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ARTICLE HISTORY Abstract: Sqrfactln is one of the most ppyverful I|popeptl-deblosurfactants_ pro-
duced by various strains of Bacillus subtilis. It has exceptional surface activity,
with antiviral, antibacterial, and antitumor properties. The four local isolates,

gf?]ill\;/eg(.)zz which were named Bacillus subtilis1M, 3M, 7M, and 8M were provided by the
School of Biosciences and Biotechnology, Faculty of Science and Technology,
Accepted: University of Kebangsaan, Malaysia. In this study, fermentation on shaker
22 November 2022 flasks was carried out to assess the ability of four local isolates of Bacillus sub-
tilis strains to produce surfactin by using Cooper’s media formulation, and
Keywords: comparing their production with a commercial strain of Bacillus subtilis ATCC

21332, which was obtained from the American Type Culture Collection. High-
Performance Liquid Chromatography (HPLC) was used for surfactin identifica-
tion and surfactin concentration measurements. Results obtained show the four
local isolates have the ability to produce surfactin. The Bacillus subtilis3M
strain showed the highest amount of surfactin production with 117 (3) mg/L,

Bacillussubtilis;
Surfactin Production ;
High-Performance
LiguidChromatography

(I;'iF())I-_C); while the Bacillus subtilislM strain produced the lowest amount with 65 (5.4)
mg/L. In addition, the production of Bacillus subtilis ATCC 21332 strain was
Spectrophotometer.

found at 101(4) mg/L under the same fermentation conditions.
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INTRODUCTION sporulating rod bacteria that thrives in the

_ . ) soiland is non-pathogenic to human beings
Bacillus subtilis, one of the most studied (Zweers et al., 2008). The ability of Bacillus
gram-positive bacteria (Li et al., 2010), is a subtilis to produce a lipopeptide has been
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documented for over 50 years
(Waewthongrak et al., 2014), and the research
on its antibacterial effectsis still ongoing
(Fahle et al., 2022). The antibacterial proper-
ties of surfactinaredue to the ability of Bacil-
lus subtilis to produce a variety of antibacteri-
al agents(Cheng et al., 2018), which includes
a broad spectrum of potent biosurfactants
lipopeptides (Sumi et al., 2015).

The target spectrum of potent biosurfactants
lipopeptidesproduct in this study is surfactin,
known as one of the most effective surface
activeagents available (Sousa et al., 2014). It
has the ability to reduce the surface tension of
water from 72 to 27 mN m™ at a trace concen-
tration as low as 0.005% (Amit & Rukhsar,
2013). This number is significantly lower
than most biosurfactant surface tension data,
as reported by (Al-Bahry et al., 2013). Surfac-
tinis a cyclic lipopeptide consisting of a hep-
tapeptideheadgroup with the sequence of L-
Glu, L-Leu, D-Leu, L-Val, L-Asp, D-Leu,
and L-Leu, closed to a lactone ring by a C13-15
S -hydroxy fatty acid (Isa et al., 2007). In ad-

dition to high surface activity, surfactinhas-
several other attractive properties (Pereira et
al., 2013), which include fibrin-clotting inhi-
bition, antibiotic, antiviral, hemolytic, and
antitumor properties (Chen et al., 2008). Due
to these properties, surfactin was found to
have the potential to be applied in biotechnol-
ogy and medicine. This prospect makes sur-
factin production and application very attrac-
tive economically (Jiao et al., 2017) .Surfactin
utilization for various applications in terms of
critical micelle concentration (CMC) and
minimum surface tension will increase the
high cost of capital investment (Rios et al.,
2017). Furthermore, surfactinisnot widely uti-
lized in industry due to high production costs
associated with using expensive substrates
and strains (dos Santos et al., 2010), suggest-
ed that several factors, such as microbes, the
microbial growth substrate or feedstock pro-
cessing, and by-product recovery, may influ-
ence biosurfactant production costs. During
the last four decades,more research has been

carried out to minimize the cost of surfactin
production by improving its yield.(zZhi et al.,
2017), managed to produce surfactin of 50-
100 mg/L after 24 hours of culture. Jajor 2016
used a mineral salts’ medium as fermentation
media and achieved a surfactinyield of 780
mg/L with continuous product removal and
metal cation addition.

(Mulligan et al., 1989), found an ultraviolet
mutant of Bacillus subtilis ATCC 21332,
which produced over three times more surfac-
tin (1124 mg/L).In 1997, Senand Swamina-
thano ptimized the fermentation medium and
obtained a maximum surfactin production of
760 mg/L. Another discovery (Wei & Chu,
2002) used an inorganic salt-enriched medium
accompanied by appropriate pH control and
managed to produce a surfactin yield of near-
ly 3500 mg/L, which seemed ready for com-
mercialized applications. These latter efforts
made it possible to reduce the costofsurfactin
production. This study aimed to assess the
ability of four local Bacillus subtilis strains,
namely (1M, 3M, 7M, and 8M) to produce
surfactin and compare their production with a
commercial strain of Bacillus subtilis ATCC
21332 obtained from the American Type Cul-
ture Collection.

MATERIALS AND METHODS

Local isolates of Bacillus subtilisstrains,
namely 1M, 3M, 7M, and 8M, were obtained
from the Biosciences and Biotechnology lab,
Faculty of Science and Technology, Universi-
ty Kebangsaan Malaysia. The commercial
strain of Bacillus subtilis ATCC 21332 was
obtained from the American Type Culture
Collection. At 4°C, bacterialstrains were
maintained on nutrient agar (NA). Tow loop-
fuls of colonies were inoculated in 100 ml of
Cooper’s medium, composed of 4% (w/v)
glucose and mineral salt medium (Jajor et al.,
2016) in 200 ml Erlenmeyer flasks and were-
incubated in an incubator shaker at 200 rpm
for 24 h at 30°C. 0.5 ml of the seed culture
was then inoculated into 200 ml of Cooper

© 2023 The Author(s). This open access article is distributed under a CC BY-NC 4.0license.
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media in 500 ml Erlenmeyer flasks (Wei &
Chu, 2002).

Determination of Bacterial Growth: The
determination of bacterial concentration was
referred to the method proposed by (Amit &
Rukhsar, 2013). Cellular growth was ex-
pressed in terms of optical density at 600 nm
(ODsoonm), measured by a Bio-
spectrophotometer (Eppendorf, Germany).

Quantitative Analysis of Surfactin: To de-
termine the concentration of surfactin, culture
samples were withdrawn aseptically and cen-
trifuged at 10 000 x g for 10 min and then
filtered through a 0.45 pum Nylon membrane
filter. The surfactin concentration was meas-
ured by using High-Performance Liquid
Chromatography (HPLC) (Agilent Technolo-
gies, 1200 Series, USA) equipped with a C-18
column (Agilent Zorbax Eclipse C18, 250
mm x 4.6 mm, 5um), and detected at 205 nm
with a Variable Wavelength Detector (VWD).
The system was run in isocratic mode at a
flow rate of 1.5 mL/min with a mobile phase
of 3.8 m Mtrifluoroacetic acid (TFA) in 80%
acetonitrile. As a standard, surfactin from Ba-
cillus subtilis with 98% purity from Sigma
was used.

Statistical Analyses: The collected data were
subjected to a mean analysis, a standard devi-
ation of the mean value, and a level of signifi-
cance determination using the Student's t-test.
The differences between measurements were
considered significant at the level of (P<
0.05).

RESULTS AND DISCUSSION

Several Bacillus subtilisstrains are inherently
defective in surfactin biosynthesis due to a
frame-shift mutation in the sfp gene
(Abushady et al., 2005) .Bacillus subtilis-
strains were grown using a chemically de-
fined mineral salt (MS) medium. In 1981 the
medium was designed to promote surfactin
production and was proposed by Cooper
(Jajor et al., 2016). Environmental factors

play a significant role in the yield and charac-
teristics of the produced surfactin. In order to
obtain large quantities of surfactin it is neces-
sary to optimize the process conditions be-
cause the production of surfactin may be in-
duced by changes in pH, incubation tempera-
ture, aeration, or agitation speed. Results ob-
tained in this study showthe four local isolates
ofBacillus subtilisnamely (1M, 3M, 7M, and
8M), have the ability to produce surfactin at
30°C, 200 rpm for 168 hours in a mineral me-
dium containing 4% (w/v) glucose.

