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ASSESSMENT OF THE INHIBITORY EFFECT OF BEAUVERIA BASSIANA
CULTURE FILTRATES ON SPORE GERMINATION OF THE PLANT PATHOGEN
BOTRYTIS CINEREA

M. Sc. Agr . Eng. Me | ke YILDIRIM
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ABSTRACT

Grey mol dBotarusked tymemealespread fungal d se

y eld | osses n tomato cult vat on. Th s st
culture f |trates fBeoaw vtewd aemsbtasedsmatdloM e an d
appl ed at d fferent concemBtr atiAmdr e suonl daetre wn

grown on potato dextrose agar (PDA) at 25 K
prepared at a concent rtehte oams safy, 11300 OLs pdr & sh/

oB. ciwaesrema xed w th Ban beaguwdlanwmel Umd tafat es a
of 20%, 40%, 60%, 80%, and 100% on ster | e c
used as the control. The m xtures were ncut
for 24 hours. ¢Seurbms emgaute nanl ywass peoxaem ned under
percentage of germ nated spores was —recorde
count ng 100 spores per repl cat e. Stat st ¢
t he oh mft spore germ nat on among the tre
concentrat on and fungalBeasuowleati ea. shdahsastiea mBlt M
exh b ted the h ghest ant fungal act v ty
concentrat ons of 80% and 100 %, the BI M f |
greater. Al l c Bn c ebrat&¥axta rfoanlst roaft et hreesul t ed |
nh b t on rang ng between 88% andt ®adgen The
funBeauveri BlMapssaerases s gn f cant potent
manag ng grey mold d sease n tomato cult va

KeywaBeauveria bassi ®dna@) oBotcraytic®ndirmér, ea 0ma
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BKTKK PATBOUTERWKI | S CINNENRESP OR ¢ KMLENMESK ! ZEI
BEAUVERI A BKSSTARAFKLTRATLARI NI N ENGELLEYKCEK
DEJERLENDKRKLMESK

¥ZET
Botryt i siémi merdeean ol duju gr k¢f, domates ye:
y ol a-gaénn ybayr fungal hadtnal Wlottkraol .| aBu al aé g d

konsantrasyonlarda uyguBeaanerkazbato@apatoj
ve BY2'den elde ed len ke¢lter fBtindmndaréeneér

zolaté, 25N2AC'de patates dekstroz agar énd:
spor/ mL konsantr asyonluaaér Iba mméwtdra . sn re@aEnnse Y
spor s¢spans yonunun 30 OL's , ster | -b¢ke
%100 konsantrasyoBbas éihaglaaer ft |htacatmde | e ka
ol arak stesu |kuwlalmené&ll mewt éer. Kar ékémlar 25N2
saat nke¢be ed ITm okt . Daha sonr a, spor -
- mlenen sporlarén y¢zdes kayded I m «xt r. H
bakeg 100 spor sayél méexkteéer. Kstat st ksel ana

zolatena bajl e ol ar ak uygul amal ar arasend:
arkl él ékl ar oBaayj\waris@ balk ¢ mt Katify thsmpeaé ,

—

- ml enmes ne kar K e en y ¢ ksek ant fungal i
konsantrasyonl ar énda, BIM f | traté spor -
engel |BRBbmnaxgB¥daf | traténén t¢e¢m konsandeasyxenl
spor - mlenmes nh b syonuyl a sonBedwmnenéika é
bassBhKWMa n domates yet kt r ¢ | | nde gr k ¢
ajané ol arak °neml b r ptoegdanrs. yele sah p ol

Anahtar kEnt omedpeat:oB @au vbearsigaBsm acyitniesr eayol o]
m¢cadel e, domates, spor - mlenmes

1. | NTRODUCTI ON

Botrytis cinerea(Pers.) [teleomorpBotryotinia fuckelianis a significant, widespread, and
destructive plant pathogen that causes majorgmmé postarvest losses (Tzortzakis N., 2019;
Wang et al., 2021; Aboelez et al., 20289trytis cinereawhich can act both parasitically and
saprophytically, has a higddaptability to different climatic and soil conditions and a wide host
range, causing gray mold disease in approximately 1400 plant species (Domsch et al., 1993;
¢ci ft-i & Alteéenok, 2019; JBoteytes cireetea aankcrotropli 0 2 2 ;
fungus that causes plant cell death while fulfilling its nutritional needs, can invade almost all
parts of the plant; this makes the control of the pathogen difficult (Hua et al., 2018; Rodriguez
Moreno et al.,, 2018; Roegd@ouso et al., 2021; Hajfiedfi et al., 2023). Continuous and
extensive application of conventional synthetic fungicides for gray mold control has led to
significant risks such as increasing costs, the emergence of resistant fungal strains,

2
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environmental pollution, threats to human headtind fungicide residues after harvest (Abbey

et al., 2019; Matrose et al., 2021; Aboelez et al., 2024). There is a need for alternative methods
that are residuéree, safe for human and animal health, and environmentally friendly, and
biological controiis undoubtedly a good method of combating the disease (Botero et al., 2018;
Sarven et al., 2020; Wang et al., 2021). Significant success has been achieved in the use of
microorganisms such as viruses, bacteria, fungi, and nematodes as biocontrol ageci&#Bi

& Khachatourians, 1991; Parveen & Rashtrapal, 2024). Numerous studies have emphasized
that the microorganisms used suppress plant diseases through mechanisms such as
mycoparasitism, antibiosis, and competition, or by enhancing the plant's defatesa sy
through systemic acquired resistance (SAR) or induced systemic resistance (ISR) (Mehari et
al., 2015; Gupta & Bar, 2020; Gupta et al., 2022). Among biological microorganisms,
entomopathogenic fungi have been reported to have dual control potenitist &gah insect

pests and plant pathogens (Shin et al., 2007; LeZawar et al., 2013; Yun et al., 2017).
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Beauveria bassianBals.) Vuill. belongs to the phylum Ascomycota, order Hypocreales,
family Cordycipitaceae. It is a ubiquitous sbibrne saprdpytic fungus. It is an effective
entomopathogenic fungus against many insect orders such as Lepidoptera, Hemiptera,
Coleoptera, Hymenoptera, Homoptera, Hemiptera, and Orthoptera (Li et al., 2001; Sabbabhi,
2008; Vellingiri, 2015; Dannon et al., 2028eaueria bassiandas generally been used as an
antagonistic endophyte to combat plant diseases caused by pathogens such as fungi, bacteria,
and viruses. Its ability to produce various bioactive and antimicrobial metabolites such as
oosporein, beauvericin, @anolide, bassianin, beauveriolide, bassiacridin, cordycepin, and
cyclosporin may contribute to this (Bultman & Bell, 2003; Parveen & Rashtrapal, 2024).
Previous studies have evaluated the effecBealuveria bassianan plant diseaseBeauveria
bassiam isolates have inhibited the in vitro mycelial growth of many-swill leafborne plant
pathogens includinaeumannomyces graminar. tritici (Renwick et al., 1991 Armillaria

mellea and Rosellinia necatrix(Reisenzein & Tiefenbrunner, 199Fusariun oxysporum

(Bark et al., 1996; Reisenzein & Tiefenbrunner, 19B@jrytis cineregBark et al., 1996), and
Rhizoctonia solanfLee et al., 1999) (Ownley et al., 2008).

In this study, the effect of culture filtrates obtained frBeauveria bassian8IM and BY?2

isolates under in vitro conditions on the spore germinatidd. ainerea which causes gray

mold disease in tomato, was evaluated, and inhibition rates were calculated to determine the
most effective isolate.

2. MATERIALS AND METHODS

In this study, th@otrytis cinereaANT-4 isolate, isolated from greenhouses in Antalya in 2022,
and the culture filtrates of entomopathogenic fuBgauveria bassianBIM and BY2 isolates,
obtained by Dr. Asiye UZUN from the Department of Plant ProtecEaculty of Agriculture,
Isparta University of Applied Sciences, were used. This study was carried out in the Tissue
Culture and Biotechnology Laboratory of the Department of Plant Protection, Faculty of
Agriculture, Isparta University of Applied Sciencdsetween 2023 and 2024. The
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entomopathogenic fun@eauveria bassianBIM and BY?2 isolates and the pathogenic fungus
Botrytis cinereawere cultured for 10 days at 25+2°C on potato dextrose agar (PDA) medium.

KCADEy,
&,
8

P

D

2.1. Preparation of CultureFiltrates

Mycelial discs (3 discs of 0.5 cm diameter) of the BIM and BY2 isolatBgafiveria bassiana
were inoculated into 250 ml Erlenmeyer flasks containing 50 ml of potato dextrose broth (PDB)
and incubated at 25+2°C for 15 days. The obtained cufilirates were filtered through
Whatman filter paper No.1 to remove mycelia, and then passed througmi@réineter filters

to obtain sterile pure culture filtrates.

2.2. Effect of Culture Filtrates on Spore Germination ofB. cinerea

TheBotrytis cinereaANT-4 isolate was incubated for 7 days on PDA medium at 25+2 °C, and

a spore suspension was prepared at a concent
glass slides, 30yl d@.cineress por e suspension (1110 gtgsor es/
at different concentrations (20%, 40%, 60%, 80%, and 100%) were mixed. Sterile distilled
water was used as the control (0%). The samples were incubated in a humid environment at
room temperature (252 °C) in the dark. After 24 hours, the germinateelsspere counted

under a light microscope and the percentage of germination was determined (Thongkamngam

& Jaenaksorn, 2016). Each treatment was performed in three replicates. In each replicate, 100

spores were counted. Spores with a germ tube at least the length of the spore were
considered germinated.

The inhibition rate oB. bassianaulture filtrates on the spore germinationBofcinereawas
calculated using the Vincent formula (Vincent, 1947):

Inhibition (%) = [(C i T)/C] x 100

C = Spore gemination percentage in the control group (%)
T = Spore germination percentage in the treatment (culture filtrate) group (%)

2.3. Statistical Analysis

The data obtained from the experiments were evaluated using the General Linear Model (GLM)
analysis and # Tukey multiple comparison test. Statistical analyses were conducted using the
IBM® SPSS® Statistics software (Version 24.0) and MS Excel 2010 (Version 14.0) packages.
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3. RESULTS AND EVALUATION

The effects of the culture f Bletaruastegd aft rbam sl |
different concentrations (0%, 20%, 40%, 60%, 80%, and 100%) on the spore germinBtion of
cinereawereeval uat ed, and nh b t on echble$). wer e
Statistically significant differences were determined between the doses and isolates in the
inhibition of Botrytis cinereaspore germinationT he cul t uBe baBbMatwasof
found to be the Bostcisepfoiyeee m mat agma; nshe 80
concentrat Bonsisnpedireda g @edm nat on by 95% or
concentraB. obhaB¥RPandlet ur e B. | tisapeoereea nghe rbm tnead
by 88 % (Figure2)4 %

Tabl e 1of Efufletcutr e f | trBat ecisnpeorcesang ermm mats om
Isolates Effect of culture filtrate concentrations &n cinereaspore germination
(%)
Doses (%)
20 40 60 80 100

B. bassiana 61+1.20ij* | 62+0.33ij 79+0.57fgh | 95+£0.33ab | 98.33+£0.33a
BIM
B. bassiana 88+0.57cde | 92+1.15bc | 90+0.33bc | 94+0.33ab | 90+0.66bc
BY2

* Means shar n
test (P < 0.05

g the same | etter are not s gn f ¢
)

Spore germination d. cinerea

100 97.33

90
80
70
60
50
40
30

21
20 I . 12 g 10 s 10
10 1.77
C]
BIM

BY2

H Control m20% ®m40% m60% ' 80% m100%

39 38

Number of germinated spores

Control

Doses of culture filtrate

F guSeote ger .natli nenrtelé presence of d fferent ¢
BYcul ture f | trates.
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4. GENERAL EVALUATION AND CONCLUSIONS

B. cinereahas caused serious yield losses in tomato greenhouses in recent years. The most
common method for controllind. cinereais the application of fungicides, and such
applications are still ongoing. However, fungicide residues cause environmental damage, and
the use and overuse of fungicides from the same group lead to the development of resistance in
B. cinerea(Vos et al., 2015; Sarven et al., 2020; R@muso et al., 2021). Therefore, there is

a need for safe and effective biological control methods tbavel no residue, are
environmentally friendly, and are safe for human and animal health to control gray mold disease
in tomatoes (Botero et al., 2018; Sarven et al., 2020; Wang et al., 2021).

Entomopathogenic fungi are generally considered insect pathogewsver, a number of
recent studies have revealed that they also play additional roles in nature, such as endophytism,
antagonism against plant diseases, promotion of plant growth, and rhizosphere colonization
(Vega et al., 2009; Lacey et al., 2015; Jab®©wnley, 2017). Despite these newly discovered
properties, attention has focused on developing these fungi as effective biopesticides against
insect and other arthropod pests (Faria & Wraight, 2007; Jaber & Ownley, 2018). However,
there are also studiesiggesting that they can be used as endophytes, antagonists of plant
diseases, plant growth promoters, and rhizosphere colonizers (Ownley et al., 2010; Lacey et al.,
2015; Jaber & Enkerli, 2016). In a study by Sasan and Bidochka (2013), culture fifrdtes
entomopathogenic funghdetarhizium anisopliaehibited the spore germinationBéisarium
solaniby 83%. Gothandapani et al. (2014) evaluated in vitro, the 50% and 100% concentrations
of culture filtrates of three different entomopathogenic fénBeauveria bassiana
Metarhizium anisopliagandVerticillium lecanid againstAlternaria porri, the causal agent of
purple blotch disease in onions. The highest percentages of mycelial and conidial germination
inhibition were found iB. bassianat 69.24% ad 97.81%, respectively, while the lowest were
observed inM. anisopliaeat 45.81% and 42.11%. Sarven et al. (2020) evaluated the culture
filtrates of the entomopathogenic fungidetarhizium anisopliaeagainstB. cinereain
tomatoes. The 10% concentratmiM. anisopliaeculture filtrate inhibited 88.62% of the radial
colony growth and 63.85% of the germination of sclerotia, and completely inhibited conidial
germination oB. cinerea GuigénLopez et al. (2021) evaluated the antagonistic activity of the
Metarhizium anisopliada70 strain again®. cinereaunder in vitro conditions. Ma70 extracts

were found to inhibiB. cinereaconidial germination by 92% and mycelial growth by 50%

80%. AvilaHernandez et al. (2022) evaluated the effects of culture ddtrabtained under
different culture conditions (pH, sugar concentration, carbon and nitrogen sources, stirring
speed, etc.) from th8eauveria bassian®Q2 isolate on the mycelial growth and spore
germination ofGibberella moniliformisLIA. The results sheed that metabolites oB.
bassiana”Q2 inhibited both mycelial growth and spore germination of the pathogen. Analyses
determined that this antifungal activity was largely due to the secondary metabolite named
oosporein produced B. bassiana

Holz et al.(2023) evaluated the in vitro and in planta biocontrol efficacy offos#l culture
filtrates and conidial suspensions Mktarhizium anisopliadMABR-01) andM. humberi
(MHBR-03) againstPhakopsora pachyrhizithe causal agent of Asian soybean rust in
soybeans. The 50% concentrations of culture filtraté8.@nisopliaeandM. humberinhibited

the germination oP. pachyrhiziurediniospores by 85% and 96%, respectively, compared to
the 50% potato dextrose broth (PDB) control. Conidial suspensionsetdithibit P. pachyrhizi

in vitro; however M. anisopliaeconidial suspension controlled rust disease by 51% in plants.
In a study conducted by Cheruiyot (2023), the biocontrol potentiatichoderma harzianum
andBeauveria bassianagainstPhytophthoranfestansandAlternaria solanion tomatoes was

6
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investigated. The culture filtrate ®f harzianumwvas found to be ineffective agaimstsolanj

while it showed only a weak effect agaiRstinfestanst the highest concentration. The culture
filtrate of B. bassianavas found to be more effective th@inharzianuminhibiting A. solani

by 38.88%, although it was ineffective agaiRsinfestans Mar t i nko and Mi hov
examined the antifungaffect of B. bassianan Botrytis cinereaunder different pH conditions

using dual culture and volatile metabolite test methods. In the SBudbassiananhibited B.
cinereamycelial growth by approximately 36% at pH 7.2, and by 4% at pH 5.6. Similarly, i

the volatile metabolite test under pH 7.2 conditions, pathogen development was inhibited by
38%. Microscopic examinations showed tBabassianaaused morphological deformations,
vacuolization, and reduced spore productioBircinereahyphae. In addion, other studies

have confirmed thaB. cinereaadjusts its environmental pH by producing and releasing acidic

or ammonium compounds, and it changes the substrate pH by producing oxalic acid in a neutral
environment. Considering the defense mechanismdst@ins ofB. cinerea the antagonistic
activity of different B. bassianaisolates is variable and generally combined with several
mechanisms (Ownley et al., 2008; Vega et al.,, 2009; Rascle et al., 2018; Martinko &
Mi hovilovil, 2 0 2 4d) studies ware stifi needeth eONn thel ethen hahde
entomopathogenic fungi have been reported to have dual control potential against insect pests
and plant pathogens. This potential arises from the production of various metabolites such as
antibiotics, bioactie volatile compounds, and enzymes (Shin et al., 2007; Vega et al., 2008;
LozaneTovar et al., 2013; Yun et al., 2017). The secondary metabolites produced by these
fungi possess various insecticidal, antimicrobial, anticancer, and antioxidant propeaikias (Is

et al., 2005; Shin et al., 2007; Yun et al., 20Bl)bassiangroduces secondary metabolites
such as oosporein, tenellin, bassianin, beauvericin, bassianolide, and oxalic acid. Among them,
beauvericin, oosporein, and tenellin obtained from liquitlcelhave been the most extensively
studied (AvilaHernandez et al., 2020).

In our study, the effects of culture filtrates obtained from the entomopathogenic fungus
Beauveria bassianan the spore germination of the plant pathoBeitrytis cinerea which

causes gray mold in tomatoes, were evaluated. WhBtHsassiandas potential for use as an
antagonist against plant diseases was also determined. The effects of culture filtrates of the
Beauveria bassianBIM and BY2 isolates at different concentratiq@8o, 20%, 40%, 60%,

80%, and 100%) oB. cinereaspore germination were evaluated. The most effective culture
filtrate againsB. cinereaspore germination was that Bf bassiand@IM. The 80% and 100%

doses of BIM culture filtrate inhibite. cinereaspae germination by 95% or more. All doses

of B. bassian®Y2 culture filtrate inhibited. cinereaspore germination by 88%94%.

According to the results obtained in our study, both isolates were generally found to be
successful in inhibitin@. cinereaspore germination. The 80% and 100% doses of BIM culture
filtrate and the doses of 40% or higher of BY2 culture filtrate have pakd¢a be used as
antagonists againBt cinereathe causal agent of gray mold disease in tomatoes, and may play
an important role in future biological control strategies.
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11l NTRODUCTI ON

Potato Solanum tuberosumi.) is not only a significant global food source but also an
economically valuable crop (FAO, 2023). However, various fungal pathogens encountered
during production can cause substantial yield losses. Among Regectonia solanKihn

notably inducesuber rot and root diseases, adversely affecting plant development and reducing
productivity (Aréeceée et al ., 2024; Akdeniz &
to control this disease in potato cultivation. Increasing environmental awarenéiss padsuit

of sustainable agriculture necessitate the development dfiendly, residudree alternatives

that minimize resistance development in plant disease management (Li et al., 2022; Kumar et
al., 2023). In this context, pladerived natural ampound$ especially essential odshave
emerged as promising substitutes for synthetic fungicides. These oils contain biologically active
components such as phenolics, terpenes, aldehydes, and alcohols, exhibiting antifungal,
antibacterial, and antiviral pperties against numerous pathogens (Bakkali et al., 2008; Chen
et al., 2021). Such compounds disrupt fungal cell walls and membranes, inhibiting pathogen
growth and spread (Tian et al., 2011; Kumar et al., 2023).

Essential oils from plants like thym&Hhymus vulgariy cinnamon Cinnamomum zeylanicym

and clove $yzygium aromaticuninave been shown to be effective agaiissolaniand other
fungal pat hogens in multiple studies (Ar éc
Additionally, oils fromLavandila dentata Salvia officinalis andCymbopogon citratubave
demonstrated inhibitory effects on both mycelial growth and sclerotia formation (Mokhtar et

al., 2021). Species such &dentha longifoliaand Achillea arabicaalso exhibit notable
antifungal advity against sodborne pathogens (Akdeniz & Kesimci, 2024). The efficacy of
essential oils depends on the type, concentration, and composition of their phenolic
compoundd such as thymol, cinnamaldehyde, and eugerad well as application methods
(contactor vapor phase) and dosage (Chen et al., 2021; Li et al., 2022; Kumar et al., 2023).

Recently, medicinal and aromatic plants lixeganum vulgaréoregano),Juniperus communis
(juniper), andMentha spicatgspearmint) have attracted attention due to thatent antifungal
secondary metabolites. The main constituent® ofulgare carvacrol and thymol, inhibit
pathogens includingotrytis cinereaMonilinia spp., andPenicillium expansunZhou et al.,
2021; Xing et al., 2014). Compounds such as canamgk limonene inM. spicataexert
inhibitory effects onAspergillus flavusFusariumspp., andRhizopus stolonife(Zunino &

14
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Zygadl o, 2004, Boukhatem et adpinene, satinengé)and L i k e
terpinen4-ol in J. communiglisplay anfungal activity agains€Candida albicansAscochyta

rabiei, andAlternaria alternata(Bouzabata et al., 2013; Essid et al., 2017). Their modes of

action include disruption of membrane permeability and inhibition of sporulation and toxin
production (Tian eal., 2011; Tantaotklaraki et al., 1995).
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This study evaluated the in vitro antifungal activities of essential oils forwulgare J.
communisandM. spicataagainsR. solanj a key pathogen causing significant economic losses
in potato productionThe findings aim to contribute to the potential use of these natural products
in biological control and promote sustainable agricultural practices.

2. MATERIALS AND METHODS
2.1. Essential QOils

Essential oils of oregan@®(¢iganum vulgarg juniper Juniperus communisand spearmint

(Mentha spicata wer e obtained by Prof. Dr. Ari f kan
Isparta University of Applied Sciences, Faculty of Agriculture. The oils were stored in dark

glass bottles at 4°C until use.

2.2 Fungal Culture

In this study,Rhizoctonia solanisolates, which were previously isolated, identified, and
subjected to pathogenicity testing by Prof.
of the Department of Plant Protection at Ispartavensity of Applied Sciences, Faculty of
Agriculture, were used. In the experiments, the fungi were cultivated on PDA medium at 25°C
for 7 days before being utilized.

2.3. Preparation of Media and Antifungal Assay

The PDA medium, prepared Erlenmeyer flasks, was sterilized at 121°C for 20 minutes and
then cooled to 40°C in a water bath. After cooling, essential oils were added at concentrations
of 0, 500, 1000, 2000, and 4000 pL/L, and the mixtures were poured into sterile Petri dishes,
eachcontaining 15 mL of the medium. The essential oils were dissolved in 0.05% Tween 80
before addition to the medium. For the control, only water containing 0.05% Tween 80 was
used.

Mycelial discs (0.5 mm in diameter) frorrday-old R. solanifungal culturespreviously grown

on PDA medium at 25°C, were placed at the center of Petri dishes containing the mixture of
essential oil and PDA medium. The Petri dish lids were tightly sealed with Parafilm, and the
dishes were incubated at 25°C. Colony diametersediuihgi in the Petri dishes were measured
when the control plates became completely covered with fungi. The percentage of mycelial
growth inhibition was calculated using the following formula:

Inhibition (%) = [(A- B) / A] x 100, where A represents theli@ growth of the mycelium in
the control plates, and B represents the radial growth in the treated plates (Gakuubi et al., 2017).

15



 CONFEREY,,
b &o’

BALKA#M hl | NTERNATI ONAL CAORNFEIRENERCEIS
Oct olbdk2, -B3EDPJIE
I SBN OSIR®B2-56 A4D

KCADEy,
&,
8

P

D

2.4. Data Analysis

Percentage inhibition of mycelial growth was calculated relative to the control using the data
obtained fom the experiments. These data were evaluated using Tukey's multiple comparison
test (p < 0.05). Statistical analyses were performed using IBM® SPSS® Statistics version 22.

3. RESULTS AND EVALUATION

I n th s study, the effalcte lod dbitf d@miegharf wom e
vul Jyar e wnunpieprer (us) , c oammnidu ndViend rthra )nstpoiric att ee my c e
growRlhiafoct omdrae sodwendt gated. Accord ng to
essent al o | s nh b ted the mycel al gr owt
s gn f cant d fferences were observed among
R. s,olwantih Oori gaanruah (Mowel ghagr e dent f ed as the n
Il n terms of ant fungal act v Mgntborogaminaad al
j un Jpuenri p(er usg ,cammpreics vel y.f fQGvcetr avleln e sasl tvhaoru
d fferent doses, the most effect ve dose wa:¢
dose was 500 OL/L (Table 1). These results c
var es s gn f clhntheg plependspgcoasband the a
the tested o |Is, oregano was the most effect
jun per.

Tablel:Ef f ect of d fferent concentrat orRhoeft omsaent
sol anft

Doses | Essential oll
(HL/L)
Origanum vulgare Mentha spicata Juniperus communis
Mycelial Inhibation | Mycelial Kn hi b Mycelial Knhib
growth (cm) | rate (%) | growth (cm)| rate (%) | growth (cm) | rate (%)
500 0 100 a* 9 od 8.3 7.78d
1000 0 100 a 0 100 a 5.3 4111 c
2000 0 100 a 0 100 a 3.3 63.33 b
4000 0 100 a 0 100 a 0 100a
Kontrol | 9 od 9 od 9 od
* Mea shar

ns ng the same | etter are not s gn f ¢
test (P < 0.05)
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lmh s study, the effects of d ff erCrnitg adnousne s
vul yar e uwnunpieprer (us) , c oammmiu ndVmend rhra )nstpoiric atttee my c e
growtRlhi afoct omédrae sonwaedt gated. IAlccaoppl negd tdo:
essent al o | s nh b ted the mycel al gr owt

s gn f cant d fferences were observed among
R. s,olwantih Oo i ggaanruah (Wwweldgeagrte f ed as the most e
Il n terms of ant fungal act v Mgntomegaaminaao al
jun Jpuenri p(ferus ,cammpreicsg vely. Overall, althou
d fferenmodbosesfetheve dose was recorded as
dose was 500 OL/L (Table 1). These results c
var es s gn f cantly depend ng on motAmdrme p
the tested o | s, oregano was the most effect
jundper

Origanum vulgare

Figure 1. Effect of different doses ofOriganum vulgareessential oil on the mycelial growth of
Rhizoctonia solani

SpearMemthg )s pissaetng al o | exh b Rheidz oac tsotnri ;a
solmydel al growth at concentrat ons of 1000
was observed. I n contrast, at theselhnhowast ot és
not suppress fungal gr owt h, show ng no s gr
control. These f nd ngs nd cate that -the ar
dependent, w th effect evlee vsau pepdr ecsosn coenn torcactu rort

Mentha spicata

\ / \
‘ \;:\:;\ -. ‘

1000 L 2000 /L

Figure 2. Effect of different doses ofMentha spicataessential oil on the mycelial growth of
Rhizoctonia solani
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Juniper Juniperus communisessential oil exhibited the lowest level of antifungal efficacy
among the tested oils. While complete (100%) inhibitioRluzoctonia solarmnycelial growth

was observed only at the highest concentration of 4000 pL/L, lower concentratioh80B00
ML/L) resulted in only partial suppression, ranging from 7.7% to 63.33%. However, at these
lower doses, the reductions in fungal growth were not statistically significant compared to the
control, indicating limited biological activity at suboptimal concentragi These results
suggest that juniper oil requires relatively high concentrations to exert an effective antifungal
response again&. solani(Figure 3).
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Unperus communis

Figure 3. Effect of different doses ofluniperus communisessential oil on the mycelial growth of
Rhizoctonia solani

4. GENERAL EVALUATION AND CONCLUSIONS

I n th s study, the n v tr oOrainga nfuunw gvaulil geaarte sv
commundeadt ha asgmiRcha&trao ct o nfaa nmagloanipat hogen ca

econom ¢ | osses n potato product on, were e
stud es. Among the tested o |Is, oregamRo o |

sol.anfih s fgnmsd wig halpr or reports attr but ng
o I to ts h gh content of phenol C monoterp
2021, Boukhatem et al , 2014; Boueabaalh et ¢
0. vudaogmtree ns substant al amounts of thymol

me mbr ane permeab | ty and ntegr ty, nduc n
al ., 2022; Aréceée et alrated2dhat Woregamd .o (2
oxygen speR.eso¢ ROS) mpa r ng membrane stru
result ng n up to 100% growth nh b t on e

(2021) repordeld 4dbh@mpgr @ogEeganmyc el al Bgr owt hs a
cineream t ng pathogen devel opment on fru t

t hat thymol and carvacr oAs gerdgupcéed uasysc. o tTohxe sre p
suggest that ospganoum andspawbrbad ant fung
M. spismearm nt) conta ns var ous monoter pe
sab nene. l'ts andepemdeaent efiweth afspyYedale aln he
observed at concentrat ons of 1000 OL/L and
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at 500 OL/L (Khaled et al., 2015). Boukhat
act v ty of spebomnetmpsatddaghy aasspomAsamat gi | | us
fl avuksurt her mor e, Zun no and Zygadl Men(t2h0a0 4)
spec es could be wused to prevent fungal cCo
demonstrated s gtn vf tcyandanlayntatf uthnlgeal h aghest t
OL/ L, w th | m ted effectsl.atconmmuenilsdosest a
hydrocar bon monlUpt enremeen e ss,a bs weam ea swain & ht é ra kn ¢
compoundsn megplts relat vely |l ower ant fung.
reported weaker ant fungal effects of jun p

der vat ves.

