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Abstract: In data mining, in order to calculate descriptive statistics and other statistical model parameters correctly, outliers should be
identified and excluded from the data set before starting data analysis. This paper studied and compared the performance of model-
based, density-based, clustering-based, angle-based, and isolation-based outlier detection methods used in data mining. ROC and AUC
curves were used to compare the performances of outlier detection methods. A data set with a standard normal distribution and fit a
logistic regression was simulated. To compare the methods, the data was modified by randomly adding 30 outliers to the data set. The
iForest algorithm was found to have higher predictive power than Mahalanobis, LOF, k-means, and ABOD. In addition, outliers were
found in a real data set with the iForest algorithm and deleted from the data set. Then, the data sets with outliers and without outliers

were compared. The results showed that the model without outliers has a higher predictive ability.
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1. Introduction

The technique of simulating human intelligence with
algorithms to create a new computer that can do the
work that humans can do is defined as artificial
intelligence (AI) (Bharadiya, 2023). Machine learning
(ML) is a collection of algorithms that computers use to
generate and refine predictions or behaviors based on
data (Molnar, 2019). Logistic regression analysis, one of
the machine learning methods, is used frequently in
many fields.

In multi-category or ordinal scales, logistic regression
forecasts the value of the dependent variable examines
the connection between dependent and independent
variables, and makes classification (Mertler and
Vannatta, 2005).

Outliers are observations that are significantly different
from other observations (Cebeci et al, 2022). These
values may be due to incorrect entry of records,
fraudulent behavior, humans or instruments error or a
natural deviation in the population (Hodge and Austin,
2004). The frequent occurrence of outliers has increased
interest in outlier detection methods in data mining.
Outlier detection methods are classified as univariate or
semi-parametric, and
semi-supervised, and

multivariate;
nonparametric;

parametric,
supervised,
unsupervised. It is also classified as density-based,
clustering-based, distance-based, and depth-based
outlier detection methods (Ben-Gal, 2005; Gogoi et al,
2011; Yucel Altay, 2014; Cebeci, 2020; Cebeci et al,
2022). Statistical-based, deviation-based, and subspace-

based outlier detection methods can also be added to this
classification (Xu et al, 2018). There is also an isolation-
based outlier detection method that has been actively
used recently and has high performance (Liu et al.,, 2008).
The aim of the study is to compare the performance of
model-based method Mahalabonis distance, density-
based method LOF, clustering-based method k-means,
angle-based method ABOD, and isolation-based outlier
detection method iForest used in data mining.

2. Materials and Methods

2.1. Dataset

The data set was generated a sample of size 3000 from a
standard normal distribution using the R package. In this
data set, there are 3 independent (X1, Xz, X3) and 1
dependent (Y) variable. The independent variables
consist of continuous variables and the dependent
variable consists of a binary variable containing 0 and 1
values. In order to compare the outlier detection
methods, a total of 30 outliers, 10 in each independent
variable, were randomly added to the data set and the
data were modified.

The Asian rice (Oryza sativa) data obtained by Zhao et al.
(2011) were used. From this data set, 282 observations
were included in the analysis. From this data set, seed
length (X1), seed width (X2), and seed volume (X3) were
used as independent variables and leaf pubescence (Y)
was used as the dependent variable. The independent
variables consist of continuous variables and the
dependent variable is

a categorical variable (no
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pubescence: 0, pubescence: 1). The simulated and real
data set split of training (70%) and test (30%) set.

2.2. Logistic Regression

Regression analysis is used to determine the relationship
between dependent and independent variables. In this
analysis, the dependent variable consists of continuous
data. If the dependent variable is a categorical or ordinal,
logistic regression analysis is needed. In logistic
regression analysis, independent variables can be
discrete, continuous or a mixture of these variables.

In binary logistic regression, one of the logistic
regression model types, the dependent variable is two
categories. The logistic regression model (Equation 1) is
as follows.

I(77=) = fo +Buy + -+ B (M

where 7 is the likelihood of the event, 8, is the constant
term, f5;, is the kth regression coefficient, X is the
independent variable, and Y is the dependent variable
(Juarto, 2023).

2.3. Outlier Detection Methods

2.3.1. Mahalanobis distance

Statistical methods (model-based methods) for outlier
detection are divided into parametric methods and
nonparametric methods (Han et al., 2012). In parametric
methods, outlier  detection using
Mahalanobis distance (Equation 2) is performed as

multivariate

follows (Rousseeuw and Van Zomeren, 1990).

M=(x-wIlx—p' 2)

Where M is Mahalanobis distance, x is vector of variables
x = (x1X2, Xk), L = (Mg Mz, Hg) is vector of mean values,

¥ is the covariance matrix (Leys et al., 2017).

If the squared Mahalanobis distances of each observation
is greater than the quantile (e.g. 0.975 quantile) of the y?
distribution, these observations are outliers (Rousseeuw
and Van Zomeren, 1990; Prykhodko et al., 2018; Cebeci,
2020).

The Mahalanobis distances were examined using the
“Moutlier” function of the “chemometrics” package in R
(Filzmoser and Varmuza, 2017).

2.3.2. Local outlier factor (LOF):

Proximity-based outlier detection methods are divided
into density-based and distance-based outlier detection
methods (Han et al, 2012). One of the density-based
outlier detection algorithms is the LOF. This algorithm is
based on B nearest neighbors (Breunig et al., 2000).

The distance between an object O and its nearest
neighbors is the k-distance of 0, denoted by dist, (0), and
the @-distance neighborhood of an object O (Equation 3)
is as follows.

N (0) = {0'|0" € D, dist(0,0") < dist;(0)} 3)

The reachable distance is defined as the maximum of k-
distance of 0’ and the distance between O and 0’, and its
formula (Equation 4) is:

reachdisty (0 « 0") = max {dist,(0),dist(0,0)}  (4)

The local reachability density of object O (Equation 5)
can be written as follows (Hofmann and Klinkenberg,
2014).

N, (0
istu(0) = — LG / -
Y. 0'eN,(0) reachdist; (0 < 0)
The local outlier factor (LOF) of O can be written as
follows (Equation 6).
0' € N (0) . ldisty (0’
Lor(0) = 0" € Nu(0) . ldisty(0) ©

INK (Ol . Udist, (0)

Observations that have a substantially lower density than
their neighbors are identified as outliers (Cebeci, 2020).
The local outlier factors were examined using the “lof”
function of the “Rlof” package in R (Hu et al,, 2015).

2.3.3. k-means algorithm

Clustering-based outlier detection methods are divided
into hierarchical and clustering
methods. In the k-means, which is one of the outlier

non-hierarchical

detection methods with non-hierarchical clustering, the
aim is to divide n objects into k number of clusters and to
minimise the similarity between clusters and maximise
the similarity within clusters (Yadav and Sharma, 2013;
Deb and Dey, 2017).

Where k is no. of the cluster, D is a dataset containing n
objects, the steps of the algorithm are given below (Kaya
and Koymen, 2008; Han et al, 2012; Bertizlioglu and
Ozgonenel, 2012).

1. Initially, to determine the cluster center, n objects
are randomly selected from D to form the number k
of clusters.

2. The average of each object is calculated and the
center points are determined.

3. Based on the mean values, each object is grouped
with the closest center point.

4. The new mean value of each data item is calculated.

5. Step 2 and 3 are repeated until k does not change.

In order to determine outliers with hierarchical
clustering, after the 3rd step, the distances of each object
are calculated by summing the squares of the deviations
from the center of the cluster to which each object
belongs and taking the square root. The objects with the
maximum distance are considered outliers (Cebeci,
2020).

The distances of each object were examined using the
“kmeans” function of the “Stats” package in R.

2.3.4. Angle-based outlier detection (ABOD)

In Angle-based outlier detection method, the variances of
the angles between the difference vectors of the data
objects are taken into account (Kriegel et al.,, 2008).

In dataset D, when one point AeD (K = (Aq,A,, ... Ap))
and two other points §,6 €D and §,E # A, the Angle-
Based Outlier Factor (ABOF) is calculated by Equation 7.

(4B,AC)

ABOF(A) = Varg‘geD(W

(7

where AB is the difference vectors (B — A), ||AB|| is the
Euclidean distance between A and B, ABOF(K) is the
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variance over the angles between the difference vectors
of A to all pairs of points in D weighted by the distance of
the points (Kriegel et al., 2008). The ABOF values found
by equation 7 are ranked and those that are smaller than
the ABOF values of other observations are called outliers.
The ABOFs were examined using the “abod” function of
the “abodOutlier” package in R (Jimenez, 2015).

2.3.5. Isolation forest (iForest)

The iForest algorithm, which is one of the isolated-based
outlier detection methods, used to calculate the anomaly
score of a data point is based on the observation that the
isolation tree (iTrees) structure is equivalent to binary
search trees (BST). The anomaly score of a data point is
calculated by Equations 8 and 9 (Liu et al, 2008; Negi,
2020).

2Z(m—1
2H(m—1)—¥, m>2
c(m) = . " =2 (8)
0, otherwise
_Ehx)
s(x,m) =2 <) )

where s is anomaly score, h(x) is the path length of an x
observation, E(h(x)) is the average of h(x) of the iTrees
set, c(m) is average length of unsuccessful search in BST,
H is a harmonic number, and n is the no. of external
nodes.

The determination of whether or not the observations
are outliers is based on the anomaly score. An
observation is considered an outlier if its anomaly score
is near 1; if it is near 0.5, it is not. The value is normal
value if the anomaly score is much less than 0.5 (Liu et
al, 2008).

The anomaly scores were examined using the “iForest”
function of the “isofor” package in R (Graves and
Drozdov, 2019).

2.4. Comparison of the Performance of Methods

In this paper, the receiver operating characteristic (ROC)
curve is used for measuring the performance of the
outlier detection methods. The confusion matrix used
when plotting the ROC curve is given in Table 1 (Sharma
etal, 2022).

Table 1. Confusion matrix

Actual Positive ~ Actual Negative

False Positive
True Negative

True Positive
False Negative

Predicted Positive
Predicted Negative

When plotting the ROC curve, the true positive rate (TPR)
should be available in addition to the false positive rate
(FPR). TPR and FPR are formulated in Equations 10 and
11 (Omar and Nassif, 2023).

True Positive

TPR (10)

"~ True Positive + False Negative

False Positive

FPR (11)

~ False Positive + True Negative

The Area Under the Curve (AUC) is defined as the area

under the ROC curve and shows the percentage of correct
classification of positive and negative results. A larger
AUC value means better performance (Auslander et al,
2011). Alower FPR and a higher TPR are desired because
of admirable predictive prowess (Hou et al., 2023).

3. Results and Discussion

In simulated data, the AUCs of the different methods
were compared in Figure 1. The AUC of the iForest model
was found to be higher than the Mahalanobis, LOF, k-
means, and ABOD models. This demonstrated that the
iForest model has higher predictive power compared to
the other models. The AUC of the LOF model was found
the second highest AUC. The iForest has higher predictive
power than the LOF (Gao et al.,, 2019; Gnat, 2020; Negi,
2020; Kiruthika and Sowmyarani, 2020; Vijayakumar et
al, 2020).

y
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Figure 1. The ROC curve.

Since the iForest algorithm had higher predictive power
than the other models, outliers were found using iForest
in the real data. According to the outlier scores found by
Equations 8 and 9, seven observations were identified as
outliers and deleted from the data set. Then, the logistic
models were developed for the data set with and without
outliers and the ROC curves of these models were plotted
in Figure 2.

In Figure 2, The AUC of without outliers and with outliers
logistic regression models were 0.8526 and 0.7841. The
AUC of the without outliers model was found to be higher
than the outlier model. In other words, predictive
modeling and classification are not reliable in the data set
with outliers. Nurunnabi and West (2012) compared
outlier and without outlier data sets and reported that
the results of the outlier data set were not reliable in
logistic regression analysis. Osborne and Amy (2004)
reported that outliers significantly affect the analysis.
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Figure 2. ROC curve of the data set with and without

outliers.

4. Conclusion

In this study, the performances of Mahalanobis, LOF, k-
means, ABOD, and iForest methods were compared.
iForest algorithm was found to have a higher predictive
power compared to the other methods. It is also
concluded that outliers in logistic regression analysis
affect the model considerably.
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Streptomyces sp. VYN22 SUSUNUN TEKSTIL ATIK SULARINDA
BOYAR MADDE GIiDERIMINE ETKiSI
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Ozet: Tekstil endiistrisinde kullanilan boyalar ve boyar maddeler herhangi bir islem gérmeden sulara birakildiklarinda toksik,
kanserojen ve mutajenik etki gostererek cevre kirliligine neden olmaktadir. Ozellikle pigment boyar maddeler grubunda yer alan ve
mikrobiyal bozunmaya kars1 direngli olan azo boyalarin, tekstil kaynakli atik sulardan bertarafi i¢in biyoremediasyona dayali ¢evre
dostu yontemler ilgi ¢ekmektedir. Aktinobakteriler, dogada biyoremediasyon ve biyodegredasyon siireglerine dahil olan ve organik
madde ile karbon déngiisiinde Kkilit rol oynayan bakterilerdir. Bu ¢alismada, topraktan izole edilen Aktinobakteri izolatinin 16S rRNA
dizi analizleri ile tanimlanmasi ve Streptomyces sp. VYN22 olarak belirlenen bakterinin kullanilarak tekstil atiklarindan azo boyalarin
boyar madde giderimi ile ortadan kaldirilmas1 amaglanmistir. Bu izolatin 16S rRNA dizi analizlerine gore Streptomyces bobili tip tirt
ile %99,71 yakin akraba oldugu belirlenmistir. Farklh pH’larda Colorsol Orange Deep tekstil boyasi kullanilarak, Streptomyces sp.
VYN22’ nin canly, kuru ve liyofilize formlarinin 0-10 saatlerdeki boyar madde giderimleri spektrofotometrik dlgiimlerle incelenmistir.
Calisma sonunda bu bakterilerin pH 4, 6 ve 10’da boyar madde gideriminde yiiksek sonuclar verdigi gozlemlenmistir.

Anahtar kelimeler: Aktinobakteri, Azo boya, Biyodegredasyon

Effect of Streptomyces sp. VYN22 Strain on Dyestuff Removal in Textile Wastewater

Abstract: Dyes and dyestuffs used in the textile industry cause environmental pollution by showing toxic, carcinogenic and mutagenic
effects when they are released into water without any treatment. Environmentally friendly methods based on bioremediation for the
disposal of azo dyes, which are especially in the pigment dyes group and resistant to microbial degradation, from textile wastewater
are of interest. Actinobacteria are bacteria involved in bioremediation and biodegradation processes in nature and play a key role in
the cycling of organic matter and carbon. In this study, it was aimed to identify an Actinobacterium isolate from soil by 16S rRNA
sequence analysis and to eliminate azo dyes from textile wastes by dye removal using the bacterium identified as Streptomyces sp
VYN22. According to 16S rRNA sequence analysis, this isolate was 99.71% closely related to Streptomyces bobili type strain. Using
Colorsol Orange Deep textile dye at different pHs, the dyestuff removal of live, dry and lyophilized forms of Streptomyces sp VYN22 at
0-10 hours was investigated by spectrophotometric measurements. At the end of the study, it was observed that these bacteria gave
high results in dyestuff removal at pH 4, 6 and 10.

Keywords: Actinobacteria, Azo dye, Biodegradation
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1. Giris cesidi ile
Glinimiizde hizla artan birlikte, dogal
kaynaklarin bilingsizce kullanilmasi bir¢ok ¢evre sorunu

ve Kkirliligi getirmektedir. Bu c¢evre

tekstil, kagit, gida, kozmetik, ilag
endistrilerinde yaygin olarak kullanilmaktadir (Maximo
ve ark., 2003). Ozellikle yapisinda siilfo-, nitro- gruplari
ve halojenler bulunmayan azo boyalar yaglarda ¢éziinme

nifusla

beraberinde

sorunlarinin basinda ise alici ortama desarj edilen ve
orgonoklor bazli pestisitlerden boyalarla iligkili agir
metallere kadar birgok kirletici madde igeren endiistriyel
atik sular gelmektedir. Atik su aritimi, atik su desarjindan
kaynakli ¢evresel
onemli bir rol oynamaktadir (Ceretta ve ark., 2021).

Kimyasal striktiirii bakimindan boyalar; azo, triaril

olumsuz etkilerin azaltilmasinda

methan, anthraquinon, heterosiklik ve ftalosiyanin boya
olarak karakterize edilmektedir (Zhao ve Hardin, 2007).
Azo boyalar ticari anlamda kullanilan sentetik boyalarin
en biiyiik grubunu temsil eder ve 3000’den fazla farkl

ozellikleri bakimindan aerobik ¢evre kosullari altinda
kalic1 olma egilimindedirler (Kurbanova ve ark., 1998;
Reiger ve ark., 2002).

Atik sulardan boyalarin uzaklastirilmasi igin gesitli
fizikokimyasal yontemler
yontemlerin uygulanmasinin, ekonomik olarak daha fazla

kullanilmaktadir. Bu

enerji ve kimyasal gerektirmesi, inat¢1 azo boyalar: veya
organik metabolitlerini tamamen ortadan kaldiramamasi
ve Onemli miktarda c¢amur olusturmasi gibi dogal
dezavantajlar1 vardir. Ayrica bu yontemler ikincil kirlilik
sorunlarina da neden olur ve karmasik prosediirler icerir
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(Forgacs ve ark. 2004). Mikroorganizmalarin atik su
ortamlarindan boyalar1 ayristirma ve absorbe etme
yetenegi uzun zamandir bilinmektedir ve buna bagh
tekstil  atik ariilmas1  igin
biyoremediasyona dayali teknolojilerin kullanimi ilgi
cekmektedir (Chang ve Kuo, 2000; McMullan ve ark,
2001). Mikrobiyal veya enzimatik renk giderme siireci,
fizikokimyasal aritma yontemlerine kiyasla su tiiketimini
azaltmaya yardimci bir slire¢ olmasinin yani sira,
kullanilan biyolojik aritim yontemleri, tekstil endiistrisi
icin 6nerilen fiziksel ve kimyasal yontemlere kiyasla daha
az camur Uretmesi, maliyetinin diisitk olmasi ve desarj
edilen ortamlar i¢cin daha az =zararli olmasi gibi
ozelliklerinden dolay1 tekstil endiistrisinden kaynaklanan
atik sularin aritilmasinda ideal ¢6ziim olarak kabul
edilmektedir (Kocaer ve Alkan, 2002; Rai ve ark., 2005;
Khehra ve ark., 2006).

Aktinobakteriler, 6zellikle ikincil bilesikler agisindan ¢ok
sayida biyoaktif molekiil tiretme kabiliyetleri nedeniyle
tibbi ve biyoteknoloji endiistrilerindeki paha bicilmez

olarak sularinin

prokaryotlar olarak kabul edilmektedir (Gao ve Gupta,
2005; Cil ve ark,, 2016; Ozdemir Kocak ve ark. 2023).
Aktinobakteriler, tim mikrobiyal
metabolitlerin %70’ini olusturur ve bu o6zelliklerinden
dolay1 biyoaktif bilesiklerin en biiyiik ireticileri arasinda

sekonder

yer almaktadirlar (Janardhan ve ark.,, 2014). Kirlenmis
topraklarda nitrojen fiksasyonu ve hidrokarbonlar gibi
yliksek molekiiler agirlikli bilesiklerin bozunmasi ile
toprak ortamlarinin biyolojik kontroliinii saglamalarinin
yani sira, besin maddelerinin ve minerallerin
mevcudiyetini iyilestirdigi, metabolitlerin
arttirdigy ve bitki biiylime diizenleyicilerini tesvik ettigi
de bilinmektedir (Radhika ve ark. 2011; Bhatti ve ark,

Uretimini

2017; Ozdemir Kogak, 2019). Ayrica, termofilik
Aktinobakteriler DNA polimerazlar, pullulanazlar,
amilazlar, ksilanazlar, lipazlar ve proteazlar gibi

biyoteknolojik olarak 6nemli bazi enzimleri Urettikleri
icin  endistriyel o6neme sahiptir (Mahajan ve
Balachandran, 2017; Ozdemir Kogak ve ark., 2023).

Bu calismada da topraktan elde edilen Streptomyces
susunun 3 farklh formu kullanilarak Colorsol Deep
Orange boyar maddesinin farkli pH’larda giderimi
belirlenmistir.

2. Materyal ve Yontem

2.1. Streptomyces sp. Susunun izolasyonu

Avusturya (Viyana) boélgesi tarla topragindan yapilan
izolasyon c¢alismasinda; dilisyon plaka yontemi
uygulanarak farkl aktinobakteri izolatlar1 elde edilmistir
(Ozdemir Kocak, 2019). Steril kaplara alinan toprak
ornekleri 15 giin siiresince kurutulmus ve steril havanda
doviilerek 1 g 6rnek 9 ml ringer ¢ozeltisine eklenmistir.
Olusturulan bu ilk dilisyon (10-1) 55 °Cde su
banyosunda 30 dk bekletilerek dekontaminasyon
islemine tabi tutulmustur. ilk diliisyondan sonra ringer
¢ozeltisi iceren tiiplerde seri sulandirma islemi yapilmis,
10-5 ve 10-¢ diliisyonlar kullanilarak yayma plaka yontemi
ile onceden hazirlanmis nalidilik asit (4 pg/ml),

rifamycine (4 pg/ml) ve cylohexemide (50 pg/ml) ilaveli
tripton yeast glukoz agar {lzerine (TYGA) inokiile
edilmistir (Ozdemir Kogak, 2019).

2.2, Streptomyces sp. VYN22 Susunun 16S rRNA Gen
Bolgesi Analizleri

Streptomyces sp. VYN22 susunun DNA izolasyonu DNA
izolasyon Kiti (Invitrogen, USA) kullanilarak yapilmistir.
DNA o6rneginin
kullanilarak kontrol edilmistir.

Streptomyces sp. VYN22 susunun 16S bdlgesini
¢ogaltmak icin 27f ve 1525r primerleri kullanilmistir
(Lane, 1991). PCR reaksiyonunda 50 pl 6l¢tideki Hot Start
Master Mix (25 pl), primerler (1 pl), DNA (1-2 pl) ve
sudan (niikleaz icermeyen) olusan bir reaksiyon karisimi
hazirlanmistir. PCR reaksiyon kosullari; 6n denatiirasyon
(94 °C, 2 dk, 1 dongii), denatiirasyon (94 °C, 1 dk, 35
déngii), baglanma (55 °C, 2 dk, 35 déngii), uzama (72 °C,
3 dk, 35 dongii) ve son uzama (72 °C, 8 dk, 1 ddngii)
basamaklarindan olusmustur.

16S rRNA gen bolgesinin dizi
(Hollanda) yapilarak
gerceklestirilmistir. MacroGen firmasi tarafindan 5 farklh
primer (800r, MG3f, MG5f, 27f ve 1525r) kullanilarak 16S
rRNA gen boélgesinin baz dizilimini ABI3730XL dizileme
cihaz ile elde edilmistir. ABI formatindaki dosyalar fasta

varlign agaroz jel elektroforezi

analizi MacroGen

firmasindan  hizmet alim

formatina donistiiriildikten sonra MEGAX programlari
kullanilarak karsilastirmali ve manuel olarak 5 farkli
primerden elde edilen diziler birlestirilmistir (Kumar ve
ark., 2018). Birlestirilen diziler NCBI (National Center for
Biotechnology Information) Blast ve ExTaxon Server
programinda analiz edilmistir (Kim ve Chun, 2014).
Streptomyces sp. VYN22 susunun 16S rRNA gen bolgesi
dizi  analizleri =~ MEGAX kullanilarak
gerceklestirilmistir. Yine MEGAX programi kullanilarak
16S rRNA Dbaz soyagacl
olusturulmustur. Neighbour-joining algoritmasi ve Jukes-
Cantor filogenetik
soyagaclar1 elde edilmistir (Jukes ve Cantor, 1969).
Bootstrap analizleri 1000 tekrarh olarak

programi

dizilerinin filogenetik

uzakhk  matriksi  kullanilarak

gerceklestirilmistir.

2.3. Biyosorbsiyon Deneyleri

Biyosorpsiyon deneylerinde kullanilacak olan izolatlar
besiyeri isteklerine gore nutrient agar veya Luria-Bertani
(LB) agar ortaminda 30 °C'de 3-5 giin inkiibe edildi.
Suglar 3 farkh kullanildi. Canl
kullanilacak olanlar 0,1 OD’ye ayarlanip giderim
deneylerinde kullanima hazir hale getirildi. Liyofilize
form i¢in besiyerinde biiytitiilen suslar santrifiijlenerek -
20 °C'de 24 saat bekletilip liyofilizatérde kurutuldu. Son
olarak siv1i besiyerinde gelistirilen mikrobiyal kiitle
ortamdan uzaklastirildiktan sonra 70 °C 24 saat
bekletilerek kurutularak hazir hale getirildi.
Biyosorpsiyon 250 ml'lik erlenlerde 100 ml saf su ve

formda formda

belirli konsantrasyonlarda Colorsol Deep Orange tekstil
boyasi igeren ortamlarda gerceklestirildi. Optimal pH'in
belirlenmesi i¢in 100 mg/L boya iceren saf su ortaminin
pH'st 2, 4, 6, 8 ve 10 olacak sekilde ayarlandi. kuru
orneklerden 0.015 g, liyofilize o6rneklerden 0.0075 g
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alinarak 15 ml'lik cam tiiplere aktarilmis, canl form i¢in
ise  mikroorganizma yogunlugu 0,1 OD olarak
ayarlanmistir. Analizler i¢in 2 saat ara ile 0- 10. saatlerde
2 ml almarak 470 nm dalga boyunda
spektrofotometrik olarak dl¢iimleri yapildi.

ornek

3. Bulgular

3.1. Streptomyces sp. Susunun izolasyonu

Toprak drneklerinden hazirlanan 10-5 ve 10-6 diliisyonlar
yayma plaka yontemi ile antibiyotik ilaveli tripton yeast
glukoz agar (TYGA) inokiile edilmistir. Streptomyces
izolatinin miselyum ve sporlart %25’lik steril gliserol
¢ozelti igerisine transfer edilerek -20 °C’de stoklanmustir.
Bu izolatin isimlendirilmesinde izole edildigi lokasyonu
temsilen (VYN: Viyana) ve tek koloni olarak elde edildigi
izolat sayisi olan 22 kullanilmistir.

3.2. Streptomyces sp. VYN22 Susunun 16S rRNA Gen
Bolgesi Analizleri

MEGAX programi kullanilarak gergeklestirilen aligment
islemleri ve filogenetik analizler sonucunda Streptomyces
cinsi ile iligkili oldugu belirlenen VYN22 izolatinin
Streptomyces bobili tip tiirtine %99.71 benzer ve 4
niikleotit farkliligina sahip oldugu belirlenmistir (Sekil
1). VYN22 izolat daha sonra  Streptomyces
phaeoluteigriseus tip tiriu ile iliskili oldugu tespit
edilmistir (%99.43 benzerlik; 8 nt farklilig).

3.3. Biyosorbsiyon Deneyleri

Analizler icin 2 saat ara ile 0- 10. saatlerde alinan
orneklerden elde
sonuclar1 Tablo 1’de verilmektedir. Spektrofotometrik

edilen spektrofotometrik dlgiim
olctimler sonrasi Streptomyces sp. VYN22 susunun
biyosorbsiyon kapasitesi asagidaki esitlik ile belirlendi ve
boyar madde giderim yiizdeleri tespit edildi (esitlik 1)
(Hlihor ve ark., 2015).

Boya Giderimi (% BG) = (Co - Cf) /Cox 100 48]

Co: Baslangi¢ boya konsantrasyonu (mg/L), Cf: Belli bir
zaman dilimindeki son boya konsantrasyonu (mg/L)

gg | 5 prunicolor NBRC 13075T (BARFO1000032]
ﬂn{ S hokutonensis R1-NS-10T (BARGO1000157)
S. graminifolii JL-22T (HQ267984)

' S. chartrensis NBRC 127537(AB184839)

l S. qaidamensis S107 (CPO15098)

r 5. aureocircnlams NRRL 1SP-33867 (JOAPO1000131)
Srreptomyees sp. VYN22

i ‘ S. bobili NRRL B-13387 (MUBA01000087)

¢ 8. resistonneificus NRRL ISP-51337 (JOBA01000220)
‘ S psewdovenezuvelae DSM 402127 (KQ948163)

01

S. canus DSM 4001 7T (KQ948708)

63 L S phaeolnteigrisens DSM 418967 (MPOH01000466)

- S.alboniger NRRL B-1832T(LIQN01000245)

LS. adustus WH-9T (LC026279)

‘ - 8. Iumidus NBRC 12877T(AB184213)
P maring DSM 217507 {AB445007)
-

om

Sekil 1. Streptomyces sp. VYN22 susu ile Streptomyces
cinsine ait tip tiirlerinin 16S rRNA gen bolgesinin
Neighbour-joining filogenetik soy agaci. Dis grup olarak
P. marima kullanmilmistir.

Absorbans Ol¢iimlerine goére pH 2’de boyar madde
giderim orani oldukga diisiiktiir. pH 4’de Streptomyces sp.
VYN22'nin canli formunda %22,4, kuru formunda ise
%61,9 boyar madde giderimi goriilmiistiir. pH 6’da kuru
formunda %36,6 canl formunda %17,5, pH 8'de kuru
formunda %1,8, canli formunda %9 ve son olarak pH
10’da kuru formunda %14,7, canh formunda ise %11,3

boyar madde giderimi gortilmiistiir (Sekil 2).

]
[}
>
o
=
iz
=
% < 6.8
Y
23 [
S 8 58.750
[£4]
= |
=
0. saat 10. saat
= ==Streptomyces sp. VYN22 -6.845 -68.750

— =Streptomyces sp. VYN22

Sekil 2. pH 4’te (Colorsol Deep Orange M-S) Streptomyces sp. VYN22 kuru formunun 0-10 saatlerindeki boyar madde
giderim degisiminde %61,9 boyar madde giderimi gérilmiistiir.
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Tablo 1. pH 2-4-6-8 ve 10’da Colorsol Deep Orange absorbans degerleri. (0-10 saatlik 6l¢iim) B. boya kons: Baslangi¢

boya konsantrasyonu

pH2 pH 4 pH6 pH 8 pH 10

0. Saat B. boya kons 0.636 0.552 0.596 0.607 0.693
Kuru 0.458 0.336 0.442 0.448 0.568

Canli 0.367 0.388 0.445 0.466 0.459

Liyofilize 0.465 0.375 0.442 0.492 0.506

2. Saat B. boya kons 0.616 0.601 0.635 0.608 0.673
Kuru 0.432 0.359 0.478 0.445 0.556

Canlt 0.363 0.382 0.459 0.437 0.486

Liyofilize 0.412 0.319 0.462 0.442 0.512

4. Saat B. boya kons 0.630 0.561 0.624 0.458 0.733
Kuru 0.436 0.497 0.518 0.433 0.518

Canlt 0.366 0.408 0.740 0.478 0.484

Liyofilize 0.367 0.378 0.431 0.432 0.502

6. Saat B. boya kons 0.589 0.551 0.632 0.458 0.743
Kuru 0.373 0.554 0.619 0.479 0.534

Canli 0.366 0.451 0.461 0.476 0.539

Liyofilize 0.345 0.321 0.439 0.432 0.541

8. Saat B. boya kons 0.567 0.558 0.641 0.468 0.748
Kuru 0.364 0.578 0.632 0.468 0.589

Canli 0.364 0.462 0.522 0.516 0.614

Liyofilize 0.339 0.313 0.442 0.439 0.539

10. Saat B. boya kons 0.561 0.560 0.648 0.459 0.747
Kuru 0.360 0.567 0.640 0.457 0.640

Canli 0.357 0.469 0.537 0.483 0.538

Liyofilize 0.328 0.309 0.448 0.465 0.505

4. Tartisma ve Sonug¢

Tekstil endiistrisinde yaygin olarak kullanilan azo
boyalar herhangi bir islem gormeden sulara
birakildiklarinda c¢evre kirliligine neden olarak toksik,
kanserojen ve mutajenik etki gosterdigi yapilan
calismalarda belirtilmistir (Bagewadi ve ark., 2011). Cogu
azo boyasi bakteri hiicreleri tarafindan aerobik
bozunmaya karsi direnglidir, bu nedenle gectigimiz on
yillar boyunca biyolojik renk giderme siireci, azo boyalar1
doniistiirmek, pargalamak veya mineralize etmek icin
alternatif bir yontem olarak arastirilmaktadir (Chauba ve
ark., 2010).

Boyar maddelerin sulu ortamlardan giderimi i¢in bakteri,
maya, mantar, alg gibi degisik tipte mikrorganizmalar
kullanilmaktadirlar (Kargi ve Ozmihgi, 2004). Kogak ve
Evliya (2011) calismalarinda Reaktif Black 5 boyar
maddesinin renginin anaerobik ortamda Bacillus subtilis
ile giderildigini rapor etmistir. Okur ve ark. (2020)
Candida tropicalis’'in azo boyar maddeye karsi direngli
oldugunu ve azo boyar maddeleri iceren endiistriyel atik
sularin biyolojik kullanilabilecegini
gostermislerdir.

Bu c¢alismada ise Streptomyces sp. VYN22 susu

aritiminda

kullanilarak Colorsol Deep Orange isimli azo boyanin
biyolojik giderim oranlar1 belirlenmistir. Calismalar
sonunda Streptomyces sp. VYN22'nin kuru ve canli
formunda pH 4, 6 ve 10’da yiiksek boyar madde giderim
oranlari tespit edilmistir.

Sonu¢ olarak yiliksek pH'da daha fazla giderim

gerceklestigi  goriilmistir. Elde edilen bulgular,
Streptomyces sp. VYN22 susu ve Colorsol Deep Orange
boyar maddesinin bulundugu aerobik ortamda,
inkiibasyon siiresince, boyar madde gideriminin siirekli
azaldigim1 gostermektedir. Bu azalis, biyokimyasal
olaylarin yiiriidigiinii, boyar maddelerin biyokimyasal
olarak pargalandiklarini ve pargalanan bilesiklerin deney
susu tarafindan karbon ve enerji kaynagl olarak
kullanildigini gostermektedir.

Katki Oran1 Beyani
Yazar(lar)in katki ytlizdesi asagida verilmistir. Tim
yazarlar makaleyi incelemis ve onaylamistir.

F.OK. Y.G.B. B.Y.
K 50 40 10
T 60 20 20
Y 60 20 20
VTI 50 50
VAY 50 50
KT 30 30 40
YZ 30 70
KI 50 50
GR 30 70
PY 80 20
FA 80 10 10

K= kavram, T= tasarim, Y= yonetim, VTI= veri toplama ve/veya
isleme, VAY= veri analizi ve/veya yorumlama, KT= kaynak
tarama, YZ= Yazim, KI= kritik inceleme, GR= gonderim ve
revizyon, PY= proje yonetimi, FA= fon alimu.
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Catisma Beyani
Yazarlar bu ¢alismada higbir ¢ikar iliskisi olmadigini
beyan etmektedirler.

Etik Onay Beyam

Bu arastirmada hayvanlar ve insanlar iizerinde herhangi
bir ¢alisma yapilmadigi icin etik kurul onay1
alinmamistir.

Destek ve Tesekkiir Beyani

Bu calisma TUBITAK 2209-A proje kapsaminda

desteklenmis olup. TUBITAK a tesekkiir ederiz.
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1. Introduction
The three-dimensional (3-D) structure of the protein
dictates its  biological  function, consequently
understanding protein structure at the molecular level is
essential in terms of understanding the function and
malfunctions of proteins. Experimental techniques such
as X-ray crystallography, NMR spectroscopy, and Cryo-
Microscopy are golden

determining protein 3-D structure, however, they have

Electron standards for
certain limitations in terms of time, resolution, and size
of the systems. Mainly NMR is limited in terms of the size
of the protein, X-ray has limitations rooted in difficulties
in the crystallization process under the natural
physiological cryo-EM has still
limitations with the resolution of the maps. Due to these

environment and

pitfalls, the number of protein structures resolved fell
very behind the number of known unique sequences,
namely protein structures in PDB Databank compared to
distinct sequences obtained in UniProtKB are still 1000-
fold smaller in numbers as of January 2023 (Nassar et al.,
2021; Bertoline et al,, 2023)

Consequently, to fill this large gap between known
structures and sequences, computational studies have
proven to be valuable for the prediction of protein
structure (Pieper et al, 2006; Gromiha et al.,, 2018). In

general, there are two mainstream categories in
computational protein structure prediction. The first one
is free modeling and the second one is template-based
modeling. Ab-initio modelling is free modeling and used
when there is no known structure close to the unknown
target sequence. As the name indicates, ab initio
modeling uses first-principal forces which drives protein
to go into their native state, namely physical forces, and
the potential of chemical interactions in between
particles are used to simulate the protein sequence into
its folded state (Bonneau and Baker, 2001; Hardin et al.,
2002; Pearce et al, 2022). The main advantage of the
method is that since it is not dependent on the library of
known structures, it can successfully predict novel folds;
however, computation time and cost are the main
drawbacks.

Template-based or comparative modeling, on the other
hand, doesn’t use physical or chemical interactions as an
all-atom force field but a less-detailed knowledge or
information-based driving Threading and
homology modeling is both template-based modeling and
they require a similar known template structure to base
the model target sequence on. In threading all possible 3-
D structures are tried on the given unknown target
sequence while in homology modeling a single 3-D

forces.
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structure is picked based on sequence similarity.
GenTHREADER (Jones, 1999) is one of the most widely
used threading software which uses a fit function by
trying a target sequence to all known folds that exist in
the database. Hybrid methods in between ab-initio and
threading methods also exist and these methods start
modeling from known smaller structure fragments and
they became one of the standard ways for protein
structure prediction such as I-TASSER (Yang and Zhang,
2015), Robetta (Kim et al., 2004), Rosetta@home (Rohl et
al,, 2004), Quark (Xu and Zhang, 2012).

Swiss-Model (Guex and Peitsch, 1997) and Modeller
(Webb and Sali, 2016) are examples of homology-based
modeling which are dependent on the selection of a
single template structure and the sequence alignment
between target and template. After the alignment of the
target and template sequences, they collect geometric
restraints from the known template structure and
impose those restraints on the model structure of the
unknown target sequence’s model.

Very recently there has been a breakthrough in the
protein structure prediction area. In the
assessment of protein competition, CASP 13 and CASP 14,
artificial-intelligence-based programs Alphafold and
Alphafold2 (Jumper et al, 2021a; Jumper et al,, 2021b).
Alphafold and Alphafold2 both use machine learning by
training on the distance between amino acids of known
structures in PDB databank. They then create distograms,
which are like the histograms of the distribution of
distances in the structure. Then they use neural networks
for predicting distograms from multiple sequence
alignment for the target sequence. They provided suburb
results compared to its competitors in recent CASP
competitions. However, it is still a hybrid method in

critical

terms of machine learning from previously known
structures and it inherits the problems of predicting loop
segments, complexes, or different
conformations of the proteins (Bertoline et al, 2023)
Mainly using multiple sequence alignment and template

multi-subunit

structures is not a new technique, however, their training
and neural network are very successful in terms of
covering all the knowledge we have in the PDB databank.
In general, when there is no close template structure like
for the loop segments and disordered proteins, all
methods still have limitations. However, it is widely
known that structure is known to be conserved better
than sequence (Sauder et al,, 2000). Thus, if the structure
information is somehow incorporated into the sequence
alignment, then it has been shown to improve modeling
in terms of the problems coming from sequence
alignments. Again, please note that when the sequence
identity between the target and template is above %30
percent, this alignment problem doesn’t exist (Sauder et
al, 2000).

Homology modeling as being still the most exact out of all
these solutions suffers from sequence alignment errors
when the target sequence is novel. As well as the
Alphafold, there have been many advances to correct

alignment errors such as PSI-BLAST in the past decades.
They all benefit from aligning multiple sequences as a
profile. This way it becomes possible to incorporate
structural features from other sequences with structures
into alignment substitution matrices. There are various
profile-profile alignment methods with slight differences
in the ways they create the profiles and alignments.
(Wang and Dunbrack, 2004; Kahsay et al., 2005; Soding,
2005; Zhou and Zhou, 2005; Dunbrack, 2006).

Moulder is such a technique developed for correcting the
alignment errors in modeling by Modeller (John and Sali,
2003). It is an iterative alignment and modeling
approach. First, a reliable multi-sequence alignment
profile is created with close homologs of the target
sequence, which contains 25 different alignments for the
target sequence-template construct. In normal homology
modeling, a single best-scoring alignment is moved to the
modeling step. In Moulder, the best 15 of the 25
alignments are selected and moved to the structural
modeling step. The resulting 15 protein structures are
then subjected to a simple model scoring. The main
difference between the two steps is that sequence
similarity is used to create the 25 alignments. After 15
model structures are created, GA341 structure scoring
will be used which is a 3-D structure assessment score.
Then, genetic algorithm moves, crossover and mutation
operators are applied to these alignments to reach 300
different alignments. For the newly formed alignment
population, protein structures are obtained using the
rapid modeling technique. The evaluation of these
alignments is performed by scoring the 3-D models. It
has been supported by many studies that the structures
of proteins are much better preserved than their
sequences. In this respect, it is important to evaluate the
300 different alignments based on models. The resulting
alignment of the 10 models with the best structure score
forms the family alignments in the next iteration of the
genetic algorithm. Moulder algorithm runs for multiple
iterations until it reaches a certain number of alignments.
This protocol has already been successfully implemented
and its performance in the twilight zone, the area with
low sequence similarity, is limited in terms of reaching to
full potential improvement provided by template
structures.

In the present work, the CASP8 benchmark set is used to
show the model quality in terms of profile-profile
alignment first. Then for the same targets, the models
based on structure-structure alignment will be evaluated.
For one of the hard targets, Moulder method will be
tested. Then, the populations created by Moulder genetic
algorithm step will be analyzed by comparing to the ideal
structural alignment. This will help to show how
independently the scoring and sampling parts of the
resulting populations work and how this information can
be used to eliminate alignment errors in homology
modeling.

The genetic algorithm generally relies on advantageous
features dominating the pool of sequences over time,
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leading to the correct alignment. The important point
here is that sampling alignments and scoring alignments
cannot be considered in isolation from each other. The
goal of this paper is to test and show, why Moulder,
which uses a genetic algorithm for alignment, with a very
low sequence similarity benchmark set is not getting the
results guaranteed by templates. By analyzing this, the
alignments created by the genetic algorithm will be
tested in terms of the percentage of correct alignment
segments. If the correct alignments exist in the
population but not picked by scoring, it will be shown
that if sampling and scoring algorithms can be separated,
the modeling problems caused by errors in alignment can
be solved by bringing correct alignment segments
together.

2. Materials and Methods

2.1. MOULDER: An iterative Alignment Technique

The moves of Moulder below are directly adopted from
previous studies (John and Sali, 2003; Eramian, 2008)
with modified parameters to fit to the computer usage in
terms of number of nodes available.

Step 1: Initial Alignment

In the modeling steps, there is a target unknown
sequence and a known template structure.

First target and template sequences are obtained and
then for each sequence, profiles are built by Modeller’s
profile.build() command with default parameters for
global dynamic alignment and Uniprot-90 sequence
database. Then these profiles are aligned by using
Modeller’s Alignment.salign() function with global
dynamic scoring (Marti-Renom et al,, 2004). In addition
to the best alignment, 5 suboptimal alignments have been
created in the alignment command by changing weight
matrix values. Suboptimal alignments are created by
shifting alignment parameters, in Modeller.salign()
n_subopt = 5, subopt_offset = 15 was used. In the low
sequence identity range, the suboptimal alignments have
been shown to include many correct segments,
sometimes even more than the optimal alignment (Chen
and Kihara, 2011)

Step 2: Initial Models from the alignment(s)

For the input alignment, Modeller’s automodel class is
used with default parameters. Optimization level is set to
very fast and a total of 2500 models are obtained. The
reason for creating this many models is to have a good
quality assessment for the initial model.

Step 3: Distribute alignment(s) to 10 nodes and apply
genetic algorithm.

For the initial round, there are only 6 parent alignments.
After that, there are 100 alignments and nodes receive at
least 2 different alignments. This way guarantees that
crossover moves can be performed. On each node, child
alignments are created by applying genetic algorithm
operators to the alignments.

There are five different operators:

Single-point crossover: It requires two alignments as
input. Each alignment is divided into two blocks and the

second part of the first alignment is swapped with the
second part of the second alignment.
Double-point crossover: It requires two alignments as
input. The alignments are divided into three blocks and
the middle block of the first alignment is swapped with
the middle block of the second alignment.
Gap Insertion: It requires a single alignment. A position is
selected in the randomly picked location of the randomly
selected sequence of the alignment and a random length
of gaps is inserted into that sequence. To end meets, the
same number of gaps are inserted at the end of the
second sequence. A random number is selected from 1 to
7 for the number of gaps to be inserted.
Gap Deletion: A random gap position is selected in the
first sequence, then a random amount of gap is deleted
from the total length of that gap in that sequence. The
same number of gaps are added to the random position
of the second sequence. The amount of gap deleted is
determined by a random number from 1 to the total
number of gaps in the selected gap.
Gap Shift: A single gap is selected from one sequence, and
it is shifted to a random position.
In the genetic move step, the weight of each move is as
follows: Single-point crossover is chosen as %40, double-
point cross-over is chosen as %20, gap insertion is
chosen as %10, gap deletion is chosen as %10 and gap
shift is set to %20.
After this step, a redundancy check is applied to the child
alignments created from the parent alignments. This step
is stopped when there are valid 2500 alignments in the
pool of alignments.
Step 4: Model Building and picking 250 best alignments.
Like the initial alignment model, one rough modeling
step is carried out, mainly again by using Modeller’s
automodel class. The restraints in the Modeller’s
automodel class were reduced to 10 Angstrom from 14
Angstrom. Model randomization is turned off. No
molecular dynamics refinement has been carried out.
And finally, the optimization cycle is reduced from 200 to
50. This way a very quick modeling step has been carried
out.
Scoring function used in this step has the following
Modeller scoring components:

1. Sequence identity

2. Percentage of gaps

alignment

3. Z-PAIR: Ca- and CB-based Distance-Dependent
Z-SURFACE: C[-based Accessible Surface Score:

5. Z-COMBINED: Combined Distance and Surface

Potential Score

6. GA341: Fold Assessment Score
Step 5: Model in detail and pick the best alignments.
For the best alignments, 3 models will be modeled for

in the target/template

-~

each alignment and evaluated by a more detailed scoring
function namely DOPE, which is the Discrete Optimized
Protein Energy score developed by Modeller. It is an
atomistic, distance dependent scoring function developed
by Modeller (Shen and Sali, 2006). It is a more detailed
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scoring function than the ones present in Step 5.

Step 6: Pool and sort alignments.

Once each node has built 100 valid, non-redundant child
alignments, the alignments are then ranked according to
their DOPE scores. Please note that DOPE is not a 2-D
sequence alignment score. Mainly alignments are
evaluated from the 3-D models that have been created.
Moulder steps are summarized in Figure 1.

2.2. Benchmark Data Set

The targets of CASP 8,
https://predictioncenter.org/casp8/index.cgi are
downloaded from the template-based modeling class.
The PDB structure of template structures is also
obtained. The best templates with single chains are
selected. The targets are selected from the low sequence
identity range, sequence identity between target and
template ranks from 1.99 % to 34.91 %. The target list
with their corresponding sequence identities and
sequence lengths are displayed in Table 1. The twilight

zone is defined as the zone of 20-35% sequence identity.
Here the selected targets are even lower than twilight
zone with low sequence identities to template structures.
2.3. Profile-Profile Alignment

Target and template sequences are obtained and then for
each sequence profiles are built by Modeller’s
profile.build() command with default parameters for
global dynamic alignment and Uniprot-90 sequence
database. Then these profiles are aligned by using
Modeller’s Alignment.salign() function with global
dynamic scoring (Marti-Renom et al,, 2004).

2.4. Structure-Structure Alignment

For the target list in Table 2, both target and template
Modeller’s
Alignment.salign() command with (0,3) 3D gap penalties
are used for aligning two structures. Namely, this is the
ideal test case. If both target and template structures
were known, then the correct alignment would have been
obtained.

structures are also downloaded.

—>| Alignment Moves (create aln_per_iteration=2500)
For each alignment build 1 rough model. (2500 models)
AUTOMODEL VERYFAST (optimization level)
*Reduce the cutoff distance for homology derived
restraints (e.g. max_ca_ca_distance reduced to 10 Angst.

from 14 Angst.)

*Turn of model randomization

*No MD refinement

*Reduce optimization steps from 200 to 50

PICK 250,model_per_iteration,
ALIGNMENTS BY QUICK SCORE
MODEL:

SAME AS REGULAR SCORE MODEL

Build 3, model_per_aln_1, model for each of 250
alignments.

MD_refinement_level= FAST

SCORE MODELS (PICK 250)

1

ALIGHMENT POOL :Build 11, model_per_aln_2, models for
each of 100 best alignments.
MD_refinement_level= FAST

Figure 1. Schematic of the Moulder steps of one iteration.

Table 1. Target list

Target Seq. Length Seq. ID (%)? Target Seq. Length Seq. ID (%)
T0414-D1 127 7.09 T0490-D1 361 14.40
T0408-D1 98 17.35 T0494-D1 345 29.28
T0409-D1 62 4.84 T0497-D1 124 30.65
T0412-D1 166 16.27 T0501-D1 213 11.11
T0420-D1 168 17.26 T0501-D2 126 13.15
T0423-D1 143 32.87 T0502-D1 93 23.66
T0424-D1 175 21.71 T0503-D1 144 14.58
T0424-D2 84 25.00 T0504-D1 62 6.45
T0436-D1 405 16.05 T0504-D2 90 11.11
T0445-D2 107 7.48 T0505-D2 104 14.42
T0477-D1 106 3491 T0506-D2 78 20.51
T0478-D1 126 9.52 T0507-D1 124 17.74
T0481-D1 135 12.59 T0509-D1 209 20.57

1= The sequence identity is divided by the total length of the longer sequence.
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Table 2. Comparison of models from profile-profile sequence and structure-structure alignments

Profile-Profile Alignment

Structural Alignment

Target Seq. Seq. Native RMSD Z-Dope Native RMSD Z-Dope
Length Identity Overlap (Angst) Overlap (Angst)
T0414-D1 127 7.09 0.087 12.214 0.799 0.772 4.479 0.120
T0408-D1 98 17.35 0.878 3.572 -0.640 0.939 1.960 -0.463
T0409-D1 62 4.84 0.161 11.566 1.748 0.903 2.252 -0.465
T0412-D1 166 16.27 0.836 3.457 -0.618 0.880 3.066 -0.824
T0420-D1 168 17.26 0.637 12.557 0.573 0.946 2.064 -1.145
T0423-D1 143 32.87 0.958 2.095 -0.766 0.972 1.730 -0.967
T0424-D1 175 21.71 0.766 9.881 0.293 0.794 3.714 -0.415
T0424-D2 84 25.00 0.845 2.636 -0.693 0.988 1.776 -0.912
T0436-D1 405 16.05 0.691 6.997 -0.392 0.798 3.769 -0.541
T0445-D2 107 7.48 0.056 14.750 1.096 0.907 2.288 -0.749
T0477-D1 106 3491 0.783 9.781 0.467 0.915 2.479 -0.104
T0478-D1 126 9.52 0.040 14.153 1.279 0.802 2.985 -1.247
T0481-D1 135 12.59 0.556 7.313 -1.066 0.815 3.380 -1.115
T0485-D1 207 16.43 0.647 7.923 -0.550 0.725 4.243 -0.792
T0490-D1 361 14.40 0.795 3.560 -0.184 0.850 2.631 -0.178
T0494-D1 345 29.28 0.812 4.188 -0.703 0.872 3.196 -0.947
T0497-D1 124 30.65 0.879 2.362 -1.227 0.960 1.991 -1.391
T0501-D1 213 11.11 0.643 11.347 0.330 0.831 10.418 0.015
T0501-D2 126 13.15 0.151 13.848 1.069 0.825 2915 -0.517
T0502-D1 93 23.66 0.871 3.250 -0.523 0.968 2.255 -1.115
T0503-D1 144 14.58 0.729 7.931 0.815 0.861 4.240 0.384
T0504-D1 62 6.45 0.742 4.713 0.359 0.887 3.70 0.073
T0504-D2 90 11.11 0.111 10.972 0.901 0.750 8.830 0.894
T0505-D2 104 14.42 0.077 15.436 1.538 0.827 4.146 -1.195
T0506-D2 78 20.51 0.821 3.748 -0.396 0.936 2.228 -0.430
T0507-D1 124 17.74 0.105 11.870 0.746 0.847 2.537 -0.193
T0509-D1 209 20.57 0.828 3.274 -0.546 0.933 2.009 -1.114

Thus, structure alignment results will display how much
template-based modeling can be improved if the errors
from the sequence alignment are minimized (Sauder et
al, 2000).

2.5. Model Assessment Parameters

Native overlap is the number of Ca atoms in the model
within 3.5 & of the corresponding atoms in the native
structure divided by total number of Ca atoms. It is
calculated after superposition of target and native
structure. Root mean square displacement (RMSD) is
proportional to the displacements of atom coordinates of
the model structure from native structure by the
following formula (Equation 1):

RMSD (x,y) = e8]

In equation 1, x is the coordinates of model structure
atoms, y is the coordinates of native structure atoms and
i runs from 1 to number of atoms. It shows deviation
from the ideal structure, while native overlap shows
overlap with the ideal.

Finally, Z-Dope is the normalized DOPE scoring function.
It is a distance-dependent statistical potential based on
the separation between atoms and developed by
MODELLER (Marti-Renom et al., 2004). Mainly Z-Dope is
a statistical z-score that displays how your model's DOPE
score is better than the average model. The more
negative the-Z-Dope the better the model quality is.

3. Results and Discussion

3.1. Comparison of Structure-Structure and Profile-
Profile Alignments

In Table 2, model qualities are displayed for profile-
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profile and structure-structure alignment results. Native
overlap, RMSD, and Z-Dope score values are displayed.
These are 3 different model assessment scores, explained
in the Methods 2.5 section, used to evaluate the quality of
the models. After models created based on profile-profile
and structure-structure alignments, each model is
compared to the native structure via these parameters.
These are directly simple models from Modeller’s
automodel class, no iterations. In Figure 2, each of these
parameters is plotted against the sequence identity
between target and template. Mainly Figure 2 plots
results tabulated in Table 2 according to sequence
identity.

In Figure 2A, native overlap value of the models from
profile-profile alignments is shown and in the low
sequence identity regime, model quality is also low.
When the sequence identity between target and template
gets better than 15 %, the models are getting better both
for profile-profile and structure-structure alignment in
terms of native overlap. For the models that have very
low model quality (shown in blue in Figure 2A), the
native overlap values get directly above 0.6 from 0.1
when structural alignment is used. This means for this
low-sequence identity regime, the template-based
modeling can have much better results. However, due to
the alignment errors, the models from profile-profile
alignments have much lower native overlap values.
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In Figure 2B, the model quality is displayed via RMSD
values. Lower RMSD means the models are closer to the
native structure. The model quality for profile-profile
alignment is again very low in the low sequence identity,
however, even for sequence identity greater than %15,
there are problems with very high RMSD values for
models from profile-profile alignments.

Z-Dope is a predictive scoring function, not a parameter
for comparing a model to a native structure, unlike the
first two parameters in Figure 2. It is the least predictive
one for model assessment out of 3 parameters. Although
structure-structure alignment results seem better than
profile-profile alignment in Figure 2C, the predictive
property of Z-Dope is still low for all models. Namely, it
cannot differentiate between good models and bad
models. Please note that in general, all the targets in the
benchmark set are hard in terms of modeling. They all
have sequence identity lower than %35, so even the
structure conservation for better target and template
pairs is low.

According to the results in Table 2, one of the worst
profile-profile alignment results has been picked as a test
case to analyze the results of Moulder. That target is
T0409-D1 with a very low sequence identity of 4.84.
According to profile-profile alignment results, the
model’s native overlap value is 0.161, RMSD is 11.566
Angstrom and Z-Dope is 1.748.
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Figure 2. Benchmark set Model Quality A) Native overlap versus sequence identity B) RMSD versus sequence identity

C) Z-Dope versus sequence identity.
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Z-Dope is very positive and non-native like. However,
when the model is built according to the structural
alignment, the model has a native overlap of 0.903, a low
RMSD of 2.252 Angstrom. and finally, Z-Dope gets to a
negative value. Now this target is selected for the analysis
with Moulder since the low model quality comes from the
errors in the sequence-sequence alignment. Thus, it has
room for improvement. Overall, 30 Moulder iterations
have been carried out for this target.

3.2. Analysis of the Genetic Algorithm Moves

During the iterations of Moulder the genetic algorithm
moves have been analyzed for their weights. The single-
point crossover is set to %40, double-point cross-over to
%20, gap insertion to %10, gap deletion to %10, and gap
shift is set to %20 in Moulder. In Figure 3, the moves for
the initial 15 iterations are displayed. In the initial
iterations number of gap deletions, gap shift, and gap
insertions are higher than their expected weights
because initially these mutation type changes are needed
to create diverse alignment. Then the cross-overs get
higher by adjusting to the final weights. Cross-overs are
larger whole segment changes, thus the population needs
gap moves to diverge from the starting alignment
initially. The movement weights agree with the ones in
Figure 3. Each color shows an iteration number starting
from 1 to 15, and the y-axis is the number of moves.
3.3.Is the Correct Model in the Pool of Models?

In Figure 4A, best 100 alignments obtained after 30
iterations of Moulder are displayed. For T0409-D1, the
profile-profile alignment results give 0.161 native
overlap as the initial model quality. At the end of Moulder
iterations, 100 best-scored alignments are obtained, and
corresponding models are built by Modeller. The best
model native overlap values get as better as 0.360 native
overlap value.

In Figure 4B, the model picked at each iteration is shown
with red lines, while the best model present in the pool of
alignments at each iteration is shown with green lines. It
is clear from the results in this low model quality, mainly
because of the very low sequence identity, that the
scoring function is not picking the best model present in

the pool of models. If the scoring function could have
picked the model with the better native overlap value,
the model quality would have reached to 0.46 range.

In Figure 4C, RMSD of the final models from the 30
iterations of Moulder is displayed. Again, the initial RMSD
is 11.566 Angstrom in Table 3, and the best model RMSD
does not even reach 9.6 Angstrom. However, when the
best models versus best-scored models during each
iteration are compared in Figure 4D, there is a model that
has a RMSD as low as 5 Angstrom at iteration 24. Namely
that model is in the pool of models at the end of each
iteration but not picked by the scoring function. If the
alignment belonging to this model was picked by
Moulder for the next iteration, there would have been an
improvement. But RMSD value stays, the green line in
Figure 5D, very flat during 30 iterations.

Here the aim is not to benchmark Moulder one more
time. In the original method paper (John and Sali (2003),
19 hard modeling targets that shared 4-27% sequence
identity with their template structures were used for
benchmarking, and the average alignment accuracy
increased from 37% to 45% relative to the initial
alignment at the end of Moulder iterations. However here
in Table 2, it is shown that the modeling accuracy can be
improved more than this if the alignment incorporates
structural information into the sequence alignment.
Please see Figure 2A for the possible improvement of
models when the sequences are aligned based on
structure (orange points in Figure 2A). As shown in
Figure 4, Moulder iterations are sampling better models
than the models picked by scoring function in the
iterations of Moulder. This result is very important in
terms of the development of similar methods. All
sampling methods by iterations can be separated into
two parts. One of them is sampling the different
alignments, while the second one is picking the best one
when the native structure is unknown. Here since the
native structures of CASP 8 benchmark set are known, it
is shown that although better alignments exist, Z-Dope
scoring function was not able to pick some of them.

I
[
=4

a0+

Number of Moves

Single Double

Delate Add Shift

Figure 3. Genetic algorithm moves: The number of moves in each iteration is displayed with a different color. Single=

Single-point cross-over, Double= Double-point cross over, Delete = Gap Delete, Add = Gap Insertion and Shift = Gap Shift.
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Figure 5. Coverage of suboptimal alignments. The red color shows the correctly alignment segments of the profile-
profile alignment. The different colors show the correctly aligned segments from sub-optimal alignments.
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3.4. Are Correct Alignment Segments in the Pool of
Alignments?

The existence of correct alignment segments is checked
by comparing the alignment segments to the structural
alignment within the pool of suboptimal alignments. For
this, the targets that have very low sequence identity and
very low model quality from profile-profile alignments
are selected in Table 2. Those targets are: T0409-D1,
T0414-D1, T0445-D2, T0478-D1, T0501-D1, T0504-D2,
T0505-D2 and T0507-D1. Their sequence identity ranges
from 4.84 to 17.74. They all have very low native-overlap
values with profile-profile alignments, but the models are
getting much better when the modeling is done with
structural alignment. That means they all have good
template structures, however due to the alignment errors
they are not modeled from the correct segment of the
template.

To show the correctly aligned segments exist, all these
targets are taken to the suboptimal alignment step.
Namely, not only single best solution from dynamic
programming alignment algorithm is considered, but all
the additional suboptimal alignments are collected from
Modeller’s suboptimal algorithm. Figure 5 from A to H
displays the results for different targets and the red dots
shows the correctly aligned segments in the single
optimal alignment. This is what is collected from a
regular profile-profile alignment. Again, the alignments
are compared to the structural alignment. The different
colors in Figure 5 other than red, show the correct
alignment segments in the pool of sub-optimal
alignments. The number of suboptimal alignments
obtained depends on the Modeller’s dynamic
programming alignment. For each target, the correctly
aligned segments cover much more than the correctly
aligned segments exist in the single optimal alignment.
Thus, in the genetic algorithm moves such as single-point
crossovers or double-point crossovers, if these segments
can be evaluated by a more detailed and localized scoring
function and brought together, the models will have a
much higher number of correctly aligned positions.

4. Conclusion

In this work, one of the biggest challenges in homology
modeling, modeling errors originated from alignment
mistakes is evaluated with a benchmark set in the
twilight zone, low sequence identity region of the
template-based modeling. The profile-profile alignments
produced low-quality models. When the structural
features are incorporated into the alignment, the model
qualities are improved. However, generally, when the
target structure is not known which the standard is,
incorporating structural features is not an easy task. The
iterative modeling protocol, Moulder, tries to incorporate
structural features by evaluating alignments with their 3-
D models is used in this study. Its sampling method is
shown to be successful, while scoring function used is not
sufficient to pick the correct models or alignments
segments. Finally, alignment of CASP 8 targets which has

extremely low sequence identity but good structural
overlap with the template structures is analyzed in terms
of suboptimal alignments. For each target, it has been
shown that the correct alignment segments exist in the
pool of sub-optimal alignments. Thus, if improved
scoring functions to pick these fragments are developed,
the sampling with genetic algorithm moves such as
crossovers will be capable of bringing the correctly
aligned segments together.

Finally, the importance of the model assessment scoring
functions which are good in the local quality assessment
is emphasized with the results here. If the reliability of
different regions of a predicted structure is measured
correctly, those segments can be brought together to
form a single correct overall alignment.
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1. Introduction The liberation of simple sugars in the lignocellulosic

Lignocellulosic biomass has gained popularity in recent
years as a fuel for energy production due to the depletion

biomass structure is crucial for the production of high
value-added products. this process is
challenging due to the intricate nature of the biomass
(Ezeilo et al, 2017). The hemicellulose chain of
lignocellulose biomass consists of sugar molecules
including xylose, galactose, and glucuronic acid which
creates a significant obstacle for the direct hydrolysis of
cellulose. Due to the structural diversity of xylans, the
complex hydrolysis of xylan engages accessory enzymes
such as, a-L-arabinofuranosidases,
acetyl xylan esterases, feruloyl esterases, and glucuronyl

However,

of fossil fuels and climate change (Wang et al, 2021).
Lignocellulosic biomass is the most abundant resource
on our planet, with more than 40 million tons of non-food
plant material produced each year. Together with
forestry and agricultural wastes, this amounts to
approximately 200 billion tons (Jaramillo et al., 2015).
Numerous different agricultural goods are produced in
significant amounts in the agricultural industry, and a-glucuronidases,

depending on the agricultural products, an equivalent

quantity of agricultural waste is produced (@stby et al,
2020). The interest in this kind of waste is growing since
it is employed in numerous sectors, including the
culinary, chemical, and pharmaceutical industries. The
development of novel bioproducts is made possible by
the increased passion and interest in lignocellulosic
biomass, a renewable biopolymer (Lee et al, 2014).
Currently, the manufacture of bioethanol is the main
application for lignocellulosic biomass, but it may also be
used to make a variety of other products, including
enzymes, food additives, pharmaceuticals, and cosmetic
compounds (Jaramillo et al.,, 2015; Maitan-Alfenas et al,,
2015; Arevalo-Gallegos et al.,, 2017).

esterases, in addition to endoxylenases and (3-xylosidases
(Mohapatra and Manoj, 2019; Akkaya et al., 2023).

Hardwoods, conifers, and many cereals contain xylan
bonded to glucuronic acid or methyl-glucuronic acid (Yan
et al, 2017). Therefore, to completely
glucuronoxylans, glucuronidases (E.C. 3.2.1.131), which
remove bound glucuronic acid and its derivatives from
xylan, are required (Wang et al., 2016). Glucuronidases

use

belong to the families of glucoside hydrolases GH4, GH67,
and GH115 (Rogowski et al, 2014; Wang et al, 2016).
While some of them act only on short xylooligomers or
small model molecules, others hydrolyze glucuronic acid
from polymeric xylan (Adigiizel, 2013; Chong et al,
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2015).

a-glucuronidases (EC 3.2.1.139) catalyze the hydrolysis
of the a-1,2-glycosidic bond between a-D-glucuronic acid
(GlcA) or its 4-o-methyl ether form (MeGlcA) and d-
xylose units in the structure of xylooligosaccharides. The
majority of a-glucuronidases that catalyze the hydrolysis
of this linkage belong to the glycoside hydrolase 67
(GH67) family (Septiningrum et al, 2015). Glycoside
hydrolases are grouped according to their amino-acid
sequence similarity (Aalbers et al, 2015). The presence
of 4-0-methylglucuronic acid moieties is one of the main
factors affecting the adsorption of the xylan chain, and
treatment of xylan with a-glucuronidase significantly
increases the level of adsorption of xylan (Chimphango et
al, 2016).

Considering that many industrial and biotechnological
processes take place under very harsh conditions,
extremophilic microorganisms living under extreme
conditions such as high temperature, high pressure,
low/high pH, etc. are a great source of new enzymes that
can be used in such processes (Demirjian et al,, 2001; Van
den Burg, 2003). The discovery of enzymes capable of
operating under extreme conditions has enabled the
development of new industrial processes (Demirjian et
al, 2001). obtained from thermophilic
organisms have many advantageous in enzymatic
hydrolysis of biomass (Yeoman et al.,, 2010). In general,
thermostable enzymes have higher specific activity, so
that the bioconversion process can be completed with a
small amount of enzyme. They have high stability and can
be used for a long time. In addition, better substrate
solubility and enzyme penetration, as well as lower
contamination, are achieved when conversion takes place
at high temperatures (Turner et al,, 2007; Yeoman et al,,
2010).

In this study, we identified, cloned and expressed for the
first time the a-glucuronidase enzyme encoded in the
genome of the thermophilic bacterium Geobacillus
kaustophilus. In addition, the biochemical
characterization of the purified a-glucuronidase enzyme
was performed.

Enzymes

2. Materials and Methods

2.1. Chemicals

All chemicals were purchased from Sigma-Aldrich,
Merck, and Biobasic unless otherwise stated. Salt-free
oligonucleotides were purchased from Sentebiolab
(Ankara, Tirkiye). Enzymes were purchased from
ThermoFisher Scientific unless otherwise stated.

2.2. Cloning of the Geobacillus kaustophilus o-
Glucuronidase Gene

The codon optimized aguA gene of the Geobacillus
kaustophilus (Uniprot ID: AOAOD8BWB2) was amplified
by PCR (94 °C for 3 min, 1 cycle; 94 °C for 60s/55-65 °C
for 60s/72°C for 180s, 30 cycles; 72°C for 10 min, 1

cycle) using the forward primer (5-
ATAGGTACCATGACGGCGGGATACGAACC-3’)  and  the
reverse primer (5~

CATAAGCTTTCACCGATAAATTTTCCGCCCG-3). The
amplified product was digested with Kpnl and HindIIl
and then ligated with T4-DNA Ligase into pQE-30
plasmid vector. The ligation products were transformed
into E. coli DH5a and positive transformants were
validated with colony PCR and sequencing.

2.3. Heterologous Expression of the Geobacillus
kaustophilus a-Glucuronidase Enzyme

The pQE-30 plasmid harboring a-glucuronidase gene was
transformed into E. coli BL21 (DE3). E. coli BL21 (DE3)
was inoculated into LB media supplemented with
ampicillin (100 pg/mL) as pre-culture and cultivated
overnight at 37 °C and 165 rpm. 0.5 mL of the pre-culture
was inoculated into 50 mL of LB media supplemented
with ampicillin (100 pg/mL) and cultivated at 37 °C, 165
rpm until 0D600 reached 0.6-0.8. Protein expression was
induced by the addition of 0.1 mM IPTG and 0.1 g/L
Thiamine HCl. Then protein expression was carried out
at 37 °C, 165 rpm for 24 h. Cells were harvested by
centrifugation (4 °C, 3220 g, 30 min) and stored at -20 °C
until further use.

2.4. Protein Purification and Quantification

The cell pellet was resuspended in four volumes of pH 7.5
phosphate buffer and lysed by sonication for 5 min (30
sec. on + 15 sec. off, 40% amplitude). The cell lysate
containing a-glucuronidase enzyme was clarified by
centrifugation (13680 g, 30 min, 4 °C). HisPurTM Ni-NTA
Purification Kit was used to purify the His-tagged a-
glucuronidase enzyme. The purified protein was dialyzed
for 24 hours and then analyzed by SDS-PAGE and
quantified using the Pierce™ BCA Protein Assay Kit.

2.5. Activity Measurement and Characterization of
the Geobacillus kaustophilus a-Glucuronidase
Enzyme

a-glucuronidase enzyme activity was measured via 4-
nitrophenol based spectrophotometric assay. 56 pl of
phosphate buffer (50 mM, pH 7.5), 40 ul of enzyme, and
4pl of 50 mM p-nitrophenyl-a-D-glucuronide were
added to the reaction medium and incubated at 37 °C for
20 min. After incubation, 100 ul of of 1 M NazCO3 was
added to the reaction medium to stop the reaction and
absorbance was recorded at 400 nm. A previously
prepared 4-nitrophenol standard graph (0.01-0.1 mM)
was used for the determination of enzyme activity. One
unit of enzyme activity was defined as the conversion of
1 pmol of substrate per minute. All measurements were
performed in triplicate.

Optimal temperature, optimal pH and buffer were
further the
kaustophilus  a-glucuronidase enzyme.
Additionally, effects of various chemicals were tested on
enzyme activity. First, the optimal temperature was
determined using the activity test explained above at

determined for characterization of

Geobacillus

various temperature between 40 and 90 °C. Then optimal
pH and assay buffer was determined by testing 50 mM
sodium acetate buffer (pH 4.0-6.0), 50 mM phosphate
buffer (pH 6.0-7.5), 50 mM tris buffer (pH 7.5-9.0), and
50 mM glycine buffer (pH 9.0-10.0). Lastly, 10 mM of mM
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SDS, EDTA, FeClz, MgClz, KCI, CaClz, MnClz, ethanol, DMSO,
2-Mercaptoethanol, DTT, sodium citrate, and CoCl; was
included in the reaction mixture to determine the effect
of various chemicals on a-glucuronidase enzyme activity.

3. Results and Discussion

3.1. Cloning of the Geobacillus kaustophilus «-
Glucuronidase Gene

Geobacillus kaustaphilus is a thermophilic, gram-positive
bacterium that was first isolated from the Mariana
Trench. It grows optimally between 55 °C and 65 °C and
can tolerate temperatures between 37 °C and 75 °C. The
bacterium can also grow in a pH range of 6 to 8, with
optimal growth occurring between pH 6.2 and 7.5.

To express the Geobacillus kaustaphilus a-glucuronidase
enzyme heterologously in E. coli, the relevant gene codon
was first optimized and synthesized as a synthetic gene
by Genscript company. Subsequently, PCR was used to
obtain copies of the gene and add restriction recognition
sites for ligation to the pQE-30 expression vector. To
determine the optimal annealing temperatures of the
primers, gradient PCR was performed between 55 and 65
°C. The resulting PCR product was then analyzed on a 1%
agarose gel (Figure 1). The a-glucuronidase gene yielded
a 2040 bp. product through the PCR process at all tested
temperatures, as shown in the figure.

The 2040 bp. gene fragment was digested with Kpnl and
HindIII and ligated into pQE-30 vector digested with the
same restriction enzymes. The obtained plasmid
construct was transformed into E.coli DH5a. Positive
transformants were validated by colony PCR (Figure 2)
and sequencing. The pQE-40 vector harboring the o-
glucuronidase gene was transformed into E. coli BL21
(DE3) for heterologous expression.

3.2. Heterologous Expression and Purification of
Recombinant a-glucuronidase Protein

Geobacillus kaustaphilus o-glucuronidase enzyme was
expressed in E. coli BL21 (DE3) and purified with His-Tag
purification. Purified protein fractions were analyzed by
SDS-PAGE (Figure 3) with a molecular mass of
approximately 78.5 kDa. Purified protein fractions were
combined and dialyzed to remove imidazole from
enzyme solution. The concentration of the purified o-
glucuronidase enzyme was determined using the Pierce
BCA Protein Assay Kit after dialysis. A standard graph,
containing bovine serum albumin (BSA) ranging from 0-
2000 pg/mL, was used for protein quantification. The
BCA analysis revealed that the concentration of the
purified a-glucuronidase enzyme was 76.04 pg/mL.

3.3 Characterization of Recombinant Geobacillus
kaustaphilus a-glucuronidase Enzyme

The kaustaphilus  a-
glucuronidase enzyme was characterized by determining
the temperature, buffer, and pH value at which it showed

recombinant  Geobacillus

optimum activity. Additionally, the effects of certain
chemicals on enzyme activity were examined. The o-
glucuronidase enzyme was characterized using a 4-
nitrophenol (pNP) based colorimetric activity assay. The
colorimetric activity determination utilized the pNP
standard graph prepared at concentrations ranging from
0.001 mM to 0.1 mM. To characterize the «o-
glucuronidase enzyme, we incubated the enzymatic
reaction at 40 °C for 20, 30, and 40 minutes to determine
the optimal reaction time. We also tested two different
buffers, phosphate and HEPES, for the
Spectroscopic measurements were taken at 405 nm to
determine the amount of pNP released, as shown in
Figure 4. Based on the results, it was determined that the

reaction.

optimal conditions were achieved with a 30-minute
incubation in phosphate bulffer.

[ WU WY oy N— I W— —

Figure 1. Agarose gel analysis of PCR performed for the amplification of a-glucuronidase gene. L: Molecular weight
marker, 1: 55 °C, 2: 56.5 °C, 3: 57.6 °C, 4: 59 °C, 5: 60.7 °C, 6: 63.3 °C, 7: 64.7 °C.
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Figure 2. Agarose gel image of colony PCR analysis for a-glucuronidase gene. L: Molecular weight marker, 1-47:
different colonies obtained after transformation. Red boxes show the positive clones with 2 kb DNA band.
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Figure 3. SDS-PAGE analysis of a-glucuronidase enzyme. M: Marker, 1: Cleared supernatant, 2: Flow-through (FT), 3:
Wash Fraction, 4: Elution Fraction 1 (100 mM imidazole), 5: Elution Fraction 2 (200 mM imidazole), 6: Elution Fraction
3 (300 mM imidazole), 7: Elution Fraction 4 (400 mM imidazole), 8: Elution Fraction 5 (500 mM imidazole).
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Figure 4. Determination of the appropriate incubation time for a-glucuronidase enzyme activity assay.

The results obtained after 30 minutes of incubation in
phosphate buffer were the most consistent compared to
other time periods and HEPES buffer. Therefore, 30
minutes of incubation in phosphate buffer was selected
the optimum time, subsequent
biochemical characterization procedures were carried
out. The standard deviation of the other results was
higher than that obtained with 30 minutes of incubation
in phosphate buffer.

The biochemical characterization of the recombinant a-
glucuronidase enzyme

as reaction and

began by determining its
optimum temperature. Enzymatic activity was measured
at various temperatures ranging from 40 °C to 90 °C, and
the amount of pNP released at 405 nm was then
measured spectrophotometrically. The temperature at
which the highest enzymatic activity was measured is
considered 100%, and the activity values obtained at
other temperatures were proportioned accordingly (see
Figure 5). The optimum activity of the a-glucuronidase
enzyme was observed at 75 °C. Enzyme activity increased
gradually from 45 ° and decreased slightly after 75 °C.
The enzyme exhibited 66% activity at 70 °C and 40%
activity at 65 °C when the activity observed at 75 2C was
evaluated as 100%. Additionally, the enzyme activity
remained around 10%
(between 40-50 °C). At higher temperatures, the enzyme
retained 93% of its activity at 80 °C and 90% at 85 °C,
while exhibiting about 80% activity at 90 °C. The study's
findings indicate that the enzyme is thermophilic, as
expected, and exhibits low activity at mesophilic

at moderate temperatures

temperatures. Suresh and coworkers reported that the a-
glucuronidase enzyme
maritima, a hyperthermophilic bacterial species,
demonstrated the highest activity at 60 °C (Suresh et al,,
2003). Similarly, Shao et al. (1995) found that the optimal

derived from Thermotoga

temperature for the enzyme was 60 °C in their study with
a-glucuronidase enzyme obtained from
sp.. Zaide
determined that the optimum temperature for Bacillus

Thermoanaerobacterium and coworkers
stearothermophilus a-glucuronidase enzyme activity was
75 °C (Zaide et al., 2001). In a similar study, the optimum
temperature for Geobacillus stearothermophilus a-
glucuronidase gene activity was found to be 65 °C (Dalia
et al, 2004). In this study, we observed that the
recombinantly produced Geobacillus kaustaphilus -
glucuronidase enzyme shares similar characteristics with
those obtained from other thermophilic Bacillus species.
Furthermore, it was found to have a higher operating
temperature than Thermotoga and Thermoanaerobacter
species, which are also thermophilic organisms described
in the literature. Additionally, there are a-glucuronidase
enzymes identified from mesophilic bacteria in the
literature. The optimal activity of the a-glucuronidase
enzyme obtained from a mixed culture was found to be
within the range of 45 °C ( Lee et al., 2012). Furthermore,
the operating of the
glucuronidase enzyme obtained from Aspergillus
fumigatus was determined to be 37 °C (Rosa et al,, 2013).
After determining the optimal temperature for o-
glucuronidase enzyme, we conducted enzyme activity
tests using different buffer systems and pH values. The
enzyme was tested using sodium acetate at pH 4 to 6,
phosphate buffer at pH 6 to 7.5, tris buffer at pH 7.5 to 9,
and glycine buffer at pH 9 to 10 to determine the pH
value and buffer system that resulted in the highest

optimal temperature a-

enzyme activity. The pH value with the highest enzymatic
activity was considered 100%, and the activity values
obtained at other pH values were adjusted proportionally
(see Figure 6).
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Figure 5. Effect of temperature on a-glucuronidase enzyme activity. The activity assay was performed in pH 7.5
phosphate buffer at various temperatures for 30 min.
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Figure 6. Effect of buffer and pH on a-glucuronidase enzyme activity. The activity was measured at 75 °C in various
buffers of pH 4.0 - 10.0 for 30 min.
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Figure 7. Effect of chemicals on a-glucuronidase enzyme activity. Chemical compounds were added to the reaction
medium at final concentration of 0.1 mM.
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The results indicate that the optimal pH value for the a-
glucuronidase enzyme is pH 5.0, and it exhibits the
highest activity in a sodium acetate buffer. The enzyme
activity increased between pH 4.0 and 5.0 but started to
decrease after pH 5.0. The a-glucuronidase enzyme from
Geobacillus kaustaphilus showed the highest activity
(over 80%) in mildly acidic conditions and about 50%
activity at neutral pH values. In basic conditions, the a-
glucuronidase enzyme lost most of its activity and
exhibited about 10% activity. These findings indicate that
the  o-glucuronidase  enzyme
kaustaphilus is both acidophilic and thermophilic. The
optimal pH values for a-glucuronidase enzymes from
Aspergillus ~ fumitatus, Thermotoga maritima,
Thermoanaerobacterium sp. were determined to be 5.0,
7.5, and 7.5, respectively (Shao et al., 1995; Suresh et al,,
2003; Rosa et al., 2013). According to Zaide et al. (2001)
the optimal activity of the thermophilic
stearothermophilus
achieved in a phosphate buffer with a pH of 7.0. When

from  Geobacillus

and

Bacillus
a-glucuronidase  enzyme  was
comparing the results of this thesis study to other a-
glucuronidase enzymes described in the literature, it was
observed that enzymes described as thermophilic in the
literature exhibited activity at neutral pH values. The a-
in this study by
kaustaphilus is  both
acidothermophilic and distinct from other thermophilic
This acidophilic
thermophilic feature makes the Geobacillus kaustaphilus

glucuronidase enzyme produced
recombinant  Geobacillus

relatives in the literature. and
a-glucuronidase enzyme superior to its competitors,
especially in industrial processes that occur under
extreme conditions.

After determining the optimal operating temperature, pH
value, and buffer for the a-glucuronidase enzyme, the aim
was to evaluate the impact of different chemicals on
enzyme activity. Under conditions, the
enzymatic reaction was carried out with the addition of
SDS, EDTA, FeCls, CoClz, MgClz, KClz, CaClz, MnClz, DTT,
sodium citrate, DMSO, ethanol, and 2-mercaptoethanol at

optimum

a concentration of 0.1 mM. The amount of pNP released
at 405 nm was measured spectrophotometrically. After
the reaction, enzyme activity was measured and
compared to a control reaction without any chemicals.
The results, shown in Figure 7, indicate that MgCl; and
CaClz increased enzyme activity by approximately 20%.
Conversely, FeCl3, DTT, and ethanol partially inhibited
enzyme activity, while SDS inhibited it by about 85%. No
significant effect on enzyme activity was observed for
any other chemicals. The addition of EDTA, CoClz, MgCly,
CaClz, MnClz, sodium citrate, and DMSO positively
affected a-glucuronidase activity. The highest increase in
activity, approximately 117%, was observed with MgClz
and CaClz, while the increase in activity for the other
remained around 110%. KClz and 2-
mercaptoethanol did not show any effect. The addition of
ethanol resulted in an activity of 90%, while the addition
of DTT and FeCls resulted in activities of 83% and 79%,
respectively. Out of the 13 chemical compounds tested,

chemicals

only SDS was found to be inhibitory, causing a dramatic
decrease in enzyme activity to only 13% in a reaction
medium containing 0.1 M SDS. The other chemicals did
not cause any significant change. Zaide and coworkers
also investigated the effect of FeCls, CoClz, MgClz, KCl,
CaClz, BaCly, NiClz, HgClz, ZnClz, AgNOs3, and CuSO4 on the
activity of the
glucuronidase enzyme. The enzyme activity was highly
inhibited by HgClz, ZnClz, AgNOs, and CuSO4, while only
FeCls moderately increased it. The effect of other
chemicals was not significant (Zaide et al., 2001).

Bacillus  stearothermophilus  «o-

4. Conclusion

The complete enzymatic hydrolysis of lignocellulose
requires many cellulolytic and hemicellulolytic enzymes.
While endoxylenase and [-xylosidase are primarily
responsible for breaking down the hemicellulose
structure, a-L-arabinofuranosidase, a-glucuronidase, a-
galactosidase, acetylxylan esterase, and [-mannanase
also play a role in its complete degradation. Glucuronic
acid or its methyl ester is present in the lignocellulosic
structure attached to xylan. During the hydrolysis of
xylans, a-glucuronidases work alongside many other
enzymes. o-glucuronidase enzymes are utilized in

various industrial and biotechnological processes.
Furthermore, this enzyme has applications in disease
diagnosis and the food industry. In this study, the gene
encoding o-glucuronidase enzyme in
kaustaphilus was cloned into pQE-30 plasmid and
successfully expressed in E. coli BL21 (DE3). The
expressed enzyme was purified via nickel affinity
chromatography and characterized biochemically. The
purified enzyme showed the optimum activity at 75 °C
and pH 5.0 in sodium acetate buffer. Furthermore, a-
glucuronidase enzyme was inhibited in the presence of
SDS, FeCls, DTT, and ethanol. On the other hand, EDTA,
CoClz, MgClz, CaClz, MnClz, sodium citrate, and DMSO
positively  affected  a-glucuronidase activity. In
conclusion, the activity at high temperatures and mild
acidic conditions shows the potential of the Geobacillus
kaustaphilus the

lignocellulosic biomass degradation.

Geobacillus

a-glucuronidase  enzyme  in
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COK KRITERLI KARAR VERME METODU AHP VE CBS
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Ozet: Yer secimi birden ¢ok faktoériin ele alindig1 karmasik yapisi olan bir islemdir. Bu ¢alismanin amaci, uzaktan algilama (UA),
cografi bilgi sistemleri (CBS) ve ¢ok kriterli karar (CKK) metodu kullanilarak sera i¢in uygun alanlarin belirlenmesidir. Calisma alani
Tiirkiye’'nin seracilik faaliyetlerinin yogun oldugu boélge olmasi nedeniyle Antalya ili, Aksu ilgesi se¢ilmistir. UA ve CBS veri toplama
metotlar ile on iki mevcut kriter (egim, baki, su, yola yakinlik, niifus yogunluguna yakinlik, toprak ozellikleri, nem, yagis, sicaklik,
gilineslenme siddeti, glineslenme radyasyonu ve riizgar siddeti), uygun alan se¢imini gergeklestirmek i¢in kullanilmistir. Kriterlerin
agirliklary, analitik hiyerarsi siireci (AHP) matrisi ile elde edilmistir. Tutarhilik orani (CR) ve tutarhilik endeksi(CI) sirasiyla 0,067 ve
0,099 olarak elde edilmistir. Calisma alani i¢inde farkli yasal ve yonetmelikler geregi secim diginda kalmasi gereken alanlar ¢alisma
alanindan maskeleme metodu ile digar1 ¢ikarilmistir. Calisma alani uygun olmayan, az uygun, orta uygun, uygun, en uygun seklinde bes
sinifa ayrilmistir. Bu alanlar sirasiyla 136,51 ha, 751,61 ha, 155,04 ha, 216,41 ha, 411,71 ha’dir. Sera i¢in en uygun alan, ¢alisma
alaninin %24.63’tinli kapsamaktadir. Calisma metodu ile belirlenen sera yer se¢imi ile yatirimcinin altyapy, enerji ve pazar gibi zorunlu
giderlerinin minimuma indirilmesi gergeklestirilebilmektedir. Ayrica yer belirleme i¢in gerekli olan verilerin gelecekte giincellenebilir
ozelikte olmasi 6nerilen modelin gelecekte kullanilabilirligini ve gelisebilirligini artirmaktadir.

Anahtar kelimeler: Sera, Yer se¢imi, CBS, Uzaktan algilama, AHP, Cok kriterli metot

Greenhouse Site Selection using Geographical Information Sand Multi-Criteria Method: The Case of Aksu
Abstract: Site selection is a complex process in which multiple factors are considered. This study aims to determine suitable areas for
greenhouses by using remote sensing (RS), geographical information systems (GIS) and multi-criteria decision (MCD) methods. Aksu
district of Antalya province was selected as the study area because it is the region where greenhouse activities are intensive in Tiirkiye.
Twelve existing criteria (slope, aspect, proximity to water, road and population density, soil properties, humidity, precipitation,
temperature, insolation intensity, insolation radiation and wind intensity) were used to select suitable areas for greenhouses with UA
and GIS data collection methods. The criteria weights were obtained by the analytic hierarchy process (AHP) matrix. Consistency ratio
(CR) and consistency index (CI) were obtained as 0.067 and 0.099 respectively. The areas within the study area that should be
excluded from the selection due to different legal and regulatory requirements were excluded from the study area by masking method.
The study area was classified into five classes as Absolutely Unsuitable, Unsuitable, Less Suitable, Suitable, Most Suitable. These areas
are 136.51 ha, 751.61 ha, 155.04 ha, 216.41 ha, 411.71 ha respectively. The Most Suitable Area for Greenhouse covers 24.63% of the
study area. With the greenhouse site selection determined by the study method, it is possible to minimum the mandatory expenses of
the investor such as infrastructure, energy and market. In addition, the fact that the data required for location determination can be
updated in the future increases the usability and developability of the proposed model in the future.
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1. Giris
Yil iginde birden fazla iiretim yapilmasi, mevsimlik
Uriinlerin her mevsim yetistirilebilmesi ve iiretim
yapilabilmesi sonucu pazar fiyatlarinda yiikselmenin
oniine gecilebilir. Bunlar seraciik faaliyetlerinin en
belirgin avantajlarindan biridir.