Time Course of Surfactin Production and
Cell Growth: Figurel(A) and Figurel (B)
show the growth curve and surfactin produc-
tion of B. subtilisiM, 3M, 7M, 8M, and a
commercial strain of ATCC 21332 using
Cooper medium, which was composed of 4%
(w/v) glucose and mineral salt medium
(MSM). Production of surfactin for Bacillus
subtilis3M and 7M started at the log phase of
fermentation and continues until 144 hours of
fermentation. Maximum surfactin production
in both strains was achieved in 96 hoursof
fermentation in the range of 117 (£3)mg/L -
86 (+11) mg/L. Maximum cell growth was
achieved in 72 hours of fermentation. Refer-
ring to Figurel (B), maximum surfactin pro-
duction was achieved early in the exponential
phase.For Bacillus subtilis8M, surfactin pro-
duction started at the log phase of fermenta-
tion and continued until 144 hours of fermen-
tation, as shown in Figure 3. Maximum sur-
factin production was achieved at around 72
hours of fermentation, with a surfactin yield
of 105 (£ 12) mg/L. Referring to Figurel (A),
the highest bacterial growth was at 72 hours
of fermentation and was similar to results ob-
tained by (Abdel-Mawgoud et al., 2008) for
the production of surfactin by Bacillus subtilis
Isolate BS5. Surfactinproduction started after
24 hours and wascontinues forl44 hoursfor-
Bacillus subtilisIM. The highest concentra-
tion of surfactin with 65 (£7) mg/L was
achieved at 72 hours of fermentation, as
shown in Figure 1(A),and cell growth remains
almost stationary from 48 to 144 hours of

© 2023 The Author(s). This open access article is distributed under a CC BY-NC 4.0license.
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fermentation. Referring to Figure 1(B), max-
imum surfactin production was achieved dur-
ing the stationary phase. Surfactin production
for Bacillus subtilis ATCC 21332 startsat the
log phase of fermentation and continues until
144 hours. As shown in Figure 1(A), the
highest surfactin production was at 96 hours
of fermentation with 101(+4) mg/L.Cell
growth remains almost stationary from 48 to
144 hours of fermentation. Referring to Fig-
ure 1(B), the highest surfactin production was
during the stationary phase. Surfactin produc-
tion rises during the first 96 hours of incuba-
tion and falls after 120 hours. The amount
produced was found to be quite similar to the
previous work done by (Wei & Chu, 2002),
with the highest amount of surfactin of 100
mg/L. Surfactin production was reported to
begin at the late log phase and the early sta-
tionary phase of bacterial growth when nutri-
ents in culture media become scarce
(Kinsinger et al., 2005). Overall, the results
obtained show Bacillus subtilis3M produced
the highest amount of surfactin, whereas Ba-
cillus subtilis1M produced the lowest amount
of surfactin. In addition, the production of
Bacillus subtilis ATCC 21332 was found
quite similar to Bacillus subtilis3M under the
same fermentation conditions. Statistical
analysis shows the surfactin production of
Bacillus subtilis ATCC 21332 strain was sig-
nificantly higher (P<0.01) in comparison to
Bacillus subtilisLM, whereas there was no
significant difference between Bacillus sub-
tilis ATCC 21332 and Bacillus subtilis3M (P
>0.05).

Chromatographic Characterization: The
High-Performance Liquid Chromatography
(HPLC) assay used in this research work for
surfactin identification and quantification was
highly sensitive and reproducible. The identi-
fication and quantification of surfactin are
complex since surfactin has a number of
isoforms (Wei & Chu, 2002).

A

Optical Density at 600nm
{(OD600nm)

168

(mgfL)

Surfactin Concentration

Time (h)

Figure (1). Time course of bacterial growth (A) and
surfactin ~ concentration  (B):Bacillussubtilis 1M
(#);Bacillussubtilis 3M (m);BacillussubtilisTM
( A);Bacillussubtilis8sM
(®);BacillussubtiliSATCC21332 (e)

Previous studies by (Wei et al.,, 2003),
demonstrated that surfactin has six isoforms,
while others stated that so far, at least nine
different surfactin isoforms have been identi-
fied (Abdel-Mawgoud et al., 2008). These
isoforms differ in the length of the -hydroxy
fatty acid chain, which is typically C13 to
C15 (Vater et al.,, 2002).Therefore, HPLC
analysis was performed in this study on crude
fermentation broth to identify different surfac-
tin isoforms that may be present. The surfac-
tin standard chromatogram as shown in Fig-
ure 2, shows eleven different isoforms, which
were eluted between 8 and 38 min. Of these
isoforms, six were major namely, peaks 1, 2,
4,5, 7, and 8, and five were minor namely,
peaks 3, 6, 9, 10, and 11. In addition, the fig-
ure shows that all surfactin isoforms were
well separated except for isoforms numbers 7

© 2023 The Author(s). This open access article is distributed under a CC BY-NC 4.0license.
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and 8, which differed in their retention times
by less than 0.5 min, so they appeared some-
what merged. Surfactin chromatogram in Fig-
ure 3shows Bacillus subtilis 3M produced
nine different surfactin isoforms and overall
showsthe closest similarity to surfactin stand-
ard isoforms in Figure 2. The surfactin
isoforms in Figure 3(designated by letters)
show very similar retention times compared
to the surfactin standard in Figure
2(designated by numbers), except for peaks8
and 9 in the surfactin standard, which were
undetected inthesurfactin chromatogram of
Bacillus subtilis 3M.
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Figure (2). HPLC chromatogram of surfactin standard
from Sigma
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Figure (3). HPLC chromatogram of Bacillus
subtilis3M

Bacillus subtilis 1M produced the least num-
ber of surfactin isoforms with only four,
whereas Bacillus subtilis ATCC 21332as
shown in Figure 4, Bacillus subtilis 8M, and
7M in Figure 6, Figure 5, and Figure 7, re-
spectively produced in the range of six to sev-
en different surfactin isoforms. It appeared
that the number of surfactin isoforms pro-
duced and the relative abundance of the dif-

ferent isoforms were not the same in both the
local isolates and Bacillus subtilis ATCC
21332, which may be related to strain varia-
tions. (Campos et al., 2013) stated that surfac-
tin consists of a family of lipopeptides with
similar chemical structures, i.e., isoforms,
which are slightly different in their physico-
chemical properties due to variations in the
chain length and branching of its hydroxy fat-
ty acid component as well as substitutions of
the amino acid components of the peptide
ring. These differences depend on the strain
variation and the nutritional and environmen-
tal conditions (Abdel-Mawgoud et al., 2008).
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Figure (4). HPLC chromatogram of Bacillus subtilis
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Figure (5). HPLC chromatogram of Bacillus subtilis
8M
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Figure (6). HPLC chromatogram of Bacillus subtili-
SATCC21332
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Figure (7). HPLC chromatogram of Bacillus
subtilis 7M

CONCLUSION

The main objective of this research is to study
the production of surfactin by using local iso-
lates of Bacillus subtilis. This study shows the
four local Bacillus subtilisisolates namely
(AM, 3M, 7M, and 8M), have the ability to
produce surfactin at 30°C in a mineral medi-
um containing 4% (w/v) glucose. Surfactin-
HPLC chromatogram of four local isolates of
Bacillus subtilisoverall shows a similar pro-
file of surfactin isoforms in comparison to the
surfactin standard and surfactin produced by
the ATCC 21332 strain, only differing slight-
ly in terms of abundance of individual peak
retention times and the number of isoforms.
In addition, the Bacillus subtilis3M strain has
the highest capacity to produce surfactin un-
der facultative aerobic conditions, with a
maximum production of 117 mg/L, and the-
Bacillus subtilisIM strain produced the low-
est amount of surfactin at 65 mg/L, at the
same fermentation condition.
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Abstract: Amberlite LA-2 was used as an ion exchanger to remove Congo red dye
from aqueous solution. The effect of the initial concentration of dye and the initial
concentration of Amberlite LA-2 on the efficiency of dye removal from the aque-
ous phase to the organic phase at different contact times, temperatures and pH val-
ues was studied. this research aims to study the potential of using Amberlite LA-2
as an extracting material for Congo red dye removal. UV-visible Spectrophotome-
ter were used to assay the dye concentration in the aqueous solution before and af-
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ter removal. Distribution coefficients (Kp), loading capacity (Z), and extraction ef-
ficiency (E%) were computed using experimental data. The maximum extraction
efficiency of 99.69 % was obtained with a loading capacity of 384.366 mol/kg. The
obtained results also indicated that the removal of dye increases with the increase in
the concentration of Amberlite LA-2. The best removal was obtained in a neutral
medium (pH = 7), a temperature of 20 °C. A mechanism of extraction by Amberlite
LA-2 was also proposed.
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tion has received great attention from re-

INTRODUCTION
Environmental pollution is a serious problem
facing humans in modern life. These prob-
lems have emerged as a result of human tech-

nological, industrial and civilized progress.
Thus, the problem of aqueous solution pollu-

searchers (Hassaan et al., 2017). Organic mat-
ter constitutes an important part of the com-
ponents of industrial wastewater. Organic pol-
lutants have high risk in terms of their long-
term impact, as some of them cause cancerous
diseases (Padhi, 2012). Dyes are among the
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many organic materials polluting water
sources. They are used in the textile indus-
tries, in printing, in photographic colors, and
as additives in the oil industries, as well as in
other wide fields (Faust & Aly, 2013). Ap-
proximately 10-15 % of these dyes are lost as
waste in the water, which is thrown into water
sources or soil, causing major problems for
plants, animals, and humans (Asthana, 2001;
Faust & Aly, 2013). Therefore, finding ways
to remove different pollutants is very im-
portant to meet the increasing demand for wa-
ter with increasing population density.
Wastewater-containing dyes can be treated by
physical, chemical, and biological methods,
such as coagulation, fusion, oxidation, mem-
brane filtration, ion exchange, and photo cata-
Iytic degradation (Al-Sakkaf et al., 2020)
Liquid-liquid extraction is one of the most
important of these techniques due to its high
efficiency in this field and the simplicity of
the technology used for this purpose com-
pared to other methods (Al-Abbasi et al.,
2010; Uday et al., 2016).

