassastir. Toprak
mikroorganizmalarinin ~ enerji  kaynagi
olmast nedeniyle son yillarda yapilan
calismalarda 6nem kazanmigtir (Gregorich
ve ark., 2003; Bongiovanni ve Lobartini,
2006; Heitkamp ve ark., 2009; Kolar ve
ark., 2009; Laik ve ark., 2009; Ussiri ve Lal,
2017). Toprak verimliliginin artmasi toprak
organik maddesinin stabil hale gelmesini ve
birgok  durumda  CO2’in  toprakta
tutulmasini saglar. Organik arazi yonetimi
toprakta erozyonu Onlemesiyle birlikte
karbon kaybini1 da dongii sayesinde kazanca
cevirir. Ozellikle; hayvan giibresi ve yesil
giibre kullanimi, kompost uygulamalari,
ortii bitkileri, iiriin rotasyonlar1 ve dogrudan
ekim toprak verimliliginin artmasina neden
olur. Bu nedenle organik esaslara uygun
olarak yonetilen topraklar biinyelerinde
onemli miktarda yiiksek organik madde
icerebilmektedir (Soyergin ve ark., 2010).
Topraklarda artan organik madde, kurak
kosullarda verimliligin siirdiiriilmesine ve
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diizensiz yagislarda sellerin Onlenmesine
katki saglar. Organik madde, adeta bir
slinger gorevi gorerek yagislarda suyun
daha fazla toprakta kalmasim1 saglar.
Topraga uygulanan 6nemli organik madde
kaynaklar1 arasinda hayvan giibresi ve
kompost one ¢ikar. Ancak bu kaynaklar,
yetistirme ortaminda hizla oksitlendigi i¢in
atmosfere CO2 olarak salinarak kiiresel
isinma ve iklim degisikliklerine katkida
bulunabilir. Bu nedenle organik maddelerin
biokdmiirlestirilerek toprakta daha uzun
sire tutulmasi, sirdirilebilir tarmmin
onemli bir stratejisi olarak one ¢ikar. Bu
yontem, organik maddeyi karbonla
zenginlestirerek daha istikrarli ve uzun
omirlii hale getirir, bdylece toprakta
depolanan karbon miktarin1 artirirken
atmosferdeki CO2 seviyelerinin artmasini
engelleyerek hem toprak verimliligini artirir
hem de iklim degisikligi ile miicadeleye
katki  saglar (Ortas, 2018). Aniz,
topraklarimizin en 6nemli organik madde
kaynaklarindan biri olarak kabul edilir.
Ancak yakilmasimmin yasaklanmasi ve
yakanlara ceza yaptirimi olmasina karsin,
her yil yaklasik olarak 12 milyon hektar
tahil ekim alanimizin en az % 25’inde (3
milyon ha) anmiz yakilmaktadir. Yapilan
arastirmalar, her hektar basma ortalama
329 ton aniz miktarinin  oldugunu
gostermektedir. Bu hesaplama sonucunda,
her y1l yaklasik olarak 10 milyon ton anizin
yakildig1 ortaya ¢ikmaktadir (Anonim,
2018). Verimli topraklarda canlilar
cogunlukla topragin ilk 0-3 cm derinliginde
yasamaktadir. Aniz yakildiginda, 6zellikle
topragin ilk 0-3 cm derinliginde bulunan
mikroorganizmalarin  yasamlar1  biiyiik
Olclide azalir. Bu durum, toprakta
karbondioksit saliniminda diisiise neden
olabilir. Ayrica organik madde toprak
canlilarinin  6nemli besin kaynagidir ve
toprak kalitesi ile verimliligi iizerinde
biiylik bir etkiye sahiptir (Scheffer, 1998).
Aniz  yakilmasiyla  birlikte,  toprak
mikroorganizmalarinin  aktivitesi ~ diiser,
besin maddeleri dongiisii yavaslar ve toprak
yapist bozulabilir. Bu nedenle, aniz
yakmanin toprak biyolojisi ve verimliligi
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tizerindeki olumsuz etkileri goz Oniinde
bulundurularak alternatif toprak yonetimi
stratejilerinin  benimsenmesi  Onemlidir.
Tarimsal ekosistemlerde toprak organik
maddesi azalmasinin temel nedeni karbon
oksidasyonu sonucu atmosfere salinan
karbondioksittir. Topraktan kaybolan bu
karbonun yerine konulamamasi1 durumunda
erozyon riski artar (Grant, 1997). Organik
karbon, topragin fiziksel durumunu
lyilestirerek net CO2 emisyonunu azaltabilir
(Lal, 2006). Organik madde azalmalari
dogrudan toprak striiktiirinii  olumsuz
etkiler (Albiach vd., 2001; Kavdir vd.,
2004). Organik materyallerin topraga
karistirilmasi, toprak agregatlarini artirarak
toprak striiktiiriinii  gelistirir (Shiralipour
vd., 1992). lyi bir toprak agregatlasmasi,
topragin su ve hava iletimini, sicakligini,
tohum c¢imlenmesini ve diger ozellikleri
olumlu yonde etkiler (Ferreras vd., 2000).
Organik materyaller mineral topraklara
gore daha diisiik hacim agirligina ve daha
bliyiilk gozeneklere sahip oldugundan
(Martin  ve  Stephens, 2001), bu
materyallerin topraga karistirilmasi
topragimm  hacim agirhgini  azaltir ve
gbzenekliligini artirir (Zhang, 1994; Celik
vd., 2004). Bu durum toprak yapisint daha
gevsek ve suyun gecirgen oldugu bir yapiya
doniistiirebilir. Bu sekilde toprak su tutma
kapasitesi artar, suyun bitkiler tarafindan
daha iyi kullanimi saglanir ve erozyon riski

azaltilir. Bu nedenle, organik madde
kaybinin onlenmesi ve organik
materyallerin topraga dongiisel olarak
kazandirilmasi, toprak  saghgini  ve
verimliligini artirmak i¢in Onemli bir
adimdir. Toprak materyallerinin riizgar
tarafindan  tasindigi  ve  biriktirildigi
alanlardaki arazilerin ozellikleri hizla
bozulmaktadir. Bu alanlarda uygun

olmayan {retim teknikleri kullanilmasi,
toprak kalitesinin diismesine, organik
madde miktarinin azalmasina ve toprak
striiktlir  stabilitesinin azalmasmma neden
olmaktadir. Sonug¢ olarak, su, hava ve bitki
besin maddelerinin hareketi sinirlanmakta
ve bitki gelisimi olumsuz etkilenmektedir
(Golchin ve ark., 1995). Bu olumsuz

