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Amacg ve Kapsam

Mus Alparslan Universitesi Fen Bilimler Dergisi, temel bilimler, miihendislik bilimleri, gevre ve enerji alanlarinda
ulusal ve uluslararas1 diizeyde yapilan bilimsel nitelikli ve 6zgilin ¢alismalar1 bilimsel bir yaklasimla ele almak
amaciyla yayimlanan uluslararas1 hakemli bir dergidir. Mus Alparslan Universitesi Fen Bilimleri Dergisinin temel
amaci; uluslararasi alanda bilim ve teknolojideki yenilikler ve gelismeler, giincel ortaya konulan bilimsel ¢aligmalar,
tespit edilen sorunlarin ve ¢dziim Onerilerinin tartisildigi 6zgiin ve nitelikli makaleler yayinlanan bilimsel bir dergi
olmaktir. Ayrica Mus Alparslan Universitesi Fen Bilimleri Dergisi, yiiksekogretim kurumlarinda gérev alan
akademisyenler, lisansiistli 6grenciler, sanayi ve endiistride ¢alisan kisilerin akademik ve mesleki gelisimlerine katki
saglayan bilimsel, nitelikli akademik ¢alismalarin yayginlagtirilmasina hizmet etmeyi hedeflenmektedir.

Mus Alparslan Universitesi Fen Bilimleri Dergisi; temel bilimleri, tarim ve uygulamali bilimleri, doga bilimleri
ve mithendislik alanlar1 ile alakali konularda 6zgiin ve nitelikli bilimsel ¢aligmalar1 kapsamaktadir. Dergide, yukarida
belirtilen alanlarda yapilmis deneysel ve teorik ilerlemeleri igeren bilimsel ve 6zgiin arastirma makalesi tiiriindeki
bilimsel ¢alismalara ve giincel igerikli derlemelere yer verilmektedir. Dergide yayimlanan tiim makalelere DOI
numarasi atanmakta ve yayimlanan makaleler i¢in herhangi bir {icret talep edilmemektedir. Mus Alparslan
Universitesi Fen Bilimleri Dergisinde yayimlanan yazlarn bilimsel ve hukuki sorumlulugu, yazarlarma aittir.
Yaymmlanan yazilarin biitiin yaym haklar1 Mus Alparslan Universitesi’ne ait olup yaymn, yaymncinm izni olmadan
kismen veya tamamen elektronik ortama tasimamaz. Mus Alparslan Universitesi Fen Bilimleri Dergisi, 6zgiin bilimsel
aragtirmalar ile uygulama caligmalarina yer veren Haziran ve Aralik sayisi olmak tizere yilda iki defa diizenli olarak
yayimlanan bir dergidir.

Mus Alparslan Universitesi Fen Bilimler Dergisi asagidaki indekslerce taranmaktadir:

e TR Dizin

e Academic keys

e CAB Abstract

o CiteFactor

e COSMOS IF

e CrossRef DOI

e DRIJI (Directory of Research Journals Indexing)
e Eurasian Scientific Journal Index (ESJI)

e Index Copernicus

e Infobase index

e International Innovative Journal Impact Factor (11JIF),
e ResearchBib

e ROAD

e Scientific Indexing Service

e Sindex

e SOBIAD
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Aims and Scope

Mus Alparslan University Journal of Science is an international refereed journal that is published with a scientific
approach to handle scientific and original studies in the fields of basic sciences, engineering sciences, environment and
energy. The main aim of Mus Alparslan University Science Journal is to become a scientific journal which published original
and qualified articles, current scientific studies, their identified problems, and their solution suggestions, discussing
innovations and developments in science and technology in the international surroundings. In addition, Mus Alparslan
University Journal of Sciences is aimed to serve the dissemination of scientific and qualified academic studies which
contributed to the academic and professional development of academicians, graduate students, working people in industry.

Mus Alparslan University Journal of Science covers original and qualified scientific studies in the fields of basic sciences,
agriculture and applied sciences, natural sciences, and engineering. There are scientific, original research articles and
current content reviews that include experimental and theoretical advances mentioned above in the fields in the journal.
All published articles in the journal are assigned a DOI number and no fee is charged for the published articles. The authors
belong to scientific and legal responsibility of the articles published in Mus Alparslan University Journal of Science. Mus
Alparslan University belongs to all publishing rights of the published articles, and it cannot be published to the electronic
medium partially or completely without the permission of the publisher. Mus Alparslan University Journal of Science
including the June and December issues is a regular journal published twice a year that is included original scientific
research and application studies.Mus Alparslan University Journal of Science is included in the following abstracting and
indexing services:

e TR Dizin

e Academic keys

e CAB Abstract

o CiteFactor

e COSMOS IF

e CrossRef DOI

e DRIJI (Directory of Research Journals Indexing)
e FEurasian Scientific Journal Index (ESJI)

e Index Copernicus

o Infobase index

e International Innovative Journal Impact Factor (11JIF),
e ResearchBib

e ROAD

e Scientific Indexing Service

e Sindex

e SOBIAD
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MAUNFBD Dergi Yaym Etigi ve Sorumluklar

MAUNFBD Dergisinde uygulanan yaymn siireglerinde yazarlar, hakemler ve editorler etik ilkelere yonelik
standartlara uymasi1 6nem tagimaktadir. MAUNFBD Dergisinde yaym etigi kapsaminda tiim yazarlar, hakemler ve
editorler asagidaki etik sorumluluklar1 tasimasi beklenmektedir. Asagida yer alan etik gorev ve sorumluluklar
olusturulurken agik erigsim olarak Committee on Publication Ethics (COPE) tarafindan yayinlanan etik kurallara ve
sorumluluklar dikkate alinarak hazirlanmistir.

Yazarlarin Etik Sorumluluklar:

Yazar(lar)in gonderdikleri ¢aligmalarin 6zgiin olmasi beklenmektedir. Yazar(lar)in baska c¢alismalardan
yararlanmalar1 veya baska calismalari kullanmalart durumunda eksiksiz ve dogru bir bigimde atifta bulunmalar1
ve/veya alint1 yapmalar1 gerekmektedir. Calismanin olusturulmasinda igerige katk: saglamayan kisiler, yazar olarak
eklenmemelidir. Yazarlar ¢aligmalarin1 ayn anda birden fazla derginin basvuru siirecinde bulunduramaz. Her bir
bagvuru onceki bagvurunun tamamlanmasint takiben baslatilabilir. Bagka bir dergide yayinlanmis c¢alisma
MAUNFBD Dergisine gonderilemez. Yayinlanmak {izere gonderilen tiim ¢aligmalarin varsa ¢ikar ¢atigsmasi teskil
edebilecek durumlari ve iligkileri agiklanmalidir. Yazar(lar)dan degerlendirme siirecleri gergevesinde makalelerine
iliskin ham veri talep edilebilir, boyle bir durumda yazar(lar) beklenen veri ve bilgileri yaym kurulu ve bilim kuruluna
sunmaya hazir olmalidir. Degerlendirme siireci baslamis bir ¢alismanin yazar sorumluluklarinin degistirilmesi (Yazar
ekleme, yazar sirasi degistirme, yazar ¢ikartma gibi) teklif edilemez. Yazar(lar) kullanilan verilerin kullanim
haklarina, arastirma/analizlerle ilgili gerekli izinlere sahip olduklarimi veya deney yapilan deneklerin rizasinin
alindigin1 gosteren belgeye sahip olmalidir. Yazar(lar)in yayinlanmig, erken goriiniim veya degerlendirme
asamasindaki ¢aligmasiyla ilgili bir yanlis ya da hatayr fark etmesi durumunda, dergi editdriinii veya yayinciyi
bilgilendirme, diizeltme veya geri ¢cekme islemlerinde editdrle ig birligi yapma yiikiimliliigli bulunmaktadir.

Editorlerin Etik Gorev ve Sorumluluklari

MAUNFBD Dergisindeki editorler ve alan editorleri, agik erisim olarak Dergipark sayfasinda yayimlanan
Committee on Publication Ethics (COPE) tarafindan belirtilen etik goérev ve sorumluluklara sahip olmalidir:

Genel Gorev ve Sorumluluklar

Siirekli olarak derginin gelisimini saglama, dergide yaymlanan g¢aligmalarin kalitesini gelistirmeye yonelik
stiregleri yiiriitme, okuyucularin ve yazarlarin bilgi ihtiyaglarini karsilamaya yonelik ¢aba sarfetme, diizeltme,
aciklama gerektiren konularda yaymn agisindan agiklik ve seffaflik gosterme. Fikri miilkiyet haklari ve etik
standartlardan taviz vermeden is siireglerini devam ettirme editdriin gorev ve sorumluluklarindandir.

Hakemlerin Etik Sorumluluklar

Sadece uzmanlik alanmi ile ilgili ¢alisma degerlendirmeyi kabul etmelidir. Tarafsizlik ve gizlilik igerisinde
degerlendirme yapmalidir. Gizlilik ilkesi geregi inceledikleri galigmalar1 degerlendirme siirecinden sonra imha
etmelidir. Degerlendirme siirecinde ¢ikar ¢atismasi ile karst karsiya oldugunu disiiniirse, ¢alismay1 incelemeyi
reddederek, dergi editoriinii bilgilendirmelidir. Degerlendirmeyi nesnel bir sekilde sadece ¢alismanin igerigi ile ilgili
olarak yapmalidir. Degerlendirmeyi yapici ve nazik bir dille yapmalidir. Diigsmanlik, iftira ve hakaret igeren asagilayici
kisisel yorumlar yapmamalidir. Degerlendirmeyi kabul ettikleri caligmayir zamaninda ve yukaridaki etik
sorumluluklarda gerceklestirmelidir.

Yayincinin Etik Sorumluklari

MAUNFBD Dergisinde gonderilen ¢aligmalarin tiim siireglerinden editér sorumludur. Bagimsiz editor karar
olugturulmasini taahhiit eder. MAUNFBD Dergisinde ekonomik ya da politik kazanglar goz oniine alinmaksizin karar
verici kisi editérdir. MAUNFBD Dergisinde yayinlanmis her makalenin miilkiyet ve telif hakkini korumak
zorundadir. Editore iliskin her tiirlii bilimsel suiistimal ve intihalle ilgili dnlemleri alma sorumluluguna sahiptir.

Yazarlar ile iliskiler

Editor, caligmalarin 6nemi, 6zgiin degeri, gegerliligi, anlatimin agiklig1 ve derginin amag ve hedeflerine dayanarak
olumlu ya da oluMAUNZz karar vermelidir. Yayin kapsamina uygun olan ¢alismalarin ciddi problemi olmadig: stirece
on degerlendirme agamasina almalidir. Editor, ¢alisma ile ilgili ciddi bir sorun olmadik¢a, olumlu yondeki hakem



onerilerini gz ard1 etmemelidir. Yeni editor, ¢aligmalara yonelik olarak 6nceki editdr tarafindan verilen kararlari ciddi
bir sorun olmadik¢a degistirmemelidir. MAUNFBD Dergisinde bir Yazar Rehberi yaymlamalidir. Yazarlara
agiklayici ve bilgilendirici sekilde bildirim ve doniis saglanmalidir.

Hakemler ile iliskiler

Editor; dergi yayin politikalarinda yer alan Koér Hakemlik ve Degerlendirme Siireci politikalarini uygulamakla
yiikiimliidiir. Hakemleri yayinin alan konusuna uygun olarak secilmelidir. Yayinin degerlendirme siirecinde gerekli
tiim bilgileri hakemlere saglamakla yiikiimliidiir. Yazarlar ve hakemler arasindan ¢ikar g¢atismasi olup olmadigini
gozetmek durumundadir. Yayimin degerlendirme siirecinde hakemlerin kimlik bilgilerini gizli tutmalidir. Hakemleri
tarafsiz, bilimsel ve nesnel bir dille calismay1 degerlendirmeleri i¢in tesvik etmelidir. Hakem havuzunun genis bir
yelpazeden olugmasi i¢cin adimlar atmalidir. Hakemlerin performansini artirict uygulama ve politikalar belirlemelidir.
Bilimsel olmayan degerlendirmeleri engellemelidir.

Okuyucu ile iliskiler

Editor tiim okuyucularm ihtiyag duyduklari bilgi, beceri ve deneyim beklentilerini dikkate alarak karar vermelidir.
Yaymlanan ¢aligmalarin okuyucu, aragtirmaci, uygulayici ve bilimsel literatiire katk1 saglamasina ve 6zgiin nitelikte
olmasina dikkat etmelidir. Editor okuyuculardan gelen geri bildirimleri dikkate almak, agiklayici ve bilgilendirici geri
bildirim vermekle yukimltdar.

Yayimn Kurulu ile iliskiler

Editor, tim yaym kurulu dyelerinin siirecleri yayin politikalar1 ve yonergelere uygun ilerletmesini saglamalidir.
Yayin kurulu iiyelerini yayin politikalar1 hakkinda bilgilendirmeli ve gelismelerden haberdar etmelidir. Yeni yayin
kurulu iiyelerini yayin politikalar1 konusunda egitmeli, ihtiya¢ duyduklari bilgileri saglamalidir.

Dergi Sahibi ve Yayma ile iliskiler

Editor ile yayinci arasinda yapilan yazili sdzlesme geregi, editdriin alacagi tiim kararlar yayimnci ve dergi sahibinden
bagimsizdir. Yani editdr ve yayinci arasindaki iliski bagimsizlik ilkesine dayanmaktadir.

Kisisel Verilerin Korunmasi

Editor; degerlendirilen c¢alismalarda yer alan deneklere veya gorsellere iligkin kisisel verilerin korunmasini
saglamakla yiikiimlidiir. Calismalarda kullanilan bireylerin agik rizasi belgeli olmadigi siirece ¢alismay1 reddetmekle
gorevlidir. Ayrica editor; yazar, hakem ve okuyucularin bireysel verilerini korumaktan sorumludur.

Etik Kurul, Insan ve Hayvan Haklar

Editor; degerlendirilen c¢aligmalarda insan ve hayvan haklarinin korunmasini saglamakla yiikiimliidiir.
Caligsmalarda kullanilan deneklere iliskin etik kurul onay1, deneysel arastirmalara iligkin izinlerin olmadigi durumlarda
¢alismay1 reddetmekle sorumludur.

Olas Suiistimal ve Gorevi Kotiiye Kullanmaya Karsi Onlem

Editor; olasi suiistimal ve gorevi kotiiye kullanma iglemlerine karst dnlem almakla yiikiimlidiir. Bu duruma
yonelik sikayetlerin belirlenmesi ve degerlendirilmesi konusunda titiz ve nesnel bir sorusturma yapmanin yani sira,
konuyla ilgili bulgularin paylasilmasi editoriin sorumluluklar arasinda yer almaktadir.

Fikri Miilkiyet Haklarinin Korunmasi

Editor; yaymlanan tiim makalelerin fikri miilkiyet hakkini korumakla, olasi ihlallerde derginin ve yazar(lar)in
haklarin1 savunmakla yiikiimliidiir. Ayrica editér yayinlanan tiim makalelerdeki igeriklerin baska yayinlarin fikri
miilkiyet haklarini ihlal etmemesi adina gerekli 6nlemleri almakla yiikiimliidiir. Bu asamada yazarlardan makaleleri
ile birlikte almig olduklar1 intihal raporu talep edilmektedir.

MAUNFBD Dergisinde Etik Olmayan Bir Durumla Karsilasirsaniz!

MAUNFBD Dergisinde yukarida bahsedilen etik sorumluluklar ve disinda etik olmayan bir davranis veya igerikle
karsilagirsaniz liitfen h.onlu@alparslan.edu.tr adresine e-posta yoluyla bildiriniz.
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MAUNFBD Journal Editorial Ethics and Responsibilities

It is important for authors, referees and editors to comply with the standards regarding ethical principles in the
publication processes applied in the Journal of MAUNFBD. All authors, referees and editors are expected to have the
following ethical responsibilities within the scope of publication ethics in MAUNFBD journal. The following ethical
duties and responsibilities have been prepared as open access, taking into account the ethical rules and responsibilities
published by the Committee on Publication Ethics (COPE).

Authors' Ethical Responsibilities

The works submitted by the author (s) are expected to be original. If the author (s) benefit from other studies or
use other studies, they must cite and / or cite completely and accurately. People who do not contribute to the content
of the study should not be added as author. The authors work in the application process can not contain more than one
journal at a time. The work published in another journal cannot be sent to the MAUNFBD Journal. That might
constitute a conflict of interest if all studies submitted for publication must be explained and relationships. Author (s)
can be requested from the evaluation process raw data of the frame in the article, in such a case the author (s) must be
ready to provide the expected data and information science committee and the editorial board. Replacing the
responsibility of the author began a study of the evaluation process (authors add, modify order of authors, writers like
stickers) cannot be offered. The author (s) must have a document showing that they have the right to use the data used,
the necessary permissions for research / analysis, or that the subjects who have been experimented with have consent.
Author (s) of the published case early view or assessment notice a wrong or error about her work on stage, to inform
the journal editor or publisher has an obligation to carry editors to cooperate in the correction or retraction.

Editors' Ethical Duties and Responsibilities

Editors and field editors in the MAUNFBD Journal should have the ethical duties and responsibilities specified by
the Committee on Publication Ethics (COPE) published on the Dergipark page as open access:

General Duties and Responsibilities

Continuously improving the quality of the journal, carrying out processes to improve the quality of the work
published in the journal, striving to meet the information needs of readers and authors, correcting, showing publicity
and transparency in matters requiring explanation, continuing business processes without compromising intellectual
property rights and ethical standards is one of his duties and responsibilities.

Ethical Responsibilities of Referees

Only study related to the specialty should accept the assessment. It should evaluate in impartiality and
confidentiality. The study examined the privacy policy should be destroyed after the evaluation process. If referee
thinks that he/she faces a conflict of interest during the evaluation process, he should refuse to review the study and
inform the journal editor. The referee should make the assessment objectively only in relation to the content of the
study. Referee should make the assessment in a constructive and kind language. It should not make humiliating
personal comments that include hostility, slander and insults. They should perform the work they accepted to evaluate
on time and with the ethical responsibilities above.

Publisher's Ethical Responsibilities

The editor is responsible for all the processes submitted in the MAUNFBD Journal. The independent editor
commits to the decision. The decision maker is the editor, regardless of economic or political gains in the Journal of
MAUNFBD. It must protect the property and copyright of every article published in the MAUNFBD journal. It has
the responsibility to take all sorts of scientific abuse and plagiarism related measures.



Relations with Authors

Editor, the importance of the work, the original value, validity, the openness of expression and should give a
positive or negative decision based on the journal's goals and objectives. Unless there is a serious problem for the
studies that are suitable for publication, they should take the preliminary evaluation stage. The editor should not ignore
the positive reviews of the referees unless there is a serious problem with the work. The new editor should not change
the decisions made by the previous editor for the work unless there is a serious problem. It should publish an Author
Directory in the MAUNFBD journal. Authors should be provided with informative and informative feedback and
feedback.

Relations with Referees

Editor is responsible for applying the Blind Review and Evaluation Process policies included in its publication
policies. Referees should be selected in accordance with the subject of the publication. It is obliged to provide all
necessary information to the referees during the evaluation process of the publication. It has to observe whether there
is a conflict of interest among the authors and reviewers. The identity information of the referees must be kept
confidential during the evaluation of the broadcast. Encourage referees to evaluate working in an objective, scientific
and objective language. The referee should take steps to make the pool a broad spectrum. Implementations and policies
that increase the performance of the referees should be determined. It should prevent unscientific evaluations.
Relations with Readers

The editor should make a decision by considering the knowledge, skills and experience expectations of all readers.
The reader should pay attention to the fact that the published studies contribute to the reader, researcher, practitioner
and scientific literature and be original. The editor is obliged to take into account the feedback from the readers and
to provide explanatory and informative feedback.

Relations with the Editorial Board

The editor should ensure that all editorial board members advance the processes in accordance with editorial
policies and guidelines. The editorial board should inform the members of the editorial policies and inform the
developments. The new editorial board should educate its members on broadcast policies and provide the information
they need.

Relations with the Owner of the Journal and the Publisher

In accordance with the written contract between the editor and the publisher, all decisions taken by the editor are
independent of the publisher and magazine owner. In other words, the relationship between the editor and the publisher
is based on the principle of independence.

Protection of Personal Data

The editor is obliged to ensure the protection of personal data related to the subjects or images in the evaluated
works. Unless the explicit consent of the individuals used in the studies is documented, they are responsible for
refusing to work. Also, editor is responsible for protecting the individual data of the author, referee and readers.

Ethics Committee, Human and Animal Rights

The editor is obliged to ensure the protection of human and animal rights in the evaluated works. Ethics committee
approval for subjects used in studies is responsible for refusing to work in cases where there is no permit for
experimental research.

Measure Against Potential Abuse and Abuse

The editor is obliged to take measures against possible abuse and misconduct. In addition to conducting a rigorous
and objective investigation about the identification and evaluation of complaints for this situation, sharing the findings
on the subject is among the responsibilities of the editor.



Protection of Intellectual Property Rights
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ABSTRACT

This study investigates the strength values of soil that was treated with fly ash (FA) and lime additives. Besides the
effects of additives on the mechanical behavior of soil, feasibility of using seawater as kneading water was examined.
For these purposes, a number of geotechnical tests were carried out on the samples, including sieve analysis, California
bearing ratio (CBR), consistency limits, proctor, and unconfined compressive strength (UCS) tests. Fourier transform
infrared (FT-IR) and scanning electron microscope (SEM) analyses were also conducted to describe the structural
properties of FA. Test results showed that the UCS and CBR values of the soil were 134 kPa and 3.1 %, respectively.
In the mixture where all additives were used together, the UCS and CBR values increased up to 846 kPa and 16.3 %
after 28 days of the curing period.

Keywords: Fly ash, Lime, Seawater, Soil stabilization
Ucucu Kiil, Kire¢ ve Deniz Suyu ile Stabilize Edilen Bir Zeminin Dayanim Degerleri

(04

Sunulan bu ¢alismada, ugucu kiil (FA) ve kire¢ katkilar1 uygulanan bir zeminin dayanim degerleri, deneysel olarak
incelenmistir. Caligmada katkilarin etkilerinin yaninda, yogurma suyu olarak deniz suyu kullanilmasinin etkisi de
irdelenmistir. Deneysel ¢aligmalarda, numuneler {izerinde elek analizi, kivam limitleri, Proctor deneyi, serbest basing
(UCS) ve Kaliforniya tasgima orani (CBR) deneyleri uygulanmigtir. Ayrica FA'nin yapisal 6zelliklerini tanimlamak
icin Fourier doniistimii kizil6tesi (FT-IR) analizinin yaninda taramali elektron mikroskobu (SEM) goériinttlerinden de
faydalanilmistir. Deney sonuglari, zeminin UCS ve CBR degerlerinin sirasi ile 134 kPa ve % 3,1 oldugunu, 28 gunliik

kir sonucunda tiim katkilarin birlikte kullanildig1 karigimda bu degerlerin sirasi ile 846 kPa ve % 16,3 degerine
yukseldigini gostermistir.

Anahtar Kelimeler: Deniz suyu, Kire¢, Ugucu kiil, Zemin iyilestirme

INTRODUCTION Fly ash (FA), which is a waste generated as a result of
coal combustion, is based on silicate and aluminate as the
chemical composition [15,16]. FA has been researched
on its use in different application areas such as ceramic
industries and road construction applications. It is also
interpreted as a potential raw material for the synthesis of
materials such as porous silica. Moreover, FA has a
pozzolanic effect depending on its fineness and the
amount of free lime it contains, and therefore it is a waste
material to be used in soil stabilization [16,17]. FA is
already available in powder form, and the reuse of
pulverized waste is handled in different ways in the
published literature [10,17,18]. Previous studies have
shown that the use of FA together with lime is more

During the implementation of additives as a means of soil
stabilization, the use of seawater instead of fresh water
has attracted significant attention in recent years [1-4].
Using seawater in construction works instead of fresh
water will contribute to the sustainable conservation of
dwindling clean water resources. It has been officially
reported by the World Meteorological Organization
(WMO) that the clean water resources in the world are
rapidly decreasing [5-7]. In addition, using seawater,
especially in construction works near the sea, will
contribute to reducing undesirable costs (i.e.,
transportation, fuel consumption) and environmental

effects such as exhaust emissions (i.e., from vehicles)
since clean water will not be needed for transportation [8-
9].

In addition to the decrease in clean water resources, the
increase in waste volume and the damage they cause to
the environment are also prominent issues [10-14].

effective in improving geotechnical properties [13,19].

The effects of FA and lime on the mechanical properties
of the soil are widely studied in the published literature.
However, there is a lack of research examining the
feasibility of using seawater in the soil stabilization
process, and this study aims to fill this gap. In addition,
available studies mostly focus on the effects of additives



on clayey soils, whereas this study places its main focus
on silty sand (SM).

In the present work, the test samples were prepared by
blending the additives and soil, namely, silty sand.
Seawater was used as kneading water in the application
of FA and lime which were used as additives during the
soil stabilization process. Eventually, the mechanical and
geotechnical properties of treated soil samples were
determined to assess the geotechnical suitability of the
additives with seawater.

MATERIAL and METHODS
Materials

The FA used as an additive is obtained from the chimneys
of Catalagzi Thermal Power Plant in Zonguldak
province. The FA is an F-type fly ash. Lime, the other
additive, is hydrated lime purchased from the market.
The soil used was obtained from the vicinity of Alapli
district, approximately 0.8-1.0 meters below the surface.
Seawater was obtained from the shores of the town of
Alapli, located on the Black Sea coast.

Methods

In the experimental study, the geotechnical properties of
the soil were determined. In addition, Fourier transform
infrared (FT-IR) analyses were applied and Scanning
Electron Microscopy (SEM) images were utilized to
describe the structural properties of FA used as an
additive material. XRF analysis was performed with the
Rigaku ZX Primus-2 instrument.

Table 1. Granulometric values of the soil and FA

Property N F
Gravel (%) 13 0
Sand (%) 47 0
Fine (%) 40 100
D1o 0.021 0.003
D30 0.050 0.013
Dso 0.166 0.033
Coefficient of uniformity (Cu) 7.89 11.00
Coefficient of curvature (Cc) 0.72 1.71

Classification (USCS) SM ML
Classification (AASHTO) A-2-6 A-4

The soil classification was made in accordance with both
the Unified Soil Classification System (USCS) and the
American Highways Soil Classification System
(AASHTO). Then, mixtures were prepared by using 5 %
FA and 5 % lime additives.

Two sets of samples were prepared in the same
conditions. The only difference was the type of kneading
water used, which was either tap water or seawater.
Specific gravity [20], organic matter determination [21],
consistency limits [22], sieve analysis [23], and
hydrometer tests [24] were conducted on the prepared
samples for soil classification. This was followed by the
modified Proctor tests [25], which were performed to

identify the water-density relationships. The optimum
water (moisture) content (OWC) and maximum dry
density (MDD) parameters of mixtures were determined

for all mixtures. These values were used in the
preparation of the strength test samples.
100
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Figure 1. Granulometry curves of the soil and FA

The strength tests were performed on the blends prepared
according to the OWC of the relevant mixture. The tests
were performed 0-day (in an hour after blending), 7-day,
and 28-day curing period. Samples were kept in a
desiccator after being wrapped in airtight plastic bags and
labeled for the test of 7 days and 28 days. Finally, the
Unconfined Compressive Strength (UCS) test [26] and
California Bearing Ratio (CBR) test [27] were performed
to determine the strength values of the blends.

The materials were symbolized as follows: the soil is
"N", FAis"F", lime is "L", tap water is "T" and sea water
is "S". Thus, for example, the sample prepared with tap
water was coded as "NT", and the sample prepared with
seawater and lime was coded as "NLS". The codes and
components of all mixtures are shown in Table 4.

Table 2: XRF analysis of FA

Oxide % Oxide %

Al203 25.6586 Na20 1.0116
CaO 5.4701 P20s 1.3392
Fe203 7.6509 SiO2 51.9666
K20 2.3516 TiO2 1.1865
MgO 1.7316 SOs3 1.5436
MnO 0.0679 Cl 0.0219

RESULTS and DISCUSSION

The physical properties and the grain distribution curves
of the soil used, and FA are presented in Table 1 and
Figure 1, respectively. The soil is classified as SM, and
FA is classified as low plasticity silt (ML) according to
the USCS. The specific gravity (Gs) is 2.65, the Atterberg
limits are 29.3 % for liquid limit (LL) and 25 % for plastic
limit (PL). The soil has 0.5 % organic matter (OMC). The
OWC and MDD were determined as 17.2 % and 15.2
kN/m?3, respectively.

The chemical composition of FA can be seen in Figure 2,
Figure 3, and Table 2. The FA were analyzed at the
Duzce University Scientific and Technological Research
Application and Research Center (DUBIT) using the



SEM Quanta FEG250 FEI. SEM is a device used to
image the surface texture of each particle in detail as well
as its morphology.
The 1410 cm™!
asymmetric ~ CH3-deformation

peak belongs to symmetric and
vibrations.  The

absorption peak of the C—H bond, which belongs to the
aromatic functional group, is at 777 cm™!, corresponding
to the out-of-plane bending vibration, and the Si-O-(Si)
bending vibration peak is at 678 cm™'. Therefore, the
peak is thought to occur at 999 cm™'. This vibration
means stretching vibration consisting of silicon oxide or
alumina such as Si-O-Si or Si-O-Al.

Figure 2. SEM image

While controlling the morphology of FA, combustion
temperature and cooling rate were taken into account.
SEM image, as seen in Figure 2, shows that fly ash is in
spherical lumps.

The range of particle sizes is from less than 1 um to
greater than 8 um in this study.

18D 1706 1600 180D 1440 13

Figure 3. FT-IR spectrum of FA

Silicon oxide and aluminum oxide ratios in fly ash are in
the order of 77.6252 % as seen in Table 2. Recordings of
infrared spectra were carried out at room temperature and
a Perkin-Elmer Spectrum 100 FT-IR Spectrophotometer
instrument was used. The instrument features an
attenuated total reflection (ATR) accessory containing a
zinc selenide (ZnSe) crystal. The wavelength used in the
analysis is in the range of 400-4000 cm™ as seen in
Figure 3.