Overall, the in vitro results indicate that essential oils from o@gmmiper, and spearmint
possess strong antifungal activity againstboiine pathogens suchRssolani Moreover, the
combined use of these oils with biological control agents ordose fungicides may generate
synergistic effects, enhancing efficashile reducing pesticide application and minimizing
resistance development. Thus, integrated management strategies leveraging these natural
products offer environmentally friendly and resistanugégating advantages. Although
promising results were obted with essential oils, directly translating these findings to field
conditions presents several challenges. Environmental factors such as soil composition,
microbial competition, temperature, and humidity affect the volatility and stability of essential
oils, thereby reducing their antifundpsel efffi
applications may cause phytotoxicity in crop plants, necessitating rigorous safety evaluations
before use (Khaledi et al., 2015). To overcome these limitatiatganced formulation
Technologies such as nanoencapsulation and emulsification are critical. These approaches
enhance the o0ilsd environment al stability,
thereby improving antifungal performance in agrictdt applications.

In conclusion, the natural chemical profiles of essential oils offer significant potential as
biological control agents. However, sustainable and safe field applications require standardized,

comprehensive in vitro and in viwiudies, supported by thorough toxicological assessments
and optimized application protocols.
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CORIANDRUM ( CORIANDRUM SATIVUM L.) CULTIVATION AND ITS
ECONOMIC IMPORTANCE

Prof. Dr. BELGKN COKGE KENKAL
Yozgat BozoKUniversity,belgin.senkal@yobu.edu-®000600017330-8098

ABSTRACT

Coriander Coriandrum sativuni.) is an important annual plant belonging to the Apiaceae
family, known for its aromatic and medicinal properties. Both its fresh leaves (as a vegetable)
and ripe fruits (as a spice) are consumed. The essential oils it contains (especially linalool) make
coriander versatile in the food, pharmaceutical, cosnmaie aromatherapy sectors. Coriander

is widely cultivated worldwide in South Asia, the Middle East, North Africa, and the
Mediterranean countries. In Turkiye, it is cultivated primarily in regions such as Isparta, Burdur,
and Konya, gaining commercial valin both local and international markets. Coriander's low
water and input requirements, short growing season, and rich biochemical composition make it
a suitable alternative for sustainable agricultural systems. Furthermore, coriander has high
export potatial, and its ability to be converted into valagéded products provides economic
advantages to producers. This study evaluates the botanical characteristics, cultivation
techniques, areas of use, and economic importance of coriander based on litex@ure d
Supporting coriander cultivation is crucial for diversifying medicinal and aromatic plants and
contributing to rural development.

Keywords: Coriander, sowing time, essential oil, fruit yield.

1. INTRODUCTION

Coriander Coriandrum sativuni.) is an annual cultivated plant belonging to the Apiaceae
family and has economic value due to both its leaves and fruits (Mhemdi et al., 2011; Beemnet,
2020). Although originally considered native to the Eastern Mediterranean basin and Western
Asia, it is now widely distributed throughout Asia, Europe, Africa, and the Americas.
Historically, coriander, one of the oldest cultivated medicinal and aromatic plants, was used
both as a culinary spice and as a healing resource in traditional medicine in Bggietn,

Greek, and Roman times. Today, coriander maintains its importance with its versatile
applications worldwide (Spence, 2023).

Coriander leaves are consumed fresh, particularly in salads and stews for their aroma. Its fruits
are considered a spicand, due to their essential oil content, are widely used in the food,
pharmaceutical, and cosmetic industries. The essential oil content of ripe coriander fruits ranges
from 0.2 1.5%, the most important component being linalool (Onder, 2018). Linalool, i
addition to its use in the food industry as a flavoring and aroma enhancer, is also
pharmacologically valuable for its antimicrobial, antioxidant, digestive, and sedative properties.
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The seeds also contain fixed oil (P8%), protein, and minerals. Thepeoperties make
coriander not only a spice but also a functional food and a potential phytotherapeutic resource.
Coriander fruits possess carminative properties; they are most used as an appetite stimulant,
carminative, parasitic, diuretic, and sedati@e¢an, 2023).
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2. CORIANDER CULTIVATION

Climate and Soil Requirements:Coriander grows particularly well in hot and dry regions.
However, satisfactory yields are also achieved in temperate regions. The plant thrives best in

soils that are lightly sandy sandyloam, rich in lime, and have a neutral or slightly alkaline
pH (Sharma et al., 2014).

Seed:For genotypes used for seed, the weight of a thousand fruits varies between 5 and 10 g.

Seed material must have a purity of 98% and a germination rat&wfBdydar, 2009; Inan et
al., 2014).

Sowing, Maintenance, and HarvestingSowing time is in March and April. The seed quantity

to be used for planting is 416 kg ha' (Tekin et al., 2023). Row spacing is-20 cm. Sowing

depth should be 1-8.5 cm. Becase the initial growth of plants is slow, weed control should

be prioritized before and after sowirfeertilizers and fertilizer quantities applied to coriander
are like those applied to cereals. Nitrogen is an essential nutrient for increasing frui yield
coriander cultivation. 48 kg N per decare is applied upon sowing (Baydar, 2009). Excessive
nitrogen fertilization causes plants to lodge. Phosphorus and potash fertilizers increase drought
resistance in coriander and improve seed quality. Phosphatilizdehas a positive effect on

the amount of essential oil in coriander. Coriander requires high water until flowering. With a
proper and adequate irrigation program, fruit yield can be increased by up to 70%. However,
dry, sunny weather is requiredeftlowering.

Coriander takes-8 months to mature. It is harvested in July and August. Delays in harvesting

can lead to significant fruit losses. Therefore, harvesting should be done early in the morning

to minimize fruit loss. Harvesting with @mbination harvester should be done with care to

avoid excessive fruit loss. Coriander fruit yield ranges from 0.5 and eeer3a! (Nowak and
Szempli EGski, 2014). However, yields vary dep
the variety usedthe characteristics of the seed, the care applied (weed control, irrigation,
fertilization, etc.), and cultural practices.

PostHarvest Processing:Coriander leaves are harvested fresh, washed, dried (naturally,
microwaved, or freezdried), and then gund and packaged. The leaves are processed into
various products, such as purees and pastes used in tfuothstdustry. The pale yellow, ripe
fruits, with their characteristic odor and flavor, are ground and used in powder form. Dried
fruits can alsobe stored whole and used in vinegar production. Coriander essential oil is
obtained from ripe fruits (Bhat et al., 2014).
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3. CORIANDER CULTIVATION AND ITS ECONOMIC IMPORTANCE IN THE
WORLD AND T RKKYE
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In 2023, India became the largest coriander producer, followed by Turkiye, Mexico, Russia,
Iran, China, Syria, Egypt, Morocco, and Vietnam. India, the largest producen i lalsding

coriander exporter. China is the leading importer (Figure 1).
I M Egypt 30.42M

I Morocco 29.04M

R .c;'- W Vietham 18.56M

Trends of Top 10 Producers

W India 1.96B
W Turkiye 341.59M
W Mexico 118.15M
B Russia 84.22M
M Iran 61.55M
M China 52.32M
M Syria 48.64M

Top Exporter 2023 Top Importer 2023 Top Producer 2023
= India il China = India

Figure 1. Top 10 Countries in the World in Coriander Production(Source:
https://www.tridge.com/intelligences/coriander/production Access date: 21.09.2025)

In Tarkiye, 101 tons of production was achieved from an aréz8dfl da in 2024. Production
increased depending on the 202b)(Table#ldt i on ar ea

Table 1. Coriander Production in Turkiye

Area Production
Year (Decare)| (Tonnes)
2012 11 1
2013 11 1
2014 11 1
2015 150 11
2016 503 42
2017 410 29
2018 405 29
2019 155 12
2020 2 455 188
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2021 2612 253
2022 1571 204
2023 1932 222
2024 1841 101

(Source: https://data.tuik.gov.tr/ Access date: 22.09.2025)

CONFEISENERNCEIS

Oct olbee2, -Z3EDPJIE
I SBN QIRB2-56 A48

Coriander is a plant that can be easily grown in many regions of Turkiye. Turkiye's diverse
climate allows it to grow productively in certain regions (Inan et al., 2014). The Mediterranean,
Aegean, Marmara, and Central Anatolia regions are the most suitable areas for coriander
cultivation. In Turkey, it is cultivated in the areas surrounding Mar@aziantep, Burdur,

Er zur um, Deni zI| i,
Adana. Coriander

Kony
i s an

a,
i

and

Ankar a, as well
mportant

commer ci

2023). Popular in both domestic and internadianarkets, coriander is particularly favored by

the spice industry and medicinal herb

producers.

Global Coriander Fruit Essential Oil Market Size and Growth Rate:

The global coriander (Coriandrum sativum) essential oil market reached USD 27.55 logillion
2024 and is projected to reach USD 57.03 million by 2032. This growth is expected to be at a
compound annual growth rate (CAGR) of 9.52% during the 22232 period. Market
expansion is driven by increasing consumer interest in natural anebplavdad essential oils

in the personal care, pharmaceutical, and food and beverage industries. Furthermore, increasing

scientific awareness of the aimiflammatory, antimicrobial, and digestiseipportive
pharmacological effects of coriander oil is contributingnarket growth by encouraging its
use in health and therapeutic applications (Figure 2).

Global Coriander Oil Market

Market Size in USD Billion

CAGR:9.52% wil

Forecast Period
Ma vear)
@ workot Forecast
USD 57.03 Milion Year)
CAGR
R T8 e Major Markets Piayers
2024 2022

Figure 2. Global coriander oil market

om0

200 2002

(Sourcenttps://www.databridgemarketresearch.com/reports/glotiaanderoil-market Access date:

05.10.2025)
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3. CONCLUSION

Coriander is a plant that can be successfully grown in many regions of Turkiye and is important
for both commercial and medicinal purposes. With good care and the right climatic conditions,
coriander cultivation can be a beneficial activity both enviroriallgrand economically.

-Increased product diversity: Adding aromatic and medicinal plants like coriander enriches
farmers' product portfolios.

-Value-added agriculture: Coriander is a plant with high market value. Its dried seeds, leaves,
and oil can bedd at a premium. It can contribute to rural development.

-Droughtresistant alternative: Because coriander requires relatively little water, it can offer
advantages in climate change conditions.

-High export potential: The Middle East, India, Asia, ddrope have high demand for
coriander.

-Value-added product exports: Selling coriander as essential oil or organic coriander can
increase income.

Expanding coriander cultivation in Turkiye could have positive rsgttoral impacts.
However, this processumst be supported by:

-planned support policies,

-farmer training, and

-market access strategies.
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RELATIONSHIPS OF MORPHOLOGICAL CHARACTERS WITH FRUIT YIELD
AND ESSENTIAL OIL CONTENT IN CORIANDER ( CORIANDRUM SATIVUM L.)

Prof. Dr. BELGKN COKGE KENKAL
Yozgat Bozok University, belgin.senkal@yobu.ed0@0300017330-8098

ABSTRACT

Coriander Coriandrum sativuni..) is an annual, medicinal, and aromatic plant belonging to
the Apiaceae family. Its fruits are widely used in the spice, pharmaceutical, cosmetic, and food
industries due to their essential oil (2% and above) and fixed dGik8P6) content. The
essentiboil content of the fruit is an important quality trait. In coriander cultivation, fruit yield,
essential oil content, and yield components are key criteria for economic value. To increase
plant yield, it is crucial to develop varieties with high yieldguial and incorporate them into
production patterns and optimize cultivation techniques. Fruit yield is not the result of a single
trait; it results from the integrated interaction of morphological, phenological, and agronomic
characters such as plantidtg, branching status, umbel count, thousaedd weight, and
flowering time. Therefore, determining the relationships between morphological traits, fruit
yield, and essential oil content is critical for both determining selection criteria in breeding
studies and developing breeding strategies. In this study, the effects of morphological and
agronomic characters on fruit yield and essential oil content were evaluated using data (plant
height, number of branches, number of umbrellas, 1000 fruit weightyfelil, essential oil
content, etc.) obtained from coriander genotypes grown in the Yozgat ecological conditions.

Keywords: Coriander, yield, correlation, essential oil, path analysis, biplot.

1. INTRODUCTION

Coriander Coriandrum sativuni..) is an annual, medicinal, and aromatic plant belonging to
the Apiaceae family. Its fruits are widely used in the spice, pharmaceutical, cosmetic, and food
industries (Mahleyuddin et al., 2021).

Coriander branches generally form on the upper stempleme typically grows between 30

and 80 cm tall. However, depending on growing conditions and genetics, it can grow upto 1 m
tall. The lower leaves are segmented and broad, resembling parsley leaves and having three
lobes. The upper leaves are thinneni&@uler has an umbrelEhaped inflorescence (Kharat et

al., 2025). The flowers are small and white or pink. A single flower has five sepals, five stamens,
and one pistil with a twart stigma (Baydar, 2009). Flowering occurs in June and July.

Coriandeffruit is dark yellow, spherical,-Z mm in diameter, and has a distinctive aroma, spicy,
sweet, and pungent flavor. The weight of 1000 fruits vary between 5 and 18 g. Coriander fruits
contain up to 2% essential oil (Ravi et al., 2007; Mandal and Mands,).20inalool is the

main component of their essential oil. Linalool is an important raw material used in perfumes
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and cosmetics (Kharat et al., 2025). Furthermore, the seeds cont2a8valGatty oil, 30%
protein, and significant amounts of vitamins A @&@shahwar et al., 2012).
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The essential oil content in the fruit is a key quality characteristic. In coriander cultivation, fruit
yield, essential oil content, and yield components are key criteria for economic value. To
increase plant yield, it is cru¢ito develop varieties with high yield potential and incorporate
them into production patterns, as well as optimize cultivation techniques. Fruit yield is not the
result of a single trait; it results from the integrated interaction of morphological, pgerad)

and agronomic characters such as plant height, branching, umbel count, trsreshncight,

and flowering time. Therefore, determining the relationships between morphological traits, fruit
yield, and essential oil content is critical for both dataing selection criteria in breeding
studies and developing cultivation strategies (Suwarti et al., 2022; Walubita et al., 2022).

This study used data (plant height, number of branches, number of umbels, 1000 fruit weight,
fruit yield, essential oil caent, etc.) obtained from coriander genotypes grown in Yozgat's
ecological conditions to evaluate the effects of morphological and agronomic traits on fruit
yield and essential oil content.

2. MATERIALS AND METHODS

This study used data from research conducted in different years using two coriander cultivars
(Arslan and Gurbiz) in the Yozgat ecological conditions. The following yield and yield traits
were evaluated:

Plant Height (cm) [PH]: The height from the soil \el to the top of the mature plants was
measured in cm, and the average height of these plants was determined as the plant height.
Number of Branches (number plant') [NB]: The number of branches per plant was counted
and the average was calculated.

Number of Umbrellas (number plant!) [NU]: The number of fruits per umbel was counted
and the average was calculated.

Number of Fruit (number umbrella-t) [NS]: The number of fruits per umbel was counted and
the average was calculated.

First Branch Height (cm) [FBH]: The height from the soil level to the first branch of plants
at harvest maturity was measured in cm, and the average height of these plantsrmazedete
as the first branch height.

Thousand Seed Weight (g) [TSW]4x100 seeds were counted from the pure seed portion of
each study sample, and these counted seeds were weighed individually on a precision scale.
The average of these four weighing was tkaen and multiplied by 10 to determine the
thousand seed weight in g.

Biological Yield (kg da') [BY]: All plants in each plot were harvested and weighed after
removing the marginal effects, and the plot area was calculated in kg/da.

Fruit Yield (kg da?) [FY]: All plants in each plot were harvested after removing the marginal
effects, and the seeds were weighed. The obtained wakresused to calculate the yield per
decare in kg/da based on the plot area.

Stem Yield (kg da') [SY]: Seed yield valuewere subtracted from the biological yield values
for each plot, and stem yield was determined in kg/da.

Harvest Index (%) [HI]: Grain yield from each plot was calculated by dividing it by the
biological yield.
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Essential Oil Ratio (%) [EOR]: 100-gram fiuit samples from plant samples taken from each
plot were ground and subjected to distillation in a Clevenger apparatus (in 500 ml of water for
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3 hours). The essential oil content was determined as a percentage of dry matter.

Essential Oil Yield (L da') [EOY]: The essential oil content at the mature seed stage was
multiplied by the seed yield per decare to determine the essential oil yield per decare in L/da.

Descriptive statistics for all data were used to evaluate the effects of agricultural and
morpholayical characters on fruit yield and essential oil content using correlation analysis, path
analysis, and principal component analysis. Analyses were performed using MINITAB and

JASP programs.

3. RESULTS AND DISCUSSION

Descriptive statisticainformation regarding the yield and yield components examined in the

study is summarized in Table 1.

Table 1. Descriptive Statistical Information

Descriptive | PH NU NB NS FBH | TSW | BY FYy HI EOR | EQY
Statistics

Mean 50.05| 7.064 | 4.367| 21.74| 22.96| 12.71| 166.9| 71.40| 48.59| 0.520| 35.10
Std. 8.547| 2.233| 0.723| 8.579| 5.308| 4.182| 101.6| 34.90| 9.862| 0.147| 15.81
Deviation

Minimum 38.95| 4.400| 2.530| 14.40| 14.63| 9.020| 38.89| 21.52| 32.77| 0.180| 6.970
Maximum 76.33| 16.00| 5.270| 51.33| 30.10| 28.94| 477.0| 164.0| 74.03| 0.770| 64.73

PH (cm); NU (number plant); NB (number plant!); NS (number umbrelld); FBH (cm); TSW (g); BY (kg da

1); FY (kg da'); HI (%); EOR (%); EOQY (L d&)

The plant height of the varieties used in the research varied beB8¢¥#76.33 cm, number
of branches 4:-46.0 pieces, number of umbels 2527 pieces, number of seeds per umbels

14.40651.33 pieces, first branch height 143310 cm, biological yield 38.8977 kg d&, fruit

yield 21.52164.0 kg d&, harvest index 327-74.03%, essential oil ratio 0.180770% and
essential oil yield 6.9%4.73L dat (Table 1). Histogram graphics related to the distribution of

all data regarding the yield and yield components examined are given in Figure 1.
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Figure 1. Distributions of all Data Related to the Examined Yield and Yield Components

hCADEgy
r%
n
suins\\‘“

Correlation indicates a linear relationship between two or more variables. The Pearsonr Product
Moment Correlation Coefficient takes valuedweenl1 and +1. An r =1lindicates a perfectly
negative linear relationship, a r = +1 indicates a perfectly positive linear relationship, and an r
= 0 indicates no relationship between the two variables. When interpreting the results, an r value
of 0.01- 0.29 represents a low lelof relationship, 0.300.70 represents a moderate level of
relationship, 0.7% 0.99 represents a high level of relationship, and 1.00 represents a perfect
relationship (Gogtay and Thatte, 2017).

In this study, there is a strong and positive corr@fatetween the number of umbels, the
number of seeds per umbel, biological yield, and fruit yield, and plant height. A strong and
positive correlation was found between fruit yield and plant height, the number of umbels, the
number of branches, and biologl yield. A moderate effect of first branch height was observed

on the essential oil content of the fruit, an important quality criterion in coriander. A positive
but weak correlation was found between branch number and essential oil content. Apart from

these two traits, all other traits (except EOY) had a negative effect on essential oil content
(Figure 2).
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PH NB NU NS FBH TSW BY FY HI EOR
NB 0170
NU  0633%% 0163
NS 0768%% 0219 08370
FBH 0.194 0373 0482 -0.140
TSW 0314 0226 0041 022 0151
BY  [0800% | 0.1 [O734% 0.802%% 0043 0007 _
FY 0775 0217 [0800% 0752%% 0175 004+ [OBSSERN =
HI 05200 0.S70% 0448* 0245 05390 0065 D628 0658
EOR 0060 0299 -0.013 0393 0S47* -0054 -0300 -0.149 -0321
EOY 0617%% 0393 (0648 0419  0AST* 0044 0681%% 0816%* 07168 0.393

Maximum-------- Minimum

Figure 2. Binary Relationships Between Yield and Yield Components

Path analysis is a technique used in statistics to determine thieatideiadirect effects of one
variable on another (Streiner, 2005). It is widely used, particularly in plant breeding studies, to
isolate factors affecting complex traits such as yield. In this study, direct and indirect effects of
other variables on FY @EOR were determined by path analysis.

According to the path analysis results, the direct and indirect effects of variables on the
formation of FY occurred at different levels. The findings indicate that the EQOY and BY
variables had the highest directegt on FY. The direct effect of EOY was 0.4895 (48.26%),
and that of BY was 0.4022 (41.07%), representing the main determinants of FY. In contrast,
the direct effects of EOR(.2130; 36.95%) and Hi§.0476; 5.79%) were found to be negative,
negatively fecting FY (Table 2).

When indirect effects were examined, it was observed that many variables contributed to FY
not directly, but through BY and EOQY. For example, while NU (0.1196 direct; 14.37%) has a
moderate positive direct effect, its maffect is BY (0.2952; 35.48%) and EOY (0.3159;
37.97%). Similarly, NS-0.0140 direct; 1.77%) has a low negative direct effect, while its

indirect effects are pronounced through BY (0.3225; 40.61%) and EOY (0.2051; 25.83%)
(Table 2).

The FBH variable sintarly exhibits a direct negative effee0(0182; 3.98%), while most of its
effect on FY is indirectly mediated through EOY (0.2385; 52.16%). TSW (0.0287; 29.06%),
on the other hand, provides a direct positive contribution, but its indirect effectsadneshgl
limited. When the negative effects are examined, it is seen that the variablesEZIRQ
direct; 36.95%) and HI-0.0476 direct; 5.79%) create significant indirect effects on FY,
especially through EOY and BY, and these effects contribute melyato the total. This
indicates that these parameters may play a mitigating role in increasing FY (Table 2.).
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Table 2. Path Coefficients for Direct and Indirect Effects on FY Variables and Their
Percentages Within the Correlation Coefficient

PATH % PATH %

COEFFICIE COEFFICIE

NTS NTS
PH TSW
Direct effect 0.0623 7.5794 Direct effect 0.0287 29.0632
Indirect effects Indirect effects
NB -0.0003 0.0412 PH -0.0196 19.8346
NU 0.0757 9.1972 NB 0.0005 0.4571
NS -0.0108 1.3118 NU -0.0049 4.9544
FBH -0.0035 0.4289 NS 0.0031 3.1600
TSW -0.0090 1.0930 FBH 0.0028 2.7934
BY 0.3217 39.1017 | BY -0.0030 3.0206
HI 0.0247 3.0062 HI 0.0031 3.1284
EOR 0.0126 1.5312 EOR 0.0114 11.6102
EQY 0.3020 36.7095 | EQY 0.0217 21.9782
NB BY 0.4022 41.0693
Direct effect 0.0020 0.5274 Direct effect
Indirect effects Indirect effects
PH -0.0106 2.7937 PH 0.0499 5.0923
NU 0.0195 5.1393 NB 0.0002 0.0240
NS 0.0031 0.8145 NU 0.0878 8.9641
FBH -0.0068 1.7949 NS -0.0113 1.1503
TSW 0.0065 1.7095 FBH -0.0000 0.0791
BY 0.0473 12.4903 | TSW -0.0002 0.0217
HI 0.0271 7.1634 HI 0.0299 3.0502
EOR -0.0635 16.7672 | EOR 0.0635 6.4837
EQY 0.1923 50.7997 | EQY 0.3336 34.0653
NU HI
Direct effect 0.1196 14.3711 | Direct effect -0.0476 5.7944
Indirect effects Indirect effects
PH 0.0394 4.7407 PH -0.0324 3.9467
NB 0.0003 0.0390 NB -0.0011 0.1386
NS -0.0118 1.4126 NU -0.0536 6.5278
FBH -0.0033 0.3982 NS 0.0034 0.4200
TSW -0.0012 0.1407 FBH 0.0098 1.1933
BY 0.2952 35.4792 | TSW -0.0019 0.2263
HI 0.0213 2.5629 BY -0.2525 30.7492
EOR 0.0240 2.8888 EOR 0.0685 8.3413
EQY 0.3159 37.9668 | EQY -0.3503 42.6625
NS EOR
Direct effect -0.0140 1.7694 Direct effect -0.2130 36.9481
Indirect effects Indirect effects
PH 0.0479 6.0314 PH -0.0037 0.6394
NB -0.0004 0.0552 NB 0.0006 0.1032
NU 0.1000 12.6001 | NU -0.0135 2.3401
FBH 0.0026 0.3213 NS 0.0055 0.9543
TSW -0.0064 0.8006 FBH -0.0100 1.7313
BY 0.3225 40.6118 | TSW -0.0015 0.2671
HI 0.0117 1.4709 BY -0.1199 20.7880
EOR 0.0834 10.5083 | HI 0.0153 2.6529
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EOY 0.2051 25.8311 | EQY 0.1936 33.5755
FBH EOY
Direct effect -0.0182 3.9793 Direct effect 0.4895 48.2622
Indirect effects Indirect effects
PH 0.0121 2.6444 PH 0.0385 3.7918
NB 0.0007 0.1631 NB 0.0000 0.0773
NU 0.0218 4.7628 NU 0.0772 7.6083
NS 0.0020 0.4308 NS -0.0059 0.5803
TSW -0.0043 0.9491 FBH -0.0089 0.8738
BY 0.0171 3.7443 TSW 0.0013 0.1251
HI 0.0256 5.6040 BY 0.2741 27.0187
EOR -0.1169 25.5653 | HI 0.0340 3.3566
EOY 0.2385 52.1569 | EOR -0.0842 8.3059

Path analysis findings revealed the existence of both positive and negative direct and indirect
effects on EOR. In particular, the EOQY variable has the strongest direct peffitieleon EOR

with a coefficient of 1.3036 (36.21%). This is followed by negative direct effects of-BY (
1.2019; 33.16%) and HI-Q.7161; 22.32%). FY-0.6725; 17.56%) also has a significant
negative direct effect. In contrast, NS (0.3460; 12.55%) hasiéveoand significant direct
contribution to EOR (Table 3.).