Glinimiizde sera yer sec¢imi

¢cok kriterli karar

mekanizmalari, CBS ve wuzaktan algillama teknolojisi

kullanilmas: ile yaygin olarak yapilmaktadir. Cevre ve
politik, teknik ve sosyal sorunlar1 barindiran kompleks
bir yap1 iceren ¢ok kriterli karar problemi isletme yer
se¢imi siirecinde ortaya ¢ikmaktadir. Yiiksel ve Yiiksel
(2012), Rezaeiniya ve ark. (2014) ve Rezaeiniya ve ark.
(2012) tarafindan yapilan ¢alismalarda ¢ok kriterli karar
verme yontemleri kullanmak suretiyle sera yapim
yerlerinin belirlenmesi ilizerine ¢alismislardir. Calismada
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ANP ve COPRAS-G yontemleri kullanilmistir. Calisma
kapsaminda kriterler arasindaki gorecelik agirliklarin
belirlenmesi i¢in ikili karsilastirma metodu ve birbirine
olan bagimh iligkiler vurgulanmistir (Kouchaksaraei ve
ark., 2015). Balaban ve Sen (1988) yaptiklar1 calismada
topografik ve toprak kosullari, giines ve hakim riizgarlar,
isletmenin araziye gére konumu, ¢evresel etkiler, enerji
ve su kaynaklar1 ve yasal diizenlemeler gibi kriterlerin
kurulacak bir ortii alt1 isletmesi i¢cin dikkat edilmesi
gereken o6nemli kriterler oldugunu belirtmislerdir. Oz
(2017) yaptig1 ¢alismada solar radyasyon ve glineslenme
siiresi kriterlerinin kullanimi ile ortii alti yetistiricilik
potansiyelini belirlenmistir. Cemek (2005), seraciligin
ekonomik olarak yapilabilecegi yetistirme donemleri
belirlenmistir. Bu ¢alisma kapsaminda iklim ve sayisal
ylikseklik modeli kullanilmistir. Yetistiricilik icin gerekli
olan iklimlendirme parametreleri CBS ile dezavantajli ve
avantajl olarak ilge 6lgeginde arastirilmistir.

Kriter olarak fiziksel kosullar, cevresel kosullar, 6zel
kosullar, is glicli, hammadde, hiikiimet politikasi ve sera
tipi kullanilmistir. Kazancin artirilmasi, maliyetlerin
azaltilmasi ve isletmenin siirdiiriilebilirligi acisindan
isletme yerinin uygun secilmesi ¢ok 6nemli bir faktordir
(Alkan, 1977; MEGEP, 2007).

Sera yer sec¢imi ¢alismalarinda, Analitik Hiyerarsi Siireci
(AHP), basitligi, dogrulugu ve uzman goriisii etkisinin
olmas1 nedeniyle en yaygin olarak benimsenen CKK
tekniklerinden biridir (Dogan, 2010; Akinci ve ark., 2013;
Ustaoglu ve ark., 2021).

UA ve CBS teknolojisi kullanilarak veriler elde edilmistir.
Calismaya dahil olmayacak alanlarin maskeleme metodu
uygulamasi ile disarida tutulmustur. Geriye kalan
alanlara ¢ok  kriterli karar
mekanizmalar1 vb. metotlar kullanilarak en uygun sera

yogunluk  analizi,

alani yer se¢imi islemi gerceklestirilmistir.

2. Materyal ve Yontem

2.1. Calisma Alam

Calisma alani, Tirkiye'nin giineybatisinda yer alan ve
yaklasik 445 km?2'lik bir alam1 kaplayan Aksu ilgesidir.
Akdeniz ikliminin hdkim oldugu boélgede, yazlari sicak ve
kurak, kislar ise 1lik ve yagish geger. Tiirkiye’nin 6nemli
bir turistik otel bélgesi olmasi yani sira 6nemli bir tarim
bélgesidir. Bu 6zelligiyle Ulke értii alti tariminda énemli
bir yere sahiptir (Eken ve ark., 2008). Calisma alam Sekil
1'de gosterilmistir.

Tarim ve Orman bakanliginin 2020 y1li verileri ile Tablo 1
olusturulmus ve calisma alaninin tlke ortii alti tarim
alanlarina o6nemli katkisi sayisal veriler ile elde
edilmistir. Veriler 1s18inda Antalya iline ait ortii alti
alanlar1 Tirkiye'deki ortd altt alanlarimin  %39’unu
olusturmakta, bunu %83’linli cam seralar, %54’iini ise
plastik seralar olusturmaktadir. Calisma alani tllke ortii
alt1 tarimi agisindan 6nem arz etmesi nedeniyle tercih
edilmistir.

LELAAY

Sekil 1. Yer bulduru haritasi.

Tablo 1. Ortii alt1 alan bilgi tablosu

Ortii alt1 alanlar Antalya Tirkiye Antalya/Turkiye

(da) (%)
Toplam alan (da) 312,23 805,16 39
Cam sera (da) 66,74 80,78 83
Plastik sera (da) 218,01 401,80 54
Yiiksek tiinel (da) 14,29 104,26 14
Algak tiinel (da) 13,20 218,33 6

Uygun sera alani yer se¢imi konusunda literatiir taramasi
yapimistir. Calisma konusu ile ilgili ulusal ve uluslararasi
¢alismalarin irdelenmesi sonucu ortak kesisim kriterleri
belirlenmistir. Bu ¢alismada kullanilan referanslar1 Tablo
2 'de gosterilmistir.

2.2. Veri Seti

Bu ¢alismada yol, akarsu, toprak 6zellikleri, nem, yagis,
sicaklik, glineslenme siddeti, giineslenme radyasyonu,
riizgar siddeti, egim, baki ve niifus verileri olarak 12 adet
veri kullanilmistir. Meteorolojik veriler Meteoroloji Genel
Midirligii (MGM), yol verisi Open Street Map (OSM),
akarsu verisi Devlet Su Isleri (DSI), niifus verisi Tiirkiye
Istatistik Kurumu (TUIK) veri kaynaklarindan alinmistir.
Toprak ozellikleri verisi Akdeniz Universitesi Ziraat
Fakiiltesi Toprak Bilimi ve Bitki Besleme Boliimii'nden
elde edilmistir (Sar1 ve ark, 2009). Baki ve egim
haritalar1 30 metre ¢oziiniirliige sahip Sayisal Yiikseklik
Modeli (SYM) tiiretilmistir. Calismada
kullanilan verilerin tipi ve kaynaklar ile bu veriler ile
dretilen katmanlarin grup tablosu seklinde gosterimi
Tablo 3’de verilmistir. Verinin adi, bi¢imi ve kaynagi

verisinden

gosterilmistir. Bu bilgilere ek olarak veriler ile tretilen
katmanlar kendi icinde Meteoroloji haritalar1 (nem, yagis,
sicaklik, giineslenme siddeti, giineslenme radyasyonu,
riizgar siddeti), yakinlik haritalar1 (yola, suya ve niifus
yogunluguna) ve arazi 6zellik haritalan (toprak ozellik,
baki ve egim) olacak 3 grup altinda olusturulmustur.
Yatirimcilar igin ekonomik ve kazang¢h sera temelli
iretim i¢in meteorolojik yakinlik ve arazi oOzellik
kriterlerinin tiretime pozitif katki vermesi istenmektedir.
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Tablo 2. Calisma i¢in belirlenen kriterler

Kriterler Referanslar
Nem Yiiksel Tiirkboylari (2018), Mercan (2019), Paul ve ark. (2020).
. Demir ve ark. (2011), Erdogan ve ark. (2015), Saltuk ve Artun (2018), Paul ve ark. (2020),
Yagis Sahin ve Toroglu (2020).
Cemek (2005), Oztekin ve ark. (2008), Ayranci (2011), Demir ve ark. (2011), Marucci ve
Sicaklik ark. (2014), Erdogan ve ark. (2015), Kendirli (2015), Yiiksel Tiirkboylar1 (2018), Saltuk ve

Giineslenme Siddeti
Giineslenme Radyasyonu
Riizgar Siddeti

Yola yakinlik

Suya yakinlik

Niifus yogunluguna yakinlik

Toprak ozellikleri

Baki

Egim

Artun (2018), Selim ve ark. (2018), Paul ve ark. (2020), Sahin ve Toroglu (2020).

Balaban ve Sen (1988), Kouchaksaraei ve ark,, (2015), Kendirli (2015), Yiiksel Tiirkboylar1
(2018).

Cemek (2005), Kouchaksaraei ve ark., (2015), Oz (2017), Mercan (2019).

Balaban ve Sen (1988), Kouchaksaraei ve ark., 2015, Kendirli (2015), Saltuk ve Artun
(2018), Mercan (2019).

Kouchaksaraei ve ark., (2015), Mercan (2019), Ustaoglu ve ark. (2021),

Balaban ve Sen (1988), Oztekin ve ark. (2008), Erdogan ve ark. (2015), Kouchaksaraei ve
ark., (2015), Saltuk ve Altun (2018), Mercan (2019), Sahin ve Toroglu (2020), Ustaoglu ve
ark. (2021)

Balaban ve $en (1988), Demir ve ark. (2011), Akinci ve ark. (2013), Delibas ve ark. (2015),
Erdogan ve ark. (2015), Kouchaksaraei ve ark. (2015), Saltuk ve Artun (2018), Mercan
(2019), Sahin ve Toroglu (2020), Ustaoglu ve ark. (2021).

Balaban ve Sen (1988), Oztekin ve ark. (2008), Demir ve ark. (2011), Akinci ve ark. (2013),
Delibas ve ark. (2015), Saltuk ve Artun (2018), Mercan (2019), Sahin ve Toroglu (2020),
Ustaoglu ve ark. (2021),

Oztekin ve ark. (2008), Demir ve ark. (2011), Akina ve ark. (2013), Delibas ve ark. (2015),
Erdogan ve ark. (2015), Selim ve ark. (2018), Saltuk ve Artun (2018), Mercan (2019), Sahin
ve Toroglu (2020), Ustaoglu ve ark. (2021).

Tablo 3. Kullanilan veri setleri

Veri ve katman bilgi tablosu

Veri seti

Yollar

Akarsular

Niifus

Toprak 6zellikleri
Sayisal yiikseklik modeli

Meteorolojik Veriler

Veri bigimi Kaynak
Vektor (OSM 2022)
Vektsr (DSi 2022)
Tablo (TUIK 2022)
Vektér (DSi 2022)
Raster (OSM 2022)
Tablo (MGM 2022)

Calismada meteoroloji

katmam

olarak nem, yagis, Olciimlerin yillik ortalama degerleri alinmistir. Bu alan

sicaklik, gilineslenme siddeti, giineslenme radyasyonu,
riizgar siddeti kullanilmistir. Yakinlik katmani olarak yola
yakinlik, suya yakinlik ve niifus yogunluguna yakinhk
kullanilmistir. olarak SYM
verisinden baki ve egim QGIS yazilimi kullanarak elde
edilmistir.

Bu calismada kriterlerin verilerinden yararlanilarak 6n
islem ciktisi olarak haritalar olusturulmustur. Sekil 2’de

Arazi Ozellik katmani

meteoroloji haritalari, Sekil 3'de yakinlik haritalari, Sekil
4’de arazi 6zellik haritalar1 gosterilmistir.

2.2.1. Meteoroloji haritalar:

Calisma alan1 merkezinde bir adet meteoroloji istasyonu
olmasi nedeniyle ¢alisma alani ¢evresindeki meteoroloji
istasyonlarini da kapsayacak bir alan belirlenmistir. 100
istasyona ait 1926 yili ile 2020 yillar1 arasindaki

kullanilarak enterpolasyon haritalar1 tretilmistir. Bu
sayede enterpolasyon dogrulugu da artirilmistir. iklim
verileri lizerinde uygulanan Ters mesafe komsuluk
enterpolasyon Yontemi (IDW,
Distance Weighting) metodu ile yapilan enterpolasyon
calismalarinin diger metotlara gore daha yiiksek
dogrulukta oldugu tespiti yapilmistir (Jo ve ark. 2018).
Bu nedenle calismada IDW metodu kullanilarak tiim

benzerligi Inverse

meteorolojik  kriterler icin enterpolasyon islemi
yapilmistir. komgsuluk  benzerligi
enterpolasyon yontemi olarak bilinen IDW yontemi,

bilinmeyen noktalarin bilinen noktalar ile arasindaki ters

Ters  mesafe

mesafe iligkisinin agirhiklandirilarak kestirilmesidir

(Taylan ve Damgayiri, 2016; Gogsu ve Hastaoglu, 2019).
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Sekil.2. Meteoroloji haritalart.

Sekil.4. Arazi Ozellik haritalar:.

Nem haritasi

Nem bitki beslenmesi ve saghig1 i¢cin énemli bir kriter
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IDW  metodu
gerceklestirilmistir.

iceren veri dosyasl
enterpolasyon  islemi

olmasi nedeniyle ¢alismada nem kriteri dahil edilmistir
(Topgu ve Kocaman, 2019). Istasyonlara ait nem verisi

mekansal dagilim haritas1 Sekil 5.a’da gosterilmistir.
Calisma alaninda en diisiik nem degeri %62,374 ve en
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bliytik deger ise %70,2167'dir.

Yagis haritasi

Yagislar, dolu, kar ve yagmur olarak sera yeri se¢cimine
etki ederler. Dolu ve kar yagisi olan alanlarda, sera
yapilirken dolu ve kar ytikii de dikkate alinmalidir ki bu
da maliyeti artiric1 bir unsurdur. Ayrica siirekli yagislar
sera igindeki 1s1 kaybinin artmasina ve 1sin eksikligine
sebep olur. Asir1 yagis alan bolgelerde ise toprakta
mineral olacagindan yagisin optimum
diizeyde olmasi istenir (Sahin ve Toroglu, 2020). Yagisin
mekansal dagilim haritasi Sekil 5.b’de gosterilmistir.
Sicaklik haritasi

Sera igerisinde ortam sicakligi énemlidir. Yetistirilmesi
istenilen her bitkinin farkl sicaklik gereksinimleri vardir
(Filiz, 2001; Jo ve ark., 2018). Kislar1 iliman iklim 6zelligi
gosteren alanlar se¢ilmelidir; zira 1sitma maliyetleri daha
diisiiktir. Kis mevsiminde, 6zellikle gece saatlerinde sera
isitlmalidir ki bu da maliyeti artirict bir etmen
olmaktadir. Ayrica mikro iklim bélgeleri seralarin
kurulmasi i¢in oldukga elverislidir. Serada 1sitma masrafi

birikmeleri

ne kadar diisiik olursa iireticinin kazanci da o oranda
yliksek olmaktadir. Her istasyon ic¢in yillik ortalama
sicakliklar hesaplanmistir. Sekil 5.c’de enterpolasyon
sonucu elde edilen sicaklik haritasi verilmistir. Buna gore
alan icerisine diisen en diisiik yillik ortalama sicaklik
20,28 °C, en yiiksek y1llik ortalama sicaklik 22,97 °C’dir.
Giineslenme siddeti haritasi

Sera boyunca iiniform 151k dagilimi bitkilerin gelisimi i¢in
¢ok Onemlidir. Isiktan optimum diizeyde faydalanmak
icin hem seralarin hem de bitki siralarinin dogu-bati
yoniinde diizenlenmesinin pozitif etkisi olmasi bolgesel
bir o6zellik olarak tespit edilmistir. Giines bitki
biiyiimesine  katki  saglamaktadir.  Ozellikle kis
mevsiminde havalarin neredeyse siirekli olarak bulutlu
oldugu goéz oniine alindiginda, sera yeri se¢iminde
glineslenme giin sayisinin yiiksek oldugu yerlerin ¢ok
onemli oldugu tespit edilmistir. Sekil 5.d’de giineslenme
siddeti haritasi goriilmektedir. Enterpolasyon yapildiktan
sonra calisma alaninda gilineslenme siddetine ait en
diistik deger 370,67 cal cm2, en yliksek deger 389,11 cal
cm2 olmustur.

Giineslenme radyasyonu haritasi

Giineslenme radyasyonu bitki saghgr ve verimlilik
agisindan diger giines parametresi gibi énemlidir (Oz,
2017). Sekil 5.e’deki olusturulan haritaya goére en diisiik
glineslenme radyasyonu degeri 2.55 kWh/m?, en yiiksek
deger ise 3.65 kWh/m*dir.

Riizgar siddeti haritasi

Sera kurulacak yerin secimi yapilirken riizgar da etkili bir
parametredir. Riizgar; sera i¢indeki sicakligin diismesine
neden olarak 1sitma giderinin artmasina sebep olur.
Ayrica dogal havalandirmaya etki eder ve seralarda fiziki
hasarlara sebep olabilir. Bu durum maliyetin ve
harcamalarin artmasina neden olur. Bu nedenle sera

verimliligi olumsuz yoénde etkilemektedir. Tercih
edilmeyen bir ozellik oldugundan 0’a dogru gidildikce
puan degeri
yapildiktan sonra katmanin tersi (inverse) alinmistir.

Olusturulan Sekil 5.fde haritada en diisiik riizgar siddeti

artmalidirr. Bu nedenle maskeleme

degeri 0,85 m s, en yliksek 557 m s1 olarak
bulunmustur.

2.2.2. Yakinlik haritalar

IDW metodu CBS uygulamalarinda mesafeye gore
agirhgin degismesi islemlerinde kullanilmaktadir. Bu
calismada da ayni islevi gormek icin kullanilmistir.
Kritere yaklastik¢a ve uzaklastik¢a 0 ile 1 arasinda piksel
degerleri azalis veya artis olacak sekilde olusturulmustur.
Yola yakinlik haritasi

Seralarda yetistirilen trtnlerin hizli bir sekilde tazeligini
koruyarak gelmeden  tiliketiciye
ulastirilmas1 gerekir ki bu nedenden dolay1 seranin
yapildigit  yerin ulasim yollarina yakin
gerekmektedir (MEGEP 2007). Open Street Map
tarafindan paylasilan Tiirkiye yol ag1 haritasi, Aksu ilge

drinlere zarar

olmasi

sinirlarina gore diizenlenmistir. Bu veri seti yollari
icermektedir. Degerler 0 m ile 1673,34 m degeri
arasindadir. Haritada piksel degeri yiikseldik¢e parlaklik
artmaktadir. Sekil 5.g’de yola yakinlik haritas1 ve yola
yakinhik haritasinin vektdr yapidaki yol aglariyla
cakistirilmis hali verilmistir. Yola yakinlik katmani
olusturulduktan sonra maskeleme islemi ile olusturulan
yeni g¢alisma alanina  gore islemi
gerceklestirilmistir. Olusturulan harita 0 ile 1 degerleri
arasinda normalize edilmistir.

Suya yakinlik haritasi

Serada yetistirilecek olan bitkilerin su ihtiyaclarini
karsilamak, hava sicakhigi yiiksek olan iiriinlerde sera
icinin saglamak veya serayl

diizenleme

nemli  kalmasin
sogutabilmek i¢in sera kurulacak yerlerde su bulunmasi
gerekmektedir. Sera yapilacak
yetistirilecek bitkilerin besin ihtiyacin1 saglamak icin
sulama suyuna ihtiya¢ vardir. Bu nedenle olusturulan

haritada suya yakin yerler en yiiksek puani alacak sekilde

kurulumu alanda

islem yapilmistir. Suya yakinlik haritas1 Sekil 5.h’de
verilmektedir.

Niifus yogunluguna yakinlik haritasi

Seracilik, tim yil boyunca iklim kosullarina bagh
kalmadan, birim alandan daha fazla ve Kkaliteli iriin
almay1 hedefleyen bir iiretim bi¢imidir. Bundan dolay1
sera kurulacak yerlerin biiyiik yerlesim yerlerine yakin
olmasi istenir (TUIK, 2022). Seralarin
yogunlugunun ¢ok oldugu yerlerde veya bdéyle yakin
yerlerde konumlandirilmasi yol maliyetini diisiirecek bir
etkendir. Ayn1 zamanda sera kurulacak alanin yola yakin
olmasi hem is giicii tasarrufu saglayacak hem de zaman
kazandiracaktir. Bunun i¢in niifus yogunluguna ve yollara
yakinlik énemli ve pozitif bir kriterdir (Ustaoglu ve ark.,
2021).

niifus

kurulacak yerde riizgar haritalarimin incelenmesi Ik olarak TUIK kurumundan elde edilen 2022 yih
gereklidir. Soguk ve kuvvetli riizgarlardan mahalle niifus verisinde her bir mahallenin niifus degeri
etkilenemeyecek ozellikte olmalidir (MEGEP, 2007; mahalle km?2 miktarina bolinerek mahalle niifus
Dogan, 2010). Riizgar siddetinin artmasi tarimda yogunlugu elde edilmistir.  Sonrasinda  vektor
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formatindaki niifus yogunlugu haritas1 raster haritaya
dontstirilmistir. Elde edilen mahalle
degerlerinden yararlanarak GIS yaziliminda mekansal
niifus yogunluk haritalar1 olusturulmustur. Olusturulan
harita Sekil 5.i'de gosterilmistir.

2.2.3. Arazi o6zelligi

Calisma alaninda arazi o6zellikleri bir grup olarak ele
alinmistir. Olusan arazi grubu altinda toprak, baki ve
egim ozellikleri bulunmaktadir.

Toprak 6zellikleri haritasi

Tercih edilen sera topragl, organik madde ve besin
acisindan zenginliginin yam
hastaliklardan arinmis, yiiksek su tutma kapasitesi ve iyi
gecirgenlik ozelligine sahip, pH 5-5,7 olan tuzsuz, taban
suyu derinligi en az 2 m olan kumlu tinh topraktir. Bu
calismada kullanilan toprak o6zellikleri veri seti biiyiik
toprak grubu siniflandirmasini icermektedir. Veri seti
Akdeniz Universitesi Ziraat Fakiiltesi Toprak Bilimi ve
Bitki Besleme Boliimii tarafindan yapilan detayl toprak
haritalaridir. Bu kriterin ¢alismada kullanilmasi ¢alisma
2008).

yogunluk

sira zararhilardan ve

ozgiunligini artirmistir (Dursun ve ark,
Olusturulan harita Sekil 5.a’da gosterilmistir.
Calisma bolgesi topraklar1 kirmizi Akdeniz topraklari
/altivyal topraklar, Kahverengi Orman topraklari/Alivyal
topraklar, Kirmizi Kahverengi Akdeniz topraklari, Kirmizi
Akdeniz topraklari ve Kahverengi Orman topraklarindan
meydana  gelmistir.
yardimiyla tarima en elverisli toprak tiirleri en yiiksek
puani alacak sekilde 0 ile 1 arasinda puanlandirilmistir
(Tablo 4).

Toprak gruplari uzmanlarin

Tablo 4. Toprak gruplar1 puanlama

Toprak Siniflar Puan

Aliivyal Topraklar 1
Kirmizi Akdeniz Topraklar: + Aliivyal Topraklar 0,8
Kahverengi Orman Topraklar1 + Aliivyal Topraklar 0,7

Kirmizi Akdeniz Topraklari 0,6
Kirmiz1 Kahverengi Akdeniz Topraklari 0,3
Kahverengi Orman Topraklari 0,1

Baki haritasi

Baki kriter verisi Terra-ASTER (Advanced Spaceborne
Thermal Emission and Reflection Radiometer)’in 30
metrelik ¢ozlintirliikteki ylikseklik verisi olan GDEM- V2
(Global Digital Elevation Model)’'den elde edilmistir. Elde
edilen sayisal yiikseklik model (SYM) verisi QGIS yazilimi
ile baki ve egim kriterleri elde edilmistir. SYM dogrudan
kullanilmamaktadir, Baki ve egim kriterlerinin iiretilmesi
icin kullanilmistir.

Arazinin giineye, giineybatiya veya giineydoguya bakan
egimi, arazinin giinesten daha fazla faydalanmasini
saglamaktadir. Kuzeye bakan arazi egimlerinde seralar
kurulmamalidir. Kis mevsiminde seralarin, en uygun
bigimde 1sitma ihtiyacinin karsilanabilmesi i¢in isletme
yoniiniin dogu-bat1 seklinde planlanmasi gerekmektedir
(Topgu ve Kocaman, 2019). Sera yeri se¢ciminde arazinin

giineye bakmasi onemlidir (Saltuk ve Artun, 2018).
Arazinin glineye bakmasi, siddetli riizgarlar1 engeller,
gilin 15181ndan saglanacak verimi arttirir (Alkan, 1977;
Von, 2010). Bak: haritast 30 m ¢oziintirlikli SYM’den
tiretilmigtir. Uretilen harita yeniden simiflandirilarak
puanlandirmas1 glineye bakan arazilere en yiiksek,
kuzeye bakan arazilere en diisiik olacak sekilde
yapilmistir (Sekil 5.b). Her bir yon ayr1 bir derecedir. En
yiiksek deger giiney cephe iken, en diisiik deger kuzey
olarak ele alinmistir. Baki haritasi cephe puanlamasi
Tablo 5’de verilmektedir.

Tablo 5. Baki cephesi puanlamasi

Yonler Acisal Aralik Degeri Puan
Diiz -1 9
Kuzey 0-22,5 1
Kuzeydogu 22,5-67,5 4
Dogu 67,5-112,5 6
Giineydogu 112,5-157,5 8
Giliney 157,5-202,5 10
Giineybati 202,5-247,5 7
Bati 247,5-292,5 5
Kuzeybati 292,5-337,5 4
Kuzey 337,5-360 2

Egim haritasi

Sera yapilacak sahanin %0,5-1,0° civarlarinda hafif egimli
yapida olmasi, hem karik sulamasi hem de yiizey drenaji
uygulanacak seralarda olduk¢a énemlidir. Yiiksek egim
toprak kaymasi riskini artiracagindan sera kurulacak
alanlarda egim degerinin diisiik olmasi istenir (Sahin ve
Toroglu, 2020). Calisma bolgesi egim haritas: Sekil 5.1'de
verilmektedir.

Egim haritas1 30 metre ¢oziintirliikteki SRTM verisinden
elde edilmistir. Tarim yapilacak bélgelerde arazi egiminin
az olmasina dikkat edilmelidir. Haritaya gore bolgede
egim 02 ile 236,962 arasinda degiskenlik gostermektedir.
Egimin diistiigii yerlerde puanin artmasi istenmektedir.
Maskeleme islemleri yapildiktan sonra ileri ki
asamalarda anlatilacagl tlzere Ters Agirhkli Mesafe
(IDW), Inverse Distance Weighted islemi yapilarak
katmanin tersi alinmistir. Egim az olmasi tiim tarimsal
faaliyetler icin pozitif katki saglamaktadir. Bu ¢alismada
da sera yer secimi i¢in avantaj saglamaktadir. Calisma
bolgesi egim haritasi Sekil 5.I'de verilmektedir.
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Sekil 5. Standartlastirilmis Haritalar (a=Nem, b=Yagis, c=Sicaklik, d=Gilineslenme siddeti, e=Glineslenme radyasyonu,
f=Riizgar siddeti, g=Yola yakinlik, h=Suya yakinlik, 1=Niifus yogunluguna yakinlk, j=Toprak 6zelligi, k=Baki, I=Egim).

2.3. Yontem

Bu calismada, sera yer secimi yontemi olarak ¢ok kriterli
karar verme ¢alismalarinda yogun olarak kullanilan AHP
yontemi secilmistir. Islemde kullanilan kriterler sayisal
haritalara doénistiiriilmiislerdir. haritalama,
yogunluk  haritalama, enterpolasyon
islemleri (Kriging), siniflandirma gibi CBS islemleri ile
kriterler 30 m ¢oziiniirlikli olacak sekilde sayisal
haritalar1  olusturulmustur. Olusturulan  sayisal
haritalarin standardizasyonu gerektigi i¢in yeniden
Olceklendirme ile piksel degerleri O ile 1 arasinda olacak

Mesafe
maskeleme,

sekilde olusturulmustur. Calisma ile 6nerilen yaklasimin
akis semasi Sekil 6’da verilmistir.

2.3.1. Veri 6n isleme

Calismada her bir kriter i¢in sayisal harita iiretilmistir.
Bu sayisal harita piksellerin bir araya gelmesinden
meydana gelmektedir. Piksellerin degerleri O ile 1 degeri
arasina gelecek sekilde yeniden 6l¢ceklendirilmesi islemi
yapimistir. Bu islem her bir kriter icin olusturulan
sayisal haritalarin standart hale getirilmesi igin
yapumistir. Piksel degerleri 1 degerine yaklastikca
istenen yer olma niteligi artmaktadir. 0 degerine
yaklasmasi ise istenmeyen yer olmay1 artiran bir
ozelliktir.  AHP islemi sonucu ¢kan agirhiklar
standartlastirllmis sayisal haritalar ile isleme tabi
tutulacaklardir.
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Sekil.6. Akis diyagrami.

2.3.2. Maske (koruma alanlar)

Maskeleme islemi arkeolojik sit alani, tabiat parki, tabiat
anitl, akarsular ve tarimsal nitelikli alanlar1 igeren
calisma alani igerisinde bulunan kisimlarin ¢ikarilmasi
icin uygulanmistir. Bu islem ile yasa ve yonetmelikler ile
koruma altinda olan alanlar ¢alismaya dahil edilmemistir.
Her bir maske katmaninin maskeleme islemi farkl yasa
ve yonetmeliklerde ve farkl 6lciitlerde olmasi nedeniyle
her bir kriter i¢in ayr1 ayri ele alinmis ve yapilmistir.
Vektor veri tipinde olan tampon polygon kriterlerleri 30
m ¢ozinlrlikli raster veri tipine doénistirilmistir.
Maskelenmesi gereken raster kriterlerin DN degeri O,
maskelenmeyen DN degeri ise 1 olacak sekilde CBS
yaziliminda Sekil 7'de yasa ve
yonetmelikler ile korunan alanlar ¢alismada maske
olarak ele alinmistir.

Bu alanlarin iretilen haritalardan ¢ikarilmasi islemi
yapilmistir. Maske alanlarin agiklamas1 maddeler halinde
verilmistir (Resmi Gazete, 2004; Tomar, 2009; Resmi
Gazete, 2014; Resmi Gazete, 2017; Resmi Gazete, 2022).
Tarimsal niteligi korunacak alanlar

Antalya Biiyiiksehir Belediyesi'nin 1/25000 6l¢ekli Cevre
Diizeni Plani ile koruma altina alanlar tarimsal niteligi

olusturulmustur.

korunacak alanlar olarak alinmistir.

= Sl
X
P
»
' *
¢ LA
LEJANT

Sekil.7. Maske haritasi.

Kiiltiir ve tabiat koruma alanlari
2863 Sayih Kiiltir ve Tabiat Varhklarim
Kanununda belirtilen arkeolojik sit alani, tabiat parki,

Koruma
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tabiat anit1 vb. dogal koruma alanlari olarak alinmistir.
Sulak koruma alanlar1

4 Nisan 2014 tarihli ve 28962 sayili Resmi Gazete’de
yayinlanan Sulak Alanlarin Korunmasi Yonetmeliginde
belirtilen alanlar sulak koruma alanlari olarak alinmistir.
2.3.3. Analytical hierarchy process (AHP)

Bu calismada, kriterlerin agirliklarinin elde edilmesi igin
uzman goriisi etkisi nedeniyle ¢ok kriterli karar verme
calismalarinda yaygin olarak kullanilan AHP metodu
tercih edilmistir. ikili karsilastirma yapilarak her bir
katmanin genel agirlik degerleri bulunmustur. Kriterler
diger kriterler ile 1 ve 9 arasinda puanlama islemine tabi
tutulmustur. AHP islemleri i¢in arastirmacilarin ana
referansi Saaty (1980) calismasidir (Sahin ve Toroglu,
2020).

Calismada yer se¢imi icin Kkriter olarak ele alinan tiim
kriterlerin CBS yazilimi olan QGIS yazilim kullanilarak
birlestirilmistir. Olusturulan ¢alisma alanm icindeki tim

Tablo 6. AHP matris tablosu

kriterlerin maskeleme boliimiinde {retilen maske
katmani ile carptirilmistir. islem sonucu iiretilen kriterler
0 ile 1 arahiginda normalizasyonu yapilmistir. Islem
sirasinda dikkat edilmesi gereken husus, maske ile
cikarilan alanlardaki 0 ile 1 aralifinin bozulmasi yeniden
bir normalizasyon islemi yapilmasi gerektigidir. Bu
nedenle maskeleme islemi sonrasinda yeni olusan sayisal
kriter haritalar1 0 ile 1 araliginda normalize edilmistir.
AHP islemi ile iiretilen her bir kriterin agirlig1 Tablo 6’da
gosterilmistir. Islemler sonucunda AHP matrisinin
tutarhiligl kontrol isleminde tutarlilik orani (CR) 0,067 ve
tutarhilik endeksi (CI) 0,099 hesaplanmistir. CR degerinin
0,1 degerinde diisik olmasi durumu AHP matris
isleminin tutarh oldugunu goéstermektedir. Bu sonug ile
AHP isleminde elde edilen kriter agirliklarinin ¢alismada
kullanilabilecegi CBS ve AHP
islemleri sonucunda belirlenen uygun sera alanlar

sayisal haritasinda DN degerleri Tablo 6’da verilmistir.

sonucuna varilmistir.

= g o o = g
E T g g E £ =
G xS £ 3., oz x o
» >~ s = <z o 2% ©¢g = <
s ¢ £ 5% ¢ ¥ 5 53z E§ £ % 3
= i~ H ed F S S z B3mn & & = & =
A B C D E F G H I ] K L Agirhk (w)
Niifus A 1 050 0333 025 0333 0333 020 0143 0111 0111 0,111 0,111 0,012504
Yola Yakmlk B 2 1 1 050 0333 025 020 0143 0143 0125 0,111 0,111 0,016675
Egim 3 2 1 050 025 020 020 0167 0,143 0125 0,125 0,125 0,019684
Toprak D 4 3 2 1 0333 025 020 0167 0167 0143 07143 0,143 0027119
Ozellikleri
SuAlanlarina 5 5 3 2 1 0333 0333 020 020 0167 0,167 0,143 0,039570
Yakinlik
Yagis F 5 5 3 2 2 1 1 0333 020 020 020 0167 0,049463
Nem G 5 5 2 1 1 1 050 0,333 0333 020 0,059399
Glineglenme ¢ 6 4 4 4 3 2 1 1 050 0333 025 0091544
Siddeti
Giineslenme | 6 6 4 4 4 3 2 1 1 1 050 050 0,103023
Radyasyonu
Baki J 7 7 5 5 5 4 3 2 2 1 1 1 0,149545
Sicaklik K 8 8 6 6 6 5 4 3 3 2 1 1 0,189950
Riizgar Siddeti L 9 9 7 7 6 6 5 4 4 3 2 1 0241524
61 5750 3933 3425 3125 2437 1913 13,15 1246 8704 6,023 475 1

Toplam

Calismada 12 adet kriter ele alinmistir. Kriterler 6nem
kriterine gore 1 ile 10 arasinda bir deger verilmistir. En
diisiik deger 1/9 iken en yiiksek 9 puan verilmistir. Esit
o6nem derecesinde deger 1’dir. Her bir katman i¢in agirhik
degeri hesaplanmistir. Bu hesaplamalarda RI degeri
Tablo 7’den elde edilmis ve L(max)=13,8, CI=0,099,
CR=0,067 degerleri hesaplanmistir. CR=0,067 degeri 0,1
degerinden kii¢ciik olmasi nedeniyle hesaplamalarimiz
dogru kabul edilmistir.

QGIS yazilimdaki “Raster Calculator” araci kullanilarak 0
ile 1 arasinda normallestirilen katmanlarin her biri, kendi
agirhk degeri ile c¢arpilarak toplanlar1 alinmistir
(Denklem 1). Bu islem ile uygunluk haritas1 elde
edilmistir (Sekil 8).

niifus * 0,012504 + yola yakinlik * 0,016675 + egim
*0,019684 + toprak ozellikleri * 0,027119 + suya
yakinlik * 0,039570 + yagis * 0,049463 + nem
*0,059399 + giines siddeti * 0,091544 + giines
radyasyonu * 0,103023 + baki *0,149545 + sicaklik
*0,189950 + riizgar siddeti * 0,241524

(1
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Tablo 7. Tesadiifliik gostergesi

RI

0,58
0,9
1,12
1,24
1,32
1,41
1,45
1,49
1,51
1,48
1,56
1,57
1,59

O 0 N O U1 WDN =D

el e
Ul D W N RO
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Sekil 8. Analitik Hiyerarsi Stireci (AHP) sonucu uygunluk
haritasi.

3. Bulgular ve Tartisma

Agirliklandirma 0 ile 1 arasinda yapilmistir. Degerlerin
1’e yaklasmasi 6nemli iken 0’a yaklasmasi ise 6nemsiz
oldugunu ifade etmektedir. Bu islem ile Sekil 8'de verilen
haritada renklendiren lejantdaki uygunluk durumlari
elde edilmistir. AHP matris islemi sonucunda elde edilen
kriter sonucunda niifus kriteri 0,013 degeri ile en disiik
agirhiktaki kriter iken riizgar siddeti 0,242 degeri ile en
ylksek agirliga sahip kriter olarak tespit edilmistir.

Tablo 8’e gore sonu¢ haritasinda uygunluk siniflarinin
tamaminin kapladigi alan 1671,28 ha’dir. Kirmizi renk ile
gosterilen alanlar sera yeri se¢imine en uygun alanlar
olup 411,71 ha alan ile sonu¢ haritasinin %24,60’sin1

kaplamaktadir. Turuncu ile gosterilen alanlar 216,42 ha
ve %12,90’luk bir alan ile sera kurulumuna “uygun”
alanlari temsil etmektedir. Sera kurulumuna “orta uygun”
alanlar sar1 renk ile gosterilmektedir. Orta uygun alanlar
155,04 ha alan ile sonu¢ haritasinin %9,3"lini
kaplamaktadir. Yesil renkle ifade edilen alanlar sonug
haritasinin en genis alanin1 kaplamaktadir ve 751,61 ha
alan biytikliiglinde olup toplam %45’ini
olusturmaktadir. Bu alanlar sera kurulumu igin “az
uygun” sinifindadir. Son sinif olan “uygun olmayan” mavi
alanlar ise sonug¢ haritasinin %8,20’sini olusturmakta ve
136,51 ha alan miktarina sahiptir.

alanin

Tablo 8. Sera yer uygunluk tablosu

Uygunluk Durumu Alan (ha) Oran (%)
Uygun olmayan 136.51 8.17
Az uygun 751.61 4497
Orta uygun 155.04 9.28
Uygun 216.42 12.95
En uygun 411.71 24,63
Toplam 1671.28 100.00

Calisma alani genel olarak Kirmizi Akdeniz topraklar: ve
Altivyal topraklardan olusmakta olup, Aksu ilgesinin
kuzeydogusunda kalan kismini Kahverengi Orman
topraklari, kuzeybatisinda kalan kismini ise Kirmizi
Akdeniz topraklari olusturmaktadir. Calisma alaninin
kuzeydogusunda kalan bolge AHP ile elde edilen sonug
haritasina goére uygun olmayan alanlar sinifindadir.
Kuzeybati uygulanmasi uygun
bulunmamis ve degerlendirme disi birakilmistir.

3.1. Mahalle Ol¢eginde Degerlendirme

Mahalle o6l¢eginde,
kurulumuna en wuygun alanlar Yurtpinar, Murtuna,
Fettahli, Fatih, Camkdy ve Hacilar Mahalleleri sinirlari
icerisinde kalmaktadir. Uygun olarak belirlenen alanlar
Fettahli, Camkdy ve Fatih Mahallesi sinirlar icerisinde

kriterlerin sonucu

calisma alani igerisinde sera

kalmaktadir. Orta uygun alanlar Pinarli, Hacilar, Camkoy,
Topalli ve Yesilkaraman Mahalleleri igerisindedir. Az
uygun alanlar Kayadibi, Yesilkaraman, Topalli, Fettahli,
Fatih, Camkdy, Hacilar, Konak ve Sogucaksu Mahalleleri
icerisindedir. Uygun olmayan alanlar ise Topalli, Fettahli
ve Camkoy Mahalleleri igerisindedir (Sekil 9). Bunun
disinda ¢alisma alam icerisinde AHP sonucunda veri
iretilmeyen noktalarda bulunmaktadir. Bu alanlar tiim
kriterler birlikte degerlendirildiginde sera yeri se¢imi
icin degerlendirme dis1 kalan alanlardir.

4. Sonug¢
Niifusun artmasiyla besin ihtiyaci da artmakta bu da
zamanla mevcut tarimsal faaliyetlerin  yetersiz

kalabilecegi ihtimalini artirmaktadir. Sera tarimi her
mevsim Uriin alabilmeyi miimkiin kilmaktadir (Ayranci
2011). Ozellikle mevsim bitkilerinin yil icerisinde
Uretiminin devam ettirilmesine duyulan gereksinim,
seracilik faaliyetlerinin 6nemini net olarak ortaya
koymaktadir.
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Sekil 9. Mahalle althikli Analitik Hiyerarsi Siireci (AHP)
sonucu uygunluk haritasi.

Mevsimsel iiretim olmasinin yani sira yil boyu yapilan
iretim, mevcut istihdam olanaklarini artirarak diizenli is
imkdm saglamaktadir. Uretimde saglanan siireklilik
sayesinde iriinlerin pazarda uygun fiyata yer bulmasi
saglanmis olur. Nitekim sera alanlarinin cografi ve beseri
unsurlar dikkate alinarak belirlenmesi birim alandan
alinacak verimi maksimum degere c¢ikaracaktir.

iklim sartlar1 ve topografik yap1 arazi seciminde énemli
rol oynamaktadir. Calisma igin belirlenen Kkriterler
yollara yakinlik, suya yakinlik, niifus yogunluguna
yakinlk, toprak ozellikleri, egim, baki, nem, yagis,
sicaklik, glineslenme siddeti, glineslenme radyasyonu ve
riizgar siddeti olarak belirlenmistir. Bu kriterlerin yani
sira seralarda 1sinma kaynakli enerji 6nemli bir gider
kalemini olusturmaktadir (Arcangeletti, 2014).

Sera alani yer se¢im ¢alismasinda birden ¢ok kriterin ele
alinmasi zorunlulugu bu tip ¢alismalar1 zorlu hale
getirmektedir. Bu c¢alismada ¢ok kriterli karar
metodunda on iki adet kriter kullanilarak yer se¢imi
yapilmistir. Cok kriterli metotlar icerisinde uzman
goriisii etkisi ve yaygin kullanimi nedeniyle AHP
secilmistir. Kriterler Uzaktan Algilama ve CBS araglari
kullanilarak AHP islemine hazir hale getirilmistir.

Bu c¢alisma, ortii alti isletmeler icin yapilmis olsa da
calisma kapsami genisletilerek rahatlikla farkl alanlarda
uygulanabilir. tipine,  yetistigi
cografyaya gore belirlenecek benzer kriterler ile farkl

Yetistirilen  {riin

bolgelerde kullanilabilir. Giineslenme siiresi, erozyon
riski, arazi kullanim durumu, toprak tekstliirii ve derinligi
gibi katmanlar eklenerek ¢alisma kapsami genisletilebilir.
Calismada kriter olarak toprak o6zelliginin kullanim ve
bunun kullanilmas1 sirasinda hassas ve uzmanlar
desteginin alinmasi hem dogrulugu artiricc hem de

calismay 6zgiinlestirici bir 6zellik etki yaratmistir.

Yer secimi calismalarinda yer secim sonugclarinin
alinmasi ve bunlarin nihai haritada gosterilmesi genel bir
uygulama bicimi oldugu literatiir ¢alismalarinda tespit
edilmistir. Bu calismada genel uygulamanin aksine
sonuglar elde edilmis ve idari sinirlar olan mahalle
sinirlar1 icindeki uygun ve uygun olma oranlari tespit
edilmistir. Yer se¢imi sonrasinda mahalle bazinda
bulgular elde edilmesi ile yerel halkin bilgilendirilmesi
saglanmistir. Agiklamalar 1518inda  bu
calismanin sera yeri seciminde Kkarar vericilere yol
gosterici olacagl diislinlilmektedir.

ve Oneriler

Katki Oram Beyani
Yazar(lar)in katki yilizdesi asagida verilmistir. Tim
yazarlar makaleyi incelemis ve onaylamistir.

E.B. 0K E.A.
K 30 40 30
T 50 50
Y 100
VTI 100
VAY 40 30 30
KT 40 40 20
YZ 30 50 20
KI 20 40 40
GR 20 60 20

K= kavram, T= tasarim, Y= yonetim, VTI= veri toplama ve/veya
isleme, VAY= veri analizi ve/veya yorumlama, KT= kaynak
tarama, YZ= Yazim, KI= kritik inceleme, GR= gonderim ve
revizyon.

Catisma Beyani
Yazarlar bu ¢alismada hig¢bir ¢ikar iliskisi olmadigini
beyan etmektedirler.

Etik Onay Beyani

Bu arastirmada hayvanlar ve insanlar tizerinde herhangi
bir c¢alisma yapilmadigi icin etik kurul onay1
alinmamistir.
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Abstract: This research primarily focuses on the mechanical properties of specimens produced using Polylactic Acid (PLA) through the
Fused Deposition Modeling (FDM) technique, a method of 3D printing. Within the scope of this study, specimens were fabricated using
various fill percentages and different infill patterns. The simultaneous effect of variable parameters on mechanical properties is a
challenging task, and it is aimed to rank the importance of the parameters, model the process, and finally validate the models using
tensile and bending experiments. The results show that samples with a Concentric pattern and 95% fill rate exhibited the highest
tensile strength with an average of 48.67 MPa. In contrast, the Triangle pattern with 20% infill ratio showed the lowest tensile strength
with an average of 14.15 MPa. When evaluating flexural strength values, the Concentric design with a 95% fill ratio stood out once
again, recording an average peak value of 79.94 MPa. Meanwhile, the Honeycomb pattern at 20% infill ratio exhibited the lowest
strength value measured with an average of 23.3 MPa. Scanning Electron Microscope images taken according to infill rates confirm
each other with the voids formed and mechanical performance outputs. These findings underscore that the mechanical attributes of

PLA specimens produced using 3D printing technology can significantly vary based on the chosen fill rate and pattern.
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1. Introduction

Fused deposition modeling (FDM) three dimensional
(3D) printing is a type of additive manufacturing (AM)
process that uses thermoplastic filaments to create
objects layer by layer. FDM is one of the most widely
used and affordable 3D printing technologies, suitable for
rapid prototyping and various applications. FDM can
print parts with complex geometries and internal
cavities, thanks to the use of soluble support materials
that can be dissolved after printing. FDM can print parts
with different colors and materials, depending on the
capabilities of the printer and the extruder. FDM can
print parts with different levels of resolution and
accuracy, depending on the nozzle size, layer height, infill
density, and parameters.
properties of PLA filaments in 3D printing are
significantly influenced by the filling ratio and filling

other The mechanical

pattern parameters.

The filling ratio, often termed as infill percentage or
density, denotes the material volume inside a 3D printed
component. A higher filling ratio typically makes parts
more robust and rigid, but it also lengthens the printing
duration and uses more material.

On the other hand, the filling pattern, sometimes referred
to as the infill or raster pattern, describes the internal
geometry of the printed item. It plays a pivotal role in
determining the part's strength, stiffness, and manner of
failure. Various patterns like Concentric, Triangular,
Honeycomb, Hilbert curve, and others, each offer distinct
mechanical characteristics. For instance, parts printed
with a Concentric pattern tend to have superior tensile
strength when the pattern aligns with the stress
direction, whereas triangular patterns excel in strength
for lighter structures. Conversely, the Honeycomb
pattern can reduce strength due to its spacious voids, but
Hilbert curve patterns can enhance strength at high
filling ratios. However, it's essential to remember that
these effects are also modulated by other variables such
as the part's orientation during printing, the thickness of
each layer, nozzle dimensions, extrusion temperature,
printing pace, and cooling speed, all of which impact the
final quality and interplay between the printed lines and
layers.

In their study, Dudescu and Racz (2017) examined the
effects of different raster angles (0°, 30°, 45°, 90°), filling
rates (20% to 100%) and patterns on the mechanical
properties of 3D printed parts using ABS material. In
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their study, Wittbrodt and Pearce (2015) evaluated the
mechanical performances obtained from 3D printing of
PLA materials of different colors at different processing
temperatures. Ozsoy et al. (2022) improved the
temperature effect problem on the parts by detecting the
correct coolant type at a rate of 95% through image
processing and machine learning, using the FDM method
to produce parts on a 3D printer. Ozsoy and Aksoy
(2022) created a user guide on the mechanical properties
of 3D printed parts using image processing and real-time
big data analysis. Benamira et al. (2023) investigated the
effect of printing parameters on the mechanical and
damage properties of 3D printed PLA. Kechagias et al.
(2023) evaluated the process in which the mechanical
response of PLA in 3D printing with the FDM method
depends on many parameters. Kartal and Kaptan (2023)
examined the effect of 3D printer nozzle diameter on the
mechanical properties of PLA printed parts. Hamat et al.
(2023) evaluated the effects of filament production
parameters (extrusion temperature and rotation speed)
on tensile strength. Bian et al. (2023) discussed the effect
of the morphology and feed rate of FDM printed PLA on
the mechanical properties at the time of exit from the
nozzle during the hot extrusion process. Pandzic et al.
(2019) focused on the effects of 3D printed samples with
PLA material on the tensile strength depending on the
filler type and ratio, while Lalegani Dezaki et al. (2021)
focused on the effects of the filler pattern on surface
roughness and tensile strength. Wu et al. (2015)
comparatively examined the mechanical properties of
layer thickness and raster angle in 3D printed materials.
Moradi et al. (2021) have conducted experimental
research on the mechanical characterization of 3D
printed PLA produced by FDM.

In literature research, there does not appear to be a study
that the
properties of parts printed with PLA materials according
to 5 different filling percentages and 4 different filling
patterns. This study aims to fill this knowledge gap by

comprehensively  examines mechanical

delving deep into the combined effect of fill rate and
pattern on the mechanical behavior of PLA. Within this
paper, detailed insights will be provided on the
mechanical properties of PLA specimens produced using
3D printing techniques, with various fill rates (20%, 40%,
60%, 80%, and 95%) and infill patterns (Triangle,

A ! ) _I: A

Rectilinear, Honeycomb, and Concentric). Specifically, the
tensile and flexural strength values will be thoroughly
examined. The results are discussed to elucidate why the
selection of printing parameters
determining the mechanical performance of the printed

is so critical in
objects.

2. Materials and Methods

The filament properties and printing parameters used in
this study are seen in Table 1. These parameters are the
most commonly preferred values for manufacturing 3D
printed parts with PLA material. Specimens were
prepared taking into account various fill rates (20%,
40%, 60%, 80%, and 95%) and infill patterns (Triangle,
Rectilinear, Honeycomb, and Concentric). A minimum of
5 samples were printed for each combination. Figure 1.a
shows the sample printing on the Ender 3 S1 Pro printer,
and Figure 1.b shows the tensile test of printed sample.
Figure 1.c shows the broken samples at the end of the
tensile test. For tensile tests, specimens were produced in
accordance with ASTM D638 type IV standard
dimensions, while for the flexural tests, they adhered to
ASTM D790 standard sizes. Tensile tests were carried out
using a universal testing machine with a capacity of 5 kN
(Figure 1.b). Specimens were stretched at a constant rate
of 5 mm/min. Flexural tests were conducted on the same
testing machine bending
arrangement, where the loading rate was also set at 5
mm/min (Figure 1.d). All acquired data were analyzed
using appropriate software to determine statistical

under a three-point

parameters such as standard deviation and variance.
Additionally, various graphs were generated to discern
the impact of fill rate and pattern on mechanical
properties.

Table 1. Specification of PLA filament and printing
parameters

Specification Units Value
Density g/cm3 1.24
Melting temperature °C 190-220
Bed temperature °C 60
Nozzle temperature °C 220
Printing speed mm/s 60

T © | %)

Figure 1. (a) PLA material samples printed using Ender 3 S1 pro printer (b) Tensile test (c) Broken tensile specimens

(d) Flexural test.
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3. Results

3.1. Tensile Characteristics

The tensile strength of various samples with different
infill ratios and patterns was meticulously studied. The
values given in the study are the average values obtained
from 5 samples. The results for the 20% infill ratio
indicate significant differences based on the pattern used.
For instance, the Concentric pattern demonstrated the
highest tensile strength at 19.88 MPa. In contrast, the
Triangle pattern exhibited the lowest tensile strength,
registering at 14.15 MPa. This can be attributed to the
fact that the Triangle pattern contains more gaps
compared to the Concentric pattern, which tends to be
fuller and parallel to the fracture direction. Furthermore,
the Rectilinear, Honeycomb, and Concentric patterns all
showed a noticeable increase in tensile strength as the
infill ratio increased, with the Concentric pattern
achieving the highest tensile strength of 48.67 MPa at a
95% infill ratio. In comparing these findings with those of
past studies, the trends identified by Pandzic et al. (2019)
and Lalegani Dezaki et al. (2021) were somewhat
consistent. They found that the Concentric pattern
generally exhibited higher tensile and yield strengths,
especially for PLA filaments with a 90% infill ratio. It
should also be noted that the flexural strength results
showcased the potency of each pattern at various infill
ratios, highlighting the robustness of materials like the
Concentric pattern, which reached a peak flexural
strength of 79.94 MPa at a 95% infill ratio. In conclusion,
the choice of infill pattern plays a pivotal role in
determining both the tensile and flexural strengths of 3D
printed objects, with the Concentric pattern consistently
outperforming its counterparts at higher infill ratios.

According to Table 2 and Figure 2, the concentric pattern
consistently showcases tensile strength,
especially as infill ratios escalate, achieving its zenith at
48.67 MPa at 95% infill. This implies that for heightened
tensile demands, the concentric pattern coupled with
higher infill ratios might be the optimal choice. At the
outset, with a 20% infill, the Triangle and Honeycomb
patterns strengths,
hovering around 14 MPa. However, as the infill ratio

expands, their trajectories diverge. By 95% infill, the

superior

exhibit nearly identical tensile

Honeycomb pattern registers a tensile strength of 36.63
MPa, outpacing the triangle pattern's 25.89 MPa. Notably,
the Rectilinear pattern depicts a uniform ascent in tensile
strength corresponding to rising infill percentages,
denoting a predictable performance spectrum across
diverse infill scales. To sum up, Table 2 underscores that
both the choice of infill pattern and its proportion wield a
substantial influence on the tensile strength of PLA
samples, highlighting the necessity of judicious selection
in tailoring 3D printed components to meet specific
mechanical benchmarks. Additionally, the Rectilinear
pattern steadily augments in tensile strength with each
increment in infill percentage, indicating its stable and
predictable response across varied infill gradations.
Conclusively, the choice of infill design and proportion
profoundly strength of PLA
specimens. A nuanced understanding of these nuances is
imperative for customizing 3D printed items to distinct

impacts the tensile

mechanical prerequisites, prompting an avenue for
future research to unpack the foundational reasons
behind these performance metrics and their practical
connotations.

Table 2. The tensile strength of various samples with different infill ratios and patterns

Tensile strength (MPa) according to infill ratio

Pattern 20% 40% 60% 80% 95%
Triangle 14.15 17.32 19.24 23.35 25.89
Rectilinear 18.63 23.43 26.56 34.18 38.15
Honeycomb 14.68 22.63 26.25 30.84 36.63
Concentric 19.88 28.26 36.47 40.32 48.67
60
EE Triangle
B Rectilinear
501 == Honeycomb [~~~ T T T T T T LT T
[EEN Concentric
©
o
=3
5
o
7]
)
5
=

60% 80% 95%
Infill Ratio [%)

Figure 2. The tensile strength of various samples with different infill ratios and patterns.
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3.2. Flexural Characteristics

The flexural test was conducted to further assess the
mechanical properties of the samples, shedding light on
their resistance to bending (Figure 1.d). Specimens with
varying infill ratios and patterns were fixed at their ends,
and a specific load was applied from their midpoints,
providing insights into their load-displacement, flexural
strength, and flexural strains. Analysis of the fractured
sections clearly indicated that both the infill ratio and
pattern  significantly  influence the mechanical
performance of the samples. For the 20% infill ratio, the
results, illustrated in Figure 3, align with observations
from the tensile test. The Concentric pattern
demonstrated superior resistance to flexural loads,
outpacing other patterns in terms of its load-bearing
capacity. Among the patterns studied, Concentric,
Rectilinear, and Triangle achieved the highest flexural
strength values, with the Concentric pattern being
particularly outstanding, reaching 31.03 MPa at the 20%
infill ratio. Conversely, even though the 3D Honeycomb
pattern showed commendable resistance against tensile
forces, it lagged in flexural strength, especially when
compared to the other patterns. The Honeycomb's
strength started at 23.3 MPa for the 20% infill ratio but
improved considerably as the infill ratio increased.
Notably, the Concentric pattern exhibited the highest
flexural modulus, further emphasizing its exceptional
mechanical properties. In summary, the choice of infill
pattern and ratio is crucial in determining the flexural

strengths of 3D printed objects, with the Concentric
pattern consistently proving to be the most formidable
across multiple infill ratios. According to Table 3 and
Figure 3, which delineates the flexural strength of various
patterns at different infill percentages. Concentric
pattern's dominance, the concentric pattern indisputably
leads in flexural strength, especially as the infill
percentage grows. Its strength peaks at a significant
79.94 MPa at 95% infill. This makes it evident that the
concentric pattern, when paired with higher infill
percentages, is superior in terms of flexural strength,
potentially making it ideal for applications demanding
higher bending resistance. Both the Triangle and
Rectilinear patterns show an increase in flexural strength
as infill percentage rises. However, the Rectilinear
pattern significantly outperforms the Triangle pattern,
especially at higher infill percentages, reaching 62.49
MPa at 95% infill compared to the Triangle's 39.22 MPa.
Honeycomb's plateau, starting at a modest 23.3 MPa at
20% infill, the Honeycomb pattern sees a sharp increase
as infill rises, but interestingly plateaus around the 51
MPa mark from 60% infill onwards. In conclusion, the
infill pattern and its percentage crucially determine the
flexural strength of PLA samples. Table 3 elucidates the
need for careful consideration of these parameters when
seeking to optimize the bending resistance of 3D printed
materials for particular applications. Future research can
explore the structural peculiarities of these patterns that
contribute to such performance outcomes.

90

80 El Triangle
B Rectilinear
E=8 Honeycomb

70 1 BRI Concentric

60

50 4

40 4

30 4

Flexural Strength [MPa]

20 4

Figure 3. The flexural test properties of the samples.

Table 3. The flexural test properties of the samples

60%
Infill Ratio [%]

Flexural strength (MPa) according to infill ratio

Pattern 20% 40% 60% 80% 95%
Triangle 31.29 38.37 36.27 42.16 39.22
Rectilinear 31.88 40.97 43.68 59.29 62.49
Honeycomb 23.30 45.11 50.94 51.08 51.01
Concentric 31.03 45.50 60.79 70.90 79.94

BS] Eng Sci / Fuat KARTAL and Arslan KAPTAN

199



Black Sea Journal of Engineering and Science

3.3. Shore D Hardness

Shore D hardness values of the samples were measured
with the PCE-D Shore D Durometer device as seen in
Figure 4.a. The obtained hardness values are seen in
Figure 4.b. Accordingly, the Triangular infill pattern
offers hardness values ranging from approximately 85 to
105 Shore D for infill ratios from 20% to 95%,
respectively. This reflects the Triangle pattern's tendency
to provide high strength and impact resistance. It was
observed that the hardness increased with the increase
in the filling ratio. The rectilinear fill pattern offers good
stability for general use. In this study, an increase from
84 Shore D at 20% infill to 104 Shore D at 95% infill was
estimated. This is consistent with the hardness values of
PLA reported in the literature, ranging from 77 to 81
Shore D (Mayén et al, 2022). Honeycomb filling pattern
balances lightness and strength. In this study, an increase
from 83 Shore D at 20% filling rate to 103 Shore D at
95% filling rate was achieved. The flexibility of the
Honeycomb structure may result in lower hardness
values. The Concentric filling pattern offers hardness
values ranging from 82 Shore D at 20% filling rate to 102
Shore D at 95% filling rate. The flexible nature of this
pattern may lead to lower hardness values. In the
literature, it has been observed that the hardness
generally increases as the filler density of PLA increases.

120

In their study, Sirin et al. (2023) based their studies on
the values determined as 93.9, 99.9 and 102.6 Shore D
for 30%, 50% and 70% filling densities, respectively.

3.4. Scanning Electron Microscope (SEM)

Figure 5.a shows the 3D printed structure with a 20%
filling ratio. The large voids and gaps between the
printed paths are clearly visible, which would contribute
to a lower mechanical strength. This structure is less
dense and would be more prone to fractures under stress
due to the reduced material continuity. Figure 5.b shows
the 3D printed structure with a 60% filling ratio.
Compared to the 20% fill ratio, the paths are closer
together, and there are fewer and smaller voids. This
indicates a better layer adhesion and a potential for
higher mechanical strength than the 20% fill ratio
sample. However, it's still not as densely packed as a
higher fill ratio would be, and thus, would have
intermediate strength characteristics. Finally, Figure 5.c
with a 95% fill ratio shows a very dense structure with
minimal voids. The layers appear to be very tightly
packed, which suggests excellent material continuity and
strong layer-to-layer adhesion. This structure is expected
to have the highest mechanical strength among the three,
making it the most suitable for applications that require
robust mechanical properties.

100
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Figure 5. Scanning electron microscope views according to infill ratios of Concentric filling pattern, a) 20%, b.) 60%, c)

95%.
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4. Discussion

An in-depth examination of tensile strengths across
samples with varied infill patterns and ratios revealed
insightful trends. The findings from the 20% infill
samples highlighted discernible disparities based on
patterns; with the Concentric pattern registering the
highest tensile strength at 19.88 MPa, while the Triangle
pattern lagged behind at 14.15 MPa. This difference could
be attributed to the fuller, fracture-direction aligned
nature of the Concentric pattern compared to the more
gapped Triangle pattern. As infill percentages rose, the
Rectilinear, Honeycomb, and Concentric patterns
significant surges in strength,
culminating with the Concentric pattern's 48.67 MPa
peak at 95% infill. Aligning with prior studies by Pandzic
et al. (2019) and Lalegani Dezaki et al. (2021) the
Concentric pattern, particularly with a 90% infill, was
found to exhibit superior tensile and yield strengths for
PLA filaments. Furthermore, the data from flexural tests
underscored the pronounced strength variations across
patterns at differing infill percentages. For instance, the

observed tensile

Concentric pattern soared to a 79.94 MPa flexural
strength at 95% infill. Collectively, these findings
emphasize the pivotal role of infill pattern and ratio in
determining tensile and flexural strengths in 3D printing.
The insights drawn from Table 2 further accentuate the
prominence of the Concentric pattern, especially at
escalated infill percentages, for applications demanding
enhanced tensile durability. Interestingly, while the
Triangle and Honeycomb patterns started similarly at
20% infill, they diverged significantly at higher infill
levels. This, combined with the consistent growth in the
Rectilinear pattern, reaffirms the importance of strategic
pattern and ratio selections in 3D printing to meet
specific mechanical benchmarks. The flexural testing
offered additional clarity on the mechanical prowess of
the samples, specifically their bending resistance. When
subjected to flexural stress, it became evident that both
the infill pattern and ratio were crucial determinants of
mechanical performance. The initial observations for the
20% infill, as depicted in Figure 3 echoed the trends seen
in tensile tests, with the Concentric pattern emerging
superior in terms of load-bearing capability. Notably,
despite its tensile strength, the Honeycomb pattern
underperformed in flexural strength when juxtaposed
against its counterparts. However, as infill percentages
increased, Honeycomb's strength saw improvements.
The outstanding flexural modulus showcased by the
Concentric pattern further underscores its mechanical
robustness. Drawing from Table 3, the Concentric
pattern's prowess, especially at higher infills, is evident.
Conversely, the Honeycomb pattern's performance,
though commendable, showcases a plateauing trend post
the 60% infill mark. The data underscores the
importance of the infill pattern and its ratio in optimizing
the flexural performance of 3D printed objects. Potential
avenues for future studies could involve dissecting the
structural intricacies of these patterns to understand

their performance variations better. In Shore D hardness
measurements, an increase in hardness values was
observed in parallel with the increase in the filling ratio.
On the other hand, changing the filling patterns was
found to be less affected by the change in the hardness
values of the samples. Overall, the SEM images visually
support the idea that a higher fill ratio in 3D printing
leads to a denser structure, better layer adhesion, and
consequently, improved mechanical properties such as
tensile strength. The 95% fill ratio with a Concentric
pattern is likely to result in the most durable and
structurally sound parts
applications.

suitable for demanding

5. Conclusion

The study presented a comprehensive investigation into
the tensile and flexural strengths of 3D printed samples,
focusing on varying infill patterns and ratios. The
primary takeaways from this research are:

The choice of the infill pattern is paramount in
determining both the tensile and flexural strengths of 3D
printed objects. The Concentric pattern, in particular,
exhibited consistent superior performance in both these
categories, especially at higher infill ratios. At an initial
20% infill, while Triangle and Honeycomb patterns
exhibited comparable tensile strengths, a clear
divergence in their performance was observed as the
infill ratio was increased. On the other hand, the
Rectilinear pattern demonstrated a steady and
predictable growth in tensile strength with rising infill
percentages. Flexural tests revealed that, despite
Honeycomb's promising tensile strength, it lagged in
terms of flexural resistance, especially when juxtaposed
against other patterns. However, its strength improved
with higher infill ratios. The Concentric pattern, with its
outstanding flexural modulus, highlighted its potential as
a top choice for applications requiring strong resistance
to bending. Aligning with prior studies, the Concentric
pattern displayed superior tensile and yield strengths,
especially for PLA filaments with higher infill ratios.
These findings underscore the significance of strategic
pattern and ratio selection in 3D printing to cater to
specific mechanical requirements. There's a pronounced
need for designers and engineers to be judicious in their
selections, especially when aiming to optimize the
mechanical properties of 3D printed components. The
data suggests intriguing avenues for future research. A
deep dive into the structural nuances of different
patterns, coupled with real-world application testing,
could offer more insights into optimizing 3D printed
objects for various purposes.

In essence, this research provides valuable insights for
stakeholders in the 3D printing realm. It emphasizes the
profound impact of infill patterns and ratios on the
mechanical strengths of printed objects, guiding future
design decisions and paving the way for further
exploration in the domain.
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Abstract: Construction, mining or tunneling projects in Tirkiye are defined as workplaces in the very dangerous class due to their
physical power needs. For this reason, metal ore mining, mining supporting service activities, sewage, external construction, special
construction activities, construction and landscaping activities are the sectors where occupational accidents are most common. While
determining the necessary materials or work equipment during the planning phase of the works in these sectors, making decisions by
evaluating the effect of "occupational health and safety” will contribute to the reduction of accidents. This research consists of two
parts. In the first part, accident frequency rates were calculated by using data related to metal ore mining, mining supporting service
activities, sewerage, external structure, special construction activities, building and landscaping projects between 2012 and 2019.
Thus, the relationship between occupational accidents experienced as of the adoption of the Occupational Health and Safety Law has
been determined. In the second part, it is tried to gain a different perspective by adding occupational health and safety factor to the
Analytical Hierarchy Process (AHP), which is one of the multi-criteria decision-making methods. As a result of the research, it has been
determined that "occupational health and safety" criteria are given priority according to cost and engineering advantages in alternative
product/material comparisons in mines or construction works.
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1. Introduction

Due to the usage of construction equipment and the
requirement for physical strength, mining and tunnel
projects are classified as very dangerous workplaces
(Bayraktar et al, 2018; Bayrak, 2018). Tirkiye's
construction industry and mining companies both
contribute to the nation's economy, with employment
prospects rising by 10% annually. However, when the
Social Security Institution (SSI) data for the years 2012
and 2019 are studied, the construction industry and
mining businesses are found to have the greatest rates of
occupational accidents (As one of the industries with a
high rate of occupational accidents, metal mining,
mining-related service activities, sewerage, outdoor
structure construction, private construction, buildings,
and landscaping activities should be investigated or
methods developed to reduce occupational accidents in
workplaces (Bingol, 2010). The primary preventive
measure to reduce occupational accidents is to determine
an alternative working style or method. Among OHS
practices, the first priority is to completely eliminate the
situation that may cause a work accident. If the situation
that may cause a work accident is caused by a material or
equipment that must be used. It is necessary to
investigate substitute methods or materials that provide
occupational safety advantages. In short, the secondary

preventive measure to reduce occupational accidents is
to determine an alternative working method or
materials.

Occupational health and safety (OHS) is a scientific term
that encompasses all systematic research into the
effective integration and implementation of all essential
workplace procedures. From this perspective, alternative
techniques need to be investigated in cases where
appropriate safety measures cannot be taken in the
machines and equipment used to perform a task. In
workplaces classified as very hazardous, it can
sometimes be difficult to the most
advantageous method and material in terms of OHS.
Generally, employers in this field only consider the
engineering contribution and financial advantage they
bring to the project when choosing the materials and
equipment they will use on the construction site. OHS

decide on

professionals, on the other hand, focus on the advantage
of occupational health and safety in the selection of
materials and equipment to be used. As a result, MCDM is
an application that helps in selecting the most
advantageous materials and methods by evaluating all
the criteria together for a safe workplace idea.

In this research, the occupational accident statistics
published by the SSI were used as a data source, and the
occupational accident frequency rate was calculated
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according to the occupational accidents experienced
between 2012 and 2019. Secondly, the Analytical
Hierarchy Process (AHP) method was applied to two
different concrete reinforcement additives that are
widely used in mines and the construction industry.
Thus, while choosing between alternatives, priorities are
listed among the criteria that affect the decision (Lyu et
al, 2020; Banerjee et al, 2021). The original aspect of this
research was to determine the ideal choice by adding the
occupational health and safety contribution as a criterion
while choosing the most suitable concrete reinforcement
material among the alternatives. In addition, this
research is a pioneering study emphasizing the inclusion
of "Occupational Health and Safety Criteria"
processes in material or equipment selection in similar
sectors where occupational accident rates are high.

1.1 Sectors Where Macro Synthetic Fibers Are Used
for 2012-2019

Occupational Health and Safety (OHS) is the umbrella
term for all systematic research done to ensure that all

in all

relevant workplace procedures are effectively integrated
and put into place. According to this viewpoint,
substitution (alternative) solutions should be looked for
when suitable safety precautions cannot be established
in the apparatus and equipment used to carry out a job.
Employers working on large-scale projects in these
sectors only consider the engineering contribution and
cost savings a piece of equipment or material will bring
to the project when selecting it. It is important to take
occupational health and safety into account when
selecting the materials and equipment to be utilized.
Consequently, the idea of a safe workplace In workplaces
such as those involved in the extraction of metal ore,
mining support services, sewage, the construction of non-
building structures, special construction activities, etc.,
the likelihood of an employee developing a work accident
or occupational disease is significant due to the work
machinery employed, the erratic working environment,
and the requirement for physical strength. As a result,
these workplaces fall under the category of very
dangerous (Tehlike Smiflar1 Tebligi, 2012). The primary
OHS procedures in extremely risky jobs;

e Vocational training, certification, and employee
inspections ought to be done.

e To offer basic OHS training for at least 16 hours
each year.

e One employee out of every 30 should receive
emergency training, and one employee out of every
10 should receive first aid training.

e Emergency plans and risk assessment reports
should be renewed every two years at the maximum
(barring circumstances prescribed by law).

Establishing OHS committees and holding regular
meetings each month, renewing employee health
examinations on a regular basis each year, and assigning
each employee an occupational safety specialist who will
work for at least 40 minutes each month and a workplace
doctor who will work for 15 minutes (Tiirk Tabipleri

Birligi, 2021).

Metal ore mining, mining support services, sewage, the
construction of non-building structures, specialized
construction activities, buildings, and landscaping
activities were chosen as typical workplaces where two
distinct concrete reinforcement materials may be used.
When looking at Figure 1, it has been determined that
between 2012 and 2019, in Tiirkiye, there were 973,192
workplaces and 10,636,427 workers in these industries
(SGK, 2021). Examining the statistics in Figure 1, it can be
seen that these industries support the economy of the
nation by adding 9% additional jobs annually on average.

Number of Workplace and Insured
Employees by Years

MHM“H

Figure 1. Number of workplace and insured employees
between 2012 and 2019 (SGK, 2021).

When the data in Figure 2 in the years 2012 to 2019 with
the adoption of the OHS Law is examined, it appears that
259,866 people had occupational accidents out of the
10,636,427 people employed in metal ore mining, mining
support service activities, sewerage, construction of non-
building structures, private construction activities,
buildings, and landscaping activities (SGK, 2021). Even
while this condition really offers employment prospects,
it demonstrates that 2.44% of those who have been
employed for seven years had experienced a workplace
injury.

The Number of Occupational
Accidents Between 2012-2019

Figure 2. Number of occupational accidents in metal ore
mining, mining support service activities, sewerage,
construction of outdoor structures, special construction
activities, buildings and landscaping activities between
2012 and 2019 (SGK, 2021).

As shown by the data in Figure 2, the fact that 24% of
employees experience work-related accidents highlights
the importance of occupational health and safety for the
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industry. It's crucial that workplace safety and employee
welfare continue to exist (Bilim ve Celik, 2018).
Employers should do a risk assessment pertaining to the
use of tools and machinery needed for the job and look
for alternatives for this reason. When making a decision,
taking occupational health and safety into account will
ensure business continuity. In terms of OHS, substitute
methods encompass all the work done to reduce the
effects of potentially harmful circumstances that may
develop as a result of work that cannot be canceled in the
course of a process. In a nutshell, the decrease of the
success of alternative solutions makes it possible to
reduce occupational accidents in various industries.

It is claimed that occupational accidents during the
construction of outdoor constructions account for 8-15%
of the project cost in his paper titled "Safety Risk
Assessment Using Analytic Hierarchy Process (AHP)
During Planning and Budgeting of Construction Projects”
(Aminbakhsh et al, 2013; Soyalan, 2020). It is not just
about occupational health and safety when it comes to
occupational diseases or accidents, particularly in the
construction industry. Occupational accidents also have
an indirect impact on the nation's economy (Aminbakhsh
et al, 2013). Occupational safety standards coordinated
with the activity will therefore contribute to the project's
success since mines and building projects are frequently
seen as large-scale endeavors. OHS experts need to be
involved from the planning stage of the project onward.
Only engineering or cost advantage should not be taken
into account during the planning phase when choosing
the materials or work equipment to be utilized for the job
in the absence of OHS professionals. Making the best
decisions and including "occupational health and safety
criteria" in the selection criteria will aid in preventing
work accidents that might happen as the project
progresses. Additionally, benefit the OHS
procedures needed in the workplace. Macro synthetic
fiber materials can be used as concrete reinforcement
materials instead of conventional reinforcements in a

it will

specific area of work in metal ore mining, mining support

service activities, sewerage, external structure
construction, special construction activities, building, and
landscaping projects. These concrete additives, which are
polymer-based, ecologically friendly, and more useful
compounds that can be utilized as an alternative to
conventional reinforcements, have been introduced to
the market as a result of evolving technology [14].
However, when it comes to strengthening reinforced
concrete structures, traditional reinforcements are the
first steel elements that come to mind. Macro Synthetic
Fibers (MSF) and conventional reinforcements have
similar engineering characteristics, but in
situations, it may be preferable to use one over the other
(Dagdeviren and Tamer, 2001).

Ozcan (2018) study claims that variations in engineering
strength are brought on by the corrosion effect of
traditional reinforcements along with the passage of

time. MSFs should be prioritized in the use decisions

some

made for projects since they continue to function at their
peak capacity even after being used (Dagdeviren and
Tamer, 2001). Additionally, while comparing the two
options, procedures like transporting, merging, and using
conventional equipment necessitate the use of labor and
professional expertise. In other words, workplace
accidents or occupational diseases will inevitably occur
whenever physical strength is successfully utilized in the
workplace. The
contribution to workplace health and safety when
deciding between them would thus indirectly help the
substitution approach in terms of OHS in these industries
where both materials can be utilized interchangeably.
Therefore, even a slight reduction in the number of work
accidents that occur relative to the employment rate will
be beneficial.

Enterprises frequently choose alternatives using Multi-
Criteria Decision Method (MCDM) methodologies. In
order to choose the best supplier, Dadeviren and Tamer
identified four key criteria. Using these criteria, they used

examination of each material's

the AHP approach to establish the priorities of four
vendors (Badri et al, 2011). In order to create and better
organize the safety culture in a mining sector project,
Badri, Nadeau, and Gbodossou used the MCDM method to
identify OHS concerns (Bao et al, 2016). According to six
primary criteria, Bao, Zhang, Li, Liu, and Shi used the
fuzzy AHP technique to assess the societal benefits of the
OHS management system in two separate mining
operations in China and Switzerland (Bao et al, 2017). In
order to guide the establishment of OHS management
systems in mining firms, this study was conducted.
According to six primary criteria, Bao et al. (2016) used
the fuzzy AHP technique to assess the societal benefits of
the OHS management system in two separate mining
operations in China and Switzerland (Bao et al,, 2017).
The goal of this study is to guide the development of OHS
management systems in mining businesses. For the
prevention, efficient analysis, and ongoing improvement
of occupational diseases in the mining industry, Bao et al.
(2017) developed an FMEA-based technique (fault mode
and impact analysis) and an enhanced AHP (analytical
hierarchy process) model (Korkusuz et al, 2019). It has
been demonstrated that this approach can be used to
manage processes. The level of OHS
performance among hospitals was compared using the
Korkusuz et al. (2019) study, which used AHP,
Promethee, and GRA methodologies (Dagdeviren, 2008).
By using MCDM techniques, a groundbreaking
advancement in the field of OHS was made in the

business

research, which incorporated "OHS Performance" as a
criterion for evaluating hospital performance.
Dagdeviren (2008) claimed that used the PROMETHEE
approach to make the best choice and the AHP method to
structure the criteria needed for the selection of
appropriate equipment (Denizhan et al, 2017). This
study's research topic is comparable to our own, but our
study differs in that it takes occupational health and
safety parameters into account while choosing the right
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equipment.

However, there isn't a model study that highlights the
importance of choosing the tools or supplies to use in the
workplace while accounting for OHS contributions. In
this study, "Occupational Health and Safety" has been
incorporated as a selection factor along with the "Cost,
Engineering, and Time Management Advantage" while
choosing concrete reinforcement material by utilizing the
AHP approach. This study's main goal is to increase
public knowledge about the need to use OHS benefits as a
selection factor when purchasing machinery or other
items that will be used in workplaces. The use of MCDM
techniques is the
secondary goal. The third objective is to develop an
efficient OHS infrastructure in the workplace by reducing
the initial investment expenditures for OHS that
companies avoid at the start of the job.

In this study, using the MCDM, in addition to the cost and
engineering advantage of the proposed macro synthetic
fiber material, the contribution of its use in OHS

in workplace OHS procedures

applications was added as a criterion. Thus, it was
emphasized that enterprises can benefit from the AHP
method by adding the OHS criterion in the selection of
materials to be used to reduce investment costs in OHS
applications.

The AHP method is one of the oldest and frequently used
methods in various application areas. For this reason, in
this article, this method was chosen among the MCDM
methods and this method was used in the grading of the
criteria.

2. Materials and Methods

In this investigation, two evaluations were conducted.
First, for the industries covered by the Turkish Social
Security Agency's research, the frequency of occupational
accidents between 2012 and 2019 was estimated.

In the second, the decision-making factors were given
priority using the AHP approach while deciding between
the concrete reinforcement materials that are frequently
utilized in these industries.

The AHP approach was chosen as the MCDM method
because it has a wealth of literature applications and is
one of the most effective criterion weighting methods
(Dagdeviren, 2008). Denizhan et al. (2017), study used
fuzzy AHP and AHP methods to choose the best provider
out of two options and found that the application had no
effect on the criteria's ranking (Aritan and Ataman,
2017). It was shown that in studies where two different
options were evaluated, the results did not change in
accordance with the fuzzy AHP approach; instead, the
weight of the criteria with high relevance grew even
more, and the weight of the criteria with low importance
was reduced. Due to their difficulty in application, fuzzy
numbers were not selected when choosing between
conventional reinforcement and macro-synthetic fiber
reinforcement material.

2.1. Accident Frequency Rate

The insured person's rate of occupational accidents

during working hours is expressed as a percentage
(Yilmaz Oral and Unal, 2020). For the years 2012 to 2019,
occupational accident frequency rates were calculated
using data on occupational accidents that the Turkish
Social Security Agency had collected in the mining of
metal ore, mining-related service activities, sewage,
private
construction activities, and building and landscaping

construction of non-building structures,
activities. As a result, it offers insight into how various
industries approach workplace safety.

The Equation 1 is used to calculate the occupational
accident frequency rate for each year (Kuruiizim and

Atsan, 2001).
KSO = TNWA/ [(TWD-NWD) x RDWT] x 10.000 (D

TNWA= total number of work accidents, TWD= total
working days, NWD= non-working day, RDWT= refers to
the daily working time, expresses.

2.2. Analytical Hierarchy Process (AHP)

The AHP method, which was developed by Saaty in 1977,
considers the main factors affecting the decision as the
main decision criteria and divides them into sub-decision
criteria that affect the main decision criteria (Lin and
Kou, 2021). Briefly, the AHP method calculates the order
of importance among the features that are effective in
comparing the alternatives with each other (Kegek and
Yildirim, 2010). Thus, it provides a detailed comparison
analysis for the right choice based on the opinions of
people who have sufficient knowledge and equipment to
solve the problem.

The AHP method is generally preferred for solving
problems such as the most useful product or resource
selection in projects, cost calculations, and employee
performance evaluations (Saaty, 1987).

2.2.1. AHP method implementation stages

The four solution procedures that make up the AHP
Method's solution are the construction of the hierarchical
structure, the development of the comparison matrices,
the development of the priority vector in light of the
comparison matrices, and the determination of the
consistency ratio.

In the initial phase of the study, a hierarchical structure is
made with comparison standards developed using the
opinions of specialists. In order to gather the required
data sources for the problem's AHP method solution,
comparison matrices are obtained using the AHP
questionnaire forms. The priority vector, which is the
next stage of the solution, is derived from the verbal
responses provided by the survey respondents and
converted into the numerical values shown in Table 1.
The meaning of aj; value in the comparison matrix
represents the comparison value between i diagonal
criterion and j diagonal criterion and the comparison
matrix representation created according to Table 1 is as
given in (Equation 2). The value of the diagonal elements
of the matrix is equal to 1 and the mutual values within
the matrix are equal to aj =1 / a;i ‘.
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Table 1. Significance values and numerical
correspondence of AHP method comparison criteria

(Getin, 2019)

Importance Values Significance value definitions

1 Equally important
3 Moderately important
5 Strongly important
7 Very strongly important
9 Absolutely important
2,4,6,8 Intermediate values
a1 Qiz ... Qupn
Az1 Q22 ... Qo
A=|" ' (2)
| . -
lanl Any .- annJ

The 'normalization’ process (Equation 3) is carried out to
produce the priority vector by dividing the total value of
each row of the acquired comparison matrix by the sum
of all rows. Row totals are divided by the total number of
criteria weights in the priority vector to get the criteria
weights.

a,-j

by =1 3
Calculating the consistency ratio is necessary in order to
analyze the comparable criteria for solving problems. It is
required that the consistency ratio (CR) value be less
than 0.10. The () value is determined by dividing the
comparison matrix's row totals, which are derived by
multiplying the matrix elements in each column of the
decision matrix by the criterion weights. Reading from
Table 2 yields the Random Consistency Index (RI) value,
which is another parameter needed to calculate the CR
value, and the n value is determined by how many
criteria were considered. The consistency indicator (CI)
value and the consistency rate (CR) value are calculated
using the Equation (4), and a comparison of 0.10 is made.

cr=%2 cr=2 (4)
n-1 RI

Table 2. RI Value Table (Cetin, 2019)

RI
0
0
0.52
0.89
1.11
1.25
1.35
1.4
1.45
1.49

O 0 N O U1 b WN RS

[u=y
o

If a consistency ratio is given, the criterion with the
largest numerical value in relation to the outcome of the
transaction is regarded as having the greatest influence

on the choice (Cetin, 2019).

Elements like the technical qualities and advantages of
the alternatives are compared with the AHP technique
and are grouped based on the judgments of the experts.
The order of priority is established using the AHP
approach, where each group value is used as a reference
in the
themselves. It makes decision-making more specific,
particularly in circumstances where it is difficult to
compare alternatives objectively.

subheadings that are pulled from inside

3. Results

3.1. Occupational Accidents in Sectors Where Macro
Synthetic Fibers Are Used

Data on occupational accidents that are specific to the
industry for which the calculation of the occupational
accident frequency rate is intended are needed, as well as
details about daily working hours and weekends. Work is
done six days a week in industries like mining for metal
ore, providing mining support services, cleaning sewage,
building buildings, landscaping, and creating outdoor
constructions.

Table 3. Number of occupational accidents in 2012-2019
(SGK, 2021)

2012 5867
2013 17113
2014 23880
2015 28747
2016 37738
2017 45412
2018 56023
2019 45086

For the research's target industries, a total working day
(TWD) of 45 hours per week was established. Weekends,
paid time off, and public holidays are computed based on
the calendar of the current year. The ranking is based on
10,000 hours as well, for clarity's sake. According to the
number of work accidents listed in Table 3, occupational
accident frequency data are derived for each year and are
shown in Table 4.

Examining Table 4 and Figure 3, it can be seen that there
is a linear increase in the likelihood of an occupational
injury for insured individuals employed between 2012
and 2016. The increase in insured personnel by 138,158
over the prior year is assumed to be the cause of the fall
in accident frequency rate in 2017. The significance of
OHS practices is demonstrated by the increase in
accident frequency over time. OHS's primary goal is to
entirely eliminate work accidents, which unfortunately
does not align with the existing scenario.
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Table 4. Accident frequency rates by years

Years 2012 2013 2014 2015 2016 2017 2018 2019
TNWA 5867 17113 23990 28747 37738 45412 56023 45086
TWD-NWD 307 287 297 289 288 289 283 287
RDWT 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5
Number of Employees 1083769 1199962 1305998 1498648 1397497 1535655 1376277 1238621
Time Calculation 10000 10000 10000 10000 10000 10000 10000 10000
AFR 0.04 0.13 0.18 0.22 0.29 0.14 0.19 0.17
Average Value 4% 13% 18% 22% 29% 14% 19% 17%
Accident Frequency Rates Between 2012-2019
0.35
0.29

0.20

0.05
0.00
2012 2013 2014 2015 2016 2017 2018 2019

Figure 3. Number of occupational accidents in metal ore mining, mining support service activities, sewerage,
construction of outdoor structures, special construction activities, buildings and landscaping activities between 2012 -
20109.

Traditional Macro Synthetic
Reinforcement Fiber
| | | | | | |
. . Time QOccupational
e Eng g Management Health and Safety
. . N . Physical Fatigue
st Transportation | [ Durability = Supply Period | [ in Workers
Getting
. Unit Cost - Flexibility w= Duration of Use |f== Musculoskeletal
System Diseases
Delivering the R
== Workmanship | [ Corrosion == Project Before the | [ Safe.“' orking
i Environment
Targeted Time
Vocational
— Storage = Tensile Strength = Qualification
Importance Level
- Plate Test o Fire

Figure 4. AHP method model.
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3.2. AHP Method Application Results

The AHP technique used interviews with employers or
expert engineers from 10 different businesses to
determine the criteria. DM profiles consist of 10 experts
in their fields, including employers or employers'
representatives, site and expert civil
engineers working in 10 different mining enterprises.
The most important feature of these 10 people is; they

have the authority to decide on the choice of alternative

supervisors

materials and the technical equipment to compare the
products.

AHP questionnaires and major and sub-criteria were
designed using the interviews with this expert panel
(Figure 4). Also referred to as this expert team are the
decision-makers. The evaluation of the questionnaire
responses led to the calculation of the ranking of the
On August 19, 2020, Uskudar
University received the study's ethics committee's

selection criteria.
permission.

Table 5. Comparison matrix

3.2.1. Evaluation of data with ahp method

Stage 1: Determination of decision criteria

Following interviews with key decision-makers, four
main criteria—cost, engineering, time management, and
occupational health and safety—and a total of 17 sub-
criteria were established for comparing the two
materials. The established major and sub-criteria were
used to build the AHP questionnaire forms.

Stage 2: Developing criterion weights and binary
comparison matrices

The AHP approach was used to transform the verbal data
into their numerical equivalents and create comparison
matrix values for the primary criteria listed in Table 5.
Stage 3: Normalized binary comparison matrices for
key criteria

A single unit matrix was created by taking the geometric
mean of the answers given by the survey participants,
and the normalized comparison matrix is given in Table
6.

Main Criteria Cost Engineering Time Management Occupational Health and Safety

Cost 1.0000 0.5213 0.9587 1.0000

Engineering 19184 1.0000 0.6834 0.7569

Time Management 1.0431 1.4633 1.0000 0.5444

Occupational Health and Safety 1.0000 1.3211 1.8369 1.0000

Table 6. Normalized comparison matrix

Main Criteria Cost Engineering Time Management Occupational Health and Safety

Cost 0.2016 0.1211 0.2140 0.3029

Engineering 0.3867 0.2323 0.1526 0.2293

Time Management 0.2102 0.3398 0.2233 0.1649

Occupational Health and Safety 0.2016 0.3068 0.4101 0.3029

Stage 4: Creating the priorities vector Table 8. Calculation of A value

The priority values of the main criteria of cost, Main Criteria Priority Matrix Total

engineering, occupational health and safety, time Cost 4147534

manage{nent, which are effective in deterrr.lining the Engineering 4173902

alternatlv‘.ss, were calculated and the values in Table 7 Time Management 4.202837

were obtained. Occupational Health and Safety 4.180898
Lambda (A) 4.176293087

Table 7. Priority values

Main Criteria Priority values
Cost 0.209894
Engineering 0.250191
Time Management 0.234561
Occupational Health and Safety 0.305354

When the values given in Table 7 are examined, it has
been determined that the "Occupational Health and
Safety” criterion is the most effective criterion in
alternative selection, since it has the highest value.

Stage 5: Calculation of consistency analysis
parameters

In order to calculate the consistency analysis parameters,
the A values of the main criteria were calculated as given
in Table 8.

Stage 6: Calculation of the CR value

CR = 0.06529 for main criteria. Since it satisfies the CR
<0.1 rule, it is possible to mention that the results of the
criteria weights obtained are consistent.

