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ABOUT THE JOURNAL 
 

Journal of Scientific Perspectives (JSP) is a scholarly and international peer-

reviewed journal. It is published quarterly in January, April, July and October, in the 

fields of basic sciences, engineering, natural sciences and health sciences. All 

articles submitted for publication are evaluated by the editor-in-chief, field editor, 

editorial board and referees. The original research papers, technical notes, letter to the 

editor, debates, case presentations and reviews, only in English, are published in the 

journal. Thus, it aims to bring together the views and studies of academicians, 

researchers and professionals working in the fields mentioned above. 

Journal of Scientific Perspectives is an open access electronic journal. All articles published 

in the journal, are assigned the DOI number. Article submission and follow-up process 

are carried out by the manuscript submission system. 
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THE AIM AND SCOPE OF THE JOURNAL 

Journal of Scientific Perspectives provides open access to its content, embracing the 
principle of increasing the global sharing of information on free scientific research. This 
journal is a material in which academic studies are included and so, it provides a social 
service for the benefit of institutions and individuals engaged in scientific research as. In 
this context, it is aimed at providing readers with a common platform to share and 
improve the quality of recent research advancements in the fields of basic sciences, 
engineering, natural and health sciences. Thus, It is aimed at promoting research 
worldwide and publishes basic and advanced research work from the fields above. 

The journal accepts only original works of quality which are products of a new solution 
approach or give a new view of an existing knowledge. In this context, it is open to any 
kind of constructive, creative and institutionalized knowledge providing that they 
contribute to universal science and technology. Thus, it is aimed to index the journal with 
various international indexes. 

The study fields covered by the journal are 

Basic Sciences and Engineering  

❖ Chemical Engineering 
❖ Computer Engineering and Informatics 
❖ Constructional Engineering 
❖ Environmental Engineering 
❖ Electrical and Electronic Engineering 
❖ Food Engineering 
❖ Geology Engineering 
❖ Industrial Engineering 
❖ Mechanical Engineering 
❖ Mining Engineering 
❖ Physical Engineering 
❖ Textile Engineering 
❖ Other Engineering Fields 
❖ Chemistry 
❖ Physics 
❖ Mathematics 
❖ Statistics 
❖ Materials Sciences  

(Material and Metallurgy Engineering, Topographical Engineering etc.) 
❖ Space Sciences 
❖ Earth Sciences 
❖ Architecture 
❖ Urban and Regional Planning 
❖ Astronomy and Astrophysics 
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Health Sciences 

❖ Medical Sciences (Surgery, International Medicine, Basic Medical Sciences) 
❖ Dentistry 
❖ Pharmacology and Pharmaceutics 
❖ Nursing 
❖ Nutrition and Dietary 
❖ Veterinary Medicine 

 

Natural Sciences 

❖ Biology 
❖ Environmental Sciences 
❖ Food Science and Technology 
❖ Animal Husbandary 
❖ Forestry 
❖ Marine, Aquatic Sciences and Fisheries 
❖ Agricultural Science 

There are no limits to the fields in which the study will be accepted to the journal. The 
journal is open to all works aimed at contributing to the national and international 
developments of the professional organizations and individuals who follow the 
developments in the field of health, science and engineering and to create a resource in 
these fields. 
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PUBLICATION POLICIES 

1. Journal of Scientific Perspectives has begun publication in July 2017. It is an 
internationally peer-reviewed and periodical journal published regularly in four 
issues per year in January, April, July and October, in the fields of basic 
sciences, engineering, natural sciences and health sciences. All articles 
submitted for publication are evaluated by the editor in chief, field editor, editorial 
board and referees. 

2. Journal only accepts the studies written in English. Original research papers, 
technical notes, letters to the editor, discussions, case reports and compilations are 
published in our journal. 

3. Only the original scientific researches are included. It is essential that the 
information created in scientific study needs to be new, suggest new method or 
give a new dimension to an existing information 

4. Journal of Scientific Perspectives is an open access electronic journal. All articles 
published in the journal are assigned the DOI number. Researchers worldwide 
will have full access to all the articles published online and can download them 
with zero subscription fees. In addition, because of the influence of your research, 
you will quickly become an Open Access (OA) author, because an OA article has 
more chances to be used and the plods through the subscription barriers of 
traditional publishing models. 

5. The editor-in-chief and the relevant field editor have the authority not to publish 
the articles, to make regulations based on the format or to give back to the author 
for correction that do not comply with the conditions of publication within the 
knowledge of the editorial board. All studies submitted to Journal of Scientific 
Perspectives are sent to at least two referees after the initial review of the editor 
in chief, relevant field editor and editors related to the study issue with respect to 
formatting and content. After having positive feedbacks from both of the referees, 
the manuscripts are published. In case of having one positive and one negative 
feedback from the referees, the manuscript is sent to a third referee. Identities of 
authors are kept in the posts to be sent to the referees (Double-blind peer review). 
In addition, the authors are not informed about the referee 

6. It is general essential that studies which aren’t seemed enough need to be changed 
in accordance with suggests of referees. Studies which aren’t reached intended 
level or aren’t seemed enough in terms of scientific are refused with unexplained 
reason. The works are published with the condition to be taken in order 

7. The referee process is carried out by the editor in chief. A study that the chief 
editor does not find suitable or does not accept is not included in the journal. In 
this regard, authors can not create a liability for the journal and other boards of 
the journal. 
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8. After the field editor has been appointed by the editor in chief, 7 days are given to 
him/her for the appointment of the referee. While he/she appoints the referees, 
he takes the views of the other editors related to the study issue. The studies sent 
to the referees for evaluation are expected to be answered within 30 days. In case 
this is overcome, the editor makes a new referee appointment and withdraws the 
request from the former referee. 

9. Required changes must be made by the author within 15 days after the decision 
of "Correction required" given in article acceptance decision. 

10. The studies submitted for publication in the journal must have not been published 
elsewhere or have not been sent another journal to be published. The studies or 
their summaries which were presented in a conference or published can be 
accepted if it is indicated in the study. In addition, if the work is supported by an 
institution or is produced from a dissertation, this should be indicated by a 
footnote to the title of the work. Those who want to withdraw their publications 
for publication for some reason must apply to the journal management with a 
letter. The editorial board assumes that the article owners agree to abide by these 
terms. 

11. All responsibility of the studies belong to the authors. Studies should be prepared 
in accordance with international scientific ethics rules. Where necessary, a copy of 
the ethics committee report must be added. 

12. The articles submitted to the Journal of Scientific Perspectives are sent to the 
referees after they have been checked with the "iThenticate" plagiarism scanning 
program to see if they are partially or completely copied (plagiarism) from another 
study. Regulation is demanded from the author for the articles which are high in 
the plagiarism result (30% and over). If the required regulation is not made 
within 60 days, the study is rejected. 

13. Copyright of all published studies belongs to the Journal of Scientific Perspectives. 

14. No copyright payment is made. 

15. For the studies accepted for publication in our journal, copyright transfer form 
signed must be added to the system or mail to 

16. No study has differentiation or superiority from another study. Each author and 
study has the same rights and equality. No privileges are recognized. 

17. Studies submitted for publication in our journal must be prepared according to the 
rules of spelling of journal. Spelling and template are included in are included in 
the "Author Guidelines" heading 

18. Articles submitted for evaluation must not exceed 25 pages after they are prepared 
according to the specified template. Article summary should not exceed 300 words 
and minimum 3 and maximum 7 keywords should be written. 
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ETHICAL GUIDELINES 

 

Journal of Scientific Perspectives (JSP) is committed to meeting and upholding 
standards of ethical behaviour at all stages of the publication process. It strictly follows 
the general ethical guidelines provided by the Committee on Publication Ethics (COPE) 
and the Open Access Scholarly Publishers Association (OASPA). Depending on 
these principles and general publication requirements, editors, peer reviewers, and 
authors must take the following responsibilities in accordance to professional ethic and 
norms. The proper and ethical process of publishing is dependent on fulfilling these 
resposibilities. 

 

1.The Responsibilities of Editors 

1.1. The General Responsibilities 

• Editors should be accountable for everything published in their journals. 
• The editor should make the efforts to improve the quality of and contribute to the 

development of the journal. 
• The editor should support authors’ freedom of expression. 

1.2. Relations with Readers 

• Readers should be informed about who has funded research or other scholarly 
work and whether the funders had any role in the research and its publication and, 
if so, what this was. 

• The editor should ensure that the non-peer-reviewed sections of the journal 
(letters, essays, announcements of conferences etc.) are clearly identified. 

• The editor should make efforts to ensure that the articles published align with the 
knowledge and skills of the readers. 

1.3. Relations with Reviewers 

• The editor should match the knowledge and expertise of the reviewers with the 
manuscripts submitted to them to be reviewed ensuring that the manuscripts are 
adequately reviewed by qualified reviewers.  

• The editor should require reviewers to disclose any potential competing interests 
before agreeing to review a submission. 

• The editor should provide necessary information about the review process to the 
reviewers about what is expected of them. 

• The editor must ensure that the review process is double blind and never reveal 
the identities of the authors to the reviewers or vice versa. 

• The editör encourage reviewers to evaluate manuscripts in an objective, scientific 
and objective language. 
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• The editor should develop a database of suitable reviewers and update it on the 
basis of reviewer performance and timing 

• In the reviewer database; It should be attentive to scientists who evaluate the 
manuscripts objectively, perform the review process on time, evaluate the 
manuscirpt with constructive criticism and act in accordance with ethical rules. 

1.4. Relations with Authors 

• The editor should provide clear publication guidelines and an author guidelines of 
what is expected of them to the authors and continuously review the guidelines 
and templates. 

• The editor should review the manuscript submitted in terms of guidelines of the 
journal, importance of the study, and originality and if the decision to reject the 
manuscript is made editor should explain it to the authors with clear and unbiased 
way. If the decision is made that the manuscript should be revised by the authors 
in terms of written language, punctuation, and/or rules in the guidelines (spacing, 
proper referencing, etc.) the authors should be notified and given time to do the 
corrections accordingly. 

• The authors should be provided with necessary information about the process of 
their review (at which stage is the manuscript at etc.) complying with the rules of 
double blind review. 

• In the case of an editor change, the new editor should not change a decision taken 
by the previous editor unless it is an important situation. 

1.5. Relations with Editorial Board Members 

• Editor should provide publication policies and guidelines to the editorial board 
members and explain what is expected of them. 

• Editor should ensure that the editorial board members have the recently 
updated publication guidelines and policies. 

• Editor should review the editorial board members and include members who can 
actively contribute to the journal’s development. 

• Editorial board members should be informed about their roles and responsibilities 
such as 

o Supporting development of the journal 
o Accepting to write reviews in their expertise when asked 
o Reviewing publication guidelinesand improving them consistently 
o Taking responsibility in journal’s operation 

2.The Ethical Responsibilities of Reviewers 

• The reviewers must only agree to review manuscripts which align with their 
expertise. 

• The reviewers must make the evaluation in neutrality and confidentiality. In 
accordance with this principle, they should destroy the manuscripts they examine 
after the evaluation process, but use them only after they are published. 
Nationality, gender, religious belief, political belief and commercial concerns 
should not disrupt the neutrality of the assessment. 

https://journals.gen.tr/jsp


 

 
xi 

 

• The reviewers must only review manuscripts which they do not have any conflict 
of interests. If they notice any conflict of interest they should inform the editor 
about it and decline to be a reviewer to the related manuscript. 

• Reviewers must include the Manuscript Evaluation Form for the manuscripts they 
evaluate without indicating their names to protect the blind review process. And 
they should include their final decision about the manuscript whether or not it 
should be published and why. 

• The suggestions and tone of the reviews should be polite, courteous and scientific. 
The reviewers should avoid including hostile, disrespectful, and subjective 
personal comments. When these comments are detected they could be reviewed 
and returned to the reviewer to be revised by the editor or editorial board. 

• The reviewers should respond in time when a manuscript is submitted to them to 
be reviewed and they should adhere to the ethical responsibilities declared hereby. 

3.The Ethical Responsibilities of Author(s) 

• Submitted manuscripts should be original works in accordance with the specified 
fields of study. 

• Manuscripts sent for publication should not contradict scientific publication ethics 
(plagiarism, counterfeiting, distortion, republishing, slicing, unfair authorship, not 
to mention the supporting organization). 

• The potential conflicts of interest of the author(s) should be stated and the reason 
should be explained 

• The bibliography list is complete and should be prepared correctly and the cited 
sources must be specified. 

• The names of the people who did not contribute to the manuscript should not be 
indicated as an authors, they should not be suggested to change the authors order, 
remove the author, or add an author for a manuscript that is submitted for 
publication. Nevertheless, they should identify individuals who have a significant 
share in their work as co-authors. A study cannot be published without the consent 
of all its authors. 

• Author(s) are obliged to transmit the raw data of the manuscript to the editor upon 
request of journal editors. 

• The author(s) should contact the editor to provide information, correction or 
withdrawal when they notice the error regarding the manuscirpt in the evaluation 
and early view phase or published electronically. 

• Author (s) must not send manuscripts submitted for publication to another journal 
at the same time. Articles published in another journal cannot be resubmitted to 
be published in the Journal of Scientific Perspectives (JSP). 

• In a manuscript that has reached the publication stage, the authors should fill in 
the "Copyright Transfer Form” and forward it to the editor. 
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4.The Ethical Responsibilities of Publisher 

• The publisher acknowledges that the decision making process and the review 
process are the responsibility of the editor of Journal of Scientific 
Perspectives (JSP) 

• The publisher is responsible for protecting the property and copyright of each 
published article and keeping a record of every published copy. 

• The publisher is obliged to provide free access to all articles of the journal in 
electronic environment. 

Plagiarism and unethical behavior 

All manuscripts submitted to Journal of Scientific Perspectives (JSP) are reviewed 
through iThenticate software before publishing. The maximum similarity rate accepted 
is 30%. Manuscripts which exceed these limits are analyzed in detail and if deemed 
necessary returned to the authors for revision or correction, if not they could be rejected 
to be published if any plagiarism or unethical behavior is detected. 

Following are some of the behaviors which are accepted as unethical: 

• Indicating individuals who have not intellectually contributed to the manuscripts 
as authors. 

• Not indicating individuals who have intellectually contributed to the manuscripts 
as authors. 

• Not indicating that a manuscript was produced from author’s graduate 
thesis/dissertation or that the manuscript included was produced from a project’s 
data. 

