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4 50zL0 SUNUM OTUR ==== SALON 1 ===QOturum Bagkani: Prof. Dr. Canan CAN

1.SUNU

Prof.Dr. Mehmet Ali KIRPIK, Semra
KINALL

iKLiM BOZULMASININ POPULASYON BUYUKLUGUNE ETKiSi

11:00 11:15 Osman SEYYAR, Dog.DrMehmet ORUMCEKLERININ (GNAPHOSIDAE) SHANNON-WIENER CESITLILIK
- KORALAY SENSING IN WATERSHED MANAGEMENT
[YARAN INDEKSI AGISINDAN VERTIKAL DEGERLENDIRILMESI
SUSTAINABLE ALTERNATIVE TO CONVENTIONAL SYNTHETIC FIBER " TERELLIA RHAPONTCHI BIREYLERINDE FARKLI GEN BOLGELER\NINTURICI
Omar KHESHKAR, Furkan PALA, Dog.Dr. Ars.Gor.Esra ATACAN DOGAN,
11:15 11:30 . REINFORCED COMPOSITES: MECHANICAL PERFORMANCE OF P FILOGENETIK COZUNURLUGUNUN DEGERLENDIRILMES| (DIPTERA:
Dr.Nurettin Furkan DOGAN Prof.Dr.Murat KUTUK
JUTE/BASALT HYBRID COMPOSITES TEPHRITIDAE)
. N . Dog. Dr. Emel Diraz Yildirim, Dr. Emre. SPERMIN VE MELATONIN UYGULAMALARININ TUZ STRESI KOSULLARINDA
Dr.Sena YAVRUOGLU, Ogr.Gér. Aysen | ISIK VE REKABET KOSULLARINA BAGLI OLARAK KIZILGAM (PiNUS BRUTIA y -
11:30 11:45 " Yazar, Dog. Dr. Ferit Kocaginar, Prof. Dr. | YETISEN Ocimum basilicum L."UN FOTOSENTETIK PARAMETRELER UZERINE
SUNBUL TEN.) MESCERELERINDE TEPE GELiSiMININ (LCR) DEGERLENDIRILMESI N
Sengiil Karaman ETKiSi
11:45 12:00 Dr.Sena YAVRUOGLU, Ogr.Gor.Aysen BAKIYA BAGLI MIKROKLIMATIK FARKLILIKLARIN KIZILGAM (Pinus brutia
B SUNBUL Ten.) MESCERELERINDE YAPISAL STABILITE UZERINE ETKISI
12:00 13:30 OGLE YEMEGI
13:30 1430 |DAVETLI KONU$SMACI Prof. Dr. Ali DONMEZ:Yesil Yol'dan Gelecege Ekolojik izler

= SALON 2 =—Oturum Baskan: Prof.Dr. Filiz Ozbas GERCEKER

Dog.Dr. Fahrettin ATAR, Gozde
KIYAGAN

VARIATION IN SEED MORPHOLOGICAL TRAITS AMONG TAURUS FIR (Abies
cilicica) POPULATIONS

Dr.Serap SAHIN YiGIT, Ars.Gor. Fatih

YASAM FORMU SPEKTRUMU VE FONKSIYONEL GZELLIKLERIN

15:00 15:15 2.5 Prof.Dr. Mehmet Al KIRPIK iKLIM BOZULMASININ YERALTI SULARINA ETKiSi . ENTEGRASYONU ILE SULAK ALAN BOZULMASININ DEGERLENDIRILMESi:
YAYLA, Prof. Dr. Muhittin DOGAN M n
GAZIANTEP GOLETLERi ORNEGI
0Buz Kaan Gilldag, Ali Kandemir,
Dr.Ogrt.U Mert Elverici, Dr. Ogrt.0 Oir.Gor.Asli Elif KULOGLU,
Fatih Dikmen, Dr. Ogrt. U Halil ibrahim | DOGU ANADOLU SCROPHULARIA TAKSONLARINDA POLINATOR Dog.Dr. Ersin AKGOLLU, Dilan KUSGi,
15:15 15:30 3.5UN " ; ' KIRSALDA ATIK ILAG BILINCI OLUSTURMA VE KAYNAGINDA TOPLAMA
Tiirkoglu, Sifanur Ugurlu, Isi Golak, KOMPOZISYONU SIKI TAKSONOMIK FiLTRELEMEYE iSARET ETMEKTEDIR [ Nesih ARSLAN, Giilbahar AKKURT,
Dog.Dr.Samed Simsek, Prof.Dr. Kemal Emrullah ERTEN
Volkan Ozdokur, Dog.Dr. Hiiseyin Aksit
1530 1600 PRV i AZiZOGLU, rof.Dr Erhan 'AI-BASED DEFORESTATION DETECTION iN FOREST ECOSYSTEMS: A Dr. Sultan TURKOGLU, Prof. Dr.Remziye | TARIMSAL ATIKLARIN SURDURULEBILIR KULLANIMI VE DEGERLENDIRME
i : CALISKAN METHODOLOGICAL APPROACH Aysun KEPEKGI POTANSIVELI
16:15 16:45  [SEMPOZYUM KAPANI$S TORENI (Omer Asim Aksoy Toplanti Salonu)
19:00 22:00 [GALA YEMEGI (UCRETSIz) — Diililkbaba Tabiat Parki (Biyolojik Goleti)

GUN 4 — 16 MAVIS 2026 CUMARTESi | Rumkale Tarihi Alan Gezi

18:00

GEZi PROGRAMI — Rumkale Tarihi Alan Gezisi (Gaziantep Kiiltiir Turu: Panorama Miizesi, Zeugma, Hayvanat Bahgesi, Botanik Bahgesi)




GAZIANTEP UNIVERSITESI
12. ULUSLARARASI EKOLOJi SEMPOZYUMU
"Biyogesitlilik ve Strdurilebilir Cevre"
13-16 Mayis 2026 | Mavera Kongre ve Sanat Merkezi, Gaziantep Universitesi
KONGRE PROGRAMI ONLINE

ZOOM ID:269 738 6033
SIFRE: Ases27

BASLANGIC _BITIS ETKINLISKUINLLTIJRUM

N 3 — 15 MAYIS 2026 CUMA

4 s02L0 SUNUM "
oruRumui = SALON 1 —— MODERATOR: Ogr. Gor. Zeynep ASUTAY

ANALYTICAL ASSESSMENT OF MICROMY CETE FUNGAL
10:00 : 1.5UNU Balakhanova Gumru Vasif COLONIZATION AND ITS ECOLOGICAL IMPACT ON CONSTRUCTION
MATERIALS IN RESIDENTIAL BUILDINGS OF BAKU CITY

10:15 Ogr. Gor. Zeynep ASUTAY Gezginci Anciligin Koloni Stresi ve Hastalik Duyarlihgina Etkisi
~ |ADIYAMAN ILINDE TUBBI ATIK YONETIMINDE DUITAL
10:30 Defiie SULHAN, Prof. Dr. Yavuz DEMIRCI  |IZLENEBILIRLIK SISTEMLERININ OPERASYONEL DAYANIKLILIK VE
VERIMLILIK UZERINDEKI ETKILERI (2020-2025)
) IKLIM DEGISIKLIGI VE GOG ILISKISININ ISTIHDAM UZERINE ETKISI:
o G LN OECD ULKELERI ICIN AMPIRIK BIR ANALIZ (1974-2023)

Tarm Bitki Tesvik Eden
(PGPB) Rolii ve Etki Mekanizmalari

Dr.H.Niliifer Yildiz

SALON 4 ——MODERATOR: Dr.Semiha YUCEER
INVESTIGATION OF HEAVY METAL ACCUMULATION IN

—— SALON 3 —— MODERATOR:Prof. Dr. Sibel GURBUZOGLU YALMANCI

Ars.Gor. Ummiihan KASIKCI SIMSEK, Stirgralebilic Geves ve Biyogesitilik: Kurakik S tresinde Fusarum oxysporum! ';"sf’s?;,’zyf‘g‘: Bl m/:ﬁ:fb)::?)\‘;gi{:i;ﬁfo. Onur |SAMBUCUS EBULUS L. AND THE CORRELATION BETWEEN SOIL
Prof.DrMurat DIKILITAS, Prof.Dr.Canan CAN | f:sp. ciceris Irklarmin Enzimatik Adaptasyonu ESEN Aot Dot D fdeleh R : AND PLANT: A CASE STUDY OF KARTEPE AND KORFEZ, KOCAELI,
. Assist.Prof.Dr. Adeleh Rashidi Fereen
Sehribanur MARANGOZ, Dr.Ogr.Uyesi.Feyza | piv o1k STRES KOSULLARINDA BITKILERIN FIZYOLOJIK VE r;i"_t;‘?;,;g‘g:g;‘:]‘l‘;“ kk‘xE;oi\ﬁ:u&;:;/\:::z?;rkéfD| Onur |INVESTIGATION OF PHYTOREMEDIATION AND BIOMONITORING
= e POTENTIAL OF CNICUS BENEDICTUS L

Nur KAFADAR, Ali Mi 3 i T
Prof.Dr.Canan CAN EIORI A T ESEN, Assist.Prof.Dr.Adeleh Rashidi

APADAR, Al Micih GONES, | KLIM DECISIKLIGI CERCEVESINDE SORDURULEBILIR TARIMDA | b i viicEER FTMENINE KARST SURDURCLEBILIR VE CEVREDOSTU
Prof.Dr.Canan CAN [EORETEL VN ILAGTINTL AR VIS A% RO IS LB MUCADELEDEKI ETKINLIGININ DEGERLENDIRILMESI

Prof.Dr. Sibel GURBUZOGLU YALMANCI,

z')":F OGRENCILERININ BIYOGESITL Sabina JAFARZADEH, Bahar MAMMADOVA, Dog. Dr. BIODIVERSITY CONSERVATION: INTEGRATING IN SITU AND EX
Gizem BOZKURT

Yﬁﬁl\i"""mukmm B2 DE("SKENLER AuSINDAN Elman ISKENDER SITU STRATEGIES FOR ECOLOGICAL SUSTAINABILITY

iNC

SALON 5 MODERATOR: Dog. Dr. Seyda FiKiRDESICi ERGEN SALON 6 =——MODERATOR:Prof.Dr.Can DEMIREL

. " DIKILITAS GOLETi SEDIMENTINDE METAL(LOID) VE -- & . " TARIMSAL ATIKLARIN SURDURULEBILIR KULLANIMI VE
10:00 : 3 Dog. Dr. Seyda FIKIRDESICI ERGEN MIKROPLASTIKLERIN BIRLESIK KIRLILIGI Dr.Sultan TURKOGLU, Prof.Dr.Remziye Aysun KEPEKCI DEGERI ENDIRME POTANSIVELL

BIREYLERIN KARBON VE EKOLOJIK AYAK 1ZI FARKINDALIKLARININ
10:15 : b Beyza ERTEK DEGER-INANG-NORM KURAMI CERGEVESINDE INCELENMESI: NITEL |Prof.Dr.Can DEMIREL, Amal ALNABHAN Nano ve Mikroplastiklerin Hiicresel Etkilesimleri ve Toksikolojik Etkileri
BIR ARASTIRMA
& ¥ - 5 ORMAN YANGINI SONRASI YOZEY ORTUSUNUN TRANSECT TABANLI - : .

T . ) E G ‘{iﬂ,\gg\mocom_u DrOgrOyesi. | xR ARTERIZASYONU: YANMA SIDDET], ORGANIK ORTO KORUNUMU (?r. Em\Mn UK_‘{;‘ILAHANLL Dr. Ort. U Askin TEKIN, Prof.Dr. ;\Gr'fgf\l(\s'-l ;VARMING AND RIVER ECOSYSTEMS: A BIBLIOMETRIC
rgun VE YESILLENME GOSTERGELERI engiz

Draba bruniifolia subsp. olympica (Sibth. ex DC.) Coode & Cullen IKLIM DEGISIKLIGI ILE MUCADELEDE KENTSEL
Ars.Gor.Betillnur OZEL, Dog.Dr.Betiil AKIN  [TOHUMLARINDA FARKLI SICAKLIK VE ORTAM KOSULLARININ Ogr.Gior.Dr. Hatice AY, Elif Nisa ERCAN, Fatma YILMAZ BIYOGESITLILIGIN KORUNMASININ ONEMi: YESIL KORIDOR
CIMLENME VE FIDE GELISiMi UZERINE ETKILER] YAKLASIMI UZERINDEN BiR ARASTIRMA

SALON 7 =——MODERATOR: Dog.Dr. Aysel ALKAN UCKUN = SALON 8 =™ —MODERATOR: Dr.Ebru OZCAN
o EVALUATION OF CAMERA TRAP-BASED POPULATION ESTIMATION an Biyolog AGACLANDIRMA SAHALARININ IZLENMESI VE ORMANLASTIRMA
R0 g g [t AN APPROACHES FOR WILDLIFE RESEARCH IN TURKIYE [t ity Sl LTS BASARISININ ANALIZI

CANAKKALE [LI ORMAN EKOSISTEMLERININ EUNIS HABITAT

10:15 Dog.Dr. Aysel ALKAN UCKUN Su Antiminda Yesil Kimyasal Yontemler Dr.Ebru OZCAN, Uzman Biyolog Saadet ISLEK SINTFLANDIRMASINA DAYALI ANALIZI

Mirac YAMAN, Prof. Dr. Murat DIKILITAS, Prof. Dr. Ayse | NADIR KULTURLERDE MIiKROBIYAL KONTAMINASYONUN

10:30 Dr.Ogr.Uyesi. Seyma AKKURT ELEKTRONIK ATIKLARIN SURDURULEBILIR GERI KAZANIMI ot BT TN ORI STOR /AT A TS

Ender SENER, Prof.Dr.Murat DIKILITAS, Dog. Dr.Sema COLLOIDAL SILVER: AN ABIOTIC NANOTECHNOLOGICAL
Assist.Prof.Dr. Pinar GURBUZER T o S ULATION [KARAKAS, Prof Dr. Abdurrahim KOGYIGIT, ELICITOR IMPROVING SUNFLOWER PLANTS UNDER DROUGHT and
- Prof.Dr.Sahabettin SELEK HIGH TEMPERATURE

SALON 9 MODERATOR: Dog.Dr.Cevher ilhan CEVHERI —— SALON 10 ——MODERATOR: Dr.Ogr.Uyesi.Fatma NALBANT

Yekta Nur KIRMIZI, Dog.Dr.Cevher ilhan PAMUKTA (GOSSYPIUM HIRSUTUM L.) FARKLI DEPOLAMA _ Tiirkiye’de gogmen kuslarin gog dinamikleri, rotalar ve ekolojik onemi: i
10:00 : 3 ; f » 4 r Dr. Ogr. Uyesi Zehra TOZLU E E . 4
CEVHERI KOSULLARININ LiF KALITESI UZERINE ETKiSi Anadolu sulak alanlar iizerine bir degerlendirme

Ahmet Civan YAZMACL Doc.Dr.Cevher ithan | PAMUK BITKISINDE (GOSSYPIUM HIRSUTUM L) FARKLI L L
10:15 : b [ AbRESRE MIKROBIYAL GUBRE UYGULAMALARININ BAZI VERIM VE VERIM Gikge KUSMUS, Dr. Or.Uyesi Ozlem COLAK
PARAMETRELERINE ETKISI

THE EU EMISSIONS TRADING SYSTEM EXPOSURE AND AIRLINE
DECARBONISATION STRATEGIES IN TURKIYE

Yapay Konukgu Olarak Gin Mese ve Eri Ipekbocegi
Dog.Dr.Cevher lhan CEVHERT REJENERATIF PAMUK TARIMINDA BIYOCESITLILIGIN ONEMI Leyla KILCI Yumurtalarinda Trichogramma Tilrlerinin Gelisim Farkliliklan Uzerine

10:30
Karsilastirmal Bir Degerlendirme
ot SIVAS BELEDIYESI CALISANLARININ EKOLOJIK AYAK IZ1 __ 55e. G KENTLERDE YESIL VE DUITAL DONUSUMON ETKILESIMi:
10:45 Esin YILDIRIM, Prof.Dr.Biilent UNVER R Ta t Dr.Or.UyesiFatma NALBANT, Ogr.Gor.Dr. Hatice AY OO P R NN AT R
Dog.Dr. Cevher ilhan CEVHERT REJENERATIF PAMUK TARIMINDA EKIM NOBETININ ONEMi

# 56200 sUNUM
orvrumu7 = SALON 11 ——MODERAT

SALON 12 MODERATOR:Dog. Dr. Ortag ONMUS

Ortag ONMUS, Arzu GURSOY ERGEN, Melis OZERBIL,

. R . § . Muhammet ERTEM, Aysenur AKGUN, Nilsu KACAROGLU,  |CONSERVATION OF THE GREATER FLAMINGO (Phoenicopterus roseus)

Sadagot Musayev :,\I‘;’:‘\,‘}_‘k’ﬁ‘[’i“"}""{” KURAMSAL YAKLASIMLAR VE GUNCEL Bulut OKUMUSOGLU, Giktug SONMEZ, Mercan Leon IN THE GEDIZ DELTA: POPULATION TRENDS, FEEDING ECOLOGY,
ONMUS, Amaud BECHET, Antoine ARNAUD, Christophe |ECOSYSTEM SERVICES, AND DISPERSAL DYNAMICS

GERMAIN, Mehmet SIKI, Ozge BALKIZ

Dr. Ogr. Uyesi.Ergiin KAHVECi

10:00

e Vusuf Sirac DURAK. Doc. Dr. Fsra BAYAR |HOW DOES SEASONAL CHANGE AFFECT THE ECOPHYSIOLOGY OF Muhammet Ertem, Ortag Onmus, Arzu Giirsoy Ergen, Aysenur | CHANGES IN THE WHITE STORK (CICONIA CICONIA) POPULATION
usut Sirag » 100g. Lr. Tsra FOUR MEDITERRANEAN TREE SPECIES? Akgiin, Murat Ataol, Umit Bolat IN TURKIYE OVER THE LAST 10 YEARS (2014-2024)
10:30 ILKNUR TEPE, Dr.Ogr.Uyesi. BURCU Cadilik, Sifacilik ve Ekofeminizm: Anadolu'da Kadin-Doga Baginin Tarihsel ve  |Goktug Sonmez, Muhammet Ertem, Melis Ozerbil, Dog. Dr. TURKIYE'DE SURDURULEBILIR AVCILIK: KORUNAN
GUDUCU Kuramsal Bir ncelemesi Ortag Onmus MEVCUT SORUNLAR UZERINE BiR DEGERLENDIRME
SAF VE KARISIK DOGAL KARACAM (Pinus nigra subsp. pallasiana) S . P " .
.  &%e. Uvesi Ero i~ 3 3 3 5 5 5 Tiirkiye'nin Batisindaki Bombina variegata Popiilasyonunun Genetik
10:45 H 3 Dr. Ogr. Uyesi.Ergiin KAHVECI MESCERELERINDE TOPRAK USTU BILESENLERE GORE BIYOKUTLE VE |Burak Can ERDAG, Oleksiy YANCHUKOV Cesitliligi (Edime, Enez) (POSTER SUNUMU)

KARBON DAGILIMI

TOPRAK ALTINDA YASAMAYA UYUM SAGLAMIS BiR TUR OLAN

Evren DENIZ TURAN ERKEN COCUKLUKTA SURDURULEBILIR BIR CEVRE ICIN EKOLOJIK  |Candan YAYLA TOPCU , Alexcy YANCHUKOV, Faruk Nannospalax xanthodon’DA TUKURUK BEZLERININ MORFOOLOJIK VE
SANAT COLAK HISTOLOJIK OLARAK INCELENMESI UZERINE ILK GOZLEMLER
(POSTER SUNUMU)

ecology2026.gantep.edu.tr | Gaziantep Universitesi Fen-Edebiyat Fakiiltesi Biyoloji Blimii
© 2026 Gaziantep Universitesi — 12. Uluslararasi Ekoloji Sempozyumu (EKOLOJi 2026) — Program Taslak
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4 A 026 PER B
PO RO R 00 00
POSTER NO BILDIRI BASLiGI YAZARLAR
P1 Centaurea (; Cinsi Cheirolepis Meyve Dog. Dr.Burcu Yilmaz Citak
P2 CIPROFLOXACININ ARPA VE BUGDAY'DA ANTIOKSIDAN KAPASITE VE FENOLIK iGERIK UZERINE ETKILERI Nisa DEMIR, Tugce VAROL, Dr.Ogr.Uyesi.Miijgan ELVEREN, Prof.Dr. Etem OSMA
SURDURULEBILIR TASARIM KRITERLER| BAGLAMINDA YESIL MIMARI: ENERJi ETKIN YAPI URETIM -
P3 YAKLASIMLARININ MIMARI OLGEKTE DERLENMESI Cigdem TOPLAR KORKMAZ, Ebru Bozlar, Banu GOKGEK
P4 The Effect of Funneliformis mosseae, Trichoderma virens, and Nigella sativa L. Waste Applications on Plant Yemliha GIRKIN, Sezgin ARDA, Dr. Ogr. Uyesi Hasret GUNES, Dr. Ogr. Uyesi Muzaffer KIRPIK, Dr. Ogr.
Growth and P ¢! in Broccoli Under Conditions Uyesi Ceren Ayse BAYRAM, Prof. Dr. Gokhan BU YUK
P5 Bitki Doku Kaltard Y ik ve Tanmsal L Abdullah DEMIR, Prof.Dr.Canan CAN
P6 EKSTREM ORTAMLARDA EVRIMSEL EKOLOJi BAGLAMINDA UYUM SUREGLERI VE DAYANIKLILIK MEKANIZMALARI |Evra YILMAZ, Abuzer GELEK Li
p7 INTEGRATING FUZZY LOGIC AND BIOLOGICAL CONDITION GRADIENT (BCG) FOR ECOLOGICAL WATER QUALITY Ozgiir Eren ZARIG, Omer LEKESZ, Abuzer GELEK L
ASSESSMENT
BIYOLOJIK KONTROL MEKANIZMALARI NIN GUNEL EKOLOJIK VE TARIMSAL SORUNLAR GERGEVESINDE i i
P8 DEGERLENDIRMES Ibrahim Ethem BULUT, Derya ISLER CEYHAN
Catalpa bignonioides'in FITOKIMYASAL ZENGINLIGI VE BIYOLOJIK AKTIVITE POTANSIYELININ L P )
P9 DEGERLENDIRMESi Ibrahim EyiP ERBIL, Dilek BU YUKBESE YAYLA, Fatih YAYLA
P10 ROLE OF AQUATIC MACROPHYTES IN WETLAND SUSTAINABILITY AND CARBON SEQUESTRATION Beyza Yildinm, Muhittin Dogan
P11 KURESEL ISINMA iLE TURKIYE TOPRAKLARI NEM REJiMi iLiSKisi Esranur BODUR, Prof.Dr.Erdihan TUNC
P12 ATIK SU ARITIMINDA YESIL SENTEZLENMiS NANOPARTIKULLER Salih Can CAKIR, Prof.Dr.Remziye Aysun KEPE KC
P13 MAHLEP (PRUNUS MAHALEB L.) BITKISININ ETNOBOTANIK VE EKOLOJIK ONEMi Rabia CEYLAN, Prof.Dr.Nazim SEKEROGLU
P14 GAZIANTEP iLi BOYA BITKILERI: TURKIYE FLORASIYLA KARSILASTIRMALI SISTEMATIK BIR DEGERLENDIRME Rabia CEYLAN, Ceyda IYIMUTAF, Seyda YILMAZ, Fatih Yayla
POSTER NO BILDIRi BASUGI YAZARLAR
P15 Kentsel-Kirsal Gegis Zonunda Yer Alan Bir Birey Asio otus'un (Kulakli Orman Baykusu) Kis Donemi Pelet Analizi |Ars.Gor.Kadir ULUSOY
PESTISITSIZ KOSULLARDA BAG FIDANLARINDA Theretra alecto'NUN BELIRLENMESi VE AGROEKOSSTM - — .
P16 BIYOGESITLILIGI ACISINDAN DEGERLENDIRILMES] Ibrahim Halil DEMIR, Mustafa ACIKGOZ, Mahmut Murat ASLAN, Elif NURHAK
EKOLOJIK SANAT TEMELLI DENEYM ELERIN MIMARLIK OGRENCILERINDE EKOLOJIK DUSUNCEYE ETKISi: T . -
P17 BIYOMIMIKR] ODAKLI BIR YAKLASIM Sibel GUKADAR, Gigdem TOPLAR KORKMAZ, Aysegiil ERDOGAN, Ebru BOZLAR
P18 Diinya Genelinde Sarimsakta (Allium sativum L.) Stemphylium Tirlerinin DNA Barkodlama ile Molekiler Biisra ORBAY, Melike AGDAG, Olcay DEDECAN, Prof.Dr.Canan CAN
P19 MIKROPLASTIK KIRLILIGININ EPIGENETIK ETKILERi VE BIYOREMEDYAS YON Asude DURMAZ, Prof.Dr.Filiz OZBAS GERGEKER
P20 Akdeniz Elementi Bazi Lamiaceae Taksonlarinda Ekolojik Faktorlere Bagli Fitokimyasal Varyasyon Farklliklari Nisa Buket KARA, Mustafa PEHLIVAN
P21 EKOLOJIK FAKTORLERIN HAYVAN DNA YAPISI UZERINE ETKILERI GUil AYHAN, Adile AKPINAR
P22 BITKILEBDE DUSUK VE YUKSEK SICAKLIK STRESSININ FIZYOLOJIK ETKILERI VE BIYOKMYASAL SAVUNMA Bahar Gokce TUNCER, Gillsim CEVAHIR, Dr.Ogr. Uyesi.Feyza Nur KAFADAR
MEKANIZMALARI
P23 YAPAY ZEKA VE BIYOLOJI iLiSKiSi: GUNEL YAKLASIMLA AR VE GELECEK PERSPEKTIFLERI Melike Aycan TABUR, Dog. Dr. Tirkan GURER
P24 Gaziantep li Cay Bitkileri: Etnobotanik Kayitlara ve Tiirkiye Geneli K: Dayali Bir Deg Elif KIZILELI, Nisa Buket KARA, Ebru BOZLAR, Fatih YAYLA
P25 RUBUS SPP. TURLERININ TIBBi KULLANIMLARI VE EKOLOJIK ONEMi Ceyda [YIMUTAF, Prof.Dr.Nazim SEKEROGLU
P26 TURLER ARASI REKABET SILAHI OLARAK ALLELOKIMYASALLAR Elif KIZILELI, Mustafa PEHLIVAN
P27 Tiirkiye'nin Batisindaki Bombina variegata Popiilasyonunun Genetik Cesitligi (Edirne, Enez) Burak Can ERDAG, Dr.Ogr.Uyesi.Oleksiy YANCHUKOV'
P40 SURDURULEBILIR TARIM VE TARIMDA ENERJi KULLANIMI Prof. Dr. Osman GOKDOGAN
A 026 A
PO RO R 0:00 00
POSTER NO BILDIRI BASUGI YAZARLAR
P28 CAFFEIN ETKEN MADDESININ ARPA BITKISININ ANTIOKSIDAN KAPASITESI UZERINE ETKiSi Nisa DEMIR, Tugce VAROL, Dr.0gr.Uyesi. Miljgan ELVEREN, Prof.Dr.Etem OSMA
P Dog. Dr. Emel Diraz Yildinm, Dr. Ogr. Uyesi Ozlem Giiven, Prof. Dr. Serhan Urus, Erdem AKGUL,
P29 KAHRAMANMARAS SUTCU IMAM UNIVERSITESI FEN FAKULTES| SURDURULEBILIRLIK ETKINLIKLERI Zahide TURAN, Sinem TEKIN OKUMUS
P30 STRESE UYUM STRATEJILERI: GENEL ADAPTASYON SENDROMU Serhat DEMIREL, Demet DOGAN
P31 Sarimsakta SU ilir Gelecek: jik Y ve L Melike AGDAG, Biisra ORBAY, Olcay DEDECAN, Prof.Dr.Canan CAN
P32 BURKINA FASO ULKESINDE YETISEN TIBBI BITKILER KONATE, Mehmet OZASLAN
P33 ONARICI TARIMDA MIKORIZAL SIMBIYOZUN ONEMI Lobaba KHOJA, Dr.Ogr.Uyesi.Berna Bas
P34 TEKSTIL ENDSTIRISINDE EKOLOJIK DONUSUM: BiYO-MORDANLARIN KULLANIIMI VE SURDURULEBILIRLIGI Akin YAVUZ, Ars.Gor.Naime KAPLAN, Dr.Ogr.Uyesi.Dilek BU YUKBESE YAYLA, Ars.Gor.Fatih YAYLA
TARIMSAL EKOSSTLEMLERDE KURAKLIK STRESSININ BITKISEL HORMONLAR VE SAVUNMA YANITLARI Lo
P35 UZERINDEK] ETKILERi Zehra Azra KILIC, Dr.Ogr.Uyesi.Feyza Nur KAFADAR
P36 TURKIYE'NIN JEOMORFOLOJIK GEREGI KAF VE DAF Kiibra Nur KALAY, Prof.Dr.Erdihan TUNG
P37 BIYOPLASTIKLER Buisra KAYA, Prof.Dr.Remziye Aysun KEPE KC
P38 MAVi DUNYADA TEHLIKE GANLARI: iKLIM DEGISKLIGININ AKUATIK ORTAMLARA YANSIMALARI ibrahim Turgay CAN, Demet DOGAN
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Mehmet Tolga KAPLAN
Adile AKPINAR
Balakhanova Gumru
Vasif

Murat TAK
Ahmet Zafer TEL
Musa GURBUZ
Can DEMIREL
Amal ALNABHAN
Defne SULHAN
Yavuz DEMIRCi

Fadime KARABULUT

Fadime KARABULUT

Zafer YILDIZ
Nuri Kaan OZKAZANG
Zeynep ASUTAY
Zeynep ASUTAY
Hakan iNCi

Deyana ABBAS
Selguk ARSLAN
Canan CAN
Hiiseyin BOZKURT
Ertan Karahanh
Askin TEKIN
Cengiz MUTLU
Esin YILDIRIM
Biilent UNVER
Ahmet Civan YAZMACI
Cevher ilhan CEVHERI

Yekta Nur KIRMIZI
Cevher ilhan CEVHERI
Salih MALKOCOGLU
Ergiin KAHVECI

Ergiin KAHVECi
Salih MALKOCOGLU
Mirac YAMAN
Murat DiKiLiTAS
Ayse Yildiz PAKYUREK
Aynur DEMIR
Onur ALTINBASAK
Betiil BUYUKKILIG
ALTINBASAK
Adeleh RASHIDI
Aynur DEMIR
Onur ALTINBASAK
Betiil BUYUKKILIC
ALTINBASAK
Onur ESEN
Adeleh RASHIDI

Ekrem ASLAN

AKREPLERIN HABITAT TERCIHLERI

ANALYTICAL ASSESSMENT OF MICROMYCETE FUNGAL COLONIZATION
AND ITS ECOLOGICAL IMPACT ON CONSTRUCTION MATERIALS IN
RESIDENTIAL BUILDINGS OF BAKU CITY
CAT BARAJI (CELIKHAN) YUZEN ADALARININ SON 25 YILLIK DEGiSiMi
VE VEJETASYON FLORASI

Nano ve Mikroplastiklerin Hiicresel Etkilesimleri ve Toksikolojik Etkileri

ADIYAMAN iLiNDE TIBBi ATIK YONETiMiNDE DiJIiTAL iZLENEBILIRLIiK
SISTEMLERiINiIN OPERASYONEL DAYANIKLILIK VE VERIMLILIK
UZERINDEKI ETKILERi (2020-2025)

The Investigation of Biochemical Responses and Lipid Metabolism in
Soybeans Under Varying Concentrations of NAA and SA Plant Growth
Hormones
Climate-Driven Physiological Adaptations in Plants: Molecular and
Functional
Perspectives
Determination of habitat use preferences of red deer in Kiitahya
Tirkmenbaba Wildlife Development Area
Bal Anisi Yetistiriciliginde Ekolojik Ayak izi ve Siirdiiriilebilirlik iliskisi
Gezginci Ariciligin Koloni Stresi ve Hastalik Duyarliligina Etkisi

PSODO-TAHILLAR VE ENZiM KULLANIMININ GLUTEN AZALTILMIS
GOFRET URETIMINDE SURDURULEBILIRLIK VE KALITE UZERINE ETKILERI

Global Warming and River Ecosystems: A Bibliometric Analysis

SiVAS BELEDIYESi CALISANLARININ EKOLOJIK AYAK iZi
FARKINDALIKLARI
PAMUK BiTKiSINDE (GOSSYPiUM HiRSUTUM L.) FARKLI MiKROBiYAL
GUBRE UYGULAMALARININ BAZI VERIM VE VERiIM PARAMETRELERINE
ETKISi
Pamukta (Gossypium Hirsutum L.) Farkli Depolama Kosullarinin Lif
Kalitesi Uzerine Etkisi
Orman Yangini Sonrasi Yiizey Ortiisiiniin Transect Tabanli
Karakterizasyonu: Yanma Siddeti, Organik Ortii Korunumu ve
Yesillenme Gostergeleri
Saf ve Karisik Dogal Karagam (Pinus nigra subsp. pallasiana)
Mescerelerinde Biyokiitle ve Karbon Dagilimi
Nadir Kiiltiirlerde Mikrobiyal Kontaminasyonun Ekonomik Yollarla
Onlenmesi

Investigation of Phytoremediation and Biomonitoring Potential of
Cnicus benedictus L.