The consistency of blends is seen in Table 3. Seawater
causes an increase in LL from 29.3 % to 32 %, a decrease
in PL from 25 % to 21.7 %, and an increase in Pl from
4.3 % to 10.3. FA with tap water increases LL, PL, and
Pl to 31.5 %, 26.3 %, and 5.2 %, respectively. FA with
seawater also increases LL, PL, and Pl to 31.5 %, 23.2
%, and 8.3 %, respectively. The lime with tap water
increases the LL and Pl to 32 % and 9.1 %, while it
decreases PL from 25 % to 22.9 %. Likewise, the lime
with seawater increases the LL and PI to 30 % and 7 %,
whereas it decreases PL from 25 % to 23 %. While all
additives used together with tap water do not affect the
P1, using them with seawater increases the Pl to 7.2 %.
The UCS values of samples are presented in Table 4 and
Figure 4. The UCS value (0 days) of the soil used was
determined as 134 kPa. With the effect of compaction
and aging, the 28-day UCS value reached 162 kPa. In the
samples prepared with seawater, these values were
determined as 141 kPa and 167 kPa, respectively.

Table 3. Consistency limits of blends

Code LL (%) PL (%) Pl (%)
NT 29.3 25 4.3
NS 32 21.7 10.3

NFT 315 26.3 52
NFS 315 23.2 8.3

NLT 32 22.9 9.1

NLS 30 23 7

NLFT 31 27 4

NLFS 31.2 24 7.2

The FA used with tap water at a rate of 5 % as an additive,
increased the 28-day UCS value to 214 kPa. This value
was determined to be 201 kPa in blending with seawater.
When 5 % lime was mixed with tap water, the 28-day
UCS value increased to 419 kPa.

In the case of using seawater in the same blend, the UCS
value, 28 days cured, increased to 435 kPa. When the
lime and FA were blended together with tap water, the
UCS value of the samples (28 days cured) was
determined as 845 kPa. On the other hand, the UCS value
was 856 kPa for the samples blended with seawater.
Load-sink curve and CBR values of the samples, 28 days
cured, are presented in Figure 5 and Figure 6. The CBR
of the sample which was kneaded with tap water and
cured for 28 days, is 3 % while this value is 5 % for the
sample prepared with seawater. The CBR value was
determined as 6 % in the samples of the fly ash blended
with both tap water and seawater.

CBR value, 28 days cured, increases to 8 % in the sample
prepared with 5 % lime additive and tap water. In the
sample prepared with 5 % lime additive and seawater, the
CBR value, cured for 28 days, was determined as 9 %. In
the samples prepared by using fly ash and lime together,
the CBR values of the samples, cured for 28 days, and
prepared with either fountain or seawater were
determined as 14 % and 16 %, respectively.



Table 4. The blending content and geotechnical properties

o N F 1L o OWC | MDD UCS (kPa CBR (%)
€ oy | %) | ) o) | (kim?) | o-day | 7-day | 28-day | 0-day | 28-day
NT 0] 0 | 0 T 150 172 | 134 | 150 | 162 2 3
NS 100 0 | o s 145 173 | 141 | 160 | 167 2 5
NFT % | 5 | 0 T 14.8 173 | 154 | 207 | 214 4 6
NFS % | 5 | 0 s 14.4 175 | 151 | 200 | 210 2 6
NLT % | 0 | 5 T 155 170 | 153 | 276 | 419 6 8
NLS % | 0 | 5 s 153 171 | 151 | 362 | 435 5 9
NLFT | 90 | 5 | 5 T 152 171 | 187 | 679 | 845 6 14
NLFS 0 | 5 | 5 s 151 172 | 206 | 758 | 856 6 16
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CONCLUSION

In the present study, the strength values of soil that was
blended with seawater and additives such as FA, and
lime, were investigated experimentally. While FA and
lime were used as additives, seawater was used as
kneading water. Accordingly, the effects of using
seawater instead of tap water as the kneading water on
treated soil were investigated.

The soil class used in the experimental work is SM (silty
sand). Since the main research question in the study was
to determine whether there was a difference between the
effects of additives when using either seawater or tap
water, the additive rates were limited to 5 % FA and 5 %.
The detailed investigation of the experimental results
showed that FA used at the rate of 5 % improves the
strength values of SM-class soils. This improvement is
slightly more effective when seawater is used as the
kneading water. In addition, the use of FA together with
lime ensures higher recovery rates. The mixture that
provided the highest improvement in strength values was
observed in mixtures where lime and FA were used
together, and seawater was used as kneading water.

The test results suggest that the use of additives with
seawater provides more desired results than tap water.
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ABSTRACT

In this study, we examined some fixed point theorems in non-full metric spaces. We define the notions of a-lower
semi-continuous , w-a-distance, wy-a— distance, w-a-rational contraction and generalized w-a-rational contraction
mapping. We also give related theorem and example. Then, we prove Banach’s fixed-point theorem thanks to the
concept w-a- distance in metric spaces equipped with an abritrary binary relation. Also, w-a- rational contraction
mapping and generalized w-a-rational contraction mapping are defined and by using these definitions, the theorem
related fixed point is expressed and proved.

Anahtar Kelimeler: Binary Relation, Fixed Point, a-Complete Metric Space, w-Distance.
w-a-Uzakhk Icin Ortak Sabit Nokta Sonuclar

0z

Bu calismada tam metrik olmayan uzaylarda bazi sabit nokta teoremleri incelenmistir. a-alttan yari-surekli, w-a-
uzaklik, wy-a— uzaklik, w-a-rasyonel biiziilme ve genellestirilmis w-a-rasyonel biiziilme doniisimi kavramlari
tanimlanmustir. Tlgili teorem ve drnegi de verilmistir. Daha sonra w-a- uzaklhik kavramini kullanarak keyfi bir ikili

baginti ile verilen metrik uzaylarda Banach sabit nokta teoremi ispatlanmistir. Ayrica w-a- rasyonel blzilme
dontisiimii ve genellestirilmis w-a- rasyonel biiziilme doniisimii tanimlari yapilmig ve bu tanimlar kullanilarak sabit

nokta ile ilgili teorem ifade ve ispat edilmistir.

Anahtar Kelimeler: ikili Bagint1, Sabit Nokta, a-Gegisli Déniisiimii, a-Tam Metrik Uzay, w-Uzaklik.

INTRODUCTION

Kada et al [1] presented the idea of w-distance within a
metric space. Considering (X,d) as a metric space, a
function w: X X X — [0,0) earns the designation of a
w-distance on X when it meets these specified conditions
foreach x,y,z € X,

Wl) w(x,z) < w(x,y) + w(y, 2);

(W2) a function w(x,.):X — [0,0) exhibits lower
semicontinuous;

(w3) for any &> 0, there exists § >0 such that
w(z,x) < dand w(z,y) < 6§ imply d(x,y) < e[1].
Later on, they have achieved significant results using this
definition in fixed point theory. In 2012, Samet et al [2]
defined a-admissible mapping. On the other hand they
have expressed and proved the theorems related to fixed
point in complete metric spaces.

Hussain et al [3] have obtained fixed point results for
rational contraction mapping in a-n-complete metric
space. Kutbi and Sintunavarat [4] defined generalized
w,-multivalued contraction mapping and then they have
proven fixed point theorems using this mapping in « -
complete metric spaces. Many studies have been carried
out on fixed points [5, 6, 7, 8].

Definition 1. Consider (X, d) as a metric space, and let
T:X — CIL(X) represent a multivalued mapping. A
point x € X is termed a fixed point of T if x € Tx, and
the collection of fixed points of T is symbolized as F(T)

[9].

Definition 2. Consider (X, d) as a metric space, and let
T:X = CL(X) represents a multivalued mapping. T is
termed a contraction if there exists a constant A € (0,1)
such that, for every x and y in X, H(Tx,Ty) < Ad(x,y)

[9].

Definition 3. Suppose (X, d) represents a metric space,
and a: X XX = [0,00) is a specified mapping. The
multivalued mapping T: X - CI(X) is termed a w,-
contraction if there exists a w,-distance w:X X X —
[0,00) on X and avalue A € (0,1). This condition ensures
that for any x,y € X and u € Tx, there exists v € Ty
such that
atu,V)w(,v) < w(x,y) [4].

Definition 4. In the context of (X, d) being a metric space
and a:X xX —[0,00) a specified mapping, the
multivalued mapping T: X — CL(X) is referred to as a
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generalized w,-contraction if there exists a w,-distance
won X and avalue A € (0,1). This condition ensures that
for any x,y € X and u € Tx, there exists v € Ty such
that

a(u,V)o(u,v) < imax{w(x,y), o(x,Tx), w(y, Ty),

Sl Ty) + oy, TX)] [4]
MAIN RESULTS

Definition 5. Let (X,d) be a metric space and
a:X XX - [0,0). A function f: X - RU {—o0, 0} is
said to be a-lower semi-continuous at point x if for all
sequence (x,) which converges to x€X and
a(xy, xp41) = 1 forall n € N, we have

lim inf fCe,) 2 £

Definition 6. Let (X,d) be a metric space and
a:X XX - [0,0). A function w:X XX — [0,0) is
said to be a w-a-distance on X if

() wlx,z) <w(xy) +wlyz)foranyx,y,z € X,

(if) Forany x € X, w(x,.): X = [0, o) is a-lower semi-
continuous,

(iii) For any &> 0, there exists § >0 such that
w(z,x)<dand w(z,y) < §implyd(x,y) < .

Definition 7. Let (X,d) be a metric space. The w-a-
distance w: X X X — [0,) on X is said to be a wy-a—
distance if w(x,x) = 0 forall x € X.

Example 8. Let X =[0,00). Define T:X - X and
a: X x X - [0,0) by

1
a(x,y) = {1’ Xy € [0’5)
0, otherwise,

3 1
=, xE[O,—)
2 2
4 1
Tx =< -, X ==
5 2
1
X, x>-=

Clearly, T is neither a- continuous nor lower semi-
continuous. However, it is a-lower semi-continuous.
In fact, let (x,,) be a sequence that not fixed convergent

at pointx = % If x, —>§ ,then Tx,, = zforall n € N. If

1t .
Xp =3 ,thenTx, = x,, foralln € Nand so lim Tx, =

n—-oo
%. Therefore, itis not lim inf Tx, = T%. Hence, T is not
n—-oo
lower semi-continuous at point x = % Now, let (x,) be a
sequence not fixed such that a(x,,x,,;) =1 and
convergent at point x = % Then Tx,, = z where (x,) €

[0%) However, T is not a-continuous at point % due to
T

Xp = % * T% = % Also, T is a-lower semi-continuous
at point x = : Thus, 3 = lim inf Tx, = Ti=1%
2 2 n—-oo 2 5

Lemma 9. Consider (X,d) as a metric space, where

a:X XX - [0,0) and w:X XX — [0,00) are w-a-

distances on X. Suppose (x,) and (y,,) are sequences in

X such that a(xp,x,p1) =1 and (W, Yne) =1,
respectively, with x,y,z € X. Let (u,) and (v,) be
sequences of positive real numbers approaching 0. Under
these conditions, the following statements hold true:

(i) If w(xpy) < u, and w(x,, z) < v, for all n € N,
then y = z. Moreover, if w(x,y) =0 and w(x,z) =0,
theny = z.

(i) If w(xp, y) < u, and w(xy,, z) < v, foralln € N,
then y,, — z.

(i) If w(xy, xp) < u, for all n,m € N such that m >
n, then (x,) be a Cauchy sequence such that
a(xy, Xpeq) = 1in X.

(iv) If w(x,,y) < u, for all n €N, then (x,) be a
Cauchy sequence such that a(x,,, x,+1) = 1in X.

Definition 10. Let (X,d) be a metric space and
a:XxX —-[0,0) and T:X — CI(X) be given two
mappings. T is said to be generalized multivalued w-a-
rational contraction mapping if there exist 2 € (0,1) and
awy-a-distance w: X X X — [0, o) on X such that for all
x,y € Xand u € Tx there isa v € Ty with
a(u, v)w(u,v)
w(x,Tx) w(y,Ty)
< Amax {w(x, ), 14+ 0wk, Tx)' 1+ w(y,Ty)’

1
S 06 Ty) + 0, Tl

Definition 11. Let (X, d) be a metric space, w: X X X —
[0, o0) be a wy-a-distance on X and T: X — CL(X). Let
w(x, Tx) oy, Ty)
14+ w(xTx)' 1+ w(y,Ty)
w(x,Ty) + w(y, Tx)}

M(x,y) = max {w (x,y),

2
Then T is said to be a multivalued w-a-rational
contraction mapping if
alx,y) 21= w(Tx,Ty) < AM(x,y) forall x,y € X
where 1 € (0,1).

Theorem 12. Let (X,d) be a metric space and
a:X x X — [0,00) be afunction. LetT: X - CL(X) bea
generalized multivalued w-a-rational contraction
mapping. Suppose that the following statements are
indeed accurate:

(i) There exists Y < X with T(X) < Ysuch that (Y, d) is
a-complete;

(ii) T is a a-admissible mapping;

(iii) There exists x, € X and x; € Tx, such that
a(xy,x) = 1;

(iv) Either T is a- continuous or

(iv") (x,,) sequence such that a(x,, x,4+,) = 1 and x,, -
x € X for all n € N has a (x,, ) subsequence such that
a(xn,,x) = 1forall k € Nu{0};

Then F(T) # @.

Proof. There exist x, € X and x; € Tx, such that
a(xg,x,) = 1 from (ii). Since T is a generalized w-a-



rational contraction mapping, we obtain x, € Tx; such
that
a(xy, xz)w(xg, x2) <
 (x0,TXo) w(xq,Txq)
1+w(xg,Txg) 1+w(xq,Tx1)’
1
3 [0, Txr) + (e, Txo)]} (2.2)
Since T is a a-admissible mapping and x; € Tx, such
that a(xg, x;) = 1, we have
a(xg,x;) = 1.
Then by (2.1) and (2.2) we get
w(xq,%2) < alxy, X3)w(xy,x3) <
 (x0,TXo) w(xq,Txq)
1+w(xg,Txg) " 1+w(x1,Tx;)’
1
2[00, Txr) + (e, Txo)].
Again, since T is a generalized w-a-rational contraction,
there exists x5 € Tx, such that
a(xz, x3)w(xz,x3) <
w(xy,Tx1) w(x2,Tx3)
1+w(xq,Tx1)’ 1+w(xy,Txy)’
1
oG o) +ote T)l) @3
Since a(x;,x,) = 1 and T be a a- admissible mapping,
we have

Amax {w (x0,x1),

2.2)

Amax {w (x0,x1),

Amax {a) (x1,x3),

a(xy,x3) = 1.
Then we get
w(xz,x3) < a(xy, x3)w(xz, X3)
w(xy,Tx1) w(x2,Tx3)
1+w(xq,Tx1)’ 1+w(xy,Txy)’
i [w(xy, Txp) + w(xy, Tx1)]}
by (2.3) and (2.4). Continuing this process, we get x,, €
Txn—11
a(xp, Xp41) 2 1

(2.4)

< Amax {a) (x4, x2),

(2.5)
and
@(xp, Xpg1) <

w(xn,Txn)
Amax {w(xn_l, Xn), v

w(xn—1,TXn-1)
140 (Xn-1,Txn-1) " 1+ (xn,Txn)

1

0G0, T2) + @, Ty}
for all n € N. Now, we obtain
(‘)(xnr xn+1) <

Amax {a) (Xp—1,Xn),

W(xn-1,TXn—1) w(xn,Txn)
1+w(xp_1,Txp—1) " 1+w(xy,Txy)’

1
5 001 Tx) + 0, T

W (Xn—1,%n) w(XnXn+1)
1+w(xp-1.%7) " 1+ (XnXn41)’

S l0Gn 1, %n 1) + @0, X))
1
< Amaz {(n-1,%0), 0 Con, X, 5 [0 G, Xs)]

1
< Amax {w (xn—l: xn)r w(xn: xn+1)r 2 [w (xn—l: xn) +

= Amax {w(xn—lr xn)r

@ Cn, Xns1)1}.

=< Amax{w(xn—l'xn)'w(xn' xn+1)} (26)
for all n € N. In that case we get

@ (X, Xpi1) < Amax{w (xp_1, %), @ (X, Xpy1)} If
max{w (xg_1, %), © (X, Xk 41)} = @ (g, Xpe 1) for

some k € N, then w(xy, xx41) =0 and so we have
w(xr_1, %) = 0. We get

(-1, Xp11) < 0(Xp—1, X)) + W (X, Xp41) = 0

from the property of w-a-distance.

Since w(xg_q,xx) = 0 and w(xy_q, Xk4+1) = 0, then we
get x, = xj41 USing Lemma 9. This is x;, € Tx;, and so
it means that x, is a fixed point of T. Now, let's consider
the assumption that
max{w(xX,—1, Xn), 0 (Xp, Xp41)} = @ (Xp_1, %)
for all n € N. We get
c‘)(xwxn+1) < Aw(xn—lﬂxn)
for all n € N from (2.6). By induction, we have
(X Xn41) < Aw (X1, Xn)

< Azw(xn—Z'xn—l)

2.7)

< Aw(xy, %)
foralln € N.
Let m > n for all n,m € N. Then we have
c‘)(xru xm) < w(xn' xn+1) + (U(xn+1' xn+2) + o
+ w (-1, Xm)
< Mw(xg, x1) + " 1w(xg, %) + -+
A w(xg, 1)
An
< Ea)(xo,xl).

Since 0 < 1 < 1, then we get %w(xo,xl) —»0asn -

co. It is found that (x,) is a Cauchy sequence inY
satisfying a(x,, x,4+1) = 1 from Lemma 9 We know that
a(xy, Xpeq) = 1 foralln € N from (2.5). Since (Y, d) is
a-complete, then we obtain x,, —» z as n — oo for some
z € Y. We now show that z is a fixed point of T. First,
we consider that T is a-continuous. Then we obtain

d(z,Tz) = lim d(x,41,T2) = lim d(Tx,, Tz)
n—oo n—-oo
=d(Tz,Tz) =0
Here, z is a fixed point of T.

Now, let's consider the existence of (iv'). So there exist a
subsequence (x,, ) of (x,) such that a(x,,,z) = 1 for
all k € N U {0}. In this case, we write

w(xnk+1lz) S ]ll—r)?o infw(xnk+1: xnk+m) S

L AT

lim inf ——w(xg,x;) =0 (2.8)
k—oo 1-1
using w-a-distance lower semi-continuous from

n
inequality w(x,, X)) < ;f—_aw(xo'xl)' Also, since T be
generalized w-a-rational contraction mapping and
a(xnk,z) > 1, we have

w(xnkH,Tz) = a)(Txnk, Tz)
w(xnk,xnk+1) w(z,Tz)
14 w(x, Xp41) 1+ 0(2,T2)’

< Amax {w (xnk, z),

1
21000, 72) + (2 50

< Amax{w (xnk, Z), w (xnk, xnk+1), w(z,Tz),

1
21000, 72) + 0z 5]



< lmax{w(xnk, Z), w(xnk, xnk+1), w(z, xnk+1) +

w(xnk+1, Tz)} < w(xnk+1, Tz)}.
Ny

1-1
Nk
1-2
Ifw(xnkH,Tz) > 0, then
a)(xnkH, Tz) < lw(xnkﬂ, TZ)
which is a contradiction. Hence, we have

w(xnk+1, TZ) =0. (2.9)
If (2.8) and (2.9) are combined, then we obtain z = Tz
from Lemma 9.

< lmax{lim inf W (%, x1), lim infA™w (xg, x1),
k—oo k—o

lim inf

k—oo

w(xg, %) + a)(xnk+1, Tz)}

Teorem 13. In a metric space (X,d), considering the
mapping a:X XX - [0,00) and T:X - Cl(X) as a
multi-valued ~ w-a-rational  contraction  mapping,
assuming the validity of the following statements:

()Y € X with T(X) < Y such that (Y, d) is a-complete;
(ii) T is a a-admissible mapping;
(iii) There exists x, € X
that a(xy, x,) = 1;

(iv) Either T is a- continuous or
(iv") (x,,) sequence such that a(x,, x,+,) = 1 and x,, -
x € X for all n € N has a (x,, ) subsequence such that
a((xn,,x) = 1forall k € Nu{0};

Then F(T) # @.

Proof. The proof shares resemblance with the one in
Theorem 12.

and x; € Tx, such

Result 14. Suppose (X,d) represents a metric space
equipped with w-R-distance, and R is any arbitrary
binary relation on X. If T:X — CI(X) fulfills these
conditions, then it implies F(T) is non-empty.
(i) There exists Y € X with T(X) € Y, such that (Y, d) is
R-complete;
(i) X(T,R) # @ and R is T-closed,;
(iii) Either T is R-continuous
or
(iii") (x,,) such that (x,,, x,,+1) € R and x,, » x € X for
all n € N has a subsequence (x,, ) such that (x,,,x) €
R forall k € N U {0}.
(iv) There exists a 1 € [0,1) for all x,y € X such that
x,y € R, then w(Tx,Ty) < AM(x,y).
There exists

w(x, Tx) w(y,Ty)
M(x,y) = max {w(x, ), 1+ wxTx)' 1+ w(y,Ty)’

w(x,Ty) + w(y, Tx)}

2
Proof. Let
_(1 (x,y) €R
aley) = {O, otherwise .

If there exists x, € X and x; € Tx, such that a(xg, x;) =
1, then since X(T,R) # @, there exists a point x, €
X (T, R) such that (x4, Tx,) € R. Since (xy,x,) € R and
R is T-closed, there exists a x, € Tx; such that (x;,x,) €
R. a(xy,x,) = 1 due to the definition of a.

10

Continuing this process, we get a(x,, x,+1) = 1 such
that x,, = Tx,,_,. That is, T is a a-admissible. Since the
definition of a and (Y, d) is R-complete, then (Y, d) is
a-complete. (iii) and (iii") conditions requires (iv) and
(iv") hypotheses of Theorem 12. Now let a(x,y) = 1.
Then (x,y) € R. Because of the hypothesis (iv) there
exists a A € [0,1) such that

w(Tx,Ty) < IM(x,y).

Therefore, since it is provide all conditions of Theorem
12, then T has a fixed point. Also, w-R-distance requires
w-a-distance.

Result 15. Suppose (X, d) represents a metric space,
a:X x X - [0,00) isamapping,and T: X - CI(X) isa
multi-valued w-a -rational contraction mapping, given
that the following conditions are satisfied:
(i) T is a a-contraction mapping;

(i) There exist x, € X and x; € Tx,
a(xy,x) = 1;

(iii) Either T is a-continuous or (x,,) sequence such that
a(xp, Xpp1) =1 ve x, >x€X for all n€N has a
(%, ) subsequence such that a(x,,,x) = 1 for all k €
N u {0};

Then F(T) + 0.

Proof. As (X, d) constitutes a complete metric space,
ensuring a-complete, the intended outcome is achieved
by employing the proof outlined in Theorem 12.

such that

Example 16. Let X = (—1,00) and d: X x X — [0, o)
with the metric d(x,y) = |x — y| forall x,y € X. Define
a:X x X — [0,00) by
_(x2+y?%  x,y€[01]
aly) = {0, otherwise.
T:X — CL(X) multivalued mapping define by

Ly 0,1
Tx = {Zx }’ x € [ ’ ]
{lx],|x + 2|}, otherwise.

Now, we show that this is T a multivalued w-a-rational
. . - 1 .

contraction mapping with 4 = 5 and w-a-distance

w: X X X - [0,00), defined as w(x,y) = max{|x|, |y|}

for all x,y € X. Let u € Tx = {%xz} for x,y € [0,1].

That is, we can found inav = iyz € Ty such that

B x2 y? x2 y?

ot = o (52) 0 (2.2)

(X LX) (L 2 4,2

- (16 + 16) (4 max{x®,y })

<1+ 1)%max{x2,y2}

1
u=-=>-x?and
4

< ~max{lx|, Iyl}

=w(x,y)

< AM(x,y).

That is, a(u,v)w(u,v) < AM(x,y). Therefore T
multivalued w-a-rational contraction mapping.

While (Y, d) may not qualify as a complete metric space,
it does fulfill the criteria for being an a-complete metric
space. Consider (x,) as a Cauchy sequence within Y,
with a(x,, x,41) = 1 for all n in the natural numbers.



Consequently, x, € [0,1] for all n € N. Given that
([0,1], d) stands as a complete metric space, there exists
z € [0,1] such that x,, » z as n — oo. Therefore, (Y, d)
qualifies as an a-complete metric space.

If a(x,y) = 1,itimpliesthat x,y € [0,1]. Concurrently,
Tc € [0,1] for all ¢ € [0,1]. Consequently, a(Tx,Ty) =
1, signifying that T qualifies as an a-admissible
mapping. There exists x, = 1 such that x; = % € T1and

alxg,x) = a(l,%) > 1.

x, >x as n—-o and (x,) sequence provide
a(xy, xp41) = 1 inequality for all n € N. Hence,
(x,) € 10,1] foralln € N and so (Tx,) < [0,1]. Since
T is continuous on [0,1], then Tx,, » Tx asn — co.
This implies that T is a mapping that maintains a-
continuity.

Alternatively, let a(x,, x,.1) =1 and x, >z € X. In
this case, there exists a subset (x,,, ) such that x,, € [0,1]

and Xy, = Z- Thus, a(xnk,z) > 1.
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ABSTRACT

Ischemia causes reversible or irreversible cell or tissue damage due to insufficient blood flow to the organ or tissue.
In this study, our aim is to investigate the protective effect of omega 3, 6 9 and stearic acid application before ischemia
reperfusion injury in the leg muscles. For this purpose, 70 female albino rats were divided into 10 groups. The study
continued at the same dose for 14 days. In addition, these fatty acids were given to other groups without ischemia-
reperfusion. After the application different faty acid, blood biochemical parameters of different fatty acids, oxidative
stress parameters and histopathology of tissues (liver, kidney, muscle) were examined in rats. As a result, it was
observed that omega 9 fatty acid has better protective properties compared to other omega fatty acids and stearic acid
in terms of histopathological properties and oxidative stress index. Additionally, other fatty acids and stearic acid
provided some degree of protection against the deleterious effects of ischemia-reperfusion.

Keywords: Ischemia-reperfusion, total antioxidant status, total oxidant status, omega fatty acids, stearic acid,
oxidative stress

Omega Asitleri (3, 6, 9) ve Stearik Asidin Si¢anlarda Iskemi Reperfiizyon Hasarinda
Fizyolojik ve Histopatolojik Etkilerinin Arastirilmasi

0z

Iskemi, organ veya dokuya yetersiz kan akisi nedeniyle geri doniisiimlii veya geri déniisiimsiiz hiicre veya doku
hasarina neden olur. Bu ¢aligmada 10 gruba ayrilan 70 adet disi Wistar-albino sicanin bacak kaslarina (kuadriseps)
iskemi-reperfilizyon hasar1 6ncesi uygulanan omega 3, 6, 9 ve stearik asit yag asitlerinin etkinligi arastirildi. Caligma
14 giin boyunca ayn1 dozda devam etti. Ayrica bu yag asitleri iskemi-reperfiizyon yapilmadan diger gruplara da verildi.
Uygulama sonrasinda si¢anlarda farkli yag asitlerinin kan biyokimyasal parametreleri, oksidatif stres parametreleri ve
histopatoloji incelendi. Sonug olarak omega 9 yag asidinin histopatolojik 6zellikler ve oksidatif stres indeksi agisindan
diger omega yag asitleri ve stearik asit ile karsilastirildiginda daha iyi koruyucu 6zelliklere sahip oldugu gozlendi.

Ayrica diger yag asitleri ve stearik asit, iskemi-reperfiizyonun zararl etkilerine karsi bir dereceye kadar koruma
saglamistir.

Anahtar Kelimeler: iskemi-reperfiizyon, toplam antioksidan durumu, toplam oksidan durumu, omega yag asitleri,
stearik asit, oksidatif stres.

INTRUDUCTION

Ischemia is defined as the hampered blood flow to an
organ due to various reasons. This type of blood flow
decrease and ischemia-reperfusion (IR) damage in
tissues may occur in clinical conditions such as
vascular and transplantation surgery, tourniquet
application, tissue transfers and surgery of the
amputated limb [1,2]. Depending on the ischemia, the
tissue remains in hypoxia, resulting in tissue damage.
Ischemia causes a decrease in the energy level in the

cell and accumulation of toxic metabolites in the tissue,
initiating a series of biochemical reactions that can lead
to cell dysfunction and subsequent cell death [3].
Reperfusion is the reviving of tissue blood supply. In
the case of blood flow in an ischemic tissue
(reperfusion), free oxygen radicals released by the
polymorphonuclear leukocytes, which come and settle
in the tissue, have more enhancing effects on tissue
destruction. The severity of the damage varies
depending on the duration of ischemia, temperature of
the tissue, and tissue-specific factors [4].
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During ischemia, toxic oxygen radicals are produced in
ischemic tissue. Free oxygen radicals and superoxide
radicals after reperfusion cause endothelial damage and
increased vascular permeability. In addition, activated
adhesion molecules and cytokines initiate a systemic
inflammatory response [5]. In order to prevent potential
damages of free oxygen radicals, antioxidant
substances counter with many cell protective enzymes
and molecules in the body. In a healthy body, cellular
antioxidant enzymes, antioxidant substances and free
radicals have a balanced relationship between oxidants
[6,7].

Free oxygen radicals can disrupt the structural elements
of tissue in an organism and cause harmful effects.
Oxidative stress is closely related to complications such
as myocardial damage, pulmonary edema, kidney and
liver failure, and increased mortality [8]. There are
many antioxidant defense mechanisms in the cell to
remove free radicals. Free radicals are not stationary
and they often attenuate their radical feature in a short
time period. In addition, many enzymatic and
nonenzymatic systems cause inactivation of free
radicals. With the catalytic effect of superoxide
dismutases (SOD) found in most cells, scavenging of
the radicals is significantly accelerated. Enzymes such
as glutathione peroxidase are protective against free
radicals. Catalase in peroxysomes enzymatically breaks
down hydrogen peroxide. In addition, sulfhydryls such
as cysteine, glutathione, ceruloplasmin, and vitamins
A, C and E are endogenous and exogenous antioxidants
that prevent or inactivate free radicals. [9].

