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I

Dear professional colleagues, researchers and fellow students: 

We are very pleased to introduce the first issue of Jouf Science and Engineering Journal (JUSEJ). JUSEJ
was established under the generous patronage and leadership of his esteem Prof. Ismail M. Al-Beshry, the Rector of jouf 

University, Aljouf, Sakaka, KSA. Its maturity is an outcome of the consistent support of high-performing authors, a 

supportive and professional dedicated reviewers, many vigorous and conscientious editorial boards and collective input 

from the editorial board members. Various researchers who are active in the above field have been enrolled for providing 

the necessary impetus for the new journal. We are quite hopeful and shall be grateful to the service that these eminent 

scientists shall provide to the growth of JUSEJ. We are certain that the renowned scientists and academicians both from

the industry and academic institutions all over the world will be enriched by sharing their research experiences through 

JUSEJ. We are happy to invite you to submit your valuable research works in URP journals. We strongly believe that our

journal will help to develop your own professional career. 

Thanks 

Editors 
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Focus and Scope 

With its vision to promote science and scientific knowledge to everybody, Jouf Science and

Engineering Journal (JUSEJ) is an international peer-reviewed journal owned by Jouf University

with a focused aim of promoting and publishing original high quality research papers dealing with 

basic and engineering science. JUSEJ publishes rigorous and original contributions in the Science
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The papers published in Jouf Science and Engineering Journal (JUSEJ) should present novel

results and have either theoretical significance or practical utility or both. They may be presented 

in the form of full articles, short communications or state-of-the-art reviews. 

 All contributions will be rigorously reviewed to ensure both scientific quality and technical 

relevance. Revisions of manuscripts may thus be required. 

Manuscripts must be submitted in the English language and authors must ensure that the article 

has not been published or submitted for publication elsewhere in any format, and that there are no 

ethical concerns with the contents or data collection. The authors warrant that the information 

submitted is not redundant and respects general guidelines of ethics in publishing. All papers are 

evaluated by at least two international referees, who are known scholars in their fields. 

Objectives 

The main objective of JUSEJ is to provide an international forum for academics, researchers,

industry leaders, and policy makers to investigate and exchange novel ideas and disseminate 

knowledge and information covering the broad range of natural science and industrial activities. In 

addition, it aims to establish an effective channel of communication between policy makers, 

government agencies, academic and research institutions and persons concerned with basic 

science and its applications. It also aims to promote and coordinate developments in the fields of 

natural science, engineering science and other related fields. The international dimension is 

emphasized in order to overcome cultural and national barriers and to meet the needs of 

accelerating ecological and technological advances in all industries and the global society and 

economy. 

Open Access Policy 

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

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

All published manuscripts will be available on the Journals website http://vrgs.ju.edu.sa/#. We 

strongly believe that our journal will help to develop your own professional career. You can 

communicate with us at any time, throughout the publishing process.  

EDITORIAL OFFICE & COMMUNICATION 

Jouf Science and Engineering Journal (JUSEJ)

Jouf University, Sakaka, 2014, Aljouf, Saudi Arabia

Email: ajbse@ju.edu.sa 

http://vrgs.ju.edu.sa/
mailto:AJBSE@ju.edu.sa
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GUIDE FOR AUTHOR 

TYPES OF CONTRIBUTIONS 

Original research papers and occasional reviews, 

short communications, letters, letters to the 

editor and news items. Please ensure that you 

indicate clearly the appropriate article type when 

making your submission.  

BEFORE YOU BEGIN 

Ethical guidelines 

Confidentiality 

All material submitted to Science Journal of 

Jouf University (SJJU), accordingly to Jouf

Science, Engineering Journal (JUSEJ) remains

confidential, and the Editor operates a peer 

review system in which the identity of the 

referees is protected. 

Duplicate publication 

Duplicate publication is the publication of the 

same paper or substantially similar papers in 

more than one journal. Authors must explain in 

the submission letter any prior publication of the 

same or a substantially similar paper, and should 

explain any circumstances that might lead the 

Editor or reviewers to believe that the paper may 

have been published elsewhere (for example, 

when the title of a submitted paper is the same as 

or similar to the title of a previously published 

article). 

If work that makes up more than 10% of the 

manuscript submitted to JUSEJ has been

published elsewhere, please provide a copy of 

the published article in order that the Editor can 

make a judgment on the amount of overlap 

without delay. If a member of the editorial board 

learns that work under consideration has 

previously been published in whole or in part, 

the Editor may return the paper without review, 

reject the paper, announce the duplication 

publicly in an editorial and/or contact the 

authors’ employers. 

Submission of manuscripts to more than one 

journal 

Authors may not send the same manuscript to 

more than one journal concurrently. If this 

occurs, the Editor may return the paper without 

review, reject the paper, contact the Editor of the 

other journal(s) in question and/or contact the 

authors’ employers. 

Plagiarism and scientific misconduct 

Plagiarism is the use of others’ published and 

unpublished ideas or words (or other intellectual 

property) without due reference or permission 

and/or their presentation as new and original 

points. Plagiarism is serious scientific 

misconduct and will be dealt with accordingly. 

All papers submitted to the journal is cheched 

with iThenticate   program for plagiarism. We 

define plagiarism as a case in which a paper 

reproduces another work with at least 15% 

similarity and without citation. 

If evidence of plagiarism is found before or after 

acceptance or after publication of the paper, the 

author will be offered a chance to defend his/her 

paper. If the arguments are found to be 

unsatisfactory, the manuscript will be retracted 

and authors found to have been guilty of 

plagiarism will no longer have papers accepted 

for publication by JUSEJ.

iThenticate compares submitted documents to 

extensive data repositories to create a 
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comprehensive Similarity Report, which 

highlights and provides links to any significant 

text matches, helping to ensure that you are 

submitting an original and well-attributed 

document.  

Data auditing 

The journal reserves the right to view original 

figures and data and may make periodic requests 

to see these. 

Conflict of interest 

All authors are requested to disclose any actual 

or potential conflict of interest including any 

financial, personal or other relationships with 

other people or organizations within three years 

of beginning the submitted work that could 

inappropriately influence, or be perceived to 

influence, their work. 

Submission declaration 

Submission of an article implies that the work 

described has not been published previously 

(except in the form of an abstract or as part of a 

published lecture or academic thesis or as an 

electronic preprint, that it is not under 

consideration for publication elsewhere, that its 

publication is approved by all authors and tacitly 

or explicitly by the responsible authorities where 

the work was carried out, and that, if accepted, it 

will not be published elsewhere including 

electronically in the same form, in English or in 

any other language, without the written consent 

of the copyright-holder. 

Changes in authorship 

Requests to add or remove an author, or to 

rearrange the author names, must be sent to the 

Journal Manager from the corresponding author 

of the accepted manuscript before the accepted 

manuscript is published and must include: (a) 

the reason for the addition, removal, or 

rearrangement of the authors
,
 names and (b) 

written confirmation (e-mail, fax, letter) from all 

authors that they agree with the addition, 

removal or rearrangement. In the case of 

addition or removal of authors, this includes 

confirmation from the author being added or 

removed. Requests that are not sent by the 

corresponding author will be forwarded by the 

Journal Manager to the corresponding author, 

who must follow the procedure as described 

above. Note that: (1) Journal Managers will 

inform the Journal Editors of any such requests 

and (2) publication of the accepted manuscript is 

suspended until authorship has been agreed. 

Copyright 

Upon acceptance of an article, authors will be 

asked to complete a 'Journal Publishing 

Agreement' An e-mail will be sent to the 

corresponding author confirming receipt of the 

manuscript together with a 'Journal Publishing 

Agreement'. 

Subscribers may reproduce tables of contents or 

prepare lists of articles, including abstracts for 

internal circulation within their institutions. 

Permission of the Publisher is required for resale 

or distribution outside the institution and for all 

other derivative works, including compilations 

and translations. 

If excerpts from other copyrighted works are 

included, the author(s) must obtain written 

permission from the copyright owners and credit 

the source(s) in the article.  

Retained author rights 

As an author you (or your employer or 

institution) have the right to use your articles for 

a wide range of scholarly purposes. 

Role of the funding source 

You are requested to identify who provided 

financial support for the conduct of the research 

and/or preparation of the article and to briefly 

describe the role of the sponsor(s), if any, in 

study design; in the collection, analysis and 

interpretation of data; in the writing of the 

report; and in the decision to submit the article 
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for publication. If the funding source(s) had no 

such involvement then this should be stated 

Subscription 

Articles are made available to subscribers as 

well as developing countries and patient groups 

Language (usage and editing services) 

Please write your text in good English 

(American or British usage is accepted, but not a 

mixture of these). If the English language is 

used, extra abstract in Arabic should be 

provided. 

 Submission 

To submit your paper, please send your 

manuscripts by e-mail to the Editor 

(AJBSE@ju.edu.sa). You must submit the 

manuscript in a single electronic file. The 

manuscript should be edited using Microsoft 

(MS) Word (2003 up to 2010, with .doc or .docx 

extension) 

Referees 

Please submit, with the manuscript, the names, 

addresses and e-mail addresses of three potential 

referees. Note that the Editor retains the only 

one who has the right to decide whether or not 

the suggested reviewers are used. 

PREPARATION 

Use of word processing software 

Manuscripts must be in an electronic format that 

meets the following specifications: 

 Do not submit a manuscript file as a PDF

file. Remove line numbering.

 The manuscript file—with tables and

figures placed at the end of the file, each on

a separate page—should be in Microsoft

Word (2003 up to 2010, with .doc or .docx

extension).

 Do not use the Microsoft Word “Styles and

Formatting” or “Track Changes” features in

the file.

 Tables should be in MS Word (.doc or

.docx), one table to a page using hard page

breaks.

 Figures (graphics of any kind) should be

placed at the end of the Word document as

images, one figure to a page using hard

page breaks.

 Equations may be created and inserted as

part of the text, or they may be submitted as

images embedded within the text.

ARTICLE STRUCTURE 

Manuscript Page setup 

 Margins: 25.4 mm (1 in.) top, 25.4 mm (1

in.) left; adjust the settings for bottom and

right margins so that the text area is not

more than 165.1 mm by 228.6 mm (6.5 in.

by 9 in.)

 Font (typeface): Times New Roman, no

smaller than 10 points.

 Numbering: Insert page numbers at upper

right of each page; insert name(s) of

author(s) at upper left of each page

 Text: Single-spaced.

 Paragraphs: Indent first line 12.7 mm (0.5

in.); do not use an extra line space between

paragraphs; do not indent first line after a

subhead.

Subheads: All subheads should be flush with the 

left margin, with one line space above. 

Subsections should be numbered 1.1 (then 1.1.1, 

1.1.2, ...), 1.2, etc. (the abstract is not included in 

section numbering). 

FIRST-LEVEL SUBHEAD 

 (all capitals, boldface, on separate line)  

 Second-Level Subhead  

 (initial capitals, boldface, on separate line) 

 Third-Level Subhead  

 (initial capitals, italic, on separate line)  

mailto:AJBSE@ju.edu.sa
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 Fourth-Level Subhead (initial capitals, 

boldface, on same line as text, with extra letter 

space between the subhead and text)  

 Fifth-Level Subhead (initial capitals, italic, on 

same line as text, with extra letter space between  

 the subhead and text) 

• Bulleted and numbered lists: Indent first line

12.7 mm (0.5 in.); do not indent for text 

runovers. 

 Table Titles and Figure Captions: 

 TABLE 5 Effects of All Factors 

 (Insert title above the table; “Table” is all 

capitals; title is initial capitals; all types are 

boldfaced;  

 Extra space, but no punctuation after number; 

no punctuation at end of title.) 

 FIGURE 3 Example of results. 

 (Insert caption below the figure; “Figure” is all 

capitals; caption is sentence case; all type is 

boldface; extra space but no punctuation after 

number; period at end of caption.) 

Body of the manuscript 

Introduction 

State the objectives of the work and provide an 

adequate background, avoiding a detailed 

literature survey or a summary of the results. 

Materials and methods 

Provide sufficient detail to allow the work to be 

reproduced. Methods already published should 

be indicated by a reference: only relevant 

modifications should be described. 

Theory/calculation 

A Theory section should extend, not repeat, the 

background to the article already dealt with in 

the Introduction and lay the foundation for 

further work. In contrast, a Calculation section 

represents a practical development from a 

theoretical basis. 

Results 

Results should be clear and concise. 

Discussion 

This should explore the significance of the 

results of the work, not repeat them. A combined 

Results and Discussion section is often 

appropriate. Avoid extensive citations and 

discussion of published literature. 

Conclusions 

The main conclusions of the study may be 

presented in a short Conclusions section, which 

may stand alone or form a subsection of a 

Discussion or Results and Discussion section. 

Appendices 

If there is more than one appendix, they should 

be identified as A, B, etc. Formulae and 

equations in appendices should be given separate 

numbering: Eq. (A.1), Eq. (A.2), etc.; in a 

subsequent appendix, Eq. (B.1) and so on. 

Similarly for tables and figures: Table A.1; Fig. 

A.1, etc. 

Essential title page information 

• Title. Concise and informative. Titles are 

often used in information-retrieval systems. 

Avoid 

abbreviations and formulae where possible. The 

title should be all capitals.  

• Author names and affiliations. Where the

family name may be ambiguous (e.g., a double 

name), please indicate this clearly. Present the 

authors' affiliation addresses (where the actual 

work was done) below the names. Indicate all 

affiliations with a lower-case superscript letter 

immediately after the author's name and in front 

of the appropriate address. Provide the full 

postal address of each affiliation, including the 
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country name, and, if available, the e-mail 

address of each author. 

• Corresponding author. Clearly indicate who

will handle correspondence at all stages of 

refereeing and publication, also post-publication. 

Ensure that phone numbers (with country 

and area code) are provided in addition to the 

e-mail address and the complete postal 

address. Contact details must be kept up to 

date by the corresponding author. 

• Present/permanent address. If an author has

moved since the work described in the article 

was done, or was visiting at the time, a 'Present 

address' (or 'Permanent address') may be 

indicated as a footnote to that author's name. The 

address at which the author actually did the work 

must be retained as the main, affiliation address. 

Superscript Arabic numerals are used for such 

footnotes. 

Abstract 

A concise and factual abstract is required. The 

abstract should state briefly the purpose of the 

research, the principal results and major 

conclusions. An abstract is often presented 

separately from the article, so it must be able to 

stand alone. For this reason, References should 

be avoided, but if essential, then cite the 

author(s) and year(s). Also, non-standard or 

uncommon abbreviations should be avoided, but 

if essential they must be defined at their first 

mention in the abstract itself. 

