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Instructions to Authors
Scopes

Study areas include cell biology, genomics, microbiology, immunology, molecular biology,
biochemistry, embryology, immunogenetics, cell and tissue culture, molecular ecology, genetic
engineering and biological engineering, bioremediation and biodegradation, bioinformatics,
biotechnology regulations, gene therapy, organismal biology, microbial and environmental
biotechnology, marine sciences. The JJBS welcomes the submission of manuscript that meets the
general criteria of significance and academic excellence. All articles published in JIBS are peer-
reviewed. Papers will be published approximately one to two months after acceptance.

Type of Papers

The journal publishes high-quality original scientific papers, short communications, correspondence
and case studies. Review articles are usually by invitation only. However, Review articles of current
interest and high standard will be considered.

Submission of Manuscript

Manuscript, or the essence of their content, must be previously unpublished and should not be under
simultaneous consideration by another journal. The authors should also declare if any similar work has
been submitted to or published by another journal. They should also declare that it has not been
submitted/ published elsewhere in the same form, in English or in any other language, without the
written consent of the Publisher. The authors should also declare that the paper is the original work of
the author(s) and not copied (in whole or in part) from any other work. All papers will be automatically
checked for duplicate publication and plagiarism. If detected, appropriate action will be taken in
accordance with International Ethical Guideline. By virtue of the submitted manuscript, the
corresponding author acknowledges that all the co-authors have seen and approved the final version of
the manuscript. The corresponding author should provide all co-authors with information regarding the
manuscript, and obtain their approval before submitting any revisions. Electronic submission of
manuscripts is strongly recommended, provided that the text, tables and figures are included in a single
Microsoft Word file. Submit manuscript as e-mail attachment to the Editorial Office at:
JIBS@hu.edu.jo. After submission, a manuscript number will be communicated to the corresponding
author within 48 hours.

Peer-review Process

It is requested to submit, with the manuscript, the names, addresses and e-mail addresses of at least 4
potential reviewers. It is the sole right of the editor to decide whether or not the suggested reviewers to
be used. The reviewers’ comments will be sent to authors within 6-8 weeks after submission.
Manuscripts and figures for review will not be returned to authors whether the editorial decision is to
accept, revise, or reject. All Case Reports and Short Communication must include at least one table
and/ or one figure.

Preparation of Manuscript

The manuscript should be written in English with simple lay out. The text should be prepared in single
column format. Bold face, italics, subscripts, superscripts etc. can be used. Pages should be numbered
consecutively, beginning with the title page and continuing through the last page of typewritten
material.

The text can be divided into numbered sections with brief headings. Starting from introduction with
section 1. Subsections should be numbered (for example 2.1 (then 2.1.1, 2.1.2, 2.2, etc.), up to three
levels. Manuscripts in general should be organized in the following manner:

Title Page

The title page should contain a brief title, correct first name, middle initial and family name of each
author and name and address of the department(s) and institution(s) from where the research was
carried out for each author. The title should be without any abbreviations and it should enlighten the
contents of the paper. All affiliations should be provided with a lower-case superscript number just
after the author's name and in front of the appropriate address.

The name of the corresponding author should be indicated along with telephone and fax numbers (with
country and area code) along with full postal address and e-mail address.



Abstract

The abstract should be concise and informative. It should not exceed 350 words in length for full
manuscript and Review article and 150 words in case of Case Report and/ or Short Communication. It
should briefly describe the purpose of the work, techniques and methods used, major findings with
important data and conclusions. No references should be cited in this part. Generally non-standard
abbreviations should not be used, if necessary they should be clearly defined in the abstract, at first use.

Keywords

Immediately after the abstract, about 4-8 keywords should be given. Use of abbreviations should be
avoided, only standard abbreviations, well known in the established area may be used, if appropriate.
These keywords will be used for indexing.

Abbreviations

Non-standard abbreviations should be listed and full form of each abbreviation should be given in
parentheses at first use in the text.

Introduction

Provide a factual background, clearly defined problem, proposed solution, a brief literature survey and
the scope and justification of the work done.

Materials and Methods

Give adequate information to allow the experiment to be reproduced. Already published methods
should be mentioned with references. Significant modifications of published methods and new methods
should be described in detail. Capitalize trade names and include the manufacturer’s name and address.
Subheading should be used.

Results

Results should be clearly described in a concise manner. Results for different parameters should be
described under subheadings or in separate paragraph. Results should be explained, but largely without
referring to the literature. Table or figure numbers should be mentioned in parentheses for better
understanding.

Discussion

The discussion should not repeat the results, but provide detailed interpretation of data. This should
interpret the significance of the findings of the work. Citations should be given in support of the
findings. The results and discussion part can also be described as separate, if appropriate. The Results
and Discussion sections can include subheadings, and when appropriate, both sections can be combined

Conclusions
This should briefly state the major findings of the study.
Acknowledgment

A brief acknowledgment section may be given after the conclusion section just before the references.
The acknowledgment of people who provided assistance in manuscript preparation, funding for
research, etc. should be listed in this section.

Tables and Figures

Tables and figures should be presented as per their appearance in the text. It is suggested that the
discussion about the tables and figures should appear in the text before the appearance of the respective
tables and figures. No tables or figures should be given without discussion or reference inside the text.

Tables should be explanatory enough to be understandable without any text reference. Double spacing
should be maintained throughout the table, including table headings and footnotes. Table headings
should be placed above the table. Footnotes should be placed below the table with superscript
lowercase letters. Each table should be on a separate page, numbered consecutively in Arabic numerals.

Each figure should have a caption. The caption should be concise and typed separately, not on the
figure area. Figures should be self-explanatory. Information presented in the figure should not be
repeated in the table. All symbols and abbreviations used in the illustrations should be defined clearly.
Figure legends should be given below the figures.
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EDITORIAL PREFACE

Jordan Journal of Biological Sciences (JJBS) is a refereed, quarterly international
journal financed by the Scientific Research and Innovation Support Fund, Ministry of
Higher Education and Scientific Research in cooperation with the Hashemite
University, Jordan. JIBS celebrated its 11™ commencement this past January, 2019.
JJBS was founded in 2008 to create a peer-reviewed journal that publishes high-
quality research articles, reviews and short communications on novel and innovative
aspects of a wide variety of biological sciences such as cell biology, developmental
biology, structural biology, microbiology, entomology, molecular biology,
biochemistry, medical biotechnology, biodiversity, ecology, marine biology, plant and
animal biology, plant and animal physiology, genomics and bioinformatics.

We have watched the growth and success of JIBS over the years. JJBS has published
11 volumes, 45 issues and 479 articles. JJBS has been indexed by SCOPUS, CABI’s
Full-Text Repository, EBSCO, Clarivate Analytics- Zoological Record and recently
has been included in the UGC India approved journals. JJBS Cite Score has improved
from 0.18 in 2015 to 0.60 in 2018.

A group of highly valuable scholars have agreed to serve on the editorial board and
this places JIBS in a position of most authoritative on biological sciences. | am
honored to have six eminent associate editors from various countries. | am also
delighted with our group of international advisory board members coming from 15
countries worldwide for their continuous support of JJBS. With our editorial board's
cumulative experience in various fields of biological sciences, this journal brings a
substantial representation of biological sciences in different disciplines. Without the
service and dedication of our editorial; associate editorial and international advisory
board members, JJBS would have never existed.

In the coming year, we hope that JJBS will be indexed in Clarivate Analytics and
MEDLINE (the U.S. National Library of Medicine database) and others. As you read
throughout this volume of JIBS, | would like to remind you that the success of our
journal depends on the number of quality articles submitted for review. Accordingly, I
would like to request your participation and colleagues by submitting quality
manuscripts for review. One of the great benefits we can provide to our prospective
authors, regardless of acceptance of their manuscripts or not, is the feedback of our
review process. JJBS provides authors with high quality, helpful reviews to improve
their manuscripts.

Finally, JJBS would not have succeeded without the collaboration of authors and
referees. Their work is greatly appreciated. Furthermore, my thanks are also extended
to The Hashemite University and the Scientific Research and Innovation Support
Fund, Ministry of Higher Education and Scientific Research for their continuous
financial and administrative support to JJBS.

Professor Khaled H. Abu-Elteen
March, 2019
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Stratified squamous epithelium with inner granular layer (Red
arrow) surrounded by a laminated keratin (Black arrow), b:
Inflamed type keratin materials (Black arrow) surrounded by
degenerative cells of the hair follicle and sebaceous cyst,
inflammatory cells and keratinocytes (Blue arrow, H&E stain,
x400).

Figure 7. Microscopic features of hypodermis in group B, a:
Thickness value measurement for hypodermis (Black line, H&E
stain, x100), b: Degeneration of the hair follicle and formation of
epidermal inclusion cyst (H&E stain, x400), c: UVB-induced
panniculitis characterized by the presence of necrotic adipocytes,
inflammatory cells with few multinucleated giant cells.

3.3. UVB plus Natural Almond Oil

Mice from the group of UVB-natural almond oil
showed all of the lesions of group B but in a milder form.
The light microscopy revealed that the UVB exposure
induced epidermal hyperplasia with epidermal thickness to
65.9+2.78Um (I pearson= 0.921, p=.000) making up 23.8% of
the total skin thickness (Figure 3), which was 8.6 times less
severe than the exposure group (rpearson=-0.923, p=.000).
This indicated that natural almond oil had a positive effect
against the increasing skin thickness induced by UVB.
Many lesions were found in the epidermis including
apoptosis, vacuolation of keratinocyte, dyskeratosis with
acantholytic changes (Figure 4). In the dermis, the dermal
thickness descended to 98.4+6.98um which made up 35.5%
of the whole skin thickness (rpeason=0.965, p=.000),
although the numbers of epidermal inclusion cysts
increased in both dermis and hypodermis with the mean
number of 15.6. The majorities of these cysts were of the

inflamed types, sebaceous hyperplasia, and some of them
started to degenerate with associated hair follicles and the
existence of implanted epithelial cells and inflammatory
cells. In hypodermis, most of the lesions persisted; the
hypodermal thickness was reduced to 112.4+7.46pm which
was 0.85 times less than in the exposure group (rpearson=-
0.775, p=.216) and 4.1 times more than the control group
(Fpearson=0.912, p=.000) making up 40.7% the total skin
thickness (Figure 3). Fat necrosis, inflammatory cells,
degeneration of the distal parts of the hair follicles with a
number of epidermal inclusion cysts were seen in this
region.

3.4. UVB plus Commercial Almond Oil

Grossly, all the above lesions were recognized without
obvious differences. The microscopical examination
indicated that the lesions in this group were more
pronounced than in group C and less severe than in the
group B. The epidermal thickness was 73.5+3.52um (25%
of the skin thickness), 7.5 times reduced the hyperplastic
effect of UVB (Ipearson=0.968, p=.000), and 10.6 times
thicker than the control group (rpearson=-0.960, p=.000). The
dermal thickness decreased to 107.5%7.73um (36% of the
skin thickness), in comparison to 0.7 times less than the
exposed group (I pearson=-0.934, p=.001), and 1.6 times more
than the control group (rpearson=0.981, p=.000). The
epidermal inclusion cyst counting recorded the highest
number in this group with a mean number of 20.4. In
hypodermis, the thickness was 114.4+4.33um (39% of the
total skin thickness), which was 4.2 times more than the
control group (rpearson=0.356, p=.000), 0.6 times less than
exposed group (I pearson=-0.589, p=.305).

Table 2. Increases in the thickness (um) of the skin layers in the
experimental groups relative to the control group.

Skin layers Group Group Group Group Group B Group B

A B C D Vs. group C Vs. group D
Epidermis 1 181 95 106 86 75
Dermis 1 23 15 1.6 0.8 0.7
Hypodermis 1 48 41 42 07 0.6

3.5. Cyclin D1 Expression

The positive cells of cyclin D1 expressions appeared as
the brown-stained nuclei showing extreme variability in
intensity, numbers, and the location of the positive cells.
The counted positive cells were listed in table 3 for each
case in different groups. In the control group (Group A),
the percentage of positive cells was 15.9% with score 1+.
This indicated that the cells were scattered in both layers of
stratum basale and stratum spinosum (Figure 8a), while in
group B, the percentage of positive cells increased to
37.9% and the score changed to 3+ (Ipearson=-0.959,
p=.000). This meant that UVB irradiations upregulated
cyclin D1, increased the number of cells, and changed in
the location of cells despite the presence in the stratum
basale and spinosum. The positive cells extended upwards
(toward the stratum granulosum "prickle layer") either as
individual cells or clusters of cells. In addition to the
presence of cyclin D1 in the epidermal kerationcytes, they
were found in the follicular cells and the capsules of
epidermal inclusion cysts (Figure 8b-e).

The average counts in the treatment groups (C and D)
were not significantly different compared with group B,
which were composed of 38.6% (Group C, p=.943) and
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36.6% (Group D, p=.630) with the score 3+ for both
groups.

A (control), Score 1+: most of the cells were located in the stratum
basale and stratum spinosum (x400), b: Score 3+; positive cells
were scattered in all epidermal layers (x400), c: Small clusters of
positive cells in the stratum granulosum (x400), d-e: Positive cells
were found in the capsule of epidermal inclusion cyst and in the
hair follicles (x100 and x400).

Table 3. Results of positive cells counting for cyclin D1
expression in different groups.

Case No. Group A Group B Group C Group D
1. 17 39 36 31

2. 18 37 43 32

3. 18 39 38 43

4. 15 37 35 38

5. 15 37 44 36

6. 13 38 41 36

7. 16 35 36 41

8. 17 38 38 35

9. 15 39 39 32

10. 15 40 36 40
MeantSEM  15.9+0.5 37.9+0.45 38.6+x0.99 36.6+1.36
4. Discussion

Ultraviolet radiation (UVR) can impair the integrity of
skin barriers as the exogenous factor. Measuring
mechanical and structural properties of skin is a
complicated process involving thickness, elasticity, and
variations associated with age and body sites (Wang et al.,
2013). Since the skin is composed of different layers of
varying depths with different physical and chemical
properties, UVR induces variable pathological lesions on
different types of cells in the skin (Lee et al., 2013). The
current study revealed that the major changes occurred in
the epidermis of animals exposed to UVB radiation. These
findings were partly shown in previous studies by the same
author such as the aforementioned correlations between
UVB and epidermal thickness (Hassan et al., 2015a,
Hassan et al., 2015b, Saeed et al., 2016).

The effects of UVB radiation on the dermis and
hypodermis are somehow not studied at all, despite the fact
that UVB provokes the inflammatory reactions through
indirect damage and leads to dermal elastosis as a result of

chronic irradiations (Zhang and Zhu, 2012). The present
work was aimed at illuminating the relationship among
UVB, dermal, and hypodermal thickness. It revealed that
UVB increased the dermal thickness by 2.3 fold while the
hypodermal thickness increased by about 4.8 fold (p=.000).

Epidermoid inclusion cysts are the most frequent lesions
with very little known etiology. They are mostly are formed
as a result of degenerative changes in the pilosebaceous
apparatus or invasion of epidermal keratinocytes into the
dermis. Many factors can contribute to the occurrence of
these cysts, including ruptured pilosebaceous follicle,
progressive ductal defect, ductal obstruction of a sebaceous
gland, or injurious implantation of surface epithelium under
the skin (Zuber, 2002). Many references have mentioned
the role of exogenous factors such as human
Papillomavirus and UV in the induction of epidermoid
cysts (Zeigler et al., 1996, Lee et al., 2003, Ramagosa et
al., 2008, Narain et al., 2012, Sato et al., 2014). Up to the
author’s knowledge, no previous studies have mentioned
the role of UVB in the induction of epidermoid cysts in the
back skin of mice, therefore, the current study could be
considered as the first trial in this aspect.

In the past, almond oil was used as a complementary
medicine by civilians of Greece, India, and China to treat
different conditions, including skin lesions (psoriasis and
eczema), problems of the cardiovascular and digestive
system. Nowadays, it is commonly used in cosmetics
industries because of its abilities in penetrating,
moisturizing, and restructuring the skin (Ahmad, 2010).
Many authors have investigated that some plant oils contain
natural sunscreens. For instance, 30% of UV rays are
blocked by sesame oil, whereas cottonseed, coconut, olive,
and peanuts oils can block out about 20% of UV rays
(Anitha, 2012). Presumably, no previous studies have
reported the role of almond oil as a natural sunscreen. On
the basis of this investigation, it was observed that almond
oils had a protective role in reducing skin thickness induced
by UVB exposure. It was found that the natural almond oil
reduced 48% of epidermal thickness, 34% of dermal
thickness, and 15% of hypodermal thickness, whereas the
commercial almond oil decreased 41% of epidermal
thickness, 27% of dermal thickness, and 13% of
hypodermal thickness (p=.000). These finding revealed that
almond oils could be regarded as a substitution for
commercial sunscreens. In a previous study by the same
author, it was found that the application of sunscreens
resulted in a 46% reduction in the epidermal thickness
using the same animal model and duration period (Saeed et
al., 2016).

In contrast, almond oils may have negative effects
leading to increasing the number of epidermal inclusion
cysts in both groups (C and D) by 11% and 45%
respectively. These changes have not been studied
previously and they might be associated with blocking the
pores of the pilosebaceous apparatus by the oils.

UV irradiations act on signaling pathways that affect the
expression of cyclin D1 (Liu et al., 2011). Previous
evidences revealed that cyclin D1 overexpression is
associated with skin tumor development and showed a
positive correlation between the onset of cyclin D1
accumulation and the sudden increase in the number of
tumors per animal (Kim et al., 2002). In the present study,
the same result was obtained and stated that chronic UVB
irradiations increased the number of positive cells (by 2
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fold) when compared to the positive cells of the control
group. Additionally, the current study records, for the first
time, the link between cyclin D1 expression and UVB
irradiations, which is a new subject and, therefore, further
studies are needed to explore more details on this basis.

5. Conclusion

UVB increases the thickness of all skin sublayers such
as epidermis, dermis, and hypodermis with the incidence of
epidermal inclusion cysts through epidermal invasion into
the dermis and the degeneration of the pilosebaceous
apparatus. Almond oils play a dual role in the mouse skin.
Positively, it reduces skin thickness induced by UVB
irradiations. Negatively, it increases the formation of
epidermal inclusion cysts and seems to have no obvious
role in reducing cyclin D1 expression. Further studies are
necessary to demonstrate the biological role of cyclin D1 in
the development of different skin lesions induced by UVB
exposure.
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Abstract

This study is aimed at investigating the insecticidal activity of two indigenous plants (Zingiber officinales and Plumbago
zeylanica) against Sitophilus zeamais (Motschulsky, 1985) of stored maize. The efficacy and toxicity of Z. officinales and P.
zeylanica are studied as protectants of stored maize grains against damage by the maize weevil S. zeamais. The stock culture
of S. zeamais used for this study was taken from infested maize obtained from the Postgraduate Research Laboratory,
Department of Biology, Federal University of Technology, Akure, Nigeria. The study was conducted under laboratory
conditions of 28+2°C ambient temperature and 75+5% relative humidity. The ethanolic extract was prepared by weighing
100g of the pulverized powder in 100 ml of absolute ethanol, which was then allowed to stand for seventy-two hours, and
later sieved using muslin cloth. The contact effect of plant powders of adult mortality of S. zeamais and contact effect of
plant powders on adult emergence and reduction of S. zeamais were carried out by weighing twenty grams of the maize
grains into a plastic container with 12.50 cm diameter and 13.50 cm depth. Separate portions of the pulverized powder of Z.
officinales and P. zeylanica at 0.5, 1.0, 1.5, 2.0 and 2.5g were thoroughly mixed with the grains using the glass rod inside the
plastic container. The results obtained from this study reveal that the varying concentrations of the two plant powders Z.
officinales and P. zeylanica had significant effects on the mortality of adult S. zeamais. However, their effectiveness was
dependent on concentration and exposure periods. Since mortality increased as the exposure periods increased, it was clear

that the toxic components of Z. officinales and P. zeylanica powders exhibited some level of persistence.

Keywords: Botanicals, Efficacy, Infestation, Protectant, Toxicity

1. Introduction

The maize weevil, Sitophilus zeamais (Motschi.)
(Coleoptera: Curculionidae) had constituted a serious
threat to stored grains in Africa resulting in the abysmal
decline in food security and productivity (Sofowora, 2008,
Ukeh et.al., 2008, Abdelgaleil, 2009). The damage caused
by this primary pest, occasioned by infesting the kernels,
had resulted in a decrease in the nutritional and seed value
thereby reducing its market value both locally and
internationally (Asawalam et. al., 2001, Zhang, 2004,
Isaman, 2006). However, the storage of agricultural
products is not as important as the protection of the
products during storage (Arabi, 2008). Adeyemo et al.
(2013), stated that post-harvest is directly proportional to
the backwardness of a nation. Hence, protection of farms’
production becomes imperative to combat food insecurity
and enhance sustainability. Meanwhile, the use of
chemicals to control this pest had been a recurring
decimal, but not without its attendant implications
including toxicity in the residue, health implications,
safety of workers, and the development of resistant strains
(Ogunleye, 2003, Arabi, 2008, Sachin et al., 2017). Grain
storage is significantly constrained by insect damage

* Corresponding author e-mail: faologundudu@futa.edu.ng.

which could hamper the projected achievement of food
security in developing countries (IITA, 1995, Arannilewa
et al., 2006, Rajendran, 2008). Unfortunately, the use of
indigenous plants as botanicals in combating this scourge
cannot be overemphasized yet. Because of the health and
environmental implications posed by the use of pesticides,
an alternative approach towards mitigating the damages
caused by weevil on stored products need to be explored.
Hence, this study was conducted to investigate the efficacy
and toxicity of Z. officinales and P. zeylanica as
protectants of stored maize grains against damage by the
maize weevil S. zeamais.

2. Materials and Methods

2.1. Insect Culture

The stock culture of S. zeamais used for this study was
taken from infested maize obtained from the Postgraduate
Research Laboratory, Department of Biology, Federal
University of Technology, Akure, Nigeria. This study was
conducted under laboratory conditions of 28+2°C ambient
temperature and 75+5% relative humidity. The infested
maize was weighed into a plastic container. An opening
was then created and fitted tightly with a muslin cloth to
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allow ventilation while preventing the entry or exit of S.
zeamais and other insects. The new generation of S.
zeamais was then raised, and the culture was maintained
by continually replacing the infested maize with fresh un-
infested maize. The insects were reared for F1 and F2
generation at a temperature of 28+2°C and 75+5% relative
humidity in the Biology Laboratory of the Federal
University of Technology, Akure, Nigeria.
2.2. Collection and Preparation of Extract

Fresh rhizomes of Z. officinales and fresh roots of P.
zeylanica were purchased from Oja Oba Market in Akure,
Ondo State, Nigeria. Each of the plant materials was
washed, air-dried and pulverized into a fine powder using
the electric grinder (Qlink QBL-15L40). The ethanolic
extract was prepared by weighing 100g of the pulverized
powder in 100 ml of absolute ethanol, which was then
allowed to stand for seventy-two hours and was later
sieved using a muslin cloth. The resultant extract was kept
in a tightly fitted bottle and stored at -4°C until use.

2.3. Contact Effect of Plant Powders on the Adult
Mortality of S. zeamis (Motschi.).

Twenty grams of the maize grains were weighed into a
plastic container with 12.50 cm diameter and 13.50 cm
depth. Separate portions of the pulverized powder of Z.
officinales and P. zeylanica at 0.5, 1.0, 1.5, 2.0 and 2.5g
were thoroughly mixed with the grains using the glass rod
inside the plastic container. The experiment was set up in a
complete randomized design, and each treatment was
replicated three times. The untreated grains served as the
control. Five newly-unsexed emerged adult weevils (0-48)
were introduced into the treatments, and were assumed
dead when there was no response when probed with a
forceps. Adult mortality was then assessed at 24, 48, 72,
and 96 hours of the post-infestation period.

2.4. Contact Effect of Plant Powders on the Adult
Emergence and Reduction of S. zeamis (Motschi.) in
Stored Maize Grains

Twenty grams of the maize grains were weighed into a
plastic container with 12.50 cm diameter and 13.50 cm
depth. Separate portions of the pulverized powder of Z.
officinales and P. zeylanica at 0.1, 0.2, 0.3, 0.4, and 0.5g
were thoroughly mixed with the grains using the glass rod
inside the plastic container. The experiment was set up in a
complete randomized design and each treatment was
replicated three times. Four newly-sexed (two males and
females) adult weevils (0-48) were introduced into the
treatments and were left for seven days. Insects were then
removed after seven days in order to determine the egg
plug of the weevil using acid fuchsine test. On the seventh
day, the egg plugs were counted and recorded per
concentration.

2.5. Contact Toxicity of the Ethanolic Extracts on Adult
Mortality of S. zeamis (Motschi.)

Twenty grams of the maize grains were weighed into a
plastic container with 12.50 cm diameter and 13.50 cm
depth. Ethanolic extracts of 0.5, 1.0, 1.5, 2.0 and 2.5 mL
concentrations were separately and thoroughly mixed with
the maize grains and were allowed to stand for one hour
for the solvent to evaporate. Five pairs of one day-old-
adult maize weevils were separately introduced into the
plastic containers containing the treated and untreated
solvents. Each treatment was replicated three times and

arranged in a completely randomised design. Mortality
was observed and recorded after 24, 48, 72, and 96 hours.
2.6. Adult Emergence and Reduction Effect of Plant
Powders on Development
All dead and live weevils were removed from the
plastic containers, and were covered and kept in an
incubator till new adults emerged. After seven weeks, all
the emerged adults were counted and recorded. The
percentage of the powders was calculated using the
formula below
No of F1 adults from the treated sample X 100
No of F1 adults from control
The percentage of damage (PD) and weevil
performance index (WPI) for each plant treatment on the
grains were calculated using the formula below
PD = Percentage of treated grains perforated x 100

Total number of grains

WPI = Percentage of perforated treated grains %100
Percentage of control grains

2.7. Analysis of Data
Data obtained were subjected to one-way Analysis of
variance (ANOVA) and the means were separated using
Duncan Multiple Range Test (P<0.05).

3. Results

Table 1 shows the effect of the Z. officinales powder on
the mortality of S. zeamais (Motschulsky). At twenty-four
hours and forty-eight hours of exposure, mortality
percentages of 20 % and 26.67 % was observed at 1.5¢g
and 2.0g concentration levels. These mortality rates were
not significantly (P>0.05) different from the mortality
rates of 13.32 % and 26.67 % observed within seventy-two
hours and ninety-six hours of exposure at 0.5g and 1.0g
concentration levels.

Table 2 shows the effect of the P. zeylanica powder on
the mortality of adult S. zeamais. The mortality percentage
range of 6.675 %, 13.32 % and 26.67 % was noticeable at
forty-eight hours and seventy-two hours of exposure
periods at 1.5g, 2.0g and 2.5g of concentration levels
which are apparently different from the 33.32 % mortality
rate at ninety-six hours of exposure.

The effectiveness of the Z. officinales ethanolic extracts
on the mortality of adult S. zeamais is shown in Table 3.
The highest percentage of mortality (100 %) was observed
at ninety-six hours of exposure and 2.5 mL of extract
concentration. However, the lowest mortality was recorded
after twenty-four hours of exposure at 0.5 mL of
concentration. Also at forty-eight hours and seventy-two
hours of infestation period, the highest percentage of
mortality was observed at 2.5 mL of concentration evoking
60 % and 66.67 % mortality rates which are significantly
different (P<0.05) from the mortality obtained with the
concentration of 2.0 mL (40 %).

The range of mortality percentage of (6.67-40 %) was
achieved at the exposure periods between twenty-four
hours and seventy-two hours under a concentration of 1.0
mL of the ethanolic extract (Table 4). This, however, was
not significantly different (P>0.05) from the results
obtained after the ninety-six hours of exposure at the
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concentration levels of 2.0 mL and 2.5 mL of the ethanolic
extract which recorded 73.25 % and 80 % respectively.

The effect of the Z. officinales powder on the adult
emergence and the percentage of reduction are shown in
Table 5. The powder significantly reduced the adults’
emergence of the weevil on maize grains. The number of
adults emerged decreased with increase in the
concentration of the Z. officinales powder. The
concentration of the plant powder was increased in the
order of magnitude 0.5>0.4>0.3>0.2>0.1 which decreased
the number of adult emergences.

Table 6 shows the effect of the P. zeylanica powder on
the adult emergence and percentage of reduction. This
similar trend was observed under the influence of the P.
zeylanica powder as adults” emergence decreased with the
increase in the concentration of the plant powder. The
percentage of reduction ranged between 81 % and 95.5 %
at 0.1 mL and 0.5 mL of concentration levels respectively.

Table 7 presents the effect of Z. officinales on the
ability of S. zeamais to cause seed damage in addition to
the Weevil Perforation Index (WPI). The percentage of
damage decreased with increasing the concentration of the
plant powder. The WPI decreased in the order of
magnitude 29.67, 21.9 while 3.69 was observed at the low
concentration of 0.5 %.

The powder significantly reduced the infestation
capacity of the weevil on the maize grains. The highest
concentration of 0.5g recorded 1.92 % of seed damage and
8.32WPI. The percentage of damage decreased between
7.03 and 1.92 (Table 8).

Table 1. Effect of Z. officinales powder on the mortality of adult
S. zeamais.

Table 3. Effect of Z. officinales ethanolic extract on the mortality
of S. zeamais.

% Mortality

Conc.(g) 24h 48h 72h 96h

05 6.66+0.33°  13.32+0.33" 20.00+0.57° 20.00£0.57*
1.0 13.3440.33" 13.32+0.33° 26.67+0.33 33.32+0.88"
15 20.00+0.00™ 20.00+0.00° 33.20+0.33% 86.66+0.33°
2.0 33.32£0.33° 40.00£0.00° 40.00+0.00° 86.66+0.16°
25 53.20£0.33"  60.00+0.00° 66.66+1.00° 100.00+0.00°
us 0.00£0.00°  0.00+0.00°  0.00£0.00*  0.00+0.00°
TS 0.00£0.00  0.00£0.00  13.32+0.33  13.200.00

Mean values followed by the same superscript in the same column
are not significantly different (P>0.05).

Keys: US-untreated solvent, TS-treated solvent.

Table 4. Effect of P. zeylanica-ethanolic extract on the mortality
of S. zeamais.

% Mortality

Conc.(g) 24h 48h 72h 96h

05 0.00+0.00°  0.00£0.00° 33.44+0.88% 33.44:0.88™
1.0 6.66£0.33°  13.4420.33" 40.00+0.57 40.00+0.57*
15 13.44+0.33" 13.44+0.33"° 46.66+0.88° 70.66+0.88"™
2.0 13.44+0.33® 13.44+0.33° 46.67+0.33°  73.20+0.66°
25 20.00£0.00° 26.660.33"  46.66+0.66° 80.00+£0.57°
us 0.00+0.00°  0.00£0.00*  0.00£0.00°  0.000.00°
TS 0.00+0.00  0.00+0.00  0.00£0.00°  20.00+1.00%

% Mortality Period

Conc.(g) 24h 48h 72h 96h

0.5 0.00£0.00°  6.67+0.33" 13.32+0.33® 20.00+0.00°
1.0 0.00£0.00°  13.32+0.33" 20.00:0.00° 26.64+0.33"
15 20.00£0.57® 26.64+0.33" 33.32+0.00™ 40.00+0.00°
2.0 26.67+0.33" 26.64+0.33% 40.00+0.00° 40.00+0.00°
25 33.32+0.33" 33.32+0.33° 46.67+0.33° 46.67+0.33°
Control ~ 0.00+0.00°  0.00£0.00°  0.00£0.00°  0.00+0.00°

Mean values followed by the same superscript in the same column are
not significantly different (P>0.05).

Keys: US-untreated solvent, TS-treated solvent.

Table 5. Effect of Z. officinales powder on emergence of adult S.
zeamais after 6 weeks of storage.

Concentration (% w/v) ~ Mean number of adult % Reduction

Mean values followed by the same superscript in the same column are
not significantly different (P>0.05).

Table 2. Effect of P. zeylanica powder on the mortality of adult S.
zeamais.

emergences
Control 17.33+2.33° 0.00£0.00°
0.1 3.66+0.88° 78.89+0.88°
0.2 2.33+0.66° 86.56:0.66°
0.3 1.00+0.57° 94.23+0.57°
0.4 0.66+0.33° 96.20+0.33°
0.5 0.33+0.33° 98.10+0.33°

% Mortality Period

Conc.(g) 24h 48h 72h 96h
0.5 0.00+0.00°  0.00+0.00* 0.00+0.00* 0.00+0.00%
1.0 0.00+0.00°  0.00+0.00* 0.00+0.00* 0.00+0.00%
15 0.00£0.00° 6.67+0.33° 6.67+0.33% 6.67+0.33
2.0 0.00£0.00° 13.32+0.33°  13.32+0.33  20.00+0.00°
25 0.00£0.00° 26.66+0.3%°  26.67+0.33"  33.32+0.33°

Control  0.00+0.00* 0.00+0.00° 0.00+0.00% 0.00+0.00%

Mean values followed by the same superscript in the same column are
not significantly different (P>0.05).
Table 6. Effect of Z. officinales powder on emergence of adult S.
zeamais after 6 weeks of storage.

Concentration (% w/v) Mean number of % Reduction

adult emergences

Mean values followed by the same superscript in the same column are
not significantly different (P>0.05).

Control 20.0022.33" 0.00+0.00°

0.1 3.66+0.33* 81.70+0.33
0.2 3.00+0.00* 85.00+0.00%
0.3 2.66+0.66" 86.70+0.57°
0.4 1.66+0.88* 91.70+0.88°
0.5 1.00+0.57% 95.10+0.57°

Mean values followed by the same superscript in the same column
are not significantly different (P>0.05).
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intensity of the dominant peak (004) was increased with
increasing the film thickness; this refers to increasing the
crystallinity of the deposited Ag films with the increasing
of the thickness. The cut off wavelength of the absorption
of silver particles was 320 nm. This result is similar to that
obtained by Budhiraja et al. (2013), who studied optical
properties of silver nanoparticles. A peak around 420 nm is
characteristic of spherical silver nanoparticles. The
decreasing of the XRD pattern intensities of SZO with the
increasing of the silver amount was observed by Jeong et
al. (2005), who attributed this decreasing to the Ag"
substitution into the ZnO" site. The following notes can be
observed from Table (2): For K. pneumonia, E.coli and A.
baumannii; control sample has a wider inhibition zone
than that of the samples 1, 2, and 3. The control sample
had a minimum inhibition zone for S. aureus. The
increasing of silver widens the inhibition zones against
E.coli and A. baumannii bacteria for sample 1, 2, and 3.
All of the samples had different inhibitory effects against
the used pathogenic bacteria.

Zinc acetate was the source of zinc ion (Zn*?) due to
the easy dissolution inside water (Atmaca et al., 1998).
This ion has antibacterial properties due to its binding to
the cell wall of the bacteria allowing for cytotoxic effects
(Jeong et al., 2005). The comparatively wider inhibition
zones for control (the sample without silver ions) refer to
the higher activity of zinc ion in killing Gram-negative
bacteria (K. pneumonia, E.coli, A. baumannii and P.
aeruginosa). This result disagrees with that obtained by
Sddeberg et al. (1990), who confirmed the activity of zinc
ion against Gram positive bacteria. These researchers
found that Gram-positive bacteria were the most
susceptible bacterial group to zinc ion. The addition of
Sol; to Sol, increased the inhibition against S. aureus
bacteria. This result is in agreement with that obtained by
Mirzajani et al (2011).

The average size of the Ag particles was 1um; this
size is not the perfect size to Kill all bacteria species
(compared with that of nanoparticles). When Sol, was
added to Sol,, the relatively big silver particle sizes may
resist the antibacterial activity of Zn ions against Gram-ve
bacterial isolates. As a result, the inhibition zones for these
bacteria species are minimized. On the other hand, the
increasing of inhibition zones against E.coli and A.
baumannii with increasing the amount of Sol, (increasing
of silver ions) may be attributed to the increasing of Ag
nanoparticles that coexist with the Ag microparticles. The
existence of Ag nanoparticles is confirmed by UV-VIS
absorption spectra in Fig (2). The unstable behavior of
inhibition zones for K. pneumonia and P. aeruginosa may
attribute  to inhomogeneous distribution of Ag
nanoparticles inside the samples. Many reports refer to
antibacterial activity of ZnO, oxygen species on the
surface of this oxide as the possible reason behind this
merit. Stoimenov et al. (2002) clarified that the
electrostatic forces bind ZnO nanoparticles with the
bacteria and then kill them. Sawai (2003) revealed that the
generation of hydrogen peroxide from the zinc oxide
surface is an active mean for the inhibition of the bacterial
growth.

5. Conclusions

The antimicrobial effects of Ag, ZnO-mixed solutions
were investigated in this study. These solutions were
synthesized through wet chemistry and were dispersed in
aqueous solution. All mixtures showed different inhibition
zones against pathogenic bacteria. These zones were
compared with those formed by the ZnO solution only to
investigate the effect of Ag particles. The coexistence of
nano and micro Ag particles was one of the important
factors used to explain the results of inhibition zones.
Although the coexistence of Zn and Ag ions is not always
an appropriate choice to have effects on current used
bacteria, the increase of silver had widened the inhibition
zones against E.coli and A. baumannii bacteria. Also, the
experimental results indicated that the anti-adhesive effects
of AQ:ZnO- coated films against pathogenic bacteria
Pseudomonas aeruginosa were increased with the
increment of silver as a dopant material inside the ZnO
matrix.
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Abstract

The vegetation-soil relationships in the four major habitats of Kharga Oasis (farmlands, date- palm orchards, salinized lands
and the surrounding desert) in the Western Desert of Egypt are examined in this study. Altogether, 122 vascular plants
species distributed in 102 genera and thirty-five families were recorded. Poaceae (25.2 %), Asteraceae (11.9 %),
Brassicaceae (6.5 %), Cyperaceae (6.5 %), Amaranthaceae (5.4 %) and Euphorbiaceae (5.4 %) were the largest families.
With respect to the floristic composition, habitats varied from one to another: eighty-six species in farmlands, seventy-nine
species in date-palm orchards, seventy-three species in salinized lands and thirty-nine species in the surrounding desert
lands. About 22 % of the total flora was represented in the four habitats, while 37.7 % was found in one habitat. The
vegetation classificatory method of Two-Way Indicator Species Analysis yielded fourteen vegetation groups: four in both
farmlands and date-palm orchards, and three for both salinized lands and the surrounding desert habitats. The results of the
Canonical Correspondence Analysis (CCA) showed that water content, soil texture, organic matter and bicarbonates were
most related to the species distribution in the studied habitats. Other related variables included sulfates and phosphates in the
date-palm orchards and salinized lands, and electric conductivity in the surrounding desert. Farmlands had the highest
species richness, followed by the date-palm orchards and the salinized lands, whereas the desert outskirts were the lowest in
terms of species richness. The linear correlations (r) between the farmlands and palm orchards were highly significant (r =
0.703), and also occurred between salinized lands and the surrounding deserts (r = 0.764). These high correlations may be
attributed to the effect of concentric zonation of the habitat as each pair of the aforementioned habitats is adjacent to each
other.