• Salami slicing, producing more than one article from a single study. 
• Not declaring conflicting interests or relations in the manuscripts submitted. 
• Unveiling double blind process. 
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AUTHOR GUIDELINES 

INSTRUCTION FOR AUTHORS 

The authors are cordially invited to submit significant new findings of their research work 
papers in word and pdf formats to the journal office via online submission or e-mail: 
jsp@ratingacademy.com.tr along with a JSP cover letter. The journal will cover the topics 
related to the fields of basic sciences, engineering, natural sciences and health 
sciences. All articles submitted for publication are evaluated by the editor-in-chief, field 
editor, editorial board and referees. The original research papers, technical notes, letter 
to the editor, debates, case presentations and reviews only in English are published in the 
journal.  

The editorial board of JSP welcomes original novel contributions and reviews in word 
format. By submission of a manuscript an author certifies that the work is original and is 
not being considered simultaneously by other journals. All articles are subjected to critical 
reviews by referees. 

 

Cover Letter 

The cover letter should be prepared and sent to the Editor-in-Chief via e-mail. 

Software and Format  

❖ Regular paper should describe new and carefully confirmed findings, and 
experimental procedures should be given in sufficient detail for others to verify 
the work. The length of a full paper should be the minimum required to describe 
and interpret the work clearly. The total length of any manuscript submitted must 
not exceed 25 pages.  

❖ Papers should be written in clear, concise language (English). 
❖ Manuscripts should be prepared in English using a word processor. MS Word for 

Windows and docfiles are preferred. Manuscripts may be prepared with other 
software provided that the full document (with figures, schemes and tables 
inserted into the text) is exported to a MS Word format for submission. 

❖ Do not use desktop publishing software such as Aldus PageMaker or Quark XPress. 
If you have prepared your manuscript with one of these programs, export the text 
to a word processing format.  

❖ Times New Roman font is preferred. The font size should be 12 PT. 
❖ The first line of the paragraph should be shifted by 1,25 cm from the left margin. 

Paragraph spacing after a single paragraph (6 nk) should be given. 
❖ Papers should be single spaced with ample margin. The page setup is A4 size. 
❖ The manuscript, which does not show the names of the authors, must include the 

followings: Title, Abstract, Keywords under the abstract, introduction, main text, 
conclusion, references and appendix. 

❖ No footer, header or page numbers required. 
❖ Name each file with your last name of the first author. 
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1. Title of the paper: The title must concise and informative and should not exceed the 
60 characters (12-15 words) including spaces (with key words appropriate for retrieval 
purposes) and provide peer readers with a quick overview of the paper contents. Avoid 
abbreviations and formulae where possible. 

Title of the paper set in the midst, should be written in bold, in Times New Roman 12 font 
size and 1,5 spaced. 

Headings and subheadings must be numbered  2., 2.1., 2.1.1.  as etc decimally  with bold 
letters. All headings should be written in bold but only the first letters of the subtitles 
should be capital. Spacing before and after a heading (6 nk) should be given. 

2. Name of the author(s) with titles and the name and address of the institution where 
the work was done must be given. Provide, also, with the e-mail address of first and/or 
the corresponding author so that an immediate communication with the editor is 
possible. But these are not shown on the manuscript. They must be registered to the 
system while uploading the manuscript and indicated in the cover letter. 

3. Abstracts and Key Words: All papers must have an abstract not more than 300 words 
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ABSTRACT 

This work is a study of hydrogen generation of Al-NaCl powders in different reaction mediums. 

Water, KOH and NaOH were used as reaction mediums for the comparison of the hydrogen generation 

rate. The effects of the milling time, NaCl wt%, reaction temperature and reaction mediums were 

investigated. Al was milled with NaCl in order to increase the hydrogen generation rate. Increasing 

NaCl wt% and reaction temperature also increased the hydrogen generation rate. Al reactivity can be 

enhanced by increasing milling time, NaCl wt%, reaction temperature and by using alkaline solutions. 

Key words: Al-NaCl powders, ball milling, hydrogen generation, alkaline solutions. 
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1. INTRODUCTION 

Climate changes due to the emergence of CO2 as a result of the use of fossil fuels have 

led to the search for alternative fuels. Bio-mass, wind, sun, hydrogen, nuclear etc. alternative 

energies can be given as examples (Ho, 2017). With its high chemical energy and 

environmentally friendly properties, hydrogen is one of the important new and clean energy 

sources (Yang et al., 2018).  

Hydrogen can be produced by different methods, steam reforming, other production 

methods from fossil fuels (partial oxidation, plasma reforming etc.), from water (electrolysis, 

thermolysis, etc.), etc. (wikipedia, 2020). Hydrogen generation by Al water reaction is preferred 

because it reduces CO2 production and has no harmful effects on the environment. Water is a 

cheap and clean source, Al is an abundant and economical metal. Al has high energy density of 

29 MJ/kg, and theoretically it produces 1360 ml/g H2. Al water reaction is given in equation 

(1). (Ho, 2017).  

2𝐴𝑙 + 6𝐻2𝑂 → 2𝐴𝑙(𝑂𝐻)3 + 3𝐻2        (1) 

Reaction byproducts are non-corrosive, stable, and recyclable (Liu et al., 2012). Al can 

be remanufactured from Al(OH)3 by-product (Liu et al., 2015; Ho, 2017; Dupiano et al., 2011).  

Difficulties in Al water reaction are coating of Al metal surface with protective oxide 

layer and formation of dense hydroxide as by-product. To overcome these difficulties, various 

studies have been applied to activate aluminum and develop its hydrolysis properties (Liu et 

al., 2015). Addition of low melting point metals and forming alloys (Al–Ga, Al–Ga–In, Al–Li, 

Al–Mg–Fe, etc.) (Yang et al., 2018), use of water-soluble salts while reducing particle size with 

ball milling (e.g., NaCl, KCl, CoCl2, NiCl2, Na2CO3 etc.) (Yang et al., 2018; Rong et al., 2017; 

Czech and Troczynski, 2010; Razavi-Tousi and  Szpunar, 2016; Yolcular and Karaoglu, 2017),   

use of alkaline solutions (NaOH, KOH, etc) (Pyun and Moon, 2000; Porciúncula et al., 2012). 

These methods are very effective in the removing of protective oxide layer on the Al particles 

and keeping the activation of Al powders.  

2𝐴𝑙 + 3𝐻2𝑂 → 𝐴𝑙2𝑂3 + 3𝐻2       (2) 

Equation (1) gives the Al water reaction at low temperatures. The by product is Al(OH)3 

at low temperatures. Equation (2) gives the Al water reaction at high temperatures. At high 

temperatures the by product is Al2O3 (Rong et al., 2017). 

When Al reacts with water firstly Al(OH)3 forms. Then, it further reacts to form Al2O3.     

Al(OH)3 and Al2O3 are amphoteric which means that they have both an acid and a base 

character. Al2O3 is not soluble in water. This prevents the Al corrosion in water. However, 

Al2O3 is  soluble in alkaline solutions  (Mcarthur and Spalding, 2004). Ball milling, increasing 

reaction temperature or use of alkaline solutions could be applied for the reaction to continue 

by  dissolving the passive oxide films. 

The equations of the reaction for NaOH to remove the passive oxide film from the Al 

particles with equations (3) and (4); 

𝐴𝑙2𝑂3 + 2𝑂𝐻− + 3𝐻2𝑂 =  2𝐴𝑙(𝑂𝐻)4
−      (3) 

𝑂𝐻− + 𝐴𝑙(𝑂𝐻)3 ↔ 𝐴𝑙(𝑂𝐻)4
−       (4) 

The reaction of NaOH with by products Al2O3 or Al(OH)3 forms 𝐴𝑙(𝑂𝐻)4
− . 𝐴𝑙(𝑂𝐻)4

− 

dissolves in NaOH solution and satisfies the continuation of the reaction by supplying fresh Al 

surfaces for the Al water reaction (Jia et al., 2014).  
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This study is about hydrogen generation of Al-NaCl powders in different reaction 

mediums. Pure water, NaOH and KOH were used as different reaction mediums in the hydrogen 

generation experiments. The parameters, reaction temperature, milling time and addition 

amount of NaCl were changed to investigate their effects in the hydrogen generation. This 

research examines how milling time, reaction temperature, addition of NaCl and reaction 

medium affect the Al water reaction. 

2. MATERIAL AND METHODS 

Al (average diameter 90 µm) and NaCl (Merck, 98%) were mixed and milled in a 

planetary ball mill (QM-3SP4) with a ball to powder ratio 20:1. NaCl wt% was 0, 10, 20 and 

30 and 4, 8 and 16 h milling times were applied. Speed of the rotation was 200 rpm. 

Hydrogen generation experiments were done in a 250 ml flask with two openings. When 

the reaction temperature was reached by placing the flask in the water bath, the ground powder 

was added to this flask. 35-75 ˚C reaction temperatures were investigated. 

Pure water, NaOH (1 M) and KOH (1 M) were used as solution mediums to compare 

their effects at the hydrogen generation rate. Mixing applied during the reactions. 

The hydrogen produced was measured at room temperature with an inverted burette 

filled with tap water. The amount of hydrogen production was recorded by monitoring the water 

level changes in the burette at certain intervals.  

In our previous study (Yolcular and Karaoglu, 2017), reaction temperature was between 

30 - 70 ˚C, NaCl amount was 0, 5, 10 and 20 wt%, milling times were 1, 4 and 12 h. According 

to our results in our previous study we determined these different temperature, grinding time 

and NaCl amounts in order to investigate their effects in this study. Unlike our previous study, 

experiments were carried out in different reaction mediums. The effects of different reaction 

mediums were investigated with selected reaction temperature, grinding time and NaCl 

amounts. 

3. RESULTS AND DISCUSSION 

Ball milling was applied to Al powders in order to increase the surface area by 

decreasing the particle size. This could be reached with the addition of NaCl during the ball 

milling. The addition of NaCl prevented cold welding during milling and assisted in the 

crushing and grinding of the particles. Pure Al and increasing wt% of NaCl additions were 

investigated in hydrogen production experiments.  Figure 1 shows the effect of the amount of 

NaCl added by the addition of 10, 20 and 30 wt% NaCl.  These added NaCl amounts also 

compared to pure Al powders. As the amount of NaCl increased the particle size decreased and 

surface area of the particles increased. This Al - water reaction is a surface reaction and the 

reaction rate is relevant to total surface area of the powders. (Nie et al., 2012) (Bunker and 

Smith, 2011). The addition of NaCl and milling is effective, but they cannot show the same 

effect when each is applied individually. So, there is a strong synergy between the grinding 

process and the presence of a salt (Razavi-Tousi and Szpunar, 2016). From Figure 1, 30 wt% 

NaCl addition gives the highest hydrogen generation rate.  
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Figure 1. Hydrogen generation (HG) rate (ml.min-1.g-1) vs time (min) with different wt% 

NaCl additions, in 1 M NaOH solution, with 16 h milling and at 75 ˚C. 

 

Figure 2 gives the results of increasing milling time. Ball grinding activates the particles 

so that they can react easily. Hydrogen generation rate increases with increasing milling time. 

Particle sizes decreased with increasing grinding times, which allowed the particles to have 

larger surface area. In this study, 16 h milling gave the highest hydrogen generation rate. The 

milling changes nonporous structure of the particles to porous structure having high surface 

area. These pores provide a higher surface to the reaction. 

Figure 2. HG rate (ml.min-1.g-1) vs time (min) with different milling times, with 30 wt% NaCl 

addition, in 1 M NaOH solution and at 75 ˚C. 
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Figure 3 shows the effect of temperature on hydrogen generation with 16 h milling, 30 

wt% NaCl addition to Al powders.  35 – 75 ̊ C reaction temperatures were investigated for these 

samples. The increased reaction temperature was resulted in higher reaction rates. As 75 ˚C 

gives the highest reaction rate, this temperature was used in other experiments. During the 

reaction the passive oxide film which was formed on the surface of Al powders can be quite 

permeable at higher temperatures compared to low temperatures. Then the reaction continues 

for a long time and higher reaction rates also can be reached. 

Figure 3. HG rate (ml.min-1.g-1) vs time (min) with different temperatures, with 30 wt% NaCl 

addition, in 1M NaOH solution and at 16 h milling time. 

 

Figure 4 shows that higher reaction rates were achieved with NaOH solution when 

comparing water, NaOH and KOH solutions. Reaction mechanisms were different for each 

reaction medium. Activation energies vary according to the reaction medium. Reaction 

activation energy is higher with water and KOH solution and lower with NaOH solution. This 

results in higher hydrogen generation rates due to the low activation energy of experiments with 

NaOH solution. The activation energies were found for this study as; 53.2 kJ.mol-1 with water, 

49.4 kJ.mol-1 with KOH (1 M) solution and 45.7  kJ.mol-1 with NaOH (1M) solution by using  

30 wt% Al-NaCl powder. According to these results, highest hydrogen generation rate was 

observed with NaOH solution. 

  



 YOLCULAR KARAOĞLU / Hydrogen Generation of Al-NaCl Powders in Different Reaction 

Mediums 

Journal of Scientific Perspectives, Volume:4, Issue:3, Year:2020 

182 

Figure 4.  HG rate (ml.min-1.g-1) vs time (min) with water, NaOH and KOH solutions, at 75 

˚C, with 30 wt% NaCl addition and at 16 h milling time. 

 

4. CONCLUSIONS 

The addition of NaCl to Al powder affects the hydrogen generation reaction. The 

structure of the Al particles also affected by both NaCl addition and ball milling. Hydrogen 

generation rate and produced hydrogen amounts were increased by NaCl addition and ball 

milling. The salt mixed while grinding is dissolved in water or aqueous solution during the 

reaction, creating many cavities, voids, tunnels in aluminum particles to make the reaction 

happen and improves the kinetics of the reaction. The addition of a higher salt ratio allows the 

particles to have a higher surface area, which increases the reaction kinetics. Then, containing 

a higher percentage of weight Al powders showed higher hydrogen generation rates. Mixing 

the reaction solution during the reaction and using higher reaction temperatures prevents the 

formation of passive oxide film and ensures that the formed film is also permeable. Reaction 

activation energies change by different reaction mediums. In this study, water, KOH and NaOH 

solutions were compared and their activation energies also calculated as; 53.2 kJ.mol-1 with 

water, 49.4 kJ.mol-1 with KOH (1 M) solution and 45.7 kJ.mol-1 with NaOH (1M) solution by 

using  30 wt% Al-NaCl powder. The results showed that experiments with NaOH solutions has 

lower activation energies which means that the corrosion reaction continues easily without 

disruption because of passive oxide film. Highest hydrogen generation rate was observed with 

NaOH solution as 1500 ml.min-1.g-1. Similar studies on activation energy data are as follows: 

46-53 kJ.mol-1 with NaOH (between 20-70 ˚C) (Zhuk et al., 2006) 51.5-53.5  kJ.mol-1 with 0.1 

mol.L-1 NaOH  (Aleksandrov et al., 2003) 69 kJ.mol-1 with addition of lithium as promoting 

metal without any alkaline solution (Rosenband and Gany, 2010). The activation energy ranges 

between approximately 40-70 kJ.mol-1 and changes according to reaction medium, reaction 

temperature and Al particle properties.  Increasing milling time, NaCl wt%, reaction 

temperature and by using alkaline solutions enhances Al reactivity. Al can be used effectively 

to generate hydrogen by Al water reaction.  
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In this paper, we introduce the generalized 5-primes numbers sequences and we deal with, in detail, three special 

cases which we call them 5-primes, Lucas 5-primes and modified 5-primes sequences. We present Binet’s formulas, 
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identities and matrices related with these sequences.
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1. Introduction

In this paper, we define the generalized 5-primes sequences and we investigate, in detail, three special cases which 

we call them 5-primes, Lucas-5-primes and modified 5-primes sequences.