Keywords 

Immediately after the abstract, provide a 

maximum of 6 keywords, using American 

spelling and 

avoiding general and plural terms and multiple 

concepts (avoid, for example, 'and', 'of'). Be 

sparing with abbreviations: only abbreviations 

firmly established in the field may be eligible. 

These keywords will be used for indexing 

purposes. 

Abbreviations 

Define abbreviations that are not standard in this 

field in a footnote to be placed on the first page 

of the article. Such abbreviations that are 

unavoidable in the abstract must be defined at 

their first mention there, as well as in the 

footnote. Ensure consistency of abbreviations 

throughout the article. 

Acknowledgements 

Collate acknowledgements in a separate section 

at the end of the article before the references and 

do not, therefore, include them on the title page, 

as a footnote to the title or otherwise. List here 

those individuals who provided help during the 

research (e.g., providing language help, writing 

assistance or proof reading the article, etc.). 

Nomenclature and units 

Follow internationally accepted rules and 

conventions: use the international system of 

units (SI). 

If other quantities are mentioned, give their 

equivalent in SI.  

Math formulae 

Present simple formulae in the line of normal 

text where possible and use the solidus (/) 

instead of a horizontal line for small fractional 

terms, e.g., X/Y. In principle, variables are to be 

presented in italics. Powers of e are often more 

conveniently denoted by exp. Number 

consecutively any equations that have to be 

displayed separately from the text (if referred to 

explicitly in the text). 

Footnotes 

Footnotes should be used sparingly. Number 

them consecutively throughout the article, using 

superscript Arabic numbers. Many word 

processors build footnotes into the text, and this 

feature may be used. Should this not be the case, 

indicate the position of footnotes in the text and 

present the footnotes themselves separately at 
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the end of the article. Do not include footnotes in 

the Reference list. 

Table footnotes 

Indicate each footnote in a table with a 

superscript lowercase letter. 

Tables 

Number tables consecutively in accordance with 

their appearance in the text. Place footnotes to 

tables below the table body and indicate them 

with superscript lowercase letters. Avoid vertical 

rules. Be sparing in the use of tables and ensure 

that the data presented in tables do not duplicate 

results described elsewhere in the article. 

References 

Citation in text 

Please ensure that every reference cited in the 

text is also present in the reference list (and vice 

versa). Any references cited in the abstract must 

be given in full. Unpublished results and 

personal communications are not recommended 

in the reference list, but may be mentioned in the 

text. If these references are included in the 

reference list they should follow the standard 

reference style of the journal and should include 

a substitution of the publication date with either 

'Unpublished results' or 'Personal 

communication'. Citation of a reference as 'in 

press' implies that the item has been accepted for 

publication.  

Web references 

As a minimum, the full URL should be given 

and the date when the reference was last 

accessed. Any further information, if known 

(DOI, author names, dates, reference to a source 

publication, etc.), should also be given. Web 

references can be listed separately (e.g., after the 

reference list) under a different heading if 

desired, or can be included in the reference list. 

References in a special issue 

Please ensure that the words 'this issue' are 

added to any references in the list (and any 

citations in the text) to other articles in the same 

Special Issue. 

Reference style 

Text: Indicate references by number(s) in square 

brackets in line with the text. The actual authors 

can be referred to, but the reference number(s) 

must always be given. Example: '..... as 

demonstrated [3,6]. Barnaby and Jones [8] 

obtained a different result ....' 

List: Number the references (numbers in square 

brackets) in the list in the order in which they 

appear in the text. 

Examples: 

Reference to a journal publication: 

[1] J. van der Geer, J.A.J. Hanraads, R.A. 

Lupton, The art of writing a scientific article, J. 

Sci. Commun. 163 (2010) 51–59. 

Reference to a book: 

[2] W. Strunk Jr., E.B. White, The Elements of 

Style, fourth ed., Longman, New York, 2000. 

Reference to a chapter in an edited book: 

[3] G.R. Mettam, L.B. Adams, How to prepare 

an electronic version of your article, In: B.S. 

Jones, R.Z. Smith (Eds.), Introduction to the 

Electronic Age, E-Publishing Inc., New York, 

2009, pp. 281–304. 

Journal abbreviations source 

Journal names should be abbreviated according 

to the List of title word abbreviations 

http://www.sciencemag.org/site/feature/contribin

fo/prep/res/journal_abbrevs.xhtml 

Submission checklist 

The following list will be useful during the final 

checking of an article prior to sending it to the 

journal for review. Please consult this Guide for 

Authors for further details of any item. 

Ensure that the following items are present: 

One author has been designated as the 

corresponding author with contact details: 

• E-mail address

http://www.sciencemag.org/site/feature/contribinfo/prep/res/journal_abbrevs.xhtml
http://www.sciencemag.org/site/feature/contribinfo/prep/res/journal_abbrevs.xhtml
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• Full postal address

• Phone numbers

• Keywords

Further considerations 

• Manuscript has been 'spell-checked' and

'grammar-checked' 

• References are in the correct format for this

journal 

• All references mentioned in the Reference list

are cited in the text, and vice versa 

• Permission has been obtained for use of

copyrighted material from other sources 

(including the Web) 

• Color figures are clearly marked as being

intended for color reproduction 

AFTER ACCEPTANCE 

Proofs 

One set of page proofs (as PDF files) will be 

sent by e-mail to the corresponding author (if we 

do not have an e-mail address then paper proofs 

will be sent by post). If there is any correction, 

please list your corrections quoting line number. 

If, for any reason, this is not possible, then mark 

the corrections and any other comments on a 

printout of your proof and return by fax, or scan 

the pages and e-mail, or by post. Please use this 

proof only for checking the typesetting, editing, 

completeness and correctness of the text, tables 

and figures. Significant changes to the article as 

accepted for publication will only be considered 

at this stage with permission from the Editor. 

We will do everything possible to get your 

article published quickly and accurately – please 

let us have all your corrections within 48 hours. 

It is important to ensure that all corrections are 

sent back to us in one communication: please 

check carefully before replying, as inclusion of 

any subsequent corrections cannot be 

guaranteed. Proofreading is solely your 

responsibility.  

Offprint 

The corresponding author, at no cost, will be 

provided with a PDF file of the article via email 

(the PDF file is a watermarked version of the 

published article and includes a cover sheet with 

the journal cover image and a disclaimer 
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The salt tolerance of two olive cultivars (Arbequina and Nepali) of Aljouf region in Saudi Arabia was 

evaluated. Different concentrations of sodium chloride (0.1 g L-1, 0.2 g L-1 and 0.4 g L-1) were tested on the 

morphological, anatomical and bio-histochemical characterization of the evaluated cultivars. Anatomically, a 

magnified cuticle was observed as well as the number of trichomes was increased under salinity in Arbequina. 

On the other hand, no significant anatomical changes were observed in Nepali under salinity. Bio-

histochemically, the contents of photosynthetic pigment was decreased significantly with increasing the 

salinity levels in Arbequina. The decrease was more prominent under the highest levels of salinity. Whereas, 

the content was increased in Nepali under the lowest level of salinity and decreased significantly under the 

highest levels. 

Proteins content showed different pattern of changes in both cultivars. Both cultivars showed the same 

pattern of variation in the content of lipid and the most prominent notice is the dramatic reduction of lipid 

content in Nepali under the highest level of salt. The morphological, anatomical, and bio-histochemical 

changes of the two cultivars were discussed in term of tolerance and sensitivity of the two cultivars to salinity. 

Keywords: Arbequina, Nepali, morphology, anatomy, salinity, chlorophyll, bio-histochemistry, salt tolerance. 

1. INTRODUCTION

Salinity is one of the most widespread 

agricultural problems in arid and semiarid 

regions, affecting field's productivity and 

decreasing crop yield [1,2]. Emergence of 

salinity as a problem returns to the occurrence 

of excessive levels of soluble salts in soil or 

water. Generally, sodium chloride is the most 

common salt [3]. Salinity reduces percentage of 

germination and seedlings growth and 

consequently affects negatively plant 

development and productivity [4-6]. Salinity 

also decreases photosynthetic pigment content 

through affecting the osmosis and partial 

closure of stomata [7]. It has been clearly 

indicated that salinity reduces the content of 

photosynthetic pigments in treated plants [8, 9]. 

Salinity affects phytohormons that influencing 

physiological processes [10]. Salinity stress 

influences the leaf number particularly under 

higher levels of salt [11-13]. Salinity inhibits 

many biochemical processes such as 

photosynthesis [14-18]. Protein and lipids 

content is also affected by salt stress [19-21]. 

Arbequina is an olive cultivar (Olea 

europaea L.) and its cultivation was begun in 

Toponym of Arbeca, town of Lerida. This 

cultivar has a high quality oil yield. It is a cold 

-resistant cultivar and susceptible to iron 

chlorosis in very calcareous soils. It is 

considered fly and verticillium sensitive. On the 

other hand, Nepali is originated in Palestine and 

is known locally as Baladi [22]. The present 

investigation aimed to evaluate the effect of 

salinity on the morphological, anatomical, 
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physiological and bio-histochemical 

characteristics of the two olive cultivars. 

2. MATERIALS AND METHODS

  2.1  Plant materials 

The experiment was carried out in a 

greenhouse in Sakaka, Aljouf, Saudi Arabia. 

Fifty homogenized shrub of each olive cultivar 

(five months old) were treated three times a 

week with different concentrations of NaCl 

(0.1, 0.2 and 0.4 g L-1 NaCl) for three months. 

At the end of the experiment, leaves were 

harvested and used directly for analysis. 

  2.2  Anatomical studies 

Leaves were treated by ethanol 70 %, then 

coated (1 mm) and immediately observed with 

light microscope. 

  2.3  Bio-histochemical studies 

2.3.1 Chlorophyll extraction and 
determination 

     The extraction is carried out according to 

the procedures of Arnon 1949 [23]. 0.05 g of 

leaves was weighed and ground with acetone. 

After centrifugation and filtration, the 

supernatant was measured for absorbance at 

663 nm and 645 nm using a UV/VIS 

spectrophotometer. The concentration of 

chlorophyll a, chlorophyll b and total 

chlorophyll was calculated by Arnon equation:  

Chlorophyll a (mg / g FW) = ((12.7 x A663)-

(2.60 x A645)) x10 ml acetone\0.05 g FW. 

Chlorophyll b (mg / g FW) = ((22.9 x A645)-

(4.68 x A663)) x10 ml acetone\0.05 g FW. 

Total chlorophyll = Chlorophyll a + 

Chlorophyll b. 

FW: fresh weight by grams for extracted 

tissue. 

A: absorbance at specific wave length. 

2.3.2  Proteins and lipids detection 

     Leaves were fixed with formaldehyde (4 

%), followed by dehydration in increasing 

concentrations gradient of ethanol (50 to 100 

%). Samples were processed to paraffin 

embedding and the cuts of 10 μm were obtained 

by rotary microtome. Slides were immerged in 

decreasing gradient of ethanol concentrations, 

followed by a short passage on Xyllol. Finally, 

the cuts were stained using methelene 

blue/toluidine blue for proteins stain and Sudan 

black for lipids stain. Observations were 

processed using light microscope incorporated 

with Nikon camera. 

  2.4  Statistical analysis 

One-way analysis of variance (ANOVA) (F-

test) from Minitab version 12.21 was used to 

assess the significant difference of the 

photosynthetic pigments content in control and 

treated plants. The data presented in the form of 

mean with standard deviation. p values < 0.05 

considered significant. 

3. RESULTS AND DISCUSSION

  3.1 Effect of salinity on leaves morphology 
of olive cultivars 

     The results indicated important changes 

regarding the leaves colors and shapes. Leaves 

yellow spots and deformed leaves were 

recognized in Arbequina cultivar under 0.1 and 

0.2 g L-1 NaCl (Fig.1 B,C), the yellow color and 

deformation were increased under the highest 

salt concentration (0.4 g L-1 NaCl) (Fig. 1D). 

On the other hand, Nepali cultivar has not 

shown any negative effect under 0.1 g L-1 NaCl 

and the signs of salt stress appeared with 

increasing the salt concentrations (0.2  and 0.4 

g L-1 NaCl (Fig. 1 C,D). 

  3.2 Effect of salinity on the anatomy of olive 
cultivars 

Microscopic examination demonstrated 

that, salinity stress enhanced the cutin mass and 

trichome density on epidermal cells of 

Arbequina comparing to the control (Fig. 2). 

The cuticle in plants is a lipidic layer of cutin 

that covers the aerial organs and functions to 

reduce transpiration. The cuticle is playing an 

important role in plant tolerance through its 

capability to postpone the cellular dehydration 

during stress [24-25]. Moreover, excretory 

glands located on the leaf surface appeared in 

Arbequina subjected to 0.2 g L-1 NaCl which is 
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Arbequina Nepali 

A 

B 

C 

D 

Fig 1. Morphological changes of Arbequina and Nepali under salinity. Control (A), 0.1 g L-1  NaCl  (B), 0.2 g L-1 NaCl (C) 

and 0.4 g L-1 NaCl (D). 

Fig 2. Anatomical changes of Arbequina under different levels of salinity. Control (A), 0.1g L-1  NaCl  (B), 0.2 g L-1 NaCl (C) 

and 0.4 g L-1 NaCl (D). UP EP: upper epidermis, Scl: Sclerenchyma, TR: Trichomes, CT: Cuticle, L EP: Lower epidermis, 

Cap Gl: Capillary gland and CR: Crystals. 
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in line with the findings of Luna et al. 2002 

[26]and Kobayashi et al. 2007) [27]. 

Furthermore, in salt stressed Arbequina, the 

number of trichomes was increased on the 

epidermal cells comparing to control plants. 

Increasing in trichome density under stressful 

conditions such as drought and salinity was 

reported [28,29]. Leaf glandular trichomes 

could contribute to the high salt tolerance 

through excretion of ions [30]. Increasing of 

trichome density might be a mechanism to 

increase tolerance to salinity stress.  

     Arbequina cultivar under salt stress 

showed an increase in crystals, idioblasts 

formation, and transformation of 

parenchymatic to sclerenchymatic tissue (Fig. 

2). These results are in agreement with that of 

Parveen & Ashfaque (2011) [31] on their study 

on Myriostachya wightiana under salt stress. 

On the other hand Nepali showed formation of 

trichomes and salt gland. Trichomes were 

increased on the epidermal cells, subjected to 

0.2 g L-1 NaCl and glands were formed in 

Nepali subjected to 0.4 g L-1 NaCl (Fig. 3).  

Fig 3. Anatomical changes of Nepali under different levels 

of salinity. Control (A), 0.1g L-1  NaCl (B), 0.2 g L-1 NaCl 

(C) 0.4 g L-1 NaCl (D). Labeling is the same as Figure 2 

3.3  Effect of salinity on bio-histochemistry of 

olive cultivars 

In crop plants, the photosynthetic pigments 

content is an indicator of salt tolerance or salt 

sensitivity of a given plant [32]. 

