African Journal of |

Biotechnology

Volume 13 Number 47, 19 November, 2014
ISSN 1684-5315

: ??4 Lfl S errerb e

A .
j?c!!:l'e-'-'.'!ﬂ‘&‘-ﬁ:ﬁ-'




ABOUT AJB

The African Journal of Biotechnology (AJB) (ISSN 1684-5315) is published weekly (one volume per year) by
AcademicJournals.

African Journal of Biotechnology (AJB), a new broad-based journal, is an open access journal that was founded
on two key tenets: To publish the most exciting research in all areas of applied biochemistry, industrial
microbiology, molecular biology, genomics and proteomics, food and agricultural technologies, and metabolic
engineering. Secondly, to provide the most rapid turn-around time possible for reviewing and publishing, and to
disseminate the articles freely for teaching and reference purposes. All articles published in AJB are peer-
reviewed.

Submission of Manuscript

Please read the Instructions for Authors before submitting your manuscript. The manuscript files should be given
the last name of the first author

Click here to Submit manuscripts online

If you have any difficulty using the online submission system, kindly submit via this email
ajb@academicjournals.org.

With questions or concerns, please contact the Editorial Office at ajp @academicjournals.org.



http://ms.academicjournals.org/

Editor-In-Chief

George Nkem Ude, Ph.D

Plant Breeder & Molecular Biologist
Department of Natural Sciences
Crawford Building, Rm 003A

Bowie State University

14000 Jericho Park Road

Bowie, MD 20715, USA

Editor

N. John Tonukari, Ph.D
Department of Biochemistry
Delta State University

PMB 1

Abraka, Nigeria

Associate Editors

Prof. Dr. AE Aboulata

Plant Path. Res. Inst., ARC, POBox 12619, Giza, Egypt

30D, El-Karama St., Alf Maskan, P.O. Box 1567,
Ain Shams, Cairo,
Egypt

Dr. S.K Das

Department of Applied Chemistry

and Biotechnology, University of Fukui,
Japan

Prof. Okoh, A. I.

Applied and Environmental Microbiology Research

Group (AEMREG),

Department of Biochemistry and Microbiology,
University of Fort Hare.

P/Bag X1314 Alice 5700,

South Africa

Dr. Ismail TURKOGLU

Department of Biology Education,
Education Faculty, Firat University,
Elazig,

Turkey

Prof T.K.Raja, PhD FRSC (UK)

Department of Biotechnology

PSG COLLEGE OF TECHNOLOGY (Autonomous)
(Affiliated to Anna University)
Coimbatore-641004, Tamilnadu,

INDIA.

Dr. George Edward Mamati
Horticulture Department,

Jomo Kenyatta University of Agriculture
and Technology,

P. O. Box 62000-00200,

Nairobi, Kenya.

Dr. Gitonga

Kenya Agricultural Research Institute,
National Horticultural Research Center,
P.O Box 220,

Thika, Kenya.




Editorial Board

Prof. Sagadevan G. Mundree
Department of Molecular and Cell Biology
University of Cape Town

Private Bag Rondebosch 7701

South Africa

Dr. Martin Fregene

Centro Internacional de Agricultura Tropical (CIAT)

Km 17 Cali-Palmira Recta
AA6713, Cali, Colombia

Prof. O. A. Ogunseitan
Laboratory for Molecular Ecology

Department of Environmental Analysis and Design

University of California,
Irvine, CA 92697-7070. USA

Dr. Ibrahima Ndoye

UCAD, Faculte des Sciences et Techniques
Departement de Biologie Vegetale

BP 5005, Dakar, Senegal.

Laboratoire Commun de Microbiologie
IRD/ISRA/UCAD

BP 1386, Dakar

Dr. Bamidele A. Iwalokun
Biochemistry Department

Lagos State University

P.M.B. 1087. Apapa — Lagos, Nigeria

Dr. Jacob Hodeba Mignouna
Associate Professor, Biotechnology
Virginia State University

Agricultural Research Station Box 9061
Petersburg, VA 23806, USA

Dr. Bright Ogheneovo Agindotan

Plant, Soil and Entomological Sciences Dept
University of Idaho, Moscow

ID 83843, USA

Dr. A.P. Njukeng

Département de Biologie Végétale
Faculté des Sciences

B.P. 67 Dschang

Université de Dschang

Rep. du CAMEROUN

Dr. E. Olatunde Farombi

Drug Metabolism and Toxicology Unit
Department of Biochemistry
University of Ibadan, Ibadan, Nigeria

Dr. Stephen Bakiamoh

Michigan Biotechnology Institute International
3900 Collins Road

Lansing, MI 48909, USA

Dr. N. A. Amusa

Institute of Agricultural Research and Training
Obafemi Awolowo University

Moor Plantation, P.M.B 5029, Ibadan, Nigeria

Dr. Desouky Abd-El-Haleem

Environmental Biotechnology Department &
Bioprocess Development Department,

Genetic Engineering and Biotechnology Research
Institute (GEBRI),

Mubarak City for Scientific Research and Technology
Applications,

New Burg-Elarab City, Alexandria, Egypt.

Dr. Simeon Oloni Kotchoni
Department of Plant Molecular Biology
Institute of Botany, Kirschallee 1,
University of Bonn, D-53115 Germany.

Dr. Eriola Betiku

German Research Centre for Biotechnology,
Biochemical Engineering Division,
Mascheroder Weg 1, D-38124,
Braunschweig, Germany

Dr. Daniel Masiga

International Centre of Insect Physiology and
Ecology,

Nairobi,

Kenya

Dr. Essam A. Zaki

Genetic Engineering and Biotechnology Research
Institute, GEBRI,

Research Areaq,

Borg El Arab, Post Code 21934, Alexandria

Egypt




Dr. Alfred Dixon

International Institute of Tropical Agriculture (lITA)
PMB 5320, Ibadan

Oyo State, Nigeria

Dr. Sankale Shompole

Dept. of Microbiology, Molecular Biology and
Biochemisty,

University of Idaho, Moscow,

ID 83844, USA.

Dr. Mathew M. Abang

Germplasm Program

International Center for Agricultural Research in the
Dry Areas

(ICARDA)

P.O. Box 5466, Aleppo, SYRIA.

Dr. Solomon Olawale Odemuyiwa
Pulmonary Research Group
Department of Medicine

550 Heritage Medical Research Centre
University of Alberta

Edmonton

Canada T6G 252

Prof. Anna-Maria Botha-Oberholster

Plant Molecular Genetics

Department of Genetics

Forestry and Agricultural Biotechnology Institute
Faculty of Agricultural and Natural Sciences
University of Pretoria

ZA-0002 Pretoria, South Africa

Dr. O. U. Ezeronye

Department of Biological Science
Michael Okpara University of Agriculture
Umudike, Abia State, Nigeria.

Dr. Joseph Hounhouigan

Maitre de Conférence

Sciences et technologies des aliments
Faculté des Sciences Agronomiques
Université d'Abomey-Calavi

01 BP 526 Cotonou

République du Bénin

Prof. Christine Rey

Dept. of Molecular and Cell Biology,

University of the Witwatersand,

Private Bag 3, WITS 2050, Johannesburg, South
Africa

Dr. Kamel Ahmed Abd-Elsalam

Molecular Markers Lab. (MML)

Plant Pathology Research Institute (PPathRl)
Agricultural Research Center, 9-Gamma St., Orman,
12619,

Giza, Egypt

Dr. Jones Lemchi
International Institute of Tropical Agriculture (lITA)
Onne, Nigeria

Prof. Greg Blatch

Head of Biochemistry & Senior Wellcome Trust
Fellow

Department of Biochemistry, Microbiology &
Biotechnology

Rhodes University

Grahamstown 6140

South Africa

Dr. Beatrice Kilel
P.O Box 1413
Manassas, VA 20108
USA

Dr. Jackie Hughes

Research-for-Development

International Institute of Tropical Agriculture (IITA)
Ibadan, Nigeria

Dr. Robert L. Brown

Southern Regional Research Center,
U.S. Department of Agriculture,
Agricultural Research Service,

New Orleans, LA 70179.

Dr. Deborah Rayfield
Physiology and Anatomy

Bowie State University
Department of Natural Sciences
Crawford Building, Room 003C
Bowie MD 20715,USA




Dr. Marlene Shehata

University of Ottawa Heart Institute
Genetics of Cardiovascular Diseases
40 Ruskin Street

K1Y-4W7, Ottawa, ON, CANADA

Dr. Hany Sayed Hafez
The American University in Cairo,

Egypt

Dr. Clement O. Adebooye
Department of Plant Science
Obafemi Awolowo University, lle-Ife
Nigeria

Dr. Ali Demir Sezer

Marmara Universitesi Eczacilik Fakiiltesi,

Tibbiye cad. No: 49, 34668, Haydarpasa, Istanbul,
Turkey

Dr. Ali Gazanchain
P.O. Box: 91735-1148, Mashhad,
Iran.

Dr. Anant B. Patel

Centre for Cellular and Molecular Biology
Uppal Road, Hyderabad 500007

India

Prof. Arne Elofsson

Department of Biophysics and Biochemistry
Bioinformatics at Stockholm University,
Sweden

Prof. Bahram Goliaei

Departments of Biophysics and Bioinformatics
Laboratory of Biophysics and Molecular Biology
University of Tehran, Institute of Biochemistry
and Biophysics

Iran

Dr. Nora Babudri

Dipartimento di Biologia cellulare e ambientale
Universita di Perugia

Via Pascoli

Italy

Dr. S. Adesola Ajayi

Seed Science Laboratory
Department of Plant Science
Faculty of Agriculture
Obafemi Awolowo University
lle-Ife 220005, Nigeria

Dr. Yee-Joo TAN

Department of Microbiology

Yong Loo Lin School of Medicine,

National University Health System (NUHS),
National University of Singapore

MD4, 5 Science Drive 2,

Singapore 117597

Singapore

Prof. Hidetaka Hori

Laboratories of Food and Life Science,
Graduate School of Science and Technology,
Niigata University.

Niigata 950-2181,

Japan

Prof. Thomas R. DeGregori
University of Houston,
Texas 77204 50189,

USA

Dr. Wolfgang Ernst Bernhard Jelkmann

Medical Faculty, University of Liibeck,
Germany

Dr. Moktar Hamdi

Department of Biochemical Engineering,
Laboratory of Ecology and Microbial Technology
National Institute of Applied Sciences and
Technology.

BP: 676. 1080,

Tunisia

Dr. Salvador Ventura

Department de Bioquimica i Biologia Molecular
Institut de Biotecnologia i de Biomedicina
Universitat Autonoma de Barcelona
Bellaterra-08193

Spain

Dr. Claudio A. Hetz

Faculty of Medicine, University of Chile
Independencia 1027

Santiago, Chile

Prof. Felix Dapare Dakora

Research Development and Technology Promotion
Cape Peninsula University of Technology,

Room 2.8 Admin. Bldg. Keizersgracht, P.O. 652,
Cape Town 8000,

South Africa




Dr. Geremew Bultosa

Department of Food Science and Post harvest
Technology

Haramaya University

Personal Box 22, Haramaya University Campus
Dire Dawa,

Ethiopia

Dr. José Eduardo Garcia
Londrina State University
Brazil

Prof. Nirbhay Kumar

Malaria Research Institute

Department of Molecular Microbiology and
Immunology

Johns Hopkins Bloomberg School of Public Health

E5144, 615 N. Wolfe Street
Baltimore, MD 21205

Prof. M. A. Awal
Department of Anatomy and Histplogy,
Bangladesh Agricultural University,

Mymensingh-2202,
Bangladesh

Prof. Christian Zwieb
Department of Molecular Biology

University of Texas Health Science Center at Tyler

11937 US Highway 271
Tyler, Texas 75708-3154
USA

Prof. Danilo Lopez-Hernandez

Instituto de Zoologia Tropical, Facultad de
Ciencias,

Universidad Central de Venezuela.

Institute of Research for the Development (IRD),
Montpellier,

France

Prof. Donald Arthur Cowan

Department of Biotechnology,

University of the Western Cape Bellville 7535
Cape Town,

South Africa

Dr. Ekhaise Osaro Frederick

University Of Benin, Faculty of Life Science
Department of Microbiology

P. M. B. 1154, Benin City, Edo State,
Nigeria.

Dr. Luisa Maria de Sousa Mesquita Pereira
IPATIMUP R. Dr. Roberto Frias, s/n 4200-465 Porto

Portugal

Dr. Min Lin

Animal Diseases Research Institute
Canadian Food Inspection Agency
Ottawa, Ontario,

Canada K2H 8P9

Prof. Nobuyoshi Shimizu
Department of Molecular Biology,
Center for Genomic Medicine

Keio University School of Medicine,
35 Shinanomachi, Shinjuku-ku
Tokyo 160-8582,

Japan

Dr. Adewunmi Babatunde Idowu
Department of Biological Sciences
University of Agriculture Abia
Abia State,

Nigeria

Dr. Yifan Dai

Associate Director of Research
Revivicor Inc.

100 Technology Drive, Suite 414
Pittsburgh, PA 15219

USA

Dr. Zhongming Zhao

Department of Psychiatry, PO Box 980126,
Virginia Commonwealth University School of

Medicine,
Richmond, VA 23298-0126,
USA

Prof. Giuseppe Novelli
Human Genetics,
Department of Biopathology,
Tor Vergata University, Rome,
Italy

Dr. Moji Mohammadi

402-28 Upper Canada Drive

Toronto, ON, M2P 1R9 (416) 512-7795
Canada




Prof. Jean-Marc Sabatier

Directeur de Recherche Laboratoire ERT-62
Ingénierie des Peptides a Visée Thérapeutique,
Université de la Méditerranée-Ambrilia
Biopharma inc.,

Faculté de Médecine Nord, Bd Pierre Dramard,
13916,

Marseille cédex 20.

France

Dr. Fabian Hoti

PneumoCarr Project
Department of Vaccines
National Public Health Institute
Finland

Prof. Irina-Draga Caruntu

Department of Histology

Gr. T. Popa University of Medicine and Pharmacy
16, Universitatii Street, lasi,

Romania

Dr. Dieudonné Nwaga
Soil Microbiology Laboratory,
Biotechnology Center. PO Box 812,

Plant Biology Department,
University of Yaoundé I, Yaoundeé,
Cameroon

Dr. Gerardo Armando Aguado-Santacruz
Biotechnology CINVESTAV-Unidad Irapuato
Departamento Biotecnologia

Km 9.6 Libramiento norte Carretera Irapuato-
Ledn Irapuato,

Guanajuato 36500

Mexico

Dr. Abdolkaim H. Chehregani
Department of Biology
Faculty of Science

Bu-Ali Sina University
Hamedan,

Iran

Dr. Abir Adel Saad

Molecular oncology

Department of Biotechnology

Institute of graduate Studies and Research
Alexandria University,

Egypt

Dr. Azizul Baten

Department of Statistics

Shah Jalal University of Science and Technology
Sylhet-3114,

Bangladesh

Dr. Bayden R. Wood

Australian Synchrotron Program

Research Fellow and Monash Synchrotron
Research Fellow Centre for Biospectroscopy
School of Chemistry Monash University Wellington
Rd. Clayton,

3800 Victoria,

Australia

Dr. G. Reza Balali

Molecular Mycology and Plant Pthology
Department of Biology

University of Isfahan

Isfahan

Iran

Dr. Beatrice Kilel
P.O Box 1413
Manassas, VA 20108
USA

Prof. H. Sunny Sun

Institute of Molecular Medicine

National Cheng Kung University Medical College
1 University road Tainan 70101,

Taiwan

Prof. Ima Nirwana Soelaiman
Department of Pharmacology
Faculty of Medicine

Universiti Kebangsaan Malaysia
Jalan Raja Muda Abdul Aziz
50300 Kuala Lumpur,

Malaysia

Prof. Tunde Ogunsanwo
Faculty of Science,

Olabisi Onabanjo University,
Ago-lwoye.

Nigeria

Dr. Evans C. Egwim

Federal Polytechnic,

Bida Science Laboratory Technology Department,
PMB 55, Bida, Niger State,

Nigeria




Prof. George N. Goulielmos
Medical School,

University of Crete

Voutes, 715 00 Heraklion, Crete,
Greece

Dr. Uttam Krishna

Cadila Pharmaceuticals limited ,
India 1389, Tarsad Road,

Dholka, Dist: Ahmedabad, Gujarat,
India

Prof. Mohamed Attia El-Tayeb Ibrahim
Botany Department, Faculty of Science at Qena,
South Valley University, Qena 83523,

Egypt

Dr. Nelson K. Ojijo Olang’o

Department of Food Science & Technology,
JKUAT P. O. Box 62000, 00200, Nairobi,
Kenya

Dr. Pablo Marco Veras Peixoto

University of New York NYU College of Dentistry
345 E. 24th Street, New York, NY 10010

USA

Prof. T E Cloete

University of Pretoria Department of
Microbiology and Plant Pathology,
University of Pretoria,

Pretoria,

South Africa

Prof. Djamel Saidi

Laboratoire de Physiologie de la Nutrition et de
Sécurité

Alimentaire Département de Biologie,

Faculté des Sciences,

Université d’Oran, 31000 - Algérie

Algeria

Dr. Tomohide Uno

Department of Biofunctional chemistry,
Faculty of Agriculture Nada-ku,

Kobe., Hyogo, 657-8501,

Japan

Dr. Ulises Urzua

Faculty of Medicine,

University of Chile Independencia 1027, Santiago,
Chile

Dr. Aritua Valentine

National Agricultural Biotechnology Center,
Kawanda

Agricultural Research Institute (KARI)

P.O. Box, 7065, Kampala,

Uganda

Prof. Yee-Joo Tan

Institute of Molecular and Cell Biology 61 Biopolis
Drive,

Proteos, Singapore 138673

Singapore

Prof. Viroj Wiwanitkit

Department of Laboratory Medicine,

Faculty of Medicine, Chulalongkorn University,
Bangkok

Thailand

Dr. Thomas Silou
Universit of Brazzaville BP 389
Congo

Prof. Burtram Clinton Fielding
University of the Western Cape
Western Cape,

South Africa

Dr. Brnci¢ (Brncic) Mladen

Faculty of Food Technology and Biotechnology,
Pierottijeva 6,

10000 Zagreb,

Croatia.

Dr. Meltem Sesli

College of Tobacco Expertise,

Turkish Republic, Celal Bayar University 45210,
Akhisar, Manisa,

Turkey.

Dr. Idress Hamad Attitalla
Omar EI-Mukhtar University,
Faculty of Science,

Botany Department,
El-Beida, Libya.

Dr. Linga R. Gutha

Washington State University at Prosser,
24106 N Bunn Road,

Prosser WA 99350-8694.




Dr Helal Ragab Moussa
Bahnay, Al-bagour, Menoufia,
Egypt.

Dr VIPUL GOHEL

DuPont Industrial Biosciences
Danisco (India) Pvt Ltd

5th Floor, Block 4B,

DLF Corporate Park

DLF Phase Il

Gurgaon 122 002

Haryana (INDIA)

Dr. Sang-Han Lee

Department of Food Science & Biotechnology,
Kyungpook National University

Daegu 702-701,

Korea.

Dr. Bhaskar Dutta
DoD Biotechnology High Performance Computing
Software Applications
Institute (BHSAI)
U.S. Army Medical Research and Materiel
Command
2405 Whittier Drive
Frederick, MD 21702

Dr. Muhammad Akram

Faculty of Eastern Medicine and Surgery,
Hamdard Al-Majeed College of Eastern Medlicine,
Hamdard University,

Karachi.

Dr. M. Muruganandam

Departtment of Biotechnology

St. Michael College of Engineering & Technology,
Kalayarkoil,

India.

Dr. Gokhan Aydin

Suleyman Demirel University,
Atabey Vocational School,
Isparta-Tiirkiye,

Dr. Rajib Roychowdhury
Centre for Biotechnology (CBT),
Visva Bharati,

West-Bengal,

India.

Dr Takuji Ohyama
Faculty of Agriculture, Niigata University

Dr Mehdi Vasfi Marandi
University of Tehran

Dr FUgen DURLU-OZKAYA
Gazi University, Tourism Faculty, Dept. of
Gastronomy and Culinary Art

Dr. Reza Yari
Islamic Azad University, Boroujerd Branch

Dr Zahra Tahmasebi Fard
Roudehen branche, Islamic Azad University

Dr Albert Magri
Giro Technological Centre

Dr Ping ZHENG
Zhejiang University, Hangzhou, China

Dr. Kgomotso P. Sibeko
University of Pretoria

Dr Greg Spear
Rush University Medical Center

Prof. Pilar Morata
University of Malaga

Dr Jian Wu
Harbin medical university , China

Dr Hsiu-Chi Cheng
National Cheng Kung University and Hospital.

Prof. Pavel Kalac
University of South Bohemia, Czech Republic

Dr Kiirsat Korkmaz
Ordu University, Faculty of Agriculture,
Department of Soil Science and Plant Nutrition

Dr. Shuyang Yu

Department of Microbiology, University of lowa
Address: 51 newton road, 3-730B BSB bldg. lowa
City, IA, 52246, USA

Dr. Binxing Li




Dr. Mousavi Khaneghah
College of Applied Science and Technology-
Applied Food Science, Tehran, Iran.

Dr. Qing Zhou

Department of Biochemistry and Molecular
Biology,

Oregon Health and Sciences University Portland.

Dr Legesse Adane Bahiru
Department of Chemistry,
Jimma University,
Ethiopia.

Dr James John

School Of Life Sciences,
Pondicherry University,
Kalapet, Pondicherry




Instructions for Author

Electronic submission of manuscripts is strongly
encouraged, provided that the text, tables, and figures are
included in a single Microsoft Word file (preferably in Arial
font).

The cover letter should include the corresponding author's
full address and telephone/fax numbers and should be in
an e-mail message sent to the Editor, with the file, whose
name should begin with the first author's surname, as an
attachment.

Article Types
Three types of manuscripts may be submitted:

Regular articles: These should describe new and carefully
confirmed findings, and experimental procedures should
be given in sufficient detail for others to verify the work.
The length of a full paper should be the minimum required
to describe and interpret the work clearly.

Short Communications: A Short Communication is suitable
for recording the results of complete small investigations
or giving details of new models or hypotheses, innovative
methods, techniques or apparatus. The style of main
sections need not conform to that of full-length papers.
Short communications are 2 to 4 printed pages (about 6 to
12 manuscript pages) in length.

Reviews: Submissions of reviews and perspectives covering
topics of current interest are welcome and encouraged.
Reviews should be concise and no longer than 4-6 printed
pages (about 12 to 18 manuscript pages). Reviews are also
peer-reviewed.

Review Process

All manuscripts are reviewed by an editor and members of
the Editorial Board or qualified outside reviewers. Authors
cannot nominate reviewers. Only reviewers randomly
selected from our database with specialization in the
subject area will be contacted to evaluate the manuscripts.
The process will be blind review.

Decisions will be made as rapidly as possible, and the
journal strives to return reviewers’ comments to authors as
fast as possible. The editorial board will re-review
manuscripts that are accepted pending revision. It is the
goal of the AJFS to publish manuscripts within weeks after
submission.

Regular articles

All portions of the manuscript must be typed double-
spaced and all pages numbered starting from the title

page.

The Title should be a brief phrase describing the contents
of the paper. The Title Page should include the authors'
full names and affiliations, the name of the corresponding
author along with phone, fax and E-mail information.
Present addresses of authors should appear as a footnote.

The Abstract should be informative and completely self-
explanatory, briefly present the topic, state the scope of
the experiments, indicate significant data, and point out
major findings and conclusions. The Abstract should be
100 to 200 words in length.. Complete sentences, active
verbs, and the third person should be used, and the
abstract should be written in the past tense. Standard
nomenclature should be used and abbreviations should
be avoided. No literature should be cited.

Following the abstract, about 3 to 10 key words that will
provide indexing references should be listed.

A list of non-standard Abbreviations should be added. In
general, non-standard abbreviations should be used only
when the full term is very long and used often. Each
abbreviation should be spelled out and introduced in
parentheses the first time it is used in the text. Only
recommended S| units should be used. Authors should
use the solidus presentation (mg/ml). Standard
abbreviations (such as ATP and DNA) need not be defined.