Congo Red (CR), is an anionic azodye
(Hassaan et al., 2017; Padhi, 2012). Congo
red dye with the formula CsH2NgNa,OgS;
(Figure 1) is considered a very dangerous dye
for various living organisms, and exposure to
this dye may lead to human cancer. This dye
is sensitive to the change in the pH value, as
its red color is stable in the pH range (5-10),
and its colour changes to blue in the acidic
medium (pH < 5) (Kloetzer et al., 2019),
Congo red dye has a strong absorption band
of max 498 nm in the visible spectrum, giving
it a red color. Synthetic dyes such as Congo
Red are difficult to decompose due to their
chemical, thermal and optical stability. Congo
red dye as sodium salt form has a high solu-
bility in water, which makes the process of
treating or removing this dye from polluted
water very difficult (Saygili, 2015). The use
of water-insoluble acid-base and liquid rea-
gents as liquid ion exchangers was first pro-
posed by (Smith et al., 1937). Since then,
there has been growing interest in the use of
bases and acids with high molecular weights

as extracts (Werner, 1974). The most im-
portant properties of a useful liquid exchanger
are low solubility, high selectivity, ability to
regenerate in cyclic processes, stability to
common reagents under normal conditions,
and low cost (Khopkar, 2007; Kunin &
Winger, 1962).

OH
0o
W
O N 50" Na*
O )
0=8 N Q
o .

HoN

Figure: (1). Chemical structure of Congo red dye

Amberlite LA-2 is chemically named N-
Lauryl (trialkylmethyl), and it is a high mo-
lecular weight liquid that is soluble in most
common nonpolar organic solvents. Hydro-
metallurgy is one of the main applications of
amberlite LA-2 in mineralogy. It has been
mainly used in the recovery and purification
of uranium from low-concentration samples,
as well as the separation of iron, cobalt, and
nickel in hydrochloric acid solutions (Lee &
Wang, 1995). Moreover, Amberlite LA-2 was
used to remove and purify many organic ac-
ids, including L(+) tartaric acid (As¢1 & Inci,
2009), formic acid (Uslu et al., 2009), propi-
onic acid (Kloetzer et al., 2019), picric acid
(Uslu, 2016), malic acid (Uslu & Kirbaslar,
2010), fumaric acid (Khopkar, 2007; Kloetzer
et al., 2019), glycolic acid (As¢t & Inci,
2009), and levulinic acid & malic acid (Uslu
& Kirbaglar, 2013). Removal of Congo Red
dye from aqueous solution using Amberlite
IRA-400 was also investigated (Sinha et al.,
2018). In this study, a maximum loading effi-
ciency (99.99%) of congo red dye was ob-
tained at the conditions pH 4.5, Temp. 303 K,
contact time 180 min (Sinha et al., 2018).

In a recently published paper by our group,
Amberlite LA-2 was used to remove the Me-
thyl Orange Dye, the maximum extraction
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value of about (97.65%) was obtained (Al-
abbasi & Abdulljaoad, 2022; Alabbasi et al.,
2022; Alabbasi & Suliman, 2022). Thus, this
research aims to study the potential of using
Amberlite LA-2 as an extracting material for
Congo red dye removal. Optimization of the
ideal conditions for the extraction process as
the initial dye concentration, Amberlite LA-2
concentration, contact time, pH, and tempera-
ture. Moreover, the mechanics of the extrac-
tion process of Congo red dye with an anion
exchanger in aqueous solutions were studied.

MATERIALS AND METHODS

Chemicals and Instrumentations: The
chemicals used are all of a high degree of pu-
rity: Congo Red dye (T-Baker Lab chemi-
cals,100 %), Amberlite LA-2 (BDH, 99 %),
dichloromethane (Chemsolute, 98.5 %), sodi-
um hydroxide (Fluka, 98 %), hydrochloric
acid (Chemsolute, 37 %) and sodium car-
bonate (Fluka , 99.8 %). pH device (Thermo)
and VU-Visible Spectrophotometer (Shimad-
zu UV2450 spectrometer.).

Preparation of Standard Solutions: Stock
standard Congo red dye solutions (100 ppm)
were prepared by dissolving about 10 mg in
100 mL of deionized water. Amberlite LA-2
solution with different concentrations of
0.011, 0.022, and 0.04 M was prepared by
taking volumes of 0.25, 0.5, and 1 mL, re-
spectively, in a 50 mL stander flask, and the
volume was completed with dichloromethane
solvent and placed in an airtight bottle before
use.

Standard calibration curve of congo red:
The best wavelength at which the absorption
of the Congo red dye solution occurred was
determined by measuring the absorbance of
the Congo red dye solution with a concentra-
tion of 20 ppm in a range of wavelengths
(400-800 nm), where the highest absorption
of the dye solution was at 498 nm. To deter-
mine the standard calibration curve of Congo
red, standard solutions of 0, 20, 40, 60, and 80
ppm were prepared to form a series of five

flasks. The absorbance was measured for all
flasks at the maximum wavelength of the dye
(498 nm) (Vogel, 2000). The relationship be-
tween the dye concentration in each flask and
the corresponding absorbance was drawn, so a
straight line was obtained, and its slope equa-
tion was used to measure the concentration of
the dye in the aqueous phase at the end of
each extraction experiment. The equation for
a straight line was y = 0.0303 x - 0.0007

Extraction experiments: In tightly capped
bottles, two equal volumes (10 mL) of the
previously prepared organic and aqueous lay-
ers are taken in a 1:1 ratio. The organic layer
(Org) consists of an Amberlite LA-2 solution
dissolved in dichloromethane (DCM). The
aqueous layer (ag.) consists of aqueous solu-
tions of Congo red dye. The bottles with the
mixture were placed in a shaking water bath
(200 rpm). The bottles were shaken for the
define time, and then the agueous layer was
separated from the organic layer using a sepa-
rating funnel. Immediately, 3 mL was with-
drawn from the aqueous layer to measure the
absorbance at the Amax Of Congo Red (498
nm). To obtain the best conditions for the re-
moval process, the effect of the initial concen-
tration of Congo red dye (20, 40, 60, 80 ppm)
and the initial concentration of Amberlite LA-
2 (0.044, 0.022, 0.011 M), as well as the ef-
fect of temperature (20, 30, 40 °C ) and time
(15, 30, 45, 60 min), were studied. Moreover,
the effect of pH on the extraction process was
studied at different pH values (1,3,5,9,11,13).
The distribution coefficient (Kp) and percent-
age of the extracted dye (%E) were calculat-
ed.

RESULTS AND DISCUSSION

Congo red was extracted from an aqueous so-
lution using LA-2 in DCM as an extractant. In
this section, the effects of the initial dye con-
centration, equilibration time, temperature
effect, and LA-2 concentration were studied,
and the results are presented in Table 1.

© 2023 The Author(s). This open access article is distributed under a CC BY-NC 4.0license.
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Theoretical Approach: Liquid-liquid
extraction is a physical separation method that
aims to remove or separate a certain substance
from another substance that has been mixed
(Blumberg, 1988) It is defined as the
separation of a compound from a mixture
utilizing a liquid solvent. This method has
proven to be very useful in recovering
compounds from mixtures of materials, and it
is a method that depends on the solubility of
materials in two immiscible solutions, water
and organic nonpolar solvents (Blumberg,

1988). The principle of extraction depends on

the factor of the distribution of materials
between two immiscible liquids (Uslu &
Kirbaglar, 2013). The extraction of Congo red
dye with Amberlite LA-2 can be described by
the following reaction:

(RsNHY) + X~ = ((RsNH*X™) (1)

The distribution coefficient (Kp) is the ratio
between the concentration of a substance
distributed between two immiscible solvents
(Seader et al.,, 2016). The distribution
coefficient gives information about the
distribution of the dye in the aqueous and
organic phases. If the distribution coefficient
values Kp are greater than one, the dye
concentration in the organic phase is greater
than the dye concentration in the aqueous
phase, and if the distribution coefficient is
less than one, the dye concentration in the
organic phase is less than its concentration in
the aqueous phase.