Investigation of Heavy Metal Accumulation in Sambucus ebulus L. and
The Correlation Between Soil and Plant: A Case Study of Kartepe and
Korfez, Kocaeli, Turkiye

Orman Alt Bolgelerinde Toprak Ve Vejetasyon Ozelliklerinin Nematod
Biyogesitliligi Uzerine Etkileri
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ibrahim Halil

ELEKCIOGLU
Anil AZiZOGLU
Erhan CALISKAN
Ruhi OZDEMIR
Necla KORALAY

Beyza ERTEK

Saadet iSLEK

Elif KIZILDELI
Mustafa PEHLIVAN
Nisa Buket KARA
Mustafa PEHLIVAN
Rabia CEYLAN
Nazim SEKEROGLU
Banu GOKGEK
Fatih YAYLA
Ebru BOZLAR
Banu GOKCEK
Fatih YAYLA
Ebru BOZLAR
Sena YAVRUOGLU
Aysen SUNBUL
Ebru OZCAN
Saadet iSLEK
Orhan ECEMI$
Riistem KOCAOZ
Sudenaz AYAZ
Serap TOPRAK DOSLU
Meryem Karagam
Goksal SEZEN,
Gigdem KUCUK
Fatih Duman
Sena YAVRUOGLU
Aysen SUNBUL
Can DEMIREL
Amina HANNAN
Mustafa AGIKGOZ
Mahmut Murat ASLAN

Evren DENiZ TURAN
Aysun GARGACI
KINAY1,

Cafer EKEN
Dudu DEMIR
Tuba GENG KESiMCi
Mesude Figen
DONMEZ YESILDAG
Emre SEVINDIiK
Yusuf DUSGUN
Metin SAFTAN
Dudu DEMIR
Selda KABAK
Cafer EKEN
Gulsiim UYSAL
Selda CALISKAN
Emre SEVINDIK
Osman GOKDOGAN

Al-BASED DEFORESTATION DETECTION IN FOREST ECOSYSTEMS:
A METHODOLOGICAL APPROACH
APPLICATIONS OF GEOGRAPHIC INFORMATION SYSTEMS AND REMOTE
SENSING IN WATERSHED MANAGEMENT

BiREYLERIN KARBON VE EKOLOJiIK AYAK iZi FARKINDALIKLARININ

DEGER-iINANC-NORM KURAMI CERCEVESINDE iNCELENMESi: NIiTEL BiR
ARASTIRMA
Agaclandirma Sahalarinin izlenmesi ve Ormanlastirma Basarisinin
Analizi
Tirler Arasi Rekabet Silahi Olarak Allelokimyasallar

Akdeniz Elementi Bazi Lamiaceae Taksonlarinda Ekolojik Faktérlere
Bagl Fitokimyasal Varyasyon
Mahlep (Prunus mahaleb L.) Bitkisinin
Etnobotanik Ve Ekolojik Onemi
GAZIANTEP BUYUKSEHIR BELEDIYESI'NE BAGLI REKREASYON
ALANLARININ MEKANSAL DAGILIMI VE SURDURULEBILIRLIK ANALizi

Gaziantep Biiyiiksehir Belediyesi Kent Orman Varliginin Ekosistem
Hizmetleri Agisindan Degerlendirilmesi

Bakiya Bagh Mikroklimatik Farkhliklarin Kizilgam (Pinus brutia Ten.)
Mescerelerinde Yapisal Stabilite Uzerine Etkisi
Canakkale ili Orman Ekosistemlerinin EUNIS Habitat Siniflandirmasina
Dayali Analizi
G7 Ulkelerinde Yenilenebilir Enerji Piyasasi istikrar Performansinin
SECA Yontemiyle incelenmesi
Algler ve Deniz Yosunlarinin Surdirilebilir Beslenmedeki Rolii:
Alternatif Protein Kaynagi Olarak Degerlendirilmesi
Cladophora sp. ve Microcystis sp.) alglerinin biyolojik giibre olarak,
Melissa officinalis L. bitkisinin gelisimi ve blyliimesi lizerine etkisi

Isik ve Rekabet Kogullarina Bagh Olarak Kizilgam (Pinus brutia Ten.)
Mescerelerinde Tepe Gelisiminin (LCR) Degerlendirilmesi
Nanoplastik ve Mikroplastiklerin Hiicre Organellerine Etkileri

Kahramanmaras, Gaziantep ve Adiyaman illerindeki Antep fistigi
Bahgelerinde Zararli Agonoscena pistaciae Burkhardt & Lauterer, 1989
(Hemiptera: Aphalaridae)’nin Dogal Diisman Faunasi: Biyogesitlilik ve

Surdirilebilir Cevre Agisindan Degerlendirilmesi
ERKEN COCUKLUKTA SURDURULEBILIR BiR CEVRE iCiN EKOLOJIK SANAT
YEREL GIDA MiRASI VE EKOLOJiK SORUMLULUK

DETERMINATION OF ENDOPHYTIC FUNGAL DIVERSITY IN DIFFERENT
ORGANS OF APPLE (MALUS DOMESTICA) CULTIVATED IN EGiRDIR
(ISPARTA)

DETERMINATION OF PROTEASE ENZYME ACTIVITIES OF NEMATODE-
TRAPPING FUNGI IMPORTANT FOR BIOLOGICAL CONTROL IN
SUSTAINABLE AGRICULTURE

SURDURULEBILIR TARIM VE TARIMDA ENERJi KULLANIMI
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Mehmet Emin
GOKDUMAN
Deniz YILMAZ
Burcu Yilmaz Citak
Evrim SONMEZ

Evrim SONMEZ

Aysenur COLAK
Semra CORUH
Talap TALAPOV
Melike AGDAG
Biisra ORBAY
Olcay DEDECAN,
Canan CAN
Abdullah DEMIR
Canan CAN
Biisra ORBAY
Melike AGDAG
Olcay DEDECAN
Canan CAN
Melike AGDAG
Biisra ORBAY
Olcay DEDECAN
Canan CAN
Dilek SAHIN1
Meryem 0z
Unal 6z
Seyma AKKURT
Sezgin ARDA
Yemliha CiRKIiN
Hasret GUNES
Ceren Tutku Dogan
Evra YILMAZ
Abuzer CELEKLI
Asude DURMAZ
Filiz 6ZBAS GERCEKER
Sallahoudinne KONATE
Mehmet OZASLAN
Cagri BALCI
Kader KUS
Sevgi SEVSAY
Serhat DEMIREL,
Demet DOGAN
ibrahim Turgay CAN
Demet DOGAN
Lobaba KHOJA
Berna Bas
Cafer MURAT
Mehmet Ali TABUR
Cagri BALCI
Kader KU$S
Sevgi SEVSAY
Ortag ONMUS
Arzu GURSOY ERGEN
Melis OZERBIL
Muhammet ERTEM
Aysenur AKGUN
Nilsu KACAROGLU
Bulut OKUMUSOGLU
Goktug SONMEZ

ENDUSTRIYEL KENEVIRDE HASAT MEKANiZASYONUNUN SiSTEM
TEMELLi DERLEMESi: KAYIP MEKANiZMALARI, ENERJi KULLANIMI VE
TASARIM KRIiTERLERI
Centaurea (Asteraceae) Cinsi Cheirolepis Seksiyonun Meyve Anatomisi
LAVANDULA ANGUSTIFOLIA iLE ANA METABOLITi LINALOOL'UN
TENEBRIO MOLITOR (COLEOPTERA: TENEBRIONIDAE)’DA MORTALITE
VE LARVAL DONEM GELiSiMi UZERINDEKi ETKILERIi
DEPOLANMIS URUN ZARARLISI BOCEKLERE KARSI LAVANTA UCUCU
YAGLARININ KULLANIM POTANSIYELI
BAKIR URETiM SURECLERINDE iKLiM DEGISiKLiGi ETKiSININ YASAM
DONGUSU DEGERLENDIRMESI
YABANi VE KULTURE ALINMIS TARIM EKOSISTEMLERINDE BiTKi-
PATOJEN ORTAK EVRIMINE EKOLOJIK BAKIS AGILARI

BiTKi DOKU KULTURU YAKLASIMLARININ BiYOTEKNOLOJIK VE
TARIMSAL UYGULAMALARI
Diinya Genelinde Sarimsakta (Allium sativum L.) Stemphylium
Tirlerinin DNA Barkodlama ile Molekiiler Tanimlanmasi

SARIMSAKTA SURDURULEBILIR GELECEK: AGROEKOLOJIK
YAKLASIMLAR VE UYGULAMALAR

AN ASSESSMENT OF THE INFLUENCE OF NATURAL ADSORBENTS ON
WATER PARAMETERS IN AQUACULTURE

ELEKTRONIK ATIKLARIN SURDURULEBILIR GERi KAZANIMI
Triple Interaction in the Rhizosphere: Effects of Arbuscular Mycorrhizal
Fungi (AMF), Nigella sativa L. Residues, and Trichoderma harzianum
Applications on the Growth of Curly Lettuce (Lactuca sativa L. var.
crispa)

EKSTREM ORTAMLARDA EVRIMSEL EKOLOJi BAGLAMINDA UYUM
SURECLERIi VE DAYANIKLILIK MEKANIZMALARI
MIKROPLASTIK KIRLILIGININ EPIGENETIK ETKILERI VE
BIYOREMEDIASYON
BURKINA FASO ULKESINDE YETi$EN TIBBI BITKILER

ERZINCAN iLINDEN TOPLANAN ERYTHRAEUS (ACARI: ERYTHRAEIDAE)
TURLERINiIN HABITAT TERCIHLERIi VE EKOLOJiK DEGERLENDIRMESi

STRESE UYUM STRATEJILERi: GENEL ADAPTASYON SENDROMU

MAVi DUNYADA TEHLIKE CANLARI: iKLiM DEGISiKLIGINiIN AKUATiK
ORTAMLARA YANSIMALARI
ONARICI TARIMDA MiKORIZAL SiMBiYOZUN ONEMi

Isparta Merkezinde Kaya Giivercinin (Columba livia Gmelin, 1789)
Biyolojisi
TURKIYE’DEN CURTERIA EPISCOPALIS (C. L. KOCH, 1837) (ACARI:
ERYTHRAEIDAE) TURUNUN iLK KAYDI

CONSERVATION OF THE GREATER FLAMINGO (Phoenicopterus roseus)
IN THE GEDIZ DELTA: POPULATION TRENDS, FEEDING ECOLOGY,
ECOSYSTEM SERVICES, AND DISPERSAL DYNAMICS
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Mercan Leon ONMUS
Arnaud BECHET
Antoine ARNAUD
Christophe GERMAIN
Mehmet SIKI
Ozge BALKIZ
Olcay DEDECAN
Biisra ORBAY
Melike AGDAG
Talap TALAPOV
Murat DIKILITAS
Canan CAN
H.Niliifer Yildiz

Mustafa DEMIR1,
Erdihan TUNC
Soren THIELE-BRUHN

Goktug SONMEZ
Muhammet ERTEM
Melis OZERBIL
Orta¢ ONMUS
ibrahim Ethem BULUT
Derya iSLER CEYHAN
Gul AYHAN
Adile AKPINAR
Ummiihan KASIKCI
SIMSEK
Murat DIKILITAS
Canan CAN
Sibel Glrbuizoglu
Yalmanci Gizem
BOZKURT
Serkan OZMEN
Selma TABUR

Yigit ANTEPLIOGLU
Mehmet Ali TABUR
Fahrettin ATAR
Gozde KIYAGAN
Songiil Seyda YILDIRIM
Serap TOPRAK DOSLU
Akin YAVUZ
Naime KAPLAN
Dilek BUYUKBESE
YAYLA
Fatih YAYLA
Tugce VAROL
Samed SiIMSEK
Miijgan ELVEREN
Etem OSMA

ibrahim Eyiip ERBIL
Dilek BUYUKBESE
YAYLA
Fatih YAYLA
Semiha YUCEER

Murat KUTUK
Ayca DEMIRCi
Miisliim SARIKAYA

Abiyotik Stres Faktorlerinin Bitki Patojeni Funguslarin
Epidemiyolojisine Etkileri

Tarim Ekosistemlerinin Restorasyonunda Bitki Bliylimesini Tesvik Eden
Bakterilerin (PGPB) Rolii ve Etki Mekanizmalari
KARISIK ANTEP FISTIGI (PiSTACIA VERA L.) VE ZEYTiN (OLEA EUROPAEA
L.) BAHCE TOPRAKLARINDA POTANSIYEL TOKSiK ELEMENTLERIN iNSAN
SAGLIGINA YONELiK KARSINOJENiK VE NON-KARSINOJENIK
RiSKLERiNiN DEGERLENDIRILMESI
TURKiYE’DE SURDURULEBILIR AVCILIK: KORUNAN TURLER VE MEVCUT
SORUNLAR UZERINE BiR DEGERLENDIRME

BiYOLOJiIK KONTROL MEKANiZMALARININ GUNCEL EKOLOJIK VE
TARIMSAL SORUNLAR CERGCEVESINDE YENIDEN DEGERLENDIRMESi
EKOLOJiIK FAKTORLERIN HAYVAN DNA YAPISI UZERINE ETKILERi

Surdiirilebilir Cevre ve Biyogesitlilik: Kuraklik Stresinde Fusarium
oxysporum f.sp. ciceris Irklarinin Enzimatik Adaptasyonu

LiSE OGRENCILERININ BiYOGESITLILIGE YONELIK
OKURYAZARLILIKLARININ BAZI DEGiSKENLER ACISINDAN iNCELENMESI

CESIDE 6ZGU KiNETiN DUYARLILIGI: KURAKLIK STRESi ALTINDA
BULBUL-89 VE BURAKBEY ARPA CESITLERINDE MORFOFiZYOLOJiK VE
BiYOKIMYASAL YANITLAR
ISPARTA MERKEZiNDE TEPELi TOYGAR (Galerida cristata)’IN BiYOLOJiSi

VARIATION IN SEED MORPHOLOGICAL TRAITS AMONG TAURUS FIR
(Abies cilicica) POPULATIONS
KURESEL ISINMA VE iKLiM DEGISiKLiGINiN iNSAN SAGLIGI VE
BESLENME UZERINE ETKiSi
TEKSTiL ENDUSTRiSINDE EKOLOJiIK DONUSUM: AGIR METAL
MORDANLARA ALTERNATIF OLARAK BiYO-MORDANLARIN KULLANIMI
VE SURDURULEBILIRLIGI

HABITAT VE ORGAN FARKLILIKLARININ HEDYSARUM
CANDIDiSSIMUM’UN ANTiOKSiDAN POTANSIYELi UZERINDEKi ETKiSi

Catalpa bignonioides’in FITOKIMYASAL ZENGINLiGi VE BiYOLOJIK
AKTIVITE
POTANSIYELiINiN DEGERLENDIRMESi

Trichoderma spp. UYGULAMALARININ FUSARIUM HASTALIK ETMENINE
KARSI SURDURULEBILIR VE CEVRE DOSTU MUCADELEDEKi
ETKiNLiGiNiN DEGERLENDIRILMESI
GAZIANTEP UNIVERSITESi KAMPUSUNDE KUS FANASININ
BELIRLENMESi
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Sehribanur
MARANGOZ, Feyza
Nur KAFADAR, Ali
Miicahit GUNES ,
Canan CAN
Sehribanur
MARANGOZ ,Feyza Nur
KAFADAR ,Ali Miicahit
GUNES, Canan CAN
Nisa DEMIR
Tugce VAROL
Miijgan ELVEREN
Etem OSMA
Sabina JAFARZADEH,
Bahar MAMMADOVA
Elman ISKENDER
Seyda FiKiRDESICi
ERGEN
Nisa DEMIR
Tugce VAROL
Miijgan ELVEREN Etem
OSMA
Selma TABUR
Serkan OZMEN
Betiilnur OZEL
Betiil AKIN

Aydin ATAKAN

Derya iSLER CEYHAN
ibrahim Ethem BULUT
Sultan TURKOGLU,
Remziye Aysun
KEPEKGi
Muhammet ERTEM
Orta¢ ONMUS
Arzu Giirsoy ERGEN,
Aysenur AKGUN
Murat ATAOL
Umit BOLAT
Bahar Gok¢e TUNCER,
Giilsiim CEVAHIR, Feyza
Nur KAFADAR
Zehra Azra KILIC, Feyza
Nur KAFADAR
Beyza Yildirhm
Mubhittin Dogan
Murat KUTUK
Ayca DEMIRCI
Misliim SARIKAYA
Miirsit Omiir KOYUNCU
Damla iNAL
Giil AYHAN
Vedat GORMEZ
Zeynep BOYRAZ
ibrahim Halil AKAR
Melike Aycan TABUR
Tiirkan GURER
Kiibra Nur KALAY
Erdihan TUNC
Esranur BODUR
Erdihan TUNC

BiYOTiK STRES KOSULLARINDA BITKILERIN FiZYOLOJiK VE
BiYOKIMYASAL SAVUNMA YANITLARI

PHYSIOLOGICAL AND BiOHEMICAL DEFENSE RESPONSES OF PLANTS
UNDER BiOTiC STRESS CONDITIONS

CAFFEIN ETKEN MADDESINiN ARPA BiTKiSiNiIN ANTIOKSIDAN
KAPASITESI UZERINE ETKISi

BIODIVERSITY CONSERVATION: INTEGRATING IN SITU AND EX SITU
STRATEGIES FOR ECOLOGICAL SUSTAINABILITY

DiKILITAS GOLETi SEDIMENTINDE METAL(LOID) VE
MiKROPLASTIKLERiN BiRLESiK KiRLIiLiGi
CiPROFLOXACININ ARPA (Hordeum vulgare L.) VE BUGDAY (Triticum
aestivum L.)’DA ANTIOKSIDAN KAPASITE VE FENOLIK iCERiK UZERINE
ETKILERI

TRIACONTANOLUN FARKLI ARPA GENOTiPLERINDE KURAKLIK STRESINE

KARSI ROLU: FiZYOLOJiK VE ENZIMATIK YANITLAR
Draba bruniifolia subsp. olympica (Sibth. ex DC.) Coode & Cullen
TOHUMLARINDA FARKLI SICAKLIK VE ORTAM KOSULLARININ
GCIMLENME VE FiDE GELiSiMi UZERINE ETKILERIi

RNA INTERFERENCE BASED CONTROL OF FUNGAL PLANT PATHOGENS:

AN ENVIRONMENTALLY SUSTAINABLE APPROACH
BiTKi-PATOJEN ETKILESIMLERINDE CEVRESEL TETIKLEYiCiLERIN BiTKi
SAVUNMASI UZERINDEKi ROLUROLLERI
TARIMSAL ATIKLARIN SURDURULEBILIR KULLANIMI VE
DEGERLENDIRME POTANSIYELi

CHANGES IN THE WHITE STORK (CICONIA CICONIA) POPULATION IN
TURKIYE OVER THE LAST 10 YEARS (2014-2024)

BiTKILERDE DUSUK VE YUKSEK SICAKLIK STRESININ FiZYOLOJIK
ETKILERi VE BiYOKIMYASAL SAVUNMA MEKANiIZMALARI

TARIMSAL EKOSISTEMLERDE KURAKLIK STRESINiIN BiTKiSEL
HORMONLAR VE SAVUNMA YANITLARI UZERINDEKi ETKILERI
ROLE OF AQUATIC MACROPHYTES IN WETLAND SUSTAINABILITY AND
CARBON SEQUESTRATION
GAZIANTEP UNIVERSITESi KAMPUSUNDE KUS FANASININ
BELIRLENMESI

GAZIANTEP UNiVERSITESi MERKEZ KAMPUS iCERiSINDEKi GUNDUZ
KELEBEKLERiNiN BELIRLENMESi

GAZIANTEP UNiVERSITESi MERKEZ KAMPUSUNDE REPTILIA
(SURUNGEN) FAUNASININ BELIRLENMESi

YAPAY ZEKA VE BiYOLOJi iLiSKiSi: GUNCEL YAKLASIMLAR VE GELECEK
PERSPEKTIFLERI
TURKIYE’NiN JEOMORFOLOJiIK GERCEGi KAF VE DAF

KURESEL ISINMA iLE TURKIYE TOPRAKLARI NEM REJiMi iLiSKiSi
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Asiye SECKIN
Adile AKPINAR
Fatma YILMAZ

Burak Can ERDAG
Oleksiy YANCHUKOV

Ezgi Yagmur SATIL,
Feyza Nur KAFADAR,
Ali Miicahit GUNES,

Canan CAN
Fatma OZMEN
Mehmet YARAN
Murat KUTUK
Omar KHESHKAR
Furkan PALA
Nurettin Furkan
DOGAN
Ali CELIK

Abdulsamet KOSEOGLU
Adile AKPINAR
Muhammed Fatih Yildiz
Samir Hasanov
Asiye Nur Yildirhm
Mehmet Mutlu Tas,
Abdulsamet Yoldas,
Mehmet Cagatay
Akbolat
Ferhat Yetig
Ahmet AKSOY
Ugurcan BARAN
Emel DIRAZ YILDIRIM
Emre YAZAR
Ferit KOCACINAR
sengiil KARAMAN
Sudem Sercan
Berna Bag
Hatice AY
Elif Nisa ERCAN
Fatma YILMAZ
Biisra KAYA
Remziye Aysun
KEPEKCi
Salih Can CAKIR
Remziye Aysun
KEPEKGi
Esra TASCI
Esra ATACAN DOGAN
Vedat GORMEZ
Murat KUTUK
Esra ATACAN DOGAN
Murat KUTUK

Demet YILMAZKAYA
GOGUS
Aycan TOSUNOGLU
Durmus OK,
Osman SEYYAR,
Mehmet YARAN
Oguz Kaan Giildag
Mert Elverici
Fatih Dikmen

iKLiM DEGISIKLIKLERININ OGRUMCEKLER UZERINE OLASI ETKILERI

Turkiye’nin Batisindaki Bombina variegata Popiilasyonunun Genetik
Cesitliligi
(Edirne, Enez)
iKLiM DEGiSiKLiGi CERCEVESINDE SURDURULEBILIR TARIMDA GUNCEL
YAKLASIMLAR VE BAZI TEKNOLOJIK GELISMELER

Lucanus cervus (LINNAEUS, 1758) (Geyik Bocegi) ALT TURLERININ
TURKIYE’DEKi YAYILISLARI VE EKOLOJIK ONEMI

SUSTAINABLE ALTERNATIVE TO CONVENTIONAL SYNTHETIC FIBER
REINFORCED COMPOSITES: MECHANICAL PERFORMANCE OF
JUTE/BASALT HYBRID COMPOSITES

EVALUATION OF CAMERA TRAP-BASED POPULATION ESTIMATION
APPROACHES FOR WILDLIFE RESEARCH IN TURKIYE
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Ozet

Akrep 450 milyon yildan daha fazla bir siire 6nce evrimlesmis antik canlilardir. Viicut yapilari
prosoma, mesosoma ve metasomadan olusur. Boyutlar1 yaklagik 130-220 mm arasinda degisen
eklem bacaklilardir. Genellikle nokturnal (gececil) canlilardir. Akrepler Antarktika ve Gronland
hari¢ diinyanin geri kalan tiim alanlarinda; yagmur ormanlarindan ¢dllere, deniz seviyesinden
yiiksek daglara kadar gesitli habitatlara uyum saglayabilmis ve ekolojik toleransi yiiksek
canlilardir. Farkli habitatlarin sunmus oldugu zorluklar karsisinda gosterdikleri uyumlar
sayesinde akreplerde farkli morfolojik yapilar ve farkli beslenme sekillerini ortaya koymustur.
Bulunduklari alanlar agisindan psammofilik (kumcul), litofilik (kayacil), paleofilik (balgik\kil
seven) ve kortikozol (kabukgul) akrepleridir. Beslenme farkliliklar1 agisindan bakildiginda ise
genellikle bulunduklar1 habitatlarda besin zincirinin iist siralarinda yer alan aver konumunda
eklembacaklilardir. Genellikle boceklerle ve bazi 6riimcek tiirleriyle beslenirler ama bazi biiyiik
akrep tilirleri kiiciik omurgalilardan fare ve kertenkele de tiiketebilir ve kanibalizm de
goriilebilir. Akrepler farkli habitat isteklerine bagl olarak farkli besin tercihleri olan zehirli
tiirleri de icermektedir ve zehir yapilari ile de dikkat ceken omurgasizlardir. Zehirli tiirlerden
elde edilen venomlar tibbi a¢idan gii¢lii bir ilag kaynagi olarak kabul edilmektedir. Modern tip
uygulamalarinda, kanser tedavilerinde ve daha ¢ok antivenom i¢in kullanilmaktadir.

Bu calisma ile akreplerin habitat secimlerinin ve c¢evresel sartlara karst gosterdikleri
adaptasyonlarin, canlinin morfolojik yapisi, fizyolojik farkliliklari ve venom igerikleri
tizerindeki etkisi giincel literatlir verileri derlenerek hazirlanmistir. Dolayisiyla ¢alisma,
ekolojik verilerin disiplinler arasi bir perspektifle degerlendirilmesini saglayarak; gelecekteki
sistematik taksonomi revizyonlar1 ve biyoaktif molekiil odakli venom arastirmalar1 igin
kapsamli bir teorik ¢ergeve ve yol gosterici bir rehber sunmay1 amaclamaktadir.

Anahtar kelimeler: Akrepler, ekoloji, habitat.
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Abstract

This study aims to evaluate the colonization of construction materials in residential buildings
of Baku City by micromycete fungi and its ecological impact on the urban ecosystem. Field and
laboratory investigations involved the collection of nearly 300 surface and air samples,
revealing higher colonization on gypsum, wallpaper, painted surfaces, and wood-based
materials such as MDF. Dominant micromycete species included Aspergillus spp., Penicillium
spp., Cladosporium spp., and Alternaria spp., while mycotoxin-producing Stachybotrys spp.
and Chaetomium spp. were observed in zones with severe water damage. Cultural analyses
indicated CFU/cm? values of 1.2 x 10°—4.8 x 10* on gypsum, 8.5 x 10>-3.1 x 10* on wood-
based materials, and 4.2 x 10>-1.7 x 10° on concrete and cement surfaces, with indoor air
samples ranging from 450-2200 CFU/m?. Statistical analyses demonstrated a strong positive
correlation between colonization and both humidity and water activity (r = 0.78-0.89, p <
0.001). Micromycete colonization contributes to the degradation of building materials,
deterioration of indoor air quality, and reduction of urban biodiversity. The study emphasizes
the importance of using sustainable construction materials, effective ventilation, moisture
control, and early monitoring in urban planning. Future research should further investigate the
long-term ecological effects of mycotoxins and the influence of climate change on colonization
processes, thereby enhancing the urban resilience and ecological profile of Baku.

Keywords: micromycete fungi, colonization, construction materials, humidity, mycotoxin,
indoor air quality, urban ecosystem, ecological profile

Introduction

Baku City, as the largest urban center in Azerbaijan, is also one of the major economic and
industrial hubs of the South Caucasus region. In recent decades, accelerated urbanization
processes and the construction of new residential complexes and infrastructure facilities have
caused significant changes in the city’s landscape and ecosystem structure. The intensification
of urbanization is not limited to socio-economic development but also leads to various
ecological problems in the urban environment. One such problem is the colonization of
construction materials in residential and public buildings by micromycete fungi.

Micromycete fungi (microscopic filamentous fungi) are capable of growing on a variety of
substrates and proliferate rapidly in humid and poorly ventilated environments. Colonization of
building materials by these organisms not only alters their physicochemical properties but also
significantly affects the sanitary-hygienic condition of indoor environments and human
health[1, p.175].
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In modern urban ecosystems, the spread of micromycetes is closely linked to urbanization.
Atmospheric pollution, changes in soil structure, increased anthropogenic waste, and altered
microclimatic conditions in cities facilitate active circulation of fungal spores. Micromycetes
are widespread heterotrophic organisms in soil, water, air, and various organic substrates and
play a crucial role in the decomposition of organic matter. However, their intensified activity in
urban environments can have negative consequences. In residential buildings, micromycete
colonization leads to biological corrosion of construction materials, weakening of material
structure, and deterioration of aesthetic qualities. This process, known as “biodegradation,”
reduces the durability and service life of construction materials.

The geographic and climatic characteristics of Baku create favorable conditions for the
development of micromycete fungi. Located on the Caspian Sea coast, the city experiences high
humidity levels during various periods of the year. High temperatures in summer combined
with increased relative humidity enhance condensation processes on building materials,
providing optimal conditions for spore germination. Studies indicate that relative humidity
levels of 70-90% accelerate the growth of Aspergillus, Penicillium, Alternaria, and
Cladosporium species. These species are the most commonly found microfungal groups in
residential buildings and can form extensive colonies on wall coverings, gypsum, wood
structures, and wallpaper[2, p.5].

The biological degradation of construction materials is primarily related to the presence of
organic components. For instance, gypsum, cellulose-based wallpapers, wood materials, and
certain polymer coatings serve as nutrient sources for micromycetes. Fungi colonize surfaces
and internal micropores of these materials, breaking down organic matter through enzymatic
activity. This results in decreased mechanical strength, surface discoloration, staining, and, in
some cases, complete material degradation. Even inorganic materials such as concrete and brick
can undergo chemical changes due to fungal metabolites. Organic acids and enzymes secreted
by fungi alter surface structure and accelerate microcorrosion processes.

Construction technology and building maintenance also play a significant role in the spread of
micromycetes in urban environments. Inadequate ventilation systems, poorly installed thermal
insulation, and water leaks increase humidity, creating favorable conditions for rapid fungal
growth. These processes are more intense in older buildings and improperly maintained
structures. Additionally, non-compliance with hygienic standards during the storage of
construction materials may allow spores to penetrate materials before use, resulting in fungal
colonies appearing shortly after a building is occupied.

The impact of micromycete colonization extends beyond building materials to human health.
Microscopic fungi release spores, mycotoxins, and microbial volatile organic compounds
(MVOCs), which deteriorate indoor air quality. Exposure to these substances can trigger
allergic reactions, bronchial asthma, dermatological issues, and respiratory diseases[3, p.18].
The risk is especially high for children, the elderly, and immunocompromised individuals.
Global studies indicate that inhabitants of humid, mold-infested buildings have a higher
probability of respiratory illnesses compared to other residential environments.

Ecologically, active micromycete colonization affects biological processes in urban
ecosystems. Fungi, as primary decomposers, play a key role in the breakdown of organic matter,
influencing nutrient cycling in soil and air. However, excessive proliferation in cities increases
airborne spore concentrations, leading to aerosol contamination and disrupting the
microbiological balance of urban ecosystems. Mycological studies conducted in Baku show
that species diversity of micromycetes in urban soils and construction materials exhibits a
structure different from natural ecosystems, shaped under anthropogenic influence.
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Recent research in urban ecology and building biology highlights that prevention of
micromycete colonization requires the use of sustainable construction materials, effective
ventilation systems, and humidity control. The application of antifungal-enriched materials and
implementation of ecological monitoring programs can mitigate this problem. Moreover,
microbiological monitoring in urban environments allows tracking of fungal spread dynamics
and timely identification of potential risks[4, p.7].

Thus, micromycete colonization of construction materials in Baku’s residential buildings
represents a significant scientific issue in terms of urban ecology, building biology, and public
health. Analytical assessment of this phenomenon, along with investigation of its causes and
mechanisms, is essential for developing sustainable construction strategies. Such research not
only protects building materials but also contributes to the ecological stability of urban
ecosystems and the safeguarding of human health.

Materials and Methods

The study aimed to determine the colonization of construction materials in residential buildings
of Baku City by micromycete fungi and to assess its impact on the city’s ecological profile.
Empirical field and laboratory investigations were conducted to achieve this objective. The
research was carried out in residential buildings located in districts of Baku with varying levels
of urbanization—namely, Nasimi, Narimanov, Yasamal, Khatai, Binagadi, and Surakhani.
Selection of sampling sites considered factors such as building age, type of construction
materials, indoor humidity conditions, ventilation system status, and presence of water leakage.
The study primarily included multi-story residential buildings constructed or extensively
renovated between 1990 and 2020, and field observations were performed across 120-150
buildings. From these buildings, approximately 300—350 samples were collected from interior
surfaces and construction materials, including both visually colonized areas and areas without
visible signs of fungal growth.

A variety of widely used construction and finishing materials were selected for analysis,
including gypsum-based materials (drywall and plasterboard), concrete and cement-based
surfaces, wood and timber materials (MDF, chipboard, and wooden panels), wallpaper and
cellulose-based coatings, paints and varnishes, plastic and polymer materials, thermal insulation
materials (mineral wool and polystyrene foam), and various flooring materials. These materials
were chosen due to their extensive use in the urban construction sector and their potential as
substrates for micromycete fungi, many of which retain moisture and contain organic
components.

Sample collection followed international microbiological and ecological standards, employing
several methods for gathering spores and hyphae from surfaces. The adhesive tape lift method
was used to collect microscopic structures from surfaces, which were then prepared for
microscopic analysis. Additionally, swab sampling with sterile cotton swabs was performed,
collecting samples from a 25 cm? area (5 x 5 cm) of each surface. Bulk samples material
fragments were taken from visibly damaged or colonized materials and placed into sterile
containers for laboratory analysis. During sampling, the type of surface, humidity condition,
temperature, and degree of colonization were recorded.

To determine micromycete spore concentrations in indoor air, both active and passive sampling
methods were employed. Active air sampling was conducted using an Andersen-type impactor,
with approximately 1 m? of air passed through onto microbiological growth media per sample.
Passive sedimentation sampling involved exposing Petri dishes containing growth media for
30-60 minutes, allowing airborne spores to settle on the surface. All collected samples were
packaged under sterile conditions, stored at +4°C, and analyzed in the laboratory within 48
hours.
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Microclimatic parameters of the indoor environment were also measured during sampling,
including relative humidity, temperature, airflow, and surface moisture. Measurements were
taken using digital hygrometers, thermometers, and moisture meters, providing data to assess
conditions favorable for micromycete development.

In the laboratory, samples were analyzed using mycological methods, starting with microscopic
examination. Samples were prepared using lactophenol cotton blue staining and observed under
an optical microscope at 400-1000% magnification. Initial identification of micromycetes was
based on spore morphology, conidiophore structures, and hyphal characteristics. Colonization
intensity was assessed on a 03 scale, where 0 indicated no colonization, 1 weak colonization,
2 moderate colonization, and 3 intensive colonization.

For more precise identification, cultural analysis was conducted. Samples were inoculated onto
Sabouraud Dextrose Agar (SDA), Malt Extract Agar (MEA), and Czapek-Dox Agar media.
Inoculated samples were incubated at 25-28°C for 7-14 days, and colony counts were recorded
as colony-forming units (CFU/cm? and CFU/m?). Isolated fungal colonies were taxonomically
identified based on morphological and microscopic keys, with dominant species including
Aspergillus spp., Penicillium spp., Cladosporium spp., Alternaria spp., Stachybotrys spp., and
Chaetomium spp.

In selected cases, molecular methods were applied for precise fungal identification. Fungal
DNA was extracted, and the ITS (Internal Transcribed Spacer) region was amplified via PCR.
PCR products were sequenced and compared with international genetic databases for species-
level identification. In some cases, qPCR analysis and DNA metabarcoding were performed,
and these data were used to calculate the Environmental Relative Moldiness Index (ERMI).

To evaluate the metabolic activity of micromycetes, analyses of mycotoxins and volatile organic
metabolites were conducted. Mycotoxins were detected using ELISA and LC-MS, specifically
targeting toxic metabolites such as aflatoxins, ochratoxins, and trichothecenes. Volatile
microbial compounds (MVOCs) were analyzed using Gas Chromatography—Mass
Spectrometry (GC-MS).

To assess the susceptibility of construction materials to micromycete colonization, physical and
chemical properties were examined, including water activity (a_w), porosity, surface moisture,
and organic matter content. These parameters were used to evaluate the growth potential of
hydrophilic, mesophilic, and xerophilic fungal species.

Statistical analyses were performed using SPSS, R, and PAST software. Relationships among
material type, humidity level, and fungal species were investigated using Analysis of Variance
(ANOVA), correlation analysis, and Principal Component Analysis (PCA). Fungal biodiversity
was assessed using Shannon and Simpson indices, while the ERMI index was applied to
determine the impact of micromycete colonization on indoor environments.

Overall, the materials and methods employed allowed a comprehensive assessment of
micromycete colonization intensity, species composition, and ecological risks in construction
materials within residential buildings of Baku City. The results obtained are analyzed in the
following section regarding the distribution characteristics of micromycetes in urban
environments and their ecological consequences.
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Results and Discussion

The results of the study indicate that micromycete colonization of construction materials in
residential buildings of Baku City is widespread, and this process has significant negative
effects not only on the sanitary-hygienic conditions of indoor environments but also on the
overall ecological profile of the urban ecosystem. Mycological analysis of approximately 300
surface and air samples revealed that 68% of the samples exhibited various levels of
micromycete colonization. Colonization intensity varied significantly depending on the type of
construction material, as confirmed by the frequency and mean intensity values presented in
Table 1.

Table 1.

Prevalence and intensity of micromycete colonization in different construction materials
used in Baku City residential buildings

Construction material type Number of samples Coolomzatlon frequency | Colonization intensity
(n) (%) (scale)
Gypsum-based materials (drywall, 68 73 )3
plasterboard)
Wallpaper and painted surfaces 54 65 2
Wood and MDF materials 47 59 2
6
Concrete and cement-based surfaces | 61 42 1-2 ]
Plastic and polymer coatings 32 34 1

As shown in Table 1, the highest frequency and intensity of colonization were observed on
gypsum-based materials (drywall and plasterboard), with 78% of samples affected and an
intensity rating of 2—3. This is attributed to the high moisture absorption capacity of these
materials, the cellulose-based paper layer on their surface, and the presence of organic
components serving as an ideal substrate for micromycetes. International studies confirm that
gypsum-based materials are among the most susceptible substrates under humid conditions (RH
> 80-85%), as they provide an organic food source and water activity (a_w > 0.85) often
reaches this threshold. Baku’s climatic conditions proximity to the Caspian Sea with high
relative humidity in summer (average RH 70-85%) combined with elevated temperatures
further accelerate this process, as gypsum materials retain moisture for prolonged periods,
creating favorable microenvironments for fungal growth.

Colonization frequency on wallpaper and painted surfaces was 65%, which can be explained
by the cellulose-based paper layer and accumulation of dust and organic residues beneath paint,
providing a nutrient source for micromycetes. Wood and MDF materials (59%) exhibited high
colonization due to their abundant organic components, such as cellulose and lignin; these
materials degrade rapidly in humid zones, and fungal hyphae penetrate into the material,
weakening its structure.

Although colonization on concrete and cement-based surfaces was relatively low (42%,
intensity 1-2), it increased significantly in areas with high moisture and water damage. The
dense structure and inorganic composition of concrete generally limit micromycete growth;
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however, dust accumulation, organic contamination, and thin organic films formed by
condensation provide conditions conducive to fungal development. Plastic and polymer
coatings exhibited the lowest colonization (34%), as these materials lack an organic nutrient
source and do not absorb moisture, although surface dust or damage can occasionally permit
fungal growth.

Dominant micromycete species included Aspergillus spp. (particularly A. niger and A.
versicolor), Penicillium spp., Cladosporium spp., and Alternaria spp., which are widely
distributed in Baku’s humid climate (Caspian Sea region) and proliferate rapidly in high-
humidity environments. These species release mycotoxins (e.g., ochratoxin, aflatoxin) and
microbial volatile organic compounds (MVOCs) that degrade indoor air quality and may trigger
allergies, asthma, and other respiratory issues[5, p.185].

Ecologically, this colonization process disrupts urban ecosystem balance. Biological
degradation of construction materials often necessitates repairs and replacements, increasing
construction waste and contributing to soil and water contamination. Airborne dispersal of
fungal spores reduces urban biodiversity, and the predominance of species such as Aspergillus
and Penicillium disrupts the balance of other microorganisms. In a rapidly urbanizing city like
Baku, this phenomenon can be considered a “hidden ecological pollutant,” as its long-term
impacts including increased material waste, indoor/outdoor air contamination, and public health
risks pose a threat to urban sustainability.

The results indicate that material type, humidity level, and ventilation quality are the primary
factors influencing colonization. Preventive measures should include humidity control (RH <
60%), effective ventilation, use of antifungal materials (e.g., mold-resistant gypsum), and
regular monitoring. This study provides a scientific basis for promoting sustainable construction
practices and ecological strategies in Baku[6, p.103].

Cultural and microscopic analyses revealed various micromycete genera in the residential
buildings of Baku, and their frequency, dominance, and ecological characteristics are
summarized in Table 2, which presents the taxonomic composition and occurrence frequency
of dominant micromycete species.
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Table 2.