The Introduction should provide a clear statement of the
problem, the relevant literature on the subject, and the
proposed approach or solution. It should be
understandable to colleagues from a broad range of
scientific disciplines.

Materials and methods should be complete enough to
allow experiments to be reproduced. However, only truly
new procedures should be described in detail; previously
published procedures should be cited, and important
modifications of published procedures should be
mentioned briefly. Capitalize trade names and include the
manufacturer's name and address. Subheadings should be
used. Methods in general use need not be described in
detail.




Results should be presented with clarity and precision.
The results should be written in the past tense when
describing findings in the authors' experiments.
Previously published findings should be written in the
present tense. Results should be explained, but largely
without referring to the literature. Discussion,
speculation and detailed interpretation of data should
not be included in the Results but should be put into the
Discussion section.

The Discussion should interpret the findings in view of
the results obtained in this and in past studies on this
topic. State the conclusions in a few sentences at the end
of the paper. The Results and Discussion sections can
include subheadings, and when appropriate, both
sections can be combined.

The Acknowledgments of people, grants, funds, etc
should be brief.

Tables should be kept to a minimum and be designed to
be as simple as possible. Tables are to be typed double-
spaced throughout, including headings and footnotes.
Each table should be on a separate page, numbered
consecutively in Arabic numerals and supplied with a
heading and a legend. Tables should be self-explanatory
without reference to the text. The details of the methods
used in the experiments should preferably be described
in the legend instead of in the text. The same data should
not be presented in both table and graph form or
repeated in the text.

Figure legends should be typed in numerical order on a
separate sheet. Graphics should be prepared using
applications capable of generating high resolution GIF,
TIFF, JPEG or Powerpoint before pasting in the Microsoft
Word manuscript file. Tables should be prepared in
Microsoft Word. Use Arabic numerals to designate
figures and upper case letters for their parts (Figure 1).
Begin each legend with a title and include sufficient
description so that the figure is understandable without
reading the text of the manuscript. Information given in
legends should not be repeated in the text.

References: In the text, a reference identified by means
of an author’s name should be followed by the date of
the reference in parentheses. When there are more than
two authors, only the first author’s name should be
mentioned, followed by ‘et al’. In the event that an
author cited has had two or more works published during
the same year, the reference, both in the text and in the
reference list, should be identified by a lower case letter
like ‘a‘ and ’b* after the date to distinguish the works.

Examples:

Abayomi (2000), Agindotan et al. (2003), (Kelebeni,
1983), (Usman and Smith, 1992), (Chege, 1998;

1987a,b; Tijani, 1993,1995), (Kumasi et al., 2001)

References should be listed at the end of the paper in
alphabetical order. Articles in preparation or articles
submitted for publication, unpublished observations,
personal communications, etc. should not be included
in the reference list but should only be mentioned in
the article text (e.g., A. Kingori, University of Nairobi,
Kenya, personal communication). Journal names are
abbreviated according to Chemical Abstracts. Authors
are fully responsible for the accuracy of the references.

Examples:

Chikere CB, Omoni VT and Chikere BO (2008).
Distribution of potential nosocomial pathogens in a
hospital environment. Afr. J. Biotechnol. 7: 3535-3539.

Moran GJ, Amii RN, Abrahamian FM, Talan DA (2005).
Methicillinresistant Staphylococcus aureus in
community-acquired skin infections. Emerg. Infect. Dis.
11:928-930.

Pitout JDD, Church DL, Gregson DB, Chow BL,
McCracken M, Mulvey M, Laupland KB (2007).
Molecular epidemiology of CTXM-producing
Escherichia coli in the Calgary Health Region:
emergence  of CTX-M-15-producing isolates.
Antimicrob. Agents Chemother. 51: 1281-1286.

Pelczar JR, Harley JP, Klein DA (1993). Microbiology:
Concepts and Applications. McGraw-Hill Inc., New York,
pp. 591-603.

Short Communications

Short Communications are limited to a maximum of
two figures and one table. They should present a
complete study that is more limited in scope than is
found in full-length papers. The items of manuscript
preparation  listed above apply to  Short
Communications with the following differences: (1)
Abstracts are limited to 100 words; (2) instead of a
separate Materials and Methods section, experimental
procedures may be incorporated into Figure Legends
and Table footnotes; (3) Results and Discussion should
be combined into a single section.

Proofs and Reprints: Electronic proofs will be sent (e-
mail attachment) to the corresponding author as a PDF
file. Page proofs are considered to be the final version
of the manuscript. With the exception of typographical
or minor clerical errors, no changes will be made in the
manuscript at the proof stage.




Fees and Charges: Authors are required to pay a $650 handling fee. Publication of an article in the African Journal of

Biotechnology is not contingent upon the author's ability to pay the charges. Neither is acceptance to pay the
handling fee a guarantee that the paper will be accepted for publication. Authors may still request (in advance)
that the editorial office waive some of the handling fee under special circumstances

Copyright: © 2014, Academic Journals.

All rights Reserved. In accessing this journal, you agree that you will access the contents for your own personal use
but not for any commercial use. Any use and or copies of this Journal in whole or in part must include the customary
bibliographic citation, including author attribution, date and article title.

Submission of a manuscript implies: that the work described has not been published before (except in the form of an
abstract or as part of a published lecture, or thesis) that it is not under consideration for publication elsewhere; that if
and when the manuscript is accepted for publication, the authors agree to automatic transfer of the copyright to the
publisher.

Disclaimer of Warranties

In no event shall Academic Journals be liable for any special, incidental, indirect, or consequential damages of any
kind arising out of or in connection with the use of the articles or other material derived from the AJB, whether or
not advised of the possibility of damage, and on any theory of liability.

This publication is provided "as is" without warranty of any kind, either expressed or implied, including, but not
limited to, the implied warranties of merchantability, fitness for a particular purpose, or non-infringement.
Descriptions of, or references to, products or publications does not imply endorsement of that product or publication.
While every effort is made by Academic Journals to see that no inaccurate or misleading data, opinion or statements
appear in this publication, they wish to make it clear that the data and opinions appearing in the articles and
advertisements herein are the responsibility of the contributor or advertiser concerned. Academic Journals makes no
warranty of any kind, either express or implied, regarding the quality, accuracy, availability, or validity of the data or
information in this publication or of any other publication to which it may be linked.




African Journal of Biotechnology

Table of Contents: Volume 13 Number 47, 19 November, 2014

ARTICLES

Seed Salt-Soluble Protein Expression As Marker Of Local Medicago
Ciliaris Populations Adapted To Highly Salted Region From Algeria
(Oran Great Sebkha)

Moulai Djilali, and Fyad-lamech Fatima Zohra

Effects Of Calcium Gluconate And Ascorbic Acid On Controlling Shoot
Necrosis During Micropropagation Of Primocane-Fruiting Raspberry
(Rubus Idaeus L.) Cultivars

Fridia Amalia, Samir C. Debnath and Young Rog Yeoung

The Influence Of Soil Properties On The Development Of Cephalcia
Tannourinensis Chevin (Hym. Pamphiliidae) Infesting The Cedar
Forests In Lebanon

Nabil NEMER, Marc EL BEYROUTHY, Charbel LAHOUD, Wissem MNIF,
Issam BASHOUR and Nasri KAWAR

Changes In Growth And Nutrient Uptake In Response To Foliar
Application Of Sodium And Calcium Chloride In Cowpea Cultivars
(Vigna Unguiculata L. Walp)

Victor Desire Taffouo, Serge Ekwel Sondi, Liliane Tekam Meguekam,
Alphonse Ervé Nouck, Oscar Fotsop Wamba and Emmanuel Youmbi

Recycling Of Vinasse In Ethanol Fermentation And Application In
Egyptian Distillery Factories

Fadel, M., Abdel Nasser A. Z Ohari, M. Makawy, M. S. Hsona and A. M.
Abdel-Aziz

The Role Of Bone Marrow Derived Mesenchymal Stem Cells In Induced
Stroke

Intissar Numman Waheed, Anwar Abdul-Ameer Mohammed Karim and
Mohammad Abdul-Hadi Gali




academic]ournals

Vol. 13(47), pp. 4355-4360, 19 November, 2014
DOI: 10.5897/AJB2014.14124

Article Number: 12DD45A48611

ISSN 1684-5315

Copyright © 2014

Author(s) retain the copyright of this article
http://www.academicjournals.org/AJB

African Journal of Biotechnology

Full Length Research Paper

Seed salt-soluble protein expression as marker of local
Medicago ciliaris populations adapted to highly salted

region from Algeria (Oran Great Sebkha)

Moulai Djilali*** and Fyad-lamech Fatima Zohra®

'Genetic and Plant Breeding Laboratory, Biology Department, University of Oran, Algeria.
2Agronomy Department, University of Mascara, Algeria.

Received 25 August, 2014; Accepted 5 November, 2014

The present study estimated the diversity of seed storage salt-soluble proteins of Algerian populations
of Medicago ciliaris species, for understanding biochemical and molecular features involved in
response during plant stress adaptation. Eleven patterns of M. ciliaris populations with two moderate
sensitive ecotypes to NaCl, two reference genotypes and seven prospecting populations near and far
from a strongly salted area (Sebkha of Oran) were investigated by one dimensional electrophoresis
SDS-PAGE. The results show that the proteins profiles were very similar with 10 to 12 bands profiles
about all populations, after electrophoresis in denaturing conditions; but an 80 kDa band was visible
only on population from Sebkha origin, where the salt content in the soil is the highest one. It appears
that, this globulin protein is related to salt tolerance and could be used as SDS-AGE markers for
differentiating between tolerating and sensible M. ciliaris populations to salt stress.

Key words: Oran Great Sebkha, annual Medicago ciliaris, seed storage salt-soluble proteins, sodium dodecyl

sulfate- poly acrylamide gel electrophoresis (SDS-PAGE) markers.

INTRODUCTION

The Oran Great Sebkha is formed by a slender stratum of
water devoid of vegetation inside. It is located at 35°32'N,
00°48'E. Lands bordering this site are occupied by
private grounds, used for farming. The edges of salty lake
are used by breeders for the pasture. Before, Sebkha
which was not the object of study on vegetation does not
seem to contain a remarkable flora. It remains a halophile

vegetation compound of Sueada sp., Juncus sp. and
small bundles of Chamaeropsis humilis, and some rare
specimens of tamarisk at the level of bands (Moussa and
Saint-Martin, 2011). Presently, observation on the vegetal
species is enabling the drawing of the map of vegetation
growing around the Sebkha and shows the relationship
with salinity fluctuation. Annual medics (Medicago

*Corresponding author. E-mail: modj204p@yahoo.fr.

Author(s) agree that this article remains permanently open access under the terms of the Creative Commons Attribution License 4.0

International License

Abbreviations: MW, Molecular weight; HCA, hierarchical cluster analysis; Rf, relative mobility; SDS-PAGE, sodium dodecyl
sulfate- poly acrylamide gel electrophoresis; UPGMA, unweighted pair group method with arithmetic means.
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Table 1. Name, origin, experimental code and genotype of the different studied populations of M. ciliaris.

Pop Experimental code and Province and Origin  Latitude Longitude Altitude
genotype name (m)
P1: M. ciliaris modj1 Mascara Algeria 35°33'24.29"N 0°72'.86E 689
FA P2: M. ciliaris modj2 Mascara Algeria 35°24'0.64"N 0°7'10.06E 600
pop P3: M. ciliaris mod;j3 Bredeah Algeria 35°34'60"N 0°51'0"W 110
P7: M. ciliaris mod;j7 Ain-Tassa Algeria 35°37'22.00"N 0°55'36.25"W 300
P4:M. ciliaris modj4 35°33'28.88"N 0°50'33.95"W 81
g‘fp P5:M. ciliaris modj5 glga:rigreat Sebkha  5co3396.83"N 0°50'32.63"W 84
P6:M. ciliaris modj6 35°33'58.73"N 0°50'28.00"W 83
P8:M. ciliaris 252 ITGC Algeria 3501N 0018w 470
P9:M. ciliaris 255 ITGC Algeria 3501N 0018W 470
Ref P10:M. intertexta.ciliaris Lebanon ICARDA 33 52N 3601E 1000
pop 1G54229 Syria
P11:M. intertexta.ciliaris Lebanon ICARDA 33 52N 3601E 1000
1G54230 Syria

spp.) are predominantly selfing annual plant of the
Mediterranean region (Lesins and Lesins, 1979). They
are winter annual legumes which indicate a strong ability
to adapt to local environments. These species are of
special interest, since they form symbioses with nitrogen-
fixing bacteria and are, therefore, excellent candidates for
the low-input improvement of marginal or degraded lands
with low fertility. They are critical components of natural
ecosystems and agriculture and have recently been the
subject of several studies highlighting their benefits and
responses to cultivation in saline conditions (Abdelly et
al., 2011). Among these legume species, M. ciliaris (L.)
appeared to be more salt tolerant within a collection that
included Medicago polymorpha, Medicago truncatula and
Medicago minima, since it maintained its biomass
productivity when growing in 100 mM NaCl (Abdelly et
al., 1995). M. ciliaris species would have strong potential
to be used in the reclamation of areas, such as Sebkha
edges. Based on the fact that they were one of the
glycophyte plants that have possibility to grow under this
salt condition and were competent to improve the quality
and quantity of pasture.

M. ciliaris L. is a diploid species (2n=16) belonging to
the section of Spirocarpos subsection of Intertextae as
delimited by Heyn (1963). Understanding the genotypic
variation for salt adaptation is a key for developing
selection and breeding strategies. The main strategy
used over the past few years to improve salt tolerance in
legumes has been genotype screening and selection
(Cordovilla et al., 1995).

Thus, the objective of many studies was to explore
genotypic variation for salt tolerance using many indica-
tors of plant's health. Nevertheless, the seed storage
proteins associated with ecological data of this species
could be very promising. They are useful tools for a

preliminary investigation of genetic diversity of local
populations of M. cilaris L. In addition, Seed proteins are
classified according to their solubilities either as water-
soluble albumin, salt-soluble globulin, alcohol-soluble
prolamin, and acid-or alkaline-soluble glutelin. Seed
storage proteins include mainly globulins in legumes.
They are the dominant storage proteins in legume seeds
and account for 50 to 90% of seed proteins (Rashidah et
al., 2007). The expression of seed storage proteins is
under strict developmental regulation and represents a
powerful model system to study the regulation of gene
expression during plant development (Mehrotra et al.,
20009).

Present study deals with comparison of three pros-
pecting populations of M. ciliaris growing near the Oran
Great sebkha and four others far from it. In this way, we
examined the expression of seed salt-soluble proteins
from different populations of M. ciliaris using the cryo
precipitation technique for extraction and SDS-PAGE for
separation. This information could then be used to define
selection criteria and provide a framework for selecting
large numbers of populations that grow in all sides of
Sebkha edges.

MATERIALS AND METHODS
Plant material

The material included 11 populations of M. ciliaris; tow ecotypes
were represented on the moderate sensitive ecotypes to salt stress
from ITGC Algeria; seven were prospected near and far from the
Great Sebkha of Oran and two reference exotic genotypes
(Intertexta vir. Mcilaris) were supported from ICARDA, Syria. They
are formed in three groups of populations Table 1; faraway
population (FA pop), nearest po pulation (NE pop) to Oran Great
Sebkha and the reference population (Ref pop).
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Figure 1. Profile windows content based on software Gel Analyzer V.2010a of the reference genotype P10 (M.
intertexta. ciliaris 1G54229) with the three zones C, cathodic zone; |, intermediary zone and A, anodic zone. 1, 2,

3...14: indicated band number.

Protein extractions

Mature seeds were used for isolation seed salt-soluble proteins.
Ten seeds of each population were ground in four volumes of 1-
butanol with mortar and pestle to eliminate lipids. Protein fraction
was extracted by cryo-precipitation (Anisimova et al., 1991 modified
by Fyad-lameche, 1998).

Electrophoretic analysis (SDS-PAGE)

One-dimensional SDS-PAGE (4.5% stacking gel and 13.5%
resolving gel) was performed according to Laemmli (1970). The
electrophoresis was performed for 4 h at 150 V constant. The gels
were stained with Coomasie brilliant blue R250 and then destained
in methanol/ acetic acid. After destaining, the electrophoretic bands
were clearly visible. The electrophoresis was repeated 4 times.
Biolabs Protein Ladder was used as molecular weight marker. It is a
mixture of 12 recombinant, highly purified proteins, which resolve
into clearly identifiable sharp bands from 10 to 250 kDa (Laemmli,
1970; Sambrook et al., 2001). The 25 and 80 kDa bands have triple
the intensity of the other proteins and serve as reference indicators
(unpublished results).

Statistical analysis

A comparison of electrophoresis bands was performed based on
their thickness, their number and their mobility. The protein ladder is
intended for use as a precise size standard when performing SDS-
PAGE to calculate the molecular weight of a protein of interest. To
avoid any ambiguity, the experience was repeated 4 times and the
gels were analyzed using the computer software Gel Analyzer
V.2010a. Only the major and clearly bands in the gels were
considered for data recording. The data was recorded as presence

(1) or absence (0) of protein bands, entered in a binary matrix and
then analyzed by statistical procedures. Hierarchical -cluster
analysis (HCA), similarity and distance matrix were conducted using
DendroUPGMA (http://genomes.urv.cat/UPGMA/) applying
Jaccard’s coefficient with default settings (Garcia-Vallve et al.,
1999).

RESULTS AND DISCUSSION

All profiles were analyzed according software Gel
Analyser based on band intensity curves. Using one
profile (P11) of the two reference genotypes M. intertexta
vr.ciliaris (Figure 1), three different zones were recorded
(Figures 1 and 2); one is cathodic zone (C), the second is
intermediate (I) and the last is anodic zone (A). Each
zone contained the major and minor bands. According to
the protein ladder, their molecular weights ranged
between 60-250, 15-50 and 10-215kDa, respectively. In
addition, it was observed that protein profiles of most of
the populations were the same for the major bands.
There are many common bands among populations. But
specific bands were also observed, it was indicated by a
dark arrow (Figure 2).

The most number of bands belonged to (NEpop) popu-
lations with important intensity and profiles with least
number of bands with low intensity were related to those
of (FApop) distant populations to the Oran Great Sebkha.
They presented 15 and 13 bands, respectively. A specific
band of 80 kDa with the Rf 0.162 was present in all
nearest populations (NEpop) and it was missing in the
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Figure 2. SDS-PAGE of seed salt-soluble proteins of M. ciliaris populations with Lanes: MW, Ladder protein
(standard protein molecular weight markers); P1, M. ciliaris modj1; P2, M. ciliaris modj2; P3, M.ciliaris mod;3;
P4, M. ciliaris modj4; P5, M. ciliaris modj5; P6, M. ciliaris modj6; P7, M. ciliaris modj7; P8, M. ciliaris 252;
P9, M. ciliaris 255; P10, M. intertexta. ciliaris IG54229 ;P11, M. intertexta. ciliaris IG54230 and three zones of
migration: C, cathodic zone; |, intermediary zone; A, anodic zone.

0.01

Figure 3. UPGMA dendrogram based on binary matrix of seed
salt-soluble protein bands of M. ciliaris populations.

distant (FApop) and reference populations (Ref pop).
Fareghi et al. (2007) studied the variability between 18
genotypes of Lucerne using SDS-PAGE. They reported
16 bands related to salt-soluble proteins.

Based on cluster analysis by UPGMA method (Figure
3) populations were classified into three groups. The first
group consisted of 3 genotypes (P1, P2 and P7), the

second group included five genotypes (P3, P8, P9, P10
and P11) and the third group consisted three genotypes
(P4, P5, P6). Similarity and distance matrix based on
Jaccard coefficient were shown in Tables 2 and 3. The
highest similarity and minimum genetic distance
belonged to each intra groups with similarity coefficient 1.
The lowest similarity and highest genetic distance were
observed between first group and third group with
similarity coefficient 0.867. They are the distant and close
populations to the Oran Great Sebkha, respectively.
These two last groups have important similarity with
reference group, moderate genetic distance with
similarity coefficient 0.933 and 0.929, respectively.

These results confirmed the output dendrogram
demonstrated with Phylip
format:(((P1:0.000,P2:0.000):0.000,P7:0.000):0.051,((((P
3:0.000,P8:0.000):0.000,P9:0.000):0.000,P10:0.000):0.00
0,P11:0.000):0.033,((P4:0.000,P5:0.000):0.000,P6:0.000)
:0.033):0.018); According the output dendrogram, the
three groups were clearly separated (Figure 3).

In addition, we observed that the distant populations to
Oran Great Sebkha were differed than the tow moderate
sensitive ecotypes M. ciliaris 252 and 255 by the low
intensity of band, although variation was observed in the
density or sharpness of a few bands. This indicates that,
the salt-soluble protein fractions, such as globulins,
should be used for studying the relationship of the seeds
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Table 2. Similarity matrix computed with Jaccard coefficient for seed salt-soluble proteins of studied populations of M. ciliaris.
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P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11
P1 1 1.000 0.929 0.867 0.867 0.867 1.000 0.929 0.929 0.929 0.929
P2 1 0.929 0.867 0.867 0.867 1.000 0.929 0.929 0.929 0.929
P3 1 0.933 0.933 0.933 0.929 1.000 1.000 1.000 1.000
P4 1 1.000 1.000 0.867 0.933 0.933 0.933 0.933
P5 1 1.000 0.867 0.933 0.933 0.933 0.933
P6 1 0.867 0.933 0.933 0.933 0.933
P7 1 0.929 0.929 0.929 0.929
P8 1 1.000 1.000 1.000
P9 1 1.000 1.000
P10 1 1.000
P11 1
Table 3. Distance matrix based on Jaccard coefficient.
P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11

P1 0 0.000 0.071 0.133 0.133 0.133 0.000 0.071 0.071 0.071 0.071
P2 0 0.071 0.133 0.133 0.133 0.000 0.071 0.071 0.071 0.071
P3 0 0.067 0.067 0.067 0.071 0.000 0.000 0.000 0.000
P4 0 0.000 0.000 0.133 0.067 0.067 0.067 0.067
P5 0 0.000 0.133 0.067 0.067 0.067 0.067
P6 0 0.133 0.067 0.067 0.067 0.067
P7 0 0.071 0.071 0.071 0.071
P8 0 0.000 0.000 0.000
P9 0 0.000 0.000
P10 0 0.000
P11 0

and their environmental origin. Previously, Hedrick et al.
(1976) demonstrated, that the genetic variation between
and within populations is considered as a result of the
environmental heterogeneity and the action of natural
selection. Presently, Lazrek et al. (2009) investigated the
genetic diversity of a collection of annual Medicago
species and found that, it had a correlation with
environment salinity of origin of these populations.
Recently, Amouri et al. (2014) demonstrated that the
tolerant genotype to salt stress of annual Medicago
represented maximum number of total protein bands and
the sensitive corresponded minimum number of
polypeptide bands using SDS-PAGE.

Our results concluded that the material prospected
near and far from the Oran Great Sebkha exhibited
moderate genetic diversity for one dimensional SDS-
PAGE. Therefore, 2D-electrophoresis is needed to
separate various portions of the gel. This later technique
has already been used by Li et al. (1998) and they
reported their usefulness. These techniques can be
applied to studies of storage proteins in other seeds as
well as non-seed storage proteins. Krochko and Bewley

(1998) used the two-dimensional electrophoresis to
determine the composition of seed storage protein
fractions in alfalfa. They found that the major seed
storage proteins in alfalfa are medicagin (a legumin-like
globulin), alfin (a vicilin-like globulin) and a family of lower
molecular weight (albumins). These comprise 30, 10, and
20%, respectively; of the total extractable protein from
mature seeds. Kaviani and Kharabian (2008) demon-
strated that alterations in salt (fertilizers) levels in soll
could change the subunits of seed protein legumes.

In general, seed storage protein profiling based on
SDS-PAGE can be employed for various purposes such
as varietal identification, biosystematics analysis, deter-
mination of phylogenetic relationship between different
species, generating pertinent information to complement
evaluation and passport data (Sammour, 1991). Our
results corroborate these objects because we found that
seed protein fractions are power tool to identify the
adapted populations to Sebkha edges and we can use
this substantial protein fraction as molecular markers.

