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Abstract:Spectral Vegetation Indices (SVIs) have been used to examine variations in vegeta-
tion formation and phenology. Lately, researchers and agricultural practitioners have utilized
SVIs to examine various soil properties for instance moisture and nutrients. From our review
of the literature, there were few comprehensive studies conducted to know whether it is possi-
ble or not to predict landscape function indices by using remote sensing technology, and
which spectral vegetation index is the best predictor. It has been shown that landscape func-
tion indices can be accurately predicted by Normalized Different Vegetation Index (NDVI).
Therefore, we attempted to test the ability of selected SVIs to predict landscape function indi-
ces (LFA-SSA) in the Mediterranean steppes of Al-Jabal Al-Akhdar, northeast Libya. We
used data collected between May and October of 2006 and 2014. A total of 28 sites were cho-
sen to collect the data for both SVIs and LFA-SSA. Simple linear regression was applied be-
tween LFA-SSA and SVIs. The results demonstrated that there is a positive linear relationship
between LFA-SSC and the selected SVIs. The findings revealed that the Normalized Different
Vegetation Index (NDVI) and Modified Soil Adjusted Vegetation Index (MSAVI) acquired
from the Landsat Enhanced Thematic Mapper Plus (ETM+) could be utilized in predicting the
variability of significant structural and functional qualities of soil and vegetation in the Medi-

terranean climate.

Keywords:SSCI, MSAVI, WII, LFA-SSA

INTRODUCTION

In arid and semi-arid areas, vegetation cover
has been identified as being linked to various
ecosystem indicators, for instance, microbial
processes(Mazzarino, Bertiller, Sain, Laos, &
Coronato, 1996), nutrient cycling and storage
(Maestre & Escudero, 2009), and soil-water
infiltration and overflow(Vasquez-Méndez et
al., 2010). Studies have examined the ability
of the Normalized Different Vegetation Index
(NDVI) to determine variations in vegetation
formation, phenology, and general health
(Holm, Burnside, & Mitchell, 1987;
Yeganeh, jamale Khajedein, Amiri, &
Shariff, 2014; Zhao et al., 2009 Jiang et al.,
2006). Lately, researchers and agricultural
practitioners have employed the NDVI to ex-

amine some worthy properties of soil such as
moisture (Han, Wang, & Zhao, 2010) and nu-
trients(Rivero,  Grunwald, Binford, &
Osborne, 2009). A study conducted by
(Paredes, 2011)examined the connection be-
tween plant cover and biomass while testing
several SVIs. It seems that there were few
comprehensive studies that have directly ex-
amined the relationship between landscape
function and soil surface condition indices
(LFA-SSA) and the SVIs. These studies were
conducted to determine whether it is possible
to predict LFA indices by using remote sens-
ing technology, and which SVIs is the best
predictor of landscape function indices. It has
shown that LFA parameters could accurately
be predicted by the NDVTI as seen in restored
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Australian mines(Lau, Hewson, Ong, &
Tongway, 2008; Ong, Tongway, Caccetta, &
Hindley, 2009), at two gold and uranium
mining operations in the Highveld grassland
biome and the Eastern Cape Province in
South  Africa(Furniss, 2010; Kakembo,
Ndlela, & Cammeraat, 2012), semi-dry grass-
lands in Spain(Garcia-Gomez & Maestre,
2011), and in the Patagonian rangeland
steppes(Gaitan et al., 2013).LFA indices
could be mapped using remote sensing tech-
nology(Lau et al., 2008). Some results
showed a significant positive linear relation-
ship between SVIs and both vegetation cover
and plant biodiversity(Gaitan et al., 2013).

In another study, there was a positive and lin-
ear relationship between the NDVI and soil
surface condition indices except in the stabil-
ity index where the relationship was
weak(Furniss, 2010). The NDVI could repli-
cate the ecosystems existing in semi-arid
Mediterranean steppesand might be a useful
index to regulate the status of the larger re-
gions in these ecosystems functions, and the
potential encroachment of desertification
(Gaitan et al.,, 2013; Garcia-Gomez &
Maestre, 2011; Mahmoud, Hasmadi, Alias, &
Azani, 2016).

Therefore, we attempted to test the ability of
selected SVIs to predict LFA-SSA. We used
data collected in May and October of 2006
and 2014 in the Mediterranean steppes of Al-
Jabal Al-Akhdar known as (The Green
Mountain), northeast Libya.

MATERIALS AND METHODS

The Study Area: The study area is located on
the southern slope of Al-Jabal Al-Akhdar,
northeast Libya, approximately 32°N, and
21°E, occupying an area of about 3000 km?
(Figure 1). The rainfall range in the region is
between 50 to 250 mm per year and tempera-
ture reach below 0°C in January and up to 35°C
in July and August. 2008).
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Figure:(1). Southern Al-Jabal Al-Akhdar map, shows
the location of study area(Hamad, 2012)

At lower elevations and reduced rainfall, a belt
of dwarf shrub steppe consisting of Artemisia
herba-alba and Haloxylonscoparium occupies
the low hills and the undulating and narrower
alluvial plains. Further south, a steppe of stem
and leaf-succulent plants occupy the board flat
alluvial plains and drier undulating plains. Spe-
cies in this formation include Haloxylonsco-
parium, Anabasis articulata, Suaedapruinosa,
and Salsolatetrandra(Mahmoud et al., 2008).

Landscape Function Analysis, Soil Surface
Condition Methodology: To achieve the ob-
jective of this research we used LFA method-
ology. LFA data was collected on line transects
oriented in the direction of resource flow. The
soil surface data are combined in different
combinations to reflect major soil habitat quali-
ty indices.(Tongway & Hindley, 2004). Five
LFA-SSA indices were used (Table 1).

Table: (1). Landscape Function and Soil Surface As-
sessment Indices (LFA, SSA)

Index Name Code Scale / Unit
Soil Stability Index SSI 0-100
Water Infiltration Index WII 0-100
Nutrient Cycling Index NCI 0-100

Soil Surface Condition Index SCCI 0-100
Landscape Organization Index. LOI 0-1

© 2018 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.

ISSN: online 2617-2186 print 2617-2178



Al-Mukhtar Journal of Sciences 33 (3): 161-168, 2018

SVIs Data Sources and Analysis: We at-
tempted to test satellite images of the Landsat
Enhanced Thematic Mapper Plus (ETM+)
which would cover a vast area and save time
and money. We used two Landsat satellite im-
ages captured from Landsat-7 (ETM+) in Sep-
tember (2006 and 2014) with eight bands and
resolution of 30m (Table 2). Typically, Landsat
7 ETM+ images include many types of errors
which affect the results. ERDAS Imagine soft-
ware V.9 was employed to correct the satellite
image’s radiometric, atmospheric and geomet-
ric errors, and calculate SVIs. It should be not-
ed that these errors have been minimized in the
sensors of newer devices. The Universal
Transverse = Mercator coordinator system
(UTM) was used to correct the images geomet-
rically. The Geographic Information System
(GIS) data of 28 sites (ground control points)
were used to correct and validate the geometric
errors.

Table (2). Landsat Satellite Imagery Characteristics

Spectral bands
p— > -
2 g2 2
5 & = § <£8E&
g g z 2 8 %R <
= = «n ~ = (;D
ETM+ Dec.2006 1 0.45-0.52
Dec.2014  183/3 2 0.525-0.60
8 3 0.63 - 0.69
4 0.77 - 0.90
5 1.55-1.75
6 10.40 - 12.5
7 2.09-2.35

Pan. 0.52-0.90

The Selected Vegetation Indices:Vegetation
Indices have been widely used in remote sens-
ing applications of rangeland management,
they are also used in available software in mar-
kets(Mroz & Sobieraj, 2004). Through a re-
view of the most common Vegetation Indices
that were used in the arid and semi-arid range-
lands studies included the advantages and dis-
advantages of each index, we concluded that
the Normalized Difference Vegetation Index

(NDVI) and Modified Soil Adjusted Vegeta-
tion Index (MSAVI) are the most useful indices
to achieve the objective of this study.(Rouse Jr,
Haas, Schell, & Deering, 1974)was the first to
describe the NDVI (Equation 1). Several Near
Infra-Red (NIR) wavelengths across the 750 to
900 nm band, as he found, had no important
differences. Higher NDVI values are led by
darker soil substrates under incomplete cano-
pies. Fortunately, in our study area there is no
dark soil, so NDVI may be useful in predicting
LFA indices to produce a model that could
monitor the status of rangelands in a large area.
MSAVI is a modification of the Soil Adjusted
Vegetation Index (SAVI) to account for areas
which have a low (i.e. <40%) vegetation cover.
MSAVI is particularly important for the study
areas which have different soil brightness co-
efficients (Gaitan et al., 2013). As a result of
the abovementioned advantage, MSAVI is con-
sidered to be a suitable index for rangeland
studies in arid areas. Moreover, it usually has a
strong correlation relationship with field data
related to vegetation cover. It is also very use-
ful for degradation classification in monitoring
desertification (Mahmoud et al., 2016), as well
as the estimation of biomass. Due to the rea-
sons above, MSAVI may be suitable for the
research objective (Equation 2).

NDVI=NIR-R/NIR+R...... Equation 1

MSAVI
_[2*NIR+1—,/(2 *NIR+1)2—8 * (NIR—R)]
- 2

...... Equation 2

Where R is the Red band, and NIR is the Near
Infra-Red.

Sampling Design and Statistical Analysis:A
total of 56 values for each index were calculat-
ed from 28 sites in 2006 and 2014. The site
layout was based on the Western Australia
Rangeland Monitoring System(Russell, 2007;
Watson, Thomas, & Fletcher, 2007). There
were five line-transects per site. There was an
analysis of NDVI and MSAVI variations be-
tween the years 2006 and 2014 and their links

© 2018 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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to landscape function and soil surface condition
in the study area. SPSS software, version
20,was employed for all statistical analysis
(SPSS Inc., Chicago, IL, USA). In all statistical
testing, significant differences were regarded as
probability values less than 5 %. Our hypothe-
sis was posed as follows: There is a linear rela-
tionship between LFA-SSA indices and the se-
lected SVIs. In other words, LFA-SSA indices
can be predicted using NDVI and MSAVIL
Simple linear regression was applied with
LFA-SSA indices as dependent variables and
SVIs as independent variables (the predictors).
39 samples (70%) were randomly selected for
the prediction model, while the rest (17 sam-
ples) were used for the cross-validation model.
This process was repeated 100 times in order to
estimate the means of coefficient of determina-
tion (R*) for both prediction and validation
models, as presented in Equation 3.

R*=[(1/N) * X [(xi - x) * (yi - y)] / (ox * oy) ]’
............... Equation 3

Where N is the number of observations used to
fit the model, X is the summation symbol, xi is
the x value for observation i, x is the mean x
value, yi is the y value for observation i, y is
the mean y value, ox is the standard deviation
of x, and oy is the standard deviation of y.

RESULTS AND DISCUSSION

As portrayed in tables 3 and 4, the findings
demonstrated that there exists a good linear
relationship between LFA-SSA indices and
the selected SVIs. The applied regressions
showed a positive and linear correlation be-
tween both NDVI and MSAVI, and SSCI (R?
= 0.62 and 0.51 respectively, and P < 0.05 in
89% of the cases). Increments in variability
were equally computed for the five LFA-SSA
indices, while the indices for landscape organ-
ization, soil stability, water infiltration, nutri-
ent cycling, and overall soil health ranged
from 0 to 0.3, 33% to 61%, 26% to 38%, 14%
to 33%, and 23% to 44% in that order. In this
study, a linear relation between MSAVI and

LFA indices was realized in -nutrient cycling
and infiltration that had R”of 0.44 and 0.36 in
that order, while their correlation with the
NDVI was relatively weak (Table 3).In their
research(Garcia-Gomez & Maestre, 2011) cali-
brated vegetation cover and LFA indices with
NDVI calculated from the Advanced Space-
borne Thermal Emission and Reflection Radi-
ometer (ASTER), in Steppes semi-arid area.
During the process of model's validation, the
two researchers obtained R? values varying
from 0.49 to 0.75, while MSAVIshowed a
weak linear relationship with SSI, WII and NCI
(R* = 0.10, 0.22 and 0.33 respectively). In our
results, MSAVI has a strong positive correla-
tion with WII and NCI, R? = 0.46 and 0.55 in
that order, while in the case of stability index
the results were the same as Gaitdn et al
(2013)(R* = 0.1). There was a positive and lin-
ear relationship between NDVI and MSAVI,
and landscape function and soil surface condi-
tion indices except for stability index where the
relationship was weak. Our results were sup-
ported by similar results in the Mediterranean
climate of South Africa (Furniss, 2010). Dis-
crepancies in the stability index are not operat-
ed by variations in vegetation cover; hence this
role cannot be suitably determined from SVIs
(Furniss, 2010).

On the other hand, the frail connection amid
the stability index and SVIs obtained here im-
plies that other factors in addition to vegetation
cover have an impact on the stability of soil.
From the results, we realized that about 35% of
Landscape Organization Index is predicted by
NDVI, a finding probably operated by the con-
structive linear correlation amid Total Patch
Area (TPA) in our data. However, the linear
relationship between NDVI and LOI in 2006
was weaker than 2014, this may be attributed to
the precipitation which has a very strong posi-
tive relationship with NDVI (Nicholson,
Davenport, & Malo, 1990). This could explain
why the linear relationship between NDVI and
LFA-SSA indices especially LOI was positive-
ly very strong in both prediction and validation
models (R* = 0.65 and 0.75 respectively) in the

© 2018 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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Mediterranean Spanish steppes which receives
more precipitation compared to the study area
(400mm) (Garcia-Goémez & Maestre, 2011).
Referring to a research conducted by (Yeganeh
et al., 2014), there was a very high linear rela-
tionship between NDVI and SAVI, and chang-
es in the vegetation cover where R was 0.85 in
about 90% of the cases. Despite the approaches
primarily employed in achieving the correla-
tions found, of which could not be expounded
with measurements considered in the current
study, the obtained results prove that SVIs
could be employed in predicting deviations in
the dry areas of rangeland ecosystems. The
findings of the current research demonstrate the
potential of Landsat ETM+ in evaluating the
changeability of functional and structural quali-
ties over extensive areas, but it entails a few
limitations that ought to be considered. For in-
stance, the models generated entailed R* values
being less than 0.68. Also, the average of R’
values were less than 0.71 in all validation
models as indicated in Table 3, implying that
developments on the extrapolative remote sens-
ing information ability to envisage such indica-
tors are likely. Our results illustrate that the
LFA-SSA indices may be determined remotely
with the help of Vegetation Indices set from
satellite imagery that is directly related to the
amount of minerals in the soil, vegetation and
litter cover. The findings also support similar
results in the Mediterranean climate (Furniss,
2010; Gaitan et al., 2013; Garcia-Gomez &
Maestre, 2011).

Table (3). Summary of 100 Models Used to Predict and
Validate LFA-SSA Indices by Using NDVI

[ |

Model Variables MAean B2 General

MAlean B?