Stage 7: Creating the hierarchy

By providing the consistency analysis, the hierarchical
ranking for the main criteria was calculated as
Occupational Health and Safety 0.3053, Engineering
0.2501, Time Management 0.2345, Cost = 0.2098.

Stage 8: Determination of priority values for main
criteria, sub-criteria and alternatives

In all calculations of the sub criteria, the CR <0.1 rule has
been provided and the results obtained are given in
Tables 9 and 10 below.
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Table 9. Major criteria, sub-criteria and criteria weights of alternatives

Main Criteria Criterion Sub Criteria  Criterion Alternatives Priority
Weights Weights Values
Transportation 0.2208 Traditional Reinforcement 0.3640
P ' Macro Synthetic Fiber 0.6359
. Traditional Reinforcement 0.2311
Unit Cost 0.3245 o
Macro Synthetic Fiber 0.7688
Cost 0.2098 . .
0.3552 Traditional Reinforcement 0.4452
Workmanship ' Macro Synthetic Fiber 0.5547
Storage 0.0993 Traditional Reinf.orcTement 0.2984
Macro Synthetic Fiber 0.7015
- Traditional Reinforcement 0.1729
Durability 0.1993 o
Macro Synthetic Fiber 0.8270
L Traditional Reinforcement 0.1577
Flexibility 0.1099 oo
Macro Synthetic Fiber 0.8422
. . . Traditional Reinforcement 0.8455
Engineering 0.2501 Corrosion 0.2291 o
Macro Synthetic Fiber 0.1544
Tensile 0.1651 Traditional Reinforcement 0.7594
Strength ' Macro Synthetic Fiber 0.2405
Traditional Reinforcement 0.4577
Plate Test 0.2964 o
Macro Synthetic Fiber 0.5422
Table 10. Major criteria, sub-criteria and criteria weights of alternatives (more)
Main Criteria Criteria Sub-Criteria Criterion Alternatives Priority
Weights Weights Values
Supply Period 0.1936 Traditional Reinforcement 0.4452
PP ' Macro Synthetic Fiber 0.5547
. Traditional Reinforcement 0.3815
. Duration of Use 0.1365 o
Time Management 0.2345 Macro Synthetic Fiber 0.6184
Delivering the Project Traditional Reinforcement 0.1078
Before the T ted 0.6697
elorethe Targete Macro Synthetic Fiber 0.8921
Time
Physical Fatigue in 01327 Traditional Reinforcement 0.5710
Workers ' Macro Synthetic Fiber 0.4289
Getting Traditional Reinforcement 0.8593
Musculoskeletal 0.2421 o
. Macro Synthetic Fiber 0.1406
System Diseases
Occupational Health 0.3053 Safe Working 0.3323 Traditional Reinforcement 0.4099
and Safety ' Environment ' Macro Synthetic Fiber 0.5900
Vocational Traditional Reinforcement 0.8785
Qualification 0.1145 o
Macro Synthetic Fiber 0.1214
Importance Level
. Traditional Reinforcement 0.3129
Fire 0.1782 Lo
Macro Synthetic Fiber 0.6870

The calculation's findings indicate that occupational
health, with a weight value of 0.3053 before cost,
engineering criteria, and safety, is the most crucial factor
influencing the decision between the alternatives in
projects involving dams, mine galleries and tunnel
shotcrete projects, field concrete, and industrial floors
where the use of both materials is common. The
contribution that must be given in relation to OHS in the
projects of the construction of dams, mine galleries and
tunnel shotcrete, field concrete, and industrial floors has
been emphasized in this place in comparison to the
financial and engineering advantages of the employers.

4. Discussion

Construction of the mine or tunnel is associated with a
high number of workplace accidents as work is done in
the project area, and this is not just a problem in Tiirkiye,
according to surveys of work accidents conducted
throughout the world. 800 workplace accidents in
Taiwan's construction sector were analyzed by Cheng et
al. (2010) and Hola and Szostak (2017).

As a result of the analysis,
occupational occurring in
construction projects are more common than in large-
scale construction projects. As a result of this analysis, it

he emphasized that

accidents small-scale
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was emphasized that work accidents that occurred in
small-scale construction projects were more common
than in large-scale construction projects. In small-scale
construction projects, they found that 41% of them were
due to poor health and safety management. Hola and
Szostak (2017), in Poland, 485 work accidents in the
construction sector were examined, and the people who
had a work accident were analyzed (Bayraktar et al,
2018). The study's findings revealed that 40% of
workplace accidents were brought on by unsafe working
conditions, and the significance of restrictive measures in
accident prevention was underlined.

In their study "Statistical Analysis of Occupational
Accidents in the Turkish Mining Sector," Bayraktar et al.
(2018), also looked at the occupational accident data in
the mining industry (Ozcan et al, 2019). It was found
that, despite having a safe workplace and giving
employees training for the job, fatal occupational
accidents have increased year over year. According to a
report by Dede and Baltaci (2019) from which included
361 members of the construction industry, the workers
were aware of the need for OHS training, but they
expressed safety concerns about the tools and machinery
they utilized.

In a study by Ozcan et al. (2019), primary causes of
occupational accidents in the construction industry were
listed using the AHP technique, and the target-oriented
starting point of the activities intended to minimize the
accidents was established (Barriuso et al, 2020).
According to the study's findings, "reasons arising from
equipment and materials" were determined to be the top
factors contributing to occupational accidents. It is
obvious that using MCDM approaches to make decisions
that take into account occupational health and safety
criteria would help to prevent potential workplace
accidents, particularly when choosing the materials or
equipment to be utilized during the planning stage of
projects.

According to a study conducted by Barriuso et al. (2020),
with 250 workers in the Spanish construction industry,
management must develop replacement methods in
addition to employee safety training if workplace
accidents are to be reduced (Bing6l, 2018). On the other
side, Bing6l stated that their
representatives should be informed about occupational
health and safety in order to help them avoid any hazards
or dangers that may be present in the line of work they
are in 2018 (Abukhashabah, 2020).

In a study conducted with 300 Saudi Arabian workers in
the construction business Abukhashabah et al. (2020), it
was attempted to identify the reasons for occupational
accidents. According to the study, 82% of the participants
were affected by a hazardous work environment,

employers or

workers who lacked sufficient professional expertise, and
workers who were unaware of occupational safety issues
(Boyac1 et al, 2021). Due to the extent of building
projects, Abukhashabah et al. (2020), in their study,
underlined the necessity of minimizing the circumstances

that result in accidents in these work zones (Boyac et al,
2021).

Boyact Calis, Solmaz, and Kabak, introduced a new
perspective to the Fine-Kinney approach, which is
frequently used for assessing workplace risk (Kim and
Park, 2021). By adding the "cost" aspect to the
assessment, a multi-criteria determination was made. As
a result, it did not just reduce the likelihood and severity
of workplace accidents and their effects, but it also
helped the employers understand the issue more
realistically by including the potential costs. Kim and
Park (2021) examined the effects of occupational
accidents on employee performance and business image
in corporate organizations. As listed above, the causes of
occupational accidents in construction, mining, or tunnel
projects were investigated, and the causes of the
accidents were listed as lack of education, an unsafe
working environment, or the machinery and equipment
used. At the same time, it has been determined that
occupational accidents are not only limited to negative
effects on the health of employees but also cause sharp
financial losses for enterprises.

The need to include "occupational health and safety” in
the checklists created during the planning phase of the
projects stands out as a result of the research's
alternative perspective on the causes of occupational
accidents in construction, mining, or tunnel projects.
With the help of this illustrative study, it is clear that the
materials are chosen with an eye toward improving
occupational health and safety, in addition to employers'
costs, time management, and engineering parameters.
This is true even for the selection of concrete
reinforcement admixture used in a specific area of
construction, mining, or tunnel projects. To put it simply,
occupational health and safety should be assessed
holistically using additional criteria in these industries,
where workplace accidents are quite common.
Occupational health and safety contributions will also be
taken into consideration while researching the one that
will provide the maximum benefit for the job in the
procurement of materials or equipment included in the
needs lists determined by evaluating from this point of
view. In short, substitution methods will be developed to
provide a safe working environment at the planning
stage of the project.

5. Conclusion

In this study, "occupational health and safety” has been
determined as the primary expectation in comparisons
and selections between alternatives, even among
concrete admixtures that will only be used in a certain
part of the work in mines or construction works.
Contrary to what is known, occupational health and
safety have been calculated to have a higher priority than
the first selection criteria that come to mind, such as cost,
engineering, and time management.

The positive contribution to occupational health and
safety should be considered a priority in the selection of
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all necessary equipment and materials for the execution
of the work in areas where occupational accidents are
high and the probability of their occurrence is high.

As a result, while preparing business activity reports,
which were created during the planning phase of metal
ore mining, mining supporting service activities,
sewerage, construction of non-building structures,
special construction activities, buildings, and landscaping
projects, necessary machinery, materials, etc., alternative
lists of such equipment must be created. It is understood
that making choices among the alternatives with the
priority of "occupational health and safety" criteria will
contribute to the creation of a safe working environment.
With the inclusion of the OHS criteria in this study and a
minimal expert team, it is at a level to direct other studies
in terms of its applicability in a short time. The usage
areas for working with this sample application model can
be listed as follows:

e The main criteria remain the same in the selection
of any material or equipment in the construction or
mining sectors, and the sub-criteria are revised and
implemented.

e In the root cause detection research of the work
accident that occurred in a workplace with the AHP
model,

e In choosing among the alternatives as a result of
adapting the AHP model to different sectors,

e In making the ideal choice among the applicable
methods to eliminate the hazards,

e In the future, comparisons can be made between
different ~MCDM
reinforcement materials in the same sector. In

methods and  concrete
addition, a new study can be made by including the
OHS criteria while choosing between more
alternatives in the same sectors.
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AMNIYOTIK SIVIDA SUKSINILASETONUN ELEKTROKIMYASAL
DAVRANISI VE TAYINi
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Ozet: Siiksinilaseton (SA, 4,6 diketoheptanoik asit), kalitsal hepatorenal tirozinemi tip I hastalig1 i¢in birincil tan1 metabolitidir. Bu
calisma ile siiksinilasetonun amniyon sivisinda voltametrik tayinini amag¢lanmistir. Voltametri igin optimum kosullar belirlenmistir.
Destek elektrolit i¢cin 0,10 mol/L potasyum Kloriir kullanilmistir. Calismada, asili civa damlas1 (HMDE) ¢alisma elektrotu olarak
secilirken, referans elektrot Ag/AgCl (3M KCI), karsit elektrot Pt olarak kullanilmistir. Kalibrasyon i¢in kare dalga voltametri
kullanilmis, bu yéntem amniyotik siviya uygulandiginda, siiksinilaseton ekstraksiyon isleminin, metil ester olusturdugu tespit
edilmistir. Stiksinilaseton metil esteri, yapisal olarak siiksinilasetondan farkli oldugu i¢in elektrokimyasal davranisi tekrar ¢alisiimistir.
Voltametrik inceleme, stiksinilaseton metil esterinin iki elektron transferi ile indirgendigini gostermistir. Dogrusallik aralig: 5,83xE-05
- 3,25xE-06 mol/L derisimleri arasindadir. Tespit limiti (LOD) ve tayin limiti (LOQ) sirasiyla 2,72xE-07 mol/L ve 9,08xE-07 mol/L
olarak hesaplanmistir. Amniyotik siv1 igindeki siiksinilaseton metil esteri kare dalga voltametri ile analiz edilmistir. Geri alinabilirlik
%88,1 bulunmustur.

Anahtar kelimeler: Stiksinilaseton, Siiksinilaseton metil ester, Voltametri

Electrochemical Behavior and Determination of Succinylacetone in Amniotic Fluid

Abstract: Succinylacetone (SA, 4,6 diketoheptanoic acid) is the primare diagnosis metabolite for hereditable hepatorenal tyrosinemia
type I disease. In present researh, voltammetric analysis of succinylacetone was aimed. The optimum conditions for voltammetry were
determined. Optimum conditions for voltammetry were determined. Potassium chloride 0.10 mol/L was selected for the support
electrolyte. For the experiments, hanging mercury drop (HMDE), Ag/AgCl (3M KCI) reference and Pt counter electrodes were used.
Square wave voltammetry was used for calibration and when this method was applied to amniotic fluid, succinylacetone extraction
process was found to form methyl ester. Since succinylacetone methyl ester has a different structure than succinylacetone, its
electrochemical behavior was re-examined. Voltammetric data reveal that succinylacetone methyl ester is reduced by accepting two
electrons. For calibration, concentrations in the range of 3.25xE-06 mol/L - 5.83xE-05 mol/L were used. From the calibration chart,
the limit of detection (LOD) was found to be 2.72xE-07 mol/L and the limit of determination (LOQ) was 9.08xE-07 mol/L.
Succinylacetone methyl ester in amniotic fluid was analyzed by square wave voltammetry. The recoverability was found to be 88.1%.

Keywords: Succinylacetone, Succinylacetone methyl ester, Voltammetry
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1. Giris resesif, otozomal bir hastalik sinifidir. Bu hastalik
Genetik hastaliklarin pek cogunun heniiz tedavisi grubunda; gecici tirosinemi, tirosinemi tip I, tirosinemi
bulunmamaktadir. Insanlar genetik bir rahatsiziik tip 11, tirosinemi tip 11l bulunmaktadr.

tehlikesi tasiyabilir. Fakat bu risk kimi ailelerde daha Gegici  tirosinemi, yeni dogmus bebeklerde 4-
¢oktur. Kalitim uzmanlari, yetiskin bireyler ve ¢ocuklarda hidroksifenilpiruvat dioksigenaz enziminin fizyolojik
olugabilecek kalitimsal rahatsizlik tehlikelerini sekilde olgunlasmamasi halinde goriilebilir. Tirosinemi
saptayabilir (Anonim, 2010). Bugiinlerde kalitimsal tip I, fumarilasetoasetaz hidrolaz (FAH); tirosinemi tip II,
rahatsizliklarin  énceden  belirlenebilmesi, meydana  tirozin aminotransferaz ve tirosinemi tip Il ise 4-
gelebilecek kusurlarin énlenebilmesini, iyilesme sansi hidroksifenilpiruvat dioksigenaz eksikliginde
olmayan rahatsizliklarda yagam siiresinin uzatilmasini ve olusmaktadirlar.

yasam kalitesinin arttirilmasini saglayabilmektedir. Tirosinemi tip I, akut veya kronik bi¢cimde seyredebilir.
Tirozin, hem bitkisel hem de hayvansal bircok proteinin Bu durum FAH enziminin miktar: ile yakinda iligkilidir.
yapisinda olan, ayni zaman da karacigerde pargalanan bir Hastahk ile olusan Kklinik bulgular, biyiime giicliigi,
aminoasittir. Tirosinemi, tirozin metabolizmasinin kusma, diyare, ates, hepatit, ddem, karaciger biiyimesi
BS] Eng Sci / Saadet Meral KARACAN ve ark. 214
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seklinde emareler ve hatta 6liimle sonuclanabilecek ileri
boyutta karaciger rahatsizlif1 da olabilir (Macsai ve ark,,
2001, Shinka ve ark., 2005).

Genetik ve bazi metabolik hastaliklar, aminoasitlerin
takibi veya plazma, idrar, amniyon sivisi gibi biyolojik
ortamlarda organik asitlerin tayini ile belirlenebilir.
Ceninin korunmasi ve fetal organlarin gelisiminde
amniyon sivisinin rolii biiyliktiir. Genellikle otuzbes lizeri
ileri yas hamileliklerinde yada cenin gelisiminde bir
anormallik olusursa, amniyon sivis1 incelenir (Tuma ve
ark., 2006).

Tirosinemi tip Iin teshisinde
metodlarinin  ¢ogu gaz kromatografi

kullanilan tayin
(GC) ve sv1
kromatografi (LC) gibi kromatografik yontemlerdir ve bu
tekniklerde  genellikle  dedektor kiitle
spektrometresi (MS) kullanilir. Klinik laboratuvarlarda
cogunlukla idrarda ve serumda stiksinilaseton tayini i¢in
GC/MS kullanmilmaktadir (Cry ve ark., 2006). Tandem
kiitle spektrometrisi (MS/MS), yenidogan taramasi (NBS)
uygulamalar1 i¢in kurutulmus kan lekelerinde kullanilir.
LC-MS/MS, FIA-MS/MS veya genomik tarama da dahil
diger kaldig
durumlarda uygulanir (Michael ve ark, 2022). Bu
teknigin uygulanmas1 igin, orneklerdeki 6n islemler,
tiirevlendirme, analiz siiresi, ¢ok fazla miktarda kimyasal

olarak

olmak {zere yontemlerin yetersiz

kullanimlar1 ve pahali yontemler olmalaridir.
Elektrokimyasal yontemler, hassasiyeti yliksek ve cok
yonli analitik tekniklerdir. Elektrokimyasal él¢ctimler iki
boyutlu tekniklerdir. Niteliksel 6zellikler, termodinamik
veya kinetik kontrolle belirlenebilir, niceliksel 6zellikler,
ilgili akimin kiitle tasima siireci veya reaksiyon hizlari
tarafindan kontrol edilir. Boylece, bilesikler secici olarak
elektrokimyasal yontemlerle tespit edilir. Benzerlik
nedeniyle elektrokimyasal ve biyolojik reaksiyonlarda,
ylikseltgenme/indirgenme mekanizmalarinin elektrotta
ve viicutta benzer prensipleri paylasmaktadir. Biyolojik
olarak onemli molekiiller voltametri ile elektroanalitik
olarak incelenirler. Voltametri dogrulugu ve Kkesinligi
ylksek nispeten diisiik maliyetli bir akim-voltaj
teknigidir. (Uslu ve Ar., 2004).

Bildigimiz kadariyla, siiksinilaseton veya siiksinilaseton
metil esteri icin HMDE ile uygulanan voltametrik ve
elektrokimyasal davranisin sunuldugu bir yontem
literatiirde yoktur. Bu calismada oOnce siiksinilaseton
calisilmistir.  Sonra gergek incelenmeye
baslandiginda gortlmistiir ki, stiksinilaseton ambiyotik
sivida siiksinilaseton metil esterine donlismektedir.
Bunun iizerine voltametrik ¢alismalarda basa doniiliip,
siiksinilaseton metil esteri izerine yogunlasilmistir.

numune

2. Materyal ve Yontem

Elektrokimyasal Olciimler, Gamry Instruments
(Reference600 Potentiostat/Galvanostad/ZRA,
Warminster USA) ile ¢ elektrot iceren bir hiicre
kullanilarak yapilmistir. Kullanilan elektrotlar: HMDE
calisma elektrodu, platin (Pt) tel karsit elektrot ve
Ag/AgCl (3M KCI)
spektrumlari, Bruker Vertex 80V marka infrared (IR)

referans elektrottur. Infrared

spektroskopi cihazi ile cekilmistir. ince tabaka icin
Silikagel F 25, ¢ozelti pH'1 i¢in Jenway 3040 iyon /pH
metre, Eutech
kullanilmistir. Ultra saf su i¢in Millipore (Simplicity)
marka saflastirma sistemi kullanilmistir.
Tim  kimyasallar reaktif
Siiksinilaseton (SA) (Sigma), potasyum Kloriir, fosforik
asit, sodyum hidroksit, metil alkol, XAD-4, petrol eteri,
hidroklorik asit (Merck ) kullanilmistir.

Stok standart ¢ozelti (1,70xE-03 mol/L) stiksinilaseton
tartilarak ve su ile seyreltilerek hazirlanmistir. Standart
calisma cozeltileri stoktan seyreltilerek giinliik olarak
hazirlanmistir.
filtreden (Millipore) siiziilmiis ve sogutucuda (4°C)
tutulmustur.

2.1. Orneklerin Hazirlanmasi

0,1 M, pH1 3,0 olan fosforik asit tamponu; HzPO4
kullanilarak hazirlanmis ve pH’1 sodyum hidroksit ile
ayarlanmustir. Tiim prosediirde ultra saf su kullanilmistir.
Ondokuzmayis Universitesi Tip Fakiiltesi Tibbi Genetik

Instrument kombine cam elektrot

analitik siifindadir.

Tim ¢ozeltiler 0,45 pm membran

Anabilim Dali biinyesinde, alisagelmis c¢alismalar igin
kullanilan, ayn1 zamanda genetik analizi tamamlanan
amniyotik siwvilarda g¢alisiimistir. Amniyotik ortamda
stiksinilaseton miktarini belirlemek i¢in 6n islem olarak
ekstraksiyon, tayin icin voltametrik metod calismistir.
Amberlit XAD-4 (2,5 g) amniyotik sividan siiksinilaseton
ekstrakte etmek icin belirlenmistir. Once regine lizerine 2
mL su, ardindan 50 mM, pH1 2,0 olan 2 mL fosfat
tamponu ve son olarak 2 mL metanol gecirerek aktive
edilmistir. Aktive olan XAD-4 ten 4 mL amniyotik sivi, 12
mL, 50 mM pH’1 2 olan fosfat tamponu gegirildikten sonra
12 mL metil alkol i¢ine ektrakt alinmistir.

2.2. Esterlesme

Calisma sirasinda amniyotik siv1 igerisinde asidik
ortamda metil alkol ile ester olusumu tespit edilmis.
Calismalar1 ester ile devam ettirmek adina ester elde
edilmistir. Bu amagla 1N HCI
siiksinilaseton ve metanol (1:1:1) oranda eklenmistir (
Cerda ve ark., 2008). Reaksiyonun olusum kosullari; 30
dk., 39 oC’hk su banyosunda bekletilerek
gerceklestirilmistir. Ester olusumu infrared spektrumlari
alinarak kanitlanmistir.

2.3. Elektrokimyasal Ol¢iimler

Civa elektrot ile kare dalga (SQW) ve doniisiimlii
voltametri (CV) calisilmistir. Voltametrik hiicre igerisine
10 mL ilave edilen destek elektrolit ¢ozeltisinden 5
dakika boyunca azot gazi gecirilir. Destek elektrolit
¢ozeltisinin voltamogrami alindiktan sonra voltametrik
hiicreye siiksinilaseton stok ¢ozeltisi eklenmis ve 2
dakika azot gazi gecirildikten sonra tekrar voltamogram
alinmistir. Ancak yapilan ¢alismalarda Ag/AgCl elektroda
kars1 -1,684V potansiyelde siiksinilaseton piki dogrudan
amniyon sivisi seyreltilerek kullanildiginda bu bolgeyi

bulunan ortama

yayvan sekilde orten bir pik nedeni ile belirlenememistir.
Sonrasinda ekstraksiyon yapilmis ve voltamogrami
alinmistir. Burada farkli bir pik gozlenmistir. Konu
lzerine arastirma yapildiginda gorilmistir ki
siiksinilaseton metil alkol ile siiksinilaseton metil

BS] Eng Sci / Saadet Meral KARACAN ve ark.

215



Black Sea Journal of Engineering and Science

esterine doniisebilmektedir. Emin olmak icin infrared
(IR) spektrometri ve ince tabaka kromatografi (TLC) ile
calisilmis ve
siiksinilasetondan farki incelenmistir. Tim bunlarin
sonrasinda siiksinilaseton ig¢in yapilan ¢alismalar
stiksinilaseton metil esteri i¢in giincellenmistir.

2.4. Ince Tabaka Calismasi

Siiksinil aseton metil esterinin doniistimiinii izlemek i¢in,
stiksinil aseton ve ekstraksiyon sonrasi elde edilen {iriin
ince tabaka kromatografi ile incelenmistir. Bu islem i¢in
Silikagel F 25 marka, 60A° partikiil boyutuna sahip

siiksinilaseton metil esterinin

silikajel ile kapl ince tabaka plakalar1 ve yiiritiicii olarak,
metil alkol ve petrol eteri (3:2) karistirilarak kullanilmig
ve deney sonrasi lekeler UV(254 nm) 15181 ile tespit
edilmistir.

3. Bulgular ve Tartisma

Calismanin en basinda siiksinil aseton ile ydntem
olusturulup gercek numunelere gegme asamasinda iken
amniyon sivisiyla direk calismanin miimkiin olmadig1
belirlenmistir. Sonrasinda ekstraksiyon yapilmis ve
voltamogrami alinmistir (Sekil 1).

Sqawe Warve Volweretry

0000 A —

1000 A

20,00 pA

A
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- .

A0 00 A
2000 A0V

@ QURVE (22090501 ita) & CURVE (22000908 fa)

& CURVE (20000911 n)

—

0000y 1y

Yo (V)

+ CURVE (2000916 da)

Sekil 1. (0,1)M KCI ¢ozeltisinde, amniyotik sividan ekstrakte edilen siiksinilaseton i¢in kare dalga voltamogrami. 0,01V,
potansiyel adimi, 100 Hz, frekans; (-2,0 ve 0) V potansiyel aralig.

Burada farkh bir bélgede olusan bir pik goézlenmistir.
Konu literatiir arastirmasi yapildiginda
goriilmistiir ki sliksinilaseton, asidik ortamda metil alkol
ile siiksinilaseton metil esterine doniisebilmektedir. Bu
doniisimii daha iyi ortaya koyabilmek icin, infrared
spektrumu alinarak degerlendirilmistir. Siiksinilaseton
ve yapilan siiksinilaseton metil esteri i¢in IR spektrumlar:
Sekil 2 ve Sekil 3'de sunulmustur. Siiksinilaseton metil
esteri oldugunu diisiindiigiimiiz maddenin IR spektrumu
siiksinilasetona ait spektrumdan farkli sekilde 2953,
2842, 1109 ve 1016 cmY de pikler vermistir. IR
spektrumundaki, 2953 cm! ve 2842 cmt’ deki pikler
muhtemelen alifatik C-H fonksiyonel sinifindandir. 2950
ve 2860 cm'! arasi alifatik C-H alanidir. 1641 ve 1648 cm-
’de goriinen piklerin karbonil gruplarina ait olmasi
muhtemeldir. Fakat ortamda ¢ok¢a bulunan su IR

uzerine

absorpsiyonu yaptig1 icin pikler diisiiniilenden daha
kiiciik dalga sayilarinda gelmistir ve 1109 ve 1016 cm-
"de goriinen pikler C-0-C (0=C-0-CH3) grubunu temsil
edebilir. Tlim bu veriler esterlesmenin meydana geldigini
diisindirmiistir.

Ayrica, ince tabaka kromatografi ile siiksinilasetonun ve
farklilik
incelenmistir (Sekil 4). Fotografdan anlasildigl iizere
siiksinilaseton, metanol ve petrol eteri, ylriitiicii faz ile

stiksinilaseton  metil esteri  arasindaki

plaka iizerinde yol alirken siiksinilasetonun metil esteri
sabit kalmistir. Sonug siiksinilasetonun iiriine (estere)
doniistiiglini  gostermektedir. Tim bunlardan sonra
calismada yon siiksinilaseton metil esterine gevrilmistir.
Doéniisiimlii voltametri yontemiyle Siiksinilaseton metil
esteri ¢alisilmistir. 0,1 M KCI igeren destek elektrolit, (-
1,00V) - (-2,00V) potansiyel araliginda, 0,05V potansiyel
adiminda, 0,010 V potansiyel genliginde ve 50 Hz frekans
ile uygulanmistir. Voltamogramda Ag/AgCl'e Kkarsi-
1,723V potansiyelde bir indirgenme piki izlenmistir.
Yiikseltgenme  dogrultusunda  herhangi bir pik
bulunmadig1 icin, elektrokimyasal tepkimenin tersinir
olmadigl sonucuna varilmistir(Sekil 5). Bu yontemdeki
pik akimi ve pik potansiyel verileri kaydedilmistir.
Akimin logaritmasina karsi tarama hizinin logaritmasi
grafige gecirildiginde hazirlanan grafikteki egri egiminin
0,152 yani 0,5'ten kiiclik oldugu goriilmustiir (Sekil 6).
Bond ve arkadaglarina gore bu egim 0,5'ten biiyiik olmasi
durumunda bilesigin elektrot yilizeyinde adsorbe oldugu
sonucuna varilir (Bond ve ark. 1980). Bu sebeple 1,95xE-
05 M derisimde
indirgenme reaksiyonunun difiizyon kontrollii oldugu
anlasilmaktadir.

stiksinilaseton metil esterinin
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Sekil 2. Siiksinilaseton i¢in IR spektrumu.
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Sekil 3. Siiksinilaseton metil esteri icin IR spektrumu.

Sekil 4. Siiksinilaseton ve stiksinilaseton metil ester bilesiklerinin ince tabaka kromatografi plakalari iizerinde aldiklar1
yol. a) 4,57xE-02 M siiksinilaseton b) 2,28xE-03 M siiksinilaseton metil esteri.
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Cycic Vatemrasty
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Sekil 5. 1,95xE-05 M Siiksinilaseton metil esterinin, 0,2 V tarama hizinda ddniisiimlii voltamogrami a) 0,1 M KCI
¢ozeltinde b) 0,1 M KCl ¢ozeltisine 1,95xE-05 M siiksinilaseton metil esteri ilavesi ile alinan déniisiimlii voltamogramlar.
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Sekil 6. 1,95xE-05 M siiksinilaseton metil esterin, tarama hizi ve akimin logaritma grafigi.

Uslu ve arkadaslari, tarama hizi karekokii ile pik
akimindaki dogrusal artisin, calisilan CV de difiizyon
kontrolli bir siireci gosterdigini belirtmistir (Uslu ve
ark.,2004). Tarama hizinin karekokiine karsi pik akim
grafigi hazirlandiginda pik icin R2=0,8322 korelasyon
katsayis1 vermistir (Sekil 7). Bu durumda difiizyon
kontroliinii gosterir. Wang ve arkadaslar1 tarama hizinin
logaritmasinin ~ pik  potansiyeline  kars1i  grafige
gecirildiginde hazirlanan grafik dogru ¢ikmamissa, bu
durumda  elektrokimyasal reaksiyonun diflizyon
kontrolli oldugunu sdylemislerdir (Wang ve ark., 1986).
Bu sekilde tarama hizinin logaritmasinin  pik
potansiyeline karsi hazirladigimiz grafiginde dogrusallik
izlenmedigi icin  Siiksinilaseton metil esterinin
indirgenme reaksiyonu diflizyon kontrollii oldugu
sonucuna varilmistir.

Tepkimede aktarilan elektron sayisini bulmak i¢in akim
orneklemeli polarografi ile calisilmistir. Destek elektrolit
(0,1 M KClI ) ¢ozeltisi ve 1,05xE-04 M siiksinilaseton metil
esteri eklenerek akim 6rnekleme polarografi calisiimistir.
Bu yontem ile alinan polarogramlar da siiksinilaseton
metil esterin verdigi simir akimi, id = 3,14xE-07 A ile
yaklasik -1,74 V potansiyelde izlenmistir. Ardindan,
orneklemeli dogrusal tarama polarogramlarindan elde

edilen veriler, potansiyele karsi logi/(id-i) grafigini
¢izmek icin kullanilmistir. Bu grafikten elde edilen
dogrunun egimi 30,705 olarak bulunmus ve esitlik 1’ de
kullanilmistir (Sekil 8).

m= nF
" 22,303RT

1)

m: dogru egimi;

R=ideal gaz sabiti (8,314 j/molK);

F= Faraday sabiti (96486); T: sicaklik (K);
n: aktarilan elektron sayisi

Esitlik 1 de yapilan hesaplamalar sonrasi n degeri 2 ¢ikar.
Bu durum Dbize siiksinilaseton metil esterinin
elektrokimyasal reaksiyonda aktarilan elektron sayisinin
iki oldugunu vermektedir. Siiksinilaseton metil esterinin
kalibrasyon egrisini hazirlamak i¢in; stiksinilaseton metil
esteri kare dalga voltametri yontemiyle 3,25xE-06 -
5,83xE-05 mol / L derisim araliginda ¢alisilmis, alinan
voltamogramlar Sekil 9 ve Sekil 10’ da sunulmustur.
Kalibrasyon egrisi ile bulunan gegerlilik degerleri Tablo
1’de verilmistir. Tabloya gore tespit sinir1 (LOD) ve tayin
sinir1 (LOQ) degerleri sirasiyla 2,72xE-07 ve 9,08xE-07 M
olarak bulunmustur.
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Sekil 7. 1,95xE-05 M siiksinilaseton metil esterinin, tarama hizinin karekokiine gore akim degerleri grafigi.

3.5 1
y = 30,705x + 60,648 o B
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Sekil 8. 1,05xE-04 M siiksinilaseton metil esterin, tarama hizi; 0,05 V/s iken, potansiyele gore log i/(id-i) degisim
grafigi.
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Sekil 9. 0,1 M KCl ¢ozeltisinde 3,25xE-06 - 5,83xE-05 M derisimleri arasinda siiksinilaseton metil esterinin kare dalga
voltamogramlart.
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Sekil 10. Kare dalga voltametri ile 3,25xE-06 - 5,83xE-05
kalibrasyon egrisi grafigi.

Tablo 1. Onerilen SQW yéntemi ile siiksinilaseton metil

esterinin  dogrusal regrasyon ve  istatistiksel
parametreleri
Parametre Kare dalga voltametrik yontem

Dog 1 Derisi
ogrusal Derigim 3,25xE-06 - 5,83xE-05 M

Araligi

Egim 2,00xE07
Kesim Noktasi 44,827
Sa" 3,90
Sp** 8,44xE-05
LOD 2,72xE-07
LOQ 9,08xE-07
Regresyon Katsayisi 0,9941

S.* kesim noktasinin standart sapmasi, Sp™ egimin standart
sapmasl

Amniyon sivisindan siiksinilaseton metil esterinin geri
alinabilirligi i¢cin; Amniyotik siviya katilan siiksinilaseton
metil esterin ve geri alinabilirlik degerlerini belirlemek

M derisim aralifindaki Siiksinilaseton metil esteri i¢in

amaciyla standart ekleme yontemi kullanilmistir.
Standart eklemede katilan siiksinilaseton metil ester
konsantrasyonlar1 sirasiyla 1,13xE-05, 1,32xE-05 ve
1,52xE-05 mol/L olan ¢ozeltilerdir. Kare dalga voltametri
yontemi sonucunda alinan voltamogramlardan elde
edilen ortalama pik akimlar1 - konsantrasyon grafigi
hazirlanmistir. Bulunan dogrunun x ekseninden gectigi
nokta amniyotik siviya eklenen siiksinilaseton metil ester
miktarinin belirlenmesine olanak saglamistir (Sekil 11).
Eklenen orneklerdeki siiksinilaseton metil esterinin %
geri alinabilirlik degerleri Tablo 2’de verilmistir. Bu
tabloya gére amniyon sivilarinda ise stiksinilaseton metil
esterinin geri alinabilirlik degeri ortalama %88,1 olarak
bulunmustur. Bu degerde yontem validasyonunda bir
%80-120
almaktadir (Ermer ve ark., 2005 ). Siiksinilaseton metil
esteri, KCl destek adet
indirgenme piki vermektedir. Esterlesme mekanizmasi
elektrot  yiizeyinde  gergeklestigi
mekanizma Sekil 12’de verilmistir.

kriter olarak kullanilan araliginda yer

elektrolit ortaminda bir

ve diisiiniilen

70 1y =2E+06x + 30,772
&; 60 - R = 0,9743
= | ©
£ 50
= 40 -
-
‘a 30
€ 20-
©
t 10 4
5
0 T T T L)
0 0,000005 0,00001 0,000015 0,00002
derisim(mol/L)

Sekil 11. Amniyon sivisina eklenen stiksinilaseton metil esteri miktar1 ve geri alinabilirligini tespit etmek i¢in yapilan

standart ekleme grafigi.
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Tablo 2. Eklenmis 6rneklerdeki stiksinilaseton metil esterinin % geri alinabilirlik degerleri*

Eklenen siiksinilaseton metil

Amniyon s1visi
Y esteri miktar1 (M)

Geri alinan siiksinilaseton

9 i alinabilirlik
metil esteri miktar1 (M) % gerl alinabilirli

AS1 9,27xE-06 6,77x E-06 73,05(+0,99)

AS2 9,27x E-06 9,73 x E-06 104,96(+0,56)

AS3 9,27x E-06 8,63x E-06 88,76(+0,52)

AS4 9,27x E-06 7,94x E-06 85,63(¢1,02)
*Her bir numune i¢in ti¢ kere 6l¢tim alinmistir.

0 o o
Il Il

[
H4C—C—CH, —C—CH,CH,—C—OH

H™, CH;OH I

0 o o)
I I

2e7, 2H

0 0
I Il I
H3C—C—CH2—C—CHQCHQ—(l:—OCHE,

H

Sekil 12. Siiksinilasetonun asidik ortamda metil alkol ile verdigi esterlesme tepkimesinin mekanizmasi.

4. Sonug¢
Literatiir arastirmalarinda
siiksinilaseton metil esteri i¢cin amniyotik sivida civa

stiksinilaseton ve

elektrot ile elektrokimyasal davranisinin agiklandig bir
calismaya rastlanmamistir. Civa elektrotta ortaya ¢ikan
indirgenme akiminin difiizyon kontrollii oldugu elektrot
aciklanmistir.

esterlesme

ylizeyinde
Stikstinilasetonun

adsopsorplanmadig:

amniyotik sivida
mekanizmasi verilmistir. Onerilen voltametri yéntemi,
siiksinilaseton metil esteri dolayisiyla siiksinilaseton i¢in
amniyotik Onerilen
analitik prosediir hem maliyet hem de zaman agisindan

sivida kolaylikla uygulanabilir.

basit ve ekonomiktir. Yontemin gecerliligi ve geri
alinabilirligi kabul edilebilir sinirlarda gérinmektedir.

Katki Oran1 Beyani
Yazar(lar)in katki ytlizdesi asagida verilmistir. Tim
yazarlar makaleyi incelemis ve onaylamistur.

S.M.K B.Y.E. AN.O.
K 30 20 50
T 100
Y 100
VTI 90 10
VAY 80 10 10
KT 60 40
YZ 100
KI 100
GR 100
PY 50 10 40
FA 50 50

K= kavram, T= tasarim, Y= yonetim, VTI= veri toplama ve/veya
isleme, VAY= veri analizi ve/veya yorumlama, KT= kaynak
tarama, YZ= Yazim, KI= kritik inceleme, GR= goénderim ve
revizyon, PY= proje yonetimi, FA= fon alimu.

Catisma Beyani
Yazarlar bu ¢alismada hig¢bir ¢ikar iliskisi olmadigini
beyan etmektedirler.

Etik Onay Beyani

Amniyotik sivilar Ondokuzmayis Tip
Fakiiltesi Tibbi Genetik Anabilim Dali'ndan alinarak
kullanilmis olup Ondokuz Mayis Universitesi Klinik

Universitesi
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Arastirma Etik Kurulundan etik kurul onayr alinmistir
(onay tarihi: 16 Nisan 2008, onay numarasi: OMU Etik
2008/164).

Destek ve Tesekkiir Beyam
Bu calismanin Ondokuzmayis Universitesinde OMU F-
445 nolu proje kapsaminda desteklenmistir.
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Abstract: The aim of the present study was to investigate brain volumes in pessimist and optimist participants. Therefore, in the
present voxel-based morphometry research, it is investigated whether optimism has a corresponding counterpart in the structure of
the brain. Thirty-two participants were screened via a publicly available dataset to test for this. The participants are divided into two
groups: low optimists and high optimists, each with sixteen people. In comparison, a significant difference (P<0.05) was not found
between the groups we created as a result of statistical calculations; however, statistically significant results (P<0.001) were obtained
via a detailed VBM analysis in many brain regions, especially the thalamus, amygdala, left insula, superior frontal gyrus, and right
cerebellum regions. These differences were identified and reported.
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1. Introduction

Interpretations of events, whether pessimistic or
optimistic, influence emotional reactions and cognitive
processing. Optimism leads to positive outcomes and
positive psychological adjustments, while pessimism
leads to persistent anticipations and poorer outcomes
(Levens and Gotlib, 2012).

Optimistic bias, prevalent across genders, ages, and
countries, can lead to increased risk-taking and
decreased preventative measures, while also calming the
mind and alleviating stress, requiring education and
awareness. Therefore, society must study and educate on
how false optimism can damage our daily lives and self-
esteem.

Brain morphometry refers to the scientific procedure of
quantifying the dimensions, typically in terms of volume,
of different structures within the brain. The assessment
of macroscopic gray matter (GM) asymmetries with a
high level of regional specificity is a crucial aspect in
imaging methodologies, Based
Morphometry (VBM) stands out as one of the most

brain and Voxel
significant approaches. VBM enables the differentiation
of local GM concentration levels at the voxel level,
facilitating comparisons between distinct groups or the
right and left hemispheres. The VBM
methodology encompasses the process of spatially
normalizing structural magnetic resonance imaging

cerebral

process of segmentation is executed to partition the
image into distinct regions representing GM and white
matter (WM). The GM sections are then subjected to a
smoothing operation in order to enhance the overall
visual quality. Following the application of a smoothing
technique to the GM images, voxelwise statistical tests
are conducted in order to establish comparisons between
the groups or between the right and left hemispheres
(Whitwell, 2009; Ocklenburg and Giintiirkiin, 2018).
Neuroimaging technologies like functional magnetic
resonance imaging (fMRI), MRI, and event-related
potential (ERP) (Alessandri and De Pascalis, 2017) are
being used to study optimism and pessimism. VBM and
MRI are used to explore resting-state functional
connectivity (RS-FC), often using a region of interest seed
approach (Ran et al, 2017). Other resting-state metrics
include amplitude of low-frequency
(f-ALFF) and regional homogeneity
(RegHom) (Jiang and Zuo, 2016), which measure brain
connections and abnormally localized functioning
(Egorovaetal., 2017).

Studies show that optimism is correlated with GM in the
orbitofrontal cortex (OFC), bilateral putamen, and
thalamus, while the rostral anterior cingulate cortex

fractional
fluctuations

(rACC) and the inferior frontal gyrus (IFG) are critical for
self-referential processing and information suppression
(Aberg, 2021). Ran et al. (2017) found that dispositional
optimism is significantly linked to the strength of the RS-
FC between the ventromedial prefrontal cortex (vmPFC)

(sMRI) scans obtained from all individuals to a
standardized stereotactic space. Subsequently, the
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and the middle temporal gyrus (mTG), and negatively
associated with the RS-FC between the vmPFC and IFG.
Yang et al. (2013) found that optimism is linked to
increased gray matter (GMV) in the
pulvinar/thalamus region, extending to the posterior

volume

part of the parahippocampal gyrus, suggesting that
individuals with higher optimism may be more adept at
emotion regulation. Dolcos et al. (2016) found a
significant correlation between increased GMV in the left
lateral OFC and optimism in healthy adults, highlighting
the link between personality and brain characteristics.
Lai et al. (2020) study found that increased bilateral
putamen regional GM density significantly correlates
with higher levels of optimism. Sharot et al. (2007)
investigated that optimism is linked to increased
activation in the amygdala and rACC, brain regions
responsible for emotional salience, and that rACC activity
is associated with trait optimism. Wang et al. (2018)
utilized the f-ALFF technique to analyze optimism
processes, revealing a correlation between optimism and
spontaneous OFC activity and a relationship between the
left supplementary motor cortex.

Lai et al. (2020) discovered a relation between increased
optimism and higher GM density in the bilateral
putamen, an area related to motivation processing.
Carver et al. (2010)’s assertion suggests that motivation
is strongly related to optimism, with bilateral putamen
being responsible for optimistic individuals' motivation.
Greater regional GM density correlates with higher
optimism degrees.

Additionally, optimism was reported to be associated
with higher GMV in the left lateral OFC (Dolcos et al.,
2016), reduced f-ALFF in the right OFC, and connectivity
seen between supplementary motor cortex and OFC
(Wang et al., 2018). Research suggests that the OFC may
protect healthy individuals from anxiety symptoms, with
increased spontaneous activity linked to elevated anxiety
levels in both patients and healthy individuals with
anxiety disorders (Qiu et al., 2015).

The rACC's role in self-referential processing contributes
to optimistic bias, as individuals rationalize favorable
events based on positive self-imagination, which is linked
to increased vmPFC activity, as suggested by (Sharot et
al, 2007; Blair et al, 2013). Blair et al. (2013; 2017)
discovered greater activation in the posterior cingulate
cortex and vmPFC, essential for evaluating stimulus
subjective value, but did not find a correlation with
optimistic bias. They argued that biased subjective value
within these regions contributes to optimism, but not to
be optimistic bias generation.

Blair et al. (2013) found that participants were optimistic
about both good and bad future events, overestimating
milestones and underestimating heart attacks. Positive
situations increased activity in the posterior cingulate
cortex, vmPFC, and rACC, while negative situations
decreased activity in the dorsomedial prefrontal cortex
(dmPFC) and left insula activity.

Sharot et al. (2011) study used fMRI data to analyze

participants' likelihood of encountering 80 unfavorable
scenarios. They found that 79% of participants modified
their estimation when faced with a decreased likelihood
of negative events. Activity in the left IFG, right
cerebellum, and  bilateral = medial = prefrontal
cortex/superior frontal gyrus increased. When their
initial likelihood estimates exceeded reality, activity
within the proper IFG decreased.

The study by Sharot (2007) found a significant link
between bilateral amygdala activity and rACC activity
during positive negative
situations weaken this connection. A rise in rACC and
amygdala activation is

future scenarios, while
associated with optimism.
Research has shown that negative self-information is not
a necessary component of optimism bias, and
participants' initial estimations may be updated when
faced with actual probability (Sharot et al,, 2007; Sharot,
2011; Ran et al, 2017). The IFG found that higher
optimism scores lead to poorer outcomes when negative
occurrences are greater than initial assessments. This
indicates that the right IFG is crucial for rejecting
unfavorable information and maintaining beliefs
affecting well-being.

Overly optimistic individuals are more probably to
disregard negative aspects of themselves. In their study,
Kuzmanovic et al.'s study (Kuzmanovic et al, 2016)
found that the ventral striatum partially omits negative
information, contributing to individuals' optimism bias,
as it's a part of the brain's reward system, causing
individuals to disregard negative information. Ran et al.’s
findings may imply that the mTG and inferior IFG, which
are connected with emotion processing and regulation,
are also involved in dispositional optimism (Ran et al,,
2017).

Due to its interconnections to other limbic structures, the
thalamus has formerly been connected with emotional
processing (Bush et al, 2000; Davidson et al, 2000).
Optimists are more likely to utilize reappraisal as an
emotion-regulation approach and express more positive
moods than pessimists (Yang et al., 2013). Reappraising
experiences helps alleviate unpleasant emotions, as
controlling emotions is crucial for maintaining a positive
outlook, as evidenced by increased GMV in the thalamus
in extremely o-individuals.

Is it able to conduct a methodical, objective, and scientific
study of optimism and pessimism? Undoubtedly,
although optimism and pessimism are applied uniquely
and differentially in each individual's life and despite the
subject's breadth, optimism research is quantitative in
Therefore, the possibility of qualitative
differences in the brain volumes of optimistic and
pessimistic people addition,
considering the gender difference, age distribution, and

nature.

comes to mind. In
parameters such as the right and left lobes of the brain, it
is a matter of curiosity whether these parameter
differences have any effect on people's perspectives on
life. Therefore, the aim of this study was to evaluate
whether there was any difference by dividing people into
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two groups, optimistic and pessimistic, and then dividing
these groups into subgroups, such as male/female, age
range, and right and left lobes of the brain. The outline of
the study is designed as follows. First, the methods used
in the study and the content of the dataset will be
summarized in Section 2. Subsequently, the results are
presented in Section 3. In Section 4, the results will be
discussed, and in the fifth section, the current result and
future works will be evaluated.

2. Materials and Methods

2.1. Dataset

The dataset known as the "Leipzig Study for Mind-Body-
Emotion Interactions" (Lemon) consists of data from 227
deemed healthy. These
participants were divided into two groups: a youthful

individuals who were
group consisting of 153 individuals with an average age
of 25.1 years (ranging from 20 to 35 years), with 45 of
them being female; and an elderly group consisting of 74
individuals with an average age of 67.6 years (ranging
from 59 to 77 years), with 37 of them being female. The
participants were recruited in a cross-sectional manner
to investigate mind-body-emotion interactions in Leipzig,
Germany, during the period from 2013 to 2015. All
participants were subjected to testing at the "University
Clinic Leipzig's Day Clinic for Cognitive Neurology" and
the "Max Planck Institute for Human and Cognitive and
Brain Sciences" (MPI CBS) located in Leipzig, Germany.
The research adhered to the guidelines set forth in the
Declaration of Helsinki, and its methodology was granted
approval by the ethics committee of the medical faculty
at the University of Leipzig (reference number 154/13-
ff). The recruitment and exclusion criteria have been
outlined in previous studies (Oligschldger et al, 2016;
Mendes et al,, 2017; Golchert et al., 2017a; Golchert et al.,
2017b; Babayan et al,, 2019). All of the data used in this
study can be found on this website:
http://fcon_1000.projects.nitrc.org/indi/retro/MPI_LEM
ON.html.

2.2. Participants

Since our focus in our study was to understand whether
there is a difference between highly optimistic and less
optimistic brain structures, we grouped our participants
according to psychological assessment. Accordingly, the

Table 1. The demographic details of the participants

Optimism Pessimism Questionnaire-Revised (LOT-R) test
results given under the Psychological Assessment title of
(Babayan et al., 2019) were suitable for our purpose. We
conducted our study by choosing a narrower focus
among all these broad parameters and participants and
selected 32 individuals from the Lemon data set, equally
distributed in the highly optimistic (H-optimistic) and
low optimistic (L-optimistic) (pessimistic) groups.

Each group we formed thus consisted of 16 people. In
each group, the number of men and women and the age
distribution were equal. Namely, eight women (4
younger - 4 older) and eight men (4 young - 4 older)
were selected. Therefore,
according to subgroups as well as L-optimistic and H-
optimistic groups. Figure 1 presents Group division
representation. Subjects were nonsmoker and right-
handed dominant,
generally Gymnasium, and as another lower percentage,
Realschule. Furthermore, there was a participant whose
education was Hauptschule. The age range had a

comparisons were made

and their education level was

different range for each group and is presented in Table
1. The participants were matched in psychopathology
severity (e.g. HDRS). And the subjects have no SCID-
diagnoses.

LOMY  (OMO

LOFY LO-FO HOFO

HO-MY

LoF Lo-m

b) Opnmans o
O Optumiste

M Male

F: Female

LOLow Optsmustic
HO Higk Optmustic

Figure 1. Group division representation.

Participants High Optimistic High Optimistic Low Optimistic Group  Low Optimistic Group
Group Group Female-0Old Female-Young
Female-0Old Female-Young Male-0Old Male-Young
Male-0Old Male-Young
Number 4 4 4 4
4 4 4 4
Age Range 65-75 20-30 60-70 20-30
60-75 20-30 60-75 30-30
Total Number (32) 8 8 8 8
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2.3. Image Acquisition

The neuroimaging procedure was conducted using the 3
Tesla SIEMENS MAGNETOM Verio, manufactured by
Siemens in Germany. The acquisition of T1-weighted 3D
magnetization data was performed. The anatomical
images in the sagittal plane were acquired using the
Prepared Rapid Gradient Echo (MPPRAGE) sequence,
with specific parameter settings. The sagittal acquisition
orientation was used to obtain a 3D volume consisting of
176 slices. The repetition time (TR) was set to 5000 ms,
while the echo time (TE) was 2.92 ms. Two inversion
times (TI1 = 700 ms, TI2 = 2500 ms) and two flip angles
(FA1 = 40°, FA2 = 50°) were employed. Prior to scanning,
pre-scan normalization was performed. The echo spacing
was set to 6.9 ms, with a bandwidth of 240 Hz/pixel. The
field of view (FOV) was 256 mm, and the voxel size was 1
mm isotropic. A GRAPPA acceleration factor of 3 was
applied, and the slice order was interleaved. The total
duration of the scan was 8 minutes and 22 seconds.
2.4.Voxel Based Morphometry (VBM)

The estimation of the cerebrospinal fluid (CSF), WM,
GM and total intracranial volume (TIV), was conducted
using the VBM approach. The VBM technique is widely
recognized for its efficacy in assessing the voxel-level
differences between multiple groups by utilizing sMRI
data (Ashburner, 2000). The VBM8-toolbox developed by
(http://dbm.neuro.uni-jena.de/vbm8/) (the University of
Jena) was employed in this study. The toolbox utilized in
this study is derived from the SPM program, which can be
accessed at the following URL:
http://www filion.uclac.uk/spm/. The SPM program
itself is implemented in MATLAB. The utilization of a 3D
T1-weighted sMRI image as input in the VBM8 toolbox
allows for the consistent implementation of denoising,
normalization, segmentation, and computation of CSF,
WM, GMvolumes by SPM. After performing
segmentation, the normalized WM and GM images were

used for VBM analysis. The estimation of TIV was
performed by aggregating the volumes of CSF, WM, GM.
The volumes of thesewere subjected to Gaussian
smoothing using a kernel size of [18.6 18.2 18.3 mm mm
mm; 12.4 12.1. 12.2{voxels}], [1.5 1.5. 15. mm mm mm;
1.0 1.0 1.0{voxels}], [15.5 14.4 14.7 mm mm mm;10.3 9.6
9.8{voxels}] full width at half maximum (FWHM).

2.5. Statistical Approach

The smoothed and normalized adjusted nonlinear, white
matter and gray images and cerebrospinal fluid images
were employed for between-group comparisons.
Absolute threshold masks of 0.05 were operated on the
GM, WM, and CSF images. The statistical parametric maps
were subjected to two thresholds: an uncorrected voxel-
size threshold of P<0.001 and an expected voxel per
cluster threshold (>50) for the purpose of eliminating
counterfeit small clusters. The Mann-Whitney U test was
calculated to compare the estimations of volumes
between the H-optimistic and L-optimistic groups in
MATLAB.

3. Results

No statistically significant differences were found in the
volumes of TIV, WM, GM, and CSF between the groups
categorized as H-optimistic and L-optimistic (P<0.05)
(Figure 2 and Figure 3 and Table 9).

Furthermore, there were no significant differences
observed in TIV, WM, GM, and CSF volumes within the
brain for female and male participants, young and old
participants, young female and male participants, or old
female and male participants (P<0.05) (Tables 2-7).
However, in the detailed analysis, many brain regions
showed differences between groups when the low
optimistic group was set as the default setting of <high
optimistic on a scale of P<0.001 (Figure 4). Table 8
presents the regions of significantly different GM and
WM and CSF volumes from the whole brain VBM analysis.

Table 2. Volume estimation (mean and standard deviation (SD)) of cerebrospinal fluid (CSF), white matter (WM), gray
matter (GM), total intracranial volume (TIV), WM/TIV, and GM/TIV results for female participants

Brain Volumes High Optimistic Group Low Optimistic Group P-value
Mean + SD Mean + SD

(Absolute Volumes)

CSF 255+64.38 274.25176.69 0.46

WM 470.871+33.08 475.37+£39.42 0.74

GM 470.75+54.26 635.5+66.6 0.10

TIV 1397.62+87.37 1387.75+£67.96 0.84

(Relative Volumes)

WM/TIV 33.6840.86 34.22+1.7 0.57

GM/TIV 48.07+3.8 45.851+4.8 0.19

CSF/TIV 18.18+4.2 19.7345.2 0.31
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Figure 2. Percentage representation comparisons of highly optimistic groups for GM, WM, and CSF images.
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Figure 3. Percentage representation comparisons of low optimistic groups for GM, WM, and CSF images.
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Table 3. Volume estimation (mean and standard deviation (SD)) of cerebrospinal fluid (CSF), white matter (WM), gray
matter (GM), total intracranial volume (TIV), WM/TIV, and GM/TIV results for male participants

Brain Volumes High Optimistic Group Low Optimistic Group P-value
Mean + SD Mean + SD

(Absolute Volumes)

CSF 315.12+114.60 329.87+ 80.95 0.44
WM 489.75+ 56.35 508.751+42.09 0.84
GM 706.625+131.24 728+80.82 0.46
TIV 1513.12+145.34 1568.12+86.89 0.38
(Relative Volumes)

WM/TIV 32.37+1.8 34.42+1.7 0.94
GM/TIV 46.61+6.4 46.46+4.7 0.81
CSF/TIV 20.93+7.7 21.02+4.8 0.84

Table 4. Volume estimation (mean and standard deviation (SD)) of cerebrospinal fluid (CSF), white matter (WM), gray
matter (GM), total intracranial volume (TIV), WM/TIV, and GM/TIV results for young female participants

Brain Volumes High Optimistic Group  Low Optimistic Group P-value
Mean + SD Mean + SD

(Absolute Volumes)

CSF 224.75174.66 215.25+42.35 0.87
WM 469.251+49.58 480+4 0.62
GM 697.251+60.63 687+48.51 0.62
TIV 1392+132.48 1382.75+24.47 0.87
(Relative Volumes)

WM/TIV 33.7+1.19 34.7+0.66 0.50
GM/TIV 50.2243.65 49.67+3.22 1.00
CSF/TIV 16.05+4.66 15.57+3.05 0.87

Table 5. Volume estimation (mean and standard deviation (SD)) of cerebrospinal fluid (CSF), white matter (WM), gray
matter (GM), total intracranial volume (TIV), WM/TIV, and GM/TIV results for young male participants

Brain Volumes High Optimistic Group  Low Optimistic Group P-value
Mean + SD Mean + SD

(Absolute Volumes)

CSF 241+437.7 269.75+39.39 0.12
WM 520.5+55.24 513.5+47.25 0.62
GM 811.25+97.03 795.75+52.77 0.87
TIV 1546.5+183.67 1579.75+102.44 0.87
(Relative Volumes)

WM/TIV 33.7240.51 32.5+1.82 0.37
GM/TIV 52.47+1.21 50.4+1.81 0.25
CSF/TIV 13.77+1.24 17.7+2.28 0.12

Table 6. Volume estimation (mean and standard deviation (SD)) of cerebrospinal fluid (CSF), white matter (WM), gray
matter (GM), and total intracranial volume (TIV), WM/TIV, and GM/TIV results for old female participants

Brain Volumes High Optimistic Group =~ Low Optimistic Group P-value
Mean + SD Mean + SD

(Absolute Volumes)

CSF 285.251+40.70 333.25+51.44 0.25
WM 472.5+9.39 470.75+59.60 1.00
GM 644.25+36.36 584+27.54 0.12
TIV 1403.25+13.40 1392.754100.55 0.87
(Relative Volumes)

WM/TIV 33.6710.57 33.724+2.38 0.87
GM/TIV 45.9242.85 42.0242.21 0.12
CSF/TIV 20.32+2.74 23.9+2.84 0.25
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Table 7. Volume estimation (mean and standard deviation (SD)) of cerebrospinal fluid (CSF), white matter (WM), gray
matter (GM), and total intracranial volume (TIV), WM/TIV, and GM/TIV results for old male participants

Brain Volumes High Optimistic Group  Low Optimistic Group P-value
Mean + SD Mean + SD

(Absolute Volumes)

CSF 416.25+44.19 390+64.04 0.87
WM 459+42.85 504+42.90 0.62
GM 602+39.85 660.25+14.79 0.12
TIV 1479.75+112.17 1556.5+82.24 0.37
(Relative Volumes)

WM/TIV 31.02+1.56 32.35+1.93 0.62
GM/TIV 40.75+1.71 42.52+2.70 0.87
CSF/TIV 28.1+0.97 24.97+2.87 0.25

Table 8. The regions of significantly different gray and white matter and cerebrospinal fluid volumes from the whole

brain VBM analysis (P<0.001 uncorrected)

LOW>HOG Total Number of Voxels Z T MNI coordinate
x vy 2z

Gray Matter 547254 3.91 3.16 18 -14 60
3.90 3.16 17 -39 42

3.81 3.81 14 -39 44

White Matter 390919 4.18 4.92 -5 -81 -8
3.84 4.41 0 -68 18

3.27 3.62 11 -62 15

3.74 4.26 -5 -17 48

3.58 4.03 -35 29 42

3.42 3.82 -12 -33 51

3.27 3.62 -20 -47 60

3.26 3.60 29 44 21

3.17 3.49 -44 -21 36

3.13 3.43 -57 -15 -41

3.09 3.39 -26 27 36

Cerebrospinal Fluid 631691 4.07 4.75 -39 30 45
3.67 4.17 47 -2 57

3.65 4.14 8 8 -21

3.60 4.07 -56 21 36

3.55 4.00 -60 -32 32

3.53 3.97 -9 29 50

3.49 391 50 -44 29

3.36 3.74 60 -38 42

3.33 3.69 54 -9 -5

3.32 3.69 -30 -95 14

3.26 3.61 68 -39 9

3.24 3.58 -53 -48 48

3.22 3.55 54 0 44

3.1. Gray Matter Evaluations in terms of Anatomical
Localization

In our study, the reference group is the group obtained
by subtracting the low optimistic group from the high
optimistic group. We evaluated our results first by
grouping the participants into low-optimistic and high-
optimistic groups with 16 subjects per group.
Accordingly, when the low optimistic group was
compared to the high optimistic group (P<0.001), there
were significant differences in brain right hemisphere
volumes. These regions: Right cerebral white matter,

Right OFuG, Right LiG, Right lateral ventricle, Right
calcarine calcarine cortex, Right I0G.

When females in the L-optimistic group were compared
to females in the H-optimistic group (P<0.001), no
significant differences were found.

However, when males in the L-optimistic group were
compared to males in the H-optimistic group (P<0.001),
significant differences were found. These regions are the
right cerebral white matter, right PrG, right SPF, right
PCu, right PCgG, right MPrG, and right MPoG.
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Table 9. Volume estimation (mean and standard deviation (SD)) of cerebrospinal fluid (CSF), white matter (WM), gray
matter (GM), total intracranial volume (TIV), WM/TIV, and GM/TIV results

Brain Volumes High Optimistic Group  Low Optimistic Group P-value
Mean + SD Mean + SD

(Absolute Volumes)

CSF 285.06 +£95.01 302.06 + 81,41 0.2145
WM 480.31 £+ 45.69 492.06 +42.99 0.5179
GM 688.69 +98.77 681.75 £ 85.83 0.6417
TIV 1455.37 +130.30 1477.93 £ 119.81 0.5349
(Relative Volumes)

WM/TIV 33.03 £ 1.52 33.32+1.90 0.6483
GM/TIV 47.34 +5.15 46.15 + 4.62 0.2443
CSF/TIV 19.56 + 6.17 20.38 £ 4.91 0.5014

o o - B
3

2

I :

Figure 4. Render and Slice View of the GM images.
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e When older females in the L-optimistic group were

compared to older females in the H-optimistic group
(P<0.001), no significant differences were found.
When younger females in the L-optimistic group are
compared to younger females in the H-optimistic
group (P<0.001), significant differences are found,
The regions under consideration include the Right
SFG, Right MSFG, Right Cerebral White Matter, Right
OFugG, Right LiG, Right Exterior of the Cerebellum,
Right I0G, Right Palladium, Right Thalamus Proper,
Right Amygdala, Left TrIFG, Left MFG, Left Cerebral
White Matter, Left Ventral DC, Left Thalamus
Proper, Brain Stem, 3rd Ventricle, CSF, Right Ventral
DC, and 4th Ventricle.

When older males in the L-optimistic group were
compared to older males in the H-optimistic group
(P<0.001), significant differences were found. The
aforementioned regions include the Left MOG, Left
SOG, Left Cerebral White Matter, Left Occipital Pole,
Left Cuneus. The regions of interest identified in our
study include also the Left Ventral DC, Left
Thalamus Proper, Left Pallidum, Right Thalamus
Proper, Right Ventral DC, Left PCu, and Right PCu.
The left PCgG, left MPoG, right PCgG, left MPrG, left
MCgG, and right MCgG were observed. The MPrG,
was also the focus of discussion. The regions of
interest in this study include also the right cerebral
white matter, left MTG, left ITG, left IOG, right PrG,
right MPrG, right SFG, right SMC, left SOG, left MOG,
left Calc, left Cun, left lateral wventricle, left
cerebellum exterior, left OFuG, right MTG, right STG,
right PCu, right SPL, left PCu, right TMP, right ITG,
right FuG, right PHG, brain stem, right cerebellum
exterior, right OFuG, right LiG, right IOG, and the
fourth ventricle.

When younger males in the L-optimistic group were
compared to younger males in the H-optimistic
group (P<0.001), significant differences were found.
The aforementioned regions encompass the Left
Ventral DC, Left Thalamus Proper, Left Cerebral
White Matter, and 3rd Ventricle. The left pallidum,
right thalamus proper, right ventral DC, right Fug,
right ITG, right cerebral white matter, right MPrG,
and right PCgG, the right medial segment of the
postcentral gyrus and the right precuneus in the
posterior cingulate cortex, the right PrG, left MPrG,
right MCgG, right PoG, and right MPrG were
observed. The left OplIFG, left FO, and left TrIFG
were examined in this study. The regions of interest
in this study include also the right cerebral white
matter, the right OFuG, and the right LiG. The
regions of interest identified in the study include
also the right lateral ventricle, the left I0G, left
OFugG, left SPL, left AnG, right SOG, right MOG, right
OCP, left FuG, left ITG, left PHG, right Cun, left
cerebellum exterior, right I10G, right OFuG, right
Calc, left Cun, left LiG, left MFG, left Calc, and left
OCP.

3.2. White Matter Evaluations in terms of Anatomical
Localization
Similarly, we evaluated our outcomes first by grouping
the participants into low optimistic and high-optimistic
groups with 16 subjects per group. Accordingly, when the
pessimistic group was compared to the optimistic group
(P<0.001), there were significant differences in brain
right and left hemisphere volumes. These regions are Left
LiG Lingual gyrus, Left Cerebral White Matter, Left Calc
calcarine cortex, Left Cerebellum Exterior, Cerebellar
Vermal Lobules VI-VII, Left PCu, Left Cun cuneus, Right
Cun cuneus, Right PCu, Right CALC, Right Cerebral White
Matter, Right LiG, Left MCgG, Left SMC, Left MPrG, Right
MCgG, Right MPrG, Right SMC, Left MFG, Left PCgG, Left
MPoG, Left PrG, Left Pogyrus, Left MFG, Left PCgG, Right
MFG, Left SFG, Left MPoG, Left MFG.
When females in the L-optimistic group were compared
to females in the high optimistic group (P<0.001),
significant differences were found. The regions of
interest in this study include the Left MPoG, Left PrG, Left
Cerebral White Matter, Left SMG, Right Cerebral White
Matter, Right Lateral Ventricle, Left Lateral Ventricle,
Right Caudate, Right Accumbens Area, and Right SCA
subcallosal area, 3rd Ventricle, Left Caudate, Right
Ventral DC, Left SCA, and Right Thalamus Proper. The
regions of interest in the brain include also the left
accumbens area, right basal forebrain, right pallidum, left
ventral DC, left PT, left STG, left CO, left PO, left PoG, left
SMG, left TTG, left MTG, and left PO accumbens area.
Additionally, the left PoG, left SMG, and left TTG was also
of interest.
Moreover, when males in the L-optimistic group were
compared to males in the H-optimistic group (P<0.001),
significant differences were found. The aforementioned
regions encompass the Left Cerebral White Matter, Left
SMC, and the Left MPrG. The left middle cingulate gyrus,
right medial segment of the precentral gyrus, right
middle cingulate gyrus, and right supplementary motor
cortex were observed. The region of interest was also the
calcaneus CALC. The right cuneus, right precuneus, and
left precuneus were observed. The right LiG was also a
region of interest in the brain. The left lingual gyrus, left
cuneus, and left calcarine cortex were observed. The
right cerebral white matter and right lateral ventricle
were the anatomical structures under consideration. The
SMC was observed as a region of the brain that plays a
role in motor control. The central operculum located in
the left cerebral hemisphere was examined. The left
temporal pole of the middle temporal gyrus, the left
OpIG, the left FO, the left STG, the left PrG, the left Alns,
the left Cun, and the left OCP was seen. The regions of
interest in this study include the right MFG, right SFG, left
LiG, right LiG, left cerebellum exterior, right PrG, and
right MFG. The right cuneus, right SPL, left SMG, left PoG,
left PO, left SPL, left PoG, left PCu, and left MPoGwere
identified. In addition,
e When older females in the L-optimistic group were
compared to older females in the H-optimistic group
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(P<0.001), significant differences were found. The
aforementioned regions include the Right Cerebral
White Matter, Right Posterior Insula of the Planum
Polare, Right ALNS, and Right PP. The right
putamen, right vessel, right hippocampus, right
inferior lateral ventricle, right putamen, and right
amygdala were observed. The entorhinal area, also
known as the Ent entorhinal area, was identified as
a region of the brain. The left superior parietal
lobule and left precuneus of the posterior cingulate
cortex were examined. The white matter in the left
cerebral hemisphere was seen. The following brain
regions were identified: the SOG, the CUN, the ALNS,
the FO, the OplIFG, the OpIFG, CO, and the ITG. The
left FuG, the left cerebellum exterior, right MFG,
right SFG, right ITG, and right FuG were the specific
brain regions under consideration. The following
brain regions were identified in the left hemisphere:
the left putamen, left posterior insula of the parietal
lobe, left anterior insula, left pallidum, left vessel,
left hippocampus, left planum polare of the parietal
lobe, left inferior lateral ventricle, left superior
occipital gyrus, left angular gyrus left amygdala, left
fusiform gyrus, left lateral ventricle, left entorhinal
area, left basal forebrain, left vessel, and left planum
polare of the parietal lobe. In the right hemisphere,
the identified regions were the right lateral
ventricle, right caudate, right thalamus proper, right
lateral ventricle, left middle occipital gyrus, right
precentral gyrus, and right postcentral gyrus.

When younger females in the L-optimistic group
were compared to females in the younger H-
optimistic group (P<0.001), significant differences
were found. These regions are Left Cerebral White
Matter, Right Cerebral White Matter, Left MFG, Right
SFG, Left CUN, Right CUN, Left CALC, Left STG, Left
PT, Left MTG, Left TTG, Left MCgG, Right MCgG ,Left
SMC, Left AnG, Left MOG, Right FuG, Right ITG, Right
Cerebellum Exterior, Right PHG, Right MSFG, Left
MSFG, Left OFuG, Left CALC, Left IOG, Left OCP, Left
LiG, Right Plns, Right PP, Right ALNS, Right TTG,
Right CO, Right STG, Left STG, Left PT, Left PO, Left
CO, Left PoG, Left SMG, Left SFG, Left MFG, Left PrG,
Left ACgG, Left Hippocampus, Left Amygdala, Left
Pallidum, Left Ventral DC, Left Putamen, Left Inf Lat
Vent, Left Ent entorhinal area, Left vessel, Right
ACgG, Right LiG, Left LiG, Right CALC, Left CALC,
Right CUN, Left CUN.

When older males in the L-optimistic group were
compared to older males in the H-optimistic group
(P<0.001), significant differences were found. These
regions are Left Cerebral White Matter, Right
Cerebral White Matter, Right PCu, Left PCu, Left
MPrG Left PCgG, Left MPoG, Left MCgG, Left STG,
Left MTG, Left PT planum temporale, Left TTG, Right
MTG, Right SFG, Left CO, Left PP, Left OpIFG, Left FO
frontal operculum, Left TMP, Left PrG, Left ALNS,
Right PCgG, Right TMP, Left IOG, Left MOG, Left SMC,

Left MPrG, Right MCgG, Right SMC, Right MPrG, Left
MTG, Left ITG, Left IOG, Right SPL, Right MSFG, Right
ACgG, Left CALC, Left OpIFG, Left PrG Precentral
gyrus, Right MPrG, Right MCgG, Right SMC, Left
MPrG, Left SMC, Left MCgG, Right PCgG, Right TMP,
Right ENT, Right ITG, Right FuG.

e When younger males in the L-optimistic group were
compared to younger males in the H-optimistic
group (P<0.001), significant differences were found.
These regions are Right Cun cuneus, Left Cun
cuneus, Left Cerebral White Matter, Right Cerebral
White Matter, Right Calc calcarine cortex, Left Calc
calcarine cortex, Right PCu, Left PCu, Right LiG, Left
LiG, Right FuG, Right ITG, Right ENT, Right PHG,
Right TMP, Right Hippocampus, Right Amygdala,
Right Inf Lat Vent, Cerebellar Vermal Lobules VI-VII,
Cerebellar Vermal Lobules VIII-X, Left Cerebellum
Exterior, Right Cerebellum Exterior, Left MFG, Left
PrG, Right GRe, Left GRe, Right MOrG, Right MFC,
Left MFC, Right POrG, Right LOrG, Right AOrG, Right
PrG, Right MFG, Left SMG, Left PoG, Left parietal
operculum, Left SMC, Left MPrG, Left MCgG, Right
MPrG, Right SMC, Right MCgG, Left OCP, Right CO,
Right TTG, Right PP, Right Plns posterior insula,
Right Alns anterior insula, Right PT.

3.3. Cerebrospinal Fluid Evaluations in terms of

Anatomical Localization

Furthermore, we evaluated our outcomes by grouping
the participants into low optimistic and high optimistic
groups, with 16 subjects per group with cerebrospinal
fluid. Accordingly, when the pessimistic group was
compared to the optimistic group (P<0.001), there were
significant differences in brain right and left hemisphere
volumes. These regions are the left MFG, right PrG
precentral gyrus, left SMG, left cerebral white matter,
right SMG, right cerebral white matter, left MOG, right
STG, left SMG, right PrG, and right PoG.

By extension, when females in the L-optimistic group
were compared to females in the H-optimistic group

(P<0.001), significant differences were found. These

regions are the Left FuG fusiform gyrus, Left Cerebral
White Matter, Right Cerebral White Matter, Left SOG, Left
PoG postcentral gyrus, Left SMG, and Right GRe.
Moreover, when males in the L-optimistic group were
compared to males in the H-optimistic group (P<0.001),
significant differences were found. These regions are the
left cerebral white matter, right cerebral white matter,
right MFG, right PrG, brain stem, right FuG, left MFG, left
SPL, and left AnG. Additionally;

e When older females in the L-optimistic group were
compared to older females in theH- optimistic group
(P<0.001), significant differences were found. These
regions were the left cerebral white matter, right
cerebral white matter, right PrG, left ITG, left GRE
gyrus rectus, left SPL, right AOrG , left PrG, right
PCu, right ventral DC, and left MOG.

e When younger females in the L-optimistic group
were compared to females in the younger H-
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optimistic group (P<0.001), significant differences
were found. These regions were the left cerebral
white matter, right cerebral white matter, right PT,
left SMC, left LiG, left SMC, left SPL.

e When older males in the L-optimistic group were
compared to older males in the H-optimistic group
(P<0.001), significant differences were found. These
regions were the left cerebral white matter, right
cerebral white matter, right MFG, right PoG, right
caudate, left PrG precentral gyrus, right MSFG
superior frontal gyrus medial segment, left PCu , left
MSFG, left I0G, right TrIFG, left OFuG, and right SMG.

e When younger males in the L-optimistic group were
compared to younger males in the H-optimistic
group (P<0.001), significant differences were found.
These regions were the right cerebral white matter,
right OrIFG, right OCP, right STG, and right STG, left
AngG, right CO, right AnG, and right SMG.

4. Discussion

Significant differences in all of these regions in our study
were found in the following comparisons: In GM
evaluations in terms of anatomical locations, when
younger females in the L-optimistic group were
compared to younger females in the H-optimistic group,
significant differences were found in the right and left
thalamus proper. Similarly, when older males in the L-
optimistic group were compared to older males in the H-
optimistic group and younger males in the L- optimistic
group were compared to younger males in the H-
optimistic group, significant differences were found in
these regions. Although we cannot detect an increasing
GM according to our results, we can declare that we
found a significant result in the statistical comparison
between the H- optimistic and L-optimistic groups. In
addition to the literature, we can state that we found
almost a similar result in gender and age discrimination.
In WM evaluations regarding anatomical locations, when
females in the L-optimistic group were compared to
females in the H-optimistic group, significant differences
were found in the right and left thalamus proper.
Additionally, when older females in the L-optimistic
group were compared to older females in the H-
optimistic group, significant differences were found in
these regions. Since there is no WM study on optimism in
the literature, we could not make an additional comment
on this issue.

When we turn to GM evaluations in terms of anatomical
locations, when younger females in the L-optimistic
group are compared to younger females in the H-
optimistic group, significant differences are found in the
right amygdala. Similarly, in terms of anatomical
locations, when older females in the L-optimistic group
were compared to older females in the H-optimistic
group, significant differences were found in the right and
left amygdala. This comparison for younger females has
only statistical significance in the left amygdala. This

comparison for younger males has only statistical
significance in the right amygdala.

If we evaluate the results we found for "Insula,” we see
that we could not find a significant difference in any
insula region in GM evaluations. However, when we
looked at WM evaluations in terms of anatomical
locations and when males in the L-optimistic group were
compared to males in the H-optimistic group, statistical
significance was found in the left Alns anterior insula.
When older females in the L-optimistic group were
compared to older females in the H-optimistic group,
there was statistical significance in the right PLNS, right
ALNS, left PLNS and left ALNS. Similarly, this comparison
for older males only showed statistical significance in the
left ALNS. Again, there was a significant difference in the
right PLNS and right ALNS when comparing younger
males.

What remains is to evaluate the SFG and right cerebellum
regions, which are our intersection areas with the
literature. Considering GM evaluations in terms of
anatomical locations, males in the L-optimistic group
were compared to males in the H-optimistic group, and
significant differences were found in the right SFG.
Similar results are valid for younger females as well.
There was statistical significance in the right SFG and the
right MSFG. This comparison for older males has only
statistical significance in the right SFG. When we turn to
WM evaluations regarding anatomical locations, there
was a statistically significant difference in the right SFG
in the H and L-optimistic group comparisons. This region
shows a significant difference in males in the H- and L-
optimistic groups and older females in the H- and L-
optimistic groups. Concerning younger females, there
was a statistically significant difference in the right SFG
in addition to the left SFG. There was also a statistically
significant difference in the right and left MSFG regions in
this comparison. There was a statistically significant
difference in the right SFG and right MSFG in older males.
Furthermore, there was a statistically significant
difference in the right cerebellum exterior when
comparing younger females and older males in GM
evaluations in terms of anatomical locations.
Additionally, statistically significant
difference in the right cerebellum exterior between

there was a

younger and older females and younger males in WM
evaluations in terms of anatomical locations.

As a result of our detailed study, we can say that we
found similar results to the literature. The most striking
of these brain regions are the thalamus, amygdala, left
insula, superior frontal gyrus, and right cerebellum, as
mentioned in the literature. If we summarize what we
found in the literature on optimism and our results, the
studies in the following paragraphs are outstanding.

5. Conclusion

In summary, the study issue is quite dynamic, and future
studies may lead to the establishment of more
interconnections that create optimism. Based on the
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findings described in this study, it is safe to conclude that
optimism is not a product of a single brain region. Rather
than that, the GM, WM, CSF volumes of specific locations
are critical, as is functional connectivity between distinct
parts in producing optimism.

Due to the numerous health advantages associated with
optimism, this further establishes the
importance of optimism for nonclinical individuals. This
research advances our understanding of optimism and
the factors that underpin it. It is thus critical for the
advancement of treatment and therapy aimed at
enhancing individuals” well-being.

The antithesis of an optimistic perspective on life - a
pessimistic perspective - is related to a variety of
depressed symptoms and negative future expectations.
Identifying potential disparities in optimism and
determining whether it connects with depressive
symptoms in nonclinical persons may aid in the
avoidance of health problems such as anxiety and
depressive symptoms.

research

Unfortunately, we could not control whether there was a
significant difference regarding age between the H-
optimistic group and the L-optimistic group since only
the age range of the experiment participants was given in
the LEMON dataset. Additionally, the study can be made
more reliable by increasing the number of participants.
On the other hand, during our literature review, the
results of increased and decreased activity in some brain
regions in studies using fMRI provided satisfactory
answers. We regret to inform you that we used
anatomical MRI for the VBM study. Apart from this, some
studies have also found information such as GM volume
increase. Because of the VBM, we were only able to detect
whether there was a significant difference rather than
observing the volume increase or decrease.

In this study, we performed an analysis using only the
participants grouped according to the LOT-R test
performed before the experiment, but this study can be
re-evaluated by considering the optimistic bias and by
designing the videos to be watched.

The study's novelty is its detailed VBM analysis of brain
structures in relation to optimism and pessimism,
specifically focusing on regions such as the thalamus,
amygdala, left insula, superior frontal gyrus, and right
cerebellum. Detailed VBM analysis identified statistically
significant structural brain differences associated with
optimism levels across different genders and age ranges,
despite the lack of significant differences in initial
comparisons between low and high optimists. This aids
in comprehending the neurobiological basis of optimism
and pessimism.
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Abstract: Tirkiye has become one of the world's leading countries in the construction sector in the international arena. Today, the use
of FIDIC and similar standard contracts is increasing in Turkish contractor companies. In parallel with this situation, it also becomes
more common to prefer arbitration in the settlement of disputes in the international construction sector. In the literature, there is no
actual publication about the knowledge level of technical staff on arbitration. By taking this deficiency into consideration, the purpose
of this study is to measure the awareness of the groups working in the construction sector about the possibility of applying to
arbitration as a result of the disputes that they encounter, by measuring the arbitration knowledge level of the technical staff.
Accordingly, an empirical field work was conducted with a total of 100 (one hundred) technical staff working in the public and private
sector transportation projects in Istanbul. The data collection tool that was used in the research is a questionnaire developed by the
researchers and consisting of 25 questions. In the survey analysis, the data were analyzed with the SPSS 28 package program. In the
study, a reliability test was conducted for each statement and the Mann-Whitney U test was used. As a result of the analysis, it has been
determined that 84.4% of the participants do not follow up the actual developments in the field of arbitration in the world and in
Tiirkiye, and do not have sufficient knowledge about arbitration. However, it has been determined that the arbitration knowledge level
of the participants, who follow up the actual developments in the world and in Tirkiye and have sufficient knowledge about
arbitration, is high. In addition, it has been determined that 93.8% of the participants would like to participate an information training
to be held on arbitration. To increase awareness about arbitration, it is necessary to introduce undergraduate-level arbitration courses
for technical staff in engineering and architecture faculties at universities, and to organize periodic in-service training programs by the
arbitration centers in our country.
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1. Introduction the fate of a project. When literature research is

Tiirkiye is ranked Number Two after China in the list of conducted in this field, we conclude that there are many

dispute resolution methods. By considering that the key
to achieving easy and accurate results in the resolution of

the world's top 250 international contractors that has
been published in 2022 by the "Engineering News

Record" Magazine, which is recognized and approved by
all authorities in the world. This situation demonstrates
the active involvement of Turkish contractors in the
construction sector in many countries around the world.
During the implementation of construction projects,
managing time, cost, and quality is crucial. Due to the
complexity and scale of construction projects, disputes
often arise among the parties in the
management of these elements. Hence, the importance of
choosing the right method for resolving disputes
becomes evident in both domestic and international
construction projects.

involved

The disputes in the construction sector are one of the
constant components of projects. The tools selected in
the resolution process and the dispute resolution method
can lead a successful project to failure and even change

disputes is selection of the right solution, it can be stated
that it is important for the parties to be aware of various
dispute resolution methods and make a relevant
assessment and take a decision accordingly.

Arbitration, as discussed and analyzed in this article,
refers to the resolution of a dispute between two or more
parties as a result of a legal process where an
independent and impartial board considers the dispute
and makes a binding decision accepted by all parties
(Ossman et al, 2010). Piirselim (2021) defines
arbitration as an agreement between the parties for the
final and binding settlement of disputes that have arisen
or may arise between two or more persons within the
scope of the matters permitted by law to be resolved by
arbitration, through independent persons called
arbitrators instead of courts. Pekcanitez et al. (2017)
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defines it as resolving disputes through a judicial process
through impartial and independent arbitrators. The term
Arbitration, as discussed in the field of private law, is
commonly used in the construction sector and is defined
as a dispute resolution method in international
construction contracts. Arbitration currently represents
a significant part of the dispute resolution dynamic of the
construction sector. The increasing use of arbitration in
the construction sector increases the necessity of this
research. At this point, the important point is the ability
to answer the question on the awareness of the
managers, architects and engineers working in the sector
at all levels of these opportunities and developments.
Miingen and Kuruoglu (2000) have emphasized in their
study that technical staff are generally directed towards
design and construction, but employers should now have
knowledge in law and economics as well as their
knowledge in architecture and engineering. In this
article, which particularly deals with the Arbitration of
Construction Disputes, it is aimed to measure the
awareness of the groups working in the construction
sector about the possibilities of making an application to
Arbitration as a result of the disputes that they encounter
in the sector.

There are many reasons for the parties to choose
arbitration. Arbitration is faster than courts because the
backlog in courts is very high. The arbitrators selected by
the parties in arbitration are experts who know the
subject of the dispute well. Arbitration awards are
binding and enforceable. In addition, trade secrets are
kept confidential in arbitration (Giirbiiz, 2023).

Although mediation and arbitration,
Alternative Dispute Resolution Methods, are similar in
appointing a neutral third party, in arbitration, the

one of the

arbitrator makes a binding decision due to the judgment,
while in mediation, the dispute is resolved without a
judgment.
Arbitration is a commonly-used method for fast,
impartial and reliable decisions on dispute resolution in
many countries around the world. Today, arbitration
centers are founded in every country in the world so that
disputes can be resolved and decided in their own
country (Akinci, 2013). There are more than 200
arbitration centers in the world, and the number of the
arbitration centers 1is increasing. The remarkable
arbitration centers are the International Chamber of
Commerce (ICC), the International Center for Settlement
of Investment Disputes (ICSID), the Arbitration Institute
of the Stockholm Chamber of Commerce (SCC), the World
Intellectual Property Organization's Arbitration Court
(WIPO), the United Nations Commission on International
Trade Law (UNCITRAL) and the London Court of
International Arbitration (LCIA), etc.

The arbitration centers in Tiirkiye are the Istanbul
Arbitration Center (ISTAC), Union of Chambers and
Commodity Exchanges of Tiirkiye (TOBB) Arbitration
Court, Istanbul Chamber of Commerce Arbitration and
Mediation Center (ITOTAM), Energy Disputes Arbitration

Center (EDAC) and Organization of Islamic Cooperation
(OIC) Arbitration Center. When the data of the
International Chamber of Commerce (ICC) are reviewed
today, approximately 25.000 cases have been heard since
its foundation. The disputes in approximately 20 fields
such as construction, mining, energy, transportation,
production, telecommunications, finance, manufacturing
and sports have been resolved through arbitration.
According to the 2019 data, construction and energy
sectors account for 40%
arbitration cases, with 210 cases in construction sector

of the total number of

and 140 cases in energy sector, and this ratio is
increasing progressively (ICC, 2020).

An arbitration agreement must be prepared before the
dispute arises between the parties. This agreement
should include headings such as the number of
arbitrators, how they will be appointed and their
qualifications, the place of arbitration, the remedies to be
applied before arbitration, arbitrator fee, arbitration
costs, provisional legal protection measures,
confidentiality, and the duration of arbitration. The
proceedings start with the application of one of the
parties. The selected arbitrators request a reply from the
parties, and a decision is rendered after a hearing or a
review of the file (Pekcanitez et al., 2017).

From 2019 to 2020, the average value of disputes
worldwide has increased significantly to approximately
54.26 million USD, while the overall number of disputes
has remained relatively same (Arcadis, 2022). The
interests of the parties in the construction sector cause
conflicts of interest and disagreements (Cevikbas and
Koksal, 2018). Thus, the construction sector is the leader
in terms of the number of disputes (Gebken et al., 2005).
Pekcanitez (2010) has emphasized in his study that there
is a lack of information about arbitration in the public
and that Arbitration is misunderstood. Alpkokin (2017),
as a result of a survey conducted among 11 contractor
and consultant company officials, found that the
satisfaction level of the companies knowing arbitration
was high. Dalmaz (2012) emphasized that the level of
knowledge of construction companies that are members
of the Turkish Contractors Association on arbitration
should be determined.

When we today look at the reasons for preferring
Arbitration in the world, these reasons are that disputes
are resolved faster than the state jurisdiction and there is
no publicity. Currently, the number of applications to
arbitration is progressively increasing in the
international arena due to its more positive aspects
(Pekcanitez et al., 2017). In addition, the ability of the
parties to determine the arbitration procedure within the
framework of freedom of will in the dispute resolution
process, to choose the place, language, applicable law,
arbitrators, and arbitrators appointment procedure, and
to complete the arbitration proceedings within the
specified period make arbitration even more critical
(Yilmazsoy, 2020).
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2. Materials and Methods

The prepared survey form was designed to measure the
level of knowledge among technical staff working in the
construction sector transportation projects regarding
their opportunities to resort to arbitration in case of
disputes. A total of 100 technical staff (including civil
engineers, architects, and other engineers) working in
public and private sector transportation projects in
Istanbul constitute the sample of the research. The
sample size was confirmed to be sufficient by employing
the Kirsh sampling formula (Kirsh, 1965). The reason for
selecting technical staff in transportation projects is the
longer duration and higher cost required for the
construction of these projects.

Before the survey questions were prepared, a detailed
literature review was conducted on Arbitration, and a
questionnaire form with 25 questions was prepared
according to the purpose of this study. Expert opinions
were utilized for the scope validity of the survey, and the
comprehensibility of the survey questions was assessed
by academic professionals working in the field of
arbitration, evaluating the measurement properties of
each question. Experts rated the questions as
'appropriate, should be revised, and inappropriate,’
thereby assigning a scoring to each question.
Consequently, the calculated Content Validity Index (CVI)
value was found to be above 0.80 for all items. This
determined value was deemed suitable for content
validity (Polit et al, 2007; Delgado Rico et al., 2012).