When indirect effects are examined, it is observed that most of the variables indirectly affect
EOR through BY, FY, and EQY. For example, although the direct effect of NU is found to be
negatie (-0.1248; 4.03%), its main contribution is through EOY (0.8413; 27.18%) and BY (
0.8823; 28.51%). Similarly, NS, in addition to its direct positive contribution, exhibits indirect
effects, particularly through BY-@.9637; 34.96%) and EQY (0.5462; 19.81Ckable 3).

The FBH variable has a direct negative effect on E@RL927; 12.61%), and its strongest
indirect contribution is through EOY (0.6350; 41.54%). The TSW variable, on the other hand,
has a limited negative direct effee®0431; 12.36%), whal its indirect effects are particularly
evident through NS-0.0768; 22.03%) and EOY (0.0577; 16.57%) (Table 3).

Another variable with a significant negative effect on EOR is-Bll7/(L61; 22.32%), while BY
(0.7546; 23.52%) and EOY¥(Q.9329; 29.08%) stamulit as significant mediators in its indirect
effects. Similarly, FY {0.6725; 17.56%) makes a direct negative contribution, but also has
strong indirect positive effects through EQY (1.0642; 27.79%) (Table 3).
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Table 3. Path Coefficients for Directand Indirect Effects on FOR Variables and Their
Percentages Within the Correlation Coefficient

B

PATH % PATH %
COEFFICIE COEFFICIE
NTS NTS
PH TSW
Direct effect 0.0593 1.8885 Direct effect -0.0431 12.3592
Indirect effects Indirect effects
NB 0.0250 0.7951 PH -0.0186 5.3377
NU -0.0790 2.5158 NB -0.0332 9.5366
NS 0.2658 8.4678 NU 0.0051 1.4638
FBH -0.0374 1.1904 NS -0.0768 22.0317
TSW 0.0135 0.4303 FBH 0.0292 8.3742
BY -0.9613 30.6253 | BY 0.0089 2.5552
FY -0.5214 16.6103 | FY -0.0294 8.4479
HI 0.3722 11.8572 | HI 0.0464 13.3270
EQY 0.8042 25.6193 | EQY 0.0577 16.5667
NB BY
Direct effect -0.1471 9.5395 Direct effect -1.2019 33.1643
Indirect effects Indirect effects
PH -0.0101 0.6518 PH 0.0474 1.3081
NU -0.0203 1.3165 NB -0.0173 0.4773
NS -0.0759 4,9235 NU -0.0916 2.5281
FBH -0.0720 4.6653 NS 0.2775 7.6557
TSW -0.0097 0.6303 FBH -0.0082 0.2263
BY -0.1413 9.1609 TSW 0.0003 0.0088
FY -0.1458 9.4546 FY -0.6420 17.7157
HI 0.4081 26.4583 | HI 0.4495 12.4040
EQY 0.5121 33.1994 | EQY 0.8883 245116
NU FY
Direct effect -0.1248 4.0329 Direct effect -0.6725 17.5612
Indirect effects Indirect effects
PH 0.0375 1.2118 PH 0.0460 1.2002
NB -0.0239 0.7735 NB -0.0319 0.8333
NS 0.2895 9.3545 NU -0.0998 2.6063
FBH -0.0351 1.1338 NS 0.2603 6.7984
TSW 0.0018 0.0568 FBH -0.0344 0.8975
BY -0.8823 28.5081 | TSW -0.0019 0.0492
FY -0.5377 17.3746 | BY -1.1475 29.9668
HI 0.3210 10.3707 | HI 0.4709 12.2972
EQY 0.8413 27.1834 | EQY 1.0642 27.7899
NS HI
Direct effect 0.3460 12.5540 | Direct effect -0.7161 22.3220
Indirect effects Indirect effects
PH 0.0455 1.6518 PH -0.0308 0.9605
NB 0.0323 1.1715 NB 0.0039 2.6142
NU -0.1044 3.7884 NU 0.0559 1.7440
FBH 0.0270 0.9801 NS -0.0849 2.6481
TSW 0.0096 0.3465 FBH 0.1038 3.2349
BY -0.9637 34.9619 | TSW 0.0028 0.0870
FY -0.5059 18.3540 | BY 0.7546 23.5225
HI 0.1758 6.3770 FY 0.4422 13.7862
EQY 0.5462 19.8149 | EQY -0.9329 29.0805
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FBH EOY
Direct effect -0.1927 12.6053 | Directeffect 1.3036 36.2148
Indirect effects Indirect effects
PH 0.0115 0.7519 PH 0.0366 1.0158
NB -0.0549 3.5946 NB -0.0578 1.6057
NU -0.0227 1.4869 NU -0.0806 2.2377
NS -0.0485 3.1737 NS 0.1450 4.0276
TSW 0.0065 0.4264 FBH -0.0939 2.6076
BY -0.0512 3.3469 TSW -0.0019 0.0530
FY -0.1199 7.8466 BY -0.8190 22.7530
HI 0.3856 25.2258 | FY -0.5490 15.2501
EOY 0.6350 415418 | HI 0.5124 14.2347

In a study conducted by Nagapgtaal. (2017), a positive and significant relationship was found
between fruit yield per plant, plant height, number of branches, number of umbels, and 1000
fruit weight of the coriander genotypes used and fruit yield. Similar findings were also
expressedy Dyulgerow and Dyulgerova (2013), Nykolay et al. (2013), and Chauhan et al.
(2019). In path analysis conducted in previous studies, it was observed that the highest positive
and direct effects on fruit yield per plant were provided by the number ¢f fvrar umbel,
number of umbels per plant, and number of branches per plant (Chauhan et al., 2019). It has
been reported that 100fuit weight directly contributes to fruit yield (Dyulgerov and
Dyulgerova, 2013). It has been noted that biological yield Fmrglest index also contribute
positively to fruit yield in coriander plants grown under drought conditions (Singh et al. 2015).
These characteristics are important selection criteria in coriander breeding (Bajya et al., 2022).

The principal component guh created because of the Principal Component Analysis using all
the data evaluated in this study is presented in Figure 3.

Loading Plot of PH; ...; EOY

EOR
0.5
NB
)

0,4 /

FBH

03

0,2

0,1

0,0

Second Component

-0,1

-0,2

0,3 HL -~

-0.4

-04 0,3 -0,2 -0,1 0,0 01 0,2 04 0,5
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Figure 3. Principal Component Analysis: PH; NB; NU; NS; FBH; 1000SW; BY; SY; HI; EOR;
EOY
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3. CONCLUSION

The mostimportant determinants of FY are EOY and BY, while the effects of other variables
are largely indirectly transmitted through these two parameters. Variables such as NU, NS, and
FBH, while having a low direct effect, provide significant indirect contrilmgithrough BY

and EQY. In contrast, variables NB and PH were limited in terms of both direct and indirect
effects and were not among the determining factors on FY.

The most important determinant of EOR is EQY, and considering both direct and indirect
effects, this variable appears to play a central role in the model. However, the high negative
direct effects of BY, HI, and FY are important factors in limiting EOR. The positive direct
effect of NS suggests that supporting this parameter in the productieespr may be
advantageous for EOR. While the direct effects of other variables (NB, NU, FBH, TSW) are
more limited, their indirect effects are mostly mediated through EOY, BY, and FY.

REFERENCES

Bajya, M. KakralChaudBatLy, Baj &pareflfati on C
h
I

Mor phophysi ol ogi cal Parame€Cer saRdt alme)d,a t Tohvely im
Phar ma nnovatidr58our2ak, 11, 1257

Baydar, B,T @ b b i ve Aromat i k Bi, SuleynaneDemir8l iUhiviergitesi v e T ¢
Yayénéeé, |l spart a, 20009.

Chauhan, J., Purohit, V.K., Paliwal, A. Correlation Study and Path Analysis of Coriander
(Coriandrum sativuni.) for Yield and Its Attributes in Mid Hills of Uttarakhand, Int J Pure
App Biosci, 7, 113118, 2019.

Dyul ger ov, N. , Dyul gerova, B. Correlation a
El ement s iQorCoandarnulne ns,atJiovwrant alEuo fop@amt Agr i c
151517, 2013.

Gogt ay, N. J. , Thatt e, Uu. M. Principles of Cor
Physicians -, |2a@ia., 65, 78

Khar at , P.N., Wadekar, V.D., Bhukaamic@dl STr &it t
for Various Gen@obypasdotilmCe,niFalwadnetr Ar chi ves,
2, 284 2025.

Mahl eyuddi n, N. N. , Mos hawi h, S. , Mi ng, L. C.
M. M. RWor afi, Y. M., Gghm, BSH,CoGd lammd&iulBhi :s aA i v u
Review on Ethnopharmacol ogy, Phyt ochemistry,
209 2021.

37



CONFERF g,
\
5 e

KCADEg,
(27
8

EITT

D

BALKA#M hl | NTERNATI ONAL CAORNFEIRENERCEIS
Oct olbdk2, -B3EDPJIE
| SBN 8SRB2-56 914D

Mandal , S . ,Corikhaler @aidandrumMativuni..) Essential Oil: Chemistry and

Biological Activity, Asian Pacific Journal of Tropical Biomedicine, 5, 4228, 2015.

Nagappa, M. K. , Giridhar, K., Dorajeeraom A.
Attributesin Coriahd®eyr, 2®17Archives, 17,941
Ravi, R.,Prakash, M.Bhat K.K. Aroma Characterization of CoriandelCdriandrum

sativumL.) Oil SamplesEur Food Res Technd25, 367374, 2007.

Shahwar, -GMoKab, EIA. H. , Anj um, F. M. , Butt, \
Characteri zatComi aonfdrCudn iseadievaamid Leaves: Vol @

Vol ati |l éd nExtJr &dotosd;7BR2O0p2. 15, 736

Singh, B. , Singh, K. P., Sengupt a, S. K. Corr
Coriander, SABRAO Journal -78f, BRmdé&di ng and Ge

Streiner, D. L. Finding Our Way: An I ntroduct
PsychReasterayr ch Met hods -I12n2 Psdxthi.atry, 50, 115
Suwarti, M. , Ghul amahdi , M. , Sopandi e, D. ,
M. Secbmaiatr yand I ndex Selection Determinatio
Ti dal Swamp EnvironmeafL79BiPdR2ersitas, 23,
Wal ubit a, M. , Bbebe, N.-andemucech DTecAsoéovgmers

SpodopteranfirNMeegiagnred dMul ti vari ate Analysis of
Crop Sesi7,, 72,0220

38



CONFERF g,
\
5 e

KCADE g,
(27
8

EITT

BALKA#M hl | NTERNATI ONAL CAORNFEIRENERCEIS
Oct olbdk2, -B3EDPJIE
| SBN 8SRB2-56 914D

D

BAHCE BKTKKLERKNDE SEL BASKI NI STRESKNKI

Dog. Dr. Servet ARAS
Yozgat Bozok Universitesi, Zirafakdltesi, servet.aras@yobu.edud®00-0002034 76552
Dr. ¥jr. |Jyesi G°k-e AYDONER ¢OBAN
Yozgat Bozok Universitesi, Ziraat Fakultesi, gokce.coban@yobu.e@0@6-00020851-
8803
Dog. Dr. Mujgan GUNEY
Yozgat Bozok Universitesi, Ziraat Fakultesi, mujgamey @yobu.edu400000001-5491-
1430
Dog. Dr. Murat GUNEY
Yozgat Bozok Universitesi, Ziraat Fakiiltesi, murat.guney@yobu.e0000:0003 2882

8347

OZET

Sel baskéné stresi, d¢nya -apénda bir-ok b°l
haya t a kal maséné sénérl ayan °nemld. bir abiyot
haval anmaséné azaltér, oksijen bulunabilirl
met aboli zmasénén bozul maséna ve bedy¢mendi o aesrk
genell i kle fotosentezi baskeéel ar, kl orof il i -
verim kalitesini olumsuz etkileyen hor monal
kokull ar alteénda et antodk sviek rleialkeg d if k lokrsiin emi rt i
daha da k°tg¢lexktirir. Duyarl él ék derecesi t
ana-1 ar ve genotipler, aerenkima ol ukumu, t
aktivite gibi adaptif mekai z mal ar yoluyl a gelikmik tol eran
baskénéna karké fizyolojik, bi yoki myasal vV e
uygul amal areée geliktirmek i-in -o0ok ©°nemlidir
Uzerindd i et kil eri czetl enmi k ve sel kokul |l ar énz¢
sajlamak i-in ésl ah, ana- se-i mi ve kel terel
Anahtar Kelimeler: Aer enki ma, hipoksiya stresi, sel b a
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1. R&K

Sel baskéneé, d¢nya -apénda bah-e bitkileri

fakt°rl erinden biridir. Kkl im dejixkikIi7ji, a kK
bir-ok tarém al anéndadaygdurcliujveernyaa yuazlu na -sngérketl &
stresi, su basmasé, su alténda kal ma veya kés
-ékabilir ve bitkiler czerindeki etkileri, ol
geli kim akemdepreahi gfhekt edi r . Meyvel er, sebz
dahi | ol mak ¢zere bah-e bitkileri, séej k°ok s
gereksinimleri nedeniyle genell ikl el7sel baskeé
Umilevil vd., 2024; Kaya vd., 2025). Sel bask
azal masée, bitki metabolizmaséné bozar, besin

ve kaliteyi d¢kKer¢r  (Zhan gyokimgasa ve th@faldpk) . Sel S
etkilerini anl amak, bah-e bitkilerinde toler:
stratejileri geliktirmek i-in -ok °nemlidir.

2. SEL BASKI NI STRESKNKN BAH¢E BKTKKLERKNE ET
Sel baskénénén e r°inemloiprsagmnu-olkasrignednandi f ¢zyor
vd. , 20009; Singh vd. , 2018) . Bitki kokl eri
fosforilasyon yoluyla aerobik solunum ve eneriji Uretimi bozulur (Drew, 1997). Anaerobik

kokul | ar anherobiksduwumnyma getekek etanol, asetaldehit ve laktik asit gibi toksik

metabolitlerin birikmesine neden olur. Bu met:
yol a-arak iyon aléemeée, su emili mSu e skok | tazr &&me
toprajén ki myasal vV e fiziksel °zelliklerini
reaksiyonl aréené etkileyerek bir-ok besin ma (

dejiktirir (Good ve Muench, 1993).

Su altéenda kalbgmukoptalkl alra, sswa baskéné stres

fizyolojik kurakl ek yakarl ar. Bu paradoks, k
emiliminin késétlanmasé nedeniyle ortaya -éka
Onlemek icink or uy ucu bir tepki ol ar ak ortaya -éka
asimilasyonunu ve fotosentez aktivitesini de
azal maséna ve nihayetinde bitki b¢yeée¢mesinin kK

Sel khypaktie, s¢peroksit anyonlareée (O ), hidi
(OH:) gibi reaktif oksijen tirlerinin (ROS) birikmesi nedeniyle oksidatif strese yol acar. ROS,
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h¢cre zarl aréna, proteinl er eksidagyonung kelzari k asi t
be¢etenl ¢ ¢ngn kaybéna neden olur (Singh vd., 2
Etilen ¢retimi su baskéné alténda artar ve tes:c
tepkilerde °nemli bir rol oynar. Andeakt akweile e
edebilir. Absisi k asit (ABA) , oksinler ve S
mor folojik ve metaboli k ayarl amal aré koordine
girer.

3. MORFOLOJKK VE ANATOMKK ADAPTASYONLAR

Bircok bahgeb i t ki s i , s el baskénl ar éna, su alteéendak
gel i ktirerek tepki wverir. Bu k°klerin gaz al

derin toprak katmanl aréna daha aereibekgijeml| éder
takénmaséné kolaylaktéran genik hg¢gcreler ar
Aerenki ma ol ukumu, hi poksi k kokull ara °neml:i

k é€s mi aerobi k sol unumu s ¢ rnbyer, 1980.iBincok meyag | ar

ajacéenda ve sebzede sel stresi altenda aer e
vd. , 1999; Pi mentel vd., 2014). Sel baskeénén
epi der mal l enti sphpoakkemundat iasit ékava] & do]
mor folojik dejikikIlikIer gaz deji kKimini art

korunmaséna yardémcé ol ur.
4 . SEL BASKI NA KARKI ¥ NLEMLER

Y¢e¢kseltil mik yataklar, drenaj kanall aré veya
yardémceée ol abilir. Takkeén riski ol an al anl
yapélandéeréel mék topraklar tercih edilir.

Sel baskénénlaardeary akhe@elkll #@némé -¢,zerine akKkeéel é -

blyuk bir 6nem arz etmektedir (Marchioretto vd., 2018; Xu vd., 2022).

Bit ki b¢yeéemesini tekvi k eden rizobakteril e
uygul amal aréen (s8ktaliini ngiweya kaudll ianielmé, k °k
aktiviteyi i yilektirerek sel tol eranséneé art
2025).
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OZET
Ami no asitler, bah-e bitkilerinin b¢gyeé¢gmesinec
r ol oynamaktadeéer . Proteinlerin temel yapeé tz¢
oncduleri ve fizyolojik ve biyokimyasal sureglerin dizenleyicie ol ar ak i Kkl ev g°.
asitlerin dékar énda uygul anmasé, hem optim
performanséné iyilektirmek i-in s¢grderel ebil
sayéda -al ékma, a mi anloé naésni &, tfaoktvoi syeenstienzi nv ebreisni
meyve tutumunu ve genel verim kalitesini a
ozmoprotektan, antioksidan ve sinyal mol ek ¢ |
akére seéecadakloagklkarstgiebsil eab n ol umsuz etkil eri

dostu tarém uygul amal aréyla uyumlu ol arak ki

bul unur . Bu derl eme, amino asitlerin fizyol
bi -1 mlerini vV e s¢erder el ebilir vV e dayanekl é
potansiyel roll erini vurgul amaktader .

Anahtar Kelimeler: Amino asit, hormon, protein, stres

1. GKRKk
Amino asitler, pr ot ei biyolejksiuneclerdevazrgecimgzdipr@d@ t akl ar

oynamakkardlean dJl arak bilinen merkeziibir karb
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deji kken bir yan zincire (R grubu) bajl édeéer .

birl ekerek proteinleri ol ukturan 20 standart
organizmalada bul unan muazzam yapésal ve 1 klevsel
Proteinlerdeki yapeésal roll erinin yané séra,
negkl eotidler ve sekonder met abolitler gibi -
yvapmaktadeér. Bitkilerde azot metabolizmasénda
streslere verilen tepkilerde dojrudan rol alr
anl akél masé biyoki mya, fizyomllogriée,n brees lkeerzmen d\ee
al maktader (Maeda ve Dudareva, 2012; Bocso ve
2022).

2. AMKNO ASKTLERKN YAPI SI VE SINIFLANDI RI LMAS
Tum amino asitler genel bir molekuiler formile sahiptir (Jones, 1975; Galeazzi vd., 2004; Gil

vd. , 2007, B a §CHRI COQQ@H |, 2019) : N H

Aminogrubu(NH ): Protonl areé kabul ederek baz go°r e
Karboksil grubu{C OOH) : Protonlaré bajeéklayarak asit
R grubu: Amino asidin kimyasal kimlijini ve

Rgrubunungpéséna bajlé olarak amino asitler pol :
hidrofobik veya hidrofilik olabilir.

Yan Zincir ¥zelliklerine G°re Sénéflandér ma

Nonpolar (Hidrofobik) Amino Asitler:

Glisin, alanin, valin, I6sin, izol6sin, metiyonin, fllanin, triptofan ve prolini icerir. Bu amino
asitler genel |l i kl e proteinlerin I - keséeml ar
yapélaréene stabilize eder.

Polar (Yuksiz) Amino Asitler:

Serin, treonin, sistein, tirozin, asparagingeé ut ami n i - er i r . Bunl ar su
hi drojen bajlaré olukturabilir ve bu da onl
kritik hale getirir.

Pozitif YUkIU (Bazik) Amino Asitler:
Lizin, arginin ve histidin,ekamingr upl ar & i -erir ve bu da onl ar
hale getirir.

Negatif YUkli (Asidik) Amino Asitler:
Asparti k asit ve glutami k asit, fizyol ojik
grupl areée i -erir.
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3. BKTKKLERDE AMSEOTEZKT BKYO

Bitkiler, topraktan emilen nitrat (NO ) ve
tem amino asitl eri sentezl eme konusunda ol aj
ol ar ak, dijer amino asit b erigilerisoban glaaminkve y ol | &

glutamat dreten glutamin sentefglmtamat sentaz (GGOGAT) yoluyla organik formlara
dahil edilir Pittard ve Yang, 2008; Tzin ve Galili, 2010; Walker vd., 2021

Amino asit sentezi icin karbon iskeletleri, glikoliz, sitriktaddnglsi ve pentoz fosfat yolunun
ara ¢reéenlerinden tegretilir. ¥rnejin:

Serin, glisinve sistein-Bosf ogl i serattan (glikoliz) kaynak

Aspartat, asparagin, lizin, metiyonin, treonin ve izolosin, oksaloasetattan (TCA dongusu)
kaynakl anér .

Glutamatg | ut ami n, p r -&etoglutarattam Uretiir.gi ni n, U
Fenilalanin, tirozin ve tript oft4dosfattandiethii mat vy

4 . BAHCE BKTKKLERKNDE AMKNO ASKT UYGULAMALAR

Bahcgebitkilerinde amino asiuy gul amal aré ©°zell i kle son zam:
ami no asidin bitkilerde farkl é et kil eri b
sajlayabil mektedir. Bazé g¢brelerde takviye
-al ekxkmal dadka °slterisne kar ke kull anél déj enda
bildirilmiktir. Kur akl ék stresine mar uz beéert
uygul andéj énda strese kar ke bitkilerin da
gelrid«itiii ni , fotosentezi ve antioksidan savun
(Ramzan vd., 2023. FesHenadneal Bnin uygul anmasé sonuc
sentezinin ar tkocé yesKaramah, 20)b Alrham vk (2024) fefalanin

uygul amasénén domates bitkilerinin tuz stres
Bah-e bitkilerinde stres fakt%°rlerine karkEe

Domates bitkilerine trnpthéaanréugdggyhanakhebeéekl
2023).

Glisin amino asidinin bah-e bitki | Shanivad,i bir -
2016; Wang vd., 2023; A Abd Bvahab ve Shakweer, 2024rolin amino asidinin bahce
bitkilerinde streslerekaré kul | anél déj é bi r -VvdsPerieavd.£201Ffta da |
Tonhati vd., 202D
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k°kl enmey.i artterdejé bildirilmixktir (Just a
el ma aja-larénda kalsiyum el ementinin aj a-
belirl enmiktir (W-jci k vd., Ve 1llgl i tAers inmi aast

sergileyen -aléekmalar da mevcuttur (Ahmed vc
e

uygul anmaseée il kiraz aja-larénén fizyolojik
2022).

Amino asitler, bdgjoamdadlkek ¢obnsbagbhtaréendan bir
besinler Il e karmakék yakam sg¢gre-1eri araseée
i Kl evsel temel i ni ol ukturur, met aboli k vyoll

molekillin sentende temel ara maddeler olarak gorev yaparlar. Bitkilerde amino asitler, azot

metabolizmasé ve stres adaptasyonunda mer ke:
tarém bajl aménda vazge-il mez keéelar.
K¢resel tarém dahgreevmesidoseéeml gei merdmj ru i

géecbreler ve biyostim¢gl anl ar b¢yeéek bir umut
artérmaktan bitkilerin abiyotik strese karck
onl ar & meadlile venagrdnantik- uygulamalar igin paha bicilmez araglar haline
getirmektedir.
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ABSTRACT

Flavonoids, bioactive polyphenolic compounds found in plants, vegetables, and fruits, are
phytochemicals. They possess medicinal properties such as antioxidants and anticancer
properties. Regular consumption of flavonoids can reduce the progression of many diseases in
human heal t h, and t his i s due t o t he fla
pentahydroxyflavone), a natural flavone isolated from the fruits, branches,sind leaves of

many plants, is effective in ameliorating the effects of various human diseases and toxic
substances. This healing effect is demonstrated by its free radical scavenging, anti
inflammatory, antitumoral, antibacterial, antioxidant, and roprotective properties.
Numerous studies demonstrate that morin has potent therapeutic effects with minimal toxicity.

It exhibits therapeutic properties by reducing the adverse side effects of many drugs. Its
mechanism of action includes reducing oxidatistress and inflammation and regulating
signaling pathways such as apoptosis and autophagy. All these effects suggest that it can be
used in combination with other drugs or alone to prevent many human pathologies. This review
discusses the pharmacologibablogical significance of the flavonoid morin and recent
advances investigating its effects on liver, kidney, ovary, and brain tissue, and identifies it as a
therapeutic agent.

Keywords: Morin, Liver, Kidney, Ovary, Brain

1. INTRODUCTION

Throughout human history, medicinal plants have been used in traditional and complementary
medicine for the prevention and treatment of various diseases due to their accessibility,
availability, and affordability, and this is associated with their-toxic side effects (Ajiboye

et al., 2024; Othman et al., 2025). Natural products found in nature are chemical substances
with biological and pharmacological activity (Sun et al., 2021; Chen et al., 2023). Flavonoids
found in vegetables and fruits are variowgunal phenolic compounds (Fan et al., 2022).

50



CONFERE g,
S
i F.rf

&

BALKA#M hl | NTERNATI ONAL CAORNFEIRENERCEIS
Oct olbdk2, -B3EDPJIE
| SBN 8SRB2-56 914D

KCADE g,
%,
EITT

D

Flavonoids, which are connected by two benzene rings and three carbon chains, are a series of
compounds with C&3-C6 (Chen et al., 2022). They are synthesized from malonyl residues
and hydroxycinnamic acid tbugh a series of reactions, including flavonols, isoflavones,
chalcones, anthocyanidins, flavones, flavanones, and izvads (Xie et al., 2022; Sharma et

al., 2024; Ramos et al., 2025). Flavonoids, which are commonly found in other compounds, can
interact with other compounds such as carbohydrates, fats, proteins, etc., when consumed
together in the diet (Chen et al., 2022). Their bioactivity, metabolism, and bioavailability
depend on the number of hydroxyl groups, structural composition, and fungronak (Hu

et al., 2025; Ramos et al., 2025). Flavonoids have a wide range of benefits for human health,
including antioxidant, antiviral, antibacterial, anticancer, antiinflammatory, free radical
scavenging, neuroprotective, and antidiabetic propertiber(@t al., 2022; Fan et al., 2022;

Xie et al., 2022). By eliminating free radicals, flavonoids reduce oxidative stress (Ajiboye et
al., 2024; Sharma et al., 2024). Due to these properties, they are promising agents for the
treatment of various diseaseddagxist in over 10.000 structural varieties (Cao et al., 2022;
Chow et al., 2025).

( Flavanols \
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/.\nlhocyanins Ik Catechin / )
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Y gallate (EGCG) P
D 17/\/ . (;:Iloca(«I?ol O
sS4 * Proanthocyanidins
* Aurantinidin k Theaflavias  / * Eriodyctiol
* Cyanidin * Butin
* Hirsutidin * Hesperetin
* Malvidin * Narigenin
* Peonidin k.\'aﬂgln

Flavonoids

K Flavonols \ / Isoflavonoids R
)
=
() ) )
~
* Barbigerone
* Fisetin * Blochanin A
* Kaempferol * Daidzein
* Myrecetin * Genistein
+ Morin \ Glycitein P,
‘{ Quercetin / * Aromadendrin
* Astilbin
* Dihydromyricetin
* Taxifolin

K Engeletin /

Figure 1: Basic flavonoids (MartineZoria et al., 2023).
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2. MORIN, A NATURAL FLAVONOID

Morin (IUPAC name 2,4-dihydroxyphenyB3,5, #trihydroxychromer-one; C15H100)
obtained from plants of thdoraceaefamily, is a natural flavonol (Mohammadi et al., 2021).
It is commonly found in the peel and leaves of vegetables, fruits such as ayples (
domesticg and guavasRsidium guajavg and on the outer surface of and shells Prunus
dulcis) and onionsAllium cepa (ljaz et al., 2021; Vijay et al., 2025).