Furthermore, seed proteins are mainly storage proteins
and are not likely to be changed in dry mature seed; their
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composition is highly stable and is affected only slightly
by environmental conditions or seasonal fluctuations
(Ladizinsky and hymowitz, 1979). Previously, numerous
studies in the last decade have shown that intrinsic
changes in the plant such as chromosomal rearrange-
ments or even doubling of chromosome numbers have
no, or very small, effects on seed protein profile. The
seed storage proteins are encoded by small fraction of
the genes expressed in seeds and their expression is
regulated at transcriptional, post-transcriptional, transla-
tional and post-translational levels (Mehrotra et al., 2009).
A precise knowledge about seed protein genes, their
regulatory mechanisms and the proteomic approaches
can help us to resolve a part of relationship between
grain salt-soluble proteins and the adaptation to salt
conditions.

Conclusion

This study demonstrates that populations from Oran
Great Sebkha edges seem to express a higher level of
protein production than distant p, the more expression of
seed salt-soluble proteins. It may be concluded that
hybridization between populations from the two groups is
suggested to be conducted with the expectation that
band 80 KDa and other minor bands might be linked with
salt stress adaptation. This would help in planning
experiments for marker assisted breeding in M. ciliaris.
The obtained results also allow us to direct the choice of
the sites of collections for the future prospecting and the
choice of parents according to the fixed objectives
(crossing, selection, gene candidates etc).
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In vitro shoot necrosis is a quite widespread disorder affecting raspberry micropropagation. This study
was conducted to investigate effects of calcium gluconate and ascorbic acid on shoot necrosis and
dieback of raspberry shoots during micropropagation. Nodal segments of primocane-fruiting raspberry
cultivars ‘Allgold’, ‘Erika’, and ‘Polka’ when cultured on Murashige and Skoog (MS) medium containing
0.6 mg-L'l 6-benzyladenine (BA) and 1 g-L'l calcium gluconate, showed lower explant browning and
shoot necrosis and resulted in higher shoot initiation rate in all three cultivars. Ascorbic acid, at 50 and
100 mg-L'l, increased fresh weight of microshoots of all three cultivars. Although culture medium
containing calcium gluconate was found to reduce shoot growth and multiplication of ‘Allgold’ and
‘Erika’ compared to control, an addition of 1 g-L'l calcium gluconate into MS medium containing 0.6
mg-L'l BA, at shoot induction stage, is recommended to prevent explants browning and shoot necrosis

during raspberry micropropagation.

Key words: Explant dieback, nodal culture, shoot multiplication, tissue culture.

INTRODUCTION

Raspberries (Rubus idaeus L.) are traditionally
propagated using adventitious buds that arise laterally on
cold-treated root cuttings. In the 1980’s, micropropaga-
tion was introduced as an option in raspberry propagation
(Privé and Sullivan, 1991). The use of tissue culture
propagation has increased by years as it can produce
disease-free plants with rapid and uniform growth. The

micropropagated plants spread faster and produce
enhanced vegetative growth promoting early establish-
ment and production in the field (Debnath et al., 2012).
However, the in vitro establishment of raspberry
cultivars is still problematic (Wu et al., 2009). One of the
most important problems in raspberry micropropagation
is the rapid browning, necrosis, and dieback of the
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Table 1. Medium compositions tested in raspberry micropropagation.

Medium supplement substances

Medium - 1 - - 1
Calcium gluconate (g-L™) Ascorbic acid (mg-L™)

Control 0 0

1 0.5 0

2 1 0

3 0 50

4 0 100

explants. These problems are partly caused by oxidation
of polyphenols which are abundant in raspberry
(Mederos-Molina and Trujillo, 1999) and/or by calcium
deficiency that occurs during shoot initiation of culture
(Abousalim and Mantell, 1994). Other reasons of shoot
necrosis during micropropagation include drop of pH of
the culture medium, prolonged subculture, and low tem-
perature for the shoot growth (De Block, 1990).

Raspberries are rich in phenols and the phenolic
content varies among cultivars (Liu et al., 2002). Phenolic
substances, especially oxidized phenols, generally have
negative effect on plant micropropagation (Arnaldos et
al., 2001). These phenolic compounds are responsible for
browning of the culture medium followed by subsequent
lethal necrosis of explants (Ozyigit, 2008). The darkening
or browning of the medium in tissue culture is caused by
exudation and oxidation of phenolic compounds which
results in the formation of quinones which are highly
reactive and toxic to plant tissues (Ko et al., 2009).
Ascorbic acid has been known as a phenol exudation
inhibitor (Gil et al., 1998) and used as a medium
supplement to decrease the symptoms of necrosis or
browning leading to dieback of explants in various plant
species (Ko et al.,, 2009). Ascorbic acid acts as an
antibrowning agent in tissue culture by inhibiting the
formation of strongly-oxidizing quinones and by inhibiting
the activity of phenolases (Chikezie, 2012).

Another problem associating with browning and
necrosis of shoots during in vitro culture is calcium
deficiency. Calcium deficiency in plant can result from
limited uptake of calcium ion and inadequate transport,
because calcium is not remobilized or non-translocatable
(Hepler, 2005). Smaller amount of calcium supply during
in vitro culture is caused by low transpiration rate due to
high humidity in the culture vessel and can introduce
undesirable anions.

Addition of supplemental calcium into culture medium
has been proved to decrease the necrosis and dieback of
explants in micropropagation of some plant species.
Calcium chloride added into MS (Murashige and Skoog,
1962) medium in range of 50-100 mg-L™" efficiently pre-
vented necrosis and dieback of shoots of banana and
plantains (Martin et al., 2007). De Block (1990) sugges-
ted the use of calcium gluconate instead of calcium
chloride or other calcium salts to increase calcium levels

in the medium without changing the concentrations of
other ions. Calcium gluconate, an organic form of
calcium, effectively reduced frequencies of shoot tip
necrosis in pistachio shoot cultures although it did not
prevent the occurrence of symptoms (Abousalim and
Mantell, 1994).

The objective of this work was to evaluate the
effectiveness of ascorbic acid and calcium gluconate in
eliminating tissue browning of three primocane-fruiting
raspberry cultivars. The emphasis is particularly focused
on the use of suitable substance concentration to
decrease explant browning and shoot necrosis during
raspberry micropropagation.

MATERIALS AND METHODS
Plant materials

Primocane-fruiting raspberry cultivars ‘Aligold’, ‘Erika’, and ‘Polka’
were grown in the greenhouse using drip irrigation under 10-12 h
photoperiod (10-12 day h) at approximately 250 pmoles-m?-s™
photosynthetic photon flux density (PPFD) at 22-25°C with 65-75%
relative humidity. Standard cultural practices including spraying
fungicide were applied when needed to keep the plants healthy.

Culture initiation and subculture

Ten-centimeter long actively growing apical shoots with removal of
leaves, collected from healthy plants were washed under running
tap water for 15 min and then surface-sterilized in a 1% (v/v) NaOCI
solution containing few drops of Tween-20 for 15 min followed by
rinsing four times in sterile distilled water. Nodal segments (0.5-1
cm-long) were excised aseptically and cultured in 25 x 200 mm
glass vials containing 12 mL MS medium supplemented with 30
g-L™ sucrose, 8 g-L™* agar, 0.6 mg-L™ 6-benzyladenine (BA), and
two kinds of supplement substances calcium gluconate and
ascorbic acid. Five treatments consisting of control (0.6 mg-L™* BA),
0.6 mg-L™ BA + calcium gluconate (0.5 and 1 g-L™), and 0.6 mg-L™
BA + ascorbic acid (50 and 100 mg-L™) were used in a completely
randomized design with 10 replications (Table 1). Each replication
consisted of 20 tubes and each tube contained one explant. The pH
of medium was adjusted to 5.7 prior to autoclaving at 121°C for 15
min. Cultures were maintained at 23 +2°C, recommended by Isac
and Popescu (2009) for raspberry micropropagation, under a
constant lighting with a PPFD of = 27 pmol-m™-s™ at culture level
provided by fluorescent lamps (36 W) and subcultured every 30
days onto the same medium for shoot initiation and multiplication.
After 30 days of culture, 2-5 cm-long shoots were separated, the



Amalia et al. 4363

Figure 1. Primocane-fruiting raspberry micropropagation. A, Bud formation of ‘Aligold’
‘Erika’ and ‘Polka’ respectively (from left to right), 10 days after initation of culture on
MS medium containing 0.6 mg-L™* BA and 1 g-L™ calcium gluconate (scale =1 : 1.25).
B. Shoot cluster and basal callus formation within 39 days of culture initiation on MS
medium containing 0.6 mg-L™* BA and 1 g-L™* calcium gluconate in ‘Erika’ (scale =1:
1.25). C. explant browning of ‘Allgold’ during shoot induction stage on MS medium
containing 0.6 mg-L™ BA (panel; scale = 1 : 1). D. shoot clusters of ‘Erika’ at shoot

multiplication stage on MS medium containing 0.6 mg-L™* BA and 1 g-L™ calcium
gluconate after 30 days of culture (scale =1 : 1.8). E. Rootted shoots of ‘Allgold’ after

30-45 days of culture on MS medium containing 1.0 mg-L™* IBA (scale = 1 : 7).

leaves were removed, and the stem segments (3-5 cm-long) were
transferred into 330-ml light transparent polycarbonate jars
containing 100 ml of similar medium used in initiation culture. The
treatments then were arranged in incomplete randomized block
design, block as replication, where the experimental unit was
obtained from survived shoots in previous culture. The replicates
were made by considering the amount of the survived shoots from
previous culture in each treatment. Transferred explants developed
new shoots within 30 days of culture. In subsequent subcultures
during the next 30 days, the number of shoots increased
substantially.

Rooting and acclimatization

Well-grown shoot clusters were seperated and cultured in 330 ml
light transparent polycarbonate jars containing 100 mL of half-
strength MS medium supplemented with 1 mgeL" Indole-3-butyric
acid (IBA) for rooting. Each vial contained five explants and there
were ten vials per treatment. Rooted shoots were removed from
tissue culture after 30-45 days, rinsed free of tissue culture medium,
and planted in plug trays containing peat moss + vermiculite (1:1
v/v) (Nongwoo Bio Co., Ltd., Korea). Trays were kept in a growth
chamber at 23 +2°C, covered with transparent plastic covers and
gradually acclimatized to ambient humidity. After three weeks, the
plants were moved into pots (14 cm-diamater, and 14 cm-deep,
equivalent to 1.5 L) and placed in a greenhouse exposed to 10-12 h
photoperiod (PPFD = 250 pmoles-m?.s™) at 22 - 25°C with 50-65%
relative humidity. The survival rate of potted plants was recorded at

one month after transfer in greenhouse.

Data collection and statistical analysis

Data were recorded for each treatment on percentage of explant
browning, shoot initiation, and shoot necrosis after 30 days of
culture. Observation was also done on shoot necrosis percentage,
shoot number, and fresh shoot weight (g) per explant after 60 days
of culture initiation. Data were subjected to analysis of variance with
the SAS statistical software package (Release 9.0, SAS Institute,
Inc., Cary, N.C.). Duncan’s multiple range test was used to
compare treatment means at P < 0.05.

RESULTS

Nodal segment of three cultivars formed buds within 10-
14 days of culture. This response might be attributed to
the pre-existing meristems available in the nodal seg-
ments. Shoot initiation on ‘Erika’ explants was observed
within 10 days of culture while ‘Allgold’ and ‘Polka’ took
12-14 days for shoot initiation (Figure 1A). Analysis of
variance indicated that browning explants (30 days),
shoot initiation rate (30 days), and survived shoots (60
days) were different among treatments (Tables 2a and b).
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Table 2a. Effects of cultivar and medium composition in raspberry micropropagation

on explant browning (30 days).

Browning explant (%)

Medium

‘Allgold’ ‘Erika’ ‘Polka’
Control 42.5+0.04° 27.5 +0.08° 57.5 +0.04°
1 30.0 £ 0.02° 25.0 + 0.08" 32.5+0.13"
2 17.5 + 0.05° 45+0.11° 17.5 + 0.05°
3 27.5+0.12° 37.5+0.02" 35.0+0.11°
4 45.0 + 0.05° 62.5 + 0.02¢ 40.0 + 0.15°

Mean separation within columns and factors by Duncan’s multiple range test; P < 0.05.
Means associated with different lower-case letters signify significant differences.

Table 2b. Effects of cultivar and medium composition in raspberry micropropagation on shoot initiation rate (30 days) and survived

shoots (60 days).

Shoot initiation rate (%)

Survived shoots (%)

Medium

‘Allgold’ ‘Erika’ ‘Polka’ ‘Allgold’ ‘Erika’ ‘Polka’
Control 87.5 + 0.84™ 90.0 +0.01° 70.0 + 1.68° 85.0 + 1.19™ 88.5 + 0.65™ 65.0 + 1.19¢
1 90.0 +1.18° 100.0 £ 0.04*>  80.0 +0.04° 85.0 + 1.19™ 90.0 + 1.68° 65.0 + 2.06¢
2 100.0 £ 0.04* 100.0+0.04* 100.0 + 0.04% 100.0 + 0.042 100.0 + 0.042 100.0 + 0.042
3 87.5 + 0.84™ 82.5+0.84° 90.0 + 0.04° 77.5 + 0.84% 62.5+1.88¢ 72.5 + 1.88%
4 82.5+0.84° 70.0 + 1.19¢ 80.0 + 1.68" 62.5 + 0.84¢ 72.5+ 1.46° 77.5 + 1.19%

Mean separation within columns and factors by Duncan’s multiple range test; P < 0.05. Means associated with different lower-case letters

signify significant differences.

An addition of 1 mg-L'l calcium gluconate into MS
medium containing 0.6 mg-L'l BA at shoot induction
stage resulted in highest shoot development rate for
three cultivars. Cultivar ‘Polka’ showed the lowest
survival rate (observed at 60 days after initiation).
Clusters of 2-3 shoots per explant were developed within
30 days in all three cultivars. Nodal segments also
developed calli at the base of each explant (Figure 1B).
Browning symptoms appeared at first seven days of
culture initiation. Severe browning symptoms on the
entire parts of explants caused the death of explants that
makes them unable to generate shoot (Figure 1C).

After 30 days of culture initiation, the initiated shoots
were sub-cultured into the same medium for shoot
multiplication. The shoot necrosis symptoms appeared at
this stage. Addition of 1 g-L'l calcium gluconate was
observed to be effective in reducing frequency of shoot
necrosis (Figure 2). Despite its beneficial effect to reduce
shoot necrosis symptoms on in vitro culture, addition of
calcium gluconate resulted in slower growth of shoot and
reduced multiplication rate for cultivars, ‘Allgold’ and
‘Erika’, compared to control medium (BA 0.6 mg-L'l).
However, in ‘Polka’, addition of 1 g-L'l calcium gluconate
into culture medium reduced shoot necrosis symptoms,
but did not reduce the rate of shoot growth. Presence of
ascorbic acid at both concentration of 50 and 100 mg-L'l
in culture medium slightly prevented necrosis in ‘Polka’

and ‘Allgold, but not in ‘Erika’.

Browning symptoms and shoot necrosis showed
negative correlation with shoot initiation rate and survived
shoots. The lower explants browning and shoot necrosis
resulted in higher shoot initiation rate and survived shoots
and vice versa (Figure 3). There were significant
differences on shoot number and shoot weight among
cultivars and medium compositions after 60 days of
culture (Figure 4A). Slow shoot multiplication of ‘Allgold’
and ‘Erika’ due to addition of calcium gluconate was
indicated by their lower number of shoots per explant
than the control (Figure 4A). Calcium gluconate supple-
mentation also led to lower weight of shoot on cultivar
‘Erika’ (Figure 4B). On the other hand, addition of
ascorbic acid into culture medium significantly increased
shoot weight of all cultivars. The shoot weight of ‘Polka’
was increased with increasing the concentrantion of
ascorbic acid. Shoot weight of ‘Allgold’ and ‘Erika’
increased at 50 mg-L™ ascorbic acid but decreased at a
concentration of 100 mg-L'l (Figure 4B).

After 30-45 days of culture in shoot multiplication
medium, raspberry shoot clusters were ready to transfer
onto the rooting medium. Culture shoots rooted within 30-
45 days (Figure 1E) and they were planted and main-
tained in the greenhouse. The survival rate of acclimated
planlets reached 90-95% and abnormalities in plant
development were not observed.
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Figure 2. Effects of calcium gluconate and ascorbic acid on shoot
necrosis after 60 days of culture on different culture medium
compositions. Bars associated with different low case letter show
significant difference within cultivar.
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Figure 3. Negative correlation of browning explants on shoot initiation rate (A) and shoot necrosis on survived
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Figure 4. Effects of calcium gluconate and ascorbic acid on number of shoots/explant (A) and shoot weight (B)
after 60 days of culture on different culture medium compositions. Bars associated with different low case letter
show significant difference within cultivar.
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DISCUSSION
Effects of genotype on shoot initiation rate

Raspberry cultivars used in this study required different
period to initiate shoot. Node culture of ‘Erika’ showed
shoot initiation earlier than those of ‘Polka’ and ‘Allgold'.
Plant genotype often profoundly affects explant response
to in vitro culture as proposed by Burbulis et al. (2012).
Similar observation on other raspberry cultivars was
reported by Georgieva et al. (2004) where raspberry
cultivar ‘Bulgarski Rubin’ started shoot initiation three
weeks after culture initiation while ‘Shopska Alena’
started one week later. The different responses of
raspberry cultivars in in vitro culture might be caused by
the endogenous hormonal balance in plant tissue as
mentioned by Tanaka et al. (2012) that the difference in
adventitious bud regeneration between cultivars might be
caused by differences in endogeneous hormones levels
between cultivars.

Effects of calcium gluconate on shoot necrosis and
plant growth

To eliminate shoot necrosis during micropropagation,
calcium gluconate was used in a range recommended by
preV|ous reports on same cases. The use of 0.5 and 1
gL calcium gluconate in this experiment was in
consideration with the finding of Slngha et al. (1990)
which mentioned that 0.03-3.0 g- L™ calcium gluconate
could effectively reduce shoot tip necrosis in shoot
cultures of quince. Visible symptoms of shoot necrosis in
primocane-fruiting raspberry culture showed a pale brown
necrosis developed at the tips and margins of young
leaves that spread to whole microshoots, and subse-
guently became darkened and eventually, the shoots
died. These symptoms also occurred in Pistachia
meristem culture where calcium deficiency was a
problem (Abousalim and Mantell, 1994). Calcium is a
major anion in plant cell and plays a key role in many
physiological processes in plants. Thus, calcium
deficiency could result in disturbance of metabolic
activities of growing tissues, which in turn result in growth
abnormalities such as shoot necrosis (Bairu et al., 2008).
Addition of 1 g- L™ calcium gluconate was found to be
effective to reduce frequency of explants browning and
shoot necrosis on all raspberry cultivars. Alleviation of
shoot necrosis by using calcium gluconate to increase
calcium concentration in culture medium, as in this study,
has been demonstrated in Pistachio (Pistacia vera)
(Abousalim and Mantell, 1994), where caIC|um supple-
mentation in MS medium using 1.5 and 3.0 g- L™ calcium
gluconate significantly decreased shoot tip necrosis and
increased shoot length and bud number. Despite its
benefit to reduce shoot necrosis, presence of calcium
gluconate in medium reduced shoot multiplication rate of

cultivars ‘Allgold’ and ‘Erika’. An increase of calcium salts
in medium of quince culture was reported to cause
reduction of shoot proliferation and growth (Singha et al.,
1990). Giel and Bojarczuk (2011) mentioned that small
amount of calcium salts in the growth substrate
stimulates seedling growth of rhododendron cutting, while
an excessively high calcium content of the substrate,
inhibited their growth and development.

The reduction of raspberry explant growth in cultivar
‘Allgold’ and ‘Erika’ is suggested as an indirect influence
of calcium on plant cell as proposed by Singha et al.
(1990). One of the important roles of calcium within plant
cells is to determine the structural rigidity of the cell wall.
High concentration of calcium will rigidify the cell wall and
make it less plastic resulting in slow cell division and
tissue elongation (Hepler, 2005). Thus, from this mecha—
nism, it can be assumed that elevating the ca”™
concentration could reduce shoot multiplication. How-
ever, the effects of calcium on growth and development
of plants is a complicated mechanism as ca” influences
plant growth through its role in cell wall structure, cellular
membrane system, cell division, and its interaction with
plant growth regulators (Poovaiah and Leopold, 1973) .

In this study, differential expression of shoot multi-
plication rate among genotypes of primocane-fruiting
raspberry cultivars was observed in the presence of
calcium gluconate in culture medium. These results could
be attributed to the complicated interactions between
calcium and plant hormones, which is varied among
cultivars. Santner et al. (2009) suggested that many
growth regulators (plant hormones) could potentially
affect the plant susceptibility to Ca®*. Specific growth
regulator produced at different plant tissues, cultivars and
developmental stages could potentially regulate plant
ca’ " uptake and translocation.

Effects of ascorbic acid on shoot necrosis and plant
growth

To eliminate shoot necrosis during mlcropropagatlon
ascorbic acid in a dosage of 50 and 100 mg-L was also
used in this experiment by considering recommendation
by Cassels and Minas (1983). They suggested that the
high concentration of ascorbic acid (above 50 mgeL ) is
effective to control the shoot necrosis on Pelargonium
micropropagation.

Ko et al. (2009) also mentioned that the use of ascorbic
acid was found to be effective to prevent the develop-
ment of lethal browning on tissue culture of cavendish
banana. In this study, addition of ascorbic acid in culture
medium significantly reduced explant browning and shoot
necrosis on cultivar ‘Polka’ although less effectively than
the addition of calcmm gluconate. On the other hand,
addition of 100 mg- L™ ascorbic acid resulted in higher
explant browning and shoot necrosis on cultivar ‘Erika’
compared to control medium. Different response of



raspberry cultivars to application of ascorbic acid can be
resulted from the interaction between ascorbic acid and
phenolic compounds. Ascorbic acid in high doses causes
the production of large amount of hydroxyl radicals by
reducing oxygen in the presence of transition iron and
copper (John and Borut, 2007) available in culture
medium. The large amount of hydroxyl radicals was
absorbed and quenched with the excess of phenols (Jin
and Russel, 2010) produced by cultivar ‘Polka’ while in
cultivar ‘Erika’, the production of phenols might be not
sufficient to extinguish those hydroxyl radicals. As the
level of hydroxyl radicals overcome endogenous phenolic
content in ‘Erika’, oxidative reactions might intensively
occur and lead to high level of explant browning and
necrosis (Jin and Russel, 2010).

Presence of ascorbic acid in culture medium of three
cultivars of primocane-fruiting raspberry significantly
affected the growth of cultures. The response of each
cultivar on the addition of ascorbic acid was different. In
cultivar ‘Polka’, shoot weight increased with the increase
of ascorbic acid concentration to 100 mg-L™, while in
‘Allgold’ and ‘Erika’, it increased at 50 mg-L'l ascorbic
acid and then decreased when the concentration was
100 mg-L'l. The decreased weight could be due to high
level of explants browning and necrosis in ‘Allgold’ and
‘Erika’ at 100 mg-L'l ascorbic acid. The effects of ascorbic
acid on the plant growth were previously reported in
some crops. Bathia and Ashwath (2008) found that
addition of ascorbic acid in the range of 30-480 pM into
medium could significantly promote in vitro shoot growth
of tomato. They stated that quality of regenerated shoots
could be improved by using ascorbic acid due to its
function to oxidize growth inhibitory substances produced
in tomato in vitro culture. Antioxidants including ascorbic
acid may affect morphogenic processes by providing
protection against oxidative stress (Leshem, 1988).
Addition of antioxidants into tissue culture medium also
enhances the development of isolated cells and tissues
(Khan et al., 2011).

