TURK BiLiM ve S
MUHENDISLIK
DERGIiSI &

-

ISPARTA
UYGULAMALI BILIMLER
UNIVERSITESI

e-ISSN 2687-6086



TURK BiLiM ve MUHENDISLIiK DERGISI

(TURKISH JOURNAL OF SCIENCE AND ENGINEERING)

Yilda iki say1 olarak (Haziran, Aralik) yayinlanan hakemli bir dergidir. Isparta Uygulamali Bilimler
Universitesi, Lisansiistii Egitim Enstitiisii tarafindan yaymlanmaktadir.

It is a peer-reviewed journal published in two issue per year (June, December). Published by Isparta
University of Applied Sciences, The Enstitute of Graduate Education.

Yil/Year: 2024, Cilt/VVolume: 6, Say1/Issue: 2

Privilige Owner / imtiyaz Sahibi
Prof. Dr. Yilmaz CATAL

Bas editor / Editor-in-chief
Prof. Dr. Abdullah SUTCU

Editorler / Editors

Prof. Dr. Norita NORWAWI]

Prof. Dr. Mirha DIKiC

Dr. Teuku Reza FERASYI

Prof. Dr. Yusuf UCAR

Prof. Dr. iskender AKKURT

Prof. Dr. Mehmet KITIS

Dog. Dr. Halime UNLU

Dog. Dr. Abdullah GENC

Dog. Dr. Musa YAVUZ

Dr. Or. Uyesi Filiz HALLAC TURK
Dr. Ogr. Uyesi Ruziye KARAMAN
Dr. Ogr. Uyesi Fatma Giil GOZE OZDEMIR

Damsma kurulu / Advisory board
Prof. Dr. Ahmet Ali ISILDAR
Prof. Dr. Cengiz OZEL

Prof. Dr. Okan BINGOL

Prof. Dr. Hasan BAYDAR

Prof. Dr. Altan DOMBAYCI

Prof. Dr. Ibrahim CAKMAK

Dog. Dr. Selguk HELHEL

Istatistik Editorleri
Prof. Dr. Gamze OZEL
Dog. Dr. Ozgiir KOSKAN

Dil Editorii/Language Editor
Dr. Ogr. Uyesi Giilin ZEYBEK

Teknik Editorler/Technical Editors
Dog. Dr. Giircan GULER

Ars. Gor. Ismail Yashan BULUS
Ars. Gor. Hasibe YILDIZ

Dr. Mahdi HOSSEINI

Dr. Supriyanto SUPRIYANTO

Prof. Dr. Deniz YILMAZ

Prof. Dr. Kiirsad OZKAN

Prof. Dr. Murat OZTURK

Dog. Dr. Mualla Birgiil HUBAN

Dr. Ogr. Uyesi Hiiseyin Hakan INCE
Dr. Ogr. Uyesi Ibrahim KIRBAS

Dr. Ogr. Uyesi Sinan UGUZ

Dr. Oar. Uyesi Ali Nadi KAPLAN
Dr. Ogr. Uyesi Tuna GOKSU

Dr. Ogr. Uyesi Mevliit Yunus KAYACAN

Prof. Dr. Metin MUJDECI

Prof. Dr. Hasan ALKAN

Prof. Dr. Oguzhan CALISKAN
Prof. Dr. Mahmut ELP

Dog. Dr. Osman GENCEL

Dr. Ogr. Uyesi Selbi KESKIN
Dr. Ogr. Uyesi Gokhan TUZUN

Yaymecr Kurulus / Publisher
Isparta Uygulamali Bilimler Universitesi Lisansiistii

Egitim Enstitiisti — Isparta

Tletisim / Contact

Isparta Uygulamal: Bilimler Universitesi, Dogu,
Yerleskesi, Orman Fakiiltesi Binasi, Zemin Kat
32260 Ciintir/Isparta

Web: https://dergipark.org.tr/tr/pub/tjse

Tel: 0246 214 65 74



https://dergipark.org.tr/tr/pub/tjse

TURK BILIM ve MUHENDISLIiK DERGISI asagidaki indeks ve ézler tarafindan

taranmaktadir.

TURKISH JOURNAL OF SCIENCE AND ENGINEERING is indexed and/or abstracted by
the following international databases.

Academic
R Resource
Index
ResearchBib

AS QS

indeks

I2OR

A ACARINDEX

Academic Resource Index (ResearcBib)

Directory of Research Journals Indexing (DRJI)

Asos Index

Bielefeld Academic Search Engine (BASE)

International Institute Of Organized Research (120R)

Acarindex



TURK BIiLIM ve MUHENDISLIK DERGISI
Turkish Journal of Science and Engineering
Yil/Year: 2024, Cilt/VVolume: 6, Sayi/Issue: 2

ICINDEKILER/CONTENTS

Arastirma / Research
Cross-Assist: Road Assistance Application for Visually Impaired People

Cross-Assist: Gorme Engelli Kigsiler i¢in Yol Yardim Uygulamasi
Ayse Demirhan, DIlFUDE ATKAN ...........ooiiiiii et e et e e sn e e sbe e e beeesaaeesneeesnrenans 72-81

Corek Otu Uretiminin Gelistirilmesi, Sorunlar ve C6ziim Onerileri: Burdur Ili Bucak Ilgesi Ornegi
Development of Black Cumin Seed Production, Problems and Solution Suggestions: The Example of
Bucak District of Burdur Province

Seyma Ozer, HASAN YIIMAZ........cocvoviveieeieeeeeeeeieeceee e te e es et e e ee st e et esee s et et e s ee s et et et ese s esstst et eseen s esetetesesnennenn 82-91

Investigation of Thermal Insulation and Water Absorption Properties of Cortaderia Selloana Short
Fibers Reinforced Sustainabilit Composite Material
Cortaderia Selloana Kisa Elyaf Takviyeli Stirdiiriilebilir Kompozit Malzemenin Is1 Yalitimi ve Su Emme

Ozelliklerinin Incelenmesi
Murat Kodaloglu, Feyza Akarslan KodaloZIU............cociiiiiiiiiiiiiiciieci e 92-98

Isparta Ekolojik Kosullarinda Farkli Azotlu Giibre ve Doz Uygulamalarinin Cin Misirinda Bazi
Verim ve Verim Ogeleri Uzerine Etkisi
The Effect of Different Nitrogen Fertilizer and Dose Applications on Some Yield and Yield

Components of Popcorn under Isparta Ecological Conditions
TIknur AKEIin, KGISat BUCAK..........c.cveviviriiiiietetetisit sttt et ettt s e b et et es sttt esese s ss et et esene s enane 99-113

Satellite Observations of Air Quality Dynamics in Tiirkiye

Tiirkiye'deki Hava Kalitesi Dinamiklerinin Uydu Gézlemleri
N T U U USSR 114-120

Denizli Ili, Giiney Ilgesi, Aydogdu Yéresinde Yetistirilen Denizli Kekigi (Origanum onites L.)
Uzerindeki Bocek Tiirlerinin Belirlenmesi

Determination of Insect Species on Denizli Thyme (Origanum onites L.) Grown in Aydogdu Region,
Gtiney District, Denizli Province

A1l Berke Y1Imaz, TSMail KATACA ... ...coveeveeeeeeeee et eeee et et et e et e e e et et e et e et eee et e st e eeeatee st esteeteeee e st e eee et eeesreare et eneenreanes 121-131

Evaluating The Type | Error Rate Performances of Hsieh, F, and Kruskal-Wallis Tests Using Monte
Carlo Simulation Technique

Hsieh, F ve Kruskal-Wallis Testlerinin Monte Carlo Simiilasyon Teknigi Kullanilarak 1. Tip Hata
Olasiliklart Bakimindan Degerlendirilmesi

Malik Ergin, OZgUr KOSKAN ........oovivevitiuiiiiieietie ittt ettt ettt ettt et et e sttt e ss et st et esese s st ebebesess s asetess 132-138

Isparta Ekolojik Kosullarinda Farkli Hasat Zamanlarinda Yer Elmasmin (Helianthus tuberosus L.) Hasil
Verim ve Kalite Ozelliklerinin Belirlenmesi

Determination of the Green Forage Yield and Quality Characteristics of Jerusalem Artichoke
(Helianthus tuberosus L.) at Different Harvesting Times in Isparta Ecological Conditions

Emre Bigakgi, Cahit Balabanlt, Rabia Y1Imaz..........ccooiiiiiiiiiiiiiii et 139-143

Bazi Entomopatojen Funguslarm Entomopatojen Nematod Steinernema feltiae ile Etkilesimlerine Iligkin
Bir On Calisma

A Preliminary Study on the Interactions Between Some Entomopathogenic Fungi and the
Entomopathogenic Nematode Steinernema feltiae

Serife Evrim Arict, Fatma Gill GOZe OZAEIMIT ............c.ceiiiiieieiece ettt ettt n e 144-148



Tiirk Bilim ve Miihendislik Dergisi, 6(2): 72-81, 2024

Arastirma Makalesi / Research Article

ISPARTA
UYGULAMALI BILIMLER

UNIVERSITESI

Tiirk Bilim ve Miihendislik Dergisi

Turkish Journal of Science and Engineering

www.dergipark.org.tr/tjse

Cross-Assist: Road Assistance Application for Visually Impaired People

Ayse Demirhan'", Dilruba Alkan?

Gazi Universitesi, Teknoloji Fakiiltesi, Elektrik-Elektronik Miihendisligi Boliimii — Ankara-Tiirkiye

*Sorumlu yazar: ayseoguz@gazi.edu.tr

ARTICLE INFO

Received: 04/03/2024
Accepted: 27/09/2024

Keywords: Assistive technology, Crosswalk
detection, Pedestrian traffic light detection,
Visual impairment, YOLO object detector

DOI: 10.55979/tjse.1447019

ABSTRACT

According to WHO (World Health Organization) 2.2 billion people in the world
have visual impairment. About 40 million of them experience complete vision loss.
This number is substantial for the world population. Lack of visual function is one
factor that makes it difficult for the individual to participate in social life. Because
a barrier-free life is aimed, studies have emerged due to the difficulties
encountered. One of these difficulties is that they need help seeing pedestrian lights
and roads to cross the street. In this study, a mobile application is designed to
address this issue. The application provides visually impaired individuals with
voice alerts about the status of crosswalks and traffic lights. This mobile
application was developed using Flutter. The convolutional neural network model
and YOLO (You Only Look Once) v2Tiny algorithm were used for real-time
object recognition from the images taken from the mobile phone camera. Mobile
application successfully recognizes red light, green light, and crosswalk with
89.52%, 89.1%, and 88.57% accuracies, respectively. The novelty of this study lies
in incorporating both pedestrian traffic light detection and crosswalk identification
within a mobile application.

Cross-Assist: Gorme Engelli Kisiler i¢in Yol Yardim Uygulamasi

MAKALE BILGISI

Almus tarihi: 04/03/2024
Kabul tarihi: 27/09/2024
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Yaya ge¢idi algilama, Yaya trafik igiklar
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OZET

DSO’ye (Diinya Saglik Orgiitii) gore diinyada 2.2 milyar kisinin gérme engeli
bulunmaktadir. Bu kisilerden yaklasik 40 milyonu tamamen gérme kaybi
yasamaktadir. Bu say1 diinya niifusu igin Onemli bir rakamdir. Gorme
fonksiyonunun eksikligi, bireyin sosyal yasama katilimini zorlastiran bir faktordiir.
Engelsiz bir yasam hedeflendigi icin karsilasilan zorluklar nedeniyle birgok
calisma ortaya ¢ikmistir. Bu zorluklardan biri, gorme engelli bireylerin yolda
karstya gecerken yaya 1siklarini ve yollar1 gdrmelerine yardimci olmaya ihtiyag
duymalaridir. Bu galismada bu soruna ¢oziim bulmak amaciyla tasarlanmig bir
mobil uygulama gelistirilmistir. Uygulama, gérme engelli bireylere yaya yollarnin
ve trafik 1giklarmin durumu hakkinda sesli uyarilar saglamaktadir. Bu mobil
uygulama, Flutter kullanilarak gelistirilmistir. Mobil telefon kamerasindan alinan
goriintiiler lizerinden gercek zamanli nesne tanima icin konvoliisyonel sinir agi
modeli ve YOLO (You Only Look Once) v2 Tiny algoritmasi kullanilmistir. Mobil
uygulama, kirmizi 151k, yesil 151k ve yaya gegidi tanimayi sirastyla %89.52, %89.1
ve %88.57 dogruluk oranlariyla basartyla gerceklestirmektedir. Bu c¢alismanin
yeniligi, bir mobil uygulama i¢inde hem yaya trafik 15181 tespiti hem de yaya gecidi
tanimlamasini igermesidir.

1. Introduction

guidance and alerting users to environmental hazards,
thus assisting visually impaired individuals in safe

Various methods and technologies have been developed
to enable visually impaired individuals to travel safely
and independently in traffic. Among these methods,
traditional tools such as walking canes and trained guide
dogs play a significant role. Additionally, equipping
traffic signals with auditory alerts is an effective approach
to help wvisually impaired individuals perceive
environmental conditions and manage traffic movements.
Mobile applications also play a crucial role in this
domain, offering features such as location-based auditory

navigation. VVoice map applications describe streets and
key locations audibly, while sensors embedded in clothing
and equipment detect environmental obstacles and
provide users with vibration or auditory warnings. Each
of these methods offers different advantages in enhancing
the safety of visually impaired individuals in traffic, and it
is essential to select options tailored to individuals' needs
and preferences.

© Isparta Uygulamali Bilimler Universitesi, Lisansiistii Egitim Enstitiisii
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Mobile applications developed for visually impaired
individuals are designed to reduce daily barriers and
enhance independence. These applications typically offer
various features such as location-based auditory guidance,
voice reading of texts, color and light detection,
navigation support, and access to online shopping or
social media platforms. Continuously evolving, these
technologies aim to improve users' quality of life by
enabling greater independence in daily activities for
visually impaired individuals.

Most of the time, artificial intelligence is utilized in the
development of these technologies. Artificial intelligence
aims to adapt human actions to machines and systems by
simulating human intelligence and behavior. One of the
human characteristics aimed to adapt is visual function.
Machine vision is a set of events consisting of object
detection, sensing, and following the objects performed
by robots, machines, etc. The foundation of machine
vision involves converting captured images into digital
data using advanced processing techniques. This
conversion is achieved through artificial neural networks,
which are essential for transforming visual information
into a digital format. These neural networks are vital to
the operation of machine learning and deep learning
systems, providing the primary inputs that allow these
technologies to analyze and interpret visual data. The
model obtained from training an artificial neural network
ensures that a machine or system can accurately predict
outcomes, recognize patterns, classify data, and perform
specific tasks by learning from and adapting to the data it
has been trained on.

Machine vision finds applications across various fields
including industrial production processes, quality control,
traffic management, and healthcare, among others. Its
continuous advancements not only benefit industries but
also contribute to simplifying our daily lives. The
adaptability and wide-ranging applicability of machine
vision make it a valuable tool for solving diverse
problems.

By mimicking human visual functions, machine vision
technology has been developed to address a multitude of
challenges. It has also been harnessed to enhance the lives
of visually impaired individuals. One specialized area
within machine vision focuses on addressing the
difficulties faced by visually impaired pedestrians in
navigating traffic. Some studies in this domain involve
processing images of traffic lights, while others focus on
detecting crosswalks (Li et al., 2020; Shangguan et al.,
2014).

Several mobile applications have been developed as part
of these studies, but most of them specialize in either
traffic light recognition or crosswalk detection, not both.

The contribution of this study is that it includes both the
identification of pedestrian traffic lights and crosswalks in
a mobile application. For this purpose, a mobile
application has been developed that recognizes pedestrian
traffic lights and the crosswalk and uses sound to inform
visually impaired people whether they should cross the
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road. This mobile application aims to minimize the
difficulties that visually impaired people encounter in
traffic and overcome some challenges in joining social
life.

Convolutional neural network models are widely
employed for machine vision tasks (Khan et al., 2018;
Sinha et al., 2018; Srinivas et al., 2016). In this study,
YOLO, a highly successful algorithm for real-time object
identification (Huang et al., 2018) is utilized. YOLO
stands out due to its speed and real-time object
identification capabilities compared to other algorithms.
For this study, images sourced from the internet and
mobile phone cameras constitute the dataset used to train
and test YOLO. The resulting weight files from this
training process are converted into the necessary formats
and integrated into the mobile application.

2. Related Work

In complex urban traffic conditions, blind individuals
typically rely on traditional walking sticks for navigation,
using the tip of the stick to touch the ground and sweep
from side to side to detect obstacles and gather
information about the road ahead. However, these canes
struggle to detect distant objects or obstacles that are
elevated above ground level. To address these limitations,
artificial intelligence-based solutions for obstacle
avoidance have been developed, utilizing hardware such
as smart glasses, smartphones, Raspberry Pi, ultrasonic
sensors, water sensors, cameras, Arduino, belts,
harnesses, and bone conduction headsets (Wang et al.,
2023).

Numerous studies have been conducted employing
machine vision techniques to assist visually impaired
individuals. These studies can be categorized into three
primary domains (Cheng & Tsai, 2024; Kuriakose et al.,
2023, Hwang et al., 2024, J., Ash et al., 2018; Ghilardi et
al., 2018; Cheng et al., 2018; Rajwani et al., 2018; Tosun
& Karaarslan, 2018; Dionisi et al., 2012; Arora et al.,
2019). The first domain pertains to the context in which
the study is conducted, with the type of objects to be
identified determining the focus of such investigations.
Another significant aspect is the methodology employed,
with  widely utilized real-time image processing
techniques including R-CNN (Region-based
Convolutional Neural Network), Faster R-CNN, SSD
(Single Shot Detector), and YOLO (Li et al., 2020;
Shangguan et al., 2014). The third major differentiator
among these studies is the specific environment in which
the research is conducted. In some cases, the trained
model is embedded in a mobile application, while
sometimes it can be used with a hardware module
containing a camera (Li et al., 2020; Ash et al., 2018;
Cheng et al., 2018; Mahesh et al., 2021; Son & Weiland,
2022; Cheng et al., 2017).

In the study of Li et al (2020), a system named Cross-Safe
is designed to offer accurate and accessible guidance to
visually impaired individuals crossing intersections,
integrated into a comprehensive smart wearable device.
They were addressing the red-light-green-light, go-no-go
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problem, due to the significant lack of accessible
pedestrian signals in New York City's urban
infrastructure. Cross-Safe utilizes CNN based deep
learning techniques for real-time detection and
recognition of pedestrian signals. Their system needs
extra hardware equipment such as Nvidia Jetson TX2,
bone-conduction headset for voice feedback and power
bank and its accessories to operate (Li et al., 2020).

Son & Weiland (2022) proposed a wearable system to
assist visually impaired users at signalized crosswalks.
The system provides verbal instructions for the user to
either move "forward" or adjust their direction by veering
left or right. The navigation system operates on a
commercially available mobile computer, and includes
hardware components such as an RGB-D camera, a
BNOO055 IMU sensor, and bone conduction headphones
for user interaction. It also utilizes a pre-mapped layout of
the crosswalks. Each software component operates on the
Robot Operating System (ROS). The system uses the
location of a crosswalk end plate to link the pre-mapped
layout, collected with LiDAR (Light Detection and
Ranging), to real-time RGB-D streaming data. A
modified U-net structure and images from 16 crosswalks
near their research lab were employed in the system (Son
& Weiland, 2022).

In several studies, real-time object detection for
pedestrian traffic light detection was conducted using R-
CNN, Faster R-CNN, SSD, and YOLO (Ash et al., 2018;
Ghilardi et al., 2018). Upon examining these studies, it is
evident that some utilized a portable device rather than a
mobile application (Li et al., 2020; Cheng et al., 2018).
Additionally, the camera position varied across these prior
studies.

Kuriakose et al. (2023) introduced a smartphone-based
navigation assistant that leverages deep learning to
provide users with detailed information about obstacles,
including their type, position, distance, motion status, and
surrounding scene details. The system primarily consists
of a smartphone and a bone conduction headset, along
with several software modules for obstacle detection,
distance and position estimation, motion detection, and
scene recognition. Navigation information is delivered to
the user through the bone conduction headset. For
obstacle detection, they employed a lightweight model,
EfficientDet-Lite4, from the Efficient Det family. The
system can recognize various objects from both indoor
and outdoor environments, such as cars, chairs, people,
plants, stop signs, traffic lights, and trees (Kuriakose et
al., 2023).

Cheng & Tsai (2024) utilized image processing
techniques to pinpoint the central position of crosswalks.
Working within both RGB and HSV color spaces, they
first removed shadows from the crosswalk images and
then extracted the white stripes. By determining the
middle line of the crosswalk, they provided guidance to
visually impaired individuals for safely crossing the road.
Once the center line was identified, directional signals
were delivered through a wearable device equipped with
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vibrating wristbands to assist the visually impaired in
navigation (Cheng & Tsai, 2024).

Hwang et al. (2024) developed an end-to-end framework
that analyzes street scene images to produce interpretable
safety risk assessments for crossing streets. They gathered
data on crosswalk intersections using multiview
egocentric images captured by a quadruped robot, and
annotated these images with safety scores based on a
predefined categorization. To assess street-crossing risks,
they used images labeled with safety risk levels in
combination with GPT-4V, a large language model. The
robot’s multiview egocentric images provided visual data,
including object detection bounding boxes, segmentation
masks, and optical flow. This visual information, along
with text prompts, was processed by the LLM to generate
both safety scores and scene descriptions (Hwang et al.,
2024).

In this study, images are captured using a mobile phone’s
camera. Although the camera position can vary, the plan
is to hang the phone around the individual's neck to
position the camera accordingly. In other studies, where
images are captured from a camera on a portable device
rather than a phone camera, the camera is typically
positioned on wearable technologies such as a walking
stick for the disabled (Shangguan et al., 2014), glasses
(Cheng et al., 2018; Cheng et al., 2017), or a vest (Li et
al., 2020).

In this study, crosswalks and traffic lights are
simultaneously identified as different classes. The
reviewed studies did not reveal any mobile applications
that classify crosswalks and traffic lights concurrently.
Most research in this area has been conducted using a
portable camera module. In contrast, this study does not
require additional hardware to identify crosswalks and
traffic lights, thereby relieving the user of the need to
carry an external device. Data from the mobile phone’s
rear camera is processed, and the user is provided with
voice guidance.

For this study, a mobile application has been developed
utilizing the YOLOV2 Tiny algorithm. YOLOv2 Tiny was
specifically selected due to its seamless integration with
the Flutter SDK (Software Development Kit) commonly
employed in mobile app development, as well as its
compact size within the app. This mobile app is designed
to identify pedestrian traffic lights and crosswalks
simultaneously. Unlike previous related studies in the
literature that focus solely on either pedestrian traffic
lights or crosswalks, this app covers both aspects (Li et
al., 2020; Cheng et al., 2018; Son & Weiland, 2022;
Cheng et al., 2017).

3. Material ve Method
3.1. YOLO

YOLO is a deep learning algorithm, an acronym for "You
Only Look Once' and is named upon its ability to capture
images at first glance. YOLO uses CNN and it is a
popular algorithm in real-time object detection. It is
prominent among other algorithms because it is very fast
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at real-time object detection. In YOLO, the incoming
image passes through the convolutional neural networks
only once. This is the reason behind being fast, as other
algorithms often use the images many times through the
network. Also, YOLO can simultaneously identify the
objects and their coordinates (Huang et al., 2018).

3.2. Dataset

Dataset size and quality play crucial roles in deep learning
research. As a result, a variety of environments, lighting
conditions, object dimensions, and distances in captured
images are utilized to construct a more resilient dataset.
The dataset used in this study comprises pedestrian traffic
light and crosswalk images sourced from the Traffic Light
Detection Dataset (Kaggle, 2022), the Crosswalk Dataset
(Kaggle, 2020), and images collected through web
searches. The Traffic Light Detection Dataset includes
2600 artificially labeled images with traffic light
categories and color labels, covering nine categories:
motor vehicle signal light, non-motor vehicle signal
lights, left turn non-motor vehicle signal light, crosswalk
signal light, lane lights, direction indicator light, flashing
warning light, crossing signal light, and U-turn signal
light (Kaggle, 2022). The Crosswalk Dataset is divided
into four classes, each representing a different
perspective. The first class consists of crosswalks viewed
from the front, the second and third classes show half-
lanes viewed from the left or right, and the fourth class
contains non-crosswalk images, such as asphalt, passing
cars, and sidewalks. These images were extracted from
several videos recorded at a resolution of 1280x720 at 30
FPS in Fortaleza-CE, Brazil, during daylight hours. The
images retain the same resolution as the videos, 1280x720
(Kaggle, 2020).

Figure 1. Ekaniple imagesdfrom our image dataset

Images within the dataset are annotated for model training
purposes. During annotation, the dataset is categorized
into 5 distinct classes: negative, positive, green, red, and
crosswalk. The positive class pertains to pedestrian traffic
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lights, whereas the negative class relates to vehicle traffic
lights. The creation of these classes is intended to prevent
the mobile application from directing pedestrians based
on vehicle traffic lights. Additionally, red and green light
classes are established to denote the color of pedestrian
lights, while the crosswalk class is designated for
identifying crosswalks. The dataset encompassing these
classes comprises a total of 3367 images, with 30%
allocated for testing and 70% for training the model.
Specifically, the training dataset contains 2357 images,
while the testing dataset comprises 1010 images. Figure 1
showcases sample images extracted from the dataset.

3.2. Real-Time Object Detection

A literature review was conducted on real-time object
detection, comparing models employing various
algorithms like SSD, YOLO versions, R-CNN, Faster R-
CNN, etc. Among these, YOLO is acknowledged as the
fastest and most accurate algorithm for real-time object
detection, as evidenced by studies (Ash et al., 2018;
Ghilardi et al., 2018; Francies et al., 2022; Li et al., 2022).

The YOLO algorithm has numerous versions, each
tailored for specific application purposes. In this study,
we tested the YOLOv4, YOLOvV2, and YOLOvV2-Tiny
algorithms using our created dataset. Results revealed that
YOLOv4 achieved the highest accuracy among these
versions, while YOLOV2 exhibited the lowest accuracy in
these evaluations. The YOLOV2-Tiny version was tested
because the weight files generated from training with the
YOLOv4 and YOLOv2 algorithms are too large for
practical use in a mobile application. The smaller size of
the YOLOvV2-Tiny weights makes it more suitable for the
limited storage and processing capabilities of mobile
devices, ensuring efficient and effective performance
(Chen et al., 2022). The YOLOvV2-Tiny algorithm was
chosen as the ultimate selection due to its compatibility
with Flutter, the Software Development Kit utilized for
mobile application development, its speed compared to
other algorithms, and the smaller size of its output weight
files.

The network architecture of YOLO (Figure 2) is similar
to GoogLeNET, which consists of 22 layers of
convolutional neural networks developed by Google
researchers (Redmon et al., 2016). The YOLO neural
network is composed of 24 convolutional layers, followed
by 2 fully connected layers that define box coordinates
and probabilities. To reduce the depth of characteristic
maps, YOLO uses 1x1 convolutional layers on the initial
layers of GoogLeNET. Initially trained on 224x224 pixel
images, the input image is later scaled up to 448x448
pixels for increased prediction accuracy (Redmon et al.,
2016).

Despite variations in network architectures across
different YOLO versions, the fundamental structure of
convolutional neural networks remains consistent.
Notably, YOLO Tiny features 9 convolutional neural
network layers, setting it apart from other versions.
Although the accuracy of the YOLOvV2-Tiny model is not
the highest, achieving around 57.1% mAP (mean Average
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Precision), it allows the model to run faster and take up
less space, with a file size of approximately 44 MB

12
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(Wang et al., 2021).
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Figure 2. YOLOv2-Tiny Architecture (Redmon et al., 2016)

Table 1. Configuration Parameters

Parameter Value
Momentum 0.9
Learning Rate 0.001
Epochs 8000, 9000
Batch 64
Subdivisions 2

The model training configuration parameters are outlined
in Table 1. These parameters were established through a
review of prior studies and experimentation with varying
parameter values. The configuration parameters presented
in Table 1 yielded optimal accuracy at the conclusion of
model training for this study.

. Momentum: How much the history affects the
further change of weights.

Learning Rate: The learning rate is a hyper-
parameter that controls how much to change the model in
response to the estimated error each time the model
weights are updated.

Epochs: Number of iterations
Batch: Represents the number
examples utilized in one iteration.

Subdivisions: The number of blocks subdivided

L ]
° of training

[ ]
batch.
YOLO classification loss is calculated using Eg. (1)
(Redmon et al., 2016).

52
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Here's what each term in the equation represents:

S2: The number of grid cells in the final output
feature map.
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1?” - An indicator function that evaluates if grid
cell i contains an object or not. It equals 1 if an
object is present in cell i and 0 otherwise.

classes: The set of all classes that the model can
predict.

pi(c): The predicted probability of class ¢ for
grid cell i.

p(c): The true probability of class ¢ for the
detected object.

The equation calculates the classification loss by
summing the squared differences between the predicted
probabilities p; (c) and the true probabilities p(c) for each
class ¢ across all grid cells i where an object is present.

The localization loss (errors between the predicted
boundary box and the ground truth) is calculated using

Eq. (2).

s2

Acoord 1?]‘bj [(xi - fi)z + (Yi - }7i)2] +
i

M= 10

0
2

“©

sy Y 130 [5 -  (F- )| @

Il
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Terms in the equation represent:

o Acoora: A scaling factor that balances the impact

of localization loss.

B: The number of bounding boxes predicted per
grid cell.

1;’}.” : An indicator function that evaluates if
bounding box j in cell i is responsible for object
detection. It equals 1 if the box is responsible

and 0 otherwise.
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X, ¥i, Wi, h; The predicted coordinates and
dimensions of the bounding box in cell i.

X, ¥i,w;, h;: The true coordinates
dimensions of the bounding box in cell i.

and

Here, 1;’].bj 1 if the j** boundary box in cell i is

responsible for detecting the object, otherwise it equals to
0. Acoorq increases the weight for the loss in the boundary
box coordinates.

The confidence loss (the objectness of the box) is
calculated using Eq. (3) if an object is detected in the box.

@)

Here, C; is the box confidence score of the box j in cell i.

13"1 if the j®* boundary box in cell i is responsible for
detecting the object; otherwise it equals 0.

s2 yB q0bj
i=0 Zizo 1

g (€ = G)?

The confidence loss is calculated using Eqg. (4) if an
object is not detected in the box;

2 bi o
Anoobj Z§=02i3=0 1(1'71'] (Ci - CL')Z (4)
Here, 177"/ is the complement of 177/, C; is the box

confidence score of the box j in cell i. A,,,,; Weights
down the loss when detecting background.

The final loss adds localization, confidence, and

classification losses together.

Irrespective of the chosen image processing methodology,
handling each pixel and conducting model training is a
protracted and time-consuming endeavor. To address this
issue, the parallel programming approach has emerged,
enabling the execution of multiple operations
concurrently. Through parallel programming,
simultaneous operations can be conducted on each pixel,
thereby abbreviating the training duration (Aydm et al.,
2020). Processors and GPUs (Graphics Processing Units)
employed in parallel programming have undergone
significant advancements and have come to dominate this
domain. The augmentation in GPU core numbers has
rendered GPUs more advantageous than CPUs, as each
core can process data simultaneously and in parallel with
others. Consequently, the escalation in core numbers
augments the number of processes. In this study, parallel
programming is executed on the CUDA (Compute
Unified Device Architecture) platform using the GPU of
virtual computers on Google Colaboratory during the
image processing phase.
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Figure 3. Flowchart of mobile application

voice:You
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3.4. Mobile Application

Figure 3 shows the flowchart of the mobile application.
Upon opening the application, it initiates image capture
from the rear camera, processes the incoming image
through the filter of the trained model, and classifies real-
time captures. This classification creates positive and
negative classes to distinguish between pedestrian and
vehicle traffic lights, thereby training the model
accordingly. Consequently, only information regarding
the green or red class of pedestrian traffic lights is
extracted, and an audio description is generated. Users are
then informed based on the classification outcomes.

The mobile application is developed using Flutter for
Android (Kuzmin et al., 2020). The output weights files
from the model training, saved as .weight and .cfg files,
are converted into a .tflite (TensorFlow Lite) file and
utilized in the developed mobile application. The .tflite
file returns recognition and classification data from the
real-time capture in a string expression, which is then
parsed and employed in the relevant functions. This
approach enables instant classification of captures from
the camera and issuance of relevant commands to the user
via audio prompts.
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How Do | Have Traffic Lights
Read?

Show yo
trafic |
Sire
the "
soslicasior

What's My Personal Information
For?

Emergency Contacts

Thave a¢ o ememency eontacss

What Do Emergency Contacts
Do?

(©)

of crosswalk.

(d)

The objective is to design a mobile application that is
ergonomically tailored for visually impaired individuals,
taking into account their user experience. Upon launching
the application, it establishes a connection with the
camera and begins processing incoming images. If a red
light is detected, a voice guide notifies the user, providing
messages like "Red light, please wait" or "Please continue
waiting" until the red light changes. When a green light is
detected, the voice guide signals the user with "You can
pass.” Similarly, upon detecting a crosswalk, the voice

Example

(d)
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(e)
Figure 4. Mobile application screenshots. (a) Example of red light. (b) Example of green light. (c)

info page. (e Help page

guide alerts the user with "Crosswalk is detected.” Figure
4 displays screenshots of the application.

Personal

The text within the mobile application and its user guide
are synchronized with the phone's voice description
feature, ensuring ease of use even for individuals with
complete visual impairment. Accordingly, the font sizes
in the mobile application are adjusted to a level suitable
for normal vision reading.
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4. Results and Discussion
Figure 5 shows the percent accuracy obtained by testing
the dataset on the trained model.

Results From Test Data
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Figure 5. Results from test data

The highest accuracy, at 94%, is achieved in the negative
class, while the lowest accuracy, at 70.4%, is observed in
the positive class after testing each class. These two
classes are ancillary to the primary focus of this study and
are solely utilized for distinguishing between pedestrian
and vehicle traffic lights. The main parameters of interest
in this study-red, green, and crosswalk classes-
demonstrate accuracies of 89.52%, 89.1%, and 88.57%,
respectively. In Figure 5, the classes are defined as
follows: Positive (Detected pedestrian traffic lights),
Negative (Detected vehicle traffic lights), Red (Red light),
Green (Green Light), and Crosswalk.

Figure 6 illustrates the loss chart of the trained model,
indicating that the average loss value decreased to 0.20 by
the end of the training process. To enhance accuracy
ratios, the dataset can be updated and expanded for re-
training the model, or the same dataset can be utilized for
further training to achieve a lower average loss value. The
utilization of the YOLOv2-Tiny algorithm version
resulted in a slightly lower accuracy ratio in this mobile
application. However, leveraging the Tiny version
facilitated faster response times for real-time image
processing. Opting for higher YOLO versions over
YOLOv2 Tiny would enhance accuracy. Yet, for this
study, YOLOv2 Tiny was chosen due to its compatibility
with the Flutter SDK. Future studies may lean towards
versions with higher accuracy using different mobile
application development platforms.
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Figure 7. Test photos of the trained model. (a) Rainy day
and long-distance example. (b) Insufficient lighting
example. (c) Example of the negative class. (d) Close
distance example.

The model's operational accuracy may decrease upon
integration into a mobile application. Several factors
contribute to this decline. Firstly, the quality of the
captured image is crucial; clearer images yield more
accurate results. Image clarity hinges on three primary
factors: ambient lighting, camera quality, and weather
conditions. Images taken in dimly lit environments tend to
be less clear compared to those taken in adequately
illuminated settings. Conversely, extremely sunny
weather can alter image detection due to sunlight
reflections. Camera quality directly affects image clarity.
In this study, the mobile phone's positioning is also
significant; it is recommended to hang or hold the phone
around the user's chest, ensuring alignment between the
user and the phone's direction. Accuracy might vary in
heavy rain due to camera wetness or reduced visibility.
Addressing such issues may involve developing filtering
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methods tailored to different environmental conditions.
Figure 7 displays the model's performance under various
scenarios.

Table 2 presents a comparison between this study and
previous ones. The comparison encompasses the platform,
methodology, classified objects, and results obtained.
Notably, unlike prior applications, our mobile application
classifies both parameters (Pedestrian Crossing Lights and
Zebra Crossing).

Table 2. Comparison of studies

The Cross-Assist application stands out from others, as
shown in the Table 2, because it is a mobile application
with a high accuracy rate and the capability to identify
both traffic lights and crosswalks. While models created
using the CNN method demonstrate superior accuracy
rates, they are typically run on a GPU unit rather than a
mobile application, which is less ergonomic in practice.

Article Platform Method Detected Object Results

Cross-Assist Mobile App. YOLOV2 Tiny Pedestrian Crossing Lights 89% accuracy
Zebra Crossing 89% accuracy

Li et al., 2020 Portable GPU Unit CNN Pedestrian Crossing Lights 94% accuracy

Shangguan et al., 2014 ~ Mobile App. Hough Transform

Zebra Crossing 90% accuracy

Cheng et al., 2018 Stable camera on glasses  SVM Pedestrian Crossing Lights 74% recall, 98%
precision

Cheng et al., 2017 Glasses CNN Zebra Crossing 60% recall, 85%
precision

Yuetal., 2019 Wearable device CNN Pedestrian Crossing Lights 94% accuracy

Moura et al., 2022 N/A CNN Pedestrian Crossing Lights and Zebra Crossing ~ 95% accuracy

The Cross-Assist application is also tested in a real world
scenario with images taken from different distances on a
4-lane road with a 12 MP camera, both day and night.
Table 3 shows the mean accuracies obtained from 14

application gives much higher recognition accuracies.
This is because when the target to be recognized is far
away, the camera perceives a wide perspective that
includes many different contents. However, as the person

meter, 7 meter and 3.5 meter away from the target traffic ~ approaches the traffic light and crosswalk, the
light and crosswalk. It can be seen from the table that application's target recognition accuracy increases to
results obtained during day time are higher than the night  90%, proving the reliability and accuracy of the
time. When the target to be classified is close the application.
Table 3. Test results obtained from real-world
Class Day Night
14m 7m 35m 14m 7m 35m
Positive %55 %75 %90 %50 %65 %85
Negative %45 %65 %85 %35 %55 %75
Crosswalk %45 %70 %85 %35 %60 %75
Red Light %50 %75 %95 %40 %65 %90
Green Light %45 %75 %90 %35 %65 %90
5. Conclusion

This study aims to create a mobile assistant to ease the
lives of visually impaired people by a developed mobile
application that provides real-time voice alerts about the
status of crosswalks and traffic lights. The model in this
study is trained with the YOLOv2-Tiny algorithm, known
for its success in real-time image processing. The trained
model is tried out with test data. In these trials, it was
observed that the model works with 90% success
accuracy. Training the model with a more extensive
dataset, using higher YOLO versions, and thus using
different mobile application development platforms
would increase the accuracy. In this study, the mobile
application is developed with Flutter. It was
ergonomically designed considering the physical
condition of the user.
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A limitation of this study is that its operational accuracy is
influenced by factors such as image quality, lighting,
weather conditions, and the positioning of the mobile
phone. Sharper images lead to more precise results, while
images captured in poorly lit environments or under very
bright sunlight can reduce success rates. In heavy rain,
accuracy may be affected by camera wetness or
diminished visibility. Additionally, camera quality and the
placement of the mobile phone play a crucial role in
performance.

With this mobile application, a visually impaired person
will be protected from the danger of traffic, and their
participation in social life will be made easier. This study,
which began with the idea of "barrier-free living" as the
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goal of today's modern world, brings that goal closer. In
future studies, the user's address and directions can be
added to the application using the phone's GPS feature.
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OZET

Bu ¢alismada Tiirkiye’de ¢orek otu iiretiminde onemli bir yere sahip olan Burdur ili Bucak
ilgesinde ¢orek otu tiretiminin gelistirilmesi, sorunlar ve ¢oziim oOnerilerinin belirlenmesi
amaglanmustir. Arastirma bolgesinde ¢orek otu tiretiminin giiglii ve zayif yonleri ile tehdit ve
firsatlarin ortaya koyulmasi i¢cin SWOT analizi yontemi kullanilmigtir. SWOT analizi
sonuglarina gore; arastirma bolgesinde ¢orek otu iretiminin en giligli yonii, bdlgenin
agroekolojik yapisinin ve klimatolojik faktorlerin ¢orek otu yetistiriciligine uygun ve isgiicii
talebinin az olmasidir. En zayif yonii, yabanci ot sorununun olmasi, yabanci otlar igin ¢orek
otuna yonelik ruhsatli herbisitin bulunmamasi ve verimin diisiik olmasidir. Corek otu tiretimi
icin firsatlarin, bolgenin iklim ve toprak yapisindan kaynakli icerigindeki “timokinon”
miktar1 ve diger degerlerin istenilen diizeyde olmasi ve alternatif tipta kullaniminin
artmasidir. Uretim tehditlerinin ise, iiretimin hava kosullarma bagli olarak yapilmasindan
dolay1 kurak giden yillarda verimin diigmesi, iiretimin azalmasi ve fiyat istikrasizligimimn
yasanmasidir.
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ABSTRACT

In this study, it was aimed to determine problems and solution suggestions and develop in
black cumin production in the Bucak district of Burdur province which has an important
place in black cumin production in Tirkiye. It was used in SWOT analysis to reveal the
strengths, weaknesses, threats and opportunities of black cumin production in the research
region. According to the SWOT analysis results. The strongest aspect of black cumin
production in the research region is that the agroecological structure and climatological
factors of the region are suitable for black cumin cultivation and the labor demand is low. Its
weakest aspects are that it has a weed problem, there is no registered herbicide for black
cumin for weeds, and its low yield. Opportunities for black cumin production are that the
amount of "thymoquinone" and other values in its content due to the climate and soil
structure of the region are at the desired level and its use in alternative medicine is increasing.
Production threats are that the decrease in productivity, decrease in production and price
instability in dry years due to production depending on weather conditions.