% of significant
{p=0.05)
2006 2014
Bg B2
20 100
87
100
100
68
1]
73
80
41

2006
0.26
0.25
0.3%
0.56
0.26
0.33
0.36
0.46
0.66
0.25

2014
0.37
032
0.16
.68
0.45
031
0.35
0.32
071
0.46

- 58I

-wWo
-NCI
-55CT
-LOI

0.32
.29
0.28
.62
0.35
0.32
0.36
0.39
.69
0.36

Prediction *

Validation ®

a:inall casesn=39 Db:inall casesn=17

Table (4). Summary of 100 Models Used to Predict and
Validate LFA-SSA Indices by Using MSAVI

l_\Mmip_] Variablez Mean R? General % of significant .
Mlean R? (p=1.05)
006 1014 006 2014
MEAVI-SSI 010 050 025 20 LE
MEAVI-WII 046 036 .41 100 81
Prediction® MEAVI-NCI 058 044 (.49 83 B3
MEAVI-SSCI 054 049 0.51 87 100
MEAVI-LOI 016 048 0.32 100 100
881 019 053 0.36 30 100
WII 030 038 0.34 73 47
Validation® NCI 0.50 029 033 Bl 54
58CT 04z 038 .41 63 i
LOI 007 038 022 30 3]
a:inall casesn=39 b:inall casesn=17
CONCLUSION

NDVI and MSAVI were able to determine the
changes in the function of the ecosystem that
appeared to have a correlation with LFA pa-
rameters. Notably, the stability, nutrient cy-
cling, as well as infiltration indices have
emerged to be reliable from a multitude of
ground-oriented and spectral data. Something
is very intricate and expensive to attain when
employing only field-based assessment. There-
fore, SVIs can be employed as a consistent and
comparatively simple to use a tool in monitor-
ing and assessing rangeland degradation pro-
cesses. Furthermore, additional case studies
from different environments should be con-
ducted.
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Abstract:Protein folding is an important process for cellular function. ER is responsible for
the synthesis, folding, modification, and quality control of numerous secretory and membrane
proteins. The intracellular disturbance caused by different stressors leading to the
accumulation of unfolded/ misfolded proteins can all lead to an alteration in ER homeostasis.
If the unfolded/misfolded proteins continue to accumulate inside the ER, the unfolded protein
response (UPR) is induced to overcome this situation. UPR acts by three different
mechanisms:(1) increase the ER protein-folding capacity (Robertsonand Branch, 1987),(2)
reduce global protein synthesis, and (3) enhance ER-associated degradation process. The UPR
is mediated by three ER transmembrane protein sensors: (1) activating transcription factor 6
(ATF6), (2) inositol requiring kinase 1(IRE1), and (3) double-stranded RNA-activated protein
kinase (PKR) like endoplasmic reticulum kinase (PERK). Each sensor of the UPR protein
responds to the certain level of unfolded/misfolded protein in the ER. If the cell fails to restore
or overcome the protein-folding defect, cell-death signaling pathways are activated.

Keywords:ER stress, PERK, Translation, UPR, Protein synthesis, Firefly, Renilla, MIN6
cells.

INTRODUCTION
Translation, the first and most important phase
of protein synthesis, involves a process by
which mRNA is translated into proteins. The
translation of mRNA into proteins involves
five major components: ribosomes that
perform the process of polypeptide synthesis,
tRNA molecules that arrange amino acids in a
specific sequence within the mRNA template,
aminoacyl-tRNA synthetases that attach
amino acids to their tRNA molecules, mRNA
that encode the amino acids sequence
information for protein synthesis, and protein
initiation, elongation and termination factors
that facilitate the translation mechanism
(Merrick, 2010). mRNA is exported from the
nucleus and enters the cytosol as a messenger

ribonucleoprotein (mRNP), which is a mRNA
molecule coated with RNA binding proteins
(Robertson & Branch, 1987). The mRNA can
then be translated into protein and there are
three main stages to this process: initiation,
elongation, and termination (Kapp & Lorsch,
2004). The initiation of translation in
eukaryotes is considered the most important
stage in the regulation of protein translation. It
is also a highly complex step which involves
the recruitment of the 80S ribosome and the
initiator methionyl-tRNA (Met-tRNAi) on to
the start codon (AUG) of the mRNA. This
process is facilitated by at least 12 protein
initiation translation factors (elFs)
(Hinnebusch, 2011). The initiation phase is
completed when the Met-tRNAi base pairs to
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the start codon (AUG) in the P site of the
ribosome and is ready to begin the elongation
phase of protein synthesis (Hinnebusch &
Lorsch, 2012). One of the critical steps during
the initiation of translation is the formation of
the translational ternary complex (TC)
consisting of initiator methionyl-tRNA (Met-
tRNAi) and the GTP-bound form of
eukaryotic initiation factor 2 (elF2). Binding
of the TC to the 40S subunit requires initiation
factors such as elF1, 1A, 5, and the elF3
complex. The 43S pre-initiation complex
(PIC) binds to mRNA in a process facilitated
by elF3, the poly(A)-binding protein (PABP),
elFs 4B, 4H (in mammals), 4F, a complex
consisting of the cap-binding protein elF4E,
elF4G, and the RNA  Thelicase elF4A
(Hinnebusch, 2011).eIF4E is the critical factor
for the formation of elF4F complex (Duncan
& Hershey, 1989), and the binding of eIF4E to
elF4G is inhibited by elF4E-binding proteins
(4E-BPs). elF4G and 4E-BPs compete for
elF4E binding and as a result of binding
elF4E to 4E-BPs inhibits the formation of
elF4F complex (Haghighat, Mader, Pause, &
Sonenberg, 1995). The affinity of eIF4E for
4EBPs is deceased by 4E-BPs
phosphorylation which leads to elF4E free to
bind elF4G (Proud, 2007), (Friedland,
Wooten, LaVoy, Hagedorn, & Goss, 2005).

In eukaryotes, the untranslated regions of
mRNA have been shown to be essential in the
regulation of protein synthesis (Jackson,
Hellen, & Pestova, 2010). The 5’ leaders can
regulate downstream expression through
upstream open reading frames (uORF), these
5> leaders structures act as codes so that
ribosomes can recognize which transcripts are
to be repressed or preferentially translated
(Dever et al., 1993).

Internal ribosome entry site (IRES):
Eukaryotic cells apply different mechanisms
to initiate translation of their mRNAs (Komar
& Hatzoglou, 2005). Some viral and
eukaryotic cellular mRNA are translated using
a cap-independent mechanism such as the

IRES mediated mechanism by which the 40S
ribosomal subunit is directed to a site 3’ of the
5’end often by specific mRNA tertiary
structures termed internal ribosome entry sites
(IRESs) (Jackson et al., 2010). Poliovirus and
encephalomyocarditis virus (EMCV) were the
first biological systems found to translate their
mRNA by the internal ribosome entry
mechanism (Pelletier & Sonenberg, 1988).
Later on, many other virus families were also
found to use this mechanism for their mRNA
translation (Vagner, Galy, & Pyronnet, 2001).
It was found that IRES-dependent translation
requires a variable number of translation
initiation factors depending on the particular
IRES (Hellen, 2009). For instant, the hepatitis
C virus (HCV) IRES does not require any of
the initiation factors of the eIF4 family
(Pestova, Shatsky, Fletcher, Jackson, &
Hellen, 1998), and the cricket paralysis virus
(CrPV) IRES is translated without the
requirement for any of the canonical initiation
factors including elF2(Jackson et al., 2010).

Translation control under ER stress: ER
plays a central role in protein synthesis.
Translation of new proteins takes place on
ribosomes associated with the ER. Newly
synthesized membrane or secretory proteins
are then folded and modified in the ER lumen
(Harding & Ron, 2002). Under ER stress
condition, protein folding is disrupted which
lead to the accumulation of unfolded proteins
resulting in activation of unfolded protein
response (UPR). In reaction to ER stress, UPR
is intended to restore ER homeostasis through
decreasing ER load, increasing ER folding
capacity and increasing ER associated
degradation. This decrease in ER load is
classically initiated by the activation of the
ER-transmembrane protein PERK, which
phosphorylates the translation initiation factor
elF2a resulting in a decrease in global protein
synthesis (Back & Kaufman, 2012). It is
believed that the inhibition of protein
synthesis in response to ER stress gives ER
more time to qualifying the loading proteins
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and  correctly  folded (Evans-Molina,
Hatanaka, & Mirmira, 2013). During the ER
stress, the kinase PERK phosphorylates elF2a
which leads to translation attenuation to
overcome ER stress. Phosphorylation of elF2a
has a dual action during ER stress which
inhibits the general mRNA translation and
promoting selective translation of specific
stress responsive mRNA. (Harding, Zhang,
Bertolotti, Zeng, & Ron, 2000). We
speculated that additional mechanisms/factors
may be involved in repression of protein
synthesis in response to ER stress. To
investigate this, we exploit the differences in
the dependency of viral IRES for translation
initiation factors to identify which initiation
factors are affected by ER stress and thus may
be important in the ER stress response.

General reagents and materials:Thapsigargin
was purchased from Merck M, and °S-L-
Methionine was purchased from Perk Almar.
Dual-luciferase Reporter Assay System was
purchased from Promega. Lipofectamine 2000
was purchased from Invitrogen.
Viability/Cytotoxicity Kit was purchased from
Molecular Probes. Plasmids were used: pEMCV,
pCrpv, Renilla/Firefly (pRF), and pHCV were
provided by Professor Martin Bushell-MRC,
Leicester.

Cell culture and transfection :Mouse
Insulinoma 6 cells Insulinoma (MIN6) were
cultured in DMEM media containing 25mM
glucose, 15% heat-inactivated FBS, 100pg/ml
streptomycin, 100units/ml penicillin,
100units/ml neomycin (PSN), 40mM NaHCO3
and 75uM B-mercaptoethanol and maintained at
37°C and 5%CO,. Lipofectamine 2000 was
used for transfection, prior to transfection, cells
were split into 24 sterile multi-well plates.
0.2png of plasmid was used to transfect one well
of 24 wells plate. Transfection were performed
as recommended by the manufacturer.

Cell treatment and lysis: Detailed descriptions
of treatments are provided in the figure legend.
After experimentation, growth medium was

aspirated off the cells and the cells washed
twice with 1x PBS. For measuring luciferase
activity, cells were scrapped into 100ul of
passive lysis buffer (Promega) on ice. Lysates
were subjected to two freeze-thaw cycles and
then centrifuged at 14,000rpm at 4 C for 10 min.
The supernatant was kept for further analysis.

Dual-luciferase reporter assay system:
Samples were harvested and prepared to
measure luciferase activity using dual-luciferase
reporter assay system from Promega. The
Luciferase Assay Reagent II (LARII) and
Stop&Glo reagent were prepared according to
manufactory instruction. After treatment, cells
were harvested using ice-cold 50ul passive lysis
buffer. Before the measurement, LARII and
Stop&Glo reagent should be warmed up to
room temperature .10ul of sample lysate was
added to 96 well-read plate then 50ul LARII
were added to measure firefly luciferase activity
using Novastar plate reader to determine
luminescence. After that 50ul Stop&Glo was
added to measure Renilla luciferase activity
using Novastar plate reader to determine
luminescence.

TCA Precipitation of protein and protein
synthesis measurements: 5l of cell lysate was
spotted onto a lcm of 3MM Whatman filter
papers in a triplicate. Filter papers were boiled
for 1 minute in 100 ml of 5% Trichloroacetic
acid (TCA) with a pinch of L-methionine. The
5% TCA was discarded and replaced with 100ml
of 5% TCA and boiled again for 1 minute. The
5% TCA was discarded again, and the papers
were rinsed in 5% TCA followed by washing
with absolute ethanol. The papers were dried at
80C for one hour. The filter papers were
immersed in 3ml of scintillant (Emulsifier-safe,
PerkinElmer) and DPM determined by
Scintillation counting using a Beckman-Coulter
liquid scintillation counter.

Quantification and Statistical Analysis:
Statistical differences between different groups
were analyzed via single factor analysis of
variance (ANOVA) followed by a Bonferroni.
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Comparison between two sets of data was
analyzed using Paired t-test or Mann-Whitney
non-parametric test. A statistical test was only
carried out when the experiments had at least
n=3. Statistical significance was only presented
when p<0.05. Statistical analyses were performed
using the GraphPad Prism software.

RESULTS

Bicistronic  constructs initiation factors
requirement for translation: In order to
identify which initiation factors are responsible
for the inhibition of protein synthesis in response
to ER stress, a series of bicistronic constructs
were used in which the translation of the
upstream cistron is controlled by a cap-dependent
mechanism whereas the downstream cistron
(cap-independent) is regulated by a specific viral
IRES. These bicistronic constructs have different
requirements to initiate translation via their
IRES. EMCV IRES can direct translation
independently of elE4E, whereas the CrPV IRES
requires no initiation factors, and directly recruits
ribosomal subunits. HCV IRES requires all the
initiation factors except the elF4E/4B and 4A
(Meijer et al., 2013). pRF which was translated
through cap-dependent only and has no IRES
was used as the control.

Determination of efficacy of the constructs:
The efficacy of the constructs was determined by
how protein synthesis 1is repressed under
conditions of ER stress (Fig. 3.1) by assessing: 1.
the effect of ER stress on cap-dependent renilla
expression, and 2. the dependency of the
expression of firefly on the presence of an inter-
cistronic IRES. To investigate this, MING6 cells
were transfected with pRF and pEMCV. 48 h
post-transfection, the cells were incubated for 4 h
in the presence or absence of thapsigargin (Tg)
and the expression renilla (Ren), and firefly
luciferase (FF) was determined by their activity
using luminometry.

c) Tirme (4h)

Firefly-luciferase activity (R LU)

Firefly-luciferase actiy

Tirme (4h)

Tirne: (4)
Figure (1). Characterisation of the reporter constructs. MIN6
cells transfected with pRF (a,c). Cells transfected with pEMCV
(b,d) by using Lipofectamine for 48h, all the cells except the
control were incubated with (Tg,1uM) for 4 h at 37 C and 5%
CO,.The luciferase activity of FF and Ren was measured by
using Dual-luciferase reporter assay system as a Relative Light
Unit (R.L.U). The results are + s.e.m of n>3 experiments, data
were analyzed by using Paired t test,* P < 0.05.**P<0.01.

Under control conditions, the activities of Ren
either pRF or pEMCV were similar. However,
treatment with Tg caused a 20-25% decrease in
Ren activity compared to untreated cells. Thus,
changes in Ren activity in response to ER stress
can be used as a readout of ER stress-induced
repression of protein synthesis (Fig. 3.1a) and
(Fig. 3.1b). The expression of FF in cells
transfected with pRF, in either the presence or
absence of Tg, was negligible compared to the
expression of FF driven by the EMCV IRES in
cells transfected with pEMCV (Fig. 3.1c and
3.1d). Thus, the expression of the downstream
cistron encoding FF is highly dependent upon the
presence of IRES. Our results revealed that the
measurement of FF expression from different
IRES with different initiation factor requirements
can be used to determine the role of specific
initiation factors in ER stress-induced repression
of protein synthesis.