Omega fatty acids are important fatty acids that play an
important role in human nutrition. Since omega 3 (O3)
and omega 6 (O6) fatty acids cannot be produced in the
organism, they must be taken with diets. Omega 3 has
anti-inflammatory properties and is a fatty acid used to
explain why Eskimos are better for cardiovascular
health than populations fed other diets [10]. Omega 6
fatty acid metabolites have pro-inflammatory
properties [11]. Omega 9 (09) fatty acid can be
produced from these two fatty acids in the human body,
and its external intake is especially recommended for
cardiovascular and intestinal health [12]. Stearic acid
(SA) is a saturated fatty acid found in butter, and
saturated fatty acids are associated with cardiovascular
health problems, such as atherosclerosis. It has been
demonstrated that O3 fatty acids can be incorporated
into breast cancer and lung cancer treatment [13,14].
Consuming foods containing O3 fatty acids reduces the
risk of colon cancer [15]. In recent studies, O3 fatty
acids have been shown to have beneficial effects on
cancer, cardiovascular diseases, immune system,
cirrhosis and neural system [16-21]. It has also been
reported that O3 essential fatty acids have antioxidant
properties that reduce oxidative stress and prevent the
production of reactive oxygen species [22-26].
Ischemia/reperfusion is a common condition in
humans. Oxy, sedative stress, which occurs during the
reperfusion, can damage tissues and organs, while at
the same time, hadar can occur in organs and tissues
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that are far from the area where ischemia occurs. With
this study, the protective effect of different fatty acids
will be determined to determine whether there is distant
organ damage caused by ischemia and to prevent
possible damage to these organs.

In our study, different fatty acids, namely O3, 06, 09
and SA was tested to compare their effect on rats in
blood biochemical and oxidative stress parameters
solely or in case of ischemia-reperfusion (IR). At the
same time, histopathological examinations were
performed on samples taken from certain tissues
(quadriceps muscle, liver and kidney) of rats with or
without ischemia reperfusion injury and it was aimed to
examine and compare protective effects of
afformentioned fatty acids.

MATERIAL AND METHODS
Animal and Ethics Statement

In our study, 70 adult, female Wistar-Albino rats were
used. Rats obtained from Van Yuzuncu Yil University
Experimental Medicine Application and Research Unit
weighed approximately 200-250 gr were used. Rats
were housed in cages made of polycarbonate material
that can be autoclaved at 121 oC. The dimensions of the
cage body are 425x266x175 mm, the floor area is 800
cm? and 7 animals were kept in each cage. The animals
were randomly distributed in cages and standard rat
pellet food and water were given ad libitum. Omega
acids and SA was purchased from a commercial firm
and their purity was chosen as above 95%. During the
application period of the experiment, the rats were
housed in laboratory conditions with 20 + 2°C
temperature, 50% relative humidity, 12 hours of
light/12 hours of dark photo period from 7 am to 7 pm.
The test protocol was approved by the Van Yuzuncu
Yil University Animal Research Local Ethics
Committee and the experimental studies were carried
out by adhering to the animal ethics committee
directive (Ethics Committee number: 2018/03).

Surgical Procedure

In the study, a total of ten different groups were formed
including 7 rats in each group.

1. Control group. No application was made. 2. IR
group. 3. O3 group. 300 mg/ kg O3 daily. 4. O6 group.
300 mg / kg O6 daily. 5. O9 group. 300 mg / kg O9
daily. 6. SA group. 300 mg / kg SA daily. 7. IR+O3
group. 300 mg / kg O3 daily and ischemia reperfusion
at 14" day. 8. IR+06 group. 300 mg / kg O6 daily and
ischemia reperfusion at 14" day. 9. IR+09 group. 300
mg / kg 09 daily and ischemia reperfusion at 14™ day.
10. IR+ SA group. 300 mg / kg SA daily and ischemia
reperfusion at 14™ day. All fatty acids were given with
oral gauge for 14 days and dosage of 300 mg / kg was
chosen as the standard comparison dose for all fatty
acids [27]. For ischemia reperfusion, 2 hours of



ischemia and 2 hours of reperfusion were performed
[28].

Biochemical Analysis

At the end of this process, animals were sacrificed
under anesthesia. Blood glucose, LDL, Cholesterol,
Triglyceride, ALT and AST measurements were
performed as biochemical parameters from blood
serum. From the obtained blood samples, Total
Antioxidant Status (TAS) (Rel Assay Diagnostics

Kit, Catalog No: RL0017) , Total Oxidant Status
(TOS) (Rel Assay Diagnostics Kit, Catalog No:
RL0024) were measured spectrophotometrically with a
commercial Kits as the oxidative stress parameters, and
the oxidative stress index (OSI) has been determined
by using TOS and TAS data. OSI value was calculate
according t1 the following Formule: OSI (arbitrary
unit) = TOS/TAS.

Histopathological Analysis

Tissue samples taken at the end of the experimental
procedure were fixed in 10% formalin solution for 48
hours. As a result of routine tissue follow-up
procedures, it was embedded in paraffin blocks. 4 mm
thick sections were taken from each block.
Preparations  prepared  for histopathological
examination were stained with hematoxylin-eosin
(HE) and examined by light microscopy (Olympus BX
51, Germany). Sections were evaluated according to
histopathological features as none (-), mild (+),
moderate (++), severe (+++) and very severe (++++)
tissue damage.

Statistical Analysis

SPSS statistical analysis program was used for
statistical evaluations (SPSS 20.0 (IBM Corp., NY,
USA). As the method of statistics, different tests were
applied to different findings. Kruskal-Wallis and post
hoc tests were used for non-parametric continuous
variables. Histopathological results were evaluated
with  convenient categorical tests.  Statistical
significance was set as p<0.05.

RESULTS

Serum Biochemical Results

The ALT values of the control group, O3, 06, 09 and
SA fatty acid groups are close to each other and do not
differ statistically. On the other hand, the highest values
were observed in ischemia groups and there is a
significant difference between ischemia, IR+O9 and
IR+03 groups with the control group. Applied fatty
acids did not reverse ischemia induced ALT increase.

In terms of AST, no significant difference was
observed between the control group and the fatty acid

groups administered alone. Similar to ALT values, the
highest values in AST values were observed in the
groups that had ischemia. AST values in all other
ischemia groups except O9 ischemia are significantly
higher than the control group and O3, 06, 09 and SA
groups. Data related with serum biochemical results are
presented in table 1.

Table 1. Serum biochemical values of the groups The results
are given as mean +SD.IR= ischemia reperfusion, O3=
Omega 3, O6= Omega 6, O9= Omega 9, SA= Stearic acid,
GLU= Fasting blood sugar (mg/dL), ALT= (U/L), AST=
(U/L), HDL= High Density Lipoprotein (mg/dL), CHOL=
Cholesterol (mg/dL), TRIG= Triglycerides, LDL= Low
Density Lipoprotein (mg/dL). Differe t letters in the column
show statistical significance. P<0.05.

GLU _ALT __AST CHOL TRIG _ LDL

(mg/dl) (U/L)  (U/L) (mg/dl) (mg/dl) (mg/dl)
Control 159.71 34.86° 88.00° 56.14% 13107 36500
03 17729 51.29% 106.00° 43.29° 3207 g g
06 18300 39.00* 11500° 56.71% 70 164gx
09 20100 4857% 12043 5386® 89057  op g
SA 17186 4371 12057 4743 02607 o 7w
IR 16286 58.71% 204430 50000 1Y 1g7gm
IR+03 16520 70.00° 34200° 4360° 078" op 77me
IR+06 18560 52004 28420 65400 49 1080
IR+09 23450 61.25% 19000% 63000 477" 29500
IR¥SA 16083 56.67% 23833% 5o.67® 0568 1535w

Total Antioxidant
Status (TOS) And
Results

Status (TAS), Total Oxidant
Oxidative Stress Index (OSI)

Among the groups, the lowest TAS value was observed
in the IR+06 group and the highest in the O9 group.
IR+06 TAS level was significantly lower than SA, 09
and IR+09 groups. TAS level of O9 group was found
significantly higher than all other groups. TOS levels in
IR+09 and IR+SA groups were significantly lower
than O3, IR+03 and IR+06 groups. In terms of OSI
values, the highest values were observed in O6 and
IR+06 groups. On the other hand, the lowest values
were observed in O9 and IR+09 groups. OSI values in
09 and IR+Q09 groups were significantly lower than the
03 and 06 as well as IR+O3 and IR+06 groups. The
results are given in table 2.

Histopathological Results
Muscle tissue histopathological results

In control, Omega fatty acid groups and SA normal
histological structure was observed (Figure 1 A, C, D,
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E, F). In IR group, very severe edema and congestion
in the interlobuler area, hyaline degeneration and
zenker necrosis in the muscle fibers were observed
(Figure 1 B). In IR+0O3 group, severe edema in the
interlobuler area, severe hyaline degeneration and
zenker necrosis in the muscle fibers were determined
(Figure 1 G).

Table 2. TAS, TOS and OSI values of the gruops

TAS TOS (O8]

Control  1.13+0.302° 11.78+3.23 2P 10.42 2b
03 1.34+£0.45 2P 19.5945.43° 14.62°
06 1.14+0.28 2P 18.45+10.302b> 16.33°
09 2.19+0.46 ¢ 14.11+6.33 2P 6.472
SA 1.50+0.30° 15.34#5.68a.b  10.29 &P
IR 1.24+0.152°b 14.98+2.84 2P 12.17 20
IR+03 1.20+£0.49 2P 19.59+6.17 ° 16.32°
IR+06 0.92+0.152 20.14+12.90° 21.88°
IR+09 1.45+0.63 ° 9.39+0.37 2 6.472
IR+SA  1.22+0.162P 10.34+5.27 2 9.40 20

degeneration and necrosis in hepatocytes were
observed (Figure 2 J). Liver histopathological findings
are summarized in table 4.

Table 3. Scoring of histopathological findings observed in
quadriceps muscle tissues

Edemaat  Congesti Hyaline Zenker
interlobul  oninthe degeneration necrosis
er parts veins
Control - - - -
03 - - - -
06 - - - -
09 - - - -
SA - - - -
IR ++++ +H++ +H++ ++++
IR+O3  +++ +++ +H++ +++
IR+06 ++ ++ ++ ++
IR+t09  + + + -
IR+SA +++ +++ +++ ++

The results are given as mean +SD.

IR= Ischemia reperfusion, O3= Omega 3, 06= Omega 6, 09=
Omega 9, SA= Stearic acid, TAS= Total Antioxidant Status,
TOS= Total Oxidant Status, OSI= Oxidative Stress Index.
Note: Different letters in the same column represent statistical
significance.

In IR+O6 group, moderate edema, congestion, mild
hyaline degeneration and zenker necrosis were
observed in the interlobuler area (Figure 1H). In IR+09
group, mild edema and congestion were observed in the
interlobuler area (Figure 1 1). In IR+SA group, severe
edema in the interlobuler area, medium intensity
hyaline degeneration and zenker necrosis in the muscle
fibers were determined (Figure 1 J). Histopatological
findings of the quadriceps muscle are summarized in
table 3.

Liver tissue histopathological results

Control, omega groups and SA group liver tissue had
normal histological appearance (Figure 2 A, C, D, E,
F). In IR group, congestion in the veins and sinusoids,
dilatation in the sinusoids, and moderate degeneration
and necrosis in hepatocytes were detected (Figure 2 B).
In IR+0O3 group, severe dilatation in sinusoids,
congestion in vessels and sinusoids, and moderate
degeneration and necrosis in hepatocytes were
observed (Figure 2 G). In IR+O6 group, moderate
dilatation in sinusoids, congestion in vessels and
sinusoids, and mild degeneration in hepatocytes were
detected (Figure 2 H). In IR+Q9 group, mild dilatation
and congestion were determined in sinusoids (Figure 2
I). In IR+SA group, severe dilatation and congestion in
sinusoids, congestion in the vessels, and moderate
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Table 4. Scoring of histopathological findings in liver tissues

Edema at Hyperemia Hyaline Zenker
interlobuler in the degeneration  necrosis
area veins
Control - - - -
03 - - - -
06 - - - -
09 - - - -
SA - - - -
IR +++ +++ ++ ++
IR+O3  ++ +++ + -
IR+O6  + ++ - -
IR+09 ++ ++ + -
IR+SA  ++ +++ + -

Kidney tissue histopathological results

Control group, omega groups and SA group Kidney
tissue was observed in normal histological appearance
(Figure 3A, C, D, E, F). In IR group, moderate
congestion was observed in the interstitial and



glomerular vessels (Figure 3B). In IR+0O3 group, and glomerular vessels (Figure 3G). In IR+O6 group,
moderate congestion was determined in the interstitial  mild congestion was observed in the interstitial and

1J

Figure 1A: Control group, quadriceps muscle tissues, normal histological appereance, H&E, Bar: 50 pm.

Figure 1B: Ischemia-reperfusion group, Very severe edema in interlobuler area, hyaline degeneration and Zenker necrosis in
the muscle fibers H&E, Bar: 50 um.

Figure 1C: Omega 3 group, quadriceps muscle tissue, normal histological apperance, H&E, Bar: 50 um.

Figure 1D: Omega 6 group, quadriceps muscle tissue, normal histological apperance, H&E, Bar: 50 pm.

Figure 1E: Omega 9 group, quadriceps muscle tissue, normal histological apperance, H&E, Bar: 50 pm.

Figure 1F: Stearic acid group, quadriceps muscle tissue, normal histological apperance, H&E, Bar: 50 pm.

Figure 1G: Ischemia-reperfusion + omega 3 group, quadriceps muscle tissue, severe histological appearance, severe edema in
the interlobuler area, severe hyaline degeneration and zenker necrosis in the muscle fibers, H&E, Bar: 50 pm.

Figure 1H: Ischemia-reperfusion + omega 6 group, quadriceps muscle tissue, normal histological appearance, moderate edema
in interlobuler area, mild level hyaline degeneration in muscle fibers, H&E, Bar: 50 pm.

Figure 11: Ischemia-reperfusion + omega 9 group, quadriceps muscle tissue, normal histological appearance, mild edema and
hyperemia in interlobuler area, H&E, Bar: 50 pm.

Figure 1J: Ischemia-reperfusion + stearic acid group, quadriceps muscle tissue, normal histological appearance, severe edema
in the interlobuler area, medium intensity hyaline degeneration and Zenker necrosis in the muscle fibers, H&E, Bar: 50

pm.
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Figure 2A: Control group, liver tissue in normal histological apperance, H&E, Bar: 50 pm.

Figure 2B: Ischemia-reperfusion group, liver tissue, Very severe edema in interlobuler area, hyaline degeneration and zenker
necrosis H&E, Bar: 50 um.

Figure 2C: Omega 3 group, liver tissue, normal histological apperance, H&E, Bar: 50 pm

Figure 2D: Omega 6 group, liver tissue, normal histological apperance, H&E, Bar: 50 pm.

Figure 2E: Omega 9 group, liver tissue, normal histological apperance, H&E, Bar: 50 pm.

Figure 2F: Stearic acid group, liver tissue, normal histological apperance, H&E, Bar: 50 pum.

Figure 2G: Ischemia-reperfusion + omega 3 group, liver tissue, severe dilatation in sinusoids, congestion in vessels and
sinusoids, moderate degeneration and necrosis in hepatocytes, H&E, Bar: 50 pum.

Figure 2H: Ischemia-reperfusion + omega 6 group, liver tissue, normal histological appearance, moderate dilatation in sinusoid,
congestion, mild degeneration in hepatocytes, H&E, Bar: 50 um.

Figure 21: Ischemia-reperfusion + omega 9 group, liver tissue, normal histological appearance, mild dilatation and congestion
in sinusoids, H&E, Bar: 50 um.

Figure 2J: Ischemia-reperfusion + stearic acid group, liver tissue, severe dilatation and congestion in sinusoid, congestion in
vessels, moderate degeneration and necrosis in hepatocytes, H&E, Bar: 50 pm.
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Figure 3A: Control group, kidney tissue, normal histological apperance, H&E, Bar: 50 um.

Figure 3B: Ischemia-reperfusion group, kidney tissue, moderate congestion in vessels, H&E, Bar: 50 pm.
Figure 3C: Omega 3 group, kidney tissue, normal histological apperance, H&E, Bar: 50 um.

Figure 3D: Omega 6 group, kidney tissue, normal histological apperance, H&E, Bar: 50 um.

Figure 3E: Omega 9 group, kidney tissue, normal histological apperance, H&E, Bar: 50 pum.

Figure 3F: Stearic acid group, kidney tissue, normal histological apperance, H&E, Bar: 50 um.

Figure 3G: Ischemia-reperfusion + omega 3 group, Kidney tissue, moderate congestion in interstitial vessels, H&E, Bar: 50
pm.

Figure 3H: Ischemia-reperfusion + omega 6 group, kidney tissue, mild congestion in interstitial vessels, H&E, Bar: 50 um.
Figure 31: Ischemia-reperfusion + omega 9 group, kidney tissue, normal histological apperance, H&E, Bar: 50 pum.Figure 3J:
Ischemia-reperfusion + stearic acid group, kidney tissue, moderate congestion in interstitial and glomerular veins, H&E, Bar:
50 pm.
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glomerular vessels (Figure 3H). In IR+QO9 group,
normal histological apperance was observed (Figure
31). In IR+SA group, moderate congestion was detected
in the glomerular and interstitial vessels (Figure 3J).
Histopathological findings are summarized in Table 5.

Table 5. Scoring of histopathological findings in kidney
tissues

Congestion in Congestion in

glomerular vessels interstitial vessels

Control - -
03 - -
06 - -
09 - -
SA - -
IR ++ ++
IR+03 ++ ++
IR+06 + +
IR+09 - -
IR+SA ++ ++

DISCUSSION

The current study results show that the

ischemia/reperfusion model we had applied causes
significant physiological and histopathological changes
in rats and the findings reveal that the desired
ischemia/reperfusion model can be achieved. The main
purpose of the study is to test and compare protective
effects of different fatty acids applied during the 14
days before ischemia/reperfusion injury in investigated
histological, ~ physiological ~and  biochemical
parameters.

Histopathological results of the study the ischemia
reperfusion procedure caused marked damage to the
muscle, liver and Kidney tissues. In muscle and liver
tissue such fatty acids show an attenuation of damage
caused by IR which is visible when histopathological
data is compared with IR. Excessive saturated fatty
acids and also excessive unsaturated fatty acids are
mentioned for their adverse effects on cultured
hepatocytes [29]. In addition high fat content in the diet
may result with a deposition in the muscle cells and
causing malfunctions due to overabundance of this fat
may overwhelm the oxidizing capacity of myocytes
[30]. Our results showed no damage occurred to liver
tissue due to our lone Omega acids and SA
administration. On the contrary, our administered fatty
acids exerted protection in the liver and muscle tissues.
Although fatty acids are blamed for cardiovascular
harmful effects for a long time stearic acid (0,02 mg/kg)
was found to improve functional outcomes after cardiac
arrest in rats [31]. Stearic acid is a saturated fatty acid
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however, it is protective against inflammation [32].
These properties are unlike the other fatty acids such as
palmitic and myristic acids [33]. In our study SA and
all other fatty acids protected liver tissues against
Zenker necrosis. In a study by Skrzep-Poloczek et al.
[34] they administered 8 weeks of high fat diet to rats
and then animals were underwent for different
gastrointestinal surgery methods. They found that a
shift in diet regardless of its content causes soleus
muscle oxidative stress in this surgery procedure.
However our administered faty acids for 14 days did
not cause an additional stress to tissue. Protective
properties in O9 fatty acid (especially in muscle and
kidney tissue) were prominent. In muscle, liver and
kidney tissue, O6 also showed protective properties.
SA showed no better protective property compared to
other fatty acids. In further studies, dose-dependent
studies on O9 fatty acid have the potential to give more
detailed results. 12 weeks of supplementation of elderly
people with a combination including O-3 caused a
better protection against sarcopenia compared with
other administrations avoiding O-3. This states a
positive role for protection of muscle cells for O-3 [35].
In a study by Ali, Rifaai, [36], 400 mg/kg fish oil (not
pure O-3 but used as a source of O-3) for 4 weeks (p.0.)
improved liver damage caused by acute cold restrain
stress which is administered at the end of 4 week oil
administration. In a study the researchers showed that
1 mL per day (containing ~25% O-3 fatty acids with a
mix of EPA, DHA and octadecatetraenoic acids) O-3
supplementation to male wistar rats caused a beneficial
effect against heart ischemia/reperfusion injury [37].
Our data reveals that O3 provides an attenuation of
histopathological parameters in muscle such as edema
in interlobular parts, congestion in the veins and Zenker
necrosis compared to lone IR group. Although this
protection is not as prominent as the one in O9, still this
finding is in parallel with the literature records. In
addition O3 also shows a protective activity in the liver
however it was not as much as the one exerted by O6
administration.

In this study we have chosen ALT and AST values to
compare liver function in this experimental protocol.
These two important parameters showing the functions
and health of the liver are important parameters that
increase in conditions such as cirrhosis, acute liver
injury, necrosis and side effects of drugs such as
acetaminophen (paracetamol). ALT and AST values
were close to the control group of all applied fatty acids
and did not differ statistically. This shows us that the
14 days of administration of fatty acids does not have a
negative effect on these two parameters of the liver. On
the other hand, the highest values were observed in
ischemia groups and there is a significant difference
between ischemia, IR+09 and IR+03 groups and the
control group. Applied fatty acids were unable to
alleviate the increase of ALT and AST caused by
ischemia. A decrease in ALT and AST values
compared to control was given in literature [38].
However their administration period is higher (6



weeks) and dosage was higher (400 mg/kg) compared
to our experimental protocol. Stearic acid is known for
its anti-inflammatory  property. 10 days of
administration of wistar rats with pellets containing
180g/kg stearic acid food pellet causes a significant
reduction in ALT and AST in 3rd day compared to
therapy model without stearic acid [39]. In our
experiments no such decrease was observed in ALT
and AST due to SA administration but this difference
may be related with administration schemes. We had
administered oral gauge in mg/kg doses whereas they
administered via pellet containing SA. In a study by
Majeed, Al-Shawi [40], 14 days of oral O-3
administration to rats caused an insignificant increase
in ALT and AST values which is in parallel with our
findings. Another study which found similar results
with ours is a study by [36] 400 mg/kg fish oil (not pure
0-3 but used as a source of 0-3) for 4 weeks (p.o.)
caused an insignificant increase in ALT and AST
values compared to control [36]. In a study by Li et al.
[41], pellets containing SA and OA were prepared
separately and given to mice for 21 days and showed
no significant change for body weight, lean mass and
fat mass however SA was found to cause increased food
intake without altering body weight significantly
compared to OA. Serum fatty acid concentration was
also not changed significantly between those two
groups. O-9 is a monounsaturated fatty acid and shown
to exert protective activity against insulin resistance
and causing anti-inflammatory activity. O-9 can bind to
peroxisome proliferator activated receptor which acts
as a sensor for lipids [42].

Another biochemical parameter evaluated was glucose.
Glucose was observed at high values as rats were not
fasted during the time blood was drawn. 06 and O6
ischemia groups, SA and SA ischemia groups, and 09
and 09 ischemia groups showed close values to each
other. This shows that the fatty acids applied do not
show any significant difference when compared to
ischemia condition. O-3 PUFAs are shown to
contribute brain glucose regulation [43]. El-Fayoumi et
al. [44] administered 500mg/kg of eicosapentaenoic
acid i.p. for 16 weeks to mice. Such administration
increased fasting blood glucose, serum insulin level
significantly compared to control but caused no
significant alteration in triglyceride level. Variations in
the result of different studies concerning O3 fish oil
may rise from the composition of fish oil in EPA and
DHA content in addition their higher dosage and longer
administration period may be the result of this
significant glucose increase. In a study by Sahadewa et
al. [45], 300 mg/kg of daily oral O-3 administration for
28 days caused a decrease in fasting blood glucose
decreased in O-3 group.

One of the important component of the study was the
evaluation of how the applied fatty acids,
ischemia/reperfusion and the combination of both will
affect the oxidative stress parameters. It is observed that
ischemia increases oxidative stress (based on OSI
value). It has been determined that O9 fatty acid
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prevents oxidative stress in case of ischemia. In this
sense, it is possible to suggest that O9 fatty acid has a
protective potential agains an ischemic damage. This
situation can be evaluated in studies including dose —
response comparisons. Although O3 fatty acids are
known to have anti-inflammatory and O6 acids have
proinflammatory properties Simopoulos, [46], they
may have shown such an effect at these doses, although
they were initially expected to respond differently in
terms of oxidative stress. It has been known for a long
time that people with a marine based diet face less
cardiovascular events compared to diets filled with
saturated animal fats [10]. There are increasing studies
concerning protective activity of O3 in experimental
ischaemic conditions in rats [47]. In a study, rats were
given two different doses of O3 (100 and 300 mg/kg
orally). Their O3 capsules contain an EPA/DHA ratio
of3/2. They found that O-3 posttreatment reversed
diclofenac induced total antioxidant capacity decrease
[48]. In a study showed that 400 mg/kg fish oil (hot
pure O3 but used as a source of O3) for 4 weeks (p.o.)
caused an insignificant increase in total antioxidant
capacity compared to control [36]. In a study 300
mg/kg of daily oral O3 administration for 28 days did
not cause a significant change in MDA levels compared
to control [45].

Another possible reason for our results is the mode of
administration of fatty acids to rats. In some of the
studies fatty acids are given in a mixture of those acids
[49]. Therefore in such studies there is no single fatty
acid administration was made which causes and O3,
06, O9 rich fatty acid mixture administration. However
in our study we have administered single fatty acid in
every other group.

Furhter possible explanation for our observed findings
is the gender of animals. In a study by Wendy et al.
[50], in Langendorff perfusion experiments dietary O6
fatty acid replacement was found to impair cardiac
functional recovery after ischemia in female rats.
However this situation was not observed in male rats.
They have concluded that O6 dietary lipid intake in
females may be an adverse condition for
cardioprotection. Since most of the studies concerning
protective activity of Omega acids against certain
experimental conditions are performed on male animals
there is still a need to clarify such actitivies also on
female animals.

As with experimental septic shock models, the
protective effects of antioxidant and anti-inflammatory
molecules have been shown in many experimental
models. Fish consumption is recommended for the
purpose of a protective effect against heart diseases in
adults. It has been demonstrated that consumption of
O3 fatty acids in pill form alone is not as effective as
consumption as fish. It has been shown with a
comprehensive meta-analysis that consuming more fish
reduces the risk of dementia, but fish oil consumption
does not decrease it [51]. The proposed mechanisms to
make fish oil intake more effective through fish
consumption are not fully clear. However, due to the



synergistic effects of other compounds in fish meat,
absorption in the gut and its interaction with the gut
microbiota, it has been shown to be effective in its
doses. These situations reveal that more research is
needed on synergistic effect and dose-response issues.
Co-supplementation of O-3 acids and iron may cause
more damage to type 2 diabetes mellitus patients
therefore protective effect of O-3 acids may change
according to experimental conditions [52].

The mentioned “O-3, 6, 9 and stearic fatty acids” are
the types of fatty acids consumed in our diet. However,
there are different opinions about how much of these
fatty acids should be consumed in our diet. High-dose
uses as well as low doses are recommended according
to results of different studies. Ratio of O-6 to O-3 in the
diet of prehistoric populations was estimated almost
equal whereas, modern populations have much higher
0-6: O-3 ratio varying between 10:1 to 30:1 which
arises some questions about their impact on health [53].
Our work has limitations. It is a single dose of the fatty
acids used and investigating their effect in only two
tissues. Considering that ischemia reperfusion damage
is common in human, the protective effect of fatty acid
should be determined by investigating the effects of
ischemia/reperfusion damage in other tissues as well.
The fatty acids that we used in this study also evolved
into various lipid mediators in the body. In other
studies, the effects of lipid mediators (such as resolvins,
lipoxins and meracins) that these fatty acids have
formed can be investigated.

CONCLUSION

The findings of the current study reveal that daily
consumption of 300 mg / kg of O9 oil can be protective
against oxidative stress and tissue damage in ischemia
reperfusion injury in rats. In the light of these findings,
new researches may be suggested in the IR model
considering the dose-response curve of O9 fatty acid.
Thus, IR injuries, which are a life-threatening health
problem, research on the possibility of using O9 fatty
acids for the purpose of preventing and treating damage
may yield valuable results.
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ABSTRACT

Herbal-derived drugs prepared using various extracts obtained from different organs of plants that have been
scientifically proven to be “medicinal” or directly from these plants are often used today as a method to prevent or
treat diseases in humans and animals. This method, called phytotherapy, is a rational, evidence-based, and allopathic
treatment method and deals with which active substance group is responsible for the biological effects. In this
context, the phytotherapeutic effectiveness of Galium species, which are also used for medicinal purposes among
the public, has been examined and proven in many studies. In this study, the biochemical efficacies of five different
Galium species were measured and their antioxidant, antimicrobial, and DNA protective effects were tested. It was
found that the tested Galium species showed remarkable biochemical efficacies. The results were also compared
with the results of some other studies in the literature.

Keywords: Antimicrobial; Antioxidant; DNA; Galium types; Phytotherapy; Protective assay.
DNA Koruyucu Testi ve Galium Tiirlerinin Bazi Biyokimyasal Ozellikleri

(04

Bilimsel olarak “tibbi” oldugu kanitlanmis bitkilerin farkli organlarindan elde edilen ¢esitli ekstraktlar veya
dogrudan bu bitkilerden elde edilen ¢esitli ekstraktlar kullanilarak hazirlanan bitkisel kokenli ilaglar, giiniimiizde
insanlarda ve hayvanlarda hastaliklarin 6nlenmesi veya tedavisinde bir yontem olarak siklikla kullanilmaktadir.
Fitoterapi adi1 verilen bu yontem akilci, kanita dayali, allopatik bir tedavi yontemi olup, biyolojik etkilerden hangi
etken madde grubunun sorumlu oldugunu ele almaktadir. Bu baglamda halk arasinda tibbi amagh da kullanilan
Galium tiirlerinin fitoterapotik etkinligi bircok c¢aligmada incelenmis ve kamitlanmistir. Bu ¢aligmada bes farkh
Galium tiiriniin biyokimyasal etkinlikleri o6lglilmiis, antioksidan, antimikrobiyal ve DNA koruyucu etkileri test

edilmistir. Test edilen Galium tiirlerinin dikkate deger biyokimyasal etkinlik gdsterdigi tespit edildi. Sonuclar ayrica
literatiirdeki diger bazi caligmalarin sonuglariyla da karsilastirild.