Taxonomic composition and prevalence of dominant micromycete species identified in
residential buildings of Baku City

Micromycete species ?)/eot)ection frequency Ecological characteristics

Aspergillus spp. 34 Srall‘[/)irr(;bnir(ﬁfi; tSspecies rapidly developing in humid
Penicillium spp. 73 sl[l)ssctizste\;\/idely distributed on cellulose and organic
Cladosporium spp. 71 g)e;rroe—smycobiota representatives dispersed via airborne
Alternaria spp. 12 Phytopat.hogenic.and saprophytic species developing

on organic materials

Stachybotrys spp. 5 X;zi:f;::ge indicator species producing potent
Chactomium spp. 4 E:;rrlilzltsive species developing on cellulose-based

Based on the data presented in Table 2, the most widespread and dominant micromycete genera
in the analyzed samples were Aspergillus and Penicillium. Specifically, Aspergillus niger and
Aspergillus versicolor were recorded as the most frequently occurring species in high-humidity
environments (RH > 70-85%). These species are highly adapted to Baku’s Caspian Sea-
influenced climate, characterized by a combination of elevated humidity and temperature, and
proliferate rapidly on substrates such as gypsum-based materials, wallpaper, and painted
surfaces. Aspergillus spp. were also found at high concentrations in indoor air samples,
confirming their strong capability for aero-spore dissemination.

Penicillium chrysogenum and Penicillium aurantiogriseum were primarily associated with
organic substrates, including wallpaper, MDF, chipboard, and wooden materials. These species
rapidly degrade cellulose and other organic compounds, accelerating biological degradation of
materials while simultaneously releasing volatile organic compounds (MVOCs), which can
generate unpleasant odors indoors.

Cladosporium spp. (21%) were observed as representatives of aero-mycobiota dispersed via
airborne spores and formed visible black-green colonies on light-colored wall and ceiling
surfaces. This genus is also widespread in Baku’s outdoor environment and enters buildings
through ventilation systems or open windows and doors.

Alternaria spp. (12%) were identified as phytopathogenic and saprophytic species developing
on organic materials, commonly found on wallpaper, wooden panels, and in humid zones. These
species are considered significant contributors to allergenic responses.

The most critical biological risk was posed by Stachybotrys spp. (5%) and Chaetomium spp.
(4%). Species such as Stachybotrys chartarum produce potent mycotoxins (e.g., satratoxins,
trichothecenes) and dominate only in areas with severe water damage, prolonged moisture, or
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post-flood conditions. Chaetomium globosum is recognized as a destructor of cellulose-based
materials (paper, wood, gypsum), leading to structural deterioration. Detection of these species
indicates potential health risks indoors, including mycotoxin exposure, immune suppression,
and respiratory impairment.

Molecular analyses (ITS region sequencing) confirmed that most identified species correspond
to those commonly reported in international literature as frequent indoor pathogens or allergen
producers. Baku’s climatic conditions significantly facilitate the spread and intensive growth of
these species, as the combination of high humidity and temperature provides optimal conditions
for spore germination and hyphal development.

The results demonstrate that the micromycete flora varies depending on material type, humidity
level, and extent of water damage. Universal saprophytes such as Aspergillus and Penicillium
were found across nearly all substrates, whereas destructive species like Stachybotrys and
Chaetomium were dominant only in severely damaged zones. This pattern necessitates
differentiated approaches for indoor environment monitoring and preventive measures,
including humidity control, effective ventilation, use of antifungal materials, and timely drying
and repair of water-damaged areas[7, p. 1681].

Overall, the study objectively characterizes the species composition and distribution dynamics
of micromycetes in Baku’s residential buildings, providing a reliable basis for assessing
ecological and health risks.

Cultural analysis results also showed that colony-forming units (CFUs) in various construction
materials and indoor air environments differed significantly. These concentrations of
micromycete spores across different substrates and air environments are summarized in Table
3.

Table 3.

Concentration of micromycete spores in various construction materials and indoor air
environments

Environment studied Minimum value Maximum value Unit of measurement
Gypsum-based materials 1.2x10° 4.8 x 104 CFU/cm?

Wood and MDF materials 8.5 %102 3.1 %10 CFU/cm?

Concrete and cement surfaces 4.2 x 10? 1.7 x 10° CFU/cm?

Indoor air environment 450 2200 CFU/m?

The results presented in Table 3 indicate that the highest micromycete concentrations were
observed on gypsum-based materials, reaching a maximum of 4.8 x 10* CFU/cm?. This high
value is associated with the material’s hygroscopic properties, the presence of a cellulose-based
paper layer, and its water activity (a_w), which frequently reaches 0.90—0.95. International
studies also report similar CFU levels (10*-10° CFU/cm?) on gypsum materials under humid
conditions (RH > 80-85%)), as this substrate provides an ideal nutrient source for species such
as Aspergillus versicolor and Penicillium chrysogenum. In Baku’s climate (Caspian Sea
proximity; RH 70-85% during summer), this process is further intensified.
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High concentrations were also recorded on wood and MDF materials (maximum 3.1 x 10*
CFU/cm?), due to the abundance of lignin, cellulose, and other organic components that provide
favorable growth conditions. Hyphal penetration into these materials leads to structural
weakening and accelerated degradation. CFU values on concrete and cement surfaces were
significantly lower (maximum 1.7 x 10* CFU/cm?), though colonization may occur via thin
biological films formed by accumulated dust, organic residues, or condensation. Indoor air CFU
concentrations ranged from 450 to 2200 CFU/m?, exceeding international hygienic standards
(WHO, ACGIH, and European guidelines generally consider 500—1000 CFU/m? as a safe limit).
In buildings with poor ventilation, limited window opening, and maintained RH of 70-85%, air
concentrations reached 1500-2200 CFU/m?, indicating active fungal growth and spore
dissemination.

Statistical analyses (Pearson correlation and ANOVA) confirmed a strong positive correlation
between micromycete colonization intensity/CFU counts and indoor relative humidity (r =
0.78-0.89, p < 0.001). In zones with RH above 65%, CFU levels increased significantly. When
material water activity exceeded a_w > 0.85, spore concentrations on surfaces and in air sharply
increased, marking a critical threshold for mesophilic and hydrophilic species (Aspergillus,
Penicillium, Cladosporium) growth.

The ecological consequences of micromycete colonization in urban ecosystems are
multifaceted and long-term. Firstly, intensive fungal growth accelerates biological degradation
of construction materials: decomposition of organic components (cellulose, lignin) reduces
mechanical strength, causes micro-cracking, and shortens service life (e.g., gypsum and MDF
may degrade 30-50% faster). This often necessitates repairs and renovations, increasing
construction waste and risks of soil and water contamination.

Secondly, micromycetes release mycotoxins (ochratoxin A, trichothecenes, aflatoxins) and
volatile microbial organic compounds (MVOCs, e.g., geosmin, l-octen-3-ol), elevating
biological aerosols and chemical pollutants in indoor air. ELISA and GC-MS analyses detected
traces of ochratoxin A and trichothecenes in 18% of samples. Prolonged exposure to these
compounds can induce allergies, bronchial asthma, immune suppression, neurotoxic effects,
and oncogenic risks[8, p.10].

Thirdly, spores released from buildings into the urban atmosphere disrupt microbiological
balance. Dominance of Aspergillus and Penicillium reduces fungal biodiversity Shannon index
values were 25-40% lower compared to natural ecosystems which disrupts interactions with
soil microorganisms and plant pathogens, weakening ecosystem resilience.

The study demonstrates that micromycete colonization in Baku’s residential buildings is
widespread, with high CFU concentrations that negatively affect material durability, urban
ecological stability, biodiversity, and public health. Preventive measures are essential:

. Continuous monitoring of indoor humidity (maintaining RH < 60%);

. Installation of effective ventilation or central air-conditioning systems;

. Use of antifungal and moisture-resistant materials (e.g., mold-resistant gypsum, bio-
based coatings);

. Timely prevention and remediation of water damage and condensation;

. Regular microbiological monitoring and assessment of indoor air quality.

Implementing these integrated measures in humid urban environments like Baku will minimize
micromycete-related problems and enhance the ecological resilience of the city.

Conclusion
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The conducted study confirms that micromycete colonization of construction materials in
residential buildings of Baku is widespread and exerts significant negative effects on both the
indoor environment and the ecological profile of the urban ecosystem. Analysis of nearly 300
surface and air samples revealed micromycete presence in 68% of cases, with the highest
colonization intensity observed on gypsum (drywall), wallpaper, painted surfaces, and wood-
based materials such as MDF and chipboard. Dominant fungal genera included Aspergillus spp.,
Penicillium spp., Cladosporium spp., and Alternaria spp., while mycotoxin-producing species
Stachybotrys spp. and Chaetomium spp. were detected in areas with severe water damage.

Cultural analyses showed that mean CFU/cm? values ranged from 1.2 x 10° to 4.8 x 10* on
gypsum materials, 8.5 X 10? to 3.1 x 10* on wood-based materials, and 4.2 x 10> to 1.7 x 10°
on concrete and cement surfaces. In indoor air samples, concentrations ranged from 450 to 2200
CFU/m?, considerably exceeding international safety thresholds. Statistical analyses confirmed
a strong positive correlation between colonization intensity and both relative humidity (RH >
65%) and water activity (a_w > 0.85) (r = 0.78-0.89, p < 0.001).

Ecologically, micromycete colonization has multiple adverse impacts. First, fungal growth
accelerates material degradation, often necessitating repairs and replacements, resulting in
increased waste generation and resource consumption. Second, the release of mycotoxins and
volatile microbial organic compounds (MVOCs) contributes to indoor air pollution, raising the
risk of asthma, allergies, and other respiratory diseases. Third, spore dissemination alters urban
biodiversity, with dominant fungal species disrupting the biological balance of the city
ecosystem.

Baku’s specific climatic conditions high humidity combined with ventilation deficiencies in
older buildings intensify micromycete colonization, particularly in MDF and other wood-based
materials that retain moisture and provide favorable substrates for fungal growth. This
phenomenon acts as a “hidden ecological pollutant” in the urban environment, with long-term
impacts on material durability, indoor air quality, and biodiversity.

Consequently, controlling indoor humidity, ensuring effective ventilation, using antifungal and
eco-friendly construction materials, and implementing regular monitoring and early detection
strategies are essential to mitigate the negative effects of micromycete colonization in urban
settings. Future research should focus on the long-term ecological impacts of mycotoxins, urban
modeling, and the influence of climate change on these processes, thereby improving Baku’s
ecological profile and enhancing urban resilience.
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Giris

Yiizen adalarin, yapisi, olusum sekli ve karakteri bakimindan incelenmesi gereken yapilardir.
Ulkemizde diger bilimlerde oldugu gibi yiizen adalar hakkinda calismalar ge¢ baslamustir.
Yiizen adalar ile ilgili calismalar 25 Oncesine dayanmaktadir. Bu alanda ilk ¢alisma Solhan
(Turnalar) golii ile baglamistir. Yiizen adalar1 olusturan yapiya torf adi verilmektedir. Torf yapisi
itibari ile tek yillikli bitkiler, kamig ve sazliklardan olugmaktadir. Torf’un ¢igekgilik, toprakta
tyilestirme amaciyla kullanim gittikce artmaktadir. Ticari kullanimi nedeniyle bilingsizce asir
derecede tiiketilmekte ve ylizen adalarin yok olmasina yol agmaktadir.

Tirkiye’de yapilan ¢aligmalarda 25 yil dncesinde baslayan yiizen adalarin ilk 6rnegi Bingdl
ilinin Solhan ilgesindeki yiizen adalar ile baslamistir. (Bulut, Karapmar, & Ozogul, 2016).
Diinyanin bir¢ok yerinde bulunan bu yiizen adalar daha ¢ok turizm amagh kullanilmaktadir.
Giliney Amerika’da Puno Bolgesindeki Titicaca golii 3180 m yiikseklikte olup ortalama 105 m
derinlige sahiptir (Mohammadi, ve digerleri, 2020). Uzerinde birgok yiizen ada bulunan gol
yore halki tarafindan yogun sekilde turizme konu edilmislerdir. Diinyanin en derin dogal obruk
golii olan Zacaton Go6lii (339m)( Meksika), (Gary, Sharp, & Boulder, 2006) de su alt1 gozlem
ve arastirma meraklilari i¢in bir turizm yol diizergahina doniismiistiir. Burma’daki Ingle Golii
ise daha ¢ok yore kadimnlarinin sebze yetistirdikleri yiizen bahgeler olarak kullanilmaktadir
(Khwairakpam, Khosa, Gosain, & Nema, 2019)., (Zafer B, 2022)’de Kiiresel Isinmanin Cat
Baraj Goliinde Yer Alan Yiizen Adalara Etkileri, adli kongre sunumunda {izerinde tescillenmis
110 adet ylizen ada bulunmustur. Bu adalarin boyutlar1 100 ile 1000 m? arasinda degisirken
toprak derinlikleri 3-5 m arasindadir. Tak'in (2015)’teki Celikhan Cat Baraji (Adiyaman)
Havzas1’nin Fitososyolojik Ve Fitoekolojik Ozellikleri adli galismasinda, 34 familya, 115 cins
ve 167 takson tespit etmistir. Endemizm oranm1 % 12 olup 7 bitki birligi tespit etmistir. (Tel ve
Tak, 2021)’imn ‘Celikhan ve Yakin Cevresinin (Adiyaman/Tiirkiye) Flora ve Vejetasyonu
Uzerine Arastirmalar’ adli ¢alismalarinda 79 familyaya ait 329 cins ve 867 takson tespit
edilmistir. degerlendirilen 190 6rnek parsel ile yeni 19 bitki birligi tespit edilmistir. Bu
birliklerden 13 tanesi step ve alpin, 6 tanesi orman ve cali, vejetasyon tipine aittir.

Calisma alanimiz olan Celikhan Cat baraji’ndaki yiizen adalar Adiyaman ilinden 56 km,
Celikhan il¢esinden 4 km uzaktadir. Cat Baraji, ilk olarak Abdulharap golii olarak anilmaktadir.
5 km? lik alana sahiptir. Adiyaman ili Giineydogu Anadolu bolgesinde yer alirken, Celikhan
ilgesi Dogu Anadolu Bolgesinde yer almaktadir. Aragtirma alanin kuzeyinde Yesilyurt ilgesi yer
alirken, gilineyinde Celikhan, dogusunda Sincik Batisinda Dogansehir ilgesi yer almaktadir
(Sekil 1).
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Sekil 1. Cat Baraji’nin yer bulduru haritas1 (Harita genel komutanligi’ndan degistirilerek
, 2025)

Materyal ve Metod

Bu calisma yapilirken Google earth’ten son 25 yillik haritalarindan faydalanilarak, yiizen
adalarin, biiyiikliikleri, kapsadigi alanlarin durumu ve donemsel hareketleri incelenmistir,
ayrica en son olarak drone ile yiizen adalarin durumu CBS’ leri kullanilarak fotograflar
cekilmistir. Adalarin en son durumu Drone ile kus bakisi olarak ¢ekildi. Cilinkii uydular belli
zamanlarda calisma alanmin {istlinden gegiyor ve o zamana ait uydu fotograflar1 elde
edilebiliyor. Uydu goriintii fotograflar1 alinirken ayrica ayni mevsimsel periyottaki fotolar
alinarak adalarmn durumlart mevsimsel farklardan bagimsiz olarak hareketleri ve durumlari
incelenmeye calisildi.

Yiizen adalarin bitki ornekleri, bitkilerin optimum donemi olan Mayis ve Temmuz aylari
arasinda toplandi. Kurallara uygun olarak kurutulan 6rnekler Gazi liniversitesi Herbayumunda
tshis edildi ve Flora kitaplarindan faydalanildi, zorlanilan taksonlar i¢in Prof. Dr. Ahmet Zafer
TEL’den yardim alindi.

Drone cekimleri ve hava Fotograflar1 ilkokul &gretmeni ve Fotograf sanatgisi ve Drone
kullanicis1 olan Musa GURBUZ tarafindan cekildi.

Bulgular
11/2/2011

Sekil 2. Google earth uydu fotografi (1/2/2011) tarihli

Sekil 2’°deki uydu goriintiisti 1/2/2011 tarihinden alinmistir. Cat baraji lizerindeki uydu goriintii
taramasi bu tarihte net olarak elde edildigi i¢in alinmistir. Alan taramasi sirasinda yiizen
alanlarin diger kisimlar1 olumsuz hava sartlar1 nedeniyle net olarak goriintiilenememistir.
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Sekil 3.a. Google earth uydu fotografi (26/10/2013) tarihli

26/10/2013 tarihinde elde edilen uydu fotograflardan sekil 3.a fotografi 3.b ve 3.c’nin farkh
alanlarinin temsil eden genel bir fotograf olup, 26/10/2013 tarihindeki yiizen adalarin
konumunu biiytikliiklerini, kapsadig: alanlar1 gostermektedir.

Sekil 3.b. Google earth uydu fotografi (26/10/2013) tarihli
i I Py o8

Clt
Sekil 3.c. Google earth uydu fotografi (26/10/2013) tarihli
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Sekil 4.a. Google earth uydu fotografi (9/5/2019) tarihli

9/5/2019 tarihinde elde edilen uydu fotograflardan sekil 4.a fotografi 4.b ve 4.c’nin farkh
alanlarinin temsil eden genel bir fotograf olup, 9/5/2019 tarihindeki ylizen adalarin konumunu
buytikliiklerini, kapsadigi alanlar1 gostermektedir.

Sekil 4.b. Google earth uydu fotografi (9/5/2019) tarihli
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Sekil 5.a Google earth uydu fotografi (9/6/2022) tarihli

9/6/2022 tarihinde elde edilen uydu fotograflardan sekil 5.a fotografi 5.b ve 5.c’nin farkl
alanlarmin temsil eden genel bir fotograf olup, 9/6/2022 tarihindeki yiizen adalarin konumunu
buytikliiklerini, kapsadigi alanlar1 gostermektedir.

g 1"
”%a Sekil 5.¢c Google earth uydu
| fotografi (9/6/2022) tarihli
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Sekil 6 Drone kus bakisi fotografi (7/7/2025) tarihli

7/7/2025 tarihinde Drone ile c¢ekilen fotografta google earth ile onceden elde edilen
fotograflarin bulundugu alan uzaktan algilama yontemi ile ¢ekilmistir (Sekil 6).

Yiizen Adalar vejetasyon florasi

Tablo 1. Yiizen Adalar vejetasyon florasi

GAZIANTEP UNIVERSITESI
. ULUSLARARASI EKOLOJi SEMPOZYUMU

Familya Tiir Fitocografik bolge

Poaceae Agrostis stolonifera Avr-Sibirya
Phragmites australis Avr-Sibirya

Onagraceae Epilobium hirsutum

Lamiaceae Mentha spicata
Scutellaria galericulata

Lythraceae Lythrum salicaria Avr-Sibirya

Datiscaceae Datisca cannabina

Primulacea Lysimachia vulgaris

Asteraceae Circium sp

Salicaceae Salix pseudonedemii Karadeniz

Convolvulaceae | Convolvulus  betinicifolius | Akd. ve Ir-Turan
subsp. betinicifolius

Rubiaceae Galium spurium

Typhaceae TBypha domingens

Hypericeae Hypericum scabrum Ir-Turan

Alismataceae Alisma lanceolatum

Cyperaceae Carex pseudocyperus
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Yiizen adalar iizerinde 14 familya, bu familyalara ait 16 cins ve 16 takson teshis edilmistir. Bu
taksonlarm 3’1 Avr-Sibirya, 2’si iran, 1’1 Akdeniz ve Karadeniz fitocografik bolge elementidir
(Tablo 1).

Sonu¢ ve Tartisma

Sekil 2°deki  1/2/2011 tarihindeki ilk uydu goriintiisii ile 7/7/2025 tarihinde Drone ile ¢ekilen
fotograf goriintlisii  karsilastirdigimizda ylizen adalarin biiyiikligli, sayist ve konum
degisiklikleri net sekilde goriilmektedir. 24 yillik bu siirecte ylizen ada sayisinda azalma olmus,
ylizen adalar barajin giiney sahillerine dogru yaklagmis, bunlardan ¢ogu karaya vurmustur.
Karaya vuran bu adalar zamanla yavas yavas icten yanmayla tizerindeki vejetasyon yapisi
degismis ve adalarin {izerindeki otlar kurumaya yiiz tutmustur. Yiizen adalarin olusum siirecine
baktigimizda bu olaylarin meydana gelmesi dogaldir ama uzun bir siire¢ gerektirir. Buna karsin
insan kaynakli olarak miidahaleler bu siirecleri anormal hale getirmistir. Bu miidahalelerin
baslicalari, bilingsizce yerinden alinip ticari olarak satilmasi, torf adi altinda burdan alinan
yapilarin topraklarla karistirilarak yeni yapisiyla satilmasi, iizerinde gereginden fazla balik¢ilik
tesislerinin kurularak barajin yapisinin degismesi, baraj suyunun mevsimsel dongiiye bagl
olarak seviyesinin artmasi ile azalmasinin yaninda, golden sulama amaciyla ¢ekilen suyun fazla
olmasiyla su miktarinin azalmasi gibi nedenler sayilabilir. Daha 6nceleri koruma amagl yiizen
adalar sahile getirilerek sabitlestirmis, su seviyesinin hizli bir sekilde azalmasi ile bu adalar
karada kalmis sularin ¢ekilmesiyle bu yapisini kaybetmistir. Koruma calismalar1 yapilirken
biitiinciil bir yaklasimla ele alinmali, konusunda uzman kisilerden multidisipliner bir ¢alisma
yapilmalidir. Bu adalar1 sabitlemenin 6tesinde adindan da anlasildigi gibi yiizen durumlarimi
koruyup, diger etkenler lizerinde ¢alisma yapilmalidir.

Yiizen adalar {izerinde 14 familya, bu familyalara ait 16 cins ve 16 takson teshis edilmistir. Bu
taksonlarm 3’1 Avr-Sibirya, 2’si iran, 1’1 Akdeniz ve Karadeniz fitocografik bolge elementidir.
Bu taksonlarin higbiri endemik degildir. Adalarin tizerinde sazlik, kamis tiirleri hakimdir. Yiizen
adalarin temel yapisini turbalar olusturur. Turbalar, sazlik ve kamislarin yiizyillar boyunca
kuruyup cesitli mekanik ve kimyasal olaylar sonucu iistiiste birikmesi sonucu olusur.
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Nano ve Mikroplastiklerin Hiicresel Etkilesimleri ve Toksikolojik Etkileri
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Ozet :

Nano ve mikroplastikler ¢evresel ortamlarda yaygin olarak bulunan ve biyolojik
sistemlerle etkilesime girebilen sentetik partikiiller olarak insan saglig1 a¢isindan giderek artan
bir risk faktorii haline gelmistir. Mikroplastikler genellikle 5 mm’den kiiciik plastik parcaciklar
olarak tanimlanirken nanoplastikler ¢ok daha kiiclik boyutlar1 sayesinde biyolojik bariyerleri
asabilmekte ve hiicresel diizeyde dogrudan etkilesim gosterebilmektedir. Bu ¢alismada nano ve
mikroplastiklerin hiicresel etkilesim mekanizmalarinin ve olusturduklar: toksikolojik etkilerin
giincel bilimsel veriler dogrultusunda degerlendirilmesi amaglanmistir. Calisma, konuya iliskin
deneysel ve gozlemsel arastirmalarin karsilastirmali olarak incelenmesine dayanan literatiir
temelli bir degerlendirme niteligindedir. Elde edilen bulgular nanoplastiklerin biyolojik
ortamlarda protein korona olusturarak hiicre zarma baglanabildigini ve endositoz
mekanizmalar1 aracilifiyla hiicre igine alinabildigini gdstermektedir. Hiicre igine giren
nanoplastiklerin mitokondri, endoplazmik retikulum ve lizozom gibi organellerde birikerek
enerji metabolizmasinin bozulmasina, protein katlanma siire¢lerinin etkilenmesine ve otofaji
mekanizmalarinda degisikliklere yol acabildigi belirlenmistir. Ayrica reaktif oksijen tiirlerinin
artis1 ile iligkili oksidatif stres olusumu lipid peroksidasyonu, DNA hasar1 ve inflamatuvar
yanitlarin gelismesinde 6nemli rol oynamaktadir. Mikroplastiklerin ise hiicre i¢ine daha sinirl
olgiide girmekle birlikte yiizeylerinde cesitli toksik kimyasallar1 adsorplayarak hiicresel
toksisiteyi dolayli yollarla artirabildigi goriilmektedir. Sonug olarak nano ve mikroplastiklerin
hiicresel diizeyde cok yonlii biyolojik etkiler olusturabilecegi ve uzun siireli maruziyet
kosullarinda insan sagligi agisindan 6nemli bir risk faktorii olabilecegi degerlendirilmektedir.

Anahtar kelimeler:

Nanoplastik, mikroplastik, hiicresel toksisite, oksidatif stres, protein korona.
Giris:

Plastik kirliligi glinlimiizde kiiresel ¢cevre sorunlarinin en 6nemli bilesenlerinden birihaline
gelmistir ve plastik materyallerin ¢evresel siiregler sonucunda daha kiiciik boyutlara
parcalanmas1 mikroplastik ve nanoplastik olusumuna neden olmaktadir (Yurtsever, 2018).
Mikroplastikler genellikle 5 mm’den kiigiik plastik pargaciklar olarak tanimlanirken
nanoplastikler ise nanometre dlgeginde olup biyolojik sistemlerle ¢ok daha kolay etkilesime
girebilen partikiiller olarak kabul edilmektedir (Koelmans et al., 2016). Bu kiigiik plastik

parcaciklari gevrede yaygin olarak bulunmakta ve su, toprak, hava ve besin zinciri yoluyla canli
organizmalara ulasabilmektedir (Yurtsever, 2018).

Cevresel ortamlarda bulunan bu partikiiller canli organizmalar tarafindan yutulabildigi
gibi solunum veya besin yoluyla insan viicuduna da girebilmektedir (Lusher et al., 2017).
Boyutlarinin kiicik olmasi1 nedeniyle 6zellikle nanoplastikler biyolojik bariyerleri asarak
hiicresel sistemlerle dogrudan etkilesime girebilme potansiyeline sahiptir (Al-Sid-Cheikh et al.,
2018).
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Nanoplastikler biyolojik ortamlarla karsilastiklarinda ytizeylerinde proteinler ve diger
biyomolekiillerden olusan bir tabaka olusturarak protein korona adi verilen bir yap1 meydana
getirmektedir (Francia et al., 2019). Protein korona olusumu nanoplastiklerin hiicresel sistemler
tarafindan algilanma bigimini degistirmekte ve hiicre ile partikiil arasindaki etkilesimin temel
belirleyicilerinden biri olmaktadir (Kihara et al., 2019). Bu yap1 parcacigin yiizey ozelliklerini
degistirerek hiicre zarma baglanma ve hiicre igine alinma siireclerini dogrudan
etkileyebilmektedir (Kihara et al., 2020). Hiicreler protein koronayla kaplanmis nanoplastikleri
biyolojik kompleksler olarak algiladigi i¢in bu partikiiller hiicresel mekanizmalar araciligiyla
daha kolay internalize edilebilmektedir (Francia et al., 2019)

Bu c¢alisma, nanoplastik ve mikroplastiklerin hiicresel etkilesimleri ile toksikolojik
etkilerini ele alan giincel bilimsel ¢aligmalarin degerlendirilmesine dayanmaktadir.

Gelisme :

Nanoplastiklerin hiicre i¢ine girisi ¢ogunlukla endositoz mekanizmalar1 araciliiyla
gerceklesmektedir ve bu siiregte hiicre zar1 aktif bir rol oynamaktadir (Dos Santos et al., 2011).
Klatrin aracili endositoz ve caveolae aracili endositoz gibi mekanizmalar nanoplastiklerin hiicre
icine tasinmasini saglayan temel hiicresel siirecler arasinda yer almaktadir (Francia et al., 2019).
Hiicre i¢ine alman nanoplastikler sitoplazma igerisinde farkli organellere yonelerek cesitli
hiicresel fonksiyonlar etkileyebilmektedir (Lim et al., 2019). Bu siire¢ sonucunda hiicresel
metabolizma, enerji iiretimi ve sinyal iletim yollar1 gibi kritik biyolojik mekanizmalar zarar
gorebilmektedir (Lim et al., 2019).

Nanoplastiklerin hiicresel toksisite mekanizmalarindan biri oksidatif stres olusumudur ve
bu siireg reaktif oksijen tiirlerinin artis1 ile karakterizedir (Lim et al., 2019). Artan oksidatif stres
hiicre zarindaki lipidlerin oksidasyonuna, DNA hasarina ve protein fonksiyonlarinin
bozulmasma neden olabilmektedir (Anbumani & Kakkar, 2018). Bu durum hiicresel
homeostazin bozulmasina ve inflamatuvar yanitlarin tetiklenmesine yol agabilmektedir
(Anbumani & Kakkar, 2018). Hiicresel stres yanitlarinin uzun siire devam etmesidurumunda
hiicre 6liim mekanizmalar1 aktive olabilmektedir (Wang et al., 2018).

Nanoplastiklerin hiicresel organeller lizerinde de 6nemli etkileri bulunmaktadir ve bu
etkiler 6zellikle mitokondri, endoplazmik retikulum ve lizozomlar iizerinde yogunlagmaktadir
(Wang et al., 2018). Mitokondriler hiicresel enerji tiretiminde merkezi rol oynayan organellerdir
ve nanoplastiklerin mitokondriye ulagsmasi enerji metabolizmasinin bozulmasina neden
olabilmektedir (Lim et al., 2019). Elektron transport zincirinin zarar gérmesi ATP iiretiminin
azalmasma ve hiicresel enerji yetersizligine yol agabilmektedir (Lim et al., 2019). Enerji
metabolizmasinin bozulmasi hiicresel fonksiyonlarin aksamasina ve apoptoz mekanizmalarinin
aktive olmasina neden olabilmektedir (Wang et al., 2018).

Endoplazmik retikulum hiicre icinde protein sentezi ve katlanmasi gibi Onemli
stirecleridiizenleyen bir organeldir ve nanoplastik maruziyeti bu organelde stres olusumuna yol
acabilmektedir (Qu et al., 2019). Yanlis katlanmis proteinlerin birikmesi endoplazmik retikulum
stresini artirarak hiicresel savunma mekanizmalarinin devreye girmesine neden olabilmektedir
(Qu et al., 2019). Bu siire¢ uzun siire devam ettiginde hiicre 6liim mekanizmalar1 aktive
olabilmektedir (Qu et al., 2019).

Nanoplastiklerin hiicre i¢inde en sik biriktigi organellerden biri lizozomlardir ve bu
birikim lizozomal fonksiyonlarin bozulmasina neden olabilmektedir (Wang et al., 2018).
Lizozomlarda meydana gelen bu birikim otofaji siireclerini etkileyerek hiicresel atiklarin
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uzaklastirilmasini zorlastirabilmektedir (Song et al., 2015). Lizozomal membran stabilitesinin
bozulmasi hiicresel toksisiteyi artirarak hiicre 6liimiine yol agabilmektedir (Wang et al., 2018)

Mikroplastikler ise nanoplastiklere kiyasla hiicre i¢cine daha sinirli 6l¢iide girebilmekle
birlikte  hiicresel  toksisiteyi ~ dolayli  yollarla  artirabilmektedir  (Yurtsever,
2018). Mikroplastiklerin lipofilik yiizeyleri agir metaller ve kalic1 organik kirleticiler gibi
toksik kimyasallar1 adsorplayarak canli dokularina tastyabilmektedir (Koelmans et al., 2016).
Bu kimyasallar hiicresel ortama ulastiginda oksidatif stres, inflamasyon ve metabolik
bozukluklar gibi cesitli biyolojik etkiler olusturabilmektedir (Anbumani & Kakkar, 2018). Bu
nedenle mikroplastikler c¢evrede yalnizca fiziksel kirleticiler degil ayni zamanda toksik
kimyasallarin tasinmasinda rol oynayan biyolojik vektorler olarak degerlendirilmektedir
(Koelmans et al., 2016).

Sonug:

Nano ve mikroplastikler giinlimiizde yalnizca ¢evresel kirliligin bir gostergesi olarak
degil, ayn1 zamanda biyolojik sistemler lizerinde 6nemli etkiler olusturabilen potansiyel toksik
ajanlar olarak degerlendirilmektedir (Yurtsever, 2018). Plastik materyallerin ¢evresel siirecler
sonucunda daha kiigiik boyutlara ayrilmasi, bu pargaciklarin canli organizmalarla etkilesim
potansiyelini énemli 6lgiide artirmaktadir (Koelmans et al., 2016).Ozellikle nanoplastikler,
boyutlarinin kii¢iik olmasi nedeniyle biyolojik bariyerleriasabilmekte ve hiicresel sistemlerle
dogrudan etkilesime girebilmektedir (Al-Sid-Cheikh et al., 2018). Bu durum nanoplastiklerin
yalnizca ¢evresel degil ayn1 zamanda hiicresel diizeyde de 6nemli bir risk faktorii olmasina yol
acmaktadir (Lim et al., 2019).

Nanoplastiklerin hiicresel etkilesimlerinin ilk asamasi biyolojik ortamda protein korona
olusumu ile baslamaktadir (Francia et al., 2019). Protein korona nanoplastiklerin yiizey
ozelliklerini degistirerek hiicre ile partikiil arasindaki etkilesimin seklini belirlemektedir
(Kihara et al., 2019). Bu yap1 hiicresel internalizasyon siire¢lerini kolaylastirarak
nanoplastiklerin hiicre i¢ine alinmasina katki saglamaktadir (Francia et al., 2019). Hiicre igine
giren nanoplastikler sitoplazmada farkli organellere yonelerek c¢esitli biyokimyasal siirecleri
etkileyebilmektedir (Lim et al., 2019).

Nanoplastiklerin hiicresel organeller iizerindeki etkileri de toksisite agisindan biiyiik 6nem
tasimaktadir (Wang et al., 2018). Mitokondriler lizerinde meydana gelen hasar enerji tiretim
stireclerini etkileyerek hiicresel fonksiyonlarmn bozulmasina yol agabilmektedir (Lim et al.,
2019). Endoplazmik retikulumda olusan stres protein katlanma mekanizmalarini etkileyerek
hiicresel savunma sistemlerinin devreye girmesine neden olabilmektedir (Qu et al., 2019).
Lizozomlarda meydana gelen nanoplastik birikimi ise otofaji siireclerinin bozulmasina ve
hiicresel atiklarin uzaklastirilmasinin zorlagmasina yol acabilmektedir (Song et al., 2015).

Mikroplastikler ise nanoplastiklere kiyasla hiicresel diizeyde daha dolayli etkiler
olusturmaktadir (Yurtsever, 2018). Mikroplastiklerin yiizey ozellikleri ¢esitli toksik
kimyasallar1 adsorplayarak canli organizmalara tasimasina olanak saglamaktadir (Koelmans et
al., 2016). Bu kimyasallar hiicresel sistemlere ulastiginda oksidatif stres ve inflamatuvar
yanitlarin artmasina neden olabilmektedir (Anbumani & Kakkar, 2018). Dolayisiyla
mikroplastikler cevrede yalnizca fiziksel Kkirleticiler olarak degil aym1 zamanda toksik
kimyasallarin ~ biyolojik  sistemlere tasinmasinda rol oynayan vektorler olarak
degerlendirilmektedir (Koelmans et al., 2016).
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Sonug olarak nano ve mikroplastiklerin hiicresel etkilesimleri ve toksikolojik etkileri cok
yonlii ve karmasik mekanizmalar icermektedir (Lim et al., 2019). Bu partikiillerin hiicre
zarindan baslayarak hiicresel organellere kadar uzanan etkileri, plastik kirliliginin yalnizca
cevresel degil ayn1 zamanda biyomedikal bir sorun oldugunu gostermektedir (Yurtsever, 2018).
Bu nedenle gelecekte yapilacak ¢aligsmalarin nano ve mikroplastiklerin hiicresel etkilesimlerini
daha ayrintili sekilde incelemesi ve bu partikiillerin insan saghigi iizerindeki uzun vadeli
etkilerini ortaya koymasi biiyiik 6nem tasimaktadir (Koelmans et al., 2016).
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Ozet

Saglik hizmetlerinin yayginlagsmasi ve saglik tesislerinin sayisindaki artig, tibbi atik tiretiminde
kiiresel Olgekte dnemli bir artisa neden olmaktadir. Enfeksiydz, kesici-delici, kimyasal ve
farmasotik ozellikler tagiyan tibbi atiklarin uygun sekilde yonetilmemesi; cevresel kirlilik,
enfeksiyon yayilimi ve halk saglig1 agisindan cesitli riskler olusturabilmektedir. Bu nedenle
tibbi atiklarin  kaynagindan bertarafina kadar olan siirecte etkin izleme ve kontrol
mekanizmalarinin  gelistirilmesi biliylik O6nem tasimaktadir. Son yillarda atik yonetim
stireglerinde dijital izlenebilirlik sistemlerinin kullanimi giderek yayginlagsmakta ve veri temelli
yonetim yaklagimlarin1 desteklemektedir.

Bu calismada Adiyaman iline ait 2020-2025 donemine iligkin resmi tibbi atik verileri
incelenmis ve dijital izlenebilirlik sistemlerinin operasyonel verimlilik ile kriz dayaniklilig
iizerindeki rolii degerlendirilmistir. Calismada yillara gore olusan tibbi atik miktarlar1 analiz
edilerek pandemi ve afet gibi olaganiistii durumlarin atik liretim miktarlarina etkileri ortaya
konmustur. Bulgular, COVID-19 pandemisinin etkisiyle 2021 yilinda tibbi atik miktarinda
yaklasik %25 oraninda artis meydana geldigini gostermektedir. Buna karsilik 6 Subat 2023
tarthinde meydana gelen Kahramanmaras merkezli depremler sonrasinda saglik altyapisinda
yasanan aksakliklar nedeniyle toplam tibbi atik miktarinda yaklasik %66 oraninda belirgin bir
azalma gozlenmistir. 2024 ve 2025 yillarinda ise atik tiretim miktarlarinin yeniden dengelenme
stirecine girdigi goriilmektedir.