1. Giris

giliney Avrupa’da, Hindistan, Pakistan, Suriye, Tiirkiye ve

Tiirkiye tarimsal potansiyeli, cografi konumu, genis
yiizolglimi, iklimi gibi 6zellikleri bakimindan tibbi ve
aromatik bitkiler iireticiliginde elverisli bir yapiya sahip
olup, tibbi ve aromatik bitkiler bitkisel ilag, gida ve katk1
maddeleri, bitki kimyasallari, kozmetik gibi ¢ogu sanayi
alaninda hammadde olarak kullanilmaktadir. Tirkiye’de
tibbi ve aromatik bitkiler ¢ogunlukla Akdeniz, Ege,
Gilineydogu Anadolu, Dogu Karadeniz ve Marmara
yetismekte olup, daha ¢ok dogadan toplanma yontemiyle
elde edilip pazarlanmaktadir (Bayram vd., 2010). Corek
otu (Nigella Sativa L.), Ranunculaceae familyasma ait
olup gilinimiizde Dogu Akdeniz iilkeleri basta olmak
tizere llkelerin ¢ogunda yaygin olarak iiretimi yapilan
otsu tek yillik bir bitkidir ve binlerce yildir gesitli
kiiltiirler ve medeniyetler tarafindan kullanilmaktadir
(Anshio & Teshome, 2018). Corek otu, oOzellikle eski
Giiney Asya ve Kuzey Afrika’da en az 5000 yildir
yetistirilmektedir. Bugiin Akdeniz havzasinda, dogu ve

Suudi Arabistan’da da yetistirilmektedir (Winnicki,
2018). Ulkemizde ise bolge olarak Akdeniz, Kuzey
Anadolu ve Trakya’da yetistirilmektedir (Cobaner, 2019).
Tiirkiye’de Nigella tiirlindeki 12 tiirdeki cinsi temsil
etmektedir. Tiirkiye’de tarimi yapilmakta olan tiirii ise
Nigella Sativa L.’dir. Bu tiiriin tohumunun igeriginde yag
ucuculugu, act madde gibi kimyasal bilesikler vardir
(Bulca, 2014). Geleneksel tipta bitkiler yiizyillardir gesitli

hastaliklarin ~ tedavisinde  kullanilmistir.  Yapilan
arastirmalar, baharatlarda kanserli diyabetik,
kardiyovaskiiler, pulmoer, nérolojik ve otoimmiin
hastaliklar dahil olmak {izere ¢esitli hastaliklari

onleyebilecek fitokimyasallarin bulundugunu gostermistir
(Aggarwal vd., 2008). Nigella Sativa yiizyillardir
geleneksel tipta kullanilmaktadir. Tohumlarindan ve
yagindan elde edilen ham yag ve Timokinon (TQ),
kanser, kardiyovaskiiler komplikasyonlar, diyabet, astim,
bobrek hastaligi gibi birgok hastaliga karsi etkilidir (Khan
vd.,, 2011). Ayrica ¢orek otunun ¢oklu sistemik
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dengeleyici, hipoglisemiyi iyilestirici ozelligi de
bulunmaktadir. Corek otu iiretimi ve islenmesi ile ilgili
olarak isleme (soguk pres yontemiyle ¢ikarilan tohumun
yagl) kolayligr, kuru tarim miinavebe yoOntemine
uygunlugu, pazara olan talebinin artigi, diger kuru tarim
iriinlerinde  kullanmilan ~ alet  ve  ekipmanlarin
kullanilabilirligi avantajlar1 dikkate alindiginda karli bir
iiretim yontemi olarak degerlendirilmektedir (Yilmaz vd.,
2021). Corek otu son yillarda Tirkiye’de hizla gelisim
gosteren tarim Uriinleri arasindadir ve ¢orek otunun yagi
ise son zamanlarda ihracatta artis gostermistir ve bu
nedenle ayri bir 6nem kazanmaktadir. Soguk pres en ¢ok
tercih edilen tiiketilme yontemidir (Ustiin, 2015).

Tiirkiye’de son yillarda ¢orek otu tiretim miktar: ve ekim
alan1 bakimindan artig egilimi gostermektedir. Tiirkiye’de
¢orek otu ekim alani bakimindan 2012 yilia gdre 2022
yili itibariyle yaklagik 44.99 kat artarak 108 029 dekara
ulasmigtir. Ayn1 donemde {iretim miktar1 62.66 kat artarak
10 089 tona ulasmistir. Burdur ili 2022 yilinda ekim alam
ve iretim bakimindan 2. sirada yer almaktadir. Toplam
ekim alani iginde Burdur ilinin pay1 %18.12 iken (19 578
dekar), toplam iiretim icindeki pay1 ise %17.81 (1 797
ton)’dir. Burdur ilinde 2013 yilina gore 2022 yilinda
corek otu ekim alami yaklasik 1 957.80 kat artarken,
iiretim miktar1 1 797.00 kat artmistir. 2022 yilinda Burdur
ili ilgeleri ig¢inde ise ekim alaninin %81.72°si ve iiretim
miktarinin ise %79.86°s1 Bucak il¢esinde gerceklesmistir
(TUIK, 2024).

Tek yillik olarak {iretilen ¢orek otu, ekonomik ve ticari
oneme de sahip olan bir iriindiir (Datta vd., 2012;
Winnicki vd., 2018). Corek otu liretimi karlilik ve maliyet
analizi yapilan bazi arastirmalarda geleneksel olarak
iretilen bugday, mercimek, arpa, susam ve nohut gibi
tarla bitkileri ile karsilastirmalar sonucunda ¢érek otunun
oransal karlilik oraninin digerlerine gore yiiksek oldugu
sonucuna vartlmistir. Yapilan bir calismada kurak
alanlarda geleneksel olarak yetistirilen bugday, mercimek,
arpa, susam ve nohut gibi tarla bitkilerine gore ¢orek
otunun oransal karlilik oraninin daha yiiksek oldugu
sonucuna varilmistir (Ukav vd., 2017).

Corek otu tiretiminde verimi arttirmak i¢in yapilan birgok
calisma mevcuttur. Bu c¢alismalardan bazilari; ekim
zamani,  gibreleme, yiksek  verimli  ¢esitlerin
gelistirilmesi ve nadastir (Baytore, 2011). Bu ¢alismalarda
dogru giibrelemenin yapilmasi, tireticinin
bilinglendirilmesi, hasadin dogru sekilde yapilmasi, iiriin
bazinda desteklemelerin artmasi ve pazar olusturulmasi
gibi iireticiyi destekleyen sartlarin olusmasi halinde ¢orek
otu {iretiminin artacagi belirtilmektedir. Etiyopya’da
yapilan bir ¢alismada; baharat, yag ve tohum olarak hem
gida tiiketiminde hem de tibbi madde olarak kullanilan
¢orek otu iiretiminin artirilmasinin bolge ekonomisine
katki sagladigi ortaya konmustur (Anshiso & Teshome,
2018).

Corek otu, kurak alanlarda alternatif iirlin olmasi, nadas
alanlarinin  daraltilmasi, rakip driinlere gore nispi
avantajinin yilksek olmasi ile gelir artici ve gelir
cesitlendirici 6zellikleri bakimindan Burdur ili Bucak
ilgesi i¢in ekonomik ve ekolojik olarak 6nemli bir iriin
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ozelligi gostermektedir. Bolgede ¢orek otu
yetistiriciliginin gelistirilmesi hem {ilke hem de bdlge
ekonomisi agisindan 6nem arz etmektedir. Yapilan alan

calismalarinda ¢orek otu yetistiriciliginin  teknik,
ekonomik, yetistiricilik, pazarlama ve destekleme
sorunlarinin  oldugu  gozlenmistir. Bu  sorunlarin

belirlenmesi, bilimsel bir yaklasimla ele alimmasi ve
¢Oziim Onerilerinin gelistirilmesi, ¢orek otu {iretiminin
gelecegi agisindan dnemli bulunmustur. Bu nedenle bdyle
bir calismaya ihtiya¢ duyulmustur. Bu konuda yapilan ilk
calisma olmasi nedeniyle calismanin 6zgiin degeri vardir.

Bu ¢alismanin amaci, Bucak ilgesinde ¢orek otu iiretimin
mevcut durumunun degerlendirilmesi; teknik, ekonomik
ve sosyal sorunlarinin belirlenmesi, ¢orek otu iiretiminin
artirilmasi olanaklar1 incelenerek ¢orek otu {iretiminin
artirtlabilmesi icin neler yapilmas: gerektigine dair
politika ve destekleme Onerilerinin gelistirilmesi olarak
belirlenmistir. Arastirmadan elde edilecek veriler ile

giftcilerin  ¢orek otu iretimi konusunda dogru
yonlendirilmelerine, uzun  donemde ¢orek otu
yetistiriciligine  ve ireticilere  yonelik politikalar

gelistirilmesine bilgi destegi saglanmis olacaktir.
2. Materyal ve Metot

Aragtirmanin  saha calismast kapsaminda, Burdur Ili
Bucak ilgesi Ziraat Odas1 kayitlarindan kdy bazinda ¢orek
otu yetistiriciligi yapan isletme ve ¢ift¢i sayilar1 elde
edilmistir. Elde edilen bu listede toplam 257 cift¢inin 8
423 dekar alanda ¢orek otu iiretimi yaptig1 belirlenmistir.
Bu listelerden Ilge Tarim ve Orman Miidiirlikleri ile
yapilan goriigmeler dogrultusunda; Bucak ilgesini sosyo-
ekonomik agidan temsil edebilecek yerlesim birimlerinde,
anket calismasi yapilmasinin ekonomik ve teknik acidan
miimkiin oldugu belirlenmis ve 4 kdyde/mahallede
(Atilla, Karaaliler, Karapimar, Kizilkaya) anket ¢aligmast
yapilmasina karar verilmistir. Tam sayim yontemine gore
bu dort kdyde ¢orek otu iiretimi yapan 124 giftcinin
tamamu ile anket yapilmasina karar verilmistir. Bu dort
koyde ¢orek otu iiretimi yapan g¢iftgiler, toplam ilge ¢iftci
sayisinin %48.2’sini ve toplam ¢orek otu ekim alanimin
%357.3’1inli temsil etmektedir.

Bu kapsamda, arastirmanin ana materyalini Burdur ili
Bucak ilgesinde (Sekil 1) ¢orek otu yetistiriciligi yapan
124 ciftci ile anket yontemiyle elde edilen birincil veriler
ve “yart yapilandirilmis gorlisme teknigi” ile sektor
paydaslarindan elde edilen nitel veriler olusturmaktadir.

Caligmada arastirma bolgesinde ¢orek otu iiretiminin
gelistirilmesi, sorunlart ve ¢oziim Onerilerine yonelik
degerlendirmelerde bulunmak amacryla, ¢orek otu tiretimi
ile ilgili arastirma bolgesinde yer alan paydaslarla ¢orek
otu bigerdovercileri (2 kisi), tiiccarlar (2 kisi), elekgiler (1
kisi), ¢orek otu yagi ¢ikaran fabrika (1 tane), ziraat odasi
baskan1 (1 kisi) ve ilge tartm orman miidiirii (1 kisi) ile
yapilan  nitel  arastirma  ydntemlerinden = “yari
yapilandirilmig goriigme” teknigi ile elde edilen veriler
SWOT analizinde kullanilmistir. Yar1 yapilandirilmis
goriisme teknigi ne tam yapilandirilmig goriigmeler kadar
kat1 ne de yapilandirilmanmis goriismeler kadar esnektir;
iki u¢ arasinda yer almaktadir. Arastirmaciya bu esnekligi
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sagladigi i¢in bu ¢alismada yar1 yapilandirilmig gériisme
teknigi kullanilmistir (Karasar, 1995). Goriismeler ses
kayit cihazi ile kaydedilmis ve daha sonra
¢Oziimlenmistir.

Nicel verilerin analizinde, temel tanimlayici istatistikler,
mutlak ve nispi dagilimlar, ¢apraz tablolar, basit ve tartili
ortalamalar hesaplanmigtir. Arastirma bdolgesinde sektor
paydaglar1 ile yapilan “yart yapilandirilmis goriisme”
teknigi ile elde edilen nitel veriler ise ¢orek otu iiretiminin
giiclii ve zayif yonleri ile tehdit ve firsatlarinin ortaya
konmasi i¢in yapilan SWOT analizinde kullanilmistir.
SWOT analizinde gii¢lii yonler (strenghts) ve zayif yonler
(weaknesses) ile firsatlar (opportunities) ve tehditleri
(threats) analiz edilmektedir (Eser, 2009).

ANTALY A

Sekil 1. Aragtirma bolgesi
Figure 1. Research area

3. Bulgular ve Tartisma

Tiirkiye’de ¢orek otu ekim alani ve iiretim bakimindan
artig egilimi gostermektedir. Tiirkiye'de illere gore ¢orek
otu ekim alani ve tiretimi ile ilgili gelismeler ¢izelge 1’de
verilmistir. 2022 yilinda Tiirkiye nin ¢orek otu ekim alani
108 029 dekar oldugu goriilmektedir. Burdur’da 2022
yilinda 19 578 dekar alanda ¢orek otu ekilmis olup, bin
797 ton ¢orek otu iiretilmis ve dekara verimi 92 kg olarak
gerceklesmistir. Burdur ili Tiirkiye’deki toplam ekim
alaninin %18.12’sini, iiretim miktarinin ise %17.81’ini
olusturmaktadir. Bu nedenle Burdur’da ¢orek otunun
bolge ekonomisine yapacagi katkilar onemlidir (Cizelge
1).

Cizelge 1. Tiirkiye'de illere gore ¢érek otu iiretimi (TUIK, 2024)
Table 1. Black cumin production by province in Tiirkiye (TUIK, 2024)

Ekilen Alan Uretim Miktar1 Verim
iller Dekar Pay (%) Ton Pay (%) kg/da
Usak 33350 30.87 3510 34.79 105
Burdur 19578 18.12 1797 17.81 92
Kirikkale 13 505 12.50 885 8.77 66
Corum 10 483 9.70 966 9.57 92
Yozgat 4944 4.58 374 3.71 76
Bes 1l Toplam1 81 860 75.78 7532 74.66 86
Diger Iller 26 169 24.22 2 557 25.34 -
Tiirkiye Toplam 108 029 100.00 10 089 100.00 101

Burdur ilinde ilgelere gore ¢orek otu ekim alani, liretim
miktar1 ve verimdeki gelismeler Cizelge 2’de verilmistir.
2022 yilinda Burdur’un ilgelerine gore ¢orek otu ekim
alani, iiretim miktar1 ve verime gore en fazla {iretim
Bucak ilgesinde gergeklesmis olup, ekim alani 16 000
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dekar, tiretim miktart 1 435 ton ve verimi 90 kg/da olarak
gergeklesmistir. Bucak ilgesi Burdur ilindeki toplam
¢orek otu ekim alanmmin %81.72°sini ve iretimin
%79.86’s1n1 olusturmaktadir (Cizelge 2).
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Cizelge 2. Burdur ilinde ilgelere gore ¢orek otu iiretimi (TUIK, 2024)
Table 2. Black cumin production by districts in Burdur province (TUIK, 2024)

flceler Ekilen Alan Uretim Miktar1 Verim

Dekar Pay (%) Ton Pay (%) kg/da
Bucak 16 000 81.72 1435 79.86 90
Golhisar 1300 6.64 117 6.51 90
Celtikgi 865 4.42 87 4.84 101
Cavdir 400 2.04 40 2.23 100
Tefenni 321 1.64 31 1.73 97
Merkez 296 1.51 27 1.50 91
Karamanli 205 1.05 27 1.50 132
Aglasun 160 0.82 30 1.67 188
Kemer 24 0.12 2 0.11 83
Yesilova 7 0.04 1 0.06 143
Burdur Toplam 19 578 100.00 1797 100.00 92

Saleyman Demirel Universitesi

Dogal Urtinler Uygulama ve Arasturma
Morkezi

Sekil 2. Arastirma bolgesinde ¢orek otu yetistiriciligi
Figure 2. Black cumin cultivation in the research area
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Corek otu iiretiminde bolge olarak farklilik gdstermekle
birlikte ¢orek otu siiriimii aralik, ocak, subat aylarin
herhangi birinde yapilmaktadir. Tohum ekimi hava
sartlar1 da goz oniinde bulundurarak subat ay1 sonu mart
ayr bast gibi yapilmaktadir. Giibre tohumla birlikte
verilmektedir. Corek otunun ekilecegi tarlada eger ot
gozlenmis ise ot ilaglamast ekimden 20 giin sonra
yapilmaktadir ancak yagmurun gozetlenmesi
gerekmektedir. Mart, nisan aylarinda yabanct ot
miicadelesi el ile ya da c¢apalama yOntemiyle
yapilmaktadir. Hasat islemi ise temmuz aymin ikinci
haftasinda  baglayarak  temmuzun sonuna  kadar
tamamlanir. Hasat bigerddver ile yapilmaktadir.

Corek otu isletmelerinin sosyo-demografik &zellikleri
Cizelge 3’ te verilmistir. Arastirma bdlgesinde ¢orek otu
yetistiriciligi yapan cift¢ilerin yaslarinin ortalamasi 58.42
y1l olarak bulunmustur. Corek otu iireticilerinin egitim
siiresi ortalamasi 7.73 yil olarak hesaplanmistir. Corek otu
iireticilerinin tarimsal deneyim siiresi ise ortalama 36 yil

olarak saptannustir. Ureticilerin ¢orek otu deneyim siiresi
ortalamasinin ise 5.02 yil oldugu tespit edilmistir. Corek
otu Ureticilerinin hane halki kisi sayis1 ortalamasi 3.18
kisi olarak bulunmustur. Hanede tarimda g¢aligan ortalama
kisi sayis1 1.45 kisi olarak tespit edilmistir. Corek otundan
elde edilen yillik gelir ortalama 74.84 bin TL olarak
hesaplanmustir. Islenen toplam arazi miktar1 ortalamast ise
128.97 da olarak bulunmustur. Yillik ¢érek otundan elde
edilen gelir, yilik toplam elde edilen tarimsal gelirin
%47.07’sini olusturmaktadir. Islenen toplam ¢orek otu
ekim alan1 ortalamasi 44.64 da olarak bulunmustur. Corek
otu ortalama verim 69.94 kg olarak bulunmustur. Coérek
otu ortalama satis fiyat1 20.08 TL olarak belirlenmistir.
Corek otu treticilerinin tamaminin ziraat odasina ortak
olduklar1 belirlenmistir. Ziraat Odasina ortak olan
ciftcilerin %41.94’ti Tarim Kredi Kooperatifine ortak
iken, %1.61°’1 ise Seker Pancari Kooperatifine ortak
olduklar1 saptanmistir (Cizelge 3).

Cizelge 3. Incelenen ¢érek otu isletmelerinin ve ciftcilerin Sosyo-demografik 6zellikleri
Table 3. Socio-demographic characteristics of the examined black cumin farms and farmers

Ozellikler Ort. S.S.
Yas 58.42 11.26
Egitim (y1l) 7.73 3.62
Tarimsal Deneyim 36.00 13.86
Corek Otu deneyimi 5.02 2.00
Hane Halki Kisi Sayis1 (Adet) 3.18 1.26
Hanede Tarimda Calisan Kisi Sayisi 1.45 0.60
Yillik Tarimsal Gelir (Bin TL) 158.99 326.83
Yillik Corek Otundan Elde Edilen Tarimsal Gelir (Bin TL) 74.84 147.07
Islenen Toplam Arazi Miktari (da) 128.97 149.50
Islenen Toplam Corek Otu Ekim Alani(da) 44.64 66.96
Corek Otu Ortalama Verim(kg) 69.94 13.98
Corek Otu Satis Fiyat1 (TL) 20.08 2.62
N %
Ziraat Odasima Uye Ciftciler 124 100.00
Tarim Kredi Koop. Ortak Ciftgiler 52 41.94
Seker Pancar1 Koop. Ortak Ciftciler 2 1.61

Corek otu iiretiminde iireticilerin yasadigi sorunlar ve
iireticilerin ¢orek otu iretimi ile ilgili diislincelerine
iliskin veriler Cizelge 4’te verilmistir. Ciftcilerin
%66.94’1i depolama ile ilgili sorun yasadigini ifade
ederken, %066.94°1 ¢orek otu satisini gerceklestirirken
sorun yasadigini, %87.90’1 hasat, depolama ve tasimada
kullandiklar1 teknolojiler ile ilgili sorun yasamadiklarini,
%50.81°1 alet ve makine temininde sorun yasamadiklarini

ifade  etmislerdir.  Cift¢ilerin ~ tamami  tarimsal
desteklemelerden faydalandiklarini belirtirken,
yararlanilan  tarimsal  desteklemelerden  giftcilerin
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%94.35’1 yeterli bulmadigini belirtmislerdir. Cift¢ilerin
%87.90°1 tarimsal iiretimde sertifikaya sahip olmadigini,
%98.30’u ¢orek otu iiretiminde devletten beklentilerinin
oldugunu, %54.03’1 tarimsal amagl yatirim yapmadigini,
%68.55°1 teknik bilgi almadigini, %72.58’1 ¢orek otunu
ilk sirada tercih ettiklerini ifade etmis, ¢iftcilerin %69.35’1
ise tarim dig1 meslekle ugrasmadiklarini ifade etmislerdir

(Cizelge 4).
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Cizelge 4. Corek otu iiretiminde iireticilerin yasadig1 sorunlar ve diisiinceleri
Table 4. Problems and thoughts of farmers in black cumin production

N %

Depolama ile ilgili sorun yasama durumu

Evet 83  66.94

Hayir 41 33.06
Ureticilerin corek otu pazarlamasinda sorun yasama durumlar

Evet 83 66.94

Hayir 41  33.06
Ureticilerin hasat ile ilgili sorun yasama durumlari

Evet 15 1210

Hayir 109 87.90
Ureticilerin alet ve makinelerin temininde sorun yasama durumlar:

Evet 61 49.19

Hayir 63 50.81
Ureticilerin tarimsal desteklemelerden faydalanma durumlar

Evet 124 100.00

Hayir 0.00 0.00
Ureticiler yararlandiklari tarimsal desteklemeleri yeterli bulma durumu

Evet 7 5.65

Hayir 117 94.35
Ureticilerin tarimsal iiretim ile ilgili sertifikaya (tibbi ve aromatik bitki yetistiriciligi, iyi
tarim uygulamasi, organik tarim vb.) sahip olma durumu

Evet 15 12.10

Hayir 109 87.90
Ureticilerin corek otu iiretiminde devletten beklentileri var mi?

Evet 122 98.39

Hayir 2 1.61
Ureticilerin tarimsal amach yatirim yapma durumlari

Evet 57 45.97

Hayir 67  54.03
Ureticilerin teknik bilgi alma durumlar

Evet 39 31.45

Hayir 85 68.55
Ureticilerin ¢orek otu iiretimini ilk sirada tercih etme durumlar

Evet 90 72.58

Hayir 34 27.42
Ureticilerin tarimsal faaliyet disinda gelir durumu

Evet 86 69.35

Hayir 38 30.65

Aragtirma bolgesinde iireticilerin ¢orek otu iretimi ile
ilgili yasadig1 sorunlarin igerik analizi Cizelge 5°te
verilmistir. Ureticilerin yasadig1 {iretim, depolama,
pazarlama, Alet/makine temini, hasat ve tagima
sorunlarinin alt bagliklar1 da incelenmistir. Depolama ile
ilgili yasanilan sorunlarda ciftgilerin %66.94’1 kurutma
ile ilgili sorun yasadifi, ¢orek otu pazarlamasinda
karsilagilan  sorunlarda giftgilerin  %58.06’s1  pazar
bulamama durumundan kaynakli sorun yasadigi,
alet/makine ili ilgili yasanan sorunlarda gift¢ilerin
%31.45’1 tretim araglart  maliyetlerinin  yiliksek
olmasindan dolay1 sorun yasadigini belirtirken %58.78’si
ise alet/makine ile ilgili sorun yasamadigmni belirtmistir.
Hasat ve tasimada ise ¢iftcilerin %87.90’1 gibi biiyilik bir
kismi sorun yasamadigini belirtmistir. Alet ve makine
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temininde yasadiklari sorunlarda g¢iftgilerin  %37.90°1
desteklemelerin yetersiz veya destek olmamasindan
dolay1 sorun yasadigini belirtirken, %50.81°1 ise sorun
yasamadigini belirtmistir. Uretim asamasinda yasadigi
sorunlarda ciftcilerin tamamina yakin kismi %99.19°u
yabanci ot ile miicadelenin ¢ok zor olmasindan dolayi
sorun yasadiklarini belirtmistir (Cizelge 5).

Usak ilinde yapilmig olan bir calismada ¢orek otu
iireticilerinin %32.88’1 yabanci ot miicadelesi ile ilgili
sorun yasadiklarini, %30.14’li pazarlama ile ilgili sorun
yagadiklarimi, %28.77’si tarimsal desteklemelerin yetersiz
olmasindan dolay1 sorun yasadiklarmni, %35.47’si diger
sorunlarin (bicerdover kaybi vb.) olmasindan kaynakl
sorun yasadiklarini, %2.74’i  herhangi bir sorun
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yasamadiklarmi belirtmislerdir. Ureticilerin tamam ise
girdi maliyetlerinin yliksek olmasindan dolay1 sorun
yasadiklarim1  belirtmiglerdir (Can, 2020). Calismalar
kargilagtirildiginda yapilan bu c¢aligmada iireticilerin
nerdeyse tamami yabanci ot miicadelesi ile ilgili sorun

desteklemelerin yetersiz/yok olmasindan kaynakli sorun
yasadigini, %56.45’i ise girdi maliyetlerinin yiiksek
olmasindan kaynakli sorun yasadiklarini belirtmisleridir.
Buradan ¢orek otu iiretimine yonelik ayrica herhangi bir
destekleme modelinin olmamasi, yabanci ot miicadelesi

yasadigini, 9%58.06°s1 pazar bulamama durumundan ig¢in bir herbisitin gelistirmemis olmasi, pazarlama
kaynakli  sorun  yasadigmi,  %37.90’t  tarimsal kanallarmin yetersiz olmasi sonucuna ulasilabilir.
Cizelge 5. Ureticilerin ¢érek otu iiretimi ile ilgili yasadig1 sorunlarin analizi
Table 5. Analysis of the problems experienced by farmers regarding black cumin production
N %*
Depolama ile ilgili yasanilan sorunlar
Kurutma ile ilgili 83 66.94
Depo alaninin olmamasi 18 14.51
Depo kira maliyetleri yiiksek 5 4.03
Sorun yagsanmiyor 41 33.06
Corek otu pazarlamasinda Kkarsilasilan sorunlar
Pazar bulamama durumu 72 58.06
Yeterli alicinin bulunmamasi sorunu 51 41.13
Fiyat istikrarinin olmamasi 48 38.71
Tiiccarla anlasmazlik 6 4.84
Sorun yasanmiyor 41 33.06
Alet/makine ili ilgili yasanan sorunlar
Uretim araglar1 maliyetlerinin yiiksek olmasi 39 31.45
Teknolojik yetersizlik 10 8.16
Corek otuna uygun alet makinenin olmamasi 6 4.84
Alet/makineye ulasamama sorunu 4 3.23
Sorun yaganmiyor 73 58.87
Ciftcilerin hasat ve tasimada yasadig: sorunlar
Hasat makinesi kalibrasyon ayarinin uygun 15 12.10
yapilamamasi
Kullanilan teknolojilerin maliyetleri yiiksek 12 9.68
Alet makineye ulasmada sikintilarin yaganmasi 3 2.42
Sorun yaganmiyor 109 87.90
Ciftcilerin alet ve makin temininde yasadiklari sorunlar
Desteklemeler yetersiz/yok 47 37.90
Maliyet agisindan yiiksek 37 29.84
Sorun yaganmiyor 63 50.81
Ciftcilerin iiretim asamasinda yasadigi sorunlar
Yabanci ot ile miicadelesinin ¢ok zor olmasi 123 99.19
Girdi maliyetlerinin yiiksek olmas1 70 56.45

*Birden fazla cevap oldugu i¢in oranlar toplami 100’den fazla ¢ikmustir.

Aragtirma bolgesinde ¢orek otu iiretiminin gelistirilmesi,
sorunlari ve ¢Oziim Onerilerine yonelik
degerlendirmelerde bulunmak ve SWOT analizi yapmak
amactyla ¢orek otu iiretimi ile ilgili paydaslarla (¢orek otu
bigerdovercileri, tliccarlar, elekgiler (sorteks), ¢orek otu
yag1 ¢ikaran fabrika, aktarlar, ziraat odasi1 basgkani ve ilge
tarim orman miidiiri vb.) nitel arastirma yontemlerinden
“yar1 yapilandirilmis goriisme” teknigi ile goriisme
yaptlmigtir. Goriismeden elde edilen nitel veriler
¢cozlimlenerek ¢orek otu iiretiminin giiclii ve zayif yonleri
ile tehdit ve firsatlart SWOT analizi ile ortaya konmustur.
Corek otu yetistiriciliginde SWOT analizi sonuglart
Cizelge 6°da verilmistir. Arastirma bolgesinde ¢orek otu
iiretiminin en giicli yonleri; bdlgenin agroekolojik
yapisinin ~ ve klimatolojik  faktorlerin  ¢orek otu
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yetistiriciligine uygun, isgiicii talebinin az, alternatif
iriinlerle karsilastirildigt zaman iiretimin karli olmast,
hasadinin kolay, tek yillik olmasi ve miinavebeye
girmesidir.

Zay1f yonlerinin ise; yabanci ot sorunun olmasi, yabanci
otlar i¢in ¢orek otuna yonelik ruhsatlh herbisitin
bulunmamasi, verimin diisilk olmasi, sertifikali tohum
kullanilmamasi, hasatta makine kalibrasyon ayarinin
yapilamamasi, pazarlamada Orgiitlenmenin olmamasi ve
devlet desteklerinin yetersiz olmasidir.

Corek otu iretimi igin firsatlar ise; alternatif tipta
kullanimim artmasi, korona viriisiine karsi etkisi diinya
basminda yer almasindan dolayr dneminin artmasi, son
yillarda ¢orek otu tohumuna ve yagina olan tiiketici



Ozer ve Yilmaz / Tiirk Bilim ve Miihendislik Dergisi, 6(2): 82-91, 2024

talebinin artmis olmasi, ¢orek otu ihracatinin artmis
olmasi, bolgede yapilan ¢orek otu yag analiz rapor
sonuglarma gore bolgenin iklim ve toprak yapisindan
kaynakli igerigindeki “timokinon” miktar1 ve diger
degerlerin istenilen diizeyde olmasi, i¢ ve dis pazarda
talebin olmasi ve artacagi beklentisinin olmasidir.

Corek otu dretiminin tehditleri ise; Uretimin hava
kosullarina baglh olarak yapilmasindan dolay1 kurak giden
yillarda verimin dlismesi, iretimin azalmasi, arz
miktarindaki degismeye bagli olarak fiyat istikrarmin
saglanamamasi, yabanci ot sorunun olmasi ancak yabanci
otlarla miicadele i¢in ruhsatli zirai ilaglarin olmamasidir

(Cizelge 6).

Cizelge 6. Arastirma bolgesinde ¢orek otu yetistiriciliginin SWOT analizi
Table 6. SWOT analysis of black cumin cultivation in the research region

Giigli Yonler (Strengths)

e  Uygun ekolojik ve klimatolojik faktorlere sahip
olmasi,

Agroekolojik yapinn ¢orek otu yetistiriciligine
uygun olmasi,

Isgiicii talebinin az olmasi,

Hasadinin kolay olmasi,

Corek otu iiretimi igleme tekniginin gelismesi

Tek yillik olmasi ve miinavebeye girmesi,

Alternatif {irlin olarak diger {iriinlerle karsilastirildig:
zaman Uretimin karli olmast,

Geleneksel olarak yayginlasmasi yani sira ata tohumu
olarak tiretilen yerli ve milli tohumun toprak, iklim
yapistyla uyumu sonucu, analiz degerlerinin ortalama
standartlarinin {izerinde olmasi,

Hasat tekniginin gelistirilmis teknolojiye bagli olarak
yapilmasi,

Uretim metot ve tekniklerin yillar itibariyle ciftgi
tarafindan 6grenilip benimsenmesi,

Mevcut makine parkinin degerlendirilmesi agisindan
makineli tariminin yapilabilmesi,

Diinyada bitkisel kaynakli tiriinlere talebin artmasi,
Yerel kullanim aligkanliginin olmast,

Tohum maliyetinin diisiik olmasi

Zayif Yonler (Weaknesses)

e  (Corek otunun verimini etkileyen en biiyiik sorunun
yabanci ot olmast,

Zirai miicadele konusunda ¢orek otuna yonelik
ruhsatli herbisitin bulunmamasi,

Uretici biling diizeyinin yetersiz olmas,

Bazi yillarda yagislarin istenilen diizeyde gitmemesi
¢orek otunun gelisme déneminde bitkinin etkin su
aliminin yetersiz olmas1 durumunda verimde
azalmaya gozlenmesi,

Corek otu iireticilerinin ¢orek otu pazarlamasinda
bireysel olarak hareket etmeleri,

Sertifikali tohum kullanilmamasi ve verim
diistikligd,

Tiiccarin sayisinin az olmasi, yurt i¢ginde mamul ve
yart mamule donistiiriilmemesi,

Hasat sirasinda kullanilan makinenin kalibrasyon
ayarmin yapilamamas,

Kooperatif veya benzeri bir yapinin olmamasi,
Sektérde marka olusturulamamast,

Kirsal gog ve geng niifusun azalmasi,

Uluslararas1 organizasyonlarda {irliniin
tanitilamamasi,

Devlet desteklemelerinin yetersiz olmasi,

Uriin isleme (mamul, yar1 mamul) tarima dayali
sanayi tesislerinim yetersiz olmasi

Firsatlar (Opportunities)

e  Alternatif tipta vazgegilmez olmasi,
Corek otu tohumunun baharat olarak yiyeceklerde
kullanilmasi,
Corek otunun alternatif tipta kullanilmasi ve son
yillarda korona viriisiine kars1 etkisi diinya basininda
yer almasindan dolay1 dneminin artmast,
Son yillarda ¢orek otu tohumuna ve yagina olan
tiikketici talebinin artmis olmasi,
Corek otu ihracatinin artmis olmasi,
Bolgenin ¢orek otu iiretim merkezi konumunda
olmasi, ham madde ihtiyacinin
en kolay sekilde temin edilmesi, bolgede ¢orek otu
isleme ve yag sikim tesislerinin olmasi, bdlgenin
tarim sanayi bakiminda gelismesinde dnemli
faktordir,
Bolgede yapilan ¢orek otu yag analiz rapor
sonuclarina gore bolgenin iklim ve toprak yapisindan
kaynakli igerigindeki “timokinon” miktar1 ve diger
degerler istenilen diizeyde olmasi,
Diinya' da ¢orek otu iiretimi yapan ¢ok az sayida iilke
olmasindan dolayi1 bdlgenin iiretim deseninde ilk
siralarda gelmesi,
I¢ ve dis pazarda talebin olmas: ve artacagi beklentisi

Tehditler (Threats)

e  Arz miktarinda artislarin olmasi durumunda fiyat
istikrarinin saglanamamasi,

Uretimin hava kosullarina bagli olarak yapilmast,
iiretim yilinin ¢ok kurak gitmesi durumunda verimin
diigmesi ve iiretimin azalmasi

Corek otunda yabanci ot sorununun fazla olmasi ve
ruhsatli ilag bulunmamasi,

Fiyatlarda yillar itibariyle dalgalanmalarin
yasanmast,

Corek otu {iretimine yeni giren lireticinin biling
diizeyinin yetersizligi.

Pazarlama da orgiitlenmenin olmamas,

Yurtdisi piyasalarin diisiik déviz kuruna bagli olarak
daha diisiik fiyata {iriin arz etmesi,

Gglii ihracate tilkelerin varhigi
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4. Sonuclar ve Oneriler

Ulkemizde ¢orek otu iiretimine ve islenmesine yonelik
yapilmasi beklenen yatirnmlarin arz ve talep dengesi
dogrultunda degerlendirildiginde arz yoniinde ihtiyacin
oldukca fazla seviyede oldugu goriilmektedir. Yapilacak
olan yatirimlar ile iilkemizin ¢orek otu ihtiyaci1 yerli
iiretimle karsilanacak ve daha da 6nemli olan ise ihtiyag
fazlasi 1iriin ihracata konu olarak doviz girdisi
saglanacaktir.

Corek otu pazarlamasinda ve ihracatinda en biyiik
problem ig¢indeki ot tohumlaridir. Cérek otunda en biiytlik
problem yabanci ot sorunu oldugu i¢in hasatla birlikte ot
tohumlar1 ¢6rek otu tohumlarinin ig¢ine karigsmaktadir.
Hasattan sonra ¢orek otuna eleme islemi yapilmasi
gerekmektedir.

Corek otu bitkisi yurt i¢inde tiretilen {iriinler arasindadir.
I¢ piyasadan tedarigi konusunda gerekli olan calismalar

yapildiktan sonra, yurt disindan tedarik edilmesi
konusunda  pazarlama ve iiretim planlamasinin
uygulanmasi bitkisel iretim potansiyelimizin

gelistirilmesi bakimindan dnem arz etmektedir. Uretim ve
ihracat potansiyeli dikkate alinirsa, pazarlama stratejisiyle
birlikte Tirkiye’nin dis pazarda kiiresel iistiinliige sahip
olmas: da sdz konusu olacaktr.

Corek otuna ruhsatli bir herbisit olmadig i¢in ¢orek otu
i¢in ruhsatli bir herbisit gelistirilmesi gerekmektedir.

Corek otuna yonelik sertifikali tohum kullanimi istenilen
diizeyde degildir. Sertifikali tohum kullaniminin yararlari
yayimcilar tarafindan iireticilere anlatilmali ve bu konuya
yonelik yayim ¢aligmalari yapilmasi gerekmektedir.

Corek otunun 6nemli hastalik ve zararlis1 yoktur. Corek
otu tizerinde durulmasi gereken konu, iiretim ydnteminin
organik veya iyl tarim uygulamasi yontemleriyle
yapilmasidir. Fakat bu yontemlerin gerektirdigi sartlar
¢ok kapsamli olmasindan ve maliyet agisindan yiiksek
olmasindan dolay: ¢iftciler tercih etmemektedir. Corek
otu igin organik tarima ve iyi tarim uygulamasina uygun
olan sartlarin daha esnek olmasi saglanmalidir.

Corek otunda bir dekarda kullanilan tohum miktar1 1.5-2
kg arasindadir. Girdi olarak tohumla birlikte sadece taban
giibresi kullanilmaktadir. Bolgede iiretimi yapilan diger
iiriinlerde kullanilan girdiler (tohum, giibre, tarim ilaci
vb.) ile ¢orek otunda kullanilan girdiler karsilastirildig
zaman ¢orek otunda daha az girdi kullanilmaktadir. Bu
sebepten dolayr arastirma bdolgesinde ¢orek otu diger
tiriinlere gore daha az masrafli ve karli bir tiriin olarak 6ne
¢ikmaktadir.

Corek otunun pazarlama olanaklarinin gelistirilmesi ve
igslenmesi i¢in bdlgede {iiriine yonelik isleme tesisleri
kurulmasi gerekmektedir.

Bolgede c¢orek otuna yonelik sadece mazot ve giibre
destegi  verilmektedir. Birka¢ ireticiye iyl tarim
uygulamasi destegi verilse de bu yeterli diizeyde degildir.
Bolgede tiretimin artirilmasi ve devamliligin saglanmasi
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icin ¢orek otuna yonelik farkli destekleme modelleri
uygulanmasi gerekmektedir.

Bolgede ¢orek otunun verim degerleri ¢ok diisiiktiir.
Yiikksek verimli ve kurakliga dayanikli cesitlerin
gelistirilmesi  igin  AR-GE ¢alismalarmin yapilmasi
gerekmektedir.

Ulkemizde gelistirilmis tescil edilmis olan tek ¢orek otu
cesidi Cameli’dir. Ancak tek cesit ¢orek otu ihtiyaci
karsilamada yetersiz kalmaktadir. Corek otu ile ilgili yeni
gesitlerin gelistirilip tescillenmesi i¢in AR-GE ¢aligsmalari
yapilmasi gerekmektedir.

Corek otunun en biiylik ihracat pazari olan ¢érek otu yagi
icin AB standartlarma uygun ambalajlama calismalar
yapilmali, ¢orek otu yag ihracatinin genislemesi igin,
¢orek otu yag kalitesini artiran c¢aligmalar yapilmasi
gerekmektedir.

Bolgede iretimin artirilmasi ve devamliligin saglanmasi
icin ¢orek otuna yonelik iliretim yonlendirmesine dayali
farkli destekleme modellerinin uygulanmasi
gerekmektedir.

5. Tesekkiir

Bucak ¢orek otu iireticilerine ulasmamda yardime1 oldugu
icin Bucak Ziraat Odas1 Bagkanligina tesekkiir ederim.

Cikar Catismast Beyani
Yazarlar arasinda herhangi bir ¢ikar ¢atigmasi yoktur.
Arastirmacularin Katki Orani Beyani

HY: Damgman olarak ¢alismanin tasarlanmasinda,
makalenin her asamasinda ve makalenin olusturulmasinda
katk1 saglamistir.

SO: Calismanin veri toplama, analizlerinin yapilmasi ve
makalenin yazilmasinda ve olusturulmasinda katkida
bulunmustur.
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ABSTRACT

Times In recent years, the use of cellulosic fiber reinforcements in polymer matrix
composites has increased. In this study, composites were produced with fibers obtained from
the Cortaderia selloana plant and the absorption and thermal properties of the obtained
samples were investigated. Composite samples were produced by compression molding using
a high-performance epoxy polymer matrix of short Cortaderia selloana (pampa grass) fibers
of different densities. It is aimed to produce materials with improved absorption and thermal
properties by producing composites with large amounts of fiber. Thermal properties and
water absorption behaviors of Cortaderia selloana fiber reinforced epoxy composites of
different densities prepared using the compression molding technique were examined. The
experiments were carried out by varying the composite density (50, 60, 70, 80, 90 and 100
kg/m3). In addition, the water absorption behavior was analyzed at different temperatures of
10°C to 40°C. Cortaderia selloana fiber reinforced composites with a density of 75 kg/m?
showed better thermal properties at 30°C. The water absorption rate was better at 40°C in
Cortaderia selloana fiber reinforced composites with a density of 66.3 kg/m?. Additionally,
by increasing the temperature, the water absorption rate of the composites also increases.

Cortaderia selloana Kisa Elyaf Takviyeli Siirdiiriilebilir Kompozit Malzemenin Is1
Yalitimi Ve Su Emme Ozelliklerinin Incelenmesi
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OZET

Son yillarda polimer matrisli kompozitlerde seliilozik lif takviyelerin kullanim1 artmistir. Bu
calismada, Cortaderia selloanabitkisinden elde edilen lifler ile kompozit iretilmis ve elde
edilen numunelerin absorpsiyon ve termal 6zellikleri arastirilmistir. Farklt yogunluklarda kisa
Cortaderia selloana (pampa otu) elyaflar1 yiiksek performansli epoksi polimer matrisi
kullanilarak = sikistirilmis  kaliplama yoluyla kompozit numuneler iretilmistir. Biiyiik
miktarlarda elyaf ile kompozit iireterek absorpsiyon ve termal oOzellikleri gelistirilmis
malzeme tretilmesi amaglanmistir. Basingli kaliplama teknigi kullanilarak hazirlanan farkli
yogunlukta elde edilmis Cortaderia selloana elyaf takviyeli epoksi kompozitlerin termal
ozellikleri ve su emme davranislari incelenmistir. Deneyler, kompozit yogunlugu (50, 60, 70,
80, 90 ve 100 kg/ m®) degistirilerek gergeklestirilmistir. Buna ek olarak, su emme davranisi
10°C ila 40°C'lik farkli sicakliklarinda analiz edilmistir. Yogunlugu 75 kg/m® olan
Cortaderia selloana elyaf takviyeli kompozitler 30°C'lik sicaklikta daha iyi termal 6zellikler
gostermistir. Yogunlugu 66.3 kg/m® olan, Cortaderia selloana elyafla giiglendirilmis
kompozitlerde 40°C’lik sicaklikta su emme orani daha iyi ¢ikmustir. Ayrica, sicakliginin
arttirllmasiyla kompozitlerin su emme orani da artmaktadir.

1. Introduction

parallel with the developments in technology, the
standards expected from the materials have increased and

The use of cellulosic fiber reinforced polymer matrix
composites has increased. Liquid absorption time is the
time required for the absorbent material sample to be
completely wetted by the test liquid, that is, the time
required for a liquid to penetrate its internal structure
under specified conditions. Liquid absorption capacity is
the expression of the amount of liquid absorbed by a unit
mass of the test absorbent, under specified conditions and
after a specified time, as a percentage of the mass of the
test absorbent.

