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ABOUT 

Eskişehir Technical University Journal of Science and Technology C- Life Sciences and 

Biotechnology (formerly Anadolu University Journal of Science and Technology C - Life 

Sciences and Biotechnology) is an peer-reviewed and refereed international journal by 

Eskişehir Technical University. Since 2010, it has been regularly published and distributed 

biannually and it has been published biannually and electronically only since 2016. 

 

The journal issues are published electronically in JANUARY and JULY. 

 

• The journal accepts TURKISH and ENGLISH manuscripts. 
 

 

AIM AND SCOPE 

 

The journal publishes high quality original research papers, reviews and technical notes in the 

fields of life sciences: All aspects of biology such as taxonomy, physiology, biochemistry, 

ecology, environmental biology, biophysics, genetic, toxicology, biodiversity and 

biotechnology and, agricultural science, health sciences, biomedical sciences and pharmacy. 
 

PEER REVIEW PROCESS 

Manuscripts are first reviewed by the editorial board in terms of its its journal’s style rules 

scientific content, ethics and methodological approach. If found appropriate, the manuscript is 

then send to at least two referees by editor. The decision in line with the referees may be an 

acceptance, a rejection or an invitation to revise and resubmit. Confidential review reports from 

the referees will be kept in archive. All submission process manage through the online 

submission systems.  
 

OPEN ACCESS POLICY 

This journal provides immediate open access to its content on the principle that making 

research freely available to the public supports a greater global exchange of knowledge. 

Copyright notice and type of licence : CC BY-NC-ND. 
 

The journal doesn’t have Article Processing Charge (APC) or any submission charges. 

 

ETHICAL RULES 

You can reach the Ethical Rules in our journal in full detail from the link below:  

https://dergipark.org.tr/en/pub/estubtdc/policy 

 

Ethical Principles and Publication Policy 
 

Policy & Ethics 

Assessment and Publication 

 

As a peer-reviewed journal, it is our goal to advance scientific knowledge and understanding. 

We have outlined a set of ethical principles that must be followed by all authors, reviewers, and 

editors. 

 

All manuscripts submitted to our journals are pre-evaluated in terms of their relevance to the 

scope of the journal, language, compliance with writing instructions, suitability for science, and 

https://dergipark.org.tr/en/pub/estubtdc/policy
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originality, by taking into account the current legal requirements regarding copyright 

infringement and plagiarism. Manuscripts that are evaluated as insufficient or non-compliant 

with the instructions for authors may be rejected without peer review. 

 

Editors and referees who are expert researchers in their fields assess scientific manuscripts 

submitted to our journals. A blind peer review policy is applied to the evaluation process. The 

Editor-in-Chief, if he/she sees necessary, may assign an Editor for the manuscript or may 

conduct the scientific assessment of the manuscript himself/herself. Editors may also assign 

referees for the scientific assessment of the manuscript and make their decisions based on 

reports by the referees. Articles are accepted for publication on the understanding that they have 

not been published and are not going to be considered for publication elsewhere. Authors should 

certify that neither the manuscript nor its main contents have already been published or 

submitted for publication in another journal. 

 

The Journal; Implements the Publication Policy and Ethics guidelines to meet high-quality 

ethical standards for authors, editors and reviewers: 

 
Duties of Editors-in-Chief and co-Editors 

The crucial role of the journal Editor-in-Chief and co-Editors is to monitor and ensure the 

fairness, timeliness, thoroughness, and civility of the peer-review editorial process. The main 

responsibilities of Editors-in-Chief are as follows: 

 

• Selecting manuscripts suitable for publication while rejecting unsuitable manuscripts, 

• Ensuring a supply of high-quality manuscripts to the journal by identifying important, 

• Increasing the journal’s impact factor and maintaining the publishing schedule, 

• Providing strategic input for the journal’s development, 

 
Duties of Editors 

The main responsibilities of editors are as follows: 

 

• An editor must evaluate the manuscript objectively for publication, judging each on its quality 

without considering the nationality, ethnicity, political beliefs, race, religion, gender, seniority, 

or institutional affiliation of the author(s). Editors should decline any assignment when there is 

a potential for conflict of interest. 

• Editors must ensure the document(s) sent to the reviewers does not contain information of the 

author(s) and vice versa. 

• Editors’ decisions should be provided to the author(s) accompanied by the reviewers’ 

comments and recommendations unless they contain offensive or libelous remarks. 

• Editors should respect requests (if well reasoned and practicable) from author(s) that an 

individual should not review the submission. 

• Editors and all staff members should guarantee the confidentiality of the submitted 

manuscript. 

• Editors should have no conflict of interest with respect to articles they reject/accept. They 

must not have a conflict of interest with the author(s), funder(s), or reviewer(s) of the 

manuscript. 

• Editors should strive to meet the needs of readers and authors and to constantly improve the 

journal. 
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Duties of Reviewers/Referees 

The main responsibilities of reviewers/referees are as follows: 

 

• Reviewers should keep all information regarding papers confidential and treat them as 

privileged information. 

• Reviews should be conducted objectively, with no personal criticism of the author. 

• Reviewers assist in the editorial decision process and as such should express their views 

clearly with supporting arguments. 

• Reviewers should complete their reviews within a specified timeframe (maximum thirty-five 

(35) days). In the event that a reviewer feels it is not possible for him/her to complete the review 

of the manuscript within a stipulated time, then this information must be communicated to the 

editor so that the manuscript could be sent to another reviewer. 

• Unpublished materials disclosed in a submitted manuscript must not be used in a reviewer’s 

personal research without the written permission of the author. Information contained in an 

unpublished manuscript will remain confidential and must not be used by the reviewer for 

personal gain. 

• Reviewers should not review manuscripts in which they have conflicts of interest resulting 

from competitive, collaborative, or other relationships or connections with any of the authors, 

companies, or institutions connected to the papers. 

• Reviewers should identify similar work in published manuscripts that has not been cited by 

the author. Reviewers should also notify the Editors of significant similarities and/or overlaps 

between the manuscript and any other published or unpublished material. 

 
Duties of Authors 

The main responsibilities of authors are as follows: 

 

• The author(s) should affirm that the material has not been previously published and that they 

have not transferred elsewhere any rights to the article. 

• The author(s) should ensure the originality of the work and that they have properly cited 

others’ work in accordance with the reference format. 

• The author(s) should not engage in plagiarism or in self-plagiarism. 

• On clinical and experimental humans and animals, which require an ethical committee 

decision for research in all branches of science; 

All kinds of research carried out with qualitative or quantitative approaches that require data 

collection from the participants by using survey, interview, focus group work, observation, 

experiment, interview techniques, 

Use of humans and animals (including material/data) for experimental or other scientific 

purposes, 

• Clinical studies on humans, 

• Studies on animals, 

• Retrospective studies in accordance with the law on the protection of personal data, (Ethics 

committee approval should have been obtained for each individual application, and this 

approval should be stated and documented in the article.) 

Information about the permission (board name, date, and number) should be included in the 

"Method" section of the article and also on the first/last page. 

During manuscript upload, the “Ethics Committee Approval” file should be uploaded to the 

system in addition to the manuscript file. 

In addition, in case reports, it is necessary to include information on the signing of the informed 

consent/ informed consent form in the manuscript.  
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• The author(s) should suggest no personal information that might make the identity of the 

patient recognizable in any form of description, photograph, or pedigree. When photographs of 

the patient were essential and indispensable as scientific information, the author(s) have 

received consent in written form and have clearly stated as much. 

• The author(s) should provide the editor with the data and details of the work if there are 

suspicions of data falsification or fabrication. Fraudulent data shall not be tolerated. Any 

manuscript with suspected fabricated or falsified data will not be accepted. A retraction will be 

made for any publication which is found to have included fabricated or falsified data. 

• The author(s) should clarify everything that may cause a conflict of interests such as work, 

research expenses, consultant expenses, and intellectual property. 

• The author(s) must follow the submission guidelines of the journal. 

• The author(s) discover(s) a significant error and/or inaccuracy in the submitted manuscript at 

any time, then the error and/or inaccuracy must be reported to the editor. 

• The author(s) should disclose in their manuscript any financial or other substantive conflicts 

of interest that might be construed to influence the results or interpretation of their manuscript. 

All sources of financial support should be disclosed under the heading of “Acknowledgment” 

or “Contribution”. 

• The corresponding author(s) must ensure that all appropriate co-authors are not included in 

the manuscript, that author names are not added or removed and that the authors' address 

information is not changed after the review begins and that all co-authors see and approve the 

final version of the manuscript at every stage of the manuscript. All significant contributors 

should be listed as co-authors. Other individuals who have participated in significant aspects of 

the research work should be considered contributors and listed under “Author Contribution”. 

 
Cancellations/Returns 

Articles/manuscripts may be returned to the authors in order to increase the authenticity and/or 

reliability and to prevent ethical breaches, and even if articles have been accepted and/or 

published, they can be withdrawn from publication if necessary. The Editor-in-Chief of the 

journal has the right to return or withdraw an article/manuscript in the following situations: 

 

• When the manuscript is not within the scope of the journal, 

• When the scientific quality and/or content of the manuscript do not meet the standards of the 

journal and a referee review is not necessary, 

• When there is proof of ruling out the findings obtained by the research, (When the 

article/manuscript is undergoing an assessment or publication process by another journal, 

congress, conference, etc.,) 

• When the article/manuscript was not prepared in compliance with scientific publication ethics, 

• When any other plagiarism is detected in the article/manuscript, 

• When the authors do not perform the requested corrections within the requested time 

(maximum twenty-one (21) days), 

• When the author does not submit the requested documents/materials/data etc. within the 

requested time, 

• When the requested documents/materials/data etc. submitted by the author are missing for the 

second time, 

• When the study includes outdated data, 

• When the authors make changes that are not approved by the editor after the manuscript was 

submitted, 

• When an author is added/removed, the order of the authors is changed, the corresponding 

author is altered, or the addresses of the authors are changed in the article that is in the 

evaluation process, 
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• When a statement is not submitted indicating that approval of the ethics committee permission 

was obtained for the following (including retrospective studies): 

• When human rights or animal rights are violated, 

 

ETHICAL ISSUES 
Plagiarism 

The use of someone else’s ideas or words without a proper citation is considered plagiarism 

and will not be tolerated. Even if a citation is given, if quotation marks are not placed around 

words taken directly from other authors’ work, the author is still guilty of plagiarism. Reuse of 

the author’s own previously published words, with or without a citation, is regarded as self-

plagiarism.  

All manuscripts received are submitted to iThenticate®, which compares the content of the 

manuscript with a database of web pages and academic publications. Manuscripts are judged to 

be plagiarized or self-plagiarized, based on the iThenticate® report or any other source of 

information, will be rejected. Corrective actions are proposed when plagiarism and/or self-

plagiarism is detected after publication. Editors should analyze the article and decide whether 

a corrected article or retraction needs to be published. 

Open-access theses are considered as published works and they are included in the similarity 

checks. 

iThenticate® report should have a maximum of 11% from a single source, and a maximum of 

25% in total. 
Conflicts of Interest 

Eskişehir Technical University Journal of Science and Technology A - Applied Sciences and 

Engineering should be informed of any significant conflict of interest of editors, authors, or 

reviewers to determine whether any action would be appropriate (e.g. an author's statement of 

conflict of interest for a published work, or disqualifying a referee). 
Financial 

The authors and reviewers of the article should inform the journal about the financial 

information that will bring financial gain or loss to any organization from the publication of the 

article. 

*Research funds; funds, consulting fees for a staff member; If you have an interest, such as 

patent interests, you may have a conflict of interest that needs to be declared. 
Other areas of interest 

The editor or reviewer may disclose a conflict of interest that, if known, would be embarrassing 

(for example, an academic affiliation or rivalry,a close relationship or dislike, or a person who 

may be affected by the publication of the article). 

 

Conflict of interest statement 

Please note that a conflict of interest statement is required for all submitted manuscripts. If there 

is no conflict of interest, please state “There are no conflicts of interest to declare” in your 

manuscript under the heading “Conflicts of Interest” as the last section before your 

Acknowledgments. 

 

AUTHOR GUIDELINES 
 

All manuscripts must be submitted electronically. 

You will be guided stepwise through the creation and uploading of the various files. There are 

no page charges. Papers are accepted for publication on the understanding that they have not 

been published and are not going to be considered for publication elsewhere. Authors should 

certify that neither the manuscript nor its main contents have already been published or submitted 
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for publication in another journal. We ask a signed copyright  to start the evaluation process. After 

a manuscript has been submitted, it is not possible for authors to be added or removed or for the 

order of authors to be changed. If authors do so, their submission will be cancelled. 