Keywords: Species diversity, Kharga Oasis, Vegetation analysis, Flora, Soil factors, CCA, Egypt.

Generally speaking, the vegetation structure and
floristic composition of desert ecosystem are simple with
low species diversity. They are dominated by xerophytic

1. Introduction

Among the arid deserts of the globe is the African
Sahara (c. 9 million km?) which extends from Morocco in
the west of the continent to Eritrea and Somalia in the east.
Such regions are characterized by scarce rainfall and
unique local and regional topography and soil conditions
acting as the major environmental factors which control
plant species distribution and floristic diversity. In recent
decades, such fragile desert ecosystems are subjected to
severe human activities (e.g., establishment of new urban
settlements, construction of roads, building summer resorts
along coasts, and uncontrolled grazing) which significantly
contributed to land degradation, destruction of natural
vegetation, loss of special habitats and biodiversity. In
desert ecosystems with heterogeneous habitats, soil among
other environmental variables plays a key role in the
distribution of plant communities and species diversity
(Titus et al., 2002; Abd EI-Ghani et al., 2017).

“ Corresponding author e-mail: fawzysalama2020@yahoo.com.

and/or halophytic shrubs of different sizes, and perennial
herbs that are adapted to survive under the harsh
environmental conditions of high temperatures and low
precipitation. Generally, the Egyptian deserts are
considered among the hyper-arid environments of the
world. The Western Desert is characterized by its oases,
with sufficient underground artesian water flowing from
naturally flowing springs to support plant growth. Due to
long periods of droughts and erratic precipitation in this
region since the Late Pleistocene and Early Holocene
times when a more humid climate prevailed in the region,
the underground water reservoir has not been recharged
(Hermina, 1990). Such decline in the groundwater
resources can result in remarkable land degradation within
the oases.

Like many other oases in the Sahara Desert,
agricultural practices are the most important process in the
Egyptian oases. Buckley and Roughgarden (2004)
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indicated that changes in land use will have significant
impacts on global biodiversity by the year 2100. Over the
past few decades, the oases were subjected to considerable
environmental changes which extensively modified them
through the implementation of ambitious desert
reclamation schemes. Since the 60's of the last century, a
pioneer desert reclamation project was initiated in Kharga
and Dakhla oases known as the "New Valley Project".
Agriculture in the five major oases of Siwa, Bahariya,
Farafra, Dakhla, and Kharga follows the general pattern of
Egyptian agriculture of summer and winter crops. Vast
areas of the agricultural lands are cultivated with date-
palms (Phoenix dactylifera) and olives (Olea europaea)
which represent the main orchard trees and the principal
source of income for the oases. Large areas of the natural
landscape are dominated by dom-palms (Hyphaene
thebaica).

In general, Abd EI-Ghani et al., (2017) recognized
three main ecosystems as major components of the plant
life in the oases of Egypt: (1) the surrounding desert, (2)
the farmlands (including croplands and orchards), and (3)
the salt marshes. As a result of uncontrolled use of the
artesian water, several new deep wells (250-850m) were
drilled, and hence many old wells were overwhelmed by
drifted sand and/or decreased water output. Usually, no
good drainage system is found. Similar to many other
oases of the Western Desert, the lack of efficient drainage
system in the Kharga Oasis transformed large areas of the
arable lands into salt marshes with salinized soil.

Studying the relationships between vegetation
characteristics and environmental variables is commonly
applied using gradient analysis techniques which have
been widely used as a quantitative analytical approach to
correlate environmental gradients with floristic variation
(Kent, 2012). In Egypt, the application of multivariate
analysis approach has been widely used in both natural and
man-made habitats including the arable lands (Salama et
al., 2017), desert vegetation (Sheded et al., 2014), salt
marshes, urbanized areas (Abd EI-Ghani, 2017), water
bodies and lakes (Shaltout and Al-Sodany, 2008).

Since the documentary account of Abd EI-Ghani et al.
(1992) which portrayed the species distribution in different
habitats around the old wells of Kharga Oasis, little
attention has been paid to studying the impact of recent
environmental conditions on the floristic diversity,
vegetation heterogeneity, and patterns of species
distribution in the landscape of Kharga Oasis. Most of the
documented old wells are now either dried up or
overwhelmed by sand and had become inactive. Recently,
these special habitats in the Kharga Oasis are completely
altered and in danger of threat which, therefore, deserve
urgent management and conservation, and sustainable
utilization of natural resources.

The present study hypothesizes that floristic
composition and plant species distribution should exhibit
significant differences in contrasting habitats, with
different vegetation structures in relation to their variations
in soil nutrients, water availability, and surface sediments.
For this reason, this detailed study was the first to be
conducted in Kharga Oasis focusing at: (1) describing the
floristic composition and vegetation structure in different
habitats, (2) identifying the vegetation structure
dominating each habitat, and (3) assessing the role of soil

factors in species distribution within and between different
habitats.

2. Material and Methods

2.1. Description of the Study Area

Kharga Oasis is one of the main oases of the Nubian
Desert of Egypt (El-Hadidi, 2000). It lies between 24° 30°-
26° N and 30° 07’ - 30° 47’ E (Figure 1), with a total area
of about 7200 km?. The depression floor is between 300-
400m below the surrounding plateau, and formed of non-
fossiliferous brown sandstone that cover large tracts of the
lower-lying parts of the floor with Aridisol soil type
(Hermina, 1990). The floor of the depression is composed
of Nubian Sandstone, but much of it is covered with blown
sand. The lowest point of the depression floor is almost at
the sea level, while the highest point is at 115m above sea
level (ASL). The wells of the oasis obtain their water from
two distinct water-bearing sandstone strata separated by a
band of impermeable grey shale.
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Figure 1. Map of Kharga Oasis showing the studied sampling
plots (numbers).

Rainfall is erratic; almost zero (mm year®), whereas the
mean annual relative humidity is lower in summer (26-32
%) than in winter (53-60 %). Temperature is moderate in
winter: absolute minimum 6.0-4.8 °C and maximum 22.1-
21.5 °C, but becomes very high in summer: absolute
minimum  23.4-23.1°C and maximum 39.2-39.5°C.
According to the meteorological data obtained for this
study over the last five years (2012-2016), the mean
temperature ranged between 43°C (June 2016 and August
2015) and 5°C in January, 2012. In the meantime, the
relative humidity (RH) varied markedly according to the
latitude, longitude and the different seasons of the year. It
ranged between 66 % during December, 2015 and 7 % in
June and April, 2016 (personal communications,
Meteorological Authority of Egypt).



© 2019 Jordan Journal of Biological Sciences. All rights reserved - Volume 12, Number 4 423

2.2. Field Work and Data Collection

During the winter and summer seasons of 2015 and
2016, vegetation was sampled from eighty-nine
permanently visited stands in twelve sites situated along
N-S line transect across the Kharga Oasis, and extending
for about 185 km (Figure 1) to cover as much as possible
the  physiognomic  variation in  these habitats.
Physiographically, the floor of the oasis can be clearly
distinguished into three main parts: northern (sites 1-3, 15
stands), middle (sites 4-8, 43 stands), and southern (sites 9-
12, 31 stands). A stratified random sampling method was
employed within each of the twelve studied sites. The area
of each stand was about 20 m x 100 m which
approximates the minimal area of species associations in
the study area. Four habitats were recognized in this study
from inner to outer zones: farmlands and date-palm
orchards represented the inner zone, the salinized lands
(not salt marshes) in the middle, and the surrounding
desert represented the outer zone. The farmlands included
major field crops such as wheat (Triticum aestivum) as the
winter crop, millet (Sorghum bicolor) as a summer crop
and alfa-alfa (Medicago sativa) as the perennial crop. In
each of the examined habitats, the presence or absence of
plant species was recorded using a number of permanent
stands randomly positioned and representing the variation
in the floristic composition of these habitats. Each of the
recorded species was assigned to one of the eight
categories of growth forms that were used in this study;
these included: trees, perennial shrubs, perennial herbs,
annual herbs, annual forbs, annual grass, perennial grass,
sedges, and parasites. The studied stands covered the four
recognized habitats, and were distributed as follows:
thirty-eight in the farmlands, seventeen in the date-palm
orchards, twenty-three in the salinized lands and eleven in
the surrounding deserts. Absolute frequency (f %) of each
species in each habitat was calculated as the total number
of stands where species were recorded divided by the total
number of monitored stands inside the habitat. Specimens
of each species were collected, and were then identified at
the Herbarium of Cairo University (CAIl), and duplicates
were deposited at Assiut University Herbarium (AST).
Taxonomic nomenclature was according to Téackholm
(1974) and updated by Boulos (1999 - 2005, 2009).

2.3. Physico-chemical Properties of Soil

At each of the eighty-nine stands, three soil samples (0
- 50 cm) were collected from each stand. They were mixed
to form one composite sample, air-dried, thoroughly mixed
and passed through a 2 mm sieve to remove large gravels,
plant remains and debris. Finally, they were packed in
plastic bags ready for physical and chemical analysis. The
soil texture was determined by the sieving method, and
soil water content was determined by Kapur and Govil
(2000). The soil pH and electrical conductivity were
measured in a soil-water extract (1:5 w/v). Soil reaction
(pH) was determined using an electric pH-meter (Model
Hanna pH 211), and the electrical conductance (EC) was
measured by means of conductivity meter (model 4310
JEN WAY). The sodium and potassium contents were
determined by the Flame photometer (Model Carl-Zeiss
DR LANGE MT7D), and the calcium and magnesium
contents were determined volumetrically by the titration
method using 0.01 N EDTA (Upadhyay and Sharma
2005). The chloride contents were volumetrically

determined as AgCI, and the soluble bicarbonate contents
were estimated by titration using the method described by
Jackson (1967). Contents of sulfates were estimated by
turbidimetry with BaSOy,, and phosphate contents were
determined calorimetrically as phospho-molybdate. The
organic matter content was determined in the soil by the
dichromate oxidation method (Pansu and Gautheyrou,
2007).

2.4. Data Analysis

For generating floristic classification of the sampled
stands in each habitat, the default settings of Two-Way
Indicator Species Analysis (TWINSPAN) of the computer
program CAP for Windows version 1.2 (Henderson and
Seaby, 1999) was used. After elimination of the species
with frequencies less than 5 % in each habitat, four
floristic presence/absence data matrices were used: eighty-
six species x thirty-eight stands in the farmlands, seventy-
nine species x seventeen stands in the date-palm orchards,
seventy-three species x twenty-three stands in the salinized
lands, and thirty-nine species x eleven stands in the
surrounding desert. Classification was stopped at the third
level to get interpretable results. Multivariate analyses
were performed using Detrended Correspondence Analysis
(DCA) and Canonical Correspondence Analysis (CCA) of
the computer program CANOCO software version 4.5 (ter
Braak, 2003). Before analyses, soil variables shown in
percentages (gravels, CS, FS, silt, clay, WC and OM) were
transformed to their arcsines, and appropriate
transformations for other soil variables were applied (Zar,
1999). Detrended Correspondence Analysis (DCA) was
used to check the magnitude of change in the species
composition along the first axis. DCA estimated the
gradient lengths (in standard deviation units) for the first
axis in each habitat as follows: 4.841 for the desert, 3.827
for the farmlands, 3.097 for the date-palm orchards, 4.102
for the salinized lands). Therefore, canonical
correspondence analysis (CCA) was selected to establish
the relationships between floristic data and the soil
parameters (Legendre and Legendre, 1998).

To avoid problems of multicollinearity among the soil
variables and to provide the best set of soil variables, their
number was reduced using CCA with a forward selection
procedure (ter Braak and Smilauer, 2002) using
unrestricted Monte Carlo permutation under the reduced
model to test each variable for significance (with 499
random permutations). All variables with the significance
level of P>0.05 were removed. The forward selection test
for significant soil variables in each habitat revealed that
gravels, coarse sand, fine sand, silt, K, and HCO; contents
were the best fit for the surrounding desert habitat, while
clay, WC, EC, OM, PO,, and SO, were significantly high
in the salinized lands (Table 4). Farmlands showed
significant variations in FS, clay, EC, OM, Ca and HCO,
contents, whereas the date-palm orchards showed
significant variations in gravels, silt, clay, WC, OM, Na,
and HCO; contents. Therefore, fourteen explanatory
variables (Table 4) were included in the CCA analysis:
gravels, coarse sand (CS), fine sand (FS), silt, clay, water
content (WC), electrical conductivity (EC), organic matter
(OM), sodium (Na), potassium (K), calcium (Ca),
bicarbonates (HCO;), phosphates (PO,), and sulfates
(SO,). The interset correlations from the CCA’s were used
to assess the importance of the soil variables for each
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habitat (Jongman et al., 1987). A Monte Carlo permutation
test based on 499 random permutations was conducted to
test the significance of the eigenvalues of the first
canonical axis (ter Braak and Smilauer, 2002). Based on
the means of soil variables of the resulted TWINSPAN
groups in each habitat, the significant differences were
analyzed by Analysis of Variance (ANOVA) test using
SPSS version 10.0.

2.5. Species Diversity

Species diversity within each habitat was assessed
using two different indices. Species richness was
calculated as the average number of species per stand, and

Shannon-Wiener index: H = — Xi_, Pi Log,Pi
where S is the total number of species, and Pi is the
frequency (f%) of the species (Pielou, 1975).

3. Results

3.1. Floristic Composition and Species Diversity

A total of 122 species of the vascular plants belonged
to 102 genera and thirty-five families were recorded from
the studied areas. Poaceae (twenty-five species) was the
most species-rich family, followed by Asteraceae (eleven
species), Brassicaceae, Cyperaceae (Six species for each)
and Amaranthaceae, Euphorbiaceae (five species for each).
Annual herbs were the dominant growth form, and were
represented by forty-two species (34.43 %), followed by
grasses (annuals twelve species, 10 %, perennials eleven
species, 9 %), trees (fifteen species, 12 %), perennial herbs
and perennial shrubs (twelve species, 10 %), and forbs
(annuals six species, 5 %, perennials two species, 2 %).
Sedges and parasites included ten species; nine for the
former and one for the latter.

3.2. Spatial Distribution Patterns of Species within
Habitats

The variations in the spatial distribution patterns of the
122 species recorded in the eighty-nine stands from the
four studied habitats were indicated (Table 1). The highest
Table 1. Floristic composition of the studied habitats.

number of species (eighty-six) was recorded in the
farmlands, followed by seventy-nine in the date-palm
orchards, seventy-three in the salinized lands, and the
lowest (thirty-nine) was in the surrounding desert. The
species richness of the farmlands showed significant
differences between the date-palm orchards (P=0.003) and
the salinized lands habitats (P=0.0003). On the other hand,
Shannon Wiener index for the date-palm orchards was the
highest (4.04), while the surrounding desert had the lowest
value (3.42). The differences in Shannon Wiener index
between the habitats were highly significant (F-3.815; P-
value=0.001).

Twenty-seven species (22.1 % of the total flora) were
represented in all of the habitats. These species differ in
their habits according to the habitat. For instance Cynodon
dactylon, Sonchus oleraceus, Chenopodium murale, Malva
parviflora, and Dichanthium annulatum are far better
(f=41-88 %) in the farmlands and the date-palm orchards.
On the other hand, psamoxerophytes (e.g., Tamarix
nilotica, Phragmites australis, Brassica tournefortii,
Bassia indica, Calotropis procera, and Launaea
mucronata attained their highest frequency values in the
salinized lands and the surrounding desert. Twenty-five
species (20.5 % of the total flora) were recorded in three
habitats. Hyphaene thebaica and Juncus rigidus were
absent in the farmlands, but are represented better in the
salinized lands and the surrounding desert.

Species confined to a single habitat were represented
by forty-six species (37.7 % of the total) of which nine
salt-tolerant species were confined to the salinized lands
(e.g., Sporobolus spicatus, Centaurium pulchellum,
Aeluropus lagopoides, and Scirpus maritimus), seventeen
species were confined to the date-palm orchards (e.g.,
Oxalis corniculata, Setaria verticillata, Mentha longifolia,
Plantago lagopus, Pseudognaphalium luteo-album), and
eighteen species to the farmlands (e.g., Trianthema
portulacastrum,  Asphodelus  tenuifolius,  Dinebra
retroflexa., Euphorbia forsskaolii), Moreover, two species
were confined to the surrounding desert (Verbesina
encelioides, Ricinus communis).

. Date-palm Salinized Surrounding
Species GF Farmlands (F) orchards(P) lands(S) desert(D)
Total number of stands 38 17 23 11
Species richness 86 79 73 39
Number of annuals 48 40 30 12
Shannon H' 3.95 4.04 3.85 3.42

N f N f N f N f
1. Species present in all habitats
(Cd) Cyondon dactylon (L.) Pers. PG 31 82 15 88 13 57 2 18
(Ag) Alhagi graecorum Boiss. PS 16 42 7 41 20 87 9 82
(So) Sonchus oleraceus L. AH 27 71 13 76 4 17 1 9
(Cm) Chenopodium murale L. AH 26 68 10 59 4 17 1 9
(Mp) Malva parviflora L. AH 30 79 7 41 3 13 1 9
(Pd) Phoenix dactylifera L. T 12 32 13 76 10 43 5 45
(Tn) Tamarix nilotica (L.) H. Karst. T 8 21 5 29 20 87 6 55
(Ic) Imperata cylindrica (L.) Raeusch. PG 12 32 9 53 10 43 5 45
(Dan) Dichanthium annulatum (Forssk.) Stapf PG 17 45 9 53 6 26 2 18
(Sh) Sorghum halepense (L.) Pers. PG 18 47 6 35 5 22 1 9
(Cb) Conyza bonariensis (L.) Cronquist. PH 8 21 11 65 6 26 1 9
(Pa) Phragmites australis (Cav.) Trin. ex. Steud. PG 5 13 5 29 13 57 3 27
(Bt) Brassica tournefortii Gouan AH 16 42 3 18 4 17 1 9
(Bi) Bassia indica (Wight) A.J. Scott AH 6 16 3 18 11 48 2 18
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Sesbania sesban (L.) Merr. T 5 13 3 18 8 35 2 18
(Zs) Ziziphus spina-christi (L.) Desf. T 4 11 3 18 3 13 3 27
Cuscuta campestris Yunck PAR 3 8 2 12 5 22 1 9
(Taf) Trichodesma africanum (L.) R. Br. AH 4 11 2 12 2 9 3 27
Eruca sativa Mill. AH 5 13 2 12 1 4 1 9
Pluchea dioscoridis (L.) DC. PS 3 8 2 12 3 13 1 9
Ambrosia maritima L. AH 1 3 4 24 2 9 1 9
Tamarix aphylla (L.) H. Karst T 1 3 1 6 4 17 2 18
Acacia nilotica (L.) Delile T 1 3 2 12 3 13 1 9
Pulicaria undulata (L.) C. A. Mey. PS 2 5 2 12 2 9 1 9
Typha domingensis (Pers.) Poir. ex. Steud. SD 1 3 1 6 1 4 2 18
I1. Species present in three habitats
(Hth) Hyphaene thebaica (L.) Mart. T 1 6 4 17 3 27
Juncus rigidus Desf. SD 1 6 3 13 1 9
Brassica nigra (L.) Koch AH 8 21 3 13 1 9
(Hm) Hyoscyamus muticus L. PS 2 5 5 22 4 36
Balanites aegyptiaca (L.) Delile T 1 3 2 9 1 9
Fagonia arabica L. PS 1 3 1 4 1 9
Cenchrus ciliaris L. PG 1 3 3 18 1 9
(Dsa) Digitaria sanguinalis (L.) Scop. AG 16 42 11 65 3 13
(Da) Dactyloctenium aegyptium (L.) Willd. AG 16 42 10 59 3 13
(Car) Convolvulus arvensis L. PH 17 45 7 41 1 4
(Ct) Corchorus trilocularis L. AH 16 42 5 29 2 9
(Mm) Melilotus messanensis (L.) All. AF 15 39 7 41 1 4
Solanum nigrum L. PH 11 29 3 18 2 9
Portulaca oleracea L. AH 10 26 3 18 1 4
Anagallis arvensis L. subsp. arvensis AH 6 16 4 24 2 9
Emex spinosa (L.) Campd. AH 6 16 5 29 1 4
Cyperus rotundus L. var. rotundus SD 7 18 2 12 2 9
Vicia monantha Retz. AF 5 13 3 18 2 9
Pennisetum divisum (Forssk. ex J.F. Gmel.) Henrard PG 5 13 2 12 2 9
Amaranthus graecizans L. AH 4 11 2 12 2 9
Polygonum bellardii All. AH 3 8 2 12 2 9
Lathyrus hirsutus L. AF 3 8 1 6 1 4
Cressa cretica L. PH 2 5 1 6 1 4
Leptochloa fusca (L.) Kunth PG 1 3 2 12 1 4
Olea europaea L. T 1 3 2 12 1 4
I11. Species present in two habitats
Citrullus colocynthis (L.) Schrad. PH 1 6 3 13
Cordia myxa L. T 2 12 1 4
Plantago amplexicaulis Cav. AH 1 6 1 4
Beta vulgaris L. AH 11 29 1 4
Avena fatua L. AG 3 8 1 4
Boerhavia repens L. subsp. viscosa (Choisy) Maire PH 3 8 1 4
Sinapis arvensis L. AH 3 8 1 4
Suaeda fruticosa (L.) Dumort. PS 2 5 2 9
Cenchrus echinatus L. AG 2 5 1 4
Convolvulus fatmensis Kunze PH 2 5 1 4
Gossypium herbaceum L. PS 1 3 1 4
(Cen) Cichorium endivia L. subsp. divaricatum (Schousb) P.D. Sell AH 20 53 3 18
(Ec) Echinochloa colona (L.) Link AG 20 53 1 6
Hibiscus trionum L. AH 12 32 2 12
Chenopodium album L. AH 5 13 3 18
Amaranthus viridis L. AH 3 8 3 18
Ammi majus L. AH 3 8 2 12
Bidens pilosa L. AH 1 3 3 18
Euphorbia peplus L. AH 1 3 3 18
Phalaris minor Retz. AG 2 5 2 12
Calendula arvensis L. AH 1 3 1 6
(Zc) Zygophyllum coccineum L. PS 3 13 3 27
(Si) Salsola imbricata Forssk. subsp. Imbricate PS 9 39 3 27
Schoenoplectus litoralis (Schrad.) Palla SD 1 6 1 9
V. Species present in one habitat
Ricinus communis L. T 1 9
Verbesina encelioides (Cav.) Benth. AH 1 9
Sporobolus spicatus (Vahl) Kunth SD 3 13
Aeluropus lagopoides (L.) Trin. ex Thwaites PG 1 4
Centaurium pulchellum (Swatz) Druce AH 1 4
Dalbergia sissoo Roxb. T 1 4
Euphorbia hirta L. AH 1 4
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Medicago sativa L.

Scirpus maritimus L.

Senna italica Mill.

Stipa capensis Thunb

Setaria verticillata (L.) P. Beauv.
Cyperus laevigatus L.

Cyperus difformis L.

Oxalis corniculata L.

Paspalum distichum L.

Chloris virgata Sw.

Cordia sinensis Lam.

Cyperus rotundus var. fenzelianus (Steud.) Habashy
Desmostachya bipinnata (L.) Stapf
Medicago polymorpha L.

Mentha longifolia (L.) Huds.
Panicum repens L.

Plantago lagopus L.

Plantago major L.
Pseudognaphalium luteo-album (L.) Hilliard & B. L. Burtt
Sisymbrium irio L.

Trigonella hamosa L.

(Tae) Triticum aestivum L.
Trianthema portulacastrum L.
Tribulus pentandrus Forssk.
Paspalidium geminatum (Frossk.) Stapf
Asphodelus tenuifolius Cav.
Dinebra retroflexa (Vahl) Panz.
Polygonum equisetiforme Sm.
Acacia farnesiana (L.) Willd.
Brassica rapa L.

Coriandrum sativum L.
Euphorbia forsskaolii J. Gay
Euphorbia helioscopia L.

Lactuca serriola L.

Pisum sativum L.

Rhynchosia minima (L.) DC. var. memnonia (Delile) Cooke

Spergularia marina (L.) Griseb.
Suaeda aegyptiaca (Hasselq.) Zohary
Trifolium alexandrinum L.

PF
SD
PS
AG
AG
SD
SD
PH
PG
AG
T
SD
PG
AF
PH
PG
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PH
AH
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AF
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N= numbers of fields where species was recorded, f= Frequency (%), GF= Growth form, AH= Annual Herb, PH= Perennial Herb, AF=
Annual Forb, PF= Perennial Forb, AG=Annual Grass, PG= Perennial Grass, PS= Perennial shrub, T= Tree, SD= Sedge and rush and PAR=

Parasite. Species abbreviations used in Figure 4 are given in parentheses.
Table 2. Means * standard deviation of soil variables of the four studied habitats in Kharga Qasis.

Soil factors Farmlands Date-palm Salinized Surrounding P value
(F) orchards(P) lands(S) desert(D)

Gravels 4.29 + 894 3.75 + 974 4.70 + 6.55 7.16 + 1570 0.814
Coarse sand (CS) 1622 + 879 1294 + 8.03 1591 + 1373 1203 + 939 0.509
Fine sand (FS) 1583 + 6.65 1371 + 6.84 1026 + 549 1001 + 6.97 0.005**
Silt (%) 4765 + 1029 5368 + 1386 51.72 + 17.95 5043 + 17.16 0.473
Clay 16.01 + 5.09 1592 + 414 1742 + 574 2038 + 7.18 0.103
Water content (WC) 1233 + 7.34 7.73 + 542 4.14 + 441 6.04 + 1411 0.001**
Organic matter (OM) 0.62 + 034 0.66 + 044 0.44 + 0.36 0.44 + 045 0.151
pH 7.87 + 025 7.93 + 0.28 7.91 + 042 7.84 + 037 0.855
Electrical conductivity (EC) (mS cm®)  0.87 + 1.08 0.64 + 061 3.50 + 558 222 + 2.66 0.007**
Na* 1.16 + 138 0.86 + 111 4,94 + 6.85 3.12 + 3.56 0.001**
K* 0.24 + 0.26 0.26 + 024 0.60 + 119 0.30 + 021 0.181
Ca™ 0.75 + 091 0.45 + 0.28 1.69 + 197 1.87 + 215 0.005**
Mg*? (mg.g™ dry soil) 0.38 + 0.28 0.31 + 0.09 0.89 + 125 0.60 + 0.76 0.031*
Ccr 1.46 + 219 0.90 + 1.02 9.53 + 1696 461 + 831 0.006**
HCO3" 0.74 + 042 0.69 + 0.36 0.75 + 045 0.71 + 048 0.967
PO4? } (ug.g™ dry soil) 5.79 + 6.85 6.25 + 6.90 4.48 + 7.96 3.12 + 418 0.595
S0,? 1311 + 1275 9.37 + 957 26,63 + 2744 2254 + 19.77 0.009**

Significance level: ** at 0.01 and * at 0.05 level.

3.3. Variations in Soil Properties between Habitats

Significant differences in the examined soil variables
among the four habitats are shown in (Table 2). The
contents of soil moisture, total soluble salts, Na, Ca, Mg,

Cl, SO, and fine sand showed clear significant differences
at P<0.05 and P<0.01. Salinized lands are characterized by
maximum contents of electrical conductivity (EC) and
most of the estimated soil ions. The stands of date-palm
orchards showed the minima for most soil variables except
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their contents of silt, PO,4, and organic matter. Notably, the
highest moisture content, coarse and fine sand percentages
occurred in the farmlands.

3.4. Correlations between Vegetation and Soil within
Habitats

The linear correlations (r) between the four habitats
(Table 3) showed high significant positive correlations

between farmlands and date-palm orchards (r = 0.703),
and between salinized lands and the surrounding deserts (r
= 0.764). Weak correlations occurred between the
surrounding desert habitat and both of the farmlands and
date-palm orchards on one hand, and between the
farmlands and salinized lands on the other.

Table 3. Results of CCA for the different habitats along the first two axes, and linear correlation coefficients (r) between habitats.

Habitats D F P S
CCA axes
1 2 1 2 1 2 1 2
CCA results
Eigenvalues 0.325 0.28 0.21 0.18 0.18 0.08 0.13 0.078
Species-environment correlations 0.82 0.88 0.89 0.87 0.88 0.78 0.79 0.73
Cumulative percentage variance of
. . . 374 69.8 237 443 431 63 46.6 74.2
Species-environment relations
Monte Carlo test (499 permutations)
of first CCA axis (P value) 002" 001 004" 003"
Linear correlation coefficients (r)
Surrounding desert (D)
Farmlands (F) 0.036
Date-palm orchards (P) 0.208 0.703**
Salinized lands (S) 0.764** 0.285* 0.401**

**=P<0.01, *= P<0.05.

3.4.1. Farmlands

At the first TWINSPAN level (Figure 2), the thirty-
eight farmlands were classified into two major groups
characterized by Brassica tournefortii and Dichanthium
annulatum. The second level was dominated by Calotropis
procera, located in the northern part of the study area
(Groups A and B), while the remaining stands were
characterized by Eruca sativa representing Groups C
(middle part) and D (southern part). Eleven species (e.g.,
Cynodon dactylon, Malva parviflora, Chenopodium
murale, Triticum aestivum, and Alhagi graecorum) were
represented in all groups. The stands of Group A were
characterized by Cynodon dactylon, Launaea mucronata
and Calotropis procera (f=100%), while stands of Group
B were characterized by Cynodon dactylon, Brassica
tournefortii, Digitaria sanguinalis and Sonchus oleraceus
(f= 85-100%). Stands of Group C (middle part) were
characterized by Ammi majus, Lathyrus hirsutus, Dinebra
retroflexa, Euphorbia helioscopia and Spergularia marina,
and stands of Group D (southern part) were characterized
by thirteen species (e.g., Avena fatua, Paspalidium
geminatum, Calendula arvensis and  Asphodelus
tenuifolius.

The application of Detrended Correspondence Analysis
(DCA; Figure 3) revealed the segregation of the four
vegetation groups along DCA axis 1 (Eigenvalue = 0.361)
and DCA axis 2 (Eigenvalue=0.271). Stands of Groups A
and B separated toward the positive side of DCA axis 1,
while those of Group D separated toward its negative side.
Meanwhile, the position of Group C was transitional
between the other groups.

Results of Canonical Correspondence Analysis (CCA,
Table 3) showed that the first two axes explained 44.3 %
of cumulative variance in species-environment relations,

and the species-environment correlation was high (0.89
and 0.87 for CCA axes 1 and 2, respectively) suggesting
strong correlations between the species composition and
the measured explanatory variables. From the results in
Table (4), CCA axis 1 was highly positively correlated
with organic matter (OM), and negatively correlated with
HCOs;. This axis can be defined as a gradient of OM-
HCO;. CCA axis 2 showed a high positive correlation
with HCO; and was negatively correlated with clay. Thus,
it can be referred to as a gradient of HCO3-clay.

Regarding the species distribution and their relation
with explanatory variables (Figure 4), the dominant
species with the highest frequencies (f%) in both Groups B
and C (e.g.,, Cichorium endivia subsp. divaricatum,
Cynodon dactylon, Malva parviflora, Chenopodium
murale, Convolvulus arvensis, Sonchus oleraceus and
Echinochloa colona) were affected by fine sand (FS), clay,
organic matter (OM), calcium, and electrical conductivity
(EC). On the other hand, species of Group D (e.g.,
Sorghum halepense) were attributed to contents of HCO;.
The distribution of the obtained TWINSPAN groups of
this habitat in Kharga Oasis (Figure 5) revealed that stands
of Group D located in the southern part showed
correlations with HCO3 and gravels, whereas, the stands of
Groups B and C in the northern part were correlated to fine
and coarse soil sediments.

3.4.2. Date-Palm Orchards

The seventeen date-palm orchards were classified into
two major groups indicated by Setaria verticillata at the
first level of classification (Figure 2). The second level
was indicated by Calotropis procera from eleven stands in
the southern (Group A) and middle (Group B) parts.
Sixteen species were represented all over the study area,
and characterized these groups (f=83-100%) including
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Cynodon dactylon, Sonchus oleraceus, Convolvulus
arvensis, and Tamarix nilotica.

The four vegetation groups of date-palm orchards
(Figure 3) were segregated along the first two DCA axes
(Eigenvalues= 0.43 and 0.331, respectively). Stands of
Groups A and B positioned toward the negative side of
axis 1, and the stands of Groups C and D occupied the
positive side.

The first two CCA axes (Table 3) accounted for 63.0 %
of the cumulative percentage variance, and the species-
environment correlations were 0.88 and 0.78 for axis 1 and
2, respectively. The results in Table 4 also showed that
axis 1 was strongly positively correlated with HCO3, and
negatively correlated with clay. Thus, this axis can be
interpreted as HCOs-clay gradient. The most important
parameters along the second axis were WC and OM
(negative correlations), and Na (positive correlation). This
axis can be suggested as OM-Na gradient.

The distribution of Imperata cylindrica, Cynodon
dactylon, Alhagi graecorum and Dichanthium annulatum
were affected by contents of Na and HCO; (Figure 4),
while Conyza bonariensis, Dactyloctenium aegyptium,
Digitaria sanguinalis, Chenopodium murale, Malva
parviflora and Sochus oleraceus were affected by soil
contents of clay, silt, gravels, water content (WC) and
organic matter (OM). Contents of HCO; and soil fractions
were the most important gradients for stands of the middle
(Group B) and southern (Group A) parts of Kharga Oasis
(Figure 5).

3.4.3. Salinized Lands

Boerhavia repens subsp. viscosa was the indicator
species that separated stands of Group A from other stands
at the first level (Figure 2). Stands of Group A were
characterized by Boerhavia repens, Convolvulus fatmensis,
Euphorbia hirta and Senna italica, and stands of Groups B
(northern and southern parts) and C (northern part) were
characterized by Bassia indica, Brassica tournefortii and
Hyphaene thebaica. The fifteen stands of Group B were
characterized by Alhagi graecorum and Tamarix nilotica
(P=93-100%). The eight stands (Group C) of the northern
part were characterized by Alhagi graecorum, Tamarix
nilotica and Phoenix dactylifera. Among the consistent
species to this group, some salt-tolerant plants were
recorded such as Juncus rigidus, Cressa cretica, Scirpus
maritimus and Typha domingensis.

Along the first DCA axis, stands of Group A were
clearly separated along the negative end, and stands of
Groups B and C on the other end (Figure 3). The stands of
the latter two groups were also separated along the second
axis. The Eigenvalues decreased from 0.576 in the first
axis to 0.373 in the second one.

The CCA results indicated that the cumulative
percentage variance of species-environment relation was
74.2 % for the first two axes, and the species-environment
correlations were 0.79 and 0.73 for axes 1 and 2,
respectively (Table 3). The CCA analysis showed a
positive correlation between the first CCA axis and clay
content, and a negative correlation with OM, which can be
interpreted as clay-OM gradient (Table 4). Meanwhile axis
2 was positively correlated with contents of PO,, and

negatively correlated with SO,4, which can be interpreted
as PO,-SO, gradient.

It can be noted from figure 4 that the distribution of
some salt-tolerant species such as Tamarix nilotica,
Salsola imbricata subsp. imbricata, Phragmites australis
and Bassia indica were related to electrical conductivity
(EC), clay and water content, whereas other species such
as Imperata cylindrica, Phoenix dactylifera and Alhagi
graecorum were related to organic matter and phosphates.
The stands of Group C in the northern part of Kharga
Oasis were significantly related to organic matter and Mg,
while stands of Group B were highly correlated to WC and
soil anions and cations. Stands of Group B were clearly
distributed all over the study area (Figure 5).

3.4.4. The Surrounding Desert

The thirty-nine species which constituted the desert
flora were classified by TWINSPAN into three main
groups characterized by Brassica nigra at the first level,
and Calotropis procera at the second level (Figure 2).
Stands of Group A were characterized by eleven species;
few were consistent to it such as Brassica nigra, B.
tournefortii, Chenopodium murale and Malva parviflora.
Twenty-one species of Group B included Alhagi
graecorum, Tamarix nilotica, Imperata cylindrica,
Phoenix dactylifera and Phragmites australis as the
characteristic species (f=50-100%). The stands of Group C
(middle part) were characterized by some desert trees and
shrubs such as Tamarix nilotica, Hyphaene thebaica, and
Ziziphus spina-christi (f=75-100%).

The DCA results revealed that the Eigenvalues were
0.724 and 0.459 for the first and second axes, respectively.
Stands of Group A were separated along the positive
portion of the first axis, while the other two Groups B and
C separated along the other end. The species composition
of Group A was completely different from Groups B and C
(Figure 3).

Data of CCA analysis showed that the cumulative
percentage variance of the species-environment relation
was 69.8 % for the first two axes (Table 3), and the
species-environment correlations were 0.82 and 0.88 for
axes 1 and 2, respectively. Along the first axis of CCA
biplot, a negative correlation of gravels and a high positive
correlation of fine sand (FS) were detected, which can be
considered as gravels-FS gradient (Table 4). A high
negative correlation of silt and positive correlations of
coarse sand (CS), bicarbonates (HCO3) and potassium (K)
were estimated, and therefore this axis can be defined as a
gradient of CS and silt.

The effect of the examined explanatory variables on the
distribution of the dominant species in this habitat (Figure
4) showed that Ziziphus spina-christi, Calotropis procera,
Trichodesma africanum and Hyphaene thebaica were
related to silt contents, while Phragmites australis,
Tamarix nilotica and Imperata cylindrica were related to
contents of bicarbonates, fine sand (FS), and coarse sand
(CS). Groups A and C occupied the middle part of the
oasis, while Group B occurred in the northern and southern
parts (Figure 5).
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Figure 2. TWINSPAN dendrograms of the studied habitats, showing the distribution of stands within each vegetation group, (S=Stand).
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Figure 4. CCA ordination diagrams of the four habitats with their dominant species within the TWINSPAN groups and examined soil

variables. For species abbreviations, see

Table 4. Summary of forward selection and interest correlations of soil variables in CCA. For units, see Table 2. Figures in bold are

significant correlations.