1058

etkilerin sonucunda riizgdr erozyonu
olugmakta ve {iriin kayiplar1 yasanmaktadir.
Toprak, hem karasal karbon depolarinin bir
parcasidir hem de atmosfere salinan
karbonun ana kaynaklarindan biridir.
Karbonun biiyiik bir kism1 organik karbon
olarak toprakta depolandiginda,
atmosferdeki  karbondioksit  miktarini
azaltarak kiiresel 1sinmayt engellemeye
yardimc1 olabilir (Elik ve Sakin, 2021).
Toprak  Organik  Karbonu,  toprak
verimliliginin bir gostergesi olarak kabul
edilmekte ve biyosferin siirdiiriilebilirligi ve
stabilitesinin temel bilesenlerinden biri
olarak  goriilmektedir  (Slepetiene ve
Slepetys, 2005). Toprak yaklasik olarak
1.550 Gt (Gt=1015 g) organik karbon igerir.
Bu miktar, karasal bitki Ortiisiiniin iki
katindan fazla  ve atmosferdeki
karbondioksitin iki kat1 kadarini temsil eder
(Lal, 2004). Organik karbonun toplam
organik fraksiyonu; mikrobiyal biyokiitle,
ayrisma  ve  stabilizasyonun  farkli
asamalarinda bitki artiklar1 igeren organik
bilesikler ve minerallerin karisimini igerir
(Ciric ve ark., 2016). Organik karbon
kararsiz toprak organik maddesi ve hiimik
maddeler icermektedir. Hiimik maddeler,
her topraga 6zgili ve uzun yillar boyunca
toprak kullanimina bagh olarak
degismeyen, kararli yapida maddelerdir.
Kararsiz kisim; mikroorganizma, bitki ve

toprak  faunast  kalintilarinin  farkh
seviyelerde parcalanmasi sonucu olusan,
kolayca parcalanabilen organik

maddelerden olusur. Bu bilesikler arasinda
karbonhidratlar, polisakkaritler, proteinler,
organik asitler, aminoasitler, balmumlari,
yag asitleri ve diger spesifik olmayan
bilesikler yer alir (Poirier ve ark., 2005;
Strosser, 2010). Diinya yiizeyinin yaklasik
ilicte birini kaplayan kurak ve yar1 kurak
bolgelerde toprak inorganik karbon havuzu,
toprak organik karbon havuzundan yaklasik
iki ile on kat daha biiyiiktir. Toprak
inorganik karbon birikim orani genellikle
daha ytiksektir (Tan ve ark., 2014; Zhao ve
ark., 2016). Bu bolgelerde organik madde
miktarmin az olmast ve iklim kosullarinin
etkisi, toprak inorganik karbonun 6nemini
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vurgulamaktadir. Bu nedenle toprak
yonetimi ve siirdiiriilebilir tarim stratejileri,
ozellikle kurak ve yar1 kurak bolgelerde
toprak inorganik karbonunu artirmaya
yonelik olmalidir. Toplam organik karbon
kalitesi ve miktari, kiiresel karbon
dengesinde 6nemli bir rol oynar. Karasal
ekosistemler, atmosferdeki CO. miktarini
etkileyerek atmosferik karbon birikimini ve
solunum yoluyla salinimini diizenleme
kapasitesine sahiptir. Topraktan atmosfere
CO: salmmminin artmasi, kiiresel iklim
degisikligini hizlandirabilir ve bu siirecte
kararsiz toprak organik karbon
fraksiyonlarinin etkisi oldugu
diistintilmektedir (Zou ve ark., 2005; Ciric
ve ark., 2016). Toprak nemi ve degisimleri
altinda,  topraktaki  inorganik  azot
havuzlarinin oranlarindaki degisim, toprak
organik karbon dinamiginin dogasini
etkileyebilir. Bu, toprak  organik
karbonunun mikrobiyal immobilizasyon
hizi, amonyaklasma ve nitratlasma islemleri
ile iliskili stokiyometrik oranlarinin bir
sonucu olabilir. Organik karbonun artmast
hassas yar1 kurak c¢evrelerde, toprak
tahribatin1  azaltmak ve toprak bitki
oOrtiisiinii ve organik maddeyi artirmak, daha
dayanikli ve iklime uyumlu toprak yapilari
olusturarak iklim degisikliginin etkilerine
kars1 daha direncli olmalarin1 saglayabilir
(Zornoza ve Munoz, 2017). Arid tropik
bolgelerde bozulmus topraklarin yeniden
verimliligini artirmak i¢in  kullanilan
tekniklerin tarimsal iiretkenligi artirabildigi
gozlemlenmistir. Etopyanin en bozuk
topraklarinin bulundugu bdlgelerde yapilan
caligmalarda, kompost uygulamalar1 ve
iriin rotasyonlariyla tarimsal verimliligin
onemli Olgiide arttig1 goriilmiistiir. Bu tiir
toprak verimliligi restorasyonu, mineral
giibre uygulamalarina kiyasla daha yiiksek
verim elde edilmesini saglamistir (Edwards,
2007). Bu sonuglar, bozulmus ve verimsiz
topraklarin, uygun yontemlerle ve
uygulamalarla restore edilebilecegini ve bu
sayede tarimsal tiretkenligin
artirilabilecegini gostermektedir. Toprak
verimliliginin ~ yeniden  olusturulmasi,
siirdiiriilebilir tarim uygulamalarinin ve
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dogal kaynak yOnetiminin  Onemini
vurgulamaktadir. Bu tiir ¢aligmalar, arid
bolgelerde tarimin ve gida {iretiminin

strdiiriilebilirligini  desteklemek  adina
onemli bir adimdir. Genelde bitki-toprak
dengesi  i¢cinde  karbonun topraktan

atmosfere salinimi, atmosferde fotosentez
yoluyla elde edilen karbonla genellikle
dengededir ve bu dengenin iklim
kosullarina gore degiskenlik gosterdigi
bilinmektedir. Ancak etkili bir toprak
yonetimi  sayesinde topraga tutulan
karbonun uzun siireli bir sekilde muhafaza
edilmesi mimkiindiir. Toprak-bitki
yonetimi ile toprakta karbon tutulmasinin
tesvik edilmesi siirdiiriilebilir tarim ve
yasam icin ¢ok dnemli bir stratejidir (Ortas
ve Lal, 2012). Karbonun topraktan
atmosfere salinimi, atmosferde fotosentez
yoluyla elde edilen karbonla genellikle
dengededir ve bu dengenin iklim
kosullarina gore degiskenlik gosterdigi
bilinmektedir. Ancak etkili bir toprak
yonetimi  sayesinde topraga tutulan
karbonun uzun siireli bir sekilde muhafaza
edilmesi mimkiindiir. Toprak-bitki
yonetimi yaklagimi, topraga baglanan
karbonun uzun siireli birikimini tesvik
ederek siirdiiriilebilir tarim ve yasam igin
onemli bir strateji olarak kabul edilir. Tarim
topraklar1 tutulan karbonun biyokiitle
iirlinlerine ve toprak organik maddesine
doniistiiriilmesiyle, COz2 agisindan bir havuz
durumundadir. Amerika’da dokuz farkl
tarim sisteminin kiyaslandigi ¢aligmalarda
uygulanan tarim sistemlerine goére karbon

tutulma oranlarinin  6nemli  diizeyde
farklilik gdosterdigi ve toprak organik
karbon konsantrasyonunun organik

