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Cumba Felsefesinin Cagdas Mimaride Teknik Bir Yaklasimla Uygulanmasi

(Mashrabiya)
Seba Hasan'

Giris

Arastirma, Arap ve Islam sanatinda 6nemli bir mimari dge olan cumbalarm estetik degerlerini ve
iglevlerini ele almaktadir. Cumbalar, i¢ ve dis estetigi islevsel olarak bir araya getirerek sicaklik
diizenleme, 151k gecisini saglama ve hava akisim1 kontrol etme gibi gorevler iistlenirler. Ayrica,
cumbalarin imalatinda kullanilan ahsap tiirleri ve siisleme teknikleri gibi detaylar da incelenmistir.
Aragtirma, cumbalarin modern mimarideki kullanimlarini, binalarin cephelerini kaplama, Dogu
kimligini vurgulama ve gdlgelendirme ile serinletme amaciyla nasil kullanilabilecegini gostermektedir.
Geleneksel islam 6gelerinin modern mimari ve cagdas sanat tasarimlarinda nasil adapte edilebilecegini,
yeni estetik ve islevsel dgeler ekleyerek islami kimligini koruma, yenileme ve gelistirme konularim ele
almaktadir. Geleneksel Tiirk ve Islam mimarisinin 6nemli unsurlarindan biri olan cumbalar, yapisal ve
estetik dzellikleriyle dikkat ¢eker. Tarihsel siirecte cumbalar, sadece estetik bir 6ge degil, ayn1 zamanda
sosyal ve kiiltiirel bir simge olarak da 6nemli bir rol oynamistir. Bu makalede, cumba felsefesinin ¢agdas
mimaride teknik bir yaklasimla nasil uygulanabilecegi detaylandirilmaktadir.

Arastirmanin Amaglari

Aragtirmanin temel amaci, Islam iilkelerindeki geleneksel cumba formlarmi incelemek ve bu formlarin
modern mimariye nasil entegre edilebilecegini belirlemektir. Bu baglamda arastirma, asagidaki
hedeflere odaklanmaktadir:

Geleneksel Cumba Formlarimn Tespiti: Islam iilkelerinde kullanilan farkli cumba formlarmi
belirlemek ve bu formlarin 6zelliklerini incelemek.

Mimari Mirasin Siirdiiriilebilirligi: Geleneksel mimari degerleri, teknolojik ve ¢agdas olanaklarla
birlestirerek siirdiiriilebilir mimari kimlige sahip ¢agdas ahsap tiirlinler tasarlamak.

Modern Ahsap Uriin Tasarmmi: Cagdas mimaride, gelencksel mimari mirasa dayali degerleri
kullanarak modern ahsap {irlinler tasarlamaya yonelik sonuglar ve uygulamalar elde etmek.

Arastirmanin Sinirlar

Aragtirma, cumbanin seklini, biiyiik pencerelerin geometrik tasarimini ve altin oranin ¢agdas mimaride
hem islevsel hem de estetik agidan basarili bir sekilde uygulanmasini kapsamaktadir. Ahsap iiriin
sektoriinde cumbali pencerelerin ¢gagdas mimari uygulamalaria odaklanmay1 amaglamaktadir.

Arastirmanin Yontemi

Bu ¢alisma, tanimlayici-analitik ve deneysel arasgtirma yontemlerini birlestirir ve su adimlart igerir:

! Doktora Ogrencisi (PhD Student) Istanbul Universitesi
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Teorik Cerceve

Cumbalarin sanatsal degerlerini incelemek ve gorsel ve bosluksal 6zelliklerini belirlemek.

Secilen mimari Orneklerin incelenmesi ,cumbalarin islevsel ve estetik yoOnlerinden nasil
yararlandiklarinin analizinin neler oldugu.

Cumbalarin mimari degerleri ile ¢agdas mimari uygulamalar arasindaki iliskinin analizi ve ahsap
iiriinlerin tasariminda nasil kullanilabileceginin incelenmesi.

Deneysel Uygulama Cergevesi
Arastirmaci bazi Islam iilkelerindeki cumba sekillerini karsilastirtyor.

Geleneksel mimari 6zelliklerden esinlenerek, ¢atilarinda ahsap tiriinler kullanilmasini bina cepheleri i¢in
cagdas tasarimlarin ve cumba uygulamalarinin ve modern mimarideki kullanimlarinin aragtirilmasini
icermektedir.

Deneysel Uygulama Cercevesi

Cumba Sekillerini Karsilastirma: Arastirmaci, bazi Islam iilkelerindeki cumba sekillerini
karsilastirmaktadir.

- Geleneksel Mimari Ozelliklerden Esinlenme: Catilarda ahsap iiriinlerin kullanilmasini, bina
cepheleri icin g¢agdas tasarimlar ve cumba uygulamalarinin modern mimarideki kullanimlarini
arastirmak.

Mimari Cephelerin Onemi

Mimari cepheler, bir yapinin kimligini ve karakterini belirleyen énemli 6gelerdir. Cumbalar, cephelerde
hem estetik hem de islevsel degerler katarak, mekanlarin daha ferah ve aydinlik olmasini saglar.

Mimari Cephe Elemanlan

- Cumba: Cumba odalar farkli isimlerle cesitli iilkelerde kullanilmistir. Ornegin, Misir, Suriye, Filistin,
Liibnan ve Sudan'da "Masrabya", Irak'ta "Sanasil", Suudi Arabistan, Korfez Ulkeleri ve Yemen'de
"Rosan", Kuzey Afrika iilkelerinde "Barumgqli" ve Tiirkiye'de "Cumba" olarak bilinir.

Cumba Cesitli Ulkelerde Karsilastirma Tablosu: Farkli iilkelerdeki cumba formlarmnm
karsilastiriimasi.

- Cephe Malzemesi Cesitleri: Ahsaptan metale kadar degisen cephe malzemeleri.
Cumbayi Olusturan Elemanlar

- Pencere: Cumbanin en belirgin ve islevsel 6gesidir. Pencereler, cumbanin diga a¢ilimini saglayarak
mekana 151k ve hava girisini miimkiin kilar.

- Pencere Kanatlari: Tekli, ¢ift kanatli veya ¢ok yonlii ¢calisan kanatlar, cumbanin iglevselligini artirir.

- Cumbanin Tasiyic1 Sistemi: Ahsap tastyici, yigma tastyict (kirig) ve demir tasiyici gibi farkli
sistemler kullanilabilir.

- Cumbanin Kaplama Malzemesi: Ahsap, demir ve cam gibi ¢esitli malzemeler kullanilabilir.

wwwwwwwwwwwwwwwww &
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Cumbanmin Cikma Mesafesi

- 1 Metre: Genellikle cumbalarin disa ¢ikma mesafesi 1 metre olarak belirlenir.

- 1 Metre ve Fazla: Daha genis cumbalar i¢in 1 metreden fazla ¢ikint1 yapilabilir.
Cumbanin Gorsel Algisi

- Renkler: Cumbalar genellikle kahverengi tonlarinda veya cesitli renklerde boyanabilir.
- Doku: Ahsap veya metal dokular kullanilabilir.

Cumbanin Plan Batinda Ferman

- Rasyonel ve Dortgen: Dortgen ve diizenli formlar.

- Irrasyonel ve Dortgen: Dortgen ama diizensiz formlar.

Fonksiyonlarmma Gore Cesitler

- Aydinlatma: Cumbalar, mekanlarin daha fazla dogal 151k almasim saglar.

- Havalandirma: Cumbalar, hava sirkiilasyonunu artirarak i¢ mekanlarin daha ferah olmasini saglar.

- Panel: Cumbalar, dis cephede estetik bir panel gorevi goriir.

Suri Irak Suudi Kuzey Afrika ulkeler Tiirkiye Suriye

ye Arabistan, Musir/Filistin Lilbnan/
Misir Korfez Sudan
[Filis Ulkeleri

tin Yemen
Libn

an/
Suda

n

Cumbayi olusturan elemanlar Pencere

Pencere kanatlari

Tekli
kanat
li

Cifit
kanat
li

SIVIL TOPLUMLA 1]1] 4 3=

% iLisKiLER ~ DEETRIND

GENEL MUDURLUGU

C YTB §ssﬁ'§h%§




lg.LL‘J'SLARARAS.I
SRR 1 OGRENCI
MUHENDISLIK VE MiIMARLIK X HEMBOZMUMY

Cok — - -
yonli
calisa
n
kanat
lar
Cumbanin Cikma Mesafesi
1 s |
metr
e

1M
etre
ve

fazla

Cumbanin Tagstyici sistemi

Ahsa

Tasiyl
cl

Yigm
a
Tastyl
cl
(kirig)

Demi et - -
r

Tastyl
cl

Cumbanin Kaplama Malzemesi

/), SiVIL TOPLUMLA
7 UDEF sz
) iiiskiLErR | DU

GENEL MUDURLUOGU Al claliall (palall Jasy

OYTB | Nesewa




L.J.LL‘J'SLARARAS.I
1‘) OGRENCI
‘ SEMPOZYUMU ENGINEERING and ARCHITECTURE

Ahsa - -

p

r

Cam - P & i -
" H | |4 ﬁj’i

(a)apsnadl - (oxal) Gad 4

Cumbanin Gorsel Algisi
Renkl
er

Kahv

rengi

Cesitl

Renk

Tablo-1 ( Cumba Cegsitli Ulkelerde Karsilastirma Tablosu gostermektedir.) Arastirmact tarafindan hazirlanan
(Hasan, 2024)
"Cumbalar, yaygin bir Dogu mimari tarzina sahiptir ancak isimleri, desenleri, renkleri, yapildig1
malzemeler, i¢ ve dis yapilari, uygarliklar ve sehirlerin genel iklimine gore degismektedir.

Cumbalar, Abbasiler doneminde ortaya ¢ikmis olup (a) resminde goriildiigi gibi sicaklik, 151k ve
havalandirmay1 diizenleme roliinii {istlenmistir. Ayrica (b) resminde islevsel roliiniin yani sira ev
sahibinin zenginligini yansitan sosyal bir izlenim vermistir ve estetik bir hava katmistir. (c) resmindeki

GENEL MUDURLUGU Al il el Sy
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mabeyin, islevsel bir rol {stlenirken dis kaplamalarin ve diizenli pencere agikliklariin degistigi bir
yapiya sahiptir. (d) Resminde ise 6zel bir tarz ve renk alan mabeyin, kii¢iik boyutlu farkl sekillerdeki
acikliklarla sehri ayiran ve ek bir estetik katki saglayan farkli bir dagilima sahiptir."

Cumba Osmanli sokak dokusunu sekillendiren en 6nemli unsur olmasinin yani sira Tiirk evinin kendine
has en karakteristik detaylardan birisidir. Cumbalar cephedeki doluluk-bosluk iliskisi ve olusturduklar
151k-gblge oyunlart ile sokaklara dinamik bir goriintii kazandirmaktadir.
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Arseven’ in Sanat Ansiklopedisi'nde cumbanin buyuk cikmalar, sahnisinin ise kicuk citkmalar icin
kullanilan bir terim oldugunu goésteren bir gizimi de mevcuttur.
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El-Suhaimi Evi

Resim.2.

Cumba Kavraminin Cagdas Uygulamalan

ARAP DUNYASI ENSTITUSU AL BAHAR TOWERS MASDAR

Arap Diinyas: Enstitiisii

1987 yil Diinya {iizerinde biiylik bir etki yaratan Arap Diinya Mimarlik Enstitiisii'niin (AWI)
mimarlarindan Jean Nouvel, geleneksel sadirvanlart doniistiirerek akilli sadirvanlarla donatilmis cephe
tasarimlar1 gelistirdi. Bu akilli sadirvanlar, giines pilleri tarafindan kontrol edilen motorlarla hareket
eden agikliklara sahiptir. Bu agikliklar, giinliik hava durumuna bagh olarak binalara giren 151k miktarin
ayarlayan perde gibi ¢alisir. Bu miithendislik agikliklarinin galigmasi, 15181n yogun oldugunda kapanan
ve los oldugunda agilan otomatik kamera diyaframi gibi tamamen otomatik bir sekilde gerceklesir.
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Boylee bina tasarimi, Arap mimarisinin hava kontrol teknolojilerini gelistirdigi sey olan 1s1k filtreleri
olusturur.

Akilli ve karmagik teknolojilerin binalarda kullanilmasi, mimarlarin dikkatlice incelemesi gereken
konulardan biridir ¢iinkii bu tiir sistemler arizalanabilir ve son derece maliyetli periyodik bakim
gerektirir . Ornegin, AWI'da, 2013 yilinda sadece Giiney cephesindeki akilli sadirvanlarda birgok ariza
meydana gelmis ve sadece bakimi milyonlarca avroya mal olmustur.
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Asamali lens kapanis sekli, tasarimda tek bir birim kullanilarak uygun aydinlatmay1 saglamak igin
tekrarlanarak tasarlanmistir.
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Bosluklar ve dolu parcalar arasindaki tezatin 1518 iginden sizmasina izin verdigi zaman, renkli
bosluklar gibi islev gordiigii belirtilmistir (Ataya, 2019). Ancak bu tezat gozleri rahatsiz edecek kadar
giiclii degildir ¢linkii ahsap parcalarin donmesiyle mashrabiya ve pencerelerdeki 1s181in yayilmasina izin
vererek aydinlik bosluklar ile koyu ahsap parcalar arasindaki kontrasti azaltir.

Parametrikizm, tiim mimari ve karmasik unsurlarin esnek ve adaptif oldugu bir kavramdir. Geleneksel
ve modern yontemler, dogrusal hatlar, dikdortgenler, kiipler ve silindirler gibi geometrik sekillere
dayanirken Parametrikizmde yeni alternatifler, dinamik, etkilesimli ve uyarlanabilir geometrik
varliklardir. NURBS ve egriler, bi¢cim veren temel unsurlar olarak kabul edilir ve yasayan sistemlerin
temelini olusturur.

Cumba Kavraminin Cagdas Uygulamalan
Ornekler
- El-Suhaimi Evi: Geleneksel cumbalarin modern uygulamalarina bir 6rnek.

- Arap Diinyas1 Enstitiisii: Geleneksel mimari unsurlari ¢agdas bir yapida nasil kullanilabilecegine dair
bir drnek.

- Abraj Al Bahr: Abu Dabi Yatirim Konseyi Genel Merkezi: Modern mimaride geleneksel cumbalarin
uygulamalari.

- Masdar: Siirdiiriilebilir ve yenilikgi bir projede geleneksel mimari 6gelerin kullanima.
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Oneriler

e Maddi ve ruhsal ihtiyaglan karsilamak i¢in Cumba'dan faydalanilmalidir.
¢ Dogal giines 15181ndan yararlanilmali ve yapay aydinlatma azaltilmalidir.

e Miihendislik ve sanatsal uzmanliklardan faydalanarak birlikte ¢aligmak, yenilik¢i tasarimlarin
olusturulmasina yardimer olabilir.

e Tasarim egitimi veren kurumlarda miifredatlar1 gilincellemek igin tasarim yontemleri ve iiretim
teknolojileri hakkindaki yeni gelismeleri takip etme gerekliligi vardir.

e Egitim kurumlan ile modern tasarim yazilimi ve duvar yiizey kaplama firlinleri iireten sirketler
arasinda igbirligi protokolleri kurulmalidir. Bu igbirlikleri, tasarim ve iiretim olanaklarini tanitan
atolye ¢alismalar1 ve seminerler diizenlemek i¢in kullanilabilir.

o Ogrencilere, kiiresel egilimleri taklit etmek yerine kendi kiiltiirel ve sanatsal miraslarimiza uygun
bir tasarim metodolojisini takip etmeleri konusunda tegvik edilmelidir.

o Kiiltlirel] ve sanatsal mirasimizin sozliigiinii gelistirirken islevsel kimligin korunmasina dikkat
edilmelidir.

e Yerel ¢evreye uygun tasarim ve iiretim metodlar olugturmak i¢in bilimsel aragtirmalara ve modern
teknolojik altyapiya yatirim yapilmali, aragtirmalarin ciddiyeti biiyiik 6nem tagimaktadir.

Sonug¢

Cumbea felsefesinin ¢cagdas mimaride teknik bir yaklagimla uygulanmasi, geleneksel ve modern tasarim
Ogelerinin bir araya getirilmesiyle miimkiindiir. Cumbalarin estetik ve islevsel 6zellikleri, dogru
malzeme sec¢imi ve enerji verimliligi goz Oniinde bulundurularak giinlimiiz mimarisine entegre
edilebilir. Bu sekilde, tarihi ve kiiltlirel mirasimiz1 koruyarak, modern yasam alanlarina 6zgiin ve
islevsel ¢oziimler sunabiliriz. Bu arastirma, mimari miras degerlerini teknoloji ve ¢cagdas olanaklarla
birlestirerek ~siirdiiriilebilir mimari kimlige sahip {irlinlerin tasarimina katkida bulunmay1
amaclamaktadir.

Kaynakca

(Amany Mashhour Hendy, Aya Faisal Abo Elfetouh,) Golden Ratio in The Subdivisions of Islamic
Wood Lathe of Architecture Facades.
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El Sayed Muhammad Ramadan, Maha: El Kayem El Wazefya we El Gamalya llfatahat El Maamarya
We Dwrha fe Ethraa El Faragh El Dakhly . Magalet El Amara We El Fnon, El Adad El Asher, El Goze'
El Thane.

(Farghali Bayoumi, 2016) Nevin: el tatbekat el moasra llmashrabya kamoroth thakafe, magalet el amara
we el fnon, el adad el awel, 2016.

(Mahdi Salameh,2019) Hiam: el mashrabya fe el amara el aslamia, magalet el amara we el fnon, el adad
el thalath ashr, 2019

(SENYURT, 2016) Insa Kurallari, Mimari Alg1 ve Mekan Kullanimi Baglaminda Osmanl
Toplumunda “Cumba”
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Advance Machine Learning Technmiques For Asthma Disease Prediction
Abdul Samad!, Muhammed Kiirsad Ucar?

Asthma, a widespread chronic respiratory disease, impacts millions globally. Accurate and timely
diagnosis is crucial for effective management and better patient outcomes. This research proposes an
advanced machine learning framework to improve asthma detection using sophisticated data processing
and predictive modeling techniques. By utilizing a comprehensive dataset that includes various clinical
features relevant to asthma diagnosis, the Synthetic Minority Over-sampling Technique (SMOTE) was
implemented to address class imbalance, thereby enhancing the model's ability to generalize across
diverse patient groups. Feature selection was performed using the Spearman correlation algorithm to
reduce computational costs and improve prediction efficiency by identifying the most significant
features. Several machine learning algorithms were tested, including k-Nearest Neighbors (k-NN),
Decision Tree, and Naive Bayes. The Naive Bayes algorithm outperformed the others, achieving an
accuracy rate of 96.91%, with specificity and sensitivity rates of 0.93 and 1, respectively, using only 18
features. The results demonstrate the potential of this machine learning approach as a reliable and
efficient diagnostic tool for healthcare providers. This study highlights the transformative role of
machine learning in medical diagnostics, offering a promising avenue for enhancing clinical decision-
making and patient care in asthma management.

Keywords: Asthma Disease, Feature selection, Machine learning, diagnostic tool

Introduction

Asthma is a prevalent chronic respiratory disorder characterized by reversible airway obstruction,
inflammation, and hyperresponsiveness, affecting over 300 million individuals globally [1]. Despite its
prevalence, asthma diagnosis remains challenging due to the variability in symptoms and the lack of a
definitive diagnostic test. Traditional diagnostic methods, such as spirometry and clinical evaluation,
often suffer from limitations, including variability in test results and reliance on patient self-reporting,
which can lead to underdiagnosis or misdiagnosis [2].

Machine learning (ML) for asthma prediction has gained traction due to its potential to enhance
diagnosis and management. Recent studies have demonstrated the effectiveness of machine learning
models for predicting asthma exacerbations. A systematic review conducted by BMC Pulmonary
Medicine [3] by BMC Pulmonary Medicine analyzed 23 models, primarily using logistic regression,
random forest, and XGBoost, achieving predictive accuracies ranging from 75% to 92%, depending on
the dataset and algorithm used. The study found that the most influential predictors were systemic steroid
use, short-acting beta2-agonists, and emergency department visits.

A separate study [4] used machine learning to increase the accuracy of asthma diagnosis, with models
such as XGBoost (87.1% accuracy) and LGBM (85.9% accuracy), highlighting significant predictors
like inhaler usage and LAMA. In a study [5], 13 ML models, including Logistic Regression, Support
Vector Machine, Random Forest, and Gradient Boosting, were employed to predict asthma risk from
self-reported symptoms and demographic data. A hybrid model combining Logistic Regression and

! Electrical-Electronics Engineering, Faculty of Engineering, Sakarya University
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LightGBM achieved the highest Area Under the Curve (AUC) of 0.9062 and 79.85% sensitivity, proving
effective in low-resource settings.

