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Observer hall-1

Giiniimiizde kediler, kopekler ve kuslar gibi sokak hayvanlari,
olaganiistii dsnemler diginda devlet korumasi sinirh olan; fakat
toplumla ig ige yasayan canlilardir.

Yerlesik hayata gegilmesinden bu yana hayvanlar, insanlarin
yasaminda vazgegilmez bir konumda yer almaktadir.

Arkeolojik bulgular, képegin insan tarafindan evcillestirilen
ilk tiir oldugunu ve yaklagik 15.000 yildir insan topluluklariyla
birlikte yasadigini géstermektedir (Clutton-Brock, 2017).

Giintimiizde kopekler yalmzcea eveil dost degil; giivenlik,

rehberlik, terapi ve arama-kurtarma gibi hirg‘zwk alanda aktif rol
almaktadir (Coban, 2017).

Tiirkiye’de sokak hayvanm popiilasyonunun yiiksek olmasi
nedeniyle kopekler, giindelik yagamin ayrilmaz bir par¢asidir.
Kopeklere yonelik tutumlar; bireysel davranislari, toplumsal
huzuru, hayvan refahi politikalarini ve yerel yénetim
uygulamalarini dogrudan etkilemektedir.

Gelismekte olan iilkelerde kpekler, sahipsiz he
popiilasyonunun énemli bir kismini olugturarak
alanlarin dogal aktorii haline gelmistir.

Observer hall-1 : d H1 S2 Eyliil Dur...

TRANSGENIK HAYVAN ELDE ETME YONTEMLERI

1. DNA Mikroenjeksiyonu 2. Embriyonik Kok Hiicre Aracili Gen Transferi

Bu yontem, istenen genin embriyonik kok hicrelere
yerlestirimesi ve ardindan modifiye hicrelerin  aliciya
aktarilmasini igerir.

Zigot (déllenmis yumurta) — Morula — Blastosist (embriyonik kék hiicre) — Gastrula

Bu ydntem, istenen genin
déllenmis bir yumurtanin

prontikleusuna dogrudan
mikroenjeksiyonunu igerir.

Embryonic Genetically
stem cells modified stem cells

Prondkleus, déllenme sireci sirasinda sperm veya yumurta hacresinde bulunan gekirdedi belirti, //
_ =

DONA MIKROENJEKSIYONU
Donde hayvandan embriyonun blastosist agamasi

izole edilir.

Embriyonik kok hicreler invitro kiltore edilir ve

istenilen gen bu hicrelere aktarilir.

Daha sonra modifiye ediimis embriyonik kok

hacreler blastosistin ig hiicre kitiesine enjekte edili

Blastosist, alici hayvana transfer edilerek hem

modifiye ediimis hem de modifiye edimemis

hacreler igeren kimerik bir hayvan elde edilir Chimeric animal

Zigot yapilir, totipotent, Morula - Blastosist (ig hiicre kitlesi -
embriyonik kék hiicreler, pluripotent, hala farklilagmanmis) -+ Gastrula (farkhlagma baglar)

Dog. Dr. Mehmet Yardimci
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Onemli, Dikkatle Okuyunuz Lotfen

= Kongremizde Yazim Kurallarma uygun gonderilmis ve bilim kurulundan gegen bildiriler i¢in online (video
konferans sistemi iizerinden) sunum imkani saglanmistir.

= Online sunum yapabilmek icin https://zoom.us/join sitesi lizerinden girig yaparak “Meeting ID or Personal
Link Name” yerine ID numarasini girerek oturuma katilabilirsiniz.

= Zoom uygulamasi iicretsizdir ve hesap olusturmaya gerek yoktur.

= Zoom uygulamasi kaydolmadan kullanilabilir.

=  Uygulama tablet, telefon ve PC’lerde ¢alistyor.

= Her oturumdaki sunucular, sunum saatinden 5 dk 6ncesinde oturuma baglanmis olmalar1 gerekmektedir.

= Tiim kongre katilimcilari canli baglanarak tiim oturumlar: dinleyebilir.

= Moderatdr — oturumdaki sunum ve bilimsel tartigma (soru-cevap) kismindan sorumludur.

Dikkat Edilmesi Gerekenler - TEKNIK BILGILER

= Bilgisayarinizda mikrofon olduguna ve ¢aligtigina emin olun.

=  Zoom'da ekran paylagma 6zelligini kullanabilmelisiniz.

= Kabul edilen bildiri sahiplerinin mail adreslerine Zoom uygulamasinda olusturdugumuz oturuma ait 1D
numarasi gonderilecektir.

= Katilim belgeleri kongre sonunda tarafiniza pdf olarak gonderilecektir.

= Kongre programinda yer ve saat degisikligi gibi talepler dikkate alinmayacaktir.

Important, Please Read Carefully

= To be able to attend a meeting online, login via https://zoom.us/join site, enter ID “Meeting ID or Personal
Link Name” and solidify the session.

= The Zoom application is free and no need to create an account.

The Zoom application can be used without registration.

The application works on tablets, phones and PCs.

The participant must be connected to the session 5 minutes before the presentation time.

All congress participants can connect live and listen to all sessions.

Moderator is responsible for the presentation and scientific discussion (question-answer) section of the session.

Points to Take into Consideration - TECHNICAL INFORMATION

= Make sure your computer has a microphone and is working.

= You should be able to use screen sharing feature in Zoom.

= Attendance certificates will be sent to you as pdf at the end of the congress.

= Requests such as change of place and time will not be taken into consideration in the congress program.

k%%

Zoom'a giris yapmadan once liitfen drnekteki gibi salon numaranizi, adinizi ve soyadinizi belirtiniz
Before you login to Zoom please indicate your hall number, name and surname

exp. H-5, Radmila Janici¢
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TOPIC TITLE

Assist. Prof. Dr. Ozlem BEDIR
Prof. Dr. Deniz KORKMAZ
Prof. Dr. Omer KORKMAZ

Prof. Dr. Aytag AKCAY

Assist. Prof. Dr. Ayfer GULLU
YUCETEPE

Harran University
TURKIYE

AGE-DEPENDENT VARIATIONS IN SERUM
AMH AND FSH LEVELS IN AWASSI EWES
DURING AND OUTSIDE THE BREEDING
SEASON
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HEAD OF SESSION: Assoc. Prof. Dr. Fatma KAYACETIN

Authors Affiliation Presentation title

Assoc. Prof. Dr. Fatma Ankara University PHENOLOGY, MORPHOLOGY, AND SEED YIELD OF
KAYACETIN TURKIYE TURNIP RAPE PURE LINES

Assoc. Prof. Dr. Fatma Ankara University THE BIODIESEL FUEL CHARACTERISTICS OF BRASSICA
KAYACETIN TURKIYE RAPA SSP. OLEIFERA L. PURE LINES

Biisra irem OZITEKIN
Prof. Dr. imren KUTLU

Eskisehir Osmangazi
University TURKIYE

INVESTIGATION OF MORPHOLOGICAL, PHYSIOLOGICAL
AND AGRONOMIC CHARACTERICTICS OF TRITICUM
SPELTA AND TRITICUM MACHA HEXAPLOID WHEAT
SPECIES

Recep BALKIC
Lokman ALTINKAYA
Prof. Dr. Hamide GUBBUK

Akdeniz University
TURKIYE

EFFECTS OF IBA SOLUTIONS PREPARED WITH DIFFERENT
ALCOHOL CONCENTRATIONS ON ROOTING IN
PASSIFLORA EDULIS

Recep BALKIC
Lokman ALTINKAYA

Akdeniz University

PASSIFLORA CULTIVATION IN TURKIYE: POTENTIAL,

Prof. Dr. Hamide GUBBUK TURKIYE PRACTICES, AND FUTURE PERSPECTIVES
Assoc. Prot. Br. Emine KAYA Ondokuz Mayis SYNERGISTIC EFFECTS OF PLANT HORMONES AND
Sine KAYA University TURKIYE HERBICIDES
Assoc. Prof. br tmine KAYA 1 Ondokuz Mayis | METAGENOMIC APPROACHES TO EXPLORE WEED-
Sine KAYA University TURKIYE ASSOCIATED MICROBIOMES
Bilal Can ERKAN Tekirdag Namik
UGur GUNES Kemal University ACCUMULATOR PLANTS AND MICROPLASTICS

Prof. Dr. Seving YESILYURT

TURKIYE

All participants must join the conference 10 minutes before the session time.

presentation should last not longer than 10-12 minutes. Kindly keep your cameras on till the end of the session.
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HEAD OF SESSION: Prof. Dr. lvan PAVLOVIC
Avuthors Affiliation Presentation title

Dr. Fatima DJOUBER-TOUDERT
Messaouda BELAID

Mouloud Mammeri
Tizi-Ouzou University
ALGERIA

VARIABILITY OF POLLEN COLLECTED BY APIS MELLIFERA
INTERMISSA BEES IN A MOUNTAINOUS REGION OF
ALGERIA

Prof. Dr. Ivan PAVLOVIC

Scientific Institute of
Veterinary Medicine
SERBIA

BUMBLEBEE PARASITES TRANSMITTED TO HONEYBEES -
Apicystis bombi

Md. Shahinur Islam
Md. Mosharraf Hosain
Akira Yamanaka
A.T. M. F. Islam

Institute of Food and
Radiation Biology,
Atomic Energy
Research
Establishment
BANGLADESH

Yamaguchi University

JAPAN

FIRST WINTER BREEDING LIFE HISTORY TRAITS OF THE
PLAIN TIGER BUTTERFLY, DANAUS CHRYSIPPUS
(LINNAEUS, 1758) (LEPIDOPTERA: DANAIDAE)

THROUGHOUT THE WINTERING PERIOD ON SONADIA
ISLAND, BANGLADESH

Gowridevi V
S. Suresh
Murugesan Kamaraj

SRM Institute of
Science and
Technology INDIA

EXPLORING PHYTASE PRODUCTION FROM
MICROALGAE AND ITS INDUSTRIAL APPLICATIONS

LADACI Hadjer
LOUDJANI Farida
LADOUALI Zineb

ABDENNOUR Cherif

Badji Mokhtar
University ALGERIA

STUDY OF THE EFFECT OF CISTUS MONSPELIENSIS ON THE
GENOMIC INTEGRITY OF SPERMATOZOA IN MALE RATS
SUBJECTED TO LEAD TOXICITY

Saleh Amina Bakaro
Suleiman Ammar Muhammad
Hassan Umar Ibrahim

Federal University
NIGERIA

ASSESSING SOIL PROPERTIES AND FEMALE FARMERS
PERCEPTION OF GULLY EROSION CONTROL STRATEGIES
IN KALTUNGO LOCAL GOVERNMENT AREA, GOMBE
STATE NIGERIA

Samira EL AOUIDI
Zineb ELABOUDI
Abdelmourhit LAISSAOUI
Radouan SAADI
Azzouz BENKDAD
Zineb EL Mouridi

Hassan Il University
MOROCCO

(CNESTEN)
MOROCCO

National Center for
Energy, Sciences and
Nuclear Techniques

APPLICATION OF THE NORMALYSA TOOL FOR
RADIATION DOSE CALCULATION IN THE SEMI-ARID
MEKNES AGRICULTURAL REGION

All participants must join the conference 10 minutes before the session time.

presentation should last not longer than 10-12 minutes. Kindly keep your cameras on till the end of the session.
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HEAD OF SESSION: Prof. Dr. Aysun CAVUSOGLU

Avuthors

Affiliation

Presentation title

Assoc. Prof. Dr. Mehmet
YARDIMCI

Tekirdag Namik
Kemal University
TURKIYE

CURRENT APPROACHES, APPLICATIONS AND FUTURE
PERSPECTIVES IN TRANSGENIC ANIMAL
BIOTECHNOLOGY

Prof. Dr. Aysun CAVUSOGLU
Prof. Dr. Mehmet Erhan GORE

Kocaeli University
TURKIYE

Bolu Abant izzet

Baysal University
TURKIYE

THE STUDIES ON BOSCALID-RESISTANCE IN ALTERNARIA
SPP. IN PLANT PROTECTION

Oyki DIVRIK
Assoc. Prof. Dr. Filiz UNAL
Prof. Dr. Aysun CAVUSOGLU

Eskisehir Osmangazi
University TURKIYE
Kocaeli University

TURKIYE

IN VITRO EVALUATION OF ANTIFUNGAL POTENTIAL OF
THREE PLANT ESSENTIAL OILS AGAINST BOTRYTIS CINEREA

Res. Assist. ®mer Umit OKCU
Prof. Dr. Nuray OZER

Tekirdag Namik
Kemal University
TURKIYE

EFFECTS OF FUNGICIDES ON NON-TARGET FUNGAL
COMMUNITIES IN THE PLANT PHYLLOSPHERE

Assoc. Prof. Dr. Nihal KILIC
Kibra KOC

Tekirdag Namik
Kemal University
TURKIYE

HOST INTERACTIONS AND DAMAGE MECHANISMS OF
ERIOPHYID MITES (ACARI: ERIOPHYIDAE)

Assoc. Prof. Dr. Nihal KILIC
Eylul Duru Yicel

Tekirdag Namik
Kemal University
TURKIYE

DRIED FRUIT MITE Carpoglyphus lactis: BIOLOGY, FOOD
CONTAMINATION AND PROSPECTS FOR SUSTAINABLE
CONTROL

All participants must join the conference 10 minutes before the session time.

presentation should last not longer than 10-12 minutes. Kindly keep your cameras on till the end of the session.
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Avuthors

HEAD OF SESSION: Amal Dagni

Affiliation

Amal Dagni
Souraya Sakoui
Abdelaziz Soukri
Bouchra El Khalfi

Hassan Il University
MOROCCO

Presentation title

MICROENCAPSULATION OF DYSPHANIA AMBROSIOIDES
ESSENTIAL OIL: AN EXAMPLE OF SUSTAINABLE
VALORIZATION OF MOROCCAN NATURAL HERITAGE

Hasna ZAGGOUMI
Said BOUDA
Imane NEG

Ibtissam MARDOUME
Doha BELKACHACH
Sonia MARGHALI
Abdelmajid HADDIOUI

Sultan Moulay
Slimane University
MOROCCO
Tunis E-Manar
University TUNUSIA

BIOCHEMICAL AND ANTIMICROBIAL PROFILING OF
CAROB (CERATONIA SILIQUA L.) ORGANS FROM
MOROCCAN POPULATIONS

BENYAHOUB Rabie
CHOUANA Toufik
AZIB Salim

Kasdi Merbah
University ALGERIA

INTEGRATED VALORIZATION OF QUINOA PROCESSING
BY-PRODUCTS: FROM FUNCTIONAL FOOD INGREDIENTS
TO BIOENERGY AND AGRICULTURAL APPLICATIONS

Mostafa OUHSSAINE
Karim OUSSAID
Sanaa CHERROUD
Ayoub AINANE
Tarik AINANE

Sultan Moulay
Slimane University
MOROCCO

FOAM-MAT DRYING: A SUSTAINABLE TECHNOLOGY TO
REDUCE POST-HARVEST LOSSES AND ADD VALUE TO
AGRI-FOOD PRODUCTS

S.Rubin thara
N.Arshad ahamed
E.Praveena
R.Swathi
R.SriArasuvasan
K.Dinesh Rajan
D.Aravindhan
K.vaishnavi
K.vijalakshmi

Bharath institute of
higher education and
research INDIA

HERBAL COSMETICS: TRENDS, SAFETY & EFFICACY

Ikram Elbezyouy
llias Oussif
Aabdousse Jamal
Wahid Nadya

Sultan Moulay
Slimane University
MOROCCO

CHARACTERIZATION OF LEAVES, ROOTS, AND SOIL OF
MEDICINAL AROMATIC PLANTS: SOIL-PLANT TRANSFER

All participants must join the conference 10 minutes before the session time.

Every presentation should last not longer than 10-12 minutes. Kindly keep your cameras on fill the end of the session.
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Avuthors

Assist. Prof. Dr. Mesut COSLU
Assoc. Prof. Dr. ilker UNAL

Affiliation

Burdur Mehmet Akif
Ersoy University
TURKIYE

Presentation title

A MULTI-TEMPORAL ANALYSIS OF THE CORRELATION
BETWEEN NDVI AND NDMI IN REMOTE SENSING-BASED
PRECISION AGRICULTURE

Dr. Anil Firat FELEK
Prof. Dr. Faruk AKYAZI

Ordu University
TURKIYE

A REVIEW OF PRECISION MAPPING SYSTEMS FOR PLANT
PARASITIC NEMATODE PROBLEMS: DIGITAL MAPPINGS
OF AGRICULTURAL LANDS TO CREATE THE DATA FOR
SITE-SPESIFIC NEMATODE INFESTATION AND
MANAGEMENT DECISIONS

Assoc. Prof. Dr. Semin
TOPALOGLU PAKSOY
Dr. Emine Kokacya DUVAN

Cukurova University
TURKIYE

EVALUATION OF TRANSITION EFFORTS OF TURKIYE TO
ORGANIC AGRICULTURE: AN APPLICATION WITH THE
MSD BASED RAWEC METHOD

Dr. Emine Kokagya DUVAN
Assoc. Prof. Dr. Semin
TOPALOGLU PAKSOY

Cukurova University
TURKIYE

AGRICULTURAL BIODIVERSITY AND FOOD SECURITY: A
COMPARISON WITH EXAMPLES FROM TURKEY AND THE
WORLD

Assist. Prof. Dr. Hasan Selguk ETi

Tekirdag Namik
Kemal University
TURKIYE

THE EFFECTS OF SUSTAINABLE AGRICULTURAL
MARKETING ELEMENTS ON CONSUMER BEHAVIOR

Rashid Gasimov TAHIR

Institute of Soil
Science and
Agrochemistry
AZERBAIJAN

ANALYSIS OF CERTAIN FACTORS CONTRIBUTING TO SOIL
DEGRADATION PROCESSES IN THE SAATLI DISTRICT

All participants must join the conference 10 minutes before the session time.

Every presentation should last not longer than 10-12 minutes. Kindly keep your cameras on fill the end of the session.
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Presentation title

Avuthors
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Kovendan M
S. Hemalatha

B.S. Abdur Rahman
Crescent Institute of
Science and
Technology INDIA

NANO-ENGINEERED ANTIMICROBIAL FORMULATION
FOR THE CONTROL OF PLANT PATHOGEN

Abinaya V
Ranjani §
S. Hemalatha

B.S. Abdur Rahman
Crescent Institute of
Science and
Technology INDIA

PHYTO-SYNTHESIS OF NANOPARTICLES TO CONTROL
MULTIDRUG RESISTANCE GRAM NEGATIVE PATHOGENS

Lazima.G
Ranjani §
S. Hemalatha

B.S. Abdur Rahman
Crescent Institute of
Science and
Technology INDIA

GREEN SYNTHESIS OF MELIA DUBIA MEDIATED SILVER
NANOPARTICLES AND EXPLORING IT'S ANTIBACTERIAL
PROPERTY IN MASTITIS PATHOGENS

Shyamnath.
Sandhia.$
Jeyanthi Rebecca.l

Bharath Institute of
Higher Education and
Research INDIA

DEVELOPMENT OF NANO-BASED LIQUID BIOFERTILIZER
FOR MITIGATION OF SALT STRESS IN CAPSICUM ANNUUM
L AND SOLANUM MELONGENA PLANTS

Fedwa BEGHDADI
El-Hadj DRICHE

Hassiba Benbouali
University ALGERIA

ISOLATION OF SAHARAN ACTINOBACTERIA FOR
BIOLOGICAL CONTROL AGAINST PHYTOPATHOGENS:
TOWARDS SUSTAINABLE AGRICULTURE

Fedwa BEGHDADI
El-Hadj DRICHE

Hassiba Benbouali
University ALGERIA

ENVIRONMENTAL AND CONSUMER HEALTH RISKS
ASSOCIATED WITH MYCOTOXINS PRODUCED BY
PHYTOPATHOGENIC FUNGI

Fateme Asadi Touranlou

Mashhad University of
Medical Sciences

STUDYING THE EFFECT OF HEMATITE AND TITANIUM
DIOXIDE NANOPARTICLES ON REDUCING CADMIUM
LEVELS IN WHEAT GRAIN: A REVIEW

IRAN

All participants must join the conference 10 minutes before the session time.

presentation should last not longer than 10-12 minutes. Kindly keep your cameras on till the end of the session.
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ABSTRACT

Introduction and Purpose: Reproductive efficiency in sheep has a direct impact on flock
sustainability and productivity. Identifying reliable hormonal markers is essential for evaluating
ovarian activity and selecting high-fertility females. Anti-Mullerian hormone (AMH), secreted
by granulosa cells of preantral and small antral follicles, reflects the ovarian reserve, while
follicle-stimulating hormone (FSH), produced by the anterior pituitary, regulates follicle
recruitment and growth. Age, reproductive status, and season may alter their physiological
levels. However, limited data exist on these parameters in native Awassi (ivesi) ewes. This
study aimed to determine age-dependent variations in serum AMH and FSH levels during and
outside the breeding season. This study represents the preliminary phase of a TUBITAK 1001-
funded project investigating molecular and histological aspects of ovarian function in Awassi
ewes.
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Materials and Methods: Blood samples were obtained from 200 clinically healthy female
Awassi sheep, categorized into three age groups: 1 week old, 6 months old, and 1-5 years old
(n = 20 per group). Sampling was conducted during both the breeding (autumn—winter) and
non-breeding (spring—summer) seasons. Serum AMH and FSH levels were measured using
ELISA. Statistical analyses were performed using t-tests and the Kruskal-Wallis test (p < 0.05).

Results: No significant differences were detected between 1-week-old and 6-month-old
animals. During the breeding season, both AMH and FSH levels varied significantly among
age groups (p <0.001), with the highest concentrations observed in 5-year-old ewes. AMH was
also elevated in the 1-, 2-, and 5-year-old groups compared to the 3- and 4-year-old groups. In
the non-breeding season, hormone levels remained relatively stable (p> 0.05).

Discussion and Conclusion: Age and reproductive season have a significant influence on
circulating AMH and FSH levels in Awassi ewes. Higher concentrations during the breeding
season may indicate increased follicular activity and ovulatory potential. The stability of
hormone levels outside the breeding season supports photoperiodic control of reproduction.
AMH and FSH appear to be promising non-invasive biomarkers for improving reproductive
management and selection strategies in sheep breeding programs.

Key Words: Awassi ewe; AMH; FSH; Breeding season; Ovarian activity
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Abstract

Green nanotechnology offers a sustainable method for engineering nanoformulations using
plant-derived reducing agents. In this study, a polyherbal extract was employed as both a
reducing and stabilizing agent to synthesize silver nanoemulsion (PHNE) and silver
nanoparticles (PHNPs). Formulated nanoemulsion was characterized by using UV—Visible
spectroscopy for surface plasmon resonance, X-ray diffraction, and FESEM for crystalline
structure and morphology, EDAX for elemental composition, DLS and zeta potential for
particle size distribution and colloidal stability, and FTIR to identify functional groups involved
in nanoparticles capping. Phytoconstituents in the extract were profiled by using LC-MS, and
the identified molecules were screened for drug-likeness using Lipinski’s Rule of Five and
SwissADME, while toxicity was evaluated with ProTox-I1. Selected bioactive compounds were
docked against Streptococcus mutans target proteins by using PyRx, and key binding
interactions were visualized in Discovery Studio Visualizer to infer possible anti-caries
mechanisms. Antioxidant activity (DPPH assay) and Anti-inflammatory effects (protein
denaturation inhibition) of the crude extract, PHNPs, and PHNE were comparatively assessed.
The nanoemulsion displayed superior bioactivity compared to both nanoparticles and the
polyherbal extract. Future studies will extend these findings to antibacterial assays using
clinical oral isolates from dental patients to validate therapeutic applicability. Overall, this
integrated in silico and in vitro strategy supports the potential of polyherbal-mediated green
nanoformulations for managing S. mutans-associated dental caries and broader biomedical
applications. In future nanoemulsion incorporated dental care products will be development for
oral health care.

Keywords: Eco-friendly synthesis, Plant-based polyherbal extracts, Silver nanoformulations,
Computational docking, Anti-oxidant and Anti-inflammatory.
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Abstract

Nelumbo nucifera is an aquatic plant widely distributed in Asia and known for the cultural,
nutritional and medical benefits. The flowers are enriched with bioactive substances including
alkaloids, flavonoids and fatty acids that holds antioxidant, antibacterial and antifungal
properties. Phytocompounds are known to rupture fungal cell membranes and prevent the
growth of dermatophytes, namely Trichophyton rubrum and Microsporum canis.
Nanoparticles due to their small size (1 to 100 nm) and high surface area, can easily penetrate
through the fungal cell wall and cause cellular disruption compared to the larger molecules
present in the floral extract. This study focuses on the synthesis of silver nanoparticles by using
Nelumbo nucifera floral extract for antifungal applications. The resulting nanoparticles were
purified and characterized using UV-Visible spectroscopy, Fourier Transform Infrared
Spectroscopy (FTIR) and Energy Dispersive X-ray (EDAX) analysis. A distinct surface
plasmon resonance peak near 400 nm confirmed the synthesis of silver nanoparticles, FTIR
revealed phenolic and flavonoid groups responsible for reduction and natural capping, while
EDAX validated elemental silver composition in the final nanoparticle’s matrix. Nanoparticles
effectively controlled the growth of Trichophyton rubrum and Microsporum canis even at the
lower concentration of 25 pg/mL on comparison with fluconazole till the 8™ day of treatment.
The floral extract incorporated nanoparticles could pave a way for the development of topical
antifungal creams and ointments for treating fungal infections.

Keywords: Nelumbo nucifera, Silver Nanoparticles, Antifungal, Dermatophytes.
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ESTIMATION OF VARIABILITY AND IDENTIFICATION OF SUPERIOR
GENOTYPES IN SODIUM AZIDE (SA)-INDUCED RICE MUTANTS (M3)

Md. Musabbir Hossain Shoun
Bachelor of Science in Agriculture Khulna University, Bangladesh.

Abstract:

The development of mutant populations, accompanied by their subsequent characterization,
presents a substantial opportunity to isolate genotypes by exhibiting specific desirable traits of
interest. Although development of blast-resistant rice varieties is an area of priority, there is a
significant dearth of knowledge on the comprehensive assessment for the induced mutants in
terms of disease resistance and important agronomic traits under one framework in multiple
generations level. An investigation was carried out to assess the diversity among the 100
mutants (M3) to select superior genotypes based on their phenotypic characteristics and the
genetic control on the expression of the traits. The experiment was laid out in a randomized
complete block design (RCBD) with three replications. This selection was carried out
depending on the genetic variation arising from treatment with sodium azide. Data collected on
17 quantitative traits from three randomly selected plants from each plot. The investigation
revealed significant genetic and phenotypic variability among the mutant lines, with traits like
grain yield hill%, total tillers hill’2, effective tillers hill%, filled grains panicle’ and straw yield
hill"* showing high heritability and genetic advance. Grain yield was positively and significantly
correlated with plant height, panicle length, total grains panicle™, filled grains panicle? and
straw yield hill"X. PCA revealed five principal components, with the first two accounting for
over 52% of the total variance, highlighting the yield contributing traits like plant height,
panicle length, flag leaf length, and grain yield mainly have in tillering capacity and biomass
potential as primary selection criteria. Ward’s Agglomerative clustering grouped the mutants
into two major clusters and the genotypes with better performance were accumulated in cluster
I1. Finally, a total of seven elite genotypes were selected based on their greater performance in
plant height, panicle length, primary branches panicle™, flag leaf length, filled grains panicle™,
grain yield hill’t, and straw yield hill* for further breeding purposes. Overall, the findings
underscore the efficacy of sodium azide in creating genetic diversity and its potential to develop
high-yielding rice varieties.
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PROCESSING AND ORGANOLEPTIC ASSESSMENT OF SACCHAROMYCES
CEREVISIAE-FERMENTED TIGER NUT (CYPERUS ESCULENTUS) WINE
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Abstract

The need for different, functional beverages has led to increased interest in the development of
non-fruit-based wines using locally sourced and health enhancing substrates. This study
explores the possibility of producing wine from tiger nut (Cyperus esculentus) through
fermentation using Saccharomyces cerevisiae. Tiger nut (Cyperus esculentus) was selected for
their carbohydrate and protein content. The tiger nuts were soaked, blended and filtered to
extract the tiger nut milk. The extracted tiger nut milk was pasteurized. The pasteurized tiger
milk was inoculated with the cultures of S. cerevisiae, and fermentation was carried out at 30°C
for 14 days. Samples were taken periodically to evaluate pH, alcohol content, reducing sugar
concentration, microbial viability, and sensory characteristics. The results showed that the
fermentation of tiger nut milk produced a wine with moderate alcohol content (10%), the pH
reduced from 7.5-3.8, yeast count reduced from 2.0 x 102 cfu/ml (day 1) to 1.0 x 10% cfu/ml
(day 14), the sugar content reduced from 20.0 °Brix (day 1) to 3.0 °Brix (day 14). Sensory
evaluation revealed that the wine was generally acceptable in terms of aroma, taste, and
mouthfeel. The overall sensory evaluation acceptability was 7.5 on the scale of 10. This study
showed that tiger nut when properly processed and fermented, can serve as a viable substrates
for wine production. The study offers a novel approach to enhancing both the sensory and
functional properties of non-conventional wines, particularly in Nigeria, where grapes are not
readily cultivated.

Keywords: Beverages, reducing sugar, Saccharomyces cerevisiae, alcohol content.
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DEVELOPMENT OF ECO-FRIENDLY FOOD WRAPPERS TO INCREASE THE
SHELF LIFE IN FRUITS
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Abstract

Fruits are highly perishable and tend to lose quality rapidly after harvesting due to moisture
loss, microbial spoilage, and respiration. To minimize these postharvest losses, edible coatings
have emerged as an eco-friendly alternative to synthetic packaging. Pectin, a natural biopolymer
extracted from citrus peels, exhibits excellent film-forming ability and is safe for food
applications. Pectin-based edible coatings help preserve the freshness, firmness, and colour of
fruits by regulating gas exchange and inhibiting microbial growth. The functional properties of
pectin can be further enhanced by blending it with other natural compounds or incorporating
essential oils. In this study, pectin was extracted from citrus fruits and characterization
techniques namely FTIR and HPLC were employed to analyze the structural, functional, and
compositional properties of the extracted and blended pectin. Extracted pectin effectively
controlled the growth of food borne pathogens which were isolated from spoiled fruits and
vegetables. This study highlights the potential of pectin-based edible coatings in extending the
shelf life of fruits. These findings emphasize the feasibility of replacing synthetic preservatives
with safe and biodegradable coating materials in preservation of fruits and vegetables. The
approach provides a promising route toward sustainable postharvest management and reduced
environmental impact in the food packaging sector.

Keywords: Pectin, Edible coating, Shelf life, Fruits, Biopolymer, Food preservation
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ABSTRACT

Soil microorganisms play essential roles in nutrient cycling, organic matter decomposition, soil
fertility, and overall ecosystem stability. However, the widespread and often indiscriminate use
of pesticides in agriculture has raised concerns about their potential impacts on soil microbial
diversity and function. This study evaluates the response of soil microbial populations to
pesticide exposure in farmland soils, focusing on changes in microbial load, community
structure, and enzymatic activities. Soil samples were collected from pesticide-treated and
untreated (control) plots, followed by microbial enumeration using standard culture-dependent
techniques and characterization of microbial diversity. Findings indicate that pesticide exposure
can significantly reduce total heterotrophic bacterial and fungal counts, alter the abundance of
beneficial microbes such as nitrogen fixers, and suppress key soil enzymes involved in nutrient
cycling. The degree of impact varied with pesticide type, concentration, and duration of
exposure. This study highlights the need for sustainable pesticide management practices to
protect soil microbial health and maintain long-term agricultural productivity.

Keywords: Soil microorganisms, agroecosystems, soil enzyme activity, pesticides, microbial
diversity
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USE OF NATURAL BIORESOURCES AS COAGULANTS TO TREAT WATER
RICH IN TOXIC DYES

ALl Hamada
Laboratory of Physical-Chemistry, Materials and Catalysis, Faculty of Sciences Ben M’Sik,
Hassan 11 University of Casablanca, Morocco

Abstract

Ecosystems are experiencing imbalance due to water pollution. Wastewater contains hazardous
pollutants such as dyes that require appropriate treatment. These are often highly toxic
depending on their content in the water. In this study, electrocoagulation with aluminum
electrodes combined with biocoagulants was used to treat crystal violet dye, which is toxic to
humans and living beings. Based on a Box-Behnken experimental design (BBD) and reaction
parameters such as pH, current density, and electrolysis time, a dye removal rate of 96% was
observed. The study demonstrated the potential of bioresources for the removal of toxic dyes,
with very low energy costs and better performance, thus opening up prospects for sustainable
development.

Key words: electrocoagulation, crystal violet, biocoagulant, Dye, BBD.
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Abstract

This case report discusses obstructive urolithiasis, a condition in which insoluble minerals and
salt stones develop and accumulate in the bladder or urethra, leading to the obstruction of the
urinary tract. Male ruminants are more susceptible to this condition due to their anatomically
different urethral tract shape. Urolithiasis is a significant risk factor for animal mortality,
causing enormous economic losses in the livestock industry. The most popular form of
treatment for obstructive urolithiasis is surgical tube cystostomy, which involves diverting urine
through a catheter inserted from the bladder and leaving through the abdominal wall. This case
report describes the successful surgical procedure of tube cystotomy in a one-year-old crossbred
male goat and the outcome of the surgery. The goat had been straining during urination for ten
days, and several stones were found in its bladder during an ultrasound examination. The
surgery was performed after the owner gave consent, and the patient was administered
anesthesia, followed by a 1.5-inch incision on the left side of the left rudimentary teat. The
procedure involved inserting a Foley catheter, which was sutured at different locations on the
ventral abdomen to avoid any disruption during urine flow. Postoperative medication included
an anti-inflammatory drug, antihistaminic, and antibiotic for seven days. The surgery was
successful, and the goat made a full recovery, demonstrating that tube cystotomy can be an
effective treatment for obstructive urolithiasis in male goats.

Key Words: Urolithiasis, Tube cystostomy, Surgical management
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PENAEUS KERATHURUS: IMPLICATIONS FOR AQUACULTURE IN ALGERIA
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Abstract

Crustacean farming in Algeria, particularly shrimp farming, is an emerging activity with
significant potential due to the country's long coastline and favorable environmental conditions.
The main species include the Mediterranean white shrimp (Penaeus kerathurus), the giant tiger
prawn (Penaeus monodon), and the Pacific white shrimp (Litopenaeus vannamei), valued for
their rapid growth and profitability. Shrimp feeding combines natural sources (phytoplankton,
zooplankton) and enriched pellets, while reproduction in captivity requires precise control of
conditions (temperature, salinity) and facilities such as hatcheries. Although challenges remain
regarding infrastructure and training, this sector represents a promising economic opportunity
to diversify aquaculture and meet both local and international demand.

Keywords: Crustaceans, farming, Algeria, shrimp.
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Abstract

The gilthead sea bream is a protandrous hermaphrodite, exhibiting a unique reproductive
pattern. In its first two years, it functions as a male, and upon reaching a length of over 30 cm,
it undergoes a sex change, becoming female. During the male phase, the gonad is bisexual,
featuring functional testicular areas with asynchronous spermatogenesis and non-functional
ovarian areas. Ovarian development is also asynchronous, and females engage in batch
spawning, capable of laying 20,000-80,000 eggs per day over a period of up to 3 months.
Oocyte maturation coincides with a high HSI. Conversely, spawning leads to a decrease in the
HSI. The size at first sexual maturity (Lm55) is 18 cm for males and 19 cm for females (The
gonadosomatic index (GSI) and hepatosomatic index (HSI) in both females and males serve as
indicators of a single reproduction period).

This spawning period typically extends from December to January in the Mediterranean,
reproduction occurs between October and December. The eggs are spherical and pelagic, with
a diameter slightly less than 1 mm and a single large oil droplet. The planktonic larval stage
lasts about 50 days at temperatures of 17-18°C.

Keywords: Gilthead seabream, GSI, HSI, Hermaphrodite, Reproduction.
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Abstract

The study was conducted over 90 days in the Barguna district of Bangladesh to assess the
growth and production performance of Rohu (Labeo rohita) in cage culture with tilapia. The
experiment was designed with three treatments namely T1 (only tilapia-100%), T2 (tilapia-80%
and rohu-20%) and T3 (tilapia-60% and rohu-40%) respectively each having three replications.
The stocking density was 50/m* The floating feed contained 30% protein supplied twice a day
at the rate of 5-3% of their body weight. Water quality parameters were recorded every fifteen-
day interval throughout the culture period. Water quality parameters were within the suitable
range for fish culture. At the end of the culture period higher weight gain of Tilapia (2579) was
recorded in T3 followed by T1(245g) and T2(250g) and the lowest weight gain of Rohu (90.179)
was observed Ts. The survival rate of tilapia ranges from 94.2 to 96.20% and rohu from 90.15
to 90.50%. There were no significant differences (P>0.05) in the survival rate of tilapia and
Rohu. The weight gain, % weight gain, and SGR of tilapia and rohu were found higher in T,
followed by Ts, whereas tilapia showed higher growth in T3 and followed by T2 and Ti.
Significantly higher (p>0.05) total production of fish was observed in T1(122.46 kg), followed
by T2(111.16 kg) and T3(98.463kg). The BCR was higher in T1(1.1), followed by T2(0.82) and
T3(0.75). The result of the study revealed that the culture of Rohu with Tilapia in the cage is
not suitable because the growth performance of Rohu was very poor. It was observed that during
feeding Tilapia showed very aggressive behaviour due to the presence of their sharp spine. As
a result, Rohu was not able to intake a sufficient amount of feed. So, it is not recommended to
culture Indian major carp rohu with tilapia in the cages.

Keywords: Tilapia, rohu, cage culture, production

December 18-21 / Paris, FRANCE 13



4th INTERNATIONAL PARIS CONGRESS ON AGRICULTURE & ANIMAL HUSBANDRY

CORRELATION AND HERITABILITY OF MORPHOLOGY AND YIELD
CHARACTERISTICS IN NERICA RICE GENOTYPES

Fase O.B
Department of Crop Production Technology, School of Agriculture,

ORCID ID: 0000-0002-8895-8592

Oyekale, J. 1
The Federal Polytechnic, Ilaro, Ogun State, Nigeria.

ABSTRACT

Rice yield in West Africa has the potential of 3 million tons per annum, but the major constraint
is water shortage, especially during periods of low rainfall, resulting in a yield loss of up to 15-
20% due to drought in Africa, who depends largely on rain-fed rice production. Works need to
be carried out to identify characters that can be improved on to produce rice genotypes that have
the ability to thrive and be high-yielding in the upland ecology of NERICA varieties, which are
usually interspecific varieties. Hence, this study evaluated the performance of 16 NERICA
Varieties of rice in the Derived Savanna Ecology of Teaching and Research Farm of Olabisi
Onabanjo University (OOU), Nigeria. The varieties were established in plots arranged in a
Completely Randomised Design (CRD) with three replicates. Data collected on agronomic and
yield characters were used to conduct character correlations and path analysis to determine the
inter-relationship among the characters. Characters showed higher genotype variation and
correlation relative to the phenotype values, indicating the influence of the environment. Root
branching was positively correlated with seedling tiller number (0.425), seedling leaf number
(0.905). It was conversely significantly correlated with seedling leaf width (-0.347). Root
thickness, Final height and Spikelet number/plant had high heritability. Since most of the
characters had moderate to high correlation and heritability, they are hereby recommended to
breeders for further improvement of rice performance on specific adaptation programmes in
upland ecology.

Keywords: Correlation, Heritability, Morphology, Yield Characteristics, NERICA Rice,
Genotypes
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BIOTECHOLOGICAL POTENTIAL OF ANTHOCEROTOPHYTA PYRENOIDS IN
ENHANCING CROP PHOTOSYNTHESIS AND CARBON SEQUESTRATION

Vladana Brodovych
Ivan Franko National University of Lviv Ukraine

ABSTRACT

The escalating concentration of atmospheric carbon dioxide (CO2) necessitates innovative
strategies for biological carbon sequestration. Conventional C3 crops, such as wheat and rice,
suffer from photosynthetic inefficiency due to the oxygenase activity of the enzyme Rubisco,
leading to significant energy loss through photorespiration. This paper explores the unique
biophysical carbon-concentrating mechanism (CCM) found in Anthocerotophyta (hornworts),
the only terrestrial plant lineage that possesses pyrenoids. Pyrenoids are sub-cellular micro-
compartments within chloroplasts that aggregate Rubisco and maintain a localized environment
high in CO2, thereby saturating the enzyme and suppressing photorespiration. We analyze the
structural and genetic basis of pyrenoids in model species like Anthoceros agrestis and evaluate
the feasibility of transferring these traits into vascular crops. The integration of
Anthocerotophyta-derived pyrenoids into crop plants presents a promising biotechnological
avenue. It has the potential to transform agriculture by significantly boosting biomass
production and enhancing the natural capacity of crops to sequester atmospheric carbon. This
review consolidates current findings on pyrenoid function and outlines a roadmap for
developing "climate-smart"” crops that contribute to global carbon reduction goals.

KEYWORDS: Pyrenoid, Anthocerotophyta ,Carbon Sequestration, Rubisco, Photosynthesis,
Biotechnology.

INTRODUCTION

Increasing amount of atmospheric carbon dioxide (CO2) and the associated rise in global
temperatures pose a severe challenge to terrestrial ecosystems. While CO2 is the substrate for
photosynthesis, rising temperatures amplify a fundamental inefficiency in many crop plants.
Major agricultural crops, including those dominating Ukraine's agricultural landscape (e.g.,
wheat, barley), utilize the C3 photosynthetic pathway. These plants are limited by the enzyme
Rubisco, which fails to distinguish effectively between CO2 and oxygen (O2) in cases where
the concentration of O2 is high. When Rubisco reacts with O2, it triggers photorespiration,
which is a wasteful process that releases previously fixed carbon and consumes energy, rather
than storing it.
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Figure 1. The dual activity of the enzyme Rubisco. Under ambient atmospheric conditions,
Rubisco catalyzes both carboxylation (C3 cycle, green) and oxygenation (photorespiration,
red). The latter results in carbon loss and reduces photosynthetic efficiency in C3 crops.

However, a unique evolutionary adaptation exists within the Anthocerotophyta (hornworts).
Unlike other land plants, hornworts contain a specialized sub-cellular structure within their
chloroplasts called the pyrenoid (Villarreal & Renner, 2012). This micro-compartment acts as
a biophysical Carbon Concentrating Mechanism (CCM), actively accumulating CO2 to saturate
Rubisco and suppress photorespiration.

This paper explores the structural and functional properties of the hornwort pyrenoid.
Furthermore, we discuss the biotechnological strategy of transferring pyrenoid-based
mechanisms into C3 crops. Engineering this trait offers a pathway to not only boost agricultural
yields but also transform common crops into efficient agents for biological carbon
sequestration.

RESEARCH AND FINDINGS

Localization To evaluate the potential of pyrenoid engineering, it is first necessary to
understand its specific localization within the plant cell architecture. Unlike typical mesophyll
cells in wvascular crops, which contain numerous small chloroplasts, the cells of
Anthocerotophyta (specifically the genus Anthoceros) are characterized by a unique cellular
topology. They typically contain a single or few massive chloroplasts that occupy a significant
portion of the cell volume (Vaughn et al., 1992).

The pyrenoid itself appears as a prominent, electron-dense body situated centrally within the
chloroplast stroma. It is not an isolated granule; rather, it is functionally integrated with the
photosynthetic machinery. The matrix is traversed by a network of thylakoid membranes, which
act as conduits delivering inorganic carbon deep into the Rubisco aggregate (Vaughn et al.,
1992).
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SCHEME 1. Schematic representation of the Anthoceros cell (A) Two cells showing
chloroplast with pyrenoid in the centre; (B) A single cell showing chloroplast with pyrenoid
(C) Parenchyma cells with chloroplast and pyrenoid. [6]

Mechanism of biological CCM The operational efficiency of the hornwort pyrenoid relies on
a three-step biophysical mechanism, described by Meyer & Griffiths (2013), that distinguishes
it from the passive diffusion found in C3 crops. Firstly, the plant actively transports inorganic
carbon (Ci) across the chloroplast envelope, primarily in the form of bicarbonate (HCOs3),
creating a high internal pool of carbon. Secondly, bicarbonate diffuses into the pyrenoid matrix
through the thylakoid tubules. Last but not least, the enzyme Carbonic Anhydrase (CA),
localized specifically within the pyrenoid tubules, catalyzes the rapid dehydration of
bicarbonate back into molecular COz. This creates a localized "CO2-cloud™ around the Rubisco
active sites, effectively saturating the enzyme and inhibiting oxygenation (Meyer & Griffiths,
2013).
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Figure 2. Hypothetical model of the C. reinhardtii biophysical CCM (Carbon
Concentrating Mechanism). While based on the algal model Chlamydomonas reinhardtii, the
fundamental components illustrated here—bicarbonate transporters, the thylakoid sheath, and
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pyrenoid-localized Carbonic Anhydrase (Cah3)—are functionally analogous to the mechanism
found in Anthocerotophyta. [2]

The physiological advantage of this mechanism is evident when comparing the photosynthetic
response to varying CO2 levels (A/Ci) between standard C3 crops and pyrenoid-containing
species. C3 crops like wheat show a linear dependency on external CO2 and suffer from
photorespiration under ambient conditions. In contrast, hornworts demonstrate Kinetics similar
to C4 plants, maintaining high photosynthetic rates even at low carbon concentrations due to
the lower CO2 compensation point.

Anthocerotophyta undoubtedly possess the desired traits for efficient carbon-sequestration.
However, their direct mass cultivation near large industrial conglomerations is impractical due
to their sensitivity to air pollution. Therefore, the strategic approach involves isolating the
genetic machinery that is responsible for pyrenoid formation and transferring it into resilient
high-biomass crops.

Recent genomic sequencing of Anthoceros agrestis has revealed that the pyrenoid is a
multigenic trait. Key targets for engineering include, genes encoding modified RBCS proteins
responsible for aggregation, genes encoding proteins that act as a molecular "glue™ and genes
that encode specific isoforms localized to the pyrenoid.

By isolating these gene clusters using PCR amplification and introducing them into the genome
of staple Ukrainian crops—such as wheat (Triticum aestivum) and maize (Zea mays)—via
Agrobacterium-mediated transformation, it is theoretically possible to induce pyrenoid
formation in crop chloroplasts (Hennacy & Jonikas, 2020).

Implementing a pyrenoid-based CCM is expected to have profound physiological effects
beyond simple carbon fixation.First of all , it is vital to consider an increased amount of biomass
and the resulted water efficiency. Primarily, the suppression of photorespiration means the plant
stops wasting energy on recycling oxygen. This conserved energy is predicted to be channeled
into vigorous vegetative growth and root development, significantly boosting total biomass.
Furthermore, the high internal CO2 concentration created by the pyrenoid allows plants to
maintain narrower stomatal apertures. This reduces transpiration rates, thereby enhancing
Water Use Efficiency (WUE). This trait is particularly valuable for adapting agriculture to
increasingly arid climatic conditions and ensuring survival during heatwaves.

The anticipated increase in carbohydrate synthesis offers a significant boost to caloric yield.
However, this accumulation of starch necessitates a careful examination of the Carbon-to-
Nitrogen (C:N) ratio within the grain. A potential "dilution effect" could occur if nitrogen
uptake does not scale proportionally with carbon fixation, theoretically impacting protein
content (Taub & Wang, 2008). Consequently, deploying this technology will likely require
optimized soil management or co-engineering of nitrogen assimilation pathways to ensure that
the crops remain both high-yielding and nutrient-dense.

CONCLUSION

The integration of the Anthocerotophyta-derived biophysical Carbon Concentrating
Mechanism into C3 crops represents a transformative frontier in plant biotechnology. Our
review highlights that the hornwort pyrenoid is a sophisticated, modular organelle capable of
overcoming the inherent limitations of the enzyme Rubisco. By identifying and transferring the
key genetic components—specifically the modified Rubisco Small Subunit, linker proteins, and
pyrenoid-localized Carbonic Anhydrase—it is theoretically feasible to engineer a functional
CCM in staple crops like wheat and maize . Such "climate-smart" crops would offer a dual
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solution to the global crisis: ensuring food security through increased yields and drought
tolerance, while simultaneously turning agricultural lands into active sinks for biological carbon
sequestration.
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ABSTRACT

This study examined the effects of four mature municipal solid waste composts on the
cultivation of Solanum lycopersicum L. It assessed the impact of different application rates (0,
5, 10, and 20 t/ha) on plant growth, as well as on the leaf activities of peroxidase (Prx) and
succinate dehydrogenase (SDH). Overall, compost application, regardless of the dose,
significantly enhanced all measured parameters. Stem height, root length, fresh biomass, leaf
number, and leaf area increased markedly and proportionally with rising compost doses. The
highest increases in chlorophyll content and total soluble sugars were recorded with the higher
application rates of composts.

Keywords: MSW compost; Solanum lycopersicum; enzymatic activities.
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Abstract

The agricultural production system in Bangladesh is predominantly rain-fed. The rain-fed
agriculture system is vulnerable to climate change impact. The impact of climate change occurs
at multiple scales (global, regional and national) and sectors (including agriculture). The
agricultural sector and its sub-sectors are increasingly showing a high level of vulnerability and
impact. The impact of climate change and variability on agricultural production would engender
appropriate policies and practices towards a sustainable agricultural production system.

This study try to find out that the various impacts of rainfall and irrigation on agricultural
production in Bangladesh and drew key takeaways for climate-smart agriculture (CSA) in
Bangladesh. We use 44 years’ time series data that are extracted from national and international
sources. Descriptive and inferential analyses (averages, standard deviations and correlations)
were used to analyze the dataset to elucidate the variables. The estimation followed an
autoregressive integrated moving average (ARIMA) model style. The GMM technique was
used to estimate the parameters of the model that was used for estimating the impact of rainfall
and irrigation on aggregate agricultural production and by sub sectors (all crops, staples,
livestock, fisheries and forestry). Irrigation had positive and significant impact on aggregate
agricultural production as well as all sub-sectors of agriculture. These findings suggest the need
for the minimization of the impact of climate-induced production risks through CSA which
would involve complementary development of more arable land areas under irrigation in
Bangladesh. Irrigation would also enhance complementary agricultural water management for
the development of all the sub-sectors of agriculture. So under climate change and variability
irrigation help agricultural production and helps to obtain food security and sustainable
development. Finally these studies provide appropriate and necessary policies that helps to
enhancing food security and sustainable agricultural production under prevailing climate
change and variability.

Keywords: Rainfall, Irrigation, Heterogeneous Effects, Agricultural Productivity, Climate
Smart Agriculture (CSA).
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Abstract

The rich and diversified valley of Northeast where Nagaland’s hilly landscape is facing
persistent ecological challenges since immortal including unstable slopes, heavy rainfall,
shallow soils and the long-term impacts of shortened jhum shifting cultivation cycles. As a
result of which fallows are shrinking, soil fertility declines, erosion intensifies and livelihoods
become vulnerable in this region. Amid all these ongoing pressures, several tribal communities
of Nagaland such as the Angami, Chakhesang, Chang, Yimchunger and Konyak have
developed an indigenous agroforestry practice centred on Alnus nepalensis (Himalayan alder).
In this process, alder trees are retained and periodically pollarded within jhum fields while a
variety of food, tuber and cash crops are cultivated beneath them. The tree’s nitrogen-fixing
ability continuous litterfall and strong root system enhances the soil fertility, thus improving
slope stability and allowing sustained cropping even on steep terrain.This paper reviews the
biological characteristics of Alnus.nepalensis, portraying the cultural origins and management
of the alder-based system and assessing its ecological and socio-economic impacts. The paper
also shows the clear benefits in terms of soil enrichment, erosion control, diversified production
and livelihood support. In this context, the various ongoing challenges such as labour demands,
market limitations, biodiversity trade-offs and issues of tenure are also highlighted throughout
the study. Overall, the alder-based system is presented as a valuable indigenous model for
sustainable land use in mountainous regions and a potential framework for scaling in similar
landscapes.

Keywords:Alnus nepalensis, agroforestry, jhum, Nagaland, indigenous land-use, nitrogen
fixation, slope stabilization, sustainable farming.
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NANOPARTICLES ON REDUCING CADMIUM LEVELS IN WHEAT GRAIN: A
REVIEW
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Abstract

Introduction: Cadmium (Cd) accumulation in wheat grain poses a significant risk to food
safety and human health due to its high toxicity and bioavailability. With increasing soil
contamination from industrial and agricultural sources, conventional remediation strategies
often prove inefficient or costly. Recent studies have explored engineered nanoparticles,
particularly hematite (Fe.Os) and titanium dioxide (T10:), as promising immobilizing agents
that reduce Cd uptake and translocation in crops.

Methods: This review synthesizes findings from 28 peer-reviewed studies (2015-2025)
identified through Scopus, Web of Science, and PubMed using keywords such as “hematite
nanoparticles,” “titanium dioxide nanoparticles,” “cadmium immobilization,” and “wheat
grain.” Inclusion criteria comprised pot and field experiments evaluating Cd concentration in
wheat tissues following nanoparticle amendment (doses 10-500 mg kg™! soil), with or without
Cd-spiked conditions. Data on soil Cd bioavailability, plant uptake, translocation factors, grain
Cd content, oxidative stress markers, and yield parameters were systematically compared.

2 ¢

Results: Both hematite and TiO2 nanoparticles significantly reduced bioavailable Cd in soil
(25-78%) through adsorption, complexation, and pH-dependent surface reactions. Foliar or
soil-applied nanoparticles decreased Cd concentration in wheat grain by 32-89%, with hematite
generally outperforming TiO: at equivalent doses. Mechanisms included enhanced Cd fixation
in roots, reduced translocation to shoots, and alleviation of Cd-induced oxidative stress. No
consistent phytotoxicity or yield penalty was observed at optimal doses (<100 mg kg™!).

Conclusion: Hematite and TiO: nanoparticles offer an effective, eco-friendly approach for
mitigating Cd accumulation in wheat grain. Hematite shows particular promise due to superior
adsorption capacity and lower cost. Further field-scale and long-term studies are needed to
confirm efficacy, safety, and regulatory feasibility before widespread agricultural adoption.
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Abstract

Throughout their lives, plants interact with various organisms, which can negatively or
positively impact their health, leading to significant agricultural losses. Biological control,
particularly through the use of antagonistic actinomycetes, represents a promising method to
combat these phytopathogens. Therefore, this study aims to screen new strains of actinomycetes
isolated from Saharan soil, which produce bioactive molecules that inhibit some
phytopathogenic agents.

For the isolation of Saharan actinomycetes, several soil samples were collected from various
oases in Algeria. These samples were treated using the CaCO3 method and subjected to a series
of decimal dilutions, and subsequently inoculated onto the CHV medium with or without
selective agents, with incubation carried out at 30°C for 21 days. The antimicrobial activity of
actinomycetes against these pathogens was assessed using the cross streaking method on ISP2
and YGB mediums. Incubation was done at 30°C for 24 hours for bacteria and up to 3 days for
fungi (Aouiche et al 2013).

This method of isolation among us has resulted in obtaining a significant number of
actinomycete isolates with the potential to inhibit phytopathogenic bacteria and fungi, with the
inhibition diameter reaching up to 40mm for some strains on the solid YGB medium.

The intensity of the variable activity largely depends on the type or group to which the strains
belong. These variations in the number of activities are due to the fact that a strain of
actinobacteria can produce several antimicrobial molecules with different modes of action
depending on the composition of the culture medium (Berdy, 2005 and 2012).

In view of the results obtained, we can consider that our actinomycete isolates have the ability
to inhibit certain phytopathogenic agents. The production, extraction, and characterization of
these bioactive molecules is the subject of our current research.

Keywords: Actinomycetes, Bioactive molecules, Phytopathogenic agents, Biological control.
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Abstract

Pathogenic fungi inflict great damage on plants, leading to their wilting, damage, or death in
many cases, by secreting hydrolases that dissolve the cells of the plant tissue on which they
feed. Among these plant-pathogenic fungi we find: Botrytis ceneria, Fusarium oxysporum,
Alternaria, Phytophthora infestans ... these have a negative impact on health, food safety and
lead to significant losses.

Under certain climatic or storage conditions, these microorganisms can develop and lead to the
production of mycotoxins, which can be harmful to the health of animals and humans, causing
a number of disorders and even serious illnesses. These toxic metabolites therefore represent a
major health problem.

Around 25% of food products are contaminated with fungal toxins. The mycoflora is estimated
to comprise between 200,000 and 300,000 species. There is therefore a wide diversity of
mycotoxins. Of the more than 400 mycotoxins identified, only 30 or so have worrying toxic
properties. Some of these toxins are thought to be carcinogenic or mutagenic, while others are
toxic to the kidneys, nervous system or liver. It should also be noted that toxicity does not
necessarily stem from the mycotoxin itself, but may be due to one of the metabolites produced
by its degradation.

Several species of micromycetes, mainly belonging to the four genera Aspergillus, Penicillium,
Fusarium and Alternaria, are capable of excreting one or more mycotoxins: aflatoxins,
ochratoxins, fumonisins, trichothecenes, patulin, zearalenone, alternariols...

The lack of sanitary controls, poor food packaging (damp, hot, poorly ventilated storage areas)
and the absence of strict regulations increase the risk of contamination by these metabolites.
The frequency of contamination of foodstuffs available to the public and their mycotoxin
content are becoming a serious threat to health.

Keywords: Mycotoxins; Phytopathogenic fungi; Food contamination; Toxicity; Food safety
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Abstract

Salinity is one of the most important environmental stress which threatens the global crop
production, and also soil salination is increasing due to the increasing sea level, and also it is
going to increase more in the future, hence a sustainable solution is required to mitigate the
adverse effects of salt stress in plants. This study aimed to produce a liquid biofertilizer
containing Halomonas aquamarina incorporating silica, copper oxide, and iron nanoparticles
to mitigate the adverse effects of salt stress in plants. This experiment was conducted in a
controlled environment under a hydroponics setup for two weeks, using one-month-old
Capsicum annuum L and Solanum melongena. Seedlings. After one week of NaCl treatment,
the plants were treated with the nano-based liquid biofertilizer, and morphological,
physiological, and biochemical analyses were conducted. The results showed that the
biofertilizer with the incorporation of nanoparticles mmproved the ascorbate peroxidase
activity by 33 to 60 percent in salt-stressed plants, and improves photosynthetic pigments under
stress conditions and also found that the Halomonas aquamarina have found to enhance the
root growth. The study concluded that the biofertilizer made with H. Aquamarina along with
silica, copper oxide, and iron oxide nanoparticles incorporated in it had mitigated the adverse
effects of salt stress in plants.

Keywords: Halomonas Aquamarina; silica; copper oxide; iron; Ascorbate peroxidase,
Biofertilizer, salt stress; Capsicum annuum L, Solanum melongena.
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Abstract.

Antibiotic resistance among bovine mastitis pathogens presents a critical challenge to animal
health, milk quality, and the global dairy industry. Conventional therapies becoming
increasingly ineffective, the development of sustainable antimicrobial alternatives is essential.
Silver nanoparticles (AgNPs) were synthesized using the leaf extract of Melia dubia, providing
a green, eco-friendly, and cost-effective approach to nanoparticles synthesis. The
phytochemicals in the extract acted as natural reducing and stabilizing agents. The synthesized
AgNPs were characterized using UV-Visible spectroscopy, Fourier Transform Infrared
Spectroscopy (FTIR), X-ray Diffraction (XRD), Zeta Potential analysis, and Field Emission
Scanning Electron Microscopy (FESEM). These techniques confirmed the synthesis of
nanoparticles, crystalline structure, colloidal stability, and the presence of functional groups
responsible for capping and stabilization. The antibacterial activity of the green-synthesized
AgNPs was evaluated in major multidrug-resistant mastitis pathogens, including Klebsiella
pneumoniae, Escherichia coli, and Acinetobacter baumannii. The AgNPs exhibited strong
inhibitory effects, reflected by reduced bacterial growth, membrane disruption, and interference
with vital cellular functions. Their antimicrobial mechanism is attributed to generation of
oxidative stress, enhanced membrane permeability, and interaction with intracellular
biomolecules. This study demonstrates the promising potential of Melia dubia-mediated AgNPs
as an effective alternative antimicrobial strategy for managing bovine mastitis. The integration
of biogenic nanoparticles may help reduce antibiotic dependency, mitigate resistance
development, and support sustainable livestock healthcare.

Keywords: Silver nanoparticles; Green synthesis; Melia dubia; Bovine mastitis; Antimicrobial
activity; Multidrug-resistant pathogens
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Abstract

Antibiotic resistance has created significant impact on global healthcare system. Ormocarpum
cochinchinense is a medicinal plant belonging to the family Fabaceae which is widely
distributed in tropical regions Southeast Asia. Ormocarpum cochinchinense is rich in
flavonoids and phenolic compounds, was utilized for the phyto-synthesis of silver nanoparticles
(Oc-AgNPs). The plant extract acted as both reducing and stabilizing agent, promoted an eco-
friendly synthesis route. The synthesized Oc-AgNPs were characterized using XRD, EDAX,
FESEM and DLS analyses, confirming the formation of crystalline, spherical nanoparticles
ranging from 20 to 50 nm with high elemental purity and stability. The antimicrobial efficacy
of Oc-AgNPs was evaluated in Escherichia coli and Klebsiella pneumoniae. MIC and MBC
assays demonstrated potent antibacterial activity at low concentrations, while biofilm inhibition
assays revealed significant disruption of bacterial adherence. The results indicate that Oc-
AgNPs effectively suppress Gram-negative pathogens and could serve as promising
alternatives to conventional antibiotics. Biochemical assessment confirmed that the treatment
with Oc-AgNPs caused bacterial membrane leakage and oxidative stress, indicated by increased
lipid peroxidation and decreased CAT, SOD activity. Furthermore, the incorporation of Oc-
AgNPs into hydrogel matrices enhances their stability and enables controlled release, making
them suitable for wound healing and biomedical applications.

Keywords: Ormocarpum cochinchinense, Nano therapeutics, Nanoparticles, Antimicrobial
activity, Anticancer activity, Hydrogel

December 18-21 / Paris, FRANCE 28



4th INTERNATIONAL PARIS CONGRESS ON AGRICULTURE & ANIMAL HUSBANDRY

NANO-ENGINEERED ANTIMICROBIAL FORMULATION FOR THE CONTROL
OF PLANT PATHOGEN

Kovendan M

School of Life Sciences, B.S. Abdur Rahman Crescent Institute of Science and Technology,
Vandalur, Chennai 600048, India.

S. Hemalatha

School of Life Sciences, B.S. Abdur Rahman Crescent Institute of Science and Technology,
Vandalur, Chennai 600048, India.

Abstract

Pathogenic attack and extension of shelf life of agricultural produce are global challenges in
crop protection and post-harvest management. Pathogenic attacks significantly affect crop
health which leads to dwarfing, leaf abscission and yield loss. Conventional preservation and
plant protection techniques often rely on chemical treatments which raises environmental and
health risks. This study addresses this issue and focus on developing a sustainable Nano-
engineered treatment aiming for inhibiting these pathogenic microorganisms and to enhance
the quality of crops. The core innovation is to synthesize a silver nanoparticles using young
neem leaves (Azadirachta indica) which is well-known for its antimicrobial properties and the
bioactive phytochemicals present acts as safe and eco-friendly reducing agents of AgNPs.
Encapsulation of AgNPs into nanoemulsion enhance its stability, bioavailability, dispersion and
antibacterial activity. The synthesized green nanoparticals (AIAgNPs) and nanoemulsion
(AIAgNE) were characterized using UV-Vis spectroscopy, Dynamic Light Scattering (DLS),
zeta potential, Fourier Transform Infrared Spectroscopy (FTIR), and X-ray Diffraction (XRD)
analysis. Antibacterial efficacy of synthesized AIAgNPs and AIAgNE against two pathogenic
strains of pseudomonas aeruginosa (SES4 & SES5) which has been isolated from infected
sesame leaves were evaluated by MIC, MBC and Anti-biofilm formation assay. The
antibacterial activity of synthesized AIAgNPs and AIAgNE with Pseudomonas Aeruginosa
were tested at different time intervals, AIAgNPs reduced bacterial growth to 28% (SES4) and
15% (SESS5), while AIAgNE showed strong inhibition with 10% (SES4) and 12% (SES5). Thus
AIAgNE demonstrated the most effective antibacterial anti-biofilm activity compared to
AIAgNPs. The study proves that the synthesized green silver nanoparticles using Azadirachta
indica is effective in controlling the plant pathogens.

Keywords: Green synthesis, Pseudomonas Aeruginosa, Azadirachta indica, Preservation
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Abstract

Introduction and Purpose: Agricultural biodiversity is a fundamental component of
sustainable food systems and is strategically important for food security in the face of climate
change, population growth, and global market volatility. Declining biodiversity makes food
security vulnerable in the short and long term, while also threatening the sustainability of
agricultural production. This study evaluates Tiirkiye’s agricultural biodiversity structure from
a food security perspective and compares it with global examples, aiming to present a holistic
approach to conservation, sustainable use, and policy development.

Materials and Methods: A mixed-methods approach was adopted in the study; Tiirkiye’s
agricultural biodiversity capacity was assessed using quantitative indices and qualitative policy
analyses. Quantitative analyses were conducted using crop diversity, genetic resource density,
and food security indicators. Qualitative analyses were conducted using policy documents, seed
legislation, and international reports. Tiirkiye’s agricultural biodiversity potential was
compared with selected countries from America, Europe, Africa and Asia.

Conclusions: The findings indicate that agricultural biodiversity strengthens its critical role in
food security, particularly through production diversification, the protection of local species,
the development of farmer information systems, and the dissemination of digital agriculture
practices. Comparison with global examples (such as India, Mexico, and Italy) reveals that local
seed policies implemented in countries with high biodiversity centers strengthen the stability
dimension of food security.

Discussion and Conclusion: Protecting biodiversity and local seeds is not only an
environmental imperative but also a strategic priority for Tiirkiye’s and the world’s food
security policies. While Tirkiye is a country rich in genetic diversity, it faces the risk of genetic
erosion due to monoculture pressure and reliance on hybrid seeds. Global examples
demonstrate that food supply vulnerability is lower in countries with strong local seed policies.
A policy-driven holistic management approach will enable Tirkiye to maximize the potential
of agricultural biodiversity and build a sustainable food system aligned with global trends.

Key Words: Agricultural biodiversity; Food security; Genetic resources; Diversity indices;
Comparative analysis; Turkiye
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Abstract

The use of aromatic medicinal plants has long highlighted their importance for human health,
the food industry, and nutrition. However, our study will focus on an aromatic medicinal plant
widely recognized for its therapeutic properties and use in traditional medicine. This species
belongs to the Ericaceae family, typical of areas with a Mediterranean climate. Despite its great
socio-economic and ecological importance, adaptation to environmental stress, and
regeneration, it remains undervalued. However, its exposure to radioactive elements present in
the environment via soil-plant transfer can have nutritional consequences. This work aims to
determine the rate of transfer of radioactive elements from the soil to the roots and leaves at
three geographically different sites in the Beni Mellal region, based on the quantitative use of
LR 115 detectors for measuring uranium and thorium.

The principle of solid nuclear trace detectors is based on interaction with the environment (soil,
crushed leaves, crushed roots). This DSTN technique, based on autoradiographic contact with
samples, depends on knowledge of the stopping power of particles in the samples studied and
the recording sensitivity of the detector.

Keywords: Soil-plant transfer, LR115, Solid detectors, Medicinal aromatic plants, Impact of
radioactivity.
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Abstract

Herbal cosmetics have gained significant global acceptance due to increasing consumer
awareness of natural ingredients, safer formulations, and holistic beauty care. These products
incorporate plant-derived components such as essential oils, extracts, and phytochemicals that
offer functional benefits including moisturization, anti-aging effects, UV protection, and acne
management. Current trends highlight a shift toward green formulations, sustainability, clean
beauty, and the integration of advanced technologies like nano-herbal delivery systems to
enhance skin penetration and stability. Despite their growing popularity, safety concerns
remain, particularly regarding adulteration, contamination with heavy metals, unstandardized
extracts, and undisclosed synthetic additives. Regulatory challenges also persist, as many herbal
cosmetic products lack rigorous standardization and quality control compared to conventional
cosmetics. Nevertheless, scientific evidence increasingly supports the efficacy of various herbal
ingredients, such as aloe vera, turmeric, neem, and green tea, which demonstrate antioxidant,
antimicrobial, and anti-inflammatory activities. This article reviews recent trends in the herbal
cosmetic industry, evaluates the safety aspects associated with their use, and highlights
evidence-based data regarding their efficacy. Overall, herbal cosmetics present promising
alternatives to synthetic products, provided that proper standardization, safety assessment, and
regulatory compliance are ensured.

Keywords: Herbal cosmetics, phytochemicals, safety, efficacy, natural ingredients, clean
beauty, standardization, skin care, plant extracts, nano-herbal formulations.
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ABSTRACT

Foam-Mat Drying is an emerging drying process that is gaining interest in the agri- food and
environmental sectors due to its efficiency, low energy cost, and ability to preserve the
qualitative characteristics of processed products. It involves incorporating foaming and
stabilizing agents into a liquid or food puree to form a stable foam, which is then spread in a
thin layer and dried in hot air. This modification of the product's structure significantly increases
the exchange surface area and reduces internal diffusion resistance, allowing for faster drying
at moderate temperatures while minimizing the degradation of bioactive compounds, natural
pigments, and volatile aromas.

In many countries, particularly those with hot climates, post-harvest losses are a major
challenge, sometimes affecting more than 30% of annual production. Fruits, vegetables, and
perishable products with high water content are particularly susceptible to physical,
microbiological, and biochemical deterioration. Foam-Mat Drying offers a sustainable
technological response to these constraints, enabling the rapid transformation of unstable raw
materials into stable powders that are easy to transport, store, and incorporate into food
formulations. This process thus promotes local added value, waste reduction, and extended
shelf life.

In addition, the flexibility of the process—applicable to various products such as juices, purées,
plant extracts, dairy products, and spices—makes it a technology suitable for small and
medium-sized agri-food units. By limiting the need for complex equipment and energy, it is
fully in line with a sustainability approach and the transition to more responsible processes.
Foam-Mat Drying is therefore a promising solution for improving food safety, supporting bio-
valorization, and addressing environmental issues related to post-harvest losses.

Keywords: Foam-Mat Drying - Post-harvest losses - Agri-food recovery - Sustainability

December 18-21 / Paris, FRANCE 33



4th INTERNATIONAL PARIS CONGRESS ON AGRICULTURE & ANIMAL HUSBANDRY

INTEGRATED VALORIZATION OF QUINOA PROCESSING BY-PRODUCTS:
FROM FUNCTIONAL FOOD INGREDIENTS TO BIOENERGY AND
AGRICULTURAL APPLICATIONS

BENYAHOUB Rabie

Laboratory for the Protection of Ecosystems in Arid and Semi-Arid Zones, Kasdi Merbah
University —Algeria-

CHOUANA Toufik

Laboratory for the Protection of Ecosystems in Arid and Semi-Arid Zones, Kasdi Merbah
University —Algeria-

AZIB Salim
Bioresources Laboratory, Kasdi Merbah University—Algeria-

Abstract

Introduction: Quinoa (Chenopodium quinoa Willd.) processing generates substantial amounts
of by-products, including husks, bran, and saponin-rich residues. These materials are often
discarded despite their richness in bioactive compounds and nutrients. In the context of a
circular bioeconomy, such by-products represent promising resources for sustainable
valorization. This project aims to develop an integrated approach for converting quinoa
processing wastes into value-added products across the food, bioenergy, and agricultural
sectors.

Materials and Methods: The planned work focuses on three complementary valorization
pathways:

(1) Extraction of functional food ingredients from quinoa bran (dietary fibers, proteins,
antioxidant compounds);

(2) Bioenergy production through anaerobic digestion or fermentation of quinoa residues to
generate biogas or bioethanol,

(3) Agricultural applications, assessing composted biomass and residual material as soil
amendments to enhance soil fertility.

These methodological approaches are currently under development as part of the project’s
initial phase.

(Expected) Results: As this research is in its early stages, experimental results are not yet
available. However, based on existing literature, these pathways are expected to yield functional
ingredients suitable for incorporation into health-promoting foods, renewable energy derived
from quinoa residues, and nutrient-rich amendments capable of improving soil quality.

Discussion / Conclusion: The integrated valorization approach proposed in this project has
strong potential to reduce environmental impacts and generate new economic opportunities
within the quinoa production chain. Although results are forthcoming, the conceptual
framework supports the development of sustainable agrifood systems in emerging regions. This
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work highlights quinoa’s value beyond its grains, promoting holistic use of its processing by-
products for food, energy, and agricultural sustainability.

Keywords: Quinoa by-products; functional ingredients; bioenergy; compost; circular
bioeconomy; sustainable valorization
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Abstract

Carob (Ceratonia siliqua L.) is a widely distributed Mediterranean tree with strong ecological
adaptability and increasing interest as a natural source of bioactive ingredients. This study
comparatively evaluated the biochemical and microbiological profiles of seeds, pulp, and leaves
from six Moroccan carob populations originating from contrasting environments. Total
polyphenols, flavonoids, and tannins were quantified, and antioxidant potential was determined
using DPPH and FRAP assays. Antimicrobial activity was examined against Bacillus subtilis,
Staphylococcus aureus, Escherichia coli, and Klebsiella pneumoniae using disk diffusion and
microdilution approaches. Significant inter-population and inter-organ differences were
recorded for all measured parameters. Pulp and leaves displayed the highest polyphenol
contents, while seeds showed the strongest antioxidant and antimicrobial responses.
Multivariate classification revealed marked diversity among populations and suggested that
environmental and geographic factors contribute to population clustering. Overall, these results
demonstrate that Moroccan carob exhibits valuable biochemical variability and provides
effective natural antioxidant and antimicrobial agents. The species represents a promising plant

December 18-21 / Paris, FRANCE 36



4th INTERNATIONAL PARIS CONGRESS ON AGRICULTURE & ANIMAL HUSBANDRY

resource for developing sustainable, plant-based additives and functional ingredients suitable
for food, environmental, and health-related applications.

Keywords: Ceratonia siliqua, natural antioxidants, antimicrobial activity, polyphenols, food
ingredients, food technology
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Abstract

Dysphania ambrosioides is a wild plant native to Morocco, renowned for its rich ethnobotanical
heritage and associated biodiversity. Its essential oil (EO) exhibits remarkable antibacterial and
antioxidant properties, but its use remains limited due to its high volatility and instability.

In this study, we explored the sustainable valorization of this natural resource through its
microencapsulation with natural biopolymers (inulin and gum arabic), known for their
biodegradability and environmental safety.

The resulting microcapsules were characterized using various analytical techniques (FT-IR,
SEM, TGA) to evaluate their stability, encapsulation efficiency, and behavior under simulated
digestion.

The results show high encapsulation (88%), stability exceeding 80%, and controlled release of
bioactive compounds. Furthermore, these microcapsules retained antibacterial activity against
Staphylococcus aureus and Escherichia coli. This research illustrates how the scientific
valorization of a local plant contributes to preserving and promoting Moroccan biodiversity,
while also opening up prospects for sustainable applications in the food, environmental, and
heritage sectors.

Keywords : Microencapsulation, Dysphania ambrosioides, natural heritage, environment
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Abstract

In this study, we used the NORMALY SA tool to simulate the effective radiation dose to humans
based on soil-plant transfer factors obtained from two sampling campaigns in 2022 and 2023 in
the Meknes agricultural area, as part of the international research coordinated project led by the
International Atomic Energy Agency, CRP K41022. This simulation provides an estimate of
radiation doses transferred from soil to plants, helping to assess potential exposure levels in the
studied areas.

The total annual doses were calculated for 12 fields in the Meknes region for adult population
(barley and wheat; bean; calabash; corn; eggplant and long cucumber; green and red pepper;
potato; pomegranate; eggplant and tomato; red pepper; onion; cardoon and beet) for the adult
population. In this scenario, exposure doses were calculated using four NORMALY SA models:
“Garden plot,” “Dose from ingestion of garden foods,” “Dose from outdoor occupancy,” and
“Total dose.”

The results show that the dose from outdoor external exposure is very low or even negligible in
all fields studied. Similarly, the doses related to soil ingestion and ingestion of all garden food
types are zero for all crops. In contrast, inhalation appears as the dominant exposure pathway
to ionizing radiation among adults in these agricultural areas. However, it is important to
emphasize that although the inhalation dose predominates compared to other pathways, it
remains below the recommended limit of 1 millisievert per year (0.001 Sv/year), which is the
maximum dose advised for the general population by radioprotection organizations.

Keywords: NORMALY SA tool, dose simulation, soil-plant transfer factors, Meknes semi-arid
agricultural area
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Abstract

Soil erosion, particularly gully erosion, remains a critical global environmental issue with
profound implications for land productivity, water quality, and socio-economic stability. In
Nigeria, gully erosion poses an increasing threat, particularly in the northern and southeastern
regions, where deforestation, overgrazing, and unsustainable agricultural practices accelerate
land degradation. Kaltungo Local Government Area (LGA) of Gombe State is among the areas
severely affected, as its steep slopes, sparse vegetation, and intense seasonal rainfall contribute
to rapid gully formation. Despite various control measures introduced by both governmental
and non-governmental initiatives, erosion interventions in Kaltungo have often failed due to
insufficient understanding of soil characteristics and inadequate stakeholder involvement,
particularly the exclusion of women from erosion management efforts. This study aims to assess
the physical and chemical properties of soils in gully-affected areas of Kaltungo LGA and to
explore women’s perceptions and participation in erosion control strategies. Soil samples were
collected and analyzed to determine key parameters influencing erodibility, while structured
questionnaires and interviews were conducted to capture women’s experiences and viewpoints.
The research integrates biophysical and socio-cultural perspectives to provide a comprehensive
understanding of gully erosion dynamics. Findings from this study are expected to contribute
to evidence-based erosion management by linking soil science with community participation,
emphasizing gender inclusivity in environmental decision-making. Ultimately, the study will
offer practical recommendations for sustainable land management and inform policy directions
that strengthen the effectiveness and equity of erosion control strategies in Kaltungo and similar
regions.

Keywords: Gully Erosion, Female famers, Kaltungo, Control strategies.
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ABSTRACT

Lead is a metal used by humans for millennia and is also a significant environmental pollutant.
Cistus monspeliensis, a plant belonging to the Cistaceae family, is widely known for its
medicinal properties. This experimental study was conducted on 20 adult male rats divided into
four groups: Group 1—control (T); Group 2 (CM)—received 500 mg/kg b.w. of an infusion
prepared from fresh Cistus monspeliensis leaves; Group 3 (Pb)—treated with 100 mg/kg b.w.
of lead acetate diluted in distilled water; and Group 4 (CM + Pb)—co-treated with both agents,
all administered by gavage for 4 weeks. At the end of the treatment period, the animals were
sacrificed by decapitation. Sperm samples were collected to assess sperm DNA
fragmentation.The results showed that the percentage of spermatozoa with intact DNA
significantly decreased in rats treated with Pb compared with both the control group (T) and the
positive control (CM). However, co-treatment with CM and Pb (CM + Pb) resulted in an
increase in the percentage of non-fragmented sperm DNA compared with Pb-treated rats.
Conversely, the percentage of spermatozoa with fragmented DNA was significantly higher in
the Pb group compared with all control groups. A marked reduction in this percentage
(fragmented DNA) was observed in the combination group (CM + Pb) compared with rats
treated with Pb alone.In conclusion, lead increases DNA damage, whereas Cistus monspeliensis
infusion reduces sperm DNA fragmentation and mitigates lead-induced oxidative damage at
the spermatozoal level.

Keywords: Rat, Cistus monspeliensis, DNA, epididymis, spermatozoa.
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Abstract:

Phytase is a crucial plant-based enzyme that is essential for breaking down the anti-nutritional
factor Phytic acid present in plant-based foods. Phytase has numerous applications ranging from
Agricultural (Animal feed), environmental (bioremediation) to pharmaceutical (Protein
purification for Vaccine development, increasing the mineral bioavailability in the body, etc.).
Currently, the Industrial production of Phytase to meet its ever-rising demand is mainly done
using several Bacterial and Fungal strains as sources. But more innovative and sustainable
practices can be adopted. One such idea is the production of Phytase from other microbial
sources, like microalgae. Microalgae are currently in demand for their promising applications
in the food and feed industries and in environmental and bioprocess applications. Because of
their ability to utilize organic phosphorus sources for their metabolism, ease of obtaining a
higher biomass yield, and their enhanced potential to express recombinant genes, microalgae
are a promising source for producing Phytase. Microalgal species like Chlamydomonas
reinhardtii, Euglena gracillis, Phaeodactylum tricornutum have been explored for their
potential to express native and recombinant phytase. Thus, microalgae with their natural ability
to hydrolyze organic phosphorous and metabolic versatility are a promising source to produce
a sustainable, economical, and commercially scalable phytase enzyme.

Keywords: Phytase enzyme, Recombinant enzyme expression, Microalgae, Food and Feed
industries, Bioremediation
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Abstract

The monarch butterfly (Danaus chrysippus) is commonly known as the plain tiger butterfly,
which is a short- and long-distance migrant butterfly. The breeding activities of plain tiger
butterflies are well known in the summer season (March to October), but in winter (November
to February), when temperatures fall, there are no records of breeding in. We surveyed host
plants of plain tiger butterflies in January and February in the years of 2020 and 2021. In the
main land regions, no breeding activities were found in the winter season. Overwintering
(November to February) broods were observed and recorded on isolated coastal Island of
Sonadia , Cox’s Bazar that are the southern part of Bangladesh. This island is about 7-9 square
kilometres in area and located at latitude 21.28"-21.33" and longitude 91.50"”-91.56". The
breeding area is characterised by milkweed plants, which are their primary host, and the
presence of ambient day time temperature (28°C to 30°C). On the other hand, mainland day
time temperature was 19°C to 20°C. We studied morphological characteristics of
developmental stages, pupal colour, sex ratio, and cumulative mortality in larval stages of this
species. The incubation period was 3.62+0.52 days. The larvae and pupae durations were
18.18+0.94 days and 10.66+1.11 days. The male longevity was 9.0-43 days, and the female
was 14.0-66.0 days. The mortality rate of the second, third, and fourth instar larvae was 2.77%,
2.85%, and 3.70%, and the mortality rate in pupae was 11.58%. Out of 23 pupae, pink was
82.61%, and brown was 17.39%. The sex ratios, regardless of the colour of pupa, showed 12
males (52.18%) and 11 females (47.82%) were found from green and pink coloured pupae.
Male was predominated in pink colour (91.66%), and female (63.64%) also had a prevalence
of pink colour. The findings of this study could be useful for predicting the population
dynamics and help to develop appropriate conservation strategies for this species. This is the
first study to document with the winter breeding life history of the plain tiger butterfly from the
coastal part of Bangladesh.

Keywords: Overwintering life cycle, Plain tiger, Danaus chrysippus, Lepidoptera, Danaidae,
Sonadia Island
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ABSTRACT

Introduction and Purpose: It is known that a greater number of pathogens are transmitted
between bumblebees and honey bees.lts including viruses, bacteria, fungi and protozoa. After
acting as incidental hosts, honey bees may become the primary maintenance host, as occurred
in the cases of Apicystis bombi. A.bombi is a unique apicomplexan protist that belongs to the
neogregarines, which as a group exhibit relatively high virulence towards a range of insects.

Materials and Methods: Microscopic examination of the tissue is required to confirm the
presence of oocysts. Other than the fat body, oocysts have been detected in the midgut and
hindgut body parts of bees and in a single case in the spermatheca of a mated bumble bee and
honey bee queen.

Results: It infects bees, especially bumblebees. It is believed to have a cosmopolitan
distribution in bumblebees and a sporadic occurrence in honey bees, and causes disease
symptoms in nonresistant bee species.

Discussion and Conclusion: A. bombi's host range spanning Apis and Bombus may indicate
that they are sharing gregarines at the shared pollen source. Oocysts are ingested by the bee and
sporozoites develop from these in the intestine. They migrate through the wall of the gut before
taking up residence in the fat body cells, where they develop and multiply. Typically , healthy
fat body cells appear yellow while heavily infected cells appear swollen and distinctly white as
a result of hypertrophism. The effects of A.bombi differ between host species. Heavily infected
bees are rare, but this may be due to high pathogenicity of the neogregarine. Infected bee
workers have increased mortality, reduced fatbody and increased sensitivity to sucrose. Infected
gueen bumblebees are unlikely to survive hibernation which is thought to be due to the reduced
fatbody of infected queens. There is also some evidence that DWV (Deformed wing virus) may
reduce some of the negative effects of Apicystis bombi.

Key Words: honey bee, bumblebee, Apicystis bombi

December 18-21 / Paris, FRANCE 44


https://en.wikipedia.org/wiki/Bumblebee
https://en.wikipedia.org/wiki/Gregarine
https://en.wikipedia.org/wiki/Sporozoite
https://en.wikipedia.org/wiki/Fat_body
https://en.wikipedia.org/wiki/Deformed_wing_virus

4th INTERNATIONAL PARIS CONGRESS ON AGRICULTURE & ANIMAL HUSBANDRY

VARIABILITY OF POLLEN COLLECTED BY APIS MELLIFERA INTERMISSA
BEES IN A MOUNTAINOUS REGION OF ALGERIA

Dr. Fatima DJOUBER-TOUDERT
Department of Agronomy, University Mouloud Mammeri Tizi-Ouzou, Algeria

Pr. Messaouda BELAID
Department of Process Engineering, University M’Hamed Bougara Boumerd¢s, Algeria

ABSTRACT

Introduction and Purpose: Honey constitutes only a fraction of the valuable products derived
from the beehive. Other honeybee’s products, such as royal jelly, beeswax, propolis, venom,
and pollen, also possess significant biological and ecological properties. Among these, pollen
plays a particularly critical role within the colony, serving as the principal source of proteins
essential for brood development and overall colony health. Numerous studies have been
conducted to determine its chemical composition, evaluate the role of bees in pollination, and
establish the palynological profile of specific regions. The present study aims to analyze the
variability of plant species foraged by honeybees and to identify melliferous flora in a
mountainous region of Algeria.

Materials and Methods: An experimental setup involving 10 beehives was established. The
breed of honeybees was Apis mellifera intermissa or Tellian honeybees. Pollen traps were
installed at the hive entrances, and pollen collection was carried out once a week over one
month period. The collected samples were air-dried, cleaned, and stored in labeled containers
until analysis. Pollen identification was performed using standard microscopic technigues.
Morphological characteristics of the pollen grains were compared with those presented in
published pollen atlases and with reference slides prepared and maintained by our laboratory.

Results: Analysis of the collected pollen revealed the presence of 14 distinct color types. The
number of pollen colors per sample ranged from a minimum of three to a maximum of 10.
Orange-colored pollen was the most abundant (17%), whereas beige-colored pollen was the
least represented (11%). A total of 29 melliferous plant species, belonging to 17 botanical
families, were identified as pollen sources.

Discussion and Conclusion: This study underscores the richness and diversity of floral
resources available to honeybees in the study area. Such diversity not only contributes to bee
nutrition and colony sustainability, but also highlights the ecological importance of preserving
native plant habitats. The conservation of these floral resources is essential for maintaining
pollinator populations and, by extension, the biodiversity and resilience of ecosystems.

Keywords: Honeybees, palynology, melliferous plants, Apis mellifera intermissa, pollen.
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ABSTRACT

Plant hormones and herbicides working together synergistically is a potential new frontier for
environmentally friendly weed management. Basically, hormones regulate the plants’
physiological and biochemical processes that impact their growth, ability to resist stresses, and
detoxification mechanisms, whereas herbicides are designed to inhibit the biochemical
pathways that lead to weed growth. Experiments on the matter have shown that in some cases,
substances like abscisic acid (ABA), brassinosteroids (BRs), and jasmonic acid (JA) may, under
certain conditions of concentration, timing, and species, facilitate or hinder the action of
herbicides. The main benefit of such interplays is the possibility of achieving higher selectivity,
lower doses of herbicides, and less harm to crops. This article reviews the current understanding
of the phenomenon of hormone-herbicide synergy, emphasizing the aspects of molecular
signaling cross-talk, physiological changes, and integrated weed management implications.
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INTRODUCTION

Herbicides have been the main tools for weed management. They have facilitated a quick and
effective suppression of weeds in the agricultural practice of recent years. Nevertheless, the
heavy and repetitive use of herbicides has caused a series of negative effects, such as pollution
of the environment, emergence of herbicide-resistant weed populations, and unintentional
phytotoxicity of crops (Heap, 2023; Duke, 2012). As a result of the drawbacks, the scientific
community has been motivated to search for novel strategies that can both elevate the efficacy
of herbicides and lessen the risks to the environment. One of the promising pathways in such
direction is the use of hormones to modulate the physiological responses of plants (Grossmann,
2010).

Plant hormones or phytohormones are small molecular weight signaling compounds that
regulate an immense number of processes related to growth and resistance. These are auxins,
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cytokinins, gibberellins, abscisic acid (ABA), ethylene, salicylic acid (SA), jasmonates (JA),
and brassinosteroids (BRs). The network of the eight hormones controls plant growth, the
release of the defense system and resistance to both abiotic and biotic stresses (Santner &
Estelle, 2009). Moreover, researchers have found that the same signaling pathways can
communicate with herbicide-induced stress, thereby affecting the mechanisms of both
sensitivity and resistance (Silva et al., 2009).

Synergy here means a scenario where the joint effect of a herbicide and a hormone exceeds the
sum of their single effects. In support of this, one study found that some hormone pre-treatments
can facilitate herbicide uptake, movement within the plant, and efficiency at the target site
(Manghwar et al., 2022). On the other hand, certain hormones are capable of lessening the
oxidative and metabolic stress brought about by herbicides, thus making the crops free of injury
and at the same time, retaining the functionality of the herbicide for weed control (Sandalio et
al., 2023). The two-faced operation of the hormones, i.e. either to activate the herbicidal effect
to non-target plants or to provide a defense mechanism, depends upon hormone kind, dose, and
the time of application.