sistemde geleneksel sistemden %214 daha
fazla oldugu bildirilmistir (Marriott ve
Wander, 2006). Biogar gibi karbonca
zenginlestirilmis ~ materyaller;  toprak
diizenleyicisi olarak kullanilabildigi gibi
topraga stabil karbon girdisi saglamasi
yoniiyle topragin organik madde miktarini
artirmasi, topraktaki organik karbonun
ayrigmasint yavaslatmasi ayrica CO2 ve
N20 gibi cesitli sera gazi yayilimlarini
diisiirerek  kiiresel 1sinmay1 Onlemesi,
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biyoenerji iiretilmesi, atiklarin
degerlendirilmesi ve toprak verimliliginin
arttirilmasi gibi amagclarla kullanilmaktadir
(Ortag, 2018).  Yapilan  ¢alismalar
gostermistir ki; topragin yumusakligi ve
sertligi, nemi, sicakligi, pH’s1 mevcut C ve
N igerigi topragmm CO2 iiretimini ve
salmimini etkilemektedir (Wildung ve ark.,
1975). Toprak karbon igeriginde ahir
giibresi ile yapilan uygulamalarin en fazla
artis1 sagladigi bildirilmektedir (Cantab,
2009). Biiyiikbas, kiigliikbas ve kiimes
hayvanlarmin atiklar1 en O6nemli organik
madde kaynaklaridir. Aynm1 zamanda cok
onemli bitki besin elementi varligidir.
Tirkiye hayvan varligr gz oniine alindigi
zaman 87 milyon ton olgun giibre
tretilebilir ve 3 milyon hektar alanda
yetistirilen bitkilerin verim ve kalite artigi
saglanabilir. Cesitli nedenlerden dolay1
kaynaklar dogru ve etkin bir sekilde
kullanilamamaktadir ~ (Anonim, 2018).
Cogunlukla kontrolsiiz yiginlar halinde
biriktirilen hayvansal atiklar, tarimsal
alanlarda anaerobik ve uzun siiren
ayristirma islemi sonrasinda organik giibre
olarak kullanilmaktadir. Sera gazlarindan
biri olan metan agiga ¢ikaran kontrolsiiz
anaerobik yigmlar kiiresel 1sinmanin
sorumlusu olarak kabul edilmektedir. Ayni
zamanda uzun siliren ayrigma ve yikanma
yoluyla bitki besin elementleri kaybolmakta

ve mikrobiyolojik dezenfeksiyon
saglanamamaktadir. Bu durum giibre
etkinligini  azaltmakla birlikte ¢evre

kirliligine de neden olmaktadir. Faydalar
kadar c¢evresel zararlarin Onlenmesi igin
hayvansal atiklardan biyogaz, biyogazdan
enerji ve arta kalan maddelerden de
organomineral giibre elde edilmesi iyi bir
atitk  yOnetimi  olarak  goriilmektedir
(Anonim, 2018). Kentsel organik atiklar
(meyve veya tohumlar1 alinmis bitki sap ve
artiklari, park ve bahgelerde dokiilen agag
yapraklari, bigilen ¢im atiklari, budama
atiklari, sera iiretim atiklari, bozulmus yem,
saman ve silaj atiklar1) “kompost” yapilarak
topraklara uygulanabilir. Bitkisel iiretim
sonrasinda yaklastk 12,8 milyon ton
organik atik ve kisi basina giinde 1.5 kg ¢op
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olusan lilkemizde niifusumuzun 80 milyona
yakin oldugu diisiiniiliirse yilda yaklasik 22
milyon ton organik atiktan da 11 milyon ton
kaliteli kompost iiretilebilir. Bu ¢Opiin
yarisinin - organik karakterli oldugu da
diisiiniildiiglinde kentsel atiklarin
cogunlugunun ziyan oldugu goriilmektedir.
Bu atiklardan elde edilen kompost;
topraklara uygulanarak toprak organik
maddesi artirillarak  toprak  sagliginin
korunmast ya da verimliliginin
tyilestirilmesi yaninda topragin su tutma
kapasitesinin artmasiyla saglanacak su
tasarrufu ve icerdigi besin elementleri
nedeniyle kimyasal giibre kullaniminin
azalacak olmasi onemli Ol¢lide ekonomik
kazang da saglayacaktir (Anonim, 2018).
Son yillarda topraklarda organik maddenin
artirtlmas1 amactyla aritma c¢amurlarinin
topraklara uygulanmasi konusunda birgok
calisma yiiriitilmektedir Aritma c¢amuru;
kendiliginden ¢okelebilen kati maddeler ile
biyolojik ve kimyasal islemler sonucunda
cokelebilir ve yiizdiiriilebilir hale getirilen
kati maddelerin atik sudan ayrilmasiyla
olusmaktadir. Aritma ¢camurlarinin ¢evreyle
uyumlu sekilde yok edilmesi biiylik 6nem
tasir. Organik kaynaklarin yetersiz veya
sinirlt oldugu kaynaklarin olmasi halinde,
atik su aritma ¢amurlarinin kullanilmasi 1yi
bir alternatif olarak diistintilmelidir (Asik ve
Katkat, 2010; Asik ve ark., 2016). Organik
madde kaynag1 olarak yesil giibreleme de
oldukca oOnemlidir. Baklagillerle topraga
fikse edilen azot miktar1 y1lda 70-300 kg ha
Ldir. Yesil giibrelemede yonca, fig, ii¢giil
gibi yem bitkileri 6ne ¢ikan bitkiler olarak
dikkat ¢ekmektedir. Tahil-nadas sisteminin
uygulandigir organik maddenin az oldugu
kurak alanlarda yapilan 3-5 yillik ekim
nobeti  sistemlerinin  (6zellikle {ggiil
tirlerinin bulundugu) topraktaki organik
madde ile azot oranini her gecen yil
arttirdig1 belirlenmistir. Leonardit; bitki ve
hayvan artiklarinin tarih 6ncesinde gol ve
batakliklar gibi sucul ortamlarda ¢okelerek
basing, sicaklik ve anaerobik kosullarda
volkanik  hareketlerin  de  etkisiyle
milyonlarca yil parcalanip bozugmasi
sonucu olusan, humifikasyon, oksidasyon
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ve bagkalasim sonucu tabakalagsmis killi
organik sedimanter bir kayactir. Linyit
yataklar1  potansiyel  bir  leonardit
kaynagidir. Leonardit yiiksek humik asit
icerigine sahiptir. Sivi hiimik asitin bir
litresi 8 ton hayvan giibresine, 1 kg kati
hiimik asit ise 30 ton hayvan giibresine
esdegerdir. Bu nedenle leonardit toprak
islah edici ve organik gilibre olarak
cogunlukla  tarimda  kullanilmaktadir.
Kiiresel 1sinma siirecinde organik madde
eklemesi i¢in en onemli yontemlerden biri
solucan giibresi, yani vermikompost
kullanimidir.  Solucan giibresi, topragi
humus bakimindan zenginlestirirken ayni
zamanda toprak yapisimi diizeltir, su tutma
kapasitesini ve hava gegirgenligini artirarak
sera gazi etkilerini azaltir. Bu nedenle geri
dontistimii tesvik etmek ve siirdiiriilebilirlik
saglamak acisindan biliyiilk 6nem tagir.
Solucan giibresi, solucanlarin digkilarindan
elde edilir ve solucanlarin sindirim
sisteminden gecen sdlom ad1 verilen viicut
s1visi, bitkilerin patojenlere kars1 bagisiklik
gelistirmesine yardimer  olur. Organik
atiklardaki  mikro besin elementleri,
solucanlarin sindirim sistemi tarafindan
dogal bir sekilde selatlanir ve solucan
diskisinda bulunan bu besinler bitkiler
tarafindan kolayca emilir. Ayni1 zamanda
solucan  giibresi,  mikroorganizmalar,
enzimler, bitki besin elementleri ve sélom
stvist sayesinde topragi organik madde
acisindan zenginlestirir, pH seviyesini
dengeler ve biyolojik yapisint olumlu yonde
etkiler (Abacioglu ve ark., 2020).
Vermikompostun bu o6zellikleri ve dogal
ekosistemlere zarar vermemesi nedeniyle
hem Tiirkiye'de hem de diinya genelinde
kullanim1  artmaktadir. Organik tarim
yapilan her alanda kullanilabilmesi, solucan
giibresini tercih edilen bir segcenek haline
getirmektedir.