A subsequent study [6] reviewed machine learning in mobile health (mHealth) for asthma, focusing on
technology development, attack prediction, and patient clustering. The potential of supervised models
like decision trees and logistic regression for predicting asthma attacks based on real-time device data
was noted, though most studies used small datasets with limited generalizability. A novel approach
proposed in research [7] involved an ML-based risk prediction tool integrated with IoT devices and
smartphones. This tool used a convolutional neural network (CNN) model to predict asthma risk by
analyzing Peak Expiratory Flow Rates (PEFR) and particulate matter levels, providing real-time alerts
with high accuracy suitable for personalized health management.

A further review [8] on machine learning techniques for predicting asthma exacerbations identified
various data sources such as clinical records and environmental factors. Supervised models, particularly
logistic regression, were found to be most effective, with a focus on integrating prediction windows and
external validation for better clinical relevance. This approach achieved an average accuracy of 78%
(AUROC), which was higher compared to traditional methods. Additional research [9] highlighted the
importance of patient-specific factors, such as medical history and comorbidities, in predicting asthma
exacerbations. Despite accurate predictions, challenges such as data heterogeneity and integration into
standard care remain.

Another investigation [10] developed a computer-aided diagnostic system using machine learning to
detect respiratory sounds in asthma patients. This model achieved 89.3% sensitivity and 86.0%
specificity, demonstrating potential for diagnosing asthma, especially in pediatric populations.

In another study [11], an explainable ResNet18-based model for asthma detection using lung sounds
was introduced, achieving 99.73% accuracy with support vector machine (SVM) classifiers.

This study leverages machine learning models to predict asthma risk and accurately detect the disease,
using an open-source Kaggle dataset and machine learning algorithms to enhance clinical decision-
making.

Material and Method

This study aims to predict asthma using machine learning algorithms, structured according to the flow
diagram in Figure 1 Flow Diagram. Initially, advanced data processing was conducted, including
standardization to ensure consistency and uniform scaling of the dataset. To address class imbalance,
the Synthetic Minority Over-sampling Technique (SMOTE) was applied, enhancing the representation
of minority classes. Feature selection was performed using the Spearman correlation method, which
assesses the relationship between features and asthma risk labels, optimizing the dataset by retaining the
most relevant features. Subsequently, classification models were developed using various machine
learning algorithms applied to these selected features.

nnnnnnnnnnnnnnnn
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Figure I Flow Diagram
Dataset
An open-source dataset was utilized in this research, obtained from the Kaggle [12]. This dataset
includes health information from 2,392 asthma patients and features 28 attributes that offer various
insights into asthma. Table 1 Features Description, provides a detailed overview of these attributes.
During preprocessing, features such as "PatientID" and "DoctorInCharge" were excluded because they
do not contribute to the prediction of asthma disease using machine learning algorithms.

Table 1 Features Description

Feature Description

PatientID Unique identifier for each patient.

Age Age of the patient.

Gender Gender of the patient.

Ethnicity Ethnic background of the patient.
EducationLevel Level of education completed by the patient.
BMI Body Mass Index, a measure of body fat based on height and weight.
Smoking Smoking status of the patient.
PhysicalActivity Level of physical activity or exercise.
DietQuality Quality of the patient's diet.

SleepQuality Quality of the patient's sleep.
PollutionExposure Level of exposure to environmental pollution.
PollenExposure Level of exposure to pollen.

DustExposure Level of exposure to dust.

PetAllergy Presence of allergies to pets.
FamilyHistoryAsthma Family history of asthma.
HistoryOfAllergies History of allergies in the patient.
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Eczema History of eczema, a skin condition.
HayFever History of hay fever, an allergic condition.
GastroesophagealReflux Presence of gastroesophageal reflux disease (GERD).
LungFunctionFEV1 Forced Expiratory Volume in 1 second, a measure of lung function.
LungFunctionFVC Forced Vital Capacity, another measure of lung function.
Wheezing Occurrence of wheezing.
ShortnessOfBreath Experience of shortness of breath.
ChestTightness Experience of chest tightness.
Coughing Frequency or presence of coughing.
NighttimeSymptoms Presence of symptoms that occur at night.
ExerciseInduced Symptoms induced by exercise.
Diagnosis Medical diagnosis given to the patient.
DoctorInCharge The doctor is responsible for the patient's care.

Smote Algorithm

The Synthetic Minority Over-Sampling Technique (SMOTE) is a widely recognized method for
addressing class imbalance in datasets by generating synthetic samples of the minority class. Unlike
traditional oversampling, which involves replicating existing minority instances, SMOTE creates new
samples by interpolating between existing samples and their nearest neighbors. This is achieved by
selecting a sample, identifying its k-nearest neighbors based on Euclidean distance, and generating
synthetic points along the lines connecting the sample to its neighbors. This approach helps balance the
class distribution, enhances the representation of the minority class, and improves the model’s predictive
performance by creating smoother decision boundaries [13]. SMOTE has been successfully applied
across various domains, including medical diagnosis, fraud detection, and text classification, proving its
effectiveness in enhancing the robustness of machine learning models on imbalanced data [14], [15]. Its
ability to mitigate overfitting and improve generalization makes SMOTE an essential tool in modern
data preprocessing workflows.

Feature Selection

To enhance model performance, we applied a feature selection technique using the Spearman correlation
coefficient to evaluate the relationships between features and class labels. This approach enabled us to
calculate and rank the correlation values of the features, as presented in Table 2 Spearman's Correlation.

Table 2 Spearman's Correlation

FN Score FN Score
26 0.111 15 0.042
23 0.107 13 0.023
19 0.087 24 0.023
3 0.079 4 0.020
25 0.077 1 0.017
20 0.065 11 0.015
12 0.065 2 0.013
18 0.064 10 0.009
21 0.056 7 0.009
5 0.048 16 0.008
6 0.048 22 0.007
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17 0.046 8 0.003

9 0.043 14 0.001
FN: Feature Number

Classification

Classification is a fundamental task in machine learning that involves predicting categorical labels for
given input data based on learned patterns [16]. It is widely used in various domains such as healthcare,
finance, and marketing, where accurate predictions can drive critical decision-making processes.
Classification models are trained on labeled data, allowing them to learn the underlying relationships
between features and their respective classes. In this study, we employed three classification models to
enhance predictive accuracy: k-Nearest Neighbors (k-NN), Decision Tree, and Naive Bayes.

k-Nearest Neighbors (k-NN)

k-Nearest Neighbors (k-NN) is a non-parametric algorithm used for classification and regression. It
classifies a data point based on the majority label of its k-nearest neighbors or predicts a value by
averaging the values of these neighbors [17]. The choice of k and the distance metric (e.g., Euclidean,
Manbhattan) are crucial, affecting model accuracy [18]. Although simple to implement, k-NN can be
computationally expensive for large datasets, necessitating optimization techniques [19]. It assumes
uniform feature distribution, often requiring data normalization.

Decision Tree

Decision Trees are hierarchical models used for classification and regression. They split data based on
feature values, creating a tree structure where each node represents a decision based on a feature, and
each leaf node represents an outcome [20]. Decision Trees are easy to interpret but can overfit,
particularly with deep trees. Pruning and setting maximum depth are common techniques to mitigate
overfitting [21]. They are also sensitive to data variations, potentially leading to different trees from the
same dataset.

Naive Bayes

Naive Bayes is a probabilistic classifier based on Bayes' Theorem, assuming feature independence given
the class label [22]. Despite this unrealistic assumption, it performs well in many tasks, especially text
classification. It calculates the posterior probability of each class and assigns the class with the highest
probability [23]. Naive Bayes is computationally efficient and effective with high-dimensional data,
though it can struggle with highly correlated features.

Performance Evaluation Criteria

The models' performance was thoroughly evaluated using several key metrics that measure their
classification ability. These metrics included Accuracy Rate (AR), Sensitivity (Se), Specificity (Sp), F1
Score, Kappa, and Area Under the ROC Curve (AUC). Accuracy Rate shows how often the model
makes correct predictions, Sensitivity measures its ability to identify true positives, and Specificity
assesses how well it identifies true negatives. The F1 Score balances precision and recall, Kappa
measures the agreement between predictions and actual results, and AUC indicates the model's
effectiveness in distinguishing between classes. Together, these metrics provide a clear and detailed
evaluation of the models' accuracy, consistency, and overall performance.
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Table 3 Performance Evaluation Criteria

Mod Performance evaluation criteria Mod Performance evaluation results

F el Ace Se Sp F1 Kap AU F el Acc Se Sp F1 Kap AU
n e pa C n e pa C

624 03 08 0.5 0.6 919 09 09 09 0.9

DT 0 9 6 4 0.25 3 DT 5 ) ) ) 0.84 5
603 1.0 02 03 06 1 90.2 0.8 09 0.8 0.9

1 kNN 6 0 1 4 0.21 0 4 KNN 6 1 9 9 0.81 0
624 03 08 0.5 0.6 935 09 08 09 0.9

NB 0 9 6 4 0.25 3 NB 0 9 ] 3 0.87 3
722 1.0 04 0.6 0.7 91.8 09 09 09 0.9

DT 5 0 4 1 0.44 5 DT 4 5 5 5 0.84 5
70.8 1.0 04 0.5 07 1 90.1 0.8 1.0 0.8 0.9

2 kNN 1 0 5 9 0.42 1 5 KNN > 1 0 9 0.80 0
722 1.0 04 0.6 0.7 929 09 08 09 0.9

NB ) 0 4 1 0.44 5 NB 4 9 7 3 0.86 3
722 0.7 07 0.7 0.7 90.8 09 09 09 0.9

DT 5 1 3 5 0.44 5 DT 5 1 1 1 0.82 1
677 0.7 06 0.6 06 1 903 0.8 1.0 0.8 0.9

3 kNN 7 0 6 ? 0.36 P 6 KNN 9 1 0 9 0.81 0
733 0.8 06 0.7 0.7 943 09 09 09 0.9

NB 5 1 P 5 0.47 3 NB ] 9 0 4 0.89 4
80.3 0.8 0.7 0.8 0.8 931 09 09 09 0.9

DT 7 3 ? 0 0.61 0 DT 6 3 3 3 0.86 3
773 0.8 0.7 0.7 07 1 89.6 0.7 1.0 0.8 0.9

4 kNN 3 1 4 7 0.55 7 - KNN 4 9 0 9 0.79 0
81.1 09 0.7 0.8 0.8 964 1.0 09 09 0.9

NB 5 1 1 0 0.62 1 NB 7 0 3 6 0.93 6
851 0.8 0.8 0.8 0.8 935 09 09 09 0.9

DT 5 7 4 p 0.70 p DT 0 4 3 3 0.87 3
80.5 0.8 0.7 0.8 08 1 88.6 0.7 1.0 0.8 0.8

5 kNN 1 4 7 0 0.61 1 3 KNN 7 7 0 7 0.77 9
86.0 0.9 0.7 0.8 0.8 969 1.0 09 09 0.9

NB 0 7 5 4 0.72 6 NB 1 0 4 - 0.94 7
854 0.8 0.8 0.8 0.8 927 09 09 09 0.9

DT s 4 7 5 0.71 5 DT ) ) 4 3 0.85 3
877 0.8 0.8 0.8 08 1 883 0.7 1.0 0.8 0.8

6 kNN 9 6 9 ] 0.76 3 9 KNN 6 7 0 7 0.77 ]
856 09 0.7 0.8 0.8 969 1.0 09 09 0.9

NB 7 4 7 5 0.71 6 NB 1 0 4 7 0.94 7
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F: Feature, DT: Decision Tree, KNN: k-Nearest Neighbors, NB: Naive Bayes, Acc:
Accuracy, Sen: Sensitivity, Spe: Specifity, F1: F1Score, Kap: Kappa, AUC: Area Under
the Curve

Result

This study proposed a machine learning framework to enhance asthma diagnosis using advanced
preprocessing, feature selection, and predictive modeling techniques. Initially, data standardization
ensured consistency in feature scaling, and class imbalance was addressed using the Synthetic Minority
Over-sampling Technique (SMOTE). Feature selection through Spearman correlation identified the
most relevant features, optimizing model efficiency. Three classification algorithms—Naive Bayes
(NB), Decision Tree (DT), and k-Nearest Neighbors (k-NN)—were evaluated for their predictive
performance on the optimized dataset. Among the models, the Naive Bayes algorithm demonstrated the
highest performance, achieving an accuracy of 96.91%, sensitivity of 1.00, and specificity of 0.94,
making it the most reliable for asthma prediction. The Decision Tree model also performed well, with
an accuracy of 93.50%, sensitivity of 0.94, and specificity of 0.93, but it was slightly less consistent in
balancing sensitivity and specificity. The k-Nearest Neighbors model achieved an accuracy of 90.26%,
sensitivity of 0.81, and specificity of 0.99, performing well in specificity but showing limitations in
identifying all positive cases. The Naive Bayes model's success can be attributed to its probabilistic
structure and the effective integration of SMOTE and Spearman correlation, which enhanced its
capability to manage imbalanced data and pinpoint key features. These findings highlight the significant
potential of advanced machine learning techniques to improve asthma diagnosis, underscoring their role
as valuable tools in clinical decision-making.

Discussion

The Naive Bayes algorithm outperformed other models, achieving the highest accuracy of 96.91% using
18 features, with sensitivity of 1.00 and specificity of 0.94. This performance underscores the value of
combining SMOTE for class imbalance and Spearman correlation for feature selection, which
significantly optimized the model. Compared to prior studies [3], [4] with accuracies around 0.84, our
framework showed substantial improvement. Feature selection reduced computational costs and
improved model interpretability, which is crucial in clinical settings. While Decision Tree and k-NN
models also showed promising results, they were slightly inferior. Decision Tree achieved 93.50%
accuracy but struggled with balancing sensitivity and specificity, while k-NN had high specificity (0.99)
but lacked sensitivity. Naive Bayes excelled due to its simplicity and effective handling of categorical
data, enhanced by SMOTE to improve generalization across diverse patient groups. This aligns with
similar studies demonstrating SMOTE's effectiveness in healthcare applications [4]. The study's
limitations include the use of a single dataset, which may affect generalizability. Further validation
across multiple datasets is needed. This careful optimization allowed our model to more accurately
identify relevant patterns in the data, enhancing its predictive power beyond what was reported in prior
research. The result is a more reliable and robust diagnostic tool for asthma, offering improvements over
the methods traditionally highlighted in literature.

Conclusion

This research demonstrates the effectiveness of advanced machine learning, particularly the Naive
Bayes algorithm, in improving asthma diagnosis. By addressing class imbalances with SMOTE and
selecting features using Spearman correlation, the study achieved a diagnostic accuracy of 96.91% and
a sensitivity of 1.00. These results surpass traditional methods, emphasizing the importance of precise
data processing in developing reliable predictive models. The study highlights the potential of machine
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learning to significantly enhance clinical decision-making and patient outcomes in asthma management,
suggesting further exploration of these techniques for broader medical applications.
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Yemen Kahvesinin Kalitesi Uzerindeki Deger Zincirinin Etkisi: "Tarimdan

Hasada Kadar"
Assma'a Abdullah Alqudaimi'

Ozet

On besinci ylizyila kadar diinya, kahve adi verilen bir igecegi tanimiyordu. On altinci yiizyila
gelindiginde, bu icecek Orta Dogu, Tiirkiye ve Giiney Hindistan'a kadar yayildi ve daha sonra diger
iilkelere, hatta Amerika Birlesik Devletlerime kadar ulasti. Yemen, bu dénemde kahve ticaretini
tekellestiren tek iilkeydi ve siyasi istikrar sayesinde modern déneminin en parlak giinlerini yasadi, bu
da ekonomik, entelektiiel ve bilimsel alanda gelismeyi beraberinde getirdi (4. K. H. Muksher, 2016).
Mocha Limani, kahvenin diinyaya tanitilmasinda énemli bir rol oynamis ve kahveye bu limanin ismi
verilmis "Moka" olarak anilmaya baglanmistir. O zamandan bu yana, Yemen kahvesi (Albun Alyemeni),
yiiksek kalitesi ve essiz Ozellikleriyle taninmis ve diinya pazarlarinda 6zel bir yer edinmistir. Yemen
kahvesi, zengin ve karmagik tadiyla 6ne ¢ikar ve nadir bulunan, likks bir kahve tiirii olarak kabul
edilmektedir. Miizayedelerde diger kahve tiirlerine kiyasla daha yiiksek fiyatlarla satilir ve kahve
uzmanlar1 ve meraklilari tarafindan biiyiik ilgi goriir.

Bu yiiksek kalite, Yemen’in daglik bolgelerinde uygulanan geleneksel tarim yontemlerine ve bu
bolgelerin kendine 6zgii iklim kosullarina dayanmaktadir. Ayrica Yemen kahvesinin gectigi deger
zinciri, tarimdan hasada, islenmeye ve dagitima kadar olan siirecler, kalitesinin korunmasinda kritik bir
rol oynamaktadir. Bu zincirin her agamasi, kahvenin tadini ve 6zelliklerini koruyarak kiiresel ol¢ekte
degerli kalmasimmi saglamaktadir. Bu makalede, Yemen kahvesinin kalitesine etki eden deger
zincirindeki bu siire¢lerin etkileri ele alinacaktir.

Anahtar Kelimeler: Kahve, Moka, Geleneksel Tarim, Deger Zinciri, Kahve Kalitesi, Mocha
Disiplin:Ziraat Bolimii

Giris

Yemen, kahve yetistiriciligi ve ihracati konusunda 6nde gelen iilkelerden biridir ve Yemen kahvesi,
kokli tarihi ve benzersiz 6zellikleri sayesinde diinya ¢apinda biiyiik bir iine sahiptir. 16. ylizyildan bu
yana bu tarimsal iiriin, Yemen ekonomisinin temel taglarindan biri haline gelmis ve 6zellikle iinlii Al-
Mukha Limani araciligiyla iilkenin uluslararasi ticaretine 6nemli katkilar saglamistir. Yemen kahvesi,
yiiksek kalitesi ve daglik bolgelerdeki 6zel yetistirme kosullarini yansitan essiz tadiyla taninmaktadir.
Kahve iiretim siirecinde yer alan deger zinciri, bu kalitenin korunmasinda kritik bir rol oynamaktadir;
zira Uretimin her asamasi—tarimdan hasada, islemeye ve dagitima kadar—kahvenin nihai 6zelliklerini
olumlu ya da olumsuz yonde etkileyebilmektedir. Kahve kalitesinin siirdiiriilebilirligi, {iretim siirecinin
her asamasinda titiz bir bakim gerektirmektedir. Yiiksek daglardaki teraslarda gergeklestirilen
geleneksel el ile tarim, 6zenle uygulanan hasat yontemleri ve dogal isleme teknikleri, kahvenin karmagik
ve belirgin aromasinin olusumuna katkida bulunmaktadir. Harez ve Rima gibi kahve yetistirme
bolgelerinin benzersiz iklimi de kahvenin karakteristik 6zellikleri iizerinde belirleyici bir faktordiir.

! Yiiksek Lisans Ogrencisi Ege Universitesi
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Ayrica, hasat sonrasi dikkatli isleme, kurutma ve depolama siirecleri, kahvenin aromasini ve niteliklerini

koruyarak kiiresel piyasalardaki konumunu giiclendirmektedir. Cesitli aragtirmalar, Yemen kahvesinin
bu entegre deger zinciri sayesinde yiiksek rekabet giiciine sahip oldugunu ortaya koymaktadir.
Ciftcilerden ihracatcilara kadar uzanan deger zinciri siireglerinin iyilestirilmesi, kahve kalitesini
artirmanin yani sira ekonomik getirileri de yiikseltebilmektedir. Bu baglamda, bu calisma, Yemen
kahvesinin kalitesi tizerindeki deger zincirinin etkisini analiz etmeyi ve bu essiz lirliniin kalitesini artiran
iiretim agsamalarina odaklanmay1 amaglamaktadir.