 

Manuscripts may be rejected without peer review by the editor-in-chief if they do not comply 

with the instructions to authors or if they are beyond the scope of the journal. After a manuscript 

has been accepted for publication, i.e. after referee-recommended revisions are complete, the 

author will not be permitted to make any changes that constitute departures from the manuscript 

that was accepted by the editor. Before publication, the galley proofs are always sent to the 

authors for corrections. Mistakes or omissions that occur due to some negligence on our part 

during final printing will be rectified in an errata section in a later issue. 

 

This does not include those errors left uncorrected by the author in the galley proof. The use of 

someone else’s ideas or words in their original form or slightly changed without a proper 

citation is considered plagiarism and will not be tolerated. Even if a citation is given, if 

quotation marks are not placed around words taken directly from another author’s work, the 

author is still guilty of plagiarism. All manuscripts received are submitted to iThenticateR, a 

plagiarism checking system, which compares the content of the manuscript with a vast database 

of web pages and academic publications. In the received iThenticateR report; The similarity 

rate is expected to be below 25%. Articles higher than this rate will be rejected. 

 

Uploading Articles to the Journal 

Authors should prepare and upload 2 separate files while uploading articles to the journal. First, 

the Author names and institution information should be uploaded so that they can be seen, and 

then (using the additional file options) a separate file should be uploaded with the Author names 

and institution information completely closed. When uploading their files with closed author 

names, they will select the "Show to Referee" option, so that the file whose names are closed 

can be opened to the referees. 
 

Prepatation of Manuscript 
 

Style and Format 

Manuscripts should be single column by giving one-spaced with 2.5-cm margins on all sides 

of the page, in Times New Roman font (font size 11). Every page of the manuscript, including 

the title page, references, tables, etc., should be numbered. All copies of the manuscript should 

also have line numbers starting with 1 on each consecutive page. 
 

Manuscripts must be upload as word document (*.doc, *.docx vb.). Please avoid 

uploading  texts in *.pdf format. 
 

Symbols, Units and Abbreviations 

Standard abbreviations and units should be used; SI units are recommended. Abbreviations 

should be defined at first appearance, and their use in the title and abstract should be avoided. 

Generic names of chemicals should be used. Genus and species names should be typed in italic 

or, if this is not available, underlined. 
 

Please refer to equations with capitalisation and unabbreviated (e.g., as given in Equation (1)). 
 

Manuscript Content 

Articles should be divided into logically ordered and numbered sections. Principal sections 

should be numbered consecutively with Arabic numerals (1. Introduction, 2. Formulation of 
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problem, etc.) and subsections should be numbered 1.1., 1.2., etc. Do not number the 

Acknowledgements or References sections. The text of articles should be, if possible, divided 

into the following sections: Introduction, Materials and Methods (or Experimental), Results, 

Discussion, and Conclusion. 
 

Title and contact information 

The first page should contain the full title in sentence case (e.g., Hybrid feature selection for 

text classification), the full names (last names fully capitalised) and affiliations (in English) of 

all authors (Department, Faculty, University, City, Country, E-mail), and the contact e-mail 

address for the clearly identified corresponding author. The first page should contain the full 

title, abstract and keywords (both English and Turkish). 
 

Abstract 

The abstract should provide clear information about the research and the results obtained, and 

should not exceed 300 words. The abstract should not contain citations and must be written 

in Times New Roman font with font size 9. 
 

Keywords 

Please provide 3 to 5 keywords which can be used for indexing purposes. 
 

 

Introduction 

The motivation or purpose of your research should appear in the “Introduction”, where you state 

the questions you sought to answer, and then provide some of the historical basis for those 

questions. 
 

Methods 

Provide sufficient information to allow someone to repeat your work. A clear description of 

your experimental design, sampling procedures, and statistical procedures is especially 

important in papers describing field studies, simulations, or experiments. If you list a product 

(e.g., animal food, analytical device), supply the name and location of the manufacturer. Give 

the model number for equipment used. 
 

Results 

Results should be stated concisely and without interpretation. 
 

Discussion 

Focus on the rigorously supported aspects of your study. Carefully differentiate the results of 

your study from data obtained from other sources. Interpret your results, relate them to the 

results of previous research, and discuss the implications of your results or interpretations. 

 

Conclusion 

This should state clearly the main conclusions of the research and give a clear explanation of 

their importance and relevance. Summary illustrations may be included. 

 

Acknowledgments 

Acknowledgments of people, grants, funds, etc. should be placed in a separate section before 

the reference list. The names of funding organizations should be written in full. 
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Conflict of Interest Statement 
 

The authors are obliged to present the conflict of interest statement at the end of the article after 

the acknowledgments section. 

 

 

CRediT Author Statement 

 

Write the authors' contributions in detail using the specified CRediT notifications. Authors may 

have contributed in more than one role. The corresponding author is responsible for ensuring 

that descriptions are accurate and accepted by all authors. 

 

CRediT Notifications Explanation 

Conceptualization 
Ideas; formulation or evolution of overarching research goals and 
aims 

Methodology Development or design of methodology; creation of models 

Software 
Programming, software development; designing computer 
programs; implementation of the computer code and supporting 
algorithms; testing of existing code components 

Validation 
Verification, whether as a part of the activity or separate, of the 
overall replication/ reproducibility of results/experiments and 
other research outputs 

Formal analysis 
Application of statistical, mathematical, computational, or other 
formal techniques to analyse or synthesize study data 

Investigation 
Conducting a research and investigation process, specifically 
performing the experiments, or data/evidence collection 

Resources 
Provision of study materials, reagents, materials, patients, 
laboratory samples, animals, instrumentation, computing 
resources, or other analysis tools 

Data Curation 

Management activities to annotate (produce metadata), scrub 
data and maintain research data (including software code, where 
it is necessary for interpreting the data itself) for initial use and 
later reuse 

Writing – Original 
Draft 

Preparation, creation and/or presentation of the published work, 
specifically writing the initial draft (including substantive 
translation) 

Writing – Review & 
Editing 

Preparation, creation and/or presentation of the published work 
by those from the original research group, specifically critical 
review, commentary, or revision – including pre-or post-
publication stages 
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Visualization 
Preparation, creation and/or presentation of the published work, 
specifically visualization/ data presentation 

Supervision 
Oversight and leadership responsibility for the research activity 
planning and execution, including mentorship external to the 
core team 

Project 
administration 

Management and coordination responsibility for the research 
activity planning and execution 

Funding acquisition 
Acquisition of the financial support for the project leading to this 
publication 
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Writting Style; AMA; References Writting format should be used in the reference writing of 

our journal. If necessary, at this point, the reference writings of the articles published in our 

article can be examined. 
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Journal articles 
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Tables and Figures 

All illustrations (photographs, drawings, graphs, etc.), not including tables, must be labelled 

“Figure.” Figures must be submitted in the manuscript. 
 

All tables and figures must have a caption and/or legend and be numbered (e.g., Table 1, Figure 

2), unless there is only one table or figure, in which case it should be labelled “Table” or 

“Figure” with no numbering. Captions must be written in sentence case (e.g., Macroscopic 

appearance of the samples.). The font used in the figures should be Times New Roman. If 

symbols such as ×, μ, η, or ν are used, they should be added using the Symbols menu of Word. 
 

All tables and figures must be numbered consecutively as they are referred to in the text. Please 

refer to tables and figures with capitalisation and unabbreviated (e.g., “As shown in Figure 

2…”, and not “Fig. 2” or “figure 2”). 
 

The resolution of images should not be less than 118 pixels/cm when width is set to 16 cm. 
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Abstract  Keywords 

Observing, monitoring, and characterizing land changes in natural ecosystems, 

affected by many natural and anthropogenic environmental factors, is critical for 

making effective and sustainable management decisions and for their protection. 

Today, remote sensing methods, with their many different approaches and 

techniques, allow for continuous and controlled monitoring of spatial change, 

especially over large areas, providing cost- and time-effective solutions. This 

study aimed to determine the changes in the land and water potential of the Porsuk 

Dam Lake and its surroundings between Eskişehir and Kütahya provinces using 

remote sensing methods over 10 years. In this context, Landsat satellite data for 

the years 2014 and 2024 and the days with the least cloudiness were obtained, and 

normalized difference vegetation index (NDVI) and normalized difference water 

index (NDWI) calculations were made on these data using the ArcGIS/ArcMap 

program. Later on, the results, obtained, were compared and the changes in the 

land and water potential were determined. According to the results of NDVI 

analysis, the presence of forests (4.78%) and areas with herbaceous vegetation 

(5.56%) increased in 10 years, while the soil (-2.70%), tree/shrub areas (-1.26%) 

and water bodies (-5.87%) decreased. According to the results of NDWI analysis, 

it was determined that dry (2.02%) and moderately dry (10.81%) areas increased, 

while water bodies (-8.87%) and humid areas (-11.71%) decreased. The results 

were also supported by surface temperature analysis. Since the results obtained 

from the study include data on temporal and spatial changes, it is thought that they 

will contribute to future planning, management, and decision-making processes 

and studies to be carried out in this field later. 
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1. INTRODUCTION 
 

The Earth's surface is changing at an unprecedented rate. Anthropogenic impacts have affected more 

than half of the Earth's land surface [1], while climate change and other disturbances have also 

affected all land surfaces. Accordingly, changes in land use and land cover are observed on a global 

scale due to factors such as decrease in biodiversity, soil degradation, decrease in land productivity, 

soil and water pollution, climate change, urbanization, destruction and reconstruction of agricultural 
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areas [2-4]. These changes result in the deterioration, fragmentation, extinction and class change of the 

landscape character within the ecosystem [5]. To detect these changes, effective surface research 

techniques have been used depending on the land use and area change, such as geospatial and remote 

sensing techniques [3, 6-9]. 

Satellite remote sensing is crucial for investigating global land change, as it allows for synoptic and 

repetitive measurements at many resolutions (spectral, spatial, and temporal) [10-12]. Remote sensing 

data has also numerous other applications, such as land cover classification, soil moisture 

measurement, forest type classification, liquid water content measurement, etc. [8]. The availability of 

present and historical satellite data, the ability of remote sensing systems to monitor land cover and 

detect spatial changes along with increasing technology, and the availability of spatial planning, land 

management, processing of data layers, and ground-based modeling systems make it easier to follow 

spatial changes [8, 13, 14]. 

 

Remotely sensed images do not always directly reflect changes in the land surface. At this point, 

factors such as image recording, atmospheric conditions, natural soil wetness fluctuations, vegetation 

phenology, topography illumination, sensor and sun affect the spectral change [4]. To eliminate these 

changes or keep them at a minimum level, analyses are performed with various band combinations. 

One of these analyses is the normalized difference vegetation index (NDVI) analysis, developed to 

simplify multi-spectral imagery, which is presently the most widely used index for used to asses and 

model vegetation, phenology, and distribution [6, 15-17]. It is also possible to see and classify land 

cover classification, water bodies, open space, shrub areas, and agricultural and forest areas within the 

reflectance values of NDVI with vegetation features that cannot be directly detected with remote 

sensing images. (8, 16). The main purpose of the analysis is to obtain information about vegetation 

and detect plant health and growth with remotely sensed data [18, 19] and information about temporal 

and spatial changes depending on various factors such as fire, soil degradation, etc. [20]. There are 

many studies throughout the World in the literature on vegetation evaluations using NDVI analysis 

[21- 24]. 

 

Another analysis most used in the evaluation of land changes is the normalized difference water index 

(NDWI) analysis. The temporary absence of vegetation and small amounts of ground cover cause soils 

to be directly exposed to the effects of precipitation events, and the disappearance of vegetation 

disrupts the natural water balance of the areas [25]. Thanks to NDWI (normalized difference water 

index) analysis, which is used to determine the water content in the ecosystem, its spatial changes and 

boundaries over time, the lands within the research area can be evaluated in various class categories 

(arid, semi-arid, humid, etc.) [26]. There are many studies in the literature on water content 

evaluations using NDWI analysis [27-29]. In this respect, the results of the NDVI analysis are 

supported by the results of the NDWI analysis. Thus, it is possible to examine the spatial change 

situation in the field classification category by comparing two mutual analysis data. 

 

Porsuk Stream is an important stream that flows through the provinces of Kütahya and Eskişehir and 

feeds one of the most important rivers in Turkey Sakarya River. Porsuk Dam, located on this river, is a 

very important dam for the region, especially for the accumulation of drinking and utility water. It also 

plays an important role in preventing possible floods in the region [30]. In this study, it was aimed to 

determine how the land structure and water content of Porsuk Dam Lake and its near surroundings 

changed between 2014 and 2024 (within a 10 years) using remote sensing methods (NDVI and 

NDWI). 
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2. MATERIALS AND METHODS 

 

2.1. Study area 

 

The study area covers the Porsuk Dam Lake and its nearby surroundings, one part of which is within 

the borders of Eskişehir and the other part of Kütahya province (Figure 1). The surveyed area is 

approximately 93,000 hectares in size. 