HO OH
HO O

OH
OH O

Figure 2: Chemical structure of Morin (Khamchai et al. 2022).

Morin, which has a bitter taste and is widely used in medicine, is soluble in alkalin®ns,
methanol, and water (Balaga et al., 2023; Banaeeyeh et al., 2025). Morin taken in the diet
undergoes hydroxylation in the large intestine to convert to different aglycone forms for easy
absorption, in addition to being found in the intestinaige amounts of sulfated, glycosylated,

and methylated forms. After dietary intake, it passes into serum samples within approximately
120 minutes (Rajput et al., 2021). Its toxic effect is negligible, and it is well tolerated with long
term use (Mohammadit al., 2021; Shafey et al., 2022). It is known as a natural food additive
due to its pharmacological effects, including antioxidant, chemoprotective, neuroprotective,

antiinflammatory, antidiabetic, and anticancer properties {&anet al., 2021; Shafest al.,
2022; Khademi et al., 2025).
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OH O
Morin

Figure 3: Natural sources and pharmacological activities of morin (Vijay et al., 2025).

2.1. The Effect of Morin on the Liver

The liver, the body's largest organ, plays an important role in maintaioimgostasis and
metabolizing foreign compounds (Bhakuni et al., 2017). There are regenerative mechanisms
that ensure adequate liver function (Michalopoulos et al., 2021). Therefore, hepatoprotective
drugs are a medical necessity for the development afrteseis (Bhakuni et al., 2017). Studies
have reported that Morin improves liver tissue by showing antioxidant, antiinflammatory and
antiapoptotic properties against toxic agents such as ifosfamide (Ozdemir et al., 2(22), di
ethylhexyl) phthalic acid (Kuar et al., 2024), rifampicin (Rana et al., 2024), diclofenac

(Akaras et al ., 2025) , acrylamide (Kandemir
paracetamol (Kamal et al., 2022), doxorubicin (Kuzu et al., 2019).

2.2. The Effect of Morin onthe Kidney

The kidneys, a vital organ of the body, have many physiological functions, such as maintaining
extracellular fluid volume and regulating and maintaining body fluids. If the kidneys are
seriously damaged, many diseases become untreatable (Maaty£018; Radi 2019). Plants

are known as a source of nutrition and health not only for humans but also for animals. These
natural products constitute the main source of drugs used for therapeutic purposes (Dollah et
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al., 2013). Morin has shown theraie effects in kidney tissue against doxorubicin (Kuzu et
al., 2019), cisplatin (Wei et al., 2015),-flaorouracil (Althagafy et al., 2025),
|l i popolysaccharides (Mahmoud et al ., 2024),

2.3. The Effect of Morin on the Ovary
The ovaries in women produce certain hormones that regulate the functions of reproductive
tissues such as the fallopian tubes and uterus (Stocco et al., 2008). Environmental toxins,
particularly endocringlisrupting chemicals in women, cause rejucive health problems
such as abnormal sex steroid hormone levels, premature ovary failure, and infertility in women's
ovaries (Patel et al., 2015). Reactive oxygen species are produced in the ovaries, and various
sources of neutrophils and macrophagesa¢so present (Sugino et al., 2005). Reactive oxygen
species, which play a role in regulating ovulation, oocyte growth, and physiological processes,
cause disruptive effects in ovary tissue (Yan et al., 2022). Morin has been reported to exhibit a
protecive effect in ovary cancer (Xu and Zhang 2019; Nowak et al., 2020).

2.4. The Effect of Morin on the Brain
The brain, which accounts for 20% of the body's metabolic activity, consumes more oxygen
than other tissues (Qi et al., 2022). Brain tissue, whiek various reactive species, is sensitive
to oxidative stress due to its specific metabolic activity (Lee et al., 2020; Jelinek et al., 2021).
Oxidative stress, which negatively affects normal brain function, is associated with increased
reactive oxygen gies and decreased endogenous antioxidants (Jelinek et al., 2021). Drug
development for brain diseases reduces its effects, such as lipid peroxidation in cell membranes
and oxidative damage to proteins (Dong 2018; Qi et al., 2022). It has been repairddrth
has a healing effect due to its pharmacological activities in toxicities of 62 mg/kg potassium
bromate (Aygormez et al.,, 2025), 8 mg/kg methamphetamine (Anyanwu et al., 2025),
Alzheimer's disease (Mohammadi et al., 2021), 500 mg/kg ifosfamidix @ell., 2020), 20
mg/kg lead acetate (Thangarajan et al., 2018).

3. CONCLUSION

Studies have shown that Morin has health benefits for both animals and humans. It also exhibits
protective effects such as hepatoprotective, ovary cancer, and neuropeqiecgigrties. Due

to these effects, Morin is anticipated to be used in the development of new drugs and as a dietary
supplement. Thus, Morin's therapeutic effects, supported by scientific studies, can be
recommended as a therapeutic drug.
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THE EFFECT OF LATE FROST DAMAGE ON FLOWERING, FRUIT SET, AND
FLORAL TISSUE DAMAGE IN DIFFERENT APPLE CULTIVARS
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ABSTRACT

This study investigated the effects of | ate s
seven apple cultivars, (Reyami Gal] aRofaj Gl dwenG
Chall enger, and Golden Reinders) grown in Kor
The experiment was conducted in April 2025 at
l evel ). Hour lay weermep ecg alt lue et eddatt o i nvestigate
fl owering period between April -rled adredl 12ssEb
documented for each cultivar, and cellul ar da
fl owd i ssues.

Results indicated significant differences 1in
Gala (33.33 fruits/plant) and Rose Glow (19. 6
occurrences, but nlte)r osmuifnfee r(edd 3n3e afrriuyi ttso/tpalla yi e
from 80.66% in Rose Glow to 99.77% in Jer omi
tol erance among cultivars. The resul ts i ndi c
physicallogiesponses are essenti al factors i n as
Il n conclusi on, | ate spring frosts substanti a
cul tsipweari fi c responses influeReimgeostipad.s Rps
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toleranc4 )| olwer i egrlJgromine cultivars showed I
the i mportance of adaptive orchard management
Key wMadss domesdedsmtmateql e€ruit set, Cultivar re

1. I NTRODUCTI ON

Recent years have seen a rise in the frequen:
di mini shes yields in orchards and, nwod¢g afod yst &l
adversely affect bl ossoms and 1 mmature fruit
2000). Winter frosts are typically more detr.i
whereas spring frostgedastlitonsn ecpeicdalt abpl e i
Marini, 1994) .

When temperatures fall bel ow O0AC, ice crysta
traverse the cell membr anes toward the nucl eu
off he ovary following thawing in apple blosso
damage, and this discoloration may subsequent
Fruits originating from I mptairedg,|] oamserxdal
mar ketability and producer revenue. Li kewi se,

affects customer preferences (Ginzberg et al
Despite numerous research examininge,t h201Inpa

Hof f mann and Rath, 2013), the implications fo
Warrington et al. (1999) indicat ed |tohweetr ilnogw cte
di minish fruit size. Morceomenmstrcdtienhtteo cihminlge
resulting in alterations in taste and texture
acid concentration, fruit firmness, and water
sol i dmst cltomg ei ncreased (Sugiura et al., 2013).
Due to their extensive ecological tol erance,
meter s, positioning them as a species with si
al ., 2021),. cNametth el ecshsange el evates the ri sk
El evated sensitivity to temperature variation
buddi ng, fl owering, and fruit devel lopwmanted [
temperatures advance phenol ogi cal event s, hei
spring frosts (Pfleiderer et al ., 2019) .

The decrease in necessary chilling hours in w
susceptta babrivupt temperature declines (Unterber
based on geography and alt-atudeudaraataensho
effects may be somewhat all eviZaothende ratethiaglher 2
Frost tolerance differs markedly across appl ¢
physiological adaptation to cold circumstance
(Szalay et al ., ia@2d2fheThimpascstuadby easxpamng fros
and frost damage in the apple cul tGivmger J&olodn
Fuji Zhen Aztec, Granny Smith Chall enger, and
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2. MATERI AL AND METHODS

Thi sy swaadd conducted in April 2025 at the Facul
|l ocated in Konya Province, T¢rkiye, at 38A05N
l evel . I n the present study, atseunmmpeedr aatnudr e eacnodr dc
using a portable automatic weather station (D
area. The rootstocks and cultivars wused in th
TablRodt st ocks and cultivar used in the study

ROOTSTO CULTI VAR
Jeromine
Rose GI o
Gal aval
Royal Ga

Fuji Zhen

Granny Smit

Gi nger Gg¢
Gol den Rei

M9

1. METHOD

1. 1. Determination of Late Frosts in the EX
urly temperatapel|l ¢ ecancldar driom Koanya iCEBi gur e
ril 2025 clearly demonstrate severe frost e
mper at ur els. 8dA® pdowerdi ntgo t he early morning houl
temrndOn 11 April, although values reached 6.
mai ned below OAC for neatibl.y3AIC5 acd o nnsiedenuitgihvte.
itical period occurred iZn 41AX Oapa ri@7,p@whsins tt eed
eezing for more than 10 hours before recov
posure to subzero conditions, combined witdt
ost injury in appliemgorfdlaveds ngp aratnidc whli agrhll v
chards in continental regions such as Konya

O D "0 - ® > TNN
- = X = = O —*0ODT O * -

Figulfemperature of tHe Appli é &@&oO@Bard or

8.0 10-12 April 2025

== High Temperature =] ow Temperature
6.0
4.0
2.0
0.0 -

T 0000000000000 000000000D00O0000DDD0O0 0O
Q2202222020222
OCNTYTOONSTOOONOANSTOCOLOCNSTOCODSNOSANSTOCOBONIT O DS AN
o 4N NO I NN O == NN
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2.1. 2. Determining Fl ower Number

I n the study, fal ocwerrt adlnu sntuemtbse rweorfe systemati c
each cultivar. The tot al number of fl owers in
2.1.3 Determining Fruit Number

The tot al number of fl owers in sred etchatd tfdrowe
fruit after frost events were counted and rec
2. 1. 4 Determining Fruit Set Rate

The fruit set rate for each cultivar was <calc

on frost days with thescorresponding number o
The fruit set rate was calcul ated as the perc

the number of fl owers:;, using the following fo
Fruit Set NBRamber (®j £ruits / Number of FIl owers
2.1.5. Determining Frost Loss

Frdstss was calculated as the percentage of f
calcul ation was made using the following form
Frost LoIsGBOiI(P&uit Set ( %)

2.1.6. Mi croscopic Observation of Frost Damag
Damage to thessboéadmapplaent!l pwetri buds foll owing

a sStereoscopic microscope.

3. RESULT AND DI SCUSSI ON

|l nconsi stencies are evident between the quant
fruit set under Khrtolser eoindidn oaabBundandbeugf bl
fruit devel opment may be i mpeded by certain e
l ., 2022). Apple blossoms are essentithefor
enhanced cold resilience of apple flower buds
(Szalay et al ., 2022).

Regarding fl ower gquantity, Royal Gala (216.00¢C
Gol den Reinders (B8Db.E8Bpl hedg&rafd9. 3) demons

Neverthel ess, an increased number of bl ooms
correlate with a | arger fruit set (Table 2).
pol | imtaitwirt ya and subsequent fertilizati on, h e
production (Zhu et al ., 2021). A mild frost ci

considerable output decreasesEGnirdeagarid!| egs adf. |,
Regarding fruit guantity, Royal Gala (33.33)
cultivars. Rose Gl ow demonstrated a notably
(Table 2). Converselmnweglldiegiobmienef r(wi.t3,3)a oaredd
frost conditionsh. 3wkhG cdin ptl uenmrei7gMtACofo nAptrhiel nlo

of April 12. Similar to our study, some peac
temper afl ACe sln5dAfC -§ ohowrs in February and Mar c|
resi stance. I n this study, it was determi ned
cherry buds we@rAe€Cc d Amd gend axt et al . , 2010) .

Temperaturenst4d A€l canasogni ficantly harm fl ower
adversely affecting orchard production (Liu e
days, specifically, elevate the pr obyabaflfietcyt ion
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cultivars that | ack tol eranced etnhec eswucclez celti mdt.i,
cool er temperatures, the fl ower bud growth p
synchronization with otpitvarad tphodtl ifnlacwem Ipatre
danger of frost i f Dblooming comes prematurely
mortality rates and, therefore, diminished fr
Significant differencesltnvarsesitaseber atedomn
the 1 mpact of frost damage. The el evated fru
Gol den Reinders (19.09%), contrasted with th
(0. 23%) , underanncer eo ft hfer ositgntiofliecr ance i n i nfl
Numerous essenti al el ements might adversely
cruci al fl owering periods might adversely im
t empteur es. Fl ower buds subjected to temperatur
structural damage, resulting in cell death an
The varying frost resistanceaepambog peppfermahnt
Gl ow and Gol den Reinderd|oawmpamegd ctud tiemo mmi ree
vul nerability to spring frosts, resul ting ir
Converstlpweldiang caud tRosme sGl eswchnd Gol den Re
significant frost occurrences. The cumul ati ve
repercussions on tree vitality and subsequent
t he phylsirodsoigliicance necessary for effective fr
et al., 2018). Future environmental conditi on:
nutrient allocation towards o6wuht Teeeil onfplmeean
on fruit set in apple trees is compspepeaci ffiacct
physiological responses, fl owering timing, p o
frost signifiicamtly affect product
The notable variations in frost | oss rates an
resistance and physiological reactions to col
and Golden Reinders (80.91%)! odsesmeosn,stwladg reaasco
(99.77%) encountered significantly higher | os
interplay between cultivar traits and environ
Tablrl 2wer MNwmuuwmbter Number, Fruit Set and Frost L
Number Number Fruit Fros
Cultiva FIl ower Fruit Rat e Loss
(number|{(number ( %) ( %)
Rose GI ow 101, 6| 19,67 19,34 80, 6
Gol den Rei 80, 33 15, 33 19,0¢ 80,9
Royal Gal a 216, 0] 33, 33 15,41 84,5
Gal aval 133, 6| 19,00 14,2] 85,7
Fuji Zhen 91,00 7,67 8, 42 91,5
Granny Smi 90, 33 5,67 6, 27| 93,7
Chall enger
Jeromine 141, 6| 0, 33 0, 23 99, 7
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Frost tolerance denotes a cultivar's capacity

Il n winter, appl e t roefefs perxopceersi se ntclea ta ehnahradnecne sn ¢
temperatures i ncrease I n sptri mgsi $thamwdexng prcm
di mini shes. Cultivars |like Rose Glow and Gol ¢
thresholds and can retain a certain | evel 0
Conversely, cultivaces, wiithe | awweldefomisne tdoe mom
incur substanti al | osses when subjected to | a
Physiol ogical reactions to freezing addition
el evated antioxidant | eeved sc eadr eo xmodraet i ves id a ne
exhibiting poor peroxi dafeostct demagesashaweyv
certainly demonstrate elevated peroxidase act
The correlation between frost occurrences and
severifyowEailihy cul tiivialres taa el anoe es pruisrcege pftr os
Jeromine suffer c o nfsli dvee raibdn ¢ d wlstsiewsar sb ulti klea t|
detri mental frost occurrences.

Genetic variations influence the fimokt ndsl emas
exhibit speci al adaptations to cold stress o
resistance. These genetic advantages i mprove
frostvent s. I n s ummar ya,motnhge awpaprl yei ncgu | ftri ovsatr sl o
confl uence o f frost resistance, physiologic
adaptability, and microclimatic circumstances
resilience emwiamgedo frlositr resi stance and stre:
susceptible to |l ate spring frosts. Prolonged
Konya from April 10 to 12, -bsriuginti ftircaesnstalltyli o anppzd:
cultivars. Rose Glow and Golden Reinders shc
recognized as the most vulnerable cultivars.
of cultivar selection Bgemihiganéi nkeatdangéi m

FiguMec2oscopi c -damaaggeesd offl ofrraolstor gans
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ABSTRACT

Sperm quality is a critical factor for sustainable production in aquaculture, andjuagty

sperm can be preserved letggm through cryopreservation, contributing to the safeguarding

of future generations and increased fertility. The cryopvesen process can negatively
impact sperm motility, viability, and plasma membrane integrity, leading to reduced
fertilization and hatching rates. Today, plant extracts have gained an important place among
inexpensive and natural additives thanks torthetective and supportive properties that help
sperm maintain their functionality under storage conditions. Studies have been conducted on
the effects of different plant extractBefula sp., Tribulus terrestris Phoenix dactylifera,
Eurycoma longifolia, Aloe barbadensis, Echinacea purpurea, Herba hyperici, Rosmarinus
officinalis, Phoenix dactyliferaCurcuma longa on sperm cryopreservation in different fish
speciesCyprinus carpio, Oncorhynchus mykiss, Epinepsdéhnceolatus, Clarias gariepinus,
Oreochromis niloticus, Carassius auratus, Pangasius hypophthalPlast extracts have been
reported to have effects such as increasing sperm motility, viability, and fertilization rates after
cryopreservation, presend membrane integrity, reducing DNA damage, and reducing
reactive oxygen species (ROS) levels. In conclusion, plant extracts can be used in aquaculture
to improve sperm quality and increase the success of breeding programs due to their
environmental frienithess and positive effects on sperm preservation. Different plant species
should be tested for sperm preservation in different fish species.

Keywords: plant, sperm quality, cryopreservation.

69



CONFERF g,
\
5 e

KCADE g,
(27
8

EITT

D

BALKA#M hl | NTERNATI ONAL CORNFERENENCEIS
Oct olbek2, -B3EDPJIE
| SBN 8 RB2-%6 A4D
! R NLERK YETKKTKRKCKLKJKNDEKELERREBRDEKU
KSTRELERKNKN BALI K SPERM KALKTESK VE KRKY
! ZERKNDEKK ETKKSK

SUuU
E

Su ¢reéenloeri yetiktiricilijinde s¢grdereéel ebildi
yuksek kaliteli spermler, kriyoprezervasyon yontemiyle uzun sdlatak saklanarak gelecek
nesillerin g¢vence alténa alénmaséna ve ver.i
s¢reci, spermin motilitesi, viabilitesi ve p
ve a-€l ém or anl ar abiire@inithizdenbiks dzlerie spemngndneunafaza |
kokull arénda iklevsellijJini s¢rdegrebil mesi i
sayesinde wucuz ve doj al kat ke maddel eri ar @
Ozlerinin (Ferula sp., Tribulus terrestris Phoenix dactylifera, Eurycoma longifolia, Aloe
barbadensés, Echinacea purpur ea, Her ba hyj
dactyliferg far kl @ b &ypénkis cargia, Omrcoriymchua mykiss, Epinephelus
lanceolatus,C| ar i as gari epinus, Oreochr omés nel ot
hypophthalmus, Curcuma longasperm kryoprezervasyonu ustindeki etkileri ile ilgili

-al ekxmal ar yapél méxkteér . Bit ki °zlerinin, s p
cankl eMee d°1 |l enme oranéné artéxcxk, memban bg¢t én
sajl ama, reaktif oksijen te¢grleri (ROT) d¢ze
Sonu- ol ar ak, bitki ozl eri -evre dostiu ol m
nedeniyle su ¢regnleri yetiktiricilijinde spe
bakaréséené artérmak amacéyla kullanélabilir
muhafazasénda denenmel i dir.

Anahtar kelimeler: bitki, spermkalitesi, kriyoprezervasyon.
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1. GKRKK

Kriyoprezervasyon, geneti k materyalin kor
sperminin kriyoprezervasyonunda Kkull anél makt
uzakl éff &r lodrani -in kull anel er . Kriyoprezervas
mel ezl er el de etmek 1i-in melezlemede baxkar:
Widyaningsih ve ark., 2019)

Sperm kriyoprezervasyonu, anag¢ yonetimini dizeltmek ve yapay denme i kIl em
cretilen nitelikli gen- sperm miktareéené arteée
2002; Kiriyakit ve ark., 2011; Liu ve ark., 2016; Widyaningsih ve ark., 2019).
Kriyoprezervasyon, hayvanl ékel abridakidohnsdcurreu |emal
(Gazal. ve Tambi ng, 2002) . Kriyoprezervasyo
bal ekl aréna faydal ar sajl ar; bu, ol gun di ki l
muamkuindar (Liu ve ark., 2016).Butek | i n amaceée, °zellikle ¢r eme
sorunl ar yakayan dev | agos gi bi baze t ¢rl e
korunmasénda faydal é& ol an bal ék sper mini mu h
| agos ( hed)zl| &r ebt¢gryegkm i1 -in uygul anér (Kiriyakit
2019).

Bal ék sperminin bakar el é bir Kekil de k
sulanderéecéya ve kriyoprotektana bajl edeéer
vesogy um sitrat (CT) gibi -exkitli sulandérécel
test edil miktir (Kiriyakit ve ark., 2011; Wi

Dondurulup -°z¢l mgk sperma kull anél arak vy
icinkullan el an bir ¢reme teknijidir. Bu teknijin
hasarlara neden olan semen kriyoprezervasyonudur (Purdy, 2006; Vahedi ve ark., 2018). Bu
hasar, sperm hareketlilijinin, canl éKelej eénén
dojurganl éj énén kaybéna yol a-abilir (Baghsh

Kriyoprezervasyon sérasénda ol ukan fizik:
t¢egrlerinin (ROS) °neml i mi kt ar da ¢ biedrbesini v e
radi kall er taraféndan peroksidasyonu ile il:i
Vahedi ve ark., 2018). Curry ve ark. (1994) ve Lamirande ve ark. (1997), lipid
peroksidasyonunun ve sperm disfonksiyonunun dnlenmesi icin etkilikaiutan sistemlerin

A (N

uygul anmasé gerektijini belirtmixklerdir. Bu
i-in -ok sayéda arakteér mace, kriyoprezervas
antioksidanl ar én sper mantcoezloeami Kt € r i. n dSeeknit eé i k
toksisite sorunlarée nedeniyl e, daha g¢venl i
arakteéermalara ihtiya- duyul maktadér (Vahedi
Yapay d°l |l enme, bal ék yet i wtéinréinc itloipjl iamdce 0o
bir Kekil de kareéktérélmaséné ve ardéndan ba
iceren benzersiz bir tekniktir (Endoh ve ark., 2022; Niu ve ark., 2022; Nguang ve ark., 2024).
Bu s¢re-, cremeyi r°neel i sténegunegenet ekt i®©rzie
hezlandeéer ér . Yapay d°l Il enmenin etkinliiji, b «
ayreca sperm kalitesini késa s¢rede veya uzu

Yaygén ol anaki kuy?tmaném ol an kriyoprezervasyo
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en aza i ndir mek i -1 n sperml er i kriyoprotel
yerl ektirerek korumada °neml bir) rol oynar
ve ark.,2024).

Bal ék spermi saklamada, sperm kalitesi gen
ve yumurtalaré d°ll eme kabiliyetlerine g°°re
Kowal s ki ve Cej ko, 2 0 1 9Rriyoprotektamlar& ye ddéndurmayae b al
verdi kl er i tepkilerde biyolojik farklelekl a
prosede¢r e¢e¢neg optimize etmek °nemlidir (Kommi s
spermini sakl amak ien nsulaarkd &@&r ec gt heédemese
sul andérécélarén -o0ju, sperm h¢crel eri i -1n
(Bustani ve ar k., 2021; F®l i x ve ar k., 2021
yumurta sar ésa&jnlear davaer dlerzavammurta sar ése,
ve ona bajlanarak sperm h¢gcrelerini so] uk K¢
ark., 2020), hayvansal k°kenl i ol masé nedeni
ve ark.,2018) . Ayr éca, yumurta saréseé par-aceéekl :
altenda incelenmesini ve biyoki myasal test ! e
Nguang ve ark., 2024).

Bitkiler, farkl é y°ntemlérlbei |l ekdé&l| eerda | 8Bk
y°ntemlerden Dbiri buhar damét madeéer . Buhar d
sécak buhara maruz bérakéler. Buharéen éseéeseéey
karekeéer, ardeéendanarball élnar exiérmers o] d jmat mia k a
yojunlaktereéeleér ve ya] depolama tankeénda bir
ayreler. Kal an yaj -ékarél ér ve daha sonra |
el de e di | én potdngiyél e terapktik eajanlar olarak incelenmesi, bitkisel
farmakognozinin t e mIahtaella deadkk. 2021k $eees e cir.y 2028)R 0 s
¥nceki -al ékmal ar , semen sulandéreéecélara f a
kéyas!| aa-doznndeu r imk | e mi sérasénda sperm kalite
g°stermi ktir. Ancak, antioksidan kaynajé ol a
et ki sini i nceleyen |iteratg¢grde yeter082 zI1 i k
Zanganeh ve ark., 2013; Daghiffia ve ark., 2014; Secer ve ark., 2023).

Son yéellarda, gevenl ikl eri etkinliklIler:i
antimikrobiyal ajanlara alternatif obhdeak do
Bitkisel ©°zlerin -exitli sajleék yararlare i -
zamanda hayvanl ar i-in de il gi g°rmektedir
flavonoidler, tanenler, kumarinler, kurkuminoidler, k&anlar, fenolikler, lignanlar ve
terpenoidl er gi bi antioksidan bilexki kIl er I -
dondurulup -°z¢l mesi sérasénda bitkisel ant i
olumlu etkilertiol dWjahedi g¥et @arkik 2018) . S
etkileri, su ¢reéenloerii yetiktiricilifiJi sekt©or
r ol oynamaktadér . Bu derl emede, farkl & bitk
ki yoprezervasyonundaki etkilerinin sunul masé
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2. SPERM KRKYOPREZERVASYONU

Kriyobiyolojinin bilimsel temell eri, gl i se
°zelli klerinin kexkxfedildiji 195)0." |Baleé k asdpaer |
kriyoprezervasyonuna ilikkin il k -aléxkmal ar
1953) ve o zamandan beri 200" den fazla bal ék
Kriyoprezervasyon, hiicreler ve dokular gibi diyitk materyallerin genelliklel 9 6 AC' ye (s é
nitrojen i-1in) kadar d¢kek sécakl ekl ara sof
czerindeki sécakl ekl ar a éséetel déektan sonr a
kriyoprezervasyonu igin bu siregenel | i kl e gamet topl ama, S |
s¢spansiyon haline getiril mesi, kalite dejer
getirme, dondurma, -°zme ve d°ll enmeyi ve kr
I -1 n er kverne lyearkianmm ne gel i Kt i ri |l mesi ni I -erir (-

Sperm hg¢crelerinin gel eneksel kriyopreze
Kkull anéméné ve h¢gcresel dehidrasyon ve b¢zg
Kriyoprotektan | a r h¢creleri dondurma ve -°9zme séra
ki myasall arder . Et ki mekani zmal aré heng¢gz tar
gi bi ngfuz edici kriyoprotektanl|l ar é@éndeki® zel ti
suyu dejiktirerek ozmoti k kKoku en aza indird
i nanél maktader (Doebbler, 1966; Rowe, 1966;
polimerl er gi bi ne¢gf uz et meayseyno nk rsi é/roapsr éont deak t zaan
edi |l mesine yardémcé ol dujuna inaneél maktader
az kriyoprotektan gir mesi et kinlifJi azalter
ve seyreltme seér avseé nydér toézl moatyi ak nkei dkenme ycel ur . A

genellikle hucreler icin toksiktir ve bu nedenle kriyoprotektan secimi ve optimum
konsantrasyonlaré (koruma ve toksisite aras

ol muktur . Donduumadleamg € ,ncre¢ fopz ienden Kkri yopro
etmesi i -in gereken s¢reyi sajlarken toksi si
gereklidir (Tiersch ve ark., 2007).