Dye
Dol )
aq

where [Dye],,q is the dye concentration in
the organic layer and [Dye],, is the dye
concentration in the aqueous layer. The
removal percentage, (E%), is the percentage
of solute that moves from one phase to
another at equilibrium. It is expressed as the
removal efficiency or removal percentage
(E%) as in the following equation:

o (1_ [Dye]aq>
E% (1 Dyl ) X 100 )

D=

where [Dye], 44 is the initial concentration of
dye in the aqueous layer. Loading capacity,

(Z)indicates the ratio of the concentration of

dye in the organic phase at equilibrium to the
initial concentration of Amberlite LA-2. The
loading capacity (Z) can be expressed by the
equation below:

7 = [Dye]org (3)
[R2NH]o
where [R,NH], is the primary concentration
of benzoyl thiourea in the organic phase. The
larger this number is, the better the material is

for the dye extraction process.

Extraction of the congo red: Anionic congo
red was extracted from an aqueous solution
using Amberlite LA-2 in DCM as an extract-
ant. In this section, the effects of the initial
dye concentration, equilibration time, temper-
ature effect, and LA-2 concentration were
studied, and the results are presented in Table
1. From Table (1), it is noticed that all Kp
values were greater than one, which indicates
the preference of the dye for the organic
phase over the aqueous phase. It has been
noted that the Z value increases as the con-
centration of Amberlite LA-2 decreases.

To verify the role of the organic solvent on
the extraction process, the extraction
processes in the absence of Amberlite AL-2
was carried out. Among the results of the
experiments shown in the table (1) it was
noted that, thel2.528, 31.418, 27.446 and
21.667 ppm of the red Congo dye was
extracted from the aqueous phase to the
organic phase when the initial dye
concentration were 20, 40, 60 and 80 ppm,
respectively. This might be explained by the
partial solubility of Congo red dyes in the
DCM solvent.

From the results of the experiments shown in
Table (1) in the absence of Amberlite LA-2,
the E % decreases with an increase in the ini-
tial dye concentration, as it decreases from
62.64 % to 27.087 % when the initial dye

© 2023 The Author(s). This open access article is distributed under a CC BY-NC 4.0license.
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concentration is increased from 20 to 80 ppm.
This is attributed to the saturation of the sol-

Table:(1). Characteristic performance data obtained for Congo Red dye by Amberlite LA-2

vent with the increase in dye concentration.

c:LA-Z (M) CCR (ppm) t (min) c:aq Corg KD z E%
20 7.471947 12.528 1.676678 / 62.64026
0 40 30 28.58218 31.418 1.0992 / 52.363
60 32.55446 27.446 0.843066 / 45.74257
80 58.3303 21.667 0.371508 / 27.08746
15 2.448 17.552 7.1699 0.477359 87.76
20 30 1.795 18.205 10.142 0.118 92.356
45 1.696 18.304 10.79245 0.497811 97.36
60 3.1155 16.88 5.4181 0.459082 97.14
15 3.0577 36.94 12.081 1.004651 91.025
40 30 2.455 37.545 15.2933 1.021105 93.86
45 1.55 38.449 24.8058 1.045691 98
00443 60 1.99 59.007 29.6518 1.604803 97.92
15 1.583 58.42 36.9046 1.588838 91.52
60 30 1.2 58.799 48.9992 1.599146 96.12
45 1.069 58.93 55.1263 1.602709 98.22
60 1.135 38.865 34.2335 1.057005 98.33
15 2.2885 77.71 33.9567 2.113465 84.4
80 30 1.66 78.34 47.19277 2.130599 96.68
45 1.333 78.67 59.017 2.139574 97.162
60 1.333 78.67 59.017 2.139574 98.33
15 1.246 18.754 15.0514 2.054107 93.77
20 30 2.4 17.6 7.33333 1.927711 94.92
45 1.736 18.264 10.538 2.000438 95.78
60 0.712 19.288 27.0899 2.112596 97
15 2.032 37.968 18.685 4.158598 88
40 30 2.288 37.712 16.482 4.130559 94.28
45 2.116 37.884 17.9036 4.149398 95.85
0.022 60 1.74 38.26 21.988 419058 96.87
15 2.532 57.468 22.6967 6.294414 91.32
60 30 2.49 57.51 23.0964 6.299014 94.71
45 2.532 57.468 22.6967 6.294414 95.78
60 1.818 58.182 32.0033 6.372618 96.85
15 24 77.6 32.333 8.499455 96.44
80 30 2.504 77.496 30.9489 8.488059 95.56
45 2.52 77.48 30.746 8.486309 96.97
60 1.632 78.368 48.0196 8.583573 97.96
15 2.59 17.4 6.718 7.62322 87.05
20 30 2.82 17.18 6.0922 7.526835 93.12
45 2.62 17.38 6.6336 7.614458 96.073
60 2.521 17.48 6.9334 7.658269 99.08
15 2.75 37.25 13.5454 16.31983 85.9
40 30 2.75 37.25 13.5454 16.31983 93.12
45 2.59 374 14.44 16.38555 95.63
0.011 60 2.455 375 15.275 16.42935 96.97
' 15 2.36 57.6 24.407 25.23549 86.9
60 30 2.62 57.38 21.9008 25.1391 935
45 0.363 59.64 164.298 26.12925 99.395
60 0.277 59.72 215.5957 26.16429 99.69
15 0.7393 79.26 107.2095 34.72508 87.39
80 30 2.422 77.58 31.769 33.98905 93.9
45 0.244 79.756 326.869 34.94239 99.54
60 0.54 79.46 147.148 34.81271 99.3

© 2023 The Author(s). This open access article is distributed under a CC BY-NC 4.0license.
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Table:(2).Effect of temperature on the extraction of Congo red dye by AmbeliteLA-2

Ciaz (M) Ccr (pPm) T(°C) Cag Carg Ko z E%
20 2.288 37.712 16.4825 2.065277 94.28
0 25 2.43 37.57 15.4609 2.0575 93.93
30 0.352 39.648 112.6363 21713 99.12
0.022 40 2.884 37.116 12.8696 2.032636 92.79
20 2.49 57.51 23.0963 3.149505 95.85
60 25 2.349 57.651 24,5427 3.157227 96.08
30 1.35 58.65 43.4444 3.211936 97.75
40 3.908 56.09 14.3526 3.071741 93.48
Table:(3).The results obtained when extracting Congo red dye by AmbeliteLA-2 under the pH effect.
Cia .
(IMA)Z CCR (ppm) t(mm) pH Caq Corg Kb z E%
1.99 4.238 55.762 13.159 2.534636 92.937
3.8 5.063 54,937 10.851 2.497136 91.562
5 5.3036 54.696 10.313 2.486182 91.16
0022 60ppm 30 7 2.49 57.51 23.0964 2.614091 94.71
9.2 1.003 58.997 58.803 2.681682 98.328
11.23 2.653 57.347 21.612 2.606682 95.578
Time (30 min) Time (15 min)
120 100
100 80 & 20PPM
80 H 40PPM
o 60
- & 20PPM 2 “ 60PPIM
- & 40PPM w40 & 80PPIM
w 40 i 60PPM
20
20 - & 80PPM
0 - 8 -
0.044 0.022 0.011 A S ) B AL B
Almberlite LA-2 Conc. (M) Antieriitela:2 Conc: (M)
Time (60 min) Time (45 min)
100 e
100
80 30
@ €0 20PPM w 60 & 20PPM
(58] a0 - H40PPM [FT] a0 - H 40PPM
20 4 60PPM i 4 60PPM
= 80PPM ® 80PPM
0 0 -
0.044 0.022  0.011 D 0.044 0.022 0.011 C
Almberlite LA-2 Conc. (M) Almberlite LA-2 Conc. (M)

Figure (2). Effect of initial concentration of CR dye, Amberlite LA-2, and contact time on the extraction process

© 2023 The Author(s). This open access article is distributed under a CC BY-NC 4.0license.
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Figure (3). Effect A) temperature B) pH on the extraction congo red dye by Amberlite LA-2

Figures (2 A, B, C, and D) show that E % is
an insignificant change when the Amberlite
concentration increases from 0.011 to 0.044
M at a constant day concentration and specific
time as an example at a day concentration of
80 ppm, the E% is 98.33 %, 97.96 % and 99.3
% for 0.044 M.022 M, and 0.011 M. Howev-
er, Figure (2) shows that E % increases by
increasing the concentration of the initial dye.
The results showed that the dye extracted
from the aqueous phase to the organic phase
increases with time, and the quantitative
transfer of the dye takes place after 60 min,
this was in good agreements with our previ-
ous study on removing of methyl orange by
the Amberlite ion-exchanger (Alabbasi et al.,
2022).