Chlorophyll a, b and total chlorophyll 

content in leaves of Arbequina cultivar was 

significantly decreased under all salinity levels 

from 0.1 to 0.4 g L-1 NaCl (Fig. 4A). On the 

other hand in Nepali cultivar, chlorophyll a, b 

and total chlorophyll content was significantly 

enhanced under the lowest level of salinity (0.1 

g L-1 NaCl) and decreased significantly under 

the highest levels of salinity (0.2 and 0.4 g L-1 

NaCl) (Fig. 4B). Although the reduction in 

photosynthetic pigments content was 

proportional to the concentration of NaCl, the 

reduction was more prominent in Arbequina 

than in Nepali cultivar. This behavior of the 

reduction in photosynthetic pigments content 

may indicate the sensitivity of Arbequina to 

salinity. These results are in line with the results 

obtained from barely cultivars under salinity 

stress [33].  In salt-sensitive wheat cultivars a 

significant reduction of chlorophyll was 

recognized due to its degradation under salinity 

stress. Generally the decrease in chlorophyll 

content may be due to an increase in 

chlorophyll degradation or to a decrease of 

chlorophyll biosynthesis [34,35]. Salinity 

sensitive tomato showed prominent decrease in 

photosynthetic pigments than moderately salt 

tolerant cucumber [6]. Contrary to these results, 

salinity increased significantly the chlorophyll 

content in Beta vulgaris [12] and in Vicia faba 

[13]. It is obvious that the effect of salinity on 

photosynthetic pigments content may be 

species or cultivar and salinity level specific.  

Fig 4. Effect of different concentrations of NaCl on 

chlorophyll content in Arbequina (A) and Nepali (B) olive 

varieties. Crl: control, T1: 0. g L-1 NaCl, T2: 0.2 g L-1 

NaCl and T3: 0.4 g L-1 NaCl. 
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3.4 Protein content 

Histochemical studies on leaves sections 

showed that in Arbequina cultivar, proteins 

content was not affected by salinity stress (0.1 

g L-1 NaCl and 0.2 g L-1 NaCl), and showed 

approximately the same content as the control 

(Fig. 5 A-C). However, the highest salt 

concentration (0.4 g L-1 NaCl) influenced 

negatively the proteins content (Fig. 5D). 

Fig 5. Leaves paraffin sections (10 µm) of Arbequina olive 

cultivar stained with methylene blue-toluidyne blue. 

Control (A), 0.1g L-1 NaCl (B), 0.2 g L-1 NaCl (C) and 0.4 

g L-1 NaCl (D). Protein is colored with blue. 

In Nepali cultivar, proteins content was 

increased under salt stress (Fig. 6D), and the 

prominent increase was more obvious under the 

highest concentration of NaCl (0.4 g L-1), (Fig. 

6D). 

Fig 6. Leaves paraffin sections (10 µm) of Nepali olive 

cultivar stained with methylene blue-toluidyne blue. 

Control (A), 0.1 g L-1 NaCl (B), 0.2 g L-1 NaCl (C) and 0.4 

g L-1 NaCl (D). Protein is colored with blue. 

These results regarding the content of protein 

under salinity in Nepali was in line with that of 

Chao et al. (1999) [36] who noticed an increase in 

protein content of tomato plant in response to salt 

treatment. On the other hand, Sibole et al. (2003) 

[37], reported that the treatment of clover plant 

(Medicago citrna L.) for one month with different 

concentrations of NaCl increased soluble protein 

content in the seedlings compared to control 

plants. Vigna mungo subjected to salt showed 

high protein content with increasing the salt 

concentrations [21]. 

On contrary, many researchers indicated a 

negative effect of salt stress on protein content. 

Chen et al. (2007) [20] found that exposing 

Vignaun guiculata plants to salt using 75 mM 

of NaCl, decreased the soluble protein content 

in the plant. Other results by Jaleel et al. (2008) 

[38] on Catharnathus roseus, and 

Khosravinejad et al. (2009) [39] on barley 

Hordeum vulgare confirmed the negative effect 

of salt stress on protein content in plants. This 

notification agrees with our results in 

Arbequina with higher salt concentrations of 

NaCl (0.4 g L-1 NaCl) that decrease protein 

content in leaves in treated plants. 

3.5  Lipids content 

Salinity stress affected positively lipids 

content in leaves tissue of Arbequina and 

Nepali under lower salt concentration (0.1g L-1 

of NaCl) (Fig. 7B). However, under the highest 

concentrations (0.4 g L-1 of NaCl), lipids 

content was decreased in leaves tissue of both 

cultivars (Nepali and Arbequina) (Figs. 7D and 

8D). In Arbequina, the content of lipid bodies 

declines progressively with increasing salt 

concentration from 0.2 g L-1 to 0.4 g L-1 NaCl) 

(Fig. 7C and D). The most obvious observation 

in Nepali is the dramatic reduction of the 

content of lipid bodies under the highest salt 

concentration (0.4 g L-1 NaCl) (Fig. 8D).  

The results obtained with 0.4 g L-1 NaCl in both 

cultivars agreed with that of Bybordi et al. 

(2010) [40] who reported a decrease of total 

lipids content in Canola (Brassica napus) with 

increasing of NaCl concentration. Increasing of 

soil salinity levels significantly affected the 

lipids biosynthesis. Studies realized by Darwish 

et al. (2009) [41] agreed with our results 
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Fig 7. Leaves paraffin sections (10 µm) of Arbequina 

cultivar stained with Sudan black. Control (A), 0.1 g L-1  

NaCl (B), 0.2 g L-1   NaCl (C) and 0.4 g L-1NaCl (D). 

Lipids are colored with black or brown. 

Fig 8. Leaves paraffin sections (10 µm) of Nepali cultivar 

stained with Sudan black. Control (A), 0.1 g L-1  NaCl (B), 

0.2 g L-1  NaCl (C) and 0.4 g L-1 NaCl (D). Lipids are 

colored with black or brown. 

 referring to the increasing of the content of 

lipids bodies in leave tissues under 0.1 and 0.2 

g L-1 NaCl in Nepali and under 0.1 g L-1 NaCl 

in Arbequina. Phosphatidic acid (PA) 

represents a minor proportion of the cellular 

lipid pool, which increases significantly under 

environmental stresses. PA is accumulated 

under salinity stress and represents an important 

clue of salinity stressful conditions [41].  

4. CONCLUSION
 In conclusion, morphological, anatomical 

and bio-histochemical characteristics of the 

evaluated olive cultivars indicate that Nepali is 

more resistant to salinity than Arbequina. The 

reduction in photosynthetic pigments content 

was more pronounced in Arbequina than in 

Nepali under the highest levels of salinity. 

Moreover, Arbequina responded to salinity by 

increasing the number of trichomes and 

induction of cutin in epidermal cells, however, 

Nepali responded by increasing trichomes 

number and salt gland formation. Further study 

clarifying the metabolomic profiling of both 

cultivars under salinity stress is required to have 

a holistic picture regarding the response of both 

cultivars to salinity stress.  
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Virtual Learning Environments (VLEs) has defined as the use of technology to enable people to study 

anywhere and at anytime. There are several examples of e-learning date back quite a few years. It is claimed 

that the initiation of VLEs prepared the packaging of a diverse set of e-learning facilities to support teachers 

and learners. Research now is shifting from VLE to use PLE for some reasons.  In this paper, a review of a 

number of PLE architectures are presented in the literature, however, these architectures could be described 

as high-level architectures, which focus mainly the functionality of PLEs. Therefore, this paper argues that 

unknown potential remnants, as PLE could cover more area. This paper proposed intelligent architecture of 

PLE, the architecture proposed incorporates a context-aware engine. Thus, there is intelligence built into the 

architecture and thus the PLE system is automatically responsive to the context information. Then a case study 

is presented to show that how this proposal can work in real life. Finally, we evaluate our approach by making 

a comparative study with others PLE architecture. 
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1. INTRODUCTION

E-learning has defined as the use of 

technology to enable people to study anywhere 

and at any time. There are several examples of 

e-learning date back quite a few years. Virtual 

Learning Environments (VLEs) are currently 

an essential element of education in best 

teaching institutions from crucial level through 

to advanced education. However, VLEs have a 

number of restrictions, which are presented in 

[7, 8 and 9]. VLEs are not flexible and cannot 

address the specific needs of the learner. The 

courses and modules are available to students 

for a restricted time. Educators are only 

responsible for setting the goals of the courses; 

they cannot take into account the students’ 

individual requirements. Therefore, research is 

now shifting away from Virtual Learning 

Environments (VLEs) and to the use of the 

Personal Learning Environment (PLE). PLE 

has some feature that can cover the limitations 

of VLE. PLE is flexible and can address any 

user. The material in PLE is available any time 

anywhere. 

This paper proposed an architecture of PLE 

that is automatically responsive to each 

individual user on demand, and it is able to 

predict user preferences or interests. The 

automated refinement of user requests for e-

resources enables results to improve over time. 

The architecture consists of two layers: the 

upper layer is the PLE service and the PLE 

interface for the user and the lowest layer shows 
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providers. This rest of the paper is organized as 

follow: section 2 present the literature review of 

PLE. Section 3 introduce our proposed 

architecture with it component in more details. 

Section 4 show the case study of the proposal 

and finally section 5 concludes the research 

paper. 

A. Virtual Learning Environment 

E-learning has defined as the use of 

technology to enable people to study anywhere 

and at any time [1, 20]. There are several 

examples of e-learning date back quite a few 

years. It is claimed that the initiation of VLEs 

prepared the packaging of a diverse set of e-

learning facilities to support teachers and 

learners. Virtual Learning Environments 

(VLEs) are currently an essential element of 

education in best teaching institutions from 

crucial level through to advanced education. 

However, VLEs have a number of restrictions 

[2]. In precise, institutions owned VLE that 

have ability to manage them and are deliberate 

to support formal learning. Moreover, 

educators are able to control the resources that 

are offered to learners. Normally, a learner 

registered on a course and he or she has access 

to the resources for that module or course for 

the duration of their enrolment. Another 

problem with VLEs is that the direction of 

information is only one way, from educators to 

learners. Teachers only have the authority to 

post material / resources on the VLE. The 

restrictions that mention above, led scientists to 

use of Personal Learning Environments (PLEs). 

B. Personal Learning Environment 

The PLE is an important area in the field of 

e-learning, and recent developments in PLEs 

have heightened the need for a formal definition 

of what exactly a PLE is [21]. The Joint 

Information System Committee (JISC) [11] 

defined a PLE as one that exchanged some or 

all of the VLE tools for personal tools, 

including web 2.0 type tools, which integrate 

with the student’s own computer system 

environment. The tools and interface are 

designed by the learners rather than the 

institution, as is the case with a VLE. [8] as 

being “to provide the learner with a wide 

variety of different services and hand over 

control to the learner to select, use, and mash up 

the services the way one deems fit” have also 

defined the PLE. 

PLE is defined in [7] as a specific virtual 

space designed by the user with their 

individualized information, learning, social and 

recreational needs. A PLE thus takes advantage 

of new technology and tools. In particular, the 

PLE is defined as:  

Personal: referring to the interests and the 

needs of each learner, as for example, children, 

adults and elderly people will differ in these 

respects and the user should therefore select the 

tools.  

Learning: including formal and informal 

learning.  

Environment: ensuring that everyone has 

access to the best resources and that a culture of 

learning is created. 

There are seven important points concerning 

PLEs, which are presented in [8]. These are: 

what is it, who is using it, how does it work, 

why is it significant, what are the downsides, 

where is it going and what are the implications 

for teaching and learning? 

According to Attwell [9], most researchers 

agree that a PLE is not an application but is best 

described as a novel methodology to using 

technological innovations for learning. The 

study argues that if learners control their own 

learning, then the teacher has as-yet an 

undefined role in the situation. 

While a variety of definitions for a PLE have 

been suggested, the definition used in this study 

is that “PLE is the system that has the ability to 

filter e-resources and predict user preferences 

based on user context”. This covers the use of a 

PLE for several commitments in addition to 

traditional formal and informal academic 

learning. For example, the PLE can be used for 

social or commercial purposes. A 

businessperson can use a PLE system to find 

recent offers made between businesses, so that 

he or she can weigh up his options and evaluate 

the best contract to pursue. Whereas the user of 

Facebook might state in his personal 
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preferences that he/she would only like to see 

pictures of family and friends on their news 

feed. 

PLEs are defined by [12]: “PLE is not an 

application, but rather, a description of the 

process of learning from a variety of courses 

and according to one’s personal, context-

situated need”. Thus one of the major objectives 

of a PLE is to widen access to education 

systems via technology to a student who wishes 

to manage their own learning. A PLE should 

support a learner in four respects: to create and 

manage their learning, communicate with other 

learners and also integrate formal and informal 

learning. 

Research into PLEs is still at an early stage, 

consequently there are still very few usable 

PLE systems available and these are 

experimental systems only.  The Colloquia[13] 

is a PLE system that allow users to have a 

control over their information. In addition, PLE 

from a pedagogic perspective presented in[5], 

this proposal show the functionality and the 

challenge of PLE. Furthermore, the PLE 

framework presented in [8] is an  examples of 

such systems of PLE, this proposal claims that 

PLE is an intersection of VLE, Web2.0 and 

portfolios. 

C. Context-aware system 

 Weiser first proposed ubiquitous computing 

in 1991. Context-aware systems are a type of 

pervasive system and are viewed by computer 

scientists as a mature technology [14, 15]. The 

word “context” is derived from the Latin ‘con’ 

(with or together) and ‘texture’ (to weave). The 

Macmillan English Dictionary defined context 

as “the surrounding which help to give 

meaning” 

Day defined a context as [16]“context is any 

information that can be used to characterize the 

situation of an entity, an entity is a person, 

place, or object that is considered relevant to the 

interaction between a user and an application, 

including the user and application themselves”. 

When a computer appears to be invisible in an 

environment, it can be declared as being a 

device in a ubiquitous computing or pervasive 

system. The objective of context-aware system 

is that the system can provide intelligent, which 

can be used to detect context on the user behalf; 

this reduces the need for human attention [17].  

A context-aware system must include three 

essential elements: sensors, processing and 

action. Three types of sensors are defined: 

physical, virtual and logical [18]. A physical 

sensor, such as a camera or thermometer, 

captures information about its local 

environment [19]. In contrast, virtual sensors 

extract information from virtual space, which is 

defined as the set of data, applications and tools 

created and deployed by the user. Logical 

sensors combine physical and virtual sensors to 

extract context information. For example, a 

company can infer that an employee is working 

from home using login information (a virtual 

sensor) and a camera (physical sensor) [14]. 