The questionnaire that was used as a data collection tool
consists of 3 sections. The first section consists of
optional questions asked to determine the demographic
information of the participants. The second section was
prepared based on a 3-point Likert scale (True, False, I do
not know) to measure the arbitration knowledge level of
the participants. The last section consists of 'Yes' and 'No'
questions intended to enable the participants to
determine the situation. Accordingly, the first 6 questions
about the
demographic characteristics of the participants. The
following 14 questions aim to measure the level of
arbitration knowledge. The 5 questions in the last section
aim to determine the relationship and status of technical
staff with arbitration.

were created to obtain information

In the second section which
consists of 14 questions to determine the level of
knowledge, each correct answer was accepted as 1 point,
and a knowledge score of 0 to 14 was created for each
participant of the survey. The knowledge levels of the
participants were classified in five categories as 'Very
Low', 'Low’, 'Medium', 'Good' and 'Very Good' according
to their answers. The calculated score ranges were
obtained by dividing the total score by five. The answer
of the participants, who marked the option "I do not
know", was accepted as "Wrong".

The data regarding the knowledge level assessment
criteria are provided in the Table 1. The questionnaire
was applied to 100 technical staff completely optionally
in face-to-face interviews and remotely. As 4 of the

participants filled the questions uniformly, they were not
included into the analysis.

Table 1. Knowledge level assessment criteria

Factor Assessed Score Range Assessment Criteria

0<x< 2 Very Low
3<x<5 Low
Arbitration .
6 <x< 8 Medium
Knowledge Level
9 <x< 11 Good
12 <x< 14 Very Good

Assessment of the data obtained in the research: The
data obtained from the participants, who filled in the
survey, were collected at the Web Page of the survey
website, and when the survey application was completed,
such data were transferred to the Statistical Package for
The Social Sciences (SPSS) 28.0 package program, and
the analyzes were continued through this program. To
select the right statistical analysis and achieve consistent
results in the research data, it was first tested whether
the questions included into the questionnaire form were
normally distributed. The kurtosis and skew values were
examined for the normality distribution, and it was
determined that the data groups in the study were not
normally distributed, because the value indicated by
George and Mallery (2019) was not between +2 and -2.
However, Kolmogorov-Smirnov test is used if the sample
size is equal to and above 29, and Shapiro-Wilk test is
used if it is less than 29 (Kalayci, 2006). For this reason,
the significance value of the Kolmogorov-Smirnov test
conducted in the research data group was tested as less
than 0.05 (0.00<0.05), and it was determined that the
research data groups were not normally distributed. Due
to the abnormal distribution of the research data groups,
the Mann-Whitney U test, which is known as the
strongest test among the non-parametric tests (Bastiirk,
2010), was applied in this study. The Mann Whitney U
test assesses whether the rank is different between the
two groups by comparing the medians of the two groups
(Karagoz, 2016).

Before starting the survey application, a pilot study was
conducted on a group of 25 individuals to test whether
the survey items were understood correctly. Following
the feedback from the group members and expert
opinion; the finalized. Besides,
reliability test was applied for each question included
into the questionnaire form. The reliability test is defined
as the consistency between the answers given to the

survey study was

survey questions by the participants. In other words, it
demonstrates accurately the
measures the answers. As a result of the reliability
analysis, the Cronbach's Alpha () value was determined
as 0.817. A value of 0.80<a<1.00 shows that the survey is
highly reliable (Karagoz, 2016).

how questionnaire
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3. Results

The information about the demographic characteristics
of the technical staff participating in the research is
provided in the Table 2.

Table 2. Demographic characteristics of the participants

Characteristic Category n %
Profession Civil Engineer 57 59.4
Architect 12 125
Mechanical Engineer 3 31
Electrical Electronics
Engineer 6 63
Other 18 188
Education Associate Degree 3 3.1
Bachelor’s Degree 48 50.0
Master’s Degree 33 344
Doctorate 12 125
Position in the Project Manager 39 40.6
Company Engineer 27 281
Chief 12 125
Other 18 188
Experience Less than 5 years 30 313
6-10 Years 21 219
11-15 Years 15 15.6
16-20 Years 6 6.3
More than 20 years 24 25
Field of  Construction 57 594
Activity of the  pjoctrics Electronics 3 31
Company Design 9 9.4
Cost Planning 15 15.6
Other 12 125
Working Area Private Sector 81 844
Public 15 15.6

When the professional status of the participants in the
research is examined, it is observed that they are mostly
civil engineers (59.4%) is. In terms of education, it is
concluded that the majority of the participants (50%)
have a bachelor's degree. Those that have postgraduate
degrees account for 46.9% of the participants. In the
research, the participants mostly consist of the
individuals working in the position of project managers
(40.6%). The lowest ratio among the overall participants
is those individuals working in the position of chief
(12.5%). It was determined that the majority of the
participants have worked in the sector for less than 5
years (31.3%) and more than 20 years (25%). The
majority of the participants (59.4%) work in the
construction sector. This field of activity is followed by
cost planning (15.6%). When the working area of the
participants in the research is examined, it is observed
that private sector (84.4%) is approximately 5 times
higher than public sector (15.6%). When the relationship
between profession and field of activity is examined, all

Architects, Electrical-Electronics Engineers and
Mechanical Engineers work in private sector. The
frequency analysis regarding the answers given to the
statements in the arbitration knowledge level scale is
provided in the Table 3.

When the answers given by the technical staff to the
statements provided in the scale are examined to
determine the arbitration knowledge level, it has been
concluded that the statement “Arbitration is generally
resolved faster than public jurisdiction.” is the most
correctly answered statement with a ratio of 84.4%.
Among all statements, the statement with the highest
number of wrong answers is “Arbitration award is final
and binding. Also, it is not subject to appeal” with a ratio of
56.3%. The statement “Arbitration awards taken in the
arbitration proceedings held abroad are also enforced
(recognized) in Tiirkiye.” received the highest number of |
Do Not Know answers (50%).

The participants received a minimum of '0 points' and a
maximum of '14 points' from the arbitration knowledge
level test. 37% of the participants received a good or very
good point. The knowledge level of the participants was
classified as “very low”, “low”, “medium”, “good” and
“very good” according to the points that they received.
The data about the knowledge level of the participants on

arbitration is provided in the Figure 1.

Very Low
Very Good
9% 10%
Low
9%
Good
28%
Medium
44%

M Cok Diigik EDisiik B Orta Wiyi HCok lyi

Figure 1. Arbitration knowledge level of participants.

The information about the determination of the situation
by the technical staff participating in the research is
provided in the Table 4.

Among the statements asked to the technical staff for the
purpose of determination of the situation; the question
“Would you consider participating in an arbitration
information training?” received the highest number of
Yes answers with a ratio of 93.8%. Among all statements,
the highest "No" answer with a ratio of 84.4% was given
for the questions “Do you follow up the actual
developments about Arbitration in the world and in
Tiirkiye?” and “Do you think that you have sufficient
knowledge about arbitration?”.
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Table 3. Frequency analysis regarding the arbitration knowledge statements

True False I do not X StdDev
know
n % n % n %
1. Construction disputes are allowed to be resolved
through arbitration by arbitrators instead of 66  68.8 3 3.1 27 281 1.59 0.901
national courts.
2. Arbitration is generally resolved faster than
. 81 844 3 3.1 12 125 1.28 0.676
public jurisdiction.
3. Arbitrati d is final and binding. Also, it i
r 1.ra ion award is final and binding. Also, itis 25 c4 563 18 188 1.94 0.662
not subject to appeal.
4. Arbitration is relatively less costly. 57 594 21 219 18 1838 1.59 0.789
5. There is an Arbitration Center in Tiirkiye. 45 46.9 12 12.5 39  40.6 1.94 0.938
6. Arbitrati i fidential. 1
ritration process is confidential. (unless o, c0 51 919 30 313 184 0875
formal litigation is initiated in the future)
7. Parties may determine the process according to
. N 60 625 6 6.3 30 313 1.69 0.921
their own conditions.
 Duri h o .
8. During the arblltratlon process, parties may 78 813 3 31 15 156 134 0.737
propose other solutions for settlement.
9. Arbitrati di including the heari
rbitration procee 1F1gs including the hearings ., .0 51 519 33 344 191 0.884
are not open to the public.
10.P 1 data of th ties i tected against
ersonal data o_ e pgr ies 1s_ protected agains 75 784 3 31 18 188 141 0.789
each other and against third parties.
11. Parties may select arbitrators. 42 43.8 24 25 30 31.3 1.88 0.861
12. Arbitrati d b forced lik t
rbitration awards may be enforced like court . . o 0 0 30 313 163 0.932
orders.
13. Parties may agree on the venue of the
bitration, 1 f th bitrati d th
arbitration, fanguiage of the arbiiration and ™€ 5, 781 33 344 36 375 209  0.809
arbitration rules and laws to be applied for the
arbitration.
14. Arbitration awards taken in the arbitration
proceedings held abroad are also enforced 39 40.6 9 9.4 48 50.0 2.09 0.952
(recognized) in Tiirkiye.
Table 4. Frequency analysis of the statements about determination of the situation
Yes No -
X StdDev
n % n %
15. D foll th tual devel ts about
(o0 you foflow Up e actual developments about 15 456 81 844 016  0.365
Arbitration in the world and in Tiirkiye?
16. Do you think that you have sufficient knowledge about
Lo 15 15.6 81 84.4 0.16 0.365
arbitration?
17. Woul i icipating i itrati
. ou.d y01.1 .con51der participating in an arbitration 90 93.8 6 6.3 0.94 0.243
information training?
18. Would dd bitration cl in th tracts that
(_)u you_a anar 1r.alo_ncausem e contracts tha 78 813 18 188 0.81 0.392
you will make in your organization?
19. Did th tracts d tment i inf
i e con I'j‘:lC s. epartment in your company inform 18 188 78 813 0.19 0.392
you about the arbitration process?
3.1. Test of the Difference in Terms of the Arbitration the Table 5.

Knowledge Score of the Participants and the Status of
Following up the Actual Developments About
Arbitration

The Mann-Whitney U test results for the points received
from the arbitration knowledge level scale of the
participants who answered Yes or No to the statement
“Do you follow up the actual developments about
Arbitration in the world and in Tiirkiye?” are provided in

Ho: There is no difference between the Arbitration
Knowledge Score of the Participants and the Status of
Following up the Actual Developments about Arbitration.
Hi:  There
Knowledge Score of the Participants and the Status of

Following up the Actual Developments about Arbitration.

is difference between the Arbitration
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Table 5. Mann-Whitney test results between the
statement S15 and the arbitration knowledge level

Yes No
n 15 81
Mean rank 70.70 44.39
Mean total 1060.50 3595.50
U value 274.50
zZ -3.558
P 0.000

Accordingly, it was determined that there is a significant
difference between the points
arbitration knowledge level scale of the participants who
answered Yes or No to the statement S15 (z=-3.558,

received from the

P<0.05). For this reason, the H1 hypothesis was accepted.
When the mean rank is taken into consideration, it is
concluded that the participants who answered Yes to the
S15 statement have a higher arbitration knowledge level
than those who answered No.

3.2. Test of the Difference between the Arbitration
Knowledge Level Score of the Participants and the
Answer Given to the Question Do You Think That You
Have Sufficient Knowledge about Arbitration?

The Mann-Whitney U test results for the points received
from the arbitration knowledge level scale of the
participants who answered Yes or No to the statement
“Do you think that you have sufficient knowledge about
arbitration?” are provided in the Table 6.

Ho: There is no difference between the Arbitration
Knowledge Level Score of the Participants and the
answer given to the question Do you think that you have
sufficient knowledge about arbitration?

Hz: There is
Knowledge Level Score of the Participants and the
answer given to the question Do you think that you have
sufficient knowledge about arbitration?

difference between the Arbitration

Table 6. Mann-Whitney test results between the
statement S16 and the arbitration knowledge level

Yes No
n 15 81
Mean rank 74.30 43.72
Mean total 1114.50 3541.50
U value 220.50
zZ -4.136
P 0.000

Accordingly, it was determined that there is a significant
difference between the points
arbitration knowledge level scale of the participants who
answered Yes or No to the statement S16 (z=-4.136,
P<0.05). For this reason, the Hz hypothesis was accepted.
When the mean rank is taken into consideration, it is
concluded that the participants who answered Yes to the
S16 statement have a higher arbitration knowledge level
than those who answered No.

received from the

3.3. Test of the Difference between the Arbitration
Knowledge Level Scale of the Participants and Their
Demands to Receive Information Training on
Arbitration

The Mann-Whitney U test results for the points received
from the arbitration knowledge level scale of the
participants who answered Yes or No to the statement
“Would you consider participating in an arbitration
information training?” are provided in the Table 7.

Ho: There is no difference between the Arbitration
Knowledge Level Scale of the Participants and their
Demands to Receive Information Training on Arbitration.
H3: There is
Knowledge Level Scale of the Participants and their
Demands to Receive Information Training on Arbitration.

difference between the Arbitration

Table 7. Mann-Whitney Test results between the
statement S17 and the arbitration knowledge level

Yes No
n 90 6
Mean rank 47.95 56.75
Mean total 4315.50 340.50
U value 220.50
z -0.793
P 0.428

Accordingly, there is no difference between the points
received from the arbitration knowledge level scale of
the participants who answered Yes or No to the
statement S17 (z=-0.793, P>0.05). For this reason, the Ho
hypothesis was accepted.

3.4. Test of the Difference between the Arbitration
Knowledge Level Scale of the Participants and Their
Actions of Adding an Arbitration Clause in the
Contracts

The Mann-Whitney U test results for the points received
from the arbitration knowledge level scale of the
participants who answered Yes or No to the statement
“Would you add an arbitration clause in the contracts
that you will make in your organization?” are provided in
the Table 8.

Ho: There is no difference between the Arbitration
Knowledge Level Scale of the Participants and their
Actions of Adding an Arbitration Clause in the Contracts.
H4: There is
Knowledge Level Scale of the Participants and their
Actions of Adding an Arbitration Clause in the Contracts.

difference between the Arbitration

Table 8. Mann-Whitney Test results between the
statement S18 and the arbitration knowledge level

Yes No
n 78 18
Mean rank 50.23 41.00
Mean total 3918.00 738.00
U value 567.00
z -1.342
P 0.180
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Accordingly, there is no difference between the points
received from the arbitration knowledge level scale of
the participants who answered Yes or No to the
statement S18 (z=-1.342, P>0.05). For this reason, the Ho
hypothesis was accepted.

3.5. Test of the Difference between the Arbitration
Knowledge Level Scale of the Participants and the
Level of Providing Information by the Contracts
Department in the Organization

The Mann-Whitney U test results for the points received
from the arbitration knowledge level scale of the
participants who answered Yes or No to the statement
“Did the contracts department in your company inform
you about the arbitration process?” are provided in the
Table 9.

Ho: There is no difference between the Arbitration
Knowledge Level Scale of the Participants and the Level
of Providing Information by the Contracts Department in
the Organization.
Hs: There is
Knowledge Level Scale of the Participants and the Level
of Providing Information by the Contracts Department in
the Organization.

difference between the Arbitration

Table 9. Mann-Whitney Test results between the
statement S19 and the arbitration knowledge level

Yes No
n 18 78
Mean rank 68.50 43.88
Mean total 1233.00 3423
U value 342.00
Z -3.579
P 0.000

Accordingly, it was determined that there is a significant
difference between the points received from the
arbitration knowledge level scale of the participants who
answered Yes or No to the statement S19 (z=-3.579,
P<0.05). For this reason, the Hs hypothesis was accepted.
When the mean rank is taken into consideration, it is
concluded that the participants who answered Yes to the
S19 statement have a higher arbitration knowledge level
than those who answered No.

4. Discussion

The arbitration knowledge level of 63% of the technical
staff participating in the research was very low, low, and
medium. The main reason more than half of the
participants’ knowledge level was medium and below is
the lack of courses such as construction law and contract
management in undergraduate education at universities.
Therefore, architects and engineers must include more
legal courses in their education processes to raise
awareness of dispute resolution methods. In addition,
due to insufficient training and conferences on
arbitration held by arbitration centers and professional
chambers in Tirkiye, the level of knowledge remains

moderate and below. Similarly, Miingen and Kuruoglu
(2000) emphasized in their study that the knowledge of
the technical staff is oriented towards design and
construction. Still, employers should now know law,
economics, architecture, and engineering.

84.4% of the participants answered "No" to the questions
"Do you follow the current developments in arbitration
in the world and Tiirkiye?" and "Do you think you are
sufficiently knowledgeable about arbitration?”. The
technical staff’s score on the arbitration knowledge level
supports these data. Due to the size and complexity of
foreign-funded construction projects in Tiirkiye and the
projects undertaken by Turkish contractors abroad,
many disputes arise between the parties. In such
comprehensive and international projects, the arbitration
knowledge of technical staff comes to the fore. Technical
staff who do not follow the current developments in
arbitration and are not sufficiently knowledgeable in
arbitration experience problems in the arbitration
process due to insufficient construction law knowledge in
the companies they work for. Similar to this result,
Pekcanitez (2010), Aric1 (2012), ilter and Dikbas (2011),
and Dasdelen (2006) emphasized the lack of knowledge
on arbitration in their studies. In addition, Pamuklu
(2015) surveyed architects, engineers, lawyers, and
academic staff with arbitration experience in Tiirkiye and
found that 46.15% of the respondents had medium and
low levels of arbitration knowledge. In the same survey,
it was determined that only 5.88% of the participants
had a medium level of knowledge, and the rest had a high
and very high level of knowledge.

It was determined that the level of arbitration knowledge
of the participants who follow the current developments
in arbitration in the world and Tirkiye, who consider
themselves sufficiently knowledgeable about arbitration,
and who are informed by the contract department is
high. Technical staff who attend arbitration-related
training and legal

conferences better understand

processes and can manage arbitration processes
effectively.
When the participants were asked to evaluate

themselves, 84.4% thought they did not have enough
information about arbitration, and 93.84% stated that
they would like to participate in information training on
arbitration. We observe that the participant’s responses
to the self-assessment question align with the survey's
general score evaluation results. It has been determined
that even the respondents with a 'very good' score would
like to receive more training on arbitration. This study is
in parallel with the finding that 90% of the company
lawyers interviewed in the study Mistelis (2004) would
like to receive more training although they view
themselves as knowledgeable about arbitration.

A relationship could not be established between the
knowledge level of the participants and the actions of
adding an arbitration clause in their contracts. However,
when the knowledge level of the technical staff reaches a
particular level through provision of the necessary
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training, it will be possible to ensure that they will add an
arbitration clause in the contracts. Currently, a significant
relationship could not be established due to the lack of
sufficient knowledge.

5. Conclusion

This study aims to measure the level of arbitration
knowledge of technical staff working in public and
private sector transport projects in Istanbul. Firstly, a
questionnaire consisting of 25 questions was designed by
making a detailed literature review on arbitration and
taking expert opinion in this field. This study applied
descriptive statistics, reliability analysis, and the Mann-
Whitney U test.

It was examined whether there is a difference between
the questions asked to determine the situation and the
arbitration knowledge level questions. As a result of this
examination, the hypotheses H1, H2 and Hs were accepted
and the hypotheses H3 and Hs4 were rejected. The
technical staff who keep up with current developments in
arbitration and undergo informative training exhibit a
higher level of arbitration knowledge. The majority of
staff participating in the survey in
transportation projects (63%) were classified with
moderate, low, or very low levels of arbitration
knowledge. In addition, 93.84% of the participants stated
that they would like to attend an information training on
arbitration.

technical

Due to the limited number of studies regarding the
arbitration knowledge level of the technical staff, the
awareness of the technical staff working in the public and
private sector transportation projects in Istanbul
regarding arbitration was presented in this study, and
attention was drawn to the necessity of introducing an
Arbitration course at the undergraduate education level
for technical staff at the engineering-architecture
faculties of universities and the provision of professional
trainings by the arbitration centers in our country. By
increasing the awareness of technical staff in this manner
regarding arbitration, it can enable the resolution of
disputes in the sector through the
mediation of arbitrators chosen by the parties involved,
rather than resorting to the court, leading to a faster and
more cost-effective resolution process. With the future
studies, this study could be further improved by applying
a questionnaire form to more participants, not only to the
technical staff working in the transportation projects.

construction
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Abstract: This study employs the powerful generalized Kudryashov method to address the challenges posed by fractional differential
equations in mathematical physics. The main objective is to obtain new exact solutions for three important equations: the (3+1)-
dimensional time fractional Jimbo-Miwa equation, the (3+1)-dimensional time fractional modified KdV-Zakharov-Kuznetsov equation,
and the (2+1)-dimensional time fractional Drinfeld-Sokolov-Satsuma-Hirota equation. The generalized Kudryashov method is highly
versatile and effective in addressing nonlinear problems, making it a pivotal component in our research. Its adaptability makes it useful
in diverse scientific disciplines. The method simplifies complex equations, improving our analytical capabilities and deepening our
understanding of system dynamics. Additionally, we define fractional derivatives using the conformable fractional derivative
framework, providing a strong foundation for our mathematical investigations. This paper examines the effectiveness of the
generalized Kudryashov method in solving complex challenges presented by fractional differential equations and aims to provide
guidance for future studies.
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1. Introduction

In the last decade, many complex real-world issues have
linked to phenomena.
processes are characterized by the sudden alteration of
system properties in response to small changes, which

been nonlinear Nonlinear

poses significant challenges in control. The pursuit of
precise solutions for nonlinear partial
equations is essential for gaining insights into the
underlying physical mechanisms in diverse fields,

differential

including fluid dynamics, viscoelasticity, and control
theory, electrochemistry, acoustics, and
identification. Nonlinear fractional differential equations
(NFDEs) are important in scientific research as they offer
accurate solutions that capture a wide range of complex

system

nonlinear physical phenomena. The use of these
equations enhances our comprehension of complex
systems and their nuanced behaviours. When combined
with symmetry analysis, NFDEs provide an advanced
understanding of complex systems, enabling more
accurate predictions. The intersection of fractional
differential equations (FDEs) and symmetry analysis is a
significant area of research and application.
Mathematicians and physicists have devoted significant
effort to this research area, using symbolic computer
programs such as Maple, Matlab, and Mathematica to
simplify algebraic computations for exact solutions to

nonlinear partial differential equations. NFDEs have
practical applications in various domains, such as
modelling viscoelastic materials and understanding
system identification processes. These equations can
explain phenomena ranging from fluid dynamics to
electrochemistry.

NFDEs are significant in modelling biological systems,
financial analysis, and applications in fields ranging from
economics to biology in the scientific landscape. The
significance of these equations lies in their multifaceted
applications, which have advanced our understanding of
complex systems across various disciplines. In recent
years, there has been noteworthy progress in developing
diverse, potent, and efficient methods for accurately
traversing fields, such as the (G’/G)-expansion method
(Zhang et al., 2008; Unal and Ekici, 2021; Ekici and Unal,
2022), the exponential function method (He and Wu,
2006; Naher et al, 2012; Ekici and Unal, 2020), the
generalized Riccati equation mapping method (Senol et
al,, 2021), the extended sinh-Gordon equation expansion
method (Bulut et al., 2018), the unified method (Osman,
2019), the sinc-collocation method (Yang et al, 2023),
the differential transformation method (Odibat and
Momani, 2008; Ekici and Ayaz, 2017), the finite
difference method (Tian et al,, 2023), the homogeneous
balance method (Wang et al, 1996), the homotopy
analysis method (Arafa et al, 2011), the generalized
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Kudryashov method (Kaplan et al, 2016; Ekici, 2023),
etc.

The choice of the generalized Kudryashov method is
motivated by its effectiveness in obtaining analytical
solutions for complex nonlinear partial differential
equations. This methodology is widely recognised as a
powerful tool for
equations and mathematical models. It is valued for its
ability to generate precise solutions in a closed form. This
capability aids in understanding the intricacies of
nonlinear equations and allows for obtaining analytical
solutions for particular problems. Additionally, the
method is well-suited for parametric analyses and
understanding various physical scenarios. This approach
is considered highly effective in addressing fundamental
challenges in mathematical physics and revealing the
dynamics of complex systems (Jiang et al.,, 2023).

The KdV-Zakharov-Kuznetsov equations are nonlinear
evolutionary equations with significant applications in
fields such as plasma physics, magnetohydrodynamics,

solving nonlinear evolutionary

and quantum mechanics. They are used to model wave
interactions, soliton formation, and other complex
phenomena. The time-fractional modified KdV-Zakharov-
Kuznetsov equation aims to expand this family by
introducing a fractional dimension to encompass a
broader spectrum of time. This framework enables a
detailed analysis of systems that evolve over time,
playing a crucial role in understanding nonlinear
phenomena and modelling complex dynamics in various
scientific domains.

The Jimbo-Miwa equation is a well-known model in the
field of nonlinear partial differential equations. It is a
generalization of the Korteweg-de Vries equation and is
useful for studying solitons and analogous solutions in
mathematical physics. The Jimbo-Miwa equation
solutions include wave structures, such as solitons, which
highlight its ability to model particular behaviours in
physical systems. Nonlinear evolutionary equations are
significant tools for comprehending wave interactions,
energy transfer, and wave dissipation in mathematical
physics,
dimensional Jimbo-Miwa equation is a valuable tool that
sheds light on the complexities of physical systems and
enhances our understanding of specific phenomena.

particularly in wave theory. The (3+1)-

The study is summarised as follows: Section 2 presents a
brief explanation of the conformable fractional derivative
and its properties. In Section 3, fundamental information
is provided regarding the generalized Kudryashov
method, a successful technique for solving partial
differential equations of fractional order. In Section 4, the
generalized Kudryashov method has been employed to
obtain accurate analytical solutions for specific fractional
partial differential equations. The conclusion thoroughly
discusses our findings and proposes potential directions
for future research.

2. Preliminaries

Here, we present a brief overview of the conformable
fractional derivative and its main characteristics.
Definition 2.1. Let 9: R*U{0} >R and a € (0,1] are
given. The definition of the conformable fractional
derivative of the function 9 with respect to order « is as
follows (equation 1):

I(t + et1™*) —I9(t)
&

(t>0). 1)

(F9)(®) = lim

Theorem 2.1. Let a€(0,1], t>0 and 9,1 be a-
differentiable. The following properties can be written:
e Fy(a¥ + bn) = a(F,9) + b(Fyn), forall a,b € R
eF(t") =nt™* forallneR
e F, (1) = 0, for all constant functions 9(t) = 1

* Fp(9n) = 9(Fn) + n(F9)
9 F9)—9(Fy
'Fa(;) — N(Fa®)—9(Fam)

TIZ
« If, in addition, ¥ is differentiable, then (F,9)(t) =
1-a 49
t T

For a constant, the derivative of order a is zero
(Abdeljawad, 2015; Ekici, 2023).

3. Methodology

The Kudryashov method is a well-established approach
in mathematical physics, known for its effectiveness in
solving nonlinear fractional differential equations. It is
particularly strong in deriving analytical solutions for
complex and nonlinear equations. Its adaptability and
versatility make it a valuable tool for researchers dealing
with equations that involve fractional derivatives. In
comparison to alternative analytical methods, the
Generalized Kudryashov method has demonstrated a
higher degree of directness, a propensity for generating
fewer trivial solutions, and a relative simplicity in
symbolic calculations. Therefore, we suggest refining
these methods to avoid extraneous solutions, which
could lead to a significant reduction in the volume of
symbolic calculations. The significance of the method in
advancing our understanding of nonlinear phenomena
across various scientific domains is highlighted by its
ability to handle the complexities inherent in such
equations. This research introduces the generalized
Kudryashov method, which is useful in obtaining stable
and explicit soliton solutions for FDEs. The methodology
presents a general formulation for nonlinear evolution
equations. The equation is represented as given in
equation 2:

a 2a a a a
P(u,D¢u, Uy, Uy, Uy, DEYU, Dy, Dy, Dy, .. )

o, (2)

where «a signifies the conformable fractional derivative, P
is a polynomial
u(x,y,z,t), its time-fractional derivatives and various
ordinary derivatives. The generalized Kudryashov
method a comprehensive strategy for
producing characteristic and wide-spectrum soliton
solutions for NFDEs with respect to time variables

involving the unknown function

stands as
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(Tuluce et al., 2014). The following steps are a summary
of the generalized Kudryashov method:
Step 1: We apply the following transformation by
introducing a new variable ¢ (equation 3).

a

E=x+y+z+k u(x,y,z,t)

r1+a)’ (3)
=q(),

where k is nonzero constant. equation (2) undergoes a
reduction to the following nonlinear ordinary differential
equation (NODE) through the transformation defined in
equation (3);

Q(a.kq',q",q' k?q" k(a2 k(g )2 k(g H?%...)

s )

where Q is a polynomial involving g and its ordinary
derivatives with respect to ¢. equation 4 is then
integrated one or more times, with the constant of
integration set to zero.

Step 2: The solution of equation 4 is conjectured to take
the following form (equation 5):

a0+ 3 aUi@)
Q) =—"H5— (5)
by + El b;UI ()

Here; a;, b; denote the constants to be determined

subsequently. Additionally,

1

UG)ZH—T}(p({)'

expresses the general solution for the equation 6,

U'©=U%©-U®, (6)

where 1 is a constant specifically representing the
integration constant of the solution, and the prime
notation denotes the first derivative with respect to &.
Step 3: The determination of the parameters m and n
involves a systematic procedure of homogeneous
balancing, with a specific emphasis on terms containing
the highest-order derivatives and the highest-order
nonlinear term in equation 4. The approach includes
substituting the expression derived from equation 5 into
equation 4, alongside equation 6. Setting each coefficient,
including the various powers of U(¢), to zero leads to the
formulation of a system of algebraic equations.

Step 4: When using mathematical software programs
like Maple to solve algebraic equations, we can determine
the values of the unknown constants a;(i = 0,1,...,m),
b;(j =0,1,...,n), k and A. Following this determination,
the substitution of these obtained values for a; and b;
into equation 5 enables the effective derivation of the
solution for the nonlinear evolution equation as
formulated in equation 4.

4. Applications

This study applies the generalized Kudryashov method to

address three prominent equations: the (3+1)-

dimensional time fractional modified KdV-Zakharov-
equation, the (3+1)-dimensional time
fractional Jimbo-Miwa equation and the (2+1)-
dimensional time fractional Drinfeld-Sokolov-Satsuma-
Hirota equation. The goal is to unveil significant solutions

Kuznetsov

and enhance our understanding of the underlying
dynamics and behaviors described by these conformable
time fractional differential equations.

4.1. The (3 + 1)-Dimensional Time Fractional mKdV-
ZK equation

The (3+1)-dimensional time
equation’s precise traveling wave
investigated using the generalized Kudryashov method.
The mKdV-ZK equation, first study by (Lazarus et al.,
2008), later derive multiple-soliton solutions by
(Rehman et al,, 2022; Zhou et al,, 2022) and investigate
various traveling wave solutions by (Khater, 2022;
Younas et al, 2023). The time-fractional mKdV-ZK
equation is expressed as given in equation 7:

mKdV-ZK
solutions are

fractional

Dfu + SuPuy 4 Uyyy + Ugyy + Uyzz = 0, (7)

where a represents the fractional derivative over the
interval [0,1] and u(x,y, z,t) is a differentiable function
(Mace and Hellberg, 2001; Alabedalhadi et al, 2023;
Onder et al, 2023). The equation 7 is among the most
vital integrable equations in nonlinear dynamics. It
describes a wide range of nonlinear dispersive physical
phenomena and has various applications in nonlinear
Notably, it is in modeling the
conservative flow of the Liouville equation, the 2-
dimensional gauge field theory of conformal field and the
theory of quantum gravity among other areas.

Now we apply the method to the equation 7. Substituting
equation 3 into equation 7 reduces to the nonlinear ODE

sciences. crucial

kq' +8¢%q" +3¢" =0, 8)
where q’ = Z—g. Integrating equation 8 once with respect
to &, we get

és "
kq+?q3+3q +c¢=0, (9

where k is non-zero constant. Using the homogeneous
balance method, that is balancing q” and ¢3 term in
equation 9, we find m = 3, n = 2. Hence, from equation
5 we have

&) = ap +a,U() + a,U%(§) + asU3(§)
1) = T ¥ b U ) + byU2(E)

(10)

Subsequently, we substitute equation 10 into equation 9
and organize all terms in a manner that each coefficient
Ui(§) (i=0,1,...,9) equates to zero, resulting in a
system of equations. Employing mathematical software,
we can then solve these equations to deduce a set of
solutions for k, a;(i = 0,1,2,3), b;(j = 0,1,2):

Case 1: Specifically, the obtained values for the constants
are as follows:

as 3az 3as

ag = —7,(11 =T'a2 =—T;
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“bp o p k=2 5= _18(%)
bo=2,b; = —byk=2,6= 18(a3) .
Upon substituting these values into equation 10, the

solution for equation 7 is obtained as:

3az[23e% — 1]

. 11
2b,[22e28 — 2ef + 1][1 + 2ef] (1)

q@) = -

For the specific case where 4 = a3 = b, = 1 in equation
11, the solution simplifies to:

q(§) = —Stanh (),

a3(2b1/1 e3¢ 4 by 2338 4 2b,1%e28 + 3b,42e28 + 2b Aef + byded + 2by + 3b2)

) ) 27t
where  isdefinedasé =x+y+z+ PTRERY
Case 2:
(2by + by)as azb; (2b; — by)az
°=4—bz’a1= - b, ,az=2—bz,
2
py=—itbe o 5o —18<b—2) .
4 as

Upon substituting these values into equation 10, the
solution for equation 7 is obtained as:

q() =

For the specific case where A=b;=b,=az3=1
equation 12, the solution simplifies to:

B 3e3¢ + 5628 43¢5 +5
10 =~ —zet — D+ ety

Here, ¢ isdefinedasé =x+y+z +

1“(1+a)'
Case 3:

b0a3+a3(2b0 by)

az(2b, — by) U2

ue) +

bz(zbllz 2% bzAz 2% - szlef - Zbl

(&) +azU%(®)

12
5b,)(1 + Ae?) (12)
a __b0a3 a _a3(2b0—b1) a _03(2b1_b2)
0T 2p, YT 2b2 G 2b,
k=2, s=-18(2 )
2 as

Upon substituting these values into equation 10, the
solution for equation 7 is obtained as:

(13)

q@) = by + by U () + bU%(§)

For the specific case where 4 = b, = a; = 1 in equation
13, the solution simplifies to:

1
q(§) = —5tanh($/2),

where ¢ isdefinedasé{ =x+y+z+——

tx

21"(1+a)
Case 4:
bo(2a, +a
4 =0, ay=-a—ay b =—202uts)
a,
bya b
by=22% k=3 5= —72( °)
a; az

Upon substituting these values into equation 10, the
solution for equation 7 is obtained as:

q($)
a U(§) + (—aq — az)U2(§) + azU3(§) (14)

= bt (_ b0(2aall+ a3)) UE) + (2b0a3) Uz(f)’

For the specific case where A = by = a; = 1 in equation
14, the solution simplifies to:

1
qa(§) = =5 csch(d),

where ¢ isdefinedasé =x +y +z —

3t

r(1+a)

4.2, The (3+1)-Dimensional Time Fractional Jimbo-
Miwa equation

Now, we intend to apply our methodology to the (3+1)-
dimensional Jimbo-Miwa equation. Let us contemplate
the (3+1)-dimensional Jimbo-Miwa equation (Roshid et

al.,, 2014; Korkmaz, 2017),
Usexxy F Uyl + 3Uylyy + 2DFUy, — 31y, = 0. (15)

We employ the generalized Kudryashov method to

equation 15. We apply the equation 3 to the equation 15,
hence equation 15 reduces the to the following nonlinear
ODE

q® +6q'q" —2kq" —3q" =0 (16)

where q "= Z—g. Integrating equation 16 once with respect
to &, we get

q"" +3(¢)?—2kq' —3q' =0, (17)
where k is a constant. Using the homogeneous balance
method, that is balancing q'"’ and (q’)? term in equation

16, we find m = 3, n = 2. Hence, from equation 5 we
have

ay +a,U(E) + axU?(§) + azU3(§)
by + b U (&) + bU%($)

q() = (18)
Next, we substitute equation 18 into equation 16 and the
set of equations obtained by setting each coefficient of
Ui§) (i=0,1,...,
equations can then be solved using mathematical
software to obtain a set of solutions for k, by, by, by, a; (i =
0,1,2,3):

Case 1: Specifically, the obtained values for the constants

are as follows:
_ azbo + Zb()bl

12) to zero should be organized. These

Ag = bz

a2b1 - Zbobz + 2b12
a, = b2 ,
as = _sz, k=-1.

Upon substituting these values into equation 18, the
solution for equation 17 is obtained as:
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azbo + 2b0b1 + (a2b1 - Zbobz + Zb%)
by b,

U + axU?(§) — (2b)U3(8)

q() = by + b U (&) + b,U%()

If we rearrange and simplify the equation 19, we obtain
the following form

Aazet + 2Abjeé + a, + 2by — 2b,
9@) = by (1 + Ae?)

where £ is definedasé =x+y +z—

t(l
r(1+a)
function can be expressed in terms of hyperbolic
functions by assigning specific values.

. The solution

Case 2:
_ 2a2b1 + azbz + 4b% + 4’b1b2 + b%
%0 = 4b, ’
b1a2 + be + b1b2
Ggy=—
b,
1 1 1
a3:_2b2, boz_zbl_zbz, kzz.

Upon substituting these values into equation 18, the
solution for equation 15 is obtained as:

q(§) = -

4b2U(f)2 - (2(12 + 4b1 + sz)U(g) +a, + b2 + Zbl [20)
(2U) — Db, '

If we rearrange and simplify the equation 20, we obtain

the following form

(19)
(f) _ /1262;((12 + 2b1 + bz) - (az + 2b1 - sz)
as)= b,(2e% — 1) ’
where ¢ is defined as E=x+y+z+ zr(ia)' The

solution function can be expressed in terms of hyperbolic
functions by assigning specific values.

Case 3:

az
ag = ?, a, = —ap,az = _sz,bz = 3b0,
bl = _bz, k = 3.

Upon substituting these values into equation 18, the
solution for equation 15 is obtained as:

a, + 3a2U(€) - 3a2U2(€) + 18b0U3(€)

3bo(1—3U(§) +3U?(5) '

q() = (21)
If we rearrange and simplify the equation 21, we obtain
the following form

Baye3d + a, — 18h,
10 = 3 T 2eD) (2% + Aef — 1)
E=x+y+z+

3t
r(1+a)
solution function can be expressed in terms of hyperbolic

where ¢ is defined as The

functions by assigning specific values.

]

Case 4:
a[?;b% - Za(z)albobl - 4a(2)b§b1 - 4a(2)b0b% + aoa%bg + 4a0a1bg + 6a0a1b§b1

a; = —

2 4b¢

4agbg + 8agb3b, + 4agbib? — 2a2b3 — 4a bt — 4a,b3b,
+ 4

4b?

b, = a(z)b% - Zaoalbobl - 4a0bgb1 - Zaobob% + a%b(z) + 4a1bg + Zalbgbl + 4bg + 4‘bgb1

- 4b3
k = —1, as = 0,

Upon substituting these values into equation 18, the solution for equation 15 is obtained as:

2a0bg + (a(z)bl - aoalbo - Zaob[z) - 2a0b0b1 + Zalbg)U(f)

q() = 2b3 + by(aghy — a1bg — 2b2)U(E)

If we rearrange and simplify the equation 22, we obtain
the following form

2dagh3ef + a2by — agaiby — 2agbyby + 2a,b?
96) = bo(2AbZe% + agbs — boay) '

ta
r(1+a)
solution function can be expressed in terms of hyperbolic

where ¢ is defined as {=x+y+2z—

functions by assigning specific values.

4.3. The (2+1)-Dimensional Time-Fractional Drinfeld
Sokolov Satsuma Hirota equation

We first consider the following Couple Boiti-Leon-
Pempinelli equations system is of the form

{uty = (u? - ux)xy + 2vxxx. 23)

Ve = Uyy + 2Uvy

The second considerable problem Drinfeld-Sokolov-
Satsuma-Hirota (DSSH) equation which is widely used in
mathematical physics in the form is given by (Ding and

)

(22)

Feng, 2014; Ali etal., 2018).

1
Ugy — Nylgy — 18 UpylUsy + 18 UUyy — 2 D%u
1
2
By using the generalized Kudryashov method to solve

equation 23. Substituting equation 3 into equation 23
reduces the to following nonlinear ODE

+ = Dfuyy = 0.

’ "mom N2 1
q®-9q'¢® -18¢ q +18(q ) q o
1 w1
—Zk2q" = Zkq® =0,
271 T
where q "= Z—g. Integrating equation 24 once with respect

to &, we get
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o 9 11\2 N3 1 ’
9®-9qq —5(a") +6(a) -5k
(25)

1k ,”_0
2 =Y

where k is a constant. Using the homogeneous balance
3

method, that is balancing ¢(>) and (q ) term in equation

25, we find m = 2, n = 1. Hence, from equation 5 we

have
_% + a,U(§) + aU%(§)
by + b U(E)

q(6) (26)

Next, we substitute equation 26 into equation 25 and the
set of equations obtained by setting each coefficient of
Ui(§) (i =0,1,...,12) to zero should be organized. These
equations can then be solved using mathematical
software to obtain a set of solutions for k, by, by, a;(i =
0,1,2):
Case 1:
Specifically, the obtained values for the constants are as
follows:

_aybg — 2b§
ag = b
Upon substituting these values into equation 26, the
solution for equation 23 is obtained as:

a; = 2b1, k=1.

912
BP0 =20 4 0,U(E) + 2b,U7(E)

bo + b U($)

q(&) = 27)

If we rearrange and simplify the equation 27, we obtain
the following form
(f) _ (Aal - Zlbo)es +a, — 2b0 + Zbl
)= by (1+ Aed) ’
ta
r(1+a)’

The solution

where ¢ is defined as E=x+y+

function can be expressed in terms of hyperbolic
functions by assigning specific values.
Case 2:

aq 1
ag=——, a; = 2by, bo=—§b1rk=4-

Upon substituting these values into equation 26, the
solution for equation 23 is obtained as:

—aq + ZalU(f) + 4’b1U2(§)
by (=1+2U($)) '

If we rearrange and simplify the equation 28, we obtain
the following form
/‘1.261132f —a,; — 4b1
q(f) = 2 25 ’
b1 (/1 ess — 1)
4t

where ¢ is defined as & =x +y+m.The solution

(28)

q() =

function can be expressed in terms of hyperbolic
functions by assigning specific values.

Case 3:
FV2-1
ag = %(fh + 2by) — by,
F2-1)b
a, = zbl,bo =Q,k = -2.

Upon substituting these values into equation 26, the
solution for equation 23 is obtained as:

q(®)
) (+\/§2— 1) oy

+2by) = by + a;U(§) + 2b,U3($) (29)

@m +byU(§)

If we rearrange and simplify the equation 29, we obtain
the following form

(FV222a, F 2v24%b, — A2a; — 42%b,)e? + (F2vV24a; F 4V24by — 8b,)eé FV2a; F2V2by + a4

q() =

2t*
§=x+y- r(1+a)

function can be expressed in terms of hyperbolic
functions by assigning specific values.

where ¢ is defined as The solution

4. Conclusion

In the field of mathematical physics, obtaining analytical
solutions for nonlinear differential equations is a
significant challenge and a crucial step in advancing our
comprehension of intricate physical phenomena. The
research has achieved significant success by deriving
analytical solutions for three challenging equations.
These equations have contributed significantly to our
understanding of physical phenomena due to their
profound effects in mathematical physics. The efficacy of
analytical methods in elucidating the latent dynamics
inherent in complex time-fractional equations is
underscored by our This provides
valuable insights into their intrinsic behaviors and

expands the boundaries of mathematical physics.

achievements.

bi[A(FVZ —1)ef FV2 +1](1 + 2ef)

This investigation has achieved significant success in
uncovering multiple exact solutions, including novel
hyperbolic solutions. These results serve as compelling
evidence of the efficacy of the generalized Kudryashov
method and hold the potential
comprehension physical phenomena,
offering insights into their underlying intricacies.

to advance our
of nonlinear

Utilizing the potent nonlinear fractional transformation,
commonly known as the complex
transformation, we adeptly transformed the intricate
landscape of nonlinear fractional partial differential
equations into more manageable ordinary differential
equations with integer orders. The solutions for time-
fractional nonlinear evolution equations can be elegantly
articulated in the form of U(§) polynomials.

In conclusion, this manuscript accentuates the efficacy of
the generalized Kudryashov method in addressing
intricate fractional differential equations. The obtained
results not only broaden the array of available
mathematical techniques but also deepen our

fractional
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comprehension of nonlinear physical phenomena. Future
research endeavors may explore more intricate fractional
differential equations, leveraging advanced mathematical
methodologies. This trajectory holds the promise of
yielding further insights into the captivating realm of
nonlinear dynamics, thereby contributing to the
resolution of some of the most intricate problems in
science. In our research, our main objective is not only to
expand the array of mathematical methodologies but also
to illuminate the complex dynamics inherent in nonlinear
systems.
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FLOW CHANNELS WITH DISTINCT CROSS-SECTION SHAPES
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Abstract: Proton exchange membrane fuel cells (PEMFCs) have great potential to produce renewable, sustainable and clean energy
and reduce air pollutants to mitigate climate change. PEMFCs consist of distinct parts including anode and cathode bipolar plates
having flow channels, gas diffusion layers, catalyst layers, and membrane. The flow channel geometry influences the flow and pressure
drop characteristics of the channel and cell performance. In this work, a three-dimensional (3D) CFD model is built employing
SOLIDWORKS and ANSYS Workbench. The innovative configurations are generated by changing the half of 0.2 x 0.2 mm square
channel to 0.3 x 0.1 mm, 0.3 x 0.15 mm, 0.3 x 0.2 mm and 0.3 x 0.25 mm rectangular section at the top. The results showed that
increasing rectangular section height significantly reduced pressure drop at the anode and cathode with a slight decrease in the
current density at 0.4 and 0.6 V. The new configuration with 0.2 x 0.1 mm half square section at the bottom and 0.3 x 0.25 mm
rectangular section at the top decreases the current density, anode and cathode pressure drop of 11%, 69% and 58%, respectively in
comparison to 0.2 x 0.2 mm flow channel at 0.4 V. Taking into account pressure loss along the flow channels, this configuration is a

good option to improve the cell performance.
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1. Introduction

Fossil fuels like coal, natural gas and oil are the primary
energy sources for the power production. But they are
finite resources and burning of these fuels results in
residual emissions which have the worst impact on the
environment and our health. Therefore, researchers have
been improving new technologies on producing
alternative power sources. Fuel cells are the promising
power sources because they are high power and quiet
energy converters which transform the fuel chemical
energy to clean electricity (Barbir, 2013). The PEM fuel
cells (PEMFCs) have key advantages in comparison to
other types of fuel cells thanks to low operating
temperature, high energy density and having a wide
power range (Wu, 2016). These advantages make PEMFC
systems more suitable for distinct applications such as
transportation, portable and backup power applications
(Spiegel, 2008).

A PEMFC is a multi-part device comprises bipolar plates
with gas channels and a membrane electrode assembly
(MEA) containing a membrane, gas diffusion layers
(GDLs), catalyst layers (CLs) at anode and cathode (Xing
et al,, 2019). The bipolar plate distributes hydrogen and
oxygen along the channel. Hydrogen molecules are split
into electrons and protons at the anode CL. Protons
travel to the membrane whereas electrons move toward
the cathode current collector by the electrical circuit. The

electricity, water and waste heat are produced by
combining electrons with protons and oxygen molecules
at the cathode CL.

The flow channels play a pivotal role in the enhancement
of the cell performance. Their shapes affect the
distributions of gas species at the reacting area. That is,
the channel geometry determines the reactant supply to
anode and cathode CL where the electrochemical
reactions occur. Besides the geometrical alteration of the
channels also impacts pressure drop throughout the
channel.

Researchers have scrutinized the impacts of the
geometric modification of the channel on the efficiency
improvement of PEMFC. Cooper et al. (2017) examined
the impact of the length-to-width ratio of channels with
interdigitated flow fields on augmenting the PEMFC
performance. It was observed that decreasing the aspect
ratio (the channel length to width ratio) by reducing the
channel length resulted in higher overall performance.
Chowdhury et al. (2018) demonstrated that both channel
and land widths were equally crucial to increase the
current density and the flow channels having 1 mm
channel and land widths could be best choice regarding
pressure drop and current density in the channel.
Carcadea et al. (2021) inspected the influence of the
serpentine channel numbers (7, 11, and 14) and cross-
sectional size on performance of PEMFC with a large
active area. Their results illustrated that a rise in number
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of serpentine channels or a decrease in the channel width
to land width improved the cell performance, particularly
at high current density. Kaplan (2021) scrutinized 15
case studies gained by altering the width and depth of the
flow channel (0.2-1.6 mm) for 1 mm fixed depth and
width. The results demonstrated that current density and
velocity in the flow channel enhanced with reducing
depth and width of the channel compared to base case
having the channel cross-section of 1 x 1 mm (channel
width x depth) at the cost of high pressure loss.

Brakni et al. (2024) assessed the impact of distinct flow
field channels with constriction and widening sections at
the middle of the channel on the PEMFC performance.
They found that the configuration with a constricting
hydraulic diameter of 50% showed better performance
owing to this configuration enhancing fluid velocity and
thus velocity distribution became more uniform at the
disadvantage of higher pressure loss. Dong et al. (2023)
improved a three-dimensional (3D) model to study the
mass transport features and performance of the cell with
novel two-block structures inside the channel at the
cathode. Their findings revealed that the novel two-block
structures augmented oxygen concentration thanks to
convection influence of these structures and thus
enhanced PEMFC performance with a slight increase in
pressure drop.

The aim of the present study is to securitize the effect of
the distinct flow channel cross-section shapes on the
pressure drop in the flow channels and PEMFC
performance. Previous research works were limited by
the flow channels with square, rectangular, trapezoidal
and stepped cross sections (Paulino et al, 2017). The
present study describes the innovative channels with
compound
channels with a fixed cross-section (0.2 x 0.1 mm) at the
bottom and larger cross-section at the top. Impact of this
specific combination of cross-sections on current density,
pressure, water and oxygen mass fraction distributions
has not been addressed before.

cross-section consisting of rectangular

(b)

2. Materials and Methods

In this work, a 3D geometric model is constructed
employing SOLIDWORKS software and the structured
mesh is generated using Sweep Method in ANSYS
Meshing in Figure 1.

The model in Figure 1 consists of a membrane, anode and
cathode current collectors, flow channels, GDLs and CLs.
These parts are required for simulation of PEMFC using
the Fuel Cell module (ANSYS Inc.,, 2018). Flow channel
configurations with distinct cross-sections are obtained
by fixing a half cross-section of 0.2 x 0.2 mm flow channel
studied in previous published paper (Kaplan, 2023a) at
the bottom combining with rectangular sections (0.3 x
0.1 mm, 0.3 x 0.15 mm, 0.3 x 0.2 mm and 0.3 x 0.25 mm)
at the top in Figure 2.

ANODE

Current Collector

Flow Channel

GDL
Membrane

CATHODE

Figure 1. Grid structure and parts of PEMFC model.

©

Figure 2. Configurations having a fixed half square section (0.2 x 0.1 mm) with rectangular sections: a) 0.3 x 0.1 mm, b)

0.3x0.15 mm, ¢) 0.3x 0.2 mmand d) 0.3 x0.25 mm.
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The geometrical characteristics of the model utilized in
the CFD analysis in Table 1 are based on Wang et al’s
experiment (2003).

The parameters and operating conditions employed in
the CFD analysis are listed in Table 2.

The flow is considered steady state, incompressible and
laminar. It is regarded that gas species behave like
perfect gases. The MEA is supposed to be isotropic and
homogenous porous media (Kaplan, 2023b).

The governing equations utilized in the PEMFC model are
listed in Table 3.

Table 1. The geometrical features of the model

Table 3. The governing equations used in the PEMFC
model

Equations Mathematical expressions
Continuity V(pd)=0

Momentum (51)2 V(ptt) =-VP+V(r)+S,
Energy V(pc,uT) =V(K"VT)+S,
Species v(C,) = V(DlEff VC)+S,
Charge V(O'memV¢mem)+ R..=0 v(o—smv% )+ R, =0

Parameter Value
Cell length 70 mm
Cell width 2 mm
Channel height 1 mm
Channel width 1 mm
GDL thickness 300 pm
CL thickness 12.9 pm
Membrane thickness 108 pum

Table 2. Features and operating conditions used in the
3D CFD simulation

Parameter Value
GDL and CL porosity

(Kahveci and Taymaz, 0.5
2018)

GDL and CL viscous

resistance (Kahveci and
Taymaz, 2018)

1x10121/m?

CL surface/volume ratio 200000 1/m
Anodic and cathodic
transfer coefficient at

0.5and 2

anode and cathode (Wang
etal,, 2003)

Reference exchange
current density (anode
and cathode)

Anode inlet Hz and H20

4000 and 0.1 A/m2

mass fraction (Kaplan, 0.2 and 0.8
2022b)

Cathode inlet Oz and H:20

mass fraction (Kaplan, 0.2 and 0.1

2022b)

Anode inlet mass flow rate
(Kaplan, 2022a)

Cathode inlet mass flow
rate (Kaplan, 2022a)

H20 and Hz reference
diffusivity (Biyikoglu and
Alpat, 2011)

02 and other species 2.13x105and 4.9x 105
reference diffusivity m2/s
Open-circuit cell voltage 094V

The cell temperature 343K

5.40x 10 kg/s

3.29x105kg/s

7.33x10-5m?/s

SIMPLE algorithm is utilized for a pressure velocity
coupling in ANSYS Fluent. The gradient is computed by
specifying Least Squares cell-based method. Second-
order spatial discretization method is selected for
pressure whereas the discretization scheme is second-
order upwinding for momentum, density, energy and
gases. The convergence criterion is set as 104 for the
equations.

The fixed mass flow rates whose values given in Table 2
are specified the flow channel inlets at the anode and
cathode. Atmospheric pressure is assigned for the flow
channel outlet at the anode and cathode. All other faces
are wall boundary conditions. Top faces of anode and
cathode current collectors are determined as terminals.
The potentials of anode and cathode terminals of 0 V and
0.39-0.92 V are selected respectively to verify the CFD
model.

3. Results and Discussion

The PEMFC CFD model is validated using the current
density measurements gained by Wang et al. (2003) in
Figure 3.

As illustrated in Figure 3, the predicted results obtained
by the PEMFC model are a well agreement with
experiment, especially at lower and medium current
densities whereas the model overprediction is found at
higher current densities. This is probably due to the
current model not regarding water (liquid) presence in
the porous layers which causes a decrease in the porosity
of the layers and augments species mass transfer
resistance.

Figure 4 shows the estimated current densities for the
configurations having a constant half square section (0.2
x 0.1 mm) at the bottom combining with different
rectangular sections (0.3 x 0.1 mm, 0.3 x 0.15 mm, 0.3 x
0.2 mm and 0.3 x 0.25 mm) at the top for 0.4 and 0.6 V.
Figure 4 indicates that the current density slightly
decreases with an increase of the height of rectangular
section combining with a fixed half square section at the
bottom for 0.4 and 0.6. It can be owing to the new
configurations having higher land area near the GDLs in
Figure 2 which contributes to minimize ohmic loses by
reducing contact resistance between GDLs and bipolar
plates. It is found that the land width is more sensitive
than the rectangular section height for enhancing current
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density. The narrow channel with higher land width
provided a higher cell current density (Chowdhury et al.,
2018). Therefore, the maximum current density of 2.82
A/cm? are gained with the configuration with 0.1 mm
rectangular section height compared to a 0.2 x 0.2 square
channel with current density of 2.92 A/cm2.

1 T T T

Figure 5 illustrates the oxygen mass fraction contours in
the cathode flow channel, GDL and CL at the middle of the
cell length for configurations having a constant half
square section with rectangular sections of 0.3 x 01 mm
and 0.3 x 0.25 mm for 0.4 V.

I @ Wang et al. (2003)
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Figure 3. Validation of the PEMFC model with the measured data (Wang et al., 2003).
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Figure 4. Change of current density as a function of height of a rectangular section at the top for 0.4 and 0.6 V.
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Figure 5. Contours of oxygen mass fraction in the cathode flow channel, GDL and CL at the midpoint of the cell length
for channel configurations having a half square section with rectangular sections of (b) 0.3 x 0.1 mm and (c) 0.3 x 0.25

mm.
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It is clear in Figure 5 that increasing the rectangular
section height from 0.1 mm to 0.25 mm decreases
consumption of oxygen in CL and GDL at 0.4 V. Since the
channel with 0.1 mm rectangular section height produces
higher current density in Figure 4, it consumes more
oxygen for the reaction in the cathode CL as shown in
Figure 5a compared to that having 0.25 mm rectangular
section height in Figure 5bat 0.4 V.

Figure 6 demonstrates the water mass fraction contours
in the cathode flow channel, GDL and CL at the middle of
the cell length for configurations having a constant half
square section with rectangular sections of 0.3 x 01 mm
and 0.3 x 0.25 mm for 0.4 V.

It is apparent in Figure 6 that a rise in the rectangular
section height from 0.1 mm to 0.25 mm reduces water
production in CL and GDL at 0.4 V. 0.1 mm rectangular
section height case generates more water in Figure 6a
compared to the channel having 0.25 mm rectangular
section height in Figure 6b owing to this configuration
producing higher current density in Figure 4 at 0.4 V.
sites. It is concluded that lower cross-sectional area
results in a higher reaction rate and thus power density
of the PEMFC.

Water Mass Fraction

0.249
0.240
0.231
0.221
0.212
0.203
0.193
0.184
0.175
0.165
0.156
0.147
0.138
0.128
0.119
0.110
0.100

Figure 7 illustrates the pressure contours at the cathode
flow channel inlet and flow channel/GDL interface for
configurations having a constant half square section with
rectangular sections of 0.3 x 01 mm and 0.3 x 0.25 mm
for 0.4 V.

It is seen that higher pressure distribution existed in the
channel inlet section for both configurations shown in
Figure 7a and 7b. The pressure diminishes gradually
from the inlet towards the outlet because the gas mixture
diffusion along the
configurations. Larger rectangular section height in
Figure 7b reduces pressure drop by decreasing friction.
Chowdhury et al. (2018) provided similar results for flow
channels having higher channel widths with a constant
channel depth. Namely, pressure drop decreased with an
increase in the flow channel size.

Table 4 indicates the current density and pressure drop
results in the base (1 x 1 mm), square channel (0.2 x 0.2
mm) and innovative configurations having half square
channel (0.2 x 0.1 mm) at the bottom with rectangular
sections (0.3 x 0.1 mm, 0.3 x 0.15 mm, 0.3 x 0.2 mm and
0.3 x 0.25 mm) at the top for 0.4 V.

and frictional loss channel

Figure 6. Contours of water mass fraction in the cathode flow channel, GDL and CL at the midpoint of the cell length for
channel configurations having a half square section with rectangular sections of (b) 0.3 x 0.1 mm and (c) 0.3 x 0.25 mm.

Pressure (kPa
412.54
389.62
366.70
343.78
320.86
297.94

Figure 7. Contours of pressure at the cathode flow channel inlet and flow channel/GDL interface for channel
configurations having a half square section with rectangular sections of (b) 0.3 x 0.1 mm and (c) 0.3 x 0.25 mm.
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Table 4. Comparison of current density and pressure drop results for flow channel configurations (base, square and

half square with different rectangular sections) for 0.4 V

Configurations Current density (A/cm?2) Pressure Drop
Anode (kPa) Cathode (kPa)

Base (1 x 1 mm) 1.26 0.73 2.45
Square (0.2 x 0.2 m) 2.92 163.11 511.68
Half square with rectangular (0.3x 0.1 mm) 2.82 130.46 412.54
Half square with rectangular (0.3x 0.15 mm) 2.78 90.22 322.79
Half square with rectangular (0.3x 0.2 mm) 2.68 65.52 257.88
Half square with rectangular (0.3x 0.25 mm) 2.60 49.96 212.59

Itis obvious in Table 4 that new configurations generated
by modifying half square section at the top remarkably
reduces the anode and cathode pressure drop with a
slight decrease in the current density compared to 0.2 x
0.2 mm square channel. Besides the pressure drop at the
cathode is much higher than that at the anode. This may
be because of a mixture of gases in the channel at cathode
being more complicated compared to that at the anode.
The maximum current density is achieved with the
configuration with 0.2 x 0.2 mm cross section channel but
the cathode channel of this configuration produces the
highest pressure drop of 511.68 kPa in Table 4. Higher
pressure drop leads to the extra pumping work and thus
reducing the cell efficiency. The configuration having 0.2
x 0.1 mm half square section with 0.3 x 0.25 mm
rectangular section reduces current density, anode and
cathode pressure drop by 11%, 69% and 58%,
respectively in comparison to 0.2 x 0.2 channel at 0.4 V.
Regarding to pressure drop and current density in the
channels, this configuration is better option to improve
PEMFC performance.

4. Conclusion

In the present study, a 3-D numerical model is improved

and validated by the measured data (Wang et al., 2003)

to examine the effect of changing half section of square

flow channel at the top to distinct rectangular sections on
pressure drop and PEMFC performance. The main
findings are as follow:

e 0.2 x 0.2 mm square channel leads to considerably
higher current density and pressure drop at the
anode and cathode at 0.4 and 0.6 V.

e I[nnovative configurations produced by altering
dimensions of half of square channel at the top
remarkably reduce pressure in the anode and
cathode flow channel with not considerably

decreasing the current density.

e New configurations provide the higher land width
dimensions near the GDL contributing to reducing
contact resistance between GDL and bipolar plate
and thus minimizing ohmic loses.

e Arise in the height of rectangular section at the top
leads to increasing oxygen concentration and
decreases water concentration at 0.4 V.

o Considering current density and pressure drop, the
new configuration with the half square section (0.2

x 0.1 mm) at the bottom and the rectangular section
(0.3x 0.25 mm) at the top is more efficient option
with 11%, 69% and 58% reduction of the current
density, cathode pressure drop
compared to 0.2 x 0.2 flow channel at 0.4 V.
These outcomes emphasize the significance of the flow
channel cross-section shapes in the design of efficient
fuel cell systems. Future work including the impact of
distinct operating conditions and material properties on
the cell performance which would improve the
innovative configurations suggested in this study.
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labeled A. The steam flow rate used for heating in the
evaporator is represented by S. The pressure,
temperature, and enthalpy values of this steam, are
indicated as Ps, Ts, and Hs, respectively. This steam heats

1. Introduction

The evaporator is a crucial device utilized across various
industries, including paper, sugar, desalination, medicine,
dairy, and food processing. These systems, engineered to

meet specific process needs, are employed as either the feed flow (F), which has a concentration of xr and a

single-effect or multi-effect evaporators. Figure 1 temperature of Tr. Water vapor transfers the heat load

illustrates a schematic representation of a single-effect
evaporator.

t Vapor, V, Ty, Hv

A=Hs-hs
q=S(Hs-hs)

U ATy, Py

Feed, F, xr, T mmp Q
-)

Steam, S, Ps, Ts, Hs =) Condensate, S, Ts, hs

Concentrated Liquid, L, xu, T: he

Figure 1. Scheme of an evaporator.

Various types of evaporators are utilized in different
industries. An evaporator functions as a heat exchanger
and is constructed from a material with a thermal
conductivity coefficient, denoted as U. It is situated
within a large enclosure to create a heat transfer area,

(q) to the feed, condenses, and exits the system with a
saturated liquid enthalpy (hr). Consequently, the feed
reaches its boiling point (T1), leading to the removal of
the solvent in vapor form, with enthalpy Hy, from the
upper part of the evaporator at a flow rate (V). This
process results in a concentrated liquid stream (L), which
sees an increase in concentration to xL and possesses an
enthalpy of hi. A vacuum is applied in the vapor space at
the top of the evaporator at pressure Pi. This vacuum
ensures that the product boils at lower temperatures,
minimizing heat loss.

Calculations for the single-effect evaporator are divided
into two parts: mass balance and heat balance
calculations. The mass balance calculation starts with the
feed flow rate (F), which is equal to the sum of the vapor
flow rate (V) and the concentrated liquid flow rate (L)
and it is written as given in Equation 1:

F=V+L (1)
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Total component mass balance is written as given in
Equation 2:

F'XFZV'yVJFL'xL (2)

Since the component fraction in the vapor flow (V) in the
equation yv=0, it becomes Equation 3 (Cataltas, 1963):

F'XFZL'XL [3)

At this stage, the initial step involves solving Equation 3
using the available data. This culminates in the
completion of the mass balance calculation through
Equation 1, by employing the derived value of L.
Subsequently, the heat balance calculation is initiated.
The comprehensive heat balance equation is formulated
as given in Equation 4:

F.hF+S.lS=V.HV+L.h‘L+QlDSf [4)

In this scenario, the heat entering with the feed (F-hr)
and the heat provided by steam heating (S-As) constitute
the heat load in the vapor flow (V-Hy) and the heat load
in the concentrated liquid flow (L-hy). In this analysis,
heat loss (Quost) in the system is neglected. The heat load
in the exchanger is written as given in Equation 5:

q=U-A-AT (5)

Typically, the calculation of the heat exchanger area for
the designed evaporator is performed using Equation 5.
The calculations are then finalized by determining the
steam economy using Equation 6 (Geankoplis, 1978;
Geankoplis, 2003).

Steam Economy =V /S (6)

In a study by Elmas (2017) in the literature, calculations
for the evaporation of the NaOH solution used in the
mercerization process applied to textiles were made
using the approach described above. In the conducted
study, in a process where the mass flow varies between
250 kg/h and 1000 kg/h, both single-effect and double-
effect evaporators were wused to increase the
concentration of a 5% NaOH feed to 50% at a
temperature of 50 °C, and the results have been analyzed.
In another study, a more comprehensive but similar
approach has been used to examine the optimum design
and operating conditions of multi-effect evaporators
used in tomato paste production. The study involves the
development of a mathematical model by utilizing
specific relationships for tomato concentration and a
first-order degradation Kkinetics for lycopene. These
calculations were carried out using Microsoft Excel. The
findings indicate that increasing the capacity of the 5-
effect evaporation system from 50 to 75 tons per hour
results in an increase in lycopene yield from 95.25% to
96.27%. When examining the optimization from a total
cost minimization perspective, it suggests an optimal
configuration of 4 effects. However, when maximizing the
Net Present Value while considering lycopene as a quality
parameter, the optimal configuration is determined to be
3 effects (Simpson et al, 2008). In another study,

experimental data of the vacuum evaporation
crystallization system are compared with the data
obtained with the Aspen Plus simulation program. In the
study at hand, both experimental and simulation results
suggest that the crystallization of glycine solutions occurs
at a slower rate compared to the evaporation of water. To
illustrate, at a pressure of 40 mbar, while 60% of the
feedwater has evaporated, only 40% of the glycine in the
feed has undergone crystallization, resulting in 60% of
uncrystallized glycine remaining in the feed solution.
Additionally, the quantity of solid crystals produced
through experimentation appears to be slightly higher
than the forecasted output of the model generated by the
Aspen program. According to the Aspen program model,
it was anticipated that 50% of the glycine in the feed
solutions would crystallize at an 80 mbar pressure, but
experimental results indicate that glycine crystallized up
to 60% (Said and Louhi-Kultanen, 2019).

Microsoft Visual Basic for Applications (VBA) allows
users, even those without programming expertise, to
record, create, and modify macros. This enables the
automation of tasks within MS Office applications
(Microsoft Inc., 2021).

A study highlights the significance of MS Excel in
advancing Industry 4.0 in Germany. It presents four
examples from chemical engineering where various
programs interface with a chemical process simulator,
with MS Excel playing a crucial role in most cases (Fricke
and Schoneberger, 2015). The value of MS Excel and VBA
in Chemical Engineering education was recognized
earlier. In 2010, the Hong Kong University of Science and
Technology (HKUST) began teaching Excel Visual Basic
for Applications (VBA) programming in chemical
engineering, focusing on enabling students to convert
chemical engineering problems into functional programs
(Wong and Barford, 2010). By 2016, Teppaitoon
developed an spreadsheet for
calculations in Liquid-Liquid extraction, using the
'TREND' function and mixing rule criteria for efficient

Excel numerical

problem-solving without the need for time-consuming
graphing (Teppaitoon, 2016). This
underscored the need for Industry 4.0 chemical
engineering students to acquire programming skills, as
further emphasized in a subsequent study by Teles dos
Santos, Vianna, and Le Roux (2018). Additionally, Argo et
al. (2020) demonstrated an effective evaporator solution
using Solid Works in conjunction with MS Excel.
Similarly, Karic and Alic (2020) utilized Microsoft Excel
with VBA to solve a mathematical model for integrating
mechanical vapor compression into a single-effect
evaporator (Karic and Alic, 2020).

Existing literature does not identify any graphical
interface-based solutions for single-effect or multi-effect

development

evaporator systems using a program. The programs
developed in academic studies have evolved into paid
services, continuing to support chemical and process
engineering. This study aimed to solve a single-effect
evaporator problem using a NaOH solution within MS
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Excel, employing a graphical interface with VBA. It
analyzed the effects of selected parameters on others and
interpreted the results obtained.

2. Materials and Methods

A comprehensive heat and mass balance of a single-effect
NaOH evaporator system has been integrated into an MS
Excel program using VBA. The program's accuracy has
been verified using example data from literature sources.
Standard properties of water/steam and NaOH solutions
have been obtained from relevant literature references.
2.1. Water/Steam Properties

The pressure, temperature, enthalpy, and heat values of
water are utilized in the calculations within the
evaporator system. Typically, the enthalpy and heat of
vaporization are determined using pressure or
temperature values. This determination often involves
referencing tables or graphs of saturated and
superheated water, which can require
calculations. The data for this study, obtained from
saturated water and superheated steam tables, were

manual

sourced from literature (Boles and Cengel, 2014;
Geankoplis, 2003). These data were compiled into an MS
Excel workbook named “Water”, which is used during the
evaporator calculations performed with the graphical
interface.

2.2. NaOH Solution Properties

Boiling point elevation (BPE) occurs during the
evaporation of NaOH solutions. The Duhring Diagram is
used to determine the value of this increase. Additionally,
enthalpy values are obtained using graphs that relate
concentration and temperatures, which are essential in
calculating the enthalpy of NaOH solutions. These data
were sourced from the literature (Geankoplis, 2003;
Kapuno, 2008) and compiled into an MS Excel workbook
named “NaOH”. The program then accesses the necessary
data by referring to this workbook.

2.3. Program

The program works through a form, and a graphical
interface is provided through the form. The known data
on this form are given to the computer, and then the
solution is reached by pressing the calculate button
(Figure 2). The Calculate button activates the program
related to the solution. The program was executed on a
PC running MS Windows 10, equipped with 8 GB RAM
and an Intel® Core™ i5-3470 CPU @ 3.20 GHz processor.
During the solution process, water/steam data and NaOH
solution data are calculated via interpolation in MS Excel
files. These resulting data sets are then utilized in the
calculation file. Additionally, at the end of the calculation,
the calculated data are written into a separate file called
“Report”.

2.4. Single Effect NaOH Evaporator Case Study

In this case study, assuming an evaporation is used to
concentrate 4536 kg/h of a 20% solution of NaOH in
water entering at 60 °C to a product of 50% solid. The
pressure of the saturated steam used is 172.4 kPa and the
pressure in the vapor space of the evaporator is 11.7 kPa.

The thermal conductivity coefficient is 1560 W/m?K.
The requested calculation involves the steam used, the
steam economy in kg vaporized/kg steam used, and the
heating surface area in m? (Geankoplis, 2003). After
entering the known data into the graphical interface
created with VBA, the program is executed by pressing
the “Calculate” button, which automatically performs the
calculations. Additionally, parameters have been altered
to observe their effects on the calculation. NaOH feed
flowrate, NaOH feed concentration, steam pressure,
vapor space pressure, thermal conductivity coefficient,
concentrated liquid flow concentration, and NaOH feed
temperature examined in the study. The parameters and
range of values are listed in Table 1.

V [ 27216kg/h t

TekEKilEVAP

Steam economy 8371695801149

A [@78sim?

F |43 kg/h
xF |02
L L P1[ 17 kPa
‘ T1[®7s°C
U [ 1380 W/m2.K

S [=s0skg/h
TS[ 1s54°C
PS [ 1724 kPa

A [2143K)/kg

L [ 1814.4kg/h

l xL | 05

Figure 2. Graphical Interface Form in VBA workspace.

Table 1. Parameters and range of values in the study

Parameter Setvalue Value range in
the study
NaOH feed flowrate, F (kg/h) 4536 1536-5536
NaOH feed concentration, xr 0.2 0.01-0.49
Steam pressure, Ps (kPa) 172.2 75-400
V P
apor space pressure, P1 117 4-36
(kPa)
Th 1 conductivit
ermal coneuctviyy 1560 500-2500
coefficient, U (W/m*-K)
C trated liquid fl
oncen ra.e iquid flow 05 0.3-0.659
concentration, xL
NaOH feed temperature, Tr 60 10-100

9

3. Results and Discussion

To test programming and interface studies, a general
example used in the field of Chemical Engineering was
chosen. In solving this problem, the final result is the
steam efficiency in the evaporator and the answer is
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calculated as 83.6%. According to the example data, the
calculated steam economy of the single-effect evaporator
stands at 83.72% in the program. This result aligns
closely with the outcome obtained using the calculation
method outlined in (Geankoplis, 2003). Slight variations
in the results are attributed to the precise calculation
values used.

The effects resulting from changing each parameter, such
as NaOH feed flow rate, F (kg/h), NaOH feed
concentration, xr, steam pressure, Ps (kPa), pressure in
the vapor space, P:1 (kPa), thermal conductivity
coefficient, U (W/m?:K), and concentrated liquid flow
concentration, xi, are explained under separate headings
below.

3.1. Effect of NaOH Feed Flowrate

The effect of the NaOH flow rate fed to the evaporator on
the vapor flow rate and concentrated liquid flow rate,
steam flow rate, transferred heat, and heat transfer area
was investigated. During these calculations, the values of
xr=0.2, Tr=60 °C, x.=0.5, Ps=172.4 kPa and P1=11.7 kPa
were kept constant, and the Feed (F) value has been
changed between 1536 kg/h and 5536 kg/h.

__ 3500
&= a} y=0,6x
= 3000 R2=1
b
m
g 2500
= .
- 2000 /
S
k=3
— .
o 1500 .-‘.. y =0,4%
® o R2=1
= 1000 X
2 d fl
- . ® Liquid flowrate
5 500 ¢ q
= Vapor flowrate
=
0
0 2000 4000 6000
NaOH feed flowrate, F (kg/h)
3000
c)
2500 ®
E .
= 2000
=
o
< 1500 -
3 .
2 1000 .
g -
= L
500 y = 0,4409x - 8E-12
RZ=1
0
0 2000 4000 6000

NaOH feed flowrate, F (kg/h)

Data illustrating the impact of the feed flow rate of NaOH
on vapor flowrate, concentrated liquid flowrate, steam
flowrate, transferred heat, and heat transfer area are
graphically represented in Figure 3. As observed in
Figure 3, an increasing trend in all these parameters is
noted with the rise in NaOH feed flow rate. Furthermore,
the fitted curves indicate that they all vary linearly.

3.2. Effect of NaOH Feed Concentration

The effect of the concentration of the NaOH feed to the
evaporator on the vapor flow rate and concentrated
liquid flow rate, enthalpy, transferred heat, heat transfer
area and steam economy was examined. During these
calculations, F=4536 kg/h, Tr=60 °C, x1.=0.5, Ps=172.4 kPa
and P1=11.7 kPa values were set and the concentration
(xr) value was changed between 0.01 and 0.49.

As a result of the calculations, the data showing the effect
of the NaOH concentration fed to the evaporator on the
vapor flow rate and concentrated liquid flow rate are
given graphically in Figure 4. With increasing NaOH feed
concentration, the vapor flow rate decreases, and the
concentrated liquid flow rate increases linearly.

4500
b)
4000 .
— 3500 :
=
~
£ 3000 /
-
& 2500 .
= )
© 2000 -
= .
E 1500 '
B .
“ 1000 s
500 y=0,7167x
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0
0 2000 4000 6000
NaOH feed flowrate, F (kg/h)
70
d)
60 .
E 50 /
o
2
o 40
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2 30 2
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e .
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5
T ®
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Figure 3. Effect of NaOH feed flowrate on (a) vapor and concentrated liquid flowrates, (b) steam flowrate, (c)

transferred heat, and (d) heat transfer area.
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Figure 4. Effect of NaOH feed concentration on output
flowrates.

In Figure 5a, data showing the effect of feed
concentration on the enthalpy of the feed stream is given
graphically. As a result, with increasing feed
concentration, the enthalpy of the feed flow decreases
first and but then it increases. The turning point is seen
at xp=0.2. With the curve fit, the suitability of a third-
degree polynomial equation is revealed as R* = 0.9992.
The increase in concentration of the NaOH feed flow
causes the total transferred heat amount to decrease
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(Figure 5b). It moves according to second-degree. The
regression coefficient of fitted curve is 0.9999. The heat
with  increasing feed
concentration. The fitted curve is a second-degree
polynomial equation with R?=0.9999 (Figure 5c). The
effect of feed concentration on steam economy is
inversely proportional. Steam economy decreases with
increasing feed concentration (Figure 5d). It has been
determined that after xr = 0.4, the decrease in steam
economy reaches much higher values rapidly.

3.3. Effect of Steam Pressure

transfer area decreases

In the calculations made while investigating the effect of
steam pressure, the values F=4536 kg/h, xr=0.2 Tr=60 °C,
x1=0.5, and P1=11.7 kPa were kept constant, and the
steam pressure (Ps) value was changed between 75 kPa
and 400 kPa. Figure 6a shows that the heat transfer area
decreases with the increase in steam pressure. Under
these conditions, the effect of using pressures higher than
125 kPa decreases on the heat transfer area. The effect of
steam pressure on steam economy is appeared that
with increasing steam
pressure (Figure 6b). It has been revealed that it can be
modelled with a second-order equation, with an R? value
of 0.9981. As the steam pressure increases, the steam
flowrate increases. By the modelling for the data, the

steam economy decreases

fitted curve fits a second order function and the R? is
0.9986 (Figure 6¢).
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Figure 5. Effect of NaOH feed concentration on (a) enthalpy of concentrated liquid flow, (b) transferred heat, (c) heat

transfer area, and (d) steam economy.
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3.4. Effect of Pressure in the Vapor Space

In the series of calculations examining the effect of the
pressure in the vapor space of the evaporator, the values
F=4536 kg/h, xr=0.2 Tr=60 °C, x.=0.5, and Ps=172.4 kPa
were kept constant, and the pressure (P1) value
increased from 4 kPa to 36 kPa (Figure 7).

It can be seen in Figure 7a that increasing the pressure in
the vapor space of the evaporator causes the boiling
point elevation to increase. When these data are
modelled, an exponential function with an R? value of
0.9971 is obtained. The increase in vapor space pressure
leads to an increase in the transferred heat. Additionally,
the model suggested for the total transferred heat can be
represented by an exponential function. The R? value of
the function is 0.9979 (Figure 7b). Figure 7c shows that
the heat transfer area increases with the increase in
pressure in the vapor space of evaporator. After the
pressure reaches 30 kPa, the increase in the heat transfer
area accelerates. Another parameter examined is the
variation in steam economy. As the pressure in the vapor
space increases, steam economy decreases. It is observed
that it can be modeled with a logarithmic function, where
the R? value is obtained as 0.9990. The impact of
pressure in the evaporator's vapor space on steam
economy is presented in Figure 7d.

3.5. Effect of Thermal Conductivity Coefficient

While making calculations examining the effect of the
thermal conductivity coefficient, U on the heat transfer

area, A, the values of F=4536 kg/h, xr=0.2 Tr=60 °C,
x1=0.5, Ps=172.4 kPa and P1=11.7 kPa are constant was
kept, the coefficient (U) value was changed between 500
W/m?*K and 2500 W/m?-K. The calculations in the study
determine that with the in the thermal
conductivity coefficient, the heat transfer area in the
evaporator is
(Figure 8).

3.6. Effect of Concentrated Liquid Flow Concentration
In the calculations made while examining the effect of
concentrated liquid flow concentration on heat transfer
area, concentrated liquid flow rate, steam economy and
steam flow rate, F=4536 kg/h, x,=0.2 Tr=60 °C, Ps=172.4
kPa and P1=11.7 kPa values were kept constant, and the
xL parameter was changed between 0.3 and 0.659.
Increasing the concentrated liquid flow concentration

increase

exponentially related and decreases

causes the heat transfer area in the evaporator to
increase (Figure 9a). Although the concentration (xL)
parameter shows an almost linear trend up to 0.5, this
linearity breaks down after 0.6 and the heat transfer area
rapidly. With the
concentration of the concentrated liquid flow, the

increases more increase in
concentrated liquid flow rate and steam economy exhibit
a decrease (Figure 9b and Figure 9c), in contrast, the
vapor flow rate is observed to increase (Figure 9d). The
behavior of these parameters aligns with second-order

models.
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3.7. Effect of NaOH Feed Temperature

NaOH feed temperature changing affects the feed
temperature, enthalpy, total transferred heat, heat
transfer area, steam economy and work steam flow rate.
During the calculations, the values of F=4536 kg/h,
xr=0.2, x1.=0.5, Ps=172.4 kPa and P1=11.7 kPa were kept
constant, and the temperature (Tr) parameter was
changed between 10 °C and 100 °C. As the temperature
increases, all parameters examined in the evaporator
behave linearly. For all other parameters besides steam
economy, the regression coefficient is found to be 1

(R?=1). Figure 10 displays the models with which they
are compatible. As illustrated in the figure, with an
increase in feed temperature, enthalpy and steam
economy increase, while the transferred heat, heat
transfer area, and steam flow rate decrease.
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4. Conclusion

The most important result of the study is the ease of
performing calculations for a single-effect evaporator
using the graphical interface designed with VBA in the
MS Excel program. This has enabled the calculation of
missing data for NaOH solutions in a single-effect
evaporator using known values, through the designed
interface and the written program. Thanks to flexible
programming, it is also possible to arrange designs for
new solutions. Additionally, the effects of changing
certain parameters on others were investigated using the
calculations performed by the program, and the results
are summarized below:

e The NaOH feed flow rate is directly proportional to
the vapor flow rate, concentrated liquid flow rate,
steam flow rate, total transferred heat, and heat
transfer area.

e The NaOH feed inversely
proportional to the vapor flow rate and directly
proportional to the concentrated liquid flow rate.

concentration is

e As the NaOH feed concentration increases, the feed
enthalpy first decreases and then increases after
reaching its lowest value of 0.2. This situation stems
from enthalpy-concentration-temperature data in
the literature.

e The NaOH feed inversely
proportional to the total transferred heat, heat
transfer area, and steam economy, and the steam
economy drops rapidly after the value of 0.45.

concentration is

e The steam pressure is directly proportional to the
steam flow rate and inversely proportional to the
heat transfer area and steam economy. It has been
determined that the heat transfer area increases
significantly, especially when the pressure is lower
than 74.72 kPa.

e With the increase in pressure in the vapor space, the
boiling point elevation, total transferred heat, and
heat transfer area increase, especially after 25 kPa,
the heat transfer area increases rapidly. The steam
economy decreases with the increase in pressure.

e As expected, a relationship is given for the decrease
in the heat transfer area with the increase in the
thermal conductivity coefficient.

e With the increase in the concentration of the
concentrated liquid flow, a decreasing effect is
observed on the concentrated liquid flow rate and
steam economy, while an increasing effect is seen on
the heat transfer area and steam flow rate.
Especially  after  the liquid
concentration reaches 0.55, the heat transfer area
increases rapidly.

concentrated

e The feed flow temperature is directly proportional
to the feed flow enthalpy and steam economy, and
inversely proportional to the total transferred heat
and heat transfer area.
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1. Introduction

Air Handling Units (AHUs) are crucially important
components of Heating, Ventilating, and Air Conditioning
(HVAC) systems (Yu et al, 2014). An AHU typically
conditions the air by adjusting temperature, humidity,
and filtration. The cross-sectional area of fans employed
in AHUs is less than the cross-sectional area of chambers
situated adjacent to the HVAC equipment's fan, including
heating/cooling coils, silencer (sound attenuator), filter,
or heat recovery elements (Kamer et al,, 2018). The air
supplied by the fan is therefore partially in contact with
the surfaces of other units. The operating efficiency of
AHUs is significantly diminished by this situation. In
order to address this issue, a chamber with a perforated
diffuser is employed after the fan chamber (Erdogan,
2017). When utilizing a chamber with a perforated
diffuser, it becomes feasible to enhance operational
efficiency by minimizing the overall pressure loss in the
AHU (Bulut et al, 2011). This is achieved by ensuring a
uniform passage of air across all the surfaces of the
aforementioned units. Minimizing the total pressure loss
in the AHU and achieving homogeneous airflow diffusion
to the subsequent unit are crucial aspects for enhancing
energy efficiency (Erdogan and Dagkin, 2023). Figure 1
illustrates a schematic representation of an AHU
equipped with a perforated diffuser. According to a
market survey among manufacturers of AHUs, there is

insufficient information about the flow structure in
chambers equipped with perforated diffusers.
Additionally, the perforated diffusers used in AHUs may
cause significant noise (Yapanmis, 2016; Erdogan, 2017).
In many instances, this leads to health problems and, as
such, is undesirable. Elevated noise levels can also
indicate energy inefficiency and vibration problems. The
noise generated by perforated diffusers is primarily a
result of flow (aeroacoustic) issues. Yapanmis (2016)
investigated the pre-emissive properties of perforated
diffusers with square truncated pyramid and truncated
cone geometries designed for AHUs. The study examined
the effects of different geometrical parameters on sound
transmission loss. However, it does not cover the
aeroacoustic properties of perforated diffusers, focusing
instead on their acoustic properties in a flow-free
environment. Martinez-Lera et al. (2012) conducted a
numerical flow study in an HVAC duct with a flapper
inside and subsequently calculated the sound pressure
level using the Ffowcs Williams-Hawkings (FW-H)
approach in ANSYS-Fluent. Kaltenbacher et al. (2016)
presented a novel computational scheme for simulating
flow-induced sound in rotating systems. The method,
they used, employs scale-resolving simulations with an
arbitrary mesh interface,
stationary domains.

connecting rotating and
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Figure 1. Schematic representation of an AHU with perforated diffuser.

The Finite-Element method, along with Nitsche type
mortaring, was applied at the interface for solving. They
demonstrated in the numerical computation of a side
channel blower (Kaltenbacher et al.,, 2016). Kandekar et
al. (2019) investigated flow-induced noise in the 400 Hz
to 5000 Hz range and discussed a
Computational (CAA)
simulating. They validated through testing with good
correlation between CFD predictions and measurements.

frequency

Aeroacoustics approach for

Mikedis (2023) performed some numerical simulations
on aeroacoustic characteristics in a HVAC duct by
employing OpenFOAM CFD toolbox. The Direct
Model (DNS) was solve the
aeroacoustic simulations and the model was validated

Numerical used to
with experiments. Bezci numerically investigated the
flow structure and aerodynamically induced noise in a
centrifugal fan using k-€ and LES (Large Eddy Simulation)
turbulence models under five different outlet pressure
boundary conditions. Additionally, he determined the
noise propagation from the flow in free space using the
Ffowcs Williams-Hawkings (FW-H) approach (Bezci,
2009).

Numerous studies in the literature focus on the acoustic
performance of silencers equipped with perforated
surfaces, employed in diverse industrial applications.
Ueda et al. (2002) observed the acoustic field of the
resonator through measurements of instantaneous
pressure and average velocity. They asserted that the
phenomena responsible for sound wave generation and
the acoustic resistance of the resonator are closely linked
to the phase difference. Furthermore, the efficiency
values were found to exhibit a connection at this juncture
(Ueda et al, 2002). Emphasizing the significance of
designing the grid structure inside the resonator to
mitigate pressure fluctuations at the inlet, Zoccola
highlighted that an incompatible design with the
pressure fluctuation character could result in persistent
oscillations. This could even lead to irregular vortex
fields instead of periodic ones. Zoccola conducted
velocity and sound measurements to establish the
relationship between the excitation system, amplitude
levels in the resonator, and grid configurations (Zoccola
Jr, 2004). Morris et al. concentrated on the pressure

differential, oscillatory excitations, and secondary losses
resulting from constrictions and expansions within the
resonator flow field. They examined and discussed the
interactions between the entire resonator and the
expansion and constriction parts separately and in
comparison (Morris at al.,, 2004).

2. Materials and Methods

The dimensions of the square truncated pyramid
perforated diffuser chamber investigated in this study
are shown in Figure 2. All geometric parameters
considered in this study are given in Table 1.

Table 1. Variable geometric parameters and values

Parameters Unit Value
o) [-] 0.35, 0.40, 0.45, 0.50, 0.55
a [°] 50, 55, 60
t [mm] 1,2,3
Lo [mm] 0,100, 200
Hole array type [-] Staggered, Straight
Diffuser surface
[-] Flat, convex, concave
type
Y\ $50 mm
Axr inlet
230 mm 34—

450 mm

180 mm |

-

Figure 2. The dimensions of the square truncated
pyramid perforated diffuser chamber.

In Table 1, 't' represents the plate thickness; '¢" indicates
the porosity of the perforated diffuser, representing the
ratio of the area of apertures to the total surface area of
the perforated diffuser; '@’ and 'Lo' denote the draft angle
of the diffuser and the distance from air inlet to diffuser,
respectively. Hole array types are illustrated in Figure 3.
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Straight array Staggered array

Figure 3. Hole array type.

Fluent within the ANSYS software package. Tetrahedral
(four-faced) elements, relatively
complex geometries, were employed as the mesh
elements (Fluent, 2009). Throughout the surfaces of the
perforated diffuser and in the flow domain, the maximum
element size was set to 0.01 m, while on the surfaces of
the perforated diffuser, it was determined to be 0.005 m.

recommended for

Figure 4 depicts the mesh structure of the CFD models.

Figure 4. Mesh structure of the CFD models.