The repression of protein synthesis in
response to ER stress is mediated by the
inhibition of the initiation :MING6 cells were
transfected with pCrPV and incubated under
standard conditions. post transfection, the cells
were treated with Tg and the activity of Ren
and FF determined by luminometry (Fig. 3.2).
The activity of Ren from cells transfected with
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pCrPV, under control conditions, was (approx.
15,000 RLU). The addition of Tg caused a 30%
decrease in Ren activity and readout of ER
stress-induced repression of protein synthesis
(Fig. 3.2a). The expression of FF in cells
transfected with pCrPV in the presence or
absence of Tg was unaffected and thus is able to
overcome or bypass the effect of ER stress on
protein synthesis repression (Fig. 3.2b). In
addition, the FF/Ren ratio significantly
increased in the presence of Tg (Fig. 3.2¢). As a
control, the effect of Tg inhibition of protein
synthesis was also determined by measuring
3S-Methionine incorporation into protein (Fig.
3.2d). As the translation of CrPVIRES is
independent of all initiation factors, this
provides evidence that the ER stress-induced
repression of protein synthesis is likely caused
by the repression of initiation through
modulation of one or more initiation factors, but
not through the inhibition of elongation phase of
protein synthesis.

a)

- = ~
@ H > 15
2 2 2 Hl
s H H H
H H H H

Rerille-luciferase activiy (R.L1J)

Tirre: (4 d} Tirne (4h)

o
R
=

AkEE

F/R ratio
*#5 Metincorpration

0
Tg +
Time (4h)

Time (4h)

Figure (2). ER stress-induced inhibition of protein synthesis is
independent of initiation factors. MING6 cells transfected with
pCrPV by using Lipofectamine for 48 h, all cells treated with
(Tg,1uM) except control, [*°S]-Methionine was added to all
cells include control and then incubated for 4 h at 37°C and 5%
CO,, The luciferase activity of FF and Ren was measured by
using Dual-luciferase reporter assay system as R.L.U (a,b). The
F/R ratio was checked (c). Total protein synthesis was
determined by measuring TCA perceptible count (d). The
results are + s.e.m of n>3 experiments, data were analyzed by
using Paired t-test, * P < 0.05, **P<0.01. For F/R ratio data
were analyzed by using Mann-Whitney non-parametric test.

the repression of protein synthesis in response
to ER stress occurs independently of the cap
binding complex : As EMCV IRES, driven FF
expression is known to occur independently of
elF4E. the results showed that the activity of Ren
from cells transfected with pEMCV (Fig. 3.3)
was (approx. 90,000RLU). Upon the addition of
Tg, there was a 20-25% decrease in Ren activity
compared to untreated cells, and thus readout of
ER stress-induced repression of protein synthesis
(Fig. 3.3a). Similarly, Tg caused a 30% decrease
in FF luciferase activity compared to untreated
cells (Fig. 3.3b). Thus, there was no significant
change in the FF/Ren ratio demonstrating that
both cap-dependent and EMCV IRES dependent
translation are equally repressed in response to
ER stress (Fig. 3.3c). Therefore, ER stress-
induced repression of protein synthesis must
occur independently of eIF4E. As a control, the
inhibition of protein synthesis in cells treated
with Tg was also determined by measuring >°S-
Methionine incorporation into protein (Fig. 3.3d).
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Figure (3). ER stress-induced inhibition of protein synthesis is
not dependent on eIF4E.MING6 cells were transfected with
PEMCYV (by using Lipofectamine for 48 h, all cells treated with
Tg,1uM except the control, and **S]-Methionine was added to
all cells including control cells and then incubated for 4 h at
377C and 5% CO,, The luciferase activity of FF and Ren was
measured by using Dual-luciferase reporter assay system as
R.L.U (a,b). The F/R ratio was checked (c). Total protein
synthesis was determined by measuring TCA perceptible count
(d). The results are + s.e.m of n>3 experiments, data were
analyzed by using Paired t-test, * P < 0.05, ****P<(. 0001. For
F/R ratio data were analyzed by using Mann-Whitney non-
parametric test.
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The repression of the initiation of protein
synthesis in response to ER stress occurs
independently of the cap binding complex or
the RNA helicase elF4A: MING6 cells were
transfected with pHCV. Post transfection, the
cells were with Tg (Fig.3.4). The activity of
Ren from cells transfected with HCV, under
control conditions, was (approx.
27,000RLU).The addition of Tg caused a 25-
30% decrease in Ren activity, a readout of ER
stress-induced repression of protein synthesis
(Fig. 3.4a), and a 35-40 % decrease in the
expression of FF driven by the HCV IRES
(Fig. 3.4b). The FF/Ren ratio showed no
significant changes which demonstrate that
both upstream and downstream translations are
similarly inhibited by Tg (Fig. 3.4c). As the
translation from the HCV IRES is independent
of elF4E/4B/4A, this provides evidence that
ER stress-induced repression of protein
synthesis is independent of eIF4E, elF4B, and
elF4A. As a control the rate of protein
synthesis was determined in cells treated with
thapsigargin, and was measuring °°S-
Methionine incorporation into protein (Fig.
3.4d).

o
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Time (4h) Tirme (4
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Tirne (41
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Figure (4). ER stress-induced inhibition of protein synthesis is
independent of elF4E/4B/4A. MING6 cells were transfected with
HCV by using Lipofectamine for 48 h, all the cells treated with
(Tg,1uM) except control, [*S]-Methionine was added to all cells
including the control and then incubated for 4 h at 37 C and 5%
CO,. The luciferase activity of FF and Ren was measured by
using Dual-luciferase reporter assay system as R.L. U (a,b). The
F/R ratio was checked (c). Total protein synthesis was determined
by measuring TCA perceptible count (d). The results are = S.E.M
of n>3 experiments, data were analyzed by using Paired t-test, * P
< 0.05, **P<0.01, ****P<(0.0001. For F/R ratio data were
analyzed by using Mann-Whitney non-parametric test.

Tirme (4h)

it

F/R ratio

Tirme (4h) Time (4h)

Figure(5).ER stress-induced inhibition of protein synthesis is
cap-dependent only. MIN6 cells were transfected with pRF
using Lipofectaminefor 48 h. The cells either treated or
untreated with (Tg,1uM), [*°S]-Methionine was added to all
cells (control cells included). incubation time 4 h at 37 C and
5% CO,.The luciferase activity of FF and Ren was measured
by using Dual-luciferase reporter assay as R.L.U (a,b).The F/R
ratio was checked (c). Total protein synthesis was determined
by measuring TCA perceptible (d). The results are + s.e.m of
n=3 experiments, data were analyzed by using Paired t-test, * P
< 0.05, **P<0.01, ****P<0.001. For F/R ratio data were
analyzed by using Mann-Whitney non-parametric test.

Together these results demonstrate that the
repression of protein synthesis in response to
ER stress is independent on rates of elongation
but dependent on changes in the rate of
initiation and more specifically changes in
initiation factors required for EMCV and HCV
IRES mediated translation. One likely initiation
factor 1s elF2a which is known to be
phosphorylated by PERK in response to ER
stress resulting in the repression of protein
synthesis.

Inhibition of PERK leads to restore protein
synthesis in response to ER stress in MIN6
cell: To investigate the role of PERK-
dependent elF2a phosphorylation in the
repression of protein synthesis in response to
ER stress, MIN6 cells were either treated or
untreated with Tg in the presence or absence of
PERK inhibitor (GSK2656157), and the rate of
total protein synthesis was determined by
measuring ~°S-L-Methionine incorporation into
protein. The results show that upon the addition
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of thapsigargin for 4 h, protein synthesis is
inhibited by about 70%. However, in the
presence of the PERK inhibitor, recovery of
protein synthesis was around 100%. We can,
therefore, conclude that the PERK is
responsible for the repression of global protein
synthesis via its phosphorylation of the a
subunit of elF2 (Fig. 3.6).

200001

15000 +

10000 +

5000 1

355 Met.incorpration

0-
Tg - + +
PERKI = - +

Time (4h)

Figure (6). Inhibition of PERK can restore protein synthesis in
response to ER stress. MING6 cells were either treated or untreated
(Tg,1uM) with or without PERK inhibitor, GSK2656157 (0.5uM
added 30 min prior to thapsigargin). [*°S]-Methionine was
posted to all cells including control and then incubated for 4 h
(37T and 5% CO,) Total protein synthesis was then determined
by measuring TCA perceptible count. The results are + s.e.m of
n=3, data were analyzed by using one-way ANOVA and
subsequently with Bonferroni's test, **** P < 0.0001

DISCUSSION

The results showed that the repression in
protein synthesis is independent of a group of
initiation factors such as elF4E/4A and 4B.
Ribosome binding to picornavirus IRESes such
as EMCV IRES requires the complete set of
initiation factors necessary for 5’ end cap-
dependent translation, except eIF4E (Meijer et
al.,, 2013),(Pestova, Hellen, & Shatsky, 1996).
elF4E has an important role in the translation
process since protein synthesis and cellular
transformation in human and mouse cells are
increased upon overexpression of elF4E
(Herbert & Laybutt, 2016). Under stress
condition, the phosphorylation of elF4E and the
increasing in rate of translation are not always
correlated. For instant, when cells stressed by
arsenite or anisomycin show an increase in

elF4E phosphorylation, however, translation
rate is inhibited. Indeed, the inhibition of protein
synthesis could be caused by other components

of the translational machinery such as elF2a
phosphorylation ~ (Gingras, = Raught, &
Sonenberg, 1999). In an agreement with

previous studies, the results showed that both
cap-dependent and EMCV IRES-dependent
translation are equally repressed in response to
ER stress and there was no significant change in
the FF/Ren ratio (Fig. 3.3c), which indicated
that the ER stress-induced repression of protein
synthesis must occur independently of elF4E.
Regulation of eIF4E activity is through its
interaction with a proteins repressor termed the
elF4E-binding proteins (4E-BPs) (Altmann,
Schmitz, Berset, & Trachsel, 1997).

4E-BP1 in its hypo phosphory-lation status
inhibits the initiation of translation through the
interaction with elF4E, it prevents its binding to
other partners of other initiation factor complex
including elF4G. Thus, block the assembly of
elF4F complex. The study provided evidence
that ER stress-induced repression of protein
synthesis is independent of eIF4E, elF4B, and
elF4A in HCV IRES. Since the FF/Ren ratio
showed no significant changes which
demonstrate that both upstream and downstream
translations are similarly inhibited by Tg (Fig
3.4). It is believed that the effect of ER stress on
translation from HCV IRES is cell-type
dependent. In HeLa cells, translation from the
HCV IRES is sensitive to the inhibitory effect
of ER stress whereas in Huh-7 cells and
HEK293T is fairly resistant. HelLa cells are
equally sensitive to the inhibitory effects in
response to ER stress, which is likely mediated
via phosphorylation of elF2a (MacCallum et al.,
2006). These findings are consistent with other
studies that observed the degree of repression
was similar in cap dependent and cap-
independent translation in response to ER stress,
resulting in similar IRES/Cap ratio. Moreover,
using Tg shows similar suppressive effects on
translational activities (Chan & Egan, 2009). It
has been shown that expression of a
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phosphorylated elF2o mimetic in HeLa cells
repressed cap-dependent and IRES-mediated
translation to a similar extent (MacCallum et al.,
2006). In addition, the results showed that the
translation of CrPV IRES was not affected by
the addition of Tg, and was able to bypass the
effects of ER stress on protein synthesis. As the
translation from CrPV IRES is independent of
all initiation factors, the repression of cap
dependent/total protein synthesis is likely
mediated by repression of the activity of an
initiation factor (Fig 3.2). Moreover, as the
efficiency of the translation from the CrPV
IRES is unaffected by ER stress, it is unlikely
that ER stress inhibits translation elongation.
Therefore, the repression of translation could be
through inhibition of a number of initiation
factors including elF2a.Accumulation of
misfolded proteins in the ER leads to
phosphorylation of elF2a and results in the
repression of global protein synthesis. It was
reported that the inhibition of cellular
translation is mainly caused by phosphorylation
of elF2a (Wek, Jiang, & Anthony, 2006).

In addition to the phosphorylation of elF2a-
dependent mechanisms for translational
repression during ER  stress, mTORCI
suppression activity was in parallel to the
elF2a-P mechanism. mTORCI is involved in
the regulation of elF4G, elF4B and 4EBP1, of
which 4EBP1 regulates the function of eIF4E
that binds to the 5SmRNA cap structure. Under
normal condition, hypophosphorylated 4EBP1
binds tightly to eIlF4E. As 4EBP1 competes
with elF4G for binding site on elF4E, 4EBPI
prevents elF4G from interacting with elF4E.
However on mTORCI1 activation,
hyperphosphorylated 4EBP1 dissociates from
elF4E, allowing for the recruitment of elF4G
and elF4A to the 5'end of a mRNA (Ma &
Blenis, 2009). Another mechanism of regulating
protein synthesis involves eukaryotic elongation
factor 2 (eEF2). Phosphorylation of eEF2 at
Thr56 by eEF2 kinase (eEF2K) interferes with
the binding of eEF2 to the ribosome and the
translocation step during elongation (Browne &

Proud, 2002).As the repression of protein
synthesis in this work was independent of
elF4E/4A and 4B initiation factors as well as
elongation factors. Thus, we can conclude that
the repression of protein synthesis is most likely
independent of mTORCI activation and
elongation translation. Accumulating evidence
has shown the role of PERK-dependent elF2a
phosphorylation in the repression of protein
synthesis in response to ER stress. The data
showed that there was a complete recovery of
protein synthesis in the presenceof the PERK
inhibitor (Fig.3.6) which gives us a strong
evidence for the essential role of PERK in
protein synthesis. This result is consistent with
other findings that prove PERK is required for
both the phosphorylation of elF2a and the
attenuation of translation in response to ER
stress (Harding, Novoa, et al., 2000).

There are a number of mechanisms that are
involved in the repression of protein synthesis
during stress conditions. It was suggested that
the regulating of ternary complex formation and
subsequently, global translation and protein
synthesis is through the competitive inhibition
of elF2B by the phosphorylation of elF2a (Ma
& Blenis, 2009)[30]. Since elF2 1is highly
abundant than elF2B, phosphorylation of only a
fraction of elF2 inhibits elF2B and leads to
block protein synthesis [31]. Phosphorylation of
elF2a under cellular stress leads to inhibition of
elF2B activity [28]. Phosphorylated eIF2 binds
tightly to the regulatory subunit of elF2Ba, 3,
and & which lead to inhibit its activity.
Moreover, the inhibition of phosphorylated elF2
is prevented by deletion of eI[F2Ba subunit from
the complex (Wortham & Proud, 2015).
Another mechanism includes the untranslated
regions of mRNA, which have been shown an
importance in the regulation of protein
synthesis. Indeed, specific mRNAs are
selectively translated in response to stress
conditions when elF2 is phosphorylated such as
mRNA for general control non-depressible 4
(GCN4) in yeast, which is translated in response
to amino acid deprivation (Hinnebusch, 2014),
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and in mammals ATF4 mRNA is preferentially
translated via elF2a phosphorylation in
response to ER stress which leads to upregulate
GADD34, subsequently dephosphorylates elF2a
with aid of protein phosphatase I, resulting in a
recovery of protein synthesis(Rojas,
Vasconcelos, & Dever, 2015).

The data suggest that the assay system was able

to determine the role of specific initiation
factors in investigating how protein synthesis is
repressed under conditions of ER stress in real-
time based on the Iluciferase activity. The
system has previously been used as a reporter
assay in mammalian cells to monitor processing
of proteins through the secretory pathway and
endoplasmic reticulum monitor after treatment
with the ER stress inducer Tg(Browne & Proud,
2002). Indeed, the measurement of total protein
synthesis using *°S-L-Methionine incorporation
as control indicated that the system we used was
efficient. Since we showed about 80% decrease
in total protein synthesis whereas there was
about 30% inhibition in luciferase (Fig. 3.3 and
3.4), which indicated that the inhibition
reflected the target protein that meant to be
measured.In Summary, this work is an attempt
to identify which initiation factor was
responsible for the repression of protein
synthesis in response to ER stress. The data
showed that the elF2a is likely responsible for
the repression of protein synthesis in the
presence of ER stress. Also, we showed the
importance of PERK activation in repression of
protein synthesis in response to ER stress.
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Abstract: Rome IV defines Functional gastrointestinal disorders (FGID) as disorders of gut-
brain interaction. It is a group of disorders classified by gastrointestinal symptoms related to
any combination of the following: motility disturbance, visceral hypersensitivity, altered mu-
cosal and immune function, altered gut microbiota, and altered central nervous system pro-
cessing. Patients with Gallbladder Functional disorder (GBFD) may have abnormal gastric
emptying and colonic transit, suggesting a possible generalized gastrointestinal motility disor-
der. The presentation of functional gallbladder disorder mimics classic symptoms of biliary
pain «27 patients and 27 healthy volunteers (7 males and 20 females) in each group, age be-
tween 21 and 48 years were included into the study, and diagnosis of functional gallbladder
disorder was based on Rome III criteria. All patients were given a standard test fatty meal, and
Gallbladder volume was calculated manually by using the ellipsoid formula (Dodd’s formula).
The pre-meal and post-meal gallbladder volumes and ejection fraction (EF) of the gallbladder
(GB) were estimated. The patients and control groups were compared for age, gender, and
body mass index. The body mass index in our control and patients was high indicating a prev-
alence of overweight in both groups. This study demonstrated that fatty meal ultrasound is a
cheap, easy to handle, and physiologic. GBFD patients have decreased emptying of gallblad-
der compared to healthy subjects. GBFD should be considered in patients presented with re-
current right upper quadrant abdominal pain, decreased emptying of gallbladder in the ab-
sence of visualized gallstones on abdominal ultrasound, and meeting the Rome III criteria.