 

 
 

Figure 1. Satellite image of the research area (https://earthexplorer.usgs.gov/)  
 

2.2. Materials 

 

Within the scope of this study, real Landsat 8 satellite images obtained from the official website of the 

United States Geological Survey (USGS) were used (https://earthexplorer.usgs.gov/). The relevant 

satellite bands for the region obtained from these satellites were used in the analyses. The images are 

from the year 2014, and the year 2024 has been chosen as a representation of 10 years. In addition, to 

avoid any problems with image analysis, an attempt was made to determine days that were close to 

each other as the dates when both the images were available and the cloudiness rate was lowest. In this 

context, the dates of 23 May 2014, when the cloudiness rate was 10.53, and 18 May 2024, when the 

cloudiness rate was 0.08, were determined and the study was carried out using the data of these days. 

 

2.3. Methods  

 

The work plan followed during the study is shown in Figure 2. Accordingly, satellite data were 

acquired in the first phase. Satellite data were analyzed using the ArcGIS/ArcMap program after pre-

processing. In this context, the NDVI and NDWI analyses were performed together with the Surface 

Temperature Analysis (STA). Then, the analysis results were classified according to their reflection 

values and classified images were obtained. The area was then calculated by converting these raster 

data. Finally, the obtained results were compared. 
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Figure 2. Study work plan 

 

 

2.3.1 NDVI (Normalized Difference Vegetation Index) Analysis 

 

NDVI analysis was performed on images from 2014 (May 23rd) and 2024 (May 18th) in order to 

determine and classify the vegetation density in the study area. For this purpose, red and near-infrared 

bands of the images of the region obtained from the Landsat 8 satellite on the specified dates were 

used. NDVI analysis was performed based on the formula given below. The calculation data obtained 

as a result of the analysis were classified into 5 categories as water body, soil area, herbaceous area, 

tree/shrub and forest areas, based on reflection values, and the obtained results were visualized. 

 

 
 

2.3.2 NDWI (Normalized Difference Water Index) Analysis 

 

NDWI analysis was performed on images from 2014 (May 23rd) and 2024 (May, 18th) to determine 

and classify the water situation in the study area. For this purpose, related bands (Band 3 and Band 5) 

bands of the images of the region obtained from the Landsat 8 satellite on the specified dates were 

used. NDWI analysis was performed based on the formula given below. The calculated data obtained 

from the analysis were classified into 4 categories as dry areas, moderately dry areas, humid areas, and 

water bodies based on reflection values, and the obtained results were visualized. 

 
 

 
 

 

2.3.3. ST (Surface Temperature) Analysis 

 

ST analysis was performed on images from 2014 (May, 23rd) and 2024 (May, 18th) to determine and 

classify the surface temperature in the study area. For this purpose, the related band (Band 10) of the 

images of the region obtained from the Landsat 8 satellite on the specified dates were used. SA 

analysis was performed based on the formula given below (Tb: Thermal band, Pv: Proportion of 

vegetation, ε: Emissivity, Ts: Surface temperature). The calculated data obtained from the analysis 

were classified into 4 categories, dry areas, moderately dry areas, humid areas, and water bodies based 

on reflection values, and visualized. 
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3. RESULTS AND DISCUSSION 

 

3.1. NDVI (Normalized Difference Vegetation Index)  

 

Visual results of NDVI analysis are given in Figure 3 and numerical results are given in Table 1. 

Accordingly, it is seen that the soil areas in the research area covered 30,966.00 ha in 2014 and 

30,130.45 ha in 2024. This means that soil areas have decreased by 2.70% in the last 10-years. It is 

seen that herbaceous vegetation covered an area of 17,202.20 ha in 2014, and this area reached 

18,158.13 ha in 2024. It was determined that the areas with herbaceous vegetation increased by 5.56% 

in the 10 years. It was seen that areas with tree/shrub vegetation covered 34,285.61 ha in 2014 and 

33,854.94 ha in 2024. It means that the areas with tree/shrub vegetation decreased by 1.26% in 10 

years. It is seen that forest areas covered an area of 9,008.42 hectares in 2014, and this area reached 

9,439.09 hectares in 20024. It was seen that the areas with forest vegetation increased by 4.78% in the 

10 years. Finally, when the water body is evaluated, it is seen that it covered an area of 2,050.49 

hectares in 2014, and by 2024, this figure decreased to 1,930.11 hectares. This means that over the 10 

years, the water bodies have decreased by 5.87%. 

 

Vegetation change is a complex process that mirrors the dynamics of terrestrial ecosystems [24, 25]. 

The normalized difference vegetation index (NDVI) is an important statistic in satellite remote sensing 

for monitoring vegetation change. Therefore, it has been widely used to track dynamic vegetation 

changes [24]. For this reason, many studies have been carried out in Turkey and the world focusing on 

NDVI to determine the changes in vegetation [15, 19, 22-24, 26, 27, 31]. 

 

In a healthy terrestrial ecosystem, vegetation tends to develop towards climax vegetation, while in an 

unhealthy one, there may be regression and losses in terms of vegetation [32]. When our study is 

evaluated in this context, the fact that the areas with forest vegetation have increased over 10 years 

suggests that progressive climax processes are effective in the area and that the vegetation in the 

research area, which is relatively free from anthropogenic effects, is relatively healthy. In the study, it 

is seen that while forest areas increase, tree/shrub areas decrease. It is thought that the vegetation in 

areas with tree or shrub vegetation 10 years ago could not i) reach the reflectance values of the forest, 

ii) developed in this process and covered more area more densely, and iii)  reflectance values of these 

areas moved to the forest borders. 

 
The water mass in the research area was evaluated in terms of the surface area it covers, since it is 

difficult to determine the amount of water it has. In this study, it can be seen that the area covered by 

the lake of the Porsuk Dam has decreased by 5.87% in 10 years. While land areas are expected to 

increase in areas where water is withdrawn, it is seen that these areas also decrease. It is thought that 

the soil areas, exposed to the decrease in water, are covered by herbaceous plants, and thus the areas 
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with herbaceous vegetation increase. In other words, vegetation has responded effectively to change in 

its environment and exhibits a dynamic movement [5, 24, 26]. 

 

3.2. NDWI (Normalized Difference Water Index) 

 

Visual results of NDWI analysis are given in Figure 4 and numerical results are given in Table 2. 

Accordingly, it is seen that dry areas covered an area of 51,939.28 ha in 2014 and 52,989.54 ha in 

2004. It means that dry areas increased by 2.02% in the 10 years. It was determined that moderately 

dry areas covered an area of 16,423.67 hectares in 2014, and this number reached to 18,198.48 ha in 

2024. It was seen that the number of moderately dry areas increased by 10.81% in the 10 years. It was 

determined that humid areas covered 23,099.28 ha in 2014 and 20,394.59 ha in 2024. It is seen that in 

the 10 years, humid areas decreased by 11.71%. Finally, when the water body is evaluated, it is seen 

that it covered an area of 2,050.49 hectares in 2014, and by 2024, this figure decreased to 1,930.11 

hectares. This means that the water body decreased by 5.87% over the 10 years. 

 

Today, one of the most important problems in the world is global warming. Global warming brings 

with it many problems such as area and vegetation change, changes in climate elements, and 

sustainability. Climate warming accelerates the global hydrological cycle and alters precipitation 

patterns due to greater evaporation and water vapor from rising temperatures [33, 34]. It is a very 

difficult process to prevent even with new and harsh measures [4]. According to the results of the 

NDWI analyses performed in this study, it is seen that the area covered by the water mass decreased 

by 5.87%. The water mass contributes to the water level of its surroundings, especially by distributing 

to its near surroundings both as capillaries and as moisture in the atmosphere through evaporation 

[32]. When water mass decreases, dry or moderately dry areas are expected to increase, as in our study 

area. In our study, this situation shows that while the dry and moderately dry areas increase, the humid 

areas decrease. 

 

However, one of the important factors caused by global warming is the issue of climate change. 

Climate shifts can occur in many different ways at the local level [35, 36]. In this study, although the 

relatively healthy vegetation developing despite the decrease in the water mass and the water potential 

in the surrounding area seems like a contradiction, it is actually thought that this situation is due to 

climate change. Spring rains normally occur in May in the research area [34]. However, in 2024, it 

was observed that these precipitations occurred at the end of May and early June, rather than in the 

middle of May as expected (data not shown). Therefore, it is seen that the water mass and moist areas 

are less in 2024 compared to 2014 due to the delay in the spring rains expected in 2024. For this 

reason, in this study, which aims to determine what changes have occurred in the area over 10 years, 

very close days of the year were selected. However, taking into account climate change, conducting an 

analysis covering June 2024 will take this study further and make the results more clearly 

understandable. 

 

3.3. ST (Surface Temperature) 

 
Visual results of NDWI analysis are given in Figure 5 and numerical results are given in Table 3. 

Accordingly, on May 23, 2014, the temperature in the 446.31 ha part of the research area was between 

-3 and 14.18 0C, in the 12,649.30 ha area the temperature was between 14.18 and 25.29 0C, in the 

17,888.16 ha area the temperature was between 25.29 and 25.29 0C. It was determined that the 

temperature was between 31.58 and 36.82 0C in the 31456.79 ha area and between 36.82 and 50.45 0C 

in the 31,072.16 ha area. On May 18, 2024, the temperature was between 14.01 and 25.12 0C in the 

8,753.12 ha part of the research area, between 25.12 and 29.13 0C in the 13700.86 ha part, and 29.13 
0C in the 21,557.71 ha part. It was determined that the temperature was between 32.32 and 35.39 0C in 

the 28,851.77 ha part and between 35.39 and 44.13 0C in the 20,649.26 ha part. According to the 

weighted average calculation based on the midpoints of the temperature spectra and the area where 
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they are seen, while the average temperature of the area was 34.14 0C in 2014, this figure was 

determined to be 32.11 0C in 2024.  

 

The presence of parts with different temperature values in the area can be explained by different 

ecological elements in the very wide area. These involve many factors including the difference in the 

amount of heat retention of water, soil or vegetation, elevation, and bedrock elements [32]. Of course, 

only one day surface temperature analysis for the years 2014 and 2024 may prevent us from reaching a 

clear conclusion about the temperature of the region. However, it is clear that it gives an idea about the 

temperature values of the area. In our study, in general, it can be seen that 2014 was 2 0C  

 

 
 

Figure 3. Results of normalized difference vegetation index (NDVI) analyses (2014 and 2024)(a. 

Maximum/minimum levels of reflection values, b. Classification of reflection values, c. Classification 

of plant cover and water bodies) 
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Table 1. Numeric values of plant cover and water bodies belonging to the research area 

 

Categories 
2014 2024 Change 

(May, 23rd) (May, 18th) (%) 

Soil areas 30,966.00 30,130.45 -2.70 

Herbaceous areas 17,202.20 18,158.13 5.56 

Trees/Shrubs 34,285.61 33,854.94 -1.26 

Forests 9,008.42 9,439.09 4.78 

Water bodies 

2,050.49 

1,930.11 

-5.87 

 

 
 
Figure 4. Results of normalized difference water index (NDWI) analyses (2014 and 2024) (a. 

Maximum/minimum levels of reflection values, b. Classification of reflection values, c. Classification 

of the areas in terms of water content) 
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Table 2. Numeric values of plant cover and water bodies belonging to the research area 
 

Categories 
2014 2024 Change 

(May 23rd) (May 18th) (%) 

Dry areas 51,939.28 52,989.54 2.02 

Moderately dry areas 16,423.67 18,198.48 10.81 

Humid areas 23,099.28 20,394.59 -11.71 

Water bodies 2,050.49 1,930.11 -5.87 

 

 
 

Figure 5. Results of surface temperature (ST) analyses (2014 and 2024) (a. Maximum/minimum levels of 

reflection values, b. Classification of reflection values, c. Classification of the areas in terms of surface 

temperature) 
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Table 3. Temperature spectrum and areas (ha) 

 

2014 (May 23rd)  2024 (May 18th) 

Temperature Spectrum 

(0C) Area (ha)  

Temperature Spectrum 

(0C) Area (ha) 

-3.00  --- 14.18 446.31   14.01 --- 25.12 8,753.12 

14.18 --- 25.29 12,649.16   25.12 --- 29.13 13,700.86 

25.29 ---31.58 17,888.16   29.13 --- 32.32 21,557.71 

31.58 --- 36.82 31,456.79   32.32 --- 35.39 28,851.77 

36.82 --- 50.45 31,072.16   35.39 --- 44.13 20,649.26 

 

warmer for the same period. It is thought that this situation occurred as a result of climate change [35, 

36], as explained above. 