Anahtar Kelimeler: Antimikrobiyal; Antioksidan; DNA; Galium tirleri; Fitoterapi; Koruyucu tahlil.

INTRODUCTION technology, increase oxidative stress-related diseases

because of free radicals [4]. Free radicals are
Medicinal herbs are a source of healing, and many  molecules/atoms that contain one or more unpaired
modern medicines used today are made from active electrons and are highly active [5]. Free radicals, both
compounds derived from these herbs. They are not only  reactive nitrogen species (RNS) and reactive oxygen
used in drugs but also widely consumed by the public in  species (ROS), can be derived from both endogenous
the treatment of many diseases, especially infectious and exogenous sources. Here, the harmful effects of
diseases [1]. Traditional herbal medicine, which isalso  oxidative stress can be defined as the negative effects of
called phytotherapy is a phenomenon that  these ROS (reactive oxygen species) [6-7]. Reactive
has been developed by people through trial and error  oxygen species (ROS), such as 102 [singlet oxygen],
and is as old as human history. In addition, herbal OH. (hydroxyl radicals), are natural by-products of
remedies are the most widely used complementary or  cellular metabolism. Increasing ROS in cells can lead to
adjunctive therapy tools around the world and have an  the induction of oxidative stress. The excessive cellular
important place, especially in developing countries level of ROS damages macromolecules, including
[2,3]. A sedentary lifestyle and wrongeating DNA. This means increased oxidative stress that causes
habits, occurring especially ~ with  the developing cell damage, which means cell death. Cell death is
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an important factor in homeostasis, pathology, and
aging. Therefore, because cell death is the main reason
for many diseases, such as cancer and coronary heart
diseases, medical assays based on preventing cell death
have gained a significant place in medical research in
recent years [8]. In addition to these efforts of medicine,
herbal medicine, which has animportant place in
alternative medicine, is also used for therapeutic
purposes. Epidemiological data show that the long-term
consumption of plants rich in secondary metabolites,
especially  polyphenols,  protects against the
development of cancer, diabetes, osteoporosis,
and cardiovascular, and neurodegenerative diseases.
Herbal remedies are defined as products that consist of a
combination of substances entirely derived from plants
and contain active ingredients [9]. Patients with chronic
diseases tend to use herbal products and phytochemicals
more along with their current medications compared to
the general population. This trend, which involves the
use of herbal products for therapeutic purposes, is also
referred to as traditional medicine [10-15].

The Rubiaceae Family is herbaceous or woody,
perennial, or annual plants andis represented in the
world with  approximately 500 genera and 6500
species. Galium L., belonging to the Rubiaceae family
and is represented by 101 species (122 taxa), 61 of
which are endemic to the flora of Turkey, is
an important material for researchers due to its
phytochemical properties [16]. The Rubiaceae is not
only a family comprised of ornamental plants but also is
used in traditional medicine to treat various
diseases. These herbs are used for more than 70 medical
indications, such as hepatitis, eczema, edema, cough,
hypertension, diabetes, and impotence Studies have
shown that most of these herbs have antimalarial,
antimicrobial, antihypertensive, antidiabetic,
antioxidant, and anti-inflammatory activities
[17]. Asperuloside, which is a monoterpene and
isknown as one of the iridoid heterosides, is an
important compound found in various species of the
Rubiaceae family, including Galium. This compound
shows the physiological effects of both alkaloids and
monoterpenes.

In addition, Galium is a popular medicinal herb due to
its insecticide, hypotensive, sedative, antipyretic,
antitussive, and wound healing properties. It also causes
coagulation of milk owing to an enzyme in its content.
For this reason, it is known as “yogurt grass” among the
people. Moreover, Galium species are notable for their
in vitro antimicrobial and antioxidant properties such as
secondary metabolites, alkaloids, and flavonoids. Their
rich  phytochemical structures and antimicrobial
properties are among the reasons that increase the
importance of Galium species [16-19].

MATERIAL & METHOD

Sample collection and preparation
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In this study, plant species were collected from different
regions. Galium murale (L.) All. was collected from the
vicinity of Geyiktas village (Keban-Elazig), steppe
areas, in May 2019 with collected number OK
5223. Galium cassium Boiss. was collected from north
of Duydum village (Sanliurfa-Siverek), steppe rocky
areas, in June 2019 with collected number OK
5318. Galium humifusum Bieb. were collected from east
of the Sancak (Bingol) district, humid areas, in July
2018 with the collected number OK 5318. Galium
verum L. subsp. glabrescens Ehrend. were collected
from northeast of Sancak (Bingol) district, rocky humid
areas, in June 2018 with collected number OK
5267. Galium verum L. subsp. verum was collected
from the vicinity of Gokce village (Bingol), stony
shrubby areas, in June 2018 with collected number OK
5252. All plants were identified by plant taxonomist Dr.
Omer Kilic. Herbarium samples of plant samples are
stored in  Adiyaman University (Turkey) Pharmacy
Faculty herbarium, Hacettepe University, and Yildiriml
herbarium from Ankara (Turkey). Plants were collected,
air-dried, pulverized, and stored in black airtight bags.
The extraction of the plants was carried out based on the
method described by several studies, with some
modifications [20-24]. Briefly, the dried and
powdered Galium species, about 30 g, were extracted
using a magnetic stirrer at 45 °C in 250 mL of methanol
and then filtered. The filtrates were  first
concentrated with  a  rotor  evaporator  (Buchi,
Switzerland) at reduced pressure and 45°C, and then
they were concentrated to dryness by using a water bath
at 45°C.

Antioxidant Activity Assays
Total Phenolic Content (Folin-Ciocalteu Method)

The total phenolic content of methanolic extracts was
determined using gallic acid (Sigma-Aldrich) by the
Folin—Ciocalteau method as a standard and expressed as
mg of gallic acid equivalents (GAE) curve [20-23].

The stock solution prepared as 2 mg/mL was diluted 4
times. Then, 2.5 mL of 10% Folin-Ciocalteu reagent
and 2 mL of 7.5% Na,COs solution were added to each.
After keeping for 45 minutes in darkroom conditions,
absorbances were read at 760 nm wavelength in a
spectrophotometer. The experiments were performed in
triplicate.

Scavenging Activity of DPPH Free Radicals

DPPH free scavenging assay, which is one of the most
popular and frequently used methods among antioxidant
experiments, was evaluated using Cary 60 UV-Vis
Spectrophotometer. The performed DPPH radical
scavenging assay for the determination of Galium
species was based on the previous studies, with some
modifications [24-30]. Briefly, 0.1 mM of DPPH radical
in methanolic solution was prepared, and then 0,5 mL of
this solution was mixed with 2 mL of different


https://www.agilent.com/en/product/molecular-spectroscopy/uv-vis-uv-vis-nir-spectroscopy/uv-vis-uv-vis-nir-systems/cary-60-uv-vis-spectrophotometer
https://www.agilent.com/en/product/molecular-spectroscopy/uv-vis-uv-vis-nir-spectroscopy/uv-vis-uv-vis-nir-systems/cary-60-uv-vis-spectrophotometer

concentrations (2-0,125 mg/mL) of Galium species
solutions [25]. After 30 min incubation in dark and at
room temperature, to evaluate the reduction in DPPH
radicals, absorbance was measured at 517 nm, and the
inhibition % values expressing the reduction in radicals
were calculated as below;
1% = ((ApppH —As)/ApppH)*100

where As is the absorbance of the solution containing
the sample, and Apppn is the absorbance of the DPPH
solution. Synthetic antioxidants BHA and BHT were
used as the positive control. The concentration
indicating that the initial DPPH concentration decreased
by 50% was calculated from the graph by plotting the
percentage of inhibition against the sample
concentrations. This value is called 1Cso and the lowest
ICso value represents the highest antioxidant value. Each
measurement was performed in triplicate [10,26,27].

Antibacterial Activity

To evaluate antimicrobial activities, the microdilution
experiment was applied using a 96-well plate. The
antibacterial activities of Galium species were tested on
two Gram-negative and two Gram-positive bacteria.
The antibacterial properties were assessed using
microdilution sensitivity tests conducted in nutritional
broth [22]. The Galium species were interpreted in
terms of the activities of antimicrobial effects against
four pathogenic bacterial strains, including Gram-

positive ( E.faecalis ATCC 29212), S.aureus ATCC
29213and Gram-negative bacteria (E. coli ATCC
25912, P. aeruginosa ATCC 10231). The

antimicrobial analyses were carried out by modifying
[28, 29]. In summary, DMSO (Sigma-Aldrich) was used
to create solutions of Galium species up to 5 mg/mL,
and the samples were diluted seven times and examined
at eight different concentrations. Each microplate well
received 100 pL of bacterial strain, adjusted for density
using a McFarland densitometer, so that the bacteria
were roughly 106 CFU/mL. Ceftriaxone and
ampicillin were used as standard antibiotic agents,
and the same procedures were also applied to them.
Microplates were incubated for 24 hours at 37°C to
measure antibacterial activity, then optical intensities
were estimated at 600 nm (OD600) by using an Elisa
reader (Bio-Tek Instruments, Inc.; Winooski,
USA). Three MIC evaluations were conducted for every
species of microorganism. The 24-hour incubation
period ended withthe determination of minimal
inhibitory  concentrations, or MICs. Standard
antimicrobial drugs were used as the positive control in
control tests, while unvaccinated medium was used as
the negative control. The circumstances of the species
under investigation were maintained throughout.

DNA Damage Protection Activity
Fresh LB medium containing ampicillin (100 pg/mL)

was inoculated with glycerol stocks of E. coli Dh5a
cells harboring pET21a plasmid (100 pL) were added
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to 10 mL of Luria-Bertani (LB) Broth containing
ampicillin (100 pg/mL) and cultured for overnight at
37°C with shaking at 220 rpm. Cells were collected by
centrifugation, and plasmid DNA was extracted using a
plasmid DNA isolation kit (K0502, Thermo Fisher
Scientific™) according to the manufacturer’s
recommendations and stored at 4°C until it was used.
DNA protective activity of methanol extracts of each of
the examined Galium taxa was studied by using pET21a
plasmid (Novagen, USA). Oxidative DNA damage was
induced using an ultraviolet (UV)/H2O;-radical system
and checked on a 0.8% agarose gel electrophoresis as
previously described by Verma et al. 2015. The
reaction was realized in a total volume of 15 pL
containing 5 pL plasmid DNA (30 ng/uL), 5 pL of
the lyophilized plant extract dissolved in ddH20
(25 pg/mL), and 5 pL of 3% H0,. The mixture was
then placed directly on a UV transilluminator (300 nm)
for 15 min under room conditions. The negative control
contained only plasmid DNA and was not exposed to
(UV)/H20,. 5 uL of 6X loading dye (Thermo Scientific)
was added to the reaction mixtures, and then the
mixtures were loaded on 0.8% agarose gel containing 5
pL of 10mg/ml ethidium bromide (Sigma-Aldrich).
Electrophoresis was carried out at 90 V for 1 hour. The
gel was visualized via the Quantum ST5 Gel
Documentation system.

RESULTS and DISCUSSION

In this study, the polyphenol contents as equivalent to
gallic acid of Galium species were examined, and the
results are presented in Table 1. These results showed
that Galium verum subsp. verum (0.4257 mgGAE/mL)
had the highest concentration of phenolic substance
equivalent to gallic acid. It was followed by Galium
verum subsp. Glabrescens (0.3455 mgGAE/mL) and
Galium cassium (0.2754 mgGAE/mL). Galium murale
on the other hand, had the least phenolic substance
content with 0.2680 mgGAE / mL. Phenolic compounds
have reducing properties, and therefore they show a
strong antioxidant effect [24]. From this point of view,
it can be said that Galium verum subsp. verum has more
antioxidant effects than others. The results of the free
radical scavenging effect method showed this clearly
(Table 1). The free radical scavenging capacity of
galium extracts was measured by the DPPH method.
This method is based on the retention of DPPH radicals
in the solvent environment by antioxidant molecules.
The following reaction occurs between the DPPH
radical and the antioxidant compounds. This method
also works on H atom transfer.

DPPH’ + AH— DPPH-H + A

DPPH" is a stable free radical that possesses a deep
purple color and a strong absorption around 517 nm
(AH) [30]. After the Galium solutions prepared in
methanol were diluted serially, a decrease in absorbance
of 0.1 mM DPPH free radical solution, prepared on it,
was determined at 517 nm. Percentages of inhibition of
free radicals of each Galium species were calculated



depending on the change in absorbance values, and 1Cso
values were determined based on the inhibition values

Table 1. The total phenolic concentrations, 1Csy value
and percentages of free radical scavenging of Galium
species.

mgGAE/ ICs Inhibition

mL x10 %
Galium murale (L.) 0.2688+0. 6.06+£0.1 50.39
All 21 2
Galium  humifusum 0.2724+0. 5.27+0.1 51.09
Bieb 15 9
Galium cassium 0.2754+0. 4.04+0.2 58.40
Boiss. 17 2
Galium verum L. 0.4257+0. 2.26+0.1 69.08
subsp. Verum 10 6
Galium verum L. 0.3455+0. 2.37+0.2 66.52
subsp.  glabrescens 16 0
Ehrend

0.047+0. 89.56
BHA 13

0.42+0.1 78.60
BHT 3

All Galium species showed noteworthy antioxidant
properties, with described variability in 1Cso values.
Free radicals are well-known reasons for DNA damage,
and this kind of damage to the DNA can make a cell
cancerous [31]. DNA damage protective assays
performed with natural resources having potential
antioxidants and bioactive components are employed as
in vitro models to ascertain how harmful radicals cause
DNA production [32]. Results of this study revealed
that every extract exhibited DNA damage protecting
ability against free radicals produced by the UV/H,0,-
radical system (Fig 1). In lane 2, which was exposed to
UV and H,O, without any plant extract, there was not a
single DNA band. All the methanol extracts of the
examined Galium taxa effectively protected the DNA
from the hydroxyl radicals generated by UV and H;O..
Between lanes 3 and 7, where methanolic extracts were
added to DNA exposed to UV and H20,, there was
obvious protection against DNA damage. Many studies
are proving the effectiveness of DNA protection [33-
36].

Fig 1. DNA damage protection activity of Galium taxa
examined. 1: Supercoiled circular pET2la plasmid
DNA, 2: pET21a plasmid DNA subjected to UV and
H>0,, 3: Galium verum subsp. verum, 4: Galium verum

subsp. glabrescens, 5: Galium cassium, 6: Galium
murale, 7: Galium humifusum.

According to our findings, the extracts under
investigation showed significant DNA protective action
against free radical-induced DNA damage, suggesting
that they may have anticancer potential.

Methanolic extract of Galium species was tested by the
microdilution method against two Gram-Positive and
two Gram-Negative bacterial strains from the ATCC
Cell Biology Collection (P. aeruginosa, E.faecalis, E.
coli, S.aureus). The MIC values of the extracts
determined against bacterial strains ranged from
0.15625 to 5 mg/mL.

In general, it is seen that all species are effective against
four bacteria, but they are especially -effective
against P. aeruginosa even at the lowest concentration
(0.15625mg/mL). P. aeruginosa reproduces in humid
media and leads to infection in sensitive patients.
Therefore, it is one of the gram-negative bacteria that
cause infection in the hospital environment. In this

regard, it is very valuable that
methanolic Galium extracts are effective
against P. aeruginosaat low concentrations. Not

only P. aeruginosa, but also S. aureusand E. coli can
cause several diseases, especially hospital infections
[37,40]. It is also important that
methanolic Galium extracts are effective against E.
coli at a concentration that can be considered low (Table
2). Against S.aureus, it is effective, albeit at higher
concentrations. E.faecalis are microorganisms with low

virulence, but they are important factors in the
community and especially in hospital-caused
infections33. It is also important that

methanolic Galium extracts are effective againstE.
coli at a concentration that can be considered low (Table
2).

Table 2. Antibacterial activities of Galium species
[mg/mL]

P.
aeruginosa

E.faecalis E. coli

Galium
murale (L.)

All 0.1562 1.2500 1.2500

Galium
humifusum

Bieb 0.1562 1.2500 1.2500

Galium
cassium

Boiss. 0.1562 2.5000 0.3125

Galium
verum
subsp.
Verum

L.

0.1562 1.2500 1.2500

Galium
verum
subsp.
glabrescens
Ehrend

L.

0.1562 2.5000 0.620
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S.aureus

2.5000

2.5000

5.0000

2.5000

2.5000



Against S.aureus, it is effective, albeit at higher
concentrations. E.faecalis are microorganisms with low
virulence, but they are important factors in the
community and especially in hospital-caused infections
[40].

None of the compounds showed cytotoxic activity,
which is active against gram-positive/gram-negative
bacteria and yeast. However, every molecule exhibited a
notable level of antioxidant action. Therefore, it can be
said that the present study supports the value of the
chemical and pharmacological effects of Galium species
in many different fields. In addition, the Galium species
tested in this study have not been studied in the
literature [5,20,34]. This shows the originality of the
study.

Statistical analysis

All tests were constructed by running standards or plant
extracts of five different concentrations, in triplicate.
Values are expressed as mean + standard deviation of
three replicate measurements. The results of ANOVA
analysis show significant differences (p<0.05) in the
means of total phenolic concentrations and free radical
scavenging activities of the Galium species.

CONCLUSION

In this study, the biochemical activities of five different
Galium species (Galium murale, Galium humifusum,
Galium Verum-Verum, Galium verum-
glabrescens) were measured and their antioxidant,
antimicrobial, and DNA protective effects were tested.
The tested Galium species were found to exhibit
remarkable biochemical effects. The results of this study
revealed that all samples indicated DNA damage
safeguarding preventive action against deterioration of
DNA caused by free radicals formed by the (UV)/H.0,-
radical system.
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ABSTRACT

In this study, we obtain the characteristic matrices of three-dimensional cellular automata under the null boundary
condition. We examine the inverse of characteristic matrices. We obtain a recurrence equation to determine under
what conditions the matrix is invertible. Thanks to this equation, we can calculate the inverse of large-dimensional
matrices. Finally, we give some applications of cellular automata. We find the minimal polynomial of the
characteristic matrix. We find the cycle length and transition length of the characteristic matrix with the help of
minimal polynomials. We also find the attractive points of the characteristic matrix. Finally, we draw the State-
Transition diagram with the results we obtained.

Keywords: Cellular Automata, Characteristic Matrices, Reversibility

Uc Boyutlu Hiicresel Doniisiimlerin Terslenebilirligi ve Uygulamasi

(04

Bu caligmada ii¢ boyutlu hiicresel doniisiimlerin karakteristik matrislerini sifir sinir sarti altinda elde ediyoruz.
Karakteristik matrislerin tersini inceliyoruz. Matrisin hangi sartlarda tersinin oldugunu belirlemek i¢in rekiirans
denklem elde ediyoruz. Bu denklem sayesinde bilyiik boyutlu matrislerin tersini hesaplayabiliriz. Son olarak hticresel
doniisiimlerin bazi uygulamalarini veriyoruz. Karakteristik matrisin minimal polinomunu buluyoruz. Minimal
polinomlar yardimiyla karakteristik matrisin devir uzunlugu ve gecis uzunlugunu buluyoruz. Ayrica karakteristik
matrisin ¢ekici noktalarini buluyoruz. Son olarak elde ettigimiz sonuglar ile Durum—Gegis diyagramini ¢iziyoruz.

Anahtar Kelimeler: Hiicresel Doniisiimler, Karakteristik Matrisler, Terslenebilirlik

INTRODUCTION dimensional CA with the help of matrix algebras and
introduced a new method for the theoretical analysis of
Cellular Automata (CA for short) was first used to obtain  linear CA [7]. They based the analysis of CA on
models in the fields of physics, biology and computer  polynomial algebra. At the same time, hybrid CAs were
science. CA theory was first studied by Ulam and Von  analyzed with this new method. Matrix characterization
Neumann [1]. Later, many researchers became interested  of CA was formulated to examine the resulting complex
in studying CA to model the behavior of a complex dynamic system.
system. Hedlund used CA systematically from a purely  Khan et al. developed a solution to examine 2D CA linear
mathematical perspective [2]. Wolfram with the help of  transformations with nearest neighbors over the field Z,
polynomial algebras [3], Pries to explain group properties  [g]. They examined the characterization of 2D CAs under

based on a similar type of polynomial algebras [4] and  periodic boundary conditions with the method and
Inokuchi et al. studied to observe the behavior of one- different rules they developed to Separate two

dimensional CA produced by the 156 rule [5]. Since tWo  dimensional linear CAs.

dimensional CAs (2D CAs) have widespread  Choudhury et al. gave the most general characterization
applications in physics, biology, mathematics and other  of 4 special hybrid transformation of 2D CAs over the
sciences, the study of these CAs has accelerated in many field Z,, [9]. Additionally, in another study, Choudhury

Eraréch:s ?(f sglentczievl\r; tlr;e Iast:wsn(}ytg e_arsi Odp the o;her and Dihidar achieved the characterization of 2D CAs by
and, Fackard and VVollram started their studies on two extending the one-dimensional CA theory with the help

dimensional CA (2D CA) by making some observations ; : . ]
on two-dimensional CA based on 5-neighborhood CA OT mat_rlx algebra[10]. Siap et al. e>$am|ned m{O
dimensional cellular automata over the field Z3 with

[6]. Das et al. extended the characterization of one- - Rt
some special rules under periodic and null boundary
31



conditions[11]. Whether the rule (representative)
matrices corresponding to the examined CAs are
invertible has emerged as an important problem. If the
rule matrix of CA has an inverse, then the CA
corresponding to this matrix is said to be invertible.
However, there have not been many studies on three-
dimensional cellular automata. Tsalides et al. conducted
a study on three-dimensional cellular automata and their
applications[12]. R.W.Gerling classified 3D CAs in his
study[13].

Jan Hemmingsson carried out studies on the quasi-
periodic behavior of 3D-CAs [14]. S.G.R. Brown and
N.B. Bruce tried to model the free development of 3D
CAs in their study[15]. E.G. Leubeck and M.C.M. De
Gunst worked on the analysis of cellular deterioration
using 3D CAs[16]. Alexandra Agapie gave a simple form
of the constant distribution for 3D CA in a special
case[17].

In this study, we will define the neighborhood states of
3D CAs. We will examine the invertibility of the
characteristic matrices obtained under the zero boundary
condition. We will provide information about whether
the cellular transformations corresponding to these

characteristic matrices are reversible or not. We will
make some applications of cellular automata.

THREE DIMENSIONAL CELLULAR AUTOMATA

First, the definition of 3D-CA over the field Zp will be
given. Then, the characteristic matrices will be examined
under the null boundary condition with a special rule and
a general form will be obtained. Consider three

dimensional Z3lattices and o: Z3 — Zyelement () =
3
ZPZ configuration space. ¢, is defined by the value

of 0 at a n € Z3 point. Let Uy, Uy, ..., Us E Z3 a
finite set of different elements and f: Zps — Zyp be

given. (12, F) is defined as a pair of CA and a local rule

f, where F:0- 0, (Fo), =
f(an+u1, . J,H_us),n € Z3 is the global transition
function.

Mathematically, the next state transition of the (i, j, k)
cell can be represented as a function of the present states
of the neighbor cells.

x((lt-]l-i)) = f(xgzl,j—l,k—l)‘x((itzl,j,k—l)’x((le,j,k+1)'x((le,j—l,k)’xgzl,j—l,k+1)’
O o o NG ©
(i-1,j,k) *(i—-1,j+1,k)’ ~(i—-1,j+1,k—-1)’ *(i—1,j+1,k+1)’ " (i,j—1,k—1)’
x((g',k—1)x((it’)j’k+1),x((if’)j_1’k),x(it'j_1’k+1),x((if’)j’k)’x((2+1,k)' x((it,}+1,k—1)’ x((:,}+1,k+1)’ x((i?-l, j-1k-1)
X(01, =1 KD, 5 1= E 1L X410 K1+ 10y
xgitJ)rl,j+1,k—1)' x((itJ)rl,j+1,k+1))
= a0 XD ey Fanx( Dy anxTD L +as, x((ffll,}_l,k) +
a4.ng11}_1,k+1) + as. x((ltfllik) + a6.x((itf113.+1’k) + a;. x((itfllj.ﬂ’k_l) +
a8'xgitj11}+1,k+1) + ao. x((it;—li.k—l) + alO'x((it,ﬁ)—l)
F 11X ey F QX F Q13 X s F DX F
as. x((f;rﬂk) + aq6- x((it;ﬂ,k—n + a17.x((l.t;:)1,k+1) +
Q18- x((it-:-llj'—l,k—l) + a19'x((it:11j',k—1) + azo. x((it:fj',kﬂ) + a21'x((it:113'—1,k) +
Qo2 X(i3 1) skrn) T @23 X(is1 g F Q24 Xisa jeri) F 925 Xiaajrrkony +
Are- x((itfllj.ﬂ,kﬂ)mod pag, Ay, 0z, ..., 0z € L, — {0} (1D
In this_paper, we characterize the 3D NBCA det_ermined
ol 10 cheractorize NBGA. Firt, Iots gve our specialy B X610 T WX kn Y- X1
chosen local rule. + z. x((lt:llzk) mod p

(t+1) _

(t+1)
XGijk) =

(t+1)
9-X(ijk+1)

(i,j+1,k) +

+r.x
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There's the small matter of what the neighborhood of the 2.1 0 0 0 0
cells at the other end of the cage should be. In most cases, s > s s s
we take the lattice to be large enough so that these cells O, zl, O, O, O,
are ignored and the lattice can be considered virtually 0 0 71 0 0
infinite. However, in some cases, the extent of the lattice B — s s s s s
may be finite and there are various types of boundary "
conditions, but we will give only one of them. is
expressed as follows. Os Os Os -z Is os
A null boundary CA (NBCA) is one in which the extreme 0 0 0 0 7.1
cells are connected to logic O-state. If we characterize the s s S s $ / msxms
3D NBCA with the local rules in Eg. (2) we have O O O O O
obtained the rule matrix as follows: s s s s s
OS OS OS OS OS
K, 2, 0, 6, ~ G 0O 0 o O, O, O, O, O,
B, K, Z 0 - 0 0 O n
O B K Z, ~ G 0 0 O, O, O, 0, O,
On On Bn Kn On On On
(TRN )mnSxmns - (3) Os OS OS o OS OS ms=ms
I is Sx S an identity matrix. O is SXS zero matrix.
000 0 0 -« K Z 0
nonme o Ss(u,r)is as follows:
On On On On " Bn Kﬂ Zﬂ
On On On On On Bn N/ mnsxmns 0 r 0 0 0 0 0
K,.Z,,B,,0, are nxn block matrices where u 0 r 0 0 0 O
N=mSs The submatrices of the rule matrix are as O u 0 r 0 0 O
follows: 0O 0 u O 0 0 O
S, (u,r)=
S(ur) w0 .. 0 0 0 0 0 0 0o r o0
g.|5 Ss(u,r) W.|s OS Os 0o 0 0 0 ... u 0 r
0 0 0 0 ... 0 u 0)g,s
K = 05 g'|5 SS (u,r) OS OS Now, we give an example. We take M=N=S=3 .we

take into account a configuration of size 3x3x3 . we
study 3D-CA under null boundary conditions. we apply

5 J 0 ' Ss(u,r) Wl the local rule to all cells of [X];ngg. We obtain the
s s Os ' g'ls ss (u’r) mxms  Characteristic  matrix [TRN ]27X27 as follows:
y,|s OS OS OS OS S wlh 0yl 0 0 0 0 0
O | O O O 01 S3(u,r) wly O3 yla O3 O3 03 O3
S AN s s s O aly Sur) O Oyl 0 0 0
O O y I O O Lly 05 0 53(u,r) wly 03 yly 0 0
7 | s Jls o M s Ten =1 0 zly 0y gly Sur) wly 0yl O
n O 05 zly 05 gy Sur) 0 0y g

O 0 0 zly 05 0 Sur) wly 0
O 05 zly 05 gly S(ur) wl
O 0 05 05 05 zly 0 gly Syur)

O
&)
@)
-
O

2127
Os Os Os OS Y|S - rl?lqg)[/;/i,xwe write the submatrices of our characteristic
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0 r O
S;(ur)=lu 0 r
0 u 0),
S;(ur)  wly, (o}
Ki=| gl  S(ur) wl,
0, g1y, S;(u,r)
yl, O, 0O,
Z;=1 0, yl; O
O, O, vl
fl, O, O,
B,=| O, f.I, O,
O, o, f.,
Finally, we have obtained our block matrix as follows:
K, Zl, 0,
T =Bl K, Zl,
03 B'|3 K3 2

REVERSIBILITY

Reversibility of three dimensional cellular automata is a
very difficult problem. If our characteristic matrix is
invertible, we say that cellular automata is reversible. K.
Morita studied the features of reversibility of cellular
automata[18]. Z. Cinkir et al. were interested in the
problem of reversibility of cellular automata over the

field Z , under periodic boundary conditions [19]. H.

Akin et al. were interested in the problem of reversibility
of cellular automata under reflective boundary conditions

over the field Z [20]. Chang et al. calculated
reversibility of multi dimensional cellular automata [21].

Now, we will give a very important algorithm to
determine the reversibility of 3D-CA under the null
boundary conditions.

Theorem: Forn,m,s>2 (n,m,seZ"),
characteristic matrix (TRN )mnsxmnS be defined as in Eq.
(3). The rank of Eq.(3) (n-Dms+rank(4,, ,) .
where A, , satisfies the following recurrence relation:
L) =K, 4,(S)=B

n>2,4,..,(8)=-Z2 ’lKﬂQn_3(S) +A,04(S) ,
n>3,4,, ,(S) =-7Z'B Ayns(S)
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Proof: we will apply the induction method over n > 2.
For n =2 ,we have obtained a block matrix as follows.