Keywords: Irritable bowel syndrome, IBS, Rome III diagnostic criteria, abdominal pain or
discomfort, Functional gastrointestinal disorders, (FGID).

INTRODUCTION
Functional gastrointestinal disorders are due
to disturbances in sensory and/or motor gas-
trointestinal function, which may overlap
across anatomic regions leading to a general-
ized functional abnormality of the smooth
muscle of the gastrointestinal tract, the
Gallbladder, the urinary bladder, and even of
the bronchial tree (Drossman 1999). Rome IV
defines Functional GI disorders as follows:
“Functional GI disorders are disorders of gut-
brain interaction. It is a group of disorders
classified by Gastrointestinal symptoms re-
lated to any combination of the following:
motility disturbance, visceral hypersensitivi-

ty, altered mucosal and immune function, al-
tered gut microbiota, and altered central
nervous system processing (Whitehead et al.,
2017). The presentation of functional
gallbladder disorder mimics classic symp-
toms of biliary pain, which manifests as
steady, severe epigastric or right upper quad-
rant pain that might radiate through to the
back and right infrascapular regions, lasting
for at least thirty minutes but less than 6
hours. It can be associated with symptoms of
nausea and vomiting and may awaken the pa-
tient from sleep. It has been noted that pa-
tients with functional gallbladder disorder
may have abnormal gastric emptying and co-
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lonic transit, suggesting a possible general-
ized gastrointestinal motility disorder. The
diagnosis begins with the exclusion of other
likely causes including functional dyspepsia,
ischemic heart disease, sphincter of Oddi
dysfunction, common bile duct obstruction,
and peptic ulcer disease. Patients usually
have blood work that is normal, normal liver
and pancreatic biochemistries, and negative
diagnostic imaging(Hansel and DiBaise
2010).

Table(1): the Rome III diagnostic criteria for func-
tional gallbladder disorder published by Behar et al
2006.

It must include episodes of pain located in the epi-
gastrium and/or right upper quadrant and all of the
following findings:

e Gallbladder is present

e normal liver enzymes, conjugated biliru-
bin, and amylase/lipase

e episodes lasting >30 minutes

e recurrent symptoms occurring at different
intervals (not daily)

e The pain builds up to a steady level

e The pain is moderate to severe enough to
interrupt the patient’s daily activities or
lead to an emergency department visit

e The pain is not relieved by bowel move-
ments

e The pain is not relieved by postural change

e The pain is not relieved by antacids

e exclusion of other structural diseases that
would explain the symptoms

Supportive criteria: The pain may present with one
or more of the following findings:

e Pain is associated with nausea and vomit-
ing

e Pain radiates to the back and/or right infra
subscapular region

e Pain awakens the patient from sleep in the
middle of the night

The gallbladder ejection fraction (GBEF) is
abnormal in patients with functional
gallbladder disorder. However, many of the
studies supporting the use of the GBEF for
diagnosis are not conclusive (DiBaise et al.,
2011). Diagnosis of functional gallbladder
disorder is based on characteristic symptoms

and abnormal gallbladder function resulting
in low gallbladder ejection fraction (GBEF).

Oral cholecystography was the first imaging
modality used to assess gallbladder dyskine-
sia depending on visual X-ray film assess-
ment of gallbladder contraction after fatty
meal. Other method of assessment of
gallbladder contractility in terms of ejection
fraction (EF) is calculated from a hepatoimi-
nodiacetic acid (HIDA) scan. Although ultra-
sound is considered the modality of choice
for evaluating gallstones (Cooperberg and
Burhenne 1980), it currently has a limited
application in evaluating functional biliary
disease, such as gallbladder dyskinesia. Most
researchers define a normal EF as >35%
(Francis and Baillie 2011), but the Rome III
criteria use a cutoff of 40%. A patient who
has an EF <40% and meets the other guide-
line criteria is diagnosed with functional
gallbladder disorders (FGBD) (Goussous et
al., 2017). Swurgical gallbladder removal
(cholecystectomy) results in pain relief in
more than 90% of the individuals with
gallbladder dyskinesia(Mabhid et al., 2009).

Therefore, our study is aimed to investigate
gallbladder motility in patients with func-
tional gallbladder disorder diagnosed by
Rome III diagnostic criteria for functional
gallbladder disorder published by(Behar et
al., 2006); and in healthy subjects using a re-
al time ultrasonography measurement.

Patients and methods: 27 patients and 27
healthy volunteers (7 males and 20 females)
in each group, age between 21 and 48 years
were included into the study, and diagnosis
of functional gallbladder disorder was based
on Rome III criteria. Table (1). All subjects
gave informed consent for the study. All sub-
jects with functional gallbladder disorder had
normal results of the following tests: com-
plete blood count, erythrocyte sedimentation
rate, stool hemoccult test, stool culture, stool
test for ova and parasites, urinalysis, blood
chemistry, thyroid function tests, and studied
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for anti-tissue transglutaminase IgA and IgG
antibodies for Coeliac Disease.

Exclusion criteria: It includes: gallstone dis-
ease, history of cholecystectomy, diseases
that influence gallbladder functions (e.g. dia-
betes mellitus, thyroid diseases). Also pa-
tients being prescribed drugs known to affect
secretion or gallbladder motility were ex-
cluded. Gallbladder measurements were per-
formed by the ultrasound machine with a 3.5
MHz convex transducer. The gallbladder was
measured in three dimensions, one longitudi-
nal (D1) and cross-sectional diameter (D2)
and depth (D3), and the volume was calculat-
ed manually by using the ellipsoid formula
(Dodd’s formula): Volume = (DI cm x D2
cm x D3 cm) X © /6 = volume ml. All pa-
tients were studied after 12-hours of fasting
and 45 min after eating. All patients were
given a standard test fatty meal to stimulate
gallbladder contraction: one egg, butter cube
(30 g), and a single bread slice (Kishk et al,,
1987, Irshad et al., 2011).The pre-meal and
post-meal gallbladder volumes were substi-
tuted into the following formula to calculate
the ejection fraction (EF) of the gallbladder
(GB). EF (%) = fasting GB volume — post-
prandial GB volume + fasting GB volume %.

Statistical analysis: All analyses, descriptive
Statistics, analysis of variance (ANOVA),
and Correlations (Pearson) were done using
Windows-based Minitab Statistical Package
(version 11.12), and P values 0.05 were con-
sidered as significant.

RESULTS

The patient and control groups were compa-
rable for age, gender, body mass index. The
body mass index in our control and patient
was high indicating a prevalence of over-
weight in both groups, although the mean
body mass index in control group is insignifi-
cantly lower than patient group (ANOVA p:
0.104) (WHO 854 (1995), (WHO 894 (2000.)
table (2). The fasting gallbladder volume
(FGV) was similar in patient and control
groups (18.1 £ 3.0 ml vs. 18.1 = 2.6 ml,
ANOVA p 0.962), whereas the Postprandial
gallbladder volume PGV was lower in con-
trol group than in the patient group (6.6 £
0.423 ml vs. 8.4 £ 0.542 ml, ANOVA p =
0.012).

Table (2): The characteristic features of study and control groups ( BMI body mass index, FGBV fasting gallbladder

volume, PGBV Postprandial gallbladder volume)

Variable N
(Female/Male) Mean SE Mean Min Max

Age Control 27 (20/7) 3741 + 1.61 21.00 48.00
Age Patient 27 (20/7) 38.19 + 1.65 21.00  48.00
BMI Control 27 (20/7) 29.74 + 1.24 1740 4550
BMI Patient 27 (20/7) 32.74 £ 1.33 20.10  53.40
FGBYV in control 27 (20/7) 1811+  0.60 12 24
FGBYV in patient 27 (20/7) 1820+  0.50 14 23
PGBV in control 27 (20/7) 06.60 +  0.423 04 13
PGBYV in Patient 27 (20/7) 08.40+  0.60 04 15
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Table (3) : Descriptive Statistics of results of Gallbladder Ejection Fraction (EF) measurements

Variable N Mean + SEMean EF<average EF<40%
EF Control 27  62.60 £ 2.03 09 (33%) 3 (11%)
EF Patient 27 5378 £ 257 10 (37%) 8 (30%)
EF Control Female 20 6129 + 2.65 08 (40%) 3(15%)
EF Control Male 07 6633 + 1.44 01 (14%) 0 (00%)
EF Patient Female 20 52.64 + 3.14 09 (45%) 7 (35%)
EF Patient Male 07  57.03 + 437 01 (14%) 1 (14%)

The mean EF of gallbladder in control group was
higher than that in the patient group (62.6% vs.
53.87%, ANOVA P: 0.010), and this was also
true in comparisons of patient and control female
(61.29% vs. 52.641%, ANOVA P:0.042); but
insignificant difference of GBEF was found
among patient and control males (66.33% vs.
57.03%, ANOVA P: 0.066). Nine out of 27 (33
%) of control group were below average GBEF,
and one out of 27 (3.7%) of control group was

below or equal to 35% of GBEF. Ten out of 27
(37 %) of patient group were below average
GBEF, and five out of 27 (18%) of patient group
were below or equal to 35% of GBEF. Table (3)
There was a strong negative correlation be-
tween EF and BMI in both groups (P < 0.01),
and a significant negative correlation between
EF and age in patient group (P < 0.05); Table
4

Table (4): Correlations (Pearson) between EF and age, BMI in both groups (EF, Ejection fraction, BMI, Body mass

index)

Correlations (Pearson)

gallbladder EF and BMI in Control

=-0.541** P=0.004

gallbladder EF and BMI in Patient =-0.643** P=0.000
Age and EF in Control =0.072 P=0.722 NS
Age and EF in patient =-0.482* P=0.011

* Correlation is significant at the 0.05 level (2-tailed).
* * Correlation is significant at the 0.01 level (2-tailed).

DISCUSSION

In this study, we investigated the motility of
gallbladder by using real time ultrasonography
in FGBD patients and none FGBD control, we
used fatty meal as a stimulant of indigenous
cholecystokinin (CCK), and the gallbladder
emptying study was based on a geometric for-
mula (Cay et al., 2006). There was no difference
in basal volumes of the gallbladder between the
control group (mean 18.1 ml) and

the patients (18.2 ml). This result is lower than
that in a study by (Palotta et al., 1994), they
found in their study in Italy on 150 healthy vol-
unteers a mean fasting GBV of 23.8
cm3 (£12.5). This slight difference could be at-
tributed to the relatively younger age of our
study group (Palasciano et al., 1992) have found
in a sonographic population study among Ital-
ians that gallbladder volume significantly in-
creased with age in healthy non-obese
males.Endogenous  cholecystokinin  (CCK)
stimulates hepatic bile secretion, gallbladder
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contraction, and relaxes the sphincter of Oddi.
However, postprandial gallbladder contraction
is characterized by an immediate cephalic phase
regulated by a sequence of excitatory choliner-
gic vagal nerves, and rate of gastric emptying
and endogenous cholecystokinin. Therefore, all
these factors could play a role in gallbladder
motility in health and disease (Funch-Jensen et
al., 2006). The mean differences in the fasting
and postprandial gallbladder volume and ejec-
tion fraction were lower in the patient group
compared to controls (P: 0.010). The cutoff of
GBEF equal to 40%, which set by Rome III is
met by 30% of patients and 11% of control
(none of male control has value <40%) (Table
IIT). This might explain the possibility of a sta-
tistical association of functional gallbladder dis-
order and gallbladder hypomotility.In our study,
there is a strong significant negative correlation
between BMI and gallbladder ejection fraction
(Sari et al., 2003). Table IV, gallbladder dys-
function denote a condition where the gallblad-
der empties insufficiently in a patient with bili-
ary symptoms without demonstrable organic
substrate such as gallstones. Some researches
claim that functional gallbladder disorder is ini-
tiated by fatty infiltration of the gallbladder
wall, causing increasing levels of inflammation
and steatocholecystitis that lead to poor motility
(Goldblatt et al., 2006, Tsai 2009). The relative
risk of gallstone formation appears to rise as
body weight increases, and this positive correla-
tion with increasing BMI is more pronounced
when BMI exceeds 30 kg/m* (Kim and Popkin
2006). The limitations of our study were the
lack of clear cutoff value of gallbladder ejection
fraction, and USG is highly operator-dependent.
The gallbladder has various configurations at
fasting, and changes its shape during contraction
resulting in inaccuracies in ultrasonographic es-
timation of gallbladder volume and contractility
(Hurrell et al, 1994). It would be difficult to
discriminate stone impaction from sphincter of
Oddi dysfunction on fatty-meal ultrasonography
(Varghese et al., 2000). In conclusion, this study
demonstrated that fatty meal ultrasound is a
cheap, easy to handle, and physiologic.

Gallbladder Functional disorder (GBFD) pa-
tients have decreased emptying of gallbladder
compared to healthy subjects.

GBFD should be considered in patients pre-
sented with recurrent right upper quadrant ab-
dominal pain, decreased emptying of gallblad-
der in the absence of visualized gallstones on
abdominal ultrasound, and meeting the Rome
III criteria (Jung et al., 2017).
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Abstract: Aleppo pine trees have been extensively planted in many areas in Aljabal Al-
Akhdar region for ecological and recreational purposes. The objectives of this study were to
investigate the age structure and current status of Pinus halepensis. Miller trees on the western
side of Sidi Alhumry plantation. More than 70 pine trees were sampled to estimate the year of
establishment, parameters for dbh and tree-height were noted for every sampled tree in the
study design. The oldest pine tree found on the site was established in 1962 while the young-
est tree found was established in 1984. Our results indicated a gap of over 20 years between
pine trees on the study area which suggests either a long afforestation process or an effective
regeneration during the first 2 decades. Average dbh and height for pine trees were typical for
similar pine stands in the area with an overall dbh average of 29cm and tree-height of 10m.
However, thinning would be advisable to ensure better growth and high yield for pine trees on

the site.

Keywords: Pinus halepensis , Age structure, Sidi Alhumry Pine Plantation.