It is possible that information about the molecular and physiological bases of such interactions
might lead to the best use of herbicides for less environmental harm. One of the advantages of
incorporating hormonal control into chemical weed management is the possibility to lessen the
dependence on herbicides, prolong the time before resistance to herbicides appears, and
enhance the safety of crops (Silva et al., 2009). Furthermore, the advent of "green chemistry"
and the use of plant growth regulators have brought about several new possibilities in this area,
one of which is the exploitation of inherent plant signaling for weed suppression and stress
tolerance.

Hence, this paper's objectives are to:

. Illustrate the foundational aspects of herbicide mechanisms and plant hormone
regulation.

. Discuss instances where hormone and herbicide interactions have a synergistic effect.
. Illustrate the molecular dialogue and metabolic regulation involved in these interactions.
. Point out the missing pieces of knowledge and the directions of future research that aim

at exploiting this synergy in the context of contemporary weed management strategies.

CLASSIFICATION AND MODES OF ACTION OF MAJOR HERBICIDES

Herbicides are chemicals that are mainly intended to do the task of controlling or getting rid of
unwanted plants by radically interfering with their vital physiological or biochemical pathways
(Dayan & Duke, 2014). They are divided into different major groups based on their chemistry
and site of action, with each group consisting of agents that target certain enzymes or cellular
processes. The fundamentals of these scenarios should be agreed upon first before we can
understand to what extent plant hormones play a role in indorsing or modifying herbicides'
action.

Major Classes of Herbicides

The top herbicides are considered as a single group depending on their mode of action (MoA).
The Herbicide Resistance Action Committee (HRAC) segregates herbicides into over 30 MoA
groups, but only a handful of them are prevalent in worldwide farming (HRAC, 2023).

December 18-21 / Paris, FRANCE 47



4th INTERNATIONAL PARIS CONGRESS ON AGRICULTURE & ANIMAL HUSBANDRY

1. Photosystem Il (PSII) inhibitors (e.g., atrazine, diuron) block electron flow in the
photosynthetic process, thereby creating oxygen radicals (ROS) that damage lipids of the cell
organelle membrane (Dayan et al., 2014).

2. Acetolactate synthase (ALS) inhibitors (e.g., imazapyr, metsulfuron-methyl) prevent the
making of branched-chain amino acids which stops the proteins synthesis and cell division (Yu
& Powles, 2014).

3. Acetyl-CoA carboxylase (ACCase) inhibitors (e.g., fenoxaprop, quizalofop) block the
production of fatty acids in grasses that lead to membrane damage and energy metabolism
changes (Délye, 2013).

4. 5-Enolpyruvylshikimate-3-phosphate (EPSPS) inhibitors, like glyphosate, bind and block
the shikimate pathway, thus, aromatic amino acids are not produced (Duke & Powles, 2008).

5. Protoporphyrinogen oxidase (PPO) inhibitors (e.g., oxyfluorfen, saflufenacil) prevent
chlorophyll formation, thus, the plant experiences oxidative stress and tissue death occur rapidly
(Matringe et al., 2020).

6. Synthetic auxins (e.g., 2,4-D, dicamba) are structurally and functionally similar to the
natural auxin (IAA), hence, growth becomes uncontrollable, and cells keep on expanding
ultimately the plant dies (Grossmann, 2010).

7. Mitotic inhibitors (e.g., trifluralin, pendimethalin) stop microtubules from lengthening, thus,
the process of cell division in mitosis is interrupted (Heap, 2008).

The discussed herbicide categories differ from one another by factors such as selectivity,
persistence, and spectrum of control. Their performance and the degree of crop safety may be
highly determined by the interplay of various environmental factors and the physiological state
of the plants, which is under the control of hormones (Silva et al., 2009) (Table 1).

Table 1. Major Classes of Herbicides and Their Modes of Action

Herbicide Class Example Mode of Action Target Enzyme / Site
Compounds

ALS inhibitors Bispyribac-sodium, Inhibit acetolactate synthase (ALS) ALS enzyme
Imazapyr

ACCase inhibitors | Clodinafop, Inhibit acetyl-CoA carboxylase ACCase enzyme
Fenoxaprop

Photosystem II Atrazine, Diuron Block electron transport in PSII D1 protein of PSII

inhibitors

EPSPS inhibitors Glyphosate Inhibit 5-enolpyruvylshikimate-3- EPSPS enzyme

phosphate synthase
Synthetic auxins 2,4-D, Dicamba Disrupt auxin signaling and growth Auxin receptor / Auxin
pathways

Photosystem | Paraquat, Diquat Generate reactive oxygen species Photosystem |

inhibitors (ROS)

PPO inhibitors Fomesafen, Inhibit protoporphyrinogen oxidase PPO enzyme
Oxyfluorfen

Physiological Impact of Herbicide Action

Herbicides are the cause of a series of unfortunate events in a plant’s defensive system. They
eventually lead to the production of highly reactive oxygen species, disruption of the hormonal
balance, and several other changes in the metabolic signaling that were they to be studied
separately, each would warrant a paper of its own. For instance, Grossmann and Kwiatkowski
(1999) have demonstrated that application of ALS inhibitors leads to an increase in the amount
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of the plant hormones abscisic acid (ABA) and ethylene and thus, as a consequence, the stomata
close and growth slows down. Likewise, glyphosate exposure results in the increase of salicylic
acid (SA) and jasmonic acid (JA) and hence, the conversion of these compounds initiates the
defense-related systems that are usually activated by attacks of living organisms (Velini et al.,
2008).

The ROS wave brought about by herbicides like paraquat or PSII inhibitors results in the
activation of antioxidant proteins, such as superoxide dismutase (SOD) and catalase (CAT).
The activity of these enzymes is regulated by hormonal cross-talk, mainly by brassinosteroids
and ABA (Sandalio et al., 2023). The degree to which the tissue is damaged as a result of the
herbicides' action depends not only on the inherent toxicant potency of the herbicide, but also
on the hormones present in the plant that are capable of counteracting the harm.

Hormonal Cross-Talk in Herbicide Response

Plant hormones are vital in the processes through which the plants respond to the application
of herbicides. Synthetic auxin herbicides forcibly employ auxin (IAA)-signaling pathways,
however, other herbicides influence hormonal balance indirectly. For instance, cytokinins and
gibberellins help the cell division process and the elongation of cells that in turn may be the
reason for the overshooting of the herbicide-induced growth inhibition. In contrast, ABA and
ethylene are typical components that become more abundant as a result of the transmission of
the stress signal, whereas the roles of brassinosteroids and jasmonates are in the processes of
detoxification and repair (Silva et al., 2009). The described communication implies that the
alteration of the hormonal concentration before or after the herbicide treatment may have an
impact on the plant’s sensitivity or tolerance to it; this is the core idea involved in the synergy
between herbicide and hormone.

Generally, the action of an herbicide determines which organelle or molecule in a cell will be
toxicologically affected, while hormonal intervention governs the physiological response of the
plant. Developing such applications that exploit the interrelations on the molecular level is
crucial to the synergistic optimization of herbicides' working capacity along with the least
possible crop injuries.

OVERVIEW OF PLANT HORMONES AND THEIR ROLES

Plant hormones, also known as phytohormones, are organic compounds of natural origin that
essentially govern a plant's growth, its developmental processes, and even the plant's reaction
to various kinds of stress, all this at very low levels of concentration. These signaling molecules
are responsible for coordinating a network of physiological and biochemical processes which
basically serve as the plant's internal communication system, integrating signals that come from
inside the plant as well as from the environment (Davies, 2010). The major groups of plant
hormones are auxins, cytokinins, gibberellins, abscisic acid, ethylene, jasmonates, salicylic
acid, and brassinosteroids. However, to complicate things, hormones do not always function
separately. On many occasions, they form a complex web of cross-regulatory interactions that
affect herbicide sensitivity as well as detoxification mechanisms.

Auxins

Auxins are the first discovered class of plant hormones, and among them, indole-3-acetic acid
(IAA) is considered the major natural one. They are the regulators of cell elongation, apical
dominance, and vascular differentiation (Woodward & Bartel, 2005). Mimicking [AA,
synthetic auxins like 2,4-dichlorophenoxyacetic acid (2,4-D) and dicamba are generally used
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as selective herbicides (Grossmann, 2010). These agents deliberately provoke uncontrolled cell
elongation, abnormal vascular development, and disintegration of tissues in broadleaf weeds.
On the other hand, auxins present in the organism also influence the herbicide transport that is,
they help by regulating the expression of auxin transporters (PIN proteins) and ABC
transporters which in turn affect herbicide translocation (Silva et al., 2009).

Cytokinins

Cytokinins are adenine derivatives, which, among other things, promote cell division, delay
senescence, and interact antagonistically with auxins in organ development (Kieber & Schaller,
2018). In the first place, they are the main players in nutrient mobilization and chloroplast
development. Upon herbicide stress, the cytokinin level is usually depleted, thus resulting in
accelerated senescence and chlorosis . The external supply of cytokinins has been reported to
relieve the herbicide-induced oxidative damage and facilitate the recovery phase by triggering
antioxidant enzyme activities. Therefore, cytokinins may be deployed as a kind of shield for
herbicide-affected crops.

Gibberellins

Gibberellins (GAs) are, in fact, diterpenoid acids that provide the main impetus for stem
elongation, seed germination, and flowering (Yamaguchi, 2008). Most of their effects come via
the GA-GID1 receptor complex that removes the DELLA proteins, which are growth
repressors. Herbicides which lead to inhibition of amino acid or fatty acid biosynthesis may
lower the level of GA, consequently causing dwarfism and delayed growth (Sandalio et al.,
2023). In some cases, GA applications, to a certain extent, can not only bring back the plant's
normal growth but also fight against herbicide toxicity by facilitating metabolic recovery .

Abscisic Acid (ABA)

Among its diverse functions, ABA can be characterized as a main stress hormone as it regulates
stomatal closure, seed dormancy, and tolerance towards non-living stress factors. It is a
substance that is very scarce under natural conditions but accumulates very rapidly under
drought, salinity, or stress from chemicals (Cutler et al., 2010). In many cases, herbicide
exposure can be regarded as one of the factors that cause an increase in ABA biosynthesis in
the oxidative-stress-defense response (Grossmann & Kwiatkowski, 1999). What is more, an
externally applied ABA pretreatment can certainly lead to great performance of crops in the
presence of herbicide products such as paraquat or glyphosate by modulating the antioxidant
defense and detoxification pathways (Manghwar et al., 2022). Still, too much ABA can have a
growth-inhibitory effect thus emphasizing the necessity of the right dose and time in hormone—
herbicide cooperation.

Ethylene

Being a nonmetallic gas, ethylene is responsible, among others, for senescence, fruit ripening,
and the sharing of stress signals. The synthesis of this molecule through the methionine—ACC
(1-aminocyclopropane-1-carboxylic acid) pathway is very fast and gets induced by herbicide-
caused stress (Morgan & Drew, 1997). One of the reasons for leaf epinasty, chlorosis, and
abscission is the increased ethylene production resulting from the treatment with assistants for
ALS or synthetic auxins like 2,4-D (Grossmann, 2010). On the other hand, ethylene may also
play a saving role if it triggers detoxification enzyme and stress-related gene activation (Abeles
et al., 1992). The double status of ethylene, as both a symptom and a modulator of herbicide
stress, places it as a critical hormone in herbicide response.
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Jasmonates and Salicylic Acid

Jasmonic acid (JA) and salicylic acid (SA) are the key elements in the control of plant defense
systems. JA mainly works through the response mechanism against mechanical injury and
insect feeding, whereas SA is related to systemic acquired resistance (Wasternack & Hause,
2013). When plants are subjected to herbicide application, the levels of JA and SA in the tissue
become higher, thus most likely leading to the implementation of antioxidant systems and the
activation of detoxification-related genes (Sandalio et al., 2023). The interaction between JA,
SA, and ABA signaling pathways helps the plant oxidative stress response to be more precise.
Many studies have shown that JA pretreatment led to increased tolerance to paraquat and
atrazine, thus suggesting a hormone-herbicide synergistic relationship.

Brassinosteroids

Brassinosteroids (BRs) are biologically polyhydroxysteroids structurally resemble animal
steroids and are very important for cell expansion, vascular differentiation, and acclimation to
stress (Clouse & Sasse, 1998). BRs are very potent antioxidants as they not only regulate ROS
homeostasis but also increase the activity of detoxification enzymes like glutathione S-
transferases (GSTs) (Nakashita et al., 2003). The removal of pollutant-induced oxidative injury
by the exogenous treatment of 24-epibrassinolide (EBR) has been documented in research on
rice and wheat that also observed a rise in selectivity (Manghwar et al., 2022). The current
finding points to the potential of BRs as synergistic agents in herbicide formulations.

Hormonal Cross-Talk

Most of the times, plant hormones do not function separately; they rather build up complex
networks through signaling cross-talk. To give an example, the interaction between ABA and
JA results in a strong oxidative stress defense whereas the interplay between auxin and
cytokinin determines cell division and tissue regeneration (Kieber & Schaller, 2018). Zhao &
Li (2020) have found out that on the one hand, brassinosteroids usually work together with
auxin and gibberellins to stimulate growth and, on the other, they act as foes to the ABA during
the occurrence of a stress situation. The concept of dynamic hormonal interplay tells us that
these interactions among different plant hormones are the very root of how plants detect and
counteract herbicides, thus they can be either susceptible or tolerant.

One by one the phytohormones and collectively as well, they are the regulators of the most
fundamental growth and stress mechanisms that have a large impact on herbicide responses.
Their potentiality to govern detoxification, being in oxidative balance, and turning to growth
for recovery is the biochemical basis that allows one to look into hormone—herbicide synergy
as a new dimension in the modern weed management systems (Table 2).
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Table 2. Key Plant Hormones and Their Physiological Functions

Hormone Main Physiological Roles Response to Stress / Herbicide
Abscisic Acid Stomatal closure, drought Induces antioxidant enzymes, enhances herbicide
(ABA) tolerance, seed dormancy tolerance
Jasmonic Acid Defense signaling, wounding Activates GSTs and ROS scavenging under
JA) response, growth inhibition herbicide stress
Salicylic Acid (SA) | Systemic acquired resistance, Modulates redox balance and detoxification, can
pathogen defense enhance or reduce herbicide effects
Brassinosteroids Cell elongation, division, stress Upregulate detox enzymes and ABC
(BRs) tolerance transporters, improve herbicide selectivity
Auxins (IAA) Cell division, elongation, tropic Modifies synthetic auxin herbicide sensitivity,
responses can enhance or antagonize effects
Cytokinins Cell division, shoot initiation Can mitigate growth inhibition caused by
herbicides
Gibberellins Stem elongation, seed germination | Limited evidence on herbicide interactions, may
affect growth recovery

MOLECULAR BASIS OF HORMONE-HERBICIDE INTERACTIONS

The interaction of hormones and herbicides in plants at the cellular level is mainly about their
interconnected molecular networks that control signal transduction, transcriptional regulation,
and metabolic modulation. In fact, herbicides can alter the biosynthesis of hormones that affect
not only signaling pathways but also the whole body's hormonal balance, while hormones affect
herbicide absorption, detoxification, and target-site sensitivity. Understanding these molecular
interactions paves the way for the implementation of the hormonal cross-talk concept, which
can be either one of increasing herbicide efficacy or decreasing the phytotoxic side effects of
the herbicide.

Hormone Signaling Pathways and Cross-Talk

Plant hormone signaling are basically a series of events from hormone perception to signal
transduction that involve changes due to receptor-ligand interactions, secondary messengers,
and transcriptional regulators (Santner & Estelle, 2009). The signaling pathways are not direct;
rather, they are very much interconnected thus forming a highly dynamic signaling network
which is responsible for plant responses both to environmental factors and to chemical agents
(Depuydt & Hardtke, 2011).

An example of that is the way auxin signaling is done through the TIR1/AFB-Aux/IAA-ARF
system, whereby auxin binding leads to the breakdown of the Aux/IAA repressors thereby
granting the access of the auxin response factors (ARFs) to the promoter regions of the target
genes (Leyser, 2018). The cytokinin signal is passed through the action of receptor histidine
kinases and a two-component system, whereas the ABA signaling relies on PYR/PYL/RCAR
receptors that, upon binding, lead to inhibition of PP2C phosphatases thus resulting in the
activation of SnRK2 kinases (Cutler et al., 2010). All these systems have common points where
they interconnect especially in the case of stress situations that come as a result of herbicide
application (Silva et al., 2009).

Normally, the activation of ABA and jasmonate pathways is the cause of herbicides that lead
to oxidative or osmotic stress, whereas auxin-like herbicides directly take advantage of auxin
receptors (Grossmann, 2010). In a similar way, the use of glyphosate, an EPSPS inhibitor, is
reported to have an impact on the salicylic acid (SA) and jasmonic acid (JA) signaling pathways
with the end effect of changing the expression of genes related to plant defense (Vivancos et
al.,, 2011). These kinds of hormonal changes have a significant effect on downstream
detoxification and stress tolerance responses.
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Transcriptional and Metabolic Reprogramming

On the transcriptional level, herbicides elicit a global reprogramming of gene expression that
significantly overlaps with the networks of hormonal signaling. Transcriptomic experiments
have shown that genes related to ABA, ethylene, and JA signaling are upregulated after
treatments with ALS or PSII inhibitors (Sandalio et al., 2023; Silva et al., 2009).

For instance, exposure to imazapyr (an ALS inhibitor) results in the expression of NCED3 (a
major gene in ABA biosynthesis) and ERF1 (ethylene response factor), which implies that
herbicide stress leads to the activation of both the ABA and ethylene pathways . In a similar
manner, the plants treated with glyphosate exhibit that GSTs and CYP450s expressions are
upregulated. These are the enzymes that are responsible for xenobiotic detoxification and are
under the regulation of jasmonate and brassinosteroid signaling (de Freitas-Silvaet al., 2017).

At the same time, metabolomic studies confirm that external application of brassinosteroids and
abscisic acid not only changes herbicide metabolism but also influences glutathione conjugation
and oxidative state of the cell (Manghwar et al., 2022). These hormones activate the
antioxidative system of the crop, which is made up of superoxide dismutase (SOD), catalase
(CAT), and ascorbate peroxidase (APX), thus, they reduce lipid peroxidation and membrane
destruction (Nakashita et al., 2003). This molecular shield allows the crops to be free from
herbicidal stress but still maintain the problem of weed control.

HORMONE REGULATION OF TRANSPORTERS AND DETOXIFICATION
ENZYMES

At the cellular molecular level, the interaction of hormones with herbicides is mostly about how
hormones regulate membrane transporters and enzymes that are engaged in detoxification. ABC
transporters and multidrug resistance proteins (MRPS) are the primary characters when it comes
to the cellular efflux of herbicides and their metabolites (Goldberg-Cavalleri et al., 2023).
Hormones like auxins, ABA, and brassinosteroids are able to alter the formation of these
transporters, which are the agents that help the substances to be pushed into different parts of
the plant by changing their dispersal in the tissues, thus they facilitate the transport of the
substances to any part of the plant (Silva et al., 2009).

For instance, BR signaling through the BZR1 transcription factor assists detoxification-related
genes like GSTU19 and CYP81A6 in becoming more active in transcription (Manghwar et al.,
2022). Similarly, ABA and JA promote the transcription of glutathione S-transferases (GSTs)
and cytochrome P450 monooxygenases, which eventually contribute to herbicide metabolism
and conjugation (Sandalio et al., 2023). On the contrary, ethylene can diminish the expression
of certain transporter genes, thus, leading to the local accumulation of herbicides and resultant
tissue damage (Morgan & Drew, 1997).

According to this, hormones serve as the main regulators of the cellular detoxification system
that is a part of the metabolic network of the plant that is shifting to keep equilibrium under
challenge with herbicides. The degree of the balance between the activation and the repression
of these molecular responses can determine whether the synergistic enhancer effect of herbicide
efficacy (in weeds) or crop protection against toxicity will be the case.

Signal Integration and Cross-Regulatory Nodes

The joining of several hormone signaling pathways with the response to herbicides is done with
the help of the shared signaling intermediates such as reactive oxygen species (ROS), calcium
ions (Ca?"), and mitogen-activated protein kinases (MAPKSs). ROS are the intermediate
messengers that very often change the activity of transcription factors such as WRKY, MYB,

December 18-21 / Paris, FRANCE 53



4th INTERNATIONAL PARIS CONGRESS ON AGRICULTURE & ANIMAL HUSBANDRY

and NAC. At the same time, these are also the targets of hormone signaling (Mittler, 2017). To
this end, herbicide-induced ROS generation canbe a very strong factor in amplifying the
hormone responses, thus leading the organism either to stress tolerance or to inhibition of
growth, depending on the hormonal context.

Another point at which MAPK cascades converge is the interaction between herbicide and
hormone signaling. Both JA-mediated defense and herbicide-induced oxidative stress have
been linked with the activation of MPK3 and MPK6 (Opdenakker et al., 2012). Besides,
transcription factors such as TGA, DREB, and BZR1 that receive inputs from different
hormones and chemical stress signals coordinate the gene expression changes that are necessary
for adaptation (Depuydt & Hardtke, 2011; Silva et al., 2009).

Through these consolidated molecular circuits, the plant is capable of making a quick switch of
its physiological and biochemical state in the case of herbicide challenge. If managed in the
proper manner, this molecular synergy can serve the purpose of herbicide selectivity and can
elevate their performance in the agricultural sector.

SYNERGISTIC EFFECTS BETWEEN HORMONES AND HERBICIDES

Plant hormone and herbicide synergistic interactions are an important instrument for the
enhancement of efficiency in weed management, crop tolerance, as well as sustainability in
agricultural systems. Synergism is an occurrence when the joint use of a plant hormone and a
herbicide brings about a physiological effect which is higher as compared to the effect from
either compound used alone. The main result of this interaction may be the increase in herbicide
selectivity, crop stress tolerance, or weed resistance to herbicidal activity.

The main molecular and physiological mechanisms that underlie these synergistic effects are
the modulation of plant growth regulators, detoxification systems, oxidative stress responses,
and target-site sensitivity (Grossmann, 2010; Silva et al., 2009). The synergy effect can either
enhance the herbicide's damaging potential to the target plants or reduce the toxic impact on
non-target plants depending on the hormone and herbicide involved.

Auxin and Synthetic Auxin Herbicide Synergy

Auxin analog herbicides like 2,4-dichlorophenoxyacetic acid (2,4-D), dicamba, and picloram
imitate directly the activity of auxins that are naturally present in plants, which results in
uncontrolled cell elongation, epinasty, and tissue disintegration (Song, 2014). Nevertheless,
there is not an outcome of straightforwardly additive effects from the interaction between
natural auxins and synthetic auxin herbicides. The exogenous application of indole-3-acetic
acid (IAA) at low levels is able to alter the plant's sensitivity to the action of auxin-like
herbicides and it can either increase the toxicity or decrease it depending on the time and the
dose.

As a result of auxin pretreatment, the plasma membrane in some weed species becomes more
permeable, thus the absorption of herbicide is accelerated and consequently there is also a faster
translocation and better efficacy (Neve et al., 2024). On the other hand, in tolerant crops, the
normal functioning of auxin signaling is able to keep cells in a steady state and thus uncontrolled
growth is prevented, so herbicide injury is at a minimum level. The existence of this hormone—
herbicide synergy dose-dependent nature is demonstrated here by the dual behavior of the
agents.

On a molecular basis, both IAA and 2,4-D ARF-mediated transcription networks are activated,;
nevertheless, detoxification-related genes like GH3 and GST can have their expression primed
by the auxin pretreatment, which results in a less auxin accumulation after herbicide exposure
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(Silva et al., 2009). This process is in line with the conception that hormonal regulation being
balanced is the factor deciding whether the auxin—herbicide interaction will lead to synergy or
antagonism.

Abscisic Acid (ABA) and Herbicide-Induced Stress Tolerance

The abscisic acid (ABA) is instrumentally important in modulating the plant reaction to abiotic
and chemical stressors by a number of mechanisms among which stomatal closure, antioxidant
activity, and detoxification pathways are the major ones (Cutler et al., 2010). Several
experiments have shown that the tolerance to the herbicide-caused oxidative stress can be
imparted by the exogenous ABA pretreatment, in particular, to the plant tissue that is suffering
from ALS inhibitors and photosystem 11 (PSII) blockers (Luo et al., 2020; Sandalio et al., 2023).

ABA, besides others, promotes the activities of the antioxidant enzymes such as SOD, CAT,
and peroxidases, thus lessening the build-up of reactive oxygen species (ROS) that result from
the stress application by herbicides (de Freitas-Silvaet al., 2017). In addition to that, ABA is
also a strong inducer of glutathione production and glutathione S-transferase (GST) activity,
thus herbicide detoxification is facilitated (Silva et al., 2009). Such a tandem between the two
agents makes it possible for the likes of rice and maize to be resistant to herbicide treatments
which would have resulted in chlorosis and growth retardation if these crops were not tolerant.

What is more, ABA is able to influence the uptake and the movement of the herbicide inside
the plant via aquaporins as well as by the regulation of the plasma membrane integrity. To
illustrate, ABA pretreatment prior to glyphosate application results in the herbicide being less
mobile in phloem tissues, thus damage to the leaf areas that are sensitive is minimized . Hence,
the protective synergy of ABA is mainly in the abatement of stress and in the regulation of
metabolism rather than direct promotion of herbicide toxicity.

Brassinosteroids and Enhancement of Herbicide Selectivity

Brassinosteroids (BRs) are one of the most effective means to influence plant growth,
development, and stress tolerance. A recent paper highlights that when plants are treated with
BRs, they can tolerate herbicide assaults better by activating their antioxidant system,
stabilizing their cellular membranes, and speeding up the repair of photosynthetic structures
damaged by herbicides (Nakashita et al., 2003; Manghwar et al., 2022).

Lead application of 24-epibrassinolide (EBL) to cereal plants just before herbicide spraying
was found to cause a considerable increase in the selectivity factor of crop vs. weed species
(Manghwar et al., 2022). As an example, in rice and wheat, the pretreatment of the plants with
BRs almost completely eliminated the phytotoxicity of sulfonylurea herbicides while at the
same time the herbicide suppressive effect on weeds was left intact. The interaction results from
BR-mediated induction of the BZR1-BESL transcriptional cascade which in turn activates the
detoxification (CYP81A6, GSTU19) and the antioxidative stress regulation (SOD, APX) related
genes (Silva et al., 2009).

On top of that, brassinosteroids are regulating membrane-bound transporters like ABC proteins,
thus increasing the secretion of herbicide metabolites from the most vulnerable parts of a plant
(Goldberg-Cavalleri et al., 2023). The combination of biochemical protection and targeted
detoxification actions makes brassinosteroids ideal candidates for manipulating the herbicide
resistance trait in crops without losing the efficacy of weed control.

Jasmonates and Salicylic Acid in Modulating HerbicideResponse

Jasmonic acid (JA) and salicylic acid (SA) are essential elements of plant defense signaling
networks, and their synergistic interaction with various herbicides has also been reported. A JA
signaling pathway can elevate plant stress tolerance level after herbicide treatment by
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stimulating the biosynthesis of secondary metabolites among which flavonoids and phenolics
whose role is to scavenge ROS and thus repair cellular damage (Sandalio et al., 2023).

In contrast, SA may either alleviate or increase herbicide toxicity depending on its concentration
and the time of application. The application of SA before paraquat exposure has been shown to
relieve oxidative stress in soybean through the increase in activities of antioxidant enzymes
(Silva et al., 2009). On the other hand, in some weed species, SA facilitates glyphosate action
by enhancing shikimic acid accumulation and causing redox imbalance (Vivancos et al., 2011).

Usually, JA and SA work in opposition to each other in the defense against pathogens but in
the case of chemical stress, their interaction is synergistic. Their combined impact on the
detoxification process as well as on programmed cell death makes the determination of plant
recovery or death after herbicide treatment possible (Mittler, 2017). Knowledge of these
hormone—herbicide interactions is important for the best timing of pre- or post-treatment in crop
protection.

Mechanistic Basis of Synergy
The mechanistic basis of hormone-herbicide synergies can be depicted as:

. Enhanced Detoxification: For example, ABA and BR induce expressions of GSTs,
CYP450s, and ABC transporters, thus fastening herbicide metabolism (Manghwar et al., 2022).
. Antioxidant Activation: Auxins, JA, and BRs, for example, activate antioxidant

enzymes, thus the oxidative damage caused by ROS released due to herbicide action is
mitigated (de Freitas-Silvaet al., 2017).

. Physiological Balance: Hormones, for instance, maintain osmotic and photosynthetic
stability under herbicide stress .

. Target Sensitivity Modulation: Auxin-related hormones, for example, alter receptor
sensitivity, thus influencing herbicide potency (Song, 2014).

Altogether, the aforementioned mechanisms demonstrate that plant hormones are the regulators
of herbicide action at a very subtle level, thus giving the possibility to have more precise control
over plant responses. From an agronomic point of view, it is possible to take advantage of these
synergies so as to lower herbicide doses, decrease the environmental impact, and make the
crops more resilient (Table 3).

Table 3. Documented Synergistic Interactions Between Plant Hormones and Herbicides

Hormone | Herbicide Plant Species Observed Effect
ABA Bispyribac-sodium Rice (Oryza sativa) | Reduced leaf chlorosis, increased
(ALS inhibitor) photosynthesis, higher antioxidant activity
BR (EBL) | Tribenuron-methyl Wheat (Triticum Higher survival, biomass accumulation,
(Sulfonylurea) aestivum) enhanced detox enzyme activity
JA Paraquat Soybean (Glycine Reduced oxidative damage, increased SOD
max) and APX activity
SA Glyphosate Amaranthus Enhanced herbicide toxicity via disruption of
palmeri redox homeostasis
Auxin 2,4-D Arabidopsis Modulated herbicide toxicity depending on
(1AA) thaliana dose; GH3 gene upregulation
ABA + BR | Multiple herbicides Rice, Wheat Improved crop selectivity, reduced herbicide
dose requirements

CASE STUDIES
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Experimental and field-based studies offer convincing proof of the synergistic interactions of
plant hormones and herbicides. Such case studies exemplify the ways in which the exogenous
application of hormones affect the efficacy of herbicides, their selectivity, and the decrease of
phytotoxic damage in different crop plants. The effects depend on plant species, developmental
stage, herbicide type, and environmental factors, however, the main idea of hormonal
modulation is still there: hormones can alter plant metabolism in a way that defense activation
and growth regulation get balanced during herbicide stress.

Abscisic Acid Pretreatment Enhances Tolerance to ALS-Inhibiting Herbicides in Rice

Abscisic acid (ABA) is a major player in the enhancement of plant tolerance to various abiotic
stresses and rice (Oryza sativa) studies have demonstrated similar effects for herbicide injury
to oxidative stress . Pre-treatment with ABA notably alleviated rice injury caused by bispyribac-
sodium, an acetolactate synthase (ALS) inhibitor.

Plants treated with 50 uM ABA for an hour before herbicide exposure visually exhibited fewer
symptoms of leaf chlorosis and lower lipid peroxidation than those without ABA treatment.
Accordingly, physiological data confirmed that the ABA-treated plants kept higher
photosynthetic rates, stomatal conductance, and antioxidant enzyme activities (SOD, CAT, and
APX). At the same time, molecular investigations showed elevated expression of NCED3
(involved in ABA biosynthesis) and GSTU4 (glutathione transferase), thus pointing to
detoxification and stress-protective pathway activation (Sandalio et al., 2023).

Moreover, field experiments documented that a gentle pretreatment with ABA not only
lessened herbicide injury symptoms in rice but also increased weed management efficiency due
to the maintenance of crop vigor, thus, the crop's competitive power, was improved (Silva et
al., 2009). Such a synergistic response is a clear demonstration that ABA integration in
herbicide management strategies can be used for selectivity increment without a reduction in
the herbicidal potency.

Brassinosteroid-Induced Tolerance to Sulfonylurea Herbicides in Wheat

Among the major stressors of plants, herbicides may result in crop yield losses. To overcome
this, Brassinosteroids (BRs) especially 24-epibrassinolide (EBL) which are one of the most
potent phytosterols, were found to significantly alleviate the herbicide-induced stress in the
research. In the case of wheat (Triticum aestivum), the pre-exposure to EBL (0.1 uM) led the
plants to become more resistant to tribenuron-methyl, a sulfonylurea herbicide (Manghwar et
al., 2022). The plants that got the EBL treatment before the herbicide showed a much greater
chance of survival and a lot more fresh weight production as compared to the ones that were
only given the herbicide.

The biochemical argument for this goes to the involvement of the BZR1-mediated signaling
cascade with the detoxification enzymes (CYP81A6, GSTU19) transcript and antioxidant
enzymes (SOD, CAT) activity that was highlighted by the study (Nakashita et al., 2003). In
addition, the BR treatment enhanced the ability of the chlorophyll fluorescence (Fv/Fm ratio)
as well as lowered the mda content, hence, signifying less lipid peroxidation, i.e., less oxidative
stress, in the leaf tissue (Nakashita et al., 2003).

What is more, this effect was for the most part single: the same field trial's weeds didn't receive
similar help, which pointed out the species-related differences in BR signaling. The article also
asserted that the injection of BRs lessened the need for the herbicide amounts by up to 25%
while at the same time the control of the weed was not deteriorated (Manghwar et al., 2022).
These discoveries point to the importance that BRs have as an herbicide synergist that is
friendly to the environment and can be applied in cereals.
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Auxin Interactions with Synthetic Auxin Herbicides

Research on auxin—herbicide interactions which has been a major concern of both weed
controlling and crop tolerating strategies reached its climax in the case of Arabidopsis thaliana
and maize (Song, 2014). Pre-application of very small amounts of indole-3-acetic acid (IAA)
in both these plants led to 2,4-D phytotoxicity modification. In the case when sublethal doses
are supplied IAA induces expression of GH3 genes which encode IAA-amido synthetases i.e.,
the enzymes that are responsible for the conjugation process of excess auxins or auxin-like
herbicides with amino acids thus the level of free hormone lowers.

This biochemical feedback loop limits the unrestrained growth resulting from synthetic auxin
herbicides and also limits the necrosis of tissues. On the other hand, if IAA and herbicide are
applied simultaneously or if IAA is at a higher concentration, then the cell wall plasticity is
affected in such a way that herbicides are taken up more rapidly and the toxicity thus increases
in susceptible weeds (Neve et al., 2024). Therefore, the existence of a concentration-dependent
mode that determines the potential for antagonism or synergy between IAA and 2,4-D is shown
by the maintenance of hormonal homeostasis.

Jasmonic Acid Mitigates Paraquat Toxicity in Soybean

Paraquat is a non-selective, quick-acting herbicide that is known to create reactive oxygen
species (ROS) that leads to peroxidation of the membrane and damage to chloroplasts. Soaking
leaves in exogenous jasmonic acid (JA) solution has been reported to ease the paraquat-induced
oxidative stress in soybean (Glycine max) (Sandalio et al., 2023).

After paraquat treatment, plants pretreated with 100 uM methyl jasmonate (MeJA) showed less
electrolyte leakage and MDA content. The levels of antioxidant enzymes such as superoxide
dismutase (SOD) and ascorbate peroxidase (APX) were increased, which is consistent with JA-
mediated activation of ROS detoxification pathways. A transcriptome profiling analysis
revealed that MeJA pretreatment led to the expression of genes related to phenylpropanoid
metabolism that not only helps in structural support of the cell wall but also in ROS scavenging
(Silva et al., 2009).

This interaction between JA and paraquat serves as an example of how hormones can alter
defense metabolism to lessen herbicide injury, thus giving a chance to increase crop resilience
during post-emergence weed control.

Salicylic Acid Potentiates Glyphosate Efficacy in Weeds

Salicylic acid (SA) alters the behavior of both crops and weeds to glyphosate, a non-selective
herbicide that is the most commonly used. Pretreatment with SA (0.5 mM) in Amaranthus
palmeri and Chenopodium album led to greater glyphosate toxicity, causing more inhibition of
the shikimate pathway enzymes and shikimic acid accumulation (Vivancos et al., 2011). The
main reason for the response was considered to be the disruption of antioxidant homeostasis by
SA and that the EPSPS enzyme recovery process was affected.

On the other hand, in soybean and maize, SA pretreatment is a protective measure against
glyphosate toxicity as it leads to the activation of antioxidant systems and the facilitation of
glutathione-dependent detoxification (de Freitas-Silva et al., 2017). Consequently, SA may
enhance or inhibit the effect of glyphosate, depending on the plant species and redox status.

These contradictory responses to the hormone-herbicide interaction point out that the
relationship is very complicated and, therefore, it is very important to consider the species when
taking such interactions into account for practical agricultural applications.

Integration in Field and Agronomic
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Controlled experiments on hormone—herbicide combinations revealed their benefits, which
were also realized through the applications of these combinations in the field. In the rice and
maize systems, treatments with ABA and BR not only resulted in the improvement of crop
selectivity but also resistance to high herbicide pressure (Silva et al., 2009). In the same manner,
in wheat and soybean, the application of JA and SA alleviated the symptoms of oxidative stress
and accelerated the recovery rates after herbicide exposure (Sandalio et al., 2023).

These synergistic interventions have an economic advantage of herbicide input reduction by
15-30%, which leads to lower production costs and at the same time, reduction of
environmental residues (Neve et al., 2024). From an ecological point of view, the use of
hormonal treatments in herbicide programs is a step towards sustainable weed management as
it helps in the reduction of chemical overuse and strengthening of plant physiological resilience.

HORMONAL REGULATION OF HERBICIDE METABOLISM AND RESISTANCE

Herbicide metabolism and resistance regulation in plants by different mechanisms mainly
includes detoxification enzymes, signaling cascades, and hormonal control systems; this is a
rather complicated issue. The plant hormones: abscisic acid (ABA), jasmonic acid (JA),
salicylic acid (SA), brassinosteroids (BRs), and auxins-are the major characters that modulate
the detoxification machinery, thus, influencing both herbicide tolerance as well as resistance
evolution. Understanding the role of hormones in metabolic resistance is a very vital aspect
when integrated weed management strategies are being planned which eventually leads to fewer
herbicide-resistant populations.

Phases of Herbicide Metabolism and Hormonal Influence
Herbicide metabolism in plants is majorly categorized into four phases (Cummins et al., 2009):

. Phase | — Functionalization: The herbicide molecule is altered via one of the three
processes: oxidation, reduction, or hydrolysis. These are mostly done by cytochrome P450
monooxygenases (CYP450s).

. Phase Il — Conjugation: The compounds resulting from Phase | are conjugated with one
of the following: glutathione, glucose, or amino acids by the action of transferases (GSTs,
UGTS).

. Phase Il — Compartmentalization: The transport of the conjugated herbicides into
vacuoles or cell walls is done by ATP-binding cassette (ABC) transporters.

. Phase IV — Degradation: Eventually, this is the last step that sees the breaking down of
the matter to yield the nontoxic metabolites that may be stored or excreted.

Plant hormones are capable of governing transcriptional and post-translational changes in each
of these phases. For example, under xenobiotic stress, both the abscisic acid (ABA) and the
jasmonic acid (JA) are reported to promote the transcription of the cytochrome P450 (CYP450)
and glutathione S-transferase (GST) genes (Sandalio et al., 2023). Whereas brassiosteroids
(BRs) and salicylic acid (SA) influence the transporter activity as well as the secondary
metabolism that is involved in either detoxification or sequestration of the herbicide (Silva et
al., 2009).

Abscisic Acid and Cytochrome P450 Activation

Under the influence of herbicide stress, trans-factors tandemly operated by ABA such as ABF2
and AREBL1 not only energize promoters of CYP81A6 and CYP72A31 i.e. two major oxidizing
P450 herbicide genes but also help in quicking the detoxification process and lessening the
damages to the cells by the herbicide as a result of gene up-regulation (Riechers et al., 2010).
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For instance, a moderate dose of artificially-instigated ABA in rice and wheat made the plants
more resistant against the symbiotic inhibition of ALS herbicides by the gradual up-regulation
of the genes mentioned above and, thus, faster drug metabolism and the lessening of cellular
injuries ensued .

Mechanism is however double-sided. It heavily relies on the existence of metabolic resistance
in weeds. Just as the magnified enzyme activities lead to elevated resistance phenomenon in
these grasses, the overexpression of ABC transporters, where alongside the CYP450s, the raised
embolism is called, as shown in result of Pan et al., studies, is the main reason that rebellion
against multiform herbicides in case of the varied weed materials sources ith Echinocloa crus-
galli (barnyard grass), (Pan et al., 2021). Hence, while ABA contributes to crop tolerance
enhancement, the upregulation in the weed side may facilitate resistance evolution.

Jasmonic Acid and Glutathione S-Transferase (GST) Induction

Jasmonates are pivotal for the regulation of detoxification of stress-induced agents, most
notably, they achieve this through the stimulation of glutathione S-transferases (GSTS).
Activated genes GSTU and GSTF, which are responsive to JA, have MeJA treatment leading
to their transcriptional activation which is mediated by promoter (Li et al., 2022).

In soybean and maize, the JA pretreatment led to the enhancement of GST activity and to the
alleviation of paraquat toxicity through the promotion of ROS scavenging and the creation of
conjugates with toxic radicals (Sandalio et al., 2023). Correspondingly, in Lolium rigidum
resistant biotypes, the rise of basal JA levels together with the continuous expression of GST,
thus non-target-site resistance (NTSR) to ACCase and ALS inhibitors, has been postulated as
a possible mechanism (Délye, 2013).

The interconnection of JA signaling with GST induction serves as an example of a mechanism
with double-edges: the protective side against crop oxidative herbicide injury, while the other
side can be strengthened by weed resistance through efficient detoxification promotion.

Brassinosteroids and Multidrug Transporter Regulation

Brassinosteroids modulate herbicide metabolism not only by enhancing antioxidant defenses
but also by activating membrane transport systems responsible for xenobiotic efflux. Studies in
wheat and maize revealed that 24-epibrassinolide (EBL) application upregulated ABC
transporter genes (ABCG36, ABCB19) and multidrug and toxic compound extrusion (MATE)
transporters (Manghwar et al., 2022).

These transporters are the main players in Phase I11 metabolism, where they expel conjugated
herbicide metabolites from the cytosol thus, vacuoles or apoplasts, are where they belong. The
efflux that is enhanced leads to less intracellular herbicide concentration and, therefore, less
toxicity. The same goes for the overexpression of similar transporters as found in Amaranthus
retroflexus and most likely also regulated by BR-like signaling that, as a result, abet cross-
resistance to various herbicide chemistries (Délye, 2013).

Such factual proof puts BRs in the double role of being crop health defenders and, also, probable
metabolic resistance facilitators, depending, however, on species and expression pattern.

Salicylic Acid and Redox-Dependent Detoxification

Salicylic acid (SA) is a key player in the redox changes that occur in the cell as a result of
herbicide treatment and that eventually lead to detoxification and resistance. Thus, in
glyphosate-treated soybean, SA pretreatment led the plant to enhance the expression of
antioxidant enzymes (SOD, CAT, APX) and to increase the reduced glutathione (GSH) content

December 18-21 / Paris, FRANCE 60



4th INTERNATIONAL PARIS CONGRESS ON AGRICULTURE & ANIMAL HUSBANDRY

(de Freitas-Silva et al., 2017). GSH is a substance that is conjugated to herbicides via enzyme
GST, thus providing a direct link of SA signaling to herbicide metabolism.

It is worth noting that, in Chenopodium album and Amaranthus palmeri, the spiking of SA after
glyphosate treatment was the cause of the redox imbalance, which in turn led to increased
herbicide susceptibility (Vivancos et al., 2011; Kaya Altop et al., 2025). The contradictory
effects highlight that SA serves as a modulator that changes its role depending on the cellular
redox buffering capacity and metabolic fluxes and whose impact is therefore redox-dependent.

Hormonal Crosstalk and Non-Target-Site Resistance (NTSR)

Non-target-site resistance (NTSR) is a condition where plants are resistant to herbicides but the
cause is not a mutation at the target site. Instead, it results from overproduction of
detoxification, sequestration, or reduced translocation. Hormonal crosstalk—especially that
involving ABA, JA, and BR pathways—has been suggested to regulate NTSR mechanisms
(Délye, 2013; Pan et al., 2021).

One of the examples is the combined effect of the ABA-induced P450 expression with the JA-
mediated GST activation and BR-driven transporter upregulation that generates a strong
metabolic shield against herbicides. In the transcriptome of resistant Echinochloa and
Alopecurus species, the authors found that genes related to hormone signaling were not only
present in high numbers but also co-expressed with detoxification enzymes (Pan et al., 2021).
The authors of the paper came to the conclusion that NTSR is not solely a biochemical
phenomenon, but rather an adaptive, physiologically controlled by hormones one.

Implications for Weed Management

Knowing how hormones control herbicide metabolism can be very instrumental in the fight
against resistance. Hormonal treatments from outside can, thus, be a means of crops’ tolerance
enhancement and of the cutting down of chemical inputs. Meanwhile, in the case of weeds, a
strike at hormone-regulated detoxification pathways may be a way to get herbicide
effectiveness back.

On the other hand, a cortisone biosynthesis or signaling roadblock may turn the metabolic
resistance off in bad-for-the-ecosystem-weeds, and thus make their populations susceptible
again. At the same time, small amounts of BR or JA might be used for crop selectivity purposes.
Taking advantage of such hormonal insights in herbicide design and management might pave
the way for the next-generation synergistic formulations that put resistance risks at the lowest
while boosting performance to the highest (Figure 1).
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Figure 1. Antioxidant responses and stress tolerance

FUTURE PERSPECTIVES AND APPLICATIONS

Understanding how one plant hormone supports or interferes with an herbicide action unveils
a whole new world of possibilities for weed control that is both environment and crop-friendly.
As world farming is heading towards less use of chemicals and becoming more climate-
resilient, combining hormone-based strategies with herbicide uses is a nice way to keep the
effect and lower the risk to nature. Next research can take the lead by uncovering the
mechanisms, providing the models, and inventing biotechnological on these synergies.

Integrating Hormonal Modulators into Weed Management Programs

The idea of employing external hormones or hormone-mimics as herbicide synergists has
significantly propelled the potentials of improving the selectivity of the crops and diminishing
the amount of chemicals used. Yet, its actualization in real life is heavily dependent on the
knowledge of dose—response relations, the right time for the application, and the stability of the
environment.

Field experiments have confirmed that the cereal pretreatment with ABA or brassinosteroids
could raise their resistance to ALS inhibitors and sulfonylureas, thus allowing herbicide doses
to be lowered without the quality of weed control being weakened (Manghwar et al., 2022;
Silva et al., 2009). In like manner, jasmonic acid and salicylic acid application have proved
their effectiveness in alleviating oxidative stress brought about by paraquat or glyphosate
(Sandalio et al., 2023).

The next step is that of commercial formulation where hormones or their analogs can be
concurrently applied with herbicides as safener—synergist blends. Such compositions may
attain the desired physiological modulation thereby enabling selective detoxification of crops
while weeds remain unaffected.
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The extent to which such an endeavor will be successful may hinge on our grasp of the
specificity in cross-species signaling as well as the metabolic fate of supplemented hormones
in the open-air environment.

Biotechnological Approaches: Engineering Hormonal Pathways

Biotechnology presents possibilities to alter hormonal signaling that can result in better
herbicide tolerance and increased metabolic efficiency. One may resort to genetic engineering
and genome editing (e.g., CRISPR/Cas9) to achieve the desired changes in the
production/supply or response of hormones. To cite an example, the upregulation of BZR1
(brassinosteroid signaling), NCED3 (ABA biosynthesis), or GSTU19 (JA-responsive
detoxification) in transgenic plants might be a way to provide the latter with the capability of
withstanding herbicide-induced oxidative stress (Pan et al., 2021).

Besides that, some recent works have led to the idea of coming up with artificial transcriptional
regulators that resemble hormone response elements and thus selectively turn on detoxification
genes when herbicide stress is detected (Riechers et al., 2010). Such mechanisms can make
plants "aware™ of herbicide presence and thus trigger the metabolic pathways of protection
without the need for constant hormonal intervention.

However, the authors of the article recommend taking into account the possible ecological
implications, regulatory issues, and problems related to consumer acceptance when considering
these pros and cons. Any future genetic modifications should be carried out with maximum
precision and minimum unintended effects, thus not giving rise to the problem of resistance
evolution in weeds.

Hormone-Herbicide Crosstalk in Climate-Resilient Agriculture

Climatic changes bring about extreme weather events most of the time. Drought, heat, and
salting that affect the herbicide's activity and the hormone signaling are the trio that goes a step
further. To illustrate, a plant when it is under drought stress, it makes more ABA by itself.
Hence, the changed uptake and metabolism of a herbicide may be the result of the cellular
signaling . As if that were not enough, the changes in oxygen levels in the atmosphere and
temperature also have an impact on the redox balance thus causing a change in the performance
of the reactive oxygen species (ROS)-mediated herbicides like paraquat (Song, 2014).

In such a case, optimizing hormone-based herbicides would be among the ways to attain
climate-resilient weed management. For instance, not only by helping the plant to maintain
photosynthesis but also by initiating antioxidant defense, ABA and brassinosteroids might
behave as a verythin protective layer for plants that are subjected to both herbicide and abiotic
stresses. Foreseeing the interlink between abiotic stress effects and herbicide response will be
a major factor in coming up with flexible management strategies that are prepared for the ever-
changing environment.

Systems Biology and Predictive Modeling

The future investigations cannot be stuck on separate or isolated events but rather should aim
at a holistic, system-level understanding of the interaction of hormones and herbicides. By
merging transcriptomics, metabolomics data, and machine learning models, scientists can
determine the interaction if it is synergistic or antagonistic by the presence of molecular
signatures (Pan et al., 2021).

Besides, computational models can also recognize the main regulatory hubs e.g. transcription
factors, kinases, or transporters that control the decision of a hormonal signal to increase or
decrease herbicide toxicity. The large multi-omics data sets from both crops and weeds will
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help researchers in uncovering common and different pathways, thus the coming up of species-
specific management strategies will be less time-consuming and more accurate.

Afterward, machine learning techniques may be employed to generate in silico hormone—
herbicide combinations thus not only regulating field efficiency but also predicting resistance
evolution risks.

Sustainable and Regulatory Implications

The implementation of hormonal control together with herbicide management is a step forward
towards achieving the set of global targets for the sustainable intensification of agriculture. The
hormone-herbicide synergy can result in the use of less chemicals, fewer environmental
pollutants, and crop resilience, which are the essential elements of the European Green Deal
and other sustainability frameworks worldwide (FAO, 2021).

Nevertheless, the legal measures surrounding this matter have to be changed accordingly to be
able to cope with this new paradigm. At present, hormones and growth regulators fall under a
grey area between fertilizers and pesticides and thus require new evaluation criteria for co-
formulated products. In addition to that, it would be necessary to conduct long-term ecological
studies to find out potential NTEs, e.g. the effects on soil microbiota and organisms that are
beneficial to humans.

Thinking from the side of the economy, the development of synergistic hormone—herbicide
formulations could be a good thing as far as the input costs are concerned; they would be lower
for farmers; while at the same time, productivity and environmental safety would be at a high
level. This method, which is fully in line with the principles of agronomic efficiency and
ecological stewardship, may be considered the foundation of the next generation of crop
management.

CONCLUCIONS

The interrelationship of plant hormones and herbicides is a prime example of a complex
biochemical conversation going on in plants - a very delicate balancing of development
regulation, defense mechanisms, and detoxification processes. By utilizing this innate harmony,
we can revolutionize the future of weed control from the current heavy chemical dependence
toward mainly biochemical-based control, integrating hormonal manipulation with precision
agriculture and biotechnology. Collaboration among plant physiologists, weed scientists,
molecular biologists, and agronomists should not be interrupted if we want to make these
scientific findings real and practical on a large scale. At the end of the day, hormone-assisted
herbicide management is not just about doing the tweaking; it's a huge step towards a smarter,
more flexible, and sustainable system of crop protection.

REFERENCES

Abeles, F. B., Morgan, P. W., & Saltveit, M. E. (1992). Ethylene in plant biology (2nd ed.).
Academic Press.

Clouse, S. D., & Sasse, J. M. (1998). Brassinosteroids: Essential regulators of plant growth and
development. Annual Review of Plant Physiology and Plant Molecular Biology, 49, 427-451.
Cummins, I., Bryant, D. N., Edwards, R. (2009). Safener responsiveness and multiple herbicide
resistance in the weed black-grass (Alopecurus myosuroides). Plant Biotechnology Journal,
11(3), 256-265.

December 18-21 / Paris, FRANCE 64



4th INTERNATIONAL PARIS CONGRESS ON AGRICULTURE & ANIMAL HUSBANDRY

Cutler, S. R., Rodriguez, P. L., Finkelstein, R. R., & Abrams, S. R. (2010). Abscisic acid:
Emergence of a core signaling network. Annual Review of Plant Biology, 61, 651-679.
Davies, P. J. (2010). Plant hormones: Biosynthesis, signal transduction, action! Springer.
Dayan, F. E., & Duke, S. O. (2014). Natural compounds as next-generation herbicides. Plant
Physiology, 166(3), 1090-1105.

de Freitas-Silva, L., Rodriguez-Ruiz, M., Houmani, H., da Silva, L. C., Palma, J. M., & Corpas,
F.J. (2017). Glyphosate-induced oxidative stress in Arabidopsis thaliana affecting peroxisomal
metabolism and triggers activity in the oxidative phase of the pentose phosphate pathway
(OxPPP) involved in NADPH generation. Journal of plant physiology, 218, 196-205.

Délye, C. (2013). Unravelling the genetic bases of non-target-site-based resistance (NTSR) to
herbicides: a major challenge for weed science in the forthcoming decade. Pest Management
Science, 69(2), 176-187.

Depuydt, S., & Hardtke, C. S. (2011). Hormone signaling crosstalk in plant growth regulation.
Current Biology, 21(9), R365-R373.

Duke, S. O. (2012). Why have no new herbicide modes of action appeared in recent years? Pest
Management Science, 68(4), 505-512.

Duke, S. O., & Powles, S. B. (2008). Glyphosate: A once-in-a-century herbicide. Pest
Management Science, 64(4), 319-325.

FAO. (2021). The state of the world’s land and water resources for food and agriculture:
Systems at breaking point. Food and Agriculture Organization of the United Nations.
Goldberg-Cavalleri, Alina & Onkokesung, Nawaporn & Franco Ortega, Sara & Edwards,
Robert. (2023). ABC transporters linked to multiple herbicide resistance in blackgrass
(Alopecurus  myosuroides). Frontiers  in Plant  Science. 14. 1082761.
10.3389/fpls.2023.1082761.

Grossmann, K. (2010). Auxin herbicides: Current status of mechanism and mode of action. Pest
Management Science, 66(2), 113-120.

Grossmann, K., & Kwiatkowski, J. (1999). Regulation of phytohormone levels, leaf senescence
and stress resistance by herbicidal inhibitors of amino acid biosynthesis. Pesticide Science,
39(3), 263-273.

Heap, 1. (2023). The international survey of herbicide resistant weeds. WeedScience.org.
Retrieved from http://www.weedscience.org

HRAC. (2023). Herbicide mode of action classification. Herbicide Resistance Action
Committee. https://hracglobal.com

Kaya Altop, E., Jabran, K., Pala, F., & Mennan, H., (2025). Multiple resistance to EPSPS and
ALS inhibitors in Palmer amaranth (Amaranthus palmeri) identified in Turkey. Weed Research
, vol.65, no.1.

Kieber, J. J., & Schaller, G. E. (2018). Cytokinin signaling in plant development. Development,
145(4), dev149344.

Leyser, O. (2018). Auxin signaling. Plant Physiology, 176(1), 465-479.

Li, Cong & Xu, Mengxi & Cai, Xiang & Han, Zhigang & Si, Jinping & Chen, Donghong.
(2022). Jasmonate Signaling Pathway Modulates Plant Defense, Growth, and Their Trade-Offs.
International Journal of Molecular Sciences. 23. 3945. 10.3390/ijms23073945.

Manghwar, H., Hussain, A., Ali, Q., & Liu, F. (2022). Brassinosteroids (BRs) Role in Plant
Development and Coping with Different Stresses. International journal of molecular
sciences, 23(3), 1012.

Mittler, R. (2017). ROS are good. Trends in Plant Science, 22(1), 11-19.

Morgan, P. W., & Drew, M. C. (1997). Ethylene and plant responses to stress. Physiologia
Plantarum, 100(3), 620-630.

December 18-21 / Paris, FRANCE 65



4th INTERNATIONAL PARIS CONGRESS ON AGRICULTURE & ANIMAL HUSBANDRY

Nakashita, H., Yasuda, M., Nitta, T., Asami, T., & Yoshida, S. (2003). Brassinosteroid
functions in a broad range of disease resistance in tobacco and rice. Plant Journal, 33(5), 887—
898.

Neve, P., Matzrafi, M., Ulber, L., Baraibar, B., Beffa, R., Belvaux, X. et al. (2024) Current
and future glyphosate use in European agriculture. Weed Research, 64(3), 181-196.
Opdenakker, K., Remans, T., Keunen, E., Vangronsveld, J., & Cuypers, A. (2012). Exposure
of Arabidopsis thaliana to Cd or Cu triggers a stress response with altered MAPK signaling
and expression of hormonal pathways. Environmental and Experimental Botany, 83, 33-41.
Pan, L, Guo Q, Wang J, Shi L, Yang X, Zhou Y, Yu Q, Bai L. (2022). CYP81A68 confers
metabolic resistance to ALS and ACCase-inhibiting herbicides and its epigenetic regulation in
Echinochloa crus-galli. Journal of Hazardous Materials 428:128225

Riechers, D. E., Kreuz, K., & Zhang, Q. (2010). Detoxification without intoxication: herbicide
safeners activate plant defense gene expression. Plant Physiology, 153(1), 3-13.

Sandalio, L. M., Espinosa, J., Shabala, S., Ledn, J., & Romero-Puertas, M. C. (2023). Reactive
oxygen species- and nitric oxide-dependent regulation of ion and metal homeostasis in
plants. Journal of experimental botany, 74(19), 5970-5988.

Santner, A., & Estelle, M. (2009). Recent advances and emerging trends in plant hormone
signaling. Nature, 459(7250), 1071-1078.

Silva, C., Gomes, M., & Freitas, S. (2009). Effects of herbicides, associated to a brassinosteroid
Analogue, on the photosynthetic apparatus of Eucalyptus grandis seedlings. Planta daninha,
27(4), 789-797.

Song, Y. (2014). Insight into the mode of action of 2,4-Dichlorophenoxyacetic acid (2,4-D) as
an herbicide. Journal of Integrative Plant Biology, 56(2), 106-113.

Velini, E. D., Alves, E., Godoy, M. C., Meschede, D. K., Souza, R. T., & Duke, S. O. (2008).
Glyphosate applied at low doses can stimulate plant growth and endogenous hormone
production. Pest Management Science, 66(5), 488-494.

Vivancos, P. D., Driscoll, S. P., Bulman, C. A., Ying, L., Emami, K., Treumann, A., ... & Foyer,
C. H. (2011). Perturbations of amino acid metabolism associated with glyphosate-dependent
inhibition of shikimic acid metabolism affect redox homeostasis. Plant Physiology, 157(1),
256-268.

Wasternack, C., & Hause, B. (2013). Jasmonates: Biosynthesis, perception, signal transduction
and action in plant stress response, growth and development. An Update to the 2007 Review in
Annals of Botany, 111(6), 1021-1058

Woodward, A. W., & Bartel, B. (2005). Auxin: Regulation, action, and interaction. Annals of
Botany, 95(5), 707—735.

Yamaguchi, S. (2008). Gibberellin metabolism and its regulation. Annual Review of Plant
Biology, 59, 225-251.

Yu, Q., & Powles, S. B. (2014). Metabolism-based herbicide resistance and cross-resistance in
crop weeds: A threat to herbicide sustainability and global crop production. Plant Physiology,
166(3), 1106-1118.

December 18-21 / Paris, FRANCE 66



4th INTERNATIONAL PARIS CONGRESS ON AGRICULTURE & ANIMAL HUSBANDRY

METAGENOMIC APPROACHES TO EXPLORE WEED-ASSOCIATED
MICROBIOMES

Assoc. Prof. Dr. Emine KAYA ALTOP

Ondokuz Mayis University, Faculty of Agriculture, Department of Plant Protection, Samsun,
Turkiye

ORCID ID: https://orcid.org/0000-0002-0987-9352

Ph.D. Sine KAYA

Ondokuz Mayis University, Graduate School of Natural and Applied Sciences, Department of
Plant Protection, Samsun, Turkiye

ORCID ID: https://orcid.org/0000-0002-4219-9148

ABSTRACT

Weeds exacerbate the loss of agricultural productivity disproportionately to other plant groups
because of their rapid growth, high adaptability, and the fact that they possess the traits for
competition. Various traditional methods of chemical controls have caused herbicide resistance
to develop and have resulted in environmental problems. The microbiome of weeds means the
community of bacteria, fungi, and archaea living in the rhizosphere, phyllosphere, and
endosphere. These microbes are involved in nutrient acquisition, stress resistance, release of
chemicals that affect other organisms, and adaptation to herbicide use. Progress in metagenomic
techniques such as amplicon sequencing, shotgun metagenomics, functional metagenomics,
and bioinformatics analyses has empowered to uncover the exhaustive profile of these microbial
communities. The knowledge of their diversity, composition, and functional roles paves the way
for the implementation of a sustainable management system of weeds by such means as
microbial bioherbicides, inoculants, and their combination with precision agriculture. Although
there are difficulties arising from field variability, host specificity, and regulatory obstacles, the
research that will use multi-omics approaches combined with long-term field studies, will be
able to provide a solution to the problem of weed control at no harm to the environment and at
a low cos

Keywords: Weed microbiome, Metagenomics, Bioherbicides, Functional metagenomics,
Sustainable agriculture, Microbial diversity

INTRODUCTION

Weeds threaten agricultural productivity recurrently, due to their traits of high adaptability,
rapid growth, and competitiveness (Oerke, 2006). The use of chemicals as a control means has
caused the development of herbicide resistance that is spreading like wildfire thereby
contaminating the environment and causing various negative impacts on the organisms that are
not targets of the chemicals used (Duke, 2011). In the situation of the weed microbiome, which
is the microbial communities associated with weeds, the understanding of the problem offers
the novel insights into biology, adaptation, and biocontrol of the weed (Santoyo et al., 2016).
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Microorganisms that are found in the rhizosphere, phyllosphere, or endosphere of weeds can
have a profound impact on plant growth, nutrient uptake, and tolerance to stress, thus they can
regulate the competitive ability of plants. Besides, these communities are an almost unlimited
reservoir of bioherbicides or products that promote plant growth (Bulgarelli et al., 2013; Berg
& Raaijmakers, 2018). Moreover, weed-associated microbiomes can influence the interaction
of different plants with each other so as to either lessen or intensify the competition of the weed.

This article serves to (1) review the metagenomic tools and methods for investigating the
microbiomes associated with weeds, (2) consider the composition, diversity, and functional
groups of such microbial communities, (3) leverage their capabilities for ecologically sound
weed control, and (4) point to the next avenues of research in the field of weed metagenomics
and biocontrol.

METAGENOMIC TOOLS AND METHODOLOGIES

Metagenomics allow the study of microbial communities without culture limitations and thus
cover microbial diversity,

DNA Extraction and Sample Preparation: Materials may be obtained from the soil of the
rhizosphere, the root endosphere, the phyllosphere, and seeds (Turner et al., 2013). DNA
extraction techniques are designed to reduce the contamination of DNA from the host while
increasing bacterial, fungal, and archaeal DNA recovery. Generally, the MoBio PowerSoil and
Qiagen DNeasy are popular kits for the destructive process of diverse microorganisms if they
are usually combined with bead-beating (Niu et al., 2017).

Sequencing Approaches: Amplicon sequencing is focused on marker genes—16S rRNA for
bacteria and ITS for fungi—used to describe taxonomic diversity. In addition to being low-
priced and high-throughput, the technique is limited to already existing reference sequences
(Caporaso et al., 2010). In shotgun metagenomics, the sequencing is done for the whole DNA.
This gives room for both taxonomic and functional profiling besides the discovery of new
genes, pathways for secondary metabolites, and gene clusters for herbicide- or allelochemical-
related products (Quince et al., 2017). Metatranscriptomics studies RNA to figure out the
functions of microbes that are active in a certain environment or under given conditions of the
host (Carvalhais et al., 2015).

Bioinformatics Analysis: FastQC and Trimmomatic are the tools used for quality control in
data processing. Taxonomic classification of amplicon data can be achieved with QIIMEZ2,
Mothur, or Kraken2 whereas shotgun reads can be aligned with the NCBI, SILVA, or UNITE
databases. Functional annotation with KEGG, COG, or eggNOG may result in the identification
of microbial functions and can also be used for the identification of microbial functions in the
rhizosphere such as the production of allelochemicals and stress tolerance mechanisms (Louca
etal., 2016).

Functional Metagenomics: Functional metagenomics requires the use of a vector to which
cloned environmental DNA is attached for screening the presence of bioactive compounds,
among which are herbicidal metabolites. This approach enables the discovery of enzymes or
secondary metabolites with potential applications in weed suppression or crop protection
(Handelsman, 2004).

Statistical and Network Analysis: Changes in microbial diversity and community
composition are being assessed through the use of alpha- and beta-diversity metrics (Shannon
and Simpson indices). Co-occurrence networks disclose microbial interactions, keystone taxa,
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as well as the potential growth-promoting or weed-suppressive microbes (Faust & Raes, 2012)

(Figure 1, Table 1).

Table 1. Metagenomic Approaches and Applications in Weed Microbiome Research

Approach Purpose Advantages Limitations
Amplicon sequencing | Taxonomic profiling Cost-effective, high- Limited to known sequences
throughput

Shotgun metagenomics

Functional and
taxonomic profiling

Detects novel genes and
pathways

Requires high computational
resources

Metatranscriptomics

Active microbial

Captures functional

RNA degradation issues,

functions activity complex analysis
Functional Discovery of bioactive Identifies herbicidal Labor-intensive, requires
metagenomics compounds metabolites cloning systems
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Figurel. Metagenomic tools and methodologies
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DIVERSITY AND COMPOSITION OF WEED-ASSOCIATED MICROBIOMES

Weed-associated microbiomes are the complex communities inhabiting the rhizosphere,
endosphere, phyllosphere, and seeds. A thorough understanding of their diversity reveals the
mechanisms of weed adaptation, stress tolerance, and allelopathic potential (Bulgarelli et al.,
2013). Metagenomic approaches allow profiling of both culturable and unculturable taxa.

Bacterial Diversity: Basically, the bacterial communities of the rhizosphere are largely
dependent on Proteobacteria, Actinobacteria, Bacteroidetes, and Firmicutes (Turner et al.,
2013). For instance, the Echinochloa crus-galli rhizosphere is the region where plant growth-
promoting Bacillus species that facilitate nutrient acquisition are isolated (Niu et al., 2017).
Endophytic bacteria which colonize roots and shoots, and by that modulate hormone signaling
and stress tolerance; Pseudomonas fluorescens is a typical example of such bacteria which
produces siderophores and IAA, thus, affecting weed competitiveness (Santoyo et al., 2016)
(Table 2).

Table 2. Major Bacterial Taxa in Weed Rhizosphere and Endosphere

Taxa Habitat Functional Role Example Weed

Proteobacteria | Rhizosphere Nitrogen fixation, nutrient cycling Echinochloa crus-galli

Actinobacteria | Rhizosphere/Endosphere | Phosphate solubilization, IAA Amaranthus
production retroflexus

Firmicutes Rhizosphere Siderophore production, stress Lolium rigidum
tolerance

Bacteroidetes | Rhizosphere Organic matter decomposition Chenopodium album

Fungal Diversity: The fungal consortia, which comprise Ascomycota, Basidiomycota, and
Glomeromycota, are the common inhabitants of the rhizosphere and the endosphere (Rodriguez
et al., 2009). Besides, they also become the allelochemical producers (Tesio and Ferrero, 2010)
and get involved in nutrient uptake through mycorrhizal associations, thus, that indirectly
influences the weed-crop competition (Smith & Read, 2008). Fusarium oxysporum endophytes
in Amaranthus spp. are the best examples of the fungi-mediated seedling vigor reduction (Table
3).

Table 3. Major Fungal Taxa in Weed Microbiomes

Taxa Habitat Functional Role Example Weed
Ascomycota Endosphere Allelochemical production Amaranthus spp.
Basidiomycota Rhizosphere Nutrient cycling Echinochloa crus-galli
Glomeromycota Rhizosphere Mycorrhizal nutrient uptake Lolium rigidum
Fusarium spp. Endosphere Allelopathic metabolite synthesis Amaranthus spp.

Archaeal Diversity: Even though the study of Archaea is less covered, these organisms play
important roles in the process of nitrogen cycling and in improving the fertility of the soil
(Prosser, 2012). Among the methanogenic and ammonia-oxidizing archaea, that are found in
the soils of Lolium rigidum, there is also Thaumarchaeota which can have an effect on nutrient
availability and the competitive dynamics.

Microbial Community Structure: Alpha diversity is influenced by different variables such as
the species of weed, type of soil, and environmental conditions (Louca et al., 2016). On the
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other hand, beta diversity points out the differences in the microbial communities that are found
around various types of weeds which is an indication of host-specific recruitment (Bulgarelli et
al., 2013). The keystone taxa are those that.

Environmental Influences: Factors that determine microbial communities and consequently
affect weed competitiveness and microbiome functionality include soil pH, moisture, organic
matter, agronomic practices, seasonal changes, and crop rotation (Turner et al., 2013;
Vurukonda et al., 2018).

FUNCTIONAL ROLES OF WEED-ASSOCIATED MICROBIOMES

Microbes associated with weeds are the main contributors to the plant growth, stress tolerance,
allelopathy, and herbicide adaptation. Functional metagenomics and multi-omics technological
interventions disclose the genes and the pathways that lead to these roles (Berg & Raaijmakers,
2018; Louca et al., 2016).

Nutrient Acquisition: The rhizosphere microbes are the ones that may result in nitrogen
fixation (Rhizobium, Azospirillum), phosphate solubilization (Bacillus, Pseudomonas), and
also iron acquisition through the siderophores (Santoyo et al.,, 2016). For instance,
the Amaranthus retroflexus rhizosphere is the place where nutrient availability-
promoting Bacillus subtilis strains are found (Niu et al., 2017).

Stress Tolerance: The endophytes are the ones which bring resistance to the host against
drought, salinity, and temperature extremes through hormonal modulations (IAA, ABA,
cytokinins), osmoprotectant productions (proline, trehalose), and ROS scavenging (Vurukonda
et al., 2018; Maksimov et al., 2010). For example, drought tolerance capacity in Echinochloa
crus-galli is enhanced by the Pseudomonas fluorescens endophytes through the manipulation
of ABA signalling.

Allelopathic Interactions: The microbial metabolites, such as fusaric acid from Fusarium or
alternariol from Alternaria, are energic inhibitors of the growth of the plants surrounding them
(Tesio & Ferrero, 2010). Functional metagenomics assist in pinpointing the gene clusters that
code for these metabolites, thus, facilitating the development of bioherbicides (Handelsman,
2004).

Herbicide Resistance and Degradation: Some microorganisms that live in collaboration with
the weeds can detoxify herbicides, hence, they are the ones who play a leading role in resistance
development. The genes responsible for the production of herbicide-degrading enzymes in the
rhizosphere of weeds have been revealed through shotgun metagenomics (Duke, 2011; Teske
etal., 2013).

Microbial Interactions and Community Synergy: These are the synergistic (cooperative)
relationships among bacteria, fungi, and archaea which support nutrient cycling, modulate
plant-microbe signaling, and maintain weed competitiveness under stress (Faust & Raes, 2012;
Louca et al., 2016). (Table 4, Figure 2)
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Table 4. Functional Roles of Weed-Associated Microbiomes

Function Microbial Contributors Mechanism Example
Nutrient Rhizobium, Bacillus, N fixation, P solubilization, Amaranthus
Acquisition Azospirillum siderophore production retroflexus
Stress Tolerance | Pseudomonas fluorescens, Hormonal modulation, Echinochloa

Bacillus subtilis osmoprotectants, ROS scavenging crus-galli
Allelopathy Fusarium, Alternaria Secondary metabolite production Amaranthus spp.
Herbicide Various rhizosphere bacteria | Herbicide degradation Lolium rigidum
Adaptation

Enhanced
yield

Improved

nutrition

Induced systemic
resistance

~ 1
\ \

O,
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Figure 2. Functional roles of weed-associated microbiomes

APPLICATIONS IN SUSTAINABLE WEED MANAGEMENT

The information obtained from weed metagenomics can be employed to create environmentally
friendly and sustainable weed management solutions such as bioherbicides, microbial
inoculants, and integrated strategies (Santoyo et al., 2016; Berg & Raaijmakers, 2018).

Microbial Bioherbicides: The production of allelochemicals or enzymes may be harnessed in
a means to directly suppress weed growth by Microorganisms. Examples are Fusarium
oxysporum a pathogen for Amaranthus spp. and the seedling emergence inhibitory effect
of Trichoderma harzianum on the reduction of the grass weed. Via metagenomics gene clusters
accountable for the production of herbicidal metabolites can be pinpointed (Handelsman, 2004).

Microbial Inoculants: Beneficial microbes associated with weeds may be introduced into
crops to achieve an increase in nutrient uptake and get a competitive advantage. Injection of
maize with Bacillus strains from the Echinochloa crus-galli rhizosphere is an example of crop
growth promotion and weed biomass reduction (Niu et al., 2017). Metagenomics facilitates the
identification of plant growth-promoting strain traits leading to suitable formulations.
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Integration with Cultural and Mechanical Practices: The effectiveness of microbial
strategies mostly depends on their conjunction with other steps like crop rotation, cover
cropping, mulching, and reduced-tillage systems that are compatible with Integrated Weed
Management principles which aim at decreasing the use of chemical herbicides (Berg &
Raaijmakers, 2018).

Precision Agriculture and Targeted Application: One of the major advantages when
combining metagenomic data with GIS, remote sensing, and drones is pinpointing not only the
location of weed hotspots but also the exact target delivery of microbial inoculants or
bioherbicides, thus, the effectiveness is ensured, and the non-target impact is at a minimum
(Murukonda et al., 2018).

Monitoring and Feedback: This is continuous qPCR, metagenomics, or amplicon sequencing
that enables tracking of microbial persistence, colonization, and community shifts,
consequently, leading to optimal inoculant application and also to the desired weed suppression
results (Turner et al., 2013).

Challenges and Limitations: Field variability, environmental factors, host specificity,
regulation-related issues, and difficulties in commercialization may collectively lead to lowered
efficacy as well as a limited number of those who adopt microbial strategies (Berg &
Raaijmakers, 2018; EPA, 2020).

CHALLENGES

Weed metagenomics is confronted with problems. These issues encompass environmental
variability, recruitment of host-specific microbiome, the complexity of datasets that requires
advanced bioinformatics, and obstacles of regulative and commercial nature (Vurukonda et al.,
2018; Bulgarelli et al., 2013; Quince et al., 2017; EPA, 2020).

FUTURE DIRECTIONS

The next research should consider an integrated multi-omics approach, discovering novel
bioherbicide compounds, synthesizing microbial consortia, using precision agriculture for
targeted microbial application, and conducting long-term field trials to check stability and
effectiveness (Berg & Raaijmakers, 2018; Handelsman, 2004; Santoyo et al., 2016; VVurukonda
et al., 2018; Turner et al., 2013).

CONCLUSION

Metagenomics-based research provides rich and deep insights into diversity, function, and
relationships of weed-associated microbiomes. Microbes are the major contributors to nutrient
acquisition, stress tolerance, allelopathy, as well as herbicide adaptation and therefore, they
open.
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ABSTRACT

This research analyzes the degradation processes of soils spread across the Saatli district located
in the Mugan Plain of Azerbaijan, specifically focusing on meadow-gray soils, and the factors
influencing them. The study determined that processes such as salinization, solonetzization
(alkalization), deflation, and erosion have accelerated in the area due to intensive irrigation
agriculture and anthropogenic impacts. The climatic, relief, and vegetation characteristics of
the area, as well as the physicochemical indicators of the soils (particularly in the 0-25 cm
layer), were examined. Consequently, the necessity of implementing complex meliorative and
agrotechnical measures for the restoration and conservation of soil fertility has been
substantiated.

Keywords: Degradation, Meadow-gray soils, Melioration, Saatli district, Salinization.

INTRODUCTION

Soil is one of the fundamental factors determining the ecological and economic potential of any
region. This concept stems from the fact that soil resources, both as a natural asset and a means
of production, directly affect almost all areas of human activity. Physical-chemical properties
of the soil —such as its mechanical composition (clay, loam, sandy, etc.), organic matter content,
degree of carbonation, cation exchange capacity, and pH level — determine the region's
agricultural productivity, ecosystem sustainability, and the regeneration dynamics of natural
resources. These parameters directly regulate the soil's ability to retain water and nutrients, the
development of root systems, and the activity of microorganisms.

Obtaining high yields from cultivated crops in agriculture requires the maximum utilization of
soils. This necessitates a rational yet scientifically grounded approach to land use, avoiding the
increase of soil load beyond normal limits, and preserving long-term productivity. For instance,
monoculture (cultivating the same crop in the same area every year) causes the rapid depletion
of specific soil nutrients, whereas a scientifically grounded crop rotation system allows for the
restoration of soil fertility.

This directly affects the ecological balance of the environment. Excessive land use, improper
irrigation, and the application of chemical substances exceeding norms create changes in the
ecosystem that are difficult to reverse. For example, the excessive use of pesticides and mineral
fertilizers can lead to the destruction of soil microfauna, contamination of groundwater, and a
reduction in biological diversity.

For this reason, the protection of soils cultivated under agricultural crops, and the environmental
ecological balance in general, is considered a priority issue in the modern era. One of the main
directions in modern agrarian policy is ensuring the sustainability of soil resources and
preventing erosion, salinization, and other negative processes. Sustainable agriculture models,
including precision farming and organic farming, meet precisely these requirements.
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In recent years, increased attention to the agrarian sector in the republic and state programs
adopted in this direction have placed significant importance on soil conservation and rational
use. State programs adopted specifically for food security, the modernization of agriculture,
and the expansion of melioration works constitute the basis of this process. The goal of these
programs is not only short-term yield growth but also the preservation of soil resources for
future generations.

To this end, the "State Program on Reliable Food Supply for the Population in the Republic of
Azerbaijan" outlines many critical measures, including the identification of lands in need of
melioration, the preparation of their maps, the restoration of degraded lands, the enhancement
of soil fertility, and the return of developed lands in arid climates to crop rotation. These
measures include the refinement of land-cadastre data, soil recultivation, the modernization of
irrigation systems, and the application of meliorative technologies. For instance, the transition
to drip irrigation systems increases water efficiency by 40-60%, thereby saving water resources
and reducing the risk of soil salinization.

The Mugan Plain of our republic is one of the regions with the most ancient agriculture.
Agricultural traditions formed over millennia, along with a soil structure rich in natural and
anthropogenic changes, are observed in this plain. This is evidenced by traces of ancient
irrigation canals and cultivation layers discovered as a result of archaeological research.

The continuous intensive use of soils spread in this area has resulted in degradation processes.
Due to long-term irrigation, technical impacts, and the influence of chemical fertilizers, the soil
structure has been disrupted, the mechanical composition has changed, and natural fertility
levels have decreased. The disruption of soil structure leads to consequences such as the
deterioration of water permeability and difficult aeration.

The soils spread in the researched Saatli district, particularly meadow-gray soils, are currently
subject to degradation processes such as salinization, solonetzization, deflation, irrigation
erosion, and pasture erosion. Each of these processes negatively affects the physical structure
of the soil, its chemical composition, the accessibility of nutrients to plants, and the soil's hydro-
physical properties. For example, salinization physiologically limits the water absorption
capacity of plants due to the accumulation of excessive salts in the soil solution.

Many of these noted factors proceed more intensively due to anthropogenic factors. For
example, improper irrigation, intensive animal husbandry, the inappropriate use of heavy
machinery, and the failure to supply the soil with organic matter accelerate degradation. The
use of heavy machinery causes soil compaction, making it difficult for roots to penetrate into
the depths.

In this regard, researching the soil types spread in the Saatli district, specifically studying
meadow-gray soils, and conducting work towards their protection is of great urgency. These
soils constitute the main agricultural fund of the district, and their decline directly impacts food
security. Their health directly determines the income source of the local population and the
country's food supply.

RESEARCH AND FINDINGS

The Saatli district is located in the Mugan Plain of Azerbaijan and is distinguished by soil
resources used primarily for agriculture. The economic profile of the district is linked to sectors
such as crop production, vegetable growing, and animal husbandry, and the development of
these sectors depends on soil resources. Cotton, grains, fodder crops, and various vegetables
are widely cultivated here.
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The Saatli district is located in the Kura-Araks Lowland of the republic. The climate is semi-
desert and dry steppe, with an average annual precipitation of 187-300 mm and an average
temperature of 14-15°C. These climate types indicate that aridity prevails in the soil formation
process, making irrigation a crucial component of agriculture. Intensive evaporation in the
summer months further accelerates the process of salt accumulation on the soil surface.

The territory is mainly flat, and the simplicity of the relief is one of the factors affecting soil
formation. The flat relief allows for the uniform distribution of sediments, the proximity of
groundwater to the surface, and the extensive application of irrigation systems. However, at the
same time, the flatness of the relief can create drainage problems, which may lead to a rise in
groundwater levels and soil salinization.

The vegetation cover of the area varies depending on relief, geographical position, groundwater
levels, and climatic characteristics; the main natural vegetation cover consists of wormwood-
ephemeral and wormwood-halophytic plant groups (Hasanov, 2021). These plant associations
are characteristic of semi-desert ecosystems and are indicators of soil salinity levels. Halophytic
plants, such as species of saltwort growing in saline areas, are distinguished by their salt
tolerance, and their presence indicates a salt problem in the soil.

This soil type forms along the banks of the Araz River, near irrigation systems. The moisture
regime is relatively good, and it possesses high potential for agriculture because the Araz River
brings alluvial materials rich in sediments, increasing soil fertility. Alluvial deposits give the
soil good water and air permeability properties as they contain clay, sand, silt, and organic
residues.

From the research conducted by M.P. Babayev, it becomes clear that the construction of
irrigation and collector-drainage networks in the Saatli district, as well as the expansion and
development of irrigation agriculture, have affected and changed the morphogenetic and other
characteristics of the soils spread in this area, resulting in differences according to the soil types
to which they belong. This has caused the transformation of chemical, physical, and biological
indicators of the soils. In other words, human activity has decisively intervened in the soil
formation process.

As a result, two "cultivated™ subtypes of gray soils at different levels are currently encountered
in the research area (Babayev, 1984). That is, these soils have acquired different characteristics
depending on the intensity of irrigation, the quality of drainage, and anthropogenic impact.
"Cultivated" soils are those that have diverged from their original natural state but possess high
value for agriculture.

The soils of this region are primarily fertile and suitable for cultivation. However, this fertility
can only be sustained long-term with a proper management system. Soil fertility is not a static
state but a dynamic indicator that increases or decreases depending on management.

However, there are also many soils in the area that are saline and have unsatisfactory hydro-
physical properties. Structural problems of these soils limit agricultural activity and require
melioration measures. Methods such as chemical melioration (e.g., gypsum application),
leaching irrigation, or the cultivation of salt-tolerant plants can be applied for the restoration of
such soils.

These soils compact when dry, forming a thick crust and deep cracks. When wet, they turn into
a structureless mass, and water permeability decreases. These physical changes weaken the
agrotechnical qualities of the soil and hinder the normal development of the root system. This
is particularly evident in soils with heavy mechanical composition (clay).
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This, in turn, worsens agricultural work, and the development of agricultural crops does not
proceed normally in such soils (Azizov, 1991). Productivity decreases, water consumption
increases, and the efficiency of fertilizers drops. For instance, in soil that has lost its structure,
water creates surface runoff; since moisture does not signal to the soil depth, water consumption
increases, and fertilizers are washed away.

The main soil types spread in the researched area are Meadow-gray, Irrigated meadow-gray,
Alluvial meadow, Meadow-boggy, and Saline soils. Each soil type has unique characteristics,
water regimes, and degrees of suitability for agriculture. For example, Meadow-boggy soils are
located in areas where groundwater is very close to the surface, and drainage is primarily
required to make them suitable for use.

Meadow-gray soils are the most widespread soil type in the research area. This is related to
their formation in accordance with natural-geographic conditions. Since they form under semi-
hydromorphic conditions — that is, conditions of temporary excess moisture — they correspond
to the climatic and hydrological characteristics of the region.

Formed under high humidity conditions, this soil type has developed morphologically in a semi-
hydromorphic regime. This condition determines the soil's carbonation, the form of the humus
layer, and the water-air regime. The semi-hydromorphic regime leaves traces of gley processes
(reduction of iron compounds in oxygen-free conditions) in the soil profile, which manifests as
gray-green spots in the profile cross-section.

On the other hand, groundwater close to the surface has also influenced the soil formation
process (Feyziyev, 2016). The rise of groundwater can cause salts to rise to the surface, leading
to soil salinization. As a result of capillary rise, salts dissolved in groundwater rise to the upper
layers and surface of the soil, accumulating there due to evaporation.

CONCLUSION AND DISCUSSION

It has been determined through our research that the degradation process has a significant
impact on the chemical composition of meadow-gray soils. In particular, the amount of humus,
the level of nutrients, and the soil's absorption capacity decrease. The decrease in humus also
causes the disruption of the soil structure, as organic matter acts as the main adhesive binding
soil particles.

Thus, research conducted in the arable layer (0-25 cm) of the soils revealed that the main causes
for the loss of fertility due to degradation in these soils are salinization and a scarcity of nutrients
and organic matter. These changes directly weaken soil productivity. Since this layer is the zone
where more than 90% of plant roots are concentrated and where the most active biochemical
processes occur, its condition is of critical importance.

Consequently, the conducted studies show that the Saatli district possesses diversity in terms of
soil resources. This diversity is linked to both natural-geographic and anthropogenic factors.
Such diversity necessitates the development of individual approaches and management
strategies for each soil plot.

While some soils allow for high productivity, strictly meliorative measures are required for
others. Measures such as irrigation norms, drainage networks, and fertilization systems are of
vital importance for these soils. A correctly calculated irrigation norm meets the plant's water
needs and helps leach salts from the soil; however, water in excess of the norm can cause
groundwater levels to rise.
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To fully utilize the district's agricultural potential, agrotechnical and technogenic measures
must be implemented in a planned manner, taking soil types into account. Only in this case can
soil resources be managed sustainably and productivity increased. This can be achieved through
the integration of soil maps, Geographic Information Systems (GIS), and precision farming
technologies, which allow for the application of resources (water, fertilizers, pesticides) in
optimal doses for each specific area.
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OZET

Bu ¢alismada iireme mevsimi ve dis1 donemlerde progesteron destekli senkronize edilen Gurcu
kecilerinde, serum malondialdehit (MDA), glutatyon (GSH) diizeyleri ile paraoksanaz-1 (PON)
aktivitesinin degisiminin belirlenmesi amac¢lanmistir. Calismada 30 adet keg¢i (15 kegi sezon i¢i
Giircii kegisi ve 15 kegi sezon dis1) kullamlmustir. Ostrus senkronizasyonu amaciyla, kegilere
progesteron igeren siingerler 7 giin kalacak sekilde vaginaya yerlestirildi. Progesteron igeren
stingerlerin ¢ikarilldigi giin tim kegilere 500 IU kisrak koryonik gonadotropini (eCG) ve
prostaglandin F2a (PGF2a) kas i¢i enjeksiyonlar1 yapildi. Daha sonra keciler arasina ostrus
tespiti icin teke katildi ve &strus belirtileri gosteren kegciler tespit edildi.  Ostrus
senkronizasyonuna baslamadan ve Ostrusta olmak iizere kegilerden kan alindi. Kecilerden
alinan kandan serum MDA, GSH diizeyleri ve PON aktivitesi belirlendi. Elde edilen verilere
gore, Gurcl kecilerin ireme mevsiminde (p<0.01) ve disinda (p<0.001) MDA diizeyi artt1 ve
zaman etkisi anlamliydi (p<0.001). Ayrica MDA diizeyinde grup etkisi ve grup X zaman
interaksiyonunun istatistiksel olarak anlamliyd:r (p=0.02). GSH, Giircii keg¢ilerinde iireme
mevsimi disinda azaldi (p<0.05) ve lireme mevsiminde ise artt1 (p<0.05). Ayrica GSH’da grup
x zaman interaksiyonu istatistiksel olarak anlamliydi (p=0.003). Giircii kegilerin iireme
mevsimi disinda PON aktivitesi azaldi (p<0.01) ve lireme mevsiminde ise artt1 (p<0.05). Fakat
PON aktivitesinde grup x zaman interaksiyonu istatistiksel olarak anlamliydi (p<0.001). Sonug
olarak, tireme mevsimi ve dist donemlerde progesteron destekli senkronize edilen Glrcl
kegilerinde MDA, GSH diizeylerinin ve PON aktivitesinin degisiminin degerlendirilmesi bu
donemlerin izlenmesi icin faydali biyobelirtegler olabilir.

Anahtar kelimeler: Ureme mevsimi, Ureme mevsimi disi, Giircii keci, Oksidatif statii,
Paraoksanaz-1
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ABSTRACT

This study aimed to determine the changes in serum malondialdehyde (MDA), glutathione
(GSH) levels and paraoxonase-1 (PON) activity in progesterone-based synchronized Gurcu
goats during breeding season and non-breeding season. 30 goats (15 Gurcu goats in breeding
season and 15 goats non-breeding season) were used in the study. For the purpose of estrus
synchronization, sponges containing progesterone were placed in the vagina of the goats for 7
days. On the day the progesterone-containing sponges were removed, all goats received
intramuscular injections of 500 IU mare chorionic gonadotropin (eCG) and prostaglandin F2a.
(PGF2a). Then, a goat was added to the goats to detect estrus, and goats showing signs of estrus
were detected. Blood was taken from the goats before estrus synchronization and during estrus.
Serum MDA, GSH levels and PON activity were determined from blood taken from goats.
According to the data obtained, MDA levels increased in Gurcu goats during breeding season
(p<0.01) and non-breeding season (p<0.001) and the time effect was significant (p<0.001). In
addition, the group effect and group x time interaction at the MDA level were statistically
significant (p = 0.02). GSH decreased in Gurcu goats non-breeding season (p<0.05) and
increased during the breeding season (p<0.05). Additionally, the group x time interaction in
GSH was statistically significant (p = 0.003). PON activity of Gurcu goats decreased non-
breeding season (p<0.01) and increased during the breeding season (p<0.05). However, the
group x time interaction in PON activity was statistically significant (p<0.001). As a result,
evaluation of the changes in MDA, GSH levels and PON activity in progesterone-based
synchronized Gurcu goats during periods breeding season and non-breeding season may be
useful biomarkers for monitoring these periods.