The sequence of Fibonacci numbers {Fn} and the sequence of Lucas numbers {Ln} are defined by

Fn = Fn−1 + Fn−2, n ≥ 2, F0 = 0, F1 = 1,

and

Ln = Ln−1 + Ln−2, n ≥ 2, L0 = 2, L1 = 1

respectively. The generalizations of Fibonacci and Lucas sequences produce several nice and interesting sequences.
A generalized Pentanacci sequence {Wn}n≥0 = {Wn(W0, W1, W2, W3, W4; r, s, t, u, v)}n≥0 is defined by the fifth-

order recurrence relations

Wn = rWn−1 + sWn−2 + tWn−3 + uWn−4 + vWn−5, W0 = a, W1 = b, W2 = c, W3 = d, W4 = e (1.1)

where the initial values W0, W1, W2, W3, W4 are arbitrary complex (or real) numbers and r, s, t, u, v are real numbers. 

Pentanacci sequence has been studied by many authors and more detail can be found in the extensive literature
dedicated to these sequences, see for example [4], [5], [6]. The sequence {Wn}n≥0 can be extended to negative

subscripts by defining

W−n =−
v

u
W−(n−1)−

v

t 
W−(n−2)−

v

s 
W−(n−3)−

v

r 
W−(n−4) + 

v

1
W−(n−5)

1

Journal of Scientific Perspectives 
Volume 4, Issue 3, Year 2020, pp. 185-202 
E - ISSN: 2587-3008
URL:  https://journals.gen.tr/jsp
DOİ:   https://doi.org/10.26900/jsp.4.017      
Research Article

Received: 23 March 2020, Accepted: 31 July 2020



for n = 1, 2, 3, .... Therefore, recurrence (1.1) holds for all integer n.

As {Wn} is a fifth order recurrence sequence (difference equation), it’s characteristic equation is

x5 − rx4 − sx3 − tx2 − ux− v = 0 (1.2)

whose roots are α, β, γ, δ, λ. Note that we have the following identities:

α+ β + γ + δ + λ = r,

αβ + αλ+ αγ + βλ+ αδ + βγ + λγ + βδ + λδ + γδ = −s,

αβλ+ αβγ + αλγ + αβδ + αλδ + βλγ + αγδ + βλδ + βγδ + λγδ = t,

αβλγ + αβλδ + αβγδ + αλγδ + βλγδ = −u

αβγδλ = v.

Generalized Pentanacci numbers can be expressed, for all integers n, using Binet’s formula

Wn =
b1α

n

(α− β)(α− γ)(α− δ)(α− λ)
+

b2β
n

(β − α)(β − γ)(β − δ)(β − λ)
+

b3γ
n

(γ − α)(γ − β)(γ − δ)(γ − λ)
(1.3)

+
b4δ

n

(δ − α)(δ − β)(δ − γ)(δ − λ)
+

b5λ
n

(λ− α)(λ− β)(λ− γ)(λ− δ) ,

where

b1 = W4 − (β + γ + δ + λ)W3 + (βλ+ βγ + λγ + βδ + λδ + γδ)W2 − (βλγ + βλδ + βγδ + λγδ)W1 + (βλγδ)W0,

b2 = W4 − (α+ γ + δ + λ)W3 + (αλ+ αγ + αδ + λγ + λδ + γδ)W2 − (αλγ + αλδ + αγδ + λγδ)W1 + (αλγδ)W0,

b3 = W4 − (α+ β + δ + λ)W3 + (αβ + αλ+ βλ+ αδ + βδ + λδ)W2 − (αβλ+ αβδ + αλδ + βλδ)W1 + (αβλδ)W0,

b4 = W4 − (α+ β + γ + λ)W3 + (αβ + αλ+ αγ + βλ+ βγ + λγ)W2 − (αβλ+ αβγ + αλγ + βλγ)W1 + (αβλγ)W0,

b5 = W4 − (α+ β + γ + δ)W3 + (αβ + αγ + αδ + βγ + βδ + γδ)W2 − (αβγ + αβδ + αγδ + βγδ)W1 + (αβγδ)W0.

Usually, it is customary to choose r, s, t, u, v so that the Equ. (1.2) has at least one real (say α) solutions.

Note that the Binet form of a sequence satisfying (1.2) for non-negative integers is valid for all integers n, for a

proof of this result see [1]. This result of Howard and Saidak [1] is even true in the case of higher-order recurrence

relations.

In this paper we consider the case r = 2, s = 3, t = 5, u = 7, v = 11 and in this case we write Vn = Wn. A

generalized 5-primes sequence {Vn}n≥0 = {Vn(V0, V1, V2, V3, V4)}n≥0 is defined by the fifth-order recurrence relations

Vn = 2Vn−1 + 3Vn−2 + 5Vn−3 + 7Vn−4 + 11Vn−5 (1.4)

with the initial values V0 = c0, V1 = c1, V2 = c2, V3 = c3, V4 = c4 not all being zero.

The sequence {Vn}n≥0 can be extended to negative subscripts by defining

V−n = − 7

11
V−(n−1) −

5

11
V−(n−2) −

3

11
V−(n−3) −

2

11
V−(n−4) +

1

11
V−(n−5)

for n = 1, 2, 3, ....Therefore, recurrence (1.4) holds for all integer n.
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(1.3) can be used to obtain Binet formula of generalized 5-primes numbers. Binet formula of generalized 5-primes

numbers can be given as

Vn =
b1α

n

(α− β)(α− γ)(α− δ)(α− λ)
+

b2β
n

(β − α)(β − γ)(β − δ)(β − λ)
+

b3γ
n

(γ − α)(γ − β)(γ − δ)(γ − λ)

+
b4δ

n

(δ − α)(δ − β)(δ − γ)(δ − λ)
+

b5λ
n

(λ− α)(λ− β)(λ− γ)(λ− δ)

where

b1 = V4 − (β + γ + δ + λ)V3 + (βλ+ βγ + λγ + βδ + λδ + γδ)V2 − (βλγ + βλδ + βγδ + λγδ)V1 + (βλγδ)V0,(1.5)

b2 = V4 − (α+ γ + δ + λ)V3 + (αλ+ αγ + αδ + λγ + λδ + γδ)V2 − (αλγ + αλδ + αγδ + λγδ)V1 + (αλγδ)V0,

b3 = V4 − (α+ β + δ + λ)V3 + (αβ + αλ+ βλ+ αδ + βδ + λδ)V2 − (αβλ+ αβδ + αλδ + βλδ)V1 + (αβλδ)V0,

b4 = V4 − (α+ β + γ + λ)V3 + (αβ + αλ+ αγ + βλ+ βγ + λγ)V2 − (αβλ+ αβγ + αλγ + βλγ)V1 + (αβλγ)V0,

b5 = V4 − (α+ β + γ + δ)V3 + (αβ + αγ + αδ + βγ + βδ + γδ)V2 − (αβγ + αβδ + αγδ + βγδ)V1 + (αβγδ)V0.

Here, α, β, γ, δ and λ are the roots of the equation

x5 − 2x4 − 3x3 − 5x2 − 7x− 11 = 0. (1.6)

Moreover, the approximate value of the roots α, β, γ, δ and λ of Equation (1.6) are given by

α = 3. 501101503801069

β = 0.3060834095195042 + 1. 329047329711188i

γ = 0.3060834095195042− 1. 329047329711188i

δ = −1. 056 634161420038 + 0.756737649 3934506i

λ = −1. 056 634161420038− 0.756737649 3934506i

Note that

α+ β + γ + δ + λ = 2,

αβ + αλ+ αγ + βλ+ αδ + βγ + λγ + βδ + λδ + γδ = −3,

αβλ+ αβγ + αλγ + αβδ + αλδ + βλγ + αγδ + βλδ + βγδ + λγδ = 5,

αβλγ + αβλδ + αβγδ + αλγδ + βλγδ = −7

αβγδλ = 11.

The first few generalized 5-primes numbers with positive subscript and negative subscript are given in the

following Table 1.

Table 1. A few generalized 5-primes numbers
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n Vn V−n

0 V0

1 V1
1
11
V4 − 5

11
V1 − 3

11
V2 − 2

11
V3 − 7

11
V0

2 V2
2
121

V1 − 6
121

V0 − 1
121

V2 + 25
121

V3 − 7
121

V4

3 V3
64
1331

V0 + 19
1331

V1 + 293
1331

V2 − 65
1331

V3 − 6
1331

V4

4 V4
2903
14 641

V1 − 239
14 641

V0 − 907
14 641

V2 − 194
14 641

V3 + 64
14 641

V4

5 11V0 + 7V1 + 5V2 + 3V3 + 2V4
33 606
161 051

V0 − 8782
161 051

V1 − 1417
161 051

V2 + 1182
161 051

V3 − 239
161 051

V4

6 22V0 + 25V1 + 17V2 + 11V3 + 7V4
33 606
1771 561

V4 − 183 617
1771 561

V1 − 87 816
1771 561

V2 − 69 841
1771 561

V3 − 331 844
1771 561

V0

Now we define three special cases of the sequence {Vn}. 5-primes sequence{Gn}n≥0, Lucas 5-primes sequence

{Hn}n≥0 and modified 5-primes sequence {En}n≥0 are defined, respectively, by the third-order recurrence relations

Gn+5 = 2Gn+4 + 3Gn+3 + 5Gn+2 + 7Gn+1 + 11Gn, G0 = 0, G1 = 0, G2 = 0, G3 = 1, G4 = 2, (1.7)

Hn+5 = 2Hn+4 + 3Hn+3 + 5Hn+2 + 7Hn+1 + 11Hn, H0 = 5, H1 = 2, H2 = 10, H3 = 41, H4 = 150, (1.8)

and

En+5 = 2En+4 + 3En+3 + 5En+2 + 7En+1 + 11En, E0 = 0, E1 = 0, E2 = 0, E3 = 1, E4 = 1, (1.9)

The sequences {Gn}n≥0, {Hn}n≥0 and {En}n≥0 can be extended to negative subscripts by defining

G−n = − 7

11
G−(n−1) −

5

11
G−(n−2) −

3

11
G−(n−3) −

2

11
G−(n−4) +

1

11
G−(n−5), (1.10)

H−n = − 7

11
H−(n−1) −

5

11
H−(n−2) −

3

11
H−(n−3) −

2

11
H−(n−4) +

1

11
H−(n−5) (1.11)

and

E−n = − 7

11
E−(n−1) −

5

11
E−(n−2) −

3

11
E−(n−3) −

2

11
E−(n−4) +

1

11
E−(n−5) (1.12)

for n = 1, 2, 3, ... respectively. Therefore, recurrences (1.10), (1.11) and (1.12) hold for all integer n.

Note that the sequences Gn, Hn and En are not indexed in [7] yet. Next, we present the first few values of the

5-primes, Lucas 5-primes and modified 5-primes numbers with positive and negative subscripts:

Table 2. The first few values of the special fifth-order numbers with positive and negative subscripts.

n 0 1 2 3 4 5 6 7 8 9

Gn 0 0 0 1 2 7 25 88 311 1082

G−n 0 1
11

− 7
121

− 6
1331

64
14 641

− 239
161 051

33606
1771561

− 331844
19 487 171

303121
214358881

Hn 5 2 10 41 150 542 1831 6435 22574 79052

H−n − 7
11

− 61
121

− 277
1331

− 2813
14 641

148 908
161 051

− 727 195
1771 561

− 2234 183
19 487 171

5014 051
214 358 881

− 85824736
2357947691

En 0 0 0 1 1 5 18 63 223 771

E−n − 1
11

18
121

− 71
1331

− 130
14 641

943
161 051

− 36 235
1771561

701510
19487171

− 3953405
214358881

− 2169506
2357947691
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For all integers n, 5-primes, Lucas 5-primes and modified 5-primes numbers (using initial conditions in (1.5))

can be expressed using Binet’s formulas as

Gn =
αn+1

(α− β)(α− γ)(α− δ)(α− λ)
+

βn+1

(β − α)(β − γ)(β − δ)(β − λ)
+

γn+1

(γ − α)(γ − β)(γ − δ)(γ − λ)

+
δn+1

(δ − α)(δ − β)(δ − γ)(δ − λ)
+

λn+1

(λ− α)(λ− β)(λ− γ)(λ− δ) ,

Hn = αn + βn + γn + δn + λn,

En =
(α− 1)αn

(α− β)(α− γ)(α− δ)(α− λ)
+

(β − 1)βn

(β − α)(β − γ)(β − δ)(β − λ)
+

(γ − 1)γn

(γ − α)(γ − β)(γ − δ)(γ − λ)

+
(δ − 1)δn

(δ − α)(δ − β)(δ − γ)(δ − λ)
+

(λ− 1)λn

(λ− α)(λ− β)(λ− γ)(λ− δ) ,

respectively.

2. Generating Functions

Next, we give the ordinary generating function
∞∑
n=0

Vnx
n of the sequence Vn.

Lemma 1. Suppose that fVn(x) =
∞∑
n=0

Vnx
n is the ordinary generating function of the generalized 5-primes

sequence {Vn}n≥0. Then,
∞∑
n=0

Vnx
n is given by

∞∑
n=0

Vnx
n =

V0 + (V1 − 2V0)x+ (V2 − 2V1 − 3V0)x
2 + (V3 − 2V2 − 3V1 − 5V0)x

3 + (V4 − 2V3 − 3V2 − 5V1 − 7V0)x
4

1− 2x− 3x2 − 5x3 − 7x4 − 11x5
.