INTRODUCTION
Pinus species are planted in many areas
around the world for multiple purposes. They
provide both ecological (recreational areas,
carbon sequestration, and preventing soil ero-
sion) and commercial benefits (logs and
wood  production) (Richardson, 1998)
(Barbéro, Loisel, Quézel, & Richardson,
1998) (Lavi, Perevolotsky, & Kigel, 2005). In
eastern Libya (Cyrenaica), the establishments
of pine plantations took place roughly around
the 1950s, and were mostly for environmental
purposes. Pinus halepensis Mill. (Aleppo
pine) is the most widespread coniferous spe-
cies in the Mediterranean basin (Barbéro,
Loisel, Quézel, & Richardson, 1998)
(Prevosto, Amandier, Quesney, & de Bois-
gelin, 2012) (Maestre & Cortina, 2004) ( Pu-

glisi, 1995) ( Novak, et al., 2016) (Micheloz-
zi, Loreto, Colom, Rossi, & Calamassi,
2011), and it is among the few conifer spe-
cies which can thrive in semiarid regions
(Que’zel, 2000) (Nahal, 1981), and favorable
for afforestation purposes due to its tolerance
to drought (Schiller, 2000). In Cyrenaica, it is
considered to be second only to Phoenician
Juniper (Juniperus phoenicea), and grows
naturally in pure or mixed stands across Al-
jabal Al-Akhdar region. Nevertheless, the
vast number of Aleppo pine trees in the re-
gion occurs in plantations established over 60
years ago. Sidi Alhumry Pine Plantation is
one of the largest Aleppo pine plantations in
Cyrenaica, and expands on an area of approx-
imately 108 ha. The plantation is considered
as one of the oldest pine plantations in the
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southern part of Al-jabal Al-Akhdar and clas-
sified as a pure P. halepensis stand. Previous
report stated that the plantation was estab-
lished in 1951 (OMUReport, 2005). The
same report mentioned that the actual estab-
lishment of the plantation took place between
1954- 1956. However, the shortage of infor-
mation about the afforestation process and
whether the site was occupied by pine trees
prior to the establishment was a great motive
to investigate the age structure for this site.

This study aims at examining the age struc-
ture at which the majority of P. halepensis
trees on the western part of the plantation oc-
cur, and to determine whether the natural re-
generation was effective especially during the
first years of establishment to create different
cohorts of pine trees.

MATERIALS AND METHODS

Field data for this study were collected in the
time between July and October of 2013 from
Sidi Alhumry Pine Plantation in the southern
part of Al-Jabal Al-Akhdar (32° 32 N,
21°47 E). Four random locations were chosen
to set triangular experimental design (methods
were similar to Binkley, et al., 2014). At each
location, an equilateral triangle (50 m each
side) was placed and 3 sampling points were
conducted at each of the triangle points (total
of 12 sampling points). At each sampling point,
a BAF (basal area factor) prism of 2 m?.ha™ for
high density coniferous stands was used to de-
termine Pine sampled trees (Bentley, 1996)
(Nyyssonen, Kilkki, & Mikkola, 1967). All
pine trees included by prism were cored at the
height of 1.4 m to determine the year of estab-
lishment, and all of the uncertain borderline
trees were counted in to avoid data misinterpre-
tation. A circle of 5m radius was made at each
sampling point to count the number of emerg-
ing seedling of pine trees on the site. Other pa-
rameters including diameter at breast height
(dbh) and tree height were also recorded for
statistical analysis. All sampled pine cores were
left to air drying for several days, then were
mounted on wooden trays and sanded with a

fine sandpaper to obtain a better vision of the
annual rings. Annual rings for these trees were
dated by using a binocular microscope and fol-
lowing standard dendrochronological proce-
dures (Stokes & Smiley, 1968). Missing rings
for Aleppo Pine cores which failed to reach the
pith were calculated by estimating the length of
the missing radius and ring width (Duncan,
1989). dbh was measured for all sampled trees
by using dbh tape or a caliper, and trees heights
were measured by using Silva clinometer (Ava-
los, Salazar, & Araya, 2005) at a distance of 20
m from the tree base (Wright, Jessen, Burke, &
Garza, 1997). The data obtained in this study
were extrapolated to give a better representa-
tion of the age structure of Aleppo Pine trees
on the site. The number of trees/ha represented
by each tree included by the prism had been
calculated by using the basal area for each tree
and the chosen basal area factor. Then, the age
of the sampled tree was assumed to be the age
of the calculated number of trees.

RESULTS

Out of 81 core samples of P. halepensis, 73
were dateable and suitable to count the annual
rings for each. The rest were either damaged
or difficult to identify their total rings, there-
fore, they were eliminated form statistical
analysis. 46 out of 73 (almost 63% of the total
core samples) hit the pith of the tree, and 28
(37% of the total core samples) failed to reach
the pith and the missing rings were calculated
according to the radius of the previous rings,
and by estimating the remaining rings to hit the
pith (Duncan, 1989). The oldest tree in our
sampling plots was established in1962 (current
age is 56 years) while the youngest tree was
established in 1984 (current age is 34 years).
The estimated number of pine trees per hectare
on the western side of the plantation was 747
trees/ha. The establishment of those trees oc-
curred during the time from 1962 to 1984 cre-
ating multiple cohorts of more than 20 years
differences in their age. Since the establish-
ment, the number of pine trees/ha has increased
to reach its peak at age class of (1977-1979),
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which has the highest presentation of pine trees
on the site, with approximately 243 trees/ha
(32% of the total pine occupation) followed by
age class of
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Figure (1): Age distribution of Aleppo Pine (P. halepen-
sis) on the western side of Sidi Alhumry Pine Plantation.

(1974-1976) with 208 trees/ha (around 28% of
the total pine occupation) as shown in (figurel)
(table 1). The number of trees/ha dropped sig-
nificantly in age class of (1980-1982) to only
40 trees/ha. The lowest pine recruitments en-
countered were in age classes (1962-1964) and
(1983-1985) with just 16.8 and 11.5 trees/ha
respectively.
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Figure (2): The relationship between tree age and other
parameters: (A) Age-dbh relationship. (B) Age- tree
height relationship of Aleppo Pine tree on Sidi Alhumry
Pine Plantation.

As the tree grows, it encounters an increase in
both size and height. Older trees have the high-
est dbh recorded with 41.5 cm for age class
(1962-1964), more than 10 cm bigger than the
next age class (1965-1967) with 30.7 cm. The
gap between dbh averages for the rest of age
classes were tight and ranged from 29.3cm to
23.5cm for all age classes from 1968 to 1985.
Average pine tree height as well showed a
steady but narrow increase over years. Young-
est age class of (1983-1985) showed the lowest
height of approximately 8.2 m while the high-
est tree height recorded was for the oldest age
class of (1962-1964) with an average of
11.55m. (Figure 2, and table 1). Results
showed also that average height for pine trees
of age class (1968-1970) (11.51m) was higher
than that for the older age class of (1965-1970)
(10.64m).
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Not a single P. halepensis seedling was found
in a radius of 5m at any of the twelve sampling
points in this study, which suggests a very low
regeneration percentage in the recent years.

Table (1): Number of trees/ha and average diameter
at breast height (cm) and average tree height (m) for
each age class of Aleppo pine trees on Sidi Alhumry
Pine Plantation.

Year of Num-  Percentage Avg.db  Avg.heigh
establish- ber of  of the total h t
ment tree/ha  occupation (cm) (m)
%
1962-1964 16.72 2.23 41.5 11.55
1965-1967 34.57 4.62 30.7 10.64
1968-1970 74.81 10.01 29.33 11.51
1971-1973 117.37 15.71 28.5 9.9
1974-1976 207.89 27.83 26.95 9.38
1977-1979 243.47 32.6 23 9.04
1980-1982 40.47 5.41 28.37 9.5
1983-1985 11.52 1.54 23.5 8.2
DISCUSSION

According to previous reports, Sidi Alhumry
Pine Plantation was established in 1951
(OMUReport, 2005) and the actual recruitment
of the current stand occurred in 1956. Local
references stated that the afforestation process
started first on the Eastern side of the planta-
tion, which suggests a possible later date for
the establishment on the subjected study area
on the western side. The outcome of the present
study indicated that the majority of P. halepen-
sis trees on the site were established in the pe-
riod between 1962-1984 with more than three-
quarters of these trees established between
1971 and 1979 (76.14% of the total pine re-
cruitments). These results suggested that the
establishment of P. halepensis trees on the site
either occurred on a long period of time and the
afforestation process last for over two decades,
or the natural regeneration was effective during
the first two decades of the establishment and
then dropped substantially afterward. P.
halepensis can live up to 150 years. However,
it is often susceptible to major disturbances
such as fire (Agee, 2000) and its life span is

much shorter.Diameter at breast height ranged
from 23 cm for the younger age cohorts (estab-
lished after 1977) to 41cm for the oldest age
cohort (1963). Average dbh for more than 70%
of the actual pine recruitment on the site ranged
from (23-29.3 cm). Largest Aleppo pine trees
can reach up to 50cm of diameter (Modol &
Casals, 2012) (Elaieb, et al., 2017). However,
the chance of getting rotten cores and inner
damages is higher when the trees exceed 40cm
in diameter. Average pine trees height varied
from 8.2 m for the youngest age cohorts to
11.55m for the oldest trees found on the site.
On individual bases, the highest tree recorded
on the site reached 13.1 m and was established
in 1968 while the least height recorded was 4.1
m for a pine tree that was established in 1979.
Although Aleppo pine trees may reach 20 m
height, they usually do not grow higher than 15
m (Elaieb, et al.,, 2017) (Modol & Casals,
2012) (Way, 2006). Competition between dif-
ferent or same tree species, particularly for
light interception, is a determinant factor for
the growth and the development of trees
(Schulze & Chapin, 1987) (Rouvinen & Kuul-
uvainen, 1997) and most competition-related
mortality occurs in lower diameter classes with
small crown at or below the stand mean (Oli-
ver & Larson, 1996) (Jokelaa, Doughertyb, &
Martin, 2004).

Our study indicated the complete absence of
new emerging pine seedlings beneath mature
trees canopies in a radius of Sm from the ma-
ture pine trunk. The existed understory vegeta-
tion was mainly consisting of Urginea mariti-
ma and Sarcopoterium spinosum and both spe-
cies were concentrated mostly in the gaps be-
tween tree canopies where they receive a full
sunlight. The site is in inappropriate condition.
It is used as a landfill site and subjected to ille-
gal logging by locals. An effective administra-
tive protocol to protect the plantation from
overgrazing, possible disease outbreak and fire
hazards, and invaders interfere is required to
maintain the site on appropriate and productive
levels. Moreover, silvicultural practices such as
thinning to reduce fire hazard and diseases out-
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break, and to retain profitable basal area are
needed to enhance the site and make the most
out of it.
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Abstract: Morphometric analysis reveals that the Wadi Alkuf drainage, on the northern flank
of Al Jabal Al Akhdar, Cyrenaica, northeastern Libya, is characterized by dendritic to sub-
dendritic drainage pattern. The development of stream segments in the basin area is apparent-
ly affected by intermittent rainfall and geological structure control such as joints set, fractures
and faults, as the general area is of limestone karstic character. The analysis reveals that the
total number and total length of stream segments reach maximum of 6233 segments in first
order streams but decrease to 620 segments in 6th order streams. The bifurcation ratio (Rb)
between different successive orders varies between 0.7 in 6th order and 3.5 for third order
passing through 2.43 in second order. A mean bifurcation ratio of 1.42 indicates a partial
structural control. The stream frequency (Fs) value of 8.87 exhibits positive correlation with
the drainage density value of 1.97, whereas the drainage density (Dd) indicates clearly that the
region has permeable subsoil and relatively moderate vegetation cover. Calculated Circularity
Ratio (Rc) of 0.215 and Elongation Ratio (Re) of 0.15 suggest that the drainage basin is typi-
cally elongated in shape, has a low discharge of runoff and relatively permeable subsoil con-
dition. Form Factor (Rf) of 0.22, represents a flatter peak of flow for a longer duration. Flood
flows of such elongated basins are easier to manage than of circular basins. It becomes evi-
dent that morphometric analysis would contribute to understanding of the dominant geo-
hydrological characteristics and processing of watershed planning and management utilizing
geospatial techniques based on GIS application and Digital Terrain Model (DTM) analysis.

Keywords: Wadi Alkuf, catchment area, morphometry, hydrologic, geospatial, drainage pat-

tern, DTM.

INTRODUCTION

Numerical Morphometry is the measurement
and mathematical analysis of shape behavior
of the watershed and catchment area of water
bodies in streams and wadies. The measure-
ment deals with shape, dimension, location
and size of landforms (Agarwal 1998, Obi
Reddy et al., 2002). Morphometry relevant
to the fields of hydrology and geomorpholo-
gy were studied by (Horton 1941) and Stahler
(1950), who were the pioneers of morphome-
try. Morphometric studies play a key role in
understanding the geological and hydrologi-

cal behavior of the drainage basin and chan-
nel network. The relationship between vari-
ous drainage parameters and the aforesaid
factors are well recognized by many (Horton
1945, Chorley et al., 1957, Melton 1958,
Pakhmode et al., 2003, Reddy et al., 2004).
Detailed morphometric analysis of a basin
helps to understand the influence of drainage
network on topography and their characteris-
tics. The numerical analysis of morphometric
parameters greatly facilitates watershed valu-
ation and prioritization for soil and water
conservation and natural resources manage-
ment. The influence of drainage morphomet-
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ric system is crucial in helping to understand
the landform processes, soil physical proper-
ties, and erosion characteristics (Horton
1945, Strahler 1957, Krishnamurthy et al,
1996).Recently, geospatial techniques are
used for digital terrain modeling (DTM) on a
30 m grade space of (SRTM) Shuttle Radar
Topography Mission in conjunction with
morphometric parameters of the drainage ba-
sins and watersheds, as they both provide a
flexible environment and a powerful tool for
the manipulation and analysis of spatial data.

The main objective of the present study is to
analyze the linear and areal morphometric
characteristics of WadiAlkuf drainage basin
on the northern flank of Al Jabal Al Akhdar
using Geographical Information System
(GIS) and arc-hydrologic tools. Lacking pre-
vious quantitative work on the morphometry
of the whole of Al Jabal Al Akhdar, Cyrenai-
ca Libya, this quantitative study calculated its
hydrological parameters to help in under-
standing the geo-hydrological characteristics
of the drainage basin, which in turn helps in
the management of the water and other natu-
ral resources of the study area. Therefore,
analysis of Wadi Alkuf catchment area in this
manner is an integral part in its hydrological
investigations, groundwater evaluation and
management, as well as its soil physics. This
study aspires to recognize the interconnected
relationships of various morphological, hy-
drological, and geological characteristic of
the watershed system.

Physiography and Geology: Wadi Alkuf
catchment basin, which has valuable histori-
cal and economical value, covers an area of
approximately 960 Km2 and has a perimeter
of 222.5 km. In the heart of Al Jabal Al
Akhdar, it is bounded by longitudes 21 25’
00” and 22 00’ 00” and latitudes 32 32” 50”
and 32 47° 17” (Figure 1) and reaches a max-
imum elevation of 860 m whereas its lowest
is that of mean sea level. Elongated in shape
and exhibiting variable topography, it com-
prises six orders of streams that mainly trend

ecast-west.

The drainage dendritic pattern reflects the
effects of physical and chemical weathering
characteristic of karstic, joint-dominated car-
bonate geology of Eocene to Holocene age
(Figure 2). Details of the geology of this re-
gion can be found in El Hawat and Abdulsa-
mad (2004), Anketell, J.M.,(1996) Mediter-
ranean to subtropical mid- latitude climates
conditions are prevalent in the region where-
by annual precipitation is more than 550 ml.
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Methodology and Techniques

It was deemed important that to understand
the watershed basin behavior of Wadi Alkuf
catchment, one needs to calculate its mor-
phometric parameters and network geometry
as well as runoff of water and sediments
throughout. The logical description of the ge-
ometry of a drainage basin and stream chan-
nel requires measurement of its linear and
spatial factors in addition to assessment of
channel network relief (gradient) and con-
tributing ground slopes (Strahler, 1964). Em-
phasis was placed in this morphometric study
on the hydraulic parameters that enable some
understanding of the watershed basin behav-
ior of Wadi Alkuf as derived from mathemat-
ical formulae, geomatics analysis of digital
terrain models based on 30 m grid space, as
well as a review of pertinent geomorphologi-
cal literature of the region.