T:[ j

Now, if we want to calculate the rank of our block matrix,
R, and R, are the rows of the block matrices. Multiply

K ZI
BI K

the first row by —Z 'K and add it to the second row.
We have obtained the block matrix as follows:

- )

In this case rank of T depends on
-Z‘1K2+B=/13 (S) .For n =3, we have obtained the
block matrix as follows:

K Zl
"K*+B=4(S) O

K ZI O
T=|Bl K Zl
O Bl K

Multiply the second row by —Z K and add it to the
third row. We have obtained the block matrix as follows:

K ZI o)
FI K ZI
~ZBK =4,(S) -Z'K*+B=4(S) O

If, we multiply the first row of the new matrix by
—~Z7*2,(S)and add it to the third row. we have the
following block matrix.

K Zl O

Fl K ZI
~Z4,(S)K+4(S)=%4(5) O ©
In this case rank of T depends on
—Z‘lﬂg(S)K+/12(S):25(S).The (n—l)th

row of T is found. If we multiply the (n -1 )th row
by —Z _1/11(8) and add it to the last row, the last row is
obtained as(0,0,...,4,(S), 4(S).0) .
multiply the (n—2 )th row of the new matrix by
~Z7'2,(S) and add it to the last row.

Now, if we



|r(1)0this ﬂmar;ner, trge gls(; row is obta?ned as K - SZ(U,I‘) w.l, 7 _ yl, O,
( 0,...,4,(8),4(S),0, ).If we multiply the 2=, s, (u.r))’ 2= 0, vy,

second row of the new matrix by —Z ‘A, (S) and 0
add it to the last row, the last row is obtained as B, ={ 2 2 j
(A (S),42n=3(8),0,0....,0) .Finally, if we O, zl,
multiply the first row of the new matrix by Now let's write our matrix as a block matrix,
—E_lﬂZH (S) and add it to the last row, the last rowis T :[Kz sz
RN .
obtained as (}Lz”_l (S).0,0, 0,...,0) . The new matrix B, K,
is as follows: ifwetake g=r=u=1w=y=z=2,
(g.r.uwy,zeZ,)

K Z .
' %0 % 60 we obtained the equation as follows:
gn I;n En S" | gn 8” gn n=2 ’ﬂ'Zn—l(S) =-Z 71Kﬂ~2n—3(s) + ﬂ’zn—4(s) )
S S) = —Z K A4(S) + 4 (S
O O B K - 0 0 O 4(S) 2(S)+ 4(S)
(TRN )mnSxmns = =_ Z_lK 2 +B
Oﬂ on n On Kn zn n 21(8) =K, ﬂ’O(S) =B
A On(S) 8" 8" 8" CB)n CK)n éﬂ (TRN )8><8 = (n —1)ms + rank(/IZn—l)
n-1 n n o h n n
e =(2-1)2.2+rank
The proof is completed. i 4) ; (4)
=4+ 4=

Example 1: we take M=2,n=2 and S=2. Lets The rank of an invertible matrix is equal to the order of
calculate the rank of the characteristic matrix the matrix, Thus characteristic matrix is invertible. So

corresponding to our local rule under the null boundary ~ CA which corresponding to the characteristic matrix is
condition. Firstly, we write our characteristic matrix as ~ reversible. If wetake g =r=u=w=y=z=1,
follows: We obtained the equation as follows:

0O rwoOy 00O (Tan )g.e = (N=D1)ms + rank(4,, )
u 00 w0y 00 = (2-1)2.2+rank(4,)
g 0 0r 00O vy O —4+2-6
0 g u 0 00 0 vy
TRN = Characteristic matric hasn’t got full rank. So it isn’t
z 0000 Tr wo invertible. Thus CA which corresponding to the
0 z 0 0 u OO0 w characteristic matrix isn’t reversible.
0 z 0 g 0 0 r APPLICATION
0 0 2 0 g u Ogg Now, we give an application of cellular automata.we
find a minimal polynomial of T transition matrix. We
S, (U, l’) w.l, y.l, 0, obtain cycle and transient length of T transition matrix
with the help of minimal polynomial. We will also
= 9.1, > (u’ r) ©, yl, determine the attractor points of our T transition matrix.
2.1, 0, S,(ur) wl, Let's provide some definitions.
0, zl, 9.1, S, (u’r) 88 Definition 1 Let x be the initial configuration. For

If we want to write the above characteristic matrixasa  te N | X, =TtX0. If there is no te N such that

block matrix, . . .
T'X,=0, there will be T'X,=T'X, for some

number i, jsince the number of all possible
configurations is finite.
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(i, j)<(k,|)<:>i<k ori=Kk,j<l , then there is
the smallest pair of numbers (t,C) that satisfy the
condition T*X, =T"°X,.The number te N in the
expression T'X,=T" X, is called the transition
length onthe X, configuration, and the number C € N

is called the cycle length on the X, configuration.

Definition 2 The configuration that returns to itself in a
certain time step is called an attractor point. In other
words, in a cellular automata configuration tree, it is the
configuration that can be seen as the root of the tree.

Definition 3 After starting with the initial configuration,
the configurations reached until returning to the
configuration itself in a certain time step are called the
basin of the last obtained configuration, and this diagram
obtained during this period is called the State-Transition
Diagram.

Example2: If we take M=2,n=2 and S=2. we
write our characteristic matrix as follows:

O r w0y 0 OO
u 0 0w O vy 0O
g 0 0O0r 00 yv O
T:OguOOOOy
RN |z 00 00 rwoO
0 z 0 0u 0 0 w
0 z 0 g 0 0 r

0 0 z 0 g u 08><8

Ifwetake g=w=u=y=z=1landr=0,
(g9,r,u,w,y,zeZy,),
we have obtained the characteristic matrix as follows:

00101000
10010100
10000010
. _J01t1o00001
RN 110000010
01001001
00101000
000101 1 0)gg
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Let's try to find the transition length, cycle length and
basin of the attractive points, if any, by arbitrarily

choosing any of the 2% =256 vectors over the feld
Z, . Let's choose an arbitrary vector as follows.

0

0

0

F= 0 —1

0

0

0

_1_8><1
00101000 0] [O]
10010100 0 0
10000010 0 0
TRN.F_01100001 .0 |1
10000010 0 0
01001001 0 1
00101000 0 0
000101 1 0)gglll, |0
00101000 0] [0]
10010100 0 0
10000010 0 0
01100001 1 0
Ton-F = 1] =
10000010 0 0
01001001 1 1
00101000 0 0
0001011 0Jgg(0], [0

If we continue similarly, let's write some results as
follows:

State-Transition Diagram

8x1

— 20

-0

1-21-40-60-64-84-105-125-135-147-174-186-198-210-239-251

\
20



2-22-43-63-67-87-106-126-132-144-173-185-197-209 - 236 - 248
\
41

\

3-23-42-62-66-86-107 —0127—133—145—172—184—196— 208-237-249
i
61
i
0

4-16-45-57-69-81-108-120-130-150-171-191-195-215-234-254
!
65

5-17-44-56-68-80-109-121-131-151-170-190-194 — 214 — 235-255
{
85

6-18-47-59-71-83-110-122-128-148-169-189-193-213-232-252
{
104
{
0

7-19-46-58-70-82-111-123-129-149-168-188-192 212 - 233253
{
124
{
0

8-28-33-53-73-93-96-116-142-154-167-179—-207 - 219-230-242
{
134
{
0

9-29-32-52-72-92-97-117-143-155-166-178-198 - 206 — 218 — 231243
{
146
{
0

12-24-37-49-77-89-100-112-138-158-163-183 203 - 223 - 226 — 246
{
199
{
0
13-25-36-48-76-88-101-113-139-159-162 182 — 202 — 222 — 227 — 247
\
211

14-26-39-51-79-91-102-114-136-156-161-181—-201-221—224 - 244 - 251
\:
238

15-27-38-50-78-90-103-115-137-157-160-180—200 - 220 — 225245
{
250
{
0

If we continue in this way, each element will go to zero
after the second pass.

00101000
10010100
10000010

. 01t 1o00001

RN"11 0000010
01001001
00101000
0001011 0)gg

The minimal polynomial is x?. The transition length is 2
and the cycle length is 0. Also, the attractive points are 0
and all configurations are basins of 0.

The characteristic polynomial is x. If, we examine the

10-30-35-55-75-95-98—118-140—152 ~165—177 — 205 217 — 22569} Of our matrix above, we obtained as follows:

\
175
\
0
11-31-34-54-74-91-99-119-141-153-164-176-204 - 216 - 229 - 241
¥
187
¥
0
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K ={(10000110),(00010100), (01101000}, (00101001)}

.If, we obtain the elements of the vector space from here,
we have obtaned a result as follows.

00000000, 100001.10(134),00010100( 20), 01101000(104),

00101001(41),10010010(146),11101110(238) 10101111(L75),
| 01111100(124),01000001(65), 0011110161),11111010(250),

01010101(85),11000111(199),10111011(189),11010011(211)



If we look carefully, we see that each of the elements
corresponds to a root.

CONCLUSION

First, the characteristic matrix of three-dimensional
cellular automata was obtained under the null boundary
condition. Then, the invertibility of our characteristic
matrix was examined with the help of a theorem. Thanks
to this theorem, we were able to obtain information about
the invertibility of very large matrices. We show that if
our characteristic matrix is invertible, its corresponding
cellular transformations are also reversible. Finally, we
gave some applications of three dimensional cellular
automata under null boundary conditions.
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ABSTRACT

Customer churn refers to a customer's disconnection from a business. The expense associated with customer churn
encompasses both the forfeited revenue and the marketing expenditures required to acquire new customers. Mitigating
customer churn stands as the foremost objective for every business. Customer churn prediction will contribute to
developing strategies enabling businesses to retain these customers by identifying customers with a high risk of loss.
The importance of developing customer churn prediction models is increasing daily in the digital world. In this study,
an MLP-based artificial neural network model was developed for customer churn prediction using customer data from
an anonymous telecommunications company. The developed model was compared with kNN, LR, NB, RF, and SVM.
The prediction results of the applied models were discussed, and the experimental results showed that all the models
compared had over 70% accuracy. Experimental results showed that the developed MLP-based artificial neural
network model has the most successful classification performance compared to other models, with approximately
94% accuracy.

Keywords: Artificial Neural Network, MLP, Customer Churn Prediction

Miisteri Kayip Tahmini icin Sinir Ag1 Tabanh Karsilastirmah Analiz

0z

Miisteri kaybi, miisterinin bir isletmeyle baglantisinin kesilmesi anlamina gelir. Miisteri kaybiyla ilgili gider, hem
kaybedilen geliri hem de yeni miisteriler kazanmak i¢in gereken pazarlama harcamalarini kapsar. Miisteri kaybinin
azaltilmast her isletmenin en 6nemli hedefidir. Miisteri kayip tahmini, isletmelerin yiiksek kay1p riski olan miisterileri
belirleyerek bu miisterileri ellerinde tutmalarin1 saglayan stratejiler gelistirmelerine katkida bulunacaktir. Dijital
diinyada miisteri kay1p tahmini modellerinin gelistirilmesinin 6nemi her gegen giin artmaktadir. Bu ¢aligmada, anonim
bir telekomiinikasyon sirketinden elde edilen miisteri verileri kullanilarak miisteri kayip tahmini i¢in MLP tabanli
yapay sinir ag1 modeli gelistirilmistir. Gelistirilen model kNN, LR, NB, RF ve SVM ile karsilastirilmistir. Uygulanan
modellerin tahmin sonuglari tartigilmis ve deneysel sonuglar, karsilastirilan tiim modellerin %70'in tizerinde dogruluga

sahip oldugunu gostermistir. Deneysel sonuclar, gelistirilen MLP tabanli yapay sinir ag1 modelinin diger modellere
gore yaklasik %95 dogrulukla en bagarili siniflandirma performansina sahip oldugunu gdstermistir.

Anahtar Kelimeler: Yapay Sinir Aglari, Yapay Sinir Aglari, MLP, Misteri Kayip Tahmini

INTRODUCTION

customer churn before customers leave is essential for
Customer churn means that a customer unsubscribes  businesses to retain their customers [2].
from a service they are using. The customer churn  There can be many reasons for customer churn. The
prediction also determines which customers are most presence of a new competitor in the market offering
likely to unsubscribe [1]. This information is essential for  better prices or unsatisfactory service may result in
companies to retain their current customers. Therefore,  customer churn. For reasons like these, there is no correct
the insights derived from the churn prediction help focus  answer as to why the customer would want to give up.
more on customers at high risk of leaving. For  Although there are many factors for customer churn, it is
businesses, retaining existing customers is more usually simple to avoid. This is because the company
accessible than acquiring new customers. Also, revenue  makes its customers feel special and provides a
from existing customers is often higher than revenue customized experience to entice them to stay. Churn
from new customers. The cost of acquiring customerscan  prediction is one of the most critical commercial sector
be even higher in a competitive industry where data science applications. The fact that understanding its
competitors are plentiful. Therefore, predicting effects is more concrete and plays an essential factor in
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the total profit earned by the business has made customer
churn prediction a popular research area [3].

Many studies use machine learning and deep learning
methods for customer churn prediction. This section
continues by examining these studies and presenting their
prominent features in a table.

Khodabandehlou and Rahman [4] conducted a machine
learning-based study using the Iranian dataset for
customer churn analysis. They selected a set of five
variables and compared the model created with Artificial
Neural Network (ANN), Support Vector Machine
(SVM), and Decision Tree (DT). The results were
impressive, with the proposed model achieving a 97.92%
accuracy rate. This success underscores the effectiveness
of machine learning in customer churn prediction.
Asthana et al. [5] presented a comparative analysis of
machine learning methods using the UCL customer
churn dataset. The algorithms of ANN, SVM, DT, Naive
Bayes (NB), and Linear Regression (LR) have been
examined comparatively. 94% accuracy rate was
obtained with ANN and DT algorithms.

Agrawal et al. [6] developed a deep learning-based
customer churn prediction model using the Telco dataset.
A multilayer neural network was developed to establish
a non-linear classification model. The deep learning
model obtained 80.03% accuracy.

Using the Telco dataset, Gaur and Dubey [7] conducted
a machine learning-based comparative study for
customer churn prediction. In the study, LR, SVM,
Random Forest (RF), and Gradient Boosting algorithms
have been compared. Experimental results showed that

the Gradient Boosting algorithm has more successful
with 0.845 Area Under Curve (AUC).

Halibas et al. [8] studied machine learning-based
customer churn prediction using the Telco dataset. They
compared NB, generalized linear models (GLM), LR,
DT, RF, Gradient Boosting, and deep neural networks.
Experimental results showed that gradient-enhanced
trees are the best classifiers.

Kavitha et al. [9] conducted a machine learning-based
customer churn prediction study using the Telco dataset.
DT, RF, and eXtreme Gradient Boosting (XGBoost)
algorithms have been compared in the study.
Experimental results showed that RF is more successful
than other models compared with 80% accuracy.
Lalwani et al. [10] conducted a machine learning-based
customer churn prediction study using the Telco dataset.
They used LR, DT, Adaboost classifiers, k Nearest
Neighbour (kNN), RF, NB, SVM, XGBoost, and
CatBoost classifiers. The CatBoost and AdaBoost
classifiers obtained an accuracy rate of close to 82%.
Chabumba et al. [11] developed a customer churn
prediction model using the Telco dataset. The model uses
machine learning methods and a new feature selection
method on the big data platform. Its AUC is 84%. The
model has been compared with the LR, RF, SVM, and
XGBoost algorithms. Experimental results showed that
RF was the most successful model, with an 80% accuracy
rate.

The reviewed studies in the literature are summarized in
Table 1.

Table 1. Summary of studies in the literature

Reference Date Methods Dataset Success rate
4 2017 ANN, SVM, DT Iranian %97.92 accuracy
5 2018 ANN, SVM, DT, NB, LR UCL %94 accuracy
6 2018 MLP Telco 9%80.03 accuracy
7 2018 LR, SVM, RF, Gradient Boosting Telco 0.845 AUC
NB, GLM, LR, DT, RF, Gradient o
8 2019 Boosting, MLP Telco %79.1 accuracy
9 2020 DT, RF, XGBoost Telco %80 accuracy
LR, DT, Adaboost, kNN, RF, NB, SVM, 0
10 2021 XGBoost, CatBoost Telco %82 accuracy
11 2021 LR, RF, SVM, XGBoost Telco %80 accuracy

Table 1 summarizes the studies in the literature examined
according to their characteristics such as reference,
publication date, methods used, dataset used, and success
rate. The studies examined in the literature generally use
machine learning methods. The algorithms used are
generally LR, RF, DT, and SVM. Mainly, studies in the
literature using the Telco dataset have been examined.
The success rate in studies using the Telco dataset is
approximately 80%.

In this study, a Multilayer Perceptron (MLP) based
artificial neural network model was developed and
compared with KNN, LR, NB, RF, and SVM. IBM Telco
dataset, which consists of customer data of an
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anonymous telecommunications company, which is
public access on Kaggle, was used as the dataset [12].
This study obtained a higher accuracy rate than the
studies in the literature using the same dataset as the
artificial neural network model developed. The
contributions of this study to the literature can be
summarized as follows:

- MLP-based artificial neural network model was created
for customer churn prediction. In the existing literature,
studies comparing MLP with other common models are
limited. This study makes a significant contribution to
the literature on performance evaluations in this field



by examining in detail the performance of MLP in
customer churn prediction.

- The developed MLP model was compared with
commonly used models such as kNN, LR, NB, RF and
SVM, and experimental results showed that the MLP
model performed better with a higher accuracy rate
(94%) compared to other models.

- The use of customer data obtained from an anonymous
telecommunications company shows that the study is
based on real-world data and is aimed at practical
applications.

- In the study, anonymizing customer data and
emphasizing ethical principles makes a significant
contribution to the literature on how data privacy and
ethical issues should be addressed in customer churn
prediction models.

CUSTOMER CHURN PREDICTION

Customer churn is a financial concept that pertains to a
customer's discontinuation of engagement with a
company or business. Likewise, the customer churn rate
represents the pace at which customers depart from a
business within a specified timeframe. Churn rate above
a certain threshold can affect the business's success.
Businesses want to retain as many customers as possible
[13].

The churn rate serves as an indicator of customer
contentment. A low churn rate signifies pleased
customers, whereas a high churn rate indicates
dissatisfied customers who have distanced themselves
from the company [14]. Acquiring new customers will
require much more effort and cost than retaining existing
customers. Customer churn prediction is an indicator of
growth potential for businesses. Churn rates represent the
rate of lost customers, while growth rates represent newly
acquired customers. Analysing these metrics gives
information about the growth status of businesses. If the
growth rate is higher than the loss rate, it can be said that
the business is growing; otherwise, the business is
shrinking [15].

The churn of customers applies in many contexts but
generally relates to the business situation of customers
who have stopped purchasing. Innovative customer
retention strategies are more important for subscription-
based and subscription-based business models.
Analyzing growth in this area may involve monitoring
parameters such as revenues and the proportion of new
customers and performing customer analysis [16]. The
churn rate quantifies the proportion of customer
subscriptions or purchases that cease within a specified
time frame for a particular service or product.
Cancellation of customer subscriptions will naturally
result in a loss of revenue. For this reason, examining the
churn rate can help know customers and, for
subscription-oriented businesses, effective marketing
strategies to retain their customers [17].

Customer churn analysis can be evaluated as the churn of
customers and revenue or as voluntary churn [18].
Customer churn represents the frequency at which
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customers discontinue their subscriptions. The churn of
income refers to the loss in the monthly income of the
enterprise. The churn of customers and loss of revenue
may only sometimes be balanced [19]. The business may
not lose customers, but there may be a loss of revenue
due to the subscription tariffs that customers will change
[20]. Damaging loss only applies to lost revenue. The
generated revenue from existing customers surpasses the
revenue lost due to cancellations and changes in
subscription fees. Voluntary loss occurs when customers
proactively terminate their service and take the necessary
actions to discontinue their association [21]. This could
result from customer discontentment or needing to
realize the anticipated value. The churn of customers may
occur due to poor customer service, financial issues,
changes in customer needs, the service offered not
meeting customers' expectations, or customers preferring
rival companies [22].

NEURAL NETWORK BASED CUSTOMER
CHURN PREDICTION

Accurate customer churn prediction is paramount for
telecommunications companies to retain their customer
base proficiently. Obtaining new customers incurs higher
costs compared to maintaining existing ones. Hence,
prominent telecommunications companies endeavor to
construct models that forecast which customers are at a
higher risk of attrition and devise strategies based on
these developed models. With the developments in data
science and machine learning methods, the problem of
identifying potential customers who may stop doing
business with them soon comes to the fore.

This study developed an MLP-based model to predict
how likely customers will abandon their business by
analysing their demographic, account, and service
information. The developed model aims to obtain a data-
oriented solution that will reduce customer churn rates
and increase customer satisfaction and operating income.
The developed model was compared with KNN, LR, NB,
RF, and SVM.

Dataset

This study used the IBM Telco dataset consisting of
customer data of an anonymous telecommunications
company, which is public access on Kaggle. The dataset
comprises 7043 rows and 21 columns, each
corresponding to a customer in the dataset. The columns
represent the individual attributes of each customer,
which are utilized to predict the churn behavior of that
specific customer. Of the features in the dataset, 17
features are categorical and 3 are numerical. Finally,
there is the Churn attribute, expressed as Yes/no, in
which it is predicted whether the customer will churn.
The Churn column indicates the customer's departure
status within the past month. "No" denotes customers
who have not discontinued their association with the
company during the last month, while "Yes" signifies



customers who have chosen to terminate their affiliation
with the company.

The categorical attributes in the dataset can be described
as follows:

e CustomerID: A unique customer ID number for each
customer.

e gender: Indicates the gender of the customer as
Female/Male.

« SeniorCitizen: Indicates whether the customer is a
senior citizen or not, denoted as 1/0.

« Partner: Indicates Yes/No whether the customer is a
business partner or not.

o Dependent: Indicates whether
dependent or not, as Yes/No.

« PhoneService: Indicates whether the customer has
phone service or not, denoted as Yes/No.

* MultipeLines: Indicates whether the customer has
multiple phone lines or not, denoted as Yes/No/No phone
service.

 InternetService: Indicates the customer's
service provider type as DSL/Fiber optic/No.

» OnlineSecurity: Indicates whether the customer has
online security or not, denoted as Yes/No/No internet
service.

« OnlineBackup: Indicates whether the customer has
online backup or not, denoted as Yes/No/No internet
service.

* DeviceProtection: Indicates whether the customer has
device protection or not, denoted as Yes/No/No internet
service.

e TechSupport: Indicates whether the customer has
technical support or not, denoted as Yes/No/No internet
service.

the customer is

internet

PhoneService mNo #Yes

DeviceProtection mNo

100% 100%
90% 0%
80% B0%
0% 0%
Loii] 60%
il S0%
o 40%
30% 0%
20%

30 20%
e 10%
o s ¥
DSL
TechSupport N
%

20%

80%

0%

60%

50%

0%

0%

20%

10%

0%
No

2

o =
Yes

100%
90%
B0%
0%
60%
500

40%

30%

20%

10%

0%
No

No internet
service

MultipleLines

100% 100% 100%.
90% 0% F
80% 80% 80%
0 70% 0%
o 60% 0%
% %
= 50 50

40% 0%

40%
30% 30%
e 20% 2%
b 10% 10%
10% 0% [

3 No No phone Yes
No Yes service

InternetService

Fiber Oplic

Yes StreamingTV  mNo myes
Yes

No internet
service

» StreamingTV: Indicates whether the customer has
streaming TV or not, denoted as Yes/No/No internet
service.

« StreamingMovies: Indicates whether the customer has
streaming movies or not, denoted as Yes/No/No internet
service.

« Contract: Refers to the contract period of the customer,
categorized as monthly, one-year, or two-year.

» PaperlessBilling: Refers to the contract period
(monthly, one-year, two-years) on the customer's
invoice.

» PaymentMethod: Indicates the customer's preferred
payment method, categorized as mailed check, electronic
check, credit card or bank transfer.

Numerical attributes can be described as follows:

* Tenure: Refers to the number of months the customer
has been with the company.

« MonthlyCharges: It represents the monthly amount
collected from the customer.

« TotalCharges: It represents the total amount collected
from the customer.

The services subscribed by each customer are stored in

the attributes: MultipleLines, PhoneService,
OnlineSecurity,  InternetService, DeviceProtection,
OnlineBackup, TechSupport, StreamingMovies,

StreamingTV. In Figure 1, customer churn rates for the
attributes of each customer's registered service are
shown.

Demographic customer information is kept in the fields
of gender, SeniorCitizen, Partner, Dependents. Figure 2
shows customer churn rates for demographic attributes.
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Figure 1. Customer churn rates for attributes of each customer's registered service
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Customer account information is kept in Contract,
PaperlessBilling and PaymentMethod attributes. In
Figure 3, the customer churn rates for the attributes of
each customer account information are shown.
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Figure 3. Customer churn rates for attributes of customer
account information

According to the Churn attribute in the dataset, the
Yes/No type customer churn rate is shown in Figure 1.
Customer churn rates by churn attribute are shown in
Figure 4.
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As seen in Figure 4, the churn rate value for customers
classified as 'No' in the Churn attribute is 0.734, while the
churn rate value for customers classified as 'Yes' is 0.265.
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Figure 4. Customer churn rates by Churn attribute
Data Pre-processing

The utilized dataset comprises 7043 rows and 21
columns. Among the features within the dataset, 17 are
categorical, and 3 are numerical. The final column
encompasses the dependent attribute, Churn. As seen in
Table 2, each column is filled with non-empty values and
has a data type.

Table 2. Attributes in the dataset

Non-Null
# Column Count Dtype
0 | customerID 7043 non-null | object
1 | Gender 7043 non-null | object
2 | SeniorCitizen 7043 non-null | Int64
3 | Partner 7043 non-null | object
4 | Dependents 7043 non-null | object
5 | tenure 7043 non-null | Int64
6 | PhoneService 7043 non-null | object
7 | MultipleLines 7043 non-null | object
8 | InternetService 7043 non-null | object
9 | OnlineSecurity 7043 non-null | object
10 | OnlineBackup 7043 non-null | object
11 | DeviceProtection | 7043 non-null | object
12 | TechSupport 7043 non-null | object
13 | StreamingTV 7043 non-null | object
14 | StreamingMovies | 7043 non-null | object
15 | Contract 7043 non-null | object
16 | PaperlessBilling | 7043 non-null | object
17 | PaymentMethod | 7043 non-null | object
18 | MonthlyCharges | 7043 non-null | Float64
19 | TotalCharges 7043 non-null | object
20 | Churn 7043 non-null | object

To ensure optimum prediction performance of the
developed models, handling missing or incorrect values
by removing or replacing them with appropriate values is



very important. Only 11 NULL values have been
detected in the TotalCharges column. In the
TotalCharges column, which represents the total amount
charged from the customer, any NULL value is populated
with the average value obtained from the same column.
The dataset has no Internet service because some
categorical attributes have more than two categorical
values, such as Yes/No/No Internet service. Values such
as have been replaced with No. For example, the No
phone or Internet service values have been replaced with
No.

Since customer churn prediction involves a classification
problem, converting the categorical data within the
dataset into a numerical format is essential. For this
reason, Yes for categorical variables has been replaced
with 1 and No with 0. Similarly, in the Gender column,
which represents the customers' gender, Male has been
replaced with 1 and Female with 0.

Feature selection enables the identification of key
features that are important in predicting the target feature.
Table 3 shows some of the essential values of the features
in the dataset.

Table 3. Properties and importance values in the dataset

Feature
Features .

importance
InternetService_Fiber optic 0.3268
Contract_Month-to-month 0.3090
PaperlessBilling 0.1658
StreamingTV_Yes 0.1342
StreamingMovies_Yes 0.1316
OnlineSecurity_No 0.1189
PaymentMethod_Electronic check 0.1138
TechSupport_No 0.0958
MultipleLines_Yes 0.0905
SeniorCitizen 0.0792
OnlineBackup_No 0.0535
DeviceProtection_Yes 0.0490
DeviceProtection_No 0.0230
OnlineBackup_Yes 0.0170
PhoneService 0.0019
Partner -0.0082
gender -0.0411

Table 3 shows that InternetService Fiber optic and
Contract_Month-to-month  attributes have higher
importance values, while gender and Partner attributes
have much lower importance values.

Categorical values have been converted to numerical
values using Label Encoding. Label encoding encodes a
value in the range 0 to (n-1) into each row of data with a
categorical value. Here n is the number of tags that differ.
If a tag repeats, it will get the value previously assigned.
In this way, it is ensured that categorical columns are
expressed as numerical values.

Large numerical data must be scaled before the model is
built, which can affect the model's performance.
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Normalization ensures that each input variable is scaled
within a specified range. In this way, columns with large
numeric values are scaled between -1 and 1 using
MinMaxScaler.

Developed Neural Network Based Prediction Model

After pre-processing, the datasets were split into training,
validation, and testing sets. The dataset was split into
80% for training and 20% for testing. Within the training
set, 10% was further allocated for validation purposes,
aiding in optimizing the model parameters. The resulting
training dataset, obtained after separating training and
testing sets, comprises 5634 rows, while the test dataset
consists of 1409.

The selection of hyper-parameters enables evaluating the
model's performance across various combinations of
hyper-parameter values. Additionally, hyper-parameter
tuning encompasses choosing the metrics or methods that
yield optimal results based on a selected metric and
validation approach. Grid search was used for hyper-
parameter optimization. The flowchart of the developed
system is shown in Figure 5.
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Figure 5. Flow chart of the developed system

The developed artificial neural network model takes
customer data from the training dataset as input and
generates an output indicating whether the customer is
likely to churn or not for the customer data in the test
dataset.