Liquid transfer behavior of composite materials is
important for the performance of a product during
production processes and end use. In composite
production, liquid absorption and thermal properties of
the raw material used, composite formation technique and
structural parameters must be taken into consideration. In

the expectations have increased. These expectations are
related to the liquid absorption properties of the materials
that make up the composite, therefore composites with
different properties, especially functional materials, are
studies aimed at changing the liquid absorption properties
of the material from which they are produced (making it
liquid absorbent or liquid repellant). For many technical
textile fields, the development of which has increased
rapidly in recent years, the liquid absorption properties of
the products are an important factor affecting their
performance. Technical textile products such as
geotextiles and agrotextiles and packaging textiles in
contact with the soil are expected to have liquid
absorption or liquid repellency and breathability
properties, depending on the area of use. In order to gain
these features, the stated objectives can be achieved
through production processes starting from raw materials.
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In the absorption event, an interaction occurs between
water molecules and the molecules in the structure of the
fiber. Therefore, natural fibers with hydrophilic groups
that interact with water (including regenerated fibers of
natural origin) absorb liquid because they have molecules
that can bond with water, while synthetic fibers interact
with a very small amount of water. Since they have
groups that can enter the liquid, their liquid absorption
capacity is quite low. During the interaction between
textile material and water, water primarily adheres to
hydrophilic groups. Then, water molecules either attach to
hydrophilic groups or form a new layer by attaching to
previously bonded water molecules. Water molecules that
bind directly to hydrophilic groups are tightly bound and
their movements are limited. Indirectly bonded water
molecules, whose molecular arrangements are more
irregular, have a looser structure and move more easily. In
the crystalline regions of textile materials, fiber molecules
are tightly packed and ordered. Active groups formed
cross-links between molecules. For this reason, it is not
easy for water molecules to penetrate into the crystalline
region, and some of the cross-links between active groups
must be broken for water absorption. Water absorption of
a material gives an idea about the ratio of crystalline and
amorphous regions of the structure. Crystalline regions
have the effect of mechanically preventing the penetration
of water into the structure and reducing the number of
hydroxyl groups suitable for bonding. As absorption
increases, cross-links break and are replaced by water
molecules. Depending on the resistance mechanism of the
fiber structure against change, the breaking and re-
formation of cross-links occurs in the form of a hysteresis,
and this causes the formation of liquid
absorption/desorption hysteresis. Although glucose and
cellulose have chemically similar structures, their
interactions with water are very different; While glucose
dissolves in water, cellulose swells to a certain extent.
Limit swelling is caused by the liquid penetrating into the
amorphous parts of the structure or between the fibrils
and not being able to enter the crystalline regions.

Ramesh et al. (2021) and various research studies have
predicted the benefits of using natural fibers as
reinforcement instead of artificial fibers in the production
of composites (Ramesh et al., 2021). Compression
molding method has been used to produce composites and
they have been subjected to water absorption and
mechanical property tests such as bending, tensile and
impact tests. It has been observed that the water
absorption and mechanical properties of the composites
are at the same level as other natural fiber reinforced
composites tested in past literature studies. In their
studies, the mechanical properties, high water uptake or
water solubility of PVA-based composites containing
PVA mixture polymers with particles or fiber used as
reinforcement materials were examined (Jain et al., 2017).
Ajithram et al. (2022), they determined the fiber
extraction methods from different types of water hyacinth
plants and investigated the effects of each of these
methods on the mechanical, absorption and
morphological properties of water hyacinth fiber
composites (Ajithram et al., 2022). In the study conducted
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by Diaz et al. (2010), the sound absorption of reed panels
was investigated and they found that reed panels provided
the best absorption at high and medium frequencies.
Showed that the composite material produced by utilizing
cotton textile wastes such as stubble and landfill wastes
such as sunflower stalks can be used as an insulation
material by mixing it with sufficient epoxy (Binici et al.,
2013). Investigated the acoustic properties of natural fiber
reinforced composites in his article. The pulps produced
using fibers obtained from the orange tree have been
subjected to different processes. These pulps were used as
reinforcement for a polypropylene matrix. The resulting
composite materials were subjected to acoustic tests.
Transmission losses were obtained and soundproofing
properties were investigated (Reixach et al., 2015).
Examined the acoustic properties of natural fibers in their
research and determined that they have good sound
insulation properties as a result of measurements made
with natural fibers. As the thickness of the fibers
increased, the sound insulation value in the low frequency
range increased. Kenaf, ljuk, coconut kernel and 2%
alkaline treated palm oil were examined using the
impedance tube test method to determine the sound
absorption coefficients of natural fibers (Kaya & Dalgar,
2017). As a result, it has been stated that natural fibers
can be a good alternative sound absorber compared to
synthetic fibers (Yahya et al., 2017). In a study, it was
determined that the sound absorption coefficient
characteristic did not change with environmental
conditioning, but the sample temperature caused a
significant change in the sound absorption coefficient of
the materials (Seggin et al., 2017). A comparison of
thermal insulation materials containing  various
agricultural wastes is presented. Three types of binders
were used, along with wheat straw, rye straw, flax, oat
straw, barley straw, rice straw and rice husk. It has been
stated that the plates prepared with rye straw and flax and
liquid glass as a binder have the best physical and
mechanical properties due to the formation of the optimal
composite structure (Bakatovich et al., 2018). In his
study, chrome-tanned leather waste was added to natural
rubber and styrene-butadiene rubber and their mixtures in
various proportions. Thermal, rheological, mechanical
and morphological effects of wastes were investigated.
Various factors that affect acoustic performance are
length, thinness, fiber type, thickness, density, orientation,
compression level, volume fraction in the composite, and
design (Sasmaz et al., 2019). Details of various factors
affecting the acoustic behavior of fiber-based composites
are explained. Natural fiber-based composites exhibit
relatively good sound absorption capacity. Acoustic,
thermal and hygrothermal properties of panels made from
leather waste were investigated (Hassan et al., 2021).
Thermal conductivity values were measured in the range
of 0.064-0.078 W/mK at 10 °C, depending on the
composition and adhesive (Merli et al., 2023).
Investigated the acoustic performance of MPP absorbers
made of biodegradable natural fiber-reinforced
composites using 3D printing. For biocomposite Micro
Perforated Panel (MPP) types, Cork fiber-based MPP has
been indicated to show significant promise for application
as an acoustic improvement material, either independently
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or in combination with Kenaf materials (Rezaieyan et al.,
2024). Onyekachi & Iwuozor (2019), mechanical and
water absorption properties of polyacrylic resin and a
mixture of polyacrylic resin and barite (Onyekachi &
Iwuozor, 2019).

Various properties of various cellulosic fibers and their
composites have been extensively investigated in the
literature. It has been determined that changes in fiber
length and density ratios have a significant effect on the
absorption and thermal properties of composites. In
general, cellulosic fibers are more sensitive to moisture;
Therefore, the water absorption behavior of composites
obtained from cellulosic fibers was investigated and it
was determined that such composites were products that
could be used in humid environments. The effect of fiber
density and temperature on water absorption depending
on time was investigated. Due to the hydrophilic behavior
of cellulosic fibers, the water uptake behavior of
composites occurs. The increase in water absorption will
affect the fiber-matrix interface, which causes the
properties of the composites to decrease. At high
temperatures, the permeability of water increases, thus
causing microcracks to form at the fiber-matrix interface,
which causes premature deterioration of the composite
(Ceven et al., 2018).

In recent years, the use of cellulosic fiber reinforcements
in polymer matrix composites has been increasing due to
various factors such as environmental concerns and
awareness (Kodaloglu & Kodaloglu, 2024a). In addition,
cellulosic materials have a wide range of uses. Since
natural fibers have many advantages for plant-based
fibers with good potential for developing polymer matrix,
fibers in fiber-reinforced composite materials offer
properties such as biodegradability, renewability, wide
availability, low density and low cost (Kodaloglu &
Akarslan Kodaloglu, 2024b). Environmentally friendly
fiber-reinforced composites lead to the search for a new
type of natural fiber with desirable properties, so the
Cortaderia selloana fiber-reinforced composite used in
our study is lightweight and environmentally friendly.
Developing new class of natural fiber composites, the
strength of the fiber mainly depends on its chemical
composition, matrix bonds and environmental factors.

When current applications are examined in the literature,
composite material studies produced by adding
Cortaderia selloana fibers are rarely encountered (Ceven
& Gilinaydin, 2018a). The absorption and thermal
insulation properties of the developed new Cortaderia
selloana fiber-added composite materials were compared
with each other and with their densities (Ceven &
Giinaydin, 2019). Cortaderia selloana fibers reinforced
epoxy filler composites are seen to be used as high
performance insulation materials for thermal insulation
and waterproofing purposes (Ceven & Giinaydin, 2018b).
For this study, Cortaderia selloana grass was collected
and the produced composite samples were subjected to
various characterizations to examine their thermal and
absorption properties.
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2. Materials and Methods

Cortaderia selloana is a flowering plant commonly
known as pampas grass. Cortaderia is a tall grass that can
reach a height of 3 m and the leaves are silver gray in
color. The plant Cortaderia selloana is shown in Figure 1.

Figure 1. Cortaderia selloana plant

Pampas grass collected from different regions around
Lake Egirdir was divided into small pieces to ensure
homogeneity, then soaked in water, the fibers were
separated by combing using a thin wire brush and dried in
sunlight to remove moisture. Cortaderia selloana fiber
reinforced epoxy composite samples of different
densities, prepared using the compression molding

technique, were produced. The produced composite
sample is shown in Figure 2.

3. Result and Discussion
3.1. Thermal conductivity coefficient measurement

Thermal conductivity is the rate of heat transfer at unit
temperature difference from unit area through unit
thickness of a material. Thermal conductivity was
measured according to the international standard ASTM
C518. The device consists of two plates, upper and lower,
the temperature of the upper part of the plates is 40°C and
the temperature of the lower part is 10°C. The sample is
placed between these plates and measurements are taken.
The hot plate touches the composite. Cortaderia selloana
fiber reinforced composite samples maintained their form
during pressing. Therefore, it has been observed that the
density of the porous composite structure improves the
heat conduction coefficient. The thermal conductivity
coefficient measuring device is shown in Figure 3.
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the relationship graph between Thermal conductivity
coefficient (W/mK) and mean temperature.

THERMAL CONDUCTIVITY COEFFICIENT (Wimk)

Figure 3. Thermal conductivity coefficient measuring
device

Composite materials have a large amount of empty space,
which traps a large amount of stagnant air. As a result of
the much lower conductivity of still air, when comparing
composites, the thermal insulation performance is
determined by the air trapped in the gaps between the
fibers as the density increases.

It can be said that the reason why the composite structure
obtained in the study has a low conductivity coefficient is
due to the structure becoming more dense as a result of
pressing. Because the weight of the sample increased but
its thickness remained constant as a result of pressing.
Figure 4 shows the graph showing the change between
Thermal conductivity coefficient (W/mK) and mean
temperature and bulk density.

THERMAL CONDUCTIVITY COEFFICIENT (W/mk

o FOKDENSITY (ig/m3)

MEAN TEMPERATURE (°0)

Figure 4. Graph showing thermal conductivity coefficient
change

When examined in terms of density, considering the
lowest transmission coefficient and the highest
transmission  coefficient values, the transmission
coefficient at density 100 kg/m® temperature at 40 °C is
0.0527 W/mK, density 50.7 kg/m? temperature at 10 °C
transmission coefficient is 0.0535. Between W/mK,
Cortaderia selloana fiber reinforced composite samples
appear to contribute to thermal insulation. Figure 5 shows
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Figure 5. The relationship between thermal conductivity
coefficient and mean temperature

When the relationship between thermal conductivity
coefficient (W/mK) and mean temperature is examined,
the conduction coefficient is 0.0475 W/mK when the
density is 50 kg/m?® and the temperature is 22.1 °C, and
the conduction coefficient is 0.0475 W/mK when the
density is 50 kg/m® and the temperature is 30.9 °C. 0.0472
W/mK, density 100 kg/m3, temperature 22.1 °C, thermal
conduction coefficient 0.0456 W/mK, density 100 kg/m?,
temperature 30.9 °C, conduction coefficient 0.0482
W/mK was found as.

It was observed that the composite material with 100%
density showed better performance. In general, the denser
the sample will have lower thermal resistance. The 75%
density had lower thermal resistance than other densities
and provided higher thermal insulation compared to
composites made according to other densities. Figure 6
shows the graph showing the relationship between
Thermal conductivity coefficient (W/mk) and bulk
density (kg/md).

H i
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THERMAL CONDUCTIVITY COEFFICIENT (Wimnk)
T

I L | L L 1
] & & n E =

Figure 6. Graph showing the relationship between thermal
conductivity coefficient and bulk density

EY = 100

When the relationship between thermal conductivity
coefficient (W/mk) and bulk density (kg/m?) is examined,
when the density is 75 kg/m?3, the temperature is 10°C, the
thermal conductivity coefficient is 0.0494 W/mK, the
density is 75 kg/m®, the temperature is 40°C. The heat
conduction coefficient reached 0.0496 W/mK. Among the
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developed composites, the composite with a density of 75
kg/m3 had a higher thermal conduction coefficient value
than the composite with a density of 50-70 kg/m® and 80-
100 kg/ms. Thermal conductivity coefficient was
maximum at 40 °C temperature and 100 kg/m® density,
and reached its minimum value at 75 kg/m® density.
Thermal conductivity coefficient reached its optimal
value at a density of 75 kg/m?®.

3.2. Water absorption strength test of samples

Water absorbance is the amount of water absorbed by a
given sample under certain conditions. Generally, the
entry of water into polymer matrix composites is due to
the penetration of water molecules into the capillaries. To
determine the liquid absorption capacities (%) of epoxy
composites, Cortaderia selloana natural fiber reinforced
composite samples, with dimensions of 50 mm x 20 mm
x 3 mm according to ASTM D570, were dried in a
vacuum oven at 30 °C for 18 hours. The samples were
kept in pure water at room temperature (20°C) and
between 10 and 40°C, and weight changes were
determined periodically every hour for a total of 10 hours.
To remove water on the film surface during weighing, the
samples were kept on the blotting paper for a short period
of a few seconds. With periodic measurements, the liquid
uptake behavior of the films was examined. Absorption
capacity was calculated as a percentage of the difference
between wet and dry weights at the end of the period and
the ratio of dry weight. Measurements were performed in
triplicate for each sample. Figure 7 shows the water
absorption behavior of Cortaderia selloana fibre-
reinforced composite samples.

] 0;"?3‘:““‘
SIS

7
il

e

(S

WEIGHT (%)

Figure 7. Water absorption behavior of composite
samples

When the density value was 50 kg/m?, after 10 hours the
sample weight percentage increased by 5.51%, and when
the density value was 100 kg/m?®, after 10 hours the
sample weight percentage increased by 6.17% and
reached the saturation level, which indicates that the
water absorption value of Cortaderia selloana composites
is low. showed that it was. It has been observed that the
composites have a hydrophobic structure due to this low
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water absorption property of Cortaderia selloana fiber.
Figure 8 shows the connection chart between weight (%)
and hours.

81
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Figure 8. The connection between weight (%) and hours

5
HOURS

When the connection between weight (%) and hours is
examined, while the density value was 50 kg/m?, the
sample weight percentage increased by 5.3% after 3.30
hours. When the density value was 100 kg/m?, the sample
weight percentage increased by 5.31% after 3.30 hours.
The final weight percentage of the composite sample of
Cortaderia selloana fiber reached saturation after 10
hours was 6.10%. Figure 9 shows the graph showing the
relationship between weight (%) and bulk density.

ES )

™ @ & ) s 100

Figure 9. Relationship between weight (%) and bulk
density

In the water absorption test for composites, water
absorption increased with increasing fiber density,
depending on the changes in fiber density and soaking
times in water. Water absorption rate increased in 10
hours. Regardless of the fiber density fraction, it showed a
very low water absorption rate for all periods due to the
hydrophobic epoxy.

At points where Cortaderia selloana fibrous composites
rapidly reach saturation, water is absorbed at a density of
66 kg/m?® and in relatively small amounts (5.54%). When
the connection between weight (%) and bulk density
(kg/m?®) was examined, while the density value was 66.3
kg/m®, the sample weight percentage increased by 5.52%
after 10 hours.
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Due to the hydrophobic structure of epoxy resin and
Cortaderia selloana fibers, the water absorption rate of
the composites is low. Similar water absorption tendency
was observed in all temperature ranges, but the water
absorption rate increased with increasing bath
temperature. The increase in temperature and the
spreading phenomenon resulting in the formation of
microcracks at the interface caused an increase in the
water absorption rate in the fiber and matrix region.

4. Conclusions

In this study, the thermal properties and water absorption
properties of Cortaderia selloana fiber reinforced epoxy
polymer matrix composites were investigated. Cortaderia
selloana composite has the advantage of replacing
synthetic fibers in structural applications due to its water
absorption properties. At 40°C, the water absorption value
of Cortaderia selloana fiber reinforced epoxy polymer
matrix composites increases up to 6.14%. Since
Cortaderia selloana has a rough outer surface, it can be
used as a potential natural fiber in environmentally
friendly composites.

It was observed that Cortaderia selloana fiber reinforced
epoxy polymer matrix composites showed better thermal
performance at a density value of 100 kg/m®. In general,
the denser sample will have a lower thermal conduction
coefficient. However, the thermal conduction coefficient
value of Cortaderia selloana fiber reinforced epoxy
polymer matrix composites with a density of 75 kg/m3
provides better thermal insulation than the composite with
a density of 100 kg/m3 Cortaderia selloana fiber
reinforced epoxy polymer matrix composites with a
density of 66 kg/m® have the highest water absorption
resistance value compared to the composite with a density
of 100 kg/m?.

Environmental awareness directs producers and
consumers to biocompatible and recyclable products,
focusing on the production and consumption of nature-
based biodegradable products. Cortaderia selloana fibers
have a minimum water absorption rate due to their shorter
length, lower density and low hydrophilicity, and
composite products that provide high thermal insulation
are obtained.
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OZET

Bu calismada, farkli azotlu giibre ¢esidi [Nitropower 33, Novatec 32 (yavas salinimli giibre)]
ve azot dozunun [0, 8, 12, 16, 20 kg/da N], cin misirt ¢esitlerinde (PC912, SH3077) verim ve
verim d3eleri iizerine etkisi incelenmistir. iki yillik (2021 ve 2022) arastirma sonuglarina
gore; gesitlerde tepe piiskiilii ¢ikis stiresi 66.67-79.67 giin, kogan piskiili ¢ikis siiresi 73.33-
85.67 giin, kogan uzunlugu 13.00-21.33 cm, koganda sira sayis1 13.89-17.76 adet, koganda
tane sayis1 376.55-718.73 adet, bitkide kogan sayist 1.00-1.80 adet arasinda degismistir.
Arastirma sonucunda, incelenen Ozellikler lizerine ¢esidin ve azot dozlarinin istatistiksel
olarak 6nemli etkisi oldugu belirlenmis, ancak bu etki yillara gore degiskenlik gostermistir.
Tane verimi ise PC912 ¢esidinde 362.67-951.22 kg/da, SH3077 ¢esidinde 348.08-924.25
kg/da arasinda degigmistir. Yavas salinimli Novatec giibre uygulamasinin cin misirinda verim
ve verim Ogeleri lizerinde 6nemli artis sagladig (tane verimi: birinci y1l %7.97, ikinci yil
%10.7 oraninda artmustir) ve her iki cin misirt ¢esidinin de Isparta ekolojik kosullarinda
yetistirilebilecegi belirlenmistir.
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ABSTRACT

In this study, the effect of different nitrogen fertilizer types [Nitropower 33, Novatec 32
(slow-release fertilizer)] and nitrogen doses [0, 8, 12, 16, 20 kg/da N] on yield and yield
components of popcorn varieties (PC912, SH3077) were investigated. According to the
results of the two-year (2021 and 2022) research, in cultivars, the tassel emergence period
varied between 66.67-79.67 days, the silk emergence period varied between 73.33-85.67
days, ear length varied between 13.00-21.33 cm, number of rows in ear varied between
13.89-17.76, number of grains in ear varied between 376.55-718.73 and number of ears per
plant varied between 1.00-1.80. As a result of the research, it was determined that the variety
and nitrogen doses had a statistically significant effect on the examined characters, but this
effect varied according to years. Grain yield varied between 362.67-951.22 kg/da in PC912
variety and 348.08-924.25 kg/da in SH3077 variety. It was determined that slow-release
Novatec fertilizer application provided a significant increase in yield and yield components of
popcorn (grain yield: 7.97%increase in the first year and 10.7%increase in the second year),
and both popcorn varieties can be grown under Isparta ecological conditions.

1. Giris

Ulkemizdeki iiretimin yaklagik yarisi, Kahramanmaras-
Elbistan’da, geri kalan iretimin ise biiylik ¢ogunlugu

Cin musir1 (Zea mays everta Sturt.) insan beslenmesinde
yaygin olarak kullanilmakta ve “patlak misir” olarak da
tanimlanmaktadir. Misir tanelerine 1s1 uygulandigi zaman,
tane biinyesinde bulunan su buharlagir ve nigasta
taneciklerinin igerisine gecer ve belirli bir basinca
ulastiktan sonra kabuk pargalanir, bdylece musir tanesi
patlayarak agilir (Hoseney vd., 1983).

Cin musir igerdigi vitamin ve mineraller nedeniyle
beslenme agisindan tercih edilen bir gida maddesidir
(Ulger, 1998). Cin misirmin ekilis ve iiretimi iilkemizde
yaygin olmadigindan, ekilis alani ile ilgili herhangi bir
istatistige rastlanmamis olup, ililkemizde cin misir ekim
alan1 yaklagik olarak 8-10 bin ha oldugu tahmin
edilmektedir (Oztiirk & Sade, 2014). Daha énceki yillarda
cin musir tariminin yogun olarak Ege ve Akdeniz
bolgelerinde yapilmasina ragmen, son birkag yilda cin
misir tarimi  yapilan iller siralamasi  degismistir.

Cukurova (Adana-Mersin), Ege (Aydin, Denizli),
Kayseri, Konya, Karaman, Kirsehir illerinde yapildigi
tespit edilmistir (Oztiirk & Sade, 2014).

Misir bitkisinin birim alanda kisa siirede iirettigi kuru
madde miktari, kiigiik taneli hububatlara goére fazla
oldugundan, topraktan daha fazla miktarda N, P ve K
almaktadir. Bu nedenle, misir giibrelemesinde ilk siray1
azot elementi almaktadir. Bitkinin azottan yararlanmasini
toprak tekstiirii, toprak nemi, toprak profilinden
yikanmasi, organik madde igerigi, diger bitki besin
elementlerinin topraktaki diizeyleri etkilemektedir. Azotlu
giibreler, bitkisel iiretimi arttirict en énemli girdi olarak
kullanilmasmin yani sira, fazla kullaniminin da c¢evre ve
ozellikle de su kirlenmesinde etkili oldugu giincel bir
konu olarak aragtirilmaktadir. Azotlu giibrelerin ¢evreyi
ve igme suyunu kirleterek potansiyel toksik etki
olusturmasinin nedenleri; uygulanan azotlu giibrenin
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formu, bitkiler tarafindan kullanilan azotun etkinligi, su
kaynaklarmin kendi hareket ve yapilari, topraklarin su
kaynaklari ile olan iliskileri ve yoresel iklim kosullart ile
sulama yontemleridir. Azot yikanmasini azaltmak igin
gibre uygulamalart ve sulama zamanlamalarini,
sikliklarin1 ve dozlarimi bitki gelisim donemlerine ve
topragm hidrolik &zelliklerine bagli olarak o6nceden
planlamak gerekmektedir (Unlii vd., 1999). Toprak bitki
sisteminde azot kayiplari nitrifikasyon, denitrifikasyon,
ylizey akisi, buharlagma ve kok bolgesi altina inerek
yikanma seklinde olmaktadir. Artan diinya niifusunu
yeterince besleyecek diizeyde bitkisel {iretim yapmak igin
gerekli azotlu giibre miktarini ve bu giibrelerin ¢evre ve
insan sagligr lzerinde olusturdugu olumsuz etkileri
azaltmanin yolu azot alim etkinliginin artirilmasindan
gecmektedir (Karagahin, 2014).

Yavas salimimli uzun siire etkili giibrelerin gelistirilmesi
ile yikanma ve buharlagsma ile meydana gelen giibre
kayiplar1 azalacak ve ekimle birlikte uygulanan giibrelerin
tohuma verdigi zararlar azalacaktir. Boylece giibre alim
etkinligi artmig olacaktir. Misir bitkisinde erken gelisme
doneminde yeterli giibreleme yapilmazsa giibre alim ve
kullanim etkinliginin diistigi  bildirilmistir. Misirin
olgunlasma doneminde bitki tarafindan alinan toplam
azotun %?73’i tanede birikmektedir. Tanede biriken
azotun yarisi ise yaprak ve saplardan tasmmmaktadir. Bu
nedenle gelisme donemi baglarinda yetersiz azot
uygulamasi verimi ve azot alim etkinligini oldukca
sinirlayacaktir (Plenet & Lemaire, 2000). Bu calismada
farkli azotlu giibre form [Nitropower 33 ve Novatec 32
(yavag salmimli giibre)] ve dozlarinin cin musirt
cesitlerinde tane verimi ve verim &geleri lizerine etkisi
belirlenmeye calisiimigtir.

2. Materyal ve Metot

Calisma, Isparta ekolojik kosullarinda 2021 ve 2022
yillarinda Isparta Uygulamlali Bilimler Universitesi,
Ziraat Fakiiltesi deneme alaninda yiriitilmistiir.
Denemede 2 farkli cin musir ¢esidi (PC912 ve SH3077), 2
farkli N kaynagi igeren giibre [Nitropower 33 ve Novatec
32 (yavas salinimli giibre)] ve bu giibrelerin 5 farkli dozu
[0 (kontrol), 8, 12, 16, 20 kg/da N] uygulanmis olup
fosfor kaynagi olarak TSP (Triple Siiper Fosfat)
kullanilmistir. Caligmada uygulamalarin bitki gelisimi,
verim ve verim &geleri lizerine etkileri belirlenmistir.

Deneme Tesadiif Bloklarinda Boliinen Bo6liinmiis deneme
desenine gore ana parsellere ¢esitler, alt parsellere giibre
cesidi, alt parsellere ise dozlar gelecek sekilde 3
tekerriirlii olarak kurulmustur. Parsel alan1 14 m? olup,
parsel uzunlugu 5 m, her parselde 4 sira, sira arast 70 cm
ve stra iizeri 15 cm olarak ayarlanmistir. Ekim islemi
2021 yilinda 27 Nisan, 2022 yilinda ise 26 Nisan’da
yapilmistir. Tohumlar markérle ¢izilen siralara belirtilen
sira tlizeri mesafelerde elle agilan ocaklara 5-6 cm
derinlikte ekilmis ve her ocaga 2 tohum atilmistir.
Uygulanacak azotlu giibre dozlarmin yarisi ve 8 kg/da
fosfor (P20s)’un tamami ekimle beraber, azotun diger
yarist ise bitkiler 30-40 cm boya ulaginca verilmistir.
Ekimden sonra ¢ikislarin homojen olmast i¢in sulama
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islemi yapilmig ve 1. yil 11 Mayis 2. yilda ise 8 Mayis
¢imlenme tamamlanmustir.

Yabanci ot miicadelesinde dnce kimyasal ila¢ kullanilmis,
daha sonra sira arasinda gelisen yabanci otlar traktor ara
¢apa makinasi kullanilarak, sira iizerindekiler ise el ile
¢apalanarak yapilmistir. Ayrica, ¢apalama islemi sirasinda
her ocakta 1 bitki birakilmistir. Sulama islemi ise iklim ve
yagmur durumuna goére damla sulama yontemi ile bitkinin
nem stresine girmesini dnleyecek sekilde uygulanmistir.

Tanelerin nem orani yaklasik %214-18 arasinda iken
(hasattan sonra Ornek almarak tanelerde nem orani
belirlenmistir), parsel baglarindan 0.5 m, kenarlardan birer
sira kenar tesiri olarak atildiktan sonra kalan 2 siradaki
bitkilerin kocanlar1 hasat edilmistir. Hasatta oncelikli
olarak 10’ar bitkinin koganlar el ile toplanmistir. Alinan
10 bitkideki koganlar yapraklarindan siyrilarak her parsel
ayrt ayri ¢uvallanmistir. Parselin geriye kalan kismi ise
ayrica hasat edilip, soyulup cuvallanmistir. Sera igerisine
kurumaya birakilmiglardir. Serada kuruyan Ornekler
harman makinasiyla taneler ayrilmig ve dl¢iimler igin kese
kagitlarina koyulmustur. Aragtirmada tane hasadi PC912
¢esidinde 2021 yilinda 16 Eyliil, 2022 yilinda 6 Ekim
tarihlerinde, SH3077 ¢esidinde ise 2021 yilinda 25 Eyliil,
2022 yilinda 20 Ekim tarihlerinde yapilmistir.

Tepe piiskiilii ¢ikis siiresi tiim parsellerde bitkilerin ¢ikis
tarihleri ile parseldeki bitkilerin  %50’sinde tepe
puskiiliiniin goriildiigii tarih arasindaki giin sayisi, Kogan
puskiilii ¢ikis siiresi ise tim parsellerde bitkilerin ¢ikis
tarihleri ile parseldeki bitkilerin %50’sinde kogan piiskiilii
olusumunun gorildiigi tarih arasindaki giin sayisi olarak
belirlenmigtir. Kogan uzunlugu her parselden rastgele
alman 10 kogan Orneginde, kocan sapinin tane ile
birlestigi noktadan kogan uguna kadar olan mesafe cm
cinsinden Olgiilerek ortalamalart alinmistir. Kogandaki
sira Sayisi her parselden rastgele alinan 10 koganda,
koganlarin  tlizerindeki mevcut siralar  sayilarak
ortalamalar1 alinmistir. Koganda tane sayisi her parselden
rastgele alinan 10 kocan &rneginde, sira sayisi ile siradaki
ortalama tane sayisi belirlenip daha sonra, sira sayisi ile
siradaki tane sayisi ¢arpilarak adet olarak belirlenmistir.
Bitkide kogan sayisi, parseldeki kogan sayisi parseldeki
bitki sayisina boliinerek bulunmustur. Tane verimi her
parselden elde edilen {irlin tartilip, nem o6lgme aleti ile
nem orani belirlendikten sonra %15 nem diizeyine gore
diizeltme yapilip kg/da olarak hesaplanmistir (Zulkadir,
2018).

Aragtirmadan elde edilen veriler Tesadiif Bloklarinda
Boliinen Bolinmiis Parseller deneme desenine uygun
olarak TotemStat paket programindan yararlanilarak
varyans analizine tabi tutulmustur. Ortalamalar arasindaki
farklilarin istatistiksel olarak onemliliklerin
belirlenmesinde Asgari Onemli Fark (AOF) testinden
yararlanilmistir.

Arastirmanmn  yurttildigi 2021 ve 2022 vejetasyon
donemine (Nisan-Ekim) ait sicaklik (°C), yagis (mm) ve
nispi nem (%) degerleri Cizelge 1°de verilmistir. Cizelge
incelendiginde aragtirmanin yiritildiigii yillarda toplam
yagis miktar1 ve ortalama nispi nem degerleri uzun yillar
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ortalamasindan diisiik, sicaklik ortalamalari ise yiliksek
oldugu tespit edilmistir. Deneme yillart

karsilastirildiginda ikinci yilinda ortalama sicaklik ve
nispi nem daha yiiksek bulunmustur.

Cizelge 1. Denemenin yiiriitilldiigii yillar ve uzun yillara (1929-2022) ait iklim verileri*
Table 1. Climatic data for the years in which the experiment was conducted and long years (1929-2022)*

Ort. Sicakhik(°C)

Toplam Yagis (mm)

Ort. Nispi Nem (%0)

Aylar

2021 2022 Uzun Yil. Ort. 2021 2022 Uzun. Yil. Ort. 2021 2022 Uzun Yil. Ort.

Nisan 12.7 14.6 10.8 8 17.4 51.2 54.6 457 61.1
Mayis 19.6 17.3 155 2.3 12.9 55.9 42.2 52.5 58.9
Haziran 19.9 215 19.9 144.7 46.1 35.6 58.8 58.1 52.8
Temmuz 25.9 25.3 234 8.4 0.8 15.6 39.6 37.8 455
Agustos 26.3 25.3 23.3 1.1 18.4 14.2 34.3 50.9 46.3
Eyliil 20.5 21.2 18.9 135 16.3 18.4 47.6 43.8 52

Ekim 14.8 15.9 13.4 12.8 9.4 37.8 53.7 54.5 62.2
Ort./Top 19.96 20.16 17.89 190.8 121.3 228.7 47.26 49.04 54.11

*: Meteoroloji Genel Mudiirligi

Deneme alaninin 0-30 cm derinliginde alinan toprak
orneklerinin analiz sonuglarina gore; 2021 yili retim
alaninda topragm striiktlirii tinli bir yapiya sahip olup,
hafif alkali (pH 8.01), organik madde az (%1.48), tuzsuz,
kire¢ orani fazla (%24.12), fosfor bakimindan yeterli
(8.02 kg/da), potasyum (257.67 kg/da) bakimindan
Cizelge 2. Deneme alanina ait toprak analizi sonuglar*
Table 2. Soil analysis results of the test area*

yiksek seviyeye sahiptir. 2022 yilinda ise topragin
strilktiirit tinh, hafif alkali (pH 8.01), organik madde az
(%1.34), tuzsuz, kirecli (%2.88), fosfor (8.91 kg/da) ve
potasyum (46.92 kg/da) bakimindan yiiksek seviyeye
sahiptir (Cizelge 2).

Fosfor Organik

Potasyum . o Toplam Saturasyon (o o .
Yil (K0) kg/da (55/(32 Kirec (%) I\/I(il/tti);je Tuz (%) pH (%) Kil (%0) Kum (%)  Silt (%)
2021 257.67 8.02 24.12 1.48 0.018 8.01 41 28.93 37.26 33.81
2022 46.92 8.91 2.88 1.34 0.459 8.01 46 27.47 32.72 39.81
*: Gegit Kusagi Tarimsal Aragtirma Enstitiisii Midiirliigi

3. Bulgular ve Tartisma
3.1. Tepe Piiskiilii Cikis Siiresi (Giin)

Calismada farkli azotlu giibre ve dozlarinda cin musiri
cesitlerinde tepe piiskiili ¢ikis siiresi ¢esitlere gore
istatistiksel olarak onemli farklilik gostermis ve ortalama
tepe piskilii c¢ikis siiresi SH3077 cesidinde her iki
vejetasyon doneminde de daha uzun bulunmustur
(sirastyla 77.57 ve 75.27 giin). PC912 gesidinde ortalama
tepe puskiilii ¢ikis siiresi ise sirasiyla 73.77 ve 68.50 giin
olarak belirlenmigtir. Arastirma sonucuna goére, SH3077
¢esidinin daha geggi oldugu ve PC912 ¢esidine gore daha
gee tepe piskiilii ¢ikardig tespit edilmistir (Cizelge 3).

Aragtirmanin birinci yilinda giibre cesitleri arasindaki fark
istatistiki olarak onemli bulunmustur. Tepe piiskiilii ¢ikis
siiresi  Nitropower giibresinde 76.17 giin, Novatec
kullanildiginda ise 75.17 giin olarak belirlenmis olup,
Nitropower giibresi uygulamasi Novatec giibresine gore
tepe piiskiilii ¢ikis siiresini uzatmistir. Azot dozlarinin
genel ortalamasi incelendiginde en uzun tepe piiskiilii
cikig siiresi 0 kg/da dozunda (77.33 giin), en kisa tepe
puskiilii ¢ikis stiresi ise 20 kg/da dozunda (74.5 giin)
kaydedilmigtir. Uygulanan giibre dozu arttikca tepe

puskiilii ¢cikarma siiresi azalmistir. Dozlar arasindaki bu
farklilik istatistiksel olarak 6nemli bulunmustur. Ancak 8-
16 kg/da azot dozu uygulamalar1 arasinda istatistiki bir
fark bulunmamis, ayn1 grupta yer almislardir (Cizelge 4).

Denemenin ikinci yilinda ise Novatec giibresi
uygulandiginda (71.63 giin) yine tepe piskiilii ¢ikarma
stiresinin daha kisa oldugu (Nitropower giibresi 72.13
giin) tespit edilmis ancak bu farklilik istatistiksel olarak
onemli bulunmamistir. Azot dozlarinin genel ortalamasina
bakildiginda ise ikinci y1l en uzun tepe piiskiilii ¢ikarma
stiresi 73.83 giin ile kontrol doz uygulamasindan, en kisa
tepe piskiili c¢ikarma siiresi 20 kg/da azot dozu
uygulamasinda 70.50 giin olarak tespit edilmistir. Doz
uygulamalar arttik¢a tepe piiskiilii ¢ikis stiresi kisalmistir.
Ayni1 zamanda denemenin ikinci yilinda tepe piiskdilii
¢ikis siiresi birinci yila gore kisalmistir (Cizelge 4).

Cin musir genotiplerinin yetistirildigi bolgeye adaptasyon
yeteneginin belirlenmesi, farkli uygulamalarin verim ve
kalite unsurlarina etkisine yonelik birgok arastirma
yapilmistir. Arastirmamizda elde edilen bulgulara benzer
olarak, tepe puskiili ¢ikis siiresinin genotipe gore
degistigi farkh ¢aligmalarda da belirlenmistir (Akim, 2022;
Al, 2023; Uziimbagi, 2023).
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Cizelge 3. Farkli azotlu giibre ve dozlarinda cin musiri ¢esitlerinin tepe piiskiilii ¢ikis siiresine (giin) ait ortalamalar
Table 3. Averages of tasseling time (days) of popcorn varieties at different nitrogen fertilizer and doses

2021
. . Azot Dozu (kg N/da)
Cegsitler Giibre 0 8 I 6 20 Ort.
PCO12 Nitropower 76.00 74.00 74.00 73.33 73.00 74.07
Novatec 75.33 73.67 72.67 73.67 72.00 73.47
Cesit Ort. 75.67 73.83 73.33 73.50 72.50 73.77 bt
SH3077 Nitropower 79.67 78.33 78.00 77.67 77.67 78.27
Novatec 78.33 77.33 77.67 75.67 75.33 76.87
Cesit Ort. 79.00 77.83 77.83 76.67 76.50 77.57 a
2022
PC912 Nitropower 71.33 69.33 69.33 67.67 67.33 69.00
Novatec 70.33 68.00 67.33 67.67 66.67 68.00
Cesit Ort. 70.83 68.67 68.33 67.67 67.00 68.50 bt
SH3077 Nitropower 76.33 75.33 76.00 74.67 74.00 75.27
Novatec 77.33 76.33 74.33 74.33 74.00 75.27
Cesit Ort. 76.83 75.83 75.17 74.50 74.00 75.27a

1. yil CV (Cesit):%0.51; CV (Giibre):%1.75; Cv (D0z):%1.31; 2. y1l Cv (Cesit)%3.41 Cv (Giibre)%1.12 Cv (D0z)%1.2;

1. y1l Cesit(C)r:1444.000**; Giibre(G)g:8.571*; Doz(D)r:13.713**; CxGr:1.371ns; CxDr:0.903ns; GXDg:0.464ns; CxGxDg:1.122ns

2. yil Cesit (C)r:114.152**; Giibre(G)g:5.769ns; Doz(D)g:26.033**; CxGg:5.769ns; CxDg:0.811ns; GXDg:2.278ns; CxGxDg:1.278ns

* 005 seviyesinde dnemli, ** %1 seviyesinde énemli, ns dnemsiz;' Ayni siitunda ayni harfle gosterilenler arasinda istatistiksel fark yoktur.

Tepe piiskiilii ¢ikarma siiresine ¢evre sartlarinin ve farkli  genotipinde ise 52-58 giin (Kahramanoglu, 2019) arasinda
uygulamalarin  etkili oldugu  birgok calismada  degismistir.

belirlenmistir. Organik olarak yetistirilen tatli misir ve cin
misirda, 16 farkli besin kaynagina gore, cin misirinda
ortalama tepe puskiilii ¢ikarma siiresi 56.3-63.3 giin
arasinda belirlenmis (Cihangir, 2013). Yine yetistirme
zamanina gore de tepe piiskiilii ¢ikarma siiresi degismistir.
Farkli cin musir genotipi kullanilarak yiiriitiilen ¢aliymada
birinci tiriinde 51.3-61.7 giin, ikinci triinde 45-51.7 giin
(Dogrul, 1999), ikinci {iriin olarak yetistirilen 13 cin misir

Kara (2006), farkli sira iizeri mesafeler ve azot dozlari
kullanarak yaptig1 ¢aligmada birlestirilmis yillara gore yil,
ekim sikligi ve azot dozu uygulamalari tepe piiskiilii
cikarma siiresi iizerine istatistiki olarak Onemli
bulunmustur. Sira iizeri mesafenin ve azot dozunun
artmast ile tepe piskilli ¢ikis siiresinin azaldig
belirlenmistir. Yine Cetin (2019), azot dozlari arttik¢a
tepe piiskiilii ¢ikarma siiresi kisaldigini bildirmistir.

Cizelge 4. Farkli cin musir1 ¢esitlerinde azotlu gilibre x doz interaksiyonuna ait tepe piiskiilii ¢ikis siiresi (giin)

ortalamalari
Table 4. Averages of tasseling time (days) of nitrogen fertilizer x dose interaction in different popcorn varieties
2021
.. Azot Dozu (kg N/da)
Giibre 0 8 B 6 20 Ort.
Nitropower 77.83 76.17 76.00 75.50 75.33 76.17 A2
Novatec 76.83 75.5 75.17 74.67 73.67 75.17 B
ort. 77.33 Al 75.83 B 75.58 B 75.08 BC 74.50 C
2022 Yili
Nitropower 73.83 72.33 72.67 71.17 70.67 72.13
Novatec 73.83 72.17 70.83 71.00 70.33 71.63
Ort. 73.83 Al 72.258B 71.75BC 71.08 CD 70.50 D

L2Ayn1 satir veya siitunda ayni harfle gosterilen ortalamalar arasindaki fark énemli degildir.

Sonu¢ olarak, yapilan calismalar incelendiginde tepe
puskiilii ¢ikarma siiresinin, ¢eside, yetistirildigi ekolojiye,
azot dozuna ve yillara gore degistigi gorilmiistir. Bu
konuda yapilan ¢alismalar ile c¢alismamiz benzerlik

gosterdigi, tepe puskiilii g1karr?a sﬁr?_SIH.lR ges?de, yl}la.ra ¢ikig siiresi ¢esitlere gore istatistiksel olarak Onemli
ve azot dozu uygulamalarina gore degistigi belirlenmistir. ¢ 251 gbstermis ve ortalama kocan piiskillii gikig siiresi

Ozellikle ikinci yil haziran_ ay%nda 51.cak11k qegerl.erinin SH3077 cesidinde daha uzun bulunmustur. SH3077
daha yiiksek olmasi, vejetatif gelisme doneminden,

generatif gelisme donemine ge¢cmeyi hizlandirmis ve
bitkiyi ¢iceklenmeye tesvik ederek tepe piiskiili ¢ikis
siiresinin daha kisalmasma neden olmustur. Kiiciikyagcet
(2010), tepe piuskiilii ¢ikis siliresinin nemli ve serin
havalarda uzadigmi, sicak havalarda ise kisaldifii  Cesit x giibre interaksiyonu incelendiginde, 2021 yilinda
bildirilmistir (Bajtay, 1990). istatistiksel olarak Onemsiz, 2022 yilinda ise Onemli

oldugu bulunmustur. Kogan piiskiilii ¢ikig siiresi

Nitropower ve Novatec giibresi uygulandiginda birinci

3.2. Koc¢an Piiskiilii Cikis Siiresi (giin)

Cizelge 5’de gosterildigi gibi; her iki yil kogan piiskiilii

¢esidinde yillara gore sirasiyla 84.0 giin ve 82.40 giin,
PC912 cesidinde ise ayni sirasiyla 75.80 ve 75.03 giin
olarak kaydedilmistir. Denemenin ikinci yilinda kogan
puskiilii ¢ikis siiresinin daha kisa oldugu belirlenmistir.
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yilda PC912 ¢esidinde sirasiyla 76.07, 75.53 giin, SH3077  SH3077 g¢esidinde ise her iki giibre ¢esidinde benzer
¢esidinde ise ayni sira ile 84.33, 83.67 giin olarak tespit  siirelerde kocan piskiili ¢ikisi  gergeklesmis ve
edilmistir. Tkinci yilinda ise PC912 cesidinde Nitropower ~ (Nitropower: 82.07, Novatec: 82.73 giin) istatistiksel
(75.80 giin) giibresi uygulandiginda kogan piiskiilii ¢ikis  olarak ayni grupta yer almstir.

stiresi daha uzun siirmiistir (Novatec: 74.27 giin).