D. Requirement and motivation 

This research has noted the wide spread use 

of VLEs at all levels of education. It has also 

noted the limitations of VLEs and how PLEs 

are now being proposed to address these 

limitations. There are a few number of PLE 

architecture have proposed in the literature and 

while they convey well the concept of a PLE, 

nevertheless they could best be described as 

high-level architectures, (sometimes referred to 

as frameworks in the literature), which focus 

mainly the functionality of PLEs. In particular, 

there is little published which gives a detailed 

designed of a PLE architecture. Moreover, the 

published work focus largely on the support for 

lifelong learning and formal / informal learning; 

these are two of the main limitations of VLEs. 

This research argues that PLEs can support 

more than just learning in education, they can 

support users in any aspect of their lives, which 

requires them to find / utilize e-resources 

available on-line. Many definitions of PLEs 

exist [8, 11, 12, 13]. 

The architecture proposed in this research 

incorporates a context-aware engine. Thus 

there is intelligence built into the architecture 

and thus the PLE system is automatically 

responsive to the context information. There are 
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three types of sensors in any context-aware 

system and these are the elements of the system 

that gather the context information. In this 

research, the emphasis will be on virtual 

sensors, which gather the information from 

virtual space; virtual space here includes any 

systems, which produce information as a set of 

results. Thus, the context-aware architecture is 

major contribution of the research.   

2. PROPOSED ARCHITECTURE

The high-level of Intelligent Architecture of 

Personal Learning Environments is presented in 

Figure 1. It contains two main layers: the upper 

layer is the PLE service, while the lowest layer 

is the Provider and two layers are described as 

below:   

•Upper layer: PLE service

Upper layer comprises of three main

entities: Personal Manager, Context-Aware 

Engine and User Profile. These entities connect 

with each other to deliver the user with a service 

designer to their single requirements.  

•Lowest layer: Provider

User Mobile 

phone
server

PLE service

Provider

User Profile

Personal  

ManagerContext-Aware 

Engine

Fig 1. proposed architecture 

 The lowest layer contains of several 

independent service providers. These are accessed 

by the user over the Personal Manager 

component, on request. The Provider represents 

the set of independent services, referred to as 

preferences, defined by the user and stored in the 

User Profile. The obligation of the lowest layer is 

to supply the Context-Aware Engine with suitable 

e-resources, in the form of virtual sensors that is 

consistent with the preferences in the User Profile. 

There are different ways to construct the 

architecture. This research used two layers 

because it separates the PLE service from the 

Provider. The PLE service is able to integrate 

different providers.  

All system components in both layers are 

explained in more detail below, starting with 

the PLE service. 

2.A. Personal Manager (PLE service)

The user of this system is able to interact 

with the upper layer via the Personal Manager. 

It is estimated that the Personal Manager has to 

be implemented as an application on a mobile 

devices. The essential purposes of the Personal 

Manager are: 

•It has ability to manage user ‘profile’.

•It has ability to present a predication or

recommendation to the user. 

•It has ability to present to the user any new

e-resources gathered by the Context-Aware 

Engine; this comprises a set of e-resources 

which are produced by providers in response to 

the context defined in the user profile.   

•It has ability to allow the user to access

independent service providers. 

•It has ability to enable other users to access

gathered e-resources from the user profile via a 

public portal. 

•It has ability to allow users to give their

feedback. 

2.B. User profile 

The User Profile contains information about the 

user. The user of the system is able to deliver 

evidence relating to his or her numerous 

interests, famous here as User Preferences. It is 

probable that the user’s preferences should be 

modified over period and that the user should 

be able to change them straight. 

 User Profile have different lifespans 

supplementary with them. For instance, a user 

cloud be attracted in a preference for a short 

time, which will then naturally time out and be 

removed; university students might be given an 

article and require resources relating to the 

article topic: the obligation for resources on the 
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article topic is an example of a short-term 

preference. In contrast, the user possibly will 

have a permanent interest in a definite subject 

then, while the concern might grow, it will stay 

in the profile until clearly removed by the user. 

3. Context-Aware Engine (PLE service)

The Context-Aware Engine subsystem has 

ability to filter and infer the e-resources 

produced by the services of the bottom layer. 

This task is achieved using the Context History, 

the preferences in the User Profile information 

and user feedback from the user. Figure 2 

shows the components of the Context-Aware 

Engine: Acquisition, Context History and 

Context Reasoner. 

Acquisition

Context 

Reasoner

Context 

History

Personal  

Manager

Context-Aware 

Engine

User 

Profile

Provider

User

Fig 2. Context-Aware Engine 

3. A.  Acquisition component

The purpose of the Acquisition component is to 

isolate e-resources, creating from the providers 

in the bottom layer of the architecture, and send 

it to the Context Reasoner. The Acquisition 

component has to have an API to cooperate 

with the provider. 

3. B. Context History component                                                          

The Context History component is responsible 

for storing of high-level e-resources that has 

been gathered previously and has thus already 

been distributed to the user. The storage of this 

information is essential as it stops duplicate 

information being sent to the user in pervious 

time. Context History has ability to help expand 

the Context Reasoner functionality. 

3. C. Context Reasoner subsystem

The Context Reasoner subsystem is in authority 

for using context information and e-resources in 

an intelligent way. It is the most challenging 

function of the Context-Aware Engine. Fig 3 

shows the responsibility of the Context 

Reasoner. 

The general function of the Context Reasoner is 

to extract relevant high-level e-resources from 

the fresh data using the information stored in, 

the User Profile user, feedback and the Context 

History. 

 The Context Reasoner subsystem comprises of 

the next components: Detector, Profile 

Detector, Generator and Generic subsystem as 

follows: 

Profile 

Detector

Context Reasoner

Detector Generator

Generic
Feedback

User 

Profile

Provider

Personal  

Manager

Context 

History

Acquisition

Fig 3. Context Reasoner 

3. C. 1. Detector

The Detector receives e-resources from 

Acquisition. It is able to use the Context History 

to decide whether this is new e-resources that 

has not been previously delivered to the user. 

Once it know that the e-resource is not new, it 

will stop processing; else, it carry on.  

3. C. 2. Profile Detector

This component has connected to the user 

profile. The task for the Profile Detector is 

provide both the Provider and the Generic 

components with information about the user. 

3. C. 3. Generator

The Generator component is responsible for 

creating an action based on input from the 

Generic. This action has to be brought to the 

user. Additional functionalities for the 
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Generator include updating the context history 

with details of the action, via the Detector. 

3. C. 4. Generic subsystem

The Generic subsystem function predicts user 

preferences based on Context History, User 

Profile and feedback. 

This component has the capability to learn from 

the behaviors of the user. In addition, Generic 

subsystem is able to check that a similar e-

resource does not rejected by the user. These 

components are described below: 

Personal

Manager

User Profile

Profile 

Detector

Context Reasoner

Jenny

 Detector
Generator

Generic

Prediction Relevant
Analysis 
feedback 

 Similarity 

Rejected 

database

database

feedback

Add new 
interested 

Update 
detector

Find 
similarity 

Create a 
message

Context 
history

Fig 4: Generic 

a) Analysis Feedback component

The Analysis Feedback component is presented 

to increase the precision of the user 

requirements. This component has ability to 

distribute the feedback from the user of the 

system. There are five ranking levels ranging 

from irrelevant through to very relevant. The 

outcome of this component will update the 

Accepted and Rejected components.  

b) Accepted

This component stores all the e-resources 

ranked highest by user feedback. The results 

from the Accepted component will be fed into 

the Prediction component. This component has 

4 rank levels - Fine, Of interest, relevant and 

Very Relevant. 

c) Rejected

This component comprises of all the declined 

ranks, i e. those the user has ranked ‘irrelevant’. 

It helps the system to determine unsolicited 

information. 

d) Prediction

The Prediction component is able to predict 

context information.  It is able to learn reason 

and be dynamic. It is an automated refinement 

of the user preferences.  

This component has the ability to make 

predictions based on the contextual information 

that receives from Profile Detector, Detector 

and Accepted. The results from this component 

will be delivered to the Generator. In order to 

implement the Prediction component, a 

Bayesian network, which is an artificial 

intelligence technique, will be used. 

e) Similarity

This component has ability to for prevent the 

acceptance of any similar e-resource, which 

previously rejected. 

4. CASE STUDY

The case study for the proposed architecture 

is presented in this part. This case study will 

show that how our proposal can work in real 

life. The case study in this research will refer to 

the academic aspect. The case study will show 

how the proposed architecture works in real 

life. 

Jenny is a postgraduate student who finished 

her Masters last year and has recently started 

working towards her PhD (January 2018); she 

studies in the Faculty of Technology. 

There are certain steps to follow for this 

scenario: 

Step 1: 

Jenny has the ability to provide the PLE 

application with any information relating to her 

various interests. For example, Jenny enters 

“Modelling and reasoning about uncertainty in 

context-aware systems” into her PLE 
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application. She wishes to gather e-resources 

relating to this interest from different providers, 

e.g. IEEE, ACM and ScienceDirect.  

Step 2: 

The PLE is able to search and gather e-resources 

from different providers. The result of the search 

is four e-resources, as shown in Table 1 

Table 1. Result step 2 

No. E-resource name 

1  Fuzzy logic 

2 Bayesian Networks 

3 Neural networks 

4 Probabilistic logic 

Step 3: 

The PLE application must determine whether the 

e-resources are new and have not previously been 

delivered to Jenny. Indeed, Jenny has read a paper 

entitled “Probabilistic logic”, and accordingly, the 

system ceases processing this e-resource. 

However, the three other e-resources continue to 

be processed. Thus, the result of this step is three 

e-resources, as shown in Table 2. 

Table 2. Result step 3 

No. E-resource name 

1 Fuzzy logic 

2 Bayesian Networks 

3 Neural networks 

Step 4: 

The PLE application is abile to prevent any 

similar e-resources that previously rejected by 

Jenny. It is assumed that Jenny has previously 

rejected an e-resource called “Introduction to 

Neural networks”, and therefore, the paper 

entitled “Neural Networks” is prevented by the 

system and its process is discontinued.  

The PLE application is able to post the two other 

e-resources to Jenny via her PLE application 

interface. The PLE application is able to provide 

the names of the e-resources, as shown in Table 3. 

Table 3. Result step 4 

No. E-resource name 

1 Fuzzy logic 

2 Bayesian Networks 

Step 5 

Once Jenny has received the e-resources from the 

PLE application, she can read them. Then, the 

PLE application requires Jenny to give feedback 

on the e-resources that she has received. The 

feedback is given as a ranking level, and the 5 

options available to Jenny are ‘very relevant’, 

‘relevant’, ‘of interest’, ‘fine’ and ‘irrelevant’. 

Table 4 shows Jenny’s feedback. 

Table 4: Result step 5 

No. E-resource name Rank 

1 Fuzzy logic Irrelevant 

2 Bayesian Networks Very relevant 

Step 6: 

The PLE application is able to predict e-resources 

that Jenny might prefer. Some of the e-resources 

predicted by the PLE application are shown in 

Table 5. 

Table 5. Result step 6 

No. E-resource name 

1 A tutorial on learning with Bayesian networks 

2 Modeling physiological processes with dynamic 

Bayesian networks 

3 A causal mapping approach to constructing 

Bayesian networks 

4 A driver fatigue recognition model based on 

information fusion and dynamic Bayesian 

networks 

5 Dynamic Bayesian networks for information 

fusion with applications to human-computer 

interfaces 

6 Bayesian networks: a practical guide to 

applications 

5. EVALUATION
This section presents an evaluation of the 

proposed architecture by offering a comparative 

study regarding the PLE architecture, assessing it 

against the current PLE architectures as it is 

shown in Table 6. This involved comparing the 

proposed approach with four other PLE 

architectures. As a result, the proposal in this 

research has more feature comparing with others. 

Table 6. Summary of comparisons 

N

o 

PLE  

architecture 

Features 

Context

-aware 

PLE 

PLE 

based on 

web 

services  

PLE

F  

PL

E 

mo

del  

PLE 

Fra

m-

ewor

k 

1. User feedback √ x x x x 

2. Context history √ x x x x 

3. Learner control √ √ √ √ √ 

4. Sharing 

information  

√ √ √ √ √ 

5. Personalisation √ x √ √ x 

6. Artificial 

Intelligence  

√ x x x x 

7. Lifelong 
learning  

√ √ √ √ x 

8. User profile √ x x x x 

9. User location x x x x x 

10. Total features 9 9 9 9 9 

11. Total available 
features

8 3 4 4 2 

12. Total missing 

features

1 6 5 5 7 
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6. CONCLUSION
In this research, the developed approach 

“Intelligent Architecture of Personal Learning 

Environments ” is presented. The proposed 

architecture was built based on the concept of a 

context-aware system. The architecture has 

unique features. It can be described as a system 

that is driven by the user, based on user 

requirements. In addition, the architecture is 

dynamic, with the ability to continuously 

change and adapt to the user’s preferences 

automatically. It is able to provide relevant e-

resource that is important for the user.  

The PLE architecture is automatically 

responsive to each individual user on demand, 

and it is able to predict user preferences or 

interests. The automated refinement of user 

requests for e-resources enables results to 

improve over time. 

In addition, a case study for the proposed 

architecture is presented. The PLE architecture 

that’s proposed in this research is the vision of 

a future PLE. My belief is that PLE in the future 

has to be context-aware systems.  
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The aim of this work is to write two algorithms as applications of the incidence matrices of X-labeled 

graphs. The first one, we write an algorithm to change non-folded incidence matrices of X-labeled graphs into 

folded incidence of X- labeled graphs. The second application to define an action on the incidence matrices 

of X-labeled graphs as an algorithm to describe the action which was given in [1], and then we can write 

computer programs for those two  applications with some results of subgroups of free groups [2]. 
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1. INTRODUCTION
Stallings [3] gave the definition of folded 

graphs, and the method of changing non- folded 

graphs into folded which is called folding. 

Many Arthurs used this concept to study the 

subgroup theorem of free groups, such as IIya  

Kapovich, Alexci Myasnikov [3], M. Bestvina, 

L. Louden[4]  and others. In this work, we 

describe the folding of X-Labeled graphs as an 

algorithm on the incidence matrices of X-

labeled graphs [5] and then we can give a 

computer program for this algorithm instead of 

drawing by hand spatially when the graphs are 

big.  In the second application, we define an 

action on the incidence matrices of X-labeled 

graphs as an algorithm to describe the action on 

core graphs of finitely generated subgroups of 

free groups, which is given in [1]. by this action 

we can write a computer program for this 

action, we reduce the number of typing of 

branch rows in two types positive and negative 

rows and then we can give a proof for Hanna 

Neumann's conjecture [6, 7] in some spatial 

cases. 