The developed MLP-based artificial neural network
model consists of an input layer, hidden layers, and an
output layer. The developed model has additional hidden
layers compared to the traditional MLP model. Through
the added layers, it is aimed that the model can better
solve more complex and deep learning problems.
Additionally, optimized ReLU activation functions were
used for each layer. In order to prevent overfitting,



Dropout and L2 editing techniques are integrated. By
using the dynamic learning rate, a faster and more stable
optimization was achieved during the training. The
connections between the layers represent the learned
coefficients. The hidden layers are an intermediate
processing step, combining weighted sums to derive the
classification result. The developed model follows a
sequential architecture with linear layers. The initial layer
is the input layer, consisting of 64 input features and 64
output units. A Dropout layer is inserted between the
input layer and the hidden layer. The output layer
comprises a single unit that predicts the probability of
customer churn. The ReLU activation function is applied
to both the input and hidden layers, while the sigmoid
activation function is employed in the output layer.

MLP is more successful than classical regression models
because it calculates a weighted sum for each hidden unit
when a nonlinear (ReLU) or hyperbolic (tanh) function is
applied. The result of this function is then used to
calculate the output. Learning nonlinear behaviours in
data and learning models in real-time can be counted as
advantages of MLP. However, the disadvantage of MLP
is that a model with hidden layers has a loss function with
more than one local minimum. The model requires
parameter adjustment, such as the number of hidden
neurons, iterations, and layers.

EXPERIMENTAL RESULTS

This study compared KNN, LR, NB, RF, SVM, and the
developed MLP-based artificial neural network model.
The performance evaluation of the compared models was
conducted using a confusion matrix. In this matrix, each
column corresponds to the predicted classes. Each row
represents the actual classes. TP, TN, FP, and FN values
are obtained by using the confusion matrix. TP refers to
samples predicted to be 1 and whose value is 0. TN
denotes samples estimated to be 1 and whose value is 1.
FP refers to samples predicted to be 1 and whose value is
0. FN represents the instances that are predicted as 0 but
are 1. Accuracy, precision, recall, and F-score metrics
were obtained by using TP, TN, FP, and FN values.

The accuracy calculates the proportion of correctly
predicted values to the total test datasets. The accuracy
metric is calculated using Eq.1.

TP +TN
TP+FP+FN +TN

M)

Accuracy =

The precision measures the proportion of positively
predicted values that are truly positive. The precision
metric is calculated using Eq. 2.

TP
+FP

@

Precision =

The recall metric determines how many of the values that
should be predicted positively are predicted positively.
The recall metric is calculated using Eg. 3.
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TP ©))
TP+FN
The F-score metric is determined by taking the harmonic
mean of the precision and recall metrics. The F-score
metric is calculated using Eq. 4.

Recall =

Precision* Recall
Precision+ Recall

(4)

F —score=2*

The change in the accuracy value of the developed MLP-
based artificial neural network model in the training steps
called epoch is shown in Figure 6.
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Figure 6. Variation of accuracy values according to epoch
number

As seen in Figure 6, model accuracy varies according to
the number of epochs. The model's performance is
assessed by computing the average accuracy value during
training.

Neural networks try to minimize the error. The function
to be minimized or maximized is called the objective
function or loss function, and the value calculated by the
loss function is called loss. The Loss function determines
how much the predictions the model produces differ from
the true value. Figure 7 shows the variation in loss values
as the number of epochs increases.
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Figure 7. Change of loss values according to epoch number

kNN is a nonparametric method employed for both
classification and regression tasks. Its fundamental
principle involves identifying the neighboring data
points, considering the test data point similar to these
neighbors, and generating the output. In KNN, a specific
number of k neighbors are searched, and predictions are
made based on their characteristics.

The confusion matrix and experimental results for kNN
are shown in Table 4 and Table 5.



Table 4. Confusion matrix for KNN

Real values
- No | Yes
8 n
2 5 | No 204 | 144
ST
>
o Yes 170 | 891

As seen in Table 4, the TP for KNN is 204, the FP is 144,
the FN is 170, and the TN is 891.

Table 5. Accuracy, precision, recall and F-score values

F-score
%56

Recall
%54

Precision
%58

Accuracy
%77

As indicated in Table 5, the accuracy score for KNN is
%77, the precision score is %58, the recall score is %54,
and the F-score is %56.

LR is a statistical model that employs a logistic function
to model a binary dependent variable. It is specifically
designed for situations where the dependent variable is
categorical. LR is particularly valuable in classification
problems where the objective is to assess whether a new
sample is most suitable for a particular category.

The confusion matrix and experimental results for LR are
shown in Table 6 and Table 7.

Table 6. Confusion matrix for LR

Real values
- No | Yes
L w
25 | No 206 | 112
2
>
o Yes 168 | 923

As seen in Table 6, the TP value for LR is 206, the FP is
112, the FN is 168, and the TN is 923.

Table 7. Accuracy, precision, recall and F-score values

F-score
%59

Recall
%55

Precision
%64

Accuracy
%80

As indicated in Table 7, the accuracy score for LR is
%80, the precision score is %64, the recall score is %55,
and the F-score is %59.

The superior performance of LR compared to kNN can
be attributed to their inherent characteristics as models.
kNN is a non-parametric model that can handle non-
linear solutions, whereas LR is a parametric model that
primarily supports linear solutions. Additionally, LR can
generate confidence levels for its predictions, whereas
kNN provides only the output label without any
associated confidence measure.

The NB algorithm is a classification technique based on
Bayes Theorem. The NB classifier operates on the
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assumption that the presence of a specific attribute in a
class is independent of the presence of any other attribute.
NB is beneficial for massive datasets.

The confusion matrix and experimental results for NB are
shown in Table 8 and Table 9.

Table 8. Confusion matrix for NB

Real values
- No | Yes
J )
2 5 | No 313 | 352
23
L >
o Yes 61| 683

As seen in Table 8, the TP for NB is 313, the FP is 352,
the FN is 61, and the TN is 683.

Table 9. Accuracy, precision, recall and F-score values

F-score
%60

Recall
%83

Precision
%47

Accuracy
%70

As indicated in Table 9, the accuracy score for NB is
%70, the precision score is %47, the recall score is %83,
and the F-score is %60.

The fact that LR has better experimental results than NB
can be interpreted as LR having better classification
performance than NB in large datasets. NB works better
on small datasets. LR outperforms NB on linearity as NB
expects all features to be independent.

The critical distinction between KNN and NB lies in their
classification approaches. kNN is a discriminative
classifier, whereas NB is a generative classifier. NB
assumes conditional independence among features and
utilizes a maximum likelihood hypothesis. The superior
classification performance of KNN compared to NB can
be attributed to its non-parametric nature, whereas NB is
considered parametric.

RF algorithm is an ensemble learning method that
generates many decision trees during the training phase.
In classification tasks, the RF outputs the class chosen by
the majority of the trees. RF is a classifier that operates
on multiple subsets of a dataset, employing a set of
decision trees, and combines their results to enhance
prediction accuracy. Unlike relying on a single decision
tree, RF aggregates the predictions from each tree to
produce the final output.

The confusion matrix and experimental results for RF are
shown in Table 10 and Table 11.

Table 10. Confusion matrix for RF

Real values
- No | Yes
L n
25 | No 175 | 105
2E
L s
a Yes 199 | 930




According to Table 10, the RF classifier has a TP value
of 175, an FP value of 105, an FN value of 199, and a TN
value of 930.

Table 11. Accuracy, precision, recall and F-score values

F-score
%53

Recall
%46

Precision
%62

Accuracy
%78

As indicated in Table 11, the accuracy score for RF is
%78, the precision score is %62, the recall score is %46,
and the F-score is %53.

The reason why RF has more successful results than KNN
is the values of the features in the dataset. RF assumes
local similarities, and very similar samples are classified
similarly. KNN can only select the most similar samples
based on distance.

The superior performance of LR compared to RF can
generally be interpreted as LR performing better when
the number of noise variables is equal to or less than the
number of explanatory variables. As the number of
explanatory variables increases in a dataset, the ratio of
TP to FP tends to increase for RF. The fact that RF has
better experimental results than NB can be interpreted as
RF being a distinctive model and NB being a productive
model. Tree pruning in RF ensures that some features in
the training data are neglected, thereby increasing the
prediction accuracy.

SVM is a supervised learning model used for
classification and regression analysis. It examines data
and assigns new examples to specific categories based on
training examples. SVM maps the training samples to
space points to maximize the separation between the two
categories. Subsequently, new samples are mapped to the
same space and categorized based on which side of the
separation they fall on.

The confusion matrix and experimental results for SVM
are shown in Table 12 and Table 13.

Table 12. Confusion matrix for SVM

Real values
= No | Yes
L »

2 5 | No 184 | 101
T T
>
o Yes 190 | 934

The SVM model achieved TP value of 184, FP value of
101, FN value of 190, and TN value of 934, as shown in
Table 12.

Table 13. Accuracy, precision, recall and F-score values

F-score
%55

Recall
%49

Accuracy Precision
%79 %64
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As indicated in Table 13, the accuracy score for SVM is
%79, the precision score is %64, the recall score is %49,
and the F-score is %55.

Through kernel techniques, SVM offers support for both
linear and non-linear solutions. In cases where training
data is limited, SVM tends to handle outliers more
effectively than LR. However, LR showed better
classification performance than SVM due to the excess
training data and the high number of features in the
dataset.

In a classification problem, RF provides the probability
of belonging to a particular class, whereas SVM provides
the distance to the decision boundary. This characteristic
often leads to SVM's superior performance compared to
RF. SVM identifies support vectors in each class; the data
points closest to the decision boundary separate the
classes.

The fact that SVM has a better classification performance
than KNN can be interpreted as the fact that SVM is more
sensitive to outliers. When the number of training data
samples dramatically exceeds the number of features,
kNN can be more effective than SVM. However, in
scenarios with numerous features and limited training
data, SVM outperforms KNN.

MLP (Multi-Layer Perceptron) is an artificial neural
network architecture consisting of an input layer, an
output layer, and one hidden layer containing numerous
interconnected neurons. MLP is a feed-forward model.
The inputs are combined into a weighted sum with their
initial weights and subjected to the activation function.
Each layer feeds the next with the result of its
calculations, an internal representation of the data. This
process involves propagating information from the
hidden layers to the output layer. Backpropagation is the
learning mechanism that enables the MLP to iteratively
adjust the network's weights in order to minimize the cost
function. During each iteration, the gradient of the
accuracy is calculated across all input and output pairs,
following the transmission of weighted sums throughout
the layers. Subsequently, the first hidden layer weights
are updated using the gradient value for backpropagation.
This propagation of weights continues until reaching the
starting point of the neural network.

he confusion matrix and experimental results for MLP
are shown in Table 14 and Table 15.

Table 14. Confusion matrix for MLP

Real values

No Yes
o
8 n
2 5 | No 305 6
T T
s
“ ] Yes 69 | 1029

As seen in Table 14, the TP value for MLP is 309, the FP
is 2, the FN is 74, and the TN is 1024.



Table 15. Accuracy, precision, recall and F-score values

F-score
%389

Recall
%80

Precision
%99

Accuracy
%94

As indicated in Table 15, the accuracy score for MLP is
%79, the precision score is %65, the recall score is %49,
and the F-score is %56.

MLP is a deep neural network architecture. MLP is a
feedforward neural network architecture. It does not form
loops like iterative neural networks. MLP uses
backpropagation to train the network. In MLP, each new
layer is a nonlinear function of the weighted sum of all
outputs from the previous one. The fact that the

experimental results of MLP are more successful than the
other models can be interpreted as the fact that MLP is a
feedforward network. Compared to SVM and RF, MLP
requires many input data. The more data fed into the
network, the better the network will generalize and make
accurate predictions with fewer errors. On the other hand,
SVM and RF require much less input data. For this
reason, MLP was more successful than SVM and RF in
the dataset used.

Table 16 and Figure 8 present the comparative
experimental results for KNN, LR, NB, RF, SVM, and the
MLP-based artificial neural network model based on
accuracy, precision, recall, and F-score values.

Table 16. Comparative experimental results

Model KNN LR NB RF SVM  MLP
Accuracy %77 %80 %70 %78 %79 %94
Precision %58 %64 %47 %62 %64 %99
Recall %54 %55 %83 %47 %49 %80
F-score %56 %59 %60 %53 %55 %389

Table 16 and Figure 8 illustrate the comparative results
of different models, where the MLP-based artificial
neural network model exhibits superior performance
compared to other models. The MLP achieves 0.946
accuracy, 0.993 precision, 0.806 recall, and 0.890 F-
score.

Following MLP, LR, SVM, RF, and kNN demonstrate
relatively successful results. LR achieves 0.801 accuracy,
0.647 precision, 0.550 recall, and 0.595 F-score.

a

SVM achieves 0.793 accuracy, 0.645 precision, 0.491
recall, and 0.558 F-score. RF achieves 0.784 accuracy,
0.625 precision, 0.467 recall, and 0.535 F-score. KNN
achieves 0.777 accuracy, 0.586 precision, 0.545 recall,
and 0.565 F-score. NB achieves 0.706 accuracy, 0.470
precision, 0.836 recall, and 0.602 F-score.
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Figure 8. Comparative experimental results

As seen in Table 16 and Figure 8, MLP showed a better
classification performance in customer churn prediction
compared to other models. LR, SVM, RF and kNN are
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the models with the most successful results after MLP.
NB has the worst classification performance among the
compared models.



CONCLUSIONS

Customer churn prediction means determining which
customers are likely to leave a particular service or cancel
a service subscription. After identifying customers at risk
of canceling their subscription, a marketing strategy can
be determined to maximize the customer's chances of
staying subscribed. The churn of customers is a
significant problem for businesses in most industries. For
businesses to grow, they need to invest in gaining new
customers. Every lost customer means a significant lost
investment. For this reason, predicting when customers
will leave and offering incentives can significantly save
businesses.

The present study applied exploratory data analysis and
feature extraction techniques to anonymous customer
data obtained from a telecommunications company. The
study compared the prediction performance of various
machine learning and artificial neural network classifiers.
The results revealed that all the models achieved
exceeding 70% accuracy. The MLP-based artificial
neural network model exhibited the highest classification
performance among the compared models. The
developed model achieved %94 accuracy, %99 precision,
%80 recall, and %89 F-score. LR achieved %80
accuracy, %64 precision, %55 recall, and %59 F-score.
SVM achieved %79 accuracy, %64 precision, %49
recall, and %55 F-score. RF achieved %78 accuracy,
%62 precision, %46 recall, and %53 F-score. KNN
achieved %77 accuracy, %58 precision, %54 recall, and
%56 F-score. NB achieved %70 accuracy, %47
precision, %83 recall, and %60 F-score.

The experimental findings demonstrated that the
developed model performed better than other models
across all evaluation metrics. Moreover, all classifiers
demonstrated significant performance enhancements
when the oversampling technique was employed. The
results show that the developed model can be preferred
for customer churn prediction.

Using customer data to predict customer churn can have
significant ethical implications. In this study, great
importance was given to data privacy and respect for
customer rights. Various verification and auditing
processes have been applied to ensure that the predictions
of the model developed using anonymized customer data
are free of bias and fair. By adhering to ethical principles,
we aimed to prevent the misuse of customers' data and
improve service quality.
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Sivi yosun giibresinin farkh konsantrasyonlarinin tuz stresi kosullarinda arpa (Hordeum
vulgare L.) gelisimi ve rizosferdeki bazi biyolojik ozelliklere etkisi
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0z

Bu ¢alismada, arpa gelisimi ve rizosferdeki bazi mikrobiyolojik 6zellikler {izerine sivi deniz yosunu giibresinin tuz
stres kosullarindaki etkisinin belirlenmesi amaglanmistir. Denemede ticari olarak satilan yosun giibresi kullanilmastir.
Sivi deniz yosun giibresi ekimle birlikte topraklara farkli konsantrasyonlarda (% 0, % 0.4, % 0.8, % 1 ve % 2 yosun
giibresi) uygulanmistir. Tuz ise farkli konsantrasyonda (0 mM, 75 mM ve 150 mM) uygulanmistir. Sera kosullarinda
yetistirilen bitkiler ekimden 12 hafta sonra hasat edilmistir. Arpanin bitki boyu, yesil aksam ve kok yas ve kuru

agirliklari, kok uzunlugu, yapraklarin klorofil i¢erikleri kok bolgesi B-glukosidaz ve alkalin fosfataz enzim aktiviteleri
incelenmistir. Elde edilen veriler ile uygulamalar arasindaki farklilik istatistik analiz ile ortaya konulmustur.

Anahtar Kelimeler: Alkalin fosfataz, Arpa, B-glukosidaz, Konsantrasyon, Sivi yosun giibresi

Effect of different concentrations of liquid seaweed fertilizer on barley (Hordeum vulgare
L.) growth and some biological properties in the rhizosphere under salt stress conditions

ABSTRACT

This study aimed to determine the effect of liquid seaweed fertilizer on barley growth and some microbiological
properties in the rhizosphere under salt stress conditions. Commercially available seaweed fertilizer was used in the
experiment. Liquid seaweed fertilizer was applied to the soil in different concentration (0%, 0.4%, 0.8%, 1% and 2%
seaweed fertilizer) after planting. Salt was applied in different concentration (0 mM, 75 mM and 150 mM). Plants
grown under greenhouse conditions were harvested 12 weeks after planting. Plant height of barley, fresh and dry
weights of green parts and roots, root length, chlorophyll content of leaves and root zone B-glucosidase and alkaline
phosphatase enzyme activities were examined. The difference between the obtained data and the applications was
revealed by statistical analysis.

Keywords: Alkaline phosphatase, Barley, -glucosidase, Concentration, Liquid seaweed fertilizer

GIRIS icin daha fazla besine gereksinim duyulacaktir. Bu
nedenle bitkisel {iretime ayrilan tarim arazilerinin 6nemli
Nifusun hizla artisindan dolay1 daha fazla iiriin elde  6lgiide artmasi da kag¢inilmaz goriinmektedir [4].
etmek icin bilingsizce yapilan tarim uygulamalari  Organik tarim; gelencksel giibreler, kimyasal ilag
sonucunda topraklar tuzlanmaktadir [1]. Bu nedenle kullanmadan ¢evresel siirdiiriilebilirligi, habitatlar,
kiiresel gida kaynaklarmin siirdiriilebilir yéntemler ile  biyojeokimyasal donguleri ve toprak biyolojik aktiviteyi
izlenmesi zorunlu kilinmigtir [1]. Artan gida talebini iyilestiren kalkinma yontemi olarak tanimlanmigtir [5].
karsilamak i¢in ¢esitli ¢evresel kosullarin neden oldugu  Organik uygulamalarin topragin fiziksel ozelliklerini
triin  kayiplarinin ~ azaltilmasinin =~ 6nemli oldugu iyilestirdigi, topragin organik maddesini yeniledigi,
bildirilmistir [2]. Kimyasal glbre ve pestisitlerin  korudugu ve topragin makro ve mikrobiyotasini
kullanim1 diinya genelinde ¢esitli ¢evre sorunlarma iyilestirdigi bildirilmistir [6]. Organik maddenin tuzdan
neden olmaktadir. Asir1 kullanilan fosfatli giibrelerin  etkilenen topraga 6nemli miktarda karbon ilave ettigi, su
sulama suyundaki tuzlulugun ve sucul ortamdaki besin  penetrasyonunu ve mikrobiyal aktiviteyi arttirdig
maddelerinin artmasina neden oldugu saptanmistir.  yapilan ¢aligmada agiklanmigtir [7]. Son yillarda, biyotik
Dogal tuzluluk, tuzlarin toprakta ve yeralti sularinda ve abiyotik stresin siddetli etkilerini azaltmak, bitki
belirli bir siire boyunca birikmesinin sonucu oldugu  biiyiimesini ve saghgmi iyilestirmek amaciyla ¢esitli
agiklanmustir [3]. insan niifusunun 2050 yili sonunda  biyolojik giibreler gelistirilmis ve ticarilestirilmistir.
yaklagik 9.7 milyara ulagmasi ve 2100 yilinda ise  Ayni zamanda toprak yapisini ve kalitesini de iyilestiren
yaklagtk 11 milyara ulagmasi beklenmektedir [4].  bu Urlinler, topragin giibrelenmesi ve bitki korumast i¢in
Niifusun hizla artmasi sonucu gida giivenligini saglamak  yenilik¢i ¢oziimler sunmaktadir [4]. Bu biyolojik
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molekiiller ¢ogunlukla algler ve onlarin tiirev iiriinleri
olarak ag¢iklanmistir [4]. Deniz yosunlarinin c¢esitli
biyolojik aktivitelere sahip oksin, sitokin, giberelin vb.
yuksek polisakkarit, gliserol ve bitki duzenleyici
icermeleri nedeniyle bitki gelisimi i¢in degerli organik
materyaller olarak kullanildig: bildirilmistir [8].

Ascophyllum nodosum’un domates ve tatli bibere
uygulanmasi ile yapraklardaki klorofil igeriginin
arttigini, bu artisin ise; ekstrakta bulunan betainlerin
etkisinden kaynaklandigi ag¢iklanmistir [9]. Deniz
yosunlarinin igerigindeki betain bilesiklerinin klorofil
bozulmasmin engellemesi ile fotosentetik kayb1 azalttig1
yapilan baska bir ¢alismada da belirtilmistir [9]. Deniz
yosunu ekstraktlari domates, biber, fasulye gibi ¢esitli
iriinlerin  erken ¢imlenmesini tetiklemis, meyve
tutumunu arttirmistir  [10]. Cigek sayisi ve meyve
tutumundaki bu artiglar, verimi de arttirmigtir. Di Stasio
ve ark. [11] tarafindan yapilan bir ¢alismada domates
fidelerine deniz yosunu ekstraktlarmin uygulanmasi ile
bitkide ¢iceklenme artmig, meyve sayist ve
biiylikliigiinde de 6nemli artislarin oldugu agiklanmistir.
Deniz yosunu uygulanmasi ile verim artiginin,
ekstraktlarda bulunan sitokininler, konakg¢i bitkinin
hormon  sentezinin  indikksiyonu  gibi  ¢esitli
fitohormonlarin etkilerinin sonucu oldugu
diistinilmustiir [12]. Deniz yosunu ekstraktlarinin ve
bilesenlerinin oksin, sitokinin ve gibberellin gibi bityiime
hormonlarinin  endojen  biyosentezinden  sorumlu
genlerin  ekspresyonunu modiile edebildigi rapor
edilmistir [9]. Ali ve ark. [9] ayrica hasat edilebilir {iriin
verimini arttirmanin yani siwra ekstraktlarin domates,
biber, marul, 1spanak, hiyar, ¢ilegin besin kalitesini de
arttirdigini  agiklamiglardir.  Macrocystis  pyrifera
ekstraktlar1 hiyar fidelerine uygulanmis, meyvelerde
toplam fenol, antioksidan kapasite, C vitamini igerigi
O6nemli Olgiide artmustir [9]. Yosun gubresinin bitki
gelisimi iizerindeki olumlu etkileri bilinmekle birlikte,
toprak oOzellikleri, yetistirilme kosullari, bitki tiird,
uygulanan gilibre c¢esiti ve konsantrasyonlar1 toprak
enzimleri {iizerinde farkli etki gostermektedir. Bu
nedenle, ¢alismamizda topraktan uygulanan ticari sivi

yosun giibresinin farkli konsantrasyonlar1 ile tuz
uygulamalarinin ~ arpanin  kdk  bolgesinin  baz1
mikrobiyolojik &zellikleri Uzerine etkileri ile arpa

gelisimine olan etkisinin aragtirmasi amaglanmistir.
MATERYAL ve YONTEM

Calismamizda arpa (Hordeum vulgare L.) Akhisar 98
¢esidi  kullanilmistir.  Tohumlar GAP  Arastirma
Enstitiisii’nden temin edilmistir. Denemede kullanilan
stv1 yosun giibresi (Sea Plus) ticari giibre satilan yerden
alinmigtir. Kullanilan sivi yosun giibresinin organik
madde igerigi %12, suda ¢oziiniir potasyum oksit %3,
Aljinit asit miktar1 %0.3, EC; 13.56 dS/m, pH igerigi
6’dir. Saksi denemesinde kullanilan toprak, kampiis
alanindan daha Once herhangi bir uygulamanin
yapilmadigi yerden alinmigtir. Toprak drneklerinin pH*1
8.13, EC 0.96 dS/m, organik madde igerigi %1.69, azot
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igerigi %0.03, kirec igerigi %?22.6, fosfor 4.86 kg/da,
potasyum 118.6 kg/da olup killi binyeye sahiptir.

Saks1 denemesinin kurulumu

Toprak oOrnekleri 2 mm’lik elekten elenmis, 3 kg‘lik
saksilara doldurulmustur. Her bir saksiya 10 arpa tohumu
ekilmis, ¢imlenme sonunda bitkiler 3’e seyreltilmistir.
Ekim ile birlikte, yosun giibresi saksilara % 0 (kontrol),
% 0.4, % 0.8, % 1 ve % 2 olacak sekilde ayr1 ayn
uygulanmis, her bir saksiya 50 ml olarak verilmistir.
Cimlenme sonrast tuz (NaCI), 0 mM (kontrol), 75 mM
ve 150 mM olmak iizere ayr1 ayri saksilara, sulama suyu
ile verilmistir. Tesadif parselleri deneme desenine gore
kurulan deneme 3 paralelli olarak yiiriitiilmiistiir.
Saksilara uygulanan tuz; ¢imlenme sonrasi 15 giin sonra
ara ile sulama gerektiginde sulama suyu ile
uygulanmistir. Bitkiler ekimden 12 hafta sonra hasat
edilmistir.

Bitki boyu, kok uzunlugu

Hasat edilen arpa boylari cetvel ile 6l¢iilmiistiir. Bitkinin
toprakla temas ettigi kok bogazindan bitki yapraginin ug
kismina kadar bitki boyu Ol¢ililmistiir. Hasat edilen
bitkiler kok bogazindan kesilmis, musluk suyu ile kokler
yikanarak topraklardan armdirilmistir. Cetvel yardimu ile
her bir uygulamadaki bitkilerin kok uzunlugu
Ol¢lilmusgtiir [4].

Bitkilerin yesil aksam ve kok kuru agirhiklar:

Hasat sonunda her bir uygulamaya ait saksilardaki yesil
aksam ve kok kisimlari kesilmis, ayr1 ayr terazide
tartilarak yas agirliklart belirlenmistir. Yas agirliklari
belirlenen 6rnekler ayr1 ayri kese kagitlarina konulmus,
sabit agirliga gelinceye kadar 65°C’lik etlivde
kurutulmus, tartilmis kuru agirliklart alinmastir [4].

Yaprak orneklerinde klorofil tayini
Her bir uygulamadan alinan yaprak 6rneklerinde klorofil

tayini yapilmig, sonuglar g/l olarak asagida verilen
formiile gore hesaplanmistir [4,13].

Klorofil a (g/1): 0.0127 x A663-0.00269 x 645
Klorofil b (g/1): 0.0229 x A645-0.00468 x A663

Kok bolgesi
analizler

topraklarinda bazi mikrobiyolojik

Hasat sonunda her bir uygulamadaki koklere yapisan
topraklar alinmig, bu topraklardaki B-glukosidaz ve
alkalin fosfataz enzim aktiviteleri incelenmistir.

B-glukosidaz enzim aktivitesi

Alinan toprak Ornegine; toluen, tris-aminometan, p-
nitrofenil, B-D-glukopironosid eklenerek 37°C’ de 1 saat



inkiibe edilmistir. Igerige CaCl, ve THAM cozeltisi
eklendikten sonra 410 nm dalga boyunda
spektrofotometrede Sl¢iilmiistiir [14].

Alkalin fosfataz enzim aktivitesi

Ornekler; toluen, MUB tamponu, p-nitrofenilfosfat ile
karigtirilarak  37°C‘de 1 saat inkiibe edilmistir.
Inkiibasyon sonunda agiga c¢ikan p-nitrofenol 410 nm
dalga boyunda spektorofotometrede olgtilmiistiir [15].

istatistik analiz

Her bir analiz 3 tekerriirlii olarak yapilmistir. Deneme
sonunda uygulamalardan elde edilen sonuclar, JMP
istatistik programi kullanilarak incelenmistir.

TARTISMA

Calismamizda, farkli konsantrasyonlarda yosun giibresi
ve tuz konsantrasyonlar: topraklara uygulanmig ve
rizosferdeki bazi enzim aktiviteleri ile arpa gelisimi
ilizerine olan etkileri sera kosullarinda
degerlendirilmisgtir. Yosun giibresinin farkli
konsantrasyonlar1 arpa yas agirhg iizerinde farkli etki
gostermistir. Tuz stresi kosullarinda uygulanan % 0.4’ 1k
yosun giibresi uygulamasi, uygulanan diger yosun
gubresi konsantrasyonlar1 ile karsilastirildiginda bitki
yesil aksam yas agirligini arttirmistir. En yiiksek agirlik
9%0.4 konsantrasyondaki yosun giibresi ve 75 mM NaCl
uygulamasindan (0.73 g) alinirken, en diisiik agirlik
%2’lik uygulanan yosun giibresi ve 150 mM NaCl’nin
birlikte uygulanmasi sonucu elde edilmistir (Tablo 1).
Yas agirlik 0.30 — 0.73 g/saks1 arasinda degismistir.
Yosun giibresi uygulamasinin, bitkilerin gelisimine olan
olumlu katkilarinin temel besin maddelerinin alimina,
toprak yapisinin iyilestirilmesi ve su tutma kapasitesinin
artmasina baglanabilir. Deniz yosunu 6ziitleri hem ¢evre
dostu hem de toksik olmadiklar1 igin geleneksel
giibrelere gore diigiik maliyetli alternatifler olarak ilgi
gbrmektedir  [16].  Yosunlardan elde edilen
biyogiibrelerin bitkilerin kok morfolojisini gelistirdigi
yapilan ¢aligmada belirlenmistir [16]. Arastiricilar, yosun
giibresi ile yapilan uygulamalarin bitkilerin daha derin
toprak katmanlarindan besin maddelerini yeterince
almabilmesini saglayarak kok ¢ogalmasini, ¢cimlenmesini
ve bilyiimesini tesvik ettigini 6ne siirmiislerdir. Ayrica
yosun giibresinin metabolizmay1 hizlandirirken, enerji
depolamay iyilestiren yapisal olmayan karbonhidratlarin
olusumunu indiikledigi, yapraklarin su tutmasi, membran
gecirgenligi ve osmolitlerin/iyonlarin  taginmasini
arttirarak yaprak bilylimesini gelistirdigi ve abiyotik
strese kargt toleransini arttirdigt agiklanmigtir [17].
Yosun giibresi uygulamalarmin en 6nemli etkilerinden
biri, gi¢lii kok sisteminin olusturulmasidir [18].
Calismamizda elde ettigimiz sonuglar, yosun giibresinin
topraklara uygulanmasi ile arpanin kok uzunlugu ve kok
agirhiginm  kontrole goére oldukg¢a 1iyi oldugunu
gostermigtir. Calismamizda kok uzunlugu iizerinde
uygulamalar etkili olmus, en fazla kdk uzunlugu tuz
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uygulamalar1 (75 mM ve 150 mM) ile birlikte % 0.8
yosun giibresinin birlikte uygulanmasi ile elde edilmistir.
Benzer olarak, yapilan bir arastirmada marulun yedi
giinliik gelisiminde yosun giibresi uygulamalarinin etkili
oldugu, kok gelisimini arttirdig1 rapor edilmistir [18].