(2.1)

Proof. Using the definition of generalized 5-primes numbers, and substracting 2x
∑∞
n=0 Vnx

n, 3x2
∑∞
n=0 Vnx

n,

5x3
∑∞
n=0 Vnx

n, 7x4
∑∞
n=0 Vnx

n and 11x5
∑∞
n=0 Vnx

n from
∑∞
n=0 Vnx

n we obtain

(1− 2x− 3x2 − 5x3 − 7x4 − 11x5)

∞∑
n=0

Vnx
n =

∞∑
n=0

Vnx
n − 2x

∞∑
n=0

Vnx
n − 3x2

∞∑
n=0

Vnx
n

−5x3
∞∑
n=0

Vnx
n − 7x4

∞∑
n=0

Vnx
n − 11x5

∞∑
n=0

Vnx
n

=

∞∑
n=0

Vnx
n − 2

∞∑
n=0

Vnx
n+1 − 3

∞∑
n=0

Vnx
n+2

−5

∞∑
n=0

Vnx
n+3 − 7

∞∑
n=0

Vnx
n+4 − 11

∞∑
n=0

Vnx
n+5

=

∞∑
n=0

Vnx
n − 2

∞∑
n=1

Vn−1x
n − 3

∞∑
n=2

Vn−2x
n

−5

∞∑
n=3

Vn−3x
n − 7

∞∑
n=4

Vn−4x
n − 11

∞∑
n=5

Vn−5x
n
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and so

(1− 2x− 3x2 − 5x3 − 7x4 − 11x5)

∞∑
n=0

Vnx
n = (V0 + V1x+ V2x

2 + V3x
3 + V4x

4)− 2(V0x+ V1x
2 + V2x

3 + V3x
4)

−3(V0x
2 + V1x

3 + V2x
4)− 5(V0x

3 + V1x
4)− 7V0x

4

+

∞∑
n=5

(Vn − 2Vn−1 − 3Vn−2 − 5Vn−3 − 7Vn−4 − 11Vn−5)x
n

= V0 + (V1 − 2V0)x+ (V2 − 2V1 − 3V0)x
2 + (V3 − 2V2 − 3V1 − 5V0)x

3

+(V4 − 2V3 − 3V2 − 5V1 − 7V0)x
4.

Rearranging above equation, we obtain

∞∑
n=0

Vnx
n =

V0 + (V1 − 2V0)x+ (V2 − 2V1 − 3V0)x
2 + (V3 − 2V2 − 3V1 − 5V0)x

3 + (V4 − 2V3 − 3V2 − 5V1 − 7V0)x
4

1− 2x− 3x2 − 5x3 − 7x4 − 11x5
.

The previous lemma gives the following results as particular examples.

Corollary 2. Generated functions of 5-primes, Lucas 5-primes and modified 5-primes numbers are

∞∑
n=0

Gnx
n =

x3

1− 2x− 3x2 − 5x3 − 7x4 − 11x5
,

and
∞∑
n=0

Hnx
n =

5− 8x− 9x2 − 10x3 − 7x4

1− 2x− 3x2 − 5x3 − 7x4 − 11x5
,

and
∞∑
n=0

Enx
n =

x3 − x4
1− 2x− 3x2 − 5x3 − 7x4 − 11x5

,

respectively.

3. Obtaining Binet Formula From Generating Function

We next find Binet formula of generalized 5-primes numbers {Vn} by the use of generating function for Vn.

Theorem 3. (Binet formula of generalized 5-primes numbers)

Vn =
d1α

n

(α− β)(α− γ)(α− δ)(α− λ)
+

d2β
n

(β − α)(β − γ)(β − δ)(β − λ)
+

d3γ
n

(γ − α)(γ − β)(γ − δ)(γ − λ)
(3.1)

+
d4δ

n

(δ − α)(δ − β)(δ − γ)(δ − λ)
+

d5λ
n

(λ− α)(λ− β)(λ− γ)(λ− δ)

where

d1 = V0α
4 + (V1 − 2V0)α

3 + (V2 − 2V1 − 3V0)α
2 + (V3 − 2V2 − 3V1 − 5V0)α+ (V4 − 2V3 − 3V2 − 5V1 − 7V0),

d2 = V0β
4 + (V1 − 2V0)β

3 + (V2 − 2V1 − 3V0)β
2 + (V3 − 2V2 − 3V1 − 5V0)β + (V4 − 2V3 − 3V2 − 5V1 − 7V0),

d3 = V0γ
4 + (V1 − 2V0)γ

3 + (V2 − 2V1 − 3V0)γ
2 + (V3 − 2V2 − 3V1 − 5V0)γ + (V4 − 2V3 − 3V2 − 5V1 − 7V0),

d4 = V0δ
4 + (V1 − 2V0)δ

3 + (V2 − 2V1 − 3V0)δ
2 + (V3 − 2V2 − 3V1 − 5V0)δ + (V4 − 2V3 − 3V2 − 5V1 − 7V0),

d5 = V0λ
4 + (V1 − 2V0)λ

3 + (V2 − 2V1 − 3V0)λ
2 + (V3 − 2V2 − 3V1 − 5V0)λ+ (V4 − 2V3 − 3V2 − 5V1 − 7V0).
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Proof. Let

h(x) = 1− 2x− 3x2 − 5x3 − 7x4 − 11x5.

Then for some α, β, γ, δ and λ we write

h(x) = (1− αx)(1− βx)(1− γx)(1− δx)(1− λx)

i.e.,

1− 2x− 3x2 − 5x3 − 7x4 − 11x5 = (1− αx)(1− βx)(1− γx)(1− δx)(1− λx) (3.2)

Hence 1
α
, 1
β
, 1
γ
, 1
δ
and 1

λ
are the roots of h(x). This gives α, β, γ, δ and λ as the roots of

h(
1

x
) = 1− 2

x
− 3

x2
− 5

x3
− 7

x4
− 11

x5
= 0.

This implies x5 − 2x4 − 3x3 − 5x2 − 7x− 11 = 0. Now, by (2.1) and (3.2), it follows that

∞∑
n=0

Vnx
n =

V0 + (V1 − 2V0)x+ (V2 − 2V1 − 3V0)x
2 + (V3 − 2V2 − 3V1 − 5V0)x

3 + (V4 − 2V3 − 3V2 − 5V1 − 7V0)x
4

(1− αx)(1− βx)(1− γx)(1− δx)(1− λx)
.

Then we write

V0 + (V1 − 2V0)x+ (V2 − 2V1 − 3V0)x
2 + (V3 − 2V2 − 3V1 − 5V0)x

3 + (V4 − 2V3 − 3V2 − 5V1 − 7V0)x
4

(1− αx)(1− βx)(1− γx)(1− δx)(1− λx)
(3.3)

=
A1

(1− αx)
+

A2
(1− βx)

+
A3

(1− γx)
+

A4
(1− δx)

+
A5

(1− λx)
.

So

V0 + (V1 − 2V0)x+ (V2 − 2V1 − 3V0)x
2 + (V3 − 2V2 − 3V1 − 5V0)x

3 + (V4 − 2V3 − 3V2 − 5V1 − 7V0)x
4

= A1(1− βx)(1− γx)(1− δx)(1− λx) +A2(1− αx)(1− γx)(1− δx)(1− λx)

+A3(1− αx)(1− βx)(1− δx)(1− λx) +A4(1− αx)(1− βx)(1− γx)(1− λx)

+A5(1− αx)(1− βx)(1− γx)(1− δx).

If we consider x = 1
α
, we get

V0 + (V1 − 2V0)
1
α

+ (V2 − 2V1 − 3V0)
1
α2

+ (V3 − 2V2 − 3V1 − 5V0)
1
α3

+ (V4 − 2V3 − 3V2 − 5V1 − 7V0)
1
α4

=

A1(1− β
α

)(1− γ
α

)(1− δ
α

)(1− λ
α

).

This gives

A1 =
α4(V0 + (V1 − 2V0)

1
α

+ (V2 − 2V1 − 3V0)
1
α2

+ (V3 − 2V2 − 3V1 − 5V0)
1
α3

+ (V4 − 2V3 − 3V2 − 5V1 − 7V0)
1
α4

)

(α− β)(α− γ)(α− δ)(α− λ)

=
V0α

4 + (V1 − 2V0)α
3 + (V2 − 2V1 − 3V0)α

2 + (V3 − 2V2 − 3V1 − 5V0)α+ (V4 − 2V3 − 3V2 − 5V1 − 7V0)

(α− β)(α− γ)(α− δ)(α− λ)

Similarly, we obtain

A2 =
V0β

4 + (V1 − 2V0)β
3 + (V2 − 2V1 − 3V0)β

2 + (V3 − 2V2 − 3V1 − 5V0)β + (V4 − 2V3 − 3V2 − 5V1 − 7V0)

(β − α)(β − γ)(β − δ)(β − λ)
,

A3 =
V0γ

4 + (V1 − 2V0)γ
3 + (V2 − 2V1 − 3V0)γ

2 + (V3 − 2V2 − 3V1 − 5V0)γ + (V4 − 2V3 − 3V2 − 5V1 − 7V0)

(γ − α)(γ − β)(γ − δ)(γ − λ)
,

A4 =
V0δ

4 + (V1 − 2V0)δ
3 + (V2 − 2V1 − 3V0)δ

2 + (V3 − 2V2 − 3V1 − 5V0)δ + (V4 − 2V3 − 3V2 − 5V1 − 7V0)

(δ − α)(δ − β)(δ − γ)(δ − λ)
,

A5 =
V0λ

4 + (V1 − 2V0)λ
3 + (V2 − 2V1 − 3V0)λ

2 + (V3 − 2V2 − 3V1 − 5V0)λ+ (V4 − 2V3 − 3V2 − 5V1 − 7V0)

(λ− α)(λ− β)(λ− γ)(λ− δ) .
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Thus (3.3) can be written as

∞∑
n=0

Vnx
n = A1(1− αx)−1 +A2(1− βx)−1 +A3(1− γx)−1 +A4(1− δx)−1 +A5(1− λx)−1.

This gives

∞∑
n=0

Vnx
n = A1

∞∑
n=0

αnxn +A2

∞∑
n=0

βnxn +A3

∞∑
n=0

γnxn +A4

∞∑
n=0

δnxn +A5

∞∑
n=0

λnxn

=

∞∑
n=0

(A1α
n +A2β

n +A3γ
n +A4δ

n +A5λ
n)xn.

Therefore, comparing coeffi cients on both sides of the above equality, we obtain

Vn = A1α
n +A2β

n +A3γ
n +A4δ

n +A5λ
n

and then we get (3.1).

Note that from (1.5) and (3.1) we have

V4 − (β + γ + δ + λ)V3 + (βλ+ βγ + λγ + βδ + λδ + γδ)V2 − (βλγ + βλδ + βγδ + λγδ)V1 + (βλγδ)V0

= V0α
4 + (V1 − 2V0)α

3 + (V2 − 2V1 − 3V0)α
2 + (V3 − 2V2 − 3V1 − 5V0)α+ (V4 − 2V3 − 3V2 − 5V1 − 7V0),

V4 − (α+ γ + δ + λ)V3 + (αλ+ αγ + αδ + λγ + λδ + γδ)V2 − (αλγ + αλδ + αγδ + λγδ)V1 + (αλγδ)V0

= V0β
4 + (V1 − 2V0)β

3 + (V2 − 2V1 − 3V0)β
2 + (V3 − 2V2 − 3V1 − 5V0)β + (V4 − 2V3 − 3V2 − 5V1 − 7V0),

V4 − (α+ β + δ + λ)V3 + (αβ + αλ+ βλ+ αδ + βδ + λδ)V2 − (αβλ+ αβδ + αλδ + βλδ)V1 + (αβλδ)V0

= V0γ
4 + (V1 − 2V0)γ

3 + (V2 − 2V1 − 3V0)γ
2 + (V3 − 2V2 − 3V1 − 5V0)γ + (V4 − 2V3 − 3V2 − 5V1 − 7V0),

V4 − (α+ β + γ + λ)V3 + (αβ + αλ+ αγ + βλ+ βγ + λγ)V2 − (αβλ+ αβγ + αλγ + βλγ)V1 + (αβλγ)V0

= V0δ
4 + (V1 − 2V0)δ

3 + (V2 − 2V1 − 3V0)δ
2 + (V3 − 2V2 − 3V1 − 5V0)δ + (V4 − 2V3 − 3V2 − 5V1 − 7V0),

V4 − (α+ β + γ + δ)V3 + (αβ + αγ + αδ + βγ + βδ + γδ)V2 − (αβγ + αβδ + αγδ + βγδ)V1 + (αβγδ)V0

= V0λ
4 + (V1 − 2V0)λ

3 + (V2 − 2V1 − 3V0)λ
2 + (V3 − 2V2 − 3V1 − 5V0)λ+ (V4 − 2V3 − 3V2 − 5V1 − 7V0).

Next, using Theorem 3, we present the Binet formulas of 5-primes, Lucas 5-primes and modified 5-primes

sequences.

Corollary 4. Binet formulas of 5-primes, Lucas 5-primes and modified 5-primes sequences are

Gn =
αn+1

(α− β)(α− γ)(α− δ)(α− λ)
+

βn+1

(β − α)(β − γ)(β − δ)(β − λ)
+

γn+1

(γ − α)(γ − β)(γ − δ)(γ − λ)

+
δn+1

(δ − α)(δ − β)(δ − γ)(δ − λ)
+

λn+1

(λ− α)(λ− β)(λ− γ)(λ− δ) ,

and

Hn = αn + βn + γn + δn + λn,

and

En =
(α− 1)αn

(α− β)(α− γ)(α− δ)(α− λ)
+

(β − 1)βn

(β − α)(β − γ)(β − δ)(β − λ)
+

(γ − 1)γn

(γ − α)(γ − β)(γ − δ)(γ − λ)

+
(δ − 1)δn

(δ − α)(δ − β)(δ − γ)(δ − λ)
+

(λ− 1)λn

(λ− α)(λ− β)(λ− γ)(λ− δ) ,
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respectively.