Yemen Kahvesi

Yemen Kahvesinin Tanimi

Yemen, kahvenin kesfi ve kahve tarimi gibi bircok degerli nimete ev sahipligi yapmistir. Bu durum,
Arap ve Islam diinyasinin Portekizli Haglilarin bdlgeye saldirilart ve limanlari abluka altina almast
sonucu ekonomik ¢oOkiis ve hayatin her alaninda biiylik zorluklarin yasandigi bir donemde
gerceklesmistir (4. K. H. Muksher, 2016). Yemen kahvesi, ayn1 zamanda "Albun Alyemeni" veya
"Moka kahvesi" olarak da bilinir; ilk kez diinyaya ihra¢ edildigi Mocha Limani'ndan adim almigtir.
Yemen kahvesi, Arap Yarimadasi'nin gliney ucunda bulunan Yemen’in zorlu ve daglik bolgelerinde
yetisen birden fazla kahve tiiriinii kapsar; bu cesitler arasinda en bilinen tiir Arabica kahvesidir. Yemen
kahvesi, zengin kiiltiirel mirasi, 6zel yetistirme alanlar1 ve yiiksek rakimli teraslarla 6ne ¢ikar ve kahve
severler diinyasinda 6zel bir yere sahiptir (/. Muhammed, 2024).

Kahve sektorii, Yemen ekonomisinde 6nemli bir alt sektor olarak kabul edilir. Giiniimiizde ihracat sinirl
olmasina ragmen, Yemen kahvesi hala kendine has gelenekleri, tarihi ve essiz lezzeti sayesinde rekabet
avantajin1 korumaktadir. Yiiksek kaliteli Yemen kahvesi, diinyadaki en yiiksek ihracat fiyatlarina sahip
olup, profesyonel tadimcilar arasinda diinya ¢apinda en iyi kahvelerden biri olarak 6ne ¢ikmaktadir.
Kahvenin kokenine dair goriisler farklilik gosterse de, kahve iiretimi ve tiiketimi ilk olarak Yemen’de
yaklagik 1450 yilinda baglamistir. Sonraki 250 y1l boyunca Yemen, kahve iiretiminde diinya genelinde
tekel konumundaydi ve bu igecege olan uluslararasi talebin artmasiyla Yemen’in bu tekeli devam etti.
Ancak, 18. ylizyilin ilk yarisinda diger iilkelerin kahve yetistirmeye baglamasiyla Yemen’in bu tekeli
sona ermistir (4. Al-Najjar, Y. Dijkxhoorn, R. Zubiry, R. Ruben, 2023).

Yemen kahve c¢ekirdekleri, diinya genelinde kahve severleri biiyiileyen 6zel bir cazibeye sahiptir.
Yemen kahvesi, bolgeden bolgeye degisen karmagsik ve benzersiz bir tada sahiptir. Bazi bolgelerde
meyvemsi tatlar 6ne gikarken, baz1 bolgelerde ise gikolata notalari belirgindir. Unlii Amerikali gazeteci
ve yazar William Harrison Ukers, ilham verici kitab1 "All About Coffee"de Yemen kahvesini, ¢ikolata
icermemesine ragmen giiclii ¢ikolata tonlarina sahip essiz bir lezzet olarak tanimlar (A4/-Yemen Al-Saeed
for Yemen Mocha Coffee, 2023).

Kahve deger zinciri i¢inde, yesil kahve c¢ekirdekleri, bir yan tirlin olarak bilinen kahve kabuklarini da
igerir. Yemenliler, tiim 6zel giinlerinde "qishr" adi verilen bir igecek yapmak igin bu kabuklar
kullanirlar. Qishr, suyla kaynatilarak hazirlanir ve zencefil, kakule, karanfil ve tar¢in gibi baharatlarla
tatlandirilir. Yemenliler, qishr’i saglik yararlar1 nedeniyle ve piyasada kahve ¢ekirdegine gore daha
uygun fiyatli oldugu i¢in tercih ederler. Aragtirmalar, gishr’in fiyatinin yesil kahve ¢ekirdeklerinin yarist
kadar oldugunu ve bazi pazarlarda kilogram basina yaklasik 3,5 ABD dolar1 oldugunu gostermektedir.
Bu durumda, kahve cekirdekleri, kabuktan sonra neredeyse ikincil bir iiriin olarak goriilmektedir (4. Al-
Najjar, Y. Dijkxhoorn, R. Zubiry, R. Ruben, 2023).
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Yemen Kahvesinin Siniflandiritmasi:

Kahve bitkisi, ticari degeri yiiksek bir tarim iirlinlidiir ve boyutlar yetistigi bolgeye ve tiiriine gore
degisen bir ¢calidir. Yemen kahvesi ¢esitlerinin cogu, 4.5 ile 6 metre arasinda bir yiikseklige ulasir. Derin
kok sistemi 3 metreye kadar inebilir. Yapraklan cift siralidir, ince yapilidir ve her zaman yesildir.
Govdesi odunsu bir yapiya sahiptir. Meyvesi kiiclik, etli bir kabukla c¢evrilidir; yesil renkten kahverengi
veya koyu kirmiziya donen bu meyvenin iginde iki adet tohum bulunur. Coffea cinsine ait olan kahve
bitkisi, 25'ten fazla tiir icerir (4/-Yemen Al-Saeed for Yemen Mocha Coffee, 2023).

Yemenli kahve ciftcileri, yetistirdikleri kahve tiirlerini tanimlamak igin gesitli adlar kullanirlar. Onceki
caligmalarda onlarca isim listelenmis olsa da, Yemen'de yetistirilen Arabica kahvesinin gogunlugunu
olusturan dort ana cesit oldugu belirtilmistir: Udaini, Dawairi, Tufaahi ve Burai. Ancak, bu isimlerin
kapsamli bir ¢alismayla ana kahve bolgelerini icerecek sekilde siniflandirilmamis olmasi bir eksiklik
olarak gbze carpmaktadir. Ornegin, yapilan bir calismada, 17 genin genetik cesitliligi incelenmis ve
belirli bir ismin, drnegin Udaini'nin, farkli genetik gruplarda da kullanilabilecegi gosterilmistir. Simdiye
kadar yapilan caligmalar arasinda, ¢iftcilerin kahveye verdigi isimlerin genetik arka planiyla iliskisini
inceleyen baska bir arastirmaya rastlanmamustir. Bu isimler genellikle kahvenin yetistigi bolgeye veya
belirli fiziksel 6zelliklerine dayanarak verilmektedir. Dolayisiyla, bu kahve cesitlerinin genetik bir
analizine ihtiya¢ duyulmadan, bu isimler sadece bolgesel adlandirmalar olarak kabul edilebilir (C.
Montagnon, V. Rossi, C. Guercio ve F. Sheibani, 2022).

Yemen kahvesi tiirlerinin adlandirilmasinda ii¢ temel unsur esas alinmaktadir:

Yetistigi bolgeye gore: Ornegin, Audain bolgesinde yetistirilen kahveye Udaini adi verilir.
Gorunugune gore: Cadi, Tufaahi, Dawairi gibi adlar fiziksel gérinumlerine gore verilmistir.

Kahve fidanini belirli bir bélgeye getiren kisilerin adina gére: Ornegin, Hacce bélgesine kahve
getiren kisi nedeniyle buradaki kahve Waadi adiyla anilmaktadir (A. Al-Juradi, 2024).

Genel olarak kahve, ticari kahve ve nitelikli kahve olmak {izere iki ana sinifa ayrilmaktadir. Nitelikli
kahve (specialty coffee) , kalite, tat ve yetistirme yontemi agisindan en yiiksek standartlar1 kargilayan.

Yemen kahvesinin Ozellikleri

Yemen kahvesi, zengin bir ge¢gmise sahip olup, diinyanin en eski ve en kaliteli kahvelerinden biri olarak
kabul edilir. Yemen kahvesi, yiiksek rakimli ve zorlu Yemen daglarinda yetistirilir. Bu bolgede yiiksek
rakim, volkanik toprak ve yerel iklim cesitliligi, kahvenin kendine 0zgli ve benzersiz tatlar
gelistirmesine katki saglar. Yemen kahvesi {iretimi, geleneksel tarim uygulamalari ile yiiksek maliyetli
ve zahmetli bir siire¢ gerektirir. Bu siirecte geleneksel ve siirdiiriilebilir yontemler kullanilarak kahvenin
ozgiinliigii ve el isciligi korunur. Ornegin, Yemen kahvesi genellikle giineste kurutma ydntemiyle
iglenir; bu da ¢ekirdeklerin derin tatlar ve karmasik aromalar gelistirmesine olanak tanir.

Bu kosullar nedeniyle, Yemen’de kahve iiretimi diger iilkelere kiyasla nispeten diisiiktiir ve bu da
Yemen kahvesini az bulunan ve degerli bir {irlin haline getirir. Yemen kahvesi, kuru meyve, ¢ikolata,
tarcin, kakule ve baharat notalar ile sarab1 andiran bir asiditeye sahip olup, benzersiz ve karmagik bir
tat deneyimi sunar. Ayrica Yemen kahvesi, topraksi, aromatik ve karmasik olarak tanimlanan kendine
6zgii bir lezzetiyle de tinliidiir. ( /. Muhammed, 2024).
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Kahvenin Deger Zincirleri

Ciftci;

Yemenli kahve ciftcisi, topragini en degerli varlig1 olarak goriir ve Yemen kahvesinin en yiiksek
kalitesini elde etmek i¢in tiim kaynaklarini seferber eder. Ciftei, iiretim siirecinin baslangicindan hasat
asamasina kadar her asamada biiyiik bir titizlikle calisir. Bu siirecte, her agama zamanlama, nitelik ve
igerik acisindan hassas bir sekilde uygulanir.

Yemenli giftciler, kahve bitkilerini teras tarimi1 yontemiyle daglik arazilerde yetistirirler. Bu yiiksek
rakim, yerel iklim, Yemen'in cografi yapisi ve cevresel kosullari, Yemen kahvesinin kendine has
ozelliklerini olusturur. Bu kahve ciftlikleri genellikle deniz seviyesinden 1200 ila 2400 metre
yiikseklikte (yaklagik 4000 ila 8000 fit) yer alir. Yemen kahvesini digerlerinden ayiran 6zelliklerden biri
de geleneksel tarim yontemlerinin titizlikle uygulanmasidir. Yemenli ¢iftciler, kahve kirazini
yetistirirken ve hasat ederken ylizyillara dayanan eski yontemleri kullanir.

Bazi aragtirmalar, diinya genelindeki ¢evresel degisimlerin, su anda kahve tiretimine uygun olan bazi
bolgeleri gelecekte elverigsiz hale getirebilecegini 6ne siirmektedir. Ancak Yemen, kahve tiretimi i¢in
onemli bir merkez olmaya devam edecektir. Yemen’in g¢evresel kosullarinin kahveye olan uyumu
artmakta, bu da zamanla kahve kalitesinin yiikselmesi anlamina gelmektedir. Yemen’in kahvenin ana
vatani olmasi, bu bitkinin degisen iklim ve cevresel sartlara genetik olarak uyum saglamasi ve yeni
mutasyonlar gelistirerek adapte olmasina olanak tanir. (M. Al-Hakimi, 2024).

Hasat mevsimi, genellikle dikimden sonra ii¢iincii yilda bagslar ve bu agama kahve iiretiminde en hassas
asamadir. Kahve hasadi, ticari kahve ve 6zel kahve olmak iizere iki farkli yontemle yapilir. Ozel kahve
iiretiminde, olgunlasmis kahve kirazlarinin secici olarak elle toplanmasi biiyiik bir 6zen gerektirir.
Ciftciler, kirmizi veya koyu bordo renkli olgun kahve kirazlarini, mekanik ya da fizyolojik zarara yol
acmayan 6zel toplama ve tagima kaplar1 kullanarak 6zenle toplarlar.

Hasattan sonra baz cift¢iler deger zincirini devam ettirerek isleme siirecini kendileri yiiriitiir. Ticari
kahve {iretimi i¢in kahve kirazlarini topladiktan sonra giinlerce siiren dogal giines kurutmasi amaciyla
kurutma yataklaria sererler veya tas ve kerpicten yapilmis evlerinin catilarina koyarlar. Her iki
yontemde de ciftciler, kahvenin giinesten esit sekilde faydalanmasi i¢in kahve ¢ekirdeklerini diizenli
olarak cevirirler. Diger baz ciftciler ise yesil kahveyi kooperatiflere veya tiiccarlara satarlar; bu siire¢
belirli sdzlesmeler ¢ergevesinde ylriitiiliir.

Ozel kahve sektériinde, giftciler yiiksek kaliteli kahve iiretmek icin gerekli uygulamalari iyi bilirler;
organik giibre kullanarak toprak hazirligindan, bitkilerin ¢esitliligini géz 6niinde bulundurarak fidan
dikimine kadar her asamay: titizlikle yiriitiirler. Cogu ¢iftci, organik giibreleri kullanir. Kahve
agaclarmin yiiksek kalite ve verim seviyelerini korumak i¢in tamamlayici sulama, kuyulardan veya diger
kaynaklardan belirli zamanlarda yapilir ve yagmur suyuna biiyiik 6l¢iide giivenilir.

Hasat asamasi, kahvenin kalitesini dogrudan etkiledigi i¢in son derece hassastir. Geleneksel kahve
ciftcileri, iscilik maliyetlerini diisiirmek i¢in kahve kirazlarini farkli olgunluk asamalarinda toplarken,
0zel kahve tiretiminde yalnizca kirmizi, olgun kahve kirazlarinin dikkatle toplanmasi daha iyi bir sonug
elde etmek i¢in dnemlidir. Bu nedenle, 6zel kahve iiretiminde se¢im siireci 6zel bir 6zen gerektirir.
Toplanan kirazlarin tagindig1 guvallar, kirmiz1 kirazlarin ezilmesini veya malzemeden kaynaklanan
olumsuz etkileri dnlemek i¢in uygun kalitede kumaglardan yapilmalidir.
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Kooperatifler;

Yemen’de kahve yetistirilen bolgelerde bulunan tiim kooperatifler, belirli s6zlesmelerle ciftcilerden
kahve toplama isini iistlenir. Bu kooperatifler baz1 durumlarda kahveyi kurutma gibi iglemlerden gegirir
ya da yalnizca ticari bir araci olarak islev gorerek, kahveyi 6zenle yesil veya kurutulmus sekilde
ciftcilerden yerel tedarikgilere, uluslararasi aracilara, arastirma enstitiilerine veya kafe ve kahve
diikkanlarina ulagtirir.

Bu kooperatifler, kahve ¢ekirdeklerinin kalitesini dogrudan veya dolayli olarak etkilemeden koruyarak,
kahvenin yiiksek kalitesini koruyacak belirli tasima ve depolama ydntemleri kullanir. Ornegin, uzman
kahve firmalari, tarimsal amaclar i¢in genellikle kullanilan ¢evre dostu kurutma aglarindan yapilmig
kurutma yataklar1 kullanir. Ayrica, uzman kahve firmalari, kahve isleme siirecini yiiriitecek ekiplerini
egitir ya da kahve yetistiren bolgedeki ¢iftcilere egitim saglar.

Bu kooperatifler nadiren, Kahve Uzmanlik Dernegi’nin (SCA) standartlaria gore kusursuz, 6zel kahve
iiretimi i¢in kahve ayirma ve derecelendirme islemlerini gergeklestirir. Buna gore, 350 gramlik kahve
numunesinde birinci sinif kusur bulunmamali ve ikinci sinif kusur sayis1 besi gegmemelidir.

Tiiccar;

Tiiccar, kahvenin fiyatlandirilmasi ve satiginda araci roliinii iistlenir. Kahveyi yerel pazarda dogrudan
miisterilere perakende olarak satabilir, kahve satigi yapan 6zel magazalara veya genel magazalara
tedarik edebilir. Ayrica, uluslararasi kahve satisina iliskin yasa ve yonetmelikler dogrultusunda yurt
disina ihrag edebilir. Ayrica, tiiketici taleplerine ve arz-talep zincirine bagl olarak kooperatiflerin
yaptig1 sekilde kahveyi isleyebilir. Tiiccar, kahveyi tasirken kalitesinin korunmasi ve dis etkenlerden
korunmasi i¢in uygun tagima yontemlerini dikkatle seger.

Kavurma Tesisi;

Kavurma tesisinin islevi yalnizca kahve kavurmaktir. Bu tesiste, kahve ¢ekirdekleri kimyasal ve fiziksel
ozellikleri degistirilerek tiiketim i¢in hazir kavrulmus kahveye donistiiriiliir. Kavurma iglemi, kahvenin
belirgin aromasini iireten siiregtir ve bu siirecte yesil kahve ¢ekirdeklerinin renk, tat, koku ve yogunluk
gibi ozellikleri degistirilir. Dolayisiyla, bu asama, nihai iiriin kalitesini dogrudan etkileyen kritik bir
asamadir ve lezzetlerin belirlenmesi ile tiiketici begenisi bu siirece baglidir. Bu nedenle, kavurma islemi
yalnizca bu alanda uzman kisiler tarafindan gerceklestirilmelidir.

Kahve Diikkanlar: "coffee shop";

Kahve diikkanlari, kahvenin sicak ve soguk icecekler seklinde gesitli sunumlariyla dikkat ¢eken bu
zincirin en 6nemli unsurlarindan biri olarak kabul edilebilir. Bu mekanlar, kahvenin en yiiksek kalite
standartlarina uygun olarak hazirlanmasi, kahve aromalarinin ¢ikarilmasi ve bu aromalarin farkli sunum
yontemleriyle miisterilere sunulmasi konusunda 6zel bir uzmanliga sahiptir.

Tiiketici;

Kahve zincirinin son halkasidir ve kahve, dogrudan kahve iireten sirketlerden alindiginda, cesitli
hazirlama sekilleriyle kafelerde tiiketildiginde veya siipermarketlerden satin alindiginda tiiketiciye
ulagir.
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Sonug;

Bu calisma, Yemen kahvesinin nadir bir 6zellige ve tarihsel 6neme sahip oldugunu, bu durumun
Yemen'in kiiltiirel mirasinin bir parcasi olmasina katki sagladigini ve ayn1 zamanda diinyadaki diger
kahve tiirlerinden ayrildigin1 gdstermektedir. Kahve yetistiriciligi Yemen’de yaklasik on besinci
ylizyilin ortalarinda baslamis ve Mocha Limani'nin benzersizligi ve stratejik rolii sayesinde diinya
ticaretinde merkezi bir nokta olarak devam etmistir. Yemen kahvesi, yiiksek rakimli daglik bolgelerde,
0zel bir iklime sahip alanlarda yetismesi ve geleneksel tarim yontemlerinin siirdiiriilebilirligi ve {irlin
kalitesini koruyarak devam ettirilmesi nedeniyle essiz 6zellikler tasimaktadir.

Calisma, Yemen'in kahve ticaretinde yaklagik 250 yil boyunca tekel konumunda oldugunu ortaya
koymaktadir; ancak bu durum, on sekizinci yiizyilda diger iilkelerde, 6zellikle Giiney Amerika ve Giiney
Asya'da kahve yetistiriciliginin yayilmasiyla sona ermistir. Bu iiretim degisikligine ragmen, Yemen
kahvesi, kahve tutkunlar1 ve tadim uzmanlari tarafindan diinya ¢apindaki miizayedelerde ragbet géren
liiks tiirlerden biri olarak konumunu korumustur. Yemen'deki kahve ¢ekirdekleri, essiz toprak ve iklimin
sagladigi zengin ve karmasik bir tat profiline sahiptir.

Caligmada ayrica, yetistirmeden dagitima kadar olan deger zincirinin Yemen kahvesinin yiiksek
kalitesini korumadaki rolii incelenmistir. Bu zincir, Yemen kahvesinin dogal 6zelliklerini 6ne ¢ikaran
hasat ve geleneksel isleme siireclerini igermektedir. Bu zincirdeki her bir adim, kahvenin kalitesini ve
0zgiin 6zelliklerini koruyan temel bir unsur olarak, uluslararasi pazarda talebin artmasina ve Yemen
kahvesinin arzu edilen bir {irlin haline gelmesine katki saglamaktadir.

Bu ¢alisma, kahvenin Yemen i¢in yalnizca ekonomik bir {iriin olmadigini, ayni zamanda kiiltiirel mirasin
ve sosyal geleneklerin bir pargasi oldugunu gostermektedir. Yemen, kahve kabuklarindan elde edilen
'kiislir' igecegiyle one ¢ikmaktadir. Bu igecek, Yemen kiiltliriinde 6zel bir yere sahip olup, ¢esitli saglik
yararlarina sahip giinliikk bir icecek olarak kabul edilmektedir. Ayrica, tam kahveye kiyasla uygun
fiyatlarla sunulmasi, onu Yemen toplumunda siirdiiriilebilir ve ekonomik bir kahve kullanim sembolii
haline getirmektedir.