Cizelge 5. Farkli azotlu giibre ve dozlarinda cin msiri ¢esitlerinin kogan piiskiilii ¢ikis siiresine (giin) ait ortalamalar
Table 5. Averages of silking time (days) of popcorn varieties at different nitrogen fertilizer and doses

2021
. . Azot Dozu (kg N/da)
Cegsitler Giibre ) 8 2 6 0 Ort.
PCO12 Nitropower 80.00 75.67 75.67 75.00 74.00 76.07
Novatec 78.33 75.33 74.67 75.33 74.00 75.53
Cegsit Ort. 79.17 75.50 75.17 75.17 74.00 75.80 bt
SH3077 Nitropower 85.67 84.67 83.67 83.67 84.00 84.33
Novatec 85.33 83.67 85.00 82.00 82.33 83.67
Cesit Ort. 85.50 84.17 84.33 82.83 83.17 84.00 a
2022
PCI12 Nitropower 78.00 76.00 75.67 74.33 75.00 75.80 At
Novatec 77.00 74.00 73.67 73.33 73.33 74.27B
Cesit Ort. 77.50 75.00 74.67 73.83 74.17 75.03 bt
SH3077 Nitropower 83.67 82.00 83.67 81.00 80.00 82.07 A!
Novatec 84.00 83.67 82.33 82.00 81.67 82.73 A
Cesit Ort. 83.83 82.83 83.00 81.50 80.83 82.40 a

1. y1l CV (Cesit):%2.56; CV (Giibre):%0.91; Cv (D0z):%1.83; 2. yil Cv (Cesit)%2.21 Cv (Giibre)%1.52 Cv (D0z)%1.39;

1. y1l Cesit(C):240.143**; Giibre(G)g:10.125*; Doz(D): 11.895**; CxGg: 0.125ns; CxDg:2.051ns; GXDg: 0.284ns; CxGxDg:1.257ns

2. yil Cesit (C)g: 269.840**; Giibre(G)r:1.965ns; Doz(D)g:16.153**; CxGr:12.663*; CxDg:1.756ns; GXDg:1.240ns; CxGxDg:1.031 ns

* 005 seviyesinde 6nemli, ** %]1 seviyesinde énemli, ns Snemsiz;! Ayni siitunda aym harfle gésterilen ortalamalar arasindaki fark énemli degildir.

Aragtirmanin birinci yilinda giibre cesitleri arasindaki fark ~ Nitropower giibresi uygulamalarinda kocan piiskiilii ¢ikis
istatistiki olarak Onemli bulunmustur. Kogan piiskiilii  siiresi daha uzun olmustur. Denemenin ikinci yilinda ise
cikis stiresi Nitropower giibresinde 80.2 giin, Novatec istatistiksel olarak Snemli bulunmamistir (Nitropower:
giibresi kullanildiginda ise 79.6 giin olarak belirlenmistir. ~ 78.93 giin, Novatec: 78.50 giin) (Cizelge 6).

Cizelge 6. Farkli cin misiri ¢esitlerinde azotlu giibre x doz interaksiyonuna ait kogan piiskiilii ¢ikis siiresi (giin)

ortalamalar1
Table 6. Averages of silking time (days) of nitrogen fertilizer x dose interaction in different popcorn varieties
2021
. Azot Dozu (kg N/da)
Giibre 0 g 2 6 20 Ort.
Nitropower 82.83 80.17 79.67 79.33 79.00 80.20 A?
Novatec 81.83 79.50 79.83 78.67 78.17 79.60 B
Ort. 82.33 Al 79.83 B 79.75 BC 79.00 BC 78.58 C
2022
Nitropower 80.83 79.00 79.67 77.67 77.50 78.93
Novatec 80.50 78.83 78.00 77.67 77.50 78.50
Ort. 80.67 Al 78.92 B 78.83 B 77.67C 77.50 C

L2 Ayn1 satir veya siitunda ayni harfle gosterilen ortalamalar arasindaki fark dnemli degildir.

Azot dozlarinin genel ortalamasi incelendiginde ise Bu konuda yapilan ¢alismalar incelendiginde kogan
denemenin her iki yilinda en uzun kogan piiskiilii ¢tkarma  piiskiilii ¢ikis siiresinin genotipe gore degistigi ortaya
stiresi 0 kg/da dozunda (82.33 giin ve 80.67 giin), en kisa  konulmustur (Akin, 2022; Al, 2023). Kogan piiskiilii ¢ikis
kocan piskiili ¢ikarma siiresi ise 20 kg/da dozunda  siiresine genotipin yaninda farkli kiiltiirel uygulamalarin
(78.58 giin; 77.50 giin) kaydedilmistir. Uygulanan giibre  da etkili oldugu belirlenmistir. Kara (2006), misirda Sira
dozu arttik¢a, kocan piiskiilii ¢ikis siiresi azalmis ve bu  iizeri mesafenin ve azot dozunun artmasi ile kocan
farklilik istatistiksel olarak 6nemli bulunmustur. Fakat piiskiilii ¢ikis siiresinin azaldigi bildirmistir. Okutan
denemenin birinci yilinda 12 kg/da tizerindeki, denemenin  (1992), tepe ve kogan piiskiilii ¢ikarma siiresi arasinda
ikinci yilinda ise 16 kg/da {izerindeki azot dozu olumlu ve dnemli bir iliski oldugunu ortaya koymustur.
uygulamalari istatistiksel olarak aym grupta yer almistir  Ozata (2013), seker misirda azot dozlari arttikca kogan
(Cizelge 6). Arastirmada tepe piiskiilinde oldugu gibi, piuskiilii ¢ikarma siiresinin kisaldigini bildirmistir.

kogan piiskiilii ¢ikis siiresinde azot dozu uygulamalarinin
yaninda iklim sartlarinin da etkili oldugu belirlenmistir.
Denemenin ikinci yilinda 6zellikle haziran ayinda sicaklik
ortalamasinin daha yiiksek olmasi, kocan piiskiilii ¢ikis
stiresini kisaltmistir.

Farkli arastirma sonuglart bizim c¢alismamizdan elde
edilen sonuglara benzerlik gostermektedir. Azot dozlar
arttikca, bitkiler arasinda asimilasyon iiriinleri i¢in rekabet
azalmakta ve bitkiler gelisimlerini daha elverigli bir
ortamda tamamlamaktadir. Bu da tepe piiskiilii ¢ikarma
sirelerinde oldugu gibi, kogan piiskilli ¢ikarma
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stirelerinin de kisalmasina neden olabilmektedir. Bazi
aragtirmalarda bizim c¢alismamiza gore daha farkli
degerler bulmuslardir. Bunun nedeni kullanilan gesitlerin
farklt olmas1 yaninda, arastirmanin yiiriitiildigii ekolojik
kosullarin ve uygulamalarin farkli olmasidir. Sicaklik gibi
cevresel faktdrler genotipler arasinda g¢iceklenme
yoniinden varyasyon olusturabilmektedir (Rattalino
Edreira & Otegui, 2012).

3.3. Ko¢an Uzunlugu (cm)

Calismada cin musir1  ¢esitlerinde denemenin birinci
yilinda kogan uzunlugu cesitlere gore istatistiksel olarak
onemli farklilik gostermis, fakat ikinci yil Onemli
bulunmamistir. Ortalama kog¢an uzunlugu SH3077
¢esidinde daha uzun (2021 y111:16.77 cm, 2022 yil1 20.33
c¢cm) bulunmustur (PC912: 15.93 cm ve 19.70 cm)

(Cizelge 7).

Cizelge 7. Farkli azotlu giibre ve dozlarinda cin musiri gesitlerinin kogan uzunluguna (cm) ait ortalamalar
Table 7. Averages of ear length (cm) of popcorn varieties at different nitrogen fertilizer and doses

2021
. . Azot Dozu (kg N/da)
Cesitler Giibre 0 8 I 6 20 Ort.
PC912 Nitropower 13.00 15.33 16.33 16.67 17.33 15.73
Novatec 13.67 16.00 16.00 16.67 18.33 16.13
Cesit Ort. 13.33 15.67 16.17 16.67 17.83 15.93 bt
SH3077 Nitropower 14.67 14.67 18.33 17.33 18.00 16.60
Novatec 14.67 16.33 16.33 18.33 19.00 16.93
Cesit Ort. 14.67 15.50 17.33 17.83 18.50 16.77 a
2022
PC912 Nitropower 18.22 18.05 19.63 19.43 20.85 19.24
Novatec 18.59 19.44 20.33 21.11 21.33 20.16
Cesit Ort. 18.41 18.75 19.98 20.27 21.09 19.70
SH3077 Nitropower 19.87 20.11 20.85 20.73 20.63 20.44
Novatec 19.33 19.89 20.49 20.56 20.79 20.21
Cesit Ort. 19.60 20.00 20.67 20.65 20.71 20.33

1. y1l CV (Cesit):%3.95; CV (Giibre):%3.7; Cv (D0z):%5.47; 2. y1l Cv (Cesit)%6.1 Cv (Giibre)%6.53 Cv (D0z)%3.91;

1. y1l Cesit(C):25.000*; Giibre(G)g:5.500ns; Doz(D)r:38.927**; CxGg: 0.045 ns; CxD¢:1.406 ns; GxDg:3.198*; CxGxD:1.219 ns

2. y1l Cesit (C):3.955ns; Giibre(G)g:1.061ns; Doz(D)g:12.242**; CxGg:2.896ns; CxDg:2.200ns; GXDg:0.539ns; CxGxDg:0.448 ns

*95 seviyesinde dnemli, **%1 seviyesinde dnemli, ns dnemsiz;'Ayn1 siitunda ayn1 harfle gdsterilen ortalamalar arasindaki fark énemli degildir.

Arastirmada giibre ¢esitleri arasindaki fark istatistiki
olarak Onemsiz bulunmus olsa da Novatec giibresi
uygulamalarinda daha fazla kocan uzunlugu elde
edilmistir. Azot  dozlarinin  genel  ortalamasi
incelendiginde, dozlar arasinda istatistiksel olarak onemli
fark olugmustur. Denemenin birinci yilinda 14.00-18.17
cm, denemenin ikinci yilinda 19.01-20.90 cm arasinda
degisen kogan uzunluklart belirlenmistir. En fazla kogan
uzunlugu 20 kg/da azot dozu uygulamasindan, en az ise 0
kg/da azot dozundan elde edilmistir. Azot dozunun
artmastyla kogan uzunlugu artig gostermistir. Sonug
olarak giibre cesitlerinin 6nemsiz oldugu, azot dozunun,
cesit ve iklim faktorlerinin kogan uzunlugunu etkiledigi
tespit edilmistir (Cizelge 8).

Kocan uzunlugu, verim ve kocanda tane sayisini
etkilemesinden dolayr misir yetistiriciliginde 6nemli bir
ozelliktir. Kogan uzunlugu ile ilgili yapilan aragtirmalarda
genotipe gore farkli degerler elde edilmistir. Nitekim

kogan uzunlugu 15 cin misir genotipinin performanslarini
belirlemek amaciyla yiiriitiilen ¢aligmada 17.3-21.5 cm,
(Akin, 2022), 5 yerel popiilasyon, 11 hat ve 3 ¢esit olmak
lizere toplam 19 cin musir g¢esidi kullanarak yiiriitiilen
caligmada ise 11.60-20.33 cm (Al, 2023) arasinda tespit
edilmistir.

Cin musirinda farkli uygulamalarin da kogan uzunlugu
iizerine etkileri incelenmis ve ekim zamanina (Dogrul,
1999) ekim sikligina (Ertekin, 2019; Giir, 2020), sulama
araliklarina (Akgali, 2016) ve sulamay1 sonlandirma
zamanina  (Yerdogan, 2015) gore degisebildigi
belirtilmistir.

Diger musir tiirlerinde de azotlu giibre ¢esitleri (yavas
salmimli vb.) ve dozlari lizerinde ¢aligmalar yapilmis ve
azot dozlart artikca kogan uzunlugunun arttigini
bildirmistir (Kara, 2006; Kus, 2015; Karahan, 2016).

Cizelge 8. Farkli cin musir1 ¢esitlerinde azotlu giibre x doz interaksiyonuna ait kogan uzunlugu (cm) ortalamalari
Table 8. Averages of ear lenght (cm) of nitrogen fertilizer x dose interaction in different popcorn varieties

2021
. Azot Dozu (kg N/da)
Giibre 0 8 6 20 Ort.
Nitropower 13.83 ¢! 15.00 b 17.33a 17.00a 17.67a 16.17
Novatec 14.17 d* 16.17 ¢ 16.17 ¢ 17.50 b 18.67 a 16.53
Ort. 14.00 D* 1558 C 16.75 B 17.25B 18.17 A
2022
Nitropower 19.05 19.08 20.24 20.08 20.74 19.84
Novatec 18.96 19.67 20.41 20.83 21.06 20.19
Ort. 19.01 B! 19.37B 20.32 A 20.46 A 20.90 A

! Ayni satirda aymi harfle gsterilen ortalamalar arasindaki fark dnemli degildir.
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Sonu¢ olarak bu konuda yapilan arastirmalar
incelendiginde kocan uzunlugu iizerine genetik yapinin
yaninda kiiltiirel uygulamalarin da etkili oldugu sonucuna
varilmistir.

3.4. Kocandaki Sira Sayisi (adet/kocan):

Ortalama kogandaki sira sayist PC912 ¢esidinde daha
fazla bulunmustur (yillara gore sirastyla 17.23 adet, 16.22
adet). SH3077 cesidinde ortalama kogandaki sira sayisi
yillara gore sirasiyla 15.25 adet, 14.81 adet olarak
belirlenmis ve gesitler arasindaki bu farklilik her iki yilda
da 6nemli bulunmustur (Cizelge 9).

Cizelge 9. Farkli azotlu giibre ve dozlarinda cin misir1 ¢esitlerinin kogandaki sira sayisina (adet) ait ortalamalar
Table 9. Averages of number of rows in the cob (number) of popcorn varieties at different nitrogen fertilizer and doses

2021
. . Azot Dozu (kg N/da)
Cesitler Giibre 0 8 P 6 20 Ort.
PC912 Nitropower 16.14 16.89 17.30 17.28 17.40 17.00
Novatec 16.90 17.21 17.65 17.73 17.76 17.45
Cesit Ort. 16.52 17.05 17.48 17.51 17.58 17.23 a*
SH3077 Nitropower 15.43 15.21 15.03 15.52 15.30 15.30
Novatec 14.59 14.82 15.48 15.59 15.50 15.20
Cesit Ort. 15.01 15.02 15.26 15.56 15.40 15.25b
2022
PC912 Nitropower 15.01 16.59 16.52 16.40 16.66 16.24
Novatec 15.67 16.42 16.33 16.49 16.11 16.20
Cesit Ort. 15.34 16.50 16.43 16.44 16.38 16.22 a*
SH3077 Nitropower 13.89 14.88 14.85 14.87 14.93 14.69
Novatec 14.07 14.86 14.99 15.68 15.07 14.93
Cesit Ort. 13.98 14.87 14.92 15.27 15.00 14.81b

1. yil CV (Cesit):%0.91; CV (Giibre):%2.81; Cv (Doz):%3.85; 2. yil Cv (Cesit)%5.28 Cv (Giibre)%5.27 Cv (D0z)%3.8;

1. yil Cesit(C)r:2688.103**Giibre(G)e:2.146ns; Doz(D)r:3.316*; CxGe:5.537ns; CxDg:0.622ns; GXDg:0.311ns; CxGxDr:0.826ns

2. yil Cesit (C)r:44.460*; Giibre(G)r:0.263ns; Doz(D)g:8.056**; CxGr:0.433ns; CxDg:0.261ns; GXDg:0.810ns; CxGxDg:0.523ns

*%5 seviyesinde énemli, ** %1 seviyesinde énemli, ns nemsiz; * Ayni siitunda ayni harfle gosterilen ortalamalar arasindaki fark Snemli degildir.

Aragtirmada giibre ¢esitleri arasindaki fark istatistiki
olarak Onemsiz bulunmustur. Fakat Novatec giibresi
uygulandiginda daha fazla koganda sira sayisi
belirlenmistir.  Kogandaki sira sayist  Nitropower
giibresinde yillara gore sirasiyla 16.15 adet, 15.46 adet,
Novatec kullanildiginda ise 16.32 adet, 15.57 adet olarak
kaydedilmistir (Cizelge 10).

Azot dozlarinin genel ortalamasi incelendiginde,
kocandaki en fazla sira sayist 16 kg/da dozunda (yillara
gore sirasiyla 16.53 adet ve 15.86 adet), en az ise 0 kg/da
dozunda (yillara gore sirasiyla 15.77 adet ve 14.66 adet)
kaydedilmistir. Fakat 8 kg/da iizerinde artan azot dozu
uygulamalar istatistiksel olarak ayni grupta yer almis ve
istatistiksel olarak 6nemli olmamistir (Cizelge 10).

Kocganda sira sayis1 6zelligi, koganda tane sayisini ve
kogan dane verimini dogrudan etkilediginden, {izerinde
durulmasi gereken bir Ozelliktir. Cin musirinda farkli
arastirmacilar tarafindan koganda sira sayisi incelenmis ve
genotpin etkisi arastirilmigtir. Nitekim koganda sira
sayis;; 196 yerel misir genotipi kullanarak yiiriitiilen
aragtirmada cin musirinda 9.00-20.18 adet (Oner, 2011),
34 yerel cin misir popiilasyonu ve Nermin cin musir ¢esidi
ile ytirtitiilen arastirmada 2 yilin ortalamasina gore 12.56-
19.23 adet (Zulkadir, 2018), 15 cin misir genotipinin
performanslarint ~ belirlemek  amaciyla  yiiriitiilen
arastirmada 13-16.6 adet, (Akin, 2022) ve 256 adet
kendilenmis misir hattinda 11-20 adet (Uziimbag, 2023)
arasinda degistigi belirlenmistir.

Cizelge 10. Farkli cin musiri gesitlerinde azotlu giibre x doz interaksiyonuna ait kogandaki sira sayisi (adet) ortalamalari
Table 10. Averages of number of rows in the cob (number) of nitrogen fertilizer x dose interaction in different popcorn

varieties
2021 Yih
. Azot Dozu (kg N/da)
Giibre 0 8 T 6 20 Ort.
Nitropower 15.79 16.05 16.17 16.40 16.35 16.15
Novatec 15.75 16.02 16.57 16.66 16.63 16.32
Ort. 15.77 B 16.03 AB 16.37 A 16.53 A 16.49 A
2022 Yi
Nitropower 14.45 15.73 15.69 15.63 15.80 15.46
Novatec 14.87 15.64 15.66 16.08 15.59 15.57
Ort. 14.66 B* 15.69 A 15.67 A 15.86 A 15.69 A

! Ayni satirda aym harfle gsterilen ortalamalar arasindaki fark dnemli degildir.

Cin misirinda koganda sira sayisina genetik yapinin
yaninda farkli uygulamalarin etkisi de incelenmistir. Uzun
(2020) tarafindan yapilan g¢alismada, ekim sekillerinin
koganda sira sayisina Onemli etkisi olmadigi, bitki
sikliklarinin ise Onemli etkileri oldugu bildirilmistir.
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Diger taraftan Giir (2020), ekim sikliginin koganda sira
sayisina onemli bir etkisinin olmadigini tespit etmistir.
Farkli bir aragtirmact cin misirinda koganda sira sayisina
farkli besin kaynaklarinm (14.53-15.90 adet) ve yillarin
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(14.76-15.60 adet) 6nemli etkisinin oldugunu bulmustur
(Cihangir, 2013).

Yavas salimmli giibre uygulamalar1 ile yapilan bazi
arastirmalarda, Kus (2015) at disi misirda yavas azot
salimli iire (Kiire) ve normal iire giibresi uygulamasinda,
koganda sira sayisina azot dozlarmin 6nemli oldugunu,
normal iirede daha fazla koganda sira sayisi elde
edilmesine ragmen, giibre tiplerinin istatistiksel olarak
etkisini 6nemsiz bulmustur. Arastirict misirda uygulanan
azot miktarindaki artisa bagli olarak, bitki gelisiminin
olumlu yonde etkilendigini ve kogan kalinligindaki artigin
kogandaki sira sayisi da artirdigint bildirmistir.

Aragtirmamizda elde ettigimiz sonuglara benzer olarak,
Ozata (2013) azot dozlar arttikga koganda sira sayisinin
artifin1  tespit etmistir. Arastirict azot dozlarin
azaltilmast ya da smirlandirilmasimin bitkide bir baski
olusturdugunu, bitkiye tasinan karbonhidrat maddelerinin
azalmasma neden oldugunu, azot dozlar1 arttikca besin
elementi yoniinden olusan stres faktorleri ortadan kalktigi
icin gesit Ozelligi olan ideal sira sayisini olustugunu
bildirmistir.

Incelenen arastirma sonuglar1 ile calismada elde edilen
sonuglar benzerlik gosterdigi gibi farkli  bulunan
sonuglarda vardir. Genel olarak bu farkliliklarda genetik
faktorlerin etkili oldugu soylenebilir (Cihangir, 2013;
Kavut ve Soya, 2014). Sonug olarak arastirmada PC912
¢esidinde daha fazla koganda sira sayisi belirlenmis,
kogandaki sira sayisina giibre gesitleri etkili olmamasina
ragmen, belli bir azot dozu artisina (16 kg/da) kadar,
kogandaki sira sayisi da artmigtir. Bu veriler g¢esitlerin
yetigtirilmesinde 6zellikle besin elementi yoniinden
stresin ortadan kaldirildiginda, ¢esit 6zelligi olan sira
sayisina ulasabildigini gostermektedir.

3.5. Kocanda Tane Sayisi (adet/kocan)

Kogandaki tane sayisi iizerine ¢esidin etkisi, 2021 yilinda
istatistiksel olarak Onemsiz iken, ikinci yil Onemli
bulunmustur. Her iki yilda SH3077 c¢esidinde koganda

tane sayisinin daha fazla oldugu tespit edilmis ve bu
durumun kogan uzunlugu ile iliskili olabilecegi
disiiniilmektedir (Cizelge 7). Ciinkii koganda sira sayisi
PC912 gesidinde daha fazla olmasina ragmen (Cizelge 9),
koganda tane sayisi daha diisiik bulunmasinin nedeni, her
siranin  kogan ucuna kadar tane olusturmamas: ile
aciklanabilir. Kocanda tane sayisi, PC912 g¢esidinde
yillara gore sirastyla 579.30 adet ve 612.43 adet, SH3077
¢esidinde ise 558.77 adet ve 667.67 adet olarak
belirlenmistir (Cizelge 11).

Cesit x doz interaksiyonu incelendiginde, denemenin
birinci yilinda her iki ¢esitte kocanda en fazla tane sayisi
20 kg/da azot uygulamasinda (668.10 adet ve 655.30
adet), en diisiik ise 0 kg/da uygulamasinda (435.30 adet
ve 405.25 adet) belirlenmistir. PC912 ¢esidinde dozlar
arasindaki fark istatistiki olarak onemli iken, SH3077
¢esidinde 16 ve 20 kg/da azot dozu uygulamalar1 arasinda
istatistiksel bir fark olusmamig ve ayn1 grupta yer almistir.
Denemenin ikinci yilinda ise PC912 gesidinde 511.73-
656.76 adet, SH3077 ¢esidinde 603.82-697.04 adet
arasinda degisen koganda tane sayisi belirlenmis ve
farkliliklar 6nemsiz bulunmustur (Cizelge 11)

Cesit x giibre x doz interaksiyonu incelendiginde, 2021
yili vejetasyon doneminde PC912 ¢esidinde her iki giibre
¢esidinde (Nitropower ve Novatec) en fazla tane sayisi 20
kg/da azot dozunda (652.43 adet, 683.77 adet)
belirlenmis, ancak Nitropower uygulamasinda 12 kg/da
iizerindeki azot uygulamalarinda tane sayisindaki artis,
istatistiksel olarak dnemli olmamistir. Novatec giibresinde
ise 20 kg/da ile diger dozlar arasindaki fark oOnemli
bulunmustur. Denemenin ikinci yilinda ise koganda tane
sayis1 yoniinden en yiiksek degerler PC912 ¢esidinde her
iki giibre formunda 20 kg/da azot dozunda (653.90 adet
ve 659.62 adet), SH3077 g¢esidinde ise Nitropower
giibresinde 20 kg/da azot dozunda (686.77 adet), Novatec
giibresinde ise 16 kg/da azot dozunda (718.73 adet)
kaydedilmis, ancak dozlar arasindaki fark Onemli
bulunmamustir (Cizelge 11).

Cizelge 11. Farkli azotlu giibre ve dozlarinda cin misir1 gesitlerinin kogandaki tane sayisina (adet) ait ortalamalar
Table 11. Averages of number of grains per cob (number) of popcorn varieties at different nitrogen fertilizer and doses

2021
Cesitler Giibre ) 8 Azot DOZLlJZ(kg N/da) 6 20 Ort.
PC912 Nitropower 412.39 ¢t 568.59 b 605.06 ab 647.20 a 652.43 a 577.13
Novatec 458.21 ¢t 569.14 b 584.25 b 611.95b 683.77 a 581.46
Cesit Ort. 435.30 D! 568.86 C 594.65 BC 629.57B 668.10 A 579.30
SH3077 Nitropower 433.95ct 490.85b 617.82a 600.32 a 628.28 a 554.24
Novatec 376.55 ¢ 512.67 b 543.57 b 701.33 a 682.32 a 563.29
Cesit Ort 405.25 D! 501.76 C 580.69 B 650.82 A 655.30 A 558.77
2022
PC912 Nitropower 502.44 594.82 614.65 647.93 653.90 602.75
Novatec 521.01 638.31 633.52 658.14 659.62 622.12
Cesit Ort. 511.73 616.56 624.08 653.04 656.76 612.43 b
SH3077 Nitropower 603.62 658.86 683.21 675.35 686.77 661.56
Novatec 604.03 661.31 693.18 718.73 691.63 673.78
Cesit Ort. 603.82 660.09 688.20 697.04 689.20 667.67 a

1. y1l CV (Cesit):%4.02; CV (Giibre):%4.7; Cv (D0z):%5.65; 2. y1l Cv (Cesit)%7.25; Cv (Giibre)%10.41; Cv (D0z)%b5.63;

1. yil Cesit(C)r:12.065ns; Giibre(G)g:0.936ns; Doz(D)g:108.058**; CxGg:0.116ns; CxDg:2.978*; GXD¢:3.695*; CxGxDg:5.969**

2. yil Cesit (C)r:21.241*; Giibre(G)r:0.843ns; Doz(D)g:21.611**; CxGe:0.043ns; CxDg:1.285ns; GxDg:0.188ns ; CxGxDg:0.425ns

*%5 seviyesinde dnemli, **%]1 seviyesinde 6nemli, ns 6nemsiz;* 2 Ayni satir veya siitunda ayni1 harfle gosterilen ortalamalar arasindaki fark dnemli

degildir.

106



Akgiin ve Bucak / Tiirk Bilim ve Mithendislik Dergisi, 6(2): 99-113, 2024

Arastirmada kocanda tane sayis1 yoniinden her iki yil da
giibre cesitleri arasindaki fark istatistiksel olarak 6nemsiz
bulunmustur (yillara gore sirasiyla Nitropower: 565.69
adet ve 632.15 adet, Novatec: 572.38 adet ve 647.95

adet). Giibre x doz interaksiyonu incelendiginde,
denemenin birinci yilinda &nemliyken, ikinci yil
istatistiksel ~ olarak  Onemsiz  bulunmustur. Gilibre

cesitlerinin doz (0, 8, 12, 16, 20 N kg/da) ortalamalar1
incelendiginde, denemenin birinci yilinda Nitropower
giibresinde en fazla koganda dane sayisi1 20 kg/da azot
dozunda (640.35 adet) belirlenmis, ancak 12 kg/da
iizerindeki uygulamalar istatistiksel olarak ayni1 grupta yer
almistir. Novatec giibresinde ise 16 kg/da (656.64 adet) ve
20 kg/da (683.04 adet) azot dozlar1 arasinda 6nemli bir
farklilik  belirlenmemistir. Denemenin ikinci yilinda
Nitropower giibresi uygulandiginda 553.03-670.33 adet,
Novatec giibresi uygulandiginda 562.52-688.44 adet
arasinda degisen kocanda tane sayisi tespit edilmis ve
farkliliklar 6nemli bulunmamustir (Cizelge 12). Azot
dozlarinin genel ortalamasi incelendiginde, kogandaki en
fazla tane sayist 2021 yilinda 20 kg/da (661.70 adet),
ikinci yilinda isel6 kg/da (675.04 adet) azot dozlarinda
belirlenmis, en az ise her iki yilda 0 kg/da azot dozunda
(yillara gore 420.28 adet ve 557.78 adet) kaydedilmistir.
Azot dozu artarken tane sayisi da artmig fakat denemenin
birinci yilinda 16 ve 20 kg/da, denemenin ikinci yilinda
ise 12, 16 ve 20 kg/da azot dozlar1 arasinda istatistiksel
bir fark olmamig ve dnemsiz bulunmustur (Cizelge 12).

Koganda tane sayisi verimi etkileyen dnemli 6zelliklerden
birisidir. Bu nedenle kocanda tane sayisi iizerine
genotipin etkisini belirlemek i¢in farkli arastirmacilar
tarafindan ¢alismalar yapilmistir. Bizim kullandigimiz
genotiplerde denemenin birinci yilinda aralarindaki fark
onemsiz iken, ikinci yil Onemli olmustur. Yapilan
caligmalarda da bazilarinda genotipe gore koganda tane
sayist  degisirken, bazilarinda  genotipler = 6nemli
olmamigtir. Bu konuda farkli ¢alismalar yapilmis olup
koganda tane sayisi degerleri; 12 cin musirt kullanarak
yiiriitiilen aragtirmada 527.00-732.75 adet (Tekkanat &
Soylu, 2005), 15 cin misir genotipinin performanslarini
belirlemek amaciyla yiiriitiilen ¢alismada 501.6-792.5
adet (Akin, 2022), 5 yerel popiilasyon, 11 hat ve 3 gesit
olmak iizere toplam 19 cin musir ¢esidi kullanarak
yiiriitilen ¢aligmada 405.67-772.67 adet (Al, 2023)

arasinda degistigi tespit edilmistir.

Cin misirinda kocanda tane sayisina genotipin yaninda
farkli uygulamalarin etkisi de arastirilmistir. Kocanda
tane sayisinin ekim sekline (Uzun, 2020) ve ekim
sikliklarma (Ozsoy, 2017; Uzun, 2020), ekim zamania
(Dogrul, 1999; Kahramanoglu, 2019) ve sulamaya (Vural,
2007; Tiifekei, 2021) gore degisebildigi farkl arastiricilar
tarafindan bildirilmistir.

Cizelge 12. Farkli cin musiri ¢esitlerinde azotlu giibre x doz interaksiyonuna ait kogandaki tane sayisi (adet) ortalamalar1
Table 12. Averages of number of grains per cob (number) of nitrogen fertilizer x dose interaction in different popcorn

varieties
2021
.. Azot Dozu (kg N/da)
Giibre 0 8 B 6 20 Ort.
Nitropower 423.17 ¢t 529.72 b 611.44 a 623.76 a 640.35 a 565.69
Novatec 417.38 ¢! 540.90 b 563.91 b 656.64 a 683.04 a 572.38
Ort. 420.28 D! 535.31C 587.67 B 640.20 A 661.70 A
2022
Nitropower 553.03 626.84 648.93 661.64 670.33 632.15
Novatec 562.52 649.81 663.35 688.44 675.63 647.95
Ort. 557.78 C! 638.32 B 656.14 AB 675.04 A 672.98 A

1Aymi satirda ayni harfle gosterilen ortalamalar arasindaki fark nemli degildir.

Cin musirinda azotlu giibre kaynaklar1 ve dozlar ile ilgili
yiiriitiillen aragtirmalarda yapilmistir. Nitekim Ozkan
(2007), 2 cin musirt gesidi ve 7 farkli azot dozu (0, 5, 10,
15, 20, 25, 30 kg N/da) uygulanarak yiiriittiigii calismada
iki yilin birlestirilmig ortalamasina gore koganda tane
sayist gesitlere gore (581-661 adet) istatistiksel olarak
onemli iken, azot dozlarma gore (600-647 adet) dnemsiz
bulunmustur. Diger taraftan Akgiil (2020), farkli azot
dozu (0, 10, 15, 20, 25, 30 kg/da) uygulamasma gore
koganda tane sayisinin 6nemli seviyede degistigini (515-
608.83 adet) belirlemistir. Cihangir (2013), farkli besin
kaynaklarma gore (495.27-593.55 adet) ve yillara
(468.59-590.93 adet) gore koganda tane sayisinda 6nemli
farkliliklar belirlemistir.

Farkli misir gesitlerinde azotlu giibre kaynaklar (yavas
salimmli giibre vb.) ve doz kullanilarak yapilan
calismalarda; Cengizer (2024), farkli doz ve donemlerde
uygulanan yavas salinimli azot giibresinin atdisi misirda
koganda tane sayismma azot dozunun ve uygulama
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doneminin 6nemli etkisinin olmadigii, ancak azot x
uygulama doneminin  etkisinin  6nemli  oldugunu
bildirmistir. Yine Karahan (2016), azot dozlarinin
koganda tane sayisini istatistiksel olarak Gnemli
etkilerken, giibre ¢esitlerinin etkisinin 6nemsiz oldugunu
tespit etmistir. Arastirmada en fazla ortalama koganda
tane sayisi lire uygulamasindan elde edilmistir. Kocabas
& Akgiin (2021), Vega F1 musir ¢esidinde koganda tane
sayisina azot dozlarin etkili oldugunu fakat giibre
cesitlerinin istatistiksel olarak onemli olmadigini tespit
etmistir. Diger taraftan Kus (2015), yavas azot salimli iire
(Kiire) giibresinin, at disi misirda azot dozu ve giibre
tipinin 6nemli oldugunu bildirmistir. Azot dozunun
koganda tane sayisimi arttirdigmi en fazla koganda
tanenin, normal ire uygulamasindan elde edildigini
bildirmistir. Yine farkli arastiricilar azot dozlarindaki
artisa paralel olarak kogandaki tane sayisinin da arttigini
bildirmislerdir (Ulger vd., 1997; Kara, 2006).
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Bu konuda yapilan arastirmalarin sonuglarma gore
koganda tane sayisinin genotipe, ¢evre kosullarina ve
yetistirme tekniklerine gore farklilik gosterebilen bir
karakter oldugu sdylenebilir (Ozel, 2019; Kocabas &
Akgiin, 2021). Ayrica, biitiin bitkilerde oldugu gibi
misirda da gelismenin en kritik devresi ¢igeklenme ve
tozlagsma (10-15 giin) devresidir. Bu devrede kuraklik,
besin elementi eksikligi (6zellikle azot), polen
dokiilmesine neden olarak doéllenmeyi olumsuz yonde
etkiler. Bu durum, kocandaki tane sayisini biiyiik 6l¢iide
azaltabilmektedir (Aldrich vd., 1982; Tolenaar vd., 1997).
Ozellikle azot dozundaki artis, bitki bilyiime ve
gelismesini olumlu etkileyerek, kogan boyu ve kogan ¢api
gibi verim unsurlarmi ve dolayisiyla kogandaki tane
sayisini arttirabilmektedir.

3.6. Bitkide Kocan Sayisi (adet/bitki)

Denemenin her iki yilinda da SH3077 cesidinde daha
fazla bitkide kogan sayisi elde edilmis ve cesitler
arasindaki bu farklilik 2021 yilinda istatistiksel olarak
onemsiz (PC912 ve SH3077 ¢esitlerinde sirasiyla 1.02
adet ve 1.05 adet), 2022 yilinda ise énemli bulunmustur
(aymi sira ile 1.25 adet ve 1.42 adet). SH3077 ¢esidinin
kogan olusturabilme kapasitesinin daha yiiksek oldugu
belirlenmistir (Cizelge 13).

Cesit x doz interaksiyonu istatistiksel olarak Onemli
bulunmustur. Denemenin birinci yilinda PC912 ¢esidinde
azot dozu ortalamalarma bakildiginda en fazla bitkide
kogan sayist 12 ve 20 kg/da (1.03 adet) azot dozlarinda,
en az 0 ve 8 kg/da azot dozlarinda (1.00 adet) belirlenmis
ancak aralarindaki fark istatistiksel olarak Onemli
bulunmamistir. SH3077 c¢esidinde ise en fazla bitkide
kogan sayist 20 kg/da azot dozunda (1.2 adet) belirlenmis,
12 kg/da azot dozuna kadar bitkide kogan sayisinin
degismedigi (1.00 adet) tespit edilmistic. SH3077
cesidinde 16 kg/da azot dozunda bitkide kogan sayisi
artmis, ancak bu artig istatistiksel olarak Onemli
bulunmadigindan 0, 8, 12 ve 16 kg/da azot dozlar1 ayni
grupta yer almistir. Denemenin ikinci yilinda en az
bitkide kogan sayist PC912 ve SH3077 gesidinde 0 kg/da
azot dozu uygulamasinda sirasiyla 1.08 adet ve 1.13 adet
olarak belirlenmistir. PC912 ¢esidinde en fazla bitkide
kogan sayist 20 kg/da azot dozu (1.47 adet)
uygulamasindan elde edilmis, SH3077 ¢esidinde ise 16
kg/da azot dozu (1.68 adet) uygulamasinda belirlenmistir.
PC912 ¢esidinde artan azot dozu bitkide kogan sayisini
olumlu etkide bulunmasina ragmen, SH3077 ¢esidinde ise
20 kg/da azot dozu uygulamasi bitkide kogan sayisini
azaltmigtir (Cizelge 13).

Cizelge 13. Farkli azotlu giibre ve dozlarinda cin misir1 gesitlerinin bitkide kogan sayisina (adet) ait ortalamalar
Table 13. Averages of number of cobs per plant (pcs) of popcorn varieties at different nitrogen fertilizer and doses

2021
Cesitler Giibre ) A Azot Doz$2(kg N/da) 6 0 Ort.
PCO12 Nitropower 1.00 1.00 1.07 1.00 1.00 1.01
Novatec 1.00 1.00 1.00 1.03 1.07 1.02
Cesit Ort. 1.00 A 1.00 A 1.03 A 1.02 A 1.03 A 1.02
SH3077 Nitropower 1.00 1.00 1.00 1.00 1.17 1.03
Novatec 1.00 1.00 1.00 1.07 1.23 1.06
Cesit Ort. 1.00 B* 1.00B 1.00B 1.03B 1.20A 1.05
2022
PC912 Nitropower 1.10 bt 1.13 ab 1.17 ab 123 a 123 a 1.17
Novatec 1.07 ¢t 1.27b 1.27b 1.37b 1.70 a 1.33
Cesit Ort. 1.08 D* 1.20C 1.22 BC 1.30B 147 A 1.25 b?
SH3077 Nitropower 113¢t 1.27b 1.30b 157 a 1.47 a 1.35
Novatec 1.13 d! 147 ¢ 1.43¢c 1.80a 1.63b 1.49
Cesit Ort. 1.13 D! 1.37C 1.37C 1.68 A 1.55 B 142a

1. y1l CV (Cesit):%7.81; CV (Giibre):%9.61; Cv (D0z):%7.61; 2. y1l Cv (Cesit)%5.87; Cv (Giibre)%8.08; Cv (D0z)%5.31,;

1. yil Cesit(C)e:2.077ns; Giibre(G)¢:0.424ns; Doz(D)g:4.622**; CxGg:0.153ns; CxDg:3.000%; GXDr:0.811ns; CxGxDe:0.108ns

2. yil Cesit (C)g:67.568*; Giibre(G)g:30.229**; D0z(D)g:65.752**; CxGe:0.057ns; CxDg:10.083**; GXDg:8.628**; CxGxDg: 3.934**

*%S5 seviyesinde 6nemli, **%1 seviyesinde onemli, ns dnemsiz

1.2 Aym satir veya siitunda ayn1 harfle gosterilen ortalamalar arasindaki fark énemli degildir.

Cin musirinda ¢esit x glibre x doz interaksiyonu
incelendiginde, denemenin birinci yilinda PC912
cesidinde Nitropower giibresinde en fazla bitkide kogan
sayis1 12 kg/da azot dozunda (1.07 adet), en azise 0, 8, 16
ve 20 kg/da azot dozlarinda (1.0 adet) tespit edilmistir.
Novatec giibresinde ise en fazla bitkide kogan sayist 20
kg/da azot dozunda (1.07 adet), en az 0, 8 ve 12 kg/da
(1.0 adet) azot dozlarnda belirlenmistir. SH3077
cesidinde en fazla bitkide kogan sayist Nitropower ve
Novatec giibre uygulamalarinda 20 kg/da azot dozunda
(1.17 adet ve 1.23 adet), en az bitkide kocan sayisi ise
Nitropower giibresinde 0, 8, 12 ve 16 kg/da azot
dozlarinda (1.0 adet), Novatec giibresinde ise 0, 8 ve 12
kg/da azot dozunda (1.0 adet) tespit edilmistir.
Denemenin ikinci yilinda PC912 ¢esidinde en fazla
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bitkide kogan sayist Nitropower giibresi uygulandiginda
16 kg/da azot dozunda (1.23 adet), Novatec giibresi
uygulandiginda ise 20 kg/da azot dozunda (1.70 adet)
belirlenmistir. Ancak Nitropower giibresinde 8 kg/da
iizerindeki azot dozlarindan elde edilen degerler istatistiki
olarak ayni grupta yer almig ve Onemsiz bulunmustur.
Novatec giibresinde ise 8, 12 vel6 kg/da azot dozu
uygulamalar istatistiksel olarak ayni grupta yer almis ve
onemsiz bulunmustur. SH3077 ¢esidi her iki giibre
¢esidinde daha disiik azot dozlarinda (16 kg/da) daha
fazla (1.57 adet ve 1.80 adet) bitkide kogan olusturmustur.
Yiksek azotlu giibreleme (20 kg/da) bu cesitte kogan
sayisini azaltmistir (Cizelge 13). Bu sonuglar denemenin
ikinci yilinda her iki ¢esidin de verilen giibreleri daha iyi
kullandigin1 ~ gostermektedir. Bu  durumun ¢evre
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kosullarindan 6zellikle sicaklikla (2. yilin ort. sicaklig
daha yiiksek Cizelge 1) ve deneme alanimin toprak yapisi
(Cizelge 2) iliskili oldugu diisiiniilmektedir.

Aragtirmada giibre ¢esitleri arasindaki fark denemenin
birinci yilinda istatistiki olarak 6nemsiz bulunmus, fakat
ikinci y1l 6nemli olmustur. Her iki vejetasyon doneminde
de Nitropower giibresi uygulamasinda bitkideki kogan
sayist daha diisiik bulunmustur. Nitropower ve Novatec
giibre uygulamalarinda yillara gore sirastyla 1.02 ve 1.04
adet ile 1.26 ve 1.41 adet arasindan degisen bitkide kogan
sayist belirlenmistir (Cizelge 14).