© 2018 The Author(s). This open access article is distributed under
ISSN: online 2617-2186 print 2617-2178

Several calculations were needed for this pre-
sent morphometric analysis and parameters
such as stream order, stream length, bifurca-
tion ratio, stream length ratio, basin length,
drainage density, stream frequency, elonga-
tion ratio, circularity ratio, form factor, etc.
Other morphometric parameters such as re-
lief, shape, and length strongly influence ba-
sin discharge pattern through their varying
effects on lag time (Gregory and Walling,
1973). The natural run-off is one of the most
potent geomorphological and geological ef-
fects shaping the landscape, drainage pattern,
stream orders, and shape of a drainage basin.
Rohlich (1974,1980). An assortment of topo-
graphic and geologic maps as well as satellite
imagery were use in this study. Satellite im-
agery included Landsat 7 TM imagery at 14
m resolution, Spot 5 at 5 m resolution,
Quickbird imagery at 60 cm resolution,

a CC BY-NC 4.0 license.
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SRTM 30 m grade. The area stream system
was delineated as required by morphometric
analysis. Delineation, in turn, required that
topographic maps published by the Survey
Department of Libya in 1978 at a scale of
50,000 be mosaiced and rectified. ArcGIS
10.4.1 was used to assign UTM, WGS 1984,
34N zone projection systems. Digitization of
the drainage basin was carried out using

ArcGIS’ HydroArc tool. Attributes were as-
signed to create the digital database for the
drainage layer of the catchment basin. Vari-
ous morphometric parameters such as linear
and aerial aspects of the drainage basin were
computed. The different morphometric pa-
rameters have been determined as per the
standard methodology shown in Tablel.

Table (1). Linear morphometric parameters of Wadi AIKuf Catchment Area drainage network

Main

Stream . . Main Cumulative Stream
Stream  Stream Bifurcation . . Stream
Order Segment Length Km Ratio Bifurcation Length Mean stream length Ra-
Lu Ratio length (CLsm) tio RL
(Lsm)
1 6078 1040.39 0.00 0.17 0.17 0
2 2529 555.45 2.40 0.22 0.39 1.29
3 1377 31091 1.84 0.23 0.62 1.04
1.50
4 820 154.06 1.68 0.19 0.80 0.83
455 95.01 1.80 0.21 1.01 1.11
6 357 74.63 1.27 0.21 1.22 1.00
11616 2230.44

RESULTS AND DISCUSSION

Parameters and Calculations: According to
Strahler (1964), the smallest fingertip tribu-
taries in a stream system are designated as
orderl. Where two first order channels join, a
channel segment of order 2 is formed and
where two of order 2 joins, a segment of or-
der 3 is formed, and so on. The trunk stream
through which all discharge of water and sed-
iment passes is, therefore, the stream segment
of the highest order. The study area is a 6 or-
der drainage basin. It is observed that stream
frequency decreases as the stream order in-
creases. Thus, the law of “lower the order
higher the number of streams” is implied
throughout the catchment area. This is ex-
pounded upon in several following sections.
In the following section, linear and spatial

parameters are first explained briefly and ba-
sin’s values calculations-measurements are
introduced thereafter.

Linear Morphometric Parameters:Linear
factors of the basin are related to channel pat-
terns of the drainage network wherein the
topological characteristics of the stream seg-
ments (i.e., open inks of the network system)
are analyzed. The morphometric investiga-
tion of the linear parameters of the watershed
basin includes stream order (Sp), bifurcation
ratio (Rb), stream length (Lp), mean stream
length (Lsm), stream length ratio (RL),
length of overland flow (Lg), basin perimeter
(P), basin length (Lb), index of Gravelius
(KG), fitness ratio (Rf), wandering ratio
(Rw), sinuosity indices, etc. Some of the im-
portant linear factors have been computed as
shown in (Tables 3 and 4).

© 2018 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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Table (2). Stream order and Drainage Texture and its classification

Stream Order Segment Length,km Percent % Drainage Texture Texture Category

1 6078.00 1040.39 0.52 27.30 very fine

o 2529.00 555.45 0.22 11.36 very fine

3rd 1377.00 310.91 0.12 6.19 fine

4 820.00 154.06 0.07 3.68 Coarse

5t 455.00 95.01 0.04 2.04 Coarse

6" 357.00 74.63 0.03 1.60 Very Coarse

11616.00 2230.44 1.00 8.70 very fine

Table (3). Hydrologic parameters with formula for the Wadi Alkuf watershed basin.

Parameter Formula Results Reference

Linear Morphometric parameters

Bifurcation Ration Rb  Rb=Nu/Nu+1, Nu = No. of stream segments of a given order See table Schumn(1965)

1

Mean Bifurcation Rbm = Average of bifurcation ratios of all orders 1.5 Stahler(1964)

Ratio

Stream Length Lu Length of the stream (kilometers) 2236.7 Horton (1945)

km

Mean Stream Length Lsm = Lw/Np, Where, Ly = Total stream length of order ‘p’, Ny 0.204 Stahler(1964)

Lsm = Total no. of stream segments of order
3 “9

Stream Length Ration RL=Lsm/Lsm-1, Where, Lsm=Mean stream length of a given 0.4291 Horton (1945)

RL order and Lsm-1= Mean stream length of next lower order 84549

Length of Over Land Lg=1/2D Km, Where, D=Drainage density (Km/Km2), 0.4288 Horton (1945)

Flow Lg 16467

Basine Perimeter P, P=Outer boundary of drainage basin measured in kilometers 222.53k Schumm

Km m (1956)

Basin Length Lb, (Lb) Lb=1.312*A"368 64.81 km  Gregory and Wal-

Km lig (1973)

Spatial Morphometric Parameters

Basin Area A, Km? Area from which water drains to a common stream and boundary 959.26 Stahlar(1964)
determined by opposite ridges. km2

Drainage Density Dd Dd=Lu/A, Where, Dd = Drainage density (Km/Km2), Ly = Total 2.33 Horton(1932)

Km/km? stream length of all orders and A = Area of the basin (Km?2).

Stream Frequency Fs, Fs=Nu/A, Where, Fs = Drainage frequency, Nu = Total no. of 12.14 Smith(1950)

1/km? streams of all orders and, A = Area of the basin (Km2).

DraiangeTexture Dt Dt=Nu/P, Where, Nu = No. of streams in a given order and P = 52.35 Smith(1950)
Perimeter KM

Form Ration Rf Rf=A/Lb?, Where, A = Area of the basin and Lb = (Maximum) 0.228 Horton(1932)
basin length

Elongation Ratio Re Re= VA /m / Lb, Where, A= Area of the Basin (Km2), 0.152 Schumm(1956)
Lb=Maximum Basin length (Km)

Circularity Ration Rc Rc = 4mA/ P2, Where, A = Basin Area (Km2) and P= Perimeter 0.24 Miller(1953)

of the basin (Km)
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Stream Order (Sp): Stream order starting at
the mouth defines a Wadi's place in the net-
work, which suites general cartographic pur-
poses. Nature of stream order is the first step
to understand the drainage basin

analysis. It is defined as a measure of the po-
sition of a stream in the hierarchy of tributar-

ies (Leopold et al, 1964). In the area under
consideration, there are 11616 stream seg-
ments linked with 6 orders of streams. Total
stream len%th is 2230.4 km covering about
959.26 km“.First order tributaries constitute
more than 52 % of all segments at a stream
length of about 1040 km (see the table in
Figure 3).

21°30'0"E 21°400"E 21°50'0"E 22°0'0"E
St L th
STREAM ORDER ream Segment eng %
004 0.0) Order km
a1 1 6078 1040.4
a3 2 2529 | 555.45
") 3 1377 310.91 z
Y] - 820 154.06 o
. 5 455 | 95.006 2
6 74.625 ﬁ
=
o
H
1:350,000 2 [ (R

Figure 3. Stream Order and Stream Segments Percent of Wadi Alkuf Basin

Bifurcation Ratio (Rb): Bifurcation ratio is
related to the branching pattern of a drainage
network, and is defined as the ratio between
the total number of stream segments of one
order to that of the next higher order in a
drainage basin (Schumm 1956). It is a dimen-
sionless ratio that varies from one region of
one environment to another that has a differ-
ent environment, except where powerful geo-
logical control is dominant (Strahler, 1964).
The bifurcation Values of Rb for Alkuf basin
reflect control of the dominant geological fea-

tures of the region’s joint system, where joint
distribution and trends have somewhat im-
pacted the drainage pattern. The lower values
of Rb are characteristics of watersheds or
drainage basins that suffer little structural dis-
turbances and consequently the drainage pat-
terns are less deformed (Strahler, 1964; (Nag
1998). Table 1 shows that the bifurcation ra-
tio values for the Alkuf Basin drainage vary
from 1.27 to 2 and a mean bifurcation ratio of
1.5 reflecting the average of bifurcation ratios
of all orders. The highest Rb found (2.4)
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characterizes 2nd and 3rd order, which indi-
cates corresponding highest overland flow
and discharge due to more topographically
elevated (high slope configuration), less per-
meable rock formation. The mean bifurcation
ratio, which is relatively low, suggests geo-
logical heterogeneity, higher permeability,
and only mild structural control.

Stream Length (Lp): Stream length is an
indicative of the geomorphological develop-
ment processes of stream segments including
weathering and tectonics of Al Jabal Al
Akhdar watershed basins. In Wadi Alkuf Ba-
sin, stream lengths of various orders were
measured using Arc View 10.4.1. The analy-
sis found that stream segment lengths are in-
versely related to the increase in the stream
order except for the 6™ order stream, whose
length is greater than the total length of the
6"order stream segments. Table 3 shows per-
centages of each stream order as follows: first
order at 52 percent of the total, whereas se-
cond order at 22 percent, third order at 12
percent, 4™ order at 7 percent, 5" order at 4
percent, and 6™ order at 3 percent. Generally,
the higher the order, the longer the length of
streams.

This was also attested to in the Wadi Alkuf
drainage basin. Correlation of order to the
percentage, as shown above, appears to re-
flect flow from high altitude, change in rock
type, and variation in slope and topography
(Singh and Singh, 1997; Vittalaet al., (2004).
When the logarithm of the number of streams
is plotted against the order, most drainage
networks show a linear relationship, with a
small deviation from a straight line (Strahler,
1964). According to Horton’s principle, the
number of streams is negatively correlated
with the order (Horton 1932). Wadi Alkuf-
basin river basin shows a near perfect correla-
tion with the plots falling near the regression
line.

Mean Stream Length (Lsm): Mean stream
length is an expression of the characteristic

size of components of a drainage pattern net-
work and its contributing surfaces (Strahler,
1964). The mean stream length is calculated
by dividing the total stream length of a given
order by the number of streams of that order.
In the study area, it is noted that Lsm (Table
1) varies from 0.17 to 0.23 km, and that its
value for any given order is greater than that
of the lower order and less than that of its
next higher order in the whole drainage basin.

Stream Length Ratio (RL): The stream
length ratio can be defined as the ratio of the
mean stream length of a given order to the
mean stream length of next lower order, and
it has an important relationship with surface
flow and discharge as well as the erosional
stage of the basin (Horton 1945). It is also
noted that the RL values among successive
stream orders within a basin vary because of
differences in slope and topographic condi-
tions (Srinivasa et al., 1998). The values of
RL vary erratically from 0.80 to 1.29 from
one order to another in Wadi Alkuf Basin.
Such conforms to the state of the basin, which
is of late youth to an early mature stage of
geomorphic development.

Length of Overland Flow (Lg): Length of
overland flow is defined as the length of flow
path, projected to the horizontal. Open chan-
nel flows from point on the drainage divide to
a point on the adjacent stream channel (Hor-
ton 1945). For the sake of convenience, it is
taken to be roughly equal to half the recipro-
cal of the drainage density. Overland flow is
significantly affected by infiltration (exfiltra-
tion) and percolation through the soil, both
varying in time and space (Schmid, 1997). In
this study, the length of overland flow of the
Wadi Alkuf drainage basin is 0.22 kilometers,
which indicates low surface runoff.

Basin Perimeter (P): Basin perimeter is the
outer boundary of the drainage basin network
that encloses its area and reflecting the
boundary of the stream divide as the line that
separates neighboring drainage basins. In Al
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Jabal Al Akhdar Mountain, the divider sepa-
rates two topographically prominent ridges in
the form of mountain escarpments (Figure 1).
The present work used Arc mapl0.4.1 to
compute the basin’s perimeter, the subject of
this study, and found it to be 222.26 km.

Basin Length (Lb): Basin length (Lb) has
been given different meanings (Schumm
1956) Gregory and Walling (1973); Gardiner
(1975) and Cannon (1976). The Lb is the
longest length of the basin measured from the
catchment to the point of confluence (Grego-
ry and Walling, 1973). From the point of con-
fluence in the south-east of the study area,
Wadi Alkuf meets the Mediterranean Sea
northward. The length of Wadi Alkuf Basin is
64.81 kilometers.

Fitness Ratio (Rf): Fitness ratio is the ratio
of main channel length to the length of the
basin perimeter and thus, is a measure of
topographic fitness (Melton 1958). The Rf for
Wadi Alkuf catchment drainage basin or wa-
tershed is 0.30.

Gravelius's Index (KG):Different geomor-
phologic indices can be used for the analysis
of a watershed if its shape is taken into con-
sideration. The most frequently used index is
the Gravelius's index KG, which is defined as
the relation between the perimeter of the wa-
tershed and that of a circle having a surface
equal to that of a watershed. A KG of 2.07
suggests that the watershed basin is more
elongated than circular.
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Figure 4 Drainage Density Distribution of Wadi Alkuf Basin
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KG =P /2VnA
KG  Gravelius's shape index
A watershed area [km?]
P watershed perimeter [km]

Spatial Morphometric Parameters General
The area of a basin is a significant morpho-
metric parameter affecting the spatial distri-
bution of several morphometric attributes and
controlling factors such as drainage density
DD, drainage texture Dt, stream frequency
Fs, slopes, Elongation Ratio Re, circularity
ratio Rc, etc. (Anderson 1957).

Drainage density (Dd) :The density of
stream network in a basin has long been rec-
ognized as a topographic characteristic of
fundamental significance. It is an expression
of the closeness or spacing of channels (Hor-
ton 1932). The significance of drainage densi-
ty is recognized as a factor determining the
time travel by water (Schumm 1956). The
measurement of Dd is a useful numerical
measure of landscape dissection and runoff
potential Chorley,(1969). On the one hand,
the Dd is a result of interacting factors con-
trolling the surface runoff; on the other, it is
itself influencing the output of water and sed-
iment from the drainage basin (Ozdemir and
Bird 2009). Dd is known to vary with climate
and vegetation, soil, rock properties, relief,
and landscape evolution processes (Kelson
and Wells 1989, Oguchi 1997, Moglen et al.,
1998). The Dd of the Wadi Alkuf- watershed
basin is 2.33 km/km2. Figure 4 shows that
the drainage density in the study area, which
is relatively low, clearly indicates that the re-
gion has permeable subsoil, relatively moder-
ate vegetation cover, and gentle to medium
relief (Nag 1998). Drainage density in the
study area varies between low and high as
shown in Figure 5. Furthermore, the illustra-
tion shows aggregation around and in the
main trunk of first and second order streams.