Yemen kahvesinin tarihsel gelisimi ve tiretim ile isleme konusundaki gelenekleri, siirdiiriilebilirlik ve
kaliteye verilen onemi yansitmaktadir; bu da onu kiiresel kahve endiistrisinde 6nemli bir 6rnek olarak
konumlandirmaktadir. Bir¢ok aragtirma, Yemen kahvesinin hala profesyonel tadimcilar arasinda yiiksek
bir takdirle karsilandigini ve diinya ¢apinda tat ve kalite agisindan en iyi kahveler arasinda yer aldigini
belirtmektedir. Bu durum, {retiminin smirli olmasina ragmen uluslararasi alandaki konumunu
giiclendirmektedir.

Tesekkiir;

Yemen kahvesinin kalitesi tlizerindeki deger zincirlerinin etkisine dair yapilan calismalar oldukga
sinirhidir. Yaptigim ¢evrimigi arastirmalarda, bu konuya deginen bilimsel makalelere veya caligsmalara
ulasamadim. Bu nedenle, Yemen kahvesi alaninda uzman kisilerle iletisime ge¢me geregi duydum.
Yemen kahvesi ticaretiyle ugragan 'Mocha Story' adli sirketin sahibi olan Yemenli is insan1 Abdulatif
Al-Juradi ile iletisime gectim; kendisi kahve tarimi ve iiretimi alaninda da faaliyet gostermektedir.
Kendisi tarafindan saglanan bilgiler, bu makalenin temelini olusturmustur. Onun katkilar1 olmasaydi,
bu makalenin hazirlanmasinin miimkiin olmayacagimi vurgulayarak kendisine en igten tesekkiirlerimi

sunarim
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Rizobakterilerin Domates Yetistiriciliginde Tuzluluk Stresine Etkilerinin

Arastirilmasi
Fodié Diagana', Hatice Ozaktan®

Ozet

Tuzluluk stresi, bitki biiylimesini ve tarimsal iiretimi olumsuz yonde etkileyen onemli ve giderek
biiyliyen bir sorundur. Dolayistyla bu sorunun ¢éziimii tarimda 6énemli bir konu haline gelmistir. Bu
caligmanin amaci; domates bitkisinde tuz stresini tolere etmede yararli bakterilerin kullanilma
olasiliklarinin arastirilmasidir. Bunun i¢in 6 domates ¢esidi kullanilmig ve sonugta yalnizca en tolerant
ve en hassas cesitler calisma i¢in secilmigtir. Laboratuvar stoklarindan secilen 19 bakteri izolati
arasindan, in vitro kosullarda tuz stresine karsi en basarili olan 7’si arasindan 3’1 segilerek in vivo
kosullarda tuz stresine karsi etkileri testlenmistir. /n vivo saks1 denemeleri iki kez yenilenmistir. /n vivo
tuz stresi denemesinde, secilen bakteri izolatlar1 tuzluluga tolerant ve hassas olarak belirlenen domates
cesitlerine tohum bakterizasyonu ve kok icirme uygulamasi bi¢iminde verilmistir. Bakteri
uygulamalarinin gévde ve kok yas ve kuru agirligini islem gérmemis kontrol bitkilerine oranla artirdig1
saptanmistir. Molekiiler tanilama ve sekans analizi sonucunda bu bakterilerin Pantoea ananatis,
Acinetobacter calcoaceticus ve Pantoea vagans oldugu degerlendirilmistir. Tuzlu ortamlarda bitki
gelisimini artirma potansiyelleri ile taninan bu halofitik bakterilerin tuzluluk stresini tolere etme, bitki
gelisimi ve verimi artirma konusunda umut verici oldugu degerlendirilmistir.

Anahtar sozciikler: tuzluluk stresi, rizobakteriler, domates, bitki gelisimi, Tuz konsantrasyonu
Disiplin: Ege Universitesi Ziraat Fakiiltesi / Bitki koruma Béliimii / Fitopatoloji ana bilim dalx.

Giris

Domates (Solanum lycopersicum), Solanaceae familyasina ait ¢ok yillik bir sebzedir. Domates ¢ok
yonlii, popiiler ve diinyadaki en 6nemli sebze iiriinlerinden biridir. Ozel besin degeri ve diinya ¢capinda
yaygin iiretimi nedeniyle onemli bir gida olarak bilinmektedir.

Domates, diinyanin bir¢ok iilkesinde agikta ve ortii altinda yetistirilmesi sayesinde nispeten soguk
bolgeler de dahil olmak iizere gesitli iklimlerde kiiltiire alinabilmektedir.

Uretim hacmine gore, karpuz ve lahananin 6niinde, ancak patates ve tatli patateslerin arkasinda
diinyadaki ilk sebzelerden biridir (FAO, 2009). FAO verilerine gore 2020 yilinda diinyada 5.051.983
hektar alanda 186.821 milyon ton domates {iretilerek ortalama 37,1 ton/hektar (mT/ha) verim elde
edilmistir. Cin, 1.111.480 hektar alanda 64.865.807 mt domates veya hektar bagina 58,4 mt domates
iiretimiyle diinyanin 6nde gelen tireticisidir. Tiirkiye ise 181.879 hektar alanda 13.204.015 ton, yani
hektar basma 72,6 ton domates iiretimiyle Hindistan'in (20.573.000 mT/812.000 ha) ardindan ii¢iincii
sirada yer almaktadir. Moritanya'da sebze (domates dahil) yetistirilen alan yaklasik 3.000 hektar olup,
yullik tiretim 45.000 tondur. Ortalama verim 15 ton/ha'dir.

! Yiiksek Lisans Ogrencisi (MA Student) Ege Universitesi
2 Prof. Dr.
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Pek ¢ok iiriin gibi domates yetistiriciligi de gogu zaman gelismesini ve liretilmesini engelleyen streslerle
kars1 karsiyadir. Bu stresler biyotik (Bakteri, viriis, fungus, nematod vb.) veya abiyotik (kuraklik, tuz
stresi, su stresi, sicaklik degisimi, mineral eksiklikleri vb.) olabilir. 21. yiizyilda, kiiresel 1sinma, kiiresel
su kaynaklarmin kithigi, ¢evre kirliligi ve tarimsal topraklarin ve suyun artan tuzlanmasi gibi diinya
niifusunu etkileyen bir¢ok sorunla karsilagilmaktadir. Cesitli cevresel sorunlar; kuvvetli riizgarlar, asirt
sicakliklar, toprak tuzlulugu, kuraklik ve sel gibi, tarim arazilerinin iiretimini ve iglenmesini etkilemistir;
bunlarin arasinda toprak tuzlulugu, en yikici g¢evresel streslerden biridir ve ekili arazi alaninda,
iiretkenlikte ve mahsul kalitesinde 6nemli azalmalara neden olmustur (Yamaguchi and Blumwald, 2005;
Shahbaz and Achraf, 2013). Birlesmis Milletler Gida ve Tarim Orgiitii, diinyadaki sulanan arazilerin
%20'sinin tuzluluk sorunlarindan etkilendigini tahmin etmektedir. Diinya capinda her yil 10 milyon
hektar tarim alan1 topragin tuzlanmasi nedeniyle yok olmaktadir.

Topraklar iki sekilde tuzlanabilir: dogal veya antropojenik nedenlerle. Dogal nedenler arasinda
¢oOziinebilir tuzlar iceren kayalarin asinmasi, volkanik aktivite, deniz tuzlarinin riizgar yoluyla
atmosferde birikmesi vb. sayilabilir. Antropojenik nedenler ise, ¢ogunlukla uygunsuz sulama
yontemleriyle baglantilidir ve genellikle kotii drenaj kosullariyla iliskilidir. Az yagis, yliksek
buharlagsma ve tarimsal uygulamalar gibi diger faktorler de toprak tuzlulugunun artmasina katkida
bulunur. Iklim degisikligi, yeralt: suyunun asir1 kullanimi, diisiik kaliteli sulama suyunun kullaniminin
artmasi, yari-kurak ila kurak iklim bolgelerinde yogun sulama ve toprak siiziilmesinin eksikligi bu
topragin tuzlanma olgusunu yogunlastirabilir. Bu nedenle, 2050 yilina kadar ekilebilir arazilerin
%50'sinden fazlasinin tuzlanacagi tahmin edilmektedir (jamil et al., 2011).

Son yillarda, patojenik olmayan kok bakterileri (KB) ya da bitki gelisimini artiran kok bakterileri
(PGPR)’nin bitki hastaliklartyla biyolojik savas, bitki gelisimini artirma ve kuraklik / tuzluluk stresine
toleransi artirma konularinda ¢aligmalarin oldugu dikkati ¢ekmektedir. Bu ¢aligmanin amaci; domateste
tuzluluk stresine karsi kok bakterilerinin (KB) kullanilma olasiligimin aragtirilmasidir. Bu nedenle,
KB’nin tuzluluk stresine kars1 domates bitkisinde etkisini aydinlatmak {izere bitki gelisimi (yaprak
sayis1, kok ve govde, kok ve yesil aksam yas ve kuru agirliklar) aragtirlmistir. Bdylece, ¢oziimii giig
olan bir abiyotik stres faktoriiyle basa ¢ikma ve bitki gelisimini artirma konusunda ortak bir yaklagim
gelistirilme olasilig1 hedeflenmistir.

Materyal Ve Yontem

Calismada kullanilan bakteri izolatlar

Bitki Koruma Boliimii bakteriyoloji laboratuvari stoklarinda bulunan genis KB koleksiyonundan
(epifitik ve endofitik karakterler), daha 6nceki projelerde bitki biliylimesini basariyla artiranlar arasindan
ACC deaminaz (aminosiklopropan karboksilaz deaminaz), IAA (indol 3 asetik), fosfor parcalama
aktivitesi, siderofor iiretimi vb bitki gelisim parametreleri gibi bazi in vitro test sonuglar1 ve tiir
farkliliklar1 dikkate alinarak 19 bakteri izolat1 se¢ilmistir.

Calismada kullanilan Bitkisel materyal

Bu calismada test bitkisi olarak, ¢alisma dncesinde piyasada yaygin olarak {iretimi yapilan domates
cesitleri arasindan yapilan 6n deneme sonucunda, tuzluluga tolerant ve hassas domates tohumlari
sec¢ilmigtir.

Calismada kullanilan bakteri izolatlarinin tuza toleransimin in vitro kosullarda belirlenmesi
Calismada tuza tolerans diizeyleri acisindan testlemeye alinan 19 bakteri izolatinin 48 saatlik
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kiiltiirinden, farkl konsantrasyonda sodyum kloriir (NaCl) i¢eren (0 mM, 200 mM, 400 mM, 600 mM,
850 mM, 1000 mM, 1500 mM ve 2000 mM) Kkiiltiir ortamlarina (Nutrient Agar, NA) cizgi ekim
yapilmistir. Petriler 24°C 'de 3-4 giin siireyle inkubasyona birakilmis ve koloni olusumu izlenmistir
(Fischer ~ vd., 2007, Ramadoss vd., 2013). Yiksek tuz ortaminda  gelisen
bakteri izolatlart %10 NaCl, %30 gliserol igeren NB ortaminda -80°C'de bir
sonraki kullanima kadar saklanmustir. 19 bakteri izolat1 arasindan tuza en tolerant olanlar arasindan
secim yapilmigtir.

Domates c¢esitlerinin farkl tuz konsantrasyonlarina dayanimi ve vigorite indeksine (V1) etkisi:
Denemeye alinan 6 farkli domates ¢esidi tohumlari farkli tuz konsantrasyonlari (0 mM, 10 mM, 20 mM,
30 mM, 40 mM, 50 mM, 100 mM, 200 mM, 1000 mM ve 1500 mM) uygulanarak nemlendirilmis
kurutma kagitlarinda ISTA kurallarina uygun olarak ¢imlenme (%) agisindan testlenmistir. Daha sonra,
0 mM ve 40 mM konsantrasyonlar1 kulanilarak, vigorite indeksi (VI) berlirtlenmis. Yiizey
dezenfeksiyonu yapilan (%0.2°lik Na-hipoklorit ile dezenfekte edilmis) tohumlar, farkli tuz
konsantrasyonlar1 iceren ¢ozeltilerde 30’ siireyle bekletilmis, daha sonra ayn1 tuz konsantrasyonlariyla
nemlendirilmis ¢ift kath kurutma kagitlar1 arasinda ¢imlendirmeye birakilmistir (Sekil 1). Steril saf su
ile nemlendirilen kurutma kagitlarma birakilan tohumlar negatif kontrol olarak degerlendirilmistir.
Deneme her cesit icin 10 tekerriirlii ve her tekerriirde 10 tohum olacak sekilde planlanmistir. Yedi giin
siireyle, yiiksek oransal nem altinda (%95) 24°C’de ¢imlenmeye birakilan tohumlardaki ¢imlenme orani
saptanmistir. Bu sonuglar dogrultusunda, ¢imlenmenin gerceklestigi doz, tuza hassas ve toleransli 2
domates ¢esitleri se¢ilmis ve asagidaki formiil kulanilarak vigorite indeksi belirlenmistir :

VI : ¢imlenme orani (%) X (radicil uzunlugu + hipokotil uzunlugu)

Tuza tolerans gosteren bakteri izolatlarinin tuza hassas domates ¢esidinde Vigorite indeksine (VI) etkisi
On denemeler sonucunda, tuzluluga en hassas bulunan domates cesidi, in vitro testlerde tuzlu ortamda
gelisim agisindan en tolerant bulunan 7 bakteri izolatinin 48 saatlik kiiltiirlinden %0.1°lik Carboxy
Methyl Cellulose (CMC) ile siispanse edilerek hazirlanan inokulumlar, énceden yiizeyi %0.2°lik Na-
hipoklorit ile dezenfekte edilmis domates tohumlari (5g tohum / Sml siispansyon) ile 30 dakika boyunca
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121 rpm’de ¢alkalanarak kaplanmig ve kurutma kagitlar1 arasinda 24°C’de 1 saat kurumaya birakilmigtir
(Sekil 2, Sekil 3) (Sarma ve Saikia, 2014). Daha sonra, bakteri ile kaplanan tohumlar ¢ift kath steril
kurutma kagidi iceren petri kaplarina (9cm@) yerlestirilmistir. Petri kaplar1 40 mM NaCl igeren steril
su ile nemlendirilmis ve petriler 24°C’de 7 giin siireyle ¢cimlenmeye birakilmistir. Deneme her bakteri
icin 3 tekerriirlii ve her tekerriirde 10 tohum olacak sekilde gergeklestirilmistir (Sekil 3). Herhangi bir
bakteri ve tuzlu su uygulamasi gérmeyen domates tohumlar1 negatif kontrol, sadece 40mM tuzlu su
uygulamasi yapilanlar ise pozitif kontrol oarak degerlendirilmistir. Deneme sonunda ¢imlenme orant
(%) saptanmis, hassas c¢esitte en yiiksek ¢imlenme oranini (%) gosteren bakteriler arasindan in vivo
testler i¢in se¢im yapilmistir ve vigorite indeksi belirlenmistir.

Sekil 3. Tohum bakterizasyonu sonrast 121 rpm’de kaplama islemi, tohumlarin kurutulmasi, petrilere
yerlestirilmesi ve nemlendirme asamasi

Tuza tolerans gosteren bakteri izolatlarinin tuza hassas ve tolreant domates cesitlerinde tuzluluga
etkisinin in vivo testlerle belirlenmesi

On denemeler sonucunda tuzluluga karsi en hassas ve tolerant bulunan 2 domates cesidi tohumlari, tuza
tolerans diizeyleri en yiliksek olan 3 farkli bakteri izolatt ile in vivo denemeler
gerceklestirilmistir. NA’da 24 — 48 saat siireyle gelistirilen bakteriyel inokulumlar %0.1’lik Carboxy
Methyl Cellulose (CMC) ile siispanse edilmis, dnceden yiizeyi %0.2’lik Na-hipoklorit ile dezenfekte
edilmis domates tohumlar1 (5g tohum / Sml siispansyon) bu bakteri siispansiyonu ile 30 dakika boyunca
121 rpm’de ¢alkalanarak kaplanmis ve kurutma kagitlar1 arasinda 24°C’de 1 saat kurumaya birakilmistir
(Sarma ve Saikia, 2014). Tohum bakterizasyonu yapilan domates tohumlar1 daha sonra steril torf iceren
viyollere ekilmistir (Sekil 4). Deneme 5 tekerriirlii ve her tekerriirde 1 bitki olacak sekilde olarak tesadif
parselleri deneme desenine gore bitki biiylime odasinda (24C sicaklik, 16h aydmlik, 8 saat karanlk
periyotta) kurulmustur. 2 yaprakli agamaya gelen domates fideleri 10 cm O saksilara sasiritilmistir (Sekil
5). Saksilarda yetistirme ortami olarak steril torf kullanilmis ve saksi topragina 40 mM NaCl (11.6 g
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NaCl/100 g torf) eklenerek homojen bigimde karistirilmistir (Sekil 5). Sasirtma sonrasi secilen

kokbakterisi izolatlar1 ile can suyu verilmistir (10 cfu/ml, 50 ml /saksi, Sekil 6). Negatif Kontrol
uygulamasinda yararli bakteri ve NaCl olmaksizin, sadece %0.1 CMC ile kaplanan tohumlar yer almas,
pozitif kontrol uygulamasinda ise yararli bakteri olmaksizin 40 mM NaCl igeren saksilarda yetistiricilik
yapilmstir. Bitkiler 6 — 8 hafta siireyle periyodik gbzlenmis, in vivo testler sonunda bitki boyu, bilesik
yaprak sayisi, ¢igeklenme vb fizyolojik parametrelerin yani sira, her tekerriirdeki toplam bitki biyomasi
yas ve kuru agirlik olarak degerlendirilmistir (Sekil 7). Pozitif ve negatif kontrol bitkilerinin yas ve kuru
agirliklar arasindaki fark (% etki) ABBOTT formiilii ile degerlendirilmistir. /n vivo denemeler 2 kez
yinelenmistir.

Sekil 5. In vivo testler icin torfa tuz karistirilarak sakszlarm doldurulmasz fidelerin viyollerden sakszlara
saswrtma agamasi

Sekil 6. Fidelerin sasirtma sonrasi bakteri siispansiyonu ile icirme uygulamasi yapilmasi
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Sekil 7. In vivo denemelerin fotograflanmasi

Tuza tolerans gésteren bakteri izolatlarimin molekiiler tanisinin yapilmasi

In vitro ve in vivo denemelere (PGPR aktivite ve tuz stresi) gore secilen 3 adet bakteri izolatinin
molekiiler tanisinda 16s rRNA hedef bolgesine gore dizayn edilmis, 27F/1492R (Forward: AGA GTT
TGA TCM TGG CTC AG, Reverse: GGT TAC CTT GTT ACG ACT T) universal primer ciftleri
kullanilmistir (Hodkinson ve Lutzoni 2009). Hazirlanan master mix PCR tiiplerine 20 ul olarak
boliinerek Termal Cycler’de (950C’de 5°, [94 oC’de 1°, 550C 30s, 720C 1’ toplam 35 dongii], 720C’de
1’, 150C’de «) ¢ogaltilmistir. Elde edilen PCR iiriinleri TAE buffer (Fermentase, 0.5M) ile hazirlanan
%1.5’luk Agaroz jelde 80 Voltta 1 saat elektroforezde kosularak sonuglar UV transilluminator
goriintilleme cihazinda 1460 bp’de bantlarin varligiyla degerlendirilmistir. Elde edilen PCR iiriinleri
sekans analizine gonderilmis ve sekans sonuglart NCBI veri tabandaki bilgiler ile karsilagtirilarak
bakteri izolatlar1 tanilanmustir.

Verilerin analizi

Denemelerden elde edilen verilerin degerlendirilmesi i¢in tek yonlii varyans analizi (One Way ANOVA)
ve karakterler arasi ortalamalarin istatistiksel olarak karsilastirilmasi i¢in %95 giiven ile coklu aralik
testi DUNCAN kullanilmastir.

Bulgular Ve Tartisma

Calismada kullanilan bakteri izolatlarinin tuza toleransinin in vitro kosullarda belirlenmesinden
sonra elde edilen sonuclar

Calismada toplam 19 adet bakteri izolat1 0-1500 mM arasinda degisen farkli tuz konsantrasyonunda tuza
toleranslar1 agisindan NA besiyerinde kiiltiire alinmis ve 72 saat siireyle 24°C’de inkubasyon sonrasinda
gelisen koloniler degerlendirilmistir. Teste alman 19 bakteri izolatinin 13’4 1000 mM tuz
konsantrasyonunda iyi bir gelisme gostermis (Sekil 4.2); bu izolatlarin arasinda 67, 121, 160, 213, 224,
300 ve 302 nolu bakteri izolatlar1 ise 1500 mM gibi yiiksek tuz konsantrasyonu igeren besiyerinde iyi
bir gelisme gostermistir (Sekil 8).
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Sekil 8. Testlenen bakteri izolatlarinin 1500 mM tuz konsantrasyonu iceren NA besiyerinde geligimi

Farkll tuz konsantrasyonlarinin Domates ¢egitlerinin ¢imlenme oranina (%) ve vigorite indeksine
(V1) etkisi sonuclari
Denemeye alinan 6 farkli domates ¢esidi tohumlari farkl tuz konsantrasyonlarinda ¢gimlenme orant (%)
ve vigorite indeksi (VI) sonuglari, sirasiyla, Tablo 1, ve 2’de goriilmektedir.