Giibre x doz interaksiyonu incelendiginde denemenin
birinci yilinda istatistiksel olarak énemsiz bulunmus olup,
denemenin ikinci yilinda istatistiksel olarak Onemli
olmustur. Denemenin birinci yilinda en fazla bitkide
kogan sayis1 giibre cesitlerinde 20 kg/da azot dozu
(swrasiyla 1.08 adet, 1.15 adet) uygulamasindan elde
edilmistir. Denemenin ikinci yilinda her iki giibre
cesidinde de 16 kg/da azot dozunun iizerindeki dozlarda
bitkide kogan sayis1 6énemli bir farklilik gdstermemistir.
En fazla bitkide kocan sayis1 Nitropower giibresinde 16
kg/da azot dozunda (1.40 adet) Novatec giibresi

uygulandiginda ise 20 kg/da azot dozunda (1.67 adet) elde
edilmigstir (Cizelge 14).

Azot dozlarmin genel ortalamasi incelendiginde, en fazla
bitkide kogan sayis1 20 kg/da azot dozunda (yillara gore
sirarstyla 1.12 adet ve 1.51 adet), en az bitkide kocan
sayisi ise denemenin birinci yilinda 0 ve 8 kg/da azot
dozlarinda (1 adet), ikinci yilinda ise 0 kg/da azot
dozunda (1.11 adet) saptanmistir. Uygulanan giibre dozu
arttikca bitkideki kogan sayis1 artmigtir (Cizelge 14).

Bitki basina kogan sayisi verimi etkileyen Onemli
ozelliklerden birisidir. Ancak bitkide kocan sayisinin
artmas1 tane kalitesini diisirmesinden dolay1 da tercih
edilen bir durum degildir. Ziegler & Ashman (1994),
prolifik 6zellige sahip cin misirinin diger msir tiplerinden
farkli olarak bir sapta birden fazla iyi gelismis kogana
sahip olabilecegini bildirmislerdir. Farkli caligmalarda
genotipin kogan sayisina etkileri arastirilmistir. Nitekim;
bitki bagina kogan sayis1 Tekkanat & Soylu (2005) 1.0-1.6
adet, Oner (2011) 1.00-2.25 adet, Zulkadir (2018) 1.043-
1570 adet ve Uzun (2021) 1.3-1.6 adet arasinda
degistigini bildirmistir.

Cizelge 14. Farkli cin misir1 gesitlerinde azotlu giibre x doz interaksiyonuna ait bitkide kogan sayis1 (adet) ortalamalari
Table 14. Averages of number of cobs per plant (pcs) of nitrogen fertilizer x dose interaction in different popcorn

varieties
2021
. Azot Dozu (kg N/da)
Giibre 0 8 1 16 20 Ort.
Nitropower 1.00 1.00 1.03 1.00 1.08 1.02
Novatec 1.00 1.00 1.00 1.05 1.15 1.04
Ort. 1.00 B! 1.00B 1.02B 1.03B 112 A
2022
Nitropower 1.12¢t 1.20 bc 1.23b 140a 1.35a 1.26 B?
Novatec 1.10 ¢! 1.37Db 1.35b 158 a 1.67a 141 A
Ort. 1.11 Ct 1.28B 1.29B 149 A 151 A

L2 Ayn1 satir veya siitunda ayni harfle gosterilen ortalamalar arasindaki fark dnemli degildir.

Cin musirinda farkli azot dozu ve giibre cesitleri ile ilgili
yiiriitiilen bazi1 ¢aligmalarda bitkide kogan sayist degerlert;
Incik (2019) 1.23-1.70 adet arasinda ve en fazla 20 kg/da
azot dozunda elde etmistir. Farkli misir tiirlerinde yapilan
calismada bitki basina kogan sayisinin yillara gére dnemli
seviyede degistigi ve azot dozlarn arttikga bitki basina
kogan sayisinin arttigi bildirilmigtir (Cokkizgin, 2002;
Ozata, 2013). Yine Karahan (2016) yaptig1 ¢alismada,
azot dozlarmin etkisinin 6nemli oldugunu, azot dozu
arttikga bitkide kogan sayisinin arttigini, fakat 15 kg/da
azot dozu uygulamasindan sonra diismeye basladigini
tespit etmistir. Caligmada giibre ¢esitleri arasinda fark
istatistiksel olarak Onemli bulunmamus, fakat en fazla
bitkide kocan sayisi, iire uygulamasinda, daha sonra
DMPP inhibitorlii azotlu gilibre uygulamasindan elde
edilmistir. Kocabas & Akgiin (2021), tarafindan yapilan
calismada Vega F1 musir ¢esidinde giibre dozlarmin (15,
20 ve 25 kg/da) bitkide kogan sayisina etkili olmadigimni,
giibre ¢esitleri [Nitropower 33 (%33 N), tire (%46 N) ve
UTEC (%46 N)] arasindaki farkin ise 6nemli oldugunu,
ire ve yavas salimimli giibre uygulamasinda kocan
sayisinin daha fazla oldugunu bildirmislerdir.
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Sonug olarak bitkide kogan sayisi ¢esidin genetik yapisina
bagli olabildigi gibi, iklim kosullarina ve kiiltiirel
uygulamalara bagli olarak degisim gosterebilmektedir.

3.7. Tane Verimi (kg/da)

Tane verimi yoniinden ¢esit arasindaki farklilik, 2021
vejetasyon doneminde istatistiksel olarak 6nemsiz, 2022
yilinda 6nemli ve tane verimi her iki ¢esitte de daha
yiiksek bulunmugtur. Tane verimi birinci yilinda PC912
¢esidinde (PC912: 666.39 kg/da, SH3077: 578.81 kg/da),
ikinci yilinda ise SH3077 ¢esidinde (SH3077: 735.05
kg/da; PC912: 709.86 kg/da) daha fazla oldugu
belirlenmigtir. SH3077 ¢esidinde bitkide kogan sayisinin
daha fazla olmasi tane verimini arttirmigtir (Cizelge 15).

Cesit x giibre interaksiyonu incelendiginde, denemenin
birinci yilinda cin misir1 gesitlerine Nitropower ve
Novatec giibresi uygulandiginda, tane verimi sirasiyla
PC912 ¢esidinde 657.74 ve 675.04 kg/da, SH3077
cesidinde 539.74 ve 617.88 kg/da, denemenin ikinci
yilinda ayni sira ile PC912 ¢esidinde 673.60 ve 746.12
kg/da, SH3077 cesidinde 698.13 ve771.97 kg/da arasinda
verim belirlenmistir. Her iki yilda Novatec giibresi
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uygulamasindan daha fazla tane verimi elde edilmistir
(Cizelge 15).

Cesit x doz interaksiyonu incelendiginde istatistiksel
olarak 6nemli olup, denemenin birinci yilinda PC912
cesidinde 370.65-891.47 kg/da, SH3077 g¢esidinde
349.53-724.17 kg/da, denemenin ikinci yilinda PC912
gesidinde 504.88-912.70 kg/da, SH3077 g¢esidinde
539.19-904.72 kg/da arasinda degisen ortalamalar
kaydedilmistir. Denemenin ilk yilinda azot dozu arttikga
tane verimi artmis ve en yiiksek degerler her iki ¢esitte de
20 kg/da azot dozu uygulamasinda belirlenmistir. Ancak
her iki yilda PC912 ¢esidinde 20 kg/da azot dozu ile diger
uygulamalar arasindaki fark onemli olurken, SH3077
¢esidinde birinci yil 16 kg/da (714.71 kg/da) ile 20 kg/da
(724.17 kgl/da) azot dozlar istatistiksel olarak ayni grupta
yer almustir. Ikinci yilda ise bu gesitte tane verimi 20
kg/da azot dozunda (850.08 kg/da) Onemli seviyede
azalmigtir (Cizelge 15).

Cesit x giibre x doz interaksiyonu incelendiginde,
denemenin birinci ve ikinci yilinda siras1 ile PC912
¢esidinde Nitropower giibresi uygulandiginda 378.64-
888.40 kg/da ve 491.48-874.19 kg/da, Novatec
giibresinde 362.67-894.53 kg/da ve 518.27-951.22 kg/da,
SH3077 gesidinde ise ayn1 sira ile 350.98-639.39 kg/da ve
498.15-885.18 kg/da ile 348.08-808.96 kg/da 580.23-
924.25 kg/da arasinda degisen tane verimi elde edilmistir.
Genel olarak her iki vejetasyon doneminde azot dozu
arttikca tane verimi de artmistir. En diisiik tane verimi O
kg/da azot dozu uygulamasindan elde edilmistir. (Cizelge
15).

Tane verimi Nitropower giibresinde yillara gore sirastyla
598.74 kg/da, 685.87 kg/da, Novatec giibresinde ise
646.46 kg/da, 759.05 kg/da olarak belirlenmistir.

Novatec giibresi uygulamalarinda tane verimi daha fazla
olmus ve giibre cesitleri arasindaki fark denemenin ikinci
yilinda istatistiksel olarak 6nemli bulunmustur (Cizelge
16).

Cizelge 15. Farkli azotlu giibre ve dozlarinda cin musir1 gesitlerinin tane verimine (kg/da) ait ortalamalar
Table 15. Averages of grain yield (kg/da) of popcorn varieties at different nitrogen fertilizer and doses

2021
. . Azot Dozu (kg N/da)
Cegsitler Giibre 0 A B 5 0 Ort.
PCO12 Nitropower 378.64 590.54 682.28 748.85 888.40 657.74
ovatec . . . . . .
N 362.67 555.78 782.04 780.17 894.53 675.04
Cesit Ort. 370.65 D* 573.16 C 732.16 B 764.51 B 891.47 A 666.39
SH3077 Nitropower 350.98 499.50 585.04 623.80 639.39 539.74
Novatec 348.08 522.45 604.27 805.62 808.96 617.88
Cesit Ort. 349.53 D! 510.98 C 594.65 B 71471 A 72417 A 578.81
2022
itropower . . . . . .
PCO12 Ni 491.48 568.22 703.47 730.66 874.19 673.60
Novatec 518.27 616.28 776.23 868.60 951.22 746.12
Cesit Ort. 504.88 E! 592.25 D 739.85 C 799.63 B 912.70 A 709.86 b?
SH3077 Nitropower 498.15 617.15 669.18 885.18 820.99 698.13
Novatec 580.23 650.60 825.62 924.25 879.17 771.97
Cesit Ort. 539.19 E! 633.87 D 747.40 C 904.72 A 850.08 B 735.05 a

1. yil CV (Cesit):%12.79; CV (Giibre):%11.58; Cv (D02):%9.17; 2. yil Cv (Cesit)%2.00; Cv (Giibre)%6.61; Cv (D0z)%5.99;

1. yil Cesit(C)r:18.143ns; Giibre(G)g:6.566ns; D0z(D)g:115.122**; CxGe:2.668ns; CxDg:3.529*; GXD¢:2.613*; CxGxDr:2.350ns

2. y1l Cesit (C)r:45.793*; Giibre(G)g:35.182**; D0oz(D):151.848**; CxGr:0.003ns; CxDg:5.918**; GxDg:1.357ns; CxGxDg:2.045ns

* %S5 seviyesinde onemli, ** %1 seviyesinde dnemli, ns 6nemsiz

1.2 Aym satir veya siitunda ayn1 harfle gosterilen ortalamalar arasindaki fark énemli degildir.

Giibre x doz interaksiyonu ortalamalarina gére denemenin
birinci yilinda tane verimi Nitropower giibresinde 364.81-
763.90 kg/da arasinda degismis ve azot dozu arttik¢a tane
verimi de artmigtir. Bu artigin istatistiksel olarak 6nemli
oldugu ve 20 kg/da ile diger uygulamalar farkli gruplarda
yer almistir. Novatec giibresinde ise tane verimi 355.37-
851.75 kg/da arasinda degismistir. Doz arttik¢a tane
verimi de artis gostermis ve istatiksel olarak onemli fark
olugsmustur. Fakat 16 ve 20 kg/da azot dozu uygulamalari
istatistiksel olarak ayni grupta yer almistir. Denemenin
ikinci yilinda ise Nitropower giibresi uygulandiginda
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494.82-847.59 kg/da, Novatec giibresi uygulandiginda
549.25-915.19 kg/da arasinda degisen degerler tespit
edilmis, azot dozu arttikca tane verimi de artmigtir
(Cizelge 16).

Azot dozlarmin genel ortalamasi incelendiginde ise en
fazla tane verimi 20 kg/da dozunda (yillara gore sirasiyla
807.82 kg/da, 881.39 kg/da), en az tane verimi ise 0 kg/da
dozunda (yillara gore sirasiyla 360.09 kg/da, 522.03
kg/da) kaydedilmistir. Denemenin ikinci yilinda 16 kg/da
iizerindeki artislar istatistiksel olarak 6nemli olmamuistir
(Cizelge 16).
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Cizelge 16. Farkli cin misiri gesitlerinde azotlu giibre x doz interaksiyonuna ait tane verimi (kg/da) ortalamalari
Table 16. Averages of grain yield (kg/da) of nitrogen fertilizer x dose interaction in different popcorn varieties

2021
. Azot Dozu (kg N/da)
Giibre 0 8 B 6 20 Ort.
Nitropower 364.81 d* 545.02 ¢ 633.66 b 686.33b 763.90 a 598.74
Novatec 355.37 d* 539.11 ¢ 693.15 b 792.90 a 851.75 a 646.46
Ort. 360.09 E* 542.07 D 663.41C 739.61B 807.82 A
2022
Nitropower 494.82 592.68 686.33 807.92 847.59 685.87 B?
Novatec 549.25 633.44 800.93 896.43 915.19 759.05 A
Ort. 522.03 D* 613.06 C 743.63 B 852.17 A 881.39 A

12 Aym satir veya siitunda ayni harfle gosterilen ortalamalar arasindaki fark dnemli degildir.

Tane misir yetistiricili§inin esas amaci, yiiksek tane
verimi elde etmektir. Bu konuda yapilan ¢alismalarda,
tane veriminin bizim ¢alismamizda oldugu gibi, genotipe
gore degisebildigi belirlenmistir. Nitekim tane verim
degerlerini; Tekkanat (2005) 499.5-753.5 kg/da, Oz ve
Kapar (2011) 247.4-522.6 kg/da, Idikut vd. (2015)
287.38-498.50 kg/da, Zulkadir (2018) 477.757-859.262
kg/da, Kahramanoglu (2019) 342.37-967.91 kg/da, Uzun
(2021) 778.0-1114.2 kg/da, Akin (2022) 385-740 kg/da
arasinda degistigini bildirmislerdir.

Bunun yant sira cin misirinda tane veriminin ekim sekline
(Uzun, 2020) ve ekim sikhigma (Ozsoy, 2017; Ertekin,
2019; Uzun, 2020) gore onemli farklilik gosterdigi
bildirilmistir. Yine cin misirinda farkli azot dozu (20, 25,
30, 35 kg N/da) ve degisik sira iizeri uzunluklarinin (10
cm: 14.286 bitki/da, 15 cm: 9.524 bitki/da, 20 cm: 7.143
bitki/da, 25 cm: 5.714 bitki/da) tane verimine etkisi
arastirilmistir. En yiiksek tane verimi (587 kg/da) 20 kg
N/da ile 20 cm sira {izeri mesafede elde edilmistir (Ulger,
1998). Fakat bazi ¢aligmalarda ekim sikliginin 6nemli
olmadigini bildirmistir (Giir, 2020). Arastirmamizda 15
cm sira iizeri mesafede ve 20 kg/da azotlu giibrelemede
900 kg degerlerine ulagilabilmistir.

Cin musirda azotlu gilibre uygulamasmin tane verimini
onemli seviyede etkiledigi bildirilmistir. Nitekim Ozkan,
(2007) cin musirinda tane veriminin gesitlere gére 375-
447 kg/da, azot dozlarma (0, 5, 10, 15, 20, 25, 30 kg
N/da) gore 340-453 kg/da arasinda degistigini ve en fazla
verimin 20 kg/da azot dozu uygulamasmdan elde
edildigini tespit etmistir. Cukurova kosullarinda cin muisiri
cesitlerine (Nermin Cin ve Ant Cin 98) farkli azot dozu
(0, 5, 10, 15, 20, 25, 30 kg N/da) uygulandig1 calismada,
en yiiksek tane verimi 499 kg/da ile 25 kg azot dozunda
Nermin-cin ¢esidinde belirlenmistir (Ozkan & Ulger,
2011). Bunun yami sira Cihangir (2013) organik olarak
yetigtirilen cin misirda tane verimi iizerine farkli besin
kaynaklart (421.27-526.54 kg/da) ve yillarin (413.6-
515.57 kg/da) etkisini énemli bulmustur.

Farkli calismalarda azot dozu artttkga misirda tane
veriminin arttig1 tespit edilmistir (Banerjee & Singh,
2003; Alict, 2005; Kara, 2006; Cetin, 2019). Diger
taraftan farkli bir caligmada cin misirinda azot dozu
miktar1 azaldikga, hasat edilen {irlin miktarinin azaldigini
ileri siriilmiigtir (Oncsik & Nagy, 2004). Bizim
calismamizda da 2. yil SH3077 cesidinde her iki giibre
¢esidin de 20 kg/da azot dozunda tane verimi azalmustir.
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Aragtirmamizda elde ettigimiz sonuca benzer olarak,
Karahan (2016), tarafindan yapilan c¢alismada tane
verimine azot dozlarmin (0, 7.5, 15, 22.5 kg/da N)
istatistiksel olarak onemli, fakat giibre cesitlerinin (iire,
amonyum nitrat, NBPT inhibitorli tre ve DMPP
inhibitorli %26 N) 6nemli olmadigi tespit edilmistir.
Ancak en fazla verim DMPP inhibitorlii azotlu giibre
uygulamasindan elde edilmistir. Barut vd. (2022), ise {ist
giibre olarak Ure ve azot stabilizatorii olan “Nutrisphere-
N’li Ure” giibresi kullaniminin musirin verim degerleri
iizerinde istatistiki olarak Onemli farkliliklara neden
oldugunu, en yiksek verim (1774.31 kg/da) 25 kg
DAP/da+60 kg Nutrisphere-N-Ure/da” uygulamasindan
elde edildigini bildirmistir. Kus (2015), at disi misirda
tane verimi iizerine azot dozu ve giibre tipinin (yavas azot
salimli ire (Kiire) istatistiksel olarak 6nemli oldugunu
bulmustur. Azot dozu artisina paralel olarak verim artmis,
normal iire uygulamasinda yavas salimmli giibre
uygulamasina gore daha iyi verim elde edilmistir. Diger
taraftan Zhao vd. (2013) Zhengdan958 musir g¢esidinde
konvansiyonel azotlu giibreye gore, yavas salinimli azotlu
giibre ¢esitleri tane verimini %9.69-14.15 oranlarinda,
Zhu vd. (2020) tarafindan yavas salinimli iire ve normal
iire kullanarak yiiriitilen calismada ise yavas salinimli
giibre kullaniminin normal {ireye goére tane verimini
%7.23 oraninda arttirdig@i bildirilmistir. Arastirmamizda
da yavas salinimli giibre kullaniminda tane veriminde
birinci yil %7.97, ikinci yil ise %10.7 oraninda artis
saglanmstir.

Bu sonuglar ¢esidin yaninda, yavas saliimli giibrelerin
iceriginin de musir yetistiriciliginde 6nemli oldugunu
gostermektedir. Bunun yaninda giibrelerin etkinliginde
ekolojik kosullarin ve yetistirme teknigi uygulamalarinin
da etkili oldugu soylenebilir. Ozellikle sicaklik misir
genotiplerinde tane verimi  ydniinden varyasyon
olusturabilmektedir (Rattalino Edreira & Otegui, 2012).
Arastirmamizda ikinci yil deneme alanmnin toprak
ozelliklerinin yaninda, sicaklik ortalamasmin daha fazla
olmasi kocan sayisini arttirarak daha fazla verim elde
edilmesine neden olmustur. Misirda tane verimi;
kogandaki tane sayisi, kogan boyu, kogan ¢api, bin tane
agirhigy, tek kogan agirligi gibi kogan ozellikleri ile dogru
orantilidir, bunlarin yaninda birim alandaki kogan
sayisinin da 6nemli oldugu farkli arastiricilar tarafindan
bildirilmistir (Bruns & Abbas, 2002; Kara, 2006; Saygi &
Toklu, 2017).

4. Sonug¢
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Farkli cin misir1 hibrit ¢esitleri ve farkli giibre (geleneksel
ve yavag salimmli) ve 5 farkli doz uygulamasi ile
yiiriittiiglimiiz bu ¢aligmada, tane verimi ve verim 6geleri
dikkate alindiginda Isparta kosullarinda her iki ¢esidin
(SH3077 ve PC912) yetistirilebilecegi tespit edilmistir.
Diger taraftan iklim sartlart (6zellikle sicaklik) uygun
oldugunda, daha ge¢ olgunlasan SH3077 ¢esidinden daha
yiiksek verim elde edilebilecektir. Ayrica Novatec gibi
yavag salmimli ve uzun siire etkili olabilen giibrelerin
uygulanmas: yikanma ve buharlasma ile olusabilecek
kayiplar1 azaltarak, giibre alim etkinligini arttiracaktir. Bu
nedenle yavas salimimli giibrelerin kullanilmasinin cin
misirt  yetistiriciliginde daha  ekonomik  olacagi
disiiniilmektedir. Arastirmada yavas salinimli Novatec
giibresi uygulamasinin cin misir1 gesitlerinde verim ve
verim unsurlar1 {lizerinde Onemli artiy sagladigi
belirlenmigtir. Yillara ve ¢eside gore degisiklik gostermis
olsa da atilacak giibre miktarin1 da azaltabilecegi
belirlenmisgtir.

5. Tesekkiir

Bu c¢aligma, Isparta Uygulamali Bilimler Universitesi,
Lisansiistii Egitim Enstitiisii, Tarla Bitkileri Anabilim
Dali’nda Kiirsat BUCAK tarafindan sunulan Doktora
tezinden {iretilmistir.

Cikar Catismast Beyani

Makale yazarlari aralarinda herhangi bir ¢ikar catigmasi
olmadigini beyan ederler.

Arastirmacilarin Katki Orani Beyani

Yazarlar makaleye esit oranda katki saglamis olduklarini
beyan ederler.
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ABSTRACT

This paper presents an analysis of air pollution in Turkey over a ten-year period. The study
was carried out to determine the concentrations of specific pollutants in the atmosphere by
analyzing the Sulfur dioxide (SO,), Sulfate (SO,), Organic Carbon Scattering (OCS) and
Total Aerosol Angstrom parameter components obtained from MERRA-2 satellite imagery.
SO, and SO, represent the mass densities of sulphate components in the atmosphere, while
organic carbon represents atmospheric carbon scattering. The aerosol Angstrom parameter
provides important information on particle size and distribution. The most moderate
correlation was found between SO, and OCS (R value 0.63). Analyzing these parameters is
an important step to understand their impacts and changes on air quality in Turkey. Ten years
of Land Surface Temperature (LST) data were obtained from Modis images. SO, was highly
correlated with LST (R value: 0.85) and OCS was moderately correlated with LST (R value
0.58). This study aims to analyze the air pollution profile in depth and identify seasonal/long-
term trends, focusing on the analysis of long-term data. This analysis provides an important
contribution to provide a scientifically based basis for air quality management and
environmental policy development.
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OZET

Bu makalede, Tiirkiye'deki hava kirliliginin on yillik bir siire boyunca analizi sunulmaktadir.
Caligma, MERRA-2 uydu goriintiilerinden elde edilen Kiikiirt dioksit (SO,), Siilfat (SO,),
Organik Karbon Sagilmasi (OCS) ve Toplam Aerosol Angstrom parametre bilesenlerini
analiz ederek atmosferdeki belirli kirleticilerin konsantrasyonlarini belirlemek igin
yuritilmiistir. SO, ve SO,, atmosferdeki siilfat bilesenlerinin kiitle yogunluklarini temsil
ederken, organik karbon atmosferik karbon sagilmasini temsil eder. Aerosol Angstrom
parametresi, parcacik boyutu ve dagilimi hakkinda onemli bilgiler saglar. En orta diizeyde
korelasyon, SO, ve OCS arasinda bulunmustur (R degeri 0,63). Bu parametrelerin analiz
edilmesi, Tiirkiye'deki hava kalitesi {izerindeki etkilerini ve degisimlerini anlamak igin
onemli bir adimdir. On yillik Kara Yiizey Sicakligi (LST) verileri MODIS goriintiilerinden
elde edilmistir. SO4, LST ile yiiksek diizeyde korelasyona sahipken (R degeri: 0,85) OCS,
LST ile orta diizeyde korelasyona sahiptir (R degeri 0,58). Bu ¢aligma, hava kirliligi profilini
derinlemesine analiz etmeyi ve uzun vadeli verilerin analizine odaklanarak mevsimsel/uzun
vadeli egilimleri belirlemeyi amaglamaktadir. Bu analiz, hava kalitesi yonetimi ve ¢evre
politikas1 gelistirme igin bilimsel temelli bir temel saglamak adina O6nemli bir katki
saglamaktadir.

1. Introduction

dependent, with prolonged exposure potentially leading to
reactive airway dysfunction syndrome. Some studies have

Rapid urbanisation and industrialisation processes are
among the important factors triggering environmental
problems worldwide. As a result of these processes,
especially in big cities, smoke pollution increases, and
atmospheric carbon dioxide (CO2) concentration increases
significantly (Aykag¢ Ozen et al., 2023)

Air pollution impacts nearly every habitat, with many
having direct consequences for public health and
agriculture. Sulfur dioxide (SO.) is recognized as a
primary irritant, posing significant short- and long-term
health risks. It primarily affects the respiratory system,
but it also impacts the eyes and skin, and laboratory
studies indicate that it may influence other bodily systems
as well. The effects of these pollutants are dose-

suggested that sulfur dioxide could be a potential
carcinogen through its interaction with other substances
and might also contribute to the development of ischemic
stroke in the brain. Sulfates (SO4) can form a substantial
component of fine particulate matter, contributing to acid
rain, which contaminates surface water and soil. This acid
rain also damages forests and disrupts the broader
ecosystem (Maynard et al., 2007; Nan, 2010; CAS 7446-
09-5, 2004).

Sulfur originates from precursor emissions due to fossil
fuel combustion, volcanic eruptions, and biological ocean
activity. Carbonaceous aerosols, on the other hand, come
from both natural and anthropogenic sources. Human-
induced emissions include controlled and incomplete
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combustion of fossil fuels and biofuels, as well as
uncontrolled biomass burning. Organic carbon is also
released from plants and debris and is secondarily
produced in the atmosphere by gaseous compounds. Since
the pre-industrial era, concentrations of all these aerosol
types have risen considerably, now exerting a significant
radiative force on the climate (Manning & Solomon,
2007).

The wide range of estimates for the direct radiative
forcing of aerosols reflects the intricate nature of these
particles and the challenges associated with accurately
assessing their impact on the Earth's climate. Aerosols,
such as sulphate, black carbon, and organic carbon,
exhibit short lifetimes and considerable variability in their
distribution across different regions and time periods.
Moreover, the limited availability of comprehensive
measurement data on a global scale adds further
complexity to the evaluation process. This variability in
estimates suggests significant uncertainty in our
understanding of aerosol effects on the Earth's radiation
balance. It underscores the need for more extensive and
precise measurements, as well as improved modeling
approaches, to better grasp the role of aerosols in climate
dynamics. Despite the challenges, efforts such as those
outlined in the IPCC Fourth Assessment Report
contribute valuable insights, albeit within a range of
potential outcomes (Ramaswamy et al., 2001; Takemura
et al., 2005, Charlson et al., 1992; Schulz et al., 2006,
Sato et al., 2003; Manning & Solomon, 2007). Therefore,
ongoing research and advancements in observational
techniques and modeling capabilities are essential to
refine our understanding of aerosol impacts and their
implications for climate change mitigation and adaptation
strategies.

This study aims to analyze air pollution in Turkey using
various parameters. The focused parameters are SO, SO,
OCS and Total Aerosol Angstrom Parameter. Thematic
maps were created using MERRA-2 satellite data based
on data between 2022-2013. In the study, temporal and
spatial trends of air pollution in the selected region were
investigated. This study is an important step towards a
deeper understanding of the air quality problem in Turkey
and identifying its potential sources. The analyzed
parameters will help to reveal the different sources and
impacts of air pollution. Furthermore, thematic maps will
help to identify problematic areas and develop air quality
management strategies by visualizing the temporal and
spatial distribution of air pollution. The results of this
study may pave the way for the development of more
effective policies to improve Turkey's air quality and
protect public health.

2. Materials and Methods
2.1. Materials

Satellite records can be used as a very valuable and
effective tool for estimating air pollution (Sierra-Porta et
al.,, 2023). Satellite records can observe a large
geographical area simultaneously and are therefore an
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important data source for monitoring and analyzing the
distribution of air pollution.

MERRA-2 is a modern reanalysis developed at NASA.
Compared to its predecessor, MERRA-2 offers improved
representation of processes involving the hydrological
cycle, cryosphere, stratosphere, particularly enhancing
atmospheric ozone-related processes, and benefits from
joint assimilation of aerosols and meteorological fields. It
also considers the interaction of atmospheric aerosols
with radiation effects (Gelaro et al., 2017). Furthermore,
MERRA-2 enables a more comprehensive analysis of
atmospheric interactions and processes by exploiting the
joint assimilation of aerosol and meteorological data
fields. This leads to increased accuracy in weather and
climate modelling. In addition, by considering the
complex relationship between atmospheric aerosols and
radiation, MERRA-2 provides valuable information on
the mechanisms driving changes in Earth's radiation
balance and climate. MERRA-2 is a significant advance
in atmospheric reanalysis capabilities. It provides
researchers with a powerful tool to better understand and
predict changes in Earth's atmosphere, which is essential
for addressing pressing environmental challenges such as
climate change.

The aerosol assimilation system in  MERRA-2
incorporates aerosol optical depth (AOD) measurements
from satellite instruments such as MODIS, MISR,
AVHRR, and stations within the AERONET network.
The GOCART module is used to model atmospheric
aerosols, including the simulation of sources, sinks, and
dynamics for five different aerosol types: dust, sea salt,
sulfates, black carbon (BC), and organic carbon (OC)
(Randles et al., 2017; Butchard et al., 2017). It considers
emissions from fossil fuel combustion and biomass
burning, with sources identified through AeroCom
inventories and various other biomass burning
inventories. Since 2010, daily emissions of BC and OC
from biomass burning have been estimated using the
Quick-Fire Emissions Dataset (QFED), which is based on
fire radiative power (FRP) data from MODIS instruments
(Darmenov & da Silva, 2015; Freeborn et al., 2014).

For hydrophilic carbonaceous aerosols, the decay
coefficients are adjusted according to moisture levels. The
model also accounts for factors such as hygroscopic
growth of particles, rates of aerosol deposition, and the
optical properties when calculating aerosol mass and
AOD, with data being corrected based on observations.
The GOCART model's capability in analyzing observed
aerosol characteristics has been validated in numerous
studies (Colarco et al, 2010; Bian et al., 2013,
Shikwambana, 2019).

Land Surface Temperature (LST) is a critical parameter in
understanding land surface processes on both regional and
global scales, as it reflects the outcomes of surface-
atmosphere interactions and the exchange of energy
between the ground and the atmosphere (Mannstein,
1987; Sellers et al., 1988). A decade of LST data was
acquired from MODIS imagery.
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2.2. Methods

Satellite data is an effective and reliable tool for analyzing
air pollution over large geographic areas (Sierra-Porta et
al., 2023). While analyses supported by ground-based
measurements yield higher accuracy, satellite data offers a
critical solution when ground data is lacking. In this
study, the Pearson correlation method was employed to
determine the relationships between air pollution
parameters and Land Surface Temperature (LST). Using
MERRA-2 data, various air pollution parameters such as
SO, and OCS were selected, and correlation analyses
were performed between each parameter and LST. These
analyses, conducted with the Pearson correlation method,
represent a significant step in evaluating the accuracy of
MERRA-2's air pollution data and its interactions with
related variables.

The data provided by MERRA-2 enables monitoring of
atmospheric pollution parameters over vast geographic
areas, while data processing and analysis processes were
conducted using the Google Earth Engine (GEE)
platform. With its high data processing capacity, GEE
allows for the generation of high-resolution results. In the
coding steps, MERRA-2 data was first imported,
parameters were selected, and suitable datasets were
prepared for correlation analysis. These steps were coded
on GEE, enabling efficient and fast analysis processes.

This study utilizes MERRA-2 data to analyze the
temporal changes of air pollution components over
Turkey. Analyses were conducted on the Google Earth
Engine (GEE) platform, covering the period from 2013 to
2022, and examined the distribution of important
atmospheric parameters such as SO., SO Organic
Carbon Scattering, and the Aerosol Angstrom Parameter.

For each parameter, a time-series analysis was conducted
by taking monthly average values across Turkey. To
visualize the analysis results, time-series charts were
generated using GEE's graphing tools. These charts,
prepared on a specific scale and with axes arranged
according to dates and units, illustrate how each
parameter changed over certain time periods. The graphs
obtained from this study provide a comprehensive view of
the temporal changes in air pollution components across
Turkey. The analyses conducted on the GEE platform
demonstrate the contribution of remote sensing data to air
pollution monitoring over large geographic areas and
highlight the advantages of the MERRA-2 dataset in such
environmental monitoring and analysis studies.

Although there are some limitations in using coarse-
resolution data, MERRA-2 data provides a unique
advantage, particularly for air pollution parameters such
as S04, SO,, OCS, and Total Aerosol Angstrom. These
parameters are crucial for analyzing the movement and
regional distribution of atmospheric pollutants. Pollutants
such as SO4 and SO, are provided by MERRA-2 with a
level of detail that is not available in other satellite
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datasets, offering high reliability in atmospheric modeling
and air pollution analysis (Randles et al., 2017; Butchard
et al, 2017). These data allow for a detailed
understanding of processes affecting air quality and serve
as a reliable alternative when local measurement data is
unavailable.

In conclusion, although the resolution of the satellite data
used in this study may be a limiting factor, the
significance of the parameters offered by MERRA-2
largely compensates for these limitations. The analysis of
parameters such as SO, SO, OCS, and Aerosol
Angstrom plays a critical role in revealing the regional
variations in atmospheric pollution. Therefore, the
detailed aerosol and meteorological data provided by
MERRA-2 make a unique contribution to research on air
pollution.

2.3. Study Area

Air pollution poses significant environmental and health
challenges in Turkey, particularly in its densely populated
urban centers. In Figure 1, Google Earth image of Turkey
is given. Air pollution is an important issue in Turkey.
Especially in big cities, factors such as industrial
activities, heavy traffic and energy production affect air
quality. For example, air pollution is frequently on the
agenda in metropolises such as lIstanbul, Ankara and
Izmir. In this study, Turkey's air pollution was analyzed in
detail with various parameters. These parameters include
SO,, SO4, OCS and Total Aerosol Angstrom parameters.
Between 2022 and 2013, thematic maps were created for
different regions of Turkey using MERRA-2 dataset.
MERRA-2 data were processed on the Google Earth
Engine platform and graphics and visuals were obtained.
Time-varying air pollution trends and spatial distributions
in various geographical regions of Turkey were analyzed
in detail.

Figure 1. Google Earth image of Turkey
3. Result and Discussion

In this study, the temporal and spatial variations of key air
pollution indicators in Turkey were analyzed over a
decade, utilizing thematic maps and graphical
representations. By examining parameters such as SO,
S04, OCS, and the Total Aerosol Angstrom parameter,
significant trends and patterns were identified across
different regions. The analysis revealed notable
fluctuations in air pollution levels, with distinct peaks and
troughs corresponding to specific years and regions. The
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findings provide a comprehensive understanding of how
air quality has evolved over time in Turkey, highlighting
critical areas and periods of concern that may warrant
further investigation and policy intervention.

Figure 2a shows the thematic maps of SO, value between
2022-2013. It was observed that the highest values were
reached in 2019. It is observed that SO, density is higher
especially in coastal regions and the highest density is in
the Marmara region. Figure 2b shows the thematic maps
of SO, value between 2022-2013. It was observed that the
highest values were reached in 2017. Especially around
the Marmara Sea, [zmir, Ankara, Adana, Kahramanmaras
SO, intensity is higher. Figure 2c shows the thematic
maps of OCS value between 2022-2013. The highest
value was observed in 2017. The lowest values were
observed in 2022. It was observed most intensely on the
coasts of the Marmara and Black Sea. Figure 2d shows
the thematic maps of the Total Aerosol Angstrom
parameter value between 2022-2013. The highest value
was observed in 2020. It was observed that the lowest
values were reached in 2021. The Central Anatolia region
was observed most intensely.

Figure 3(a) shows SO4 value graphs between 2022-2013.
The highest level was seen in October 2015 and the
lowest level was seen in March 2020. Figure 3(b) shows
SO, value graphs between 2022-2013. The highest level
was seen in August 2017 and the lowest was in March
2020. Figure 3(c) shows OCS demonstration charts from
2022-2013. The highest level was seen in August 2021
and the lowest was seen in November 2016. Figure 4(d)
shows the Total Aerosol Angstrom parameter value
graphs between 2022-2013. The highest level was seen in
December 2015 and the lowest level was seen in April
2022.
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Figure 4. 10-year Lst values table

10-year LST values are given in Figure 4. It was created
by averaging the monthly average values. It was observed
that the highest average was reached in 2014, and the
lowest average was reached in 2015.

4. Conclusion

Recently, there has been a noticeable deterioration in
environmental conditions, with air pollution emerging as
one of the most pressing issues. This degradation has had
a profound impact on public health worldwide. One of the
most concerning consequences is the significant increase
in respiratory tract inflammation, directly attributable to
poor air quality (Santosa et al. 2008). More efforts are still
needed worldwide because air pollution poses a serious
threat to human health and adversely affects
environmental quality.

Recently, air pollution has begun to emerge as a serious
problem in Turkey, and this situation is increasingly at the
center of the policy agenda. The social and economic
costs of air pollution are likely to be large for Tiirkiye.
The OECD's environmental performance review
estimated that excessive sulfur dioxide emissions could
significantly increase mortality rates (Kaygusuz 2007;
MEF 2007; Say 2006). It is recommended that Turkey
take serious steps in the fight against air pollution and that
this issue be addressed urgently.

The analysis based on the obtained data shows the
importance of MERRA-2 satellite data in analyzing the
air quality in various regions of Turkey. Studies on
parameters such as SO, SO4, Organic Carbon Scattering
and Total Aerosol Angstrom reveal that there are
significant ~ differences between different regions.
Especially in the Marmara region, SO, and SO, levels are
higher than in other regions. It is emphasized that
population density and industrialisation may be one of the
important factors affecting air quality. Likewise, it is
stated that Organic Carbon Scattering is intense in the
Black Sea and Marmara Sea coasts, while Total Aerosol
Angstrom parameters are concentrated in the Central
Anatolia region.
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Table 1. Regression results

Parameters Correlation (R Value) Correlation Strength

S0, and OCS 0.63 Moderate
Other Parameters <0.5 Weak
SO, and LST 0.85 High
OCS and LST 0.58 Moderate

Table 1 presents the regression results. Regression was
performed between all parameters with the Statistica
programme. The most correlation was moderate between
SO, and OCS (R value: 0.63) and the correlation between
the other parameters was weak. Regression analysis was
performed between all parameters and LST values. A
high correlation was found between SO, and LST (R
value: 0.85). A moderate correlation was found between
OCS and LST (R value: 0.58).

The annual analysis conducted on the Google Earth
Engine platform has shown that MERRA-2 satellite data
is an important tool in formulating environmental policies
more effectively and improving air quality. It was
emphasized that the use of satellite imagery for
continuous monitoring of air quality in Turkey is of great
importance and this study is an important step in terms of
environmental protection, public health and sustainability.

Air pollution is a significant environmental issue in the
present day. To monitor and control air pollution more
effectively, advanced and comprehensive methods are
required due to its global impact. Satellites have become
an important tool in this regard. NASA's MERRA-2
(Modern-Era Retrospective Analysis for Research and
Applications, Version 2) is an atmosphere modelling and
data assimilation system that plays a vital role. MERRA-2
is utilized to estimate the concentration of aerosols and
other particles present in the atmosphere, providing
information on the spatial and temporal distribution of air
pollution. Other satellites, such as Sentinel-5P,
TROPOMI and VIIRS, are also employed for air
pollution monitoring. These satellites provide data in
different spectral bands and at higher resolutions,
enabling a more detailed analysis of air pollution.
Supporting satellite data with ground measurements is
crucial for accurate and reliable air pollution monitoring.
Ground measurement stations verify and calibrate satellite
data and provide information on air pollution in areas
beyond satellite reach. The combination of satellite and
ground-based measurements enhances understanding of
air pollution sources and impacts. This information can
aid in the development of policies and regulations to
control air pollution.

The use of various satellites for air pollution monitoring
has both advantages and disadvantages. MERRA-2 is
suitable for monitoring long-term trends in air pollution
due to its wide area coverage and long data history.
Satellites such as Sentinel-5P and TROPOMI provide
higher resolution data, enabling more detailed analyses of
air pollution. It is important to support satellite data with
ground-based measurements for more accurate and
reliable air pollution monitoring. Ground measurement
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stations are used to verify and calibrate satellite data.
They are also important for obtaining information on air
pollution in areas beyond satellite reach. The
combination of satellite and ground-based measurements
can provide a better understanding of the sources and
impacts of air pollution. This information can aid in the
development of necessary policies and regulations to
control air pollution.

This analysis presents important findings that may
represent a new approach and paradigm in the field of air
quality monitoring. In terms of environmental protection
and public health, it emphasizes the importance of
continuing detailed analyses and states that these data can
play a critical role in taking various measures. Such
analyses can provide guidance in combating
environmental threats and in policy making for a healthy
environment.
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OZET
Caligmada, Denizli Kekigi (Origanum onites L.) dretiminde stratejik 6neme sahip olan

MAKALE BILGISI

Denizli’'nin Giliney ilgesindeki Denizli Kekigi alanlarinda bulunan bocek tiirlerinin
belirlenmesi hedeflenmistir. Caligmalar, bes farkli orman sinir1 bulunan ve iki farkli orman

Alinis tarihi: 17/08/2024
Kabul tarihi: 30/10/2024

sinirt bulunmayan tretim alanlarinda olmak iizere yedi farkli O. onites parselinde 15 giinde
bir arazi ¢ikis1 yapilarak yuriitilmiistiir. Caligmada renkli yapiskan tuzaklar, su tuzaklari,
sirke ve pekmezli besin tuzaklarinin yaninda atrap yontemi de kullanilmistir. Ayrica, kekik
bitkileri gozle muayene yontemi ile incelenmistir. Caligmada bolge faunasinda yasayan bocek
tirlerinin yaninda kekik ile dogrudan beslenen Galeruca tanaceti L. (Coleoptera:

Anahtar Kelimeler: Denizli Kekigi,
Galeruca tanaceti, Tuzak, Zararlh

Chrysomelidae) saptanmigtir. G. tanaceti larvalarinin bitkinin kok, kok bogazi, sap ve yesil
aksaminda dogrudan beslendigi, tiiriin erginlerinin ise bitkinin sadece yesil aksami lizerinde
beslendigi belirlenmistir. Zararl erginleri tuzaklarla yakalanmus, her 10 bitkinin alt1 tanesinde
ortalama dort adet larva ve {i¢ adet ergin birey kaydedilmistir. Galeruca tanaceti’nin, kekigin
tiim vejatatif donemlerinde toplamda %80’e varan ekonomik kayiplara neden oldugu tespit
edilmistir.

DOI: 10.55979/tjse.1532381

Determination of Insect Species on Denizli Thyme (Origanum onites L.) Grown in
Aydogdu Region, Giiney District, Denizli Province

ABSTRACT

ARTICLE INFO . . . . . . . - ) .
In this study, it was aimed to determine the insect species found in Denizli Thyme fields in

Giiney district of Denizli, which has strategic importance in Denizli Thyme (Origanum onites
L.) production. The studies were carried out in seven different O. onites plots, five with forest
boundaries and two without forest boundaries, by making field exits every 15 days. In
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Keywords: Denizli Thyme, Galeruca
tanaceti, Trap, Harmful

addition to colored sticky traps, water traps, vinegar and molasses food traps, atrap method
was also used. In addition, thyme plants were examined by visual inspection method. In the
study, Galeruca tanaceti L. (Coleoptera: Chrysomelidae), which feeds directly on thyme, was

found in addition to the insect species living in the fauna of the region. It was determined that
G. tanaceti larvae fed directly on the root, root collar, stem and green parts of the plant, while
the adults of the species fed only on the green parts of the plant. Pest adults were caught with
traps, and an average of four larvae and three adults were recorded in six out of every 10
plants. It was determined Galeruca tanaceti economic losses up to 80% in all vegetative
stages of thyme.