Dondurma i -in optimum sojut ma heélze&gimeén s e-
yapélan -ok sayéeda -aléxkmanén bir dijer ©°nei
edil ebil mesi i -1 n, bir héezén he¢gcre 0 - buz
indirecek kadar yavack, anc alku khugneurneulne rn end €'n- ©
dehi drasyon Sséraseénda -2 zeéienerl ok sénéerl ar €
konsantrasyonu ve -°kel mesi) olarak adl andeér
kadar hezl e ol maseée ger eekkime.y |Ge n(e-1° zo¢llammea ks, & ryaes
kristallerinin b¢gye¢k kristallere dPn¢gkmesi)
edi |l ir. Sperm Kkriyoprezervasyonu ¢zerine ya
prosede¢r |l erineirni nbeloiprtliimilziel eektermely e ayr él méxkt
fakt°rlerin yané séra, numusécpaj ekl ajye, dom
(séve nitroj ene dal der él madan °nce), seyre
uzakll anmatser @i bi dijer fakt°rler de sonu-1aré

2007). Bu nedenle, kriyoprezervasyon prosedirleri her tir ve hucre tipi icin 6zel olarak
tasarl anmal & ve Kkriyobiyolojik ©zealnlmaklléedréirn
(°rejin, Mauger ve ark., 2006; Tiersch ve ar
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3. BKTKK ¥ZLERKNKN BALI K SPERM KRKYOPREZERVA

Bitkiler, onl ar e potansiyel patojenlere
zararl él ara karké-keayae, dppernatrYahez mal ar
-ok -exitli ki myasal bil ekikler (fitokimyassa
olarak bilinir ve karbonhidratlar, lipitler ve amino asitler gibi birincil metabolitlerden (normal
biy;, me, geli kme ve ¢(remede rol oynar) te¢gretildii
ol ar ak kull anél mékter (°rnejin pigmentl er,
aktivitesinden sorumlu ana bi | elan birdoleitag i r . G
(atropin, kodein, morfin, taksol vb.) bitki ikincil metabolitlerinden taretilir. Bitkilerde bulunan
bakl éca i1 kincil metabolit gruplaré araseéenda
Bu bil exki kl er i n igah anthordd, santitiman, ,analgezkt antimiflamatwab
antimutajeni k ve antiparaziter gi bi --ok say
Santaella ve ark., 2021).

Bitki °zlerinin hazérl anmasénda kulkl anél a
-i-ek, polen, meyve) °nemli fakt°rlerden - ¢n
sperm fonksiyonu ¢zerindeki ol ase etkilerin
bit ki ekstresi konsantrasyonuanoal are-e kst rorank
y°nteminden de etkilenir. Dol ayéseéyl a, me Vv C
ter ¢, kull anél an ekstrakt konsantrasyonuna b
Uzerinde negatif veya pozitif etkiler gosterebii . Ay r éca, ayneé bitki eks
kull anél an koruma y°ntemine bajlé olarak sp:¢
ol abil ecejini unut mamak ©° neSahtaelaive ark(, 2021imr at v e

Son yeéell arvdea,d ocefkaoln obmirk anti oksi dan kaynaj e
spermin muhafazasénda umut wverici sonu-1|ar
Santaella ve ark., 2021) . Tablo 16de farkl
kriyopreze vasyonundaki etkileri sunul muktur .

4. GENEL DEJERLENDKRME VE SONU¢LAR

Gel eneksel ol arak spermin korunmaseénda Kk
dol ayé semen sulandéereéecél ara eklbdrnm«ktnd es B
kull anéeme i se, g¢-1 ¢ antioksidan kapasite v
sajladejée anti mi krobiyal ©°zelliklerle daha k
sperm hareketlilijininleei bprkri ?ddleiri at ki s
dekenegl mektedir . Bit ki °zl erinin koruyucu {
seyreltil mesinde faydaleé ol abilirler.
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Tablol.Far kl & bit ki °zlerinin farkl e bal ék

sperm kriyopre

Bitki turt (Familya) Bal ék t¢r ¢ Etki Arakt ér mac:
Aloe barbadensis L . .
0 : E aai r é
(Asphodelaceae) Oreochromis niloticus %1 0 AVBX: en ivyi s per m scpaemnrlme [ héajree Yong ve ark. (2017)
Pho(irrlzcgigg/;l)fera Epinephelus lanceolatus % 10 oranda -°z¢m sonrasé sper Widyaningsih ve ark. (2019)
Phoenix dactylifera Pangasius hypophthalmus En , ksek sperm hareketlilifi Fariedah ve Widodo (2020)
(Arecaceae) g ypop Yo P ]
Phoenix dactylifera . : ) C . .
Pame— Cyprinus carpio En y¢ksek fertilizasyon Fariedah ve Widodo (2020)
Eurycoma longifolia . - o .
(Simaroubaceae) Clarias gariepinus 50 g/ kg dozda sperm sayéseée, spt¢ Zakaria ve ark. (2020)

Tribulus terrestris

(Zygophyllaceae)

Curcuma longa
(Zingiberaceae)

Echinacea purpurea
(Asteraceae)

Aloe barbadensis
(Asphodelaceae)

Ferulasp. (Apiaceae)

Oncorhynchus mykiss

Oncorhynchus mykiss
Clarias gariepinus
Oreochromis sp.

Cyprinus carpio

400 Og/L doz sperm hareketl ishidlyie

20 OM kur kumi nekkemmil km¢cko rsepuerikedgheL

gen ekspresyonunda anl an

Bakteriyel kontami nasyon seviy

20 Og/ ml Aloe
ve canl el ek,

0 Og/L dozda sperm hareket !l ilifji
parametrel erinde

vera + 150 mM trehe
kgngapttasyonlarda-etkilerdeyazaknma e

anl amlé art écx;

Olglilii ve ark. (2022)

Secer ve ark. (2023)

Nguang ve Fariedah (2024)

Olgulu ve ark(2025)
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NON-CONVENTIONAL APPROACHES FOR ASSESSING SPERM QUALIITY IN
FISH: ELECTROCHEMICAL TECHNIQUES, BIOSENSORS, AND OTHER
TECHNOLOGICAL APPLICATIONS

Prof . Dr . Me hmet KOCABAK
Karadeniz Technical University Faculty 6brestry, Department of Wildlife Ecology and
Management 61080, Trabzon, Turkey.
mkocabas@hotmail.comORCID ID: https://orcid.org/003000279346500

Prof . Dr . Filiz KUTLUYER KOCABAKk
Munzur University, Fisheries Faculty, 62000, Tunceli, Turkey.

filizkutluyer@hotmail.com ORCID ID: https://orcid.org/006000183345802

ABSTRACT

Assessing sperm quality is a fundamental requirement in the aquaculture industry, both for
long-established commercial species and for the introduction of new specleshigit
economic value into aquaculture. Conventional methods are used to determine sperm quality,
including parameters such as sperm volume and pH, motility, morphology, and sperm
concentration. However, these indicators and methods only reveal basits aspsperm

quality and may be insufficient to fully reflect the potential for fertilization success or early
embryonic development. In recent years, modern techniques and advanced technologies have
been used to comprehensively analyze the structural piegpecomposition, and functions of
seminal plasma and spermatozoa. Studies have been conducted to determine sperm quality in
different fish speciesGyprinus carpio, Lota lota, Danio rerio, Puntius javanicus, Labeo rohita,
Larimichthys polyactis,Oncorhynchus mykissand Monopterus albus using various
technological approaches, including electrophysiological and electrochemical methods,
electrokinetic mobility measurements, electroporation, microfluidic devices, biosensors, and
fiber optic sensorsThese studies have enabled precise determination of parameters such as
metabolite profiles, energy metabolism, antioxidant levels, sperm motility and viability,
osmol al ity, mitochondri al O consumpti on, a
plasma in sall sample volumes. In conclusion, traditional methods and new technological

approaches can be applied in a complementary manner, and studies using various technologies
should be conducted to assess sperm quality in different fish species.
Keywords: spermquality, fish, technology.
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Sperm kalitesinin dejerl endilanititamgider hem dee m uz
yéksek ekonomi k dejere sahip yeni terl erion
end¢gstrisinde temel bir gerekliliktir. Spern
hareketlilik, morfoloji ve spermatozoa konsa@syonu gibi parametreler geleneksel yontemler

kull anél makt ader . Ancak bu g°stergeler ve Kk
temel y°nlerini ortaya koymakta ve °zellikle
potansiyelinitamolakta yansét makta yetersiz kalabil mekte
spermatozoanén yapeéesal °czell i kleri, i -eri ki
edebil mek i-in modern teknikler ve il eri t e

turlerinde Cyprinus carpio, Lota lota, Danio rerio, Puntius javanicus, Labeo rohita,
Larimichthys polyactis, Oncorhynchus mykiss, Monopterus pllamerm kalitesinin
belirlenmesine yonelik olarak elektrofizyolojik ve elektrokimyasal yontemler, elektrikine

mobilite °I|-¢mleri, el ektroporasyon, mi kr oa
sens®°rl er gi bi -ekKi t i teknolojik yakl akeéml
-al ekxmal ar | a, sperm ve seminali pmatrtmbadodoakizm
antioksidan d¢zeyleri, sperm motilitesi vV e
me mbr an hasar é gi bi parametrel er, k¢- ¢k °
belirlenebil miktir. Sonu- obbhopkk gyekkbar&mkh
tamamlayécé kKkekilde uygulanabilir ve farkl e
i -in -exkitli teknolojilerin kullanéldéje -al
Anahtar kelimeler. s per m kal i tesi, bal ék, teknol oji
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1. GKRKK

Bal ek sperm h¢gcreleri, -ekirdek ve hareke
spermo yapéséna sahiptir ve kam-énén -é&r pma
model i t emel al énméext éer . 9K2amikro&ibiEdiizerlemesirva st r u k
dinein ATPaz gibi molektler motorlarla mekaka my a s a | kuvvet cretir.
sperm kam-¢él arénén biyoki myasal yapésé kar ma
dizenleyici proteine ihtiya¢ duyar (Dzyubaas., 2017).

Sperm kalitesini tahmin etmeye yarayan g
di siplinlerde ve biyoteknoloji ¢rénlerinin g
rol oynayacakteéer. Sper m knakvebuawddllenme lgppasitesn i | i r
il e erken embriyonik gelikim potansiyeliyle
etkilendi]i mekani zmal aré anl amak ve gamet Kk
etmek icin 6nemlidir (Cabrita velar 2014).

Semen, spermatozoal arén sévé bir ortam ol
yapéedeéer . Semi nal pl azmanén bakl éca ikl evi,
°nce spermatozoal arén depol anma saeketlilik ilen uy gu
canl el ékl aréeéné korumaktéér . Ayr éca, seminal
ol ukumunda da °neml. bir rol oynayabilir (Ci
pl azma uzun sg¢re yalnézcar wsmpmasmytioaz oiall iak kinl e
kapsaml é Kekil de i ncel enmemi Ktir. Son yell
bil ekenlerinin sperm fonksiyonu, del | enme v
Koy muk, bu biyoséveén éumvaya idrard gite dama uygurabir arhek z i -
ol dujunu g°stermiktir (Courant ve ar k., 201
Seminal sévé, amino asitler, Ilipitler, n¢kle
gibi metabolitleri icerire bu mol ek ¢l | er sperm enerji creti
etkiler. Ayréca spermatozoalar, hareket!l il ik
y°neten sinyal yoll aréné dojrudan vewla dol a\
d¢zenler (Odet vd. , 2013) . Bal ekl arda semine
met abol omi k -al ékmal ar séneérl édér; tanémlana

mol ekg¢l er mekani zmal ar hak kbeénrdaak nhacklteand €% n e(nili i
ark., 2019; Rebenaque ve ark., 2024).

Semi nal pl azmanén bil eki mini i ncel emek i -
gerekl i dir. Bu y°ntemler, spermatozoal arén Kk
surddrtlmesi gibii k1 ev | er i ortaya koyar ken, d¢ K¢k r
tanémlanmasé erkek baléek ¢remesinin anlakeéeln
sajlar (Dietrich ve ark., 2019).

Seminal plazma metabolomu, cevresel adaptasyon ile semesikaé erkek fertilite
potansivyel.] arasénda mer kezi bir bajl anté n
fertilite 1 1e T 1ikkild@ biyobelirte-Ilerin an:
gel eneksel mi kroskbevEgelylPinjtiemil eve speeme i ger
yetersiz kalér (Johnson ve ark., 1990;- Petru

Rebenaque ve ark., 2024).
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Son yéllarda, sperm ve semenin el ekakirost at
rol ¢ bilimsel il gi odajé haline gelmiktir. B
fertilite ve Ozellikle kriyoprezervasyon protokollerinin optimizasyonu uzerindeki etkilerini
anl amaya y°neli k -al éexkmal ar 20285 Busdegriemedek yee d i r
y°ntem ve teknolojilerin baleéek sperm kalite
-al @ékmal arén sunul masé ama-|l anmécxkteéer .

2. SPERM KALKTESK

Sperm kalitesi, yumurtayeée d°Il | emerethkeapasi t
yetene]j.i il e dejerlendirilir (Bobe ve Labbd
hareketlilik ve héz ol maséna raj men, bu Ki ne
bir késméné yanseéeter; DNA habekgl eryhuyyklisai
-ékarmaz (Gallego ve Asturiano, 2019; Cabrit
daha kapsaml é dejerl endiril mesi i -in mi kr o
belirtecleri, antioksidan durumu, lipid peroksidasyomitokondri disfonksiyonu ve genom
analizl eri gi bi mol ek¢l er seviyede -al ékmal
2014; Hess ve ark., 2024).

Bal ekl arda sperm kalitesini dejerl endir me
kull anél megetark(FagqoebD). ¥zellikle ozmolalit
ve morfol oji gi bi biyobelirte-ler, spermin d
ve ark., 2014). Bununla birlikte, pragli&j ayg
hem de d°l |l enme ve yumurtadan -ékma oranl ar é
bal ekl arda sperm kalitesini belirl emede en
-ékmaktadeéer . Bu dur um, sperm hardekietm i | i 7] i
s¢re-lerindeki ° nemi a-eéséndan merkezi bir k
2005; Rikianto ve ark., 2017); Gallego ve ark., 2018).

Bal ékl arda sperm hareketl!l il i7]i I -in ger e
solunum yoluyla a]J | andeéej e kabul edi |l mektedir; ancak

cretimine katkésé sécakl é&ja bajlé olarak dej
enzimati k aktivitenin y¢ksel mesiyle S£mlémnum

artmaseéna yol a-ar (Rahi ve ark., 2021).

Dek d°l |l enme yapan bal ékl arda, sperm har el
gereken enerji, durgun fakat biyoenerjetik o
ve aktivasyors ér asénda harcanér. Enerji ¢retimi, gli
Krebs d°ng¢s¢ ve oksidatif fosforilasyon gi
baskén ol duju tarteéekmal édeér , t¢erhgrecagfarld
yumurtl ama sécakl éklaré durumu daha da karm
2021).

Sperm mitokondrilerinin 1ikKleylilKi ve sol ur
t¢e¢rlerinin (ROS) olukumu, RkRsgcr eei sinGall i s ev
°neml i s¢re-lerle de 11 ixkkilidir. Bal ék spe
fonksiyon, met abol i zma vV e bozukl ukl ar h ak k
biyoenerjetijini anl amaypovaeanspygeimi kal deger |
tanér . Bununla birlikte, bu alan i-in kapsa
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vardeér . Oksijen t¢gketi mini °l -mek 1 -in -exit
2014) , bunl arlén iuygvuelrainatboiplliama heéezé, dojrul
kol ayl é]jé& ve maliyetl eri farkl él ék g°ster mek
el ektron paramanyeti k rezonans, polarografi

Bal ékl arda sperm hareketlilijinin aktivas
cAMP/ protein kinaz A gibi -ekKi tli sinyal y O

surecteki metabolik mekanizmalar halen biyuk 6lgtide bilinmemektedir (Zhamig. v2020).
Genomik, transkriptomik, proteomik ve metabolomik gibi yuksek verimli omik
teknolojiler, genlerin, transkriptlerin, proteinlerin ve metabolitlerin kiiresel profillerini sunarak

biyolojik s¢re-»1er hakkeénda edvee elrd u arbéislégniéel e
kar makék mekani zmal aré anl amaméza katkéda bu
ark., 2019) . Proteomi kdgegrmom tparoafeedmd am éinf a c
rinlerd post genomi k - aj da aasunularednda getee tekaaloglarderk u | | a
biri haline gel miktir; byomwmnenhadenik, | pgkomee
i Kl evlierde merkezi bir rol oynamasédeéer (Cox
dokul arda veyéd abidwo lbaujliukna®é ami no asitler, |
met abol it seviyelerindeki dej i ki kl ikl er. dej]
kaynak olarak kabul edilmektedir (Viant ve ark., 2003; Shulaev, 2006; Dietrich ve ark., 2019).
Metalm | i t |l er, enzim (protein) aktivitelerinin |
noktasé ol arak g°re¢lebilir. Bir organizma t 8
ol ukturur. Proteom ve met abolromuenk abniirzlneakltairréil
kapsaml é ve yeni bakéek a-élarée sajlamak a-¢€
kadar , er kek °rnekl erdeki Sreme s¢re-1 eri (
sistemleri anlamak icin entegre proteomik ve metaboloimkalar nadiren karakterize
edi Il miktir (Dietrich ve ark., 2019).

Metabolomik, sucul tirlerin ve cevresel faktorlerin incelenmesi de dahil olmak Uzere
biyolojik araktérmal arda genik bir wuygul ama

molekullerin (mé¢ abol i tl erin) detaylée analizi, genet.i
sistemlerdeki met aboli k dejikimler:. ortaya Kk
ar k. , 2019; Roques ve ark., 2020) . imkém éc a,
tanéyarak, fizyolojik dejikikIlikIler ve sajl e
ark., 2018; Yoshida ve ark., 2014; Stevens vV
ajlar ¢zerinden fizyol ojl 214sGuijas veladk.r A0E)vb aj | ar
bireylerin fenotipini yansétmada °neml. r ol
organi zmal ar én Sreme, b¢yé me Ve hayatt a K
(Muhamadali ve ark., 2023; LorenRebenaqueerark., 2024).

Bal ek sperminde oksidatif stresi dejerl er
sperm zarénda y¢ksek miktarda bulunan -oklu

kull anélan bir belirte-tir O0;(SMauting geuark., 20E3). ar k . |,
Lipid peroksidasyonu genellikle lipitlerin oksidasyonunun son Urinu olan malondialdehit

( MDA) mi ktarénén °1| -¢1l mesiyle dejerlendirild.i
testidir; yontemde, numunedeki MDA tiyobarbitiaks i t i | e reaksiyona gir
spektrofotometre ile belirlenir. Bu yakl akén
derecesini nicel olarak ortaya koymak a-é&seén
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Kromatin haaslartéee,sismperr nkrk ti k bir belirl eyi
dejerl endirmel erde genelli kle g°z arde edil m
de°l Il enmeyl e il gild] dijer h¢gcresel yapélar i -
veya ne¢gfuz edemeyen hasarl é spermlerin deéexl
spermatozoal arén se-il mesine yol a-ar (Hourc
°czelli kleri etkilenmese bile kromaéi DNA@y a«xki
sahip spermlerin oositlerdi del |l eyebil mesine

DNA hasaré, sperm kal it e -bebrtectrrOkedatingtrasi nde |
DNA zincirinin par-alanmaséndan saqgbzelikleu ana

guanin ol mak iczer e azot bazl ar é-hi RrO5k s9 g1 d&
deoksiguanozin (80HdG) cretir. Bu reaksiyon,
zayéflatarak oksitl enmik baz esne\edoiabzé nrami; DNA
kéréel mal ar éna y ol a-ar . ROS' un DNA be¢téenl ¢
y°ntemler kullanél méekteéer (Cabrita ve ark., 2

RNA transkriptleri, sperm kalitesini dngorebilen potansiyel biyobelirtecler olarak kabul
edimek edi r (Herraez ve ark., 2017). Bu transkr

dejerlendirilebilir; dojrul anmék transkriptoc
sperm kalite gostergeleri sunabilir (Qian ve ark., 2014; Herkenhofkve2818). Kodlamayan

RNAOGI ar (ncRNAOGI ar ) , spermatogenez ve o00gen
d¢zenl enmesi nde °neml i rol oynar (Robl es \
( mi RNAG6I ar ) , gen ekspresyon adrak,aspeem l@lited ¢ z e n |
biyobelirte-leri olarak potansiyel g°ster mek
2018). Ayréeca mRNAGS&Il ar, sucul te¢grlerinde ¢re
incelenmiktir (Sullawhkhn, v2020k. ,Babaklt aMgars
ve yavrularén ¢reme bakaréseénda °nemli far ki
crénleri yetiktiricilijinde verimliliji arteé
RNA (sRNA)by obel i rte-lerinin araktéreéel masé krit.i

Hess ve ark., 2024).

3. FARKLI Y¥NTEM VE TEKNOLOJKLERKN BALI KLA
BELKRLENMESKNDE KULLANI LMASI

Uygun sperm kalite delfjelrilrelnan memsei ywent g meéel
°ng°ren erken biyobelirte-lerin gelixktiril me
yetiktiriciliiji a-éseéendan b¢e¢yeéek ©°nem t akeé me
kapasitesini dahaodajrmak,bidP | delkimedd axratr &y & nle
ara-l|lar sajlar. ¥zellikle end¢strivyel °l - ekt
kal i teld] sperm °rneklerinin se-il mesi m¢é mKk ¢ r

kaliteliyaviué de et me ol asél éjé y¢kselir. Ayréca, b
optimizasyonu ve t¢rler arasé farkl el ékl ar én
creéenl eri yetiktiricilijinde s¢ird¢egel ekt I ril
ol anak taneér. Tabl o 16de farkl é baleéek te¢grl el
yeni y°ntem ve teknolojiler sunul muktur.
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4 . GENEL DEJERLENDKRME VE SONUC¢LAR

Yeni y°ntem ve teknolojil erar askpeerrnrmakal at
perspektifler kazandérmakta ve su ¢reéenleri oy
aral amaktadeéer . Bu teknikl er, erkek fertilit
uygul amal ar a mar uz k a | aemindesve etoksildolejik itestlerdd e J e r |
kull anéménda Kkikiye °zel sperm se-imine ol a
sperm se-imi, I deal sperm profiline sahip h
bakar éséné art éryabvirlui relvdee vye¢d knsee ko | kaasléil tegleinée
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OZET

Kentl er, toplumun tari hi ve yer.i deneyi ml ey
géevenl ik, gejrlekrsd en meil eir i ni karkéel ayan gel i Ki
mek©nl ardeér . Keyeéel ar i se kentlerin ol ukumun
Trabzon, ol ukumu kéyéda baklayan ve zamanl a
syesinde deniz ile etkilexkxim kurma i mko©neé s.
2209A i niversite ¥Jrencileri Ar axkt ér ma Proj e
1919B012401013 bakvuru numaral é& projeden ge
sosyal ve ke¢lteorel bir °neme sahip olan Gan
ger-eklexkxtirilen -evre ve kéyé d¢zenl emesin
czerindeki et kil eri ve sunduju i mk@dmljamuén ud e
sahi l dé¢zenl emesinin kull anecé dejerlendirm
ama-|l anmaktader . Arakt érmanén wuygul ama sg¢re
ol ukmaktader . G°zlem -al ékxmallar® ,olirdokatd Zé ne
bakl ek altéenda y¢regtel megkt gr . Bu s¢re- | al a
bl gel erde, -exitli g¢n ve saat aral ekl ar énd
notl arén a-éeklanm&d @dexkeldli il mde vielre d lee midwtjirru.l
donateéel ar v e eyl em al anlar énén sunduju ol &
sonucunda, alanda i htiya- duyul abil ecek eksi
Anahtar Kelimeler: Kgé kul | anéme, sahi l dé¢zenl emesi,

-al ekxkmal aré, Trabzon Ganita sahil:|

92



CONFERF g,
S
i f.r‘f

&

BALKA#M hl | NTERNATI ONAL CAORNFEIRENERCEIS
Oct olbdk2, -B3EDPJIE
| SBN 8SRB2-56 914D

USER-ORIENTED FIELD OBSERVATIONS CONDUCTED AT THE GANITA
COASTAL AREA IN TRABZON
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ABSTRACT

Cities are dynamic physical, social, aadltural spaces that meet essential needs such as
housing, transportation, work, safety, and recreation, enabling society to experience history and
place. Coastal areas, in turn, represent some of the most significant origin points in the
formation of cites. Trabzon is a city whose development began along the coastline and has
evolved over time, offering its users the potential to interact with the sea through its shores.
This study, developed from the project numbered 1919B012401013 and supported by
T | B KKI 2209-A University Students Research Projects Support Program, focuses on
evaluating the impacts and offerings of the recent environmental and coastal recreational
arrangements on the Ganita Coast, which holds historical, social, and cultural sigaifaxanc
Trabzon. The main aim of the research is to reveal the effects of coastal planning on user
perceptions and experiences. The fieldwork of the study consists-siteonbservations,
conducted under three main categories: facilities, activities, anthraendations. This process
involved conducting observations and recording detailed field notes across various zones
defined on the current site map, at different times and days. Based on the collected data, the
facilities and activity areas available imetspace were evaluated in terms of the opportunities
they offer. As a result, potential deficiencies were identified, and several recommendations
were proposed to enhance the site.

Keywords: Coastal use, coastal planning, recreational aressitenobseration studies,
Trabzon Ganita coast.

1. GKRKK
Tari h boyunca pek -ok kent birbirinden farkl

bel irli bir ki ml i k takéyan, bar énma, ul ake
gereksinmel eve Wkwlnledan évceérleaar éna - exki t | i I K1 e\
Haytaodoya (2016) g°re, kent kavramé, kentli [
i -ermektedir. Kent kavraména y°nelik farkl
yohlbuj u, ekonomi k y a da sosyol oj ik y°onyg °
gor ¢l mektedir (Ujurl u, 2010) . S°z konusu t
pl anl ayécé ve d°P°n¢gktgreéeceg etkisinin °n pland
unsurl ar, i klim kokull aré ve cojrafi ©°zellik
kentlerin kuruluk ve gelikim dinamikIlerini
al méktéer .

Bu farkl élakmayeé belirl eynermien gauylun vavi &§
al anl arénén olukumunda suyun sajladéejé ©°nen
i htiyacé, su ulakémé ve buradan dojan ticar.i
séneérl ar il e sajllianankislaemudena baz &lneermedeéer . ;
toplulukl ar énén cNiel hvdadiasie,, Kardgts Nehr i -ev
b¢yéek nehirlerin beslediji veri mli oval arda
surecte belr | ey i ci bir r ol .stl enen su °jesi, ker
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gel i kKim ve b¢yeé me s¢recinde de et ki | i ol mu
yerl ekimlerinin konumlanmasénda ve Bywetei Ki m vy
zaman i-inde olukan sahil Keritleri, reht émil
gel mi ktir. Kostof (1992), kent sel formun ka
kurul an temasén belirleyici oldujunu vurgul a
Keyeélar, kara ile su araséndaki bajlanteée nok
tarih boyunca yerlekim i-in en -ok tercih ed
itibaré ile rekreasyonel eatmaml gm-kaye&kk mas &
dinlenme ve ejlenme gibi i htiya-Ilaré karkel
ol arak adlandeér él maktadeéer (Yeéel maz, 2007) . i K
noktasé dejil, d&dereltegyen lar k¢sgppdresalnar énée Kk a
i fade etmektedir (¢Cel ik, 2015) . Bunun yaneén
sénér olukturan bu doj al al anl ar , zengin biyvy
one- ékar . Hem fi zi ksel hem de fizi ksel ol may
et kil eki mler sayesinde wul usal ve ulusl arara
i nsanl arén sosyallexktil]i ve kent birealarakdae k on o
dejerlendiril mektedir (Konuk, 2018) . Dol ayé
Rigbydden (1994) aktardejéna g°r e, keye al a
katkeéelar sajl amaktadeér.