Drainage frequency (Fs): Like drainage
density, the stream frequency is also one of

the most important morphometric parameters
of the drainage basin. Horton (1945) intro-
duced stream frequency (or drainage frequen-
cy Fs) as the number of stream segments per
unit area. Stream frequency is calculated by
the total number of streams in a drainage ba-
sin divided by the area of the basin. In other
words, it is a calculation of the total number
of streams in a unit area per a drainage basin.
For determination of stream frequency, the
Hortonian formula FS=(N/A) is used whereas
N is the total number of streams and A is the
area of the basin. A figure of 959.26 km? is
adopted for the study area. For convenience
and expediency, the entire Wadi Alkuf drain-
age basin is transformed into 30X30 m grid
space resolution of SRTM radar image and
topographic maps sheets at a scale of
1:50,000. A general overview of the frequen-
cy distribution of drainage net of the basin
indicates high frequency as one moves from
the foothill zone to the floodplain. (Table 3)
shows the spatial pattern of drainage frequen-
cy distribution and area, the FS value is
12.14.

Drainage Texture (Dt): Drainage texture is
simply the relative spacing of drainage lines
within a basin. It is believed to be the most
promising and useful variable in the mor-
phometric analysis of drainage basins because
it relates to the dynamic nature of the network
of the stream segments and the area of the
catchment area. In WadiAlkuf basin, this var-
iable can be usefully used in the classification
of drainage basin order architecture to deter-
mine processes and interpret temporal chang-
es of the drainage network. Drainage texture
may be regarded as a function of climate and
catchment characteristics (Table2). Horton
(1945) defined drainage texture based on
stream frequency (number of streams per unit
area). In fact, the term texture has been used
loosely and no success has been made to
search out a quantitative parameter for its
calculation. According to Singh and Srivastva
(1974), the term texture is indicative of the
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relative spacing of streams per unit area along
a linear direction. For the present study, the
basin is divided into grids. Then the numbers
of streams crossing along both the diagonals
are counted and averaged. Further, the num-
ber of streams crossing should be calculated
per km length based on Savindra Singh’s
formula. (Table 2) suggests the main texture
of the basin to be very fine texture because
the formula yields a number greater than 8.
However, in some higher stream order, the
texture is mainly coarse to very coarse, espe-
cially in the 6™ and 5™ order streams.

Form Factor Ratio (Rf): A quantitative form
of the outline of a drainage basin may be il-
lustrated through a form factor ratio (Rf),
which is the dimensionless ratio of a basin
area to the square of basin length (Horton
1932). Basin shape may be indexed by simple
dimensionless ratios of the basic measure-
ments of area, perimeter, and length (Singh,
1998). The form factor value of Alkuf basin
equals a low value of 0.23, which represents
an elongated shape. The elongated basin with
low form factor indicates that the basin will
have a flatter peak of flow for a longer dura-
tion. Flood flows of such elongated basins are
easier to manage than those which are circu-
lar (Christopher et al., 2010).

Elongation Ratio (Re): Elongation ratio (Re)
is defined as the ratio of a diameter of a circle
of the same area as the basin to the maximum
basin length (Schumm 1956). It is a very sig-
nificant index in the analysis of basin shape
that helps to shed light on the hydrological
character of a drainage basin. Re= VA /n /
Lb, where A= Area of the Basin (Km?2),
Lb=Maximum Basin length in km’s. If values
are near 1.0, the region is typical of low relief
(Strahler, 1964). The elongation ratio in the
study area was found to be 0.15 indicating
relatively moderate relief of the terrain and
elongation of the drainage basin (Table3).

Circularity Ratio (Rc): The circularity ratio
(Rc) has been used as a quantitative measure

for visualizing the shape of the basin and is
expressed as the ratio of basin area (A) to the
area of a circle (Ac) having the same perime-
ter as the basin (Miller 1953; Strahler 1964).
It is affected by the lithological character of
the basin. However, the ratio is more influ-
enced by length, frequency (Fs), and gradient
of streams of various orders rather than slope
conditions and drainage pattern of the basin.
It is a significant ratio that signifies the den-
dritic stage of a basin. The Circularity Ratio
Rc=4nA/ P2, Where A = Basin Area (Km2)
and P= perimeter of the basin (Km). Low,
medium and high values indicate youth, ma-
ture, and old stages of the life cycle of the
tributary basins, successively. The calculated
Rc value for the study area is 0.24, which af-
firms that Alkuf drainage basin is elongated
in shape and is characterized by medium to
low relief. Such drainage systems are partial-

ly affected by structural disturbances
(Zavoiance, 1985).
CONCLUSION

Wadi Alkuf catchment basin is being fre-
quently selected as a unit of hydrological
morphometric analysis because of its topo-
graphic and hydrological unity. As a part of
the region of Al Jabal Al Akhdar, it has been
affected by its geologic evolution and tecton-
ics that contributed to its elongation and size
of its drainage catchment area. The morpho-
metric analysis (linear parameters) of Wadi
Alkuf was greatly aided and enhanced
through the use of geospatial tools (spatial
parameters) that resulted in a better under-
standing of the hydrologic configuration of
the drainage basin. It was found that an
ArcGIS-based approach facilitates analysis of
different morphometric parameters and explo-
ration of the relationship between the drain-
age morphometry and effects of lithology,
soils cover and eroded lands and karst fea-
tures. Based on drainage orders, WadiAlkuf
Basin has been classified as 6th order tribu-
taries basin. The mean Rb indicates that the
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dendritic and sub- dendritic drainage pattern
systems is much influenced by geologic struc-
tures. The study reveals that the drainage area
of the basin is passing through an early ama-
teur stage of the fluvial geomorphic cycle.
Lower order streams mostly dominate the ba-
sin. The development of stream segments in
the basin area is somewhat affected by rain-
fall. Circularity Ration Re, Stream Frequency
Rf, and Elongation Ratio Re show that the
elongated shape of the basin is characterized
by low discharge of runoff. It is noted that
stream segments up to 4th order traverse parts
of the high altitude, comparatively flatland,
and maximum infiltration of runoff occurs
and is aided by gentle slopes.

As karstic limestone lithology controls the
behavior of the underlying rocks (Eester-
brooks, 1969), the drainage pattern of Wadi
Alkuf watershed basin is dendritic in nature
and geometry. The details of stream charac-
teristics conform to Horton’s (1932) “‘laws of
stream numbers’’ which stated that the num-
ber of streams of different orders in a given
drainage basin tends closely to approximate
an inverse geometric ratio. There is also an
attestation in this study to the validity of his
law, which stipulates that the average length
of streams of each of the different orders in a
drainage basin tends closely to approximate a
direct geometric ratio.
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Abstract: One hundred and twenty healthy female Sprague-Dawley rats weighing between
300 to 350g were used in this study over a 20-day period. They were allocated randomly into
4 groups of 30 animals each. After the creation of 2cm x 2cm open wound, Group I was con-
trol treated with Gentamycin ointment. Groups II, III and IV were treated with Different
Types of Honey. On application, the honey was well accepted by the animals without any ad-
verse reaction. On clinical examination, Groups II, III and IV showed bright beefy red color
granulation tissue with angiogenesis when compared to Groups 1. On bacteriological examina-
tion, Staphylococcus aureus, Pseudomonas, Escherichia coli, Proteus and Klebsiella species
were isolated from all the groups. Mean percentage of epithelialistion, wound contraction and
total healing were significantly better in Group IV (P<0.05). Honey can be a better wound
healing biomaterial in rats. It can be used as a less expensive skin substitute in order to stimu-

late and promote wound healing in animals.

Keywords: Honey, Induced skin wound, wound healing, Rats

INTRODUCTION

A wound is a physical bodily injury resulting in
the disruption of normal continuity of struc-
tures and wound healing is the restoration of
the continuity. The treatment of wounds has
improved considerably in the past 30 years, and
will continue to progress rapidly with the ad-
vancing technology and a greater understand-
ing of chronic wounds (Ashraf & Khaled,
2008; Ballard & Baxter, 2000; M. A. Hussin
Khaled & Ashraf, 2008; Rafi, Ashraf, &
Khaled, 2008). The objectives of any wound
management are relief of pain and distress to
the animal, functional and cosmetic repair,
economic and time efficient procedures and

prompt decision making in the event of signs of
delayed healing (Cockbill, 2002). In chronic
wounds, the major focus of wound healing has
been on the relationship between tissue de-
struction by excess inflammation and tissue
synthesis stimulated by a pro-healing environ-
ment. Natural polymers have been increasingly
studied for applications in health care due to
their biocompatibility, biodegradability, and
nontoxity (Mali, Grossmann, Garcia, Martino,
& Zaritzky, 2006). Topical application of hon-
ey to wound has been recognized for centuries
as effective in controlling infection and produc-
ing a clean granulating wound bed. The record-
ed observations show that inflammation, swell-
ing, and pain are quickly reduced, unpleasant
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odors cease, sloughing of necrotic tissue occurs
without the need for debridement, dressings
can be removed painlessly (Dunford, Cooper,
Molan, & White, 2000; Peter. C Molan, 1999).
It is one of the most enduring materials to be
used in wound care, attributed to its antibacte-
rial, anti-inflammatory, and antioxidant proper-
ties (Peter. C Molan, 1999) Honey is mildly
acidic and has a pH between topical acidifica-
tion of wounds promotes healing (P. Molan &
Betts, 2004; P. C. Molan, 1996; Peter. C
Molan, 1999). The hydrogen peroxide pro-
duced by honey is responsible for the stimula-
tion of tissue growth. Hydrogen peroxide has
been shown to stimulate fibroblast growth in
cell culture at micro- and nanomolar concentra-
tions(Schmidt, Chung, Andrews, & Turner,
1992). The medical and nutritional properties
of honey depend on its chemical composition.
The chemical composition of honey varies de-
pending on the plant source, season, and pro-
duction methods (Moore et al., 2001). Honey
has an obvious potential for use in a variety of
clinical settings, and while a few clinics and
individuals are using honey therapeutically,
further research is needed to determine whether
the source of honey can affect wound healing.
The present paper discusses the effect of dif-
ferent types of honey for management of an
full thickness skin wound in rats.

MATERIALS AND METHODS

Animals: One hundred and twenty healthy fe-
male Sprague-Dawley rats weighing between
300 to 350g were used in this study. The ani-
mals were randomly into four experimental
groups with each group consisted of 30 ani-
mals. Group I was left untreated and acts as
control group. Group II, III and IV were treated
with Hanon honey, Sidr honey and Rosemary
honey respectively.

The progress of wound healing was recorded at
dyes 4, 8, 12, 16 and Day 20 post-operation.
An Elizabethan collar was applied to prevent
self-mutilation of the surgical site.

Honey samples:Three selected honeys which
produced by bees from Al-Jabal Al-Akhdar
Libya kept under different planting were used
in this study the floral sources were Hanon
honey from (Arbutus unedo) tree, Sidr honey
from (Sidr) tree and Rosemary honey from
(Rosemary) tree. The honeys were named ac-
cording to their floral sources. all the honeys
were supplied from Al-Jabal Al-Akhdar farms,
Libya.

Surgical protocol: The rats were anaesthetized
with an intramuscular injection of 35.0 mg/kg
Ketamine and 5.0 mg/kg Xylazine in the glute-
al area (M A.Hussin. Khaled, Asma, &
Almahdi, 2016). When fully anaesthetized, the
animals were positioned on their dorsal area,
which was prepared aseptically for the creation
of an open wound (2 X 2cm). The skin was dis-
infected with hibiscrub, containing 0.6% chlo-
rohexidin then with 70 % alcohol solution and
with 2% iodine solution (Druecke et al., 2004).

Using a sterile millimetre ruler and cotton
tipped applicator dipped in sterile methylene
blue, a 2cm square was drawn on the skin. A
full thickness skin defect in which all tissue
down to and including the panniculus muscle
was excised using no. 15 scalpel blade. Thera-
peutic ultrasound massage was given on the
periwound skin after smearing the area with
coupling gel 10mts @ 0.5 watts/ cm’® area
(Altomare, Nascimento, Romana-Souza,
Amadeu, & Monte-Alto-Costa, 2009).

The wound was covered with honey and kept
on the wound and protected with a band-
age.The limb was immobilized using a PVC
splint and bandage. The same procedure was
repeated once a week and the progress in heal-
ing was evaluated through wound colour cod-
ing, nature and quantity of exudates and odour
(James & Bayat, 2003).

Clinical observation: The colour of the wound
bed gives an indication of the phase of healing.
The colour coding taken into account are red,
yellow, black and pink areas as the main varia-
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bles in a wound. Shiny beefy red or red indi-
cates healthy granulation tissue. Yellow colour
is due to fibrous tissue or necrotic slough,
black is eschar or necrotic tissue and pink or
purple means re-epithelialisation has begun
(James & Bayat, 2003).

Mal-odour of the wound is commonly associat-
ed with infection or attributed to poor hygiene
or from a dressing that has not been changed
regularly. The presence of necrotic tissue gives
off an offensive repulsive odour, and anaerobes
typically produce a distinctive or putrid odour
(James & Bayat, 2003).

Exudate: Exudates can be scored as no exu-
dates, moderate or excessive. Type of dis-
charge can be described as serous (clear fluid
without blood), pus or debris. Serosanguineous
and sanguineous indicates thin watery pale red
to pink fluid and bloody to bright red, respec-
tively. Purulent discharge is thick, cloudy, and
yellow or tans (James & Bayat, 2003).

A more accurate method for determining the
wound area in healing studies is tracing of the
wound margins onto a clear plastic sandwich
film. In this method, a double layer sterile plas-
tic sandwich bag was placed on the wound for
tracing; the layer that comes into contact with
the wound can be removed and disposed of ac-
cordingly. The outer layer was placed on to a
graph sheet and the squares were measured by
square counting procedure. The number of
squares (0.04 cm?) that lay completely (N.) and
partially (Np) inside the tracing were counted
and the area was determined using the follow-
ing formula: Ac, = (Ne + 0.40 x Np) x 0.04
(Richard, Daures, Richard, Vannerecau, &
Boulot, 2000). The wound margin at the border
between normal skin and the wound and the
outlined area was considered to be the total
wound area. Next the leading edge of advanc-
ing epithelium was traced. The area between
these two margins was considered to be the ar-
ea for epithelialization. The area within the
margin of advancing epithelium was taken as

the area of open or unhealed wound (Bohling,
Henderson, Swaim, Kincaid, & Wright, 2004).
Calculation of wound healing

Percentage of epithelialzation

Percentage of  epithelialzation Day ,
Area of epithelium Day n
= X 100

Total wound area Dayn

Percentage of wound contraction

Step 1: Total wound on Day ,
Total wound area Day n

= X 100

N Original wound area Day 0

Step 2: % wound on Day , =100 - total wound
on Day, as % of original

Percentage of total wound healing was calcu-
lated by

Step 1: open wound Day, as % of original
Open wound area Dayn X100

N Original wound area Day 0

Step 2: Percentage of total wound healing Day,
=100- open wound Day, as % of original
(Bohling et al.,, 2004; M. Khaled, Jalila,
Kalthum, Noordin, & Saleh, 2014; M
A.Hussin. Khaled et al., 2016)

Sterile cotton swabs were rolled over the
wounds and streaked on blood and MacConkey
agar plates. The colony growth was examined
and identified by biochemical test after an in-
cubation period of 24 hours.

Data analysis: In all groups, wound epitheli-
alization, contraction, and total wound healing,
analysis across treatment groups were com-
pared using the repeated measures analysis of
variance method for Days 0, 4, 8, 12, 16 and 20
post-operation. The significant means were
elucidated using Duncan’s multiple range tests.
All statistical tests were conducted at P<0.05
level of significance.