Mobil Atik Takip Sistemi (MOTAT) ve Ulastirma Elektronik Takip ve Denetim Sistemi (U-
ETDS) gibi dijital izlenebilirlik uygulamalar1 kapsaminda yapilan degerlendirmeler, bu
sistemlerin atik yonetim siireclerinde veri seffafligini artirdigim1 ve ozellikle olaganiistii
durumlarda veri siirekliliginin saglanmasina katki sundugunu gostermektedir. Adiyaman ili
ornegi, dijital izlenebilirlik sistemlerinin yalnizca idari kolaylik saglamadigini, ayn1 zamanda
kriz donemlerinde operasyonel kontrolii destekleyen stratejik bir yonetim araci oldugunu ortaya
koymaktadir.

Anahtar Kelimeler: Dijital izlenebilirlik; Tibbi Atik Yénetimi; MOTAT; U-ETDS; Kriz
Dayanikliligi.
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Abstract

The expansion of healthcare services and the increasing number of medical facilities have led
to a significant rise in the generation of medical waste worldwide. Medical waste, including
infectious, sharps, chemical, and pharmaceutical components, may pose serious risks to
environmental and public health if not properly managed. Therefore, the development of
effective monitoring and control mechanisms throughout the lifecycle of medical waste—from
generation to final disposal—has become increasingly important. In recent years, the use of
digital traceability systems in waste management processes has expanded and supported data-
driven management approaches.

This study examines official medical waste data from Adiyaman Province covering the period
between 2020 and 2025 and evaluates the role of digital traceability systems in operational
efficiency and crisis resilience. The annual changes in medical waste generation were analyzed
to determine the effects of extraordinary events such as pandemics and natural disasters. The
findings indicate that medical waste generation increased by approximately 25% in 2021 due
to the impact of the COVID-19 pandemic. In contrast, a significant decrease of nearly 66% was
observed in 2023 following the February 6 Kahramanmaras-centered earthquakes, mainly due
to disruptions in healthcare infrastructure. The data also show that medical waste generation
began to stabilize again in 2024 and 2025.

Evaluations conducted within the framework of digital monitoring systems such as the Mobile
Waste Tracking System (MOTAT) and the Electronic Transportation Tracking and Monitoring
System (U-ETDS) indicate that these systems improve transparency in waste management
processes and ensure data continuity, particularly during extraordinary conditions. The case of
Adiyaman demonstrates that digital traceability systems not only facilitate administrative
processes but also function as strategic management tools that support operational control
during crisis periods.

Keywords: Medical waste management, digital traceability, MOTAT, U-ETDS, crisis resilience

Giris

Gilintimiizde saglik hizmetlerinin yayginlagmasi ve hizmet kapasitesinin artmasiyla birlikte, bu
faaliyetlerin yan iirlinii olan tibbi atik miktarlarinda kiiresel Olgekte belirgin bir artis
gozlenmektedir. Diinya Saghk Orgiitii, saglik hizmetlerinden kaynaklanan atiklarm uygun
sekilde yonetilmemesi durumunda enfeksiyon yayilimi ve gevresel risklerin artabilecegini
belirtmektedir[1]. Enfeksiydz, kesici-delici, kimyasal ve farmasétik 6zellikler tagiyan saglik
hizmeti atiklari; uygun sekilde ayristirllmadiginda ve bertaraf edilmediginde enfeksiyon riski,
yaralanmalar ve c¢evresel kontaminasyon gibi ciddi sonuglara yol agabilmektedir [1-3]. Bu
nedenle etkin ve gilivenli bir tibbi atik yonetim sistemi, siirdiiriilebilir saglik hizmetlerinin
ayrilmaz bir pargasidir.

Son yillarda saglik hizmeti atiklarinin yonetiminde dijital doniisiim kavrami 6n plana ¢ikmastir.
Ozellikle Endiistri 4.0 ve Waste 4.0 yaklagimlar1 kapsaminda, IoT tabanl izleme sistemleri,
otomatik veri toplama altyapilar1 ve dijital takip mekanizmalar1 saglik atiklarinin yonetim
stireglerini yeniden sekillendirmektedir [4-6]. Sharma ve ark. (2024), dijitallesmenin saglik
hizmeti atik yonetiminde operasyonel verimlilik, izlenebilirlik ve karar destek mekanizmalari
acisindan onemli katkilar sundugunu vurgulamaktadir [5]. Bu baglamda, dijital izlenebilirlik
sistemlerinin kriz dénemlerindeki operasyonel ¢iktilar iizerindeki etkisini yerel veri setleri
tizerinden degerlendiren ¢alismalarin artirilmasina ihtiya¢ bulunmaktadir.
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Tiirkiye’de tibbi atik yonetimi 22 Temmuz 2005 tarihli Tibbi Atiklarin Kontrolii Yonetmeligi
ile diizenlenmis olup; atiklarin siniflandirilmasi, toplanmasi, tasinmasi, gegici depolanmasi,
sterilizasyonu ve bertarafina iligkin siirecler yasal ¢er¢evede tanimlanmstir [2].

Son yillarda devreye alinan MoTAT (Mobil Atik Takip Sistemi) ve U-ETDS (Ulastirma
Elektronik Takip ve Denetim Sistemi) uygulamalari ile atik tasima ve izleme siireclerinde
cevrimici veri takibi ve dijital izlenebilirlik altyapist olusturulmustur [7-8]. MoTAT, iiretildigi
noktadan bertaraf veya geri kazanim tesisine kadar tehlikeli atiklarin anlik izlenmesini ve
cevresel risklerin azaltilmasini saglarken [7], U-ETDS ise tasimacilik stireglerinde yiik ve
tasima verilerinin elektronik ortamda izlenmesini ve denetimini miimkiin kilarak dijital takip
mekanizmasinin etkinligini artirmaktadir [8]. Ancak bu sistemlerin 6zellikle olaganiistii
durumlarda (pandemi, deprem vb.) operasyonel dayaniklilik ve kriz yonetimi tizerindeki
etkileri heniiz yeterince analiz edilmemistir.

COVID-19 pandemisi siirecinde kiiresel dlgekte tibbi atik miktarlarinda belirgin artis egilimi
yasanmig; Ozellikle kisisel koruyucu ekipman (KKD) kullanimindaki artis atik yonetim
sistemleri iizerinde ek yiik olusturmustur [1]. Benzer sekilde, 6 Subat 2023 Kahramanmaras
merkezli depremler, bolgesel saglik altyapisinin stirekliligini ve atik yonetim sistemlerinin
esneklik kapasitesini test etmistir. Bu tiir kriz kosullari, veri siirekliliginin ve dijital
izlenebilirligin stratejik nemini daha goriintir hale getirmistir.

Bu ¢alisma, Adiyaman ili 6rneginde 20202025 dénemine ait tibbi atik verilerini analiz ederek,
dijital izlenebilirlik sistemlerinin operasyonel verimlilik ve kriz dayanikliligi {izerindeki
katkisin1 degerlendirmeyi amaglamaktadir. Caligma dogrudan bir Yasam Dongiisii Analizi
(LCA) uygulamas1 igcermemekle birlikte, dijital veri altyapisinin c¢evresel performans
gostergelerinin gelistirilmesine saglayabilecegi potansiyel katkiyr tartismaktadir. Bu yoniiyle
caligma, dijitallesmenin kriz donemlerinde tibbi atik yonetimindeki roliinii nicel veriler
tizerinden inceleyerek literatiire yerel dl¢ekte 6zgiin bir katki sunmaktadir.

Materyal ve Metot

Calismada, Adiyaman ilinde tibbi atik yonetiminin mevcut durumunu ortaya koymak amaciyla
2020-2025 donemine ait resmi tibbi atik verileri analiz edilmistir. Degerlendirme; yillik toplam
atik miktarlari, ilge bazli dagilimlar ve olaganiistii donemlerin (pandemi ve deprem) etkileri
dikkate alinmis olup, her yil i¢in biitiinciil ve karsilastirmali bir degerlendirme sunulmustur.

Tablo 1. Adiyaman /i 2020-2025 Dénemi Tibbi Atik Miktarlar:

2020-2025 Yil1 Adiyaman ili T1ibbi Atik Miktarlar1 (kg)

Yil Toplam Atik Miktari (kg)
2020 842.814

2021 1.056.833

2022 770.521

2023 357.177

2024 537.871

2025 535.060
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2020-2025 donemine ait toplam tibbi atik miktarlar1 incelendiginde, dogrusal bir artig ya da
azalis egilimi yerine, kriz kosullarina duyarli dalgali bir yap1 gézlenmektedir.

2021 yilinda toplam tibbi atik miktar1 1.056.833 kg’a ulasmis olup, 2020 yilina gore yaklagsik
%25,4 oraninda artig géstermistir. Bu artisin temel nedeni COVID-19 pandemisi siirecinde:

. Enfeksiyoz atik miktarindaki artis,
. Kisisel koruyucu ekipman (KKD) kullanimindaki yiikselme,
. Saglik hizmeti basvurularindaki yogunluk

olarak degerlendirilmektedir. Bu durum, saglik hizmet kapasitesi ile tibbi atik {iretimi arasinda
giiclii bir iliski oldugunu gostermektedir.

2022 yilinda toplam atik miktar1 770.521 kg’a gerileyerek yaklasik %27 oraninda azalma
gostermistir. Bu diisiis, pandemi sonrasi normallesme siireciyle iligkilendirilebilir. Ancak 2023
yilinda gbzlenen 357.177 kg’lik deger, 2021 yilina kiyasla yaklasik %66 oraninda dramatik bir
azalmaya isaret etmektedir.

Bu keskin diisiis yalnizca pandemi sonrasi stabilizasyon ile agiklanamaz. 6 Subat 2023 tarihinde
meydana gelen depremin; saglik tesislerinin fiziki olarak zarar gérmesi, birgok birimin gegici
olarak hizmet dis1 kalmasi, saglik hizmetlerinin gegici alanlarda sinirh kapasiteyle yiiriitiilmesi
gibi etkileri, tibbi atik iiretiminde belirgin bir azalmaya neden olmustur. Dolayisiyla 2023 yili,
tibbi atik iiretim miktarmin dogrudan saglik altyapi kapasitesine bagli oldugunu gosteren kritik
bir y1l olarak degerlendirilmektedir.

2024 yilinda toplam atik miktar1 537.871 kg’a yiikselmis ve toparlanma siirecine girildigini
gostermistir. 2025 yili toplam atik miktar1 535.060 kg olarak kaydedilmis olup, 2024 yil
seviyelerine yakin bir istikrar sergilemektedir. Bu durum, Adiyaman ilinde tibbi atik iiretiminin
normallesme ve yeniden yapilanma doneminde dengelendigine isaret etmektedir.

Bu bulgular 1s181nda 2020-2025 dénemi ii¢ fazda degerlendirilebilir:
- Pandemi artis donemi (2020-2021)

- Normallesme ve afet etkisi donemi (2022-2023)

- Toparlanma ve yeniden yapilanma donemi (2024-2025)

Bu yapi, tibbi atik yonetiminin statik degil, dinamik ve kriz duyarl bir planlama modeliyle
ylriitiilmesi gerektigini gostermektedir.

Pandemi ve deprem siiregleri, tibbi atik tiretim miktarlarinin saglik hizmet altyapisina ve hizmet
yogunluguna dogrudan bagli oldugunu gostermektedir. 2021 yilinda enfeksiyéz atik
fraksiyonunun artis1, 2023 yilinda ise saglik tesis kapasitesindeki azalma, toplam atik
miktarlarina dogrudan yansimastir.

Bu durum, tibbi atik yonetim sistemlerinin kriz donemlerine uyum saglayabilecek esnek bir
yapiya sahip olmas1 gerektigini ortaya koymaktadir.

Elde edilen veriler, tibbi atik miktarlarinin zaman, mekan ve kriz kosullarina bagl olarak
degiskenlik gosterdigini ortaya koymaktadir. Bu degisken yapi, manuel sistemlerin yetersiz
kalabilecegini gdstermektedir.

MOTAT ve U-ETDS gibi dijital sistemler sayesinde:
. Atik miktarlar1 gercek zamanli kayit altina alinabilmekte,

. Tasima siiregleri izlenebilmekte,
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. Bolgesel ve donemsel analizler yapilabilmekte,
. Kriz donemlerinde veri siirekliligi saglanabilmektedir.

Ozellikle 2023 deprem siirecinde saglik hizmetlerinin gegcici alanlara taginmasi, dijital
sistemlerin 6nemini artirmistir. Manuel kayit sistemlerinin aksayabilecegi kosullarda, dijital
altyap1 yonetimsel siirekliligi saglamistir.

Dolayistyla dijital izlenebilirlik sistemleri yalnizca bir takip araci degil; kriz dayaniklilig
saglayan, veri temelli karar destegi sunan ve siirdiiriilebilir yonetim modeli olusturan stratejik
bir yonetim bileseni olarak degerlendirilmelidir.

Bulgular ve Tartisma

Bu caligsma kapsaminda, Adiyaman iline ait 2020-2025 yillar1 tibbi atik verileri analiz edilmis
ve pandemi ile 6 Subat 2023 depremi gibi olaganiistii durumlarin tibbi atik yonetim sistemine
etkileri degerlendirilmistir. Bulgular, 2021 yilinda pandemi etkisiyle tibbi atik miktarinda
yaklasik %25 oraninda artis yasandigini, 2023 yilinda ise deprem sonrasi saglik altyapisindaki
aksamalara bagli olarak yaklasik %66 oraninda keskin bir diisiis gerceklestigini ortaya
koymustur. 2024 ve 2025 verileri ise sistemin yeniden toparlanma siirecine girdigini
gostermektedir.

Bu dalgalanmalar, tibbi atik yonetiminin statik degil; krizlere duyarli, esnek ve veri temelli bir
yapida kurgulanmasi gerektigini agik¢a ortaya koymaktadir. MOTAT, U-ETDS ve soguk zincir
uygulamalari sayesinde atiklarin kaynagindan bertarafina kadar olan siireglerin dijital ortamda
izlenebilmesi, 6zellikle olaganiistii donemlerde veri siirekliliginin saglanmasina ve yonetimsel
kontroliin korunmasina katki sunmustur. Manuel sistemlerin veri kaybi ve izleme eksikligi
riskine karsi, dijital izlenebilirlik altyapisi operasyonel dayanikliligi artiran kritik bir unsur
olarak 6ne ¢ikmaktadir.

Adiyaman ili 6rnegi, dijital izlenebilirlik sistemlerinin yalnizca idari kolaylik saglamadigini;
ayn1 zamanda kriz donemlerinde sistem siirekliligini destekleyen stratejik bir yonetim araci
oldugunu gostermektedir. Bu sistemlerden elde edilen verilerin diizenli analiz edilmesi, il
bazinda atik tretim egilimlerinin izlenmesine ve dinamik planlama yapilmasina imkan
tanimaktadir.

Gelecekte yapilacak caligsmalarda, dijital izlenebilirlik sistemlerinden elde edilen verilerin
cevresel performans gostergeleri ile biitlinlestirilmesi; tasima optimizasyonu, emisyon azaltimi
ve kaynak verimliligi acisindan daha kapsamli degerlendirmelerin yapilmasina olanak
saglayacaktir. Ayrica afet ve olaganiistii durumlara yonelik dijital atik yonetim senaryolarinin
gelistirilmesi, sistemin kriz dayanikliligini artiracaktur.

Sonug olarak, tibbi atik yonetiminde dijital izlenebilirligin gili¢lendirilmesi; operasyonel
verimlilik, ¢cevresel siirdiirtilebilirlik ve halk saglig1 giivenligi agisindan stratejik bir gereklilik
olarak degerlendirilmektedir. Adiyaman ili 6rnegi, dijital donilisiimiin kriz donemlerinde
yonetimsel kirillganligi azaltan ve veri temelli karar alma siireclerini destekleyen bir yapi
sundugunu ortaya koymaktadir.
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Abstract

In this study, the effects of naphthalene acetic acid (NAA) and salicylic acid (SA) hormones
applied at different concentrations to the soybean (Glycine max L.) plant on the fatty acid
profile in the leaves were investigated. Changes in saturated and unsaturated fatty acids were
evaluated with NAA and SA applied at specific concentrations, both individually and in
combination. Murashige and Skoog (MS) nutrient medium was used throughout the study, and
seeds were sown in this medium. Shoot tips were used as explants. In this study, the changes in
saturated and unsaturated fatty acids caused by NAA and SA applied at specific concentrations,
both individually and in combination, were evaluated, and it was determined that they play an
important role in the metabolic activities of plants. Gas chromatography analyses revealed
significant increases in essential fatty acids, particularly palmitic acid (C16:0) (20-33%) and
linoleic acid (C18:2 n-6¢) (9-18%). A decrease in stearic acid (C18:0) (8-17%) has been
detected. The results indicated significant changes in lipid metabolism, particularly in saturated
and unsaturated fatty acid levels. Applications using optimal concentrations of NAA and SA
increased the accumulation of beneficial fatty acids and demonstrated their potential to improve
the nutritional quality of soybeans. This research provides valuable insights into the role of
plant growth regulators in regulating lipid biosynthesis in cereal crops.

Key words: Fatty acids, Glycine max L., Lipid metabolism, Naphthalene acetic acid, Salicylic
acid, Plant physiology

1. Introduction

Plant growth regulators (PGRs) are compounds that play a critical role in regulating plant
growth, development and metabolic processes. Among these regulators, naphthaleneacetic acid
(NAA) and salicylic acid (SA) stand out as two important phytohormones with significant
functions in plant physiology (Igbal et al., 2025). NAA is a synthetic auxin derivative that exerts
powerful effects on root development, cell division and general plant growth (Dai et al., 2025).
Auxins also play an active role in regulating lipid metabolism in plants. Studies in Arabidopsis
have shown that auxin acts as a regulator of fatty acid synthesis and induces lipid synthesis for
the control of vacuolar transport. (Oubohssaine et al., 2025).

NAA applications enhance stress tolerance in plants by effectively scavenging reactive oxygen
species (ROS), reducing sodium ion accumulation and protecting photosystem II (PSII) against
stress-induced damage (Rao et al., 2025). Salicylic acid (SA) is a phenolic phytohormone that
plays a role in regulating various physiological processes, including plant defence mechanisms,
growth, photosynthesis, nitrate metabolism, ethylene production and flowering (Paul et al.,
2024). Recent studies have shown that cytokinins and abscisic acid (ABA) influence fatty acid
and oil accumulation during soybean (Glycine max) seed maturation. Furthermore, it has been
established that various plant hormones are effective in enriching omega-3 fatty acids in
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microalgae (Chaudhary et al., 2025). Soya bean (Glycine max L.) holds a strategic position in
agricultural production as a major legume and oil source worldwide (Addae-Frimpomaah et al.,
2026). Soya bean seeds are nutritionally valuable due to their high protein and fat content, and
their leaves are also used as a model system for various metabolic studies. The fatty acid
composition of leaf tissues is of critical importance in terms of the plant’s photosynthetic
efficiency, membrane integrity and stress responses. Fatty acids are the fundamental building
blocks of plant cell membranes and play a role in vital functions such as membrane fluidity,
signal transduction and energy storage (Dutta et al., 2025). Saturated fatty acids (particularly
palmitic acid C16:0 and stearic acid C18:0) ensure membrane stability, whilst unsaturated fatty
acids (linoleic acid C18:2 and linolenic acid C18:3) maintain membrane fluidity and
functionality (Shramko et al., 2020). The regulatory effects of phytohormones on this fatty acid
profile are of great importance in terms of plant physiology and agricultural biotechnology (EI
Sabagh et al., 2022).

The aim of this study is to determine the effects of NAA and SA applications at different
concentrations on the fatty acid profile of soybean leaves and to elucidate the synergistic or
antagonistic effects of these hormones on lipid metabolism. The study was designed to
understand the regulatory mechanisms of plant growth regulators on fatty acid biosynthesis and
their impact on soybean quality.

2. Materials and Methods
2.1. Plant Material and Experimental Design

This study was conducted in the laboratories of the Department of Biology at Firat University.
Soya beans (Glycine max L. cv. “ATAEM-7") were used as the experimental material. The seeds
were sterilised in accordance with standard germination tests and sown in Murashige and Skoog
(MS) medium.

The experimental design was set up using a completely randomised block design (RCBD). The
experiment included a control group (MS medium only) and treatment groups (different
concentrations of NAA and SA). Combination treatments of NAA and SA were applied.

2.2. Cultural Conditions and Hormone Treatments

The seeds were grown in MS medium under conditions of 25+2°C, 60—70% humidity and a
16/8-hour (light/dark) photoperiod. Stem tips, nodes, hypocotyls, roots and petioles, each 1 cm
in length, were cut from 7-day-old soybean seedlings grown in a sterile in vitro environment
and transferred to a regeneration medium. These were incubated in a climate chamber at 254+2°C
in MS medium supplemented with appropriate BBD concentrations in 90x15 mm sterile Petri
dishes. All tissue culture-related work was carried out within a laminar flow cabinet.

2.3. Fatty Acid Analysis

Fatty acid extraction from the samples was carried out by homogenising 10 g of plant material
using a homogeniser and an isopropanol/hexane (2:3 v/v) solution for fatty acids (Hara &
Radin, 1978). The lipid extracts were centrifuged at 10,000 g for 5 minutes and filtered. The
solvent was then removed using a rotary evaporator at 40°C. The samples were stored at -25°C.
The experiment was repeated three times.

Analysis of the fatty acids in the samples; the conversion of fatty acids from soybean samples
into their methyl ester form was carried out based on the protocol reported by Christie (1990).
Analysis of the converted fatty acid methyl esters was performed using a SHIMADZU GC 17
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Ver. 3 gas chromatography system. For the analytical procedures, a 25-metre-long, 0.25-
micrometre internal diameter, 25-micron film thickness PERMABOND capillary column
manufactured by MACHEREY-NAGEL (Germany) was used. The column temperature was
programmed between 130 and 220°C, with the injection zone set at 240°C and the detector zone
at 280°C. Nitrogen was used as the carrier gas. Prior to the measurements, standard fatty acid
methyl ester mixtures (0.5—1 pl) were injected into the system to determine the retention times
of each component.

2.4. Statistical Analysis

All analyses were performed in triplicate and the results are expressed as mean + standard
deviation (X + SD). SPSS 22.0 statistical software was used to analyse the data. One-way
analysis of variance (ANOVA) was used to determine differences between groups, and the
Tukey HSD test was applied for significance testing. A p-value of <0.05 was considered
statistically significant (Field, 2013).

3. Findings
3.1. Changes in the Fatty Acid Profile

The NAA and SA treatments have caused significant changes in the fatty acid profile of soybean
leaves (Table 1). Gas chromatography analyses revealed concentration-dependent changes in
the levels of saturated and unsaturated fatty acids.
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Table 1. Effects of Different NAA and SA Treatments on the Fatty Acid Composition of Soya
Bean Leaves (%)

C16:0 C18:0 C18:1 C18:2 C18:3 DY/DY
Treatment | (Palmitic) (Stearic) (Oleic) (Linoleic) (Linolenic) Ratio
Control 18.45+0.82 12.34+0.56 22.18+1.12 35.42+1.45 8.61+0.42 2.89
NAA 0.1
mg/L 20.12+0.91* 11.45+0.48* 21.89+1.08 36.78+1.52 9.76+0.51* 3.12
NAA 0.5
mg/L 24.67+1.12%* 10.23£0.42%* | 20.45+0.98* 38.92+1.68** | 10.73+0.58** | 3.81
NAA 1.0
mg/L 28.34+1.45%* 9.12+0.38%* 19.23+0.89%* | 40.15+1.82** | 11.16+£0.62** | 4.40
SA 0.1
mM 19.87+0.88 11.89+0.52 22.45+1.15 36.12+1.48 9.67+0.48* 3.04
SA 0.5
mM 23.45+1.05%* 10.67+0.45* 21.12+1.02* 37.89+1.62* 10.87+0.55%* | 3.55
SA 1.0
mM 26.78+1.28** 9.45+0.40%* 20.34+0.95* 39.45+1.75** | 11.98+0.68** | 4.24
NAA+SA
(0.5+0.5) 29.12+1.52%* 8.78+0.35%* 19.67+0.92%* | 41.23+1.88** | 12.20+0.72*%* | 4.70
NAA+SA
(1.0+1.0) 32.45+1.68** 8.12+0.32%* 18.45+0.85%* | 42.56+1.95%* | 12.42+0.78** | 5.01

* Values are presented as mean + standard error. *p<0.05, *p<0.01 indicates a statistically
significant difference from the control group.

Palmitic acid (C16:0) levels increased significantly in a concentration-dependent manner
following the application of NAA and SA. The application of 1.0 mg/L NAA increased the
palmitic acid level by 53.4%, raising it to 28.34% (control: 18.45%). Similarly, a 1.0 mM SA
application resulted in a palmitic acid level of 26.78% (a 45.1% increase). A synergistic effect
was observed in combination treatments; the application of 1.0 mg/L NAA + 1.0 mM SA raised
the palmitic acid level to 32.45% (a 75.9% increase).
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Stearic acid (C18:0) levels, however, decreased significantly in all hormone treatments. The
lowest stearic acid level (8.12%) was detected in the combination treatment with the highest
concentration. This decrease can be explained by the induction of delta-9 desaturase enzyme
activity by the hormone treatments.

Linoleic acid (C18:2 n-6), the most abundant unsaturated fatty acid, has increased significantly
following hormone treatments. A 1.0 mg/L NAA treatment raised the linoleic acid level to
40.15% (a 13.4% increase), whilst a 1.0 mM SA treatment reached 39.45% (an 11.4% increase).
In combination treatments, this increase reached as high as 42.56% (a 20.2% increase).

3.2. Saturated/Unsaturated Fatty Acid Ratio and Metabolic Indices

NAA and SA treatments significantly altered the saturated fatty acids (SFA)/unsaturated fatty
acids (UFA) ratio. The SFA/UFA ratio, which was 2.89 in the control group, increased with
hormone treatments and reached 5.01 in the combination therapy with the highest
concentration. This increase demonstrates the predominance of unsaturated fatty acid
biosynthesis.

Atherogenic index (AI) and thrombogenic index (TI) values decreased with hormone
treatments. Whilst the Al value was 0.42 in the control group, it fell to 0.28 in the 1.0 mg/L
NAA + 1.0 mM SA treatment. Similarly, the TI value, which was 1.15 in the control group,
decreased to 0.78 with the same treatment. These findings indicate that hormone treatments
have altered the leaf fatty acid profile in a more favourable direction for cardiovascular health.

4. Discussion

This study demonstrates the regulatory effects of NAA and SA on the fatty acid profile of
soybean leaves. The findings indicate that these hormones are critical regulators of lipid
metabolism and can alter fatty acid composition in a way that enhances nutritional quality.

NAA applications have led to significant increases in palmitic acid and linoleic acid levels.
These findings are consistent with the known regulatory roles of auxins in lipid biosynthesis.
Auxins ensure cell wall flexibility by increasing the synthesis of membrane lipids during cell
expansion and division (Ahiakpa et al., 2025). The effect of NAA can be explained, in
particular, by its enhancement of the activity of the acyl-CoA carboxylase (ACC) and fatty acid
desaturase (FAD) enzymes (Xing et al., 2023).

An increase in palmitic acid (C16:0) is important for the stability of the thylakoid structure in
photosynthetic membranes. However, high palmitic acid levels may also be an indicator of
triacylglycerol (TAG) accumulation (Wu et al., 2021; Xiao et al., 2022). In the study, the
decrease in stearic acid (C18:0) levels, in conjunction with NAA applications, indicates an
increase in delta-9 desaturase enzyme activity (Si et al., 2023; Liu et al., 2022). This enzyme
accelerates the unsaturated fatty acid synthesis pathway by converting stearic acid into oleic
acid.

Salicylic acid applications altered the fatty acid profile in a manner similar to NAA. Whilst the
role of SA in plant defence responses is well established, its effects on lipid metabolism remain
a less-studied area (Kumar et al., 2025). In this study, it was demonstrated that SA increased
levels of linoleic acid (C18:2) and linolenic acid (C18:3). These findings are consistent with
literature findings suggesting that SA regulates the expression of omega-3 fatty acid desaturase
genes (FAD3, FAD7, FADS) (Xiao et al., 2022).

Combination treatments with NAA and SA have shown more pronounced eftfects compared to
single-hormone applications. This synergistic effect stems from the two hormones regulating
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lipid biosynthesis in a multifaceted manner by activating different signalling pathways (Aerts
et al., 2022; Ambrus et al., 2026). Whilst NAA increases cell proliferation and membrane
synthesis via the auxin signalling pathway, SA enhances the stress response and antioxidant
defence via NPR1-independent pathways (Padiyal et al., 2026).

The highest DY/DY ratio observed in combination treatments (5.01) indicates an increase in
the fluidity and functionality of plant cell membranes. A high content of unsaturated fatty acids
enhances photosynthetic efficiency and improves cold stress tolerance. These findings suggest
that the combination of NAA and SA has the potential to improve biochemical quality in
soybean cultivation (Javidi et al., 2022).

The findings of this study hold potential for improving the fatty acid profile of soybean leaves.
In particular, increases in linoleic acid (C18:2 n-6) and linolenic acid (C18:3 n-3) enhance the
nutritional value of the leaves. Omega-6 and omega-3 fatty acids are essential fatty acids in the
human diet and possess anti-inflammatory and cardiovascular protective effects (Gutierres et
al., 2025).

The reduction in atherogenic and thrombogenic indices indicates that the application of
hormones has altered the fatty acid profile of the leaves in a more beneficial direction (Khalili
Tilami and Koufimska, 2022). These findings enhance the potential for the leaves to be used as
a functional food ingredient. However, it is important to determine the optimal concentrations,
as very high levels of palmitic acid may carry a risk of metabolic syndrome (Carta et al., 2017).

Mechanistic Assessment and Future Work

The findings indicate that the effects of NAA and SA on lipid metabolism are multifaceted. It
is thought that auxins modulate the rate-limiting step of fatty acid biosynthesis by increasing
ACC (acetyl-CoA carboxylase) activity, whilst SA regulates desaturation reactions by
modulating the expression of FAD genes.

In future studies, it is recommended that transcriptomic and metabolomic analyses be used to
elucidate the molecular mechanisms by which these hormones influence lipid metabolism. In
particular, determining the expression levels of the FAD2, FAD3, SAD (stearic acid desaturase)
and ACC genes via qRT-PCR will contribute to our understanding of hormonal regulation.
Furthermore, testing the efficacy of these hormones under different environmental stress
conditions (drought, salinity, temperature) will provide valuable insights for agricultural
applications.

Conclusion

This study has demonstrated that NAA and SA exert significant regulatory effects on the fatty
acid profile and lipid metabolism in soybean (Glycine max L.) leaves. NAA treatments
increased palmitic acid (C16:0) levels by 20-33%, whilst reducing stearic acid (C18:0) levels
by 8-17%. An increase of 9—18% was observed in linoleic acid (C18:2) levels. SA treatments
similarly altered the saturated fatty acid profile and increased the accumulation of unsaturated
fatty acids. In particular, 1.0 mM SA increased the level of linolenic acid (C18:3) by 39%.
Combination treatments exhibited synergistic effects and caused more pronounced metabolic
changes compared to single treatments. The highest-concentration combination (1.0 mg/LL NAA
+ 1.0 mM SA) provided the highest unsaturated fatty acid ratio (UFA/FA = 5.01). Nutritional
quality indices (Al and TI) were improved by the hormone applications, and the functional food
potential of the leaves was enhanced.

These findings demonstrate that plant growth regulators are effective tools for regulating lipid
biosynthesis in cereal crops and may contribute to the development of strategies to improve
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soybean quality. At optimal concentrations, NAA and SA applications have the potential to
make the fatty acid profile of the leaves nutritionally more valuable.
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Abstract

Plants are not only vital to human health and well-being, but also contribute to protecting the
environment against the adverse effects of climate change. Increasing drought, high salinity and
extreme temperature fluctuations resulting from climate change pose serious threats to global
agricultural productivity and food security. Plants have developed multi-layered adaptation
mechanisms at morphological, physiological and molecular levels to adapt to these dynamic
and challenging environmental conditions. This study synthesises the processes by which plants
perceive and respond to abiotic stress factors, particularly focusing on root system architecture
(RSA) plasticity, reactive oxygen species (ROS) signalling and epigenetic memory. Plant roots
act as a central hub for stress perception, optimising water uptake via tropic movements such
as hydrotropism and halotropism whilst avoiding toxic environments. In this process, hormonal
messengers such as abscisic acid (ABA), auxin and melatonin maintain cellular water balance
by regulating stomatal function and the activity of water channel proteins known as aquaporins
(PIPs and TIPs). MAPK cascades, calcium (Ca’") waves and Heat Shock Factors (HSFs), which
play a role in signal transduction, rapidly activate the expression of stress response genes,
thereby re-establishing cellular homeostasis.

Findings in recent years have shown that plants ‘remember’ their stress experiences through
epigenetic mechanisms such as DNA methylation and histone modifications, and that this
tolerance can be transmitted across generations. Furthermore, the potential of precise gene-
editing technologies, such as CRISPR-Cas9, in optimising genetic loci (QTLs) that play a
critical role in adaptation processes and in developing new generations of climate-resilient crops
is highlighted. This holistic approach provides a strategic roadmap for molecular biology and
plant breeding research aimed at sustainable agriculture.

Keywords: Abiotic Stress, CRISPR-Cas9, Plant Adaptation, Root System Architecture, ROS
Signalling

1. Introduction

Our world is currently undergoing a critical period in which the natural balance has been
disrupted by human activities, and the adverse effects resulting from these disruptions—
particularly in the form of climate change—are spreading across all sectors without exception
(Petrov et al., 2023). Global warming projections forecast an increase of 2°C in average
temperatures by 2100; it is estimated that this situation will lead to significant economic losses
in agricultural production and food security (Li et al., 2025). Research indicates that every 1°C
rise in temperature could reduce yields of staple crops by between 3% and 7%, with the primary
causes of this decline being disrupted phenological stages and accelerated oxidative damage
(Bhattacharya, 2022; Kumar et al., 2025). The fact that production must be increased by 70%
to 100% to meet the food needs of a global population expected to reach 9.7 billion by 2050,
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combined with the biotic and abiotic stress factors created by climate change, further
exacerbates the severity of the situation.

Unlike animals, plants are ‘sedentary’ (sessile) organisms that cannot escape changes in their
environment and are therefore constantly struggling to cope with environmental disturbances
(Sharma and Sharma, 2023). To overcome these challenges, plants have evolved the ability to
dynamically reorganise their regulatory networks, developing robust survival strategies through
the integrated control of gene expression and metabolic pathways (Mishra et al., 2025). One of
the most striking of these adaptation mechanisms is stress memory—the ability of plants to
‘remember’ past environmental events and use these memories to respond more quickly and
effectively to similar situations in the future (Siddique et al., 2024). Particularly in regions with
a Mediterranean climate, such as Turkey, it is predicted that the suitable growing areas for crops
like maize, cotton and rapeseed will change, whilst the cultivation areas for wheat, a strategic
crop, will shrink. In this context, the lengthy processes of traditional breeding methods—which
can take over a decade—and the limitations in transferring complex traits are compelling
modern breeding programmes to integrate molecular tools, genome editing technologies and
epigenetic approaches (Siddique et al., 2024).

This review comprehensively addresses the cellular and molecular mechanisms plants use to
adapt to climate change, the role of epigenetic memories, and emerging technological
possibilities.

2. The Molecular Basis of Heat Stress Memory

Rising global temperatures pose a direct threat to plant growth and photosynthetic capacity.
Plants offer a three-stage tolerance framework in response to this situation: basal
thermotolerance, acquired thermotolerance and sustainable acquired thermotolerance
(Bernacchi et al., 2025). Memory genes (such as APX2 and HSA32) continue to protect the
plant by remaining active even after the stress has ended or by becoming more strongly
activated in the event of repeated stress (Staacke et al., 2025). Heat shock transcription factors
(Hsfs) and heat shock proteins (HSPs) play a key role in this process. In particular, the HsfA2
factor maintains chromatin in an open state by accumulating epigenetic marks (H3K4
methylation), thereby ensuring the sustained expression of protective genes (Perrella et al.,
2022).

In plants, ROS (Reactive Oxygen Species) signalling and the antioxidant balance are
maintained through a delicate homeostatic process involving production and scavenging
mechanisms. Whilst ROS function as vital signalling molecules for growth, development and
stress tolerance at low concentrations, at high levels they are toxic substances capable of
damaging cellular components (Averill-Bates, 2024).

3. The Chemical Nature and Formation Dynamics of Reactive Oxygen Species

Although molecular oxygen possesses two unpaired electrons in its ground state, it has a low
tendency to react directly with organic molecules due to spin restriction (Minaev et al., 2024).
However, energy or electron transfer processes overcome this spin restriction, leading to the
formation of highly reactive intermediates.

The main ROS species in plant cells and their characteristics are as follows:

Singlet Oxygen: A species with a half-life of approximately 200 ns; it has very low mobility
but a high potential for local damage to pigments and lipids.
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Superoxide Anion: Cannot cross membranes; targets iron-sulphur clusters and is a precursor
to hydrogen peroxide.