3. Sonug ve Oneriler

Insanoglu,  toprak cevre
tizerindeki en biiyiik degisim
mithendislerinden biri haline gelmistir.
Baska hicbir organizma insanlar gibi,
serbestlik derecesini bu kadar biiytik dl¢iide
degistirmemistir. Toprakta karbon

ve
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depolanmasi, ekolojik stireglerin
etkilesiminden kaynaklanan hayati bir
ekosistem hizmetidir. Bu siiregleri etkileyen
insan faaliyetleri karbon kaybmna veya
depolamanin iyilesmesine yol agabilir.
Gergekte, insanlar iliman genis yaprakli
bitki Ortlisinin = % 80'ini  ve tropik
ormanlarin % 25 ile % 46's1 arasinda
degistirmis durumdadir. Ormanlar ve
topraklar arasindaki baglanti, 06zellikle
geemis insan toplumlarinin ¢okiisiine neden
olan  faktorlere bakildiginda agikca
goriilmektedir. Var olan orneklerin c¢ogu,
her toplumun kaynaklarin asir1 kullanimi
nedeniyle topragin kimyasal, biyolojik veya
fiziksel Ozelliklerini degistirmesinin bir
sonucudur. Bugiin, ¢cevresel konulara iligkin
bir¢ok soru sorulmaktadir. Arazi kullanimi1
degisikliklerinin etkilerini nasil tespit
edebilecegimizi, izleyebilecegimizi veya
Olgebilecegimizi veya arazi parcalarinin

farkli  bitki ortiisi topluluklarina
donilistimiiniin ¢evremiz tizerindeki etkileri
ne olacaktir. Yanhs arazi kullanim

faaliyetlerinin ardindan, iklimde 6nemli bir
degisiklik, mega kuraklik veya asir
yagislarla sonuglanan ve kayitlarda yerini
almis olan; birka¢ toplumsal ¢okiis 6rnegi
tamamen insanin topraga davranisiyla
baglantihidir (Wild, 1993; Hannah ve ark.,
1995). Toprak organik karbonu, karasal
ekosistemlerin isleyisi lizerinde Onemli
etkileri olan topragin hayati bir bilesenidir.
Toprakta karbon depolanmasi, fotosentez,
ayrigma ve toprak solunumu gibi dinamik
ekolojik siirecler arasindaki etkilesimlerden
kaynaklanmaktadir. Son 150 yildaki insan
faaliyetleri, bu siireglerde degisikliklere ve
sonu¢  olarak  toprak  karbonunun
tilkkenmesine ve kiiresel iklim degisikliginin
siddetlenmesine yol a¢cmustir. Ancak bu
insan faaliyetleri ayni zamanda karbonun
topraga geri kazandirilmasi i¢in de bir firsat
sunmaktadir. Gelecekteki 1sinma ve yiiksek
CO2, geemis arazi kullanim modelleri ve

arazi yonetim stratejileri ile birlikte
peyzajlarin fiziksel heterojenliginin
topraktaki karbon (SOC) kapasitesinin
karmasik modellerini iiretmesi

beklenmektedir (Ontl ve Schulte, 2012).
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Glniimiizde toprak kalitesinin en 6nemli
gostergelerden biri olan toprak organik
maddesinin onemi tam olarak
anlagilamamistir. Ciftgiler toprak organik
maddesinin 6neminin, topraklarinda giibre
olarak  kullanabilecekleri  bitkisel ve
hayvansal organik madde kaynaklarinin ve
kullanimlarinin ~ tam  olarak  farkinda
olmalidir. Kompost, topraktaki énemli bir
organik madde kaynagidir ve bunun elde
edilmesine yonelik uygulamalar, onun
saglikli ve faydali olacagi sekilde olmalidir.
Hibrit sistemler kullanilarak kaliteli ve
yasal kompost iiretilmesi olumlu sonuglar
doguracaktir. Tarimsal atiklardan bugday,
arpa, misir, aycigegi gibi artiklarinin hasat
sonras1 anizlarinin yakildigt bilinmektedir.
Yangin sirasinda sicakligin ¢ok yiikselmesi
nedeniyle topraktaki faydali
mikroorganizmalarla  birlikte  toprak
ylizeyini kaplayan organik kalintilar da
yanmaktadir. Bunun sonucunda bazi
elementler bitkilerin yararlanamayacagi
forma doniismekte ve boyle tarlalarda
yetisen {irlinlerde makro ve mikro besin
elementi noksanlig1 goriilmektedir. Ayrica
uzun vadede organik maddenin azalmasiyla
topragin fiziksel yapisi bozulacagindan
tohumlarin ¢imlenmesi ve ¢ikigi ayni
zamanda  Dbitkilerin  saghkli  sekilde
biiylimesine de engel olunacaktir (Konakg1
ve Pak, 2016). Ozellikle kurak bélge tarim
topraklarinda aniz yakilmasi organik madde
miktarini hizla azaltacagindan karbon/azot
oran1 olumsuz yonde etkilenecektir. Ayni
zamanda toprakta organik maddenin
azalmasiyla topragin su tutma kapasitesi
azaltmakta ve tohum c¢ikisinda azalma
goriilmektedir. Aniz yakma tarlayr bitki
Ortiisiiz birakacagindan toprak dogrudan
rliizgar ve yagmur damlalaria agik olacak
ve verimli toprak riizgdr ve su erozyonu
sonucu tasinarak yok olacaktir. Boylece
daha fazla giibrelemeye ve sulamaya ihtiyag
duyulacaktir. Toprak kokenli zararli ve
hastaliklarda artig goriilecektir. En 6nemlisi
de aniz yakmayla mevsim boyunca
atmosferden bitki dokusuna baglanan
karbondioksit, toprakta depolanip zararsiz
hale gelecekken en yiiksek hizla tekrar
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atmosfere geri  verilecektir. Bu da
karbondioksiti kiiresel 1sinmadan birinci
derecede sorumlu olan gaz haline
doniistiirecektir. Toprak islemesiz tarim
olarak da bilinen dogrudan ekim
sisteminde, hasattan sonra hicbir toprak
islemesi yapilmadan ekim dogrudan amz
lizerine yapilir (Aykas ve ark., 2005).
Ayrica sistemin olmazsa olmazlarindan
olan ekim ndbeti (miinavebe) de yabanci ot
miicadelesinde oldukca etkendir. Dogrudan
ekimle ani1z yakilmasi ve topragin sikismast
ve kaymak tabakasi olusmasi 6nlenmis olur.
Suyun topraga giris hiz1 ve miktarin artirir.
Buharlasma ve yiizey akisla su kaybini
azaltir. (Korucu ve ark., 1998; Aykas ve
ark., 2005). Cimlenme ve ¢ikisi artirir.
Yagmurun topraga dogrudan siddetini
engelledigi i¢in topraklarin erozyonla
tasinmasini azaltir. Rizosferde biyolojik
aktiviteyi  artirarak  toprak  yapisini
tyilestirir. Bitkiyi sicaklik stresinden korur
(Arisoy, 2023). Inorganik maddeye
donlisim hizin1  yavaglatarak  toprakta
organik madde artigin1 saglar (Grandy ve
Robertson, 2007). Toprakta ¢ok daha fazla
karbon  tutulmasim1i ve daha az
karbondioksit emisyonuna sebep olur
(Grandy ve ark., 2006; Blanco-Canqui ve
Lal, 2007). Daha az tarla trafigi olacagindan
atmosfere fosil yakit salinimini azaltacaktir.
Biokémiir (biyogar) kullanimi toprak
organik madde diizeyinin yiikseltilmesi ve
toprak canlilarinin aktivitelerinin artirilmasi
icin dikkat c¢ekici bir uygulama olarak
goriilmektedir. Ancak, oldukc¢a yeni olan bu
konuda daha ¢ok sayida ve uzun siireli
cakili denemeler yapilmasi1 gereklidir
(Ortas, 2018). Toprak, iklim, bitki ve giibre
ozellikleri dikkate alinmadan, toprak ve
bitki  analizlerine  dayali, sera/tarla
denemeleri ile kalibrasyon caligmalarina
uygun olarak yapilmayan yanlig giibreleme
hem giibre etkinliginin diismesine hem de
gevre kirlenmesine neden olmaktadir
(Yildiz, 2012). Toprak organik karbonu,
karasal ekosistemlerin isleyisi iizerinde
onemli etkileri olan topragin hayati bir
bilesenidir. Topraklarda karbon
depolanmasi, fotosentez, ayrisma ve toprak
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solunumu gibi dinamik ekolojik siirecler
arasindaki etkilesimlerden
kaynaklanmaktadir. Son 150 yildaki insan
faaliyetleri, bu siireclerde degisikliklere ve
sonu¢ olarak toprak organik karbonunun
(SOC) tiikkenmesine ve kiiresel iklim
degisikliginin siddetlenmesine yol agmistir.
Ancak bu insan faaliyetleri ayn1 zamanda
karbonun topraga geri kazandirilmasi igin
de bir firsat sunmaktadir. Gelecekteki
isinma ve yiksek CO2, gecmis arazi
kullanom modelleri ve arazi yonetim
stratejileri ile birlikte peyzajlarin fiziksel