This study presents the sound pressure levels (SPL) in
the chamber with a perforated diffuser in the frequency
range of 0-1000 Hz, considering the geometric design
parameters of the square truncated pyramid perforated
diffuser. The models, developed for
aeroacoustic analyses, involved solving Equations 1-5,
which represent (Equation 1),
(Equation 2), and the Standard k-e¢ turbulence model
(Equation 3, 4) in the ANSYS-Fluent software (Fluent,
2009). The simulations were carried out with a time step
of 0.0005 s and a total of 1000 time steps. The boundary
conditions include a "velocity inlet" defined for the 230
mm x 230 mm air inlet section, and a "pressure outlet"
defined for the 550 mm x 730 mm air outlet section. The

numerical

mass momentum

air inlet velocity is assumed to be 16.2 m/s, while the
average static pressure at the outlet section is assumed
to be 100 Pa. Subsequently, employing the Fowcs
Williams-Hawkings (FW-H) approach within the Ansys-
Fluent program, based on the Lighthill acoustic analogy,

time-dependent acoustic signals were acquired from
three microphones strategically placed within the
chamber. The SPL values were then determined across
frequencies using the Fast Fourier Transform (FFT)
module in the CFD-Post section. The microphone
positions placed inside the square truncated pyramid
hole diffuser chamber, here presented as microphone 1-
M1, microphone 2-M2, and microphone 3-M3, are shown
in Figure 5.

aui -0 1
axi - (. )
uy __Op 0 | (0w 0%
ax]- ax,: 6x]- axj axi
5 2)
- a_x] (P uy, )

where u and p are the velocity and pressure, respectively.
uju,’ states Reynolds stress.
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at ax;  ox; |\!
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In equation 3 and equation 4, the symbols k and ¢
represent turbulence Kkinetic energy and turbulence
dissipation rate, respectively. The turbulent viscosity,
denoted as p is expressed through the calculated
Equation 5 presented below.
2
he = pG, = ©)
€
The constants in these equations are assigned the
following values, respectively: o,=1, 0.=1.3, C;.=1.44,
(2£=1.92, and €}, =0.09 (Fluent, 2009).
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Figure 5. Microphone positions in chamber with
perforated diffuser.

3. Results and Discussion
The CFD analyses conducted to investigate the impact of
the geometrical design parameters of the square
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truncated pyramid perforated diffuser on the SPL
generated by the airflow within the chamber involved
collecting data from microphones at three distinct
locations across the frequency range of 0-1000 Hz. Figure
6 shows the porosity effect on the SPL. Upon analyzing
Figure 5, it is noted that the variation in SPL with
different porosity values differs depending on the
position of the Generally,
however, the SPL within the chamber equipped with a

receiving microphone.

perforated diffuser increases as the porosity value rises.
Reducing the porosity value from 0.55 to 0.35 can result
in a significant noise reduction in SPL, amounting to
approximately 30-40 dB across nearly all frequency
values. In the context of this flow model, it can be
inferred that higher porosity values lead to increased SPL
values due to the formation of more vortices in the flow
domain. Figure 7 illustrates the impact of the diffuser
draft angle on the SPL. According to Figure 7, a decrease

N

in SPL near the diffuser is observed as the draft angle
increases. Specifically, signals from M1, positioned
closest to the diffuser, consistently exhibit lower SPL
values, except for certain frequency values observed in
signals from M3, located farthest from the diffuser, for
a=55° Additionally, an increase in the draft angle
induces greater fluctuations in SPL across various
frequencies. The impact of the specified diffuser wall
thickness values on the SPL is depicted in Figure 8. Upon
analysis, it is noted that there is a decline in the SPL with
an increase in the wall thickness parameter from 1 mm to
2 mm for signals received from M1, the microphone
closest to the diffuser. However, in the case of signals
received from microphones M2 and M3, it is observed
that the SPL is higher at the intermediate value of 2 mm
wall thickness compared to the values of 1 mm and 3
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Figure 6. Porosity effect on SPL.

o
o M1

LU B L

S ARy

0 oL | o ] » 00 ) » w

Frequency (Hz)

Figure 7. Draft angle effect on SPL.

Frequency (Hz)

(L] " X I X o a "W [0

&0 [ 1L

“lmm — | w—( = |
w| Ml m | M2 s M3
) —i"im (7] . 14 il
L Jen " Fam " I=iem
g L fq ' £a k
T o £fu \"’7_-;\_ £ a0 \
£ - \\“_‘~“ " z & B - | * : ~—— ‘L‘m
| w“w b WAJ Parit |
0 1 )
» N & |
¥ 4 I
0 o Ly (3.1] »m (0] » W (] ) wm ] b o] on UL Ll
Frequency (Hz) Frequency (Hz) Frequency (Hz)

Figure 8. Diffuser thickness effect on SPL.

Figure 9 illustrates a graph depicting the variation in SPL
with the position of the square truncated pyramid

perforated diffuser (Lo) within the chamber. Examination
of this graph reveals a substantial correlation between
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the diffuser position and the microphone position in the
obtained signal values. Specifically, it is observed that the
SPL is higher at Ly=100 mm in the signals received from
the M1 receiver. This is attributed to the fact that the M1
microphone position is 50 mm inside the peak of the
perforated diffuser, where the noise caused by the time-
dependent vortical flow structure is more pronounced.

Figure 10 gives the SPL values acquired for various hole
array types and three different microphone positions.
With the exception of some signal values obtained from

the M2 receiver at low frequencies, it is evident that the
staggered array results in higher SPL than the straight
placement type for all three microphone positions. Figure
11 presents the SPL values recorded from three distinct
microphone positions when the surface type of the
perforated diffuser is flat, convex, and concave. Based on
the signals obtained from the microphone in all three
positions, it can be concluded that the concave geometry
induces more fluctuations in the SPL across different
frequencies and results in a lower overall SPL.
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Figure 9. Diffuser locations effect on SPL.
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Figure 11. Diffuser surface type effect on SPL.

4. Conclusion

This study offers insights into how the
parameters of square truncated pyramid perforated
diffusers, utilized in AHU, influence the SPL. Following
CFD-based aeroacoustic analyses, SPL values were
acquired within the frequency range of 0-1000 Hz for
each geometric parameter value employed in the diffuser
configuration.

geometric

e Low porosity value provides lower SPL values. A
reduction in porosity from 0.55 to 0.35 can
drastically reduce SPL by approximately 30-40 dB
across almost all frequency ranges.

e While the SPL decreases with a reduction in the
draft angle for the M2, a draft angle of 55° results in
less noise, approximately 20 dB lower, compared to
values obtained from microphones positioned (M3)
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farther from the diffuser.

e Analyzing signals from the microphone in the
downstream region of the diffuser revealed that the
impact of wall thickness variation on SPL fluctuated
at each frequency value, typically within a range of
5-10 dB.

e The placement of the diffuser within the chamber
(LO) can influence the SPL by approximately 20 dB,
regardless of the microphone's position. When the
diffuser is positioned near the air inlet surface
(L0=0), the lowest SPL is achieved downstream of
the diffuser.

e The straight array results in a reduction in SPL of
approximately 20 dB at all microphone positions
compared to the staggered array.

e Analyzing signals from the microphone located
downstream of the diffuser, it is observed that when
the diffuser surface is flat, concave, or convex, there
is a maximum difference of 5 dB in SPL across
different frequencies.

As a future study, the fluid domain in these CFD models
will be expanded to include the HVAC duct component.
Consequently, the microphone positions will be relocated
to align with the new model. Additionally, other AHU
components, such as the heating/cooling coil, humidifier,
and filter, will be integrated into the models. This
expansion aims to yield more comprehensive results.
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The study used the degree day method, which is widely used in standard insulation calculations, in accordance with broiler production.
As the equilibrium temperature, the desired temperature values of broilers for each week in the 6-week period were taken as the basis
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respectively. It has been calculated that a 70-80% reduction in CO. emissions could be managed by applying the optimum insulation

layer thickness.

Keywords: Poultry farms, Insulation, Energy saving, Life-cycle cost analysis

*Corresponding author: Bandirma Onyedi Eyliil University, Génen Vocational School, 10900, Balikesir, Tiirkiye

E mail: aaslan@bandirma.edu.tr (A. ASLAN)
Asiye ASLAN https://orcid.org/0000-0002-1173-5008

Received: December 15, 2023
Accepted: February 21, 2024
Published: March 15, 2024

Cite as: Aslan A. 2024. Analysis of the energy efficiency of poultry houses in Tiirkiye. BS] Eng Sci, 7(2): 277-297.

1. Introduction

Energy efficiency is explained as the usage of lower rates
of energy for performing perform the same task or
achieving the same outcome. To achieve efficiency in
terms of energy use, it is essential to use less energy for
heating and cooling buildings and operating electronic
devices. In addition, one of the most effortless and least
costly methods to fight global climate change, raise the
competitive power of firms and lower the cost of energy
for consumers is energy efficiency. Energy efficiency also
has a critical part in efforts to reach net zero carbon
dioxide emissions by achieving decarbonization.

Another way of fighting against climate change is to use
renewable energy resources instead of traditional energy
resources and to create a significant effect on each aspect
of energy policies of countries. Geothermal energy is a
national, renewable, clean, and environmentally friendly
underground resource. Tiirkiye is rich in terms of
geothermal energy thanks to its geological and
geographical location among world countries, and there
are approximately 1,000 geothermal resources with
varying temperatures spread across the country. 78% of
geothermal resources are in West Anatolia Region, which
is followed by Central Anatolia Region (9%), Marmara
Region (7%), East Anatolia Region (5%), and other
regions (Anonymous, 2023a).

Based on the size of livestock, poultry represents the
greatest inventory of domesticated animals worldwide.
Poultry has become the fastest growing component of
global meat production in the early 21st century. Poultry
production is economically important worldwide, for
example, it is an industry of more than $20 billion per
year in the United States. In 2021, the global production
rate of poultry meat was estimated as 137.8 million tons.
As of 2020, the United States (22,705 million), China
(19,500 million), Brazil (14,076 million), and the EU
(13,769 million) were the largest producers of poultry
meat. The vast majority of poultry meat production
within the EU takes place in five states, among which
Poland (19.2%) is the largest poultry producer.
Consecutively, Germany (13.1%), France (12.8%), Spain
(10.1%), and Italy (9.9%) follow Poland. In general, the
worldwide production of poultry has grown steadily,
with a rate of 1.32% over the previous decade (GrZini¢ et
al., 2023).

Considering the number of broiler chickens in Tiirkiye by
regions, the East Marmara and Aegean Regions had a
collective portion of 59.8% in 2019. The region of East
Marmara was the leader broiler producer in with a share
of 33.5%, followed by the Aegean Region (26.3%) and the
West Marmara (14.3%). More than half (56.4%) of the
broilers in Tiirkiye were collected in five provinces in
2019. Manisa had the highest proportions of broiler
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chickens at a rate of 12.6%, followed by Sakarya (12.6%),
Balikesir (11.6%), Bolu (10.8%), and Mersin (8.7%)
(Anonymous, 2023b).

In this context, there are two significant factors affecting
productivity in broiler farming: genetic composition and
environmental conditions. Considering the
environmental conditions, the most important factor is
temperature (Aritiirk et al., 1986). Several factors such as
ensuring the poultry house to be least affected by cold in
winter and hot in summer, preventing sudden indoor
temperature changes and moisture condensation, and
maintaining the appropriate indoor temperature should
be considered when planning a good poultry house
construction (Ozdemir and Poyraz, 1997).

To increase efficiency and protect broiler chickens from
the negative effects of climate, it is important to design
and plan poultry houses according to proper rules and
regulations. It is only possible with isolation to ensure
the desired environmental conditions effectively in the
poultry houses throughout the year (Ozdemir and
Poyraz, 1997). Insulation prevents losses of heat in
winter and the accumulation of heat in summer.
Economic benefits are achieved by reducing heating and
cooling  costs, allowing controlling sweating,
condensation, and humidity. In addition, it is obligatory
to reduce energy consumption in buildings and to obtain
minimum values according to national regulations
(Akpinar and Demir, 2018).

There are several studies about insulation in buildings.
Annibaldi et al. (2019) presented a multidisciplinary
approach to raise the performance of historic buildings in
terms of energy utilization, allowing them to compare the
optimized values of insulation thickness, which are found
with the permeability parameters of walls in situ, and
those in the relevant literature. This set of techniques
involves an initial examination of the building envelope
and an investigation of the insulation materials and
thickness to identify the optimum combination between
the building's energy performance and the investment
cost. The methodology was implemented for a case study
in Italy. The authors revealed that the specific usage of
data in the relevant literature to organize an energy
recovery plan of an existing historic building can cause
substantial errors. Hou et al. (2022) calculated the
optimum thickness for the exterior walls of rural
traditional residences in the northeast of Sichuan hills
using the degree-day method and the P1-P2 economic
model. They also evaluated the energy savings and
economic advantages according to the EnergyPlus and
dynamic investment payback time model. As a result,
they found that the optimum insulation layer thickness
varied between 0.081 m and 0.144 m, considering the
local climate and economic context. By using Mathcad
software program, Malka et al. (2022) proposed
removing the heating degree day limits for some
materials used for insulation (EPS Graphite, EPS, GW and
RW) and a set of different energy resources (electricity,
diesel, natural gas, LPG and biomass). They considered

additional economic variables (i.e., inflation, interest rate,
lifetime and present value factor) and properties of
heating systems to determine the optimum insulation
layer thickness, and applied the RETScreen Expert model
for various types of structures in Albania. As a result,
they stated that the overall heat transfer value (U) must
equal or be smaller compared to 0.30 (W/m2K), and
suggested that the proposed method
implemented not only in Albania, but also in other parts
of the world with comparable climate characteristics.
Dombayci (2017) have examined optimum
insulation layer thickness values for the exterior walls of
homes in select cities in different climate zones of
Tirkiye. They applied a thermoeconomic method,
considering inflation and interest rates with Life Cycle
Cost Analysis (LCCA), and calculated maximum and
minimum thicknesses for polystyrene and polyurethane
insulation materials, respectively, for cold and hot
climatic regions, thus obtained maximum and minimum
savings amounts in these regions. A¢ikkalp and Kandemir

could be

et al

(2019) have presented an alternative technique to
combine financial and impacts in
determining the optimum insulation layer thickness,
which is
Environmental

environmental

known as the United Economic and
Method (CEEM). They have made
analyses for Bilecik province in Tiirkiye, using stone wool
and glass wool insulation materials, compared their
results with those of other methods, and calculated
annual savings and energy savings. Ustaoglu et al. (2020)
have conducted an energy analysis using various
polyurethane insulation materials for various climate
zones and fuels to determine energy performance in
buildings. They have used coal, natural gas, liquefied
petroleum gas (LPG), fuel oil, and electricity as fuels.
Accordingly, they reported that polyurethane foam in
which 3% paper mill sludge (PMS) was added had the
most favorable thermal resistance values. Depending on
the fuel used, they found that savings ranged from $8.86
to $54.6/m2 with a thickness of 0.0245 m, and the
payback period varied from 1.37 to 8.76 years.

In addition, some studies have also aimed to identify the
energy needs and comfort conditions of poultry houses.
Kapica et al. (2015) presented the simulation results of
CO2 reduction potential for poultry houses by replacing
traditional heating system with hybrid sun-wind system.
They calculated heat requirements for 2400 poultry
houses and presented basic models for solar collectors,
wind turbines and heat storage tanks in these houses.
Their system was modelled in a MATLAB/Simulink
environment by analyzing different settings of systems
for climatic conditions specific to the Central Europe. As a
result, they found that larger systems provided higher
CO2 reduction but their energy usage rates decreased.
Yang et al. (2022) proposed a new pair of ventilation
system by combining the advantages of exhaust air heat
recovery system and perforated channel ventilation for
poultry houses in China. As a result, they stated that a
better interior can be created with improved ventilation
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performance and low cost with a new double-channel
ventilation system. Unlike traditional energy analysis
approaches in Ghana, Akolgoa et al. (2022) analyzed
environmental conditions and energy inputs in poultry
houses using the Energyplus simulation and compared
them using the artificial nervous system. They estimated
the annual energy consumption and equipment use as
2,044 kWh and 1,452 kWh, respectively, and stated that
the ANS model was applicable to the determination of
energy consumption by poultry houses. Dagtekin (2012)
aimed to meet the electrical energy need for a henhouse
of 20,000 capacities by using photovoltaic solar energy
system. By designing a PV system of 15 kW power, he
made a techno-economic assessment of the system. The
amount of energy to be generated in PV power plants, the
cost of electricity, investment and business costs, and
payback period were calculated. As a result of these
calculations, payback period of the PV system was
determined as 9.2 years, and electricity generation cost
was found as 0.1100 TL/kWh. The efficiency of the
system was calculated as 12.1% and CO: emission
reduction rate as 20,259 kg/year. Ozli et al. (2017)
investigated the use of paper industry waste as underlay
in broiler facilities. In the study, 468 broilers with
various genders were used. Underlay material consisted
of rice hull, waste paper, and a mixture of the two in
equal ratios. As a result, in week 6, the live weight of the
group in which waste paper was used as underlay was
determined to be about 60 g higher than the other
groups. It was also determined that underlay type did not
have any effect on factors such as living power and feed
evaluation rate.

Despite the numerous studies conducted for buildings
used for different purposes and especially for residential
buildings, there exists limited research to determine the
insulation thickness for energy efficiency in poultry
houses. This study used the degree day method for the
poultry farming sector and calculated the degree of day
(DD) values for the insulation of poultry farming facilities
considering the region’s climate and temperatures. As the
equilibrium temperature, the desired temperature values
of broilers for each week in the 6-week period were
taken as the basis (31, 29, 25, 23.50, 22.50, 20.50°C). The
optimum insulation layer thickness of the exterior walls
and roofs according to HDD and CDD numbers was
calculated. This procedure was used as an alternate
choice of method for building insulation accounts to
achieve optimum results in poultry farming facilities. The
calculations were made for all provinces with poultry
farming facilities in Tiirkiye. There is no study that
covers all cities with poultry farming facilities in Tiirkiye
and deals with both the exterior walls and roofs of
poultry farming facilities. The optimum insulation layer
thicknesses are determined for Extruded Polystyrene and
Expanded Polystyrene for the walls and sandwich panel
for the roofs as insulation materials. This study used the
meteorological data between 2018-2022 and considered
natural gas, coal, fuel oil, LPG and electricity as fuel. In

addition, geothermal energy was evaluated as an
alternative energy source in broiler facilities in cities
where geothermal energy sources suitable for heating
were available, and optimum insulation layer thickness
was calculated and compared with other fuels. Energy
savings, payback periods, and CO:z emissions were
calculated as a result of the use of insulation in poultry
farming facilities. By conducting this study, it was aimed
to make Tirkiye gain an important place in the poultry
farming sector worldwide.

2. Materials and Methods

2.1. HDD and CDD Calculation

The degree-day (DD) method is among the most
preferred techniques to determine the energy needed for
the heating or cooling of buildings (Eto, 1988;
Biiyiikalaca et al,, 2001). A reference temperature is used
in calculating the degree-day number. The reference
temperature for heating degree days is defined as the
outside temperature at which the building's heating
demand begins, and for cooling degree days, it is defined
as the outside temperature at which the cooling demand
begins. The degree-day number is calculated by
subtracting the reference temperature from the daily
temperature average and then adding the values for the
designated time interval. In this study, HDD and CDD
were determined using equations 1 and 2 (Christenson et
al,, 2006; De Rosa et al,, 2014).

For Tout<Thbase,
n

HDD = " (Thase = Tou) (1)
1

For Thase<Tout,

n
CDD = > (Tout = Toase) @
1

where, n is the total number of days specified for the
period. Thase and Tout are the reference temperature and
the average outside air temperature, respectively.

In broiler production, the production period in poultry
houses is recommended as 41 or 42 days. In this study, 7
production periods per year were taken into account,
considering 42 days of production and a 12-day break
(Table 1). The temperature values required weekly by
broilers during the 42-day process are the equilibrium
temperature values recommended by the researchers
and given in Table 2.
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Table 1. Annual rotation dates of poultry production (Lindley and Whitaker, 1996; Matzarakis and Balafoutis, 2004).

Annual rotation Dates Number of days
Production Season 1 1 January - 11 February 42
Closed 12 February - 23 February 12
Production Season 2 24 February - 6 April 42
Closed 7 April - 18 April 12
Production Season 3 19 April - 30 May 42
Closed 31 May - 11 June 12
Production Season 4 12 June - 23 July 42
Closed 24 July - 4 August 12
Production Season 5 5 August - 15 September 42
Closed 16 September - 27 September 12
Production Season 6 28 September -8 November 42
Closed 9 November - 20 November 12
Production Season 7 21 November - 31 December 42

Table 2. Basic temperatures according to weeks (Lindley
and Whitaker, 1996; Matzarakis and Balafoutis, 2004).

Time Thase(°C)
First week 31.00
Second week 29.00
Third week 25.00
Fourth week 23.50
Fifth week 22.50
Sixth Week 20.50

2.2. Optimum Insulation Layer Thickness on Walls
and Roofs of Poultry Farms

The optimum insulation layer thicknesses of basic
structure components vary according to financial criteria
such as degree days, temperature, fuel, type of insulation
material, inflation, and interest rates. In this study, the

life cycle cost analysis (LCCA) method covering these
criteria was utilized when calculating the optimum
insulation layer thicknesses of exterior walls and roofs in
poultry houses (Sisman et al., 2007; Bolattiirk, 2008).
Table 3 shows the structural properties of exterior walls
and roof structure components in poultry farming
facilities. Sheathing method, which is the most common
and efficient technique for building insulation, was used
on the exterior walls to surround the outer shell of the
building, fully insulating the columns and beams. Poultry
houses are mostly constructed using the cradle roof. It is
important for the roof not to pour rain and to protect the
interior from heat in sunny weather. The roof should be
rain-proof and provide good isolation. Sandwich panel
was applied as an insulation material on the roofs. Table
4 shows the parameters and economic variables that
were used in the computations.

Table 3. Optimum insulated wall and ceiling constructions and U values

Building Component

Thickness (m)

Thermal Conductivity (W/mK)

Walls

Interior plaster 0.02 0.87
Hollow brick 0.19 0.45
Insulation (XPS, EPS) Xopt 0.032 -0.035
Exterior plaster 0.03 1.4

U = 1/(Rins+0.637)

Roofs

Roof construction - -
Roof covering (Particle board) 0.011 0.205
Waterproofing 0.002 0.19
Roof cover profile - -
Roof cover (Sandwich panel) Xopt 0.023

U= 1/(Rms+0329)
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Table 4. Data and financial values (Anonymous, 2022a;
Anonymous, 2022b; Anonymous, 2022¢)

Fuel Cost
Naturalgas

Hu=34.542x106 ] /kg, n=93% 0.2868 $/kg
Coal

Hu=25.122x106 ] /kg, n=65% 0.1921 $/kg
LPG

46.442x106 ] /kg, N1=88% 1.75 $/kg
Fuel-0il

41.317x106 ] /kg n=80% 0.73 $/kg
Geothermal energy

36.000x10¢ J/kg n=98% 0.4482 $/kg
Electricity

2.5 (COP) 0.1252 $/kWh
Insulation material Cost

Extruded polystyrene (XPS)

(A=0.032 W/mK) 85 $/m3
Expanded polystyrene (EPS)

(A=0.035 W/mK) 50 $/m3
Roof cover (Sandwich panel)

(A=0.023 W/mK) 275 $/m3
Financial values

Life (N) 10 years
PWF 8.11

2.3. Calculating the Heat Load

In buildings, heat losses are encountered either by heat
transfer from the building's structural components or by
leakage through doors and windows. The total heat
transfer coefficient (U) of building components can be
calculated as follows, considering the resistances and
physical properties of the different layers of the
structural component (equation 3);

1

U:
R; + Rgc + Rijns + Ry

3)

where Ri and R, represent the thermal resistances of the
inner and outer surfaces, successively, Rsc is the total
thermal resistance value of the uninsulated building
component layers, and Rins is the thermal resistance
value of the insulation layer (equation 4).
X

A

In the equation, x (m) and A (W/mK) are the thickness
and thermal conductivity of the insulation material,
respectively. If Rsct is the total heat resistance of the
uninsulated building component, Eq (3) can be adjusted
as follows (equation 5):

1
Us—-——— 5
Rsct + Rins ( )

Rins = )

The unit surface heat loss of the building component is as
follows (equation 6):

q = UAT (6)

Here, AT shows the difference between the fixed indoor

temperature and the changing temperature outside
throughout the day. The heat loss per unit area in a year
due to the degree-day values of the building component
is as follows (equation 7):

qa = 86400 DDU 7

Here, DD is the degree-day value. In this case, the annual
energy requirement for heating (Ea) and annual fuel
consumption are as follows (equations 8 and 9).

86400 DD

AT 7 x\ (8)
(Rsct + 7\) Ns
86400 DD ©)
A T
(Rsct + 7\) Huns

The annual heating and cooling cost per unit area is
shown below (equations 10 and 11).

86400 HDDCs

AH= T
(Rsct + X) Hyns
86400 CDDC¢

ACT (Rsct + %) COP

(10)

an

In the equation, Ct($/kg) and Hu (J/kg; J/m3) refer to fuel
cost and the lower heating value of the fuel, respectively.
The value of the coefficient of performance (COP) for the
cooling system was presumed to be equal to 2.5
(Bolattiirk, 2008).

2.4. Optimum Insulation Layer Thickness Calculation
The LCCA technique was used to calculate the optimum
insulation layer thickness values in this study. The total
heating cost is calculated considering the life cycle and
present worth factor (PWF) of N years. The present
worth factor (PWF), which is found according to the
inflation rate g and the interest rate i can be expressed as
shown in the following (equation 12):

i>g then,
_i-s8
r= 1+g
i<g then,
_8—i
T14i
1+0)N-1
PWF=-—— _— (12)

r(1+ )N

By considering the life cycle cost analysis (LCCA) of all
system-related expenses, the total heating cost of the
insulated building can be expressed as follows (equations
13 and 14):

Ce = CAPWF +Cix (13)
or
_ 86400 HDDCPWF

.= = +Cix (14)
(Rsct + 7\) Hurls

In the equation, Ci ($/m3) and x (m) refer to insulation
material cost and insulation thickness, respectively. The
optimum insulation layer thickness Xopt is found by the
minimization of equation 15).
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DDcfPWFA) 2

Xopt = 293.94 (
opt HyCms

- 7\Rsct (15)

2.5.Environmental Analysis
The general chemical formula for combustion in fuels can
be written as follows (equation 16).

CaHbOdSeNf + (XX(OZ + 376N2)
b
—>a+ EHZO + eSO,
+YN, (16)

X and Y can be calculated using the equilibrium formula
for oxygen as shown below (equations 17 and 18):

TN B

T
Muhfiﬂ))
- -

Figure 1. Cities where broilers are produced in Tiirkiye.

Table 5. HDD and CDD values for cities with poultry

b d buildings in Tiirkiye
X=at+—-+e—= (17)
4 2 City HDD  CDD City HDD  CDD
Y = 3.76a (a + b te— E) + f (18) Adana 1871 416 [zmir . 2089 343
4 2 2 Ankara 3485 89 Kayseri 3936 34
Equation16) neglects CO and NOx emissions. The CO2 Antalya 1786 387 Kocaeli 2686 94
emission value caused by the combustion of 1 kg of fuel Balikesir 3040 108  Malatya 3201 279
can be determined as follows (equation 19): Bilecik 3436 27 Manisa 2504 320
Bolu 4146 2 Sakarya 2732 82
Mco, = % = kgCO0, /kgfuel (19) Bursa 2851 116 Samsun 2768 88
Elazig 3318 238 Usak 3455 66
The total CO2 emission can be calculated as shown below Eskisehir 3686 25  Zonguldak 2950 30
(equations 20 and 21). Gaziantep 2808 350 Kirikkale 3366 120
44a Mersin 1680 420 Diizce 3096 38
Meo, = mia GO ganbul 2716 118
3801600 DD a A
€0 = T Mn.H, (Ath . x) kg/year @D
The molar weight of the fuel, which is denoted by M, can
be found using the equation below (equation 22):
M =12a+ Db+ 16d + 32e + 14f kg/kmol (22)
3. Results and Discussion
More than half (56.4%) of poultry farming facilities in
Tirkiye are located in five provinces. Manisa and Sakarya
have the highest number of facilities with a share of
12.6%, followed by Balikesir (11.6%), Bolu (10.8%) and
Mersin (8.7%). Figure 1 shows the all provinces with
poultry farming facilities in Tiirkiye.
The present study calculated the optimum insulation
layer thickness, energy saving values, and payback period
for exterior walls and roofs of poultry farming facilities in
Tiirkiye. For each region, values of heating and cooling
degree days were calculated to provide an internal
environment in accordance with broiler breeding. Table
5 presents the calculated HDD and CDD numbers. Figure
2 graphically shows the HDD and CDD according to the
equilibrium temperatures in all cities.
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Figure 2. HDD and CDD values according to the equilibrium temperatures in all cities.
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Tables 6, 7 and 8 show the values recorded at the
optimum point for all provinces and the extent of energy
savings and payback period calculated from the unit area
in case of optimum insulation layer thickness with
various insulation materials and fuel types on the
exterior walls and roofs. Tables 6 and 7 present the
values when XPS and EPS are used on the exterior walls,
respectively; and Table 8 gives the values when sandwich
panel is used on the roofs. The optimum insulation layer
thickness varied according to varying types of fuel and
insulation materials. As expected, the greatest amounts
of savings and the shortest payback period in all tables
were obtained for the same situation. In the tables,
calculations for geothermal energy were done for
provinces where there are geothermal resources suitable
for heating. The highest savings amount was obtained in
Bolu, which is the 4th province of Tiirkiye with the
highest number of poultry farming facility. The lowest
savings amount was obtained in Mersin, which is the 5th
province of Tiirkiye with the highest number of poultry
farming facility. The highest savings amount and the
shortest payback period were obtained when EPS and
LPG were used for heating, while the lowest savings
amount and the longest payback period were obtained
when XPS and natural gas used for heating. In addition,
the highest savings amount and the shortest payback
period were obtained when EPS insulation material was
used for cooling. The payback period was found to be
over 10 years for some provinces. In general, the order of
savings by fuels was found to be LPG, fuel oil, geothermal
energy, coal, and natural gas. Although geothermal
energy was determined to be third in this order, it
provides more advantages compared to other fuels in
terms of the environmental dimension.

In case of heating in Manisa, Sakarya, Balikesir, Bolu and
Mersin, which are the first 5 provinces in Tiirkiye with
the highest number of poultry farming facility, climatic
conditions using natural gas fuel and XPS insulation
materials on the walls, the optimum thickness values for
the insulation materials were obtained as 0.056, 0.060,
0.064, 0.078 and 0.043 m, respectively. For the scenario
of the usage of natural gas fuel and EPS on the walls for
heating in the same provinces, the optimum insulation
layer thickness results were obtained as 0.080, 0.090,
0.090, 0.110 and 0.060 m, respectively. When the case of
the usage of natural gas fuel and sandwich panel on the
roof in the same provinces was considered, the optimum
insulation layer thicknesses were obtained as 0.029,
0.032, 0.039 and 0.022 m, respectively.

Figures 3, 4 and 5 show the effects of annual savings and
payback periods on insulation thickness for varying
energy resources (natural gas, coal, LPG, fuel oil and
geothermal energy) in case of using XPS and EPS on the
exterior walls and sandwich panels on the roof for
different HDDs. When the fuels were compared, the
highest amount of savings and the shortest payback
period were obtained in case of using LPG due to its high
cost.

Carbon dioxide has the highest greenhouse effect among
gases. Fossil fuels are the most important source of
carbon dioxide. It is important and necessary to apply
optimum insulation layer thickness in buildings in
reducing fuel consumption and emission values.
Moreover, today, using clean and renewable energy
resources such as geothermal energy and increasing the
use of these resources is not a matter of preference but a
necessity in creating
environmental problems. Tables 9-11 present the fuel
consumption and COz emissions for all provinces with
poultry farming facilities using optimum thickness
insulation materials. Among the provinces, Bolu and
Mersin had the highest and lowest fuel consumption and
CO2 emission values, respectively.

In case of using XPS insulation material on the walls, CO2
emission amounts varied between 10.81-16.79 kg/m2-
year for coal, 6.13-9.60 kg/mz2-year for natural gas, 4.63-
7.24 kg/m2-year for fuel oil and 2.51-3.93 kg/m2-year for
LPG (Table 9). In case of using EPS insulation material on

terms of not irreversible

the walls, COz emission amounts varied between 8.58-
13.50 kg/m2-year for coal, 4.90-4.69 kg/m2-year for
natural gas, 3.71-5.83 kg/m2-year for fuel oil and 2.01-
3.16 kg/m2-year for LPG (Table 10). In case of using
sandwich panel insulation material on the roof, CO2
emission amounts varied between 16.52-25.60 kg/m2-
year for coal, 9.30-14.58 kg/mz2-year for natural gas, 7.04-
11.15 kg/mz2-year for fuel oil and 3.83-6.02 kg/m2-year
for LPG (Table 11).

Figures 6, 7 and 8 show the annual fuel consumption and
CO2 emission values for heating according to insulation
thickness in case of using XPS and EPS on the exterior
walls and sandwich panels on the roof for different HDDs.
As the rises, both
consumption of fuel and emissions of CO: decline.
Although the decline here varies slightly according to the
type of insulation material, it becomes horizontal after a
point. It has been observed that there can be a reduction
of up to 70-80% in CO2 emissions in case of insulation.

insulation thickness annual

BS] Eng Sci / Asiye ASLAN

284



Black Sea Journal of Engineering and Science

0> 0> 0> - - - I+T FrES FIT0 LTT SBFIT L9T0 £9T £9%C 8L0°0 LLT 8T'LT 9900 222N
0> 0> ET00 - - - 6ET L8 0210 9TT 6L'STT SLTO 09T 6I'LT 2800 LT 06T 6900 S[ERLILY
0> 0> 0> - - - ¥l 8508 1110 87’1 £6'807 2910 9T FTET SL0°0 6LT 8191 £900 {ep[nsuog
0> 0> +00°0 95T g0¢ 1800 6ET 9%'09 Zero 9T'1 0F'62T LLTO 09T €082 £80°0 ELT 7961 0£0°0 e
0> 0> 8000 £9T L'ET 9.00 EFT 0Ly LOT0 8Tl 95°T0T 95T0 L9T [p L0 8T POFT 09070 Unsueg
0> 0> L000 £9T E'ET SL00 EFT TE9% 90T°0 60T 0T°00T S5T0 L9T LT'TT L0 8T 0L%T 09070 ed1exes
65T LY FEOD L9T 012 TL00 STT 8Ty 00T°0 0€'T 9806 8r1T'o LT T06T 89070 LBT FTET 95070 ESTUE]
16¢C 0L€ 0€0°0 - - - 0FT 6¥'5S 9110 LTT 11617 0LT0 9T 79'52 6L0°0 9LT 68°LT 99070 efje[e)
0> 0> 6000 9T oy SL00 T 17s¥ S0T'0 60T £C'86 ¥ST0 89T 0T TL0°0 8T BEFT 6500 l[aed0y
0> 0> 0> EST g'5¢ 600 LET L8'69 TET0 ST 68'8%1 06T°0 95T 09°Z€ 0600 69T 06Ce 9L0°0 uasiey
L¥E LES 9E0°0 SLT 9T £900 157 ELEE 0600 EET PO¥L EETO 6L'T LOST 0900 66'T ZE0T 0S0°0 ez
0> 0> E100 - - - T 009% S0T'0 67T St'66 SST0 19T 01e TL0°0 €8T 6SFT 090°0 [nguels|
07¢ LEL r00 - - - 65T ELST 6400 8e'T 9F'LS LIT'0 6T 6I'TT Zs0'0 6TCT ES'L £F0°0 ursIspy
e 8s's LEOD - - - eFT 08'LY BOT0 871 8T°E0T 85T'0 99T 68'TC £L0°0 18T T8t 1900 dejuerzen
0> 0> 0> SST TEE 1600 BET 8679 9ZT'0 ST 9L'8ET 810 85T [dls L8070 LT 0T'1e £L00 IyBsTsY
ot e 9T LE00 LST t6Z 9800 0FT 8LLS 6IT0 9TT SEECT ELTO 19T £L9T 18070 LT 0981 8900 Buzerg
0> 0> fAN] 97 9¥%C LLOO At F98F 6010 8Tl 260701 65T0 99T €€ FL0°0 18T 1581 2900 esng
0> 0> 0> [A'ns 0'8€ 8600 9ET BO'EL SET0 T 0F'LST 96T°0 95T 65FE £60°0 LT EEFT 8L00 njog
0= 0= 0> LST 90€ LBOO 6ET 60709 1210 9TT £9°8CT LLTO 09T SBLT £80°0 ELT ot'6T 0L0°0 HLaalg
0= 0= 1100 09T 992 1800 I+T FETS EIT0 LTT 85°CIT S9T'0 £9T )% LL00 8LT 0891 9070 disaylfeq
0E¢ 159 %00 - - - 95T 08'L2 7800 9’1 9£°T9 AN 06T 0zt 500 4 BT 00 AUy
0> 0> 8000 95T Z1E 8800 6ET SOT9 zro 9T'1 Z9°0ET 8LT°0 65T 7e'8t +80°0 ELT €6t 0£0°0 EIE{UY
12¢ 9T'L 00 18T il 6500 ¥a'T L¥6T 800 SE'T 0Z'59 SZT0 98T TOET 9500 80T £8'8 9%0°0 EUERY
Iead /g w Ieaf /g w Ieaf /g w Teak /g w Ieaf /g w Ieaf /g u

dd g oy dd g oy dd g oy dd g oy dd g iy dd g oy

FNARIRRRE ] | £81sug euLayosy NJELE d1 [E0) sef [eamge)
Surjoan Sunesy

s[[em uo SJx J10j poliad yoeqhed pue uiaes A310us ‘ssou D1yl JoAe] uonemsul wnwndQ "9 JqeL

285

BS] Eng Sci / Asiye ASLAN



Black Sea Journal of Engineering and Science

0> 0> 1000 - - - 0T 08111 9500 0Z1 EVET 1800 1§57 6T TH 6E0D 19T 6162 EE0D 3IZNQ
66T 690 8000 - - - 6C'T PeeLl 8500 0T ££'95C 8070 'l 9¥'s¥ 1700 65T 0ECE TPEOD S[ENLIY
0> 0> 0000 - - - TET 86'50T 7500 17T 85TeT 8L0°0 A 8@'ee 8E0°0 9T 05°L2 Ce0o Hepnauog
0> 0> 000 S¥'1 SF18 £¥00 6T 60921 6500 0z 95°€9¢Z 980°0 81 L89% 1+00 85’1 £eee SE00 Hedn)
0> 0> 9000 1577 65'6E 8E00 ZET TL'86 2500 17T L0z 94070 ¥ST 009€ 9£0°0 991 0¥'52 0£0°0 unsweg
0> 0> 5000 A LE'8E BEOD ZET 0E°Lb 2500 T 06702 SLO0 89T EVSE 9E0°0 99T 66'%C 0£0°0 eAIENeS
€07 6LTT 8100 58T £0°GE 9£0°0 PET €788 6¥0°0 A 0%987 TL00 85T I8T¢E FEOD 0LT 9£Te 62070 ESIUE]
6l'¢ £56 9100 - - - 0ET 86'STT L500 0T Se'TF 2800 05T STy 6EQD 09T 0F'0€ EE00 (el
0> 0> 9000 AN LT'8E LEOD T L¥'56 1500 T 9110z SL00 89T 0L'%E SE00 L9'T 9¥'¥2 0€0°0 [[3e30}
0> 0> 1000 VT GL6S L¥00 T ETSHT 900 61T 85720¢ Z60'0 S¥T 8¥'¥s S¥0°0 8T LB'8E 8£0°0 Lasdey
96'T LOET 6100 791 L1812 ZE00 LET TLTL 00 LTA ELTST 5900 991 9¢'5¢ 000 181 LS'LT S20°0 Tz
st 850 8000 - - - T L9°96 7500 T 09°€02 SL00 89T 8T'SE 9€0°0 L9'T 08'%2 0£0°0 [NGUE}s]
181 FELT 7z - - - VT £V'SS 6E0°0 87T 61T L500 6LT 6L°8T 9z00 66'T S8TT €zoo uIsIsp
S6'T 9FET 6100 - - - ZET £E°007 £500 177 90112 94070 ¥ST £9°9€ 9£070 9T 98°5¢ 1E0°0 dayuerze
0> 0> 0000 T EF'SS S¥0°0 8T BTGET 2900 6I'T 0£782 680°0 9FT £5°05 £F00 997 66'SE 9£0°0 BUERRE
9T L ST00 9’1 806l Zr00 67T £9°077 8500 0z A A +80°0 6¥1 0L%F 0F0°0 65T SLTE E00 gzeg
058t L¥0 8000 05T Ty 6EQD 1T F020T £500 171 SSFIT LLOO £9T TE°LE LEQD 9T 9£9¢ TE0°0 esng
0> 0> 0> F'T LE'E9 8¥0°0 LT BYEST 990°0 8T I96TE 600 ¥ 1828 9% 00 £9°T 0E'TH 6E0°0 njog
0> 0> 0000 9T ir1s £¥00 6T £E'STT 6500 02T 10292 S80°0 8T LS9% 1+00 88T 1Tee SE00 Ha1g
IrAS €00 L00°0 6F'1 8Tt 0¥0'0 TET L5607 5500 17T 88'6lt 08070 157 TE0F 8E0°0 9T F58¢ Ce0o Aseyieg
18T 18'8T 1200 - - - T §9'6S 1700 LTT F18ZT 6500 SLT 9¥'0¢ 8z00 E6T 80°FT £T0°0 eAEUY
0> 0> 9000 S¥'1 96°TS £¥00 6T 8TLTT 0900 61T 66592 980°0 8¥1 SE'LY T#0°0 LS°T L9°EE SE00 BBy
8T [AWA! zzoo 891 1T+ 000 0¥'T £0°€9 k00 97T FOSET 1900 LT 18T¢ 8z0'0 68T 90°ST 200 EUBPY
Iead /g u Iead /g w Ieak /g ur Iead /g u Iead /g w Ieaf /g w
dd g oy dd g oy dd g oy dd g oy dd g oy dd g oy
fo1neelg A31aug [euLatioan 1o [ang 0d1 [eey SER [en3en
Suyjoon Sunesy

s[iem uo Sd9 J10j poriad yoeqAed pue Suiaes £319ua ‘ssauddIy} J1ake] uonemsur wnwndQ *Z a[qeL

286

BS] Eng Sci / Asiye ASLAN



Black Sea Journal of Engineering and Science

0> 0> oo - - - 0ET 0B'TIT 9500 0Z'1 EFHET 1800 191 61'1¥ 6E0°0 191 61'6C EE0D 22ng
667CT 690 8000 - - - 6CT FETET 8500 0z'1T ££7952 800 81 9¥'5¥ %00 65T 0€°CE ¥E0°0 A[EMLITY
0> 0> 0000 - - - 1T 86°50T 500 127 8972 8400 5T 88'8¢ 2e00 £9T 05°LE ZE0D yepmauog
0> 0= 000 S¥'1 SIS EP00 6Ll 60921 6500 0z'1 95°€9Z 9800 81 LB9% I¥0°0 85T EEEE SEOD yesdp
0> 0> 9000 187 65'6E 8E0°0 (AN FL86 2500 127 i8°L0¢ 9L00 P51 00'9€ 900 99°1 0¥'SZ 0£0'0 unsuieg
0> 0> S000 5T L6'8E 8£0°0 TET 0E°L6 2500 7T 06402 SL00 SST E¥'SE 9E0°0 99T 66T 0£0°0 ehleyeg
£0T 6LTT 8100 SeT £0'SE 9£0°0 PET €088 6700 €T 0987 L0 85’1 aTE ¥€0°0 0LT 9€°TT 6700 ESTUER
61T 56 9100 - - - el 86511 1500 0z'1 S6'TFL 2800 051 SaTy 6£0°0 091 0t'0€ EEOD ehyele)
0> 0> 9000 A LT'8E LEOO ZE'T L¥'S6 1500 [ 91°102 SL00 551 0L%E SE0'0 LT 1 8 0 0£0'0 1[ae30y
0> 0> 1000 EF'1 SL'6S L¥0°0 LT ETSHT vo0°0 61'T 85°z0g 2600 SH'T 8Y'¥s SH0°0 ST LB'8E 8E0°0 pasiey
96T LOET 6100 91 LyLT ZE0°0 LET VAT 00 STT £L7T5T 5900 997 97'ST 0E0°0 187 LS°LT S70'0 Jpuz]
TSt 850 8000 - - - A L9796 2500 [ 09°€02 SL00 SST 81'se 9£00 LT 08+ 0£00 [nQuels|
181 PE'LT 2200 - . - 3 E¥'SS 6EDD 87’1 PE6IT LS00 6L'T 6L'81 9z0°0 66T S8°CT Zzoo uisdagy
56T 9F'El 6100 - - - el EE00T £500 127 90112 9L00 ST £9'0¢ SE0°0 59T 98'5Z 1E0°0 dequejzen
0= 0> 0000 ! £¥'58 S¥0°0 87T BTSET 2900 61T 0£78Z 6800 %1 £5°05 E¥00 95T 66'5€E 9E0°0 aysssg
9 ¥TL ST00 9T 80'6¥ ¥00 6CT £90ZT 8500 071 P TS 800 61T 0L%¥ 0+0°0 65T SLTE FE00 fize[g
0581 L¥0 8000 05T wiy 6£0°0 TET 0201 £50°0 17 SSYIL LLO00 3 IELE LEOD S9T 9£9Z 1E00 Eslng
0> 0> 0> ¥ LE'E9 8#0'0 LT 65EST 9900 81’1 29'61E 600 1 18'L8 S+0'0 ES'T 0E'T¥ 6£0'0 njog
0> 0> 0000 9’1 s E¥00 6T EESZT 6500 0z'1 107292 S800 i L59% +00 851 TTEE SE00 Hpag
8¥0zTE £00 L0070 oF'1 87T 0¥0°0 TET L560T S500 17T 88677 0800 197 TE0¥ 8070 797 ¥5°8T CE00 A1s31eg
L8T 1981 100 - - - T 8965 T+0°0 7T +1°8ZT 6500 SLT 902 800 €677 80°+T £T00 ed[eyy
0> 0> 9000 S¥'1 96’18 £¥0°0 621 BTLZT 090°0 61'T 66992 9800 8’1 SE'LY I#00 LST L9'EE SE00 EIEUY
8t [ANA! oo B9'T |45 Jd 000 0¥'1 EO'E9 k0o 9T FOGET 1900 [F 18'1¢ 8200 68T 90°51 P00 EUBPY

Iead /g w BEETN w/g w Ieal /g w 1eak /g i 1al /g w Teal w/g m

dd g oy dd g say dd g oy dd g oy dd g oy dd g ey

ERTRINIRE | AB1aug [euliatioan 110 124 9d1 [e0) sk [eangey
Suyoon Supeay

Sjoo.a uo Js 10j poriad y}oeqded pue Suiaes £3.19us ‘Ssauxd1y3 IaAe[ uonensul wnwndQ 'g a[qeL

287

BS] Eng Sci / Asiye ASLAN



Black Sea Journal of Engineering and Science

1000 HDD w0 1000 HDD
35 - -
Wi
T30 - g 23
£ g
25 =20 4
o
220 - T 45 |
z g
& 159 5 10 -
k] 8
2 10 4 K]
s 5 F S . .
OIIIIIIIITII T T T T T T 0 IIII-I-IIIIII-I-I-I-IIIIIII
o ™ = w o - ™ = W oo™
°© 83883934823 §8885 934923
Insulation thickness (m) Insuation thickness (m)
D
Natural gas Coal ——t— Natural gas Coal
: —— LPG Fueloil
—— LPG Fueloil
= Geothe rmal Geathermal
HDD 2000 HDD
30 = 14 -
E & 12
@
= 60 =10
ey -
£ 2 87
= ¥ G
@ o
— -_ 4
S g ¢
2 #%Wm £ 2
¢0IIIIIIIIIIIIIIIIIIITI ﬂ.o L B BN B E e e e E e E e E e e e e e e |
© 838854933283 ° 3 88INT LN
o o o o o o o g o o o o o o o o
Insulation thickness (m) Insulation thickness (m)
—— Natural gas —=— Coal —+— Naturalgas ~ —=— Coal
——d— PG Fueloil PG Fueloil
—4— Geothermal
—#—— Geothermal
3000 HDD 3000 HDD
140 - 3,5
— w
E 120 g 3
£ 100 =25
B0
£ 80 2 2
& &0 2
w o 1,5
= =
s 40 g 1
S 20 %05
= + ¥ Attty = r
OIIIIIIIIIIIIIIIIIIIII 0 T T T T 1T T T T T T T T T T T 1T 17 1711
(=] ™ = o o0 — ™ = 0 o ™
S 8 9 9 g = g g3 883089393y
Insulation thickness (m) Insulation thickness (m)
—+— Natural gas —a— Coal —— Natural gas —B— Coal
—i— PG Fueloil e | PG Fueloil
—#—— Geothermal —#— Geothe rmal
4000 HDD 4000 HDD
180 35
ey 2 3z
E 150 2
w Z 25
w 120 =
£ 2 2%
g ]
L] o 15 A ==
ﬁ 50 ﬁ .-‘-‘_‘_‘—H T A S Gy
2 £ 1
c 30 - - il B S By
= +——+ + e 50,5
0 LI N N D N N N N I N I N N N N BN AN N B B | o
o o~ =t o o — o~ = o oo ™~ T rr 1T 111 1T 111171111
d o o o o o o o e e 9 2 g = 49T g
(=] (=] (=] (=] (=] (=] (=] (=]
Insulation thickness (m) Insulation thickness (m)
—+— Natural gas —=— Coal —— Matural gas —s— Coal
—b— | PG Fuel oil —— LPG Fuel oil
—#— Geothermal —#— Geothermal

Figure 3. Energy saving and payback period for different HDD in walls (XPS).

BS] Eng Sci / Asiye ASLAN 288



Black Sea Journal of Engineering and Science

1000 HDD 1000 HDD
18
a0 —_
;E % 16
= 20 £
= T 12
g 2 10
= 20 o g
o o
- = 6
B 3
2 10 o 4
c
L s~ sateecos T F o2
L e L B 0 +—/——F—Frrrr—r—T—TTTT T
o o W o <N % o o ™
5 9 8 9 g 7 1T °© 8888349438843
Insulation thickness (m) Insulation thickness (m)
—+— Natural gas —a— Coal ——t— Matural gas et Cooal
—a— LPG Fueloil —— LPG Fuelail
——+— Geothermal == Geothermal
2000 HDD HDD
90 4
= L3
w 80 T
-E -g 2 -
- a
2 o ==
= R o I R S
® 30 5 1
3 ]
: £
< M MMM alt ———
L e B o ML s s o s o o o o e a0 g g @ oo g9 oeon
°© 8§83 88349238873 5 6 6 6 % o oo ®
o o o o o o o o
Insulation thickness (m) Insulation thickness (m)
—p— Natural gas ——m— Coal
—t— Natural gas —8— Coal PG Eueloil
LPG Fueloil —— Geothermal
== Geothermal
3000 HDD 3000 HDD
140 - 4
E 120 - I
& 100 - g 3
B
£ 80 - B
= - 2 -
= 607 g
S 40 £ 1 — AR A
= i
] 20-. Attty =
L0 e e s A B N N L e e e | Lol e A
O M o= W o N o W o o
° 8888539322383 s aag a0 a°
S o o O S o O o
Insulation thickness {m) Insulation thickness (m)
——+— Matural gas. — = Coal =+ Natural gas ——=—— Coal
e PG Fueloil —— LPG Fueloil
—4—— Geothermal == Geothermal
4000 HDD
4000 HDD
180 4 -
a o
o 2
w0 23
w =
— 120 -
o -]
£ o 2
=2 @
3 oy
g o0 B 1
H a
£ 30 - 7
=T o 0
L0 T o s e ) B L L N e DI:‘I\II;.I'IUI::I:;:)I-I—cIrI-JI-:-.rI(;:)ICI()I::-J
- - -
g3 8885493883 232338522220
o o o o o o o o

Insulation thickness (m)

i Coal
Fueloil

—t— Natural gas
—— PG
== Geothe rmal

Insulation thickness (m)

——t— Natural gas ——m— Coal

——d— | PG Fueloil

== Geothermal

Figure 4. Energy saving and payback period for different HDD in walls (EPS).

BS] Eng Sci / Asiye ASLAN

289



1000 HDD

Black Sea Journal of Engineering and Science

1000 HDD

[eo -z
20 et 3 o
810 - foro . B3 - et
" o1 - & = -, E [ oo
TV E BB E = o o + ke
S g B \Lzio B -aro
Rl £ 0 a g 2 10
C 2 = g -1 & 8 -
S g g 2 C £ oy 800
C £ =z 5 m 200 8 0y ® -
L8000 & — £ i § 8 E _ " 90
o0 2 B E m 2 w007 E £ S
L 2 B T F c o L
- b0 E e o £ £ E Twoo = B8 2o
; BELE £, 4 - 20 -
| INB.O .._._lu. m m I T T T T T Ll | T T O
|c **_A“ Ty -0 e Mg N O
§ =t a2 (2] -, =)
4+ g @ s o @ N ® % © * + An m g v g w o° (s1omk)popiad pasleg
[steai) pouad yoeqieq [sieak) pouad yoeqieq [siead) ponad peqgieq
m-m.o -Z'0
E 1 L
rZn WA”ch Hmﬁc
8T - ot Lot
i 5 = = 3 £ = L
0o gy E B3 Mo = 8 et
T m _m Lm. .W- m m o | m %_.m L __
o b £ ftreve g -zT'
LETh E - a -
[eTo g R 2 a L1 = 2 [0
FTo E =] £ m i ..m g r
[s00 § = g -800 8 - 800
~200 .8 = _ ol 2 -
2 m s B f re0'c 38 E o0
SOl T - 3 E 2 e’ e 5 il
w = LR ) .
-¥00 T o = mmm M quc mmm -qco
200 m g8 20’ BEg 8 " ot
. * _. _— o * _. Am _ -0
% _m m m m 2 m m = o oo o o o =} o oo oo o [=]
| ER§RE88° SREHER 2838987
(-w /<) Buraes enuuy T
{:w/g) Furhes enuuy (zw /%) Suines enuuy (zw fs) Buines enuuy

290

Fueleil

—=— Coal

Insulation thickness (m)

———— Natural gas
—#— Geothermal

—a— LPG

Fueloil

—s=— Coal

Insulation thickness (m)

—a— Natural gas
—4—— Geothermal

—i— PG

Figure 5. Energy saving and payback period for different HDD in roofs (SP).

BS] Eng Sci / Asiye ASLAN




Black Sea Journal of Engineering and Science

Table 9. Fuel consumption and COz amounts for XPS on walls

Coal Naturalgas Fuel-0il LPG
mia Mco2 mea Mco2 mia Mco2 mea Mco2
(kg/m?year)  (kg/m?year) (kg/m?year) (kg/m?year) (kg/m?year) (kg/m?year) (kg/m?year) (kg/m?year)

Adana 4.20 11.40 2.42 6.42 1.49 4.86 0.87 2.64
Ankara 5.70 15.48 3.31 8.78 2.04 6.64 1.18 3.60
Antalya 4.06 11.03 2.38 6.32 1.47 4.78 0.86 2.61
Balikesir 5.34 14.49 3.10 8.20 1.92 6.23 1.11 3.38
Bilecik 5.68 15.41 3.30 8.75 2.03 6.60 1.18 3.59
Bolu 6.19 16.79 3.62 9.60 2.23 7.24 1.29 3.93
Bursa 5.16 14.02 3.01 7.98 1.85 6.03 1.07 3.26
Elazig 5.54 15.03 3.23 8.55 2.00 6.51 1.16 3.52
Eskisehir 5.86 1591 3.43 9.09 2.10 6.84 1.22 3.72
Gaziantep 5.14 13.96 3.00 7.96 1.84 5.98 1.07 3.24
Mersin 3.98 10.81 2.31 6.13 1.42 4.63 0.82 2.51
istanbul 5.03 13.65 2.94 7.79 1.81 5.88 1.05 3.19
fzmir 4.40 11.93 2.59 6.86 1.59 5.18 0.92 2.79
Kayseri 6.03 16.38 3.55 9.40 2.17 7.06 1.26 3.84
Kocaeli 5.03 13.65 291 7.71 1.80 5.86 1.04 3.18
Malatya 5.45 14.79 3.18 8.44 1.96 6.37 1.14 3.46
Manisa 4.85 13.16 2.82 7.47 1.74 5.65 1.01 3.01
Sakarya 5.06 13.73 2.96 7.84 1.82 5.91 1.05 3.19
Samsun 5.07 13.76 2.96 7.84 1.83 5.95 1.06 3.22
Usak 5.65 15.35 3.32 8.80 2.04 6.63 1.18 3.59
Zonguldak 5.23 14.20 3.08 8.15 1.89 6.14 1.09 3.32
Kirikkale 5.62 15.25 3.27 8.67 2.02 6.56 1.17 3.55
Diizce 5.38 14.60 3.12 8.26 1.94 6.30 1.12 3.41

Table 10. Fuel consumption and CO2 amounts for EPS on walls

Coal Naturalgas Fuel-0il LPG
mea Mco2 mga Mco2 mia Mco2 mea Meoz
(kg/m?year) _(kg/meyear) (kg/meyear) (kg/meyear) (kg/miyear) (kg/miyear) (kg/meyear) (kg/myear)

Adana 3.35 9.10 1.95 5.16 1.20 3.90 0.70 212
Ankara 456 1239 2.66 7.04 1.64 5.32 0.95 2.89
Antalya 3.26 8.85 1.90 5.04 118 3.83 0.68 2.07
Balikesir 4.25 1154 248 6.57 153 4.98 0.89 2.70
Bilecik 453 12.59 2.64 7.00 1.63 5.30 0.94 2.87
Bolu 497 13.50 2.90 7.69 1.79 5.83 1.04 3.16
Bursa 414 11.25 241 6.38 1.48 483 0.86 2.62
Elazig 4.44 12.05 259 6.87 1.60 5.20 0.93 282
Eskisehir 4.69 12.74 2.74 7.27 1.69 5.49 0.98 2.98
Gaziantep 4.08 11.08 2.39 6.34 1.47 4.78 0.85 2.60
Mersin 3.16 8.58 185 490 114 3.71 0.66 201
Istanbul 4.04 10.97 2.36 6.25 1.45 4.71 0.84 255
Izmir 3.53 9.60 2.06 5.46 1.27 413 0.73 224
Kayseri 4.85 13.15 2.82 7.47 174 5.66 1.01 3.07
Kocaeli 4.00 10.85 2.33 6.18 1.44 468 0.83 2.54
Malatya 4.38 11.88 254 6.74 158 5.13 0.91 2.77
Manisa 3.88 10.54 2.26 5.98 1.39 452 0.80 2.45
Sakarya 403 1095 2.35 6.22 145 473 0.84 2:56
Samsun 4.05 11.01 238 631 1.46 477 0.85 2.58
Usak 456 12.37 2.65 7.04 1.63 531 0.94 2.88
Zonguldak 419 1137 2.45 6.48 151 491 0.87 2.66
Kirikkale 4.47 12.14 2.61 6.91 1.61 5.25 0.97 294
Diizce 430 1167 2.50 6.63 155 5.04 0.90 273
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Table 11. Fuel consumption and COz amounts for SP on roofs

Coal Naturalgas Fuel-0il LPG
mea Mcoz mea Mcoz mia Mco2 mea Mcoz
(kg/m?year) (kg/m2year) (kg/m?year) (kg/m2year) (kg/m2year) (kg/m?year) (kg/m2year) (kg/m?year)

Adana 6.40 17.36 3.78 10.02 231 752 134 4.08
Ankara 8.73 23.69 5.06 13.40 3.14 1022 1.83 555
Antalya 6.28 17.05 3.61 9.56 225 7.33 1.30 3.95
Balikesir 8.11 22.02 4.75 12.58 2.92 9.48 1.70 5.18
Bilecik 8.60 2335 5.11 13.53 3.10 10.07 1.80 547
Bolu 9.43 25.60 5.50 14.58 343 11.15 1.98 6.02
Bursa 7.96 21.60 457 12.10 2.82 9.19 1.63 497
Elazig 8.48 23.03 4.93 13.07 3.08 10.03 1.78 540
Eskigehir 9.04 24.55 5.23 13.85 3.23 10.49 1.87 5.69
Gaziantep 7.84 21.28 4.62 12.24 2.83 9.20 1.63 4.95
Mersin 6.09 1652 351 9.30 2.16 7.04 126 3.83
?Stanbul 7.76 21.06 447 11.83 2.78 9.05 1.68 5.10
lzmir 6.76 18.35 3.96 10.50 243 7.90 141 430
Kayseri 9.28 25.20 5.46 1446 335 10.89 1.94 >89
Kocaeli 7.67 20.83 454 12.02 2.75 8.95 1.60 485
Malatya 836 22.69 4.88 12.92 3.02 9.83 1.73 5.27
Manisa 7.51 20.37 435 11.52 2.66 8.64 1.54 470
Sakarya 7.81 21.19 4.49 11.90 2.80 9.10 1.60 4.88
Samsun 7.73 2097 455 12.06 2.79 9.07 1.63 494
Usak 8.65 23.48 5.14 13.61 3.12 10.13 1.18 550
Zonguldak 8.05 21.85 473 12,52 2.88 9.35 1.67 5.08
Kirikkale 8.61 23.36 5.00 13.26 3.08 10.02 1.78 542
Diizce 8.26 26.43 484 12.81 2.97 9.66 171 521
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According to the Food and Agriculture Organization of
the United Nations (FAO), global poultry meat production
was estimated to be 137.8 million tons in 2021 (Grzini¢
et al, 2023). Tirkiye ranks 10th in broiler meat
production across the world. Europe produces about 18
million tons of broiler meat. In Europe, Tiirkiye ranks
second in broiler meat production. There are a total of
11,056 enterprises in the poultry farming sector in
Tiirkiye. There are 12,725 commercial poultry houses of
these enterprises. It is estimated that the capacity
utilization rate in existing enterprises and poultry houses
is around 85-90% (Anonymous, 2023b).

Considering the number of poultry farming facilities by
provinces in Tiirkiye, there are 1603 facilities in Manisa
(12.6%) and Sakarya (12.6%), 1476 facilities in Balikesir
(11.6%), 1374 facilities in Bolu (10.8%) and 1007
facilities in Mersin (8.7%). In case of applying the
optimum insulation layer thickness with XPS on the
exterior walls by using natural gas, it was possible to
save 13.14 $/m? in Manisa, 14.70 $/m?2 in Sakarya, 16.80
$/m2 in Balikesir, 24.33 $/m2 in Bolu and 7.53 $/m? in
Mersin. In case of applying the optimum value for the
insulation thickness parameter with sandwich panels on
the roofs by using natural gas, it was possible to save
22.36 $/m? in Manisa, 24.99 $/m?2 in Sakarya, 28.54 $/m?
in Balikesir, 41.30 $/m2 in Bolu and $12.85 $/m? in
Mersin.

Assuming that poultry farming facilities comply with the
relevant insulation standards and considering the floor
area as 12x50 m and the wall height as 5 m; in Manisa, it
was possible to save approximately 13 million dollars by
applying exterior wall insulation with XPS, and 21 million
dollars by applying sandwich panels on the roofs in all
facilities. Considering that these figures are only obtained
for just one province with 12.6% of the total facilities, the
amount of savings to be achieved in case of applying
insulation to poultry farming facilities throughout
Tiirkiye will be very significant. In addition, there will be
a significant reduction in CO2 emissions as well.

4. Conclusions

In Tirkiye, energy consumption increases in parallel
with the population growth, and it is crucial to evaluate
the potential for savings and reduce losses, especially in
sectors with high energy consumption, in order to reduce
energy expenditures. As is known, costs of heating and
cooling are some of the greatest expense items for
establishments in the poultry production sector. Thus,
energy savings are of critical importance in poultry
farming. The use of insulation systems in closed farm
areas in recent years in the poultry farming sector also
increases production quality and efficiency by providing
suitable physical conditions. In this study, the optimum
insulation layer thickness, energy savings, and payback
period of the exterior walls of poultry farming facilities in
the poultry sector in Tirkiye were calculated to ensure
efficient energy use in poultry farming facilities. The
savings in walls and roofs through insulation vary

between 7.53-164.65 $/m2 and 12.85-319.62 $/mz2,
respectively, and the payback periods range from 1.19-
2.19 years to 1.18-1.99 years, respectively. It is estimated
that a 70-80% reduction in CO2 emissions can be
achieved in poultry farming facilities in Tirkiye by
applying the optimum insulation layer thickness.
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Ozet: Bir deprem iilkesi olan Tiirkiye’de 6 Subat 2023 tarihinde Dogu Anadolu Fay Hatti'nda meydana gelen iki biiyiik deprem
sonrasinda 50,000’i agkin insanimiz hayatini1 kaybetmis ve insanlar bir¢cok sosyo-ekonomik problemler ile karsi karsiya kalmistir.
Kahramanmaras’a bagli Pazarcik ve Elbistan'da Mw 7.7 ve Mw 7.6 biiyiikliklerde meydana gelen iki biiyilk deprem iilkemiz
ylizél¢limiiniin yaklasik %14’line, niifusunun ise yaklasik %16,4’iine tekabiil edecek sekilde 11 ilimizi dogrudan etkilemistir. 2022 y1li
verilerine gore, depremden etkilenen bu illerde konut sayis1 yaklasik 5,6 milyon civarinda olup, yarim milyondan fazla binanin ise
hasar gordiigii belirlenmistir. Meydana gelen bu depremler bu denli yiiksek bir etki alanina sahip olmasi nedeniyle asrin felaketi olarak
nitelendirilmistir. Bu ¢alismada, depremlerin en ¢ok etkiledigi illerden birisi olan Malatya’da gergeklestirilen saha arastirmasindan
elde edilen bulgularin sunulmasi amaglanmistir. Yapilan incelemeler sonucunda; yikilan, hasar alan veya hasar almasi olas1 goriilen
yapilarda gozlenen en temel sorunlar; zemin tasima giicii diisiik olan bolgelerde gerceklestirilen insa faaliyetleri, is¢ilik hatalari, hatal
yap1 tasarimlari, bina yasi, bitisik nizam imar plani (6zellikle kat seviyelerinin farkl olmasi) ve oldukea diisiik beton kalitesi olarak
siralanabilir.
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Examination of Reinforced Concrete Structures after the Kahramanmaras Earthquakes of February 6, 2023:

Field Study in Malatya Province
Abstract: In Tirkiye, which is an earthquake country, after two major earthquakes occurred 9 hours apart on the Eastern Anatolian
Fault Line on February 6, 2023, more than 50,000 people lost their lives and people have faced with many socio-economic problems.
Two major earthquakes with magnitudes of Mw 7.7 and Mw 7.6, which occurred in Pazarcik and Elbistan in Kahramanmaras, directly
affected 11 cities, corresponding to approximately 14% of our country's surface area and approximately 16.4% of the total population.
According to 2022 data, the number of residences in these cities affected by the earthquake is approximately 5.6 million, and it was
determined that more than half a million buildings were damaged. These earthquakes have been described as the catastrophe of the
century because they have such a high impact area. In this study, it was aimed to present the findings obtained from the field research
carried out in Malatya, one of the provinces most affected by earthquakes. As a result of the investigations; the most basic problems
observed in buildings that are destroyed, damaged or likely to be damaged are; construction activities carried out in areas with low soil
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very low concrete quality
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1. Giris

Tiirkiye’de 1900-2023 yillar1 arasinda can kaybina veya
hasara neden olan 269 deprem meydana gelmistir.
Yasanan bu depremlerde can kaybi ve agir hasar
en bilyik depremler 2023
Kahramanmaras, 1939 Erzincan ve 1999 Golciik merkezli
Marmara depremleridir (T.C. Cumhurbagkanhg Strateji
ve Biitge Bagkanligi, 2023). Tiirkiye deprem haritasi Sekil

bakimindan sirasiyla

1’de verilmistir. Diinya tlizerinde en aktif deprem
bolgelerinden birinde yer alan Tiirkiye'de bulunan fay
hatlar1 ¢ok siddetli depremleri tetikleme potansiyeline

sahiptir. 6 Subat 2023 tarihinde Kahramanmaras ilinin
Pazarcik ve Elbistan ilgelerinde meydana gelen Mw 7.7 ve
Mw 7.6 biiytkliiklerindeki depremler
yizolcliminin yaklasik 110.000 km?’lik bir alanim
dogrudan etkilemistir (Mertol ve ark, 2023). Meydana
gelen bu depremlerin yamn sira, deprem afetinin tilkemiz
icin gelecekte de en 6nemli tehlikelerin basinda gelecegi
gercegi, depremden etkilenen yapilarda gozlenen hasar
ve kusurlarin bilimsel yontemlerle agiklanip, gerekli
onlemlerin alinmasi amaciyla yeni adimlar atilmasini
gerektirmektedir.

lilkemiz
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Sekil 1. Tiirkiye deprem tehlike haritasi

iki milyonu askin yapinin bulundugu deprem bélgesinde,
hasar olusumu tizerinde biiyiik bir etkiye sahip olan
mevcut yapt  stogunun incelenmesinde fayda
gorilmistiir. Sekil 2’de goriilecegi lizere, afet bolgesinde

bulunan illerde hane halkinin kullaniminda olan
binalarin yapim yilna goére dagilmlan degisiklik
gostermektedir. Ancak, bu illerin ortalamasina

bakildiginda, hane halkinin yaklasik %10,12’sinin 1980
ve Oncesinde insa edilen yapilarda, %26,19'unun 1981-
200 arasi insa edilen yapilarda, %51,81'inin 2001 ve
sonrasl insa edilen yapilarda ikamet ettigi gozlenirken,
yapim yilinin bilinmedigi yapilarda ikamet oraninin ise
%11,89 oraninda kaldig1 belirlenmistir. Afet bolgesinde
bulunan, deprem performansi, yapim teknikleri ve

0 1980 ve ducest

G
S0
M
0 - m

1y

Bina Yapun Y Oram, (%)

—

19812000

malzeme durabilitesi agisindan daha yiiksek performans
beklenen ve gozlenen 2001 sonrasi insa edilen yapilarin
Tiirkiye ortalamasinin (%47,4) lzerinde olmasinin ise
avantajli bir durum oldugu gézlenmistir. Bunun yani sira,
yapim tarihi net olarak belirlenemeyen yapilarin Tiirkiye
ortalamasinin (%9,1) lizerinde olmasinin ise olumsuz bir
durum oldugu soylenebilir. Yapinin deprem performansi
izerinde olduk¢a biiyiik bir etkisi olan bina yasinin;
yetersiz denetim uygulamalari, diisiik malzeme kalitesi,
durabilite problemleri, niteliksiz is¢ilik uygulamalar: ve
hatali yapisal tasarimlardan dolayr meydana gelen
olumsuzluklarin bileskesi seklinde telafi edilmesi gii¢
sonuglara yol actig1 bilinmektedir.
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Sekil 2. Afet bélgesinde bulunan illerde yap inga yil istatistikleri, (TUIK, 2021)
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Bu calisma, 6 Subat 2023 tarihinde meydana gelen
Kahramanmaras depremleri sonrasinda Malatya ilinde
gerceklestirilen detayli gézlemsel analizlerin bulgularini
sunmaktadir. Calisma neticesinde elde edilen veriler,
betonarme yapilarin deprem performansinin beklenilen
diizeyde olmasinin ancak yiiksek kalitede malzeme
kullanimi, dogru bir yapisal tasarim siireci ve nitelikli
iscilik faaliyetleri ile saglanabilecegini ortaya koymustur.

2. Materyal ve Yontem
Bu c¢alisma, 6 Subat Kahramanmaras depremleri
sonrasinda Malatya ilinde meydana gelen hasar ve
yikimlarin  incelenmesi, olasi
tartisilmast ve bundan sonra dikkat edilmesi gereken
hususlarin belirtilmesini kapsamaktadir. Bu boélimde,

hasar alan ve/veya yikilan yapilarda gozlenen hasar

hasar nedenlerinin

nedenleri siralanmistir.

2.1. Malzeme Ozellikleri

2.2.1. Beton bilesenleri

Deprem sonrasinda yikilan ve agir hasar alan yapilarda
yapilan incelemeler sonucunda beton kalitesinin olduk¢a
diisik oldugu belirlenmistir. Kompozit bir yapi
malzemesi olan betonun, ekonomik oémri boyunca
yipratict  dis etkenlere karst dayanikli  olmasi
gerekmektedir. Yapim yili eski olan binalarda (2001 yih
oncesi) oldukea diisiik beton basing dayanimi degerleri
elde edilmektedir. Cimento dozajinin diisiik olmasi,
maksimum agrega tane ¢apinin ¢ok yiiksek olmasi, daha
iyi bir kalite-kontrol sistemine sahip olan hazir beton
endiistrisinin  kullanilmamasi, su/¢imento oraninin
yliksek tutulmasi gibi nedenlerden dolay1 bir¢ok hasar ve
yikimin  gerceklestigi  belirlenmistir. Beton basing
dayaniminin yapilarin deprem performansi iizerindeki
onemli etkileri uzun siiredir bilinmekte olup deprem
bolgesinde insa edilecek yapilarda kullanilmasi gereken
minimum basing dayanimi degerlerine farkh tarihlerde
yayimlanan yodnetmeliklerde yer verilmistir. Tablo 1'de
goriilecegi gibi, farklh tarihlerde yirirliige giren
yonetmeliklere (ABYYHY, 1975; ABYYHY,1998; DBYBHY,
2007; TBDY, 2018) gore:

Tablo 1. Farkli tarihlerdeki yonetmeliklerde yer alan
beton basing dayanimi sinir degerleri

Yonetmelik Basin¢ Dayanimi, |

(MPa)
ABYYHY-1975, 18 degerlerinden
ABYYHY-1998 20 B kugtk
DBYBHY-2007 20 olmamalidir.
TBDY-2018, 25

-

2000’li yillarin basinda Tiirkiye’de Istanbul, Ankara,
izmir basta olmak iizere birgok ilde elle beton
dokiimiiniin yasaklanmasini takiben, 2002 yilinda
yayimlanan Hazir Beton Standardi (TS EN 206-1, 2002)
ve 2004 yilinda ise hazir beton kullanimini zorunlu hale
getiren genelge gibi girisimler bu tarih aralifinin
ilkemizdeki yap1 stogunun kalitesi agisindan ¢ok énemli

bir yere sahip olmasina neden olmaktadir. Modern
bilimsel yontemleri kullanmasi ve tniform bir iiretim
saglamasi acisindan geleneksel yerindedokiim
betonlardan olduk¢a avantajli goriilen hazir beton
sisteminin kullanilmadig1 yapilarda meydana gelen
hasarlarin en 6nemli sebebinin beton kalitesinin diisiik
olmasindan kaynaklandig1 belirlenmistir.
nispeten daha yeni olan yapilarda goézlenen en belirgin
kusurlarin ise, beton dokiimiinde gdzlenen segregasyon
olusumu ve betona uygulanan yetersiz kiir islemi oldugu
belirlenmistir. Sekil 3 (a)’da bir bina enkazinda incelenen
bir beton numunesi, Sekil 3 (b)’de ise agir hasar alan bir
binanin kolon 6rnegi verilmistir. Sekil 3 (b)'de goriilecegi
lizere, maksimum agrega tane ¢apinin sinir degerlerin
¢ok iizerinde olmasinin beton ve donati arasindaki
aderansi olumsuz etkiledigi belirlenmistir.

Yapim yih

Sekil 3. Yap1 enkazindan alinan ve maksimum agrega
tane ¢ap1 yiiksek olan beton 6rnegi (a), Agir hasar alan
bir yapida maksimum agrega tane ¢apinin aderans
tizerindeki olumsuz etkisi (b).

Her ne kadar beton basing dayanimina ait sinir degerler
farkli tarihlerde yayimlanan yonetmeliklerde arttirilmis
olsa da beton dokiim isleminin uygun sicaklikta
yapilmast ve kiir isleminin sekilde
gerceklestirilmesi gerekmektedir. Ornegin, Sekil 4’te
goriilecegi lizere, incelenen natamam bir yapida 27 Ocak
2023 tarihinde (meteorolojik verilere gore 3 giin siireyle
hava sicakliginin 5 °C’nin altinda oldugu déneme denk
gelmektedir) beton dokimii yapildig1 belirlenmistir. TS
1248 standardina gore, giinliik ortalama hava sicakliginin
ardr ardina 3 giin siireyle 5 °C’'nin altinda oldugu hava
durumuna soguk hava adi verilmektedir (TS 1248, 2012).
Soguk havada beton dokiimiiniin taze ve sertlesmis beton
o6zelliklerine olumsuz etkilerini minimize etmek amaciyla
priz hizlandirici, antifriz ve hava siriikleyici katki
maddelerinin kullanilmas1 gibi birtakim 6nlemlerin
alinmasi gerekmektedir.

o0zenli bir
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Sekil 4. Soguk havada beton dokiilen ve kalip sokiim
islemi yapilmayan betonarme elamanlar

2.2.2. Segregasyon

Gorillen en yaygin problemler arasinda, betonun
gecirimliligini 6nemli o6lciide etkileyen segregasyon
olusumlar1  yer almaktadir. Yapilan gozlemsel
incelemeler, oOzellikle, dar ve derin kaliplara beton
dokiimiiniin 6zensiz bir sekilde gergeklestirildigini, taze
betonda serbest diismeye maruz birakilmak suretiyle
ayrismalar olustugu goézlenmistir. Betonun gecirimliligini
oldukca olumsuz etkileyen segregasyon olusumun goz
ard1 edildigi yapim yili yeni olan binalarda, ayrismaya
bagh olarak kabuk atma seklinde hasar olusumlarinin
meydana geldigi tespit edilmistir. Sekil 5, yapim y1l1 yeni
olan yapilarda meydana gelen segregasyon olusumunu
gostermektedir.

Sekil 5. Yapilarda gozlenen segregasyon olusumlari

2.2.3. Pas pay1 mesafesi

Gozlemlenen tiim yapilardan go6zlenen en O6nemli
kusurlardan birisi de pas payr tabakasinin yeterli
Tasiyict elemanda kullanilan en dis
donatinin dis yiizeyinden en dis beton lifine kadar olan

olmamasidir.

mesafe olarak adlandirilan pas pay1 (net beton ortiisii)
kalinligt gerek donati korozyonunun engellenmesi
gerekse beton ve donatinin kenetlenmesinin iist diizeyde
saglanabilmesi amaciyla ¢ok biiyiik bir 6neme sahiptir.
Bu asli gorevlerin yani sira, donatilar1 olas1 yiiksek
sicaklik etkilerinden korumak ve betonun ufalanmasini
engellenmek amaciyla kullanilan pas payr mesafesinin
yonetmelikte belirtilen icerisinde olmasi
gerekmektedir. Pas payr mesafesinin yetersiz olmasi
halinde yukarida belirtilen sikintilarin olmasi1 muhtemel

sinirlar

iken, pas payr mesafesinin gereginden fazla olarak

kullanilmasinin da ¢ekirdek betonun boyutlarini
azaltacagi ve tasiyict  elemanlarin  projelendirme
asamasinda dikkate alman tasarim degerlerini

saglayamayacaginin alti ¢izilmelidir (Dogangiin A, 2021).
Sekil 6. pas payr kalinliginin yetersiz oldugu tasiyici
sistem elemanlarini goéstermektedir. Tasarim asamasi
dogru bir sekilde yapilmis ve o6zenli bir iscilik ile
iretilmis betonarme elemanlarda, beton, ¢elik donatilar
korozyondan  koruyarak uzun bir  performans
saglamaktadir. Celik donatilarin korozyondan korunmasi
kimyasal agidan betonun yiiksek alkali 6zelligi sayesinde
gerceklesirken, fiziksel koruma ise pas pay1 tabakasi
olusturmak suretiyle saglanmaktadir. Yetersiz pas pay1
tabakasi kullanilmasi halinde, ¢elik donatilar oldukga kisa
bir slirede korozyona ugramaktadir. Bu durum, celik
donatilarda kesit kaybina, c¢elik donatilarin tasiyic
ginlinii  kaybetmelerine, beton ve ¢elik arasindaki
aderans kabiliyetinin olumsuz etkilenmesine ve deprem
kuvvetleri etkisiyle meydana gelecek kabuk atma
olusumlarina neden olmaktadir (Baradan ve ark., 2012).
TS 500’ de yer alan yeterli aderansin saglanmasi ve
donatinin  yipratict  gevresel
amaciyla kullanilmasi gereken pas pay1 mesafeleri Tablo

etkilerden korunmasi

2’de verilmistir.

2.2.3. Donat1 kusurlar

6 Subat Kahramanmaras depremleri sonrasinda Malatya
ilinde gozlenen yikim ve hasarlarin tiimiinde donati
kalitesi ve isciliginde 6nemli eksiklikler go6zlenmistir.
Donat1 montaj isleminde en sikintili goriilen noktalar ise;
etriye bag acgilarinin 90° olmasi, etriye araliklarinin ¢ok
fazla olmasi ve ozellikle eski yapilarda diiz yiizeyli
donatilarin kullanilmasi seklinde siralanabilir. Sekil 7 (a),
6 Subat depremlerinden sonra Malatya ili sinirlari
icerisinde yer alan natamam bir binaya ait donati isciligi
verilmistir. Bahse konu bu iscilikte, etriye kancalarinin
90° oldugu gozlenmektedir. Bu durum, olast bir yik
alinda donatilarin  burkulmasinin  ve  betonun
parcalanmasinin  daha  kolay olacagi  seklinde
aciklanabilir. Kesit icerisine yerlestirilen boyuna ve enine
donatilarin kenetlenmesi, yiik aktariminin saglanabilmesi
ve beton ile aderansin saglanabilmesi i¢in donatilarin
diizgiin bir sekilde baglanmasi gerekmektedir. Sekil 7 (f),

BSJ] Eng Sci / Enes EKINCI

301



Black Sea Journal of Engineering and Science

etriye ve boyuna donatilarin baglanma isleminin 6zensiz yer degistirdigi ve siklastirma bolgesinde boyuna
yapildig1 bir yapida beton dékiimii sonrasinda etriyenin donatinin burkulma boyunun arttig1 gézlenmistir.

Sekil 6. Pas pay1 mesafesi yetersiz olan elemanlar

Tablo 2. Gerekli goriilen pas pay1 mesafesi, (TS 500,2015)

Yap1 Elemani Net Beton Ortiisii, (cc)
Zemin ile dogrudan iligkili olan elemanlar =50 mm
Hava kosullarina agik kolon ve kirislerde > 25 mm
Yapui icinde, dis etkilere acik olmayan kolon ve kirislerde =220 mm
Perde duvar ve dosemelerde 215 mm
Kabuk ve katlanmis plaklarda =215 mm

Sekil 7. Donati is¢iliklerinde gozlenen kusurlar
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2.2. Tasiyic1 Elemanlara Zarar Veren Montaj islemleri
Tasiyicl sistem elemanlar1 tizerinde gerceklestirilen
montaj islemlerinin binalarin hasar alma durumlari
iizerinde oldukga etkilidir. Herhangi bir denetim altinda
olmadan, sadece farkli mekanik ve elektriksel islemlerin
gerceklestirilmesi amaciyla uygulanan bu islemler
binanin dayanim ve rijitlik 6zelliklerine olduk¢a zarar
vermektedir. Tasiyici sistem elemanlarinda olusturulan
bu bosluklar, bosluk ¢evresinde gerilme yigilmalarinin

olusmasina ve bu bolgede olusabilecek hasar boyutunu
arttirmaya yonelik etki yapmaktadirlar. Sekil 8 (e)'de
gorililecegi lizere 10 kathh betonarme bir binanin ilk
katinda perde icerisinde
unutulan/6nemsenmeyen bir kalip tahta pargasinin

bulunan beton
cevresinde diyagonal catlak olusumlarina sebep oldugu
gozlenmistir. Betonarme sistem igerisinde bir bosluk
olarak etki eden bu kalip parc¢asi meydana gelen gerilme
y1gilmalar1 nedeniyle catlak olusumuna neden olmustur.

Sekil 8. Tasiyic1 sisteme zarar veren islemler

2.3. Yapisal Hatalar

2.3.1. Bitisik nizam

Sekil 9 (a)’da bitisik nizam yapida meydana gelen gogme
durumu verilmistir. Bitisik nizam yapilarda mutlak
suretle  bulunmasi  gereken  deprem
bulunmamasi ve bitisik olarak insa edilmis bu iki yapinin
déseme seviyelerinin farklli olmasi c¢ekicleme etkisini
ortaya cikarmistir. Ddseme seviyesinden yapiya etki eden

derzinin

deprem yiikleri, doseme seviyelerinin farkli olmasi
durumunda, diisey tasiyici elemanlara etki etmektedir.
Bitisik nizam olarak insa edilecek yapilar icin, TBDY
(2018) Madde 4.9.3.2’de, “Birakilacak minimum derz
boslugu, 6 m yiikseklige kadar en az 30 mm olacak ve bu
degere 6 m’den sonraki her 3 m’lik yiikseklik icin en az
10 mm eklenecektir’ seklinde ifade yer almaktadir.

Gergeklestirilen saha calismalar1 sonrasinda, bir¢ok
bitisik nizam yapinin derz mesafesine uygun olmadigi
gozlenmistir. Pala ve Sasmaz, (2019) tarafindan yapilan
bir ¢alismada, déseme seviyeleri farkli olan bitisik nizam
olarak insa edilmis iki yapimin farklh ddéseme
kalinliklarina bagh olarak meydana getirdikleri ¢arpisma
kuvvetleri incelenmistir. Elde edilen bulgular, déseme
kalinliklarina ve derz olarak,
dosemelerden diger yapiin kolonlarina etki eden
maksimum c¢arpisma kuvvetinin farkl kotlarda olacagini
gostermistir. Sekil 8(b)’de, bitisik nizam imar planina
gore insa edilmis ve hasar almis bir yap1 verilmistir.

mesafelerine bagh
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Sekil 9. Bitisik nizam hasarlari.

2.3.2. Kisa kolon

Sekil 10’da kisa kolon etkisi nedeniyle agir hasar almig
bir kesit verilmistir. Yapim yi1 2021 olan bu binada
hasarin olduk¢a rijit yiikleme alan kisa kolon
olusumundan dolayr meydana geldigi belirlenmistir.
Belirli bir boy i¢in tasarlanan kolonlarda, boyu kisaltacak
herhangi bir etmen (arazide kot farki olmasi, asma kat
uygulamasi, merdiven sahanliklar;, bant pencere
yapilmasi, kolon boyunca devam etmeyen dolgu
duvarlarin yapilmasi) nedeniyle bu kisa serbest boya
beklenenden daha yiiksek bir kesme gerilmesi gelmesi ve
kolonun agir hasar almasi mimkin olabilmektedir.
Meral, (2019) tarafindan yapilan bir ¢alismada, 2007
Deprem Yonetmeligi'ne goére tasarlanan ve higbir
diizensizligi bulunmayan 4 ve 7 kath iki bina
modellenmistir. 3-B yapt modellerinin her iki asal
dogrultusunda 12 adet gercek deprem ivme kaydi
dikkate alinarak toplam 96 adet analiz yapilmistir. Elde
edilen sonuclar, 4 ve 7 kathh kisa kolonlu modellerin
zemin katinda bulunan kolonlarda sirasiyla %40 ve %60
oranlarinda gé¢me hasar1 gozlendigi bildirilmistir (Meral

E, 2019).

Sekil 10. Kisa kolon hasari

2.3.2. Yetersiz perde elemani

Sekil 11'de arazi kot farkindan dolay1r yarim bodrum
seklinde tasarlanmis (bina girisi toprak tistii bodrumdan
yapilmakta) ve perde oraninin yetersiz oldugu bir yapiya
ait hasar alan perde beton verilmistir. Etriye kancasinin
90° olmas! disinda, donat1 siklastirma islemi, pas pay1
tabakasi kalinligi gibi detaylarin dogru bir sekilde
gerceklestirildigi bu yapida, bodrum katta bulunan perde,
deprem kuvveti etkisiyle mafsallasmis ve yatay rijitligini
tamamen kaybetmistir. Deprem kuvvetlerini bertaraf
edebilmesi icin miimkiin oldugunca yapinin en dis aksina
yerlestirilmesi gerekmektedir. Ayrica, yapinin her iki
deprem  yoniinde de  Aperde/Ayap=0.0015n  ve
Aperde/Ayap20.008 kosullari, Malatya ilinde genel olarak,
asansor bosluklarinin etrafinda perde imalati yapilarak
saglanmaya ¢alisiilmistir. Bu durumun, yapilarin deprem
performansi iizerinde belirgin olumsuz etkilere yol agtig1
gbzlenmistir. Ote yandan, genel bir kural olarak, yapi
yuksekliginin 1/6’s1 kadarina tekabiil eden kisminin yer
seviyesinden asagida olmasi durumuna muhalefet eden
bu yapida tasiyicl sistem ve zemin etkilesiminin tam
olarak gerceklesmemesi sonucu dnemli bir hasar aldigi
gozlenmistir.