Inter-set correlations with CCA axes

Forward selection

(P values)
Habitats D F P S

D F P S
Axes AX1 AX2 AX1 AX2 AX1 AX2 AX1 AX2
Gravels -0.34*  0.39 - - 0.12 0.22 - - 0.01 NS 0.03 NS
Coarse sand (CS) 0.27 0.67** — - - - - - 001 NS NS NS
Fine sand (FS) 0.74** 0.23 -0.09  042* - - - - 0.04 003 NS NS
Silt -0.03  -0.61** — - -0.38  -0.08 - - 0.03 NS 002 NS
Clay - - -0.01  -0.46** -0.40* -0.06 0.26* -0.01 NS 0.04 001 0.03
Water Content (WC) - - - - -0.16  -042* -018 0.019 NS NS 001 004
pH - - - - - - - - NS NS NS NS
Electrical conductivity (EC) — - 0.22 - - - 0.13 -0.30 NS 0.02 NS 0.03
Organic matter(OM) - - 0.68** -0.08 0.03 -0.57** -0.28* 0.26 NS 0.01 0.05 0.01
Na * - - - - 0.24 0.25* - - NS NS 0.03 NS
K* -0.27  059** — - - - - - 0.03 NS NS NS
Ca* - - 0.33 -0.11 - - - - NS 005 NS NS
Mg*2 - - - - - - - - NS NS NS NS
cr - - - - - - - - NS NS NS NS
HCOj" 0.08 0.61** -0.42* 0.68** 0.69** -0.07 - - 0.04 001 0.05 NS
PO,? - - - - - - -0.07 0.43* NS NS NS 0.05
S0,4* - - - - - - -0.26 -0.52** NS NS NS 0.04

**=P<0.01, *= P<0.05. NS=N=not significant, — = not included.
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Figure 5. Distribution of the obtained vegetation groups (A-D) from TWINSPAN of each habitat superimposed on the map of the study

area.

4. Discussion

Spatial heterogeneity is considered an important factor
for the maintenance of diversity in ecosystems (De Smedt
et al., 2018). According to Reynolds et al., (1997), species
distribution in heterogeneous habitats may be affected by
combinations of physical and chemical soil properties, and
their ecological gradients can be defined by their variations
in species diversity. The results of CCA analysis in the
present study explained the most important environmental
gradients which control the vegetation composition and
species distribution in each of the recognized four habitats,
and the positions of species and stands. In the surrounding
desert, soil texture of different size classes, K and HCO4
contents affect the distribution of species in this habitat.
This can be reflected by the presence of several highly
adapted, drought-resistant trees (Ziziphus spina-christi,
Calotropis procera, Tamarix aphylla), shrubs (Fagonia
arabica, Hyoscyamus muticus, Zygophyllum coccineum),
and perennial herbs (Trichodesma africanum). The role of
soil texture as a key factor in determining the spatial
distribution of soil moisture in desert ecosystems is
pronounced (Jafari et al., 2004; Li et al., 2018). Soil
texture controls the distribution of plant species by
affecting the moisture availability, ventilation and

distribution of plant roots. The soil content of potassium
was more effective in this habitat than the others, where
K/Mg ratio is an indicator of grasslands and shrublands
separation, and higher ratios of K/Mg are an indicator for
the suitability of shrub growth (Jensen et al., 1998). In the
salinized lands, the plant species are surviving under the
stress of high soil salinity (EC), as well as other factors
such as water contents, organic matter, PO, and SO,.
Under such conditions, these habitats were characterized
by salt-tolerant species such as Tamarix nilotica,
Phragmites australis, Bassia indica, Sporobolus spicatus,
Aeluropus lagopoides, Salsola imbricata subsp. imbricata.
The results of this study indicate that species distributed in
the salinized lands were strongly correlated with salinity
and water content (MacDougall et al., 2006). The
topography, landform, soil texture, and soil surface
sediments of different sizes control the moisture available
for plant growth. The role of soil moisture, as a key
element in the distribution of the plant species was
described by Malkinson and Kadmon (2007) in the Negev
desert and Abdel Khalik et al. (2017) in Wadi Fatimah of
Saudi Arabia. The results of this study also confirmed the
role of organic matter content as a key element in the soil
fertility of the habitats of farmlands and date-palm
orchards. This can be attributed to the application of
fertilizers as well as the deposition of dry leaves and litter
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especially in the latter habitats. The results showed the
effective role of soil variables on the weed community
structure and diversity. The present findings agree with
those of Fried et al. (2008) and Andreasen and Skovgaard
(2009) who stressed the importance of soil texture,
salinity, and organic carbon for the composition and
species richness of weed communities. Common weeds of
the arable lands in these habitats included: Cyondon
dactylon, Sonchus oleraceus, Chenopodium murale, Malva
parviflora, Conyza bonariensis, Digitaria sanguinalis,
Dactyloctenium aegyptium, and Echinochloa colona.

A detailed description of the concentric zonation of the
vegetation in the habitats of agro-ecosystems of the oases
of the Western Desert was presented by El-Saied et al.
(2015) and Abd El-Ghani et al. (2017). Usually, three
concentric zones (from outside to inside) were noticed: (1)
the outer desert boundaries (surrounding desert), (2) the
middle zone occupied by the salinized lands which receive
the drainage water from (3) the inner cultivated lands
(usually farmlands in the centre surrounded by the date-
palm orchards). Accordingly, this may explain the high
correlation coefficients between the species composition of
the habitats of salinized lands and surrounding desert on
one hand, and the date-palm orchards on the other.
Although forming depressions in the Western Desert, yet
this concentric type of habitats was not common in the
Fayoum (Al-Sherif et al., 2017) and Wadi EI-Natrun (Abd
El-Ghani et al., 2017).

The wide distribution ranges of some species, mostly
weeds with high frequency values such as Cynodon
dactylon, Sonchus oleraceus, Chenopodium murale, Malva
parviflora and Dichanthium annulatum, may be attributed
to their being ubiquitous species with a wide ecological
amplitude. Twenty-one species were represented in the
farmlands and palm orchards while the surrounding deserts
had none of them. This may be attributed to the high
similarity in the species composition and site conditions
for both. Due to the habitat heterogeneity, physico-
chemical properties of the soil, and availability of water in
the study area, some species exhibited certain consistency
to a definite habitat. The consistency of forty-six species
occurring in one habitat may be explained on the basis of
habitat preference phenomenon. Common weeds of the
arable lands in Egypt were confined to the farmlands such
as Trifolium alexandrinum, Euphorbia helioscopia,
Dinebra retroflexa, Trianthema portulacastrum and
Asphodelus tenuifolius. Similar investigations of the weed
flora of different parts of Egypt gave the same results (e.g.,
Shaheen, 2002), and in other parts of the arid and semi-
arid regions (e.g., Turland et al., 2004 in Crete, Karar et
al., 2005 in Sudan, Qureshi et al., 2014 in Pakistan).
Certain salt-tolerant plant species showed consistency to
the habitats of salinized lands such as Sporobolus spicatus,
Aeluropus lagopoides and Scirpus maritimus. These
species may form pure or mixed halophytic plant
communities (Zahran and Willis, 2003).

The special microhabitats of the date-palm orchards
allow certain species to grow and flourish (e.g., Oxalis
corniculata, Mentha longifolia, Ambrosia maritima,
Conyza bonariensis and Digitaria sanguinalis). The plant
communities of date-palm orchards in Siwa Oasis have
been studied by Abd El-Ghani (1994) who reported three
associations: (1)  Cynodo-Melilotetum indici, (2)
Convolvulo (arvensis)-Imperatetum cylindrici, and (3)

Euphorbia-stellarietum medici. This study’s results
confirmed that the floristic composition of the date-palm
orchards in Kharga Oasis is congruent with those in the
Siwa Oasis. On the contrary, the floristic components of
the date-palm orchards of Al-Hassa QOasis in eastern Saudi
Arabia (Shaltout and El-Halawany, 1992) revealed its
halophytic as well as mesophytic nature. Human activities,
pests, and diseases are the main causes behind the
degradation of date-palm trees and the low production of
dates in North African and Arab countries (El-Juhany,
2010). Some orchards are in danger of dying out either
because of human activities and/or severe dry arid
conditions as in the Feiran Qasis in south Sinai, Egypt
(Abd EI-Ghani et al., 2017).

In the habitats of the surrounding deserts and salinized
lands, the psammophytes (e.g. Zygophyllum coccinum,
Citrullus colocynthis and Senna italica) and halophytes
(e.g. Sporobolus spicatus and Aeluropus lagopoides)
showed their highest frequency values. Due to the
differences in their ecological factors, the vegetation
composition of the latter two habitats was characterized by
species that are adapted to either salinity stress or harsh
desert environments. Xerophytic species were naturally
grown among the weeds of the cultivation. This indicates
that these species are components of the natural desert
vegetation, and can thrive after the reclamation process.
Therefore, the reclaimed lands bounding the desert
outskirts can be considered as transitional zones of the
succession process between the old cultivated lands and
those of the desert (Shaheen, 2002; Abd EI-Ghani et al.,
2017). Also, this indicates that the floristic structure of the
study area is more affected by human disturbances such as
over-cutting of woody perennials (for fuel and domestic
uses, building roofs) and the exploitation of reclaimed
arable lands by salinization due to the lack of a network of
drainage system.

Weeds of the arable lands constitute the major
component (68 %) of the flora according to the present
study. This study also states that the weedy species
replaced the natural plant communities in the study area,
and this is a widespread phenomenon (Yang et al., 2006).
It has also been found that weed diversity in the arable
fields is higher in complex and heterogeneous landscapes
(Petit et al., 2010). The floristic composition of the
farmlands in the study area included, in addition to arable
weeds, some desert species that grow in the surrounding
natural habitats such as Citrullus colocynthis, Tamarix
nilotica, T. aphyla, and Zygophyllum coccineum. This
suggests that the human practices in land reclamation in
the Kharga Oasis entails that weed species replace the
natural xeric plant communities (Baessler and Kilotz,
2006). Also, several authors reported similar conclusions
(Shaltout and El-Halawany, 1992). The results of the
present study are in accordance with those of Abd El
Ghani et al., (2017) regarding the increased species
richness in the farmlands and date-palm orchards.

The variations in species richness and Shannon’s
diversity index among the different habitat types may be
attributed to the difference in soil characteristics, substrate
discontinuities, and the allelopathic effect of one or more
invasive species depending on their relative dominance
among other associated species (James, 2006). The high
level of species diversity would be brought about by a
local differentiation in soil properties around individual
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plants, since the heterogeneity of environments allows for
the satisfaction of the requirements of many species within
a community (Whittaker and Levin, 1977). This agrees
with the results obtained from this study which shows a
low species richness (number of species/stand) in the
extreme habitats either of higher contents of salinity or
desert areas (as in the salinized lands and the surrounding
desert habitats), and a high species richness in the habitats
of lowest salinity (as in the farmlands and date-palm
orchards). This finding is in partial agreement with the
results reported by Hegazy et al., (2008) in the Nile Delta
region, but is congruent with those of Abd EI-Ghani
(1994) in the Siwa Oasis.

5. Conclusions

This investigation provides recent information on the
floristic composition, habitat variation, and vegetation
structure in relation to the soil conditions of the Kharga
Oasis of the Western Desert in Egypt. According to the
land use and the agricultural practices in this area, four
major habitats can be recognized; each was characterized
by three-four vegetation groups. A specific relationship
between plant species and the prevailing environmental
variables was detected. Such relationships may be
attributed to the site conditions, tolerance adaptability, and
nutrient requirements. The key elements of the
environmental factors for each habitat may be helpful in
the reclamation processes and the improvement of an
ecosystem. Some species exhibited a certain degree of
consistency which helps definite the habitat. Due to the
lack of well-drainage system, vast areas of the cultivated
lands were transformed to salinized lands which resulted in
land exploitation and habitat loss. Soil texture, organic
matter, and bicarbonate were the major determinants of the
species distribution among habitats. The farmlands and
date-palm orchards had the highest species diversity with
the largest share of annuals, while the salinized lands and
the surrounding desert had the lowest species diversity
with the dominance of perennials. The vegetation
composition of the latter two habitats was characterized by
species that adapted to either salinity stress or harsh desert
environments. The floristic diversity of the date-palm
orchards as a characteristic habitat in the Kharga Oasis is
under danger and threat due to severe uncontrolled human
activities and the prevailing harsh environmental desert
conditions. The establishment of socio-economic
conservation measures is urgent for the sake of the
prevention of uncontrolled human disturbances and the
land-use management of the fragile and degraded habitats.
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Abstract

Interspecific hybridization studies involving reciprocal crosses were carried out on three Stachytarpheta spp. to investigate
the genetic relationship among the three spp. The interspecific cross of S. angustifolia x S. cayennensis produced an F;
hybrid that was vigorous, floriferous, and partly fertile, but the seed setting percentage was low (29.83 %) despite the fairly
high pollen fertility (63.14 %). The F, seeds recovered from this cross failed to germinate. Interspecific crosses of S.
cayennensis x S. angustifolia and S. cayennensis x S. indica produced F; seeds which did not germinate. The interspecific
crosses of S. angustifolia x S. indica and S. indica x S. angustifolia failed, and no seed set was observed, but S. indica x S.
cayennensis produced F; seeds which failed to germinate. The results from the hybridization studies showed that
postzygotic-isolating mechanism has set a strong reproductive barrier among the three studied Stachytarpheta spp.
manifested as embryo abortion in S. angustifolia x S. indica and S. indica x S. angustifolia, F; seed inviability in S. indica x
S. cayennensis, S. cayennensis x S. angustifolia and S. cayennensis x S. indica, F, seed breakdown in S. angustifolia x S.
cayennensis. The current study concluded that S. angustifolia is more closely related to S. cayennensis than S. indica and the

three species are reproductively isolated.

Keywords: Genetic relationships, Interspecific hybridization, Nigeria, Reproductive barriers, Stachytarpheta

1. Introduction

The genus Stachytarpheta belongs to the Verbenaceae
(Cantino et al., 1992) which is widely distributed in
tropical and subtropical America, and few species (mostly
naturalised) can be found in tropical and subtropical
Australia, Asia, Africa and Oceania (Munir, 1992).
Stachytarpheta is a genus of about 133 species almost
exclusively from the New World (only S. indica (L.) Vahl
occurs in the Old World) (Atkins, 2005); the genus is
represented in West Africa and in Nigeria by three
Species: Stachytarpheta indica (L.) Vahl, Stachytarpheta
angustifolia (Mill.) Vahl, and Stachytarpheta cayennensis
(Rich.) Vahl (Hutchinson and Dalziel, 1963).
Stachytarpheta has several species named on the basis of
collections from outside the New World, but all species
except S. indica have been shown to be synonyms to New
World species that had colonized Old World locations
following European contact (Atkins, 2005.). They also
reported that S. indica is very similar to S. angustifolia
which also occurs in Africa as a weed, and that S. indica is
likely either a divergent phenotype of S. angustifolia that
was established early after contact or a hybrid with another
weedy species, S. jamaicensis (L.) Vahl, which is also
established in Africa. Thus, Stachytarpheta is probably
restricted in its pre-Columbian distribution to the New
World. The genus Stachytarpheta are herbs or low shrubs,
glabrous or variously pubescent to tomentose with simple

“ Corresponding author e-mail: oziegbem@oauife.edu.ng.

hairs. The stem and branches almost terete or tetragonal.
The leaves are simple, mostly decussate-opposite, petiolate
or sometimes subsessile, and the lamina is dentate to
serrate, somewhat rugose (Munir, 1992). The pollen of
Stachytarpheta is 3-colpate, with an exine sculpture made
up of verrucae, and this distinguishes it from all other
genera in the family Verbenaceae (Atkins, 2004). Adedeji
(2010) observed pollen grains of the genus Stachytarpheta
to possess a multicolpate and multiporate attribute which
indicates that the genus is not primitive in evolutionary
history and these spp. probably, evolved around the same
time. She reported the pollen forms to be acolpate (i.e.
without apertures), monocolpate, bicolpate, tricolpate
(these were observed to be occurring at the highest
frequency in all the species studied), and tetracolpate.
According to Sanders (2001), the chromosome number
of the genus Stachytarpheta was reported to be within the
range 2n = 18, 48, 56, 112, 160 which may be based on X
= 8 or its hexaploid-derived base x = 24. It was also
reported that the chromosome numbers in this genus are
incompletely known, and are based mostly on observations
on S. cayennensis and S. dichotoma. Within this species
complex, there is a range of polyploids, 2n = 18, 48, 56,
112, and 160, suggesting an aneuploidy series from the
base numbers 8 and 9. Munir (1992) also reported 2n =
160 in S. indica and the same chromosome count was
reported by Fedorov (1974). For S. angustifolia, 2n =56
was reported by Mangenot and Mangenot (1962) cited in
Siedo (2006). Moldenke (1958) carried out hybridization
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studies on some species of the genus Stachytarpheta and
proposed that x S. is abortive for a hybrid which was
produced from S. cayennensis (L.C. Rich) Vahl. (Which is
actually S. australis) and S. mutabilis (Jacq.) Vahl. The
cross was not successful when the pollen of S. australis
was placed on the stigma of S. mutabilis, but 200 seeds
were recovered from the reciprocal cross. Out of the 200
seeds recovered, only 98 plants were produced in which
ninety-four were typical S. australis and only four were
hybrids. Urban and Ekman (1929) collected x S. adulterina
from the wild that was obtained from a cross between S.
jamaicensis and S. mutabilis. This same hybrid was also
described by Danser (1929), which was reported to be
produced from S. indica and S. mutabilis, and was named
x S. trimeni (but the one named indica was jamaicensis). x
S. adulterine, that was produced in the laboratory by
Danser (1929) from the reciprocal cross between S.
jamaicensis and S. mutabilis because crosses carried out
by pollinating the pistil of S. mutabilis by the pollen of S.
jamaicensis did not produce any seed. x S. gracilis, was
found growing as a natural hybrid between S. australis and
S. urticaefolia (Salish). He reported that it was commonly
found where the parents are growing together in large
quantities. A hybrid xS. debilis is also a natural hybrid
between S. australis and S. jamaicensis (Linn.) Vahl. xS.
trimeni was also found in the wild as a result of crosses
between S. mutabilis and S. urticaefolia. The hybrid xS.
hybrida is a name that was proposed by Moldenke (1940)
for the natural hybrid between S. jamaicensis (Linn.) Vahl
and S. strigose Vahl. xS. intercedens is a name proposed
by Danser (1929) to the natural hybrid between S.
jamaicensis and S. urticaefolia (Moldenke, 1958; Munir,
1992). Atkins (1991) came across a natural hybrid between
S. sericea and S. chamissonis that were growing together
while curating and naming the family Verbenaceae. The
hybrid was observed to have the same morphological
characteristics with S. sericea, while the inflorescence,
calyx, and flower size resemble those of S. chamissonis. A
pollen study to confirm the hybridity was carried out and
the hybrid S. sericea x S. chamissonis showed a very
reduced and often absent protoplasm suggesting infertility
which is a good indicator of hybridity (Atkins, 1991).

All the Stachytarpheta Spp. have been reported to be
used ethnomedically as anti-malaria (Okokon et al., 2007,
Adebayo and Krettli, 2011), for the treatment and cure of
diabetes. (Soladoye et al., 2012), as anti-ulcer (Sandhaya
et al., 2013) antihelmintic and as an antimicrobial agent
which can be used for the treatment of dysentery, eye
troubles (e.g cataract), gonorrhoea, syphilis and other
venereal infectious diseases (Mohammed et al., 2012). The
leaves of S. jamaicensis are used as tea in Brazil, and are
referred to as Brazilian tea. They are used to treat sores in
children’s ears, heart trouble, and are also anti- asthmatic,
sedative and anti-hypertensive (Duke and Vazquez, 1994;
Adedeji, 2012). Experiments have been carried out to
confirm its wound-healing capability (Pandian et al.,
2013). Although some species of Stachytarpheta are
considered ornamental or medicinal, they occur usually as
weeds in crops and pasture (Atkin et al., 1996; Barbola et
al., 2006). They are cultivated as ornamental or hedge
plants (Munir, 992), and also as a result of their
desirability as butterfly attractants they are planted in the
garden (Sanders 2001). The genetic relationship among the
three species of Stachytarpheta in Nigeria has not been

investigated. This study has investigated the genetic
relationship among the three Stachytarpheta spp. from
Nigeria.

2. Materials and Methods

Seedlings of the three Stachytarpheta species (S.
indica, S. angustifolia and S. cayennensis) were collected
in March, 2016 from various locations: Obafemi Awolowo
university campus, Iwo, and Erin-ljesha waterfall area,
Osun State, Nigeria. The collected seedlings were
transplanted into a seven-litre plastic bucket, and were
raised to maturity from March —July, 2016 at the
Department of Botany Obafemi Awolowo University, lle-
Ife. The matured plants were authenticated taxonomically
at the IFE herbarium and voucher specimens of S. indica
(U.H.I 7762), S. angustifolia (U.H.I 13413) and S.
cayennensis (U.H.I 17324) were deposited at the
herbarium. Seeds were collected from the mature plants,
and were germinated and sub-cultured in the screen house
for obtaining seedlings which were transplanted ten weeks
after germination into seven-litre plastic buckets filled
with top soil at the rate of one plant per bucket with five
replicates for each species. After that, the quantitative and
morphological characteristics were recorded. Some
biological criteria prior to crossing were investigated
including time of anthesis, the time anther dehisces,
availability of pollen, and the time the stigma is receptive.
The pollen fertility test was also carried out by staining the
pollen grains from just dehisced anthers in the parents and
the F, hybrids with Cotton Blue in Lacto-phenol for forty-
eight hours. Full pollen grains with the cytoplasm contents
becoming stained uniformly blue were counted as viable
pollens, while those that could not stain or were partially
stained with a collapsed outline were counted as non-
viable. (Jackson, 1962; Olorode and Baquar, 1976). The
percentage of pollen fertility was determined by dividing
the total number of fertile pollen by the total number of
pollen counted and multiplying by 100 for each species
and hybrids. Interspecific hybridization studies involving
reciprocal crosses were carried out among the three
species. Five inflorescences (Spikes) were selected
randomly from each species and tagged for identification.
As flower buds matured sequentially along the spike of the
ovulate parent, they were physically emasculated before
anther dehiscence at anthesis. Pollen grains from the
specific pollen parents (staminate parents) were transferred
to the ovulate parents between 10:00 am-12:00 pm when
the stigma were observed to be receptive. Half of the
emasculated flowers were not pollinated, and were kept for
seed production in order to test for apomixis. Each crossed
flower spike was bagged to prevent contamination by
external pollens. The pollinated flowers were monitored
for seed setting. Spikes of S. cayennensis and S. indica
were harvested at maturity when they were brown and
brittle and could be detached easily from the plant, but the
seeds of S. angustifolia were collected sequentially as the
seeds matured and dried up to prevent losing them. Mature
seeds were harvested separately and enveloped for further
studies. The F; seeds produced from successful crosses
were planted along with their parents, and were monitored
and evaluated for all identifiable characters. All
quantitative vegetative and floral characters were
compared among the three species and also among the
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parents and their F; hybrids using one-way Analysis of
Variance (ANOVA). Duncan's Multiple Range Test
(DMRT) was also applied at 0.05 level to compare the
means.

3. Results

A high percentage of seed sets was observed in all of
the species studied for self-pollination. (98.23 % was
observed in S. angustifolia, 93.93 % in S. cayennensis and
98.61 % in S. indica). All emasculated non pollinated
flowers dropped indicating that there was no apomixis.

3.1. Crosses Involving S. angustifolia as Ovulate Parent

All interspecific crosses of S. angustifolia x S. indica
failed, but a swelling was observed in the ovary showing
that fertilization had occurred, though seeds were not
formed from the swollen ovary. The interspecific crosses
of S. angustifolia x S. cayennensis was successful, and
seeds were formed, but the percentage of crossability was
low (6.82 %). Qualitative and quantitative characters of
this F hybrid and their parents are shown in (Tables 1 and
2). The F; hybrid of S. angustifolia x S. cayennensis
exhibited perennials habit as observed in the staminate
parent (S. cayennensis). The morphological characters in
the F, hybrid varied. The height of the hybrid at the first
flowering and the leaf length were not significantly
different from those of the staminate parent (S.
cayennensis). The F; hybrid plants were vigorous,
floriferous, and erect like the staminate parent (Figure 1 a,
b and c). The number of primary branches and the seed
length were not significantly different from the staminate
parent (Table 2). Some characters including leaf breadth
and the seed breadth were not significantly different from
the ovulate parent (S. angustifolia). The pigmented part
(petiole and calyx) that was observed in the staminate
parent was also observed to be pigmented in the hybrid
plants (Figure 1 d, e, f, g, h and i). The floral characters
(i.e. Petal length and breadth and the calyx length and
breadth) of the hybrid flower were observed physically to

resemble those of the ovulate parent with regard to the
pigmentation at the tip of its calyx (Table 2 and Figure 1);
however, the floral characters of the hybrid plant were not
significantly different statistically from the ovulate parent.
The length of inflorescence was significantly different in
the two parents and their hybrid which was observed to be
an intermediate between the two parents. Pollen shapes in
the F, hybrid (Acolpate) differed from those of the two
parents (Tricopate). The anthers of the hybrid plants were
brownish white in colour, they are mostly shrunken and
failed to dehisce in many flowers. The F; hybrid pollen is
whitish in colour while that of the parents was yellow. The
percentage of pollen stainability in the F; hybrid was fairly
high (63.14 %) but despite that, the percentage of seed
setting was observed to be lower in the hybrid (29.83 %).
This is significantly lower than 96.56 % observed in S.
angustifolia and 87.76 % in S. cayennensis. The F, seeds
of the F, hybrid (S. angustifolia x S. cayennensis) failed to
germinate after several trials. The F; plant was propagated
successfully through stem cuttings.

3.2. Crosses Involving S. cayennensis as Ovulate Paren

The crosses carried out between S. cayennensis and S.
angustifolia (S. cayennensis x S. angustifolia) set seeds but
the percentage of crossability was low (11.59 %). The F;
hybrid seeds produced from these crosses failed to
germinate. The interspecific crosses carried out between S.
cayennensis and S. indica (S. cayennensis x S. indica) were
successful, and F; hybrid seeds were produced, but failed
to germinate. The percentage of crossability was low
(12.33 %).

3.3. Crosses Involving S. indica as Ovulate Parent

The crosses carried out between S. indica and S.
angustifolia (S. indica x S. angustifolia) was not
successful, and no seed was formed. The crosses that were
carried out between S. indica and S. cayennensis (S. indica
x S. cayennensis) set seeds with a low percentage of
crossability (2.07 %). The F; hybrid seeds produced from
these crosses failed to germinate.

Table 1. Qualitative Characteristics of S. indica, S. angustifolia, S. cayennensis and the F; Hybrid.

Characters S. indica S. angustifolia S. cayennensis S. angustifolia x
S.cayennensis

Petal colour Deep purple with a white Light purple with a white Purple with a white Faint light purple with a white
center center center center

Calyx Green with a purple tip Green Green with a purple tip  Green with a purple tip

Filament Colour White White White White

Anther Colour  Yellow Yellow Yellow Brownish White

Stigma Colour ~ Green Green Yellow Green

Style Colour White with a purple tip White White White

Ovary Colour Green with a yellow base Green with a yellow base Yellow Green with a yellow base

Petiole Colour  Purple Green Purple Purple

Anther sacs Dehiscent Dehiscent Dehiscent Barely dehiscent

Habit

Erect Shrub, Perennial

Low-lying Herb, Annual

Erect Shrub, Perennial

Erect Shrub, Perennial
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Table 2. Quantitative Characteristics of S. indica, S. angustifolia, S. cayennensis and the F; Hybrid.

Characters S. indica S. angustifolia S. cayennensis S. angustifolia x S. cayennensis
Height at first flowering(cm) 21.760.42° 8.72+0.14° 30.38+1.69* 28.88+2.64%
Height at maturity (cm) 43.84+1.65° 8.72£0.14° 40.02+1.42* 40.44+4.32*
Leaf length (cm) 17.14+0.30° 10.30£0.10° 10.80+0.09° 8.00+£0.49"
Leaf breadth (cm) 13.85+2.93% 3.20+0.03"° 5.03+0.05° 3.57+0.25
Days to First Flowering 101 87 86 131
Number of primary Branches 14.20+0.34° 10.2040.27° 15.00+0.78* 13.2040.71°
Inflorescence length (cm) 56.26+0.43* 47.20£1.28* 20.10+0.62° 31.0140.85
% Seed sets 98.61 98.23 92.93 29.83

% Pollen fertility 96.29 96.56 87.76 63.14
Seed Length (mm) 4.59+0.02° 4.08+0.02° 5.10+0.78% 3.21+0.06*
Seed Breadth(mm) 1.56+0.03° 1.70+0.02* 1.11+0.01° 1.02+0.01°
Petal length(mm) 15.3620.08 10.07+0.06" 7.54+0.02° 9.60+0.11°
Petal breadth(mm) 11.52+0.09° 8.72+0.05° 5.50+0.06° 8.00£0.12"
Calyx length(mm) 6.44+0.05* 5.08+0.04* 4.36+0.02° 5.36+0.04°
Calyx breadth(mm) 2.00+0.00* 2.00+0.00% 1.80+0.01° 1.95+0.01%

“Means followed by the same letter in each row are not significantly different at 0.05 level of probability.

Figure 1. Morphological features of S. angustifolia, S. cayennensis and their F, hybrid (S. angustifolia x S .cayennensis). a. Habit of S.
angustifolia, b. Habit of S. cayennensis c. Habit of S. angustifolia x S. cayennensis d. Pigmented petiole in S. cayennensis e. Acyanic
petiole in S. angustifolia f. Pigmented petiole in S. angustifolia x S. cayennensis g. Calyx pigmentation in S. cayennensis h. Acyanic calyx
in S. angustifolia I. Calyx pigmentation in S. angustifolia x S. cayennensis.

observed after fertilization which degenerated later. This

4. Discussion failure might have occurred at the growing embryo stage.
The failure observed may be as a result of disharmony

Interspecific crosses between S. angustifolia (2n = 56) between F; and the maternal tissue or genic disharmony
and S. indica (2n = 160) were not successful. Seeds were where the parental genes in the cells of the hybrids are

not produced; however, a considerably swollen ovary was
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unable to work together properly. The chromosome
numbers reported for the two species also differ widely
from one another which may affect the pairing pattern.
This might be a result of the differences between the two
parental genomes in the embryo (i.e. the F; genome). The
two species can be said to have been isolated genetically
based on their habitat preference (because though they are
allopatric, they were brought together artificially, but no
hybrid was produced). Carolin (1957) reported the same
isolation barriers in species of the genus Dianthus of
Caryophyllaceae. The inability of F; seeds produced from
crosses between S. cayennensis and S. indica to germinate
may be attributed to the disparity in their chromosome
numbers which may cause pairing difficulties, or it may be
attributed to the inviable hybrid seeds. Stebbins (1971)
reported that hybrid inviability may be a result of a
breakdown in the early stage of embryo development
which is often due to the disharmony between the embryo
and the endosperm which provides food material for its
growth and the maternal tissue. Interspecific crosses
between S. angustifolia (2n = 56) and S. cayennensis (2n =
56) and their reciprocal were successful and seeds were
produced. The F; plants grown from the seeds recovered
from these crosses were floriferous, and the purple
pigmentation that was observed to be absent in the ovulate
parent was found at the tip of the calyx and the petiole of
the staminate parent in the hybrid. This character can be
described as dominant, a character inherited from the
pollen donor (S. cayennensis). The light purple colour of
the corolla in the F; hybrid is similar to that of the ovulate
parent (S. angustifolia), but is slightly lighter. This is in
line with the observation of Danser (1929) who also
observed that the hybrid xS. gracilis produced between S.
australis and S. urticaefolia have a corolla similar to that
of S. urticaefolia but a slightly lighter or pale in colour.
The anther sacs barely dehisce and the pollen productivity
was very low in the F; hybrid plant studied; a similar state
in xS. intercedens was observed, while the pollen were
absent in the hybrid produced between S. jaimaicensis and
S. urticaefolia. The pollens in the genus Stachytarpheta are
usually tricolpate and rarely acolpate, monocolpate,
bicolpate, and tetracolpate (Adedeji, 2010), but in this
investigation the hybrid produced displayed a totally
different pollen type (acolpate) from the two parents. The
F, hybrid (S. angustifolia x S. cayennensis) is partly fertile
(63.14% pollen fertility) with a low seed set (29.83 %).
The seeds produced from the reciprocal crosses (S.
cayennensis x S. angustifolia) did not germinate, which
may be attributed to the inviable hybrid seeds. The
maternal environment (i.e. maternal tissue) may not be
conducive for the growth of the embryo. This might be
attributed to the fact that the pollens do not contain enough
food reserves to support the pollen tube growth through
their style because the reciprocal cross results in seed
setting. Isolation factors between the species seem to be
spatial and reproductive. The habitat preferences of the
two species are different, one occurring in areas close to
water (S. angustifolia) and the other in drier regions. The
ability of S. angustifolia and S. cayennensis to produce
vigorous and floriferous hybrids suggests a closer genetic
relationship between the two species Moreover, since their
chromosome numbers have been reported to be the same,
the sterility factors in these crosses are probably genic
rather than chromosomal resulting from small structural

differences which are not sufficient to prevent pairing, but
gives inviable chromosome combinations with decreased
fertility of gametes and low pollen fertility in hybrids. The
sterility observed may also be due to segregation problems
resulting from the incompatibility of the parental
chromosomes in the hybrid genomes. Stebbins (1971)
stated that if the parental species are strongly
differentiated, their chromosomes cannot pair at all,
leading to an abnormal segregation at meiosis of either
whole chromosomes or blocks of genes contained in the
chromosomal segments resulting in hybrid sterility. He
stated that when the parents of the hybrids are more
closely related to each other, their chromosomes may pair
at meiosis, but because the arrangement and structures of
genes of the chromosomes are different, their pairing is
imperfect and results in the segregation of the gametes of
abnormal, disharmonious combinations of genes leading to
the hybrid breakdown that is delayed until after
fertilization. This also confirms that the species is
reproductively isolated. A strong barrier to gene exchange
exists between S. angustifolia and S. cayennensis in the
form of F, hybrid breakdown leading to F, seed inviability
in S. angustifolia x S. cayennensis and F; hybrid seed
inviability in the reciprocal cross. Balafama (1982)
reported a similar observation between the North African
and European Leucanthemum species of the Asteraceae
family. He observed that the species have equal
chromosome numbers, but the hybrids recovered were
with a reduced fertility. He suggests that the cytogenetic,
distributional and morphological data of the North Africa
group has evolved by hybridization at the diploid level
followed by spatial isolation which is a pattern very
different from that observed in European Leucanthemum.
He confirmed that the species has been isolated spatially
and reproductively.

Based on the recent hybridization study, S. angustifolia
and S. cayennensis are genetically close to each other
compared to S. indica. This agrees with Adedeji (2010)
who carried out palynology studies on the three
Stachytarpheta species in Nigeria and concluded that S.
cayennensis and S. angustifolia are the closest, and S.
indica is closer to S. angustifolia, but is farther from S.
cayennensis. The hybrid plants were propagated
vegetatively and established, but with a little pruning, they
can form a small garden plant which blooms profusely all
year and makes a splendid yield in tropical gardens.

5. Conclusion

The hybridization studies showed that the isolating
mechanism (post-zygotic) has set a strong reproductive
barrier among the three Stachytarpheta (such as embryo
abortion in S. angustifolia x S. indica and S. indica x S.
angustifolia; inviable F; seed in S. indica x S. cayennensis,
S. cayennensis x S. angustifolia and S. cayennensis x S.
indica; F, seed breakdown in S. angustifolia x S.
cayennensis) to prevent exchange of genes in order to
maintain their individualities.
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Abstract

Ellagic acid has been previously found to possess trypanostatic effects and to alleviate some of organs’ pathological
complications, but it was not known whether these effects were mediated through an antioxidant-related mechanism or not.
This work, therefore, investigates the effects of ellagic acid on lipid peroxidation and the antioxidants profile of
Trypanosoma congolense-infected rats. The rats were infected with T. congolense and treated with ellagic acid (100 and 200
mg/kg body weight (BW)) and diminazine aceturate (3.5 mg/kg BW) for fourteen days; the remaining infected group was
left untreated, while some animals were uninfected and untreated. The organs (liver, kidney, spleen, and heart) were
harvested and homogenized, and malonyldialdehyde (MDA), reduced glutathione (GSH), superoxide dismutase (SOD), and
catalase levels were measured. The MDA levels were significantly decreased (P < 0.05) across all organs in the ellagic acid-
treated groups compared to the infected untreated group. There was a significant increase (P < 0.05) in the GSH levels in the
group treated with 200 mg/kg BW of ellagic acid across all organs. However, treatment with ellagic acid did not
significantly (P > 0.05) change the SOD level compared to the infected untreated group in the liver of rats, but an increase
was observed in the kidney, spleen, and heart of the treated groups. The 100 mg/kg BW of ellagic acid increased the catalase
levels (P < 0.05) in all organs except the kidney. This study concluded that ellagic acid boosted the endogenous antioxidant

reserves and reduced lipid peroxidation.

KeyWords: Trypanosoma congolense, Oxidative stress, Antioxidant, Ellagic acid, Organ damage.

1. Introduction

Trypanosomiasis is a neglected tropical disease
affecting humans and livestock production with
tremendous impacts on the socio-economic systems of
many under-developed countries (Welburn et al., 2009;
Samdi et al., 2010; Lozano, 2012). It is caused by different
trypanosome species but Trypanosoma congolense is
considered to be the most prevalent and a major
impediment to livestock production in Africa. This parasite
is a strictly intravascular parasite and without conspicuous
undulating membrane (Abubakar et al., 2015).

Considerable evidence has demonstrated the roles of
reactive oxygen species in the complications associated
with the T. congolense infections (Umar et al., 2009;
Ibrahim et al., 2016; Ighokwe et al., 2018). These reactive
oxygen species including free radicals are usually released
by the trypanosome, and are known to target the
membrane polyunsaturated fatty acids and proteins of the
host cells leading to cellular damage and consequently
affecting the performance of important tissues and organs
such as the kidneys, liver, heart and brain of the infected
animals (Umar et al., 2009; Baldissera et al., 2016;
Igbokwe et al., 2018). In fact, the development of organ
damage as a result of the trypanosome-associated
oxidative stress is important in the pathogenesis of the
disease and is mainly responsible for the death of infected

animals (lbrahim et al., 2013). Interestingly, animals are
endowed with endogenous antioxidants such as
glutathione, catalase and superoxide dismutase (SOD),
which mop up the free radicals and protect the infected
animals against the oxidative stress-related pathogenic
features of the T. congolense infections (Umar et al., 2009;
Ibrahim et al., 2016; Ighbokwe et al., 2018).