Yosun giibresi ve NaCl uygulamalar1 ayr1 ayn
uygulandiginda  bitki  boyu  iizerinde etkileri
incelenmigtir. 75 mM tuz uygulamast ve yosun

gubresinin % 0.4’1uk konsantrasyonu ile en yliksek bitki
boyu alinirken, bunu %1’ lik yosun glbresi
konsantrasyonu izlemistir. Farkli NaCI uygulamalarinin
bitki boyu Uzerine etkileri istatistiki olarak 6nemsiz
bulunmustur. Yosun oOziitlerinin bitkiler {izerindeki
olumlu etkilerinin betainler, poliaminler,
oligosakkaritler, aminoasitler, vitaminler gibi ¢esitli bitki

biytmesini

diizenleyici

maddeleri

kaynaklandig1 agiklanmstir [19].

icermesinden

Tablo 1. Yosun giibresi ve tuz uygulamalarinin arpanin bazi
bitki 6zelliklerine etkileri

Yosun NaCl uygulamasi (mM)
glbresi
uygulamas Kontrol 75 150
1(%)
Bitki yesil aksam kuru agirlik (g/bitki)
0 0.47+0.02bcd | 0.37+0.02cd | 0.37+0.03 cd
0.4 0.33+0.02d | 0.73+0.05a | 0.53+0.04 bc
0.8 0.37+0.03 cd | 0.47+0.01 bed | 0.43+0.01 bced
1 0.60+0.07 ab | 0.47+0.01 bed | 0.43+0.01 bcd
2 0.33+0.02d | 0.43+0.01 bcd | 0.30+0.06d
Arpa boyuna etkileri (cm)
0 38.87+0.02a-d | 38.47+0.02a-d | 39.50+0.03
abc
0.4 34.10+0.03d- | 42.50+0.04 a | 37.87+0.02a-f
h
0.8 29.60+0.04h | 33.1740.05e- | 31.23+0.02
h fgh
1 40.93+0.07ab | 35.37+0.01c-g | 36.23+ 0.02b-
f
2 31.03+0.03fg | 30.70+0.01 gh | 29.73+0.02 h
h
Kok kuru agirlik (g/bitki)
0 0.007+0.04 | 0.007+0.02gh | 0.008+0.04 e-
gh h
0.4 0.006+0.04 h | 0.008+0.02 | 0.011+0.06 d-
fgh g
0.8 0.013+0.03 0.019+a 0.013+0.06
bcd bcd
1 0.015+0.05 0.014+0.05 | 0.017+0.05 ab
bcd bcd
2 0.016+0.05 | 0.012+0.03 c- | 0.012+0.03cd
abc f e
Kok uzunlugu (cm)
0 10.3+0.07abc | 10.5+0.05bc | 11.7 #0.05b
0.4 10.7+0.05abc 8.7+0.02c 11.7+0.04 ab
0.8 12+0.03ab 13.2+0.04a 13.2+0.04a
1 11.03+0.01ab | 10.90+0.05ab | 10.03+0.06bc
c c
2 9.60+0.01 bc | 11.77+0.04ab | 8.83+0.0c

Bu bilesiklerin bitki

sirgiin ve kok dokusunun

biiylimesini olumlu yonde etkiledigi belirtilmistir [19].
Deniz yosunu gibresindeki zengin mineraller, organik



asitler, aktif madde, besinlerin bitkiler tarafindan
emilimini, taginmasini ve kullanimini tegvik edebilmistir
[20]. Stres altindaki bitkilere uygulanan yosun
ekstraktlarinin tuzlu kosullarda yetistirilen bitkilerin
biyokiitlesinden daha iyi etki gosterdigi agiklanmistir
[21]. Bizim c¢alismamizda da yosun giibresinin
uygulanmasi ile tuz stres kosullarinda kontrole gore kok
uzunlugu, kok yas agirhigi, yesil aksam agirliginin
artmast  arastiricilarin - bulgulart  ile  benzerlik
gostermektedir. Deniz yosunu ekstraktlari uygulamalar
tarimsal iiretimde bitkilerin gelisimi ve verimi igin
oldukga yararli bulunmustur [22,23]. Chen ve ark. [24]
tarafindan yapilan bir aragtirmada ise, Ascophyllum
nodosum’dan ekstre edilen yosun giibresinin misir
gelisimi, rizosfer toprak iizerine etkileri incelenmistir.
Aragtiricilar, giibreleme sonunda musir fidelerinin
biyomasinin arttigini belirlemislerdir. Kontrol grubu ile
kargilastirildiginda Ascophyllum nodosum ekstrelerinin
uygulandigi fidelerin boy uzunlugu, yesil aksam
agirliklarmin 6nemli olarak arttigi rapor edilmistir [24].
Bu sonuglar bizim ¢alismamizdaki  sonuglari
desteklemektedir. ~ Uygulamalarin kok uzunluklar
tizerine etkileri incelenmis, farkli konsantrasyonlarda
uygulanan yosun gibresinin % 0.8’lik konsantrasyonu
kontrole gore kok uzunlugunu arttirmistir. Yosun
gubresinin % 0.8’lik konsantrasyonu ile birlikte 75 mM
NaCl uygulamasi ve yosun glbresinin  9%0.8’lik
konsantrasyonu ile 150 mM NaCl uygulamasi diger
uygulamalara gore onemli bulunmustur. En yiiksek kok
kuru agirligi % 0.8 yosun gubresi ile 75 mM NaCl’nin
birlikte uygulanmasi ile elde edilmistir. Caliymamizda da
yosun giibresi uygulamalarinin arpa yesil aksam yas
agirhigi, kok agirlig, bitki boyu ve kdk uzunlugu iizerine

etkilerinin, rizosfer topraginda yosun giibrelerinin
topraktaki  besini  arttirmasindan  kaynaklanabilir.
Tuzluluk stresi  fotosentezde bozulmaya neden

oldugundan bitki gelisimi ve verimini azalmaktadir.
Yapilan bir ¢aligmada Sargassum angustifolium
ekstraktinin tuz stresinin etkisini hafifletme yetenegini
dogrulamak amaciyla Calotropis procera yapraklarinimn
klorofil igerigi Olclilmiis, sonuglar tuz stresinin
yapraklardaki klorofil icerigini 6nemli 6l¢iide azalttigini
gOstermistir [21]. Arastiricilar; tuz stresi altinda (15 dS/m
NaCl ve daha diisiikk konsantrasyonlarda) Sargassum
angustifolium’un %0.5’lik konsantrasyonunun kontrole
gore klorofil igerigini arttirdigini tespit etmislerdir [21].
Yaprak klorofil degerinin, tuzluluk stresine yanit olarak
tuz toleransmin bir gostergesi oldugu bildirilmistir [25].
Uygulanan yosun giibresinin %1’lik konsantrasyonu ile
en yiksek klorofil a igerigi alimirken, % 0.4’lik
konsantrasyon ile en yiiksek klorofil b igerigi elde
edilmigtir.  Uygulanan  yosun  giibresinin  farklhi
konsantrasyonlar1 klorofil a ve b igerigine farkli etki
gostermistir. Klorofil a igerigine %1°lik yosun giibresi
dozu ile 150 mM NaCl uygulamasi etkili bulunmustur.
Klorofil b igerigi iizerine en yiiksek deger 75 mM NaCl
ile % 0.4 yosunun birlikte uygulanmasi ile elde edilmistir
(Sekil 1). Sonuglarimiz arastiricilarin  bulgulart ile
benzerlik gostermektedir. Buna gore cesitli raporlar
yosun giibresi uygulamasinin tuz stresi ve kuraklik stresi
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kosullar1 altinda klorofil i¢erigini arttirdigini gostermistir
[20, 26]. Tuzlulugun neden oldugu artan oksidatif stresin;
klorofil yapisini etkiledigi ve klorofil icerigini azalttig
bildirilmistir [27,28]. Calismamizda da klorofil a ve b
arasindaki farkliigin nedeni klorofil igerigindeki
azalmanin tuzun membran stabilitesi {izerindeki olumsuz
etkisinden kaynaklandigi, tuz uygulamasi ile klorofilin
kesintiye ugramasi sonucu pigmentasyondaki azalmaya
neden olmasi, Mg birikiminin  azalmasindan
kaynaklanabilecegi, tuz uygulamalar1 ile klorofilazin
yavasg sentez veya hizli parcalanma ile klorofil a ve b
sentezini etkilemis olabilecegi diisiiniilmektedir. Yosun
ekstraktlar1 uygulanan bitkilerin, saglikli ve verimli
geligmesinin  diger nedeni ise; ekstraktlar tarafindan
etkilenen topraktaki yararli mikrobiyal popiilasyonu da
uyararak, kok bolgesi aktiviteyi uyarmasi olabilir.
Topraklarda, rizosferik enzimatik aktiviteyi
antibiyotikler, pestisidler, agir metaller, tarla yonetimi,
organik atiklar gibi onemli faktorler etkileyebilmektedir
[26,30]. Toprak enzim aktiviteleri toprakta mikrobiyal
gelismenin indikatdrleri olarak sik sik kullanilmaktadir.
Toprak enzimleri besin dongiisii ile iliskilidir ve
faaliyetleri topragin verimliliginin korunmasi i¢in
gereklidir [7]. Yosun glbresi ve tuzun farkli
konsantrasyonlar1 topragin alkalin fosfataz aktivitesi
iizerinde farkli etki gostermistir (Sekil 2). Yosun
gubresinin artan konsantrasyonlar1 alkalin fosfataz
aktiviteyi arttirmistir. En yiiksek aktivite % 2 yosun
giibresi uygulamasindan almmustir.  Farkli  NaCl
konsantrasyonlart ve yosun giibresi uygulamalarimin
birlikte uygulanmalari; topraktaki aktivite Gzerinde de
etkili bulunmustur. 150 mM NaCl uygulamasinda alkalin
fosfataz aktivite en diisiik olarak bulunmustur (1.09 pg

PNP/g toprak). Yosun giibresinin farkli
konsantrasyonlar1 rizosfer topraginda B-glukosidaz
aktive tlizerinde etkili bulunmustur. En disik -

glukosidaz aktivite yosun giibresinin uygulanmadigi
topraklardan almirken, en yiiksek aktivite yosun
gubresinin en yiiksek konsantrasyonunda elde edilmistir.
Tuz uygulamalarma artan yosun giibresinin ilavesi ile
aktivitenin kontrole gore arttig1 gézlemlenmistir.
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Sekil 1. Yosun gibresi (%) ve tuz uygulamalarinin klorofil a ve
b (g/1) icerigine etkileri

Caligmada yosun gubresi ile muamelelerin arpa
fidelerinin yas agirligi, kok agirligi, bitki boyunu
arttirmalar1 Jafarlou ve ark. [21] tarafindan bildirildigi
gibi topraktaki yosun giibresi ilavesi ile kazanilan besin
maddelerinin bitkilerce besin maddelerinin daha fazla
absorbe edilmesinden ve bitki tarafindan
kullanilabilmesinden kaynaklanabilir. Toprak enzim
aktiviteleri inorganik besin maddelerinin formlarmi
etkileyebilmektedir ~ [31] ve topraktaki  besin
maddelerinin; B-glukosidaz, fosfataz aktiviteyi dnemli
Olglide arttirdigi agiklanmigtir [32]. Calismamizda ise
yosun gibresinin %0.8, %1 ve %2 konsantrasyonlarimin
tuz stres kosullarinda kontrole gére hem alkalin fosfataz
hem de B-glukosidaz aktiviteyi arttirdigi belirlenmistir
(Tablo 2). Bu sonuglar, tuz uygulamalarmin enzim
aktivite degerini azalttigimi, yosun giibresinin yiiksek
konsantrasyonlarmin  topraklardaki  toprak enzim
aktivitelerini uyardigin1 gostermektedir. Bu sonuglara
dayanarak sivi yosun giibresinin topraga uygulanmasinin
toprak mineralizasyonunu arttirdigini, mevcut besin

maddelerinin konsantrasyonunu arttirdigin
disiiniiyoruz. Ayrica enzim aktivitelerindeki degisimler,
muhtemelen mikroorganizmalarin ve kok

eksudantlarinin tiir ve miktarlarindaki degisimleri de
yansitmis olabilir. Organik giibre uygulamalari ile toprak
enzim aktivitelerinin iligkileri birgok aragtirici tarafindan
da degerlendirilmistir. Toprak enzim aktiviteleri lizerine
ayrica yiksek pH, disik toprak nemi, sicaklifi,
topraklarin azot diizeyleri de etkili olabilmektedir [33].

SONUC

Calismada topraktan wuygulanan ticari sivi yosun
giibresinin beg farkli konsantrasyon ve sulama suyu ile
verilen farkli tuz uygulamasinin sera kosullarinda arpa
rizosfer topragmin B-glukosidaz ve alkalin fosfataz
enzim aktivitesi Uzerine etkisi bdlgemiz topraklari i¢in
ilk kez arastirilmistir. Bu ¢aligma ile uygulanan yosun
giibbresi ve tuz uygulamalarinin, arpa gelisim
parametreleri iizerine olan etkisi degerlendirilmis,
uygulanan yosun giibresinin arpa yesil aksam agirhigi,
kok agirligi, bitki boyu ve kok uzunluguna etki ettigi,
klorofil igerigini arttirdig1 belirlenmistir. Hem bitki hem
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de rizosferdeki mikrobiyolojik 6zellikler Uzerine gibre
ve tuz uygulamalarmin etkilerinin test edilen toprak
ozellikleri, bitki tiirli, uygulama dozlarina gore degisiklik
gosterdigi dikkate alindiginda [4,7] sera kosullarinda da
rizosfer topragmin B-glukosidaz ve alkalin fosfataz
enzim aktivitesi ilizerinde etkili oldugu calismamizda
saptanmigtir. Ayrica uygulanan yosun giibresi, tuz
uygulamalarinin olusturdugu strese kars1 bitki gelisimini
tesvik  etmistir.  Sivi  yosun  giibresinin  artan
konsantrasyonlarinin rizosfer topragin B-glukosidaz ve
alkalin  fosfataz  enzim  aktivitelerini  arttirdig:
incelenmistir. Yosun giibresinin toprak mikrobiyal
toplulugu iizerine etkilerini arastirmak, yosun giibresinin
topraklara ilavesinden sonra topraktaki mikroorganizma
populasyonunun nasil degistirdigini belirlemek ileride
yapilacak ¢alismalarla belirlenecektir. Caligmamizda
dogal 151k alan sera kosullarinda sivi yosun giibresinin
arpa gelisimi tizerinde olumlu etkisinin; ileride yapilacak
tarla  denemeleri ile bitkinin besin ihtiyacinin
kargilanmasi ve veriminin arttirilmasina olan katkilari
belirlendikten sonra hem ¢evre kirliliginin 6nlenmesi
hem de ¢ift¢inin ekonomik olarak tasarrufunu saglamak
amaciyla onerilebilecektir.

Tablo 2. Farkli konsantrasyonlarda yosun giibresi ve NaCl
uygulamalarinin rizosfer topraginin alkalin fosfataz aktivite (ug
PNP/g toprak) ve pB-glukosidaz (mg-p nitrofenol/g toprak)
aktivite tzerine etkisi

Rizosfer NaCl konsantrasyonu (mM)
- Yosu
topragin n
bazi gubre
enzim - Kontrol
aktivitel | ) & 150
) (%)
eri
@ 0 2.85+0.01 | 2.43x0.01 | 1.09+0.01
= 1j ol On
% 0.4 2.76x 2.43+£0.02 | 2.14+0.01
~ % 0.016k 21 7m
s ’g 0.8 5.96+0.02 | 5.02+0.03 | 4.87+0.02
13 = 79 4h 1
“z 1 11.43+0.0 | 11.28+0.0 | 9.86+0.02
£Z 38d 32 7f
g 2 2 15.41+0.0 | 13.65% 12.28+0.0
© = 33a 0.020b 11c
a 0 10.0240.0 | 9.09+0.05 | 8.15+0.07
g 2k m n
- 0.4 9.49+0.06 | 10.16+0.0 | 11.24+0.0
K | 9k 12]
g 0.8 13.95+ 13.25+ 12.83+0.0
8 0.011e 0.018g 18h
2o 1 15.56+0.0 | 14.42+ 12.28+0.0
58 2lc 0.020d 171
== 2 18.90+0.0 | 17.77+0.0 | 13.610.0
i 23a 24b 17f
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MS besin ortaminda Buttumun (Pistacia khinjuk Stocks) azot kullanim verimliligi
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Pistacia khinjuk (Buttum) tirli Antep fistiginin dogal bir anag tiirtidiir. P. khinjuk'un tohum ve gévde celikleriyle
cogaltilmasmin zorlugu, siirgiinlerin mikrogogaltilmasini iyi bir secenek haline getirmektedir. Bu ¢aligmada P.
khinjuk’un mikrogogaltimini daha verimli ve ekonomik hale getirmek amaciyla amonyum nitrat, oksin ve sitokinin
cesitleri ve miktarlar1 optimize edilmistir. Bu amagla, P. khinjuk turtinin strgin ucu kaltirl ile mikrogogaltiminda
Murashige ve Skoog (MS) temel besin ortamimma NHsNOs’in 1650, 825, 412.5 ve 206.25 mg/L dlzeylerinde
katilmasinin siirgiin ve kok olusumu tizerine etkileri arastirilmigtir. Siirgiin ¢ogaltim asamasinda sitokininlerden,
benzil amino purin (BAP), 6-furfurilaminopurin (kinetin) ve 2-izopentil adenin (2-1P), surglnlerin kéklendirilmesi
asamasinda oksinlerden, naftalen asetik asit (NAA), indol butirik asit (IBA) ve indol asetik asit (IAA) kullanilmistir.
Sonuglarimiza gore, siirgiin ¢ogaltimi agamasinda en yiiksek eksplant bagina diigen siirgiin sayist (1.79), 0.5 mg/L
BAP, ortalama siirgiin uzunlugu (17.43 mm), 1 mg/L 2-IP ve total ¢bzulebilir protein ise (3.35 mg/g) 2 mg/L BAP
destekli 825 mg/L NHsNOziceren MS ortamindan elde edilmistir. Strgtnlerin in vitro koklendirilmesinde kdklenme
orani (% 81), eksplant bagina diisen kok sayisi (4.25) ve total ¢6ziilebilir protein miktar1 (3.25 mg/g) 0.5 mg/L NAA,
ortalama kok uzunlugu ise (18.30 mm) 2mg/L IBA destekli 412.5 mg/L NHsNOj3 iceren MS besin ortaminda en yliksek
degerde oldugu gozlenmistir.

Anahtar Kelimeler: Amonyum Nitrat, C6zllebilir Protein, MS, NAA

Nitrogen use efficiency of Buttum (Pistacia khinjuk Stocks) on MS nutrient medium

ABSTRACT

Pistacia khinjuk (Buttum) species is a native rootstock plant species of pistachio. The difficulty of seed and stem
cuttings propagation of P. khinjuk make shoot micropropagation a good option for this species. In this study, the
amount of ammonium nitrate, the types and amount of auxin and cytokinins have been optimized in order to make the
micropropagation of P. khinjuk more efficient and economical. For this purpose, different amounts of NHsNO3 (1650,
825, 412.5 and 206.25 mg/L) were added to basic nutrient medium of Murashige and Skoog (MS) to investigated
propagation and rooting of shoot of P. khinjuk species. For the shoot micropropagation stage cytokinins, benzylamino
purine (BAP), 6-furfurilaminopurine (Kinetin) and 2-isopentyl adenine (2-1P), and for the rooting stage of the shoots
auxins, naphthalene acetic acid (NAA), indole butyric acid (IBA) and indole acetic acid (IAA) were used. As our
results, in the shoot micropropagation stage, the highest number of shoots per explant (1.79) in 0.5 mg/L BAP, average
shoot length (17.43 mm) in 1 mg/L 2-1P and total soluble protein (3.35 mg/g) in 2 mg/L BAP medium were obtained
from MS medium containing 825 mg/L NH4NOs. In rooting of shoot, the highest value of rooting rate (81%), number
of roots per explant (4.25) and total soluble protein (3.25 mg/g) in 0.5 mg/L NAA medium the average root length
(18.30 mm) in 2mg/L IBA medium were observed in MS medium containing 412.5 mg/L NH4NO3,

Keywords: Ammonium Nitrate, MS, NAA, Soluble Protein

GIRiS beslenmesinde asir1 azot kaynaklarinin olusturdugu

toksisiteye Campos ve ark. [2] tarafindan deginilmistir.
Azot (NH4*, NO3), en o6nemli makro besin Doku kiltiri metodu, hem arastirma amacgh hem de
elementlerinden  biridir ve bitki blylmesi ve ticari amagh bitki ¢ogaltimi i¢in olduk¢a hizli ve
gelismesinde hayati rol oynayan protein, nikleik asit,  glvenilir bir ydontemdir. Doku kiiltiiriinde basarinin elde
enzim kofaktorleri ve sekonder metabolitlerin ana edilmesi  siirgiin = ¢ogaltiminda ve  slrglnlerin
bilesenidir. Uygun azot formu ve yeterli azot temini, koklendirilmesinde  optimum  kiltiir =~ ortaminin
optimum bitki biytimesinde dikkat edilen parametrelerin ~ bulunmasi, mikrogogaltma isleminin tamamlanmasi
baginda gelmektedir [1]. Bunun yaninda bitki agisindan olduk¢a Onemlidir [3]. Besin ortami icerik
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maddeleri, farkli beslenme veya bitki biiyiime
dizenleyicileri gereksinimleri nedeniyle turden tire
farklilik gosterebilir. Bu nedenle kiiltiire alinan tiirlerin
stirgiin ¢ogaltimi ve koklendirme asamasinda etkili
¢ogaltim sonuclarmin elde edilmesi i¢in, farkli bazal tuz
formulasyonlarinin, farkl bitki biiytime
dizenleyicilerinin veya ortamdaki degisen mineral
konsantrasyonlarinin test edilmesi gereklidir [4].
Bitkilerde asir1 amonyum enzimatik aktivitenin
azalmasma ve bitkinin morfolojik ve fizyolojik
ozelliklerinde degisiklige neden olan makro molekiillere
(protein, lipit, nlkleik asit) zarar vererek etkisini
gostermektedir [5]. Ayrica asirt azot (NH4*, NO3), K¥,
Ca?* ve Mg?* gibi diger katyonlarla rekabet ederek bu
besinlerin emilimini azaltmaktadir [6]. Bununla birlikte,
optimum azot konsantrasyonlarinda, 6zellikle bitkilerin
daha fazla biyumesini tesvik eden daha biyiik bir
fizyolojik ve beslenme aktivitesi gosterdigi bilinmektedir
[7]. Mikrogogaltim amagh yapilan ¢aligmalarda MS [8]
besin ortami igerigi elementlerinin farkli kuvvetlerde
kullanildiginda organojeneze [9], stirgiin ucu nekrozu ve
kararmaya [10], siirglin ve kok olusumuna [11] ve
mikrogogaltima sinirlayict bir etki yapan hiperhidrisiteye
[12] neden oldugu vurgulanmistir.

Antepfistig1 anaglarina ait tohumlarin ¢imlenme ve
koklenme sorunlari, anag ¢ogaltiminda biiyiik engeller
yaratmaktadir [13]. Bu anaglarin gelikle ¢ogaltiminda
diger agag tiirleri gibi basar1 gosterilemedigi [14] i¢in
mikrogogaltim yontemleri kullanilmaya baglanmistir.
Antepfistig1 yetistiriciliginde yeni bahgelerin tesisi igin
ihtiyag duyulan ana¢ sayisint  karsilamak {izere
biyoteknolojik bir ydntem olan mikrogagaltim teknigi ile
bircok Pistacia tiriiniin mikrogogaltimi gerceklesmistir.
P.  khinjuk tiirlerinde  yapilan  mikrogogaltim
galismalarinda MS besin ortamindan daha verimli
sonuglarin elde edildigi ortaya konmustur [15]. Ancak,
Pistacia tiirlerinin siirgiin ¢ogaltiminda hiperhidrasyon,
biyokiitlenin daha ¢ok kallus olusumu ile sonuglanmasi,
verimli siirgiin olusumunu engellemektedir. Ayni sekilde
stirgiinleri koklendirme ¢aligmalar1 da diisik oranda
gerceklesmektedir [15]. Buna ek olarak siirgiin olugturma
ve koklendirme basamaklarinda kullanilan optimal azot
(amonyum ve nitrat) miktar1 mikrogogaltimdaki
maliyetler agisindan da 6nemli yer tutmaktadir. Ozellikle
MS besin ortamindaki azot kaynaklarina karsi bitki
dokularmim farkli tepkilerine dikkat ¢ekilmekte ve bu
ortamlardaki amonyum nitrat (NHsNO3) ve potasyum
nitrat (KNO3) diizeylerinin azaltilmast ile siirgiin ve kok
olusumunda artig saglandigi bildirilmektedir [16].

Bazi bitki tiirleri i¢in optimal azot kullanimi miktar
caligmalari bilinmektedir [17, 7] ancak bu tiir ¢aligmalar
mikrogogatilan Pistacia turlerinde hentiz yapilmamustir.
Bu ¢alismada, buttumun siirgiin ucu kiiltiirii ile co-
galtiminda MS temel besin ortamina NH4NOs’in 1650
mg/L, 825, 4125 ve 206.25 mg/L dizeylerinde
katilmasmin siirgiin ve kdk olusumu {iizerine etkileri
arastirilmigtir.
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P. khinjuk tohumlari Batman ili Bati Raman Dagi
lokasyonundan 2023 Kasim ayinda farkli agaglardan
toplanmustir. Laboratuvarda meyvesinden
uzaklastirildiktan sonra tohum kabugu ¢ikarilarak
tohumlar %20 ticari sodyum hipoklorit ile 20 dakika
dezenfekte edilerek seker icermeyen MS besin ortaminda
¢imlendirmeye birakilmistir. Cimlenen tohumlardan elde
edilen aksenik strgunler kullanilarak 1 mg/L benzil
amino plrin (BAP) iceren MS temel besin ortaminda
slirguin stoku olusturulmustur. Bu siirgiin stokundan elde
edilen sirgunler MS temel besin ortaminin NHsNO3’in
1650, 825, 412.5 ve 206.25 mg/L kuvvetlerinde stirgiin
cogaltimlar1 test edilmis ve en uygun NHsNOs
miktarinda 0.5, 1 ve 2 mg/L BAP, kinetin ve 2-1P ile
sirgiin - ¢cogaltimilar1  belirlenerek surgunlerde total
¢Oziinebilir protein miktari 6l¢iilmiistiir.

Koklendirme ¢alismalarinda MS temel besin ortamimin
NHsNOz’1in 1650, 825, 412.5 ve 206.25 kuvvetleri ve
NAA’in 1 mg/L miktar1 kullamlmistir. En uygun
NH4NO3 miktarinda 0.5, 1 ve 2 mg/L NAA, IBA ve IAA
kullanilarak stirglnlerin koklenme orani, eksplant basina
diisen kok sayisi, ortalama kok uzunlugu, koklerin total
¢ozunebilir protein igerigi Ol¢lilmistiir. Besin ortami
pH’1 5.8 olarak ayarlanmistir. Eksplantlar, 22+2 °C, 16/8
h fotoperiyot ve 3500 liix uygulanan bitki biiyiime odasi
kosullarinda 28 giin bekletilerek veriler kayit edilmistir.
Ortalama siirgiin sayisi, bir eksplant iizerinde gelisen
strgunlerin ortalamasiin alinmasi sonucu ortaya ¢ikan
rakami ifade etmektedir. Siirgiin gogaltiminda test amagh
kullanilan siirgiinlerin uzunlugu 10 mm’dir.

Ortalama siirgin uzunlugu (mm), siirgin ¢ogaltimi
sonucu gelisen surgunlerin dijital kumpasla 6lculerek
ortalamasinin alinmasi sonucu ortaya ¢ikan rakami ifade
etmektedir.

Koklenme orani (%), koklenen siirgiin sayisinin toplam
sirglin sayisina oranmi yiizde (%) olarak ifade
etmektedir.

Eksplant bagina diisen kék sayisi, koklenen her bir
stirgiindeki primer kok sayisinin ortalamasimi ifade
etmektedir.

Koklendirme i¢in  kullanilan
yaklagik olarak 30 mm’dir.
Ortalama kok uzunlugu (mm), koéklenen strglnlerdeki
primer kdk uzunlugunun dijital kumpasla oOlgiilerek
ortalamasinin alinmasi sonucu ortaya ¢ikan rakami ifade
etmektedir.