heterojenliginin topraktaki karbon
kapasitesinin karmagik modellerini
uretmesi beklenmektedir. Toprak,

gectigimiz ylizyillarda organik maddesini
kaybetmistir. Topraklara organik madde
eklemek, gecmisteki toprak  karbon
seviyelerini geri kazanmak ve toprak
ozelliklerini 1iyilestirmek i¢in uygulanan
yonetim uygulamalarindan biridir. Iklim
degisikligiyle miicadele i¢in tesvik edilen
uygulamalardan biri de toprak organik
maddesinin arttirilmasidir. Bununla
birlikte, topraga organik kalintilarin
eklenmesi CO2 salinimini
kolaylastirabilir ve atiklarin toprak
ozellikleri (yani kirlilik) tizerinde de olumlu
etkileri olmayabilir. Bu anlamda onemli
olan: (a) topraga eklenen organik maddenin
beklenen etkisinin ne oldugunu bilmek; (b)
bu uygulamanin toprak islemlerini nasil
degistirdigi; (c) uygulanmast  gereken
yonetim uygulamalart nelerdir; (d) toprak
tarafindan tutulan gercek karbon miktari ne
kadardir ve (e) Organik maddenin
uygulanmasindan sonraki kisa ve uzun
donemdeki bakiye. Yeterli strateji, orta ve
uzun siire goz Oniinde bulundurularak
biyolojik olarak stabilize edilmis toprak

organik maddesinin arttirllmasini
desteklemek olmalidir. Ancak stratejilerin
yerel ¢evre kosullarina uyarlanmasi

gerekmektedir. Kaliteli su, hava ve toprak
verimliliginin saglanmas1 agisindan toprak
karbonunun  artirilmast  ve  toprakta
tutulmasi gerekir. Clinkii topraktaki karbon,
kuraklig1 ve sel olusunu engellerken ayni
zamanda bitki hastalik ve zararlilarii da
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baski altinda tutar. Bizler de karbondan
olusmusuz ve toprak organik karbonu gibi
karbon dongiisliniin bir pargasiyiz. Bu
derleme, Ozellikle organik maddeyi goz
onlinde bulundurarak, insan ve toprak
arasindaki yakin iliski hakkinda genel bir
bakis sunmaktadir. Kiiresel 1sinmada hem
insanlar hem de topraklar belirleyici bir role
sahiptir ve asil rolii karbondur. Yiizeydeki
bir regolit, konsolide olmayan kaya ve toz,
organik/biyolojik  bilesikler icerdiginde
topraga doniistir. Topraktan
bahsettigimizde eser diizeyden % 30'a kadar
organik madde igeren mineral topraklarda
bile organik maddenin varliginin onun 6zii
oldugunu diistinmeliyiz (Bot ve Benites,
2005). Farkli organik kaynakli atiklarin
farkli miktarlar veya olusturma
yontemlerinin sayis1 artirillarak sera ve tarla
caligmalariyla elde edilen sonuglarin
giiclendirilmesi gerekir. T.C. Tarim ve
Orman Bakanligi, toprak verimliliginin ve
organik madde miktarinin artirilmasiyla
ilgili uygulamalarda tesvikleri artirmali,
stirdiiriilebilir tarim yontemlerinin
uygulanmasi ve yayginlastirilmasi yoniinde
daha etkin ve aktif olmalidir.

Yazarlarin Katki Beyam
Yazarlar makaleye esit katkida
bulunduklarini, makalenin yayina hazir son

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

Tim yazarlar, bu g¢alisma igin

herhangi bir ¢ikar c¢atismasi olmadigin
beyan etmektedir.
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Ozet

Kaktiisler Cactaceae familyasina ait dikenli, kurak bolgelere adapte olan ¢l bitkileridir. Sukulent ya da etli bitkiler
olarak adlandirilan bu bitkiler kurak iklim ve toprak kosullarinda, suyu yaprak ve gévdelerinde depolayan fazla
bakim gerektirmeyen gurubu icerirler. Cevre diizenlemesi, siis bitkisi ve saks1 bitkisi olarak kullanilirlar. Icerikleri
vitamin ve amino asit ve sekonder metabolitler bakimindan da zengindirler. Bu ¢alisma, tavsan kulakli kaktiis
olarak adlandirilan Opuntia microdasys’in in vitro ¢ogaltimi amaciyla ger¢eklestirilmistir. Genetik materyal olarak
bu tiiriin ped ad1 verilen etli gévdeleri kullanilmigtir. Calismada Opuntia microdasys’in ped eksplantlart MS temel
ortamu ile TDZ ve BAP (0.5 mg L% 1.0 mg L%; 2.0 mg LY 3.0 mg L) gibi farkli sitokinin igeren besin
ortamlarmda kiiltiire alinmigtir. Ped sayis1 bakimindan 0.5 mg L2 TDZ ile 0.5; 1.0 mg L2 BAP igeren ortam 3.5
adet ile en yiiksek bulunmustur. Ped uzunlugu bakimindan 1.4 cm ile 0.5 mg L2 TDZ igeren ortam en yiiksek; kok
say1s1 ve kok uzunlugu bakimmdan 0.5 mg LY BAP igeren ortam sirasiyla 2.5 adet ve 1.6 cm ile en yiiksek ortalama
vermistir. Bu ¢alisma ile gerek ¢evre diizenlemesinde siis bitkisi, gerek tibbi bitki olarak bir sektoér olusturan
Opuntia microdasys sukkulent tiirtiniin in vitro kosullarda degerlendirme potansiyelinin oldugu gorillmistiir. Bu
nedenle bu ¢alisma bir 6n ¢alisma niteliginde olup bundan sonraki ¢aligmalar bu tiiriin siirgiin ve kék olusumu
iizerine farkli besin ortamlar1 kullanilarak gelistirilebilir.