 

In a study conducted in Tokat province, it was noted that the current state of the vegetation can be 

tracked using remote sensing methods, and the change in vegetation may be observed through future 

studies [21]. In this study, in addition to the vegetation of the Porsuk dam and its immediate 

surroundings, water content and surface temperature analysis were also carried out, taking advantage 

of the opportunities provided by technology, both today and 10 years ago, and the results were 

compared. In other words, temporal and spatial analysis was applied within the framework of the 

variables specified in the study area. We believe that this study will provide data for other studies to be 

carried out in the area in the coming years in terms of determining vegetation, water content and 

surface temperature, future planning, management and decision-making processes. 
 
4. CONCLUSION 

In this study, changes in the vegetation and water content of Porsuk and its immediate surroundings 

over 10 years were studied by performing NDVI and NDWI analyses. Additionally, the study was 

supported by surface temperature analysis. It was concluded that the presence of forests and areas with 

herbaceous vegetation increased over the 10 years, whereas soil, tree/shrub areas and the water body 

decreased. It was also concluded that dry and moderately dry areas increased, while water bodies and 

wet areas decreased. The results obtained have been associated with climate change and climate drift. 
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Abstract  Keywords 

Plant Growth Promoting Rhizobacteria (PGPRs) are bacteria that promote 

plant growth through both direct and indirect mechanisms. The formulation 

of PGPR inoculants is crucial for the efficacy and commercial success of 

microbial fertilizers. Formulation aims to optimize the survival of microbial 

strains under specific environmental conditions and enhance their capacity to 

promote plant growth. This process ensures protection of bacterial cells 

against harsh conditions such as high temperatures, desiccation, and storage, 

thereby extending product shelf life. Proper formulation of PGPR inoculants 

is a critical component for sustainable agricultural practices, playing a 

significant role in improving both plant health and productivity. 

 

Among PGPR strains, Bacillus species are particularly produced and utilized 

as microbial fertilizers commercially due to their high efficacy potential and 

long shelf life. However, for large-scale production, strain-specific PGPR 

formulations need to be developed and optimized to produce PGPR 

inoculants with high efficacy potential and extended shelf life. 

 

In this study, acidic liquid formulations were prepared using acetic acid for 

B. subtilis EGE-B-36.5 strain, and alkaline liquid formulations were prepared 

using calcium acetate-calcium hydroxide for B. subtilis EGE-B-1.19 strain. 

The viable cell count in the liquid formulations was statistically compared 

with the control. In the acidic liquid formulation, statistically significant 

changes in viable cell count were observed for B. subtilis EGE-B-36.5 strain 

at pH 4.0 after 12 months and for B. subtilis EGE-B-1.19 strain at pH 4.0 

after 12 months (p<0.05). In the alkaline liquid formulation at pH 9.5 there 

had been a statistically significant (p<0.05) difference between control group 

of the B. subtilis EGE-B-1.19.  
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1. INTRODUCTION 
 

The significant increase in the global population is driving up the demand for food. Therefore, farmers 

use large amounts of chemical fertilizers and their derivatives to obtain maximum crop yield due to 

limited land resources. However, the continuous and excessive use of these chemical fertilizers and 

derivatives negatively affects the natural microflora, such as bacteria, fungi, cyanobacteria, and 

protozoa, present in the rhizosphere or applied area, causing an imbalance in the natural ecosystem [1]. 

This damage, which initially provides short-term benefits, ultimately leads to inefficiency in production 

and poor-quality products [2]. 

 

Globally, to mitigate the larger problems that the current negative agricultural practices may cause in 

the future and to ensure the continuity of the most basic human need nutrition the most innovative 

solution in agricultural production is microbial fertilizers. These fertilizers are environmentally friendly, 

harmless to human health, and provide essential elements required by plants, competing with chemical 

fertilizers. Bacteria that establish a positive relationship with plant roots and positively affect plant 

development and growth are defined as Plant Growth Promoting Rhizobacteria (PGPRs). PGPRs play 

an active role in reducing the damage caused by plant pathogenic microorganisms, directly or indirectly 

facilitating plant growth, promoting plant growth by activating insoluble nutrients in the soil, and 

minimizing abiotic stress [3]. 

 

PGPRs have been documented in the literature as beneficial rhizobacteria for the soil ecosystem due to 

their high adaptation capabilities to various environments, rapid growth rates, and ability to metabolize 

a wide range of natural and xenobiotic compounds [4]. Although PGPRs encompass many different 

types of bacteria, many PGPRs developed for commercial applications are predominantly Bacillus 

species. These products are used in the form of endospores, which provide population stability 

throughout formulation and shelf life [5]. 

 

Among Bacillus species, B. subtilis strains are the most commonly used PGPRs due to their capacity to 

produce antibiotics and numerous other beneficial properties, which reduce disease incidence in plants 

[6]. When aerobic, endospore-forming Bacillus species are used in agricultural fields, they contribute to 

crop productivity directly or indirectly. Bacillus species possess many physiological characteristics, 

such as having a Gram-positive cell wall, forming stress-resistant endospores, secreting peptide 

antibiotics, and producing peptide signal molecules and extracellular enzymes. Particularly, Bacillus 

species can survive for extended periods under adverse environmental conditions due to their endospore 

formation mechanism. It is known that most Bacillus species promote plant growth. The primary 

mechanisms of growth promotion include the production of growth-stimulating phytohormones, 

phosphate solubilization, siderophore production, antibiotic production, inhibition of ethylene synthesis 

in plants, and induction of systemic resistance against pathogens. Numerous studies have shown that 

Bacillus and Paenibacillus species exhibit antagonistic activities that suppress pathogens under both in 

vitro and in vivo conditions [7]. 

 

PGPR inoculants are defined as formulations containing one or more beneficial bacterial strains 

prepared with an easy-to-use and economical carrier material. The key points in PGPR inoculant 

technology are the selection of an appropriate carrier for the inoculants and the preparation of a suitable 

formulation [8]. Biomass production, formulation, and determining shelf life are important steps to 

consider during the development of PGPR inoculants. It must be ensured that a properly produced, 

formulated, and applied bioinoculant product will deliver all the benefits it is intended to provide. 

Generally, many private companies globally offer a variety of efficient and effective bioinoculants for 

diverse soils in response to increasing demand in the international market. However, these inoculants 

often tend to be of low quality. In some products used in developing or developed countries, rhizospheric 

microorganisms may be absent or contaminated with other strains. This inconsistency in the beneficial 
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effect of bioinoculants in the field creates a negative impression in the market [9]. The heterogeneity of 

soils poses a significant challenge for bioinoculants. Bacteria inoculated into the soil must compete with 

the better-adapted native microbiota and survive in the soil microbiome. Therefore, a more suitable 

microenvironment should be provided for bioinoculants with physicochemical protection. This approach 

will help prevent rapid declines in the number of live bacterial cells [9]. 

 

As a result, the goal of inoculant formulations should be to allow PGPRs to survive better in suitable 

and available forms during storage and application [9]. An ideal bioinoculant formulation should not 

have phytotoxic effects on the plants where it is applied, demonstrate high tolerance to adverse 

environmental conditions, have a cost lower than other products in the market, and be reliable in 

controlling plant diseases [10]. 

 

In this study, indigenous Bacillus subtilis EGE-B-1.19 and Bacillus subtilis EGE-B-36.5 strains with 

PGPR properties were used. Following production, the pH values of the culture medium were adjusted 

to acidic and alkaline levels. The shelf life of liquid formulations at different pH values was monitored 

over 12 months to determine the optimal pH for these strains and to aim for the production of a viable 

product with extended shelf life.  
 

2. MATERIALS AND METHODS  

 

2.1. Microorganisms, Culture Conditions and Preformulation 

 

Bacillus subtilis EGE-B-1.19 and Bacillus subtilis EGE-B-36.5, which have PGPR properties, were used 

from microbial culture collection, Department of Bioengineering, Ege University, Izmir, Turkey [11, 

12]. Initially, growth of two strains on nutrient agar plates at pH 4.5, 5.0, 5.5, 6.0, 6.5, 7.0, 7.5, 8.0, and 

8.5 was determined. Plates were inoculated and incubated at 30 °C. After incubation, the growth of 

Bacillus strains on petri plates with different pH values was visually graded. 

 

Then, B. subtilis EGE-B-1.19 and B. subtilis EGE-B-36.5 were grown on Bacillus endospore production 

medium (EPM). This medium contained glucose, 5.0 g; dry yeast, 3.31 g; soy flour, 23.56 g; (NH4)2SO4, 

0.60 g; glycerol 2.0%; stock salt solution 10 ml; antifoam, 0.1% (w/v); distilled water, 1000 ml; pH 7.0. 

The stock salt solution was composed of 20.30 g, MgCl2.6H2O; 10.20 g, CaCl2.2H2O; 1.00 g, 

MnCl2.4H2O; 1000 ml distilled water. Sterilized Bacillus EPM was inoculated with each Bacillus strain 

and incubated at 30±2°C. The viable cell count of the culture broth was determined in colony-forming 

units per milliliter (cfu/ml) using the pour plate method [13]. After production, consecutive serial 

dilutions ranging from 10-1 to 10-8 were prepared from the culture liquid, and the viable cell count was 

determined in colony forming units per milliliter (CFU/ml) using the pour plate method. For this 

purpose, 1 mL from each dilution ranging from 10-4 to 10-8 was transferred to sterile glass petri dishes 

under aseptic conditions. Each dilution was performed in duplicate. Subsequently, the dishes were 

cooled to 45°-50°C, and approximately 20 mL of nutrient agar medium was poured onto them. After 

gently swirling the plates by hand until the agar solidified, they were incubated at 28°C for 24-48 hours 

[14]. 

 

Acidic liquid preformulation experiments were carried out with B. subtilis EGE-B-36.5 using acetic acid 

[15], lactic acid [16], propionic acid [16], citric acid [16], and boric acid [17]. B. subtilis EGE-B-36.5 

culture broth’s (1x108 cfu/ml, pH 8.0) in sterile amber bottles was adjusted to pH 3.0 and 4.0 with lactic 

acid, citric acid, and propionic acid, pH 3.0, 4.0, and 5.0 with acetic acid, and pH 5.0 with boric acid. 

Acidic liquid preformulations and culture broth at pH 8.0 as control were stored at room temperature 

for three months. The viable cell count (cfu/ml) in acidic liquid preformulations and control was 

analyzed monthly using the pour plate method for three months. In addition, the pH measurements of 

the preformulations were monitored monthly to determine the relationship between the viable cell count 



İşlek et al. / Estuscience – Life , 14 [1] – 2025 

 

17 

and the pH change. According to the preformulation results, it was decided which acid should be used 

to prepare the acidic liquid formulations. 
 

2.2 Experimental Setup for the PGPR Liquid Formulations 

 

The pH of the culture broths (1x108 cfu/ml, pH 8.0) in sterile amber bottles with B. subtilis EGE-B-1.19 

and B. subtilis EGE-B-36.5 were adjusted to pH 2.0, 3.0, 4.0, and 5.0 with acetic acid. In addition, 

alkaline liquid formulations were prepared from the culture broth (1x108 cfu/ml) of only B. subtilis EGE-

B-1.19 at pH 9.0, 9.5, and 10.0 using calcium acetate-calcium hydroxide. The acidic and alkaline liquid 

formulations were stored at a room temperature of 25°C. The viable cell count (cfu/ml) of the liquid 

formulations was monitored monthly using the pour plate method for 12 months. Additionally, the pH 

values of the liquid formulations were monitored monthly for 12 months using a Milwaukee Mi 150 pH 

meter. 

 

2.3 Statistical analysis 

 

The experiments were performed in triplicate. The means were statistically analyzed using Tukey’s 

ANOVA (p<0.05).  

 

3. RESULTS AND DISCUSSION 

 

3.1 Investigation of the Growth of Bacillus strains at Different pH Levels on Petri Plates 

 

In this study, it was observed that B. subtilis EGE-B-1.19 and B. subtilis EGE-B-36.5 strains grew well 

between pH 5.5 – pH 7.5 on NA plates after 48 h of incubation. Although B. subtilis EGE-B-1.19 grew 

well at pH 8.0 and 8.5, it showed weak growth after two weeks of incubation at pH 4.5. B. subtilis EGE-

B-36.5 showed weak growth at pH 8.0 and 8.5, but it did not grow at pH 4.5, as shown in Table 1. 

Therefore, acidic and alkaline liquid formulations were designed to be below pH 5.5 and above pH 8.5, 

where B. subtilis strains could not grow well. The purpose of designing acidic and alkaline liquid 

formulations below pH 5.5 and above pH 8.5 is to allow Bacillus strains, which produce endospores, to 

remain in the endospore form for an extended period without transitioning to the vegetative form. 