In conclusion, the present study clearly documented
the effects of calcium gluconate and ascorbic acid on the
shoot necrosis and growth of explants in vitro from nodal
segments. Diverse responses were observed for shoot
initiation rate among primocane-fruiting raspberry culti-
vars related to calcium deficiency that induced necrosis
and dieback of explants. Generally, addition of calcium
gluconate decreased explants browning and shoot
necrosis during micropropagation of all raspberry culti-
vars used in this experiment. The decreasing explants
browning and shoot necrosis then resulted in increasing
shoot initiation rate and survived shoots. Therefore, an
addition of 1 g-L'l calcium gluconate into MS medium
containing 0.6 mg-L'l BA at shoot induction stage is
recommended to promote shoot initiation and to get more
viable shoots. We suggest this method is sui-table for
shoot multiplication without explant browning and shoot
Necrosis.
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The cedar web-spinning sawfly, Cephalcia tannourinensis (Hymenoptera: Pamphiliidae) is considered a
major defoliator of the cedar forests in Lebanon. In the early 1990’s, a severe damage of the Tannourine
Hadath El-Jebbeh cedar forest was caused by the sudden outbreak of this insect. The insect has a
complex life cycle with two types of diapause: annual diapause and multiple years diapause. The
present study aimed at studying soil characteristics and their influence on the survival and diapausing
cycles of C. tannourinensis prepupae. Different soil samples collected from three different cedars
forests in Lebanon were incubated with prepupae of C. tannourinensis under laboratory conditions. The
effect of soil origins and properties on prepupal mortality, annual diapause and multiple years diapause
cycles were analyzed. The influence of soil moisture and soil temperature on prepupal development was
studied separately through two constant temperatures and three constant soil moisture levels. Prepupal
mortality was found to be highly correlated with soil properties and types. Prepupae survived well in soil
coming from Tannourine and Bcharry followed by Chouf. However mortality was almost 100% in the two
reference soils sand and peat. Diapause cycle was strongly correlated with temperature while the effect
of moisture was mainly on the prepupal survival.

Key words: Cephalcia tannourinensis, soil moisture, soil temperature, annual diapause, multiple years
diapauses.

INTRODUCTION

Cedrus libani A. Richard (Pinaceae) is a majestic tree of treasured tree in Lebanon. Historically, it was mentioned

15 to 40 m height at maturity with innumerable scriptural in mythology and cited 75 times in the Holy Bible and is
and historical references. It is by far the most famous and used as symbol of strength and stability. References to
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the Cedars of Lebanon go as far back as the beginning of
written script and the first temple of Solomon was built
with it. In earlier times, the Cedar of Lebanon covered a
large area of Lebanon’s mountains. Thus, the cedar
became Lebanon’s national emblem and it is seen on the
Lebanese flag.

In Lebanon, C. libani is an important forest tree species
between 1000 — 2300 m and most abundant on North-
facing slopes, where the impact of radiation is less
severe, but in wetter locations it grows equally well on the
mountain sides exposed to the prevailing rain-bringing
winds (Khuri et al., 2000). Twelve (12) separate regions
are known to harbor the Cedar in Lebanon: Jabal
Qammoua forest, Wadi Jahannam in the Akkar area,
Ehden, Bcharre, Tannourine-Hadeth, Jeij in the Jbail
Mountains, and in the Jabal el-Barouk forests of the
Chouf mountains, Ain Zhalta/Bmohrain, Barouk, and
Maasser el-Chouf.

Cephalcia tannourinensis (Hymenoptera:
Pamphiliidae), the cedar web-spinning sawfly was
described as a new species by Chevin (2002). Between
1990 and 1999, the intensity had been increasing in
Tannourine-Hadath El-Jebbeh cedar forest located in
northern Lebanon and has caused intense defoliation of
over 600 ha.

The larvae feed on cedar needles and after the last
molt, they drop from the crown to the ground where they
hibernate (Nemer et al., 2005). The larval diapause can
last for more than one year; and a five year diapause was
recorded for some species within the same genus
(Gruppe, 1996). Aerial spraying with the insect growth
regulator diflubenzuron was carried out in 1999-2004
resulting in considerable suppression of the cedar web-
spinning sawfly population (Nemer and Nasr, 2004) but
for ecological reasons development of more environ-
mentally friendly techniques to manage populations are
required (Nemer et al., 2007; Abdo et al., 2008). The
danger of the spread of this insect to other cedar forests
in Lebanon and the Mediterranean region led to the
initiation of a UNEP/GEF project entitled “Integrated
Management of Cedar Forests in Lebanon in
Cooperation with Other Mediterranean Countries” that
aims to develop an action plan for integrated manage-
ment of forests including assessment of insects in cedar
forest in the Mediterranean region with particular
emphasis on the Tannourine-Hadath El-Jebbeh cedar
forest. The causes of Cephalcia outbreak in the forest of
Tannourine-Hadath El-Jebbeh are still not known. A
variety of factors may have contributed to the population
increase of C. tannourinensis during the last decade.
Climatic factors and other characteristics related to the

microhabitat of the forest ecosystem are thought to be
among the principle causes of this outbreak. Subse-
quently, it was decided to initiate the present study with
the following objectives: (i) determine the relationship
between soil properties and survival of the prepupae of
C. tannourinensis larvae as well as the annual and multi
annual diapause development of this insect and (ii)
understand the relation between soil temperatures and
soil moisture vis-a-vis the development of the prepupae
of C. tannourinensis.

MATERIALS AND METHODS
Study site

The field studies were conducted in the Tannourine cedar forest.
The cedar forest of Tannourine Hadath El-Jebbeh is located in
North Lebanon about 85 Km from Beirut. It falls between 34°12" and
34°15' of Latitude N and between 35°54’ and 35°56’ of Longitude W
from Greenwich. The altitude varies between 1,430 to 1,850 m
above sea level. The forest is physiologically positioned on a
moderately steep sloping valley composed mostly of alluvial
deposits of calcareous and basaltic deposits. The forest area is
located in the supramediterranean region with an annual rainfall
varying between 1,200 to 1,400 mm Food and Agriculture
Organization, 2003).

Laboratory studies

Effect of different soils on the development of prepupae of C.
tannourinensis

Soil sampling and analysis: Collection of soil samples and
methods of analysis were done according to Bashour and Sayegh
(2001). Composite soil samples were collected from Tannourine
cedar forest, Maasser EI-Chouf, Hadath El-Jebbeh and Bcharry
(Table 1) during the first week of July 2007, which coincided to the
period where mature larvae of C. tannourinensis dropping to the
ground and penetrating the soil. Approximately 2 kg of soil were
taken from each sampling site at a depth of 0 to 15 cm using a
hand pulled auger. Soil clods were broken down and the content
was mixed well. The composite sample was transferred to a clean
plastic bag after being labeled. The bags were closed tightly and
transported to the laboratory where each sample of soil was spread
to air dry on a clean paper sheet at room temperature. Soil
aggregates were also broken down by hand using gloves to
accelerate the drying process. After 10 days each sample was
crushed and ground to particles of uniform size using porcelain
crushers and sieved through a 2-mm sieve. Then each sample was
stored properly in a well labeled and air tight clean plastic container
for further analysis.

(i) Moisture content: Before air drying the samples, an amount of
approximately 200 g of fresh soil was taken from each bag and
transferred to a weighed metal can with a tight fitting lid; the weight
of the can and the soil was taken using a mettler balance. The cans
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Table 1. Geographic positions of the different soils samples.
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Soil Location Northing Easting Altitude (m)
T1 Tannourine, Jourit El-Akhrass 34°12'.517 35°55.699 1.768
T2 Tannourine Ain El Raha 34°12'.485 35°55'.510 1.733
M3 Maasser EI-Chouf 33° 40'.635 35° 41'.578 1.735
M4 Maasser EI-Chouf 33° 40’ .672 35° 41'.489 1.710
H1 Hadath El-Jebbeh 34° 13'.005 35° 56.001 1.756
H2 Hadath El-Jebbeh 34° 13'.001 35° 56.007 1.692
Bl Bcharry 34° 14’571 36° 02'.905 1.901

T = Tannourine; M = Maasser; H = Hadath EL-Jebbeh; B = Bcharry.

were placed in a drying oven at 110°C for a period of 24 h, cooled
in a dessicator and weighed again. Moisture content was calculated
according to the following formula:

Weight of water = Weight of air dried soil - Weight of oven dried soil

% Moisture content = (Weight of Water / Weight of oven dried soil)
x 100

(i) Organic matter content (combustion method): The oven
dried soil samples described above were placed in a furnace at
350°C for four hours. The cans were then closed tightly and
transferred into desiccators in order to cool; then were weighed
again. Organic matter content was calculated on oven dried basis
(Bashour and Sayegh, 2001).

(iii) Soil texture: The soil particle size distribution was determined
by the Bouyoucos Hydrometer Method. Fifty grams of oven dried
fine texture soil were taken from each sample and then transferred
into a baffled stirring cup; and was filled with distilled water to half
full, 15 ml of sodium hexametaphosphate (1N) was also added.
Then the mixture was stirred in an electrically driven mixer for 10
min. The stirred mixture was transferred to a settling cylinder, the
soil suspension was shaken vigorously in a back and forth manner.
After 20 s, the hydrometer was inserted into the cylinder and the
readings were taken after 40 s. This reading indicated the
percentage of clay and silt particles in the soil suspension. A
second reading was taken after 2 h for the determination of clay.
Temperature was measured and corrections were done according
to the outlined procedure in (Bashour and Sayegh, 2001).

(iv) Exchangeable cations: The exchangeable calcium (Ca),
sodium (Na), potassium (K) and magnesium (Mg) contents were
measured by taking 3 g of air dried soil from each sample and
transferring them into a plastic falcon tube. A volume of 30 ml 1.0 N
ammonium acetate were added to each sample and the mixture
was shaken on an orbital shaker for 30 min, then all the samples
were filtered and the filtrate were stored in a refrigerator at 4°C for
further analysis. Ca, Na and K were measured using an AFP 100
Flame photometer, (Biotech Engineering management Co. LTD,
U.S.A) and Mg was measured using an AA 6300 Atomic
absorbance spectrophotometer (SHIMADZU, Japan) (Bashour and
Sayegh, 2001).

(v) Micronutrients (Fe, Zn, Mn and Cu) analysis: Available
micronutrients in soil (iron, zinc, manganese and copper) were
extracted by taking about 5 g of air dried soil were taken from each
sample and transferred to a plastic falcon tube. A volume of 20 ml
of diethylenetriaminepentaacetic acid (DTPA) solution was added to

each tube. The tubes were then shaken on an orbital shaker for a
period of 30 min. and filtered using a Whatman filter paper No. 40 in
order to be measured on an AA 6300 Atomic absorbance
spectrophotometer (SHIMADZU, Japan) (Bashour and Sayegh,
2001).

(vi) Available phosphorus (P): The determination of available
phosphorus in the soils was done by placing 3 g of soil from each
air dried soil sample into a 100 ml falcon tubes. 50 ml of sodium
bicarbonate (0.5 M) were added to each tube and placed on the
shaker for 30 min. The mixtures were then filtered using a Whatman
filter paper No. 40 and a clear solution was attained. Eight drops of
Sulfuric acid (H2.SO,4 2.5 M) were added to lower soil pH. Molybdate
solution and 8 ml ascorbic acid were added, swirled and washed
with distilled water in order to remove the CO, gas and form a
complex blue color. Phosphorus was measured on an Aquamate
spectrophotometer (Thermo Electron Corporation, USA) (Bashour
and Sayegh, 2001).

(vii) Free Calcium Carbonate (CaCOs;) Content: 3 g from soil
sample were placed in 250 ml beaker, 30 ml of standardized (1.0 N)
hydrochloric acid (HCL) were added. The beakers were each
covered by a watch glass and boiled for 5 min then cooled down
and filtered using a Whatman filter paper No. 40. Phenolphthalein
indicator was added to the excess acid. The filtrates were
measured by back titration with 0.5 N sodium hydroxide (NaOH)
(Bashour and Sayegh, 2001).

(viii) pH and electric conductivity (EC): A total weight of 10 g of
each air dried soil sample were transferred into a 50 ml falcon tube,
25 ml of distilled water were added to each tube and then shaken
on an electric shaker for 30 min. The mixtures were then filtered
using a Whatman filter paper No. 41 and the pH values were
measured by a Thermo Orion pH meter model 410 A +. For
comparison to a peat moss sample (Russian made), a saturation
paste was made of 10 g. of peat and 70 ml of distilled water in a
covered beaker for a period of 24 h. Afterwards, the paste was
fitered on a Whatman filter paper No. 41 and the filtrate was
transferred to a clean 200 ml falcon tube. EC was measured using
a Mettler Toledo, M226 Conductivity meter. The readings were
preformed under constant laboratory temperature at 24°C (Bashour
and Sayegh, 2001).

(ix) Cation exchange capacity (CEC): About 1 g were taken from
each soil sample and transferred to a 200 ml falcon tube to which a
volume of 8 ml 1 N Sodium acetate (NaOAC) was added. The tubes
were shaken for 5 min on an electric shaker. Then the caps and the
sides of the tubes were washed well with NaOAC solution. The
clean tubes were centrifuged for 3 min. at a speed of 2000 rpm in a
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Durafuge 200 centrifuge (Precision, France). The supernatant was
discarded. This operation was repeated three times. Afterwards, the
samples were washed four times with 8 ml ethanol and centrifuged.
The EC of the supernatant became 40 microseimens per cm. or
even less. Then 8 ml of ammonium acetate (NH,OAC) were added
to each sample and centrifuged for 3 min, the supernatants were
collected and placed into a 50 ml volumetric flask. Sodium (Na) was
measured directly on an AFP 100 Flame photometer (Biotech
Engineering Management Co. LTD, USA) (Bashour and Sayegh,
2001).

Experimental setup

Cedar branches infested with second instar larvae of C.
tannourinensis were collected from Tannourine forest during the
month of June 2007 and brought to the laboratory where they were
placed in an incubator set at 20°C with a photoperiod of 14:10
(L:D). The larvae were allowed to mature under these conditions.
Prepupae (mature larvae) were collected once they ceased feeding
and dropped from cedar branches. The prepupae were then
transferred to the different soil types (Table 1) in addition to two
reference soil types namely peat moss (Kitexim, Kaliningrad,
Russia) and pure sand. A total weight of 40 g of soil was taken from
each soil type with the exception of peat moss where only 20 g
were taken. The soils were placed in 50 ml glass beakers. The
prepupae were placed on the top of soil and allowed to penetrate
freely in it. The beakers were then sealed with parafilm in order to
reduce evaporation and thus maintain a relatively constant
humidity. A total number of six prepupae were placed in each
beaker and each soil type was replicated three times. The total
number of soil types and origin was nine. The beakers were placed
in the incubator under a constant temperature of 20°C equal to the
average soil temperature observed in the forest of Tannourine
during the months of June and July.

Data on prepupal mortality, number of prepupae that developed
into pronymphs (complete eye development) and those into
eonymphs (absence of eye formation) were taken after 105 days.
This period is necessary for complete eye formation based on field
observations at the Tannourine cedar forest.

Statistical analysis

The experiment was a completely randomized design with one
factor, the soil origin and types. ANOVA 1 was performed and
means were separated by LSD. Correlation and linear regression
analysis were performed between the different soil factors
(moisture, nutrients, texture, etc.) and the larval mortality and the
formation of eye.

Effect of soil temperature on the development of Prepupae of
C. tannourinensis

Soil sampling

In this experiment, soils from Tannourine forest only were used
since prepupae of C. tannourinensis are known to live in these
soils. Soil samples from a previously outbreak area in the
Tannourine forest were collected in sealed plastic bags in July 2007
and directly used in the experiment to reduce humidity loss.

Experimental setup

The experiment was set as described previously in (soil sampling
and analysis/experimental setup) and each beaker was sealed with

parafilm after the prepupae were placed on top of the soil
Treatments were replicated three times and 20 prepupae were
used per treatment. Three replicates of each treatment were placed
in an incubator held at 20°C and another three replicates were
placed in an incubator held at 10°C. Data on larval mortality,
number of prepupae that developed into pronymphs (complete eye
development) and those into eonymphs (absence of eye formation)
were taken after 105 days.

Statistical analysis

The number of dead prepupae, pronymphs and eonymphs were
analyzed by t-test by comparing the means of both temperature
regimes.

Effect of soil moisture on the development of Prepupae of C.
tannourinensis

Soil sampling

Soil samples from a previous outbreak area in the Tannourine
forest were collected in July 2007. Soil moisture was adjusted to
three levels: 5, 20 and 40%. The soil moisture of the samples was
determined following the method described in experiment (soil
sampling and analysis). The adjustments of moisture were done by
either adding distilled water to the sample to reach the level
required or oven drying the samples and regulate the measurement
to reach the required moisture level.

Experimental setup

The experiment was set as described in experiment (effect of soil
temperature on the development of Prepupae of C. tannourinensis /
soil sampling) and each beaker was sealed with parafilm after the
prepupae were placed on top of the soil. Soil samples were
replicated three times with 10 prepupae in each for each moisture
level: 5, 20 and 40%. The sealed beakers were placed in an
incubator held at 20°C. Data on larval mortality, number of larvae
that developed into pronymphs (complete eye development) and
those into eonymphs (absence of eye formation) were taken after
105 days.

Statistical analysis

The design of the experiment was set as a completely randomized
design (CRD) with one factor, soil moisture. ANOVA 1 was
performed and means were separated by LSD. Linear and
nonlinear curves were determined to evaluate the relationship
between moisture levels and eonymphs.

RESULTS AND DISCUSSION

Effect of different soils on the development of
Prepupae of C. tannourinensis

The main purpose of this experiment was to study the
effect of different soil physical and chemical properties
and their influence on the development of the C.
tannourinensis prepupae conducted under stable labo-
ratory conditions (temperature, light and moisture).
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Table 2. Moisture levels and organic matter content of soil
samples (depth 15-30 cm) collected from different cedar forests in

Lebanon on June 16, 2007.

Soil sample

Moisture content

Organic matter
content (%)

(%)
Tl 20.9
T2 17.0
M3 57
M4 18.9
H1 14.5
H2 14.0
Bl 12.3
Sand 0.5

17.0
11.4
7.5
10.8
6.4
10.1
12.2
0.0

T = Tannourine; M = Maasser; H = Hadath EL-Jebbeh; B = Bcharry.

Table 3. Textural class of the different soil samples (Depth 15-30 cm) collected from different

cedar forests in Lebanon on June 16, 2007.

Soil sample Sand % Silt % Clay % Textural class
T1 26 28 46 Clay
T2 22 28 50 Clay
M3 34 36 30 Clay loam
M4 12 24 64 Clay
H1 32 24 44 Clay
H2 26 28 46 Clay
Bl 28 40 32 Clay loam

T = Tannourine; M = Maasser; H = Hadath EL-Jebbeh; B = Bcharry.

Soil origins and analysis
Moisture content

Soil samples were collected within two days during the
second week of June 2007. Soil moisture measurements
showed an elevated moisture percentage in the samples
from Tannourine forest (20.9 and 17.0%) followed by one
location in Maasser EI-Chouf (M4) (18.9%). The moisture
percentage in H1 and H2 from Hadath El-Jebbeh forest
were 14 and 14.5 %, respectively (Table 3). Soil moisture
content depended on the season and the annual
precipitation of a specific region.

Organic matter content

Soil organic matter varies between 1 and 5% in most
Lebanese arid and semi arid regions. This was not the
case in our soil samples due to the fact that the samples
were taken from cedar forests. The dense canopy of
these forests affected the soil organic matter and raises

the percentage to levels ranging between 6.4 and 17%
(Table 2).

Soil texture

The results of soil particle size distribution showed that
the soil samples from different locations are of clayey
type and can be further classified into Red Mediterranean
soil (Table 3). The clayey Mediterranean soil is charac-
terized by complex and diverse parental material with
various drainage conditions and seasonal moisture
fluctuation. The soil samples can be further classified into
Reddish Brown and Red Ferrallitic soils and they were
first described in 1930 in many Mediterranean countries
under the name of Terra-Rossa (Marcelin, 1942;
Bashour and Sayegh, 2001).

Exchangeable cations (Ca, Na, K, and Mg) analysis

The results for exchangeable cations are presented in
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Table 4. Levels of soil exchangeable cations ( K, Ca, Na, and Mg ) in the soil samples taken from different

cedar forests in Lebanon at a depth of 15 to 30 cm.

Soil sample K (mg/kg) Ca (mg/kg) Na (mg/kg) Mg (mg/kg)
T1 550 4825 155 310
T2 530 8400 113 381
M3 540 9120 145 352
M4 57 7470 163 453
H1 400 7800 136 520
H2 480 7250 113 305
Bl 530 7000 107 512

T = Tannourine; M = Maasser; H = Hadath EL-Jebbeh; B = Bcharry.

Table 5. Micronutrients (Fe, Zn, Mn and Cu) levels and soil phosphorous (NaHCOs—P) values and Calcium Carbonate percentages in
the soil samples taken in June 2007 from different cedar forests in Lebanon at a depth of 15 to 30 cm.

sasn?;)lle Fe (mg/kg) Zn (mg/kg) Mn (mg/kg) Cu (mg/kg) Phc():qur)li)gr];)us Calc(l(L:J:CZrat;;nate
T1 162.0 34 186.1 21 13 0.6
T2 30.0 2.3 59.9 1.9 10 0.9
M3 20.0 15 10.9 1.2 20 135
M4 30.0 2.0 22.3 1.8 29 1.3
H1 17.0 0.9 24.7 2.2 10 0.1
H2 20.0 11 334 2.3 7 0.1
Bl 16.0 1.4 9.0 0.9 15 12.7

T = Tannourine; M = Maasser; H = Hadath EL-Jebbeh; B = Bcharry.

table 4. Results indicate that the Tannourine soil is very
rich in potassium (K); because available K which was
extracted with NH,OAC was higher than 500 mg/kg. This
is due to the mineral types and texture of the soil which is
clayey. Clayey soils prohibit the fast leaching of K which
originates from the fresh plant and tree residues. K is
very leachable in humus or well decomposed plant
material. Similar levels of K were obtained in Hadath-El-
Jebbeh, Bcharry and one location of Maasser EI-Chouf,
where K was higher than 300 mg/kg, except for one
sample M4 from the Maasser El-Chouf cedar forest. The
low K level of M4 sample may be due to the high rainfall,
snow rates and high leaching in addition to the lack of
vegetation cover to protect soil from strong wind which
prevails in the area which blows away the fine mineral
soil particles.

Calcium (Ca) levels were higher than 3500 mg/kg in all
soil samples (Table 4); this is considered very high
according to Bashour and Sayegh (2001). The levels of
sodium (Na) in all the samples was medium/low (Table 4)
according to Bashour and Sayegh (2001). Soil Na ranged
between 100 and 150 mg/kg. Unlike other areas in
Lebanon, the Tannourine cedar forest samples belong to
a wild uncultivated soil having undisturbed profiles with

good infiltration levels, therefore salinity levels are way
below the damaging threshold and salt content in soils do
not cause problems for plant growth. Results for
magnesium (Mg) indicated that its level in the soil
samples varied between high to very high (300 and 500
mg/kg) Bashour and Sayegh (2001) (Table 4).

Micronutrients (Fe, Zn, Mn and Cu) analysis

The soil micronutrients are essential for plant growth and
are needed in minute quantities. They originate from
weathered minerals, are more soluble in acidic solutions
or acidic soils, are directly influenced by high pH, and
they are usually low in soils of arid regions especially
calcareous soils.

Results showed that the soil samples were very high in
iron (>10mg/kg) Bashour and Sayegh (2001) (Table 5).
This may be due to the nature of parent rocks and the
high levels of humus and organic matter in the soil. Also
the results of available Mn, and Cu were high in the soil.
As for the available Zinc (Zn), its level was found to be
medium in all the samples, ranging between 1.2 to 4
mg/kg.
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Table 6. Soil pH, electrical conductivity (EC) and cation exchange capacity (CEC)
values soil samples collected from different cedar forests in Lebanon.

Soil sample pH EC (uS/cm) CEC (meq/100g)
T1 8.1 539.0 47.4
T2 7.9 224.0 55.2
M3 8.1 138.6 51.3
M4 8.1 176.9 50.0
H1 7.8 105.4 51.5
H2 8.0 166.7 47.2
Bl 8.1 138.7 41.0

T = Tannourine; M = Maasser; H = Hadath EL-Jebbeh; B = Bcharry.