Sekil 11. Perde yetersizliginden dolay1 gézlenen hasar

2.3.3. Konsol durumu

Sekil 12’de yumusak kat bulunan, bitisik nizam imar
planina gore insa edilmis ve cephe boyunca konsolu
bulunan agir hasar alan bir yap1 verilmistir. Genel olarak,
binalarda oturum alan kazanmak ve mimari kaygilar
amaciyla yapilan vazge¢cmek
gereklidir. Yapinin rijitlik merkezi ile agirhk merkezinin
cakismasini engelleyen, agirlik merkezini konsola dogru
kaymasi nedeniyle yapinin deprem performansini
olumsuz etkilemektedir. Diger bir yandan, kapal

konsol imalatindan

konsollarin u¢ bélgesinde bulunan kolonlar1 baglayan
kirislerin mimari kaygilar nedeniyle konsol ucunda
tasinmasl, yapinin cergeve davranisini bozmaktadir (6
Subat 2023 Depremleri Sonras1 Malatya Deprem Raporu
ve Eylem Plani, 2023).
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Sekil 12. Konsol durumu

3. Sonug ve Tartisma

Bu calisma, 6 Subat 2023 tarihinde meydana gelen

Kahramanmaras depremleri sonrasinda, Malatya'da

meydana gelen hasar olusumlarinin detayl gozlemsel

analizini sunmaktadir. Calisma neticesinde elde edilen
bulgular asagidaki gibi siralanabilir;

e incelenen yapilarda olusan hasarlarin nedenlerinin,
kullanilan malzeme kalitesi, yap1 tasarimi ve is¢ilik ad1
altinda tg¢ farkli perspektifte incelenmesi gerektigi
belirlenmistir.

e Dayanimi diisiik beton kullanimi, nerviirsiiz donati
kullanimi, etriye adiminin fazla olmasi, etriye bag
acisinin 135° olmamasi, pas payr mesafesine dikkat
edilmemesi ve beton yerlestirme ve sikistirma
islemlerine dikkat edilmemesi gibi islemlerin, iiretilen
betonarme elemanlarin deprem performansi iizerinde
olumsuz etkilere sahip olan baslica etmenler oldugu
gozlenmistir. Yapilarin uzun vadeli performansinin
saglanabilmesinin temel sartinin malzeme se¢imi ve
uygulamalarinin dogru bir sekilde yapilmasina bagh
oldugunun alt1 ¢izilmistir.

Bir onceki maddede belirtilen hususlarin ¢ogunun
dogru bir sekilde uygulandig1 ve yap1 denetim hizmeti
almis yeni binalarda dahi, betona uygulanan kiir
isleminin yetersiz olmasi ve belirgin tasarim hatalari
sonucu hasar olusumlarinin daha kolay bir sekilde
meydana geldigi belirlenmistir.

Malatya ili genelinde, yumusak Kkat, bitisik nizam,
bodrumu bulunmayan yiiksek kath bina sayisi,
konsollarin varlig, perdelerin c¢ogunlukla asansor
bosluguna yapilmasi, asmolen doseme kullanimi gibi
faktorler ise binalarin hasar alma durumlar: iizerinde
dominant etki olusturmustur. TBDY 2018'de

diizensizlik ad1 altinda yer alan birtakim durumlardan
mimkiin oldugunca kaginilmasi, statik projeleri
tamamlanan yeni yapim islerinin alaninda uzman
kisilerce incelenmesi yoluyla bu tip hatalarin minimize
edilmesi gerekmektedir.

Yapilarda meydana gelen hasar olusumlarinin
temelinde belirgin iscilik hatalar1 oldugu gozlenmistir.
Yapim y1li yeni olan yapilarin biiyiik ¢ogunlugunda, su
basman {ist kotu ile devam eden kolonun alt yiizeyinde
donat1 biikiilmesine baglh olarak kabuk atma
olusumlar1 goézlenmistir. Ayrica, Malatya ili genelinde
bogaz  etriyesi  kullanmilan  bir  yapiya ise
rastlanilmamistir. Elde edilen gézlemler, yap1 insasinda
calisacak Kkisilerin ciddi ve verimli bir egitimden
gecirilmesinin olduk¢a o6nemli ve faydali olacagi
kanisina varilmistir.

Hasar goren yapilarda ve heniiz tamamlanmamis
yapilarda gozlenen iscilik hatalarinin yapilarin deprem
performans1 lzerinde olduk¢a o6nemli oldugu
gozlenmistir. Her ne kadar yap1 denetim faaliyetlerinin
2011 yihinda iilke genelinde zorunlu hale getirilmis
olmasi daha iyi bir kontrol sistemini hayata gecirmis
olsa da yiiklenicinin dogrudan denetim yapan sirketi
secemedigi havuz sisteminin 2019 yihnda hayata
gecirilmesinin  yeni yapilarda olusacak olumsuz
imalatlar1 azaltma noktasinda olduk¢a dnemli bir yeri
oldugu belirlenmistir. Ancak, atilan bu olumlu adimlara
ragmen, iscilik faaliyetlerinin tam  anlamiyla
denetlenmis oldugu higbir yap1 ile maalesef
karsilasiimamistir.

Mevcut yonetmelik kriterlerini karsilamayan, hazir
beton tekniginden istifade etmemis 2000 yili oncesi
yapilarin deprem performanslarinin belirlenmesi,
teknik ve ekonomik bakimdan gii¢clendirilmesi uygun
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olmayan yapilar icin kentsel doniisiim faaliyetlerinin

hizh bir sekilde uygulamaya konulmasi gerektigi

belirlenmistir.
Yasanan depremler sonucunda meydana gelen hasarlarin
olusumunda bir¢ok parametrenin varligindan
bahsedilmelidir. Bina yasi, malzeme 6zellikleri, kat sayisi,
tasarim parametreleri, 6zensiz iscilik uygulamalari,
yapisal diizensizlik durumlar1 ve yapinin oturdugu zemin
karakteristikleri gibi ana faktorlerin yapilarin deprem
performansi tizerinde ¢ok oOnemli bir yeri oldugu
gbzlenmistir. Sonug¢ olarak, insa edilecek herhangi bir
yapinin proje islemlerinden baslayip, teslimine kadar
gecen siirede atilacak her tiirlii imalatin bilimsel verilere
ve ilgili yonetmeliklere sonuna kadar bagh kalinarak
gerceklestirilmesi gerektigi tespit edilmistir.

Katki Oran1 Beyani
Yazarin katki yiizdesi asagida verilmistir. Yazar makaleyi
incelemis ve onaylamistir.

E.E.
K 100
T 100

100
VTI 100
VAY 100
KT 100
YZ 100
KI 100
GR 100
PY 100
FA 100

K= kavram, T= tasarim, Y= yonetim, VTI= veri toplama ve/veya
isleme, VAY= veri analizi ve/veya yorumlama, KT= kaynak
tarama, YZ= Yazim, Kl= kritik inceleme, GR= goénderim ve
revizyon, PY= proje yonetimi, FA= fon alimi.

Catisma Beyani
Yazar bu ¢alismada higbir ¢ikar iliskisi olmadigini beyan
etmektedirler.

Etik Onay Beyani
Bu arastirmada hayvanlar ve insanlar iizerinde herhangi
etik  kurul onay1

bir ¢alisma yapilmadigr igin

alinmamustir.
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CAPS-SSR MARKIRLARI KULLANILARAK PAMUK KROMOZOM
SUBSTITUSYON HATLARININ BELIRLENMESI
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Ozet: Pamuk (Gossypium L.) diinya genelinde tekstil endiistrisi i¢in en 6nemli dogal lif kaynag ve ayn1 zamanda 6nemli bir yag
bitkisidir. Pamuk lifleri tekstil i¢in ana kaynak olmakla birlikte lifi, tohumu ve bitkisi ev izolasyon materyali olarak enerji tasarrufunda,
proteince zengin hayvan yemi, yag1 gida olarak insan beslenmesinde, bitkisi ise altlik ve biyomateryal olarak ta degisik kullanim
alanlarina sahiptir. Pamukta i1slah calismalar1 genellikle verim ve lif kaliteleri yoniinden secgkin genotipler arasinda yapilan
melezlemeler ve daha dnce gelistirilmis cesitlerden seleksiyon ¢alismalarina dayanmaktadir. Ancak pamuk 1slah programlari, kiltiir
cesitlerinde dar olan genetik cesitlilikten olumsuz yonde etkilenmektedir. Bu durum arastiricilari tiirler-arasi melezleme ile
introgresyona tesvik etmistir. Tiirler-arasi melezlemelerde kompleks antagonistik iligkiler, farkli ploidi seviyelerinden dolay1
sitogenetik farkliliklarla translokasyonlar ve inversiyonlar, kromozom yapisal farkliliklari, linkaj etkisi ile arzu edilmeyen tarimsal
ozelliklerin varligi, rekombinasyonun azligl, erken generasyonlarda introgresyonun kaybolmasi, kisirlik, Muller-Dobzhansky
kompleksi nedeni ile olimciil epistatik interaksiyonlar ve Mendel ag¢iliminin olugsmamasi gibi nedenlerden dolayr sorunlar
yasanmaktadir. Kromozom substitlisyon hatlarinin kullanilmasi ile yukarida so6zii edilen tiirler-arasi melezlemelerdeki olumsuzluklar
ortadan kaldirilabilmektedir. Bu ¢alismada 17 kromozom substitiisyon hattinin tanimlanmasi igin genik CAPS-SSR markirlar:
kullanilmistir. Toplamda 11 CAPS-SSR markir1 ve 16 restriksiyon enzimi kullanilmistir. Bu baglamda 11 monomorfik olan SSR markiri
CAPS-SSR yontemi ile 9 polimorfik markir olarak tespit edilmistir. Sonug¢ olarak CAPS-SSR markir yontemi kullanilarak kromozom
substitiisyon hatlarinin kromozom lokasyonlarinin tespit edilebilecegi sonucuna varilmistir.

Anahtar kelimeler: EST-SSR, -CAPS-SSR, CS-B, Pamuk

Determination of Cotton (Gossypium L.) Chromosome Substitution Lines Using CAPS-SSR Markers
Abstract: Cotton (Gossypium L.) is the most important natural fiber source for the textile industry worldwide and is also an important
oil plant. Although cotton fibers are the main source for textiles, its fibers, seeds and plants are used in energy saving as home
insulation materials, protein-rich animal feed, oil in human nutrition as food, and its plants as litter and biomaterial. Breeding studies
in cotton are generally based on cross-breeding between distinguished genotypes in terms of yield and fiber quality and selection
studies from previously developed varieties. However, cotton breeding programs are negatively affected by the narrow genetic
diversity in cultivars. This situation has encouraged researchers to investigate introgression through interspecies hybridization.
Complex antagonistic relationships in interspecies hybridizations, translocations, and inversions with cytogenetic differences due to
different ploidy levels, chromosome structural differences, the presence of undesirable agricultural traits due to the linkage effect, lack
of recombination, loss of introgression in early generations, sterility, lethal epistatic interactions due to the Muller-Dobzhansky
complex and problems occur due to reasons such as Mendel expansion not occurring. By using chromosome substitution lines, the
negativities in interspecies hybridizations mentioned above can be eliminated. In this study, genic CAPS-SSR markers were used to
identify 17 chromosome substitution lines. A total of 11 CAPS-SSR markers and 16 restriction enzymes were used. In this context, 11
monomorphic SSR markers were converted to 9 polymorphic markers by the CAPS-SSR method. As a result, it was concluded that the
chromosome locations of chromosome substitution lines can be determined by using the CAPS-SSR marker method.

Keywords: EST-SSR, -CAPS-SSR, CS-B, Cotton
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1. Giris Ulkemizde bu enlem dereceleri arasinda oldugundan
Tekstil sektériiniin en énemli dogal hammaddesi olan pamuk Gretimi yapan ilkeler arasinda onemli bir yeri
pamuk (Gossypium L.), ticari olarak iiretimi diinyamn bulunmaktadir. Pamuk yaygin ve zorunlu kullanim
sicak enlemlerindeki alanlarda yogunlagmistir. Pamuk alaniyla insanlik agisindan, yarattigi katma deger ve
iiretimi, Kuzey yarimkiirede 45°, Giiney yarimkiirede ise istihdam olanaklariyla da iiretici iilkeler ve tiretici aileler
32° enlemlerine kadar uzanmaktadir (Mert, 2007).  agisindan biyiik ekonomik 6neme sahip bir triindir.
BS] Eng Sci / Adnan AYDIN ve Mehmet KARACA 307
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Pamuk islenmesi acisindan ¢ir¢ir sanayisinin, lifi ile
tekstil sanayisinin, tohumu ile yag ve yem sanayisinin,
(hav) ile de Kkagt sanayisinin hammaddesi
durumundadir. Diinyadaki artisi ve yasam
standardinin yiikselmesiyle pamuk lifine olan ihtiyaci da

linteri
niifus

artirmaktadir (Aydin, 2023). Bundan dolay1 diinya da ve
ilkemizde pamuk bitkisinin 6énemini daha da ortaya
cikarmaktadir.

Pamuk bitkisinin Malvaceae ailesine ait yaklasik 52 tiirii
bulunmakta ve sitogenetik olarak 9 farklh genoma
sahiptir (Viot ve Wendel, 2023). 52 tiir icinde tetraploid
ve diploid genom yapisina sahip tiirler bulunmaktadir.
Diinya genelinde en ¢ok kiltiirii yapilan pamuk tiiri de
tetraploid kromozom (n=26) yapisina sahip olup bunlar
yeni diinya pamuklar1 olarak bilinen Gossypium hirsutum
ve Gossypium barbadense’dir (Witt ve ark. 2020). Eski
diinya pamuklar1 olaraksa Gossypium arberoum ve
Gossypium herbaceum diploid kromozom (n=13) yapisina
sahiptirler. Diploid kromozom yapisina sahip eski diinya
pamuklarinin iretimi ¢ok az diizeydedir. Diinyada ve
ilkemizde en ¢ok iiretimi yapilan pamuk tiiri G. hirsutum
tliriine ait pamuk c¢esitleridir. Bu tiiriin c¢esitleri G.
barbadense tirliinlin c¢esitlerine gore daha verimli ve
adaptasyon yetenekleri daha yiiksektir. Fakat lif kalitesi
(ince, uzun, saglam) olarak ele alindiginda G. barbadense
tlriinln cesitleri daha iistiin gelmektedir. Bu tiir verim
dustikliigi ve dar adaptasyon yetenegine
olmasindan dolay1 ekim alanlari sinirlidir. Arastiricilar G.
barbadense c¢esitleri ile G. cesitlerinin
melezlenmesi ile hem yiiksek verim hem de yiiksek lif
kalitesine sahip cesitler gelistirmeyi amag¢lamislardir. G.
barbadense tiiriinde bulunan {istiin
aktarilmasina yonelik yapilan melezleme ¢alismalarinda
istenmeyen geccilik, diisiik verimlilik, kiiciik koza vb.

sahip

hirsutum

lif ozelliklerin

ozelliklerde aktarilmistir. Bu sorunun ¢dziimii iginde
biitlin bir genomun aktarilmasi yerine G. barbadense'nin
biitlin bir kromozom ve kromozom parcalarinin G.
hirsutum cesitlerine aktarmaya yonelmislerdir (Stelly ve
ark., 2005). Buna yonelik yapilan 1slah ¢alismalari ile G.
hirsutum (Texas Marker-1)’'e izogenik bir hata G.
barbadense (Pima 3-79)un kromozom c¢ifti ya da
kromozom ¢iftinin kolunu tasiyan disomik kromozom
ikame (substitiisyon) hatlar1 (CS-B) gelistirilmistir (Liu
ve ark., 2000).

Fenotip destekli markirlar, ¢evre sartlarindan etkilendigi,
uzmanlk gerektirdigi ve yetersiz kaldiklar1 igin
arastiricilar teshislerin daha giivenilir yapilmasi igin
molekiiler tabanli markirlara y6nelmislerdir (Song ve
ark., 2023). DNA molekiiler markirlar1 genom diizeyinde
farkliliklar1 ortaya koyan ve DNA dizisinde 6zel bolge
(Lateef, 2015). DNA
makirlar1 direk gen iizerinde ise genik, dogrudan gen
degilse genomik markir
DNA molekiiler
organizmalarda kullanilan dokunun gelisim siiresine
baglh olmadan her dokuda belirlenebildigi, degisim
gostermedigi, cevre sartlarindan etkilenmedigi, gen
interaksiyonlarindan (pleotropi, epistasi vb)

olarak tanimlanmaktadirlar

lizerinde olarak

isimlendirilmektedirler. markirlar

etkilenmediginden kullanim alanlar1 ¢ok genistir. Bundan
dolay1 molekiiler markirlar fenotip tabanli markirlardan
daha avantajli konumdadirlar (Arif ve ark., 2010; Lateef,
2015; Younis ve ark., 2020; Shah ve ark., 2023).

Kullanilan DNA markirlar1 arasinda en ¢ok tercih edilen

ise  SSR olarak bilinen mikrosatellitlerdir. SSR
markirlarinin  ¢ok kullanilmasinin nedenleri ytiksek
polimorfizme sahip olmasi, ko-dominant d&zellik

gostermesi, tekrar edilebilir olmasi, uygulanmasinin
kolay ve ucuz olmasindan kaynaklanmaktadir (Peng ve
ark, 2021). Bu markir tekniginin tek dezavantaji

kullanilacak  tiiriin genom bilgisinin olmasi
gerekmektedir. Giinlimiizde in-silico yontemler ve veri
tabanlarinin ~ kullaniminin  avantajlar1  sayesinde

gelistirilen primer ciftleri bir cinsin tiirleri arasinda ve
hatta yakin cinsler arasinda ayni primerlerin cahstigl
rapor edilmektedir (Karaca ve ark., 2013, Preethi ve ark.,,
2020). In-silico yontemlerle gelistirilen mikrosatellit
markirlarinin dustik polimorfizm
gostermeleridir. SSR’larin in-silico veri tabanlarindan

dezavantajl

gelistirilenlerde ve monomorfik markirlarin polimorfik
doniistiiriilmesinde teknikse
Cleaved Amplified Polymorphic Sequences (CAPS)-
mikrosatellit yontemidir. CAPS-mikrosatellit tekniginde
Expressed sequence taq (EST) tabanli mikrosatellitlerde

markirlara kullanilan

post-transktipsiyon olaylarindan kaynaklanan ¢ok biiyiik
ve monomorfik mikrosatellit farkl
restriksiyon ¢ikan
polimorfizme dayanan bir tekniktir. Bu teknik genelde
ko-dominant markir iiretmektedir. Ayrica bu ydntem
agaroz jel elektroforez ayristirma teknigine uygun olmasi
kullamimini da kolaylastirir (Ince ve ark., 2009, ince,
2010). Bu calismada monomorfik olarak bilinen 11 EST-
SSR markir1 16 farkh restriksiyon enzimi ile kesilerek

lokuslarinin

enzimleri  kullanilarak ortaya

polimorfik 6zelliklerinin ortaya konmasi ve Pamuk
substitiisyon hatlarinin  belirlenmesinde
kullanilmasi amaglanmuistir.

kromozom

2. Materyal ve Yontem

2.1. Bitki Materyali

Bu ¢alismada Prof. Dr. Sukumar Saha (USDA/MSU, USA)
tarafindan tedarik edilen ve Stelly ve ark. (2005)
tarafindan gelistirilmis olan 17 adet
substitiisyon (CS-B) hatti kullanilmistir. Bu genetik
stoklar G. barbadense Pima 3-79’a (double haploid) ait 17
kromozom ya da kromozom kolu, TM-1’e (G. hirsutum L.
Marker-1) izogenik hat olan bir hatta
aktarilmasiyla elde edilmistir (Stelly ve ark. 2005). Her
bir CS-B hatti G. barbadense Pima 3-79'dan bir cift
kromozom, kromozom kisa kolu (Sh) veya kromozom
uzun Kkolu (Lo) tasimaktadir. 17 CS-B, 1 TM-1 ve 1 Pima
3-79 olmak {zere toplamda 19 genotip {zerinde
calisilmistir. Bitki materyaline ait Ornekler Akdeniz
Universitesi Ziraat Fakiiltesi Tarla Bitkileri Deneme

kromozom

Texas

Alanlarinda yetistirilerek yaprak érnekleri toplanmistir.
2.2. DNA izolasyonu

Bitkiler besinci gergek yapraklarini ¢ikardiktan sonra her
bir bitki icin steril sartlarda yaprak ornekleri toplanarak
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DNA izolasyon islemleri Karaca ve ark. (2005)’e gore

gerceklestirilmistir.
2.3. DNA Kalite ve Miktarinin Belirlenmesi
DNA kalite ve miktarinin belirlenmesinde

spektrofotometrik yaklasim ile agaroz jel elektroforez
yontemi kullanilmistir. Spektrofotometre ile ol¢ciimde
DNA ornekleri 25 kat seyreltilerek 200-300 nm arasi
tarama gerceklestirilerek Az3o, A260 ve Azgo absorbans
degerleri 6l¢lilmiistiir.

2.4. Polimeraz Zincir Reaksiyonu (PZR)

Calismada kullanilan kimyasallar molekiiler biyoloji
grade olup Vivantis firmasindan temin edilmistir. PZR
islemlerinde GeneAmp System 9700 marka Termal
Dongii Cihazindan yararlanilmistir. PZR islemlerinde
hacim 25 pl’ye ayarlanmis ve icerisinde 85 nanogram
toplam genomik DNA, 0,5 pM kullanilan primer ifti, 10X
buffer, 0,28 mM her bir dNTP, 2,5 mM MgCl; ve 1 linite
Taqg DNA polimeraz (Vivantis) igeren soliisyonda
gergeklestirilmistir. CAPS-SSR calismalar1 i¢in Touch-
Down PZR metodu uygulanmis ve ilk 10 dongii icin her

Tablo 1. Kullanilan restriksiyon enzimleri

dongiide 0,5 °C sicaklik diisiiriImiistir.

On denatiirasyon icin 4 dakika 94 °C, denatiirasyon i¢in
94 oC’de 20 saniye, primer baglanma sicakligi 61 °C’de 30
saniye, 72 oC'de 1 dakika ve son olarak 72 °C’'de 10 dakika
olarak toplamda 40 dongiide gergeklestirilmistir.

2.5. CAPS-Mikrosatellit Analizleri

CAPS-mikrosatellit DNA markir teknigi polimorfizmin
ortaya ¢ikarmasi yoniinden RFLP ve SNP tekniklerinin
her ikisinden de faydalanmaktadir. CAPS-mikrosatellit
teknigi genik
kullanilabildigi gibi genomik markirlarinda elde
edilmesinde kullanilabilmektedir. Calismada kullanilan
restriksiyon enzim isimleri, tanima boélgeleri ve calisma
sicakliklar1 Tablo 1’de verilmistir.

2.6. Primer Ciftleri

PZR calismalarinda kullanilan primerin sekans ve motif
bilgileri Tablo 2’de verilmistir. Karaca ve Ince (2011)
tarafindan gelistirilen MK primerleri genomun ifade
edilebilen kismindan gelistirilmis markirlardir.

markirlarin elde edilmesinde

No Eim adi Tanima Bolgesi Calisma sicaklig Ticari Kaynagi
1 Hinf1 5'.GANTC..3 37°C Bioron
3'..CTNA,G..5’
2 Cla1 5'..AT" CGAT..3 37°C Fermentas
3..TAGC,TA..5’
3 Rsal 5'.GT7AC..3 37°C Fermentas
3'..CA,TG..5’
5..GATYATC..3’ .
4 EcoRV 3..CTA,TA G..5' 37°C Fermentas
5 Hae 111 5'.GGYCC..3 37°C Fermentas
3'..CC,GG..5’
) 5'..AYAGCTT..3’
6 Hind 111 37 °C Fermentas
3..TTCGA ,A..5’
7 Ecorl 5'.." CCWGG..3' 37°C Fermentas
3..GGWCC,..5
8 Aat 1l 5'..GACGT"C..3 37°C Fermentas
3'..Co,TGCAG...5’
9 Vsp 1 5'.AT"TAAT..3 37°C Fermentas
3..TAAT,TA..5’
10 Hpa ll 5".C7 CGG..3 37°C Fermentas
3'..GGC,oC..5'
11 BamH 1 5'..GYGATCC..3 37°C Fermentas
3'..CCTAG,G..5
12 Hin6 1 5.6 CGC..3" 37°C Fermentas
3..CGC,G..5’
13 Taq1l 5.T"CGA..3 65 °C Fermentas
3. AGC,T..5'
14 Dral 5. TTTTAAA.3' 37°C Fermentas
3..AAA,TTT..5
15 Not1 5..GC" GGCCGC..3 37°C Fermentas
3'..CGCCGG,CG..5’
16 Ncol 5'..C” CATGG..3 37°C Fermentas
3'..GGTAC,C..5
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Tablo 2. Kullanilan primer ciftlerine ait bilgiler

Markir Primer Sekans Dizisi (5'=3") MOTIF
MKO11 F:CCTCCTCGTTTCTTCACTGC [TCT]12
R:CTTGTTCCATTTCACCCAAAG
MKO048 F:TTTGGGCTTTCTTTTCTCTCTC [CT]17
R:AGACTTTGTGTCCCGCTCA
MKO070 F:GAGACGGTGGTGATGATGG [AAG]16
R:CCTTGTCAGTGTCCGAGTTG
MKO095 F:AAACTGCAAACCCCACACTC [CTT]s
R:GGAGAGGCTATTCAGGGAGA
MKO098 F:TCACAAGAGGCTTTCAATGCT [ATTT]s
R:TTACACCTCCAGGCATCAAA
MK101 F:TCATCATCATCCTCGTCTTGA [CAT]1s
R:TTATGGCCCAATCCTCTCAC
MK105 F:CAAAGATGCCGAAAGAGAGG [CCG]12
R:GTAAGATCGGCGGGTCATC
MK114 F:ATGGTCATTCCGATGCTGTT [CTG]s
R:CCAATGGTCCCTACATGACC
MK158 F:CTTCCAGTTCCACCATAGCC [AC]14
R:ACCAAATCCAGGTTCCACAG
MK159 F:TTTGGGCTTTCTTTTCTCTCTC [CT]17[TCTCTT]4
R:AGACTTTGTGTCCCGCTCA
MK173 F:GGGGTCCACAGATACAGG [TATG]o

R:GTCCAAAACTTGTCCCATTAG

2.7. CAPS-Mikrosatellit Markirlarinin Belirlenmesi

CS-B’lerde kullanilan CAPS markirlarin belirlenmesinde 3
kriter tizerinde durulmustur. Bu kriterler: 1) hem G.
hirsutum hem de G. barbadense tiiriiniin cesitlerinin
DNA’larinda amplikon ftretmesi, 2) tekrar edilebilir
markir ortaya koymasi ve 3) agaroz jelde polimorfizmi
net bir sekilde ortaya koymasidir.

3. Bulgular ve Tartisma

3.1. DNA Kalite ve Miktarinin Belirlenmesi

Toplam 19 bitkiye ait tohumlar tarla sartlarinda ekilerek
bitkilerden sekilde yaprak
toplanmustir. Bitki yaprak ornekler toplanirken kaliteli

steril  bir ornekleri
DNA elde etmek amaciyla bitkinin strese girmedigi sabah
Clinkii  bitki
yaprak oOrnekleri toplandiginda polisakkarit ve fenolik
bilesik miktar fazlalasir ve DNA izolasyonunu zorlastirir
(Karaca 2001, Aydin ve ark., 2018). Bitki yaprak dokular:
-196 oC s1v1 azot yardimi ile havan ve havaneli yardimiyla

saatlerinde toplanmistir. stres halinde

toz haline getirilerek DNA izolasyonu Karaca ve ark.
(2005)’e gore
gerceklestirilen

izolasyonu
miktarinin

gerceklestirilmistir.
DNA’nin
belirlenmesinde spektrofotometrik yontemde 25 Kkat

kalite ve

seyreltilmis olan toplam DNA'nin analizinde 200 nm ile
300 nm dalga boylarinda tarama yapilmis ve Az3o, Aze0 Ve
Azgo degerleri tespit edilmistir (Sekil 1).

Sekil 1'de spektrofotometre ile okunan degerler arasinda
restriksiyon enzim kullanimina uygun protein,
polisakkarit ve fenolik bilesiklerden arindirilmis bir
grafik cizmektedir. Saf DNA Aze60/A230 degeri yaklasik
1,80 degerini vermesi gerekmektedir (Aydin ve ark,

2018). Tablo 3’'te genomik DNA’larin spektrofotometre

okumalari belirtilmistir. Spektrofotometrik yontemler ile
DNA kalite ve miktar1 belirlenmis ve yapilan goézlemler
sonucunda elde edilen DNA’larin hem protein hem de
polisakkarit ve fenolik bilesiklerinden arindirildig tespit
edilmistir. Ayrica elde edilen DNA miktarlarinin da
yeterli diizeyde oldugu saptanmistir. Fakat
spektrofotometrik yaklasim ile elde edilen DNA'nin kirik
olup olmadigl anlasilamamaktadir (Karaca ve Ince,
2023). Bundan dolay1 da agaroz jel elektroforez yontemi
ile bu tespit edilebilmektedir (Ince, 2010). Elde edilen
DNA’larin kirik olup olmadigi anlasilmasi i¢in her bir
ornege ait 700 ng genomik DNA % 1’lik agaroz jelde 90
dk yiritilmis ve elde edilen jel goriintiisiinde DNA'nin
kirik olmadig tespit edilmistir (Sekil 2).

Abs
300.0 nm

‘\\
I\
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\_// \
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280 300

Spectrum
0.010

0.300
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Sekil 1. Spektrofotometre okumasi ile genomik DNA'nin
kalitesinin belirlenmesi
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Tablo 3. izolasyonu gerceklestirilen genomik DNA spektrofotometre verileri ve genomik DNA miktari

Materyal Az30 Azeo Azso Az60/280 Az60/230 ug/mL
TM-1 0,124 0,241 0,132 1,82 1,93 601,3
Pima 3-79 0,149 0,321 0,173 1,85 2,15 801,3
B01 0,158 0,328 0,176 1,84 1,97 731,7
B02 0,185 0,400 0,215 1,86 2,09 906,7
B04 0,168 0,364 0,195 1,85 1,97 837,5
B05 Sh 0,155 0,324 0,174 1,84 1,98 737,9
B06 0,140 0,285 0,152 1,87 1,96 601,3
B07 0,157 0,325 0,175 1,81 1,91 718,8
B11 Sh 0,145 0,300 0,161 1,86 2,01 638,3
B12 Sh 0,176 0,375 0,201 1,84 1,99 831,3
B14 Sh 0,129 0,265 0,142 1,87 2,02 550,8
B15 Sh 0,110 0,208 0,113 1,83 1,87 454,2
B16 0,123 0,241 0,128 1,87 1,89 500,8
B17 0,127 0,251 0,134 1,87 1,97 522,1
B18 0,147 0,292 0,160 1,83 1,99 625,4
B22 Sh 0,129 0,262 0,142 1,83 1,94 577,9
B22 Lo 0,135 0,270 0,145 1,85 1,93 605,0
B25 0,143 0,270 0,145 1,85 1,86 545,8
B26 Lo 0,130 0,263 0,140 1,88 2,02 657,5

Sekil 2. Genomik DNA'nin agaroz jel elektroforez yontemi ile belirlenmesi.

3.2. Polimeraz Zincir Reaksiyon Uygulamalar kullanilarak belirlenen primer ile PZR calismalari
Calismada 11 primer c¢ifti TM-1 ve Pima 3-79 hattinin yapimistir. PZR’nin iiretmis oldugu amplikonlar jelde
genomik DNA’larindan 8,5 pL kullanilarak (10 ng/pL teyit edilerek her bir primer ciftinin amplikonlar1 Tablo

stoktan) final hacmi 25 pL olacak reaksiyonda PZR iginde 1’de belirtilen restriksiyon enzimleri ile kullanim
gerceklestirilmistir. 25 pL final hacim icinde 0,5 pM kilavuzuna gore islem yapilarak gerceklestirilmistir. Sekil
primer cifti konsantrasyonu, 10X Tagq soliisyonundan 2,5 3’te Hae III restriksiyon enziminin 11 MK primeri ile
pL, her bir dNTP i¢in 0,28 mM konsantrasyon, 2,5 mM reaksiyonu sonucunda jel goriintiileri bulunmaktadir.

MgClz ve 1 tlnite Taq DNA Polimeraz (Vivantis) enzimi

Haelll
MK11 MK48 MK70 MK95 MK98 MKI01l MKI105 MKI114 MKIS8 MKI159 MKI173

.‘”i E

Sekil 3. Hae III restriksiyon enziminin 11 MK primeri ile PZR sonrasi reaksiyonlarinin agaroz jel elektroforez
goruntusu.
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CAPS markirlar1 ko-dominant bir markir teknigi olup
ozellikle 500 baz ¢ifti (bg) lizerinde olan monomorfik
markirlari polimorfik markirlara dontstiiren bir markir
yontemidir (Matuszczak ve ark., 2020). Bu markir teknigi
gen belirleme, genetik iligkilerin ortaya konmasi, cinsiyet
belirleme, organizmalarda biyotik ve abiyorik streslere
karsi  hassasiyeti ya da
kullanilabilmektedirler. Ayrica uygulamasi kolay ve ¢ok
maliyet gerektirmemektedir (Walkowiak ve ark., 2022;

direnci  belirlemede

Wang ve ark., 2023). CAPS markir teknigi bu ¢alismada
da kromozom substitiisyon hatlarinin belirlenmesinde
kullanilmistir.

Yapilan gozlemlemeler ve analizler sonucunda Hae III
restriksiyon enzimi i¢in polimorfik markirlara doniisen
pirimerler 17 CS-B hattinda taranarak kromozom
lokasyonlarinin belirlenmesinde kullanilmistir. Tablo 4’te
her bir primer icin hangi
polimorfik oldugu belirtilmistir.

restriksiyon enziminde

Tablo 4. MK primerlerinin farkli restriksiyon enzim ile kesim sonuglari

MK Primer Ciftleri

Enzim/

. MK MK MK MK MK
Primer

011 048 070 095 098

MK MK MK MK MK MK
101 105 114 158 159 173

Hinf1 M P M -
Clal - - - -
Rsa 1 P P - -
EcoRV - - M

Hae 11l - P M P -
Hind 111 - - M

Ecorl - - - - -
Aat 11 - - - - -
Vsp 1 - -
Hpa 1l - -
BamH 1 - - - - -
Hin6'1 M
Taq 1 P
Dral P
Not 1 -
Nco l - - -

=T =2=EE

=

M

u < ©

P -

P - -

2=
g
o
g

= = =
' ==
=T =2E=EEE

==X

-= kesim bolgesinin olmadigi, M=: kesim bolgesinin oldugu ama monomorfik bant verdigi, P= kesim bélgesinin oldugu ve polimorfik

bant oldugunu gosterir.

tablo MKO098
primerinin kullanilan restriksiyon enzimleri arasinda hig¢
birisi  tarafindan polimorfik bant olusturmadig
gbzlemlenmistir. Bunun nedeni primerin hem G. hirsutum
hem de G. barbadense igin kullanilan hatlarin bu gen
bolgesi igin

Kesim  sonucunda incelendiginde

yliksek oranda benzerlik gosterdigi
anlasilmaktadir. MK158 primeri i¢in ise Hinf'I ve Hae III
restriksiyon enzimleri tarafindan polimorfik bantlar
ortaya koydugu tespit edilmistir. BamH 1, Aat 11, Not 1
restriksiyon enzimleri sadece bir kesim bdlgesi oldugu,
Nco 1 restriksiyon enzimi igin hicbir primerde kesim
bolgesinin olmadig1 saptanmistir. Primerler iizerinde en
¢ok kesim bolgesine sahip restriksiyon enzimi Hinf I
olarak tespit edilmistir. Her bir primer ayr1 ayri
incelendiginde MKO011 iizerinde 2, MK048 iizerinde 3,
MKO70 tizerinde 9, MK095 iizerinde 4, MK098 iizerinde
8, MK105 iizerinde 1, MK114 {izerinde 6, MK158
tzerinde 10, MK159 iizerinde 5 ve MK173 tlzerinde 5
farkli restriksiyon enzim kesim bélgelerinin oldugu
belirlenmistir. Polimorfik primerlerin belirlenmesinde
kullanilan restriksiyon enzimleri 11 MK primerinden 9
tane MK primerinde polimorfik olarak aday kullanilacak
primerler oldugu belirlenmistir. Elde edilen bilgiler
degerlendirilerek TM-1, Pima 3-79 ve 17 disomik

kromozom substitiisyon hattinda taramalar yapilmistir.
3.3. Polimorfik CAPS-Mikrosatellit Lokuslarimin
Tespiti

Son yillarda kromozom substitiisyon hatlarinin kullanimi
genetik ara¢ olarak ¢ok fayda saglamaktadir. Ayrica
1slahgilar yeni gesit gelistirme siirecindeki hem uzun stire
hem de istenmeyen 6zelliklerin aktarilmasindan dolay:
bu siirece girmeyi pek istememektedir. Buna karsin
kromozom substitiisyon hatlarinin kullanimi ve sadece
istenen lokuslarin aktarilmasi bu zahmeti azaltmaktadir
(Saha ve ark., 2023). Kromozom substitiisyon hatlarinin
kullanim amaglarindan birisi de bitki biiylimesindeki
mikro-besin elementlerinin kromozom veya lokus
dizeyinde iligkileri incelenmistir. Yapilan arastirmalarda
kromozom substitlisyon hatlarinda mikro-besin element
dizeylerinde farkliliklar oldugu saptanmistir (Bellaloui
ve ark., 2020; Saha ve ark., 2023).

Yapilan taramalar sonucunda sadece CS-B02 nolu hat
primerler tespit edilmigtir. CS-B02’nin
belirlenmesinde daha o6nceki literatiir calismalarinda
BNL1434 ve BNL3971 kodlu primerler bu hat tizerinde
oldugu Gutierrez ve ark. (2009) tarafindan rapor

tarafindan
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kromozom substitiisyon hatti teyit edilmistir. Yapilan
calismalar sonucunda MK070 primeri TM-1, Pima -79 ve
17 CS-B hatt1 PZR sonrasi Taq [ restriksiyon enzimi ile
kesilmis ve Sekil 4 ve 5’te de goriildiigii tizere CS-B02
nolu kromozom substitiisyon hattinin G. barbadense
tlriinin 2 nolu kromozomunu tasidig1 saptanmistir. Ayni
durumda MKO048 primeri ve Rsa I restriksiyon enzimi
kullanildiginda da CS-B02 nolu kromozom substitiisyon
hatt1 teyit edilmektedir.

Kromozom substitiisyon hatlarinin énemli 6zelliklerden
biri niceliksel 6zellik lokuslar1 (“Quantitative Trait Loci”
QTL) c¢alismalarinda kullanimidir. Pamuk lif kalitesi ve
diger o6zelliklerden herhangi birisinin QTL belirlenmesi
yapilacak 1slah c¢alismalarinda da bilyilik Onem arz
etmektedir. Bundan dolay1r pamuk kromozom
substitlisyon hatlarinin bu ¢alismalarda kullanilmasi ve
bu hatlarin belirlenmesi 1slah programlari icin ¢ok

onemlidir (Zhu et al. 2020).

2 oJpd ol ion i 19 10 11 12 dSHIREeR 16 17 18 19

T ] | L 1 L

mew

Sekil 4. Taq I restriksiyon enzimin MK070 lokusu kullanilarak substitiisyon hatlarinda analiz edilmesi (1: TM-1, 2: Pima
3-79, 3: CS-B01, 4: CS-B02, 5: CS-B04, 6: CS-B05Sh, 7: CS-B06, 8: CS-B07, 9: CS-B11Sh, 10: CS-B12Sh, 11: CS-B14Sh, 12:
CS-B15Sh, 13: CS-B16, 14: CS-B17, 15: CS-B18, 16: CS-B22Sh, 17: CS-B22Lo, 18: CS-B25, 19: CS-B26Lo).

|

300 bp

2 3 4567 89

10 11 12 13 14 15 16 17 18 19

Sekil 5. Rsa I restriksiyon enzimin MK048 lokusu kullanilarak substitiisyon hatlarinda analiz edilmesi (1: TM-1, 2: Pima
3-79, 3: CS-B01, 4: CS-B02, 5: CS-B04, 6: CS-B0O5Sh, 7: CS-B06, 8: CS-B07, 9: CS-B11Sh, 10: CS-B12Sh, 11: CS-B14Sh, 12:
CS-B15Sh, 13: CS-B16, 14: CS-B17, 15: CS-B18, 16: CS-B22Sh, 17: CS-B22Lo, 18: CS-B25, 19: CS-B26Lo).

4. Sonug¢

Calisma kapsaminda CAPS-mikrosatellit analizleri i¢in
MK primer ciftleri ile taranan TM-1 ve Pima 3-79 hatlar1
arasinda monomorfik ve500 baz ciftinden biiyiik
amplikon olusturan MK011, MK048, MK070, MKO095,
MKO098, MK101, MK105, MK114, MK158, MK159 ve
MK173 lokuslart kullanilmistir. PZR irtnleri 16 farklh
restriksiyon endoniikleaz enzimi ile taranmistir. Bu
tarama sonucunda MK098 ve MK114 nolu primerler
harig diger primerlerin polimorfik markirlara déniistiigi
tespit edilmistir. Kullanilan restriksiyon enzimlerinden
Nco 1 ¢alismada kullanilan primerlerin olusturmus
oldugu gen bolgelerinde herhangi bir kesim bélgesinin
olmadigl analizler sonucunda ortaya konulmustur.
Kullanilan restriksiyon enzimlerinden Ras I ve Taq I
sirasiyla MK048 ve MK070 nolu primerlerin CS-B02 nolu
pamuk kromozom substitiisyon hattini teyit ettigi tespit
edilmistir. Sonug olarak tilkemiz pamuk 1slahi i¢in 6nemli

olan pamuk kromozom substitiisyon hatlarinin teyit
edilmesi biiylik 6nem arz etmektedir. Ayrica EST-SSR
markirlart her ne kadar monomorfik olsalar da CAPS
yontemi ile polimorfik markirlara déniistiiriilebilecegi bu
calisma ile ortaya konulmustur. Ulkemiz pamuk islahi
icin bu tir molekiiler yaklasimlarin daha ytiksek biitce ve
is hacmi ile arastirilmasi ve 1slah ¢alismalarina katki
saglamalari gerekmektedir.
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Katki Orani1 Beyam
Yazar(lar)in katki yiizdesi asagida verilmistir. Tim
yazarlar makaleyi incelemis ve onaylamistir.

AA. M.K

50 50
T 100
Y 100
VTI 50 50
VAY 50 50
KT 50 50
YZ 50 50
KI 50 50
GR 50 50
PY 50 50
FA 50 50

K= kavram, T= tasarim, Y= yonetim, VTI= veri toplama ve/veya
isleme, VAY= veri analizi ve/veya yorumlama, KT= kaynak
tarama, YZ= Yazim, Kl= Kkritik inceleme, GR= gonderim ve
revizyon, PY= proje yonetimi, FA= fon alimi.

Catisma Beyani
Yazarlar bu ¢alismada higbir c¢ikar iligkisi olmadigini
beyan etmektedirler.

Etik Onay Beyam

Bu arastirmada hayvanlar ve insanlar tizerinde herhangi
bir ¢alisma yapilmadigi igin etik kurul
alinmamugtir.
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Ozet: Kent ici ulasim sorunlar1 giin gectikce artan hizla ¢6ziim Onerileri tretilmesi gereken 6nemli bir konudur. Bu hususta
stirdiirtilebilir bir ulasim ¢6ziim Onerisi politikas1 belirlemek sehirler icin elzem olmustur. Ciinkii siirdiiriilebilir bir agin
olusturulmamasi ve buna paralel kent i¢i trafik sikisikliginin etkisiyle arag icinde gegirilen siire, sehirlerde 6nemli dl¢iide artmaktadir.
Bu durum hem ekonomik hem de psikolojik a¢idan olumsuz sonuglara yol agmaktadir. Bu ¢alisma gelecege yonelik ulasim alanindaki
sikintilar1 ortadan kaldirabilmek ve yenilik¢i ¢6ziim onerileri sunabilmeyi hedeflemektedir. Bu sebeplerden otiirii Diyarbakir il
genelinde yapilan ¢alismalarda kentin genel yapisina uygun, siirdiiriilebilir ve gelismis bir toplu tasima sisteminin kurulmasi i¢in kamu
Diyarbakir Biiyiiksehir Belediyesinden alinan veriler ile istatistiksel analizler yapilmis, sorunlar tespit edilmis ve gelecege yonelik
tahminlerde bulunulmustur. Calisma neticesinde elde edilen bulgulara gore ¢6ziim onerileri sunularak belirlenmesi gereken politikalar
hakkinda degerlendirmeler yapilmistir.
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Examination of Bus Usage in Diyarbakir Public Transportation System and Improvement Suggestions
Abstract: Urban transportation problems are an important issue that needs to be produced with increasing speed day by day. In this
regard, it has become essential for cities to determine a sustainable transportation solution proposal policy. Because the time spent in
the vehicle increases significantly in cities due to the lack of a sustainable network and the parallel effect of urban traffic congestion.
This situation leads to negative consequences both economically and psychologically. This study aims to eliminate the problems in the
field of transportation for the future and offer innovative solutions. For these reasons, in the studies carried out throughout Diyarbakir
province, statistical analyzes were made with data received from public institutions and organizations, problems were identified and
predictions were made for the future in order to establish a sustainable and developed public transportation system suitable for the
general structure of the city. Based on the findings obtained as a result of the study, solution suggestions were presented and
evaluations were made about the policies that should be determined.
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1. Giris ve ¢iktilar1 vardir. Sistemin girdileri hat uzunluklari, hat
Ulagim genel ve 6z bir tanimla, fayda saglamak amaciyla uzerindeki ara¢ sayisi gibi degiskenlerdir. Sistemin
kisilerin ve esyalarin yer degistirmesi anlamina ciktilar1 tasinan yolcu sayisi ve yakit tiikketimidir. Hatlarin
gelmektedir (Ayaz ve Bakan, 2022). Ulasimin ekonomik, verimli ¢alisip ¢alismadigini belirlemek icin degiskenle
emniyetli, hizli, konforlu ve elverisli gibi kosullar1 yerine birlikte degerlendirilmelidir. Kaynaklarin en iyi sekilde
getirmesi i¢cin cagdas ve ideal bir ulasim sistemi kullanilmast  verimlilik  olarak  tanimlanmaktadir
kurulmalidir. Cagdas ve ideal bir ulasim sisteminin (Karlaftis  ve Tsamboulas, 2012). Toplu tasima
kurulmasi  icin ise sirdirilebilir bir  ulasim sistemlerini dogru kullanmak ¢evre, saglik ve ekonomi
planlamasinin yapilmasi gerekmektedir (Ugar ve Eryigit, i¢cin olduk¢a 6nemlidir. Bu ylizden, toplu tasima
2020). Sanayilesmenin getirdigi kent merkezlerinin operasyonunun dogru degerlendirilmesi, analiz edilmesi
sayisinin artmasi ve ara¢ sayisinin artmasi, trafikte ve ¢oziimlenmesi, mevcut 6nemli sorunlari planlama
altyap1 eksikligi, cevre kirliligi ve enerji ihtiyacinin acisindan yararhdir (Atalay ve Biricik, 2022). Sehir igi
artmasi gibi sorunlara neden olmustur. Bu durum kent toplu tasima hizmetleri son yillarda ¢ogunlukla kamu
yoneticilerini toplu tasima sistemlerinin verimliliginin tarafindan  sunulmaktadir. ~ Ancak  toplu  tasima
arttirilmasi ve verimlili§inin arttirilmasi yéniinde ¢6ziim sistemlerinin sosyal ¢iktilarina sikga vurgu yapilmasi,
arayiglarina yoneltmistir (Atalay ve Biricik, 2021). Toplu sistemin dolayl olarak ekonomik boyutuna etkisi
tasima sistemlerinden otobiis kullaniminin baz1 girdileri oldugunun kanitidir  (Giiner, 2017). Toplu tasima
BS] Eng Sci / Mehmet Yakup CECEN ve Hiimeyra BOLAKAR TOSUN 316

This work is licensed (CC BY-NC 4.0) under Creative Commons Attribution 4.0 International License



Black Sea Journal of Engineering and Science

sistemlerinin performansi, kamusal ihtiyaclarin daha
ekonomik ve verimli bir sekilde Kkarsilanabilmesi
acisindan biiylik 6nem tasimaktadir. (Gliner, ve ark,
2017). Toplu tasimaya iliskin mevcut degerlendirmeler,
kentler iizerindeki etkilerinin diger ulasim araglarindan
farkli oldugunu ortaya koymaktadir. Ozel arac
kullanimina nazaran toplu otobiis kullanimi 6zellikle
biylik sehirlerdeki hava kirliliginin
yardimci olmaktadir. Hava Kkirliliginin yanisira maliyet
unsuru da otobiis kullanimini 6nemli kilmaktadir.

azaltilmasina

Glaeser ve ark. (1992) toplu tasimanin kentsel esitsizlik
tizerindeki etkisini vurgulamislardir. Bir yandan, arabaya
dayali hareketlilik ¢ok pahal toplu
tasimanin iyi oldugu Amerikan sehirlerinde yoksullarin
hareketliligi daha yiliksek oldugunu belirmislerdir.
Siirdiiriilebilir bir ulasim planlamasi ile karayolu ulasimi,
toplu tasima, bisiklet yollar1 ve yaya yollarn gibi farkl
ulasim modillerinin birbiri ile uyumlu ¢alismasi
sonucuna varilmakta ve bu sayede kent i¢i ulasiminda
basarili bir sonuca ulasilmaktadir. Bu basarili sonugla

oldugundan,

beraber kent i¢i ulasiminda stres, zaman kaybi ve kaygi
azalirken, kent genelinde daha siirdiiriilebilir bir ulasim
saglanmis olmaktadir (Agaoglu ve ark., 2021).

Kapsamli ve siirdiiriilebilir bir ama¢ dogrultusunda,
bilimsel c¢alismalara konu olan kent i¢i wulasim
planlamalarinda toplu tasima sistemlerine 6zellikle 6nem
verilmektedir. tasima sistemlerinde otobiis
kullanimi, bir¢ok avantajiyla gelecekteki kentsel ulasim
icin umut vericidir. Oncelikle merkezi bir sistemdir,
kontrol edilir ve istek iizerine dinamik ara¢ paylasimi
saglayabilir. Ikinci olarak, 6zel arabalar ve taksilere
oranla fiyat ¢ok daha digiiktiir ve son olarak, trafik
paylasimini iyilestirmede otobiis kullanimi kapasitesi ¢cok
daha biytiktiir (Zhu, ve ark., 2016). Bunlara ek olarak
toplu tasima da otobiis kullanimi, kentlerde yapilan
ulasimlarda kent i¢i trafik sikisikhigini
kaldirmakta enerji ve zamandan tasarruf saglamakta,
dogaya ve cevreye daha az zarar vermekte ve stres ve
kaygiy1 azaltmaktadir. Bu sebeplerden otiirii kent i¢i

Toplu

ortadan

ulasimda ve kent i¢i ulasim sorunlarinin ortadan

kaldirilmasinda yapilacak en 6nemli adim toplu tasima

sistemlerinin gelistirilmesi ve 6zendirilmesidir (Akbulut,

2016).

Kent i¢i ulasim sorunlarinin ekonomi, toplum ve gevre

tzerindeki olumsuz etkileri (Agaoglu ve Basdemir,

2019):

1. Trafik sikisikligina bagh olarak zaman, yakit gibi
ekonomik kayiplar,

2. Maddi ve o6limli kazalar sonucu olusan ekonomik
ve manevi kayiplar,

3. Trafikte meydana gelen tartisma ve kavgalarin
yarattigl stres ve olumsuz hissiyatlar,

4. Petrol ve tilirevi yenilenemeyen enerji kaynaklarinin
tiiketimiyle olusan riskler,

5. Sera gazlarinin olusumu, asit yagmurlar: ve iklim
degisimleri,

6. Trafik kaynakh girilti, gorsel kirlilik ve fiziki
tehlikelerdir.

Kent ici ulasim sorunlarindan meydana gelen bu olumsuz
etkilerin ortadan kaldirilmasi i¢in yapilan bilimsel
calismalarda da belirtildigi lizere siirdiiriilebilir ulasim
planlamalar1 yapilmali ve bu baglamda toplu tasimaya
ozellikle Onem verilmeli, gelistirilmeli ve

6zendirilmelidir. Toplu tasima sistemlerinin
6zendirilmesinde ise ¢ekme ve itme politikalarinin
izlenmesi 6nem arz etmektedir (Altuntas ve Eyigiin,
2021).
Cekme politikalari, yolcularin kent i¢i ulasimda otomobil
yerine toplu tasima sistemlerini tercih etmelerini
saglamak iizere uygulanan ve asil amaci toplu tasima
kullanimini arttirip, mevcut sistemlerin hizmet kalitesini
artirmak olan strateji ve uygulamalar biitiintidiir. Cekme
politikalarinin basariya ulasabilmesi i¢in toplu tasimaya
olan giivenin saglanmasi ve toplu tasima sistemlerinin
gelistirilip sistem varligina
inanmasi gerekmektedir (Cirit, 2014).
Cekme politikalar1 kapsaminda (Kog, 2019):

1. Otobiis sistemleri,

insanlarin  kaliteli bir

Metrobiis sistemleri,

Metro sistemleri,

Hafif raylh sistemler ve tramvay sistemleri,
Bisiklet sistemleri,

6. Yaya ve yiiriime sistemleri yer almaktadir.

vk woN

Tiim bu sistemlerin kentlerin yapisina uygun olarak insa
edilmesi ve birbirleri ile entegre edilmis olarak ¢alismasi
durumunda, ¢ekme politikalar
olmaktadir. Amacina ulasmis bu politikalar sonucu kent
ici ulasim sorunlar ¢o6ziilmis olup kent ici trafik
yogunlugunu rahatlatmis olmaktadir.

ftme politikalarinin asil amaci; yolcularin otomobil
kullanimin1  azaltmak ve toplu tasima
sistemlerine itmektir. Bu sayede kent i¢i trafik
yogunlugunu en aza indirip, yakit tasarrufu saglamaktir
(Ugurlar, 2019).

itme politikalar1 kapsaminda (Aydin ve Aydin, 2017):

1. Yol iicretlendirme,

2. Trafik yavaslatma,

amacina ulasmis

yolcular1

3. Yakit/tasit vergilerinin diizenlenmesi

4. Park et-bin uygulamalar1 yer almaktadir.

Kent i¢i ulasim, gilinlik  yasamlarini
slirdiirebilmeleri icin gerekli olan is, egitim, saghk
hizmetleri gibi temel ihtiyac1 karsilayan kritik bir role

insanlarin

sahiptir. Fakat bilim ve sanayinin gelisimiyle beraber
hizla artan niifus ve mobilite, kent i¢i ulasim sistemlerini
olumsuz etkileyecek c¢esitli temel sorunlari da
beraberinde getirmektedir (Akbulut, 2016).
Kent i¢i ulasimin temel sorunlar su sekilde siralanabilir
(Acar, 2004):

1. Trafik sikisiklig1 ve yogunluk,
. Niifus artisi,
. Ozel arag¢ kullaniminin artmasi,
. Yetersiz toplu tasima hizmetleri,
. Ulasim altyap1 eksiklikleri,
. Otopark yetersizligi,
. Bisiklet ve yaya yollarinin eksiklikleri,
8. Akilli ulagim sistemlerinin eksiklikleri,

N O N
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9. Egitim eksikligi ve trafik kurallarina uymama.

Genel bir 6zetle bilim ve sanayinin gelisimiyle beraber
kentlere yogun bir gé¢ yasanmistir. Bu niifus yogunlugu
ile kentlerde trafik ve ulasim sorunlar1 bas gostermistir
(Adigiizel ve ark, 2015). Bu sorunlarin ¢6ziilmemesi
durumunda olusacak negatif etkileri toplum, cevre ve
ekonomi
kacinilmaz olmaktadir. Bu sebeplerden dolay1r merkezi ve
yerel yoOnetimlerin, sehrin yapisina uygun kapsamli
ulasim planlarinin yapilmasi gerekmektedir
(Aliefendioglu ve Bostanci, 2018). Yapilacak ulasim
planlamalarinda ‘siirdiiriilebilirlik’ ana fikir olmali ve
toplu ulagimin gelistirilip kullanilmas: tizerinde siddetle
durulmalidir (ilgazi, 2018). Bu kapsamda Diyarbakir
ilinin toplu ulasim bilgilerini analiz edip ¢6ziimii icin
siirdiirtilebilir fikirler ortaya ¢ikarmak baslica amacimiz
olmustur.

tizerinde siddetli bir bicimde gérmemiz

2. Materyal ve Yontem

Bu calismanin amaci Diyarbakir ili otobiis kullanim
istatistiklerinin incelenerek durum tespiti yapmaktir.
Calismada, kullanim tiirt, hatlar detayinda aylik olarak
otobiis kullanim degisimleri derinlemesine incelenmistir.
Ortalama, standart sapma, basiklik ve c¢arpiklik gibi
tanimlayici istatistiksel hesaplamalar ile betimleme
yapilmistir (Pallant, 2017). Arastirmanin anlam diizeyi
P<0,05 olarak belirlenmistir. Arastirmada toplanan
paket programi (SPSS 20.0)
araciligiyla analiz edilip sonuglar yorumlanmistir. Hat,
bilet tiirdi, aylar bazinda karsilastirma testleri yapilarak

veriler istatistiksel

otobiis kullanimi detaylica analiz edilmistir. Son olarak

elde edilen sonuglar %95 giiven diizeyinde
degerlendirilmistir.
Diyarbakir  Biiyiiksehir = Belediyesi Ulasim Daire

Baskanligindan alinan veriler ile:
e Enyogun ve sessiz hatlar,
e Enyiiksek ve en diisiik sefer sayilari,
e Tam, 6grenci, indirimli ve serbest gibi kart tipi yolcu
sayilari,
e Kart tipine gore genel hasilat verileri,
e Ocak-Aralik aylar1 arasi 12 aylik yolcu verileri

Sekill. Hatlarin aylik olarak toplam yolcu sayisi.

istatistigi gibi analizler yapilmis olup bu analizler
sonucu bilimsel ¢ikarimlar yapilmistir.

3. Bulgular ve Tartisma

Sekil 1 tiim hatlarin, toplam yolcu sayilarini aylik olarak
gostermektedir.

Sekil 1, Diyarbakir ilinde 01.07.2022 ile 01.07.2023
tarihleri arasinda aylara gore yolcu sayisi ve bu yolcu
sayllarinin getirdigi hasilati gostermektedir. Normal
binisler, tiim aylarda en yiiksek yolcu sayisi ve hasilata
sahiptir. En yiiksek yolcu sayis1 Ekim ayinda 2935997, en
diisiik yolcu sayisi ise Subat ayinda 477207'dir. Hasilat da
benzer bir dagilim gostermektedir. Tablo 1 hatlarin aylara gore
sefer sayilarini gostermektedir (DUAP, 2023).

Tablo 1. Aylara gore sefer sayilari

n %
Ocak 525 8,1
Subat 463 7,2
Mart 581 9,0
Nisan 574 8,9
May1s 617 9,5
Haziran 616 9,5
Temmuz 518 8,0
Agustos 531 8,2
Eyliil 523 8,1
Ekim 513 7,9
Kasim 498 7,7
Aralik 516 8,0

Tablo 1, Diyarbakir ilinde 01.07.2022 ile 01.07.2023
tarihleri arasinda diizenlenen aylik sefer sayisini ve bu
sefer toplam  sefer
gostermektedir. Analiz edildiginde, bu bir yillik dénemde
toplam 6,484 sefer diizenlendigi gorilmektedir. Aylik
ortalama sefer sayis1 540,33 olarak hesaplanmstir.

sayllarmln sayisina oranini

Mayis ve Haziran aylari, her biri %9,5 oraninda ve
sirasiyla 617 ve 616 sefer ile en yogun aylar olarak 6ne
cikmaktadir. Diger yandan, Subat ay1 463 sefer ve %7,2
oranl ile en sessiz ay olarak dikkat ¢cekmektedir.
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Yaz aylarinda (Haziran, Temmuz, Agustos) toplam 1,663
sefer diizenlenmistir. Kis aylarinda (Aralik, Ocak, Subat)
ise toplam 1504 sefer diizenlenmistir. Bu durum, yaz
aylarinda kis aylarina gore daha fazla
diizenlendigini gosterir. Tablo 2 kart tipine gére kullanim

sefer
oranlarini gostermektedir.

Tablo 2. Yolculuk icin kullanilan kart tipine gore sefer
say1s1

n %

Ucretsiz 1555 24,0
Tamkart 900 13,9
Ogrenci 897 13,9
Indirimli 890 13,7
Kt 230 789 12,2
Sinirh Ucretsiz Kt49 766 11,8
Emv 295 4,6
Adliye Personel 271 4,2
Diger 112 1,7
Diger:

e 2 Binislik UL Kart

e Siiriicii Harcama(ilge Araglar1)

e Stricii_Harcama_Karti

e Adliye 500 TL

e KT O

e Belediye Bonuslu Siiriicii Kart1 1.50 TL

e BAYIi KARTI

o Aylik belirli sayida binis hk.

e KT 32
Tablo 2, Diyarbakir ilinde 01.07.2022 ile 01.07.2023
tarihleri arasinda yolculuk i¢in kullanilan kart tipine gore
kullanim sayisini ve bu kullanim sayilarinin toplam
kullanim sayisina oranini géstermektedir.
Ucretsiz kart tipi, 1555 sefer ile en yiiksek sefer sayisina
sahiptir ve toplam %24,0"1n1
olusturmaktadir. Bu, tlicretsiz kart tipinin olduk¢a yaygin

sefer  sayisinin
olarak kullanildigini gostermektedir.
Tamkart ve Ogrenci kart tipleri, sirasiyla 900 ve 897
sefer ile diger yiliksek sefer sayilarina sahip Kkart
tipleridir. Bu kart tipleri toplam sefer sayisinin sirasiyla
%13,9 ve %13,9’unu olusturmaktadir.

Diger kart tipi, 112 sefer ile en diisiik sefer sayisina
sahiptir ve toplam sefer sayisinin = %1,7’sini
olusturmaktadir. Bu kart tipi altinda 2 Binislik UL Kart,
Striich Harcama (ilge Araglar), Siirticii_Harcama_Karti,
Adliye 500 TL, KT_0, Belediye Bonuslu Siiriicii Kart1 1.50
TL, BAYI KARTI ve Aylk belirli sayida binis hk. gibi cesitli
alt kategoriler bulunmaktadir. Tablo 3 kart tipine gore
yolcu sayisi ve hasilat oranlarini gdstermektedir.

Tablo 3, Diyarbakir ilinde 01.07.2022 ile 01.07.2023
tarihleri arasinda diizenlenen sefer basina yolcu sayisi ve
bu yolcu sayilarinin getirdigi hasilati gostermektedir.
Normal binisler, toplam 25568179 adet binis ve
118375461 TL hasilat ile en biiyiik paya sahiptir. Bu,
toplam yolcu sayisinin %63,1'ini ve toplam hasilatin
%78,8’'ini olusturmaktadir. Ardisik binisler, toplam

5258750 adet binis ve 29520550 TL hasilat ile ikinci en
biiyiik paya sahiptir. Bu, toplam yolcu sayisinin %13,0’ini
ve toplam hasilatin %19,6’s1n1 olusturmaktadir.

Ucretsiz binisler, toplam 8297581 adet binis ile ti¢linci
en biiylik paya sahiptir. Bu, toplam yolcu sayisinin
%20,5'ini olusturmaktadir. Aktarma binisler, toplam
1134545 adet binis ve 2446734 TL hasilat ile doérdiincii
en biiylik paya sahiptir. Bu, toplam yolcu sayisinin
%2,8'ini ve toplam hasilatin %1,6’sin1 olusturmaktadir.
Abonman binisler, toplam 211111 adet binis ve 17993 TL
hasilat ile en diisiik paya sahiptir. Bu, toplam yolcu
sayisinin -~ %0,5’ini  ve toplam hasilatin  %0,01'ini
olusturmaktadir. Tablo 4 yolcularin kullandig1 kart tipi
dagilimini gostermektedir.

Tablo 3. Yolcu sayisi istatistikleri ve hasilat oranlari

Tim Hatlar i¢in Hasilat TL
Toplan Kullanilan
Sefer Sayisi

Normal Binis Adet 6475 25568179
Normal Binis Tutar 6475 118375461
Ardisik Binis Adet 6475 5258750
Ardisik Binis Tutar 6475 29520550
Ucretsiz Binis Adet 6475 8297581
Aktarma Binis Adet 6475 1134545
Aktarma Binis Tutar 6475 2446734
Abonman Binis Adet 6475 211111
Abonman Binis Tutar 6475 17993
ii’;il Toplam Binis 6475 40470170
%el'tl:rl Toplam Binis 6475 150360738

Tablo 4, Diyarbakir ilinde 01.07.2022 ile 01.07.2023
tarihleri arasinda aylara gore yolcularin kullandig kart
tipi dagilimini gdstermektedir. Ucretsiz kart kullanimi
tlim aylarda en yliksek orana sahiptir. Ocak ve Agustos
aylarinda tcretsiz kart kullanim oram %25,6 ile en
yiksektir. Mart ayinda ise %22,5 ile en dusiiktiir.
Tamkart, Ogrenci ve Indirimli Kart Kullammi: TamkKart,
Ogrenci ve Indirimli kart kullanim oranlar1 birbirine
olduk¢a yakindir. Bu kart tiplerinin kullanim oranlar1
tim aylarda %13 ile %15 arasinda degismektedir.
Kt_230 ve Sinmirh Ucretsiz Kt49 Kart Kullanimi: Kt_230 ve
Sinirlt Ucretsiz Kt49 kart kullanim oranlar da birbirine
oldukc¢a yakindir. Bu kart tiplerinin kullanim oranlari
tiim aylarda %10 ile %13 arasinda degismektedir. Emv
kart kullanimi Mart, Nisan ve Mayis aylarinda %10 ile
%13 arasinda bir orana sahiptir. Ancak diger aylarda
kullanim orami %0'dir. Adliye Personel kart kullanim
orani tiim aylarda %2 ile %5 arasinda degismektedir.
Diger kart kullanimi ise Mart, Nisan, Mayis ve Kasim
aylarinda %0,3 ile %1,9 arasinda bir orana sahiptir. Ki
Kare testi, kart tipi kullanim oranlarinin aylar arasinda
anlamh bir farklilik gosterip gostermedigini test etmek
icin kullanilmistir.
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Tablo 4. Aylara gore yolcularin kullandigi kart tipi dagilimi

Ucretsiz  Tamkart Ogrenci Indirimli Kt_230 Kt_49 Emv Adliye Diger
Ocak 25,5 14,7 14,5 14,5 12,8 12,8 0,0 4,8 0,6
Subat 25,3 15,8 15,8 15,1 11,7 11,0 2,2 2,8 0,4
Mart 22,5 13,4 13,4 13,4 11,5 11,7 10,2 3,4 0,3
Nisan 22,3 13,4 13,4 13,2 11,7 11,0 10,5 4,2 0,3
Mayi1s 21,6 13,1 13,3 13,3 11,5 10,2 12,5 3,9 0,6
Haziran 21,1 13,3 13,3 13,1 11,0 10,2 13,0 3,6 1,3
Temmuz 24,3 14,1 13,5 13,5 11,6 12,4 1,7 4,6 4,2
Agustos 25,6 13,6 13,6 13,6 12,6 12,6 0,0 4,5 4,0
Eyliil 25,2 13,6 13,6 13,6 12,8 11,9 0,0 4,6 4,8
Ekim 25,0 14,0 14,0 13,8 13,3 13,1 0,0 4,9 1,9
Kasim 25,3 14,3 14,3 14,3 13,5 12,9 0,0 4,0 1,6
Aralik 26,0 14,1 14,1 14,0 12,8 13,0 0,0 5,0 1,0

Ki Kare test sonucu 540,335 ve P degeri 0,000 olarak
bulunmustur. Bu, kart tipi kullanim oranlarinin aylar
arasinda farklilk gosterdigini ifade
etmektedir. Ek Tablo 5 hatlarin aylik olarak tasidig1 yolcu
sayilarini gdstermektedir.

Ek Tablo 5'e gore, her aymn en yogun kullanilan hatlari
siralanmistir. Bu hatlar, genellikle sehrin en 6nemli

anlamli  bir

bolgelerinden gecen, yogun trafige sahip bdlgeleri
kapsayan veya ¢ok sayida durak iceren hatlardir.

3.1. Ocak

En yogun hatlar: A3, A7, E1, AZ, A1, CE2, E2, Z1, E8, C5.
Ocak ayinda, A3 ve A7 hatlar1 d6ne c¢ikiyor. Bu, kis
aylarinda bu hatlarin yogun kullanildigini gésterir. Sehir
merkezine veya Onemli noktalara ulasim saglayan bu
hatlar, kis aylarinda insanlarin daha fazla toplu tasima
kullanmasina neden olabilir.

3.2. Subat

En yogun hatlar: A7, C5,Z1, E2, A3, AZ, A1, CE2, E1, Z6.
Subat ayinda da A7 hatt1 6ne cikiyor. By, kis aylarinda bu
hattin popiilerliginin devam ettigini gosterir. Subat
ayinda C5 ve Z1 hatlar1 da yogun kullaniliyor, bu da bu
hatlarin 6nemli bir ulasim alternatifi oldugunu gosterir.
3.3.Mart

En yogun hatlar: A7, A3, AZ, E1, C5, A1, CE2, Z1, E8, Z5.
Mart ayinda A7 ve A3 hatlar1 yine 6ne gikiyor. Bu, bu
hatlarin bahar aylarinda da popiiler oldugunu gosterir.
Mart ayinda Z5 hattimin da yogun kullanildigini
goriiyoruz, bu da bu hattin énemli bir ulasim alternatifi
oldugunu gosterir.

3.4. Nisan

En yogun hatlar: A3, A7, AZ,E1, A1, CE2, E2, E8, Z1, B8.
Nisan ayinda A3 ve A7 hatlari yine 6ne ¢ikiyor. Bu, bahar
aylarinda bu hatlarin popiilerliginin devam ettigini
gosterir. Nisan ayinda B8 hattinin da yogun kullanildigin
goriiyoruz, bu da bu hattin 6nemli bir ulasim alternatifi
oldugunu gosterir.

3.5. Mayis

En yogun hatlar: AZ, A7, E1, A1, CEZ, E8, Z5, A2, A3, B8.
Mayis ayinda AZ hatt1 en dne ¢ikiyor. Bu, ilkbahar ve yaz
aylarinin basinda bu hattin popilerliginin arttigim
gosterir. A2 ve B8 hatlar1 da yogun kullaniliyor, bu da bu
hatlarin 6nemli bir ulagim alternatifi oldugunu gosterir.

3.6. Haziran

En yogun hatlar: A3, E1, A1, CE2, E8, Z5, AZ, A7, A2, B8.
Haziran ayinda, A3 ve E1 hatlar1 6ne cikiyor. Bu, yaz
aylarinin baslangicinda bu hatlarin yogun kullanildigini
gosterir. A3, E1 ve Al hatlar1 sehir merkezine veya
onemli noktalara ulasim sagladig i¢in, yaz aylarinda bu
hatlar tizerindeki yogunluk artabilir.

3.7. Temmuz

Enyogun hatlar: A3, E1, AZ, A1, E8, Z5, B8, A7, A2, C5.
Temmuz ayinda, A3 ve E1 hatlar1 yine en yogun hatlar
arasinda yer aliyor. Yaz aylarinda sehir ici ulasimin daha
yogun oldugu goriiliyor. A1, AZ ve E8 hatlar1 da dnemli
bir rol oynuyor.

3.8. Agustos

En yogun hatlar: A3, AZ, E1, A1, E8, Z5, A7, B8, A2, C5.
Agustos ayinda, A3 ve AZ hatlar1 6ne c¢ikiyor. Yaz
aylarinda bu hatlarin yogun kullanilmasi, insanlarin tatil
donemlerinde sehir icinde daha fazla seyahat ettigini
gosterir. E8 ve Z5 hatlar1 da yogun kullanilan hatlar
arasinda yer aliyor.

3.9. Eyliil

En yogun hatlar: A3, A7, E1, AZ, A1, E8, 71, Z5, B8, C5.
Eylil ayinda, A3 ve A7 hatlar1 yine en yogun hatlar
arasinda yer aliyor. Yaz aylarinin sona ermesiyle birlikte,
sehir ici ulasimin hala yogun oldugu goriiliiyor. E1, AZ ve
A1 hatlar1 da 6nemli bir rol oynuyor.

3.10. EKim

En yogun hatlar: A7, A3, AZ, E1, A1, E8, Z1, Z5, B8, C5.
Ekim ayinda, A7 ve A3 hatlar1 en yogun hatlar arasinda
yer aliyor. Sonbaharin baslangicinda bu hatlarin yogun
kullanilmasi, insanlarin hava kosullar1 nedeniyle daha
fazla toplu tasima kullanmaya basladigini gosterir. E1, AZ
ve A1 hatlar1 da 6énemli bir rol oynuyor.

3.11. Kasim

En yogun hatlar: A7, A3, AZ, E1, A1, E8, Z1, C5, Z5, B8.
Kasim ayinda, A7 ve A3 hatlar1 yine en yogun hatlar
arasinda yer aliyor. Sonbaharin devaminda bu hatlarin
yogun kullanilmasi, insanlarin soguk hava kosullarinda
daha fazla toplu tasima kullanmaya devam ettigini
gosterir. E1, AZ ve A1 hatlar1 da 6nemli bir rol oynuyor.
3.12. Aralik

En yogun hatlar: A7, A3, AZ, E1, A1, CE2, E8, Z5, C5, Z1.
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Aralik ayinda, A7 ve A3 hatlar1 yine en yogun hatlar
arasinda yer aliyor. Kis aylarimin baslangicinda bu
hatlarin yogun kullanilmasi, insanlarin soguk hava
kosullarinda daha fazla toplu tagima kullanmaya devam
ettigini gosterir. E1, AZ ve A1l hatlar1 da 6nemli bir rol
oynuyor.

Calismada goriildiigii lizere bir hat icin ortalama talep
cok yiiksek olabilmektedir. Fakat bu hatta ait talep yilin
farkli aylarinda ve mevsimlerinde biiylik dalgalanmalar
olusturuyorsa, bu giizergahta insa edilecek yeni bir
otobilis hatti yatirimi yilin bazi donemlerinde, isletme
maliyetinden daha diisiik bir maliyetle ¢alismasin neden
olabilir (Ozuysal, ve ark.,, 2011). Aylara gore daha dengeli
bir dagilim i¢in belirlenebilecek politikalar, verimligi en
etkin kilacak ve iilke ekonomisine biiyiik oranda katki
saglayacaktir.

4. Sonug¢

Calisma sonuglar: incelendiginde, belli giizergahlarda ve
belli aylarda yolcu sayisi olctide fazlalik
gostermistir. Bu artisla beraber belirli zamanlarda trafik

Oonemli

yogunlugu asir1 artmis ve otobiisle seyahat elverisliligini

yitirmistir. Bu sonuglar 1s18inda bir dizi 6nlemler

alinmasi ve iyilestirmelerin yapilmasi kag¢inilmaz bir son

olmustur. Bunun i¢in alinabilecek 6nlemler su sekilde

siralanabilir:

e Sefer sayisimin  dagimina bakildiginda, bazi

hatlarda ¢ok daha fazla sefer diizenlendigi, bazi

hatlarda ise olduk¢a az sefer diizenlendigi
goriilmektedir. Bu durum, hatlardaki talep
yogunlugunun farklhilik gésterdigini ve bazi hatlarda
sefer  sayisinin gerekebilecegini
gostermektedir.

e A3, A7, AZ, E1 ve Al hatlart sehir i¢i ulasimda

siirekli olarak yogun kullanilan hatlardir. Bu hatlar

artirilmasi

sehir merkezi ve dnemli noktalara ulasim sagladigi
icin, y11 boyunca yogun kullanilmaktadir. Bu yogun
dolay1 belirtilen hat
glizergahina ek otobiis seferleri ve bu hatlar
rahatlatacak yeni glizergahlar-seferler eklenmelidir.

kullanimdan yukarida

e Aylik toplam binis sayilarina bakildiginda, en yogun
kullanimin kis aylarinda oldugunu goérmekteyiz.
Bunun baslica sebepleri; yagish havalarda toplu
ulasim ile seyahat ve tiniversite 6grencilerinin sinav
donemlerinin olmasidir. Bu analiz verisine gore kis
aylarinda ek
rahatlatilmalhdir.

seferler ile yolcularin ulasimi
e Aylitoplam binis sayilarina bakildiginda, en sakin

aylarin ise yaz aylarinda oldugu goriilmektedir.
baslica sebepleri; glinesli havalarda
vatandaglarin yaya ulasimini
tiniversitenin kapali olmasinda kaynaklanmaktadir.
Bu analiz sonucuna gore seferlerin azaltilmasi

ekonomik trafik  yogunlugunun

Bunun
kullanmalar1 ve

tasarruf ve
azaltilmasi noktasinda faydali olacaktir.
e Emv binisleri yani kredi karti ile temassiz seyahatin

oranlarina  bakildiginda ¢ok diisik kaldig

goriilmektedir. Bu analiz sonucuna gore yerel
yonetimlerinin bu hususu reklam ve afislerle
vatandaslara olacagi
diisiiniilmektedir.

tanitmasinin onemli

Katki Orani Beyani
Yazar(lar)in katki ytlizdesi asagida verilmistir. Tim
yazarlar makaleyi incelemis ve onaylamistir.

M.Y.C. H.B.T.
K 90 10
T 100
Y 100

VTI 100

VAY 100

KT 80 20
YZ 80 20
KI 80 20
GR 80 20
PY 80 20
FA 80 20

K= kavram, T= tasarim, Y= yonetim, VTI= veri toplama ve/veya
isleme, VAY= veri analizi ve/veya yorumlama, KT= kaynak
tarama, YZ= Yazim, KI= kritik inceleme, GR= gonderim ve
revizyon, PY= proje yonetimi, FA= fon alimu.

Catisma Beyani
Yazarlar bu c¢alismada hig¢bir ¢ikar iliskisi olmadigini
beyan etmektedirler.

Etik Onay Beyani
Bu arastirmada hayvanlar ve insanlar tizerinde herhangi
etik  kurul onay1

bir c¢alisma yapilmadigi igin

alinmamistir.

Destek ve Tesekkiir Beyam
Makale verileri Diyarbakir Biiyiiksehir Belediyesinden
alinmustir.
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Ozet: Cografi isaretler sadece bir tirtiniin kokenini belirtmekle kalmayip ayni1 zamanda iiriiniin kalitesi, liretim yontemleri ve kiiltiirel
baglami hakkinda dnemli bilgiler de sunmaktadir. Bu noktada, Tiirkiye'de cografi isaretlerin tescili ve yonetimi konusunda 6nemli bir
role sahip olan Tiirkiye Odalar Borsalar Birligi (TOBB), iilkenin zengin kiiltiirel ve dogal mirasinin korunmasi ve ekonomik degerinin
artirilmasi noktasinda stratejik bir konumda bulunmaktadir. TOBB’un, Tiirkiye genelindeki odalar ve borsalarin ¢at1 kurulusu olarak,
cografi isaretlerin tanimlanmasi, tescili, korunmasi ve yonetimi gibi konularda ¢esitli sorumluluklar tstlendigi goriilmektedir. Bu
calisma tli¢ ana bolimden olusmustur; ilk bolimde cografi isaretler kavramina dair kapsaml bir literatiir taramasi yapilms, ikinci
boéliimde, 1 Ocak 2024 tarihine kadar cografi isaret bagvurusunda bulunan ve tescil alan kurum ve kuruluslar genel bir bakis agisiyla
incelenmis ve TOBB’un bu siirecteki rolii detaylandirilmistir. Son béliimde ise, TOBB biinyesinde cografi isaretli liriinlerin tanitimini ve
ekonomik degerini artiracak Cografi Isaretler Magazasi (CIM) adiyla bir yap1 olusturulmasi yoéniinde éneride bulunulmustur.
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The Role of Turkish Chambers and Commodity Exchanges in the Geographical Indication Process and

Geographical Indication Store Suggestion
Abstract: Geographical indications not only indicate the origin of a product, but also provide important information about the
product's quality, production methods and cultural context. At this point, the Union of Chambers and Commodity Exchanges of Tiirkiye
(TOBB), which has an important role in the registration and management of geographical indications in Tiirkiye, is in a strategic
position to protect the country's rich cultural and natural heritage and increase its economic value. It is seen that TOBB, as the
umbrella organization of the chambers and commodity exchanges across Tirkiye, undertakes various responsibilities in matters such
as the definition, registration, protection and management of geographical indications. This study consists of three main parts; In the
first part, a comprehensive literature review was made on the concept of geographical indications, and in the second part, the
institutions and organizations that applied for and registered geographical indications until January 1, 2024 were examined from a
general perspective and TOBB's role in this process was detailed. In the last section, a suggestion was made to create a structure called
Geographical Indications Store (CIM) within TOBB, which will increase the promotion and economic value of geographically indicated
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1. Giris

Cografi isaret; mense, mahre¢ veya geleneksel iiriin
isareti olarak tanimlanan ve tescil edilen énemli sinai
miilkiyet haklaridir. Kiiresel ekonominin hizla déniistiigii
bu doénemde, yerel fiiriinlerin kimliklerini koruma ve
onlara deger katma amaciyla kullanilan cografi isaretler;
Uriinlerin  kalitesini, 6zglnligini
tescilleyerek  bolgesel kalkinmayr destekler. Bu
calismada, Tiirkiye'deki cografi isaret tescilinin ve bu
alanda yapilan bagvurularin istatistiksel bir analizi
sunulmustur. Cografi isaret tesciline sahip kurum ve

kokenini  ve

kuruluslarin dagilimi, dzellikle cografi isaret siirecinde
TOBB’un durumu hakkinda detayl bir inceleme yapilmis;
bagvuru ve tescil siireglerinde 6ne ¢ikan egilimler, bu
siireglerin yerel ekonomilerle ve iiriin gesitliligine etkisi
degerlendirilmistir. Son boéliimde ise TOBB biinyesinde
cografi isaretli tiriinlerin tanitimini ve ekonomik degerini
artiracak bir platform olmasi tasarlanan cografi isaret
magazalar1 (CIM) hakkinda bilgi paylasilmistir.

Avrupa Birligi (AB) tarim politikasinda cografi isaretler,
yerel iriinlerin tanitimi ve korunmasi agisindan dnemli
bir rol oynar. Bu isaretler, belirli bir cografi bolgeyle
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iliskilendirilen ve bu bélgenin 6zgiin 6zelliklerini, tarihini
ve lretim yontemlerini yansitan driinleri tanimlar.
Cografi isaretler sayesinde tiiketicilere triinlerin kokeni
hakkinda giivenilir bilgiler
saglanirken, ireticilere de iriinlerinin 6zgiinligiini ve

ve lretim metotlar:

kalitesini koruyarak daha yiiksek gelir elde etme firsati
sunulur (Balaban, 2016).

Bu sistem, yerel iiretim tekniklerinin ve geleneklerin
korunmasina ve kiiltiirel mirasin yasatilmasina katkida
bulunmaktadir. Ayrica cografi isaretler sayesinde,
kaliteye odaklanarak rekabet giliglerini
artirabilir ve uluslararasi pazarlarda daha iyi bir konuma

ireticiler

abba,

W,
"s:”’ vE mn“:d‘
’vv“

gelebilirler. Boylelikle, AB'nin cografi isaret sistemi hem
yerel ekonomileri desteklemekte hem de tiiketiciler i¢in
kalite ve giivenilirlik anlamina gelmektedir (Marangoz ve
Akyildiz, 2006; Balaban, 2016).

Cografi isaret, farklihigini iretildigi bolgeden alan ve o
bolge ile 6zdeslesen flriinler olup mense, mahre¢ veya
geleneksel {iriin isareti olarak tescil edilen sinai miilkiyet
haklar1 olup yerel degerlerin siirdiirtilebilir bir sekilde
korunmasina, bu degerlerin  gelecek
aktarilmasina, bolge ve kirsal ekonominin gelismesine
yardimci olurlar (Karadas ve ark., 2023).

nesillere

Sekil 1. Tiirk patent ve marka kurumu cografi isaretler; mense, mahreg ve geleneksel tiriinler amblemleri.

Uriine katma deger saglayan cografi isaret bélgesel
kalkinma, Uriin kalitesinin korunmasi, iiretici gelirinin
artirilmasi, tiikketicilerin kalitesini ve kokenini bildikleri
drinleri tiiketebilmeleri agisindan 6nemlidir (Giiler ve
Saner, 2018). Cografi isaret, ayirt edici 6zelligi ile 6ne
cikan ve bulundugu bolge ile 6zdeslesen iirtinlere verilen
bir tescil siireci olup sadece tarim iriinleri ile sinirh
olmayip insan eliyle yapilan triinleri de kapsamaktadir.
Yani cografi isaretlerin kapsamina dogal irtnler, tarim,
maden, el sanatlar1 ve sanayi iriinleri de girebilmektedir
(Oraman, 2015). Avrupa Birligi (AB) 2081/92 sayili
tlziginin bir uyarlamast olan 555 sayih Kanun
Hiikmiinde Kararname (KHK), 6769 sayili Sinai Miilkiyet
Kanunu'nun 10 Ocak 2017 tarihinde yiiriirliige girmesi
ile cografi isaretlerle ilgili yeni bir doneme gecilmistir.
1995-2017 yillarina kadar mahre¢ ve mense tanimi
kullanilirken, 2017’de kabul edilen yeni kanunla beraber
bu tanmimlar mahreg, menge ve geleneksel tiriinler olmak
lzere ¢ kategoride (Sekil 1) degerlendirilmeye
baslanmistir (Anonim 1992; Anonim 2017).

6769 Sayili kanuna gore cografi isaret tescili i¢in, tirliniin
tek bir lireticisi olan gercgek veya tiizel kisilerin, tiiketici
derneklerinin, konu ve cografi yore ile ilgili kamu
kuruluslarinin basvuruda bulunabilecegi belirtilmistir.
Tiurk Patent ve Marka Kurumunun (TPMK) cografi
isaretlerle ilgili sayfasi incelendiginde hem gercek
kisilerin hem de tiizel kisilerin cografi isaret basvurulari
ve aldiklar tescilli idrinleri goriilmektedir (TPMK,
2024a).

Cografi isaret tescilinin temel amaci, Uriinlerin kalitesini
ve kokenini belirginlestirmek ve bu 6zelliklerin
sirdirilebilirligini saglamaktir. Tescil ayn1 zamanda,
yerel lreticilerin koruma altina alinan isimlerden
oncelikli olarak faydalanmalarini, triinlerin kalitesinin
korunmasim1 ve tiiketicilere giivenilir bilgi sunarak

bilingli tercih yapmalarina yardimci olacak bir rehber
olusturmay1 hedeflemektedir (Tanrikulu, 2007).

Cografi isaret tesciline sahip iriinler, tiiketicilerin
goziinde “ylksek Kkaliteli ve gilivenilir Urin” algis
yaratmaktadir. Bu durum, cografi isaret tescilli iiriinlerin
tescilsiz triinlere kiyasla daha pahali satilmasina karsin
tliketicilerin yine de cografi isaret tescilli iirtinleri tercih
etmelerine neden olmaktadir. Bu da tireticiler i¢in 6nemli
bir gelir artis1 saglamaktadir. Ayrica cografi
isaretlemenin kolektif bir hakki ifade etmesi; tretici
birliklerini daha aktif bir islerlige kavusturmakta, kiiglik
capl isletme olmanin dezavantajindan dolay iireticinin
pazar karsisinda gli¢siiz kalmasi engellenmekte ve ortak
pazarlama faaliyetleri sayesinde maliyetler ciddi oranda
azalmaktadir (Ozsoy, 2015).

Cografi isaret korumasi, tiliketiciler acisindan tescilli
iriine karsi prestij ve giliven saglayan; {reticiler
acisindan ise piyasadaki rakiplerinden farklilasmasina
aract olan bir mekanizma olarak islev gormektedir.
Cografi Isaretleme Sisteminin temel fonksiyonlar1 su
sekilde dzetlenebilir: Kéken Belirtme Fonksiyonu, Kalite
Fonksiyonu, Yatirim veya Reklam Fonksiyonu, Kiiltir
Koruma Fonksiyonlar1 (Rovamo, 2006; Bagade ve Metha,
2014).

Globallesen diinyada ticaretin tliketici merkezli kalite
gereksinimleri ve {riin talepleri artmakta; bu gibi
gelismeler, Avrupa ve Tiirkiye'deki o6zellikle tarim
sektoriinii yeni zorluklarla karsi karsiya birakmaktadir.
Degisimler sadece tarimsal pazari degil, ayni zamanda
kirsal alanlardaki yerel ekonomileri de etkilemektedir.
Bu nedenle, yerel ekonomileri canlandirmak ve
kiiresellesmenin olumsuz etkilerini, 6zellikle kii¢iik
isletmeler lizerindeki etkilerini en aza indirgemek igin
yeni stratejiler gelistirmek hayati 6nem tasimaktadir.
Cografi isaretin bu sorunlara yonelik gelistirilebilecek
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stratejiler arasinda  6nemli  bir roli
diistintiilmektedir (Kan ve Giilgubuk, 2008).

Cografi isaretin dnemini artiran faktorlerden bir digeri
ise icerdikleri anlam ve kiiresellesmeye karsi yerel
hareketleri tesvik ederek kirsal kalkinma araci olarak

oldugu

islev gormeleridir. Dolayisiyla cografi isaretlerin yerele
ve bdylece kirsal kalkinmaya sagladiklar1 avantajlar beg
ana baghk altinda siniflandirilabilir. Bunlar: Cografi
isaretler Uretici ve tiiketicileri haksiz rekabete Kkarsi
korur, cografi isaretler tiiketiciyi yonlendirir, Kkaliteli
beslenmesini saglar, cografi isaretler katma deger ve
istihdam yaratir, cografi isaretler gercek kirsal kalkinma
araclaridir, cografi isaretler turizmi gelistirir (Rangnekar,
2004; Kop ve ark., 2006; Kan, 2007; Tekelioglu, 2019).