Recently, the search for chemotherapeutic agents
against man and livestock diseases has exponentially
increased (Odhiambo et al.,, 2011). With respect to
trypanosome infections, 264 medicinal plant species from
seventy-nine plant families across the sub regions of
Africa were reported to possess in vitro/in vivo
antitrypanosomal activities after an extensive review
(Ibrahim et al., 2014). In drug discovery, the identification
of bioactive compounds responsible for an observed
activity is an important endeavour, but only forty-eight
compounds were isolated and characterised, with certainty,
from the above-mentioned 264 plants as the bioactive
trypanocides. One of these compounds is ellagic acid; a
phenolic acid found in plants and is produced from the
hydrolysis of tannins such as geranin and ellagitannin
(Seeram et al., 2005). The in vitro antitrypanosomal
activity of ellagic acid has been reported, and it was also
demonstrated to be safe (Shuaibu et al., 2008). In addition,
its in vivo trypanosuppresive effects was recently reported
and found to alleviate the trypanosome-associated aneamia

“ Corresponding author e-mail: mauwalibrahim@gmail.com or maibrahim@abu.edu.ng.
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and organ pathological alterations (Aminu et al., 2017).
However, it is not known whether the observed effects of
ellagic acid on the organs of the T. congolense-infected
animals were mediated, at least in part, via an
antioxidative-dependent mechanism.

Based on the above observation coupled with the
crucial role of oxidative stress to the pathogenesis of the T.
congolense infection, the present study investigates the
effects of ellagic acid on the in vivo antioxidant defence
system of the liver, kidneys, spleen and heart of T.
congolense-infected animals.

2. Materials and Methods

2.1. Chemicals and Reagents

The ellagic acid and dimethyl sulphoxide (DMSO)
were procured from Sigma Chemical Company USA,
through a local vendor (Bristol Scientific Company
Limited, Lagos, Nigeria). Kem Light Laboratory limited,
Mumbai, India, and Eagle Chemical Company Ltd, Ikeja,
Nigeria, provided the thiobarbituric acid (TBA) and the
diminazine aceturate respectively.

2.2. Experimental Animals and Trypanosome Parasites

The guidelines of the Good Laboratory Practice (GLP)
and the rules and regulations of experimental animal ethics
committee of ABUZ were followed in the study. Wistar
rats weighing 170-220 g were procured from the animal
house of the Department of Pharmacology and
Therapeutics, at the Faculty of Pharmaceutical Sciences,
Ahmadu Bello University, Zaria, (ABUZ) Nigeria. The
animals had unlimited supply of commercial rat chow
(ECWA Feeds, Jos, Nigeria) and water ad libitum. The T.
congolense (savannah strain) was obtained from the
National Institute of Trypanosomiasis and Onchocerciasis
Research (NITOR), Kaduna, Nigeria. The parasites were
passaged into the rats until a peak parasitemia was
achieved. Then, the parasitized blood was collected and
diluted in a physiologically cold saline before it was used
for the infection of experimental animals.

2.3. Animal Grouping and Administration

Twenty-five rats were randomly allocated into five
groups. Rats in four of the groups were each infected by an
intraperitoneal injection of approximately 1x10* T.
congolense per 100 g body weight (BW), while the rats in
the remaining group were uninfected. Approximately, 10°
trypanosomes/ml of blood was achieved on day eleven
post-infection (pi) and the treatment commenced. Two
groups of the infected rats were given oral treatment that is
100 (ITEA100) and 200 mg/kg BW (ITEA200) of ellagic
acid on a daily basis, whereas another group was treated
with 3.5 mg/kg BW of diminazine aceturate (ITDA) and
the remaining group of infected rats was left untreated
(IC). On the other hand, the uninfected group of rats was
also left untreated (NC).

2.4. Collection of Organs and Tissue Processing

The experiment was terminated on day twenty-four pi
and the animals were euthanized by chloroform
anaesthesia. The organs (liver, kidney, spleen and heart)
were also collected from each animal, and were washed
with normal saline to get rid of adhered tissues and wiped
with filter paper. The organ fragments were homogenized
(2:10 w/v) using a homogenizer, and centrifuged at 800 xg
for ten minutes at 4°C. The supernatant was further

centrifuged at 10, 000 xg for twenty minutes, and the
newly-recovered supernatant was also collected in another
microtube and stored at -20 °C for the analysis of
antioxidative parameters.

2.5. Analysis

The reactive substances of thiobarbituric acid,
expressed as malondialdehyde (MDA) equivalent, were
assessed to determine the extent of lipid peroxidation in
the organs (Fraga et al., 1988). The reduced glutathione
(GSH) level was determined using the DTNB method
(Ellman, 1959). The catalase activity was monitored as
described by Aebi (1984), while the superoxide dismutase
(SOD) activity was measured based on its ability to inhibit
the auto oxidation of epinephrine as described by Misra
and Fridovich (1972).

2.6. Statistical Analysis

All data were shown as mean * standard deviation of
five animals. Data were analyzed by using a statistical
software package (SPSS for Windows, version 20, NY,
USA) using Tukey's-HSD multiple range post-hoc test.
Values with P<0.05 were considered significantly different
between each other.

3. Results

The data of lipid peroxidation were expressed as the
malondialdehyde (MDA) concentration in the organs
(liver, kidney, spleen and heart) of all the groups and are
presented in Figure 1. The T. congolense infection
significantly (P < 0.05) increased the MDA levels across
all organs compared to the NC group. However, the oral
administration of ellagic acid significantly (P < 0.05)
reduced the MDA levels in the kidney, spleen and heart of
the infected animals, but not so different from the ITDA
group. Meanwhile, in the liver, a dose of only 100 mg/kg
BW of ellagic acid (ITEA100) reduced the MDA levels
significantly (P < 0.05). The results of the reduced
glutathione (GSH) concentrations revealed significantly (P
< 0.05) decreased levels across all organs in the IC group
compared to the NC group. However, the treatment with
ellagic acid significantly (P < 0.05) increased the levels of
GSH in all the organs, and the ITEA200 group showed a
significantly higher (P < 0.05) GSH level than the
ITEA100 group (Figure 2)

Figure 3 presents the activity of superoxide dismutase
(SOD) of the serum and organs of all the experimental
groups. It was observed that the activity of SOD of the IC
group was significantly (P < 0.05) decreased in the liver
and heart, while there was an insignificant (P > 0.05)
reduction in the kidneys and spleen. After the
administration of ellagic acid, the activity of SOD was
increased, but not significantly (P < 0.05), in the liver and
heart of the ITEA100 and ITEA200 groups compared to
the IC group (Figure 3). Moreover, the activity of SOD in
the kidneys and spleen of the ITEA groups was increased,
but not significantly (P > 0.05) compared to the NC and IC
groups (Figure 3). The catalase activities in the organs of
all the experimental groups are presented in Figure 4.
Interestingly, the activity of the catalase did not differ
significantly (P > 0.05) across all the organs when
compared to the NC group. However, there was a
significant (P < 0.05) increase in the activity of catalase in
the ITEA100 group in the kidneys, spleen, and heart.
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Figure 1. Effects of oral administration of ellagic acid on lipid
peroxidation (MDA) in the organs of T. congolense infected rats.
Data was presented as mean + SD (n=5). **Values with different
letter over the bars for a given sample are significantly different
from each other (Tukey's multiple range post-hoc test, P < 0.05).
NC, Normal Control; IC, infected Control; ITEA100 and
ITEA200 are infected groups that were treated with 100 and 200
mg/kg BW of ellagic acid respectively while ITDA is an infected
group treated with 3.5 mg/kg BW of diminazine aceturate.
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Figure 2. Effects of oral administration of ellagic acid on
glutathione (GSH) in the organs of T. congolense infected rats.
Data was presented as mean = SD (n=5). **Values with different
letter over the bars for a given sample are significantly different
from each other (Tukey's multiple range post-hoc test, P < 0.05).
NC, Normal Control; IC, infected Control; ITEA100 and
ITEA200 are infected groups that were treated with 100 and 200
mg/kg BW of ellagic acid respectively while ITDA is an infected
group treated with 3.5 mg/kg BW of diminazine aceturate.
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Figure 3. Effects of oral administration of ellagic acid on
superoxide dismutase (SOD) activities in the organs of T.
congolense infected rats. Data was presented as mean + SD (n=5).
*“Values with different letter over the bars for a given sample are
significantly different from each other (Tukey's multiple range
post-hoc test, P < 0.05). NC, Normal Control; IC, infected
Control; ITEA100 and ITEA200 are infected groups that were
treated with 100 and 200 mg/kg BW of ellagic acid respectively
while ITDA is an infected group treated with 3.5 mg/kg BW of
diminazine aceturate.
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Figure 4. Effects of oral administration of ellagic acid on catalase
activity in the organs of T. congolense infected rats. Data was
presented as mean + SD (n=5). **Values with different letter over
the bars for a given sample are significantly different from each
other (Tukey's multiple range post-hoc test, P < 0.05). NC,
Normal Control; IC, infected Control; ITEA100 and ITEA200 are
infected groups that were treated with 100 and 200 mg/kg BW of
ellagic acid respectively while ITDA is an infected group treated
with 3.5 mg/kg BW of diminazine aceturate.
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4. Discussion

The pathogenesis of T. congolense infection is related
to the induction of oxidative stress as a key biological
player as previously reported in trypanosome infections
(Gupta et al., 2009; Ibrahim et al., 2016). Hence, some
antitrypanosomal candidates mediate beneficial effects via
an antioxidant-dependent mechanism in the infected
animals. Therefore, it was interesting to note that the
ellagic-acid treatments significantly reduced the MDA
level in the liver and kidneys of the infected treated rats
and also improved the antioxidant levels suggesting that
the degree of the T. congolense-related oxidative stress on
these organs was mitigated. Perhaps, this might explain, at
least in part, how the observed amelioration of T.
congolense-induced liver and kidney damages by the
compound (Aminu et al., 2017) was mediated through the
alleviation of oxidative stress in the animals.

A typical mechanism for red-blood cell elimination
during the T. congolense infection is erythrophagocytosis
in the spleen and liver (Murray and Dexter, 1988) which
eventually alters the integrity of these organs and enhances
the production of free radicals. On the other hand, EI-Deeb
and Elmoslemany (2015) and Baldissera et al. (2016)
reported oxidative stress in the heart of animals having a
trypanosome infection and also suggested correlation
between serum levels of biomarkers of cardiac injury and
oxidative stress. Interestingly, ellagic acid significantly
improved oxidative stress in the spleen and heart of the
infected treated rats. Therefore, it is plausible that ellagic
acid prevented the T. congolense-induced damage to these
organs through the modulation of the trypanosome-related
oxidative stress suggesting an antioxidant-dependent
mechanism.

Overall, the protective efficacy of ellagic acid to avert
lipid peroxidation might be attributed to its ability to
interact with free radicals generated by T. congolense. It is
also possible that the observation is linked to the observed
trypanosuppressive effects of the compound (Aminu et al.,
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2017) which consequently reduced the amount of free
radicals generated by the parasites.

In summary, ellagic acid mitigated the trypanosome-
induced oxidative stress and boosted the reserves of
endogenous antioxidant systems in the T. congolense-
infected animals, which makes it a therapeutically
beneficial agent against diseases affecting livestock.
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Abstract

The antimicrobial activity of frozen and powdered Chinese royal jelly (CRJ) and fresh Jordanian (JRJ) against human
pathogenic bacteria and fungi has been investigated in this study using the well diffusion method. The frozen aqueous extract
of CRJ was shown to be the most effective preparation against Salmonella typhimurium (14028), but was significantly
inactive against Escherichia coli (25922). Dry CRJ was significantly highly effective against Enterobacter aerogenes
(35029) and Proteus vulgaris (33420), but was much less effective against Klebsiella oxytoca (13182). The aqueous extracts
of Fresh JRJ significantly inhibited the growth of E. coli (0157), E. coli (25922), Staphylococcus aureus (25923), K. oxytoca
(13182), Klebsiella pneumoniae (7700), and E. aerogenes (35029). However, the fresh JRJ was not detectably active against
Pseudomonas aeruginosa (27253). The aqueous extracts of JRJ were more effective against Candida albicans (10231)
compared with frozen and dry CRJs. In contrast, JRJ was less effective than CRJ against Aspergillus brasiliensis (16404).
The ethanolic JRJ extract was less effective than the fresh and dry CRJs against A. brasiliensis and had an intermediate
activity compared to the frozen and dry CRJ against C. albicans. The present study shows that the aqueous and ethanolic
extracts of RJ obtained from two different geographical sources possess significant antibacterial and antifungal activities.

Keywords: Antimicrobial activity, Fresh Jordanian Royal Jelly, Frozen Chinese Royal Jelly, Dried Chinese Royal Jelly

1. Introduction

Royal jelly (RJ), which is a white milky highly viscous
substance  secreted from the mandibular and
hypopharyngeal glands of the worker honeybee Apis
mellifera (Apidae), is important for the growth and
development of honeybee queens (Budavari et al., 1996;
Lombardi et al., 1998). The queen’s larva floats in RJ
placed in a frame composed of beeswax (Shakhoon),
frames always filled with an excessive amount of RJ to
feed the queen larvae (Leung et al., 1968; Gojmerac,
1993). Honeybee queen is genetically similar to other
female bees in the hive, but phenotypically different due to
differentiation caused by the queen’s RJ regime (Crane,
1999; Brevets, 2009).

Royal jelly (RJ) is acidic (pH 3.1-3.9), with a high
buffering capacity ranging between pH 4 and pH 7
(Sauerwald et al., 1998). Generally, fresh RJ contains 60
% — 70 % water, 9 % — 18 % protein, 7 %-18 % sugar,
and 3 % — 8 % lipids, vitamins, free amino acids, and
oligosaccharides (Sabatini et al., 2009). Moreover, it
contains Mn, P, Fe, S, Ca, Mg, Na, Zn, Cu and K as well
as trace elements with biological functions, such as Sn, Ba,
Sr, Bi, Cr, Cd, Pb, TI, Mo, W, Hg, Sh, Ni, Ti, V, Co, Al
and Te (Stocker et al., 2005). RJ also contains B complex
vitamins such as B1, B2, B6 (Moreschi, and Almeida-
Muradian, 2009) and biotin (Nandhasriet al., 1990).
Moreover, RJ possesses the following activities:
antibacterial (Eshraghi, and Seifollahi, 2003), immune

regulatory (Okamoto et al., 2003), anti-lipid peroxidation
(Guo et al., 2005), and antitumor (Nakaya et al., 2007). RJ
can also be useful to improve metabolism in human beings
(Guo et al., 2007). The major fatty acid present in RJ is
10-hydroxy-2-decenoic acid (10-HDA), which plays an
important role in increasing the activity of the immune
system and possesses anticancer and antibacterial activities
(Eshraghi, and Seifollahi, 2003; Popescu, and Marghitas,
2007). The beneficial effects of RJ cannot be attributed to
an individual component (Bonvehi, 1991; Budavari et al.,
1996). RJ likely maintains homeostasis in humans,
because of the similar balance between the concentrations
of its components and those in the body (lannuzzi, 1990;
Budavari et al., 1996; Lombardi et al., 1998; Parfitt,
1999).

There has been a fast increase in the number of
antibiotic-resistant pathogenic bacteria (Nugent et al.,
2010; WHO, 2012), which hindered efforts to maintain
pathogen-free curative abilities and staff. This increased
the severity of bacterial illnesses and nosocomial
infections. The primary causes of increasing antibiotic
resistance could be attributed to the misuse of antibiotics
(Nugent et al., 2010; Food and Drug Administration,
2011). More attention should, therefore, be placed on
exploring other options other than the common antibiotics,
such as using RJ, honey (Noori et al., 2013), and propolis
to prevent a further build-up in antibiotic resistance.

Numerous studies show the wide range of important
medical applications of RJ. For example, these studies
address the ability of RJ to inhibit microbial growth
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(Weston, and Brocklebank, 2000; Lees, 2002), suppress
allergic reactions (Leung et al., 1997; Lombardi et al.,
1998; Oka, 2001), lower blood cholesterol (Shen et al.,
1995; Vittek, 1995), and prevent cell damage in patients
with  cancer or those infected with human
immunodeficiency virus (Manfredi, and Chiodo,2000;
Takahashi et al., 2001). Furthermore, RJ plays a role in
wound- healing and the acceleration of cell growth (Fujii
et al., 1990). RJ is active against gram-positive and gram-
negative bacteria (Fujiwara et al., 1990; Fontana et al.,
2004), and may serve to confer broad immunity upon the
queen bee against pathogenic bacteria. The strength of the
antibacterial properties of RJ may be related to the
presence of 10-HAD in the ether soluble fraction (Kitahara
et al., 1995; Genc, and Aslan, 1999).

Ilinesses caused by antibiotic-resistant strains of
bacteria have become unresponsive to normal treatments.
This prevents the effective control of infectious diseases in
addition to the increase in the the total costs of health care.
Thus, it is necessary to find new treatments and increase
funding for more suitable ones (WHO, 2012).

The present study is aimed at evaluating the
antimicrobial activities of frozen and powdered CRJ
compared with those of fresh JRJ to determine the
potential suitability of RJ as an alternative or supplement
to conventional antibiotics.

2. Material and Methods

Fresh Jordanian Royal Jelly (JRJ), frozen JRJ, and
dried JRJ are bio-assayed against different bacteria and
fungi strains. The JRJ samples were collected during May
and June of 2014 from the Langstroth hives housing
colonies of the most common honeybee race in Jordan,
Apis mellifera syriaca, located at the As-Salt and Amman
apiaries. The samples were collected using the artificial
cups method of Grout (1992). Larvae, aged approximately
twenty-four hours, were transferred into beeswax queen
cups, and were placed in queenless rearing colonies. About
ten honeybee colonies were used in each location (Amman
and Al-Salt locations). The colonies were fed with
sufficient amount of honey and pollen grains during the
production process. A closed honeybee brood was added
to colonies every three to five days of production to make
sure that there was enough number of nurse bees to
produce enough amount of good quality royal jelly. The
produced RJ (subsequent batches) was collected after two
days of grafting, and was added to glass vials and stored
at-18°C. The frozen and dried Chinese RJ samples were
purchased from local markets.

2.1. Bioassays

Standardized pure cultures of four gram-positive and
seven gram-negative pathogenic bacterial strains and two
pathogenic fungal strains (Microbiologics Inc., Minnesota,
USA) were used in the bioassays (Table 1). The
microorganisms were cultured in a nutrient broth, and
were then kept in an incubator at 4°C. Each microorganism
was cultured again in this manner for three successive days
before performing the experiments.

Table 1. Human pathogenic bacteria and fungi used in the study

Microbe Species Gram
stain
Pathogenic Bacteria Staphylococcus aureus ATCC (25923) +ve*
Escherichia coli ATCC (0157) -ve
Escherichia coli ATCC (29522) -ve
Klebsiella oxytoca ATCC (13182) +ve
Klebsiella pneumoniae ATCC (7700) -ve
Pseudomonas aeruginosa ATCC (27253) -ve
Methicillin resistant Staphylococcus ve
aureus ATCC (29974)
Salmonella typhimurium ATCC (14028) -ve
Salmonella paratyphi ATCC (13076) -ve
Proteus vulgaris ATCC (33420) +ve

Enterobacter aerogenes ATCC (35029) -ve
Pathogenic Fungi  Candida albicans ATCC (10231) fungus

Aspergillus brasiliensis ATCC( 16404)  fungus

-ve: Nigative +ve: Positive,
2.2. Extraction of RJ

2.2.1. Aqueous Extract

The aqueous extracts of RJ were prepared as described
by Suzuki (1990) with a slight modification according to
Osman (2008), in which 10.0g of RJ was suspended and
extracted with 10mL of distilled water with shaking at
300rpm. The extract was stored after preparation in a
tightly closed dark bottle in an incubator at 4°C until
analysis.

2.2.2. Ethanolic Extract

The ethanolic extracts were prepared as described by
Valdes Gonzales et al., (1985), in which 10g of RJ was
placed in 10 mL of undiluted ethanol to obtain a 30 %
extract. Completely- closed dark bottles were used to store
the extract in an incubator at 4°C.

2.3. Well Diffusion Assay

An eighteen-hour bacterial culture was diluted with
sterile physiological saline solution 0.85 % (w/v) to
prepare an inoculum of approximately 10° colony-forming
units per ml (Wayne, 2002). 100 pL of the solution of
bacteria culture was spread onto the surface of solid Brain
Heart Infusion Agar (BHIA, Oxoid) plates and was
incubated for twenty minutes at room temperature. Wells
were created into each plate using pasture pipettes (5-mm
diameter borosilicate glass, Fisher Scientific) and 35 pL of
the RJ extract was added to each well. The plates were
incubated at 37°C for twenty-four hours for twenty
minutes at room temperature to allow the extract to diffuse
through the agar. The inhibition zone was measured, and
the assay was performed twice for each extract. Water and
ethanol were used as an ineffective solvent to the fractions.
Penicillin antibiotic was used as the positive control for
tested bacterial strains, and Nalidixic acid and Nystatin
were used as the positive control for the tested fungal
strains. The Minimum Inhibitory Concentration of the
royal jelly samples was determined for each pathogen.

2.4. Statistical Analysis

Data were expressed as mean * standard deviation
(SD). Statistical comparisons of the results were performed
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by analysis of variance using (SAS, 2012). The differences
in mean values were determined using Fisher’s Least
Significant Differences (LSD) method at 5 %.

3. Results

The results showed that using the fresh aqueous extract
of CRJ gave the highest activity against Salmonella
typhimurium ATCC (14028) but it was less effective
against Escherichia coli ATCC (0157) and E. coli ATCC
(29522) (Table 2). The aqueous extract of dry CRJ highly
suppressed the growth of Enterobacter aerogenes ATCC
(35029), Proteus vulgaris ATCC (33420), and S.
typhimurium ATCC (14028), but it was less active against
Klebsiella oxytoca ATCC (13182), Staphylococcus aureus
ATCC (25923), E. coli ATCC (0157), and methicillin-
resistant S. aureus ATCC (29974). The aqueous extract of
fresh JRJ resulted in significant inhibition of the growth of
E. coli ATCC (29522). Moreover, when a comparison was
done among the three tested RJ on the same strain of
bacteria, it was found that the fresh JRJ was highly
effective against S. aureus ATCC (25923), E. coli ATCC
(0157), E. coli ATCC (29522), K. oxycota ATCC (13182),
and Klebsiella pneumoniae ATCC (7700), but was less
effective against S. paratyphi (13076) (Table 2). In
contrast, the aqueous extract of dried CRJ gave a highly
significant activity against K. pneumoniae ATCC (7700),
Pseudomonas aeruginosa ATCC (27253), methicillin-
resistant S. aureus ATCC (29974), S. paratyphi (13076),
P. vulgaris ATCC (33420), and E. aerogenes ATCC
(35029). The results showed that the aqueous extract of
fresh CRJ was highly active against K. oxycota ATCC
(18182), and S. typhimurium ATCC (14028) compared
with the other tested RJ.

The aqueous extract of JRJ was more effective against
Candida albicans ATCC (10231) than the fresh and dry

CRJ extracts. In contrast, the JRJ was less effective than
both types of the C RJ extracts against Aspergillus
brasiliensis ATCC (16404) (Table 3).

The ethanolic extract of the fresh CRJ was most
effective against methicillin-resistant S. aureus ATCC
(29974) and least effective against E. coli ATCC (0157),
E. coli ATCC (29522), and S. paratyphi ATCC (13076)
(Table 4). Dry CRJ was effective against K. oxytoca
ATCC (18182), K. pneumoniae ATCC (13883), P.
aeruginosa ATCC (27253), S. typhimurium ATCC
(14028), and S. paratyphi ATCC (13076). The fresh JRJ
was effective against E. coli ATCC (0157) and E. coli
ATCC (29522) and was ineffective against K. pneumoniae
ATCC (13883), P. aeruginosa ATCC (27253), and
methicillin-resistant S. aureus ATCC (29974) (Table 4).

The ethanolic extract of JRJ was superior to the CRJs
against three bacterial species, and was most effective
against E. coli ATCC (29522) (Table 4), but it was less
effective than the fresh and dry CRJs against A.
brasiliensis ATCC (16404); its activity was in between of
fresh and dry CRJ against C. albicans ATCC (10231)
(Table 5). Its worthy to note that A. brasiliensis ATCC
(16404) was resistant to both of the tested antibiotics
(Nalidixic acid and Nystatin) while C. albicans ATCC
(10231) was resistant only to Nalidixic acid, but
susceptible to Nystatin.

Weak negative relationships were obtained between the
activities of the JRJ aqueous and ethanol extracts and the
fresh CRJ (Table 6). Moreover, there was significant
differences between the activities of the ethanol extract of
the JRJ and the fresh CRJ. Moreover, there was no
significant relationship or a negligible relationship
between the JRJ and the Dry CRJ for both aqueous
extracts and ethanolic extract (Table 6).

Table 2.The antibacterial activities of an aqueous extract of fresh (frozen) and dried Chinese RJ compared with those of an aqueous extract

of local fresh Jordanian RJ

Inhibition zone in (cm) + standard error

Bacteria Fresh Chinese R.J.  dried Chinese R.J.  Fresh Jordanian R.J penicillin
(aqueous extract) (aqueous extract) (agueous extract)
Staphylococcus aureus ATCC( 25923) 1.12 £0.07 "¢ 1.20 +0.06 ¢ 1.75 +0.08 ¢ 1.0 £0.07
Escherichia coli ATCC (0157) 1.07 £0.05 ¢¢ 1.38 +0.20°¢ 2.03+0.06 2B 0.5 +0.04¢
Escherichia coli ATCC (29522) 0.95 £0.20 °© 1.72 £0.11°® 2.4310.10%4 0.7 £0.04°
Klebsiella oxytoca ATCC (13182) 1.25 £0.27 3¢ 0.15 £0.06 *® 1.43 £0.06 ¢ 0.0£0.0°
Klebsiella pneumoniae ATCC (7700) 1.13+0.07 °¢ 1.68 +0.16 °® 1.58 +0.12 %€ 0.0 £0.0°
Pseudomonas aeruginosa ATCC (27253) 1.13 +0.06 °°¢ 1.85 +0.04 A 0.88+0.07 P 0.0 +0.0°
Methicillin resistant Staphylococcus aureus ATCC (29974) 1.05 +0.07 °¢ 1.29 +0.18 °¢ 0.97 £0.04 P 0.5+0.03°
Salmonella typhimurium ATCC (14028) 2.03+0.06 4 1.70 £0.10 B 1.53+0.10 "€ 0.0 £0.0°
Salmonella paratyphi ATCC (13076) 1.43 £0.07 "B 1.88+0.0724 0.95 £0.07 °° 0.0 £0.0°
Proteus vulgaris ATCC (33420) 1.52 £0.08 °® 2.05£0.04 24 1.45 +0.13°¢ 0.3 £0.0°
Enterobacter aerogenes ATCC (35029) 1.63+0.15°B 2,07 £0.1234 1.67 £0.07 € 0.5 +0.05°

* Values indicated by lowercase letters in the same row are significantly different (Fisher’s LSD, o = 0.05).

** Values with different uppercase letters in the same column are significantly different (Fisher’s LSD, o = 0.05).
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Table 3. The antifungal activities of the aqueous extract of fresh (frozen) and dried Chinese royal jelly compared with that of local fresh

Jordanian RJ

Inhibition zone in (cm) + standard error

No. Fungi Fresh Chinese R.J. Dried Chinese R.J. Fresh Jordanian R.J
(aqueous extract) (aqueous extract) (aqueous extract)

1 Aspergillus brasiliensis ATCC (10231)  1.77 #0.05** 1.66 +0.08 *A 1.05 +0.07 °B

2 Candida albicans ATCC (16404) 1.38 £0.06 ® 0.92 £0.09 °® 1.79 £0.10 *A

* Values indicated by lowercase letters in the same row are significantly different (Fisher’s LSD, o = 0.05).

** Values with different uppercase letters in the same column are significantly different (Fisher’s LSD, o = 0.05).

Table 4. The antibacterial activities of the ethanolic extract of fresh (frozen) and dried Chinese royal jelly compared with local fresh

Jordanian RJ

Fresh Chinese R.J. dried Chinese R.J.

Fresh Jordanian R.J

No  Bacteria (ethanol extract)  (ethanol extract) (ethanol extract) Penicillin
1 Staphylococcus aureus ATCC (25923) 1.47 £0.07 °°€ 1.45 £0.13°%¢ 1.38+0.13 %P 0.1+0.07°
2 Escherichia coli ATCC (0157) 1.07 £0.05 °° 1.25 +0.14 ™ 1.374¢0.14%°  05+0.04°
3 Escherichia coli ATCC (29522) 1.17 £0.07 P 1.83+0.21°8 2.08£0.08°  0.7+0.04°
4  Klebsiella oxytoca ATCC (13182) 1.73 +£0.08 "B 1.90 +0.06 *8 1.68+0.11°¢ 0.0+00°
5  Klebsiella pneumoniag ATCC (7700) 2.0340.18°# 227401124 0.73+0.08 °¢ 0.0+0.0°
6  Pseudomonas aeruginosa ATCC (27253) 1.67 +0.07 °B 1.93 +0.06 °8 0.92+0.06 °¢ 0.0+0.0¢
7 Methicillin resistant Staphylococcus aureus ATCC (29974)  2.15+0.09 *# 1.88+0.08 "B 1.12+0.05 °F 0.5+0.03¢
8  Salmonella typhimurium ATCC (14028) 1.88 £0.05 "4 2.1340.10%4 1.72+0.07 *© 0.0+0.0°¢
9 Salmonella paratyphi ATCC (13076) 1.63 £0.09 °® 2.25+0.09 24 1.87+0.08 & 0.0+0.0°¢
10  Proteus vulgaris ATCC (33420) 1.93 £0.06 A 1.90+0.06 *8 1.4240.11°P 0.3+00°
11  Enterobacter aerogenes ATCC (35029) 1.67 +0.09 °B 2.08+0.07 *A 1.90+0.08 28 0.5+0.05¢

* Values with different lowercase letters in the same row are significantly different (P < 0.05)

** Values with different uppercase letters in the same column are significantly different (P < 0.05)

Table 5. The antifungal activities of the ethanolic extract of fresh (frozen) and dried Chinese RJ compared with those of local fresh

Jordanian RJ

Inhibition zone in (cm) + standard error

Fresh Chinese R.J.

dried Chinese R.J. Fresh Jordanian R.J

No. Fungi (ethanol extract) (ethanol extract) (ethanol extract)
1 Aspergillus brasiliensis ATCC (10231) 1.87+0.08 *# 1.47+0.03°A 1.08+0.08 °&
2 Candida albicans ATCC (16404) 1.97+0.12 %A 1.45£0.10 °A 1.85+0.10 %4

* Values with different lowercase letters in the same row are significantly different (P < 0.05)

** Values with different uppercase letters in the same column are significantly different (P < 0.05)

Table 6. Correlations among the antibacterial activities of aqueous and ethanolic extracts of Jordanian fresh RJ, Chinese fresh RJ, and

Chinese dry RJ extracts

Extraction Correlation Chinese fresh royal jelly Chinese dry royal jelly
Aqueous Pearson -0.223 0.000

Jordanian fresh royal jelly
Ethanol Pearson -0.305* 0.023

The 11 bacterial species tested are listed in Table 4. *Significant correlation, o = 0.05.

4. Discussion

Jordan has a relatively slight rainy season extending
from November to March with almost no rain for the
remainder of the year. The mean daily temperatures in
Amman, the capital city of Jordan, range from 10°C in
January to 32°C in August; however, the great north-south
Jordan Rift Valley is nearly always much warmer. The
mean temperature for the summer months is 40°C. RJ is
produced in the Jordan Valley region during the period
from March to May, and during the period from May to
July in mountainous regions. (the average temperature
from March to July is 32°C). Unsuitable weather

conditions, in particular very high temperatures, affect the
foraging activity of honeybees, which will be reflected
negatively on the amount of pollen grains and nectar that
are available and could be collected by bees. Beekeepers
depend mainly on the pollen grains and nectars that are
present in an area to produce high-quality royal jelly with
good quantity. During the production of RJ, adding sugar
syrup or supplements is not recommended. Jordan
produces relatively little amounts of RJ, and this, in fact, is
what makes it expensive. Beekeepers, therefore, import RJ
from other countries, mainly China.

RJ Kkills numerous bacteria and other microbes and
inhibits  gram-positive and gram-negative bacteria
(Fujiwara et al., 1990). RJ is the only natural source of
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acetylcholine  which  possesses  antibacterial and
antimicrobial properties serving as a beneficial treatment
for a wide range of health conditions (Colhoun, and Smith,
1960) The potency of the antibacterial components of RJ
might be related to 10-HDA, which is the most important
active ingredient in RJ. The HDA content can be
considered an index for estimating the quality of RJ
(Barnutiu et al., 2011). Protein and peptides present in RJ
can participate in the defense mechanism of honeybees
against microbial pathogens through the direct inactivation
of microorganisms, as well as through the induction of
cytokines participating in the regulation of the
transcription of genes encoding defensive proteins and
peptides (Fujiwara et al., 1990; Barnutiu et al., 2011).

Staphylococcus aureus and E. coli were bio-chosen as
targets in the present study as they cause different
infections to humans. S. aureus is a common agent in skin
infections, food poisoning, and toxic shock syndrome
[:/iwww.nIm.nih.gov/medlineplus [staphylococcal
infections.html]. E. coli, a resident of the body’s natural
intestinal flora, can cause infections and produce toxins,
similar to S. aureus, it can cause food and water-borne
poisoning [http://www.mayoclinic.com/health/e-
coli/DS01007]. To treat such infections, RJ has the
potential to prevent food and surface contamination, and it
can also be used as a post-infection treatment. Verifying
the antimicrobial spectrum of this natural product may lead
to the use of RJ as an effective natural antibiotic,
antiseptic, and disinfectant. Eshraghi, and Seifollahi,
(2003) examined the effects of RJ on E. coli (ATCC
29532), S. griseus (ATCC 11746), S. aureus (ATCC
14776), and Streptomyces strains S.46,S.F8, and S.66, and
found that the application of the ether soluble fraction of
RJ was effective against these pathogens. These findings
agree with the results obtained from the present study.

Diverse bacteria cause wound contamination and
colonization as well as clinical infections. E. coli,
Streptococcus  uberis,  Enterococcus faecalis, K.
pneumoniae, S. aureus, Micrococcus luteus, S.
epidermidis, and P. aeruginosa are repeatedly isolated
from skin wounds of animals and humans. Methicillin-
sensitive and -resistant S. aureus are the main strains
concerned in the difficult-to-treat skin infections and
underlying tissue infections associated with gram-positive
bacteria (Halcon, and Milkus, 2004). S. epidermidis
infections are commonly obtained in hospitals because of
the contamination of medical incision sites with
microorganisms from the hospital personnel or patients
(Vuong, and Otto, 2002). Infection with P. aeruginosa is
the most serious complication in burn patients (Nasser et
al., 2003; Altoparlak et al., 2005), followed by infections
with K. pneumoniae, S. aureus, E. coli, and other
pathogenic microorganisms (Nasser et al., 2003). The
results show that the infections with K. pneumoniae ATCC
(7700), Methicillin resistant S. aureus ATCC (29974), S.
typhimurium ATCC (14028) and P. wulgaris ATCC
(33420) could be treated efficiently with the ethanolic
extract of fresh Chinese RJ. The ethanolic extract of fresh
Jordanian RJ was highly active against E. coli ATCC
(29522).

Monica (2014) found that the S. epidermidisis is the
most bacterium affected by RJ, producing a 29.0-mm
mean of inhibition area. This result is consistent with the
data reported here, while JRJ was effective as an aqueous

extract against Staphylococcus. Furthermore, Jordanian
and Chinese RJ were active as antibiotics against
Staphylococcus compared with the penicillin control. The
frequent use of Penicillin as antibiotic may cause the
bacteria strains to build up resistance against this
medicinal product.

All tested RJ types were effective either against gram-
positive and/or gram-negative bacteria strains, with no
specific trend. Also, it was found that to treat infections
caused by A. brasiliensis ATCC (16404), one can use the
aqueous extraction of both fresh and dried CRJ. In
contrast, to control C. albicans ATCC (10231), patients
can use the aqueous extract of JRJ. Other studies evaluated
the antibacterial properties of RJ. For example, RJ kills
Streptomyces griseus, S. aureus, and E. coli (Eshraghi, and
Seifollahi, 2003). Further, RJ has strong antibacterial
activities at concentrations>200 pg/mL (Boukraé et al.,
2009), and the RJ ointment has a better healing effect on
mucositis in hamsters compared with propolis and honey
ointments, contributing to the resolution of mucositis
(Suemaru et al., 2008). RJ and propolis contain
antibacterial constituents, which could believably be
prescribed to treat slight bacterial infections, and be
adopted as standard first-line cures for mild illnesses
(Barnutiu et al., 2011, Al-Abbadi et al., 2015).

In conclusion, the present study shows that the aqueous
and ethanolic extracts of RJ, prepared from two different
geographical sources, possess significant antibacterial and
antifungal activities. The differences in their effectiveness
may be attributed to the different chemical compositions of
these RJs which come from different geographical areas,
and which have passed through different manufacturing
and storing processes.
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Abstract

The present study revealed the first complete information on meristic counts covering various fin rays and morphometric
characteristics using multi-linear dimensions of Heteropneustes fossilis, including length-weight relationships (LWRs) and
length-length relationships (LLRs) of H. fossilis from the Gajner Beel, a wetland ecosystem in northwestern (NW)
Bangladesh. A total of 333 individuals of H. fossilis were captured by different traditional fishing gears such as cast net,
square lift net, gill net, and conical trap between July 2017 and June 2018. For each individual, the total numbers of fin
rays were counted using a magnifying glass. The body weight (BW) was measured by a digital balance and various lengths
(TL, SL, PrDL etc.) were taken using digital slide calipers to the nearest 0.01 g and 0.01 cm, accuracy, respectively. BW
ranged from 3.50 to 105.23 g, and TL varied from 6.70 to 26.80 cm. The fin formula of H. fossilis is: dorsal, D. 6; pectoral,
Pc.1/6-7; pelvic, Pv. 6; anal, A. 64-69; and caudal, C.16-18. All LWRs were significantly correlated (p<0.001), with r?
values = 0.949. The calculated b values showed positive allometric growth in combined sexes (b > 3.00). LLRs were also
highly correlated (p < 0.001) with r? values = 0.989. The findings of the current study can be very effective for species
identification, stock assessment, and proper management of this particular species in the Gajner Beel of Bangladesh and the
surrounding ecosystems.