We can find Binet formulas by using matrix method with a similar technique which is given in [3]. Take k = i = 5

in Corollary 3.1 in [3]. Let

Λ =



α4 α3 α2 α 1

β4 β3 β2 β 1

γ4 γ3 γ2 γ 1

δ4 δ3 δ2 δ 1

λ4 λ3 λ2 λ 1


,Λ1 =



αn−1 α3 α2 α 1

βn−1 β3 β2 β 1

γn−1 γ3 γ2 γ 1

δn−1 δ3 δ2 δ 1

λn−1 λ3 λ2 λ 1


,Λ2 =



α4 αn−1 α2 α 1

β4 βn−1 β2 β 1

γ4 γn−1 γ2 γ 1

δ4 δn−1 δ2 δ 1

λ4 λn−1 λ2 λ 1



Λ3 =



α4 α3 αn−1 α 1

β4 β3 βn−1 β 1

γ4 γ3 γn−1 γ 1

δ4 δ3 δn−1 δ 1

λ4 λ3 λn−1 λ 1


,Λ4 =



α4 α3 α2 αn−1 1

β4 β3 β2 βn−1 1

γ4 γ3 γ2 γn−1 1

δ4 δ3 δ2 δn−1 1

λ4 λ3 λ2 λn−1 1


,Λ5 =



α4 α3 α2 α αn−1

β4 β3 β2 β βn−1

γ4 γ3 γ2 γ γn−1

δ4 δ3 δ2 δ δn−1

λ4 λ3 λ2 λ λn−1


.

Then the Binet formula for 5-primes numbers is

Gn =
1

det(Λ)

5∑
j=1

G6−j det(Λj) =
1

Λ
(G5 det(Λ1) +G4 det(Λ2) +G3 det(Λ3) +G2 det(Λ4) +G1 det(Λ5))

=
1

det(Λ)
(7 det(Λ1) + 2 det(Λ2) + det(Λ3))

Similarly, we obtain the Binet formula for Lucas 5-primes and modified 5-primes numbers as

Hn =
1

det(Λ)
(H5 det(Λ1) +H4 det(Λ2) +H3 det(Λ3) +H2 det(Λ4) +H1 det(Λ5))

=
1

det(Λ)
(542 det(Λ1) + 150 det(Λ2) + 41 det(Λ3) + 10 det(Λ4) + 2 det(Λ5))

and

En =
1

det(Λ)
(E5 det(Λ1) + E4 det(Λ2) + E3 det(Λ3) + E2 det(Λ4) + E1 det(Λ5))

=
1

det(Λ)
(5 det(Λ1) + det(Λ2) + det(Λ3))

respectively.

4. Simson Formulas

There is a well-known Simson Identity (formula) for Fibonacci sequence {Fn}, namely,

Fn+1Fn−1 − F 2
n = (−1)n

which was derived first by R. Simson in 1753 and it is now called as Cassini Identity (formula) as well. This can be

written in the form ∣∣∣∣∣∣ Fn+1 Fn

Fn Fn−1

∣∣∣∣∣∣ = (−1)n.

The following theorem gives generalization of this result to the generalized 5-primes sequence {Vn}n≥0.
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Theorem 5 (Simson Formula of Generalized 5-primes Numbers). For all integers n, we have∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣

Vn+4 Vn+3 Vn+2 Vn+1 Vn

Vn+3 Vn+2 Vn+1 Vn Vn−1

Vn+2 Vn+1 Vn Vn−1 Vn−2

Vn+1 Vn Vn−1 Vn−2 Vn−3

Vn Vn−1 Vn−2 Vn−3 Vn−4

∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣
= 11n

∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣

V4 V3 V2 V1 V0

V3 V2 V1 V0 V−1

V2 V1 V0 V−1 V−2

V1 V0 V−1 V−2 V−3

V0 V−1 V−2 V−3 V−4

∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣
. (4.1)

Proof. (4.1) is given in Soykan [8].

The previous theorem gives the following results as particular examples.

Corollary 6. For all integers n, Simson formula of 5-primes, Lucas 5-primes and modified 5-primes numbers

are given as ∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣

Gn+4 Gn+3 Gn+2 Gn+1 Gn

Gn+3 Gn+2 Gn+1 Gn Gn−1

Gn+2 Gn+1 Gn Gn−1 Gn−2

Gn+1 Gn Gn−1 Gn−2 Gn−3

Gn Gn−1 Gn−2 Gn−3 Gn−4

∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣
= 11n−3 (4.2)

and ∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣

Hn+4 Hn+3 Hn+2 Hn+1 Hn

Hn+3 Hn+2 Hn+1 Hn Hn−1

Hn+2 Hn+1 Hn Hn−1 Hn−2

Hn+1 Hn Hn−1 Hn−2 Hn−3

Hn Hn−1 Hn−2 Hn−3 Hn−4

∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣
= 409× 431× 1103× 11n−4 (4.3)

and ∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣

En+4 En+3 En+2 En+1 En

En+3 En+2 En+1 En En−1

En+2 En+1 En En−1 En−2

En+1 En En−1 En−2 En−3

En En−1 En−2 En−3 En−4

∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣
= 27× 11n−4 (4.4)

respectively.

5. Some Identities

In this section, we obtain some identities of 5-primes, Lucas 5-primes and modified 5-primes numbers. First, we

can give a few basic relations between {Gn} and {Hn}.

Lemma 7. The following equalities are true:

1331Hn = −277Gn+6 − 117Gn+5 + 1326Gn+4 + 11 747Gn+3 − 2813Gn+2, (5.1)

121Hn = −61Gn+5 + 45Gn+4 + 942Gn+3 − 432Gn+2 − 277Gn+1,

11Hn = −7Gn+4 + 69Gn+3 − 67Gn+2 − 64Gn+1 − 61Gn,

Hn = 5Gn+3 − 8Gn+2 − 9Gn+1 − 10Gn − 7Gn−1,

Hn = 2Gn+2 + 6Gn+1 + 15Gn + 28Gn−1 + 55Gn−2,
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and

2138793107Gn = 18571Hn+6 + 1176092Hn+5 − 1191254Hn+4 − 21714675Hn+3 + 39754441Hn+2

194435737Gn = 110294Hn+5 − 103231Hn+4 − 1965620Hn+3 + 3625858Hn+2 + 18571Hn+1

194435737Gn = 117357Hn+4 − 1634738Hn+3 + 4177328Hn+2 + 790629Hn+1 + 1213234Hn

194435737Gn = −1400024Hn+3 + 4529399Hn+2 + 1377414Hn+1 + 2034733Hn + 1290927Hn−1

194435737Gn = 1729351Hn+2 − 2822658Hn+1 − 4965387Hn − 8509241Hn−1 − 15400264Hn−2

Proof. Note that all the identities hold for all integers n. We prove (5.1). To show (5.1), writing

Hn = a×Gn+6 + b×Gn+5 + c×Gn+4 + d×Gn+3 + e×Gn+2

and solving the system of equations

H0 = a×G6 + b×G5 + c×G4 + d×G3 + e×G2

H1 = a×G7 + b×G6 + c×G5 + d×G4 + e×G3

H2 = a×G8 + b×G7 + c×G6 + d×G5 + e×G4

H3 = a×G9 + b×G8 + c×G7 + d×G6 + e×G5

H4 = a×G10 + b×G9 + c×G8 + d×G7 + e×G6

we find that a = − 277
1331

, b = − 117
1331

, c = 1326
1331

, d = 11 747
1331

, e = − 2813
1331

. The other equalities can be proved similarly.

Secondly, we present a few basic relations between {Gn} and {En}.

Lemma 8. The following equalities are true:

1331En = −71Gn+6 + 340Gn+5 − 304Gn+4 + 3Gn+3 − 130Gn+2,

121En = 18Gn+5 − 47Gn+4 − 32Gn+3 − 57Gn+2 − 71Gn+1,

11En = −Gn+4 + 2Gn+3 + 3Gn+2 + 5Gn+1 + 18Gn,

En = Gn −Gn−1,

and

297Gn = −16En+6 + 43En+5 + 37En+4 + 36En+3 + 13En+2,

27Gn = En+5 − En+4 − 4En+3 − 9En+2 − 16En+1,

27Gn = En+4 − En+3 − 4En+2 − 9En+1 + 11En,

27Gn = En+3 − En+2 − 4En+1 + 18En + 11En−1,

27Gn = En+2 − En+1 + 23En + 18En−1 + 11En−2.

Note that all the identities in the above Lemma can be proved by induction as well.

Thirdly, we give a few basic relations between {Hn} and {En}.
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Lemma 9. The following equalities are true:

3267Hn = 217En+6 − 1864En+5 − 1300En+4 + 23049En+3 + 9866En+2,

297Hn = −130En+5 − 59En+4 + 2194En+3 + 1035En+2 + 217En+1,

27Hn = −29En+4 + 164En+3 + 35En+2 − 63En+1 − 130En,

27Hn = 106En+3 − 52En+2 − 208En+1 − 333En − 319En−1,

27Hn = 160En+2 + 110En+1 + 197En + 423En−1 + 1166En−2,

and

23526724177En = −39550160Hn+6 + 92241613Hn+5 + 93222517Hn+4 − 26985426Hn+3 + 954441363Hn+2,

2138793107En = 1194 663Hn+5 − 2311633Hn+4 − 20430566Hn+3 + 61599113Hn+2 − 39550160Hn+1,

194435737En = 7063Hn+4 − 1531507Hn+3 + 6142948Hn+2 − 2835229Hn+1 + 1194663Hn,

194435737En = −1517381Hn+3 + 6164137Hn+2 − 2799914Hn+1 + 1244104Hn + 77693Hn−1,

194435737En = 3129375Hn+2 − 7352057Hn+1 − 6342801Hn − 10543974Hn−1 − 16691191Hn−2.

We now present a few special identities for the modified 5-primes sequence {En}.

Theorem 10. (Catalan’s identity) For all integers n and m, the following identity holds

En+mEn−m − E2
n = (Gn+m −Gn+m−1)(Gn−m −Gn−m−1)− (Gn −Gn−1)2

= (Gn(Gm −Gm+1) +Gn−1(−Gm +Gm−2) +Gn−2(−Gm +Gm−1))

(Gn(G−m −G1−m) +Gn−1(−G−m +G−m−2) +Gn−2(−G−m +G−m−1))

−(Gn −Gn−1)2

Proof. We use the identity

En = Gn −Gn−1.

Note that for m = 1 in Catalan’s identity, we get the Cassini identity for the modified 5-primes sequnce

Corollary 11. (Cassini’s identity) For all integers numbers n and m, the following identity holds

En+1En−1 − E2
n = (Gn+1 −Gn)(Gn−1 −Gn−2)− (Gn −Gn−1)2.

The d’Ocagne’s, Gelin-Cesàro’s and Melham’identities can also be obtained by using En = Gn−Gn−1.The next

theorem presents d’Ocagne’s, Gelin-Cesàro’s and Melham’identities of modified 5-primes sequence {En}.

Theorem 12. Let n and m be any integers. Then the following identities are true:

(a): (d’Ocagne’s identity)

Em+1En − EmEn+1 = (Gm+1 −Gm)(Gn −Gn−1)− (Gm −Gm−1)(Gn+1 −Gn).

(b): (Gelin-Cesàro’s identity)

En+2En+1En−1En−2 − E4
n = (Gn+2 −Gn+1)(Gn+1 −Gn)(Gn−1 −Gn−2)(Gn−2 −Gn−3)− (Gn −Gn−1)4.
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(c): (Melham’s identity)

En+1En+2En+6 − E3
n+3 = (Gn+1 −Gn)(Gn+2 −Gn+1)(Gn+6 −Gn+5)− (Gn+3 −Gn+2)3.

Proof. Use the identity En = Gn −Gn−1.

6. Linear Sums

The following proposition presents some formulas of generalized 5-primes numbers with positive subscripts.

Proposition 13. If r = 2, s = 3, t = 5, u = 7, v = 11 then for n ≥ 0 we have the following formulas:

(a):
∑n
k=0 Vk = 1

27
(Vn+5 − Vn+4 − 4Vn+3 − 9Vn+2 − 16Vn+1 − V4 + V3 + 4V2 + 9V1 + 16V0).

(b):
∑n
k=0 V2k = 1

27
(−V2n+2 + 4V2n+1 + 25V2n + 3V2n−1 + 22V2n−2 + V4 − 4V3 + 2V2 − 3V1 + 5V0).

(c):
∑n
k=0 V2k+1 = 1

27
(2V2n+2 + 22V2n+1 − 2V2n + 15V2n−1 − 11V2n−2 − 2V4 + 5V3 + 2V2 + 12V1 + 11V0).

Proof. Take r = 2, s = 3, t = 5, u = 7, v = 11 in Theorem 2.1 in [9].

As special cases of above proposition, we have the following three corollaries. First one presents some summing

formulas of 5-primes numbers (take Vn = Gn with G0 = 0, G1 = 0, G2 = 0, G3 = 1, G4 = 2).

Corollary 14. For n ≥ 0 we have the following formulas:

(a):
∑n
k=0Gk = 1

27
(Gn+5 −Gn+4 − 4Gn+3 − 9Gn+2 − 16Gn+1 − 1).

(b):
∑n
k=0G2k = 1

27
(−G2n+2 + 4G2n+1 + 25G2n + 3G2n−1 + 22G2n−2 − 2).

(c):
∑n
k=0G2k+1 = 1

27
(2G2n+2 + 22G2n+1 − 2G2n + 15G2n−1 − 11G2n−2 + 1).

Second one presents some summing formulas of Lucas 5-primes numbers (take Gn = Hn with H0 = 5, H1 =

2, H2 = 10, H3 = 41, H4 = 150).

Corollary 15. For n ≥ 0 we have the following formulas:

(a):
∑n
k=0Hk = 1

27
(Hn+5 −Hn+4 − 4Hn+3 − 9Hn+2 − 16Hn+1 + 29).

(b):
∑n
k=0H2k = 1

27
(−H2n+2 + 4H2n+1 + 25H2n + 3H2n−1 + 22H2n−2 + 25).

(c):
∑n
k=0H2k+1 = 1

27
(2H2n+2 + 22H2n+1 − 2H2n + 15H2n−1 − 11H2n−2 + 4).

Third one presents some summing formulas of modified 5-primes numbers (take Hn = En with E0 = 0, E1 =

0, E2 = 0, E3 = 1, E4 = 1).

Corollary 16. For n ≥ 0 we have the following formulas:

(a):
∑n
k=0Ek = 1

27
(En+5 − En+4 − 4En+3 − 9En+2 − 16En+1).

(b):
∑n
k=0E2k = 1

27
(−E2n+2 + 4E2n+1 + 25E2n + 3E2n−1 + 22E2n−2 − 3).

(c):
∑n
k=0E2k+1 = 1

27
(2E2n+2 + 22E2n+1 − 2E2n + 15E2n−1 − 11E2n−2 + 3).

The following proposition presents some formulas of generalized 5-primes numbers with negative subscripts.