Kolektif iiretim, dogasi geregi isbirlik¢ci bir yonetim
yapisini gerektirir; bu da cografi isarete sahip tedarik
zincirlerinin belirli organizasyonel giiclendirmelere
ihtiya¢ duydugunu gosterir. Cografi isaret kullanacak
dretici siniflarin  belirlenmesi, {irtin kalitesi, lretim
asamalarini denetleyecek kurumlarin kurulmasi ve
cografi isaretlerin yetkisiz kisiler tarafindan veya kotiiye
edebilecek
otoritelerin tahsis edilmesi 6nemlidir. Daha etkili ve etik

kullanilmast  durumlarinda  miidahale
bir cografi isaret kullanimini saglamak i¢in daha 6zgiin ve
uyarlanabilir bir platform {izerinde durulmahdir. Bu
platform; teknolojik uygulamalariyla birlikte gelismeyi,
iretici siniflar arasinda siirekli iyilesme kiltiiriini tesvik
etmeyi ve cografi isaret kullaniminin seffaf ve sorumlu
olmasini desteklemeyi icermektedir. Ayrica standartlara
uyumu tesvik etmek ve kétiiye kullanimi caydirmak igin
tesvikler ve cezalar sistemi olusturulabilir (Gokovall,
2007).

2. Cografi Isaret Siirecinde Ulkemizdeki
Kurumlarin Durumu

2024 y1li Ocak ayina kadar TPMK'nin cografi isaret tescili
almis olan turiinleri incelendiginde toplamda 1493 farkh
kurum ve kurulus ile 9 gercek veya tiizel kisiye ait
drinlerin bu tescili aldig1 goriilmektedir. Bu tescillerin
icerisinde 1119 tanesi (%74,5) mahrec isareti, 377 tanesi
(%25,1) mense isareti ve sadece 6 tanesi (%0,4)
geleneksel iirtin kategorisinde yer almaktadir (Sekil 2).
Bu dagilimda, mahrec isaretli triinler en yiiksek paya
sahipken geleneksel irtnlerin en disiik payr aldig
goriilmektedir. Geleneksel iiriinlerin bu kadar az tescile
sahip olmasinin nedeni, bu tanimin 2017 yilinda
yurirlige giren 6769 Sayili Sinai Miilkiyet Kanunu ile
getirilmis olmasindan kaynaklanmaktadir.

Sekil 3 incelendiginde, Tiirkiye'deki yoresel ve/veya
kiiltiirel tUriinleri en fazla tescil eden sehir 102 {iriinle
Gaziantep'tir. Bu ili sirasiyla 72 tescille Konya, 50 tescille
ile Diyarbakir, 48 tescille ile Afyonkarahisar, 47 tescille
Sanhurfa ve 46 tescille Malatya takip etmektedir.
Tirkiye'nin tiim illerinin en az birden fazla cografi isarete
sahip oldugu goriilmektedir. Bu durum, Tiirkiye'nin
cografi isaret agisindan ne kadar zengin bir gesitlilige
sahip oldugunu ¢ok daha net g6z dniine sermektedir.

Tescilli Cografi isaret Dagilimi

Geleneksel
Uriinler; 6; 0,40%

Mahreg; 1119;
74,50%

Sekil 2. 01.01.2024 tarihine kadar tescil edilmis
driinlerin cografi isaret dagilimi.
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Sekil 3. Cografi isaret tescil sayilarinin il bazinda
gosterilmesi.

Cografi isaret tescili alan kurumlar arasinda yapilan
detayli incelemede (Sekil 4), TOBB'un 582 tescille en
fazla cografi isarete sahip kurulus konumunda oldugu
gorilmektedir. Bunu 548 tescille belediyeler takip
etmektedir. Bakanliklar 88 tescille li¢lincii sirada yer
alirken, birlikler 55 ve kaymakamliklar 54 tescille
dérdiincii ve besinci sirayr paylasmaktadir. Ayrica
vakiflar 37, ziraat odalar1 36, dernekler 23, valilikler 22
ve kooperatifler 21 tescille diger énemli cografi isaret
sahipleri arasinda bulunmaktadir (TPMK, 2024a). Bu
dagilim, TOBB'un cografi isaretlerin korunmasi ve
gelistirilmesi konusunda ne kadar o6nemli bir rol
oynadigini  gostermektedir. Ayrica belediyeler ve
bakanliklar gibi yerel ve merkezi yonetim organlarinin da
bu alanda aktif oldugunu ve cografi isaretlerin gelisimine
katkida bulunduklarini ortaya koymaktadir.

Asagida Sekil 4’te cografi isaret teciline sahip kurum ve
kuruluslar, Sekil 5’de ise cografi isaret bagvurusu yapmis
kurum ve kuruluslar verilmistir.

01.01.2024 tarihine kadar olan mevcut cografi isaret
basvurulart incelendiginde ise Belediyeler 235 adet,
TOBB 129 adet, Bakanliklar (Milli Egitim Midiirlikleri,
Turizm Il Miidiirliikleri, Tarim ve Orman il Midiirliikleri)
69 adet, Valilikler 61 adet, Kaymakamliklar 21 adet,
Birlikler 17 adet, Universiteler 14 adet, Dernekler 12,
Ziraat Odalar1 10 adet basvuru yapmistir (Sekil 5)
(TPMK, 2024b).
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Cograf lgaret Teaci Sahipler

10mn W

Sekil 4. Cografi
kuruluslar.

isaret tesciline sahip kurum ve

Kurumlarin tescillenmis ve bagvuru asamasindaki cografi
isaretli triin sayilarina bakildiginda (Sekil 6) belediyeler
ve TOBB’un 6n plana ¢iktig1 gériilmektedir. TOBB hala
biinyesinde en fazla tescilli iiriine sahip kurum olurken

belediyeler basvuru sayis1 agisindan en oOnde yer

Cofdrafi gacet Dagvuru Sabiplert
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Sekil -5: 01.01.2024 Tarihine Kadar Cografi Isaret
Basvurusu Yapmis Kurumlar.

almaktadir. Bu iki kurumun toplam basvuru ve tescilli
cografi isaretli liriin sayilar1 toplam basvuru ve tescilli
driin sayllarinin  yaklasik olarak %70’lik  kismini
olusturmaktadir.
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Sekil 6. Tescillenmis ve bagvuru asamasinda olan cografi isaretlerin kurumlar bazinda dagilimlari.

3. Cografi Isaret Siirecinde Tiirkiye Odalar

ve Borsalar Birliginin Rolii

TOBB, Tiirkiye genelindeki odalar1 ve borsalar1 bir araya
getiren, 5174 Sayih Tiirkiye Odalar ve Borsalar Birligi ile
Odalar ve Borsalar Kanunu ile gérevlerini ytiriiten bir ¢ati
kurulus (Anonim, 2004) olup iilkedeki ticaret ve sanayi
faaliyetlerini destekleyerek ekonomik kalkinmayi tesvik
etmektedir. Cografi isaretlerle ilgili olarak TOBB'un
onemi blyiiktir, ¢linkii bu isaretler, lilkedeki cesitli
bolgelerin  6zglin  Uriinlerinin  korunmasina ve
pazarlanmasina yardimci olmaktadir. TOBB, odalar ve

borsalar arasinda koordinasyonu saglamak, cografi

isaretleri etkin bir sekilde yonetmek ve korumak, tilke
ekonomisine katki saglamak yoluyla Tiirkiye'nin kiiltiirel
ve ekonomik zenginligine strdiriilebilir bir yaklasim
sunmaktadir.

Ayrica TOBB'un iilke genelindeki odalar ve borsalar
arasinda iletisimi giiclendirmesi ve bilgi paylasimini
tesvik etmesi, cografi isaretlerin daha etkin bir sekilde
kullanilmasina imkan saglamaktadir. Bu sayede, cografi
isaretli triinlerin ekonomik degeri artmakta ve iilkedeki
yerel tireticilerin rekabet avantaji elde etmeleri miimkiin
olmaktadir.

Oda ve borsalarin sahip oldugu tescillenmis cografi
isaretler incelendiginde, en fazla 438 adet fliriin ile
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mahreg isareti bulundugu, bunu sirasiyla 129 adet iiriinle
mengse isareti ve 3 adet geleneksel {iriin adinin takip
ettigi goriilmektedir. Basvuru asamasinda ise bu durum
su sekildedir: Ticaret ve sanayi odalar1 77 adet, borsalar
29 adet ve ticaret odalar1 ise 22 adet basvuru yapmistir.
Son olarak, geleneksel iirtin kategorisinde ise basvuru
sayist birdir. TPMK veri tabaninda, cografi isaret
basvurularinin mense veya mahrec isareti olup olmadigi
gosterilmedigi icin degerlendirme kurum adi lizerinden
yapilmak zorunda kalmistir. 02.05.2023 tarihinde TOBB,
"Tirk Kahvesi" i¢cin TPMK'ye geleneksel
kategorisinde dogrudan basvuru yapmistir. Bu basvuru,
TOBB'un kendi
basvurusunu yaptig1 yegane bir tiriin durumundadir.

Oda ve borsalarin mevcut tescilli cografi isaretleri

driinler

basina bir driin i¢in dogrudan

incelendiginde (Sekil 7) en fazla tescile sahip olan kurum
Diyarbakir Ticaret ve Sanayi Odasi olup toplamda 49 adet
cografi isaretli liriine sahiptir. Erzurum Ticaret Borsasi,
43 adet cografi isaret ile ikinci siradadir. Ugiincii siray
ise 28 adet cografi isaret ile Sanlhurfa Ticaret ve Sanayi
Odas1 almaktadir. TOBB biinyesindeki yapilar icinde
Ticaret ve Sanayi Odalarinin iilke genelinde cografi
isaretli iirtinlerin tescilinde 6nemli bir katk:i sagladigina
dair mevcut bulgunun Ticaret ve Sanayi Odalarinin hem il
genelinde hem de ilgelerde hizmet veriyor olmalarindan
kaynaklandigi degerlendirilmektedir. Ornegin, Milas
Ticaret ve Sanayi Odasi'nin (Mugla iline bagh bir ilge) 11
adet tescilli cografi isaretli triine sahip olmasi, bu
durumu daha net bir sekilde ortaya koymaktadir (TPMK,
2024a).

W

Sekil 7: Oda ve borsalarin sahip oldugu tescilli cografi isaretli iiriin sayisi.

4. Sonug ve Oneriler

Cografi Isaretler Magazas1 onerisi, TOBB liderligindeki
bir is birligi modeliyle, yerel tireticilerin gliclenmesini,
cografi isaretlerin daha etkili bir sekilde kullanilmasini ve
ilkemizin kiiltiirel mirasinin siirdiiriilebilir bir sekilde
korunmasini saglamaya yonelik olarak getirilmistir. Bu
baglamda CIM, tiim illerinin geleneksel ve 6zgiin
irinlerini bir araya getirerek cografi isaretle tescillenmis
driinleri tanitmak ve pazar sanslarini arttirmak amaci ile
basta Istanbul,
biiyiiksehirlerde agilmasi  planlanan bir konsept
platformdur. CIM cografi isaretlerle korunan ve belirli bir

Ankara ve Izmir olmak iizere

cografi bolgeye 6zgii niteliklere sahip tarim triinleri, el
sanatlari, yoresel
icerecektir.

TOBB, CiM’de yer alacak cografi isaret tescilli {iriinlerin
yonetimini optimize etmek ve ireticilere etkili destek
saglamak lizere stratejik bir model benimseyecektir. Bu
cercevede, Oda ve Borsalar, cografi isaret tescilli iiriinleri
ireten firmalarla sozlesmeler imzalayarak, bu firmalara
kullanim hakki taniyan bir protokol olusturacaklardir.

lezzetleri ve benzeri iriinleri

S6z konusu protokoller, cografi isaret tescilli triinlerin
iretimine dair belirlenen standartlari, kalite kriterlerini
ve diger spesifikasyonlar1 icerecektir. Belirlenen sartlar,
cografi isaret tesciline uygunlugu denetlemek ve
drlinlerin kalitesini glivence altina almak iizere titiz bir
denetim siirecini igerecektir. Oda ve Borsalar, bu siirecte
dretici firmalara destek olmak ve denetim siireglerini
etkin bir bicimde ydnetmek adina kalite kontrol
analizlerini gerceklestirecek 6zel komisyonlar ve ekipler
kuracaklardir. Bu analizler; triinlerin fiziksel, kimyasal
ve organoleptik o6zelliklerini objektif bir sekilde ele
alarak cografi isaret tescil siirecinde tanimlanmis tiretim
standartlarina ve Tiirk Gida Kodeksinin belirlemis oldugu
mevzuatlara uygunlugunu degerlendirecektir. Elde edilen
paylasilacak ve geri
stirekli

veriler, TUretici firmalarla

bildirimlerle  iretim  siiregleri olarak

iyilestirilecektir. Bu siireg, cografi isaretli iriinlerin
stirdiiriilebilir kalitesini ve ayirt ediciligini korurken ayni
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degere sahip olmasi ireticilerin bu magazalara iriin
verme konusunda daha istekli olmalarim tesvik
edecektir. Yiiksek kaliteli tiriinler ve cografi isaret tescili,
ireticilerin marka degerini artirarak yerel ekonomilere
ve kiiltlirel mirasa katki saglamalarini destekleyecektir.
Bu da CiM'lerin hem tiiketiciler hem de iireticiler icin
o6nemli bir ticaret platformu olmasini saglayacaktir.
Uretici firmalarin iiriinleri, kalite kontrol ve cografi isaret
uygunlugu analizlerini basariyla tamamladiktan sonra,
CiM'lerde satisa sunulacaktir. Bu iiriinler, daha yiiksek
katma degerli ve 6zglin niteliklere sahip olacak, bu da
yerel iireticileri CiM'lere iiriin sunma konusunda daha
fazla tesvik edecektir. Bu stratejik model, cografi isaretli
triinlerin toplumdaki gida giivenligi olgusuna farkl bir
bakis acis1 getirmek, yerel ekonomilere katma deger
kazandirmak ve tiiketicilere nitelikli ve cesitli triinler
sunmak amaciyla uygulanacaktir.

Son olarak, CiM'ler, ayn1 zamanda dijital pazarlarda da
varlik gostererek online satis kanallariyla tiiketicilere
ulasacak ve cografi isaretli iirtinleri daha genis bir kitleye
tanitacak inovatif yontemlere onciiliik edecektir. Boylece,
yerel lreticiler sadece fiziki mekanlarda degil, aym
zamanda dijital pazarlarda da tiiketici katmanlariyla
bulusabileceklerdir.

Katki Oran1 Beyani
Yazar(lar)in katki yiizdesi asagida verilmistir. Tim
yazarlar makaleyi incelemis ve onaylamistir.

T.Y. K.S.D T.A.
K 50 25 25
T 100
Y 50 25 25
VTI 80 10 10
VAY 100
KT 50 50
YZ 50 25 25
KI 20 40 40
GR 40 30 30
PY 40 30 30
FA 40 30 30

K= kavram, T= tasarim, Y= yonetim, VTI= veri toplama ve/veya
isleme, VAY= veri analizi ve/veya yorumlama, KT= kaynak
tarama, YZ= Yazim, KI= kritik inceleme, GR= gonderim ve
revizyon, PY= proje yonetimi, FA= fon alimu.

Catisma Beyani
Yazarlar bu c¢alismada higbir ¢ikar iligkisi olmadigim
beyan etmektedirler.

Etik Onay Beyam

Bu arastirmada hayvanlar ve insanlar iizerinde herhangi
bir g¢alisma yapilmadigi icin etik kurul onay:
alinmamuigtir.
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Sezik, 2002). In the last 30 years, orchids and the related
ecosystem have become more vulnerable to extinction,

1. Introduction
The Orchidaceae family ranks among the world's largest,

comprising more than 27,000 species (Zhang et al,
2018). Orchids are able to grow in diverse climates and
ecosystems, spanning from sea level to temperate and
tropical mountains (Oktalira et al., 2019; Steinfort et al,,
2010). Orchids have both terrestrial and epiphytic
growth habits and produce a large number of tiny seeds
(Pujasatria et al., 2020). Orchids hold a prominent place
in the list of endangered plant species in certain
countries like Tiirkiye (Le6n-Yanez et al., 2011; Qin et al,,
2017). Nevertheless, despite many orchid species being
familiar in biodiverse tropical countries, the number of
threatened orchid species is expected be higher in
national and international registries during the few
coming years (Joppa etal, 2011a, b).

Tubers are over-harvested,
especially in Tiirkiye, Greece, Iran, and some Middle
Eastern countries for the salep beverage and ice cream
additive production. The harvesting of these orchids is so
extreme that all orchid species are now protected by law,
but unfortunately, the illegal collection continues
extensively (Ghorbani et al,, 2014; Kreziou et al., 2016;

of Euroasian orchids

especially due to the extreme pressure brought on by
human activities. The fragmentation and destruction of
habitats, fires, and a decrease in pollinators have caused
serious losses in orchid populations and diversity (Sosa
and Platas, 1998; Hopper, 2000; Coats and Dixon, 2007).
Therefore, orchids face a risky future due to habitat loss
caused by human activities and climate change. Both in
vitro asymbiotic and symbiotic methods have been used
to successfully achieve seed germination and seedling
development for Euroasian temperate orchids (Esitgen et
al,, 2005; C1g et al, 2018; Fatahi et al,, 2022). However,
these methods are expensive and time-consuming for the
germination and seedling development processes. The
difficulty of adapting seedlings to the
environment complicates the applicability of these
methods. All tuberous orchids, especially Anacamptis

natural

species, are collected from nature to meet this demand. A
sustainable production model can be an effective solution
to both the
conservation and reintroduction efforts of endemic and
severely threatened orchid species. Ex vitro symbiotic

industrial demands and especially,
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seedling production of some tropical and temperate
orchids and then the formation of mature plants by easily
adapting these seedlings to the natural environment
(Quay 1995; Aewsakul et al, 2013; Kémpe and Mutlu
2021; Kompe et al, 2022; Deniz et al, 2022) is very
promising for their mass production. The genus
Anacamptis (Orchidaceae) consists of about 34-35
species and hybrids in Europe, west-northwest Asia, and
the Mediterranean. All species of this genus have
underground tubers (Govaerts et al, 2017). Otherwise,
even the most common orchids will face the threat of
extinction shortly, and unfortunately, orchids in Tiirkiye
will only be kept in cemeteries (Loki et al, 2015).
Although protocols for mass production were suggested
in studies on the in vitro asymbiotic germination and
seedling development of this species, it could not be
transferred from the laboratory to the field (Bektas et al.,
2013; Gimis and Ellialtioglu 2012).

In light of this information, the aim of this research are to
make mass production of A. coriophora seeds from
Tiirkiye and to determine the
characteristics of the tubers formed.

morphological

2. Materials and Methods

2.1. Plant Materials

In this research, Anacamptis coriophora seeds were
collected from the capsules of adult plants formed by
natural pollination around Bolu-Abant lake (Black Sea
Region, Tiirkiye). The seeds were collected from mature
capsules, kept at room temperature for a few days to dry,
and stored at 4 °C until used in germination tests.

2.2. Fungal Inocula

Ceratobasidiaceae MG762693, a fungal isolate that was
isolated from the roots of A. coriophora in a previous
study (Mutlu and Kémpe 2020) was tested in this study
to investigate seed germination and seedling
development. The fungal isolate was inoculated into PDA
(Potato Dextrose Agar) medium, incubated in the dark at
25 °C for 5 days and activated.

2.3. Ex Vitro Symbiotic Seed Germination

For ex vitro symbiotic seed germination, after collecting
the soil from A.coriophora habitat, the soil mixture was
prepared (2:1 soil: perlite), filled in glass jars, and
sterilized in an autoclave (121 °C, 1.5 Atm). The fungal
isolate was inoculated first into the jars containing a
sterile soil mixture and incubated at 25 °C in the dark for
15 days. When fungal hyphae developed, this compost

was filled into sterile pots (20x31x15 cm), and 6 seed
packs were buried in each pot and six repetitions were
made for germination tests.

The soil mixtures in the pots were moistened with a
modified oat medium once a week. After two months of
incubation, the germination and development stages in
the seed packs were evaluated.

For the control group, the soil mixture was put in the
pots without fungus-inoculated compost. Six seed packs
were embedded in each pot.

Development was assessed according to the following
stages by modifying Clements et al. (1986):

0: Ungerminated seed

1: Protocorm

2: Leaf primordium

3: First leaf

4: Developed leaves and/or roots

2.4. The Seedling Plantation

After 50 seedlings (reaching stages 1-2 and stages 3-4)
were planted in a natural field at a distance of 50-60 m
from the main habitat of A.coriophora adult plants, the
phenological process was followed and evaluated from
the seedling stage to the flowering adult stage. From the
seedlings transferred to nature, the formation rate, sizes
and weights of the tubers were measured. All of the
tubers were buried in the ground again after their
measurements were taken and the flowering process was
followed. The number of tubers in adult plants at the
flowering stage and tuber sizes were determined.

2.5. Statistical Analysis

The rates of seeds at germination and seedling
development stages were compared against the control
group (without fungal inoculation). The rate of
germination and seedling growth were evaluated by
using one-way ANOVA. Statistical significance was set at
P<0.05. Differences among the means were compared
with the Duncan test. All the statistical analyses were
performed using SPSS software 25.0 (SPSS Inc., Chicago,
USA).

3. Results and Discussion

Ceratobasidiaceae (Access Number MG762693), which is
an earlier isolate from A. coriophora roots, promoted
germination and seedling development. 64.3 % of the
seeds germinated and developed. 14.06 % and 11.75 %
of the seeds reached stages S3 and S4, respectively.
(Table 1, Figure 1A).

Table 1. Germination and development of Anacamptis coriophora seeds with Ceratobasidiaceae (+: Standard deviation)

Developmental Stages (%)

Germination
0,
SO S1 S2 S3 S4 (%)
Control 100.00 £ 0.00 0.00 £ 0.00 0.00 £ 0.00 0.00 £ 0.00 0.00 £ 0.00 0.00 £ 0.00
Ceratobasidiaceae
35.92 +£10,72 14.23+5.6 24.01+7.74 14.06 + 4.65 11.75+3.03 64.30+10.71
MG762693
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Figure 1. A: Seedlings that develop 45 days after seeds sowing, B: Seedlings transferred to nature, C: Flowering plants
after 2 years of growth, D: The tubers of the mature individual of A. coriophora. (The arrow shows the previous (old)

tuber).

The results of this research conducted on the
relationship between orchid seed germination and
mycorrhizal fungi showed varying effectiveness of the
different isolates on orchid seed germination. In some
orchids, different fungi are effective at the germination
and development stages, while in some species, a certain
type of fungus supports both germination and
development (Wang et al, 2011; Zhang et al, 2020;
Kdmpe et al,, 2021). In addition, this study supported the
previous research result explaining that the compatible
fungus for A. coriophora is Ceratobasidium (Kompe and
Mutlu 2021).

Fifty healthy and approximately equal-sized seedlings of
the S4 stage were then planted directly in a natural area
at a small distance from adult plants of A. coriophora in
autumn (October - 2019) (Figure 1B) and the field was
protected against potential animal destruction. The
seedling's life cycle was followed until May 2020 without
any interference. All the seedlings were removed in the
spring, and the tuber formation was evaluated. It was
determined that tubers of different sizes developed in 35
seedlings. After cleaning the soil residues from the
surfaces of the tubers, their dimensions and weights
were determined. The tubers were buried again in the
soil, and the phenological process was followed up to the
flowering stage. In the first year (T1, Table.2), 35

seedlings produced only one tuber. During the summer,
the tubers remained dormant in the soil, and in October
2020 the first leaves and roots developed. From October
to June 2021, the vegetative phase continued, and
flowering occurred for the first time in June 2021 (Figure
1C). All tuber-forming seedlings (35 seedlings) flowered.
The flowering process continued for about 1 month, and
as a result of natural pollination, seeds were formed. All
individuals were removed, and tuber numbers and sizes
were determined (Figure 1D).

Tubers that were formed in 35 of the 50 developed
seedlings (To) were retransferred to nature to control its
growth and development during the first and second year
of growth. To presented relatively low measurements; the
weight was about 0.35g, the width was about 0.72cm,
and the length was about 0.88cm. After one year, 35 adult
orchid plant’s tubers (Ti) developed and it was
determined  that presented relatively  higher
measurements than TO; where the width attended
2.34cm and the weight was the highest (7.15g).

After two years, it was determined that 31 adult plants
(from the 35 plants that formed first tuber during the
first year) formed second tubers (T2) with also high
measurements and only 22 adult plants (from 31 plants
that formed two tubers) formed the third tubers (T3).

These small tubers (T3) presented the lowest
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measurements in terms of weigh, width, and length.

Accordingly, for the first time in two years, a small
population was able to form under natural conditions.
The acclimatization process from using
asymptotic or symbiotic production methods, (Zhang et
al.,, 2015; Fatahi et al., 2022) has not been applied before
the seedlings are planted in nature. In this study, we have

in vitro

shown that new individuals can be obtained with a
compatible fungus isolated from A. coriophora roots for
the reintroduction of orchids. Only a few studies have
been conducted on the ex vitro and in situ germination
and reintroduction of both tropical and temperate
orchids and their mass production for economic
purposes (ornamental and medicinal) (Quay et al., 1995;
Aewsakul et al., 2013; Khasim et al,, 2020; Kémpe and
Mutlu 2021). In a similar study, the reintroduction of ex

Table 2. Measurements of Anacamptis coriophora tubers.

vitro seedlings of A. sancta with a compatible fungus was
successful (Deniz et al., 2022). One of the most effective
ways of protecting orchids is by ensuring that they can be
produced in sufficient quantities to meet industrial
demands. Because sustainable production will meet the
demand, there will be no need to harvest naturally
occurring orchids. In this context, the cultivation
provided will bring about protection, because the
application of this method for endemic, rare, and
threatened species also possible to create a successful
and self-sufficient population in the wild. Therefore,
filling the gap between orchid conservation theory
through practice with cultivation and reintroduction will
provide significant benefits both for
production and for the reintroduction of threatened
species into the wild (Wu et al,, 2014; Deniz et al., 2022).

industrial

Tubers Tuber Width (cm) Tuber Length (cm) Tuber Weight (g)
TO (N=35) 0.72£0.28 0.88+£0.31 0.35+0.27
T1 (N=35) 2.34 +0.64 2.70 £ 0.61 7.15 £ 4.06
T2 (N=31) 1.49 £ 0.44 1.76 £ 0.52 2.57£1.86
T3 (N=22) 1.04 +0.20 1.30 £ 0.43 0.93 +0.59

TO= tubers formed 6 months after seedlings plantation, T1= first year’s biggest tubers of the adult plants, T2= second year’s medium
sized tuber of the adult plants, T3= second year’s third smallest tubers. All values are reported as mean + SD, N= number of adult

orchid plants that formed tubers.

4. Conclusion

This report is the first study on the cultivation of A
coriophora, which is important as a food supplement and
medicinal orchid. It is also a pioneering method of
protection and reintroduction for temperate orchids,
which are threatened with extinction. The seedlings
easily adapted to nature, and flowering occurred in the
second year. 2 and 3 tubers were formed from each A.
coriophora plant individual,
individuals increased by about 2.5 times in a year. With
this method, it will be possible to protect endemic, rare,
and threatened orchids in small populations, and mass
production of medicinal and economic orchids will be
made easily and at a low cost.

and the number of
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2010; Efeoglu et al,, 2022).
In forensic microbiology, it is important that many
bacteria can be used as evidence. Bioterrorism makes a

1. Introduction
The most important time to find the evidence that guides
the forensic events is when the crime scene investigation

is done. Crime scene investigation and the evidence to be
obtained are very important in terms of starting and
ending the investigation in the best and correct way. All
kinds of material are evidence. Evidence can be found at
the macro or micro level, depending on the way the event
occurred. There is evidence that can be obtained at the
micro level in cases where the DNA is degraded and not
sufficient at the crime scene. Soil is physical evidence that
can be distinguished at a crime scene thanks to the
variability of the microorganisms it contains. Since
factors such as temperature, humidity, pH, climate, and
topography affect the soil structure differently in each
area, a result can be obtained by finding differences with
comparison. Because of the complex structure of soils,
the analysis of inorganic and organic components
provides complementary independent information about
the soil's geological

origin, dominant vegetation,

management and environment (Dawson and Hillier,

great contribution to forensic sciences to find the time
and cause of death and to establish the plot in crime
scene investigation studies. 16S rRNA gene sequence
analyzes are performed to find the taxonomic connection
of prokaryotes. The presence of 16S rRNA in all bacteria
makes 16S rRNA gene sequencing a universal method.
However, this method is not a perfect measure of gene
sequence variation. 16S rRNA gene analysis is widely
used to identify bacteria found in soil. Analysis is difficult
due to the large number of bacterial species found in the
soil. Scientists prefer to use 16S rRNA gene analysis to
study bacteria (Carter etal., 2017).

In a study conducted by Efeoglu et al., 2022 they aimed to
evaluate the importance of identifying microorganisms in
soil in terms of forensic science. The study covered 20
regions identified and marked outside the residential
areas within the borders of Istanbul. 83% bacteria and
17% fungi were detected in soil samples and physical
evidence samples (fabric, rubber, metal, and wood)

BS] Eng Sci / Esra BALCI et al.

334

@ This work is licensed (CC BY-NC 4.0) under Creative Commons Attribution 4.0 International License



Black Sea Journal of Engineering and Science

collected.

Demanéche et al. (2017) conducted a blind test to
determine the origine of two samples (one from the mock
crime scene and the other from a 50:50 mixture of the
crime scene and the alibi area) compared to three control
samples (soil samples from the crime scene, from a
context site 25 m away from the crime scene and from
the alibi site which was the suspect’s home). Two
biological methods, Ribosomal Intergenic Spacer Analysis
(RISA) and 16S rRNA gene sequencing with Illumina
Miseq, were used to evaluate the discriminatory power of
soil bacterial communities. Promising results were
already observed with molecular methods applied to soil
extracted DNA under specific conditions, including T-
RFLP, ARDRA, RISA and HTS (High-throughput
sequencing) methods such as metagenomic and amplicon
sequencing. As a results of this study, RISA or High-
throughput sequencing (HTS) in soil DNA was able to
identify single-origin soil samples, a combination of
methods was required to accurately identify samples of
mixed origin and soil DNA can be a useful tool for
forensic science (Demanéche et al,, 2017).

Although numerical estimation of prokaryotic cells was
made, this result was reached as a result of culturing.
However, contrary to what is known, the rate of non-
culturable bacteria is much higher than that of bacteria
that can be cultured and identified in this way.
Metagenomic studies promise to reveal the gene
sequence of the majority of microorganisms, which
cannot be easily obtained by pure culture, by providing
the confidence to clarify this situation. Thus, it is possible
to reveal and identify the presence of unknown
microorganisms (Kunin et al., 2008).

The aim of this study was to perform metagenomic
analysis and genomic marking on soil samples collected
from Yesil Lake (swamp), Siklik Nature Park (forest),
agricultural land and the garden of the Faculty of Arts
and Sciences of Corum Province in Tiirkiye. As a result of
the determination of the microbiological ratio by DNA
analysis in the soil samples obtained, it is thought that it
will guide the forensic sciences and investigation in
terms of determining whether the incident took place in
the visible place or in a different place.

2. Materials and Methods

2.1. Collection and Storage of Soil Samples

Soil samples were collected from Yesil Lake (Latitude:
40.763084, Longitude: 34.863324), Faculty of Arts and
Sciences’ garden (Latitude: 40.566835, Longitude:
34.934049), Siklik Nature Park (Latitude: 40.351975,

Longitude: 35.023487) and an active cultivated
agricultural land in Corum Province (Latitude:
40.416385, Longitude: 35.034248). The distance

between the fields is one of the reasons for their
selection. The reason for choosing these areas is
differences between forested area, inner city, aquatic
environment and agricultural land also there are north-

south differences in distance from each other.

While collecting the soil samples, attention was paid to
the small number of people and acted quickly.
Considering the hot weather, immediately after sampling,
the soil was placed in a hot and cold protected
aluminum-coated bag with ice cubes inside and was
stored in a refrigerator at -20 degrees Celsius without
wasting time. The soil sample was collected from a depth
of 15-20 cm. This 0-15 cm depth was chosen because
microbial activity has been reported to occur in the
upper 15 cm (Castafieda and Barbosa, 2017). The
samples taken were labeled and stored individually in
ziplock bags. Samples taken during the daytime were
packed in heat insulated bags containing ice cubes
without waiting. In order to minimize heat loss, it was
packed in bags, styrofoam boxes and delivered to the
company to be analyzed within 18 hours.

2.2. DNA Extraction and Sequencing

DNA extraction and purification was performed using the
Qiagen DNeasy PowerSoil Pro Kit. After the isolation,
DNA concentrations and purity values of the samples
were measured with a spectrophotometer device (Table
1). In DNA quantification with this device, measurements
were made according to the absorbance values measured
at 260 nm wavelength. The ratio of absorption values of
DNA at 260 and 280 nm wavelengths (A260/A280) was
used for purity control. If this ratio is in the range of 1.8-
2.0, the isolated DNA is considered pure, and if it is
outside the value range, the DNA is considered impure
(Matlock, 2015). The obtained DNA samples were used in
metagenomic analysis.

Table.1. Concentration values of isolated DNAs

Sample Concentration
(ng/ ulL)
Siklik Natural Park (SP) 33.516
Agricultural Land (AL) 23.955
Faculty of Art and Sciences (FAS) 19.409
Yesil Lake (YL) 25.816

Qiagen brand DNeasy PowerSoil Pro Kit (Figure 1) was
used as the kit of choice, as it is effective and sensitive in
the purification of proteins and nucleic acids in molecular
biology applications and in the isolation of DNA from
difficult samples such as compost, soil fertilizer and
similar. QIAGEN’s the second generation Inhibitor
Removal Technology allows us to obtain high quality
DNA that can be used immediately in difficult soil types
such as environmental compost. With this kit, cell lysis is
carried out by mechanical and chemical methods. Total
genomic DNA is obtained by trapping on a silica
membrane in spin column format and then eluted from
the membrane by washing. The working protocol steps of
the kit are as follows;

250 mg of soil, 800 pl of CD1 solution included in the kit
are added to the PowerBead Pro Tube and vortexed. The
tube used contains a buffer that will help disperse the
soil particles, begin to dissolve the humic acids, and also
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protect the nucleic acids from degradation. With a short
vortexing process, the components in the tube are mixed
and the buffer begins to disperse into the sample. After
vortexing for a minimum of 10 minutes and ensuring that
the samples are thoroughly homogenized, the tube is
centrifuged at 15,000 rpm for 1 minute. The supernatant
is transferred to a new 2 ml microcentrifuge tube. Add
200 pl of CD2 solution and vortex for 5 seconds. CD2
solution contains a reagent that can precipitate non-DNA
organic and inorganic material including cell debris,
humic substances, and proteins. It is centrifuged at
15,000 rpm for 1 minute and 700 pl of supernatant is
taken into a new 2 ml microcentrifuge tube, avoiding the
pellet. At this point, the pellet contains non-DNA humic
acids, cell debris and proteins. Therefore, for the best
DNA yield and quality, there should be no contamination
from the pellet while taking the supernatant. 600 pl of
CD3 solution, a highly concentrated salt solution, is
added and vortexed for 5 seconds. Since DNA binds
tightly to silica at high salt concentrations, the content of
this solution is adjusted to allow DNA to bind. DNA binds
selectively to the silica membrane in the MB spin column
in the presence of high salt solution. Contaminants pass
through the filter membrane and only DNA remains
attached to the membrane. Here, 650 pl of lysate is
loaded and centrifuged at 15,000 rpm for 1 minute.
Transfer the MB spin column to a new 2 ml collection
tube. 500 pl of EA solution, which is a wash bag that
removes proteins and other non-aqueous substances, is
added and centrifuged at 15,000 rpm for 1 minute. The
bottom is discarded and the MB spin column is placed in
the same 2 ml collection tube. 500 pl of C5 solution, an
ethanol-based wash solution used to further clean the
DNA attached to the silica filter membrane in the MB spin
column, is added and centrifuged for 1 minute at 15,000
rpm. This wash solution removes residual salt, humic
acid and other contaminants while allowing the DNA to
remain attached to the silica membrane. The bottom is
discarded and the MB spin column is placed in a new 2 ml
collection tube. It is centrifuged at 16,000 rpm for 2
minutes. This rotation is important to remove all traces
of the C5 solution. The MB spin column is placed in a new
1.5 ml Elution Tube. Add 50-100 pl of C6 solution to the
center of the white filter membrane. Placing this solution
in the middle of the membrane ensures that the
membrane is wet so that the DNA is released from the
membrane more efficiently and completely. The C6
solution is a salt-free (10 nM Tris) solution. The DNA
bound in the presence of high salt is selectively liberated
with the C6 solution. Centrifuge at 15,000 rpm for 1
minute and discard the MB spin column. As a result of
these processes, DNA is isolated for other applications.
The isolated DNA is amplified by PCR and sent for
analysis for sequencing (URL, 2022).

After DNA isolation, NGS (Next Generation Sequencing)
library was prepared and the sequencing process was
started. Bioinformatics analysis was performed after

sequencing. According to the absorbance values

measured at 260 and 280 nm wavelengths of the initially
isolated DNA, it was assumed to be pure between 1.8-2.0
values (Matlock, 2015), and the purity level was checked
by reading with a spectrophotometer (Topal Sarikaya,
2008).

DNeasy PowerSoil Pro Kit Procedure

L
=
Add soil sample to PowerBead Pro Tube

Prepare sample V=
Add Solution CD1

Atach to Vortex Adapter or place
into Powerlyzer 24 Homogenizer

Cell lysis o
t4 of into Tissuelyser |

Homogenize

Inhibitor Removal

Add Solution CD2

Technology 1
>
v
Bind DNA 1 Add Solution CD3
" [ T load into MB Spin Column
i
»
pr==
E Woash with Solution EA
Wash [T] Waosh with Solution C5
e
v

Elute Elute with Solution C6

Figure 1. DNeasy powersoil pro kit procedure.

2.3. DNA Analyzing
When performing 16S amplicon sequencing and
bioinformatics analysis, extracted DNA samples were
subjected to amplicon sequencing library preparation
using bacteria specific 341F (5’-CCTACGGGNGGCWGCAG-
3) and 805R (5- GACTACHVGGGTATCTAATCC-3’)
primers targeting V3-V4 region of the 16S rRNA gene.
Prepared libraries were purified, quantified and further
sequenced on MiSeq instrument (Illumina, USA) using
300bp paired-end chemistry. Demultiplexing and
clipping of sequence adapters from raw sequences was
performed by CASAVA data analysis software (Illumina,
USA). The fragments with any mismatches to the
barcodes or primers were excluded. PCR primers were
removed from sequences using cutadapt
(10.14806/€j.17.1.200) plugin within QIIME2 v2021.2
(10.1038/s41587-019-0209-9) as all amplicon
sequencing workflow. Paired-end reads were joined
(vsearch join-pairs) and quality filtered (quality-filter g-
score-joined). Then, sequences were denoised using
deblur (deblur denoise-16S) (10.1128/mSystems.00191-
16). Taxonomy was assigned to each amplicon sequence
variant (ASV) using ‘feature-classifier classify-sklearn’
plugin against the SILVA v138 database. Final ASV table
was used to calculate alpha diversity metrics.
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In the study, V3-V4 region was amplified based on
Klindworth et al, 2013. The collected 4 metagenomic
sequencing samples were sent to the USA through Arti
Biotechnology. Since pure DNA was obtained, it was sent
at room temperature. Sequencing of pure DNAs was
performed using CASAVA software. As a result of the data
obtained from the sequencing, alpha diversity metrics,
taxonomic bar graphs and Krona pie chart graphs were
created using DNA sequences, cleaned raw sequences,
ASV (amplicon sequence variants) table.

3. Results

3.1. Phylum Level Distribution in the Soil

According to the results of metagenomic analysis, 1
kingdom, 26 phyla, 69 classes, 142 orders, 221 families,
382 genera and 658 species were identified in all
samples. Bacterial branches in habitats are shown by a
histogram graph (Figure 2).
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In our study, the results of the analysis of the soil sample
taken from the forest area (Siklik Nature Park) showed
that the bacterial distribution of this area is as follows:
Actinobacteriota 64%, Proteobacteria 10%, Chloroflexi
10%, Gemmatimonadota 5%, Acidobacteriota 5%,
Planctomycetota 5%, Myxococcota 0.8 %, Firmicutes 0.3%
and Methylomimirabilota 0.2% (Figure 3). In a study by
Lladé et al,, 2017, it was determined that the acidic soils
of coniferous forests mainly contain Actinobacteriota,
Proteobacteria and Acidobacteria. Similarly, the presence
of coniferous trees in the Siklik Nature Park and the
presence of more species of Actinobacteriota according to
the analysis results of other soil samples support this
information. At the same time, when all the analysis
results are considered, the highest bacterial density was
observed with 64% Actinobacteriota in the Siklik Nature
Park.

d__ Bactaeriasp_ Actinobactariola
d__ Bacteriasp  Protaobactaria
d__ Bactariap  Acidobactariata
. d_ Bacteria;p_ Chloroflesxi
. d___ Bacteria;p  Geammatimonadoita
. d__ Bacteriasp  Planclomycatota
. d__Bacteria;p  Myxococcola
d__ Bacteria;p__ Bacleroidola
d___Bacteriasp_ Methylomirabdlota
d__ Bactaria;p_ Milrespirota
d__ Bacteria;p  Verrucomicrobiota
. d__Bactaria;p_ Patascibactaria
. d__ Bacteriasp  Firrnicules
B o sacteria
. d__ Bacteriap  Lalescibaciercla
d__Bactariasp  Entathasonsllascta
d__Bacteria;p_ RCP2-54
d__Bacteria;p_ MBNT1S
d__ Bacteriap_ Desulfobactarola
d___Bacteria;p_ Bdaellovibrionota
d__ Badctaria;p_ Armatimonadota
d__Bacteria;p__ GAL1S
d___Bactaria;p_ Fibrobacierota
d___Bacteriazp_ MB1-+j
d__ Bactaria;p  WS2
d__ Bacteria:p__ Sumerlaacta
d__Bactariasp  Elusimicrobiota

Figure 2. Representation of bacterial branches in habitats with histogram graph
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p__Bdellovibrionota 0% g

Figure 3. Representation of bacterial distribution in the soil sample taken from the Siklik Nature Park on the Krona pie

chart.

As a result of the analysis of the soil sample taken from
the agricultural land, it was determined that while
Actinobacteriota had the highest density with 41%
followed by Proteobacteria 19%, Acidobacteriota 15%,
Chloroflexi 8%, Gemmatimonadota 4%, Planctomycetota
5%, Mpyxococcota 3%, Bacteroidota 2%. 0.6% of
Firmicutes, 0.5% of Methylomirabilota, 0.3% of
Patescibacteria, but also the presence of 11 phyla less
than 1% were determined (Figure 4).

As a result of the analysis of soil samples taken from the
garden of Hitit University Faculty of Arts and Sciences,
Actinobacteriota 44%, 16%,
Acidobacteriota 15%, Chloroflexi 13%, Gemmatimonadota

Proteobacteria

¥

d__Bacteria

o
o'k
a
=8
5

5%, Planctomycetota 2%, Myxococcota 2%, Firmicutes
0.03% and Methylomirabilota 1%, Patescibacteria was
determined at a rate of 0.4% (Figure 5). At the same time,
14 different phyla were identified with percentages less
than 1%. In the soil sample at the bottom of water we
took from the Yesil Lake as a swamp area, 52%
Actinobacteriota, 14% Proteobacteria, 11%
Acidobacteriota 9% Chloroflexi, 4% Gemmatimonadota,
4% Planctomycetota, 2% Myxococcota, 1% Bacteroidota,
0.2% Firmicutes and the presence of phyla such as 0.4%
Methylomirabilota and 0.4% Patescibacteria were
obtained (Figure 6).

p__Firmicutes 0.6%
p__Methylomirabilota 0.5%
p__Patescibacteria 0.3%
p_RCP2-54 0.06%
p__WS2 0%
_ 02%
__Sumerlaeota 0.03%
p__Nitrospirota 0,9%.
p__NB1-j 0%
p__Fibrobacterota 0.06%
__Armatimonadota 0.03%.
p__Entotheonellaesota 0.07%
p__GAL15 0%y
p__Elusimicrobiota 0%
p__Verrucomicrobiota 0.7%
p_ MBNT15 0%
p__Desulfobacterota 0.04%
p__Latescibacterota 0.03%

p__Bdellovibrionota 0.06%.

Figure 4. Demonstration of the bacterial distributions in the soil sample taken from the agricultural land on the Krona

pie chart.
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Figure 5. Demonstration of the bacterial distribution in the soil sample taken from the garden of the Faculty of Arts and

Sciences on the Krona pie chart.
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Figure 6. Demonstration of the bacterial distribution in the soil sample taken from the Green Lake on the Krona pie

chart.

4. Discussion

It is present based on structures that geographical
location is a more important factor than soil type in
determining the microbial density in the soil (Habtom et
al, 2019). In our study, the effective reason for
determining the habitats was to take into account the
areas with high crime rate and the potential to be a crime
scene while selecting these areas, soil type was not taken
into account and it was preferred that they were far from
each other. It is also known that soil pH and C and N
ratios in soil have an effect on the microbial community

(Lauber et al, 2009; Rasche et al, 2011). At the same
time, it has been determined in some studies that the soil
microbial activity decreases compared to the summer
season, especially in the winter months when the
temperature factor decreases (Guoju et al., 2012). Based
on these researches, in our study, considering the
temperature factor, sample collection was carried out in
summer when the microbial activity was the highest, cold
storage was carried out and the current soil microbial
community was frozen.

The aim of this study is to isolate DNA from soil samples

BS] Eng Sci / Esra BALCI et al.

339



Black Sea Journal of Engineering and Science

collected from Yesil Lake, the garden of the Faculty of
Arts and Sciences, an agricultural land and the Sikhk
Nature Park regions of Corum Province in Tiirkiye and to
perform metagenomic analysis with the isolated DNA. It
is thought that the results obtained will reveal the
bacterial diversity in the soil samples and the diversity of
soil bacteria in the determined habitats will shed light on
the events that have occurred before and may occur in
the future.

Within the scope of this study, DNA analysis was
performed on soil samples taken from four different
areas (the garden of the Faculty of Arts and Sciences, the
Siklik Nature Park, the Green Lake and an agricultural
land) considering the temperature factor. Then the
bacterial rates were determined by metagenomic

analysis through service from Arti

Biotechnology Company has been done. The 16S

procurement

bacterial rRNA gene was amplified by polymerase chain
reaction (PCR) and sequenced. The
classification of the product amplicon sequence variants

taxonomic

obtained as a result of PCR was performed in the SILVA
v138 database. Percentages of reads at each taxonomic
level between samples were analyzed and data are at the
species level. All of the obtained data could not be
included in our study due to the large file size.

Lladé et al. (2017) determined that five phyla
(Acidobacteriota,  Actinobacteriota, Proteobacteria,
Bacteroidota and Firmicutes) were abundant in most
soils. Similarly, the graphs in this study show that all five
phyla are proportionally higher. Recent studies have
shown that surface and buried soil communities exhibit
different behavior during the weathering process. While
microbial communities in surface soil tend to decrease in
richness, diversity and equality; Microbial
communities in close contact with buried cadavers show

taxon

contrasting characteristics (e.g., increased taxon richness,

consistent diversity, and decreased evenness).
Furthermore, while Proteobacteria was cited as the most
abundant phylum in burial soil samples, the relative
abundance of Acidobacteriota decreased and Firmicutes
increased in surface cadaver-soil communities, while
community composition
constant in buried soil communities (Finley et al. 2015,
2016; Oliveira and Amorim, 2018).

In the samples we took, while the density of
Actinobacteriota was 64% in the Siklik Nature Park, it
was 52% in the Green Lake, 44% in the garden of the
Faculty of Arts and Sciences, and 41% in the agricultural
land. It is thought that the density difference determined

in the Siklik Nature Park and the agricultural land is due

microbial remained fairly

to the acidic feature of the coniferous trees mentioned in
the study by Lladé et al. (2017). The fact that the samples
taken from the Siklik Nature Park were taken the lower
part of the trees, the presence of pine forests around the
Yesil Lake, the growth of similar trees in the garden of
the Faculty of Arts and Sciences, and the absence of
similar trees near the agricultural land indicate that the
rate decreases when the tree density decreases.

For the Proteobacteria group, results were close to each
other with 19% in the agricultural land, 16% in the
Faculty of Arts and Sciences, 14% in the Yesil Lake and
10% in the Siklik Nature Park. This situation supports the
information that Proteobacteria are involved in the global
carbon, nitrogen and sulphur cycle (Kersters et al., 2006).
In a study by Spain et al. (2009), it was stated that
Alphaproteobacteria were the most abundant and diverse
class in their study. Similarly, Alphaproteobacteria were
found 10% in the Faculty of Science and Arts sample,
13% in the Agricultural Land, 11% in the Yesil Lake and
6% in the Siklik Nature Park, while Gammaproteobacteria
was found 5% in the Faculty of Science and Arts and
Agricultural Land samples, and 3% in Yesil Lake and the
Siklik Nature Park. No data were available for the
Betaproteobacteria class.

The Acidobacteriota group, which has the third largest
ratio in terms of density, Kalam et al. (2020) stated that it
is involved in the regulation of carbon, nitrogen and
sulphur cycles. It is available in the literature that
Acidobacteriota are dominant in microbial communities
and also abundant in arable land (Kielak et al., 2009).
According to the data obtained in our study, similarly, the
presence of the Acidobacterota group was determined as
15% in the agricultural land and the garden of the
Faculty of Arts and Sciences, 11% in the Yesil Lake and
5% in the Siklik Nature Park.

Even if our study was carried out to contribute to
forensic science and to make microbial marking, the
error rates of microorganism typing methods should be
taken into account in a crime scene study, considering
that there is a large amount of microorganisms in 1 gram
of soil and the data we obtained belong to the sample
area. Although we have come to a conclusion, it will be
difficult to obtain data when there are incomparable
samples due to the lack of a database with information on
microorganisms found in Tiirkiye. Our study is a master's
thesis, and with the increasing opportunities and
technology in the future, another dimension can be
added to metagenomic studies with more different
examples.

5. Conclusion

Within the scope of this study, answers are sought to
questions such as the relationship between the victim,
the suspect and the crime scene at the crime scene,
whether the soil samples found on the victim's soil or the
suspect's belongings and the soil at the crime scene are
similar and the extent of the microbial community. At the
same time, our study can be considered as an important
study in that it shows that phenotypic descriptions are
not reliable and definitive results and that more reliable,
inexpensive and short-term results can be obtained
through metagenomic analysis.

BS] Eng Sci / Esra BALCI et al.

340



Black Sea Journal of Engineering and Science

Author Contributions

The percentage of the author(s) contributions is
presented below. All authors reviewed and approved the
final version of the manuscript.

E.B. D.T. AV. AT.
C 25 25 25 25
D 25 25 25 25
S 75 25
DCP 25 25 25 25
DAI 25 25 25 25
L 25 25 25 25
W 75 25
CR 25 25 25 25
SR 25 25 25 25
PM 25 25 25 25
FA 25 25 25 25

C=Concept, D= design, S= supervision, DCP= data collection
and/or processing, DAI= data analysis and/or interpretation, L=
literature search, W= writing, CR= critical review, SR=
submission and revision, PM= project management, FA= funding
acquisition.

Conflict of Interest
The authors declared that there is no conflict of interest.

Ethical Consideration

Ethics committee approval was not required for this
study because of there was no study on animals or
humans.

Acknowledgements

This research was supported by Hitit University (HITU;
project no. ODMY019004.22.001). This manuscript was
produced from the master's thesis.

References

Carter DO, Tomberlin JK, Benbow ME, Metcalf JL. 2017.
Forensic microbiology. John Wiley & Sons, Pondicherry, India,
pp: 416.

Castafieda LE, Barbosa 0. 2017. Metagenomic analysis
exploring taxonomic and functional diversity of soil microbial
communities in Chilean vineyards and surrounding native
forests. Peer], 5: e3098.

Dawson LA, Hillier S. 2010. Measurement of soil characteristics
for forensic applications. Surf Interface Anal, 42: 363-377.
https://doi.org/10.1002/sia.3315.

Demaneéche S, Schauser L, Dawson L, Franqueville, L, Simonet P.
2017. Microbial soil community analyses for forensic science:
application to a blind test. Forensic Sci Int, 270: 153-158. doi:
10.1016/j.forsciint.2016.12.004.

Efeoglu FG, Cakan H, Kara U, Das T. 2022. Forensic
microbiological analysis of soil and the physical evidence
buried in soil obtained from several towns in Istanbul.
Cureus, 14(2): e22329. doi: 10.7759/cureus.22329. PMID:
35317034; PMCID: PMC8934109.

Finley S], Benbow ME, Javan GT. 2015. Potential applications of
soil microbial ecology and next-generation sequencing in

criminal investigations. Appl Soil Ecol, 88: 69-78. doi:
10.1016/j.aps0il.2015.01.001.

Finley SJ, Pechal JL, Benbow ME, Robertson B, Javan GT. 2016.
Microbial signatures of gravesoil  during
decomposition. Microb  Ecol, 524-529. doi:
10.1007/s00248-015-0725-1.

Guoju X, Qiang Z, Jiangtao B, Fengju Z, Chengke L. 2012. The
relationship between winter temperature rise and soil
fertility properties. Air, Soil Water Res, 5: ASWR-S8599.

Habtom H, Pasternak Z, Matan O, Azulay C, Gafny R, Jurkevitch,
E. 2019. Applying microbial biogeography in soil forensics.
Forensic Sci Inter Genet, 38: 195-203.

Kalam S, Basu A, Ahmad [, Sayyed RZ, El-Enshasy HA, Dailin DJ,
Suriani NL. 2020. Recent understanding of soil acidobacteria

cadaver
71(3):

and their ecological significance: a critical review. Front
Microbiol, 11: 580024.

Kersters K, De Vos P, Gillis M, Swings ], Vandamme P,
Stackebrandt E. 2006. Introduction to the Proteobacteria. In:
Dwarkin M, Falkow S, Rosenberg E, Schleifer KH,
Stackebrandt E. The Prokaryotes. Springer, New York, USA,
pp: 3-37.

Kielak A, Pijl AS, Van Veen JA, Kowalchuk GA. 2009.
Phylogenetic diversity of Acidobacteria in a former
agricultural soil. ISME ], 3(3): 378-382.

Klindworth A, Pruesse E, Schweer T, Peplies ], Quast C, Horn M,
Glockner FO. 2013. Evaluation of general 16S ribosomal RNA
gene PCR primers for classical and next-generation
sequencing-based diversity studies. Nucleic Acids Res, 41(1):
el-el.

Kunin V, Copeland A, Lapidus A, Mavromatis K, Hugenholtz P.
2008. A bioinformatician's guide to metagenomics. Microbiol
Molec Biol Rev, 72(4): 557-578.

Lauber CL, Hamady M, Knight R, Fierer N. 2009.
Pyrosequencing-based assessment of soil pH as a predictor of
soil bacterial community structure at the continental scale.
Applied Environ Microbiol, 75(15): 5111-5120.

Lladé S, Lépez-Mondéjar R, Baldrian P. 2017. Forest soil
bacteria: diversity, involvement in ecosystem processes, and
response to global change. Microbiol Molec Biol Rev, 81(2):
e00063-16.

Matlock B. 2015. Assessment of nucleic acid purity. URL:
https://assets.thermofisher.com/TFSAssets/ (accessed date:
March 21, 2022).

Oliveira M, Amorim A. 2018. Microbial forensics: new
breakthroughs and future prospects. Appl Microbiol
Biotechnol, 102(24): 10377-10391. doi: 10.1007/s00253-
018-9414-6.

Rasche F, Knapp D, Kaiser C, Koranda M, Kitzler B, Zechmeister-
Boltenstern S, Sessitsch A. 2011. Seasonality and resource
availability control bacterial and archaeal communities in
soils of a temperate beech forest. ISME ], 5(3): 389-402.

Spain AM, Krumholz LR, Elshahed MS. 2009. Abundance,
composition, diversity and novelty of soil Proteobacteria.
ISME ], 3(8): 992-1000.

Topal Sarikaya A. 2008. DNA'min izolasyonu ve analizi.
Temizkan G, Arda N. Molekiiler biyolojide kullanilan
yontemler. Nobel Tip Kitabevleri, [stanbul, Tiirkiye, ss: 345.

URL. 2022.
https://www.qiagen.com/us/resources/resourcedetail?id=9
bb59b74-e493-4aeb-b6c1-f660852e8d97&lang=en (accessed
date: March 21, 2022).

BS] Eng Sci / Esra BALCI et al.

341



Black Sea Journal of Engineering and Science
doi: 10.34248/bsengineering.1410249

Open Access Journal Arastirma Makalesi (Research Article)

e-ISSN: 2619 - 8991 Cilt 7 - Say1 2: 342-350 / Mart 2024
(Volume 7 - Issue 2: 342-350 / March 2024)

KATI YAG ALTERNATIFI OLARAK COREKOTU YAGI
OLEOJELININ KRAKER YAPIMINDA KULLANIM
POTANSIYELININ ARASTIRILMASI

Necla O0ZDEMiR ORHAN'*, Zeynep EROGLU?

1Bitlis Eren University, Faculty of Health Sciences, Department of Nutrition and Dietetics, 13100, Bitlis, Ttirkiye
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Ozet: Giiniimiizde, gidalarin duyusal kalite ve fonksiyonel 6zelliklerini gelistirmek i¢in yogun bir sekilde calisiimaktadir. Kat1 yaglar,
yapisinda yiiksek oranda doymus yag asitleri icermesi nedeniyle saglik agisindan sorun olusturabilmektedir ve bu nedenle gidalarda
kat1 yag yerine kullanilabilecek ikame maddeleri gelistirilmektedir. Bu ¢alismada, kraker yapiminda kat1 yag ikame maddesi olarak
corekotu yag1 oleojeli (COYO) kullanilmis olup, krakerin fiziksel, duyusal ve tekstiirel ozelliklerinde meydana gelen degisimler
incelenmistir. Kraker yapiminda kullanilan shortening orani % 0, % 50 ve % 100 olacak sekilde COYO ile degistirilerek, sirasiyla,
Kontrol-kraker, % 50 COYO-kraker ve %100 COYO-kraker formiilasyonlar1 hazirlanmistir. Kontrol-kraker, % 50 COYO-kraker ve %100
COYO-kraker drneklerinin nem degerleri sirasi ile % 3.61, % 4.11 ve % 4.66 olarak bulunmustur. En yliksek su aktivitesi degeri %100
COYO-krakere (0,2315) ait olup bunu % 50 COYO-kraker (0,1920) takip etmistir. Bilesiminde COYO bulunan krakerlerin L*
degerlerinin azaldigl ve a* degerlerinin arttig1 goriilmiistir. En yiiksek sertlik degeri (2396,90 g kuvvet) Kontrol-krakere ait iken en
duistik sertlik degeri (1170,45 g kuvvet) %100 COYO-krakere aittir (P<0,05). Formiilasyonunda COYO kullanilan krakerler duyusal
analizde lezzet agisindan daha ¢ok begenilmistir (P<0,05). Genel begeni agisindan %100 COYO-kraker 6rnegi (7,18) en yiiksek skoru
alirken Kontrol-kraker 6rnegi (6,55) en diisiik skoru almistir. Bu sonuglar COYO'nun kraker gibi liriinlerde kullanim potansiyelinin
oldukga yiiksek oldugunu gostermektedir.

Anahtar kelimeler: Corek otu yagi, Oleojel, Kat1 yag ikame maddesi, Kraker

Evaluation of the Potential Use of Black Cumin Oil Oleogel as a Fat Alternative in Cracker Production
Abstract: Nowadays, intensive studies have been carried out to improve the sensory, quality, and functional properties of foods. Fats
raise question marks about health due to their high content of saturated fatty acids and therefore fat substitutes that can be used
instead of fats have been developed. In this study, black cumin oil oleogel (BCOO) was used as a fat replacer in cracker production, and
the changes in the physical, sensory, and textural properties of the cracker were investigated. The Control-cracker, 50%-cracker and
100%-cracker formulations were prepared by replacing shortening with BCOO at 0%, 50%, and 100% levels, respectively. The
moisture content of the Control-cracker, 50% BCOO-cracker, and 100% BCOO-cracker was 3.61%, 4.11%, and 4.66%, respectively. The
highest water activity belonged to the 100% BCOO-cracker (0.2315), followed by the 50% BCOO-cracker (0.1920). It was observed
that L* value decreased and a* value increased in oleogel incorporated crackers (P<0.05). The highest hardness value (2396.90 g)
belonged to the Control-cracker, the lowest (1170.45 g) belonged to the 100% BCOO-cracker (P<0.05). As for sensory analysis, the
crackers incorporated with oleogels were shown to be the most preferable in terms of taste. The 100% BCOO-cracker had the highest
score (7.18) while the Control-cracker had the lowest (6.55) for general acceptability. These results show that BCOO has a high
potential for use in bakery products such as cracker.
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1. Giris olarak karsimiza ¢ikmaktadir (Batista ve ark. 2019).
Son yillarda tiiketici davranislari saglikl Ulkemizde her yas grubunun tiikettigi ve siirekli
atisirmaliklardan yana hizla degismektedir. Saghga pazarlanabilen atistirmaliklardan biri olan kraker,
faydali bilesenler iceren yeni iriinlerin piyasaya tiiketici taleplerine bagh olarak ¢ok farkh iceriklerle
siiriilmesi 6nemli bir pazar egilimi olusturmaktadir. satilmaktadir (izci ve Sengiil, 2015). Ayrica, fonksiyonel
Ozellikle tuzlu atistirmalklar (tuzlu krakerler) tath firincilik iriinleri icerisinde yeni trtn gelistirmeye firsat
atistirmaliklardan daha yaygin tiiketilmektedir (Millar ve sunan, en 6nemli Griin grubunu olusturmaktadir (Togrul,
ark., 2017; Giannoutsos et al., 2023). Krakerler, ozellikle 2021; Bolikbas, 2023). Kraker yapiminda kullanilan yag
ara oginlerde tiketilen popiiler bir atistirmalik iiriin orany, kraker ¢esidine gore degismekle birlikte genellikle
BS] Eng Sci / Necla OZDEMIR ORHAN ve Zeynep EROGLU 342
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%10-15 civarindadir. Kraker yapiminda istenilen yapisal
ozellikleri saglamak amaciyla yliksek oranda doymus yag
iceren kat1 yaglar kullanilmaktadir (Zhou ve ark., 2011).
Bu durum da saghkla ilgili riskleri
getirmektedir. Doymus ve trans yag asidi igerigi yliksek

beraberinde
gidalarla beslenmenin kandaki diisik yogunluklu
lipoprotein (LDL) seviyesini olumsuz etkiledigi ve
oldugu
belirtilmistir (Meng ve ark., 2018). Ayrica, bu gidalar
fazla tiiketen Kkisilerde kardiyovaskiiler hastaliklar, tip II
diyabet ve gorilme  siklig1
(Pehlivanoglu ve ark, 2018). Son yillarda yapilan
calismalarda beslenme ile alinan doymus yag asidi
miktarinin azaltilmasi i¢in; kati yaglar, oleojeller ile
ikame edilmektedir. Doymamis yag asidi icerigi yiliksek
sivi yaglarin bir jellestirme ajan1 yardimi ile
yapilandirilmasi sonucu elde edilen jel benzeri yapilara
oleojel ad1 verilmektedir (Demirkesen ve Mert, 2019).
Oleojeller, diisik doymus yag asidi icerigine sahip
olmalarinin yaninda, kati yagin iriin yapisina sagladigi

kolesterol  seviyesinin artmasina neden

obezite artmaktadir

olumlu Kkatkiy1 da sunmaktadir. Oleojel iiretiminde
aycicek yag, zeytinyagl, balik yagi, findik yag1 ve soya
fasulyesi yaginin yaygin olarak kullanildig goriilmektedir
(Pehlivanoglu ve ark, 2018; Kara, 2019; Swe ve
Asavapichayont, 2018). Ayrica, gidalara farkli aroma ve
fonksiyonel o6zellik kazandirmak amaciyla biyoaktif
ozelliklere sahip soguk pres yaglar da oleojel tiretiminde
(2023)
tarafindan yapilan bir c¢alismada soguk pres keten
tohumu yag1 kullanilarak elde edilen oleojeller kurabiye
yapiminda kullanilmistir. Formiilasyonundaki
shorteningin %70'1 oleojel ile ikame edilen kurabiyelerin
duyusal anlamda panelistler tarafindan begenildigi ve
triindeki doymus yag miktarinin énemli oranda azaldig1

tercih edilmektedir. Flores-Garcia ve ark.

belirtilmistir. Baska bir ¢alismada balmumu ve piring
kepegi mumu kullanilarak iiretilen soguk pres aspir yagi
bazli oleojellerin, kek endistrisinde yaygin olarak
kullanilan ticari kati yaglarin yerine kullanmilabilecegi
belirtilmistir (Badem ve Bastiirk, 2023).

Corekotu (Nigella sativa L.) tohumu ve soguk pres
corekotu yag1 Asya ve Afrika iilkelerinin beslenmesinde
yer almaktadir. Bu lriinler sahip olduklar1 tokoferoller,
steroller, fenolik bilesenler ve ucucu yaglar gibi biyoaktif
maddeler ve yag asidi dagilimi nedeniyle son zamanlarda
Avrupa’da da taninmaya ve giderek popiiler hale gelmeye
baslamistir (Szydtowska-Czerniak ve ark., 2022). Bu
nedenle, Avrupa Komisyonu'na gére ¢érekotu tohumu ve
corekotu yagl, Yeni Gida Katalogunda (Novel Food
Catalogue) listelenen yeni gidalar olarak kabul
edilmektedir (Anonymous, 2023; Szydtowska-Czerniak
ve ark., 2022). Yapilan calismalarda ¢oérekotu tohumu
veya yagindan elde edilen ekstraktlarin iist solunum yolu
sikayetlerini 6nemli 6l¢iide azalttigi, psikolojik ruh halini
iyilestirdigi (Talbott ve Talbott, 2022) ve meme kanseri
hastalarinda akut radyodermatit insidansini azalttig
(Rafati ve ark., 2019) tespit edilmistir. Coérekotu yagi
sahip oldugu biyoaktif bilesenler nedeniyle oleojel
iretiminde de kullanilmaktadir. Palamutoglu (2021)

tarafindan yapilan bir ¢alismada; ¢orekotu ve aygicek
yaglar1 farkl oranlarda karistirilmis ve oleojelator olarak
karnauba mumu kullanilarak farkli oleojeller elde
edilmistir. Elde edilen oleojeller kofte yapiminda
hayvansal yag yerine kullanilmis olup ¢érekotu yaginin
koftede
formiilasyonundaki

antioksidan aktivite sergiledigi ve

hayvansal yagin %25 oraninda
oleojel ile degistirildigi koftelerin duyusal analizde
panelistler tarafindan daha ¢ok begenildigi ifade
edilmistir.

Bu calismanin amaci; kati yag ikame maddesi olarak
corekotu yag oleojeli (COYO) kullanilmasinin, krakerin
kalite 6zellikleri tizerine olan etkisinin arastirilmasidir.
Literatiirde COYO'nun kati yag ikame maddesi olarak
herhangi bir unlu mamulde kullanimina rastlanmamis
olup, bu ¢alismanin literatiire ve gida endiistrisine katki
saglayacagi diisiiniilmektedir.

2. Materyal ve Yontem

2.1. Materyal

Oleojel yapiminda kullanilan soguk pres ¢oérekotu yagi ve
shortening yerel firmalardan temin edilmistir. Karnauba
mumu (carnauba, KahlWax 6642 Organik karnauba
mumu, E903 kodlu gida katki maddesi, erime sicakligl
82-86 °C) IMCD Tiirkiye (Istanbul, Tiirkiye) firmasi
tarafindan tcretsiz olarak kullanimimiza sunulmustur.
Calismada kimyasallar
safliktadir ve analizler ise en az 2 tekerriir halinde

kullanilan  biitiin analitik
yuritilmistir.

2.2.Yag Asidi Kompozisyonunun Belirlenmesi
Corekotu yaginin ve shorteningin yag asidi metil esterleri
IUPAC (1987)a gore hazirlanmis olup, analiz; FID
detektor ve TR-CN100 kapiler kolon (100 m, 0,25 mm i¢
¢ap, 0,20 pum film kalinligl) (Teknokroma, Barselona,
ispanya) ile entegre Gaz Kromatografisi (GC) (Shimadzu,
Kyoto, Japan) cihazi kullanilarak yapilmistir. Enjektor ve
dedektor sicakliklar: sirasiyla 230 ve 240 °C’dir. Firin
140 °C sicaklikta 5 dk bekletilmis olup, ardindan 4 °C/dk
sicaklik artis hiz1 ile 240 °C'ye kadar 1sitilmis ve bu
sicaklikta 20 dk bekletilmistir. Helyum gaz1 1 mL/dk
lineer akis hizinda tasiyici gaz olarak kullanilmis ve 1 pL
ornek 1:100 split (bolme) orami kullanmilarak sisteme
verilmistir. Tanimlama islemi icin yag asidi metil
esterlerinin standartlar1 kullanilmis ve ¢érekotu yaginin
ve shorteningin yag asidi bilesimi ytizde (%) olarak
verilmistir.

2.3. Oleojel Uretimi

Corekotu yagi oleojeli liretiminde, 6nceki galismamizda
yer alan yontem modifiye edilerek kullanilmistir (Orhan
ve Eroglu, 2022). Corekotu yag1 uygun bir kapta 1sitici
kullanilarak 90 °C’ye 1sitilmis, iizerine karnauba mumu
ilave edilmis (¢orekotu yagi:karnauba mumu, 93:7, w/w)
ve karnauba mumunun yag icerisinde tamamen erimesi
icin 5 dk boyunca manyetik karistirici yardimiyla
karistirilmistir. Ardindan, ¢érekotu yagi-karnauba mumu
karisimi su banyosuna (90 °C) alinarak 1 saat boyunca
calkalanmistir (200 rpm). Calkalama isleminin ardindan,
karisim oda sicakliginda sogumaya birakilmis ve boylece
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corekotu yagi oleojeli (COYO) elde edilmistir. Elde edilen
oleojel buzdolabinda (4 °C) saklanmis olup analizden 1
saat 6nce buzdolabindan ¢ikarilmistir.

2.4. Yag Baglama Kapasitesinin Belirlenmesi

COYO 90 °C sicakliktaki su banyosunda eritilerek
Eppendorf tiipiine aktarilmis (1 mL) ve
kaydedilmistir.
katilasmasi i¢in 24 saat
birakilmistir. Ardindan, tiipler buzdolabindan alinarak
oda sicakliginda 1 saat bekletilmis ve santrifiij edilmistir
(6000rpm / 15dk). Santrifiij isleminden
oleojelden ayrilan sivi yag alinmis ve agirhg 6l¢tilmiistir
(Choi ve ark. 2020). Oleojelden salinan yag miktar1 ve
buna bagh olarak da oleojelin yag baglama kapasitesi
asagida verilen esitlik 1 ve 2 yardimu ile hesaplanmustir.

agirhgi

Eppendorf tiipleri, oleojelin tekrar

boyunca buzdolabina

sonra

Salinan yag kiitlesi (g)
Numunenin toplam kitlesi (g)

Salinan yag (%) = x 100 (1)

Yag baglama kapasitesi (%) = 100 — Salinan yag (%) (2)

2.5. Kraker Yapimi

Kraker yapiminda 100 g un icin; 60 mL su, 13 g
shortening, 0,5 g sodyum bikarbonat, 2 g amonyum
bikarbonat, 1,6 g tuz ve 0,5 g maya kullanilmistir (Diilger-
Altiner, 2015). Bu formiilasyon Kontrol-kraker olarak
adlandirlmistir. Toplam shortening miktarinin %
50’sinin ve tamaminin yerine COYO kullanilarak tiretilen
krakerler, sirasiyla, % 50 COYO-kraker ve % 100 COYO-
kraker olarak adlandirilmistir. Bu oranlar oleojellerin
kat1 yag ikame maddesi olarak kullanildigi daha 6énce
yapilan c¢alismalar g6z oOnilinde bulundurularak
belirlenmistir (Adili ve ark., 2020; Kim ve ark., 2017).
Maya disindaki kuru malzemelerin tamami yogurma
makinasinin (Cookplus Promix Ef802, Karaca Ziiccaciye
Tic. ve San. A, Tiirkiye) karistirma kabina alinmistir.
Suyun bir kism1 kullanilarak maya aktive edilmis ve kuru
karisima ilave edilmistir. Daha sonra kalan su diger
malzemelere ilave edilip, 6nce diisiik devirde (devir 2) 30
s ve ardindan orta devirde (devir 4) 5 dk karistirilmistir.
Elde edilen hamur merdane kullanilarak yaklasik 2 mm
kalinliginda agilmis ve kalip yardimi ile kare pargalar
(5x5 cm) halinde kesilmistir. Kesilen pargalar yagh kagit
serili tepsilere alinmis ve laboratuvar tipi firin
kullanilarak 180 °C’de 20 dk pisirilmistir. Pisirilen
krakerler oda sicakhiginda sogumaya birakilmis (1 saat)
ve ardindan analizler yapilmistir.

2.6. Nem Analizi

Krakerler homojen olacak bir sekilde ufalanmis ve sabit
agirhiga getirilmis 6rnek kaplarina yaklasik 2 g olacak
sekilde tartilmistir. Ardindan, 102 °C’de etiivde sabit
agirliga gelinceye Kkadar bekletilmistir ve agirhik
farkindan yararlanilarak érneklerin nemi hesaplanmistir
(AOAC, 2000).

2.7. Su Aktivitesi

Kraker orneklerinin su aktivitesi, oda sicakhginda su
aktivitesi 6l¢clim cihazi (Novasina LabMaster, Novasina
AG, Lachen, isvicre) kullanilarak belirlenmistir.

2.8. Renk Analizi

Kraker orneklerinin renk analizi Minolta CR-400 model

renk cihaz kullanilarak yapilmistir (Konica Minolta CR-
400, Tokyo, Japan). Olgiimlerden &6nce Minolta
kalibrasyon plakasi kullanilarak cihazin kalibrasyonu
yapimis olup sonuclar L* a* ve b* degerleri seklinde
verilmistir. L* degeri 0 (siyah) ile 100 (beyaz) arasinda
degisen degerlerle koyulugu ve parlaklig;; a* degeri
kirmiz1 (+a) ve yesilligi (-a); b* degeri ise sarilik (+b) ve
maviligi (-b) ifade etmektedir.

2.9. Tekstiir Analizi

Kraker 6rneklerinin tekstiir analizinde sertlik (hardness)
degerleri ol¢lilmiistiir. Bu analiz i¢in {i¢ noktali biikkme
probu (HDP/3PB) ve agir yiik platformu ile kombine
edilmis tekstiir analiz cihazi kullanilmistir (TAXT2i,
Stable Micro Systems, Surrey, Ingiltere). Analizde
kullanilan parametreler; 6n test hizi: 1 mm/s, test hizi: 3
mm/s, test sonrast hizz: 10 mm/s, uzakhk: 5 mm,
tetikleme yiikii: 50 g ve veri alma hizi: 500 pps olarak
belirlenmistir. Sertlik degerleri tekstiir cihazinin yazilimi
kullanilarak hesaplanmistir (Texture Exponent Software,
ver: 6.1.18.0, Stable Micro System, Surrey, Ingiltere).
Analiz 25 °C’de yapilmistir.

2.10. Duyusal Analiz

Orneklerin duyusal analizinde 9 puanl hedonik skala (1
= ¢ok koti, 9 = ¢ok iyi) kullanilmis olup, analize en az 10
adet egitimli panelist katilmistir. Ornekler goriiniis, renk,
koku, tat, tekstiir ve genel kabul edilebilirlik kriterleri

acisindan  degerlendirilmistir. Krakerler 3  haneli
rakamlar ile rastgele numaralandirilmis ve servis
esnasinda rastgele dizilmistir. Panelistlerin tadim
esnasinda tat algisin1  yenilemeleri ve agizlarini

calkalamalari i¢in galeta ve su servis edilmistir.

2.11. istatistiksel Analiz

Verilerin istatistiksel olarak degerlendirilmesinde SPSS
yazilimi (Windows, siiriim 16; IBM Corp., Armonk, NY,
ABD) kullanilmis ve tek yonlii varyans analizi (ANOVA)
uygulanmistir. Degiskenler arasindaki anlamli farklar:
saptamak i¢in Duncan testi kullanilmistir (P<0,05).

3. Bulgular ve Tartisma

3.1. Yag Asidi Dagilimi

Shortening ve c¢orekotu yaginin yag asidi dagilimlari
Tablo 1’de gosterilmistir. Shorteningin temel yag asidi
bileseni palmitik asit (% 41,39) olup bunu oleik asit (%
35,15) takip etmektedir. Corekotu yaginin temel yag asidi
bileseni ise linoleik asit (% 55,88) olup bunu oleik asit (%
25,39) takip etmektedir. Shorteningin iceriginde bulunan
doymus (% 49,24) ve doymamis yag asitlerinin (%
49,23) toplami neredeyse esittir. Corekotu yaginin
bilesimine bakildiginda ise doymus yag asitlerinin
toplam1 % 17,57 iken doymamis yag asitlerinin toplami
% 82,08’lik bir orana ulasmistir. Ayyildiz ve ark. (2021)
tarafindan yapilan bir ¢alismada; soguk pres ¢orekotu
yaginin temel bilesenleri linoleik asit (% 54,80), oleik asit
(% 24,90) ve palmitik asit (% 12,24) olarak belirtilmis
olup, bu yag asitlerinin oranlarinin bizim ¢alismamizda
elde edilen sonuglara oldukca oldugu
gorilmistiir. Albakry ve ark. (2022) tarafindan yapilan
calismada da benzer sonuglar ortaya konulmustur.

benzer
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Shortening yaginda % 1,16 oraninda trans yag asidi
tespit edilmis olup Tiirk Gida Kodeksi gida etiketleme
kurallarina uygun oldugu goriilmiistiir. Tirk Gida
Kodeksi Gida Etiketleme ve Tiiketicileri Bilgilendirme
Yonetmeligi'ne gore; siirtilebilir yag/margarinler, yogun
yaglar, bitkisel yaglar ve bu yaglar1 iceren gidalarin
%?2’den fazla trans yag icermesi durumunda trans yag
miktarinin belirtilmesi gerekir. Soguk pres ¢oérekotu
yaginda ise diisiik miktarda (% 0,18) da olsa trans yag
asidi tespit edilmistir. Bitkilerin yaprak ve tohumlarinin
trans yag asitlerini igerebildigi ve buna bagh olarak
bitkisel ham yaglarda yaklasik % 0,1 - % 0,3 oraninda
trans yag asidi bulunabilecegi literatiirde belirtilmistir

(Schwarz, 2000; Kahraman ve Kiipliilii, 2011). Ayyildiz ve
ark. (2021) tarafindan yapilan ¢alismada,
calismamizdan farkl olarak ¢orekotu yaginda trans yag
asidi tespit edilmemistir. Ancak, calismada yer alan diger
soguk pres yaglardan kabak cekirdegi yagi, ceviz yag1 ve
hashas yaginin cesitli oranlarda (% 0,11-% 0,40) trans
yag asidi igerdigi tespit edilmistir. Fransa'da yapilmis
olan bir c¢alismada siipermarketlerden cesitli bitkisel
yaglar toplanmis ve yag asidi bilesenleri incelenmistir.
Calisma kapsaminda analiz edilen soguk pres avokado
yaginin trans yag asidi icerdigi belirtilmistir (Vingering
ve ark., 2010).

bizim

Tablo 1. Shortening ve ¢oérekotu yaginin yag asidi bilesimi (%)

Yag Asitleri Shortening Corekotu yagi
Miristik asit (C14:0) 1,64+0,02 0,15+0,00
Palmitik asit (C16:0) 41,39+0,44 11,73+0,04
Palmitoleik asit (C16:1) 0,18+0,00 0,16+0,01
Heptadekanoik asit (C17:0) 0,09+0,00 0,06+0,00
Stearik asit (C18:0) 5,69+0,15 3,07+0,00
Elaidik asit (C18:1 trans-9) 0,27+0,00 0,03%0,00
Oleik asit (C18:1) 35,15+0,41 25,39+0,16
Linolelaidik acid (C18:2 trans-9,12) 0,88+0,09 0,15+0,01
Linoleik asit (C18:2) 13,65+0,03 55,88+0,12
Arasidik asit (C20:0) 0,31+0,01 0,19+0,00
Eikosenoik asit (C20:1) 0,25+0,01 0,60+0,07
Heneikosanoik asit (C21:0) 2,34+0,00
Lignoserik asit (C24:0) 0,12+0,01 0,02+0,00
Nervonik asit (C24:1) 0,05+0,01
Doymus Yag Asitleri 49,24+0,29 17,57+0,05
Doymamis Yag Asitleri 49,23+0,45 82,08+0,10
Trans Yag Asitleri 1,16+£0,09 0,18+0,01

3.2. Yag Baglama Kapasitesinin Belirlenmesi

COYO'nun yag baglama kapasitesi % 98,93+0,35 olarak
belirlenmistir. Daha 6nce yapmis oldugumuz bir
calismada da benzer bir lretim prosediirii uygulanarak
¢orekotu yagi-karnauba mumu oleojeli elde edilmistir.
Ancak, daha once elde edilen oleojelde herhangi bir yag
kayb1 gozlenmemistir (Orhan ve Eroglu, 2022). Bu durum
¢orekotu yaginin ve karnauba mumunun bilesim
farkliligindan kaynaklanabilir. Her iki ¢alismamizda da
soguk sikim ¢orekotu yagi kullanilmis olup, bitkinin tird,
yag eldesinde kullanilan yontemler, iklim ve cografya gibi
faktorler yagin bilesimine etki edebilmektedir. Mumun
yapisinda bulunan mindr bilesikler de jelator-jelator veye
jelatér-¢oziicli interaksiyonlarini etkileyerek yag faz ile
uyumsuzluga neden olabilmektedir (Fayaz ve ark., 2020).
Noonim ve ark. (2022) tarafindan yapilan bir ¢alismada
palm yag1 ve farkl oranlarda (% 5 ve % 10) karnauba
mumu kullanilarak oleojel elde edilmis olup, yeni iiretilen
oleojellerden olan yag kaybinin % 5’in altinda oldugu
ortaya konulmustur. Ote yandan Li ve ark. (2022)
tarafindan yapilan ¢alismada ise yiiksek oleik asitli
aycicek yag1 ve karnauba mumu (% 5) kullanilmis olup,
elde edilen oleojelin yag baglama kapasitesinin yaklasik
% 80 oldugu bulunmustur. Bu durum yaglarin sahip

oldugu farklh bilesim, polarite ve viskozite gibi

ozelliklerin jelator-yag etkilesimlerini etkilemesinden ve
buna bagh olarak da farkl oleojel yapilarinin ortaya
cikmasindan kaynaklanabilmektedir (Fayaz ve ark,
2020).

3.3. Nem Analizi

Kraker orneklerinin nem icerigi degerleri Tablo 2’de
gosterilmistir. Kraker formiilasyonu icerisindeki oleojel
miktar1 arttikca drneklerin nem degerlerinin de arttig
gorilmektedir. Bu oleojel iceren
formiilasyonlarda suyun daha iyi tutulmasindan
kaynaklanmaktadir (Giacomozzi ve ark, 2018). Gida
irtinlerde oleojel kullanimi 1s1 direnci ve nem bariyeri
saglayabilmektedir (Demirkesen ve Mert, 2020). Naeli ve
ark. (2023) yag fazi olarak damitilmis monoagilgliserol ve
oleojelator
seliiloz/hidroksipropil metil seliiloz kullanarak oleojel
elde etmistir. Daha sonra bu oleojeller kek yapiminda
shortening yerine kullanilmis ve oleojel kullanilarak elde

durum

olarak etil seliiloz ve etil

edilen keklerin nem degerlerinin kontrol érnegine gore
daha yiiksek oldugu goriilmiistiir. Brito ve ark. (2022)
tarafindan yapilan calismada da benzer sonuglar elde
edilmis ve oleojel igeren kurabiyelerin nem iceriginin
shortening iceren orneklere gore daha yiiksek oldugu
ifade edilmistir.
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Tablo 2. Kraker 6rneklerinin nem igerigi (%) ve su aktivitesi (aw) degerleri

Ornek Nem (%) Su aktivitesi (aw)
Kontrol-kraker 3,61+£0,39 ¢ 0,1320£0,0014 ¢
% 50 COYO-kraker 4,11+0,16b 0,1920+0,0071 b
% 100 COYO-kraker 4,69+0,07 a 0,2315+0,0111 2

Ayni siitunda yer alan “a-c” harfleri 6rnek gruplari arasindaki farkin istatistiki olarak 6nemli oldugunu ifade etmektedir (P<0,05)

3.4. Su Aktivitesi

Kraker orneklerinin su aktivitesi degerleri Tablo 2’de
goriilmektedir. En diisik aw degeri Kontrol-kraker
ornegine ait iken en ytiksek aw degeri % 100 COYO-
kraker drnegine aittir. Kraker formiilasyonunda yer alan
shorteningin COYO ile degistirilmesi aw degerinin
artmasina neden olmustur. Oleojel iceren krakerlerde
daha fazla su tutulmasinin sonucu olarak érneklerin nem
icerigi ve aw degerleri artmistir. Daha o6nce yapilan
calismalarda unlu mamullerde yag ikame maddesi olarak
karbonhidrat ve protein kokenli triinlerin kullanilmasi
durumunda triinlerin su aktivitesinin ve nem igeriginin
arttigy goriilmiistiir (Lee ve Inglett, 2006; Gallagher ve
ark, 2003; Yashini ve ark., 2021). Calismamizdan elde
edilen sonuglara gore yag ikame maddesi olarak oleojel
kullanimi da nem ve su aktivitesi degerlerinin artmasina
neden olmustur. Nutter ve ark. (2023) tarafindan yapilan
calismada soya yag1 ve piring kepegi mumu ile oleojel
elde edilmis olup, ardindan sodyum aljinat ve -
karreganan ile hazirlanan hidrojel ile karistirilmis ve
boylece bigel formiilasyonu elde edilmistir. Elde edilen
bigel kurabiye yapiminda kullanilmis ve iriinlerin su
aktivitesi degerinde artisa neden olmustur. Ote yandan,

kullanilan materyalin
kullanildig1 icerigi
etkilesimlerinin su aktivitesinin hareketini etkiledigi
soylenebilir.

3.5. Renk Analizi

Kraker orneklerinin renk analizi sonuglar1 Tablo 3’de
verilmistir. Kontrol-kraker 6rnegi en ytiksek L* degerine
sahip iken % 50 COYO-kraker o6rnegi en diisik L*
degerine sahiptir (P<0,05). Kraker formiilasyonunda
oleojel kullanimi; COYO'nun parlaklik degerinin (L* =
27,98 * 0,76) shorteninge gore (L* = 93,52 * 0,26) daha
disiik olmasi nedeniyle, 6rneklerin parlaklik degerinin

kimyasal formiilasyonu,

lriniin ve birbirleri ile olan

azalmasina neden olmustur (veri cizelgede
gosterilmemistir). En disiik a* degerinin Kontrol-krakere
ait oldugu (P<0,05) ve formiilasyonda oleojel

kullanildiginda a* degerinin arttifi goriilmektedir. Bu
durum ¢orek otu yaginin kirmizilik (+) (a* = 3,89 + 0,22)
degerinin shorteningin ise yesillik degerinin (-) (a* = -
2,33 * 0,07) daha baskin olmasindan kaynaklanmaktadir.
Kraker yapiminda oleojel kullaniminin, 6rneklerin b*
degeri lizerinde istatistiksel olarak anlaml bir etkisinin
olmadig1 goriilmiistiir (Tablo 3). Bu durum shorteningin
b* degeri (14,66 = 0,34) ile COYO'nun (13,15 + 0,34) b*

oleojel ilave edildiginde iriiniin su aktivitesinin degerinin birbirine yakin olmasindan

distligiinii belirten ¢alismalar da mevcuttur (Yilmaz ve kaynaklanmaktadir.

Ogiitcii, 2015). Bu durumda, yag ikame maddesi olarak

Tablo 3. Kraker drneklerinin renk parametreleri ve tekstiirel 6zellikleri
Ornek L* a* b* Sertlik (g kuvvet)
Kontrol-kraker 64,04+2,40 a 1,31+0,12 ¢ 27,89+1,24 a 2396,90+£203,75 a
% 50 COYO-kraker 57,03+1,94 ¢ 3,02+0,26 2 27,38+1,582 1609,01+131,14 b
% 100 COYO-kraker 61,63+2,63 b 2,46+0,22b 26,21+1,150 1170,45+89,37 ¢

Aymn siitunda yer alan “a-c” harfleri 6rnek gruplari arasindaki farkin istatistiki olarak 6nemli oldugunu ifade etmektedir (P<0,05).