 

Table 1. Determination of pH tolerance of Bacillus subtilis strains on Nutrient Agar plates 

Bacillus 

subtilis strains 

pH 

 pH 4.5 pH 5.0  pH 5.5 pH 6.0 pH 6.5 pH 7.0 pH 7.5 pH 8.0 pH 8.5 

B. subtilis 

EGE-B-1.19 

+++ +++ +++++ +++++ +++++ +++++ +++++ +++++ +++++ 

B. subtilis 

EGE-B-36.5 

- +++ ++++ +++++ +++++ +++++ +++++ +++ +++ 

 

The pH tolerance of different strains of B. subtilis is different, as shown in Table 1. B. subtilis can grow 

at low as pH 4.0 and high as pH 9.0, but 7.8 is where it grows best. Alkaliphile and alkali-tolerant 

microorganisms grow well in alkali environments above pH 9; however, alkaliphile microorganisms do 

not show optimal growth below pH 9. It has been shown in studies that B. subtilis maintains a cytoplasm 

pH between 7.3 and 7.6 with its cytoplasmic pH homeostasis ability [18, 19]. Gauvry et al. reported that 

the B. subtilis BSB1 strain grew between pH 4.8 and 9.1 [20]. In our studies, B. subtilis EGE-B-1.19 

grew at pH 4.5-8.5 and B. subtilis EGE-B-36.5 grew at 5.0-8.5. These strains were found to have alkali 

and acid tolerance but showed different growth rates at different pH values. Accordingly, strain-specific 

studies should be conducted from formulation development studies even if they belong to the same 

species. 
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3.2 Preformulation of Bacillus subtilis EGE-B-36.5  

 

The incubation of Bacillus subtilis EGE-B-1.19 and Bacillus subtilis EGE-B-36.5 in EPM resulted in 

obtaining spores at concentrations of 5.6 x 109 CFU/ml and 1.2 x 109 CFU/ml, respectively. Both 

bacteria were diluted to a concentration of 108 CFU/ml through the necessary calculations. 

 

The pH of the culture broth was adjusted to pH 3.0, pH 4.0, and pH 5.0 with lactic acid, propionic acid, 

citric acid, and acetic acid to prepare the preformulation with B. subtilis EGE-B-36.5. In addition, the 

pH of the culture broth containing B. subtilis EGE-B-36.5 was adjusted to pH 5.0 using only boric acid. 

It has been determined that boric acid must be used in large quantities to adjust the pH of the culture 

broth to acidic levels such as pH 3.0 and pH 4.0 because it is a weak acid. For this reason, it was decided 

that using boric acid excessively is not cost-effective (Table 2) As stated in Table 3, preformulations 

created using five different acids were subjected to statistical analysis using the variance analysis 

(ANOVA) function in the SPSS package program in the third month to assess the total viable cell count. 

A significant variation in the viable cell count was observed in the formulation adjusted to pH 3.0 using 

citric acid (p <0.05). According to the outcomes generated by this software, a second significant change 

in viable cell count (p <0.05) was identified in the culture medium adjusted to pH 5.0 using acetic acid. 

In formulations to be conducted on a commercial scale, the unit cost of citric acid is considerably higher 

than that of acetic acid. Hence, because of the cost-effectiveness of acetic acid, the study proceeded with 

acetic acid to establish acidic liquid formulations.  

 
Table 2. Monthly viable cell counts (cfu/ml) and pH values of B. subtilis EGE-B-36.5 in preformulations 

 
  Preformulation of B. subtilis EGE-B-36.5 

Acids Storage 

(Month) 

0 1st month 2nd month 3rd month 

  x108 CFU/ml pH x108 CFU/ml pH x108 CFU/ml pH x108 CFU/ml pH 

Lactic 

Acid 

pH 3.0 3.3 ± 0.03 3.0 ±0.05 2.3 ±0.9 2.9 ±0.03 2.1 ±0.5 3.6 ±0.04 3.2 ±2.0 3.1 ±0.01 

pH 4.0 3.8 ±0.3 4.1 ±0.05 1.7 ±0.8 4.1 ±0.1 2.2 ±0.05 4.6 ±0.1 2.5 ±0.3 6.4 ±0.14 

pH 5.0 - - - - - - - - 

Propionic 

Acid 

pH 3.0 2.8 ±0.4 3.0 ±0.05 1.2 ±0.2 3.0 ±0.05 1.6 ±0.60 3.0 ±0.05 1.4 ±0.14 3.0 ±0.03 

pH 4.0 2.3 ±0.4 4.0 ±0.04 1.9 ±0.9 3.9 ±0.02 3.0 ±0.47 4.0 ±0.04 1.8 ±0.5 4.0 ±0.02 

pH 5.0 - - - - - - - - 

Citric 

Acid 

pH 3.0 3.9 ±0.089 3.0 ±0.07 1.3 ±0.13 2.9 ±0.05 2.2 ±0.6 3.0 ±0.07 4.1 ±1.25 3.1 ±0.01 

pH 4.0 3.1 ±0.40 4.0 ±0.06 1.5 ±0.3 4.1 ±0.16 1.6 ±0.05 4.0 ±0.06 1.6 ±1.1 6.5 ±0.3 

pH 5.0 - - - - - - - - 

Acetic 

Acid 

pH 3.0 3.2 ±1.1 3.1 ±0.05 1.74 ±0.17 2.9 ±0.04 2.0 ±0.53 3.1 ±0.05 1.9 ±0.5 3.0 ±0.04 

Boric 

Acid 

pH 3.0 - - - - - - - - 

pH 4.0 - - - - - - - - 

pH 5.0 1.5 ±0.2 4.7 ±0.3 1.4 ±0.25 4.7 ±0.3 1.8 ±0.7 4.7 ±0.25 1.6 ±0.4 4.7 ± 0.3 

Control  2.5 ±0.07 8.6 ±0.05 1.7 ±0.2 6.9 ±0.03 3.4 ±1.2 7.5 ±0.06 2.0 ±0.8 7.5 ±0.18 

-: Acidic liquid formulation was not prepared. 
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Table 3. Comparison of viable cell counts (CFU/ml) of B. subtilis EGE-B-36.5 in the third month of acidic liquid 

formulations prepared with different acids 

 
 Population density (x108 cfu/ml) 

Acids pH 3.0 pH 4.0 pH 5.0 
Citric Acid 4.1 ± 1.25 *a 1.6 ± 1.1 d - 

Propionic Acid 1.4 ± 0.14 cd 1.8 ± 0.5 bcd - 
Boric Acid - - 1.6 ± 0.4 bcd 
Lactic Acid 3.2 ± 2.0 abc 2.5 ± 0.3 abcd     - 
Acetic Acid 1.9 ± 0.5 bcd 3.2 ± 0.15 ab 3.4± 0.9 ab 

Control 2.0 ± 0.8 abcd 
              *In a column, means that are followed by the same letter are statistically similar.  NA: not applicable

 
 

 

3.3. Shelf Life of the Acidic Liquid Formulations  

 

Acetic acid formulations of the B. subtilis strains were prepared at pH 2.0, 3.0, 4.0, and 5.0, as shown 

in Tables 4a and 4b. The viable cell count in the formulation at pH 2.0 for both Bacillus strains declined 

in the second month, and no viable cells were observed in the third month. Bacillus strains typically 

thrive in environments with high pH values. Low pH values, such as pH 2.0, represent highly acidic 

conditions that typically have a negative impact on the growth of most Bacillus strains. However, some 

Bacillus species are acidophiles, which means that they can tolerate lower pH values. Extremophilic 

Bacillus species can survive in low pH environments because they have adapted to extreme conditions 

[21]. As a result, neither of the strains can survive at pH 2. 

 

When viable cell counts were compared with the control group by performing the ANOVA test in the 

SPSS package program, it was determined that there had been a statistically significant (p<0.05) 

difference between the control and the acetic acid formulation of the B. subtilis EGE-B-36.5 strain at 

pH 4.0 and the acetic acid formulation of the B. subtilis EGE-B-1.19 at pH 4.0 (Table 4a and 4b). 

 
Table 4a. Monthly viable cell counts (cfu/ml) and pH values of B. subtilis EGE-B-36.5 in acidic liquid formulations 

 

 -: No growth 

 

 
 

 

 

 

 Acidic liquid formulation of B. subtilis EGE-B-36.5  

Storage 

(Month) 

pH 2.0 pH 3.0 pH 4.0 pH 5.0 Control 

Population 

density (x108 

CFU/ml) 

pH Population 

density (x108 

CFU/ml) 

pH Population 

density (x108 

CFU/ml) 

pH Population 

density (x108 

CFU/ml) 

pH Population 

density (x108 

CFU/ml) 

pH 

0 1.8 ± 1.4 2.0 ± 0 3.2 ± 1.1  3.1 ± 0.05 3.4 ± 0.1 4.0 ± 0.01 4.1 ± 0.05  5.1 ± 0.1 2.5 ± 0.07 8.6 ± 0.05 

1 0.8 ± 0.5 2.28 ± 0.01 1.74 ± 0.17 2.9 ± 0.04 2.5 ± 1.42 3.9 ± 0.02 3.1 ± 0.4  8.2 ± 0.2 1.7 ± 0.2  6.9 ± 0,03 

2 0.04 ± 0.2 2.03 ± 0.7 2.0 ± 0.53 3.1 ± 0.05 2.2 ± 0.05  4.0 ± 0.01 2.0 ± 1.2 5.1 ± 0.1 3.4 ± 1.2  7.5 ± 0.06 

3 - - 1.9 ± 0.5 3.0 ± 0.04 3.2 ± 0.15 4.0 ± 0.02 3.4 ± 0.9  7.5 ± 0.3 2.0 ± 0.8 7.5 ± 0.18 

4 - - 1.6 ± 0.3  3.0 ± 0.02 2.5 ± 0.5  4.1 ± 0.03 1.9 ± 0.25  7.6 ± 0.3 2.0 ± 0.7  7.5 ± 0.07 

5 - - 1.8 ± 0.1  3.0 ± 0.01 2.2 ± 0.2 4.0 ± 0.01 1.9 ± 0.12  7.6 ± 0.2 1.9 ± 0.15  7.5 ± 0.06 

6 - - 1.5 ± 0.06  3.0 ± 0.02 2.1 ± 0.16  4.0 ± 0.01 1.8 ± 0.2  7.6 ± 0.25 1.8 ± 0.45  7.5 ± 0.03 

7 - - 1.5 ± 0.2 3.0 ± 0.015 2.1 ± 0.1  4.0 ± 0.01 1.5 ± 0.27  7.7 ± 0.16 1.9 ± 0.1  7.6 ± 0.03 

8 - - 1.0 ± 0.1 3.1 ± 0.015 1.8 ± 0.2 4.0 ± 0.015 1.1 ± 0.1  7.8 ± 0.18 1.6 ± 0.2  7.6 ± 0.04 

9 - - 0.9 ± 0.2  3.1 ± 0.01 1.7 ± 0.2  4.0 ± 0.02 0.8 ± 0.1  7.8 ± 0.15 1.4 ± 0.17  7.7 ± 0.08 

10 - - 0,8 ± 0,2 3,1 ± 0,03 1.5 ± 0.14  4.0 ± 0.02 0.5 ± 0.17  7.8 ± 0.4 0.9 ± 0.2  7.8 ± 0.15 

11 - - 0.8 ± 0.25 3.2 ± 0.03 1.4 ± 0.1  4.0 ± 0.02 0.3 ± 0.25  7.8 ± 0.4 0.5 ± 0.14  7.9 ± 0.13 

12 - - 0.6 ± 0.1 3.2 ± 0.04 1.4 ± 0.1  4.0 ± 0.03 0.2 ± 0.1  7.9 ± 0.4 0.5 ± 0.15  7.9 ± 0.29 
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Table 4b.Monthly viable cell counts (cfu/ml) and pH values of B. subtilis EGE-B-1.19 in acidic liquid formulations 

 

-:No growth 

 

In the study conducted by Muis, it was determined that B. subtilis grows easily between pH 5.0 and pH 

8.0, and the optimum pH is pH 6.0 [22]. Because formulations formed in these ranges will support the 

growth of bacteria, lower acidic values were used for acetic formulations in our study. In addition, it has 

been noted that the growth of contamination is inhibited when the culture media is provided at a low pH 

level [15]. Issahary et al. investigated the activation of B. cereus endospores under low pH at different 

temperatures (50 ℃, 60 ℃ and 70 ℃)[23]. Because of the treatment of endospores at pH 1.0 and all 

temperatures, they showed that endospores were activated much faster than the control group (water 

only), but endospores entered the death phase very early. As the temperature increased, the endospores 

were activated more quickly and entered the death phase more quickly. In addition, in our study, it was 

determined that the acidic liquid formulation at pH 2.0 did not have viable cells at the end of the 3rd 

month. In the study, it was observed that the endospores of both Bacillus strains were lysed at pH 2.0. 