2. BASIC CONCEPTS
A group F is said to be free on a finite 

subset ,FX   where },,,{ 21 nxxxX   if 

for any group G and any mapping GXf : , 

there is a unique homomorphism GF : , 

such that )()( xfx   for all .Xx  The 

cardinality of X is called the rank of F and it 

is denoted by )(Fr or  X  ; and X is called a 

set of generators of the free group F. If X is a 

finite set, then F is called finitely generated 

free group.   

Two free groups of the same ranks are 

isomorphic and any subgroup of a free group is 

a free.  

Graphs 

A graph Γ is a collection of two non-empty 

disjoint sets )(V ( )(V  is not Empty set) and

)(E  called the set of vertices and edges 

respectively of the graph Γ, Together with two 

functions VEi : , VEt :  (the functions 

i and t join the vertices )(ei and )(et  to the edge 

e of Γ. The vertex )(ei  is called the initial 

vertex of e and )(et  is called the terminal 

vertex of e.  Moreover for each e in E, there is 

an element e  in E, is called the inverse of e, 

such that )()( etei  , )()( eiet   and ee  . 
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The graph ),( XF  is called the Cayley 

graph of the group F with respect to X ⊆ F. It 

has vertex set F and set of edges XF   (i.e.

)),((),( XFExw  with wxwi )),(( , 

wxxwt )),(( , for every edge, the inverse 

edge of ),( xw  is )),((),( 1 XFExwx 
. 

The quotient graph or Cayley coset graph 

HXF /),(  for a subgroup H of F has set of 

vertices },;{ FHFwHw   and set of edges

},);,{( XxFwxHw  , such that an edge 

HXFxHw /),(),(   takes the vertex Hw

into the vertex Hwx . It is also denoted by

)(H . The core of a coset graph )(H  is the 

smallest subgraph containing all cycles and 

denoted by )(H . 

For example: if F is a free group on set of 

generators },{ baX  . Then :)(F  

Fig 1. the core graph of a free group },{ baF . 

Two branch points u and v are called 

neighboring branch points if they are 

connected by a (reduced) path which does not 

contain any branch point .The number of cycles 

in )(H is called the  cyclomatic number 

and the cyclomatic number of )(H is the 

minimal number of  edges that  we can delete to 

make a  tree. The rank of a finitely generated 

subgroup H of a free group F is the cyclomatic 

number of )(H . The vertex x is called a 

branch point if d(x) ≥ 3, where ))(( HVx 

Proposition2.1: If )(H  has vertices of degree 

2 and 3 only, then the rank )(Hr of H is equal 

to:  

1
2

))((#
)( 




 HBr
Hr (Where ))((# HBr 

is the number of branch points in )(H ).         

Sarvatius [8] defined an isomorphic embedding 

from the free group F on },{ baX    into a free 

group K on },{ vu  via the map KF :

defined by 
1)(  uva  ,

2)( vb   , to reduce

the degree of the vertices of degrees 2, 3 and 4 

in to vertices of degree 2, 3 only, and taking the 

graph into new set of labels  },{ vu .  

A directed graph  is called a X- labeled 

graph, if each directed edge e of  is labeled 

by a letter x of the set X. Therefore ),( XF , 

HXF /),(  or )(H , )(H  are X- labeled 

graphs. The product of X- Labeled graphs 

and  is the graph  ~
 with set of vertices 

)}(),(:),{()()(  VvVuvuVV

and edges 

}),(),(),(),(:)),,{(( XyEyvEyuyvu 

Proposition 2.2. Let )(),( ** KH  and 

)(* KH  be the core graphs of the finitely 

generated subgroups H, K and KH 

respectively of a free group F on },{ baX  . If 

)(~)( ** KH   is the product of core graphs 

)(* H  and )(* K defined above, then 

)(* KH   may identified with a core of a 

connected component of )(~)( ** KH  . 

Proof: See [9]. 

An X- labeled graph  is called folded 

graph, if for each vertex v of  is not incident 

with two edges 1e , 2e labeled x, x or 
1x , 

1x

respectively, Xx . Otherwise  is called 

non - folded graph (or unfolded graph). The 

operation of folded graph is called folding that 

by identifying the edges which are incident with 

the vertex v and both of them labeled x or 
1x

into single edge labeled x or 
1x respectively. 

Therefore, we can use the concept of 

folding to construct the core graphs )(H of 

finitely generated subgroups H of free XF  on 

𝑋 = {𝑥1, 𝑥2, … , 𝑥𝑛} as in the following

example. 

Example 1: Let XF be a free group generated by 

},{ baX  and H be a subgroup of XF
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generated by the set },{ abbaaab . Therefore the 

corresponding graph  of H as below: 

Fig 2. The non- folded graph of a subgroup H of free 

group },{ baF generated by },{ abbaaab  

Since )()( 71 eiei  and the edges 71 ,ee

have the same labeling a, so is a non- folded 

graph, therefore by folding , we get: )(H : 

Fig 3. The folded graph of the core graph )(H of 

finitely generated subgroup H of free group },{ baF in 

figure 2. 

Lemma 2.3: If  is any connected non- folded 

X – Labeled graph, then the folded X- Labeled 

graph  is also connected. 

Proof: See [4]. 

3. INCIDENCE MATRICES OF X-LABELED

GRAPHS. 

Let  be any X – Labeled graph without 

loops (where },{ baX  ), then the incidence 

matrix of X – Labeled graph   [5] is an mn  

incidence matrix ][ ijx , where: 

 mjni  1,1 ) with ijx   entries such 

that  

Xxlabelese

ewithincident

Xxlablese

ande

notisv

andei

v

if

v

if

if

x

x

x

j

j

j

j

i

j

i

i

ij


















 )(

)(

0
1 

N.B. Incidence matrices of X – Labeled graphs 

 will be denoted by )(XM . 

 Now if },{ baX   and the X – Labeled 

graph  has loops with labeling a or b, then 

choose a mid-point on all edges labeled a or b 

to make all of them two edges labeled aa or bb 

respectively . Therefore, in the rest of this work 

we will assume that all X – Labeled graph  are 

without loops.  

Now let )(XM be an mn  incidence 

matrix  ][ ijx   of X – Labeled graph  and let  ir

and jc  be a row and a column in )(XM  

respectively. If ijx  is a non – zero entry in the 

row ir , then ir  is called  an incidence row with  

the column jc  at the non – zero entry ijx

1 XX  and if Xxij   , then the row ir  is 

called the starting row ( denoted by ))( jcs of 

the column jc and the row ir  is called the 

ending row ( denoted by )( jce  )  of the column 

jc  if 
1 Xxij . If the rows ir  and kr  are 

incidence with column jc  at the non – zero 

entries ijx  and kjx  respectively, then we say 

that the rows ir  and kr  are adjacent. If jc  and 

hc are two distinct columns in )(XM  such 

that the row ir  is incidence with the columns 

jc  and hc   at the non – zero entries  ijx  and ihx

respectively (where
1,  XXxx hij ), then 

we say that jc  and hc  are adjacent columns. 

For each column c there is an inverse column 

denoted by c  such that 

)()(),()( cscececs  and cc  . The 

degree of a row ir  of )(XM  is the number of 

the columns incidence to ir and is denoted by

)deg( ir . If the row ir  is incident with at least 
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three distinct columns jc  , hc  and kc  at the non 

– zero entries ihij xx ,  and ikx  respectively,( 

where ihij xx ,  ,
1 XXxik  ), then the row 

ir  is called a branch row. If the row ir  is 

incident with only one column jc  at the non- 

zero entry ijx
1 XX  and all other entries 

of ir  are zero, then the row ir  is called isolated 

row. 

A scale in )(XM  is a finite sequence of 

form kkk rcrcrcrS k ,,,,,,, 121

112211





  , 

where ,1k  ,  jj rcs j 


)( , and 

kjcsrce jjj
j  


1),()( 11 . The starting 

row of a scale 

kkk rcrcrcrS k ,,,,,,, 121

112211





  is the 

starting row 1r of the column 1c  and the ending 

row of the scale S is the ending row kr of the 

column 1kc   and we say that S is a scale from 

1r  to kr  and S is a scale of length k for 

21  kj . If )()( SeSs  , then the scale is 

called closed scale. If the scale S is reduced and 

closed , then S is called a circuit or a cycle. If  

)(XM  has no cycle, then )(XM  is called 

a forest incidence matrix of  X – Labeled graph 

Γ. Two rows ir  and kr in )(XM  are called 

connected if there is a scale S in )(XM  

containing ir  and kr . Moreover )(XM  is 

called connected if any two rows ir  and kr  in 

)(XM are connected by a scale S. If )(XM  

is a connected  and forest , then )(XM is 

called a tree incidence matrix of X – Labeled 

graph Γ. Let   be a subgraph of  Γ, then 

)(XM is called  a subincidence matrix of 

)(XM , if the set of rows and columns of  

)(XM   are subsets of )(XM  and if c is a 

column in )(XM , then )(),( cecs  and c have 

the same meaning  in )(XM  as they do in 

)(XM . If )()(  XX MM , then 

)(XM   is called a proper subincidence 

matrix of )(XM . A component of )(XM is 

a maximal connected subincidence matrix of

)(XM . If )(XM  is a subincidence 

matrix of )(XM , and every two rows ir  and 

kr in )(XM  are joined by at least one scale S 

in )(XM , then )(XM    is called 

spanning incidence matrix  of )(XM  and 

)(XM   is called spanning tree of )(XM  

if )(XM   is spanning and tree incidence 

matrix . The inverse of )(XM is incidence 

matrix of 
1X  - labeled graph Γ. 

Lemma 3.1: If  is a connected X- Labeled 

graph, then )(XM is a connected incident 

matrix of X-Labeled graph. 

Proof: Since each row and column in )(XM

represent a vertex and an edge of 

respectively, and each edge of  with labeled 

Xx joins two vertices , so each column in 

)(XM joins two rows at the non-zero entries 

1, xx respectively. Hence )(XM is a 

connected incident matrix of X-Labeled graph. 

Lemma 3.2: If ))(( HM X

 is the incident 

matrix of X-Labeled core graph of finitely 

generated subgroup H of free group F generated 

by X with rows of degree 2 and 3 only, then 

)(Hr = .1
2

)))(((#


 HMBrr X (where 

))((.(# HMBrr X

 is the number of branch 

rows of ))(( HM X

 ). 

Proof: Since each row in )(XM represent a 

vertex of )(H , so 

 ))((.(#))(.(# HMBrrHBr X

  . Since 

1
2

))((#
)( 




 HBr
Hr , so 

.1
2

)))(((#
)( 




 HMBrr
Hr X  

Lemma 3.3: Let H be finitely generated 

subgroup of free group F generated by 

…
. 

1, 

…
. 

…
. 
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},,,{ 21 nxxxX  , then H is a subgroup of 

finite index if and only if each row of 

))(( HM X

 is a branch row of degree .2n  

Proof: Since H is a subgroup of finite index if 

and only if each vertex of )(H is a branch 

point of degree n2  if and only if each row of 

))(( HM X

 is a branch row of degree .2n  

Definition 3.4: Let  and  be X-labeled 

graphs, then the incidence matrix of the product 

of two X-Labeled graphs  and  is denoted by 

XM ( ~  ) with the set of rows

)}(),(:),{(  VvVuvu  and set of 

columns 
jijiji eeEeEeee ,&)(),(:),{( 

have the same labeled} with the non-zero 

entries ktx as in the definition of incidence 

matrices of X-labeled graphs. 

Note: In the definition2.4 above the 

columns ),( ji ee can be written in the forms

),( jie . 

Lemma 3.5: Let ))(( HM X

 , 

))(( KM X

 and ))(( KHM X 
be the 

incidence matrices of X-labeled core graphs

)(H , )(K and )( KH 

respectively, then ))(( KHM X 
may 

identified with the maximal connected 

submatrix of ))(~)(( KHM X

  . 

Proof:  See [10]. 

Definition 3.6: Let )(XM , )(XM  be the 

incidence matrices of X-labeled graphs  and 

  respectively. Then the product of )(XM  

and )(XM is denoted by )(~)(  XX MM

with the set of rows

)}(),(:),{(  RrRrrr  and set of 

columns 

jiXjXiji ccMColcMColcc ,))(()),((:{ ),( 

have the same non-zero entries }1 XXx  

Lemma3.7: XM ( ~   ) the incidence

matrix of the product of X-labeled graphs and 

  is equivalent to )(~)(  XX MM the product

of two incidence matrices )(XM and )(XM

. 

Proof:  By definitions, 3.4 and 3.6 the result 

follows. 

Corollary 3.8: Let ))(( HM X

 , 

))(( KM X

 and ))(( KHM X 
be the 

incidence matrices of X-labeled core graphs 

)(H and )(K and )( KH 

respectively. Then 

,1
2

)))(((#
)(

*





KHMBrr

KHr X

where )))(((# * KHMBrr X  is the number 

of branch rows in the maximal connected 

submatrix of ))(~)(( KHM X

  . 

Proof:  Put KH  for H in Lemma 3.2 above 

the result holds. 

4. AN ALGORITHM TO FOLD INCIDENCE
MATRICES OF X- LABELED GRAPHS 

In this section, we write an algorithm to 

change non- folded incidence matrices of X-

Labeled graphs into folded incidence matrices 

of X- labeled graphs, and then we can write a 

computer program for that folding. 

Definition 4.1: Let )(XM  be an incidence 

Matrix of X- labeled graph. If )(XM  does 

not contain  any row ir  with non zero entries 

ijx and ikx  in 
1 XX  such that ikij xx  , 

then )(XM  is called  a folded incidence 

matrix of X – Labeled graphs . 

 Example2: The incidence matrices of a non-

folded and folded X-labeled graphs in example 

1 above are as below. 

1

6

1

5

1

4

1

3

1

2

11

1

7654321

00000

00000

00000

00000

00000

000













aar

abr

abr

bbr

bar

abaar

eeeeeee

Fig 4. The non-folded incidence matrix of the X- labeled 

graph in figure 2 
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Since the row 1r has two non - zero entries a, 

so )(XM is a non- folded incidence matrix of 

X- labeled graph . Therefore the folded 

incidence matrix ))(( * HM X  of )(* H as 

below: 

1

5

1

4

1

3

1

2

11

1

654321

0000

0000

0000

000

000















abr

abr

bbr

abar

baar

eeeeee

Fig 5. The folded incidence matrix of the X- labeled graph 

in figure 3 

Lemma 4.2: If  is a folded X- Labeled 

graph, then )(XM is a folded incident matrix 

of X-Labeled graph. 