Keywords: Heteropneustes fossilis, Morphometric, Meristic, Fin rays.

Very little research has been done on the morphometric

1. Introduction

Morphometric and meristic characteristics are helpful
for the recognition and classification of species (Bagenal
and Tesch, 1978; Jayaram, 1999; Hossain et al., 2016). In
addition, morphometric traits play an important role in
fisheries research, as they are used for comparing life
history and morphological characteristics of populations
across regions (Hossain et al., 2013; Parvin et al., 2018;
Khatun et al., 2019). The Asian stinging catfish,
Heteropneustes  fossilis  (Bloch 1974, family
Heteropneustidae) is a commercially important fish species
in Bangladesh. This species is locally known as Shingi or
Singhee (Rahman, 1989). It is widely distributed
throughout the south and southeast Asian countries
including Bangladesh, India, Laos, Myanmar, Nepal,
Pakistan, Sri Lanka, and Thailand (Talwar and Jhingran,
1991). H. fossilis is also found in Iran and Iraq (Coad,
1996; FAO, 1997). The species mostly inhabits ponds,
ditches, swamps, and marshlands, but sometimes inhabits
muddy rivers (Froese and Pauly, 2018). It is categorized
as least concern both in Bangladesh (IUCN Bangladesh,
2015) and worldwide (IUCN, 2017).

“ Corresponding author e-mail: hossainyeamin@gmail.com.

and meristic traits of this fish. However, some attempts
have been made to study length-length (LLR) (Alam and
Ferdaushy, 2015) and length-weight relationships (LWRs)
(Khan et al., 2012; Alam and Ferdaushy, 2015; Das et al.,
2015; Hossain et al., 2017; Muhammad et al., 2017) of this
fish species. However, no studies cover morphometric
(except LWR, Hossain et. al 2017) and meristic traits
using the multi-linear dimensions of H. fossilis from the
Gajner Beel ecosystem of Bangladesh. Therefore, the
present study describes the morphometric characters and
meristic counts of H. fossilis in this large wetland
ecosystem.

2. Material and Methods

2.1. Study Area and Sampling

The currenf study was carried out in the Gajner Beel
(Lat. 23° 55  N; Long. 89° 33" E). A total of 333
individuals of H. fossilis were occasionally collected from
fishermen between July 2017 and June 2018. This fish is
typically captured by various customary fishing gears
such as cast nets (mesh size: 1.0-2.0 cm), gill nets (mesh
size: 1.5-2.5 cm), and square lift nets (mesh size ~1.0 cm).
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The collected specimens were instantly chilled in ice on
site and preserved with 10 % buffered formalin upon
arrival in the laboratory.

2.2. Meristic Count

The total numbers of fin rays were counted using a
magnifying glass.
2.3. Morphological (Length-weight relationships, LWRs;
length-length relationships, LLRSs) relationships

The total body weight (BW) of each individual was
weighed using an electronic balance, whereas various and
different linear dimensions (lengths) (Table 1 and Figure 1 and
2) were taken by digital slide calipers to the nearest 0.01 g
and 0.01 cm accuracy, respectively. LWRs were calculated
with the equation: W= ax L°, where W is the body weight
(BW, g) and L is the seven different lengths in cm. The
parameters a and b were calculated through log-log linear
regression analyses: In (W) =1In (a) + b In (L).

Moreover, a 95 % confidence limit (CL) of a and b
and the co-efficient of determination (r?) were estimated.
Extreme outliers were excluded from the regression
analyses according to Froese, (2006). A t-test was used to
verify whether b values obtained in the linear regressions
were significantly dissimilar from the isometric value (b =
3) (Sokal and Rohlf, 1987). In the present study, a total six
LLRs were relative to TL analyzed by linear regression
analysis (Hossain et al., 2006). The best model for both
LWRs and LLRs was selected depending on the highest
coefficient determination r? Statistical analyses were
carried out with Graph Pad Prism 6.5 software. All
statistical analyses were considered significant at the level
of 5% (p < 0.05).

Table 1. Morphometric measurements of the Heteropneustes
fossilis (Bloch, 1794) (n = 333) captured from a wetland
ecosystem, Bangladesh

TL

SL

‘ PrDL

Pcl

Pyl \\
A\

PrAnL

PoDL \

Figure 2. A photo of Heteropneustes fossilis where various
lengths were indicated by line. (See Table 1 for abbreviation)

3. Results

3.1. Meristic Study

The body of H. fossilis is yellow or dark purplish-
brown dorsally and lighter ventrally. The mouth is long
and a pectoral spine is attached to rays by a membrane
with 3-4 antrorse serrae along the inner edge at the anterior
tip. It has separated anal and caudal fins with a distinct
notch (Figure 3). The fin formula of H. fossilis is: dorsal,
D. 6; pectoral, Pc.1/6-7; pelvic, Pv. 6; anal, A. 64-69; and
caudal, C. 16-18 which is given in Table 2.

Table 2. Meristic counts of Heteropneustes fossilis (Bloch, 1994)
(n = 333) captured from a wetland ecosystem, Bangladesh.

Measurements Min  Max Mode  Mean+ 95%Cl %TL
(cm) (cm) (cm) SD(cm) (cm)

Meristic data Numbers
Dorsal fin rays 6
Pectoral fin rays 7-8
Pelvic fin rays 6

Anal fin rays 64 - 69
Caudal fin rays 16-18

TL (Total length) 6.7  26.80 13.0 14.40+ 14.08 -

2.97 14.72
SL (Standard 6.0 2450 105 12.95+ 12.66- 91.41
length) 2.73 13.24
PrDL (Pre-dorsal 2.0  7.80 3.2 3.99+ 3.89-  29.100
length) 0.88 4.08
PcL (Pre pectoral 0.7  3.70 1.9 181+ 1.77- 13.80
length) 0.42 1.86
PvL(Pre pelvic 1.9 810 35 417+  4.07- 30.22
length) 0.94 4.27
PrAnL (Pre-anal 2.5  9.80 45 510+ 497- 33.95
length) 112 5.22
PoAnL (Post- 6.0 24.10 11.0 12.74+ 1244 - 89.92
anal length) 2.72 13.03
BW(Body 35 10523 121 18.22+ 16.84 -
weight) 12.82  19.60

Min, minimum; Max, maximum; Mode; SD, standard deviation;
Cl, confidence interval for mean values; TL, total length.

Figure 1. A photo of Heteropneustes fossilis captured from the
Gajner Beel, northwestern Bangladesh.

3.2. Morphological Relationships

In this study, BW ranged from 3.50 t0105.23 g (mean
+ SD = 7.06 +2.88) and TL varied from 6.7 to 26.8 cm
(mean £ SD = 14.40 +2.97). The standard length (91.41%)
contains higher proportion of TL of this fish. The
regression parameters (a and b), their 95 % confidence
intervals and coefficients of determination (r?) for LWRs of
H. fossilis are given in Table 3. All LWRs were highly
significant (p < 0.001) with r? values = 0.949. Based on
the maximum r? value, LWR by BW vs. TL was the best
fitted model among seven equations. LLRs which are
shown in Table 4 were all highly correlated with r? values
> 0.989. Based on the maximum r? value, LLR by TL vs.
SL was the best fitted model among six equations.
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Table 3. Descriptive statistics and estimated parameters of the
length-weight relationships of Heteropneustes fossilis (Bloch,
1794) (n = 333) captured from a wetland ecosystem, Bangladesh

Equation Regression 95% Cl  95% Cl r’
parameters ofa of b
a b
BW =a*TL® 0.0042 3.08 0.0035- 3.008- 0.954
0.0052 3.154
BW=a*SL° 0.0072 3.00 0.0060 - 2.928- 0.949
0.0087  3.077
BW=a*PrDL®  0.3017 2.86 0.2744- 2.794- 0.952
0.3317 2931

BW= a*PcL’ 3.2040 2.68  3.0770- 2.620- 0.951

33351  2.751

BW= a*PvL’ 0.2803 2.826 0.2542- 2.757- 0.951
0.3090  2.894

BW=a*PrAnL® 0.1478 2.869 0.1319- 2.798- 0.950
0.1657  2.939

BW=a*PoDL®  0.0084 2.965 0.0069- 2.892- 0.950
0.0101  3.038

n, sample size; a and b are LWR parameters; Cl, confidence
intervals; r?, coefficient of determination

Table 4. The estimated parameters of the length-length
relationships (y = a+ b*x) Heteropneustes fossilis (Bloch, 1794)
(n = 333) captured from a wetland ecosystem, Bangladesh.

Equation Regression 95% Cl  95% r?
parameters ofa Clof
a b b
TL = a+b*SL 0.3737 1.08 0.2643 1.075 0.995
0.4830 1.092
TL=a+b*PrDL 1.0829 3.33 0.9355 3.303 0.990
-1.2304
3.375
TL=a+b*PcL 1.7863 6.94 1.6452 6.873 0.989
1.9274 7.024
TL=a+b*PvL 1.2905 3.14 1.1451 3.110 0.990
1.4358 3.178
TL= a+b*PrAnL 1.0516 2.61 0.9026 2.590 0.989
- 2.647
1.2006
TL=a+b*PoDL 0.5663 1.08 0.4618 1.078 0.995
0.6784 1.094

n, sample size; a, intercept; b, slope; Cl, confidence intervals; r?,
coefficient of determination

.Figure 3. Different fins such as (a) Dorsal, (b) Pectoral, (c) Pelvic
and (d) Caudal of Heteropneustes fossilis

4. Discussion

Data on the morphometric characteristics of
Heteropneustes fossilis are scant in the literature from
Bangladesh and elsewhere. However, the current study
revealed the morphometric characteristics of H. fossilis,
including length-weight relationships using several length
measurements (TL, SL, PrDL, etc.), length-length
relationship, and meristics in the Gajner Beel, a wetland
ecosystem of Bangladesh.

In this study, various specimens of small to large body
sizes were sampled using traditional fishing gears. This
study found six dorsal fin rays; 1/6-7 pectoral fin rays, 6
pelvic fin rays, 64-69 anal fin rays, and 16-18 caudal fin
rays, which is quite similar to D. 7; V. 6; A. 70; C. 19
(Bhuiyan, 1964); D. 6-7; P1. 1/6-7; P2. 6; A. 62-70
(Rahman, 1989); and D. 7; P. 7; V. 6; A. 60-79; C. 19
(Shafi and Quddus, 2001). Morphometric and meristic
characters can provide key information for the species
identification.

In the current study, the maximum length of H. fossilis
recorded was 26.8 cm TL, which is lower than the
maximum known TL of 31.0 cm, recorded in the Ganga River,
India (Khan et al., 2012). Information on maximum length
is necessary to estimate the population parameters
including asymptotic length and growth coefficient of
fishes, which is important for fisheries’ resource planning
and management (Hossain et al., 2012; Hossen et al., 2019;
Hossain et al., 2019).

It was found that the calculated b values lie between
3.08 and 3.15 for LWR (TL vs. BW) of H. fossilis from the
Gajner Beel wetland ecosystem. The b values ranging from
2.5 to 3.5 are more common (Carlander, 1969; Froese,
2006). In general, b values, being close to 3, indicate that
fish grow isometrically, and that is different from the 3.0
value which indicates an allometric growth (>3 positive
allometry and <3 negative allometry) (Tesch, 1971).

In the current study, b values of 3.08 (TL vs. BW)
indicate a positive allometric growth for H. fossilis in the
Gajner Beel wetland ecosystem, NW Bangladesh. A recent
study by Khan et al. (2012) recorded a positive allometry
for H. fossilis from the Ganges River, India. Similar
findings were also reported by Hossain et al. (2017) in an
earlier study from the Gajner Beel floodplain in NW
Bangladesh.

The data of H. fossilis were collected over an extended
period of time, not representative of any particular season,
so they should be treated only as mean-annual values for
comparative purposes. The LLRs of H. fossilis are highly
correlated. Despite the limited literature data, the present
study found the best model among equations using
different lengths based on coefficient of determination, to
offer a baseline for comparison with future studies using
any linear dimension.

5. Conclusion

The results of this study can be fruitful tools for fish
taxonomists (species identification), fishery managers, fish
biologists, and conservationists to initiate early
management strategies and regulations for the sustainable
conservation of this species in the wetlands and the
surrounding ecosystems.
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Abstract

This study investigates the analysis of small non-coding RNAs based on the identification of micro RNAs (miRNAs) and
other small non-coding RNAs (sncRNAs) to study tissue-specific interactions which lead to specific diseases. The RNA-
RNA interaction revealed the tissue specificity to understand the impact on human health. miRNAs were identified using
miRDeep2, and other sncRNAs were identified using the Database of Small Human non-coding RNAs (DASHR) which
gave the information on sncRNAs and a high throughput validation. Moreover, the RNA Association Interaction Database
(RAID) gave the profiled interactions data of sncRNAs for six different healthy human tissues. The results show the
identification of a total of 777 miRNAs and their level of expression in each tissue. In the DASHR analysis, 1560 small
ncRNAs were found in all of the tissues. miRNAs and other small ncRNAs expressions were visualized using the R
software-based Heatmap. RAID detailed 502 interactions with 229 tissue-specific interactions in the liver from 85 miRNAs
and 102 small ncRNAs. The In silico analysis was suggested to describe the non-coding RNAs tissue-specific interactions

during healthy conditions which might be associated with disease conditions.

Keywords: Biological data analysis, In-silico, miRNA, non-coding RNA, RNA-RNA interaction.

1. Introduction

Ribonucleic acid (RNA) is one of the three major
biological macromolecules that are fundamental for all
known forms of life (along with DNA and proteins) (Baker
et al., 2003). RNA is a significant macromolecule for cells
because it relays information encoded in DNA within the
cell as a coding and non-coding segment. The coding part
of RNA molecule is translated into proteins according to
the RNA's instructions followed by a translation
mechanism (Hutvagner et al., 2001).

A non-coding RNA is an RNA molecule that is
transcribed from DNA, but is not translated into proteins
(Anastasiadou et al., 2018). In general, non- coding RNAs
regulate gene expression at the transcriptional and post-
transcriptional levels. These non-coding RNAs can be
divided into two main groups: the small ncRNAs (small
ncRNAs) and the long non-coding RNAs. The major
classes of small ncRNAs are micro RNAs (miRNAs),
small nucleolar RNAs (snoRNAs), short interfering RNAs
(siRNAs) and PIWI interacting RNAs (piRNAs) (Esteller,
2011).

Small ncRNAs play a role in heterochromatin
formation, histone modification, DNA methylation
targeting, and gene silencing. Long non-coding RNAs are
responsible for chromatin remodeling, transcriptional
regulation, post-transcriptional regulation, and as

“ Corresponding author e-mail: shohini.chakraborty@gmail.com.

precursors for sSiRNAs. miRNAs are exigent regulators for
many basic cellular processes (Pritchard et al., 2012),
hence, a little alteration or deviation in the amount, timing
or location of miRNA expression can have larger effects
on cell and organisms’ growth. The analyses of primary,
precursor, and mature miRNA levels as well as the
identification and characterization of miRNA targets are
crucial for determining the biogenesis or functional
changes of miRNAs due to a particular mutant or disease
(Van Wynsberghe et al., 2011).

Small nucleolar RNAs (snoRNAs) primarily guide
chemical modifications of other RNAs. They are also
associated with small nucleolar ribonucleoprotein particles
(snoRNPs) where they serve as guide molecules in the
post-transcriptional modification of ribosomal RNA
(rRNA) and small nuclear RNA (snRNA). siRNAs
function in an analogous way to miRNAs to mediate post-
transcriptional gene-silencing as a result of mRNA
degradation. piRNAs are involved in chromatin regulation
and the suppression of transposon activity in germline and
somatic cells. Many long non-coding RNAs can form a
complex with chromatin-modifying proteins, and recruit
their catalytic activity to specific sites in the genome by
altering chromatin states and influencing gene expression
(Martens-Uzunova et al., 2013).

In this study, the in-silico (an expression via computer
simulation) approach for the identification of miRNAs
from a large pool of sequenced transcripts from deep
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sequencing experiments has been carried out. The study
has used miRDeep2 (Friedlander et al., 2008), which
implements a probabilistic model of miRNA biogenesis to
score compatibility of the position and frequency of
sequenced RNA with the secondary structure of the
miRNA precursor. miRDeep2 can accurately identify
known and novel miRNAs, distinguish miRNAs from
other small RNAs, and give the high throughput validation
with little consumption of time and memory combined
with a user-friendly interactive graphic output.

Another aspect of this study involves the identification
of all the sncRNAs in five different human tissues for
which the DASHR (Database of Small Human non-coding
RNAs) (Leung et al., 2015) has been used. This is a
database containing comprehensive information on small
human non-coding RNAs and mature sncRNA products.
Next, possible RNA-RNA interactions in the small RNA
sequencing data using RNA Association Interaction
Database (RAID) (Zhang et al., 2014) have been identified
and profiled based on their occurrence in different tissues.
Consequently, RNA-RNA interactions or differentially-
expressed non-coding RNAs that may be tissue-specific (if
any) have been determined.

2. Materials and Methods

The current study has taken different datasets of human
tissues (Frontal Cortex, Cerebellum, Heart, Kidney, Testis
and Liver) from the public data repository of Gene
Expression Omnibus (GEO). The sequencing has been
done by using hg19 sequencing platform. Finally the data
were deposited in the GEO database by the researchers.
After taking the datasets from the GEO, the researchers
have identified miRNAs present in the datasets using
miRDeep2 modules. Then, the identification of small
ncRNAs present in the datasets using DASHR has been
done. In the next stage, possible RNA-RNA interactions
have been identified using RAID, and then visualization
was performed. For the Heatmap visualization, raw count
data have been loaded to the R session. Then, the data
were normalized using DSeg2 (Love et al., 2014), and the
variance stabilizing transformation was performed.
Finally, a heatmap was generated using the complex
Heatmap R package. Figure 1 shows the flowchart of the
whole process, and each of the steps are explained in
details with further flowcharts afterwards.

| Datasets on human tissues from GEO l

U

| Mapped to Genome

2

Identification of
small ncRNAs from
DASHR for ¢ach

tissue sample

Identifying RNA-RNA
interactions for miIRNAs in
step 3 and small ncRNAs in

step 4 from RAID

!

Annotation and visualization

Identification of
known and novel
miRNAs n each

tissue sample

Figure 1. Workflow for the identification and analysis of
sncRNAs. Datasets are taken from Geo database and mapped to
genome. In the next step, the identification of miRNAs and other

small ncRNAs using miRDeep2 and DASHR was performed
respectively. Finally RNA-RNA interaction has been performed
using DASHR. In the last step, visualization was performed using
Heatmap and venn-diagram (Heberle et al., 2015).

2.1. Identification of miRNAs Using miRDeep2

miRNAs identification using miRDeep2 has been
categorized in two modules, namely “Mapper” and
“miRDeep2”. The Mapper module is for preprocessing the
raw illumina output; it reads it in fastq format, and maps it
to the reference genome. The miRDeep2 module is run to
identify novel and known miRNAs in high-throughput
sequencing data analysis. Details of the miRDeep2
analysis are described in Figure 2.

I Input FAST() files of human tissues |
| Adapter clipping and collapse reads |
Genome Mapping
mapper.pl <input fastq file> -0 & -¢ -h -m —p <bowtie index> <output .arf and fa file>
Identification of known and novel miRNAs
miRDeepl.pl <input fasta file> <genome fasta file> <output .arf file™ <human
mature miRNA sequence fasia file> <miRNA sequence fasta file of related
species™ = human precursor sequence fasta file
| I. Preparing signature and folding
| 1L miRDeep2 core algorithm
! M1 Computing rand fold p
values and survey of accuracy
I miRDecp? results with graphic output ‘
[ miRNA analysis and visualization I

Figure 2. Workflow for the identification of miRNAs from small
RNA sequence datasets. Here ‘—0’ denotes the number of threads
used for bowtie, ‘-’ refers to the input file in fasta format, ‘-h’
refers to parsing the fasta format, ‘-m’ refers to the collapsed
reads and ‘-p’ denotes the map to genome. Output contains .arf
(advanced recording file) and .fa (fasta) files. In genome mapping,
bowtie runs to create the index of genome of any size. The
genome mapped output arf and fasta file have been used in the
identification of miRNAs. miRDeep2 runs in several steps to give
high throughput sequence analysis with a graphical output. Few of
the steps are linked in the identification steps. The final analyzed
results have been visualized using the R software-based Heatmap.

2.2. ldentification of Small ncRNAs Using DASHR

The collapsed reads are mapped against the DASHR
(Database of Small Human non-coding RNAs) database to
identify the highly abundant sncRNAs from any specific
datasets. The detailed steps for the identification of small
NncRNAs are shown in Figure 3.
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Figure 3. Workflow for other Small ncRNAs identification using
RNA sequencing datasets. In this flowchart, ‘-task megablast’
refers to very similar sequence, ‘—db’ refers to the database, ‘-
outfmt” denotes out format and the ‘-num threads’ indicates the
num of threads. The Balstn sequence alignment results were
processed in three steps for a proper identification of common and
exclusive small ncRNAs using venn diagram. The final analyzed
output has been visualized using the R software-based Heatmap.

2.3. Identification of RNA-RNA Interaction Using RAID

The RNA-RNA interaction gives the information of
any specific miRNAs interaction with other small
ncRNAs. The process identified the small ncRNAs, which
have been described below in the flowchart (Figure 4).

Small neRNAs 1entified for all
tissties nsing DASHR (Total
Unique small neRNAs: 29938)

miRNA identified for all tissue
fiom muRDeep? (Total Unique
mRNAs: 777)

\ %

w)

RNA-RNA mteraction
g RAID

Identification of miRNA and small neRNA | <=
mferactions m each fissue

U

Total 502 interactions,
{134 miRNAs :: 175 small ncRNAs*)
*small ncRNAs =63 sncRNAs and 12 snoRNAs

l

Visualization of feractions

ﬂ

Cotmon iferaction amnotation (Total 40) and further analysis

Figure 4. Workflow for RNA-RNA interaction and analysis. The
identified total unique miRNAs and small ncRNAs are combined
in a single file, and the RNA-RNA interaction was performed
using the RAID database (database provides RAID template for
comparison between the interactions). The interaction output has
been visualized using Heatmap. Finally 40 interactions have been
analyzed and annotated where both interactors were present in the
sample. The forty common interactions were obtained from 11
miRNAs and 27 small ncRNAs.

3. Results

After trimming the adapters from the raw fastq files,
the adapter trimmed file has been used for all RNAs
identification and analysis as described below. The length
distribution was calculated using the awk command from
the fastq files of each tissue. The subsequent length
distribution plot is shown in Figure 5.
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Figure 5. Shows the length-distribution plot of all datasets. The
first peak shown around 22nt indicates the presence of miRNAs.
Another peak shown around 32nt denotes the enriched piRNAs in
the datasets.

This comparison plot shows a peak around 22nt. It is
evident from the plot that the sample libraries were
enriched for miRNA. There is another peak at around 30 to
33 nucleotides which denotes the presence of piRNAs as
well. In comparison to other samples, heart tissue has
twelve million small ncRNAs of twenty-two nucleotides
(generally miRNAs). The testis dataset has a diverse high
range of small ncRNAs between twenty-six and thirty
nucleotides. On the basis of these outcomes, further
identification and analysis must take place.

Table 1. Details of raw datasets count and mapping for each
tissue.

Tissue Type with Raw Count  Unique  Mapping Mapping
GEO ID Raw Count Percentage
Count

Frontal Cortex 2,25,44,135 32,81,425 12,63,379 38.5%
GSM995300

Cerebellum

GSM995301 2,00,82,273 29,57,982 6,41,519 21.69%
Hear GSM995302 2,27,67,169 4,43,156 98,810  22.29%

Kidney GSM995303  2,26,16,113 5,67,035 1,61,008 28.39%
Testis GSM995304 1,68,38,653 39,94,670 25,41,858 63.63%
Liver GSE57381 1,82,27,059 8,09,611 4,05632 50.1%

In Table 1, the first column contains the details of
tissue types with their GEO accession ID corresponding to
row count (i.e. the number of reads coming from fastq
files), the unique raw count (i.e. number of collapsed
reads), and the mapping count (i.e. number of reads
mapped to the genome). The mapping percentage has been
calculated using the difference between raw count and
mapping to the mapping count, as shown in the last
column. In testis, the mapping percentage is 63.63 9%,
whereas the percentage is much less in cerebellum (21.69
%). Here, four uninfected liver tissues (GSM1381481,
GSM1381482, GSM1381483 and GSM1381484) have
been taken and merged to calculate the read counts and the
mapping percentage and to carry out further analysis.

3.1. Analysis of miRNAs

A total of 777 miRNAs have been identified using
miRDeep2. The analysis of miRDeep2 output, resulted in
the count of novel miRNAs, known miRNAs and unique
miRNAs on the basis of precursor sequence followed by
highly expressed miRNAs in each tissue, as shown in
Table 2.
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Table 2. Number of novel and known unique miRNA identified
on the basis of precursor sequence.

Tissue Novel Known  Unique Highest
Types miRNAs miRNAs miRNAs on expressed
(Count) (Count) precursor miRNA
sequence(count) (Count)
Frontal 187 518 496 hsa-let-7b-
Cortex 5p(1,886,870)
Cerebellum 141 477 450 hsa-let-7b-
5p(3,608,413)
Heart 68 464 441 hsa-miR-1-3p
(7,019,605)
Kidney 65 459 434 hsa-miR-143-
5p(3,653,125)
Testis 85 382 359 hsa-miR-143-
5p(1,553,310)
Liver 156 425 325 hsa-miR-192-
5p (723,267)

relatively less compared to other tissues. The highest number of
miRNAs was found in the frontal cortex (i.e. miRNAs count 518).

A total of 777 miRNAs were sequenced, and 236 were
present in all of the tissues (as shown in Figure 6). Forty-
six exclusive miRNAs were found in the liver tissue.
Another forty-three miRNAs were commonly found in
brain tissues (i.e. frontal cortex and cerebellum) which are
exclusive in terms of other tissues. Table 3 shows the
exclusive miRNAs presence in each tissue.

In this study the number of exclusive miRNAs in the
liver is higher (exclusive count 46) than in other tissues.
On the other hand, the kidney has only eighteen exclusive
mMiRNAS.

In this heatmap, the color scheme has been defined by
‘RColorBrewer’ and the palette used ‘colorRampPalette’
OrRd (i.e. orange- Red: 9 colors distributed in 100 colors
shades for visualization) (Figure 7).

Table 3. Exclusive miRNAs shown for each tissue type

As for data analysis, the highest number of known
miRNAs was found in the frontal cortex tissue. miRNA,
hsa-miR-1-3p (count 7019605) was found in the heart
which has the highest expression level in comparison to all
miRNAs. Novel miRNAs refer to the unreported miRNAs
in humans but reported in some other species or predicted
using the characteristic features of miRNA. Known
miRNAs denotes reported miRNAs annotated in miRBase
(Kozomara and Griffiths-Jones, 2013) for humans. On the
basis of miRDeep2 results, highly expressed miRNAs for
each tissue have been listed in last column with counts.
hsa-let-7b-5p is highly expressed in both brain tissues (i.e.
frontal cortex and cerebellum). Also miRNA hsa-miR-
143-5p has a high expression level in the kidney tissues as
well as testis. On the other hand, hsa-miR-192-5p is highly
expressed in liver tissues while showing a low expression
level in other tissues.

Figure 6. shows the number of common and exclusive miRNAs
in each tissue. Visualization shows that half of the miRNAs are
present in all of the tissues as for the count of total miRNAs
present in each tissue. In the testis, the number of miRNAs is

Tissue type Exclusive miRNAs

Frontal Cortex miR-2682-5p,-320e,-6734-5p,-448,-1226-5p,-
7156-5p,-6874-5p,-4454,-5002-5p,-5680,-
3663-5p,-7854-3p,-522-5p,-522-3p,-519b-5p,-
3124-5p,-6864-5p,-4727-5p,-3139,-5688,-
4753-5p,-3193,-6748-5p,-516a-5p,-4723-5p,-
3173-5p,-6890-5p,-4785,-4773,-4721,-4506,-
4501,-4450,-3181,-2278,-6846-5p,-6739-5p,-
609,-520d-5p,-4795-5p,-3175,-6817-5p

Cerebellum miR-6499-5p,-4429,-3159,-3158-3p,-1229-5p,-
6762-5p,-6885-5p,-7855-5p,-6804-5p,-6808-
5p,-6816-3p,-3692-5p,-3190-3p,-892b,-1234-
3p,-3612,-4448,-4646-5p,-6820-5p,-892a,-
3679-5p,-4665-5p,-6851-5p,-4685-3p,-4685-
5p,-5191,-5581-5p,-6736-5p,-6786-5p,-3167,-
4423-5p,-4470,-4644,-4757-5p,-6774-5p,-
6831-5p,-6866-5p

Heart miR-29b-3p,-208b-5p,-1285-3p,-1285-5p,-
378h,-3605-5p,-208a-5p,-302¢-5p,-302d-5p, -
7846-3p,-4444,-4633-5p,-4786-5p,-4508, -
3129-5p,-4670-3p,-5684,-3126-5p,-367-5p,-
4490,-4766-5p,-548a0-5p,-6717-5p,-1245b-
5p,-1265,-5003-3p,-5003-5p,-6811-5p,-6827-
5p

Kidney miR-934,-559,-1275,-4709-3p,-4709-5p,-
3128,-4473,-4724-5p,-1263,-4647,-890,-4679,-
4729,-6878-5p,-1257,-5701,-603,-643

Testis miR-513b-5p,-520f-5p,-1323,-518d-5p,-517-
5p,-517b-3p,-670-5p,-7162-5p,-4433b-3p, -
523-5p,-525-5p,-3923,-515-5p,-518e-3p -
147b,-3660,-498,-518a-5p,-548a-5p,-520¢ -
5186,-4760-5p

Liver MiR-99b-5p,-484,-331-5p -664a-5p,-5589-5p, -
641,-548av-3p,-4775,-5690,-6715a-3p,-2467-
5p,-211-5p,-7705,-3614-5p,-5590-5p,-4686 -
1304-5p,-4492,-5696,-548y,-7974,-3074-5p, -
548al,-600,-1228-5p,-4645-3p,-5010-3p,-548f-
5p,-802,-1255a,-2115-5p,-3130-5p,-3161, -
3664-5p,-3681-5p,-371b-5p,-4642,-4687-5p -
4699-5p,-4750-5p,-496,-548s,-6769b-5p,-
6837-5p,-6852-5p,-7976
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Figure 7. Visualization of miRNAs expression for different
tissues using Heatmap. In this heatmap, the dark to light color
shows the level of high to low expression. For example, in the
bottom band of each column, a dark band is shown across all
tissues except for the liver.
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This visualization concludes that few miRNAs are
expressed in all of the tissues, but they are not expressed in
the liver i.e. hsa-miR-34b-5p is present in all of the tissues
except the liver. An opposite scenario is also seen where
some miRNAs (like miR-3681, -496,-600 etc.) are
expressed in the liver, but not in other tissues. The miRNA
expression in the two brain samples is similar which is
clearly understandable in the heatmap visualization.

3.2. Analysis of Small ncRNAs

DASHR provides the most comprehensive information
on small ncRNAs. DASHR analysis gives a huge number
of small ncRNA-processing information output. In this
study, the researchers have processed the results and

Small Frontal Cerebellum Heart Kidney Testis  Liver
ncRNAs  Cortex (Count) (Count) (Count) (Count) (Count)
(count)
piRNAs 7,058 8,335 1561 1,517 25,843 4,547
rRNAs 118 107 91 93 116 138
SCRNAs 70 111 13 15 47 50
snoRNAs 303 277 226 290 285 383
snRNAs 803 481 435 445 920 736
tRNAs 472 481 410 433 534 520
Total 8,824 9,792 2,736 2,793 27,745 6,374

RNAs

excluded the miRNAs for further analysis to carry out
interaction studies. The classification of the small ncRNAs
obtained from the DASHR results is shown in Table 4.
Table 4. Shows the filtered results of DASHR analysis

Here, small ncRNAs are categorized in six types (i.e.
piRNAs, rRNAs, scRNAs, snoRNAs, snRNAs, and
tRNAs). In all of the tissues, the piRNAs count was
highest in comparison to other types of small ncRNAs.
Small ncRNAs are classified and the corresponding counts
for each tissue have been shown in Table 4. The results
show that testis has a huge number of piRNAs among all
the tissues as piRNAs are primarily involved in preserving
genomic integrity in germline cells. The number of

SCRNAs is relatively less in all of the tissue in comparison
to all other categories of small ncRNAs.

Kidney
(2783)_ L

Cerebellumy 4
Srabellumie

Figure 8. Shows the number of common and exclusive other
small ncRNAs in each tissue. The highest number of small
ncRNAs (i.e. 27,745) was found in the testis. In this analysis, only
five exclusive small ncRNAs were found in the heart tissue which
is very low compared with the other tissues.

In this analysis, 1,560 small ncRNAs have been found
as common to all tissues. The testis tissue shows a large
number of small ncRNAs (exclusive count 14,827) as the
presence of huge amount of piRNAs. On the other hand,
the heart and kidney tissues show a lesser number of small
ncRNAs (Figure 8).
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Figure 9. Visualization of other small ncRNAs expression for
different tissues using Heatmap. The same line dark band shows
the few 1,560 common small ncRNAs which were present in all
of the tissues.
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From this heatmap visualization, piRNAs have been
excluded. Here, the dark band across all of the tissues
means a high expression level of particular small ncRNAs
among all the samples. The uppermost part of the heatmap
shows a lesser expression level for each tissue (Figure 9).
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3.3. Analysis of Small ncRNA-RNA Interactions
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Figure 10. Shows the comparison of the expression of RNA-
RNA interaction for different tissues. Here in this interaction, the
brain tissue shows several common expressions.

This heatmap shows all interactions between miRNAs
and small ncRNAs (Figure 10). As shown in this heatmap,
the bottom portion has some interactions where both
interactors are present in high numbers except for the liver
tissues. For example, hsa-miR-429 interacts with
SNORD116-21; this has been found in each tissue sample
except for the liver. Some interactions (such as when hsa-
miR383-5p  interacted  with  RNA5SP165 and
SNORD111B) have also been found only in the liver
tissues, but were not captured in other tissues.

Figure 11. Common and exclusive RNA-RNA interactions
identified for all of the tissues. Twelve common interactions have
been found among all interactions. Another interesting fact is that
229 exclusive interactions were captured in the testis tissue
(highest exclusive interaction), whereas seventy-four interactions
were found in all of the tissues with the exception of the liver.

Twelve out of 502 interactions were captured in all of
the tissue samples. It has been seen that miRNAs
interacted with either snoRNAs or sncRNAs (Figure 11).
Out of 502 interactions, 134 miRNAs interacted with 175

small ncRNAs (i.e. 63 sncRNAs and 112 snoRNAS).
Table 5. Presents a list of common miRNASs interactions with

other small ncRNAs.

mMiRNAs

Small ncRNAs

hsa-miR133b

hsa-miR145-5p

hsa-miR183-5p

hsa-miR190b

hsa-miR224-5p

hsa-miR-243p
hsa-miR26a-5p
hsa-miR26b-5p
hsa-miR374a-5p
hsa-miR374b-5p
hsa-miR873-5p

SNORD124, SNORD114-17,
SNORD114-3, SNORD113-4,
SNORD116-13, SNORD114-
14,SNORD114-12

SNORD127,
SNORAZ3,SNORD65,SNORDS6,
SNORD124

SNORA46, SNORD123, SNORA48,
SCARNA1

SNORAA49, SNORD121A, SNORA24,
SNORAL15, SNORD124

SNORA24, SNORD115-6, SNORD115-
21, SNORAGO, SNORD123, SNORD115-
3, SNORD116-29, SNORD115-10

SNORD124

SNORD115-35, SNORAG0O, SNORD123
SNORD115-35, SNORD123, SNORAGO
SNORD127

SNORD127

SNORD17, SNORD123

A total of forty interactions took place using these

miRNAs and other small ncRNAs. The forty interactions
were obtained from twelve miRNAs and twenty-seven
small ncRNAs (as shown in Table 5). hsa-miR-224-5p has
interacted with eight other small ncRNAs which is the
highest number of interactions.

In the liver tissue, 229 specific interactions had been
found, whereas in the heart tissue, no specific interaction
was found. Out of the total 502 interactions, only few were
tissue-specific distributed as follows: eight in in the frontal
cortex, two in the cerebellum, two in the kidney, and eight
in the testis. Most interestingly, 229 specific interactions
were found in the liver tissue. The 229 interactions were
obtained from eighty-five miRNAs and 102 small ncRNAs
(as shown in Table 6).

4. Discussions

This study presents an investigation of RNA-RNA
interactions using healthy human tissues. Individual small
ncRNAs such as miRNAs, snoRNAs have been identified.
Furthermore, their interaction characteristics were
explored for the sake of understanding their molecular
level and functional impact on human health.