DOI: 10.55979/tjse.1532381

1. Giris

Tibbi ve aromatik bitkiler, eski caglardan beri aromatik
kokular1 ve gesitli (baharat, ilag, merhem, icecek, parfiim,
sabun, sampuan vs. gibi) kullanim alanlar1 ile 6n plana
cikan bitkilerdir. Bu o&zelliklerinin yaninda bu bitkiler
insanlarin ve hayvanlarin gesitli ihtiyaglarini karsilamasi
sebebiyle biiyiik 6nem arz etmekte ve toplayiciligi halen
yogun bir sekilde yapilmaktadir. Daha sonraki
zamanlarda insanlarin tarima gegmesiyle birlikte bu bitki
tirlerinin bir kismi dogadan toplanmasina devam
edilirken, bir kismimin da kiiltiire alinarak yetistiriciligi
yapilmaya baslannustir. isminden de anlasilacag: iizere
tibbi ve aromatik bitkiler, insan ve hayvan hastaliklarinda
tedavi amaciyla kullanilmig ve hala gilinimiizde de bu
sekilde kullanilmaktadir. Tibbi aromatik bitkilerin tedavi
edici ozelliklerinin kesfedilmesi M.O. 5 000’li yillarda
Mezopotamya’ya kadar dayanmaktadir. Bu dénemde
yaklagik 250 tedavi edici 6zelligi olan bitki pargasinin

(drogun) insan ve hayvan hastaliklarini iyilestirmesi
amactyla kullanildig: bildirilmektedir (Demirezer, 2010).

Diinya genelinde yetisen tibbi ve aromatik bitki tiirlerinin
sayist 2021 yili itibaniyla yaklasgtk 28 000 oldugu
bildirilmekte olup bu bitkilerden 1 100 kadari ticari
amagl olarak yetistirilmektedir (Brinckmann vd., 2022).

Tiirkiye’de hashas, kimyon ve anasondan sonra iiretim
alan1 en biyiik olan tibbi aromatik bitki kekiktir
(Origanum onites Grown). Kekik bitkisi, odunsu bir
govde yapisina sahip olup, yaprakli, ¢icekli, aromatik ve
¢ok yillik bir bitkidir. Kekik, ¢igeklenme doneminde hasat
edilmektedir. Bitki genel olarak hasat sonrasi kurutularak
degerlendirilmektedir. Tibbi ve baharat amagli olarak
kullanilan kekik bitkisi, genellikle saplarindan ayrilarak
kullanilmakta, hasat sonrasinda farkli yoOntemlerle
islenmektedir (BAKAP, 2023).
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Labiaceae familyasi igerisinde yer alan Origanum (L.),
Thymus (L.), Satureja, Coridothymus (L.) ve Thymbra
(L.) cinslerine ait bitki tiirleri, kekik olarak bilinmekte ve
cok yillik (7-10 yil yasayabilen) bitkilerdendir (Ceylan,
1995). Bu tiirler arasinda Tiirkiye’de yetistiriciligi ve
toplayiciligt yogun bir sekilde yapilan tibbi ve aromatik
bitkilerden birisi de Origanum cinsine ait tiirlerdir. Daha
oncelerde "Thymus" ve "Thymbra" cinslerine bagh tiirler
insanlar tarafindan degisik ihtiyaclarini kargilamalart icin
dogadan direkt olarak toplanmaktaydi. Ancak insanlar
daha sonraki zamanlarda ise bu ihtiyaclarin1 karsilamak
icin "Origanum" cinsine bagh tiirleri de kiltiire alarak
yetistirmeye baglamiglardir.

Origanum cinsine bagli tiirler ugucu yag bakimindan
oldukga zengin olup, basta O. onites (L.) (Denizli Kekigi,
[zmir Kekigi) olmak iizere, O. vulgare subsp. hirtum (L.)
(Istanbul Kekigi), O. minutiflorum (L.) (Yayla Kekigi), O.
majorana (L.) (Mercankosk/ii, Beyaz Kekik, Alanya
Kekigi), O. syriacum var. bevanii (Labiaceae) (Dag
Kekigi) tir ve alttiirleri ihracatt en ¢ok yapilan ve
ekonomiye en fazla katki saglayan (ekonomik degerleri
en fazla olan) kekik tiirleridir (TOB, 2022).

Tiirkiye’de yapilan kekik {iiretiminin yaklasik %90’dan
fazlas1 O. onites tiriidiir (Anonim, 2023). Origanum
cinsine bagh bu tiirlerden biri olan O. onites (L.), 1990
yilinda Tiirkiye’de kiiltiire alinmig ve yetistiriciligine
baslanmis olup Tiirkiye, bu tiirii yetistiren onemli iilkeler
arasinda yer almistir. Tiirkiye, 2016 yili itibariyle, bu
tiriin yetistiriciliginde diinyada lider konuma gelmistir.
Sonraki zamanlarda ozellikle de 2019 yilinda ihracati
yapilan bitkiler arasinda kekik, 16 781 ton miktar ve 53.3
milyon dolarlik maddi degeriyle diinyada ikinci sirada yer
aldig1 bildirilmigtir (Boztas vd., 2021). Cizelge 1’de
Tiirkiye’de kekik tiretiminin illere gore ekilis alani, tiretim
miktar1 ve verimi sunulmustur.

Cizelge 1°de gorildiigi iizere tilkemizde kekik tiretiminin
%90’dan daha fazlas1 Denizli ilinde yapilmaktadir. TUIK
verilerine gore Denizli’de kekik {iretimi 2016 yilinda, 12
624 ton olarak gergeklesmistir. Aymi yil Tiirkiye’deki
kekik iiretimi 14 724 tondur. 2016 yilinda diinya kekik
iretiminin yaklagik 17 bin ton olup, Denizli ili Tirkiye
kekik iiretiminin yaklasik olarak %86’sin1; diinya kekik
iiretiminin ise %75°ni tek bagina karsilamigtir (Tunca vd.,
2017). Denizli’nin ilgelerine gore kekik iiretim miktarlari
Cizelge 2°de sunulmustur.

Denizli il Tarim ve Orman Miidiirliigiinden (2024 yilinda)
sozel olarak edinilen bilgilere gore Denizli kekik
dretiminin  yaklasik  %95’ini  Denizli = Kekigi
olusturmaktadir. Geri kalan yaklasik %5’ini bagta O.
vulgare olmak iizere dogadan toplanan diger tiirler oldugu
bildirilmistir. Calismada, Origanum cinsi igerisinde yer
alan O. onites L. (Denizli Kekigi) tiirii ele alinmusgtr.

Cizelge 1. Tiirkiye’deki kekik diretimin illere gore
dagilimi1 (TOB, 2022)

Table 1. Distribution of thyme production in Turkey by
province (TOB, 2022

_ EKkilis I"Jl:etim verim
Iller Alam Miktan (kg/da)
(da) (ton)

Denizli 145 280 15729 108
Manisa 2140 733 343
Usak 3575 670 187
Kiitahya 1721 254 148
Aydin 1500 188 125
Antalya 663 142 214
Hatay 1215 114 94
Mugla 292 53 182
Samsun 145 36 248
Afyonkarahisar 158 22 139
Eskisehir 40 10 250
Bursa 19 4 211
Isparta 18 3 167
Konya 275 3 11
Adana 5 1 200
Balikesir 6 1 167
Diizce 16 1 63
Karaman 5 1 200
Sanlurfa 1 0 0
Toplam 157074 17 965 -
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Cizelge 2. Denizli’de yillara gore kekik iiretimi (ton)
(TUIK, 2023)
Table 2. Thyme production in Denizli by year (tons)
(TUIK, 2023)

Yillar
2018 2019 2020 2021 2022
Pamukkale 4798 5000 8 457 6162 | 15650
Giiney 4226 4 645 4284 4896 | 12240
Cal 2641 2904 4050 3285 6125
Toplam 14009 | 15729 21324 | 18245 | 40858

Denizli’de dis ticarette ¢ok dnemli bir yer tutmasi itibari
ile ekonomik getirisi oldukg¢a yiiksek olan Denizli Kekigi
(O. onites) tiiretiminde kalite ve kantitesi artirilarak
standart bir tiretim yakalanmistir. Ancak bu standart
tiretim 2020 yilindan itibaren kiiltiirii yapilan alanlarda
ortaya ¢tkan zararli/larin vermis oldugu ekonomik
kayiplar sebebiyle sekteye ugramistir. Bahsi gecen bu
ekonomik kayiplarin gogunlukla Denizli’nin Giiney ilgesi,
Aydogdu Mahallesinde goriildiigii bildirilmistir. Bu konu
ile baglantili olarak Ege Bolgesi’nde yapilan bir
galismada O. onites tarimimin yayginlasmaya baslamasi
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ile zararhlar konusunda dikkatli olunmasi gerektigi
bildirilmistir (Tezcan vd., 2004).

Daha o6nce yapilan aragtirmalarda, kekikten elde edilen
cesitli dogal bilesiklerin (ekstraktlarin, ugucu yaglarin vs.)
tarim alanlarindaki triinlerde ekonomik kayiplara neden
olan hastalik ve zararlilara kars1 etkileri ile ilgili pek ¢ok
calismaya rastlanirken, kekikte ekonomik kayiplar
meydana getiren hastalik ve zararl: tiirler iizerinde kisith
sayida calisma yapildigi tespit edilmistir. Tezcan vd.
(2006), kekigin faunasin1 ortaya koymaya yonelik
Tiirkiye’deki  ¢aligmalarin  smirli  sayida  oldugunu
vurgulamast da bu ifadeyi desteklemektedir. Bu sebeple
caligmada kekik tizerindeki faunistik calismalarin ¢ok
sinirli olmasinin bir eksiklik oldugu kanaati hasil olmus
ve Denizli Kekigi (O. onites L.) iizerinde goriilen bocek
tirlerinin tespiti amacglanmigtir. Denizli ilinde (Giiney
ilcesinde) yetistirilen Denizli Kekigi alanlarindaki bdcek
tirlerinin tespiti ile ilgili ilk kez boéyle bir ¢aligmanin
yiiriitiilmesi, g¢alismanin 6zgiinliigii bakimindan 6nem
tagimaktadir.

Denizli Kekigindeki bdcek tiirlerinin tespit edilmesi ve
Denizli Kekiginde beslenen bocek tiirlerinin tespitinde
oncelikle zararli/larin taninmasi ve ihracatta oldukca
hassas bir bitki olmasi (liriin {izerinde higbir kimyasal
kalintisina tolerans gosterilmemesi) O. onites’e ozel
olarak miicadele yonteminin belirlenmesi ve gelistirilmesi
mutlak suretle gerekmektedir. Yapilan bu ¢alismada,
Denizli Kekigi (O. onites) bitkisi tizerinde bulunan bocek
tirlerinin ve Denizli Kekiginde onemli ekonomik
kayiplara neden olan zararli/larin tespit edilmesi ve kayit
altina alinmasi hedeflenmistir.

2. Materyal ve Metot
2.1. Materyal

Calismanin ana materyalini Denizli iline bagli Giliney
ilgesinde, Aydogdu Mabhallesindeki ormanlik alana simir1
bulunan bes farkli iiretim sahasindaki Denizli Kekigi
(Origanum onites L.) ve bunun iizerinde bulunan bécek
tirleri olugturmaktadir. Segilen bu {iretim sahalarinin
sahipleri olan giftciler ile is birligi yapilarak, kekik
yetigtirilen alanlara zararli tiirleri toplamak icgin ¢esitli
tuzaklar kurulmustur.

2.1.1. Ciftciler ile goriismeler

Origanum onites iiretim sahalarinda bocek tiirlerinin
dogru bir sekilde tespit edilebilmesi amactyla Denizli’nin
Giliney ilgesinde bocekler sebepli ekonomik kayip
yasayan ciftgiler ve calismanin yiriitillecegi arazilerin
sahipleri ile goriistilmiistiir.

Goriligmeler, arazilere tuzaklar kurulmadan dnce yapilmig
olup, arazi sahibi cift¢ilerden calismalarin tarlalarinda
yiriitiilmesi konusunda rizalar1 ve goriisleri alinmistir.
Buna ek olarak ise, arazilerinde bocekler kaynakli zarar
olusan ciftcilerle bocekler hakkinda bir 6n fikir alisverisi
yapilmistir. Yapilan goriismelerde iiretim sahalarindaki bu
boceklerin  kekikte ekonomik kayba neden oldugu
zararli/larin  bitkiyi tamamen yeme sureti ile ortadan
kaldirdigi, tarlaya hi¢ kekik dikilmemis gibi (%100°e
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yakin ekonomik kayip gorlintiisii) bir goriintii olustugu
yoniinde bilgiler alinmistir.

2.1.2. Calismamn yiiriitiildiigii sahalar

Caligmanin ylritildigii saha, O. onites yetistiriciliginde
bocekler tarafindan ciddi ekonomik kayiplarin meydana
geldigi  Denizli’'nin  Gliney ilgesindeki  Aydogdu
Mahallesidir. Calisma, bes farkli O. onites iiretim
parselinde yiiriitilmistir. Bu parseller 2021-2022
yillarinda yiiksek ekonomik kayiplarin goriildiigii ada
igerisindeki ormana simirt bulunan ve rastgele segilen
kekik sahalaridir. Buna ilaveten, iki parsel de kontrol
amaglh olarak onceki yillarda saglikli bir sekilde O. onites
yetistiriciliginin yapilabildigi, ormana sinirt bulunmayan
parsellerdir. Bu parseller ciddi ekonomik kayiplarin
goriildiigii adalar icerisinden rastgele secilen orman
siirinda bulunmayan ekim veya dikim alanlaridir.

Tuzaklarm kuruldugu tiretim sahalarinin lokasyonu, arazi
koordinatlari, kullanilan tuzaklar ve orman siir1 varligina
dair 6zellikleri Cizelge 3’te verilmistir.

2.2. Metot

Bu ¢alismada yontem, Denizli’nin Giiney ilgesi, Aydogdu
Mahallesindeki Denizli Kekigi iretim sahalarinda
ciftcilerle is birligine gidilerek, Denizli Kekigi iretim
sahalarindaki bocek tiirlerinin tespit edilmeleri amaciyla
¢esitli tuzaklarin kurulmasidir. Kekik iiretim sahalarina
farkl igeriklere sahip gesitli ¢ukur tuzaklar kurma, renkli
yapigkan tuzaklar asma, toprak sathina su tuzaklari kurma
ve her arazi ¢ikisinda 100 kez atrap sallayarak toplama
yontemleri kullanilmistir.

2.2.1. Tuzaklarin kurulmasi

Calismanin  yiritildigli yerden farkli olarak disiik
rakimli bolgelerde bitki fenolojisi dormansi doneminden
yesil aksam donemine Subat ay1 igerisinde ge¢mektedir.
Ancak calismalarin yiriitildiigi Denizli’nin Giiney
ilgesinde bulunan kekik sahalart 850-1 000 metre rakim
arasinda yer almaktadir (Denizli Kiltir ve Turizm
Midiirliigli, 2023). Bu nedenle bitki fenolojik olarak
dormansiden yesil aksam donemine gegisi Mart ay1
icerisinde  gerceklesmektedir.  Toprak  sicakliginin
10°C’nin iizerine ¢iktig1, sacaklanma (siirglin ¢ikisinin),
goriildiigi bitki fenolojisinin dormansi halinden vejatatif
olarak yesil aksam dénemine gecmeye basladigi, 2023
yilinin Mart ay1 basindan itibaren tuzaklarin temin
edilmesi ile birlikte tuzaklar ¢aligma alanlarina
yerlestirilmeye baslanmistir. Arazilere gorsel olarak
cezbedici yapigkan 6zellikli mavi ve sari renkli olanlarin
yaninda igerisinde sirke ve pekmez bulunan besin
tuzaklar1 ve su tuzaklari kurulmustur. Bununla birlikte
calismanin yiiriitildiigii her iiretim sahasina ortalama 15
giinde bir gidilerek, 100’er kez atrap sallanarak ornekler
toplanmustir.



Cizelge 3. Tuzaklarin kuruldugu iiretim sahalarma ait

Ozellikler

Table 3. Characteristics of the production areas where

traps are set up
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Denizli ili,
Gliney 38°0721.4"K SMY, SPB,
1| ilgesi, 28°56'33.7"D | Su Tuzaklari, | Var
Aydogdu (3 Dekar) Atrap
Mahallesi
Denizli ili,
Giliney 38°07'30.0"K SMY, SPB,
2 | ilgesi, 28°56'45.6'D | Su Tuzaklan, | Var
Aydogdu (3 Dekar) Atrap
Mahallesi
Denizli ili,
Gliney 38°08'49.2"K SMY, SPB,
3 ilgesi, 28°58'05.5"D Su Tuzaklari, Var
Aydogdu (3 Dekar) Atrap
Mahallesi
Denizli ili,
Giliney 38°08'37.0"K SMY, SPB,
4 ilgesi, 28°58'40.8"D Su Tuzaklari, Var
Aydogdu (3 Dekar) Atrap
Mahallesi
Denizli ili,
Gliney 38°08'51.7"K SMY, SPB,
5 | ilgesi, 28°58'05.9"D | Su Tuzaklari, | Var
Aydogdu (3 Dekar) Atrap
Mahallesi
Denizli ili,
Gliney 38°09'29.2"K SMY, SPB,
6 | ilgesi, 28°57'39.6"D | Su Tuzaklari, | YOK
Aydogdu (3 Dekar) Atrap
Mahallesi
Denizli ili,
Giliney 38°09'13.7"K SMY, SPB,
7| Tigesi, 28°57'43.9'D | Su Tuzaklar, | YOK
Aydogdu (3 Dekar) Atrap
Mahallesi

*SMY': Sar1 ve Mavi Yapiskan Tuzaklar
*SPB: Sirke ve Pekmezli Besin Tuzaklari
*SMY:: Yellow and Blue Sticky Traps
*SPB: Vinegar and Molasses Food Traps

2.2.1.1. Renkli yapiskan tuzaklar

Secilen arazilerdeki O. onites iiretim alanlarindaki bocek
tirlerinin  tespit edilmesi amaciyla 15 x 20 cm
boyutlarinda renkli  yapigskan tuzaklar parsellere
yerlestirilmistir. Segilen her bir araziye iki renkten, kekik
sahasinin  orman sinirina  giineye bakacak sekilde
toplamda 210 adet tuzak, yerden 15 cm yiikseklige bitki
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lizerlerine arazileri temsil edecek sekilde esit olarak
asilmistir. Kurulan tuzaklara ait fotograf Sekil 1 ve Sekil
2’de sunulmustur.

Sekil L. Kla rei yapiskan tklar
Figure 1. Colorful sticky traps set up

Sekil 2. Kurulan renkli yapigkan tuzaklar
Figure 2. Colorful sticky traps set up

2.2.1.2. Sirke ve pekmezli besin tuzaklari

Secilen arazilerdeki O. onites tizerindeki bocek tiirlerinin
tespiti amaciyla her araziye 10 adet, yedi tarlaya ise
toplamda 70 adet sirke ve pekmezli besin tuzaklari
kurulmustur. Tuzaklar toprak sathinda, iistii acik sekilde
arazileri esit olarak temsil edecek sekilde yerlestirilmistir.
Bunu destekler nitelikte, Tezcan vd. (2004), bdcekleri
tuzaklara ¢ekmek amaciyla 1 litrelik kaplarda, tuzak
igerisine sirke ve pekmez koyarak, besin tuzaklar
hazirlamiglar ve ¢aligmalarin1 bu sekilde yiiriitmiislerdir.
Buna ek olarak cesitli kombinasyonlardaki (2 ve 3
numarali sirke ve pekmezli tuzaklari) besin tuzaklari da
arazilere  yerlestirilerek  zararlinin  miicadelesinde
kullanilabilecek uygun besin tuzagi igerikleri tespit
edilmeye calisilmistir. Sirke ve pekmezli besin tuzaklar ve
icerikleri Cizelge 4, Cizelge 5 ve Cizelge 6°da
sunulmustur.

Cizelge 4. Sirke ve pekmezli besin tuzagi-1
Table 4. Vinegar and molasses food trap-1

Icerik Miktar
Pekmez 80 mL
Su 720 mL
Sirke 20 mL
Seker 209



https://www.google.com/maps/place/38%C2%B007'21.4%22N+28%C2%B056'33.7%22E/@38.1213972,28.9414674,392m/data=!3m1!1e3!4m4!3m3!8m2!3d38.1226!4d28.9427?entry=ttu
https://www.google.com/maps/place/38%C2%B007'21.4%22N+28%C2%B056'33.7%22E/@38.1213972,28.9414674,392m/data=!3m1!1e3!4m4!3m3!8m2!3d38.1226!4d28.9427?entry=ttu
https://www.google.com/maps/place/38%C2%B007'30.0%22N+28%C2%B056'45.6%22E/@38.1250042,28.9434251,660m/data=!3m2!1e3!4b1!4m4!3m3!8m2!3d38.125!4d28.946?entry=ttu
https://www.google.com/maps/place/38%C2%B007'30.0%22N+28%C2%B056'45.6%22E/@38.1250042,28.9434251,660m/data=!3m2!1e3!4b1!4m4!3m3!8m2!3d38.125!4d28.946?entry=ttu
https://www.google.com/maps/place/38%C2%B008'49.2%22N+28%C2%B058'05.5%22E/@38.1470042,28.9656251,660m/data=!3m2!1e3!4b1!4m4!3m3!8m2!3d38.147!4d28.9682?entry=ttu
https://www.google.com/maps/place/38%C2%B008'49.2%22N+28%C2%B058'05.5%22E/@38.1470042,28.9656251,660m/data=!3m2!1e3!4b1!4m4!3m3!8m2!3d38.147!4d28.9682?entry=ttu
https://www.google.com/maps/place/38%C2%B008'37.0%22N+28%C2%B058'40.8%22E/@38.1436042,28.9754251,660m/data=!3m2!1e3!4b1!4m4!3m3!8m2!3d38.1436!4d28.978?entry=ttu
https://www.google.com/maps/place/38%C2%B008'37.0%22N+28%C2%B058'40.8%22E/@38.1436042,28.9754251,660m/data=!3m2!1e3!4b1!4m4!3m3!8m2!3d38.1436!4d28.978?entry=ttu
https://www.google.com/maps/place/38%C2%B008'51.7%22N+28%C2%B058'05.9%22E/@38.1476986,28.9657307,660m/data=!3m2!1e3!4b1!4m4!3m3!8m2!3d38.1476944!4d28.9683056?entry=ttu
https://www.google.com/maps/place/38%C2%B008'51.7%22N+28%C2%B058'05.9%22E/@38.1476986,28.9657307,660m/data=!3m2!1e3!4b1!4m4!3m3!8m2!3d38.1476944!4d28.9683056?entry=ttu
https://www.google.com/maps/place/38%C2%B009'29.2%22N+28%C2%B057'39.6%22E/@38.1581042,28.9584251,17z/data=!3m1!4b1!4m4!3m3!8m2!3d38.1581!4d28.961?entry=ttu
https://www.google.com/maps/place/38%C2%B009'29.2%22N+28%C2%B057'39.6%22E/@38.1581042,28.9584251,17z/data=!3m1!4b1!4m4!3m3!8m2!3d38.1581!4d28.961?entry=ttu
https://www.google.com/maps/place/38%C2%B009'13.7%22N+28%C2%B057'43.9%22E/@38.1538042,28.9596251,17z/data=!3m1!4b1!4m4!3m3!8m2!3d38.1538!4d28.9622?entry=ttu
https://www.google.com/maps/place/38%C2%B009'13.7%22N+28%C2%B057'43.9%22E/@38.1538042,28.9596251,17z/data=!3m1!4b1!4m4!3m3!8m2!3d38.1538!4d28.9622?entry=ttu
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Cizelge 5. Sirke ve pekmezli besin tuzagi-2
Table 5. Vinegar and molasses food trap-2

icerik Miktar
Pekmez 80 mL
Su 720 mL
Sirke 20 mL
Antifreez 20 mL

Cizelge 6. Sirke ve pekmezli besin tuzagi-3
Table 6. Vinegar and molasses food trap-3

icerik Miktar

Pekmez 80 mL

Su 720 mL

Sirke 20 mL

Sarap 20 mL
Farkli igeriklere sahip besin tuzaklari Sekil 3’te
verilmistir

Vo > 3 Fri%y
Sekil 3. Kurulan gesitli i¢eriklerdeki besin tuzaklari
Figure 3. Food traps with various contents installed

2.2.1.3 Su tuzaklari

Arazilerdeki O. onites alanlarindaki bocek tiirlerinin tespit
edilmesi amaciyla toplamda 35 adet su tuzag toprak
sathinda (toprak yiizeyi ile ayni seviyede) olacak sekilde
kurulmustur. Kurulan tuzaklar Sekil 4’te verilmistir.

- L O N [ ~
Sekil 4. Ornekleme yapilan alanlara kurulan su tuzaklari
Figure 4. Water traps set up in the sampling areas.

2.2.1.4. Atrap ile yapilan 6rneklemeler

Secilen arazilerdeki O. onites iiretim sahalarindaki bécek
tirlerinin  belirlenmesi  amaciyla  diger tuzaklar

kurulduktan sonra toplamda yapilan 13 arazi ¢ikiginin her
birinde, her arazide, 100 kez atrap sallanarak c¢esitli bocek
tiirleri yakalanmustir.

2.2.2. Calismanin degerlendirilmesi

Caligmalarda. 210 adet sari-mavi yapiskan tuzak, 35 adet
su tuzagi, 70 adet sirke ve pekmezli besin tuzaklar1 ve
9100 kez atrap sallanarak Orneklemeler yapilmistir.
Toplamda 13 kez arazi ¢ikist yapilmistir.

2.2.3. Orneklerin laboratuvarda incelenmesi

Ornekler, Isparta Uygulamali Bilimler Universitesi, Ziraat
Fakiiltesi, Bitki Koruma Boéliimii, Biyolojik Miicadele ve
Aragtirma Laboratuvarlarinda; ayni araziden koklenerek
getirilen O. onites bitkisi lizerinde gozlemlenmistir. Bu
noktada amag¢ zararlinin dogal ortaminda beslenerek
gelismesinin saglanmasidir. Araziden alman Ornekler
Sekil 5’te sunulmustur.

» o e
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Sekil 5. Arazilerden alinan 6rnekler
Figure 5. Samples taken from the fields

3. Bulgular ve Tartisma

Ornekleme yapilan alanlarda 6 takim ve 8 familyaya bagh
tiirler yakalanmigtir. Hymenoptera takimina bagl farkli
art tirleri (Apis spp.), karasinek bireyleri (Musca
domestica L.) (Diptera: Muscidae) sar1 ve mavi yapiskan
tuzaklarla yakalanirken, su tuzaklar ve sirke ve pekmezli
tuzaklarla ise Scarabaeidae familyasina bagl farkli
Coleoptera tiirleri, kulagakacan (Forficula auricularia L.)
(Dermaptera:  Forficulidae)  bireyleri,  Mantodea
familyasia bagli peygamber devesi bireyleri, Blattodea
familyasina bagli hamam bocegi tiirleri bireyleri ve
Coccinella septempunctata L. ve Chilocorus bipustulatus
L. (Coleoptera: Coccinellidae) tiirleri yakalanmigtir. Tiir
ve cins diizeyindeki teshisler Prof. Dr. Ismail KARACA
tarafindan yapilmistir. Bulunan bu canli tiirlerine dair
gorseller Sekil 6°da sunulmustur.
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Sekil 6. Arzilere tuzaklara yakalan bocekler
Figure 6. Insects caught in traps in the fields

Yakalanan bu tiirler, caligmalarin yiiriitildiigi tiim
arazilerde farkli tuzaklara yakalanmistir. Bu tiirlerin bdlge
ekosisteminde yasayan O. onites (L.)’te ekonomik kayip
meydana getirmeyen tirler oldugu orman smnin
bulunmayan iki alanda ekonomik anlamda kayip
yasanmayip, haziran aymin ilk haftasinda sorunsuz bir
sekilde hasat edilmesi ile anlasilmistir. Calisma siiresi
boyunca yapilan arazi ¢ikislarinda bu boceklerin O. onites
tizerinde beslenmedigi de tespit edilmistir.

Calismanin yapildigi ormana smir1 bulunan bes arazide
bulunan kekik bitkilerinin, ormana sinir1 bulunmayan iki
araziye kiyasla orman smir1 bulunmayan alanlarda kekik
bitkilerinin ¢ok daha canli ve siirgiinlerinin yesil oldugu
gozlemlenmistir. Orman smirt bulunmayan arazilerde
Galeruca tanaceti (L.) (Coleoptera: Chrysomelidae) larva
ve ergin bireylerine rastlanmamis, buradaki bitkilerin
gayet saglikli bir sekilde biiyiimeye devam ettikleri
gozlemlenmistir. Orman smirindaki arazilerde ise G.
tanaceti larvalarinin bitkinin kok bolgesinde yogun bir
sekilde zarar olusturduklart gbzlemlenmistir. Bu
larvalarin ortaya ¢ikip beslenmeye baglamasi sonrasinda
Nisan doneminde yeni siirgiinlerin yeterince olusmadigi
ve bitkilerde soguktan zarar gormiis gibi belirtilerin
olustugu goriilmiigtiir. Siirglinlerin yeterince ya da hig
olusmamasmin nedeni zararli larvalarin bitkinin kok ve
kok bogazi ile beslenmesinden kaynaklandig1 tespit
edilmistir. Siirglinlerin olusabildigi bitkilerde mayis
aymnda ve Haziran aymnin ilk haftasinda tiiriin larva ve
ergin  bireylerinin  beslenmeye devam ettigi
gozlemlenmistir. Bitki basmma kok ve kok bogaz
cevresinde ortalama dort adet larva tespit edilmistir. Nisan
ay1 arazi ¢ikislarinda ¢alismanin yiiriitildiigi arazilerdeki
0. onites’in durumu Sekil 7°de sunulmustur.

e < e y ¥ e A
Sekil 7. G. tanaceti tarafindan zararlanma meydana gelen
alanlardaki O. onites bitkilerinin durumu
Figure 7. Status of O. onites plants in areas damaged by
G. tanaceti

Arazi cikislart ile gozlemlerde zararli larvalarinin O.
onites’in erken doneminde (Mart-Nisan) kok ve kok
bogazinda beslenerek tahribat verdigi, bu tahribat ile
iletim demetlerinin islevselligini yitirmesine bagli olarak
bitkinin yesil aksammin kurumasi ve bitkinin siirgiin
verememesine neden oldugu tespit edilmistir. Buna ek
olarak zararlimm ergin ve larvalarinin bitkinin yesil
aksamut ile dogrudan beslendigi, bitkinin ¢esitli parcalarini
(kok, kok bogazi, govde ve yapraklar) yeme sureti ile
ortadan kaldirildig1 tespit edilmistir. Buna dair gorseller
Sekil 8’de sunulmustur.

Eras 5 o 4 £ X S
Sekil 8. Bitki kdk ve kdk bogazinda beslenen larvalar
Figure 8. Larvae feeding on plant roots and root collars

Calismanin yiiriitiildiigii alanlardan alinan zararlinin canli
ornekleri (larvalar ve ergin bireyler) Isparta Uygulamali
Bilimler Universitesi, Ziraat Fakiiltesi, Bitki Koruma
Bolimii, Biyolojik Miicadele Arastirma ve Uygulama
Laboratuvarinda 25°C  sicaklikta, %60 bagil nem
kosullarinda, 18 saat aydinlik ve alt1 saat karanlik kosullar
altinda kiltire alinmustir. Randlkofer vd. (2009),
yaptiklar1 caligmada larvalarin yetistirilmesi amaciyla
zararlinin  beslendigi  bitki pargalarinin  yetistirme
kiivetlerine konulmasi yontemi kullanilmigtir. Larva ve
yetiskin bireylerin beslenmesi amaciyla bulunduklart
yetistirme kiivetlerinin taban1 O. onites (Denizli Kekigi)
kok, sap ve yapraklar ile kaplanmistir. Bitkiler tabani
delinmis saksilarda, plastik kiivetler igerisinde belirli
araliklarla (toprak kurudukca) kiivete su verilerek
yetistirilmistir. Mimkiin oldugunca bitkinin yetismesi
gerekli olan dogal ortamlar (kosullar) saglanmaya
caligtlmistir. Bu sirada c¢aligmanin yiiriitiildiigi ormana
sinirt bulunan arazilerden alinan zararlilarin geligimleri
takip edilmistir. Zararli tiirin larvalar1 laboratuvarda
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gbzlemlenmistir. Buna dair gorseller Sekil 9 ve Sekil
10°da sunulmustur.

Sekil 9. O. onites tizerindeki zararl tiirler
Figure 9. Harmful species on O. Onites

Tiiriin pupalart yaklasik ii¢ haftalik bir siireden sonra
ergin hale gelmistir. Pupa doneminde olan ve ergin hale
gelen bireylere dair gorseller Sekil 11°de sunulmustur.

Sekil 10. Zararlinin lup altindaki goriintiisii
Figure 10. Image of the pest under the loop

Sekil 11. G. tanaceti pupa ve ergin bireyleri
Figure 11. G. tanaceti pupa and adult individuals

Laboratuvar kosullarinda kiiltiire alinip, larvadan ergin
hale gelen bireyler ilizerinden yaptirilan tiir teshisinde
zararll tirin  Galeruca tanaceti L. (Coleoptera:
Chrysomelidae) oldugu tespit edilmistir. Calismada
araziye boceklerin yakalanmasi amactyla kurulan sirke ve
pekmezli tuzaklarda yakalanan ergin bireylerin de G.
tanaceti oldugu anlagilmistir. Farkli degisken iceriklere
sahip (sarap, antifreez ve seker) bu tuzaklara yakalanan
ergin G. tanaceti bireylerinin sayim sonuglar1 Cizelge
7’de sunulmustur.

Sirke ve pekmezli besin tuzagi-1’in, 2 ve 3 numarali sirke
ve pekmezli besin tuzaklarina gore G. tanaceti ergin
bireylerini daha ¢ok cezbettigi tespit edilmistir.
Tuzaklarda Mart ve Nisan aylarinda G. tanaceti bireyinin
bulunmamas: ergin c¢ikislarnin mayis ay1 ile birlikte
oldugunu gdstermektedir.

Cizelge 7. Besin tuzaklarina yakalanan G. tanaceti ergin
sayimlari

Table 7. Number of G. tanaceti adults caught in food
traps

| 5| 8| E| &

=S| £ 2| 8| 8

I =
Sirke ve

Pekmezli Besin 0 0 9 21 30
Tuzagi-1
Sirke ve

Pekmezli Besin 0 0 4 9 13
Tuzagi-2
Sirke ve

Pekmezli Besin 0 0 7 15 22
Tuzagi-3

Toplam 0 0 20 45 65

Galeruca tanaceti, birden fazla bitki tiirti ile beslenebilen
polifag bir tiirdiir. Siew, (1966) tarafindan G. tanaceti’nin
Asteraceae (Papatyagiller) familyasindan, Tanacetum
vulgare (Solucanotu), Achillea millefolium
(Civanpergemi), Centaurea nigra (Peygamber ¢igegi),
Tussilago farfara (Oksiiriik otu), Cirsium arvense
(Koygogiiren), Brassicaceae (Turpgiller) familyasindan,
Cardamine pratensis (Cayir Kopiikotu), Sinapis arvensis
(Yabani hardal) ve Rosaceae familyasindan Potentilla

auserina  (Kazparmakotu), Lamiaceae familyasindan
Thymus serpyllum (Yabani kekik), Plantaginaceae
familyasindan ~ Veronica  spp.(Yavsan otu) ve

Hypericaceae familyasindan Hypericum perforatum (Sar1
kantaron) beslendigi bildirilmistir.

Galeruca tanaceti’nin disi bireylerinin giiz déneminde
beslendigi ve bitki ortiisii i¢inde, cogunlukla bitki saplari
olmak iizere, kuru dikey yapilarin iizerine yumurtladigi
bildirilmis olup, larvalarinin bitki iizerinde bulundugu
belirtilmistir (Meiners vd., 2006). Benzer sekilde
calismada O. onites lizerinde G. tanaceti larva ve ergin
bireyleri gézlemlenmistir. G. tanaceti’nin larvalart siyah
renklidir (Sekil 12). Tiiriin erginleri koyu kahverengi
olup, yaklasikk 6-8 mm uzunlugunda oldugu
kaydedilmistir (Sekil 12). G. tanaceti ile ilgili yapilan bir
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caligmada tiirlin erginlerinin viicut yapilarmin ovalimsi
hafif yasst oldugu, antenleri uzun ve segmentli oldugu
kaydedilmektedir. Ayni ¢alismada zararli yilda bir dol
vermekte olup, tlirlin ergin ve larvalar1 beslenebilmekte
oldugu bildirilmistir (Jolivet vd., 2002). Yapilan
calismada tiirlin erginlerinin yesil aksam iizerinde, tiiriin
larvalarinin ise bitkinin tiim aksamlar1 ile beslendigi
gozlemlenmistir.

Tiir hakkinda yapilan bir ¢aligmada zararlinin larva tipinin
campodeid, agiz tipinin ¢igneyici, pupa tipinin mumya
tipi oldugu bildirilmistir (Cox, 1996).
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Sekil 12. G. tanaceti’nin larvasi
Figure 12. Larva of G. tanaceti
Caligmanin yiriitilldigii yedi parselde, her parselde 1 200
dalda, (siirgiinde) yani 100 ocakta sayim yapilmistir.
(Calismanin  yuritildigii alanlardaki kekik bitkisi
yaklasik 4 yasinda olup her ocakta ortalama 12 adet dal
(slirgiin) bulunmaktadir) Yapilan gozlemlerde orman
sinirt  olmayan araziler haricindeki her 10 ocaktan
yaklagik yedisinde G. tanaceti larva ve erginine
rastlanmistir. Mart, nisan ve mayis aylarinda toplamda alti
arazi ¢ikist yapilmistir. Haziran ay1 ilk haftasi itibari ile
kekik hasadi gerceklesmistir. Arazi ¢ikislarinda G.
tanaceti’nin larva ve ergin birey sayimlari yapilmstir.
Mart, nisan ve mayis aylarinda sirasi ile Cizelge 8,
Cizelge 9 ve Cizelge 10’da verilmistir.

Cizelge 8. Mart ay1 bitki bagina diisen larva ve ergin
Sayist

Cizelge 9. Nisan ay1 bitki basina diisen larva ve ergin
say1si
Table 9. Number of larvae and adults per plant in April

Arazi No | Larva Sayisi Ergin Sayisi

1 5.55=5 larva 3.55 =4 ergin
2 3.48 =3 larva 2.34 =2 ergin
3 4.95 = 5 larva 4.23 = 4 ergin
4 2.32 =2 larva 2.53 = 3 ergin
5 5.40 =5 larva 5.25 =5 ergin
6 0 0

7 0 0

Cizelge 10. May1s ay1 bitki bagina diigen larva ve ergin
say1s1
Table 10. Number of larvae and adults per plant in May

Arazi No Larva Sayis1 Ergin Sayis1

1 4.45 =4 larva 5.48 =5 Ergin
2 2.45 =2 larva 4.20 = 4 Ergin
3 3.42 =3 larva 4.30 = 4 Ergin
4 2.63 =3 larva 3.45 =3 Ergin
5 3.47 =3 larva 5.60 = 6 Ergin
6 0 0

7 0 0

Table 8. Number of larvae and adults per plant in March
Arazi No Larva Sayisi Ergin Sayisi
1 4.45 = 4 larva 0
2 2.84 =3 larva 0
3 4.72 = 5 larva 0
4 2.63 =3 larva 0
5 5.40 = 5 larva 0
6 0 0
7 0 0
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Cizelge 8’de goriildiigii tizere mart ayinda tiiriin
larvalarina rastlanip ergin bireylere rastlanmadigi
goriilmiistiir. Cizelge 9’da Nisan ayinda tiiriin hem larva
hem de ergin bireylerine rastlandigi, bu donemde
larvalarmm ergin bireylere gore daha yogun oldugu
goriilmektedir. Cizelge 10°da mayis ayindan kekik
hasadina kadar olan donemde (haziran ay1 basina kadar)
ise ergin bireylerin larvalardan daha yogun oldugu
goriilmektedir.

Galerica tanaceti’den kaynaklanan O. onites’te meydana
gelen hasar kekik sezonu boyunca %80’dir. Yani her on
ocaktan alt1 tanesi tamamen kurumus, geriye kalan dort
ocakta bulunan ortalama 12 adet daldan (siirgiiniin) dort
ila sekiz tanesi zarar gérmiistiir. Kekik sezonu boyunca
meydana gelen %80 oranindaki hasarin %60’lik kismi
mart aymin basi ve Nisan aymin ortasina kadar olan
donemde  tlirin  larvalar1  tarafindan  meydana
getirilmektedir. Nisan aymnm sonundan kekik hasadina
kadar olan donemde (Haziran’in ilk haftasina kadar olan
dénemde) tiirtin larvalart ve ergin bireylerin olusturdugu
zararlanma ise hasarin %20’sini olusturmaktadir.

3.1. Ormana Simir1 Bulunmayan Arazilerde Yapilan
Gozlemlerdeki Zararh Tiirler

Bolge faunasinda yasayan tiirlere ek olarak atrap yontemi
ile yakalanan Orthoptera takimma bagli Tettigonidae
familyasindan Poecilimon spp. (Fischer) (Yesil ¢ekirge)
ve Lepidoptera takimindan Noctuidae familyasindan
Helicoperva armigera (Hiibner) (Yesil kurt), orman siniri
olmayan arazilerde rastlanilmistir. Arazilerde bulunan
yesil ¢ekirge ve yesil kurt bireylerine dair gorseller Sekil
13’te sunulmustur. Teshisler Prof. Dr. Ismail KARACA
tarafindan yapilmistir.
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Sekil 13. Orman sinir1 bulunmayan arazilerde tespit edilen
bocekler

Figure 13. Insects detected in areas without forest
boundaries

Arazide atrap yontemi ile orman smirt bulunmayan
arazilerde Mart ayinda sadece toplamda dort adet yesil
cekirge ve toplamda {i¢ adet yesil kurt bireyleri
gozlemlenmigtir. Nisan aymda yesil kurttan toplamda
dokuz birey, yesil ¢ekirgeden toplamda 10 birey
gozlemlenmistir. Mayis ayinda yesil kurttan 11, yesil
cekirgeden 15 birey kaydedilmistir. Bu tiirlerin
popiilasyon yogunlugu diisiik oldugu i¢in orman sinir1
olmayan arazilerde «ciddi bir ekonomik kayip
olusturmamustir. Bitkiler incelendiginde oldukga canli ve
saglikli oldugu goriilmiigtir. Origanum onites tizerinde
yesil ¢ekirge ve yesil kurt tirlerinin gorildiigi ve bu
tirlerin, bitkinin yaprak ve ciceklerine zarar vererek
verim ve kaliteyi disiirdiigii kaydedilmistir (Uyanik vd.,
2005). Ancak, Denizli i1 Tarim ve Orman Miidiirliigii ile
yapilan  goriismelerde  yesil  kurt  (Helicoperva
armigera)’un O. onites sahalarinda 2016 yili haricinde,
yesil ¢ekirge tiirlerinin ise 2018 yili haricinde ekonomik
olarak zarar olusturacak diizeyde goriilmedigi, 2016 ve
2018 yillarinda meydana gelen bu ekonomik kayiplarin
kekik sahalarinda yer yer ve dar alanlarda olustugu bilgisi
almmustir. Calismanin yiritildiigi 2023 yilinda zararlilar
ekonomik anlamda zarar olusturacak diizeye gelmedigi
gozlemlenmistir.