Proof:  Since each row and column in )(XM

represent a vertex and an edge of 

respectively, and each vertex of  is incident 

with at most one edge labeled Xx  , so each 

row of )(XM is incident with at most one 

column at a non-zero entry Xx  , so the result 

follows. 

     We now write down an algorithm to fold 

incidence matrices )(XM of X-labeled 

graphs. The steps of the algorithm are given as 

below:  

0) If there is no row ir with non – zero 

entries ijx , ikx or
1

ijx , 
1

ikx , such that ikij xx  ,      

and Xxx ikij , , then stop. Otherwise proceed 

to step I; 

I) (i) If there is a row ir which is incident 

with the two columns jC and kC at the two 

non-zero entries 
1

ijx and 
1

ikx such that 

11   ikij xx , Xxx ikij , , and there is a      

column gC joining the two columns jC and 

kC at the starting rows tr and hr with  non-

zero entries tgx ,
1

hgx , then split gC into 

columns gC , gC  and join gC , gC  by new row 

tr  at the non-zero entries 

)(),( gtgt CsrCer  , and then proceed to 

step (III); 

 (ii) If there is no such a row ir with non-zero 

entries 
11 , 

ikij xx such that 
11   ikij xx , 

Xxx ikij ,  with the other conditions of I(i), 

then proceed to step (II); 

II) (i) If there is a row ir with non-zero 

entries ikij xx ,  such that ikij xx  , Xxx ikij , ,          

then change the direction of the two non-zero 

entries ikij xx , and all other non-  zero 

entries lpx  such that ikijlp xxx  , and then 

return to step I(i) above; 

 (ii) If there is no such a row ir with non-zero 

entries ikij xx ,  such that 
ikij xx  , Xxx ikij , , 

then proceed step (III); 

III) If there is a row ir which is incident with 

the two columns jC and kC at the two non-zero 

entries 
1

ijx and 
1

ikx such that 
11   ikij xx ,

Xxx ikij , , and there is a scale S of length 

greater than 1joining the two columns jC and 

kC at the starting  rows tr , hr  of jC and kC at 

the non-zero entries twx ,
1

hzx  respectively, then 

adding the two rows tr , hr and getting new row 

htr ,  and then proceed to step IV; 

IV) Delete one of the two columns jC or kC

and then proceed to step V; 

V) Renumbering all rows and all columns

that we have it in step IV above, and then return 

to step (0) above.  

Lemma 4.3: If )(XM  is a connected  non- 

folded incidence Matrix of X- labeled graph, 

then the folded incidence matrix )(XM of X- 

Labeled graph is connected. 

Proof:  By applying step III of the above 

algorithm, we get two equal columns joining 

the same rows, then, by applying step (IV) of 

the above algorithm, we delete one of those two 



Wadhah S. Jassim     and     Farman Mohammad: ON INCIDENCE MATRICES OF X-LABELED GRAPHS 24 

 

columns, and we still keep the connection 

between those two rows. Hence )(XM is a 

connected folded incidence matrix of X-labeled 

graph . 

Lemma 4.4: Each time apply the algorithm 

above, we get an incidence matrix of X-labeled 

graph. 

Proof:  Each time applying step I(i), we split a 

column that joining two columns will be 

identifying by step (III), then step I(i) prevent 

the algorithm to be stop. Therefore, each time 

we get an incidence matrix of X-labeled graph. 

Lemma 4.5: Each time at least one-step of (I), 

(II) or (III) has been applied in each time return 

to step (0). 

Proof:  Let )(XM be a non-folded incidence 

matrix of X-labeled graph. 

Suppose that steps II and I have not been 

applied, then step III, should be hold. 

Otherwise, we have a folded incidence matrix 

of X-labeled graph a contradiction. 

Lemma 4.6: The algorithm must stop. 

Proof:  Since each time, we delete at least one 

column by step (IV), so after a finite time the 

algorithm must stop and have a folded 

incidence matrix of X-labeled graph . 

Lemma 4.7: Let ))(( HM X

 , ))(( KM X



and ))(( KHM X  be incidence matrices of 

X-labeled core graphs )(H , )(K and 

)( KH 
of finitely generated subgroups H, 

K and KH  respectively of free group F 

generated by },{ baX  . If all rows of 

))(( HM X

 are branch rows of degree 3 

only, then 

2)()()().()(  KrHrKrHrKHr  . 

Proof:  Without loss of generality suppose that 

all rows in ))(( HM X

 are branch  rows of 

degree 3 only. 

Let 1  be the number of branch rows of type 

b- positive, 

       2  be the number of branch rows of type 

b- negative, 

       3  be the number of branch rows of type 

a- positive, 

       4  be the number of branch rows of type 

a-negative. 

Since the branch rows of types b-positive, a-

positive and a- negative are incidence with 

exactly one column at non-zero positive entry 

b, so there are 431   columns at non-

zero positive entry b. Similarly, branch rows of 

type a-negative, b-negative, a-positive are 

incidence with exactly one column at non-zero 

negative entry b. Hence, there are 

432   columns at non-zero positive 

entry b. 

However, the number of columns with non-

zero positive b is equal the number of columns 

with non-zero negative. Since all scales are of 

length 1, so 432431   , and 

then 21   . Similarly by considering 

columns with non-zero entries a, we get

43   , and then

)(2)))(((# 31

*   HMBrr X . 

Therefore 31

*

2

)(((#
 

 HMBrr X , and 

then ,
2

)(((# * HMBrr X
i


  where 4,3,2,1i . 

Hence ,
2

)(((# *

i
X

ii

HMBrr
 


  (where 

i  is the number of corresponding type of 

branch rows of ))(( * KM X  ), and then 

i

i

X
ii

i

HMBrr
 


 



4

1

*4

1 2

)(((#
. Since 

the product of different types of branch rows is 

a row of degree at most 2, so there are at most  





4

1i

ii   branch rows in the maximal 

connected submatrix of ))((~))(( ** KMHM XX 

. Since ))(( * KHM X  is identified the 

maximal connected submatrix of

))((~))(( ** KMHM XX  , so
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4

1

* )))(((#
i

iiX KHMBrr  , and

)))(((# *
4

1

KMBrr X

i

i 


 . 

Hence 

)))(((#
2

)(((#
)))(((# *

*
* KMBrr

HMBrr
KHMBrr X

X
X 




and then 

 2)()()().()(  KrHrKrHrKHr . 

5. AN ACTION ON THE INCIDENCE MATRICES
OF X-LABELED GRAPHS 

In this section we define an action on 

the incidence matrices of X-labeled graphs 

))(( * HM X  as an algorithm to describe the 

action which was given in [1], where )(H is 

a core graph of finitely generated subgroup H 

of free group F generated by X, and we can 

generalize this action on any Incidence matrices 

of X-labeled graphs. 

The steps of the action are as below: 

(0) If there is no row ir  with non-zero 

entries 
1, 

ikij xx such that, Xxx ikij , , then 

stop. Otherwise, proceed to step I; 

(I) If there is a row ir  with non-zero entries 

1, 

ikij xx such that Xxx ikij , , then split ir
ir

in 

to two rows ir   and ir  such that ir  containing 

all non-zero ijx , and ir  contains  all non-

zero entries
1

ikx , then proceed to step II, 

(II) Delete all rows ir , which were split 

above and then proceed to step III; 

(III) Join the two new rows  ir   and ir  by a 

new column
ir

C , such that ir   is incident        

with the column 
ir

C  at the non-zero entry y and 

ir  is incident with the column 
ir

C at the non-

zero entry
1y , and then return to step (0) 

above. 

Lemma5.1: If ))(( * HM X   is a connected 

incidence matrix of X-labeled core graph

)(* H , then ))(( * HM yX  is also a connected 

incidence matrix of X-labeled core graph

)(* Hy . 

Proof:  Since we split the row ir  in the incidence 

matrix ))(( * HM X  into two rows ir   and ir 

by step (I), such that ir  consisting all positive 

non-zero entries of ir and ir  consisting all 

negative non-zero entries of ir  and then joining 

ir   and ir  by a new column 
ir

C by step (III), so 

))(( * HM yX  is also connected. 

Lemma 5.2: At each time of the algorithm, 

we get folded incidence matrices of X-labeled 

graphs. 

Proof: Since we split each row ir in 

))(( * HM X   that contains two non-zero 

entries ijx   and 
1

ikx into two rows which are 

positive row ir  and ir  , so it is impossible to get 

ijx   and 
1

ikx successively in ))(( * HM yX  . 

Lemma 5.3: The number of branch rows in 

the new incidence matrix ))(( * HM yX   are the 

same as the number of branch rows in the 

incidence matrix ))(( * HM X  , if all branch 

rows in ))(( * HM X  are of degree 3 only and 

}.,{ baX   

Proof: Since each branch row ir in 

))(( * HM X  is incident with three columns at 

three non-zero entries a, b two of them are 

positive or negative and the third column 

contains the non-zero entry (a or b) which is 

negative or positive respectively. After 

applying the action we get ))(( * HM yX  , each 

branch row ir is split into two rows ir   and ir 

by step (I), such that all columns incident with 

rows ir  are positive non-zero entries and those 

negative non-zero entries with row ir  , by 

applying step (III) one of them is of degree 3 of 

type positive or of type negative and the others 

of degree 2. 
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Hence )).(((#)))(((# ** HMBrrHMBrr XyX   

Lemma 5.4: The number of branch rows in 

the new incidence matrix of the product 

 ~))(( * HM yX  ))(( * KM yX  is the same as

the number of branch rows the product 

 ~))(( * HM X  ))(( * KM X  . If all branch 

rows of  ~))(( * HM X ))(( * KM X  are of 

degree 3 only and }.,{ baX   

Proof:  Since each scale S in the incidence 

matrices  ~))(( * HM X ))(( * KM X 

joining neighboring branch rows comes from 

the product of two scales one in ))(( * HM X   

and the other in ))(( * KM X   ( each scale may 

have several branch rows), so whatever happen 

to one of those two scales under the action 

happen to the other and also happen to the 

scales in  ~))(( * HM X ))(( * KM X  . 

Hence, the action keeps the connection in 

 ~))(( * HM yX  ))(( * KM yX  and the affect is

only on the type of the branch rows. 

Lemma 5.5: The rank of the subgroup H of a 

free group F generated by },{ baX  in the 

incidence matrices of X-labeled core graphs 

))(( * HM yX   is the same as the rank of H in 

))(( * HM X   and it is equal to 

.1
2

)))(((# *


 HMBrr yX

 

Proof:  By Lemmas 3.2 and 5.3 above the result 

follows. 

Corollary 5.6: Let ))(( * KHM X  be the 

incidence matrix of the core graph 

)(* KH   of two finitely generated 

subgroups H and K of a free group F generated 

by },{ baX  . By the action we can transform 

))(( * KHM X  in to a new incidence 

matrix )),(( * KHM yX  such that 

.1
2

)))(((#
)(

*





KHMBrr

KHr
yX

 

Proof:  By Lemmas 3.8 and 5.3 above the result 

follows. 

Lemma 5.7: The incidence matrices of the 

connected component of 

))((~))(( ** KMHM yXyX  is the same as 

the connected component of 

))(( * KHM yX  . 

Proof:  Similarly as in the proof of Lemma 5.4 

the result follows. 

Lemma 5.8: The algorithm of the incidence 

matrices of X-labeled graphs must be stop after 

a finite time. 

Proof:  Since the incidence matrices of X-

labeled graphs have a finite number of rows n 

and columns m, so we have finite number of 

splitting rows and finite number of joining 

columns. Hence, the algorithm must be stop 

after a finite time. 

We now use the action defined above 

to prove the following results of the intersection 

of finitely generated subgroups of free groups. 

Theorem 5.9: Let ))(( * HM X   and 

))(( * KM X  be two incidence matrices of X-

labeled core graphs )(* H and )(* K of 

finitely generated subgroups H and K of free 

group F generated by },{ baX  of ranks 

)(Hr and )(Kr respectively, then in each of 

the following cases Hanna Neumann conjecture 

holds. i.e 

2)()()().()(  KrHrKrHrKHr . 

i) If H or K has a finite index in F [11].

ii) If all rows of ))(( * HM X   or 

))(( * KM X  are branch rows of degree 3 only. 

iii) If all rows of ))(( * HM X   or 

))(( * KM X  are branch rows of degree 3 or 4 

only. 

Proof:  (i) Without loss of the generality suppose 

that H has finite index in F generated by

},{ baX  . Therefore by Lemma 3.3, all rows 

of ))(( * HM X  are of degree 4. 

Hence by the action on ))(( * HM X  , we 

get the numbers of positive branch rows is equal 
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to the number of negative branch rows of

))(( * HM X  . Therefore similarly as in the 

proof of Lemma 4.7 we get  

)))(((#
2

)(((#
)))(((#

*

*

*
KMBrr

HMBrr
KHMBrr yX

yX

yX 




 and then 

2)()()().()(  KrHrKrHrKHr . 

(ii) Without loss of the generality suppose 

that all rows in ))(( * HM X   are branch rows 

of degree 3 only. Now similarly as in the proof 

of Lemma 4.7 we have 21    (*) and

43    (**) , where 321 ,,   and 4

are defined as in Lemma 3.7 above. Now from 

(*) and (**), we get 4231   . 

Since b – positive branch rows and a- 

positive branch rows have two positive non- 

zero entries, so by the action defied above, both 

of them will be positive rows. Similarly for b- 

negative branch rows and a- negative branch 

rows by the action defied above, we get that b- 

negative branch rows and a- negative branch 

rows will be negative. Hence 21   , (where

21 ,   are the numbers of positive and negative 

branch rows in ))(( * HM yX  respectively). 

Therefore there are at most 2211   branch 

rows in the connected component of the core of 

))((~))(( ** KMHM yXyX  . Since, 21  

so )( 2112211   . 

Therefore,  ))(((# * KHMBrr yX
)( 211   , 

and then 

)))(((#
2

))(((#
)))(((#

*

*

*
KMBrr

HMBrr
KHMBrr yX

yX

yX 




Hence

2)()()().()(  KrHrKrHrKHr  

(iii) Without loss of the generality suppose 

that all rows in ))(( * HM X   are branch rows 

of degree 3 and 4 only. Similarly as in the proof 

of Lemma 4.7 we have 

44324431 DD  

, ( where D4 is the number of branch rows of 

degree 4) and then we get 21     )1( . 

Similarly by considering columns labeled a, 

we have 43    )2( , and from (1) and (2), 

we get  4231     )5( . 

Since branch rows of types b – positive and 

a – positive have two non- zero positive entries 

so by the action defined above, all branch rows 

of types b – positive and a – positive will be 

positive branch rows. Also branch rows of types 

b- negative and a- negative will be negative 

branch rows of degree 3.  