Tablo 1. Farkli tuz konsantrasyonlarinin domates ¢esitlerinde ¢imlenme oranina etkisi (%)

Domates cesidi | Farkh tuz konsantrasyonlarinda ortalama ¢cimlenme orani (%)*
0mM 10mM 20mM 30mM 40mM

Syngenta 33 82,5 100 100 100 80

Sakata 13 95 100 100 100 100

Sakata 24 97,5 100 100 100 100

Sakata 36 80 80 60 80 40

Sakata 10 100 100 100 80 80

SC 2121 80 80 60 100 60

*Degerler her birinde 10 tohum bulunan 4 tekerriiriin ortalamasidir. Her deneme 2 kez tekrarlanmistir
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Tablo 2. 40mM tuz konsantrasyonunda domates ¢esitlerinin vigorite indeksi (VI)

Domates ¢esidi | Farkh tuz konsantrasyonlarinda vigorite indeksi (VI)*
0mM 40mM

Syngenta 33 5143,33 be** 9346,66 a

Sakata 13 4224,66 be 622333 b

Sakata 24 3464,66 be 5564,33 be

Sakata 36 3256,33 bed 2333d

Sakata 10 5688,6 bc 5456,66 bc

SC 2121 2473,33 c¢d 2838 bed

*Degerler her birinde 10 tohum bulunan 4 tekerriiriin ortalamasidir. Her deneme 2 kez tekrarlanmistir
** Duncan test sonucuna gore ayni harfi tasiyan degerler P=0.05 olasilikla birbirinden farksizdir.

Farkli tuz konsantrasyonlarinda domates c¢esitlerinin ¢imlenme orami (%) ve VI degerlerine
bakildiginda ; en tolerant cesitlerin Syngenta33, Sakatal3, Sakata 24 ve Sakata 10 oldugu, en hassas
cesitlerin ise Sakata36 ve SC2121 oldugu gozlenmektedir (Tablo 1 ve 2). Elde edilen bu sonuglar
dogrultusunda ; daha sonraki denemeler i¢in tuz stresine en tolerant ¢esit olarak Syngenta33 ve en hassas
olarak SC2121 domates ¢esidi se¢ilmistir.

Tuza tolerans gosteren bakteri izolatlarinin tuza hassas domates ¢esidinde Vigorite indeksine (VI)
etkisinden elde edilen sonuclar

Tuza en hassas ¢esit olarak belirlenen cv.SC2121 domates ¢esidi ve tuza tolerant oldugu saptanan 67,
121, 160, 213, 224, 300 ve 302 nolu bakteri izolatlar1 ile domates ¢esidi tohumlar1 uygulama gormiis ve
bu bakterilerin 40mM tuz konsantrasyonunda ¢imlenme orani (%) ve VI'e etkisi testlenmistir. Elde
edilen sonuglar Tablo 3’te goriilmektedir. Tablo 3’daki verilerden ¢imlenme oranmi1 ve VI agisindan,
uygulama gormemis pozitif kontrole oranla, tuz stresinden en az etkilenmenin 302 nolu bakteri
izolatinda oldugu (sekil 9), bunu sirasiyla 67 (Sekil 10) ve 121’in izledigi anlagilmaktadir. Ayrica ; tuz
stresi yoklugunda testlenen 7 bakteri izolati uygulama gdérmemis negatif kontrole oranla vigorite
indeksini artirmay1 basarmistir (Tablo 3). Boylece; tuza toleransi en yiiksek bakteri izolatlar1 arasindan
67, 121 ve 302 nolu izolatlar vivo testler i¢in secilmistir.

Tablo 3. Tuza tolerant bakteri izolatlarimin tuza hassas domates ¢esidinde ¢imlenme orani ve (%) ve vigorite

indeksine (VI) etkisi

Farkh tuz konsantrasyonunda ortalama | Farkh tuz konsantrasyonunda ortalama
izolat cimlenme orani (%)* vigorite indeksi (VI)*
no 0mM 40mM 0mM 40mM
K- 66,6 ab** 50 b** 2238,30 abc** 1078,3 be**
67 70 ab 70 ab 3585,00 abc 2355 abc
121 73,3 ab 63,3 ab 3635,6 abc 2228,3 abc
160 833a 63,3 ab 4883,00 a 2148,3 abc
213 73,3 ab 53,3 ab 3314,00 abc 1445,6 be
224 73,3 ab 60 ab 3040,00 abc 785,6
300 73,3 ab 53,3 ab 3025,00 abc 764,6 ¢
302 80 ab 83,3a 3708,30 abc 3801,6 ab

*Degerler her birinde 10 tohum bulunan 4 tekerriiriin ortalamasidir. Her deneme 2 kez tekrarlanmistir
** Duncan test sonucuna gore ayni harfi tasiyan degerler P=0.05 olasilikla birbirinden farksizdir.
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Sekil 9. 302 nolu bakteri izolatinin tuz stresi yoklugunda ve varliginda SC2121 domates ¢esidinde ¢gimlenmeye
etkisi (soldan saga : Negatif kontrol, tuz stresi yoklugunda 302 nolu izolat, 40mM tuz stresi (Pozitif Kontrol),
40mM tuz stresi+302 nolu izolat)
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Sekil 10. 67 nolu bakteri izolatinin tuz stresi yoklugunda ve varliginda SC2121 domates ¢esidinde ¢gimlenmeye
etkisi (soldan saga : Negatif kontrol, tuz stresi yoklugunda 67 nolu izolat, 40mM tuz stresi (Pozitif Kontrol),

40mM tuz stresi+67 nolu izolat)

In vivo tuza tolerans testlerinden elde edilen sonuglar
Tuzluluga en hassas ve en tolerant 2 domates ¢esidi ve tuza toleranst en yiiksek bakteri izolatlari

arasindan segilen 67,

121 ve 302 nolu izolatlar ile in vivo testler bitki biiyiime odasinda

gergeklestirilmistir. Tohum bakterizasyonu seklinde uygulama goren domates tohumlari viyollerde 2

yaprakli asamaya gelince, tuz stresi etkisini gézlemek amaciyla saksilara sasirtilmistir. Bitkiler iki ay

boyunca tuz stresi altinda gelisim agisindan izlenmistir. Denemeler iki kez tekrarlanmis ve elde edilen
govde, kok yas ve kuru agirlik degerleri, sirasiyla, Tablo 4, 5, 6 ve 7°da bellirtilmistir.

Tablo 4. Bakteri uygulamalarimin tuz stresi altindaki domates ¢esitlerinde govde yas agirligina etkisi

Domates izolat | Birinci deneme ikinci deneme iki denemenin
cesidi no govde yas agirhk (g) | govde yas agirhk (g) | ortalamasi*®
sonug¢lar® sonug¢lar®
OmM 40mM OmM 40mM OmM 40mM
NaCl NaCl NaCl
Syngenta 33 | K- 26,244 24,092 14,748 d 30,608 abc | 20.496 27,350
abed** abced
67 27,342 abed | 23,000 bed | 25,538 be 32,815 ab 26,440 27,908
121 28,444 abc 26,952 27,044 abc | 33,784 a 27,744 30,368
abced
302 21,404 cd 26,712 26,114 be 31,360 abc | 23,759 29,036
abced
SC 2121 K- 25,248 abed | 20,306 d 28,046 abc | 30,282 abc | 26,665 25,294
67 29,146 ab 30,400 ab | 25,026 ¢ 32,364 ab 27,086 31,382
121 27,034 abed | 30,442 a 28,328 abc | 32,120 abc | 27,681 31,281
302 26,724 abed | 27,626 28,082 abc | 28,382 abc | 27,403 28,004
abed

*Degerler her birinde 1 bitki bulunan 5 tekerriir ortalamsidir
** Duncan test sonucuna gore ayni harfi tastyan degerler P=0.05 olasilikla birbirinden farksizdir.

Govde yas agirlik degerlerinin iki deneme ortalamasina bakildiginda ; uygulama gérmemis negatif
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kontrol bitkileriyle karsilastirildiginda tiim bakteri uygulamalari, her iki domates ¢esidinde de tuz stresi
varliginda ve yoklugunda gévde yas agirligini artirmstir (Tablo 4).

Tablo 5. Bakteri uygulamalarimin tuz stresi altindaki domates ¢esitlerinde kok yas agirligina etkisi

Domates izolat | Birinci deneme ikinci deneme iki denemenin
cesidi no kok yas agirhk (g) | kok yas agrhk (g) | ortalamasi*®
sonuglar® sonuglar®
OmM 40mM OmM 40mM OmM 40mM
NaCl NaCl NaCl
Syngenta 33 | K- 1,160ab** | 1,536 ab** | 1,526 2,800 ab** | 1,343 2,168
de**
67 1,532 ab 0,904 b 1,290 e 1,976 bcde | 1,411 1,440
121 1,252 ab 1,978 a 1,680 de 2,640 abc 1,466 2,309
302 1,374 ab 2,062 a 3,112 a 3,036 a 2,243 2,549
SC 2121 K- 1,276 ab 0,862 b 1,832 cde | 2,210 1,554 1,536
abcde
67 1,246 ab 1,792 ab 1,936 1,932 bcde | 1,591 1,862
bcde
121 1,358 ab 1,492 ab 1,644 de 1,642 de 1,501 1,567
302 1,462 ab 0,876 b 2,774 ab 2,314 abcd | 2,118 1,595

*Degerler her birinde 1 bitki bulunan 5 tekerriir ortalamsidir

** Duncan test sonucuna gore ayni harfi tasiyan degerler P=0.05 olasilikla birbirinden farksizdir.

Kok yas agirlik degerlerinin iki deneme ortalamasina bakildiginda ; uygulama gérmemis negatif kontrol
bitkileriyle karsilastirildiginda tiim bakteri uygulamalari, her iki domates ¢esidinde tuz stresi varliginda
kok yas agirligint artirmistir (Tablo 5). Tuzluluk stresi altinda, bakteri uygulamalar1 SC2121 domates
¢esidine oranla, Syngenta 33 ¢esidinde negatif konrolden daha iyi kok biyomasi olusturmus, en basarili
bakteri uygulamasinin 302 nolu uygulama oldugu saptanmaistir.

Tablo 6. Bakteri uygulamalarinin tuz stresi altindaki domates ¢esitlerinde govde kuru agirligina etkisi

Domates izolat | Birinci deneme ikinci deneme iki denemenin
cesidi no govde kuru agirhk (g) | govde kuru agirhk (g) | ortalamasi*®
sonug¢lar® sonug¢lar®
OmM 40mM OmM 40mM OmM 40mM
NaCl NaCl NaCl
Syngenta 33 | K- 2,922 2,968 1,846 d** | 3,036 ab** 2,384 3,002
abed** abed**
67 3,402 abc 2,564 cde 2,206 cd 3,028 ab 2,804 2,796
121 3,586 ab 2,934 abcd | 2,556 abc | 3,146 a 3,071 3,040
302 2,426 de 3,730 a 2,590 abc | 3,188 a 2,508 3,459
SC 2121 K- 2,746 bede | 2,014 ¢ 2,392 bed | 2,376 bed 2,569 2,195
67 3,464 abc 3,404 abc 2,140 cd 2,622 abc 2,802 3,013
121 3,242 abed | 3,356 abc 2,356 bed | 2,438 bed 2,799 2,897
y Sivi Tol uLUSLARARASI
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| 302 [3.078abed | 2,766 bede

*Degerler her birinde 1 bitki bulunan 5 tekerriir ortalamsidir

1,992 cd 2,470 bed 2,535 2,618

** Duncan test sonucuna gore ayni harfi tastyan degerler P=0.05 olasilikla birbirinden farksizdir.

Govde kuru agirlik degerlerinin iki deneme ortalamasma bakildiginda ; uygulama gérmemis negatif
kontrol bitkileriyle karsilastirildiginda Syngenta33 domates ¢esidinde tuz stresi varliginda 121 ve 302
nolu bakteri uygulamalar1 govde kuru agirligini artirmistir (Tablo 6). Genel olarak, en basarili bakteri
uygulamalarin 121 ve 302 nolu uygulamalar oldugu dikkati ¢ekmistir.

Tablo 7. Bakteri uygulamalarinin tuz stresi altindaki domates ¢esitlerinde kék kuru agirligina etkisi

Domates izolat | Birinci deneme ikinci deneme iki denemenin
cesidi no kok kuru agirhk (g) | kok kuru agirhk (g) | ortalamasi*
sonug¢lar® sonug¢lar®
OmM 40mM OmM 40mM OmM 40mM
NaCl NaCl NaCl
Syngenta 33 | K- 0,238 c** 0,250 c** 0,204 be** | 0,330 abc** | 0,221 0,290
67 0,304 ¢ 0,202 ¢ 0,148 ¢ 0,272 abc 0,226 0,237
121 0,346 be 0,316 ¢ 0,198 be 0,328 abc 0,272 0,322
302 0,224 ¢ 1,060 a 0,376 ab 0,364 ab 0,300 0,712
SC 2121 K- 0,274 ¢ 0,324 ¢ 0,200 be 0,250 be 0,237 0,275
67 0,376 bc 0,372 be 0,198 be 0,226 be 0,287 0,299
121 0,382 be 0,366 bc 0,182 be 0,196 be 0,282 0,281
302 0,294 ¢ 0,670 b 0,290 abc | 0,470 a 0,292 0,570

*Degerler her birinde 1 bitki bulunan 5 tekerriir ortalamsidir
** Duncan test sonucuna gore ayni harfi tastyan degerler P=0.05 olasilikla birbirinden farksizdir.

Kok kuru agirlik degerlerinin iki deneme ortalamasina bakildiginda; uygulama gérmemis negatif
kontrol bitkileriyle karsilastirildiginda tiim bakteri uygulamalari, her iki domates ¢esidinde de tuz stresi
varliginda 302 nolu bakteri uygulamasi kok kuru agirligini artiran en basarili uygulama olmustur (Tablo
7).
Genel olarak bakildiginda ; tuz stresi altindaki domates bitkilerinde bakteri uygulamalar1 bitki kuru
agirlhigini (kok + govde) artirma konusunda tuza tolerant gesit olarak segilen Syngenta33’de hassas
domates cesidi olan SC2121 ‘e oranla daha bagarili bulunmustur. Bakteri uygulamalarinin tuz stresi
varliginda ve yoklugunda toplam bitki kuru agirligma etkisi degerlendirildiginde; 302 nolu bakteri
uygulamasinin 40mM tuz stresi varliginda uygulama gérmemis kontrol bitkilerine oranla bitki kuru
agirhigm artirdigi, bunu 121 ve 67 nolu izolatlarn izledigi dikkati cekmektedir.
Tuza tolerans gosteren bakteri izolatlarinin molekiiler tan1 sonuclari
In vitro ve in vivo denemelere (PGPR aktivite ve tuz stresi) gore secilen 3 adet bakteri izolatinin
molekiiler tanisinda 16s rRNA hedef bolgesine gore dizayn edilmis, universal primer ciftleri
kullanilmistir (Hodkinson ve Lutzoni 2009). Elde edilen PCR iiriinleri sekans analizine gonderilmis ve
sekans sonuglart NCBI veri tabandaki bilgiler ile karsilagtirilarak bakteri izolatlar1 tanilanmistir. Sekans
sonucunda, 302 numarali izolatin bu calismada tuz stresine karsi en etkili bakteri izolati oldugu
bulunmus ve Pantoea vagans olarak tanilanmistir. Sekans analizi sonucunda; 121 numarali izolatin
Acinetobacter calcoaceticus ve 67 numarali izolatin Pantoea ananatis oldugu saptanmustir (Tablo 8).
Tablo 8. Calismada tuzluluk stresine karsi basarili bulunan bakteri izolatlarinin sekans analizi sonuglart
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Izolat kodu | Tiirii / izolat no NCBI erisim numarasi
FO67 Pantoea ananatis strain KD20/2 PQ009206
FO121 Acinetobacter calcoaceticus strain KD40/2 | PQ009214
FO302 Pantoea vagans strain KD120/1 PQO009608

Endofitler, saglikl bitkilerin i¢ dokularini kolonize eden genellikle zararsiz mikroorganizmalardir. Bitki
biiyiimesini tegvik etmelerinin yaninda bitkilerdeki biyotik ve abiyotik streslerle basa ¢ikma ve tolere
etme konusunda da basarili bulunmaktadir (Vaishnav et al., 2019). Bitkilerde biyotik ve abiyotik stresle
basa ¢ikmada bakteriyel endofitlerden yararlanilmaktadir.

Bu caligsmada, abiyotik stres kaynagi olarak tuzluluk se¢ilmis ve laboratuvar stoklarimizda bulunan ve
IAA dretme, siderofor salgilama, fosfati parcalama, ACCD- gibi in vitro bitki gelisimin artirma
parametreleri agisindan basarili bulunan bakteri izolatlar1 in vitro ve in vivo testlerle domateste tuzluluk
stresine karsi denenmistir.

Bitki biyokiitlesini ve stres toleransini arttirmak i¢in ACC deaminaz iireten bakterilerden
yararlanilmaktadir. Bitkilerden tuz stresinin neden oldugu etilen emisyonu, ACC deaminaz (ACCD)
aktivitesi olan bakterilerin agilanmastyla azaltilabilir. Bu bakteriler Tuz stresi altindaki bitki hiicresinde
etilen emisyon yolunun diizenlenmesi yoluyla tuzun neden oldugu apoptozu (planli hiicre Gliimii)
kisitlayarak ve bitkide yaslanmayi1 geciktirerek fizyolojik, biyokimyasal ve genetik yoldan stres
gidermede ise yaramaktadir (Choudhury et al., 2023). ACCD+ ¢ok yonlil bitki biiylimesini tesvik eden
PGPB’ler piring koklerinde hiicre canliliginin arttirilmasinda yaslanmayla iliskili protein (SAP) mRNA
ekspresyonu, ACCD enzimiyle koordineli bicimde yukari dogru diizenlenmistir. Boylece, PGPB
tarafindan Etilen emisyonu diizenlenerek stresin hafifletilmesi saglanmakta ve apoptozun kisitlanmasi
yoluyla bitki biyokiitlesinin arttirilmasinda merkezi rol oynamaktadir. Bu sonuglar, laboratuvar
stoklarimizdan segilen ve domates bitkisinde yaratilan tuzluluk stresine kars1 in vitro ve in vivo testlerde
en basarili bulunan 67 nolu P. ananatis, 121 nolu A. calcoaceticus ve 302 nolu P. vagans bakteri
izolatlarinin ACCD+ 6zelliklerinin belirgin olmasi, 400 ppm’in iizerinde IAA salgilamasi ve siderofor
salgilama Ozelliklerinin bulunmasi nedeniyle, tuzluluk stresine karsi bu o6zelliklerin dogru se¢me
kriterinin oldugunu kanitlamistir.

Sonug olarak; ozellikle, bakteriyel izolatlarin ACCD-, siderofor salgilama, IAA iretme ve kaya
fosforunu pargalama gibi ini vitro PGPR 6zellikleri tuzluluk stresiyle basa ¢ikma konusunda iyi birer
secme kriteri olmustur.

Sonu¢ Ve Oneriler

Tuzluluk, kiiresel gida giivenligi ve c¢evresel siirdiiriilebilirligi tehdit eden en yaygin ve Onemli
problemlerden biridir ve tahminler 2050 yilina kadar tiim ekilebilir arazilerin %50'sinin tuzluluktan
etkilenecegini dngoérmektedir. Tuzlanma verimli bir araziyi ¢orak hale getirir; bitki Ortiisiinii ve tiim
canlilar1 olumsuz olarak etkiler.

Tuzluluk stresine karsi bitki gelisimini artiran bakterilerin (PGPR) kullanimi umut vericidir. Bu
bakteriler tuzlu topragin ayni anda 1slah1 ve verimliliginin arttirilmasi i¢in uygundur. Tuza dayanikli
bakteriler, bitkilerde tuz stresiyle basa ¢ikmak icin fizyolojik, biyokimyasal ve molekiiler mekanizmalari
kullanirlar. Bu mekanizmalar; iyon dengesini, osmotik basing dengesini ayarlamayi, serbest radikalleri
temizleyen enzimleri iireterek serbest radikallerde korunmay1 ve oksidatif stresi igerir.