Wilks et al. determined the resistance of B. subtilis AG174 to extreme acidic and alkaline culture broth 

B. subtilis AG174 was cultured at pH 6.0 and pH 7.0, and the culture broth was adjusted to pH 4.5 [18]. 

After 2 h, the viability of the strain was determined as 60-100% and 5%–15%, respectively. In addition, 

the B. subtilis strain was cultured at pH 7.0 and pH 9.0, and the culture broth was adjusted to pH 10.0. 

After 2 h, B. subtilis strain viability was determined as 1-5% and 40%–100%, respectively. In this study, 

they showed the importance of the pH of the growth medium for viability. In our study, Bacillus strains 

in the endospore form were produced under optimum production conditions (pH 7.0, 30 oC). Therefore, 

the survival time of the bacteria increased and reached 12 months under similar pH conditions. 

 

Vehapi and Özçimen adjusted the pH of the Luria –Bertani broth (LB) medium to pH 3.0, pH 5.0, and 

pH 7.0 in their study to investigate the growth of the B. subtilis strain [24]. They found that the specific 

growth rate of the B. subtilis strain was seven times higher in the culture medium adjusted to pH 7.0 

than in the culture medium adjusted to pH 3 and almost equal to that in the culture medium adjusted to 

pH 5. The formulations are designed to maintain a steady viable cell count in the strain that will be used. 

If the pH range of the formulation is suitable for the growth of the strain, the strain may die after a while 

because of factors such as insufficient nutrients in the environment. Therefore, studies should be 

conducted on formulations that maintain a steady viable cell count in the strain over time. Furthermore, 

based on the results obtained in the study, it was concluded that different acidic formulations at various 

pH values should be developed for both B. subtilis strains.  

 

 

 

 

 

 Acidic liquid formulation of B. subtilis EGE-B-1.19   

Storage 

(Month) 

pH 2.0 pH 3.0 pH 4.0 pH 5.0 Control 

Population 

density (x108 

CFU/ml) 

pH Population 

density (x108 

CFU/ml) 

pH Population 

density (x108 

CFU/ml) 

pH Population 

density (x108 

CFU/ml) 

pH Population 

density (x108 

CFU/ml) 

pH 

0 2.9 ± 0.8 2.0 ± 0 3.0 ± 1.3 3.0 ± 0 3.2 ± 0.7 4.0 ± 0 3.5 ± 0.5 5.0 ± 0 3.5 ± 1.14 8.0 ± 0 

1 1.3 ± 0.1 2.3 ± 0.01 1.2 ± 0.70 2.9 ± 0.01 2.2 ± 0.5 5.1 ± 0.02 4.1 ± 0.05 7.2 ± 0.3 3.3 ± 0.7 7.9 ± 0.2 

2 0.03 ± 0.2 2.2 ± 0.05 0.5 ± 0.2 2.8 ± 0.03 4.0 ± 1.45 5.1 ± 0.07 4.8 ± 0.9 7.0 ± 0.2 3.6 ± 0.15 7.9 ± 0.4 

3 - - 1.1 ± 0.5 2.8 ± 0.01 4.8 ± 1 5.2 ± 0.1 6.5 ± 0.5 7.5 ± 0.6 2.8 ± 0.06 7.8 ± 0.8 

4 - - 0.4 ± 0.24 2.8 ± 0.02 4.6 ± 2.6 5.9 ± 0.7 4.7 ± 1.1 8.3 ± 1.05 4.2 ± 0.4 8.4 ± 0.9 

5 - - 0.1 ± 0.02 3.0 ± 0.02 4.5 ± 0.7 6.2 ± 1.3 3.5 ± 1 8.1 ± 1.03 7.8 ± 0.4 8.7 ± 0.28 

6 - - 0.1 ± 0.04 3.0 ± 0.01 2.8 ± 0.45 6.6 ± 1.7 2.35 ± 0.55 7.8 ± 0.9 1.9 ± 0.75 8.2 ± 0.64 

7 - - 0.1 ± 0.01 3.0 ± 0.01 3.1 ± 1 6.7 ± 1.7 4 ± 1.6 8.1 ± 1.2 3.9 ± 0.2 8.3 ± 0.77 

8 - - 0.4 ± 0.12 2.9 ± 0.03 4.25 ± 0.25 6.8 ± 1.4 2.8 ± 0.95 7.8 ± 1.04 1.75 ± 0.15 8.1 ± 0.53 

9 - - 0.1 ± 0.01 2.9 ± 0.03 3.7 ± 1.6 6.8 ± 1.4 3.7 ± 1.35 7.8 ± 1.1  2.45 ± 0.45 8.2 ± 0.2 

10 - - 0.1 ± 0.08 2.9 ± 0.05 2.9 ± 0.7 6.9 ± 1.3 2.6 ± 0.6 7.7 ± 1.05 1.5 ± 0.3 8.2 ± 0.27 

11 - - 0.15 ± 0.01 2.9 ± 0.01 2.85 ± 0.95 7.0 ± 1.2 1.3 ± 0.6 7.7 ± 1.1 3.2 ± 0.95 8.1 ± 0.4 

12 - - 0.1 ± 0.01 2.8 ± 0.03 3.35 ± 0.55 7.1 ± 1.2 2.4 ± 0.5 7.8 ± 1.1 1.5 ± 0.95 8.2 ± 0.5 
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3.4 Shelf Life of the Alkaline Liquid Bacillus Subtilis Ege-B-1.19 Formulations 
 

Calcium acetate and calcium hydroxide, which are suitable for use as food additives, are pH regulating 

substances that enhance bioavailability [25]. In our study for 12 months, it was determined that the 

alkaline formulations used for the B. subtilis EGE-B-1.19 strain provided suitable conditions (Table 5). 

When the viable cell count was compared with the control group using the ANOVA test in the SPSS 

package program, it was determined that there had been a statistically significant (p<0.05) difference 

between the control and the alkaline formulation of the B. subtilis EGE-B-1.19 strain at pH 9.5 (Table 

6) 

 
Table 5. Monthly total number of viable cells (cfu/ml) and pH values of B. subtilis EGE-B-1.19 in alkaline liquid formulations 

 

 

 

Table 6. Statistical values of liquid formulation of B. subtilis EGE-B-1.19 and B. subtilis EGE-B-36.5 

 

Bacillus subtilis EGE-B.1.19 Bacillus subtilis EGE-B.36.5 

Acidic pH Population density (x108 

cfu/ml) 

Alkaline pH Population density 

(x108 cfu/ml) 

Acidic pH Population density 

(x108 cfu/ml) 

Control 1.5 ± 0.95 *b Control 1.5 ± 0.95 b Control 0.5 ± 0.15 b 

pH 3.0 0.1 ± 0.01 c pH 9.0 2.0 ± 0.25 ab pH 3.0 0.6 ± 0.1 ab 

pH 4.0 3.35 ± 0.55 a pH 9.5 3.7 ± 0.3 a pH 4.0 1.4 ± 0.1 a 

pH 5.0 2.4 ± 0.5 ab pH 10.0 1.7 ± 0.6 b pH 5.0 0.2 ± 0.1 c 

*In a column, means that are followed by the same letter are statistically similar. 

 

When the literature is examined, it is difficult to suppress growth in neutral and weakly alkaline pH 

conditions. Chung et al. showed that the strong alkaline structure of the zeolite NaA they used prevented 

the transformation of endospores into a vegetative form [26].The liquid formulations produced from 

Bacillus strains were adjusted to pH 5.0, pH 9.0, and pH 11.0 and the viable cells count. In the 

formulations created with pH 5.0 and pH 9.0, there was a decrease in the viable cell count on the 20th 

day, and no viable cells were found in the formulations after the 60th day. In the formulation created at 

pH 11.0, they reported that endospores were preserved without growth for up to 60 days.  

 

 

 Alkaline liquid formulation of B. subtilis EGE-B-1.19  

Storage 

(Month) 

pH 9.0 pH 9.5 pH 10.0 Control 

Population 

density (x108 

CFU/ml) 

pH Population 

density (x108 

CFU/ml) 

pH Population 

density (x108 

CFU/ml) 

pH Population 

density (x108 

CFU/ml) 

pH 

0 3.5 ± 0.45 9.0 ± 0 3.7 ± 0.45 9.5 ± 0 3.8 ± 1.45 10.0 ± 0 3.5 ± 1.14 8.0 ± 0 

1 3.6 ± 1.05 7.6 ± 0.1 3.8 ± 1,1 9.1 ± 0.15 3.8 ± 0.8 9.7 ± 0.02 3.3 ± 0.7 7.9 ± 0.2 

2 4.3 ± 0.7 7.1 ± 0.16 2.7 ± 0.7 8.6 ± 0.04 3.8 ± 0.5 9.4 ± 0.16 3.6 ± 0.15 7.9 ± 0.4 

3 4.3 ± 1.1 7.3 ± 0.5 4.8 ± 2.15 7.8 ± 0.65 2.8 ± 0.6 9.2 ± 0.4 2.8 ± 0.06 7.8 ± 0.8 

4 5.8 ± 1.55 8.1 ± 0.9 2.0 ± 0.1 7.9 ± 0.4 3.55 ± 0.05 8.9 ± 0.8 4.2 ± 0.4 8.4 ± 0.9 

5 3.2 ± 0.1 8.0 ± 0.45 4.7 ± 1.2 7.2 ± 0.1 2.05 ± 0.45 8.1 ± 0.9 7.8 ± 0.4 8.7 ± 0.28 

6 3.0 ± 1 7.9 ± 0.7 2.6 ± 0.2  7.3 ± 0.6 2.1 ± 0.8 7.7 ± 0.3 1.9 ± 0.75 8.2 ± 0.64 

7 3.5 ± 0.6 7.9 ± 0.8 3.6 ± 0.9 7.2 ± 0.3 3.2 ± 1.45 7.8 ± 0.2 3.9 ± 0.2 8.3 ± 0.77 

8 1.85 ± 0.75 7.9 ± 0.9 2.15 ± 0.25 7.1 ± 0.25 0.9 ± 0.2 7.9 ± 0.4 1.75 ± 0.15 8.1 ± 0.53 

9 1.9 ± 0 8.1 ± 0.3 1.4 ± 0.2 7.1 ± 0.1 1.55 ± 0.55 8.0 ± 0.15 2.45 ± 0.45 8.2 ± 0.2 

10 4.7 ± 0.2 7.9 ± 0.5 3.8 ± 0.1 7.3 ± 0.3 1.3 ± 0.5 8.2 ± 0.1 1.5 ± 0.3 8.2 ± 0.27 

11 3.4 ± 1.2 7.8 ± 0.7 1.25 ± 0.25 7.2 ± 0.6 1.1 ± 0.2 8.2 ± 0.1 3.2 ± 0.95 8.1 ± 0.4 

12 2.0 ± 0.25 7.9 ± 0.7 3.7 ± 0.3 7.2 ± 0.5 1.7 ± 0.6 8.3 ± 0.2 1.5 ± 0.95 8.2 ± 0.5 
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4. CONCLUSION 

 

These results showed that acidic liquid formulations using acetic acid stabilized the viable cell count of 

both B. subtilisEGE-B-36.5 and B. subtilis EGE-B-1.19 strains. The optimum pH value for the shelf life 

of B. subtilis EGE-B-36.5 and B. subtilis EGE-B-1.19 was found to be pH 4.0. In addition, the optimum 

pH for the alkaline formulation of B. subtilis EGE-B-1.19 was determined to be pH 9.5. According to 

this study, the optimum pH value should be specifically determined for each strain when preparing 

acidic and alkaline liquid formulations. 
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Abstract  Keywords 

Epidemiological evidence confirms that plants are primary sources of drugs 

used to reduce the incidence of cancer and prevent cancer-related deaths. 