Hydrogen Peroxide: It has a half-life of approximately 1 ms and can freely pass through
membranes via aquaporins; this property makes it a central player in signal transduction.

Hydroxyl Radical: It is the most reactive species known; with a half-life of a billionth of a
second, it causes irreversible damage to DNA, lipids and proteins (Delgado Martin, 2026).

4. Subcellular Production Sites and Trigger Mechanisms

ROS production in plant cells occurs in organelles where electron flow is intense and through
the activity of specific enzyme complexes:

Chloroplasts: Superoxide is produced as a result of singlet oxygen in Photosystem II (PSII)
and the direct leakage of electrons to oxygen in Photosystem I (PSI) (the Mehler reaction).
Under conditions of drought or high light intensity, an imbalance between the utilisation and
absorption of light energy leads to an uncontrolled increase in ROS in this region.

Mitochondria: Superoxide production is triggered along the respiratory chain (particularly in
the regions of Complexes I and III).

Peroxisomes: These are centres where large amounts of H-0: are produced, particularly in C3
plants, via the oxidation of glycolate during photorespiration.

Plasma Membrane and Apoplast: NADPH oxidases (RBOH) are responsible for extracellular
ROS production and play a critical role in pathogen defence and systemic signal transduction
(Fathi et al., 2025).

5. ROS Signalling: Molecular Detection and Transduction Pathways

The transformation of ROS from a damaging agent into a vital signalling molecule is directly
linked to how the plant regulates its ‘redox homeostasis’. At low concentrations, ROS act as
secondary messengers that coordinate growth and stress adaptation (Fedoreyeva, 2024).

Redox Sensing and Post-Translational Modifications (PTMs):

Plant cells use the oxidative modifications of proteins as a ‘sensor’ to detect the presence of
ROS. In particular, sulphur-containing amino acids (cysteine and methionine) react with ROS,
altering the protein’s conformation and function (Wang et al., 2026). For example, the NPR1
protein, the ‘master key’ of defence, monomerises from its oligomeric form as a result of
cellular redox changes, is transported to the nucleus, and activates defence genes.

Systemic ROS Waves:

Plants use a ‘ROS wave’ that propagates from cell to cell to transmit stress from a local tissue
throughout the entire plant. Initiated by the activation of the RBOHD enzyme, this wave
combines with calcium signals to spread rapidly over centimetres, triggering defence priming
in tissues that have not yet been exposed to stress (Pelaez-Vico et al., 2022).

6. Antioxidant Defence: Enzymatic Detoxification Mechanisms

The maintenance of cellular balance depends on the coordinated action of enzymatic and non-
enzymatic antioxidants (de Oliveira et al., 2026).

Enzymatic Systems:
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* Superoxide Dismutase (SOD): This is the first line of defence; it converts the superoxide
radical into H202 and oxygen. It has isoforms such as Cu/Zn-SOD (chloroplast), Mn-SOD
(mitochondria) and Fe-SOD (chloroplast).

» Catalase (CAT): A highly efficient enzyme that directly breaks down H-O: into water and
oxygen, particularly in peroxisomes.

* Ascorbate-Glutathione (AsA-GSH) Cycle: This is the most critical cycle, finely regulating
H:0: concentration in chloroplasts and mitochondria. It operates through the synergy of the
APX, MDHAR, DHAR and GR enzymes (de Oliveira et al., 2026).

Non-Enzymatic Antioxidants:

. Ascorbate (Vitamin C) and Glutathione: They act as cellular redox buffers; the
GSH/GSSG ratio provides critical information about the cell’s metabolic state.

* Tocopherols (Vitamin E) and Carotenoids: They protect membrane lipids and scavenge
singlet oxygen.

* Melatonin and Silicon: Studies conducted over the past decade have shown that melatonin
dramatically increases antioxidant enzyme activity, thereby enhancing stress tolerance (de
Oliveira et al., 2026).

7. ROS Regulation and Specific Responses under Stressful Conditions

Various environmental stresses induce specific redox changes in plant metabolism (Singh et al.,
2022):

A. Drought Stress: Abscisic acid (ABA), which rises as stomata close, prevents water loss by
triggering an RBOH-dependent ROS burst in guard cells.

B. Salinity and Heavy Metal Toxicity: Salinity disrupts the electron transport chain in
chloroplasts, leading to the accumulation of high levels of ROS. Heavy metals (e.g. cadmium)
inactivate antioxidant enzymes by displacing metals in their active sites (Singh et al., 2022).

C. Extreme Temperatures: Heat stress causes damage to D1/D2 proteins in chloroplasts,
whilst the plant responds by activating heat shock transcription factors (HSFs) and antioxidant
enzymes (Khan et al., 2024).

Consequently, ROS signalling and antioxidant balance in plants constitute a dynamic
homeostasis process that determines the fine line between life and death. Understanding these
complex mechanisms at the molecular level is of vital importance for ensuring global food
security in the future (Khan et al., 2024).

This balance is maintained and signalling is regulated by the following mechanisms:

. Controlled Production in Subcellular Compartments: ROS are continuously
produced as by-products of processes such as photosynthetic light reactions (Mehler reaction)
in chloroplasts, the respiratory chain (Complexes I and III) in mitochondria, and glycolate
oxidation during photorespiration in peroxisomes (Fayad et al., 2024). Additionally, NADPH
oxidases (RBOH) in the plasma membrane generate extracellular ROS for signal transduction.

. Activation of the Enzymatic Scavenging Network: Superoxide dismutase (SOD)
forms the first line of defence by converting the superoxide radical into hydrogen peroxide.
Subsequently, catalase (CAT), which is concentrated in peroxisomes, and the ascorbate-
glutathione (AsA-GSH) cycle—active in organelles such as chloroplasts and mitochondria
(comprising the enzymes APX, MDHAR, DHAR, and GR)—prevents oxidative damage by
reducing hydrogen peroxide to water (Rao et al., 2025).
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. Non-Enzymatic Antioxidant Buffering: Ascorbate (vitamin C) and glutathione (GSH)
are the primary water-soluble compounds that maintain cellular redox balance. Tocopherols
(vitamin E) and carotenoids, found in membranes, inhibit lipid peroxidation and provide local
protection by quenching singlet oxygen (Chinmayi et al., 2025).

* Redox Sensing and Post-Translational Modifications: Plant cells detect the presence of
ROS—acting as a ‘sensor’—through oxidative changes in the cysteine and methionine residues
of proteins. These changes enable proteins such as NPR1, the ‘master switch’ of the defence
response, to monomerise, translocate to the nucleus, and activate stress response genes
(Chinmayi et al., 2025).

e Systemic ROS Waves and Long-Distance Communication: When local stress is detected,
an ‘ROS wave’ is generated that spreads rapidly from cell to cell over centimetres via RBOHD
proteins and calcium signals. This wave triggers defence priming in distant organs that have not
yet been exposed to stress (Ravi et al., 2023).

* Integrated Signal Management with Phytohormones: ROS signals work synergistically
with abscisic acid (ABA) in guard cells to coordinate stomatal closure. At the same time, by
regulating the antagonism between the salicylic acid (SA) and jasmonic acid (JA) pathways, it
enables the plant to select the most appropriate defence strategy against biotic or abiotic stresses
(Singh and Roychoudhury, 2023).

8. Genome Editing Technologies and Climate-Resilient Crops

Thanks to revolutionary genome-editing tools such as CRISPR/Cas9, modern agriculture is able
to generate faster solutions to the climate crisis (Mishra, 2025). These technologies enable
targeted modifications to a plant’s genetic makeup, leading to increased yields, pest resistance
and resilience to environmental stresses. While base editors make precise nucleotide changes
without creating double-strand breaks, prime editors allow for more extensive genetic
modifications (Saber Sichani et al., 2023). For example, varieties that increase GABA levels in
tomatoes or confer herbicide resistance in rice have been developed using these methods
(Sakthivel et al., 2025). Furthermore, by editing multiple genes simultaneously (multiplex
editing), it has become possible to combine complex traits such as drought, salinity and heat
tolerance within a single plant (pyramiding) (Qu et al., 2026).

CRISPR-Cas9 gene editing technology plays a revolutionary role in the development of crops
resistant to stress factors caused by climate change by making extremely precise and specific
modifications to plant DNA. Adapted from a bacterial defence system, this technology enables
the deletion, modification or insertion of new genes in target genes via the Cas9 enzyme (Qu et
al., 2026).

The ways in which CRISPR technology can enhance plants’ resilience to climate stress can be
summarised as follows:

* Drought Tolerance: CRISPR is used to edit genes that control stomatal (pore) density and
conductance in order to optimise water loss in plants. For example, regulating stomatal density
in rice improves water use efficiency, whilst regulating the DREB gene family in wheat ensures
the maintenance of physiological activity under water stress (KhokharVoytas et al., 2023).

* Temperature and Water Balance: Genomic advances enable fine-tuning of the function
of aquaporins—water channel proteins—and the regulation of Heat Shock Factor (HSF)
networks, allowing plants to gain thermotolerance (heat resistance).

* Yield Stability: Multi-gene editing using CRISPR can be employed to prevent yield loss
under climatic stresses. Simultaneous regulation of genes related to grain number, panicle
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density and grain size in rice ensures yield is maintained even under harsh environmental
conditions (KhokharVoytas et al., 2023).

* Rapid Breeding Process: Whilst traditional breeding methods require 8—10 years to develop
stress tolerance traits, CRISPR technology can produce similar results in as little as 2—3 years
through direct and heritable gene editing.

» Disease Resistance: In response to the increasing pressure from pests and diseases caused
by climate change, susceptibility genes (S genes) that inhibit plant immunity are modified using
CRISPR to provide resistance against diseases such as bacterial blight and powdery mildew
(KhokharVoytas et al., 2023).

Furthermore, as CRISPR applications introduce changes in native gene sequences that resemble
natural mutations without introducing foreign DNA into the plant, they may help to circumvent
the strict regulations and public backlash associated with GMOs (Genetically Modified
Organisms). Prime editing, a new method, minimises the risk of side effects by making much
more precise changes to DNA without causing double-strand breaks (Kumar et al., 2023).

9. The Biology of Root Systems and Environmental Control

Roots are the primary interface between plants and the soil, and play a critical role in the uptake
of water and nutrients. Plant roots utilise a mechanism known as hydropatterning, whereby they
sense the distribution of water in the soil and bias the development of their branching
architecture and root hairs towards the direction of water availability (Ramachandran et al.,
2025). Root system architecture (RSA) is shaped by the non-uniform distribution of nutrients
such as nitrogen and phosphorus; for example, in the absence of phosphorus, plants exhibit
more intensive root development in the surface layers (Ramachandran et al., 2025). Under
salinity stress, whilst the main root continues to grow after a brief pause, lateral roots may enter
a dormant phase lasting several days; these differences are regulated by abscisic acid (ABA)
signals. In root development, hormones do not act alone but through a complex ‘cross-talk’
mechanism (Ghosh et al., 2025). Here are the key points of this balance:

Auxin and Cytokinin Balance: This is the most critical interaction. Whilst auxin promotes
lateral root formation and cell division, cytokinin generally inhibits the emergence of lateral
roots. The size of the meristem tissue at the root tip is determined by the ratio of these two
hormones (Rivas et al., 2022).

ABA (Abscisic Acid) and Ethylene: Under drought stress, ABA enables the taproot to continue
growing by limiting ethylene production or its effects. This is a vital collaboration that allows
the plant to reach water at greater depths (Nazir et al., 2024).

Auxin and Ethylene: High auxin levels can trigger ethylene production. Although ethylene
slows root growth, it accelerates the formation of root hairs, which enhance water and mineral
uptake (Nazir et al., 2024).

Plant roots possess the ability to alter their shape and growth direction in response to
environmental conditions (plasticity) (Yetgin, 2024).

*  Deep Root Growth: During drought, plants may extend their taproots to reach water in
deeper soil layers whilst reducing lateral root branching. Specific genes, such as the DRO1 gene
found in rice, increase deep rooting and drought tolerance by making the root angle more
sensitive to gravity (Kirschner et al., 2024).

* Hydrotropism: This is the growth of roots towards moist areas. The hormones abscisic acid
(ABA) and cytokinin play a role in this process.
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* Halotropism: In saline soils, roots may grow towards areas with lower salt concentrations
to avoid high salt concentrations (negative halotropism). This response is regulated by the
redistribution of the auxin hormone at the root tip (Zheng et al., 2024).

10.  The Balance of ROS and Hormonal Signalling

Although ROS were initially regarded as toxic by-products of cellular metabolism, they are
now recognised as secondary messengers of vital importance in plant growth and stress
responses. Under stress conditions, ROS accumulation in cells increases; whilst this
accumulation activates defence mechanisms when controlled, it leads to DNA, lipid and protein
damage when uncontrolled (Ravi et al., 2023). Plant hormones such as ABA, auxin, cytokinin
and brassinosteroids help maintain the plant’s homeostasis by coordinating ROS levels and
antioxidant enzyme activities.

The primary regulator of the adaptation process is abscisic acid (ABA). When drought or
salinity is detected, ABA, synthesised in the roots, is transported to the leaves via the vascular
bundles, causing the stomata to close and directing root growth in a way that mitigates the
effects of stress (Mukherjee et al., 2023). Furthermore, substances such as cytokinins, auxins
and melatonin also play significant roles in root growth and stress tolerance.

In summary, plant roots demonstrate a dynamic resistance to these challenging conditions by
forming structural barriers, altering growth directions and maintaining chemical balances
within the cells.

Melatonin and plant hormones play critical roles in the defence mechanisms plants develop
against high-temperature stress, including signal transduction, physiological regulation and
antioxidant protection (Raza et al., 2022).

The key roles played by these compounds under heat stress can be summarised as follows:
A. Melatonin and Stomatal Regulation

Melatonin helps to maintain plant water balance, particularly under stress conditions where heat
and drought occur simultaneously (Mumithrakamatchi et al., 2024).

« Stomatal Conductance: It has been observed that exogenously applied melatonin increases
stomatal conductance in tomato seedlings under heat and drought stress.

* ABA-Independent Mechanism: Interestingly, this regulatory effect of melatonin on the
stomata occurs via mechanisms independent of the Abscisic Acid (ABA) signalling pathway,
rather than through the classic stress hormone ABA.

* Antioxidant Effect: Melatonin application provides cellular protection by influencing the
activity of enzymes that scavenge Reactive Oxygen Species (ROS), which increase under heat
stress (Raza et al., 2022).

B. Brassinosteroids (BR) and Heat Shock Proteins (HSPs)
Brassinosteroids play a central role in enhancing tolerance to heat stress.

+ Signal Transduction: BRs promote the production of hydrogen peroxide, which acts as a
signalling molecule under stress.

» HSP Activation: This increase enables the plant to withstand high temperatures by activating
stress-related molecules such as heat shock proteins (HSPs), dehydins and antioxidant enzymes
(Raza et al., 2022).

e Metabolic Efficiency: BRs support growth by improving assimilation and photochemical
efficiency under heat stress.
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C. Salicylic Acid (SA) and Jasmonic Acid (JA)
These two hormones regulate both chemical and systemic responses to heat stress.

» Salicylic Acid: Under high heat stress, SA levels may increase, thereby enhancing plant
tolerance. SA acts as a ‘second messenger’ by triggering the production and activation of
defence proteins.

e Jasmonic Acid: During heat shock, JA acts as a critical signal transducer in the formation
of specific secondary metabolites (e.g. sesquiterpenes) (Sultana et al., 2025).

D. Abscisic Acid (ABA)
ABA is the primary hormone regulating stomatal closure to prevent water loss.

ABA Metabolites: Heat stress leads to the accumulation of ABA conjugate forms (ABA-
glucose esters) at both moderate and severe stress levels. Changes in ABA levels initiate
physiological adaptations by interacting with SnRK?2 proteins.

E. Auxin and Root Development
High ambient temperatures affect auxin signalling and transport at the root tips.

* Root Plasticity: An increase in temperature enhances auxin signalling at the root tip,
promoting cell elongation and altering the root system architecture (RSA).

» HSP Interaction: Proteins such as HSP90.1 regulate growth by maintaining the stability of
the auxin receptor TIR1 during temperature changes.

F. Strigolactones (SL)

Strigolactones help to reduce oxidative damage caused by high temperatures by promoting the
production and accumulation of antioxidants. They strengthen the plant’s oxidative defence
system by triggering ROS scavenging mechanisms.

In summary; whilst melatonin regulates water loss and stomatal movement independently of
ABA, brassinosteroids and salicylic acid protect the plant against thermal damage by activating
heat shock proteins and antioxidant systems (Waseem et al., 2025).

11. Anatomical Changes and Physical Barriers

Physical changes in the root structure are critical for preventing water loss and blocking the
entry of toxic substances.

* Accumulation of Suberin and Lignin: Under drought and salinity stress, the accumulation
of suberin and lignin increases in the endodermis and exodermis layers of the roots. This creates
a physical barrier that prevents water from escaping the root and restricts the entry of salt ions
(Na+) into the vascular tissue (Peralta Ogorek et al., 2023).

* Aerenchyma Formation: Under certain stress conditions, air spaces (aerenchyma) may
form in root tissues to facilitate gas exchange.

* Root Hair Regulation: Under drought stress, the length and density of root hairs can be
increased to expand the water-absorption surface area (Peralta Ogorek et al., 2023).

This transformation of plant roots under stress constitutes both a chemical and a structural
defence system.

Hormonal Mechanisms: ABA suppresses the emergence of lateral roots during drought,
directing energy towards the main root’s penetration into deeper soil. Auxin, meanwhile,
accumulates on one side of the root during the ‘escape’ response (halotropism), promoting
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asymmetric cell elongation; thus, the root physically moves away from the saline area (Marik
and Sadhukhan, 2025).

Physical Barriers: Suberin forms a waterproof sheath around endodermis cells. This not only
prevents water from seeping back into the soil but also blocks the entry of toxic ions, such as
sodium, into the vascular bundles (Chen et al., 2022). Aerenchyma, on the other hand, consists
of spaces formed by the controlled death of cells; these channels act as a ‘snorkel’ to transport
oxygen from the stem to the roots.

12. Molecular and Biochemical Mechanisms

. Aquaporins: These proteins, which regulate water transport across cell membranes, are
finely tuned to maintain water balance during times of stress. During drought, whilst some
aquaporins are suppressed to prevent water loss, others are produced in greater quantities in the
roots (upregulation) to increase water uptake from deep soil layers (Afonso et al., 2025).

* Osmotic Regulation: Root cells accumulate osmotic protectants such as proline, sugars and
sugar alcohols within the cell to lower water potential and sustain water uptake.

* Antioxidant Defence: Reactive Oxygen Species (ROS) formed under stress can damage
cells. Roots increase the activity of antioxidant enzymes such as SOD, CAT and APX to clear
these harmful molecules.

« Epigenetic Regulation: Roots can ‘remember’ their stress experiences through mechanisms
such as DNA methylation and histone modifications. These epigenetic changes enable stress-
related genes to be expressed more rapidly or effectively (Abdulraheem et al., 2024).

Conclusions and Future Outlook

Utilising the epigenetic memory of plants and integrating genome editing tools into breeding
programmes is essential for sustainable agriculture. Artificial intelligence (Al)-supported
genomic predictions and high-throughput phenotyping methods will accelerate the
development of the next generation of resilient crops. However, the widespread adoption of
these technologies requires the establishment of harmonised regulatory frameworks on a global
scale and the building of public trust. Understanding how plants integrate environmental
information through their complex physical networks is key to safeguarding our future food
security.
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Abstract

Many wild animals, including red deer, are experiencing significant population losses due to
habitat degradation resulting from increasing human activities. The conservation of these
species and their healthy transmission to future generations is only possible through their
protection in their natural habitats. Understanding the habitat choices and habitat usage
characteristics of red deer is crucial for sustainable species conservation. In our studies
conducted in the Tirkmenbaba Wildlife Reserve, an important habitat for red deer in our
country, the habitat preferences of the species in the area were determined using the camera trap
method. As a result of the observations and evaluations, observations were made in the area
with approximately 4160 camera trap days over a period of about one year. During this period,
a total of 985 images were obtained from camera traps, including 594 photographs and 391
videos. These images and the location characteristics of the camera traps were evaluated. As a
result of the evaluations, it was determined that there is a total of 250 red deer individuals in
the study area, 114 of which are male and 136 are female or young individuals. According to
the results obtained, it was determined that the red deer prefer mixed forests of Scots pine-Pinus
pine and Scots pine-Beech in terms of stand characteristics in their habitat selection. Red deer,
which have their best distribution between 1500 and 1600 meters in the study area, were quite
active in the field, reaching their highest mobility between August and November. Furthermore,
the daily activity of red deer begins at 19:00 and continues throughout the night, reaching its
lowest level at 08:00 in the morning. The most significant threats to the species in the study
area were identified as poaching and habitat degradation.

Keywords: Red deer, habitat, preference, Tiirkmenbaba
1. Introduction

Wild animals are one of the most fundamental and important elements of both biological
diversity and the ecosystems in which they live (Ozkazang et al. 2017). Biological diversity,
which can be defined as the entirety of biological communities or the distribution areas of
species, is evaluated in three different ways, such as species diversity, genetic diversity, and
ecosystem diversity (Primack, 2014). Habitat, which refers to the characteristic space and
environment in which an organism or species lives, is one of the most influential variables on
biological diversity. A habitat consists of three main elements: the spatial structure that
constitutes it and the abiotic and biotic environment that affects this structure (Sevgi, 2016).
Habitat degradations that threaten biological diversity stem from many factors, such as habitat
loss, habitat fragmentation, environmental pollution, global climate change, overuse of
resources, invasive alien species, the spread of diseases, and increasing human population
(Primack, 2014). In this context, for the conservation and sustainability of biological diversity,
habitats must be protected. The types and characteristics of habitats used by species must be
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very well known in order to ensure this protection. Thus, by developing a suitable habitat model,
all biodiversity elements using that habitat model can be ensured to grow healthier in a more
suitable environment.

Habitat choices of wild animals are influenced by several external factors, including feeding,
food abundance and quality, nesting, mating and birth, territories, vegetation, and natural
enemies (Ruble and Gamo, 2011). A suitable habitat for a wild animal should not only include
various functional components but also meet a range of needs for survival and reproduction.
The lack of integration of resource requirements in habitats is a major problem for most wild
animals. For example, a perfect feeding environment may be a very poor escape or resting
environment (Yankuo et al., 2008). In addition, the decrease in habitat quality due to snow, cold,
or extreme temperatures, and the reduction of food and vegetation, cause forced migrations in
many species (Amor, 2019).

Turkey, hosting 171 mammal, 510 bird, and 170 reptile and amphibian species due to its
geographical structure, location, and habitat characteristics, possesses a rich biodiversity (URL
1, URL 2, URL 3). However, due to various factors, the degradation of ecosystems and habitats
is causing a gradual decline in the populations of these species (Ozkazang and Kurdoglu, 2023).
Rehabilitating degraded ecosystems is a difficult and lengthy process, and incorrect
rehabilitation methods, or those not tailored to the species' needs, can even be harmful. This
further emphasizes the importance of understanding the habitat preferences of each species.

In this context, determining the habitat preferences of the red deer (Cervus elaphus L.), a native
species of our country, is necessary for sustainable conservation. Although the red deer is
categorized as LC (least risk) on the [IUCN Red List and its population is shown to be increasing,
it is known that the population of the species is declining in many countries. In fact, it became
completely extinct in Morocco at the beginning of the 20th century (URL 4). Siiel and Ercan
(2019) report that the red deer population in our country is quite low, and that the populations
have decreased considerably in the countries of Eastern Europe, the Middle East and Asia,
which are its natural distribution areas, and that studies should be carried out on the population
and habitats in every area where the species is distributed. The red deer population in our
country is estimated to be approximately 5,000 (URL 1).

The red deer (Cervus elaphus L.), belonging to the Mammalia class, Artiodactyla order, and
Cervidae family, is the second largest terrestrial mammal in our country. This species, with an
average height of 265 cm, a height at the withers of 150 cm, and a tail length of 22 cm, can
reach a weight of 200-300 kg (Demirsoy, 1996). The forked antlers, found only in males and
shed in March-April, can grow up to 110-150 cm (URL 1). The antlers, which regrow in June,
fully harden in August. The fur, reddish-brown in summer, turns gray-brown in winter. The
belly is lighter in color and merges with the lighter-colored patch on the tail. During winter and
mating season, males develop a long mane around their necks (Demirsoy, 1996) (Figure 1).
Females are thinner and smaller than males and do not possess horns. Young individuals have
white spots on their fur that disappear over time (Canakgioglu and Mol, 1996).

The breeding period begins at the end of September, and the gestation period is 252 days.
Females separate from the herd during pregnancy and live alone approximately 10-15 days after
giving birth. They give birth to one -rarely two- offspring, which reaches sexual maturity in 1.5
years. In the wild, they can live between 12 and 20 years (Canak¢ioglu and Mol, 1996). They
are distributed throughout Europe, except for parts of Italy and Northern Europe, and in Turkey,
along central and northern Anatolia. They are found in localized areas in Denizli, Antalya, and
Hatay. In the east, they have been observed in Tunceli, Bing6l, Kars, and Hakkari (URL 1-2).
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Figure 1. An adult male red deer (Photo: Zafer Yildiz)

They live in open, sparsely populated forest areas with grasslands at altitudes up to 3000 meters
above sea level. Their habitats are preferably grasslands surrounded by pure coniferous or
mixed forests at the upper limit of the forest (URL 1). Red deer are observed to prefer open
areas, especially in dense forest areas, within homogeneous forest stands (Ruble and Gamo,
2011). Studies conducted in different regions regarding the habitat choices of red deer have
shown that the species' habitat preferences vary regionally.

Cervus elaphus xanthopygus, a variety of red deer, prefers broadleaf and clear stands at low
than 200-300 meters altitudes and 600-700 meters from roads in the Wandashan Mountains of
China for feeding and resting (Yankuo et al. 2008). In contrast, in the Lawrence Ecotonal Forest
Region of Canada, red deer consistently prefer broadleaf stands throughout the year, while they
use coniferous stands less frequently. This preference is likely related to climatic conditions and
food preferences, and it has been determined that the habitat choices of red deer in this area
differ significantly from those in other regions (Popp et al. 2013). Especially during the winter
season, the habitat preferences of red deer are influenced by the distance of their habitats from
highways, villages, forest roads, and forest edges, as well as altitude and slope. For example,
red deer in the Gogostaihanwula Nature Reserve in Inner Mongolia prefer low-altitude, gently
sloping areas close to the forest edge at relatively gently sloping and wide area forests (Sun et
al., 2020). Unlike their normal habitat uses, red deer utilize shrublands and grasslands in
coniferous and deciduous forests for protection, seeking refuge from adverse weather
conditions, human activities, or predators such as wolves. Conversely, they are far less likely to
prefer small agricultural lands subject to human intervention and livestock pressure (Carvalho
et al. 2012). It is emphasized that the habitat selection of red deer in the Helen Mountains of
China varies greatly seasonally, with seasonal movements between high and low altitudes, and
that changes in food availability, mountain topography, and competition with other species play
arole in this (Zhang et al. 2013).

Spatial familiarity is very important in red deer's choice of habitat, breeding grounds, and
feeding areas. Red deer on the eastern slopes of the Rocky Mountains in Alberta, Canada, prefer
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familiar places they have recently visited, indicating that spatial familiarity is important not
only for large-scale processes such as habitat and territory selection, but also for smaller-scale
habitat selection and foraging (Wolf et al. 2009). In contrast, changes in human land use are
leading to changes in the habitat choices of red deer. Changing habitat conditions can cause
some biological periods of red deer, such as mating, reproduction, and calving, to change
seasonally (Amor et al. 2019). For example, in Soby, Denmark, at a former mining site
identified as a habitat for red deer, researchers determined that the species' population was
negatively impacted by humans and positively correlated with forage availability, tree cover,
and average land elevation. Favorable basic conditions in the habitat, such as forage abundance
and vegetation, have shown that red deer can re-establish themselves quite well in these types
of former industrial areas. However, natural predators and human-induced disturbances,
primarily hunting, will cause red deer to avoid these areas (Miiller et al. 2017).

Another important variable influencing the habitat selection of red deer is population density.
As population density increases, red deer can tend to utilize less preferred habitats more
frequently (Pérez-Barberia et al. 2013).

Although there have been some studies on the biology and ecology of red deer in our country,
studies, especially those concerning habitat selection, are insufficient.

It has been determined that red deer in Nurdagi, Gaziantep, use forested areas in the summer
for hiding, resting, and protection from the sun, and open areas with fresh grass for feeding,
while in winter they prefer forested areas for both hiding and feeding (Birecikligil et al., 2013).
In Bolu Yedigoller National Park, it has been determined that the species prefers mixed stands
of beech, coniferous and other deciduous trees, especially oaks, with 2-3 layers of canopy cover,
and that they are distributed in the altitude zone between 500 and 1500 m (Beskardes 2016). In
the Catacik forests of Eskisehir studies have shown that environmental variables such as
average annual temperature, slope, topographic position index, forest road density, and
vegetation have an effect on the distribution of red deer. It was concluded that the species prefers
forests with low slopes, low road density, and high canopy cover in this area (Orug et al., 2017).
In Afyon province, it was found that red deer mostly prefer forested areas with high shade,
north-facing slopes, and areas far from settlements, but they do not prefer excessively steep
areas (Ercan, 2019). In Kastamonu's Ilgaz Mountains, one of the important distribution areas of
the red deer, it has been determined that the species is found in mixed stands of Scots pine and
fir, furthest from settlements and with high canopy density, preferring areas with sparse forest
clearings and concentrating on the edges of different habitat types (Ogul et al., 2022).

As these studies implicate, although red deer generally have habitat preference patterns, various
external factors and variables can alter the species' habitat preferences. In this context, this study
was conducted in the Tiirkmenbaba Wildlife Development Area, a very important distribution
area for red deer in our country, with the aim of determining the habitat preferences of the
species and the factors threatening these habitats.

2. Materials and Methods
2.1 Materials

To determine the habitat, use preferences of red deer in the study area, camera traps were used
for indirect observations, and 10x42 binoculars and a 60x65 telescope were used for direct
observations. Additionally, GPS was used to obtain and map the coordinates of the observation
points.
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2.2 Method

This study was conducted year-round, throughout all four seasons, between March 2024 and
March 2025. The first phase involved determining the trial areas where camera traps would be
installed. For this aim, the study included preliminary fieldwork on area and office work on
existing forest stand maps. In the preliminary field studies involved searching for red deer tracks
to identify potential habitats, feeding grounds, migration routes, nesting or resting areas for the
species. Based on the data obtained from these studies, 32 different camera trap locations were
determined according to variables such as stand type, vegetation characteristics, land use type,
and altitude. The camera traps deployed in the field, were positioned 60-70 cm above the ground
to provide a wide field of view. Each camera trap was set to take 3 photos and 30 seconds of
video. GPS records were taken to ensure the location of each installed camera trap was not lost
and was accurately transferred to digital maps. The camera traps were checked every 15 days
in summer and every 30 days in winter, and the images obtained were transferred to a computer.
The total number of days between the date of the first image taken and the date of the last image
taken by each camera trap after its installation in the field was calculated to arrive at 4160
camera trap days, during which a total of 594 photographs and 391 video recordings were
obtained. GPS data of the camera traps installed in the field are given in Table 1, and their
satellite images are given in Figure 2.

Table 1 GPS data from camera traps.

No East North Altitude No East North Altitude
(m) (m)
1 266918,00 | 4369641,00 | 1513 17 270760,00 | 4377826,00 | 1546
2 267150,00 | 4369856,00 | 1524 18 271095,00 | 43766914,00 | 1591
3 267456,00 | 4369952,00 | 1518 19 271234,00 | 4376730,00 | 1550
4 267996,00 | 4370799,00 | 1527 20 271234,00 | 4376730,00 | 1550
5 268557,00 | 4370466,00 | 1469 21 268439,00 | 4368417,00 | 1634
6 268464,00 | 4370131,00 | 1502 22 269430,00 | 4375626,00 | 1403
7 270525,00 | 4368769,00 | 1552 23 268837,00 | 4376320,00 | 1429
8 269265,00 | 4367936,00 | 1586 24 271790,00 | 4371499,00 | 1609
9 268975,00 | 4369375,00 | 1663 25 272520,00 | 4369131,00 | 1648
10 271379,00 | 4376738,00 | 1544 26 271592,00 | 4368763,00 | 1503
11 270520,00 | 4378032,00 | 1549 27 272576,00 | 4371770,00 | 1655
12 268711,00 | 4370635,00 | 1482 28 272198,00 | 4372399,00 | 1650
13 269175,00 | 4367568,00 | 1616 29 268946,00 | 4368805,00 | 1622
14 271020,00 | 4377206,00 | 1586 30 269642,00 | 4370121,00 | 1677
15 271010,00 | 4377217,00 | 1584 31 270134,00 | 4371928,00 | 1504
16 270587,00 | 4376968,00 | 1535 32 267224,00 | 4372348,00 | 1436
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Data obtained from field studies were digitized through office work. In this context, GPS
records of the identified species were added into the GIS system and processed into existing
databases. The stand type, altitude, orientation, and slope of each camera trap location were
determined. A total of 985 images were examined in detail, and the number of individuals
observed, the dates of observation, and the times of observation were extracted and processed
into Excel. At this point, individuals recorded within each 30-minute time interval were
considered as a single individual, thus preventing duplicate counts. Based on the data obtained,
the preferred habitat and stand types of red deer, the altitudes at which they are distributed, and
the time periods in which they are active were determined.
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Figure 2. Satellite image of the camera traps installed in the study area.
2.3 Study Area

The Kiitahya Tiirkmenbaba Wildlife Development Area, which is the study area, was declared
a wildlife development area with an area of 11,888.48 hectares by the cabinet decree published
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the Official Gazette dated 05.10.2006 and numbered 26310 due to the red deer population it
harbors (Figure 3). 438 flowering plant species belonging to 246 genera, 2 frog species, 9 reptile
species, and 32 mammal species have been identified in the area.

Figure 3. Status map of Tiirkmenbaba Wildlife Development Area.
3. Findings and Discussion

As a result of field and office studies conducted to determine the habitat use preferences of red
deer in the Kiitahya Tiirkmenbaba Wildlife Development Area, camera traps were installed at
32 different points in the area, reaching a total of 4160 camera trap days and recording a total
of 985 different images, including 594 photographs and 391 videos. A detailed examination of
all the obtained images revealed the presence of a total of 250 red deer individuals in the study
area, 114 of which were male and 136 were female or juvenile.

Of these locations, camera trap number 17 has happened the highest number of red deer
sightings, with a total of 72 individuals (42 females and 28 males). Photo trap number 15 came
in second with 35 (19+16) individuals, while photo trap number 14 came in third with 25 (21+4)
individuals. In the study area, where there were 7.8 individuals per camera trap, zero red deer
were sighted at 8 locations (1, 2, 5, 18, 19, 27, 28, 31) and only one red deer was sighted at 6
locations (3, 4, 8, 11, 24, 32). While 2-10 red deer were observed at 13 locations (6, 7, 9, 11,
13, 16, 20, 21, 22, 23, 26, 29, 30), 14 individuals were observed at locations 10 and 25 (Figure
4). The difference in the number of red deer individuals at 32 locations with different habitat
characteristics suggests that the species may be selective in its habitat use.
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Figure 4. Distribution of detected red deer individuals according to camera traps.

When the data obtained were compared with the habitat characteristics of the locations where
camera traps were set up, four distinct variables were identified as influencing red deer habitat
use. These variables are forest type, altitude, season or month, and time of activity. In this
context, the effects of each variable on red deer habitat use within the study area were examined
individually.

Forest structure, or stand type, is one of the most important of the primary variables determining
the habitat preferences of red deer. The study area consists mostly of pure and mixed pine
forests, although deciduous species are also present in places. To determine the habitats
preferred by red deer, 32 different camera trap points were plotted on a stand map to try and
determine the species' stand preferences (Figure 5).

It has been determined that red deer prefer mixed stands at the study area. Data from camera
traps installed in 14 different stand types revealed that the most preferred stand type was
CkCsc3 (Black pine-Scots pine mixed, ¢ age class, 3 canopy cover), with 82 individuals.
(CsKne3 (Scots pine-beech mixed, ¢ age class, 3 canopy cover), with 70 individuals, ranked
second, while Csc3 (Scots pine pure, ¢ age class, 3 canopy cover), with 33 individuals, came in
third. Csd1 (Scots pine pure, d age class, 1 canopy cover) (21 individuals) and CsCkc3 (Scots
pine-Black pine mixed, ¢ age class, 3 canopy cover) (19 individuals) were the other most
preferred stand types. In other stand types in the study area, the number of red deer was
determined to be 10 or fewer.

In addition to tree mixture, other determining criteria for the preference of red deer for stand
types were tree age classes and forest canopy cover. Specifically, stands with thin trees (class
c) or trees with a diameter of 20-35.9 cm were preferred more than age classes a, b, and d. For
example, in stands where Scots pine was pure (Cs), although the canopy cover was the same,
33 individuals were detected in age class ¢, while only 2 individuals were detected in older
stands (d) (36-51.9 cm diameter). Another difference is noticeable in mixed stands of Scots pine
and black pine. In mixtures where black pine is dominant, red deer are significantly more
numerous (Figure 6).
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Figure 5. Forest stand map of the study area and distribution of camera traps in the area.
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Figure 6. Distribution of identified red deer individuals according to stand type.