Kéyée alanl aréenénasrmei taemaickélyelras nbwm alrdrelra&nd dna d
-al ekxmal aré yapél maktadér. Bu d¢gzenl emel er ;

esteti k y°nden dejerini artérmayeé ama-1| amakt
ve yenilemelerd kor uma, turizm ve rekreasyon ikl evl
Sajlek (2010), keyéelarén yeniden tasarl anma
engel l endiji, bakémsézl ék nedeniyl e har ap

yenlenmesi ve bu alanlara hayat kazandeéracak
ol dujuna dejinmektedir. Ancak kentlerin gel.i
ve yapeéesal sistemlerin, kent sel mek@oga fi
belirtil mektedir (¥zkan & Dedeojlu ¥zkan, z
rekreasyon -al ékmal ar é&; ekol oj i k, ekonomi k

be¢t éencygl bir yaklakémla planlanmal é ve ger -e
Rekreasyoneh ma -1 €& d¢zenl emel er de, mevcut keye kul
gi bi yekil alanl ara do°n¢gkteéer ¢l mesi s®z konu
dinl enme, manzara seyretme gibi her kesi mden
rekreasyonel etkinlikler yer almaktadeér (Kna
veya yeniden yapeélanma anlaména gel en Lat i
Rekreasyon, kikiyi zorunl u i kK regneegdrilkiolardki k1 er
yapeéel an faaliyetl er ol ar ak a-éklanmaktadeéer

bl gel erinin (sahil Keridi, kéyée al anl ar e

verebil ecek ©°nemli k a y n atledinderrekredsybnelj etkinliglerin © z e | |
kéyé alanlaréna kaydérél masénén kent insanén
°jJesinin insanlar ¢zerinde psikolojik y°nden
Bu etkilerinknalaeeéndti fbirebreasyon etkinli
(Altun°z vd., 2014) . G¢naydén (2011), keyé
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faaliyetl eri -e kit bakl ekl ar altéenda Sén
gerektirmeyen bast akti vitel er, zi hinsel etkinlikler
pasif katélém i mk©né sunan sanatsal et kinl ik
dinlenme ve rahatl ama ol anakl|l arkuraesmbgak etk
toplum kuruluklare taraféndan dé¢zenl enen i
sénéflandérmaya doOhil dir. Keyélar bir yandan
da kar ada yapél an d¢zenl e me letkileri gbz Ghimdei z e y
bul undurul mal édeér . Karada ve denizde kurul a
sajl anmaseé, yasal dé¢zenl emel er ve uygul anma

(Bal 6k, 2017) .

Keyé alanlarénén Hgreénieh@asiandee swryduwak il i
alanl arén kent sel betenl ¢ én bir par -asé ol c
nitelijiyle birlikte ele aléenmasé gerekmekt
yapél akman&jné ,burd aalnrmeaals y on e | etkinliklere ve
tanéyan alanlardér. Kent dokusunun °nemli bi
sisteml eri dekénda kalan fiziksel a-i&k | ekl a
yapésal bokl ukl ar ol masénén yané séra -exit/l
I Kl evsel kent sel bil ekenl er ol ar ak da dej e
ger-eklektirilen rekreasyon ukyegnutltaenkai | ayraépyélsaa |
karkée geliktirilen mekO®nsal denge, mi kr okl i

konfor, kent ici yaya ve arac sirkilasyonuna yon verici etkisi, rekreasyonel gereksinimlerin
karkél anmaséna y°nenakkl asyndbuijrueyfliezi k¢szeelr i mlda

i yil ekme, sosyal etkilekim alanlaré ol uxktur
toprak ve su kaynakl|l arénén korunmaséna katke
Buradan harekete bual ék mada Trabzon i-in tarihi, S 0S)
Ganita Sahilidnin ge-mikteki durumu il e mevc
I -eren rekreasyon -al ékmal ar éneén kull anécel
dejlemdiril mesine odakl a-Aél makeadeéete ¥]BEMmMAKI
Projeleri Destekl eme Programé kapsaménda 19
gel i ktirilen bu arakter maneén uygul ama S¢re
Muhendisi k Bilimler.i Et i k26014378000l0L.045t5Drld foe ndaayné | E
16.09.2024 tarihli bil gileri il e al énan etik

2. TRABZON GANKTA SAHKLK

Doj al keyé olukumuna sahip ve delmanzkenderido] r u
ol arak tanéemlanmakt a; bu °zell ikl eri doj rul
°neml i roll er icstl enmektedir. Trabzon kent.
bu tanéma uyan, tari h boguethki Kabademioz loiyn
mer kezl erden biridir. ¥zelli kl e erken d°neml
°ne -ékmeéexk, bu i kKl eviyl e yal nézca kent sel
ekonomik, siyasi, askeri, sosyal ve kiiltireigeli mi ne de ©°neml i kat kél ar
2007) . Kent , deniz keyéeséndan baklayarak ya
etmektedir (Uzunal/i ve Acar, 2020) . Bu gel.i
zamanl a kulnldaanné cyeelralre ktiamm aafléané ol arak kull an:
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negf usu art éex g°steren b u al anl ar én s¢rder ¢

Konmuktur (¥zdemir l kek & Odace Karadeni z, z
gorseli kul anécénén algeéeséné etkilemektedir. S¢re
cevap verecek bir planlamanén yapél masé ©°nen
Bu sebeple iklevsellik g°zetilirkdm JCArysdeln | té
1986) . Kentl ekme s¢reci kapsaménda hézl é& ken

Lambert taraféndan 1938 yélénda Trabzon i -i
sonucunda 1970 yélénda uygul aewmake¢zei é mhat.

yél énda i hale sonucu Karadeniz Sahil Yolu Pr
-al ékmal aré sonucu Bexirl:i Mahall esi d6nin de
-al @ékmasénén tamamlanmbaeé r ekeeasyxmn- all ékma
kull anéceéel ar én deni z il e temasénén tekrar

Mahall esi d6nin yanénda bulunun Akyazé sahili,
ol arak doldurul maglaemdax |l amwmgkojEeeni 20tldmaml an
yapél méxkter Bu a-éeél ek sonrasénda al anén dev
i -in dolgu -aléekmalaré yapél maya bakl anméxt
eder ken 2®dmMi tyae |l £aldial d¢zenl emesii projesi b a
alan (G°rsel 1, G°rsel 2) tarihte Trabzon ke
ol arak | imana gelen gemiciler tar afr@imsdgran mas
duvarl arénén doert k°okel i yapéesé sebebiyle

ol abil eceji de¢kenegl mektedir (Emir 2022) . F e
NRge¢zel mek©no anl améndaki A K a ndi ¢tkacon ¢kl emtei knt eesdiini

» (-Q. i :
G°rsel 1. 180061 ¢ yellarda Trabzon Li maneée
(URL 1) Guzelhisar ve Ganita, 1890 (URL 1)
Ganitab6éda baklangée-ta Rum bir aile tarafeéenda
bul unmaktadeér. Ruml aryéen dgePv-rrmeedsiil einl eb uT ¢-raky bh ar

d¢zenl emeye kadar Ganitabéya kimlik katan en
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G°rsel 3. Ganita -ay bah-esi (URL 2)
denize giren insanlar (URL 2)

Ganit a, kentliye deniz ile yakéen temas i mkOr
ej |l enme, bul uk ma, suyla birkblt¢e¢ntemapi tsiaml =
mek©né olarak kull anél mék ol up, gel i kerek K
Zaman i -inde Karadeniz Sahil Yol u projesi -
ol ukumunun tahri bata uglnca n2@14)eBuaalandae attanntrafio | mu K
yojunluju sebebiyle sahile ulakémén zorl akm
ol muktur. Al anén bakéem, temizlik, aydeéenl at ma
peki kt Bunomi Ugeringeddéneminb el edi ye bakkané AGanitaoy:
d°nd¢r meyi ama-|l éyoruzdo diyerek -al éxmal ar ér
temel de hal kén kéeyé keridi ile yeniden etkil

Projesi oner .baGdanrmrintm®@ Kkt-GOnittadni Anasé FaeoMumhan
Tasarém ProjL2@9R4 gééyhaée2@atadaséenda ECO. |l aud t

2023 yéléenda hizmete a-él méxter

=

G(‘jrseIS.ECO.Iud taraféndan thsarl anan Gani
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3. BULGULAR
Arakt ér maneén uygul ama s¢reci, yerinde yapée
¢al ékmanén bu b°l ¢{im¢gnde fAidonateél ar o, Nneyl eml
altenda y¢regtelen g°zlem -al ékmal ar élnaar €i,l i K
Ganitadneéen mevcut haritasé czerinde t aneéml ¢
aral ekl arénda ger-eklextirilmiktir (G°rsel 6
o

Bilge 1 Bolge 2 Bolge 3

G°rsel 6. ¢cal ékma al anéndaki bel gel er
Bl ge 106de yapélan g°zlneintleelri kd oerruwec usnadhai,p akl ual
kull aném i mk©neé sajlayan -exitl:i donatél ar a
°zelli kleri sayesinde eylem -exitliliji sajl
al anl ar e, -oceéak agéen kewkele) aahkap kKezl ongl
bal ek-é& teknelerinden olukmaktadér. Ahkap ma
bekl|l eme, ot ur ma, di nl enme, sohbet et me ve
i Kkl dvseel ¢ocuk oyun donateéel aré ise farkle yat
vakit ge-irme i mk©né sunmaktader. Ahkap kKe;
gé¢nekl enme, deni z seyri ve dinlenme gn bi a k
ol arak g%zl enmixktir.
A mf i i se, alan i-indeki bal ek-é& tekneleri ve
kal abaléek kullanécé grubuna sahiptir. Bu al ¢
s°yl eKki gi bi et ki nldinléninee vee markaa seyringgbi aktibiteldr | e me
ger-eklexktirilmektedir. Atl ékarénca ve aneét
artérmakta ve -ojunlukla fotojraf -ekil me al
-ocuk oyumérmokhaltledme@mé genelli kle k¢g-¢6k ve o
yojunl akérken, ahkap kezlonglar ve amfi otur
Bunun yané séra, yapay donaté bulunmakan do]j
yapma ve oyun oynama gi bi aktiviteler i-1in |
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si kl et

S¢rme gibi et kinl ikl
zelge 16de sunul maktadér.
B Ingad alr éG°az IKd m ke¢kalneker il er

oturmal¢ocuk oyunOgun|Anet
Bekleme ve dinlenme

oynama ve vakit gegirme

Yér éyéek ve Dbi
veriler ¢i
¢tizelge 1.
Ahkap

er e

hFeoyt kogj I r: a f
oturma ve dinlenme

Ahkap

Kezl on

a | a n Dialenrae, kitap

okuma, manzara seyri ve sohbet etme, yemek yeme
génekl enmg

Amfi: Oturmadinlenme, El ektriklI: i a
Ej | enme

. Bal eék- & kSefiret , L
Sahne:Oturma, film izleme, }f ' Bal &k - éSeyiredezing,
. bul uk ma, di nl _
konser dinleme vb. bal ek tut
yeme

B°l ge 206de
donat él ara sahip
seyir terasé,
rampadan ol

yapélan g°zl emler

ol duju
banklIl ar
ukmakt ader

sonucunda, al a

bdeolniart1éel nami; kK t-iorc.u kB °ol yg

, kafeterya, pergol e,
¢tocuk

oyun donatél ar
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oynayarak vakit ge-akrtnaed éerr.i nka foel taenrayka , s akj ul | al na

seyir zevki sunan hem de bul uk ma vV e dinl el
gzl emlenmi ktir. Seyir terase, deni z manzar
dé¢zeni il e k ul |deney@miné ldestekéemektedira rSanauzlek cercevesi,

kull anécélaren fotojraf -ekme ve ané ol uktur
Bankl ar, dinlenme ve bulukma noktasé ol ar ak
Asansor ve rampa, Ozellikleengelibe y | er i -in al ana eri ki mi kol
-ékmaktadeér ; ayreca rampa, bisi kl et sS¢re
kol ayl akt érmaktader . Mer di ven i se kKehir merk
donat ésé omektedank 1 k|l ev g°

Bl gede g°zlemlenen eyl emler; YéEr ey é kK, oyun
bal ek tut ma, sohbet et me, bil gilendirme yap
yeme, piknik yapma, denizi sgYystemmebkteedi s.i k
eyl emi °czelli kle alanda sék yapeéelan aktivit
-ocukl ar taraféndan yojun «kKekilde kull aneél me
noktal arénda ger - e kulzd kumke k teea -wer €%z e |kluil K laen ésccén
ol ukturmaktadeéer . Oturma ve dinlenme eyl emle
al anl arda ger-eklexxtirilmektedir. Ayreéeca bal
hem sirkilasyon alaalr énda hem de otur ma al anl arénda ge
kull anécélara bilgilendirme yapmak amaceéeyl a
dol akt ér ma, bisiklet s¢rme ve pikni k gibi e
dijer alanlarda yemek yeme eyleminin ger-ekl
bir-ok noktadan deniz seyri yapéelabildifji ge°
¢izelge 206de veril mektedir.
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Cizelge 2.BblgeZ° z1 em ¢al ekmal aréna Klikkin Veriler

N

Ahkap oturmal/¢ocuk
Bekleme ve dinlenme oyn

0y un Ogun | Sonsuzluk cercevesiF ot o
ama ve vakit gegirme
s e

[

cekilme, oturma ve dinlenme
j.;\ 5 . O

Oturma ve din Sat éx
Dinlenme, manzara seyri

yapma

“bAIr @ ki ¢

Stant: Al ékveri K

Asansor:Er i ki | eb Merdiven: Er i

Kil e

Rampa:Er i ki | ebi |
strme

B°l ge 30te yapélan g° zlkeunllearn ésxa@n ugcruunpd aa,r éanlaa
araceléejeéeyla kullaném imk©né sunduju belir!]l
Kezlong oturma alanl ar é, tak oturma alanl ar
Kezlongl ar , d &kreinz kmanruzmd raa £é msaayyea i nde uzanar
manzara seyr.i gi bi aktiviteler i -in yojun
kull anéeceéelarén kéesa s¢greli oturma ve dinlenn
g%l gelmakk tsaajhleam de sosyal etkilekim amacéyl a
sunmaktadér . B¢efe ise i -ecek ve hafif at éxkteé
alanen doj al ejiminden yararl anar akdrbécekm manz
Kekil de tasarl anmextér

101



CONFEREY,
\Y €y
(S .f.,

2,

BALKA#M hl | NTERNATI ONAL CAORNFEIRENERCEIS
Oct olbdk2, -B3EDPJIE
I SBN OIR®B2-56 44D

B°l gede g%zl emlenen eylemler; y¢ré¢yék, sohbe
deniz seyri, uzanarak dinlenme, kitap okuma, yemek yeme, hayvan gezdirme, oyun oynama ve
sirk¢l asyon/ ge-iik kgapsamektiadar .akMgrvg wveéed ,er® z

hCADEgy
'z,
8
s

|

bajl antél é alanlarda yojun bir Kekil de yap:¢
restoran/ kafe ve -evresindeki oturma al anl ar
etkilekiomurRoktrama&t adeéer . Génbatémeée ve deni z s
kotl andér él mexk al anl ar én sajl adej e konum a
destekl emektedir. ¢im alanlar, esnek otur ma
aki vi tel erine hizmet et mektedir. Manzara sey
Kezlonglar ve doj al ejimlerin dojru konuml a
dinl enme deneyimi yakamaseéna i mk CenlerCizelgeé makt a

36te sunul maktadeéer

¢izel ge 3. Bl ge 3 G°zlem ¢al ékmal aréna KIlikkin
Ahkap «kKkezl on
a | a n Dialenrae, manzara
seyri ve gg¢

Ahkap otur ma
Bekleme ve dinlenme

Amfi: Oturmadinlenme,
sohbet etme, yemek yeme

!

Tak ot ur Garma |
dinlenme, sohbet etme, yeme
yeme

Bife: Oturmadinlenme, Restoran: Oturmadinlenme,
sohbet etme, yemek yeme sohbet etme, yemek yeme

4. SONUCLAR VE DEJERLENDKRME

B°l ge 16de yapélan g°zlemler sonucunda y¢réy
her saatinde aktif olarak ger-eklextirildifji
kokul | ar & nda ndevara pderkes, @iknik gdpraa; @ukma ve oyun oynama gibi
eyl emlerin mevsim ve hava durumuna bajlée ol
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donatél arda manzara seyr.i ve bal ék tutma ak
cekme, oturma ve dialn me eyl eml er i mek©nl arl a sénérl é
ger -ekl ekmi ktir. Mek©nl arén birbirinden net
sajladejée, donatelarén alanda dengel. bir bi
sirk¢l asyon ejilimlerinin etkinlik alanéna vy
yetersiz kaldéjé belirlenmicktir.

B°l ge 26de yapeélan g°zlemler sonucunda, yér
Kekil de kullaneddeye, ¢?Peaeril | kil eamé&cal ayr t ar e
go°r ¢l megkt or . Yérée¢yéek ve bal ék tutma gi bi b a
ger-eklexktirilmektedir. Al anén -exitl:i nokt ;
belirlenmyun abano& ile tuvalet gibi mek ©nl a
tespit edil miktir. Etkinlik zamanl arénda i se
durum alan kull anéméné etkil eyen doljeann, bir f
bankl ar ve kal dérém kenarl aré gibi alanlarda
oturma al anlarénén yetersiz kaldéjé ve sirk
alan i-indeki asans©r ve i kampalkearléany |l axdg &Ir Id i€
bisi klet kullanécélaré i-in hareket:i dest ekl
sajladejée g°zlemlenmicktir. Genel ol arak al at
grupl arénén i hctaiky -elka rl édreé eksanrekké lbayra kul | aném
Bl ge 306te yapeélan g°zlemler, al anéen kull an
d¢kek ol dujunu g°stermi Ktir. Génekin yojun
°7J 1l eden ©°ncekir émna &tull d rache memreatbglyg k °1 - sde ké
haval arda kull anémén azaldéejeée g°r¢é¢l megktegr. A
noktalar tercih edilmik, °zellikle su kenaréeé
tutan bir fakt®r olarak °ne -ékméxter.

Al anda ékxkéklandéerma ve b¢gfelrestoran gi bi d c
nedeniyle kullaném dijer b°lgelere g°re bekl
aja-1lar ve r esrioryaon utndrueks laarrtéé,k €k ésaj | amek ol
donatéelarda kullaném sénérl é kal méxkteéer. Yay i
aktivitelerini tekvik etmekte olduju g°zl eml
Bununla birlikte, ¢cim alanlar uzun sireli otoa ve dinlenme icin tercih edilen alanlar olarak

°ne -ékmexk, kull anécél ar én kitap ok uma, S
ger-eklexktirebildii]i belirl enmicktir.

Al anda yer al an far kl e bl gel erin birlikte
tuval etl erin sayéca yetersiz olduju ve eri«xi/
edi |l mi ktir. Kent merkezine yakén konumu nede
durumun sahil kull anécélaré i-isel setkenlar a
aktiviteleri tamamen engell emese de bir-ok e
alanda bak ¢ste¢ kor uma, Kemsiye veya benzer
sahil deki sat €k nokt alnmarnméanké na dtég m¢ ¢aal téikfmao Iseor
genel kull aném memnuniyet:. ve yojunlujunun
ge-mi Kt eki Ganit a b°l gesini kentliye yeni d
belirl enen eksi kli kl ermemmngndgeetl mesi nart,ér &

sajlayacajé d¢kegnegl mektedir.
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BELKZ TURAN
Eski kehir Te kMilhekdisli(kirakihesi¢ svit e sM¢cghendi sl i i Bl
Kampg¢s ¢, E s k bekzautan@qgmail.@oghttgs:i/oycel.org/0009007%8920-5692
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Eski kehir Tek MihéndiglikiFakiitesr¢seivirees iM¢g hendi sl i 7] i Bol
Kampg¢ s ¢, E s k sakkébskisehir.edudnttpk://okcid.org/000@0028092411X

OZET

Endustriyelboyama ddel er arasénda yer alan Mal ahit Ye
mut ajeni k °zellikleriyle -evre ve insan sajl
boyar madde gideriminde kull anél andajlitle,r nayn
zamanda ekotoksi k etkiler bakéeéméndan g¢venil
Bu -aléxkmada, zeytin yaprajeéndan yavak pirol
ger-eklexktirilen MY gidernmfi sohoksesetdeetH
Fitotoksisite analizleriVigna radiatal . (mak fasul yesAlligm cepalml e n me
(soj an) b¢y ¢ me testi kull anél ar ak ger - ekl e
¢imlenme yuzdesi, kok ve surgun mzb u k | ar &, biyok¢tle artéxkeée,
b¢yeée¢me i ndeksi (NBK) dikkate al éeénméxteér .
Sonu-1| ar, MY®nin bitKki gel i Ki mi czerinde be
koymuktur . MYOye maruz bérakél agpdeohuml anéda
uzamaseé baskeél anméck vV e NBK dej] V¥Wignh eadiata kr i t i
tohumlarénda MY varl éjénda -imlenme %5006nin
y a Vv a K | Allimra eepatestlerinde de benzer bicimde koksrg, r g ¢ n gel i Ki mi nde

ve deformasyonlar g°zlenmi«ktir.

Buna karkén, zeytin yaprajeé biyosorbaneée il e
Vignaradiatai - i n -i ml enme orané %96, 66ya ul akmécx,
Ol - Ve BK> 0,8 dejerl eri el de edi |l mi ktir. B
gi der i mi sonrasé elde edilen -°zeltilerin b
ekotoksik a-edan g ¢ v e nAlium cepadestleru deubu gdits t er me |
destekl emi k, biyosorban uygul amasénén k°k ve

dojrul améxkt eér .

Sonu- ol ar ak, zeytin yaprajé bazlé biyosorb
dej il , ayne zamanda fito°tnoek s € k ima k toal duékrt.uS °r
bi yosorbanén su kirlilijiyle m¢cadel ede -evr
gevenlt o bir arétem alternatifi ol arak dejer/l
Anahtar Kelimeler: Zeyti n yapraje, Mal ahi t Fiowksisite.i |, Biy
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1. GKRKK

Tari h boyunca tekstil sekt°r¢nde doj al boyal
Perkin'"in katrandan tesad¢fen i1k sentetik b
boya" ol arak adlandeéereél an buékekmdns, sanmerk i K
boyal arén yerini al maséna neden ol muxktur. T
kull anél maya bakl anméxkt ér . Géenegmegzde senteti
ol arak kull anél makt adérr.eénku (Wmy all arv,e yma lszecenme

yapélaréna (kromofor veya oksokr om) g°re s
dokuma prosesleri icin ¢cok buyik miktarlarda su ve kimyasal tuketmektedirler. Gerek
boyamada gerekse dnj &mnu ioklgeaml &r ddee K wmlolr graéli &«

-exitlilijine bajleé olarak, ortaya -ékan at €
verilen renkl. atéksul ar su ortaméndaki ékKe
olumsuzyonde t ki | er . Ayréca boyar maddel erin bazé
kanserojenik ¢re¢gnlerin meydana gel me ri skin
boyar madde i -eren tekstil end¢striabnemt éksu
kazanmaktader . Ancak kompl eks ki myasal yapée
boyar maddel erin gideril mesi ol duk-a zor bir
trifenilmetan kategorisine ait olan onemli bir katyonik(bazik) bé&yad [ 1] . Benzal d
di met il anilinden el de edil i[2].SarMyde ipdk,adgriv vy e K i
yén ve pamuju mordanl amak amacéyl a boyamada
fiziksel, ki myasama yb% nytod moljarki vde® ritl egriu baar ea
se-ilirken, tekstil bitim iklemleri, kul |l ané
fakt°rler dikkate alénér. Arétma tesisi tasa
verile r toplanarak yapeéel mal e, farkl e arétma se
dejerlendirilmelidir [4]

1.1.Amag

Bu -al é&kmanén temel amac e, zeytin ¢reti mi S
piroliz y°ntemiyl e i korebnameésni ,y| Ma lea hdiet eYde klieln
sonrasénda -evresel a-édan g¢venilirlijinin
End¢striyel boyar maddel er arasénda yer al an
-evr e Vve zamédadumsuagonuggragol acabilmektedir. Bu nedenle, boyar madde
gideriminde kull anélan alternatif materyalle
ol masée yeterli dejildir; arétém somdeangliz el de

edilmesi gereklidir.

Bu kapsamda, zeytin yapraje bazl é bi yosor b:
-%zeltilerin bitki geli ki Yignargdiamlr .i n(dme&k fpaod win
ve Allium cepal . (sojan)l lhintekiaraki akaktér él mékter .
-imlenme orane, k°k ve s¢grgen uzunlukl ar e,

J

b¢yeée¢me i ndeksi (NBK) gi bi parametreler dejer
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Bu -alékma il e, zeytionowhpmanj eéypydlné zd a ee teldii 1
dej i |, ayne zamanda fitotoksik a-eéedan g¢éVve
belirl enmesi vV e byl ece s¢rdegreéelebilir, - ev

konul masé hedefl enmi kKtir.

2. DENEYSEL¢ AL k MAL AR

21Biyosorban Hazérl ejée ve Optimum Kokull ar én
Bi yosorban ¢retiminde hammadde ol ar ak, zeyti
zeytin ¥apilakleadam&ckt er . Yaprakl ar ©°ncelikl e
yéelkamk y¢zeydeki toz, re-ine ve organik kal e

105 ACé6de 24 saat s¢reyle kurutul muk ve hom
OT ¢t el megkt ¢

Kurutulan numunelera z ot at moyfaerrik @aline®hdabi Kktemul muxkt
sécakl ekl3a0r°g, 400 eCvasSoes@llaar ak bel irl enmi k ve he

s¢reyle éeseél i Kl em uygul anméexkteéer . El de edi | ¢
boyuta getiril milkkawvea haalkl ggremée ktme&rz. kap
Hazérl anan bi yosorbanl ar én Mal ahit Yeki | i
amaceyl a, bakl angé- boya konsantrasyonu, t e
parametrel er.i ayreée ayré inceléenmicktiudl abéehe
civarénda sabit tutul muktur.

Yapél an deneysel 5a0 e dA@dlder hsaaru deamioksekk bi y

performanseé sergilediiji b el 100 ppm Mih corettisinde Bu ©
0,05 g biyo 25 ddkikantemasiskrésad 8 AC &oeecak |lv@&Bnda
giderim verimiel de edi | mi kt i r . Adsor p9%,b2ymgrgolakale pasi t

hesapl anméxkteéer .

22Fitotoksisite ¢al é@ékxmal ar é

Fitotoksisite, g¢brel er | rtikier dibi kenyassdl readdeleria] € r  m
akeéere dozda wuygulanmasé sonucunda tohumlare

durmasé ya da bu kimyasallaréen (fitotoksinl
ol umsuz etkil ere neldienb®y dgmesi iurdiemsutdauk |. e nBa k
ki myasal maddel er ; hat al é uygul ama, dojruda
yé¢zey akéekeyla hassas ¢reé¢nlere takénmaseé ve
birikmesi durumunda bitkd r ¢z eri nde toksi k et ki gesterebi
s¢re-lerde bozul ma, b¢e¢yémenin yavakl amaseée ya
Fotosent ez, su ve besin al émeé, h¢cre bol ¢nm
i Kl ekl erakesakl!l ekl ar , bu toksik et kil erin b a
fotosent ez gi bi yakamsal s¢re-1ler czerinde
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edilebilir, ancak toksi k etkinin teamedkl arodku
zaman zordur.