Bu calismada yararh bakterilerden, 6zellikle, 302 nolu P. vagans izolati, 121nolu A. calcoaceticus ve
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67 nolu P. ananatis izolatt 40 mM tuz konsantrasyonunda tuzluluga hassas ve tolerant domates
cesitlerinde bitki yas ve kuru agirligini, her iki deneme sonucunda, uygulama gérmemis pozitif kontrole
(40 mM tuz stresi) oranla basariyla artirmugtir. Ustelik bu bakteriler tuz stresi altindaki bitkilerde bitki
yas ve kuru agirligimi tuz stresi olmayan negatif kontrol bitkileri ile kiyaslandiginda da artirmay1
basarmustir.

Bu stresle basa ¢ikmada ¢esit dayanikliligi da 6nemlidir ve bu ¢alismada farkli domates g¢esitlerinin tuza
reaksiyonu farkli olmustur ve tuz stresiyle basa ¢ikmada dayanikli ¢esit se¢imi 6nemli olabilir.

In vitro PGPR testleri tuza tolerant bakterilerin se¢ciminde anahtar rol oynayabilir. Bunlar arasinda
ACCD, siderofor ve [AA iiretimi testlerinin 6nemi bu ¢alismada da kanitlanmistir.

Ayrica, bu calismada denenen PGPR olarak nitelendirilen ve bitki gelisimini verimini artiran bu
bakteriler sadece abiyotik strese kars1 degil, bitki patojenleri ile biyolojik miicadelede ve bitki zararlis1
boceklere karsi entomopatojen olarak da basari gostermektedir. Entegre miicadele yaklasimiyla bu
bakterilerden birden fazla alanda yararlanilabilir.

Sonug olarak bitki biiylimesini tegvik eden bakterilerin (PGPB) uygulanmasi, bitkinin abiyotik streslere
karsi toleransini iyilestirmek i¢in ¢evre dostu bir stratejidir. Bu ¢calismada tuzluluk stresine kars1 basarilt
bulunan  bakterilerin  tretici  kosullarinda  denenmesi ve etkili  bulunanlarn  uygun
biyoformulasyonlarinin elde edilmesi tarimsal iiretim agisindan ¢ok yararli olabilir.
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Performance Analysis of OTFS-IM: Impact of Doppler Units and Sampling
Rate on System Efficiency

Hussam Alsalameh', Ibrahim Develi?, Busra Karahan?

Abstract

In recent advancements, Orthogonal Time Frequency Space (OTFS) schemes have evolved to include
Index Modulation (IM), offering potential improvements in communication systems, particularly for
next-generation technologies. This paper explores how OTFS-IM compares to its predecessors, OTFS
and OFDM-IM, highlighting the benefits of enhanced spectral and energy efficiency. However, for
practical applications, several performance factors must be analyzed. By evaluating these systems under
3GPP-defined tapped delay line fading channels, and varying parameters like the Doppler units’ number
and sampling rates, this study aims to provide insights into their operational challenges. Specifically,
we use a Minimum Mean Squared Error (MMSE) detector for OTFS-IM and assess the Average Bit
Error Rate (ABER). Findings indicate that increasing the number of Doppler units leads to a noticeable
decline in system performance. Additionally, we examine variations in sampling rate and find that
increasing the sampling rate leads to a decline in overall system performance.

Keywords: OTFS-IM, ABER, Doppler units, performance analysis.
Discipline: Electrical-Electronics engineering.

Introduction

Due to the growing need for high-speed wireless mobile communications within limited bandwidth,
researchers are actively exploring new and adaptable alternatives to current communication systems [1].
In recent years, Orthogonal Time Frequency Space (OTFS) modulation has gained attention as a
promising technique for next-generation communication systems, particularly in high-mobility
environments where traditional methods like Orthogonal Frequency Division Multiplexing (OFDM)
encounter limitations. The combination of Index Modulation (IM) with OTFS, known as OTFS-IM,
further amplifies its potential by enhancing both spectral and energy efficiency. This innovative
approach offers considerable advantages over previous techniques, including OTFS and OFDM-IM,
especially in scenarios with fast-changing channel conditions. However, to fully capitalize on these
benefits, it is crucial to understand the impact of key parameters such as Doppler unit count and system
sampling rate on the overall performance of OTFS-IM. A new multi-carrier modulation scheme, known
as OFDM-SNM, is presented in [2]. This scheme conveys information through both symbols and the
number of active subcarriers in each subblock, rather than using their indices. The study in [3] explores
the potential and application of Index Modulation (IM) techniques in MIMO and multi-carrier
communication systems, which are anticipated to be among the core technologies for 5G networks. The
discussion covers recent advancements in IM technologies and outlines future research directions aimed

! Graduate School of Natural and Applied Sciences, Erciyes University, Kayseri, Tiirkiye
2 Department of Electrical and Electronics Engineering, Erciyes University, Kayseri, Tiirkiye
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at achieving spectrum and energy efficiency in 5G wireless networks. In [4] it is examined how the
subcarrier activation ratio, subblock size, and QAM modulation order influence energy savings, spectral
efficiency, and BER performance in an OFDM-IM system. The findings demonstrate that higher energy
savings are obtained with lower values of subcarrier activation ratio (r) and modulation order (M), while
in most cases, the opposite holds true for spectral efficiency in IM, with a few exceptions. In study [5],
to achieve a more favorable balance between complexity and BER performance, it is introduced a
simplified Subcarrier Allocation (SA) algorithm that sorts the subcarriers based on their channel gains.
In [6], the study examines the performance of OTFS modulation when antenna selection is applied at
the receiver. Specifically, ns antennas are selected from nr available receive antennas based on the
maximum channel Frobenius norms in the delay-Doppler (DD) domain. Simulation results are provided
to confirm the analytically predicted diversity gains. To meet the stringent demands of future
communication systems, improved reliability in OTFS systems is essential. In response to this challenge,
a technique named Joint Delay-Doppler Index Modulation OTFS (JDDIM-OTEFS) is introduced in [7].
This approach involves activating either delay or Doppler resource elements within a subframe, and to
enhance spectral efficiency, different constellations are applied to each active resource block.

This study seeks to examine the impact of key parameters, such as the Doppler unit count and system
sampling rate, on the performance of OTFS and OTFS-IM. The analysis is conducted by observing the
system's behavior under realistic fading conditions.

This study is organized as follows: Section II provides an overview of the OTFS-IM system. In Section
III, we analyze the OTFS-IM system under different Doppler unit counts and system sampling rates.
Finally, Section IV presents our conclusions based on the analysis.

Section I1

OTFS-IM Model

The OTFS-IM system in the provided Fig.1 illustrates the overall process of data transmission and
reception, showcasing how OTFS-IM enhances spectral efficiency through index modulation
techniques. Starting with the transmitter, the information bits V at the transmitter are partitioned into g
groups, with each group mapped to a vectorized OTFS subblock. Each subblock comprises t points in
the DD domain, where the subblock size is determined by MN/g, defined by the number of delay bins
N along the delay dimension and Doppler bins M along the Doppler dimension.
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Figurel: Block diagram of the OTFS-IM system.
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The transmission process begins with the input data V being segmented by a Bit Splitter into smaller
portions. These segments are processed by two critical components: Index Selection and M-ary
Modulation. The first bit stream, containing ul bits, is passed to an Index Selector that activates k indices
out of the t available indices for each subblock. The chosen active indices are denoted as:

i={i,1,1k} (1)
where i,1,t for =1,, g and = 1, , k. The number of index bits for all subblocks can be given by
Ul=ulg=|Ctk|g. (2)

Here, Ct,k denotes the number of combinations to choose k items from a set of t, and || represents the
floor function. The complex M-ary symbols map with the second bit stream consisting of u2 bits. The
total amount of bits conveyed through the symbols in the M-ary signal constellation is:
U2=uZ2g=kMmod g. 3)
The overall number of active positions is K = kg, and the OTFS-IM system transmits a total of
u=U1+U?2 bits. Each subblock of the modulated symbols is represented as:
t=t1,1tk, 4)
where tT, and T represents the complex signal constellation with a size of M mod with power
P=Est/k, where Es is the average transmitter power and t/k denotes the power coefficient.
Following selecting activation bits and modulating information bits, the OTFS creator block
generates all subblocks, considering i and t for all T. Subsequently, all the subblocks
transmitted in the DD domain within the XDD block can be represented as [3]:
XDD=x1,1 x1,N - xM,1 XM,N, (5)
where xkl1{0,Q}, k=0,N-1, and 1=0,M-1. These symbols are subsequently transformed
into the TF domain using the ISFFT transform. The resulting transformed matrix can be
represented as:

XFT=FM XDD FNH, (6)
here, XFTCMN , FM =1Me-j2PgMMM , and FN =1Ne-j2PgNNN. The notation .H expresses
the conjugate transpose of a matrix, and FN and FM represent matrices produced by discrete
Fourier transform (DFT). In the TF domain, sampling is performed on an NM grid with a time

wwwwwwwwwwwwwwwww &

OYTB | Nesean

y
% sivi




L.J.LL‘J'SLARARAS.I
1‘) OGRENCI
X SEMPOZYUMU ENGINEERING and ARCHITECTURE

interval T and a frequency interval f. A conventional frequency-time modulator transforms the
symbols in the matrix X into 1D transmission signals. The final transmitted symbol, represented
by T, can be expressed as:

T = FMH XFT. (7
Finally, a cyclic prefix (CP) is added by ACPCM+NCPM and the1D transmit
signal w CM+NCPN1 is obtained by:

t=vec{ACPT}. 9)

Here, the operation vec transforms a matrix into a vector.
At the receiver, the signal t, represented as o = H t where H is the channel matrix and s
represented as a matrix o CM+NCPN1, is rearranged into a matrix OCM+NCPN to account for
the time-varying channel. Subsequently, the CP is removed with the CP removal matrix
OCPCMM+NCP. This results in the extraction of the OTFS-IM symbols OCPO without CPs.
Then, the DFT is applied to each OTFS-IM symbol without CPs, resulting in a 2D block YFT
in the time-frequency domain as:

YFT=FMOCPO. (10)
Next, to get the signal in DD domain the SFFT is applied on YFT , resulting in the following:
YDD=FMHYFTFN. (11)
The received signal of all the system is expressed as:
yDD=H xDD+n (12)
where yDD=vec{YDD} CMN1, and n CMN1 represents the additive white Gaussian noise
(AWGN).
Section III

System Performance Analysis
The OTFS-IM system detects indices and symbols separately. These steps can be regarded as
distinct from one another. Given the delivered signal W, the pairwise error probability is
expressed as:

PrH=Pr||yDD-PTH||2>||yDD-PTH||2 (13)

Here, Pr(+) represents the probability of an event. Using equation (11), the Average Bit Error
Rate (ABER) can be derived from v

ABER1tg2vj=1gwwPrHeT,T, (14)

Where eT,T denotes the number of error bits associated with pairwise error event of jth
subblock.

Table 1: The parameters used in the simulation

Parameter Value
Mobility speed (kmph) 300
Carrier frequency (GHz) 4
Vmax (Hz) 1850
Channel model TDL
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Channel delay spread (ns) | 300

Number of paths 20
Antenna configuration | 1TIR
Modulation scheme BPSK

Simulation Results

This section examines the OTFS-IM system's performance across different sampling rates and
Doppler units counts, specifically varying the number of subcarriers from 1 to 3. We explore a
scenario in which the ABER is evaluated against the Signal-to-Noise Ratio (SNR) for the
OTFS-IM system under an allocated power (P). The transmitted beams maintain a steady SNR
using Binary Phase Shift Keying (BPSK) modulation. For detection, the Minimum Mean
Squared Error (MMSE) detector is employed. The simulation parameters and their
corresponding values can be found in Table 1.

Figure 2: OTFS system with varying sampling rates.
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Figure 2 illustrates the performance of the OTFS system under different sampling rates.
Notably, the system performs better at lower sampling rates, while higher rates lead to a decline
in performance. It is observed that the system's performance is comparable when the sampling
rates are 19,2M Hz and 1,92M Hz. In Figure 3, the performance of OTFS-IM is compared with
OFDM-IM across varying numbers of Doppler units and subcarriers. The results show that
OFDM-IM performance improves significantly as the number of subcarriers (Ks) decreases.
On the other hand, OTFS-IM maintains relatively stable performance when the number of
Doppler units changes.
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International Student Symposium

Figure 3: OFDM-IM and OTFS-IM systems with varying numbers of subcarriers and Doppler units.
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Figure 4 compares the performance of OTFS-IM and OFDM-IM, keeping the number of
subcarriers and Doppler units fixed at 3 while varying the sampling rate. Similar to the
performance observed in Figure 2 for OTFS, both systems exhibit degraded performance at
higher sampling rates and improved performance at lower rates.

Figure 4: A comparison between OFDM-IM and OTFS-IM systems with varying numbers of subcarriers and
Doppler units.
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Section IV

Conclusion

In conclusion, the analysis demonstrates that both OTFS and OTFS-IM systems perform more
efficiently at lower sampling rates, with performance diminishing as the sampling rate
increases. OTFS-IM shows stable behavior under varying Doppler units, while OFDM-IM sees
improvements as the number of subcarriers decreases. These findings were evaluated using a
3GPP-defined tapped delay line fading channel, offering practical insights into real-world
performance. In future research, a deeper exploration of system parameter optimization for
varying channel conditions and mobility scenarios could be pursued. Furthermore, investigating
hybrid techniques that leverage the advantages of both OTFS-IM and OFDM-IM could unlock
new possibilities for improving system performance in environments with high mobility.
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Medicinal Plants as Biofactories: Utilizing Natural Defense Compounds for

Enhanced Plant Protection
Ibrahim Isse Ali', Mohamed Said’

Abstract

Medicinal plants, revered for their therapeutic potential, possess sophisticated natural defense
mechanisms critical in mitigating biotic and abiotic stressors. These plants produce a diverse array of
secondary metabolites—such as alkaloids, flavonoids, terpenoids, and phenolic compounds—that serve
as potent bioactive agents in deterring pathogens, herbivores, and environmental challenges. This study
explores the potential of these plants as bio-factories for sustainable plant protection strategies,
emphasizing their role in enhancing agricultural resilience while reducing reliance on synthetic
agrochemicals. The findings reveal that the bioactive compounds extracted from medicinal plants
significantly bolster plant immunity, resulting in a notable decrease in disease incidence and improved
stress tolerance across various crops. By critically reviewing current methodologies for extracting and
applying these compounds, the study highlights their efficacy in promoting plant health and resistance.
Moreover, it discusses integrating these natural defense mechanisms into modern agricultural practices,
advocating for innovative, environmentally sustainable approaches. This research advances our
understanding of how medicinal plants can be leveraged to develop eco-friendly plant-protection
solutions, thereby contributing to a more resilient and sustainable agricultural future and opening new
avenues for research and practical application in sustainable agriculture.

Keywords: Medicinal plants, secondary metabolites, plant protection, sustainable agriculture, bioactive
compounds.

Introduction

In recent decades, agricultural productivity has faced significant challenges due to environmental
stressors, including loss of biodiversity [1, 2], climate change [3, 4], soil degradation and erosion [5],
water scarcity [6], desertification [7], and detrimental human activities such as wars [8, 9] and overuse
of chemicals, which result in pollution and the destruction of natural resources [10, 11]. Additionally,
plant pests, diseases, and pathogens are global concerns hindering food security and agricultural
sustainability [12]. According to FAO estimates, pests cause 20—40% of crop yield losses, while plant
diseases cost the world economy over US$220 billion annually [13]. Additionally, Evidence suggests
that the control and spread of plant diseases and pests are increasingly influenced by a changing
environment [14, 15]. In light of these challenges, traditional pest and disease management methods,
which rely heavily on synthetic pesticides, must be reconsidered in favor of eco-friendly alternatives.
Medicinal plants offer a promising solution to these issues, producing diverse bioactive compounds with
natural defensive properties [16, 17]. The potential of medicinal plants as biofactories is particularly
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significant to integrated pest management (IPM) strategies, which seek to increase plant resilience while
reducing chemical inputs. Botanical pesticides and organic solutions that efficiently control pests and
diseases without harming the environment can be produced by utilizing the natural defense components
found in these plants. This paper investigates medicinal plants that can be utilized as natural defense
compounds for enhanced plant protection. Additionally, it discusses the potential benefits and
limitations of their broader use in agriculture. By viewing medicinal plants as biofactories, we can
unlock new possibilities for crop protection that align with environmental and public health goals,
ultimately contributing to resilient agricultural systems.

The Role of Medicinal Plants in Agricultural Sustainability

Medicinal plants are any plants that contain natural substances used to prevent, alleviate, or cure various
diseases and health conditions [18]. The use of medicinal plants dates back to prehistoric times [19].
Evidence from fossil records indicates that early humans utilized various herbs for therapeutic purposes.
For example, hollyhock (A4lcea rosea L.) which is a therapeutic herb was used 60,000 years ago in
Mesopotamia [20, 21]. In the Modern era, medicinal plants remain integral to healthcare, particularly in
traditional and complementary medicine systems around the world [22, 23]. According to the WHO,
approximately 80% of the global population relies on herbal medicine for some aspects of their health
due to its availability and lower cost compared to modern medications [24]. WHO has also declared that
nearly 25% of all modern medications used in the U.S. are derived from plants [25]. In the global market,
China is the leading country in medicinal plant production, followed by India, Indonesia, Malaysia,
Nepal, Pakistan, and other countries, as shown in Table 1.

The annual global trade in herbs exceeds $100 billion. Approximately 2 to 4 billion US dollars are traded
in medicinal plants between China and India annually [18]. Selling these natural medicinal herbs is a
common source of income for some rural people.

Table 1. lists the number of plants used globally as medicinal [26]

Country Plant Species | Medicinal Plant Species | %
China 26,092 4,941 18.9
India 15,000 3,000 20.0
Indonesia | 22,500 1000 4.4
Malaysia 15,500 1,200 7.7
Nepal 6,973 700 10.0
Pakistan 4,950 300 6.1
Philippines | 8,931 850 9.5
Sri Lanka | 3,314 550 16.6
Thailand 11,625 1,800 15.5
USA 21,641 2,564 11.8
Vietnam 10,500 1,800 17.1
Average 13,366 1,700 12.5
World 422,000 52,885 12.53

Most medicinal plants are used in applications for antibacterial and antiviral purposes, anti-
inflammatory and pain relief, digestive health, stress and anxiety relief, cardiovascular health, skin
health, antioxidant and anti-aging, liver health and detoxification, respiratory health, diabetes and blood
sugar control [27-31]. Various parts of plants can be used to make medicine, including leaves, roots,
stems, seeds, bark, fruits, and even pollen, as illustrated in
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Figure 1. Diagram showing the medicinal components used as precursors in herbal medicine [32].
Cultivating medicinal plants promotes agricultural biodiversity and helps maintain diverse ecosystems
[33]. Additionally, these plants contribute to soil health by improving organic matter, preventing
erosion, degrading environmental contaminants, and reducing the need for synthetic fertilizers [34].
Furthermore, they provide an alternative income source for farmers living in rural areas [35, 36]. When
used as biofertilizers, they can decrease dependency on synthetic chemicals, promoting healthier
ecosystems and reducing environmental pollution. Moreover, medicinal plants often attract beneficial
insects, such as bees and butterflies, which are essential for pollination [37, 38].

Figure 2. The Role of Medicinal Plants in Promoting Agricultural Sustainability.

Biodiversity
Conservation

Climate
Resilience

Pests and
disease control

As shown in Figure 2, cultivating medicinal plants can enhance climate resilience and serve as a form
of biological control due to their hardy and adaptable characteristics. Additionally, these plants provide
an alternative approach to chemical pesticides, contributing to sustainable agricultural practices.

The Application of Medicinal Plants in Plant Protection Strategies

Medicinal plants are a valuable source of herbal drugs, yet many species are rapidly disappearing [39].
However, they are becoming increasingly important tools in sustainable agriculture and integrated pest
management strategies, which are among the most effective means to eradicate poverty [40-42]. These
plants serve as natural "biofactories," producing a range of bioactive molecules that can replace synthetic
chemicals, which often have adverse effects on human health and biodiversity in farming practices [43,
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44]. Alkaloids, flavonoids, aldehydes, ketones, essential oils, phenolic compounds, saponins, and
tannins are some bioactive compounds produced by medicinal and aromatic plants to inhibit plant
pathogens and insects [45-47]. Pathogenic agents, including fungi, bacteria, and viruses, are
among the most detrimental and harmful factors preventing us from achieving food security
and agricultural sustainability. Soil fungal pathogens such as Rhizoctonia, Fusarium,
Phytophthora, Pythium, Sclerotinia, and Verticillium possess resistant structures, including
oospores, microsclerotia, sclerotia, and hyphae, which assist them in surviving in the soil for
extended periods [48-52]. Xanthomonas, Pectobacterium, Ralstonia, Agrobacterium, and
Pseudomonas species are among the most common bacterial pathogens, that cause wilt, soft
rot, and damping-off in several crops, including beans, tomatoes, bananas, potatoes, apples,
pears, strawberries, peanuts, and others [53-55]. Viruses, nematodes, Mycoplasmas, and
Phytoplasmas can also induce diseases in plants in different ways. Controlling these pathogen
agents without the use of pesticides and chemicals is essential to feeding the global population.