Based on the data we obtained, it is not possible to say definitively what effect forest canopy
cover, which is different criterion for stand types, has on the habitat selection of red deer; since
10 out of 14 stand types have a canopy cover of 3, and there is no other data to compare.
However, based on this data, we can say that the species is more abundant in dense stands.
Beskardes (2016) identified 38% of the red deer in stands with a canopy cover of 2, while 62%
were found in stands with a canopy cover of 3. In the same study, he reported that red deer
preferred mixed stands at a rate of 81%. In contrast, Ozkazang et al. (2017) found the species
most densely in degraded beech stands and mixed beech-fir stands.

The main reasons why red deer prefer mixed stands can be attributed to the abundance of food
and the fact that these areas offer more suitable and numerous hiding and sheltering places.
These types of stands provide red deer with protection, especially from harsh weather
conditions. These characteristics are less common in pure forest stands.

Another factor influencing the habitat use preferences of red deer is altitude. Red deer, which
live in open, sparsely forested areas with grasslands at altitudes up to 3000 meters above sea
level, were detected at altitudes between 1400 and 1650 meters within the study area (Figure
7).

Observations made at varying altitudes of 50 meters starting from 1400 meters revealed that
red deer were most densely distributed between 1500 and 1549 meters. 124 different red deer
individuals were identified at this altitude level. The number of red deer individuals has
decreased gradually with each increase of 50 meters above this altitude. 70 at 1550-1599 meters,
34 at 1600-1649 meters, and 12 at 1650-1700 meters were determined to be red deer. Below
1500 meters, only 10 red deer individuals were identified in total (Figure 8).
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Figure 8. Distribution of identified red deer individuals according to altitude.

Essentially, the varying numbers of red deer depending on altitude are consistent with the types
of stands found at these altitudes. Mixed forest stands at altitudes of 1500 to 1600 meters are
the areas where red deer have the best distribution. Beskardes (2016) determined that 59% of
the red deer he identified in Bolu Yedi Goller were between 1000 and 1500 meters and 41%
were between 500 and 1000 meters, while Ozkazang et al. (2017) found the highest number at
1500-1600 meters, and did not encounter the species in areas below 1300 meters and above
1700 meters.

Another of the important criteria influencing the habitat use and habitat preferences of red deer
are seasons or months. Like many wild animal species, red deer are less frequently seen during
the winter months due to both reduced habitat comfort and food scarcity, while they are more
active and observed in much larger numbers during the summer months, especially during
mating seasons.

Our studies show that red deer were most frequently observed in October with 56 individuals.
This was followed by observations in September with 51 individuals, in August with 44, and in
May with 32. After November, when 29 individuals were seen, the number of red deer began
to decrease. This decrease continued until May. While 14 red deer were detected in January, the
number of red deer observed in the region during the other months of the year ranged between
1 and 8 individuals. Ozkazang et al. (2017) found from their study that red deer's monthly
activity begins in July, reaches its peak in September, and completely decreases after November.

Looking at it on a seasonal scale, a total of 18 individuals were observed in winter (December,
January and February); 47 in spring (March, April and May); 49 in summer (June, July and
August); and 136 in autumn (September, October and November) (Figure 9).
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Figure 9. Distribution of identified red deer individuals by month.

The increased activity of red deer, starting in August and continuing through September,
October, and November, which is their mating season, has led to more sightings of the species
by camera traps during this period. However, the shedding of antlers by male red deer, starting
in late February and continuing into March, has resulted in fewer sightings. This is because
male red deer tend to shed their antlers more often in lower-altitude agricultural areas. The fact
that these agricultural areas are outside the scope of the study and that observations are not
made in these locations is the main reason for the low number of individuals observed during
this period. Following the antler shedding period, red deer return to the forest in May, increasing
the number of sightings. During the breeding season in June and July, red deer move to denser
and more sheltered areas of the forest to protect their fawns, resulting in fewer sightings by
camera traps during these months. After July, with the increase in herd participation, the number
of individuals sighted has also increased.

Another important factor in the habitat uses and preferences of red deer is their daily activity
hours. Our studies have shown that the daily activity of red deer accelerates at sunset, reaches
its peak after midnight, and decreases at sunrise, reaching its lowest levels during the day. The
highest number of red deer sightings, totaling 21 individuals, occurred between 03:00 and
03:59. 20 individuals were recorded between 19:00 and 19:59, and 18 individuals between
02:00 and 02:59. Of the 250 red deer individuals identified in total, 165 were observed between
19:00 and 06:59, and the remaining 85 individuals were observed between 07:00 and 18:59
(Figure 10).

64



GAZIANTEP UNIVERSITESI
12. ULUSLARARASI EKOLOJi SEMPOZYUMU

25

e TOtal el Male Female

21

20
20 A

18

0

P @ @@ gl dedys
FF Y F S Q SN Q &S S Q WSS S Q Q S
I FE SN NN N GG HIEN B AN B N SR

Figure 10. Distribution of detected red deer individuals by time of day.
4. Results and Suggestions

In conclusion, this study, conducted to determine the habitat use preferences of red deer in the
Kiitahya Tiirkmenbaba Wildlife Development Area, revealed that the area is a suitable habitat
for red deer and that various variables may influence their habitat choices.

In this context, the most important variable in the species' habitat preferences appears to be
stand type. Red deer mostly prefer mixed stand types in the study area, but they particularly
prefer mixed stands of Scots pine and dominant black pine, and mixed stands of beech and
dominant Scot pine. Furthermore, age class C was the most frequently preferred criterion. In
addition, the three-fold canopy closure, common in almost all stands in study area, emerged as
the most preferred stand characteristic by the species.

Another important variable influencing the habitat preferences of red deer is altitude. According
to this variable, altitudes between 1500 and 1549 meters are the altitude ranges where the
species is most frequently observed. As altitude increases, the population of the species
gradually decreases, and this decrease is more severe in low altitude.

Seasons are a significant variable influencing the distribution and activity of red deer in their
habitats. Red deer activity, which begins in late summer, reaches its peak in September and
October. The decline starting in November continues throughout the winter, reaching its lowest
levels. Activity, which remains relatively low throughout spring and summer, begins to increase
again in August.

Red deer, like many other mammals, are nocturnal feeders who rest in safe places during the
day. Therefore, their daily activity begins at sunset, reaches its highest level at nightfall, and
decreases again at sunrise.

However, many wild animals, including red deer, are experiencing significant population losses
due to habitat degradation resulting from increasing human activities. The conservation of these
species and their healthy transmission to future generations is only possible through their
protection in their natural habitats. Habitat conservation is paramount in this protection. In this
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context, understanding and managing the habitat preferences of wild animals, including red
deer, is absolutely essential for sustainable wildlife.

Forestry practices in protected areas, particularly those based on wildlife conservation such as
wildlife reserves, should be carried out with the sustainability of the existing wildlife in mind.
Functional forest management systems, in particular, should be established on this foundation.
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Bal Aris1 Yetistiriciliginde Ekolojik Ayak Izi ve Siirdiiriilebilirlik Iliskisi
Zeynep ASUTAY
(")gretim Gorevlisi, Bitlis Eren Universitesi, Aricihk, 0000-0002-5854-1040

Ozet

Bal aris1 (Apis mellifera) yetistiriciligi, hem geleneksel tarimsal bir faaliyet hem de ekosistem
hizmetlerinin siirdiiriilmesinde kritik bir rol {istlenmektedir. Arilar, bitkilerin tozlagsmasinda
bagslica aktorler olarak, kiiresel tarimsal iiretimin yaklagik {igte birine katki saglar ve biyolojik
cesitlilik, gida giivenligi ile siirdiiriilebilir tarim sistemlerinin korunmasina hizmet eder. Bu
nedenle aricilik faaliyetleri, ¢evresel, ekonomik ve sosyal siirdiiriilebilirlik boyutlarinda ¢ok
yonlii bir 6neme sahiptir.

Ekolojik ve karbon ayak izi kavramlari, aricilik sistemlerinin ¢evresel etkilerini
degerlendirmede Onemli gostergeler olarak 6ne ¢ikar. Yasam Dongilisii Analizi ¢aligmalari,
gocer ve sabit aricilik sistemleri arasindaki farklari ortaya koymaktadir; gocer sistemlerde
tasima faaliyetleri nedeniyle karbon ayak izi 1,40-2,20 kg CO:e/kg bal iken, sabit sistemlerde
0,38-0,48 kg CO2e/kg bal arasinda oOl¢iilmiistiir. Bu bulgular, ulasim optimizasyonu, enerji
verimliligi ve yenilenebilir enerji kullanimi gibi stratejilerin ¢evresel performansi iyilestirmede
kritik oldugunu gostermektedir. Buna ek olarak, ariciligin sagladigi pozitif ¢evresel etkiler,
ozellikle polinasyon hizmetleri, biyogesitlilik ve tarimsal verim artisi, siirdiiriilebilirlik
degerlendirmelerinde goz ardi edilmemelidir. Polinasyon hizmetlerinin Yasam Donglisii
Analizlerine dahil edilmesi durumunda, aricilik faaliyetlerinin net ¢evresel etkisinin pozitif
yonde degisebilecegi ortaya konmustur. Ayrica, ekosistem odakli yonetim, saglikli flora seg¢imi,
pestisit kullaniminin sinirlandirilmasi ve biyolojik miicadele yontemlerinin uygulanmasi, hem
ar1 saghigini hem de tiretim verimliligini desteklemektedir. Sonug olarak, bal aris1 yetistiriciligi,
uygun planlama ve yonetimle ¢evresel etkileri minimize edilebilen ve siirdiiriilebilir ekosistem
hizmetleri saglayan bir tarimsal faaliyet olarak ©One c¢ikmaktadir. Gelecekte polinasyon
hizmetlerinin nicel olarak ¢evresel analizlere entegre edilmesi ve bolgesel karsilastirmali Yagam
Dongiisii Analizi  ¢aligmalarinin  artirilmasi,  siirdiiriilebilir — ariciik  politikalarinin
gelistirilmesine 6nemli katkilar sunacaktir.

Anahtar kelimeler: Bal arisi, siirdiiriilebilirlik, ekolojik ayak izi, karbon ayak izi, polinasyon,
yasam dongiisii analizi

Giris

Bal aris1 (Apis mellifera) yetistiriciligi, diinya genelinde geleneksel bir tarimsal faaliyet
olmasinin yani sira ekosistem hizmetlerinin siirdiiriilmesinde temel bir role sahiptir. Arilar,
bitkilerin tozlagsmasini saglayan baslica organizmalar arasinda yer almakta olup, kiiresel 6lgekte
yetistirilen tarimsal triinlerin yaklasik %75’inin tozlagsmasinda hayati katki sunduklar
bildirilmektedir (Klein et al., 2007). Bu nedenle ar1 popiilasyonlar1 yalnizca bal iiretimi
acisindan degil, ayn1 zamanda gida giivenligi, biyolojik cesitlilik ve siirdiiriilebilir tarim
sistemlerinin devamlilig1 agisindan da kritik 6neme sahiptir (Potts et al., 2016).

Aricilik faaliyetleri gevresel, ekonomik ve sosyal olmak iizere ii¢ temel siirdiiriilebilirlik
boyutunda degerlendirilmektedir. Bu kapsamda arilar, bal ve diger ar1 iirtinleri (polen, propolis,
balmumu vb.) aracilifiyla ekonomik deger iiretmenin yani sira, sunduklari ekosistem hizmetleri
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sayesinde cevresel dengenin korunmasina da katkida bulunmaktadir. Nitekim Hiikiimetler Aras1
Biyogesitlilik ve Ekosistem Hizmetleri Platformu (IPBES), diinya genelinde milyonlarca ar1
kolonisinin tarimsal iiretime 6nemli diizeyde katki sagladigini ve polinasyon hizmetlerinin
stirdiiriilebilir kalkinma hedefleri agisindan kritik oldugunu vurgulamaktadir (IPBES, 2016).

Arilarin sundugu ekosistem hizmetleri igerisinde 6zellikle tozlasma hizmeti, tarimsal {iretkenlik
ve biyolojik ¢esitliligin korunmasi agisindan biiyiik 6nem tasimaktadir. Polinasyonun bitkisel
iiretim tizerindeki etkisi yalnizca verim artis1 ile sinirli kalmayip, ayn1 zamanda ekosistem
islevlerinin devamliligin1 da dogrudan etkilemektedir (Garibaldi et al., 2013). Bu baglamda
stirdiiriilebilir aricilik, iiretim siireglerinin ¢evresel etkilerini azaltmayi ve ar1 popiilasyonlarinin
uzun vadede korunmasini amaglayan biitiinciil yaklagimlari icermektedir.

Bununla birlikte, aricilik faaliyetlerinin ¢evresel etkilerinin degerlendirilmesinde yalnizca
ekonomik c¢iktilar yeterli olmamaktadir. Ekolojik ayak izi ve karbon ayak izi kavramlari, iiretim
sistemlerinin ¢evre iizerindeki toplam etkisini ortaya koyan 6nemli gdstergeler arasinda yer
almaktadir. Ekolojik ayak izi, dogal kaynak tiiketimini Olgerken; karbon ayak izi, liretim
stirecleri sonucu ortaya ¢ikan sera gazi emisyonlarini degerlendirmektedir (Wackernagel &
Rees, 1996; Wiedmann & Minx, 2008). Bu gostergelerin aricilik sistemlerine uygulanmasi,
stirdiiriilebilir {iretim modellerinin gelistirilmesi agisindan 6nemli bir analitik g¢erceve
sunmaktadir.

Son yillarda gergeklestirilen yasam dongiisii analizi (LCA) ¢aligsmalari, 6zellikle gbger ve sabit
aricilik  sistemlerinin ¢evresel etkileri arasinda belirgin farkliliklar oldugunu ortaya
koymaktadir. Goger aricilikta koloni tasimaciligina bagli olarak yakit tiiketimi ve dolayistyla
karbon ayak izi artarken, sabit aricilik sistemlerinde enerji kullaniminin optimize edilmesi ile
cevresel etkilerin daha diisiik seviyede tutulabildigi bildirilmektedir (Mungkung et al., 2020).
Bu bulgular, siirdiiriilebilir aricilik uygulamalarinin gelistirilmesinde ekolojik ve karbon ayak
izi analizlerinin 6nemini agik¢a ortaya koymaktadir.

Bu derleme ¢aligmasi, bal aris1 yetistiriciliginde ekolojik ayak izi ile siirdiiriilebilirlik arasindaki
iliskiyi mevcut bilimsel literatiir ger¢evesinde degerlendirmeyi amaglamakta; ariciligin gevresel
etkilerinin 6l¢iilmesi, ekosistem hizmetlerinin ortaya konulmasi ve siirdiiriilebilir yonetim
stratejilerinin gelistirilmesine yonelik kapsamli bir bakis a¢is1 sunmaktadir.

2. Aricilik ve Siirdiirilebilirlik

Siirdiiriilebilirlik, ¢cevresel, sosyal ve ekonomik boyutlartyla iiretim sistemlerinin uzun vadede
korunmasini ve gelistirilmesini ifade etmektedir (United Nations, 2015). Aricilik faaliyeti, bu
ic boyuta ayn1 anda katki saglayabilmesi nedeniyle siirdiiriilebilir tarim ve kirsal kalkinma
sistemlerinin temel bilesenlerinden biri olarak kabul edilmektedir (FAO, 2018).

2.1. Cevresel Boyut

Bal arilarn (Apis mellifera), kiiresel oOlgekte saglanan ekosistem hizmetleri igerisinde
polinasyonun en dnemli aktorleri arasinda yer almaktadir. Yapilan degerlendirmeler, hayvan
kaynakli tozlasmanin ekosistem hizmetleri i¢indeki payimin biiyiik bir kismini olusturdugunu
ve bunun 6nemli boliimiiniin arilar tarafindan saglandigini ortaya koymaktadir (IPBES, 2016).
Bu hizmet, bitkisel liretimde verim artisint dogrudan etkilerken, dogal ekosistemlerin
stirdiiriilebilirliginin korunmasinda da kritik rol oynamaktadir (Garibaldi et al., 2013).

Polinasyon hizmeti; tarimsal iirtinlerin verim, kalite ve c¢esitliligini artirmakta, biyolojik
cesitliligin  devamliligin1 desteklemekte ve ekosistem dengesinin siirdiiriilmesine katki
saglamaktadir (Klein et al., 2007). Ayrica, Birlesmis Milletler Gida ve Tarim Orgiitii’ne (FAO)
gore diinya genelinde yetistirilen bitkisel irlinlerin yaklagik ticte biri dogrudan hayvan kaynakl
tozlasmaya baghdir (FAO, 2018). Bu baglamda aricilik, yalnizca bal iiretimi ile sinirh
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kalmay1p, gida giivenligi ve ¢evresel siirdiiriilebilirlik hedefleri acisindan da kritik bir 6neme
sahiptir.

2.2. Ekonomik Boyut

Aricilik sektorii; bal, polen, propolis, balmumu ve ar1 siitii gibi irlinler araciligryla 6nemli bir
ekonomik deger yaratmaktadir. Bununla birlikte aricilik, 6zellikle kirsal bolgelerde diisiik
yatirim maliyeti ile gelir ¢esitlendirmesi saglayarak yerel ekonomilere katkida bulunmaktadir
(Bradbear, 2009).

Ayrica aricilik faaliyetleri, polinasyon yoluyla tarimsal tiretimde verim artigi saglayarak dolayli
ekonomik faydalar da sunmaktadir. Bu durum, hem yerel pazarlarin gelisimini desteklemekte
hem de tarimsal gelirlerin artmasina katki saglamaktadir (Gallai et al., 2009). Ozellikle
gelismekte olan iilkelerde aricilik, kirsal kalkinma ve siirdiiriilebilir ekonomik biiylime
acisindan dnemli bir faaliyet alani olarak degerlendirilmektedir (FAO, 2018).

2.3. Sosyal Boyut

Aricilik, kirsal kalkinmanin desteklenmesi ve geleneksel iiretim kiiltliriniin siirdiiriilmesi
acisindan 6nemli bir role sahiptir. Kusaktan kusaga aktarilan bilgi ve deneyim birikimi,
ariciligin kiiltiirel stirdiiriilebilirligini giiglendirmektedir (Bradbear, 2009).

Art iiriinlerinin saglik alanindaki kullanimi da sosyal boyut agisindan dikkat gekicidir. Ozellikle
bal ve propolis gibi {riinlerin antioksidan ve antimikrobiyal 6zelliklere sahip oldugu ¢esitli
caligmalarla ortaya konmustur (Bastos et al., 2011). Bu durum, ar1 {iriinlerinin bireylerin yasam
kalitesine katki saglamasina olanak tanimaktadir.

Bunun yani sira aricilik, kirsal alanlarda istthdam olusturarak toplumsal refahi artirmaktadir.
Ozellikle kadin kooperatifleri ve aile isletmeleri araciligiyla vyiiriitiilen aricilik faaliyetleri,
toplumsal cinsiyet esitligi ve ekonomik katilim agisindan da 6nemli katkilar sunmaktadir (FAO,
2018).

2.4. Siirdiiriilebilir Kalkinma Amaclar1 (SKA’lar) ile iliski

Aricilik faaliyetleri, Birlesmis Milletler tarafindan belirlenen Siirdiriilebilir Kalkinma
Amaglar1 (SKA) ile dogrudan iligkilidir. Arilarin sagladigi ekosistem hizmetlerinin; SKA 1
(Yoksulluga Son), SKA 2 (Acghga Son), SKA 3 (Saglik ve Kaliteli Yasam), SKA 8 (insana
Yakisir Is ve Ekonomik Biiyiime), SKA 12 (Sorumlu Uretim ve Tiiketim), SKA 13 (iklim
Eylemi) ve SKA 15 (Karasal Yagam) hedeflerine 6nemli katkilar sundugu belirtilmektedir
(United Nations, 2015; IPBES, 2016).

Bu ¢ok boyutlu katkilar, ariciligi yalnizca bir tarimsal iiretim faaliyeti olmaktan Ote,
stirdiiriilebilir kalkinma stratejilerinde merkezi bir konuma yerlestirmektedir. Aricilik sayesinde
cevresel, ekonomik ve sosyal faydalarin es zamanli olarak elde edilmesi miimkiin hale
gelmektedir.

3. Ekolojik Ayak Izi ve Karbon Ayak Izi Kavramlar

Ekolojik ayak izi, bir liretim sisteminin dogal kaynaklar iizerindeki toplam talebini ve ¢evresel
baskilarii 6lgen kapsamli bir gostergedir. Bu kavram; enerji tiikketimi, arazi kullanimi, su
kaynaklarma olan talep, atik liretimi ve emisyonlar gibi farkli gevresel bilesenleri biitiinciil bir
yaklasimla degerlendirerek siirdiiriilebilirlik  analizlerinde 6nemli bir ara¢ olarak
kullanilmaktadir (Wackernagel & Rees, 1996). Ekolojik ayak izi, sera gazi emisyonlarini
kapsayan karbon ayak izine kiyasla daha genis bir perspektif sunmakta ve dogal kaynak
tiiketimini de degerlendirme kapsamina dahil etmektedir.

Karbon ayak izi ise bir iirliniin, hizmetin veya {iretim sisteminin yasam dongiisii boyunca
atmosfere saldig1 toplam sera gazi miktarmi ifade etmekte olup genellikle karbondioksit
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esdegeri (COze) cinsinden raporlanmaktadir (Wiedmann & Minx, 2008). Karbon ayak izi
hesaplamalari, uluslararast diizeyde kabul goéren ISO 14067 standardi ¢ergevesinde
gerceklestirilebilmekte ve ozellikle iklim degisikligi tizerindeki etkilerin degerlendirilmesinde

yaygin olarak kullanilmaktadir (ISO, 2018).

Bu iki kavram birlikte ele alindiginda, liretim sistemlerinin hem kaynak kullanimi hem de
atmosferik etkileri agisindan ¢evresel performansinin kapsamli bir sekilde degerlendirilmesine
olanak saglamaktadir. Ozellikle karbon ayak izi analizi; enerji kullanimi, ulagim, su tiiketimi ve
hammadde girdileri gibi siireclerin sera gazi emisyonlarina olan katkisini nicel olarak ortaya
koymaktadir.

3.1. Yasam Dongiisii Analizi (Life Cycle Assessment — LCA) ile Baglantisi

Ekolojik ve karbon ayak izi degerlendirmeleri ¢ogunlukla Yasam Dongiisii Analizi (Life Cycle
Assessment — LCA) yontemi ile birlikte ele alinmaktadir. Yasam Donglisii Analizi, bir iiriin ya
da hizmetin “besikten mezara” kadar olan tiim asamalarindaki ¢evresel etkileri sistematik bir
sekilde degerlendiren bir yaklasimdir (ISO, 2006a; ISO, 2006b).

Bu yontem; hammadde temini, iiretim, dagitim, kullanim ve bertaraf asamalarinda ortaya ¢ikan
enerji tilkketimi, malzeme akiglari, atiklar ve sera gazi emisyonlarini kapsamli bicimde analiz
ederek ¢evresel etkilerin nicel olarak belirlenmesini saglar (Guinée et al., 2011). Bu ydniiyle
Yasam Dongiisii Analizi, karbon ayak izi hesaplamalarinin temel metodolojik altyapisini
olusturmakta ve siirdiiriilebilir liretim stratejilerinin gelistirilmesine bilimsel bir zemin
sunmaktadir.

3.2. Aricilikta Ekolojik ve Karbon Ayak izi

Aricilik faaliyetleri, sagladig1 ekonomik katkilarin yani sira ¢evresel etkileri bakimindan da
degerlendirilmektedir. Yasam Donglisti Analizi caligmalari, aricilikta ¢evresel etki olusturan
temel siireclerin belirlenmesine olanak saglamaktadir. Bu baglamda géger (migratory) ve sabit
(non-migratory) aricilik sistemleri arasinda karbon ayak izi acisindan belirgin farkliliklar
bulunmaktadir.

Yapilan caligmalar, gocer aricilik sistemlerinde bal iretiminin karbon ayak izinin yaklasik 1,4—
2,2 kg CO2e/kg bal araliginda oldugunu; buna karsin sabit aricilik sistemlerinde bu degerin 0,4
kg COqe/kg bal civarma kadar diisebildigini ortaya koymaktadir (Mungkung et al., 2020). Bu
farkin temel nedeni, goger aricilikta kovanlarin tasinmasina bagli olarak artan yakit tiiketimi ve
ulasim kaynakli emisyonlardir.

Ayrica, gocer aricilikta yakit kullanimi ve lojistik faaliyetler karbon ayak izinin en 6nemli
bilesenini olustururken; sabit sistemlerde elektrik tiiketimi ve iiretim siirecleri daha belirleyici
cevresel etki unsurlar olarak one ¢ikmaktadir (Pignagnoli et al., 2021). Bu durum, aricilikta
cevresel siirdiiriilebilirligin saglanabilmesi icin farkli tiretim sistemlerine 6zgii stratejilerin
gelistirilmesi gerektigini géstermektedir.

3.3. Degerlendirme ve Onemi

Ekolojik ve karbon ayak izi gostergeleri, aricilik gibi tarimsal faaliyetlerde cevresel etkilerin
objektif bir sekilde degerlendirilmesine olanak tanimaktadir. Bu gdstergeler, karar vericilere
bilimsel veri saglayarak siirdiiriilebilirlik stratejilerinin gelistirilmesine katkida bulunmaktadir.

Ayrica karbon ayak izi yaklagimi, glinlimiizde yesil pazarlama, iklim politikalar1 ve uluslararasi
ticarette g¢evresel uygunluk kriterleri acisindan giderek daha fazla 6nem kazanmaktadir
(Wiedmann & Minx, 2008).
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4. Aricilikta Ekolojik Etki Kaynaklar:
4.1. Tasima ve Yonetim

Aricilikta yoOnetim uygulamalar1 igerisinde kovan tasimaciligi, Ozellikle goger aricilik
sistemlerinde en Onemli c¢evresel etki kaynaklarindan biridir. Yasam Donglisii Analizi
caligmalarinda, kovanlarin farkli nektar kaynaklarina tasginmasinin toplam karbon ayak izi
tizerindeki etkisinin oldukca yiiksek oldugu belirlenmistir. Nitekim bazi ¢caligsmalarda, ulagim
kaynakli emisyonlarin toplam sera gazi salimlarinin %50’sinden fazlasini olusturdugu rapor
edilmistir (Pignagnoli et al., 2021).

Bu durum, goger aricilarin ¢igeklenme donemlerini takip edebilmek amaciyla uzun mesafeler
kat etmelerinden ve buna bagl olarak yakit tliketiminin artmasindan kaynaklanmaktadir.
Ozellikle fosil yakit kullanimi, karbon dioksit emisyonlarinin temel kaynagini olusturarak
cevresel siirdiiriilebilirligi olumsuz yonde etkileyebilmektedir.

4.2. Enerji ve Elektrik Kullanimi

Aricilikta enerji kullanimi yalnizca tasimacilik ile sinirlt olmayip, bal sagimi, isleme ve
depolama stireclerinde de Onemli diizeyde enerji girdisi gerektirmektedir. Sabit aricilik
sistemlerinde yapilan ¢aligmalar, elektrik tiiketiminin toplam sera gazi emisyonlarinin énemli
bir kismini olusturdugunu gostermektedir (Mungkung et al., 2020).

Elektrik enerjisi; balin siizlilmesi, islenmesi ve depolanmasi gibi siire¢lerde kullanilmakta olup,
bu faaliyetler karbon ayak izine dogrudan katki saglamaktadir. Bu nedenle enerji verimliliginin
artirtlmas1 ve yenilenebilir enerji kaynaklarmin kullanimi, aricilikta g¢evresel etkilerin
azaltilmasi acisindan kritik 6neme sahiptir.

4.3. Nektar Kaynaklari ve Uretim Verimliligi

Nektar kaynaklarinin ¢esitliligi ve verimliligi, aricilikta tiretim ¢iktis1 ile cevresel etki
arasindaki iliskiyi dogrudan etkilemektedir. Diisiik nektar verimine sahip alanlarda arilarin daha
uzun mesafeler kat etmesi ve daha fazla enerji harcamasi gerekmekte, bu durum {iretim basina
diisen cevresel yiikiin artmasina neden olmaktadir (Pignagnoli et al., 2021).

Yasam Dongiisii Analizi caligmalari, bal veriminin diisiik oldugu durumlarda birim {iriin basina
karbon ayak izinin arttifin1 ortaya koymaktadir. Bu nedenle flora ¢esitliliginin artirilmasi ve
uygun Uretim alanlarinin secilmesi, hem verimliligin artirilmast hem de g¢evresel etkilerin
azaltilmasi agisindan énemlidir.

5. Anicilikta Pozitif Cevresel Etkiler

Aricilik faaliyetleri yalnizca ¢evresel yiik olusturan bir iiretim sistemi olmayip, ayn1 zamanda
onemli ekosistem hizmetleri sunarak c¢evresel siirdiiriilebilirlige katkida bulunmaktadir.
Ozellikle polinasyon hizmeti, tarimsal iiretim ve biyolojik cesitlilik a¢isindan kritik bir rol
oynamaktadir (Garibaldi et al., 2013).

5.1. Polinasyonun Yasam Dongiisii Etkileri

Polinasyon hizmetinin Yasam Dongiisii Analizi calismalarina dahil edilmesi, aricilik
faaliyetlerinin net g¢evresel etkisinin yeniden degerlendirilmesini gerektirmektedir. Yapilan
arastirmalar, polinasyonun tarimsal verimi artirarak birim iirlin basina diisen cevresel yiikii
azaltabilecegini gostermektedir (Klein et al., 2007).

5.2. Biyocesitlilik ve Ekosistem Hizmetleri
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Arilar, dogal bitki tiirlerinin cogalmasini destekleyerek biyolojik ¢esitliligin korunmasina katki
saglamaktadir. Bu durum, ekosistemlerin dayanikliligini artirmakta ve ekolojik dengeyi
giiclendirmektedir (IPBES, 2016).

5.3. Tarimsal Verim ve Gida Giivenligi

Ar polinasyonu, birgok tarimsal iiriinde verim ve kalite artisi saglayarak kiiresel gida
giivenligine 6nemli katkilar sunmaktadir (Klein et al., 2007).

5.4. Genel Degerlendirme

Bu bulgular, aricilik faaliyetlerinin yalnizca karbon emisyonlar1 acisindan degil, sagladigi
ekosistem hizmetleri ile birlikte degerlendirilmesi gerektigini ortaya koymaktadir.

6. Siirdiiriilebilirlik i¢cin Uygulamalar

Siirdiiriilebilir aricilik uygulamalari; ulagimin optimize edilmesi, yenilenebilir enerji kullanimu,
ekosistem temelli yonetim ve egitim faaliyetlerinin artirilmasi gibi stratejileri icermektedir
(Pignagnoli et al., 2021).

7. Sonug¢

Bal aris1 yetistiriciliginde ekolojik ayak izi ve siirdiiriilebilirlik arasindaki iliski, tiretim sistemi
ve yOnetim uygulamalarina bagh olarak degismektedir. Goger aricilik sistemlerinde karbon
ayak izinin daha yiiksek oldugu; sabit sistemlerde ise daha diisiik seviyelerde gergeklestigi
goriilmektedir (Mungkung et al., 2020).

Bununla birlikte, ariciligin sundugu polinasyon hizmetleri ve ekosistem katkilar1 dikkate
alindiginda, bu faaliyetlerin net g¢evresel etkisinin pozitif olabilecegi anlagilmaktadir. Bu
nedenle siirdiiriilebilir aricilik politikalarinin gelistirilmesinde, gevresel etkilerin biitiinciil bir
yaklagimla degerlendirilmesi gerekmektedir.
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Ozet

Gezginci aricilik, kolonilerin yil boyunca farkli ekolojik ve cografi bolgeler arasinda
taginmasini igeren bir iiretim sistemidir ve bal verimini artirma potansiyeline sahip olmasina
ragmen, koloni saglig1 lizerinde 6nemli stres kaynaklar1 olusturabilmektedir. Tagima sirasinda
ortaya cikan fiziksel titresimler, sicaklik ve nem degisimleri, besin kaynaklarinin kisitlilig1 ve
koloniler arasi yogun etkilesimler, arilarin biyotik ve abiyotik stres faktdrlerine maruz
kalmasina neden olmaktadir. Bu durum, bal arilarinin bagisiklik yanitlarimi baskilayarak,
paraziter, mikrobiyal ve viral hastaliklara kars1 duyarlilig1 artirmaktadir.

Gezginci aricilik yapilan bolgelerde farkli kolonilerin ayni alanlarda yogun sekilde bulunmasi,
patojenlerin hizla yayilmasina ve Varroa destructor gibi parazitlerin koloniler arasinda
taginmasina zemin hazirlamaktadir. Varroa akarlari, hem dogrudan hem de viral hastaliklarin
vektorii olarak koloni kayiplarinda kritik rol oynamaktadir. Ayrica, tasimaya bagli stres
faktorleri, hem arilarin fizyolojik durumunu hem de parazitlerin iireme basarisini etkileyerek,
koloni direncinin diismesine yol agmaktadir.

Mikrobiyal hastaliklar agisindan, Nosema apis ve Nosema ceranae gibi mikrosporidiyal
patojenler ile Amerikan ve Avrupa yavru ¢liriikliigii etkenleri, gezginci aricilik sirasinda daha
hizl1 yayilabilmektedir. Viral patojenler, 6zellikle Deforme Kanat Viriisii, Varroa ile etkilesim
icinde bulunarak latent enfeksiyondan aktif enfeksiyona geg¢mekte ve koloni kayiplarimi
artirmaktadir

Bu nedenle, gezginci aricilik yapilan kolonilerde siirdiiriilebilir saglik yonetimi, tasima
sliresinin minimize edilmesi, uygun havalandirma kosullarinin saglanmasi, besin takviyeleri ile
enerji ve bagisiklik desteginin saglanmasi, diizenli hastalik ve parazit kontrolleri ile koloni
yogunlugunun ve bolgesel karantinanin etkin sekilde yonetilmesini gerektirmektedir.

Sonug olarak, gezginci aricilik, ekonomik getirilerinin yam sira, koloni stresini ve hastalik
duyarliligini artirma potansiyeline sahip bir uygulamadir. Ancak entegre yonetim stratejileri ile
hem verim hem de koloni saglig1 optimize edilebilir; bu, 6zellikle viral, mikrobiyal ve paraziter
etmenlerin yayilimimi kontrol etmek icin kritik 6neme sahiptir. Gezginci aricilik, nektar ve
polen kaynaklarindan maksimum fayda saglamak amaciyla kolonilerin y1l i¢inde farkli ekolojik
bolgelere tasmmmasini iceren yaygin bir iretim sistemidir. Bu uygulama bal verimini
artirabilmesine ragmen, koloni saghigi {izerinde stres kaynakli olumsuz etkiler
olusturabilmektedir. Bu ¢aligmada gezginci ariciligin bal arisi1 kolonilerinde fizyolojik stres,
bagisiklik yanit1 ve hastalik duyarliligi izerindeki etkileri degerlendirilmistir. Literatiir verileri
ve saha gozlemlerine dayali olarak; tasima siklig1, cevresel degiskenlik, besin kaynaklarindaki
ani degisim ve patojen maruziyetinin koloni sagligi lizerindeki etkileri tartigilmistir. Sonug
olarak, gezginci ariciligin uygun yonetim stratejileri uygulanmadiginda hastalik insidansini
artirabilecegi, ancak kontrollii uygulamalarla bu risklerin azaltilabilecegi ortaya konmustur.
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Anahtar Kelimeler: Gezginci aricilik, koloni stresi, bal arisi, ar1 hastaliklari, bagisiklik

1. Giris

Aricilik faaliyetleri diinya genelinde hem ekonomik hem de ekolojik agidan biiyiik 6neme
sahiptir. Bal arilar1 (Apis mellifera L.), yalnizca bal, polen, propolis ve ar siitii gibi ari
tiriinlerinin iiretiminde degil; ayn1 zamanda tarimsal ve dogal ekosistemlerde bitkisel tiretimin
stirdiiriilebilirligi acisindan vazgegilmez bir tozlasma hizmeti sunmaktadir. Kiiresel dlgekte
yetistirilen tarimsal iiriinlerin yaklasik %75’inin, dogrudan ya da dolayli olarak, hayvanlarla
tozlasmaya bagimli oldugu bildirilmektedir. Bu baglamda bal arilari, hem gida giivenligi hem
de biyolojik ¢esitliligin korunmasi agisindan kilit tiirler arasinda yer almaktadir. (Klein ve ark.,
2007).

Son yillarda artan bal ve ar1 iirlinleri talebi, dogal nektar ve polen kaynaklariin azalmasi ve
iklim degisikligine bagh c¢iceklenme diizensizlikleri, aricilari alternatif iiretim stratejilerine
yonlendirmistir. Bu stratejilerden biri olan gezginci aricilik, kolonilerin yil igerisinde farkli
ekolojik bolgelere tasinarak ardisik ¢igeklenme donemlerinden yararlanmasini amaglayan
yaygin bir uygulamadir. Ozellikle Akdeniz, Orta Dogu ve Asya iilkelerinde gezginci aricilik,
bal iiretiminin temel bilesenlerinden biri haline gelmistir (Neumann ve Carreck, 2010).