Figure (3) shows that E% decreases with in-
creasing temperature, which is attributed to
the physical bonds between the dye molecules
and Amberlite being weakened and its trans-
fer to the organic layer being reduced. More-
over, the possibility of solvent evaporation as

it has a low boiling point of 45 °C.

Dye extraction mechanism: In this study,
significant extraction of Congo red by Am-
berlite LA-2 was observed, and the extraction
mechanism is suggested as in our previous
study (AL-abbasi et al., 2022) as follows:
First, CR is dissolved in the aqueous phase,

and then the sodium sulfonate groups (R -
SO3Na) are ionized as in equation (2):

R-SO3Na + H,0 — R-SO; + Na* )

Second, the interaction of the dye with Am-
berlite LA-2 is induced by the electrostatic
attraction between the Amberlite LA-2 cati-
ons (R2NH;") and the negative dye anions, as
shown in equation (3):

RzNH2++ R-803- d [RzNHz] [OgSR] (3)

0==$==0----R2\H

N
NH,
N=—N N==N
AN

R2NH---0=S=—0

[0}
Figure (4). The complex formed by the electrostatic
attraction between the positive Amberlite ion and the
negative dye ion

CONCLUSION

In this paper, Congo red dye was successfully
extracted from an aqueous solution by liquid—
liquid extraction using Amberlite LA-2. The
values of the distribution coefficients were
also determined and these values were greater
than 1 which indicates that the pigment distri-

© 2023 The Author(s). This open access article is distributed under a CC BY-NC 4.0license.
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bution in the organic layer is higher than in
the aqueous layer. The values of distribution
modulus and loading capacity increase with
increasing initial dye concentration and de-
crease with increasing concentration of the
substance (Amberlite LA-2). It was noticed
that by increasing the value of the acidity
function pH, the value of the distribution co-
efficient and the loading capacity increased,
and therefore the extraction efficiency up to 7
pH started decreasing with the increase of the
baseline. Increasing the temperature leads to a
decrease in the distribution coefficient and
extraction efficiency values.
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Abstract: Salvia rosmarinus Spenn (synonym: Rosmarinus officinalis L.) is eco-
nomically and medically important and grows naturally in Al-Marj (Libya). Macro,
micro morphological and chemical characteristics were studied. Leaf venation,
leaf anatomy and chemical compounds of essential oils were carried out according
to traditional methods. The objective of the present study is to provide detailed de-
scription of the characteristics of this species. Morphological charactersistics of
leaves, calyx, corolla, stamens are useful for sectional and specific delimitations in
Salvia. The leaf architecture characters of primary, secondary, tertiary and quater-
nary veins are good diagnostic markers for the identification and classification of
species. Anatomical characters such as glandular and non- glandular trichomes ,
mesophyll structure, presence of hypodermis and structure of vascular bundles
have been found to have taxonomic value. Cineol (32.38%) is main component of
essential oil, followed by Camphor, B-pinene, borneol, Caryophyllene, a-terpineol
and a-pinene. Chemical data in essential oils carried taxonomic value of Salvia
species.
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prises 10 Salvia L. species, out of which 3 are
cultivated. Recently, Salvia rosmarinus
Spenn., also known as rosemary, the most

INTRODUCTION

The genus Salvia L. (Lamiaceae), comprises
approximately 1000 species widely distribut-
ed (Walker & Sytsma, 2007). According to
(Jafri & El-gadi, 1985) Flora of Libya com-

used name, Rosmarinus officinalis L., has to
be considered a synonym of the actual name,
because molecular investigations evidenced

*Corresponding author: Wafa Ahmed: wafa.com3@gmail.com , Department of Botany, Faculty of Arts and Science,Benghazi University, Al-Marj,

Libya.


https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v38i1.1016&amp;domain=pdf&amp;date_stamp=2008-08-14
https://omu.edu.ly/journals/index.php/mjsc/index
https://doi.org/10.54172/mjsc.v38i1.1016
mailto:wafa.com3@gmail.com
https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v38i1.1016&amp;domain=pdf&amp;date_stamp=2008-08-14
https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v38i1.1016&amp;domain=pdf&amp;date_stamp=2008-08-14

Al-Mukhtar Journal of Sciences 38 (1): 19-29, 2023

as Rosmarinus L. is nested in Salvia L.(Drew
etal., 2017).

Salvia L. can be distinguished from the other
Lamiaceae genera by unique stamina architec-
ture, having only two stamens which are sepa-
rated by a significantly elongated connective
tissue (Hu et al., 2018; Kriebel et al., 2019;
Will & Clalien-Bockhoff, 2017). Based on the
calyx, corolla and stamen morphology, Ben-
thams first created an infrageneric classifica-
tion of Salvia L. (Hu et al., 2018). Molecular
studies have demonstrated that Salvia is not
monophyletic (Will & Clalen-Bockhoff,
2017). Regarding classifications of the genus
Salvia L., different opinions are proposed, one
option is to treat the five embedded genera
(Dorystaecha Meriandra, Perovskia, Rosma-
rinus, and Zhumeria) as subgenera and main-
tain Salvia in a broad sense (Drew et al.,
2017; Kriebel et al., 2019) and the other is to
split Salvia L. into six smaller genera (Will &
ClaRen-Bockhoff, 2017).

Salvia species are usually composed of per-
ennial, herbaceous, semi-shrubby or shrubby
plants and leaves, calyx and trichomes on the
flower are important characteristics used to
distinguish species (Davis et al., 1982). Also
in the revision studies on Salvia; morphologi-
cal features such as stamen type, verticillaster
number, calyx shape, corolla shape, corolla
length, length of the corolla tube, whether or
not annulus or upper lip is flat or helmet
shaped, are distinctive characters in the de-
termination of species (Dogan et al., 2008;
Kahraman et al., 2009b).

Leaf characters are considered as important
morphological features for taxonomic investi-
gations (Swaminathan et al., 2012). These in-
clude leaf architectural characters, venation
patterns (Pulan & Buot Jr, 2014). Although
leaves are generally plastic, mostly to envi-
ronmental conditions, and are sometimes ne-
glected in taxonomy, the leaf architecture and
venation patterns have long been considered
useful for the taxonomy of many different di-
cotyledonous families, including, Rubiaceae

(Banaticla & Buot Jr, 2004), Solanaceae
(Inamdar, 1978), Apocynaceae (Mohan &
Inamdar, 1982), and even monocotyledonous
families (Inamdar et al., 1983; Obico et al.,
2007).

Some studies indicated that anatomical stud-
ies is a good tool for grouping Salvia species
(Celep & Dirmenci, 2017). Recently, several
anatomical investigations on Salvia species
have been done (Bagherpour et al., 2010;
Buyukkartal et al., 2011; Celep et al., 2014
Kahraman, Celep, & Dogan, 2010;
Kahraman, Celep, & Dogan, 2010; Kahraman
& Dogan, 2010; Polat et al., 2017; Polat et al.,
2010). Studies on the anatomy of this species
in Libya are limited.

Various Salvia L. species are used in tradi-
tional medicine worldwide, for food flavor-
ing, in cosmetics, perfumery and pharmaceu-
tical industry (Dweck, 2000), due to the pro-
duction of the essential oils which are proved
to exhibit considerable biological activities
(Alimpi¢ et al., 2015; Alimpi¢ Aradski et al.,
2015). S. rosmarinus is a rich source of essen-
tial oil (Loizzo et al., 2013). The essential oil
of S. rosmarinus was demonstrated to possess
antibacterial, antioxidant, antifungal, and anti-
inflammatory properties (Kacaniova et al.,
2017).

S. rosmarinus grow naturally in Al-Marj and
has economic and medical importance. There
are not enough studies on this species in Lib-
ya, so the aim of this work is to study the
morphological, anatomical characteristics and
chemical compounds of essential oil, and pro-
vide new set of characters to description this
species.

MATERIALS AND METHODS

Fresh materials of S. rosmarinus were col-
lected from farm on Al-Marg city (Bata). The
plant samples were identified using the Liby-
an flora (Jafri & El-gadi, 1985). Morphologi-
cal characteristics of studied species, flower,
stem, leaf morphology and lamina architec-
ture were determined from fresh materials.

© 2023 The Author(s). This open access article is distributed under a CC BY-NC 4.0license.
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Leaf architectural investigation: Fresh
leaves of studied species were accomplished
by soaking the fresh samples in a strong
household bleach solution (sodium hypochlo-
ride less than 5%, sodium hydroxide less than
5% and water) until it turns white (took 24
hours), then transferred into water. Then, the
cleared leaves were photomicrographed using
(LM) and mobile camera (Galaxy Al10s, 8.0
Mega Pixels). The description of leaf veins
was carried out by Manual of Leaf Architec-
ture(Ash, 1999).