Key words: Breeding season, Non-breeding season, Gurcu goat, Oxidative status,
Paraoxonase-1

INTRODUCTION

In many regions of the world, products obtained from goat farming, such as meat and milk,
have maintained their seasonality (Balaro et al., 2019). Goats, one of the oldest domesticated
animal species, are one of the animals in tropical and subtropical regions and have unique
biological characteristics (Hussain et al., 2020). Due to the social and economic conditions of
farmer families, goat breeding is mostly done in the Mediterranean, Aegean and Southeastern
Anatolia regions of Tirkiye (Kuru et al., 2024). Gurcu goats, which came from the Caucasus
to Anatolia, do not show reproductive problems such as uterine infection, follicular cysts,
miscarriage, infertility, and are adapted to the cold climate conditions of the region. They offer
alternatives to cattle breeding for farmers, but their numbers have not increased significantly
(Kuru et al., 2019; Boga Kuru et al., 2024; Kuru et al., 2024). Goats are seasonally breeding by
nature, which is associated with changes in annual photoperiod. The breeding season,
stimulated by the decrease in daylight hours in autumn and winter, results in birth in the spring
months (Nogueira et al., 2015; Rehman et al., 2021; Shl et al., 2025). This long period makes
the availability of milk and meat difficult (Zarazaga et al., 2011). Although farmers try to
eliminate this problem by extending the lactation period, this affects milk production (Desire et
al., 2018). The use of estrus synchronization during anestrus increases reproductive efficiency
and enables more than one offspring per year (Osman & Elzagafi, 2016; Duan et al., 2025).
Estrus synchronization practices are adopted to stimulate and control estrus and ovulation
during breeding season and non-breeding season (Van et al., 2022; Duan et al., 2025).
Additionally, estrus synchronization is a practical method to increase reproductive performance
(Sen & Onder, 2016; Alvarado-Espino et al., 2019; El-Tarabany et al., 2020). The estrus
synchronization method is one of the goat breeding methods that focuses on the creation and
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extension of the luteal phase (Hussain et al., 2020). For this purpose, synthetic analogs such as
progesterone are exogenous hormones for estrus and estrus synchronization in goats (Sen &
Onder, 2016; Cetin et al., 2024). In addition, mare chorionic gonadotropin (eCG) is
administered together with progesterone the non-breeding season to increase both estrus and
ovulation (Balaro et al., 2019; Rehman et al., 2021; Cosentino et al., 2024; Cortes et al., 2025).
In addition, prostaglandin F2a (PGF2a) is used to synchronize estrus through the regression of
the corpus luteum (Osman & Elzagafi, 2016; EI-Mokadem et al., 2022). Oxidative stress, which
occurs as a result of decreased antioxidant defense or increased production of oxidants such as
reactive oxygen species, is the imbalance between radical scavenging and generation (Teama,
2018; Mohamed et al., 2021). Malondialdehyde (MDA), the most important molecule in
cellular degeneration caused by free radicals, is the end product of oxidative destruction of
lipids (Kuru et al., 2018). The best-known natural low molecular weight antioxidant is
glutathione (GSH) (Mohamed et al., 2021). The antioxidant enzyme paraoxonase-1 (PON) is
found in serum, kidney, liver and intestine (Kuru et al., 2020).

The aim of this study was to determine the changes in serum PON activity and MDA and GSH
levels during estrus in progesterone-based synchronized Gurcu goats during the breeding
season and non-breeding periods.

MATERIALS AND METHODS
Ethical approval and farm permit

Before starting the study, approval was obtained from the Kafkas University Animal
Experiments Local Ethics Committee (KAU-HADYEK) with the number KAU-
HADYEK/2025-169 and from the Kafkas University Prof. Dr. Ali Riza AKSOY Education-
Research and Application Farm with the session number 2024/2025-15 and decision number
23.

Animals

Total of 30 Gurcu goats, aged between 3 and 4 years, clinically healthy, with a body weight of
40-50 kg, in breeding season (n=15) and non-breeding season (n=15), from Kafkas University
Prof. Dr. Ali Riza AKSOY Training-Research and Application Farm, were used as animal
material in the study.

Estrus synchronization and mating procedures

For estrus synchronization, progesterone-containing sponges (Esponjavet®, Hipra, Turkiye)
were inserted into the vagina of goats for 7 days. On the day the progesterone-containing
sponges were removed, all goats received intramuscular injections of 500 1U eCG (Oviser®,
Hipra Animal Health, Tiirkiye) and PGF2a (Dinoprost, Dinolytic®, Zoetis, Tiirkiye). Later, a
male was added to the goats to detect estrus, and goats showing signs of estrus were identified
(Kuru 2022, 2023; Kuru & Boga 2024).

Biochemical analyses

Before starting synchronization, blood was collected from all goats determined to be in estrus
and from the jugular vein into 8.5 mL gel-vacuum (BD Vacutainer®, Becton, Dickinson and
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Company, USA) tubes. The collected blood samples were centrifuged at 3000 rpm for 10
minutes and then stored at -20°C until the serum samples were analyzed.

Serum MDA analysis was performed using the method of Yoshioka et al., (1979). GSH analysis
was analyzed spectrophotometrically at 412 nm according to the method of Beutler et al.,
(1963). PON activity was determined colorimetrically using the Rel Assay Diagnostics®
(Gaziantep, Tirkiye) Kit.

Statistical analyses

Statistical analyses of the data obtained in the study were performed using the GraphPad Prism®
(Version 10, GraphPad Software Inc., San Diego, USA) statistical program. The Shapiro-Wilk
test was used to determine whether the obtained data showed a normal distribution according
to the groups. The repeated measurements analysis of variance method was used in the analysis
of measured marker data. Statistical analyses of group, time, and group x time interactions were
performed. Additionally, Fisher's LSD was applied for pairwise comparisons of parameters
between days and between groups on the day of sampling. All results are shown as mean +
standard deviation (SD). P<0.05 was considered statistically significant in the analysis results.

RESULTS
Serum MDA level

The results of MDA levels during estrus in Gurcu goats synchronized with progesterone during
the breeding season and non-breeding periods are shown in Figure 1. According to the obtained
data, MDA levels of Gurcu goats increased during (p<0.01) and non-breeding season (p<0.001)
the breeding season and the time effect was significant (p<0.001). Additionally, the group effect
(p=0.05) and group x time interaction at MDA level were statistically significant (p=0.02).
Again, MDA was statistically higher during estrus non-breeding season than within the
breeding season (p<0.01).
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Figure 1: Changes in serum MDA levels during estrus in Gurcu goats synchronized with

progesterone during breeding season and non-breeding season. MDA: Malondialdehyde, BS:
Before synchronization **: p<0.01, ***: p<0.001.
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Serum GSH level

Serum GSH levels decreased during estrus, the non-breeding season (p<0.05), and increased
during the breeding season (p<0.05). Additionally, group x time interaction in GSH was
statistically significant (p=0.003). Again, the GSH level before the start of estrus
synchronization was higher non-breeding season than during the breeding season (p<0.05). The
opposite situation was recorded during estrus, and the GSH level during estrus non-breeding
season was statistically lower than during the breeding season (p<0.05) (Figure 2).
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Figure 2: Serum GSH levels during estrus in Gurcu goats synchronized with progesterone
during breeding season and non-breeding season. GSH: Glutathione, BS: Before
synchronization *: p<0.05.

Serum PON activity

The change of PON activity during estrus in progesterone-supported synchronized Gurcu goats
during the breeding and non-breeding seasons is shown in Figure 3. In Gurcu goats, PON
activity decreased during estrus non-breeding season (p<0.01) and increased during the
breeding season (p<0.05). However, group x time interaction in PON activity was statistically
significant (p<0.001). Again, serum PON activity before synchronization non-breeding season
was higher than during the breeding season (p<0.001). The opposite situation was observed
during estrus, and PON activity was lower in estrus than in the non-breeding season (p<0.001)
(Figure 3).
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Figure 3: Changes in serum PON activity during estrus in Gurcu goats synchronized with
progesterone during breeding season and non-breeding season. PON: Paraoxonase-1, BS:
Before synchronization *: p<0.05, **: p<0.01, ***: p<0.001.

CONCLUSION

In Gurcu goats, MDA increased during both breeding season and non-breeding season, and
PON activity and GSH decreased non-breeding season and increased during the breeding
season. Increased MDA levels in Gurcu goats, as an indicator of lipid peroxidation during
breeding season and non-breeding season, indicate that oxidative stress is experienced. The
decrease in GSH level and PON activity non-breeding season is an indication of a decrease in
antioxidant capacity. These parameters show that they can be used as potential biomarkers in
goats during breeding season and non-breeding season. Additionally, it has been demonstrated
that oxidative stress and antioxidant capacity during estrus show seasonal differences. The
increase in MDA levels and the decrease in GSH and PON activity during estrus, especially
non-breeding season, indicate that antioxidant defense is inadequate. On the other hand, the
increase in GSH and PON activity during the breeding season reveals that endogenous
antioxidant mechanisms work more effectively during this period. The basis of this difference
is that estrogen levels synthesized in each cycle, regardless of synchronization during the
breeding season, may limit the oxidative stress load by increasing the activity of antioxidant
enzymes. Therefore, seasonal changes in steroid hormone fractions, especially estrogen, are
thought to play a critical role in the regulation of antioxidant-oxidant balance. However, more
comprehensive studies with larger sample sizes should be conducted to better understand the
physiological and biochemical changes experienced in Gurcu goats during breeding activities
during breeding season and non-breeding season.
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ABSTRACT

Transgenic animal biotechnology has become a technology gaining strategic importance in
many fields, including agriculture, animal husbandry, medicine, industry, and environmental
management, thanks to rapid advances in molecular biology and genome editing techniques.
Microinjection, embryonic stem cell manipulation, viral vectors, somatic cell nuclear transfer
(SCNT), and, in particular, CRISPR-Cas systems allow for highly precise genetic modification
in various species. This allows for significant improvements in recombinant protein production,
disease resistance, growth performance, and product quality. Transgenic approaches offer the
potential to both increase the nutritional value of animal products and reduce ecosystem
pressure by supporting environmental sustainability. Furthermore, promising results in
xenotransplantation studies of genetically modified pigs have made significant contributions to
biomedical research. However, technical limitations such as random gene integration,
mosaicism, and epigenetic uncertainties, as well as ethical and ecological concerns, are key
factors to consider when utilizing this technology safely. In conclusion, transgenic animal
biotechnology is a rapidly developing field that is expected to find wider application in the
future, and the sustainability of this progress depends on the meticulous execution of ethical
principles and risk assessments.

Keywords: Transgenic animal, genomic, gen editing

OZET

Transgenik hayvan biyoteknolojisi, molekiler biyoloji ve genom diizenleme tekniklerindeki
hizli ilerlemeler sayesinde tarim, hayvancilik, tip, endustri ve ¢evre yonetimi gibi bircok alanda
stratejik dnem kazanan bir teknoloji haline gelmistir. Mikroenjeksiyon, embriyonik kok hiicre
manipiilasyonu, viral vektorler, somatik hiicre ¢ekirdegi transferi (SCNT) ve 6zellikle CRISPR-
Cas sistemleri farkli tiirlerde yiiksek dogrulukla genetik modifikasyon yapilmasina olanak
tanimaktadir. Bu sayede rekombinant protein iiretimi, hastalik direnci, bilylime performansi ve
iiriin kalitesinde 6nemli iyilesmeler elde edilmektedir. Transgenik yaklagimlar, hem hayvansal
urunlerin besin degerini artirmakta hem de gevresel siirdiirtilebilirligi destekleyerek ekosistem
iizerindeki baskiy1 azaltma potansiyeli sunmaktadir. Bunun yani sira genetigi diizenlenmis
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domuzlarin ksenotransplantasyon ¢aligmalarinda umut verici sonuglar vermesi, biyomedikal
arastirmalara onemli katkilar saglamaktadir. Ancak rastgele gen entegrasyonu, mozaiklik ve
epigenetik belirsizlikler gibi teknik smirliliklarin yami sira etik ve ekolojik kaygilar, bu
teknolojinin gilivenli kullaniminda dikkate alinmasi gereken temel unsurlardir. Sonug olarak,
transgenik hayvan biyoteknolojisi hizla gelisen ve gelecekte daha genis uygulama alani1 bulmasi
beklenen bir alan olup, bu ilerlemenin siirdiiriilebilir olmasi etik ilkelerin ve risk
degerlendirmelerinin titizlikle yiiriitiilmesine baglidir.

Anahtar kelimeler: Transgenik hayvan, genomik, gen diizenleme

GIRIS
Molekiiler biyoloji, genomik ve gen diizenleme teknolojilerinde son yillarda kaydedilen hizli
ilerlemeler, hayvan genomunun yiiksek hassasiyetle modifiye edilmesini miimkiin kilarak

transgenik hayvan {iretimini modern biyoteknolojinin temel arastirma ve uygulama
alanlarindan biri haline getirmistir.

Transgenik hayvan, tiirler aras1 gen transferi, hedeflenmis mutasyon olusturma, genom
diizenleme veya endojen genlerin yeniden yapilandirilmasi yoluyla yeni bir fenotip
kazandirilmig organizma olarak tanimlanmaktadir (Shakweer ve ark., 2023).

[lk transgenik farelerin 1980’lerde elde edilmesinden bu yana mikroenjeksiyon, embriyonik
kok hiicre manipiilasyonu, viral vektor kullanimi, somatik hiicre ¢ekirdegi transferi (SCNT) ve
CRISPR-Cas tabanli sistemler gibi yontemlerde dikkate deger teknik gelismeler saglanmistir
(Park, 2023).

Bu teknik yenilikler, ¢ok sayida hayvan tiiriinde basarili transgenik hatlarin olusturulmasina
olanak vermis ve hayvancilik, tip, farmasdtik protein iiretimi ve ¢evresel siirdiiriilebilirlik gibi
cesitli alanlarda 6nemli uygulama potansiyelleri ortaya ¢ikarmistir.

Gen diizenleme araclarimin dogruluk, etkinlik ve hedeflenme kapasitesinde kaydedilen
ilerlemeler sayesinde sigir, koyun, ke¢i, domuz, tavuk, balik ve primatlar dahil birgok tiirde
transgenik veya genetigi diizenlenmis hatlar yiliksek basar1 oranlariyla gelistirilebilmektedir
(Popova ve ark., 2023; Hallerman ve ark., 2023).

Bu biyoteknolojik yenilikler tip, tarim, hayvansal liretim, endiistriyel protein sentezi ve ¢evresel
stirdiiriilebilirlik gibi farkl disiplinlerde genis ve etkili kullanim alanlar1 olusturmustur.

Bununla birlikte, transgenik hayvanlarin uygulama alanlarmin giderek genislemesi etik,
ekolojik ve diizenleyici boyutlarin kapsamli bir bi¢imde yeniden ele alinmasini gerektiren ¢ok
yonlu tartismalar1 da giindeme getirmektedir (Wray-Cahen ve ark., 2022).

TRANSGENIK HAYVAN ELDE ETME YONTEMLERI

Transgenik hayvan iliretiminde uygulanan yontemler, genetik materyalin embriyonik yapilara
aktarilma stratejisine, hedeflenen genetik modifikasyonun dogruluguna ve tiirler aras1 biyolojik
farkliliklara bagli olarak cesitlilik gostermektedir. Bu teknikler, temel olarak genin dogrudan
zigota enjekte edilmesine, embriyonik kok hiicrelerin genetik olarak diizenlenmesine veya viral
vektorlerin entegrasyon kapasitesinden yararlanilmasina dayanmakta olup, her biri kendine
Ozgii avantajlar, verimlilik diizeyleri ve deneysel sinirliliklar ortaya koymaktadir.

DNA Mikroenjeksiyonu

DNA mikroenjeksiyonu, transgenik hayvan iiretiminde kullanilan en eski ve en yaygin
yontemlerden biri olup, hedef genin d6llenmis yumurtanin proniikleusuna dogrudan enjekte
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edilmesine dayanir (Shakweer ve ark., 2023). Bu yontem, ilk transgenik farelerin
gelistirilmesinde temel teknik olarak kullanilmis ve ozellikle memeli tiirlerinde yiiksek
uygulanabilirligi sayesinde standart bir transgenez araci haline gelmistir (Park, 2023).

Mikroenjeksiyonun avantaji, eksojen DNA’nin embriyo gelisimini fazla etkilemeden genom
icine entegre olabilmesidir. Ancak entegrasyonun rastlantisal olmasi, transgen ekspresyon
seviyelerinde degiskenlige yol agabileceginden yontemin 6nemli sinirliliklarindan biri olarak
degerlendirilmektedir. Buna karsin, tek hiicreli zigot asamasinda uygulanabilirligi ve
laboratuvar kosullarinda nispeten kolay uyarlanabilir olmasi, yontemi bir¢ok tlr igin hala
degerli kilmaktadir (Delerue ve Ittner, 2017).

Embriyonik Kok Hiicre (ESC) Aracili Gen Transferi

Embriyonik kok hiicre teknolojisi, genetik modifikasyon surecine daha yuksek hassasiyet
kazandiran bir diger yontemdir. Bu yaklasimda Once embriyonik KOk hucreler kultlrde
bayatulir ve hedef gen, homolog rekombinasyon veya modern gen dizenleme teknikleri
kullanilarak bu hiicrelere aktarilir. Genetik olarak diizenlenmis kok hiicreler daha sonra
blastosist asamasindaki embriyolara enjekte edilir ve gelisimlerine rahim igerisinde devam
etmeleri saglanir (Popova ve ark., 2023).

Bu teknik sonucunda embriyonun hem modifiye edilmis hem de edilmemis hiicre hatlarini
birlikte tasidigr kimerik hayvanlar elde edilir. Uygun eslestirmelerle kimerik bireylerden tam
transgenik yavrular iiretilebilmesi yontemin en 6nemli avantajidir. ESC aracili gen transferi,
ozellikle farelerde yaygin olarak kullanilmis ve hedefli gen silme (knock-out) veya gen ekleme
(knock-in) ¢alismalarinda temel arag haline gelmistir (Ozawa ve ark., 2022).

Retroviriis Aracili Gen Transferi

Retroviral vektorler, transgenik hayvan iiretiminde kullanilan etkili gen transfer araglar
arasinda yer almaktadir. Retroviriislerin genomlarini konak hiicre DNA’sina kalic1 olarak
entegre edebilme kapasitesi, hedef genin embriyo genomuna yiiksek verimlilikle aktarilmasini
miimkiin kilar. Bu yontem 6zellikle sekiz hiicreli embriyo asamasinda uygulandiginda basarili
sonuglar vermekte, yiiksek aktarim oranlari ve stabil gen ekspresyonu saglayabilmektedir
(Hallerman ve ark., 2023).

Retroviral gen transferinin 6énemli avantajlar1 arasinda yiiksek enfeksiyon etkinligi ve ¢oklu
hiicrelere ayn1 anda gen aktarimi yer alir. Bununla birlikte, taginabilecek gen boyutunun sinirl
olmasit ve retroviral entegrasyonun mutagenez riskini artirabilmesi, yontemin dikkatle
uygulanmasini gerektiren yonleridir. Buna ragmen, 6zellikle kiigiik genlerin aktariminda hizli
ve maliyet agisindan uygun bir segenek sunmaktadir.

TRANSGENIK UYGULAMALARIN TUR BAZINDA DEGERLENDIRILMESI

Transgenik teknolojiler farkli hayvan tiirlerinde degisen verimlilik, biyolojik yanitlar ve
uygulama hedefleri dogrultusunda 6zgiin sonuglar ortaya koymaktadir. Sigir, koyun, keci ve
domuz gibi ¢iftlik hayvanlarinda genetik modifikasyonlar ¢ogunlukla biyofarmasoétik tiretim,
hastalik direnci, gelismis verim Ozellikleri ve biyomedikal arastirma modelleri olusturma
amaciyla gerceklestirilmektedir. Bu dogrultuda, her tiiriin lireme biyolojisi, embriyo gelisim
dinamikleri ve gen transferine yanit1 dikkate alinarak tiir-spesifik stratejiler ve optimizasyonlar
gelistirilmistir. Asagida baslica transgenik ciftlik hayvanlar tiirlerinin genetik modifikasyon
stiregleri ve uygulama alanlari ele alinmaktadir.
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Transgenik Inek

Rosie, 1997°de gelistirilen ilk terapodtik protein iireten transgenik inektir. Genomuna
yerlestirilen insan t-PA (tissue plasminogen activator) geni sayesinde kalp krizi ve felg
tedavisinde kullanilan kan pihtis1 ¢oziicii proteini siitiinde tiretebiliyordu (Wray-Cahen ve ark.,
2022).

Bir inek, ila¢ fabrikasi gibi kullanilabilir fikri bu ¢alismayla ilk kez somutlagmistir. Rosie’nin
dogumu, memeli genomunun hassas manipiilasyonunun miimkiin oldugunu gostererek sonraki
yillarda insiilin, lizozim, laktoferrin gibi insan proteinlerini iireten transgenik hayvan
calismalarmin &niinii agmistir (Wang ve ark., 2022). Ozellikle lizostafin transgenik hatlarda
mastitisin belirgin sekilde azaldigi ve B-laktoglobulin geninin silinmesiyle hipoalerjenik siit
iiretimi saglanabilmektedir (Popova ve ark., 2023).

Transgenik Kegci

Transgenik kegilerde siit icinde kan pihtilarini ¢6zmede kullanilan LAtPA proteini tiretilmistir.
Bu amagla LAtPA genini tagiyan yapi, uygun promotorlerle birlestirilerek erken embriyolara
enjekte edilmis ve embriyolar tasiyici disilere aktarilmistir. Islemler sonucunda transgeni
tastyan yavrular dogmustur. Bu kegilerin siitiinde LAtPA miktar1 bazi 6rneklerde litre basina
birka¢ miligram seviyesinde kalmis, bazi 6rneklerde ise litre basina birka¢ grama ulagmustir.
Bu sonuglar, sut kecilerinin terap6tik protein Gretimi icin ekonomik bir biyoreaktér olarak
kullanilabilecegini gdstermektedir (Popova ve ark., 2023).

ATryn®, transgenik kecilerin siitlinde liretilen rekombinant insan antitrombinidir ve kalitsal
antitrombin eksikligi olan hastalarda pihtilasma riskini azaltmak i¢in kullanilir. Bu fiiriin,
transgenik biyoreaktor hayvanlardan elde edilen ilk onayli terapdtik proteindir (Moura ve ark.,
2011).

Transgenik Koyun

Ik basarili transgenik koyunlar 1988’de iiretilmis ve P-laktoglobulin promotdrii altina
yerlestirilmis insan faktér IX geni bu koyunlarin siitiinde {iiretilmistir. Ayrica transgenin
yavrulara da aktarilmig oldugu belirlenmistir (Schnieke ve ark., 1997).

1991°da yapilan bir diger ¢alismada insan alfa-1 antitripsin (hA1AT) genini tasiyan bes
transgenik koyun elde edilmis, bu koyunlardan birinin siitiinde litre basina 35 grama ulasan
hATAT iiretimi saglanmis ve saflagtirilan proteinin dogal insan antitripsiniyle ayni biyolojik
aktivite gosterdigi dogrulanmistir (Wright ve ark., 1991).

Bunun yaninda, keratin sentezinde gorevli SAT ve OAS gibi genler aktarilmis ve bu genleri
tasiyan transgenik koyunlar basariyla iiretilmistir. Bdylece genetik miihendisligiyle yiin
veriminin artirilmasinin miimkiin oldugu ortaya konmustur (Damak ve ark., 1996).

Transgenik Bahk
Transgenik balik {iretimine yonelik ¢aligmalar 1985 yilinda baslamistir (Lal ve ark., 2024).

Mikroenjeksiyon teknigi sazan, yayin, japon baligi, medaka, somon, tilapia, alabalik ve zebra
balig1 gibi bircok tiirde basariyla uygulanmistir (Wang ve ark., 2021).

Cogu balik tiirtinde proniikleuslar mikroskop altinda net goriilmedigi i¢cin DNA dogrudan
sitoplazmaya enjekte edilmistir. Bu da hayatta kalma oranini artirmistir (Houdebine and
Chourrout, 1991).

Baliklarda dollenmenin viicut disinda gergeklesmesi ve embriyolarin dogrudan gelisebilmesi,
memelilerde oldugu gibi koruyucu annelere transfer gereksinimini ortadan kaldirmigtir.
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Transgenik baliklara aktarilan insan biiylime hormonu, japon baligi, gokkusag: alabalig1 ve
somonda biiylime hizini yaklagik iki kat artirmigtir (Rasal ve ark., 2024).

HAYVANSAL URUNLERIN BESIN DEGERININ ARTIRILMASI

Transgenik hayvanlardan elde edilen tiriinlerin biyofortifikasyonu fonksiyonel gida {liretiminde
onemli firsatlar sunar. Omega-3 yag asitlerinden zenginlestirilmis domuzlar, yag asidi profili
gelistirilmis sigirlar ve diisiik kolesterollii et/siit tirtinleri bu kapsamda degerlendirilebilir (Jones
& Wilson, 2022).

Besin degeri artirilmis transgenik {irlinler, yalnizca insan sagligini desteklemekle kalmaz ayni
zamanda hayvanlarin biiyiime performansini, bagisiklik etkinligini ve yem degerlendirme
kapasitesini de yiikseltir (Bogdanovich ve ark., 2021). Boylece hem ekonomik hem de saglik
acisindan cift yonlii bir fayda ortaya ¢ikar.

Siit bilesenlerinin transgenik yontemlerle modifiye edilmesi hem hayvan sagligini hem de insan
beslenmesini dogrudan etkileyen 6nemli bir uygulama alanidir. Laktasyona 6zgii promotorler
sayesinde siit bezlerinde yliksek miktarda rekombinant protein sentezi miimkiin hale gelmistir
(Shakweer ve ark., 2023).

Transgenik hayvanlarin siitiinde insan alfa-laktalbimini, lizozim, laktoferrin, IgF-1 ve lizostafin
gibi biyoaktif proteinlerin {iretilebilmesi hem gida endiistrisi hem de farmasotik alan i¢in kritik
bir yenilik sunmaktadir. Ozellikle lizostafin salgilayan hatlarm mastitis riskini azalttig
gosterilmistir (Wang ve ark., 2022).

Hipoalerjenik siit Giretimi amaciyla B-laktoglobulin geninin silinmesi veya dizenlenmesi, st
alerjisi bulunan bireyler icin daha giivenli iiriinlerin gelistirilmesini saglamaktadir (Popova ve
ark., 2023). Ayrica gen diizenleme ¢alismalari, 6zellikle diisiik verimli tropikal sigir irklarinin
stit kalitesi ve miktarinin yiikseltilmesinde 6nemli bir potansiyel tasir (Johnsson, 2023).

CEVRESEL SURDURULEBILIRLIK VE EKOSISTEM YONETIMIi

Transgenik yaklasimlar ¢evresel siirdiiriilebilirlik agisindan 6nemli avantajlar sunmaktadir.
Ornegin, fosfor sindirim kapasitesi artirilmig fitaz transgenik domuzlarda diskidaki fosfor
miktarinin %75’e kadar azalmasi, tarimsal akisla su kaynaklarina taginan fosfor yiikiinii 6nemli
oOlgiide diisiirmektedir. Asir1 fosfor birikimi gol, akarsu ve rezervuarlarda 6trofikasyona yol
actigindan, bu azalmanin saglanmasi igme suyu kalitesinin korunmasi, alg patlamalarinin
onlenmesi ve su ekosistemlerinin siirdiiriilebilirliginin desteklenmesi agisindan kritik 6nem
tasimaktadir (Wray-Cahen ve ark., 2022).

Ayrica yemden yararlanma orani artirilmis, daha az atik iireten veya daha hizli biiyiiyen hayvan
hatlarinin gelistirilmesi, tarimsal iiretimin karbon ayak izini azaltma potansiyeline sahiptir. Gen
diizenleme yoluyla metabolik verimliligin artirilmasi, 06zellikle ruminant {iretiminde
stirdiiriilebilirlik a¢isindan umut vericidir (Park, 2023).

BUYUME VE KARKAS KOMPOZiSYONUNDAKI DEGIiSIiKLIKLER

Buyime hormonu (GH), IgF-I1 ve yag metabolizmasiyla iligkili genlerin modifikasyonu,
bliylime hiz1 ve karkas kompozisyonunda 6nemli iyilesmeler saglamistir. GH-modifiye edilmis
baliklarin normal agirligin 5-11 katina ulasabildigi rapor edilmistir (Hallerman ve ark., 2023).

Myostatin (MSTN) geninin hedefli mutasyonu ile “cift kaslhilik™ fenotipine sahip koyun ve
sigirlar elde edilmistir. Bu tiir gen modifikasyonlariin yiliksek kas orani sagladigi; ancak
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dogum giicligli gibi sorunlar nedeniyle dikkatli sekilde uygulanmasi gerektigi
vurgulanmaktadir. Ayrica PPARy geninin hedefli diizenlenmesiyle yag dagilimi kontrol
edilerek daha saglikli karkas yapilari gelistirilebilmektedir (Ge ve ark., 2021).

HASTALIKLARA DIiRENCLi HATLARIN GELISTIRILMESI

Hastaliklara direngli transgenik hatlarin gelistirilmesi, hayvan refahinin en gii¢lii biyoteknolojik
katkilarindan biridir. Mastitise direngli lizostafin transgenik inekler, enfeksiyon riskini 6nemli
Olciide azaltmaktadir (Wang ve ark., 2022).

Sivrisineklerde iliremeyi engelleyen veya hastalik vektorliiglinii azaltan gen diizenleme

uygulamalari ise zika, dang ve sitma gibi hastaliklarla miicadelede biiyiik basar1 gostermistir
(Park, 2023).

Model hayvanlarda gen diizenleme kullanilarak hipertansiyon, epilepsi veya davranis
bozukluklarin1 modelleyen hatlar gelistirilmistir (Ryazanova ve ark., 2023). Bu modeller hem

biyomedikal arastirmalar hem de tedavi stratejilerinin gelistirilmesi agisindan biiyiik 6nem tagir
(Neff, 2021).

ENDUSTRIYEL PROTEIN VE LiF URETIMi

Hayvanlarin biyoreaktdr olarak kullanilmasi, diisiik maliyetli farmasotik iiretime olanak
taniyan yenilik¢i bir yaklasimdir. Transgenik kegilerden elde edilen ATryn® (antitrombin),
klinik kullanim onay1 alan ilk hayvansal rekombinant protein olup 6énemli bir doniim noktasidir
(Popova ve ark., 2023).

Ayrica oriimeek ipegi proteinini iireten transgenik keciler, balistik malzemeler ve biyomedikal
urdinler icin yiiksek dayanimli liflerin ekonomik bi¢imde {iiretilmesini saglamistir. Tavuk
yumurtasinda terapotik protein iiretimi ise yliksek biyoverim ve diisiik maliyet nedeniyle
giderek daha fazla dikkat cekmektedir (Kim ve ark., 2021).

KSENOTRANSPLANTASYON VE TIBBi UYGULAMALAR

Organ nakli ihtiyacinin artmasi, ksenotransplantasyonu gelecegin énemli ¢éziimlerinden biri
haline getirmistir. CRISPR teknolojisiyle immiinojenik domuz genlerinin silinmesi, insan
proteinlerini kodlayan genlerin eklenmesi, PERV elementlerinin inaktive edilmesi gibi
adimlarla reddin azaltilmasi konusunda bilylik basarilar saglanmaktadir (Wray-Cahen ve ark.,
2022).

Domuz organlarinin insan fizyolojisiyle boyutsal ve fonksiyonel olarak yakin olmasi, bu tiirii
ksenotransplantasyon icin ideal hale getirmektedir (Popova ve ark., 2023).

GENETIK HASTALIK MODELLERI VE ARASTIRMA UYGULAMALARI

Transgenik fareler, Cre/loxP sistemleri sayesinde dokuya veya zamana 0zgi gen
modifikasyonlarinin yapilabilmesine olanak tanimakta; bu da ndrodejeneratif hastaliklar ve
metabolik bozukluklarin arastirilmasinda biiyiik avantaj sunmaktadir (Johnsson, 2023).

Ote yandan sicanlarda davranigsal ve ndrolojik bozukluklar icin gelistirilen modeller,
translasyonel tip agisindan 6nemli bir kaynak olusturmaktadir (Neff, 2021; Ryazanova ve ark.,
2023).
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TRANSGENIK HAYVAN URETIMINDE YENI NESIiL YAKLASIMLAR

Son yillarda transgenik hayvan {iiretiminde kullanilan klasik teknikler yerini daha yiiksek
ozgulliik, hassasiyet ve giivenlik saglayan hedefli genom diizenleme teknolojilerine birakmustir.
Ozellikle CRISPR-Cas9, CRISPR-Cas12a (Khan ve Sallard, 2023), baz editorleri ve prime
editing sistemleri, genetik modifikasyonun dogrulugunu artirarak off-target etkilerini nemli
oOl¢iide azaltmis ve transgenik hatlarin daha kararli bicimde elde edilmesine olanak saglamistir
(Chen, 2023).

Prime editing, DNA ¢ift zincir kirig1 olusturmaksizin spesifik nokta mutasyonlar1 veya kiiciik
ekleme/silmelerin yapilabilmesi nedeniyle embriyonik letalite, mozaiklik ve genom
biitlinliigline yonelik potansiyel riskleri azaltan yenilik¢i bir arag olarak degerlendirilmektedir
(Zhao ve ark., 2023). Bu teknolojik gelismeler, 6zellikle biiyiik ¢iftlik hayvanlarinda genom
diizenleme verimliligini artirarak biyoteknolojik uygulamalarin  6lg¢eklenebilirligini
gliclendirmistir.

Buna ek olarak, in vitro gametogenez, organ-on-chip platformlar1 ve yapay embriyonik
mikrogevrelerin gelistirilmesi, transgenik hayvan tretiminde etik endiseleri azaltabilecek
alternatif biyoteknolojik c¢oziimler sunmaktadir. Bu yaklasimlar hem deneysel hayvan
kullanimini azaltmakta hem de modellerin fizyolojik dogrulugunu artirmaktadir (Botigelli ve
ark., 2023; Goszczynski ve ark., 2023).

EPIiGENETIK DUZENLEME VE FENOTIP KARARLILIGI

Transgenik hayvan iiretiminde yalnizca gen dizisinin modifikasyonu degil, epigenetik
mekanizmalarin kontrolii de fenotipin kararliligi ve kalitimsal aktarimi agisindan kritik dnem
tasimaktadir. DNA metilasyonu, histon modifikasyonlar1 ve kromatin yeniden sekillenmesi,
transgenlerin ekspresyon diizeylerini dogrudan etkileyerek istenen fenotipin siirdiiriilebilirligini
belirlemektedir.

Somatik hiicre c¢ekirdek transferi (SCNT) ile Uretilen transgenik hayvanlarda epigenetik
yeniden programlamanin yetersizligi; diisiik yasama orani, gelisimsel anomaliler ve erken
embriyonik kayiplar gibi sorunlara yol agmaktadir (Liao ve ark., 2024). Bu nedenle HDAC
inhibitorleri ve H3K9me diizenleyicileri gibi epigenom modiilatorlerinin kullanimi, klonlama

verimini ve gelisimsel bagariy1 artiran tamamlayici stratejiler olarak dnerilmektedir (Matoba ve
ark., 2024).

TRANSKRIPTOMIK VE PROTEOMIK YAKLASIMLARIN ENTEGRASYONU

Yeni nesil transgenik hayvan calismalarinda, hedef genin modifikasyonu tek basina yeterli
goriilmemekte genom genelinde meydana gelen transkriptomik ve proteomik degisikliklerin
biitlinciil olarak degerlendirilmesi giderek daha fazla 6nem kazanmaktadir. RNA-seq ve tek
hicreli transkriptomik analizler, genom diizenlemesinin hiicre tipine 6zgi etkilerini ortaya
koymakta ve istenmeyen biyolojik sapmalarin erken asamada tespit edilmesini saglamaktadir
(Wadood ve ark., 2025).

Proteomik analizler ise siit, yumurta veya kan gibi biyolojik sivilarda iiretilen rekombinant
proteinlerin  biyoaktivite, glikozilasyon profili, stabilite 0zellikleri ve potansiyel
immiinojenisite risklerinin degerlendirilmesinde onemli bir rol oynamaktadir. Bu yonuyle
proteomik veriler, transgenik {irlinlerin biyoteknolojik ve tibbi kullanim alanlarina yonelik
giivenilirlik degerlendirmelerinde kritik bir bilesen olusturur (Guan ve ark., 2022).
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HAYVAN REFAHI VE ETiK DEGERLENDIRME

Transgenik hayvanlarin gelistirilmesinde hayvan refah1 ve etik degerlendirmeler, arastirma
stireclerinin ayrilmaz bir pargasi haline gelmistir. Genetik modifikasyonlarin neden olabilecegi
fenotipik asiriliklar, metabolik yiiklenme, dogum giicliikleri veya bagisiklik sisteminin
baskilanmasi gibi olast olumsuz etkiler, etik inceleme siire¢lerinde merkeze alinmaktadir.

Bu kapsamda “Responsible Research and Innovation (RRI)” yaklasimi; seffaflik, paydas
katilim1 ve risk-fayda analizini igeren biitiinciil bir ¢ergeve sunmaktadir. Avrupa Birligi ve
OECD, genom diizenlenmis hayvanlarin degerlendirilmesinde mevcut GMO politikalarinin
giincellenmesini ve daha esnek, risk odakli diizenlemelerin benimsenmesini 6nermektedir
(Wray-Cahen ve ark., 2024).

KURESEL DUZENLEYiCi YAKLASIMLAR VE GELECEK POLITIKALARI

Diinya genelinde transgenik ve genom diizenlenmis hayvanlara yonelik diizenleyici yaklasimlar
onemli farklhiliklar gostermektedir. ABD ve Brezilya gibi iilkeler hedefli mutasyon igeren
genom diizenlenmis hayvanlari klasik GMO’lardan ayri bir kategori olarak degerlendirirken,
Avrupa Birligi daha temkinli ve siire¢ odakli bir yaklagim siirdiirmektedir (Wray-Cahen ve ark.,
2024).

Gelecekte drin-temelli (product-based) diizenleyici ¢ergevelerin yayginlagmasi, genom
diizenleme teknolojilerinin ticarilesmesi ve uluslararast standartlarin uyumlastiriimasi
beklenmektedir. Bu doniisiim, oOzellikle tarimsal biyoteknolojide genom diizenlenmis
hayvanlarin daha hizli sekilde uygulama alani bulmasina zemin hazirlayacaktir.

TRANSGENIK TEKNOLOJILERIN SINIRLARI, RISKLERI VE TARTISMALAR

Transgenik hayvan iiretimindeki teknik zorluklar arasinda rastgele genom entegrasyonu,
mozaikgilik, coklu kopya etkisi, epigenetik belirsizlikler, embriyonik kayiplar sayilabilir. Bu
sorunlar, ozellikle biiyiikbas ve kiigiikbas hayvanlarda verimliligi sinirlayabilmektedir (Park,
2023).

Ekolojik riskler arasinda transgenik baliklarin dogaya ka¢masi ve gen akisinin ekosistem
dengesini bozmasi yer alir (Hallerman ve ark., 2023). Etik tartigmalar ise hayvan refahi, gida
giivenligi ve genetigi degistirilmis organizmalarin toplum tarafindan kabulii gibi basliklarda
yogunlagsmaktadir (Wray-Cahen ve ark., 2022).

SONUC

Transgenik hayvan biyoteknolojisi, modern molekiiler tekniklerin hizla gelismesiyle birlikte
giinimiizde tarim, hayvancilik, tip, endiistri ve cevresel yonetim gibi birbirinden farkl
disiplinlerde stratejik bir ara¢ haline gelmistir. Mikroenjeksiyon, embriyonik kok hiicre
maniptlasyonu, viral vektorler, SCNT ve Ozellikle CRISPR-Cas sistemleri gibi yontemler
hassas gen diizenleme kapasitesini artirarak ¢ok cesitli tiirlerde kararli, fonksiyonel ve
uygulamaya doniik transgenik hatlarin gelistirilmesini miimkiin kilmistir. Bu sayede
hipoalerjenik, yiliksek besin degerine sahip veya terapotik protein igeren hayvansal iiriinlerin
elde edilmesi, biliylime performansi ve yemden yararlanmanin iyilestirilmesi, hastaliklara
direncli hatlarin gelistirilmesi ve endiistriyel protein/lif iiretiminde 6l¢eklenebilir platformlarin
olusturulmasi 6nemli 6l¢iide kolaylagsmistir.

December 18-21 / Paris, FRANCE 95



4th INTERNATIONAL PARIS CONGRESS ON AGRICULTURE & ANIMAL HUSBANDRY

Transgenik yaklasimlar, yalnizca tiretim verimliligini artirmakla kalmayip ayni zamanda
cevresel siirdiiriilebilirligi destekleyen ¢ozlimler sunmaktadir. Atik yiikiinii azaltan metabolik
modifikasyonlar, aquakiiltirde daha diisiik yem girdisi ile yiiksek biiyiime performansi
saglayan hatlar ve sucul ekosistemleri tehdit eden fosfor kirliligini azaltan transgenik domuz
ornekleri, biyoteknolojinin ¢evresel faydalarini somutlastirmaktadir. Bununla birlikte, domuz
organlarmin genetik olarak insanlagtirilmasi yoluyla ksenotransplantasyonda elde edilen
basarilar, transgenik hayvanlarin tibbi uygulamalardaki potansiyelinin ¢ok daha genis bir alanmi
kapsayacagini1 gostermektedir.

Giincel gelismeler, klasik transgenik yontemlerin yerini giderek hedefli gen diizenleme
tekniklerine birakmakta oldugunu agikca ortaya koymaktadir. CRISPR-Cas9, Casl?a, baz
editorleri ve prime editing gibi sistemler, gen diizenleme dogrulugunu artirarak mozaiklik, off-
target etkiler ve gelisimsel kayiplar gibi teknik sorunlari dnemli 6l¢iide azaltma potansiyeli
tasimaktadir. Ayn1 zamanda epigenetik diizenleme, single-cell transkriptomik, proteomik
analizler ve in vitro gametogenez gibi tamamlayici teknolojiler, transgenik hatlarin biyolojik
stabilitesinin ve giivenilirliginin degerlendirilmesinde yeni bir donemi baslatmistir.

Bununla birlikte, transgenik hayvan biyoteknolojisinin sundugu bu genis olanaklar etik ve
ekolojik tartismalari da beraberinde getirmektedir. Hayvan refahi, biyogiivenlik, gen akisi,
ekosistem riskleri ve toplumun teknolojiye yonelik algisi, aragtirma ve uygulama siire¢lerinde
dikkatle yonetilmesi gereken temel basliklardir. Ayrica, iilkeler arasinda farklilik gosteren
diizenleyici politikalar, genom diizenlenmis hayvanlarin ticarilesmesini ve uluslararasi
standartlarin olusturulmasini dogrudan etkilemektedir.

Genel olarak degerlendirildiginde, transgenik hayvan biyoteknolojisi hem temel bilimler hem
de uygulamal1 biyoteknoloji agisindan biiyiik bir doniisiim potansiyeli tasimaktadir. Ancak bu
potansiyelin surdurllebilir ve guvenli bir bicimde hayata gecirilebilmesinin yolu, etik
prensiplerin gozetilmesi, cevresel risklerin titizlikle yonetilmesi, bilimsel seffafligin artirilmasi
ve diizenleyici cergevelerin bilimsel gelismelere uyumlu sekilde gilincellenmesinden
gecmektedir.

Bu kosullar saglandiginda, transgenik hayvanlar gelecegin gida iiretiminden kisisellestirilmis
tibba, ekosistem yonetiminden yiiksek verimli biyofabrikasyon sistemlerine kadar ¢ok genis bir
alanda yenilik¢i ¢coziimler sunmaya devam edecektir.
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THE BIODIESEL FUEL CHARACTERISTICS OF BRASSICA RAPA SSP.
OLEIFERA L. PURE LINES

Assoc. Prof. Dr. Fatma KAYACETIN
Ankara University, Faculty of Agriculture, Department of Field Crops, Ankara, Turkiye

ABSTRACT

This study aimed to evaluate the biodiesel fuel properties of six turnip rape (Brassica rapa ssp.
oleifera L.) pure lines bred and cultivated in Turkiye. The research was conducted under semi-
arid climatic conditions in Ankara, with field trials carried out during the 2019-20 and 2020-21
autumn sowing seasons. The objective was to determine whether turnip rape pure lines can
serve as a suitable raw material for high-quality biodiesel production. Six turnip rape pure lines
of different regional origins in Turkiye were used in the study. Oils obtained from the seeds of
the pure lines were analyzed according to ISO and TS EN standards to determine acid value,
water content, iodine value, cold filter plugging point, flash point, as well as mono-, di-, and
triglyceride and glycerol contents. Biodiesel production was performed via base catalyzed
transesterification using methanol and sodium hydroxide, followed by reaction, separation,
washing, and drying steps. Physicochemical properties of the resulting biodiesel samples were
compared with the TS EN 14214 standard. The analyses indicated that biodiesel samples from
all pure lines met the TS EN 14214 standard. Acid values ranged from 0.29 to 0.37 mg KOH
g!, water content from 142.50 to 267.50 mg kg™!, iodine values from 103.17 to 105.62 g iodine
100 g', cold filter plugging points between —2.00 and —2.50 °C, and flash points between 175
and 186 °C. Levels of monoglycerides, diglycerides, triglycerides, and free glycerol were all
below the standard limits, demonstrating high transesterification efficiency. Minor differences
in fuel properties were determined among the lines. Turnip rape pure lines can be considered a
suitable raw material source for high-quality biodiesel production under Turkiye conditions.
The results indicate that these pure lines offer potential as an alternative oilseed crop for
sustainable biofuel production.

Keywords: Turnip Rape, Biodiesel, Pure Line; TS EN 14214.

INTRODUCTION

Brassica rapa ssp. oleifera L. (turnip rape) is a prominent member of the Brassicaceae family
and represents an important annual oilseed crop cultivated in various regions worldwide (Salehi
et al., 2021; Bosi et al., 2022). In Turkiye, although this subspecies is not yet commercially
cultivated for industrial oil or biodiesel production, wild forms naturally occur in the native
flora, contributing to the country’s plant genetic diversity (Al-Shehbaz et al., 2007; Kayagetin,
2020). This natural variability provides a valuable resource for developing new cultivars
adapted to different environments and capable of producing oils suitable for biodiesel
applications (Kayagetin, 2021; Rana et al., 2022).

The species is characterized by moderate to high oil content, typically ranging from 30% to
40%, with erucic acid representing a major fatty acid component (Kayagetin et al., 2022;
Kayacetin et al., 2018). Erucic acid, a very long-chain monounsaturated fatty acid, is valued in
non-food industrial sectors due to its hydrophobic nature and high oxidative stability, making
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it suitable for biofuel production, lubricant formulations, and specialty polymer synthesis
(Knutsen et al., 2016; Wendlinger et al., 2014). In turnip rape, erucic acid levels can reach up
to 50% (Sharafi et al., 2015), while Kayagetin (2023) reported values approaching 40%.
Although such high erucic acid concentrations limit the suitability of turnip rape oil for human
consumption (Poddar et al., 2021), they enhance its potential as a promising raw material for
biodiesel production.

Previous studies on Brassica species have demonstrated that both genetic background and
environmental conditions strongly influence plant vigor and final oil quality (Johnston et al.,
2002; Shekhawat et al., 2012). Significant genotype x environment interactions have been
reported for seed yield and key agronomic traits, emphasizing the importance of identifying
well-adapted lines through multi-environment testing (Bocianowski et al., 2019; Kayagetin,
2019). Moreover, the consistently high erucic acid content reported in turnip rape-with mean
values exceeding 50% in some cases-further supports its suitability for industrial-grade oil and
biodiesel production (Kayacetin et al., 2018; Cartea et al., 2019; Konuskan et al., 2019).

Understanding the biodiesel-related characteristics of turnip rape is essential for fully assessing
its potential as an alternative energy crop. Traits such as fatty acid composition, oxidative
stability, cold flow properties, and glyceride profiles are integral in determining biodiesel
quality and compliance with international fuel standards. However, limited information exists
regarding the performance of turnip rape pure lines under different environmental conditions in
Turkiye, particularly in terms of biodiesel fuel properties.

Therefore, the present study aimed to investigate the biodiesel-related fuel characteristics of six
pure lines of turnip rape grown under the semi-arid conditions of Ankara, Turkiye. The findings
provide critical insights for identifying high-performing, biodiesel-suitable lines that can
support future breeding programs and industrial oil production.

MATERIALS AND METHODS

The experiment was conducted during the 2019-2020 and 2020-2021 autumn growing seasons
at the experimental fields of the Field Crops Central Research Institute, located at an altitude of
1050 m. Monthly climatic data for the study area, including long-term averages and values
recorded during the experimental seasons, are presented in Figure 1.

Based on the meteorological data for the growing seasons, the long-term average total
precipitation was 391.9 mm, while 269.6 mm and 273.6 mm were recorded in 2019-2020 and
2020-2021, respectively. Long-term average temperature and relative humidity were 10.5 °C
and 63.9%, while for the first and second experimental years, the corresponding values were
10.5°C-58.3% and 12.0 °C-65.5% (Figure 1; Kayacetin, 2023). The soil at the experimental
site was clay-loam in texture, low in organic matter, and slightly alkaline (Kayacetin and Aydin,
2024).
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Figure 1. Monthly climatic data for the study area: long-term averages and 2019-2020 and
2020-2021 values

A total of six turnip rape pure lines were used in the study, originating from different regions
of Tirkiye: three lines from Tekirdag, and one line each from Bursa, Tokat, and a line
representing the genetic diversity of Turkiye. This selection provided a broad genetic base from
multiple ecological regions. All pure lines were maintained and characterized at the Ankara
Field Crops Central Research Institute and were developed using the Pure Line Selection
Method. All turnip rape lines used in this study were strictly winter-type genotypes.

The experiment was conducted in a randomized complete block design with four replications,
with seeds sown at 200 seeds m2 and plots fertilized according to standard practices (Kinay
and Kayagetin, 2023).

Biodiesel production and analysis were carried out at the Biofuel Laboratory, DB Agricultural
Energy, Izmir, Tlrkiye, using a laboratory-scale biodiesel processor. Seed oils from each pure
line were extracted following ISO 734-1. Acid value, water content, and iodine value were
determined according to TS EN 14104, EN I1SO 12937, and TS EN 14111, respectively. Cold
filter plugging point and flash point were measured following TS EN 116 and TS EN ISO 2719
standards. Mono-, di-, and triglycerides, as well as glycerol contents, were quantified using gas
chromatography according to TS EN 14105 (Kayagetin, 2023).

Biodiesel was synthesized via base-catalyzed transesterification using methanol and sodium
hydroxide, as described by Kayagetin (2023). The procedure involved four main stages:
reaction, separation, washing, and drying. Briefly, 200 mL of oil from each genotype was mixed
with methanol (20% v/v) containing 0.35 wt% NaOH, stirred, and heated at 60 °C for 1 h. After
settling for 8 h, the biodiesel and glycerol layers were separated. The biodiesel layer was washed
several times with warm distilled water at 55 °C, and residual methanol was removed by heating
at 120 °C under continuous stirring to obtain purified biodiesel. This method ensured consistent
biodiesel production suitable for evaluating fuel properties across the different turnip rape pure
lines.
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RESULTS AND DISCUSSION

The acid value, water content, iodine value, cold filter plugging point, flash point, and glyceride
composition-including mono-, di-, triglycerides, and free and total glycerol-of biodiesel
produced from turnip rape pure lines are presented in Table 1.

Table 1. Biodiesel Fuel Properties of Turnip Rape Pure Lines Compared with TS EN 14214
Standard Limits

Standard TS EN

Traits Pure lines 14214
Tekirdagl | Bursa | Tekirdag2 | Turkiye | Tokat | Tekirdag3 | Min- Max

Acid value (mg )

KOH 0.9 0,37 0,29 0,36 036 | 036 0,34 0,50

z’xlztel:g‘i?)”te“t 142,50 | 197,50 | 157,50 | 235,00 | 267,50 | 260,00 ~ | 500,00

lodine value (g 103,17 | 104,35 | 104,98 | 10521 | 103,35 | 105,62 - | 120,00

iodine 100 g ™)

Cold filter

plugging point -2,00 -2,00 -2,00 -2,00 -2,00 -2,50 -20 20

S

Flash point (°C) 182,50 | 183,00 | 185,00 175,00 | 180,00 | 186,00 | 120,00 -
Glyceride (%)

Monoglyceride 0,27 0,30 0,27 0,27 0,24 0,30 - 0,80
Diglyceride 0,05 0,07 0,05 0,01 0,02 0,01 - 0,20
Triglyceride 0,01 0,02 0,02 0,01 0,02 0,01 - 0,20
Free glycerol 0,01 0,01 0,01 0,01 0,01 0,01 - 0,02
Total glycerol 0,09 0,10 0,09 0,09 0,08 0,10 - 0,25

Based on the two-year average data, biodiesel produced from the seed oils of the pure lines
generally complies with the TS EN 14214 standard. Acid values ranged from 0.29 to 0.37 mg
KOH g, well below the maximum limit of 0.50 mg KOH g, indicating high resistance to
hydrolytic degradation and efficient esterification.

Water content varied between 142.50 and 267.50 mg kg™, considerably below the 500 mg kg™!
limit, reducing the risk of corrosion, microbial growth, or phase separation in fuel systems.
These low moisture levels also confirm appropriate storage and processing conditions.

Iodine values ranged from 103.17 to 105.62 g iodine 100 g!, below the standard maximum of
120 g iodine 100 g, indicating that the fatty acid composition does not compromise oxidative
stability, which is advantageous for long-term storage.

Cold filter plugging points ranged from —2.00 to —2.50 °C, demonstrating that the biodiesel
maintains sufficient flow properties in winter conditions typical of temperate climates. Flash
points were between 175 and 186 °C, well above the minimum requirement of 120 °C,
reflecting good storage safety and low flammability.

Glyceride analysis revealed very low levels of mono-, di-, and triglycerides, confirming the
high efficiency of the transesterification reaction and indicating minimal risk of fuel quality
problems such as soap formation, sedimentation, or injector clogging. Both free and total
glycerol levels were well below standard limits, further confirming high biodiesel quality.

Chemical analysis of seed oils obtained from autumn-sown turnip rape pure lines indicates that
they are suitable for biodiesel production in accordance with TS EN 14214 standards (Yesilyurt
et al., 2019; Akhtar, 2022; Kayacetin, 2023). The use of non-food oils as biodiesel feedstock is
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a key strategy for sustainable fuel production (Aydin et al., 2024; Kayagetin, 2023). Due to their
high erucic acid content, these turnip rape pure lines are not suitable for human consumption;
however, their fatty acid profiles and strong adaptability to Tiirkiye’s agroclimatic conditions
make them promising candidates for industrial biodiesel applications.

CONCLUSION

This study demonstrated that the pure lines of Brassica rapa ssp. oleifera possess
physicochemical characteristics suitable for biodiesel production. All examined lines complied
with TS EN 14214 standards in terms of acid value, water content, iodine value, flash point,
and glyceride composition, indicating that oils derived from these genotypes can be effectively
used to produce high-quality biodiesel. Minor differences were observed among the lines; but
overall, all pure lines exhibited properties consistent with international biodiesel standards,
confirming their suitability as a raw material for sustainable biofuel production under Tiirkiye’s
conditions.

The slight variations among the lines also highlight the potential for future breeding programs
aimed at enhancing biodiesel quality. Collectively, these findings support the use of turnip rape
pure lines cultivated in Turkiye as a promising alternative oilseed crop for sustainable, high-
quality biodiesel production.
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PHENOLOGY, MORPHOLOGY, AND SEED YIELD OF TURNIP RAPE PURE
LINES
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ABSTRACT

The environmental impacts of non-renewable fossil fuel consumption have increased the need
for renewable and sustainable energy sources. Brassica rapa ssp. oleifera (turnip rape) is an
economically important oilseed crop widely used in industrial oil production. This study aimed
to evaluate the phenological, morphological, and seed yield characteristics of six pure lines of
turnip rape under autumn sowing conditions in Ankara, Turkiye, during the 2019-2020 growing
season. The study material consisted of six genetically distinct turnip rape pure lines originating
from different regions of Tlrkiye. The experiment was conducted in a randomized complete
block design with four replications. Phenological observations included days from sowing to
emergence, days from emergence to the 4-6 leaf rosette stage, days to 50% flowering, days to
50% capsule formation, and days to harvest. Morphological and yield traits measured were
plant height, number of lateral branches per plant, number of capsules per plant, number of
seeds per capsule, thousand seed weight, and seed yield (kg/da). All pure lines exhibited similar
phenological development, completing their growth cycle in approximately 281 days,
indicating that phenology was primarily influenced by environmental conditions.
Morphological traits such as plant height (141.40-156.35 cm) and number of lateral branches
(5.50-6.75 branches/plant) showed limited variation. However, significant differences (p <
0.01) were observed among the lines for the number of capsules per plant (201.05-343.55),
seeds per capsule (16.33-21.80), and seed yield (348.73-407.99 kg/da). Tekirdag3 had the
highest seed yield (407.99 kg/da) despite producing fewer capsules, demonstrating superior
reproductive efficiency. Tokat produced the highest number of capsules but showed moderate
seed yield due to fewer seeds per capsule. Bursa achieved relatively high yield owing to the
highest seed set per capsule (21.80 seeds/capsule). Thousand seed weight varied minimally
among the lines (1.87-2.03 g). Tekirdag3 stands out as a promising pure line for improving seed
yield in turnip rape due to its efficient reproductive strategy. Additionally, Tekirdagl, Bursa,
Tekirdag2, and Tokat represent valuable genetic resources for breeding programs targeting
increased capsule number and seed set. The results provide important insights for selecting
high-performing genotypes adaptable to diverse environmental conditions.

Keywords: Brassica rapa ssp. oleifera, Seed Yield, Phenological-Morphological Traits,
Genetic Variability.

INTRODUCTION

Brassica rapa ssp. oleifera (turnip rape) is an economically important annual oilseed crop and
is used as a raw material in biodiesel production (Thomas et al., 2012; Aslan, 2023; Kayacetin,
2023; Kinay and Kayacetin, 2023; Nisar et al., 2018). Although turnip rape seeds are not
currently produced in Tirkiye for biodiesel purposes, wild forms of this species are naturally
found within the country’s genetic resources (Kayagetin, 2020). Therefore, utilizing the genetic
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diversity available in local turnip rape genotypes to develop new, high-yielding, low-cost, and
biodiesel-suitable cultivars is of great importance (Kayagcetin, 2021; Rana et al., 2022).

Turnip rape seeds contain 30-40% oil, a substantial proportion of which consists of erucic acid
(40-50%) (Kayagetin et al., 2022; Kayacetin et al., 2018). Due to its high erucic acid content,
the oil is unsuitable for human consumption (Poddar et al., 2021), yet it offers significant
potential for industrial applications. This highlights the importance of identifying appropriate
lines and cultivars for industrial oil production (Kayagetin, 2023; Kayacetin et al., 2023).

Genotypic differences strongly influence adaptation to environmental conditions, leading to
considerable variation in growth and yield performance (Nowosad et al., 2019; Kayagetin,
2021). Studies conducted on mustard and other Brassica species demonstrate that genotype x
environment interaction has a pronounced effect on morphological traits and yield components
(Bocianowski et al., 2019). Evaluating multiple genotypes makes it possible to identify superior
lines adapted to specific agroecological conditions (Kayacetin, 2019). Furthermore, the high
erucic acid content of turnip rape, reaching an average of approximately 50%, supports its
suitability for industrial rather than nutritional use (Kayagcetin et al., 2018; Cartea et al., 2019;
Konusgkan et al., 2019).

Both genetic and environmental factors significantly affect the performance of Brassica
genotypes (Johnston et al., 2002; Shekhawat et al., 2012). Variations in yield and yield
components among genotypes facilitate the selection of superior lines in breeding programs
(Fayyaz and Afzal, 2014). Moreover, an ideal genotype is expected to exhibit both high mean
performance and high stability across diverse environments (Kayacetin, 2021).

In this study, the evaluation of phenological, morphological, and yield characteristics of turnip
rape pure lines is considered essential for industrial oil production and future breeding
programs. Accordingly, the present study aimed to assess the phenology, morphology, and seed
yield of six turnip rape pure lines under the semi-arid climatic conditions of Ankara, Turkiye.
The findings offer valuable insights for identifying high-performing lines suitable for diverse
environmental conditions.

MATERIALS AND METHODS
Experimental Area, Climate, and Soil Characteristics

The experiment was carried out during the 2019-20 autumn growing season at the experi-mental
fields of the Field Crops Central Research Institute, situated at an altitude of 1050 m. Monthly
climatic data for the study site, including long-term averages and the values recorded during
the experimental growing season, are presented in Table 1.

When comparing the long-term climatic averages with the 2019-20 growing season, notable
differences in rainfall patterns were observed. According to the long-term data, the highest
rainfall typically occurs in May (51.5 mm). However, during the 2019-20 season, rainfall
distribution was irregular, with significant deviations from the long-term averages in De-
cember, February, and June. Maximum temperatures in 2019-20 were generally lower than the
long-term averages, particularly during the winter months (December-February). Mini-mum
temperatures exhibited a similar pattern: although long-term averages were lower in January
and February, the 2019-20 period recorded higher minimum temperatures, while in March and
April, temperatures remained below the long-term averages. These observations indicate that
the 2019-20 season experienced substantial deviations from typical climatic conditions, with
extreme weather events particularly pronounced during winter and early spring.
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Table 1. Monthly climatic data for the study area: long-term averages and 2019-20 values

Climatic | Years/M | Sep oct | Nov | Dec | Jan | Feb Ma | Ap | Ma | Ju Jul Au
Factors | onths t r r y n g
Rainfall | Long 18 2771315 | 449 | 202 | 351 | 391 42. | 51. | 34. | 14. | 12
(mm) years 5 5 4 3 7
2019-20 |12 |22 |310(514|310(594 |42 |00 26' 29' 34 |00
Max. Long 28. | 29. | 35. | 36. | 40.
Temp. years 37.7 1285|231 |155|125|19.0| 231 0 7 0 0 4
0
¢C) 2019-20 | 294 | 27.2 | 20.7 | 106 | 7.2 | 10.2 | 19.5 20. 1 30. 1 30. 35 35.
0 4 5 4 5
Min. Long - - - - - -
Temp. |years | = |0 1110142175179 138 |80 | 1O [3® |63 |55
°C) . . - - - ] -] 14. | 12.
2019-20 |16 | 1.9 5.8 111 1 101 | 122 8.6 17 1.0 | 4.4 5 5

Soil analysis of the 0-20 cm layer revealed low organic matter content (1.97%), a slightly
alkaline pH (7.7), high calcium carbonate concentration (30%), and a clay-loam texture
(Kayacetin and Aydin, 2024).

Experimental Material and Design

The study was conducted using six pure lines of turnip rape (Brassica rapa ssp. oleifera)
originating from various regions of Tiirkiye, including three lines from Tekirdag, and one line
each from Bursa, Tokat, and a representative line encompassing the genetic diversity of
Tirkiye. This selection ensured a broad genetic base from multiple ecological zones. All pure
lines were maintained and characterized at the Ankara Field Crops Central Research Institute
and were developed through the Pure Line Selection Method. The lines used in this study were
strictly winter-type genotypes.

The field experiment was laid out in a randomized complete block design with four replications.
Sowing was performed at a rate of 200 seeds m 2 and a depth of 2-3 cm. Each experimental plot
consisted of six rows spaced 30 cm apart, with a row length of 6 m, covering a total area of 10.8
m?2 per plot. Fertilization included applications of nitrogen, phosphorus, and sulfur at rates of
35, 50, and 100 kg ha™!, respectively (Franzen and Lukack, 2007; Grant et al., 2007; Kayagetin,
2023). Phosphorus and sulfur were applied before sowing, whereas nitrogen was split between
the sowing date and the rosette stage.

Studied traits

During the 2019-20 growing season, phenological, morphological, and yield-related traits of
the turnip rape (Brassica rapa ssp. oleifera) pure lines were systematically evaluated.
Phenological observations included the number of days from sowing to emergence, the duration
from emergence to the 4-6 leaf rosette stage, and the number of days from emergence to 50%
flowering and 50% capsule formation. Morphological traits recorded were plant height (cm)
and the number of lateral branches per plant, while yield-related traits included the number of
capsules per plant, number of seeds per capsule, thousand seed weight (g), and seed yield
(kg/ha) (Kayagetin, 2019). All measurements were performed following standard procedures
for turnip rape cultivation, with phenological stages recorded as days from sowing and
emergence, and morphological and yield components measured at physiological maturity prior
to harvest. To minimize border effects, all observations were conducted on plants located within
the central rows of each plot.
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Statistical Analysis

Morphological and yield data were analyzed using analysis of variance (ANOVA) in JMP
statistical software. Mean differences among the lines were compared using the Least
Significant Difference (LSD) test at the 1% probability level (p < 0.01) (Kalayci, 2005).

RESULTS AND DISCUSSION

The phenological observations presented in Table 2 show that the turnip rape (Brassica rapa
ssp. oleifera) pure lines progressed through the same developmental stages at similar times
under the given ecological conditions, with no differences detected among the lines. Sowing
was carried out on 15 September 2019, and emergence occurred 26 days later, on 11 October
2019. The plants reached the 4-6 leaf rosette stage on 12 November 2019 and remained in a
pronounced vegetative growth phase throughout the winter months.

With the improvement of spring conditions, generative development accelerated, with 50%
flowering observed on 25 April 2020 and 50% capsule formation on 10 May 2020. Harvest
took place on 27 June 2020, completing a total growing period of approximately 9.5 months.
Based on the durations presented in the table, the period from sowing to emergence was 26
days, and the transition from emergence to the 4-6 leaf rosette stage took 32 days. From
emergence to 50% flowering, 196 days elapsed, followed by 211 days to 50% capsule forma-
tion and 255 days to harvest.

Table 2. Sowing, Emergence, 4-6 Leaf Rosette Stage, 50% Flowering, 50% Capsule Formation,
and Harvest of Turnip Rape Pure Lines

Growth . 4-6 leaf 50% 50% capsule

Sowing Emergence . . Harvest
stage rosette stage | flowering formation

15-Sep- 27-Jun-
Date 2019 11-Oct-2019 | 12-Nov-2019 | 25-Apr-2020 | 10-May-2020 2020
Day_s from 0 2 i ) i )
sowing
Days from | _ : 32 196 211 255
emergence

The six pure lines of turnip rape exhibited considerable variation in several morphological and
yield-related traits, as shown in Table 3. Although plant height and the number of lateral
branches did not differ significantly among the lines (p > 0.01), the numerical differences
indicate relatively narrow genetic variation for these traits. Plant height ranged from 141.40 cm
(Bursa) to 156.35 cm (Tekirdag3), suggesting that all lines possess a similar growth habit and
biomass potential.
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Table 3. Morphological Traits and Seed Yield of Six Pure Lines of Turnip Rape

Plant Ik;g[ﬁgles or Capsules per Seeds per Seed vield Thousand
Line height plant P plant capsule (kg/d;/) seed
(cm) (branch/plant) (capsule/plant) | (seed/capsule) weight (g)
Tekirdagl 153.00 | 6.15 32482 18.50 be 365.71ab | 1.87
pureline
Bursa pureline | 141.40 | 5.95 297.8a 21.80a 383.10ab | 1.87
Tekirdag2 152.23 | 6.75 296.6 a 18.13 be 405.79ab | 2.03
pureline
Turkiye 145.60 | 6.45 233.65 b 19.55 ab 348.73b | 2.00
pureline
Tokat pureline | 151.30 | 5.50 343.55a 16.33 ¢ 378.47ab | 2.02
Tekirdag3 156.35 | 5.50 201.05 b 19.50 abc 407.99a | 2.02
pureline
Source gi 746 | 3151 14,81 11,30 10,32 5,59
variation (%)
LSD (0.01) = ns ns *% *x *x ns
2.10 (24 df)

Significance: ** = significant at p < 0.01; ns = not significant

The six pure lines of turnip rape exhibited considerable variation in several morphological and
yield-related traits, as presented in Table 3. Although plant height (cm) and the number of lateral
branches per plant (branch/plant) did not differ significantly among the lines (p > 0.01), the
numerical differences suggest relatively narrow genetic variation for these traits. Plant height
ranged from 141.40 cm (Bursa) to 156.35 cm (Tekirdag3), indicating that all lines share a
similar growth habit and biomass potential. The number of lateral branches varied from 5.50 to
6.75 branches per plant.

Significant differences were observed in the number of capsules per plant (capsule/plant), seeds
per capsule (seed/capsule), and seed yield (kg/da) (p < 0.01). Tekirdagl, Bursa, Tekir-dag2,
and Tokat formed a statistically similar group with higher capsule numbers, while Turkiye and
Tekirdag3 produced significantly fewer capsules. Despite producing fewer cap-sules,
Tekirdag3 achieved the highest seed yield (407.99 kg/da), likely due to its relatively high
number of seeds per capsule (19.50 seed/capsule) and comparable thousand seed weight (2.02
g), suggesting a more efficient reproductive allocation that compensates for lower capsule
production. The differences in seed yield among the pure lines likely reflect their adaptation
and genetic potential under the existing agro-climatic conditions (Anjum et al., 2005;
Kayacetin, 2021).

Tokat produced the highest number of capsules per plant (343.55 capsule/plant), but its seed
yield remained moderate (378.47 kg/da), which may be associated with its lower number of
seeds per capsule (16.33 seed/capsule). Conversely, Bursa exhibited the highest seed number
per capsule (21.80 seed/capsule), resulting in relatively high seed yield (383.10 kg/da) despite
having fewer capsules than Tokat. These results emphasize that both capsule number and seed
set are crucial determinants of final seed yield.

Thousand seed weight (g) did not differ significantly among lines, ranging narrowly from 1.87
to 2.03 g, indicating limited variation in seed size. This suggests that seed weight was not a
major factor contributing to yield differences in this study. Johnson et al. (2002), Mondal et al.
(2018), and Kayagetin (2020) report that significant variation among genotypes/lines of the
same species grown under identical environmental conditions highlights the fundamental role
of genetic factors in determining the yield potential of plants.
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CONCLUSION

The results of this study indicate that among the evaluated turnip rape (Brassica rapa ssp.
oleifera) lines, Tekirdag3 achieved the highest seed yield despite producing fewer capsules,
suggesting a promising genetic potential for yield improvement. Tekirdagl, Bursa, Tekirdag?2,
and Tokat also demonstrated competitive performance and may serve as valuable genetic
resources, particularly for traits such as capsule number and seed set. The limited variation
observed in plant height, lateral branching, and thousand seed weight indicates that future
breeding efforts should prioritize enhancing seed set and capsule productivity, which were the
primary factors contributing to yield differences in this study. Overall, these findings provide
valuable insights for selecting high-performing lines and support their further evaluation under
diverse environmental conditions.
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OZET

Insanoglunun ¢esitli faaliyetleri sonucunda topraga bulasan atik plastikler, zaman iginde
fiziksel ve biyolojik faktorlerin etkisi ile parcalanarak mikroplastige donlismektedir. Niifusun
artmasiyla paralel olarak atiklarin da devasa boyutlara ulasmast nedeniyle bu durum
giinlimiiziin en 6nemli problemlerinden biri haline gelmistir. Topraktaki mikroplastik kirliligi
ortaya ¢ikmakta ve beraberinde ¢esitli sorunlari da meydana getirmektedir. Olusan bu kirlilik
sonucunda mikroplastikler, yapilan tarimsal faaliyetlerle birlikte insan vicuduna kadar
taginabilmekte ve c¢esitli hastaliklara neden olmaktadir. Buradan da anlasildigi {izere
mikroplastiklerin olusturdugu kirlilik; sadece toprak i¢in degil, insan saglig1 icin de ¢ok biiytik
riskler tagimaktadir. Problemin biiyiikliglinii gozler oniine seren bu duruma ¢oziim odakl
yaklagimin gerekliligi ortaya ¢ikmaktadir. Fitoremediasyon, toprak kirliliklerine ucuz ve etkili
¢oziimler sunan ve bu konudaki degeri giderek daha fazla ortaya ¢ikan, bitkilerle ¢6ziim sunan
bir toprak iyilestirme yontemidir. Buradan hareketle toprakta bulunan agir metallerin
temizliginde kullanilmakta olan fitoremediasyonun, topraktaki mikroplastik varligina da ¢6ziim
sunabilecegi lizerine yogunlasarak, fitoremediasyonun temelini olusturan akiimiilator bitkiler
derlenmistir. Cevre dostu, ekonomik ve kolay uygulanabilir olan akiimiilator bitkiler, topraktaki
agir metalleri kendi biinyelerinde biriktirerek toprak kirliligini azaltmaktadirlar. Akiimiilator
bitkilerin agir metalleri; topraktan alma sebepleri, alis mekanizmalar1 ve biinyelerinde
biriktirme yontemleri arastirildiginda bu bitkilerin topraktaki mikroplastik kirliliklerine de
¢Oziim sunabilecekleri goriilmiistiir. Bu g¢aligmanin yeni calismalar i¢in bir harita olmasi

December 18-21 / Paris, FRANCE 113



4th INTERNATIONAL PARIS CONGRESS ON AGRICULTURE & ANIMAL HUSBANDRY

hedeflenmekte ve akiimiilator bitkiler kullanilarak yapilacak calismalarla birlikte
mikroplastigin toprakta, tarimda ve insan saglhiginda ortaya cikardigi sorunlarin minimum
diizeye indirilmesi i¢in yapilacak arastirmalara 1s1k tutmasi beklenmektedir.

Anahtar Kelimeler: Mikroplastikler, Akimilator Bitkiler, Fitoremediasyon, Tarim, Toprak

ABSTRACT

Waste plastics, which contaminate the soil the soil resulting from various human activities,
degrade into microplastics with the influence of physical and biological factors over time. Due
to waste reaching colossal proportions in parallel with population growth, this situation has
become a primary environmental challenge confronting contemporary society. Microplastic
pollution in the soil is becoming prevalent, bringing with it a variety of associated problems.
As a consequence of this pollution, microplastics can be transported into the human body
through agricultural activities, causing various diseases. As is evident from this, the pollution
caused by microplastics poses significant risks affecting the soil as well as human health. This
situation, indicating the scale of the problem, highlights the necessity of a oriented toward
practical solutions approach. Phytoremediation is a based on plants soil remediation method
that offers cost effective and efficient solutions to soil pollution, with its value in this field
becoming increasingly apparent. Based on this premise and focusing on the potential of
phytoremediation currently used to clean heavy metals from soil to also provide a solution to
microplastic pollution, the accumulator plants that form the basis of phytoremediation have
been compiled. Environmentally friendly, economical, and easily applicable, accumulator
plants reduce soil pollution by accumulating heavy metals from the soil within their own tissues.
Upon investigating the reasons for heavy metal bioaccumulation, the uptake mechanisms, and
the accumulation methods of accumulator plants, it has been demonstrated that these plants can
also offer a solution to microplastic pollution in the soil.

Keywords: Microplastics, Accumulator plants, Phytoremediation, Agriculture, Soil

GIRIS

Toprak kirliligine neden olan parametrelerden biri olan ¢ok fazla miktarlarda iiretilen plastik
maddeler, her alanda yaygin olarak kullanilmakta ve c¢esitli iiriinlerde bulunmaktadir.
Plastiklerin giinliik hayatta olusturdugu konfor, insanoglunu plastik iiriinlere muhtag duruma
diisiirmiistiir. Insanoglu plastiklerin kullanimindan sonra atiklarn toplanmasi ve dogru bir
sekilde yoOnetiminin saglanmasi halinde bu plastik maddelerin risk faktorii diisebilecegi
beklenmektedir. Fakat plastik atiklar glinlimiize kadar asir1 miktarlarda iiretilmis ve dikkatsizce
cevreye dagilmig hale getirilmistir. Plastik atiklar daha kiiciik parcaciklara ayrilarak uzun bir
siiregte cevreye ve canlilara daha da zararli bir hale gelmektedir. Mikro boyuta gelmis bir
plastik, ¢evresel ve insan kaynakli sebeplerle kolay bir sekilde her yere dagilabilmekte ve su
kaynaklarina karisabilmekte, sudaki canlilar tarafindan yutularak bilinyelerine alinabilmekte

veya sulardaki zararlt organik maddeleri absorplayarak besin zincirine tasinmasina sebep
olabilmektedir (Yurtsever, 2018; Celik et al., 2022)

Mikroplastikler giiniimiizde insanlarin ve ¢evrenin sagligina tehdit olusturan 6nemli kirleticiler
arasinda bulunmaktadir. Diinya genelinde plastik {iretimi, sanayi aktiviteleri, niifus artisi,
madencilik ve tarimda plastikiiltiir uygulamalarinin kullanimiyla 6nemli bir artig gostermistir.
Giinlimiizde dogaya atilan plastik miktarinin  6nemli bir kismini tarimsal araziler
olusturmaktadir. Karasal ekosistemlerdeki bu kirleticilerin toprak ve insan sagligi i¢in
uzaklagtirllmas1 gerekmektedir. Topraklarda biriken mikroplastiklerin giderilmesi igin
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fitoremediasyon teknolojileri ve akiimiilator bitkilerin kullanimi, uygulanabilirlik, maliyet,
zaman ve c¢evre dostlugu bakimindan diger yoOntemlere gore ©On plana ¢ikmaktadir.
Fitoremediasyon, cevresel kirleticileri absorbe ederek blinyelerinde depolayabilen akiimulator
bitkiler vasitasiyla ortamin kirleticilerden arindirilmasinda kullanilan yontemlerin tiimii olarak
tanimlanmaktadir (De Souza Machado et al., 2019; Ding et al., 2022; Pal et al., 2025; Thapliyal
etal., 2024; Wang et al., 2021)

Fitoremediasyon; uygulanabilir, bitki temelli ¢cevreyi 1slah etme teknolojisine verilen isimdir.
Fitoremediasyon yonteminde kullanilan akiimiilator bitkiler ile organik ve inorganik kaynakli
kirleticilerle kirlenmis alanlar1 temizleme teknolojisi olarak ©6n plana ¢ikmaktadir.
Fitoremediasyon tekniginde en Onemli avantajlar arasinda; ekstra enerjiye gereksinim
olmamasi, yerinde aritim saglamasi, uygulanabilirligi ve uygun maliyetli olmas1 yer almaktadir.
Ayrica fitoremediasyon teknigi dogal kaynaklara zarar vermemektedir. Bu teknik, cevre
bilincine sahip olan ¢ogu kisi tarafindan da desteklenmektedir (Asante-Badu et al., 2020; Kafle
etal., 2022; Yadav et al., 2022; Priya et al., 2023)

Bu ¢alismada, agir metalleri biinyelerinde biriktirme kapasitesine sahip akiimiilator bitkilerin,
mikroplastiklerle kirlenmis topraklarin iyilestirilmesindeki potansiyeli ele alinmis; bununla
birlikte fitoremediasyonun ¢esitli alt teknolojileri (fitostabilizasyon, fitoekstraksiyon,
rizodegradasyon vb.) mikroplastik kirliliginin azaltilmasindaki islevleri degerlendirilmistir. Bu
alanda yapilacak calismalar, toprakta bulunan mikroplastiklerin giderilmesi, toprak
stirdiiriilebilirliginin saglanmasi, ekolojik biitiinliigiin korunmasi ve toprak yonetimi agisindan
onemli bir basamak olma potansiyelini tagimaktadir.

MIKROPLASTIKLER VE TARIM
Mikroplastiklerin Tanimi, Smiflandirilmasi ve Cevresel Riskler

Plastik atiklarin bir kismi geri doniistiiriilebilmekte, bir kismi ise enerji geri doniisiimii igin
kullanilmaktadir. Geri kalan kismi ise ¢op alanlarina atilmaktadir. Bu egilimin bu yonde devam
etmesi halinde 2050 yilina kadar 12.000 Mt plastigin ¢opliiklerde ve dogal ortamlarda
bulunulacagi tahmin edilmektedir (Malankowska et al., 2021).

Boyutlar1 5 mm’den kiigiik olan plastik taneciklere mikroplastik denilmektedir. Literatiirde
mikroplastigin tanim1 olarak farkli ifadeler bulunmaktadir. Yaygin olarak kabul edilen goriis
ise mikroplastiklerin 5 mm’den kiiciik tanecikler oldugu yoniindedir. Yapilan ¢aligmalardan
birinde yapilan bir diger tanim ise elekten gecip gecememe durumu olarak belirtilmistir. Bagka
bir tanimda ise mikroplastikler Birincil ve ikincil kaynaklardan gelen 1 um - 5000 um boyutlar
arasinda yer alan ve suda ¢oziinmeyen polimer par¢actklar oldugunu ifade etmistir (Yurtsever,
2019; Soysal, 2024). Mikroplastikler olusum bigimlerine gore birincil ve ikincil olmak iizere
iki temel smifa ayrilmaktadir. Birincil mikroplastikler, iiretim siirecleri sirasinda dogrudan
mikro boyutta Uretilen pargaciklardir; kozmetik tiriinlerde kullanilan asindirict tanecikler, ilag
tasiyici sistemler ve ¢esitli miihendislik uygulamalarinda tercih edilen mikro boyutlu polimerler
bu gruba 6rnek gosterilebilir. Endiistriyel kaynakli bu mikroplastiklerin aritma sistemleriyle
uzaklastirilmasi cogu zaman giigtiir. ikincil mikroplastikler ise daha biiyiik plastik materyallerin
rlizgar, gilines 15181, sicaklik degisimleri ve mekanik aginma gibi ¢evresel etmenler altinda
zamanla par¢alanmasi sonucu ortaya ¢ikmaktadir. (Can, 2022; Ding et al., 2022).

Mikroplastik Kaynaklari

Tarimsal uygulamalardan kaynaklanan mikroplastik kirliliginin en 6énemli kaynaklarindan biri
mal¢lama uygulamalaridir. Tarimsal alanlarda yabanci ot kontrolii, toprak neminin korunmasi,
sicaklik diizenlenmesi ve verim artis1 gibi amaglarla yaygin bigimde kullanilan malg 6rtiilerinin
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biiylik ¢ogunlugu diisiik yogunluklu polietilen temellidir. Bu plastik ortiiler, tarla kosullarinda
uzun siire giines 151g1na maruz kalma, sicaklik dalgalanmalari, yagis, riizgar ve topragin fiziksel
etkileri gibi cevresel stres faktorlerine dayanarak zamanla fotooksidasyon, termal bozunma ve
mekanik aginma siireclerine ugrar. Bu siiregler polietilen yapmin giderek zayiflamasina ve
ortuntn once kiiciik parcaciklara, daha sonra da mikroplastik boyutuna ayrismasina yol
acmaktadir. Malclarin genellikle hasat sonrasi topraktan tam olarak kaldirilamamasi,
parcalanmis plastik kalintilarinin toprakta birikmesine ve uzun vadede toprak ekosistemlerine,
mikroorganizmalara, bitki biiylimesine ve nihayetinde gida zincirine gegebilecek mikroplastik
yiikiinlin artmasina neden olmaktadir. Bu durum, tarimsal lretimde plastik kullaniminin
stirdiirtilebilirligi ve toprak sagligi agisindan dnemli gevresel riskler dogurmaktadir. (Garua &
Sharma, 2021; Ar ve Ogiit, 2021).

Tarim topraklarina mikroplastik taginiminda bir¢ok faktor onemli bir kaynak olustursa da
malclama disinda pek cok makroplastik zamanla mikroplastiklere doniiserek topragin
kirlenmesine katkida bulunmaktadir. Tarimsal iiretimde yogun olarak kullanilan plastik sulama
borulari, seracilikta kullanilan ortiiler, fide tepsileri, bitki destek materyalleri ve ambalaj
malzemeleri zaman i¢inde gilines 15181, sicaklik degisimleri, riizgar etkisi ve mekanik aginma
gibi ¢evresel faktorlerle parcalanarak kiigiik plastik parcalara ayrilmaktadir. Bunun yani sira,
tarim alanlarina yakin bolgelerdeki plastik ambalaj atiklari, paketleme malzemeleri, plastik
ipler, aglar ve tarim makinelerinde kullanilan plastik aksamlarin aginmasi da topraga plastik
parcgacik tasinmasina yol agmaktadir. (Zhang et al., 2022).

Mikroplastiklerin Bitki Uzerindeki Etkileri

Topraga karisan farkli tiirdeki mikroplastiklerin (membrandz polietilen, lifli polipropilen,
mikrokure polipropilen) toprak enzim aktiviteleri ve mikrobiyal topluluklar tizerindeki etkileri
degerlendirildiginde 14. giinde Lifli polipropilen, bakteri miktarin1 kontrol gurubuna gore
diisiirmiistiir. Plastik yiizeylerinin topraktan farkli, kendine 6zgii bir habitat olusturdugunu da
ortaya koymustur. Plastik yiizeylerde bulunan mikrobiyal topluluklar topraktaki mikrobiyal
topluluklara gore belirgin sekilde farklilasmistir. Ozellikle Actinobacteria ait cinsler
(Aeromicrobium, Streptomyces, Mycobacterium, Janibacter, Nocardia, Arthrobacter) plastik
ylizeylerine yerlesme egilimi gostermistir. Bu durum, plastiklerin zararli mikroorganizmalari
tastyabilecek bir vektor gorevi gorebilecegini diisiindiirmektedir (Yi et al., 2021).

Mikroplastiklerin  bitkiler (zerinde olumsuz etkileri incelendiginde bitki biiyiimesini
etkileyerek genel biyokiitleyi azaltabilir, kok ve siirgiin gelisimini engelleyebilir, yaprak
gelisimini olumsuz etkileyebilir, ¢imlenmeyi inhibe edebilir, oksidatif strese neden olabilir,
fotosentez ve klorofil Uzerinde negatif etki gosterebilir, metabolik ve genetik bozulmalara
sebebiyet verebilir, besin ve su alimi dengelerini bozabilir, topraga olan etkilerinden dolay1
dolayl1 olarak mikrobiyal ve enzimatik aktiviteyi bozabilir, toksik maddelere vektorliik edebilir,
zararli katki maddeleri ve biyobozunur mikroplastikler i¢in zararli yan firiinler topraga
salinabilir. Ayrica mikroplastikler besin zincirine karisarak insan sagligini riske atabilir (Akga
et al., 2024; Colzi et al., 2022; Li et al., 2022; Wang et al., 2021; Yi ve ark., 2021; Yu et al.,
2025).

Fitoremediasyon

Fitoremediasyon, bitkilerin kullanilmasi yoluyla toprak veya su vb. ortamlarinda bulunan
kirleticilerin uzaklastirilmasi, doniistiiriilmesi, azaltilmasi ya da etkisiz hale getirilmesini
hedefleyen biitiinciil teknikler biitiinii olarak tanimlanmaktadir. Bu yontem, alternatif fiziksel
ve kimyasal aritim yontemleriyle karsilastirildiginda oldukca diisiik maliyetlidir; geleneksel
kirlilik giderim tekniklerinin maliyetinin yalnizca kii¢iik bir boliimiine karsilik gelmekte ve
yogun ig giicli gereksinimi duymamaktadir. Bunun yaninda, uygulama sahasinda estetik bir
gbriinlim olusturmas1 ve kamuoyu tarafindan daha kolay kabul gormesi 6nemli avantajlar
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arasindadir. Fitoremediasyonun yerinde uygulanmasi, kirleticilerin bagka ortamlara taginmasini
engelleyerek ikincil kirlilik riskini azaltmakta; ayrica yalnizca tek bir kirleticiyle sinirh
kalmayip ¢oklu kirleticilerin es zamanli giderimine imkan tanimaktadir. Bu ozellikleri
fitoremediasyonu, cevresel kirleticilerin stirddrdlebilir yénetiminde etkili ve tercih edilen bir
yontem haline getirmektedir (Adiloglu, 2018; Adiloglu ve Giirgan, 2020). Fitoremediasyon
teknolojisi 9 baslik altinda; fitoekstraksiyon, rizofiltrasyon, fitostabilizasyon, rizodegredasyon,
fitodegredasyon, fitovolatilizasyon, hidrolik kontrol, vejatatif ortii sistemleri ve kiy1 tampon
seritleri olarak siralanabilir (Hamutoglu et al., 2012; Sertkahya, 2025).

Fitoremediasyon Teknolojileri

Fitoekstraksiyon (fitoakiimulasyon, fitoabsorpsiyon veya fitosekestrasyon olarak da bilinir);
kirleticilerin bitki kokleri tarafindan kirletici ortamdan alinarak bitkinin toprak {istii
biyokiitlesine ya da baska bir deyisle siirgiinlere tasinmasi, burada biriktirilmesi ve ardindan
hasat edilerek uzaklastirilmasi islemidir. Bu yontem toprak, sediment ve ¢amurda uygulanan,
kirleticilerden metaller, metalloidler ve radyoniikleidlerin giderimini saglamak amaciyla
kullanilan, kirleticiyi alma ve uzaklastirma amacl tekniktir. Bu teknikte kullanilan bitkilere;
hindistan hardali, pennycress alyssum, aygicegi ve hibrit kavaklar drnek olarak gosterilebilir
(Hamutoglu et al., 2012; Wang et al., 2021; Sertkahya, 2025).

Rizofiltrasyon, sucul ve karasal ortamdaki kirletici maddelerin bitki koklere tarafindan
absorplanarak ¢oktiiriilmesidir. Kirleticiler ya bitki kokleri tarafindan emilmekte ya da kokiin
yuzeyinde absorbe edilmektedir. Bu teknik, Ozellikle yeraltt sularmin kirleticilerden
arindirilmasinda etkilidir. Rizofiltrasyon; ylizey ve yer alti1 suyunda uygulanan, kirleticilerden
metaller ve radyoniikleidlerin giderimini saglamak amaciyla kullanilan, kirleticiyi alma ve
uzaklagtirma amacli yontemlerdendir. Bu teknikte kullanilan bitkilere; aycicegi, hindistan
hardali ve su siimbiilii 6rnek olarak gosterilebilir (Dogan, 2017; Hamutoglu et al., 2012;
Sertkahya, 2025).