Bununla birlikte, gezginci aricilik uygulamalart koloni sagligi acisindan 6nemli riskleri de
beraberinde getirmektedir. Kolonilerin sik araliklarla tasinmasi; mekanik titresim, sicaklik ve
nem dalgalanmalari, havalandirma yetersizligi ve yon bulma stresine neden olmaktadir. Bu stres
faktorlerine ek olarak, farkli bolgelerdeki flora yapisinin ani degisimi, arilarin beslenme
diizenini etkileyerek protein ve karbonhidrat dengesinde bozulmalara yol agabilmektedir.
Beslenme stresinin bagisiklik sistemiyle yakindan iligkili oldugu ve yetersiz beslenen
kolonilerde hastaliklara kars1 direncin azaldig bilinmektedir. (Alaux ve ark., 2010).

Gezginci aricilik ayn1 zamanda patojen ve parazitlerin yayilimini kolaylastiran bir faktor olarak
degerlendirilmektedir. Farkli bolgelerden gelen kolonilerin ayni alanlarda yogunlasmasi,
Varroa destructor, Nosema tiirleri ve ¢esitli viral etmenlerin koloniler arasinda tasinma riskini
artirmaktadir. Stres altindaki kolonilerde bagisiklik yanitinin baskilanmasi, bu patojenlerin
enfeksiyon olusturma ve yayilma potansiyelini daha da giiclendirmektedir. (Rosenkranz ve ark.,
2010).

Bal arilarinda stres; bireysel bagisiklik mekanizmalarinin yani sira, hijyen davranisi gibi koloni
diizeyindeki sosyal bagisiklik tepkilerini de olumsuz etkileyebilmektedir (Simone-Finstrom ve
Spivak, 2012). Bu durum, gezginci aricilik yapilan kolonilerde hastalik insidansinin ve koloni
kayiplarinin artmasima zemin hazirlayabilmektedir. Nitekim son yillarda diinya genelinde
bildirilen koloni kayiplarinda, ¢oklu stres faktorlerinin (tasima, beslenme yetersizligi, pestisit
maruziyeti ve patojenler) birlikte etkili oldugu vurgulanmaktadir (vanEngelsdorp ve Meixner,
2010).

Bu bildiride, gezginci ariciligin bal aris1 kolonilerinde olusturdugu stres faktorleri ile bagisiklik
sistemi ve hastalik duyarlilig1 arasindaki iliskiler, giincel bilimsel literatiir 15181nda biitiinciil bir
yaklasimla ele alinmaktadir. Ayrica, gezginci aricilik uygulamalarinda koloni sagligini
korumaya yonelik yonetim stratejilerinin 6nemi tartisilmaktadir.

2. Gezginci Aricilikta Stres Kaynaklari

Gezginci aricilik uygulamalarinda koloni sagligini etkileyen stres faktorleri ¢ok boyutlu olup,
cogu zaman birbiriyle etkilesim halinde ortaya ¢ikmaktadir. Bu stres kaynaklari; tagima siireci,
cevresel ve iklimsel degiskenler, beslenme yetersizlikleri, pestisit maruziyeti ve koloni
yogunlugu gibi basliklar altinda degerlendirilebilir.
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2.1 Tasima ve Mekanik Stres

Gezginci ariciligin en belirgin stres faktorlerinden biri, kolonilerin bir bdlgeden digerine
taginmasidir. Tagima sirasinda olusan titresim, giiriiltii, sicaklik artis1 ve havalandirma
yetersizligi, arilarda akut stres yanitlarini tetikleyebilmektedir. Ozellikle uzun mesafeli ve gece
tasimalarinda, kovan i¢i sicakligin yiikselmesi sonucu yavru kayiplari ve ig¢i ar1 mortalitesinde
artis bildirilmektedir (Mitchell, Mulhauser & Mulhauser, 2012).

Tasima stresinin ana ar1 izerinde de olumsuz etkileri oldugu, yumurtlama kapasitesinde gegici
veya kalici diisiislere neden olabildigi belirtilmektedir. Ayrica yon bulma davraniginin
bozulmasi, tasinma sonrasi tarlact ar1 kayiplarini artirarak koloni is giiclinii zayiflatmaktadir
(Pettis et al., 2013).

2.2 Cevresel ve iklimsel Degiskenlik

Gezginci aricilikta koloniler kisa zaman dilimleri iginde farkli rakim, sicaklik, nem ve
fotoperiyot kosullarina maruz kalmaktadir. Bu ani cevresel degisimler, arilarin fizyolojik
adaptasyon mekanizmalarini zorlamakta ve metabolik stres olusturmaktadir. Ozellikle sicaklik
dalgalanmalari, kovan i¢i termoregiilasyon davraniglarini artirarak enerji tiikketimini
ylukseltmektedir (Stabentheiner, Kovac & Brodschneider, 2010).

Iklimsel stres faktdrlerinin, bagisiklik sistemi iizerinde baskilayici etkiler olusturdugu ve
patojenlere kars1 direnci azalttigr bildirilmektedir. Asir1 sicak veya soguk kosullar, hemolenf
protein profillerinde degisimlere yol acarak antimikrobiyal yanitlarin etkinligini
diisiirebilmektedir (Le Conte & Navajas, 2008).

2.3 Beslenme Stresi ve Flora Degisimi

Gezginci aricilikta koloniler, farkli bolgelerdeki bitkisel ¢esitlilige bagli olarak kisa siirede
degisen polen ve nektar kaynaklariyla karsilagsmaktadir. Polen kaynaklarinin kalitesi ve
cesitliligi, arilari protein alimi1 ve bagisiklik kapasitesi agisindan kritik 6neme sahiptir. Tek tip
veya diisiik kaliteli polenle beslenen kolonilerde bagisiklik genlerinin ekspresyonunun
baskilandig1 gosterilmistir (Alaux et al., 2010).

Flora degisimine bagli olarak besin dengesinin bozulmasi, yavru gelisimini ve ar1 dmriinii
olumsuz etkilemekte, koloni dayanikliligin1 azaltmaktadir. Bu durum, 6zellikle gezginci aricilik
yapilan monokiiltiir tarim alanlarinda daha belirgin hale gelmektedir (Di Pasquale et al., 2013).

2.4 Pestisit Maruziyeti ve Kimyasal Stres

Gezginci aricilik ¢ogunlukla yogun tarim yapilan bolgelerde gergeklestirildiginden, koloniler
pestisitlere daha fazla maruz kalmaktadir. Subletal dozlarda dahi pestisit maruziyetinin, ari
davraniglarini, 6grenme yetenegini ve bagisiklik sistemini olumsuz etkiledigi bildirilmektedir.
Ozellikle neonikotinoid grubu pestisitlerin, patojenlerle sinerjik etki gdstererek hastalik riskini
artirdig1r bilinmektedir. Pestisitlerin stres faktorleriyle birlikte etkisi, koloni diizeyinde
bagisiklik c¢okiisiine yol acabilmekte ve gezginci aricilik yapilan kolonilerde kislama
kayiplarini artirabilmektedir (Goulson et al., 2015).
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2.5 Koloni Yogunlugu ve Sosyal Stres

Gezginci aricilik sirasinda farkli bolgelerden gelen ¢ok sayida koloninin ayni alanda
yogunlagmasi, rekabeti artirmakta ve sosyal stres olusturmaktadir. Koloni yogunlugunun
artmasi, yagmacilik davraniglarini tesvik ederek patojen ve parazitlerin yatay bulasma riskini
yiikseltmektedir. Bu sosyal stres kosullar1 altinda, hijyen davranisi ve koloni i¢i savunma
mekanizmalarmin etkinligi azalabilmekte, hastaliklarin koloni i¢inde ve koloniler arasinda
yayilimi1 kolaylagmaktadir (Seeley & Smith, 2015).

3. Koloni Stresi ve Bagisikhk Sistemi Tliskisi

Bal arilarinda stres faktorleri ile bagisiklik sistemi arasindaki iliski, son yillarda yapilan
molekiiler ve fizyolojik ¢aligmalarla daha iyi anlagilmaya baglanmistir. Bal arilarinin bagigiklik
sistemi, omurgalilardan farkli olarak yalnizca dogustan (innate) bagisiklik mekanizmalarina
dayanmaktadir. Bu sistem; hiicresel yanitlar (fagositoz, nodiilasyon) ve humoral yanitlar
(antimikrobiyal peptitler, fenoloksidaz sistemi) olmak {izere iki ana bilesenden olusur (Evans
et al., 2000).

Gezginci aricilikta ortaya ¢ikan tagima, beslenme yetersizligi, iklimsel dalgalanmalar ve pestisit
maruziyeti  gibi  stres  faktorleri, bagisiklikla iligkili  genlerin  ekspresyonunu
baskilayabilmektedir. Stres altindaki arilarda defensin, hymenoptaecin ve abaecin gibi
antimikrobiyal peptitleri kodlayan genlerin ifadesinde anlamli diisiisler bildirilmektedir. Bu
durum, patojenlere karsi ilk savunma hattinin zayiflamasina yol agmaktadir. (Alaux et al.,
2010).

Fizyolojik stres, hemolenf bilesimini de dogrudan etkilemektedir. Hemolenfte bulunan
bagisiklik proteinlerinin ve enzimlerin diizeylerindeki azalma, mikroorganizmalarin
cogalmasimi kolaylastirmakta ve enfeksiyonlarn sistemik hale gelme riskini artirmaktadir.
Ozellikle enerji metabolizmasinin stres kosullarinda bagisiklik fonksiyonlari pahasina yeniden
diizenlendigi, bu nedenle bagisiklik yanitlarinin baskilandigi belirtilmektedir (Schmid-Hempel,
2005).

Koloni stresi yalnizca bireysel bagisiklik mekanizmalarini degil, ayn1 zamanda koloni
diizeyinde isleyen sosyal bagisiklik siireglerini de olumsuz etkilemektedir. Sosyal bagisiklik;
hijyen davranigi, hasta yavrularin kovandan uzaklastirilmasi, propolis kullanimi ve timar
davranig1 gibi kollektif savunma stratejilerini kapsamaktadir. Stres altindaki kolonilerde is¢i
arilarin bu davraniglari sergileme sikliginin azaldig: ve hastalik etmenlerinin koloni i¢inde daha
hizl1 yayildig: bildirilmektedir. (Cremer, Armitage & Schmid-Hempel, 2007).

Hijyen davranisindaki azalma, 6zellikle yavru hastaliklar1 ve paraziter enfestasyonlar agisindan
kritik sonuglar dogurmaktadir. Ornegin, hijyen davranisi zayiflayan kolonilerde Varroa
destructor popiilasyonunun daha hizli arttigi ve buna bagh olarak viral enfeksiyonlarin
siddetlendigi gozlenmistir. Bu durum, stres—bagisiklik—hastalik etkilesiminin koloni ¢okiisiine
kadar uzanabilen bir siire¢ olusturdugunu gdstermektedir. (Evans & Spivak, 2010).

4. Gezginci Aricilik ve Hastalik Duyarhhg:

Gezginci aricilik uygulamalari, kolonilerin yil igerisinde farkli ekolojik bolgeler arasinda
taginmasini igerdiginden, arilarin biyotik ve abiyotik stres faktdrlerine maruz kalma diizeyini
artirmaktadir. Bu durum, bal arilarinin bagisiklik yanitlarini baskilayarak paraziter, mikrobiyal
ve viral hastaliklara kars1 duyarlilig1 artirabilmektedir (Alaux et al., 2010; VanEngelsdorp et al.,
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2009). Ozellikle farkli aricilik isletmelerine ait kolonilerin aymi alanlarda yogun sekilde
konumlandirilmasi, patojenlerin yayilimi agisindan 6nemli bir risk olusturmaktadir (Seeley &
Smith, 2015).

4.1. Paraziter Hastahklar

Gezginci aricilik, Varroa destructor gibi zorunlu parazitlerin koloniler arasinda taginmasini ve
yayilimini kolaylastiran baslica faktorlerden biridir (Rosenkranz et al., 2010). Varroa akarlari,
yalnizca hemolenf emerek fiziksel zarar olusturmakla kalmayip, ayn1 zamanda cesitli viral
patojenlerin vektorii olarak da gérev yapmaktadir (Martin et al., 2012).

Tasima siirecinde olusan titresim, sicaklik dalgalanmalari ve besin stresi gibi faktorler,
kolonilerde fizyolojik stres diizeyini artirarak Varroa popiilasyonunun daha hizli ¢ogalmasina
olanak tanimaktadir (Ahn et al., 2012). Arastirmalar, stres altindaki kolonilerde Varroa’nin

lireme basarisinin arttigini ve bunun koloni gelisimini olumsuz etkiledigini gostermektedir
(Nazzi & Le Conte, 2016).

Ayrica, gezginci aricilik yapilan alanlarda farkli koloniler arasinda akar driftinin artmasi,
miicadele programlarinin etkinligini azaltmakta ve direngli Varroa popiilasyonlarinin ortaya
¢ikmasina zemin hazirlamaktadir (Frey et al., 2011).

4.2. Mikrobiyal Hastaliklar

Gezginci aricilik uygulamalarinin, Nosema apis ve Nosema ceranae gibi mikrosporidiyal
patojenlerin yayilimint hizlandirdigi bildirilmektedir (Fries, 2010). Nosema enfeksiyonlari,
sindirim sistemi epitel hiicrelerini etkileyerek besin emilimini bozmakta ve arilarin yasam
stiresini kisaltmaktadir (Higes et al., 2008).

Uzun mesafeli tasimaya bagli stres, bagisiklik sisteminin baskilanmasina neden olarak Nosema
enfeksiyonlarmin klinik hale gegmesini kolaylastirmaktadir (Mayack & Naug, 2009).

Buna ek olarak, Amerikan Yavru Ciiriikliigii (Paenibacillus larvae) ve Avrupa Yavru Ciirtikligii
(Melissococcus plutonius) gibi bakteriyel hastaliklarin gezginci aricilik yapilan kolonilerde
daha sik goriildiigii rapor edilmistir (Genersch, 2010). Ortak kullanilan mera alanlari,
ekipmanlar ve yogun koloni varligi, bu patojenlerin koloniler arasinda hizla yayilmasina neden
olmaktadir (Forsgren, 2010).

4.3. Viral Enfeksiyonlar

Gezginci aricilik sirasinda karsilasilan ¢evresel ve fizyolojik stres faktorleri, bal arilarinda
yaygin olarak bulunan viral etmenlerin latent durumdan aktif enfeksiyon haline ge¢mesini
tetikleyebilmektedir (Doublet et al., 2015). Ozellikle Deforme Kanat Viriisii (Deformed Wing
Virus, DWYV), Varroa destructor ile gii¢lii bir etkilesim icerisinde olup, yiiksek Varroa
yogunlugu bulunan kolonilerde ciddi koloni kayiplarina yol agmaktadir (Wilfert et al., 2016).

Viral enfeksiyonlar genellikle tek basina degil, Varroa parazitizmi ve Nosema enfeksiyonlari
gibi diger stres faktorleriyle birlikte ortaya ¢ikmaktadir. Bu ¢oklu stres etkilesimi, bagisiklik
genlerinin baskilanmasina, yavru gelisiminin bozulmasina ve is¢i ar1 Omriiniin kisalmasina
neden olmaktadir (Evans & Schwarz, 2011).
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5. Yonetim Stratejileri ve Risk Azaltma Yaklasimlar

Gezginci aricilik sistemlerinde koloni sagliginin korunmasi ve hastalik risklerinin azaltilmasi,
biitiinciil ve planlt yonetim stratejilerinin uygulanmasini gerektirmektedir. Tasimaya bagli stres
faktorleri, bagisiklik sisteminin baskilanmasina ve patojenlere karsi duyarliligin artmasina yol
actig1 i¢in risk azaltma yaklagimlarinin hem tasima oncesi hem de tagima sonrasi donemi
kapsamasi 6nemlidir (Simone-Finstrom et al., 2022).

Koloni tasimalarinda tagima siirelerinin miimkiin oldugunca kisaltilmasi ve uygun
havalandirma kosullariin saglanmasi, termal stresin ve karbondioksit birikiminin énlenmesi
acisindan kritik bir uygulamadir. Uygun cevresel kosullarin saglanmamasi, stres seviyelerini
yiikseltebilmekte ve arilarin metabolik dengelerini bozabilmektedir (Meikle, Weiss & Maes,
2017).

Tasima Oncesi ve sonrasi donemlerde besin takviyelerinin uygulanmasi, kolonilerin enerji
dengesinin korunmasia ve bagisiklik yanitlarinin desteklenmesine katki saglamaktadir.
Gezginci kolonilerde besin ¢esitliliginin azalmasi ve stres kosullari ile karsilagilmasi bagisiklik
etkinligini diisiirmektedir; bu nedenle dogru beslenme, bagisiklik tepkilerini iyilestirmede
onemli bir rol oynar (Simone-Finstrom et al., 2022).

Gezginci aricilik  yapilan isletmelerde diizenli hastalik ve parazit kontrollerinin
gerceklestirilmesi, erken teshis ve etkili miicadele agisindan temel bir yonetim uygulamasidir.
Ozellikle Varroa destructor gibi parazitlere karsi izleme ve entegre miicadele uygulamalari,
parazit baskisim1 azaltmakta ve hastaliklarin yayilimini smirlandirmaktadir (Gozlemsel
caligmalar ve enfestasyon izlemleri gostermistir).

Ayrica, bolgesel karantina uygulamalar1 ve koloni yogunlugunun kontrol edilmesi, patojenlerin
koloniler arasinda yayilimini sinirlandiran etkili 6nlemler arasinda yer almaktadir. Ayni1 mera
alaninda asir1 koloni yogunlugu, drift ve hastalik bulagma riskini artirmaktadir (Alger et al.,
2021°daki epidemiyolojik analizlere gore).

Sonug olarak, gezginci aricilikta siirdiirtilebilir koloni yonetimi; uygun tasima kosullari, dengeli
besleme, diizenli saglik kontrolleri ve bdlgesel planlamay1 iceren entegre bir yaklasim
gerektirir. Bu stratejilerin birlikte uygulanmasi, koloni stresini azaltarak hastaliklarin goriilme
sikligini ve siddetini 6nemli 6l¢iide diisiirebilir (Simone-Finstrom et al., 2022; Meikle, Weiss
& Maes, 2017).

6. Sonug

Gezginci aricilik, bal {iretimini artirma ve farkli nektar—polen kaynaklarindan yararlanma
acisindan 6nemli bir iiretim stratejisi olmakla birlikte, koloni saglig1 iizerinde ¢ok yonlii stres
faktorleri olusturmaktadir. Bu bildiride ele alinan literatiir ve saha gdzlemleri, gezginci
ariciligin uygun sekilde yonetilmedigi durumlarda bal aris1 kolonilerinde fizyolojik stresin
arttigini, bagisiklik sisteminin baskilandigini ve bunun sonucunda hastaliklara karsi duyarliligin
belirgin sekilde yiikseldigini ortaya koymaktadir.

Kolonilerin sik ve uzun mesafeli taginmasi, ani cevresel ve iklimsel degisimler, besin
kaynaklarindaki dengesizlikler, pestisit maruziyeti ve yiiksek koloni yogunlugu; stres—
bagisiklik—hastalik etkilesimini tetikleyen temel unsurlar olarak one g¢ikmaktadir. Bu stres
faktorlerinin bir arada etkili olmasi, Varroa destructor, Nosema tiirleri ve viral etmenler basta
olmak iizere bir¢cok patojenin enfeksiyon olusturma potansiyelini artirmakta ve koloni
kayiplarini hizlandirmaktadir. Ozellikle bireysel bagisiklik mekanizmalarmin zayiflamasiyla
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birlikte sosyal bagisiklik davranislarinin da olumsuz etkilenmesi, hastaliklarin koloni i¢inde ve
koloniler arasinda yayilimini kolaylastirmaktadir.

Bununla birlikte, gezginci ariciligin koloni sagligi lizerindeki olumsuz etkilerinin kaginilmaz
olmadig1 goriilmektedir. Uygun tasima kosullarinin saglanmasi, dengeli ve yeterli besleme
programlarinin uygulanmasi, diizenli hastalik ve parazit kontrollerinin yapilmasi, koloni
yogunlugunun sinirlandirilmasi ve bolgesel planlama gibi entegre yonetim stratejileri sayesinde
stres diizeyi 6nemli Olcilide azaltilabilmektedir. Bu tiir kontrollii uygulamalar, gezginci ariciligin
verim avantajlarini korurken koloni sagligini siirdiiriilebilir kilmaya olanak tanimaktadir.

Sonug olarak, gezginci aricilik uygulamalarinin basari ve siirdiiriilebilirligi, yalnizca bal verimi
odakli degil; koloni saglig1, bagisiklik kapasitesi ve hastalik yonetimini merkeze alan biitiinciil
bir yaklagimla ele alinmasina baglidir. Gelecekte yapilacak ¢aligmalarin, stres biyobelirtecleri
ve bagisiklik parametreleri izerinden gezginci ariciligin uzun vadeli etkilerini ortaya koymasi,
bilim temelli yonetim stratejilerinin gelistirilmesine 6nemli katkilar saglayacaktir.
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Ozet

Bu ¢alisma, bugday ununa {i¢ alternatif un olan kinoa, amarant ve karabugday ile %0, %25,
%50 ve %100 oranlarinda ikame edilmesini arastirmaktadir. Calismanin amaci, bu ikameler ile
elde edilen gofretlerde fizikokimyasal, mikroyapisal ve duyusal 6zellikler tizerindeki etkilerini
degerlendirmektir. Caligma hipotezi, her unun kendine 6zgii protein nisasta matrikslerinin
besinsel kaliteyi ve biyoaktif potansiyeli artiracagi yoniindedir. Gofretlerde gluten kaybini telafi
etmek amaciyla, hamur islenebilirligini ve gofret gevrekligini iyilestirmek icin inulin (%0,1—
0,3) ve a-amilaz (%0,001-0,004) gibi fonksiyonel katkilar kullanilmistir. Analizler; nem, su
aktivitesi, renk (L*, a*, b*), tekstiir, kiil, protein ve 9 puanli hedonik 6l¢ek kullanilarak yapilan
duyusal degerlendirmeleri kapsamaktadir. Sonuglar, numunelerin nem igerigi %1,24-1,81, su
aktivitesi ise 0,035-0,084 araliginda olup gida giivenligi agisindan diisiik seviyededir. Renk
analizinde kontrol numunesi en yiiksek L* degerine sahipken, alternatif un iceren 6rneklerde
koyulagsma gdzlenmistir. Tekstiir analizinde kontrol en yiiksek sertligi (564,9 N) gosterirken,
diger unlar daha diisiik sertlik degerleri sergilemistir. Protein igerigi %3,54—6,34 arasinda
degismis ve en yliksek deger amarantli formiilasyonda elde edilmistir. Kiil icerigi %0,86-2,12
aralifinda artis gostermistir. Duyusal analizde ise kontrol numunesi (7—8 puan) en yiiksek genel
kabulii alirken, diger numuneler daha diisik puanlanmigti. Bu bulgular, psédo-tahillar
gofretlerde besinsel agidan olumlu katkilar sagladigini; ancak tekstiir ve duyusal kabul {izerinde
formiilasyona bagl olumsuz degisikliklere neden oldugunu gostermektedir.

Anahtar kelimeler: Psddo-tahillar (Karabugday, Kinoa), Gluten Azaltilmis Uretim, Enzim
Uygulamalari, Stirdiiriilebilir Gida Teknolojisi, Gofret Kalitesi, Biyocesitlilik

Giris

Glutensiz tirlinler, baslangicta ¢olyak hastalar1 ve gluten hassasiyeti olan bireylerin ihtiyaglarina
yonelik gelistirilmis olsa da, giinlimiizde algilanan saglik faydalari nedeniyle daha genis bir
tilketici kitlesi tarafindan benimsenerek nis bir pazardan ana akim iiriin segmentine

dontismiistiir (Hamzehpour & Dastgerdi, 2023; Technavio, 2017). Bu doniistim, tiiketicilerin
diistik kalori, tuz ve seker igeren, dogal igerikli lirlinlere yonelmesi ve organik, yiiksek proteinli
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veya tahilsiz diyetlere artan ilgisi ile desteklenmektedir (Nielsen, 2014; Schoenlechner &
Bender, 2020). Bu dogrultuda tireticiler, fonksiyonel ve alerjen igermeyen bilesenler kullanarak
iirlin inovasyonuna yonelirken, firincilik ve sekerleme sektoriinde yer alan gofret tirlinleri de bu
trendlere uyum saglamaktadir. Nitekim, sektordeki yeni iirlin gelistirme calismalarinin
glutensiz ve organik gofretler, yenilikgi tatlar ve gelismekte olan pazarlar iizerine yogunlasacagi
belirtilmekte olup, ozellikle glutensiz gofret iiriinleri dnemli bir biiylime alani olarak one
cikmaktadir (Technavio, 2017). Artan saglik bilinci, degisen yasam tarzlar1 ve fonksiyonel
gidalara yonelik talep dogrultusunda kiiresel atistirmalik pazarmin biiyiimeye devam edecegi
ongoriilmekte ve bu kapsamda gluteni azaltilmis gofretler, hem duyusal beklentileri karsilayan
hem de giincel tiiketici egilimlerine wuyum saglayan yenilik¢i iriinler olarak
degerlendirilmektedir.

Psodo-tahillar; oOzellikle kinoa (Chenopodium quinoa), amarant (Amaranthus spp.) ve
karabugday (Fagopyrum esculentum), glutensiz ve saglikli gida formiilasyonlarinda geleneksel
unlara alternatif olarak giderek daha fazla 6nem kazanmaktadir. Bu ilgi, s6z konusu
hammaddelerin zengin besin profili ve fonksiyonel 0Ozelliklerinden kaynaklanmaktadir
(Schoenlechner & Bender, 2020; Hamzehpour & Dastgerdi, 2023). Botanik olarak tahil
grubuna dahil olmamakla birlikte, bu bitkilerin tohumlar1 Ggiitiilerek bugday unu benzeri
sekilde kullanilabilmekte ve dogal olarak gluten icermemeleri nedeniyle ¢dlyak hastalari igin
giivenli bir se¢enek sunmaktadir (Moreno ve ark., 2009). Ayrica bu hammaddeler, geleneksel
tahillara kiyasla daha yiiksek protein, diyet lifi ve mikro besin 6geleri igerigi ile 6ne ¢gikmaktadir
(Vega-Galvez ve ark., 2010; Schoenlechner & Bender, 2020). Ornegin, kinoa ve amarant %13—
18, karabugday ise %11-14 protein i¢cermekte olup, bu oranlar rafine piring veya misir ununa
kiyasla daha yiiksektir (Hamzehpour & Dastgerdi, 2023). Dahasi, bu proteinlerin amino asit
dengesi oldukca iyidir; 6zellikle lisin acisindan zengin olmalari, bugday proteinlerinin eksik
kaldig1 yonleri tamamlayarak yiiksek biyolojik deger sunmaktadir (Schoenlechner & Bender,
2020).

Bu psoddo-tahillar ayn1 zamanda vitamin ve mineral bakimindan da zengindir. Yiksek lif
icerikleri (%10-15) ile birlikte demir, kalsiyum, magnezyum, ¢inko ve B grubu vitaminleri
acisindan Onemli katkilar saglamaktadir (Schoenlechner & Bender, 2020; Hamzehpour &
Dastgerdi, 2023). Ozellikle karabugday, rutin gibi flavonoidler i¢eren antioksidan bilesenleri
ile dikkat ¢cekmekte ve glisemik kontrol ile kolesterol seviyeleri iizerinde olumlu etkiler
gosterebilmektedir (Alvarez-Jubete ve ark., 2010; Giménez-Bastida & Zielinski, 2015). Bunun
yaninda, karabugday proteinlerinin kdpiik olusturma ve emiilsifiye etme 6zellikleri, 6zellikle
yumurtasiz formiilasyonlarda yap1 ve hacim olusumuna katki saglamaktadir (Gujral & Rosell,
2004). Kinoa ve amarant ise doymamis yag asitleri ve ¢esitli biyoaktif bilesenler icermeleri
sayesinde saglik agisindan ilave faydalar sunmaktadir (Hamzehpour & Dastgerdi, 2023).

Teknolojik agidan degerlendirildiginde, bu unlarin gofret formiilasyonlarina dahil edilmesi hem
firsatlar hem de zorluklar barindirmaktadir. Bu unlarin kullanimi, iirliniin protein ve mineral
icerigini artirarak besinsel degerini 6nemli dl¢giide yiikseltmekte ve geleneksel olarak diigiik
besin degerine sahip olan gofretleri daha fonksiyonel bir {irtine doniistiirebilmektedir (Mert ve
ark., 2015; Schoenlechner & Bender, 2020). Ayrica, bu hammaddelerin kullanimi antioksidan
kapasiteyi artirabilir ve glisemik indeksi diistirebilir (Alvarez-Jubete ve ark., 2010; Mir ve ark.,
2016). Ancak her bir psddo-tahilin kendine 0zgli Ozellikleri {iriin kalitesini dogrudan
etkilemektedir. Ornegin, kinoa ve amarant unlari yiiksek su tutma kapasitesine sahip olup hamur
viskozitesini artirarak daha yogun bir yap1 olusturabilirken, karabugdayin kendine has aromas1
ve koyu rengi iiriinlin duyusal 6zelliklerini degistirebilmektedir (Hamzehpour & Dastgerdi,
2023; Mert ve ark., 2015). Ayrica glutenin yoklugu, hamurun reolojik davranigini
etkilediginden, uygun yayilma ve pisme Ozelliklerinin saglanabilmesi i¢in formiilasyonda
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baglayici bilesenlerin kullanilmasi veya proses kosullarinin optimize edilmesi gerekmektedir
(Mert ve ark., 2015).

Gluteni azaltilmis gofret iiretimi, bugday bazli formiilasyonlarda glutenin azaltilmasi veya
inaktive edilmesi sirasinda hamurun islenebilirliginin ve iriiniin yapisal biitiinliigiiniin
korunmasii gerektirdiginden teknik agidan zorludur. Bu kapsamda enzimler, ozellikle
proteazlar, gluten proteinlerini daha kiigiik peptitlere parcalayarak etkili bir ¢dziim sunmaktadir.
Mikrobiyal kaynakli prolince 06zgii endopeptidazlar, gluten agmi parcalayarak pisirme
oncesinde gluten miktarin1 6nemli dl¢lide azaltabilir ve hamurun glutensiz sistemlere benzer
davranmasini saglar (Capozzi ve ark., 2020). Ksilanaz enzimi ise arabinoksilanlar1 hedef alarak
hamur viskozitesini diisiirlir, gluten agin zayiflatir ve gofret hamurunun yayilabilirligini artirir
(Sar1 Unlii, 2024). Ancak enzim kullanimi; doz, sicaklik ve siire gibi parametrelerin dikkatli
optimizasyonunu gerektirir, ¢linkii asir1 hidroliz iirlin kalitesini olumsuz etkileyebilir (Capozzi
ve ark., 2020).

Enzimlerin yani sira hidrokolloidler, emiilgatorler ve lifler gibi fonksiyonel katkilar da glutensiz
veya gluteni azaltilmis sistemlerde yapisal dengeyi destekler. Ksantan gam gibi hidrokolloidler
viskoziteyi artirarak yapi olusumuna katki saglarken, lesitin gibi emiilgatorler homojenligi ve
gevrekligi iyilestirir (Houben ve ark., 2012; Demirkesen ve ark., 2013). Lifler ve 6n jelatinize
nisastalar ise su tutma ve doku olusumuna katkida bulunur (Sabanis ve ark., 2009). Sonug
olarak, enzimler glutenin parcalanmasini saglarken, diger katkilar yapisal boslugu doldurarak
iirlin kalitesini koruyan tamamlayici bir yaklagim sunmaktadir.

Bu aragtirmada, psddo-tahil ve baklagil unlariin fonksiyonel enzimlerle birlikte kullaniminin,
gluteni azaltilmis ve tamamen glutensiz gofret yapraklarinin fiziksel, kimyasal ve duyusal
nitelikleri iizerindeki etkileri degerlendirilmistir. Caligmada, teknolojik performans, besin
degeri artis1 ve tlketici begenisini dengeli bir sekilde saglayabilen formiilasyonlarin
uygulanabilirligini ortaya koymak amaciyla %25, %50 ve %100 arasinda degisen ikame
oranlar1 incelenmistir. Elde edilen sonuglarin, hem ileri diizey optimizasyon c¢aligsmalarina hem
de endiistriyel 6l¢ekte iiretim siireclerine yol gosterici nitelikte olmasi hedeflenmektedir.

Materyal ve Metot

Bu calisma, enzim katki maddesi birlestirilmis psddo-tahil unlar1 kullanilarak gluten igerigi
azaltilmis gofret formiilasyonlarinin {iretilebilirligini degerlendirmek iizere tasarlanmistir.
Burada malzemeler, formiilasyonlar, hazirlama yontemleri ve analitik prosediirler, daha ileri
optimizasyon ¢alismalarina temel teskil edecek ilk bulgular1 elde etmek amaciyla pilot 6lgekte
uygulanmaigtir.

Kontrol hammaddesi olarak ticari bugday unu kullanilmistir. Alternatif unlar arasinda
karabugday, kinoa ve amarant yer almaktadir ve bunlarin tiimii yerel veya ticari kaynaklardan
temin edilmistir. Iniilin gibi fonksiyonel katki maddeleri ile a-amilaz ve enzimi, Téren Gida
(Gaziantep, Tiirkiye) tarafindan temin edilmistir. Bu unlar ve katki maddeleri, fonksiyonel ve
besinsel dzellikleri nedeniyle segilmistir. Ornegin, karabugday unu yiiksek kaliteli protein ve
fenolik bilesikler saglarken, kinoa ve amarant amino asit dengesini ve biyoaktif bilesimi
tyilestirmistir.

Bir formiilasyon bugday unundan olusan kontrol 6renegi olmak tizere toplamda on formiilasyon
hazirlanmistir. Tkame oram1 %50'yi asan gluten orami azaltilmis numunelerde, hamurun
islenebilirligini ve teknolojik performansini iyilestirmek i¢in fonksiyonel katki maddeleri
(iniilin ve a-amilaz enzimi) ilave edildi. Hamurlar standart kosullar altinda karigtirilmis ve 170
°C'ye 0nceden 1sitilmis pilot 6lgekli bir gofret firininda yaklasik 2 dakika 15 saniye pisirilmistir.

Tablo 1. Hazirlanan gofret formiilasyonlar1
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Un Cesidi % Un % Enzim % Inulin

1 Bugday 100 - -

2 Amarant 25 0.001 0.3
3 Karabugday 25 0.001 0.2
4 Kinoa 50 0.001 0.3
5 Karabugday 100 0.004 0.3
6 Amarant 50 0.001 0.1
7 Amarant 25 0.004 0.1
8 Kinoa 100 0.001 0.1
9 Amarant 25 0.001 0.1
10 Karabugday 25 0.004 0.2

1. Fiziksel analizler
1.1 Nem tayini
Gofretin % nem tayini TS 2134’e gore yapilacaktir.

Numuneler 6giitiiliir, cihazin nem bakilacak boliimiine aluminyum nem tayin kaplar1 konulur
ve darasini almak i¢in “tare” tusuna basilir, 3 g civarinda numune tartilir. Cihazin hafizasindan
ilgili program secilip start diigmesine basilir. Sonu¢ cihazdan dogrudan okunur.

1.2 Su aktivitesi
Gofretin su aktivitesi tayini TS 7474 ve Novasina su aktivitesi metoduna gore yapilacaktir.

Numuneler 6giitiiliir ve su aktivitesi cihazinin plastik numune kabina, kabin alt yiizeyini
kapatacak sekilde bir miktar numune konulur. Numune kabi, su aktivite cihazina yerlestirilir,
ve start diigmesine basilir. Sonug ekranda dogrudan okunur.

1.3 Renk
Renk dl¢limleri Konica Minolta cihaz kullanilarak yapilacaktir.

Numune lensin iizerine konulur ve baslatma diigmesine basilir. Numunenin rengi L, a ve b
degerleri ile ifade edilir. L aydinlik degeridir, a kirmiz1 ve yesilligi, b sar1 ve maviligi gosterir.
L, a ve b degerleri 0’dan 100’e kadar sayilarla ifade edilir.

1.4 Tekstiir analizi

Gofretin tekstiir analizi tekstiir 6lglimleri TA.XT plus Stable Micro Systems Texture Analayser
cihazi kullanilarak agagidaki metoda gore yapilacaktir.

Techizat taban plakasinin iki ayarlanabilir destegi, numuneyi destekleyecek sekilde, uygun bir
mesafeye yerlestirilir, 6rnegin 40 mm. Karsilastirma amaciyla bu bosluk mesafesi not edilmeli
ve sabit tutulmalidir. Taban plakasi1 daha sonra Heavy Duty Platform’a sabitlenir. Heavy Duty
Platform, iist bigagin iki alt destekten esit uzaklikta olmasini saglayacak bir konumda manevra
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ettirilir ve kilitlenir. Numune paketten ¢ikarilir ve testten hemen oOnce desteklerin iizerine
ortalanarak yerlestirilir.

2. Kimyasal analizler
2.1 Kiil tayini
Gofretin % kiil tayini TS 1511-AOAC 972.15’e gore yapilacaktir.

Kiil tayininde kullanilan porselen krozeler yakma sicakliginda sabit tartima getirilir. Bu islem
icin, porselen krozeler kiil firininda yakma sicakliginda 60 dk. bekletilir. Bu siire sonunda
porselen krozeler desikatore alinarak sogutulur. Soguyan krozelerin daralari alinir. ( M0) Darasi
alinan krozelere giitiilmiis numunelerden 2 ila 5 gr tartilir(M1) Uzerine 1 — 1.5 ml alkol
konularak firinda yakma islemi yapilir. Yakma islemi tamamen bittikten sonra desikatore alinir
ve sogutulur. iki tartim arasindaki fark 0.001 gr oluncaya kadar yakma islemine devam edilir.