Since, 

44321

* )))(((# DHMBrr yX  

now let 
# be the number of positive branch 

rows of degree 3, and 
#  be the number of 

negative branch rows of degree 3. From (5) we 

get 
   ##    )6( . 

By the action defined above the branch rows 

of degree 4 will be positive branch rows 
 and 

negative branch rows
  of degree 3, and then  

   ##    )7(

From (6) and (7) we get 
   ####   )8( in ))(( * HM yX  . 

Also by the action defined above on

))(( * KM X  , we get

   ##)))(((# * KMBrr yX
, (where 

  #,# are the number of positive and 

negative branch rows in ))(( * KM yX  ). 

Therefore there are at most 

))(##(#))(##((#     branch 

rows in the connected component of 

))((~))(( ** KMHM yXyX  .Since

   #### ,so 

)#)(##(#))(##(#))(##((#   

Therefore 

 ))(((# * KHMBrr yX
)#)(##(#    , 

and then 

)))(((#
2

))(((#
)))(((#

*

*

*
KMBrr

HMBrr
KHMBrr yX

yX

yX 




Hence 2)()()().()(  KrHrKrHrKHr  
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Phaleria macrocarpa (Mahkota Dewa) is a medicinal plant species widely used by old folks for its 

medicinal values. Mass propagation for this valuable plant is necessary to fulfill its high demand without 

disturbing the rainforest biodiversity. In this study, in vitro shoot regeneration from seed of P. macrocarpa 

was established. The explant was surface sterilized with 20% Clorox and aseptic seed was sub-cultured onto 

Murashige and Skoog (MS) media supplemented with different concentrations of 6-benzyloaminopurine 

(BAP) with or without combination of 0.1 mg/L of α-naphthalene acetic acid (NAA). The appearance of 

bacteria was first seen after two days followed by fungi after 1 week of culture. The percentage of seed clean 

culture was 18.57%, followed by bacteria contamination (41.43%) and fungi contamination (40%). Hypocotyl 

was first observed in all treatments after 2 weeks in culture. Among all treatments, explant cultured on MS0 

gave the highest length of shoot (3.57±1.86). As a conclusion, all treatments successfully induced P. 

macrocarpa shoot. 

Keywords: In vitro culture, Murashige and Skoog (MS) media, 6-benzyloaminopurine (BAP), α-naphthalene acetic 

acid (NAA), Phaleria macrocarpa. 

1. INTRODUCTION

Phaleria macrocarpa is an Indonesian plant of 

family Thymelaceae. This medicinal plant is 

indigenous to Indonesia and Malaysia and is 

commonly known as God's crown, Mahkota 

Dewa or Pau (1). P. macrocarpa fruit consist of 

pericarp, mesocarp and seed. Recent study 

showed that different parts of P. macrocarpa fruit 

contain bioactive compounds such as flavonoids, 

alkaloids, polyphenols and saponins (1). 

Phenolics are secondary metabolites which are 

synthesized by plants and are utilized as UV, 

wounding and infection protectant in plants (2). 

This compound has been related to have several 

biological activities such as antioxidant, 

antimutagenic, anticarcinogenic, anti-

inflammatory and antimicrobial activities in 

human (3). The main constituents such as 

flavonoids, glycosides, saponin glycosides, 

phenolic compounds, steroids, tannins, and 

terpenoids that present in P. macrocarpa seeds 

contain bioactivities that include antibacterial, 

analgesic, antifungal, anti-inflammatory agents 

and cytotoxicity (4). P. macrocarpa has been 

widely used by the traditional folk from Indonesia 

and Malaysia to biotreat cancer, diabetes, 

common cold, viral infections, allergy problem, 

asthma, cardiovascular, high blood pressure, acne 

and insect bites (5). This plant is also believed to 

have potential to treat hypertension, diabetes, 

cancer and diuretic conditions (2) and also used to 

treat various skin diseases including acne (5). 

Therefore, due to these facts, the exploration of 

new alternative medicines derived from this plant 

is required (2). 
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Plant tissue culture relies on the fact that many 

plant cells have the ability to regenerate a whole 

plant (totipotency) (6). This technique is capable 

to regenerate and propagate plants from single 

cells, tissues and organs that is keep in controlled 

and sterile environmental conditions (7). The 

technique is widely used for genetic improvement 

of crops, rapid multiplication of plants, obtaining 

disease-free clones and also for preserving 

valuable germplasm (8). This valuable technique 

is widely recognized for its contribution in 

improvement of the crop.  

P. macrocarpa has already known as the 

medicine plant that gives many benefits to the 

health. For its potential, the demand for this 

medicine plant has greatly increase. Therefore, 

there is need for the continuous supply of raw 

materials in order to fulfill the increasing demand. 

Thus, in order to produce quality medicine 

product, the production of plant source must be 

carried out by using various strategies that include 

plant tissue culture technique. In this study, in 

vitro shoot regeneration of P. macrocarpa is 

established.  

2. MATERIALS AND METHODS
  2.1 Preparation of explant 

The fruits of P. macrocarpa was obtained from 

Forest Research Institute of Malaysia (FRIM) and 

wet markets in Kuala Pilah, Malaysia. The outer 

layer of the fruits was cleaned with wet tissues and 

was put under running tap water for 15 minutes 

before being transferred into Scott bottle.  

2.2 Surface sterilization of fruits 

Once in the laminar air flow, the fruits were 

soaked in sterile distilled water with few drops of 

Tween 20 followed by washing with sterile 

distilled water for few times. The fruits were then 

agitated in 20% of Clorox for 10 min before 

rinsing several times with sterile distilled water 

and were air dried for 10 min.  

2.3 Inoculation onto MS regeneration medium 

Seed was dissected from the fruits under 

aseptic conditions and transferred onto MS 

regeneration medium supplemented with various 

concentrations of BAP with or without NAA 

(Table 2). All cultures were maintained at 25±2 C 

with illumination powered by cool-white 

florescent light (16-h photoperiod). Cultures were 

transferred onto fresh media every 4 weeks. 

Observation was made every day for shoot 

regeneration and contamination. Cultures that 

were contaminated with bacteria or fungi is 

recorded and discarded by autoclaving. 

3. RESULTS AND DISCUSSION

  3.1 Percentage of seed clean culture after 
surface sterilisation  

Surface sterilisation is most critical part in 

plant tissue culture. This step is crucial to produce 

clean culture that is necessary to proceed for the 

next step of producing shoot multiplication and 

rooting of plantlets. In this study, the percentage 

of clean cultures and contamination by bacteria 

and fungi were recorded after 4 weeks in culture 

(Table 1). It was observed that the surface 

sterilised techniques used in this study for P. 

macrocarpa produced 18.57% clean cultures, and 

cultures contaminated by bacteria were 41.43% 

followed by fungi (40%). In most cases, bacteria 

are the frequent contaminants (9). High 

contamination rates was due to the fact that 

explant from outdoor source may contains 

pathogens that affect the viability and the growth 

of in vitro shoot (9). 

Table 1. Percentage of clean culture, bacterial and 

fungal contamination after 4th weeks in culture 

Types of 

contamination 

Number 

of explant 

Percentage 

(%) 

Clean culture 13 18.57 
Bacteria 29 41.43 
Fungus 28 40.0 

Bacteria was first seen after two days of 

culture and fungi appeared after 1 week of culture. 

The bacteria appeared as creamish white (10) 

(Figure 1B) while fungi appeared as white and 

wooly colonies (11) (Figure 1C). Bacterial and 

fungal contamination is always a major problem 

in plant tissue culture and is well documented 

(12). Their presence obstructs successful in vitro 

propagation and establishment of aseptic cultures. 

The nutrient media that is used to cultivate plant 

tissue is a good source of nutrient for microbial 

growth. With their presence, in vitro plant tissues 

will have compete for nutrient for its growth (13). 
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In addition, the presence of microbes will result in 

increased plant culture mortality, variable culture 

growth, necrosis in plant tissue, reduced shoot 

proliferation and reduced rooting (14). 

Contamination occurred in in vitro plant can 

be caused by exogenous and endogenous 

microbes. The endogenous microbes are 

embedded in the plant tissues (15) and the 

exogenous microbes may due to the unsterilized 

tool used for dissection and inoculation, and also 

improper handling of the operator. Contamination 

may also cause by insufficient sterilisation 

procedures of explants and unautoclaved of 

growth medium. Insufficient flaming of tools may 

also cause the spreading of bacterial 

contamination in plant cultures (16). Therefore, to 

reduce contamination rate, proper handling and 

precaution is important. Surface sterilisation 

technique used in this study can be improve by 

increasing the percentage of Clorox and also 

increasing the agitation time.  

3.2 The effect of BAP and NAA towards the in vitro 

shoot regeneration 

The aseptic P. macrocarpa seeds grown in 

regeneration medium started to germinate after 

two weeks in culture. The first sign of germination 

was the emergence of hypocotyls (Figure 1D), 

followed by development of leaves on the 

subsequent week. The respond of explants was 

recorded after 5 weeks in culture (Figure 2). 

Cultures responded well on all tested medium 

(Table 2).  Of all medium, T1(MS0) produced the 

highest length of shoot (3.57 ± 1.86), followed by 

T6 (MS with 0.5 mg/L BAP + 0.1 mg/L NAA; 

1.78 ± 0.92) and T5 (MS with 0.25 mg/L BAP + 

0.1 mg/L NAA; 1.73 ± 0.90). The least respond 

was observed in T2 (MS with 0.25 mg/L BAP; 

0.27 ± 0.27).  

Note: Means in a column with different small 

letters are significantly different at p≤0.05 by 

Duncan New Multiple Range Test. Each 

treatment consists of 10 replicates 

Table 2. The effect of different media treatments in shoot 

regeneration of P. macrocarpa after 5 weeks of culture in vitro.  

Treatment     BAP             NAA            Length of     

 (mg/L)  (mg/L)  shoot (cm) 

 (Mean ± SE) 

 T1  -  -  3.57 ± 1.86a 

 T2  0.25  -  0.27 ± 0.27b 

 T3  0.5  -  0.96 ± 0.64ab 

 T4  1.0  -  0.58 ± 0.39ab 

 T5  0.25  0.1  1.73 ± 0.90ab 

 T6  0.5  0.1  1.78 ± 0.92ab 

 T7  1.0  0.1  1.04 ± 0.70ab 

'Plant growth' regulators is very important for 

shoot regeneration. To test the effect of plant 

growth regulators in shoot regeneration of P. 

macrocarpa, MS supplemented with cytokinin 

(BAP) alone or combination with auxin (NAA) 

were used.  In this study, it was shown that P. 

macrocarpa produced optimum shoot length in 

MS without plant growth regulators. Previous 

study reported the used of MS supplemented with 

BAP alone at 0.25 mg/L for shoot multiplication 

of P. macrocarpa (17). The success of shoot 

regeneration using MS without growth regulators 

has been described by several studies including 

Allium ampeloprasum (18), Momordica charantia 

(19) and Cicer arietinum (20). The used of BAP 

alone for shoot regeneration for in vitro plants is 

also well documented in many plant species e.g. 

Zingiber officinale (21); Oroxylum indicum (22) 

Chlorophytum borivilianum (23) and Begonia 

pavonina (24).  

Fig 1. P. macrocarpa seeds grown in regeneration 

medium. A) Aseptic P. macrocarpa seed after inoculation 

onto regeneration medium. B) Bacterial growth was spotted 

after two days of culture. C) Appearance of fungi after 1 week 

of culture. D) Occurrence of hypocotyls after 2 weeks of 

culture 

   A                     B                        C                        D 
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Fig 2.  The effect of different media treatments in in vitro 

shoot regeneration after 5 weeks of culture.   

Many studies also reported the success of in 

vitro plant regeneration using combination of 

cytokinins and auxins (25, 26, 27, 28, 29). In this 

study, combination of BAP and NAA produced 

increased number of leaves (Figure 2). 

Unfortunately, the combination of BAP and NAA 

does not produced maximum shoot height for P. 

macrocarpa. The combination of hormones 

however, produced sizeable plantlets that suitable 

for further subculturing.  It is also noted that P. 

macrocarpa grew healthily with stable 

morphological characteristics and no hyperhydric 

shoots was observed in all treatments.   

4. CONCLUSION

P. macrocarpa is an important medicinal 

species which is needed to be conserved and 

cultivated.  The in vitro techniques reported in this 

study provides powerful tool for mass 

multiplication of this plant species. Obtaining 

clean in vitro culture is prerequisite for the 

success in plant tissue culture. It is recommended 

to explore other surface disinfectants such as 

ethanol, hydrogen peroxide, bromine water, 

mercuric chloride, silver nitrate, and antibiotics to 

produce efficient surface sterilization method of 

P. macrocarpa.  It is also concluded that MS 

without plant growth regulators is sufficient for 

shoot regeneration. However, it is recommended 

for further investigation of optimum combination 

of auxins and cytokinins for high frequency shoot 

multiplication and rooting of explants.  
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A micro grid (MG) is a small energy system capable of balancing captive supply and demand resources to 

maintain stable service within a defined boundary. It offers many benefits to both customers and utilities such 

as decreasing power consumption and losses due transmission and improving the system reliability. Its usage 

is expected to be increased considerably in the current decade due its high efficiency [1].  However, one of 

the most technical challenges facing MGs is islanding of distributed generators. Although, MGs 

conventionally use passive relays to protect them from islanding, they suffer from large non-detection zone 

(NDZ) and false tripping. Rate of change of frequency (ROCOF) relay is one of the frequently used passive 

techniques to detect loss of mains (LOM) and has the smallest non-detection zone compared with the other 

passive methods. However, it has a high possibility of false tripping due to its high sensitivity and can be 

affected by load power factor, load type, generator inertia constant, feeder length, and presence of multiple 

generators located at the MG. The current work aims to improve the ROCOF relay performance by adding a 

modification to its construction which is using voltage unbalance (VU) to prevent its nuisance tripping. The 

new relay is called the Hybrid Relay (HR). A detailed comparison between the HR and ROCOF is presented. 

Finally, the performance of HR is investigated for some other factors such as generator inertia constant, 

presence of non-linear loads to assess its suitability for MG protection 

Keywords: Micro-Grid, ROCOF relay, voltage unbalance, nonlinear loads, islanding detection. 

1. INTRODUCTION

Micro-Grids (MGs) comprise low voltage 

distribution systems with distributed energy 

sources, storage devices and controllable loads, 

which can be either connected to the main power 

network or islanded in a controlled, coordinated 

way. 

To avoid non-selective tripping of protection 

relays within the MG, the protection system of the 

MG shall permanently be capable of:  

• identifying the actual state of operation,

• Automatically defining and 

implementing new required protection settings. 