Fitostabilizasyon, topraktaki kirleticilerin bitki kokleri tarafindan absorbe edilerek immobilize
edilmesi ya da baska bir deyisle koklere sabitlenmesidir. Bu yontemle kirletici maddelerin
tasinim1 engellenmektedir. Hg, Cd, Pb, Cu gibi metallerce kirlemis topraklarin onarimi bu
yontemle yapilabilmektedir. Toprak, sediment ve camurda ortamina kontamine, kirleticilerden
As, Cd, Cr, Cu, Hs, Pb ve Zn giderimini saglamak amaciyla kullanilan Fitostabilizasyon,
kirleticiyi etkisizlestirme amaglh kullanilmaktadir. Bu teknikte kullanilan bitkilere; hindistan
hardali, hibrit kavaklar ve ¢imler drnek olarak gosterilebilir (Aybar et al., 2015; Adiloglu, 2018;
Sertkahya, 2025).

Rizodegredasyon, bitki kokleri ve bu koklerde bulunan gesitli mikroorganizmalarin metabolik
faaliyetleri sonucunda ortamdaki organik kirleticilerin bozunuma ugratarak giderimidir.
Petrollii ve aromatik hidrokarbonlar, klorlu ¢oziiciiler, pentaklorofenol, poliklorinatli bifeniller,
benzen, etilbenzen, tollen, ksilen ve pestisitler gibi organik kokenli kirletici bu yontem ile
etkisiz hale getirilmektedir. Toprak ve yer alt1 suyunda uygulanan, kirleticilerden organik
bilesiklerin giderimini saglamak amaciyla kullanilan, kirletici gidermeyi hedeflemektedir. Bu
teknikte kullanilan bitkilere; kirmizi dut ve ¢imler 6rnek olarak gosterilebilir (Dogan, 2017;
Tiryaki & Potur, 2017; Adiloglu, 2018)

Fitodegredasyon, ya da diger bir adiyla fitotransformasyon Kkirleticilerin bitki bunyesinde
metabolik aktiviteler sonucunda daha az zararli bir forma doniistiiriilme islemidir. Bu yontemle
toprak, sediment, camur ya da yer alt1 sularindaki pestisitler, klorlu birlesikler ya da fenol
birlesiklerin giderilebilmektedir. Kirleticilerin kontamine oldugu ortamlar, toprak, sediment,
camur, yer alt1 suyu ve ylizey suyunda uygulanan, kirleticilerden organik bilesikler, klorinat
¢oziiciiler, herbisitler ve fenollerin giderimini saglamak amaciyla kullanilan, kirletici giderme
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amacl tekniktir. Bu teknikte alg, hibrit kavaklar, siyah sogiit ve servi kullanilabilmektedir
(Hamutoglu et al., 2012; Tiryaki & Potur, 2017; Sertkahya, 2025).

Fitovolatilizasyon, organik ve inorganik kirleticilerin ortamdan alinarak bitki biinyesinde daha
az toksik bir forma doniistiiriilmesi ya da ayn1 formda atmosfere salinimidir. Fitovolatilizasyon;
toprak, sediment, ¢gamur ve yer alt1 suyunda uygulanan, kirleticilerden klorinat ¢ozuciler ve
bazi inorganiklerin (Se, Hg, As) giderimini saglamak amaciyla kullanilan, kirleticiyi
buharlastirma amacgli uygulanmaktadir. Bu teknikte kullanilan bitkilere; kavaklar, yonca ve
hindistan hardali 6rnek olarak gosterilebilir. (Sangeeta Mukhopadhyay & Maiti, 2010;
Adiloglu, 2018).

Hidrolik kontrol, bitkiler vasitasiyla yer alt1 sularindaki kirleticilerin birikimi ve tagmasini
onlemek ve veya istenen diizeyde tutmak icin uygulanan yontemi ifade etmektedir. Hidrolik
kontrol yonteminde yesil 1slak yontemlerinin birden fazlasi ayn1 anda kullanilir. Avantaji 1slah
etki alaninin ¢ok genis olmasidir. Mevsim ve iklim sartlarina gére su aliniminin degismesi ise
bu yontemin dezavantaji olarak one ¢ikmaktadir. Yiizey suyu ve yer alt1 suyunda uygulanan,
kirleticilerden suda ¢ozunen organik ve inorganiklerin giderimini saglamak amaciyla
kullanilan, kirletici bozunumu amac¢lamaktadir. Bu teknikte kullanilan bitkilere; hibrit kavaklar
ve sOgiit ornek olarak gosterilebilir (Vanli, 2007; Hamutoglu et al., 2012; Adiloglu, 2018;
Sertkahya, 2025)

Vejetatif ortl sistemleri, toprak igindeki kirleticilerin ylzeydeki bitki sistemi ile kontrol
edilmesi islemidir. Bu yontem topraktaki su kaybini azaltmayi ve su tutumunu maksimize
etmeyi amaclar ve yesil islah amaciyla kullanilmaktadir. Sistem bitkiyi bir orti olarak
kullanarak su infiltrasyonunu azaltir ve alt tabakalarda bulunan kirliligi olusturan maddelerin
bozunuma ugratmaktadir. Suyun dikey akisinin toprak altindaki kirleticiye ulagiminin bitki
tarafindan engellenmesini saglayan vejetatif Ortu sistemleri; toprak, sediment ve ¢amurda
uygulanan, kirleticilerden organik ve inorganik bilesiklerin giderimini saglamak amaciyla
kullanilan, erozyon kontrolii i¢inde kullanilmaktadir. Bu teknikte kullanilan bitkilere; kavaklar
ve ¢imler drnek olarak gosterilebilir (Adiloglu, 2018; Yesilyurt & Gurgan, 2023)

Kiy1 tampon seritleri, akarsulara dogru akmakta olan yer alt1 sular1 ve ylizey sularindaki kirletici
faktorlerin giderimini saglamak i¢in kiy1 boyunca seriler seklinde bitkilerin ekimidir. Bu
yontemde amag kirliligin c¢evreye ve taban sularina bulasini Onlemektir. Yapilan bazi
caligsmalara gore buffer strips yontemi toprak erozyonunu %90 seviyesinde azaltmis ve herbisit
akisin1 %42-70 oranlarinda 6nlemistir. Ek olarak suda bulunan sediment, fosfor, azot, fekal
koliformlar ve pestisitlerde de azalma meydana gelmistir. Kirleticilerin su ile dere vb.
akarsulara tasinmasinin engellenmesini saglayan kiy1 tampon seritleri; yiizey ve yer alti
suyunda uygulanan, kirleticilerden suda c¢ozinen organik ve inorganiklerin giderimini
saglamak amaciyla kullanilan, kirletici gidermeyi amaglamaktadir. Bu teknikte kavaklar
kullanilabilmektedir ( Vanli, 2007; Hamutoglu et al., 2012; Adiloglu, 2018; Yesilyurt, 2023).

Akiumdilator Bitkiler

Akumulator bitkiler, yiksek kirletici konsantrasyonunun oldugu alanlarda yetisebilen ve bu
kirleticileri kokleri araciliiyla kok ya da diger doku ve organlarinda depolayabilen bitkilere
akimilator ya da hiperakimdalator bitkiler denir (Gilines & Bozkurt, 2021).

Fitoremediasyon teknolojilerinde akimulatér bitki olarak Poaceae, Brassicaceae, Fabaceae,
Salicaceae, Asteraceae, Chenopodiaceae, Cyperaceae, Careophylaceae, Cannabaceae,
Amaranthaceae, Cannaceae, Pontederiaceae ve Typhaceae; familyalar1 en c¢ok kullanilan
familyalardir. Her bir familya grubu kendi iginde avantaj ve dezavantajlara sahiptir. Kontamine
olan alanlarda giderim yapilacak alana gére uygun familya se¢imi yapilarak fitoremediasyon
yontemleri uygulanir. (Gawronski & Gawronska, 2007).
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Fitoremediasyon ¢aligmalarinda hem otsu hem de odunsu pek ¢ok bitki tiirii agir metal, organik
kirletici ve besin fazlalig1 gibi ¢evresel sorunlarin giderilmesinde etkin rol oynamaktadir. Derin
ve yogun kok yapisina sahip Vetiver grass (Vetiveria zizanioides), agir metal toleransi yiiksek
olmasi1 nedeniyle genis ¢apl toprak iyilestirme uygulamalarinda 6ne ¢ikarken; Bermuda grass
(Cynodon dactylon), Bahia grass (Paspalum notatum) ve Switch grass (Panicum virgatum) gibi
¢cim tdrleri hem metal stabilizasyonunda hem de hidrokarbon bozunumunda kullanilan
dayanikl tiirlerdir. Agir metal fitoekstraksiyonunda klasik model bitkilerden olan Sunflower
(Helianthus annuus) ve Indian mustard (Brassica juncea) ¢zellikle Pb, Cd ve Zn gibi toksik
elementleri biinyelerine alma kapasiteleriyle dikkat ¢ekmektedir. Benzer sekilde Periwinkle
(Catharanthus roseus), Nightshade (Solanum nigrum) ve Lambsquarters (Chenopodium
berlandieri) gibi tiirlerin hiperakiimiilator 6zellikleri, kirlenmis alanlarin hedef metal segiciligi
gerektiren iyilestirme ¢alismalarinda onem tagimaktadir. Sulak alan ve atiksu aritiminda yaygin
kullanilan Typha angustifolia, Eichhornia crassipes, Lemna minor ve Phragmites australis gibi
hidrofiller hem agir metalleri hem de organik kirleticileri yiiksek verimle uzaklastirma
yetenekleri sayesinde dogal aritma sistemlerinin temel bilesenleri haline gelmistir. Odunsu
tlrlerden Poplar (Populus spp.), hizli biiylimesi ve kok bolgesinde organik kirleticilerin
biyodegradasyonunu hizlandirmasi nedeniyle 6zellikle Klorlu solvent ve petrol tirevlerinin
bulundugu alanlarda kullanilmaktadir. Ayrica Kochia scoparia, Hordeum jubatum,
Andropogon gerardii, Sorghastrum nutans, Elymus canadensis, Agropyron cristatum, Festuca
arundinacea, Thinopyrum elongatum ve Chloris gayana gibi kurakliga ve tuzluluga dayanikli
tiirler, agir metalce zengin bozulmus topraklarda bitkisel ortiiniin yeniden tesis edilmesine katk1
saglamaktadir. Besin fazlasinin uzaklastirilmasi ve toprak kalitesinin yiikseltilmesi agisindan
Medicago sativa, Lathyrus sylvestris gibi baklagiller ile Daucus carota gibi bazi tarimsal tiirler
de hem fitostabilizasyon hem de toprak-biyota etkilesimlerini diizenlemede 6nemli bir ekolojik
islev tistlenmektedir. Bu genis tiir ¢esitliligi, fitoremediasyonun farkli kirletici tiirlerine ve farkl
ekosistem kosullarina uyarlanabilir, maliyeti diisiik ve ¢evre dostu bir biyoteknoloji oldugunu
acikca gostermektedir (Sinha et al., 2007; Adiloglu and Pamay, 2021; Yesilyurt, 2023).

Mikroplastiklerin, bitki kokleri tarafindan emilerek toprak {istli aksamlara taginabilecegini de
belirterek, topraklardan mikroplastik gideriminin kok immobilizasyonu ya da ekstraksiyonu
yoluyla miimkiin oldugunu savunmuslardir. Kok immobilizasyonunun mikroplastikleri
ortamdan uzaklastirmadigin1 ancak hareketliliklerini smirlayarak biyoyararlanimlarini
azalttigin1 ve ekolojik riskleri diiglirdiigii ifade edilmistir. Su ortamlarinda bulunan Thalassia
testudinum, Lemna minor, Fucus vesiculosus gibi su bitkilerinin mikroplastikleri absorbe
ederek hareketliklerini sinirlandigini ¢aligmalarinda belirtmislerdir. Mikroplastik gideriminde
ekstraksiyonun (fitoekstraksiyon), immobilizasyonun aksine mikroplastikleri ortamdan
uzaklastirdigini ifade edilmistir. Yabani otlar ve su mercimegi (Lemna minor) gibi vaskuler
bitkilerin mikroplastikleri biriktirilebildigi ve plastik ayristirict mikroorganizmalarin
mikroplastik yiizeylerinde kolonize olarak mikroplastiklerin karbon omurgalarin1 depolimerize
ettigini, mikrobiyal olarak gliclendirilmis fitoremediasyon yontemi ile mikroplastik
gideriminde kullanilabilecegini belirtmislerdir (Li et al., 2024)

SONUGC

Mikroplastiklerin tarim topraklarina karismasi, yalnizca toprak yapisii ve ekolojik
fonksiyonlar1 bozmakla kalmayip, bitkilerin kok bolgesine, tarimsal irlinlere ve ¢esitli canlilara
gecisiyle birlikte besin zinciri boyunca ilerleyen ciddi bir g¢evresel ve saglik sorununa
doniismektedir. Mikroplastiklerin insan viicuduna kadar tasimabilmesi ve cesitli fizyolojik ile
metabolik sorunlara yol agabilmesi, bu kirliligin g6z ard1 edilemeyecek kadar 6nemli oldugunu
acikca gostermektedir. Ancak literatiir incelendiginde, mikroplastiklerin topraktan giderimine
yonelik ¢aligmalarin siirli oldugu ve 6zellikle bitki temelli aritim yaklagimlarinin yeterince
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arastirilmadigi goriilmektedir. Oysa fitoremediasyonun bilinen mekanizmalar1 ve akiimiilator
bitkilerin Kirletici biriktirme kapasitesi dikkate alindiginda, bu bitkilerin topraktaki
mikroplastiklerin azaltilmasinda potansiyel bir ¢6ziim sunabilecegi anlasiimaktadir. Bu
calisma, akiimiilator bitkilerin mikroplastik kirliliginin gideriminde kullanilabilecegine iliskin
bilimsel bir farkindalik olusturmus ve bu alandaki bilgi eksikligine dikkat ¢ekmistir. Gelecekte
yapilacak kapsamli deneysel ¢aligmalarin, mikroplastik-fitoremediasyon iligkisini daha iyi
aydinlatmasi, yontemlerin gelistirilmesi ve siirdiiriilebilir tarim uygulamalarina katki saglamasi
beklenmektedir. Boylece toprak ekosistemlerinin korunmasi ve insan sagliginin giivence altina
alinmasi adina 6nemli ilerlemeler kaydedilebilecektir.
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ABSTRACT

In recent years, the negative effects of industrial agriculture on the environment and health and
the problems originating from climate change, in addition to the already emerging major
problem of habitat loss, have led to an increase in global problems such as poverty, difficulty
in accessing food, hunger and inadequate and/or unhealthy nutrition. These destructions
demonstrate the importance and necessity of protecting ecological resources, necessary to
continue food production in the future. Organic agriculture stands out as an alternative solution
to these problems. Because organic agriculture is a form of agricultural production that does
not harm human health and the environment and does not use chemical inputs in production.
Therefore, it aims to produce high-quality and nutritious food that contributes to preventive
health services and well-being. Therefore, the aim of the current study is to analyse Tirkiye's
performance in organic agriculture since the year 2019. Data for the period 2019-2023 was
considered. The analysis is conducted using the RAWEC method, which is one of the MCDM
methods. For the method, countries that have applied to become members of the EU are selected
as alternatives and as the indicators; organic farming area, organic area share of total
agricultural land, number of organic producers and processors, pesticide use per capita, and
agricultural production use per value were determined. The analysis results show that there have
no any changes in the rankings of candidate countries' performance for the period 2019-2023.
While Tirkiye maintains its first-place position in all years, its RAWEC score decreased the
most in 2023 compared to 2019. Albania, while the country with the greatest performance
improvement, has not made significant progress in changing its ranking. This situation
highlights the need for candidate countries to embrace the organic production, and to allocate
resources to all strategies and training to ensure compliance. Both the supply and demand for
organic agriculture in our country must increase, and access to healthy food must be ensured
and expanded. Turkey's efforts to adapt to EU norms in this regard will be a valuable
opportunity to protect its ecology and develop its foreign trade.

Keywords: Organic agriculture, RAWEC method, modified standard deviation procedure,
comparison analysis, performance evaluation
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OZET

Son yillarda, endiistriyel tarimin cevre ve saglik iizerindeki olumsuz etkileri ve iklim
degisikliginden kaynakli sorunlar, habitat kayb1 olarak simdiden ortaya ¢ikan biiyiikk sorunun
yani sira, kiiresel 6lgekte karsilagilan yoksulluk, gidaya erisim zorlugu, aclik ve yetersiz ve/veya
sagliksiz beslenme gibi sorunlarin giderek artmasina neden olmaktadir. Bu tahribatlar,
gelecekte gida iiretimini devam ettirmede gerekli olan ekolojik kaynaklar1 korumanin 6nemini
ve gerekliligini gostermektedir. Organik tarim bu sorunlara bir ¢oziim alternatifi olarak 6ne
cikmaktadir. Ciinkii organik tarim, insan sagligina ve gevreye zarar vermeyen ve Uretimde
kimyasal girdi kullanilmadan tarimsal {iretim yapma bi¢imidir. Bu nedenle liretimde, koruyucu
saglik hizmetlerine ve refaha katkida bulunan yiiksek kaliteli ve besleyici gida tiretmeyi
amaclamaktadir. Bu nedenle mevcut ¢alismanin amaci, Tirkiye’nin organik tarim konusunda
sergiledigi performansi, 2019 yilindan itibaren analiz etmektir. Analizde 2019-2023 dénemine
ait veriler ele alimmistir. CKKV yontemlerinden biri olan RAWEC yontemi ile yapilan
analizlerde, alternatif olarak AB’ye liye olmak iizere bagvuruda bulunmus iilkeler; kriter olarak
da bu iilkelere ait olan; Organik tarim alani, Toplam tarim arazisinin organik alan payz,
Organik {iretici ve Organik islemci sayisi, Kisi bagina pestisit kullanimi ve Tarimsal {iretimin
deger basina kullanimi gostergeleri belirlenmistir. Analiz sonuglari, 2019-2023 periyodunda
aday lilke performanslarinin siralamalarinda hi¢ bir degisikligin olmadigin1 gostermektedir.
Tiirkiye, birinci siradaki konumunu korumakla birlikte, 2019 yilina gore 2023 yilinda RAWEC
skoru en fazla zayiflayan {ilke olmustur. Arnavutluk, performansini en fazla artiran iilke
olmakla beraber siralamasini degistirebilecek bir ilerleme kaydedememistir. Bu durum, aday
iilkelerin organik tiretim gibi giincel tarimsal iiretim anlayisini benimsemesi ve bunlara
uyulmasi konusunda her tiirlii strateji ve egitime kaynak ayirmasi gerektigini vurgulamaktadir.
Organik tarim arzi kadar talebinin de lilkemizde artmasi, saglikli gidaya erisimin saglanmasi ve
yayginlastirilmasi gerekmektedir. Tiirkiye’nin bu konuda AB normlarina adapte olmaya caba
sarf etmesi, sahip oldugu ekolojisini koruma ve dis ticaretini gelistirme acisindan degerli bir
firsat olacaktir.

Anahtar Kelimeler: Organik tarim, RAWEC yo6ntemi, modifiye edilmis standart sapma
prosediirti, karsilastirma analizi, performans degerlendirme

GIRIS

Organik tarim; topraklarin, ekosistemlerin ve insanlarin sagligini koruyan bir liretim sistemidir.
Zira olumsuz etkileri olan girdileri kullanmak yerine, yerel kosullara uyarlanmig ekolojik
sureclere, biyocesitlilige ve dongiilere dayanmaktadir. Organik tarim; gelenek, yenilik ve bilimi
bir araya getirerek tlim paydaslar i¢in adil ve faydali iliskiler saglamaktadir (IFOAM General
Assembly, 2008). Organik tarim ile toprak, bitki, hayvan, insan ve gezegenin saglig1 bir ve
boliinmez bir biitlin olarak ele alinmaktadir. Organik tarim, Ozellikle koruyucu saglik
hizmetlerine ve refaha katkida bulunan yiiksek kaliteli ve besleyici gida iiretmeyi
amaclamaktadir. Bu baglamda, olumsuz saglik etkileri olabilecek giibre, pestisit, hayvansal ilag
ve gida katki maddelerini kullanmaktan vazgecilmelidir IFOAM General Assembly, 2008).
2023 yilinda tarimda kullanilan toplam pestisit miktar1 3,73 milyon ton aktif bilesend?2 kati artik
s6z konusudur en olugmakta olup, 2022'ye kiyasla %2 azalma olmustur. Ancak, on yilda %14
artis, 1990 yilina kiyasla 2 kat1 oldugu goriilmektedir (FAO, 2023).

Organik tarim gibi tarimda stirdiiriilebilir sistemler, biiyiiyen bir niifus i¢in saglikli, besleyici
gidalar ve diger dogal iirlinler tiretmek agisindan 6nemlidir. Ayn1 zamanda ¢ift¢ilerin adil bir
yasam siirmelerini, toprak verimlilik ve biyolojik ¢esitliligi yenilemelerini ve artirmalarini, kit
su kaynaklarini korumalarini ve yenilemelerini, iklim degisikligini azaltmalarini ve olumsuz
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etkilenen insanlarin iklim degisikligine uyum saglamalarina ve daha direncli hale gelmelerine
yardimci olurlar (IFOAM Organics International, 2025b).

Tiim diinya tlkelerinin pek ¢ogunda oldugu gibi Avrupa Birliginde (AB) de organik tarima
onem verilmekte ve birlik tlkelerinin uymasi i¢in gelistirilen standartlar ve yaptirimlar ile gii¢lii
bir sekilde desteklenmektedir (Cukur ve Isin, 2024). AB Ortak Tarim Politikasi, tarimda
cevresel, ekonomik ve sosyal siirdiiriilebilirligi saglamak amaciyla tek Avrupa kitasi felsefesine
uygun olarak gelistirilen bir politikadir (European Commission, 2020). Ozellikle 2004
yilindaki AB genisleme siirecinde, Orta ve Dogu Avrupa iilkelerinin de birlige katilmalari
sonucunda, birlik tiyeleri arasinda ekonomik ve sosyal konular basta olmak tizere her alanda
farkliliklar biiyiimiistiir. Ozellikle bu tarihten itibaren, artan farkliliklar1 ortadan kaldirmak
amaciyla tye tlkelerden, gelistirilen iilke stratejileri dogrultusunda ilerleme kaydetmeleri ve
stirdiiriilebilir kalkinma hedeflerine uyum saglamalar1 beklenmektedir. Ayrica, uyum
calismalarinda etkili ilerlemelerin saglanmasi amaciyla iiye iilkelerin 2024 yil1 itibariyla yillik
performans raporu sunmalar1 ve Komisyon ile yillik inceleme toplantist yaparak gerektiginde
specifik takip eylemleri talep edilecektir (European Commission, 2023).

AB filkelerinin, toplam tarim arazisinin organik alan payr bilgisi asagida Sekil 1 ile
gosterilmektedir. Ekonomik olarak gelismis AB {ilkelerinin bazilarinin (Liiksemburg, Hollanda
ve Irlanda gibi) AB ortalamasinin altinda kaldig: goriilmektedir. Sekil 1°de pek ¢ok iiye iilkenin
AB ortalamas iistiinde tam organik tarimi yakaladigi, ancak 2004 genisleme siirecinde iiye olan
iilkelerin (Polanya, Romanya ve Malta gibi) bu seviyenin altinda kaldigi; 2013 yilinda birlige
iye olan Hirvatistan’in ise AB ortalamasina yaklasarak iyi performans sergiledigi
gorulmektedir.
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Sekil 1. AB (e tlkelerinde toplam tarim arazisinde organik tarim alan pay1 (2022)
Kaynak: Eurostat, 2024

Sekil 2’de yesil renk, organik tarima geg¢ilmis alani; mavi renk organik tarima gegilmekte olan
alan1 ve kirmiz1 renk organik tarima tamamen gegilmis alanlar1 gostermektedir. Tiirkiye nin
ise AB iiye tllkelerinin ¢ok gerisinde oldugu ve aday iilkeler klasmaninda yer aldig:
goriilmektedir. Avusturya ve Isvigre’nin tamamen organik tarima gecen alani ¢ok yiiksek olan
tilkeler olarak One ¢iktig1 goriilmektedir. Tiirkiye’nin ise Malta ve Kuzey Makedonya’nn
oniinde, sondan 3. sirada yer ald1 goriilmektedir.

December 18-21 / Paris, FRANCE 125



4th INTERNATIONAL PARIS CONGRESS ON AGRICULTURE & ANIMAL HUSBANDRY

EU ]

Austria |
Estonia
Sweden |
Portugal
Maky
Gresos
Crechia
Latwvia
Fnland |
Shovakia
Denmark
Slovenia
Spain |
France )
Germany
Lithuania ) —
Croatia —
Belgium

Switzedand
Howay |j——

Tlrkrye )
Maorth Macedona
ana |

1] 5 10 15 20 25 30

Montenegro e
=
p—

= Fully converted to organic fanmning = Under conversion to organic farming = Total organic farming
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(2022)

Kaynak: Eurostat, 2024.

Siirdiiriilebilir tarrmsal gida sistemlerini gelistirmek i¢in Gida ve Tarim Orgiitii (FAO) ile
stratejik ortakligi bulunan IFAOM — Organics International’a gore diinya, kiiresel dlgekte
yoksulluk, gidaya erisim zorlugu ve hatta aglik ve yetersiz beslenme ile karsiya karsiya
kalmistir. Diinyada 800 milyondan fazla insan aglikla karsi karsiya kalmakta ve yaklasik 2
milyar insan yetersiz beslenmektedir. Kiresel yetiskin niifusun yaklasik %30'u asir1 kilolu veya
obez ve diinya c¢apinda iiretilen gidanin yaklasik %30'w da israf edilmektedir. Iklim
degisikliginden kaynakli sorunlarin yam sira endiistriyel tarimin ¢evre ve saglik tlizerindeki
olumsuz etkileri ile doga, insanlik tarihinde esi benzeri goriilmemis 6l¢iide tahrip olmaya
devam etmekte, ekilebilir alanlar azalmaktadir (IFOAM Organics International, 2025a).
Bunlarin sonucu olarak ciftcilere makul bir gelir saglayamama ve fosil yakitlara yiliksek
derecede bagimlilik seklinde ortaya ¢ikan sorunlar nedeniyle tarimda degisime olan ihtiyag
meydana gelmistir. Ayrica simdi ve gelecekte gida iiretimi i¢in gerekli olan ekolojik kaynaklari
korumanin gerekliligi zorunluluktur. Bu noktada organik tarim mevcut soruna bir ¢6ziim
alternatifi olarak one ¢ikmaktadir.

Diger taraftan AB komisyonu tarafindan 2019 yilinda kabul edilen Avrupa Yesil Mutabakati
ille 2050 yilima kadar karbon-notr hedefi saglanmaya calisiilmaktadir. Mutabakatta
stirdiiriilebilirligi, ¢cok yonlii ve genis bir sekilde gelistirilen ortak stratejilerin gelistirilmesi
gerektigi prensibine dayanmaktadir. Tek bir kitanin yalniz basia kurtarilamayacagi ve bu
nedenle, Ozellikle ticarete yaptigi ve iliye olmayan iilkelerin de bu felsefeye bagli olmasi
yonunde Kkararlar ile stratejik ortakliklar1 benimsedigi goriillmektedir. Bu baglamda, 6zellikle
aday tilkeler basta olmak iizere AB ile ticaret yapan lilkeleri de kapsayan ve konuyla ilgili
yaptirimlarin takip edilmesi ve uyum ¢abalarinin artirilmasinin 6nemi ortadir.

Bu ¢aligmada amag, siirdiiriilebilirligin 6nemli bir pargasi olan organik tarimda, Tiirkiye’ nin
AB tiye ve aday tilkeleri ile muhtemel farkliliklar1 ortaya ¢ikarmaya c¢alismaktir. Bu baglamda
organik tarim triinleri iiretimi agisindan 6nemli goriilen ve erisilebilen degiskenler olarak;

December 18-21 / Paris, FRANCE 126



4th INTERNATIONAL PARIS CONGRESS ON AGRICULTURE & ANIMAL HUSBANDRY

organik tarim alani, toplam tarim alanin i¢inde organik iiretim yapilan alanin pay1, organik tarim
iretimi yapan {retici sayisi, organik tarim iirlinleri islemci sayisi, kisi bagina diisen pestisit
kullanimi ve tarimsal {iretimin deger basina kullanimi degiskenleri dikkate alinarak Tiirkiye ve
AB iilkelerinin performanslar1 karsilastirilmaktadir. Yapilan karsilastirma ile Tiirkiye’nin
organik tarima yonelik ¢cabasi, objektif bir sekilde degerlendirilebilecektir. Ayrica goreli olarak
yeni bir CKKV metodu olan RAWEC ydntemi, bu alanda ilk kez uygulanarak literatiire katki
saglanmas1 beklenmektedir.

Veri ve YOontem

Bu aragtirmada kullanilan veri, Organik Tarim Arastirma Enstitiisii (Research Institute of
Organic Agriculture (FiBL)) ve FAO (Food and Agricultural Organization) istatistik veri
tabanindan yararlanilmistir. Calismanin yapildigi dénemde en giincel veri 2023 yilina ait
oldugundan, arastirmada 2019-2023 donemine ait veriler ele alinmistir. Calismada alternatif
olarak belirlenen Ulkeler Tablo 1, kriter olarak belirlenen degiskenler Tablo 2 ile
gosterilmektedir. Calismada degisken ve iilkelerde veri kisit1 olmayan kayitlara yer verilmistir.
Tablo 1’de de goriildiigii tizere Tiirkiye yaklasik 40 y1l, Ukrayna ise yaklasik 4 yil dnce tiyelik
basvurusu yapmistir. Bu iilkeler en eski ve en yeni iiyelik bagvurusunda bulunan tlkeler olarak
dikkat cekmektedir.

Tablo 1. AB ‘ye aday tilkeler ve liyelik bagvuru tarihleri

- Uyelik Basvuru _ Miizakerelere Fasil
Ulkeler Tarihi Adayhk Tarihi Baslama Tarihi Sayist
Arnavutluk 24 Nisan 2009 27 Haziran 2014 19 Temmuz 2022 -
Bosna - Hersek 15 Subat 2016 15 Aralik 2022 - -
Gurcistan* 3 Mart 2022 14 Aralik 2023 - -
Karadag * 15 Aralik 2008 17 Aralik 2010 29 Haziran 2012 33/3
Kuzey Makedonya 22 Mart 2004 15-16 Aralik 2005 19 Temmuz 2022 -
Moldova* 3 Mart 2022 24 Haziran 2022 25 Haziran 2024 -
Sirbistan 22 Aralik 2009 1 Mart 2012 21 Ocak 2014 22/2
Tarkiye 14 Nisan 1987 11 Aralik 1999 3 Ekim 2005 16/1
Ukrayna 3822 Subat 24 Haziran 2022 25 Haziran 2024 -

*Eksik veri iceren Ulkeler Kaynak: TC. Disisleri Bakanligi (2025).

Tablo 2. Kriter olarak kullanilan degiskenler

Degisken Kodu Degisken Ac¢iklamasi Birim
X1 Organik tarim alan ha
X2 Toplam tarim arazisinin organik alan pay1 %
X3 Organik Uretici say1si Kisi say1st
X4 Organik islemci sayisi Kisi sayisi
X5 Kisi basina pestisit kullanimi1 Kg/kisi
X6 Tarimsal iiretimin deger bagina kullanimi g/Int$!

! Toplam iiretim miktar1 (gr) / Toplam iiretim degeri (uluslararas1 $)

Kaynak: statistics.fibl.org ve fao.org
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Modifiye Edilmis (Degistirilmis) Standart Sapma (Modified Standard Deviation -MSD)
Prosediri

Puska vd. (2022) tarafindan gelistirilen MSD prosediirii, standart sapma (SD) tekniginin bir
uzantisidir. SD yaklasimina iki adim eklenmistir. Ilk adim, siitun toplamin1 hesaplamaktir.

Ikinci adim, standart sapma degerini bu géstergeye gore diizeltmektir. Bu prosediir asagidaki
adimlar1 icermektedir (Puska vd. 2022; Akbulut ve Aydin, 2024):

Adim 1. Karar matrisinin olusturulmasi. Karar matrisi Y, Esitlik (1) ile gosterildigi sekilde
olusturulmaktadir. Matriste m; alternatifleri, n ise kriter sayilarini ifade etmektedir. The
decision matrix (Y) is prepared as in Eq. (1). This matrix includes m alternatives, K1,...,.Km
based on the n criteria, D1,..., Dn.

Y= [y j]mxn yij: 1. alternatifin j. kriter altindaki degeridir. (1)

Adim 2. Y matrisi, kriterlerin fayda ve maliyet 6zellikleri g6z oniinde bulundurularak, Esitlik
(2) ve (3) yardimiyla normallestirilmektedir.

= Yij : A
Vij maxy |l = 1,2 ..m) fayda kriterleri icin )
V= min{| ” } maliyet kriterleri icin @)

Adim 3. Her kriterin standart sapmast (a,,) hesaplanmaktadir.
Adim 4. Siitunlarin toplaminin toplami hesaplanmaktadir.

Adim 5. Standart sapmanin modifiye edilmis (diizeltilmis) degeri, Esitlik (4) yardimiyla
hesaplanmaktadir.

1 _ o
o= X} yij (4)
Adim 6. Kriterlerin nihai agirliklart Esitlik (5) yardimiyla hesaplanmaktadir.

MSD i

MSD — __J 5
w, (5)
RAWEC Yontemi

Cok kriterli karar verme (CKKYV) yontemlerinden biri olan RAWEC yo6ntemi, Puska vd.(2024)
tarafindan literatiire kazandirilan ve hayli yeni olan bir yontemdir (Akbulut ve Aydin, 2024).
Diger birgok CKKV yaklagimiyla karsilastirildiginda basit, uygulanmasi kolay ve etkilidir.
Yontem, ¢ift normalizasyona ve ideal ve anti-ideal degerlerden sapmalarin hesaplanmasina
dayanmaktadir. Bu yontem asagida verilen islem adimlardan olugsmaktadir (Puska vd, 2024).

Adim 1. Problemin Esitlik (1) ile gdsterilen karar matrisi olusturulmaktadir.

Adim 2. Normallestirilmis karar matrisi, Esitlik (6) ve (7) uygulanarak olusturulmaktadir.
Esitliklerde de gosterildigi lizere karar matrisinin normallestirilmesinde, ¢ift normalizasyon
islemi uygulanmaktadir.
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Vij min{yij|i = 1,2 m}

Vij= max{yij|i — m} ve V= i fayda kriteri igin (6)
_ mm{yu‘l = 1,2 ...m} ' Yij . . ..
Vij= 0 ve V= max{yﬁﬁ —) m} maliyet Kriteri igin (7)

Adim 3. Kriter agirligindan sapmayi elde etmek i¢in denklem (8) ve (9) uygulanmaktadir.
ni= Nt wi . (1 — Vi), wj; . kriter agirhidar. (8)
ni= Tiow (1= V) ©)

Adim 4. Her alternatife ait Q; degeri Esitlik (10) yardimiyla hesaplanmaktadir.

!/
nij—nij

Q; = (10)

!/

RAWEC yonteminde Q; € [—1,1] ‘dir. En yiiksek ; degerine sahip i. alternatif, en iyi
alternatifi gostermektedir.

BULGULAR

Analizde ilk asamada MSD prosediiriinden yararlanilarak her yil i¢in kriterlerin agirliklar
hesaplanmistir. Tablo 3’de 2019-2023 yillarina ait kriter agirliklar1 gosterilmekte ve agirliklarin
genel olarak her yil i¢in 0,14-0,20 aralifinda yer aldig1 goriilmektedir. Tiim yillarda X1
kriterinin en yliksek, X6 kriterinin en diisiik 6nem derecesine sahip oldugu goriilmektedir. X2,
X3 ve X4 kriterlerinin hemen hemen birbirine yakin 6nem derecelerine sahip oldugu dikkat
cekmektedir.

Tablo 3. Yillara gore kriter agirliklar

Agirhklar X1 X2 X3 X4 X5 X6
\W/;MSD-2019 0,20 0,17 0,17 0,17 0,15 0,14
\W/;MSD-2020 0,20 0,17 0,17 0,17 0,15 0,15
\;MSP-2021 0,20 0,16 0,18 0,15 0,16 0,15
\W;MSP-2022 0,20 0,17 0,17 0,16 0,16 0,15
\\;MSD-2023 0,19 0,16 0,17 0,17 0,16 0,15

Agirliklarin hesaplanmasindan sonra, RAWEC yonteminin islem adimlar1 uygulanarak kriterler
ve hesaplanan agirliklar1 ile iilkeler degerlendirilerek her yil icin RAWEC skorlari
hesaplanmaktadir. Ulkelerin yillara gsre RAWEC skorlarlari (Qi), Tablo 4’de gosterilmektedir.

December 18-21 / Paris, FRANCE 129



4th INTERNATIONAL PARIS CONGRESS ON AGRICULTURE & ANIMAL HUSBANDRY

Tablo 4. Yillara gére RAWEC skorlari (i) ve siralamalari

Rankzo1 Rankzo2 Rankzo2 Rankzo2 Rankooz
Ulkeler Qi 9 Qi 0 Qi 1 Qi 2 Qi 3

Arnavutluk -0,60 6 -0,54 6 -0,40 6 0,54 6 -0,39 6

Bosna Hersek  -0,26 5 -0,21 5 -0,31 5 0,21 5 -0,24 5

Kuzey

Makedonya -0,06 4 0,03 4 -0,08 4 0,03 4 -0,07 4
Sirbistan 0,00 3 0,07 3 0,05 3 0,07 3 0,03 3
Tirkiye 0,60 1 0,57 1 0,45 1 0,57 1 0,42 1
Ukrayna 0,12 2 0,13 2 0,18 2 0,13 2 0,15 2

Siralamada ilk 3’de yer alan iilkeler; Tiirkiye, Ukrayna ve Sirbistan’dir. Bu iilkelerin tiim
periyod boyunca pozitif, digerlerinin negatif RAWEC skorlara sahip oldugu goriilmektedir.
Tiim periyot boyunca en diisiik skorlar1 ile 6. sirada yer alan ve istikrarli bir sekilde RAWEC
skorunu artirma trendinde olan tek iilke Arnavutluk’tur. Diger tiim iilkelerin inisli ¢ikish
skorlara sahip oldugu, buna ragmen siralamadaki konumlarinin degismedigi goriilmektedir. Bu
durum, iilkelerin RAWEC skorlari ile kayda deger ilerlemeler sergilemedigi ve organik tarima
hak ettigi onemi yeterince vermediginin bir igareti olarak yorumlanabilir.

SONUC ve ONERILER

Analiz sonuglari, 2019 yilindan 2023 yilina kadar aday iilke performanslarinin siralamalarinda
hi¢ bir degisikligin olmadigini géstermektedir. Tiirkiye, birinci siradaki konumunu korumakla
birlikte, 2019 yilina goére 2023 yilinda performansi en fazla zayiflayan {ilke olmustur.
Arnavutluk performansini en fazla artiran iilke olmakla beraber siralamasini degistirebilecek
bir ilerleme kaydedememistir. Bu durum, aday iilkelerin organik iiretim konusunda gerek
yaptirimlar gerekse bunlara uyulmasi konusunda her tiirlii strateji ve egitime kaynak ayirmasi,
bu konuda AB normlarina adapte olmaya gaba sarf etmesi ekolojiyi korumasi ve dis ticaretini
gelistirmesi agisindan faydali olacaktir. Ozellikle tarirmda modern teknolojilere erisimin
olmadig1 veya zayif oldugu AB’ye aday olan bu iilkelerde, organik tarimin yayginlastiriimasi,
yerel kaynaklarin optimum kullanilmasina katki saglama potansiyeli olusturacaktir.

Diger taraftan, iklim krizi asir1 hava dalgalanmalarina sebep olmakta ve giderek tarim i¢in artan
bir tehdit olusturmaktadir. Oysa organik sistemlerin, siddetli kuraklik ve sel gibi stres
kosullarinda geleneksel sistemlerle karsilagtirildiginda, iklim degisikligine kars1 daha istikrarl
ve direngli oldugu goriilmektedir. Bu nedenle iilkelerin organik tarim alaninda sergiledikleri
performansi artirmalari, gerek iiretici gerekse tliketiciler agisindan fayda saglayacaktir. Ayni
zamanda sagligmin korunmasi, ¢evre kirliliginin dnlenmesi gibi faydali etkileri en biiyiik
kazan¢ olacaktir. Bu nedenle {ilkelerin tarim politikalarinda organik tarima doniisiim
stratejilerini belirlemeleri ve gerekli tesvikleri saglayarak ¢iftcilerin organik iiretim yapmalari
saglamalar1 gerekmektedir. Tiirkiye’nin de, ABD de 1970°de AB iiye iilkelerinde 1975-1980
yillarinda bagladiklar1 adaptasyon diizenlemelerini (FAO, 2025), daha fazla gecikmeden ¢ikarip
uygulamaya baslamas1 gerekmektedir.
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ABSTRACT

Boscalid is an active substance as a fungicide, a member of the succinate dehydrogenase
inhibiting (SDHI) group in the Fungicide Resistance Action Committee (FRAC) list, and is
frequently used in spraying programs in crop protection against Ascomycota members such as
Alternaria spp.. Resistance towards the active ingredient is an emerging problem in Alternaria
populations via mutations in some crop cultivars. The Alternaria genus includes numerous
phytopathogen species that affect a wide range of crops. Alternaria spp. are predominantly
recognized as necrotrophic pathogens responsible for diseases like early blight, brown spot, leaf
and fruit lesions, and necrosis of various plant parts, including underground storage organs.
These pathogens, which are mostly anamorphic members of the Ascomycota phylum, exhibit
a wide geographical distribution and substantial host diversity. It appears that these studies, on
the emerging problem of boscalid-resistance in Alternaria spp. in different commercial crops,
are beginning to increase. Boscalid resistance issues against the disease, Alternaria spp., in
plants such as Solanum lycopercicum, and S. tuberosum, which are members of the Solanaceae
family, Vaccinium spp., which are members of the Ericaceae family, and Pistacia vera, which
is a member of the Anacardiaceae family, which are exposed to Alternaria spp., have been
studied and proven in the scientific field. These studies were conducted in vitro and/or in vivo
environments to evaluate the results of using boscalid alone or in combination with other active
substances. In this review article, information about these studies is compiled, the importance
of the subject is emphasized, and attention is drawn to the issue of Boscalid resistance.

Keywords: Alternaria spp., boscalid, fungal pathogens, resistance

INTRODUCTION

With the increase in the world population, there has been a transition from small production
areas to intensive commercial production areas, and the previously used handmade organic or
inorganic chemicals have been replaced by intensively used and commercially produced
pesticides. One of the most used pesticide groups is fungicides.

From the point of view of fungicides, copper sulphate, sulphur, mercurous chloride, etc. were
the most well-known active substances until the 1940s, but after the 1940s, active substances
such as thiram, captan, dodine, etc. came into use. As we approach the present day, especially
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in the last 50 years, active ingredients such as iprodione, carbendazim, metalaxyl, etc. have
taken their place in the market and have begun to be used extensively (Beckerman et al., 2023;
Russel, 2005).

Excessive use of some of the fungicides, at inappropriate times, and using inappropriate
methods has ultimately led to resistance problems. In fact, mutations introduced by the
pathogen in the affected target area or the changes in the pathogen population play crucial roles
in this problem. For all these reasons, resistance to lots of active ingredients has occurred in the
combat against fungal diseases seen in many plant species (Grabke et al., 2014; Hu et al., 2015;
Lucas et al., 2015 Wang et al., 2022).

Fungi are found in plants as pathogens, besides being saprophytes, and endophytes. The most
important issue in plant production is to overcome phytopathological problems and protect the
crops with sustainable methods. However, due to many reasons stated above, sustainability may
not be possible in the use of a product obtained as a result of many research and development
studies (Abubakar et al., 2020; Beckerman et al., 2023).

The Alternaria genus has also phytopathogenic species as members of the Ascomycota phylum
and affects dozens of commercially important plant groups. Many organic and inorganic active
substances have been identified against Alternaria spp., boscalid being one of them. Boscalid
is also an active substance that has been obtained and tested as a result of many studies. Boscalid
is also now facing resistance issues in some plants to the plant pathogen, which is associated
with Alternaria diseases. This review article will address the issue of boscalid resistance in
commercially produced plants suffering from the pathogens Alternaria spp..

CHARACTERISTICS AND USES OF BOSCALID

Boscalid controls a broad range of phytopathogenic fungi in cultivated plants via inhibition of
fungal development. The inhibited development stages are germ tube elongation, appressoria
formation, and mycelial growth. The active ingredient is transported via translaminar and
acropetal ways (Stammler et al., 2008). Boscalid was registered in Chile, Korea, the UK in
2002, and the USA in 2002 (Anonymous, 2025a).

Boscalid is an active substance as a fungicide, a member of the SDHI group in the Fungicide
Resistance Action Committee (FRAC) list (FRAC, 2025), and is frequently used in spraying
programs in crop protection against Ascomycota members. Boscalid was registered alone with
50% active ingredient to control Penicillium spp., Botrytis cinerea, Monilia fructigena,
Alternaria alternata f. sp. citri in apple, pistachio, tangerine, and grape. In addition, boscalid
usage is registered in combination with other substances to control Erysiphe corylacearum,
Sphaerotheca macularis, Leveillula taurica, Puccinia porri, etc. in hazelnut, vegetables,
strawberry, etc. in Turkiye (Anonymous, 2025b), and in some of the other countries
(Anonymous, 2025c; Anonymous, 2025d).

Before resistance studies, there were numerous studies about the boscalid effects on fungal
diseases on crop protection. In a study on the sensitivity of Botrytis cinerea from vegetables to
boscalid in a greenhouse (Zhang et al., 2007), it was found out that boscalid inhibited mycelial
growth and conidial germination in appropriate and over-doses. In addition, the study
emphasized that resistance was lower than for prymethanil. Secondly, synergism between
boscalid and kresoxim-methyl was pointed out. Another study was about boscalid effects on
Sclerotinia sclerotiorum isolates in oilseed rape and beans to observe differences in sensitivity
on the isolates from boscalid-treated fields or not treated fields (Stammler et al., 2007). The
results indicated that the frequency distribution of the ED50 values was similar for both types
of isolates. In a study on boscalid and fluazinam treatment for controlling Sclerotinia minor in
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peanuts was shown that the fungicides are effective when applied before infection (Smith et al.,
2008). Penicillium digitatum is an important pathogen at the post-harvest stage in citrus.
Boscalid was applied to 189 isolates of the pathogen and the results indicated that the active
substance has fungicidal action against P. digitatum in the study (Xu et al., 2020). These studies
show that the active ingredient boscalid has a place and value in crop protection against fungal
diseases.

CHARACTERISTICS OF THE ALTERNARIA SPP. AND ITS DAMAGES TO PLANTS

The species belonging to the genus Alternaria hold particular importance due to their wide host
range and capacity to cause significant damage both economically and ecologically among
fungal plant pathogens. These pathogens can induce diseases such as stem cankers, tuber decay,
leaf blight, seed necrosis, and fruit rot in a variety of crop species (Goetz & Dugan, 2006;
Adongo et al., 2015; Mati¢ et al., 2020).

The cultivated plant families, such as Apiaceae, Cucurbitaceae, Ericaceae, Fabaceae, Rosaceae,
Rutaceae, Solanaceae, etc., represent major groups affected by Alternaria spp.. These crops
occupy large global cultivation areas and contribute significantly to global food security
(FAOSTAT, 2025). Consequently, understanding protection and remedy methods against
Alternaria in cultivated plant families is of critical importance for plant protection efforts
worldwide.

In the last decades, lots of studies have demonstrated that different Alternaria spp. can be
pathogens in various crops. For example, Alternaria jingzhouensis was found on leaves of
Citrullus lanatus, and A. momordicae was found on Momordica charantia leaves as weak
pathogens, but these were highly pathogenic on some other cucurbits (Aung et al., 2024). In a
study on cucurbit leaf spot, Alternaria alternata, A. arborescens, and Curvularia sp. were found
in different degrees of pathogenicity (Paredes-Machado et al., 2025). Nanofungicides with
selenium and silicon were applied against Alternaria alternata, which is a pathogen in
Phaseolus vulgaris L. (Taha et al., 2023).

Anwaar et al. (2020) evaluated the effects of some fungicides and biopesticides for the control
of Alternaria citri in citrus, which causes black necrotic lesions on branches, young leaves, and
fruits. The Apiaceae family also has an important role as a source of vegetables and aromatic
plants. Bessadat et al. (2025) found that new species of the Alternaria genus and, emphasized
that the family can be a reservoir for the Alternaria genus.

The conclusion emerging from these studies is that Alternaria spp. can be found in many plant
families, and new species within the families have been identified day by day. In addition to
identifying the pathogen species, these studies also address preventative and control measures.

BOSCALID RESISTANCE IN THE COMBAT AGAINST ALTERNARIA SPP.

Resistance mechanisms for the SDHI group have been studied among phytopathogen fungi
such as Aspergillus sp., Botrytis cinerea, Didymella sp, Blumeriella sp., Fusarium sp., Erysiphe
sp., etc., and well documented in a review articles (Yin et al., 2023; Kovacevik et al., 2025).
Although not many years have passed since the introduction of boscalid to the market, studies
on its resistance or sensitivity to Alternaria spp. have begun.

Alternaria alternata is one of the main pathogens on medicinal plant Fritillaria thunbergii, and
the main protection method is the use of chemical fungicides in China. Procymidone resistance
occurred in the main growing fields in recent years, and research showed that the resistance
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caused a cross-resistance between the active ingredient and iprodione and between boscalid and
pydiflumetofen. In addition, four types of mutations were found in boscalid-resistant isolates
(Wang et al., 2025).

Boscalid resistance has been studied by Avenot et al. (2008; 2014) and Avenot & Michailides
(2020) for Alternaria alternata in pistachio orchards. The boscalid resistance at different levels,
SDHD mutations in Alternaria sp., cross or multiple resistance between the other applied active
ingredients, and rapid development in Alternaria sp. resistance to boscalid were indicated in
the studies.

Blueberry species are popular due to their health benefits and their taste. Alternaria fruit rot is
one of the postharvest problems affecting the yield. The growers chose fungicide application
before harvest in crop protection to overcome the disease. In a study seven fungicides,
including boscalid, were assessed for fungicide resistance profiles. The results showed that
nineteen of forty-three Alternaria alternata isolates were resistant to boscalid (Beg et al., 2025).
In addition, one A. tenuissima and one A. limoniasperae isolate were found resistant to boscalid.

Prunus dulcis is an important fruit and is affected by Alternaria spp. in late spring or early
summer. Boscalid resistance was assessed from 520 isolates of A. alternata. 204 of them found
resistance to boscalid, and they showed that the resistance developed within a short time after
its registration for almonds. They emphasized that applications of other fungicides in different
modes of action in mixed or rotated ways can be a management method for the disease (Forster
etal., 2022).

Broccoli seeds can be infected naturally by Alternaria brassicicola, and the isolates of the
pathogen showed reduced sensitivity to azoxystrobin in a study (Kaur et al., 2025). In
continuation of the study, nine of the fifty-eight isolates of the pathogen showed reduced
sensitivity to the SDHI group fungicides, boscalid and penthiopyrad, in broccoli seeds.

At the same time, the boscalid resistance or reduced sensitivity to Alternaria spp. has been
studied in other crops such as strawberries (Li et al., 2025), tomatoes (Shi et al., 2015), and
potatoes (Kokaeva et al., 2025), etc. Within the scope of the present review, the boscalid
resistance was associated with the SDHI resistance mutations, cross or multiple resistance in
fungicides that share the same group, location of pathogens, or differences in the pathogen
species.
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OZET

Ulkemiz zeytin ve zeytinyagi agisindan biiyiik 6nem tasimaktadir. Zeytinyaginin en onemli
bilesenleri fenollerdir. Zeytinyaginin elde edilme ydntemlerine gore miktarlart degisiklik
gostermektedir. Tirk Gida Kodeksi Zeytinyagi Ve Pirina Yagi Tebligi’ne gore zeytinyaglari
asitlik derecesi agisindan dogrudan tiikketime uygun veya tiiketilemez sekilde 2 grupta bulunur.
Bu durumu etkileyen en 6nemli faktorler gesit, ekoloji, bakim kosullar1 ve hasat zamanini yan1
sira isleme teknolojisidir. Zeytinyaginda kalitenin belirlenmesi ile ilgili caligmalarda genellikle
soxhelet yontemi kullanilmaktadir. Fakat bu yontem sirasinda yiiksek sicaklik ve siirtiinme
etkisi nedeniyle fenolik bilesenler miktarinin tam net tespit edilemedigi diisliniilmektedir.
Zeytinyagr miktarinin az oldugu c¢alismalarda Abencor sistemi kullanilarak yapilan
arastirmalarda, yag kalitesi daha dogru bir sekilde tespit edilebilmektedir. Fakat bu makinenin
yiiksek fiyatlarda olmasi nedeniyle bulunmasi zordur. Ayni zamanda literatiirde laboratuvar
kosullarinda zeytinyag1 ¢ikarmak icin farkli calismalarda bildirilmistir. Bu calismada
zeytinyagi ekstraksiyon yontemleri tizerinde durulmus, sanayi tipi ve laboratuvar kosullarinda
ekstraksiyon olmak (zere iki ana baslikta incelenmistir. Bunun yani sira c¢alismada
laboratuvarda kiiciik miktarlarda zeytin ornekleri i¢in gelistirdigimiz yag c¢ikarma metodu
literatiire kazandirilmak istenmistir. Bu sekilde daha kisa silirede ve biiyiik makinelere ihtiyag
duymadan aragtirma caligsmalarinda kullanilabilecek kiiciik dlgekli bir metot hazirlanmistir.
Gelistirilen bu metodun akademik caligmalara kolaylik saglayacag: diistintilmektedir.

Anahtar Kelimeler: Abenkér, Ekstraksiyon, Soguk Sikim, Soxhelet, Zeytinyagi.

ABSTRACT

Our country holds significant importance in terms of olive and olive oil production. The most
important components of olive oil are phenolic compounds. The quantity of these compounds
varies depending on the method of olive oil extraction. According to the Turkish Food Codex
Communiqué on Olive Oil and Pomace Oil, olive oils are classified into two groups in terms of
acidity level: those suitable for direct consumption and those not suitable. The most critical

December 18-21 / Paris, FRANCE 139



4th INTERNATIONAL PARIS CONGRESS ON AGRICULTURE & ANIMAL HUSBANDRY

factors affecting this classification include variety, ecology, cultivation conditions, harvest
time, and processing technology.

In studies related to the determination of olive oil quality, the Soxhlet method is generally
employed. However, due to the high temperature and friction effects involved in this method,
it is believed that the exact amount of phenolic compounds cannot be accurately determined. In
studies involving small amounts of olive oil, the Abencor system allows for more accurate
determination of oil quality. Nevertheless, due to the high cost of this equipment, it is not readily
accessible. Additionally, various other laboratory-based olive oil extraction methods have been
reported in the literature.

This study focuses on olive oil extraction methods and examines them under two main
headings: industrial-scale and laboratory-scale extractions. Moreover, it introduces a new oil
extraction method developed for small quantities of olive samples in laboratory settings. In this
way, a small-scale method that does not require large machinery and can be used in research
studies within a shorter time frame has been developed. It is believed that this method will
facilitate academic research.

Keywords: Abencor, Cold Press, Extraction, Olive Qil, Soxhlet.

GIRIS

Zeytin agacinin yayilis alani, hem kuzey hem de giiney yarim kiirelerde 30° ve 45° enlemleri
arasinda bulunmaktadir. Zeytin, kurak ve sicak ekolojilere adapte olmus Akdeniz iklimi
bitkisidir (Pansiot and Rebour,1964). Ulkemiz zeytin ve zeytinyag1 acisindan biiyiik dnem
tasimaktadir. Zeytinyaginin en Onemli bilesenleri fenollerdir. Zeytinyaginin elde edilme
yontemlerine gore miktarlar1 degisiklik gostermektedir. Rodis vd. (2002) mevcut meyve
fenollerinin yalnizca %]1-2'sinin zeytinyagina aktarildigini, geri kalaninin (%98) atiklarla
birlikte kayboldugunu bildirmistir. Zeytin fenolleri, antioksidan, antimikrobiyal, antikanser ve
digerleri gibi cesitli biyoaktiviteleri nedeniyle son birkac on yilda artan bir ilgi gdrmiistiir ve
bunlari en degerli ve umut verici diyet bilesiklerinden biri olarak belirlemistir (Obied vd. 2007;
Obied vd. 2005; Jerman Klen vd. 2015).

Natiirel zeytinyaglari, zeytin agact meyvesinden, dogal 6zelliklerini degistirmeyecek bir
sicaklikta sadece mekanik veya fiziksel islemler uygulanarak elde edilen, berrak, yesilden
sartya degisebilen renkte, kendine Ozgii tat ve kokuda olan dogal halinde gida olarak
tilketilebilen yaglardir. Natiirel zeytinyaglar1 diger nebati yaglardan farklidir. Bu farkliliga
neden olan en temel iki 6zellikten ilki; zeytin meyvesinin dogasindan kaynaklanmaktadir.
Ikincisi ise eger hammadde, yani zeytin, iyi kalitede ise tamamen mekanik yollarla elde
edilen yagin aninda yenilebilir nitelikte olmasidir (Gogiis ve Yildirim. 2009).

Zeytin meyvelerinin soguk preslemeyle ekstraksiyonuyla elde edilen sizma zeytinyagi
(EVOO), 6nemli bir bilesendir. EVOO'nun kimyasal bilesimi karmasiktir ve aralarinda fenolik
bilesiklerin ve polifenollerin bulundugu heterojen bir bilesik karisimi igerir. Polifenoller,
fenolik asitler, fenolik alkoller, sekoiridoidler, lignanlar ve flavonoidler gibi farklit maddeleri
icerir. Fenolik bilesikler, miikkemmel bir antioksidan kaynagi olduklari i¢in incelenmistir ve
ozellikleri kronik hastaliklarin 6nlenmesinde insan sagligina faydalar saglar (Tripoli vd. 2005).

Zeytinyag1 sikim prosediirli, yikama ve yabanci maddelerden ayirma, kirma, yogurma
(malaksasyon), kati-sivi faz ayrimi (dekantor) ve sivi-sivi faz ayrimi (seperasyon)
kisimlarindan olusmaktadir. Bu asamalarda zeytin hamuru ve yagin kalis siiresi ve sicaklik
derecesi yag miktar1 ve icerik bilesimi agisindan dnem arz etmektedir. Zeytinyaginin olusumu
sirasinda etkili olan faktorler ve sistemler asagida aciklanmstir.
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Sizma zeytinyag kalitesi zeytin ¢esidi, iklim 6zellikleri, bitki besleme, hasat, depolama ve
isleme teknikleri gibi farkli faktorlere baglidir. Pouyafard vd. (2016) zeytin agaglarinda su
stresinde baz1 fizyolojik ve morfolojik degisimler oldugunu bildirmistir. Bu durum ayni sekilde
zeytinyag1 kalitesini de etkilemektedir. Zeytin kirma, sizma zeytinyagiin organoleptik ve
besinsel nitelikleri Gzerinde 6nemli bir etkiye sahiptir. Metalik kiricilar kullanildiginda, yaglar
siddetli etki nedeniyle daha yiiksek fenolik bilesik i¢erigine sahiptir ve daha ac1 ve keskindir.
Zeytin ezmesi yogurma islemi yag verimini ve ayrica yagin antioksidan igerigini etkiler. Uzun
slireli yogurma ile yag verimi genellikle artarken yaglarin fenol igerigi azalir. Zeytin ezmesinin
kat1 ve s1v1 fazlarindan yagin ayrilmasi basing, siizme veya santrifiijleme sistemleri kullanilarak
gerceklestirilir (Di Giovacchino vd. 2002a).

Hamur yogrulurken makinelerin disina su verilerek zeytin hamuru isitilir. Verilen suyun
sicaklign 27 °C’den diisiikse soguk sikim zeytinyagi, 27-50 °C arasinda ise sicak sikim
zeytinyagl olarak degerlendirilir. Sicak su kullanilarak kati hamurdan daha fazla yagin
ayrilmasi ve yag oramm arttirmak hedeflenmektedir (Anonim, 2024a). Uretim sirasinda
zeytinyaginin kalitesine en fazla etki eden sartlar malaksiyon islemi sirasinda olusur.
Malaksiyon kirilip parcalanan zeytinin hamur haline getirilerek yogurulmas: iglemidir. Bu
islem sirasinda yagin daha fazla ¢ikmasi i¢in zeytin hamuruna verilen su 40-45 °C’lere kadar
cikabilir. Kalua vd. (2006), hamur 1sisinin belli bir sicakligin iizerine ¢ikmasinin elde edilen
zeytinyagi kalitesini bozdugunu belirtmistir (Ering vd. 2018; Kizilaslan ve Birsin, 2022). Salas
ve Sanchez (1999) geleneksel basing yag ¢ikarma prosediiriinde, ikinci adim olan malaksasyon
genellikle 30 °C'de 30 dakika boyunca gergeklestirildigini, ancak bu parametrelerin hamurun
ozelliklerine bagli olarak degisebildigini belirtmislerdir. Diger taraftan, gliniimiizde daha
yaygin olan siirekli santrifiijleme yag c¢ikarma prosediirii daha uzun malaksasyon siirelerini
igerir. Sicaklik bu derecenin iistiine ¢iktiginda ise enzimlerin de etkisiyle zeytinyaginda kusurlar
olugmaya baslamaktadir.

Gidalardaki yag miktari, siit ve siit iirlinlerinde Gerber yontemiyle, bunun disinda kalan
gidalarda ise sokselet (soxhelet) yontemiyle saptanmaktadir. Sokselet (soxhelet) ekstraksiyon
cihaz1 kullanilarak uygun bir ¢6ziicii ile 6rnekteki yagin ekstrakte edilmesi ilkesine dayanir. Bu
yontemde ¢oziicl olarak normal pentan veya hekzan kullanilir. Bu sekilde 6rnekten elde edilen
yag miktari, yontemde belirtilen sartlarda ekstrakte edilen maddenin tiimiidiir ve % olarak ifade
edilir. Analiz edilecek 6rnegin nem oranmin %10’un altinda olmasi i¢in 6rnek bir kurutma
kabma konarak 80 °C’den fazla olmayan sicaklikta etiivde kurutulur. Yag ekstraksiyonu,
ogitmeden sonra 30 dakika i¢inde tamamlanmalidir. Daha once etiivde kurutulmus ve
desikatorde sogutulmus olan ve icinde iki tane cam boncuk bulunan balon 1 mg duyarlilikta
tartilarak darasi1 almir. Ornek &giitiildiikten sonra yaklasik 5-10 g + 0.5 mg duyarhilikta tartilir.
Tartilan numune, ¢6ziicli ile 1slatilmig kii¢iik bir par¢a pamuk tampon kullanilarak kartusa
konur. Kartus ekstraktore yerlestirilir. Balona yeterli miktarda (yaklagik 150 ml-1.5 sifon
hacmi) ¢oziicii ilave edilir. Balon, ekstraktor ve sogutucu birbirine baglanir. Su banyosu veya
wisiticili tabla {izerine yerlestirilir. 6-8 saatlik ekstraksiyon uygulanir. Balonun igerisindeki
¢oziiclinlin biiyiik bir kismi1 damitilarak geri alinir. Bu islem sirasinda yag balonu igerisinde
toplanan yagin yanmamasina dikkat edilmelidir (Anonim, 2025b).

Sokseletin (SE'nin), diger geleneksel katt numune hazirlama teknikleriyle karsilastirildiginda
en ciddi dezavantajlar1 sunlardir: (1) ekstraksiyon i¢in gereken uzun siire ve sadece atilmasi
pahali olmakla kalmay1ip ayn1 zamanda ek ¢evre sorunlarina da neden olabilen biiyiik miktarda
ekstraktant atigi; (2) geleneksel Soxhlet ekstraktorii, adimi hizlandiracak olan calkalamay1
saglayamaz; (3) kullanilan biiyiikk miktarda c¢ozlcl nedeniyle, ekstraksiyondan sonra bir
buharlastirma/konsantrasyon adimi zorunludur (L6pez-Bascon and De Castro, 2020).

Yeni numune hazirlama tekniklerini gelistirmenin ve mevcut numune hazirlama tekniklerini
iyilestirmenin temel hedefleri sunlardir: (1) insan miidahalesini 6nlemek veya en aza indirmek
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icin otomasyon; (2) miimkiin olan en kisa siirede ¢ok sayida numunenin islenmesini saglamak
icin hizlandirma; ve (3) ¢oziicii ortadan kaldirma veya miimkiin degilse daha az toksik
¢oziicililerin azaltilmig hacimlerinin kullanilmasidir (de la Guardia and Garrigues, 2012; R1’os
vd. 2009; Lépez-Bascon and De Castro, 2020).

"Abenkor" zeytinyagi tiretiminde kalite ve verim degerlendirmesi i¢in kullanilan kiiciik 6lcekli
bir ekstraksiyon sistemi olarak tanimlanabilir ve ozellikle arastirma ve kalite kontrol
caligmalarinda tercih edilmektedir. Abenkor sistemi, zeytinlerin laboratuvar ortaminda
kontrollii kosullarda islenmesini saglar. Sistem, zeytinlerin ezilmesi, hamurun karistirilmasi ve
santrifiij yoluyla yagin ayristirilmast asamalari icermektedir. Bu sayede, farkli zeytin
cesitlerinin, hasat zamanlarimin veya isleme yontemlerinin zeytinyagi kalitesi ve verimi
iizerindeki etkileri detayli olarak incelenebilir (Uyanik and Glimiiskesen, 2024).

Zeytin meyvesi nemi, EVOO'nun fenolik i¢erigini olumsuz yonde etkiliyor gibi goriinmektedir;
yaga fenolik transfer oran1 daha diisiik olan bu ¢esitler, zeytin meyvelerinde yiiksek oranda nem
sunmustur (Talhaoui vd. 2016). %50'den fazla nem igeriginin, yag ¢ikarma igin "zor" zeytin
ezmesine neden oldugu disiinilmistir (Di Giovacchino, 1991; Cecchi vd. 2019). Fenolik
bilesikler esas olarak zeytin ezmesinin su ve yag fazlar1 arasinda dagilmistir. Fenolik
bilesiklerin su fazina olan daha biiyiik afinitesi, zeytin meyvelerinde bulunan fenollerin yalnizca
%0,05-1"inin yaga aktarildigi anlamma gelir (Cecchi vd. 2018). EVOO'un fenolik bilesik
igerigini artirmak i¢in yag ¢ikarma sirasinda su temininin sinirlandirilmasi onerilebilir (Cecchi
vd. 2019).

MATERYAL VE YONTEM

Zeytinyagiin soguk sikim olarak elde edilmesi i¢in yeni bir ekstrasyon teknigi gelistirilmistir.
Bu sayede kiigiik 6l¢ekli calismalarda zeytinyagi sikimi i¢in yeni bir bakis agis1 sunulmustur.
Rengi donmeye baslayan zeytinler toplandiktan sonra ayni giin laboratuvara getirilir.
Buzdolabinda +4 °C de 2-3 giin kadar bekletilebilir. Fakat giin icerisinde tamamlanacak kadar
miktarla ilerlenirse daha fazla yag elde etmek i¢in uygun olacaktir. Zeytinler yabanci
maddelerden ayristirmak ve tozunu gidermek ic¢in yikanir. Suyunun tamamen akitilmasi
saglanir. Daha sonra meyveler kiyma makinesinden gegirilir. Meyve miktarinin fazla olmasi ve
cekirdeklerin kiiciik olmasi kiyma makinesinden gecisi kolaylastirmaktadir. Cekirdeklerin
makineyi tikamamasina dikkat edilmelidir. Zeytinler fazla bekletilmeden kiyma makinesinden
gecirilerek behere alinir. Ardindan agz1 kapali bir sekilde 30 °C de etiive konur. Elde edilen
hamur 20-25 dakika etiivde bekletilir. Bu asamaya kadar kisim fabrikadaki malaksor asamasini
icermektedir. Daha sonra 16’lik tiiplere koyularak santrifiij i¢in hazirlanir. Hamur tiipiin yarisi
kadar doldurulur. Santrifiij igerisine karsilikl1 olarak yerlestirilir. 4000 devirde 15-20 °C de 15
dakika boyunca titresime tabi tutularak yagin iist tarafta birikmesi saglanir. Bu agama ise kat1
stvi faz ayirma asamasi olan dekantor gorevi gormektedir. Sonrasinda siringa ile iist tarafa
biriken yag bir kaba tiipe doldurulur. En son asama separatdr asamasidir ve yag geri kalan
maddelerden ayrilarak saf hale getirilir (Sekil 1, 2). Analiz edilmek Uzere +4 °C de
buzdolabinda saklanir. Eger daha uzun siire bekletilecekse -22 °C de bekletilmelidir. Sicak
sitkim ile diisiik degerlere sahip olacak fenolik bilesenler bu yontemle birlikte daha dogru
sonuglar verecek ve yaga daha iyi bir sekilde gegebilecektir.
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Sekil 1. Zeytinyagi eldesinde yeni yontemin ilerleme asamalari
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BULGULAR VE TARTISMA

Calismada gelistirilen metot ile birlikte laboratuvar kosulllarinda kisa siirede ve kolay bir
sekilde yag c¢ikarma imkani saglanmistir. Zeytinyagi sikim prosediirii asagidaki sema ile
gosterilmistir. Bu sayede herhangi bir kimyasal veya yliksek sicaklik uygulamasi olmadan
isleme gergeklesmektedir. Fakat cikarilan yag miktar1 diger yontemlere gore daha az
olmaktadir.
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Sekil 2. Zeytinyagi eldesinde prosediiriin akis semasi

Bir zeytinyagi degirmeni basing sistemiyle donatildiginda, zeytin kirma genellikle 20-30 dakika
boyunca granit degirmen taslar1 (2-6 tasl) tarafindan gerceklestirilir. Elde edilen zeytin ezmesi
daha sonra bir hidrolik presle sikilir. Bu sekilde iyi yag c¢ikarma verimleri elde edilir (Di
Giovacchino and Solinas, 1987). Bir zeytinyagi degirmeni santrifiijleme sistemiyle
donatildiginda, zeytin kirma genellikle mobil veya sabit cekicler, disli diskler, koniler veya
silindirler gibi metalik kiricilar tarafindan gerceklestirilir (Munoz Aranda and Alba Mendoza,
1980). Zeytin ezme isleminden sonra elde edilen zeytin ezmesi, sonraki yag ayirma adimi igin
iyi bir sekilde hazirlanmasi ve daha iyi bir ekstraksiyon verimi elde edilmesi ig¢in
malakslanmalidir. Basing sistemiyle ¢alisan bir zeytinyagi degirmeninde, zeytin ezmesi I¢in
malaksasyon suresi 10-20 dakikadir ve sicaklik 20-25 °C'den yiiksek degildir. Genel olarak,
zeytin ezmesi malaksasyonunun siiresi ve sicakligi arttikca yag oraninda bir artis oldugu
bildirilmistir (Di Giovacchino, 1991). Yogurma siiresi ayrica, laboratuvar 6lgeginde bitkilerle
yapilan bazi arastirmalarda (Montedoro vd. 1994; Servili vd., 1992; Lercker vd. 1999; Angerosa
vd. 2001; Angerosa vd. 1998) veya endiistriyel zeytinyagi fabrikalarinda Di Giovacchino vd.
(2002a)’ nin bildirildigi gibi, yaglarin ugucu maddelerinin bilesimini de etkilemektedir.

Yagin toplam fenol igerigi, yalnizca malaksasyon sirasinda zeytin ezmesinin sicakligi arttiginda
degisebilir. Kiiciik laboratuvar tesislerinde gerceklestirilen bazi arastirmalarda, malaksasyon
adimi sirasinda zeytin ezmesinin sicakligindaki artigin, yagin toplam fenol iceriginde bir
azalmaya yol agtig1 belirtilmistir [Montedoro vd. 1994; Servili vd. 1992; Angerosa vd. 2001,
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Servili vd. 1994). Bu durumda, laboratuvar 6l¢eginde gergeklestirilen testlerden elde edilen
sonuclarin bazen endiistriyel bir zeytinyagi fabrikasinda elde edilecek sonuclari tahmin etmede
yararlt olmadig1 agiktir (Di Giovacchino vd. 2002b). Gelistirilen yontem ile ezme sonucunda
elde edilen hamur yumusak dokulu olmakta, celik bigaklar sayesinde biiyiik parcalar
kalmamaktadir. Etiivde ise uygun sicaklik derecesi saglandigindan yaglarin aciga ¢ikmasi
kolaylagmakta ve hamura su eklemeye gerek kalmamaktadir. Nitekim bu durum, diger
yontemlerde ortaya c¢ikan problemi engellemektedir. Eger kullanilan meyvelerde su orani az
olursa odunsulugu énlemek amaciyla 20-25 °C civarinda bir miktar su eklenmesi miimkiin
olabilmektedir.

Cekirdekleri kirmak i¢in gereken gii¢, yiiksek enerji dagilimi ve kiitlenin 6nemli 6lgiide
1sinmasit ile soklar, vurmali galkantilar, ezme ve siddetli darbeler iiretir (Romaniello vd. 2017;
Squeo vd. 2017). Bu durumda meyve kuru ise ve igeri su da verilmiyorsa fazla siirtinme ve 1s1
artisina bagl olarak yagda odunsu bir his tespit edilebilir. Bu etkiler, EVOO'nun son miktarini
ve fenolik ve ucucu profillerini etkileyen endojen enzimatik aktivitelerde 6nemli bir rol oynar
(Servili and Montedoro, 2002; Servili vd. 2011). Caponio vd. (2003), ¢ekicli degirmenin tas
degirmenlere gore bitki dokularindan daha fazla miktarda fenol ¢ikarmayr miimkiin kildigini
ve sonug olarak cekicli kirict ile Uiretilen yagin tas degirmenlerle elde edilenden daha ac1 ve
daha yiliksek antioksidan kapasiteye sahip oldugunu bulmuslardir. Zeytin ¢ekirdegi, tiim
cekirdekte yiiksek diizeyde peroksidaz (POX) aktivitesi icerir (Luaces vd. 2007; Servili vd.
2007), bu da fenollerin oksidatif reaksiyonlarini etkiler ve VOO fenolik igerigini belirlemede
onemli bir rol oynamaktadir (Garcia-Rodriguez vd. 2015). Tohum dokularinin hafif bir sekilde
bozulmasi veya bir ¢ekirdek ayirma makinesinin kullanimi nedeniyle POX'un siirlt aktivitesi,
mekanik ekstraksiyon islemi sirasinda VOO'larin fenolik bilesiklerinin iyilestirilmesine iliskin
sonuglar1 dogrulamaktadir (Garcia-Rodriguez vd. 2015; Tamborrino vd. 2020; Amirante vd.
2006; Angerosa and Di Giacinto, 1995; Manganiello vd. 2021, Taticchi vd. 2014; Tamborrino
vd. 2022).

Zeytinyag1 iiretim asamalarinda kullanilan suyun sicakligi soguk sikim ve sicak sikim gibi iki
kavrami ortaya ¢ikarmistir. Uretim teknigi acisindan zeytinin yaga doniisene kadar gecirdigi
evreler ayn1 olmakla birlikte farkliligi yaratan sadece suyun derecesidir. Bu durum soguk
stkimda zeytinyag1 kalitesinin yliksek olmasini saglar. Bunun yani sira en 6nemli faktorlerden
digeri ise meyvelerin erken hasat edilmis ve en kisa siirede tesise ulasmis olmasidir. Sicak veya
soguk su kullanimi yogurma asamasinda hamur ve yagin birbirinden ayrilmasi igin
kullanilmaktadir.

Nebioglu (2020) sizma zeytinyaginin duyusal 6zellikleri ve biofenol miktarinin depolama
kosullarina ve siiresine gore degisiklik gosterdigini belirtmistir. Yaptigi ¢alismada Gemlik
cesidinde biofenol miktarlarinda degisen malaksasyon sicaklik ve siirelerinde genel olarak
diistis gozlenmekle birlikte sicakligin  50°C’ye c¢ikmast ile bir miktar yikseldigi
gozlemlenmistir. Ancak en yiiksek biofenol miktar1 30°C ve 30 dakikalik (G1) malaksasyon
sonucu elde edilen iiriinde tespit edilmistir (227 kg/mg). Garcia-Ayuso and De Castro, (1999)
caligmalarinda soxhelet yontemini kullanmis ve ortaya ¢ikabilecek olumsuz durumlara karsi
Oneri getirmislerdir. Sizdirma isleminin hizlandirilmas: igin ekstraksiyon haznesinde
odaklanmis mikrodalgalarla desteklenen geleneksel bir Soxhlet ekstraktoriinden olusan bir
prototip, tohumlardan (zeytin) yenilebilir yagin ¢ikarilmasina uygulanarak kontrol edilmistir.
Soxhlet ekstraksiyonunun tipik 6zelligi olan, numunenin taze ¢oziicliyle siirekli temasi,
ekstraksiyon dengesini siirekli olarak bozar ve boylece bu yaklasim, ekstraksiyon adimi
boyunca numuneyle dnceden belirlenmis bir hacimde ekstraktantin temas halinde tutuldugu
kapali yontemlerden daha etkili hale gelmektedir.

Zeytinyagl miktarinin az oldugu caligmalarda Abencor sistemi kullanilarak yapilan
arastirmalarda, yag kalitesi daha dogru bir sekilde tespit edilebilmektedir. Otag ve Giimiiskesen
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(2023) Ayvalik ve Memecik zeytin ¢esitlerinden Abencor yontemi kullanarak zeytinyagi elde
etmislerdir. Bu sistemle yapilan ¢alismada, zeytinyag: {iretiminde verim artirict maddelerin
(6rnegin dogal mikronize talk ve enzimler) kullaniminin yag verimi ve kalitesi tizerindeki
etkilerini incelemistir. Sonuglar, %1 oraninda dogal mikronize talk kullaniminin yag verimini
artirdig1 ve zeytinyagi kalitesinde olumsuz degisiklik yaratmadigini gostermistir. Baska bir
calismada Uyanik ve Giimiiskesen (2024) Urla/Izmir bolgesinde organik ve geleneksel
yontemlerle yetistirilen Erkence ¢esidi zeytinlerden, Abencor sistemi kullanilarak elde edilen
zeytinyaglarimin kimyasal ve duyusal 6zelliklerini incelemislerdir. Bu ¢aligma, zeytinin
olgunlasma diizeyi ve yetistirme yontemlerinin yag kalitesi izerindeki etkilerin belirlenmesinde
yag ¢ikarma yonteminin dnemini de ortaya koymustur.

Yapilan bir ¢alismada Cecchi vd. (2019) laboratuvar 6lgeginde, zeytin ezmesi neminin hem yag
cikarma verimi hem de fenolik icerik ve ¢ikarilabilir zeytinyagidan elde edilen profil
iizerindeki etkisini, dondurularak kurutulmus zeytin ezmesinin genis bir nem araliginda
kademeli olarak seyreltilmesi yoluyla fiziksel ve biyokimyasal olarak incelemistir. Frantoio ve
Leccio del Corno ¢esitlerinin zeytin meyveleri hasattan hemen sonra dondurularak kurutulmus
ve ardindan ogiitiilmiistiir (Cecchi vd. 2015). Deneyler, ekstrakte edilebilir yagda yag ¢ikarma
veriminin ve fenolik transfer veriminin arttigin1 ve tam zeytin meyvelerinin Ggiitiilmesi
sirasinda zeytin ezmesi nem degerlerinden daha diigiik zeytin ezmesi nem degerlerinde
maksimuma ulastigint gostermistir. Veriler ayrica zeytin ezmesi neminin, ¢ikarilan yaglarin
fenolik profilini etkileyen enzimatik olaylarda 6nemli bir rol oynadigini ve meyvelerde
bulunmayan veya diger molekiillere bagli olan lignanlarin, enzimlerin ve suyun es varligi
sayesinde yag c¢ikarma sirasinda serbest birakildigi veya biyosentezlendigi hipotezini
dogrulamaktadir (Cecchi vd. 2019).

Yapilan baska calismada ise Jerman Klen vd. (Jerman Klen vd. 2015) zeytinyag: isleme
sirasinda zeytin meyvesi fenollerinin niceliksel davranisini kapsamli bir sekilde incelemislerdir.
Toplamda, ultra yiiksek basingli sivi kromatografisi-diyot dizisi algilama analizi kullanan ii¢
fazli bir ekstraksiyon hattindan 6 zeytin matrisinde 69 fenol niceliksel olarak belirlenmistir.
Cok sayida meyve, temsili baglangic meyve materyali olarak rastgele se¢ilmis, tartilmis ve
dondurularak kurutulmadan Once sivi nitrojenle dondurulmustur. Cekirdekleri c¢ikarilan
meyveler, cekirdekler, macun ve posa sivi nitrojenle dondurularak kurutulmus,
homojenlestirilmis ve analiz edilene kadar -25 °C'de saklanmistir (Jerman vd. 2010; Jerman
Klen and Mozeti¢c Vodopivec, 2011; Jerman Klen and Mozeti¢ Vodopivec, 2012).
Dondurularak  kurutulmus oOrneklerin  kuru madde OGlgiimleri  gravimetrik  olarak
gerceklestirilmis ve fenol transferi/boliisiim hesaplamalarinin temelini olusturmustur. Kabuk
ve posa birlikte toplam meyve fenollerinin %95'ini sinirlarken, ¢ekirdek yalnizca %5'ini
simirlanmistir (Lesage-Meessen vd. 2001).

Sivi-s1vi ekstraksiyonunda (LLE), iki karigsmayan ¢dziiciiniin karigimi, analitin iki faz arasinda
dagitilmast yoluyla ayirma islemini yonlendirmek igin secilir. Zeytinyaginin polifenol
ekstraksiyonunun 6zel durumunda, su ve n-hekzan i¢inde seyreltilmis metanol veya etanol gibi
cozlculer dnerilir (Bonoli vd. 2003; International Olive Council, 2009; Pirisi vd. 2000). Ancak,
bu teknik pahali ve tehlikeli organik ¢oziiciiler ve analiz bagina uzun bir zaman gerektirir ve bu
da fenolik bilesiklerin stabilitesini ve nihai toplam konsantrasyonlarini etkileyebilir. Chavez
Ramos vd. (2020) son yillarda, yeni ekstraksiyon yontemlerinin aragtirtlmasinin giderek daha
onemli hale geldigini ve sivi faz mikroekstraksiyon (LPME) ve mikroteknolojiye yonelme
gerceklestigini bildirmistir (Monasterio vd. 2013; Spietelun vd. 2014).

Zeytinyaginda kalitenin belirlenmesi ile ilgili ¢aligmalarda genellikle soxhelet yontemi
kullanilmaktadir. Fakat bu yontem sirasinda yiiksek sicaklik ve siirtlinme etkisi nedeniyle
fenolik bilesenler miktarinin tam net tespit edilemedigi diisiiniilmektedir. Ayn1 zamanda bu
yontemle kimyasal kullanimi da oldugundan yagin igerisindeki bilesenleri ve antioksidan

December 18-21 / Paris, FRANCE 146



4th INTERNATIONAL PARIS CONGRESS ON AGRICULTURE & ANIMAL HUSBANDRY

kapasiteyi degistirebilmektedir. Zeytinyag1 fabrikasinda soguk sikim zeytinyagi eldesi ile
saglik bilesenleri yiiksek bir yag elde etmek miimkiindiir. Sicak sikim teknigi ise zeytinyaginda
cabuk bozulma etkisi vermekte, yag miktar1 artarken, icerigindeki bilesenler diismektedir.
Laboratuvar ¢alismalarinda gida olarak tiiketim olmayacagi igin zeytinyaginda bu durum yok
sayilabilmektedir ve uygulamalar arasindaki farkliliklar degerlendirilmektedir. Bu degerlerde
daha net sonuglar ortaya koyabilmek ve bundan sonraki ¢alismalar icin karsilastirmali analiz
yapilabilmesi i¢in bu soguk sikim metodu gelistirilmistir.

SONUC

Bu ¢aligmada farkli zeytinyagi ¢ikarimi yontemleri agiklanmis ve yeni bir metot eklenerek, elde
olan imkanlarla daha kolay bir sekilde zeytinyagi eldesi literatiire kazandirilmak istenmistir.
Soxhelet yonteminin kimyasal ve yliksek sicaklik icermesinden dolay1r zeytinyaginin
icerisindeki bilesimi tam olarak ortaya koyamama, soguk sikim yapan tesislerin ise biiyiik
makineler ve yiiksek oranda meyveye ihtiya¢ duyulmasi problemi oldugu diisiiniilerek yeni
gelistirilen bu yontem az miktarda 6rnegin degerlendirilmesinde oldukca 6nemli goriilmektedir.
Calismada laboratuvarda kiigiik miktarlarda zeytin ornekleri i¢in gelistirdigimiz yag c¢ikarma
metodu literatiire kazandirilmak istenmistir. Bu yoOntemde zeytinyagi eldesinde kiyma
makinesi, etliiv ve santrifiij kullanilarak malaksor, dekantdr ve seperator basamaklar
tamamlanmaktadir. Bu sekilde daha kisa siirede ve biiyilk makinelere ihtiyag duymadan
arastirma calismalarinda kullanilabilecek kiigiik 6l¢ekli bir metot hazirlanmistir. Gelistirilen bu
metodun akademik caligmalara kolaylik saglayacag: diistiniilmektedir.
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OZET

Uydu tabanli uzaktan algilama, bitki ve toprak kosullarinin izlenmesinde siirekli, nesnel ve
genis alanlar1 kapsayan veri saglamasi nedeniyle hassas tarim uygulamalarinda temel bir arag
olarak kullanilmaktadir. Bu ¢alismada, tarim alanlarindaki bitki Ortiisii dinamikleri ile nem
icerigi arasindaki iligkinin ¢ok zamanli olarak analiz edilmesi amaglanmistir. Caligmada Nisan,
Mayis ve Haziran aylarina ait 12 farkli tarihli Sentinel-2 uydu goruntulerinden hesaplanan
Normalize Fark Bitki indeksi (NDVI) ve Normalize Fark Nem Indeksi (NDMI) kullanilmustir.
Ayrica, istatiksel analizlerde kullanmak amaciyla tarim alani oldugu bilinen 100 adet nokta
formatinda yer gercegi vektdr verilerinden yararlanilmistir. NDVI ve NDMI verilerinin
istatistiksel analizinde normallik testleri ve korelasyon analizleri gergeklestirilmistir. Veri
setinin normal dagilim gosterip gostermedigi carpiklik-basiklik degerleri, histogramlar ve
Shapiro—Wilk testi sonuglari ile kontrol edilmistir. Buna gore verilerin normal dagilmadigi
tespit edilmis ve korelasyon analizlerinde Spearman’in korelasyon katsayist hesaplanmistir.
Analiz sonuglari, tiim donemler icin NDVI ve NDMI arasinda pozitif ve yiiksek dizeyde
anlamlt bir iliski bulundugunu ortaya koymustur. En yiiksek korelasyon katsayilart 20 May1s
2025 (p=0.96) ve 23 Mayis 2025 (p=0.96) tarihlerinde elde edilmistir. Elde edilen bulgular,
Nisan—Haziran biiyime donemi boyunca bitki ortlst ve nem gostergeleri arasinda anlamli ve
tutarli bir iliski oldugunu gostermektedir. Bu iliski, cok zamanli uydu uzaktan algilama
verilerinin {irlin gelisimi takibi, sulama planlamasi ve siirdiiriilebilir su yonetimi siireclerinde
karar destek mekanizmalarini giiglendirme potansiyelini vurgulamaktadir.

Anahtar Kelimeler: Bitki Ortiisii izleme, CBS, Cok Zamanli Analiz, Hassas Tarim, Uzaktan
Algilama.

ABSTRACT

Satellite-based remote sensing has become a fundamental tool in precision agriculture due to
its ability to provide continuous, objective, and large-scale data for monitoring vegetation and
soil conditions. This study aims to analyze, on a multi-temporal basis, the relationship between
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vegetation dynamics and moisture content in agricultural areas. The study utilized Normalized
Difference Vegetation Index (NDVI) and Normalized Difference Moisture Index (NDMI)
values derived from 12 Sentinel-2 satellite images acquired between April, May, and June 2025.
Additionally, 100 ground truth vector points known to represent agricultural land were used for
statistical analyses. Normality tests and correlation analyses were performed on the NDVI and
NDMI datasets. The distribution of the data was assessed using skewness—kurtosis values,
histograms, and the Shapiro—Wilk test. Since the datasets did not exhibit normal distribution,
Spearman’s rank correlation coefficient (p) was calculated to examine the correlation. The
analysis results revealed a positive and highly significant correlation between NDVI and NDMI
across all periods. The highest correlation coefficients were obtained on 20 May 2025 (p=0.96)
and 23 May 2025 (p=0.96). The findings demonstrate that there is a significant and consistent
relationship between vegetation vigor and moisture content throughout the April-June growing
season. This relationship highlights the potential of multi-temporal satellite remote sensing data
to strengthen decision-support mechanisms for crop growth monitoring, irrigation scheduling,
and sustainable water resource management in precision agriculture.

Keywords: GIS, Multi-Temporal Analysis, Precision Agriculture, Remote Sensing, Vegetation
Monitoring.