4. Sonuc¢

Galeruca tanaceti L. (Coleoptera: Chrysomelidae)
Tiirkiye'nin yedi bolgesinin dordiine ait 10 ilde tespit
edilmistir. Bu iller Ankara, Corum, Erzurum, Eskisehir,
Isparta, Kars, Kastamonu, Ordu, Sinop ve Cankir1 olarak
kaydedilmigtir (Bal wvd., 2018). Buna ek olarak
Cilbircioglu  (2013), Tirkiye’de sogan yetistiriciligi
yapilan alanlarda G. tanaceti’nin zararli oldugunu
bildirmistir. Calisma, zararlt tiiriin Denizli’de goriilmesi
ve zararlimin Origanum onites L. (Lamiaceae) {izerinde
beslenmesi gozlemleri ilk kayit niteligi tasimaktadir.
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Dolayistyla, yapilan g¢alisma bu yoniiyle 6zgiin degeri
acisindan ayr1 bir dnem arz etmektedir.

Galeruca tanaceti’nin kekik bitkisi iizerinde beslendigi
ilk kez Yunanistan’da yapilan bir c¢alismada tespit
edilmigtir.  Girit’te yetistiriciligi yapilan Origanum
vulgare L. (Lamiaceae) kekik tiirii 6zelinde yiiriitiilen
¢alismada, G. tanaceti’nin kekik tizerinde ciddi oranlarda
(%70’e  varan) ekonomik  kayiplar  olusturdugu
bildirilmistir (Roditakis vd., 2006). Bolgede adi gegen
zararlt tarafindan sebep olunan bu ekonomik kayiplar
sonrasinda  ¢iftciler alternatif {irlin  yetistiriciligine
yonelmigtir. Bu ¢alismanin  yiriitildiigli  alanlarda
(Denizli, Giiney, Aydogdu Mahallesi) 1990 yilindan bu
yana titiin yetistiriciliine alternatif olarak kekik
yetistiriciligi yapilmaktadir (Dereli vd,, 2023). Ancak
zararli kaynakli olarak 2022 yilinda yeniden alternatif
bitkilerin (basta tiitlin olmak {izere, arpa, bugday, nohut
vs. gibi) yetistiriciligine basglanmistir. Tirkiye’de G.
tanaceti’nin Origanum onites’te beslendigi ve zarar
yaptigi ilk kez bu ¢aligsma ile ortaya konmustur.

Yunanistan’da yapilan bir ¢alismada, O. vulgare’nin bitki
dokusunda fenolik bilesiklerin ve wugucu yaglarin
bulunmasi sebebiyle hastalik ve zararlilardan kaynakli
ciddi  bir ekonomik  kayiplarin  olugmayacagi
ongoriilmiistiir. Bundan dolay1 kekigin organik bir sekilde
yetistiriciliginin yapildigini ancak zaman igerisinde kekik
ile beslenen G. tanaceti’nin ortaya ¢ikarak ekonomik
kayiplar olusturdugu bildirilmistir (Roditakis vd., 2006).
Benzer sekilde, bu calismada Denizli’de organik kekik
treticiligi yapilirken ortaya ¢ikan zararli G. tanaceti
nedeniyle zararliya karsi onlem alimamamaktadir. Tibbi
ve aromatik bir bitki olan O. onites’te kimyasal kullanimi
yasak olup, bitkide meydana gelebilecek hastalik, zararl
ve yabanc1 otlar ile miicadelede tavsiyeli bir bitki koruma
iriinii bulunmamaktadir. Dolayis1 ile Origanum onites’te
goriilen Galeruca tanaceti’nin miicadelesinde kimyasal
miicadeleye alternatif savagim yontemleri ile zararlinin
miicadelesi yapilmalidir.

Calismada ii¢ farkli igerik ile hazirlanan besin tuzaklari
zararlt  tirlin  erginlerini  yakalamak  amaciyla
kullanilmigtir. Sirke ve pekmezli besin tuzagi- 1’in diger
tuzaklara gore daha fazla G. tanaceti ergini ¢ekmesinden
dolay1 zararlmin ~ miicadelesinde kullanilabilme
potansiyeli bulunmaktadir. Besin tuzaklar1 vasitasiyla adi
gegen zararlinin yakalanmasi sayesinde vejetasyon
doneminde yesil aksam ile beslenmesi sonucu olusan
zararli/larin popiilasyon yogunlugunun azaltilmasi ve bir
sonraki yetistirme sezonunda bu tuzaklarin zararlinin
ekonomik zarar esiginin altinda tutulmasi amaciyla
kullanilabilecegi tespit edilmistir.

Kekigin igerisindeki dogal bilesikler sebebiyle boceklerin
kekik ile beslenmeyi tercih etmemesi gerekmektedir.
Ancak Friedrichs vd. (2022), yaptigi calismada G.
tanaceti’nin  bitki savunma mekanizmalarma karsi
koyabilecek metabolik  yetenege sahip oldugunu
belirtmistir. Bu ¢alismaya ek olarak yapilan bir bagka
calismada G. tanaceti’nin otsu bitkilerin zararlist
oldugunu ve konukcu bitkinin savunmasini agmak igin
uygun  davramigsal ve  biyokimyasal  stratejiler
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gelistirdigini bildirilmistir (Roditakis vd., 2006). Barinma
davranisi, beslenme zamanlamasi ve yer degistirme
mekanizmalar1  zararlimin  davranigsal  stratejilerini
olustururken detoksifikasyon enzimleri (toksik maddeleri
zararsiz hale getiren ve atilmasini saglayan enzimler) ve
antioksidan mekanizmalar1 (oksidatif stresi Onleyen
siiregler) sayesinde bitki savunma mekanizmalarindan
korunmasi ise biyokimyasal stratejiler arasinda yer aldigi
bildirilmistir  (Despres vd., 2007). Yapilan tez
calismasinda G. tanaceti’nin O. onites ile beslendiginin
tespiti, kekik gibi savunma kimyasallari yiiksek oranda
bulunan  bitkilerle  beslenebilmesini  ve  hayatta
kalabilmesini Roditakis vd. (2006), Despres vd. (2007)’in
calismalari ile agiklanabilmektedir.

Caligmada G. tanaceti zararlisinin, Lamiaceae familyasi
icerisinde yer alan O. onites ile beslendigi tespit
edilmistir. Lithmann (1939); Prevett (1953); Obermainer
vd. (1999) vyaptiklar1 ¢aligmalarda G. tanaceti’nin
Asteraceae, Brassicaceae, Caryophyllaceae, Dipsacaceae,
Liliaceae, Lamiaceae, Polygonaceae ve Solanaceae
familyalarma ait  bitki tiirleriyle = beslendiklerini
bildirmiglerdir. Bu familyalara ait bitki tiirlerinin pek
cogu (papatya, hardal otu, ¢dven, karanfil, zambak, nane,
adacayi, feslegen, kekik, labada, ¢oban degnegi, it lizimii,
kopek iizimi ve datura tiirleri) Denizli’nin Giiney
ilgesinde bulunan orman florasinda bulunmaktadir.
Dolayist ile ¢aligmanin yiriitiildigii orman sinir
arazilerde, zararlmin ormandan O. onites {Uretim
sahalarina gecerek ekonomik kayip/lar meydana getirmesi
olasidir. Bocek tiirlerini belirlemek amaciyla kurulan
tuzaklarin “Ciftgiler ile Goriigmeler” bolimiinde de
belirtildigi lizere g¢alismanin ormana siniri olan kekik

dretim alanlarinda yapilmast G. tanaceti’nin tespit
edilmesinde etkili olmustur.
Origanum onites {izerinde G. tanaceti’nin yogun

beslenmesi neticesinde ¢aligmanin yiiriitiildiigii alanlarda
yesil kurt ve yesil ¢ekirge tiirlerinin epidemi yapmadigi,
bu zararlilarin G. tanaceti’nin yogun beslenmesine bagli
olarak beslenme alani1 bulamadig1 gézlemlenmistir.

Tiirkiye’de O. onites iizerinde ilk kez zarar olugturdugu
tespit edilen G. tanaceti’nin bu zarar tarafimizca, T.C.
Tarim ve Orman Bakanliginin “Yeni Zararli Organizma
Bildirim Formu” islenerek kayit altina alinmig ve bilim
diinyasina duyurulmustur.

5. Tesekkiir

Bu c¢alisma, Anil Berke YILMAZ’in yiiksek lisans
tezinden tiiretilmistir.

Cikar Catismast Beyani

Makale yazarlar1 aralarinda herhangi bir ¢ikar catismasi
olmadigini beyan ederler.

Arastirmacilarin Katki Orani Beyani

Yazarlar makaleye esit oranda katki saglamis olduklarini
beyan ederler.
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ABSTRACT

In this study, the Hsieh, Classical F, and Kruskal-Wallis tests were compared in terms of Type
I error probabilities using samples generated from a two-parameter exponential distribution
with various parameters and a y%y distribution. Among the tests examined in the study, the
Hsieh test was found to have higher Type | error probabilities compared to the Classical F and
Kruskal-Wallis tests, indicating that it could not maintain the Type | error at the 5.0% level.
The effect of this finding is more pronounced in small sample sizes and when the assumption
of homogeneity of variance is not met. In addition, even in heterogeneous variance ratios, that
Levene's test neglects, the Type | error rate of the Hsieh test reached 13.3%. In conclusion, the
high probability of Type | error in the Hsieh test, especially in small sample sizes and when
group variances are not homogeneous, restricts its usage.

Hsieh, F ve Kruskal-Wallis Testlerinin Monte Carlo Simiilasyon Teknigi Kullanilarak .
Tip Hata Olasiliklar1 Bakimindan Degerlendirilmesi
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OZET

Bu calismada, iki parametreli iistel dagilimdan farkli parametrelerle ve %2
dagilimindan iiretilen 6rnekler kullanilarak Hsieh, F ve Kruskal-Wallis testleri, I.tip
hata olasiliklar1 agisindan karsilastirilmistir. Calismada incelenen testler arasinda,
Hsieh testinin Ltip hata olasiliklarimin, Klasik F ve Kruskal-Wallis testlerine gore
daha yiiksek oldugu bulunmus ve bu durum, Ltip hatay1 %5 seviyesinde tutamadigin
gostermektedir. Bu durum o6zellikle kiigiik 6rnek genisliklerinde ve varyanslarin
homojenligi varsayiminin saglanmadig1 durumlarda daha belirgin hale gelmektedir.
Ayrica, Levene testi tarafindan géz ardi edilen heterojen varyans oranlarinda bile,
Hsieh testinin Ltip hata oran1 %13.3'e ulagsmistir. Sonug olarak, Hsieh testindeki
yiiksek Ltip hata olasiligi, Ozellikle kiiciikk Ornek genisliklerinde ve grup
varyanslarinin homojen olmadigi durumlarda kullanimini sinirlamaktadir.

1. Introduction

sample sizes. However, in this point, the researchers can be
misguided by factors such as the degree of skewness in the

The actual mean of robust statistical test is that it preserves
a Type | error rate at the level of 5.0% and has statistical
power close to the theoretical power, even when the
observations in the given dataset may not satisfy to the
assumptions of the test technique (Lix et al., 1996).

In this context, parametric tests are considered more
robust; however, the requirement of satisfying their
assumptions is emphasized. These assumptions can be
summarized as follows:

o Normality of the observations in the dataset

e Homogeneity of the variances

e  The data should be continuous

Analysis of Variance or in other words in the literature, the
F test, is one of the parametric tests used to test the equality
of more than two group means. Blanca et al. (2017)
emphasized that the Classical F-test is a powerful test when
observations deviate from normality to a moderate degree,
when the assumed distribution of each group's population
is the same, and when working with balanced and large

distribution or presence of large sample sizes. In relation to
that, Cessie et al. (2020) found that Student —t test is robust
when the sample size of each group is equal and more than
25.

In the case of not satisfying the assumptions of the
Classical F test, it is a reality that the obtained results do
not reflect the truth. As well known, in the hypothesis set
at the beginning of the experiment, the null (Ho) hypothesis
supports the observed differences among group means are
coincidental. The failure to meet the assumptions will
cause an increase in the Type | error probability, which was
set at 5% at the beginning of the test. In other words, when
there is no difference among the group means in truth, the
probability of a difference will increase, and the null
hypothesis will be rejected mistakenly. If the data
distribution is non-normal, applying the Classical F test
without considering the assumption of normality can lead
to wrong estimation of the model parameters or a decrease
in the test power to detect treatment effects (Nwobi &
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Akanno, 2021). In cases where data are some kinds of
random sample from population which is distributed as
beta, gamma, exponential, Weibull., etc., researchers often
encounter difficulties in making the correct decision
regarding whether to apply transformations and continue
with the Classical F test or to directly apply non-parametric
tests (Hammouri et al., 2020). Another option, if the
assumptions are not met, is to use parametric alternative
tests. In the literature, there are different parametric
alternative tests such as Welch F, Brown — Forsythe,
Wilcox Hm, James second-order, Alexander — Govern and
Marascuilo tests (Mendes, 2002). Author compared these
parametric alternative tests in various distributions and
simulation experiments in terms of type | error rate and test
power by Monte Carlo simulation technique. Even though
some of these tests are included in widely used package
programs such as SPSS or Minitab, most of them can be
conducted with libraries written in the R programming
language.

Although transforming the data and then applying the
classical F test is another option, some researchers who are
not experts in statistics do not use appropriate
transformation techniques. Wilcox (2002) reported that
transformation techniques could be unable to cope with
extreme values in the dataset and even some powerful
transformation techniques cannot fit the observations to
normal distribution.

Lix et al. (1996) reported that when non-normal
distribution and heterogeneity of variances are together,
using trimmed means for the location parameter and
Winsorized variance for the scale parameter causes the test
more robust. The use of non-parametric methods, such as
the Kruskal — Wallis test, is also a frequently used method
when assumptions are not met. Nonparametric methods do
not have assumptions about the distribution of the data, but
they are more sensitive to heterogeneity than parametric
methods. However, even though non-parametric methods
act independently of the assumptions of the distribution,
they are very sensitive to high heterogeneity of variances.
Hammouri et al. (2020) reported that using the general
linear model for analysis of variance and regression, which
does not require the assumption of normal distribution,
may be an alternative option. On the other hand, Fan &
Hancock (2012) reported that Robust Means Modelling
approach is more consistent than classical F test in terms
of type | error rate of skewed datasets.

In the literature, there are a lot of simulation studies in
which alternative tests are evaluated by several researchers.
These studies assess the type | error rate and test power in
cases where the distribution shape is skewed, comparing
group means (Koskan & Giirbiiz, 2009; Arici et al., 2011;
Mendes & Yigit, 2013; Cavus & Yazic1 (2020); Hammouri
et al.,2020) and it is still being investigated. Mendes &
Yigit (2013), compared classical F and ANOM tests with
regards to type | error rate and test power in testing equality
of the group means. The Hsieh test (also M statistic) that is
fundamental point of this study, is a modified version of
the likelihood ratio statistic under the H statistic. This test
statistic developed by Hsieh (1986), a parametric approach
that allows testing the equality of the location parameters
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of populations demonstrating a two-parameter exponential
distribution with different scale parameters. A study has
been found in the literature where the classical F-test,
which could serve as an alternative to the Hsieh test in the
context of a two-parameter exponential distribution, was
evaluated through simulation.

Cavus & Yazici (2020) compared ANOVA, logT-ANOVA
(Logarithmic transformed ANOVA), and the Hsieh test for
testing the equality of the location parameters of three
groups in terms of type | error rate and test power. They
considered the two-parameter exponential distribution as a
skewed distribution. In addition, Cavus (2021) developed
a library in R programming language named as doex that
consists of several heteroscedastic tests. In this library,
besides the analysis of variance, and several alternatives,
Hsieh test function takes part also for two parameters
exponential distribution.

Beta, Gamma, Weibull, Chi-Square, and Log-normal
distributions are similar with two parameters exponential
distribution. Currently, Monte Carlo technique has been
studied on some distributions (Babacan & Kaya, 2020). As
well known, the exponential distribution is a special form
of Gama distribution. Due to this similar relationship, the
solution to similar problems can also be achieved. There is
another relationship for Gama distribution that forming
Chi-Square distribution by ensuring that integers are
positive (Kim et al., 2011). In studies which related
agricultural data or theoretical sampling, two parameters
exponential distribution as important as normal
distribution (Maurya et al., 2011). As an illustration, in the
livestock datasets, the milk yields at the lactation shows the
exponential distribution.

There are also some approaches proposed in the literature
for testing the equality of group means in populations
having a two-parameter exponential distribution.
Malekzadeh & Jafari (2020) suggested that confidence
interval — based estimation approaches, parametric
bootstrap, and methods based on p-values may be used for
parameter estimation in the case of a two-parameter
exponential distribution.

Ghosh & Razmpour (1984) compared several approaches
to estimate the common location parameters in populations
fit to the exponential distributions with unequal scale
parameters, for small sample sizes. Zhuang & Bapat (2022)
proposed approaches to hypothesis testing of location
parameters for two populations that demonstrate a two-
parameter exponential distribution, controlling for Type |
and Type Il errors. Pawlitschko (2024) compared several
robust methods for estimating the location parameter of a
two-parameter exponential distribution. Krishnamoorthy et
al. (2020) examined various likelihood ratio tests to
compare the scale and location parameters in populations
with a two-parameter exponential distribution and to test
the homogeneity of distributions in those populations. Li et
al. (2015) studied on a statistical method, using confidence
intervals they derived, to test the equality of means in
populations obtained from a two-parameter exponential
distribution. Krishna & Goel (2018), used Bayesian
approaches to estimate location and scale parameters on
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randomly censored data following a two-parameter
exponential distribution. They reported that Bayesian
approaches gave better results than maximum likelihood
approaches via Monte Carlo simulation technique. Our
literature research revealed that while the Hsieh test and its
alternatives have been compared for testing the equality of
group means in a two-parameter exponential distribution,
their performance has not been evaluated in another
distributions. Therefore, it is thought that this study may
contribute to literature for evaluating various statistical
tests comparing group means in skewed distributions.

In the present study, random numbers were generated from
various two-parameter exponential distributions and a chi-
square distribution with two degrees of freedom. Hsieh,
Classical F, and Kruskal-Wallis tests were compared in
terms of Type | error rate for testing the equality of means
- medians of more than two groups in various simulation
scenarios.

2. Material and Method
2.1. Simulation of random numbers

In the present study, random numbers generated from
various two parameters exponential distribution and a chi-
square distribution with two degrees of freedom were used,
as summarized in Table 1. For manipulating parameters of
the distribution in question, different combinations of
variances and sample sizes were created. In the
determination of group variances, the variance ratio of the
last group has been manipulated with small values (such as
0.5 and 1.1). The reason for doing this is that in our
preliminary simulation studies for the Hsieh test, as the
variance ratio of the last group increases, the Type | error
value becomes very high, and its comparison can be
complex. The functions named r2exp and rchisg were used
to generate random numbers from two parameters
exponential distribution and a chi-square distribution,
respectively. These functions are elements of the tolerance
package (2010) and R Core Team (2023) which are
developed in R programming language. Furthermore, for
the Hsieh, Classical F test, and Kruskal-Wallis tests we
used in the simulation program, we respectively employed
the HS function derived from the doex package, the
oneway.test function, and the kruskal.test function.

Table 1. Simulation design

r2exp(n,2,1)
r2exp(n,4,1)
r2exp(n,6,1)

Distributions:

;Eﬁ?(sp((nr{snga)le,location) r2exp(n2.1.5) rchisq(n, 2)
4. r2exp(n,4,1.5)

r2exp(n,6,1.5)
Sample Size (n) 10,35,50 4,12,20,25
Variance Ratios 1.0,1.051.1
Number of Groups (k) 3,4,and 5
Number of simulations 20 000

2.2. Hsieh test

The Hsieh test (also M statistic) that is fundamental point
of this study, is a modified version of the likelihood ratio
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statistic under the H statistic. It is a parametric approach
that allows testing the equality of the location parameters
of populations demonstrating a two-parameter exponential
distribution with different scale parameters. When the
location parameter a is zero, a single-parameter
exponential distribution is formed with a mean of b. This
distribution, which consists of positive integers, is a right
skewed distribution. The Hsieh test statistics with a y%@k-2)
degree of freedom was presented in Equation (1).

|

H.: the difference between the means of at least two groups
is significant

Sj
Sj+ Wj

Ty 23k, (1) ln[ 1)

Hot by = M =

If Ty > x?(2k — 2), Ho (null hypothesis) will be rejected.

The probability density function is given in Equation (2)
for two parameters of exponential distribution in question.

flab)=1exp(— %), x>b,a>0 @)

Where:

a: location parameter (threshold),
b: scale parameter.

2.3. F test

The mathematical model for one-way analysis of variance
(ANOVA), that is commonly used for comparing means of
more than two groups with respect to a single factor, can
be expressed as Equation 3. For reliable results, one must
be met basic assumptions of the F test which can be
described as normality of the residuals, homogeneity of the

variances, additive effects of the factor levels and
independence of the observations.
YVij=u+a; +e; (€))

Where:

Yij: the observed value for the j" experimental unit in the
i treatment group,

u: overall population mean,

ai: the effect of the i" treatment group,
ejj: random error term.

i and j: running from 1 ton

The hypothesis set that enables testing F distribution with
(k—1) and (N — k) degrees of freedom can be described as
follows:

Holpy = Hp oo = g
Ha: the difference between the means of at least two groups
is significant

(k: treatment groups in the experiment, N: number of total
observations, p,: population mean).
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Mean Square Between Treatments

If the calculated F = value,
Mean Square Error

obtained after ANOVA, is greater than the critical F-table
value with (k — 1) and (N — k) degrees of freedom, the null
hypothesis (Ho) will be rejected.

2.4. Kruskal-Wallis

The Kruskal-Wallis (KW) test, which is one of the
distribution-free tests, is frequently used to determine
whether the differences among the medians of two or more
groups are due to chance or not. Hypothesis set in the KW
test where H statistic is used:

Ho: M, = M,..= M,

Hi: the difference between the medians of at least two
groups is significant

Where:
M, is the median of the population

The H statistic can be calculated as Equation (4):

= (

Where:

12
N(N+1)

T, 2) = 3(N +1) (4)

N: sum of sample size for all samples,
k: number of samples,

R;: sum of ranks in the i"" sample,

n;: size of the i sample

The probability of asserting that there is a difference
among group means when the true means are equal is
called the type | error rate. It means that it is a probability
of rejecting the true null hypothesis (Ho). In this study, the
predetermined type | error rate was fixed at %5.0 level. The
simulation combinations which are tabulated in Table 1,
were iterated 20 000 times. The rejected Ho hypotheses
were stored after 20 000 simulations, and the type | error
rate (o) was calculated by dividing the number of rejected
Ho hypotheses by the total number of simulations. The
conservative criterion proposed by Bradley (1978) with the
range of 4.5 <a < 5.5 was considered when comparing tests
in terms of type | error rate at a significance level of 5%.

3. Results and Discussion

The type | error rates calculated after simulation
experiments conducted in various two parameters
exponential distributions were shown in Table 3. In the
case where the scale and location parameters were 2 and 1
respectively, and the sample sizes were 35 and 50, the type
| error rates calculated after all three tests were within the
Bradley’s criteria. The HS test marginally deviated from
Bradley criteria in the case of scale and location parameters
were 4 and 1, respectively. Conversely, F and KW tests
were in Bradley’s criteria at all sample sizes. When the
scale and location parameters were set to 6 and 1
respectively, the F and KW tests remained within the
Bradley criteria under all experiments. However, the HS
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test could only fall within Bradley’s criteria when there
was a large sample sizes, especially when each group
contains 50 observations. In addition, the HS test was only
met Bradley’s criteria when sample size was 50 in each
group and distribution combinations where the location
parameter was 1.5 and scale parameters were 2, 4, and 6.

In addition, the number of groups was extended to four and
five across all scenarios to examine whether this had a
significant effect on the Type | error rate. The simulation
results, based on random numbers derived from a two-
parameter exponential distribution, showed that the Type |
error rates for the F and KW tests were within or close to
the Bradley criteria. For the HS test, the Type | error rates
tended to meet the bounds of the Bradley criteria as the
sample size increased. This pattern was observed in all
combinations of location and scale parameters.

For small sample sizes (n=10), having four groups
controlled the Type | error rates within the Bradley criteria
only for the F and KW tests. In contrast, the HS test failed
to control the Type | error rates within the criteria for any
combination. When the number of groups increased to five,
the Type | error rates for the HS and F tests approached the
Bradley criteria only as the sample size increased.
However, the KW test consistently exhibited Type | error
rates close to 5% across all combinations of scale, location
parameters, and sample sizes.

The variance ratios that can be neglected by the Levene test
were considered to compare HS, F, and KW tests under the
v distribution in the sense of Type | error rate. Therefore,
the variance ratio of the last group was manipulated by
multiplying random numbers with 1.05 and 1.1 constants.
The Levene test statistics (F-values) and p — values were
presented in Table 2. The Levene test results were not
statistically significant in all combinations of sample sizes
and variance ratios. This means that in cases where the
variance ratios among groups can be considered small,
even in the presence of heterogeneity, the Levene test has
accepted the null hypothesis (Ho) and decided that the
variances were homogeneous.

Table 2. F and p values of the Levene test
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Parameters Variance

rchisq(n,df)  Ratios F-value — p-value
rchisq(4,2) 1:1:1.05 0.96 0.42
rchisq(12,2) 1:1:1.05 0.31 0.73
rchisg(20,2) 1:1:1.05 1.94 0.15
rchisq(25,2)  1:1:1.05 1.57 0.21
rchisq(4,2) 1:1:1.1 0.92 0.43
rchisq(12,2) 1:1:1.1 0.37 0.70
rchisq(20,2) 1:1:1.1 2.12 0.13
rchisq(25,2) 1:1:1.1 1.72 0.19

The type | error rates of the HS test compared to the F and
KW tests in cases of small heterogeneity, that can even be
neglected by the Levene test, were tabulated in Table 4.
Even in cases where the variances were homogeneous, the
F and KW tests were often close to or within the Bradley’s
criteria when the sample size was 12 or greater in each
group. However, the HS test only approached Bradley’s
criteria (5.8%) when the sample size was 25 in each group.
When the homogeneity of the variances was manipulated
as 1:1:1.05 the type | error rate of the HS test reached 8%
with sample size of 25 in each group. Contrary to this
result, the KW test was found to be more conservative than
other tests in the same sample size. When the variance
ratios manipulated as 1:1:1.1, the type | error rates
calculated after HS test simulations were bigger as the
sample size increased. Conversely, the F and KW tests
generally stayed within Bradley’s criteria.

As the number of groups increased, the Type | error rates
of the HS test also increased in scenarios with
homogeneous variances. Although Type | error rates
decreased as the sample size increased, the HS test failed
to meet the Bradley criteria. In contrast, the F and KW tests
produced similar results, with Type | error rates calculated

within the acceptable bounds. When there were
insignificant or small deviations in homogeneity, the Type
I error rates of the HS test increased significantly,
particularly as the sample size increased. Moreover, the
Type | error rates for the F and KW tests remained within
or very close to the Bradley criteria, as expected.

Even though there are several studies in the literature that
compare the performance of the HS test in two-parameter
exponential distributions, the lack of simulation studies on
its performance in other theoretical distribution is a
limitation of our study. However, this study can be
evaluated with some literature. In the case of a two-
parameter exponential distribution with scale and location
parameters of 2 and 1 respectively, the HS test was only
within Bradley’s criteria for large sample sizes. This result
shows similarity to the study performed by Cavus & Yazici
(2020). They compared HS, LT-ANOVA and F tests in
terms of type | error rate in two parameters exponential
distribution that considered as skewed distribution. Cavus
and Yazici (2020) reported that HS test could not control
type I error rate in small sample sizes. In addition, authors
stated that both the F and KW tests tend to maintain type |
error rate as the sample size increases. Furthermore, Lantz
(2013) emphasized that the type | error rate of the Welch
test were deviated from 5.0% compared with the F and KW
tests in exponential distribution. The author’s specific
focus on unbalanced sample sizes leads to this situation. In
a previous study that evaluated Type | error rates in group
comparisons using Monte Carlo simulation, the authors
reported that the F-test yielded acceptable Type I error
rates in terms of Bradley's criteria when variances were
heterogeneous (Mendes and Yigit, 2013). These findings
are consistent with our results, as expected.

Table 3. Type | error rates (%) of the tests with different parameters of two parameters exponential distribution.

Parameters HS F KW

r2exp(n,scale,location) k=3 k=4 k=5 k=3 k=4 k=5 k=3 k=4 k=5
r2exp(10,2,1) 7.52 764 791 419 544 6.09 454 4365 4.37
r2exp(35,2,1) 5.32 569 6.13 517 592 6.14 498 5.02 5.00
r2exp(50,2,1) 5.42 565 560 494 547 6.00 484 4695 490
r2exp(10,4,1) 7.41 789 841 450 525 647 452 4605 4.43
r2exp(35,4,1) 5.55 584 593 519 564 645 480 4.93 5.13
r2exp(50,4,1) 5.68 539 565 535 542 6.00 504 473 4.82
r2exp(10,6,1) 7.82 745 854 457 517 639 469 4.36 4.49
r2exp(35,6,1) 5.55 584 592 490 559 598 483 473 4.81
r2exp(50,6,1) 5.48 560 596 513 566 585 492 515 4.94
r2exp(10,2,1.5) 7.72 804 835 486 559 633 459 452 4.40
r2exp(35,2,1.5) 5.63 5715 594 549 576 593 494 484 4.89
r2exp(50,2,1.5) 5.52 527 543 506 545 587 478 4.88 4.82
r2exp(10,4,1.5) 7.28 775 832 455 538 628 438 454 4.44
r2exp(35,4,1.5) 6.03 503 592 531 569 634 4838 475 4.83
r2exp(50,4,1.5) 5.48 569 571 535 565 581 502 4091 5.00
r2exp(10,6,1.5) 7.12 803 7.96 433 541 638 417 4.44 4.47
r2exp(35,6,1.5) 5.56 6.01 538 535 580 622 510 4.81 4.88
r2exp(50,6,1.5) 5.45 553 545 532 567 6.01 510 4.88 5.00
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Table 4. Type I error rates (%) of the tests by different variance ratios under 3?2 distribution.

. . HS F KW
Parameters Variance Ratios =3 =2 C5 k=3 k=4 k=5 k=3 k=4 =
rchisq(4,2) 1:1:1 13.2 151 171 41 4.2 4.4 3.9 3.4 3.1
rchisq(12,2) 1:1:1 7.0 7.5 7.6 4.4 4.3 45 4.7 4.6 4.6
rchisq(20,2) 1:1:1 6.3 6.3 6.5 4.6 4.7 4.6 4.7 4.8 4.8
rchisq(25,2) 1:1:1 5.8 6.3 6.2 4.7 44 48 4.9 45 4.8
rchisq(4,2) 1:1:1.05 128 152 170 4.2 4.0 4.3 4.2 3.1 3.3
rchisq(12,2) 1:1:1.05 7.7 8.2 8.8 4.3 4.2 4.3 4.9 4.2 4.3
rchisq(20,2) 1:1:1.05 7.5 8.2 9.1 4.4 4.7 4.6 4.6 4.7 4.6
rchisq(25,2) 1:1:1.05 8.1 8.9 100 4.7 4.7 4.6 5.0 4.7 4.7
rchisq(4,2) 1:1:1.1 13.3 157 178 4.0 4.2 4.6 44 34 3.3
rchisq(12,2) 1:1:1.1 8.6 106 117 47 45 4.6 5.0 4.8 3.3
4. Conclusion

At the beginning of the study, the heterogeneity of group
variances was manipulated to a greater level. However, in
these cases, the HS test's sensitivity to type | error rates was
significantly affected, leading to a reduction in the
magnitude of variance heterogeneity. One of the
significant results of this study was that even in cases of
small heterogeneity that the Levene test could neglect, the
HS test exhibited higher type | error rates compared to the
F and KW tests. This suggests that the HS test is highly
sensitive to the disruption of variance homogeneity, even
at low levels. In the present study, several groups were
examined in all combinations and concluded that an
increase in the number of groups negatively affected the
HS test in terms of Type | error rates.
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OZET

Bu c¢alisma, Isparta ekolojik kosullarinda kirmizi ve beyaz renkli 2 farkli yer elmasi
(Helianthus tuberosus L.) popiilasyonunun farkli hasat zamanlarindaki (¢igeklenme
baslangici, %50 ¢igeklenme, tam ¢igeklenme) yem verimi ve kalite 6zelliklerinin belirlenmesi
amactyla 2023 yili vejetasyon déneminde Isparta Uygulamali Bilimler Universitesi Tarimsal
Egitim, Arastirma ve Uygulama Ciftligi deneme alanlarinda yiiriitiilmistiir. Deneme, tesadiif
bloklarinda faktoriyel deneme desenine gore 3 tekrarlamali olarak kurulmustur. Arastirmada
yer elmasi popiilasyonlarinin bitki boyu, bitki gévde ¢api, bitkide yaprak sayisi, yaprak
genisligi, yaprak uzunlugu, dekara yumru verimi, yesil ot verimi, kuru ot verimi, ham protein
oranmi ve ham protein verimi 6zellikleri incelenmistir. Yem verimi ve kalitesi agisindan yer
elmasinin gigeklenme baslangict ve %50 ¢iceklenme déneminde; yumru verimi yoniinden
degerlendirildiginde ise tam g¢igeklenme doneminde hasat edilmesinin uygun olacag:
kanaatine varilmistir. En yiiksek yaprak genisligi (9.91 cm) ve ham protein orani (%6.62)
degerleri kirmizt yumrulu popiilasyondan; en yiiksek kuru ot verimi (559.63 kg/da) ise beyaz
yumrulu popiilasyondan elde edilmistir. Ayrica yem verimi ydniinden beyaz yumrulu
popiilasyonun, yem Kkalitesi agisindan ise kirmizi yumrulu popiilasyonun daha yiiksek
performansa sahip oldugu belirlenmistir.

Determination of the Green Forage Yield and Quality Characteristics of Jerusalem
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ABSTRACT

This study was carried out to determine the effects of different harvest times (beginning of
flowering, 50% flowering, full flowering) on feed efficiency and quality characteristics in
two local Jerusalem artichoke (Helianthus tuberosus L.) populations (red and white tuber
type) in Isparta during the 2023 growing season. The research was carried out in the trial
fields of the Agricultural Education, Research, and Application Farm at the University of
Sciences. The experiment was designed as a factorial trial with three replications in a
randomized block design. In the research, plant height, plant stem diameter, number of leaves
per plant, leaf width, leaf length, tuber yield per decare, green grass yield, hay yield, crude
protein ratio and crude protein yield were examined. In terms of tuber color, the red tuber
population exhibited the highest leaf width (9.91 cm) and crude protein content (6.62%),
while the white tuber population produced the highest hay yield (559.63 kg/da).
Consequently, it was determined that the white tuber population demonstrated superior feed
efficiency, whereas the red tuber population showed higher feed quality.

1. Giris

Insanlarm  saglikli  bir

sekilde beslenebilmeleri ve

hayvanlarin beslenmesinde kullanilabilecek kaliteli kaba
yem ihtiyacinin karsilanmasi gerekliligini acik bir sekilde
ortaya koymaktadir (Albayrak, 2002). Ulkemizde iiretilen

yasamlarin siirdiirebilmeleri i¢in hem hayvansal ve hem
de bitkisel kaynakli iriinleri Dbirlikte tiiketmeleri
gerekmektedir. Ayrica, insanlar tarafindan alinan giinliik
toplam kalorinin %15’inin protein, %25’inin yag ve
%60’min karbonhidrat kaynakl iiriinlerden karsilanmasi
halinde dengeli bir beslenmenin saglanabilecegi
belirtilmigtir. Dengeli beslenme i¢in besinlerin %40’1nin
hayvansal, %60’ min bitkisel gidalardan kargilanmasi
gerektigi bilinen bir gergektir (Yagmur & Giines 2010;
Albayrak, 1997). Ulkemizde her ne kadar aglik sorunu
yasanmasa da dengesiz beslenmenin ciddi boyutta oldugu,
yakin gelecekte olmasa bile bir siire sonra aglik tehlikesi
ile kars1 karstya kalma ihtimali, dengeli beslenmenin 6n
sarti1 olan et ve siit ihtiyacini karsilamak icin yiiksek
verimli hayvanlarin  sayilarmm artirilmast  ve bu

kaba yemler mevcut hayvan varligmin ihtiyacini
karsilayamamaktadir. Bu durum bir¢ok arastirmaci
(Giingér vd., 2008; Kusvuran vd., 2011; Ozkan & Sahin
Demirbag, 2016; Bicakct & Agikbas, 2018) tarafindan da
bildirilmistir. Rakamsal agidan hayvan varlig1 yiiksek
olmasma karsin, ¢iftlik hayvanlarinin bir kismmin diigiik
verimli olmasi, kalitesiz yemlerle beslenmeleri hayvansal
verimliligi 6nemli Ol¢lide diistirmektedir. Hayvanlarin
ihtiyact olan kaba yem baslica iki kaynaktan
karsilanmakta, bunlardan birincisi ¢ayir meralar, digeri ise
tarla tarimi icerisinde yetistirilen yem bitkileridir. Yem
bitkileri temelde baklagil, bugdaygil ve diger
familyalardan olan bazi bitkilerden olugmaktadir. Diger
familyalar igerisinde yer alan yem kaynaklarindan birisi
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de bol miktarda yesil aksam olusturan, yiiksek adaptasyon
yetenegine sahip, olumsuz iklim kosullarina kars1 direngli
olan yer elmasidir (Helianthus tuberosus L.). Yer elmast,
gida ve yem sorunlarinin ¢éziimiinde ¢oklu kullanim igin
degerli bir Uirlin olarak dikkat ¢ekici 6zellikleri nedeniyle
son zamanlarda giderek artan bir ilgi gérmektedir.

Yapilan c¢alismalarda, yer elmasi iniilini ve biyoetanolii
iretimi atik {iriinlerinin yem bilesimine dahil edilmesinin
hayvanciligin ekonomik verimliligini artirabilecegi ve
hayvansal iiriinlerin ¢evresel giivenligini saglayabilecegi
diistiniilmektedir  (Korolev, 2007; Zelenkov, 1993).
Isparta ilinin bazi koylerinde de kirmizi ve beyaz renkli
yer elmasi firetilmekte ve yer elmasmm yumrular
yemeklerde ve sofralik olarak kullanilmaktadir. Besin
igerigi yoniinden zengin bir yumruya sahip olan yer
elmasinin toprak {istiinde yer alan gévde yapraklarmin da
%6-9 arasinda ham protein icerdigi ve P igerigi agisindan
yetersiz, Ca, Mg ve K icerikleri bakimindan yeterli
oldugu ifade edilmekte (Seiler, 1988) ve bazi ciftciler
tarafindan hayvan yemi olarak degerlendirilmektedir.

Bu calisma Isparta ekolojik kosullarinda kirmiz1 ve beyaz
renkli 2 farkli yoresel yer elmasi popiilasyonunda farkl
hasat zamanlarinin  (gigeklenme baslangici, %50
ciceklenme, tam c¢iceklenme) yem verimi ve kalite
ozellikleri iizerine etkilerinin belirlenmesi amaciyla
yuriitilmiistir.

2. Materyal ve Metot

Bu arastirma, 2023 yili vejetasyon déneminde Isparta
Uygulamali  Bilimler Universitesi Ziraat Fakiiltesi
Tarimsal Egitim, Arastirma ve Uygulama Merkezi
arazisinde (37°50'06.44"K ve 30°32'11.57"D)
yuriitilmiistiir. Materyali olusturan kirmiz1 (P1) ve beyaz
(P2) yumrulu yer elmasi popiilasyonlar1 Isparta
Uygulamali Bilimler Universitesi Ziraat Fakiiltesi Tarla
Bitkileri Bolimii ile Isparta’da yetistiricilik yapan
giftcilerden temin edilmistir. Deneme alani, Akdeniz
iklimi ile I¢ Anadolu karasal iklimi arasinda gegis 6zelligi
gosteren bir iklime sahiptir. Arastirma yerine ait 2023 yili
vejetasyon dénemi (mayis-ekim aylari arasi) toplam yagis
miktart 208.2 mm, ortalama sicaklik degeri 21.2°C ve
ortalama nispi nem degeri %54.1 olarak kayitlara gegmis
olup, bu degerler 1929-2023 yillar1 arasinda kaydedilen
uzun yillar ortalama degerlerinin (Toplam yagis: 177.8
mm, Ortalama sicaklik: 19.1°C, Ortalama nispi nem:
%52.9) tizerindedir.

Deneme alani; tekstiir bakimindan killi-kalkerli, alkali
(pH degeri 8.1), katyon degisim kapasitesi %36 ve toplam
tuz igerigi %0.025 olan, kiregce zengin (%25.5), elverisli
fosfor (3.55 P;0Os/da) bakimindan fakir, potasyum
bakimindan zengin (75.4 K:0/da) ve organik madde
bakimmdan fakir (%1.34), yarayish nem (%8.35)
bakimmdan  yetersizdir. Denemede farkli  hasat
zamanlarmin (gigeklenme baglangici, %50 cigeklenme,
tam ciceklenme), kirmizi ve beyaz renkli yer elmasi
popiilasyonlarin bitki boyu, bitki gévde capi, bitkide
yaprak sayisi, yaprak genisligi, yaprak uzunlugu, dekara
yumru verimi, yesil ot verimi, kuru ot verimi, ham protein
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orani ve ham protein verimi Ozellikleri lizerine etkileri
arastirilmistir (Cevheri & Avcioglu, 1998).

Deneme 2 popiilasyon, 3 hasat zamani ve 3 tekerriir
olmak iizere toplam 18 parselden meydana gelmistir.
Parsellerde sira aras1 70 cm ve sira tizeri 30 cm, sira
uzunlugu 5 m ve her parselde 4 sira olacak sekilde dikim
yapilmistir. Buna gore her bir parsel 2.8 x 5 m = 14 m2,
bloklar arasindaki bosluklar hari¢ toplam deneme alani ise
252 m? olarak planlanmigtir. Yabanct ot miicadelesi,
Olglim ve gozlemlerin yapilabilmesi i¢in bloklar arasinda
2’ser metre bosluk birakilmis olup, parsellerde
kenarlardaki birer sira ve her parselde bas ve sondan 0.5
m’lik kismi kenar tesiri olarak birakilarak geriye kalan 5.6
m?’lik alanda Ol¢iim ve gozlemler yapilmistir. Deneme
alan1 topragi sonbaharda pullukla islenerek birakilmis,
ilkbaharda toprak tava geldiginde diskaro ile diizeltilerek
dikime hazir hale getirilmistir. Dikim, ilkbaharda
yapilmis, dikimle beraber dekara 5 kg azot (iire
formunda) 10 kg fosfor (triple siiper fosfat formunda)
gelecek sekilde giibre uygulamasi yapilmistir. Bitki boyu
25 cm’ye ulastiginda bogaz doldurma islemi
uygulanmustir.

Bitkinin genel durumu izlenerek, gerektiginde bitkilere
damlama sulama yontemi ile su verilmis, Olglim ve
gozlemler cigeklenme baslangict (28 Eyliil 2023), %50
giceklenme (7 Ekim 2023), tam g¢igeklenme (28 Ekim
2023) doneminde iken yapilmis, parseller hasat edildikten
sonra elde edilen materyaller {izerinde belirtilen dl¢iim ve
analizler yapilmistir.