Anahtar Kelimeler: Opuntia microdasys, doku kiiltiirii gogaltim, sukkulent, kaktiis

In Vitro Micropropagation of Opuntia microdasys Albata

Abstract

Cacti are the Cactaceae family and are a desert plants adapted to arid regions. Cacti known as succulent plants and
store water in their leaves. They have a stems in arid region and soil conditions. They are used as landscaping,
ornamental plants and potted plants. In addition to the vitamins and amino acids they contain, also rich in secondary
metabolites. This study was conducted in tissue culture propagation of Opuntia microdasys, is named as ‘tavsan
kulaklr’ cactus. Succulent stems, called pads, were used as genetic material. Opuntia microdasys were cultured on
Murashige and Skoog (1962) medium (MS) with TDZ and BAP (0.5 mg L%; 1.0 mg L%; 2.0 mg L%; 3.0 mg L),
Best rejeneration were obtained with TDZ and BAP at 0.5 mg L* as 3.5 for pad number. The media of 0.5 mg L™
TDZ was found to be the highest with 1.4 cm in terms of pad length. On the other hand, 0.5 mg L"* BAP medium
had the highest mean for root number and root length, with 2.5 and 1.6 cm, respectively. It has been seen that the
succulent variety Opuntia microdasys, not only use as an ornamental plant but also medicinal area. Opuntia
microdasys has a potential to be evaluated under in vitro conditions. Therefore, this study can be developed using
different nutrient media and growth regulation for shoot and root formation with following studies. So in vitro
propagation for Opuntia microdasys can be an alternative to other production.

Keywords: Opuntia microdasys, tissue culture, succulent, opintia
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1. Giris

Kaktiisler Cactaceae familyasina ait
dekoratif olarak i¢ ve dis mekanlarda siis
bitkisi olarak kullanilmaktadir. Az miktarda
suya ihtiyag duyarlar ve kurakliga
dayamkhidirlar (Ozgatalbas ve Erdogan,
2013). Opuntia tiirleri yaygin olarak kurak,
yar1 kurak ve ormanlik alanlarda yetisirler.
Kaktiisler yabanilerde dahil olmak iizere
oldukca genis bir tiir zenginligine sahiptir

(Anderson, 2001). Akdeniz, Asya ve
Afrika’ya kadar c¢ok genis bir alana
yayillmiglar (Gibson ve Nobel, 1986;

Arakaki ve ark., 2011) ve bu nedenle de
adaptasyon yetenekleri yiiksektir (Lopez-
Palacios ve ark., 2019). Kaktiislerin ped
yapraklarinin biiyiik bir kism1 su igermekte,
nisasta, glikoz, fruktoz, sukroz ve serbest
amino asit ile mineraller, enzimler,
vitaminler (Lopez-Palacios ve ark., 2019).
Copasso ve ark., 1998; Ajose, 2007; Lopez-
Palacios ve ark., 2012; Garcia-Nava ve ark.,
2018; Okcuoglu, 2023) ile sekonder
metabolitler yoniinden de zengindirler
(Wink, 2003; Zarra ve ark., 2013; Lopez-
Palacios ve Pena-Valdivia, 2020). Bu
bilesiklerden antibakteriyal ve tibb1 olarak
cesitli alanlarda yararlanilmaktadir (Upton
ve ark., 2012; Liu ve ark., 2013). Opuntia
microdasys  orijini Meksika  olan
goriinlistinden  dolayr  ‘tavsan  kulakli
kaktiis’ olarak adlandirilan kulak seklinde
iki adet pedi bulunan bir tiirdiir. Is1g1 seven
bu tiir yazin beyaz ¢ig¢ek agar ve mor renkli
meyvelere sahiptir. Yetistirme kolayligi
nedeniyle siis bitkisi olarak balkonlarda,
salonlarda ve biiro gibi pek ¢ok alanda
tercih edilmektedir. Bu tilirlerin ¢ogaltimi
vejetatif ve generatif olarak yapilabilir,
ancak tohumla ¢ogalmalar1 zor olup sadece
kiigiik ¢apl1 tiretim ve 1slah ¢aligmalari igin
(Rojas-Aréchiga ve Vasquez-Yanes, 2000;
Estrada-Luna, 2008) tercih edilmektedir.
Bunun yaninda yavas  Dbiiylimeleri,
¢imlenme zorluklar1 ve kendine uyusmazlik
sonucu meyve olusumundaki zorluklar bu
tiir icin olumsuzluklar arasindadir. Vejetatif
cogalmada kullanilan kisimlarin  genis
alanlarda tretim hiz1 yavas kaldig1 i¢in bu
tirlerin in vitro mikro ¢ogaltimi uygulama
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alan1 bulmustur (Ozturk, 2023a; 2023Db).
Mikro ¢ogaltma ile gen kaynaklarinin hizli
cogalmasi, ile iretim siiresinin kisalmasi
(Ault ve Blackmon, 1987; Ozturk, 2021)
hizli ve seri iiretimin saglanmasi (Ali ve
ark., 2001, Estrada-Luna ve ark., 2008;
Rodriguez ve Ramirez-Pantoja, 2020;
Bouzroud ve ark., 2022; Oztiirk, 2022),
saglikli ve patojensiz bitkilerin {iretilmesi
(Johnson, 1979; Smith ve ark., 1991)
saglanabilir. Bunun yaninda genetik
yapinin korunmasi (Wyka ve ark., 2006) ve
pazar degeri yiiksek kaliteli ve saglikli
bitkilerin elde edilmesi ticari liretim i¢in bir
avantaj olabilir (Estrada-Luna ve ark.,
2002). Bununla birlikte nesilleri tehdit
altindaki  popiilasyonlarin  kurtarilmasi
(Davila-Figueroa ve ark., 2005, Ramirez-
Malagoén ve ark., 2007) ve bunlarin gen
bankalarinin kurulmasi i¢in de kullanilabilir
(Cardarelli ve ark., 2010). Kaktiislerin
birkag tiirlinde mikro ¢ogaltim caligmalari
cesitli arastiricilar tarafindan  yapilmis
(Stuppy ve Nagl 1992; Wyka ve ark., 2006;
Gomes ve ark., 2006, Angulo-Bejarano ve
Paredes-Lopez, 2011), ancak dogrudan
slirglin rejenerasyonu iizerine ¢ok az basari
saglanmistir (Arellano-Perusquia ve ark.,
2013). Gilinitimiize kadar yapilan ¢aligsmalar
Ficus indica, basta olmak tizere farkli bazi
tirlerde silirglin rejenerasyonu ve kok
olusumu iizerine biiyiime diizenleyicileri ile
bunlarin  kombinasyonlarinin  etkilerini
belirlemek tizerine olup her bir protokol,
her bir bitki gurubuna gore degisiklik
gostermistir (Hubstenberger ve ark., 1992;
Garcia-Saucedo ve ark., 2005). Bu nedenle,
kiiltiir ortami igerikleri, rejenerasyon stireci,
gibi etkilerin test edilmesi konusunda yeni
aragtirmalara  ihtiyag  bulunmaktadir.
Opuntia microdasys tiiriine ait in vitro
caligmaya ise rastlanmamistir. Bu tiir
giiniimiiz kosullarinda evlerde, balkonlarda
ve is yerleri gibi pek ¢ok alanda oldukga
yaygin kullanimi olan genis bir ticari pazara
sahiptir. Bu nedenle bu ¢alisma ile Opuntia
microdasys’in in vitro kosullarda TDZ ve
BAP igeren farkli besin ortamlarinda kok ya
da stirgiin olusturma etkilerinin
belirlenmesi ve klasik ¢ogaltimin yaninda
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in  vitro  ¢ogaltim  etkinliginin  ve
potansiyelinin belirlenmesi hedeflenmistir.