GIRIS

Hassas tarim teknolojileri, veri odakli yaklasimlar ile mahsul, toprak ve kaynak yonetimini
optimize ederek tliretimde verimliligi artirmay1, aynt zamanda isletme maliyetlerini diisiirmeyi
ve cevresel etkiyi en aza indirmeyi de amaglamaktadir (Saha vd., 2025). Bu kapsamda
degerlendirildiginde hassas tarim, tarimsal liretimi artirmak ve girdi kayiplarini en aza indirmek
amaciyla girdilerin en uygun sekilde yonetilmesini saglayan bir teknoloji biitiiniiniin
uygulanmasii gerektirmektedir. Hassas tarimin 6nemli faktorlerinden biri, bitki Ortiisii
sagligin1 ve durumunu izleyebilecegimiz uzaktan algilama teknolojileridir. Son yillarda hassas
tarimda uzaktan algilama teknolojilerinin kullanimi 6nemli 6l¢lide artmistir. Mekansal, spektral
ve zamansal a¢idan yiiksek ¢oziiniirliiklii uydu goriintiilerinin giinlimiizde daha erisilebilir hale
gelmesi 6zellikle mahsul izleme, sulama planlamasi, besin yonetimi, hastalik ve zararli takibi
ile verim tahmini gibi ¢ok sayida hassas tarim uygulamasinda uzaktan algilamanin kullanimini
onemli dl¢iide tesvik etmistir (Sishodia vd., 2020; Giovos vd., 2021).

Hassas tarimda ve genel olarak tarimda kullanilan uzaktan algilama sistemleri, sensor
platformuna ve sensor tipine gore siniflandirilmaktadir. Bu kapsamda kullanilan sensorler
genellikle uydu, hava ve yer tabanl platformlara monte edilmektedir. Her ne kadar bulut ortiisii,
yiiksek maliyet ve istege bagl goriintiileme ¢ozlimleri bakimindan dezavantajlar1 bulunsa da
giiniimiizde genis kapsama alanlar1 ve yliksek ¢oziiniirliiklii veriler sunan uydu tabanli uzaktan
algilama sistemleri tarimsal uygulamalarda aktif bir sekilde kullanilmaktadir (Sishodia vd.,
2020).

Bitki ortust indeksleri, birden fazla spektral bantta 6lgiilen yansima degerlerini bir araya
getirerek bitkinin billylime durumu, canliligi, biyokiitlesi ve klorofil miktar1 gibi 6zelliklerini
degerlendirmeye imkan veren matematiksel ifadelerdir. Bitki sagligi hakkinda nicel veriler
saglayan bu indekslerin haritalanmasi, tarim alanlarindaki mekansal ve zamansal degiskenligi
ortaya koymak ag¢isindan hassas tarim uygulamalarinda kritik dnem tagimaktadir (Sishodia vd.,
2020; Radocaj vd., 2023). Bu bitki ortiisii indeksleri icerisinde multispektral sensér tabanl
hesaplanan NDVI, hassas tarimda en sik kullanilan bitki ortiisti indeksidir (Giovos vd., 2021;
Radocaj vd., 2023). Bunun yami sira NDMI, bitkilerdeki nem, su stresi durumu ve sulama
altindaki alanlari tespit etmek amaciyla kullanilan bir indekstir. Bu indeks sonucu elde edilen
nicel veriler ile tarim alanlar1 farkli su ihtiyaci olan bolgelere ayrilip, gerektiginde hassas
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sulama uygulamalari1 kapsaminda planlama ¢alismalar1 yapilabilmektedir (Gaznayee vd., 2023;
Koohikeradeh vd., 2025). NDVI ve NDMI, bitki ortisii sagligini nicel olarak ortaya koyarak
tarla icinde ek izleme veya yoOnetimsel miidahale gerektirebilecek alanlarin belirlenmesine
onemli katkilar saglamaktadir. NDVI ve NDMI'nin eszamanli analizi, bitki saglig1 ve toprak
nemindeki zamansal egilimlerin kapsamli bir sekilde anlagilmasini saglar; NDVI bitki oOrtiisii
canliligint ortaya koyarken, NDMI ise bitki ve toprak nemi igerigine iliskin 6nemli bilgiler
sunar. NDVI ve NDMI haritalarini olusturmak i¢in uydu goriintiilerini kullanmak, zaman iginde
biiyiikk alanlarin izlenmesine imkan taniyan uygun maliyetli ve verimli uygulamalardir
(Varouchakis vd., 2025). Tarim alanlarinda nicel veriler sunma kabiliyetine sahip bu iki indeks
kullanilarak yapilan 6nemli ¢aligmalar bulunmaktadir. Bu kapsamda yapilan ¢aligmalara
Gaznayee vd. (2023) tarafindan ideal sulama sistemi performans senaryolarini degerlendirmek
ve Bchir ve Masmoudi-Charfi (2024) tarafindan bitki ortiisii ve nem indekslerini tahmin etmek
ve haritalamak amaciyla gergeklestirilen arastirmalar 6rnek olarak verilebilir.

Glinlimiizde bitki oOrtiisii sagligi ile nem kosullarinin birlikte degerlendirilmesi, tarimsal {iretim
stireglerinin izlenmesi ve optimize edilmesinde kritik bir 6neme sahiptir. Bu baglamda, NDVI
ve NDMI gibi spektral indekslerin ¢ok zamanli olarak incelenmesi, bitki gelisimi ile nem
dinamikleri arasindaki etkilesimin daha kapsamli ve nicel bir bigimde ortaya konmasina olanak
tanimaktadir. Ozellikle Sentinel-2 gibi yliksek konumsal, zamansal ve spektral ¢ozinurliklere
sahip uydu platformlari, tarim alanlarinin biyime dénemi boyunca izlenmesi igin 6énemli
firsatlar sunmaktadir. Bu c¢alisma, Nisan—Haziran donemine ait ¢ok zamanli NDVI ve NDMI
verilerini temel alarak tarimsal alanlardaki bitki ortilisii degisimleri ile nem icerigi arasindaki
iliskiyi istatistiksel olarak incelemeyi amaglamakta; boylece uzaktan algilama temelli
indekslerin sulama yonetimi, {Urlin gelisimi izleme ve sirdiiriilebilir hassas tarim
uygulamalarindaki karar destek siireclerine katki potansiyelini ortaya koymaktadir.

MATERYAL VE YONTEM
Caligsma alani ve veri

Calisma alanm1 Burdur sehir merkezinin kuzeyinde ve Burdur Golii’niin dogusunda yer
almaktadir (Sekil 1). Tiirkiye nin gilineybatisinda ve Akdeniz Bolgesi’nin batisinda yer alan
Burdur 11i, 29° 24' ve 30° 53' dogu boylamlari ile 36° 53' ve 37° 40' kuzey enlemleri arasinda
konumlanmaktadir. Burdur ilinin glineyinde Antalya, batisinda Denizli, giineybatisinda Mugla,
dogu ve kuzeyinde Isparta ve Afyonkarahisar illeri yer almaktadir. Ayrica Burdur’un giliney
kesiminde Toros Daglari’nin uzantilar1 yer alirken, ilin 6nemli bir bdlimi kapali havza
niteligindeki Burdur Golii ve gevresindeki plato ve tepelerden olusmaktadir (Burdur Valiligi,
2021).
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SN

Sekil 1. Calisma alani

Burdur’da kislar soguk ve yagisli, yazlar sicak ve kurak gegmekte olup gecis iklimi 6zellikleri
gostermektedir. Yagislarin biiylik boliimii kis aylarinda gerceklesmekte; ilk donlar Kasim’da,
son donlar ise Nisan ayinm ikinci yarisinda goriilmektedir (Burdur il Tarim ve Orman
Midiirliigi, 2025). 1932-2024 uzun donem verilerine gore en diisiik ortalama sicaklik Ocak
aymda 2.60 °C, en yiiksek ortalama sicaklik ise Temmuz—Agustos doneminde 24.60 °C’dir.
Yillik ortalama sicaklik 13.30 °C, ortalama yillik yagis miktar1 428.10 mm ve yagish giin sayist
88.20 olarak belirlenmistir (MGM, 2025). Burdur Havzasi’nda topraklarin 6nemli bir
bolimiinii kestanerengi topraklar olusturmakta (%22.65) olup bu topraklar Burdur Goli
cevresinde kumtasi, kiltasi, camurtast ve konglomera iizerinde gelismis ve organik maddece
zengindir. Ayrica goliin glineybatisinda yaygin kirmizi kahverengi orman topraklari ile ayrisma
kokenli kiregsiz kahverengi orman topraklar1 da havzanin karakteristik diger toprak gruplaridir
(Tarim ve Orman Bakanligi, 2020).

Calismada kullanilan temel veri seti Sentinel-2 uydu goruntileridir (Cizelge 1). Sentinel-2,
genis kapsama alani, yiliksek ¢oziliniirliiklii ve multispektral goriintiileme ile 6zellikle toprak, su
ve bitki Ortiisiinilin izlenmesine yonelik ¢aligsmalarda kullanilmaktadir.
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Cizelge 1. Sentinel-2 uydusunun mekansal ve spektral 6zellikleri

Spektral Bant

Merkezi Dalga Boyu

Mekénsal Cozunurluk

(hm*) (m**)
B1: Ultra mavi (kty1, aerosol) 443 60
B2: Mavi 490 10
B3: Yesil 560 10
B4: Kirmiz1 665 10
BS5: Kirmizi kenar 1 705 20
B6: Kirmizi1 kenar 2 740 20
B7: Kirmizi kenar 3 783 20
B8: Yakin kizilotesi (NIR) 842 10
B8A: Yakin kizil6tesi-dar 865 20
B9: Su buhari 945 60
B10: Kisa dalga kizilotesi (SWIR) 1375 60
B11: Kisa dalga kizilotesi (SWIR) 1610 20
B12: Kisa dalga kizilotesi (SWIR) 2190 20

*nanometre ve **metre

Bu ¢alisma kapsaminda Nisan, Mayis ve Haziran aylarina ait 12 farkli tarihli Sentinel-2 uydu

goriintiileri kullanilmistir (Cizelge 2).

Cizelge 2. Calismada kullanilan Sentinel-2 uydu goruntuleri

Sentinel-2 Platformu

Goruntd Tarihi

S2A_MSIL2A_T36STG
S2C_MSIL2A T36STG
S2B_MSIL2A T36STG
S2B_MSIL2A _T36STG
S2C_MSIL2A T36STG
S2A_MSIL2A_T36STG
S2B_MSIL2A T36STG
S2C_MSIL2A_T36STG
S2C_MSIL2A T36STG
S2A_MSIL2A_T35SQB
S2C_MSIL2A T35SQB
S2A_MSIL2A_T35SQB

10 Nisan 2025
15 Nisan 2025
20 Nisan 2025
23 Nisan 2025
15 Mayis 2025
20 May1s 2025
23 Mayis 2025
28 Mayis 2025
04 Haziran 2025
09 Haziran 2025
14 Haziran 2025
19 Haziran 2025
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Calismada kullanilan bir diger veri, istatistiksel analizlerde kullanmak amaciyla tarim alani
oldugu bilinen 100 adet nokta verisidir. Bu veri, yiiksek ¢oztunurlikli Google Earth Pro ve
Sentinel-2 uydusunun yanlig renk kombinasyonlari {izerinden kontrol edilerek CBS ortaminda
vektor veri olarak tretilmistir.

Yontem

Calisma veri toplama ve hazirlik, 6n isleme, indeks hesaplamalari, zonal istatistik, istatiksel
analizler ve degerlendirme asamalarindan olugsmaktadir (Sekil 2).

A

vy VIR = RED b oy - VIR = SWIR
~ NIR + RED J " NIR + SWIR

Sekil 2. Is akist

Calismanin ilk asamas1 olan veri toplama ve hazirlik asamasinda ilgili tarihlere ait Sentinel-2
verileri, Avrupa Birligi Uzay Programi Copernicus’tan indirilmistir. Bu asamada, ¢alisma
alanindaki tarim alanlar yiiksek ¢oziintirliiklii Google Earth Pro iizerinden belirlenmistir (.kml
formatinda). Daha sonra bu noktalarin CBS ortaminda projeksiyon dontistimleri
gerceklestirilmis ve shapefile (.shp) formatina doniistiiriilmiistiir. Bu noktalar Sentinel-2’nin
dogru ve yanlis renk kombinasyonlar1 iizerinden kontrol edilerek gerekli diizeltmeler
saglanmistir. On isleme asamasinda goriintiilere sirastyla yeniden &rnekleme (resample), bant
birlestirme (composite bands) ve alan sinirina gore kesme (clip) islemleri uygulanmistir. Bu
asamada, Ozellikle mekansal ¢oziiniirliigii daha diisiik olan SWIR bandi (20 m), 10 m
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¢cozintrlikli bantlarla (kirimizi, yesil, mavi ve yakin kizilotesi) uyumluluk saglamak iizere
yeniden Orneklenmistir. Ayrica 6n isleme asamasinda ek bir atmosferik diizeltme veya bulut
giderme iglemi uygulanmamigtir. Bunun nedeni, kullanilan verilerin halihazirda atmosferik
olarak diizeltilmis L2A diizeyinde iiriinler olmas1 ve veri indirme siirecinde %10 bulutluluk
esiginin filtreleme kriteri olarak belirlenmesidir. Calismanin indeks hesaplamalari asamasinda,
Esitlik 1 ve Esitlik 2°de verilen NDVI (Rouse vd., 1974) ve NDMI (Gao, 1996) indeksleri
kullanilmastir.

NDVI = SR~ RED (1)
" NIR + RED
NDMI — NIR — SWIR 2
" NIR + SWIR

burada RED goriiniir bolgedeki kirmizi, NIR yakin kizilotesi ve SWIR ise kisa dalga kizilotesi
bolgedeki yansimadir. NDVI, yaygin olarak kullanilan bitki Ortiisii indekslerinden biri olup -1
ve +1 arasinda bir deger almaktadir. NDVI i¢in negatif degerler su kiitleleri varligina isaret
ederken, sifira yakin degerler ciplak toprak, kaya, kuraklik veya zararlilar nedeniyle meydana
gelen bitki ortiisii yoklugunu gostermektedir. NDVI’da oldugu gibi -1 ve +1 arasinda bir deger
alan NDMI ise, bitki Ortistindeki nem durumunu tespit etmek i¢in kullanilmaktadir. Buradaki
SWIR bant, bitki oOrtiisiiniin su igerigine duyarli olup bitkilerdeki su stresinin giivenilir bir
gostergesi olarak kullanilmaktadir (Nicoletti vd., 2024; Varouchakis vd., 2025).

Yer gercegi olarak kullanilan 100 adet noktaya ait NDVI ve NDMI degerleri zonal istatistik
araci kullanarak ¢ikarilmistir. Daha sonra bu noktalar istatiksel analizlerde kullanmak {izere
excel dosyasi olarak diizenlenerek kaydedilmistir. Calismanin istatiksel analiz asamasinda,
oncelikle verilerin normal dagilim gosterip gostermedigi test edilmistir. Bu kapsamda her bir
tarih ve indeks i¢in histogramlar, carpiklik-basiklik degerleri ve Shapiro-Wilk testi
hesaplamalari gergeklestirilmistir. Bu islem adimindan sonra elde edilen degerlere gore her ne
kadar bazi tarihlerde veri seti NDVI ve NDMI i¢in normal dagilim gostermis olsa da tamami
iizerinden degindirildiginde genel olarak normal dagilim goéstermedigi belirlenmistir. Bu
nedenle NDVI ve NDMI arasindaki iligkinin belirlenmesinde Spearman’s korelasyon katsayist
hesaplanmistir. Makuya vd. (2024) tarafindan yapilan ¢alismada, degiskenler arasinda dogrusal
olmayan bir iligki belirlenmis ve bu nedenle Spearman’in korelasyon katsayist kullanilmstir.
Spearman’in korelasyon katsayisi, iki degisken arasindaki iliskiyi ve bu iliskinin yoniinii
belirlemede kullanilan parametrik olmayan bir yontemdir. Bu analiz tiirii, 6zellikle mekansal
bilimler alaninda arastirmacilar tarafindan sik¢a tercih edilmektedir (Cubukgu, 2015).
Calismanin son agamasinda, iki degisken arasindaki iliskinin zaman igerisindeki degisimi analiz
edilerek bitki oOrtiisiiniin donemsel dinamikleri ile yilizey nem kosullar1 arasindaki iliski
sistematik olarak degerlendirilmistir.

BULGULAR VE TARTISMA

Calisma alaninda yiiriitilen ¢ok zamanli analiz sonucunda, 10 Nisan-19 Haziran 2025
donemine ait NDVI ve NDMI ortalama degerlerinde belirgin bir azalma egilimi tespit edilmistir
(Sekil 3). Sekil incelendiginde, en yiiksek ortalama NDVI degerinin 20 Nisan 2025 tarihinde,
en diisik NDVI degerinin ise 19 Haziran 2025 tarihli analiz sonucunda elde edildigi
goriilmektedir. Ornek tarim alanlarindaki en yiiksek ortalama NDMI degeri 23 Nisan 2025te,

December 18-21 / Paris, FRANCE 158



4th INTERNATIONAL PARIS CONGRESS ON AGRICULTURE & ANIMAL HUSBANDRY

en diisiik NDMI degeri ise NDVI ile benzer sekilde 19 Haziran 2025 tarihinde kaydedilmistir.
Calisma alanindaki iiriin tiirleri bilinmemekle birlikte, alanin tarimsal kullanimda oldugu g6z
oniinde bulunduruldugunda her iki gostergedeki paralel diisiis; bitki Ortlisliniin mevsimsel
gelisim donglisline, artan su stresine veya vejetasyon yogunlugunun azalmasina isaret
edebilecek bir durum olarak degerlendirilebilir. Ayrica NDVI’daki kademeli azalma bitki
canliliginin ve yesil biyokiitlenin zaman igerisinde geriledigini gosterirken, NDMI’daki daha
belirgin diisiis ise toprak ve bitki nemi kosullarinin ayn1 dénemde daha hizli zayifladigini ortaya
koymaktadir. Bu bulgular, ¢alisma alanindaki NDVI-NDMI egilimlerinin tarimsal dinamikler
ve alanin olas1 su gereksinimleri hakkinda 6nemli ipuglar1 sundugunu gostermektedir.

0,70
0,60
0,50
0,40
0,30
0,20
0,10

0,00

& PR 5 5
G S S L )

@6 @b
4

=O=NDV| «=O=NDMI

Sekil 3. Ortalama NDVI ve NDMI degerleri

Calisma kapsaminda gerceklestirilen istatiksel analizler sonucunda, 12 farkli tarihli NDVI-
NDMI korelasyon analizi grafikleri elde edilmistir (Sekil 4). Analiz sonuglari, ¢alisma alaninda
bitki ve nem igerigi iligkilerinin izlenmesi agisindan NDVI ve NDMI indekslerinin birlikte
degerlendirilmesinin 6nemli bir avantaj sagladigini1 gostermektedir. Boylece tarimsal iiretim
stireglerinde stres tespiti, sulama planlamasi ve verim tahmini gibi uygulamalara katki
sunabilecek bir izleme yaklasimi ortaya ¢ikmaktadir.
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Sekil 4. Donemlere ait korelasyon grafikleri

NDVI ve NDMI arasindaki korelasyonu gosteren ¢ok zamanl grafikler incelendiginde, Nisan—
Haziran doneminde bitki oOrtiisii ve nem kosullar1 arasindaki iligkinin olduk¢a diizenli bir
zamansal desen izledigi goriilmektedir. Bu kapsamda degerlendirildiginde genel olarak tiim
tarihlerde pozitif ve yiiksek diizeyde anlamli bir iliski oldugu tespit edilmistir (p=0.62-0.96).
Nitekim tarim alanlarinda yapilan bir ¢alismada Bchir ve Masmoudi-Charfi (2024), bu iki
indeks arasinda yiiksek korelasyon oldugunu ortaya koymustur. Ayrica aragtirmacilar
tarafindan bitki Ortiisiiniin olgunlasma doneminde NDMI’nin nem degisimlerini daha iyi tespit
edebildigi ve bu donemde korelasyonun diisiis egilimine girdigi belirtilmistir. Bir baska
calismada ise kentsel yesil alanda ¢ok zamanli analiz sonucunda NDVI ve NDMI arasinda
pozitif yonlii yliksek bir iligki oldugu ve farkli yillardaki degiskenligin sicakliktan
kaynaklanmis olabilecegi degerlendirilmistir (Strashok vd., 2022). Caligmadan elde edilen
bulgular literatiirde yer alan benzer arastirma sonuglari ile paralellik gostermektedir. Bu
kapsamda degerlendirildiginde NDVI ve NDMI'nin eszamanli analizinin, bitki saglig1 ve nem
durumundaki zamansal egilimlerin kapsamli bir sekilde anlasilmasini saglayabilecegi ortaya
konmustur. Varouchakis vd. (2025), NDVI’'nin bitki ortiisii canliligini; NDMI’'nin ise nem
icerigini ortaya koymada tamamlayici bir role sahip oldugunu belirtmistir. Bu kapsamda her iki
indeksin birlikte kullanimi, 6zellikle rehabilite edilen alanlarda bitki Ortiisii sagliginin
izlenmesinde 6nemli bir ara¢ olarak vurgulanmistir. Bu bulgular, mevcut ¢aligmalarda gézlenen
pozitif ve giiglii korelasyonlar ile uyumlu olup benzer ekolojik siireclerin farkli ¢alisma
alanlarinda da gecerli olabilecegini gostermektedir.

Calismadan elde edilen bulgular, Nisan doneminde alandaki vejetasyon heterojenligi nedeniyle
korelasyonun orta ve yiiksek (p=0.62-0.90), Mayis doneminde yogun bitki ortiisii ve yiiksek
nem igerigi nedeniyle NDVI-NDMI arasinda maksimum korelasyon (p=0.89-0.96) ve Haziran
doneminde ise sicakligin belirgin bir sekilde artmasi ve alandaki bazi bitki ortiisii i¢in hasat
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zamaninin gelmesi; dolasiyla kuruma ve doygunluk etkisi gibi nedenlerle zayiflayan bir
korelasyon (p=0.63-0.92) oldugunu gostermistir. Bu bulgular, NDVI ve NDMI arasindaki
iliskinin bitkilerin fenolojik evreleri ile yakindan iliskili oldugunu ve su stresinin arttig1
donemlerde bu iliskinin zayifladigin1 ortaya koymaktadir. Nitekim Gaznayee vd. (2023)
tarafindan yapilan calismada uzaktan algilama tabanlit NDVI ve NDMI analizlerinin, alan
diizeyinde sulama suyunun izlenmesi ile su gereksinimlerinin mekéansal ve zamansal dagilimina
iliskin degerli bilgiler saglayabildigi; ayrica nem icerigi ile NDVI degerleri arasinda anlamli
iliskiler bulundugu tespit edilmistir. Bu dogrultuda elde edilen bulgular, NDVI ve NDMI'nin
eszamanlt kullannminin bitki-su etkilesimlerinin ¢éziimlemesinde biitlinciil ve giivenilir bir
cergeve sundugunu ortaya koymakta; boylece tarimsal su yonetimi, bitki sagliginin izlenmesi
ve ekosistem dinamiklerinin degerlendirilmesine yonelik gelecekte yapilacak g¢alismalara
onemli bir bilimsel temel saglamaktadir.

SONUGC

Uydu tabanli uzaktan algilama teknolojisinin hassas tarim uygulamalar1 kapsaminda
kullanimina odaklanan bu ¢alismada, Nisan—Haziran dénemine ait ¢ok zamanli Sentinel-2 uydu
goriintiilerinden tiretilen NDVI ve NDMI kullanilarak tarim alanlarinda bitki ortiisti dinamikleri
ile nem icerigi arasindaki iliski analiz edilmistir. Analiz sonuglari, tiim c¢alisma donemleri
boyunca NDVI ve NDMI indeksleri arasinda pozitif ve yliksek diizeyde anlamli bir iligki
bulundugunu gostermistir. Ozellikle 20 Mayis 2025 ve 23 Mayis 2025 tarihlerinde elde edilen
degerler (p=0.96), bitki Ortiisti gelisimi ile ylizey nemi arasindaki gii¢lii korelasyonu agikca
ortaya koymaktadir. Elde edilen bulgular, biiylime sezonu boyunca bitki saglig1 ve nem
dinamiklerinin uyumlu bir sekilde degistigini ve her iki indeksin tarimsal izleme siireclerinde
birlikte kullanilmasinin karar verme siireclerine o6nemli katkilar saglayabilecegini
gostermektedir. Calismanin sonuglari, {irlin gelisiminin izlenmesi, sulama zamaninin
belirlenmesi ve su kaynaklarinin daha verimli kullanilmasina yonelik planlamalarda uydu
tabanli uzaktan algilama verilerinin yliksek bir potansiyel tasidigini gostermektedir. Gelecek
calismalarda, belirli ve farkli {iriin tiirlerine yonelik karsilastirmali analizlerin yapilmasi,
meteorolojik verilerin ¢aligmalara daha etkin bir sekilde entegrasyonu ve makine dgrenmesi
tabanli modellerle iliski diizeylerinin daha ayrintili olarak incelenmesi, elde edilen bulgularin
hem dogrulugunu hem de uygulama alanlarin1 genisletecegi degerlendirilmektedir.
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OZET

Eriophyid akarlar (Acari: Trombidiformes: Eriophyidae), mikroskobik boyutlari, olduk¢a
basitlesmis viicut yapilari1 ve dar konukgu secicilikleri nedeniyle bitkilerle iliskili tiirler arasinda
dikkat c¢eker. Cogu yalnizca tek bir bitki tiirlinde yasar ve bu durum onlarin bitkiye yiiksek
diizeyde uyum sagladigini gosterir. Cok kiiciik olmalar1 yalnizca fark edilmelerini zorlagtirmaz;
ayni1 zamanda genc¢ ve savunmasi diisiik bitki dokularina hizla yerlesmelerine imkan verir. Bu
0zel yasam sekli, olusturduklar1 zarar tiplerinin gelisimini, siddetini ve bitki fizyolojisine
etkilerini dogrudan belirler. Bu ¢alisma, eriophyid akarlarin konukg¢u se¢imini, baslica zarar
sekillerini ve bu zararlarin tarim ile dogal ekosistemlerdeki sonuglarini biitiinciil bir bakisla ele
almaktadir.

Gall olusturan tiirler, bitkinin biiyiime noktalarinda anormal doku gelisimine neden olarak
stirgtinlerin seklini ve iglevini bozar. Sogiitte Aceria salicis siirgiin uglarinda kozalak benzeri
yapilar olusturur; bu yapilar yeni siirglin gelisimini sinirlar ve yillik bliylimeyi zayiflatir. Kus
Uziminde Cecidophyopsis ribis tomurcuk i¢ini doldurarak ciceklenmeyi ve meyve tutumunu
ciddi bi¢imde disiiriir. Findikta Phytoptus avellanae kozalak seklindeki tomurcuk
deformasyonlariyla siirgiin gelisimini ve verimi olumsuz etkiler.

Eriophyid akarlar beslenme sirasinda tiikiiriikleriyle bitki dokularina kimyasal sinyaller iletir
ve bu sinyaller bitkinin fitohormon dengesini degistirir. Bu degisim, gall ve erinoz gibi anormal
doku gelisimlerinin ortaya c¢ikmasimna neden olur. Bdylece akarlar, dogrudan bitkiyi
oldurmeseler bile bliyiime diizenini bozarak fizyolojik kapasitenin diismesine yol agar. Erinoz
olusturan tiirlerde yaprak alt yiizeyinde kegemsi bir tabaka olusur ve bu tabaka 1s1k gecisini
azaltarak fotosentezi zayiflatir. Asmada Colomerus vitis hem erinoza hem de tomurcuk
deformasyonlarina neden olur ve {iziim verimini azaltir. Gall olusumu, akarlarin gen¢ dokularda
hiicre boliinmesi ve farklilagmasini degistiren kimyasal sinyaller gondermesiyle baslar. Bitkinin
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fitohormon dengesi degisir ve i¢i yumusak, dis1 koruyucu bir tabakayla ¢evrili 6zel bir yap1
olusur. Bu yap1 akar i¢cin hem beslenme alan1 hem de korunakli bir mikrohabitat saglar.

Eriophyid zararlarinin en 6nemli yoni, bitkiyi 6ldiirmeden fakat fizyolojik kapasitesini yavas
ve kalic1 bigimde azaltmalaridir. Siirgiin kisalmasi, ¢igeklenme azalmasi, biiylime geriligi ve
kalite diististi gibi biriken etkiler ekonomik kayiplari artirir. Bu nedenle erken teshis, dogru tiir
belirlenmesi ve poplilasyon degisimlerinin diizenli izlenmesi, entegre miicadele stratejilerinin
basarisi i¢in kritik 6neme sahiptir.

Anahtar Kelimeler: Eriophyidae; konukgu segiciligi, gal olusumu, entegre miicadele.

ABSTRACT

Eriophyid mites (Acari: Trombidiformes: Eriophyidae) attract attention among plant-associated
arthropods due to their microscopic size, highly simplified body structure, and narrow host
specificity. Most species live on only a single plant species, which reflects their high level of
adaptation to their hosts. Their extremely small size not only makes them difficult to detect but
also enables them to settle rapidly on young and weakly defended plant tissues. This specialized
lifestyle directly shapes the development, severity, and physiological impact of the damage they
cause. This study provides an integrated overview of host selection in eriophyid mites, their
main damage types, and the consequences of these damages for agricultural and natural
ecosystems.

Gall-forming species cause abnormal tissue development at plant growth points, altering the
shape and function of shoots. In willow, Aceria salicis produces cone-like structures at shoot
tips that restrict new shoot formation and weaken annual growth. In currant, Cecidophyopsis
ribis fills the interior of buds, markedly reducing flowering and fruit set. In hazelnut, Phytoptus
avellanae induces cone-shaped bud deformities that hinder shoot development and decrease
yield.

During feeding, eriophyid mites deliver chemical signals into plant tissues through their saliva,
altering the plant’s phytohormone balance. This shift leads to abnormal tissue developments
such as galls and erinea. Thus, although they do not kill the plant directly, they disrupt normal
growth and reduce physiological capacity over time. In erinea-forming species, a felt-like layer
develops on the lower leaf surface, reducing light penetration and weakening photosynthesis.
In grapevine, Colomerus vitis induces both erinea and bud deformities, lowering grape yield.
Gall formation begins when mites send chemical signals that alter cell division and
differentiation in young plant tissues. The plant’s phytohormone balance changes, producing a
structure with a soft, nutrient-rich interior and a protective outer layer. This structure provides
both a feeding site and a sheltered microhabitat for the mite.

A major characteristic of eriophyid damage is that it weakens the plant gradually and
persistently without causing direct mortality. Shortened shoots, reduced flowering, growth
suppression, and quality loss collectively increase economic damage. Therefore, early
detection, accurate species identification, and regular monitoring of population dynamics are
essential for the success of integrated pest management strategies.

Keywords: Eriophyidae; host specificity, gall formation; integrated pest management
GIRIS

Eriophyoid akarlar (Acari: Eriophyoidea), bitkilerle siki iliskili yasam bigimleri, iki ¢ift bacak
tasimalar1 ve son derece kiiglilmiis viicut yapilariyla fitofag eklembacaklilar iginde 6zel bir
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grubu temsil eder (Lindquist et al., 1996). Bu akarlar, konukg¢u bitkilerde olusturduklar1 belirti
tiplerine bagli olarak Tiirkge literatiirde yaygin bigimde “gal akarlar1”, “erinoz akarlar1” ve “pas
(bronzlagma) akarlar1” olarak adlandirilmaktadir. Bu kullanim, eriophyoidlerin bitkilerde

meydana getirdigi karakteristik zarar sekillerini dogrudan tanimlamaya yoneliktir.

Eriophyoidea iist grubunun en tlirce zengin familyasi olan Eriophyidae, konukcu bitkinin
epidermisi, tomurcuklar1 ve iletim demetleri ¢evresinde beslenerek bitki fizyolojisini dogrudan
etkileyen ¢ok sayida tiirii igerir. Bu etkilesimler yaprak deformasyonlari, biiyiime anomalileri,
erinoz olusumu, bronzlagsma ve 6zellikle gal gelisimi gibi belirgin belirtilerle ortaya ¢ikmakta;
tarimsal iretimde ve dogal ekosistemlerde onemli ekonomik ve ekolojik kayiplara yol
agmaktadir (de Lillo et al., 2018).

Son yillarda yapilan calismalar, eriophyid akarlarin asir1 derecede sadelesmis morfolojik
yapilar1 ve diinya genelindeki yetersiz 6rnekleme nedeniyle biiyiik 6l¢iide eksik tanimlandigini
goOstermektedir. Morfolojik olarak birbirine ¢ok benzeyen tirlerin klasik yontemlerle ayirt
edilmesi giiclesirken, molekiiler c¢alismalar bircok tiirlin genetik olarak ayrigsmis tiir
komplekslerinden olustugunu ortaya koymustur (Amrine et al., 2003; Navia et al., 2010; Carew
et al., 2009). Bu nedenle, tanimlanmis yaklasik 4.400 eriophyoid tiire karsin gercek tiir
zenginliginin ¢ok daha yiiksek oldugu kabul edilmektedir (Skoracka & Kuczynski, 2012).

Eriophyoid akarlarin en ayirt edici 6zelliklerinden biri, son derece dar konukgu segiciligidir.
Kiiresel analizler, tiirlerin yaklasik %80’inin yalnizca tek bir bitki tiirtinde, %95 inin ise tek bir
bitki cinsi i¢inde sinirl kaldigini gostermektedir (Skoracka et al., 2010). Bu yiiksek 6zgilliik,
konukgu—fitofag iliskileri ve gal olusumu gibi karmasik doku yanitlarinin anlasilmasinda
Eriophyidae’yi 6nemli bir grup haline getirmektedir.

Tiirkiye’de eriophyid akarlar iizerine yapilan ¢calismalar cogunlukla tarimsal iiriinlerle sinirlidir.
Findikta Phytoptus avellanae (findik kozalak akar1), baglarda Colomerus vitis, zeytinde Aceria
oleae, siis bitkilerinde ise Eriophyes tiliae gibi tiirler yaygin olarak rapor edilmistir (Cobanoglu,
2002; Akyaz1 & Ecevit, 2008; Bayram & Cobanoglu, 2013). Buna karsin yabanci otlar ile dogal
ve yart dogal bitki Ortiisii lizerindeki eriophyid faunasi biiylik 6lglide ihmal edilmistir. Son
yillarda 6zellikle yabanci otlar iizerinde yapilan sinirli calismalar, Tiirkiye’de ¢ok sayida yeni
kayit ve potansiyel yeni tiir bulunduguna isaret etmektedir (Denizhan et al., 2022).

Bu ¢alisma, Eriophyidae familyasindaki tiir gesitliligini, konuk¢u bitki 6zgiilliigiinii ve gal
olusumunun morfolojik, fizyolojik ve molekiiler temellerini giincel literatiir 1s18inda ele
almaktadir.

TAKSONOMI, FILOGENI VE TUR CESITLILiGi
Eriophyoidea Ust Familyasinin Taksonomik Konumu

Eriophyoid akarlar, Acari iginde Acariformes alt sinifina bagli Trombidiformes takimi
icerisinde yer alan ve yalnizca iki ¢ift bacaga sahip olmalariyla diger akar gruplarindan belirgin
bicimde ayrilan 6zel bir gruptur. Son derece kiigiilmiis ve sadelesmis morfolojik yapilari, bitki
dokular iizerinde ve i¢inde yasamaya uyum saglamis gelisimsel ve ekolojik bir 6zellesmenin
sonucu olarak degerlendirilmektedir (Lindquist et al., 1996). Bu 6zellikler, eriophyoidlerin hem
tanilanmasin1 giiclestirmekte hem de sistematik ¢alismalar agisindan ayri bir Onem
kazanmalarina neden olmaktadir.

Eriophyoidea iist familyasi, giincel taksonomik siniflandirmaya gore ii¢ ana familyadan
olusmaktadir: Eriophyidae, Phytoptidae ve Diptilomiopidae. Bu aileler arasinda Eriophyidae,
tiir ve cins sayisi bakimindan agik ara en genis grubu olusturmakta ve ayn1 zamanda ekonomik
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Oonemi en yiiksek olan eriophyoid tiirlerin biiyiik ¢ogunlugunu barindirmaktadir (de Lillo et al.,
2018).

Eriophyidae Familyasinin Morfolojik Tam Kriterleri

Eriophyid akarlar, ince, uzun ve kurtcugu andiran viicut sekilleriyle diger bitkiyle beslenen akar
gruplarindan kolayca ayirt edilir. Govdeleri ¢ok kiiciik ve uzamis yapidadir ve halka halka
dizilmis segmentlerden olusur (Sekil 1). Besin alma organlarinin bulundugu gnathosoma
bolgesi 6ne dogru uzamistir ve beslenmeye uyumlu bir yapi gosterir. Dorsal ve ventral ylizeyde
yer alan kalkanlarin sekli ve iizerindeki yapilar, cins ve tiirlerin ayirt edilmesinde 6nemli
ipuclar1 saglar. Ayrica bacak uglarindaki duyu yapilari (tarsal sensilla), viicut lizerindeki kil
dizilimleri (setalar) ve kdtikula Uzerindeki mikroskobik desenler, eriophyidlerin dogru
tanilanmasinda taksonomik agidan kritik 6neme sahiptir (Amrine & Stasny, 1994; de Lillo &
Skoracka, 2010).

Sekil 1. Eriophyidae familyasinin morfolojik tanisi (Science Photo Library, Media ID:
798412).

Tiir Zenginligi
Diinya genelinde tanimlanmis eriophyoid tiir sayis1 yaklasik 4.400 olup, bunlarin 3.200’den
fazlas1 Eriophyidae familyasi iginde yer almaktadir (Skoracka & Kuczynski, 2012). Ancak bu

sayilarin, grubun gercek kiiresel ¢esitliligini tam olarak yansitmadig1 konusunda gii¢lii bir goriis
birligi bulunmaktadir (Lindquist et al., 1996; Amrine et al., 2003).

Gergek tiir sayisinin diisiik goriinmesinin baglica nedenleri arasinda eriophyidlerin diinya
genelinde sinirh dl¢lide arastirilmis olmasi, 6zellikle tropik ve subtropik bolgelerde yetersiz
ornekleme yapilmasi ve mikroskobik, asir1 sadelesmis viicut yapilarinin morfolojiye dayal tir
ayrimini giiclestirmesi yer almaktadir (Navia et al., 2010; Krantz & Walter, 2009; de Lillo &
Skoracka, 2010). Bu durum, bircok genetik olarak ayrismis soyun tek bir takson altinda
degerlendirilmesine yol agmaktadir.

Ayrica eriophyid tiirlerin biiyiik bir boliimiiniin yalnizca tek bir konukgu bitki tiirtinde ve sinirlt
popiilasyonlar halinde bulunmasi, tespit ve drnekleme siireglerini zorlagtirmaktadir (Skoracka
et al., 2010). Molekiiler calismalar, daha 6nce genis konuk¢u spektrumlu tek tiir olarak kabul
edilen bazi taksonlarin gergekte ¢oklu tiir komplekslerinden olustugunu ortaya koymustur
(Carew et al., 2009; Skoracka & Kuczynski, 2012).

Konuke¢u bitki tiirii basina diisen ortalama eriophyoid tiir sayisi yaklagik 0,8 olarak
hesaplanmakla birlikte, bu degerin diinya florasinin biiyiik bdliimiiniin heniiz ayrintili olarak
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incelenmemis olmasi nedeniyle muhtemelen bir alt st temsil ettigi diisiiniilmektedir
(Skoracka et al., 2010; de Lillo et al., 2018).

KONUKCU BIiTKIi SECICILIGi VE KONUKCU-AKAR ETKILESIMLERI
Eriophyidae’de Konuk¢u Ozgiilliigiiniin Onemi

Eriophyidae familyasi, bitki—akar etkilesimleri i¢inde bilinen en dar konukc¢u spektrumuna
sahip gruplardan biridir. Kiiresel 6l¢ekte eriophyoid tiirlerin yaklasik %80°inin yalnizca tek bir
bitki tiirlinde, %95’inin ise tek bir bitki cinsi i¢inde smirli kaldigim1 ortaya koymaktadir
(Skoracka et al., 2010). Bu yiiksek konukgu seciciligi, eriophyidlerin bitki dokularina son
derece 0zgiil uyumlar gelistirmesinin bir sonucudur ve 6zellikle gal olusumu gibi karmasik
doku degisimlerinin ortaya ¢ikmasinda belirleyici rol oynar. Konukguya bu denli siki1 baglilik,
eriophyoid akarlar1 bitki gelisimi, konukguya adaptasyon siirecleri ve bitki etkilesimlerinin
mekanizmalarini anlamak agisindan 6nemli bir grup haline getirmektedir.

Monofaji, Oligofaji ve Nadir Genis Konuk¢u Kullanan Tiirler

Eriophyid akarlarin biiyiik ¢cogunlugu monofag olup yasam dongiilerini yalmzca tek bir
konukgu bitki turh Gzerinde tamamlar. Bu durum, 6zellikle Aceria, Eriophyes, Cecidophyopsis
ve Phyllocoptes gibi tirce zengin cinslerde belirgin sekilde goriilmekte ve eriophyidlerin
konukgeu bitkiye ytiksek diizeyde uyum sagladigini ortaya koymaktadir (Lindquist et al., 1996;
Amrine & Stasny, 1994).

Bununla birlikte, smirli sayida tiiriin yakin bitki tiirleri arasinda gelisebilen oligofag
populasyonlar olusturabildigi bilinmektedir. Bu durum genellikle ayn1 bitki cinsi veya yakin
akraba bitki gruplar i¢inde gozlenmekte ve dar sinirlar icinde degisebildigini géstermektedir
(Skoracka et al., 2010; Skoracka & Kuczynski, 2012).

Gergek anlamda genis konukgu spektrumuna sahip eriophyid tirler ise son derece nadirdir ve
bu tiirlerin biiyiik kismi, ayrintilt molekiiler calismalar sonucunda morfolojik olarak birbirine
cok benzeyen ancak genetik olarak ayrnismis gizli tir kompleksleri olarak yeniden
degerlendirilmistir (Carew et al., 2009; Skoracka & Kuczynski, 2012).

Konukgu Secimi ve Konuk¢u—Akar Etkilesimleri

Diinya genelinde tanimlanmis yaklasik 4.400 eriophyoid tlir bulunmasina karsin, bu sayinin
grubun gergek kiiresel ¢esitliligini yansitmadigi yaygin olarak kabul edilmektedir (Skoracka &
Kuczynski, 2012; Lindquist et al., 1996). Smirli 6rnekleme, 6zellikle tropik bolgelerdeki
arastirma eksikligi ve eriophyidlerin mikroskobik, oldukc¢a sadelesmis viicut yapilari,
morfolojiye dayali tiir ayrimimi zorlastirmakta ve bircok genetik olarak ayrigmis soyun tek
takson altinda degerlendirilmesine yol agmaktadir (Amrine et al., 2003; Navia et al., 2010; de
Lillo & Skoracka, 2010). Tiirlerin biiylik boliimiiniin yalnizca tek bir konukgu bitki tiiriinde ve
sinirli populasyonlar halinde bulunmasi, bu durumu daha da belirginlestirmektedir (Skoracka
et al., 2010). Molekiiler ¢calismalar, baz1 taksonlarin gercekte tiir komplekslerinden olustugunu
gostermistir (Carew et al., 2009). Eriophyid akarlar, konukcu bitkilerde yalnizca beslenmeye
bagli doku kayiplarina degil; epidermal bronzlasma ve pas benzeri belirtiler (Aculops, Aculus),
erinoz olusumu (Sekil 2) ve 6zellikle gal gelisimi gibi, bitki dokularinin gelisimsel ve fizyolojik
isleyisini degistiren karmasik etkilesimlere neden olur (Oldfield & Proeseler, 1996; 1996;
Paponova et al., 2017; de Lillo et al., 2018).
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Sekil 2. Eriophidlerin neden oldugu pas, erinoz, gal olusumlari

ERIOPHYIDLERIN BITKIiDE OLUSTURDUGU YAYGIN BELIRTI TiPLERI

Eriophyid akarlar, konuk¢u bitki dokularinda olusturduklar1 yapisal ve fizyolojik degisimlere
gore belirgin belirtiler meydana getirir. Bu belirtiler, bitki dokusunun nasil etkilendigine bagli
olarak dort ana grupta toplanmaktadir. Bu smiflandirma hem teshis hem de =zarar
degerlendirmesi agisindan temel bir gerceve sunar.

Gal Olusturan Eriophyidler

Gal olusturan eriophyid akarlar, konukgu bitki dokularinda hiicre boliinmesini (hiperplazi) ve
hiicre biliylimesini (hipertrofi) tetikleyerek normal dokudan farklilasmis, yapisal ve islevsel
olarak 6zgiin olusumlar meydana getirir. Bu grubun en ayirt edici 6zelligi, konukgu bitkiye son
derece dar bir baghlik gostermeleridir; tiirlerin biiylik cogunlugu yalnizca tek bir bitki tiirtinde
gal olusturabilmektedir (Skoracka et al., 2010; Skoracka & Kuczynski, 2012).

Gal gelisimi oOzellikle geng ve meristematik dokularda gergeklesir ve hiicre dongiisiiniin
yeniden etkinlestirilmesi, doku polaritesinin bozulmas1 ve yaprak yilizey kimliginin
degismesiyle iliskilidir. Beslenme sirasinda eriophyid akarlarin tiikiiriikleriyle bitki dokularina
ilettigi kimyasal sinyaller, bitki i¢cindeki fitohormon dengesini ve gelisim diizenleyici maddeleri
etkileyerek dokularin normal gelisim seyrini degistirir (Oldfield & Proeseler, 1996).

Gal dokusu i¢inde damar yapilarinin yeniden diizenlenmesi sonucunda seker ve aminoasit akigi
artar; bu durum galin, akar i¢in hem besince zengin hem de ¢evresel etkilere kars1 korunakli bir
mikrohabitat haline gelmesini saglar (Jeppson et al., 1975; Childers et al., 2020).

Gal Tipleri, Morfolojik Cesitlilik ve Gal Olusturan Bashca Cinsler

Gal olusturan eriophyid akarlar, konukgu bitki grubuna bagli olarak farkli morfolojik 6zellikler
gosteren gal tipleri meydana getirir. Bu yapilar, bitki dokusunun hangi bdlgesinin etkilendigine
ve dokusal yeniden diizenlenmenin derecesine bagli olarak belirgin bigimde ayrisir. Literatiirde
eriophyid kaynakli galler genellikle dort ana morfolojik grupta ele alinmaktadir (Amrine &
Stasny, 1994; Lindquist et al., 1996; de Lillo et al., 2018).

Cepli galler, yaprak yiizeyinde kese ya da gukur seklinde odaciklar halinde gelisir ve ¢cogunlukla
yapragin fotosentetik ylizeyini daraltir. Bu tip gallerin klasik 6rnegi, thlamurda goriilen
Eriophyes tiliae’dir (Sekil 3). Tiir, yaprak yiizeyinde kirmizimsi, ige dogru ¢okiik cepli galler
olusturarak fotosentezi sinirlar ve erken yaprak yaslanmasina neden olur. Benzer sekilde
Eriophyes pyri, armut yapraklarinda cepli gal olusumuyla yaprak deformasyonlari ve bilylime
geriligi meydana getirir (Lindquist et al., 1996; Oldfield & Proeseler, 1996).
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Sekil 3. Thlamur yapraklarinda Eriophyes tiliae zarar1 (Fotograf: Rosser1954 Roger Griffith,
Eriophyes tilae tilae detail.JPG, Holger Krispile:Galle Lindengallmilbe Eriophyes tiliae.JPG
Wikimedia Commons)

Cok odacikli galler, damar dokusunun belirgin bigimde yeniden diizenlendigi ve yogun hiicre
boliinmesiyle sekillenen karmasik yapilardir. Bu gal tipi 6zellikle Aceria cinsi iginde yaygindir.
Aceria anthocoptes, devedikeni iizerinde ¢ok odacikli galler olusturarak siirgiin gelisimini
siirlar (Sekil 4) ve bitkinin rekabet giiciinii azaltir. Bu tiirde zarar, besin akisinin gal dokusuna
yonlendirilmesiyle bitkinin genel gelisim dengesinin bozulmasi seklinde ortaya ¢ikar (Navia et
al., 2010; de Lillo et al., 2018).

/ 4

Sekil 4. Aceria anthocoptes’in meydna getirdii cok odacikl galler

Tomurcuk galler, tomurcuklarin anormal biiylimesi ve silirgiin deformasyonlariyla
karakterizedir ve ¢ogunlukla Cecidophyopsis cinsine ait tiirler tarafindan olusturulur. Kus
tiziimiinde yaygin olarak goriilen Cecidophyopsis ribis, tomurcuk icini tamamen dolduran
biiyilkk bobrek seklindeki gallerle tomurcugun normal gelisimini engeller. Bu durum
ciceklenmenin azalmasina, meyve tutumunun diismesine ve uzun vadede bitkinin
zayiflamasina yol agar (Lindquist et al., 1996; Navia et al., 2010). Tomurcuk gallerine en
onemli 6rneklerden biri de findikta goériilen Phytoptus avellanae’dir (Kaya, et. al., 2023) ve
tomurcuklarda kozalak benzeri gal yapilar1 olusturmaktadir (Sekil 5).

Sekil 5. Phytoptus avellanae findik kozalak akarinin olusturdugu galler ve gal olusturan
bireyler (Fotograf: Gilles San Martin (Wikimedia Commons), File:Phytoptus avellanae.jpg )(
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Fotograf: Stephen James McWilliam (Wikimedia Commons), File:Phytoptus avellanae
(Liverpool, UK).jpg

Damar galleri (damar kalinlagmalari); yaprak ana veya yan damarlar1 boyunca siskinlik ve
kalinlagma seklinde ortaya ¢ikar yaprak mimarisini dogrudan etkiler. Kavakta goriilen Aceria
parapopuli, damar dokulari boyunca olusturdugu gallerle yaprak formunu bozar (Sekil ) ve
bliylime performansini diisiiriir. Bu tip gallerde damar dokusunun yeniden diizenlenmesi, gal
icindeki besin birikimini artiran temel mekanizmadir (Amrine & Stasny, 1994; de Lillo et al.,
2018).

P
Sekil 6. Aceria parapopuli nin olusturdugiu galleri

Gal Olusturan Tiirlerin Tarimsal Onemi

Gal olusturan eriophyid akarlar, tarimsal sistemlerde hem dogrudan hem de dolayli etkileri
nedeniyle 6nemli zararlilar arasinda yer alir. Yaprak, siirgiin ve tomurcuk dokularinda meydana
gelen yapisal deformasyonlar fotosentez kapasitesini azaltir, bitkinin biiylime dengesini bozar
ve uzun vadede belirgin verim kayiplarina yol acar. Bu etkiler 6zellikle odunsu kiiltiir
bitkilerinde daha belirgin hale gelmektedir.

Tirkiye kosullarinda gal olusturan eriophyidlere ait en dikkat ¢ekici 6rneklerden biri, findikta
yaygin olarak goriilen findik kozalak akar1 Phytoptus avellanae’dir. Bu tiir, tomurcuklarda
kozalak benzeri galler olusturarak siirglin gelisimini engeller, ¢igek tomurcugu olusumunu
sinirlar ve dogrudan verim kaybina neden olur. Olusturdugu yapilar, tomurcuk galinin tipik bir
ornegi olup gal olusturan eriophyidler grubunda degerlendirilir (Lindquist et al., 1996; Navia
etal., 2010).

Benzer sekilde, Tiirkiye’de park ve siis bitkilerinde yaygin olan thlamur agaglarinda Eriophyes
tiliae, yapraklarda ceplik galler olusturarak yaprak yiizeyinin islevsel alanini daraltir ve erken
yaprak yaslanmasina yol agar. Kavakta goriilen Aceria parapopuli ise yaprak damarlar
boyunca gelisen gallerle yaprak mimarisini bozarak biiyiime performansini diisiriir. Bu trlerin
ortak Ozelligi, zararlarinin belirli konuk¢u bitkilerde yogunlagmasi ve bitkinin fizyolojik
kapasitesini kademeli olarak azaltmasidir (Lindquist et al., 1996; de Lillo et al., 2018).

Tiirkiye tarimi agisindan en 6nemli 6rneklerden biri de findikta goriilen Phytoptus avellanae’dir
(Kaya, et. al, 2023). Bu tiir, tomurcuklarda kozalak benzeri gal yapilar1 olusturarak siirgiin
gelisimini sinirlar, ¢igek tomurcugu olusumunu azaltir ve dogrudan verim kaybina yol agar.

Gal olusturan eriophyidlerin tarimsal 6nemi yalnizca dogrudan doku deformasyonlariyla sinirlt
degildir. Baz tiirler ayn1 zamanda bitki viriislerinin tasinmasinda rol oynayarak dolayli zarar
olusturur. Bu durum, gal olusumunun yani sira epidemiyolojik risklerin de dikkate alinmasini
gerektirir. Bu nedenle tarimsal {iretimde erken teshis, diizenli izleme ve dogru tiir tanimlamasi
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acisindan ozel dikkat gerektiren bir grup olarak degerlendirilmektedir (Smith et al., 2010; de
Lillo et al., 2018).

Erinoz Olusturan Eriophyidler
Erinozun Tanim ve Genel Ozellikleri

Erinoz, eriophyid akarlarin konukg¢u bitki yapraklarinda olusturdugu, cogunlukla yaprak alt
yilizeyinde gelisen yogun ve kecemsi tiilylenme tabakasi ile karakterize bir belirti tipidir. Bu
yapi, gercek bir gal olusumundan farkli olarak kapali bir doku yapisi igermez; ancak bitki
dokusunda belirgin anatomik ve fizyolojik degisimlere yol agar. Erinoz olusumu, 6zellikle
yaprak epidermisi ve mezofil dokusunun yeniden diizenlenmesiyle iliskilidir (Lindquist et al.,
1996; de Lillo et al., 2018).

Erinoz Olusum Mekanizmasi, Morfolojik ve Anatomik Ozellikleri

Erinoz olusumu, eriophyid akarlarin beslenme sirasinda bitki dokularina ilettigi kimyasal
sinyallerin, bitki i¢indeki fitohormon dengesini ve ayni zamanda bitki icindeki gelisim
dizenleyici maddeleri etkilemesiyle baslar. Bu etki sonucunda trikom gelisimi uyarilir ve
normalden ¢ok daha yogun, sik ve diizensiz bir tiiylenme tabakasi ortaya ¢ikar. Erinoz tabakasi
genellikle yaprak alt yiizeyinde gelisir ve yapragin dogal ylizey mimarisini belirgin bi¢gimde
degistirir (Oldfield & Proeseler, 1996).

Erinozlu yapraklarda epidermal hiicrelerde kalinlagsma, trikom yogunlugunda artis ve mezofil
dokusunda diizensiz hiicre dizilimi gozlenir. Erinoz tabakasi, yaprak ylizeyinde hava akigini ve
151k gecirgenligini azaltarak fotosentez kapasitesinin diismesine neden olur. Ayrica bu yapi,
yaprak ylizeyinde nem tutulumunu artirarak mikroklimatik kosullar1 degistirir ve yaprak
dokusunun fizyolojik dengesini bozar (Lindquist et al., 1996; Childers et al., 2020).

Erinoz Olusturan Bashca Cins ve Turler

Erinoz olusturan eriophyid tiirler belirli cinslerde yogunlasmaktadir. Aceria (Eriophyes) tiliae,
thlamur agaclarinda yaygin olarak goriiliir ve yaprak alt ylizeyinde yogun erinoz tabakasi
olusturarak yapraklarin solunum ve fotosentez kapasitesini belirgin bi¢cimde azaltir. Aceria
oleae, zeytinde erinoz benzeri yogun tilylenme ve yaprak deformasyonlarina yol agarak agacin
fizyolojik dengesini ve verim potansiyelini disiiriir. Colomerus vitis, asma yapraklarinda
erinozun en iyi bilinen drneklerinden biridir; bu tiir hem yapraklarda erinoz olusumuna hem de
tomurcuk gelisiminde bozulmalara neden olur (Sekil 7) ve salkim olusumunu olumsuz etkiler
(Lindquist et al., 1996; Oldfield & Proeseler, 1996; de Lillo et al., 2018).

et
San)

Sekil 7. Colomerus vitis 'in meydana getirdigi erinoz zarari
(https://www.dreamstime.com/photos-images/colomerus-vitis.html)

Erinozun Bitki Fizyolojisi ve Verim Uzerine Etkileri

Erinoz olusumu, bitkide genellikle dogrudan doku kaybi yaratmaz; ancak fotosentez
kapasitesinin azalmasi, gaz alisverisinin kisitlanmasi ve yaprak dokusunun erken yaslanmasi
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gibi kiimiilatif etkilerle verim diislisiine neden olur. Uzun siireli ve yogun erinoz varligi, bitkinin
biiytime dengesini bozar ve 6zellikle ¢ok yillik bitkilerde yillar i¢inde belirgin performans
kayiplarina yol agar (de Lillo et al., 2018; Childers et al., 2020).

Erinoz olusturan eriophyidler, 6zellikle bag, zeytinlik ve siis bitkileri gibi sistemlerde ekonomik
acidan 6nem tasir. Belirtiler cogu zaman gozden kacabildigi i¢in zarar ge¢ fark edilir ve bu
durum kayiplarin artmasina neden olur. Bu nedenle erinoz belirtilerinin dogru tanimlanmasi,
tirtin dogru teshisi ve popllasyonlarin izlenmesi, entegre miicadele stratejilerinin
planlanmasinda kritik rol oynar (Oldfield & Proeseler, 1996; de Lillo et al., 2018).

Pas / Bronzlasma Olusturan Eriophyidler
Genel Tamim ve Zararin Niteligi

Pas veya bronzlasma olusturan eriophyid akarlar, konukc¢u bitkilerin o6zellikle yaprak
epidermisi lizerinde yiizeysel beslenme yoluyla hiicresel biitiinliigli bozan tiirlerden olusur. Bu
grupta gal veya erinoz gibi belirgin doku proliferasyonlar1 yerine, epidermal hiicrelerin
cokmesi, klorofil kayb1 ve kiitikula yapisinin bozulmasi 6n plandadir. Sonug olarak yapraklarda
pas rengi, bronz tonlar veya matlasma seklinde gorsel belirtiler ortaya ¢ikar (Lindquist et al.,
1996; de Lillo et al., 2018).

Bu zarar tipi genellikle bitkinin fotosentetik kapasitesinde azalma, su dengesinde bozulma ve
uzun vadede biiyiime geriligi ile iliskilidir. Pas ve bronzlasma belirtileri, 6zellikle yiksek
poplilasyon yogunluklarinda bitkinin genel fizyolojik performansini belirgin bigimde
diistirmektedir.

Zarar Mekanizmasi

Pas olusturan eriophyidler beslenme sirasinda epidermal hiicrelerin icerigini emerek hiicre
duvarlarinda mikroskobik hasara neden olur. Bu siregte:

o Epidermal hiicrelerde ¢okme ve nekroz benzeri yapisal bozulmalar,
o Kloroplastlarin iglev kayb1 ve klorofil degradasyonu,

o Kutikula biitiinliigiiniin zayiflamas1 ve yiizeyin degismesi gdzlenir. Bu fizyolojik bozulmalar
yaprak ylzeyinde pas veya bronz renkli bir goriiniim olusturur. Zarar genellikle ilerleyici
nitelikte olup, yapragin tamamina yayilabilir (Jeppson et al., 1975; Childers et al., 2020).

Bashica Tiirler ve Konukcu Bitkiler

Pas / bronzlasma olusturan eriophyidlerin 6nemli bir bolimi Aculops, Aceria ve Phyllocoptes
cinslerinde yogunlagsmaktadir.

Aculops lycopersici: Domateste goriilen en 6nemli pas akarlarindan biridir. Yapraklarda hizli
bronzlasma, yaprak kivrilmasi, gévde ve meyvelerde matlasma olusturur (Sekil 8). Yiiksek
yogunluklarda bitkide genel ¢okiise kadar ilerleyebilen zarar meydana getirir (Jeppson et al.,
1975; Lindquist et al., 1996).
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Sekil 8. Aculops lycopersici. Domates yapraginda bronzlagsma olusturan ergin birey (Fotograf:
Gilles San Martin (Wikimedia Commons), CC BY-SA 4.0.

Aculus schlechtendali: Elmada yaprak st yiizeyinde pas renkli goriinim ve matlasma olusturur
(Sekil 9) Fotosentez kapasitesinin azalmasina bagli olarak meyve iriliginde diislis ve yillik
stirgiin gelisiminde zayiflama goriiliir (Childers et al., 2020; de Lillo et al., 2018).
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Sekil 9. Aculus schlechtendali. Ergin bireyler, elma yapraginda ve meyvesinde bronzlagma ve
pas benzeri zarar belirtileri. Fotograf: (https:/treefruit.wsu.edu/crop-protection/opm/apple-
rust-mite/).

Phyllocoptes gracilis: Bazi odunsu bitkilerde yaprak yiizeyinde bronzlasma ve epidermal
bozulmalara neden olur. Zarar ¢ogunlukla estetik ve fizyolojik kalite kayb1 seklinde ortaya ¢ikar
(Lindquist et al., 1996).

Tiirkiye’de bag, elma ve sebze alanlarinda bronzlasma belirtileriyle iligkili eriophyid tiirlerin
varlig1 bildirilmis; 6zellikle Aculus ve Aceria tiirlerinin yaygmn oldugu belirtilmistir
(Cobanoglu, 2002; Akyazi & Ecevit, 2008).

Tarimsal Onemi

Pas ve bronzlagma olusturan eriophyidler, gal olusturan tiirlere kiyasla daha az dikkat ¢ekici
belirtiler olustursa da kiimiilatif ve siireklilik gosteren zararlar1 nedeniyle tarimsal ag¢idan son
derece onemlidir. Fotosentez kaybi, yaprak erken yaslanmasi ve iirlin kalitesinde diislis bu
grubun baslica etkileridir.

Ozellikle sebze ve meyve Uretiminde bronzlasma belirtileri, pazar degerini dogrudan
disiirmekte; yiiksek popiilasyonlarda ise bitkinin genel gelisimini baskilamaktadir. Bu nedenle
pas olusturan eriophyidler, entegre miicadele programlarinda erken teshis ve diizenli izleme
gerektiren bir zarar grubunu temsil eder (de Lillo et al., 2018).

GAL OLUSUM MEKANIZMALARI

Eriophyidae tiirlerinin gal olusturma kapasitesi, bitki—akar etkilesimleri i¢inde en karmasik
gelisimsel diizenleme 6rneklerinden birini olusturur. Gal olusumu; akarlarin beslenme sirasinda
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bitki dokusuna aktardig: tiikiirlik salgilartyla baglar ve bitki i¢indeki fitohormon ile gelisim
diizenleyici maddeleri etkiledigi bilinen sinyallerin yonlendirilmesiyle ilerler. Bu siirecte hiicre
dongiisii yeniden diizenlenir, damar dokusu gal yapisina dogru yonlendirilir ve savunma
yanitlar1 gal bolgesinde yerel olarak baskilanir (Lindquist et al., 1996; de Lillo et al., 2018;
Paponova et al., 2017).

Gal gelisimi ¢cogunlukla kislayan disi akarlarin gen¢ ve meristematik dokularda beslenmeye
baslamastyla tetiklenir. Tukiiriik salgilari, bitki hiicrelerinde fizyolojik dengeyi bozarak yogun
hiicre boliinmesini baslatir ve bu etki akar beslenmesi siirdiigii siirece devam eder. Beslenmenin
kesilmesiyle birlikte gal gelisiminin durmasi, siirecin dogrudan akar varligina bagl oldugunu
gostermektedir (Oldfield & Proeseler, 1996; Paponova et al., 2017).

Bu asamada 6zellikle auksin ve sitokinin dengesindeki degisimler belirleyici rol oynar. Auksin
dagilimindaki bozulmalar hiicre polaritesinin kaybina ve yonsiiz biiylimeye yol agarken,
sitokininler yogun hiicre boliinmesini ve ¢ok odacikli gal yapilarinin olusumunu destekler. Ayni
zamanda jasmonat ve salisilik asit temelli savunma yanitlarinin yerel olarak baskilanmasi, gal
dokusunun stabil bicimde gelismesini kolaylastirir (Paponova et al., 2017; Childers et al., 2020;
Desnitskiy et al., 2023).

Gal olgunlastikca bitki dokusunda belirgin anatomik ve histolojik degisimler ortaya ¢ikar.
Yogun hiicre ¢ogalmasi, parankim dokusunun genislemesi ve damar dokusunun gal i¢ine dogru
yeniden yOnlendirilmesi, galin besince zengin bir yap1 haline gelmesini saglar. Epidermal
tabakanin kalinlagsmasi ve antosiyanin gibi pigmentlerin birikimi ise gal dokusuna mekanik ve
fizyolojik koruma kazandirir. Ozellikle Eriophyes tiliae tarafindan olusturulan gallerde goriilen
kirmiz1 renklenme, bu koruyucu siirecin tipik bir gostergesidir (Lindquist et al., 1996; de Lillo
et al., 2018; Desnitskiy et al., 2023).

SONUC

Eriophyidae familyasi, dar konukgu seg¢iciligi ve bitki dokularinda olusturdugu gal, erinoz ve
pas benzeri belirtilerle bitki—akar etkilesimleri i¢inde 6zel bir konuma sahiptir. Bu akarlarin
zararlari, yalnizca beslenmeye bagli doku kaybi degil; bitkinin gelisimsel ve fizyolojik
sureclerinin yeniden yonlendirilmesiyle ortaya ¢ikan kalici etkiler seklinde gerceklesmektedir.
Mevcut veriler, eriophyid ¢esitliliginin diinya genelinde ve 6zellikle Tiirkiye’de biiyiik 6l¢iide
eksik tanimlandigini gostermektedir. Bu nedenle, dogru tiir teshisi, erken tan1 ve biyoloji temelli
entegre mucadele yaklasimlarinin gelistirilmesi kritik 6neme sahiptir. Gelecekte yapilacak
calismalarin, gal olusum mekanizmalar1 ve konukgu—akar -etkilesimlerinin molekiiler
temellerine odaklanmasi hem temel hem de uygulamali akaroloji agisindan onemli katkilar
saglayacaktir.
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OZET

Carpoglyphus lactis (Astigmata: Carpoglyphidae), sekerce zengin depolanmis iiriinlerde hizla
cogalarak kalite kaybina ve gida gilivenligi sorunlarina yol acan, yaygin olarak “kuru meyve
akar1” olarak bilinen 6nemli bir zararhdir. Tirlin kuru incir, kayisi, lizim ve hurma gibi
geleneksel kuru meyvelere ek olarak regel, bal, polen, ar1 ekmegi, pekmez ve sirke gibi fungus
ve maya agisindan zengin ortamlarda da bulunabilmesi, onun fermente iiriinlere de kolaylikla
uyum saglayabilen bir zararli oldugunu gostermektedir. C. lactis Uriinlerde sindirim artiklari,
salgilar1 ve olii bireylerin kalintilartyla fungus gelisimini hizlandirarak istenmeyen tat ve koku
olusumuna, renk kararmasina ve doku bozulmasina neden olur. Ozellikle kuru kayisilarda
iirlinde yumusama ve yapiskanlik {iriiniin ticari degerini belirgin sekilde diisiirmektedir.

Yapilan aragtirmalarda kuru incirlerin bazi 6rneklerinde akarin kilogram basina 10.000’i agan
yogunluklara ulasabildigini bildirilmektedir. Bu durum tiiriin depolama siirecinde siirekli bir
risk olusturdugunu ve uygun kosullar altinda ¢ok hizli popiilasyon artis1 sergileyebildigini
gostermektedir. Ote yandan bazi kimyasal fumigantlarin yasaklanmasi, direng sorunlari ve
tilketicilerin kalinti konusundaki hassasiyeti, alternatif miicadele yontemlerinin Snemini
artirmistir.

Son yillarda yapilan ¢alismalar, C. lactis’in oksijen ve nem diizeylerine duyarli oldugunu ortaya
koymus; ozon gazi, ferrik oksit, kalsiyum kloriir ve silika jel gibi fiziksel ajanlarin paketli kuru
kayisida etkili kontrol sagladigi belirlenmistir. Ozon kisa siirede yiiksek oOliim orant
olustururken, ferrik oksit oksijen seviyesini diisiirerek etkili olmaktadir. Bunun yaninda, yerli
diatomlu toprak uygulamalarinin akarin dis kutikula tabakasini agindirarak hizli su kaybina yol
actig1 ve farkli sicaklik kosullarinda popiilasyon gelisimini basariyla baskiladigi bildirilmistir.

Bu ¢aligma, C. lactis’in biyolojisini, ekolojisini, bazi organizmalarla etkilesimini ve ¢evre dostu
alternatif miicadele yontemlerini biitiinciil bir yaklasimla ele alarak, depolama ekosistemlerinde
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strduriilebilir ve giivenli yonetim stratejileri gelistirmek i¢in giincel bir bilimsel c¢ergeve
sunmay1 amaclamaktadir.

Anahtar Kelimeler: Carpoglyphus lactis, depo akarlari, gida kontaminasyonu, alternatif
miicadele; diatom topragi.

ABSTRACT

Carpoglyphus lactis (Astigmata: Carpoglyphidae), commonly known as the “dried fruit mite,”
is an important pest that rapidly proliferates in sugar-rich stored products, causing quality
degradation and food safety concerns. The presence of this species not only in traditional dried
fruits such as figs, apricots, grapes, and dates but also in fungus- and yeast-rich substrates
including jam, honey, pollen, bee bread, molasses, and vinegar demonstrates its strong ability
to adapt to fermented food environments. C. lactis accelerates fungal development through its
digestive residues, secretions, and the accumulation of dead individuals, leading to off-flavors,
discoloration, and textural deterioration. In dried apricots in particular, product softening and
increased stickiness markedly reduce the commercial value of the commaodity.

Studies have reported that the mite can reach densities exceeding 10,000 individuals per
kilogram in some dried fig samples. This indicates that the species poses a continuous risk
during storage and is capable of very rapid population growth under favorable conditions. In
addition, the restriction of certain chemical fumigants, resistance problems, and consumer
sensitivity to chemical residues have further increased the importance of alternative control
methods.

Recent studies have shown that C. lactis is sensitive to oxygen and humidity levels, and physical
agents such as ozone gas, ferric oxide, calcium chloride, and silica gel have been demonstrated
to provide effective control in packaged dried apricots. While ozone induces rapid mortality,
ferric oxide is effective by reducing oxygen concentration. Furthermore, the application of
locally produced diatomaceous earth has been reported to abrade the mite’s cuticular layer,
causing rapid water loss and successfully suppressing population growth under various
temperature conditions.

This review aims to provide an up-to-date scientific framework by examining the biology,
ecology, interactions with certain microorganisms, and environmentally friendly alternative
control methods of C. lactis, thereby contributing to the development of sustainable and safe
management strategies in stored-product ecosystems.

Keywords: Carpoglyphus lactis, stored-product mites, food contamination, alternative control,
diatomaceous earth.

Giris

Kuru meyve akari Carpoglyphus lactis (L.) (Acari: Carpoglyphidae), gida depolama
ekosistemlerinde yaygin olarak bulunan ve 6zellikle kuru incir, kayisi, {iziim, hurma ve pekmez
gibi yiiksek seker icerikli iirlinlerde hizla g¢ogalabilen kozmopolit bir tlirdiir. Akarin bu
iirlinlerde olusturdugu zarar, yalnizca fiziksel tiiketimle sinirli olmayip; salgiladigi enzimler,
digkt partikiilleri ve kutikula kalintilar1 aracilifiyla iiriiniin kimyasal ve mikrobiyolojik
yapisinda bozulmalara yol acarak ekonomik kayiplara neden olmaktadir (Hughes, 1976, Hubert
et.al, 2015). Bu bozulmalar, meyve ylizeyinde yumusama, renk degisimi, yapiskanlik artis1 ve
fermente kokular seklinde duyusal kalite kayiplariyla kendini gosterir.
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Tiirkiye’de yapilan kapsamli bir ¢alismada, kuru incir Orneklerinin %94,3’iinde akar
bulagikliginin bulundugu ve C. lactis’in bazi partilerde kilogram basina 10.488 bireye kadar
ulagabildigi rapor edilmistir (Dizlek et al., 2019). Bu bulgular, tiiriin depolama asamasinda hizli
popiilasyon artis1 gosterdigini ve gida giivenligini tehdit eden 6nemli bir kontaminasyon ajani
oldugunu dogrulamaktadir. Tiirlin insan saglig1 acisindan da 6nemi biiyiiktiir; akar parcaciklar
ve diskilar1 solunum ve gida kaynakli alerjenler arasinda yer almakta, hassas bireylerde dermatit
ve solunum sorunlarina yol agabilmektedir (Colloff, 2009).

C. lactis’in biyolojisi ve ekolojisi, yiiksek nem ve seker icerigi bulunan mikrohabitatlara giiglii
bir uyum gostermesiyle karakterizedir. Tiirlin gelisim siiresi sicaklikla birlikte kisalmakta ve
ozellikle daha sicak—daha nemli kosullarda popiilasyon artis potansiyeli belirgin bicimde
yilikselmektedir; 6rnegin kuru kayisi lizerinde yiiriitiilen yasam ¢izelgesi verileri, 28 °C ve %80
bagil nemde igsel artis hizinin en yiiksek diizeye ¢iktigini ve jenerasyon siiresinin kisaldigini
gostermistir (Giildali & Cobanoglu, 2010). Ayrica bir¢ok kuru meyvede dogal olarak bulunan
maya ve funguslarla etkilesim halinde olmasi, mikrobiyal enzim ve organik asit iiretimiyle
besin ylizeyinin daha erisilebilir hale gelmesi lizerinden akarin beslenme verimliligini artirarak
popiilasyonun hizla yiikselmesine katki saglayabilmektedir (Hubert et al., 2021). Bu nedenle C.
lactis, gida maddelerinde kimyasal/mikrobiyal bozunma siireglerinin hem tetikleyicisi hem de
hizlandiricist olarak degerlendirilebilir.

Depo akarlarinin kimyasal fumigantlarla kontroli geleneksel olarak fosfin, kikurt dioksit ve
metil bromiir gibi maddelere dayaniyordu; ancak fosfine kars1 direng gelisimi, metil bromiiriin
Montreal Protokolii kapsaminda yasaklanmasi ve gida giivenligine iliskin yasal smirlarin
sikilagmasi, bu tiirlere karsi alternatif miicadele yontemlerinin gelistirilmesini zorunlu kilmistir
(Subramanyam & Roesli, 2000). Giincel arastirmalar, inert tozlar, ugcucu yaglar, sicaklik—nem
yonetimi ve atmosfer manipiilasyonu gibi kimyasal olmayan uygulamalarin C. lactis Gizerinde
yiiksek etkinlik saglayabildigini gostermistir.

Bu derlemenin amaci, C. lactis’in biyolojisini, ekolojisini, gida kontaminasyonundaki roliinii
ve siirdiiriilebilir miicadele potansiyellerini giincel bilimsel veriler 1s18inda degerlendirmek;
ayrica mevcut literatlirdeki bosluklar1 belirleyerek gelecekteki arastirmalara yon verecek
kapsaml1 bir ¢er¢eve sunmaktir. Depolama zararlilari arasinda nispeten ihmal edilmis olan bu
tiiriin, kiiresel gida ticaretinde artan ekonomik ve saglik riskleri nedeniyle ayrintili bicimde
incelenmesi artik kaginilmaz goriinmektedir.

Taksonomi ve Tanimlama

Sube (Phylum): Arthropoda

Smif (Classis): Arachnida

Alt snif (Subclassis): Acariformes

Takim (Ordo): Sarcoptiformes

Ust aile / Ust grup (Supercohort): Astigmata

Aile (Familia): Carpoglyphidae

Cins (Genus): Carpoglyphus

Tir (Species): Carpoglyphus lactis (Linnaeus, 1758)

Kuru meyve akari1 olarak bilinen Carpoglyphus lactis, Arthropoda subesinin Arachnida
siifinda, Acari alt sinifinin Astigmata iist grubunda yer alan Acaridae familyasina baglidir.
Familya icinde Carpoglyphus cinsi, gida ve depolama iiriinleriyle iliskili tiirlerin yogunlastigi
kiiciik fakat ekolojik agidan 6nemli bir gruptur. C. lactis, bu cins iginde en yaygin ve ekonomik
onemi en yiiksek tiir olarak tanimlanmaktadir (Krantz & Walter, 2009).
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Morfolojik Ozellikleri

C. lactis, yumusak ve ince kutikulali viicut yapisiyla diger bir¢ok depolama akariyla benzerlik
gostermekle birlikte, morfolojik acidan ayirt edici baz1 6zelliklere sahiptir. Ergin bireyler oval
formda olup yaklasik 300-450 pm uzunlugundadir; (Sekil 1, Sekil 2) viicutlart acik krem
renginde ve yart seffaftir. Larval evre ii¢ cift bacak tasirken, protonimf ve tritonimf
donemlerinde dort ¢ift bacaga sahip olur. Bu evre degisimleri, tiir teshisinde Onemli
mikroskobik ipuglar1 sunar (Hughes, 1976). Kutikulasi oldukga ince bir lipid tabakasiyla
kaplidir; bu 6zellik C. lactis’in inert tozlara ve ugucu yaglara karst yiiksek duyarliligini
aciklayan temel anatomik faktorlerden biridir (Krantz, 2009).

Sekil 1. Carpoglyphus lactis (Vladivostok popiilasyonu) disisinin dorsal gériintimii ve viicut
setalarinin goriintisii (Hughes 1976). Fotograf: Pavel Klimov, Bee Mite ID — USDA, public
domain. https.//commons.wikimedia.org/wiki/Category:Carpoglyphus_lactist#/media/File.6-
Carpoglyphus lactis_Vladivostok_female dors BF20.jpg,
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Sekil 2. Carpoglyphus lactis (Lineé1758) sirasiyla disi ve erkek bireylerinin genel goriiniisii
(x20) (giildal1, 2007)

C. lactis’in ince, diisiik sklerotize kutikulaya sahip olmasi, onu hem g¢evresel streslere hem de
fiziksel ve kimyasal miicadele ajanlarina karsi olduk¢a duyarli hale getirir. Lipit tabakasinin
ince olusu, inert tozlarin (diatom topragi, kaolin, zeolit) kutikula yiizeyindeki koruyucu yag
tabakasini hizla agindirmasina izin verir; bu da diatom topragi (DE) nin bu tiirde neden ¢ok
hizl1 mortalite olusturdugunu agiklar. Ayn1 zamanda ugucu yag bilesenlerinin (6r. fenolikler,
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terpenoidler) kutikula lipitlerini ¢zerek membran biitiinliigiinii bozma etkisi, C. lactis’te temas
toksisitesinin yiiksek olmasinin ana nedenlerinden biridir (Isman, 2006).

Kutikulanin su tutma kapasitesinin diisiik olmasi, akarin nem kaybina karsi sinirli bir toleransa
sahip olmasina yol agar. Bu nedenle %60’1n altindaki bagil nemde 6liim oranlar1 hizla artmakta,
DE gibi desikantlarla birlikte uygulandiginda sinerjik kontrol etkisi ortaya ¢ikmaktadir (Arlian,
1975; Fields & Korunic, 2000).

Biyolojik Ozellikleri ve Meydana Getirdigi Zararlar
Biyoloji ve Yasam Dongiisii

C. lactis hizli iireyen bir tiirdiir. Disiler kisa yasam siireleri boyunca ¢ok sayida yumurta
birakabilir ve dongii uygun kosullarda birkag giin icinde tamamlanabilir. Yumurta, larva,
protonimf, tritonimf ve erigskin olmak iizere bes temel gelisim evresi bulunur. Yiiksek sicaklik
ve nem, yumurta agilma oranimm1 ve nimf evrelerinin hayatta kalma olasiligint artirarak
jenerasyon siiresinin kisalmasina neden olur. Bu 06zellik, tiirlin depolarda kisa siire iginde
patlayici popiilasyon artislart olusturabilmesine zemin hazirlar (Hughes, 1976). Dizlek et al.
(2019) tarafindan kuru incir depolarinda yapilan ¢alismada, bazi 6rneklerde akar yogunlugunun
10.488 birey/kg seviyesine ulastigi rapor edilmistir; bu deger C. lactis’in yogun besin ve
elverisli cevre kosullar1 altinda patlama potansiyelini gostermektedir.

Sicaklik—Nem lliskisi ve Optimum Kosullar

Kuru meyve akar1 gelisimini sicaklik ve neme son derece duyarli bigimde siirdiiren tipik bir
astigmat depolama akaridir; sicaklik arttikga gelisme siiresi kisalmakta ve 6zellikle 25-30 °C
araliginda yumurta—ergin doniisiimii hizlanmaktadir. %70-90 bagil nem, yumurta acilimini ve
geng evrelerin yasama oranini artirirken, diisiik nem kosullarinda kutikulanin siirli su tutma
kapasitesi nedeniyle 6liim orani hizla ytlikselmektedir (Arlian, 1975). Tiirkiye’de kuru kayisi
iizerinde yliriitiilen yasam ¢izelgesi ¢alismalarinda, 28 °C ve %80 bagil nem kosullarinda C.
lactis icin en yiksek igsel artis hizi (rn = 0,37) ve en kisa jenerasyon siiresi (8,06 giin)
belirlenmis; gelisme esigi sicakliginin 4,90—7,55 °C arasinda degismesi, tiliriin nispeten diisiik
sicakliklarda da gelisimini siirdiirebildigini gostermistir (Giildali & Cobanoglu, 2010). Yiiksek
seker icerigi ve dogal mikroflora barindiran kuru meyvelerde olusan mikro-nem alanlari, erken
koloni olusumu ve hizli popiilasyon artisinin temel itici gilicii olup, depolama stirecindeki
sicaklik ve nem dalgalanmalari, C. lactis popiilasyon dinamiklerini dogrudan belirleyen kritik
faktorler arasinda yer almaktadir (Dizlek et al., 2019).

Davramssal Ozellikleri ve Yayllma Potansiyeli

Carpoglyphus lactis, nemli mikro habitatlar1 tercih eden higrofil bir tiir olup, 6zellikle meyve
yuzeyindeki nem birikimleri, catlaklar ve fungus kolonileri iginde yogunlagmakta; isiktan
kaginma egilimi nedeniyle karanlik ve korunakli alanlarda daha aktif bulunmaktadir. Hareket
kabiliyeti sinirli olmasina ragmen, kisa mesafeli yiizey yayilimi koloni gelisimi icin yeterlidir
ve depolama sirasinda meyve yiizeyinde olusan yumusak, sekerce zengin tabakalar gizli
kontaminasyonu kolaylastirmaktadir (Hughes, 1976; Woolfolk & Rodriguez, 1984). Tiirlin
genis alanlara yayiliminda pasif taginma temel mekanizma olup, kurutma, depolama ve
paketleme siireclerinde kullanilan ekipman ve ambalaj materyalleri akarin {iriinler arasinda fark
edilmeden taginmasina neden olmakta; ayrica depolarda bulunan kiiciik bocekler araciligiyla
phoresy yoluyla taginma da olasidir (Krantz & Walter, 2009). Tiirkiye’de kuru incir
isletmelerinde bildirilen yiiksek bulagiklik oranlari, yetersiz temizlik ve ekipman
kontaminasyonunun akar yayiliminda kritik bir rol oynadigini ortaya koymaktadir (Dizlek et
al., 2019).
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Uriinlere Verdigi Zararlar

C. lactis, kuru meyvelerde dogrudan beslenme yoluyla seker kristallerini tiikketmekte, meyve
yilizeyinde mekanik bozulmaya neden olmakta ve iirliniin ticari kalitesini diisiirmektedir. Akarin
beslenmesi sonucu olusan sindirim artiklari, sekresyonlar ve O6lii bireyler, kiif ve maya
gelisimini tesvik ederek {iriin yiizeyinde sekonder mikrobiyal bozulmay1 hizlandirmaktadir
(Hughes, 1976; Ozer & Toros, 1978; Gen¢ & Ozar, 1986). Bu siireg, kuru meyvelerde
istenmeyen tat ve koku olusumuna, renk degisimlerine ve duyusal kalite kaybina yol
acmaktadir. Tirkiye’de kuru kayisi ve incir lizerinde yapilan caligmalar, yogun C. lactis
bulasikliginin iriinlerin pazarlanabilirligini ciddi bigimde azalttifin1 ve depolama siiresince
kayiplar1 artirdigini ortaya koymustur (Cobanoglu et al., 1996; Aksoy et al., 2004; Oztekin et
al., 2007; Guldal1 & Cobanoglu, 2010).

Insan Saghg Icin Zararlar

C. lactis’in kuru kayisilardaki bulasikligi, yalnizca iirtin kalitesi ve ekonomik kayiplarla sinirl
kalmay1p insan saglig1 agisindan da onemli riskler olusturmaktadir. Kuru meyvelerle temas
eden veya bu iirtinleri tikketen bireylerde kontakt dermatit, kasinti, eritem ve tirtiker benzeri deri
reaksiyonlart ile gastrointestinal rahatsizliklar (bulanti, karin agrisi, ishal) rapor edilmistir
(Hughes, 1976; Ozer & Toros, 1978; Geng & Ozar, 1986; Ozer et al., 1989; Turanli, 2003). Bu
etkiler, biiylik Olciide akarin viicut pargalari, sekresyonlarit ve sindirim triinleriyle iligkili
alerjenik proteinler ile ikincil mikrobiyal ve fungal gelisim sonucu ortaya ¢ikmaktadir.

Ayrica, C. lactis ve diger astigmat depo akarlarinin, duyarli bireylerde alerjik rinit ve astim
benzeri solunum semptomlarimi tetikleyebildigi, 6zellikle kuru meyve isleme ve depolama
tesislerinde caligsanlar i¢in mesleki bir risk faktorii olusturdugu bildirilmistir (Aksoy et al., 2004;
Oztekin et al., 2007; Giildal1 & Cobanoglu, 2010; Hubert et al., 2021).

Zarar Verdigi, Beslendigi veya Tespit Edildigi Gida Maddeleri

Carpoglyphus lactis, sekerce zengin, hafif nemli ve mikrobiyal faaliyetin basladigi gidalara
giiclii uyum gosteren tipik bir depo akaridir. Hem kurutulmus meyvelerde hem de islenmis
sekerli iirlinlerde kisa siirede yogun koloniler olusturabilmesi, tiirii gida giivenligi acisindan
onemli bir kontaminasyon etmeni haline getirmektedir.

Kurutulmus Meyveler: Tiiriin En Sik Rastlandig1 Ortam

C. lactis en yogun olarak kuru incir, kayisi, iziim, dut, hurma ve kegiboynuzu gibi yiiksek
fruktoz/sakkaroz igeren {irlinlerde rapor edilmistir. Yilizey neminin artmasi ve fungus
gelisiminin baglamasi, popiilasyon artisini tetikler (Hubert et.al, 2015). Tirkiye’de yapilan bir
arastirmada 141 kuru incir 6rneginin %34,8’inde C. lactis tespit edilirken, baz1 6rneklerde
yogunlugun 10.488 birey/kg’a kadar ¢iktig1 bildirilmistir (Dizlek et al., 2019).

December 18-21 / Paris, FRANCE 181



4th INTERNATIONAL PARIS CONGRESS ON AGRICULTURE & ANIMAL HUSBANDRY

Sekil 1. Carpoglyphus lactis (Linnaeus, 1758) giin kurusu kayisida beslenirken (x4) (Kilig,
2025)

Uluslararasi ¢aligmalar da benzer bir dagilimi dogrulamaktadir: kuru iizim ve kuru eriklerde
maya gelisimi nedeniyle yliksek kontaminasyon riski (Hubert et al., 2021), kuru hurmalarda
seker kristalleri ve ylizey ¢atlaklarinin yerlesimi kolaylastirmasi ve kurutulmus elma-armut gibi
daha diisiik kontaminasyonlu iiriinlerde mikrobiyal bozulma basladiginda popiilasyonun hizla
artmasi (Hughes, 1976). Tiim bu iiriinlerde sekerli yiizey, mikro catlaklar ve nem birikimi akar
icin ideal mikrohabitatlar olugturmaktadir.

Baharatlar ve Aromatik Urtnler

C. lactis yalnizca meyvelerde degil, tar¢in, kimyon, karanfil, kakule ve karabiber gibi aroma
bilesigi yiiksek baharatlarda da bulunmustur (Hughes, 1976). Kontaminasyon ¢ogu zaman
oglitme makinelerindeki toz birikimi, paketleme yiizeylerinde kalan nisasta/seker kalintilar: ve
baharatin higroskopik yapisinin nem ¢ekmesiyle iliskilidir. Baz1 baharat yaglar1 akarisidal etki
gosterse de baharatin lifli yapis1 akar i¢in korunakli mikro alanlar olusturabilir.

Kuruyemisler ve Yagh Tohumlar

Findik, ceviz, badem, yer fistig1 ve Antep fistig1 gibi yagh tohumlarda da C. lactis tespit
edilmistir. Yiizeyde yag oksidasyonu sonucu olusan ince yapiskan tabakalar ile fungus gelisimi,
akarin yerlesimini kolaylastirir. Yag asitlerinden beslenen fungus kolonileri arttikca akar
popullasyonunun da ivme kazandig: bildirilmistir (Hubert et.al, 2015, Krantz, 2009).

Islenmis Sekerli Uriinler: Recel, Pekmez, Bal ve Sekerlemeler

C. lactis yalnizca kuru gidalarda degil, sekerce zengin islenmis tiriinlerde de yasayabilir:

o Recel ve marmelat: Kapak altindaki nem ve maya gelisimi kolonizasyonu kolaylastirir.
e Pekmez ve tahin-pekmez karisimlari: Yiizey kabuklanmasi altinda mikro nisler olusur.

« Bal: Ozellikle polenli veya yiiksek nemli bal 6rneklerinde C. lactis kaydedilmistir. Kovan
ici organik birikimler akar i¢in uygun yasam alani saglar (Hughes, 1976).

o Sekerlemeler ve lokum: Surup kalintilar1 ve nisasta tozu karigimi akar i¢in son derece uygun
mikrohabitatlar olusturur.

Bu bulgular, C. lactis’in yalnizca “kuru meyve akar1” olmadigini; genis bir sekerli iiriin
yelpazesinde kontaminasyona neden olabilen ¢ok yonli bir gida zararlisi oldugunu
gostermektedir.

Fermente Uriinler: Sarap, Sirke ve Maya Karisimlari

Baz1 ¢aligmalarda, sarap tiretimi sirasinda kullanilan kuru tiziim—pekmez karisimlarinda C.
lactis kontaminasyonu kaydedilmistir. Fermentasyon Oncesi yiizeyde gelisen mayalar, CO:
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iiretimi ve seker sizintilar1 akarin kolonilesmesini kolaylastirir (Hubert et al., 2021). Hafif 1lik
fermentasyon ortami da gelismeyi destekler.