Micro morphological investigation: The
leaves of the studied species were prepared
using hand microtome at 10-20 pum. Then
were double stained using safranin and light
green and mounted in Canada balsam accord-
ing to (Johansen, 1940) then, examined using
light microscope. Photomicrographs were
taken using digital camera (Canon power-shot
A720, 8.0 mega pixels), the magnification
power was expressed by (x).

Essential oils extraction: Fresh leaves of the
examined species were submitted for 2 h to
water- distillation using a Clevenger distilla-
tion apparatus (Clevenger-type) (Su et al.,
2012).

Gas-chromatography-mass spectrometry
(GC-MS) analysis: Quantitative and qualita-
tive analysis of the essential oil was done us-
ing a GC-MS (Model GC-2010 plus, SHI-
MAD?24, Japan) at Faculty of Pharmacy,
(ASU),Cairo, Egypt, equipped with a Rtx-5
MS(Cross bound 5% diphenyl/95% dimethyl
polysiloxane capillary column (30 m x 0.25
mm i.d., film thickness 0.25 um). The major
components of oils recognized by National
Institute of Standards Technology (NIST)
V.11 GC-MS library, established by (Adams,
2007) and previous studies on S. rosmarinus
and different species of Salvia. The relative
concentration of each compound in essential
oils counted based on the peak area integrated
by the analysis program (Su et al., 2012).

RESULTS

S. rosmarinus Spenn., Handb. Angew. Bot. 2:
447 (1835) (IPNI). Replaced synonym: Ros-
marinus officinalis L., Sp. Pl. 1. 23 (1753).
Common name: Kleel. Collection date: 30-1-
2022.

Macro-Morphological characteristics
(Figl&?2): Evergreen aromatic shrub, up to
85cm tall. Stem square, grey and glabrous.
Leaves 5x0.2cm, opposite, sessile. Lamina
simple, linear, shiny green, rough on upper
surface and white, tomentose on lower sur-
face, revolute margin , acute apex and attenu-
ate base.

Leaf venation pinnate. Secondary vein cate-
gory festooned brochidromous with spacing
irregular and angle one pair acute on base.
The interseconderies weak. Tertiary vein arise
at obtuse angle to primary vein with sinus
course and is regular polygonal reticulate cat-
egory. Quaternary vein regular polygonal re-
ticulate category. Areolation well developed.
The marginal ultimate vein are looped. Inflo-
rescence verticillaster (verticals 2-8 flow-
ered). Bract ovate. Calyx 0.5cm, 3-lobed,
campanulate, brown-green, tomentose. Corol-
la 1.2cm, upper lip bifid and lower lip 3-
lobed, pale purple-pale blue. Stamens 2, an-
ther one- celled .Style bifid.

Figure (1): S. rosmarinus

© 2023 The Author(s). This open access article is distributed under a CC BY-NC 4.0license.
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Figure:(2). a-Leaf morphology. bé&c- Floral mor-
phology. d-Stem morphology

Micro-morphological characteristics (Lam-
ina anatomy Fig3): Epidermis is uniserate
and covered by a thick cuticle on the adaxial
surface and a thin cuticle on the abaxial. The
epidermial cells are radially to tangential on
both surfaces. The non-glandular and glandu-
lar trichomes are on the abaxial surface only.
The non-glandular trichomes (dendritic tri-
chomes) consist of one cell, followed by a
bifurcated series of cells. Several types of
glandular trichoms are distinguished.

One type of peltate and three types of capi-
tates. Peltate type has a secretory head with
3-4 cells, a basal cell and large stalk. One cap-
itate type exhibits a unicellular secretory
head, abasal cell and a unicellular stalk. A
second capitate type has a unicellular secreto-
ry head, a basal cell and a bicellular stalk.
The third capitate has a unicellular secretory
head, a basal cell and a tricellular stalk. A
hypodermis occurs under the adaxial epider-
mis. The midrib contain rounded single vas-
cular bundle surrounded by 2-3 rows of poly-
hedral parenchyma. The leaf is dorsiventral of
2-3 raws elongated rectangular palisade tissue
and 1-2 raws of spongy tissue.

Chemical compounds of essential oil (Ta-
blel): Thirty six components was identified
in essential oil of S. rosmarinus. The main
component was cineol (32.38%). Essential oil

was dominated by oxygenated and non- oxy-
genated monoterpenes (83.53%). Monoter-
penes that were present in high concentrations
were cineol (32.38%), Camphor (12.32%), -
pinene (6.49%), borneol (5.84%), a-terpineol
(4.04%) and a-pinene (3.20%). Sesquiter-
penes were present in low concentration in S.
rosmarinus. Caryophyllene is one of non- ox-
ygenated sesquiterpenes and found in a good
amount of about (4,80%) in oil.

Figure(3): a. Micromorphology. b. Types of trichomes
C.tr.1: The First type of capitate. C.tr.2: The second type
of capitate.C.tr.3: The third type of capitates. D.tr.: Dendrit-
ic trichome
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Table (1). Chemical composition of essential oil of S. rosmerinus.

Coumpound R.Time S. rosmerinus
0-Xylene 5.637 0.19
Heptane,2,4-dimethyl 6.865 0.16
Tricyclo[2.2.1.0(2,6)heptane, 1,7,7-trimrthyl- 7.340 0.58
Bicyclo[3.1.0]hex-2-ene, 2-methyl-5-(1-methylethyl)- (alpha-Thujene) 7.504 0.32
(1R)-2,6,6-Trimethylbicyclo[3.1.1]hept-2-ene ( alpha-Pinene) 7.693 3.20
Camphene 8.046 8.50
2,4,4-Trimethyl-lhexene 8.133 0.33
Bicyclo[2.2.1]heptane, 2,2-dimethyl-3-methylene-, (1S)- beta-Pinene) 8.851 6.49
.beta.-Myrcene 9.344 1.61
Decane 9.888 0.20
alpha-Terpinene 10.080 0.74
0-Cymene 10.181 1.04
Eucalyptol (Cineole) 10.437 32.38
trans-.beta.-Ocimene 10.723 0.25
.gamma.-Terpinene 11.346 1.01
5-1sopropyl-2-methylbicyclo[3.1.0]hexan-2-ol 11.448 0.22
(+)-4-Carene (Terpinolene) 12.264 0.42
Bicyclo[3.1.0]hexan-2-ol, 2-methyl-5-(1-methylethyl)-, 12.364 0.12
(1.alpha.,2.beta.,5.alpha- ( beta-Terpineol)

Linalool 12.515 0.18
Undecane 13.022 0.33
(+)-2-Bornanone (Camphor) 13.477 12.32
Pinocarvone 14.021 1.30
Bicyclo[2.2.1]heptane-2-ol, 1,7,7-trimethyl-, (IS-endo)- (Borneol) 14.391 5.84
3-Cyclohexene-1-ol,4methyl-1-(1-methylethyl)-, (R)- 14.789 1.60
alpha.-Terpineol 15.145 4.04
Bicyclo[2.2.1]hep-3-en-2-one, 4,6,6-trimethyl-,(1S) (Verbenone) 15.320 0.65
Endo-Borneol (Borneol) 15.548 0.72
Dodecane 16.083 0.15
Bicyclo[2.2.1]heptane-2-ol, 1,7,7-trimethyl-, (IS-endo)- Bornyl acetate)( 18.005 0.29
Benzen,1,2-dimethoxy-4-prOpenyl-(Z) (Methyleugenol) 21.903 0.61
Caryophyllene 22.048 4.80
Humulene 22.916 0.30
Caryophyllene oxide 25.925 1.13
4a(2H)-Naphtalenol,1,3,4,5,6,8a-hexahydro-4,7-dimethyl-1-(1- 26.899 0.37
methylethyl)-,(1S,4R,4aS,8aR)-

Tau-candol (gamma-Muurolene) 27.310 0.55
Androstan-17-one,3-ethyl-3-hydroxy-,(5.alpha)- 27.655 0.36

DISCUSSION

In present study, most of the morphological
characteristics agreed with the description
recorded in the Flora of Libya (Jafri & El-
gadi, 1985). Some of the characteristics dif-
fered, namely the size of the leaves and the
calyx, and other characteristics not mentioned
by Jafri, 1985, which are the number of verti-
cils and bract shape. Morphological attributes

such as bract shape and calyx shape have
been recorded in other species of Salvia
(Kaplan & Cakir, 2019). (Walker et al., 2015)
also observed that the stamen morphology of
the genus Rosmarinus remarkably similar to
some species of Salvia.

A study of leaf venation for the Salvia genus
is limited. There is a rich diversity of vena-
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tion patterns in dicotyledonous plants, leaf
venation can be classified into some charac-
ters that may have taxonomic value for the
identification and classification of species
(Hickey, 1973). In this work, the characteris-
tics of primary, secondary, tertiary and qua-
ternary veins were studied. The primary vein
category is pinnate. This result is in agree
with (Alimpi¢ Aradski et al., 2021) indicated
that primary vein of some species of Salvia is
pinnate.