A total of 777 unique miRNAs have been found, out of
which, 3 miRNAs, namley hsa-let-7a-5p, hsa-let-7f-5p,
and hsa-miR-143-5p, were present among all tissues with a
high expression level. hsa-miR-143-5p has the highest
count in the kidney and testis samples as shown in Table 1.
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Table 6. Presents details of tissue-specific interactions:

Tissue Specific Interactions

types

Frontal miR-30a-5p:SNORA11C, miR-30e-5p:SNORA11C,

Cortex miR-448:SNORD113-4, miR-30d-5p:SNORA11C,miR-
30c-5p:SNORA11C, miR-30b-5p:SNORA11C, miR-
491-5p:SNORA11C, miR-3139:SNORA26

Cerebellum miR-3167:SNORA31, miR-3167:SNORA55

Heart No specific interaction

Kidney miR-551a:SCARNA23, miR-205-5p:SNORA33

Testis miR-520e:SNORD116-19,miR-520e:SNORD116-
21,miR-520e:SNORA37, miR-340-5p:SNORA22,miR-
185-5p:SNORA22,miR-202-5p:SNORA25, miR-218-
5p:SNORA22, miR-520e:SCARNAL

Liver 229 specific interactions (MiRNAS : sSnoRNAS)

miR-504-5p:RNA5SP301,miR-504-
5p:RNA5SP497,miR-30c-5p:RNY3,miR-
429:SNORA36A,miR-9-5p:RNY4P14,miR-383-
5p:RNA5SP165,miR-383-5p:SNORD111B,miR-15b-
5p:SNORA63,miR-149-5p:SNORA15,miR-
320c:SNORA44,miR-504-5p:RNA5SP324,miR-181d-
5p:RNA5SP95,miR-429:SNORA56,miR-10b-
5p:RNA5SP175,miR-181d-5p:SNORD116-12,miR-
181d-5p:SNORA13,miR-504-5p:RNA5SP242, miR-383-
5p:RNA5SP48,miR-181c-5p:SNORA13,miR-
496:SNORA15,miR-383-5p:RNA5SP366,miR-30b-
5p:RNY3,miR-181c-5p:RNA5SP221 miR-181c-
5p:RNA5SP203, let-7e-5p:RNA5SP221,miR-497-
5p:SNORA63,miR-1-3p:SNORD116-15,miR-379-
5p:RNA5SP221,miR-217:SNORD98,miR-135b-
5p:SNORD12B,miR-107:SNORA19,miR-181a-
5p:SNORA13,miR-320d:SNORA44,miR-383-
5p:RNA5SP296,miR-30c-5p:SNORA11B,miR-125a-
5p:SNORA79,miR-504-5p:RNA5SP450, let-7e-
5p:SNORD11,miR-196b-5p:SNORD11,miR-98-
5p:SNORD11,let-7g-5p:SNORD11,miR-383-
5p:RNA5SP450,miR-148a-3p:SNORD17,miR-486-
5p:SCARNA16,miR-383-5p:RNA5SP382,miR-383-
5p:RNA5SP429,miR-361-5p:SNORD111B,miR-361-
5p:SNORA60,miR-148a-3p:SNORA8, miR-122-
5p:SNORA60,miR-504-5p:RNA5SP387,miR-181b-
5p:SNORA13, let-7f-5p:RNA5SP221,miR-150-
5p:SNORA36A miR-7-5p:SNORA15,miR-193b-
3p:SNORA6,miR-1-3p:SNORD116-14,miR-204-
5p:SNORA15,miR-340-5p:SNORD115-4,miR-
190b:SNORA15,miR-101-3p:SNORA32,miR-383-
5p:RNA5SP321,miR-193b-3p:SNORD12B,miR-30a-
5p:SCARNA15 miR-31-5p:SNORA62,miR-106a-
5p:SNORD11,miR-504-5p:RNA5SP143,miR-30b-
5p:SNORAG0,miR-199b-5p:SNORA61,miR-101-
3p:SNORA15,miR-103a-3p:SNORA19,miR-30a-
5p:SNORAG0,miR-181a-5p:RNA5SP95,miR-181b-
5p:RNA5SP221,miR-1-3p:SNORA77,miR-504-
5p:RNA5SP283,miR-193b-3p:SNORD12,miR-379-
5p:RNA5SP203,miR-383-5p:RNA5SP352,miR-383-
5p:RNA5SP276,miR-383-5p:RNA5SP86,miR-182-
5p:SNORA4,miR-30a-5p:SNORA11B,miR-30b-
5p:RNY3P6,miR-873-5p:SNORD17,miR-218-
5p:SNORA49,miR-383-5p:RNA5SP272,miR-383-
5p:SNORD17,miR-140-5p:SNORD89,miR-181a-
5p:RNA5SP203, let-7i-5p:RNA5SP221,miR-504-
5p:RNA5SP134,miR-361-5p:SNORD12,miR-181d-
5p:RNA5SP221,miR-411-5p:RNA5SP443,miR-150-
5p:SNORA38,miR-504-5p:RNA5SP52,miR-499a-
5p:RNY1P5,miR-138-5p:SCARNA15,miR-20b-
5p:SNORD11,miR-196a-5p:SNORD11,miR-383-
5p:RNA5SP145,miR-138-5p:SNORAG6O, let-7¢c-
5p:SNORD11,miR-30e-5p:RNY3P6,miR-499a-
5p:SNORD114-9,miR-504-5p:RNA5SP191,miR-504-
5p:RNA5SP392,miR-186-5p:SNORD111B,miR-10a-

5p:RNA5SP134, let-7f-5p:SNORD11,miR-504-
5p:RNA5SP174,miR-218-5p:SNORD68,miR-125b-
5p:SNORAB,miR-194-5p:SNORA36A,miR-383-
5p:RNA5SP283,miR-181b-5p:RNA5SP203,miR-504-
5p:RNA5SP388,miR-383-5p:RNA5SP259,miR-383-
5p:RNA5SP263,miR-153-3p:SNORD12,miR-145-
5p:SNORD65,miR-217:SNORA32,miR-9-
5p:SNORD4B,miR-133b:SNORD116-13,miR-183-
5p:SNORA46,miR-375:SNORD116-11,miR-101-
3p:RNA5SP121,miR-383-5p:RNA5SP53,miR-153-
3p:SNORA9,miR-361-5p:SNORD12B,miR-383-
5p:RNA5SP355,miR-30c-5p:RNY3P6, let-7c-
5p:RNA5SP221,miR-504-5p:RNA5SP221,miR-383-
5p:RNA5SP215,miR-383-5p:RNA5SP368, let-7i-
5p:SNORD11,miR-383-5p:RNA5SP338,miR-
320b:SNORA44,miR-10a-5p:SCARNA16,miR-379-
5p:SCARNA15,miR-30d-5p:SCARNAL5,miR-504-
5p:RNA5SP514,miR-30d-5p:SNORA60,miR-383-
5p:RNA5SP284,miR-135b-5p:SNORA49,miR-383-
5p:SNORD88C,miR-224-5p:SNORD115-3,miR-30e-
5p:SNORAB0,miR-183-5p:SNORA48,miR-16-
5p:SNORAG3,miR-504-5p:RNA5SP53,miR-504-
5p:RNA5SP152 miR-34c-5p:RNA5SP248, miR-98-
5p:RNA5SP221,miR-504-5p:RNA5SP298,miR-
320a:SNORA44,miR-122-5p:SNORA4,miR-34a-
5p:SNORAG0,miR-199a-5p:SNORA61,miR-383-
5p:SNORD12,miR-485-5p:SCARNA15,miR-125a-
5p:SNORAB,miR-10b-5p:SCARNA16,miR-30d-
5p:RNY3,miR-190b:SNORA49,miR-30d-
5p:SNORA11B,miR-485-5p:SNORA32,miR-30e-
5p:RNY3,miR-181b-5p:SNORD116-12,miR-135a-
5p:SNORD12B,miR-7-5p:SNORA60,miR-383-
5p:RNA5SP493,miR-383-5p:RNA5SP191,miR-187-
3p:SNORAZ38, let-7g-5p:RNA5SP221,miR-383-
5p:RNA5SP477,miR-190a-5p: SNORA49,miR-125b-
5p:SNORA79,miR-17-5p:SNORD11,miR-30b-
5p:SCARNA15,miR-30c-5p:SCARNA15 miR-
543:SNORAG0,miR-149-5p:SNORD12B,miR-224-
5p:SNORD115-6,miR-383-5p:RNA5SP202,miR-34a-
5p:RNA5SP248,miR-504-5p:RNA5SP469,miR-26a-
5p:SNORAG0,miR-30a-5p:RNY3P6,miR-34c-
5p:SNORAG0,miR-383-5p:RNA5SP298 miR-224-
5p:SNORD115-10,miR-190a-5p:SNORA15,miR-26b-
5p:SNORAG0,miR-223-3p:SNORD4B,miR-30a-
5p:RNY3,miR-30d-5p:RNY3P6,miR-1-3p:SNORD116-
12,miR-504-5p:RNA5SP259,miR-33b-
5p:SNORAG,miR-181a-5p:SNORD116-12, let-7a-
5p:RNA5SP221,miR-182-5p:SNORA56,miR-181c-
5p:SNORD116-12,miR-224-5p:SNORA60,miR-30e-
5p:SNORA11B,miR-379-5p:RNA5SP167,miR-15a-
5p:SNORAG3,miR-383-5p:RNA5SP424, let-7a-
5p:SNORD11,miR-181b-5p:RNA5SP95,miR-181a-
5p:RNA5SP221,miR-10b-5p:RNA5SP134,miR-135a-
5p:SNORA49,miR-30c-5p:SNORA60,miR-383-
5p:RNA5SP388,miR-30b-5p:SNORA11B,miR-383-
5p:RNA5SP442,miR-504-5p:RNA5SP135,miR-10a-
5p:RNA5SP175,miR-383-5p:RNA5SP65,miR-181c-
5p:RNA5SP95,miR-181d-5p:RNA5SP203,miR-153-
3p:SNORA77,miR-340-5p:SNORD116-11,miR-
217:SCARNA16,miR-30e-5p:SCARNA15

All of these miRNAs have been already reported in
colorectal neoplasia (Michael et al., 2003). hsa-let-7a and
hsa-let-7f have been reported to have an association with
human cervical cancer (Lui et al., 2007). hsa-miR-143 has
also been reported to induce the apoptosis in prostate
cancer (Ma et al., 2017). hsa-miR-1-3p has been reported
to have a great impact on cardiovascular diseases or any
kind of cardiac disorders. miRNA-1 (has-miR-1) has
potential anti-tumorigenic properties in lung cancer cells
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(Nasser et al., 2008). hsa-miR-1 is also reported to down-
regulate non-coding RNA in urothelial cancer associated
with bladder cancer. Small ncRNA, SNORDS85 was found
in the prefrontal cortex and was strongly down-regulated
in schizophrenia (Smalheiser et al., 2014).

A total of 777 unique miRNAs have been found, out of
which, 3 miRNAs, namley hsa-let-7a-5p, hsa-let-7f-5p,
and hsa-miR-143-5p, were present among all tissues with a
high expression level. hsa-miR-143-5p has the highest
count in the kidney and testis samples as shown in Table 1.
All of these miRNAs have been already reported in
colorectal neoplasia (Michael et al., 2003). hsa-let-7a and
hsa-let-7f have been reported to have an association with
human cervical cancer (Lui et al., 2007). hsa-miR-143 has
also been reported to induce the apoptosis in prostate
cancer (Ma et al., 2017). hsa-miR-1-3p has been reported
to have a great impact on cardiovascular diseases or any
kind of cardiac disorders. miRNA-1 (has-miR-1) has
potential anti-tumorigenic properties in lung cancer cells
(Nasser et al., 2008). hsa-miR-1 is also reported to down-
regulate non-coding RNA in urothelial cancer associated
with bladder cancer. Small ncRNA, SNORDS85 was found
in the prefrontal cortex and was strongly down-regulated
in schizophrenia (Smalheiser et al., 2014).

On the other hand, a total of 502 interactions have been
found from the RAID database for the identified miRNAs
and other small ncRNAs in this study as shown in Figure
4. Out of 502 interactions, forty have been identified
where both interactors were sequenced in the same sample.
Twelve miRNAs interacted with 27 other small ncRNAs
giving rise to forty different interactions. miRNAs have
been reported to interact with different small ncRNAs and
showed changes in expression level for normal and
diseased conditions. hsa-miR-133-b has been found as a
tumor suppressor miRNA, targeting FSCN1 in esophageal
squamous cell carcinoma (Smalheiser et al., 2014). This
miRNAs has interacted with seven small ncRNAs in the
current analysis (Table 5) with a low expression level in all
of the tissues. It has, also, been reported in tumor
suppression, and it negatively regulates TBPL1 in
collateral cancer (Xiang and Li, 2014). Another miRNA,
hsa-miR-145-5p, has been captured with a relatively high
expression level in all of the tissues except in brain tissues.
The current interaction analysis shows that hsa-miR-145-
5p has interacted with SNORD -6, 65, 124, 127 and
SNORAZ3. It has been annotated as a tumor suppressor
which inhibits cancer cell growth in lung adeno-carcinoma
patients with the mutation of epidermal growth factor
receptor (Cho et al., 2009). It is also associated with non-
coding RNA urothelial cancer which promotes bladder
cancer cell migration and invasion through the ZERB1/2
and FSCN-1 pathway (Xue et al., 2016).

An interesting miRNA, hsa-miR-224-5p, has shown
interaction with eight other small ncRNA (snoRNA) which
targets CD40 on the progression of pancreatic ductal adeno
carcinoma (Mees et al., 2009). These eight small ncRNAs
were highly expressed in all of the tissues. SNORD123
being in one of these eight interactions, interacts with five
other miRNAs among the twelve miRNAs (Table 5). It is
also reported that decreased levels of miR-224 promotes
colorectal tumor growth (Yuan et al., 2013). Another
miRNA showing interactions with four snoRNAs, is the
hsa-miR-183-5p, which is reported as a novel diagnostic
biomarkers candidate for primary nasopharygeal

carcinoma (Tang et al., 2014). The down-regulation of
hsa-miR-183 inhibits apoptosis and enhances the invasive
potential of endometrial stromal cells in endometriosis
(Shi et al., 2014).

Furthermore, this study has found that few snoRNAs
have interacted with several miRNAs such as SNORD123,
SNORD124, and SNORAG60. SNORD123 has been
predicted to interact with five different miRNAs such as
(miR-183-5p, miR-224-5p, miR-26a-5p, miR-26b-5p, and
miR-873-5p). Similarly, SNORD124 has interacted with
mir-133b, miR-145-5p, miR-190b, and miR-24-3p. These
results suggest that the miRNA-snoRNA interactions
might be important during healthy conditions, and
probably, perturbations in these interactions might be
associated with disease conditions such as cancer as the
individual miRNAs or snoRNAs have been linked with the
diseases.

5. Conclusions

This study gives a brief overview of miRNAs and small
ncRNAs present in six healthy human tissues. The
interaction analysis helps to explore if there are any
specific RNA-RNA interactions or differentially expressed
sncRNAs that may be tissue-specific. The present study
confirms the significance of small ncRNAs including
miRNAs and snoRNAs, and suggests that there might be
some roles played by miRNA-snoRNA or other small
ncRNA interactions which contribute to diseases. Such
interactions require further investigations. In conclusion,
the in silico prediction and analysis of small ncRNAs,
together with the expanding data on the expression of
known small ncRNAs will unravel the significance of the
RNA-RNA interactions, which in turn may have
therapeutic applications against various diseases.
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Abstract

Plant diversity in Palestine in general, and in the West Bank in particular, requires elaborated investigations to highlight the
status the existent plant species and the factors by which they are affected. Among the urgent issues that have emerged lately
is the detection of the status of plant diversity in the Tulkarm area due the allocation of the Gishori Industrial Complex in
this area. This was achieved via conducting floristic analysis to detect the possible effects of the presence of the Gishori
Industrial Complex on different plant taxa levels in the Tulkarm area. Therefore, plant specimens were collected from an
experimental area (Ertah: opposite to the factory) and a control area (Thenabeh: far from the factory) for which a floristic
analysis, plant life-form examination as well as a comparative study were carried out in this research. The obtained results of
the floristic analysis revealed the presence of fifty-seven and 110 plant species belonging to forty-five and eighty-nine
genera and eighteen and thirty-five families in Ertah and Thenabeh, respectively. The plant life-form analysis showed that
the dominant plant life-forms in Thenabeh and Ertah areas separately are annuals, hemicryptophytes, and chamaephytes (74
and 65 %; 31.4 and 25.4 % and 10.1 and 5.2 %, respectively). In conclusion, the higher plant diversity in Thenabeh
compared with the Ertah area at different studied taxa levels can be attributed to the nearness of Ertah to the Gishori

Industrial Complex in comparison to the remoteness of Thenabeh to this industrial complex.

Keywords: Plant diversity, Floristic analysis, Life-form, Pollution, Palestine

1. Introduction

Palestine is located at a meeting point between Europe,
Asia, and Africa in the southeastern region of the
Mediterranean Sea. This special location has contributed to
the diversity of phytogeographic zones. In fact, historical
Palestine has a rich biodiversity and unique ecosystems
due to its significant bridge-like location between Europe,
Asia, and Africa. It contains about 51,000 living species
constituting approximately 3 % of the global biodiversity
(EQA, 2015), which in turn caused a large diversity in the
flora of Palestine. The different phytogeographic zones
such as lrano-Turanian, Sudanian and Saharo-Arabian
resulted from the region’s climate and soil variations
(EPD/IWACO-Euroconsult, 1994; Applied Research
Institute-Jerusalem “ARIJ”,2002; Ali-Shtayeh and Jamous,
2003). Despite its small area, the West Bank which is
located in the Palestinian Territories (PT), comprises
approximately 3 % of the world’s biodiversity, and
contains a high density of species as well as a large
number of endemic species (ARIJ, 1997).

The Applied Research Institute of Jerusalem (ARIJ)
reported that Palestine, (referred to as PT: Palestinian
Territories) hosts 2500 species of wild plants with new
ones discovered each year including 800 rare species and
140 endemic species (Isaac and Gasteyer, 1995). Also, 636
endangered species and 990 rare ones were recorded in
Palestine (Safar et al., 2001; EQA, 2006). The West Bank,
which is a part of Palestine, is also known for its unique
forested areas, which comprise 4.45 % of the total area of

“ Corresponding author. e-mail: ghaderomar@najah.edu.

PT. According to a recent survey carried out by a ARIJ
team, 2076 plant species inhabit the West Bank and the
Gaza Strip alone (75.5 % of the species are in Mandate
Palestine), that is 1959 species belonging to 115 families
grow in the West Bank and 1290 species of 105 families
grow in the Gaza Strip, of which 117 species grow
exclusively in the Gaza Strip. Out of the 2076 surveyed
plant species which were observed to grow in the West
Bank and Gaza, 636 are listed as endangered, of which
ninety species are very rare. It is also contended by experts
that urgent conservation measures are required for more
than forty species (Sufian, 2001).

Few studies were carried out on specific areas of
Palestine, which could be considered a contribution to the
flora of each region on its own. For example, Boulos
recorded 251 plant species belonging to forty-six families
in the Gaza strip (Boulos, 1959). Later on, the Gaza strip
coastal sand dunes were subjected to a study of the flora
and life forms in which 120 plant species were recorded
including fifty-one perennials, two biennials, and sixty-
seven annuals. The recorded plant species belong to 109
genera and thirty-nine families (Madi et al., 2002). The
same area was subjected to a similar investigation in which
a higher number of 219 plant species belonging to 167
genera and fifty-five families was recorded. Moreover, the
plant life-forms of the recorded plant species were
investigated (Abou Auda et al., 2009). In addition, an
ecological study and vegetation analysis for the Jericho
district was conducted in which forty plant species were
recorded (Jaffal et al., 2007).
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The floral survey of different localities in the West
Bank helps create a mental picture of the area under study,
by allowing the comparison and ultimate classification of
different units of wild vegetation. Therefore, a
documentation of wild plant diversity surveys of the flora
of some West Bank localities was carried out (Omar,
2012). Later on, another study which considered the
environmental situation and the plant diversity in several
locations in the West Bank was conducted. It was an
investigation of plant species, forest types, and
deterioration while highlighting the green area in the West
Bank (Al-Qaddi and Schirone, 2016).

Furthermore, among the urgent issues emerging lately
is the detection of the flora and plant diversity status in the
Tulkarm area. The Tulkarm District is a highly sensitive
area characterized by many pine and olive groves on the
west side of the city (Efe et al., 2009). The reason for the
importance of such field of investigation is the presence of
the Gishori Industrial Complex in this area and the effects
of the potential environmental pollution caused by the
industrial activities and waste on diminishing the region’s
plant diversity. One of the big environmental hazards
facing the city of Tulkarm stems from the Nitzanei Shalom
industrial zone known as the Gishori Industrial Complex
located between Tulkarm and the village of Nitzanei Oz on
the eastern side of the Green Line in the West Bank. The
owner avoided the strict environmental laws moving the
factory twenty kms to its current location on militarily
expropriated land in the southern part of the city of
Tulkarm.

In this study, pollutants such as heavy metals, dioxins,
and others were analyzed in air, water and soil samples
from the Tulkarm district. The analysis of some heavy
metals in rain, soil, and ground water showed that the
concentrations of these elements were higher in the areas
close to the factories. For example, Pb, Ni, and Zn were
highly detected in soil samples. In addition, interestingly,
the rainwater sample analysis showed significantly higher
amounts of Cl and NOx (Shahin et al., 2017). The highest
concentration of these elements is expected to affect
plants. This expectation is based on the fact that a large
number of air pollutants, affect plant growth and their
metabolism adversely by destroying chlorophyll and
disrupting photosynthesis (Manahan, 2009). Accordingly,
the Gishori industrial complex allocation in the Tulkarm
area is expected to affect plant diversity in that region. In
this respect, a comparison between the flora of the
experimental area (Ertah: opposite to the factory) and the
control area (Thenabeh: far from the factory) may enhance
the understanding and determination of such effects.

The aim of the current plant diversity analysis is to
highlight the diversity of the most common plant families
in the West Bank-Tulkarm area of Palestine and to provide
a floristic analysis of the studied area. In addition, this
research intends to correlate this floristic analysis to the
possible hazardous effects of the Gishori Industrial
Complex allocation in the studied area. This aim has been
achieved via a comparison of the flora of the experimental
area (Ertah) and that of the control area (Thenabeh). It was
broadly conceived that plant diversity in the experimental
area (Ertah) will be less than that of the control area
(Thenabeh).

2. Materials and Methods

2.1. Target Area

The city of Tulkarm is located in the northwest of the
West Bank, south to Jenin, west to Nablus and adjacent to
the “Israeli segregation wall”. The district lies between 40
to 500 m above sea level, and is entirely within a fertile
zone (ARIJ, 1996). Two regions in the Tulkarm district
were targets for study in this project, which are Ertah near
the Gishori Industrial Complex and Thenabeh located far
from the Complex. The sites under examination were as
natural as possible based on the type of vegetation in them,
where wild plant species were observed to grow.

2.2. Plant Collection

The plant specimens were collected from their natural
habitats through several field trips to Tulkarm district
(Ertah and Thenabeh) over the period from April to June,
2015. The freshly-collected plant specimens were pressed
till drying, then poisoned chemically using a mixture of
mercuric chloride and ammonium chloride (150 gm of
mercuric chloride, HgCl, and ammonium chloride,
NH,CI, dissolved in as little water as possible) (Al-Esawi,
1977). Then, the poisoned plant specimens were fixed on
herbarium sheets, and were identified and classified. After
that, each plant specimen was provided with a voucher
number and was deposited at the An-Najah herbarium,
Department of Biology, Faculty of Science, An-Najah
National University.

2.3. Plant Identification

Plant specimens’ identification was carried out
according to several floras. The plants were identified and
classified based on their morphological features (Zohary,
1966a; 1966b; 1972a; 1972b; Dothan, 1978a; 1978b;
1986a; 1986b; Dothan and Danin, 1991; Boulos, 1999;
2000; 2002; 2005; Danin, 2004; Danin, 2018+).

2.4. Floristic Analysis

The floristic analysis of the flora of Tulkarm (Ertah and
Thenabeh) was performed considering the plant species
that exist and their classification and identification. The
total number of the recorded plant species in the studied
area was provided, and the same was done for the Ertah
and Thenabeh areas. Moreover, the total of the genera and
the number of families in the studied area were recorded.
The percentage of the recorded taxa at the species, genera
and family levels in the Ertah and Thenabeh areas in
respect to the total recorded taxa was calculated using the
following equation: The number of the recorded taxa/the
total number of the recorded taxa x 100.

2.5. Plant Life-Form Analysis

The Raunkiaer system was adopted to determine the
different plant life-forms in the studied area (Raunkiaer,
1934). The relative occurrence of each plant life-form was
calculated using the following equation: The number of the
plant species of specific life-form/total number of the
recorded plant species x 100.

3. Results

3.1. Floristic Analysis

The floristic analysis of the collected wild plant species
from the studied area in Tulkarm (Ertah and Thenabeh)
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showed a total of 135 plant species belonging to 105

genera and thirty-six families (Table 1).

The most abundant plant families recorded were Astraceae
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(Leguminosae) family with 14 plant species (10 %), while the

other recorded plant families were represented by lesser numbers

(Compositae) which comprises 32 plant species (24 %), Poaceae
(Graminae) including 16 plant species (12 %) and the Fabaceae
Table 1. The recorded plant species and their life forms in the studied areas of Ertah (near the factory; experimental area) and Thenabeh (far
from the factory; control area) in Tulkarm.

of species with variations recorded amongst them (Figure 1).

Plant Plant Plant
Family Plant Family genus Plant Genus species  Plant species Region Life form
No. No. No.
1. Amaranthus retroflexus L. Ertah Annual
1 Amaranthaceae 1. Amaranthus 2 ﬁl}rl?(;a:]nthus muricatus Gillies ex Ertah Annual
3. Amaranthus viridis L. Thenabeh & Ertah  Annual
. Tordylium trachycarpum (Boiss.)
2. Tordylium 4 Al-Eissawi & Jury Thenabeh Annual
3. Artedia 5 Artedia squamatal. ;hé?;ae'q Annual
2 Apiaceae 4. Daucus 6. Daucus carotal. Thenabeh & Ertah  Hemicryptophyte
5. Eryngium 7. Eryngium creticum Lam. Thenabeh Hemicryptophyte
6. Foeniculum 8 Foeniculum vulgare Mill. Thenabeh Hemicryptophyte
7. Pimpinella 9 Pimpinella cretica Poir. Thenabeh Annual
Geophytes,
3 Asparagaceae 8. Asparagus 10. Asparagus aphyllus L. Thenabeh climber
9. Scilla 11. Scilla hyacinthoides L. Thenabeh Geophytes
10.  Anthemis 12. Anthemis palestinaBoiss. Ertah Annual
11.  Asteriscus 13. Asteriscus aquaticus(L.) Less. Ertah Annual
14. Atractylis cancellatal. Thenabeh Annual
12.  Atractylis 15. Atractylis phaeolepis Pomel Thenabeh Chamaephyte
16. Atractylis serratuloides Cass. Thenabeh & Ertah  Chamaephyte
13, Calendula 17. Calendula palaestina Boiss. Thenabeh & Ertah  Annual
) 18. Calendula arvensis L. Thenabeh & Ertah  Annual
19. Glebionis segetum (L.) Fourr. Ertah Annual
14.  Glebionis 2. _Slveé)llonls coronarium(L.) N.N. Ertah Annual
21. Centaurea hyalolepis Boiss. Thenabeh & Ertah  Annual
15.  Centaurea 22. Centaurea iberica Spreng. Thenabeh Annual
23. Centaurea verutum L. Thenabeh Annual
16.  Cirsium 24. g:;‘;ﬂ phyllocephalum Boiss. & Thenabeh Hemicryptophyte
17.  Cichorium 25. Cichorium endivia L. Ertah Annual
18. Cousinia 26. Cousinia hermonisBoiss. Ertah Hemicryptophyte
27. Crepis aspera L. Thenabeh & Ertah  Annual
19.  Crepis 28. Crepis palaestina (Boiss.) Thenabeh & Ertah  Annual
4 Asteraceae Bornm.
29. Crepis hierosolymitana Boiss. Thenabeh & Ertah  Hemicryptophyte
20.  Crupina 30. \C;;;mea crupinastrum (Moris) Thenabeh Annual
21.  Echinops 31. Echinops adenocaulos Boiss. Thenabeh & Ertah  Hemicryptophyte
22.  Hypochaeris 32. Hypochaeris glabra L. Thenabeh Annual
23.  Geropogon 33. Gerop'ogon hybridus (L) Thenabeh Annual
Sch.Bip.
34, ggrc])?nordum blancheanum (Eig) Ertah Hemicryptophyte
24. Onopordum Onopordum cynarocephalum
35. Boiss. & Blanche Thenabeh&Ertah Hemicryptophyte
25.  Phagnalon 36. Phagnalon rupestre (L.) DC. Ertah Chamaephyte
26.  Pallenis 37. Pallenis spinosa (L.) Cass. Thenabeh Hemicryptophyte
27.  Picris 38. Picris galilaea(Boiss.) Eig Ertah Annual
28. Lactuca 39. Lactuca tuberosa Jacq. Thenabeh Hemicryptophyte
29.  Scolymus 40. Scolymus maculatusL. Ertah Annual
30.  Sonchus 41. Sonchus oleraceus L. Thenabeh Annual
31. Tragopogon 42. Tragopogon coelesyriacus Boiss. Thenabeh Hemicryptophyte
32.  Urospermum 43. Urospermum picroides(L.) F.W. Ertah Annual
Schmidt
33.  Sinapis 44. Sinapis alba L. Ertah Annual
. 34. Biscutella 45. Biscutella didyma L. Thenabeh Annual
Brassicaceae - -
5 (Cruciferae) 35. Brassica 46. Brassica napus L. Thenabeh & Ertah  Annual
36.  Sisymbrium 47. Sisymbrium orientale L. Thenabeh Annual
37.  Thlaspi 48. Thlaspi perfoliatum L. Thenabeh Annual
6 Boraginaceae 38.  Anchusa 49. Anchusa azurea Mill. Thenabeh Hemicryptophyte
9 39.  Echium 50. Echium judaeum Lacaita Thenabeh Annual
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40.  Heliotropium  51. [';:';tmp'um rotundifolium Thenabeh Chamaephyte
7 Cactaceae 41.  Opuntia 52. Opuntia ficus-indica Thenabeh Chamaephyte
42.  Campanula 53. gglmpanula strigosa Banks & Thenabeh Annual
8 Campanulaceae Le .ousia speculum-veneris (L.)
43.  Legousia 54. Ch%ix P ’ Thenabeh Annual
. Capparis zoharyi lanocencio, .
9 Capparaceae 44.  Capparis 55. Rivera et Alcaraz Thenabeh Hemicryptophyte
10 garyophyllacea 45.  Dianthus 56. Dianthus strictus Banks & Sol.  Thenabeh Hemicryptophyte
46.  Convolvulus 57. Convolvulus betonicifoliusMill.  Ertah Ggophytes,
climber
11 Convolvulaceae Annual parasite
47.  Cuscuta 58. Cuscuta campestrisYuncker Ertah climbe r P '
12 Cucurbitaceae 48.  Ecballium 59. Ecballium elaterium (L.) A.Rich. Thenabeh Hemicryptophyte
60. Cyperus distachyos All. Thenabeh & Ertah  Hemicryptophyte
49.  Cyperus 61. Cyperus longus L. Thenabeh & Ertah  Hemicryptophyte
13 Cyperaceae 62. Cyperus rotundus L. Thenabeh & Ertah ~ Geophytes
50. Carex 63. Carex distans L. Thenabeh Hemicryptophyte
51.  Lomelosia 64. Lomelosia prolifera (L) Greuter Thenabeh Annual
& Burdet
14 Dipsaceae 52.  Pterocephalus  65. Pterocephalus brevis Coult. Thenabeh Annual
53.  Cephalaria 66. ggzrlltalanajoppensm (Rehb.) Thenabeh Annual
15 Euphorbiaceae 54.  Euphorbia 67. Etlg)nhcohrebla berytheaBoiss. & Thenabeh & Ertah  Annual
55. Acacia 68. Acacia raddiana Savi Thenabeh Tree
56.  Anagyris 69. Anagyris foetida L. Thenabeh :mjr;)erophyte
57.  Astragalus 70. Astragalus callichrous Boiss. Thenabeh Annual
58.  Bituminaria 71. gt'it?tmma”a bituminosa (L) C.H. Thenabeh Hemicryptophyte
59.  Hippocrepis 72. Hippocrepis unisiliquosa L. Thenabeh & Ertah  Annual
16 Fabaceae 60.  Lupinus 73. Lupinus pilosus L. Ertah Annual
(Leguminosae) 61 Melilotus 74. Melilotus indicus (L.) All. Thenabeh Annual
) 75. Melilotus sulcatus Desf. Ertah Annual
62.  Ononis 76. Ononis spinosa L. Thenabeh Hemicryptophyte
77. Trifolium purpureumLoisel. Thenabeh Annual
63, Trifolium 78. Trifolium clypeatum L. Thenabeh Annual
' 79. Trifolium scutatum Boiss. Thenabeh Annual
80. Trifolium tomentosum L. Thenabeh Annual
64.  Senna 81. Senna italic Mill. Thenabeh Chamaephyte
17 Gentianaceae 65.  Centaurium 82. Centaurium erythraea Rafn Thenabeh Annual
18 Geraniaceae 66.  Erodium 83. Erodium malacoides (L.) L'Her.  Thenabeh & Ertah  Annual
) 84. Erodium moschatum (L.) L'Her.  Thenabeh Annual
19 Lamiaceae 67.  Teucrium 85. Teucrium capitatum L. Thenabeh & Ertan ~ Chamaephyte
68. Micromeria 86. Micromeria nervosa Desf. Thenabeh Chamaephyte
20 Linaceae 69. Linum 87. Linum pubescens Banks & Sol.  Thenabeh Annual
70. Alcea 88. Alcea setosa (Boiss.) Alef. Thenabeh Hemicryptophyte
21 Malvaceae 71.  Lavatera 89. Lavatera cretica L. Thenabeh & Ertah  Annual
72. Malva 90. Malva sylvestris L. Thenabeh Hemicryptophyte
22 Orobanchaceae  73.  Orobanche 91. Orobanche mutelii F.W.Schultz  Thenabeh Parasite
23 Papaveraceae 74.  Papaver 92. Papaver argemone L. Thenabeh Annual
24 Phytolaccaceae ~ 75.  Phytolacca 93. Phytolacca americana L. Ertah Hemicryptophyte
. 94. Plantago lanceolata L. Thenabeh Hemicryptophyte
25 Plantaginaceae 76 Plantago 95. Plantago afra L. Thenabeh Annual
77.  Schismus 96. Schismus arabicus Nees Thenabeh & Ertah  Annual
Aegilops 97. Aegllo_ps peregrina (Hack.) Maire Thenabeh Annual
78 & Weiller
' 98. Aegilops biuncialis Vis. Thenabeh Annual
99. Aegilops geniculata Roth Thenabeh Annual
79.  Alopecurus 100. é(l)c;pecurus utriculatus Banks & Thenabeh & Ertah  Annual
26 Poaceae 80.  Andropogon 101. Andropogon distachyos L. Thenabeh & Ertah  Hemicryptophyte
102. Avena sterilis L. Thenabeh&Ertah Annual
81 Avena 103. Avena longiglumisDurieu Thenabeh Annual
' 104. Avena sativa L. Thenabeh & Ertah  Annual
105. Avena barbata Pott ex Link Thenabeh Annual
82.  Corynephorus  106. gcérggjshorus articulates (Desf.) Thenabeh & Ertah Annual
83.  Panicum 107. Panicum maximum Jacq. Ertah Hemicryptophyte
84.  Polypogon 108. Polypogon monspeliensis (L.) Ertah Annual



http://flora.org.il/en/plants/systematics/convolvulus
http://flora.org.il/en/plants/systematics/cuscuta
http://flora.org.il/en/plants/systematics/euphorbia
http://flora.org.il/en/plants/AVELON/

© 2019 Jordan Journal of Biological Sciences. All rights reserved - Volume 12, Number 4 491
Desf.
109. E(r);)ilspt?gon viridis (Gouan) Thenabeh Hemicryptophyte
85.  Trisetaria 110. U;Siféa”a glumacea (Boiss.) Thenabeh Annual
86.  Triticum 111. Triticum aestivum L. Thenabeh&Ertah Annual
112, Pc_;lygonum arenariumWaldst. & Thenabeh Annual
87.  Polygonum Kit.
27 Polygonaceae 113. Polygonum arenastrumBoreau  Thenabeh&Ertah Annual
88 RUMex 114. Rumex cypriusMurb. Ertah Annual
) 115. Rumex pulcher L. Ertah Hemicryptophyte
89.  Adonis 116. Adonis aestivalis L. Thenabeh Annual
90.  Anemone 117. Anemone coronaria L. Thenabeh Annual
28 Ranunculaceae Ranunculus scandicinus (Boiss.)
91. Ranunculus 118. - " Thenabeh&Ertah Annual
P.H. Davis
29 Resedaceae 92, Reseda 119. Reseda alopecuros Boiss. Ertah Annual
120. Reseda alba L. Thenabeh Annual
30 Rosaceae 93.  Sarcopoterium  121. gg;icr)]poterlum spinosum (L) Thenabeh Chamaephyte
31 Rutaceae 94.  Haplophyllum  122. gagézppyllum buxbaumii (Poir.) Thenabeh Hemicryptophyte
95.  Cruciata 123. Cruciata articulate (L.) Ehrend.  Thenabeh Annual
32 Rubiaceae 96. Valantia 124. Valantia hispida L. Thenabeh Annual
97.  Galium 125. Galium setaceum Lam. Thenabeh Annual
33 Scrophulariacea  98.  Verbascum 126. Verbascum gaillardotiiBoiss. Thenabeh Hemicryptophyte
e 99.  Scrophularia 127. Scrophularia rubricaulis Boiss.  Thenabeh Hemicryptophyte
3 Solanaceae 100. Solanum 128. Solanum nigrum L. Thenabeh & Ertah  Hemicryptophyte
101.  Withania 129. Withania somnifera (L.) Dunal  Thenabeh Chamaephyte
R 130. Parietaria judaica L. Ertah Hemicryptophyte
. 102, Parietaria 131. Parietaria lusitanica L. Thenabeh & Ertah  Annual
35 Urticaceae ————
103. Urtica 132. Urtica pilulifera L. Thenabeh Annual
) 133. Urtica urens L. Thenabeh Annual
104. Verbena 134. Verbena supinal. Thenabeh Annual
36 Verbenaceae 105. Lantana 135. Lantana camara L. Thenabeh Sﬁir:)erophyte
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Recorded Families

Figure 1. The recorded plant families in the studied area [Tulkarm: Ertah (near the factory; experimental area) and Thenabeh (far from the
factory; control area)], with the total number of wild plant species/each family in respect to the total recorded plant species in Tulkarm.

The floristic analysis of the collected wild plant species
from Ertah shows the presence of 57 plant species
belonging to forty-five genera and eighteen families. The
obtained results show that the plant diversity in Ertah area,
at the site of the study that is opposite to the factory
represents 50 %, 43 %, 42 % of the total plant diversity in

the studied area (Ertah and Thenabeh) at the family,
genera, and species levels, respectively. However, the
floristic analysis of the collected wild plant species from
Thenabeh reveals the presence of a total of 110 plant
species belonging to eighty-nine genera and thirty-four
families. Those recorded data illustrate that the plant
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diversity in Thenabeh area “control area” represents 94 %,
85 % and 81 % of the total plant diversity in the studied
area at the family, genera, and species levels, respectively.
Moreover, a comparative floristic analysis between Ertah
near the Gishori Industrial Complex and the control area of
Thenabeh may provide a closer view of the possible
hazardous effects of the Gishori Industrial Complex waste
materials on the plant diversity at different levels. Figure 2
shows that the Thenabeh area has had higher plant
diversity than Ertah at different taxa levels.