RESULTS

On application, the Hanon honey, adhered uni-
formly to the wound site, and were absorbed on
the wound site. No unabsorbed remnants were
noticed during the next application. In Groups I
and II animals, the wound colour was red up to
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Day 12 post- operation and pink in colour from
Day 16 and 20. Groups III and IV showed
bright beefy red colour up to Day 12 and it
were red from Day 16 to 20. Malodour was
observed up to Day 12 post-operation in Group
I and II animals. In Group IIT and IV mild mal-
odour were observed up to Day 8. Serous exu-
date was noticed up to Day 12 in Group 1. Mild
serous exudate was noticed up to Day 8 post-
operation in Group II animals. No exudate was
seen in Groups III and IV animals throughout
the study (Table 1).

Table:(1). Clinical observation of the open wound

Days Group [ Group II Group IIT Group IV
4 Red Red Red Bright shiny red
8 Red Red Bright shinvred Bright shiny red
Colour 12 Red Red Bright shinvred Bright shiny red
16 Pink Pink Red Red
20 Pink Pink Pink Pink
4 Malodour Malodour Mild malodour ~ Mild malodour
8 Malodour Malodour Mild malodour ~ Mild malodour
Odour 12 Malodour Malodour No odour No odour
16 No odour No odour No odour No odour
20 No odour No odour No odour No odour
4 Exudate Mile exudates No exudates No exudate
8 Exudate Mile exudates No exudates No exudate

Exudate 12 No exudate

No exudate
No exudate

No exudates
No exudates
No exudates

No exudates
No exudates
No exudates

Exudate
16  No exudate
20 No exudate

The percentage of epithelialization was con-
sistently better in Group IV  throughout the
trial. The difference between Groups I, II, and
III compared to IV were evident as early as
Day 4. The percentage of epithelialization im-
proved from 18.68% (Day 4) to almost 99.41%
on Day 20 in Group IV. This was almost twice
that of Group I until Day 12. Groups II and III
however, demonstrated more than average epi-
thelialization throughout the trial (Figure 1).

The percentage of wound contraction was bet-
ter in Group III up to Day 12 (59.24%), how-
ever, it was best in Group IV on Days 16 and
20. The difference between Groups II, III and
IV compared to Group I was evident on Day 8.
The percentage of wound contraction improved
from 75.64 % (Day 16) to almost 93.13 % on
Day 20 in Group IV, but Group III showed an
improvement from 17.69 % (Day 4) to almost
84.55 % on Day 20, and Group II showed an
improvement from 15.68 % (Day 4) to almost
78.57 % on Day 20. Nevertheless, Group IV

demonstrated better than average total wound
healing throughout the trial (Figure 2).

The percentage of wound contraction was bet-
ter in Group IV throughout the trial. The dif-
ference between the animals in Groups II, III
and IV compared to Group I was evident from
Day 8. The percentage of total wound healing
improved from 38.59 % (Day 4) to almost
99.13 % on Day 20 in Group IV. However,
Group IV, demonstrated better than average
total wound healing throughout the study (Fig-
ure 3).

On bacteriological examination, Staphylococ-
cus aureus, Pseudomonas, Escherichia coli,
Proteus and Klebsiella species were isolated
from all the Groups.

= Control ® Group II ® Group III ® Group IV
100 -
80
o0 -
40

20 A

Wound epithilization (%)

4 8 12 16 20
Days post - wounding

Figure: (1). Percentage of epithelization of the wound

u Control ® Group Il ® Group III ® Group IV

100 4

80 4
60 4+
40 4
4 3 12 16

20

Wound Contraction (%)

Days post - wounding

Figure: (2). Percentage of contraction of the wound
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Figure (3): Percentage of total wound healing of the wound, Open wound on day 4 and 20 post-wounding: a) Group I;

b) Group II; c) Group III; Group IV
DISCUSSION

In Groups II, III and IV, the application of
honey was well tolerated by the animals. The
honey is easy to apply on the wound without
any adverse reaction and was well accepted by
all the animals. The application of Hanon hon-
ey did not show any adhesion of the gauze dur-
ing wound dressing.

The colour of the wound bed in Groups I and II
was red while Groups III and IV showed a
bright beefy red colour, which indicates
healthy granulation tissue with neovascularisa-
tion, (James and Bayat, 2003) and resistance to
infection until the epithelial barrier is re-
established (Hosgood, 2003; Pope, 1993). The
bright red colour observed is due to the micro
vascular network throughout the granulation
tissue (Tonnesen, Feng, & Clark, 2000). The
basic fibroblast growth factor set the stage for
angiogenesis during the first three days of
wound repair (Schiffer, Tantry, & Barbul,
2004) and plays an important role in granula-
tion tissue formation and the wound healing
process (Takehara, 2000). Granulation in all
the cases was flat without any exuberant na-
ture; granulation tissue with a smooth surface
facilitates migration of epithelial cells (Pope,

1993). On Days 16 and 20, the granulation tis-
sue was observed to be pink in colour in
Groups I and II, which indicates the final stage
of wound healing. In Groups III and IV the
granulation tissue was red in colour due to ne-
ovascularisation (James & Bayat, 2003).

Mal-odour was observed up to Day 12 in
Groups I and II; however, in Groups III and IV
mild mal-odour was observed up to Day 8§
which may be due to infection (James & Bayat,
2003). The presence of bacterial infection was
the common cause for the mal-odour observed,
because all the wounds were infected. Serous
discharge was noticed up to Day 12 in Group I
and mild serous discharge was noticed up to
Day 8 in Groups II and III; subsequently, the
discharge was reduced because healthy vascu-
lar granulation tissue is resistant to infection
(Hosgood, 2003; Pope, 1993).

Wound epithelialisation of Group IV was con-
sistently better than Group I, and also better
then Groups II and III because the re-
epithelialisation process in a full-thickness
wound is accelerated by the presence of colla-
gen and its proliferation is essential for optimal
wound healing (Rangaraj, Harding, & Leaper,
2011). On Day 4, epithelialisation was signifi-

© 2018 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.

ISSN: online 2617-2186 print 2617-2178



Al-Mukhtar Journal of Sciences 33 (3): 211-220, 2018

cantly better in Groups II, III and IV, compared
to Group I, because collagen from the wound
margins began to migrate to form new epitheli-
um (Rangaraj et al., 2011).

The mean percentage of wound epithelialisa-
tion in Group IV was maximum between Days
4 and 8 (32.56 %) but in Groups I, IT and III, it
was between Days 16 and 20 (21.36%, 21.79%
and 22.61 %). Collagen is a potent specific
growth factor for epithelial cells and assists in
re-epithelialisation (Rangaraj et al., 2011).

The percentage of wound contraction on post
wound Days 4 and 8 of all Groups showed no
significant difference , this may be because of
an inherent property of fibroblasts that appears
early in the process of wound contraction,
which, after some time, do not contract as
forcefully as those that appear later (Bohling et
al., 2004). Schaffer et al. (2004) reported that
there is increased fibroblast activity of the body
until post-wound Day 14. On Days 12, 16 and
20, Group IV was significantly better than
Groups I, II and III since basic fibroblast
growth factor effectively accelerated wound
fibroblast proliferation (Kawai, Suzuki, Tabata,
Ikada, & Nishimura, 2000) and has a character-
istic myofibroblastic appearance, which plays a
critical role in closure and healing (Cheng et
al., 1999).

The mean percentage of wound contraction of
Group IV on Day 20 was significantly better
than other groups; in open wounds, contraction
becomes an important feature and epithelialisa-
tion assumes a more predominant role. Howev-
er, the two processes are independent of each
other (Probst, 2003). All the groups showed
maximum rates of contraction in the period be-
tween Days 8 and 12 post-wound; similar find-
ings have been previously reported (Aljady,
Kamaruddin, Jamal, & Mohd-Yassim, 2000;
Baie & Sheikh, 2000; Bohling et al., 2004;
Swaim et al., 1993).

The percentage of total wound healing of
Group IV was significantly better then Group I

and consistently better than Group II and III
because of more rapid epithelialisation; there is
a corresponding reduction in area of exposed
granulation tissue in the wound (Bohling et al.,
2004). On Day 20, among Groups II, III and IV
in there was no significant difference but heal-
ing was significantly better than in Group L.
Basic FGF is well known for promoting the
proliferation of almost all cells associated with
wound healing (Michiyo, Toshito, &
Shigehiko, 2005). All the groups showed max-
imum mean percentage of total wound healing
from Days 4 to 8; this is in concurrence with
the results of Bohling, et al. (2004) but differs
from the findings of Swaim, et al (1993).
Staphylococcus aureus, Psudomonous,
Klebsiella sp Escherichia coli is the common
infection in wounds (Kumar, Sripriya,
Raghavan, & Sehgal, 2006). All wounds can be
contaminated regardless of the precautions tak-
en (Arul Jothi et al., 2006; Pope, 1993).

It is a biocompatible protein that does not inter-
fere with the body’s normal immunologic re-
sponse and can be used in non-healing chronic
wounds, which require a trigger to stimulate
the normal healing process.

CONCLUSION

Honey can be a better wound healing bio-
material in rats. It can be used as a less expen-
sive skin substitute in order to stimulate and
promote wound healing in animals.
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Abstract: This research aimed at detecting the presence of Ochratoxin A (OTA) in common wheat
and its products (flour/bran) in some mills in the area of Tripoli. 96 samples of wheat and its
products were collected from three mills at the wheat storage, screening and cleaning, flour
production, and bran separation. Alkali method and a solid phase column (SPE 18) were applied to
extract the poison and clean the extract respectively, and (HPLC) to detect and estimate OTA with
quantifications level and the recovery of 0.025 pg/kg and 94% respectively. The results showed that
91% of the (uncleaned) wheat samples were contaminated with OTA, with concentrations ranging
from 0.7-12.4 pg/kg and an average of 2.6 pg/kg. The percentage of contamination in the cleaned
wheat reached 75% with concentrations ranging from 0.6 to 3.5 pg/kg and an average of 1.9 pg/kg.
The toxins presence in flour decreased by 46% and the concentration level ranged between 0.5 and
1.1 pg/kg, with an average of 0.7 pug/kg. Contrary, the percentage of contaminated bran samples
went up to 88% with a concentration level of 0.9 to 2.1 7 pg/kg and an average of 1.19 pg/ kg
respectively. 84% of wheat samples did not exceed the OTA limit of 5 pg/kg as set by the Libyan
Standard. Also, the average OTA concentration in all flour samples was below the limit of 3 pg/kg
set by the Libyan Standard. Milling led to a significant reduction of 46% of the presence of OTA in
flour. The average concentration of the toxin in the flour also dropped by 73%. The statistical
analysis at a confidence level of 99 showed significant differences in OTA presence between each
of: the raw, cleaned wheat, and flour/bran. It was concluded that present wheat handling practices
should be corrected as well as tightening of the inspection of wheat in the studied mills.

Keywords: Ochratoxin A, Soft wheat, Wheat flour, Brand, Mills, Tripoli, HPLC.
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Abstract: This study aims to produce and estimate some of the chemical, microbilogical, and
consumer preference of traditional Sudanese concentrated juices (Hibiscus sabdariffa,
Tamarind, Adansonia mitigate) as authentic Sudanese juices are consumed throughout the
year and in Ramadan in particular, by combining concentration methods with sugar and heat
and then refrigerating without adding a preservative. Samples were brought from the local
market in Omdurman/ Sudan, washed and soaked in water for two hours and then filtered.
Citric acid was added to the samples, and the Arabic gum was added to the Tamarind and
Baobab juice. The samples were then divided into two parts, sodium benzoate was added to
one of them and the other was left without addition. The samples were stored for 45 days at a
cooling temperature of (4° C). Tests were conducted every 15 days for total solids, pH, total
acidity, and microbiological test as well as sensory evaluation. The results obtained were
subjected to statistical analysis. No significant differences were observed in the total solids,
pH and acidity of the Baobab and Tamarind samples. There was no microbial growth during
the storage period except for the Hibiscus juice without adding a preservative. Sensory
evaluation showed that the panelists prefers hibiscus juice followed by Baobab juice, and
Tamarind juice came in the last rank. As for hibiscus, it is recommended to add a preservative
because there is no use for heat in its concentration. The study also recommended using 60%
concentration because the juices in this concentration showed stability in the tested physical,
chemical and microbial properties.

Key words: Baobab (Tabaldi), Hibiscus, sodium benzoate. Tamarind (Aradaib), citric acid.
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Abstract: Bacteria are among the main causes of infection and wound infections because of toxins
that may delay the healing process, Which has become resistant to most antibiotics and has been
directed towards medicinal plants as alternative treatments. This study, which was conducted in the
Plant Pathology Laboratory of the Plant Protection Department of the Faculty of Agriculture, inves-
tigated the inhibitory effect of the water extract, ethanol and acetone of Ruta chalepensis L. using
several concentrations 50, 100, 150 and 200 mg/ml against four types of bacteria (Escherichia coli,
Staphylococcus aureus, Pseudomonas aeruginosa, Streptococcus pyogenes) isolated from wound
inflammation to Al-Jalaa Hospital in Benghazi-Libya by a sensitivity test in the form of Disk diffu-
sion method. then compared with Gentamicin. The results showed that the concentration of 200
mg/ml for all Ruta chalepensis L. extract was the most effective, and the concentration of 50 mg/ml
did not show any inhibitory effect on all types of bacteria studied, Streptococcus pyogenes was the
most sensitive of all concentrations of extracts with diameters of between (1.3 - 14.3)mm, While
Pseudomonas aeruginosa was the most resistant to concentrations of all extracts and antibiotics,
The results also showed that the ethanol and acetone extracts were superior to the Gentamicin on all
bacteria except Escherichia coli.
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Abstract: This study was conducted at the Faculty of Science / Omar Al-Mukhtar University to
improved the tree seeds germination of Carob (Ceratonia siliqua L.) wild and cultivated by using a
number of different treatments, inclued the treatment of soaking in hot water for periods (20, 40 and
60) minute, scarified mechanical, scarified mechanical with soaking in distilled water, and scarified
mechanical soaking in gibberellin 500ppm, without scarifying and with soaking in gibberellin
concentrations 750, 1000, and 1250pmm, and with soaking in concentrations 50, 70, and 90% Of
sulphruic acid. The treatment of scarifying with soaking in gibberellin 500ppm was moer efficiency
than all treatments with germination percentage (98%), germination time (2.88 day), and the best
averages of germination index, as root length, fresh weight, and dry weight of the seedling. While
the lowest germination percentage and longest germination time was was recorded treatment of
soaking in different concentrations of gibberellin. The results showed no significant differences
between wild and planted Ceratonia siliqua L. seeds for studied traits. The study concluded that the
treatment of Ceratonia siliqua L.seeds by scarifying with soaking in gibberellin 500ppm was the
most efficient in improving germination.
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Abstract: The Pot experiment was conducted at Lath-house to study the effect of Root-nodules
bacteria on growth of Acacia saligna under different levels of salt stress 4¢5¢8¢10 dsm™ .With four
root-nodule bacteria strains NA; ¢« NA; « NA3 « NAjand without inoculation NA, . The results
showed that the inoculationof different strains of the root bacterium significantly reduced the
harmful effects of saline.The inoculated plants in their ability to tolerate different concentrations of
salinity. Results indicated that the strain NA4 was superior to the rest of the strains in all studied
traits« NA; <NA, ¢« NA; . The high levels had significant differences compared to the lowest level of
salinity 4 dsm™ where this level exceeds the other concentrations in all studied traits« ( number of
root nodes formed for each plant¢< the dry weight of root-nodule ¢ dry weight of vegetative total ¢
concentration of nitrogen in soil) . The interference transactions between the Rhizobium strains and
the levels of salinity 4 dsm™ was more significant than that of the other levels of salinity in all stud-
ied traits.

Keywords:Acaciasaligna; Rhizobium strains; salinity levels.
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