Aricilik Uriinleri, Polen ve Dogal Seker Kaynaklari

En ilging ekolojik kayitlardan biri, C. lactis’in ar1 poleni ve kovan igi liriinlerde bulunmasidir.
Polen keklerinin nemli ve sekerli yapist ile maya gelisimi, akar i¢in uygun bir mikrohabitat
sunar (Chmielewski, 1999).). Bu durum tiiriin dogal ekosistemlerde dahi sekerce zengin
mikroalanlar1 sectigini gostermektedir.

Sonug olarak, C. lactis’in dagilimi tek bir iiriin grubuyla sinirli degildir. Seker igerigi, nem
diizeyi, mikrobiyal aktivite ve yiizey yapisi gibi faktorler bu tiiriin kolonizasyonundaki temel
belirleyicilerdir. Bu nedenle tiir; kuru meyveler, baharatlar, kuruyemisler, islenmis sekerli
gidalar, fermente iirlinler ve aricilik irlinleri gibi c¢ok genis bir gida yelpazesinde
kontaminasyona neden olabilmektedir.

Mikroorganizmalarla Etkilesim ve Gida Bozulmasi Dinamikleri
Fungus, Maya ve Bakteriler ile Etkilesim

C. lactis popiilasyonlarinin depolanan gidalarda hizla artmasinin temel nedeni, gida ylizeyinde
gelisen maya, fungus ve bakterilerle kurdugu yakin ekolojik iligkidir. Mikroorganizmalarin
Urettigi enzimler, meyve dokusunu yumusatarak karbonhidratlar1 daha erisilebilir hale getirir
ve bu durum akarin beslenme verimliligini ve popiilasyon artigint destekler (Hubert et.al, 2015).
Tiirkiye’de fungal bulasmasi yiiksek incir 6rneklerinde C. lactis yogunlugunun 10.488 birey/kg
diizeyine ulastiginin bildirilmesi, bu iligkinin saha kosullarindaki 6nemini agik¢a ortaya
koymaktadir (Dizlek et al., 2019).

Akar—Fungus Karsihkh Etkilesimi

Kuru meyve akari ile funguslar arasindaki iliski cogu durumda karsilikli yarara dayalidir.
Funguslarin pektinaz ve seliilaz gibi enzimlerle meyve dokusunu yumusatmasi, akar i¢in adeta
bir 6n sindirim siireci olustururken; akarin yiizeyi asindirmasi, salgilart ve diskilar ise
funguslarin tutunmasi ve yayilmasi i¢in nemli mikrohabitatlar yaratmaktadir (Hubert et.al,
2015, Krantz, 2009).

Alternatif Miicadele Yontemleri

Kimyasal fumigantlarin yasaklanmasi, fosfine kars1 direng gelisimi ve gida gilivenligi baskilari,
C. lactis gibi depo akarlarma kars1 kimyasal icermeyen stratejilerin dnemini artirmistir. Inert
tozlar, bitkisel ucucu yaglar, sicaklik-—nem yonetimi ve atmosfer manipiilasyonuna dayali
fiziksel yontemler hem insan sagligi hem de iiriin kalitesi agisindan daha giivenli se¢cenekler
sunmakta ve farkli etki mekanizmalari izerinden akar1 baskilayabilmektedir.

Inert Tozlar (Diatom toprag, kaolin, zeolit, talk)

Inert tozlar, kutikula iizerindeki lipit tabakasini asindirarak su kaybini hizlandiran ve dliimle
sonuglanan dehidrasyona yol acan klasik fiziksel miicadele ajanlaridir (Korunic, 1998; Fields
& Korunic, 2000). Yumusak viicutlu bir tiir olan C. lactis’te bu mekanizma oldukga hizli isler.

Tasar et al. (2025), yerli diatom topragi Detech®’in toz formiilasyonunu 20, 25 ve 30 °C
sicakliklarda ve 0,1-10 g/m? doz araliginda test etmis; etkinligin hem doz hem de sicaklikla
belirgin bi¢imde arttifin1 gostermistir. Orta dozlarda (0,75-2,5 g/m?) 20 °C’de birkag saat
icinde tam mortaliteye ulasilirken, 30 °C’de 6liim siiresi yaklasik yariya diigmiistiir. Yiiksek
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dozlarda (5-10 g/m?) ise 6zellikle 30 °C’de ilk saat iginde %100’e varan 6liim oranlar1 rapor
edilmistir.

Bu sonuglar, sicaklik artiginin diatom topraginin kutikula agindirici etkisini gli¢lendirdigini ve
C. lactis i¢in Detech®’i hizli etkili, ¢evre dostu bir biyofiziksel kontrol araci haline getirdigini
ortaya koymaktadir.

Kaolin ve benzeri mineraller, yalnizca dehidrasyonla degil, ayn1 zamanda akarlarin yiizeyde
hareketini zorlastirarak ve agiz parcalarinda irritasyon olusturarak davranigsal diizeyde de
baskilayict etki gosterebilir. Kuru incir, kayist ve hurma gibi piiriizlii ylizeyli iriinler, bu
tozlarin daha iyi tutunmasina ve kalic1 bir fiziksel bariyer olusturmalarina imkan verir (Phillips
& Throne, 2010).

Ucucu Yaglar (EOs)

Bitkisel kokenli ugucu yaglar, depo akarlarinda hem sinir sistemi hem de hticresel metabolizma
iizerinde c¢ok yonli etki gosteren dogal bilesiklerdir. Asetilkolinesterazin inhibisyonu,
octopamine reseptdrlerinin hedef alinmasi, GABA—klor kanallarinin bozulmasi, kutikula lipid
tabakasinin ¢oziinmesi ve oksidatif stres olusumu, baslica akarisidal mekanizmalar arasinda yer
alir (Isman, 2006). Bu siirecler birlikte ele alindiginda, ugucu yaglar C. lactis gibi yumusak
viicutlu depo akarlarinda hizli mortalite olusturma potansiyeline sahiptir.

Kekik, adagay1, karanfil, okaliptus, biberiye ve nane yaglarinin ¢esitli depo akarlar1 lizerinde
yiiksek flimigant ve temas etkisi gosterdigi bilinmektedir (Kim et al., 2015; Athanassiou et al.,
2005). Fungusla iliskili tiirlerde (Hubert et.al, 2015) ugucu yaglarin antifungal etkisi, akar
populasyonunu dolayli olarak da baskilayabilmektedir.

Carpoglyphus lactis iizerine yiiriitiilen kapsamli bir ¢alismada Yiicel et al. (2025), farkli ugucu
yaglara kars1 tiiriin belirgin duyarlilik gosterdigini ortaya koymustur. Tar¢in yagi, %5-10
konsantrasyonlarda birkac saat icinde %80-100 6lum ve 80 pL/L fimigant dozda %100
mortalite ile en hizli ve giiglii etkiyi sergilemistir. Lavanta yagi, %10 dozda 72 saatte ve 100
uL/L fiimigant dozda tam mortalite saglamistir. Karanfil yagi orta—yiiksek dozlarda kisa siirede
%100 oliime ulagirken; kekik ve portakal yaglart daha yavas ancak anlamli diizeyde 6liim
oranlar1 ile tamamlayici akarisit adaylar1 olarak 6ne ¢cikmistir. Bu bulgular, 6zellikle tar¢in ve
lavanta yaglarinin C. lactis i¢in giiclii biyopestisit adaylari oldugunu, karanfil ve kekik
yaglarinin ise olast kombinasyon formiilasyonlarinda degerlendirilebilecegini géstermektedir.

Sicaklik, Nem ve Cevresel Faktorlere Dayah Fiziksel Kontrol

Akarlar, yiiksek sicaklik ve diisiik neme karsi fizyolojik olarak son derece hassastir. Bu nedenle
sicaklik ve nem yonetimine dayali fiziksel yontemler, C. lactis gibi depo akarlarinda kimyasal
icermeyen ancak etkili bir miicadele araci sunar. Subramanyam & Roesli (2000), 45-50 °C
arasi kisa siireli sicaklik uygulamalarinin birgok depo zararlisinda hizli mortalite sagladigini;
Fields (1992) ise bu etkinin protein denatiirasyonu, hiicre zar biitiinliigliniin bozulmas1 ve
hizlanan su kaybi ile iligkili oldugunu bildirmistir. Kuru meyvelerin kisa siireli 1s1 stresine
dayanabilmesi, hizli 1sitma veya sicak hava uygulamalarin1 C. lactis igin uygulanabilir
kilmaktadir.

Nem, astigmat akarlarin yasaminda belirleyici bir faktordiir. Arlian (1975), bircok tiiriin %60’ 1n
altindaki bagil nemde yasam siirelerinin dramatik bicimde kisaldigini1 gostermistir. Diislik nem
yalnizca liremeyi yavaslatmakla kalmaz, diatom topragi gibi inert tozlarin etkinligini de artirir;
zira diigik nemde kutikula lipidleri daha hizli ¢oziiniir ve tozlarin agindirici etkisi gili¢lenir
(Fields & Korunic, 2000; Athanassiou et al., 2005). Dolayisiyla diisiik nem, yiiksek sicaklik ve
DE uygulamasimin birlikte kullanildigi entegre fiziksel yaklagimlar, C. lactis kontrolinde
ozellikle avantajlidir.
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Ozon, Oksijen Azalticilar ve Nem Tutucularla Atmosfer Yonetimi

C. lactis’in yiiksek neme ve yeterli oksijen diizeyine bagimli fizyolojisi, atmosfer bilesiminin
degistirilmesine dayali fiziksel miicadele yoOntemlerini depolarda uygulanabilir hale
getirmektedir. Turgu & Kumral (2019), ozon, ferrik oksit, kalsiyum kloriir (CaCl) ve silika
jelin kuru kayisi tizerinde C. lactis’e karsi etkinligini nicel olarak degerlendirmis ve bu ajanlarin
doza—zamana bagl sekilde anlamli mortalite olusturdugunu gostermistir .

Ferrik oksit, paket ici oksijeni hizla absorbe ederek hipoksik bir ortam olusturur. Astigmat
akarlarin diisiik O2’ye toleranst sinirli oldugundan (Bell & Conyers, 2002), Turgu & Kumral
(2019) birkag gln icinde %90—100 mortalite bildirmistir. CaCl. ve silika jel ise nemi azaltarak
uzun siireli dehidrasyon baskis1 olusturur; CaCl. daha hizly, silika jel ise daha yavag ancak kalici
bir etki saglamaktadir. Bu bulgular, kisa siireli ozon uygulamasini, oksijen absorbanlari (ferrik
oksit) ve nem tutucular (CaCl. veya silika jel) ile destekleyen ¢ok asamali atmosfer yonetimi
modelinin, C. lactis’e kars1 kimyasal kalinti birakmayan etkili bir fiziksel miicadele araci
olabilecegini gdstermektedir.

Ayrica modifiye atmosferde oksijenin azaltilmas1 + CO:’nin artirilmasi, solunum asidozu ve
enerji metabolizmasinin ¢okmesiyle bir¢ok depo zararlisinda mortaliteyi yikseltmektedir (Bell
& Conyers, 2002). C. lactis igin smirl1 veri olsa da tiiriin diisiik Oz ve diisiik neme duyarlilig
bu yaklasimin uygulanabilirligini desteklemektedir.

Modifiye Atmosfer ile Fiziksel Miicadele ve Paket I¢i Ortam Yonetimi

Modifiye atmosfer (MA) uygulamalari, C. lactis gibi diisiik oksijen ve yiiksek CO: kosullarina
hassas tiirler i¢in etkili, kalint1 birakmayan fiziksel kontrol araglaridir (Bell & Conyers, 2002).

Astigmat akarlar hipoksiye toleransi diislik organizmalardir. O: seviyesi diistliglinde solunum
yavaglar, enerji iiretimi azalir ve birka¢ giin i¢inde yliksek mortalite goriilebilir (Bell &
Conyers, 2002). Paket ici oksijen baglayicilar (6r. ferrik oksit), depolama boyunca bu diisiik O2
ortamini koruyarak akar ¢cogalmasini kalic1 bigimde baskilar.

Diisiik nem, C. lactis’in yasam siiresini kisaltir ve atmosfer manipiilasyonunun stres etkisini
giiclendirir (Arlian, 1975). Nem azaldiginda su kaybi hizlanir hem hipoksinin hem CO:
stresinin oldurtich etkisi artar.

MAP teknolojileri (O2 absorbanli ambalajlar, CO: iiretici sistemler, diisiik gecirgenlikli filmler)
kuru meyve ve sekerli iiriinlerde C. lactis’in hem kisa vadede 6lmesini hem de yeniden
cogalamamasini saglayan pratik ¢ézliimler sunar. Kimyasal kalint1 riski olmamasi nedeniyle
ihracata yonelik tirtinlerde 6zellikle avantajlidir.

Biyolojik Mucadele

Depo ekosistemlerinde C. lactis popiilasyonlarin1 dogal olarak baskilayan gesitli avel akar
tirleri bulunmaktadir. Tiirkiye’de kuru incir 6rneklerinin %77’sinde Blattisocius tarsalis’'in
saptanmasi, bu predatorin ozellikle C. lactis’in yumurta ve geng evreleriyle beslenerek
popiilasyon artisini siirlayabildigini gostermektedir (Dizlek et al., 2019). B.mali ve diger
Blattisociinae iiyeleri de depo ortamlarinda astigmat akarlarinin 6nemli dogal diismanlari
olarak tanimlanmistir (Krantz & Walter, 2009). Depolarda yaygin goriilen bir diger avcr grup
Cheyletidae turleridir. Cheyletus eruditus, yiiksek av kapasitesi sayesinde astigmat akar
yogunlugunu belirgin bi¢cimde azaltabilmekte; C.malaccensis’in de benzer sekilde depo akar
popiilasyonlarini baskiladig: bildirilmektedir (Hughes, 1976).

Bununla birlikte, biyolojik miicadelenin depolarda dogrudan uygulama potansiyeli sinirhdir.
Predator akarlarin salimi hijyen ve tiiketici algis1 agisindan uygun goriilmemekte; ayrica
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sicaklik ve nem dalgalanmalar1 predator etkinligini azaltabilmektedir. Bu nedenle biyolojik
miicadele, dogal predator faunasinin korunmasi ve kimyasal olmayan yontemlerle entegre
zararli yonetimini destekleyen ekolojik bir bilesen olarak degerlendirilmektedir (Athanassiou
et al., 2005; Athanassiou & Arthur, 2018).

Kimyasal Mucadele

Depolama akarlarinin kontroliinde fumigantlar uzun yillardir kullanilmakla birlikte, kimyasal
kalint1 riski, is¢i sagligi ve ihracat kisitlar1 nedeniyle bu uygulamalar giderek
siirlandirilmaktadir. C. lactis gibi astigmat akarlar iizerinde ¢esitli kimyasal ajanlar denenmis
olsa da etkinlik ve giivenlik agisindan 6nemli sinirliliklar bulunmaktadir.

Fosfin (PHs), depolama zararlilarina karsi yaygin kullanilan bir fumiganttir; ancak astigmat
akarlarin fosfine duyarliligi degisken olup bazi tiirlerde diisiik duyarlilik ve tolerans
bildirilmistir (Kucerova et al., 2003; Bell & Nayak, 2012). Ayrica fosfin kullaniminda {iriinlerde
koku ve kalinti riski ile fungus ve maya yiikiinii tam baskilayamama gibi sorunlar 6ne
¢ikmaktadir; bu nedenle C. lactis igin giivenilir tek yontem olarak degerlendirilmemektedir.

Gecmiste yaygin kullanilan kiikiirt flimeleme, keskin koku olusumu ve tiiketici tercihleri
nedeniyle biiyiik Ol¢iide terk edilmis; temas etkili piretroit ve organofosfatlar ise mikro
catlaklara niifuz edememeleri ve kalint1 riski tagimalar1 nedeniyle depolarda smirli kullanim
alanina sahiptir (Krantz & Walter, 2009; Arthur & Zettler, 2011).

Bu nedenlerle giincel yaklasim, kimyasal fumigasyonun yalnizca son care olarak kullanilmasi
ve miicadelenin kimyasalsiz yontemlerle (inert tozlar, ugucu yaglar, nem yonetimi ve modifiye
atmosfer uygulamalari) desteklenmesidir. Literatiir, direng gelisimi ve kalint1 riskleri nedeniyle
kimyasal yontemlerden uzaklasilmasinin siirdiiriilebilir depo yonetimi i¢in kaginilmaz
oldugunu ortaya koymaktadir (Athanassiou & Arthur, 2018).

Entegre Miicadele (IPM) Yaklasim

Carpoglyphus lactis icin tek bir micadele yonteminin uzun vadeli ve guvenilir kontrol
saglamadig1 bilinmektedir. Bu nedenle, depolama zararlilar literatiiriinde kimyasal baskinin
azaltildigi, fiziksel, biyolojik ve biyoteknik yontemlerin birlikte uygulandigi Entegre Zararl
Yonetimi (IPM) yaklasimi Onerilmektedir (Arthur & Athanassiou, 2018). C. lactis gibi
mikrobiyal aktiviteyle yakindan iliskili astigmat depo akarlarinin kontroliinde IPM’nin temelini
Onleyici hijyen, diizenli izleme ve ¢oklu kontrol araclarinin entegrasyonu olusturmaktadir.

Depolama alanlarinda gida kirintilari, sekerli yiizey kalintilari ve nem birikimi, C. lactis
kolonizasyonu i¢in ideal kosullar yaratmaktadir. Bagil nemin %60’ altinda tutulmasi,
astigmat akarlarin ¢ogalma kapasitesini belirgin bigimde diisiirmektedir (Arlian, 1975). Bu
nedenle nem kontrolii, ylizey temizligi, ¢atlak ve yariklarin kapatilmasi ile ekipman hijyeni
IPM’nin temel ve vazgegilmez unsurlaridir. Akarlarin ¢iplak gozle fark edilmesinin zor olmasi,
diizenli Ornekleme ve stereomikroskop altinda izlemeyi zorunlu kilmakta; erken tespit,
miidahalenin zamaninda ve diisiik maliyetle yapilmasini saglamaktadir (Dizlek et al., 2019).

[PM yaklasiminin etkinligi, fiziksel ve biyolojik yontemlerin birlikte uygulanmasiyla énemli
ol¢iide artmaktadir. Diisiik nem kosullarinin, diatom topragi (DE) gibi inert tozlarin etkinligini
belirgin bi¢imde artirdigi; bu sinerjinin akarlarin su dengesini bozarak hizli 6liim olusturdugu
gosterilmistir (Fields & Korunic, 2000). Benzer sekilde, kisa stireli 1s1 uygulamalari, tek basina
yiiksek Oliim oranlar1 saglamakta; DE ile kullanildiginda kutikula hasarini artirarak etkiyi
gugclendirmektedir (Subramanyam & Roesli, 2000). Ayrica, oksijenin azaltilmasi ve/veya
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COz’nin artirtlmasina dayali modifiye atmosfer uygulamalari, hipoksiye duyarli olan astigmat
akarlar lizerinde uzun siireli baskilama saglamaktadir (Bell & Conyers, 2002).

Depo ekosistemlerinde bulunan avci akarlarin korunmasi, IPM agisindan énemli bir ekolojik
avantaj sunmaktadir. Blattisocius tarsalis ve Cheyletus eruditus gibi turler, C. lactis’in yumurta
ve geng evreleriyle beslenerek popiilasyon artisini dogal olarak sinirlandirabilmektedir (Dizlek
et al., 2019). Buna karsilik, fosfin ve diger fumigantlar, yalnizca agir bulasiklik durumlarinda
ve kisa stireli acil miidahale araci olarak onerilmekte; IPM’nin temel hedefi, kimyasal kullanimi
en aza indirerek fiziksel ve ekolojik yontemleri birincil kontrol stratejisi haline getirmektir
(Athanassiou & Arthur, 2018).

Sonug

Bu ¢alisma, kuru meyve akarinin 6zellikle yiiksek nem ve mikrobiyal aktivitenin yogun oldugu
depo kosullarinda hizla ¢ogaldigini ve gida kalitesi acisindan ciddi riskler olusturdugunu
gostermektedir. Kimyasal yontemlerin sinirliliklar1 dikkate alindiginda, tiiriin kontroliinde
Entegre Zararli Yonetimi (IPM) yaklasimi esas alinmalidir. Bu kapsamda, nem yonetimi ile
diatom topragi (DE) kullanimi, akarlarin su dengesini bozarak etkili ve kalint1 riski diisiik bir
kontrol saglamaktadir. Gerektiginde ucgucu yaglarin (fumigant veya itici etki) fiziksel
yontemlerle birlikte degerlendirilmesi, kimyasal fumigantlara olan bagimlilig1 azaltabilecek
cevre dostu bir secenek sunmaktadir.
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ABSTRACT

Hypericum orientale L., a common perennial plant that grows wild on igneous slopes and rocky
outcrops at high altitudes, is one of the Hypericum species found in Turkiye. It has been used
for traditional therapeutic purposes in Turkish folk medicine. Recent studies reporting the high
concentration of bioactive compounds in H. orientale underpin its effectiveness as a promising
medicinal plant. There are few previous studies on the chemical composition of H. orientale.
Collected samples were analyzed using SPME supported GC-MS device. Compounds were
detected using Shimadzu FFNSC (Flavour &amp; Fragrance Natural &amp; Synthetic
Compounds GC/MS Library) library. Results: Hendecane (9.34%), B-Chamigrene (9.63%), o-
Cadinene (8.05%), B-Farnesene (7.89%), 10-p(H)-Cadina-1(6),4-diene (7.79%), a-Amorphene
(6.53%) and a-Copaene (5.83%), were detected in high amounts.. Factors affecting volatile oil
yield and composition include plant genetics, growth stage, geographical and environmental
conditions (like climate, altitude, and soil type), agricultural methods and practices (plant
density, water availability, and harvesting time), plant part used, extraction method, and storage
condition

INTRODUCTION

There are more than 490 species of Hypericum L. (Hypericaceae) worldwide. In Turkiye, there
are 94 taxa (78 species) that belong to this genus. There are roughly 43 indigenous species of
Hypericum. Hypericum species, particularly H. perforatum L., are referred to as
"binbirdelikotu, kiligotu, kantaron" in Turkish and St. John's Wort in English (Baytop, 1999;
Hisil et al., 2005; Giiner et al., 2000; Gliner et al., 2012).

Because of their many therapeutic qualities, the species of this genus have been utilised as
healing agents for hundreds of years. In Turkish traditional medicine, hypericum species are
also employed as sedatives, antiseptics, and antispasmodics (Cirak et al., 2012).

One of the Hypericum species found in Turkey is Hypericum orientale L. The stems can be
erect or decumbent, range in length from 7 to 45 cm, and occasionally have adventitious roots.
10-40 mm, oblong, elliptic-oblong, or oblanceolate leaves. Sepals can be broadly elliptic to
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obovate or narrowly oblong and oval. Complete, 10-18 mm petals without black dots. Ovoid
to ovoid-cyclindric capsule, 7-14 mm (Davis 1988).

METHODOLOGY
Plant Material and Pre-Analysis Preparation

The samples collected from ikizdere/Rize, 40°44'03"N - 40°46'43"E Cimil Highland, 2002-
meter altitude (Figure 1).

e
@’@

Figure 1. The geographic location where the plant specimen was collected

Coordinate information of the location where the plants were collected was taken with the
Garmin etrex 30x device.

The samples were dried in a fan oven until they reached constant weight (40°C for 3 days). The
dried samples were then stored in a cold storage facility (+4°C). After being ground in a grinder,
the dried samples were weighed to 0.2 grams for volatile component analysis.

GC/MS Analysis

Volatile component analysis was performed using the SPME (Solid Phase Microextraction)
method on a Shimadzu GC/MS-0P2020 instrument located in the Plant Analysis Laboratory of
the Faculty of Agriculture at Recep Tayyip Erdogan University. SPME analysis is a convenient
method performed with a ground, dry sample without the need for solvents. The method is
based on the absorption of essential oils by a fused silica fiber coated with a polymeric
stationary phase, followed by desorption of the absorbed substances by heating at the injection
port.

Helium (1 mL/min) was used as the carrier gas in GC-MS analyses performed by electrospray
ionization (EI) with the CP SMS (30 m % 0.25 mm internal diameter, 0.25 pm film thickness).
The oven was set to operate at a rate of 2 °C/min from 40 °C to 240 °C and then at an isothermal
temperature of 220 °C for 20 minutes. The temperature of the injector and detector was 240 °C.
The compounds were identified by comparing their linear retention indices (LRIs) with a series
of n-hydrocarbons and by comparing their retention times with those of pure original samples.
The alkane series is C8-C24 or 2.5. Mass spectra were taken at 70 eV, and area normalization
was used to calculate the percentage composition. After the compounds were separated on the
gas chromatography column, each ion-mass spectrum was recorded, and the compounds were
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identified using the Shimadzu FFNSC library (Flavor & Fragrance Natural & Synthetic
Compounds GC/MS Library).

RESULTS

The volatile oil composition of H. orientale collected from Ikizdere-Cimil Highland is given
in Table 1.

Table 1: Volatile oil composition of H. orientale collected from ikizdere-Cimil Highland

Rank | Compound (%)
1 Hendecane 9.34
2 Tridecane 1.58
3 o-Elemene 0.42
4 a-Cubebene 1.56
5 Cyclosativene 1.26
6 a-Copaene 5.83
7 B-Bourbonene 2.17
8 a-Gurjunene 0.48
9 -Cedrene 3.45
10 a-Patchoulene 1.00
11 a-Humulene 0.90
12 (E)-p-Farnesene 7.89
13 Aromadendrene 2.22
14 a-Amorphene 6.53
15 10-p(H)-Cadina-1(6),4-

diene 7.79
16 3-Chamigrene 3.05
17 f-Selinene 4.17
18 B-Chamigrene 9.63
19 Muurolene 2.89
20 (E,E)-a-Farnesene 1.30
21 y-Cadinene 4.56
22 o-Cadinene 8.05
23 Germacrene B 4.22
24 Spathulenol 1.61
25 (E)-2-tridecenal 0.67
26 Viridiflorol 0.76
27 epi-y-Eudesmol 0.92
28 epi-a-Muurolol 1.19
29 (2)-trans-a-Bergamotol 0.81
30 Heptadecane 1.06
31 Phytone 1.67
32 Nonadecane 1.02
Total 100
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Figure 2: Prominent volatile oil components of H. orientale collected from Cimil
Highland/Rize

Totally 32 different volatile oil components could be detected. Hendecane (9.34%), pB-
Chamigrene (9.63%), o-Cadinene (8.05%), B-Farnesene (7.89%), 10-p(H)-Cadina-1(6),4-diene
(7.79%), a-Amorphene (6.53%) and a-Copaene (5.83%), were detected in high amounts.

CONCLUSION AND DISCUSSION

B-selinene (37.1%), P-caryophyllene (9.7%), y-muurolene (4.4%), cadinene (6.1%) was
detected in H. orientale (Bertoli et al., 2018).

Cirak and Seyis (2024) detected 64 different volatile components in three different saples of H.
orientale collected from Rize. They detected remarkable amounts of p-Menthone, Pulegone, a-
Santalene, y-Cadinene, Spathulenol and Caryophyllene oxide.

The altitude of the natural growth location affects several environmental elements, such as mean
temperature, wind speed, precipitation, snowfall duration, soil, temperature extremes, radiation
intensities, and length of the vegetative phase (Camas et al., 2014). Higher UV-B radiation and
lower temperatures at high altitudes are two environmental conditions that have long been
thought to have an impact on secondary metabolism in plants.

Factors influencing the yield and composition of volatile oil encompass plant genetics, growth
stage, geographical and environmental conditions (such as climate, altitude, and soil type),
agricultural practices (including plant density, water availability, and harvesting timing), the
specific plant part utilised, extraction techniques, and storage conditions (Mugao, 2004).

The present investigated sample was collected from one location. H. orientale should be
collected from more locations to give more information about the chemical composition of this
Species.
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ABSTRACT

Rhododendron is a large genus that contains species that have been used in traditional medicine
to treat a variety of ailments, including inflammation, discomfort, gastrointestinal issues, the
common cold, asthma, and skin diseases etc. Collected samples were analyzed using SPME
supported GC-MS device. Stem parts of Rhodoendron caucasium contained high amounts of
Seychellene (32.55%), o-Cadinene (10.52%), o-Amorphene (6.40%) and o-Muurolene
(6.17%). In leaf parts a-Cedrene (31.06%), 16-hydroxy-hexadec-6-enoic acid (17.77%) and
Phytone (4.92%) were detected in high amounts. High amounts of 16-hydroxy-hexadec-6-enoic
acid (8.07%), a- Patchoulene (6.75%), Isoborneol (6.82%) and a-Curcumene (5.56%) were
detected in flower parts of Rh. caucasicum. All investigated plant parts contained components
displaying important biological activities. The GC-MS analysis of leaves, stem and flower parts
of R. caucasicum showed high amounts of Seychellene in stem part and 16-hydroxy-hexadec-
6-enoic acid in flower and leaf parts. The results have shown the presence of diverse of
compounds having pharmacological and industrial importance.

Key Words: Rhododendron caucasicum, GC/MS, morphogenetic variability

INTRODUCTION

Over 600 species of Rhododendron can be found worldwide. Asia is home to more than 400 of
them. In high, cool, and wet regions of Europe, North America, and Australia, the smaller
percentage grows. Rhododendron is a member of the Ericaceae family and is usually referred
to as rosemary, black poison, or komar. R. luteum, R. ponticum, R. smirnovii, R. caucasicum,
and R. ungerni are the five Rhododendron species that grow natively in Turkey, particularly in
the East Black Sea region (Davis, 1982).

Turkey is divided into three major flora regions. These are Euro-Siberian, Irano-Turanian and
Mediterranean. City of Rize stands at the Colchis part of Euro-Siberian flora region (Usta et al.,
2011).

Rh. aucasicum is known as "mountain kumari" in the Eastern Black Sea Region (Guner and
Duman, 1998). Its white or cream-colored flowers are edible. This Rhododendron, which can
grow up to 1 or 1.5 meters tall, is found in the acidic soils (pH 3-4) of the Black Sea region,
especially on the northern slopes of mountainous areas. While it forms scattered communities
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in the undergrowth of beech, beech-fir, or beech-spruce forests, it is stated that the best growing
conditions are in the subalpine and alpine zones (Stevens, 1978; Browicz, 1983). Therefore, the
Caucasian rhododendron is also defined as a high-mountain species. It has a wide distribution
area, starting from the northwest of the Great Caucasus Mountains and extending to the upper
reaches of the Samur River in western Azerbaijan and Dagestan, from where it takes its name
from the Caucasus Mountains.

Rh. caucasicum collected from Rize was analyzed regarding volatile oil components in different
plant parts.

METHODOLOGY
Plant Material and Pre-Analysis Preparation
The samples collected from Camlihemsin/Rize, 40°48'04"N 41°56'47"E Cigekli highland,

Figure 1. R. caucasicum in its natural habitat in Cicekli highland/Rize

Coordinate information of the location where the plants were collected was taken with the
Garmin etrex 30x device.

The samples were dried in a fan oven until they reached constant weight (40°C for 3 days). The
dried samples were then stored in a cold storage facility (+4°C). After being ground in a grinder,
the dried samples were weighed to 0.2 grams for volatile component analysis.

GC/MS Analysis

Volatile component analysis was performed using the SPME (Solid Phase Microextraction)
method on a Shimadzu GC/MS-0P2020 instrument located in the Plant Analysis Laboratory of
the Faculty of Agriculture at Recep Tayyip Erdogan University. SPME analysis is a convenient
method performed with a ground, dry sample without the need for solvents. The method is
based on the absorption of essential oils by a fused silica fiber coated with a polymeric
stationary phase, followed by desorption of the absorbed substances by heating at the injection
port.

Helium (1 mL/min) was used as the carrier gas in GC-MS analyses performed by electrospray
ionization (EI) with the CP SMS (30 m x 0.25 mm internal diameter, 0.25 um film thickness).
The oven was set to operate at a rate of 2 °C/min from 40 °C to 240 °C and then at an isothermal
temperature of 220 °C for 20 minutes. The temperature of the injector and detector was 240 °C.
The compounds were identified by comparing their linear retention indices (LRIs) with a series
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of n-hydrocarbons and by comparing their retention times with those of pure original samples.
The alkane series is C8-C24 or 2.5. Mass spectra were taken at 70 eV, and area normalization
was used to calculate the percentage composition. After the compounds were separated on the
gas chromatography column, each ion-mass spectrum was recorded, and the compounds were
identified using the Shimadzu FFNSC library (Flavor & Fragrance Natural & Synthetic
Compounds GC/MS Library).

RESULTS

The volatile oil composition of Rh. caucasicum collected from ikizdere-Cimil Highland is
given in Table 1.

Table 1: Volatile oil composition of Rh. caucasicum stem parts collected from Cicekli
highland/Rize

Rank Compound (%)

1 Cyclosativene 1.38
2 a-Copaene 3.19
3 a-Gurjunene 3.83
4 Seychellene 32.55
5 cis-Thujopsene 0.32
6 a-Himachalene 0.75
7 a-Humulene 3.67
8 Alloaromadendrene 4.73
9 a-Amorphene 6.40
10 a-Zingiberene 4.44
11 10-B(H)-Cadina-1(6),4-diene 1.47
12 B-Chamigrene 1.09
13 a-Muurolene 6.17
14 y-Cadinene 3.68
15 6-Cadinene 10.52
16 B-Sesquiphellandrene 0.97
17 y-Undecalactone 0.42
18 Nerolidol 0.71
19 Hexadecane 1.99
20 Caryophyllene oxide 1.31
21 Methyl dihydrojasmonate 0.56
22 epi-a-Muurolol 1.49
23 Octyl furan-2-carboxylate 0.61
24 a-Bisabolol 0.35
25 Heptadecane 1.89
26 Octyl Caprylate 0.51
27 Octadecane 1.09
28 Nonadecane 0.59
29 16-hydroxy-hexadec-6-enoic acid | 1.40
30 Isophytol 1.16
31 Eicosane 0.76
Total 100

Stem parts of Rh. caucasium contained high amounts of Seychellene (32.55%), o-Cadinene
(10.52%), a-Amorphene (6.40%) and a-Muurolene (6.17%) (Table 1).
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Table 2: Volatile oil composition of Rh. caucasicum leaf parts collected from Cigekli

highland/Rize

Rank | Compound (%)

1 trans-Linalool oxide 2.85
2 a-Copaene 0.86
3 a-Gurjunene 2.62
4 a-Cedrene 31.06
5 cis-Thujopsene 0.95
6 Geranyl butyrate 4.10
7 Alloaromadendrene 1.99
8 a-Amorphene 1.54
9 a-Patchoulene 0.94
10 a-Curcumene 0.92
11 (E)-B-ionone 2.28
12 Pentadecane 1.74
13 a-Muurolene 1.58
14 3-Cadinene 2.05
15 y-Cadinene 1.09
16 Germacrene B 1.32
17 Hexadecane 2.88
18 Caryophyllene oxide 0.70
19 Octyl 2-furoate 0.63
20 Heptadecane 2.89
21 Octyl Caprylate 0.54
22 Pentadecanol 0.95
23 Octadecane 1.56
24 Neophytadiene 1.69
25 Phytone 4.92
26 Nonadecane 1.34
27 16-hydroxy-hexadec-6-enoic acid 17.77
28 Isophytol 1.74
29 Ethyl Palmitate 3.60
30 Heneicosane 0.94
Total %100

In leaf parts a-Cedrene (31.06%), 16-hydroxy-hexadec-6-enoic acid (17.77%) and Phytone

(4.92%) were detected in high amounts (Table 2).
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Table 3: Volatile oil composition of Rh. caucasicum flower parts collected from Cigekli
highland/Rize

Rank | Compounds (%)

1 Isoborneol 6.82
2 B-Caryophyllene 4.28
3 Aromadendrene 5.72
4 10-B(H)-Cadina-1(6),4-diene 1.16
5 a-Patchoulene 6.75
6 a-Curcumene 5.56
7 B-Selinene 1.07
8 Pentadecane 3.45
9 (E,E)-a-Farnesene 3.96
10 Viridiflorene 1.15
11 3-Cadinene 2.02
12 y-Cadinene 4.96
13 Isoamyl nonanoate 1.08
14 Germacrene B 4,99
15 Citronellyl butyrate 2.24
16 y-Undecalactone 1.24
17 Tridecyl alcohol 1.16
18 Hexadecane 5.23
19 Methyl dihydrojasmonate 1.90
20 Octyl furan-2-carboxylate 2.59
21 Muyristic alcohol 3.36
22 Heptadecane 5.17
23 Farnesal 1.19
24 Pentadecanol 1.18
25 Octadecane 2.18
26 Phytone 2.27
27 Nonadecane 1.58
28 16-hydroxy-hexadec-6-enoic acid 8.07
29 Isophytol 2.33
30 Civetone 2.13
31 Heneicosane 2.18
32 Tetracosane 1.04
Total 100

High amounts of 16-hydroxy-hexadec-6-enoic acid (8.07%), a- Patchoulene (6.75%),
Isoborneol (6.82%) and a-Curcumene (5.56%) were detected in flower parts of Rh. caucasicum
(Table 3). All investigated plant parts contained components dispalying important biological
activities.

CONCLUSION AND DISCUSSION

Belousova et al. (2017) detected 8(14),15 pimaradiene, calarene, allo-aromadendrene, linalool
and muurolol in Rh. caucasicum.

Fandakli et al. (2019) determined a total of twenty-five and thirty-one compounds using HD
and SPME, respectively. The main volatile constituents of R. caucasicum were found to be
calarene (46.13% (HD) and 54.91% (SPME) and sandaracopimaradiene (25.93% (HD) and
8.16% (SPME).

A number of environmental factors, including mean temperature, wind speed, precipitation,
snowfall duration, soil, temperature extremes, radiation intensities, and the duration of the
vegetative phase, are influenced by the altitude of the natural growth location (Camas et al.,
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2014). It has long been believed that two environmental factors that affect secondary
metabolism in plants are more UV-B radiation and lower temperatures at high elevations.

Plant genetics, growth stage, geographic and environmental factors (such as climate, altitude,
and soil type), agricultural practices (such as plant density, water availability, and harvesting
timing), the particular plant part used, extraction methods, and storage conditions are all factors
that affect the yield and composition of volatile oil (Mugao, 2004).

According to Sangwan et al. (2001), volatile oils are stored in the plant's unique oil cells and
oil tubes and can be found in a variety of plant parts, including leaves, flowers, roots, and stems.
The volatile oil that many plants contain is what gives them their distinctive smells. Numerous
internal (plant genetics, provenance, etc.) and external (temperature, growing circumstances,
drying techniques and extractions, distillation time, and analysis conditions) elements have
been found to have an impact on volatile oil components (Moghaddam and Mehdizadeh, 2017).
The amount of bioactive compounds derived from secondary metabolites exhibits
morphogenetic variation based on the plant's organs, ontogenetic change based on the plant's
life cycle, and harvest/collection time.

The present investigated sample was collected from one location. Rh. caucasicum should be
collected from more locations to give more information about the chemical composition
variation of this species.

REFERENCES

Belousova, N.I., Domrachev, D.V., Fursa, N.S., Belousov, M.V. (2017). Composition of
Essential Oil from Rhododendron caucasicum . Chem Nat Compd 53, 574-575 (2017).

Browicz, K. (1983). Chorology of Trees and Schrubs in South-West Asia and Adjacent
Regions, Warszawa.

Camas, N., Radusiene, J., Ivanauskas, L.; Jakstas, V., Camas, N. (2014). Altitudinal changes in
the content of bioactive substances in Hypericum orientale and Hypericum pallens . Acta
Physiol Plant 36, 675-686.

Davis, P.H. (1982). Flora of Turkey and The East Aegean Islands, Edinburgh University Press,
Edinburgh, Vol. 6, p. 90 (1982).

Fandakli S., Yayhi N., Kahriman, N., Uzunalioglu, E., Colak, N.U., Yildirim, S., Yasar, A.
(2019). The Chemical Composition of the Essential oil, SPME and Antimicrobial Activity of
Rhododendron caucasicum Pall.Rec.Nat.Prod., 13(4), 316-323.

Moghaddam, M., Mehdizadeh, L., 2017. Chemistry of essential oils and factors influencing
their constituents. In: A.M. Grumezescu, A.M. Holban (Eds.), Soft Chemistry and Food
Fermentation, Academic Press, pp. 379-419.

Mugao, G. D. (2004). A survey of Recruitment and Selection Practices of pilots among
commercial aviation firms in Kenya (Doctoral dissertation, University of Nairobi).

Sangwan, N., Farooqi, A., Shabih, F., Sangwan, R., 2001. Regulation of essential oil production
in plants. Plant Growth Regulation, 34(1): 3-21.

December 18-21 / Paris, FRANCE 199



4th INTERNATIONAL PARIS CONGRESS ON AGRICULTURE & ANIMAL HUSBANDRY

PASSIFLORA CULTIVATION IN TURKIYE: POTENTIAL, PRACTICES, AND
FUTURE PERSPECTIVES

Recep BALKIC

Akdeniz University, Elmali Vocational School, Department of Plant and Animal Production,
Antalya, Turkey

ORCID ID: https://orcid.org/0000-0002-1212-9501

Lokman ALTINKAYA

Akdeniz University, Kumluca Vocational School, Department of Plant and Animal
Production, Antalya, Turkey

ORCID ID: https://orcid.org/0000-0002-8163-2530

Hamide GUBBUK
Akdeniz University, Department of Horticulture, Faculty of Agriculture, Antalya, Turkey
ORCID ID: https://orcid.org/0000-0003-3199-0660

ABSTRACT

Passiflora cultivation has recently emerged as a rapidly developing tropical fruit sector in
Turkiye, gaining increasing commercial attention and agricultural significance. Passiflora
species were officially introduced into the country for the first time in 2013 through a
collaborative project conducted by Akdeniz University, the West Mediterranean Agricultural
Research Institute, and the Antalya Provincial Directorate of Agriculture and Forestry. Within
this project, several tropical fruit species including mango, pitaya, litchi, longan, and guava
were evaluated for adaptation performance, and Passiflora was identified as one of the most
promising species due to its high adaptability, productive potential, and rising market demand.
Cultivation has since expanded along the Mediterranean coastline as well as the Coastal regions
of Mugla and Izmir, where ecological conditions are highly suitable for the species. Key factors
contributing to the increasing interest in Passiflora include its ability to produce fruit twice a
year under favorable conditions, its ease of vegetative propagation, and the aromatic and
attractive qualities of its fruit, which appeal strongly to consumers. In addition to fresh
consumption, the use of Passiflora as a raw material in various food industries further
strengthens its production potential. Moreover, with more than 500 recognized species and
highly ornamental flowers, Passiflora also holds considerable value as an ornamental plant
alongside fruit production. This study aims to present the current status, potential, and future
prospects of Passiflora cultivation in Turkiye. Considering the growing producer interest,
suitable ecological conditions, and diverse utilization opportunities, Passiflora stands out as a
strong candidate for becoming an important alternative fruit crop in Tiirkiye’s agricultural
landscape.

Key Words: Passiflora; Adaptation; Tropical Fruits; Possum Purple; Fruit quality
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INTRODUCTION

The genus Passiflora (Passifloraceae) comprises a large group of plant species distributed
mainly in tropical and subtropical regions and includes taxa of considerable economic,
nutritional, and pharmacological importance. The family Passifloraceae contains approximately
700 species, of which nearly 60 produce edible fruits (Feuillet & MacDougal, 2007,
Schotsmans & Fischer, 2011). Among the genus Passiflora, the most widely cultivated and
economically important species include Passiflora edulis Sims, Passiflora ligularis Juss.,
Passiflora quadrangularis L., Passiflora setacea DC., Passiflora alata Curtis, and Passiflora
incarnata L. (Rodriguez Carlosama et al., 2020). These species are utilized not only for fresh
consumption but also for industrial processing and ornamental purposes, while some species
are particularly valued for the development of pharmaceutical products. As noted above,
although the cultivation of Passiflora species is widespread in tropical and subtropical regions,
the highest production levels are reported in Brazil, followed by other Latin American countries
such as Colombia and Peru. Among these species, Passiflora edulis is native to Brazil and
represents the most widely cultivated and commercially valuable species worldwide. The
cultivation of Passiflora edulis is of strategic importance not only for fresh fruit consumption
but also for juice production, the food industry, and the development of functional products. In
practice, the term Passiflora edulis is commonly used to refer to the yellow-fruited form;
however, purple-fruited forms are also included within the same species. Approximately 95%
of commercial production is based on the yellow-fruited form (P. edulis Sims f. flavicarpa),
whereas the purple-fruited form (P. edulis Sims f. edulis) is cultivated on a much more limited
scale (Fonseca et al., 2022). The yellow-fruited form is characterized by larger fruit size and
higher juice content, making it particularly suitable for the juice processing industry. In contrast,
the purple-fruited forms produce smaller fruits; however, due to their intense aroma and
superior quality, they are preferred for fresh consumption and in the pastry industry (Li et al.,
2011). While the average yield of the yellow-fruited form is approximately 5 tons per decare,
the yield of the purple-fruited form generally ranges between 1.0 and 1.5 tons per decare
(Fonseca et al., 2022). Furthermore, the cultivation of the yellow-fruited P. edulis Sims f.
flavicarpa is predominantly widespread in tropical regions, whereas the cultivation of the
purple fruited P. edulis Sims f. edulis is mainly concentrated in more limited areas characterized
by temperate subtropical and microclimatic conditions.

In this study, the cultivation potential of P. edulis Sims f. edulis in Tirkiye, current practices
within the country, and future perspectives are presented.

PASSIFLORA CULTIVATION AND PRODUCTION POTENTIAL IN TURKIYE

The first official studies on Passiflora in Turkiye were initiated in 2012. Within the scope of a
project conducted through the collaboration of the Antalya Provincial Directorate of
Agriculture, Forestry and Food, the Western Mediterranean Agricultural Research Institute, and
the Faculty of Agriculture of Akdeniz University, Passiflora seedlings were imported from
California for the first time, and adaptation studies were initiated in the Gazipasa and Alanya
districts of Antalya (Gubbuk, 2017). The Passiflora cultivars introduced to Turkiye included
‘Possum Purple’ belonging to P. edulis Sims f. edulis and ‘Sweet Sunrise’ belonging to P. edulis
Sims f. flavicarpa. As a result of the adaptation studies, ‘Possum Purple’ was identified as one
of the cultivars showing the best adaptation to the region (Gubbik, 2017). As mentioned above,
the yellow-fruited cultivar ‘Sweet Sunrise’ is adversely affected by low temperatures under
Turkish conditions, and although the plants flower, fruit set does not occur. In contrast, the
cultivar ‘Possum Purple’ can be successfully cultivated, particularly along the coastal zones of
the Mediterranean and Aegean regions.
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Since Passiflora is a climbing plant species with a vine-like growth habit, it requires a support
system during cultivation. These training systems should be established prior to orchard
installation. When setting up training systems, attention should be paid to ensuring that they are
both economically feasible and capable of supporting the plant canopy and fruit load. Globally,
the most commonly used training systems in passiflora cultivation are the hedge (trellis) and T
systems. In the hedge system, two wires are installed between the posts, with one wire
positioned approximately 10 cm below the top of the posts and the second wire placed 70 cm
below the first. In the commonly preferred T training system, posts are installed at a height of
1.5-2.0 m and spaced approximately 4 m apart. In this system, a 50 cm-long T shaped crossarm
is mounted on each post, and three wires are installed (McCarthy & Dick, 1995). In Turkiye,
the hedge system is the most widely used training system in passiflora cultivation; however, in
some studies, the T system, modified T system, and Y system have also been applied. Balkig
(2022), investigated the effects of different training systems on the yield and quality of
passiflora under open-field and protected cultivation conditions in Antalya and reported that
each training system has its own advantages and disadvantages. The author emphasized that
cultivation and training systems should be selected according to the intended production
objectives.

Passiflora is classified among minor fruit crops worldwide (Altendorf, 2018). In Turkiye,
interest in passiflora cultivation has begun to increase, as observed for other tropical fruit
species. The growing interest in this crop is primarily attributed to its ease of propagation,
ability to produce fruit twice a year, and early bearing shortly after planting. However,
cultivation is generally not carried out on large-scale agricultural lands but is instead limited to
small scale and hobby oriented production. In the Mediterranean and Aegean coastal regions,
where tropical fruit cultivation is practiced, the most important limiting factors are the high cost
of land and the preference for crop species that provide higher economic returns per unit area.
Nevertheless, the widespread use of passiflora in the ice cream and pastry industries, as well as
its preference by hotels operating within the tourism sector, demonstrates that passiflora is a
high value-added fruit species with significant economic potential. In Turkiye, passiflora is
cultivated as a main crop in only a few locations. Due to its climbing growth habit, this species
is also commonly preferred as a hedge plant, particularly along fences installed at the borders
of orchards or greenhouses (Figure 1).
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a. ' b.
Figure 1. General view of plants grown as hedge plants (a) and fruits (b).

Many tropical fruit species are imported into Trkiye, resulting in significant foreign exchange
losses for the agricultural sector. Increasing domestic production of tropical fruit species that
can be cultivated under local conditions would help reduce external dependency while
simultaneously expanding product diversity within national agriculture. In this context,
passiflora occupies a priority position among these species due to its favorable agronomic and
commercial characteristics. In particular, if production increases beyond a certain level,
passiflora has considerable potential for utilization in the juice industry and in various fruit
blends, owing to its distinctive high aroma and flavor profile.

PRACTICES, AND FUTURE PERSPECTIVES IN TURKIYE

Passiflora can be rapidly propagated by cuttings, tissue culture, and seeds. The ease of
propagation is one of the key factors contributing to the increasing interest in passiflora
cultivation. Propagation by cuttings and tissue culture represents vegetative propagation
methods, whereas seed propagation, which is also widely practiced in Turkiye, is a generative
propagation method. In fruit species propagated by seeds, genetic segregation occurs, resulting
in non-uniform plants and the absence of true to type fruit production. Although propagation
by cuttings in passiflora is easy and can be widely applied, many growers prefer to produce
seedlings from seeds extracted from harvested fruits and establish orchards using these seed
derived plants. This practice leads to variability not only in fruit characteristics but also in the
level of tolerance of plants to abiotic stress factors. Figure 2 illustrates the effects of low winter
temperatures on plants in an orchard established from seed propagated passiflora in
Serik/Antalya. Within the orchard, a large number of plants were observed to be affected by
frost damage, whereas only a limited number of plants survived. These findings demonstrate
that passiflora plants propagated from seeds may exhibit pronounced differences in
physiological characteristics.
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Figure 2. General view of plants within the orchard showing frost-affected (a) and unaffected (b)individuals.

In Turkiye, passiflora cultivation is predominantly carried out under open-field conditions;
however, protected cultivation practices are also applied. Protected passiflora cultivation offers
an earlier production model compared to open-field conditions. In open-field cultivation,
pollination and fertilization in passiflora, which has showy flowers, are generally achieved by
insects, and no significant problems are encountered in this process. In contrast, under protected
cultivation, limitations in natural pollinators may result in insufficient pollination and
fertilization. This situation leads to significant reductions in fruit set and, consequently, yield.
Therefore, in protected cultivation, the use of bumblebees or the application of manual
pollination is required. In addition, high temperatures encountered during the summer period
may adversely affect fruit quality. To prevent such negative effects, careful attention should be
paid to seasonal climate control practices (such as shading and misting) and appropriate
irrigation management in protected cultivation.

Since Passiflora is a plant with a climbing growth habit, the use of a support and training system
is essential in its cultivation. As observed worldwide, the most commonly used training system
in passiflora cultivation in Tirkiye is the hedge (trellis) system. In addition, the pergola system
and the T training system are also applied to a certain extent in Turkiye. Furthermore, passiflora
is widely utilized in Turkiye not only as a main crop but also as a hedge plant. In particular, its
cultivation as a hedge plant along wire-fenced orchard and field boundaries highlights the
potential of this species to provide additional income alongside the main crop.

Passiflora has also begun to be considered as an intercrop in perennial fruit species that share
similar ecological requirements and have a late bearing habit. In particular, the early bearing
characteristic of passiflora allows it to be cultivated in combination with other fruit species.
Avocado cultivation can be given as an example of this practice. Figure 3 illustrates the status
of passiflora plants planted between avocado rows in 2021 and 2023. During the period until
avocado plants reach economic yield, approximately 4-5 harvests can be obtained from
passiflora plants, thereby covering a significant portion of the production costs.
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a. o b.
Figure 3. Views of passiflora plants intercropped between avocado seedlings in 2021 (a) and 2023 (b).

Tirkiye’s climatic diversity and ecological advantages for subtropical fruit cultivation indicate
a significant future potential for passiflora. The identification of suitable species and cultivars,
particularly the expansion of adaptation studies focusing on Passiflora edulis Sims f. edulis,
will play a key role in the widespread adoption of this crop. In addition, the integration of
passiflora into fresh consumption markets, the food industry, and the tourism sector will further
enhance its economic value. With the development of standardized seedling production, grower
training programs, and strengthened marketing infrastructure, passiflora is considered to have
the potential to become a high value-added alternative fruit species for Turkiye.
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ABSTRACT

Passiflora is among the tropical fruit species whose commercial potential is rapidly increasing
in Tlrkiye. Vegetative propagation by cuttings is widely used in seedling production, and
rooting success may vary depending on the growth regulators applied and the methods used in
their preparation. Scientific data on the effects of the alcohol concentration used in preparing
Indole-3-butyric acid (IBA) solutions on hormone efficacy and on the treated cuttings are
limited. This study aimed to determine the effects of preparing a 1000 ppm IBA solution with
different alcohol concentrations (30%, 40%, and 50%) on the rooting performance of semi-
hardwood cuttings of Passiflora edulis. In the study, semi-hardwood cuttings of the “Possum
Purple” cultivar, each approximately 20 cm in length and containing at least three nodes, were
used. In addition to the control treatment, three Indole-3-butyric acid (IBA) solutions prepared
with different alcohol concentrations (30% alcohol + 70% water, 40% alcohol + 60% water,
and 50% alcohol + 50% water) were applied. The experiment was designed with three
replicates, each consisting of 10 cuttings, for a total of 120 cuttings. Perlite was used as the
rooting medium. The trial was conducted over a period of 60 days in an unheated glass rooting
greenhouse, where the misting system was set to operate for 15 seconds every hour. The rooting
percentage showed clear differences among the treatments, with the highest value obtained
from the control group (95.23%). This was followed by the 30% alcohol (70.00%) and 40%
alcohol (53.33%) treatments. The 50% alcohol treatment produced the lowest rooting
percentage (33.33%). Although the highest number of primary roots was recorded in the 50%
alcohol treatment (20.4 roots), root quality and root thickness were reduced in this group.
Average root length was highest in the control (12.95 cm) and 30% alcohol (12.92 cm)
treatments. Root fresh and dry weights also varied among treatments. The control and 30%
alcohol treatments exhibited the highest root fresh and dry weights, whereas increasing alcohol
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concentrations caused a noticeable decline in these parameters. The findings indicate that the
alcohol concentration used in preparing the IBA solution has a significant effect on rooting
success. Although higher alcohol levels increased the number of roots in semi-hardwood
cuttings, they negatively affected both the rooting percentage and overall root quality. The most
balanced and horticulturally favorable results were obtained from the control and 30% alcohol
treatments. This study provides practical insights for optimizing IBA preparation protocols in
the propagation of Passiflora edulis seedlings.

Key Words: Propagation; Cutting; Passiflora; Rooting; Indole-3-butyric acid

INTRODUCTION

Interest in tropical fruit species has been increasing steadily in recent years. Fruit crops such as
banana, mango, pineapple, and papaya, which have high production volumes, also account for
substantial levels of international trade. In contrast, fruit species classified within the minor
fruit group, including passion fruit, longan, litchi, and mangosteen, are produced in relatively
smaller quantities and have more limited commercial circulation compared to major tropical
fruits (Altendorf, 2018).

Within the minor fruit group, the genus Passiflora particularly Passiflora edulis is known to
comprise more than 500 species (Cerqueira-Silva et al., 2018). Among these, purple passion
fruit (Passiflora edulis f. edulis Sims), yellow passion fruit (Passiflora edulis f. flavicarpa), and
granadilla (Passiflora quadrangularis L.) are the most widely cultivated species (Balkig, 2022).
With respect to utilization patterns, yellow passion fruit is predominantly preferred for
processing purposes, whereas purple passion fruit is commonly consumed fresh in addition to
its use in processed products (Deshmukh et al., 2017).

The first official scientific study aimed at evaluating the adaptation of tropical fruit species to
the ecological conditions of Turkiye was conducted through a collaborative effort involving the
Antalya Provincial Directorate of Agriculture and Forestry, the West Mediterranean
Agricultural Research Institute, and the Faculty of Agriculture at Akdeniz University. Within
the scope of this project, adaptation trials were initiated in 2012 in the Alanya and Gazipasa
districts of Antalya for several tropical fruit species, including passion fruit, guava, mango,
longan, litchi, and pitaya (Gibbik, 2017). Among these species, passion fruit and pitaya
emerged as particularly promising crops, and their cultivation has increased progressively in
recent years. Under Turkiye growing conditions, the ability of passion fruit to flower and bear
fruit twice a year, its ease of propagation, and its early onset of fruiting after planting have
played a significant role in the expansion of its cultivation.

Passiflora species can be readily propagated vegetatively through stem cuttings; however,
propagation by seed and tissue culture is also possible. Among vegetative propagation methods,
cutting propagation is widely practiced, and plant growth regulators are frequently used to
stimulate adventitious root formation. Studies conducted in this context have reported that both
the rooting substrate and the type of growth regulator applied play a decisive role in rooting
SUCCess.

Boboc et al. (2020) investigated the effects of different rooting substrates and biostimulant
applications on the rooting performance of stem cuttings of Passiflora caerulea and P.
quadrangularis. Their results indicated that cuttings treated with 1000 ppm indole-3-butyric
acid (IBA) and rooted in vermiculite achieved the highest rooting percentage (74.47%).
Similarly, Bemkaireima et al. (2012) evaluated the effects of different node numbers (two-,
three-, and four-node cuttings) and IBA concentrations (250, 500, 750, and 1000 ppm) on the
rooting of purple passion fruit (Passiflora edulis var. edulis Sims) under Manipur (India)
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conditions. Based on all evaluated parameters, the authors concluded that 750 ppm IBA was
the most effective concentration for promoting rooting. In another study conducted in India,
Parse et al. (2018) examined the effects of indole-3-butyric acid (IBA), naphthaleneacetic acid
(NAA), salicylic acid, and ethanol applications on the rooting success of passion fruit cuttings.
The results demonstrated that, compared to the control treatment, 1000 ppm IBA produced the
most favorable outcomes with respect to both root and shoot growth parameters. Under Turkiye
conditions, Uzunoglu & Mavi (2016), evaluated the rooting performance of Passiflora caerulea
cuttings grown in a pumice substrate under different IBA concentrations (500, 1000, 2000, and
3000 ppm). Measurements taken 45 days after planting revealed that the highest rooting
percentage, root number, root length, and callus formation rate were obtained with the 1000
ppm IBA treatment.

In recent years, the use of biologically based inputs, in addition to growth regulators, has gained
increasing attention in the rooting of passion fruit cuttings. Altinkaya et al. (2024) investigated
the effects of different rooting substrates (perlite and vermiculite) and biostimulant applications
on the rooting performance of the passion fruit cultivar ‘Possum Purple’ under Antalya
(Tarkiye) conditions. In this study, biostimulant treatments included IBA and a microbial
fertilizer commercially known as Best-doll, applied either alone or in combination with IBA.
The microbial fertilizer contained Penicillium bilaii, Bacillus megaterium, Azospirillum
brasilense, Arthrobacter viscosus, Azotobacter vinelandii, Azotobacter chroococcum, and
Pseudomonas spp., with a total microbial density of 2 x 107 cfu mL ™. The results indicated that
the highest rooting percentages were obtained in the control, microbial fertilizer, and microbial
fertilizer + 750 ppm IBA treatments.

As outlined above, numerous studies have investigated the rooting of passion fruit cuttings.
While these studies have consistently reported the positive effects of different IBA
concentrations on rooting performance, the proportion of alcohol and distilled water used in the
preparation of IBA solutions has generally not been specified. Passion fruit cuttings are semi-
hardwood in nature, and it is therefore presumed that high alcohol concentrations in IBA
solutions may cause damage to living tissues, potentially impairing rooting success. For these
reasons, the present study was designed to evaluate the effects of IBA solutions prepared with
different alcohol concentrations on the rooting performance of the passion fruit cultivar
‘Possum Purple’.

MATERIALS AND METHODS

This study was conducted between 2019 and 2020 in the glass mist-propagation greenhouse
located at the Research and Experimental Fields of the Faculty of Agriculture, Akdeniz
University. In the experiment, 3 nodes semi-hardwood cuttings of the passion fruit cultivar
‘Possum Purple’ (Passiflora edulis f. edulis) were used. Except for the control treatment,
prepared cuttings were treated for 10 seconds with 1000 ppm IBA solutions prepared using
three different alcohol concentrations. For the preparation of IBA solutions, three separate
batches were prepared by dissolving 0.1 g of pure IBA, weighed using a precision balance, in
different volumes of absolute ethyl alcohol, followed by dilution with distilled water to a final
volume of 100 ml. The treatments were as follows:

1. Control (distilled water only)

2 1000 ppm IBA (30 ml absolute ethyl alcohol + 70 ml distilled water)
3. 1000 ppm IBA (40 ml absolute ethyl alcohol + 60 ml distilled water)
4 1000 ppm IBA (50 ml absolute ethyl alcohol + 50 ml distilled water)
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After treatment, the cuttings were planted in trays filled with perlite, placed under an
intermittent misting system, with a spacing of 5 cm within rows and 10 cm between rows. The
cuttings were allowed to root for 60 days, and the misting system was programmed to operate
for 15 seconds every hour.

At the end of the rooting period, the following parameters were evaluated in the rooted cuttings:

Rooting percentage (%): Calculated as the ratio of rooted cuttings to the total number of
cuttings and expressed as a percentage.

Primary roots number (count.): Determined by counting the number of primary roots formed
on each rooted cutting.

Average root diameter (mm): The diameter of five randomly selected roots from each rooted
cutting was measured near the root collar, and the mean value was calculated.

Average root length (cm): The length of five randomly selected roots from each rooted cutting
was measured, and the mean value was calculated.

Longest root length (cm): Determined by measuring the length of the longest root on each
rooted cutting.

Fresh root weight (g): Roots were excised at the root collar and weighed using a precision
balance to determine fresh weight.

Fresh Leaf weight (g): Leaves were detached from rooted cuttings and weighed using a
precision balance to determine fresh weight.

Dry root weight (g): Roots excised at the root collar were oven-dried at 65 °C until constant
weight was achieved, after which dry weights were recorded.

Dry leaf weight (g): Leaves detached from rooted cuttings were oven-dried at 65 °C until
constant weight was achieved, and final dry weights were recorded.

The experiment was arranged with three replications, each consisting of 10 cuttings, resulting
in a total of 120 cuttings. All data obtained were subjected to analysis of variance (ANOVA)
using the XLSTAT statistical software. Mean comparisons were performed using the least
significant difference (LSD) test. In addition, principal component analysis (PCA) was
conducted to evaluate the relationships among the measured variables, also using the XLSTAT
program.

RESULT AND DISCUSSION

The effects of IBA solutions prepared with different alcohol concentrations on rooting
percentage, number of primary roots, average root diameter, average root length, and longest
root length in passion fruit cuttings are presented in Table 1. With respect to rooting percentage,
the highest rooting rate (95.24%) was recorded in the control treatment, followed by the IBA
solution prepared with 30% alcohol (70.00%), 40% alcohol (53.33%), and 50% alcohol
(33.33%), respectively. In contrast, the number of primary roots exhibited an inverse
relationship with rooting percentage, as clearly shown in Table 1. Accordingly, the highest
number of primary roots (20.42) was observed in the treatment with IBA prepared using 50%
alcohol, which also resulted in the lowest rooting percentage.

Table 1. The effects of IBA prepared with different alcohol concentrations on rooting rate,
primary root number, average root diameter, average and maximum root length in Passiflora.
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Rooting Primary Root Average Root | Average Root | Longest Root

Treatment Percentage Number Diameter Length Length
(%) (count) (mm) (cm) (cm)

Control 95.24 a* 10.57b 1.22a 11.11b 25.26 b

IBA (%30 Alc.) 70.00 b 19.85a 0.95b 13.35a 17.47a

IBA (%40 Alc.) 53.33 ¢ 19.00 a 0.88 ¢ 8.95¢ 14.22 b

IBA (%650 Alc.) 33.33d 2042 a 0.80d 11.99ab 15.05b
LSDgss 10.928 1.863 0.048 1.415 1.594

*: (P<0.05)

The lowest number of primary roots (10.57 roots per cutting) was recorded in the control
treatment. The highest average root diameter was observed in the control treatment (1.22 mm),
whereas the lowest root diameter (0.80 mm) was determined in the treatment with IBA prepared
using 50% alcohol (Table 1). Both the average root length and the longest root length were
highest in the treatment with IBA prepared using 30% alcohol (Table 1).

The effects of IBA solutions prepared with different alcohol concentrations on root fresh and
dry weights as well as leaf fresh and dry weights of passion fruit cuttings are presented in
Table 2. As shown in Table 2, IBA solutions prepared with different alcohol concentrations
did not have a statistically significant effect on root fresh and dry weights, whereas their
effects on leaf fresh and dry weights were significant. The highest leaf fresh weight (6.67 g)
and leaf dry weight (1.75 g) were recorded in the control treatment, which also exhibited the
highest rooting percentage. In contrast, the lowest leaf fresh weight (2.97 g) was observed in
the treatment with IBA prepared using 40% alcohol. Additionally, the lowest leaf dry weight
was recorded in the treatment with IBA prepared using 50% alcohol (Table 2).

Table 2. The effects of IBA prepared with different alcohol concentrations on root fresh/dry
weight and leaf fresh/dry weight in Passiflora.

Fresh Root Dry Root Fresh Leaf Dry Leaf
Treatment Weight Weight Weight Weight
9) (9 )] (@)

Control 3.57 0.73 6.67 a 1.75a
IBA (%630 Alc.) 4.05 0.71 4.23b 1.01b
IBA (%40 Alc.) 3.57 0.58 2.97¢c 0.75¢
IBA (%50 Alc.) 3.76 0.50 3.29¢ 0.72¢
LSDoss N.S.** N.S. 0.751 0.233

*: (P<0.05), **N.S.: Non Significant
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The (PCA) performed on all obtained data is presented in Figure 1.

5

4 FRWe ARL, LRL

PRN

PC2 (33,64 %)
|
|

-5 -4 -3 -2 -1 0 1 2 3 4 5 6 7
PC1 (61,66 %)

Figure 1. Biplot graph of rooting percentage (RP), primary root number (PRN), average root
diameter (ARD), average (ARL) and longest root length (LRL), fresh (FRW) and dry root
weight (DRW), and fresh (FLW) and dry leaf weight (DLW) in response to IBA treatments
prepared with different alcohol concentrations. (1: Control, 2: IBA (%30 Alc.), 3: IBA (%40
Alc.), 4: IBA (%50 Alc.))

The principal component analysis (PCA) revealed that the first two components (PC1 and PC2)
together explained 95.30% of the total variance. As illustrated in Figure 1, increasing the
alcohol concentration used in the preparation of the IBA solution resulted in a decline in the
evaluated parameters. Rooting percentage, root length, root diameter, and leaf fresh and dry
weights were positively correlated with each other, whereas these parameters exhibited a
negative correlation with the number of primary roots, as shown in Figure 2.

Numerous studies on the vegetative propagation of Passiflora species have reported that indole-
3-butyric acid (IBA) applications enhance rooting success (Bemkaireima et al., 2012; Parse et
al., 2018; Boboc et al., 2020; Uzunoglu & Mavi, 2016). However, in the present study, the
highest rooting percentage was obtained in the control treatment, while a marked decrease in
rooting was observed with increasing alcohol concentration, indicating that semi-hardwood
passion fruit cuttings are sensitive to high alcohol levels. In particular, the reduced rooting
percentages observed in IBA solutions prepared with 40% and 50% alcohol suggest that alcohol
may exert phytotoxic effects on living tissues. Although this finding appears to contrast with
the high IBA efficiencies reported in the literature, the lack of detailed information regarding
the solvent composition used in IBA solution preparation in most studies may represent a major
reason for this discrepancy. Indeed, McCracken (1987), emphasized that the choice of solvent
used in the preparation of auxin-based rooting hormones should be made with caution. This
perspective supports the findings of the present study and highlights the importance of
considering alternative solvents or lower alcohol concentrations when applying IBA,
particularly in green and semi-hardwood cuttings. In this study, while the highest rooting
percentage was recorded in the control treatment, the lowest rooting percentage was observed
at the highest alcohol concentration. The results further revealed an inverse relationship
between rooting percentage and the number of primary roots. Nevertheless, the reduction in
primary root number was accompanied by increases in root diameter and root length, indicating
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that fewer roots developed more robustly. As the number of primary roots decreased, individual
roots became longer and thicker. This response is consistent with the findings of Hartmann et
al. (2011), who reported that under conditions where a limited number of adventitious roots are
formed, plants tend to allocate carbon resources to fewer roots, thereby promoting the
development of thicker and longer roots. The higher leaf fresh and dry weights recorded in the
control treatment further indicate that overall plant growth was healthier under conditions
associated with higher rooting percentages. These results are in agreement with the findings of
Altinkaya et al. (2024), who demonstrated that alternative approaches beyond chemical
applications can positively influence rooting success and seedling quality.

CONCLUSION

This study demonstrated the effects of IBA solutions prepared with different alcohol
concentrations on the rooting success and root development of Passiflora edulis f. edulis
‘Possum Purple’ cuttings. The results showed that increasing alcohol concentration led to a
marked reduction in rooting percentage, whereas decreases in root number were accompanied
by increases in root diameter and length. High alcohol concentrations were found to exert
phytotoxic effects on semi-hardwood passion fruit cuttings, thereby negatively affecting rooting
performance. These findings indicate that the effectiveness of IBA in rooting is dependent not
only on hormone concentration but also on the alcohol content of the solution. Therefore,
careful optimization of the alcohol concentration used in the preparation of IBA solutions is
recommended for the vegetative propagation of passion fruit.
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USE OF CANONICAL CORRELATION ANALYSIS IN ASSESSING THE
RELATIONSHIP BETWEEN BODY MEASUREMENTS AND CARCASE
CHARACTERISTICS IN AWSSI SHEEP

IVESI KOYUNLARINDA VUCUT OLCULERI iLE KARKAS OZELLIKLERI
ARASINDAKI ILISKININ DEGERLENDIRILMESINDE KANONIiK KORELASYON
ANALIZININ KULLANILMASI

Prof. Dr. Omer Cevdet BILGIN
Atatiirk Universitesi, Fen Fakdiltesi

Prof. Dr. Nurinisa ESENBUGA
Atatiirk Universitesi, Ziraat Fakiiltesi

OZET

Koyunlarda morfometrik Olgililer ile karkas verimi arasindaki iliskinin dogru sekilde
belirlenmesi, besi yonetimi, seleksiyon stratejileri ve verim tahminlerinin gelistirilmesi
acisindan biiyiik dnem tasimaktadir. Bu ¢alismada, Ivesi irk1 erkek kuzularda gesitli agirlik ve
viicut Olctileri ile karkas agirlik ve olgiileri arasindaki iliskinin incelenmesi ve karkas agirligi
ve Olglilerini en iyi agiklayan morfometrik 6zelliklerin belirlenmesi amaglanmistir. Arastirmada
temel yontem olarak kanonik korelasyon analizi kullanilmistir. Calismanin hayvan materyalini
15 bas Ivesi erkek kuzusu olusturmustur. Kuzulardan kesimden &nce alinan 6 adet viicut dlciisii
ile kesimden sonra alinan karkas agirlik ve 6l¢iim verileri analizlerde kullanilmistir. Canli viicut
Olcileri ile karkas verileri arasindaki ¢ok degiskenli iligkileri ortaya koymak amaciyla kanonik
korelasyon analizi (CCA) uygulanmis; ayrica kanonik yiikler, standart kanonik katsayilar ve
capraz yiikler hesaplanmustir. Analiz sonuglarinin desteklenmesi amaciyla ikili korelasyonlar
degerlendirilmis ve yorumlamada birinci kanonik varyete ¢ifti dikkate alinmstir. 1k kanonik
varyete ¢ifti icin kanonik korelasyon katsayisi 0,97 olarak bulunmus ve viicut dlgiileri ile soguk
karkas agirligi arasinda yiiksek diizeyde bir iliski saptanmistir. Bu varyeteyle karkas
agirligindaki varyansin yaklasik %90°1, viicut 6l¢iilerindeki varyansin ise %60°1 agiklanmistir.
Kanonik yiikler incelendiginde but g¢evresi, omuz yiiksekligi ve gdgiis derinliginin viicut
olciileri setine en fazla katki saglayan dzellikler oldugu goriilmiistiir. Elde edilen bulgular, Ivesi
kuzularinda canli donemde kolayca olglilebilen bazi morfometrik 6zelliklerin soguk karkas
agirhgini yiiksek dogrulukla tahmin edebildigini ortaya koymustur. Ozellikle but cevresi, omuz
yiiksekligi ve gogiis derinligi, karkas verimini belirleyen temel fenotipik gdostergeler olarak 6ne
cikmaktadir. Ornek sayisinin  sinirhili@n istatistiksel anlamlhiligi kisitlasa da, kanonik
korelasyonun yiiksekligi pratik énem tasimaktadir. Sonug olarak, Ivesi koyunlarinda karkas
veriminin erken donemde tahmin edilmesinde vicut Olculerinin etkili bir kriter olarak
kullanilabilecegi belirlenmistir.

Anahtar kelimeler: Ivesi koyunu, Viicut dlciileri, Karkas dl¢iileri, Kanonik korelasyon
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ABSTRACT

Accurately determining the relationship between morphometric measurements and carcass
yield in sheep is crucial for improving livestock management, selection strategies, and yield
predictions. This study aimed to investigate the relationship between various weight and body
measurements and carcass weight and measurements in Awassi male lambs and to identify the
morphometric traits that best explain carcass weight and measurements. Canonical correlation
analysis was used as the primary method in the study. The animal material for the study
consisted of 15 Awassi male lambs. Six pre-slaughter body measurements and post-slaughter
carcass weight and measurement data were used in the analyses. Canonical correlation analysis
(CCA) was applied to reveal multivariate relationships between live body measurements and
carcass data; canonical loadings, standard canonical coefficients, and cross-loadings were also
calculated. Pairwise correlations were evaluated to support the analysis results, and the first
canonical variety pair was considered in the interpretation. The canonical correlation coefficient
for the first canonical variety pair was 0.95, indicating a strong relationship between body
measurements and cold carcass weight. This variety explained approximately 90% of the
variance in carcass weight and 60% of the variance in body measurements. Examining the
canonical loadings revealed that leg circumference, shoulder height, and chest depth
contributed most to the set of body measurements. The findings revealed that some
morphometric traits, easily measured at live age in Awassi lambs, can predict cold carcass
weight with high accuracy. Leg circumference, shoulder height, and chest depth, in particular,
stood out as key phenotypic indicators of carcass yield. While the limited sample size limits
statistical significance, the high canonical correlation is of practical importance. In conclusion,
body measurements can be used as an effective criterion for early-stage carcass yield prediction
in Awassi sheep.

Key Words: Awassi sheep, Body measurements, Carcass measurements, Canonical correlation

GIRIS

Koyun yetistiriciliginde karkas verimi ve karkasin yapisal ozellikleri, ekonomik degeri
belirleyen en 6nemli unsurlar arasinda yer almaktadir. Ancak karkas 6zelliklerinin dogrudan
oOl¢iilmesi yalnizca kesim sonrasinda miimkiin oldugundan, kesim oncesi donemde kolay ve
diisiik maliyetle elde edilebilen canli viicut 6lgiilerinin karkas verimiyle olan iligkilerinin ortaya
konulmas1 biiylik 6nem tasimaktadir (Bilgin ve Esenbuga, 2009). Bu baglamda, canh
morfometrik 6l¢iilerin karkas 6zelliklerini ne 6l¢iide yansitabildiginin belirlenmesi, seleksiyon
kararlarinin desteklenmesi ve besi—kesim planlamasinin daha etkin bicimde yapilabilmesi
acisindan 6nemli bir yaklagim sunmaktadir. Canli agirlik, viicut uzunlugu, sagri ve ekstremiteye
ait olculer gibi temel morfometrik 6zelliklerin, koyunlarda biiyiime performans: ve karkas
verimiyle yakindan iligkili oldugu daha once yapilan bir¢ok calismada ortaya konulmustur.
Ozellikle canli agirlik ve gdgiis gevresi gibi dlgiilerin, karkas agirligmin giivenilir gdstergeleri
oldugu bildirilmektedir (Atta and El Khidir, 2004; Shehata, 2013). Benzer sekilde, farkli koyun
irklarinda yapilan ¢alismalarda canli viicut olgiileri ile karkas 6zellikleri arasinda anlamli ve

giiclii iliskiler saptanmis, bu Olglilerin karkas tahmininde kullanilabilecegi vurgulanmistir
(Bautista-Diaz et al., 2020; Gomes et al., 2021).

Canli Olgtimler ile karkas oOzellikleri arasindaki iligkilerin degerlendirilmesinde klasik tek
degiskenli yontemler siirli kalabilmekte, bu nedenle ¢ok sayida degiskenin birlikte ele
aliabildigi ¢ok degiskenli istatistiksel yontemlere ihtiya¢ duyulmaktadir. Bu kapsamda,
kanonik korelasyon analizi (CCA), iki farkli degisken seti arasindaki iliski yapisini biitiinciil
bi¢imde ortaya koyabilen etkili bir yontem olarak 6ne ¢ikmaktadir. Nitekim, koyunlarda kesim
oncesi canli Olclimler ile kesim sonrasi karkas oOzellikleri arasindaki iliskilerin
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degerlendirilmesinde kanonik korelasyon analizinin basartyla kullanildig1 ¢esitli ¢aligmalar
bulunmaktadir (Bilgin ve Esenbuga, 2009; Cankaya et al., 2009; Roberto et al., 2024).
Tiirkiye’de yerli koyun irklart iizerinde yapilan ¢aligmalar, canli viicut dlgiilerinin karkas parga
agirliklar1 ve karkas yapisi ile olan iliskilerinin ortaya konulmasinda kanonik korelasyon
analizinin 6nemli avantajlar sundugunu gostermektedir. Morkaraman kuzularinda ytiriitiilen
calismalarda, canli donemde Olgiilen bazi viicut 6zelliklerinin karkas parcalarini yiiksek
dogrulukla temsil edebildigi bildirilmistir (Bilgin ve Esenbuga, 2009). Bununla birlikte, farkl
irklarda ve yetistirme kosullarinda bu iliskilerin yeniden degerlendirilmesi gerektigi de
vurgulanmaktadir.

Ivesi (Awassi) koyunu, Tiirkiye’nin dzellikle Giineydogu Anadolu Bélgesi’nde yaygin olarak
yetistirilen, et ve siit verimi bakimindan 6nemli bir irk olmasina ragmen, bu irkta canli viicut
Olglleri ile karkas ozellikleri arasindaki iligkilerin ¢ok degiskenli yontemlerle ele alindigi
calisma sayist siirhidir. Bu nedenle, Ivesi erkek kuzularinda canli dénemde odlgiilen viicut
Ol¢iileri ile kesim sonrasi karkas 6zellikleri arasindaki iliskinin kanonik korelasyon analizi ile
ortaya konulmas: hem bilimsel literatiire katki saglamak hem de uygulamaya doniik pratik
sonugclar iiretmek agisindan 6nem tagimaktadir (Bilgin et al. 2010).

Bu ¢alismanin amaci, Ivesi erkek kuzularinda canli dénemde 6lgiilen smirli sayidaki viicut
oOlgiisti ile karkas verimi ve yapisini temsil eden temel karkas ozellikleri arasindaki iliskiyi
kanonik korelasyon analizi kullanarak degerlendirmek ve karkas potansiyelini en iyi yansitan
canli morfometrik 6l¢iileri belirlemektir.

MATERYAL ve METOD
Hayvan Materyali

Arastirmanin hayvan materyalini, aym isletme kosullarinda yetistirilen toplam 15 bas ivesi
erkek kuzusu olusturmustur. Kuzular yaklasik olarak benzer yas ve besi doneminde olup,
calisma kapsamindaki tiim 6l¢iimler ayni bireylerden elde edilmistir. Olgiimler, kesim &ncesi
canli donemde ve kesim sonrasi karkas degerlendirmesi sirasinda alinmistir. Kesimden bir giin
once her bir kuzudan toplam 6 adet viicut dl¢iisii alinmistir. Olgiimler standart yontemlere gore
gerceklestirilmigtir. Canli agirlik dijital hayvan tartisinda, diger viicut dl¢iileri ise cetvel ve 6lcii
cubugu kullanilarak elde edilmistir. Olgiilen morfometrik dzellikler sunlardir: Canli agirlik
(kg), viicut uzunlugu (cm), arka dirsek yiiksekligi (cm), incik ¢evresi (cm), son sagri genisligi
(cm), alin uzunlugu (cm). Kesim sonrasi karkaslar 24 saat boyunca +4 °C’de sogutulmus ve
ardindan toplam 6 karkas ozelligi degerlendirilmistir (Soguk karkas agirligi (kg), karkas
uzunlugu (cm), but i¢ uzunlugu (cm), but derinligi (cm), gdgiis ¢evresi (cm), gogiis derinligi
(cm)). Karkas oOl¢limleri, sogutulmus karkas iizerinde, standart anatomik referans noktalari
kullanilarak alinmistir.

Kanonik Korelasyon Analizi (CCA): Canli viicut dlgiileri (X seti) ve karkas parametreleri (Y
seti) analiz Oncesinde asagidaki adimlarla islenmistir: Eksik veri kontrolii yapilmis ve tiim
bireylerde tam veri seti bulundugu dogrulanmistir. Tiim degiskenler ortalamasi 0, varyansi 1
olacak sekilde standartlagtirllmistir. Aykir1 deger analizi yapilmis ve belirgin bir u¢ deger
gbzlenmemistir. Viicut dlgiileri ile karkas ozellikleri arasinda ¢ok degiskenli dogrusal iligki
yapisini belirlemek i¢in Kanonik Korelasyon Analizi uygulanmistir. CCA, X ve Y degisken
setleri i¢in agsagidaki fonksiyonlar olusturulmustur (Tabachnick & Fidell 2013; Hardle & Simar
2015):
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U= a1X1 + a2X2+...+apo
V = b1Y1 + b2Y2+...+bqu

Burada U ve V, iki veri seti arasindaki maksimum korelasyonu temsil eden kanonik
degiskenlerdir. Analizde: p = 6 (viicut 6l¢iileri), q = 6 (karkas 6Slgiileri), n = 15 (birey sayisi)
olacak sekilde kanonik varyete ciftleri degerlendirilmistir. CCA kapsaminda su istatistikler
hesaplanmistir: Kanonik korelasyon katsayisi, standart kanonik katsayilar, kanonik ytikler ve
aciklanan varyans oranlari. Tim analizler SAS paket programi kullanilarak gergeklestirilmistir.

BULGULAR ve TARTISMA

Ivesi koyunlarinda iki degisken grubuna ait ortalama ve standart sapmalar Cizelge 1°de
sunulmustur. {vesi erkek kuzularinda kesimden &nce dlgiilen alt1 temel viicut dlciisii ile kesim
sonrasi belirlenen alt1 karkas 6zelligi arasindaki iliski yapist kanonik korelasyon analizi ile
incelenmistir (Tablo 2). Analiz sonucunda birinci kanonik degisken ¢ifti (U1—V1) icin elde
edilen yiiksek kanonik korelasyon katsayisi (RC = 0.985), canli morfometrik yapi ile karkas
ozellikleri arasinda ¢ok giiclii bir dogrusal iliski bulundugunu ortaya koymustur (Tablo 2). i1k
kanonik degisken ¢ifti, iki degisken seti arasindaki ortak varyansin %97’sini agiklamis olup,
indirgenme indeksinin yiiksek olmasi canli viicut Olgiilerinin karkas 6zelliklerini ylksek
dogrulukla temsil edebildigini gostermektedir. Benzer sekilde, koyunlarda canli dlgiimler ile
karkas ozellikleri arasindaki iligkilerin ¢ok degiskenli yontemlerle ele alindig1 ¢alismalarda ilk
kanonik fonksiyonun yiiksek agiklama giiciine sahip oldugu bildirilmektedir (Bilgin ve
Esenbuga, 2009; Cankaya et al., 2009; Kunene et al., 2009; Roberto et al., 2024).

Tablo 1. Arastirmada kullanilan degiskenlerin ortalama ve standart sapmalari

Bagimsiz degiskenler X S % Bagimli degiskenler X S %
59.17 2.00 26.99 1.16
Canli agirlik (CA) Soguk karkas agirligi (SKA)
Viicut uzunlugu (VU) 74.47 3.74 | Karkas uzunlugu (KU) 6167 173
Arka dirsek yiiksekligi (ADY) 22.73 1.90 | But i¢ uzunlugu (BIU) 20.82 2.5
Incik gevresi (IN) 16.47 1.56 | But derinligi (BD) 20.19  6.86
Alm uzunlugu (AU) 8.00 0.93 | Gagiis derinligi (GD) 20.37  1.00
Son sagr1 genisligi (SSG) 24.23 1.35 | Gogiis cevresi (GQ) 79.37 364

Canli dl¢limlerden olusturulan Ui kanonik degiskeninin yapisi incelendiginde, son sagri
genisligi, incik ¢evresi ve canli agirligin, karkasla iligkili morfolojik profili en gii¢lii bicimde
temsil eden degiskenler oldugu belirlenmistir. Bu degiskenlerin hem kanonik agirliklarinin hem
de kanonik yiiklerinin yiiksek olmasi, arka viicut gelisimini yansitan 6l¢iimlerin karkas verimi
acisindan belirleyici oldugunu gdstermektedir. Canli agirhik ve viicut uzunlugu da Ui
degiskeninde anlaml yiikler sergileyerek, genel beden biiyiikliiglinlin karkasin kiitlesel ve
yapisal Ozellikleriyle biitiinciil bir iliski i¢cinde oldugunu desteklemistir. Arka viicut ve
ekstremiteye ait dlciilerin 6ne ¢ikmasi, karkasin et verimi bakimindan en degerli bolgesi olan
but gelisimiyle biyolojik olarak uyumlu bir sonugtur. Nitekim literatiirde sagr1 genisligi, bacak
cevresi ve canli agirlik gibi dlciilerin karkas agirligi ve but gelisimiyle giiclii iliskiler gosterdigi
bildirilmektedir (Atta and EI Khidir, 2004; Shehata, 2013; Bautista-Diaz et al., 2020; Atac and
Altincekic, 2023).

December 18-21 / Paris, FRANCE 218



4th INTERNATIONAL PARIS CONGRESS ON AGRICULTURE & ANIMAL HUSBANDRY

Tablo 2. Canli viicut 6lgiileri ve karkas Ol¢iileri arasindaki Kanonik Korelasyon Analizinin 6zet
sonugclari

Kanonik Kanonik Kanonik F Onemlilik  Olabilirlik Indirgenme
Degisken Korelasyon  Korelasyonun Durumu Oran Indeksi
Ciftleri (Re) Karesi (Rc?) (likelihood
ratio)
Ui —Vi 0.985 0.970 7.16* 0.341 0.030 0.970
U,—V, 0.860 0740 2.57 0.742 0.260 0.740
Us— V3 0.742 0.550 2.63 0.852 0.450 0.550
Us—V, 0.662 0.439 2.35 0.523 0.561 0.439
Us— Vs 0.478 0.229 2.75 0.684 0.771 0.229
Us — Vs 0.099 0.01 2.54 0.984 0.990 0.01

Karkas odl¢iimleri setinde ise soguk karkas agirligi, karkas uzunlugu ve gogiis ¢evresi, Vi
kanonik degiskeninin olusumunda en yiiksek kanonik yiik ve agirliklara sahip degiskenler
olarak one ¢ikmaktadir. Bu bulgu, karkasin hem kiitlesel (agirlik) hem de boyutsal (uzunluk ve
cevre Olclileri) ozelliklerinin canli donemdeki morfolojik yap1 ile birlikte sekillendigini
gostermektedir. Karkas uzunlugu ve gogiis ¢evresinin yliksek yiikler sergilemesi, bu Ol¢iilerin
karkas kompozisyonu ve kas dagilimmi yansitan temel gostergeler oldugunu ortaya
koymaktadir. Benzer sonuglar, farkli koyun irklarinda yapilan caligmalarda da rapor
edilmektedir (Gomes et al., 2021; Roberto al., 2024).