2. Materyal ve Yontem
Genetik  materyal ve
islemeleri

Calisma ‘Beyaz Tavsan Kulagr’
olarak adlandirilan Opuntia microdasys
kaktlistiniin etli ped yapraklar1 kullanilarak,
Ege Universitesi Ziraat Fakiiltesi Tarla

sterilizasyon

Bitkileri ~ Bolimi ~ Doku  Kiiltiiri
Laboratuvarinda gerceklestirilmistir.
Arastirmada  genetik materyal olarak

Opuntia microdasys kaktiistiniin etli ped
yapraklar1 kullanilmastir. Yaprak
eksplantlar1 ylizey sterilizasyonu igin % 2.5
NaClO (Sodyum hipoklorit) igerisinde 4
dakika ve % 70’lik etil alkol igerisinde 5
dakika bekletilmis ve distile su ile 3 kez
yikanarak sterilizasyon islemi
gerceklestirilmistir. Sterilizasyonu saglanan
ped yapraklart yaklasitk 0.5-1.0 cm
ebatlarda pargalara ayrilarak besin ortamina
yerlestirilmistir.

Besin ortami ve Kiiltiir kosullar:
Arastirmada MS (Murashige ve

Skoog 1962) besin ortami temel ortam

olarak (kontrol) kullanilmis ve MS ortami

Sekil 1. Opuntia microdasys’in in vitro kiiltiir asamalari

litreye 0.5; 1.0; 20 ve 3.0 mg L?*
oranlarinda hazirlanmig MS+TDZ
(Thidiazuron) ve MS+BAP (6-
Benzylaminopurin) iceren besin ortamlari
ile diizenlenmistir. Laboratuvar calismasi
Tesadiif Parselleri Deneme Deseninde 3
tekrarli olarak kurulmustur. Her tiipe bir
eksplant gelecek sekilde kiiltlir islemi
gerceklestirilmistir. Sterilizasyon sonrasi
kiltirler 26+1°C’de 2500 liks 1s1k
siddetinde 8 saat karanlik 16 saat aydinlik
periyotta gelismeye birakilmustir.

Istatistik degerlendirmeler

Opuntia microdasys ped
eksplantlar kiiltiir sonrasi yaklagik 120 giin
sonra besin ortamlarinda gelisimlerini
tamamlamis, ped sayisi, ped uzunlugu ile
kok sayist ve kok uzunlugu bakimindan
gbzlemleri yapilmistir. Bu 06zelliklere ait
ortalamalar Totemstat (Ag¢ikgdz ve ark.,
2004) programi kullanilarak analiz edilmis
ve ortalamalar Steel ve Torrie (1980)’ye
gore Asgari Onemli Fark (AOF) testi
kullanilarak yapilmuistir. Opuntia
microdasys in in vitro kosullarda gelisim
asamalar1 Sekil 1°de verilmistir.

a-b)Opuntia microdasys ’in in vitro besin ortamina alinmasi ¢) 0.5 mg/L TDZ igeren ortamlarda rejenerasyon

d) 0.5 mg/L BAP igeren ortamlarda rejenerasyon

3. Bulgular ve Tartisma

Opuntia microdasys’in etli ped
yapraklart MS ve 4 farkli konsantrasyonda
TDZ ve BAP (0.5 mg L*; 1.0 mg L% 2.0
mg L*; 3.0 mg L?) iceren toplam 9 besin
ortaminda kiiltiire alinmis ve in vitro siirglin
ve kok gelisim yetenekleri belirlenmistir.
Tablo 1’de Opuntia microdasys’in etli
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yaprak eksplantlarimin 9 farkli besin
ortaminda ped sayis1 ve ped uzunlugu (cm)
ortalamalari ve F degerleri ile bu 6zelliklere
ait histogramlar da Sekil 2°de gosterilmistir.
Ayni ortamlardaki kok sayist ve kok
uzunlugu (cm) ortalamalar1 ve F degerleri
Cizelge 2’de, bu ozelliklere ait histogramlar
da Sekil 3’de sunulmustur.
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Tablo 1. Opuntia microdasys’in ped eksplantlarinin farkli besin ortamlarinda ped sayist ve ped

uzunlugu (cm) ortalamalari ve F degerleri

Ortam No Ortamlar Ped sayisi Ped uzunlugu (cm)

1 MS (Kontrol) 0.0 0.0

2 MS+0.5mg L* TDZ 35 1.4

3 MS+1.0mg L* TDZ 15 0.4

4 MS+2.0mg L* TDZ 0.0 0.0

5 MS+3.0mg L TDZ 0.0 0.0

6 MS+0.5 mg L BAP 35 1.0

7 MS+1.0 mg L! BAP 0.0 0.0

8 MS+2.0 mg L! BAP 2.5 0.3

9 MS+3.0 mg L BAP 35 0.9
LSDo.0s 1.192 0.423
F 19.700™ 16.599™

**: 0= 0.01 diizeyinde 6nemli

Tablo 1’de kontrol ve 8 farkli besin
ortaminda Opuntia microdasys’in ped
yaprak  eksplantlarmmm  F  degerleri
incelendiginde ped sayis1 ve ped uzunlugu
(cm) bakimindan p<0.01 diizeyinde
istatistiksel ~ olarak  farkliligin  oldugu
goriilmektedir. Ped sayist bakimindan 0.5
mg L1 TDZ ile 0.5 mg L* BAP ve 1.0 mg L™
BAP iceren ortamlarda 3.5 adet ile en
ylksek ortalama elde edilmistir. Bu ortami
2.5 adet ile 2.0 mg L* BAP igeren ortam
izlemistir. Ped sayis1 bakimindan, kontrol,
20 mgL*ve 3.0 mgL*TDZ ile 1.0 mg L*
BAP iceren ortamlarda gelisim
saglanmamistir. Ped uzunlugu bakimindan
ise MS+0.5 mg L* TDZ igeren ortam 1.4 cm
ile en ytiksek ortalama vermistir. Bu ortami
MS+0.5 mg L* BAP ortami, 1.0 cm ile
izlemigtir. Ped sayist ve uzunlugu
bakimindan kontrol (MS), 2.0 mg L* ve 3.0
mg LT TDZ ile 1.0 mg L* BAP igeren
ortamlarda gelisme saglanmamistir. Aliyu
ve Mustapha (2007), Opuntia ficus-
indica’nin in vitro rejenerasyonunda farkli
BAP igeren ortamlarin kullanildigini ve
ortamlar  arasinda  fark  olmadigini
bildirmistir. Finti ve ark. (2012) Ficus
indica’da in vitro kosullarda en 1iyi
gelisimin 0.5 mg/L BA iceren ortamdan
elde etmistir. Arellano-Perusquia ve ark.
(2013) Ortegocactus Macdougallu
Alexander bitkisini NAA ve BA igeren
ortamlarda  kiiltire almis, calismada
kiiltiirlerin baslangicinda diistik
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konsantrasyonda BA iceren ortamlarin kok
olusumunu tesvik ettigi, alt kiltir
asamasinda ise IBA igeren ortamlarin
koklenme tizerine olumlu etkileri oldugunu
belirtmistir. Kumar ve ark. (2018) kaktiis
tiirlerinin in vitro mikro ¢ogaltimi i¢in 2 mg
BA+ 0.1 mg NAA igeren ortamin yiiksek
oranda siirglin olusturdugunu ve buradan
geligen siirglinlerin IBA ya da NAA igeren
ortamlarda alt kiiltlire alinarak kok olusumu
saglandigini1 bildirmislerdir. Heika ve ark.
(2021) Ficus indica’da siirgiin sayisi
bakimindan 2 mg L BA ve 1 mg L* Kinetin
iceren  ortamlarin  uygun  oldugunu
bildirmistir. Marhri ve ark. (2023)
Dactylopius opuntiae tiiriinde yaptiklari
calismada 5 mg/LL BAP igeren ortamlarin
stirgiin sayisinin artirdigin1 Kinetin igeren
ortamlarin kok gelisimine olumlu etki
ettigini bildirmislerdir. Calismamizda farkl
konsantrasyonlarda sitokinin igeren
ortamlardan siirglin sayis1 bakimindan 0.5
mg L* TDZ, 0.5 mg L* BAP ve 3.0 mg L*
BAP igeren ortamlar basarili bulunmustur.
Siirgilin uzunlugu bakimindan ise 0.5 mg L*
TDZ basarili bulunmustur. Genel anlamda
diistik konsantrasyonda bliyiime
hormonlarinin gelismeyi uyardig1 goriilmiis