Available phosphorus (P)

Results of available phosphorus revealed that Maasser
El-Chouf soils have the highest levels followed by
Bcharry with 15 mg/kg, then Tannourine with 13 and 10
mg/kg in both samples and finally by Hadath El-Jebbeh
(7-10 mg/kg) the least amount of available phosphorous
which is considered sufficient for forest growth (Table 5).

Free calcium carbonate (CaCO;) content

Results of calcium carbonate analysis (Table 5) indicated
that Tannourine soils are very low in CaCO; according to
the recommended ranges Bashour and Sayegh (2001).
Results of analysis indicated that samples (M3 and M4)
collected from Maasser EI-Chouf were high in CaCO;
levels. The other five samples collected from Bcharry
and Hadeth El-Jebbeh forests were medium in CaCO;
content. Calcium carbonate affects the moisture
characteristics of soils. It can help in the formation of soil
aggregates and interferes in its particle size distribution.
Moreover, CaCO; can be considered as a soil cementing
agent helping or improving the formation of soil
aggregates.

pH and electric conductivity (EC)

Soil pH of Lebanese cedar forests was found to be
slightly basic with minute differences between the
different forests (Table 6). Electrical conductivity (EC) is
used to determine the total concentration of solutes and
therefore reflects the salinity levels of soil; it has a critical
effect on the germination and emergence stages of
seedlings. Results showed that soils of different cedar
forests have low EC as it is the case in all Lebanese
soils.

Cation exchange capacity (CEC)

CEC is defined as the number of cation adsorption sites

per unit weight of soil or the total sum of exchangeable
cations that a soil can adsorb. CEC is expressed in
centimole per kilogram (cmole/kg) of oven dried soil. CEC
values were found to be high in all forest soil samples
with minor differences between them (Table 6). A high
CEC value (>25 meqg/100 g) is a good indicator for a soil
rich in clay and organic matter content, therefore it will
hold high amounts of cations and reduce leaching
Bashour and Sayegh (2001).

Laboratory experiment with Prepupae of Cephalcia
tannourinensis

Prepupa mortality was significantly affected by soil types
(ANOVA,; F =10.827; df = 8, 26; P<0.0001) (Table 7). C.
tannourinensis prepupa survived well in soils coming
from Tannourine (T1 and T2), where the maximum
mortality was 27.8%. Prepupae have constructed an
earth cell chamber and thus protected themselves from
physical and biological disturbances. The highest
mortality was observed in soils originating from Maasser
El-Chouf (M3) and in the two reference soils, namely peat
and sand where the mortalities were 100, 77.8 and
100%, respectively. The Hadath El- Jebbeh soil (H2), the
Maasser EI-Chouf (M4) and the soil of Bcharry (Bl)
showed similar mortality rate to that of the two samples
from Tannourine (T1 and T2).

Observations showed that the high mortality in H1 was
related to an attack by Beauveria fungus at the deve-
loping prepupae. Pure sand and pure peatmoss samples
resulted in an elevated mortality rate due to the inability
of C. tannourinensis larvae to form the earth cell chamber
or loge as influenced directly by strictly reduced moisture
levels in both cases.

Correlation analysis between different soil properties
namely, pH, EC, CaCO3%, P, K, Ca, Mg, Na, Fe, Zn, Mn,
Cu, textural class, and organic matter content versus
prepupal mortality indicated that only two properties
affect prepupal survival; soil moisture and textural class
(Pearson correlation = - 0.782 for moisture and 0.791 for
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Table 7. Influence of different soils on the mortality and prepupae development of
Cephalcia tannourinensis under laboratory conditions.

Mean percentage*

Soil sample*

Mortality Pronymph Eonymph
T1 27.8% 66.7% 5.6°
T2 27.8% 66.7% 5.6°
M3 100.0° 0.0° 0.0°
M4 38.9% 61.1% 0.0°
H1 83.3b° 16.6" 0.0°
H2 38.9% 61.1% 0.0°
B1 33.3% 55.6% 11.1%
Sand 77.8° 22.0° 0.0°
Peat 100.0° 0.0° 0.0°

T = Tannourine; M = Maasser; H = Hadath EL-Jebbeh; B = Bcharry.; *The numbers are the
mean percentage of three replications. Means followed by different letters within a column
are significantly different (ANOVA, P<0.05, LSD test).
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Figure 1. Influence of different soils, soil moisture content and organic matter on the mortality of
Cephalcia tannourinensis under laboratory conditions. T = Tannourine; M = Maasser; H = Hadath EL-

Jebbeh; B = Bcharry.

texture). The relationship between prepupa mortality and
soil moisture is inversely related. The relationship
between prepupa mortality and texture was direct and
mortality increased as the soil texture changed from
clayey to clay loam, peat, and sand, respectively. The
highest mortality was seen in soils with low moisture
content; Maasser (M3), pure sand and peat, respectively
(Figure 1).

The above results demonstrated that limiting factors for
the survival of C. tannourinensis prepupae are moisture

and soil texture. Only few studies have suggested that
moisture controls diapause development directly in
arthropods (Tauber and Tauber, 1976). Some studies
indicated that water has an essential role in post-
diapause developmental phase of certain arthropods
(Danks, 1987; Tauber et al., 1998). The European corn
borer, Ostrinia nubilalis, has a two-phase diapause
process, whereby changes in photoperiod terminated
diapause but water was required to activate the neuro-
endocrine system to allow post-diapause development



Table 8. Influence of temperature on the mortality and prepupal
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development of Cephalcia tannourinensis under laboratory

conditions.
Parameter T=20°C; n=60 T=10°C; n=60
meanz SE meanz SE
Dead 4.0 + 0.00%* 5.7 +0.33°
Pronymph 9.7 +1.20° 3.7+1.20°
Eonymph 6.3+1.20° 10.7 + 0.88°

*Means followed by the same letter within a row are not statistically

different (t test).

Table 9. Influence of soil moisture on the mortality and prepupal development of Cephalcia

tannourinensis under laboratory conditions.

Parameter M =5%; n=60 M =20%; n=60 M =40%; n=60
meanz SE meanz SE meanz SE
Dead 11.3 +1.76° 5.0 + 0.57° 6.3+ 0.30%"
Pronymph 6.3+0.33a" 8.3+0.33° 5.0 + 0.00°
Eonymph 2.3+1.45° 6.7 +0.33" 8.7 +0.33°

*Means followed by different letters within a row are statistically different (ANOVA, P<0.05, LSD test).

to be completed (Beck, 1967). Some studies conducted
on tropical insects found that the presence or absence of
moisture appears to play a major role in diapause
initiation (Tauber and Tauber, 1976; Seymour, 1991).

The rate of prepupal development into eonymph was
almost the same in all soils (ANOVA; F=0.792; df = 8. 26;
P>0.05) whereas development into pronymph was
significantly different between the different soils (ANOVA;
F =9.630; df = 8. 26; P<0.0001). Pronymph was positively
correlated with the moisture factor and texture (Pearson
correlation = 0.814 for moisture and -0.812 for texture)
under the conditions of this study.

All other factors showed no correlation with the
development of pronymph. The relationship between
pronymph and moisture was positive; as soil moisture
increased from 5, 20 to 40%, respectively, the number of
pronymph also increased. The relationship between the
number of developing pronymph and texture was
inversely related. The proportion of pronymph increased
as the soil texture changed sequentially from sand, peat
clay loam to clay.

Effect of soil temperature on the development of
Prepupae of C. tannourinensis

Results show that the two studied temperatures that is,
10 and 20°C did not affect the mortality of C.
tannourinensis under laboratory conditions (Table 8). Soll
moisture was maintained constant at 18% throughout the
experiment. A high number of pronymphs was obtained

under a temperature of 20°C and was significantly
different from that at 10°C. Eonymphs were not signifi-
cantly different between the two temperature regimes
although a higher number of eonymphs was recorded in
the results at 10°C temperature. Battisti (1994a, b)
demonstrated that prolonged diapause as an eonymph
occurred in prepupae of C. arvensis just after soil
penetration at temperature below 12°C. He also found
that mature larvae that entered the soil at tempe-ratures
above 12°C changed immediately into pronymphs and
these individuals will emerge during the next spring.
These findings confirm our results in that a higher
number of pronymphs was obtained when mature larvae
were placed in soils kept at temperature of 20°C than
when placed at 10°C (Table 8).

The none significance between eonymph numbers in
both temperature regimes could be attributed to an
interaction between the temperature and soil moisture,
since soil moisture was found to be significant with both
mortality and pronymph development in the first
experiment.

Effect of soil moisture on the development of
Prepupae of C. tannourinensis

When exposed to different moisture regimes,
physiological development of C. tannourinensis larvae
showed significant differences in the number of dead,
pronymps and eonymphs (Table 9). The highest number
of dead larvae was recorded at 5% soil moisture level,
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Figure 2. Logarithmic regression between the soil moisture levels and the
number of larvae that developed into eonymphs at a constant temperature of

20°C.

and it was significantly higher from the 20 and 40% soil
moisture regime (ANOVA, F=9.41, df=2, P<0.05). These
results confirm the results of experiment 1 where a high
mortality was found in the soils with low soil moisture
content that is, M3, sand and peat moss.

Pronymphs were significantly higher in 20% soil
moisture level as compared to the other two that is,. 5
and 40% (ANOVA, F =38, df= 2, P < 0.001). These
results may be attributed to the fact that the lowest
moisture level led to highest mortally rate and therefore
the number of pronymphs was reduced. In the high
moisture level, the number of larvae entering an annual
diapause cycle was low due to the fact that a high
proportion of the larvae entered a multi-annual diapause
cycle reflected by the high number of eonymphs recorded
(8.7 £ 0.33). The second explanation may be related to
the temperature of the experimental set up which was
kept constant at 20°C. In the previous experiment a
higher number of pronymphs was obtained at 20°C as
compared to 10°C. Therefore the interaction between
temperature and soil moisture may also affect the
development of prepupae. Further experiments where
both the temperature and soil moisture are varying are
required to demonstrate the interaction effect of these
two limiting factors in the development of prepupae of C.
tannourinensis.

ANOVA analysis of eonymphs was significantly
different between the different soil moisture levels
(ANOVA, F= 13.48, df=2, P<0.01). Eonymphs numbers
were highest in soils with 40% moisture content followed
by 20 and 5% soil moisture content, respectively.

Correlation analysis between soil moisture levels and

the number of dead larvae and pronymphs respectively
were not significant. However, the number of eonymphs
was positively correlated with moisture levels (Figure 2).
Regression analysis between soil moisture levels and the
number of eonymphs was significant and is defined in the
following logarithmic equation:

Y= -2.56 + 3.06 Ln (X)

Where, Y represent the number of eonymphs and x the
soil moisture levels.

The equation is applicable only for soil moisture con-
tents below 40%. The experiment showed that at 40%
the earth cell chamber made by the prepupae of C.
tannourinensis resisted well the pressure of water.

Distribution of Prepupae in the cylinders

All pronymphs and eonymphs were present in the lower
10 cm of the plastic cylinders indicating that prepupae
preferred to go deep in the soil where soil moisture
content would be greater than in the upper soil layers of
the cylinders. Battisti (1993) found that eonymphs are
usually found deeper in the soil than pronymphs which is
different from the results in the plastic cylinders. One
explanation could be due to the experimental setup which
is not the same used by Battisti (1993) who observed the
distribution of prepupae in natural conditions.

Weight analysis of pronymphs and prepupae was
significantly different between the annual individuals and
the multi-annual individuals (Figure 3). The results are
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Figure 3. Average fresh weight of mature prepupae after removal from plastic cylinders
in October 2007. Horizontal lines represent the standard deviations.
similar to those obtained by Battisti (1993) where biennial Nevertheless, it has been shown that specific

individuals of C. arvensis were heavier than annual
individuals.

The difference observed in prepupal weight among
annual and multiannual individuals could be related to the
kind of larval feeding since, once in the soil, the prepupae
construct a cell earth chamber and they do not feed. This
may have a biochemical origin and can be correlated with
climatic factors and larval development on the trees as
suggested by Battisti and Cescatti (1994) and therefore
the fate of prepupae would be determined at the feeding
larval stages.

In this study, the diapausing cycles of C. tannourinensis
were demonstrated to be related to three soil properties:
soil moisture content, soil temperature and soil texture.
The long life cycle and the prolonged diapause observed
in C. tannourinensis is an example among 150 other
insects belonging to different orders and show the pattern
(Saulich, 2010). In many other species, however, the
requirement for specific diapause-terminating conditions
(Tauber and Tauber, 1976) is strict and/or fitness is
considerably compromised without their intervening effect
(Hodek, 1996 ; Hodek, 2002; Hodek, 2003). For
instance, the maintenance phase, under constant
laboratory conditions that were used for diapause
induction and initiation, will continue until all larvae of the
fly Chymomyza costata die, while the termination may
proceed only at low temperatures (Kostél et al., 2000). In
the laboratory, the maintenance and termination phases
can be clearly separated in some insects by specific
settings of the environmental conditions. In the field,
complexity, fluctuations and linear changes of environ-
mental conditions make the distinction more difficult.

conditions/stimuli often do participate in the termination of
diapause in the field, even if they are not strictly required
in the laboratory. This is ecologically meaningful because
the initiation of diapause may take place during very
different periods of the year in different individuals of the
same population. Each individual then maintains the
diapause for a different time before the advent of the
adversity period, which then serves as synchronizing
stimulus and prevents untimely (premature) termination
of diapause. Termination then takes the form of a distinct
eco-physiological phase, during which diapause intensity
decreases to its minimum level and subsequent
resumption of direct development is enabled. Numerous
examples of the effects of diapause-terminating
conditions are reported in the literature. Chilling is the
most common factor terminating many winter diapauses
in the field (Tauber et al., 1986; Hodek, 1996; Hodek,
2002). Tanno (1970) found that freezing was a necessary
factor for termination of pre-pupal diapause in the
Japanese poplar sawfly Trichiocampus populi, both in the
field and laboratory. Most of the summer diapauses and,
perhaps, even some rare cases of winter diapauses, are
terminated in the field by the change of photoperiodic
signal (Masaki, 1980; Tauber et al., 1986, Ito, 1988).
Contact with water was reported to serve as the
terminating factor for summer diapauses of the larvae of
the stem borer Busseola fusca (Okuda, 1990), and of the
eggs of the chrysomelid beetle Homichloda barkeri
(Nahrung and Merritt, 1999) (but see also the discussions
in: Tauber et al., 1998; Hodek, 2003). In some
crustaceans, drying of the sediment increases emer-
gence from diapausing eggs upon r e-hydration (Arnott
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and Yan, 2002).

The results obtained in these series of experiments
demonstrated that the C. tannourinensis prepupae
transformation into pronymphs and eonymphs is more
related to soil moisture content and temperature.
Prepupae of C. tannourinensis survive well in clayey, silty
and silty loam soils but cannot survive or continue their
development in sandy or organic soils. Soil moisture is
critical for the survival of C. tannourinenis prepupae: soils
with moisture contents lower than 10% when C.
tannourinensis drops to the ground and enter the soil are
lethal to the prepupae. Soil moisture content and soil
temperature are the most limiting factors in the determi-
nation of annual diapause individuals and multi annual
diapause individuals.

Tannourine Hadath El-Jebbeh and Bcharry soils
constitute favorable microhabitat environment for the
development of C. tannourinensis as compared to the
Chouf cedars where the soil moisture content and
organic matter are lower. The presence of an organic
horizon layers enhanced the survival of C. tannourinensis
prepupae. In these soils the water holding capacity is
greater than in mineral soils and thus soil moisture
remains adequate all throughout all the summer season.
However, not all the diapause was explained by these
three properties. Other factors related to feeding habit of
the larvae and endocrinology studies are to be exploited
to determine their relation to diapause. Considerable
increase of C. tannourinensis populations has been
observed at Bcharry cedar forest where a high number of
pronymphs was detected indicating an increase in the
temperature of soil that is favorable for their
development. Suppression tactics are required if these
conditions will remain prevalent.
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In this study, the effects of NaCl and CaCl, on growth and nutrients uptake of cowpea (Vigha
unguiculata L. Walp cvs. Mouola GG; Mouola PG, Garoua GG, Garoua PG and Tsacre) were investigated.
Three treatments [0 (unsprayed), 50 mM NaCl or 50 mM CacCl,] were adopted, with five replications. NaCl
and CaCl, were applied as foliar spray twice a week during 30 days after sowing. Application of NaCl
resulted in significant decreases in plant height, dry weights of root and shoot of Garoua GG, Mouola
PG and Tsacre compared to Garoua PG and Mouola GG cultivars, while those growth parameters were
significantly reduced under CaCl, treatment in all cowpea cultivars except Mouola PG. K", ca” and Mg2+
contents decreased under NaCl stress in leaves of Garoua PG and Mouola GG, but no significant
changes were observed in those of Garoua GG, Mouola PG and Tsacre. The main strategy of salt
tolerance in Mouola GG and Garoua PG seems to be as a result of increased osmotic adjustment
through the accumulation of Na'in leaves while in salt sensitive Mouola PG, Garoua GG and Tsacre, the
osmotic adjustment may be due to the accumulation of inorganic ions (K", ca® and Mgz+) in leaves,
contributing to the maintenance of water uptake and cell turgor, allowing for physiological processes. In
the analysis of growth parameters measured, the results suggested that Mouola GG and Garoua PG
cultivars were relatively more tolerant to salinity than others, suggesting that those cultivars could be
cultivated in the environment with varying salinity. CaCl, treatment significantly increased growth
parameters and nutrients uptake specially ca” in Mouola PG cultivar, suggesting that it could grow and
develop on calcareous soils.

Key word: Foliar spray, growth, nutrients uptake, saline and calcareous soils, Vigna unguiculata.

INTRODUCTION

Cowpea (Vigna unguiculata L. Walp) is one of the most regions (Singh, 2003). 14.5 million hectares of land is
important food legumes grown in the semi-arid tropical planted to cowpea each year worldwide. Global produc-



tion of dried cowpeas in 2010 was 5.5 million metric tons
(Abate et al., 2011). The top producers are the West and
Central African sub regions which contribute to about
64% of the global production and an estimated pro-
duction of 3 million tons of cowpea seeds produced
annually (Fery, 2002). The protein content in cowpea
leaves annually consumed by Africans and Asians is
equivalent to 5 million tons of dry cowpea seeds,
representing as much as 30% of the total food legume
production in the lowland tropics (Steele et al., 1985).
The economic importance of cowpea species show a
number of advantages that make them particularly
valuable for inclusion in many types of cropping systems
(Fery, 2002). Salinity is one of the most serious abiotic
stresses that lead to the deterioration of agricultural lands
and reduction in crop productivity in many parts of the
world especially in arid and semi-arid regions (Munns,
2002; Taffouo et al., 2010a).

The ability of vegetation to survive under higher salinity
conditions is essential for the distribution of plants and
agricultural grounds around the world (Yousif et al.,
2010). Excessive salinity in marginal soils results from
natural processes, whereas in arable land it is mostly
anthropically generated, due to the progressive
accumulation of the ions dissolved in irrigation water
(Neumann, 1997). This later salinisation results to an
alarming situation for agriculture especially in arid and
semi-arid regions which about half of their surface is
already affected by salt stress, to a higher or lower
degree, and more than 10 million ha of agricultural land
are lost every year due to salinisation (Munns and Tester,
2008). Maintaining adequate nutrient elements in the
growth media under salinity is a common goal in grain
legume production. Soil salinity can inhibit plant growth
by a number of mechanisms such as low external water
potential, toxicity of absorbed Na™ and ClI ions, due to the
inhibition of many enzymatic activities and different
cellular processes (protein synthesis or generation of
reactive oxygen species) and interference with the uptake
of essential nutrients, such as K" and Ca** (Munns, 2002;
Grigore et al.,, 2011). The severity of each of these
factors to plant growth depends on the plant genotype
and environmental conditions (Zadeh and Naeini, 2007).
The nutritional imbalance in plants caused by salt stress
may result from the effect of salinity on nutrient
availability, competitive uptake and transport or parti-
tioning within the plant (Munns and Tester, 2008).

NaCl toxicity which is the major form of salt in most
saline soils enhances the Na® and CI contents and
consequently affects the absorption of other mineral
elements (Greenway and Munns, 1980). It is stated that
high levels of Na® inhibits Ca®* and K* absorption, which
results in a Na'/K" antagonism (Turan et al., 2007). The
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fundamental mechanisms of salt tolerance in salt tolerant
plants seem to be mostly dependent on their capacities to
sequestrate toxic ions (Na’, CI) in the vacuoles and to
accumulate compatible osmotica in the cytoplasm
(Munns, 2002). ca”™ plays a vital role in many physio-
logical processes such as membrane structure and
stomatal functioning cell division, cell wall synthesis and
osmoregulation, which influence growth and responses
towards environmental stresses (Kusvuran, 2012). The
maintenance of an adequate supply of ca” in saline soil
solutions is an important factor in controlling the severity
of specific ion toxicities, particularly in crops which are
susceptible to Na" and CI" injuries (Grattan and Grieve,
1999). Under this condition, the ameliorative action of
supplemental ca® is crucial to alleviate high salinity
stress. Ca’* has a role in building salt tolerance in plants
(Amuthavalli et al., 2012). Externally supplied ca”™
reduces the toxic effects of NaCl, presumably by
facilitating a high K'/Na" selectivity (Liu and Zhu, 1998).
Other beneficial effects that CaCl, has on plant
physiology include membrane permeability and reduction
in Na" concentration (Amuthavalli et al., 2012). Studies
about the use of foliar organic or inorganic substances
application on vegetable species are scarcely reported in
the literature, however, some investigations have been
conducted in groundnut (Lee, 1990), cucumber (Ozdamar
Unlu et al., 2011), cowpea (Khalil and Mandurah, 1989),
watermelon (Silva-Matos et al., 2012), pepper (Karakurt
et al., 2009), rice (Kaur and Singh, 1987), white gourd (Ali
et al., 2010) and common bean (Rahman et al., 2014),
with promising results. However, the effect of foliar spray
of NaCl and CacCl; on the growth and nutrient uptake of
cowpea seedlings has been poorly quantified.

The objective of this study, therefore, was to investigate
the effect of foliar application of NaCl and CaCl, on
growth and nutrients accumulation and determine the
main strategy of cowpea salt tolerance and identification
of salt tolerant cultivars which could be grown in saline or
calcareous soils.

MATERIALS AND METHODS
Plant material and growth conditions

Seeds of cowpea (V. unguiculata L. Walp) cvs. Mouola GG; Mouola
PG, Garoua GG, Garoua PG and Tsacre provided by the breeding
program of the Agronomic Institute for Research and Development
of Cameroon were used in this study. The experiment was
conducted from July 2011 to December 2011 at the Faculty of
Science, University of Douala, Cameroon. Seeds with similar sizes
and weights were washed with distilled water. The seeds were then
sterilized for 20 min using sodium hypochlorite 3% (w/v) and rinsed
5 times using distilled water. Three days after germination, the
primordial leaves were established. The seedlings were transferred
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to pots with 750 cm® capacity filled with 0.7 kg of sterilized quartz
sand as substrate. The pots were kept in the laboratory
(temperature: 26°C/20°C, light: 5000 lux for 12 h alternating periods
and relative humidity of 61%) and supplied every three days with
modified Wacquant (1974) nutrient solution containing 0.4 mM
KNOs3, 0.2 mM KH,PO,4 and 0.4 mM MgSO..

Treatments

A completely randomized block design with three treatments [0
(unsprayed), 50 mM NaCl or 50 mM CaCl,] was adopted, with five
replications of five seedlings each, with a total of 75 seedlings of all
cultivars. The exogenous substances (NaCl and CaCly) were
diluted using distilled water to get two different treatment solutions.
Cowpea seedlings were sprayed with 30 ml NaCl or CacCl, twice a
week until the end of the experiment (30 days) with a hand sprayer
in the evening late hours to avoid dehydration at midday. Five
randomly chosen plants from each cultivar and treatment were
harvested after 30 days and used for physiological analysis.