S —

!

Figure 3. Effects and application strategies of aromatic and medicinal plants as plant protection systems
[45].
Several researchers [43-45, 56] have highlighted that the use of medicinal plants can effectively combat
soil- and seed-borne pathogens, which cause significant losses in horticultural and cereal crops globally.
Thus, the application of medicinal plants offers a promising alternative to sustainable agricultural
practices that can help ensure food security. Due to their bioactive compounds, medicinal and aromatic
plants can influence plant pests and diseases through direct or indirect mechanisms. These mechanisms
include inhibiting pest growth, inducing resistance genes, or secreting phytochemicals that repel pests
[57, 58]. A study conducted in 2020 investigated the antibacterial and anti-quorum sensing (QS)
properties of 14 extracts from aromatic and medicinal plants against Xanthomonas axonopodis pv.
phaseoli (Xap). The findings highlighted that Syzygium aromaticum demonstrated the most significant
inhibition zone and the strongest antibacterial effects, antibiofilm activity, and anti-QS properties,
followed by Thymus vulgaris and Coriandrum sativum. The researchers noted that these plant extracts
could be effective tools for managing prevalent bacterial diseases in organic agriculture [59]. Another
study reported that the essential oil from Cinnamomum zeylanicum exhibited highly effective
antibacterial activity against Xanthomonas axonopodis pv. phaseoli [60]. Basim et al. [61] evaluated the
volatile oil extracted from Origanum dubium, an oregano species native to the natural flora of Antalya,
against several pathogens, including Xanthomonas axonopodis pv. phaseoli, Clavibacter michiganensis
subsp. michiganensis, Xanthomonas axonopodis pv. vesicatoria, Pseudomonas syringae pv. tomato,
and X. a. pv. phaseoli var. fuscans. Pospelov et al. [62] examined extracts from Achillea millefolium,
Helichrysum arenarium, Hypericum perforatum, Calendula officinalis, and Hippophae rhamnoides
seeds, analyzing both whole extracts and lectin-free fractions. Their findings showed that both the
complete extracts and isolated lectins inhibited the germination of Ustilago nuda teliospores. More than
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30 volatiles from medicinal plants, including Cymbopogon nardus and Dysphania ambrosioides, were
recently used to combat the root-knot nematode in a study conducted by de Freitas Silva et al. [63].

Table 2. Some Medicinal Plants, Their Bioactive Compounds, and Effectiveness in Plant Protection.

Medicinal plant | Bioactive compound Diseases / Target Pathogens Reference
Neem Azadirachtin, salannin, and | Insecticide against Lepidoptera, | [64, 65]
other limonoids Hemiptera, = Hymenoptera, and

Neuroptera

Clove Eugenol Xanthomonas  axonopodis  pv. | [59, 66-
phaseoli, Xanthomonas | 68]
arboricola pv. pruni, Fusarium, and
Aspergillus spp

Garlic Allicin Xanthomonas spp., Pseudomonas | [69-71]
syringae, Fusarium  oxysporum,
Rhizoctonia solani, and Sclerotinia
sclerotiorum

Turmeric curcumin Ralstonia solanacearum, Fusarium | [72, 73]
oxysporum, Rhizoctonia solani
Phytophthora infestans,and others.

Eucalyptus Eucalyptol, Terpenes Alternaria  alternata,  Fusarium | [68, 74]
oxysporum,  Xanthomonas  and
Pseudomonas species

Aloe Vera Aloins, Saponins Pythium spp., Rhizoctonia solani, | [74]
and Xanthomonas campestris

Lemongrass, Citral, geraniol,methyl | Ralstonia [75]

Wild Turmeric, | isoeugenol, Curcumin, | solanaceaerum, Xanthomonas

Patchouli, Wild | demethoxycurcumin, campestris, Magnaporthe

Mint, and Ginger | pogostone, menthone, and | oryzae, and Bipolaris oryzae

Grass limonene

So, utilizing medicinal and aromatic plants as biological control can contribute to agricultural
sustainability and organic farming without loss of biodiversity and without destroying the environment.

Conclusion

Medicinal plants, revered for their therapeutic potential, possess sophisticated natural defense
mechanisms critical in mitigating biotic and abiotic stressors. This review evaluated the role of
medicinal plants in promoting agricultural sustainability and achieving food security. Additionally, it
highlighted that these plants play a crucial role in enhancing plant protection. By harnessing these
bioactive compounds, agricultural practices can shift toward more sustainable and environmentally
friendly approaches by reducing reliance on synthetic chemicals and pesticides. Furthermore, the
utilization of medicinal plants not only contributes to effective pest and disease management but also to
agricultural biodiversity, supporting the overall health of ecosystems. In order to address the impacts of
climate change, conflicts, and pest resistance, integrating medicinal plants into crop management
strategies is essential, offering a promising pathway for achieving sustainable agriculture. Finally, we
recommend that researchers and scientists conduct more studies related to the specific mechanisms of
action of these bioactive compounds, optimize their application, and explore their potential in various
agricultural contexts. This deeper understanding can enhance plant resilience, improve crop yields, and
ensure food security while protecting the environment
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Fotovoltaik Sistemlere Giris: Giines Hiicresinden Enerji Uretimine
Kamilia Khannoussi', Ahmet Afsin Kulaksiz?

Ozet

Giines hiicreleri (PV) tarafindan yakalanan giines enerjisi, diinya genelinde enerji gegisinde kritik bir
rol oynayan, hizla biiyiiyen bir yenilenebilir enerji kaynagidir. Bu calisma, fotovoltaik sistemler
araciligtyla giines enerjisinin elektrige doniistiiriilme siirecine odaklanmakta ve her bir bilesenin
sistemin verimliligi ve kararlili1 iizerindeki dnemini vurgulamaktadir. Is1g1 elektrige doniistiiren giines
hiicreleri, temel fiziksel prensiplere dayanmaktadir. Uretilen enerjinin kalitesinin optimize edilmesinin
yani sira, inverterler, gerilim yiikselten (boost) doniistiiriiciiler ve LCL filtrelerinin enerji yonetimindeki
rolleri de g6z 6niinde bulundurulmaktadir.

Enerji yonetim teknikleri, 6zellikle maksimum gii¢ noktas1 izleme (MPPT) gibi ileri kontrol stratejileri
de incelenmektedir. Ayrica, fotovoltaik sistemlerin kararhiligim1 degerlendirmek amaciyla bir
simiilasyon gerceklestirilmistir; bu simiilasyon, kontrol ve filtre teknolojilerindeki son gelismelerin
onemini vurgulamaktadir. Bulgular, bu yeniliklerin fotovoltaik sistemlerin performansini ve sebekeye
entegrasyonunu onemli dlgiide artirdigini gostererek, gelecekteki enerji ihtiyaglarina siirdiiriilebilir bir
sekilde yanit verebilecek umut verici ¢ozlimler sundugunu ortaya koymaktadir.

Anahtar Kelimeler: Fotovoltaik, giines hiicreleri, giines enerjisi, inverter, enerji iiretimi, sistem
kararhilig
Disiplin: Elektrik Elektronik Miihendisligi

Giris

Kiiresel enerji talebinin artmasi ve fosil yakitlarin neden oldugu ¢evresel zorluklar, yenilenebilir enerji
kaynaklarinin 6nemini her zamankinden daha belirgin hale getirmektedir. Bu enerji kaynaklari arasinda
giines enerjisi, hem bol miktarda bulunmasi hem de g¢evresel etkilerinin minimum diizeyde olmasi

nedeniyle merkezi bir konuma sahiptir. Giines enerjisinin dogrudan elektrik enerjisine doniistiiriilmesini
saglayan fotovoltaik (PV) sistemler, bu enerji doniisiim siirecinde kilit bir rol oynamaktadir.

Bu makalede, fotovoltaik sistemlerin temel prensipleri incelenmekte olup, giines hiicrelerinin enerji
iiretim siirecindeki isleyisi ayrintili olarak ele alinmaktadir. Ayrica, sistemin kararliligini ve enerji
iiretim kalitesini saglamak amaciyla kullanilan kritik bilesenler, 6zellikle inverter, boost doniistiiriicii ve
LCL filtresi gibi unsurlar, detayli sekilde agiklanmaktadir. Fotovoltaik sistemlerin, temiz enerji
iiretimindeki artan 6nemi ve gelecekteki enerji ihtiyaglarini karsilamadaki potansiyeli de bu ¢aligmada
degerlendirilmektedir.

Giines Hiicresi: Isiktan Elektrige

Giines hiicresi, fotovoltaik teknolojisinin merkezinde yer almakta olup, 15181 elektrige doniistiirme
yetenegi sayesinde calisir. Bu doniisiim, 19. yiizyilin sonunda kesfedilen fotovoltaik etki sayesinde
gerceklesmektedir [1]. Bu fenomen, yari iletken malzemelerin 15181 emerek elektriksel bir yiik
olusturmasin1 saglar. Bir foton, giines hiicresinin ylizeyine carptifinda, enerjisini yar1 iletken
malzemedeki elektronlara aktarir, bu da elektron akisi olusturarak elektrik akimimi meydana getirir.

! Doktora dgrencisi, Konya Teknik Universitesi, Lisansiistii Egitim Enstitiisii, Elektrik-Elektronik Miihendisligi
Ana Bilim Dal1.

2 Prof. Dr., Konya Teknik Universitesi, Miihendislik ve Doga Bilimleri Fakiiltesi, Elektrik-Elektronik
Miihendisligi Boliimii
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Giines hiicresinin yapisi, p-n ekleminden (pozitif ve negatif katmanlar) olusur ve bu yapi, elektron
akigini yonlendirmede kritik bir rol oynar (Sekil 1) [2].
Sekil 1 : Giines hiicresinin i¢ yapisi

gunes 1s131

) . negatif
n tipi yariiletken elektrot

p tipi yariiletken

d & & 2 2 & -
¥ 99999 —

pozitif elektrot

—
elektrik akimi

Glines hiicresinin ¢aligmasi, temel fizik prensiplerine dayanir. Fotonlarin enerjisi, elektronlari serbest
birakir ve elektron-delik ¢iftleri (Sekil 2) olusturur. Serbest kalan elektronlar n katmanina, delikler ise p
katmania dogru hareket eder ve bu siiregte igsel bir elektrik alani olusturarak yiiklerin ayrilmasini ve
akimin dis devrelere yonlendirilmesini saglar. Bu siiregte hiicrenin i¢ yapisi dnemli bir rol oynar. Bir
giines hiicresinin verimliligi, dogrudan tasarimina ve kullanilan malzemelere baglidir [3].

Sekil 2 : Elektron-delik ¢ifti olugmast

foton

foton n-bolge A L
s elektron
. elektron
iletim bandi T @ l
E
@ "
| bO$|Uk bogluk
Degerlik bandi ® @ O p-boige Zaman >

Fotovoltaik siire¢ birka¢c énemli asamadan olusur. Once 1sik emilir ve serbest elektronlar iiretilir.
Ardindan igsel elektrik alani, bu yiklerin dolagimmi saglar ve ortaya ¢ikan akim, bir eviriciye
yonlendirilir. Bu evirici, dogru akimi (DC) alternatif akima (AC) gevirerek elektrigin sebeke
standartlarina uygun hale gelmesini saglar.

Hiicrelerin Panellere Doniistiiriilmesi

Fotovoltaik sistemlerde, giines hiicresi elektrik iiretiminin temel bilesenidir. Tek bir fotovoltaik hiicre
genellikle 0,5 ila 0,6 V arasinda bir gerilim saglamaktadir ve bu nedenle nispeten diisiik bir enerji
iiretmektedir [4]. Bu nedenle, birden fazla hiicre bir araya getirilerek bir modiil olusturulmaktadir (Sekil
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3).
Sekil 3 : Hiicreden fotovoltaik panele

Hiicreler, enerji liretimini artirmak amaciyla seri ve paralel olarak baglanmaktadir. Hiicreler seri
baglandiginda, toplam gerilim artarken; paralel baglantilar akim artirmaktadir. Ornegin, 36 hiicreden
olusan bir modiil, 18 ila 21 V arasinda bir ¢ikis gerilimi iiretebilmektedir. Modiiller, dis etkenlere karst
dayaniklilik saglamak amaciyla koruyucu katmanlarla kaplanmaktadir.

Bir giines paneli, genellikle 60 ila 72 modiilden olugmaktadir. Bu modiillerin bir araya gelmesi, enerji
iiretim kapasitesini 6nemli 6l¢iide artirmaktadir [5]. Biiyiikliigiine ve tasarimina bagl olarak, bir giinesg
paneli yiizlerce watt enerji iiretebilir. Ornegin, 300 Wp’lik bir panel, standart kosullarda (1000 W/m?
1sinim ve 25°C sicaklik) bu giice ulagabilmektedir. Bu paneller, konutlardan biiyiik elektrik santrallerine
kadar genis bir enerji talebini karsilamak iizere daha biiylik fotovoltaik sistemler olusturmak igin bir
araya getirilmektedir.

Tipik modiil tasarimlari, kullanilan hiicre sayisina ve baglant1 tiiriine gére degismektedir (Tablo 1). Seri
bagli hiicreler, nominal gerilim, agik devre gerilimi (Voc) ve maksimum gii¢ gerilimi (Vmpp) gibi
parametrelerle tanimlanir.

Tablo 1 : Tipik modiil tasarimlari

Seri halinde hiicreler | Nominal Gerilim | Voc | Vmpp
36 12V 22V | 18V
60 20V 38V | 31V
72 24V 44V | 36V

U fazh sebekeye bagh fotovoltaik sistemlerin bilesenleri

Fotovoltaik (PV) sistemler, giines enerjisinin verimli bir sekilde kullanilabilir elektrige
donistiiriilmesini saglayan cesitli temel bilesenlerden olugsmaktadir. Bu bilesenler arasinda boost
doniistiiriicti (DC-DC gevirici) [6], inverter (DC-AC ¢evirici) [7], [8], MPPT (Maksimum Gii¢ Noktasi
Takibi) [9] ve LCL filtreleri [ 10] yer alir. Her bir bilesen, sistemin optimizasyonu ve kararliligi agisindan
onemli bir rol oynamaktadir. Asagida bu bilesenlerin (Sekil 4) agiklamalar1 yer almaktadir:

Sekil 4 : Sebekeye bagl ii¢ fazli fotovoltaik sistemlerin 6nemli bilesenleri

A
VY
<QQD
V 0 0 U J_ LCL Filtresi [}
oines U U U Dan‘:i::;:ﬁcﬁ, — —|— Clinlu_ ’;‘é’_:g’ et ; — %
DC-DC
(5/5/8/ I '

MPPT

Fotovoltaik
panel
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Boost Déniistiiriicii (DC-DC Cevirici)

Boost doniistiiriicii, giines panelleri tarafindan {iretilen DC gerilimini artirmak i¢in kullanilan bir DC-
DC doniistiiriiciidiir. Glines panellerinin ¢ikis gerilimi, giines 15181 ve sicakliga bagli olarak degisiklik
gosterdiginden, genellikle sebeke veya cihazlari beslemek i¢in yeterli olmamaktadir. Boost donistiiriicii,
bu gerilimi diizenler ve bir sonraki doniisiim veya depolama asamalar1 i¢in uygun seviyeye yiikseltir
[11],[12].

Boost Déniistiiriiciiniin ana bilesenleri

Indiiktans (L): Anahtar (Switch K) kapali oldugu durumda enerjiyi depolamakta, anahtar acildiginda ise
depolanan enerjiyi geri vermektedir [11].

Diyot (D): PV kaynagima geri akimi engellemekte ve indiiktansta depolanan akimi, polarize oldugunda
¢ikisa yonlendirmektedir [13].

Kondansator (C1, C2): Cikis gerilimini filtreleyerek sabit bir DC gerilim saglamaktadir.

Anahtar (Switch K): PWM sinyali ile kontrol edilmekte olup, devredeki enerji depolama ve geri verme
asamalari arasinda gecis yapilmasini saglamaktadir [14].

Boost doniistiiriictisiiniin ¢alisma prensibi

Boost doniistiirliciistiniin ¢alisma prensibi, anahtarin (Switch K) durumuna bagli olarak iki faza
ayrilabilir [11]:
Faz 1: Anahtar kapal1 (Switch K ON)

Anahtar kapali oldugunda, akim indiiktans (L) ve anahtar {izerinden gegmektedir. Fotovoltaik panellerin
sagladigi gerilim (V_PV) indiiktansa uygulanmaktadir.

Bu asamada, enerji indiiktansin manyetik alaninda depolanmaktadir. Diyot bloke edilmistir ve bu
nedenle ¢ikisa herhangi bir akim gitmemektedir [12].

Indiiktans akimi, Denklem. 1'de verilen yasa dogrultusunda dogrusal olarak artmaktadir.
VL=Ldldt (1)

Faz 2: Anahtar acik (Switch K OFF)

Anabhtar agildiginda, indiiktansta depolanan enerji serbest kalmaktadir. Diyot iletimde olup, indiiktansta
depolanan akim yiikii beslemekte veya C1 ve C2 kondansatorlerine yonelmektedir [11].

Bu enerji, ¢ikis gerilimini yiikseltmek i¢in giris gerilimine (VPV) eklenmektedir. Kondansatoér C1 ve
C2 cikasi filtreleyerek sabit bir DC gerilim elde edilmesini saglamaktadir [12].

Bu fazda indiiktans akimi azalmaktadir, ancak ¢ikis gerilimi giris geriliminden daha yiiksek bir degerde
tutulmaktadir [13].

PWM ile Kontrol (Darbe Genislik Modiilasyonu)

Anahtar1 kontrol eden PWM sinyalinin gorev dongiisii (duty cycle), giris gerilimi (V_PV) ile ¢ikis
gerilimi (V_DC) arasindaki orami belirlemektedir. Gorev dongiisii, Denklem. 2'de verilen ifade ile
tanimlanir [14]:
Vout=Vin(1-D
(-D) )

Burada D, gorev dongiisiinii ifade etmekte olup, her anahtarlama dongiisiinde anahtarin kapali (ON)
oldugu stirenin toplam siireye oranim gostermektedir.
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Daha yiiksek bir gorev dongiisii (anahtarin daha uzun siire kapali kalmasti), daha yiiksek bir ¢ikis gerilimi
elde edilmesini saglamaktadir.

Inverter (DC-AC Cevirici)

Inverter, sebekeye bagli PV sistemlerde kritik bir bilesendir. Giines panellerinden gelen dogru akimi
(DC) alternatif akima (AC) cevirir; bu da ev aletleri tarafindan kullanilabilir veya elektrik sebekesine
entegre edilebilir [15]. Inverter, ayrica sebeke ile uyumlu bir sekilde frekans ve faz senkronizasyonunu
saglar (genellikle 50 veya 60 Hz) [11]. Ek olarak, enerjinin kalitesini optimize ederek bozulmalari en
aza indirir.

Maksimum Gii¢ Noktas: Takibi (MPPT)

MPPT, giines panellerinden elde edilen giicii maksimize etmek i¢in kullanilan bir kontrol teknigidir.
Maksimum gii¢ noktasin1 (MPP) bulmak amaciyla panelin ¢ikis gerilimini ayarlayarak giines 151811 en
iyi sekilde degerlendirmeye galigir [14]. Cevresel kosullar (giines 15181 ve sicaklik gibi) degistikge,
MPPT siirekli olarak ¢ikis gerilimini ayarlayarak PV sisteminin her zaman en verimli seviyede
caligmasini saglar [13]. Bu durum, sistemin verimliligini 6nemli dl¢iide artirmaktadir [16].