olup, sonuglar Finti ve ark. (2012),
Arellano-Perusquia ve ark. (2013) ile
uyumlu bulunmustur. Opuntia

microdasys’in ped sayis1 ve ped uzunlugu
(cm), Ozelliklerine ait histogramlar Sekil
2’de verilmistir.
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Opuntia microdasys’in in vitro rejenerasyonu

3,5

2,5

=

Ped sayisi

hil ...,

m MS (Kontrol)
® MS+0.5 mg/L TDZ
MS+1.0 mg/L TDZ
m MS+2.0 mg/L TDZ
m MS+3.0 mg/L TDZ
MS+0.5 mg/L BAP
® MS+1.0 mg/L BAP
® MS+2.0 mg/L BAP
® MS+3.0 mg/L BAP

Ped uzunlugu (cm)

Sekil 2. Opuntia microdasys’in farkli besin ortamlarinda ped sayisi ve ped uzunlugu (cm) ortalamalari dagilimi

Opuntia microdasys’in etli ped yapraklari
MS ve 8 farkl1 TDZ ve BAP (0.5 mg L?; 1.0
mg LY 20 mg L% 3.0 mg LY
konsantrasyonda sitokinin iceren

ortamlarda kok sayisi ve kok uzunlugu (cm)
ortalamalari ile F degerleri Tablo 2’de, bu
ozelliklere ait histogramlar ise Sekil 3’de
Ozetlenmistir.

Tablo 2. Opuntia microdasys ped eksplantlarinin farkli besin ortamlarinda kok sayisi ve kok uzunlugu

(cm) ortalamalar1 ve F degerleri

Ortam No Ortamlar KoKk sayisi Kok uzunlugu (cm)

1 MS (Kontrol) 0.0 0.0

2 MS+0.5mg L TDZ 0.0 0.0

3 MS+1.0 mg L TDZ 0.0 0.0

4 MS+2.0mg L TDZ 0.0 0.0

5 MS+3.0mg L TDZ 0.0 0.0

6 MS+0.5 mg L BAP 2.5 1.6

7 MS+1.0 mg L BAP 0.0 0.0

8 MS+2.0 mg L BAP 0.0 0.0

9 MS+3.0 mg L BAP 0.0 0.0
LSDo 05 0.533 0.213
F 25.000™ 64.000™

**: 0= 0.01 diizeyinde 6nemli

Tablo 2°de 9 farkli besin ortaminda Opuntia
microdasys’in ped yaprak eksplantlarinin F
degerleri incelendiginde kok sayis1 ve kok
uzunlugu (cm) bakimindan  p<0.01
diizeyinde farkliliklarin oldugu
goriilmektedir. Kok sayis1 ve kok uzunlugu
bakimindan 0.5 mg L* BAP igeren ortam
sirastyla 2.5 adet ve 1.6 cm olarak en
yiiksek bulunmustur. Kok sayist ve kok
uzunlugu bakimindan kontrol ve TDZ (0.5;
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1.0; 2.0; 3.0 mgL*) ile BAP (1.0; 2.0; 3.0 mg
L) iceren ortamlarda gelisim
saglanmamistir. Dolayistyla bundan sonraki
caligmalar bu tiirtin kok olusumu iizerine
farkl1 oksin igeren besin ortamlarinin
uygulanmast  seklinde  gelistirilebilir.
Opuntia microdasys’in kok sayist ve kok
uzunlugu (cm), ozelliklerine ait
histogramlar Sekil 3’de verilmistir.
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Opuntia microdasys’in in vitro rejenerasyonu

2,5

15

[E

0,5

Kok sayisi

1

Kok uzunlugu (cm)

m MS (Kontrol)

B MS+0.5 mg/L TDZ
MS+1.0 mg/L TDZ

B MS+2.0 mg/L TDZ
MS+3.0 mg/L TDZ
MS+0.5 mg/L BAP

m MS+1.0 mg/L BAP

B MS+2.0 mg/L BAP

m MS+3.0 mg/L BAP

Sekil 3. Opuntia microdasys’in farkli besin ortamlarinda kok sayist ve kok uzunlugu (cm) ortalamalar dagilimi

4. Sonuc ve Oneriler

Opuntia microdasys bitkisinin ped
sayist ve ped uzunlugu bakimindan 0.5 mg
L TDZ; kok sayist ve kok uzunlugu
bakimindan ise 0.5 mg L? BAP iceren
ortamin uygun oldugu goriilmiistir. Hem
siirglin hem de kok olusumu bakimindan
0.5 mg/L BAP iceren ortam Onerilebilir. In
vitro kosullarda siirgiin rejenerasyonu
protokolii oksin igeren ortamlar ile
diizenlenerek alt kiiltiir ile stirdiiriilebilir ve
kok olusumu saglanabilir. Opintia tiirleri
farkli kullanim alanlar1 ile 6nemli bitki
guruplarindan biridir. Bu nedenle farkl
kullanim alanina 6zel in vitro protokoller
gelistirilebilir. Mikro ¢ogaltim ile bu tiirlin
hizli ve etkili bir ¢ogaltim1 yani ticari
dretimi miimkiin oldugu gibi, hiicre
slispansiyon kiiltiirleri ve organogenesis ile
sekonder metabolit {iretimi i¢in de
yararlanilabilir. Bu nedenle bu ¢aligma bitki
tirine ve kullanom amacma  gore
uygulanacak in vitro teknikler ve
protokolleri ile gelistirilebilir. Bu tiir igin
bir O6n ¢alisma niteliginde olan bu ¢alisma
ile kiiltir kosullar1 ve bitki biiyiime
maddeleri diizenlenerek yeni protokoller
gelistirilebilir.
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