Proposition 17. If r = 2, s = 3, t = 5, u = 7, v = 11 then for n ≥ 1 we have the following formulas:

(a):
∑n
k=1 V−k = 1

27
(−V−n+4 + V−n+3 + 4V−n+2 + 9V−n+1 + 16V−n + V4 − V3 − 9V1 − 4V2 − 16V0).

(b):
∑n
k=1 V−2k = 1

27
(−2V−2n+3 + 5V−2n+2 + 2V−2n+1 + 12V−2n + 11V−2n−1 − V4 + 4V3 − 2V2 + 3V1 − 5V0).

(c):
∑n
k=1 V−2k+1 = 1

27
(V−2n+3 − 4V−2n+2 + 2V−2n+1 − 3V−2n − 22V−2n−1 + 2V4 − 5V3 − 2V2 − 12V1 − 11V0).
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Proof. Take r = 2, s = 3, t = 5, u = 7, v = 11 in Theorem 3.1 in [9].

From the above proposition, we have the following corollary which gives sum formulas of 5-primes numbers (take

Gn = Gn with G0 = 0, G1 = 0, G2 = 0, G3 = 1, G4 = 2).

Corollary 18. For n ≥ 1, 5-primes numbers have the following properties.

(a):
∑n
k=1G−k = 1

27
(−G−n+4 +G−n+3 + 4G−n+2 + 9G−n+1 + 16G−n + 1).

(b):
∑n
k=1G−2k = 1

27
(−2G−2n+3 + 5G−2n+2 + 2G−2n+1 + 12G−2n + 11G−2n−1 + 2).

(c):
∑n
k=1G−2k+1 = 1

27
(G−2n+3 − 4G−2n+2 + 2G−2n+1 − 3G−2n − 22G−2n−1 − 1).

Taking Gn = Hn with H0 = 5, H1 = 2, H2 = 10, H3 = 41, H4 = 150 in the last proposition, we have the following

corollary which presents sum formulas of 5-primes -Lucas numbers.

Corollary 19. For n ≥ 1, 5-primes -Lucas numbers have the following properties.

(a):
∑n
k=1H−k = 1

27
(−H−n+4 +H−n+3 + 4H−n+2 + 9H−n+1 + 16H−n − 29).

(b):
∑n
k=1H−2k = 1

27
(−2H−2n+3 + 5H−2n+2 + 2H−2n+1 + 12H−2n + 11H−2n−1 − 25).

(c):
∑n
k=1H−2k+1 = 1

27
(H−2n+3 − 4H−2n+2 + 2H−2n+1 − 3H−2n − 22H−2n−1 − 4).

From the above proposition, we have the following corollary which gives sum formulas of modified 5-primes

numbers (take Hn = En with E0 = 0, E1 = 0, E2 = 0, E3 = 1, E4 = 1).

Corollary 20. For n ≥ 1, modified 5-primes numbers have the following properties.

(a):
∑n
k=1E−k = 1

27
(−E−n+4 + E−n+3 + 4E−n+2 + 9E−n+1 + 16E−n).

(b):
∑n
k=1E−2k = 1

27
(−2E−2n+3 + 5E−2n+2 + 2E−2n+1 + 12E−2n + 11E−2n−1 + 3).

(c):
∑n
k=1E−2k+1 = 1

27
(E−2n+3 − 4E−2n+2 + 2E−2n+1 − 3E−2n − 22E−2n−1 − 3).

7. Matrices Related with Generalized 5-primes Numbers

Matrix formulation of Wn can be given as

Wn+4

Wn+3

Wn+2

Wn+1

Wn


=



r s t u v

1 0 0 0 0

0 1 0 0 0

0 0 1 0 0

0 0 0 1 0



n

W4

W3

W2

W1

W0


(7.1)

For matrix formulation (7.1), see [2]. In fact, Kalman give the formula in the following form

Wn

Wn+1

Wn+2

Wn+3

Wn+4


=



0 1 0 0 0

0 0 1 0 0

0 0 0 1 0

0 0 0 0 1

r s t u v



n

W0

W1

W2

W3

W4


.
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We define the square matrix A of order 5 as:

A =



2 3 5 7 11

1 0 0 0 0

0 1 0 0 0

0 0 1 0 0

0 0 0 1 0


such that detA = 11. From (1.4) we have

Vn+4

Vn+3

Vn+2

Vn+1

Vn


=



2 3 5 7 11

1 0 0 0 0

0 1 0 0 0

0 0 1 0 0

0 0 0 1 0





Vn+3

Vn+2

Vn+1

Vn

Vn−1


. (7.2)

and from (7.1) (or using (7.2) and induction) we have

Vn+4

Vn+3

Vn+2

Vn+1

Vn


=



2 3 5 7 11

1 0 0 0 0

0 1 0 0 0

0 0 1 0 0

0 0 0 1 0



n

V4

V3

V2

V1

V0


.

If we take Vn = Gn in (7.2) we have

Gn+4

Gn+3

Gn+2

Gn+1

Gn


=



2 3 5 7 11

1 0 0 0 0

0 1 0 0 0

0 0 1 0 0

0 0 0 1 0





Gn+3

Gn+2

Gn+1

Gn

Gn−1


. (7.3)

We also define

Bn =



Gn+3 3Gn+2 + 5Gn+1 + 7Gn + 11Gn−1 5Gn+2 + 7Gn+1 + 11Gn 7Gn+2 + 11Gn+1 11Gn+2

Gn+2 3Gn+1 + 5Gn + 7Gn−1 + 11Gn−2 5Gn+1 + 7Gn + 11Gn−1 7Gn+1 + 11Gn 11Gn+1

Gn+1 3Gn + 5Gn−1 + 7Gn−2 + 11Gn−3 5Gn + 7Gn−1 + 11Gn−2 7Gn + 11Gn−1 11Gn

Gn 3Gn−1 + 5Gn−2 + 7Gn−3 + 11Gn−4 5Gn−1 + 7Gn−2 + 11Gn−3 7Gn−1 + 11Gn−2 11Gn−1

Gn−1 3Gn−2 + 5Gn−3 + 7Gn−4 + 11Gn−5 5Gn−2 + 7Gn−3 + 11Gn−4 7Gn−2 + 11Gn−3 11Gn−2


and

Cn =



Vn+3 3Vn+2 + 5Vn+1 + 7Vn + 11Vn−1 5Vn+2 + 7Vn+1 + 11Vn 7Vn+2 + 11Vn+1 11Vn+2

Vn+2 3Vn+1 + 5Vn + 7Vn−1 + 11Vn−2 5Vn+1 + 7Vn + 11Vn−1 7Vn+1 + 11Vn 11Vn+1

Vn+1 3Vn + 5Vn−1 + 7Vn−2 + 11Vn−3 5Vn + 7Vn−1 + 11Vn−2 7Vn + 11Vn−1 11Vn

Vn 3Vn−1 + 5Vn−2 + 7Vn−3 + 11Vn−4 5Vn−1 + 7Vn−2 + 11Vn−3 7Vn−1 + 11Vn−2 11Vn−1

Vn−1 3Vn−2 + 5Vn−3 + 7Vn−4 + 11Vn−5 5Vn−2 + 7Vn−3 + 11Vn−4 7Vn−2 + 11Vn−3 11Vn−2


.

Theorem 21. For all integer m,n ≥ 0, we have
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(a): Bn = An

(b): C1An = AnC1

(c): Cn+m = CnBm = BmCn.

Proof.

(a): By expanding the vectors on the both sides of (7.3) to 5-colums and multiplying the obtained on the

right-hand side by A, we get

Bn = ABn−1.

By induction argument, from the last equation, we obtain

Bn = An−1B1.

But B1 = A. It follows that Bn = An.

(b): Using (a) and definition of C1, (b) follows.

(c): We have Cn = ACn−1. From the last equation, using induction we obtain Cn = An−1C1. Now

Cn+m = An+m−1C1 = An−1AmC1 = An−1C1A
m = CnBm

and similarly

Cn+m = BmCn.

Some properties of matrix An can be given as

An = 2An−1 + 3An−2 + 5An−3 + 7An−4 + 11An−5

and

An+m = AnAm = AmAn

and

det(An) = 11n

for all integer m and n.

Theorem 22. For m,n ≥ 0 we have

Vn+m = VnGm+3 + Vn−1(3Gm+2 + 5Gm+1 + 7Gm + 11Gm−1) + Vn−2(5Gm+2 (7.4)

+7Gm+1 + 11Gm) + Vn−3(7Gm+2 + 11Gm+1) + 11Vn−4Gm+2

Proof. From the equation Cn+m = CnBm = BmCn we see that an element of Cn+m is the product of row Cn

and a column Bm. From the last equation we say that an element of Cn+m is the product of a row Cn and column

Bm.We just compare the linear combination of the 2nd row and 1st column entries of the matrices Cn+m and CnBm.

This completes the proof.

Remark 23. By induction, it can be proved that for all integers m,n ≤ 0, (7.4) holds. So for all integers m,n,

(7.4) is true.
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Corollary 24. For all integers m,n, we have

Gn+m = GnGm+3 +Gn−1(3Gm+2 + 5Gm+1 + 7Gm + 11Gm−1) +Gn−2(5Gm+2 + 7Gm+1 + 11Gm)

+Gn−3(7Gm+2 + 11Gm+1) + 11Gn−4Gm+2,

Hn+m = HnGm+3 +Hn−1(3Gm+2 + 5Gm+1 + 7Gm + 11Gm−1) +Hn−2(5Gm+2 + 7Gm+1 + 11Gm)

+Hn−3(7Gm+2 + 11Gm+1) + 11Hn−4Gm+2,

En+m = EnGm+3 + En−1(3Gm+2 + 5Gm+1 + 7Gm + 11Gm−1) + En−2(5Gm+2 + 7Gm+1 + 11Gm)

+En−3(7Gm+2 + 11Gm+1) + 11En−4Gm+2.
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ABSTRACT 

This is the second in a series of papers describing the effects of potassium applications on 

drought stress in sugar beet. Drought is a natural phenomenon that can affect water resources and 

agriculture. In this research, the effect of potassium applications under drought stress on some plant 

nutrition of sugar beet, which is a strategic plant, was investigated. In the experiment, irrigation levels 

were kept at 33%, 66% and 100% of field capacity. Different doses (10-20-40-80 mg kg-1) of potassium 

were applied to the plants. The plants were grown in the growth chamber under controlled conditions 

(day/night 16/8 hours, 25/15 0C, 60-70% humidity). According to the results, the effect of irrigation x 

potassium interaction on the shoot and root sodium (Na) potassium (K) calcium (Ca) and phosphorus 

(P) content Na/K and Na/K ratio was found to be statistically significant. Shoot and root sodium content 

decreased with potassium applications under drought conditions (33%). Shoot and root potassium, 

phosphorus content increased with potassium applications in both drought and sufficient water 

conditions. Shoot calcium content change irregular with potassium application while root calcium 

decreased with potassium application under drought conditions (33%). Shoot and root 

sodium/potassium ratio decreased with potassium applications in both drought and sufficient water 

conditions. Shoot and root sodium/calcium ratio change irregular with potassium applications. 

Therefore, it can be said that potassium may play a critical role in reducing the negative effect of drought 

stress and uptake plant nutrition in sugar beet. 

Key Words: Drought, Irrigation, Potassium, Sugar Beet. 
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1. INTRODUCTION 

Drought is a natural phenomenon that can affect water resources and agriculture. 

Drought is also the slowest growing, most insidious, most dangerous natural disaster that causes 

the most extensive socio-economic damages (Kadıoğlu 2012). Drought is one of the most costly 

disasters that do not occur abruptly, but can harm more people than other natural disasters, with 

an average annual loss of $ 8-10 billion (Wilhite, 2000). Drought stress means that the amount 

of water present in the soil during vegetation is less than the amount of water required for plant 

growth and development. Arid and semi-arid areas in Turkey are 51 million hectares. Therefore 

37.3% of Turkey said that under the influence of mostly semi-arid climatic conditions 

(Kadıoğlu, 2012). A large part of the water taken from the soil through plant roots is given to 

the atmosphere by transpiration from the plant leaves. A small amount is retained in tissues and 

used for various compounds. In order to obtain high yields and high quality products from 

plants, this water flow should not slow down or be interrupted. The lack of moisture in the soil 

causes a decrease in turgor pressure, closure of stomata, slow growth and decrease in yield. 

Sugar cane and sugar beet are the two most important sources of sugar production in the 

world. Sugar beet is one of our strategically important products due to its great contribution to 

the agriculture and economy of our country. In addition to its contributions to the agricultural 

sector, sugar beet also contributes to the food and chemical industry with its by-products.  The 

ground and surface water resources of the Central Anatolia Region, where approximately 60% 

of Turkey's sugar beet cultivation areas are located, are rapidly decreasing. The aim of this 

research is to determine the effect of potassium applications on some plant nutrition of sugar 

beet, which is a strategic plant, under drought stress and to try to clarify the relationship between 

drought stress and potassium. 

2. MATERIAL METHOD 

2.1 Plant Growth 

In this study, washed sand, with a pH of 8.2 and electrical conductivity of 75 µM cm-1, 

was used. The sand was filled into 25X50 cm plastic sapling production bags. Resistive soil 

moisture sensors were put inside the sand to control the moisture level. Moisture sensors were 

calibrated with a device designed using an Arduino developer card, and irrigation was carried 

out according to the data received from that device (Kızıl et al., 2018). Irrigation levels were 

kept at 33%, 66% and 100% of field capacity. Serenad varieties of sugar beet (Beta vulgaris L.) 

plants were grown in the climate room under controlled conditions (day/night 16/8 hours, 25/15 
0C, 60-70% humidity). Different doses (10-20-40-80 mg kg-1) of potassium were applied to the 

plants with a potassium phosphate source. Plants were grown considering the 1: 0.8: 1.2, N: P: 

K ratio (Adiloglu and Guler, 2002), with 3 replicates for 4 months. Plants were harvested after 

sampling the leaves for relative water content and membrane damage. 