Parametre kontrolii

MPPT, giines panelleri tarafindan saglanan gerilim (VPV) ve akim (IPV) gibi sistemin ana
parametrelerini siirekli olarak izlemeye baslamaktadir. Bu degerlerden, MPPT tarafindan gii¢ (Ppv)
hesaplanirken Denklem. 3 kullanilmaktadir [16]:

PPV=VPVIPV 3)

LCL Filtresi

LCL filtresi, sebekeye bagli PV sistemlerinde enerji kalitesini artirmak ve inverterler tarafindan iiretilen
harmonikleri azaltmak icin kullanilmaktadir. Inverterler, dogru akimu alternatif akima cevirirken
genellikle harmonikler iiretir. LCL filtresi, indiiktrler (L) ve kondansatorlerden (C) olusur ve bu
harmonikleri azaltarak sebekeye aktarilan sinyalin kalitesini iyilestirir [17]. Bu filtre, sebekeye verilen
akimin enerji kalitesi standartlara uygun olmasini ve sebeke ya da bagli cihazlar iizerinde olumsuz
etkiler yaratmamasini saglar [18].

Enerji iiretimi ve sebeke entegrasyonu
Sebekeye baglh bir PV sisteminin simiilasyonu ve modellenmesi

Kurulan ii¢ fazli fotovoltaik sistem (Sekil 5), glines enerjisinin verimli bir sekilde elektrik enerjisine
donistiiriilmesini saglamakta ve boylece giines enerjisinin kullanimini maksimize etmektedir. 100 kW
nominal kapasiteye sahip bu sistem, maksimum gii¢ noktasinin takip edilmesi icin iki algoritma
kullanmaktadir: pargacik siiriisii optimizasyonu (PSO) ve artan iletkenlik (IncCond).

(Sekil 5)'te, li¢ fazli sebeke baglantili fotovoltaik sistemin genel yapisi gosterilmektedir ve bu sistemin
sebeke ile entegrasyonunun nasil saglandig1 detaylandirilmaktadir. (Sekil 6), ariza olmayan durumda
elde edilen aktif gii¢ egrisini ve (Sekil 7) ise ariza olmayan durumdaki {i¢ fazli sebekenin gerilim ve
akimini gostermektedir.

PSO ve Artan lletkenlik ile MPPT PSO algoritmasi, 1s1nim ve sicaklik kosullarina dinamik olarak uyum
saglayarak maksimum gii¢ noktasini bulmada 6zellikle etkilidir. Paralel olarak, artan iletkenlik yontemi,
DC-DC doniistiiriiciiniin gérev dongiisiinii gerilim ve akim degisikliklerine gore ayarlamaktadir. Bu iki
algoritmanin birlesimi, sistemin ariza olmadan 100 kW'a yakin aktif gii¢ elde etmesini saglamaktadir ve
dolayisiyla sistemin verimliligini optimize etmektedir.
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Aktif gii¢, fotovoltaik sistemlerde kritik bir parametredir. Gergekten kullanilabilir enerji miktarini temsil
eder ve sistemin karliligm ve elektrik sebekesiyle entegrasyonunu dogrudan etkilemektedir. Aktif
giiclin optimal bir seviyede tutulmasi, sistemin sebeke kararliligina katkida bulunmasia ve enerji
kaynaklarinin etkili bir sekilde kullanilmasina yardimci olmaktadir.

Fotovoltaik sistem tarafindan {iretilen enerji, oncelikle inverter tarafindan alternatif akima (AC)
doniistiriilmekte ve ardindan dagitim sebekesine uygun gerilim seviyesine yiikseltilmek iizere 100
kVA’lik (280V/25 kV) bir transformator araciligryla sebekeye iletilmektedir [19]. Daha sonra, 120 kV
/25 kV'lik ikinci bir transformatdr, enerjinin yiiksek gerilimli sebekeye entegrasyonu i¢in gerilimi daha
da artirmaktadir [20]. Sisteme 2 MW ve 30 MW giiciinde yiikler bagli bulunmaktadir. Bu yiikler, gii¢
sisteminde dalgalanmalara neden olmakta ve gerilim regiilasyonu ile gii¢ akis1 yonetimi agisindan sistem
iizerinde 6nemli bir etki yaratmaktadir [21]. Sistemin kararlili§inin saglanabilmesi i¢in etkili bir kontrol
mekanizmasi gerekmektedir [22].

Sekil 5 : Ug fazli sebeke baglantili fotovoltaik sistem

= =

Sekil 6 : Ariza olmayan durumda aktif giic egrisi
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Ariza Simiilasyonu ve Sistem Kontrolii

Ariza Zamanlamasi: "Ariza Zamanlamast" blogu, sistemde belirli anlarda meydana gelebilecek arizalar
simiile etmektedir [23]. Bu durum, gercek diinyada karsilasilabilecek kosullar1 yansitmaktadir. Arizalar
0.8 ile 1.2 saniye arasinda meydana geldiginde, genellikle gerilimde bir diisiis ve giicte dalgalanmalar
gozlemlenmektedir [24]. Bu tiir ariza senaryolari, fotovoltaik sistemin ger¢ek kosullardaki benzer
kesintiler karsisinda ne kadar kararli kalabilecegini degerlendirmek amaciyla kullanilmaktadir [25].

(Sekil 8), ariza ile sebekeye bagli ii¢ fazli fotovoltaik sistemi gostermektedir. (Sekil 9), sistemdeki ariza
durumunda aktif gii¢ egrisini ve (Sekil 10) ise arizalarla birlikte ii¢ fazli sebekedeki gerilim ve akimi
temsil etmektedir.

Sistem Kararlili1: Arizalar veya bozucu etkilere ragmen sistemin kararliligim1 korumak icin gelismis
kontrol stratejileri uygulanmaktadir [26]. Ozellikle, anti-windup kontrol mekanizmalar1 sayesinde,
sistem arizalarin olumsuz etkilerini en aza indirmek amaciyla gerilim ve giicii hizla ayarlamaktadir. Bu
durum, sistemin stabilitesini yeniden saglamak i¢in kritik bir rol oynamaktadir. Ayrica, LCL filtreleri
ve VSC (Gerilim Kaynakli Konvertdr) kontrolii, osilasyonlar1 sinirlayarak ve biiyiik bozulmalarin
oldugu durumlarda bile sistemi etkili bir sekilde dengeleyerek kararlilig1 saglamaktadir [27].

Sekil 8 : Ariza ile sebekeye bagli ii¢ fazli fotovoltaik sistem
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Sekil 10 : Arizalarla birlikte ii¢ fazli sebekedeki gerilim ve akim
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Sonug¢

Bu calisma, "Fotovoltaik Sistemlere Giris: Giines Hiicresinden Enerji Uretimine" baghg altinda, giines
hiicrelerinden enerji tiretiminin temel prensiplerini ve sebekeye bagh ii¢ fazli fotovoltaik sistemlerin
ariza kosullarindaki performansimi kapsamli bir sekilde incelemektedir. Elde edilen bulgular, ariza
zamanlamalarinmm (0.8 ile 1.2 saniye arasinda) aktif giic ve gerilim iizerindeki etkilerini
detaylandirmaktadir. Ozellikle, anti-windup kontrol mekanizmalarinin entegrasyonu, sistemin gerilim
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ve giic dalgalanmalarim1 hizli bir sekilde dengeleyerek stabiliteyi korumasina Onemli katk:
saglamaktadir. Bunun yan sira, LCL filtreleri ve VSC kontrol stratejileri, sistemin kararliligini artirarak,
giines enerjisinin verimli bir sekilde elektrik enerjisine doniistliriilmesine olanak tanimaktadir. Bu
bulgular, fotovoltaik sistemlerin ariza kosullarina kars1 dayanikliligini ve giines enerjisinin potansiyelini
artirmak i¢in gereken gelismeleri vurgulamaktadir.

Sonug olarak, giines enerjisi kullanimi, ¢evresel siirdiiriilebilirlik ve enerji verimliligi agisindan 6nemli
firsatlar sunmaktadir ve bu arastirma, gelecekteki fotovoltaik sistem tasarimlarina ve uygulamalarina
yon vermektedir.
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Warehouse Optimization: Analysing Opening/Closing Decisions in

Distribution Networks-A Case Study
Mohamoud Warsame', Ziilal Diri Kenger’

Abstract

In an intensely competitive environment, many companies have to optimize their processes. Facility
opening and closing decisions have a direct impact on a company's operational efficiency, cost structure,
and customer satisfaction. For these reasons, facility (warehouse) opening and closing decisions are vital
to a company's overall strategy and success. In this study, warehouse opening and closing decisions for
a company operating in the food industry in the olive oil products category are discussed. The case study
involves two factories that produce and service six different storage areas. The Capacity Constrained
Facility Location Selection Model is proposed for the problem. The model is tested using various
optimization software such as LINGO, GAMS, and Excel Solver, and the results are compared. The
study aims to increase operational performance and cost efficiency by taking into account factors such
as customer demand, geographic location, transportation costs, and market trends.

Keywords : Warehouse optimization , distribution network , facility location.
Discipline: Industrial Engineering

Introduction

The growth of industrialization, the global marketability of goods and services, and the occurrence of
disasters and crises have all heightened the importance of logistics and supply chain management.
Globally, the acceleration of logistics processes has led to a significant increase in product flows into
cities, especially large metropolitan areas. From this perspective, it is advantageous for production
companies to store all products manufactured in their facilities in a smart, consolidated, and planned
manner. This approach not only enhances operational efficiency but also ensures that end consumers
can access high-quality and economical products more quickly.

Warehouses serve as essential facilities within the supply chain, where products received from suppliers
are accepted, inspected, stored, packaged, and processed for value-added operations until they are ready
for shipment. These facilities play a crucial role in ensuring efficient storage, handling, and timely
distribution of goods to meet market demand effectively. [1], [2],[3]

,[4] the supply chain function encompasses both production and storage operations. In this case study,
the supply network includes two factories: one dedicated to in-house production and storage, with six
potential storage sites that can service the main facility. The analysis focuses on evaluating the
conditions for maintaining operational warehouses and initiating services from new storage locations.
,[3]we are tasked with making critical decisions regarding the operational configuration of six
warehouses. The primary objective is to minimize overall costs while determining which facilities to
open and which to close. The challenge lies in evaluating the operational requirements and associated
costs of each warehouse to identify the most cost-effective solution. By strategically selecting which
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facilities to keep operational, we aim to optimize resource allocation and reduce unnecessary
expenditures. This analysis is vital for the company's financial health and operational efficiency

The company's own factory is located within the borders of Ayvalik district of Balikesir province. The
other factory with contract manufacturing is in Balikesir Edremit. Both in Ayvalik and

There is storage space within the factory campuses in Edremit In addition, it stocks and ships products
in four different active warehouses. The warehouses are called Kiigiikkdy, Altinova and Burhaniye
warehouses. In addition to these It also has a warehouse used for different product groups in Altinoluk.
Packaged products in warehouses are tins, glass bottles and pet bottles of various sizes and are placed
on pallets. is stored. In addition to packaged products in factory warehouses, there are also bulk product
warehouses. Although there are, these warehouses are outside the scope of the case. Repackaging in
warehouses, Value added services such as labeling, mixed pallet preparation etc. are provided. Products
produced in production facilities are stocked in storage areas and exported domestically and
internationally. is shipped to the market. The products are sent to dealers established on a provincial

basis. Products are sent abroad on pallets in containers from container ports.
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Figure 1. Study Area
Factories B with sign and also stores® is indicated by the sign.

Data Collection

At this stage, numerical data for two key elements—cost and demand—along with capacity, should be
considered. These values are presented in the Table 1, with figures modified for confidentiality purposes
and thus may differ across products. All data is expressed in a single unit based on an equivalent product.

Table 1: Costs and Capacities

Warehouses Total logistics cost (TL/UNIT)l  Fixed cost tl/year
Ayvalik Edremit warchouse capacity|

Ayvalik factory warehouses

11 79 6,200,000 7.050.000
Kiiciikkdy 16 46 4.900.000 4.500.000
Altinova 16 29 7.800.000 5.750.000
Edremit factory warehouses

82 14 4.400.000 3.300.000
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Burhaniye 38 17 6.100.000 2.250.000
Altinoluk 54 32 4.200.000 3.150.000
Total Product storage 18,250,000 2,750,000

Requirement

At this stage, it is essential to specify the components of cost and capacity elements and define their
scope. While production, storage, and shipment of products of varying weights and volumes are
addressed, all products are evaluated on an equivalent unit basis. Accordingly, demand, capacity, and
cost values—expressed in terms of the equivalent unit product—are provided in the table. Warehouse
and factory costs include transportation expenses between these points, encompassing storage-related
costs and transportation costs to delivery destinations.

This scope includes transportation costs from the factory to the warehouse, storage costs, and average
transportation costs from the warehouse to customers. Transportation costs between the factory and its
associated warehouse (such as forklift operations) are considered negligible. Transportation costs from
the warehouse to delivery points reflect nationwide averages, including those for export ports in Tiirkiye.
The fixed costs of warehouses encompass rents, insurance, depreciation, security, general expenses, and
any additional incidental costs. Total product storage requirements are determined based on annual
production plans and represent the consolidated form of unit storage needs projected on a per-unit basis.
The capacities of the warehouses are calculated according to physical conditions, representing the
volumetric equivalents of available space on a per-unit basis. Upon examining the data, it is evident that
the available storage capacity exceeds the actual storage requirements.

Methodology

This paper applies a Capacitated Plant Location Problem (CPLP) approach to evaluate potential sites
for warehouse establishment. To achieve this, various optimization software tools were employed,
including LINGO, GAMS, and Excel Solver. [4], [6], [7]

LINGO is a high-level modeling system specifically designed for mathematical programming and
optimization. It was utilized to find the optimal solution for the CPLP, allowing for a comprehensive
analysis of potential warehouse locations based on predefined constraints and objectives.

Excel Solver is a powerful tool that employs mathematical algorithms to solve optimization problems,
including the Capacitated Facility Location Problem [6]. This tool enables businesses to manipulate and
analyze data effectively, helping them to identify the most optimal solutions tailored to their specific
needs. In the context of warehouse decision-making, Excel Solver assists in determining the best
locations for warehouses by considering factors such as demand, capacity, and other relevant criteria.
GAMS (General Algebraic Modeling System) is another optimization software that facilitates complex
modeling of mathematical programming problems. It provides a flexible platform for formulating and
solving large-scale optimization issues, further enhancing the analysis of warehouse site selection in this
study.

Through the integration of these tools—LINGO for optimal solution finding, Excel Solver for data
analysis and manipulation, and GAMS for complex modeling—this study comprehensively addresses
the challenges associated with warehouse establishment.
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The Capacitated Plant Location Model

This model is a network optimization model that builds upon a demand allocation framework,
incorporating decisions regarding facility openings and closures. Once facilities are opened, the model
determines how to allocate resources from these facilities to meet customer demand and source suppliers
effectively.

Given a set of supply sources (with specified capacities) and a set of customers (with specified
demands), the model identifies which facilities should be operational and determines the optimal
allocation of supply from these open facilities to customers to minimize total costs. [2]

Problem Formulation

The capacitated plant location network optimization model requires the following inputs

n= number of potential plant location/capacity (each level of capacity will count as separate location )
m =number of market or demand points

Dj= annual demand from market j

Ki= potential capacity of plant i

fi=annualized fixed cost of market of keeping plant i open

Cij=cost of producing and shipping one unit form plant i to market j (cost includes production, inventory,
transportation and tariff )

decision variables

yi= 1 if plant i 1s open 0 otherwise

Xij= quantity shipping from plant i to market j

the problem is then formulated as the following mixed interger program :

MIN

n n m

Yfixyi+Y Y CijXij

j=1

i=1

j=1

n

Yxij=Djforj=1,...... ,m Eq=(1)

i=1

m

Yxij< Kiyifori=1,........,.n Eq= (2)

j=1

yi(01) for i=1,....... n, Xi>=0 Eq=(@3)

The objective function aims to minimize the overall cost associated with establishing and running the
network, which includes both fixed and variable costs. Equation 1 ensures that the demand in each
regional market is met, meaning that the network must be able to satisfy the required demand in every
market. Equation 2 imposes a constraint that prevents any plant from supplying more than its capacity.
In the context of this constraint, if a plant is closed, its capacity is considered as zero, while if it is open,
its capacity is denoted as Ki. The term Kiyirepresents the product of these factors, effectively capturing
the impact of whether a plant is open or closed. Finally, Equation 3 enforces that each plant can only be

in one of two states: open (yi = 1) or closed (yi = 0)
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Results And Discussion

Lingo

According to the solution obtained by LINGO, the most optimal decision to meet customer demand and
optimize warehouse operations is to open all of the facilities. The LINGO solver's results suggested that
opening all the facilities

Excel Solver

Excel Solver is a powerful tool that uses mathematical algorithms to solve optimization problems, such
as the Capacitated Facility Location problem in your case study. It allows businesses to analyze and
manipulate data to find the most optimal solution for their specific needs. In the case of warehouse open
and close decision making, Excel Solver can help determine the best locations for warehouses based on
demand, capacity, and other factors.

x_ij quantity shipped from warehouses | to

market j
y_i: open facility in city | ; yes open ;0 no do not
open
Table 2 excel solutiondecision variables
Warehouses total logistics cost open _
(TL/UNIT) facility | YES |sum of production at
each location it
Ayvalik | Edremit /NO gapaCI y
Ayvalik factory 7
warehouses 7,050,000
3800000 0 1 3800000
£
4,500,000
Kiiciikkoy 0 2750000 1 2750000
£
5,750,000
Altimova 5750000 0 1 5750000
Edremit factory 7
warehouses 3,300,000
3300000 0 1 3300000
£
. 2,250,000
Burhaniye 2250000 0 1 2250000
£
3,150,000
Altinoluk 3150000 0 1 3150000
) 18,250,000]2,750,000
sum shipped to
lotal Product storage Requirement
18.250.000(2.750.000
Must Equal Demand
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OBJECTIVE FUNCTION = FIXED COST +VARIBALE COST
COST 6,200,000
Based on the results obtained from the Excel Solver, it was determined that the most effective decision

to meet the demand and optimize warehouse operations is to open all of the facilities. The Solver analysis
indicated that opening all the facilities would ensure sufficient capacity to fulfill customer demand while
maintaining operational efficiency. This outcome was derived through an evaluation of various factors
and constraints using the Excel Solver, providing a rational and data-driven solution for warehouse

optimization. (2]
S oL VvV E S UM™MARY
MODEL Pplant_ location OBJECTIVE z
TYPE MIP DIRECTION MINIMIZE
SOLVER CPLEX FROM LINE =2 B
namiandian SOLVER STATUS 1 Normal Completion
= MODEIL STATUS 8 Integerxr Solution
*maxx OBJECTITIVE VALUE 345350.0000
RESOURCE USAGE, LIMIT O.0s8e6 1000.000
ITERATION COUNT, LIMIT i3 2000000000
IBM ITL.OG CPLEX Jul 4, 2010 23.5.1 WIN 1841494.18495 VS8 x86/MS Windows
Cplex 12.2.0.0, GAMS Link 349

Cplex MIP uses 1 of 4 parxrallel threads. Change default with option THREADS.
MIP status (102) : Iintegex optimal, Tolerance

Fixed MIP status(l) : optimal

Solution satisfies tolerances.

MIP Solution: 345350.000000 (7 itcexations, O nodes)
Final Solve: 345350.000000 (6 itexrations)

Best possible: 34941092 .222222

Absolute gap: 4257 . 777778

Relative gap: 0.012329

Figure 4. Gams Optimal Solution

For my case study, my goal was to determine the most efficient and effective solution for the warehouse
open and close decision making problem. After analyzing the results obtained from different software
and solvers, it was determined that the most efficient and cost-effective decision for optimizing
warehouse operations is to close one facility. Specifically, based on the GAMS solution, it was
concluded that the Altinoluk facility should be closed [3], [4]

In addition, while other software may suggest opening all facilities, GAMS specifically determined that
only 5 facilities need to be opened in order to achieve the most optimal solution for warehouse open and
close decision making

Table 3Summarizing the results from each software, emphasizing the optimal solution and
cost minimization

Software | Optimal solution cost Decision outcome
Lingo Open all six facilities 301250,000 Open all facilities
Excel Open all six facilities 6,200,000 | Open all facilities
solver
GAMS Open five  facilities close | 345350,000, Minimised cost opening
Altinoluk only  five
facilities
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Conclusion

In this case study, the objective was to optimize warehouse operations and make informed decisions
regarding the opening and closing of warehouses in the olive oil products category. Three different
solvers were used to address the capacity location model and obtain varying solutions.

By utilizing these solvers, it was possible to assess factors such as customer demand patterns,
transportation costs, and storage capacity in order to determine the most efficient and effective solution.
The results obtained from the solvers provided valuable insights into the warehouse open and close
decision-making problem. These solutions can help enhance operational efficiency, minimize costs, and
maintain high service levels in the supply chain for the company. Among these solvers, GAMS was
found to provide the closest and most suitable solution. By leveraging GAMS, the case study
successfully addressed the warehouse open and close decision-making problem.
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