H

=

uErish

species. However, the other life forms of geophytes,
geophytes climbers, phanerophyte shrubs, and parasites
were represented by two species comprising 1.5 % of total
species. Tree life-forms are represented by one species,
which is Acacia raddiana. (Table 1). Similar results were
recorded in Thenabeh and Ertah areas separately, where
the dominant life forms included annuals,
hemicryptophytes, and chamaephytes representing 74 % &
65 %; 314 % & 254 %, and 10.1 % & 5.2 %,
respectively. However, variations in the plant life forms
between Thenabeh and Ertah were observed; trees and
phanerophyte shrubs were not recorded in Ertah (Table 2
and Figure 3).

Table 2. Plant life-forms in the studied area in Ertah (near the
factory; experimental area) and Thenabeh (far from the factory;
control area) in Tulkarm.

.§ 10
f Trasd Plant life form % of plant life- % of plant life- % of plant
; u gl forminstudied ~ form in life-form in
] area in Tulkarm Thenabeh in Ertah in
; “ (Ertah and respect to total  respect to
" - Thenabeh) in number of total number
. respect to total plant species in  of plant
! Recorded plntspecies Recorded plantgenera Recorded plant Gmiies number of plant Thenabeh species in
species in Tulkarm Ertah
S s Annual 60.7 74 65
Hemicryptophyte 24.4 31.4 24.5
Figure 2. Total number of the recorded studied taxa at the plant Chamaephyte 7.4 10.1 52
family, genera and species levels in Ertah (near the factory; Geophyte 15 2.2 1.7
experimental area) and Thenabeh (far from the factory; control Geophytes
area) in Tulkarm, separately, compared to the total number of taxa climber 15 1.1 1.7
in the studied area. Phanerophyte
3.2. Plant Life-Form Analysis ;hmb_ ig ﬁ >~
. . arasite . . .
The dominant plant life-forms are the annuals Tree 07 11

representing 60.7 %, hemicryptophytes constituting 24.4
%, and chamaephytes representing 7.4% of the total plant

Figure 3. Biological spectrum showing the plant life-forms in Tulkarm [(Ertah (near the factory; experimental area) and Thenabeh (far from
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Annual Hemicryptophyte Chamaephyte

Geophyte

Recorded Plant Life-Forms

u % Ofplant life form in studied area in Tulkarm (Ertah and Thenabeh) in respect to total number of plant species in Tulkarm
% Ofplant life form in Thenabeh in respect to total number of plant species in Thenabeh
u % Ofplant life form in Ertah in respect to total numb er of plant species in Ertah

Geophytes Phanerophyte Parasite Tree
climber shrub

the factory; control area)], Ertah and Thenabeh, separately.

In addition, parasite life-forms were present in both
areas represented by different species with one species in
each area; that is Cuscuta campestris in Ertah and
Orobanche mutelii in Thenabeh. Also, the geophyte

climber life-form was represented by one species in
Thenabeh and Ertah; these were Asparagus aphyllus and
Convolvulus betonicifolius, respectively.
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4. Discussion

One of the major biodiversity components is the
number of plant species (species richness). Ecosystem
spatial components, functional complementary, and
interchange enhance the system stability and the ability to
resist environmental disturbances and recover from them.
Therefore, quantitative analyses of ecosystems’ diversity,
including species richness, improve the understanding of
system stability and resilience in the face of disturbances
(Ghattas, 2015). Such obtained quantitative information on
plant diversity can help guide sustainable management
strategies for a better conservation of ecosystems’
resources.

Therefore, the importance of the current study of the
environmental impacts on plant diversity is demonstrated
via providing valuable information on the plant species
recorded in Tulkarm taking into account that no previous
scientific studies on that region were conducted. In
addition, the obtained data regarding different taxa at the
species, genera, and family levels can be considered a
contribution to the studies of flora in the Tulkarm District.
Moreover, the comparison between the recorded flora in
Ertah and Thenabeh areas elucidates the hazardous effects
of the construction of the Gishori Industrial Complex in
this region on plant diversity taking into consideration that
plant diversity is one of the most important vital
parameters in ecosystem stability.

The dominance of the plant life-form of annuals in the
studied area was as expected. Only annuals have seeds
with perennating tissues. They are the most abundant life
form in arid climates and are prominent in temperate areas
with an extended dry season (Raunkiaer, 1934). Such
conditions prevail in regions with Mediterranean climate
conditions as in Tulkarm. The obtained data ascertain that
the climatic conditions in Tulkarm enhance the prevalence
of the annual life-form.

In spite of the limited period of study, the obtained data
considering status of plant diversity in the examined area
can provide a platform for further investigations of the
extent to which the Gishori Industrial Complex waste
products are affecting plant diversity in that region. This
was reflected by the higher plant diversity at different taxa
levels (species, genera, and family) in Thenabeh area
compared with the Ertah area because of the nearness of
Ertah to the Gishori Industrial Complex in comparison to
the remoteness of Thenabeh to these industrial facilities.
However, ongoing intensive and continuous flora surveys
of the target region may reveal a wider spectrum of
information on other plants that were not in their growing
season during the period of the current study. Studies
conducted over longer periods of time in this region can
reveal and determine which of the wild plant species, if
any, are endangered and threatened with extinction. In
addition, more elaborate studies considering that aspect
can be correlated with other biotic and abiotic factors in
the region.

The observed variation between Thenabeh and Ertah
areas in terms of some of the recorded plant species may
indicate the difference in the physiological responses of
such plant species to the possible effects of the factories’
pollutants. The fact that some species are present in Ertah,
but were not recorded in Thenabeh indicates that some
plant species can tolerate or resist pollution caused by the

factories of the Gishori Industrial Complex. Different
factors affect the accumulation and distribution of heavy
metals in plants. Among the major factors are the plant
species, the levels of the metals in the soil and air, the
element species and bioavailability, pH, cation exchange
capacity, climacteric conditions, and the vegetation period
(Filipovi¢-Trajkovi¢ et al., 2012). For example, the
Brassica species are identified as good candidates for
phytoextraction of heavy metals especially Zn
(Ramanjaneyulu and Giri, 2006). This might explain the
presence of some Brassica species (Sinapisalba and
Brassica napus) in the Ertah area where the soil samples
were proved to have a high content of heavy elements such
as Pb, Ni, and Zn (Shahin et al., 2017). Another study has
discovered that high amounts of heavy metals were found
in different plant species, one of which is Rumex
acetosella (Filipovi¢-Trajkovi¢ et al., 2012). This goes
along with the presence of other Rumex species such as
Rumex cyprius and R. pulcher (Polygonaceae) in Ertah.

However, some other plant species were only recorded
in the Thenabeh area such as Senna italica (Leguminosae)
and Verbena supina (Verbaneceae). Such plant species
could be considered as sensitive plants to the Gishori
Industrial Complex pollutants taking into consideration
that they might not be found in Ertah due to pollution.
Nevertheless, this finding could be confirmed and clarified
via more elaborated long-term studies for both areas. In
addition, investigating each pollutant from the factory on
the recorded plant species may provide wider-spectrum
images of the effects of the Gishori industrial complex on
the recorded plant species. In fact, plant species which are
considered sensitive to pollution might become
endangered with the threat of extinction on the long run if
pollution resulting from these factories extended to other
areas in the Tulkarm district including Thenabeh.

5. Conclusions

In conclusion, correlating the obtained results with
other parameters under study in the project may provide a
clearer view of the extent to which the factories’ presence
in the studied area is affecting the ecosystem stability and
threatening human life. Therefore, the outcome of the
current project objectives may provide adequate
information for decision-makers to take the right measures
at the right time. It is clear from this study that the Gishori
Industrial Complex is a source of pollution for the city of
Tulkarm endangering its environment. Interestingly, the
number of plant species near the factories reflects the
effect of pollutants released in the soil and environment.
More specific and detailed ecological analyses of the plant
vegetation in the Tulkarm district, may reveal and
determine the endangered plant species that are threatened
with extinction. Also, ecological and vegetation analyses
are required to determine the status of each plant species
based on its frequency of occurrence and distribution to
indicate the abundant plant species in the Tulkarm district.
Such analyses of frequency and occurrence which can be
correlated to the factory presence may subsequently help
pass rigorous and strict laws and contribute to the
governmental efforts for a better control of the
establishment of factories. After all, this will develop and
improve a scientific protocol for the conservation of wild
plants in the Tulkarm area.
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Abstract

In this study, freshwater fishes of Saudi Arabia were surveyed between April and May of 2013 in twenty-two different sites.
These sites were selected based on the known published historical distribution. New localities where freshwater fish were
known to occur based on local knowledge were also visited. The fish sampling was performed using battery-powered, back-
mounted electric fishing gear, and cast nets when deep water was sampled. All the previously recorded species were
confirmed except Carasobarbus apoensis. Acanthobrama hadiyahensis was recorded for the first time after being described
almost thirty years ago. The results of this work contribute to the regional assessment of freshwater fishes of Arabia and
provide data from the region in particular concerning Saudi Arabia. Acanthobrama hadiyahensis was assessed as critically
endangered, and Garra buettikeri as vulnerable, while all others are considered as least- concern species. Challenges to the
viability of freshwater fish populations are increasing, including water extraction and impoundment and the subsequent
habitat loss. Invasion by alien species was recorded too (e.g Oreochromis mossambicus) and could increase if water

extraction and impoundment continue.

Keywords: Arabian Peninsula, Impoundment, Conservation assessment, Acanthobrama, Arabibarbus, Invasive species

1. Introduction

Freshwater fishes of the Arabian Peninsula are
distinguished by their high level of endemism (Krupp,
1983). Out of the twenty-one known species from the
Arabian Peninsula, fifteen species are endemic to Arabia,
and six species are of a wider distribution (Freyhof et al.,
2015). The endemics include species that are distributed in
three freshwater ecoregions in Arabia (Abell et al., 2008).
These ecoregions are the Southwest Arabia Coast (fifteen
species), Oman Mountains (five species), and the Arabian
Interior (ten species), noting that some species may occur
in more than one ecoregion. The unique endemism in such
an arid region has attracted the attention of ichthyologists
since 1870 when Playfair reported a record of
Disconganthus lamtus from Aden in southern Yemen.
Trewavas (1941) described three new endemic species
including Barbus arabicus (=Arabibarbus arabicus),
Garra tibanica and Garra britooni (=Garra longipinnis)
based on materials brought by the first systematic
zoological collections in southwest Arabia, which was
performed by the British Natural History Museum between
1937 and 1938. In 1956, Fowler and Steinitz described
Garra barreimiae from Oman.

In 1977, Banister and Clarke published the most
comprehensive revision of the Arabian freshwater fishes in
which they added four new species, namely Barbus
apoensis (=Carasobarbus apoensis), Barbus exulatus
(=Carasobarbus exulatus), Cyprinion acinaces, and Garra
longipinnis, in addition to one new subspecies, Garra

“ Corresponding author. e-mail: nashat@rscn.org.jo.

barreimiae shawkahensis. In 1983 Krupp published the
second updated taxonomical review of freshwater fishes of
Arabia based on the revision of museum materials of
previous collections, and frequent field trips to Arabia.
Krupp added three new other species of Garra to the
previously known species of Arabia including Garra
buettikeri, Garra mamshuga, and Garra sahilia in addition
to two new subspecies, namely Cyprinion acinaes hijazi
and Garra shailia gharbia.

In the same year, Acanthobrama hadiyahensis was
described (Coad et al., 1983) as a new species of a
Levantine origin in Arabia. Alkahem and Behnke (1983)
reported “the first comprehensive scientific collection of
freshwater fishes from Saudi Arabia”, based on collections
made in 1977 and 1981. A new species was described as
Cyprinion mhalensis, and notes were given to the unusual
specimens of Garra, Cyprinion, and Burbus which
indicated the occurrence of other undescribed species.

After these reviews, only a few freshwater fish research
has been published throughout Arabia in general and in
Saudi Arabian in particular. Additional species were added
to the list of Arabian freshwater fishes such as Garra
dunsirei and Garra lautior (Banister 1987), and subspecies
such as Garra barreimiae gallagheri (Krupp, 1988) which
was up levelled in 2016 to Garra gallagheri (Lyon et al.,
2016). In 1998, Ghamdi and Abu-Zinadah published their
work on freshwater fishes of the Mid-Western Region of
Saudi Arabia, in which they recorded four species; two in
the low lands, namely Aphanius dispar and Cyprinion
acinaces and two in the highlands, namely Garra
buettikeri and Cyprinion mhalensis.
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Due to the scarcity of up-to-date data on freshwater
fishes of Arabia, the issue of the conservation of
freshwater fishes was discussed for the first time at the
regional level in the Conservation Assessment and
Management Planning (CAMP) workshop in Sharjah,
United Arab Emirates in 2002. Ichthyologists from the
region and abroad met to analyse the situation of
freshwater fishes in Arabia (EPAA, 2002). The lack of
updated data and the shortage of national experts in the
field of ichthyology were regarded among the top
conservation priorities (EPAA, 2003). A few actions were
achieved on the ground based on the CAMP
recommendations including a field survey to Yemen
(Krupp, 2008.), and an analysis of the status of Garra
ghorensis in sourthern Jordan (Hamidan and Mir, 2003), in
addition to the conservation project of Azraq Killifish
Aphanius sirhani in eastern Jordan, but no updates took
place regarding fishes of Saudi Arabia.

The aim of this work is to narrow the gap of knowledge
in regard to the recent status of freshwater fishes in Saudi
Arabia in the frame of CAMP workshop recommendations
(EPAA 2002, and 2003), and to identify the threats that

pose challenges to the conservation of these native and
endemic populations in light of water shortage and the
water harvesting projects in Saudi Arabia.

2. Materials and Methods

2.1. Study Area

This survey covered the western part of Saudi Arabia
along the Hijaz Mountains (= Sarawat Mountains) and the
Red Sea coastline, with maximum extension north to the
last known water bodies in Wadi al-Disi [27°38'0.80"N,
36°32'29.85"E] in Tabouk, and south to Jizan near the
Yemeni border [17°17'0.00"N, 43° 6'0.00"E]. The
historical distribution of freshwater fishes was reviewed
based on Banister and Clarke, 1977, Krupp, 1983, and
Alkahem and Behnke, 1983. The authors visited the
majority of the sites (Figure 1) listed in the three
references except for the eastern side of Arabia along the
Gulf coast. New localities where freshwater fishes were
known to occur based on local knowledge were also
visited (Figure 1, Table 1).

Table 1: Comparison of the results of the present study with previous published research (Coordinates in Degrees and Decimal Minutes)

Species Study Location Coordinates
Lat Lon
Barbus apoensis Banister and Clarke Khamis Mshait 18 17 42 34
= Arabibarbus apoensis (1977) Wadi Turbah 22 56 40 54
Wadi Adama 19 53 41 57
Alkahem and Behnke = Wadi al Mahallah 17 58 43 24
(1983) Stream near Khamis Mushayt
Wadi hediah 25 42 39 31
Krupp (1983) Wadi turbah 20 29 41 9
Wadi Turbah 20 30 41 17
Wadi Turbah 20 29 41 12
Wadi shugub 20 39 41 13
Khamis Mushyat 18 17 42 34
Wadi Adamah 19 53 41 57
Barbus arabicus Krupp (1983) Wadi Jufa 17 20 42 8
= Arabibarbus arabicus Hamidan and Shobrak, =~ Wadi Damad 17 20 43 02
present study
Cyprinion acinaces Banister and Clarke near Ta'if 21 20 40 30
(1977)
Krupp (1983) Wadi Hediah 34 0 39 0
near Jeddah 25 42 39 12
WadiSulaym 25 36 39 16
closed swimming pool
nearJeddah
Alkahem and Behnke Ain al bhair,Khaibar
(1983) Ain salaleem, Khaibar
Ain ali, Khaibar
Hamidan and Shobrak,  Ain Al-Hammah - Khaibar 25 47 39 26
present study
Wadi Khadrah 23 06 39 42
Cyprinion Banister and Clarke Khamis Mushyat 18 17 42 34
incertae sedis (2977) WadiHediah 24 0 39 0
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Cyprinion mhalensis Krupp (1983) Wadi Turabah 20 29 41 9
Wadi Turabah 20 29 41 12
Wadi Turabah 20 30 41 17
Wadi Turbah 20 29 41 9
Wadi Afrak 19 48 41 18
Wadi Adama 19 41 42 4
Wadi Shuqub 20 39 41 13
Wadi Buwah 20 47 41 12
WadiShumrukh 20 26 41 18
Wadi noaman 18 14 42 35
Asir
near Ta'if 21 20 40 21
Wadi Habayaba between Taif
and Sarfa
Alkahem and Behnke Wadi al Mahallah
(1983)
Hamidan and Shobrak, present Wadi Tarj and Tarjes 19 07 42 29
study Wadi Shumrukh 20 45 41 32
Wadi Al-Arj 21 23 40 45
Wadi Turabah 20 54 41 28
Wadi Buwah 37 04 36 14
Garra tibanica Alkahem and Behnke Wadi al Mahallah
(1983) Ain al Jmyma Khaibar
WadiHediah
WadiNejran Dam
Banister and Clarke (1977) near Ta'if
Khibar
Wadi North Jizan 17 32 42 25
WadiDaga - Tihama coastal
plain
Krupp (1983) Hijaz Mountain
Wadi Fatima
Wadi near Jizan
near Jadah, Farag
Khaibar 25 42 39 12
Wadi Ayban
Wadi Hesu'a 18 5 42 21
WadiDamad 17 17 43 6
Hamidan and Shobrak, present  Ain Al-Hammah - Khaibar 25 47 39 26
study Wadi Damad 17 20 43 2
Wadi Khadrah 23 06 39 42
Garra buettikeri Krupp (1983) WadiTurabah 20 29 41 12
Wadi Turabah 20 30 41 17
Adama, Asir 19 26 42 3
Adama, Asir 19 41 42 4
WadiNoval 20 23 41 19
WadiShumrukh 20 27 41 19
Abalah 7km from Athnen, Asir 18 51 42 13
WadiNoaman 18 14 42 35
Abha, Asir 18 13 42 29
Hamidan and Shobrak, present Wadi Buwah 37 4 36 14
study WadiShumrukh 20 45 41 32
Wadi Al-Arj 21 23 40 45
Wadi Turabah 20 54 41 28
Wadi Al-Bagarah 18 77 41 98
Garra sahilia gharbia Krupp (1983) WadiMinsah 20 31 40 40
Wadi Daga
Wadi north of Jizan 17 32 42 25
Bani Sharfa 19 42 41 24
WadiGaanah 18 26 41 53
Hamidan and Shobrak, present Alein Al-Harrah 20 46 40 46
study Wadi Kudais 19 15 41 82
Wadi Al-Gassah 18 72 41 99
Wadi Al-Bagarah 18 77 41 98
Wadi Haroub 17 46 42 88
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Aphanius dispar

Banister and Clarke (1977)

WadiDaga Tihama coastal
plain

Khiber north Hejaz

Krupp (1983) al Qatif 26 33 50 0
al Hufuf 25 24 49 28
al Hasa Oasis.artesian well 25 29 49 27
Ghoria spring,al Hasa Oasis
Bataliah,al Hasa Oasis
Khodod spring,al Hasa Oasis
Khaibar, Hijaz
Wadi fatima near Jeddah
Wadi Daga
al Qatif 26 23 50 0
al Khari 24 21 47 11
Hamidan and Shobrak, present Wadi Khulab 16 76 43 12
study Wadi Al-Bagarah 18 77 41 98
Ein Al-Buhairah 25 72 39 26
Wadi Kudais 19 15 41 82
Wadi Khadrah 23 06 39 42
Acanthobrama hadiyahensis Coad et al (1983) Wadi Hadiyah 25 33 38 44
Hamidan and Shobrak, present  Sad Al-Bint 25 29 39 21
study
Wadi was dry Hamidan and Shobrak, present  Wadi Al-Oshar 19 80 41 60
Wadi was dry study Wadi Olaib 20 03 40 83
No fish were found Wadi Agabat Sal'a 17 87 42 38
No fish were found Wadi Shougab 20 66 41 24
No fish were found Wadi al Disi 27 60 36 43
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Figure 1. Sampling sites along the Red Sea coast in Saudi Arabia and the Hijaz Mountains.

2.2. Fish Sampling
Fishes were sampled between April and May, 2013
from twenty-two sampling sites (Figure 1). The sampling
sites elevation varied from 1935 metres above mean sea
level (amsl) at Wadi Tarj-Tarjes in the Tanoumah area,
down to 177 metres amsl at Wadi al-Lieth in the Lieth
governorate. The sampling involved the use of battery-

powered, back-mounted electric fishing gear. At deep
sampling sites (e.g. Wadi Al Ghassah) where electric
fishing was not possible, cast nets of 18 mm mesh size
were used. The sampled fishes were identified up to the
species level based on Banister and Clarke, 1977, Krupp,
1983, and Alkahem and Behnke, 1983 for those species
with clear morphological features that enable their field
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identification (e.g. Cyprinion), while others (e.g Garra)
were transferred to the laboratory for further identification.
The identified fishes were released back to their sampling
sites except for representative specimens that were taken to
establish a reference collection at the Al-Taif University.
All specimens were processed in the field before being
taken to the laboratory in an over anaesthetised clove oil
(Soto, 1995) followed by preservation in 76 % ethanol,
after which each specimen was assigned a reference
number. Living specimens were photographed on site in a
small aquarium (8" wide, 8" height, 2" depth).

3. Results

Eight native species were recorded in this study (Table
1), in addition to one introduced Cichlid species
(Oreochromis mossambicus). The survey confirmed the
survival of two species that had never been sampled for the
past thirty years; these species included Acanthobrama
hadiyahensis in al-Thamad area in Khaibar, and
Arabibarbus arabicus in Wadi Damad in Jizan. The two
common species collected were Cyprinion mhalensis in

and around Taif, and Garra sahilia gharbia along the
southern Red Sea coastline west of the Hijaz Mountains.

Acanthobrama hadiyahensis Coad, Alkahem &
Behnke, 1983

This species (Plate 1.A) was caught in the pond behind
the ancient Qusaiba’a Dam (Plate 1.B) in Al-Thamad area
of Khaiber city about 30 km southwest of the type locality
in Wadi Hadiyah. The dam is located within the basalt
desert (Al-Harra) of a coastal drainage basin. The dam
impounds runoff water that may stay mostly all year
around. One specimen of a standard length (LS) 80.08 mm
and one juvenile of 12 mm (LS) were the only fish that
were caught from the lake of the dam. The juvenile was
caught by an aquatic invertebrate net.

The larger specimen was kept as a sample while the
juvenile was released alive back to the water. Despite the
fact that the species is threatened, having one specimen
was of critical importance to act as a voucher and to
promote further conservation and research. Thus the larger
specimen was deposited in the collection of the Natural
History Museum in London with the reference number
BMNH 2013.10.1.2

R
S

ity A R T TENE

Plate 1. A: Acanthobrama hadiyahensis the large specimen of 80.08 mm standard Length, B: The Qusaiba’a Dam (Locally known as Sadd
Al-Bint) in Al-Thamad area of Khaiber where A. hadiyahensis was sampled [Lat: 25.485373°, Long: 39.363197°].

Arabibarbus arabicus (Trevawas, 1941)

This species (Plate 2.A) was collected from Wadi
Damad in southern Jizan. The wadi contains fast flowing
waters, with a narrow width that reaches up to
approximately 10 metres in some locations. Five
specimens of Arabibarbus arabicas were caught as
specimens. This species was in association with the
endemic Garra tibanica.

Cyprinion acinaces Trevawas, 1941

This species (Plate 2.B) was collected only from Ein al-
Hamah near Khaiber. The species coexisted with Garra
tibanica, and Aphanius dispar. The sampling site was a
slow running stream with shallow ponds along the stream.
In the ponds, C. acinaces and G. tibanica were found

actively feeding, while A. dispar was found in the slow-
running stream. (Plate 2.B).

Cyprinion mhalensis Alkahem & Behnke, 1983

This species (Plate 2.C), which was abundant in Taif,
was collected from four locations around Taif in Wadi al-
Arj (1585 m amsl), Wadi Turabah (1365 m amsl), Wadi
Shumrokh (1554 m amsl), and Wadi Buwah (1371 m
amsl). However, it was also collected at higher elevations
(1935 m amsl) in the confluence of Wadi Tarj and Wadi
Tarjis in Tanomah area. The density of this species was
higher than the co-inhabitant G. buettikeri in Wadi
Turabah, and Wadi Shumrokh (98 % of total catch). While
it was the only species found in Wadi Tarj, and Wadi
Tarjis, it was found to coexist with G. tibanica in Wadi
Buwah.
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Plate 2. A. Arabibarbus arabicus, B. Cyprinion acinaces, C: Cyprinion mhalensis

Garra buettikeri Krupp, 1983

This Garra species was sampled around Taif in Wadi
al-Arj (three specimens), Wadi Turabah (two specimens),
and Wadi Shomrukh (one specimen) in low numbers
compared to C. mhalensis. In Wadi Shomrukh, the largest
specimen (Plate 3.A) was collected (17 c¢cm in Ls). This
species was found to share habitats with C. mhalensis.

Garra sahilia gharbia Krupp, 1983

This was the most common Garra (Plate 3.B) found at
the western part of southern Hijaz Mountain. It was the
only species found in the south in Wadi Haroub in Jizan,

and Wadi al-Ghassah. It was a predominant species
compared to the Arabian cypriniodont Aphanius dispar in
the wadi al-Lieth hotspring (Ein al-Harrah), Wadi Kudais,
and Wadi al-Bagarah.

Garra tibanica Trewavas, 1941

The species (Plate 3.C) was found in three localities. It
was collected from the south in Wadi Damad in the Jizan
region with Arabibarbus arabicus, and in Wadi al-Bagarah
in association with G. s. gharbia and A. dispar. It was also
collected from the north at Khaibar in Ein al-Hamah in
association with C. acinaces and A. dispar.

Plate 3. A: Garra buettikeri. B: Garra sahilia gharbia, C: Garra tibanica
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Aphanius dispar (Rippell, 1828) Plate 4

This was a common species sampled from seven
localities. It was collected from Wadi Khulab where no
other species were sampled, in Wadi al-Bagarah in
association with G. s. gharbia and G. tibanica, and Wadi

Kudais and Ein al-Harrah in association with G. s.
gharbia. In Khaibar it was sampled from Ein al-Hammah
and Wadi Khadrah in association with G. tibanica and C.
acinaces, and in Ein al-Buhairah with the introduced
Oreochromis mossambicus.

Plate 4. Aphanius dispar male (A), Aphanius dispar female (B), both from Wadi Khadrah, Al-Madinah al Munawwarah.

4. Discussion

This work identifies the survival of all known
freshwater fishes of Saudi Arabia except for Arabibarbus
apoensis that was regarded as common in the available
literature (Banister and Clarke, 1977, Krupp, 1983, and
Alkahem and Behnke, 1983), but was not found in this
survey. Both Acanthobrama hadiyahensis (Hamidan and
Al-Aoufi 2014) and Arabibarbus arabicus were collected
after thirty years of their last published collection (Krupp,
1983). Although the fieldwork did not cover all known
localities of freshwater fish distribution known in the
literature, it, nonetheless, explored sites where both
permanent/seasonal water habitats and endemic species are
known to occur (Table 1). The survey confirmed the
viability of freshwater systems to host those endemic
species such as Wadi Tarj-Tarjes that are not impacted,
while other freshwater systems are heavily impacted,
especially those systems around Taif area such as Wadi
Turbah, Buwah, and Shomrukh, which is previously
known to be one of the major freshwater ecosystems in the
Taif region (Krupp, 1983). A recent sampling of
freshwater fishes in Saudi Arabia was carried out in 2013
in Wadi Buwah (Zubair, et al., 2013) where the authors
collected C. mhalensis from the wadi for food analysis.
However, they did not record any notes regarding the
density of fish, species assemblage, or the impact on this
wadi, which did not allow the comparison of the status of
A. apoensis. The escalating demands for water in arid
regions have resulted in the substantial physical
modification of many river systems through the
construction of dams for instance, and activities, including
water extraction (Propst et al., 2008). The resulting
disturbed river environments, with losses of lateral and
longitudinal connectivity, and degraded key habitats for
specific fish life stages raise concerns over the
consequences which may hinder the sustainability of
populations of native and endemic species, particularly
those that are already under threat (Kingsford 2000). This
was addressed in the CAMPs meeting as a potential
coming threat, and precipitated the idea of updating the
freshwater fish status in one of the three major freshwater
eco-regions in the Arabian Peninsula (Abell et al., 2008).

Disturbed environments are often more vulnerable to
the invasion of non-native species, because they possess
more generalist traits and show high adaptability to

different environments which enables them to take
advantage of all modified conditions (McKinney 1997,
Marvier et al., 2004). Whilst this combination of habitat
disturbance and invasion increases the risk for local native
fish populations to be extirpated and endemic fishes to
become extinct (Olden and Poff 2005), this risk varies
among species according to their traits and their ability to
adapt to the modified environment and coexist with
invasive species (Olden et al., 2006, 2008; Hamidan and
Britton 20154, b).

Freyhof et al. (2015) summarized the threats facing
freshwater fishes in the Arabian Peninsula in general
saying that water extraction and impoundment and the
consequent habitat loss come first. In Saudi Arabia, the
construction of the large-scale project of Wadi Turabah
Dam, for example, was found to change the nature of the
wadi by creating a deep and large pool, and reducing the
flow in the habitats of the freshwater fishes of the wadi.
This setting can control the flow of water that is a
determining factor in the reproductive success of native
species in regulated rivers (Brown and Ford, 2002), and
flush out the juvenile and fry fishes from their habitats in
the event of unexpected artificial flood during summer for
cleaning (Asadollah, 2011, Hamidan, 2014). On the other
hand, the dam lake promotes an “invasive friendly
receiving environment” for non-native and/or non-
indigenous species such as Oreochromis mossambicus.
Pollution was also reported as an existing threat (Frehhof
et al., 2015) although no comprehensive data are available
concerning chemical or biological pollutions. Potential
threats including climatic impact, harvesting, and
introduction were also mentioned. This survey revealed
that the introduction of alien species is minimal, but may
increase as a result of potential habitat changes or losses
and due to the construction of dams.

In conclusion, Saudi Arabia still hosts the eight
Avrabian endemic species with different status, despite the
fact that threats, facing freshwater fishes in particular, and
water habitats in general, are increasing. The results of this
work had contributed to the regional assessment of
freshwater fishes of Arabia (Freyhof, et al., 2015) which is
characterized by scarcity of data from the region, in
particular regarding Saudi Arabia and Yemen. Only A.
hadiyahensis was assessed as critically endangered, while
G. buettikeri was regarded as vulnerable and all others
were considered as least-concern species.
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Abstract

Soil is an important source of antibiotics-producing microorganisms. This study aims at investigating the isolation of
antibiotics-producing bateria from soil samples collected from the Hashemite University area in Jordan. A large number of
bacteria was isolated from soil samples collected from the Hashemite University Campus and assessed for their
antimicrobial activity. Five of these isolates showed an inhibition activity against six pathogenic bacteria. The isolates were
identified as Bacillus firmus, B. circulans and two B. stearothermophilus, while the last isolate was unidentified. To achieve
the maximum antimicrobial activity of each isolate, growth optimization was investigated. The isolates showed high
efficiency in inhibiting the growth of strong gram-positive and gram-negative pathogenic bacteria using the agar-well
diffusion method and liquid cultures of the pathogens. The results revealed that the most suitable nitrogen source, pH value,
and temperature needed for maximum antibiotic production were different among the bacterial isolates. Among the different
carbon sources studied, glycerol was the most effective in enhancing the antimicrobial activity of B. firmus and B. circulans
followed by starch, sucrose and glucose, whilst, starch was the most effective in increasing the antimicrobial activity of the
two strains of B. stearothermophilus and the unknown strain. The highest antimicrobial activity was achieved from the ethyl
acetate extract of B. circulans against K. oxytoca with an inhibition zone of 33.67 + 0.88 mm, while the lowest antimicrobial
activity was obtained from the ethyl acetate extract of B. stearothermophilus isolate 2 against Staphylococcus aureus with an

inhibition zone of 17.67 + 1.45 mm.

Keywords: Antibacterial activity, Soil bacteria, Ethyl acetate extract, Hashemite University, Jordan

1. Introduction

Antibiotics are among the most important
commercially exploited secondary metabolites produced
by bacteria and employed on a large scale. Most of the
antibiotic producers used today were soil microbes.
Bacillus species is predominant soil bacteria, and their
resistant endospore formation and production of vital
antibiotics such as bacitracin etc. are always found
inhibiting the growth of other organisms (Gupta et al.,
2017). The emergence of pathogenic bacteria, which are
resistant to multiple antibiotics, represent a growing threat
to human health and has given additional impetus to
scientists to search for new drugs. In fact, novel
approaches for the development of new antibiotics have
been pursued, such as the combinatory chemistry tools, but
only a few new antibiotics are produced by the
pharmaceutical industry nowadays (Coates and Hu, 2007).
In this context, unusual sources, such as microorganisms
from extreme environments have begun to capture the
attention of scientists (Lo Giudice et al., 2007).
Polypeptide antibiotics which constitute the Bacillus
bacteria have been gaining importance as a result of
studies. Yilmaz et al. (2006) maintain that B. subtilis, B.
polymyxa, B. brevis, B. licheniformis, B. Circulans, and B.
Cereus are the most widley studied Bacillus species for the
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production of antibiotics. Polypeptide antibiotics produced
by Bacillus that are used in medical treatments are
bacitracin, gramycidin S, polymyxin, and tyrotricidin
(Morikawa et al., 1992; Perez et al., 1992; 1993; Drablos
etal., 1999).

A great number of microorganisms that inhabit soils are
in a constant interaction that partially determines the
physical, chemical, and biological properties of this
habitat. In the soil, microorganisms are highly important
for the biogeochemical cycle since they carry on most of
the biological changes in this environment. Thus, reports
on antibiotics-producing soil microorganisms were of high
interest to enlarge the list of target microorganisms
(Thakur et al., 2007). In their work of screening 110
actinomycete strains isolated from the soil of Indian
protected areas, a high level of active isolates were
selected for the isolation of more compounds.

Little attention has been paid for the screening and
isolation of new antibiotic producers in Jordan. Saadoun et
al. (2008) were able to isolate 161 different Streptomyces
isolates from soil samples representing different habitats of
north Jordan. These were then characterized and assessed
for their antagonistic activity against four clinical multi-
drug resistant Pseudomonas aeruginosa test pathogens. El-
Banna (2004) reported the isolation of Corynebacterium
xerosis from Jordanian soils in Jerash and studied its
antimicrobial activity against some bacteria and fungi.
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To understand microbial diversity in Jordan especially
in the eastern desert where the Hashemite University is
located, the surrounding environment should be studied
first. In Jordan, the Badia region (Eastern Desert) is
divided into two broad areas: (i) Hammad Land, which
expands from Nagab to the Jordan-lragqi borders in the
northeast; and (ii) the volcanic area of Hurra Land, which
is a part of Hurra of the Syrian Badia, and extends from
southwest Syria through northeast Jordan (McEachern,
1991). The Badia encompasses seven million hectares and
receives an average annual rainfall of less than 100 mm.
The prevailing climate is dry and hot during the summer
and very cold during winters, with rain in the form of
thundershowers. There are two main types of soil in this
area, the first type was formed as a result of the desert
climate; the second was formed as a result of a humid
climate, but now falls under the effect of the desert
climate. Soils in the eastern and central areas are affected
by lime rocks, and there are soils rich in gypsum,
especially in flat plains. This research has focused on
studying the area of the Hashemite University attempting
to isolate different antibiotic producers from soil samples
and evaluate their efficiency against different human
pathogens.

2. Materials and Methods

2.1. Sampling Procedure

Twenty-four soil samples were collected from different
regions around Hashemite University Campus using sterile
labeled conical tubes. The soil samples were collected
from the surface, 5 cm below the surface, and 20 cm below
the surface. The soil samples were processed immediately.

2.2. lIsolation of Antagonistic Bacteria

According to the method used by Chilcott and Wigley
(1993), each 1 g of the soil sample was suspended in 9 mL
sterile distilled water and shaken vigorously for two
minutes. The liquid was serially diluted in sterile distilled
water, and a 0.1 mL sample of the dilutions 10* to 107
was added into 20 ml of melted TBA agar. After
solidification of the medium, the plates were incubated at
30 °C for 24-48 hours. The bacterial colonies which
showed antagonism to the adjacent bacterial colonies were
picked up and subcultured to make pure cultures as
explained by Dubey and Maheshwari (2002).

2.3. Identification of Isolates

The isolates that showed antibacterial activity were
identified to the species level by observing their
morphology and biochemical reactions according to the
methods described by Brawn (2004) and Garrity et al.
(2001).

2.4. Extract Preparation

Each isolate was cultivated in flasks containing nutrient
broth (NB). The flasks were incubated at 30°C in an
incubator shaker (Human Lab, Korea) running at 100 rpm
for two days. After incubation, the cultures were
centrifuged at 6000 rpm for fifteen minutes, and the
supernatant was used as a cell-free extract as reported by
Yilmaz et al. (2006). An ethyl acetate extract for each
isolate was prepared by the addition of ethyl acetate to the
cell-free extract in a 1:1 ratio. The organic phase was

concentrated by evaporating the ethyl acetate at 45 °C. The
resulting crude extract was stored at 4 °C.

2.5. Antimicrobial Activity

The inhibitory effect of each isolate was tested against
different pathogens including Proteus mirabilis ATCC
12453, P. vulgaris ATCC 33420, Streptococcus
pneumonia ATCC 6303., Staphylococcus aureus ATCC
11632, Klebsiella oxytoca ATCC 13883, K. pneumonia
ATCC 10536, Escherichia coli ATCC 10145,
Pseudomonas aeruginosa ACTT 29737, Enterobacter sp.
ATCC 13047, and Salmonella sp. Group A ATCC 9150.
For each pathogen, a suspension of 0.1 mL from a culture
(ODsso = 0.5) was spread on a plate, and wells of 6 mm in
diameter were made in the agar. This was followed by the
transfer of 100 pL of the cell-free extract representing each
isolate into the wells in the agar plates directly. The
inoculated plates were incubated for twenty-four hours at
37°C, and the diameter of the inhibition zone was
measured. Streptomycin, amoxicillin, and bacteriocin were
used as controls.