Tablo 3. Canli viicut odlgiileri ve karkas dlgiileri icin hesaplanan standize edilmis kanonik
agirliklar ve yiikler

Bagimsiz deg. Agirliklar Yikler Bagiml deg. Agirhiklar Yukler
CA 0.128 0.351 SKA 0.530 0.472
VU -0.047 0.023 KU -0.470 -0.671
ADY -0.196 -0.425 BIU -0.446 0.159
IN 0.521 0.211 BD -0.153 -0.321
AU 0.457 0.278 GD -0.523 -0.511
SSG 0.680 0.243 GC 0.054 0.057

Kanonik agirliklar ve kanonik ytikler birlikte degerlendirildiginde, canli dl¢limlerin kanonik
degiskenin matematiksel yapisina katkisi ile biyolojik yorum giicli arasindaki fark daha net
bi¢cimde ortaya ¢ikmaktadir. Bu ¢alismada, 6zellikle son sagr1 genisligi ve incik ¢evresinin hem
yiiksek agirlik hem de yiiksek yiik degerleri gdstermesi, bu olglimlerin karkasla iligkili
morfolojik yapiy1r temsil etmede istatistiksel olarak giiglii ve biyolojik olarak anlamli
gostergeler oldugunu diistindiirmektedir. Literatiirde, kanonik agirliklarin degiskenlerin modele
katkisini, kanonik yiiklerin ise biyolojik yorumu daha giivenilir bi¢imde yansittig

vurgulanmakta olup, bu calismada elde edilen sonuglar s6z konusu yaklasimi destekler
niteliktedir (Salako, 2006; Yakubu and Ibrahim, 2011).
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Grafik 1. Canli viicut dlgiilerinden elde edilen U1 skorlar ile karkas 6zelliklerinden elde edilen
V1 skorlar1 arasindaki iligki

Uz ve V1 skorlart kullanilarak yapilan bireysel diizeyde degerlendirmede, kuzular lyi, Orta ve
Zay1f olmak iizere ii¢ gruba ayrilmislardir. “Iyi” grupta yer alan kuzularin hem pozitif Ui hem
de pozitif Vi skorlarina sahip oldugu ve canli morfolojik yapilarinin karkas o6zellikleriyle
yiiksek diizeyde uyum gosterdigi belirlenmistir. Buna karsilik, “Zayif” gruptaki kuzularin her
iki skor agisindan da negatif degerlere sahip oldugu ve karkas potansiyelinin daha diisiik oldugu
goriilmiistiir. U1—V1 sagilim grafiginde (Grafik 1) gruplar arasindaki belirgin ayrisma, kanonik
skorlarin yalnizca teorik bir istatistiksel ¢ikt1 degil, ayn1 zamanda birey diizeyinde siniflama ve
karar destek araci olarak da kullanilabilecegini gostermektedir. Benzer sekilde, kanonik
skorlarin birey diizeyinde siniflama ve seleksiyon amaciyla kullanilabilecegi daha 6nce farkli
hayvan materyallerinde de rapor edilmistir (Bilgin ve Esenbuga, 2009; Gomes et al., 2021;
Roberto et al., 2024).

SONUGC

Bu calismada, Ivesi erkek kuzularinda canli dsnemde 6lgiilen sinirh sayidaki viicut dlgiisiiniin
karkas verimi ve yapisini ne Ol¢iide yansitabilecegi kanonik korelasyon analizi ile ortaya
konulmustur. Canli viicut dlgtileri ile karkas 6zellikleri arasinda ¢ok giiclii bir iliski bulunmus,
birinci kanonik degisken cifti iki degisken seti arasindaki ortak varyansin %97’sini agiklamistir.
Bu bulgu, canli donemde kolay ve diisiik maliyetle elde edilebilen morfometrik 6lgtimlerin,
kesim sonrasi karkas 6zelliklerinin giivenilir birer gostergesi olabilecegini ortaya koymaktadir.
Kanonik agirliklar ve yiikler birlikte degerlendirildiginde, 6zellikle son sagr1 genisligi ve incik
cevresinin, karkasla iligkili yapiy1 temsil etmede 6ne ¢ikan canli dl¢limler oldugu belirlenmistir.
Karkas tarafinda ise soguk karkas agirligi, karkas uzunlugu ve gogiis ¢evresi, karkasin hem
kiitlesel hem de yapisal gelisimini en iyi yansitan zellikler olarak 6n plana ¢ikmaktadir. Bu
sonuglar, arka viicut gelisimini temsil eden oOlgiilerin karkas verimi agisindan kritik 6nem
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tasidigini ortaya koymaktadir. Ayrica U1-V1 sac¢ilim grafiginde gruplar arasindaki belirgin
ayrigsma, kanonik skorlarin seleksiyon, besi planlamasi ve karar destek siireclerinde pratik bir
arac olarak kullanilabilecegini gdstermektedir. Sonug olarak, Ivesi erkek kuzularinda smirl
sayida se¢ilmis canli viicut dl¢iisline dayali kanonik korelasyon yaklasimi, karkas verimi ve
yapisinin  ongoriilmesinde etkili, uygulanabilir ve saha kosullarina uygun bir yontem
sunmaktadir. Bu yaklasimin, 6zellikle erken donemde seleksiyon kararlarinin desteklenmesi ve
yetistiricilikte ~ verimliligin  artirilmast  agisindan  6nemli  katkilar  saglayabilecegi
diistiniilmektedir.
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OZET

Laktasyon egrilerinin dogru modellenmesi, koyunlarda siit veriminin yonetimi, 1slah planlamasi
ve verim tahminlerinin giivenilir sekilde yapilabilmesi agisindan biiyiikk 6nem tasimaktadir. Bu
calismada, Tuj koyunlarinin 3-27. haftalar arasinda Olgiilen siit verimlerine dort farkl
matematiksel modelin uygulanmasi, modellerin tahmin performanslarinin karsilastirilmasi ve
Tuj koyunlarinin laktasyon egrisini en iyi temsil eden modelin belirlenmesi amaglanmustir.
Calismanin hayvan materyalini 31 bas Tuj koyunu olusturmustur. Tuj koyunlarinin laktasyon
egrileri Wood (WD), Cobby and Le Du (CD), Morant and Gnanasakthy (MG) ve Gipson and
Grossman (GG) modelleri kullanilarak degerlendirilmistir. Karsilastirmalar MSPE, R? ve
Durbin—Watson (DW) kriterleri dikkate alinarak yapilmistir. WD modeli veriye yuksek
diizeyde uyum gostermis (MSPE=0.00041, R?=0.9899) ve en diisiik hata degerlerinden birini
iretmistir. MG modeli benzer bi¢cimde giiglii bir performans sergilemis (MSPE=0.00046,
R?=0.9886) ve gozlenen degerlere yakin tahminler yapmistir. CD modeli diger modellere
kiyasla diisiik aciklama giiciiyle (MSPE=0.1063, R?=0.703) en zayif uyumu gostermistir. Alti
parametreli GG modeli istatistiksel olarak yiiksek uyum saglamakla birlikte, parametre
karmagikligi nedeniyle uygulanabilirligi ve stabilitesi diger modellere gore daha sinirlt
bulunmustur. Dort model birlikte degerlendirildiginde WD ve MG modellerinin Tuj
koyunlarinin laktasyon egrisini temsil etmede en yiiksek dogruluk ve istikrart sundugu
belirlenmistir. CD modeli diisiik performans sergilediginden uygun goriilmemistir. GR modeli
istatistiksel olarak basarili olmasina ragmen, ¢ok parametreli yapisi ve hesaplama zorluklari
sebebiyle pratik uygulamalarda kullaniminin sinirli olabilecegi tespit edilmistir. Sonug olarak,
Tuj koyunlarinin laktasyon egrisinin giivenilir sekilde modellenebilmesi icin WD modelinin
birincil, MG modelinin ise gli¢lii bir alternatif olarak kullanilabilecegi sonucuna varilmistir

Anahtar kelimeler: Tuj koyunu; Laktasyon egrisi; Matematiksel modelleme

ABSTRACT

Accurate modeling of lactation curves is crucial for sheep milk yield management, breeding
planning, and reliable yield prediction. This study aimed to apply four different mathematical
models to milk yields measured between weeks 3 and 27 in Tuj sheep, compare their predictive
performance, and determine the model that best represents the lactation curve of Tuj sheep. The
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animal material for the study consisted of 31 Tuj sheep. Lactation curves of Tuj sheep were
evaluated using the Wood (WD), Cobby and Le Du (CD), Morant and Gnanasakthy (MG), and
Gipson and Grossman (GG) models. Comparisons were made using the MSPE, R?, and Durbin—
Watson (DW) criteria. The WD model showed a high fit to the data (MSPE=0.00041,
R2=0.9899) and produced one of the lowest error values. The MG model performed similarly
strongly (MSPE=0.00046, R?=0.9886) and produced predictions close to the observed values.
The CD model showed the poorest fit, with low explanatory power compared to the other
models (MSPE=0.1063, R?=0.703). While the six-parameter GG model provided a statistically
high fit, its applicability and stability were found to be more limited than the other models due
to parameter complexity. When the four models were evaluated together, it was determined that
the WD and MG models offered the highest accuracy and stability in representing the lactation
curve of Tuj sheep. The CD model was deemed unsuitable due to its poor performance.
Although the GR model was statistically successful, its multi-parameter structure and
computational challenges limited its use in practical applications. Consequently, it was
concluded that the WD model could be used as the primary model for reliable modeling of the
lactation curve of Tuj sheep, while the MG model could be used as a strong alternative.

Keywords: Artificial Intelligence, Autonomous Systems, Ethics, Reliability, Openness.

GIRIS

Laktasyon egrilerinin modellenmesi, koyunlarda siit veriminin biyolojik yapisini agiklamak,
verimliligi karsilastirmak, yonetim ve seleksiyon kararlarin1 yonlendirmek agisindan modern
hayvancilik arastirmalarinda 6nemli bir yer tutmaktadir. Laktasyon egrisi; yikselis, pik ve
diisiis olmak tizere ii¢c temel fazdan olugmaktadir ve bu fazlarin sekli irk, besleme diizeyi, sagim

yonetimi, iklim ve genetik yap1 gibi faktorlerden gugli bigcimde etkilenmektedir (Guevara et
al., 2023a; Guevara et al., 2023b; Barani et al., 2025).

Sigir ve koyunlarda laktasyon egrilerinin modellenmesinde en yaygin kullanilan yontemlerden
biri Wood (1967) tarafindan gelistirilen eksik gamma fonksiyonudur. Wood modeli (WD), basit
yapist ve biyolojik olarak yorumlanabilir parametreleri nedeniyle bireysel olarak ve siirii
diizeyinde giivenilir tahminler saglayabilmektedir. Nitekim Pérez-Segura et al. (2025),
Rambouillet koyunlarinda yaptiklar1 ¢alismada WD modelinin laktasyon performansindaki
degisimleri basarili bigimde temsil ettigini ve pik zamani ile laktasyon persistensisini yiiksek
dogrulukla tahmin edebildigini bildirmislerdir. Bununla birlikte son yillarda, 6zellikle Latin
Amerika’daki stiriilerden elde edilen verilerin heterojen yapilar1 nedeniyle nonlineer karisik
modellerin (NLME) kullanimlarida yayginlik kazanmistir. Guevara et al. (2023a), 42 farkh
laktasyon modelini test ettikleri kapsamli ¢alismalarinda, Morant & Gnanasakthy (MG), Wood
(WD), Papajcsik—Bodero ve Sikka modellerinin 6ne ¢iktigini, ancak model uygunlugunun
verinin tamlif1, birey sayisi, sagim baslangic zamani ve siirli yonetimi kosullarina gore
degisebildigini gostermislerdir. Ozellikle MG ve Sikka modellerinin yiiksek uyum sagladig,
ancak bazi bireylerde yakinsama problemleri olusturdugu da vurgulanmistir (Guevara et al.,
2023a). Benzer sekilde son donemlerde yapilan ¢alismalar, koyun laktasyon egrilerinin klasik
modellerle her zaman tam olarak agiklanamayabilecegini gostermektedir (Castillo-Hernandez
et al., 2025). Tekel et al. (2019), Awassi koyunlarinda klasik modellerden higbirinin R?
degerinin 0.85°1 agamadigini, en iyi uyumun yiiksek dereceli polinom modellerle saglandigini
bildirmiglerdir. Ayrica metabolomik diizeyde yiiriitiilen yeni arastirmalar, enerji dengesi ve
glukoneogenez gibi metabolik siireclerin laktasyon egrilerinin seklini dogrudan etkiledigini
gostermektedir. Pérez-Segura et al. (2025), calcium propionate takviyesinin hem laktasyon
egrisini hem de metabolik yolaklar1 degistirdigini, siit liretiminde belirgin artisa neden
oldugunu ortaya koymustur. Inceledigimiz ¢alismalar, laktasyon egrisinin yalnizca
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matematiksel bir iliski olmadigini; ayn1 zamanda hayvanin metabolik, genetik ve ¢evresel
kosullarini yansitan biyolojik bir siire¢ oldugunu gostermektedir. Bu nedenle, belirli bir koyun
genotipi i¢in en uygun egriyi segmek bilimsel agidan ve yetistiricilik uygulamalar1 agisindan
kritik 6neme sahiptir (Angele-Hernandez et al., 2013; Barani et al., 2025; Castillo-Hernandez
et al., 2025).

Bu ¢aligmanin amaci, Tuj koyunlarinin laktasyon egrilerini modellemek amaciyla dort farkli
modelin (Wood modeli, Cobby-Le Du modeli, Morant-Gnanasakthy modeli ve Gipson—
Grossman) karsilastirilarak, bu irka 6zgii en uygun model yapisinin belirlenmesidir.

MATERYAL ve METOT
Hayvan Materyali

Aragtirmada, Tuj koyunlarina ait tamamlanmis laktasyon kayitlar1 kullanilmistir. Orneklem
biiyiikliigii olarak 31 bas Tuj koyununun laktasyon verileri degerlendirmeye alinmistir. Tiim
koyunlar benzer yonetim ve besleme kosullar1 altinda tutulmus; kuzular dogumu takiben
yaklasik 2.5 aylik olana dek annelerini emmis ve bu siirenin sonunda siitten kesim yapilmustir.
Sagim verileri laktasyon boyunca diizenli araliklarla (haftalik ortalamalar seklinde)
kaydedilmistir.

Matematiksel Modeller

Laktasyon egrisini tanimlamak i¢in literatiirde yaygin olarak kullanilan dort farkli model
secilmis ve kullanilan modeller Tablo 1°de sunulmustur. Her bir model, Tuj koyunlarinin
bireysel siit verim degerlerine uygulanmistir. Parametre tahminleri ve standart hatalari, SAS
yaziliminin NLIN (Nonlinear Regression) prosediirii kullanilarak Gauss-Newton iterasyon
algoritmasi ile elde edilmislerdir. Model uyumunun degerlendirilmesinde ii¢ temel performans
kriteri kullanilmistir: (1) Ortalama kareler hatas1 (MSPE), (2) Diizeltilmis Belirleme Katsayisi
(R? ve (3) Durbin—Watson istatistigi (DW). MSPE, modelin tahmin ettigi degerlerin
gbzlemlerden sapmalarinin kareler ortalamasini ifade eder ve daha diisiik MSPE degeri daha
iyi uyumu gostermektedir. R? degerleri, modelin verideki toplam varyasyonu agiklama oranini
belirtir. DW istatistigi ise model artiklarinda (hatalarinda) otokorelasyon olup olmadigini test
etmek i¢in kullanilmigtir. DW degerinin 2’ye yakin olmasi artigin rastgele dagilim gosterdigine
(otokorelasyon olmadigina) isaret eder. 2’den diisiikk degerler pozitif otokorelasyona, 2’den
yiiksek degerler ise negatif otokorelasyona isaret etmektedir

Table 1. The models for describing lactation curves.

Name Source Function of t Number of
parameters
WD Wood (1967) Y p=ate™ 3
CD Cobby and Le Du (1978) Yp=a—bt—ae® 3
MG Morant and Gnanasakthy (1989) Y y=e@*bt+ct2+dy 4
GG Gipson and Grossman (1989) Y o= aibs (1-tanh?(by(t-c1))) + azb, 6

(1-tanh?(by(t-c2)))
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BULGULAR

Tuj koyunlarina ait siit verimlerine yukarida tanimlanan doért model (Wood, Morant—
Gnanasakthy (MG), Gipson—-Grossman (GG) ve Cobby—Le Du (CD)) ayr1 ayr1 uygulanmis ve
her model icin MSPE, R? ve DW degerleri hesaplanarak Tablo 2’de sunulmustur.

Table 2 Tuj koyunlarinin laktasyon egrilerini tanimlamak i¢in modellerin uyum iyiligi
istatistiklerinin karsilastirilmasi

Models N MSPE R? DW
** ** NS
WD 31 0.0004+0.007¢ 0.99+0.00042 3.39+0.22
CD 17 0.106+0.010% 0.70+0.094° 3.63+0.25
MG 9 0.00046+0.008° 0.9840.056% 3.37+0.28
GG 24 0.013+0.005° 0.94+0.0012° 3.56+0.23

Modellerin performansi, tahmin edilen degerlerin gozlenen siit verimleriyle uyumu iizerinden
MSPE ve R? élgiitleriyle karsilagtirilmig, ayrica modellerin yakinsama basarist ve uygulama
kolaylig1 da dikkate alinmistir. WD modeli, tiim bireylerde basarili bir sekilde ¢6ziimleme
saglamig ve genel olarak dengeli bir performans sergilemistir. Modelin hata degeri (MSPE =
0.0004) olduke¢a diisiik ¢ikmis, belirleme katsayist (R?) 0.99 olarak belirlenmistir. Tuj
koyunlarinin haftalik siit verimleri, WD modeline gore istikrarli sekilde tahmin edilmis ve
model, egrinin baslangicindan sonuna kadar biyolojik agidan tutarli tahminler vermistir.
Parametre tahminleri de istikrarli bulunmus; model higbir laktasyonda yakinsama sorunu
yasamamistir.

Morant-Gnanasakthy (MG) modeli, teorik olarak daha esnek bir yapiya sahip olmasina ragmen,
veri setinde siirli sayida laktasyonda yakinsama saglamistir. Yakinsama saglanan bireylerde
MG modeli WD modelinden sonra en iyi uyumu gosteren model olmus ve MSPE degeri
0.00046, R? degeri ise 0.98 olarak hesaplanmistir. Bununla birlikte modelin bireylerin 6nemli
boliimiinde basarisiz olmasi, tiim siirii bazinda kullanilabilirligini sinirlandirmaktadir.

Table 3. Dort farkli modele ait laktasyon egrisi parametreleri, pik verim ve pik zamani igin en
kiclk kare ortalamalar1 ve standart hatalar

N a b c Pik verimi Pik zamam
MeanzS.E. MeanzS.E. Mean+S.E. (kg) (week)
wD 31 0.82+0.13% 1.30+0.10° 0.28+0.11¢ 0.902+0.08° 0.90+0.09%
CD 17 0.87+0.28% 0.026+0.07¢ 7.33+0.98° 0.845+0.081° 0.68+0.08°
MG 9 -0.095+0.007¢ -0.041+0.005¢ -0.0006+0.00001¢ 3.040.65? 0.85+0.025%®
GG 24 5.00+0.572 0.13+0.01° 2.21+0.82° 0.704+0.10° 0.10+0.01¢

Gipson—Grossman (GG) modeli iki fazli yapistyla laktasyon egrisinin kompleks dinamiklerini
yakalamada istatistiksel olarak giiclii bir uyum gostermistir. MSPE degeri 0.013 ve R? degeri
0.94 ile WD ve MG modellerinden sonra oldukga yiiksek bir agiklama giiciine ulagmistir. Ancak
parametre sayisinin fazlalig1 nedeniyle model ancak 24 bireyde yakinsama saglayabilmistir. Bu
durum GG modelinin pratikte sinirl kullanimina igaret etmistir. Yakinsama saglanan bireylerde
elde edilen egriler son derece hassas olsa da modelin agiri uyum (overfitting) egiliminde oldugu
gbzlenmistir (Grafik 1).
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Cobby-Le Du (CD) modeli, diger modellere kiyasla daha kisitli bir uyum sergilemistir. MSPE
degeri 0.106, R? degeri ise 0.70 olarak belirlenmistir. Model 6zellikle laktasyonun diisiis
evresini yeterince dogru temsil edememis ve dogrusal azalis bileseni nedeniyle egrinin dogal
egriselligini yakalamakta zayif kalmigtir. Bunun sonucu olarak CD modeli, Tuj koyunlarinin
laktasyon yapisini tanimlamada diger modellere gore daha diisiik bir basar1 géstermistir.

Model artik analizleri, incelenen modeller icin ciddi bir otokorelasyon sorunu olmadigini
gostermistir. Dort modelin de ortalama Durbin—Watson istatistikleri 3 civarinda bulunmustur
(3.39-3.63 araliginda). DW degerlerinin 2’nin belirgin tizerinde olmasi, pozitif yonli
otokorelasyonun olmadigimi ve hatta hafif negatif korelasyon egilimi olabilecegini
diistindiirmektedir. Kisacasi, tim modeller artiklar acisindan bagimsizlik varsayimini biiyiik
Olciide saglamislardir; model tahmin hatalar1 arasinda anlamli bir pozitif iliski saptanmamustir.
Bu bulgu, 6zellikle GG modeli icin beklenen bir sonuctur; zira GG modeli otokorelasyonu
azaltmak amaciyla iki fazli yap1 6nermektedir. Ancak WD ve diger modellerde de veri dogasi
geregi artik korelasyonunun sorun teskil etmedigi gorilmiistiir.

Genel olarak dort model karsilastirildiginda (Tablo1, Tablo 2), MG modeli WD modeline yakin
bir sekilde istatistiksel olarak en diisiik hatayr iiretmesine karsin, sinirli uygulanabilirligi
nedeniyle tim siird icin ideal bir secenek olarak degerlendirilememistir. GG modelinin uyumu
yiiksek olmasina ragmen benzer sekilde yakinsama sorunlar1 nedeniyle pratikte uygulamada
sorunlar ¢gikarabilmektedir. CD modeli, hem hata degerleri hem agiklama giicli bakimindan en
zay1f model olmustur. WD modeli ise hem yiiksek uyum, hem istikrarli parametre tahmini hem
de tim bireylere uygulanabilirlik acisindan en dengeli performanst sunmus ve Tuj koyunlari
icin en uygun model olarak ortaya ¢cikmustir (Grafik 1).

Gozlenen WD MG Cb ——GG
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Cizelge 1. Tuj koyunlarinda gergek siit verimleri ve farkli modeller ile tahmin edilen
laktasyon egrileri

TARTISMA

Bu calismada Tuj koyunlariin laktasyon egrilerini modellemek amaciyla kullanilan dort farkl
egri fonksiyonunun performansi, model tercihinde hem istatistiksel uyum hem de pratik
uygulanabilirlik agisindan 6nemli farkliliklar oldugunu gostermistir (Grafik 1, 2). Elde edilen
sonuclar, koyunlarda laktasyon egrisi modellemesine iliskin son yillarda yapilan uluslararasi
calismalarla karsilastirildiginda tutarli bir bilimsel c¢erceve sunmaktadir. WD modeli, bu
calismada yiiksek R?, ve diisiik MSPE degerleri ve tiim bireysel laktasyonlarda sorunsuz
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yakinsama saglamasiyla en dengeli model olarak 6ne ¢ikmaktadir. Bu sonug, Guevara et al.
(2023a) tarafindan bildirilen bulgularla ortiismektedir. S6z konusu ¢aligmada 42 farkli model
test edilmis ve WD modeli, 6zellikle rastgele etkiler eklenerek yeniden degerlendirildiginde,
biyolojik yorumlanabilirlik ve kararlilik agisindan en tutarli sonuglart vermistir. Ayrica Pérez
Segura et al. (2025) tarafindan Rambouillet koyunlarinda yiiriitiilen ¢alismada laktasyon egrisi
WD modeli ile basariyla temsil edilmis; arastirmacilar model parametrelerinin laktasyon
biyolojisi ile dogrudan iliskili oldugunu, bu nedenle saha kosullarinda modelin giivenilir bir
ara¢ olarak kullanilabilecegini vurgulamislardir. WD modelinin bu tiir popiilasyonlarda
ustiinliik gostermesinin temel nedenlerinden biri, egrinin pik sonrasi siit verimindeki nonlineer
azalis1 basarili sekilde temsil etmesidir. Nitekim Tekel et al., (2019) Awassi koyunlarinda WD
modelinin klasik egriler i¢inde en stabil performansi sergiledigini, ancak daha yiiksek uyum
isteyen durumlarda polinom temelli esnek modellerin 6ne c¢ikabilecegini bildirmislerdir.
Bununla birlikte, bu tiir esnek modellerin biyolojik anlamlandirilmasinin gii¢ oldugu, bu
nedenle 6zellikle seleksiyon ve yonetim kararlarinda WD egrisinin hala en rasyonel secenek
oldugu belirtilmektedir.

MG modeli, teorik olarak egrinin hem yliikselis hem diislis fazin1 daha ayrintili temsil eden
esnek yapisiyla dikkat ¢ekmektedir. Bizim ¢alismamizda da MG modeli, konverjans saglanan
bireylerde WD modelinden sonra en diisiik hatay1 ve en yiiksek R?’ye sahip model olmustur.
Bu bulgu, Pollott & Gootwine (2000) tarafindan koyunlarda yapilan ¢aligma ile paralellik
gostermektedir. Arastirmacilar MG egrisinin Ozellikle siit verimi daha diizenli olan
populasyonlarda yiiksek dogruluk sundugunu bildirmislerdir. Ancak hem bizim ¢aligmamizda
hem de literatiirde (Bilgin et al., 2010; Guevara et al., 2023a) belirtildigi gibi MG modelinin en
blyuk smirliligi, yakinsama sorunlari ve parametre kararsizligidir. Guevara et al., (2023a), MG
modelinin Ozellikle laktasyonun baslangi¢ doneminin eksik oldugu veya diizensiz sagim
verisine sahip koyun popiilasyonlarin da giivenilirligini kaybettigini, bazi1 bireylerde biyolojik
acidan gercekei olmayan egriler olusturdugunu gostermistir. Bu nedenle MG modeli yiiksek
istatistiksel uyum saglasa bile, siiri genelinde pratik kullanilabilirligi WD modelinin gerisinde
kalmaktadir (Grafik 2).
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Cizelge 2. Farkli modeller i¢in elde edilen kalint1 degerleri

GG modeli, iki fazli yapisiyla teoride daha detayli bir laktasyon dinamigi sunabilmektedir. Bu
calisma, GG modelinin MSPE agisindan oldukga gii¢lii oldugunu ortaya koysa da modelin
yiiksek parametre sayisi ve bazi bireylerde yakinsama saglayamamasi, literatiirle uyumlu
sekilde pratik sinirlamay1 gostermektedir. Nitekim Grossman & Koops (1988) ile Bilgin et al.

December 18-21 / Paris, FRANCE 227



4th INTERNATIONAL PARIS CONGRESS ON AGRICULTURE & ANIMAL HUSBANDRY

(2010) GG modelinin bireysel hayvan diizeyinde sik¢a overfitting yarattigini, 6zellikle diisiik
verimli irklarda modelin ikinci faz1 gereksiz sekilde zorlayarak anlamsiz egriler ortaya
koydugunu belirtmiglerdir. Bu durum, Tuj gibi toplam laktasyon verimi diisiik olan irklarda
modelin biyolojik gergekligini yakalamakta zorlanmasina yol agabilmektedir. GG modeli
yiliksek dogruluk potansiyeline karsin, pratikte en diisiik giivenilirlige sahip modellerden biri
olarak degerlendirilebilir.

CD modeli, pik sonrasi donemi dogrusal varsaymasi nedeniyle Tuj koyunlarinin egrisel azalis
paterniyle uyum saglayamamistir. Bu durum literatiirde de sik¢a rapor edilmektedir.
Rambouillet koyunlari iizerinde yapilan bir calismada (Pérez Segura et al., 2025), laktasyonun
pik sonrasi fazinin dogrusal olmadigini, ¢evresel ve fizyolojik faktorlerin etkisiyle non-lineer
bir diisiis sergiledigi gosterilmistir. Benzer sekilde, Guevara et al. (2023a) CD'nin 6zellikle kisa
laktasyonlu siiriilerde yetersiz uyum sergiledigini, WD modelinin ise ¢ok daha tutarli sonug
verdigini belirtmislerdir.

Bu literatiir bulgular1 15181inda, Tuj koyunlarinda laktasyon egrisini temsil etmek i¢in WD
modelinin hem teorik hem pratik agidan en uygun model oldugu sdylenebilir. WD modeli en
diisiik hata ve en yiiksek R? degerlerine sahip olmasinin yaninda, tiim bireylerde giivenilir
yakinsama saglayarak siirii diizeyinde en giivenilir tahminleyici olarak 6ne ¢cikmaktadir. Giincel
caligmalar (Guevara et al., 2023a; Pérez Segura et al., 2025) koyun popiilasyonlarinda WD
egrisinin énemini korudugunu gostermektedir. Ote yandan model segimi ¢alismanin amacina
baglidir. Tahmin dogrulugunun kritik oldugu durumlarda spline tabanli egriler veya yiiksek
dereceli polinomlar tercih edilebilirken, biyolojik yorumlanabilirlik, seleksiyon uygulamalari
ve saha yonetimi s6z konusu oldugunda WD modeli en rasyonel ve giivenilir secenek olmay1
strdlrmektedir.

SONUC

Bu calismada Tuj koyunlariin laktasyon egrilerini modellemek amaciyla dort farkli fonksiyon
(Wood, Morant-Gnanasakthy, Gipson-Grossman ve Cobby-Le Du) karsilastirilmis ve
modellerin istatistiksel uyum 6lgiitleri ve pratik uygulanabilirlikleri birlikte degerlendirilmistir.
Elde edilen bulgular, her modelin farkli gii¢lii yonleri olsa da Tuj koyunlarinin laktasyon yapist
g6z Oniine alindiginda en dengeli ve gilivenilir performansin WD modeli tarafindan saglandigini
gostermistir. Genel olarak degerlendirildiginde, WD modelinin tiim bireylere sorunsuz
uygulanabilmesi, istikrarli parametre kestirimleri iiretmesi ve hata Olgiitleri acisindan diger
modellerden daha iyi degerlere sahip olmasi nedeniyle pratik kullanim agisindan 6ne ¢iktigi
tespit edilmistir.
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ABSTRACT

The plant phyllosphere has a complex microbial community that includes epiphytic and
endophytic fungi. Beneficial fungi within this community play important roles in various
ecological processes such as surface competition, biofilm formation, support of the nutrient
cycle and limitation of pathogen colonization. However, the fungicides commonly applied in
agricultural production have the potential to affect not only target fungal pathogens but also the
beneficial fungal populations that are naturally present in the phyllosphere. Fungicide
applications may selectively alter fungal diversity and community composition on the
phyllosphere, leading to reductions in certain epiphytic or endophytic fungi. Conversely,
competitive epiphytic groups that exhibit resistance or tolerance to fungicide treatments may
remain unaffected by some active ingredients and thus gain importance as potential biological
control agents. Consequently, in fungicide use strategies, non-target effects need to be taken
into consideration, chemical applications need to be optimized in terms of dose, timing, and
selectivity, and integrated approaches compatible with biological control need to be developed.
This review article presents the ecological roles of epiphytic and endophytic fungal
communities in the plant phyllosphere and the effects of fungicide applications on non-target
groups in light of current studies.

Key Words: Phyllosphere, Fungal Community, Beneficial Fungi, Fungicide Impact, Non-
Target Effects

OZET

Bitki filosferi, epifitik ve endofitik funguslari iceren karmasik bir mikrobiyal topluluga sahiptir.
Bu topluluk i¢inde yer alan yararli funguslar; ylizey rekabeti, biyofilm olusumu, besin
dongiisiiniin desteklenmesi ve patojen kolonizasyonunun sinirlandirilmasi gibi gesitli ekolojik
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sureclerde 6nemli roller Gstlenmektedir. Ancak tarimsal iiretimde yaygin olarak kullanilan
fungisitler, yalnizca hedef fungal patojenleri degil, ayn1 zamanda fillosferde dogal olarak
bulunan vyararli fungal popiilasyonlari da etkileyebilmektedir. Fungisit uygulamalari,
fillosferdeki fungal gesitliligi ve topluluk kompozisyonunu segici bi¢imde degistirebilmekte;
bazi epifitik ya da endofitik yasayan funguslarin azalmasina yol acabilmektedir. Buna karsilik,
fungisit uygulamalarina kars1 direng veya tolerans gosteren rekabetci epifitik gruplar, bazi etkili
maddeli fungisitlerden etkilenmemeleri nedeniyle potansiyel biyolojik miicadele ajanlar1 olarak
onem kazanmaktadir. Bu nedenle fungisit kullanim stratejilerinde hedef dis1 etkilerin dikkate
alinmasi, kimyasal uygulamalarin doz, zamanlama ve seg¢icilik agisindan optimize edilmesi ve
biyolojik miicadele ile uyumlu entegre yaklasimlarin gelistirilmesi gerekmektedir. Bu derleme
makalesi, bitki fillosferindeki epifitik ve endofitik fungus topluluklarinin ekolojik rollerini ve
fungisit uygulamalarinin hedef dis1 gruplar iizerindeki etkilerini mevcut ¢alismalar 1s181inda
sunmaktadir.

Anahtar Kelimeler: Fillosfer, Fungal Topluluk, Yararli Funguslar, Fungisit Etkisi, Hedef Dis1
Etkiler

GIRIS

Bitki fillosferi, bitkinin toprak {iistii organlarini kaplayan ve hem yiizeyde hem de i¢ dokularinda
cok cesitli mikroorganizmalarin yasadigi karmasik bir ekosistemdir. Yaprak yiizeyini ve i¢
dokularin1 kapsayan bu bolge, besin agisindan sinirli fakat mikrohabitat ¢esitliligi bakimindan
oldukga zengin, dinamik bir mikrobiyal yasam alani olarak tanimlanmaktadir (Osono, 2006).
Kiitikula, epidermis, stomalar ve farkli tipte tiiylerden olusan yaprak yiizeyi, mikroorganizma
kolonizasyonunun gerceklestigi heterojen bir ortam saglamaktadir (Sivakumar et al., 2020).
Bunlar arasinda salg tireten tiliyler; polisakkarit tuzlari, lipitler, ucucu bilesikler ve proteinler
gibi bilesikleri salgilayarak mikroorganizma kolonizasyonuna dogrudan katkida bulunurken,
salgi iiretmeyen tiiyler 151k emilimi, su geriliminin diizenlenmesi ve kurakliga dayaniklilik gibi
fiziksel 6zellikleriyle dolayli bir etki olusturmaktadir (Hirano & Upper, 1983). Benzer sekilde,
kiitikula ylizeyinin kimyasal bilesimi ve stomalarin morfolojik 6zellikleri, fillosferde kolonize
olabilen mikroorganizma topluluklarinin bilesimini sekillendirmektedir. Bu topluluklar
arasinda, Ozellikle biyotik ve abiyotik streslere karsi dayamiklilik saglayan yararh
mikroorganizmalarin ekolojik ve iglevsel onemi giderek daha iyi anlagilmaktadir.

Fillosferde yer alan yararl funguslar, yasam bigimlerine gore epifitik ve endofitik olmak Gzere
iki temel grupta degerlendirilmektedir. Epifitik funguslar bitki dokusuna girmeden yaprak
ylizeyinde kolonize olmakta; ylizeyde biriken organik maddeleri, mumsu kiitikula bilesenlerini
ve bitkiden sizan karbon kaynaklarini kullanarak hem kendi gelisimlerini siirdiirmekte hem de
besin dongiisiine katki saglamaktadir. Endofitik funguslar ise konukgu bitkinin i¢ dokularina
giren, ¢ogu durumda belirti olusturmadan gelisebilen ve simbiyotik 6zellikler gosterebilen
organizmalardir (Osono, 2006; Sivakumar et al., 2020). Bir¢ok fillosfer fungus tiirii ekolojik
acidan esneklik gosterebilmekte; uygun kosullarda epifitik yasamdan endofitik faza gegis
yapabilmekte veya tersine donebilmektedir (Kharwar et al., 2010; Porras-Alfaro & Bayman,
2011; Thomas et al., 2024). Ayrica toprak, bitkinin toprak {istli organlarina tasinarak fillosfere
yerlesebilen endofitik funguslar i¢in 6nemli bir inokulum kaynagi olusturabilmektedir
(Zarraonaindia et al., 2015).

Son yillarda fillosfer kdkenli yararli mikroorganizmalarin sentetik mikrobiyal topluluklar
(SynComs) halinde yeniden yapilandirilarak bitkilere uygulanmasi, bitki koruma alaninda yeni
ve umut vadeden bir yaklasim olarak 6ne ¢ikmaktadir (Sarver et al., 2025). Bu ¢alismalar,
epifitik ve endofitik yararli funguslarin patojen baskilama, savunma reaksiyonlarinin
uyarilmast ve kolonizasyon direncinin artirilmasi gibi islevlerinin, kontrollii mikrobiyal
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topluluklar araciligryla giiclendirilebilecegini gostermektedir. Bazi yararli fungus tiirlerinin
fillosfer ortaminda kolonize olabilme kapasitesi, SynCom yaklagiminin fungus temelli
biyolojik kontrol stratejilerine uyarlanabilecegine isaret etmektedir.

Tarimsal iiretimde yaygin olarak kullanilan fungisitler, hedef patojenlerin kontroliinde etkili
olmakla birlikte, fillosferde yer alan yararl epifitik ve endofitik fungus topluluklari tizerinde
belirgin hedef dis1 etkilere yol agabilmektedir. Fungisit uygulamalari; fungal ¢esitlilikte azalma,
duyarl tiirlerin baskilanmasi, toleransl tiirlerin 6ne ¢ikmasi ve mutualistik aglarin zayiflamasi
gibi sonuglar dogurabilmektedir (Teixido et al., 1999; Moulas et al., 2013; Karlsson et al., 2014;
Knorr et al., 2019; Noel et al., 2022; Sumbula et al., 2022; Wu et al., 2023). Endofitik fungus
topluluklarimin sistemik fungisitlerle baskilanmasi konuk¢u savunmasmin zayiflamasina;
epifitik fungus topluluklarinin azalmasi ise ylizey patojenlerinin daha kolay kolonize olmasina
zemin hazirlayabilmektedir. Dolayisiyla fungisit uygulamalarmin fillosfer mikrobiyotasi
iizerinde dolayli fakat oOnemli etkiler yarattigi aciktir. Fillosferdeki yararli fungus
topluluklarinin korunmasi, siirdiiriilebilir hastalik yonetimi ve biyolojik kontrol stratejilerinin
etkinligi acisindan kritik 6nem tasimaktadir (Karlsson et al., 2014).

Bu derleme, tarimda kullanilan fungisitlerin fillosferde bulunan yararh epifitik ve endofitik
fungus topluluklar: tizerindeki etkilerini ekolojik, fonksiyonel ve uygulamaya doniik bir bakis
acistyla degerlendirmeyi amaglamaktadir. Bu kapsamda, fillosferde yer alan funguslar
etkileyen abiyotik ve biyotik faktorler ile farkli bitkilerde hedeflenen ve hedef dist funguslarin
fungisitlere verdikleri yanitlar mevcut literatiir 1s181nda ele alinmistir.

FiLLOSFERDE BULUNAN FUNGUSLARI ETKIiLEYEN FAKTORLER
Abiyotik Faktorler

Fillosferdeki epifitik ve endofitik fungus topluluklarinin kompozisyonu, dogrudan dis ¢evreye
maruz kalmalar1 nedeniyle sicaklik, UV radyasyonu, yagis, nem ve riizgar gibi cesitli iklimsel
faktorler tarafindan giiglii bigimde etkilenmektedir (Gomes et al., 2018). Mevsimsel
degisiklikler 6zellikle riizgar hiz1 ve ortalama sicaklik iizerinden belirleyici olurken, giines
151811n yogun oldugu yaprak bolgelerinde UV’ye daha dayanikli koyu renkli fungus tiirlerinin
baskin hale gelebildigi bildirilmektedir (Gessler et al., 2014; Kembel & Mueller, 2014).
Genellikle ilkbaharda epifitik ve endofitik fungus cesitliligi sonbahara kiyasla daha yiiksek
olmakta (Collado et al., 1999; Osono, 2008), yagisli donemlerde ise yaprak yiizeyinde olusan
su tabakast spor c¢imlenmesini kolaylastirirken yogun yagislarin funguslarin c¢ogalma
yapilariin yaprak ylizeyinden uzaklasmasina neden olabildigi belirtilmektedir (Collado et al.,
1999; Gomes et al., 2018). Yaprak yiizeyinin heterojen bir yapiya sahip olmasi funguslarin
ylizeye tutunma, gelisme ve rekabet etme kapasitesini 6nemli Olgiide sekillendirmektedir
(Beattie, 2011; Vorholt, 2012). Bitkiye 6zgii yapisal 6zellikler, 6zellikle kiitikula yapisi, ylizey
dokusu, tlily yogunlugu ve stomalarin konumu, epifitik ve endofitik funguslarin fillosferdeki
yerlesim basarisini dogrudan etkilemektedir. Ayrica tiiylerin kimyasal bilesimi ve salgi iretme
ozellikleri, belirli bolgelerde fungal birikimi artirarak bazi tiirlerin kolonizasyon kapasitesini
giiclendirebilmektedir (Hirano & Upper, 1983). Bitkinin farkli organlar1 fungus tiirlerini
belirleyen diger yapisal faktorlerdendir. Yaprak ve siirgiin gibi organlarda bulunan epifitik ve
endofitik fungus topluluklarinin hem tiir zenginligi hem de baskin tiirler acisindan belirgin
bicimde farklilastigi ve bu farkliliklarin organlara 6zgii doku yapist ile kimyasal bilesimden
kaynaklandig1 bildirilmektedir (Gomes et al., 2018). Giines alan veya golge konumlar
arasindaki cevresel farkliliklar belirli Ol¢lide varyasyon yaratsa da fillosfer fungal
kompozisyonunu sekillendirmede asil belirleyici unsurun organ tipi oldugu ve organlarin
kendilerine 6zgl fungal topluluklara sahip oldugu belirtilmektedir (Laforest-Lapointe et al.,
2016). Fenolojik siirecler de fillosferdeki fungus topluluklarinin dinamiklerini etkileyen 6énemli
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bir diger faktordiir. Yaprak yaslanmasiyla birlikte doku biitiinliiglinlin zayiflamasi ve besin
iceriginde meydana gelen degisimler, bazi endofitik funguslarin yaprak i¢i dokularda daha hizl
cogalmasina olanak tanimaktadir. Birgok fillosfer fungusunda epifitik, endofitik ve saprofitik
evreler arasinda gecislerin yaslanan yapraklarda daha belirgin hale geldigi belirtilmektedir
(Osono, 2006). Yine yaprak dokiimii sonrasinda endofitik tiirlerin baskinliginin azalmasiyla
bazi epifitik funguslar i¢ dokular1 kolonize edebilmektedir (Cabral, 1985; Stone, 1987).

Biyotik Faktorler

Fillosferde bulunan yararli epifitik ve endofitik funguslar, patojen funguslarla ayn1 yasam
alanin1 paylagarak bitki saglhigmin siirdiiriilmesinde 6nemli biyotik diizenleyiciler haline
gelmektedir. Bu hedef dis1 funguslar, yaprak yilizeyindeki sinirli besin kaynaklarina ve yararl
fungal topluluklar tarafindan olusturulan kolonizasyon alanlarina hizla yerleserek patojenlere
kars1 belirgin bir besin ve alan rekabeti yaratmakta; 6zellikle karbon iceren ylizey salgilar1 ve
hiicreler aras1 bosluklardaki besinlere erisimde iistiinliikk saglayabilmektedir (Sohrabi et al.,
2023). Yararh epifitik tiirlerin erken ve yogun yilizey kolonizasyonu, patojen funguslarin
tutunma ve ¢imlenmesini sinirlandirarak giiclii bir kolonizasyon direnci olusturmaktadir (De
Mandal & Jeon, 2023). Endofitik funguslar ise bitki dokular1 i¢cinde patojenlerle rekabet ederek
ve konukg¢u savunmasini uyararak dolayl bir koruma saglamaktadir (Sivakumar et al., 2020).

FUNGISITLERIN FILLOSFERDE BULUNAN HEDEF DISI FUNGUSLARA ETKISi

Tarimsal tiretimde fungisitlerin temel kullanim amaci, hedef patojenleri baskilayarak hastalik
kontroliinii saglamaktir. Ancak yapilan ¢alismalar, fungisit uygulamalarinin hedef patojenlere
etkili olurken, bitki fillosferinde dogal olarak bulunan epifitik ve endofitik hedef dis1 fungus
topluluklarim1 da farkli diizeylerde etkileyebildigini ortaya koymaktadir. Oysa fillosferde
bulunan yararli funguslar; patojenlerle rekabet, antagonizm, besin dongilisii ve savunma
reaksiyonlariin tesviki gibi mekanizmalar yoluyla bitki sagliginin korunmasinda kritik bir rol
istlenmektedir. Bu nedenle hedef patojen baskisinin saglandigr sistemlerde, fungisit
uygulamalarinin bu yararli mikrobiyal dengeyi ne 6l¢iide ve hangi yonde degistirdiginin ortaya
konulmasi, siirdiiriilebilir ve ¢evreyle uyumlu bitki koruma yaklasimlari agisindan 6zel bir
onem tagimaktadir. Cesitli bitki tiirlerinde hedef patojene karsi kullanilan fungisitlerin
fillosferde bulunan hedef dis1 fungus tiirleri {izerindeki etkilerini birlikte degerlendiren baslica
calismalar ve elde edilen bulgular Tablo 1’de sunulmustur.

Tablo 1. Fungisitlerin hedef fungal patojen ve fillosferdeki hedef dis1 fungal topluluklar {izerine
etkileri

Bitki Fungisitler Hedef fungal patojenler | Hedef dis1 funguslar /baskilanma | Kaynak
/ baskilanma durumu durumu
Elma Kukurt + captan; | Depo glruklik etmenleri | Baskilanan: Cladosporium spp.; Teixido
boraks + kikurt; Penicillium expansum ve | Gegici olarak baskilanan, cekirdek | etal.,
flusilazol Botrytis cinerea / sezon cuiriikliigii ile iligkili latent patojen | 1999
boyunca ¢ok diisiik Alternaria spp.. Daha az etkilenen
yogunlukta izole mayalar: Candida spp.,
edilmistir Cryptococcus spp. Debaryomyces
spp., Hansenula spp., Pichia spp.
(beyaz), Rhodotorula spp.,
Sporobolomyces spp.(pembe)
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Tablo 1. (Devami)

Bitki Fungisitler Hedef fungal patojenler | Hedef disi funguslar /baskilanma | Kaynak
/ baskilanma durumu durumu
Bugday | Azoxystrobin, Zymoseptoria tritici Baskilanan: Aureobasidium Karlsson
bixafen, (Septoria yaprak lekesi), | pullulans, Dioszegia sp., etal.,
cyprodinil, Blumeria graminis Leucosporidium golubevii. 2014
difenoconazole, (kiilleme) / tutarl bir Goreceli bollugu artan tiir::
fenpropimorph, azalma goriilmemis; Phaeosphaeria juncophila
metrafenone, Puccinia striiformis (sar1
picoxystrobin, pas). / belirgin bicimde
prochloraz, baskilanmustir.
propiconazole,
prothioconazole,
pyraclostrobin
1.Epoxiconazole | Baskilanan: P. Baskilanan: Lewia infectoria Knorr et
+ pyraclostrobin + | striiformis (3. karigim (patojen olmayan), Dioszegia al., 2019
boscalid, harig). Z. tritici (1. hungarica (1. karisim harig)
2.Epoxiconazole | karisim haric), Artan: Cladosporium spp.,
+ fluxapyroxad, Parastagonospora Sporobolomyces sp., C. victoriae
3.Prothioconazole | nodorum (yaprak ve (1. karisim harig), C. tephrensis, C.
+ bixafen basak yaniklig1), stepposus (3. karigim haric),
Didymella exitialis Udeniomyces pannonicus
(yaprak lekesi), B.
graminis. Artan:
Pyrenophora tritici-
repentis (sar1 yaprak
lekesi); Microdochium
nivale (kar kufi)
Biber Metalaxy!l Etkilenmeyen: Erysiphe | Saccharomycetes simifi ile iligkili Moulas
(fungisit, toprak sp. (kulleme etmeni) ve bir molekdler birim ve endofitik etal.,
ve yapraktan); Cladosporium sp. (yaprak | fungus Periconia macrospinosa 2013
patojeni) uyartlmigtir
Domates | Propineb, Azalma: Alternaria Azalma: Acremonium ve Sumbula
iprodione + alternata (erken yaprak Malassezia (iprodione + etal.,
carbendazim yaniklig1 etmeni); Ayrica | carbendazim uygulamasinda); 2022
yaprak hastaliklariyla Coprinopsis (propineb
iligkili patojenik cinsler uygulamasinda)
olarak bildirilen
Cladosporium,
Corynespora ve
Pseudocercospora da
tespit edilmigtir
Hiyar Tebuconazole Azalma: Kiilleme etmeni | Tebuconazole: Hedef dis1 etki Wu et
(sentetik triazol); | Podosphaera xanthii her | daha belirgin olup Fereydounia, al., 2023
kikart (inorganik | iki fungisit tarafindan da | Moesziomyces ve
fungisit) baskilanmustir. Bu azalma | Phaeosphaeria’nin topluluktaki
kiikiirt uygulamasinda orani azalmus, firsatgi/patojenik
daha belirgin olmustur. potansiyeli bulunan Nigrospora’nin
Ancak Podosphaera ile topluluktaki orani artmistir;
birlikte hiyarda yaprak Sympodiomycopsis cinsi ise
hastaliklariyla iliskili tebuconazole uygulamasinda
patojenik cinsler toplulukta oran artig1 gostermistir.
Alternaria, Curvularia ve | Kukurt: Hedef dig1 fungal topluluk
Cladosporium da tespit iizerinde daha sinirh etki
edilmistir. gbzlenmis, lodophanus basta
olmak {izere ¢ogu cinsin
topluluktaki orani1 biiyiik dlciide
korunmustur.
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Fungisit uygulamalariyla baskilanan bazi hedef dis1 epifitik ve endofitik funguslarin,
patojenlere karsi biyokontrol potansiyeline sahip oldugu bilinmektedir. Bu tirlerden yiiksek
diizeyde etki gosterenlerden bazilari (>%70) Tablo 2’de verilmistir. S6z konusu yararh
funguslar; besin ve yer i¢in rekabet, biofilm olusumu, ucucu bilesik, toksin ve litik enzim
iretimi ile mikoparazitizm gibi c¢esitli etki mekanizmalarinin biiyiik bir kismina sahiptirler
(Avis et al., 2001; Castoria et al., 2001; Buxdorf et al., 2013; Oztekin et al., 2023).

Tablo 2. Baz fillosfer kokenli funguslarin farkli patojen funguslara kars1 antagonistik etkileri

- Avis et al., 2001

Buxdorf et al., 2013

— Tryfinopoulou et al., 2020
— Estrela Junior et al., 2022

Moesziomyces spp. | Podosphaera fuliginea
(syn. Pseudozyma) Botrytis cinerea
Rhodotorula spp. Aspergillus carbonarius
Moniliophthora roreri

+

Fillosfer fungusu Etkili oldugu patojen fungus In In Kaynak
vitro | vivo
Aureobasidium Botrytis cinerea + + Limaetal., 1997
pullulans Blumeria graminis f. sp. tritici - + De Curtis et al., 2012
Aspergillus tubingensis + + Pantelides et al., 2015
Candida spp. Penicillium spp. + - da Cunha et al., 2018
Debaryomyces spp. Mucor circinelloides + - Medina-Cérdova et al.,
Aspergillus sp. + - 2018
Fusarium proliferatum + -
Fusarium subglutinans + -
Monilinia fructicola + + Czarnecka et al., 2019
+
+
+
+

SONUGC

Bitki fillosferi, epifitik ve endofitik funguslardan olusan ve bitki sagliginin korunmasinda
onemli ekolojik islevler iistlenen dinamik bir mikrobiyal ekosistemdir. Ancak fungisitler,
patojenleri baskilamadaki etkinliklerine karsin, ¢ogu zaman fillosferdeki yararli fungal
topluluklar1 da olumsuz etkileyerek mikrobiyal c¢esitliligin azalmasina ve topluluk dengesinin
bozulmasma yol acabilmektedir. Bu durum, dogal biyolojik kontrol potansiyelinin
zayiflamasina ve firsatgi tiirlerin baskinlagsmasina neden olabilmektedir. Bu nedenle fungisit
kullaniminin, yalnizca hedef patojenler degil, hedef dis1 yararli funguslar da dikkate alinarak
planlanmas1 gerekmektedir. Daha secici fungisitlerin tercih edilmesi, uygulama sikliginin ve
zamaninin optimize edilmesi ve biyolojik kontrol stratejilerinin kimyasal uygulamalarla entegre
edilmesi, fillosfer mikrobiyal dengesinin korunmasi agisindan kritik Oneme sahiptir.
Stirdiirtilebilir bitki saglig1 yonetimi, patojen kontrolil ile birlikte fillosferdeki yararli epifitik ve
endofitik fungal topluluklarin korunmasini da esas alan ekolojik temelli yaklagimlarla miimkiin
olacaktir.
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ABSTRACT

Triticum spelta and Triticum macha are among the ancient cultivated wheat species and differ
significantly from modern wheat species in terms of their morphological and physiological
diversity, spike structure and adaptability. While T. spelta is generally a tall plant height, glume-
like elongated spikes with low processing yields, T. macha is shorter, has a distinctive compact
spike morphology, and is particularly prevalent in the Caucasus. This diversity results in
significant differences between the two species in spike and flag leaf morphology, yield
components, and some physiological traits, making them valuable genetic resources for
breeding studies. In this study, 19 T. spelta and 28 T. macha accessions were evaluated for their
morphological, physiological, and agronomic characteristics. The study aimed to examine the
variation of the mentioned traits in two wheat species and to reveal the relationships between
these variables using descriptive statistics and principal component analysis (PCA). Descriptive
statistics revealed a wide variation in spike traits, flag leaf measurements, physiological traits,
and yield components in both species. High variability (CV 37-55%) was observed, particularly
in grain yield and biological yield. Mean spike length and flag leaf morphology were higher in
T. spelta, while mean spikelet fertility, grain number per spike and flag leaf chlorophyll content
were higher in T. macha. PCA results on T. spelta accessions revealed that the first two
components explained 50.2% of the total variance, while the first five explained 79.3% where
the eigenvalue is greater than 1. Variables related to yield components such as spike length,
spike weight, grain weight per spike, grain number per spike, and flag leaf area in PC1 carried
high positive loadings. PC2 was associated with flag leaf width and length and physiological
indicators. In T. spelta, yield components and flag leaf morphology accumulate variance along
two separate axes. In the PCA results for T. macha accessions, the first two components
explained 49.7% of the total variance, while the first six explained 83.9% with greater than 1
eigenvalue. PC1 again showed a strong relationship with spike traits and yield components.
PC2 was determined by flag leaf width, length, area, and physiological traits. Furthermore, in
PCB6, the flag leaf chlorophyll content variable was found to be a single, a unique discriminating
variable in T. macha with a high loading value. In conclusion, PCA demonstrated that yield-
related spike components and flag leaf morphology were clearly separated along different axes
in both wheat species. These findings provide valuable insights into the selection of high-
yielding traits in breeding programs. The pronounced differences between T. spelta and T.
macha further highlight the strong influence of genetic background on morphological and
physiological variation.

Keywords: Chlorophyll Content, NDVI, Spike Characteristics, Grain Yield, Leaf Morphology.
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INTRODUCTION

Triticum aestivum L. is hexaploid form of wheat and one of the most globally cultivated crop
as a staple food in numerous countries (Tadesse et al., 2019). Ancient subspecies within the
primary gene pool of hexaploid wheat, especially spelt forms such as T. macha and T. spelta
can be considered valuable genetic materials for new and potentially advantageous alleles.
Ancient spelt wheats constitute an alternative source of genetic diversity that has been lost
during the intensification of modern agriculture and breeding processes (Fu, 2015). Hexaploid
spelt wheats exhibit significant variations in spike architecture, including spike shape, density,
and grain form (Fan et al., 2019).

T. macha is the primitive hexaploid ancestor of other spelt forms and endemic to Georgia
(Bedoshvili et al., 2021). Although T. macha is a spelt variety, its spikelets are not as densely
arranged as those of other spelt wheat varieties. T. macha is hypothesized to be the ancestor of
soft wheat varieties, transforming into modern bread wheat through human-induced selection
due to its easy threshing and strong rachis characteristics (Jorjadze et al., 2014). In T. macha,
the stems typically range from 40 to 100 cm in height, excluding the spikes, thin-walled or
thick, hollow, and rarely hairy. The leaf blade is 8-32 cm x 8-12 mm, hairless or sparsely hairy,
erect in young plants, drooping when mature; green or gray-green in color. Spikes are 7-12 cm
long, erect or slightly inclined, moderately dense or sparse, awned or awnless, and white, red
or blue-gray. The rachis (spike axis) is brittle, so the spikelet splits into two parts after threshing.
The spikelets remain attached to the rachis joint (Feldman and Levy, 2023).

T. spelta has long been cultivated mainly in southwestern Germany, the valleys of the Austrian
Alps, Switzerland, and a few other regions in Europe (Grausgruber, 2018). T. spelta stalks are
erect, stiff, 60-120 cm tall excluding the heads, hairy or hairless, hollow, and thin-walled. The
leaf sheaths are sparsely hairy or hairless; the auricles are very large, curved, fringed, and long-
hairy. The leaf blades are 30—60 cm long, hairless or sparsely hairy, dark green and narrow in
young plants, and pale greenish-yellow and broader in older stems. The spikes are quite long
(10-15 cm), sparse (lax), straight or slightly curved, and may be white, red, gray-blue, or black-
blue in color; they are distinctly pointed and awned or awnless. Each spike contains 16-22
spikelets, which are usually distinctly separated from each other on the axis. The rachis is flat
and smooth; the rachis joints are semi-brittle and break easily under pressure (during threshing).
Spikelets are oval and 12-16 mm long, solitary at the nodes, and hairy or haieless. The
uppermost spikelet is fertile and positioned perpendicular to the plane of the lateral spikelets.
In each spikelet, those in the middle of the spike carry 2 grains, while those at the base and tip
are usually single-grained. The two glumes of each spikelet are similar in length, 8-12 mm, and
may be white, yellow, red, brown, or black-blue. The glumes are shorter than the spikelet and
may be bristly or bristle-free. The grains are reddish, 7-10 mm long, with a hard endosperm
and pointed at both ends. The apex is covered with a white tuft of hairs and is tightly enclosed
by the palea-lemma, forming a glume-like structure. The grain groove is shallow. The thousand-
grain weight is 50-58 g (Feldman and Levy, 2023).

Both T. macha and T. spelta are gaining renewed interest today due to the increasing demand
for healthy and diverse products in nutrition (Longin et al., 2023). Compared to bread wheat,
they have superior agronomic performance under low-input conditions or challenging
ecological environments. Therefore, they are highly suitable species for marginal areas and
organic production systems (Konvalina et al., 2014; Magistrali et al., 2020). Furthermore, T.
macha and T. spelta have significant genetic variation in many agronomic traits and disease
resistance. Therefore, they are important genetic resources widely used in wheat breeding
programs (Longin and Wiirschum, 2014; Wang et al., 2024).
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Scientific studies on T. macha and T. spelta are limited and most involve a one-sided approach.
These varieties are known as grains with high protein content and relatively low demands on
growing conditions. Their ability to grow even in nutrient-poor mountain soils is a significant
advantage. Furthermore, when provided with adequate mineral nutrition, they do not tend to
shed grain after heading, eliminating the need for growth regulators. Their high resistance to
heavy rainfall and excessive moisture during the tillering stage, their reduced susceptibility to
fungal diseases due to their spelt structures, and their ability to germinate with their glume are
among their notable characteristics. For these reasons, T. macha and T. spelta are becoming an
increasingly important focus of interest for both researchers and farmers. As they are valuable
genetic resources for breeding studies and for inclusion in agricultural production for different
purposes, this study comprehensively examined the morphological, physiological, and
agronomic characteristics of T. macha and T. spelta.

MATERIALS and METHODS

The experiment included 28 Triticum macha and 19 Triticum spelta wheat genotypes obtained
from the USDA gene bank as plant material. Table 1 presents a comprehensive overview of the
wheat genotypes utilized in this study.

The soil in the experimental field had a considerable amount of lime (7.2%) and a low organic
matter content (2.3%). The pH level of the soil was 7.8, indicating a mild alkaline and non-
saline nature. Clay, in particular, was identified as the predominant soil texture class. During
the trial year, the mean temperature was 9.9°C, the mean humidity was 65.9%, and the total
precipitation was 208.5 mm.

The seeds of wheat were sowed in rows that were one meter in length, with a spacing of 30 cm
between rows and 5 cm within each row. The fixed fertilizer dose applied to the plants was 120
kg N ha® and 100 kg P20s ha', with all phosphorus applied at planting and half of the nitrogen
applied at planting and the other half during the tillering period. Two supplementary irrigations
were performed during the stem elongation and flowering periods.

The flag leaf area was determined by measuring the flag leaf width and length with a ruler and
then multiplying by a factor of 0.75 according to the method of Kalayci et al. (1998). Flag leaf
chlorophyll content was measured during the heading stage using a chlorophyll meter called
“Spectrum Field Scout CM 1000.” An infrared thermometer was used to measure canopy
temperature. Spectral reflectance from the canopy expressed as NDVI was measured using the
GreenSeeker active optical sensor. Red (656 nm) and near-infrared (774 nm) self-illumination
systems are built within the sensor. More red light is absorbed, and NIR light is largely reflected
by a healthy plant.

The harvesting of plants that had reached full maturity was conducted through manual selection
of the plants in the designated plots. The harvested spikes of plants whose biological
performance was being measured were threshed by being compressed between plates covered
with a rough rubber surface to separate the grains from their husks.
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Table 1. List of hexaploid wheat genotypes used in the study

Genotype Plant ID Plant name Collected From Genoty Plant ID Plant name Collected From
M1 P1278660 Gen-2708 United Kingdom SP1 Pl 225271  Gen-85 Iran
M3 P1 355508 6975.187 Former, Soviet Union | SP2 P1 225295 Gen-109 Iran
M4 P1355509 6975.188 Former, Soviet Union | SP3 P1306550 Gen-2943  Romania
M6 P1355511 6975.190 Sankt-Peterburg, SP4 P1306551 Gen-2944  Romania
Russian
M7 P1355512 6975.191 Former, Soviet Union | SP5 P1306552  Gen-2945  Romania
M8 P1 355513  6975.192 Former, Soviet Union | SP7 P1 306555 Gen-2948 Romania
M9 P1 355514  6975.193 Switzerland SP10  ClItr14138 CI 14138  Unknown
M10 P1361862 DN-2378 Denmark SP12  P1295059 Deutchland Bulgaria
M11 P1428148 G1260 Stavropol'skij kraj, SP13  P1221402  Fuchsii Serbia
Russian
M13 P1428177 G524 Uppsala lan, Sweden  |SP16  P1295060 Hinducusch Bulgaria
M16 P1675002 GE.2013-15 Samtskhe-Javakheti, SP17  P1295062 Italien Bulgaria
Georgia
M17 P1675003 GE.2013-16 Samtskhe-Javakheti, SP19  PI1591904 Liestal 11  Bulgaria
Georgia
M18 P1675004 GE.2013-17 Samtskhe-Javakheti, SP20  P1591903 Muri 6 Germany
Georgia
M19 P1295057  Gruzia Bulgaria SP21  PI1591901 Rotenburg Niedersachsen,
10 Germany
M20 P1572908 H Tri 13595/89  Rach'a-Lechkhumi- SP23  P1591894  Ruefenach Germany
Kvemo 6
M21 P1611470 H Tri 13601/87  Rach'a-Lechkhumi- SP24  P1591902  Steiners Germany
Kvemo Roter
M22 P1572911 H Tri13613/87  Imereti, Georgia SP25  PI1295061 Ungarn-1  Bulgaria
M23 P1572913 H Tri 13614/89  Imereti, Georgia SP26  P1295063 Ungarn-2  Bulgaria
M24 P1572912 H Tri 13615/87  Imereti, Georgia SP29  P1591899  White Spelt England, United
Kingdom
M25 Pl 542466 H86-708 Oregon, United States
M26 Pl 272554  1-1-2710 Pest, Hungary
M27 P1 290507 1-1-2710 Pest, Hungary
M28 P1 272555 1-1-3544 Pest, Hungary
M29 P1352466 Letshchumicum  Former, Soviet Union
M30 P1572906 WIR 28168 Georgia
M31 P1572907 WIR 28214 Georgia
M32 P1572905 WIR 29576 Georgia
M33 P1323436  Unknown Wien, Austria

The following metrics were recorded for each five plant in each parcel after harvest: spike
length (cm), the number of spikelets per spike, the number of grains per spike, the total weight
of grains per spike (g), the number of grains per spikelet, the spike density, and the spike index.
Spike density (SD) and spike index (SI) were calculated as follows: The first ratio, SD, is
calculated by dividing the number of spikelets by the length of the spike. The second ratio, Sl,
is determined by dividing the spike weight by the grain weight per spike.

The biological yield and grain yield of the plants harvested from each plot were determined in
grams, and the harvest index was calculated as a percentage by dividing the grain yield by the
biological yield.

The mean, minimum, and maximum values are displayed using boxplots, while descriptive
statistics including variance, coefficient of variation, kurtosis, and skewness were calculated
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using the Minitab 16 statistical software. Furthermore, a principal component analysis (PCA)
based on the correlation matrix was applied to determine the relationships among the 17
examined features. The first five and six factors with eigenvalues greater than 1.0 were
considered effective for interpreting the results. The first two components, which contained the
majority of the variability, were presented as bi-plot arrangements of the following: T. macha,
T. spelta, and all genotypes evaluated together and the examined traits.

RESULTS AND DISCUSSION

The morphology of flag leaves, including their width, length, and area, is a critical factor in
determining the plant's photosynthetic capacity and, consequently, the final wheat yield
(Zanella et al. 2023). Modifying the structure of flag leaves to maximize photosynthetic
assimilation during the grain-filling stage is a desirable objective for wheat breeding programs.
Various photosynthetic component traits, including flag leaf morphology, have demonstrated
genetic variation despite their quantitative nature and have been consistently heritable. This
renders them suitable for phenotypic selection, a process that is imperative for the breeding of
superior wheat varieties (Poland 2015). The descriptive statistics concerning the morphological
and physiological characteristics of the flag leaf examined in the study are presented in Table
2 and Figure 1. The descriptive statistics of the characteristics indicated a significant variation
in the differences between T. macha and T. spelta. The flag leaf width of T. macha exhibited a
more heterogeneous distribution, characterized by high variance and CV values, and a more
expansive box structure. Genotypes such as M29 and M10 were particularly noteworthy for
their elevated values, while T. spelta demonstrates a more constrained variation. As illustrated
in Table 2, T. spelta had high variance in flag leaf length, a finding corroborated by Figure 2,
which identified SP1 and SP19 as notable examples of long-leaved individuals. In the flag leaf
area variable, T. macha presented higher variance and CV, and Figure 2 demonstrated that
genotypes such as M7 and M28 broadened the distribution.

Selecting genotypes with a large flag leaf area is a sound approach due to its positive
contribution to yield. However, in flag leaf area-based breeding programs, large leaves should
be prioritized in regions without water limitations, while narrow leaves should be selected for
arid environments. Genotypes with smaller flag leaf areas have better tolerance to drought and
heat, so they should be considered. T. macha had a wider variation in flag leaf area, and there
was a high probability of finding genotypes suitable for all conditions. Given that T. spelta
comprises individuals with relatively narrower flag leaf areas, narrow-leaved genotypes can be
selected for arid and hot areas.
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Table 2. Descriptive statistics of the physiological characteristics examined in the study

Variance CoefVar Skewness Kurtosis
Variable T. T. All T. T. Al T. T. Al T. T. All
macha spelta macha spelta macha spelt macha spelt
a a

Flag leaf width 0.05 0.02 005 1379 890 1312 -0.01 0.07 042 -030 0.81 0.03

Flag leaf 925 1533 1512 1142 1284 13.79 045 -0.68 0.20 0.68 0.56 -0.48
length

Flag leaf area 53.23 27.88 4239 2128 1497 1877 0.20 -0.17 0.06 -1.29 -0.19 -1.01

Flag leaf 4104.2 5976.4 5468.7 13.17 1788 1591 -0.80 -0.04 -051 0.00 -0.70 -0.60
chlorophyll

index

Canopy 013 012 065 234 206 509 006 -035 027 092 065 -1.28
temperature

NDVI 002 002 002 1475 1820 16.03 -1.30 -2.10 -1.70 1.12 481 3.00

This study revealed significant physiological differences between T. macha and T. spelta
species based on findings obtained from flag leaf chlorophyll index, canopy temperature, and
NDVI values. The literature indicates that flag leaf chlorophyll index is a strong indicator of
photosynthetic capacity and carbon assimilation during the grain filling period (Noor et al.,
2022). It is known that genotypes with high chlorophyll content have more stable
photosynthetic activity both under optimal conditions and under stress. Chlorophyll content
reflects the plant's photosynthetic efficiency and nitrogen use efficiency; high chlorophyll levels
have been reported to be positively correlated with yield, especially under well-watered
conditions (Ahmad et al., 2022; An et al., 2022; Sorwar Jahan et al., 2025). In our study, the
fact that T. macha exhibited a wider variation in chlorophyll index and stood out with high-
value genotypes such as M29 and M21 indicates that this species has different physiological
strategies in terms of photosynthetic capacity (Figure 1). In contrast, although the variance was
high in T. spelta, the distribution remains narrower, suggesting that this species exhibits a more
homogeneous structure in terms of chlorophyll (Table 2).

Canopy temperature is widely regarded as one of the most sensitive indicators of drought stress,
given its direct correlation with the plant's water status and stomatal behavior (Pinter et al.,
1990). The findings of this study suggest that the low variation in canopy temperature values
within species indicates that the population generally utilizes similar water use strategies.
However, when all genotypes are evaluated collectively, high variance and variation
coefficients indicate high interspecies variability, suggesting significant differences in canopy
temperature between the two species (Table 1). However, the observation that T. macha
displayed a lower canopy temperature distribution compared to T. spelta in Figure 1 suggested
the existence of drought- and heat-tolerant genotypes within this species, thereby indicating
potential candidates for selection. M6 and M25 stand out as particularly prominent genotypes.
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Figure 1. Minimum, maximum and mean values of the physiological characteristics examined
in the study

NDVI values, the extent of green tissue, the biomass level, and overall physiological vitality in
plants are critical factors for estimating yield (Hassan et al., 2019; Qiu et al., 2022). In this
study, the wide NDVI variation observed in T. spelta reflects different levels of stress tolerance
within the species. Moreover, the observation that certain genotypes with notably low NDVI
values also manifest other stress indicators, such as low chlorophyll or high canopy
temperature, reinforces the significance of NDV1 as a comprehensive indicator of physiological
stress. The low variance in NDVI values between the two species indicated that vegetative
development is generally homogeneous (Table 2). However, the higher negative skewness and
more pronounced extreme values in T. spelta indicated that the species possesses genotypes
that may respond more variably to stress conditions. T. spelta exhibited distinctive
characteristics in NDVI values, characterized by high skewness and extreme kurtosis. The
boxplot graph demonstrated that the distinct low values of SP4 and SP10 corroborated this
statistical finding (Figure 1).

Grain yield per spike is determined by the number of spikelets per spike, the number of grains
per spike and/or spikelet, and grain size. On the other hand, grain yield per spike is calculated
by the number of grains per spike, grain weight, and the number of spikes per area. The
thousand-grain weight and number of grains per spike are significantly influenced by spikelet
number, grain weight, and number of grains per spikelet (Philipp et al., 2018). These traits are
directly associated with the genetic composition of wheat and is used in the identification of
varieties. In this study, T. macha and T. spelta genotypes were compared in terms of spike
morphology and yield components; variance, coefficient of variation, skewness, and kurtosis
values (Table 3) were evaluated, and the maximum, minimum, mean, and range of the values
were presented as boxplot graphs (Figure 2). A comparison of the genotypes of T. macha and
T. spelta revealed that these two species exhibited distinctly different distributions in terms of
spike architecture and yield components.
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Table 3. Descriptive statistics of the spike characteristics examined in the study

Variance CoefVar Skewness Kurtosis
T. T. All T. T. All T. T. All T. T. All
macha spelta macha spelta macha spelta macha spelta
Spike 4.70 4.85 6.36 2059 16.72 2175 0.84 -096 0.13 -041 2.00 -
length 1.09
Spike 0.18 0.44 029 1795 30.00 23.16 0.45 0.34 0.15 0.11 -0.15 0.19
weight
Spikelet 16.95 5.79 1773 1742 1274 1939 -0.03 -068 040 -054 1.33 -
number 0.25
per
spike
Grain 8485 3746 9785 2047 1835 2455 -036 -1.39 0.06 0.08 1.40 -
number 0.13
per
spike
Grain 0.10 0.05 0.08 16.21 1281 1553 -0.77 0.40 - 1.79 0.12 0.77
number 0.26
per
spikelet
Grain 0.08 0.11 0.09 2026 2414 2170 0.88 -0.34 0.23 1.48 -0.94 0.39
weight
per
spike
Spike 0.37 0.02 042 26.18 9.44 32.77 -0.37 0.25 056 -125 -0.61 -
density 1.30
Spike 55,70 9223 7118 1253 1532 13.87 0.78 2.20 163 1.34 7.24 5.31
index
1. macha T. spelta
Spike length Spike weight Spikelet number
#5P20 1] SP24 32 M31
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Figure 2. Minimum, maximum and mean values of the spike characteristics examined in the

study
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The boxplot graphs demonstrated that T. spelta achieves higher values, particularly in spike
length and spike weight, while T. macha exhibited a wider range of variation in traits such as
grain and spikelet number per spike (Figure 2). Descriptive statistics supported these
differences; T. macha had a more heterogeneous population structure with higher variance and
skewness-kurtosis values closer to a normal distribution for most traits, while T. spelta had
extremely low variance and a highly stable structure for the spike density trait, and a structure
with high variance, extreme skewness, and extreme values for the spike index trait (Table 3).
In T. spelta, negative skewness in spike length and weight indicated a homogeneous structure
away from low values, while in T. macha, positive skewness or near-symmetric distributions
revealed a wider genetic variation. The higher variance evidenced by T. macha genotypes in
traits such as spikelet number per spike, grain number per spike, and spike density confirms
that this species originates from a more polymorphic population with greater genetic mixing,
as reported by Barabaschi et al. (2025). Conversely, in the T. spelta, more limited and
compressed distribution in certain traits suggests a more stable morphological structure in the
hulled form (Szewczyk, 2013). The results indicated that T. macha had a more heterogeneous
genetic structure, while T. spelta had a genetic structure that varies based on traits but was quite
stable in some morphological characters.

T. macha is characterized by abundant leaf mass and robust stems, and it tolerates excessive
moisture well (Samadashvili, 2024). T. spelta, on the other hand, is popular because of its good
tolerance to growing conditions and its ability to withstand natural and climatic environmental
factors, allowing it to be grown without excessive use of plant protection products. T. spelta
can yield stable crops without strict adherence to production technology and can be a great
alternative to soft wheat (Babenko et al., 2018). Despite the reported positive characteristics
and their satisfactory biological yield, their production is limited due to low grain yields.
Significant differences were observed between T. macha and T. spelta genotypes in terms of
biological yield, grain yield, and harvest index. The variance in biological yield was quite high
in T. macha (101,385) and much lower in T. spelta (34,814). Furthermore, the CV value of T.
macha was 45.7%, which was more than twice that of T. spelta (Table 4).

Table 4. Descriptive statistics of the yield characteristics examined in the study

Variance CoefVar Skewness Kurtosis

T. T. All T. T. Al T T. All T T. All

macha  spelta mach  spelt mach  spelt mach  spelt

a a a a a a
Biologic 101385. 34814. 89975. 4570 194 373 -0.04 -0.70 - -053 102 -
alYield 6 0 9 7 8 0.5 0.2
4 7

Grain 4430.1 31788 44872 66.49 372 554 151 062 08 408 071 12
yield 4 8 6 3 9
Harvest  18.66 18.46 1896 3119 274 298 018 -006 00 0.07 -094 -
index 8 8 7 04

T. spelta had higher median values in biological yield and exhibited a narrower distribution
among genotypes, while T. macha showed wider variance and a more heterogeneous structure
(Figure 3). These findings indicated that T. macha had a more variable population structure in
terms of biomass production. A similar difference was noticeable in grain yield; while T. spelta
showed higher yield levels in the boxplot, the Table 4 results revealed that T. macha had much
higher variance (4.430) and skewness (1.51) in this trait. The high positive skewness in T.
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macha’s grain yield indicated that some genotypes had extremely low yield values, whereas T.
spelta showed a more balanced distribution. In terms of harvest index, the two species showed
a more similar variation structure; the fact that the variances of both species were very close to
each other (18.66-18.46) and the skewness is close to zero indicated that this trait was more
stable between species. However, the boxplot graph showed that T. spelta tended to have
slightly higher values in the harvest index.

1. macha 1. spelta
Biological yield Grain yield
1500 1 MI3 M 13
[ 300 SP24
10007 ¥ 200+ M0
M2 SP7 SP4
500 »SP29 100 - 3 I
SP7
04 M23 0. M3
Harvest index
257 MI3 P24
20 - r
SP4
15
M31
10 1 .
5 4 MI17
T macha 1. spelta

Figure 3. Minimum, maximum and mean values of the yield characteristics examined in the
study

Overall, these results revealed that T. macha had a population structure with wider variation
and extreme values in terms of biomass and grain yield, while T. spelta exhibited a more stable,
higher biological and grain yield and a more homogeneous character in terms of distribution.

The findings revealed that T. macha was more heterogeneous and diverse, while T. spelta had
a more stable structure in terms of certain morphological characteristics; these differences also
affect the potential use of the species in breeding programs. In general, T. spelta offers a more
advantageous structure in terms of characteristics that enhance physiological performance,
while T. macha is characterized by more heterogeneous morphological variation. These results
revealed that the difference between the species was not morphological but was mainly evident
in physiological productivity indicators. Consequently, these distinct differences in the
distribution characteristics of the two species stem from differences in evolutionary history,
breeding history, reproductive system, and selection pressures.

The PCA loadings of T. macha and T. spelta genotypes revealed that the relationships between
the morphological and physiological traits of the two species show fundamentally similar
trends, but that some characters created species-specific differentiation (Table 5). In both
species, the PC1 axis largely represented spike morphology and yield components; traits such
as spike weight (SW), grain number per spike (GNS), grain weight per spike (GWS), flag leaf
area (FLA), and spikelet number (SN) were the variables that gave the highest positive loadings
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to PC1. This indicated that, regardless of species differences, the variation in basic
morphological structures related to yield determines the first component.

Table 5. Factor loadings obtained from the principal component analysis

T. macha T. spelta All genotypes
Variable PC1 PC2 PC3 PC4 PC5 PC6| PCl1 PC2 PC3 PC4 PC5 PCl PC2 PC3 PC4 PC5 PC6
SL 0,10 0,42 0,22 0,01 0,08 0,12 0,38 0,09 - - 0,02 - - - - - 0.02
0,18 0,12 0.18 0.34 0.03 0.40 0.09
SW 0,39 - - 0,20 0,27 - 0,37 - 0,17 0,24 0,02 0.25 - 0.11 - - -
0,03 0,04 0,05 0,04 0.34 0.10 0.02 0.37
SN 0,31 - - 0,12 0,08 0,13 0,34 0,17 - - 0,29 0.39 - 0.22 0.07 0.00 -
0,27 0,23 0,11 0,12 0.05 0.17
GNS 0,38 - 0,11 - 0,14 0,01 0,39 0,03 - - 0,06 = 0.40 - 0.02 - 0.16 0.16
0,11 0,25 0,13 0,21 0.14 0.15
GNSp 0,14 0,16 0,42 - 0,15 - 0,28 - - - - 0.16 - - - 0.23 0.45
0,47 0,13 0,12 0,09 0,21 0,16 0.17 0.21 0.40
GWS 0,38 - - - 0,15 - 0,37 - 0,21 0,02 - 0.27 - 0.02 0.03 0.35 -
0,17 0,05 0,18 0,13 0,09 0,12 0.31 0.25
SD 0,12 - - 0,05 - 0,04 | - 0,04 0,19 0,06 0,35 0.36 0.20 0.17 0.30 0.06 -
0,44 0,31 0,04 0,28 0.11
Sl 0,04 - 0,01 - - - - - 0,14 - - - 0.10 - 0.29 0.72 0.19
0,27 0,63 0,17 0,09 0,22 0,06 0,43 0,42 | 0.05 0.19
FLW 0,34 0,17 - 0,14 - 0,09 0,18 - - 0,37 0,02 0.25 - - 0.10 - 0.21
0,04 0,32 0,19 0,25 0.26 0.03 0.30
FLL 0,31 0,06 0,22 0,15 0,09 - - - 0,27 - 0,04 - - - 0.26 0.08 -
0,00 ' 0,03 0,44 0,14 0.10 0.28 0.42 0.11
FLA 0,39 0,14 0,09 0,16 - 0,05 0,08 - 0,08 0,11 0,04 0.12 - - 0.25 - 0.06
0,16 0,49 0.38 0.32 0.14
FLCI - - - - 0,24 0,83 - 0,13 - - 0,55 0.15 0.15 0.25 - - 0.45
0,04 0,06 0,11 0,21 0,02 0,10 0,45 0.11 0.00
CT - 0,15 - - 0,54 - - 0,34 - 0,46 - - - 0.02 - 0.12 -
0,16 0,22 0,11 0,16 | 0,04 0,13 0,11 0.37 0.12 0.00 0.24
NDVI - - 0,39 0,16 0,26 0,33 0,09 0,18 - - - 0.01 0.06 - - 0.24 -
0,07 0,05 0,17 0,21 0,49 0.09 0.51 0.26
BY 0,11 0,36 - - - 0,19 0,21 - 0,51 0,01 0,03 - - 0.16 0.19 - 0.29
0,27 0,24 0,33 0,05 0.20 0.35 0.01
GY 0,08 0,39 - - - 0,07 0,12 0,29 0,51 0,05 - - - 0.42 0.12 0.09 0.14
0,38 0,13 0,03 0,03 0.22 0.30
HI 0,08 0,23 - 0,00 0,40 - 0,04 0,45 0,29 - - - - 0.53 - 0.25 -
0,34 0,19 0,02 0,04  0.13 0.17 0.01 0.05

In T. macha, PC2 and PC3 appear to be more related to flag leaf traits (FLW, FLL, FLA) and
spike density (SD) and plant structure, while in T. spelta, flag leaf traits gave the highest
negative loadings to the PC2 axis, and PC3 represented yield components (BY, GY, GWS)
more. This situation showed that in T. spelta genotypes, the variation in leaf traits was clearly
reflected in the second component, while yield traits shaped the third component.

In both species, PC4 and PC5 were related to physiological variables representing the
environmental response. In particular, spike index (SI), canopy temperature (CT), and NDVI
showed high load values on these axes. In T. spelta, SI occupied high negative loadings in both
PC4 and PC5, indicating that it was an important discriminating factor in the variance structure
of spike yield in this species. In T. macha, the very high positive loading (0.83) of FLCI on PC6
indicated that the chlorophyll index formed an independent axis of variation in this species.
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When all genotypes were analyzed together, morphological traits such as GNS, SN, SD, and
FLA were again dominant on the PC1 axis, while leaf traits and spike density stood out on PC2,
and vyield traits and harvest index stood out on PC3. The high loadings of NDVI and CT,
particularly on PC4 and PC5, indicated that physiological responses contribute to the variance
structure explained in later components, independent of species differences. In the joint analysis
of all genotypes, these distinctions were more balanced, with morphological-yield components
forming the primary source of variation and physiological indicators forming the secondary
source of variation.

PCA distributions showed that a large portion of the variation in both T. macha and T. spelta
genotypes was explained by spike morphology and yield components (Figure 4). In the T.
macha genotypes in the upper panel, grain number per spike (GNS), grain weight per spike
(GWS), spikelet number (SN), spike weight (SW), and flag leaf area (FLA) contributed most
strongly to the PC1 (29%) axis. The fact that the arrows of these traits point in the same direction
indicated that high-yield components in T. macha genotypes increase alongside similar
morphological traits. In contrast, the PC2 (21%) axis was shaped more by physiological
variables such as canopy temperature (CT), NDVI, and FLCI. The distribution of T. macha
genotypes showed that some genotypes, particularly M13, M14, and M18, differ from others in
terms of physiological responses.
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Figure 3. Bi-plot graph obtained from PCA analysis

The distribution of T. spelta genotypes in the middle panel showed that PC1 (29.9%) again
represents yield and spike structure, but in T. spelta, PC2 (22.2%) was more clearly related to
flag leaf traits (FLW, FLL, FLA) and spike density (SD). In particular, the negative positioning
of genotypes such as SP7, SP10, and SP13 on the PC1 axis indicated that these genotypes had
low values for yield and spike components; conversely, the positive clustering of genotypes
such as SP24 and SP21 indicated that high yield components were concentrated in a narrower
group of genotypes in T. spelta. Furthermore, the shorter arrows of physiological variables in
T. spelta genotypes indicated that these traits did not determine the variation structure as
strongly as T. macha.
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In the lower panel, when all genotypes were evaluated together, it was seen that the PC1
(27.7%) axis again represented yield components, while the PC2 (21.4%) axis was determined
by both flag leaf characteristics and physiological indicators. When examining the distribution
of the two types of genotypes in the field, it was seen that T. macha genotypes generally cluster
closer to the center of the axis, while T. spelta genotypes showed a wider spread. This supported
the idea that variation in T. spelta was particularly high in traits such as flag leaf characteristics
and spike density. Furthermore, the fact that the spearhead lengths of variables related to yield,
such as GNS, GWS, SW, and SN, were highest in all genotypes revealed that these traits
explained the largest portion of the total variance in the study and were the fundamental
determinants of inter-genotypic distinctiveness.

Overall, when the three PCA graphs were evaluated together, T. macha genotypes exhibited a
more homogeneous variation structure, while T. spelta genotypes showed a wider distribution,
particularly in morphological traits. In contrast, yield components remained the main source of
variation in both species. Physiological variables (CT, NDVI, FLCI) more strongly separated
the variation structure in T. macha, while their effects were more limited in T. spelta. This
indicated that the species had different strategies in their physiological responses and yield
determinants.

CONCLUSION

This study revealed that T. macha and T. spelta genotypes exhibited distinct variation patterns
in terms of morphological, physiological, and yield components. In general, T. macha showed
wider variance, more balanced distributions, and a more heterogeneous population structure in
spike architecture (SN, GNS, GWS, SD), flag leaf morphology (FLW, FLA), and some yield
components. In contrast, T. spelta had higher average values and better performance in traits
that particularly increased yield and physiological capacity, such as spike length, spike weight,
grain yield, flag leaf length, chlorophyll index, and NDVI. T. spelta’'s low variance in some
traits (e.g., spike density, canopy temperature) indicated a more stable morphological structure;
however, high skewness and kurtosis values in other traits suggested yield potential in certain
genotypes.

PCA analyses revealed that the main determinants of variation in both species were spike
structure and yield components; however, physiological variables (NDVI, CT, FLCI) more
strongly separated variation in T. macha, while remaining more limited in T. spelta. Genotype
distributions showed that T. macha clustered in a more compact genetic variation space, while
T. spelta exhibited a wider spread in yield and physiological traits, clearly revealing superior-
performing genotypes. In terms of yield, T. spelta genotypes generally had higher biological
and grain yields, while T. macha genotypes showed a more variable structure at the species
level, even though they included high-yielding individuals.

When all findings were evaluated together, T. macha stands out as an important resource for
increasing genetic diversity and morphological variation in breeding studies, while T. spelta
offers valuable genotypes, particularly in terms of its potential to improve photosynthetic
capacity and yield components. The complementary characteristics of these two species are
strategically important for creating a robust genetic pool in modern wheat breeding, both in
terms of adaptation and yield.
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Abstract

Virtual Reality (VR) is increasingly recognized as a transformative tool for training farmers in
sustainable and biodiversity-friendly agricultural practices. As global agriculture faces
mounting challenges, including biodiversity loss, soil degradation, and climate variability, there
iS an urgent need for training approaches that can effectively convey complex ecological
interactions and sustainable management strategies. VR provides a unique opportunity to
immerse farmers in highly realistic, interactive environments where they can explore, observe,
and practice biodiversity-enhancing techniques without incurring real-world risks. By situating
learners within simulated farm landscapes, VR facilitates experiential learning that traditional
extension methods often struggle to achieve. This paper examines how VR-based training
environments can strengthen farmers’ understanding of ecological processes, improve decision-
making, and encourage behavioural change toward biodiversity-positive practices. It draws on
recent advancements such as VR-enabled decision-support systems for climate-smart farm
planning, immersive agricultural education frameworks like the VRFARM model, and VR
applications in ecosystem visualization and landscape ecology. These developments
demonstrate VR’s potential to help farmers visualize long-term ecological outcomes, such as
habitat restoration, species interactions, and carbon sequestration, while comparing the
economic implications of different land-use choices. We further propose a mixed-methods
evaluation framework that integrates quantitative learning assessments, behavioural intention
measures, and qualitative reflections to assess VR’s effectiveness as a training tool. Despite its
promise, VR adoption faces several constraints. High hardware costs, limited technological
infrastructure in rural areas, and digital literacy gaps can restrict equitable access to immersive
training. Moreover, ensuring ecological accuracy in virtual simulations requires
interdisciplinary collaboration and continuous updates. Ultimately, VR represents a promising
yet evolving approach to promoting biodiversity-friendly agriculture. While early evidence
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highlights its potential to enhance ecological literacy and lower barriers to knowledge transfer,
further research is needed to evaluate long-term impacts, improve accessibility, and tailor VR
solutions to diverse farming contexts.

Keywords: Biodiversity, Immersive Learning, Virtual Reality.

INTRODUCTION

~ Agriculture today faces unprecedented
pressure to balance productivity with
ecological  sustainability as  global
environmental challenges intensify.
Biodiversity loss, declining soil fertility,
and accelerating climate change continue to
undermine the stability and long-term
viability of conventional farming systems.
These challenges highlight the urgent need
to transition toward agricultural models that
protect and restore ecological functions
while supporting food security. Achieving
this transition requires equipping farmers
with practical knowledge, technical skills,
and adaptive capacities necessary for
implementing biodiversity-friendly
practices such as agroforestry,

; ¥ intercropping, cover cropping, conservation
agriculture, and regeneratlve soil management However, traditional agricultural extension
approaches, typically dependent on field demonstrations, printed manuals, and one-off
workshops, often struggle to meet current demands. Limitations such as high or recurrent costs,
difficulties reaching remote communities, constraints on scalability, and the risks associated
with experimenting in real fields can impede widespread adoption of sustainable innovations.
Virtual Reality (VR) offers a promising technological alternative that addresses many of these
barriers. VR creates immersive, interactive learning environments in which farmers can
visualize, model, and experiment with ecological practices without incurring the real-world
costs, uncertainties, or potential losses associated with trial-and-error learning. Through
carefully designed simulations, farmers can observe how biodiversity-enhancing interventions,
such as planting native tree belts, adjusting crop rotations, or establishing pollinator habitats,
affect ecological dynamics and long-term productivity. VR has also enabled the development
of advanced “decision-support environments” that integrate biophysical and economic models,
allowing users to simulate different land-use scenarios and immediately compare their
ecological and financial outcomes. This capability helps farmers better understand trade-offs,
evaluate risk, and make more informed decisions regarding biodiversity-sensitive management.
In addition to decision support, VR-based educational frameworks such as the VRFARM model
demonstrate the pedagogical value of immersive technologies in agriculture. The VRFARM
framework emphasizes facilitation, application, reflection, and measurement, showing how
immersive learning strengthens agricultural literacy, engagement, and awareness, particularly
among learners with limited formal education or technical experience. By enabling learners to
explore virtual representations of farms, ecosystems, and species interactions, VR fosters a
deeper ecological understanding that traditional extension methods often fail to deliver. Against
this background, this paper investigates the emerging role of VR as a training tool for promoting
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biodiversity-friendly agricultural practices. We provide a comprehensive review of existing
literature, outline methodological approaches for evaluating VR-based training interventions,
examine the realized and potential impacts of immersive learning on farmers’ ecological
knowledge and behaviour, and identify critical gaps that future research must address.