The aim of the current work is to consider both 

states of operation; interconnected and 

intentionally islanded operation, which may lead 

to some advantages such as:  

• in case of faults in the main grid, the MGs

can independently disconnect from the main grid 

and build up a coordinated and controlled state of 

operation and uninterruptedly supply power to the 

interior loads.   

• in case of faults inside the MG, only the

smallest possible part of the MG should be 

isolated to keep the rest of the MG alive, allowing 

for an ongoing power supply from the MG’s 
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generation units to both the adjacent loads and the 

main grid. 

To guarantee reliable functioning of the 

protection system, this concept requires the 

utilization of more sophisticated and more 

expensive protection devices. Therefore, new 

protection concepts shall be developed or, if 

applicable, the protection system properties shall 

be properly adjusted. For the development of 

protection concepts for MGs the following 

challenges shall be considered in particular:  

• Changes in the operating performance of

the grid, e.g. bi-directional power flows, 

• Suitability of conventional protection

practices in terms of new types of grid operation 

and phenomena  

• Nuisance tripping of relays during load

variation or presence of nonlinear loads. 

• Determination of the correct time settings

at which it should be islanded from the main grid 

in response to abnormal conditions that the utility 

may experience 

Although traditional passive islanding 

detection relays which are based on parameters 

such as frequency, rate of change of frequency 

(ROCOF) and vector shift (VS) are mostly 

employed to protect MG due their cost 

effectiveness and easiness of installation and 

maintenance, they have some common drawbacks 

such as non-detection zone (NDZ) and nuisance 

tripping of DG units due to other network events 

[2-6]. Further, [7] proves that existence of 

nonlinear within the MG may affect greatly the 

performance of these relays and increase the 

probability of their nuisance tripping. 

Based on the previous discussion, it can be 

concluded that other parameters need to be 

examined or a combination of some selected 

parameters is utilized for loss of mains (LOM) 

detection to obtain a fast, selective and reliable 

detection technique. The new islanding detection 

technique should also be able to adapt to the 

interconnection of different types of DG units. 

Some parameters have been suggested in 

literature for the detection of LOM such as 

voltage unbalance (VU), total harmonic distortion 

(THD), change of output power, power factor and 

rate of change of voltage, which suffer from some 

other drawbacks such as dependence on DG type, 

improper for all loads and have large NDZ [8-12]. 

The response of ROCOF relay during the 

presence of multiple distributed generators in MG 

for external faults, nonlinear loads and active 

power mismatches between generator and loads 

was investigated in [7].  The paper concludes that 

although the relay tripping  time directly 

proportional to the increase in active power 

mismatch, if the active power mismatch gets 

higher, the relay may not operate because of the 

slow increase in frequency and therefore, the relay 

setting should be decreased to a value that could 

sense such a disturbance.  Furthermore, careful 

consideration should be taken when the relay is 

located close to no-linear loads, which may 

contribute to its false tripping due to its harmonic 

generating nature.  Therefore, a compromise in 

the setting is required to balance between the 

security and dependability of the relay.  

The current work aims to provide a hybrid 

relay (HR) construction, which will use additional 

condition, voltage unbalance, in addition to the 

(df/dt) to solve the drawbacks of the 

aforementioned relays. Therefore, islanding 

detection can be adjusted to be faster and more 

secure to false trips even during small power 

imbalance.  The whole investigations are 

performed by Power System Computer Aided 

Design (PSCAD) software and presented in the 

following sections. 

2. MG SYSTEM AND HYBRID RELAY

MODELLING 

Fig. 1 shows the single line diagram of the MG 

used in this study. It comprises a 132 KV, 50 Hz,  

sub transmission system with short-circuit level of 

1500MVA,  represented by a Thȇvenin equivalent 

(Sub),  which feeds 33KV bus-bar through two 

parallel 132/33KV transformers. In this system, 

there are two identical synchronous generators, 

both with 10MW connected at buses 3&5. Each 

generator is equipped with HR and circuit 

breaker. The distributed generators are inserted to 

feed their loads. The distribution utility may 

provide or consume power; this depends on power 

supplied by the distributed generators. Therefore, 

the system frequency remains constant.  
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Fig 1.   Single line diagram of simulated distribution network 

The proposed HR model used in the current 

work is shown in Fig. 2. It is a combination of two 

signals, which are the "rate of frequency" and 

"voltage unbalance". The HR should calculate 

three measurements in order to operate the relay 

properly, which are the system frequency, the 

RMS voltages of any two phases of the distributed 

generator. The rate of can be calculated by 

measuring the frequency from some measured 

DG signal such as voltage, current or speed which 

is filtered to remove any noise using first order 

transfer function (1/(1+sTf)). The time constant 

Tf represents both the time constant of the filter 

and the adopted measuring window that is used to 

calculate the frequency, which is usually 2-5 

cycles. The resulting signal fr is then 

differentiated with respect to time using the block 

(df/dt) and if the final signal is greater a specified 

standard setting (β), the relay will receive the first 

signal (TSG1) required to trip the generator circuit 

breaker. The TSG1 signal represents the standard 

ROCOF relay operation. A second signal, TSG2, 

is required to complete the process which depends 

on the voltage unbalance between the DG phases 

which is compared with another specified setting 

(VU). 
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 Fig 2. Proposed hybrid relay model. 

The function of the signal TSG2 is to protect 

the network from nuisance tripping during 

transient events, which may cause sharp changes 

in the system frequency resulting in mal-operation 

of ROCOF relay. A comprehensive study of all 

MG components should be done to be able to 

adjust the proposed relay to the right settings and 

to balance between security and dependability of 

the relay. In addition, the location of the proposed 

relay within the MG should be investigated 

especially during the presence of nonlinear loads, 

which increase the level of harmonics and 

transients and may affect its operation and cause 

nuisance tripping. Therefore, simulation results 

will be done in the next section to help 

determining the setting of the proposed relay and 

improve its performance. 

3. SIMULATION STUDIES

There are some considerations, which are 

taken during the simulation as follows:  

• The governor mechanical time response

is very slow compared to proposed relay response, 

therefore, it is assumed that the governor is not 

working during the simulation time. 

• The β setting is set at 0.5 Hz/s unless

otherwise specified. 

• The islanding situation was simulated by

opening the circuit breaker CB1 installed at bus 

(2) at  t= 0.3 s. which remains open until the end 

of simulation time (t= 0.7 s). 

• For the investigation of the effect of

external fault or nonlinear load on the MG, CB1 

and CB2 are left closed during the simulation time 

3.1 Comparison Between the Response of 

Hybrid Relay and ROCOF Relay During Islanding 

In this section the effectiveness of the 

proposed HR to an islanding situation is 

investigated. Further, a detailed comparison 

between its performance and the regular ROCOF 

relay is presented. The islanding situation is 

simulated by opening the circuit breaker CB1 

which is installed between Bus (2) and Bus (3) at  

t= 0.3 s. The response times of the relays HR1 and 

HR2 are then recorded. The voltage unbalance 

setting, VU, which represents the difference 

between the RMS values of the phase voltages, is 

kept at 4%. However, careful consideration 

should be taken if the loading conditions are 
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highly unbalanced as the voltage unbalance 

parameter is designed for symmetrical loads as 

three phase motors or drives. Fig.3 shows the 

response of HR1 and HR2 during the islanding in 

terms of the opening time of the CB1, the 

instantaneous and RMS DG voltages, DG 

frequency and finally rate of change of frequency, 

df/dt, of the DG respectively.  The results of Fig. 

3 reveal that the new proposed HR is effective in 

disconnecting the two distributed generators 

effectively within 130 ms which complies with 

the utility requirements. Further, it can be 

observed that although there are big disturbances 

associated with both the generators, especially 

DG2, before the opening of the CB1 which 

increased the (df/dt) over the required setting (0.5 

Hz/s), the relay didn't respond to these 

disturbances due to the effect of the voltage 

unbalance (VU) setting which kept the generators 

working during these unwanted situation. The 

aforementioned observation can be further 

confirmed in Fig. 4 which shows the RMS values 

of two phases,  a&b,  of DG1 , the difference 

between the two values and its comparison with 

the VU setting. The results in the figure reveal that 

the voltage unbalance between the phases before 

the opening of CB1 was almost negligible. 

However, although there were some transients in 

the generator operation during its starting which 

affects the voltage unbalance, the VU setting 

which is kept at 4% of the RMS value of the phase 

voltage could prevent the relay from opening the 

CB1 as it was always greater than the difference 

between the two phases. However, after opening 

the breaker, the voltage difference between the 

two phases starts to be greater than VU 

considerably until the DG reaches its steady state 

operation and thus the relay opens. It is worth 

mentioning that the VU setting should always be 

changing according to the changes in the RMS of 

the phase voltage and not to be kept at a fixed 

constant for the relay to work effectively. The 

merits and effectiveness of the proposed HR can 

be further clarified from the results shown in Fig. 

5 where the VU setting is set to be zero and hence 

the relay will work as a regular ROCOF relay. It 

can be observed that the relay responds to the 

start-up disturbance of the generator DG2 and 

opens at t = 0.12 s before the opening of CB1 

because it is closer to the utility than DG1. 

Further, if the df/dt setting is decreased to increase 

the relay sensitivity and the NDZ, both the DGs 

will respond to any small transients in the 

generators frequencies. Moreover, it can be 

clarified from the response of DG1 that it didn’t 

open before the opening of  CB1 due to the fact 

that its response depends significantly on the 

feeder  lengths and its inertia constant which may 

and not the operation status of DG2.   

Fig 3.  Response of HR1 and HR2 to the opening of system 

circuit breaker C.B1 (Islanding situation) when the setting is 

0.5 Hz/s and VU=4%. 

The sensitivity of the HR relay is further 

examined by decreasing the VU of the relay to 

decrease the NDZ. The active power mismatch is 

changed, increase, from 10% to 90% and the df/dt 

setting is changed from 0,5 Hz/s to 0.2 Hz/sand 
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and then the relay tripping time is recorded. It is 

found by changing the VU setting from 4% to 1%, 

the tripping time doesn’t change and the relay 

trips after 130 ms from the opening of the C.B1 

for both cases. 

Fig 4. Voltage RMS values of phases, a&b, their difference 

(V_diff1) and voltage setting  (VU1). 

 Fig 5.  Response of HR1 and HR2 to the opening of system 

circuit breaker C.B1 (Islanding situation) when the setting is 

0.5 Hz/s and VU=0%. 

3.2  Effect of presence of nonlinear loads within 

the MG System 

The startup of non-linear loads and their 

harmonics contents may affect greatly the 

performance of passive relays and my lead to 

nuisance tripping. Although ROCOF relay prove 

excellent performance in terms of speed of 

response and small NDZ compared with other 

passive techniques [8], its high sensitivity to 

transients could be a disadvantage in the presence 

of non-linear loads which could suffer from 

glitches during solid state switches switching and 

commutations [7]. Further, the use of capacitors 

and harmonic filters in the front end of these loads 

could lead to unexpected overvoltage, transients 

and resonance which may further lead to false 

tripping of ROCOF relays. Further, as the usage 

of MGs is expected to be increased in the near 

future and their dependability on renewable 

resources, which are mostly non-linear, are 

increasing, a focus on the relay performance 

should be extensively evaluated during the 

presence of such loads.  

One of the common nonlinear loads, 

three-phase diode rectifier with a capacitive dc 

filters, is inserted at Bus (3) in the system of Fig. 

1, within to the MG, and the system performance 

is examined during the startup of the load. Fig. 6 

clarifies that the system frequency takes almost 5 

c to 6 cycles to stabilize and reaches its steady 

state after suspected to a glitch in the system.  

During this time the DG frequency changes 

until it reaches the steady state again and the rate 

of change of frequency responds to theses 

frequency changing and is mostly over the 

standard acceptable df/dt settings and therefore 

the ROCOF relay may operate and disconnect the 

MG. 

However, thanks to new proposed HR relay 

and the VU setting, which is set at 4% of the RMS 

value of the instantaneous phase voltage, the 

system remains stable and working and avoids 

these kinds of glitches. In addition, the system 

may respond to nonlinear loads outside the MG 

[7] which if it has high rating such as Arc 

Furnaces if the MG is close enough to these loads. 

The system status, weak or strong, also has 

significant effect on the stability of the system to 
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any transients within the system and may affect 

the relay operation if not configured or designed 

correctly. 

The results in Fig. 7 represent the system 

performance when setting the VU parameter to 

zero; i.e the HR relay is working as a regular 

ROCOF relay. The results reveal that the  

Fig 6.  Response of HR1 and HR2 to the presence of  non-

linear loads when the setting is 0.5 Hz/s and VU=4%. 

Regular ROCOF relay responds to a glitch 

happens after the 6th cycle of operation and leads 

to opening of both the relays HR1 & HR2. 

It should be noted that glitches may happen 

due to other reasons such as switching on of 

capacitors and large motors and due to power 

quality problems in the system which may happen 

frequently in rural areas and weak systems. 

Further, MG may lack good voltage regulation 

which needs high performance relays to avoid 

such kind of disturbances.    

4. CONCLUSION

The current work proposes a new hybrid 

passive relay for the protection of MGs. The relay 

is a modification of the original ROCOF relay by 

incorporating a new parameter, voltage 

unbalance, to improve its performance improve its 

Fig 7.  Response of HR1 and HR2 to the presence of non-

linear loads when the setting is 0.5 Hz/s and VU=0%. 

performance as the ROCOF relay is very sensitive 

especially for transients caused by generators start 

up and capacitor’s energizing within the MG and 

could lead to nuisance tripping of the relay. 

Further, the presence of non-linear loads such as 

variable speed drives, arc furnaces and other 

inverter-based loads are introducing more 
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transients and harmonics in the system which may 

affect the proper operation of the ROCOF relay as 

well. The paper investigates the performance of 

the proposed HR relay during the presence of 

nonlinear loads and active power mismatches 

between generator ratings and loads for different 

df/dt and VU settings.  The paper concludes that 

the VU parameter could prevent the relay from 

opening the CB1 during generator’s start-up 

which is not the case without incorporating this 

parameter, especially if the df/dt setting is 

decreased to increase the relay sensitivity and 

decreasing the NDZ, when both the DGs will 

respond to any small transients in the generators 

frequencies. It is worth mentioning that the VU 

setting should always be changing according to 

the changes in the RMS of the phase voltage and 

not to be kept at a fixed constant for the relay to 

work effectively. Moreover, the results verify that 

the HR is very effective in preserving the MG 

stability during the presence of nonlinear loads 

and avoids the effect of glitches. Finally, the HR 

operation is not affected if the active power 

mismatch gets higher and the operation time stays 

constant. 
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