In vitro stirgiin ve kok dokularindaki toplam ¢6ztinebilir
protein miktari, Bradford [18] metoduna gore
belirlenmistir. Taze bitki 6rneginin 0.5 g'1 100 mM fosfat
tamponunda (pH 7.0) homojenize edilerek +4 °C'de
santrifiij edilmistir. Stipernatanttan 20 pl alinip iizerine
sirastyla 480 pl distile su ve 5000 pl Bradford soliisyonu
eklenerek UV-Vis spektrofotometre ile 595 nm dalga
boyunda absorbanslari Ol¢iilmistiir. Dokularindaki
toplam ¢oziinebilir protein miktari, Bovine Serum
Albumin (BSA) ile hazirlanan standart egri grafigi
yardimiyla hesaplanarak mg/g taze agirlik olarak ifade
edilmistir. Absorbans=0.6831x+0.0186, R2 :0.9995

stirglinlerin  uzunlugu

Veri Analizi



Veriler standart varyans analizi (One-Way ANOVA)
prosediirii kullanilarak analiz edilmistir. Istatistiki nem
goriilen islemler belirlendiginde ortalama veriler
arasindaki farkliliklar P < 0.05 seviyesinde Duncan (Post
hoc) c¢oklu karsilastirma testine tabi tutulmustur.
[statistiksel analiz Windows icin SPSS 16.0 suriimii
kullanilarak yapilmistir.

TARTISMA
Siirgiin cogaltim

Siirgiin olusturma verileri degerlendirildiginde (Tablo 1)
1 mg/L BAP destekli 825 mg/L NH4sNOs iceren MS besin
ortaminin, eksplant basina diisen siirgiin sayisi, ortalama
stirglin uzunlugu ve total ¢ozilebilir protein degeri
acisindan 1650, 412.5, 206.25 mg/L miktarlarindan daha
yiiksek degerlere sahip oldugu gorulmektedir. Bununla
birlikte siirgiin say1s1 bakimindan NHsNO3’nin 825 mg/L
miktarinin 1650 mg/L ile ve ortalama siirgiin uzunlugu
bakimindan da 1650 mg/L ve 412.5 mg/L ile arasindaki
farklilik istatistiksel anlamda onemsizdir. Genel olarak
bu parametreler bakimindan 206.25 mg/L NHsNOs;
miktarinda 6nemli diizeyde bir farklilikla ¢alismanin en
diigiik degerleri belirlenmistir. 825 mg/L NH4NO3 iceren
MS besin ortami BAP, kinetin ve 2-IP sitokininlerinin
0.5, 1 ve 2 mg/L miktarlar ile test edildiginde en yiiksek
eksplant bagma diigen siirgiin sayist (1.79) 0.5 mg/L
BAP, ortalama siirgiin uzunlugu (17.43 mm) 1 mg/L 2-
IP destekli MS ortamindan elde edildigi gérilmektedir
(Tablo 2). Aymi zamanda BAP ve 2-IP sitokinin
cesitlerinin  siirgiin  ¢ogaltiminda benzer sonuglar
verdiginden ekonomik olan sitokinin ¢esidinin
kullanilabilecegi s6ylenebilmektedir. Amonyum nitratin
asimilasyonu ile ilgili degerlendirmelerde ortalama
siirgiin say1s1 ve ortalama siirgiin uzunlugunun en yiiksek
oldugu BAP destekli uygun amonyum nitrat miktarida
(825 mg/L) ¢ozllebilir total protein degerlerinin anlaml
farkliliklar gostermedigi goriilmektedir (Tablo 2).

BAP destekli MS temel besin ortaminda 825 mg/L
NHsNO; miktarinin Schizlobium amazonicum agacinda
[20] ve brokolide [19] siirgiin gogaltimini artirdig1 rapor
edilmigtir. Manyok bitkisi mikrogogaltiminda ise
NHsNO3 miktariin 825 mg/L den daha az kullanilmasi
[21] ile siirgiin ¢ogaltimi optimizasyonunda verimli
sonuglarin elde edildigi rapor edilmistir. Benzer sekilde
MS temel besin ortammda NH4NO3 ve KNO3’1n sirastyla
1/4 ve 1/2 oranlarinda azaltilmasi ile Japon orkidesinde
sirglin - gogaltimmnin basarildigr bildirilmistir ~ [22].
Benzer bagka bir caligmada Aloe compressa’nin in vitro
mikrogogaltiminda NH4NO3’1 825, 1650 ve 4950 mg/L
miktarlarindan en verimli ve saglikli siirglnlerin, 825
mg/L’de ve 1 mg/L BAP ile elde edildigi vurgulanmigtir
[12]. Da Silva ve ark. [7] sart carkifelek meyvesi
fidelerinin olusumu igin besin ¢6zeltisinin 234.5 mg/L N
icermesi ve bu besin maddesinin %40'inin amonyum
formunda olmasi gerektigi ve bununla birlikte, besin
cozeltisindeki 104. 8 mg/L NH4* iizerindeki miktarin
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katyonlarin, emiliminde ve sirgiinlerin kuru madde
agirhiginda azalmaya neden oldugu bildirmistir. Besin
ortaminda asir1  miktarda amonyumun birikmesi
yapraklarda kloroz ve nekroz [2] gelismesi ve siirgiin
gelisimi ve kuru madde birikimindeki azalmayla
sonuclanabilmektedir [7]. Kiiltiir ortamimda amonyum ve
nitratin uygun oranlarimin bilinmemesi [23] ve amonyum
ya da nitratin emilimi asimilasyonu, genetik, sicaklik, pH
besin maddeleri, su ve bitki biyime diizenleyicilerinin
etkilesiminden kaynaklanabilecegi de bildirilmistir [24].
Khajehyar ve ark. [4] sitokinin ¢esidi ve 2 MS kuvvetli
mineral iceriginin Philadelphus microphyllus A. Gray
bitkisi siirgiin ¢ogaltiminda belirleyici bir rolle sahip
oldugunu bildirmistir. Siirgiin ¢ogaltimiyla ilgili yapilan
bu ¢alismalarda sitokinin ¢esidi ve MS besin ortamindaki
diger besin elementleri ve amonyum nitrat miktarinin
farkl1 bitki tlirlerinde farkli sonuglara neden olabilecegi
bildirilmigtir. Bu ¢aliyjmada 825 mg/L NH4NOs igeren
MS temel besin ortamimimn 0.5, 1 ve 2 mg/L BAP ile
desteklendiginde eksplant basina diisen siirgiin sayisi,
ortalama siirglin uzunlugu ve ¢oziilebilir protein degerleri
bakimindan istatiksel olarak anlamali farkliliklar
olugturmadigi anlagilmaktadir. Ancak 0,5 mg/L BAP
miktarinin ekonomik olarak daha verimli olacagi
gorilmektedir.

Koklendirme

Calismamizda koklenme orani bakimindan 412.5 mg/L
NHsNO3; miktar1 1650, 825 ve 206.25 mg/L miktarlar1 ile
kargilastirildiginda ¢ok belirgin bir farkla koklendirme
sonuglarina etki ettii gorilmektedir (Tablo 3).
Koklendirmede oksin g¢esitleri ve miktarlarmin
koklendirme {izerinde etkili oldugu da Tablo 4’te
gortlmektedir. Koklenme orani bakimmdan NAA’nin
0.5, 1 ve 2 mg/L dozlarmin benzer sonuglar verdigi ve
NAA’nin, IBA ve IAA’ya gore istatistiksel bakimdan
6nemli bir farkla daha yiiksek koklenme oranlar: verdigi
goralmektedir (Tablo 4). Eksplant bagmma diisen kok
sayisi, ortalama kok uzunlugu ve total ¢zilebilir protein
miktar1 412.5 mg/L NHsNO3 iceren 0.5, 1 ve 2 mg/L
NAA ortamlarinda istatiksel olarak birbirine yakin
degerlerde ¢ikmustir. Her ne kadar IBA ortaminda
ortalama kok uzunlugu daha yiiksek ¢ikmigsa da bu
koklerin ¢capinin NAA ortamindakilerden daha diisiik ve
kirllgan oldugu goézlenmistir. Buna ek olarak NAA
ortaminda eksplant basina diisen kok sayist IBA
ortamindan neredeyse iki kat, koklenme yizdesi de
nerdeyse % kat daha yiiksek ¢ikmigtir. Kéklendirme de
total ¢oziilebilir protein miktar1 412.5 mg/L NHsNO3
iceren 0.5, 1 ve 2 mg/L NAA ortaminda birbirine yakin
degerlerde ¢iktig1 goriillmektedir (Tablo 4). 412.5 mg/L
NHsNO; ortam1 NAA ile desteklendiginde, IBA ve IAA
ya gore azot asimilasyonunun daha iyi yapildig: total
¢oziilebilir protein degerinden anlasilmaktadir.

Bagka benzer ¢aligmalarda 825 mg/L NH4sNOgsiceren MS
temel besin ortaminda, “Julyred” elma cesidinde [25]
strglnlerin 0.5 ve 1.0 mg/l IBA uygulamalarinda
sirastyla %80 ve %90 koklendigi, “Red General Fuji”
elma cesidinde [26] ise 0.5 mg/l IBA+0.5 mg/l NAA



iceren MS temel besin ortaminda %86 oraninda
koklendigi rapor edilmistir. 206.25 mg/L NHiNO3
diizeyinde MS besin ortaminda zor ve kolay kdklenen
elma genotiplerinde kdklenme oram1 1 mg/L IBA
uygulamasi ile sirasiyla %50 (Golden Delicious) ve
%100 (MM106) sonuglar1 elde edilmistir [17].

Amghar ve ark. [27], NHsNOs konsantrasyonunun 825
mg/L'e diisiiriilmesi ve kiiltiir ortamina oksinler (IBA ve
NAA), putresin ve AgNO; eklenmesiyle argan
stirgiinlerinde basarili in vitro koklenme ve kuvvetli kdk
gelisiminin elde edildigini gostermistir. Da Silva ve ark.
[7] sar1 garkifelek meyvesi fidelerinin olusumu i¢in besin
cozeltisinin 98.3 mg/L NH4* igermesi gerektigi ve
bununla birlikte, besin ¢ozeltisindeki 104. 8 mg/L NH.*

tizerindeki miktarin katyonlarin, emiliminde, kok
gelisimi ve kok kuru maddesinde azalmaya neden oldugu
bildirilmistir. Kenevir (Canabis sativa L.) bitkisi in vitro
cogaltiminda koklendirme ortaminda 825 mg/L NHsNOs
Y% MS besin ortaminin 2.4 uM IBA ve 2 uM m-topolin
ile desteklenmesi durumunda basarili koklendirme
sonuglarinin elde edildigi vurgulanmistir [28]. Yapilan
caligmalara bakildiginda diisik miktarli NH4NOs
kullanimmin  koklendirmeye olumlu etki ettigi
goriilmektedir. Yaptigimiz caligmada da 4125 mg/L
NHsNO; miktart NAA ile desteklendiginde koklendirme
icin daha verimli sonuglar elde edildigi anlagilmistir.

Tablo 1. MS besin ortaminin farkli NH4NO3 miktarlarinda stirgiin gelisimi ve protein igerikleri

BAP 1 mg/L
NHsNO3 Eksplant basina diisen siirgiin sayisi Ortalama siirgiin uzunlugu Total ¢dzulebilir protein mg/g
(mg/L) (mm) TA
1650 1.54 +0.38% 15.66+0.432 2.30+0.53"
825 1.78 £ 0.45% 16.52+0.542 3.25+0.45?2
4125 1.42+0.43° 15.53+0.462 2.53+0.48°
206.25 1.27+0.46° 13.34+0.56° 1.95+0.72°¢

Rakamlar kiiltiiriin 28. giiniinde her bir deney icin 20 eksplantin ortalamasidir. TA: Taze Agirlik

Tablo 2. En uygun NHsNOs miktarinda farkli sitokinin ve konsantrasyonlarmin siirgiin gelisimi ve protein igerikleri iizerine

etkileri
825 mg/L Eksplant basma diisen siirgiin ~ Ortalama siirgiin uzunlugu Total ¢ozulebilir protein mg/g TA
NHsNOs sayisl (mm)

Kontrol 1.0 £ 0.00¢ 10.54+0.43¢ 2.28+0.11°

0.5 mg/L BAP 1.79 £ 0.45° 17.10+0.182 3.05+0.072

1 mg/L BAP 1.78 £ 0.45° 16.52+0.542 3.25+0.45%

2 mg/L BAP 1.76 + 0.45° 17.07+0.182 3.35+0.072

0.5 mg/L Kinetin 1.46+0.22° 13.47+0.37° 2.65+0.05

1 mg/L Kinetin 1.48+0.42° 13.37+0.37° 2.45+0.05

2 mg/L Kinetin 1.45+0.42°¢ 13.71+0.37° 2.40+0.05b¢

0.5 mg/L 2-IP 1.72+0.232 16.35+0.432 2.67+0.20%

1 mg/L 2-IP 1.63+0.56° 17.43+0.732 2.55+0.17°

2 mg/L 2-IP 1.60+0.43° 16.97+0.332 2.35+0.42"

Rakamlar kiiltiiriin 28. giiniinde her bir deney icin 20 eksplantin ortalamasidir. TA: Taze Agirlik



Tablo 3. Farklt NHsNOs miktarlarinin kok gelisimi ve protein icerigi tizerine etkisi

NAA 1 mg/L
NH4NOs Koklenme orani (%) Eksplant basina Ortalama kok Total ¢cozulebilir protein mg/g TA
(mg/L) diisen kok sayisi uzunlugu (mm)
1650 45.74+0.88¢ 3.70+0.18° 13.35+2.40° 2.38+0.51°
825 53.27+1.52° 3.65+0.25° 14.20+1.30° 2.78+0.362
4125 80.43+3.60? 4.63+0.432 16.05+1.202 3.10+0.522
206.25 43.52+1.52¢ 3.42+0.57° 12.95+1.80° 2.15+0.56"

Rakamlar kiiltiiriin 28. giiniinde her bir deney icin 20 eksplantin ortalamasidir. TA: Taze Agirlik

Tablo 4. En uygun NHsNOs miktarinda farkli oksin ¢esidi ve miktarlarinin kdk gelisimi ve protein igerigi {izerine etkisi

4125 mg/L  Koéklenme orani Eksplant basina diisen Ortalama kok Total ¢dzulebilir protein
NH4NO3 (%) kok sayisi uzunlugu (mm) mg/g TA
Kontrol 0¢ 0¢ 0° 0°
0.5 mg/L 81.30+4.15° 4.25+0.75° 15.95+0.60% 3.25+0.05°
1 mgl/ﬁ'l‘tlAA 80.205.67° 420 £2.23° 16.05+0.70% 3.10+0.05°
2mg/L NAA  80.40+4.85° 4.15 +1.26° 15.25+0.50% 3.15+0.25°
0.5 mg/L 57.10+6.35° 2.35+0.45P 17.90+1.60% 2.45+0.22°
1 mg/3lf\l BA 56.20+8.47° 2.45+0.57° 18.20+1.70% 2.56+0.31°
2mg/L IBA 55.30+7.17° 2.47+0.25P 18.30+2.40% 2.49+0.23°
0.5 mg/L 26.30+2.80° 1.45+0.20° 13.10+1.30° 2.46+0.56°
1 mg/A\I:A\IAA 25.10+2.80° 1.25+0.10° 12.30+1.46° 2.36+0.66°
2mg/L IAA  30.20+2.60° 1.65+0.40° 12.00+1.30° 2.25+0.50°

Rakamlar kiiltiiriin 28. giiniinde her bir deney icin 20 eksplantin ortalamasidir. TA: Taze Agirlik

SONUGC

Odunsu tarlerin mikrogogaltim ¢aligmalarinda siklikla
kullanilan besin ortami1 MS besin ortamidir. MS besin
ortaminda amonyum nitrat (NHsNO3) diizeylerinin bitki
tiirtine gore optimize edilmesi mikrogogaltimin verim ve
ekonomisi  agisindan  6nem  arz  etmektedir.
Mikrogogaltim ¢aligmalarinda maliyetin Onemli bir
parametre oldugu bilinmektedir bu maliyetleri etkileyen
faktorlerden bir tanesi de MS besin ortaminda yiiksek
miktarda kullanilan NH4NO; ve diisik miktarda
kullanilsa bile oksin ve stokininlerin birim miktarlarinin
yuksek maliyetleridir.

Bu ¢alismada siirgiin ¢ogaltimi ve koklendirme istatiksel
verileri daha onceki c¢alismalarin ortalama sirgln
¢ogaltim ve koklendirme verileri ile karsilastirildiginda
sonuglar birbirine yaki oldugu goriilmektedir. Bu
baglamada ¢alismamiz bu tiirlin in vitro ¢ogaltim
verilerini arttirmamigtir. Ancak daha diisik NH4sNO3
miktart kullanilarak P. khinjuk tlraniin in  vitro
kosullarda daha ekonomik bir sekilde ¢ogaltilabilecegini
ortaya koymustur.
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centered. The articles need to have an English title with the same properties.

The article needs to include an “Abstract” at the beginning not less than 75 words nor longer than 150 words
summarizing the content in the most precise and concise way. The abstract must not include references, figures, and
table numbers. Leaving a space under the abstract, the author has to add keywords including at least 3 and utmost 6
words. The keywords have to be consistent with the content and need to be comprehensive. Similarly, the articles have
to include an English title, keywords, and abstract.
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The works that are presented in any symposium or congress can be published after specifying the name, place and the
date of the congress. The works that are supported by a research organization or fund have to indicate the name of the
supportive organization and the number of project.

The articles have to be organized as introduction, body, experimental, result and discussion and conclusion. Sub-titles
and lower-level titles have to have a font size of 10 and be right-aligned.

Formulas and equations need to be written via Math Type or Word Equation Editor.

The study has to comply with grammatical rules. The latest Turkish Language Association Spell Check has to be
employed regarding the use of punctuation, spelling of the words, and abbreviations. The text is expected to be clear
and simple. No expressions out of purpose and scope must be included in the work. The valid scientific methods have
to be employed to prepare the article. The content, purpose, scope, justification, etc. of the study have to be provided as
much as needed in a certain order.

An article is expected to include abstract, sections of the main text, references, and appendices (if there is any)
respectively. An article has to have an “Introduction” and “Conclusion” sections. The “Introduction” is definitely
expected to include the purpose, importance, period, scope, data methodology, and outline of the study. If it is necessary
for the subject to be dealt with, literature review can be given in this section as well. The “conclusion” needs to be in
compliance with the study’s purpose and scope. It needs to be given generally and concisely. The points that are not
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the text.

Tables/Figures need to be numbered and given with their titles. No vertical lines must be used to draw the tables.
Horizontal lines can only be used to separate the sub-titles within the table from each other. Table/Figure number has
to be at the top left-aligned and non-Italic with Times New Romans 10 font. The name of tables/figures has to be written
with each word having its first letter uppercase. In addition, tables/figures have to comply with black and white print.
If there is anything in the table that requires reference, the references must be given at the bottom of the table with in-
text reference format.

Headings, titles, and sub-titles can be used to ensure an ordered information transfer. All the other titles except for the
title of the article have to have a font size of 10. First-level titles need to be uppercase and boldface; the first letters of
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the third-level titles need to be uppercase, and these titles have to be italic. In addition, the titles have to be organized
with 6 nk before and after the title.

FIRST-LEVEL TITLE
Second-Level Title
Third-level Title

() The reference should be marked with "number in square brackets" in the article. Each reference must be given
in its original language. The references should be written in Times New Roman 9 point. When writing the
references, the sequence should be as follows:

e ChenY.R, Chao K, Kim M. S. Machine vision technology for agricultural applications, Computers and Electronics
in Agriculture, 36, 173-191, 2002.

e  Kumar A. Computer vision based fabric defect detection: a survey, IEEE Transactions on Industrial Electronics,
55,348-363,2008.

e  Yetis H, Baygin M., Karakdse M. A New Micro Genetic Algorithm Based Image Stitching Approach for Camera
Arrays at Production Lines, The 5th International Conference on Manufacturing Engineering and Process (ICMEP
2016), 25-27 May, 2016.

e Aydin[, Karakose E., Karakose M., Gengoglu M.T., Akin E., A New Computer Vision Approach for Active Pantograph
Control, IEEE International Symposium on Innovations in Intelligent Systems and Applications (IEEE INISTA
2013), Albena, Bulgaria, 2013.

e Lim S. H. Video-processing applications of high speed cmos image sensors, The Degree of Doctor of Philosophy,
Stanford University, 2003.

The manuscripts that comply with the publication principles of anemon are passed through plagiarism checking. The
journal uses the Ithenticate software to detect instances of overlapping and similar text in submitted manuscripts. If
the similarity level is above %20, the manuscript is not accepted for publication.

The articles are sent through Online Application System for the first step of the publication. An automatically-sent
confirmation message is sent to your e-mail address upon the completion of the application. For further information,
please contact the editor via http://dergipark.gov.tr/MAUNfbd.
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MAUNFBD'’ye yayin kurallarina uygun olarak gonderilen makaleler, daha sonraki asamada intihal denetiminden
gecirilir. Mus Alparslan Universitesi Fen Bilimleri Dergisi'nde intihal denetimi, Ithenticate paket programi araciligiyla
gerceklestirilmekte ve intihal denetiminde, benzerlik oraninin %20’nin iistiine ¢ikmamasi gerekmektedir. ilgili
calismada herhangi bir intihale rastlanmadig1 takdirde degerlendirilmek iizere o alandaki ¢alismalariyla taninmis iki
hakeme génderilir. MAUNFBD Dergisi, stirecin her asamasinda, hakem ve yazarlarin isimlerinin sakl tutuldugu ¢ift-kor
hakemlik sistemini kullanmaktadir. Hakem raporlar bes yil siireyle saklanir. Makaleyi degerlendiren iki hakemden
birisinin olumlu digerinin olumsuz rapor vermesi durumunda makale {i¢iincii hakeme goénderilmekte veya Yayin
Kurulu, hakem raporlarini inceleyerek nihai karar1 vermektedir.

MAUNFBD’e gonderilen c¢alismalarda yazarlar, hakem ve Yayin Kurulunun elestiri ve onerilerini dikkate alirlar.
Katilmadiklar1 hususlar varsa gerekgeleriyle birlikte itiraz etme hakkina sahiptirler. Dergideki hakemlik siirecinde,
akademik unvana sahip kisilerin yayinlari i¢in ancak esit ya da iist derecede akademik unvana sahip kisiler hakem
olabilir.

MAUNFBD’e hakem degerlendirme siireci, istenilmeyen nedenlerden dolay1 bazen uzun siirebilmektedir. Normal
kosullarda editor tarafindan 6n degerlendirme asamasi bir hafta; hakem degerlendirme stireci de 8 hafta olarak
planlanmaktadir. Ancak hakemlerden zamaninda doéniis olmamasi nedeniyle yeniden hakem atama vb. nedenlerden
dolay1 hakem degerlendirme siireci uzayabilmektedir.

MAUNFBD’e makale gonderen yazar/yazarlar, Derginin s6z konusu hakem degerlendirme kosullarini ve siirecini kabul
etmis sayilirlar.

MAUNFBD’de yayimlanmasina karar verilen (kabul edilen) calismalarin telif hakki, Mus Alparslan Universitesi'ne
devredilmis sayilir.
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Peer Review Process

The papers that are sent to MAUNFBD are subjected to preliminary assessment by the Editorial Board to see whether
the work complies with the principles of the journal. The papers that are out of the scope of the journal or do not comply
with the format of a scientific text either in terms of content or style are either rejected or demanded to be corrected
prior to peer-review process. Academic objectivity and scientific quality are the most important criteria for the
assessment of the articles that are submitted to be published.

The articles that comply with the publication principles of MAUNFBD are passed through plagiarism checking. Journal
of Social Sciences of Mus Alparslan University uses the iThenticate software to detect instances of overlapping and
similar text in submitted manuscripts. The journal allows an overall similarity of 20% for a manuscript to be considered
for publication. After determining an acceptable similarity rate, the article is sent to two reviewers who are known for
their studies in the relevant field. MAUNFBD employs double-blind review system in which the names of neither the
reviewers nor the authors are disclosed in any of the phases of the process. Reviewer reports are saved for five years.
If one of the reviewers gives positive feedback while the other gives negative feedback, the article is either sent to a
third reviewer or Editorial Board examines the reviewer reports to make the final decision.

The authors submitting papers to MAUNFBD take into account the criticisms and suggestions of the reviewers and the
Editorial Board. The authors also have the right to object to the points with which they disagree. In the reviewing
process, the publications of people with academic titles are only reviewed by academics of either an equal or a higher
degree.

Assessment process of MAUNFBD may sometimes take long periods of time due to undesired reasons. Normally,
preliminary assessment by the editor takes a week while reviewer’s assessment period takes 8 weeks. However,
reviewer assessment process may get longer when reviewers do not respond on time or in cases of appointing a new
reviewer and so on.

The author/authors submitting papers to MAUNFBD is/are considered to have accepted the aforementioned reviewing
conditions and process of the journal.

The copyrights of the works that are decided to be published (accepted) in MAUNFBD is transferred to Mus Alparslan
University.
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Yayin Ilkeleri

MAUNFBD, ulusal ve uluslararasi diizeyde yapilan, fen, temel alanlar ve miihendislik bilimleri alaninda 6zgiin ve
nitelikli calismalari, bilimsel bir yaklasimla ele alarak fen bilimler alanlarindaki ¢alismalarin niteliginin yilikselmesine,
yontem ve uygulamalarin gelismesine, kuram ve uygulama alanlarindaki ¢alismalar arasinda iletisimin giliclenmesine
ve fen bilimleri alanindaki literatiiriin zenginlesmesine katki saglamak amaciyla yayimlanmaktadir.

MAUNFBD’e, matematik, fizik, kimya, biyoloji, cevre bilimi, saglik, eczacilik, miihendislik bilimleri vb. tim fen
bilimlerine ait 6zgilin ve nitelikli bilimsel ¢alismalar1 destekleyerek bilim camiasinda tiretilen bilgileri akademisyenlerin
ve kamuoyunun istifadesine sunmak amaciyla yeni ve 6zgiin ¢calismalara yer verilmektedir.

MAUNFBD’e gonderilecek ¢alisma, alaninda bir boslugu dolduracak 6zgiin bir yazi olmali ya da daha 6nce yayimlanmis
calismalari degerlendiren, konuya dair yeni ve dikkate deger goriisler ortaya koyan inceleme olmalidir.

MAUNFBD’e génderilecek yazilar makale, ¢eviri ve kitap tanitimi tiiriinde olmalidir. Dergimize génderilen geviri yazilar
icin, makale sahibinin yayin izni ve orijinal metin gereklidir.

MAUNFBD’e yayin dili Tiirkce ve ingilizce'dir.

MAUNFBD’e gonderilen calismalar daha 6nce hicbir yerde yayimlanmamis ve halihazirda yayimlanmak {izere
sunulmamis olmalidir. Bilimsel bir toplantida sunulmus bildiriler, durum agik¢a belirtilmek sartiyla dergiye
gonderilebilir.

MAUNFBD’e Kis/Aralik ve Yaz/Haziran sayisi olmak tizere yilda iki defa diizenli olarak yayimlanmaktadir.

MAUNFBD’e gonderilen yazilara telif hakki 6denmez. Yayimlanan makalelerin telif hakki Mus Alparslan Universitesi
Fen Bilimler Dergisi'ne aittir.

MAUNFBD'’de yayimlanan yazilarin bilimsel ve hukuki sorumlulugu yazarlarina aittir.

MAUNFBD'’de yer alan yazilardaki goriis ve diislinceler yazarlarinin Kisisel goriisleri olup derginin ve bagh oldugu
kurumlarin goériislerini yansitmaz.

MAUNFBD’e gonderilen galismalar, TUBITAK ULAKBIM’in DergiPark Sistemi (UDS) iizerinden elektronik ortamda
gonderilmektedir. Bu sisteme http://dergipark.gov.tr/MAUNfbd da yer alan "Kullanici Sayfasi/Yeni Gonderi" linkinden
ulasilabilir. S6z konusu sisteme kayit yapilip makale gonderildikten sonra hakem siireciyle ilgili gelismeler ve hakem
degerlendirme raporlari yazarlar tarafindan kolaylikla takip edilebilir.
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Editorial Principles

MAUNFBD is a national and international peer-reviewed journal that publishes authentic and qualified works with a
scientific approach in the fields of science, basic and engineering sciences. It is published to contribute to raising the
quality of the social sciences studies, development of methods and practices, to strengthen the communication between
theoretical and practical studies, and to enrich the science literature.

MAUNFBD supports all the authentic and qualified scientific studies in the science fields including maths, physic,
chemistry, biology, health, pharmacy, engineering sciences etc. It publishes new and authentic works to offer the
knowledge produced by scientific circles for the benefit of academics and public.

The works that are sent to MAUNFBD must be both an authentic work to eliminate a lack in the literature or a review
assessing the previously-published works and suggesting relevant, new, and noteworthy opinions.

The texts that are sent to MAUNFBD include articles, translations, and book promotions. For the translated texts,
publication permission of the owner of the article and the source text are required.

Publication languages of MAUNFBD are Turkish and English.

The works that are sent to MAUNFBD must not be published previously anywhere. They have to be ready for
publication. The papers that have previously been presented in a scientific meeting can be sent to the journal if it is
clearly indicated.

MAUNFBD is regularly published in Winter/December and Summer/June per year.

No copyright payment is made for the papers that are sent to MAUNFBD. The copyrights of the works that are published
in MAUNFBD are transferred to Mus Alparslan University Journal of Science.

Scientific and legal liabilities of the articles published in MAUNFBD belong to the authors.

All the opinions and ideas indicated in the articles that are published in MAUNFBD are authors’ personal opinions and
do not reflect the opinions of the Journal or the affiliated institutions by any means.

The works that are sent to MAUNFBD are sent to TUBITAK ULAKBIM’s DergiPark System (UDS) in electronical
environment. This system can be accessed via http://dergipark.gov.tr/MAUNfbd under the link “User Page/New
Submission”. After registering in the system and submitting the paper, the developments regarding the reviewing
process and reviewer reports can be followed by the authors.
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Yazisma Adresi / Address

Mus Alparslan Universitesi
MAUNFBD Dergi Editoriigi

Mus Alparslan Universitesi Fen Bilimleri Enstitiisii
49250 — MUS/TURKIYE
Tel: 0436 249 49 49 / 3671 - Fax: 0 436 213 00 28
Web: https://dergipark.org.tr/tr/pub/msufbd
e-mail: msufbd@alparslan.edu.tr
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