LITERATURE REVIEW

Greig et al. (2024) make a substantial contribution to VR-based agricultural education by
introducing the VRFARM framework, an integrated, structured model for designing and
assessing virtual reality (VR) learning experiences in the classroom. The VRFARM model
comprises four interrelated components: Facilitation, Application, Reflection, and
Measurement, each mapping onto and expanding Biggs’ classic “3P” (presage, process,
product) pedagogical model (Biggs, 2003). Specifically, ‘“Presage” becomes Facilitation,
emphasizing the role of student and teacher characteristics, the learning environment, and
scaffolding of VR experiences; “Process” translates to Application, the direct engagement of
learners in VR activities; and “Product” is reconceptualised as both Reflection (learners
revisiting and internalizing their experiences) and Measurement (systematic evaluation of
learning outcomes). In their empirical and methodological analysis, Greig et al. (2024) detail
how each component can be operationalized in an agricultural education setting. For example,
under Facilitation, they examine teacher readiness, student prior agricultural literacy, and the
infrastructure required (hardware, software, and instructional design). For Application, they
propose immersive virtual field trips, interactive simulations, and skill-based VR modules,
which enable students to “walk through” production environments, simulate farm management,
or visualize ecological processes (Greig et al., 2024). Reflection involves guided debriefs, peer
discussion, and journaling, while Measurement uses both qualitative methods (interviews, focus
groups) and quantitative assessments (pre-/post-tests) to gauge changes in agricultural literacy,
engagement, and awareness (Greig et al., 2024). This structured framework is essential: the
authors argue that VR’s introduction into curricula without systematic scaffolding risks
superficial novelty without meaningful learning. By applying mixed-methods interventions,
VRFARM allows educators not only to deliver immersive experiences but also to rigorously
evaluate their pedagogical impact, ensuring that VR translates into real comprehension and
behavioural intent. In a complementary but distinct direction, Chatterjee et al. (2025) explore
how VR simulation can be tailored for farmer training rather than formal classroom settings.
Their study covers multiple agricultural domains, including crop simulation, livestock
management, and even supply chain logistics, showing that VR can bolster experiential
competencies among farmers. According to their findings, farmers using VR were better able
to visualize complex interactions, anticipate outcomes of different management strategies, and
make more informed decisions. These simulations help in internalizing ecological trade-offs,
for instance, between productivity and conservation, thereby strengthening their capacity to
adopt eco-friendly farming practices. A particularly compelling application of VR lies in
decision-support systems. Lasseur et al. (2023) pioneered a VR-based decision-support tool
developed in Unreal Engine that links realistic farm visualizations with biophysical and
economic models. In their proof-of-concept study on a 400-hectare pastoral farm in New
Zealand, farmers can “enter” a virtual representation of their land and experiment by planting
different tree species in various locations. The system dynamically computes carbon
sequestration, profitability, establishment costs, and aesthetic outcomes, allowing users to
compare strategies side by side (Lasseur et al., 2023). This immersive modeling offers a
tangible way to plan biodiversity-enhancing interventions, such as planting native species
corridors or agroforestry buffers, while optimizing for both ecological and financial goals.
Beyond farm planning, VR has also been harnessed for ecological modeling and environmental
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education more broadly. Landscape ecologists have developed immersive virtual ecosystems
that represent endangered habitats, such as the Box Gum Grassy Woodland, to communicate
reference ecological conditions and species interactions to land managers. Users report that
these simulations feel “believable” and help them grasp spatial and ecological relationships in
ways that static diagrams or text cannot. Such immersive experiences can deepen understanding
of ecosystem structure, connectivity, and function. In the realm of broader conservation
education, VR360 environments are increasingly employed to teach about ecosystem dynamics,
indigenous knowledge, and cultural conservation. For instance, Herwidiah et al. (2022)
developed a VR360 platform designed to communicate indigenous environmental wisdom and
biodiversity concepts to broader audiences. Participants navigate virtual landscapes, observe
species behaviours, and learn traditional ecological narratives, fostering greater ecological
empathy and conservation awareness. Looking beyond VR, the broader category of Extended
Reality (XR), which includes Augmented Reality (AR) and Mixed Reality (MR), has
considerable promise for sustainable farming education and practice. Naudé et al. (2024)
proposed an XR-AgriEdu framework for higher education that emphasizes three core pillars:
agricultural determinants, curriculum development, and facilitating conditions (e.g.,
infrastructure, instructor training). Their framework illustrates how XR can bridge the gap
between theoretical agricultural science and real-world applications, especially for students
who lack farm backgrounds. XR enables virtual field trips, overlaying soil-nutrient maps, or
holographic visualizations of crop growth, making complex agricultural concepts accessible
and experiential (Naudé et al., 2024). Moreover, XR can support in-field decision-support and
precision farming: as noted by recent systematic reviews, XR tools can visualize soil moisture,
nutrient distributions, and forecasted crop outcomes, enabling farmers to overlay data in real
time and simulate sustainable scenarios like intercropping or agroforestry in a risk-free, virtual
setting (Bigonah et al. 2025). Such immersive decision-support has the potential to accelerate
adoption of biodiversity-friendly practices. However, despite these advances, the literature also
points to persistent challenges. Hardware costs, especially for high-end VR headsets or
powerful computers, remain a major barrier (Bigonah et al., 2025; Greig et al., 2024). In many
rural or under-resourced farming communities, infrastructure limitations such as unreliable
internet, limited electricity, or lack of technical support hinder deployment. Moreover,
acceptability among farmers is not guaranteed: digital literacy, cultural perceptions, and trust
in technology affect uptake (Chikene, Singisetti, & Pradhan, 2025). In their discussion, Greig
et al. (2024) underscore the importance of teacher training, community buy-in, and equity
considerations when implementing VR in educational or extension contexts. Finally, there is an
emerging need for ongoing research to validate and refine these frameworks. Systematic
reviews show that although XR technologies are proliferating in agriculture, evaluation of long-
term learning outcomes, behavioural change, and ecological impact is still limited (Bigonah et
al., 2025). Also, cross-cultural adaptation and inclusivity remain underexplored: how do VR
and XR trainings translate in different geographical settings, socio-economic contexts, or
linguistic backgrounds? Addressing these gaps will be crucial to scaling immersive technology
interventions in biodiversity-friendly farming.

MATERIALS AND METHODS

To evaluate the effectiveness of VR-based farmer training in biodiversity-friendly practices, the
study adopts a comprehensive methodological approach that begins with the design of
immersive VR training scenarios using advanced game-engine platforms such as Unreal Engine
to simulate realistic farm landscapes featuring agroforestry plots, native species corridors, and
intercropping systems. These virtual environments integrate biophysical and economic models,
including growth simulations, carbon sequestration estimates, and profitability analyses,
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following the approach demonstrated by Lasseur et al. (2023), while participatory co-design
with farmers, agronomists, and ecological experts ensures contextual relevance and ecological
accuracy. The study recruits a diverse sample of farmers across multiple ecological zones and
assigns participants to either a control group receiving traditional training or a treatment group
receiving VR-based instruction. Evaluation follows a mixed-methods framework inspired by
the VRFARM model (Greig et al., 2024), incorporating presage variables such as participant
demographics, baseline ecological knowledge, and prior attitudes; process measures including
VR interaction logs, time spent in modules, and decisions made during simulations; and product
outcomes involving learning gains, shifts in attitudes, and intentions to adopt biodiversity-
enhancing practices. Data collection includes reflective interviews and focus-group discussions,
as well as quantitative pre- and post-tests of ecological literacy, decision-making ability, and
sustainability adoption readiness. Analytical procedures combine statistical tests such as paired
t-tests and ANOVA to assess changes over time with qualitative thematic analysis of narrative
data, complemented by economic modeling of potential adoption scenarios to estimate real-
world impacts. Ethical considerations guide the entire process, ensuring informed consent, data
privacy, and sensitivity to participants’ varying levels of digital literacy, while providing
technical support and on boarding for those unfamiliar with VR technologies.

RESULTS AND DISCUSSION
Learning Outcomes and Ecological Literacy

TRADITIONAL VR-BASED MEASURABLE Building on prior studies, we anticipate that
ST e OTIECHES participants exposed to VR-based training will
/\/J demonstrate  substantially greater gains in

ecological literacy than those receiving

conventional instruction, and several empirical and
evaluative reports bolster this expectation. Greig et
al.’s VRFARM framework emphasizes not only
50% immersive  application but also structured
0 facilitation, guided reflection, and rigorous
VT measurement, creating the scaffolding necessary for
VR experiences to translate into durable learning
gains (Greig et al., 2024). Evidence from domain-
specific VR training further supports measurable
improvements: a controlled pilot at Poltava State Agrarian University found that students
trained with a Unity-based VR simulator for tractor-plough setup scored higher on theoretical
tests (mean = 3.60 vs. 3.36 for control) and made fewer critical mistakes during real-world
procedures, demonstrating transfer from virtual practice to tangible performance (Kanivets et
al., 2025). Large sectoral evaluations likewise report consistent improvements in engagement,
retention, and test scores when VR replaces or supplements traditional training, Walmart and
other industry adopters documented test-score improvements of roughly 10-15% in corporate
training comparisons, and government reviews conclude that VR reduces time-to-competency
while increasing accessibility (Australian Dept. of Agriculture review, 2020). Specifically for
biodiversity and farm-planning education, Lasseur et al. (2023) demonstrated a geospatial VR
“digital twin” that allows farmers to stand in a realistic 400-ha virtual landscape, plant different
tree species in 30x30 m grid cells, and immediately inspect modelled carbon sequestration and
profitability outcomes, an approach that operationalizes ecological concepts (habitat placement,
connectivity, species choice) into decision tasks that learners can practice and iterate on without
real-world costs (Lasseur et al., 2023). By converting complex ecological processes into
manipulateable, visual scenarios, such systems scaffold understanding of species interactions,

Knowledge Retention

+12%
= TEST SCORES
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edge effects, and ecosystem services in ways that static diagrams cannot. Systematic and
scoping reviews of XR in agriculture and education report similar patterns: immersive systems
excel at visualising spatial ecological relationships and at promoting active experimentation,
both of which are strong predictors of deeper conceptual change and behavioural intention.
Mechanisms explaining these gains include “presence” and embodied interaction, VR induces
a sense of being in the environment which increases attentional focus and the salience of
ecological feedback loops, plus the ability to repeat scenarios, receive immediate model-based
feedback, and reflect in structured debriefs (components emphasized in VRFARM). Taken
together, the peer-reviewed prototypes, controlled pilots, and sector reviews create a convergent
empirical case: immersive VR training, if implemented within a deliberate pedagogical
framework and supported with evaluation metrics, produces measurable improvements in
ecological literacy, practical competence, and adoption readiness for biodiversity-friendly
farming. Future trials should prioritize randomized designs with long-term follow-up to
quantify retention, behavioural adoption, and on-farm biodiversity outcomes.

Decision-making and Adoption Intention

Embedding decision-support models within immersive

VR environments gives farmers an unprecedented,
practice-oriented way to see and weigh trade-offs

between biodiversity outcomes and farm profitability,

D B and emerging empirical work shows this capability can
meaningfully reduce perceived risk and increase

Il wesee adoption confidence. For example, Lasseur et al. (2023)
5 o built a geospatial VR “digital twin” of a New Zealand
Y Be pastoral farm that lets users place trees in a 30 x 30 m
grid and instantly view modelled outputs such as carbon
sequestration, establishment costs, and projected
profitability; by converting abstract ecological functions
into immediate, visible consequences, the tool turns
strategic choices (where and what to plant) into
repeatable experiments rather than one-time, risky investments. This “try-before-you-plant”
affordance matters because perceived uncertainty and fear of loss are major barriers to on-farm
adoption of biodiversity-friendly measures (e.g., agroforestry, native corridors). VR reduces
that uncertainty by enabling rapid scenario iteration and side-by-side comparisons of outcomes
under differing assumptions (growth rates, discounting, maintenance costs), which helps
farmers internalize both short- and long-term trade-offs and better estimate payback horizons.
Beyond intuitive reasoning, immersive systems also shape psychological drivers linked to
adoption. Experimental and quasi-experimental studies in environmental VR show that high
presence and embodied interaction increase risk salience and pro-environmental intent:
participants exposed to immersive climate or biodiversity scenarios report greater perceived
personal relevance, stronger emotional engagement, and higher willingness to adopt mitigation
or conservation behaviours than those in non-immersive conditions (Santoso & Bailenson,
2024; Hurrell, 2024). Translating this to agriculture, a VR decision-support environment that
visualizes both ecological gains (e.g., increased habitat area, connectivity, carbon sequestration)
and economic impacts (e.g., net present value, opportunity cost) can thus simultaneously
strengthen ecological literacy and reduce the psychological barrier that often prevents trial
adoption. Empirical sector reports and pilot studies also suggest measurable practical benefits.
Case studies of VR and XR training in agricultural and technical domains report improvements
in confidence, faster time-to-competency, and greater inclination to try new techniques after
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immersive training sessions (industry and university pilots summarized in systematic reviews).
For instance, controlled pilots in vocational agricultural settings (tractor operation, agronomic
decision modules) document higher post-test scores and fewer critical mistakes when learners
had virtual rehearsal opportunities, indicating that virtual practice can transfer to safer real-
world action. From a decision-support design perspective, the effectiveness of VR hinges on a
few practical features: integration of credible, locally calibrated biophysical and economic
models; transparent presentation of assumptions (growth rates, discount factors); the ability to
run sensitivity analyses within the VR session; and structured debriefing that links virtual
choices to on-farm implementation steps. Lasseur et al. highlight the importance of linking
immersive visualization to robust underpinning models so that users receive trustworthy
feedback rather than mere graphical impressions. Finally, macro-level analyses of digital
agriculture show that when farmers perceive clear economic benefits and lower implementation
risk, adoption rates increase, digital decision tools that make benefits and costs explicit
therefore serve a dual role: they inform better decisions and act as a de-risking mechanism that
increases uptake of biodiversity-friendly practices (Geng et al., 2024). Taken together, the
current empirical literature supports the contention that VR decision-support, by making trade-
offs visible, repeatable, and emotionally salient, can raise farmer confidence and accelerate the
experimentation and adoption of biodiversity-positive land-use choices. Future research should
prioritize randomized field trials that measure not only attitudinal shifts but actual on-farm
adoption and ecological outcomes over multi-year horizons.

Ecological Validity and Realism

The success of VR as a tool for farmer training
hinges critically on ecological realism, that is,

e B IMPACTS & how faithfully a virtual ecosystem reproduces the
: visual, spatial, temporal, and functional
& properties of the real landscape it represents.

P Empirical evaluations show this is not merely

& Credidillity

aesthetic: believable virtual ecosystems increase
78% rer immersion, credibility, and the perceived
88% Juncen usefulness of the tool among expert users and

g stakeholders, which in turn affects uptake,
learning transfer, and the likelihood that virtual
_ choices are translated into on-farm action. For
example, Chandler et al. (2022) built a proof-of-concept virtual Box Gum Grassy Woodland
and evaluated it with 27 domain experts (ecologists, land managers, policy practitioners). In
that expert panel 21 of 27 participants (78%) reported feeling immersed in the VR scenes, and
a striking 88% judged the simulation to be believable (Chandler et al., 2022). Participants
specifically flagged features that supported believability, animated plant models, seasonally-
accurate flowering, spatially varying light and shadow, and layered soundscapes (bird calls,
wind), while also suggesting improvements (e.g., more understory heterogeneity and fauna) to
increase ecological fidelity (Chandler et al., 2022). These concrete assessment numbers show
that expert buy-in depends on careful ecological modelling, not just photorealism. Technical
design choices materially affect realism and performance. Chandler et al. experimented with
model creation approaches (artist-crafted 3D species models vs. LiDAR/photogrammetry) and
concluded that carefully sculpted models often offer a pragmatic balance between botanical
fidelity and rendering performance (Chandler et al., 2022). Similarly, Lasseur et al. (2023)
emphasise that credible decision-support VR must be anchored in robust, locally calibrated
biophysical and economic models so that the visual feedback users receive corresponds to

Chandier at. (2022) Study.
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scientifically defensible outcomes. Their Unreal Engine prototype for a 400-ha New Zealand
farm linked spatial NDVI layers, carbon accounting, and profitability calculations, enabling
users to “stand in” a virtual farm and immediately see modelled carbon sequestration and profit
implications when planting trees in 30x30 m grid cells (Lasseur et al., 2023). Lasseur et al.
report that the tool helped reconcile farmers’ tacit knowledge with scientific data, a critical
function for trust and adoption (Lasseur et al., 2023). Landscape-scale realism also requires
attention to spatial patterning and connectivity, core concerns of landscape ecology, because
biodiversity outcomes (species movement, habitat patchiness, and edge effects) hinge on
landscape configuration as much as on local species lists. Recent reviews of computational
methods in landscape ecology stress that spatial resolution, connectivity metrics, and simulation
models (e.g., neutral landscape generators, resistance surfaces) are central to predicting
ecological processes and must feed VR models to make them ecologically meaningful
(Hesselbarth et al., 2024). In practice, this means VR developers should integrate open-source
landscape tools (e.g., NLMR, landscape metrics) or pre-processed remote-sensing layers so the
virtual scene reflects real heterogeneity rather than uniform “green everywhere” textures
(Hesselbarth et al., 2024). Given these empirical and methodological findings, good practice
for maximizing ecological realism and usefulness includes: (1) co-design with local ecological
experts (botanists, wildlife ecologists) and farmers to ensure species composition, structure, and
management scenarios are locally relevant (Chandler et al., 2022); (2) use of multi-source
spatial data (remote sensing, DEMs, soil maps) and transparent model assumptions (growth
rates, species niches) so users can query and trust outputs (Lasseur et al., 2023); (3) iterative
expert evaluation (heuristic testing, expert panels) to quantify believability and identify gaps,
Chandler et al.’s expert trial is a model (78-88% immersion/believability metrics); and (4)
performance-aware modelling that balances botanical accuracy with rendering efficiency (e.g.,
level-of-detail methods, selective fauna animations) to keep VR usable on accessible hardware
(Chandler et al., 2022; Hesselbarth et al., 2024). Ultimately, ecological realism is not optional:
it is the coupling mechanism that converts immersive experience into domain knowledge,
managerial confidence, and, eventually, biodiversity-friendly decisions on the ground.

Implications for Extension and Policy

VR can meaningfully complement traditional extension services, particularly in remote and
underserved regions, by offering scalable, low-risk, and repeatable training that augments,
rather than replaces, human-led advisory systems. Immersive VR modules permit farmers to
experience simulated management actions (e.g., planting agroforestry belts, installing riparian
buffers, or trailing intercropping layouts) and immediately view modelled ecological and
economic outcomes; this experiential “trial run” helps reduce perceived implementation risk
and can accelerate willingness to experiment on-farm (Lasseur et al., 2023). Empirical evidence
supports this claim: a recent PLOS ONE demonstration linked a VR decision-support “digital
twin” to biophysical and carbon-accounting models for a 400-ha New Zealand pastoral property
and found that the immersive tool aided farmers in reconciling tacit local knowledge with
scientific model outputs, improving planning confidence and scenario comparison (Lasseur et
al., 2023). Large institutional programs show VR and digital training have scale potential when
integrated into extension networks. The FAO’s digital-extension guidance and summary of
virtual trainings demonstrates that centrally coordinated virtual training can reach thousands of
practitioners efficiently: FAO reports training ~1,350 national-level staff from 118 countries
through virtual training modalities during 2020-2024, illustrating how centralized digital
delivery can rapidly disseminate technical content at scale and at low marginal cost per
participant. Pilot studies of VR for extension content also provide favourable empirical
outcomes: a pilot on VR 360° tours for manure and mortality management documented
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statistically significant increases in awareness after viewing VR modules (p < 0.0001), with
participants rating the format as engaging and likely to be recommended to peers, evidence that
remote immersive media can improve technical understanding without in-person field visits.
From a policy and delivery standpoint, several implementation models have emerged that
governments and donors could support. Shared-resource VR hubs (community centres, district
extension offices, or mobile VR vans) can lower hardware barriers by providing scheduled
access points where farmers gather for facilitated sessions; FAO and development reviews note
such hub-and-spoke models as effective for digital extension rollouts. Subsidies or cost-sharing
for hardware and local facilitation, plus funding for locally calibrated content development, can
further enhance equity and uptake: policy analyses on agricultural modernization emphasize
that targeted subsidies for extension infrastructure and training often yield strong returns in
adoption and productivity when paired with capacity building (JRC/World Bank reviews).
Systematic reviews of XR in agriculture underscore both promise and caveats: XR/VR
consistently improves engagement, retention, and skill rehearsal across agricultural and
technical domains, but gaps remain in long-term impact evaluations and in accessible, low-cost
hardware solutions suitable for rural deployment (Anastasiou et al., 2023). To maximize
benefit, policy design should therefore combine (a) content subsidies and shared hubs to ensure
equitable access, (b) capacity building for extension agents so they can facilitate VR debriefs
and link virtual choices to on-farm steps (the pedagogical element crucial to the VRFARM
model), and (c) monitoring & evaluation funding to measure behavioural adoption and
ecological outcomes over multi-year horizons. When implemented this way, VR becomes a
powerful multiplier for extension: scalable, pedagogically robust, and able to lower the
economic and psychological barriers that often prevent farmers from trailing biodiversity-
friendly practices.

CONCLUSION

Virtual Reality (VR) represents a highly promising and innovative pathway for strengthening
farmer training in biodiversity-friendly agricultural practices. Through immersive, interactive
environments linked to biophysical and economic models, VR enables farmers to engage
directly with simulated ecosystems, experiment with alternative land-use strategies, and
visualize both short- and long-term ecological outcomes. This experiential mode of learning
helps demystify complex concepts such as habitat connectivity, species interactions, and
ecosystem service provision, while simultaneously illustrating the economic trade-offs
associated with different management choices. Evidence from educational research, including
VRFARM applications, and VR-based decision-support systems demonstrates notable
improvements in ecological literacy, learner engagement, and farmers’ intention to adopt
biodiversity-enhancing practices. These findings suggest that VR has the potential to transform
conventional extension by lowering barriers to experimentation and fostering more informed,
confident decision-making. Yet, several challenges must be addressed for VR to reach its full
potential in biodiversity-positive farming. Issues of hardware cost, digital access, rural
connectivity, and technical training can limit equitable participation, particularly in underserved
farming communities. Furthermore, the effectiveness of VR tools depends heavily on their
ecological realism and contextual adaptation, which requires interdisciplinary collaboration
with local ecologists, agronomists, and farmers. Continuous evaluation is equally essential to
ensure that VR interventions translate not only into knowledge gains but also into sustained
behavioural changes and measurable on-farm biodiversity outcomes. With thoughtful design,
inclusive implementation strategies, and long-term assessment, VR could become a powerful
catalyst for scaling agro ecological practices, accelerating the adoption of biodiversity-friendly
innovations, and strengthening conservation efforts within agricultural landscapes.
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Future Research

Future research should prioritize longitudinal studies to evaluate whether farmers trained
through VR actually adopt biodiversity-friendly practices and the resulting ecological impacts,
such as changes in species richness and soil health over time. Investigations into access and
equity are essential, including strategies to reduce cost barriers through shared VR hubs, mobile
units, or low-cost hardware, as well as digital literacy interventions to support marginalized
groups like women, older farmers, and low-income participants. Research should also focus on
contextual adaptation by tailoring VR modules to diverse agro-ecological zones, cultural
settings, and biodiversity priorities, assessing how these factors influence engagement and
uptake. Technological innovation offers further opportunities, such as integrating VR with
augmented and mixed reality for hybrid virtual-on-field training and incorporating real-time
farm data from loT and sensors to ensure immersive scenarios reflect current conditions.
Finally, studies should examine economic and policy mechanisms that facilitate scaling VR-
based training, including incentive structures, extension partnerships, public-private models,
and cost-benefit analyses comparing VR approaches with conventional biodiversity training
methods.
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ABSTRACT

This research was conducted to evaluate the attitudes, behaviors, and ownership tendencies of
academic and administrative staff and students in universities towards dogs through a holistic
approach. The study aims to analyze the level of awareness regarding dogs, experiences of pet
ownership, frequency of interaction with dogs, and attitudes towards the environments in which
dogs live, within the axis of socio-demographic variables and psychological factors. This
descriptive study was carried out using quantitative data collection techniques via face-to-face
and online survey methods.

The study population comprises academic and administrative staff working at universities in
Turkey, as well as undergraduates. The sample consists of 1,033 volunteer participants working
and studying at eight universities located in different geographical regions, primarily Erciyes
University (including Burdur Mehmet Akif Ersoy, Afyon Kocatepe, Aydin Adnan Menderes,
Hatay Mustafa Kemal, Kafkas, Bursa Uludag, and Selgcuk University). The survey form used
as the data collection tool consists of six main sections: demographic information, attitudes
towards dogs, ownership and care, health, training and human-dog relationships, and dogs'
reactions to environmental stimuli and social interaction needs.

The obtained data were analyzed using R 4.5.2 and JMP Pro 16.01 statistical software packages.
In addition to descriptive statistics, Spearman correlation, chi-square tests, Cramér’s V effect
size analyses, and Kruskal-Wallis tests were used to examine the relationships between
variables. Furthermore, multivariate logistic regression models were established to determine
the factors defining dog ownership.

The findings indicate that participants generally exhibit an empathetic, sensitive, and welfare-
oriented approach towards dogs. Variables such as gender, age, profession, income level, pet
ownership, and psychological awareness were determined to have significant effects on
attitudes. It was observed that female participants exhibited a more protective and empathetic
approach towards dogs, whereas male participants displayed a more pragmatic and distant
attitude; additionally, the love for animals was found to be stronger in younger individuals.
Awareness regarding animal care and a professional approach were more prominent in
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individuals with high income levels, while emotional attachment was more distinct in
individuals with lower income levels. One of the most critical results of the study is that even
individuals with high levels of knowledge can show behavioral inconsistencies in practice—a
situation defined as the "knowledge-action gap"—and that application rates for procedures such
as neutering remain low even among the educated segment.

“This research is summarized from thesis project number 13972, supported by the Erciyes
University Research and Development Unit as a Master's thesis.”

Keywords: Animal Welfare, Attitude, Dog, Human-Animal Interaction, University
Community

INTRODUCTION

Today, cats, dogs, and birds, characterized as stray animals living in public spaces, exist outside
the state's sphere of interest—except for measures taken during extraordinary periods—but are
intertwined with society. With the transition to settled life, animals have reached an
indispensable position in every aspect of human life. Dogs occupy an important position in
social life, both because they have a special place in individuals' lives as pets and because they
are one of the species frequently encountered in public spaces with their identity as stray
animals. Archaeological findings indicate that the dog was the first domesticated animal species
and has lived with human communities for approximately 15,000 years.

Today, dogs serve not only as domestic companions but also in many fields such as security,
guidance, therapy, and search and rescue. However, especially in developing countries, dogs
constitute a significant portion of stray animal populations and have become indispensable
actors in public spaces in city life. In countries with high stray animal populations like Turkey,
dogs have become an integral part of daily life. Therefore, attitudes toward dogs are critically
important, not only for determining behaviors at the individual level but also for shaping social
peace, animal welfare policies, and local government practices.

Particularly on university campuses, dogs have become a natural part of daily life for students
and employees who are in contact with them, and this situation directly affects individuals'
perceptions and attitudes towards dogs. While some individuals evaluate dogs as living beings
that require love, compassion, and protection, others may perceive them as a threat or risk
factor. University communities serve as an important social laboratory for observing these
attitudes as they bring together individuals from different socio-cultural backgrounds. While
students, representing the young population, are indicators of future social perceptions and
behavioral patterns, academic staff are effective in shaping social views through their
knowledge and awareness levels, and administrative staff contribute to the process with their
practical experiences in campus life.

Research on dogs in Turkey has mostly focused on population control, welfare, or interactions
of stray animals with humans; studies that reveal the attitudes of university communities
towards dogs in a holistic manner are quite limited. This situation points to a significant gap in
the literature. Investigating attitudes towards dogs is important not only for understanding
behavioral patterns at the individual level but also for guiding social policies. For instance, the
presence of stray animals on campuses can sometimes lead to security concerns and at other
times to an increase in adoption and protection behaviors among students. This situation directly
affects the policies of university administrations towards campus animals. Therefore,
examining the attitudes of university communities towards dogs will fill a scientific gap and
provide an opportunity to develop strategies that will contribute to regulatory practices for
university life and social animal welfare policies.
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In this context, the primary aim of this research is to examine the behaviors and attitudes of
academic and administrative staff and university students towards dogs, to reveal similarities
and differences between different groups, to determine positive or negative tendencies towards
dogs, and to evaluate the potential reflections of these attitudes on social life, university
administrations, and animal welfare policies. Thus, the findings to be obtained are expected to
provide both a scientific basis for animal welfare studies and guidance for university
administrations' regulatory practices regarding campus life.

GENERAL INFORMATION

2.1. The Place and Importance of Dogs in Human Society Throughout human history, dogs, as
one of the earliest domesticated animals, have assumed a significant role in cultural, economic,
and social life. Archaeological and genetic findings show that dogs were domesticated from
wolves approximately 15,000 years ago and undertook functions such as hunting, protection,
herding, and guarding in different societies. In the historical process, dogs have been evaluated
not only as functional helpers but also as symbols of friendship and loyalty. Today, besides
being considered pets that can establish emotional bonds with family members, dogs contribute
to human life in many fields, such as police, guide, and therapy dogs. However, stray dogs
appear as a noteworthy social phenomenon, particularly in urban life, triggering different
attitudes and behaviors in individuals. In this context, university campuses are among the spaces
where dogs experience intense interaction with humans. Therefore, the place of dogs in human
society necessitates their examination not only as biological entities but also as a socio-cultural
phenomenon.

History of domestication and cultural importance: The association of domestic animals with
human life began with the domestication of the dog, continued with farm animals over time,
and has expanded to species called "exotic animals," such as iguanas, snakes, and spiders, today.
The concept of "pet" generally refers to animals whose feeding, care, and breeding are under
human control. The process of dog domestication began approximately 20,000 to 40,000 years
ago, during the period when humans subsisted on hunting and gathering. As the first
domesticated animal species, the association of humans with dogs dates back 12-14 millennia
according to archaeological sources, while genetic sources trace this development back to
100,000 years ago. Animals have existed in people's lives since the early times of civilization
and have appeared many times as figures representing religion in addition to being domestic
animals. With different breeds emerging since the day they were domesticated, dogs serve
humans in many fields, such as search and rescue, herding, guard protection, guidance, hunting,
and companionship. Animals have sometimes been friends we look after in our homes and
gardens, and sometimes companions with whom we share our loneliness. Related to this,
Ainsworth (1985) introduced the concept of "affectional bonds." This concept expresses not
only the attachment felt towards the mother but also the attachment to pets.

The ancestors of the dog descended from species belonging to the Canidae family, a predatory
mammal that appeared approximately 15 million years ago. Since the ancestors of modern dogs
share a common ancestor with wolves (Canis lupus), important clues regarding the evolution
of the dog also focus on the evolutionary history of wolves. The genus Canis, located in the
evolutionary process of wolves, evolved approximately 2—3 million years ago in a way that
would lead to the ancestors of modern dogs. The dog is one of the oldest and closest domestic
animals in human history. From hunter-gatherer communities to modern societies, dogs have
assumed both domestic and functional roles, becoming vitally important creatures for humans.
The domestication of dogs not only led to the evolutionary transformation of a species but also
caused an increase in the genetic diversity of dogs and the emergence of very different breeds.
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Genetic diversity has been shaped in line with different environmental conditions and human
needs; this situation has led to significant diversification in the physical characteristics and
behaviors of dogs.

Sociological and psychological aspects of dog—human relationships: Throughout history, the
relationship between animal and human health has shown similarities. Aristotle's examinations
of human and animal bodies revealed parallels between anatomical structures and functions.
Human-animal interactions have been at the center of not only cultural but also social and
economic transformations in the historical process. Pets, especially dogs, constitute a
significant part of these relationships. Among the main reasons for adopting pets, factors such
as accepting animals as individuals in the family or adopting them as friends sharing the
loneliness at home reveal people's social sharing needs in pet ownership. Especially after the
17th century, it is stated that animals were seen as a means of socialization, and the general
attitude towards animals and nature evolved in a more positive direction compared to other
ages.

As one of the oldest domesticated animals in human history, dogs have become an inseparable
part of human life not only in domestic life but also in many fields such as security, therapy,
guidance, and social support. It is known that the presence of animals plays an important role
in reducing the feeling of loneliness and making the individual feel peaceful. Furthermore, in
studies conducted with children in the home environment, specifically those accompanied by
dogs, it is determined that these children have lower blood pressure levels compared to others.
The first documented treatment regarding the use of animals’ close relationship with humans to
improve human health was applied by William Tuke in the late 18th century to patients with
psychological disorders. In the 19th and 20th centuries, research on the animal-human
relationship and the use of animals for therapeutic purposes showed an increasing trend. Today,
these relationships show that human and animal health are interconnected within the framework
of the "One Health" approach and should be addressed in an integrated manner with ecosystem
health.

The place of dogs in urban life (stray dogs, adoption, shelters): The concept of "stray animal”
is perceived differently in different societies. However, the term "stray animal,” expressing this
different perception, is used in daily life. Generally, the expression "stray animals” is a term
used for homeless street animals. This expression brings to mind especially cats and dogs,
which are encountered in greater numbers. Stray animals are animals that are condemned to
live on the streets generally due to reasons such as people's temporary interests, lack of
responsibility awareness, inability to allocate time or cash, health problems, and, unfortunately,
natural disasters.

We define stray animals in three ways: 1) Free-ranging animals that do not have an owner but
are fed by people and are not under control; 2) Animals without an owner; 3) Animals belonging
to wildlife, abandoned to nature, and accustomed to humans can also be defined as stray
animals, but their breeding for humans is not appropriate.

Kruk (2021) defined the concept of "stray animal” in his study as pets that are not at home or
within the owner's boundaries and are out of the control of the owner or caregiver. Turkey
accepted the European Convention for the Protection of Pet Animals in 2003. Humans
beginning to dominate nature and transitioning to settled life led to the domestication of many
wild animals and, subsequently, the emergence of stray animal status. In the historical process,
these animals assumed functional roles within society. Cats contributed to the control of
rodents, birds to pests, and dogs to garbage; additionally, dogs played a warning role in the
security of neighborhoods. Cats, dogs, and birds, which are characterized as stray animals and
live in the public sphere today, have lived intertwined with society, outside the state's sphere of
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interest except for measures taken during extraordinary periods. While the number of people
living in cities increased in the 1950s when there was intense migration from villages to cities
in Turkey, the increase in the number of stray animals parallel to this trend came inevitable.
Basically, the stray animal problem, formed through stray dogs, has been characterized and
discussed as an urban problem in Turkey for a long time.

RESEARCH AND FINDINGS

Research Design: The aim of this research is to evaluate the attitudes and behaviors of academic
and administrative staff and students in at universities toward dogs. The study a seeks to
evaluate the degree of awareness concerning dogs, experiences of pet ownership, frequency of
interactions with dogs, and attitudes towards the environments in which dogs reside this
descriptive study was intended to be carried out using quantitative data collection techniques
via face-to-face and online survey methods.

Universe and Sample: The universe of this research consists of academic and administrative
staff working at universities in Turkey and students studying at the undergraduate level. The
sample consists of volunteer participants working and studying at eight universities located in
different geographical regions, primarily Erciyes University.

Institutional Permissions: Within the scope of the study, official institutional permission
applications were made to a total of 15 universities for the survey implementation. As a result
of these applications, positive feedback was received from the 8 universities listed below, and
survey implementations were carried out only in these universities:

Erciyes University (Central Anatolia)

Burdur Mehmet Akif Ersoy University (Mediterranean)
Afyon Kocatepe University (Aegean)

Aydin Adnan Menderes University (Aegean)

Hatay Mustafa Kemal University (East/Southeast)
Kafkas University (East/Southeast)

Bursa Uludag University (Marmara)

Selcuk University (Central Anatolia)

O O O O 0O O O 0 O

Academic and administrative staff and undergraduates working/studying at these universities
formed the study sample. The sample selection acted on a voluntary basis. Individuals
participating in the study were informed about the purpose and scope of the survey and were
included in the process after obtaining their consent.

Data Collection Tool: Research data were collected through face-to-face and online survey
methods. In both methods, participant confidentiality was protected, and participation was
ensured on a voluntary basis.

Face-to-Face Surveys: Face-to-face survey applications were carried out for academic and
administrative staff and undergraduates working on university campuses. Surveys were
administered by researchers assigned to determined campus areas using the one-on-one
interview method. Participants were informed about the purpose and scope of the research and
the conditions of participation based on voluntariness, and the data collection process was
initiated after their approval was obtained.
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Online Surveys: The online survey method was used to obtain data from academic and
administrative staff and students working at universities outside the institution. The survey form
was prepared via Google Forms and delivered to participants via the official e-mail addresses
of the relevant institutions. Explanations regarding the purpose of the study, confidentiality
principles, and voluntariness were included at the beginning of the survey link.

The applied survey form consists of six sections:

1. Demographic Information: Includes questions regarding participants' socio-demographic
characteristics such as age, gender, occupation, educational status, and monthly household
income.

2. Attitude Towards Dogs: Consists of statements aimed at evaluating participants' attitudes
towards stray dogs and keeping dogs at home.

3. Adoption and Care: Includes questions regarding participants' dog ownership status, reasons
for adoption, gender of owned dogs, and health status.

4. Health: Consists of statements aimed at measuring dogs' health status, vaccination frequency,
and feeding habits.

5. Training and Human-Dog Relationships: Contains questions regarding dogs' training
processes, forms of social interaction, and general behavioral characteristics.

6. Dogs' Reaction to Environmental Stimuli and Social Interaction Needs: Consists of
statements aimed at evaluating dogs' reactions to environmental factors, social interaction
requirements, and coping with stress.

Data Collection Process: Survey applications were conducted between December 2024 and
January 2025. The data collection process was carried out for academic and administrative staff
and undergraduates working at universities where official permission was obtained within the
scope of the research. Survey forms were administered by the researcher both in printed media
and online via Google Forms. Face-to-face surveys were conducted by the researcher using the
one-on-one interview method on permitted campuses; online forms were delivered to
participants via the official e-mail addresses of the relevant institutions. All participants were
informed before participating in the research, and voluntary participation consent was obtained.
Surveys were administered anonymously, and no personal or identity information was
collected. Scientific ethical principles were fully observed throughout the research process, and
an "Ethics Committee Exemption Certificate” was obtained from the Erciyes University
Institute of Social Sciences (Document Date: April 30, 2024, Application No: 173).

Data Analysis: After defining categorical and continuous variables, the obtained data were
evaluated in the JMP Pro 16.01 statistical software package and the R 4.5.2 platform. Analyses
were performed in terms of distributions, differences, and correlations. Relationships between
categorical variables were evaluated with the Pearson Chi-Square test and Cramér’s V effect
size; differences of continuous variables on categorical attitude structures were tested with the
nonparametric Kruskal-Wallis test. Relationships between variables were examined with
Spearman correlation.
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FINDINGS

In this section, findings regarding the attitudes, behaviors, and adoption tendencies of
individuals in the university community towards dogs are presented in percentage distributions.
The data are based on the responses of 1,033 individuals participating in the research. The
obtained results were evaluated using descriptive statistics and chi-square analyses. Within the
scope of the findings, participants' demographic characteristics, dog ownership status, attitudes
towards stray dogs, and evaluations regarding dogs' care, welfare, and behavioral requirements
were examined in detail.

Demographic Findings: Findings regarding participants' demographic characteristics (gender,
age, occupation, and income) are detailed below:

Gender: Of the total 1,033 individuals participating in the research, 55.57% (n=574) are female
and 44.43% (n=459) are male. This distribution shows that female participants are represented
at a slightly higher rate than males in the sample. This difference in gender distribution suggests
that female participation is higher in the overall study, thus forming a significant basis for
examining gender differences in some variables regarding dog attitudes and behaviors.

Age Range: When participants' age ranges are examined, it is seen that the 18-25 age group
provided the highest participation by a clear margin (84.80%; n=876). This is followed by the
26-33 age range at 6.97% (n=72) and the 34-41 age range at 4.16% (n=43). The rate of
participants in the 42—49 age range was determined as 2.32% (n=24), and those aged 50 and
over as 1.74% (n=18). This finding indicates that the study sample consists largely of young
individuals, especially university students, and therefore the results represent the attitudes of
the young adult population.

Occupation: When the occupational distribution of participants is examined, students formed
the largest group by a clear margin (92.16%; n=952). The academic staff rate was determined
as 4.45% (n=46), and the administrative staff rate as 3.39% (n=35). This result confirms that
the target group of the study is university students; however, it shows that there is also
significant participation from academic and administrative staff. This diversity provides
valuable data for comparing the perceptions of individuals in different roles within the
university community towards dogs.

Monthly Income (TL/Month): When participants’ monthly household income levels are
examined, those with an income of 45,000 TL and above formed the highest group with 33.01%
(n=341). This was followed by individuals in the income group of 15,000 TL and below at a
rate of 27.40% (n=283). Distributions were observed in the middle-income groups as 15,001—
25,000 TL (16.07%; n=166), 25,001-35,000 TL (12.39%; n=128), and 35,001-45,000 TL
(11.13%; n=115). Findings show that a significant portion of participants are in the middle-
upper income group, but the low-income group is also strongly represented in the study.

Findings on Pet Ownership and Attitudes: Presence of Pets at Home: Approximately half of the
participants (49.27%; n=509) stated that they currently keep a pet at home. Additionally,
19.65% (n=203) stated that they very much want to adopt a pet in the future, while 30.11%
(n=311) stated that they do not have any pets. A rate of 0.97% (n=10) of participants stated that
they do not consider adopting a pet. This result reveals that the potential for pet ownership is
quite high and there is a general acceptance tendency towards pets in society.

Monthly Expenditure for Pet: When the average monthly expenditure levels of participants with
pets (n=326) are examined, the highest rate is in the 2,001-5,000 TL range with 45.71%
(n=149). This is followed by the range of 2,000 TL and below with a rate of 41.10% (n=134).
Those spending in the 5,001-10,000 TL range were 9.82% (n=32), those in the 10,001-15,000
TL range were 2.45% (n=8), and those spending over 15,000 TL took place at a rate of 0.92%
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(n=3). These findings show that most pet owners spend at a moderate level, and those making
high expenditures constitute a very limited group.

Attitude Towards Stray Dogs: Participants' attitudes towards stray dogs are quite varied. More
than half of the participants (51.21%; n=529) chose the statement "I love them, and | am not
afraid.” The rate of those saying "I love them, but | am afraid™ is 23.43% (n=242). Among more
negative attitudes, responses included "They should be collected" at 12.58% (n=130), "They
should be put to sleep” at 7.26% (n=75), and "I have no idea" at 2.71% (n=28). This finding
shows that a love-based but cautious approach towards stray dogs prevails in society in general.

Thought of Keeping a Dog at Home: When participants’ views on keeping a dog are examined,
46.95% (n=485) gave the response "l would like to feed one provided it is in the garden (outside
the house)." While 25.46% (n=263) said, "1 would like to keep one at home," 10.65% (n=110)
stated that they currently keep a dog. The rates of those expressing negative views are 7.16%
(n=74) "I do not want to" and 4.55% (n=47) "l definitely do not want to." These results show
that although there is generally a positive approach to the idea of keeping a dog in society, the
vast majority tend to keep the dog outside the house.

Findings Regarding Dog Ownership and Care Processes: Dog Ownership Status: 68.25%
(n=705) of the participants stated that they had never owned a dog, 18.59% (n=192) that they
currently own a dog, and 13.17% (n=136) that they owned a dog in the past. This distribution
shows that dog ownership is widespread in a limited segment of society, but individuals who
have experienced ownership in the past are present in a substantial ratio.

Knowledge and Opportunity Regarding Dog Adoption and Care: Of the 412 participants
responding to this question, 60.68% (n=250) considered themselves sufficient regarding dog
adoption and care. 28.16% (n=116) stated they were not sufficient, while 11.17% (n=46) gave
the response "I am eager; we can cope with this situation together with my dog." This finding
reveals that although the desire to adopt a dog is high, a significant portion of the participants
feel a lack of knowledge or resources.

Reasons for Adoption: When participants' reasons for dog adoption are examined, the most
frequently stated reason was friendship or companionship (47.24%; n=257). This is followed
by protection/security purposes (24.45%; n=133) and hobby/activity (17.83%; n=97). Moving
away from people (7.17%; n=39) and treatment or guidance purposes (3.31%; n=18) were
stated at lower rates. This result shows that dogs are primarily considered social and emotional
companions, and functional reasons (such as protection or therapy) remain in the background.

Effective Factors in Adoption Decisions: When factors affecting the dog adoption decision were
evaluated, the vast majority of participants (72.93%; n = 256) gave the response, | decided
without being influenced by anyone.” Parents having a dog (20.51%; n=72) ranked second,
while friend influence (3.42%; n=12), child's request (1.99%; n=7), and media influence
(1.14%; n=4) were seen at quite low rates. This finding shows that the adoption decision is
mostly an individual preference, and social circle or media influence remains limited.

Place of Adoption: When examining where participants adopted their dogs, the highest rate was
the "gifted" option with 36.31% (n=118). This was followed by adoption from a breeder
(31.08%; n=101) and adoption from a shelter (24.00%; n=78). Adoption rates from pet shops
(5.54%; n=18) and veterinary clinics (3.08%; n=10) are at low levels. Findings show that
shelter-sourced adoption exhibits a positive trend, but gift and breeder-sourced adoption are
still widespread.

Adoption Cost: When the status of paying any fee during adoption was examined, 68.03%
(n=217) of the participants gave the response, “No, I adopted completely free of charge." In
contrast, 31.97% (n=102) stated that they paid a fee, such as for food, vaccine, or service, for
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the dog they adopted. This result shows that adoption largely takes place through a voluntary
process far from the expectation of financial gain.

Dog's Pedigree Status: When the pedigree statuses of participants’ dogs are examined, 69.26%
(n=223) stated that their dog did not have a pedigree document, while 30.75% (n=99) stated
that a pedigree document was present. These rates show that registered purebred dogs are found
in a limited ratio in our country, and adoptions mostly consist of undocumented dogs.

Pedigree Importance Level: When the levels of importance participants attach to pedigree or
being purebred were evaluated, 80.30% (n=269) selected the response "never important.”" In
contrast, only 19.70% (n=66) said "yes, important." This finding shows that the majority of
participants evaluate the dog on the basis of emotional bonding rather than as a status indicator
or breed-based preference element.

Place of Owned Dogs in Society: Looking at participants' views on the place of owned dogs in
society, 67.38% (n=696) said, "They provide positive contributions to society.” While 20.62%
(n=213) responded "they have neither positive nor negative effects," 8.81% (n=91) said "I am
undecided," and 3.20% (n=33) said "there are negative effects.” This result shows that owned
dogs are generally perceived as a positive element in society.

Place of Stray Dogs in Society: When the social perception regarding stray dogs was evaluated,
46.08% (n=476) of the participants said, "They have negative effects for society." In contrast,
18.97% (n=196) staff participants stated that "stray dogs provide positive contributions to
society,” while 18.10% (n=187) were "undecided,” and 16.84% (n=174) believed that "stray
dog save no effect.” These findings reveal that stray dogs are perceived more as a risk element
within society.

Dog Breed: When the distribution regarding dog breeds is examined, it is seen that Kangal mix
dogs are at the highest rate by a clear margin (72.45%; n=894). This is followed by Kangal
(6.30%; n=72), Terrier (2.67%; n=33), and Akbas (2.67%; n=33). Other breeds (Rottweiler,
Golden Retriever, Labrador, Cocker Spaniel, etc.) were represented at much lower rates. This
finding shows that native breeds—especially Kangal and its mixes—are dominant in regional
adoptions.

Dog's Age: When the age distribution of dogs is examined, dogs in the 1-5 age range are at the
highest rate by a clear margin (50.78%; n=163). The rate of dogs under one year old was
determined as 13.71% (n=44), 6-10 years old as 16.20% (n=52), over 10 years old as 9.66%
(n=31), and those who do not know the age as 9.66% (n=31). This finding shows that most
owned dogs are in the young adult age group.

Dog's Gender: According to the declarations of dog owners, 63.45% (n=184) of the dogs they
own are male; 36.55% (n=106) are female. This distribution shows that the rate of adopting
male dogs is higher.

Neutering Status: When the neutering status of dogs is examined, 7227.65% (n=81) of owners
neutered their dog, while 72.36% (n=212) did not This result shows that neutering rates are
quite low and points to the necessity of awareness studies on the subject.

Place Where Neutering Was Performed: 50% (n=52) of the participants (n=104) who had their
dog neutered stated that the procedure was done at the veterinary clinic they regularly visit.
28.85% (n=n = 30) marked the option "I have no information about the subject"; 8.65% (n = 9)
marked "at a municipal facility," 6.73% (n = 7) marked "at another recommended clinic,” and
5.77% (n = 6) marked at a university hospital." Findings show that neutering procedures are
mostly carried out in private veterinary clinics.
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Status of Having Offspring Before Neutering: 41.77% (n=66) of the 158 participants who had
their dog neutered gave the response "We neutered before giving birth." 39.24% (n=62) used
the expression "I have no information about the subject,” 12.66% (n=20) "gave birth once,"
5.06% (n=8) "gave birth twice," and 1.27% (n=2) "gave birth three times." This result shows
that most dog owners tend to neuter before birth.

Reasons for Not Neutering: According to the statements of 192 participants who did not neuter
their dog, the most common reason, with a rate of 35.05% (n=102), was "I might consider
neutering; | haven't had a problem yet." This is followed by "l don't want it to feel pain”
(17.87%; n=52) and "empathy/emotional reasons™ (17.87%; n=52). Also, 12.03% (n=35) gave
the response "I think it is a practice against nature," 7.56% (n=22) "an unhealthy practice," and
5.15% (n=15) "religious or conscientious reasons.”" These findings reveal that the reasons for
not neutering are mostly based on emotional and moral foundations.

Dog's Health Status: When responses regarding the health status of dogs are examined, the
highest rate belongs to the response "has no health problems™ with 45.73% (n=193). 31.52%
(n=133) stated "I have it vaccinated regularly,” 5.92% (n=25) "have a chronic disease," 4.03%
(n=17) "I have it vaccinated irregularly,”" and 2.61% (n=11) "unvaccinated." 4.27% (n=18) said,
"I am not knowledgeable." These findings show that the vast majority of owned dogs are
subjected to regular health checks.

Fear of Dogs Before Adoption: When the fear status of dog owners before adopting a dog was
examined, 89.35% (n = 260) gave the response, "No | had no fear.” 8.59% (n = 25) said, "I did;
| overcame the fear when | adopted,” and 2.06% (n = 6) said, "I did, but I still fear after
adoption.” This result shows that pre-adoption fears largely disappear with experience.

Order of Ownership: When the ownership order of the dogs owned by the participants was
evaluated, 64.51% (n = 189) gave the response, "l am the first owner." 21.84% (n=64) marked
the options. "I am the second owner." 11.26% (n=33) "I don't know," and 2.39% (n=7) "I am
the third owner." This result shows that a large portion of the dogs were adopted by their first
owner.

Age at Adoption: When the age at which the dog was adopted is examined, 46.23% (n=135) of
the participants stated that they adopted in the "suckling period—3 months" range. 26.71%
(n=78) said "4-6 months," 12.33% (n=36) "l adopted without knowing the age," 8.22% (n=24)
"6-12 months," 4.11% (n=12) "1 year old," and 2.40% (n=7) "2 years old." This finding reveals
that dog adoptions mostly take place in the puppy period.

Number of Daily Food Meals: When the number of daily food meals given to dogs is examined,
49.48% (n=143) of the owners stated that they feed their dog twice a day, and 22.15% (n=64)
stated that they feed "ad libitum" (free access). 20.42% (n=59) marked the option "three meals,"
and 7.96% (n=23) "one meal." Findings show that the vast majority of dogs are fed regularly at
two meals.

Number of Daily Water Meals: Findings regarding the amount of water given to dogs show that
the vast majority of owners, 88.62% (n=257), provide their dogs with "ad libitum" (continuous
access) opportunity. Apart from this, 5.17% (n=15) reported giving water three times a day,
4.83% (n=14) twice a day, and 1.38% (n=4) once a day. This result shows that most dog owners
exhibit an ideal approach regarding water supply.

Findings on Behavior, Training, and Welfare: Dog's Training Status: Examining participants'
responses about their dogs' training levels, we found that 57.75% (n=164) said their dog was
"trained by the owner." 28.52% (n=81) of participants responded that their dog "received no
training," 10.56% (n=30) indicated their dog was "trained by an amateur trainer,” and 3.17%
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(n=9) reported their dog was "trained by a professional trainer.” Findings show that an owner-
based approach is more common in dog training than professional support.

Type of Collar Used: When the types of collars used by dog owners are examined, 52.65%
(n=149) stated that they use a "neck collar." This was followed by the options "harness/chest
collar" at 29.33% (n=83), "I do not use a collar" at 15.19% (n=43), and "choke/training collar"
at 2.83% (n==8). This finding shows that a large portion of owners prefer standard collar models,
prioritizing the dog's comfort.

Attitude Towards Other Family Members: When dogs' attitudes towards other individuals in
the family are examined, 60.65% (n=168) of the participants stated that their dog behaves "very
well" and 31.05% (n=86) "well." Responses of "unresponsive™ were 3.97% (n=11), "bad"
2.89% (n=8), and "very bad" 1.44% (n=4). This finding reveals that the intra-family harmony
of owned dogs is high.

Attitude Towards Children at Home: When dogs' attitudes towards children are examined in
households with children under 14 years of age, 62.08% (n=149) were evaluated as "very good"
and 27.08% (n=65) as "good." "Unresponsive" was stated as 5.83% (n=14), "bad" as 3.33%
(n=8), and "very bad" as 1.67% (n=4). Findings show that dogs generally exhibit a positive and
compatible attitude towards children.

Attitude Towards Guests: When dogs' attitudes towards guests coming to the house are
examined, responses were 35.64% (n=98) "good," 35.27% (n=97) "very good," 16.73% (n=46)
"bad,” 8.00% (n=22) "unresponsive,” and 4.36% (n=12) "very bad." This distribution shows
that a large portion of dogs are socially accustomed to accepting guests, but a certain group may
show protective or shy behaviors.

Attitude Towards People Outside: When the attitudes of participants' dogs towards people they
encounter outside are examined, they were reported as "good" by 36.46% (n=101), "very good"
by 23.47% (n=65), "unresponsive" by 21.30% (n=59), "bad" by 12.99% (n=36), and "very bad"
by 5.78% (n=16). This result reveals that most dogs can establish positive interactions with
people in the external environment, but some may show shy or protective reactions.

Attitude Towards Other Dogs Outside: When dogs' behaviors towards other dogs outside were
examined, they were evaluated as "good" by 40.22% (n=111) and "very good" by 17.39%
(n=48). In contrast, responses of "bad" (25.00%; n=69), "unresponsive"” (11.23%; n=31), and
"very terrible(6.16%; n=17) were received. This finding shows that while social tolerance
among dogs is generally positive, aggressive or shy behaviors can also be seen at a certain rate.

Ability to Stay Alone at Home: When dogs' skills to stay alone at home are examined, 55.20%
(n=154) gave the response "can stay alone for a full day.” 20.43% (n = 57) said "up to half a
day,” 16.13% (n = 45) said "up to 6 hours," and 8.24% (n = 23) said "no, | can't stay alone."”
Findings show that most owned dogs adapt to being alone.

Status of Damaging Household Goods and Clothes: When dogs' behaviors towards household
goods and clothes are evaluated, 48.72% (n=133) marked the option "has no habit of
damaging.” Responses of "sometimes, especially when bored or left alone™ were 23.81%
(n=65), "rarely but plays with toys" 20.51% (n=56), and "frequently causes damage" 6.96%
(n=19). This result shows that destructive behaviors are at a low level in most dogs but may
increase in situations such as loneliness or boredom.

Level of Meeting Dog's Daily Emotional Needs: When the level of meeting emotional needs
such as play, attention, and walking is examined, 53.96% (n=150) of the participants responded
"sufficiently met,” 37.05% (n=103) "partially met," 6.84% (n=19) "not sure," and 2.16% (n=6)
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"not met." This result shows that a large portion of dog owners pay attention to their animals'
emotional welfare.

Housing Type: When the type of housing where dogs live is examined, 66.08% (n=187) marked
the option "detached house with garden," 28.27% (n=80) "apartment,” and 5.65% (n=16)
"detached house with common area.” This finding shows that owned dogs mostly live in houses
with access to open space and points to a positive condition in terms of dog welfare.

Number of Daily Walks: Data regarding the frequency of taking dogs outside show that 31.64%
(n=87) gave responses of "at irregular intervals during the week," 30.18% (n=83) "twice a day,"
21.46% (n=59) "three times or more," and 16.73% (n=46) "once a day." This distribution
reveals that most dogs engage in regular daily exercise, but irregularity is observed in some.

Average Duration of Each Walk: Evaluated in terms of the duration of each walk, 59.56%
(n=162) of dog owners stated that they walk their dog between half an hour and one hour.
22.06% (n=60) responded "less than half an hour" and 18.38% (n=50) "longer than two hours."
This finding shows that most owned dogs access sufficient physical activity daily.

Walking Area Preferences: When the areas where participants walk their dogs most frequently
are evaluated, the highest rate was "parks and green areas" with 27.59% (n=168). This was
followed by "surroundings of the house" (19.70%; n=120), "rural areas and fields" (17.41%;
n=106), "forested areas" (12.15%; n=74), "city streets" (11.82%; n=72), and "dog parks"
(5.42%; n=33). This distribution shows that dog owners tend to prefer natural areas.

Quality of Social Interactions: When dogs' forms of social interaction are examined, 41.50%
(n=122) gave responses of "interaction with family members and friends," 23.13% (n=68)
"encountering people and other animals on walks,” 20.07% (n=59) "regular play and
socialization with other dogs," 7.14% (n=21) "mostly at home," and 7.14% (n=21) "very little
social interaction." This result shows that dogs' social needs are mostly met through human-
centered interactions.

Reaction to Environmental Stimuli: When dogs' reactions to environmental stimuli are
evaluated, 59.06% (n=163) were reported as "gives very positive reactions,” 23.55% (n=65)
"shows interest but is shy," 11.59% (n=32) "shows fear or aggressiveness,”" and 5.80% (n=16)
"generally uninterested or unresponsive." Findings reveal that dogs are generally curious and
react positively to the environment.

Reaction to Learning and Training Processes: When dogs' learning speeds and reactions to
training processes are examined, 40.28% (n=114) were reported as "interested but learning
speed is average,” 39.93% (n=113) ""learns very quickly and eager for training," 10.25% (n=29)
"struggles to learn, requires extra encouragement,” and 9.54% (n=27) "uninterested or
resistant.” This finding shows that a large portion of owned dogs are open to learning and
motivated.

Stress Coping Level: When dogs’ ways of coping with stressful situations are examined, 48.73%
(n=134) responded "takes some time but calms down," 39.27% (n=108) "calms down easily
and quickly," 6.18% (n=17) "becomes uncontrollable, aggressive, or fearful,” and 5.82% (n=16)
"remains stressful for a long time." Findings show that the vast majority of dogs possess the
skill to cope with stress.

View on Keeping Dogs at Home: Of the 305 participants responding to this question, 48.85%
(n=149) gave responses of "I am in favor of feeding only in houses with gardens,” and 44.59%
(n=136) said, "l am pleased to keep at home; | find it positive." 4.26% (n=13) expressed the
view, "I cannot bear the responsibility of keeping a dog." 1.64% (n=>5) said, "I definitely do not
find it appropriate,” and 0.66% (n=2) said, "l am against keeping dogs." This distribution
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reveals that a positive attitude generally prevails towards dog ownership, but living space
conditions are a determining factor.

Belief Level in Cognitive Features in Dogs: When participants' beliefs regarding whether dogs
possess cognitive features (intelligence, emotion, reasoning, curiosity, etc.) are examined,
80.00% (n = 244) gave the response, "Yes, | believe they exist." 16.07% (n=49) used the
expression "l think some features exist partially." 2.62% (n=8) said, "No, I think these features
do not exist,” and 1.31% (n=4) said, "I am not sure.” This result reveals that the vast majority
of participants view dogs as living beings with cognitive capacity.

Level of Caring About Dog Psychology: When the level of importance dog owners attach to
dog psychology is evaluated, 46.36% (n=140) gave responses of "very high," 35.76% (n=108)
"high,"” 17.22% (n=52) "medium," and 0.66% (n=2) "very low." This finding proves that a
significant portion of dog owners show high sensitivity to the dog's mental and emotional state.

Knowledge Level About Dogs' Psychological Welfare and Behaviors: When participants'
knowledge levels regarding dogs' psychological welfare and behaviors were examined, they
were reported as "medium level” by 36.96% (n=112), "high™ by 35.97% (n=109), "very high"
by 21.12% (n=64), "low" by 4.62% (n=14), and "very low" by 1.32% (n=4). This result shows
that participants' awareness regarding the subject is generally strong.

Regular Veterinary Checks: When the status of taking dogs for regular veterinary checks is
examined, 55.44% (n=158) gave responses of "yes, regularly,” 36.84% (n=105) "only, when
necessary," and 7.72% (n=22) "no, | do not." Findings show that a large portion of owned dogs
are subjected to regular veterinary control.

Types of Food the Dog is Fed: When the types of food dogs are fed were evaluated with multiple
choice, the most frequently reported type was high-quality dry food (33.10%; n=139). This was
followed by homemade meals (29.76%; n=125), economic dry food (17.62%; n=74), raw
feeding—BARF type (10.95%; n=46), and canned food (8.57%; n=36). These results show that
dog owners attach importance to balanced nutrition and supplement ready-made foods with
traditional foods.

Supplementary Foods Given Besides Kibble: When supplementary foods given to dogs besides
kibble are evaluated, responses were received as "cooked meat or fish" (30.27%; n=181),
"special dog treats” (19.06%; n=114), "butcher's by-products" (14.38%; n=86), "fresh
vegetables and fruits" (12.21%; n=73), "uncooked bones" (11.20%; n=67), "grains or rice"
(9.36%; n=56), and "I give no supplementary food" (3.51%; n=21). This distribution shows that
most owners supplement dog nutrition with various natural foods.

Preference for Leaving the Dog on Vacation: When dog owners' practices regarding their dogs
during vacation periods are examined, 39.93% (n=107) gave responses of "I leave it to my
friend." 26.49% (n=71) "I take it with me," 24.25% (n=65) "I cannot leave it to anyone; | do
not go on vacation." 4.85% (n=13) "l leave it to the veterinary clinic,” and 4.48% (n=12) "I
leave it to a boarding facility.” Findings reveal that owners tend to leave their dogs with a trusted
circle or take them along with them.

Effect of Dog Adoption on Social Circle: When the effects of dog adoption on social circle
relationships are examined, 35.21% (n=94) gave the response "no change occurred; they
remained neutral.” 31.46% (n=84) stated "their social circle was "affected very positively, with
increased interest and support,” 28.46% (n=76) reported it was "affected positively but with
some reservations,” 4.12% (n=11) indicated it was "affected negatively, with increased anxiety
and criticisms,” and 0.75% (n=2) said it was affected very negatively." This result shows that
dog adoption generally finds a positive response in the social circle.
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Effect of Dog Adoption on Family Budget: When the economic effects of dog adoption are
evaluated, 45.76% (n=124) gave the response "no significant change occurred. "This is
followed by the options 'did not affect at all, 1 can cover the costs easily' (23.62%; n=64),
‘affected negatively to some extent, small budget changes occurred' (21.03%; n=57), ‘affected
negatively in a serious manner' (5.53%; n=15), and 'affected positively, made the budget more
planned’ (4.06%; n=11). Findings show that dog adoption has an effect at a manageable level
economically.

Regret Felt from Dog Adoption: Findings regarding the level of regret felt from the dog
adoption decision show that 48.54% (n=133) of the participants gave the response "no, | am
very happy; my life changed positively." 22.99% (n=63) gave responses of "l encountered
partial difficulties, but generally I am happy.” 22.99% (n=63) said, "I am not regretful; 1 find
my decision positive," and 5.47% (n=15) said, "Yes, | am regretful.”" This result shows that dog
adoption generally contributes positively to individuals' life satisfaction.

Comparative and Advanced Statistical Findings:

Findings Related to Gender: A statistically significant and strong relationship was found
between gender and attitudes towards stray dogs (\chi*2 = 186.61, p < 0.001, Cramér’s V =
0.425). While 58% of women gave the response, "I love them, and | am not afraid," this rate
remained at 42.7% for men. 29.3% of men chose the statement, | support them being collected."”
This result indicates that women exhibit a more empathetic and protective attitude towards stray
dogs. Additionally, a strong relationship was determined between gender and the thought of
keeping a dog at home (\chi*2 = 51.36, p < 0.001, Cramér’s V = 0.410), indicating that
acceptance levels of women and men differ significantly.

Findings Related to Age Groups: A significant difference was determined among age groups in
attitude towards stray dogs (\chi*2 =56.12; p <0.001; Cramér’s V =0.27). 59.4% of individuals
in the 18-25 age group marked the option "I love them and | am not afraid,” whereas this rate
fell to 41.8% in the 36-45 age group. The response "l am afraid, and | stay away" was observed
at a rate of 22.5% in those aged 46 and over. This finding shows that the young age group
exhibits a more positive and sensitive attitude towards stray dogs.

Factors Determining Dog Ownership (Logistic Regression): The logistic regression model
developed to examine determinants affecting dog ownership showed that the presence of pets
at home (OR=0.17; p<0.001), attitude regarding the social role of stray dogs (OR=2.59;
p=0.001), and desire to keep a dog at home (OR=0.09; p<0.001) form significant and strong
effects on ownership. Ownership significantly decreases in those without pet experience at
home.

Spearman Correlation Analyses: Knowledge—Psychology: "Participants with higher
knowledge about dogs' psychological welfare and behaviors also report a higher level of caring
about dog psychology™ (r = 0.24). This relationship is a direct and consistent finding.

Age-Income: A limited increase is observed in income levels as participants' ages increase (r =
0.21).

In general, relationships between the examined demographic (age, income) and ownership
variables and psychological welfare and attitude indicators are at a weak level.

Analyses in Dog Owners Subgroup: In analyses performed in the dog owner’s subgroup, the
only significant result is the difference between the dog's training level and the dog owner's age
(p < 0.001). While young owners (18-35 years) reported their dogs more in the "received
training™ category, the training level decreases as age progresses. This finding shows that dog
training is an age-sensitive behavioral investment.
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DISCUSSION & CONCLUSION
Discussion

The findings of this research show that the attitudes and behaviors of academic and
administrative staff and students in universities towards dogs are generally positive but carry
significant differences in terms of different variables. Data obtained from 1,033 individuals
participating in the research revealed that empathy and awareness regarding dogs are high in
the educated segment of society, yet knowledge level is not always reflected in practical
behaviors.

Attitudes and Behaviors According to Gender Variable: Findings indicate that gender creates a
significant difference in attitudes towards dogs. While female participants preferred the
statement "I love them and | am not afraid” at a rate of 58%, this rate remained at 42.7% in
males. In contrast, it was determined that male participants showed a greater tendency towards
negative judgments such as "should be collected" and "should be put to sleep.” This result shows
that women generally exhibit a more empathetic, emotional, and protective apattitude
towardogs. Studies conducted by Yilmaz, Ozcan, and Sen (2021) and Herzog (2007) in the
literature also emphasize that women's compassion level towards animals is higher than men's,
based on biological and social learning foundations. In societies like Turkey, where emotional
care is culturally attributed more to women, it is seen that these tendencies are also reflected in
relationships established with animals.

Attitudes and Behaviors According to Age Range: According to research findings, the vast
majority of participants (84.80%) are in the 18—25 age range. Young adults used the expressions
"I love them™ and "I am not afraid” more frequently, showing a high potential for establishing
an emotional bond towards dogs. It was observed that positive attitudes towards dogs decreased
as age increased, and the rate of responses such as "should be collected” or "I am afraid" rose
in middle-age groups. Evaluated in terms of behavioral sciences, the high levels of animal love
in young participants can be explained by social learning, emotional development, and social
modeling in the campus environment. The tendency of individuals in advanced age groups to
maintain physical distance from dogs generally stems from life experiences or negative
observations.

Attitudes and Behaviors According to Occupation Variable: Significant differences were
observed in dog attitudes according to the occupation variable. While academic staff exhibited
a more conscious approach with high emphasis on ethical responsibility regarding "animal
welfare™ and "owned-stray dog distinction,” students approached more on the basis of
emotional bonding and desire for adoption. It was determined that administrative staff had a
more pragmatic and distant tendency. This situation is compatible with the study of Erdogan
and Yildiz (2020), showing that academic education develops not only cognitive knowledge
but also ethical sensitivity.

Attitudes and Behaviors According to Income Level: It was determined that individuals in the
high-income group had higher awareness regarding dog ownership, dog care, and dog welfare,
whereas those in the low-income group had strong emotional orientations despite low adoption
rates. While professional care and welfare-oriented attitudes are seen in high-income
individuals, emotional closeness and desire for protection stand out in middle- and low-income
groups. Although income level affects behaviors towards dogs quantitatively, it is not the sole
determinant qualitatively in terms of emotional attachment.

Status of Pets Present at Home: It was determined that the attitudes of individuals with pets at
home towards dogs were significantly more positive. While pet owners selected the statement
"I love them and | am not afraid" at a higher rate, statements of "should be collected” and "'l am
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afraid” increased in individuals without pets. This situation shows parallelism with the study of
Ergin, Peksen, and Diker (2011), showing that pet ownership increases empathy levels and
reduces fear/prejudice rates.

Attitudes Towards Stray Dogs: It was seen that a love-based but cautious approach towards
stray dogs prevails in society. While more than half of the participants expressed positive views,
there is also a significant segment carrying security concerns. This situation reveals that the
social attitude towards stray dogs possesses a dual structure (love and fear).

Knowledge-Action Gap: One of the most striking discussion points of the study is the gap
between knowledge and practice. Although the vast majority of participants stated that they
care about dog care and welfare, the low rates of neutering (27.65%) and the training level being
far from professionalism (mostly training by the owner) show that the level of consciousness
does not always transform into action.

Conclusion

This research addressed the attitudes of academic and administrative staff and students in
universities towards dogs with a holistic approach. Findings show that participants generally
exhibit an empathetic, sensitive, and welfare-oriented approach towards dogs.

Key Results:

Gender Effect: Female participants exhibit a more protective and empathetic attitude compared
to males.

Age Effect: Love for animals and positive attitude are stronger in young individuals (18-25
years); cautious approach increases as age progresses.

Income and Profession Effect: While a knowledge-based and professional approach is dominant
in high-income and academic staff groups, emotional attachment is at the forefront in students
and low-income groups.

Ownership Effect: Pet ownership is one of the strongest determinants of positive attitudes
towards dogs.

Knowledge-Action Inconsistency: It was determined that even individuals with high levels of
knowledge show behavioral inconsistencies in practice (e.g., regarding neutering)
("knowledge-action gap™).

Recommendations:
Education and Awareness: Seminars and elective courses on "Animal Welfare and Behavioral

Psychology" should be organized in universities, and all staff and students should be included
in these processes.

Campus Animal Policies: University administrations should turn feeding, shelter, and health
services for stray animals into institutional policies and carry out these practices in cooperation
with volunteer student communities.

Neutering Consciousness: The importance of neutering for balancing the owned and stray dog
population should be emphasized; informational activities should be carried out in cooperation
with veterinary faculties.

Social Empathy: Content that will reduce false perceptions regarding dogs and highlight
empathy and scientific knowledge should be produced in mass media tools.
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Future Research: It is suggested that future studies examine individuals' emotional bonds and
ethical approaches in more detail with qualitative methods (in-depth interviews, etc.).

In conclusion, universities taking an active role in education and social responsibility areas that
reinforce this consciousness will be the key to reaching a sustainable social structure in terms
of dog welfare.
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ABSTRACT

Introduction and Purpose: This study aimed to investigate whether meloxicam alters
oxidative status in the cauda epididymis and testicular tissues of rats.

Materials and Methods: Six male Wistar rats weighing 220 + 20 g were used. All animals
were housed under controlled conditions, received standard pellet feed and water ad libitum,
and were monitored twice daily for general health. The rats were randomly assigned to two
groups: the treatment group received meloxicam at 2 mg/kg/day intraperitoneally for five
consecutive days, whereas the control group was administered physiological saline via the same
route and schedule. At the end of the treatment period, tissue samples were collected and
immediately homogenized. Total Antioxidant Status (TAS) and Total Oxidant Status (TOS)
were quantified using validated colorimetric methods, and the Oxidative Stress Index (OSI)
was calculated from these measurements. Descriptive statistics were generated for each
parameter. Depending on distribution characteristics, differences between the control and
meloxicam groups were analyzed using either independent samples t-tests or the Mann-
Whitney U test.
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Results: In the cauda epididymis, meloxicam administration resulted in a marked rise in TAS
values compared with the control group (p < 0.05). OSI values were significantly lower in the
treated animals (p < 0.05), while TOS levels did not differ between groups. These findings
indicate a shift toward an enhanced antioxidant environment in the epididymal tissue following
meloxicam exposure. In contrast, TAS, TOS, and OSI values in testicular tissue showed no
significant differences between groups (p > 0.05), suggesting that the impact of meloxicam on
oxidative regulation may be tissue-specific and more pronounced in the epididymis than in the
testis.

Discussion and Conclusion: Overall, short-term meloxicam treatment appears to reinforce
antioxidative capacity in the cauda epididymis and may exert a localized protective effect.
These results contribute to the understanding of how NSAIDs influence oxidative processes
within reproductive tissues and highlight the need for studies with larger sample sizes to further
clarify these observations.

Keywords: Meloxicam, Oxidative Stress, Epididymal and Testicular Tissue, Wistar Rat Model

INTRODUCTION

Reactive oxygen species (ROS) are inevitable by-products of aerobic metabolism and play a
dual role in male reproductive physiology. At physiological concentrations, ROS participate in
normal cellular signaling processes that regulate spermatogenesis, epididymal sperm
maturation, capacitation, and acrosome reaction (Agarwal et al., 2014; Dutta et al., 2021). In
particular, the epididymis provides a specialized microenvironment where spermatozoa acquire
motility and fertilizing capacity under strict redox regulation (O’Flaherty, 2019). However,
when ROS production exceeds the buffering capacity of antioxidant defense systems, oxidative
stress develops, leading to lipid peroxidation, protein oxidation, and DNA damage in sperm
cells, ultimately impairing male fertility (Aitken & Baker, 2006; Agarwal et al.,
2014).Oxidative stress in the male reproductive tract is therefore a critical factor in male
infertility and is often intertwined with inflammation and other pathologies Dutta et al., 2021).

The epididymis is especially vulnerable to oxidative imbalance because spermatozoa exiting
the testis lose the protection of Sertoli cell-derived antioxidants and become reliant on luminal
antioxidant mechanisms (O’Flaherty, 2019). Although the testis possesses robust intrinsic
antioxidant defenses and a blood-testis barrier that limits exposure to systemic insults,
prolonged oxidative stress or pharmacological interference may still disrupt spermatogenesis
(Dutta et al., 2021).

Non-steroidal anti-inflammatory drugs (NSAIDs) are widely used in both human and veterinary
medicine for their analgesic, antipyretic, and anti-inflammatory properties. Meloxicam is a
preferential cyclooxygenase-2 (COX-2) inhibitor that reduces prostaglandin synthesis and
inflammatory mediator release (Aleman-Laporte et al., 2022). Prostaglandins play important
regulatory roles in testicular blood flow, steroidogenesis, and immune modulation; therefore,
COX inhibition may influence reproductive physiology beyond pain control (Uzun etal., 2015).
Experimental studies have shown that long-term or high-dose meloxicam exposure can impair
spermatogenesis, reduce sperm quality, and induce oxidative damage in testicular tissue
(Haroun et al., 2020; Uzun et al., 2015).

Conversely, emerging evidence suggests that under certain conditions, meloxicam may exert
protective effects by limiting inflammation-driven ROS production. In large animal models,
meloxicam administration has been associated with reduced sperm lipid peroxidation and
improved semen quality following inflammatory stress (Gupta et al., 2025). These findings
indicate that the impact of meloxicam on oxidative balance may depend on tissue type, dose,
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and duration of exposure. Notably, the effects of short-term meloxicam treatment on epididymal
oxidative status remain poorly characterized.

Therefore, the present study aimed to investigate whether short-term meloxicam administration
alters oxidative stress parameters in the cauda epididymis and testicular tissues of Wistar rats.
Total antioxidant status (TAS), total oxidant status (TOS), and the oxidative stress index (OSI)
were evaluated to determine whether meloxicam induces tissue-specific modulation of redox
balance.

MATERIALS and METHODS
Animals and Experimental Design

Six adult male Wistar rats (body weight 220 + 20 g) were obtained from the university’s
laboratory animal center. The rats were housed in standard cages under controlled conditions
(12 h light/12 h dark cycle, 23 + 2°C, with free access to commercial pellet chow and water).
Animals were acclimated for one week and monitored twice daily for health and wellbeing. The
experiment was conducted in accordance with ethical guidelines for animal research, and all
procedures were approved by the Institutional Animal Care and Use Committee. The rats were
randomly divided into two equal groups (n =3 per group) for a 5-day treatment period as
follows:

Meloxicam group

Rats received meloxicam at 2 mg/kg/day, administered intraperitoneally for five consecutive
days. The meloxicam dosing and schedule were based on prior analgesic regimen studies in
rodents adjusted to achieve an anti-inflammatory dose commonly used in laboratory practice.

Control group

Rats received an equivalent volume of physiological saline (0.9% NaCl) via intraperitoneal
injection once daily for five days, to account for handling and injection effects. No other
treatments were given during this period.

Sample Collection

Twenty-four hours after the final injection (Day 6), rats were anesthetized (ketamine/xylazine
overdose, IP) and euthanized. A midline laparotomy was performed, and the reproductive
organs were immediately exposed. From each animal, the testes and the cauda epididymides
were carefully dissected out. The cauda epididymis (distal region of the epididymis where
mature sperm are stored) was chosen because of its importance in sperm storage/maturation
and its potential sensitivity to systemic treatments. Tissue samples were gently rinsed in ice-
cold saline to remove blood and blotted dry. The supernatants were collected and stored at —
80°C until analysis. All preparation steps were carried out quickly to minimize artifactual
oxidation.

Biochemical Assays

Total Antioxidant Status (TAS) and Total Oxidant Status (TOS) were measured in tissue
homogenate supernatants using validated colorimetric methods. TAS was determined by the
automated ABTS radical cation decolorization method described by Erel (2004). In this assay,
antioxidants in the sample reduce the blue-green ABTS" radical to a colorless form; the
magnitude of decolorization (measured at 660 nm) is proportional to the total antioxidant
capacity and is calibrated with Trolox equivalent units.
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TOS was measured by the ferrous ion oxidation—xylenol orange (FOX) assay in an automated
format according to Erel (2005). In the TOS assay, oxidants present in the sample oxidize
ferrous ions to ferric ions, which then bind xylenol orange to produce a colored complex
measured at 560 nm; hydrogen peroxide is used as the standard and results are expressed in
micromolar H.O: equivalents. For both TAS and TOS assays, we followed kit or literature
protocols with appropriate controls and calibrators, and all measurements were performed in
duplicate for accuracy.

An Oxidative Stress Index (OSI) was calculated to provide an integrated measure of oxidative
balance, defined as the ratio of TOS to TAS, expressed as a percentage (OSI = TOS / TAS
x 100). In essence, a higher OSI indicates a condition of relatively higher oxidant burden to
antioxidant capacity (greater oxidative stress), whereas a lower OSI suggests a more
antioxidative or protected state.

Statistical Analysis

Descriptive statistics (mean + standard deviation) were calculated for TAS, TOS, and OSI in
both tissues. Prior to group comparisons, the normality of data distribution was assessed using
the Shapiro-Wilk test. TAS and OSI values were found to be normally distributed in both
experimental groups, and therefore, differences between groups for these parameters were
evaluated using an independent samples t-test. In contrast, TOS values did not meet the
assumption of normality in the control group; accordingly, comparisons between the
meloxicam-treated and control groups were performed using the non-parametric Mann-—
Whitney U test. A p value < 0.05 was considered statistically significant for all comparisons.

RESULTS
Oxidative Stress Parameters in the Cauda Epididymis

Descriptive statistics and intergroup comparisons of oxidative stress parameters measured in
the cauda epididymal tissue are summarized in Table 1. Total Antioxidant Status (TAS) values
were significantly higher in the meloxicam-treated group compared with the control group
(2123.19 £ 32.71 vs. 1170.29 + 215.71 pmol/L, p < 0.05).

Total Oxidant Status (TOS) values did not differ significantly between the groups, although a
numerical decrease was observed in the meloxicam-treated rats compared with controls (21.40
+7.67 vs. 26.67 + 8.18 pumol/L, p > 0.05).

In parallel with the increase in TAS, the Oxidative Stress Index (OSI) was significantly lower
in the meloxicam group than in the control group (1.01 + 0.345 vs. 2.31 £ 0.648, p < 0.05),
indicating a shift toward a more favorable antioxidative balance in the cauda epididymal tissue
following meloxicam administration.

Table 1. Descriptive statistics and intergroup comparisons of oxidative stress parameters (TAS,
TOS, and OSI) measured in the cauda epididymal tissue of control and meloxicam-treated rats.

TAS (umol/L) (Mean £ TOS (umol/L) (Mean

Group sD) sD) OSI (Mean £ SD)
Control 1170.29 + 215.71 26.67 + 8.18 2.31+0.648
Meloxicam 2123.19+32.71 21.40 +7.67 1.01+0.345
* *

* Indicates a statistically significant difference compared with the control group (p < 0.05).
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Oxidative Stress Parameters in Testicular Tissue

The descriptive statistics and group comparisons of oxidative stress parameters measured in
testicular tissue are presented in Table 2. No statistically significant differences were detected
between the meloxicam-treated and control groups for TAS, TOS, or OSI values (p > 0.05 for
all comparisons).

Although TAS values tended to be higher and OSI values tended to be lower in the meloxicam-
treated group compared with controls, these differences did not reach statistical significance.
Testicular TOS values were also comparable between the groups. Overall, short-term
meloxicam administration did not significantly alter the oxidative status of testicular tissue
under the conditions of the present study.

Table 2. Descriptive statistics and intergroup comparisons of oxidative stress parameters
(TAS, TOS, and OSI) measured in testicular tissue of control and meloxicam-treated rats.

TAS (umol/L) (Mean £  TOS (umol/L) (Mean

Group OSI (Mean £ SD)

SD) SD)

Control 1429.71 + 689.55 6.84£0.37 0.542 +0.398

Meloxicam 2248.55 + 80.12 6.32+2.73 0.309 + 0.009
DISCUSSION

Our pilot data suggest a tissue-specific redox response to short-term meloxicam exposure.
Meloxicam increased TAS and reduced OSI in the cauda epididymis, indicating a shift toward
an enhanced antioxidant environment in this compartment. In contrast, TAS, TOS, and OSI in
testicular tissue did not differ significantly between groups, although numerical trends were
observed. Together, these findings imply that the epididymis may be more responsive to short-
term COX inhibition-related modulation of oxidative balance than the testis under baseline
(non-inflammatory) conditions.

Our study adds to a growing body of literature indicating that nonsteroidal anti-inflammatory
drugs (NSAIDs) can influence oxidative stress and reproductive health in males. Uzun et al.
(2015) reported that subchronic meloxicam treatment in rats significantly depressed testicular
antioxidant defenses — including reduced activities of superoxide dismutase (SOD), catalase,
glutathione peroxidase (GPx), and glutathione levels — accompanied by histopathological
damage to the seminiferous tubules. In their work, meloxicam (as well as naproxen, another
NSAID) led to decreased sperm count and motility and clear structural injury in the testes
without altering systemic hormone levels. Our observations of increased OSI and altered
TAS/TOS in the testes are consistent with this mechanism suggesting that even short-term
COX-2 inhibition can tip the pro-oxidant/antioxidant balance towards oxidative stress in
testicular tissue. Notably, Haroun et al. (2020) likewise found that chronic high-dose
meloxicam (8 mg/kg for 63 days) induced marked testicular toxicity in rats, characterized by
decreased testis weight, impaired sperm parameters, and diminished antioxidant activity in the
testis, along with severe tubular degeneration. Co-administration of the antioxidants curcumin
or ascorbic acid effectively mitigated these changes, reinforcing the notion that meloxicam’s
deleterious effects on the testis are largely mediated by oxidative stress and can be counteracted
by bolstering antioxidant defenses.
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The epididymal findings from our study merit discussion in light of the epididymis’s unique
role and protection mechanisms. The epididymis is richly endowed with enzymatic antioxidants
—including SOD, CAT, GPx (such as the secreted GPX5), peroxiredoxins, and others — which
collectively maintain a low ROS environment vital for sperm maturation. This robust
antioxidant system is evolutionarily tuned to shield maturing spermatozoa from oxidative
damage during their transit and storage in the epididymis (O'Flaherty, 2019). It is therefore
notable that short-term meloxicam did not provoke as large a shift in OSI in the epididymis as
in the testis (as suggested by our tissue-specific data). One interpretation is that the epididymal
antioxidant network may buffer against transient oxidative perturbations, rendering the
epididymal tissue more resilient to a 5-day meloxicam exposure. However, evidence from
longer exposures indicates that the epididymis can indeed be adversely affected by NSAID-
induced oxidative stress. For instance, Owumi et al. (2020) showed that a 14-day course of
diclofenac in rats elevated lipid peroxidation and ROS/RNS levels and diminished antioxidant
enzyme activities in both epididymal and testicular tissues. Such oxidative stress resulted in
impaired sperm parameters and lower serum testosterone, whereas selenium co-treatment
prevented these effects by suppressing nitrosative and oxidative stress in the reproductive tract.
Similarly, Rodrigues et al. (2024) reported that oral meloxicam (1 mg/kg for 15 days)
significantly reduced serum testosterone and sperm production, and lowered sperm counts in
the proximal epididymal regions (caput/corpus) of rats. Interestingly, meloxicam in that study
did not change cauda epididymal sperm count but did delay sperm transit and attenuate
noradrenaline-induced contractions of the distal epididymal duct. Taken together, these
findings indicate that while the epididymis has potent antioxidant safeguards, NSAID exposure
(including meloxicam) can still disrupt epididymal function — whether via direct oxidative
damage or indirectly through altered androgen levels and smooth muscle activity. The relatively
modest oxidative changes we observed in the epididymis after 5 days of meloxicam may
therefore represent the early stages of a process that, with prolonged exposure, could culminate
in significant epididymal oxidative injury and functional deficits.

It is also important to consider the interplay between inflammation, ROS generation, and the
antioxidant response in our model. Under physiological conditions, the testes exhibit an
immune-privileged status with controlled inflammatory activity, whereas acute inflammatory
insults can trigger significant ROS production and tissue damage. By virtue of its anti-
inflammatory action, meloxicam might be expected to reduce oxidative stress in scenarios
where inflammation is a driving factor (e.g. infection, torsion, or ischemia-reperfusion injuries).
In line with this, therapeutic COX-2 inhibition has shown protective effects in models of
testicular torsion — an extreme case of inflammation and oxidative injury. Glrocak et al. (2011)
observed that meloxicam treatment attenuated tissue damage in an experimental
torsion/detorsion model, significantly lowering malondialdehyde (MDA) levels (a lipid
peroxidation marker) in ischemic testes. They concluded that aggressive management of the
inflammatory response (including use of a COX-2 inhibitor like meloxicam) helps salvage
testicular tissue by curbing inflammation-induced oxidative stress. Similarly, COX inhibitors
such as ibuprofen have been reported to reduce oxidative injury in acute testicular ischemia-
reperfusion when given prophylactically (Dokmeci et al., 2007; Ozgiir et al., 2022). These
findings underscore a nuanced context-dependence: in pathological inflammatory states,
meloxicam’s antioxidant effect (via dampening inflammation) can outweigh its potential pro-
oxidant side effects, resulting in net protection. In our study, however, healthy rats were treated
in the absence of any overt inflammatory challenge. Under such normal conditions, systemic
COX-2 inhibition may offer little anti-oxidative benefit and can instead tilt the balance toward
oxidative stress by disrupting normal prostaglandin-mediated homeostasis. It is conceivable
that in our short-term regimen, meloxicam induced a mild “oxidative inflammation” at the
cellular level perhaps by subtle activation of immune cells or by causing transient drops in
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antioxidant enzyme expression — even though no clinical inflammation was present. Indeed, the
testis contains resident macrophages and germ cells that can produce ROS; altering the COX-
2/PGE: axis might influence these cells’ redox signaling and lead to an accumulation of
oxidants.

CONCLUSION

In conclusion, short-term meloxicam administration appears to reinforce antioxidative capacity
in the cauda epididymis, while no statistically significant changes were detected in testicular
oxidative status under the present conditions. Given the limited sample size, these findings
should be considered preliminary and warrant confirmation in larger, mechanistically oriented
studies.
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