Fitotoksisite testleri, toprak, camur, tortu, kompost, sulama suyu, kimyasallar ve biyosit iceren

atéek sular gibi °rneklerde toksik etkiyi dej
Uc gunlik) biyotestlerdir. Butestlr , or gani k Dbil exi kl erin, bivyo
ve kimyasall arén bitki gel i ki mi czerindeki
kull anéxkl édeér . Y¢e¢ksek gegvenilirlije sahip ol
ol masayreesi nde yaygén ol arak tercih edil mekte
t¢rlerinin -evreye ve bitkilere olan zarar|l
Numunel erde -o0ok sayeéeda kar mak éhangiknaddgnia sl | € n
fazla zararé verdijini saptamayé zorl akteérahb
- i ml enme vV e fide gel i kKi mi gi bi er ken b ¢
dejerlendiril mesinde etkidgtnrdesgs . f a&lothuml eriin eet
hassas ol dujundan, bu s¢re-teki ol umsuzl ukl
-ékarabilir.

Fitotoksisite analizleri, bir bil eki kteki t
toksisiteye neden olampse si f i k maddeyi dojrudan tanémlay
Kndeksi o (BK) - GIGr owtalh d d maylxa far kl é maddel
karkel aktérelabilir. BK dejeri il e toksisite
edilenmaddei n toksi k etkisi artar. Bu durumda t ec
k°k gel i ki mi késmen ya da tamamen durur.
Beyeme indeksini ( BK) ve nispi b¢yeéeme i nde
form¢gl l er Kunl ardeér :

NBK=RLC/ RLS
RLS: 6rnek kbkua nl uj u (pozitif ve dijer konsantrasy.
RLC: negatif kontrol grubu k°k wuzunlujudur.

%BK=( RLCT GSC) KI0RL S/ GSS)

GSS: muamele gruplarénda -imlenmik tohum say
GSC: negatif kontrol deki -imlenmi k tohum say
NBK dejerl eri,sigzledamlidmean nteolgLire ¢- kategor
1 Kok wuzamasénén engell enmesi (1): 0, 0<x00,
1 ¥nemli etki yok (NSE): 0,8<x01, 2

1 Kk uzamasénén uyareéel maseée (S): x>1, 2
Fitotoksisite testlerinde, bit ki goerl ti akm | nai rnéi
kull anél maktadéer. Bu ortamlar arasénda en te
geli kiminin iki ana evresinde ger-eklextiril
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1. Tohum ¢i mlenBea Akamasga&a: t ohuml ar , -i ml enme
(tercihen en az 4 gun) testzgltisi ile temas halinde tutulur. Stire¢ sonunda ¢imlenme yizdesi
hesapl anarak ki myasal maddenin -imlenme ¢(zer
2. Kok GelikibBuAxwamaséa i se bitkiler, zararl
sonra k°k ve s$¢tregknruzapluklear 81 - ¢1 erek geli
analiz edilir [3].

Bu -al ékmada, test materyali ol arak Bursa b?°
Yapraklar 500 ACo6de yakeéeldéektan soinméae 400A(Q
sécakl ekta 255 daki ka boyunca -al kalanarak n
bitki tiru olarakVigna radiataL . ( ma k f Adlisnudepale.s i () s ovjean) ter ci h

Bu deneysell0O0 appex nmalaatsiit, e ki Ilgiec-e® zddalntliendi r
giderim sonrasé elde edilen -°2zelti, NacCl O (

Bu deneysel -alékmada distile su cihazé, et ¢

2.3.Fitotoksik Etkinin Belirlenme si
2.3.1. Vigna radiatalL. fitotoksisite testi

Mal ahit yekilinden aréndeéer el mécx numunenin k
dej er | endi rVigeakradiatajanctaéky |[faasul yesi ) tohumlare Kk
kull anél acak tohumlar; fizyol ojairkaroélngau nuljurjaume

ve pestisit uygulanmamék °rnekl er araséndan

Tohuml arén yg¢zey sterilizasyonu i -ini2%1" 1 ik
daki ka bekletil mik, ardéndan akan musl uk su
gideril miktir. ¢i mlenme test.i I -1 n Haq vd.
al enmextéer . Test ortame, petri kabé boyutl a
araséna ayné °| -¢lerde kesil mi&r pamuk tabaka
Fitotoksisite testleri; saf su, bir gece din
ppm mal ahit yexil:@ boya -°zeltisi ol mak ¢zer
Her bir pet rViradiatatbcemuamul Oy eavdéeetlk ¢ i r k & lmém 1 -1 ne
-%zeltisi (saf su, bir gece dinlendiril mik -
yekili boya -°zeltisi) ekl enerek ortam neml
28 N 1 AC seécakmakt anériadyeaanmdek ink¢basyonce
g%zl emler yapél méxteéer.

¢i ml enme s¢reci boyunca, her ge¢n degzenl i ol a
uygun -°zeltisiyle yeniden nemlendirndmi kKtir
tohum sayeéelaré kaydedi |l mi k; her bir t ohumur
°] -¢l erek her wuygulama grubu i-in ortal ama

tekrarl e ol arak ye¢regtel megkt gr .

Deneyin ikinci a\k mdiedatoB o thhar emdmdmnenstgel e s
°rnejin yak ajérleéeklaré ©°1I1-¢1 mgk, ardéndan
boyunca kurutul muktur. S¢re sonunda kuruyan
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yak/ kuru ajerl ek fhr kekagt |gellreer i t calkuamléadraén
hesapl anméxkt eéer :

Biyok¢gtle: Yak-Kuohiumodijuenr lagjee |l @€g¥e (9)

2.3.2. Allium cepal. fitotoksisite testi

Deneysel -al exmAalliunacepah . K slbagaal)lacakekl|l erinin
uygulanmmé k, sajl ekl e, fizyolojik olgunlujunu t &
sojanl ar tercih edilmiktir. Her bir uygul ama
tekrarl e ol acak kekilde ye¢reéeteéel megkteor.

Deneye al énmadank °haleyklsaorfjéantvaréskidek° k!l er i

Y¢ézey sterilizasyonu amacéyla sojanl a2 %1' 1
daki ka bekletildi kten sonra, akan musl uk suy
ol asé NalCarOe kanh etnamamen uzakl akteéereéel masé saj
Deney gruplareée i-in hazeérlanan deney t¢pl eri

sonraseée -°zel ti ve 100 ppm malahit yexkil:| b c
kéesme e°z2elmais ieldecek Kekilde toplam 16 adet
Kekilde etiketlenmicktir. Deney t¢pl eri 22 N

k°k gelikimi g°zlenmicktir.

Bekinci géneégn sonunda, hek°ki sageapt dek? kl e
birinin k°k uzunluju (cm) °I-¢l megkt r. El de

(Growth Indexi GI' ) ve ni spi b¢yeéeme i ndelk KRGI, YodnBK) ( R
vd. (2012) taraféndalnl @drel kultlidreédal akak édakaplf

NBK = SRL / CRL

SRL: Deneme grubundaki kok uzunl uj

c

CRL: negatif kontrol grubundaki k°k wuzunl uju
% BK= (SRL / RGS)0/ (CRL x RGC) x 10

RGS: muamel e gruplaréndaki k°k sayésé

D

RGC: negatif kontrol deki k°k sayésédeéer.

Negati f kontr ol i -1in, bir gece dinlendiril
kull anél mékter.

Butez- al ekmasé kapsaménda, 500 ACo6de yakeél ar ak
ppm deri Ki mindeki boya -°zeltisine ilave ed
-al kal anar ak adsorpsiyon I KI emi ne t ane,i tut
fitotoksi k etkilerin belirlenmesi amaceéeyl a
kull anél mékter.
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Deneysel d¢zenekte karkélakteérmal é dejerl ent
grubu ol ukturul muktukrmi safewsme duyu,gegieddain ind
100 ppm malahit yexkil.| boya -°zeltisi

3. SONU¢CLAR VE DEjERLENDKRME

3.1VignaradiataL . f i totoksisite test sonu-1I|aré

Bu -al ékmada farkl é& muamele gruplaréna ait¢t

itibaejegdlaendiril mik ve el de edilen veriler

Negati f kontr ol grubunda kull anéelan ve ©bir
tohumlarén tamamé (30/30) ikinci g¢n i tibaré
gel i kimde ¢leeerrhangi bir engell eyi ci et ki sinir
%100 -imlenme bakaréeseée ile en y¢ksek veri mi
orané sabit kal mek, ek bir arték ya da azal m
Pozitif kontrolgr ubunda kul |l anél an saf suda ise ikinc
kaydedi |l mi kK, bekinci gén itibareyla tegm tohu
saf suyun -imlenme s¢reci a-éeéséndan whaduk- a
g°re -imlenme s¢resinin biraz daha yavak ger
Boya -°9zeltisine maruz bérakélan tohumlarda

gén i se %80 (24/30) ol arak tespi tsiketldsinin mi kKt i |
tohum =-imlenmesi czerinde belirgin bir K e
g°stermektedir. Dijer kontrol grupl aréna k

g%zl enmi ktir.

Adsorpsiyon ikKlemine tabi twamuil mgkd ereiymhi my g
-%zeltide i klem g°ren tohumlarda i kinci gén
ve Dbexkinci gé¢n bu oran sabit kal mexkter. B ¢
bakar ésénén belirginidekiilnde othalmas éy ¢ Rxzel talnm
toksi k bil exkenl eri b¢eyek °1-¢de giderdijini
kull anél an mal zemenin -evresel toksisiteyi a
Elde edilen bulgular, boya c¢ozeltisinini ml enme s ¢r eci czerinde

bul unduj unu, ancak giderim sonraseé =-°zeltir
kal derdéjéne g°stermektedir. Bu da -al ékmad.
zeytin yaprajEelkaseyorselraeltokisnde kull aneéel a

sunmaktadeéer.

Giderim sonrasé -°9zel ti (aktif zeytin yapraj
i Kl em Yigna ragjatat ohuml ar & ¢zerinde yapélgaim fito
itibaréyla ger-eklexktirilen k°k ve s¢grgeéen uz

ortaya koymuktur.

Negati f kontrol grubunda (-ekme suyu) ortala
13 cm olarak °1 -¢1 m¢gwrat (rs.afPosai)t ibfu kdeerfterrdlergr
16,6 cm ol masé, suyun kalitesinin bitki geli
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GRUPLAR Tohum | 2.GUN 5.GUN 2.GUN 5.GUN

Sayée
Negatif Kontrol| 30 30 30 100 100
(¢ekme S
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Deneyin ilerleyen g¢nlerinde (5. ve 7. gén)
araseéendaki farkl él ekl ar é& peakiyketkisrenki Kyt d v . a jPér:
g/ tohum) ve biyok¢tle dejeri (0,21 g/ tohum)
bu dejerler séraséeyla 0,09 g ve 0,09 g ol :

gzl enmi ktir. Gi der i me dsiolnerna sgér u-p°tzae litsie iylaek na
biyok¢tle dejerii ise 0,18 g/tohum ol arak ka
kontr ol grupl aréna daha yakén sonu-1ar el de

Genel dejerl endir me ol aVYignkradatdtOoOh upnplnedrl & nké rb o-yiar

orané ve morfolojik geli«ki mi czerinde belirg
hal e getirilmik zeytin yaprajé kullanél ar ak
et kilerini b¢yeltotobkgdei arpglit meénéveayarak bi
Bu dur um, zeytin yapraklaréenéen -evresel Kir |
materyal ol abil ecejini de¢kendegr mektedir .

Cizelge 3.1.2Vigna RadiataF i t ot oksi si te Deney Sonu-1I|are

MUAMELE G} N S} RESK (5 G} N)

GRUPLAR Tohum Kok Uzunl|S¢rgen U Cimlenen  Tohum
Sayeéeseé (ort) (cm) (ort) Sayeéeseé

Negatif Kontrol| 30 2,85 13 30

( ¢ekme

Pozitif Kontrol | 30 4,1 20 30

(Saf Su)

100 ppm boya | 30 1,78 6,6 24

Giderim 30 3,25 15 29

Sonrasé

3.2AlliumcepaL. Fi totoksisite Test Sonu-1aré
Giderim sonrasé -°9zelti A AlumcefaQ@opam) bbby geél
czerindeki et kil eri Tablo'"de sunul muxktur. Ko

ortalama k°k wuvuzunluju 5,5 ¢cm ve ortal ama k?©°
grubunda ise bu dejerbadaeakstespiéelyl adbl hi etmi ve
arasénda anlamleée bir farkleleéek ol madejée g°r ¢

100 ppm boya -°zeltisi ile i kKl em g°ren grup
ortal ama k°k uzunl uj u 1, 15 c¢ moéBuespnugkbboya s ayé
-%zeltisinin k°k uzamaseé ve k°klenme ¢zerini
koymaktadér. Ayné gruba ait %BK dejeri 5,82

dej eri 0,20 i1ile 0,86in o9Kubzg¢ mddiémidrma &«iad
engell endijini g°stermektedir.

Giderim sonraseé -°zelti ile iklem g°ren °rne
ise 30,28 olarak belirlenmickktir. Bu veriler,
somasé -°%zeltinin k°k geli ki mi czerinde °neml
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Bu grupta hesapl anain, BKardadjegreind®d, 2% iall enak,

anlamlé bi-imde etkilenmedijini Il kKaret et mek

hCADEgy
'z,
8
s

Genel dej elldrdiemmda, yd®0 ppm boya -°zeltisi
uzunl ujunu °neml Aliuhgepar§ #e gat akki méjhné wvel i rgin
g%zl emlenmi ktir. Buna karkél ek, giderim sonrt

ciddi °] -¢de etkilenmemi kK ve sonu-1ar kontr ol

bulgular, boya cozeltisiniAllium cepa¢ zer i nde fitotoksi k etkil et

sonrasé -°9zeltinin ise bu t¢gr toksik etkiler

Cizelge 3.2AlllumcepaL . Kontr ol Grupl aréendaki Kzl enen ¥zell

MUAMELE G! N S! RESK (5 G! N)

GRUPLAR Tohum Cimlenen Tohum K° k uzunlK°®k Sayeés
Sayeéeseée |(ort) (ort)

Negatif 16 16 5,5 31,5

Kontrol

(¢ekme

Pozitif Kontrol | 16 15 5,81 30,25

(Saf Su)

100 ppm boya | 16 0 1,15 3,45

Giderim 16 15 4,55 30,28

Sonrasé

Saf Su ¢tekme Suyu

Gorsel 3.2.Allium cepalL. 5. Gun GOrinumi

Allium cepak © k gel i Ki mi czerinde giderim sonraseée
et kilerini dejerl endirmek amaceéeyla y¢regtele
b¢yeéeme i ndeksi ( %BK) ve nispi b¢yeéeme i ndeks
kontr ol grubunda (-exkme suyu) k°k gel i ki mi i zZe
Pozitif kontrol grubunda (saf su) ise k°k b
ancak bu fark istatistiksel a-é&édan anlamlé b
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100 ppm boya c¢ozetii il e muamele edilen A. cepa °rne
belirgin bir inhibisyon g°zlemlenmicxtir. Bu
dej eri ise 0,2090da kal méxktér. NBK dejerinirtr
kbk uzamaséné anlamlé d¢zeyde engelledijini g
ve k°k sayéséendaki d¢KéK, p < 0,05 d¢zeyind

bulgular, 100 ppm boya c¢ozeltisinkllium cepak © k g el i Ki mibnais kcéil caddiée | keenk
fitotoksik bir etkiye sahip oldujunu ortaya

Dijer yandan, giderim sonrasé -°zeltiyle mua
bir olumsuzluk g°zlenmemiktir. Bu grupta %BK
ise 0,82 olarak bel ill,|l 2 namialtéjrén dNaB Ko ldmegd & ,i nk ¢
d¢zeyde inhibe edil medijini, dolayéséyla gid
ol dujunu g°stermektedir. Bu canr, u kt°&k is ao/rétsael ail
ol arak belirlenmiktir ve bu dejerler negatif

Genel ol arak yapeéelan dej er | eAhiumicepala Heen,kbk1 00 p
uzunluju hem de k°k sagpgoa pgrkarktoddupuddespi

kar kel ék giderim sonraseée -%zel ti il e yapeél
korunduj u, kontr ol grupl aréna benzer dejer|l e
g°zl enmedi J i o r tealer, doyk ghzeltisinin yuksek.dluz&yde fitotoksik etki

g°sterdijini, giderim sonrasé -°zeltinin ise

Cizelge 3.2.1Alliumcepa%B K ve NBK dejerl eri

MUAMELE G} N S| RESK (5 G} N)

GRUPLAR %B K N B K

Negatif 3,05 1,00 Kdkler tzerinde dnemli bir etkisi yok
Kontrol

( ¢ekme

Pozitif Kontrol | 3,35 1,06 Kdkler tizerinde dnemli bir etkisi yok
(Saf Su)

100 ppm boya | 5,82 0,21 Kok uzamasé engell
Giderim 2,62 0,83 Kdkler lizerinde 6nemli bir etkisi yok
Sonr asé

KOk uzamasénén engell enmesi: 0. 0<x>0, 8

Kokler tizerinde 6nemli bir etki yok: 0,8<x>1,2

4. GENEL DEJERLENDKRME VE SONU¢LAR

Fitotoksisite analizleri, her hangi bir adso
a - e d a nbiyaogkj guMenilirik a- e séndan da dejerl endiril mes
t emel ekotoksi kol oji k test | eramaddesinhgiderimil &€ K ma
i -in zeytin yaprajéndan yavak piroliz y°ntel
edilen arétél mek -°zeltilerin bitki gel i Ki mi
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MY, katyoni k yapésé ve y¢csekchul mpgasal skamhb
kirlilik olukturan bir maddmlehingsiredtemldegdk ma s on
ve S¢rgeéinzegreilndke nbiel i rgin d¢egzeyde toksi k et ki
MYO6ye dojrudan VignardemlL be amké&l dmasul wcimenmg t ohu
orane %50dRgkmk @ t @amamaséveabkékahmekn genel

duraksama g°zlenmicktir. Ni spi b¢yeé¢me i ndeks
MYO6nin h¢gcre bl ¢nmesi ve uUuzamaséné ol umsuz
Allium cepal . (soj an) testémrda ndier fdel ok ° kk ud-elfaorr m
proliferasyonunun zayeéeflamasé ve b¢gye¢gme yete

Buna karykém, yapraj e bi yosotrdokasniek idtek iarrién éd rnté

gzl emlenmi ktir. Ar é? 2 el tsiolnearalsee Vigeh pdibataend i tl ees
t ohuml-airmlneemme orané %96r 6ay amg 4K dnolarakiu nl uj L
Ol - ¢l m¢gk veONBKI ddbpramniemdikd ur. Bu veriler, bi
bitki gel i ki minijiolymsakzsi eatekikl°ékmewdz amasé ve
sajl ekl e bir b¢ye¢eme ort aAliém cepatpstienitie jedener or t a
sonu-|lar el de edilerek, k°k ve s¢grgen gelix
belirl enmicktir.

Bubul gul ar, zeytin vy apyikagkBoyagidegrimegeomi bandefnl yat
zamandaf i t ot oksi k bai-ré draat egr¢gyvaelnl ol maséyl a da ©°n

¥zellikle 500 ACo6de hazéer | anmeé kir bbyarynadsleyir b an é r
etkin bi-imde wuzakl aktérmasénén yané sér a,

baskél amayan bir kimyasal ortam olukturduju
°czelli kleri, g°zenekl ieliijlii kkel eadbonl akmhi d;
boya mol ek¢l Il erinin ki myasal bajl arl a tut u
azaltéel maséné sajlamaktader.

Sonu- ol arak, yapélan fitotoksisite testler:i
ekotoksi kol ojolkduwj-endangg-¢lventhi-i mde destekl e
bitki gel i ki mi czerindeki zlaa a% nd e&mleit ke Il -egd en i
gor ¢l megktgr . Bu bul gul ar, zeytin adsonpsiyanj é ndar
etkinliji y¢kesjeikl biaymatrzgmelydai den kazandeéer
a-éséendadn rgdv egrolmat gostegrmektedo.l duj unu

Bu -al eékma, aték zeytin yapratké lar @fanédesuidrai] er |

kKirl il i7 ikyolneulnmagrcéanddeal es ¢r d¢r ¢l ebilir bir yakl a
zeytin yaprajé bazdofeaelionomokbaeénegelkedekt @
ol ar ak hem | aboratuvar hem de end¢strivyel
gestermektedir. B°yl ece, bu biyosorban t¢r ¢
tarémsal atékl akatmké@e§arl apamaamadE®Emas, sel eko
bir -°z¢m potansiyel: takémaktadeéer.
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ZEYTKN YAPRAJI BAZLI BKYOSORBAN KULLANILARA
GKDERKMKNKN ADSORPSKYON PARAMETRELERK VE
ANALKZLERKYLE DEJERLENDKRKLMESK

NUR GUNDUZ
Eski kehir Te kMiuhekdislikFrakikesi¢t svit e sMihendi sl i7Ji Bol
Kampg¢s ¢, E s k nukgedzli9@gmaillcgrhttps://greid.org/0009001-95063818
Prof. Dr. SEMRA MALKOGC
Es ki ke h Univer3itesk, MiihéndislikFakiiltesi¢ e vr e M¢hendi sl i J i BO |
Kampg¢sé, E s k sakké@bskisehir.edudnttpk:f/okcid.org/000@0028092411X

OZET

End¢striyel atéksul arda sék-a rastl anan bo
nedeniyle arétémda b¢yék zorl ukl ar Mglahit at ma k
Yeki |l (MY), toksik °zellijiyle -evre ve can
-al ékmada, zeytin ¢retiminden kaynakl anan ze
y°ntemiyle biyosorban matemyadekel dekediligre
¢tal ékmada, 300 AC, 400 AC ve 500 AC seéecakl ék
karkeéel akt érel mekt ér . Adsorpsiyon verimine et
konsantrasyonu, temas siresi, Biyor ban mi ktaré ve sécakl ek de
incelenmiktir. Bulgular, 500 AC6de hazeérl ana
ve tutma kapasitesi (95,52 mg/g) sajl adéj éne
Bakl angé- konsantrasyomu mtkaft ée malgkrsae k dddek
edildijini, y¢ksek derikimlerde ise tutma ka
deneyl eri, adsorpsiyonun °zellikle ilk 60 da
ul aktéejeénéBigPesgemrbnamt imi kt ar énén artéereéel maseé
optimum sonu-1ar d¢ Keék mi kt ar da bi yosor ban
-al ekxmal arénda ise artan sécakl ejéen adsorpsi

40 ACodededje belirlenmicktir.

Adsorpsiyon mekanizmasénén anl akél masé amacé
modeline d¢k¢gk uyum (R] =0, 7633) g°zlenirken
(R] =0, 9943) el de edi | mi kKt inrheteromn yuzbylerda gpk ad s
kat manl & ger-eklexkti]Jini g°stermektedir.

Sonu- ol arak, zeytin yaprajeé atéklaréendan el
d¢kek maliyeti ve s¢rdegreglebilirliji diélre. - ev
Bu yaklakém hem tareéemsal atéeklarén yeniden

azaltéel maséna katke sajl amaktadér.
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Anahtar Kelimeler: Zeyti n yaprajeé, Mal ahit Yexili, Ads
1. GKRKKkEk

Tari h boyunca telkskhayalsarktikRul¢lnadneé |dnog ka, ancak
Perkin'"in katrandan tesad¢fen il k sentetik b
boya" ol arak adlandéereélan bu kexkif, sentetik
boyal airrein alemaséna neden ol muktur. Te¢rkiye!
kull anél maya bakl anméxkteéer . Genegmegzde senteti
ol arak kull anél maktadér. Bu boyal ar, nmal zeme
yapélaréna (kromofor veya oksokrom) g°re sé&n

Tekst il end¢gstrileri, yak dokuma prosesl eri
t¢eketmektedir. Gerek boyamada gerekse dijer
bil ekiekkligdiinijine bajl é ol ar ak, ortaya -ékal
Al écé sulara verilen renkl:i ateéeksul ar, su o

aktiviteyi olumsuz yonde etkiler.

Mal ahit yexil i ( ikNlnetan Rategoasine dit dangmlidinkatyorik (bazik)
boyadeéer [ 1]. Benzal dehit ve dimetil anilinde
bir katéder [ 2]. Sanayide i pek, der i, yén o oov
boyamadakulanél er [ 3] .

Tekstil atéksul arénén aretéeme fiziksel, kimy
dort ana gruba ayreéel maktadeér. Arétma y°ntem
ki myasall ar, ger i k agziamiée | fasbki tl % rrll @ rk gv®ez s°un ¢t nads
Arétma tesisi tasaréemé, atéksuyun °zellikler
alternatifleri dejerlendirilerek ger-eklexti
1.1.Amag

Bu -al ékmaneén teéernmeetli mamascoen r azseéyntdian ort aya - €|
piroliz y°ntemiyle iklenerek biyosorban mat
ortamda bul unan Mal ahit Yekili ( MY) boyar
arakteéereél masedewe -Kevryesndlk kyalpéedeal e é yékse
gel eneksel arétma y°ntemleriyle wuzakl akteéeré
mal iyetli ve -evre dostu -°z¢;gmlere olan i hti
olan zeytnyapaj énén dejerl endiril mesi hem atek y?©°
m¢é¢cadel ede yeni |l i k- bir yaklakém sunmaktadé
¢tal eékxmada, farkl e piroliz sécakl ékl arénda el
Yeki |l i giderimi néllekkt épre&rlfnoé&rkmana @&s okraprski yon s
parametreler olan baklangé- boya konsantrasy
gi bi deji kkenlerin etkisi sistemati k ol ar ak
azal t el nebksyemlikgi, gk8nomik ve surdurdlebilir bir biyosorpsiyon ydntemi

gel i ktiril mesi hedefl enmi ktir.
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2. DENEYSEL ¢ALI KkMALAR
21.Bi yosorban kaynaj e

Bu tez -alékmasénda, 2024 yélé zeytin hasat
DerekbyK°®y s 06nde zeytin hasadé sérasénda aja-1I|a
ol ukan zeytin yapraj é at ekl ar e kull anél mécx
dejerlendiril meyen organi k materyaller ol up

a énméxkteéer .

22Biyosorpsiyon deneyinde kull anél an Mal ahi't
Mal ahit yexil:| (MY), trifenil metan grubuna a
maddedif1]. Molekdler formUli GsH2sN20 1 ar a k b el i banzaldghitve dirBeti bi | e
anilinin reaksiyonuyla elde edilir. [24Y, K 0}
Endustriyel uygulamalarda ipek, deri, yin ve pamuklu materyallerin mordanlama yoluyla

renkl endiril mesinde kulnhyaanséaléery a p3€]s.é M=R°lrashe |t

olarak sunul muktur [ 4].