Sternbergia species are used for therapeutic purposes due to the 

amaryllidaceae alkaloids, lectins, phenolic acids, pigments, and volatile 

components they contain. In this study, the anticancer properties of S. lutea 

extracts were tested on the A375 malignant melonoma cell line. In addition, 

in the study, the transcriptional expression of BCL-XL and Cas9 genes, which 

function in cell proliferation and apoptotic pathways, in cells treated with 

plant extracts were determined by qRT-PCR. According to the cytotoxicity 

results made by the MTT test, the highest inhibition percentage was 

determined at the plant's concentration of 500 μg/𝑚L. At this concentration, 

A375 cells were inhibited by 83.63%, and the IC50 value of the extract was 

calculated as 194.64 μg/𝑚L. In addition, in qRT-PCR analyses, a statistically 

significant increase was observed in the mRNA expression levels of Cas9 

genes, which are positively correlated with the apoptotic pathway, in the 

extract and cisplatin-applied groups compared to the control group. 
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1 . INTRODUCTION 

 

Researching the effects of medicinal plants on health is important for the discovery or design of new 

drugs. Plants will continue to be the best source for the production of medicines used to treat different 

diseases in the past, today and in the future [1-2]. Although there are many synthetic drugs designed 

from raw materials obtained from plant isolates, the diversity of diseases that people are exposed to and 
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the fact that people respond differently to diseases increase the importance of drug studies. It is estimated 

that acceptable therapy is available for only one-third of known human diseases. Therefore, revealing 

the biological characteristics of medically important species is important for future studies [3-5]. 

 

Plants' active ingredients offer antioxidant qualities that help the body combat dangerous free radicals, 

which are the root cause of many diseases [6-9]. The genus Sternbergia is significant among geophytes 

because it produces a class of naturally occurring antioxidants. The Sternbergia is a genus of bulbous 

monocotyledonous plants in the family Amaryllidaceae. The alkaloids that plants in the Amaryllidace 

family generate are highly valued in addition to their aesthetic qualities. The genus Sternbergia is one 

of the sources of many alkaloids. Several of these alkaloids have intriguing biological and/or 

pharmacological characteristics [10-11]. 

 

In phytochemical studies on Sternbergia species, Amarylidaceae alkaloids, lectins and phenolic acids 

were obtained. In addition, pigments and volatile components have also been investigated. Among the 

alkaloids isolated from Sternbergia species, one of the most important ones in terms of treatment is the 

alkaloid named galantamine. This compound is a competitive cholinesterase inhibitor with long-lasting 

central action and is used in the treatment of cholinergic-related neurodegenerative diseases such as 

Alzheimer's disease. Another interesting Amaryllidaceae alkaloid isolated from Sternbergia species is 

lycorine. Lycorin is antiviral against some RNA and DNA viruses. There are also studies on the 

interaction of lycorin with DNA and/or RNA and its antitumour activity by using different analysis 

methods [12-15]. 

 

In this context, in the present study, the antiproliferative properties of the plant extracts were investigated 

in A375 Malignant Melonoma cell lines using S. lutea (L.) Ker Gawl. ex Spreng. (Figure 1) extracts. In 

addition, the expression of BCL-XL and Cas9 genes, which are thought to be involved in cell 

proliferation and apoptotic pathways, at the transcription level were also examined in the extracted cell 

lines. This study was produced within the scope of Zemheri Şaman's master's thesis. 

 

 
 

Figure 1. Natural population of S. lutea (L.) Ker Gawl. ex Spreng (Muğla, Türkiye). 
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2. MATERIAL and METHODS 

 

2.1. Plant Material 

 

The S. lutea natural samples [16-17] were collected in the Menteşe district of Muğla (Türkiye). The 

bulbs of the collected plants were dried in a dark room under airflow conditions at room temperature 

(Figure 2). 

 

2.2. Plant Extraction 

 

Dried S. lutea samples were physically ground using liquid nitrogen. 10 g of powdered plant material 

was transferred into a flask and 40 ml of ethanol (96%) was added. It was then extracted in an ultrasonic 

water bath at 25°C for 30 min at 100% vibration. After extraction, the mixture was centrifuged at 4000 

rpm for 5 min and the supernatant was removed. The same procedure was repeated by adding 40 ml 

ethanol to the pellet. The supernatants obtained from both processes were filtered using Whatman filter 

paper and the particles were removed. After transferring the supernatant to the beaker, ethanol was 

removed and the extract obtained was stored at +4°C [18-20]. 

 

2.3. Determination of Cytotoxic Activity 

 

2.3.1. Passaged cell cultures 

 
A375 Malignant Melonoma cell line was cultured in 25-well flasks containing DMEM medium 

containing 10% fetal bovine serum (FBS) and 1% antibiotic. Cells that reached sufficient growth were 

removed with Trypsin-EDTA, counted with trypan blue and then transferred to 96-well microplates and 

incubated [3]. 

 

 
 

Figure 2. S. lutea bulb samples used in the study. 

 
2.3.2 Determination of cytotoxic dose 

 
The cytotoxicity of S. lutea extract on A375 cell lines was determined by MTT method [21]. Cells were 

transferred to 96-well plates containing 10000 cells per well and incubated at 37°C for 24 h with 5% 

CO2. Cells treated with serial dilutions of the extract were incubated in 5% CO2 at 37°C for 24 hours. 



Şaman et al. / Estuscience – Life , 14 [1] – 2025 

 

28 

After 24 hours, 20 µl MTT was applied to the wells and incubated for 3 hours. After incubation, 100 µl 

dimethyl sulfoxide (DMSO) was applied to the wells and measured at 540 nm in a spectrophotometer 

kept at room temperature in a shaking incubator for 20 minutes. Test samples were used in the 

concentration range of 15.625-500 µg/ml. IC50 value was calculated statistically [21]. The cisplatin was 

used as a control to compare the antiproliferative activity of the plant extract. 

(%) Vitality = [100 × (Sampleabs) / (Controlabs)] 

Sampleabs: Absorbance in wells treated with test material 

Controlabs: Absorbance of the control well 

(% inhibition) = 100 - (% viability) 

IC50 value of S. lutea extract was calculated statistically [21]. 
 

2.4 Molecular Analyses - Determination of Gene Expression at Transcriptomic Level 

 

RNA was extracted from A375 cell line using Thermo Scientific™ Gene JET RNA Purification Kit 

(Cat.No. K0732). For cDNA synthesis, total RNAs were reverse transcribed using OneScript® Plus 

cDNA Synthesis Kit (Cat.No. G236) and oligo-dT primers included in this kit. Amplification of the 

reverse transcribed RNAs was determined by Real-Time PCR using Ampliqon RealQ Plus 2 × Master 

Mix Green Kit (Cat. No. A323402) and in the presence of primers for the two genes of interest. The 

respective genes and the sequences of their forward and reverse primers are given in Table 1. The 

thermal cycle used in the reaction was denaturation at 95 °C for 30 seconds followed by binding at 55-

58 °C for 30 seconds and elongation at 72 °C for 30 seconds. Real-Time PCR was repeated six times 

and analysed. All groups were analysed for the expression of β-actin, a housekeeping gene, and 

interpreted using the 2-∆∆∆Ct [2^(-delta delta Ct)] method [22]. The mean of the obtained values (with 

standard deviation and standard errors) was calculated and a graph was created. The significance of the 

expression levels of the two target genes obtained after qRT-PCR compared to the control group was 

statistically analysed by T-Test method. T-Test data with p ≤ 0.05 were considered statistically 

significant [23-24]. 

 
Table 1. Primers and sequences designed for use in Real-Time PCR [25]. 

Gene Primer sequence 

β-actin 
F: 5’ TCCTCCTGAGCGCAAGTACTC 3’ 

R: 5’ CTGCTTGCTGATCCACATCTG 3’ 

BCL-XL 
F: 5’ GCTAGCAGACTTTGGACTAGCCAG 3’ 

R: 5’ AGCTCGGTACCACAGGGTCA 3’ 

Cas9 
F: 5’ GGCTGTCTACGGCACAGATGGA 3’ 

R: 5’ CTGGCTCGGGGTTACTGCCAG 3’ 

 

3. RESULTS 
 

3.1. Anticancer Properties of S.lutea Plant Extract 
 

In this study, the cytotoxic activity of the rhizome extract of S. lutea on A375 melanoma cells in vitro was 

determined by MTT assay. The highest inhibition among the test concentrations was determined at a 

concentration of 500 μg/𝑚l. At this concentration, A375 cells were inhibited by 83.63%. At the lowest 

concentration, 20.85% inhibition was observed (Figure 3). IC50 value of the extract was calculated as 

194.64 μg/𝑚l. In order to compare the anti-proliferative activity of the plant extract, A375 cell line was 

treated with cisplatin as control. Cisplatin was applied at concentrations between 1.6 and 50 µg/ml. The 

highest inhibition was 85.82% at 50 µg/ml and the lowest inhibition was 10.72% at 1.6 µg/ml (Figure 4). 
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Figure 3. % inhibition values determined by MTT test in A375 cell line treated with S. lutea extract. 

 

 

Figure 4. % inhibition values determined by MTT assay in cisplatin-treated A375 cell line. 

 

3.2. Transcriptomic Analysis in A375 Cell Line 

 

The mean of the Ct values (with standard error and standard deviations) obtained after Real-Time PCR 

to determine the expression levels of BCL-XL and Cas9 genes at mRNA level in A375 cell line were 

calculated and graphs were created. When the data of A375 cell line were analysed, a decrease was 

observed in the mRNA expression level of BCL-XL gene, which is negatively correlated with the 

apoptotic pathway, in the extract and cisplatin groups, respectively, compared to the control group. 

However, this increase was not statistically remarkable. A statistically significant increase was observed 

in the mRNA expression levels of Cas9 genes, which are positively correlated with apoptotic pathway, 

in the extract and cisplatin treated groups compared to the control group. It is a remarkable result in this 

study that treatment with S. lutea plant extract for 6 hours induced the expression of Cas9 gene more 

than cisplatin treatment used as an anti-cancer drug and caused serious side effects (Figure 5). 
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Figure 5. Relative mRNA expression graph of BCL-XL and Cas9 genes in A375 cell line (Control: No substance 

treatment; Extract: Treated with 192.64 µg/ml S.lutea plant extract for 6 h; Cisplatin: Anti-cancer 

treatment; treated with chemotherapeutic drug at a concentration of 7.87 µg/ml for 6 h). 

 

4. DISCUSSION and CONCLUSION 

 

The cytotoxic effect of the extract obtained from the rhizome parts of S. lutea was investigated on A375 

Human Malignant Melanoma cells. Inhibition was found to increase depending on the dose. This type 

of cancer, which was rare in the past, has become a more common cancer type day by day [26-27]. The 

cause of 75% of deaths due to skin cancer is melanoma cancer [28]. The Amaryllidacea family, including 

S. lutea, is known to contain many alkaloids. One of them is hypamine and it is a type of alkaloid that 

can be obtained from S. lutea [29]. Another type of alkaloid, lycorine, has been found to have anti-

proliferative effect as a result of studies [30]. S. lutea contains many other alkaloids [31]. In a study by 

Masi et al. [32], inhibition values were investigated using MTT method on different alkaloids. In this 

study, SK-MEL-3 cell line, a different type of skin cancer, was used and the presence of anti-cancer 

activity was determined as a result of the study. IC50 value was given as >50 μM. 

 

In this study, the IC50 value of the ethonolic extract of S. lutea on A375 cells was calculated as 194.64 

µg/mL. The difference in IC50 values between the two studies is thought to be due to the difference in 

cell lines. The cytotoxicity of the ethanolic extract of S.luta, whose IC50 value was determined in this 

study, on cancer cells can be investigated in future studies. 

 

As a result of this study, it was observed that the % inhibition rates of A375 Human Malignant 

Melanoma cells treated with S. lutea extract in vitro for 24 hours increased depending on the dose 

increase. In the light of the data obtained from this study, it will be possible to investigate the effect of 

S. lutea plant, which has cytotoxic effect on melanoma cells, on other cancer cells and to create 

pioneering data for new drug searches. 
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Abstract  Keywords 

In this study, mimetid spider Ero cambridgei Kulczyński, 1911 is recorded 

from Türkiye for the first time. A male E. cambridgei was collected in the 

orb-web of a female Cyclosa algerica Simon, 1885. Morphological 

diagnosis, along with images of both species are provided. Additionally, the 

copulatory organs of C. algerica Simon, 1885 are compared with those of 

C. sierrae Simon, 1870 for diagnostic purposes with their photographs. 

Furthermore, the record of C. algerica in the Uludağ Mountain remarks the 

northernmost point of its distribution range in Türkiye. 

 

 

 
 
Cyclosa algerica,  

C. sierrae,  
Ero cambridgei,  

Fauna,  

Marmara Region  

 

 Time Scale of Article 

 
 
Received :11 December 2024 
Accepted : 27 January 2025 

Online date :29 January 2025 

 

 

1. INTRODUCTION 
 

Members of Mimetidae comprise 163 species in 8 genera and are distributed worldwide, primarily in 

the tropics of Central and South America [1]. However, the biodiversity of Mimetidae remains poorly 

understood, most likely due to their small size and cryptic lifestyle. In Türkiye, only four species of 

mimetids have been reported: Ero aphana (Walckenaer, 1802), E. flammeola Simon, 1881, E. furcata 

(Villers, 1789), and Mimetus laevigatus (Keyserling, 1863) [2].  