Plant height and dry weights

The plant heights were measured every two days in each group of
seedlings. Plant samples were harvested after 30 days and the
harvested leaves, stems and roots were weighed to determine their
fresh weights (FW). Dry weights (DW) were determined after the
leaves, stems and roots were dried in an oven at 70°C for 72 h.

Nutrient analysis

For chemical analysis, the plant samples were dried in an oven for
72 h at 70°C. The Na’ and K* contents in plants were determined
according to Savouré (1980) methodology, while Mg?*, Ca®*, P and
N contents were determined using the method described by
Taffouo (1994).

Statistical analysis

All analyses were carried out in accordance with completely
randomized design. Data were statistically analysed by analysis of
variance using the SPSS software package (SPSS 10.0 for
Windows 2001). The statistical differences between the
experimental and control groups were established by the ANOVA.
Each data point was the mean of five replicates (n = 5) and
comparison between means was done using the Duncan’s multiple
range tests at 5% probability level.

RESULTS

Effect of foliar application of NaCl and CaCl, on dry
weights of cowpea organs

The growth parameters such as shoot and root dry
weights were measured after spraying exogenous
substances (NaCl or CaCl,) on leaves of cowpea
cultivars (Figure 1A and B). The present study shows that
NaCl treatment significantly inhibited the shoot dry
weights of Garoua GG, Mouola PG and Tsacre cultivars
while there were no significant differences in those of
Garoua PG and Mouola GG, as compared with the control

groups (Figure 1A). The application of NaCl did not cause
significant changes in root dry weights of all cowpea
cultivars, except in Tsacre (Figure 1B). The application of
CaCl, significantly reduced the shoot dry weights of
Garoua GG, Garoua PG, Mouola GG and Tsacre but no
significant changes were observed in Mouola PG
cultivars (Figure 1A), as compared with the control
groups, while the root dry weights were not significantly
reduced for these cultivars except in Tsacre (Figure 1B).

Effect of foliar application of NaCl and CaCl, on plant
height

The present study shows that the foliar spray of NaCl and
CaCl, caused a significant reduction in the plant height of
the cowpea cultivars as compared to the control, except
for Mouola GG (Figure 2). The magnitude of plant height
reduction was highly dependent upon cowpea cultivars.
The plant heights of Tsacre and Garoua GG cultivars
showed higher decreases (44.87 and 39.28%
respectively, compared to the control) than those of
Mouola PG, Garoua PG and Mouola GG (21.94, 19.83
and 0.06%, respectively) under NaCl application (Figure
2).

The plant heights of all the cowpea cultivars decreased
under CaCl, application. Cultivars Mouola PG, Garoua
GG and Mouola GG were the least affected, with
decreases of 17.98, 19.42 and 24.47%, respectively,
compared to the control. Tsacre and Garoua PG cultivars
showed the highest reductions in plant heights, with
decreases of 44.00 and 33.45%, respectively (Figure 2).

Effect of foliar application of NaCl on nutrient uptake

The effects of foliar spray of NaCl on nutrient uptake
were examined in the leaves of cowpea cultivars (Table
1). All cowpea cultivars accumulated Na® (P<0.05) in
leaves compared to the control. The concentrations of
Na' in leaves of Mouola GG and Garoua PG were higher
(17.8 and 12.4 mg g'l DW) than those of Mouola PG,
Garoua GG and Tsacre (11.5, 10.5 and 10.1 mg g'l DW),
respectively. The Na'/K" ratio in the leaves of Mouola GG
and Garoua PG were slightly higher (0.70 and 0.59,
respectively, compared to the control) than those of
Mouola PG, Garoua GG and Tsacre 20.40, 0.30 and 0.37
respectively). The K*, Ca®* and Mg** concentrations in
leaves of Mouola GG and Garoua PG cultivars were
markedly decreased on salt treatment; however, those
elements in leaves of Garoua GG, Mouola PG and
Tsacre were not changed by NaCl application, as
compared to the control (Table 1). On the other hand, N
and P uptake of Garoua GG, Mouola PG and Tsacre
cultivars were significantly decreased on salt treatment;
however, those elements in leaves of Mouola GG and
Garoua PG cultivars were not affected by NaCl
application as compared to the control (Table 1).
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Figure 2. Plant height of cowpea cultivars as affected by foliar application of NaCl and CaCl, during vegetative stage.
Values are given as meanzSD, n = 5 for each cultivar; Garoua GG (GGG), Garoua PG (GPG), Mouola GG (MGG),
Mouola PG (MPG) and Tsacre (T). Values of each bar followed by the same letter indicate no significant difference (P <
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Table 1. Effect of foliar application of NaCl on nutrient contents in leaves of cowpea cultivars during vegetative stage.

Cultivar NaCl concentration Nutrient concentrations (mg g™ DW) Na'/K*
(mM) Na* K* ca* Mg** N P ratio
Garoua 0 4.1+0.2° 38.7+1.3%°  16.7+1.7% 6.5+0.3%° 40.6+1.1* 6.1+0.4° 0.11
GG 50 10.9+0.4° 36.5+1.4°  15.3+0.68° 5.1+0.1%° 26.4%0.4° 4.2+0.3°  0.30
Garoua 0 3.2+0.1¢ 30.3+0.8°  19.1+1.1°  7.4205° 42.2+2.3%° 6.3:t0.4 0.11
PG 50 12.4+0.2° 20.9+0.2°  11.240.68° 2.2+0.2° 415+1.3* 5820.6° 0.59
Mouola 0 2.9+0.1¢ 33.8+1.6° 22.8+1.3% 6.4+0.7° 40.7+0.7° 6.1+0.7°  0.09
GG 50 17.8+0.5% 255+1.9° 13.5+1.2° 21+0.3° 38.6+1.3% 5.3+04* 0.70
Mouola 0 3.5+0.3¢ 32.4+1.2° 185+1.8% 5.8+0.2° 41.2+3.0° 6.620.2° 0.11
PG 50 11.5+0.4" 20.0+0.5°  16.9+0.2® 4.2+0.7° 33.6x2.1° 4.620.1° 0.40
Tsacre 0 2.9+0.7¢ 20.5+1.9°  21.7+#2.1%* 7.5+0.8%° 43.9+1.1*° 6.7:0.6° 0.10
50 10.1+0.2° 27.2¢1.4°  19.6+1.6° 6.3x0.4° 32.8+2.0° 4.1+0.2° 0.37

Data represent mean + SE (n = 5); within columns, means followed by the same letter are not significantly different (p<0.05) by Duncan test.

Table 2. Effect of foliar application of CaCl, on nutrient contents in leaves of cowpea cultivars during vegetative stage.

Cultivar CaCl;, concentration Nutrient concentrations (mg g™ DW) Na‘/Ca”
(mM) Na* K* ca* Mg** N 2 ratio
Garoua 0 8.7+t0.2°  28.7+1.3° 209+1.7° 6.5+0.3% 40.6+1.1° 6.1+0.4° 0.41
GG 50 4.1+0.7° 26.3+2.9°  19.1+0.2° 4.6x0.2° 39.1+0.4° 5.6+0.3° 0.21
Garoua 0 7.1+0.1°  30.3+t0.8° 19.1+1.1° 7.4+05% 41.2+2.3° 6.3x0.4° 0.37
PG 50 3.2+0.4°  33.0£1.9% 17.8+1.5° 6.6x0.9° 40.8+3.1° 5.3:+0.3° 0.18
Mouola 0 13.1+0.1*  25.8+1.6° 22.8+1.3° 6.4+0.7° 40.7+0.7° 6.1+0.7° 0.57
GG 50 2.9+0.5° 24.9+0.3° 24.1+0.7° 7.1+0.8° 41.9+1.6° 5.2+0.7° 0.12
Mouola 0 13.5+0.3% 25.4+1.2° 185+1.8° 5.8+0.2° 41.2+3.0° 6.6£0.2° 0.73
PG 50 8.5+0.3°  26.9+2.2° 26.2+1.6% 6.0+1.4%° 40.4+2.1° 5.1+04° 0.32
Tsacre 0 6.2+t0.7°  26.5+1.9° 21.7+2.1° 7.5+0.8% 43.9+1.1* 6.7+0.6° 0.29
50 2.9+0.3°  24.1+1.6% 23.2+02° 52+1.1° 41.3+1.1° 4.4+05° 0.13

Data represent mean + SE (n = 5); within columns, means followed by the same letter are not significantly different (p<0.05) by Duncan test.

Effect of foliar application of CaCl, on nutrient uptake

Changes in nutrient contents in the leaves of cowpea
cultivars subjected to foliar application of CaCl, during
seedling stages are presented in Table 2. As can be
shown by statistical analyses (P<0.05), Na* content was
significantly decreased by CaCl, application in the leaves
of all cowpea cultivars. In this studg/, CaCl, treatment
decreased significantly K* and Mg~ contents in the
leaves of Garoua GG and Tsacre cultivars while those of
Mouola GG and Mouola PG did not significantly affected.
On the other hand, Ca® content was significantly
increased in the leaves of Mouola PG by the application
of Ca*, as compared to the control and the other
cultivars studied (Table 2). The Na'/Ca* ratio in the
leaves of Mouola PG was slightly higher (0.32) than
those of Garoua GG, Garoua PG, Mouola GG and
Tsacre cultivars (0.21, 0.18, 0.12 and 0.13), respectively
as compared to the control. CaCl, application decreased
significantly N and P contents in the leaves of Tsacre
cultivar (Table 2).

DISCUSSION

In the present study, NaCl treatment inhibited significantly
the shoot dry weights of Garoua GG, Mouola PG and
Tsacre cultivars while there were no significant
differences in those of Garoua PG and Mouola GG as
compared to the control (Figure 1A). Crop responses to
foliar application have been mixed either positive or
negative responses depending on crop species and
nutrients applied. Numerous studies conducted on foliar
fertilization with N, P, K and S during early vegetative
growth stages or late reproductive growth stages showed
inconsistent growth and grain yields increases (Parker
and Boswel, 1980; Haq and Mallarino, 2000; Nelson et
al., 2005). These authors reported that leaf damage due
to foliar fertilization sometimes were severe enough to
cause growth and yield reductions. Reduced seedling
growth under saline conditions has also been reported by
Huang and Redmann (1995) on barley, Taffouo et al.
(2010a) on bambara groundnut and Erum Mukhtar et al.
(2013) on canola, respectively. The effect of salinity



application on seedling growth found a reduction in shoot
dry weight that may be due to toxic effects of NaCl used
as well as unbalanced nutrient uptake by the seedlings
(Grigore et al., 2011). According to Jaleel et al. (2009),
the reduction of plant growth under salinity is the result of
the alteration of many physiological activities in the plant,
such as photosynthetic activity, mineral uptake and
antioxidant activity. Rahman et al. (2008) reported that
salinity depressed shoot than root dry weights and
increased root/shoot ratio. Shoot dry weight of all cowpea
cultivars (Figure 1A) was significantly reduced with CaCl,
treatment except in Mouola PG compared to control,
while the root dry weight was not significantly reduced for
these cultivars except in Tsacre (Figure 2A). According to
Levitt (1980), Mouola PG cultivar can be considered as
calciophile plants that are able to grow and develop on
calcareous soils at high ca”* levels. In those obligate
calciophile plants, the ca”™ plays an essential role in
processes that preserve the structural and functional
integrity of plant cell membranes, stabilize cell wall
structures, regulate ion transport and selectivity, and
control ion-exchange behaviour as well as cell wall
enzyme activities (Marschner, 1995). In this study, the
shoot dry weights of Garoua GG, Garoua PG, Mouola
GG and Tsacre cultivars were significantly (P<0.05)
reduced with CaCl, application; those cultivars appear to
be typical calciophobe plants. Similar reductions in the
dry weights were observed in Gossypium hirsutum plants
growing under CaCl, conditions (Amuthavalli et al.,
2012). In the presence of excess ca”, the calciophobe
plants would absorb considerable ca’ at the expensive
of other ions, and would therefore suffer from a
deficiency. This implies that the ca”* resistance of the
calciophile plants is due to avoidance of a secondary
deficiency stress by Ca”* exclusion (Levitt, 1980).

The present study shows that the foliar application of
NacCl, caused a significant reduction in the plant heights
of the cowpea cultivars as compared to the control,
except for Mouola GG (Figure 2). Numerous studies have
reported the reduction of plant heights stimulated by NaCl
salinity (Khan et al., 2000; Zadeh and Naeini, 2007). In
this work, CacCl, application caused a significant reduc-
tion in the plant heights of all the cowpea cultivars as
compared to the control (Figure 2). Similar observa-tions
for plant height reductions by CacCl, application were
reported in G. hirsutum (Amuthavalli et al., 2012). For
these cultivars, the CaCl, may reduce the growth by
upsetting water and nutritional balance of the plant (Al-
Khateeb, 2006).

In this research, the plant height, the dry weight of roots
and shoot of the Garoua GG, Mouola PG and Tsacre
showed higher decreases compared to those of Mouola
GG and Garoua PG cultivars after 4 weeks of NaCl
application (Figures 1 and 2). These results demonstrate
that Garoua GG, Mouola PG and Tsacre cultivars, in
common with certain other leguminous plant (e.g. beans),
are highly sensitive to salt with severe effects even at 50
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mM NaCl (Levitt, 1980). As stated by Munns (2002), the
reduction of plant growth under saline conditions may
either be due to decreased availability of water or to the
toxicity of NaCl,. It can inhibit plant growth by a range of
mechanisms, including low external water potential, ion
toxicity and interference with the uptake of nutrients
(Salam et al., 2011). According to Yousif et al. (2010) the
growth of glycophytes decreases with salinity, while that
of halophytes improves. In this work, the growth of
Garoua PG and Mouola GG cultivars were less affected
under NaCl application, agreeing with previous data
reported in  Ceriops roxburghiana,  Phaseolus
adenanthus, Lagenaria siceraria, Vigna subterranea,
Tetragonia tetragonioides and Oryza sativa genotypes
described as salt-tolerant (Rajest et al., 1998; Taffouo et
al., 2008; 2010b; Yousif et al., 2010; Mehede et al.,
2014). There are a great number of plant species which
are regarded as salt tolerant, the most competitive being
those that are able to become established, grow to
maturity and survive until they are able to reproduce
(Turan et al., 2007).

In this study, NaCl application increased significantly
Na“ concentration and reduced K, Ca® and Mg*
contents in the leaves of Mouola GG and Garoua PG
cultivars, however, those elements in the leaves of
Garoua GG, Mouola PG and Tsacre were not changed
by NaCl Treatment (Table 1). The increase of Na'
accumulation in Mouola GG and Garoua PG cultivars
was associated with reduced K*, Mg®* and Ca*,
indicating a restriction in the uptake of these nutrients, as
noted in other salt tolerant plants (Sagir et al., 2002;
Yousif et al., 2010). Under saline conditions, tolerant
plants tend to take up and accumulate Na' in their
vacuoles and use it as an osmoticum (Glenn and Brown,
1999). Similar outcome were obtained earlier by Al-
Khateeb (2006) and Turan et al. (2007). Salinity is known
to significantly reduce K' uptake related with reduce
intracellular K" concentration especially in the vacuolar
pool (Cuin et al., 2003). The decrease in K* concentration
under NaCl application may be due to the competition of
Na" with uptake of K*, resulting in Na’/K" antagonism
(Carvajal et al., 2000; Turan et al., 2007). High Na" levels
in the external medium greatly reduce the physiochemical
activity of the dissolved Ca®* and may thus displace Ca**
from the plasma membrane of the root cells (Cramer et
al., 1985). In this study, the uptake of N by Garoua GG,
Mouola PG and Tsacre cultivars was decreased and that
of Garoua PG and Mouola GG was not affected by NaCl
application (Table 1). According to Parida and Das
(2004), salinity reduces N uptake in many plants and this
is attributed to antagonism between NO; and CI'. In this
work, the N uptake of Garoua PG and Mouola GG
cultivars was not affected by NaCl application. According
to Hu and Schmidhalter (2005), N is an essential nutrient
element that plants require in the largest amounts for the
biosynthesis of nitrogenous organic solutes in plants;
therefore N deficiency inhibits plant growth. Adequate
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supply of N is beneficial for carbohydrate and protein
metabolism that promotes cell division and enlargement
resulting in higher yield (Shehu et al., 2010). The results
showed that NaCl application decreased P concentration
in leaves of all cowpea cultivar (Table 1). Grattan and
Grieve (1999) reported that P concentration in plants
depended on the species, growth conditions and cultivar.

Changes in nutrient contents in leaves of cowpea culti-
vars subjected to foliar applied CaCl, during seedling
stage are presented in Table 2. As can be shown by
statistical analyses (P<0.05), Na* content was signifi-
cantly decreased by CaCl, application in leaves of all
cowpea cultivars. Externally supplied ca” reduces the
toxic effects of NaCl, presumably by facilitating a high
K'/Na" selectivity (Liu and Zhu, 1998). Other beneficial
effects that CaCl, has on plant physiology include
membrane permeability and reduction in Na' concen-
tration (Amuthavalli et al., 2012). According to Arshi et al.
(2010) the Ca®* ameliorated the deleterious effects of
NaCl stress and stimulated the plant metabolism and
growth when application of NaCl and CaCl, was
combined than with the NaCl treatment alone. In this
study, CacCl, treatment showed significant increase of
ca” in the leaves of Mouola PG (Table 2). Arshi et al.
(2010) found significant increase of ca®* concentration in
plant parts of Cichorium intybus under CacCl, application.
CaCl, as compared to NaCl, treatment, which may be
necessary for the osmotic adjustment by accumulation of
inorganic ions (K*, Ca®* and Mg®) in cowpea leaves,
contributing to the maintenance of water uptake and cell
turgor, allowing for physiological processes like stomatal
conductance, photosynthesis and cell expansion (Munns,
2002).

In conclusion, the growth of Mouola GG and Garoua
PG cultivars were less affected under NaCl application
but those of Mouola PG, Garoua GG and Tsacre were
markedly decreased, indicating that Mouola GG and
Garoua PG cultivars are salt tolerant. The main strategy
of salt tolerance in Mouola GG and Garoua PG seems to
be as a result of increased osmotic adjustment through
the accumulation of Na* in leaves while in salt sensitive
Mouola PG, Garoua GG and Tsacre, the osmotic
adjustment may be due to the accumulation of inorganic
ions (K*, Ca** and Mg*) in leaves, contributing to the
maintenance of water uptake and cell turgor, allowing for
physiological processes. The application of CaCl,
ameliorated the deleterious effects of NaCl stress and
stimulated the plant growth by reducing significantly Na*
content in the leaves of all cowpea cultivars. CaCl,
treatment significantly increased growth parameters and
nutrients uptake especially ca® in Mouola PG. This
cultivar may be a calciophile plant that is able to grow
and develop on calcareous soils. In the analysis of
growth parameters measured, the results suggested that
Mouola GG and Garoua PG cultivars were relatively
more tolerant to salinity than others, suggesting that
those cultivars could be cultivated in the environment with

varying salinity.
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Vinasse production is one of the most significant and challenging issues in the industrial production of
ethanol due to pollution problems. In this study, vinasse obtained from ethanol by fermentation of
sugarcane molasses was used instead of water to prepare the fermentation medium. Saccharomyces
cerevisiae F-727 was selected from 10 tested yeast strains. Nutritional requirements of nitrogen,
phosphorous and magnesium, as well as the effect of inoculum size were studied. There was a decrease
in required nutrients when vinasse was used instead of fresh water; and 50% yield was achieved in
fresh water together with an improved efficiency of the fermentation.

Key words: Vinasse, ethanol fermentation, Saccharomyces cerevisiae.

INTRODUCTION

The disposal of vinasse, the major effluent from the
ethanol industry, represents a major environmental
problem for the ethanol industry. This black liquid
produced 10 to 15 times greater than the ethanol itself is
a mixture of water and organic and inorganic compounds.
These compounds remain after different steps involving
sugar cane production and processing. These hazardous
substances cause the vinasse to have a very high
biological oxygen demand (BOD), ranging from 30-
40,000 (Voegele, 2009). The inadequate and indiscrimi-
nate disposal of sugarcane vinasse in soils and water
bodies has received much attention since decades ago,
due to environmental problems associated to this practice
(Aparecida et al., 2013).
Research has demonstrated that vinasse disposal in

river basins alone is not a convenient disposal solution.
Due to its high B.O.D., this material can cause damage to
aquatic life, especially when dumped in large volumes.
Some of the existing methods for the disposal of vinasse
are direct land application and methane production
(Baez-Smith, 2006). If vinasse is discharged on land, the
alkalinity of the soil is reduced, leading to destruction of
crops, deficiency of manganese in the soil and inhibition
of seed germination. Also, the concentration-incineration
of vinasse is the only system that can provide a
satisfactory solution to the pollution problem; its only
draw-back is high cost (Aparecida et al., 2013). Due to
the large quantities of vinasse produced, alternative
treatments and uses have been developed, such as
recycling of vinasse in fermentation, fertirrigation,
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Table 1. Screening S. cerevisiae strains cultivated on sugar cane
molasses medium diluted with 50% vinasse instead of water.

Yeast strain EtOH (%) RS (%) FE (%)
F-707 9.2 3.8 75.4
FA-91 9.7 3.3 79.5
FF-725 9.9 2.9 81.2
F-235 9.5 3.4 77.9
F-25 9.7 3.2 79.5
FK-727 10.5 2.3 86.1
FC-620 9.9 2.8 81.2
FH-620 9.7 3.3 79.5
FAT-12 9.3 3.6 76.2
F-514 10.4 2.3 85.3

EtOH, Ethanol yield; RS, residual sugars; FE, fermentation efficiency.

concentration by evaporation,and yeast and energy
(Ryznar-Luty et al., 2008; Karlsson et al., 2013). No one
has found convenient and economical disposal solution
for vinasse. In this paper, we worked on the alcoholic
fermentation of sugar cane molasses and studied the
possibility of applying vinasse, instead of water in the
preparation of the fermentation medium. We applied
different vinasse percentages in the medium.

MATERIALS AND METHODS

Sugarcane molasses

Sugarcane molasses produced by Egyptian Sugar and Integrated
Industries Company is used as carbon source for ethanol
production in the distillation factories in El-Hawamdia-Giza- Egypt.

Vinasse

Vinasse containing 8.6% total solids and 1.34% fermentable sugars
was taken from the output of distillery factories, El-Hawamdia-
Egyptian Sugar and Integrated Industries Company, Giza- Egypt.

Yeast strains

S. cerevisiae strains were obtained from Microbial Chemistry
Department National Research Centre, Dokki, Cairo Egypt. The
strains were subcultured on yeast extract, malt extract, peptone
agar (YMPA) medium and preserved in refrigerator at 4°C

Inoculums preparation

100 ml of medium (g /L) consisting of malt extract (3), yeast extract
(3), peptone (5) and sucrose (30) was poured into 250 ml sterile
conical flasks and steam sterilized at 121°C for 15 min; it was
cooled to room temperature, then inoculated with a loop of the
selected yeast strains and incubated statistically at 34°C for 24 h.
The growth yeast containing 4 x10° CFU/ml was used to inoculate
the experimental flasks at 10% (v/v).

Experimental

All laboratory studies were carried in 500 ml capacity conical flasks
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that contained 200 ml molasses fermentation medium with 20%
fermentable sugars, non- adjustable pH at 36°C.

Screening of yeast strains

Ten (10) yeast strains of S. cervisiae (Table 1) were cultured in
diluted molasses medium (20% w/v fermentable sugars); no
nutrients were added, to select the proper strains.

Effect of replacing water with varying levels of vinasse

The selected yeast strain was cultured in molasses medium diluted
with vinasse instead of water at different levels (10, 20, 30, 40, 50,
60, 70, 80, 90 and 100%) to study the effect of vinasse level on
ethanol yield and fermentation efficiency.

Effect of nitrogen source and level

Three nitrogen sources (urea, ammonium sulfate and diammonium
phosphate) were introduced individually in molasses medium
diluted with different levels of vinasse to the equivalent of nitrogen
at three concentrations each (100, 150 and 200 ppm) to study their
effect on ethanol yield and fermentation efficiency in sugar cane
molasses medium.

Effect of orthophosphoric acid supplementation

Varying concentrations of orthophosphoric acid (25-75 ppm) were
added to the fermentation.