Arastirmada; bitki boyu, bitki gévde capi, bitkide yaprak
sayisi, yaprak genisligi, yaprak uzunlugu, dekara yumru
verimi, yesil ot verimi, kuru ot verimi, ham protein orani
ve ham protein verimi oOzellikleri incelenmistir. Her
parselden bigilen yesil ot kiimesinden rastgele alinan
yaklagik 1000g’lik taze ot ornekleri, kurutma dolabinda
48 saat 70°C’de kurutularak 24 saat oda rutubetinde
bekletildikten sonra 1 g duyarl terazide tartilmis ve kuru
ot agirliklart bulunmugtur. Her parselden elde edilen kuru
ot oranlar1 parsellerden elde edilen yesil ot verimleri ile
carpilarak dekara kuru ot verimi hesaplanmustir (Cevheri
& Avcioglu, 1998). Her parselden alinan Ornekler
kurutulup blender ile o&giitiildiikten sonra Ogiitiilmiis
numuneler lizerinden Kjeldahl metoduna gore azot analizi
yapilmis (Kacar & inal, 2008), elde edilen oranlar 6.25
katsayistyla carpilarak ham protein oranlar1 % olarak
belirlenmistir. Her bir parsel i¢in elde edilen ham protein
orani ile kuru ot verimlerinin ¢arpimi sonucu ham protein
verimleri elde edilmistir (Cevheri & Avcioglu, 1998).

Denemeye ait veriler “Tesadiif Bloklarinda Faktoriyel
Deneme Desenine” goére Minitab 17 bilgisayar
programindan yararlanilarak degerlendirilmistir. Istatistiki
analiz sonucunda oOnemli farkliiklarn = bulundugu
ortalamalarin  karsilastirilmasinda ~ LSD  testinden
yararlantlmistir.
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3. Bulgular ve Tartisma

Hasat zamanlarinin arastirilan 6zellikler iizerine etkilerine
iligkin varyans analizi sonuglar1 Cizelge 4.1°de,
ozelliklere iliskin ortalama degerleri ise Cizelge 4.2°de
verilmistir.  Varyans analizi sonuglart incelendiginde
popiilasyonlar arasinda yaprak eni, yesil ot verimi ve kuru

Cizelge 1. Varyans analizi sonuglar1
Table 1. Variance analysis results

ot verimi bakimindan %] diizeyinde, ham protein orani
bakimindan ise %S5 diizeyinde onemli farkliliklar tespit
edilmistir. Hasat zamanlar1 ise bitki boyu ve govde cap1
hari¢ tiim &zellikler iizerine %1 diizeyinde 6nemli etkide
bulunmustur.

Ham Ham
Varyasyon - " Yaprak Yaprak Yumru Yesil Ot Protein Protein
Kaynaklar1 | SD Bitki Boyu | Govde capt Sayisi Yapr_ak Uzunlugu | Verimi Verimi Kun.J O.t Oram Verimi
Plant Stem Eni Verimi
Sources of | Df Heiaht Diameter Leaf Leaf Width Leaf Tuber Herbage Hay Yield Crude Crude
variations 9 Number Length Yield Yield y Protein Protein
Ratio Yield
;IC?CIT( 2 0.6 0.6 26696.0 | 12086.0 | 24929.0 | 17533.0 | 45413.0 0.0 20.3 0.7
Popiilasyon
P) 1 | 33329.0 | 45352.0 0.0 20.2** 44593.0 | 31413.0 50.2** 10.8** 1.1* 0.0
Population
Hasat Zamam
(HZ) . 2 | 43466.0 | 45324.0 6.4** 62.6** 66.3** 387.6** 899.2** 118.7** 8.3** 88.5**
Harvest Time
(HT)
P X HZ int **k Kk *% Ak 1,k Kk
PxHT int. 2 0.5 45352.0 0.3 14.1 11.8 8.1 56.9 15.2 16 803.0 6.9

(*%) 0.01 diizeyinde, *0.05 diizeyinde farklilig1 gostermektedir.

Cizelge 2. Farkli zamanlarda hasat edilen yer elmasi popiilasyonlarinda incelenen karakterlere iliskin ortalama degerler
Table 2. Average values of the characters studied in Jerusalem artichoke populations harvested at different times

Ciceklenme
Baslangici %50 Ciceklenme | Tam ¢iceklenme Popiilasyon 1 Popiilasyon 2
Beginning of %50 Flowering Full Flowering Population 1 Population 2
Flowering
Bitki boyu (m)
Plant Height 2.46 2.54 2.47 2.54 2.44
Gbvde Capt (mm) 18.10 18.43 17.27 18.20 17.67
Stem Diameter
Yaprak Sayisi (adet/bitk) 5033 a| 4563 a 4157 b| 4590 45.79
Leaf Number ' ' ' ' '
Yaprak Uzunlugu (cm) 2080  ab| 2092 a 16.85 b 19.77 19.28
Leaf Length
Yaprak Genisligi (cm)
Leaf Width 10.28 a 10.12 a 8.18 b 9.91 A 9.14 B
Yumru Verimi (kg/da) 104140  c| 134762 b 232068  a| 1596.60 1543.20
Tuber Yield
Yesil Ot Verimi (kg/da) 170302 a| 147946 b 93331 | 131790 B| 142596 A
Herbage Yield
Ham Protein Oram (%)
Crude Protein Ratio 6.86 a 6.69 a 5.49 b 6.62 A 6.07 B
Ham Protein Verimi (kg/da)
Crude Protein Yield 40.43 a 41.68 a 22.12 b 34.60 34.88
Kuru Ot Verimi (kg/da) 59153  a| 62261 a 40248  b| 51811  B| 55963 A
Hay Yield

Aragtirmada hasat zamanlarinin bitki boyu iizerine etkisi
onemsiz olmakla beraber hasat zamanlar1 bakimindan en
yiiksek bitki boyu 2.54 m ile %50 gi¢eklenme doneminde
tespit edilmistir. Popiilasyonlara ait ortalama bitki boylar1
ise 2.54 m (P1) ve 2.44 m (P2) olarak dl¢iilmustiir.

Hasat zamanlarina bagli olarak gévde ¢ap1 ortalamalarinin
17.27-18.43 mm arasinda degisim gostermis Ve
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popiilasyon ortalamalari 17.67 mm (P2) ve 18.20 mm
(P1) olarak ol¢iilmiistiir.

Hasat zamaninin yaprak sayisi iizerine etkisi istatistiksel
acidan %1 seviyesinde 6nemli bulunurken, popiilasyonlar
arasindaki farkin istatistiki olarak 6nemsiz oldugu tespit
edilmistir.  Farkli  gelisim  doénemlerinde  yapilan
gozlemlerde en yiiksek yaprak sayisi ¢iceklenme
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baslangici (50.33) ve %50 ¢igeklenme doneminde (45.63)
belirlenirken, en diigiik yaprak sayisi tam ¢igeklenme
doneminde (41.57) tespit edilmistir. Popiilasyonun yaprak
sayisi  Uzerine istatistiksel agidan etkisi Onemli
bulunmamakla beraber P1’in (45.90 adet/bitki) P2 (45.79
adet/bitki)’den daha yiiksek yaprak sayisina sahip oldugu
goriilmektedir.

Yer elmasinda hasat zamanlarmin ve popiilasyonun
yaprak genisligi iizerine etkilerine iliskin varyans analizi
sonuglar1  incelendiginde,  hasat  zamanlar1  ve
popiilasyonlar arasindaki farklarin istatistiki olarak %1
diizeyinde 6nemli oldugu goriilmektedir. Ortalama yaprak
genisligi degerlerine bakildiginda, en yiiksek degerlerin
10.28 ve 10.12 cm ile gigeklenme baglangicinda ve %50
ciceklenme doneminde elde edildigi, en diisiik degerin ise
8.18 cm ile tam ¢igeklenme doneminde belirlendigi
goriilmektedir. P1’de ortalama yaprak genisligi
ciceklenme baslangict ile %50 ciceklenme donemi
arasinda istatistiksel agidan azalirken, P2’de bu iki dénem
arasinda istatistiksel agidan artig tespit edilmistir (Cizelge
1). Calismada yaprak genisligi degerleri 7.97-11.17 cm
arasinda degismis olup, bu degerler Altuntay &
Karadogan (2023)’m (7.36-8.35 cm) ve Zu-xin vd.
(2011)’nin  bildirdigi 12.4 cm’lik ortalama deger ile
benzerlik gostermektedir.

Calismada en yiiksek yaprak uzunlugu 20.92 cm ile %50
ciceklenme déneminde tespit edilmis, bunu 20.80 cm ile
ciceklenme baslangici ve 16.85 cm ile tam ¢igeklenme
donemleri takip etmistir. Popiilasyonlarin  yaprak
uzunlugu lizerine etkisi 6nemli olmamakla birlikte yaprak
uzunlugu degerlerinin 19.28-19.77 cm arasinda degistigi
ve P1’in daha yiiksek yaprak uzunluguna sahip oldugu
belirlenmistir. Bu degerler; Matei vd. (2020)’nmn (15.7-
16.9 cm) ve Liu vd. (2011)’nin bildirdigi 19.60 cm lik
ortalama yaprak uzunlugu degerleri ile benzerlik
gostermektedir.

Bitki gelisim donemlerindeki ilerlemeyle paralel olarak
yumru verimi degerlerinin de arttigi goriilmiis, en yliksek
yumru verimi tam cigeklenme déneminde 2320.68 kg/da
olarak belirlenmistir. Arastirma sonucunda elde edilen
yumru verimi degerleri 1 041.40 ile 2 320.68 kg/da
arasinda degismis olup, bu degerler; Ewa vd. (2016)’nin
bildirdigi, 460-1500 kg/da arasindaki yumru verimi
bulgular ile benzerlik gosterirken, Zu-xin vd. (2011)’nin
bildirdigi (710 kg/da) ve Zu-xin vd. (2012)nin tespit
ettigi degerlerin (820 kg/da) tizerinde bulunmustur.

Yer elmasi popiilasyonlarinin yesil ot verimi ortalama
degerleri incelendiginde; P2’nin (1 425.96 kg/da) P1’den
(1317.90 kg/da) daha yiiksek yesil ot verimine sahip
oldugu goriilmektedir. Calismada elde edilen yesil ot
verimi degerleri 927 kg/da ile 1872 kg/da arasinda
degismis olup, bu deger Zu-xin vd. (2012)’nin (1730-
1220 kg/da) ve Ewa vd. (2016)’nin bildirdigi (979 kg/da)
degerlerle benzerlik gostermektedir.

Kuru ot verimleri bakimindan hasat zamanlar1 arasinda
onemli farkliliklarin oldugu, en yiiksek degerin 591.53
kg/da ile giceklenme baslangicinda ve 622.61 kg/da ile
%50 c¢iceklenme doneminde elde edildigi, en diigiik
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degerin ise 402.48 kg/da ile tam g¢igeklenme doneminde
elde edildigi goriilmektedir. 2 numarali popiilasyonun
(559.63 kg/da) 1 numarali popiilasyondan (518.11 kg/da)
daha yiiksek kuru ot verimine sahip oldugu tespit
edilmistir. Bulgularimiz Karshi & Bingdl (2009)’iin
bildirdigi (297.3-768.1 kg/da) degerler ile benzerlik
gosterirken, Ewa vd. (2016)’nm bildirdigi degerlerin (979
kg/da) altindadir.

Ortalama ham protein oranlar1 incelendiginde hasat
zamanlar1 arasinda Onemli farkliliklarin oldugu, en
yiiksek degerin ¢igeklenme baslangict (%6.86) ve %50
ciceklenme déneminde (%6.69) elde edildigi, en diisiik
degerin ise %5.49 ile tam ¢igeklenme doneminde elde

edildigi  goriilmektedir.  Bitkilerde  olgunlagmanin
ilerlemesi ile birlikte biiyiime hizi da yavasladigindan
sentezlenen asimilantlar karbonhidrat seklinde

depolanmakta ve bununla iligkili olarak ham protein orant
azalmaktadir (Kog vd., 2000). Kokten vd. (2012) farkl
tirlerin  besin degerindeki degisimleri inceledikleri
calismada, tiim tiirlerde vejetasyon donemi ilerledikce
ham protein oranmin azaldigini tespit etmislerdir.
[lkbaharda, 6zellikle nisan ayinda, havalarin 1smmastyla
birlikte bliylimeye baslayan bitki kisimlar1 geng hiicrelere
sahiptir. Geng hiicrelerde yiiksek proteinli protoplazma
maddeleri fazla, hiicre c¢eperi maddeleri ise diigiiktiir
(Papachristou vd., 2005). Geligsmenin ilerlemesiyle
birlikte protein oraninda azalmalar ve hiicre c¢eperi
maddelerinde artislar gézlenmektedir (Haddi vd., 2003;
Papachristou vd., 2005; Parissi vd., 2005; Papanastasis
vd., 2008; Dokiilgen & Temel, 2015).

Popiilasyonlarin yesil aksamlarina ait ham protein orani
yoniinden; 1 numarali popiilasyonun (%6.62) 2 numaral
popiilasyondan (%6.07) daha yiiksek ham protein oranina
sahip oldugu goriilmektedir. Calismada elde edilen ham
protein orani degerleri %5.49 ile 6.86 arasinda degismis
olup, bu degerler Karsli ve Bingdl (2009)’tin bildirdigi
(%9.59-11.19) degerlerden diisiik bulunurken, Seiler
(1988)’in, bildirdigi %6.00-9.00 arasindaki degerler ile
benzerlik gostermistir. Bu farkhiliklarin ~ genetik  ve
ekolojik yapilarin  degisik olmasindan kaynaklandigi
distiniilmektedir.

Hasat zamanlar1 bakimindan ¢alismadaki en yiiksek ham
protein  verimleri  40.43 kg/da ile ¢iceklenme
baglangicinda ve 41.68 kg/da ile %50 ¢igeklenme
doneminde yapilan bi¢imlerden elde edilirken, en diisiik
ham protein verimi degeri ise 22.12 kg/da ile tam

ciceklenme doéneminde yapilan Dbigimlerden elde
edilmistir (Cizelge 2). Popiilasyonlarn ham protein
verimi lizerine etkisi istatistiksel a¢idan Onemli

olmamakla beraber P2 popiilasyonun ortalama ham
protein verimi 34.88 kg/da, P1 popiilasyonun ham protein
verimi ise 34.60 kg/da olarak ol¢iilmiistiir.

4. Sonug
Hasat zamanlari bakimindan biitiin veriler birlikte
degerlendirildiginde yesil yem verimi ve kalitesi

acisindan yer elmalarmin ¢igeklenme baslangici ve %50
ciceklenme déneminde, yumru verimi bakimmdan ise tam
ciceklenme déneminde hasat edilmesinin uygun olacagi
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kanaatine varilmistir. Popiilasyonlar arasinda en yiliksek
yaprak genisligi (9.91 cm) ve ham protein orani (%6.62)
degerleri ile 1 numarali popiilasyonda; en yiiksek kuru ot
verimi ise 2 numaral popiilasyonda (559.63 kg/da) elde
edilmistir. Yem verimi bakimindan 2 numaral
popiilasyonun, yem kalitesi bakimmdan ise 1 numarali
popiilasyonun istiin degerlere sahip oldugu belirlenmistir.
Ruminantlarin tiikettikleri otun ham protein oraninin en
az %10.60 olmas1 gerekliligi (NRC, 2001) dikkate
almdiginda; yer elmasindan elde edilen otun kalitesinin
biraz disiik oldugu diisiiniilebilir, ancak yer elmasmin
yumrusu i¢in dretildigi, gévde ve yapraklarmin yan {iriin
oldugu, goz oniine alindiginda yer elmasi yesil aksaminimn
alternatif bir yem kaynagi olarak hayvansal {iretimde
degerlendirilmesinin yararl olacagi diistiniilmektedir.

5. Tesekkiir

Bu calisma Isparta Uygulamali Bilimler Universitesi,
Lisansiistli Egitim Enstitiisti, Tarla Bitkileri Anabilim
Dalinda Rabia YILMAZ tarafindan sunulan Yiiksek
Lisans tezinden iiretilmistir.

Cikar Catismasi Beyam

Makale yazarlar1 aralarinda herhangi bir ¢ikar catismasi
olmadigmi beyan ederler.

Aragtirmacilarin Katki Orani Beyani

Yazarlar makaleye esit oranda katki saglamis olduklarini
beyan ederler.
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OZET

Entomopatojen funguslar (EPF) ve entomopatojen nematodlar (EPN), ¢ok ¢esitli bocekleri
enfekte edebilen ve 6ldiirebilen toprak organizmalaridir. Bu organizmalar bocek zararlilarinin
yonetiminde siklikla biyolojik kontrol etmenleri olarak kullanilir. Hem EPF hem de EPN’ler
ayni toprak ortaminda bulunabilirler ve aym bocek konukgusu igerisinde rekabet edebilir;
sinerjik etkilerden antagonistik etkiye kadar degisen sonuglar gosterebilirler. Bu ¢alisma EPN
Steinernema feltiae ile farkli EPF tiirleri arasindaki iliskiyi belirlemek ve biyolojik kontrolde
kullamimlar tizerindeki olasi etkilerini arastirmak igin yapilmustir. Elde edilen sonuglara gore
nematod yumurta patojeni olan Purpureocillium lilacinum uygulamalarinda EPN &liimii
belirlenmemis ve reizolasyon c¢aligmalarinda fungus elde edilememistir. Fusarium
subgulitinans Fs-8 izolat1 S. feltiae’da infektif juvenil (1Js) dlimiine (3.5) en az etkili olan
fungus olmustur. Beauveria bassiana BIM-001, Metarhizium robertii, M. anisopliae ISP-12
ve B. varroe izolatlar1 S. feltiae lizerinde 6liimlere neden olmustur. M. anisopliae ISP-1’de
15.3 lJs, B. bassiana’ BY-2 ‘de 15. 5 IJs, M. anisopliae ISP-17’de 16.3 IJs oliirken, P.
lilacinum’de 0.75 s, F. subglutinans Fs-8’de ise 3.5 1Js olimleri gézlenmistir. Elde edilen
sonuglara gore, EPF’lerin S. feltiae tizerinde oldiriicii etkisinin olabilecegi ve bu etkinin tiir
bazinda degiskenlik gosterdigi belirlenmistir. Bunun nedeni EPF’ler arasindaki mekanizma,
patojenite ve toksin farkliligi olabilir. Zararlilarin biyolojik kontrolinde EPF ve EPN
kombinasyonlarina yonelik ayrintili ¢aligmalarin yapilmasi gerekmektedir.

A Preliminary Study on the Interactions Between Some Entomopathogenic Fungi and the
Entomopathogenic Nematode Steinernema feltiae
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ABSTRACT

Entomopathogenic fungi (EPF) and entomopathogenic nematodes (EPN) are soil organisms
that can infect and kill a wide variety of insects. These organisms are frequently used as
biological control agents in the management of insect pests. Both EPF and EPN can be found
in the same soil environment and can compete within the same insect host; they can show
synergistic to antagonistic effects. This study was conducted to determine the relationship
between EPN Steinernema feltiae and different EPF species and to investigate their possible
effects on their use in biological control. According to the results obtained, EPN mortality
was not detected in the applications of Purpureocillium lilacinum, the nematode egg
pathogen, and the fungus could not be obtained in reisolation studies. Fusarium subgulitinans
Fs-8 isolate was the least effective fungus in S. feltiae infective juvenile (1Js) mortality (3.5).
Beauveria bassiana BIM-001, Metarhizium robertii, M. anisopliae ISP-12 and B. varroe
isolates caused mortality on S. feltiae. While 15.3 1Js died in M. anisopliae ISP-1, 15.5 IJs
died in B. bassiana BY-2, 16.3 IJs died in M. anisopliae ISP-17, 0.75 IJs died in P. lilacinum,
and 3.5 s died in F. subglutinans Fs-8. According to the results obtained, it was determined
that EPFs may have a lethal effect on S. feltiae and this effect varies depending on the
species. This may be due to the differences in mechanism, pathogenicity, and toxin among
EPFs. Detailed studies should be conducted on EPF and EPN combinations in the biological
control of pests.

1. Giris

tercih edilmektedir (Charnley & Collins, 2007; Campos-
Herrera, 2015; Lacey vd., 2015).

Toprakta ¢ok sayida yararli organizma bulunmakta ve
ekolojik olaylarda 6nemli rol oynamaktadirlar (Cavigelli
vd., 2012). Entomopatojen funguslar ve entomopatojen
nematodlar, c¢ok ¢esitli bocekleri enfekte edebilen ve
oldiirebilen, diinyanin her yerinde bulunabilen toprak
organizmalaridir. Entomopatojen nematodlar (EPN'ler) ve
funguslar (EPF'ler), dogal alanlardan tarimsal ekosisteme
kadar uzanan topraklarda yaygin olarak dagilmis iyi
bilinen biyolojik kontrol etmenleridir, bu nedenle, bu
organizmalar bocek zararlilari ile miicadelede siklikla

Steinermatidae ve Heterorhabditidae (Takim: Rhabditida)
familyalarindaki EPN'ler Enterobacteriacae familyasinin
Xenorhabdus ve Photorhabdus bakterileriyle kurduklari
simbiyotik iligki sonucu bocekleri Oldiirmektedirler ve
tarimsal miicadelede ticari olarak kullanilmaktadirlar
(Hominick, 2002; Lacey vd., 2015; Stock, 2015, Abd El
Azim & Khashaba 2021). Her iki bakteri de
antibiyotikler, hiicre i¢i protein kristalleri ve ¢ok sayida
baska iiriin iretir (Forst vd., 1997). EPN’ler konuk¢u
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bocek hemosolii igerisine girerler ve simbiyotik iliskide
oldugu bakteriyi icerisine birakirlar, bu bakteriler hizla
ireyerek {irettikleri toksin vb. bilesiklerle bocegi 24-48
saat icerisinde kan zehirlenmesinden 6ldirmektedirler
(Kaya & Gaugler, 1993; Shapiro-llan vd., 2004).
Konukgunun o6liimiinden sonra da nematod gelisimi ve
bakteri tiremesi devam eder, yiyecek ve atik iiriinleri
sinirlayici hale gelene kadar bocek cesedinin iginde birkag
jenerasyon tamamlar (San-Blas vd., 2008). Bakteriler
kadavra igerisinde hizla c¢ogaldiktan sonra iireme
sathalarinin  sonuna dogru, bulunduklari ortami diger
mikroorganizmalara  karsi  koruyacak  bir takim
antimikrobiyal bilesikler tiretmektedirler (Forst & Clarke,
2002; Clarke & Eberl, 2006). Bu antimikrobiyal bilesikler
diger, fungus, bakteri viriis ve protozoon’lara kars: etkili
olan antimikrobiyallerle Photorhabdus tiirlerine yakin
olan bakterilere karsi aktif olan xenorhabdisin ve
lumisinler gibi bakteriosinleri igermektedir (Webster vd.,
2002). Hem nematod hem de bakteriler, Xenorhabdus ve
Photorhabdus bakterileri tarafindan iiretilen antibakteriyal
(Webster vd. 2002; Boemare & Akhurst 2006; Furgani
vd., 2008), antifungal (Chen vd., 1994; Webster vd.,
2002; Shaurup vd., 2016) ve sekonder metabolitler
(Strasser vd., 2000; Donatti vd., 2008) tizerine yiiriitiilmiis
pek ¢ok ¢alisma bulunmaktadir.

EPF’ler, birgok tilkede 200 yildan uzun siiredir zararl
biyolojik kontrol etmenleri olarak kullanilmaktadir
(Donatti vd., 2008; Lacey vd., 2015). EPF'lerin ¢ogu
eklem bacakli konaklarla etkilesimin farkli parazitik ve
saprofitik fazlarii gosterir (Charnley & Collins, 2007).
Parazitik faz, EPF sporunun konakla temasiyla olusan
fungus enfeksiyonuyla baglar (Oreste vd., 2012). Bir
temas etki modu araciligiyla bocek hemosoliinii istila
ederek dogrudan bocek kiitikiiline niifuz eder ve bocek
viicut boslugunun igine, bocegi O6ldiirmek igin toksik
sekonder metabolitler ve kadavrada bakteri ¢ogalmasini
onlemek i¢in antibiyotikler salgilar (Charnley & Collins,
2007; Donatti vd., 2008). Bocek oliimiinden sonra, EPF,
yeni konaklara dagilmak iizere ortaya ¢ikan hava
misellerinde aktif hif biiyiimesi ve iireme yapilarmnin
iretimi ile saprofitik bir faza gecer. Bocek daha sonra
viicudunun i¢inde olusan fungus tarafindan oldiriiliir
(Litvin vd., 2020). Beauveria, Metarhizium, Paecilomyces
tirleri de dahil olmak {izere ¢esitli fungal biyolojik
kontrol  etmenlerinde  g¢esitli  toksik  metabolitler
tamimlanmistir.  Bu  metabolitlerin  bazilarmin  bocek
zararlilarina ve hastaliklarina karsi antibiyotik, fungisidal
veya insektisidal oOzellikler gosterdigi bulunmustur
(Maina vd., 2018; Barra-Bucarei vd., 2019; Ma wvd.,
2024).

Hem EPN'ler hem de EPF toprak ortamini paylasir ve bu
nedenle ayni bocek konakgisina bulasabilir ve rekabet
edebilir. Konakeilar igindeki etkilesimleri hakkindaki
mevcut bilgilerimiz esas olarak laboratuvar deneylerinden
gelmektedir. Her iki etmende birlikte boceklere saldirida
sinerjistik etkiler de gosterilebilir (Shapiro-llan vd., 2004,
Navarro vd., 2014; Shaurub vd., 2016), antagonistik bir
etkide tretebilirler (Sahab, 2012). Bocek zararlilarini
hedef alan c¢aligmalarda, EPN’lerin diger patojenlerle
belirli kombinasyonlarindan sinerjik ve antagonistik
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etkilesimler gézlemlenmistir (Ansari vd., 2008). Simdiye
kadar yiiriitiilen c¢alismalar, esas olarak laboratuvar
kosullarinda bocek oldiiriicli etkinliklerini artirmak igin
her iki biyolojik kontrol ajan1 grubunun birlikte
kullanimma odaklanmistir, ancak etkilesimleri ve
EPN'lerin ve EPF'nin dogal kosullar altindaki olasi
performanslar1 biiyiik 6lgiide bilinmemektedir (Piza &
Tarasco, 2023). Biyolojik kontrol stratejilerinde EPF
kullanimma iliskin en biyiik endiseler, predatdorler,
parazitoitler ve diger hedef dis1 organizmalar gibi bocek
zararlilarinin  dogal diismanlar1 iizerindeki olasi yan
etkileri olmustur. Polinatdrler, solucanlar, 6ériimcekler, bal
arilar1, karincalar, diger sosyal bocekler vb. dahil olmak
iizere farkli hedef disi organizmalara karsi olasi yan
etkiler agisindan g¢esitli EPF’leri degerlendirmek igin
laboratuvarda, serada ve sahada gesitli c¢aligmalar
yiiriitilmistiir. Bu raporlardan birka¢i, EPF'nin bal arilari,
bombus arilari, ipek bocekleri ve bocek zararlilarinin
diger dogal diismanlar1 tizerindeki olumsuz etkilerine dair
kanitlar saglamigtir (Bamisile vd., 2021).

Sonug olarak, zararli boceklerin miicadelesinde daha iyi
sonuclar alabilmek amaciyla odaklanilan birlikte
kullanimda EPF ve EPN biyolojik kontrol etmenleri
arasindaki olasi etkilesimlerinin belirlenmesi
gerekmektedir. Bu  etkilesimlerin  dogal patojen
popiilasyonlar1 ve biyolojik kontrolde kullanimlar
lizerindeki olasi etkilerinin arastirilmasi basari sansmnin
artirilmast yoniinden 6nemlidir. Bu ¢alismada in vitro da
petrilerle yiiriitilen denemelerde 4 farkli EPF cinsinin
(Purpureocillium, Fusarium, Beauveria ve Metaarhizium)
EPN tiirii Steinernema feltiae 1J {izerindeki patojenitesi
degerlendirilmistir.

2. Materyal ve Metot
2.1. Entomopatojen funguslar

Yapilan bu ¢alismada Purpureocillium lilacinum,
Fusarium subgulitinans (Fs-8 ve Fs-12), Beauveria
bassiana (BY-2 ve BIM-001), Beauveria varroae,
Metarhizium robertii, Metarhizium anisopliae (ISP-1,
ISP-12, ISP-17) izolatlar1 kullanilmustir. Bu izolatlar
denemede kullanilincaya kadar +4 C°’de PDA igeren egik
agar ortaminda muhafaza edilmistir. Purpureocillium
lilacinum, Beauveria varroae, Metarhizium robertii
Kahramanmaras Siitcii Imam Universitesi Ziraat Fakiiltesi
Bitki Koruma Béliimii’'nden tedarik edilmistir. Beauveria
bassiana (BY-2 ve BIM-001) izolatlar1 Isparta
Uygulamal1 Bilimler Universitesi, Ziraat Fakiiltesi, Bitki
Koruma Boliimii Entegre Miicadele Laboratuvari’ndan
tedarik edilmistir.

2.2. Entomopatojen nematod

Entomopatojen nematod olarak kullanilan Steinernema
feltiae Bioglobal Zirai Biyolojik Sistemler Tar. Dan. Gid.
Tar. San. ve Tic. A.S. den ticari olarak tedarik edilmistir.
Her bir uygulamada Steinernema feltiae her tiipe 100 adet
infektif juvenil (1Js)/100 mikrolitre konulmustur.
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2.3. Entomopatojen funguslarin
siispansiyonlarimin hazirlanmasi

spor

Entomopatojen funguslar 25+1°C sicaklikda 10 giin PDA
ortami lizerinde kiiltiire alimmigtir. Gelisme periyodunun
sonunda, her bir petri tizerine 5 mL steril saf su eklenmis
ve cam baget yardimiyla kazinarak sporlarin su igerisine
gegmesi saglanmig, spor siispansiyonlart iki katli tiilbent
ile siiziilerek misel yapilar1 uzaklastirilmistir. Elde edilen
spor siispansiyonlar1 hemositometre kullanilarak 1x108
spor/ mL konsantrasyona ayarlanmistir (Thungrabeab &
Tongma, 2007). Denemede kullanilacak olan spor
stispansiyonlarmin igerisine % 0.02 Tween 20 ilave
edilmistir.

2.4, Entomopatojen funguslarin Steinernema feltiae
iizerine uygulanmasi

Denemede 2 mL’lik tiiplere S. feltiae her tiipe 100 adet
1Js/100 mikrolitre gelecek sekilde konulmustur. Spor
siispansiyonu hazirlanan izolatlardan hazirlanmis 1x10%
spor/mL  konsantrasyondan 1.9 mL alnarak tiipler
igerisinde bulunan 100 adet IJs nematodun iizerine
konulmustur. Kontrol grubu tiiplere ise, ayn1 yontem ile
1.9 mL %0.02 Tween 20 iceren steril saf su
uygulanmistir. Deneme tesadiif parselleri deneme
deseninde her EPF i¢in 5 tekerriir olacak sekilde kurulmus
ve 25+1°C sicaklikta inkiibe edilmistir. Inkiibasyonun 3.
giiniinde sayimlar yapilmis, 5. gliniin sonunda Sliimlerin
uygulanan entomopatojen fungustan meydana geldigini
dogrulamak i¢in o6lii bireylerden teyit amaciyla
reizolasyon yapilmistir.

2.5. Verilerin analizi

Bu calismada elde edilen veriler IBM SPSS® Statistics
(Version 20.0, August 2011, SPSS Inc., Chicago, IL,
USA) paket programi yardimiyla tek yonlii varyans
analizi (One-Way ANOVA) gergeklestirildikten sonra
Tukey ¢oklu karsilastirma testi uygulanmistir (p<0.05).

3. Bulgular ve Tartisma

Yapilan bu c¢alismada farkli EPF tiirlerinin S. feltiae'ye
etkisi aragtirilmistir. Elde edilen sonuglara gére nematod
yumurta patojeni olan P. lilacinum uygulamalarinda S.
feltiae  Olimii  belirlenmemis  ve  reizolasyon
calismalarinda fungus elde edilememistir. Yapmis
oldugumuz uygulamalarda F. subgulitinans Fs-8 izolati S.
feltiae’da 3.5 1Js olimiine neden olarak en az etkili olan
funguslardan birisi olmugtur. Bunun yanisira B. bassiana
BIM-001, M. robertii, M. anisopliae ISP-12 ve B. varroe
izolatlarinin S. feltiae iizerinde az da olsa 6liime neden
oldugu saptanmistir. Bu ¢aligmada istatistiksel olarak en
fazla S. feltiae oliimlerine B. bassiana BY-2 izolati, M.
anisopliae ISP-1 ve ISP-17 izolatlarmin neden oldugu
goriilmiistir (Cizelge 1). Metarhizium anisopliae ISP-1
uygulamasinda 15.3 1Js, Beauveria bassiana BY-2
uygulamasinda 15.5 1Js, Metarhizium anisopliae ISP-17
uygulamasinda 16.3 1Js  olirken, P. lilacinum
uygulamasinda 0.75 1Js, F. subglutinans Fs-8
uygulamasinda 3.5 1Js oliimleri gozlenmistir. Bu da
uygulamada kullanilan entomopatojen funguslarin izolat
farkliligindan, mekanizmalarindan veya toksin izolatlarin

146

salgiladigi toksin bilesik ve miktarlarinin farkliligindan
kaynaklanabilir (Donatti vd., 2008; Shaurup vd., 2016;
Litvin vd., 2020; Ma vd., 2024).

Ayrica elde edilen sonuglara gore, ayn1 EPF fungusunun
farkli tiirlerinin entomopatojen nematod iizerinde etkisi
farkli olmustur. Denemede iki adet F. subglutinans izolat:
kullanilmistir. Bu izolatlardan Fs-8 izolatinin S. feltiae
nematodu iizerinde diisiik oranda 6liimlere (3.5 1Js) neden
oldugu tespit edilirken Fs-12 izolatinin nematodlarda
(11.0 Ws) istatistiksel olarak farkli diizeyde oOliimlere
neden oldugu belirlenmistir. Diger bir fungus B. bassiana
BY-2 izolat1 15.5 1Js oliimlerine neden olurken, B.
bassiana BIM-001 izolat1 ise 7.8 IJs oOliimiine neden
olmustur. Metarhizium anisopliae ISP-12 izolatinda 10.8
IJs oliirken, M. anisopliae ISP-1 ve M. anisopliae ISP-17
izolatlarinda sirasiyla 15.7 ve 16.3 1Js &liimleri
gozlenmistir (Cizelge 1). Bunun izolatlarin patojenite
farkliligindan kaynaklandig: diisiiniilmektedir. Bu da EPF
ve EPN kombinasyonlarinda EPF’nin viriilensliginin
onemli oldugunu ve antagonist iligki olabilecegini
gostermektedir. Cesitli EPF ve EPN tiirii kombinasyonlari
ile calisilip biyolojik miicadele i¢in antagonistik iliski
olusgturmayan kombinasyonlarin meydana getirilmesi
entegre  miicadele  acisindan  yeni  stratejilerin
belirlenmesini saglayacaktir.

EPF ve EPN’lerin beraber kullanimi katkisal (ilave),
sinerjik veya antagonistik olmak iizere farkli etkilesim
tirleri iiretebilir: Katkisal etkide tipik olarak etkenler
bagimsiz hareket ettigi icin hedef organizma iizerindeki
etkiyi, her birinin etkisinin toplami olarak ifade eder.
Sinerjik iliskide, sonucun pargalarin toplamindan daha
biiyllk oldugu bir etkilesimi ifade eder, Ornegin bir
etkenin hedef organizmay1 digerine karsi daha duyarh
hale getirmesi gibi; ve antagonistik iliski de, etkenlerin
rekabet halinde oldugu veya birbirleriyle olumsuz bir
etkilesime girmesi s6z konusudur (Ansari vd., 2008;
Koppenhofer & Grewal, 2005; Tarasco vd. 2011). EPN ve
EPF, etkilerinin toplammin sinerjik olmasi konagi
karsilikli olarak zayiflatabilir. Alternatif olarak, her
organizmanin (nematod veya fungus) toksinleri veya
antibiyotik ozellikleri digerini etkileyebilir ve bu nedenle
etkilesimler antagonistik olabilir. Genellikle EPF ve EPN
kombinasyon uygulamalarinda bdceklerde antagonistik
etki (Shapiro-llan vd., 2004, Ansari vd., 2008, Wu vd.,
2014) ya da sinerjistik etki goriilmektedir (Ansari vd.,
2008, Correa-Cuadros vd., 2016). Choo vd. (2002),
Kore'deki  golf sahalarinda  Ectinohoplia  rufipes
(Motschulsky) ve Exomala orientalis'e (Waterhouse)
kars1 iki EPN tiirii S. carpocapsae ve H. bacteriophora ile
fungus B. brongniartii'nin etkinligini arastirmiglardir.
Beauveria brongniartii ve S. carpocapsae’nin ayni anda
kullanilmasinda, fungusun tek basina uygulanmasina
kiyasla veya her iki nematod S. carpocapsae ve H.
bacteriophora'nin  uygulanmasiyla karsilagtirildiginda
zararll 0lim oraninda onemli bir artisa yol agtigr tespit
edilmistir.  Ansari vd. (2006), fungusdan sonra
nematodlarla  enfekte olan  boceklerdeki  sinerji
mekanizmasinin, fungus enfeksiyonunun besin alimini ve
viicut homeostazini etkileyerek konakgiya stres vermesi
ve sonug olarak saglikli bocek larvalarinda nematod
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enfeksiyonunun artigint ve bunun nedeninin bdcek
larvalarindaki yenme mekanizmalarmi azaltmasi olarak
one siirmiistiir. Ek olarak, fungusla enfekte olan bocekler
daha fazla solunum yapar ve karbondioksit gradyanini
takip eden entomopatojen nematodlar1 ¢eker (Ansari vd.,
2008). Barbercheck & Kaya (1990), H. bacteriophora ve

S. carpocapsae'nin ikili enfekteli konaklarda B. bassiana
ile uyumlu olmadigini, genellikle her iki etkene maruz
kalan G. mellonella'da sadece nematod veya funguslarin
gelisip yavru iirettigini belirtmislerdir.

Cizelge 1. Farkli entomopatojen fungus tiirlerinin Steinernema feltia iizerindeki 6liim etkisi.

Entomopatojen Fungus

Olii birey sayist (1Js)+Standart Hata*

(1Js)

Purpureocillium lilacinum 0.75+0.75 a*

Fusarium subgulitinans Fs-8 3.5¢1.5ab

Fusarium subgulitinans Fs-12 11.0+1.6 bc

Beauveria bassiana BY-2 15.5+2.5¢

Beauveria bassiana BIM-001 7.8+1.3 abc

Beauveria varroae 7.7x1.2 abc

Metarhizium robertii 9.5+2.6 abc

Metarhizium anisopliae ISP-1 15.3+2.7¢

Metarhizium anisopliae 1SP-12 10.8+1.8 abc

Metarhizium anisopliae ISP-17 16.3£3.9¢

Kontrol 0.75+0.4 a

*Aynt siitundaki kiigiik harfler funguslar arasindaki istatistiki farki gostermektedir. p<0.05
4. Sonug Elde edilen sonuglara gore, EPF farkliliginin EPN

) L lizerindeki etkisinde degiskenlikler oldugu ve ayn1 EPF

Entomopatojen funguslar ve nematodlarin birlikte

kullanimi son yillarda giderek artan bir ilgi gérmiistiir ve
son birkag yilda birgok c¢alisma ortaya cikmustir.
Entomopatojen  funguslar ve nematodlarin  ortak
uygulamasma iligkin mevcut arastirmalar, yaklasik 7
fungus tliri ve 10 nematod tiirlinii igermekte olup,
caligmalarm ¢ogunda nematodlar H. bacteriophora ve S.
carpocapsae ile funguslar B. bassiana ve M. anisopliae
kullanilmistir. Aragtirma sonucunda bazi uygulamalarda
entomopatojen nematod ve fungus uygulamalarinda
sinerjik etki bazi uygulamalarda ise antagonistik etki
bildirilmistir. Rekabete yanit olarak, parazitler ve
patojenler rakiplerine gore bliyiime veya iireme sanslarini
artiran gesitli stratejiler sergilemislerdir. Xenorhabdus ve
Photorhabdus bakterilerinin  sekonder metabolitlerinin
bocek konakeilart icindeki entomopatojen nematodlar ve
funguslarin rekabeti sirasinda etkili oldugu bulunmustur.
Ornegin, X. nematophila, agar plakalarinda B.
bassiana’nin biiyiimesini engellemistir (Barbercheck ve
Kaya, 1990). Baska bir ¢alismada, Photorhabdus
luminescens, Metarhizium anisopliae, B. bassiana, B.
brongniartii ve C. fumosorosea'nin biiylimesini ve
konidial {iretimini engellemistir (Ansari vd., 2005).
Entomopatojen funguslarla ¢ift enfeksiyonlar sirasinda,
baz1 ¢alismalarda nematodlar iizerinde olumsuz etkiler
kaydedilmistir (Husein vd., 2016; Ptza ve Tarasco, 2023).
Dogal olarak, entomopatojen funguslar bocek konaklarini
Oldiirmek ig¢in bir¢ok toksik metabolit iiretmektedir.
Ansari vd., (2005) M. anisopliae'nin P. luminescens ve
Xenorhabdus poinarii'nin  bilyiimesini  engelledigini
belirtmiglerdir. Benzer sekilde, B. bassiana'dan elde
edilen sekonder metobolitler X. bovienii'nin biiyiimesini
engellemistir (Tarasco, vd., 2011).

fungusunun farkli tiirlerinin de EPN {izerinde etkisinin
farkli oldugu tespit edilmistir. Purpureocillium lilacinum
hari¢ calismada kullanilan funguslarin S. feltiae tizerinde
diigiikte olsa 6liime neden oldugu ve 100 1JS inokulum
yogunlugunda 3 giin sonunda 6l 1Js sayisinin 3.5-16.3
arasinda degisim gosterdigi saptanmistir. Bunda c¢ok
sayida faktor (mekanizma, patojenite, tiir, izolat ve
salgilanan bilesik) etkili olabilir. EPF lerin sonuglar EPF
ve EPN kombinasyonlarinda EPF’nin viriilensliginin
6nemli oldugu ve antagonist iliski olabilecegini
gostermektedir. EPF ve EPN iliskilerinin daha ayrintili
calisilmas1  gerekmektedir. =~ Zararlilarn  biyolojik
kontrolinde yaygin kullanilan EPF ve EPN tiiri
kombinasyonlar1 ile calisilip biyolojik miicadele igin
antagonistik  iliski  olusturmayan kombinasyonlarin
meydana getirilmesi entegre miicadele agisindan yeni
stratejilerin belirlenmesini saglayacaktir.

5. Tesekkiir

Purpureocillium lilacinum, Beauveria varroae Ve
Metarhizium robertii, funguslarinin temininde yardimci
olan Kahramanmaras Siit¢ii Imam Universitesi Ziraat
Fakiiltesi Bitki Koruma Béliimii’nden Prof. Dr. Kubilay
ER’e, Beauveria bassiana (BY-2 ve BIM-001)
izolatlarmin temininde yardimei olan Isparta Uygulamali
Bilimler Universitesi, Ziraat Fakiiltesi, Bitki Koruma
Boliimii’nden Dog.Dr. Asiye UZUN YIGIT’e tesekkiir
ederiz.

Arastirmacilarin Katki Orant Beyani

Yazarlar makaleye esit oranda katki saglamis olduklarini
beyan ederler.

Cikar Catismasi Beyam

Makale yazarlar1 aralarinda herhangi bir ¢ikar ¢atismasi
olmadigini beyan ederler.
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