2.6. Growth Optimization of Bacterial Isolates

The isolates were grown in Erlenmeyer flasks
containing a nutrient broth and were incubated at 28 °C, 31
°C, 34 °C, 37 °C and 40 °C in order to study the effect of
temperature on growth and antimicrobial activity. After
three days of incubation, the ethyl acetate extract was
prepared from each flask, and was tested at suitable
concentrations for the antimicrobial activity. To study the
time profile of growth and antimicrobial activity, each
isolate was grown in a nutrient broth at optimum
temperature and the samples were withdrawn every twelve
hours. To study the effect of medium pH on growth and
antimicrobial activity, each isolate was grown in a sterile
NB medium of different pH values (6.5-8). Furthermore,
the effect of nitrogen sources on growth and antimicrobial
activity was studied. The nitrogen sources used for this
purpose included yeast extract, peptone, urea and
ammonium sulfate (NH,),SO, at a conc. of 1 % (w/v).
Finally, the effect of the carbon source on growth and
antimicrobial activity was studied. The experiment was
performed as previously mentioned except for the addition
of different carbon sources. The C- sources used were
glucose, glycerol, starch, and sucrose and were mixed with
the medium before sterilization. To analyze the results of
the process of optimization, the dissolved protein content
was recorded according to Lowry et al. (1951) and the
CFU was calculated each time a sample was withdrawn.
This was followed by estimating the antimicrobial activity
of each isolate after a specific treatment as previously
mentioned.

2.7. Effect of Extracts Concentration on Pathogens
Growth

The effect of ethyl acetate extract concentration
prepared from each isolate on the pathogens was studied
through two experiments: (1) elevating the concentration
of ethyl acetate extract to cause more inhibitory effects.
This was achieved by adding different concentrations of
the ethyl acetate extract of each isolate (40, 60, 80 and 100
pL) in the wells of agar plates which were pre-streaked
with pathogens. (2) Adding different concentrations of the
ethyl acetate extract of each isolate (40, 60, 80, 100, 500
and 1000 pL) to the 100 mL nutrient broth inoculated with
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0.1 mL (107 CFU) of the bacterial broth culture containing
a test pathogen, incubated for twenty-four hours at 37 °C.
Thereafter, the optical density (ODsso) of the culture was
measured.

2.8. Statistical Analysis

Statistical analysis of the data was performed using
ANOVA (analysis of variance), and Tukey test was
applied to test the significance at (P < 0.05) (Tukey, 1949).
The significant differences among the values were
expressed as letters. Standard errors among the replicates
and duplicates were represented by bar on the figures and
+ in the tables.

Table 1. Biochemical activities and characteristics of the isolates.

3. Results

3.1. Isolation and Identification of Antibiotic —producing
Bacteria

Under the objective of the isolation of antimicrobial
producers, soil samples from the Hashemite University
area were collected. A large number of bacteria were
isolated and tested for their antimicrobial activity. Five
isolates showed antimicrobial activity against different
bacterial pathogens. Four of these isolates were identified
as Bacillus species: B. firmus, B. circulans and two B.
stearothermophilus isolates, while the fifth isolate was
undetermined due to variations in the results of the
biochemical reactions of this isolate (Table 1).

Bacterial isolates

Tests B. stearothermophilus B. stearothermophilus B. firmus B. circulans Unknown
isolate 1 isolate 2 isolate isolate isolate
Gram’s reaction + + + + +
Cell shape rod rod Rod rod rod
Motility + + - + -
Catalase production + + + + -
Glucose fermantation + + - + -
Starch hydrolysis + + + + -
Endospore + + + + -
Oxygen requirements aerobic aerobic Aerobic aerobic aerobic
Benzidine reaction + + + + -
Citrate Utilization - - - - -
Voges-Proskauer Test - - - - -
Growth at 50° C + + - + -
Growth at 60° C + + - -

3.2. Antimicrobial Activity Test

The antimicrobial activity of the isolates was studied
against different pathogens (Table 2). The isolates showed
high to low antimicrobial activity. The results revealed that
the ethyl acetate extract of the B. stearothermophilus
isolate 1 has an inhibitory effect against P. aeruginosa, P.
mirabilis, S. aureus and S. pneumonia, while the second
isolate of B. stearothermophilus showed an inhibitory
effect against P. mirabilis, E. coli, S. aureus, S. pneumonia
and K. oxytoca. The third isolate, B. firmus, showed only
an inhibitory effect against P. mirabilis, whereas the fourth
isolate, B. circulans isolate, has an inhibitory effect
against P. mirabilis, E. coli, S. aureus, S. pneumonia and
K. oxytoca. On the other hand, the unknown isolate has an

inhibitory effect against the gram-positive bacteria S.
aureus and S. pneumonia only. The highest antimicrobial
activity was achieved from the ethyl acetate extract of B.
circulans isolate against K. oxytoca with an inhibition zone
of 33.67+ 0.88 mm, while the lowest antimicrobial activity
was obtianed from the ethyl acetate extract of B.
stearothermophilus isolate 2 against S. aureus with an
inhibition zone of 17.67 + 1.45 mm. B. stearothermophilus
isolate 2 showed a broad antimicrobial activity against
gram-positive and gram-negtive pathogens (P. mirabilis, S.
pneumonia , S. aureus, K. oxytoca, E. coli). However,
none of the five isolates showed any antimicrobial activity
against K. pneumonia, Enterobacter sp., Salmonella sp.
and P. vulgaris or even against different yeasts employed.
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Table 2. Antimicrobial activity of the five isolates against the tested pathogens

Zone of inhibition (mm) *

Pathogens/ Gram B. B. B. firmus B. circulans Unknown Cl c2 C3
stain stearothermophilus stearothermophilus isolate

isolate 1 isolate 2
S. pneumonia /Gram 22 + 2.08a 18 +1.73a NI 2433+0.67a 20.67+2.33a 19+0.48a 20+ 1.06a 23.77 +1.20a
+ve
Staph. aureus/Gram 22 +2.08a 17.67 £ 1.45a NI 2576 £2.33a 24 +2.58a 18 +£0.51a 20+1.15a 23.66 * 1.20a
+ve
P. mirabilis/Gram -ve 20.33 + 1.76a 18.67 + 1.86a 2367+0.88a 21.33+0.88a NI 18+0.58a 20+ 1.16a 22.76+1.20a
K. oxytoca/Gram -ve NI 27.33+3.18b NI 33.67+0.88b NI 18 +0.58a 20+1.1la 22.72+1.20a
E. coli/Gram -ve NI 32.33+2.1% NI NI NI 19+057a 20+1.16a 21.66+1.20a
P. aeruginosa/Gram - 21.33 + 1.03a NI NI NI NI 20+0.68a 21+1.13a 22.76+1.20a
ve
K. pneumonia/Gram - NI NI NI NI NI 19+0.48a 20+1.06a 23.77 +£1.20a
ve
Ent. aerogenes/Gram NI NI NI NI NI 18 +0.58a 20+1.1la 22.72+1.20a
-ve
S. typhi/Gram -ve NI NI NI NI NI 19+057a 20+1.16a 21.66+1.20a
P. vulgaris/Gram -ve NI NI NI NI NI 20+0.68a 21+1.13a 22.76+1.20a

* Values represent the means + standard error of the mean (SE) of triplicate measurements. P value < 0.0001. If the letters are similar (a
with a or b with b) between two values this means there is no significant difference, while if the letters are different between two values this
means there is significant difference. NI: No inhibition. C1, C2 and C3 are the control antibiotic disks (10 pg/disc; C1: Streptomycin, C2:

Amoxicillin and

3.3. Effect of Temperature, pH, Nitrogen Sources and
Carbon Sources on Isolates Growth and their
Antimicrobial Activity

The effect of temperature on the isolates’ growth
showed that the isolates were able to grow at temperatures
ranging between 28 °C and 40 °C. The optimum
temperature for a higher growth was at 31 °C for the B.
circulans isolate, B. stearothermophilus isolate 2 and the
unknown isolate, while it was 37 °C for the B. firmus
isolate and 28 °C for B. stearothermophilus isolate 1
(Table 3). The nitrogen source, pH value and temperature,
which were needed for maximal yield of the antimicrobial
activity, seem to differ among the bacterial isolates. The
optimum temperature, pH, and nitrogen source for the five
isolates are summarized in Table 3. After optimization of
the isolates’ growth, the maximum antibacterial activity
was achieved from the cultures of B. stearothermophilus
isolate 2 during growth at 31 °C temperature after seventy-
two hours of incubation where the optical density of the
culture and the zone of inhibition elevated significantly
(Figure 1). Nevertheless, after ninety-six and 120 hours of
culturing the isolates, the isolates started to cease as the

Table 4. Effect of carbon sources on the isolate’s antimicrobial activity.

optical density of the culture decreased noticeably. On the
other hand, there was a high degree of variation in the
level of antimicrobial activity when different carbon
sources were tested in the medium. Glycerol was the most
effective in increasing antimicrobial activity of B. firmus
and B. circulans isolates followed by starch, sucrose, and
glucose. Starch was the most effective in enhancing the
antimicrobial activity of the two isolates of B.
stearothermophilus and the unknown isolate followed by
glycerol, sucrose, and glucose (Table 4).

Table 3. Optimum temperature, pH, and nitrogen sources for the
growth of the five isolates.

Isolate Temperature  Nitrogen pH
source

B. stearothermophilus isolate 1 28 °C Peptone 7

B. stearothermophilus isolate 2 31°C Urea 8

B. firmus 37°C Peptone 75

B. circulans 31°C Peptone 8

Unknown isolate 31°C Yeast extract 7

* Values represent the means + standard error of the mean (SE) of duplicate measurements. P value < 0.01. If the letters are similar ( a with
a or b with b) between two values this means there is no significant difference, while if the letters are different between two values this

means there is a significant difference. NI: No inhibition.

Diameter of inhibition zone (mm)* in pathogen cultures

Isolate/carbon source P. mirabilis S. pneumonia Staph. aureus K. oxytoca E.coli P. aeruginosa
B. stearothermophilus isolate 1/ 23.23+156b  23.23+1.56b 23.23+1.56b 2323+156b 23.23+1.56b 23.23+1.56b
starch

B. stearothermophilus isolate 2/ 2267+1.76b  22.67+£1.76b 22.67 +1.76b 2267+1.76b 22.67+1.76b 22.67 +1.76b
starch

B. firmus/ glycerol 26.77£0.30b NI NI NI NI NI

B. circulans/ glycerol 2533+0.88b  26.67 +£1.18b 25.76 +2.33b 35.67+£0.88d NI NI

Unknown isolate/ starch NI 25.13 +£1.88b 25.16 £ 1.13b NI NI NI
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Figure 1. Time profile of the isolates’ growth and their effect on the tested pathogens in agar- well diffusion method. A) B.
stearothermophilus isolate 1 and its effect on P. aeruginosa B) Unknown isolate and its effect on S. pneumonia. C) B. stearothermophilus
isolate 2 and its effect on P. mirabilis. D) B. firmus and its effect on P. mirabilis. E) B. circulans and its effect on S. aureus. Growth is
represented by the absorbance value (ODss) and the antimicrobial activity is represented by the zone of inhibition (mm). Values represent
the means + standard error of the mean (SE) of triplicate measurement. P value < 0.01.

3.4. Antimicrobial Activity vs. Extracts Concentration

To study the inhibitory effects of the five extracts,
different concentrations of each extract were tested against
the pathogens’ growth. This was achieved after preparing a
liquid culture of each pathogen containing different
volumes of the ethyl acetate extracts. The antimicrobial
activity was determined according to the optical density of
the pathogen cultures measured at 550 nm and the
inhibition zone (mm) using the agar-well diffusion
method. It was noticed that when the concentration of the
ethyl acetate extract increases in the pathogen’s liquid
culture, the optical density at 550 nm of all bacterial
cultures decreased to more than 50 % (Figure 2).
Noticeably, when a 1000 pul of the ethyl acetate extract was
used, the growth of pathogens ceased as the reading of
ODs5y was close to zero. In addition, when the
concentration of the ethyl acetate extract increases in the
agar wells from 40 pl to 100 pl, the zone of inhibition
(mm) increased and doubled against all pathogens
throughout the experiment especially in the case of K.
oxytoca and S. pneumonia (Figure 3).
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Figure 2. Effect of the ethyl acetate extract concentration of the
isolates against tested pathogens A) S. pneumonia B) P. mirabilis
in liquid cultures. The ODssg represents the pathogen growth after
incubation for 48 hrs. Values represent the means + standard error
of the mean (SE) of duplicate measurement. P value < 0.01.
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Figure 3. Effect of the ethyl acetate extract concentration of the
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represents the antimicrobial activity of the isolate. Values
represent the means + standard error of the mean (SE) of duplicate
measurements. P value < 0.01.

4. Discussion

Bavishi et al. (2017) maintain that in searching for new
antibiotics, relatively simple and rapid methods have been
developed for screening microorganisms for antibiotic
producing abilities. The emergence of antibiotic resistance
and the need for better, broad-spectrum antibiotics is
always in high demand. In the present study, antibiotic-
producing bacteria were isolated from a local soil sample.
As a result, there is an urgent need for developing new
drugs which are effective against current antibiotic-
resistant pathogens. Most antibiotics used today are
isolated and extracted from microbial sources. The
Hashemite University area was selected for its unique arid
Badia climate which contains environmental pressures that
might increase the availability of antimicrobial activity of
microorganisms. These stress conditions may affect the
metabolism of these microorganisms and enhance their
antimicrobial activity.

The antimicrobial spectrum of the active substance
produced from the five isolates, determined by the agar
diffusion method, inhibited the growth of strong gram-
positive and gram-negative bacteria. This could be due to
the nature of the isolates’ growth in their habitats and the
stress conditions they live in; where most antibiotic-
producing microorganisms are found, life is competitive.
Leifert et al. (1995) stated that bacteria produce
antimicrobial substances that function as self-defense
against other organisms or as bio-control activity. As
reported by Lancini and Prrenti (1982), the inhabitance
must compete for carbon, nitrogen, and phosphate needed
for their growth. A successful competition may be insured

by the inhibition of the growth of other organisms through
the production and secretion of substances interfering with
their metabolism (antibiotics). In comparison to the three
controls which were used, namely streptomycin,
amoxicillin, and bacteriocin, there has been a significant
difference in the activity of the ethyl acetate extract of B.
stearothermophilus isolate 2 against K. oxytoca with an
inhibition zone of 27.33 + 3.18 mm and E. coli with an
inhibition zone of 32.33 + 2.19 mm. Also, there has been a
significant difference in the activity of the ethyl acetate
extract of B. circulans isolate against K. oxytoca with an
inhibition zone of 33.67 + 0.88 mm.

In this study, throughout the screening for
antimicrobial-producing microorganisms, five bacterial
species were isolated from soil samples collected from the
Hashemite University and identified as B. firmus, B.
circulans and two of the B. stearothermophilus isolates,
while the fifth isolate is still unknown. Soil samples are
commonly employed in discovering antibiotic- producing
organisms. The production of antibiotic microorganisms
from the soil is affected by many factors including
nitrogen and carbon sources. It is well known that Bacillus
sp. in general is able to produce several kinds of antibiotics
such as gramicidin, tyrocidine, bacitracin, mycobacillin,
surfactin, bacilysin, bacilysocin, and subtilin (Mannanov
and Sattarova, 2001).

Under the conditions of the present investigation, the
active substances of the five isolates have possibly
accumulated late in the growth cycle (stationary phase) in
the culture reaching their maximum after seventy-two
hours of incubation. The processing time needed for the
maximal yield of the antimicrobial-substance production
seems to be different among the bacterial isolates, 36-40,
72 and 120 hours which is in agreement with the results of
Zheng and Slavik, 1999; Janisiewicz and Roitman, 1988;
El-Banna and Winkelmann, 1998. Abdulkadir and Waliyu
(2011) isolated Bacillus lentus, Micrococcus roseus,
Bacillus alvei, Enterobacter aerogens, and Bacillus
pumillus from soils and the inhibitory activities of the
isolated microorganisms were checked against some of the
important  opportunistic  microflora  such as the
Staphylococcus aureus and Pseudomonas species. Demain
(1986) points out that in a batch culture, processes leading
to the production of antibiotics are sequential; the cultures
exhibit a distinct growth phase followed by a production
phase, and timing depends on the nutritional environment
presented to the culture. In this study, it was necessary to
improve the process of antimicrobial production by
studying the effect of temperature, pH, nitrogen source and
carbon source. It was found that nitrogen and carbon
supplementation was required for improving the
antimicrobial activity and their sources seemed to differ
among the bacterial isolates. Gutiérrez-Rojas et al. (2011)
reported that the yeast extract was the best nitrogen
sources for the Azotobacter chroococcum growth in
comparison with meat extracts, NH,Cl and (NH,4),SO,.
On the other hand, Dikin et al. (2007) reported that
peptones had the most significant effect on the production
of antimicrobial substances from bacteria against
Schizophyllum commune FR. These findings are in
agreement with the results of the current investigation
where most of the Bacillus isolates preferred to utilize
peptone as a nitrogen source (Table 3). Moreover, when
the same experiment was repeated to study the effect of
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different carbon sources on isolates growth and
antimicrobial activity, it was found that glycerol and starch
were the most preferred carbon sources to enhance the
isolates’ growth, and improve the antimicrobial activity.
Bhattacharyya et al. (1998) maintain that glycerol
supported the antibiotic production by Streptomyces
hygroscopicus D1.5 against the tested pathogens better,
while glucose was the most suitable carbon source for the
maximum phenazine production by Pseudomonas
fluorescens 2-97 as reported by Slininger and Shea-wilbur
(1995). Moreover, Gutiérrez-Rojas et al. (2011) mentioned
that sucrose was the best carbon source to support the
Azotobacter chroococcum growth and metabolism. This all
can be explained by the fact that rapidly metabolizable
carbon sources are preferred for microbial growths, but
may interfere with the biosynthesis of secondary
metabolites. Demain (1986) studied the use of different
carbon sources and found out that simple sources are
depleted simply while complex ones are utilized during the
antibiotic synthesis phase.

Furthermore, the effect of the ethyl acetate extract
concentrations of the Bacillus isolates on the tested
pathogens was investigated. It was found that when the
concentration of the extract increases in the agar-well
diffusion method or in the liquid-culture experiments, the
growth of pathogens reduces to more than a half and
causes more inhibitory effects. These results are in
agreement with Sharma et al. (2015) and Cao et al. (2009)
who studied the production and antimicrobial activity of a
biosurfactant produced by Bacillus sp. They found that the
antimicrobial activity increased with increasing the
concentration of biosurfactant using the disk diffusion
method. In previous studies, it was reported that the
antibiotics produced by Bacillus species are more effective
against gram-positive bacteria (Morikawa et al., 1992;
Perez et al., 1993; Eltem and Ucar, 1998). However, in
this study most of the isolates showed a remarkable
antibacterial activity against gram-negative pathogens.

5. Conclusion

Five antibacterial-producing Bacillus sp. were isolated
from the soil of the Hashemite University area and were
measured for their antimicrobial activity against different
bacterial pathogens. Four of these isolates were identified
as Bacillus species and the last one is still unknown. The
highest antimicrobial activity was achieved from the ethyl
acetate extract of B. circulans isolate against K. oxytoca
with an inhibition zone of 33.67 + 0.88 mm, while the
lowest antimicrobial activity was obtained from the ethyl
acetate extraction of B. stearothermophilus isolate 2
against Staphylococcus aureus with an inhibition zone of
17.67 + 1.45 mm. The highest antimicrobial activity was
recorded from the extract of B. stearothermophilus isolate
2 against five bacterial pathogens including gram-positive
and gram-negative strains. Further work is required to
identify the antimicrobial metabolites of the isolates and
access their efficacy after purification compared with
currently available antibiotics.
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antimicrobial activity of B. stearothermophilus isolate 1 against
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-

o 500 1000 1500
Concentration of cell free extract (ul/ 20 ml nutrient agar)

Optical Density (550 nm)
e & © © o
T R ¢ %29

o
o
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Abstract

The bacterial strain of Klebsiella pneumoniae. is a non-motile, encapsulated, lactose-fermenting, facultatively anaerobic, and
gram-negative rod, which appears as a mucoid lactose fermenter on the MacConkey agar. The present study shows that this
bacterium consumed either 2-chlorobenzoate, 3-chlorobenzoate, 3,4-dichlorobenzoate, or 4-chlorobenzoate as a sole carbon
source when grown in aerobic pure cultures. A further enhancement in this bacterial uptake of chlorobenzoate was observed
when a 0.2 % yeast extract was supplemented to the pure cultures. Klebsiella pneumonia was able to cleave 100 % of the 4-
chlorobenzoate ring, 89 % of the 3, 4—dichlorobenzoate ring, 84 % of the 3-chlorobenzoate ring, and 70 % of the 2-chloro-
benzoate ring, after an incubation time of seventy-two hours. Concomitantly, the aromatic ring degradation was linked with
the release of chloride atoms at a rate of 2.62x10° mol/h from 4-chlorobenzoate, 2.3x10° mol/h from 3,4-dichlorobenzoate,
2.11x10° mol/h from 3-chlorobenzoate and 1.91x10° mol/h from 2-chlorobenzoate, respectively. A mixing of Enterobacter
aerogenes with Klebsiella pneumoniae in a consortium culture had inhibitory effects on this biodegradation process. The
present data suggest that a complete enzymatic system is potentially present in Klebsiella pneumonia to biodegrade
chloroaromatic compounds, and this system is more competent to degrade 4-chlorobenzoate than other investigated

chlorobenzoates.

Keywords: Klebsiella pneumoniae, Chlorobenzoate, Aromatic ring, Biodegradation

1. Introduction

Polychlorinated biphenyls (PCB) are often released into
the environment as a result of natural microbial processes
involving the degradation of vast amounts of agricultural
and industrial chlorinated organic chemicals mainly
produced from the herbicide and pesticide wastes
(Monferran et al., 2005; Field and Alvarez, 2008; Sunday
et al., 2008). Since, aerobic bacteria are incapable of
catabolizing these chloroaromatic compounds further
(Shields 1985), a more extended biodegradation of PCB is
usually terminated with the accumulation of chloro-
benzoate intermediates (Adriaens 1991). However, due to
the irrelative toxicity and high persistence in the
environment, the accumulation of contaminated chloro-
benzoates may endanger the water supplies and food
chains (Adriaens 1991). Hence, the investigations of
chlorobenzoates metabolic fate and their microbial
biodegradation should be among researchers’ top interests
to eliminate their environmental pollutions (Wang et al.,
2007). The released chlorobenzoates from their
environmental sources frequently contain different
numbers and positions of chlorine atoms on the aromatic
rings (Adebusoye 2008). However, the influence of chloro

* Corresponding author e-mail: Sameer_naji@hotmail.com.

-substituent position on the subsequent outcome of
chlorobenzoate bio-removal from the environment is not
very clear and its exploration may add further knowledge
to the understanding of this biodegradation process
(Praveena 2007). Similar to other chlorinated aromatic
compounds, the chlorobenzoates are relatively stable
molecules due to the presence of carbon-chlorine bonds,
which tend to hamper this biodegradation process
(Hernandez et al., 1991). Despite these restrictions, several
bacterial strains have managed to degrade chlorobenzoates
by adopting certain aerobic and anaerobic metabolic
pathways. The aerobic mechanism generally proceeds
through the modified ortho-cleavage pathway using
chlorocatechols as central intermediates, (Kasberg, 1995)
or by hydrolytic dehalogenation with the hydroxybenzoic
acid as an intermediate (Radice 2007). So far, very little
knowledge is available on the aerobic biodegradation of
the chlorobenzoate compounds by the gram-negative
bacteria Klebsiella pneumoniae. The potential of this
bacterial strain to carry out the aerobic degradation of
differently chloro-substituted benzoates is investigated in.
present work.
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2. Materials and Methods

Klebsiella pneumonia and Enterobacter aerogenes
strains were maintained on a Luria Broth (LB) medium
containing 10g Trypton, 10g Sodium chloride and 5g
Yeast extract, per one liter.

The bacterial growth on chlorobenzoate compounds as
a sole source of carbon and energy was carried out using
Minimal Salts Medium (MSM). This medium contained
(per one liter) a mixed solution of (1.36 g) KH,PO,, (2.43
g) Na,HPO,, (0.5 g) (NH4),S0y, (0.2 g) MgSO,.7H,0,
(0.002 g) CaSO,:, (0.005 g) FeSO,4:7H,0, (0.0025 g)
NaMo0O,-2H,0, and (0.0025 g) MnSO,. Each culture was
prepared in 50mL of MSM and was supplied with a
chlorobenzoate compound. The cultures were inoculated
with bacterial cells equivalent to 0.25 OD at 600nm
(approximately 5X107 cells/mL), and the growth biomass
was checked by determining the absorbance at OD 600
nm. The biodegradation of chlorobenzoate compound was
monitored by the release of inorganic chloride, which was
estimated turbidimetrically as AgCI precipitation using the
wavelength 525 nm (Hickey and Focht, 1990). The levels
of chloride atoms were calculated from a standard chloride
curve of linear concentration from 05 to 2 mM.
Additionally, the residual amount of chlorobenzoate
remaining after ring cleavage was determined by
measuring the decrease in absorbance at 263 nm
(Manikandan et al., 2007).

The average rate of chlorobenzoate degradation (mM
amounts of chloride released or % of aromatic ring
cleavage per hour) was estimated from the best fit for the
non-linear regression equation. The data of this equation
were extrapolated from the initial velocity of chloro-
benzoate transformation (approximately the early twenty
hours of incubation time) as described previously for the
degradation of chloroaromatic phenols (Loh 1998,
Mendonca 2004).The initial degradation rate of each
compound was calculated by dividing 50 % of the residual
aromatic ring remaining or the amounts of chloride
released/ the time required to cause this amount of
degradation. The reported data represent an average of the
values obtained from duplicate experiments.

3. Results

3.1. Optimal Growth Conditions of Klebsiella
pneumoniae on Chlorobenzoate Compounds

A preliminary screening of K. pneumonia growth
conditions on MEM medium resulted in selecting an
optimum concentration of chlorobenzoate equal to 3.5 mM
at pH 7 and an incubation temperature of 37°C in addition
to the agitation rate of 150 rpm (data not shown). Under
these optimum conditions, the K. pneumonia strain was
able to consume 4-chlorobenzoate (4-CBA) as a sole
carbon source and attended the stationary phase almost
within seventy-two hours, when the bacterial growth was
monitored by the OD measurement at 600 nm (Figure 1).

A control culture, incubated for 120 hours without the
4-cholorobenzoate supplement, produced less than one
tenth of the total bacterial mass produced in the presence
of the chlorobenzoate compound.
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Figure 1. Optimum growth conditions of K. pneumonia on MSM.
The medium containing 3.5 mM of 4-CBA compound at pH 7,
temperature 37°C, and an agitation rate of 150 rpm. Similar
culture lacking the 4-CBA was used as a control. Bacterial growth
was expressed as OD at 600 nm.
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Figure 2. Effect of yeast extract supplementation on the growth of
K. pneumonia using 4-CBA. The yeast extract was supplemented
to the MSM at the following proportions 0, 0.05 %, 0.1 %, 0.15 %
and 0.2 %. Growth conditions were similar to those described in
the legend of Figure 1. Ye= yeast extract

3.2. Effects of Different Chlorosubstituents on the
Growth of Klebsiella pneumoniae

K. pneumoniae was able to grow on either 2-
chlorobezoate (2-CBA), 3-chlorobenzoate (3-CBA), 3, 4-
dichlorobenzoate (3, 4-CBA) or 4-chlorobenzoate (4-
CBA) as a sole carbon source (Figure 3). When the 4-
CBA derivative was consumed, this bacterial strain
produced a maximum growth of 2.8 OD in addition to
attending the stationary phase much quicker than after the
utilization of other chlorobenzoates. On the other hand,
after the consumption of 2-CBA, this strain showed the
lowest bacterial growth (1.5 OD) and the slowest rate to
attend the stationary phase. (Figure 3). K. pneumoniae
expressed a better growth rate on 3-CBA compared to 2-
CBA, while after consuming the 3, 4-CBA chloro-
substituted compound, an intermediate growth rate
between those achieved by the 3-CBA and 4-CBA
compounds was obtained.
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Figure 3. Effects of different chlorobenzoates on K. pneumonia
growth. The growth of K. pneumoniae expressed as OD at 600nm,
was measured per time using 3.5 mM of either 2.CBA,3CBA,3,4
CBA and 4-CBA.Conditions were similar to Figure 1,except that a
0.2 % yeast extract was added to the MSM medium.

3.3. Biodegradation of Chlorobenzoates by Klebsiella
pneumoniae

All four chlorobenzoate derivatives were degraded by
Klebsiella pneumonia in the MSM medium, and their
efficiency of degradation was expressed in the order 4-
CBA -3,4-CB- 3-CBA-2-CBA.

The process of chlorobenzoate degradation was
monitored by two biochemical parameters:

1. Measurement of the residual amount of
chlorobenzoate remaining after ring cleavage as
determined by the decrease in absorbance of chloro-
benzoates ring at 263 nm. The extent of this ring cleavage
was estimated in comparison with benzoic acid as a
reference. A high rate of ring cleavage was produced by 4-
CBA, which was almost equal to the rate of ring
breakdown obtained with the benzoic acid (Figure 4).
After an incubation time of seventy-two hours both of the
4-CBA and the benzoic acid aromatic compounds
exhibited almost 100 % cleavage of their rings by K.
pneumoniae. Under similar incubation conditions, the
other three chlorobenzoates of 2-CBA, 3-CBA and 3,4-
CBA showed proportional degradation rates of
approximately 70 %, 84 %, and 89 %, respectively.

Astoichiometric extrapolation of the chlorobenzoates
biodegradation rate was obtained from the linear portion of
degradation curve (table 1). In parallel to the results
obtained in Figure 4, the highest rate of ring cleavage by
K. pneumoniae was obtained with 4-CBA(10.4x107 g/h)
followed by 3,4- CB (9.8x10° g/h) then 3-CBA (9.1x107°
g/h), and the least degradation rate was scored by 2-CBA
(8.8 x 107%g/h), respectively.
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Figure 4. Time course of aromatic ring breakdown. The residual
amount of chlorobenzoate remaining after K. pneumoniae ring
cleavage was determined in the MSM medium, by measuring the
decrease in absorbance at 263 nm. Each chlorobenzoate
compound was used at the concentration of 3.5 mM.

2. Determining Chloride Release from the Degradation
of Chlorobenzoates.

In order to avoid any discrepancy in the estimation of
chloride release during the chlorobenzoate degradation, the
CaCl, component in the MSM medium was replaced by
CaSO4. Such metal replacement did not mark any
significant interference with the rate of K. pneumoniae
growth on the chlorobenzoate substrates. The bacterial
biodegradation of all four chloro-substituted benzoic acid
derivatives on this chloride-free MSM medium exhibited
different rates of chloride release (Figure.5). The
stoichiometry for the rate of this chloride release showed a
decrease in the order 4-CBA (2.62x10° mol/h)>3, 4-CBA
(2.3x10° mol/h) >3-CBA (2.11x10° mol/h)>2-CBA
(1.91x10°° mol/h, respectively (Table 1).
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Figure 5. Rate of chloride release. The mM concentration of
inorganic chloride release after K. pneumoniae degradation was
estimated turbidimetrically as AgCl precipitation using the
wavelength 525 nm and was plotted against time (hours).
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Table 1. Rate of chlorobenzoates’ biodegradation. The average
rate of each chlorobenzoate (CBA) biodegradation (mM amounts
of chloride released or % of aromatic ring cleavage per hour) was
estimated from the best fit for the corresponding non-linear
regression equation of initial velocity.

Type of Chlorobenzoate Derivative

2-CBA 3-CBA  3,4-CBA 4-CBA

Chlorobenzoate ~ 8.8x10° 9.1x10°  9.8x10°  10.4x10°
ring cleavage (g/h)

Chloride released  1.91x10°  2.11x10°  2.3x10°  2.62x10°
(mol/h)

3.4. Comparison of Single Bacterial Species and Mixed
Bacterial Consortium to Degrade Chlorobenzoates

A comparison of the bacterial growth curve and the rate
of chlorobenzoate biodegradation was conducted between
the single culture of Klebsiella pneumoniae and a
consortium mixture containing this bacterial strain in
addition to the gram-negative strain Enterobacter
aerogenes. Data in Figures 5 and 6 indicate the production
of an antagonistic effect by the consortium bacterial
mixture that resulted in reducing the actions of Klebsiella
pneumoniae on chlorobenzoate biodegradation.
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Figure 6. Comparison of chlorobenzoates biodegradation between
single species versus consortium bacteria: (A) Growth curve of
3.5 mM 3-chlorobenzoate in the MSM medium by either the
single species of Enterobacter aerogenes or Klebsiella
pneumoniae in comparison to a mixed culture containing both
bacterial species. Growth conditions were similar to the legend of
Figure 3. (B) Biodegradation of 3.5 mM 3-chlorobenzoate by
either the single species of Enterobacter aerogenes or Klebsiella
pneumoniae in comparison to the mixed culture containing both
bacterial species. Biodegradation conditions were similar to the
legend of Figure 4.

4. Discussion

This study is mainly focused on evaluating the potential
of Klebsiella pneumoniae to degrade the chlorobenzoate
compounds 2-chlorobenzoate, 3-chlorobenzoate, 3, 4-
dichlorobenzoate and 4-chlorobenzoate in pure cultures.

The present data showed that all these four
chlorobenzoates can be degraded aerobically by this
bacterial strain, but the efficiency of degrading the
parachloro-substituent is higher than the rest of
chlorobenzoate derivatives being investigated. Further-
more, the presence of chloride atoms in the meta-para
dichloro-substitution displayed a better degradation
efficiency compared to the single chloro-subtitution at the
meta- position. An initial lag period of about twenty hours
was observed during the degradation of chlorobenzoate
rings. This lag period is probably the outcome of a delay in
the time required to obtain full activation of the
appropriate degrading enzymes. The findings of this study
concerning the selective degradation of chlorobenzoates by
Klebsiella pneumoniae are inferred from the increase in
the bacterial biomass, the stoichiometric release of
chloride atoms and the proportional amounts of aromatic
substrate being cleaved during the degradation process.
The researchers conceive that that the bacterial selectively
to degrade different chlorobenzoates might be influenced
by the potential of these compounds to readily lose the
chloride atoms. Naturally, the aerobic bacterial
biodegradation pathway of 4-CBA is initiated by an early
step of dechlorination to generate the intermediate
hydroxybenzoate = (Zhuang 2003, Radice 2007).
Subsequently, this intermediate undergoes an aromatic
ring opening through the B-ketoadipate pathway (Tobita
1992).

On the other hand, in the aerobic biodegradation
pathways of 2-chlorobenzoate and 3-chlorobenzoate, the
lack of a preliminary step to eliminate chloride atom(s)
may force these halogen atoms to remain trapped within
the molecular structure of chloroaromatic intermediates
(Chatterjee 1981, Hickey 1990, Krooneman 2000,
Providenti 2001). A further dechlorination can only take
place, when these chloroaromatic intermediates undergo a
late ring opening. Thus, a rapid removal of the chloride
atom at the early step of the degradation pathway may
serve as the driving force that facilitates the biodegradation
of 4-CBA.However, in those chlorobenzoates that lack
such early dechlorination step, the delay in the elimination
of chloride atoms may hamper their degradation
efficiency. Noteworthy is when the chloride atom is
remained persistently attached to the benzene ring, perhaps
interfering with the dioxygenase enzymes action
(Scholten1991, Vrchotova 2013, Arora 2014), and leading
to an increase in the tendency of chlorobenzoates to resist
bacterial biodegradation (Field 2008). This enzymic
interference is attributed to both steric and electronic
effects, since the chloride atoms have larger and more
electron-withdrawing properties than the hydrogen atoms.

In most studied bacterial strains, the biodegradations of
chlorobenzoate is mainly affected by the position of the
chloro-substituents on the aromatic ring rather than the
number of chloride atoms, (Baggi, 2008). However, there
is a great diversity among these bacterial strains regarding
the effects of chloride substituent position on the selection
of chlorobenzoate substrate for biodegradation. Some
aerobic bacterial strains are similar to Klebsiella
pneumoniae, which favor a selective degradation of 4-
chloro-substituted benzoates over other types of
chlorobenzoates. This category of bacteria includes
Arthrobacter sp., (Shimao 1989, Radice 2007, Zhuang
2003,), the Cupriavidus sp., (Adebusoye 2017),
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Pseudomonas aeruginosa (Hoskeri 2011), Acinetobacter
sp. (Kobayashi 1998),and Nocardia sp. (Klages 1979).

There are few strains in this category including
Acinetobacter sp. (Kobayashi 1998) and Arthrobacter sp.
(Vrchotova, 2013) which are so specific towards their
biodegradation substrates, and can only degrade 4-CBA,
but no other chlorobenzoate substituents.

In contrast, some aerobic strains such as Rhodococcus
erythropolis strain (Yun 2007) or Pseudomonas stutzeri
(Kozlovsky 1993) or the bacterial mixture of
Stenotrophomonas maltophilia, Cupriavidus necator and
Flavobacterium sp.(Baggi 2008) show high resistance to
the catabolism of the para-substituent chlorobenzoate,
preferring the degradation of ortho- and/or meta-
chlorobenzoates more than the para-chlorobenzoates (Yun
2007).

On the whole, the selective degradation of
chlorobenzoates by aerobic pathway seems to depend on
the type of bacterial strain, the chlorination position of
benzoate compound, the availability of inducible key
metabolic reactions, and the presence of a suitable system
for uptake.

Data in the current study suggest that a limited
enrichment of the Klebsiella pneumoniae culture with a
yeast extract can improve the bacterial consumption of
chlorobenzoates as sole carbon sources. This is agreeable
with the reported significance of this nitrogen supplement
to enhance the aerobic degradation rate of some
xenobiotics (Armenante 1995; Fava 1995).

Although pure cultures can be useful for clarifying
certain details on biodegradation pathways, the existence
of bacterial strains in community can be environmentally
significant in broadening the biodegradative capacity of
xenobiotics as well decreasing the burden of toxicity on
the biodegradation process (Grady, 1985).

In an attempt to investigate the significance of mixing
Klebsiella pneumoniae in a consortium culture with
Enterobacter aerogenes on the rate of chlorobenzoate
degradation, this study has found out that such consortium
has antagonist effects. Therefore, when both strains are
present within a consortium, they show a competition
towards the consumption and degradation of 4-
chlorobenzoate, which indicates that they share the same
degradation pathways of this chlorobenzoate derivative.

5. Conclusion

The Klebsiella pneumoniae strain is highly efficient in
the degradation of the chlorobenzoate compounds 4-CBA,
3, 4-dCB, 3-CBA, and 2-CBA as carbon and energy
sources, but favors the biodegradation of 4-CBA over
other chlorobenzoates derivatives. These data highlight the
potential of this bacterial strain as a useful candidate to
clarify future contaminations of environmental sites with
mixtures of Chlorobenzoates, particularly the 4-CBA
contamination.
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