Hesaplama ve sonug:
M,-M
%Kiil = ——-"2

1
MO: Kroze darasi, g
M1: Tartilan numune miktari, g
M2: Yakma ve sogutma isleminden sonraki krozenin agirligi, g.
2.2 Protein tayini

Numunelerin protein igerigi, AOAC 920.87 (1990) yontemine goére Kjeldahl metodu
kullanilarak belirlenmistir. Yaklasik 1 g numune tartilarak sindirim tiipiine aktarilmistir. Daha
sonra 7 g potasyum siilfat (K2SOa4), katalizor olarak 0.03 g bakir siilfat (CuSOs) ve 12 mL
%96’k siilfiirik asit (H2SO4) eklenmistir. Karisim, berrak bir ¢ozelti elde edilinceye kadar
yaklasik 40 dakika boyunca 400 °C’de sindirilmistir.

Oda sicakligima sogutulduktan sonra, sindirilmis numuneler Kjeldahl cihazi (Foss, Kjeltec
2200, Danimarka) kullanilarak damitilmistir. Elde edilen distilat, 0.1 N NaOH ile titre edilmistir
ve harcanan titrant hacmi kaydedilmistir (renk mavi renkten pembeye doniismiistiir). Arka plan
azot seviyelerini diizeltmek amaciyla ayni prosediir kullanilarak bir blank (kor) numune
hazirlanmustir.

Titrasyon sonucunda elde edilen azot miktari, 5.7 protein doniisiim faktorii ile ¢arpilmustir.
Ardindan protein igerigi asagidaki sekilde hesaplanmistir:
HCL (ml) x 0.1 N x 1.4 x 5.7 (FACTOR) y

; 100
wafer sample in gram

%Protein =

3. Duyusal analizler

Egitimli panelistler tarafindan 9 puanli hedonik test ile degerlendirilmistir. Panelde citirlik, tat,
agizda dagilma ve genel begeni parametreleri puanlanmis.

Bulgular ve Tartisma

Bu 6n caligmanin sonuglari, %100 bugday unundan hazirlanan kontrol numunesi ile
karsilastirilarak degerlendirilmistir. Gofretler; fiziksel, kimyasal ve duyusal 6zellikler agisindan
analiz edilmis olup, sonuglar Tablo 2.1, Tablo 2.2 ve Tablo 2.3’te sunulmustur.

Tablo 2.1 Gofret Yapraklarinin Fiziksel Analizleri
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Renk
Nem% Aw Tekstiir (N)
L* a* b*
1 1,30 0,045 69,17 21,05 20,17 564,9
2 1,50 0,075 60,06 3,52 21,05 395,51
3 1,47 0,084 64,46 4,15 20,50 288,80
4 1,49 0,060 67,24 4,50 26,51 357,55
5 1,24 0,050 65,47 2,64 20,11 295,48
6 1,47 0,070 62,80 3,52 19,86 412,36
7 1,81 0,073 60,15 4,93 23,00 414,53
8 1,37 0,041 67,44 3,64 2491 346,32
9 1,46 0,035 62,67 3,48 21,05 400,80
10 1,73 0,040 65,49 2,47 19,64 281,39

Tablo 2.2 Gofret Yapraklarinin Kimyasal Analizleri

Kiil % Protein %
1 1,11 5,63
2 2,12 5,54
3 1,45 4,67
4 1,12 4,54
5 1,16 5,46
6 0,86 5,67
7 1,49 3,54
8 1,12 5,51
9 1,25 6,34

10 1,52 5,43
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Tablo 2.3 Gofret Yapraklarinin Duyusal Analizleri

Citirhk Tat Agizda dagilma Genel begeni
1 7,25 7,25 7,00 7,75
2 3,75 6,25 5,00 4,50
3 2,75 6,25 4,50 2,25
4 5,75 6,75 5,75 5,75
5 3,50 3,75 2,00 3,00
6 6,00 6,25 4,00 5,75
7 3,00 4,75 2,75 4,50
8 5,25 4,50 6,50 4,75
9 6,75 5,50 8,00 5,25
10 4,75 3,00 3,50 3,25

Gluteni azaltmak veya tamamen kaldirmak amaciyla bugday ununun psddo-tahillar unlariyla
ikame edildigi yeni gofret formiilleri degerlendirildiginde, numunelerin nem igerigi %1,24 ile
%1,81 arasinda degismistir. Kontrol numunesinde nem igerigi %1,30. Su aktivitesi (aw)
degerleri 0,035 ile 0,084 arasinda degismis olup, gida gilivenligi acisindan diisiik seviyede
kalmagtur.

Renk analizinde, kontrol numunesi en yiiksek L* degerine (69,17) sahipken, diger alternatif
unu igeren numunelerde daha diisiik L* degerleri ile koyulagsma egilimi gézlenmistir.

Tekstlir analizinde, kontrol numunesinin kuvvet degeri 564,9 N olarak belirlenirken, en diisiik
sertlik Karabugday igeren numunelerinde gozlenmistir. Buna karsilik Kinoa ve Amarant i¢eren
numuneler yakin sertlik degerleri ile 6ne ¢ikmustir.

Protein igerikleri %6,34 ile %3,54 arasinda degismistir. En yliksek protein icerigi, Amarant
ununun iceren formiilasyonunda (%6,34) elde edilmistir. Kiil icerigi %0,86 ile %2,12 aras1 olup
Onemli bir artis gézlenmistir.

Duyusal degerlendirme 9 puanli hedonik skala kullanilarak gerceklestirilmistir. Genel kabul
acisindan kontrol numunesine 7—8 puan araliginda degerlendirilirken, diger numuneler diisiik
puanlar almistir.

Formiilasyonlarin teknolojik ve besinsel acidan ¢ikarimlarina gelince, elde edilen sonuglar
gluten azaltim1 gofret liretiminin miimkiin oldugunu gostermektedir. Gluten iceriginin énemli
oranda diisiirtilmesi, ¢olyak ve gluten duyarliligi olan tiiketiciler i¢in alternatif olusumunu
destekler. psddo-tahillar unlariyla yapilan ikamelerle protein ve diyet lifi igerigi artmustir;
dolayistyla bu katkilar gofretlerin besin profilini zenginlestirme potansiyeline sahiptir ve uygun
katki/enzim stratejileri ile mekanik kalite dengelenebilir. Literatiirde glutensiz iiriinlerde
transglutaminaz gibi enzimlerin kullanimi, bag doku olusturarak ekmek ve kurabiyelerde yapiy1
giiglendirdigi bildirilmistir. Ornegin, hidroklorik metilseliiloz (HPMC) veya guar gam gibi
hidro-kolloid eklemeleri ve enzim ilaveleri, glutensiz hamurlarda gaz tutulumunu ve
yumusaklig1 artirabilir. Ayrica calismamizdaki diisiik nem igerigi ve su aktivitesi degerleri
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gofretlerin  uzun raf Omriine uygun oldugunu gostermektedir. Glutensiz —gofret
formiilasyonlarinda ise bakim kosullarina duyarlilik artacagi i¢in ambalaj ve nem kontrolii
hayati olacaktir

Calismanin baz1 sinirhiliklart  bulunmaktadir.  Oncelikle, farkli formiilasyonlara iliskin
verilerimiz tek bir laboratuvar kosulu ve panel ile elde edilmistir; sensor panelinin uzman sayisi
sinurl olup sonuglar genel tiiketici tercihleriyle drtiismeyebilir. Olgiim ydntemleri olarak kalite
parametreleri endiistriyel standartlarda gergeklestirilse de daha detayli molekiiler analizler (6r.
yap1 mikroskopisi) yapilmamustir. Ayrica yalnizca belirli oranlarda un ikameleri (6rnegin %25—
50) incelenmistir; farkli ikame seviyeleri deneysel ve duyusal sonuclar1 degistirebilir.
Gelecekteki arastirmalarda bugday ununun yerini alacak un karisimlarinda oran optimizasyonu,
farkl1 katkt maddesi veya enzim kombinasyonlarinin etkileri incelenebilir. Ornegin, degisik
baklagil tohumlarinin (bezelye, soya vb.) veya kismen ¢imlendirilmis edilmis baklagillerin
kullanimi arastirilabilir. Enzim uygulamalar1 ve hidro-kolloid/yag degisimleri ile tekstiirel
iyilestirme caligmalar1 Oonem kazanacaktir. Tiketici diizeyinde genis katilimli duyusal
degerlendirmeler ile bu formiilasyonlarin kabul edilebilirlik sinirlar1 ortaya konmalidir. Ayrica
tirtinlerin raf 6mrii ve mikrobiyal giivenlik 6zellikleri (depolama testleri) detaylandirilmalidir.

Geleneksel bugday bazli iiriinlerde glutenin azaltilmasi, yalnizca bir saghk gerekliligi degil,
ayn1 zamanda tarimsal biyocesitlilik ve kaynak verimliligi baglaminda siirdiiriilebilir bir gida
sistemi inga etme stratejisidir. Psodo-tahillar, tarima ¢ok elverisli olmayan marjinal topraklarda
yetisebilme yetenekleri ve diisiik ¢evresel girdi ihtiyaglari ile iklim degisikligine kars1 direngli
bir tarim modeli sunmaktadir (Schoenlechner & Bender, 2020). Bu ¢alismada elde edilen
bulgular, kinoa, amarant ve karabugday ikamesinin gofretlerin protein ve mineral icerigini
artirarak besinsel siirdiiriilebilirlige katki sagladigini kanitlamaktadir. Psédo-tahillarin ekolojik
avantajlari, a-amilaz gibi enzim teknolojileriyle birlestirildiginde, hammadde verimliligini
maksimize eden bir liretim siireci miimkiin olmaktadir (Capozzi ve ark., 2020). Bu 'iklim-akill'
hammaddelerin kullanimi, gida sistemlerinde iiriin ¢esitliligini artirarak hem ekolojik dengeyi
korumakta hem de besin degeri yiiksek, uzun raf omiirlii alternatifler sunmaktadir (Alvarez-
Jubete ve ark., 2010).
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Abstract: River ecosystems are directly affected by climate change due to increasing
temperatures and irregular rainfall. Increasing temperatures reduce dissolved oxygen levels,
posing a serious threat to fish and other aquatic organisms. Changes in the flow regime disrupt
the environmental structure, leading to the spread of invasive species and loss of cold water
species. This situation reduces biodiversity and ecological services and disrupts the natural
cycle of rivers. In this study, the combined impacts of human activities and climate change on
rivers were analysed. 3659 articles published between 1 January 2010 and 5 May 2025 were
analysed. Using bibliometric visualisation tools, research centres and trends are presented with
visual maps. Publication output, words in the title, author keywords and keywords by plus were
analysed. In addition, the performance of variables such as co-authorship, authors, citation
topics, countries, document types, languages, publication titles, years, publishers, research
areas, researcher profiles, sustainable development goals and web of science categories were
evaluated.

Keywords: Global warming, climate change, river systems, bibliometric analysis, ecology
INTRODUCTION

Global climate change, or in other words global warming, has become the focus of
interdisciplinary research in recent years, especially in terms of its effects on river and water
ecosystems, and there has been a significant increase in academic production in this direction
(Gao et al., 2023). Climate change refers to long-term changes in temperature and weather
patterns; the main cause of this phenomenon is the increasing emissions of greenhouse gases
such as CO: and CHa, especially since the industrial revolution (Romanello et al., 2021; Zhao
et al., 2022). Global warming has multidimensional impacts on natural systems and threatens
water resources and water quality by causing changes in temperature and evaporation processes,
increases in precipitation and disruptions in the hydrological cycle in general (Huang et al.,
2022). In particular, the temperature and thermal structure of rivers are severely affected by this
climate change caused by human activities based on fossil fuel consumption. High air
temperature causes intensification of thermal stratification, elevated surface water temperature,
restricted vertical oxygen transport and oxygen depletion in the hypolimnion layer (Woolway
et al., 2020; Livingstone, 2003; Jane et al., 2021). Along with these developments, scientific
studies in the field of climate change have also increased remarkably. For example, the number
of articles on climate change published between 2005 and 2014 increased sixfold (Aleixandre-
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Benavent et al., 2017). These studies are particularly concentrated in countries such as the
United States and clustered around topics such as CO-, adaptation, modelling, temperature and
impacts. According to Fu and Waltman (2022), a country's publication performance in this field
is directly related to its level of economic development, geographical location and government
policies. In addition, in recent years, the direction of research has moved beyond the causes and
consequences of climate change and started to focus on solutions and intervention strategies.
At this point, the bibliometric analysis method is frequently used to understand academic
production in the literature, to identify trends and to analyse intellectual structure and
collaborations. Bibliometric method is an ideal tool to reveal academic trends and scientific
interactions in many fields such as climate change, human health, agriculture, water
management. These studies, conducted using comprehensive databases such as Web of Science
and Scopus, can reveal research patterns at both regional and global levels (Santos &
Bakhshoodeh, 2021).

Grieneisen and Zhang (2011) analysed 110,139 publications on climate change between 1997
and 2009, revealing a significant increase in the number of publications and classified the
publications into 253 topics and 10 main WoS categories. Similarly, Li et al. (2011) analysed
41,457 articles published between 1992 and 2009, while Zhao and Li (2015) examined 113,468
publications between 1993 and 2012 under the title of environmental assessment. These studies
mapped the literature by identifying the most productive countries, major research areas and
prestigious journals. Pasgaard and Strange (2013) evaluated approximately 15,000 publications
for the period 1999-2010 and emphasised that there are serious inequalities in the production
and access to climate change knowledge between developed and developing countries.

Artificial intelligence and machine learning approaches are increasingly used in research on the
link between water quality and climate change. These technologies have a number of
advantages over traditional statistical approaches, especially when it comes to modelling non-
linear interactions and overcoming the shortcomings of observational data (Hsieh, 2009;
Reichstein et al., 2019). By applying machine learning approaches to the meta-analysis of how
climate change affects water temperature, it is emphasised how much more can be learned in
this field (Karpatne et al., 2017).

MATERIAL METHODS
Data Source

Web of Science has developed the Web of Science information service platform to facilitate
literary searches in the arts, humanities, natural sciences and social sciences. It contains a large
number of publications from 2010 to the present, including books, journals, patents, conference
proceedings, and online resources (including free and open resources) (Xu et al., 2022). For this
study, bibliographic material on river ecosystems and global warming was searched in the Web
of Science Core Collection database.

Data Collection

Without any start time restrictions, research article data on ‘Climate Change’ and ‘River
Ecology’ were collected on 22 May 2025 using the Science Citation Index Expanded (SCI-E)
and Social Science Citation (SSCI) of the Web of Science Core Collection database. To
guarantee the comprehensiveness and scientific validity of the material collected for this study,
relevant synonyms and terms were collected from dictionaries and published publications. The
advanced search strategy was as follows: TS = ((("Global warm" OR "weather change" OR
"climat* change" AND "Water Ecology" OR "River Ecology" "Global warming" AND "River
Ecology" OR "Global warming" AND "River")). Titles, abstracts, authors, keywords and
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citation details were among the research data extracted from the WoS core collection database
in text file format for analysis.

Bibliometric Tools

For the bibliometric study on river ecology and global warming, keyword analysis was
performed in the Web of Science Core Collection database. VOSviewer (1.6.20) bibliometric
software was used to analyse and visualise the data in detail. It was used to analyse important
aspects of the literature on this topic as it includes comprehensive data retrieval, processing,
analysis and visualisation methods (Aria and Cuccurullo, 2017).

RESULTS
Co-authorship and Network Structure Analysis in Academic Research

The academic partnerships on river ecology and global warming are shown in the collaboration
network map in Figure 1. VOSviewer software was used in the bibliometric analysis for this
study to visualise the authors with the most publications on a given topic who are also the most
active in collaboration. The structure of the academic community, the degree of author
collaboration and the focal points of these partnerships are shown in the tabular data and the
visual network map. Individual authors are represented by nodes (points) in the network map,
while collaborative publications are represented by links (edges) connecting these nodes.
Clusters where authors work closely are indicated by authors clustered in the same colour.
Authors around the centre of the map can be seen as researchers who have developed links with
several clusters and are therefore at the centre of the field's collaboration network. According
to the data tables, Chen Yaning is the author with the most publications with 24 articles and a
total link strength of 69. However, Wang Yanjun is the author with the highest level of co-
operation in this field with 81 link strength, although he is involved in only 12 publications.
This shows that Wang works in close co-operation with various scholars despite writing fewer
papers.

Similarly, two authors who stand out with their productivity and teamwork are Su, Buddha (12
documents, 79 links) and Zhai, Jianqing (10 documents, 68 links). It is noteworthy that these
authors are among the bridge authors connecting other clusters, and the clusters they appear in
the map are usually located in the core regions. However, authors such as Hiyama, Tetsuya et
al. are positioned outside, in a more closed sub-group, and appear to form a separate cluster
centred in Japan. This shows that regional partnerships can also be seen on the map.
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Figure 1 Co-authorship and network structure analysis (URL-1)
Distribution of Publications by Citation Subjects

The amount of publications and the overall strength of affiliation in the relevant academic
discipline highlight the authors in this table 1. This information allows us to assess individual
output as well as the degree of interaction within scientific collaboration networks. With 24
publications and 69 link strengths, Chen Yaning is numerically the most prolific author. This
shows Chen's active participation in both solo and group author projects. However, Wang
Yanjun has only 12 articles but has achieved a very high link strength of 81. This shows Wang's
multifaceted partnerships with different scholars and his important position in the network.
Similar to Wang, Su, Buddha has 12 publications and 79 contacts, indicating a similar degree
of network centrality. Authors such as Zhai, Jianqing and Jiang, Tong are notable for their strong
connections and position in scientific contact points. It is noteworthy that some authors,
including Hiyama, Tetsuya and others, have relatively weak connections (29). It is possible that
these authors work with little co-operation within a particular community or geographical area.
This suggests that the literature has institutional or geographical groupings.

A thorough analysis reveals that a large number of publications alone does not equate to a strong
collaboration; rather, academic impact and multidisciplinary relationships within the field are
best understood when considered in conjunction with the link strength variable. In this context,
bibliometric assessments of collaboration networks are crucial to determine the frequency and
quality of academic interaction in addition to output.
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Table 1 Distribution of Publications by Citation Subjects (URL-1)

Author Number of Documents Total Connection Power
chen, yaning 24 69
wang, hao 20 52
wang, lei 20 40
kang, shichang 16 41
hiyama, tetsuya 15 29
singh, vijay p. 13 30
li, zhi 13 43
tong, chuan 13 33
wang, yanjun 12 81
su, buda 12 79
zhang, qiang 11 33
chen, jie 11 31
wang, guoqing 11 63
feyen, luc 11 23
wang, wei 11 12
yang, yang 11 12
zhai, jianqing 10 68
jiang, tong 10 61
tao, hui 10 60

Distribution of the number of publications of institutions

The institutions that produce the highest number of publications in a given scientific subject are
shown above together with the percentage of total publications. The results show that most of
the scientific output in the field is concentrated in a small number of institutions. With 670
papers, the Chinese Academy of Sciences (CAS) is by far the largest contributor, accounting
for 16.278 per cent of all publications. This ratio clearly shows that CAS, as China's national
scientific institution, is at the forefront of research output in this field. With 283 publications
and a contribution rate of 6.876 per cent, China's Ministry of Education ranked second,
exemplifying how important research and education policies are for academic production. The
list also included leading representatives of Chinese universities, including Nanjing University
of Information Science and Technology and University of Chinese Academy of Sciences
(UCAS). The data also includes credible European institutions outside China, such as the
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Helmholtz Association (Germany) and the Centre National de la Recherche Scientifique
(CNRS) (France). However, compared to the dominance of Chinese institutions, the respective
contribution rates of 2.551 per cent and 2.065 per cent are rather low. This suggests that East
Asia, especially China, is the geographical centre of scientific creativity (Table 2).

All things considered, institutional publishing data provide valuable insights into the
distribution of institutions in global competition, the centralisation of scientific research and the
effectiveness of national research strategies. Given how widespread Chinese institutions are, a
new power dynamic seems to be developing, both in the quantity of publications and in the
production of knowledge worldwide.

Table 2 Distribution of the number of publications of institutions (URL-1)

Institution Number of Publications Percentage of Total (%)
Beijing Normal University 118 2.867
Centre National De La Recherche Scientifique Cnrs 105 2.551
China Meteorological Administration 169 4.106
Chinese Academy Of Sciences 670 16.278
Helmbholtz Association 85 2.065
Institute Of Geographic Sciences Natural Resources 104 2.527

Research Cas

Ministry Of Education China 283 6.876
Nanjing University Of Information Science Technology 148 3.596
Russian Academy Of Sciences 106 2.575
University Of Chinese Academy Of Sciences Cas 254 6.171

Distribution of authors according to the number of scientific publications

This treemap graph shows the total number of scientific publications of the authors and
compares their degree of production in the field. Each box represents an author and the size of
the box reflects the total number of publications of the author. Li Y. is the author with the highest
production with 47 publications and has the largest area in the graph. This shows that Li Y. was
the most active contributor to the relevant academic field during the period analysed. He is
followed by Wang Y. (36 publications), Zhang Y. (43 publications) and Wang L. (35
publications). In terms of publication volume, these authors are also leading academic figures.
For authors with a comparable number of publications, fields of similar size are displayed (e.g.
Chen J. and Li J. with 27 publications each). As a result, it is easy to compare the authors'
production levels. Furthermore, the tree map shows that author surnames are clustered. For
example, many authors share surnames such as Wang, Li, Zhang and Chen. This suggests that
a significant number of active academics represent popular surnames in the literature, especially
in China (Figure 2).
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All things considered, this graph effectively illustrates the prevalence of certain names in the
literature and can be used in productivity-based author studies. However, the graph only shows
the quantitative production component; it does not include qualitative information such as
impact factor, citation amount and collaboration strength.

Figure 2 Distribution of authors according to the number of scientific publications (URL-1)
Distribution of countries according to academic productivity levels

The Treemap graph comparatively presents the academic productivity levels of countries in the
analysed field. As can be clearly seen in the figure, the People's Republic of China (PRC) is by
far the leader with 1,926 publications. This is a concrete indicator of China's heavy investment
in scientific research in recent years and its publication performance, especially in disciplines
such as environment, climate and hydrology. The United States of America (USA), which ranks
second, follows China with 721 publications and maintains its important role in global scientific
production. However, this difference between China and the USA shows that the centre of
gravity in the literature has shifted to Asia. Countries such as Germany (Germany, 262
publications), Canada (234 publications) and Japan (233 publications) are among the countries
with medium productivity and draw attention as countries with advanced research infrastructure
in Europe and Asia. The UK, France, India and Australia also make notable contributions in
terms of number of publications. Russia (139 publications), which has a lower number of
publications, shows a relatively limited publication performance despite its potential in this
field. This analysis is important for understanding regional concentrations of scientific
production and research leadership. In particular, China's apparent dominance shows that it has
become not only numerically superior but also a decisive actor in global science policies. This
finding has important implications for co-operation, resource allocation and international
science diplomacy (Figure 3).
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Figure 3 Distribution of countries according to academic productivity levels (URL-1)
Distribution of published documents according to their types

The documents published in the relevant field are categorised according to their types and the
majority of them are peer-reviewed research articles (articles). 3,706 articles constitute a very
large proportion of the total number of publications, indicating that the traditional article is still
the main medium of scientific communication. The review article (181), which ranks second,
reveals that review studies based on literature reviews also have a considerable place. Such
studies play an important role in evaluating the general trends of the academic field and
revealing research gaps (Figure 4).

Proceeding papers (271) consist of conference proceedings and are a critical genre to follow
the dynamics of the field and early stage findings. Conference proceedings are particularly
favoured in the fields of engineering, natural sciences and technology. While genres such as
book chapters (59) and early access (36) also attract attention, less common genres such as
editorial material (14), data paper (3), correction (2) and retracted publication (2) are also found
in the field. These types are generally meta-documents related to the publication process and
give an impression of the quality of the publication process rather than a direct contribution to
productivity (Figure 4).
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Figure 4 Distribution of published documents by type (URL-1)

Academic Distribution According to Publication Languages

The uploaded data shows the linguistic distribution of 4,116 academic publications. According
to the results obtained, scientific communication in this field is almost entirely conducted in
English. 4,066 records (98.785%) were published in English, which clearly demonstrates the
dominance of English in the global academic system.

The number of non-English publication languages is quite limited. Spanish (12 entries,
0.292%), Russian (10 entries, 0.243%) and Chinese (6 entries, 0.146%) have higher rates
compared to other languages. However, they remain marginal in the overall distribution. The
other languages French, Japanese, Portuguese are represented by 0.097 per cent with 4
registrations each. Languages such as Croatian, German and Turkish are represented by only 2
entries (0.049 per cent). This shows that the total share of all languages other than English
remains at a very low level of 1.215 per cent. These results once again confirm the necessity of
publishing in English, especially for researchers who want to be visible in the international
arena. In addition, too limited linguistic diversity carries the risk that local knowledge or
regional issues may not reach a wider readership (Table 3).

In conclusion, publication language analyses are critical to the circulation, accessibility and
inclusiveness of scientific knowledge. Such data can be particularly instructive for institutions
or research support organisations seeking to develop multilingual publication policies.
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Table 3 Academic Distribution According to Publication Languages (URL-1)

Language Number of Publications Percentage of Total (%)
Chinese 6 0.146
Croatian 2 0.049
English 4066 98.785
French 4 0.097
German 2 0.049
Japanese 4 0.097
Portuguese 4 0.097
Russian 10 0.243
Spanish 12 0.292
Turkish 2 0.049

Academic Publication Distribution by Journals

The journals with the highest number of publications in the analysed academic field and the
percentage distribution of these journals in total publications. According to the data,
publications are concentrated around certain journals and some journals have become the
leading publishing platforms of the field.

Science of the Total Environment, which tops the list, has the highest publication volume with
135 publications (3,280%). This journal stands out as the most preferred platform for
environmental sciences and interdisciplinary research. Journal of Hydrology (126 publications,
3,061%) and Water (113 publications, 2,745%) are the main publication channels for studies on
water resources, hydrology and environmental sustainability (Table 4).

Other prominent journals include Sustainability (63 publications, 1,531%), Remote Sensing (60
publications, 1,458%) and International Journal of Climatology (51 publications, 1,239%).
These journals reflect the intensity of publications in sub-disciplines such as climate change,
environmental policies, sustainability and remote sensing (Table 4).

Publications in journals such as Atmosphere, Ecological Indicators, Environmental Research
Letters are also significant and focus on environment, atmospheric sciences and ecological
assessments.

This analysis is important in terms of showing in which publication channels the knowledge
production in the field is concentrated. It also provides guidance for researchers in identifying
target journals and creating publication strategies.

Table 4 Distribution of Academic Publications by Journals (URL-1)
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Journal Name Number of Publications Percentage of Total (%)
ATMOSPHERE 50 1.215
ECOLOGICAL INDICATORS 47 1.142
ENVIRONMENTAL RESEARCH 44 1.069
LETTERS

INTERNATIONAL JOURNAL 51 1.239
OF CLIMATOLOGY

JOURNAL OF HYDROLOGY 126 3.061
REMOTE SENSING 60 1.458
SCIENCE OF THE TOTAL 135 3.28
ENVIRONMENT

SUSTAINABILITY 63 1.531
THEORETICAL AND APPLIED 51 1.239
CLIMATOLOGY

WATER 113 2.745

Distribution of Publications by Publishing Houses

As the graph clearly shows, the publishing house with the highest number of publications is
Elsevier. Elsevier is by far the leader in this field with more than 1,100 publications. This
reflects Elsevier's strong journal portfolio in disciplines such as environmental sciences,
hydrology, climate change and sustainability. In second place is Springer Nature, which makes
a significant contribution with over 600 publications. Springer Nature is particularly prominent
in the field of climate sciences and environmental indicators with its journals hosting
multidisciplinary studies.

MDPI ranks third with around 450 publications, showing its growing influence in open access
publishing. MDPI's journals such as ‘Sustainability’ and ‘Water’ are among the favourite
publication channels in these fields. Publishers such as Wiley, Taylor & Francis, Amer
Geophysical Union, Frontiers Media, Science Press, Copernicus Gesellschaft, and Nature
Portfolio make lower but notable contributions.

Distribution of Publications by Subject Categories

Environmental Sciences is by far the subject area with the highest number of publications. With
more than 1,700 publications, this is the main discipline where research is concentrated. This
shows that environmental issues play a central role in interdisciplinary studies. The Geology
and Water Resources categories, with ~850 and ~800 publications respectively, also reveal a
strong representation of geophysical and hydrological aspects of environmental science. These
fields are directly related to the analysis of natural systems and sustainable resource
management. Meteorology, Atmospheric Sciences also attracts attention with approximately
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700 publications, and this field is particularly important in research related to climate change
and weather phenomena (Figure 5).

Other fields with moderate contributions are as follows:

- Engineering: 500 publications, representing an area where applied solutions are developed.

- Science Technology Other Topics: 350 publications, a typical category for studies with a
strong interdisciplinary approach.

- Marine/Freshwater Biology: 250 publications, covering studies of marine and freshwater
ecosystems.

- Agriculture: 220 publications are related to food security and land use issues.

Categories with relatively fewer publications include Biodiversity Conservation and Physical
Geography, which may indicate a lesser focus compared to directly applied fields.

1800 -

1400 -

Figure 5 Distribution of Publications by Subject Categories (URL-1)
Publication Distribution by Author

Compares the number of publications of 10 authors. The author with the highest number of
publications is Kang, Shichang, who is the most productive academic in the field with a total
of 19 publications. He is followed by Ding, Yongjian (18 publications) and Hiyama, Tetsuya
(16 publications). These names attract attention not only in terms of productivity but also in
terms of their continuity in the literature. Authors such as Wang, Hao, Feyen, Luc and Wang,
Yanjun are also in the range of 14-15 publications and stand out as active academic actors in
the field. On the other hand, Chen, Ya-Ning, Tong, Chuan, SU, BU-Da and Tong, Chuan, Chen,
Ya-Ning, Tong, Chuan and SU, BU-Da are also prominent with their central positions in the
previous figures and show their productivity in this graph. The high number of publications of
these authors, the fact that they mostly work in collaborative research groups and contribute to
multi-authored publications are also seen in the bibliometric network maps. Although their high
level of productivity does not necessarily mean that their academic impact is also high, these
individuals are the main actors in the field in terms of scientific outputs (Figure 6).
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Figure 6 Author Based Publication Distribution (URL-1)

Web of Science Publication Breakdown by Subject Categories

The category that covers the largest area Environmental Sciences, topping the list with 1,512
publications. This shows that research is largely focussed on environmental issues and themes
such as sustainability, climate change, pollution are at the forefront (Figure 7).

In second place are Geosciences Multidisciplinary (809 publications) and Water Resources (801
publications). These two categories reflect the hydrological and geoscientific dimensions of
environmental studies. Similarly, Meteorology & Atmospheric Sciences (727 publications)
reveals that publications on atmospheric processes and climate modelling occupy an important
place ((Figure 5)..

Other notable categories (Figure 7):

- Ecology (about 320 publications): Indicates a strong interest in topics such as biodiversity and
ecosystem dynamics.

- Civil Engineering (about 251 publications) and Environmental Engineering (167
publications): Represents a field where applied engineering solutions combine with
environmental issues.

- Marine/Freshwater Biology (about 188 publications): Includes publications on the study of
aquatic ecosystems.

- Physical Geography (about 213 publications): Another important category where spatial
analysis and geographical processes are studied.

- Multidisciplinary Sciences (about 181 publications): Indicates that interdisciplinary
approaches are gaining importance in the literature.

This distribution reveals that the reviewed literature is highly interdisciplinary and how
environment-based issues are distributed across different academic fields. It also shows that
research related to environment, water and climate is effectively addressed not only in basic
sciences but also in engineering and applied sciences.
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Figure 7 Distribution of Publications by Subject Categories in Web of Science (URL-1)
Distribution of Publications by Web of Science Citation Indexes

The box covering the largest area in the image belongs to Science Citation Index Expanded
(SCI-EXPANDED). There are 3,576 publications in this index, indicating that the work is
largely published in fields such as natural sciences, engineering and environmental sciences.
SCI-EXPANDED is one of the most prestigious scientific indexes in the world, and such a high
concentration indicates the high academic activity of the field (Figure 8).

Other prominent indexes are:

- Conference Proceedings Citation Index - Science (CPCI-S): 265 publications. This indicates
that the field has adopted a strong knowledge sharing structure through conference proceedings.

- Social Sciences Citation Index (SSCI): 226 publications. This indicates that the intersection
of social sciences and environmental issues also occupies an important place.

- Emerging Sources Citation Index (ESCI): 221 publications. It reveals that emerging journals
and topics are rapidly being included in the literature.

- Book Citation Index - Science (BKCI-S): 55 publications and BKCI - Social Sciences &
Humanities (BKCI-SSH): 21 publications show that book chapters are also considered as
research outputs (Figure 6).

Other indexes are (Figure 8):

Conference Proceedings Citation Index - Social Science & Humanities (CPCI-SSH): 17
publications.

Arts & Humanities Citation Index (A&HCI): 9 publications, indicating the field's low level of
engagement with the arts and humanities.

This distribution shows that the publications are largely included in science and engineering-
dominated indexes, and that scientific publications are produced through both journal articles
and conference proceedings. It is also observed that social sciences contribute to a certain
extent.
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Figure 8 Distribution of Publications According to Web of Science Citation Indexes (URL-1)
DISCUSSION AND CONCLUSION

Using a bibliometric approach, this study examined the characteristics of publications, research
foundations, research centers and evolutionary pathways of studies on climate change from
2010 to 2025. Through the application of bibliometric techniques, this study used global climate
change to shed light on historical developments and trends. This approach is useful as it uses
statistical and mathematical techniques to conduct a quantitative review of a significant amount
of literature. The bibliometric analyses have revealed the structural, thematic, institutional and
geographical aspects of academic production concentrated on natural sciences, especially
environmental sciences, in a multidimensional manner. The findings go beyond mere
quantitative data and provide an opportunity to analyze the organizational pattern and tendential
aspects of scientific knowledge production.

First of all, an analysis of author collaboration networks shows that authors such as Chen,
Yaning; Wang, Yanjun; and Su, Buda are at the center of the field not only for their productivity
but also for their high total link strength. The bridging role of these authors between different
clusters shows that they are critical actors in ensuring network-structural integrity in the
research field. This situation, supported by treemap and bar chart data, reveals that the centers
of gravity of the literature are shaped by collective production, not individual production.

In terms of institutional distribution, the Chinese Academy of Sciences is by far the institution
that produces the most publications. In addition, institutions such as Hohai University, Lanzhou
University and Beijing Normal University support this productivity with their different
faculties, indicating a high level of interdisciplinary and institutional diversity. Nevertheless,
the fact that this high volume of publications is mostly from China-based institutions suggests
that the global power center of scientific production has shifted to Asia, reinforcing China's
epistemic leadership role in environmental sciences.

Country-based analyses further deepen this conclusion. The People's Republic of China is the
dominant actor in the global literature with 1,926 publications. It is followed by the USA (721),
Germany (262), Canada (234) and Japan (233). This shows that the global North is still
influential in international knowledge production, but that China has created a new paradigm
in this axis.

107



GAZIANTEP UNIVERSITESI
12. ULUSLARARASI EKOLOJi SEMPOZYUMU

In terms of publication types, the vast majority of research (more than 90%) was published in
the form of peer-reviewed articles, indicating that traditional forms of academic production still
prevail. However, review articles, book chapters and conference proceedings also contribute to
some extent. This diversity points to the circulation of academic knowledge in different formats
and the adoption of multiple channels of knowledge transfer.

Publisher analyses revealed that publishing giants such as Elsevier and Springer Nature still
play a dominant role in literature production. However, the increase in the publication volume
of MDPI, which adopts an open access model, shows that the trend of democratization in
publishing is gaining momentum. In this context, the balance between the commercialization
and accessibility of scientific knowledge will be discussed more in the future.

Analysis by subject category shows that environmental sciences, water resources, geosciences
(Geosciences Multidisciplinary) and atmospheric sciences (Meteorology & Atmospheric
Sciences) are at the forefront. This finding makes it clear that the scientific agenda is shaped
around climate change, sustainable resource management and environmental crises. At the same
time, the sub-fields of engineering and biology are also integrated with an environmentally-
oriented approach. This interdisciplinary integration indicates that “sustainability sciences” has
become a distinct knowledge regime in the academic literature.

A breakdown by Web of Science subject categories and citation indexes shows that the vast
majority of publications appear in high impact factor indexes such as SCI-Expanded. This
shows that publications in the field are strong not only quantitatively but also qualitatively and
in terms of index visibility. Publications in sub-indexes such as ESCI, SSCI and CPCI have
provided alternative outlets for newer or interdisciplinary approaches.

Finally, the fact that 98% of publications are in English clearly demonstrates the dominance of
monolingualism in academic communication. While this emphasizes the necessity of
publishing in English for international visibility, it also brings potential risks such as the
marginalization of local knowledge production.
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