In S. rosmarinus, the non-glandular and glan-
dular trichomes are on the abaxial surface of
leaves. The non-glandular trichomes are uni-
cellular dendroid form. Several types of
glandular trichoms are distinguished, Peltate
type and three types of capitates. These re-
sults in accordance with (Boix et al., 2011).
Trihomes have often been used in plant tax-
onomy (Atalay et al., 2016; Gul, Ahmad,
Zafar, Bahadur, Celep, et al., 2019; Gul,
Ahmad, Zafar, Bahadur, Sultana, et al., 2019;
Wagner, 1991). Also our results showed the
presence of a hypodermis and this is in har-
mony with (Boix et al., 2011; KiliC & KiliC,
2022), found this layer in four species of Sal-
via. The structure of vascular bundles in the
leaf anatomy of Salvia species can be used as
a very useful marker for distinguishing the
species. S. blepharochlaena has one vascular
bundles in the middle region and two small
bundles on the sides (Ozkan & Soy, 2007),
while S. halophila has two large bundles in
the middle in the midrib (Kaya et al., 2007).
According to our result S. rosmarinus has
single vascular bundle in the midrib sur-
rounded by parenchymatic tissue (Fig3a).
This result in agreement with (Kahraman et
al., 2009b), who observed these characteris-
tics of S. glutinosa. The leaves of S. indica
(Kahraman et al., 2009a) are bifacial, howev-
er those of S. halophila (Kaya et al., 2007) are
monofacial. Our result in harmony with (Kaya
et al., 2007).

The results obtained in this research showed
that peltate, capitates glandular hairs are pre-
sent on the abaxial surface of S. rosmarinus

(Fig3b). Capitate trichomes are commonly
composed of basal cell, 1-2 stalk cells and 1-2
cells forming a round or pear-shaped secreto-
ry head (Fahn, 1988; Werker et al., 1985).
Plant species that contain glandular hairs pro-
duce relatively large amounts of bioactive
compounds which include highly concentrat-
ed phytochemicals with biological activities
of interest to many industries (Dyubeni &
Buwa, 2012).

In our study, the essential oil of S. rosmarinus
were analyzed by GC-MS chromatography.
36 compounds were detected. The main vola-
tiles were oxygenated and non-oxygenated
monoterpenes. The cineole, camphor, a-
terpineol, borneol, o-pinene, B-pinene, and
caryophyllene are the most abundant com-
pounds of essential oils. The studies of
(Leporini et al., 2020) indicated that oxygen-
ated and non-oxygenated monoterpenes are
the main volatiles of S. rosmarinus at two dif-
ferent coasts of Italy, and main compounds
were cineole, a-pinene, camphor, and caryo-
phyllene. (Leporini et al., 2020) found p-
pinene of low concentation but borneol was
not detected. In a study at Al-Jabal Al-
Akhdar (Libya) by (El-Ageeli et al.,
2020)recorded that main component of essen-
tial oil of S. rosmarinus is camphor this result
disagree with our results. Cineol, a-pinene, -
pinene and caryophyllene were detected by
(El-Ageeli et al., 2020) but in different con-
centrations. The variation in the essential oils
components could be attributed to geograph-
ical origin, seasonal maturity, genetic varia-
tion, growth stages, part of plant utilized and
postharvest drying and storage which may
influence the essential oil composition
(Anwar et al., 2009; Hussain et al., 2008;
Marotti et al., 1994).

(Giweli et al., 2013) indicated that cineol is
the main component of essential oil and com-
pounds such as camphor, B-pinene, myrcene,
a-pinene, caryophyllene and a-terpineol were
in high concentrations when studying the spe-
cies of Salvia. These compounds were dis-
covered in our current study. (Coassini Lokar
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& Moneghini, 1990) indicated that the chemi-
cal data are useful for determining the degree
of affinity between species in the genus Sal-
via.

CONCLUSION

In conclusion, The morphological characteris-
tics of S. rosmarinus show some differences
with  those reported in the flora of Libya
(Jafri & El-gadi, 1985). Also some morpho-
logical characters of this species are absent in
the flora of Libya. Macro & micro morpho-
logical characteristics are a very useful key
for the identification and classification of spe-
cies. The cineole, camphor, a-terpineol, bor-
neol, a-pinene, B-pinene, and caryophyllene
are the most abundant compounds of essential
oils of S. rosmarinus. Further study might in-
clude studying S. rosmarinus with a large
number of species and studying the antibacte-
rial activity of the essential oils of plants.
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ARTICLE Abstract: Agility adoption in software development organizations is considered a
HISTORY strong solution to managing a rapidly changing, uncertain, and unsteady workplace.

Especially, as the objective of Agility is to control changes that may happen. So, moving
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steadiness and effectiveness. So Agile
development has taken broad steps somewhat
recently, significantly further developing

INTRODUCTION
Agile associations implant a common

objective and utilize new information to give
choice privileges to the groups nearest to the
data. In addition, Agile associations can
preferably merge speed and adaptability with

programming delivery and establishing more
acceptable workplaces in many associations
(Highsmith, 2013). These days, companies
work in an exceptionally tempestuous climate
adapting to a heightened speed of progress.
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Changes in business climate and doubt have
entered administration studies and exploration
for quite a while (Sherehiy et al., 2007). How
to deal with the acceleration to adapt to
expanding dynamism and disturbance of the
workplace has been the main determinant of
an association's prosperity or lack of success
for a few decades. These aggressive and
stressful conditions power companies to
combine new business esteem, increment
functional proficiency, and recognize and
promptly react to actual organizational
dangers. In reality, continuing with process
association continues to be a struggle, as it
requests the high ability of quick adaptation
(Triaa et al., 2016). However, numerous
academics and counselors have been looking
for fruitful ways to assist companies to
succeed in this quickly changing, doubtful,
and unstable workplace. One of the best and
most current methods of continuity and
achievement of organizations is Agility,
considered an unavoidable aspect of the
present forward-looking companies. The
objective of Agility is to dominate changes
that may happen. Throughout the most recent
twenty years, corporates have concentrated on
developing the Agility of their business
processes over two aspects: organizational
and technological levels (Triaa et al., 2016).

Agility is identified as one of the most
significant attributes of an organization in
lasting against market turbulence. The idea
was first presented by the specialists of the
lacocca organization of Lehigh University
(USA) in the mid-1990s and got significant
consideration from that point forward.
(Bottani, 2009; Sherehiy et al., 2007; Yusuf et
al., 1999). Agility is characterized as the
capacity of associations to react powerfully
and swiftly to sudden variations in market
requests (Bottani, 2009; Harraf et al., 2015).
Such a reaction is directed to satisfying
diverse client needs relating to item
specification, value, quality, amount, and
delivery (Lyytinen & Rose, 2005).

Organizational Agility is firmly obligated to
notions of adaptability and elasticity and these
concepts are sometimes interchangeably
utilized to signify the endeavors made by an
association for dealing with dynamic and
unpredictable changes in the market. In other
words, adaptability and flexibility comprise
two principle attributes crucial for the
evolution of associations toward
accomplishing Agility. The most significant
level of development is reflected in the type
of organizational Agility, which contains the
two ideas of adaptability and flexibility
(Sherehiy et al., 2007).

In the way to illustrate the difference between
Agile and Agility (Park & Cho, 2022)
explained that the Agile methodology is not
dependent on academic theories, but rather, it
is a result of how different technologies and
tools are designed, used, and organized in the
software development business. When it
comes to the creation of competitive behavior
and chances for innovation, Agility is the
capacity of an organization to react rapidly
and effectively to changes in the market,
supply, and demand. Innovation is one aspect
of organizational performance that Agility is
known to enhance. Moving from Agile to
Agility increases the ability of organizations
to react effectively and swiftly to surprising
variations in market requests. Business
organizations need to adopt Agility to deal
with unexpected changes in the market. Still,
some organizations may have doubts about
adopting Agility. For this reason, a systematic
study was carried out to answer some
questions pertaining to Agile and Agility
movement. This systematic study attempts to
evaluate, combine, and present the current
finding. The structure of this paper is
introduced as follows: Section Il illustrates
related research; Section Il presents the
research method; Section IV reports the
results of the study; Section V contains the
discussion; Section VI contains threats to
validity; Section VII holds the conclusion,
limitations, and future work.
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RELATED WORKS

Businesses now run in a worldwide and
speedily changing environment. They have to
respond to new chances, changing economic
conditions, and the emergence of vying
services. As software is used in practically all
business operations, new software is produced
swiftly to take advantage of new opportunities
and adapt to competition pressure. These
requirements confirm the need to use Agile
software, were Agile methods are incremental
development methods and based on iterative
delivery of software to customers in which the
increments are short, and new system releases
are routinely generated and made available to
clients every two or three weeks. Customers
are involved in the development process to
obtain quick feedback on changing
requirements. They minimize documentation
by using informal communication rather than
formal meetings with written documents
(Sommerville, 2015).