2.2 Ion analysis 

The plant shoot and root samples were dried in the oven at 65 ºC for 48 hours and then 

ground. Samples of 500 mg were taken and nitric acid and hydrogen peroxide was added for 

wet digestion. The samples were read in flame photometer for Calcium (Ca), potassium (K) and 

sodium (Na) concentrations while phosphorus (P) concentration was determined by 

spectrophotometer (Jones et al., 1991). 
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2.3 Statistical analysis 

Analysis of variance (ANOVA) was performed using the general linear model (PROC 

GLM) procedure of R program. The variance analysis was done based on the following model: 

Yijk = µ+ Mi + Fj + (MF)ij + Gk  + eijk 

Where:  

Yijk: observed value 

µ: grand mean 

Mi: effect of irrigation i (i=1, 2, 3) 

Fj: effect of potassium j (j=1, 2, 3, 4) 

(MF)ij: effect of irrigation x effect of potassium  

Gk: effect of replication k (k = 1, 2, 3) 

eijk: random error term 

Variance analysis (ANOVA) was performed by using the statistical package program 

using the GLM procedure.  Differences between applications were determined by the Tukey 

multiple comparison test (P <0.05). 

4. RESULTS 

According to the results of variance analysis, the effect of irrigation x potassium 

interaction shoot and root sodium (Na) and potassium (K) content were statistically significant 

(P ≤ 0.01). In addition, it was determined that the effect of irrigation and potassium applications 

on shoot and root sodium (Na) and potassium (K) content were statistically significant (Table 

1). 

Table 1. Mean squares for shoot and root Na and K content 

Source of 

Variation 
Df 

Shoot Na 

content 

Root Na 

content 

Shoot K 

content 

Root K 

content 

Irrigation 2 0.222714** 0.000006** 4.90103** 3.75618** 

Potassium (K) 3 0.004490** 0.000076** 2.69259** 1.55553** 

Irrigation * K 6 0.003206** 0.000009* 0.04135** 0.03491** 

Error 22 0.000010 0.000001 0.00001 0.00008 

* . ** Indicates significant difference at P ≤ 0.05. P ≤ 0.01 respectively. Df: Degrees of freedom. 

Shoot sodium content increased with the increase of irrigation levels to 0.058, 0.375 and 

0.329% respectively. Shoot sodium content increased with potassium applications up until the 

80 mg kg-1 potassium application (Table 2). The lowest shoot sodium content (0.51%) was 

obtained at the 33% irrigation level and 20 mg kg-1 potassium application, the highest shoot 

sodium content (0.438%) at the 66% irrigation level and 40 mg kg-1 potassium application 

(Table 2). When the root sodium content is considered, it is observed that root sodium content 

decreases with increasing irrigation levels and increasing potassium applications. The lowest 

root sodium content (0.012%) was obtained at the 66% irrigation level and 40 mg kg-1 

potassium application, the highest root sodium content (0.022%) at the 33% irrigation level and 

10 mg kg-1 potassium application (Table 2). 
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Table 2. Mean values of shoot and root Na content 

*The differences between the interaction potassium and Irrigation means having different lower case 

letters in a column are statistically significant at 0.05. **The differences between the potassium means 

having different capital letters in a column are statistically significant at 0.05. The differences between 

the irrigation means having different capital letters in a line are statistically significant at 0.05. 

Potassium content of shoots and roots are given in Table 3. Potassium content of shoots 

and roots increased with the increase of irrigation levels and potassium applications The lowest 

shoot potassium content (1.552%) was obtained at 33% irrigation level and 10 mg kg-1 

potassium application, the highest shoot potassium content (4.467%) at 100% irrigation and 80 

mg kg-1 potassium application. Similarly the lowest root potassium content (0.550%) was 

obtained at 33% irrigation level and 10 mg kg-1 potassium application, the highest root 

potassium content (2.355%) at 100% irrigation and 80 mg kg-1 potassium application.  

Table 3. Mean values of shoot and root K content 

*The differences between the interaction potassium and Irrigation means having different lower case 

letters in a column are statistically significant at 0.05. **The differences between the potassium means 

having different capital letters in a column are statistically significant at 0.05. The differences between 

the irrigation means having different capital letters in a line are statistically significant at 0.05. 

According to the results of variance analysis, the effect of irrigation x potassium 

interaction shoot and root calcium (Ca) and phosphorus (P) content were statistically significant 

(P ≤ 0.01). In addition, it was determined that the effect of irrigation and potassium applications 

on shoot and root calcium (Ca) and phosphorus (P) content were statistically significant (Table 

4). 

Irrigation (Field Capacity) Irrigation (Field Capacity) 

K (mg kg-1) 33% 66% 100% Mean 33% 66% 100% Mean 

 Shoot Na content (%) Root Na content (%) 

10 0.077 g 0.312 e 0.292 f 0.227 D 0.022 a 0.020 a 0.016 b 0.019 A 

20 0.051 h 0.331 d 0.329 d 0.237 C 0.013 bc 0.015 bc 0.014 bc 0.014BC 

40 0.052 h 0.438 a 0.350 c 0.280 A 0.013 bc 0.012 bc 0.013 bc 0.013 C 

80 0.052 h 0.418 b 0.346 c 0.272 B 0.014 bc 0.014 bc 0.014 bc 0.014 B 

Mean 0.058 C 0.375 A 0.329 B  0.016 A 0.015 A 0.014 B  

Irrigation (Field Capacity) Irrigation (Field Capacity) 

K (mg kg-1) 33% 66% 100% Mean 33% 66% 100% Mean 

 Shoot K content (%) Root K content (%) 

10 1.552 l 2.537 ı 2.852 g 2.314D 0.550 l 0.733 j 1.639 e 0.974 D 

20 1.922 k 3.027 f 3.262 e 
2.737 

C 
0.611 k 0.809 ı 1.850 c 1.090 C 

40 2.240 j 3.499 d 3.761 c 
3.166 

B 
1.053 h 1.250 g 2.131 b 1.478 B 

80 2.630 h 4.073 b 4.467 a 
3.723 

A 
1.545 f 1.774 d 2.355 a 1.891 A 

Mean 
2.086 

C 
3.284 B 

3.585 

A 
 

0.940 

C 
1.141 B 1.994 A  
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Table 4. Mean squares for shoot and root Ca and P content 

Source of 

Variation 
Df 

Shoot Ca 

content 

Root Ca 

content 

Shoot P 

content 

Root P 

content 

Irrigation 2 0.007457** 0.000044** 0.086119** 0.067584** 

Potassium (K) 3 0.000424** 0.000091** 0.202020** 0.265640** 

Irrigation * K 6 0.000427** 0.000028** 0.014816** 0.012924** 

Error 22 0.000002 0.000001 0.000159 0.000016 

** Indicates significant difference at P ≤ 0.01. Df: Degrees of freedom. 

Shoot calcium content increased with the increase of irrigation levels to 0.033, 0.077 

and 0.092% respectively. Shoot calcium content increased with potassium applications up until 

the 40 mg kg-1 potassium application (Table 5). The lowest shoot calcium content (0.026%) 

was obtained at the 33% irrigation level and 40 mg kg-1 potassium application, the highest shoot 

calcium content (0.113%) at the 100% irrigation level and 20 mg kg-1 potassium application 

(Table 5). When the root calcium content is considered, it is observed that root calcium content 

increases with increasing irrigation levels. The lowest root calcium content (0.006%) was 

obtained at the 33% irrigation level and 40 and 80 mg kg-1 potassium application, the highest 

root calcium content (0.021%) at the 100% irrigation level and 20 mg kg-1 potassium 

application (Table 5). 

Table 5. Mean values of shoot and root Ca content 

*The differences between the interaction potassium and Irrigation means having different lower case 

letters in a column are statistically significant at 0.05. **The differences between the potassium means 

having different capital letters in a column are statistically significant at 0.05. The differences between 

the irrigation means having different capital letters in a line are statistically significant at 0.05. 

Shoot phosphorus content increased with the increase of potassium application to 1.179, 

1.432, 1.456 and 1.552% respectively (Table 6). The lowest shoot phosphorus content (1.138%) 

was obtained at the 33% irrigation level and 10 mg kg-1 potassium application, the highest shoot 

phosphorus content (1.607%) at the 33% irrigation level and 40 mg kg-1 potassium application 

(Table 6). When the root phosphorus content is considered, it is observed that root phosphorus 

content decreases with increasing irrigation levels. The lowest root phosphorus content 

(0.346%) was obtained at the 100% irrigation level and 20 mg kg-1 potassium application, the 

highest root phosphorus content (0.903%) at the 33% irrigation level and 40 mg kg-1 potassium 

application (Table 6). 

 

 

Irrigation (Field Capacity) Irrigation (Field Capacity) 

K (mg kg-1) 33% 66% 100% Mean 33% 66% 100% Mean 

 Shoot Ca content (%) Root Ca content (%) 

10 0.036 f 0.076 cde 0.072 e 0.062 C 0.011 de 0.011 de 0.011 de 0.011 B 

20 0.037 f 0.079 cd 0.113 a 0.076 A 0.017 b 0.013 cd 0.021 a 0.017 A 

40 0.026 g 0.080 c 0.075 cde 0.060 C 0.006 f 0.014 c 0.010 e 0.010 C 

80 0.033 f 0.075 de 0.107 b 0.071 B 0.006 f 0.012 de 0.013 cd 0.010 BC 

Mean 0.033 C 0.077 B 0.092 A  0.010 C 0.012 B 0.014 A  
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Table 6. Mean values of shoot and root P content 

*The differences between the interaction potassium and Irrigation means having different lower case 

letters in a column are statistically significant at 0.05. **The differences between the potassium means 

having different capital letters in a column are statistically significant at 0.05. The differences between 

the irrigation means having different capital letters in a line are statistically significant at 0.05. 

According to the results of variance analysis, the effect of irrigation x potassium 

interaction shoot and root Na/K and Na/K ratio were statistically significant (P ≤ 0.01). In 

addition, it was determined that the effect of irrigation and potassium applications on shoot and 

root Na/K and Na/K ratio were statistically significant (Table 7). 

Table 7. Mean squares for shoot and root Na/K and Na/K ratio 

Source of 

Variation 
Df 

Shoot Na/K 

ratio 

Root Na/K 

ratio 

Shoot Na/Ca 

ratio 

Root Na/K 

ratio 

Irrigation 2 0.015103** 0.000556** 18.9274** 1.55149** 

Potassium (K) 3 0.000794** 0.000598** 1.5771** 1.32691** 

Irrigation * K 6 0.000134** 0.000114** 0.7987** 0.47641** 

Error 22 0.000001 0.000002 0.0070 0.02270 

** Indicates significant difference at P ≤ 0.01. Df: Degrees of freedom. 

Shoot Na/K ratio increased with the increase of irrigation levels to 0.030, 0.115 and 

0.093 respectively. Shoot Na/K ratio decreased with potassium applications (Table 8). The 

lowest shoot Na/K ratio (0.020) was obtained at the 33% irrigation level and 80 mg kg-1 

potassium application, the highest shoot Na/K ratio (0.125) at the 66% irrigation level and 40 

mg kg-1 potassium application (Table 8). When the root Na/K ratio is considered, it is observed 

that root Na/K ratio decreases with increasing irrigation levels and potassium applications. The 

lowest root Na/K ratio (0.006) was obtained at the 100% irrigation level and 40 and 80 mg kg-

1 potassium application, the highest root Na/K ratio (0.040) at the 33% irrigation level and 10 

mg kg-1 potassium application (Table 8). 

  

Irrigation (Field Capacity) Irrigation (Field Capacity) 

K (mg kg-1) 33% 66% 100% Mean 33% 66% 100% Mean 

 Shoot P content (%) Root P content (%) 

10 1.138 f 1.145 f 1.254 e 1.179 D 0.440 g 0.396 h 0.372 ı 0.402 D 

20 1.496 bc 1.315 d 1.485 c 1.432 C 0.608 f 0.446 g 0.346 j 0.467 C 

40 1.607 a 1.237 e 1.524 b 1.456 B 0.903 a 0.710 c 0.692 d 0.768 A 

80 1.597 a 1.498 bc 1.562 a 1.552 A 0.734 b 0.628 e 0.734 b 0.699 B 

Mean 1.460 A 1.299 B 1.456 A  0.671 A 0.545 B 0.536 C  
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Table 8. Mean values of shoot and root Na/K ratio 

*The differences between the interaction potassium and Irrigation means having different lower case 

letters in a column are statistically significant at 0.05. **The differences between the potassium means 

having different capital letters in a column are statistically significant at 0.05. The differences between 

the irrigation means having different capital letters in a line are statistically significant at 0.05. 

Shoot Na/Ca ratio increased with the increase of irrigation levels to 1.786, 4.841 and 

3.706 respectively (Table 9). The lowest shoot Na/Ca ratio (1.408) was obtained at the 33% 

irrigation level and 20 mg kg-1 potassium application, the highest shoot Na/Ca ratio (5.609) at 

the 66% irrigation level and 80 mg kg-1 potassium application (Table 9). When the root Na/Ca 

ratio is considered, it is observed that root Na/Ca ratio decreases with increasing irrigation 

levels (Table 9). The lowest root Na/Ca ratio (0.676) was obtained at the 100% irrigation level 

and 20 mg kg-1 potassium application, the highest root Na/Ca ratio (2.269) at the 33% irrigation 

level and 80 mg kg-1 potassium application (Table 9). 

Table 9. Mean values of shoot and root Na/Ca ratio 

*The differences between the interaction potassium and Irrigation means having different lower case 

letters in a column are statistically significant at 0.05. **The differences between the potassium means 

having different capital letters in a column are statistically significant at 0.05. The differences between 

the irrigation means having different capital letters in a line are statistically significant at 0.05. 