 

The pirate spider Ero C. L. Koch, 1836 is a cosmopolitan genus with 43 currently recognized species 

[1]. The main characters that have traditionally been used to distinguish Ero from the closely related 

genus Mimetus Hentz, 1832 are the height of the clypeus (higher in Ero than in Mimetus) and the 

length of the forelegs (in Ero legs I and II are subequal, while in Mimetus legs I are the longest) [3].  

 

Araneidae Clerck, 1757 is the third largest family of spiders, with 3131 species in 191 genera 

worldwide [1]. In Türkiye, 55 species in 20 genera have been recorded [2]. The Araneid spider 

Cyclosa Menge, 1866 is a rich and globally distributed genus with 176 species. Four species of this 

genus are known from Türkiye: C. algerica Simon, 1885, C. conica (Pallas, 1772), C. oculata 

(Walckenaer, 1802), and C. sierrae Simon, 1870.  
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Cyclosa algerica is a Mediterranean species whose records for Europe so far concern only Portugal, 

Spain, France Algeria, Tunisia, Italy (Sicily), Greece, Azerbaijan, Iran and Bulgaria [1, 4]. The species 

has been recently recorded from Antalya province by Lecigne [5].   

 

This paper presents the following findings: the first record of E. cambridgei in Türkiye; the first 

documented finding of E. cambridgei in the web of the araneid spider C. algerica; confirmation of the 

occurrence of C. algerica in Türkiye, along with the reporting of its northernmost distribution point. 

 

2. MATERIALS AND METHODS 

 

The samples examined in this study were collected from Uludağ Mountain (Bursa) in the Marmara 

region of Türkiye (Figure 1).  Spiders were collected by hand collection. They were preserved in 70% 

ethanol and deposited in the Zoological Museum of the Bursa Uludağ University, Türkiye (ZMUU, 

R.S. Kaya). 

 

The digital images were taken with a Leica DFC295 digital camera attached to a Leica S8APO stereo 

microscope and Leica M205 C. Measurements were taken from the dorsal side of the body and all 

measurements are in millimeters. 

 

The nomenclature follows the World Spider Catalog [1], and the terminology of male palp follows 

Levi [6], Thaler et al. [7], and Marusik [8]. 

 

 
 

Figure 1. The locality where the specimens were collected from the Marmara Region of Türkiye. 

 

3. RESULTS 

 

3.1. Family Mimetidae Simon, 1881 

 

Genus Ero C. L. Koch, 1836 

 

Ero cambridgei Kulczyński, 1911 

Figures 2a–e 
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Ero cambridgei Roberts [9]: page 170, figure 75a (♂♀). 

Ero cambridgei Roberts [10]: page 258 (♂♀). 

Ero cambridgei Thaler et al. [7]: page 360, figures 23-24, 28-29, 34-35, 60-61 (♂♀). 

For a complete list of synonyms, see the World Spider Catalog [1]. 

 

Determination. Thaler et al. [7]. 

 

Material examined. Türkiye: • 1♂, Bursa Prov., Uludağ Mountain Range, Seferiışıklar-Göynükbelen 

area, 40°01'15"N, 29°06'10"E, 587 m, 07.05.2006 (R.S. Kaya). 

Diagnosis. Ero cambridgei is closely related to E. furcata (Villers, 1789). The male of E. cambridgei 

differs from those E. furcata by having paracymbium basally without bipartite process (cf. with 

bipartiate process, figure 22 in Thaler et al. [7]).  

Description.  

Male. Total length 1.90. Carapace 0.8 long and 0.8 wide. Abdomen 1.2 long 0.9 wide. Carapace 

yellowish-brown, cephalic region darker. Sternum yellowish-brown, with light median stripe and dark 

spots. Chelicerae dark brown. Legs brown, and leg joints with dark annulations. Abdomen globular 

and yellowish-brown, dorsum with darker spots posteriorly.  

 

Palp as in Figures 2a–e; femur long, 1.5 times longer than tibia; tibia approximately 3 times longer 

than wide; cymbium oval, with finger-like slender proximal cybial extension; paracymbium 

rectangular with horizontal distal branch, basally not bipartiate; subtegulum oval; tegulum rounded; 

conductor with prolateral furrow, its retrolateral tip slender and finger-like, ventral tip trapezoid; 

embolus strongly sclerotized, originating from the position at 6 o’clock and ending at between 11 and 

12 o’clock. 

Note. The dorsal extension of the cymbium, along with the other characteristics of the palp, fit well 

with those shown in figures 24 and 35 of Thaler et al. [7]. 

 

Distribution. From Canary Islands east to Maritime Prov. of Russia and Japan (Honsu), new to 

Türkiye [1]. 

 

Comments. There are three species of Cyclosa are collected in the studied area during the study 

period. These are C. algerica, C. sierrae and C. conica. When I was searching the webs of Cyclosa 

species, I noticed a small spider, E. cambridgei, in the orb-web of a female C. algerica. 

The other mimetids collected in the Uludağ Mountain region by the author are E. aphana and M. 

laevigatus, but any hunting behavior was not observed on mentioned species during the study period. 

 



Kaya / Estuscience – Life , 14 [1] – 2025 

 

37 

 
 

Figure 2. Male palp of Ero cambridgei.  

                (a) Prolateral view; (b, c) Retrolateral view; (d) Ventral view; (e) Dorsal view. 
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3.2. Family Araneidae Clerck, 1757 
 

Genus Cyclosa Menge, 1866 

 

Cyclosa algerica Simon, 1885 

Figures 3a–c, 4a–c 

 

Cyclosa algerica Levi [6]: page 79, figures 34-37(♂♀). 

For a complete list of synonyms, see the World Spider Catalog [1]. 

 

Determination. Levi [6] and Marusik [8]. 

Material examined.  Türkiye: • 2♂3♀, Bursa Prov., Uludağ Mountain Range, Seferiışıklar-

Göynükbelen area, 40°01'15"N, 29°06'10"E, 587 m, 07.05.2006 (R.S. Kaya); • 1♂3♀, same locality, 

27.05.2007 (R.S. Kaya); • 1♀, same locality, 05.05.2008 (R.S. Kaya); • 1♀, same locality, 10.05.2010 

(R.S. Kaya); • 2♂1♀, Güneybudaklar Vill., 14.05.2006 (R.S. Kaya). 

 

Comparative material. Cyclosa sierrae, Türkiye: • 2♂2♀, Bursa Prov., Uludağ Mountain Range, 

Kirazlı Vill., 15.06.2005 (R.S. Kaya). 

 

Diagnosis. This species is most similar to C. sierrae by general habitus and shape of copulatory 

organs. The male differs by having broad (Figure 3a–b) and circular distal tip of median apophysis (vs. 

slender and conical, figure 3d–e), tooth of median apophysis short and triangular-shaped (vs. tooth 

long with strongly curved pointed tip, figure 3d–e). The female of C. algerica differs by having 

epigynal plate approximately as long as wide (vs. wider than long, figure 3f), medially with sclerotized 

lobe on each side (vs. posteriorly with sclerotized lobe on each side, figure 3f), epigynal scape wide 

(Figure 3c) and apically not tapering towards the end (vs. scape narrower and apically tapering 

towards the end, figure 3f) 

 

Description.  

Male. Total length 4.0. Carapace 2.0 long and 1.6 wide. Abdomen 1.9 long and 1.2 wide. Carapace 

dark brown to black. Chelicerae dark brown. Sternum dark brown to black with dark margin. Legs 

brown, with dark annulations. Abdomen with a single dorsal protuberance posteriorly, dorsum 

yellowish with dark brown median marking, venter dark brown with two light markings (Figure 4a). 

 

Palp as in Figures 3a–b, 4b–c; patella with only one bristle; tibia short; cymbium rather flat, medially 

broad and apically prolonged; paracymbium short and finger-like; conductor sclerotized, flattened and 

large, about 1.6 times longer than wide in prolateral view; conductor lobe apically slightly curved; 

embolus filamentous, long and thin; median apophysis large and long, about 5.7 times longer than 

wide in retrolateral view, its distal tip broad and circular, tooth of median apophysis short and 

triangular-shaped. 

 

Female. Total length 6.0. Carapace 1.9 long and 1.4 wide. Abdomen 4.1 long and 2.9 wide. As male, 

except for the lighter color in general habitus. 

 

Epigyne as in Figure 3c; epigynal plate approximately as long as wide, medially with sclerotized lobe 

on each side; epigynal scape slightly wrinkled, approximately 5 times longer than wide, with parallel 

sides, scape not reaching the posterior margin of the median plate; anterior margin of the plate as wide 

as posterior margin. 
 

Habitat. The specimens were collected from the webs. The locality open and dry area with shrub 

vegetation.  
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Distribution. Portugal, Spain, France, Algeria, Tunisia, Italy (Sicily), Greece, Türkiye, Azerbaijan, 

Iran [3]. 

 

Comments. The general appearance and shape of copulatory organs show that, C. algerica is very 

similar to other Mediterranean species C. sierrae. These similarities may have confused in the 

identification of the two species. Additionally, upon checking the record of C. algerica from Türkiye 

by Lecigne [5], it became evident that the figure of male palp presented by Lecigne [5] corresponds to 

the figure of C. sierrae palp presented by Levi [6] and Marusik [8], rather than to those of C. algerica.  

 

The specimens reported in this study represent the northernmost record of the known zoogeographical 

range in Türkiye. This species was previously recorded in Antalya province in Türkiye [5]. It is 

distributed across the countries of the Mediterranean Basin. Its observation of Uludağ Mountain Range 

in the Marmara Region can be considered an interesting record in a zoogeographical perspective. 

However, the collection sites where these specimens were collected exhibit a Mediterranean climate 

and it is observed that the species is locally well distributed in the region. This new locality for the 

species suggests a preference for open and dry habitats. 

 

Based on the present study and the studies by Kaya & Uğurtaş [11] and Marusik [8], the other 

Araneidae spider species that occurred in the Uludağ Mountain region include: Aculepeira ceropegia 

(Walckenaer, 1802), Agalenatea redii (Scopoli, 1763), Araneus diadematus Clerck, 1757, Araniella 

alpica (L. Koch, 1869), A. cucurbitina (Clerck, 1757), Argiope bruennichi (Scopoli, 1772), Cercidia 

prominens (Westring, 1851), C. algerica, C. conica, C. sierrae, Gibbaranea bituberculata 

(Walckenaer, 1802), Glyptogona sextuberculata (Keyserling, 1863), Hypsosinga albovittata 

(Westring, 1851), Larinioides cornutus (Clerck, 1757), L. suspicax (O. P.-Cambridge, 1876), Leviellus 

stroemi (Thorell, 1870), Mangora acalypha (Walckenaer, 1802), Neoscona adianta (Walckenaer, 

1802), Nuctenea umbratica (Clerck, 1757), Zilla diodia (Walckenaer, 1802) and Zygiella x-notata 

(Clerck, 1757). 

 



Kaya / Estuscience – Life , 14 [1] – 2025 

 

40 

 
 

Figure 3. Copulatory organs of Cyclosa algerica (a - c) and C. sierrae (d - f).  

                (a, d) Male palp, ventral view; (b, e) median apophysis, ventral view; (c, f) Epigyne, ventral   view. 
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Figure 4. Male of Cyclosa algerica.  

                     (a) General habitus, dorsal view; (b) Male palp, ventro-retrolateral view; (c) Male palp, ventro-  

prolateral view. 

 

 

4. DISCUSSION 

 

This study reports E. cambridgei (Mimetidae) for the first time and confirms the occurrence of C. 

algerica (Araneidae) in Türkiye [1, 2]. The discovery of E. cambridgei in Uludağ Mountain range 

represents a significant addition to the spider fauna of Türkiye, marking the first record of this species 

in the country. 

Additionally, the record of C. algerica from Uludağ Mountain range represents the northernmost 

known distribution point of this species in Türkiye. 

 

Ero cambridgei and C. algerica are considered as rarely collected species in the collections [4]. The 

discovery of both species in the same habitat suggests that the Uludağ Mountain range may be an 

important area for many spider species. This underscores the need to conserve such habitats, which 

support biodiversity and provide environments where rarely or poorly known species can thrive. 

Future studies should focus on the ecological requirements of these spiders to gain a better 

understanding of their distribution and the factors contributing to their rarity. 

 

The spider genus Ero is represented by only three species in Türkiye [2]. The addition of E. 

cambridgei to this list underscores the richness of Türkiye’s spider fauna and the potential for further 

discoveries. The diverse microhabitats of the Uludağ Mountain range, shaped by its unique climatic 

and geographical features, likely play a crucial role in supporting these spider populations. 
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