Effect of magnesium sulfate supplementation

Varying concentrations of magnesium sulfate (15-45 ppm) were
added to the fermentation media under the applied concentrations
of urea and orthophosphoric acid.

Effect of inoculums size

Inoculums sizes ranging from 10-25% v/v were applied to study
their effect on the final ethanol yield and FE in molasses medium
diluted with different vinasse levels instead of water.

Effect of fermentation time

Varying percents of vinasse under optimized parameters of urea,
orthophosphoric acid and magnesium sulfate and inoculum size
were applied to investigate their effect on fermentation period for
maximum ethanol production.

Fermentation process

Batch culture system was employed for the fermentation of diluted
molasses with varying levels of vinasse instead of water in
fermenters having working volume of 65 m®. They were supple-
mented with the parameters to be optimized, but afterwards a
diluted molasses (20% fermentable sugars) was fed to the
fermenters to enable yeast cells to utilize sugars in the molasses for
conversion into ethanol. Batch molasses was adjusted so that
fermenter vessels were filled to working capacity (65 m®), and then
allowed to achieve complete fermentation.
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Table 2. Effect of recycling varying vinasse amounts in sugar cane
molasses medium on the alcoholic fermentation yield and
efficiency.

Vinasse (%, viv)  EtOH (%) RS (%) FE (%)
0 11 1.8 100
10 11 1.9 100

20 111 1.9 100.9
30 11 21 100
40 10.7 2.2 97.3
50 10.5 2.3 95.5
60 10.2 25 92.7
70 9.6 3 87.3
80 9.3 3.8 84.6
90 8.9 4.4 80.9
100 8.5 4.9 77.3

EtOH, Ethanol yield; RS, residual sugars; FE, fermentation efficiency.

Analytical procedures

The sugar concentration was determined by rapid method. 5 ml of
fermented sample was taken and dissolved in 100 ml of distilled
water and mixed with 5 ml of conc. HCL acid; it was heated at 70°C
for a period of 10 min. The obtained sample was neutralized by
adding NaOH, prepared up to 1000 ml and transferred into burette
solution. 5 ml of Fehling A and 5 ml of Fehling B were taken and
mixed with 10 to 15 ml of distilled water in a conical flask and
methylene blue indicator was added. The conical flask solution was
titrated with burette solution in boiling conditions until
disappearance of blue color. The sugar concentration was
calculated by using the formula: (sugar concentration (gm/l) =
[(dilution factor x Fehling factor) / titrate value] x 100). Cells count
(CFU) were determined using microscope with the help of
haemocytometer. Cell viability was checked by using methylene
blue indicator. The dead cells were stained with blue indicator while
viable cells remained uncolored. Ethanol yield (EtOH %v/v) of the
fermented samples was measured by ebulliometer approved in
distillation factories (Fadel et al., 2013): theoretical yield (total
reducing sugars g/l x 0.51 x 0.79) multiplied by 100. The relative
fermentation efficiency (RF) of fermentation process determined the
percent of ethanol yield when vinasse was used in relation to the
percent of ethanol yield in the molasses medium without diluted
vinasse (100%).

Reproducibility of the results

All experiments were run at least three times and all reported data
are given in mean values.

RESULTS AND DISCUSSION
Selection of yeast strain

Yeast strains are limiting factor in fermentation process.
As a result, high osmo-tolerant S. cerevisiae strains are
needed to ferment high concentrate molasses. This
would save water for molasses dilution and reduce

vinasse produced (Ingledew and Bellissimi, 2012). Ten
(10) yeast strains of S. cerevisiae were screened in
molasses medium diluted with 50% vinasse instead of
water to select the most tolerant (Table 1). Data show
that S. cerevisiae F-727 and F-514 are more efficient
than the other tested strains for producing ethanol in
molasses medium diluted with vinasse; they produced
10.8% v/iv and 10.4 vlv, respectively. Fadel (2013)
showed that the selection of yeast strain is one of the
solutions to the problem of vinasse. This is because the
selection of higher ethanol yielding yeast strain and
optimization of the fermentation parameters improved
both yield and economics of the fermentation process
(Fadel et al., 2013). Research on ethanol fermentation,
including the search for efficient S. cerevisiae strains has
been on for years in order to lower down the cost of
production. Desired yeast strains have the special
property of possessing particularly efficient aerobic and
anaerobic metabolic capabilities, making them high
ethanol producers. They could also possess other
industrially-important  properties such as ethanol
tolerance, thermotolerance and resistance to killer yeasts
(Irene et al., 2009). S. cerevisiae F-727 was selected for
further studies.

Effect of vinasse amount in fermentation medium

Vinasse replaced water in different levels for dilution
molasses for obtaining desired sugars concentration in
fermentation molasses medium (Table 2). Results show
that up to 30% v/iv replaced vinasse instead of water;
there is no effect on ethanol yield or fermentation
efficiency. There was slight efficiency when 40% viv
vinasse was used instead of water. There was relative
decrease in ethanol yield and fermentation efficiency
when vinasse was introduced above 50% v/v instead of
water in the fermentation medium; but it increased as the
level of vinasse increased. From the results obtained, it is
suggested that vinasse should be increased instead of
water in the fermentation medium and also to increase
the inhibitors involved in the end fermentation whose
vinasse is tacked from methanol, fusel alcohols, acetic
acid, aldehides and aromatic compounds (Arshad et al.
2008). Heavy metals in the fermentation medium should
be increased and as well as one or more minerals toxic to
biomass production or their activity (Madaree et al.,
1991). Other by-products of the metabolism of the yeast
like glicerol, propanol, furfural and lactic acid also inhibit
the fermentation and growth speed (Navarro et al., 2000).
Besides the inhibitory effect of the fermentation by-
products, the effect of the increased solids on the vinasse
is very important, including the non-fermentable sugars
remaining in the vinasse after fermentation and
distillation. Mineral salts not assimilated by the yeast also
increase with the increased vinasse fermentations, due to
the molasses and the nutrients used for preparing the
medium of fermentation (Maiorella et al., 1984).
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Table 3. Effect of urea supplementation on the ethanol yield production from sugar cane molasses diluted with different

amounts of vinasse instead of water by S. cerevisiae F-727.

Urea concentration (ppm N/I)

Vinasse (%, v/v) - 100 200 300

EtOH (%) FE (%) FEtOH(%) FE (%) FEtOH(%) FE (%) EtOH (%) FE (%)

0 11.0 100.0 11.42 100 11.46 100.0 11.34 100.0
10 11.0 100.0 11.42 100 11.46 100.0 1.341 100.0
20 111 100.1 11.46 100.4 11.46 100.0 11.28 99.5
30 11.0 100.0 11.38 99.7 11.36 99.1 1.261 99.4
40 10.9 99.9 11.22 98.3 11.12 97.4 11.10 97.9
50 10.5 98.2 11.06 96.9 11.10 97.2 10.94 96.5
60 10.6 96.4 10.72 93.9 10.76 94.2 10.68 94.2
70 10.3 93.7 10.40 91.1 10.22 89.5 10.42 91.9
80 9.9 90.0 10.08 88.3 10.09 88.4 9.98 88.0
90 9.6 87.3 9.77 85.6 9.84 86.2 9.68 85.4
100 9.5 86.4 9.40 82.3 9.46 82.8 9.50 83.8

EtOH, Ethanol yield; FE, fermentation efficiency.

Effect of nitrogen sources
Urea

Urea was used as cheap nitrogen source in producing
alcoholic fermentation. Table 3 shows that it enhanced
the ethanol yield as well as the fermentation efficiency
(FE) compared to the medium free from nitrogen source.
More enhancement was achieved when 150 ppm of urea
was introduced in the molasses fermentation medium
diluted with water and 100 ppm of urea in the molasses
fermentation medium diluted with vinasse. From this, the
yeast strain can utilize the residual nitrogen involved in
vinasse. There is the possibility of saving an amount of
nitrogen when vinasse is recycled as diluents in
fermentation medium. Nitrogen deficiency slows down
yeast growth and the fermentation efficiency (Dukes,
1991), due to the inhibition of the synthesis of protein
transporting sugar through the cell membrane to the
interior of the cells. It has been shown that an adequate
nitrogen increases yeast growth provided the other
essential yeast nutrients are not lacking (Nofemele et al.,
2012). Guojun et al. (2012) concluded that production of
high levels of ethanol could be achieved by
supplementing urea as nitrogen source during ethanol
fermentation.

Effect of diammonium phosphate (DAP)

Diammonium phosphate was used as good nitrogen and
phosphorus sources in fermentation medium for ethanol
yield (Arshad et al., 2008). Table 4 shows that adding
300 mg NI* of DAP to the fermentation medium was
more suitable than low or high concentrations. Arrizon

and Gschaedle (2002) evaluated the effect of assimilable
nitrogen on growth in batch cultures of S. cerevisiae
under different nitrogen concentrations (from 16-5 to
805 mg N I™"). They showed that lower than 66 mg N I™*
slowed down cell growth and a relevant decrease in cell
biomass was observed. In the strain, it appears the
highest biomass production was observed in the media
with 402 mg N I"*. The kinetics of glucose and nitrogen
consumption indicates that the ability of the yeast strain
to break down sugars is strongly connected with
increased nitrogen availability in the media. The results
show that supplementation with diammonium phosphate
added during fermentation increased cell population,
fermentation rate and ethanol yield. The ammonium ion
also serves as an allosteric regulator for one of the
enzymes used in glycolysis and may also have an effect
on how the yeast cell transports glucose and fructose into
the cell (Arrizon and Gschaedler, 2002).

Effect of ammonium sulfate

Fermentation rate and the time required for completion of
the alcoholic fermentation are strongly dependent on
nitrogen availability. At the stationary phase, the addition
of nitrogen source is effective in increasing cell
population, fermentation rate and ethanol yield (Ferreira-
Mendes et al., 2004). The obtained data revealed that the
addition of ammonium sulfate to fermentation medium at
any level resulted in decrease in ethanol yield by S.
cerevisiae F-727. Our finding agrees with previous
studies which show that there were significant differences
in the amount of ethanol produced when ammonium
sulfate was added to the fermentation medium, although
this depended on the yeast strain used. When
assimilable nitrogen was added, ethanol production
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Table 4. Effect of diammonium phosphate supplementation on the ethanol yield production from sugar cane molasses diluted
with different amounts of vinasse instead of water by S.cerevisiae F-727.
Diammonium phosphate concentration (ppm N/I)
Vinasse (%, v/v) - 100 150 200
EtOH (%) FE (%) EtOH (%) FE (%) EtOH (%) FE (%) EtOH (%) FE (%)
0 11.0 100.0 11.62 100.0 11.82 100 11.80 99.2
10 111 100.0 11.62 100.0 11.82 100 1.701 99.2
20 111 100.1 11.72 100.7 11.82 100 11.70 98.6
30 11.0 100.0 11.82 101.7 11.62 98.3 1.641 95.8
40 10.9 99.91 11.82 101.7 11.52 97.5 11.30 95.3
50 10.8 98.23 11.62 100.0 11.44 96.8 11.24 93.2
60 10.6 96.42 11.44 98.5 11.29 95.2 11.00 91.7
70 10.3 93.71 11.12 95.7 11.02 93.2 10.82 86.8
80 9.9 90.00 10.82 93.1 10.88 92.1 10.24 85.3
90 9.6 87.32 10.27 88.4 10.26 86.8 10.06 83.6
100 9.5 9.96 9.96 85.7 9.96 84.3 9.86 100
EtOH, Ethanol yield; FE, fermentation efficiency.
Table 5. Effect of ammonium sulfate supplementation on the ethanol yield production from sugar cane molasses diluted with
different amounts of vinasse instead of water by S. cerevisiae F-727.
Diammonium phosphate Concentration (ppm N/I)
Vinasse (%, v/v) - 100 150 200
EtOH (%) FE (%) EtOH (%) FE (%) EtOH (%) FE (%) EtOH (%) FE (%)
0 11.0 100.0 11.02 100 10.92 100 10.80 100
10 111 100.0 11.00 99.9 10.90 100 10.80 100
20 111 100.1 10.96 99.5 10.90 100 10.76 99.6
30 11.0 100.0 10.90 98.9 10.58 96.9 10.46 96.9
40 10.9 99.91 10.68 96.9 10.42 95.4 10.22 94.6
50 10.8 98.23 10.62 96.4 10.38 95.1 10.18 94.3
60 10.6 96.42 10.58 96.0 10.30 94.3 10.08 93.3
70 10.3 93.71 10.50 95.3 10.00 91.6 9.96 92.2
80 9.9 90.00 10.48 95.1 9.26 84.8 9.16 84.8
90 9.6 87.32 9.66 87.7 9.26 84.8 9.06 83.9
100 9.5 9.96 9.36 84.9 9.04 82.8 9.00 83.3
EtOH, Ethanol yield; FE, fermentation efficiency.
either increased (with S. cerevisilte AR2 and S. urea in fermentation medium enhanced ethanol yield and

cerevisiae NT116 yeast strains) or decreased (with S.
cerevisiae LW LVCB CT1+ yeast (Hernandez-Orte et al.,
2006). Also, nitrogen added in the form of ammonium
sulfate did not affect the ethanol production rate (Arshad
et al., 2011).

Table 5 shows the effect of ammonium sulfate
supplementation on the ethanol yield obtained from sugar
cane molasses diluted with different amounts of vinasse
instead of water by S. cerevisiae F-727.

Effect of
supplementation

orthophpsphoric acid (OPA)

Table 6 shows that the supplementation of OPA plus

raised the possibility of applying vinasse in fermentation
medium up to 40% instead of water. Data shows also that
maximum ethanol yield can be obtained by using low
amount of OPA in the case of fermentation molasses
medium diluted with vinasse. Nitrogen and phosphorus
are the main nutritional requirements for yeast growth
and maximum ethanol production efficiency. Although
molasses contains most of the nutrients required for
yeast growth, generally nitrogen and phosphate are
added to enhance yeast growth and ethanol production
(Malherbe et al., 2007). For optimum yeast efficiency in
molasses medium, OPA was used as phosphate source.
Phosphorus plays the major role in the glycolysis cycle in
yeast cell. Extensive studies were previously performed
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Table 6. effect of orthophosphoric acid supplementation on the ethanol yield production from sugar cane molasses diluted
with different amounts of vinasse instead of water by S.cerevisiae F-727.

Orthophosphoric acid (ppm)

Vinasse (%, v/v) - 25 50 75

EtOH (%) FE (%) FEtOH(%) FE(%) FEtOH(%) FE (%) EtOH(%) FE (%)
0 11.42 100.0 11.72 100.0 11.78 100 11.70 100
10 11.42 100.0 11.72 100.0 11.78 100 1.701 100
20 11.46 100.1 11.82 100.2 11.82 100.2 11.72 100.2
30 11.38 100.0 11.70 99.9 11.72 99.5 1.601 99.2
40 11.22 99.91 11.46 97.8 11.52 97.8 11.36 97.1
50 11.06 98.23 11.22 95.7 11.12 94.4 11.24 96.1
60 10.72 96.42 11.14 95.1 11.04 93.7 11.00 94.0
70 10.40 93.71 10.70 91.3 10.72 91.0 10.92 93.3
80 10.08 90.00 10.32 88.1 10.18 86.9 10.54 90.1
90 9.77 87.32 9.96 85.0 9.96 84.6 10.26 87.7
100 9.40 9.96 9.72 82.9 9.76 82.9 9.86 84.3

EtOH, Ethanol yield; FE, fermentation efficiency.

Table 7. Effect of magnesium sulfate supplementation on the ethanol yield production from sugar cane molasses diluted with
different amounts of vinasse instead of water by S. cerevisiae F-727.

Magnesium sulfate concentration (ppm)

Vinasse (%, v/v) - 15 30 45
EtOH (%) FE (%) FEtOH(%) FE (%) FEtOH(%) FE (%) FEtOH(%) FE (%)

0 11.72 100.0 11.88 100 12.00 100 12.00 100
10 11.78 100.1 11. 88 100.1 12.00 100 12.00 100
20 11.82 100.1 11.94 100.1 12.08 100 12.00 100
30 11.70 100.0 12.00 100.1 12.12 100 12.08 98.5
40 11.46 99.91 11.82 100.2 12.00 100 11.90 97.8
50 11.22 98.23 11.22 100 11.34 99.2 11.32 94.6
60 11.14 96.42 11.04 99.6 11.40 98.8 11.04 93.1
70 10.60 93.71 10.80 97.2 11.62 98.2 10.70 90.2
80 10.32 90.00 10.42 92.3 10.46 95.3 10.44 88.0
90 9.96 87.32 9.86 89.8 9.36 92.4 10.16 85.7
100 9.42 86.41 9.22 87.1 9.36 90.1 9.22 77.7

EtOH, Ethanol yield; FE, fermentation efficiency.

to optimize nitrogen and phosphorous sources and other
supplements (Pretorius et al., 2013). Higher ethanol
production has also been previously reported with urea
and phosphoric acid, making the process very econo-
mical (Arshad et al., 2008).

Effect
sulfate

of varying concentrations of magnesium

Varying concentrations of magnesium sulfate were
supplemented in fermentation medium diluted with
different percents of vinasse compared to those diluted

with fresh water under the above optimized nutrients
levels of urea and orthophosphoric acid (Table 7).
Results show that ethanol yield as well as relative
fermentation efficiency was enhanced by introducing
magnesium sulfate in molasses medium diluted with
vinasse, especially in the medium diluted with vinasse
above 40%. The data shows that the demand level of
magnesium sulfate was increased in the medium diluted
with vinasse than that diluted with water; this led to
maximum ethanol production. Also, the addition of
magnesium enabled yeast strain to utilize some
fermentable sugars involved in vinasse to yield more
ethanol than that diluted with fresh water. The data agree
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Table 8. Effect of varying inoculum size on ethanol yield from sugar cane molasses diluted with different amounts of vinasse

instead of water by S.cerevisiae F-727.

Inoculum size (%, v/v)

Vinasse (%, v/v) 10 15 20 25

EtOH (%) FE (%) FEtOH(%) FE(%) FEtOH(%) FE (%) EtOH(%) FE (%)
0 12.00 100 12.00 100 12.00 100.0 11.98 100.0
10 12.00 100 12.00 100 12.00 100.0 11.98 100.0
20 12.08 100 12.00 100 12.00 100.0 11.98 100.0
30 12.12 100 12.08 100.7 12.08 100.7 12.18 101.7
40 12.00 97.8 12.22 101.8 12.28 102.3 12.32 102.8
50 1174 96.7 12.02 100.2 12.12 101.0 12.22 102.0
60 11.60 95.0 11.76 98.00 11.81 98.4 11.78. 98.3
70 10.40 85.9 11.64 97.00 11.62 96.8 11.60 96.8
80 10.26 82.2 10.70 89.20 10.96 91.3 11.00 91.8
90 9.86 80.5 10.24 85.30 10.52 87.7 10.65 88.9
100 9.66 100 9.72 81.00 9.84 82.0 9.90 82.6

EtOH, Ethanol yield; FE, fermentation efficiency.

with scientific knowledge that vinasse contains high level
of potassium which inhibits the metabolism of
magnesium. As a result, more magnesium is needed to
overcome this problem. Deficiencies and imbalances in
minerals and cations serving as co-factors for glycolytic
and other enzymatic reactions can result in fermentation
arrest (Blackwell et al., 1997). Magnesium plays a key
role in metabolic control, growth and cell proliferation,
glycolytic pathway and subsequently ethanol production
(Walker, 1994).

Effect of varying inoculum sizes

Ethanol yield and production of co-products has a major
relationship in ethanol fermentation. Extensive studies
have been carried out to investigate the effect of yeast
inoculation rate to help the yeast cells overcome the
bacterial cells on the basis of size and number (Fadel et
al., 2013). Effect of varying inoculum sizes on ethanol
yield was studied under the above optimized parameters.
Maximum ethanol content was found when the
inoculation rate was 25% viv and was 12.3% v/v in
fermentation medium diluted with 50% vinasse instead of
water (Table 8). The obtained results showed that yeast
cells absorb heavy metals which inhibit the enzymatic
system responsible for ethanol production by yeast cells,
and as the number of cells increases the amount of
heavy metals per cell decreases from the surrounding
medium. In brewing, higher yeast inoculum causes
attenuation to initiate the process more rapidly, and
reduces viability losses that occur immediately after
pitching. In a previous study, ethanol yield increased with
increasing inoculum size and yield of methanol, and
aldehydes were the lowest when inoculum size was
above 30% (Arshad et al., 2008).

Effect of dilution with vinasse on fermentation time
course

Table 9 shows that the fermentation medium diluted with
above 30% (v/v) increased the fermentation time, leading
to the production of the highest ethanol in the
fermentation mash. It can be said that the inhibitory effect
of heavy meals (Arshad et al., 2008) as well as osmoses
effect increased with the amount of vinasse added to the
fermentation medium (Patrascu et al., 2009).

Industrial application

Vinasse [25 % (v/v)] was applied instead of water in
diluted fermentation medium as well as 100% (v/v) in
industrial fermenters of 65 m® capacity. Table 10 shows
the safe means of using vinasse obtained from the
fermentation of sugar cane molasses for ethanol
production in distillery factories without affecting both
ethanol yield and fermentation efficiency (FE). Also, the
yeast can partially utilize some residual fermented sugars
involved in vinasse, and this has the advantage of raising
the distillery factory efficiency.

Conclusion

This study showed the safe possibility of using up to 50 %
vinasse resulting from the fermentation of sugar cane molasses
for ethanol production instead of fresh water in distillery
factories without affecting both ethanol yield and fermentation
efficiency as well as the yeast can patrtially utilized some of
residual fermented sugars and nutrients involved in vinasse and
this has advantage in rising the distillery factory efficiency
causing low ethanol cost production. On the other hand aids in
the solution of the environmental problem for vinasse disposal.



Table 9. effect of dilution with vinasse on fermentation time course on ethanol yield from sugar cane molasses diluted with

different amounts of vinasse instead of water by S.cerevisiae F-727.

Fadel et al.

Fermentation time (h)

Vinasse (%, v/v) 24 30 36 42
EtOH (%) RS (%) FEtOH(%) RS(%) FEtOH (%) RS (%) EtOH (%) RS (%)
0 11.20 3.30 11.88 1.74 11.98 1.64 11.94
10 11.20 3.31 11.88 1.75 11.98 1.64 11.94 1.64
20 11.16 3.77 11.90 1.76 11.98 1.76 11.98 1.75
30 11.04 4.37 12.08 1.86 12.18 1.96 12.28 1.76
40 11.02 4.40 12.32 2.10 12.32 2.10 12.36 186
50 11.02 4.41 12.02 2.82 12.22 2.68 12.24 2.06
60 10.90 4.64 11.32 3.36 11.78 3.26 11.86 2.64
70 10.74 5.20 11.08 4.64 11.60 4.64 11.60 3.16
80 10.60 5.48 10.20 5.44 11.00 5.44 11.0 4.64
90 10.22 6.28 10.44 6.12 10.65 5.92 10.65 5.44
100 9.72 7.08 9.90 7.00 9.94 6.98 9.98 5.92

EtOH, Ethanol yield; FE, fermentation efficiency.

Table 10. Effect of dilution with vinasse instead of water on ethanol yield and fermentation
efficiency from sugar cane molasses by S. cerevisiae F-727 .in Hawamdia Distillation Factories.
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Vinasse (%) TFS (%) pH EtOH (%) RS (%) FE (%)
0 17.22 4.85 9.10 2.44 87.6
5 17.24 4.85 9.10 2.22 87.6
10 17.28 4.76 9.12 2.46 87.6
15 17.36 4.78 9.15 2.52 87.5
25 17.48 4.89 9.20 2.76 87.2
100 17.86 4.90 7.90 5.64 73.7

Total fermented sugars (TFS); EtOH, Ethanol yield; RS, residual sugars; FE, fermentation efficiency.
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Stroke is the third most common cause of death, and a leading cause of physical disability in adults.
Recovery after a major stroke is usually limited, but cell therapy, especially by application of
mesenchymal stem cells (MSCs) is emerging with fixed neurologic deficits. The aim of the current study
was directed to isolation and cultivation of the bone marrow (BM) derived MSCs from young rats, as well
as to study the role of intravenous administration of BM-MSCs in mature male rats as an animal model
for Middle Cerebral Artery Occlusion (MCAQO). MSCs are spindle in shape fibroblast-like cells and
possess the ability to aggregate and form colonies-forming unit — fibroblast (CFU-F). MSCs showed
positive response for CD105" (the specific marker for MSCs detection) and negative response for
surface marker (CD34 ), characteristic for the hematopoietic cells. The immunohistochemistry study of
intravenous administration of Bromodeoxyyuridin (BrdU) labeled BM-MSCs after 24 h of mechanical
MCAO in mature rats, demonstrated survival, engraftment and migration of systemically delivered cells
in the cerebral cortex and heart tissues. However, these cells were not indicated in the lung and liver
tissues. In conclusion, intravenously administered BM-MSCs enter brain and heart, and survive of this,
may provide a cell source to treat stroke and heart disease.