Tang ve Gosh (2021) tarafindan yapilan bir ¢alismada da
benzer sonuglar elde edilmistir. Kanola proteini izolati
kullanilarak kanola yag1 emiilsiyonlari elde edilmis ve bu
emiilsiyonlardan biri 1s1l
Ardindan iki emiilsiyon da vakum yardimi ile kurutulmus
ve homojen bir doku elde edilene kadar ¢irpilarak oleojel
haline getirilmistir. Oleojeller daha sonra kek yapiminda
kullanilmistir. Oleojel kullanilarak hazirlanan hamurlarin
L* degerinin, shortening kullanilarak elde edilen kontrol
ornegine gore daha diisiik oldugu ifade edilmistir. Isil
islem gérmiis oleojel iceren kek drneginin L* degerinin
de protein denatlirasyonuna bagh olarak diistiigi

isleme tabi tutulmustur.

belirtilmistir. Oleojel ile hazirlanan keklerin a* ve b*
degerlerinin de kanola proteini icermeleri nedeniyle
kontrol o6rnegine gore daha yiiksek oldugu ifade
edilmistir. Barragan-Martinez (2022) tarafindan yapilan
baska bir ¢alismada da kurabiye yapiminda hibrid jel
kullanilarak  formiilasyondaki  shortening miktar
azaltilmaya ¢alisilmistir. Calismada oncelikle kanola yagi
ve kandelila mumu kullanilarak oleojel elde edilmis ve
ardindan jelatinize nisasta hidrojeli ile karistirilarak
hibrit jel elde edilmistir. Elde edilen hibrit jel farkh
oranlarda (% 0, 25, 50, 75 ve 100) shortening ile ikame
edilerek kurabiye yapiminda kullanilmistir. Kurabiye
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orneklerindeki hibrit jel miktar1 arttikca L* degerinin
arttigl, a* degerinin azaldifi ve b* degerinin arttif
gorilmiistiir. Bu degisimlere hibrit jel icerisinde bulunan
nisastanin neden oldugu ifade edilmistir. Yukarida
bahsedilen ¢alismalardan da anlasilacag: {izere, oleojeli
olusturan materyallerin renk degerlerine goére son
iriiniin renk degerlerinin degismesi beklenen bir
durumdur.

3.6. Tekstiir Analizi

Kraker oOrneklerinin sertlik degerleri Tablo 3’de
gosterilmistir.  Formiilasyonunda  oleojel
krakerlerin sertlik degerlerinin kontrol drnegine gore
daha diisiik oldugu goriilmektedir. Sertlik, kraker yeme
kalitesini gosteren oOnemli parametrelerden biridir.
Krakerde sertlik degerinin diismesi yumusak tekstiire ve
buna bagh olarak da istiin kaliteyi isaret etmektedir
(Zhao ve ark, 2022). Duyusal analiz sonuglarina
bakildiginda ¢COYO kullanilarak hazirlanan krakerlerin

yap1 (tekstiir) degerinin kontrol 6rneginden daha yiiksek

bulunan

oldugu goriilmekte olup, bu durumu dogrulamaktadir.
Ote yandan, sertlik degeri ve nem icerigi arasinda zit bir
iliski oldugu daha 6nce yapilan arastirmalar tarafindan
ortaya konulmustur (Lee ve ark, 2022; Alamri ve ark,
2022). Bizim c¢alismamizda elde edilen veriler de bu
iliskiyi dogrulamaktadir. Yiikksek nem degerine sahip
COYO igerikli krakerlerin daha diisiik sertlik degerine
sahip oldugu goriilmektedir.

Zhao ve ark. (2022) tarafindan yapilan bir ¢alismada yag
faz1 olarak yiiksek oleik asitli soya yagi ve oleojelatér
olarak da monoagilgliserol ve piring kepegi mumu
kullanilmis olup elde edilen oleojeller kraker yapiminda
kullanilmistir. Oleojel kullanilarak elde edilen krakerlerin
sertlik degerlerinin shortening kullanilarak elde edilen
krakerlerin sertlik degerlerinden daha diisiik oldugu
gorilmiistiir. Krakerlerin disiik sertlik degerlerinin
ylksek doymamis yag asidi igerigi ile iliskili olabilecegi
vurgulanmistir. Tanislav ve ark. (2022) tarafindan
yapilan baska bir c¢alismada ise cesitli oleojelatorler
(karnauba
sitosterol:lesitin,

mumu, [-sitosterol:balmumu, B-

gliserol monostearat) kullanilarak

Tablo 4. Kraker érneklerinin duyusal degerlendirmesi

aycicek yagi oleojelleri elde edilmistir. Elde edilen
oleojeller biskiivi yapiminda kullanilmis olup oleojel
kullanilarak iretilen biskiivilerin hepsinin sertlik
degerleri, margarin kullanilarak elde edilen kontrol
orneginin sertlik degerinden daha diisiik bulunmustur.
Oleojel kullanilarak elde edilen biskiivilerin gevrek
hamur drinleri Kkategorisi igin uygun oldugu
belirtilmistir. Jadhav ve ark. (2022) tarafindan da
oleojelin, kurabiye gibi unlu mamullerde doymus yagin
yerine uygun bir alternatif oldugu belirtilmistir.

3.7. Duyusal Analiz

Kraker o6rneklerinin duyusal analiz sonuclar1 Tablo 4’de
gosterilmistir. Goriiniis agisindan en ¢ok begenilen 6rnek
% 100 COYO-kraker olmustur. Kraker yapiminda COYO
kullanilan 6rneklerin renk acisindan daha ¢ok begenildigi
gorillmektedir. Renk analizi sonucunda ortaya konulan
farkliliklarin duyusal analize yansidig1 ancak aralarinda
istatistiksel olarak onemli bir farkliligin olmadigl
anlagilmaktadir (P>0,05). Koku acisindan oOrnekler
arasinda herhangi bir farklihiga rastlanmamistir (P>0,05).
Bu durum; kraker yapiminda COYO kullaniminin, iiriin
kokusuna olumsuz yansimadigini gostermesi agisindan
onemlidir. Ornekler lezzet acisindan degerlendirildiginde
ise en yiiksek puani, yag fazi olarak tamamen COYO
kullanilan 6rnegin aldig1 goriilmektedir ve bunu %50
COYO-kraker ornegi takip etmektedir (P<0,05). Lezzet
acisindan en diisiik puan ise Kontrol-kraker ornegi
almistir. Yapr ag¢isindan da formiilasyonunda COYO
barindiran o6rneklerin daha yiliksek puanlar aldigl
gorilmektedir. Genel begeni degerlendirmesinde ise en
ylksek puani % 100 COYO-kraker 6rnegi almis olup, en
disiik puani Kontrol-kraker o6rnegi almistir. Ancak,
aralarindaki ~ fark  istatistiksel = olarak  anlaml
bulunmamistir (P>0,05). Yapisinda COYO bulunduran
krakerlerin goriiniis disindaki biitiin degerlendirmelerde
orneginden daha yiiksek puanlar aldigl
gorlilmektedir. Elde edilen bu veriler, kraker yapiminda
yag fazi olarak kullanilan shorteningin % 50 oraninda
COYO ile ikame edilmesinin ve en énemlisi de shortening

kontrol

yerine tamamen COYO kullanilmasinin panelistler
tarafindan olumlu karsilandigini ortaya koymaktadir.

Ornek Gorunus Renk Koku Lezzet Yap1 Genel Begeni
Kontrol-kraker 6,41+0,06 2 6,69+0,06 2 6,91£0,25 2 6,05£0,19>  6,55+0,522 6,55+0,06 2
% 50 COYO-kraker 6,32+0,33 2 7,37+0,39 2 6,96+0,19 2 6,50£0,202>  6,87%0,322 6,82+0,52 2
% 100 COYO-kraker 6,82+0,13 2 6,960,062 6,91+0,00 2 7,090,252 6,82+0,00 2 7,18+0,00 =

Ayni siitunda yer alan “a-b” harfleri 6rnek gruplari arasindaki farkin istatistiki olarak 6nemli oldugunu ifade etmektedir (P<0,05).

Giacomozzi ve ark. (2022) tarafindan yapilan ¢alismada
da benzer sonuglar elde edilmistir. Giacomozzi ve ark.
(2022) yiiksek oleik asitli aycicek yag1 ve monogliserit
kullanarak oleojel elde etmis ve bu oleojeli muffin
yapiminda kullanmistir. Calismada kontrol olarak ticari
margarin kullanilarak tretilen muffin kullanilmis ve
ornekler duyusal ozellikler acisindan kiyaslanmistir.
Oleojel kullanilarak elde edilen muffinlerin genel kabul

edilebilirligi  kontrol  o6rneginden daha  yiiksek
bulunmustur. Giacomozzi ve ark. (2022), geleneksel bir
icerigin degistirilmesinin {iriiniin kabul edilebilirligini
etkilemesi nedeniyle bu sonuglarin olduk¢a o6nemli
oldugunu vurgulamistir. Duyusal 6zellikler tiiketicilerin
egilimlerini  etkileyen en
parametrelerden biridir. Bu nedenle iireticiler, gidalarin
duyusal

satin  alma onemli

ozelliklerini  gelistirmeyi ve tiiketicinin
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begenecegi diizeye ¢ekmeyi amacglamaktadir (Ekin ve
ark, 2021). Bagka bir c¢alismada aycicek yag1 ve
hidroksimetil seliiloz kullanilarak oleojel elde edilmis ve
cesitli oranlarda shortening ile karistirilarak (oleojel:
shortening; 0:100 50:50, 60:40, 70:30, 100:0) kruvasan
yapiminda kullanilmistir. Kat1 yag icerigi % 50 oraninda
oleojel ile ikame edilen 6rnek, kontrol érneginden sonra
duyusal olarak en ¢ok begenilen iiriin olmustur (Espert
ve ark., 2023).

4. Sonug¢

Kraker yapiminda COYO kullanimi, d6rneklerde pisme
esnasinda suyun daha iyi tutulmasina neden oldugu igin
nem ve su aktivitesi degerlerinin artmasina neden
olmustur. Kraker formiilasyonunda shortening miktari
azalip COYO miktar1 arttikca daha yumusak ve daha
istiin yeme Kkalitesine sahip krakerler iretilmistir. Bu
duyusal testindeki tekstiir
degerlendirmesine de yansimistir. Kraker yapiminda

durum analiz
COYO kullanimi, iiriin lezzetinin panelistler tarafindan
daha c¢ok begenilmesine (P<0,05) ve genel begeni
acisindan da COYO ilaveli tiriinlerin daha yiiksek puan
almasina neden olmustur. Elde edilen veriler 1s1ginda
kraker yapiminda COYO kullaniminin hem tekstiirel hem
de duyusal acidan basarili sonuglar verdigi ifade
edilebilir. Ayrica ¢orekotu yaginin yiiksek oranda
doymamis yag asidi icermesi nedeniyle COYO igeren
krakerlerin shortening iceren krakerlere gore daha
saglikli oldugu soylenebilir. Bundan sonra yapilacak olan
calismalarda; kati yag ikame maddesi olarak COYO
kullaniminin, tiriine fonksiyonel anlamda sagladig katki
ve biyoyararhlik 6zellikleri arastirilmalidir.

Katki Orani1 Beyam
Yazar(lar)in katki yiizdesi asagida verilmistir. Tim
yazarlar makaleyi incelemis ve onaylamistir.

N.0.0. Z.E.
K 50 50
T 50 50
Y 60 40
VTI 50 50
VAY 50 50
KT 60 40
YZ 60 40
KI 70 30
GR 70 30
PY 60 40

K= kavram, T= tasarim, Y= yonetim, VTI= veri toplama ve/veya
isleme, VAY= veri analizi ve/veya yorumlama, KT= kaynak
tarama, YZ= Yazim, Kl= kritik inceleme, GR= goénderim ve
revizyon, PY= proje y6netimi.

Catisma Beyani
Yazarlar bu ¢alismada hicbir cikar iliskisi olmadigini
beyan etmektedirler.

Etik Onay Beyami
Bu arastirmada hayvanlar ve insanlar iizerinde herhangi
bir ¢alisma icin etik kurul

yapilmadig1 onayl

alinmamustir.
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ORMAN GULU (Rhododendron ssp.) CELIKLERININ
KOKLENMELERI UZERINE FARKLI UYGULAMALARIN ETKILERI

Bahadir ALTUN*, Hiiseyin CELIK?2

IKirsehir Ahi Evran University, Agricultural Faculty, Department of Horticulture, 40200, Kirsehir, Tiirkiye
20ndokuz Mayis University, Agricultural Faculty, Department of Horticulture, 55200, Samsun, Tiirkiye

Ozet: Bu arastirma, Tiirkiye dogal orman giilii tiirlerinin (Rhododednron ponticum L., R. luteum Sweet, R. caucasicum Pallas, R.
simirnovii Trautv ve R. ungernii Trautv) ¢eliklerinin koklenme oranlari (%) tizerine farkl ¢elik alma dénemi, farkli IBA dozlarinin ve
koéklendirme ortamlarinin etkilerini belirlemek amaciyla yiiritiilmiistiir. Agustos ayinin sonu, Ekim ayinin ilk yarisi ve Kasim ayinin
ikinci yarisinda alinan tepe celikleri, indol-3-Biitirik Asit (IBA)'in 0, 2000 ppm, 4000 ppm ve 8000 ppm dozlarina tabi tutularak alttan
1sitmali tavalarda ve mistleme sulama altinda koklendirme ortamlarina dikilmislerdir. Koklendirme ortami olarak asidik torf+perlit
(3:1) ve perlit ortami kullanilmistir. Arastirma sonucunda yillara gore degismekle beraber en yiliksek koklenme oranlar1 R. ponticum,
R. smirnovii ve R. ungernii tiirlerinde asidik torf+perlit (3:1) ortaminda (sirasiyla % 75.83, %59.17 ve %25), R. luteum ve R. caucasicum
tiirlerinde ise perlit ortaminda (sirasiyla %64.17 ve %29.17) oldugu tespit edilmistir. Orman giilii ¢eliklerinin kdklenme seviyelerinin;
tiire, ¢celik alma donemine, koklenme ortamina, kullanilan IBA dozuna ve yillara bagh olarak degiskenlik gosterdigi belirlenmistir.

Anahtar kelimeler: Rhododendron, Celik, Koklendirme ortami, IBA

The Effect of Different Applications on Rooting of Rhododendron spp Cuttings

Abstract: This research was carried out to determine the effects of different cutting taking periods, IBA doses and different rooting
environments on the rooting rates (%) of Turkish natural rhododendron species (R. ponticum L., R. luteum Sweet, R. caucasicum Pallas,
R. simirnovii Trautv and R. ungernii Trautv) cuttings. The shoot-tip-cuttings taken at the end of August, the first half of October and the
second half of November were subjected to 0, 2000 ppm, 4000 ppm and 8000 ppm doses of Indole-3-Butyric Acid (IBA). They were
then planted in rooting media in bottom heated pans and under misting irrigation. Acidic peat+perlite (3:1) and perlite medium were
used as rooting media. As a result of the research, although it varies from year to year, the highest rooting rates were found in R.
ponticum, R. smirnovii and R. ungernii species in acidic peat + perlite (3:1) medium (75.83%, 59.17% and 25%, respectively). R. luteum
and R. caucasicum species were found to be in perlite environment (64.17% and 29.17%, respectively). Rooting levels of
rhododendron cuttings; It was determined that it varies depending on the species, cutting period, rooting environment, IBA dose used
and years.
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planlamalarinda kiltiire alinmis dogal orman giili
tlirlerinin yan sira 1slah ¢alismalar ile gelistirilmis ve
gliniimiizde sayilar1 binlerle ifade edilen orman giili
cesitleri de sikca kullamilmaktadir. Ulkemizde dogal

1. Giris

Tirkiye, biyogesitlilik yoniinden diinyanin en énemli gen
merkezlerinden biridir. Ulkenin sahip oldugu farkh
ekolojiler ve topografik yapilar bir¢ok bitki tiiriiniin

yetismesine olanak saglamaktadir. Zengin tiir cesitliligi
icerisinde 6nemli bitkilerden biri de orman giilleridir. Bu
bitkiler tilkemizde, Karadeniz kiy1 seridi boyunca, doguda
Artvin'den baslayarak, batida Istranca Daglarina kadar,
daglarin kuzeye bakan yamaglarinda dogal
yetismektedir.

olarak

Giinlimiizde Rhododendron cinsi igerisinde yer alan
bitkiler karakteristik 6zelliklerinden dolay1 dis mekan
diizenlemelerinde ve saksili siis bitkisi olarak kullanim
acisindan son derece popiiler bitkilerdir. Dogada yetisen
orman giillerinin estetik giizelligi bu bitkilerin giinlimiiz
modern bahgelerindeki diizenlemelerde yaygin olarak

kullanilmasim saglamistir. Kentsel peyzaj

olarak yayilis gosteren orman giilleri gosterisli siis
bitkileri olmalarina ragmen yerli tiirler hentiz kiiltiire
alinmadig1 icin kentsel peyzaj uygulamalarinda sis
bitkisi olarak kullanilmamaktadir. Peyzaj planlamalarda
kullanilan orman giilleri ise ithal edilerek, yiiksek
fiyatlarla tiiketiciye sunulmaktadir.

Orman giilii fundagiller (Ericaceae) familyasindaki
Rhododendron cinsi i¢inde yer alir. Dogal olarak yayilis
gosteren orman gillerinin, dogal tiir sayis1 degisik
kaynaklara gore degismekle birlikte yaklasik 1000 ile
1466 civarinda oldugu bildirilmektedir (Rai ve ark,
2013; e-Floras, 2024). Herdemyesil veya yapragini déken
call, nadiren de aga¢ seklinde bitkileri olan bir tiirdir
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(Cullen, 2005). Yapragini doken bazi orman gili
tiirlerinde yesil olan yapraklar yesilden sariya sonra da
kahverengi ve kizila donerek giizel bir sonbahar renk
goriiniimii  sergilemektedirler. Orman gili c¢igekleri
siirglin uglarinda tek tek veya salkim halinde meydana
gelip oldukca biiyiik ve ¢ok farkli renktedirler. Gerek
yaprak ozellikleri gerekse c¢icek renklerinden dolay:
diinyada oOnemli bir siis bitkisi olan ormangilleri
tilkemizde hentiz sls bitkisi sektoriine
kazandirilmamistir (Altun, 2021).

Orman gilleri, alcak boylu yer Ortiicliden orta
biiyiikliikteki cali veya agaca kadar oldukga farkl boyut
ve sekillerde gelisen tiirleri igerir. Baz1 gesitler yuvarlak
bir habitat olustururken, digerleri acgik ¢ali veya dik
biiyiiyen bir aga¢ formunda olabilir (Cullen, 2005; Shen
ve ark. 2015; Francon ve ark., 2017; Li ve ark. 2018).
Baz tiirler yaprak doken, digerleri ise her dem yesildir.
Rhododendron tirleri benzersiz 6zelliklerinden dolay:
genis bir kullanim alanina sahiptir. Bu bitkiler 6zellikle
dis mekan peyzaj planlamalarinda tek basina veya diger
calilarla birlikte bordiir bitkisi olarak, uzun boylu olanlar
ise perde bitkisi veya vurgu bitkisi olarak kullanilabilir.
Dogal ve kiltiirti yapilan Rhododendron tiirleri ve gesitli
1slah yontemleriyle elde edilen cesitler, bircok iilkede
bahgeleri gosterisli ¢icekleriyle siislemektedir (Hay ve
ark, 2006; Weia ve ark., 2018).

Degerli bir siis bitkisi olan ormangiilii taksonu, diger
birgok kiiltiir bitkisine benzer sekilde generatif veya
vejetatif yontemlerle cogaltilabilmektedir. Diinyanin
birgok tilkesinde kentsel peyzaj planlamalarinda aranan
ve istenen bitkiler olan orman giilleri lilkemizde heniiz
yeterince kullanilmamaktadir. Bunun baslica nedenleri
bir¢ok bitki gibi kolay cogaltilamamasi ve yetisrilmesi
icin asidik toprak ve nemli bir ortama ihtiya¢ duymasidir.
Orman gilleri ¢ogaltim bakimindan tiirler arasinda
oldukca farkh dzellikler gostermekte ve her tiir cogaltma
kosullar Celikle
¢ogaltmada basariy1r artirmak icin c¢elik alma zaman,
celik sekli (yesil celiklerde diiz ve 6kgeli kesim, odunsu

bakimindan farkh istemektedir.

celiklerde diiz kesim), sicaklik uygulamalari, kéklenmeyi
tesvik edici madde uygulamalar1 (Hwang ve ark., 1998;
Czekalski, 1988; Krzymin'ska ve Czekalski, 1998;
Remotti, 2003; Ferriani ve ark., 2006) gibi bir ¢cok yontem
ve vermikiilit, hindistan cevizi lifi-torf-perlit- kum gibi
farkli koklendirme ortamlari koklendirmede ciddi oranda
(%5-%95) farkhlik yaratmaktadir (Matysiak ve Nowak,
2008; Pignatti ve ark, 2004). Bu calisma ile disiik
koklenme oranina sahip orman giilii tiirlerinin koklenme

ylzdelerinin  artirilarak  bu  alandaki

doldurulmasi amaglanmistir.

2. Materyal ve Yontem

2.1. Bitki Materyali

Arastirmanin bitki materyalini Artvin il ve ilge
sinirlarinda dogal yayilis alanlarindan alinan bes farkli
Rhododendron tiiriiniin (R. luteum Sweet, R. ponticum L.,
R. ungernii Trautv, R. simirnowii Trautv, R. caucasicum
Pallas) celikleri olusturmustur (Tablo 1).

2.2. Celiklerin Alinmasi, Tasinmasi ve Kdéklendirme
Ortam

boslugun

Secilen ve teshisleri yaptirilan 5 ormangiilii tiirtine ait
celikler Agustos ayinin sonu, Ekim ayinin ilk yarisi ve
Kasim ayimnin ikinci yarisinda olmak tizere 3 farkl
dénemde yillik stirgiinlerden tepe ¢eligi olarak alinmistir.
Bu islem 2 yil tekrarlanmistir. Tim tiirlerden her
donemde 500’er adet c¢elik alinmistir. Celiklerde su
kaybin1 minimuma indirmek amaciyla, tepe yapraginin
yarisi birakilarak diger yapraklarin tamami ¢ikarilmistir.
celikler  yirmiserli halinde
baglanarak icerisine nemli gazete serili kopiik kaplara

Hazirlanan demetler
konulmus ve flzerlerine buz torbasi konularak dikim
zamanina Kkadar bu sekilde muhafaza edilmistir.
Arastirmada koéklendirme ortami olarak perlit ve asidik
torf + perlit (3:1) karisimindan olusan iki farkll ortam
kullanilmigtir. Koéklendirme tavasina doldurulan bu
karisim diiz  bir yiizey elde edilinceye kadar
dizeltilmistir. Her iki ortam dikimden oOnce sisleme
Unitesinin ¢alistirilmasiyla nemlendirilerek dikime hazir
hale getirilmistir.

2.3. Celiklerin Dikimi

Deneme alanina getirilen celikler, canli dokuya ulagmak
icin alt kesim dip bogumun hemen 0.5 cm altindan diiz
olarak (Agaoglu ve ark, 2001) kesilmistir. Hazirlanan
celiklerin dip kisimlar1 5 sn siire ile 0, 2000 ppm, 4000
ppm ve 8000 ppm dozlarinda hazirlanan Indol Butrik
Asit (IBA) c¢ozeltisi icerisinde tutulmustur. Daha sonra
celikler, sicaklik (alttan 1sitmali) ve nem Kkontrollii
(sisleme altinda) iki farkl koklendirme ortamina (perlit
ve asidik torf+ perlit karisimi) tesadiif bloklarinda
boliinen boéliinmiis parseller deneme desenine gore
dikilmistir. Her tekerriirde 20 adet gelik olacak sekilde 3
tekerriirlii olarak deneme kurulmustur. Denemede
homojeniteyi saglamak icin celikler SU x SA: 4.5 x 3 cm
araliklarla dikilirken tekerriirler arasinda 5.5 cm, tiirler
arasinda ise 10 cm aralik birakilmistir. Koéklendirme
ortaminin sicakligi 24 °C (+1)’de sabit tutulmustur.

Tablo 1. Rhododendron geliklerinin alindiklar1 yerlere ait veriler

Tiirler Rakim Koordinat Lokasyon
R. ponticum L. 1652 m 41°08"914 K /41°46"205D Artvin
R. luteum Sweet 1671 m 41°10424 K/ 42°18“943 D Savsat
R. simirnowii Trautv. 1982 m 40°14"743 K /41°35“699 D Murgul
R. ungernii Trautv. 1249 m 41°18“870 K/ 41°53“495 D Borgka
R. caucasicum Pallas 2289 m 41°43450 K/ 42°28“376 D Savsat
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Koklendirme ortaminin nemi ise ¢eliklerin yapraklari
kurumayacak sekilde sisleme zamani manuel olarak
ayarlanarak saglanmistir. Celikler 190 giin
koklendirme ortamlarindan sokiilerek
degerlendirilmistir. Koklendirme ortamindan sékiilen
celiklerde bir veya daha fazla adventif kok olusturan gelik
koklenmis olarak kabul edilmistir. Elde edilen sonuclar %
olarak hesaplanmis ve kéklenme orani belirlenmistir.
Istatistik analizler

sonra

Denemelerden elde edilen 2 yillik veriler birlestirilmis ve
analiz edilmeden 6nce Log(10) trasnformasyonuna tabii
tutulmustur. Elde edilen bulgulara tek yonlii varyans
analizi (P<0.05) uygulanmistir.
arasindaki farkliliklar Duncan ¢oklu karsilagtirma testi ile
gruplandirilmistir. Cizelgedeki veriler orjinal degerlerdir
ve harflendirmeler transforme edilmis veriler lizerinden
yapilmigtir. Istatistiki SPSS (v.29) Paket
Programi kullanilarak yapilmistir.

Ele alinan Kkonular

Analizleri

3. Bulgular

Tiurkiye’de dogal olarak yetisen R. ponticum L., R. luteum
Sweet, R. smirnovii Trautv.,, R. ungernii Trautv. ve R.
caucasicum Pallas. orman giili tiirlerinden farkli
donemlerde alinan tepe celiklerine, farkli IBA dozlari
uygulanarak farkli ortamlarda koklendirilmistir. iki yil
tekrarlanan c¢alisma sonucunda elde edilen bulgular
tlirler bazinda asagida degerlendirilmistir.

3.1. Rhododendron ponticum L.

R. ponticum L. orman gilii tlriiniin tepe celiklerinin
koklenme oranlar1 iizerine, koklendirme ortamlarinin,

arasindaki farkliliklarin istatistiki olarak énemli diizeyde
(P<0,05) oldugu tespit edilmistir (F(23,120)=4,98).
Perlit ortaminda en yiiksek koklenme orani %60 ile
Kasim ayinda alinan ve 2000 ppm IBA dozu uygulanan
celiklerden elde edilmistir. Ayni ortamda en diisiik deger
(%15) ise Agustos ayinda alimarak 2000 ppm I[BA
elde edilmistir. Torf+perlit
ortaminda ise en ytliksek koklenme orani (%75,83) Kasim

uygulanan ¢eliklerden

ayinda alman ve 4000 ppm IBA dozu uygulanan
celiklerden elde edilmistir. Ayni ortamda Ekim ayinda
aliman ve 8000 ppm IBA uygulanan celiklerden %72,5
oraninda koklenme elde edilirken, bu ortamda en diisiik
koéklenme oran1 %24,17 olarak Agustos ayinda alinan ve
2000 ppm IBA uygulanan geliklerde gerceklesmistir.

3.2. Rhododednron luteum Sweet.

R. luteum Sweet. tiriiniin tepe celiklerinin koéklenme
oranlar1 iizerine, koklendirme ortamlarinin, g¢elik alma
dénemlerinin, IBA dozlarinin ve yillarin etkileri Sekil 2’de
verilmistir. Elde edilen sonuglar incelendiginde perlit
ortami ile torf+perlit ortami arasindaki faklihklarin
istatistiki olarak 6nemli diizeyde (P<0,05) oldugu tespit
edilmistir (F(23,120)=2,24). Perlit ortaminda en yiiksek
koéklenme orani %55 ile Ekim ayinda alinan ve 4000 ppm
IBA uygulanan celiklerden elde edilmstir. Ayni ortamda
en diisiik deger (%10) ise Agustos ayinda alinarak 4000
ppm IBA wuygulanan c¢eliklerden elde edilmistir.
Torf+perlit ortaminda ise en yiiksek koklenme orani
%64,17 ile Kasim ayinda alinan ve 4000 ppm IBA dozu
uygulanan celiklerden elde edilmistir. Bu ortamda en
disiik koklenme orami %13,33 olarak Agustos ayinda

celik alma donemlerinin, IBA dozlarinin ve yillarin alman ve 8000 ppm IBA uygulanan geliklerde
etkileri Sekil 1'de verilmistir. Elde edilen sonuclar gergeklesmistir.
incelendiginde perlit ortami ile torf+perlit ortami
R. ponticum L.
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Sekil 1. R. ponticum L. tiirii geliklerinin kéklenme oranlari.

R. luteum Sweet.
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Sekil 3. R. smirnovii Trautv. tiirii ¢eliklerinin kéklenme oranlari.
3.3. Rhododendron smirnovii Trautv. (%59,17) Agustos ayinda aliman ve IBA dozu

R. smirnovii Trautv. tiri tepe geliklerinin koéklenme
oranlar1 iizerine, koklendirme ortamlarinin, celik alma
doénemlerinin, IBA dozlarinin ve yillarin etkileri Sekil 3’de
verilmistir. Elde edilen sonuglar incelendiginde perlit
ortami ile torf+perlit ortami arasindaki faklihklarin
istatistiki olarak 6nemli diizeyde (P<0,05) oldugu tespit
edilmistir (F(23,120)=7,47). Perlit ortaminda en ytksek
koklenme oranit %40,83 ile Kasim ayinda alinan ve 8000
ppm celiklerden elde edilmstir.
Torf+perlit ortaminda ise en yiliksek koklenme orani ise

IBA uygulanan

uygulanmayan kontrol grubu geliklerden elde edilmistir.
3.4. Rhododendron ungernii Trautv.

R. ungernii Trautv. tiri tepe celiklerinin koklenme
oranlar1 iizerine, koklendirme ortamlarinin, ¢elik alma
dénemlerinin, IBA dozlarinin ve yillarin etkileri Sekil 4’de
verilmistir. Elde edilen sonuglar incelendiginde perlit
ortami ile torf+perlit ortami arasindaki faklhliklarin
istatistiki olarak 6nemli diizeyde (P<0,05) oldugu tespit
edilmistir (F(23,120)=4,29). Perlit ortaminda en ytiksek
koklenme oran1 %10 ile Agustos ayinda alinan ve 4000
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ppm IBA uygulanan c¢eliklerden elde edilmstir.
Torf+perlit ortaminda ise en yiiksek koklenme orani

(%25) Kasim ayinda alinan ve 2000 ppm IBA dozu
uygulanan celiklerden elde edilmistir.

R ungernii Trautv.
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Sekil 4. R. ungernii Trautv. tiirii ¢eliklerinin kéklenme oranlari.
R caucasicum Pallas
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Sekil 5. R. caucasicum Pallas. tiirii ¢eliklerinin koklenme oranlari

3.5. Rhododendron caucasicum Pallas.

R. caucasicum Pallas tirii tepe celiklerinin koklenme
oranlari iizerine, koklendirme ortamlarinin, celik alma
dénemlerinin, IBA dozlarinin ve yillarin etkileri Sekil 5’de
verilmistir. Elde edilen sonuglar incelendiginde perlit
ortami ile torf+perlit ortami arasindaki fakliliklarin
istatistiki olarak 6nemli diizeyde (P<0,05) oldugu tespit
edilmistir (F(23,120)=2,51). Perlit ortaminda en ytiksek
koklenme orani %29,17 ile Kasim ayinda alinan ve 4000
ppm IBA uygulanan celiklerden elde edilmistir.
Torf+perlit ortaminda ise en yiiksek koéklenme orani
(%28,33) Ekim ayinda alinan ve 2000 ppm IBA dozu
uygulanan celiklerden elde edilmistir.

4. Tartisma

R. ponticum L. orman giili tiirtiniin geliklerinin kdklenme
oranlar1 yillar birlestirilerek incelendiginde en yiiksek
koklenme oranim %75,83 ile Kasim ayinda alinan ve
4000 ppm IBA dozu uygulanan ve Torf+perlit ortaminda
dikilen c¢eliklerden elde edilmistir. Celiklerin kéklenme
oranlar1 iizerine bir¢ok faktor etkilidir. Bu faktorlerin
basinda, bitkinin genetik yapisinin yaninda, ¢eligin
biinyesinde bulunan veya hazir olarak verilen biliyiimeyi
dizenleyici maddeler gelmektedir. R. ponticum L.
celiklerinin anatomik yapisti ile yan kék olusumu tizerine
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bir arastirma yapan Strzelecka (2007), bitki biiylimeyi
uygulanan ¢eliklerde adventif kok
olusumlarinin 3. haftadan sonra meydana geldigini,
uygulama yapilmayan kontrol celiklerinde ise dikimden 6
hafta sonra bile kéklenme olmadigi bildirmistir. Almeida

diizenleyicisi

ve ark. (2003) ise R. ponticum subsp. baeticum tiiriiniin
celikleri ile yaptiklar1 ¢alismada oksin (IBA ve NAA)
uygulamalarinin koklenme basarisint %91 ile %100’e
cikarabilecegini ifade etmektedirler. Lonca ve ark. (2004)
Brilliant (Rhododendron) cesidi celiklerinde koklenme
oraninin torf + perlit ortaminda %78,5, torf ortaminda
ise %69,5 oldugunu ve bliylimeyi diizenleyici maddelerin
koklenmeyi onemli diizeyde artirdigini bildirmislerdir.
Kondratovics ve Megre (2000) IBA uygulamasinin
koklenmeyi artirdign gibi adventif kok olusumunu da
hizlandirdigini ortaya koymuslardir. Zaharia ve ark.
(2002), Apollo orman giilii ¢esidinin g¢elikle ¢ogaltilmasi
izerine yaptiklar1 bir calismada biiyiimeyi diizenleyici
madde uygulanmasiyla koklenme siiresinin kisaldigini
tespit etmislerdir. Arastiricilarin bulgular1 ile elde
mevcut ¢alisma sonucunda elde edilen bulgular paralellik
arz etmekte ve R. ponticum geliklerinin koklenebilmesi
icin biiylimeyi diizenleyici madde kullaniminin gerekli
oldugunu ortaya koymaktadir. Ayrica mevcut calisma
sirasinda ¢eliklerin koklenmesi iizerine doénemlerin,
koklendirme ortamlarinin ve hatta yillarin dahi etkisinin
oldugu belirlenmistir.

Koklendirme c¢alismasinin yapildigt R. luteum tiirinin
celiklerinin yillar birlestirilerek yapilan analiz sonucunda
koklenme orani bakimindan en yilksek oran Kasim
ayinda alinan ve 4000 ppm IBA dozu uygulandiktan
sonra Torf+perlit ortamina dikilen c¢eliklerde %64,17
olarak gerceklesmistir. Arastirmada ilk yil %93’ler
seviyesinde ¢ok yiiksek olan koklenme oranlari, ikinci yil
%33’ler seviyesine diismistiir. R. luteum tiiriinde II. yil
kiilleme hastalif1 gozlemlenmistir. Bu hastalikla diizenli
olarak kiiltiirel ve kimyasal miicadele yapilmasina
ragmen kokli ve koksiiz celiklerin asir1 derecede kiilleme
etkisinde kaldig1 tespit edilmistir. II. yi1l koklenme
oraninda yasanan disiisiin kiilleme hastaligindan
kaynaklanabilecegi disiiniilmektedir. Mevcut ¢alismada
yaprak doken tek tiir olan R. luteum ilk y1l verileri dikkate
alindiginda en yiiksek koklenme oranini veren tiir olarak
ortaya ¢ikmistir. Aleksandrova ve Zarubenko (1991)
tarafindan yapilan bir ¢alismada, yaprak doken 13 ve
yar1 herdemyesil olan 17 orman giilii tiirii ile hibrid
cesitlerin celikle cogaltmasi denenmistir. Arastiricilar,
biiylimeyi diizenleyici uygulamalariyla
koklenmenin biiytik oranda arttigini, en yiiksek dozlarin

madde

en iyi sonucu verdigini ve herdemyesil tiirlere gore
yaprak doéken daha kolay koklendigini
saptamislardir. Arastirmacilarin ¢alistigl tiirler ile bu
calismadaki orman giilii tiirleri farkl olsa da ¢ogaltma

tiirlerin

calismasindan elde edilen sonuglar arastiricilarin elde
ettigi sonuclarla paralellik gostermektedir.

R. smirnovii Trautv. orman giilii tlriine ait celiklerin
koklenmesi iizerine aragtirmanin her iki yilinda Agustos
doneminde alinan ve kontrol dozu uygulanarak torf

ortamina dikilen celiklerde I. y11 % 5,00, II. y1l ise %73,33
oraninda koklenme elde edilmistir (Altun, 2011). Ancak
yillar birlestirilerek yapilan analiz sonucunda en yiiksek
koklenme oram (%59,17) Agustos ayinda alinan IBA
uygulamadan Torf+perlit ortamina dikilen c¢eliklerden
elde edilmistir. Calismadaki biitlin tiirlerde oldugu gibi
yillar arasinda meydana gelen bu farkin alinan ¢eliklerin
yillar kaldig1 iklim kosullarindan
kaynaklanabilecegi diisiiniilmektedir. Ayrica diger bir
faktor ise Hieke (1979) tarafindan yapilan calisma
icerisinde saklidir. Bu calismada arastirici 262 orman
giillii ¢esidinin yapraklarinin ve ¢icek tomurcuklarini
soguklara dayanimlarini arastirmis, en dayanikli yaprak
ve ciceklerin R. smirnowii ile R. catawbiense tiirlerinde
oldugunu bildirmistir. Ayrica celikleri kolay koklenen
cesitlerin soguklara dayanikli olmadigini tespit etmistir.
Dolayisiyla soguklara en dayanikl tiir olarak tespit edilen
R. smirnowii tiriiniin c¢elikleri zor koéklenmektedir.
Ylatalo (1979) da yaptig1 ¢calismada R. smirnowii'nin en
zor koklenen tir oldugunu bildirmektedir. Czekalski
(1998) ise bu tiiriin vejetatif olarak ¢ogaltilmasi lizerine
cok az calisildign ve genellikle vejetatif
cogaltilmasinin zor oldugunu bildirmektedir. Ancak
biitiin bu verilere ragmen mevcut ¢calismada 6zellikle II.
yil elde edilen %73,33’liikk koklenme oraninin olduk¢a

bazinda maruz

yolla

ylksek oldugu ve R. smirnovii tiriiniin ¢elikle kolaylikla
cogaltilabilmesinin miimkiin oldugu diisiintilmektedir.

R. ungernii Trautv. orman gilii tirinde celiklerin
uygulamalarin  etkisi
incelendiginde uygulamalarin ve ¢elik alma zamanlarinin
koklenme lizerine istatistiki anlamda etkili oldugu tespit
edilmistir. Arastirma kapsaminda R. ungernii geliklerinin
en zor ve en diisiik oranda koéklendikleri tespit edilmistir.
Koklendirme ortaminda 220 giin tutulan geliklerde kallus

koklenme  orani lizerine

olusumunun gergeklestigi, celiklerin hayatta kaldig1
ancak koklenme oranlarinin oldukea diisiik oldugu
belirlenmistir. Benzer sonuglara ulasan Czekalski (1998)
de bu tiiriin vejetatif olarak c¢ogaltilmasinin ¢ok zor
oldugunu bildirmektedir. Czekalski (1996) peyzaj bitkisi
olarak kullanilan 4 kiiltiir cesidinin celikleri ile yaptig
calismasinda celiklerin diistik bir koklenme kabiliyeti ve
canlilik sergiledigini ve 451 celikten sadece 7 bitki elde
edebildigini bildirmistir. Her bitki vejetatif veya generatif
yontemlerle ¢ogaltilabilir. Burada 6nemli olan bitki i¢in
uygun c¢ogaltma yonteminin tespit edilmesidir.
Celiklerinde k6klenme oranlari ¢ok diisiik olan bu tiir de
havai daldirma ile %100 oraninda ¢ok ytiksek diizeyde
bir koklenme gerceklesmistir (Altun, 2023). Dolayisiyla
yapilan ¢alismalar dikkate alindiginda bu tiir igin g¢elikle
¢ogaltma yontemin c¢ok uygun bir ydntem olmadigl
sonucuna varilabilir.

R. caucasicum Pallas ¢eliklerinin koklenme oranlar
lzerine ortam, doénem, doz ve yillarin etkileri
incelendiginde en yiliksek koklenme oram1 9%28,33
seviyesinde kaldig: tespit edilmistir. Yukarida R. ungerni
tliriinde bahsedildigi gibi bu tiir icin de uygun ¢ogaltma
yonteminin  ¢elik  degil oldugu
soylenebilir. Altun (2023) yaptii ¢alismada havai

havai daldirma
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daldirma yontemi ile R caucasicum tiriinde %100
oraninda koklenme meydana geldigini bildirmistir.

Elde edilen verilere gore orman gilii celiklerinin
koklenmeleri {izerine tiirlerin, ¢elik alma dénemlerinin,
koéklenme ortami ozelliklerinin ve kullanilan biiylimeyi
diizenleyici madde dozlarinin etkili oldugu ve her tiiriin
her uygulamaya farkl
edilmistir. Her orman giilii tiirtiniin kéklenme i¢in farkl
uygulamalara ihtiya¢ duydugu ortaya konulmustur.
Nitekim Remotti (2003), orman gili ¢eliklerinin
koklenme Kkabiliyetinin IBA uygulamasiyla artigim ve
tlirlere gore farkli IBA dozlarinin daha etkili oldugunu
saptamistir. Calismamiz sonucunda ortaya ¢ikan bulgular
arastiricinin bulgulariyla paralellik arz etmektedir.

reaksiyon gosterdigi tespit

5. Sonug

Son yillarda Karadeniz Boélgesinde siis bitkileri sektorii
hizla gelisme gostermesine ragmen; gerek iklimsel
kosullardan gerekse bolge ireticisinin ekonomik ve
teknik altyapisinin yetersizliginden dolayi, siis bitkileri
yetistiriciliginin yogun olarak yapildig1 Ege, Akdeniz ve
Marmara Bolgelerinin lreticileri ile rekabet edebilmesi
mevcut tlirlerle miimkiin goértilmemektedir. Bu kosullar
altinda, bu devaminda yapilacak
calismalarla birlikte bolgenin dogal bitkisi olan orman
giillerinin siis bitkileri sektoériine kazandirilmasiyla
bolgemiz {ireticileri avantajli hale gelecektir. Orman
giillerinde sera kosullarinda c¢ogaltma saglansa bile,
kokli ¢eliklerin veya tohumdan elde edilen fidelerin
sasirtilmasindan  sonra dis  kosullara

calismayla ve

saksilara
adaptasyonlarinin olduk¢a zor oldugu tespit edilmistir.
Bu durumun iklim, toprak ve sulama suyu ile yakindan
ilgili oldugu dusiiniilmektedir. Dolayisiyla bdlgemiz,
ozellikle de Dogu Karadeniz bolgesi orman giilleri igin
ideal iklim kosullarina sahip oldugundan boélge lreticisi
diger bolge lreticilerine gore daha
Ulkemizde bitkileri
calismalar1 son derece yetersizdir. Son yillarda dogal
tiirlerle ivme 1slah  ¢alismalarina orman
giillerinin de dahil edilmesi 6nemlidir.

avantajhdir.
ozellikle sis konusunda 1slah

kazanan
Katki Orani Beyam

Yazar(lar)in katki yiizdesi asagida verilmistir. Tim
yazarlar makaleyi incelemis ve onaylamistir.

BA. H.C.
K 100
T 50 50
Y 50 50
VTI 100
VAY 50 50
KT 100
YZ 100
KI 100
GR 50 50
PY 50 50
FA 100

K= kavram, T= tasarim, Y= yonetim, VTI= veri toplama ve/veya

isleme, VAY= veri analizi ve/veya yorumlama, KT= kaynak
tarama, YZ= Yazim, KI= kritik inceleme, GR= gonderim ve
revizyon, PY= proje yonetimi, FA= fon alimu.

Catisma Beyani
Yazarlar bu c¢alismada higbir ¢ikar iliskisi olmadigini
beyan etmektedirler.

Etik Onay Beyam

Bu arastirmada hayvanlar ve insanlar iizerinde herhangi
bir c¢alisma yapilmadigi icin etik kurul onay1
alinmamustir.

Destek ve Tesekkiir Beyani

ALTUN’un Doktora Tezinden
uretilmistir. Doktora Tez c¢alismasindan iiretilen bu
arastirma TAGEM SBT I-ALTP 3 KRDZ kod numaras: ile
TAGEM tarafindan desteklenmistir. Verdigi destekten
dolay1 tesekkiir ederim. Ayrica bu
arastirmanin saglikli bir sekilde yiiriiyebilmesi igin
vermis olduklari desteklerden dolay1 T.C. Orman ve Su
isleri Bakanligi il ve ilce teskilati calisanlarina da
tesekkiir ederim.
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Abstract: In this study, a new spectrophotometric method was developed for the quantitative analysis of Carvedilol and the
method was validated. The method depends on the reaction between the carvedilol and 1,2,5,8-tetrahydroxyanthraquinone in
methanol to yield colored charge transfer complex giving maximum absorbance at 560 nm. For optimization of the proposed
method, several parameters were investigated such as solvent type, reaction time, and quinalizarin concentration. The
stoichiometry of colored charge transfer complex was found to be 2:1(reagent: drug) by Job’s method. Beer’s Law is obeyed in
the concentration range of 0.5-60 pg/mL with 0.9986 correlation efficient. Limit of detection (LOD) and limit of quantifigation
(LOQ) were found 0.147 pg/mL, 0.491 pg/mL, respectively. The proposed method can be successfully applied pharmaceutical

formulation.
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1. Introduction

Beta-blockers, which reduce the activity of sympathetic
nerves by blocking beta-adrenergic receptors, are in the
cardiovascular drug class (Mutlu, 2010; Vale et al., 2019).
B-blockers are divided into three groups as first
generation non-selective group, second generation (1-
selective group, third generation f1-high selective and
vasodilator group (Mutlu, 2010).

(CRV), [(6)-1-(carbazole-4-yloxy)-3-((2-(o-
methoxyphenoxy)ethyl)amino)-2-propanol], is a third-
generation [-blocker agent having nonselective f1-
adrenoreceptor blockade, vasodilation, antioxidant
properties (Streim et al,, 1987; Brian and William, 2004).
CRV is a white powder, whose solubility is very good in
dimethylsulfoxide; soluble in methylene chloride and
methanol; slightly soluble in ethanol and isopropanol;
insoluble in water. Its melting point is in the range of
114-115 °C (Moffat et al., 2004).

Several methods have been developed for analysis of
carvedilo in the literature, such as chromatographic
(Junwei et al, 2015), spectrophotometric (Verma and
Syed, 2007, Rani et al, 2013), electroanalytic
(Soleymanpour and Ghasemian, 2015) detections.
Spectrophotometric methods are, espically UV-Visible
spectrophotometry, often preferred techniques due to its
low cost and simplicity in the determination analysis of
pharmaceutical preparations (Ragaa et al, 2013;
Kirtimaya et al, 2016). Charge transfer reactions have
been commonly studied by UV-Visible spectrophotometic

Carvedilol

methods. The charge transfer complexes are formed by
the molecular interaction of electron donors and
acceptors. These colored complexes should absorb at a
different wavelength from the donor and acceptor
moleculars at the UV-visible region (Ragaaa et al. 2013).

In this study, a simple, rapid, validated
spectrophotometric method that does not interfere with
the excipients has been developed for the determination
of carvedilol (CRV) in pharmaceutical formulation. Direct
analyzes of Carvedilol with UV-vis spectrophotometer
cannot be performed because excipients interfere with

new,

pharmaceutical formulations. In this method, direct
analysis was performed by extracting carvedilol from
pharmaceutical tablet without applying any purification
process. The method depends on the reaction between
the CRV  (m-acceptor  group) 1,2,5,8-
tetrahydroxyanthraquinone (m-donor group) in the
methanol to yield colored charge transfer complex that is
measured at 560 nm. This colored complex made
possible the quantitative of CRYV,
spectrophotometrically.

and

determination

2. Materials and Methods

2.1. Aparatus and Reagents

The UV-VIS spectral measurements were made by using
T80+ UV/VIS Spectrometer (PG Instruments Ltd), Varian
Cary 100 Bio UV/VIS double beam UV-VIS
spectrophotometers equipped with 1 cm matched quartz
cells. All solvents (methanol, ethanol, 1-propanol, 2-
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propanol, chloroform, N,N-dimethylformamide (DMF),
acetone and acetonitrile) used in this work were of HPLC
grade and Merck branded. CRV, which is certified to be
99.5% pure, was obtained from Bilim Drug Company,
Istanbul, Tiirkiye. Coronis tablet (Bilim Drug Company)
labeled to contain 25 mg CRV per tablet used in the
proposed method on was received from in the local
pharmacy. Quinalizarin, (1,2,5,8-tetrahydroxy-
anthraquinone), was purchased from Sigma Aldrich
company. Sucrose, Povidone K25, Magnesium stearate,
Lactose monohydrate were purchased from Glentham
Life Sciences Company.

The stock solutions 500 pg/mL of CRV and 3.10-3 mol/L
of Quin were prepared with methanol in 50 mL flasks,
daily.

2.2. Construction of Calibration Curves

The aliquots in the range of 0.01-1.2 mL CRV (500
pg/mL) solution were transferred to volumetric flasks (at
27 °C) to obtain concentrations in the range 0.5-60
pug/mL of CRV. Following this, 1.25 mL of 3.0 mmol/L
Quin solution was added to these solutions and
completed to 10 mL with methanol. These final mixtures
were thorougly mixed. Three replications were made for
each solution.The absorbance of the prepared solutions
was measured at 560 nm against Quin blanks. Finally, the
measured absorbances versus the concentration of CRV
were plotted.

2.3. Assay Procedure for Tablets

The average weight of a tablet containing 25 mg of CRV
was calculated by weighing ten randomly tablets. The
weighed ten tablets, then, were finely powdered in a dry
and clean agate mortar. Afterwards, an accurately
weighed quantity of the powder equivalent to 25 mg of
CRV were transferred into the volumetric flask and
dissolved in 25 mL methanol. The final mixture was both
shaken and sonicated for 30 min, and then filtered by
using quantitative filter paper. The volume of filtered
solution was completed to the mark with methanol to
prepare a stock solution of 250 pg/mL. Then, some
working concentrations were prepared from the filtered
solution. The proposed method was applied to the
prepared solutions. The amount of CRV in the tablet was
calculated according to the calibration curve.

3. Results and Discussion
3.1. The Effect of the Solvent Type
In the method based on the formation of colored charge

06 -

()

0.5 A
0.4
0.3
0.2

Absorbance

0.1 +

transfer complex, the optimum solvent is to facilitate the
charge transfer (Gouda and Kassem, 2012; Mohammed et
al, 2018). Therefore the effects of solvents such as
Methanol, DMF, Ethanol, Acetonitrile, Chloroform, 1-
propanol, 2 -propanol and Acetone, on the charge
transfer reaction were investigated.

As seen in Table 1, Methanol, which gave the highest
absorbance of the complex, was accepted as the optimum
solvent. The charge transfer reaction is thought to
proceed through the radical anion. It is thought that the
capacity of methanol to form stable hydrogen bonds with
the radical anion is higher than that of acetonitrile
(Gouda and Kassem, 2012). While Quin gives maximum
absorbance at 491 nm in methanol, CRV-Quin complex
gives maximum absorbance at 560 nm. The fact that Quin
and CRV-Quin charge transfer complex absorb at
different wavelengths in the UV-visible region showed
that CRV can be determined easily and precisely with
Quin (Gouda and Kassem, 2012).

Table 1. The effect of solvents type

Solvents Absorbance +SD

Methanol 0.501 0.014
DMF 0.264 0.015
1-propanol 0.142 0.023
Acetonitrile 0.130 0.034
Ethanol 0.123 0.028
2-propanol 0.112 0.016
Acetone 0.061 0.004
Chloroform 0.041 0.002

SD= standard deviation

3.2. The Effect of the Reagent Concentration

The transformation of a very large part of the analyte in
solution into the colored complex in a short time, that is,
the rapid transfer of charge to equilibrium and achieving
the maximum sensitivity of the complex also depends on
the concentration of the reagent (Gouda and Kassem,
2012; Mohammed et al., 2018). To determine optimum
concentration of reagent, 0.25-2.25 mL of 3.10-3 mol/L
Quin was added into the CRV solutions. The solution was
stirred for 2 min to complete the reaction. At the end of
the study, the optimum volume of 3.10-3 mol/L Quin
solution was found to be 1.25 mL. After this point, it was
observed that the absorbance did not change much and
reached the maximum density. The related results are
shown in Figure 3.

(b)

0

380 430 480

530

580 630 680

A, nm

Figure 2. Spectra of Quin (a) and Quin-CRV complex (b) in methanol.
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Figure 3. Effect of the quinalizarin concentration.
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Figure 4. The reaction time and temperature CRV-Quin charge transfer complex (27 °C: (a), 35 °C: (b), 40 °C: (c), 45 °C:
(d), 50 °C: (e), 55°C: (f), 60 °C: (g)).
0.70
0.60
0.50
040

0.30

Absorbarce

0.20

0.10

0 0.1 02 03 0.4 0.5 0.6 0.7 08 0.9 1
Mole ratio

Figure 5. Job’s method to the reaction between Quin and CRV (A= 560 nm).
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Figure 6. Possible mechanism of radical anion formation from Quin and CRV reaction.
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3.3. The Effect of the Reaction Time and Temperature
It was observed that the absorbance of the colored
complex was both the most stable and the maximum at
27%2 °C (laboratory temperature). For this reason, it was
decided that the optimum temperature was 27+2 °C. The
absorbance of the charge transfer complex remained
unchanged from the beginning for 120 min at 27 °C.
Therefore, the optimum reaction time was kept shorter
than 1 min at 27 °C. The absorbance of the complex was
immediately measured. As the temperature increased,
the stability of the complex deteriorated (Figure 4).

3.4. Characterization of CRV-Quin Charge Transfer
Complex

Job's continuous variation method (Kelani et al.,, 1997)
was used to determine the stoichiometry of the charge
transfer complex in methanol medium. As seen in Figure
5, it has been determined that CRV and Quin react at a
rate of 1-2. The proposed mechanism for this reaction is
shown in Figure 6. It was thought that the charge transfer
complex (n-m) was formed by transferring the loads in
the -NH and -OH groups of the drug to the center with
load deficiency in Quin. According to the literature, the
mechanism related to n-m type interaction has also been
proposed (Gouda et al.,, 2012).

3.5 Validation

3.5.1. Analytical performance of developed method
Firstly, the linear working range was found that this
range is 0.5-60 pg /mL. The equation of the calibration
curve is y = 0.0169x + 0.0778 with 0.9981 correlation
coefficient (y=Absorbance of complex, x=Concentration
of CRV (pg/mL)). In this method, LOD and LOQ at 95 %
confidence level were found to be 0.147 pg/mL, 0.491
pug/mL, respectively. LOQ and LOD were -calculated
according to the Equation 1:

LOD=3s/b, LOQ=10s/b 48]

where s: standard deviation of absorbances of blank
solution b: the slope of the calibration curve (URL1).

as 2.77. The experimental t value being less than the
theoretical t value indicates that there is no systematic
error in the method and it is applicable for the
determination of CRV in tablets (URL1).

Precision: In the precision study, the solutions prepared
at any concentration within the working range were
analyzed at 3 different times within the same day (in 1
day) and on 3 different days, and the results were
evaluated (Table 6). When the proposed method is
applied to the solutions of CRV prepared in two different
concentrations during the intraday and inter days, it is
seen that the difference between absorbances is not
much. RSD % is lower than 2% (URL1).

Stability: In the stability study, after applying the
proposed method to 15 pug/ mL, 45 pg/mL solutions, and
absorbance measurements of each solution were taken at
24 h intervals for 72 h. The low change in absorbance of
the solutions for 72 h indicates that the complex is very
stable (URL1).

Specificity: The effects of the excipients such as
Lactosemonohydrate, Sucrose, Povidone K25,
Magnesium stearate (Mg-St.) on the absorbance were
investigated by applaying proposed method to solution
45 pg/mL of CRV (Table 7) (Korkmaz et al., 2005). In this
method, it has been observed that these excipients do not
have a significant effect on absorbance.

Robutness: Small changes were made in the optimization
parameters in the robustness study of the proposed
method (URL1, Altunay et al, 2023). In the study,
changes of #0.05 mL in Quin volume and #2°C in
temperature were examined. In both parameters,
recoveries were obtained in the range of 99.00-100.22 %.
RSD % was lower than 1% and RE % was less than 1.05
% (Table 8). It was observed that the method was not
affected by small changes in optimization parameters.

Table 2. Optimum conditions and analytical parameters

All parameters related to calibration are given in Table 2. Parameters Values
Accuracy: In the recovery study with pure CRV, values Amaks 560

were obtained between 98.8 and 100.8% (Table 3).Inthe  Linearity dynamic range (ug/mL) 0.5-60
standard method of addition, recovery was obtained in Correlation coefficient (r2) 0.9981

the range of 98.4 to 99.4% (Table 4). In these two Regression equation y=0.0169x+0.0778
methods, RE % was lower than 1.6% and RSD % was Slope 0.0169
lower than 1.5%. The high and good accuracy of the Interception 0.0778
method depends on the low RSD % and RE %. RE % and LOD (ug/mL) 0.147

RSD % were found to be low in the proposed method. At LOQ (pg/mL) 0.491

95% confidence level and 4 degrees of freedom, the Molar Absorptivity (L.mol-1.cm1) 2737
experimental t was calculated as 1.97 and the recovery

was found to be 100.7%. The theoretical t value is taken

Table 3. Recovery of CRV in proposed method

Taken (pg/mL) Found Conc. (ug/mL) Recovery% SD RSD% RE%

15 14.82 98.83 0.07 0.46 1.17

30 29.79 99.32 0.4 1.35 0.68

45 44.57 99.04 0.43 0.96 0.96

60 59.87 99.79 0.84 0.84 0.21
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Table 4. the standard addition technique for the determination of the CRV in pharmaceutical preparation

Taken Added (pg/mL) Recovery% SD RSD% RE%
8 98.6 0.19 0.69 1.41
12 99.4 0.33 1.02 0.57

20pug/mL 16 99.1 0.39 1.11 0.93
20 98.4 0.53 1.34 1.57
24 99.0 0.39 0.89 0.97

Table 5. t-test for pharmaceutical preparation of CRV

Commercial Brand Found Calculated +SD Recovery% ttest

Coronis (25 mg CRV) 25.17 £0.19 100.68 1.97

Table 6. Intra-day and inter-day precision of proposed method (Taken Concentration: 45 pg/mL and 15 pg/mL)

intra-day inter-day
Found Conc. ( ug/mL) 44.79 15.00 Found Conc. ( ug/mL) 44.57 14.96
+SD 0.06 0.12 +SD 0.18 0.21
RSD% 0.14 0.83 RSD% 0.41 1.40
Table 7. Effect of interfer substances in proposed method
. LMH Sucrose Povidon K25 Mg-St
T2 (ug/mL) 5
Recovery% Recovery% Recovery% Recovery%
0:45 100 100 100 100
45:45 98.6 99.8 100.1 95.2
450:45 98.8 100 100.2 103.0
4500:45 100.6 99.8 96.6 103.2
[1: interfere s. conc., I: CRV Conc.
Table 8. The effect of small change in Quin volume and reaction temperature on absorbance
Recovery% SD RSD% RE%
) 1.25+0.05 99.00 0.36 0.80 1.05
Quin Volume (mL)
1.25-0.05 100.22 0.21 0.47 0.22
27 + 2 99.04 0.37 0.83 0.96
Temperature (°C)
27 -2 99.22 0.15 0.33 0.78
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SOURCES AND DOSES ON FOOTBALL FIELD GRASS
PERFORMANCES
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Abstract: Nitrogen has a huge importance in terms of ensuring the development of roots and shoots in grass and giving plants
resistance to diseases. Using the right fertilizer in appropriate doses in the maintenance and repair of football fields is one of the
maintenance procedures that increase grass performance. This study was carried out on the football field grass established at Igdir
University Sehit Bulent Yurtseven Campus during the 2020 vegetation period in Igdir conditions. The research aimed to determine the
most suitable fertilizer type and dose for football fields. The experiment was designed with three replications according to the
randomized blocks factorial trial design. In the application area, a grass mixture of Festuca arundinacea Jaguar 4G 30%, Festuca
arundinacea Apache 20%, Festuca arundinacea Arid 111 20%, Lolium perenne Belida 15% and Lolium perenne Esquire 15% was used. As
nitrogenous fertilizer sources, 20-10-10 7S03, 15-5-20 + 2 CaO + MgO, ammonium sulfate (21% N) and urea (46% N) fertilizers are 0,
2,4, 6 and 8 g/m 2/ It was administered in monthly doses. In the study, the effects of nitrogen use in fertilization on grass plant height,
quality, fresh grass amount, and leaf green tone and leaf texture were observed. As a result of the study, it was determined that the
most ideal fertilizer type and dose were 6 and 8 g m2 doses of urea and ammonium sulfate fertilizers.
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1. Introduction

When grass fields are mentioned, football fields come to
mind first. It is important to create a grass cover on
football fields that allows the ball to move and prevents
football players from getting injured by falling. Just as the
types and mixtures of grass used in the football field
facility are important, it is necessary to apply the correct
fertilizers and doses to ensure continuity, in addition to
periodic ventilation and irrigation. The lawns on sports
fields require When
maintenance is disrupted, sports fields may lose their
appearance in a short time and become unplayable
(Orgun, 1979).

Nitrogen fertilization in lawns is very important. The
formation of abundant green leaves on lawns is desirable
due to forming intense cover. Therefore, the presence of
nitrogen is important for vegetative green leaf
development, and it is needed more than other

meticulous maintenance.

nutritional elements (Orgun, 1979). Nitrogen has a
positive effect on development by accelerating
development and increasing the growth rate, especially
in wheat crops (Kagar, 1977). The selection of a durable
and successful grass mixture for football fields is directly
proportional to the strengths and weaknesses of the
species and their ability to adapt to the environment. In

the study we conducted in Igdir province, which shows a
‘microclimate’ feature in terms of climate, the selected
plants are cool climate grass species. The grasses were
selected from among the species that are resistant to
stepping on, can grow quickly and are durable. Festuca
arundinacea (reedy ball) has a deep root structure and is
highly resistant to heat and drought, in addition to
developing in the form of a ball and forming a frequent
grass surface. Lolium perenne L. (perennial English grass),
on the other hand, is a fast-growing species and is a
species that is highly resistant to running over and
wearing off (Anonymous, 2020a). In the study, the effect
of different fertilizer forms used in different seasons on
the grass quality criteria in a grass area established with
a dual grass mixture under Igdir conditions was
examined.

2. Materials and Methods

2.1. Trial Area

The research was established at the Sehit Bulent
Yurtseven Campus of Igdir University in 16 May 2020
with three repetitions according to the factorial trial
pattern in the coincidence blocks.
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2.2. Climate Characteristics

The monthly average temperature (0 °C), monthly
average relative humidity (%) and monthly total
precipitation (mm: kg m-2) values for the period in which
the experiment was conducted are given in Table 1
(Anonymous, 2020b). According to Table 1, the average
total rainfall in Igdir for many years during the period
when the research was conducted was 168.7 mm, and in
the year when the experiment was conducted, it was
153.3 mm, and 15.4 mm less precipitation was observed
in 2020 compared to many years. According to the
precipitation and temperature averages for many years,
the average temperature in Igdir during the research
period was 19.4 °C, the average temperature during the
research period of 2020, when the research was
conducted, was 19.8 °C, and the temperature values are
similar. While the average relative humidity was 53%
compared to the average for many years, it reached
53.3% in 2020.

2.3. Soil Properties

Before October, by being taken a soil sample from a
depth of 0-30 cm, physical and chemical analysis was
performed, and the results are given in Table 2
(Anonymous, 2020c). When the soil sample taken from
the trial area was examined, it was found that the soil had
a medium lime content (10.57), slightly alkaline pH
(8.38), good potassium level (73.27), phosphorus rich
(13.76), medium organic matter levels (2.04%), unsalted
total salt content (0.01%) and clay loam structure.

2.4. The Types of the Plants Used the Types and
Doses of Fertilizers

In the study, Festuca arundinacea Jaguar 4 G 30%,
Festuca arundinacea Apache 20%, Festuca arundinacea
Arid III 20%, Lolium perenne Belida 15%, Lolium perenne
Esquire 15% grass mixture was preferred. In the
research, four different commercial fertilizers [20-10-10
+ 7 SO3; 15-5-20 + 2Ca0 + 2 MgO; Ammonium Sulfate
(21% N) and Urea (46% N)] were applied as nitrogen
fertilizer sources. Five different fertilizer doses (0, 2, 4, 6
and 8 g/m?/month) were used, one of which was a
control.

Table 1. [gdir province climate data

2.5. Planting and Maintenance Operations

While the test area was being prepared at the Sehit
Bulent Yurtseven Campus of [gdir University, the existing
foreign materials were firstly removed from the area, and
fine leveling was carried out with the help of a rake after
rough leveling of the area was carried out with
agricultural machines. The parcel area was determined
as 2mx 1 m =2 m?2 (Misia, 1991; Hunt and Dunn, 1993).
The distance between the parcels is 0.5 m. Purity and
germination rates were determined in the laboratory
before planting, and the planting rates of grass species
were determined (Oral and Acikgéz, 1999). 8 g/m? of
pure phosphorus (46% TSP) was given together with the
planting process in order to develop the grass roots
ideally. 80 g of grass seed mixture was planted by hand to
each parcel. After the planting, cover soil (peat) was laid
on the seed with a thickness of 1 cm and pressed with a
cylinder. The irrigation process was carried out regularly
every day in the morning and evening both during the
germination and development and structuring stages
depending on the varying weather conditions. The weeds
in the parcels were removed by hand procedure and the
grass was allowed to develop and cover the area. All
maintenance operations in the area were carried out
periodically and cleaning was carried out 3 weeks (21
days) before each measurement process.

2.6. Experimental Measurement and Research
Methods

The plant height was measured with the help of a ruler at
10 separate points of each parcel (Mulval, 1999). To
determine the leaf width, 10 different leaves were
measured and averaged with the help of a caliper in each
parcel. A scale of 1-9 (1 yellow, 9 dark emerald green)
was used to determine the green leaf color tones
(Spanberk et al, 1986). The grass quality was determined
according to the 1-9 scale (1 is the worst, 9 is the best
grass quality) (Sills and Carrow, 1983; Mehall et al,
1983). The amount of wet grass was expressed as
gram/m?2, which was weighed using sensitive measuring
instruments.

Total monthly precipitation (mm)  Average temperature (°C)

Average relative humidity (%)

Months 2020 Many years 2020 Many years 2020 Many years
May 76.1 50.7 18.6 18.0 55.0 52.8
June 15.7 34.0 239 229 44.7 47.0
July 30.2 14.9 26.7 26.3 48.4 443
August 15.3 9.9 24.2 26.3 47.6 45.7
September 1.4 10.1 235 21.3 47.7 50.2
October 7.3 28.7 14.5 14.7 62.9 63.9
November 7.3 20.4 7.2 6.0 67.0 67.4
Average 153.3 168.7 19.8 19.4 53.3 53.0
Table 2. The results of the analysis of the test soil
Depth Lime Ratio pH X P Organic Matter Total Salt (%) Soil
(%) (kg/da) (kg/da) (%) Structure
0-30 cm 10.57 8.38 73.27 13.76 2.04 0.01 Clay loam
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Statistical Analysis

The statistical analysis of the experiment was performed
using the package program JMP 5.0.1.
According to the results of the variance analysis, the
differences between the averages of the statistically

statistical

significant characteristics were compared with the LSD
multiple comparison test (Steel and Torrie Dec, 1980).

3. Results and Discussion

The results of the variance analysis of the averages
obtained in the research are given in Table 3. As it can be
seen in Table 3, the effect of applications on all the
studied features was found to be statistically significant.
3.1. Plant Height

When the plant sizes were examined during the summer
period, the effects of fertilizer type, fertilizer dose and the
interactions of these factors were found to be important
at the level of 1%. (Table 3) Plant sizes obtained in
different fertilizer types and doses in summer season are
given in Table 4. In terms of plant height, 20-10-10
fertilizer was found in the lowest amount with 15.3 cm in
the average fertilizer type, and urea fertilizer was found
in the highest amount with 21.7 cm. On the other hand,
the average fertilizer dose remained the highest with
24.3 cm at an 8 g m? fertilizer dose, and the control
fertilizer dose remained the lowest with 10.4 cm. In the
fertilizer variety and fertilizer dose interactions, the
control fertilizer doses remained in the lowest amounts
in the fertilizer varieties, while the urea fertilizer was
found to be the highest with an 8 g m? fertilizer dose of
27.3 cm. Our study shows that the plant height values are
like the values of Karakurt (2003).

The effects of fertilizer type, fertilizer dose and the
interactions of these factors on plant height values were

found to be significant at the level of 1% in the autumn
period. (Table 3) Plant obtained from
measurements made in the autumn period are given in
Table 4. According to Table 5, urea gave the highest plant
height values with 24.1 cm in the average fertilizer

sizes

variety in the autumn period. The 20-10-10 fertilizer
remained at the lowest plant height value with 16.6 cm.
In the average fertilizer dose, the 8 g m?2 fertilizer dose
reached the highest plant height with 27 cm, while the
control fertilizer dose was found to be the lowest with
10.3 cm. In the fertilizer variety and dose interactions,
15-5-20 and urea fertilizers were found to have the
lowest values with 9.7 cm, 9.7 cm, respectively, and
reached the highest height value with 6 and 8 g m2 doses
of urea with 31.4 cm and 30.8 cm, respectively. The
values of our study coincide with the values of Zengin
(2019) and Gokge (2019).

As our study has been evaluated in terms of plant height,
monthly doses of 8 g m2 of urea and ammonium sulfate
fertilizers in summer and autumn periods has been very
effective in the mixtures of F. arundinacea, and L.
perenne. In grass species, plant sizes increased with urea
fertilizer, which is used as a nitrogen source in both
seasonal conditions and gave the highest values.
Especially at a monthly dose of 8 g m2 of urea, plant sizes
showed quite high values.

The results of the study show that the ammonium sulfate
and urea fertilizers used in the experiment dissolving
quickly in the soil were quickly taken up by plants and
stimulated growth. However, the 20-10-10 and 15-5-20
composite fertilizer varieties with controlled release had
a slow effect on the lawn performance values.

Table 3. The results of the variance analysis of the research findings

The amount of age Plant height Tint Grass quality  Leaf width

F Value F Value F Value F Value F Value
Source of Y S Y Y S Y S
variation
Type of
fertilizer (TF) 76.6** 44.1** 91.0** 225.4** 45.5%* 51.5** 3.2% 3.5%
Dosage of
Fertilizer (DF) 230.4** 163.1**  223.6** 590.0* 101.5** 109.2** 63.5** 117.0**
TF x DF 7.8%* 4.5*% 8.7** 21.5%* 2.5% 8.2%* NS 2.7%

**¥P<(.01is important in probability limits, *P<0.05 is important in probability limits, NS= insignificant, Y= Summer, S= Autumn.

Table 4. Average plant sizes obtained in different fertilizer types and doses in summer season (cm)

Dosage of fertilizer

Type of fertilizer 0 2 4 6 8 Average
20-10-10 109k 13.3 7 14.3 hi 18.28 19.7 fe 15.34d
15-5-20 9.9k 11.6 & 15.4h 20.9 ¢f 23.5d 16.3 ¢
Ammonium sulfate 10.2k 18.4¢ 22.6de 24,1« 26.5ab 20.4°b
Urea 10.7 k 20.8 ef 24.3d 25.1 be 2732 21.7a
Average 104 16.0d 19.2¢ 22.1b 24.32
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Table 5. Plant sizes obtained in different types and doses of fertilizers in the autumn season (cm)

Dosage of fertilizer

Type of fertilizer 0 2 4 6 8 Average
20-10-10 11.2 5k 14.71i 16.4h 20.7 ¢ 23.7 ef 16.64
15-5-20 9.7 k 12.0] 16.4h 19.8¢ 253 d 174«
Ammonium sulfate 10.7 ik 20.38 24.2 de 26.0¢ 28.1°b 219b
Urea 9.7 k 22.3f 26.5¢ 3142 3082 2412
Average 10.3¢ 17.34 209¢ 24.5b 27.0a

While fertilizers that dissolve quickly in the soil had an
immediate effect on the height of the grass, compound
fertilizers provided slower growth. For all fertilizer types,
as the doses increased, plant heights also increased.

Nitrogen positively affected plant height and
development in grass (Escapes, 1977).
3.2. Color

When the color shades obtained in the summer season
were examined, it was determined that the fertilizer type
and fertilizer dose were 1% important, and the
interactions of these factors were 5% important (Table
3).

The color performances obtained in different fertilizer
types and doses are given in Table 6. According to Table
7, urea and ammonium sulfate fertilizers showed the
highest color performance with 8.20 and 8.13 points in
the average fertilizer variety in terms of color tone on
lawns in the summer season. 20-10-10 fertilizer
remained the lowest color performance value with a
score of 6.73. In terms of fertilizer dose averages, while
the 8 g m 2 fertilizer dose had the highest value with 8.42
points, the control fertilizer dose had the lowest green
color performance value with 5.42 points. The color
values of our study are like the values of Yilmaz and
Avcioglu (2002), Kesemen (2008), Salman and Avcioglu
(2010), Tiirk and S6zoéren (2016), Tiirk and Kilig (2017),
Abdelkader et al (2018), Koktas (2019) studies.

The effects of fertilizer type, dose, and interactions on the
color values of lawns in autumn were found to be
significant at the level of 1% (Table 3). The obtained
color tone performance values are given in Table 7.
According to Table 7, it has been found that ammonium
sulfate and urea have the highest performances in the
averages of fertilizer variety in terms of color shades. The
20-10-10 fertilizer exhibited the lowest performance
with a score of 5.80. In terms of fertilizer dose averages, 6
and 8 g m? fertilizer doses reached the highest color tone
values by receiving 8.25 and 8.08 points, respectively. In
the fertilizer type and dose interactions, ammonium
sulfate and urea exhibited high performance by receiving
the highest score values at fertilizer doses of 2, 4, 6 and 8
g m2. The control fertilizer dose, on the other hand, had
the lowest scores in all fertilizer varieties. Our study
values Aslan and Cakmake1 (2004), Zorer et al. (2004),
Tiirk and Kili¢ (2017), Abdelkader et al (2018), Zengin
(2019), Gokge (2019) are in line with their values.

When our research was examined in terms of color tone,
it was observed that plant color performance has quite
high values in areas where urea is applied in summer
season and ammonium sulfate and urea are applied 8 g
m? per month in autumn season. However, it has been
found that monthly doses of 2 g m2 and 4 g m? fertilizers
show similar performance.

The results of our study show that increases in nitrogen
doses have improved leaf color performance in lawns.

Table 6. Color shades obtained in different types and doses of fertilizers in the summer season (points)

Dosage of fertilizer

Type of fertilizer 0 2 4 6 8 Average
20-10-10 5.67¢ 7.33 cde 7.00 de 7.67 8.00 be 6.73 ¢
15-5-20 4.67h 7.00 de 6.67 ef 7.33 cde 8.00 be 7.13b
Ammonium sulfate 5.33¢n 8.67 ab 8.67 ab 9.002 9.002 8.132
Urea 6.00 fe 8.67 ab 8.67 ab 9.002 8.67 ab 8.20a
Average 5424 7.75¢ 7.92 be 8.25ab 8.42a
Table 7. Color shades obtained in different types and doses of fertilizers in the summer season (points)

Dosage of fertilizer
Type of fertilizer 0 2 4 6 8 Average
20-10-10 4.00¢ 6.000 5.670 8.67 a 8.67 a 5.80¢
15-5-20 433c 6.000 6.330 6.330b 6.000b 6.60 b
Ammonium sulfate 4.00¢ 8.67 8.67a 9.00= 8.67 2 7.802
Urea 4.33¢ 8.67 2 8.67 2 9.002 9.002 7.93a
Average 417 ¢ 8.67 2 7.33b 8.25a 8.08a
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Table 8. Grass qualities obtained in different types and doses of fertilizers in the summer season (points)

Dosage of fertilizer

Type of fertilizer 0 2 4 6 8 Average
20-10-10 7.00 7.33 8.33 8.67 8.67 7.53b
15-5-20 6.67 7.00 8.00 8.67 9.00 7.67 ab
Ammonium sulfate 6.33 7.00 7.33 8.67 9.00 7.87 ab
Urea 5.67 7.33 7.00 8.67 9.00 8.002
Average 6.42d 7.17 ¢ 7.67) 8.67a 8.92a
Table 9. Grass qualities obtained in different types and doses of fertilizers in the autumn season (points)

Dosage of fertilizer
Type of fertilizer 0 2 4 6 8 Average
20-10-10 6.334 8.33 abe 8.00 be 8.67 ab 9.00= 8.07 2
15-5-20 533 8.33 abe 8.00 be 8.67 ab 9.00= 7.87 ab
Ammonium sulfate 5.00 ef 7.67 ¢ 7.67 ¢ 8.67 ab 9.00 7.60b
Urea 433f 7.67 ¢ 8.67 ab 8.67 ab 8.67 ab 7.60°b
Average 525¢ 8.00b 8.08 b 8.67 ab 892a

The lowest color scores were obtained from the control
groups in the summer season, and the highest values
were taken from the 8 g m2 N applications. When N,
which forms the structure of chlorophyll in chloroplasts,
increases, the number of chlorophylls also increases
(Orgun, 1979). With the increase of N doses, darkening
and increase in leaf color tones were observed.

3.3. Grass Quality

When the lawn quality data were examined in the
summer season, as the fertilizer dose was found to be 1%
and the fertilizer variety effects were found to be 5%
significant, the interaction between the two was not
found to be significant (Table 3). The grass quality
performances obtained in different fertilizer types and
doses are given in Table 8.

When Table 8 was examined, urea fertilizer reached the
highest lawn quality performance with 8.0 points in
terms of lawn quality in the averages of fertilizer types in
summer season. It was found that the 20-10-10 fertilizer
was the lowest performance value with a score of 7.53. In
terms of fertilizer dose averages, while 6 and 8 g m?
fertilizer doses showed the highest performance with
8.67 points and 8.92 points respectively, the control
fertilizer dose exhibited the lowest performance with
6.42 points. In our study, the grass quality values were
found similar study values of Zorer et al. (2004), Avcioglu
and Geren (2012), Abdelkader et al. (2018), Koktas
(2019).

The effects of fertilizer dose on grass quality values in the
autumn season were found to be significant at the level of
1%, the effects of fertilizer type and factor interactions
were found to be significant at the level of 5% (Table 3).
Lawn quality performances of different fertilizers and
doses are given in Table 9. When Table 9 was examined,
it was seen that 20-10-10 fertilizer showed the highest
lawn quality performance with 8.07 points in the
averages of fertilizer type. Ammonium sulfate and urea
fertilizers had the lowest quality performance with a

score of 7.6. In the average fertilizer dose, 6 and 8 g m?
fertilizer doses reached the highest values with 8.67 and
8.92 points respectively, and the control fertilizer dose
had the lowest value with 5.25 points. While urea
fertilizer showed the lowest performance with 4.33
points of the control dose in the fertilizer type and
fertilizer dose 20-10-10, 15-5-20 and
ammonium sulfate fertilizers exhibited the highest
performance with 8 g m2 fertilizer doses receiving 9.0 full
points. The values of our study are compatible with the
values of Abdelkader et al. (2018), Kéktas (2019), Zengin
(2019), Gékge (2019), Ozaydin (2019).

Nitrogen has increased the color performance of plants,
especially in grass fields, and enabled their rapid
development. In terms of grass quality, it can be said that

interactions,

high doses of nitrogen sources increase performance
values. It was found that the grass quality received high
values in the plots where 6 g m2? and 8 g m? urea and
ammonium sulfate fertilizers were used monthly.

3.4. Leaf Width

When the leaf width data for the summer period were
examined, the effects of fertilizer type, fertilizer dose and
the interactions of these factors were found to be
insignificant (Table 3). The most leaf values obtained in
different fertilizer types and doses during the summer
period are given in Table 10.

The leaf width values obtained in our study were
insignificant in terms of all factors and were among the
thin leaves according to the Beard (1973) classification.
The values obtained were close to the values of Kesemen
(2008), Tiirk and Soézéren (2016), Tiirk and Kilig (2017),
but were found to be slightly lower.

In the leaf width values obtained in the autumn season,
the type of fertilizer was found to be 5%, the effects of
fertilizer dose and interactions were found to be
significant at the level of 1% (Table 3). Leaf width values
obtained from different fertilizer types and doses are
given in Table 11.
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Table 10. Leaf width obtained in different types and doses of fertilizer in summer season (mm)

Dosage of fertilizer

Type of fertilizer 0 2 4 6 8 Average
20-10-10 0.84 0.73 1.23 1.08 1.11 1.00
15-5-20 0.99 0.94 1.32 1.37 1.33 1.19
Ammonium sulfate 1.43 1.48 1.34 1.42 1.44 1.42
Urea 1.51 1.41 1.41 1.40 1.42 1.43
Average 1.19 1.14 1.32 1.32 1.33
Table 11. Leaf width obtained in different types and doses of fertilizers in the autumn season (mm)

Dosage of fertilizer
Type of fertilizer 0 2 4 6 8 Average
20-10-10 2101 2.33 fgh 2.58d 2.49 de 2.43 ef 2390
15-5-20 2.061 2.36 fgh 2.65 be 2.51 de 2.73ab 2464
Ammonium sulfate 2.10i 2.30¢eh 2.40 efg 2.71ab 2.77 ab 2464
Urea 2.071 2.26h 2.39 ¢fg 2.75ab 2.82a 2462
Average 2.08¢ 2.314d 251¢ 2.61b 2.69a

According to Table 11, the 15-5-20, ammonium sulfate
and urea fertilizers reached the highest leaf width values
with 2.46 mm in the average fertilizer variety in the
autumn season. The 20-10-10 fertilizer had the lowest
leaf width with 2.39 mm. In the average fertilizer dose,
the 8 g m? fertilizer dose reached the highest leaf value
with 2.69 mm, while the control fertilizer dose was found
to be the lowest with 2.03 mm. In the fertilizer type and
dose interactions, the urea 8 g m? fertilizer dose was
found to be the highest with a leaf value of 2.82 mm,
while the control doses of all fertilizer types were found
to be at the lowest leaf width values. While the values of
our study were consistent with the values of Tiirk and
Sozoren (2016), they remained slightly below the values
of Tiirk and Kilig (2017).

In terms of leaf texture, summer season values were
found to be lower than autumn values. Fungal disease
has developed in L.perenne species due to the increase in
temperature in the summer season and the humidity of
the vegetation environment and losses have occurred in
this species. F. arundinacea species, which has a wide leaf
width, was dormant in vegetation, therefore leaf tissue
values were determined to be higher in autumn than in
summer. While the leaf tissue remained thin in the
control groups, it was found that the leaf tissue was large
in the parcels given nitrogen.

It is thought that the reason for the low values is that the
leaves that germinated immediately after planting did
not fully reach the inherited leaf tissue values.

It is thought that the reason why our values differ slightly
is because the width of the leaf may vary depending on
environmental factors. In our study, while F. arundinacea
is included in the mixture, it was used as a plain in Kili¢
and Tirk's study. In addition, studies have recently been
carried out on the F. arundinacea species to obtain a
variety with small palms. The varieties used in our study
should be evaluated as varieties that have been improved
in terms of leaf blades.

3.5. The Amount of Fresh Grass

When the amounts of fresh grass were examined in the
summer period, the effects of fertilizer type, fertilizer
dose and the interactions of these factors were found to
be significant at the level of 1% because of the variance
and the
differences were revealed (Table 3). The results of the

analysis. The Duncan test was applied,
analysis of the amount of plant fresh grass obtained in
different types and doses of fertilizer in the summer
season are given in Table 12.

According to Table 8.a, urea and ammonium sulfate
fertilizer varieties were found in the highest amounts
with 1045 g and 1011 g values in terms of fresh grass
yields in the average fertilizer variety, while the 20-10-10
and the 15-5-20 fertilizer varieties remained in the
lowest amounts with 679 g and 733 g values. In the
average fertilizer dose, while 8 g m2 fertilizer dose
accounted for the highest fresh grass yield with a value of
1283 g, the control fertilizer dose remained at the lowest
amount with a value of 328 g. In the fertilizer variety and
fertilizer dose interactions, the urea was the highest with
a dose of 8 g m? while the control fertilizer doses
remained in the lowest amounts in all fertilizer varieties.
The values of our study show similarities with the values
of Hosaflioglu (2009), Kas (2010), Ozaydin (2019), Kogak
(2019).

When the fresh grass data in the autumn period were
examined, the effects of fertilizer type and fertilizer dose
were found to be significant at the level of 1% and the
effects of their interactions were found to be significant
at the level of 5% (Table 3). The amounts of fresh grass
obtained in different fertilizer types and doses in the
autumn season are given in Table 13.

According to Table 13, ammonium sulfate and urea
fertilizers in lawns had the highest yield values with 771
g and 813 g in terms of fresh grass values in the autumn
period. The 20-10-10 fertilizer gave the lowest fresh
grass value with 506 g.
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Table 12. The amount of fresh grass obtained in different types and doses of fertilizers in the summer season (g)

Dosage of fertilizer

Type of fertilizer 0 2 4 6 8 Average
20-10-10 3107 517i 600 i 750h 1217 o 679b

15-5-20 3471 5171 767 h 933 fs 1100 de 733b

Ammonium sulfate 3201 833 8h 1233« 1283 be 1383 ab 1011a
Urea 327 983 ef 1217 cd 1253 be 14332 10452
Average 328e 7134d 954 ¢ 1055°b 12832

Table 13. The amount of fresh grass obtained in different types and doses of fertilizers in the autumn season (g)

Dosage of fertilizer

Type of fertilizer 0 2 4 6 8 Average
20-10-10 227k 257 ik 300 ik 697 gh 1050 be 506 ¢
15-5-20 320k 383J 533i 767 eh 983 « 597b
Ammonium sulfate 327 ik 727 fgh 810 efg 897 de 1127 ab 7712
Urea 313k 633 hi 840 ef 1017 be 12632 813a
Average 297 e 5004 621¢ 837b 11062

In terms of fertilizer dose averages, the highest efficiency
was achieved with 1106 g at an 8 g m2 fertilizer dose,
while the control fertilizer dose remained at the lowest
level with 297 g. The urea fertilizer received the highest
amount of fresh grass with 1263 g at a dose of 8 g m2.
While the values of our study were found to be like Gokce
(2019) values, they were found to be higher than Rich
(2019) values.

The fresh grass values determined in our studies in terms
of the amount of fresh grass, came out higher than the
values of Zorer et al. (2004). One of the reasons for this is
that the period from cleaning to evaluation methods in
our study (three weeks) is longer than in the studies of
Zorer et al (2004). Another reason is that the species
used in the mixture are species with a fast-developing
hereditary structure, the types used by Zorer et al. are
that they have a slow-developing hereditary structure.
Also, the high percentage of the fast-growing F.
arundinacea species in the mixture (70%) is one of the
reasons. Our study shows similarities with the values of
Hosaflioglu (2009) study. In the study conducted by
Akdeniz and Hosaflioglu (2016) under Igdir conditions,
the values of the amount of fresh grass found were found
to be higher than the values of our study. It is thought
that this difference is also caused by maintenance and
environmental factors. While the summer values of our
study are similar to the study values of Kas (2010),
Ozaydin (2019) and Kogak (2019), the autumn values
correspond to the values of Gokge (2019).

4. Conclusion

The highest performance values for football fields under
[gdir conditions were obtained in pure nitrogen of
ammonium sulfate and urea fertilizer varieties in 6 and 8
g m? fertilizer doses. Football fields are areas that are
often worn out and destroyed because of stepping over.
Besides that, the deformation of the grass tissue in these
areas is tolerated quickly, a rapid development of the

grass should be ensured again. In our study, monthly
doses of 6-8 g m? of pure nitrogen of ammonium sulfate
and urea fertilizers are recommended to ensure the rapid
development of the grass and to cover the damages.
Ammonium sulfate and urea fertilizers showed a faster
effect in terms of nitrogen element compared to the
composite fertilizer varieties included in the study. As a
matter of fact, ammonium sulfate and urea fertilizers
soon after application quickly came to the form that the
plant will benefit from in the soil, became effective in the
grass, and manifested itself in the strong development of
vegetative structure such as trunk and leaves. As a matter
of fact, shortly after the application of ammonium
sulphate and urea fertilizers, vegetative revolutionary
strong groups such as stems and leaves, which were
effective in the separation of forms that would benefit
from the beginning in the general soil, proved
themselves. However, the effect of the 20-10-10, the 15-
5-20 composite fertilizers on the development of
vegetative structure has remained weak since it takes
longer to reach the form that the plant will use in the soil,
especially in terms of nitrogen element.

According to the data of this study, in the football grass
fields where pressure and wearing off are intense,
ammonium sulfate and urea fertilizer types of nitrogen
which are quickly taken up by plants from the soil are
needed for the species that are under heavy pressure to
recover and for the vegetation to always remain
uniformly green.

For football fields that are not under much pressure or
worn out little under Igdir conditions, it is recommended
to apply a dose of pure nitrogen 2 g m2 of ammonium
sulfate and urea fertilizers to maintain a dark color tone
and give the desired grass quality. A dose of 2 g m2 of
pure nitrogen of these fertilizers on football fields was
especially sufficient to preserve the green color texture.
It has already been concluded that a dose of 2 g m2 of
pure nitrogen will be sufficient in these fertilizer
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varieties, since the wear and tear by pressure is also low.
By applying fertilizer in lower doses, the amount of fresh
grass and plant height values were lower, contributing to
savings in labor, time, and other costs. It is very
important to carry out fertilization as much as necessary
to prevent environmental pollution in an ecological
sense.
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