5. DISCUSSION 

Sodium and potassium ions are very important in sugar beet cells for osmotic adjustment 

they are major vacuolar osmolyte factors (Choluj et al. 2008). According to the results, shoot 

sodium content has increased with increasing irrigation levels (Figure 1). Shoot sodium content 

is lower in stressed plants than plants grown under normal conditions. Contrarily root sodium 

content decreased with irrigation levels. Wu et. al., (2013) stated in his study that drought 

condition decreased shoot and root sodium content the results obtained were in partly 

compatible with this study. In Raza’s study (2013) drought increased the sodium content in 

Irrigation (Field Capacity) Irrigation (Field Capacity) 

K (mg kg-1) 33% 66% 100% Mean 33% 66% 100% Mean 

 Shoot Na/K ratio Root Na/K ratio 

10 0.050 f 0.123 a 0.102 c 0.092 A 0.040 a 0.028 b 0.010 def 0.026 A 

20 0.027 g 0.109 b 0.101 c 0.079 B 0.021 c 0.018 c 0.008 ef 0.016 B 

40 0.023 gh 0.125 a 0.093 d 0.080 B 0.013 d 0.010 de 0.006 ef 0.010 C 

80 0.020 h 0.103 c 0.077 e 0.067 C 0.009 def 0.008 ef 0.006 f 0.008 D 

Mean 0.030 C 0.115 A 0.093 B  0.021 A 0.016 B 0.007 C  

Irrigation (Field Capacity) Irrigation (Field Capacity) 

K (mg kg-1) 33% 66% 100% Mean 33% 66% 100% Mean 

 Shoot Na/Ca ratio Root Na/Ca ratio 

10 2.148 f 4.088 c 4.036 c 3.424 B 1.993 a 1.833 ab 1.416 bc 1.748 A 

20 1.408 g 4.185 c 2.906 e 2.833 C 0.776 e 1.101 cde 0.676 e 0.851 C 

40 2.030 f 5.484 a 4.641 b 4.052 A 2.177 a 0.881 de 1.333 c 1.464 B 

80 1.558 g 5.609 a 3.240 d 3.469 B 2.269 a 1.248 cd 1.061 cde 1.526 B 

Mean 1.786 C 4.841 A 3.706 B  1.804 A 1.266 B 1.122 B  
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contrast to this study drought decreased shoot sodium content in our study (Figure 1). According 

to Abd-El-Motagally et.al., (2004) sodium is translocated to the shoots, where it replaces 

potassium in various metabolic functions in sugar beet. It has been suggested that sugar beet 

plants increase potassium and sodium content in the leaves than in the roots under drought stress 

for protects itself (Ghoulam et al., 2002; Li et. al., 2009).When we compare the shoot and root 

sodium contents, it is seen that there is more sodium in the shoot than the root (Table 2).  

When Table 2 and Figure 1 are examined, it is seen that shoot sodium content increases 

with increasing potassium application which is not in parallel with previous studies. According 

to Bee et al.,(1997), potassium did not affect sodium content of sugar beet and on the other hand 

according to many researchers, potassium application decreased sodium content of sugar beet 

(Huijbregts et. al., 1996; Turhan and Piskin, 2005; Mubarek et.al., 2016). In this study root 

sodium content decreased with potassium application (Table 2) in parallel with previous 

studies. When results are examined in terms of the interaction between irrigation levels and 

potassium the lowest shoot sodium content (0.51%) was obtained at the 33% irrigation level 

and 20 mg kg-1 potassium application, the highest shoot sodium content (0.438%) at the 66% 

irrigation level and 40 mg kg-1 potassium application (Table 2). The lowest root sodium content 

(0.012%) was obtained at the 66% irrigation level and 40 mg kg-1 potassium application, the 

highest root sodium content (0.022%) at the 33% irrigation level and 10 mg kg-1 potassium 

application (Table 2). 

Figure 1. Shoot and root sodium (Na) and potassium (K) content (%) changes 
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According to the results, shoot and root potassium content has increased with increasing 

irrigation levels (Table 3). In this study, the highest shoot and root potassium content (3.585% 

and 1.994% respectively) was obtained at the 100% irrigation level, while the lowest (2.086% 

and 0.940% respectively) was obtained at the 33% irrigation level. According to Hu and 

Schimidhalter (2005) the lack of water under salt and drought stress conditions causes reduces 

the turgor pressure thus the potassium concentration reduce under these stress conditions. 

Previous studies have emphasized that potassium accumulation is very important under drought 

and salt stress condition for protect osmotic adjustment (Ashraf et. al., 2003). Contrary to our 

study plants can absorb 2-3 times of potassium under stress (Nejad et. al., 2010). Increasing the 

dose of potassium application resulted in significant increase shoot and root potassium content 

(Figure 1). Similarly our results other researcher (Huijbregts et. al., 1996; Bee et al.,1997; 

Mubarek et. al., 2016; Abd-El-Motagally 2004) stated that plant potassium content increased 

with potassium application dose. 

When results are examined in terms of the interaction between irrigation levels and 

potassium the lowest shoot potassium content (1.552%) was obtained at the 33% irrigation level 

and 10 mg kg-1 potassium application, the highest shoot potassium content (4.467%) at the 

100% irrigation level and 80 mg kg-1 potassium application (Table 3). The lowest root 

potassium content (0.550%) was obtained at the 33% irrigation level and 10 mg kg-1 potassium 

application, the highest root potassium content (2.355%) at the 100% irrigation level and 80 mg 

kg-1 potassium application (Table 3). According to Ashraf (1998) potassium application 

increased potassium content of plan under drought condition. 

Figure 2. Shoot and root calcium (Ca) and phosphorus (P) content (%) changes 
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Calcium is a macronutrient and absolutely necessary for plant growth. According to the 

results, shoot and root calcium content has increased with increasing irrigation levels (Figure 

2). Shoot and root calcium content is lower in stressed plants than plants grown under normal 

conditions. According to Abdalla and El-Khohiban (2007), drought causes a decrease in 

calcium concentration in wheat plants. Kusvuran (2010) stated in her study that drought 

condition decreased plant calcium content depending on the duration of stress and plants 

increase calcium content in the leaves than in the roots under drought stress for ion balance. 

When we compare the shoot and root calcium contents in our study, it is seen that there is more 

calcium in the shoot than the root (Table 5). In this study contrary to some studies shoot calcium 

content increased under drought condition (Wu et.al., 2013). According to Abd-El-Motagally 

(2004) shoot and root calcium content of sugar beet decreased by increasing potassium our 

results are partially parallel with this study. Shoot and root calcium content increased in parallel 

with the increasing potassium doses while it decreased at 40 mg kg-1 (Figure 2).  

Other researcher stated before that plants can uptake more phosphorus in under drought 

condition (Khondakar et al. 1983) and our results in parallel with this study. Shoot and root 

phosphorus content decreased with the increase of irrigation levels to 1.460, 1.299, 1.456% and 

0.671, 0.545, 0.536% respectively. It has been suggested that potassium application increased 

wheat phosphorus uptakes (Raza et. al., 2013). Similar results were obtained in our study shoot 

and root phosphorus content increased with the increase of potassium application (Table 6). 

Figure 3. Shoot and root Na/K and Na/Ca ratio changes 
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Shoot Na/K ratio increased with the increase of irrigation levels to 0.030, 0.115 and 

0.093 respectively (Table 8). According to Al-Jbawi and Abbas (2013) depend on the duration 

of stress Na decreases while K increases, as a result Na/K ratio decreases. It has been suggested 

that root Na/K ratio significantly increased under drought (Wu et. al., 2013) and our results not 

in parallel with this study. When the root Na/K ratio is considered, it is observed that root Na/K 

ratio decreases with increasing irrigation levels. It has been emphasized that the impaired 

intracellular electrolyte balance is improved, the amount of potassium to compete with sodium 

is increasing and the disturbed intracellular Na/K balance is readjusted by additional potassium 

(Kabay and Sensoy, 2017). Our results are consistent with previous studies it is observed that 

root Na/K ratio decreases with increasing potassium applications (Figure 3).  

Plants prefer calcium instead of sodium under stress condition to balance ion regulation 

and osmotic pressure for increase the tolerance level. Therefore Na/Ca ratio is an important 

parameter under stress (Koc, 2005; Dasgan et. al., 2006). Under stress, sodium replaces calcium 

in the cell membrane, thereby Na/Ca ratio in the apoplast increasing (Kaya and Tuna, 2010). 

Drought increased shoot Na/Ca ratio while reducing root Na/Ca ratio (Wu et. al., 2013). 

Contrary to this study shoot Na/Ca ratio increased with the increase of irrigation levels to 1.786, 

4.841 and 3.706 respectively (Table 9) while the root Na/Ca ratio decreases with increasing 

irrigation levels. The lowest root Na/Ca ratio (0.676) was obtained at the 100% irrigation level 

and 20 mg kg-1 potassium application, the highest root Na/Ca ratio (2.269) at the 33% irrigation 

level and 80 mg kg-1 potassium application (Table 9). 

6. CONCLUSION 

According to the results of variance analysis, the effect of irrigation x potassium 

interaction on the shoot and root sodium (Na) potassium (K) calcium (Ca) and phosphorus (P) 

content Na/K and Na/K ratio was found to be statistically significant. 

Shoot and root sodium content decreased with potassium applications under drought 

conditions (33%). Shoot and root potassium content increased with potassium applications in 

both drought and sufficient water conditions. Shoot calcium content change irregular with 

potassium application while root calcium decreased with potassium application under drought 

conditions (33%). Shoot phosphorus content increased with potassium applications in both 

drought and sufficient water conditions. Root phosphorus content increased with potassium 

applications up until the 40 mg kg-1 potassium application under drought condition. Shoot and 

root sodium/potassium ratio decreased with potassium applications in both drought and 

sufficient water conditions. Shoot and root sodium/calcium ratio change irregular with 

potassium applications.  

In summary, applying potassium to the plants under drought stress led to an increase in 

the shoot and root potassium and phosphorus content while decrease in the shoot and root 

sodium, sodium/potassium ratio and root calcium. Thus, it can be said that potassium may play 

a critical role in reducing the negative effects of drought stress in sugar beet. Therefore, it is 

thought that keeping the K nutrition at a sufficient level for the plants grown in the regions 

where irrigation may be a problem can be beneficial in reducing the damage of drought stress. 
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ABSTRACT 

CHIRP systems are widely used in seabed sediment classification, submarine faults, positioning 

of marine engineering structures, pipeline geotechnical studies, platform and well area assessments, 

archaeological and environmental impact assessments. The resolution of the system is in the order of 

decimeter. In this study, the characteristics of submarine active faults, buried faults, seabed and 

underlying layers in the region were analyzed and interpreted by CHIRP data collected off-shore 

Seferihisar, Teke Peninsula and Alaçatı.  

Keywords: Submarine Active Faults, Buried Faults, CHIRP-Engineering Seismic. 
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1. INTRODUCTION 

Active faults and similar structures under the sea generally protect their structural 

features better since they are not exposed to negative external factors that occur over time as 

much as those on land. In addition, the seawater layer on it allows high resolution marine 

seismic methods (CHIRP, multi-beam bathymetry, side scan sonar etc.) to be applied. 

This study covers off-shore Seferihisar, Teke Peninsula and Alaçatı, south of Izmir Bay. 

The study area and its surroundings are an important region in terms of active faults both on 

land and submarine. Karaburun Fault, Tuzla (Orhanlı) Fault, Urla Fault and İzmir Fault are the 

most important faults in the terrestrial area around the study area (Figure 1). All these faults can 

be traced on land to Kuşadası Bay and the surrounding coasts. There are a few previous studies 

involving the study area and its surroundings, using marine seismic methods. Aksu et al. (1987; 

1990), mapped normal faults using the shallow marine seismic study carried out in İzmir Bay, 

Kuşadası Bay and its surroundings. In the marine seismic study carried out in the same area 

(Ocakoğlu et al., 2004; 2005), it was stated that the active tectonics of the study area is 

developing under the control of strike-slip faults. 

Within the scope of this study, it has been tried to reveal how effective the method is in 

determining and analyzing active faults, buried faults and layers under the sea, as a result of 

processing and interpretation of CHIRP high resolution marine seismic reflection data collected 

off-shore Seferihisar, Teke Peninsula and Alaçatı. 

Figure 1. Map of the area where the study area and the seismic profiles are located, active 

faults (Ocakoğlu et al., 2004; 2005) and focus mechanism of strong earthquakes (Benetatos et 

al., 2006, Tan and Taymaz 2001; Tan and Taymaz 2003). UF: Urla Fault, KF: Karaburun 

Fault, IF: İzmir Fault, TF: Tuzla Fault. The inner map shows the regional tectonics of the 

Anatolian microplate. 
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2. METHOD 

During operation, high resolution engineering seismic (CHIRP) data was collected on 

the starboard side of the ship, with a 3.5 kHz Bathy 2010 CHIRP system. Photos and schematic 

representation of the CHIRP system are given in Figure 2 and Figure 3. The signal emitted from 

the transducer is reflected from the seabed and the units underneath, and it is perceived by the 

transducer in the same way (Figure 2 and Figure 3).  

The vertical resolution of CHIRP systems is dependent upon the bandwidth of the 

source. For example a 2–8 kHz source equates to a theoretical vertical resolution of 0.125 m, 

assuming compressional wave velocity of 1500 m s-1. The horizontal resolution of CHIRP 

systems is primarily dependent upon the source characteristics (beam angle, dominant 

frequency), compressional wave velocity of the sediments, towfish altitude and pulse rate of 

the system; with characteristic horizontal resolutions of 1 to 2 m (Quinn et al., 1998). For the 

processing of digitally recorded CHIRP data, Quinn et al. (1998) suggested a flow chart. 

Accordingly, processing of CHIRP data is carried out in 2 stages. In the 1st stage, correlation 

and deconvolution and in the 2nd stage, filtering operations are performed. 

Figure 2. CHIRP high resolution engineering seismic recorder and transducers 
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Figure 3. Block structure and working principle of high resolution engineering seismic 

systems (Çifçi et al., 2005) 

 

3. INTERPRETATION OF CHIRP DATA 

From analyzed high resolution CHIRP marine seismic data the seabed, layers under the 

seabed, active faults cutting the layers, buried faults, slip distance on active faults can be clearly 

distinguished. In determining active and buried faults in sections, it is taken into account 

whether the layers under the sea are cut along these faults to the seabed. Just below the sea 

water column, the sea floor consisting of the young sediments and the faults reaching very close 

are interpreted as active fault in this study. Faults that could not reach the seabed were evaluated 

as buried faults (Figure 4). 

Figure 4 shows a CHIRP section obtained from the study area. Here, it is seen that the 

sea deepens from the right to the left of the section. The young and Quaternary sediments that 

form the sea floor and the underlying layers show a parallel and uniform sedimentation. When 

the section is analyzed in terms of active faults, it is observed that these faults cut structural 

layers and sea-floor at the bottom of the sea and below. It is understood that the most important 

reason for these structural changes is due to the vertical slip on the active faults here (Figure 4). 

In Figure 4, it is seen that the location of the largest slip of the active faults is approximately at 

1500m offset to the left of the section and 550 milliseconds two-way traveltime depth.  
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Figure 4.  Active faults, buried faults and Quaternary Deposits observed on the CHIRP-

Marine Engineering Seismic section obtained from the study area. 

 

4. CONCLUSIONS 

In this study, as a result of processing and interpretation of CHIRP data collected in 

Seferihisar, Tekeburnu and Alaçatı, the characteristics of submarine active faults, buried faults, 

seabed and underlying layers were investigated. Quaternary sediments generally show a parallel 

and regular sedimentation structure, while active and buried faults seem to cause lateral 

discontinuities and generally vertical slip in these sediments. In addition, as well as active faults, 

buried faults caused structural changes in the sea floor. This suggests that these buried faults 

may still keep their activity.  
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