Key words: Middle cerebral artery occlusion, mesenchymal stem cells, rats, transplantation,
bromodeoxyyuridin.

INTRODUCTION

Bone marrow derived mesenchymal stem cells (BM- 2010). This means, MSCs is not only differentiated into
MSCs), like other stem cells, have the capacity of types of cells of mesodermal lineage, but also into
unlimited self-renewal and they give rise to differentiated endodermal and ectodermal lineages. MSCs have been
cells from various cell lineages (Doeppner and Hermann, identified as an adherent, fibroblast-like population, and

*Corresponding author. E-mail: intissar_numman@yahoo.com. Tel: +9647700521517.

Author(s) agree that this article remains permanently open access under the terms of the Creative Commons Attribution License 4.0
International License

Abbreviations: MSCs, Mesenchymal stem cells; BM, bone marrow.
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they can be isolated from different adult tissues, including
BM, umbilical cord, skeletal muscles and adipose tissue
(Li and lkehara, 2013). There are some characteristics
that make MSCs safe and promising candidates for
application in tissue regeneration procedures. Progenitor
and pluripotent MSCs, which are located in all tissues
and organs, have a connective tissue component, with
the potential to form at least four tissues of mesodermal
origin (Young et al., 1995), for instance MSCs have been
purified from articular cartilage culture (Eslaminejad and
Taghiyar, 2007). Beside, broad range of MSCs distri-
bution, these cells are free from ethical concerns, they
also possess non-immunogenic properties, have injury-
seeking capabilities, and can be used as vehicles for
gene therapy (Zomorodian and Eslaminejad, 2012).
Accumulating evidences support the beneficial effects of
MSCs transplantation: in neurodegenerative diseases
(Torrente and Polli, 2008); for attenuation pain, induced
by spinal cord injuries (Takikawa et al., 2013); in both
patients with Ischemic Stroke (Lee et al., 2010) and
animal models of stroke (Chen et al., 2001b; Doeppner
and Hermann, 2010).

Stroke is a leading cause of death, along with cancer
and coronary heart disease, and it is the most common
cause of physical disability in adults (Kim et al., 2013).
Approximately 80% of all strokes are ischemic with
occlusion of a cerebral artery, leading to infarction of
brain tissue and consequent death of neurons and/or glia.
Subsequent symptoms depend on both the location of
the lesion and the cell types lost (Williamson et al., 2008).
Moreover, stroke causes a greater loss of healthy life
years, as measured in disability-adjusted life years, than
over illnesses (Hong et al., 2011). Recently, cell-based
therapy has been evaluated as a regenerative strategy
for patients with fixed neurologic deficits after stroke (Kim
et al., 2013). Therefore, several clinical trials have used
BM-MSCs in stroke and the results from these studies
have raised important issues. Specifically, different varia-
tions according the patient characteristics, cell therapy
timing, dose and type of cells delivered and mode of
treatment, have been noted (Bhasin et al., 2011; Savitz et
al., 2011; Friedrich et al., 2012; Kim et al., 2013).

Since the BM is very an important source of adult stem
cells, especially of MSCs, the aim of the current study
was connected with isolation and cultivation of BM-MSCs
from young rats, to maintain them through several
passages, and to study the role of intravenous
administration of BM-MSCs, derived from different
passages in stroke.

MATERIALS AND METHODS
Isolation and cultivation of BM-MSCs

Mesenchymal stem cells (MSCs) were harvested from young albino
male rats (53 to 58 days old and weighting 128 to 197 gm). Rats
were obtained from the Animal Breeding House, College of
Education, University of Duhok, Duhok, Iraq. The animal experiments

were done in Animal Tissue Culture Laboratory, Scientific Research
Center, University of Duhok. The rats were sacrificed by using
chloroform, and the BM-MSCs cultures were prepared according to
Peister et al. (2004) with some modification. Briefly, under sterile
conditions, BM was harvested by flushing the tibial and femoral
bone marrow cavities with complete culture media [Iscove's
modified Dulbecco medium (IMDM) (US Biol-USA), supplemented
with 15% fetal bovine serum (FBS) (Invitrogen)]. Our modification
was the use of IMDM instead of RPMI-1640 medium, and 15% FBS
instead of 9% FBS and 9% horse serum which were used by
Peister et al. (2004). Marrow plug suspension was dispersed by
Pasture pipette. The so-called obtained cells suspension was
resuspended in 4 to 5 ml of phosphate buffer saline (PBS), and
layered over an equal volume of Ficoll-Paque (1.077 g/ml) (US Biol
—USA). Then, the cell suspension was centrifuged at 2500 to 3000
rpm for 25 min at 8°C. After density gradient centrifugation, the
resulting mononuclear cells (MNCs) and stem cells populations
were retrieved from the Buffy coat and placed in a sterile conical
tube, then washed two times with PBS and centrifuged at 2000 rpm
for 10 min.

The MNCs derived stem cells population suspension were
seeded in 25 cm® plastic tissue culture flasks (Denemark: Nunc)
with 5 ml IMDM plus 15% FBS, and cultivated in incubator with 5%
CO, (Korea LabTecl) at 37°C in a humidified atmosphere for 21
days, until they reached confluence and were defined as passage
0. Cultures of MSCs were inspected daily and re-fed every three
days by replacing half of culture medium by an equal volume of
fresh medium. The MSCs were isolated on the basis of their
morphology and ability to adhere to the tissue culture flask
(Javazon et al., 2001). So, when the culture reached approximately
80 to 90% monolayer confluence, the cells were recovered using
0.25% trypsin-EDTA and the final product was resuspended in 1 ml
of IMDM plus 15% FBS. Then, the cell number and viability were
determined using 0.4% trypan blue prepared in 0.9% normal saline
(Buzanska et al., 2002). The cells were re-cultured in new plastic
tissue culture flasks at a density of 5 X 10* cells / cm?.

Immunophenotypic analysis of BM-MSCs

At the 2™ passage, BM-MSCs were trypsinized into single cell
suspension and re-cultured in multi-well tissue culture plates (4-
wells), containing Poly-L-Lysine (Sigma-Germany), pre-coated
cover slides at a density of 1x10° cell/well in IMDM medium,
supplemented with 15% FBS. The cultures were maintained in CO,-
incubator, in the same culture conditions until they reached
confluence. The attached cells were washed with PBS and fixed
with 4% Phosphate buffered formalin for 10 min, then detected by
immunocytochemistry method using mouse monoclonal antibodies
against human CD105 and CD34 (Abcam). This procedure was
performed according to the manufacturer's instructions of these CD
markers (Buzanska et al., 2002) and counter stained with Harris
Hematoxylin.

Stroke induction
Animal model for middle cerebral artery occlusion (MCAOQ)

Adult albino male rats (n=28), weighing 270 to 300 g, were
subjected to middle cerebral artery occlusion (MCAQ). The animals
were anaesthetized with 70 mg/kg body weight intra-peritoneal (i.p.)
injection of ketamine and 5 mg/kg body weight xylazine (Gonzalez
and Klob, 2003). MCAO was induced by a method of intra-luminal
vascular occlusion described by (Chen et al., 1992; 2001a). Briefly,
1.5 cm incision was made in the right side of the animal neck, and
then sterile small size cannula was gently inserted into the right
common carotid artery and advanced toward the internal carotid
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Figure 1. A. The right common and external carotid arteries were expressed carefully
through incision. B. Insertion of the needle into the right common carotid artery gently. C.
Insertion of nylon suture (blue colour) through the cannula to reach the origin of the MCA
after withdrawal. D. The wound sutured by catgut suture after withdrawal of the nylon suture
and the cannula. E. Intravenous administration of Brdu labeled BM-MSCs (through the tail

vein) via 27 gauge needle slowly.

artery. After withdrawal of the needle, a length of 4.0 monofilament
nylon suture (18.5 to 19.5 mm), determined by the animal weight,
was inserted into the cannula and advanced toward the origin of the
middle cerebral artery (MCA). Three hours after MCAO, reperfusion
was performed by withdrawal of the cannula and nylon suture, the
wound was sutured by catgut (Figure 1A, B, C and D). The rest of
the body placed over thermo regulated operating table, fixed at
37°C.

MCAO animals groups

MCAO animals groups (n=28) were divided into four groups (n=7
for each group), as follows: groups (1, 2, 3): rats of these groups
were injected intravenously after 24 h of stroke induction with MSCs
at 2" 8" and 12" passages, respectively. While, group (4) (first
control group) were rats given MCAO alone without donor cell
administration. In addition to these groups, this experiment also
included second control group (5) (n=7), but these were rats without
given MCAO and cell administration, that means normal rats
without any treatment.

Labeling of mesenchymal stem cells

In order to study the capability of rat BM-MSCs to maintain their
plasticity in different passages for survival, multiplication and
migration after intravenously administration in rat animal models for
MCAO, the 2™ 8" and 12" passages of BM-MSCs were
maintained to grow in culture. When the culture reached
approximately 80% monolayer confluence, the culture medium was
removed and replaced with fresh culture medium (IMDM plus 15%

FBS), containing 4 pg/ml Bromodeoxyuridin (BrdU) (Sigma,
Germany), to label MSCs for intravenous administration in rat
model of stroke (Seghatoleslam et al., 2012).

Intravenous administration of BrdU-labeled mesenchymal stem
cells

The BM-MSCs were maintained with labeling medium (IMDM plus
15% FBS and 4 pg /ml BrdU) for 72 h, then this medium was
aspirated, the cells were washed with PBS and trypsinized into
single cell suspension. Then, for each animal from groups 1, 2 and
3, after 24 h of stroke induction, 27 gauge needle loaded with the
1X10° BrdU- labeled MSCs in 500 pl culture medium were slowly
injected intravenously into the tail vein within 2 to 3 min (Figure 1E).
All transplantation procedures were performed under aseptic
conditions and immuno-suppressors were not used in any
experimental animal.

Histological study

Animals of groups 1, 2 and 3 were allowed to survive for 31 days
after MSCs transplantation, after which these animals were
sacrificed by chloroform, whereas the animals from the first control
group (4) were sacrificed after 24 h of stroke induction (to show the
eventual changes in the brain at this time point). Animals from the
second control group (5) were also sacrificed by chloroform.
Generally, the skin, muscles and skull bones were dissected out
with suitable surgical instruments, and then the whole brain was
manipulated carefully and fixed in 10% Phosphate buffered formalin
at room temperature. In parallel, the animals’ hearts, livers and
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Figure 2. Primary culture of young rat BM under inverted microscope (X100). A. The
cells after 2 to 3 days, most of BMCs are floated and the remaining of cells began to
attach. B. after 4 to 5 days some of cells became elongated and have a fibroblast-like
morphology and other cells appear as small round cells.

lungs were removed and also fixed by 10% Phosphate buffered
formalin at room temperature. These organs were embedded in
paraffin, in order to be ready for immunohistochemical assay. The
BrdU-labeled cells were detected in sections according to
manufacturer's instructions of the markers by light and fluorescent
microscope.

RESULTS
BM-MSCs culture and detection

The first step in this study was connected with laboratory
cultivation of BM-MSCs, obtained from young rats. The
results show that in the initial BM-MSCs culture, two
major types of cells were observed; hematopoietic stem
cells (HSCs) and MSCs. During first hours of culturing,
these cells were floating in culture medium then; some of
them began to adhere progressively to the tissue culture
flask surface. After two to three days of cultivation, these
cells became elongated and received small uni-polar
processes or fibroblast like-spindle shape (Figure 2A and
B). While, the non-adherent cells (HSCs) were removed
and discarded through the continuous medium changing,
by replacing half of culture medium with an equal volume
of fresh medium. As a result of continuous medium
changing, it became clear to distinguish adherent cells
with proliferation activity. The most characteristic in vitro
feature of MSCs was their ability to aggregate and form
colonies, dispensed in the culture. After 9 to 10 days from
the initial cultivation, numerous colonies of different sizes
appeared in the culture, each colony was derived from
single adherent cells and termed as a colony forming
unite—fibroblast (CFU-F) (Figure 3A). Within time of
culture, cells’ proliferation resulted in forming population
of fibroblast-like cells, which were shown around these
colonies; such cells tend to connect the adjacent colonies
(Figure 3B and C). After 21 days, the adherent cells
reached approximately 80 to 90% confluence and formed

homogenous monolayer of spindle-like cells, which is the
typical shape of the MSCs (Figure 4A). These adherent
cells (passage 0) were washed and harvested. The
harvested cells from primary culture of rat BM were re-
cultivated at ratio of 1:3 into new flasks and incubated in
the culture medium, described above. This new culture
has constituted the cells of first passage. Within 2 to 3
days, the so re-cultivated cells were observed retaining
their morphology and become elongated, spindle in
shape, like fibroblasts. In addition, these cells were
maintained in their ability to generate CFU-F. The so
formed colonies were increased in size and formed
homogenous mono-layers of MSCs. Gradually, the
monolayer of BM-MSCs tend to appear as homogenous
layer (the majority of cells were spindle—like), this aspect
for instance, is represented by MSCs at different pas-
sages. The MSCs were generally expanded in culture for
twelve passages, remaining undifferentiated.

The majority MSCs of the 2" passage (Figure 4B),
indicated positive response for CD105", the specific
marker for MSCs detection, and they appeared in green
color of fluorochrome-conjugated secondary antibody
(Figure 5A, B and C). However, these cells were negative
for surface marker (CD34 ), which is associated with
HSCs, and they stained in blue color of counter stain
Harris hematoxylin (Figure 5D). These results indicate
that the so derived cells are MSCs, but not hematopoietic
in origin.

MCAO in mature rats

MCAO was performed for the first time in Iraq, as
described previously, and followed by reperfusion. To
guantitate the changes that occur, the brains from
animals of group 4 were examined in details after 24 h of
MCAO. The gross anatomy of the rats from this group (4)
revealed congestion, which was observed on the surface
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Figure 3. lllustration of the primary culture of BM-MSCs under inverted microscope. A. The formation of MSCs
colony forming unit-derived fibroblast (CFU-F) (X100). B (X150) and C (X50): These figures show expanded MSCs
colonies with numerous cells displaying fibroblast-like morphology.

Figure 4. A, after 21 days from initial culture and B (2" passages): The formation of homogenous layer of
fibroblast-like cells with small round cells (X100).
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Figure 5. Immunophenotypic analysis of BM-MSCs in vitro at 2" passage. A, B (X200), and C (X150): MSCs
show positive response for CD105 (the specific marker for MSCs detection); cells revealed the colour of
fluorescent conjugated secondary antibody (green colour). D. MSCs show negative response for CD 34 (the
specific marker for Hematopoeitic stem cells detection), and stain with blue color (Hematoxylin stain) (X 100).

of the brain (Figure 6A). The congestion was noticeable
in the middle cerebral artery MCA (Figure 6C). This effect
of stroke induction in the experimental animals became
clear in comparison with the brain of normal animals
(group 5) (Figure 6B and D). Later, the experimental rats
were inspected in their home cage environment, and no
obvious movement abnormalities such as rotation or
alteration of stereotyped behaviors were detected, that
would distinguish them from controls. However, typical
movements, associated with exploratory behavior, such
as brief stopping, sniffing, rearing, or leaning against the
cage wall were all reduced in the animals subjected to
MCAO.

Histological and immunohistochemical studies
Immunohistchemical studies by light and fluorescent

microscope were selected for demonstration of BM-
MSCs engraftment, migration and long-term survival in

the brain and other organs. Animals were allowed to
survive for 31 days after intravenous administration of
BM-MSCs; the examination of brain cross-sections,
revealed the presence of BrdU-labeled cells as clusters.
The migratory BrdU-labeled cells were located in
different regions of the cerebral hemisphere, and
specifically in the cerebral cortex (Figure 7A, B, C, and
D). Despite the experimental groups, the microscopic
examinations revealed the same ability of MSCs at
different passages for migration and localization in the
brain and heart tissues (Figure 8A and B). However, the
investigations of liver and lung tissues revealed no BrdU-
labeled cells, in addition we did not record any histo-
pathological changes during examination of these tissues
(Figure 8C and D).

DISCUSSION

In the present study, the culture of young male rats’ BM-
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Figure 6. Photographs elucidate aspects of brain after 24 h of stroke induction (A, C left side) and show the
comparison with the control brain (B, D right side), A. Congested blood vessels on the surface of cerebral
hemispheres, B. The brain of control did not display any sign of congestion. C. The congestion of MCA (arrow)
was quite obviously. D. In contrast the control$ cerebral hemisphere did not display congestion.

MNCs and stem cells populations resulted in appearance
of a population of cells with fibroblastic morphology.
These cells could be considered as MSCs, as described
by many researchers, such as Friedenstein et al. (1970);
Pittenger et al. (1999); Javazon et al. (2001); Eslaminejad
et al. (2008) and Li and lkehara, (2013). According to
Friedenstein et al. (1970) and Javazon et al. (2001),
MSCs in the present study were isolated on the basis of
their morphology and ability to adhere on the tissue
culture flask. One of the characteristic in vitro-features of
MSCs is their ability to generate single cell-derived
colonies of adherent cells. This single precursors cells
with colony—forming ability are termed CFU-F, and they
are usually used as an indicator for mesenchymal
progenitor potential (Bochev et al., 2008). This feature of
MSCs to generate CFU-F was observed in the present
study, so many CFU-F with different sizes were observed
that represent varying growth rates from cells with
fibroblast-like spindle shape, migrating from these

colonies.

The results of the immuno-phenotypic assay of BM-
MSCs indicated that the majority of adherent cells and
their colonies (CFU-F) were strongly stained by CD105.
As indicated by Dominici et al. (2006), this molecule is an
important CD marker, known to be expressed by MSCs.
However, these cells did not express CD34, which is the
specific marker, used for HSCs detection (Vogel et al.,
2003). In order to facilitate a more purified approach for
studying MSCs biology, the international for cellular
therapy proposed minimal criteria to define MSCs as
follow: 1. MSCs must be plastic—adherent. 2. MSCs must
express CD105, CD73, and CD90 and lack expression of
CD11b, CD14, CD19, CD34, CD45, CD79 and/or HLA-
DR surface molecules and 3. MSCs must differentiate to
osteoblasts, adipocytes and chondroblasts in vitro
(Dominici et al., 2006).

However, Alt et al. (2011) had reported that conven-
tional stem cell properties such as plastic adherence and
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Figure 7. Photomicrographs of immunohistochemistry studies of the brain to determine the fate of BrdU-labeled
BM-derived MSCs, after 30 day of cells infusion. A: BrdU —labeled MSCs appear as a clusters of cells in the
brain, showing the intensity of staining after one step antigen retrieval (X200). B. Survival cells in the cortex of
cerebral hemisphere injected by passage eight MSCs (X50). C. The intensity of staining reduced in cells migrated
from cluster, may be this is attributed to clonal expansion (X400). D. Localization of BrdU —labeled cells in
another region of the brain (X100).

the expression of CD105, CD44 and CD90 are unspecific
for stem cells, unlike colony-forming capacity and
differentiation capacity, which are specific properties,
which differ MSCs from fibroblast.

MCAQO in mature rats

Human specific disease is often random, sporadic and
variable in its occurrence, and beyond a certain point, its
biochemical and molecular complexities are simply
inaccessible without turning to animal models, which offer
reproducibility, replicability and control of confounding
variable factors, essential to scientific hypothesis testing
(Ginsberg, 2003). Since cerebral infarction is a hetero-
genous clinical entity with a variety of reasons such as
etiology, localization, severity of ischemia and co-existing
systemic diseases determining the outcome, these
factors make clinical stroke characterization in human

challenging. Many of these variables can be eliminated
by employing an appropriate acute ischemic stroke (AIS),
ischemic model enabling neuroscientists to focus on
fundamental questions (Mehra et al., 2012). Transient
occlusion of MCA by insertion of nylon suture in the right
common carotid artery was preferred in this study,
because this method is less invasive, cerebral artery
occlusion produced is highly reproducible, and it is
reversible allowing study of tissue reperfusion. This is in
contrast to other methods like devascularization, which
has limitations, although pia-stripping could induce
cortical infarction, but mechanical damage to the under-
lying tissue and hemorrhagic does not permit reperfusion
(Gonzalez and Kolb, 2003).

Histological and immunohistochemical assays

The immunohistochemical assays showed that after 31
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Figure 8. Microscopic examination of brain and other tissues in recipient rat of BrdU labeled cells. A. a
number of cells reside around the blood vessel (X200). B. the micrograph demonstrate that some of the
labeled cells reside in the heart (X100). C. this section of liver tissue was free from labeling cells (X100), D.
Section in lung tissue of recipient rat, revealed no pathological changes that occur by the way as a result of
systematic delivery of BM-derived MSCs (X200).

days from intravenous injection of BrdU, labeled MSCs at
24 h after stroke, these cells are more likely to enter into
damaged brain and heart than into other organs such as
liver and lung. This result was also reported by Chen et
al. (2001a), but these authors demonstrated that
intravenously injection of BrdU-labeled MSCs at 1 or 7
days after stroke significantly improved functional
outcome, compared with non-treated rats. The most
important interesting point in the present study is that the
distribution of the labeled cells was not homogeneous.
There were clusters of cells, which means that single
progenitor cells underwent clonal expansion. This finding
is in parallel with the study of Mezey et al. (2003), who
observed this pattern of cells distribution during
examination post-mortem brain samples from patients
with lymphocytic leukemia, who had received bone mar-
row transplants. In this study, intravenous administration
of BM-MSCs on the 2", 8" and 12" passages, offers an

opportunity to highlight on some of MSCs characteristics,
as follows: Despite the systemic delivery of BM-derived
MSCs, these cells have been distinguished in the
cerebral hemisphere, particularly in the cortex region.
This can be attributed to the fact, that the MSCs possess
the unique capacity to migrate or dock preferential to
injured sites, due to expression of growth factors,
chemokins and extracellular matrix receptors on the
surface of MSCs (Meirelles et al., 2009; Rastegar et al.,
2010).

In order to study the capability of rat BM-MSCs to
maintain their survival, multiplication and migration on
different passages, cells on the 2™, 8" and 12" passages
were chosen, to ensure that the delivered cells are nearly
homogenous population, and hence no great difference
between their migration and survival in the brain of rats
would exist. These results indicated that MSCs retain
their phenotype through several passages, and in this
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way, increase the possibilities for clinical application of
MSCs in treatment of different human diseases, which
require substantial number of cells, a factor that makes
the ex vivo-expansion of MSCs are very necessary
(Hassan and EI-Sheemy, 2004). Furthermore, MSCs
transplantation in neurodegenerative diseases has been
proven as feasible, safe and potentially effective.
Although, there are doubts concerning the exact
mechanisms, responsible for the beneficial outcome
observed after MSCs transplantation into neurodege-
nerative tissue (Torrente and Polli, 2008; Li and Ikehara,
2013) have reported that MSCs are capable of secrete
factors, including IL-6, IL-10, human growth factor (HGF),
as well as platelet-derived growth factor (PGEZ2), that
promote tissue repair, stimulate proliferation and differen-
tiation of endogenous tissue progenitors, and decrease
the inflammatory and immune reactions. From the current
data, we can conclude that the intravenously-adminis-
tered BM-MSCs enter brain and heart, and they survive,
which might provide a cell source for treatment of stroke
and heart diseases.
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