CH,
H,C—N
:CHa
N\
CH,
cr
Gorsel2.1Mal ahit yexili kimyasal yapéseée |
2.3.YOntem
2.3.1. Zeytin Yapraklarénén °n muamele ikl erm
Toplanan zeytin yaprakl ar e, dal | aagndahzehl ¢
ayéekl anméxkt ér . Yaprak y¢zeyindeki kKirlerin ¢
-eKkme suyu ile yékanmeck, ardendan s¢zel erek
yaprakl ar, oda Kkokull arénda ma8 iskaaetmi mod yu nacre
°rnekl er, °7 ¢t me i1 K| emi i -in Retsh GM 200 mc
yapél é numunel er, daha sonra Carbolite RHF14

400 AC ve 500 AC s éceavkilyeeksliarid-ai,n h2ers abaitr ysaekcéal
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Gorsel22Zeytin Yaprakl arénéen Kgl Ferénda Yakma ¥nc
Yavak Piroliz Kkl emi

Ferénlama i klemi tamamlandéktan sonra numune

berakeél mékt ér . Sojutulan °rnekl er, .- kez sa

-%z¢nmeyen kaléentéelardan aréndeéer él mék, arde

hazérl anmékteéer. é&nlnumurkallgrdét@dmnelgm2 k3 idda

Gorsel23Bi yosorpsiyon i-in hazérl anmék nun
232Mal ahit Yexil: Stok ¢°zeltisinin Hazérl an
1 g/L stok MY stok -°zeltisi hazérl anarak, o

Analitik y°ntem do] r ukorsantaasyéenlardtaki psteralanecozeliler f ar
kull anél arak bir kalibrasyon ejrisi ol uktur u
konsantrasyonlara sahip 11 adet standart -°;
Ol - ¢l megkt ¢grrikdl iPrrassefo2 . ed] 6te g°steril mikti

El de edilen kalibrasyon ejrisinin korelasyonr
yé¢ksek uyum katsayéseée, y°ntemin dojrulujunu
bilinmeyen orneklerin konsantrasyant é nén hesapl anmasénda refera
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R?>=10.,9987

Absorbans

4 6 8 10 12

Konsantrasyon (mg/L)

[ ]

Gorsel24Kal i brasyon EJrisi

2.3.3. Biyosorpsiyon Deneyleri

Té¢ém biyosorpsiyon deneyleri, 150 mL hacminde
hacmi kuddranelklagmatki ri | mi ktir . Deneyl erde, Ma
konsantrasyonlarée 10, 20, 50, 100 ve 150 ppn
konsantrasyonuna karkél ék gel ecek y6Sorbhene!| de b
mi ktarl aré 0,0125; 0, 025; 0, 05; 0, 1; 0,15

karéekeémlar, 125 r2p5nb -daa kkiakl aa mear ahsééznédyal ad €lj i K e n
bi yosorbent il e boyar madde araxémrdna ni emas
-%zeltiler berrak t¢plere alénar ak, boya gi
ger-eklexktirilmicktir. Bu deneysel d¢zenek i
mi ktaré ve temas s¢resiyoqi bvierpanm amelte ebds o
kapasitesi czerindeki et kil eri sistemati k b
boyasénén gideri mi i -in en uygun -al ékma ko
el de edil mi ktir.

Biyosorpsiyon sirecinb ak |l angé- boya konsantrasyonunun e
10, 20, 50, 100 ve 150 ppm ol mak ¢zere bekxk
-al ékmal ar ger-eklexktirilmicktir. Bi yosorpsiy
etkisin dejerl endir mek amaceyl a, 1. daki kadan
aral ekl arénda deneysel -alékmalar sistematik
bakl angée- biyosorbent konsantrasyong@uen et ki
4 g/ L olacak «kekilde alté farkl é bakl angeé-

ol arak ger-eklexktirilmicktir. Adsorpsiyon sé.
i ncel emek amaceéeyl a, sabit raam), bfeat kldoza¢ €a K
Ac, 30 AC, 35 AC ve 40 AC) deneysel -al éexkmal
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2.4 Analitik Yontemler

Bu -alékmada kull anélan zeytin yaprajé biyo
amacéyla akaj &dalaeel mérteor mgl

6 o
000 QLW W Q ——2p T
Burada;
Co= Bakl angé-taki boya konsantrasyonu (mg/ L),
C= Belirl:i bir temas s¢resi sonunda -°zel ti

Zeytinbygpsajdentinin birim k¢gtle bakéna tut

tutma kapasitesi akajeéedaki for mgl kull anél ar
, 6 06 zw
i R
Burada;
gt = Biyosorbentin belirli bir temas suresi sonunda birim kitlesine adsorplanan bojkatma r &
(mg/g),
Co= Bakl angé-taki boya konsantrasyonu (mg/ L),

Ct= Belirli bir zaman sonunda kalan boya konsantrasyonu (mg/L),
V = Cozelti hacmi (L),

m = Kullanélan biyosorbent miktare (g)o6deér.

3. SONU¢LAR VE DEJERLENDKRME

3.1. NumuneninHaz ér | anma Sécakl éején Belirl enmesi

Adsorpsiyon veri mi czerine yakma sécakl é] éné
mi ktaré kullanélarak (0,05 gram), farkl & vya
hazérl anméek aaypoebanhieryakel maméxk ( ham) nun
ger-eklexktirilmiktir. Téem deneyl erde -9°9zel ti
G°rselde hazeérl anméxkteéer. Deneyl er, 100 mLOI i
ve herbirineabi t mi kt arda adsorbent il ave edil mikt
Adsorpsiyon ikl emi, her bir yakma sécakl éejé
ger-eklexktirilmik ve t¢gm deneyl erde karéxkt e
tutul muktur. Depegsspeedbanteée, otama& 8rnekl er

3,5, 15, 30, 45, 60, 75, 90, 105, 120, 135, 150, 165, 180, 195, 210, 225, 240 ve 255. dakikalarda)
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kar @ékt ér ma I Kl emi nden al enmexteér. Her bir
sonl andérabumarel erin RdlSars pe&rtirwif mlt©omet W\ s i

hCADEgy
'z,
8
s

|

El de edil en sonu-lara g°re, farklé yakma séc
adsorpsiyon s¢re-lerine ait gideri enGéreelr i mi v
3.1 ve G°rsel 3.2 o6te grafiksel olarak sunul
120 1
100 A N N
AN N\
S 80 -
E
2 60 =@=3 0 0
£ e=dr=/ 0 0
(]
T 40 - ==5 0 0
O
20
0 - — T T T — T T T - T T T —
1 3 5 10 15 30 45 60 75 90 105120135150165180195210225240255
Temas S¢resi (dk)
Gorsel3.1lFar kl é yakma sécakl éjéna g°re el de et
120 -
S 100 -
Es)
£
= 80 -
2 =@=3 00
2 60 - =10 0
Q.
g ==5 0 0
©
£
5
|_

1 3 5 10 15 30 45 60 75 90 105120135150 165 180 195 210 225 240 255
Temas S¢resi (dk)

Gorsel3.2Far kl & yakma sécakl éjéna g°re elde edil

Far k1l é s@eaklekklexrtliai |l en deneyl erin grafik
numunenin en verimli sonu-|laré sajladejéneé
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giderim verimi ile maksimum tutma kapasitesi
otaya koymuxktur .

3. 2. Bakl angé- Boya Konsantrasyonlarénéen EtKk
At éksul ardaki boya konsantrasyonl ar é, I K1l et
g°stermektedir. Bu nedenl e, farkl e bakl angeé-
dejerlendiril mesi gerekl idir. Bu ama-1a, sab
bakl angé- boya konsantrasyonlaréna (10 ppm,
incelemek ¢zere deneysel -al ékmal ar ger-ekl e
Farkl é& mhdyaskhkomdaréna sahip -°zeltiler hazé
erl enmayerl ere aktarél mékteéer. Deneyl er, 30
yér et el mek; temas s¢rel eri 1, 3, 5, 15, 30,
210, 225, 240 ve 255 dakika ol arak belirlenn
i K1 e mi sonl andeéer el mék ve nuWligpektrobtometresidlea t &€ k |
Ol - ¢l megkt ¢r . El de edilen verillapasijtreuditrues uir
grafi kler G°rsel 3.3 ve G°rsel 3.406te sunulm
120 -
100
80
=4—10 ppm
= 60 pp
< =—20 ppm
g 50 ppm
< 40
=3e=100 ppm
==ie=150 ppm
20
0 .
-20 - _
Temas S¢resi (dk)
Goérsel3.3Uygul anan baklangé- boya konsantrasyonunha
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160 -
140 -
3120 -
(@]
E
'gloo- a=¢==10 ppm
ggo- «ili=20ppm
SGO- adr=50 ppm
g =100 ppm
P 40 - =150 ppm
20
0 -
1 3 5 10 15 30 45 60 75 90 105120135150165180195210225240255
Temas S¢resi (dk)
Gorsel3.4Uygul anan bakl angé- boya konsarkdpasikesiyonl ar é
grafifji
Bakl angé- boya konsantrasyonlaréna y°nelik g
grafikl er i ncelendijinde, boya konsantrasyo

giderim veri mi czerinde did Enmiksek gderiniverimi veo | d uj
tutma kapasitesi 150 ppm ve 100 ppm baxkl angeée
bul gul ar dojrultusunda, deneysel =-alékmal ar a
-%zel tisi il e devam edil mi ktir.

3.3. Tenmas siresinin etkisinin incelenmesi

Adsorbentin temas s¢resinin adsorpsiyon g¢zer
surelerinde (1, 3, 5, 15, 30, 45, 60, 75, 90, 105, 120, 135, 150, 165, 180, 195, 210, 225, 240 ve
255 dakika) deneyset al é k mal ar ger-eklexkxtirilmiktir.
hazérl anmék ve her birine sabit olarak 0, 05
numar al andéréel mék erl enmayerl erde ye¢r gt el me

olaraksabit ut ul muktur . ¢al ékmalarda 100 ppm boya
yaprajé numunesi kull anéel mékteéer.

Belirlenen temas s¢relerinin sonunda kar ékt é
art ek deVSi sgektrofotomidtkési ile Olchile kK t ¢ r . El de edil en ver
giderim verimi ve tutma kapasitesine ilixkxkin
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120 +

100 -

80 -

Giderim verimi (%)
[e2]
o

20 -
O e A T A —
1 3 5 10 15 30 45 60 75 90 105 120 135 150 165 180 195 210 225 240 255
Temas S¢resi (dk)
Gorsel35Uygul anan temas s¢resine g°re el de ed
120 ~
100 -
©
(o]
E 80 -
D
LS
@ 60 -
(e
]
N2
©
£ 40 -
5
|_
20 -
O . S S S . S
1 3 5 10 15 30 45 60 75 90 105 120 135 150 165 180 195 210 225 240 255
Temas S¢resi (dk)
Gorsel 3.6.Uygulanan temas siiresinegore | de edi l en tut ma kapasit e

Her iki grafikte de temas siresi, tutma kapasitesi ve verim lzerinde genel olarak olumlu bir
etkiye sahiptir. Artan temas sg¢resi, daha f
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ol anak taneéer. Verismrgesafiajritne&k,- at eema i m art e
°czelli kle il k 60 dakikada hezl é bir arteéxk g°
kapasitesini hem de verimi artérarak daha et

bulundurhk duj unda %97, 81 verimle 255. dakika opti

3. 4. Bi yosorbent konsantrasyonlarénén et ki si

Adsorbent dozajénén adsorpsiyon ¢zerindeki |

adsorbent (0,28 g/L)k ul | anél arak deneysel -al ékmal ar g
-%zel ti hacmi sabit tutul muk ve her Dbiri 50
mLO6I i k numar al andér el meée«x erl enmayerl erde y¢

ilavesiy apél mekt ér .

Adsorpsiyon iklemi, 30 AC séecaklékta ve 125
Deney s¢resince temas s¢resine bajlée ol arak
45, 60, 75, 90, 105, 120, 135, 150, 165,180,192 10, 225, 240 ve 255. d
i Kl emi nden al énméxkt eér . Her bir t emas S¢resi
numunel erin kaNMas® deekkrmfetomBVYresi ile ©°1 -

Elde edilen sonucglara gore, adsorleért z aj éna bajl & ol arak deji ken

tutma kapasitesi hesapl anmeécx; bu wveriler G
sunul muktur .

120 A
100 A
g |
< 80 ==0,25 g/L
£ ==0,5 g/L
< 60 -
1S =] g/L
S 40 - =2 gL
o -=ie=3 g/L
20 - =@=1 g/L
O = T T T T T T T T T T T T T T T T T T T T 1
1 3 5 10 15 30 45 60 75 90105120135150165180195210225240255
Temas S¢resi (dk)
Gorsel3.7Bi yosor beng°ma ketladreéredi |l en verim gre
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400 -
350 A
)
?E;n 300 -
7 250 - —==0,25 g/L
()
= ==0,5 g/L
@ 200 - g
g =1 g/L
ﬁ 150 - =2 /L
S
E 100 - =ie=3 g/L
50 - / =4 g/L
}vﬂv,-»—m'"ﬂ-rﬂf{-,:“!"1‘”5"”5"’!‘”’5’!"’5’!’!’!“
0 -1 T T T T T T T T T T T T T T T T T T 1
1 3 5 10 15 30 45 60 75 90105120135150165180195210225240255
Temas @Qkr esi

Gorsel3.8Bi yosor bemagoremi e aerdéi | en tut ma kapasite

Yapél an adsorbent dozaj énén adsorpsiyon .z
sonucunda el de edilen grafikler incelendiJir
gram adsorbentgddeajeander thv, @1 de edi |l di J i (
maksi mum tut ma kapasitesinin i se 0,0125 g
belirl enmicktir.

3.5. Sécakl ek

Adsorpsiyon sécakl éjénén adsorpaimacrylVari mia
adsorbent dozajé kullanelarak (0,05 gram), f
deneysel -al ekxmal ar ger-eklexktirilmiktir. T ¢
biri 50 mL ol acak G°rselde mbhalkirk ammenatrérl .
erl enmayerl erde y¢regteéel mgk ve her birine sab
Adsorpsiyon iklemi, her bir sécakl ek i-in ay
heze 125 rpm ol ar ayk ss¢arbeisti ntcuet utlemuakst usr¢.r eDsei nnee
ile 255 daki ka arasénda (1, 3, 5, 15, 30, 45

225, 240 ve 255. daki kal arda) karékteérma ikl

adsorpsiyon K| e mi sonl andeéer él mécx Ve nNumih el er i
spektrofotometresi ile ©°1 -¢l mgegktegr .
El de edilen sonu-I|lara g°re, farkleée sécakl ékl

verimi ve tutma kapasit esvie hGPsraspella ndmélk0;6 dbau gvr
sunul muktur .
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120 -
100 -
S 80 -
I= ]
3 —t=25 A
> 60 A ]
IS =§=30 A
g 40 - =35 A
© =l 0 A
20 A
O T T T T T T T T T T T T T T T T T T T T 1
1 3 5 10 15 30 45 60 75 90105120135150165180195210225240255
Temas @Qkresi
Gorsel3.99Sécakl éjéena g°re el de edilen verim grafi
120 ~
100 A
o
>
E 80 -
7 '
g -2 5 A
o 60 - .
= “®=30 A
N4 .
< 40 - a3 5 A
% ==l 0 A
|_
20 -
0 T T T T T T T T T T T T T T T T T T T T 1
1 3 5 10 15 30 45 60 75 90105120135150165180195210225240255
Temas @Ql)r esi
Gorsel3.l0Seécakl ejéna g°re elde edilen tut ma |

Karéktérma sécakl éejée ¢zerine yapélan deneyl e

kapasitesini hem de giderim verimlili]Jini
gOstermektedir. Deney verileri, en yiksek giderim verimi ve tutma kapasit 40 °C
karéektérma sécakl éjénda el de edildijini orta
Bu sonu-Ilara dayanarak, -al ékmada belirlenen
yakél mék numune kull anélarak, 100 ppm boya Kk
daki ka temas sg¢resi boyunca ve 40 AC kareékt e
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36Kzoterm ¢al ékmal ar é
Langmui rgrkazfoitjeir ncFmr eailn d3 .i hdé Ke,ot erwe gir lami K i i f

0,06
0,05
y =-0,0188x+ 00,0818
0,04 R* =0,7633
&
~ 0,03
8
0,02
0,01
0,00
o 05 1 1.5 2 25 3 3.5 4
Ce
Gorsel3.11lLangmuir Kzoterm Grafif5j.i
3
25 y =3,6667x+0,555
R*=0,9943
2
)
§15
3
1
0,5
0
0 01 0,2 0,3 04 0,5 0,6
LogCe

Gorsel3.12Fr eundl i ch Kzoterm Grafifji

4. GENEL DEJERLENDKRME VE SONU¢LAR

Bu - al ékmada, tekstil end¢gstrisine ait at ek
gi der i mi amaceéeyl a, Bursa il Mudanywa pirlaj e€s i |
atéeklaré kullanélarak alternatif Dbir biyosor

Ac, 500 AC) yak
500 ACo6de ikl en
yé¢ksek perfor ma

|l an zeytin yaprajeé °rnekl eri
n bi yos odethemde tutma lapasitbsmde@n g i d ¢
sé sergiledii]i belirl enmickt.

> o D
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Deneysel parametreler di kkate al endej énda;
konsantrasyonunun y¢kseltil mesi ve sécakl éej
et kil emiktir. Bakl angé- boya konsantiyormsyonu
veri mini artérdeje, ancak akéré konsantrasy
sabitlendi]i gzl emlenmi ktir. Kzoterm model
deneysel verilerle daha y¢ksek ksorpsgdnans y on

heterojen y¢zeyde ger-eklexkti]Jini ortaya koy
El de edilen sonu-1Iar, zeytin yaprajé ateéejeén
al ternati fi ol ar ak tekstil atéeksul arénén

gostermekted r . Bu bajl amda, zeytin yapraj énén
dejerlendiril mesine ve s¢rdereéglebilir atek vy
bir -°9z¢:;m sunmaktader.

Bu -al ékma TI!ABKTNAK eZ2Xx0% e °Jrencil eklemeAr akt €
Programé2024 Ydél. Donem 1919B012426914 numa@b a k vur u ve Eski kehi
''niversitesi Bili msel Arakt érma Projeleri K

nolu proje kapsaménda destekl enmiktir.
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FARKLI BKLYE MALZEMELERKNKN Al S|

304 ! ZERKN
Akl NMA DAVRANI kI NA ETKKSK

Dr. ¥jr. yesi, MAHMUT ¢ELKK
ErciyesUniversitesi, mahmutcelik@erciyes.edu.@RCID ID: 00006000342721319
Do-. Dr. EMKNE kKRKN

Diizce Universitesi, eminesirin@duzce.edu@RCID ID: 00000001-9561-2453

OZET

Bu -al eékmada, yaygén ol arak end¢gstriyel uy
-elijinin, far kl é kar mé é nydcaz e g ° sntad rzceinjeil et r i
i ncelenmi kKtir. Deneysel -alékmada karkeé yg¢ze
serami k esasl e (Al @) ve WC) ol mak ¢zere ¢ -

¢ - farkl é norlmsal 3ydk yalzteggn chee kar Kk é-orsdisk)t ¢ n me

t abi tutul muktur. Testler sérasénda s¢rténmi
olukan akénma izl eri opti k mikroskop il e ana
sertliji ve yapésal °zelliklerinin AISI 304 ¢
etkisi oldujunu g°stermektedir. Ayréca uygul
davranékéné belirgin bi-imde trbatlogk perfomnans i g°z
a-éséndan farkleée bilye mal zemel erinin Al SI

koymakta ve uygun mal zeme se-i mi konusunda n

ama-|l amaktadéer .

Anahtar Kelimeler: Tr i bo |l o jdia,v rAakncomkdesk. Bal |

1. GKRKK

Al S| 304 °stenitik pasl anmaz -eliji, y ¢ ksek
kaynakl anabilirlik °zellikleri sayesinde endy¢
Bu al akeém,; geda 1 kKl eme e K cihaaag kirhya tessleri, mikleerf a k ¢
reakt®°rl erde kullanélan boru hatl ar é [l €sé& ¢
¥zelli kle géda ve tép end¢gstrisinde biyouyuml

yé¢ksek sécakl ékl ar da kor [8lzAnaakntimdbu tseim azellikleAine p | ar
raj men Al SI 304 paslanmaz -elijininltearbobaj

s¢rtegnme katsayéseée y¢egksek, akénma direnci i se
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ol duju end¢strivyel uygul amal arda mal z@dmeni n Kk
Bu nedenle son yéllarda Al SI 30406¢n ye¢gzey
direnci arteéerél maya I|I-an&lkan ma%ntaamirer dain abmar-
pl azma karbonlama (LTPC), ol up -fyagzz26y doel uxd ruir
sertlifji ve akénma direncini artéermaktadeéer.
yézey sertnéd@jveai mkanmaeéejdéd renci nde belirgin
koymu%TlurBarcel os ve arkadaxklare, LTPC ikl emi

sertlijin 200 HVOéden 478k dHVDgre yeg karémdmd i ne s
i yil ekme saj]l ard8.ej] Badzebrl d €] r Biumt i we Bel | t e
-al ékmalarda da geni klemik °9stenit tabakaseér
arterdejé [Flurgul anméxkt eéer

Bir dijer y¢zey mtyzibdngogutnitrirleme (SBN) letde benzer sdnuglar

el de edi |l mi ktir. Mamat ha Gandhi ve arkadackl &
Al S 304 numunel erde y¢zey sertlijinin 330
kayéepl arénéna?2®blOdbajeqan &f §9%kd mBu e&dmékmada, Yy ¢ Z
geni kKl emi k °stenit tabakasénén tribolojik pe
¥te yandan, akénma davranékénéen yalnézca VY
servis kokul |l airelillai dal dyuajkve nldialni nnmekt edi r . :
mekanizmalar Uzerindeki etkisi, endustriyel uygulamalar igin kritik 6neme sahiptir.
Karabeyojlu ve arkadaxkl ar e, Al SP0B0AC) -akéi

davranékeéemnwée idnxeglkemia&cak!| ékl arda adezif a K

(o]l

|
oksidatif ve abrazif akénmBphemBubdbsask@mu, hala¢ ég
sécakl ej ealtaniaxmasn@aneaenn bel irl eyici bir param
Literat¢rde ayr éca t ane -ybaopyéultaun d éyr¢inzae yg itbeik sptag
Al SI  3046¢n tribolojik davranéekeéendaned30ai | er i
pasl anmaz -elijin daha y¢ksek mi krosertl ik
direncine sahi p [10] Madip verAjayi, pledyin BiC iteitekstirlenmesi

sonucunda surttnmeat sayésénén d¢gkteg]jeéeneg ve akénma di

[11]. Saada ve arkadaxkl!l ar é, nanokri st al tabaka
yapéya g°re daha iyi akénmdgl2lperf ormansé g°st
Bu -al éxkmalar, AI SI 30406¢n tribolojik ©°zelli
yontemlerininvgp ar ametrel erin et kil: ol dujunu ortaya
bul unmaktadeér. ¢oju -alékma tek tip karket vy
°rnejin yalnézca alumina (Al o ), s tedtlers y um |
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yaygé3ng 8r Oysa ger-ek endg¢gstriyel kokul |l ar da

ki myasal °©zelli klere sahip k ar kléeet, yféazrekyllée r b
mal zemel erinin Al SI 304 ¢zerindeki s¢rténme
czerindeki etkilerinin sistematik ol arak kar
Bu -al eékma, s°z konusu bokl uju do !l dilye may é
mal zemel erinin Al SI 304 paslanmaz -elijin sg
deneysel olarak incelenmi«ktir. B°yl ece karke
katkéesé dejerlendirilmiktnrfaEkde edd})eNr spa
géevenilir kekilde kull anéel maséna y°neli k dah

2. DENEYSEL C¢ALI KMALAR

2. 1. Kk Par -asé
¢cal eékmada ticar. ol ar ak t emi n edi | mi K 50x 8

kullanée | mék ol up bu mal zemeye ait mekani k ve fi:
¢izelge 1 ve ¢izelge 26de g°r ¢l mektedir.
Cizelge 1. AISI 304 Malzemesinin Mekanik ve Fiziksel Ozellikleri

Kopma Akma . R
_ _ Elastik Modl Yoj unl
Mukavemeti Mukavemeti Uzama (%)
(GPa) (g/cn?)
(MPa) (MPa)
540-750 230 45 193 8.00
¢i zel e 2. Al SI 304 Mal zemesinin Kimyasal Bil exi

C(%) | Mn(%) | Si(%) | P(%) | S(%) | Cr(%) | Ni(%) | Fe (%)
0.000.07| 0.02.0 | 0.01.0 | 0.00.05| 00.03 | 17.519.5| 8.010.5| Kalan

22.DenefPar ametrel eri, Deneylerin Yapél maseée
Deneyl erde, karké mal zeme -exidinin farkIl &
czerindeki et kil er incelenmi ktir. Bu fakt ©°)
kull anél mégodobkudetheyebgeametreleri ve fakt©or

UTS tribol ogondil dazendat djail $i nde ger -ekl exktir
6 mm -agPegndNC Ale 100Cr6 bilyalar kull aneéel mécx
mm/ s kayma hézénda 200 m kayma mesafesinde 2
16de deneylerin ger-eklexktiji cihaz ve ik pa
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Cizelge 3. Deney parametreleri ve faktor seviyeleri

Oct olbeke 2 ,

I SBN 8QIRB2-5%6 4D

CONFIEIREN ERNCEIS
-SEDPIE

Deney No Kar kK & M Kuvvet (N)
1 Al203 5
2 Al20s3 10
3 Al203 20
4 wWC 5
5 WC 10
6 wWC 20
7 100Cr6 5
8 100Cr6 10
9 100Cr6 20
i Ta
Iy
. 4 s .
,‘m -
-/" ‘\
s -
' " ot
I 8PVYLE Al
G°rsel 1. Deney d¢zeneji
Deneyl er sonraseénda, s¢rtéenme kat shilgisayge dej e
araceéel éejéyla kayeéet alténa alénméexteér. Ayr éca
portatif y¢zey profilometresi taraféndan -éka
dijital mikroskop aracél éjéeyla al éenméxkteér
3. SONUC¢LAR VE DEJERLENDKRME
3.1. S¢rtegnme Katsayél ar e
Yapélan s¢grtegnme akénma deneyl erine ait ort

ge°r ¢l mektedir.

mal zemesi pyl@uyapmgkt ¢ nme

0. 66
ol duj u

vV e

0.62
y ¢ ksek

¢Ci 0O WMEe vien ddI0eCr bi jkiamrked Aral z e

sS¢rténme

sert |

zamanla kesme meka z mas én é
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de¢kenegl mektedir . WC ve 100Cr6 mal zemel erinin

KCADE g,
(27
8

EITT

D

birlikte °zellikle y¢ksek kuvvetl er deOsWC mal
ile benz r mekani zmayla s¢rtéegnme katsayélareée ar
-ekKitlerinde wuygulanan Kkuvvetin artmaséyl a
go°r ¢l mektedir. T¢ém mal zemel erde uygul anan y

sirgk, nme katsayésé dejerlerinde %20 artéek meydaea

yéksel dijinde i se ortalama s¢rteénme kat say ¢
gel mi ktir. Bu durum artan Kkuvvetl e DbKirlikte
asperitelerin daha fazla ezil mesi v el3lpl asti |
Deneyl ere ait s¢rtenme grafi kl eri G°rsel 2

S¢rtée¢nme katsayésé grafi kI esr¢gir tagl nenmeéyrek ebna knhaal dz

metreli k késeéem kayét déke tutularak standard
Cizelge 3. Deney parametreleri ve faktor seviyeleri
Deney No Kar Kk & M Kuvvet (N) Sdartinme
Kat sayé

1 Al20s3 5 0.61
2 Al20s3 10 0.70
3 Al20s3 20 0.78
4 WC 5 0.59
5 WC 10 0.65
6 WC 20 0.74
7 100Cr6 5 0.55
8 100Cr6 10 0.65
9 100Cr6 20 0.67

3.2. Akénma Profilleri
Numunel ere ai't akénma profilleri Accretech

°rnekl eme uzunl ujwer dma lad émeneéxd oK lugp ol¢sgkr ak GO
G°rseller i ncelendijinde WC ve 100Cr6 bilye
derinlik ve geniklikteO:maEnemeprbéi Vapéiag®°d

derin ve @genmnifk | &eéenmag°r ¢l mektedi r. Bu durum
Al2Os6 ¢n sertliji ve mal zeme °zellijJi sebebiyl e
tezini g¢-lendirmektedir. Ayréca artamxk kuvve
ol duju ve  (M@malhzemeéa Késkin bir kekilde kend
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