Agile is primarily intended to serve dynamic
and small team sizes, which are typically
collocated in  one location.  These
characteristics make Agile methodologies
suitable for use in managing small and
medium-sized enterprises (SMEs), where the
number of members is limited, and the nature
of their projects is typically dynamic and
flexible (Bin-Hezam et al., 2018). However,
with Agile software development, teams can
quickly adapt to changes in requirements
without affecting release dates. Not only that,
but it also aids in the reduction of technical
debt, the improvement of customer
satisfaction, and the delivery of a higher-
quality product. Due to rapid changes in
business organizations as well as the need to
respond to these changes, the trend towards
“Agility” has become important to keep pace
with this evolution. The attributes of Agile
supported some business companies and
factories to apply Agility in their work.

The idea of adjusting to unanticipated
changes has led to the evolution of some
concepts in business strategies and is referred

to as the concept of Agility. Agility is quickly
becoming a key business driver for all
organizations, as well as a critical factor in a
company’s ability to survive and thrive in
uncertain and volatile markets (Ganguly et al.,
2009). Many studies have been conducted
regarding  Agile development, Agility
measurement, and the effectiveness of Agile
methods (Gandomani & Nafchi, 2014). But
there are not many studies about the transition
from Agile to Agility.

“Agile” does not equate to “Agility”.
Following the Agile manifesto in small
projects can lead to Agility (VanderMeer,
2008).

Customer and employee satisfaction is the
goal of an Agile enterprise. An enterprise
essentially owns a set of capacities that allow
it to respond appropriately to changes in its
business environment. However, the business
conditions in which many companies find
themselves are characterized by volatile and
irregular demand due to the growing urgency
to pursue Agility.

Agility can thus be defined as an enterprise’s
ability to respond quickly to changes in
business and customer demands. To be truly
Agile, a company should have a number of
distinct Agile enablers (Dahmardeh &
Banihashemi, 2010).

A conceptual model was proposed by
(Dahmardeh & Banihashemi, 2010; Zhang &
Sharifi, 2000) for implementing Agility (as
Figure 1 shows). It consists of three major
stages: 1. Determining a company’s Agility
needs and current Agility level; 2.
Determining the Agility functionalities
required for the company to become Agile; 3.
Identifying business practices and tools that
could bring about recognized capabilities for
the company. This model improves the fact
that companies which need to achieve Agility
must be Agile.
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Figure: (1). Conceptual model for implementing
Agility (Zhang and Sharifi, 2000)

Many software engineering researchers have
focused on measuring the Agility of software
companies. Although a few Agility
assessment models have been proposed, they
have significant drawbacks, such as being
inconsistent with the Agile approach, having
less flexibility, having limited scope and
application, and so on. (Gandomani & Nafchi,
2014) proposed a model in their paper that
has none of the disadvantages of the previous
models. To create an assessment model, they
used 44 Agile practices and their values in
achieving Agility in software companies. The
proposed model can simply compute a
company's Agility based on the practices that
the company has adopted.

In terms of business management and cultural
lenses, (Karvonen et al., 2018) introduced the
definition of enterprise Agility for analyzing
large-scale  Agile transformation. They
summarized their findings, stating that there
are numerous proportions associated with
enterprise Agility, as well as numerous ways
to transform. Agile transformation may focus
on operational, strategic, or cultural aspects of
Agility; however, holistic transformation to
enterprise Agility requires a sophisticated and
unique interplay of all of these elements.
They addressed contemporary challenges
associated with a large organization's
transformation to ‘enterprise Agility’ in the
higher education domain. Enterprise Agility
transformation is  difficult because it
necessitates the application of numerous
considerations at the same time.

The author of (Sidky, 2017) presented a
chapter to introduce a transformation
approach ~ for  achieving  sustainable
organizational Agility. He presents the
organization’s ecosystem, which plays a key
role in the culture of an organization and
subsequently in its Agility. Next, a couple of
common Agile transformation approaches
were explored while highlighting
sustainability challenges with both. Then, the
Culture-led Transformation was presented,
which focuses on changing organizational
habits in a staged approach leading to
sustainable changes.

The Agile Manifesto and Agile Principles are
usually used to identify “Agile” and
“Agility”. But, to understand how they can
scale Agile Software Development and
achieve Agility, they took a look at the
available definitions, especially from sources
that look at Agility from a viewpoint that it is
more than just one team. They attributed that
to the different perceptions that people have
of “Agile” and “Agility” making deployment
of Agile Methods very hard. The conclusion
of this study showed that people really do
mean different things when they are talking
about Agile Software Development (Laanti et
al., 2013).

MATERIALS AND METHODS
RESEARCH QUESTIONS

RQ1. Which journals and conferences are
more focused on Agile and Agility?

RQ2. What is the yearly distribution of
articles?

RQ3. What is the country-wise distribution?
RQ4. How many researchers have a long-
term interest in Agile and Agility?

RQ5. What are the attributes of Agility?

RQG6. Is Agile and Agility the same?

RQ7. Do we need a practical model to
achieve organizational Agility?

RQ8. What are the dimensions that each of
Agile and Agility have?
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RESEARCH METHODOLOGY

A systematic mapping was used in this paper
to determine the kind and the extent of the
obtainable research papers to answer the
research questions as it is shown in figure 2.

Definition of Research Questions |

-

Define Search technique

¥

Execution In this stage ‘

Apply Inclusion/Exclusion Criteria

Figure: (2). Research Methodology

1. Definition of Research Questions

Eight research questions (RQs) were set up to
decide the premier researches that investigate
if Agile is the same as Agility which are:
RQ1. Which journals and conferences are
more focused on Agile and Agility?

RQ2. What is the yearly distribution of
articles?

RQ3. What is the country-wise distribution?
RQ4. How many researchers have a long-
term interest in Agile and Agility?

RQ5. What are the attributes of Agility?

RQ6. Is Agile and Agility the same?

RQ7. Do we need a practical model to
achieve organizational Agility?

RQ8. What are the dimensions that each of
Agile and Agility have?

2. Define Search technique

A number of keywords and their equivalent
words were identified to look for pertinent
papers in electronic databases: "Agile” and
"Agility”. A logical operator AND was
utilized to make a combination of the
essential terms. The timeframe was set
between 1999 and 2021 when this SM was
conducted. During this research, five
electronic databases were chosen, as they are
the most well-known scientific search engines
for article locating and publication. The
chosen databases as displayed in table 1.

Table: (1). Selected databases.

Source Location

IEEE xplore http://ieeexplore.ieee.org
ACM digital http://portal.acm.org
Springer ink http://Awww.springer.com

Science direct
Google scholar
Research gate

https://www.sciencedirect.com
https://scholar.google.com
https://www.researchgate.net

3. Execution In this stage

Different electronic databases were looked
through, utilizing the search string. At first,
around 149 preliminary studies on Agile and
Agility were observed.

4. Apply Inclusion/Exclusion Criteria
As a rule, each title, abstract, and conclusion
were investigated to distinguish articles that
focus on Agile and Agility. Some studies
were excluded based on the accompanying
rules:

« Studies not presented in English.

« Studies not accessible in full-text.

« Studies not related to the subject

* Literature review studies

The number of papers initially acquired and
later included in this research concentrates
after applying the exclusion criteria can be
shown in table 2.

Table: (2). Articles related to Agile and Agility

Database Obtained Included
IEEE xplore 30 10
ACM digital 43 4
Springer ink 32 10
Science direct 12 3
Google scholar 19 3
Research gate 13 3

Total 149 33

RESULTS

RQ1. Which journals and conferences are
more focused on Agile and Agility?

The most studied papers in the current
research are conference papers at 52%. The
remaining papers are journal publications at
39%, and others (Books & Workshops) at
9.1%, as displayed in figure 3.
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There are three papers published in the same
conference, which is the International
Conference on Agile Software Development
conference, and the other three conferences
published two papers. These conferences are:
Conference on Extreme Programming and
Agile Methods, Agile Conference, and
International Conference on Software
Engineering. The rest of the conferences
published one paper, as shown in Table 3.

Table: (3). Conference focused on Agile and Agility

Conference Name Number of
Papers

International Conference on Agile Software 3

Development

International Conference on Software 2

Engineering

Agile Conference 2

Conference on Extreme Programming and 2

Agile Methods

European Conference on Software Process 1

Improvement

International Conference on System Science,

Engineering Design and Manufacturing 1

Informatization

IEEE International Conference on 1

Management of Innovation and Technology

Euromicro Conference on Software

Engineering and Advanced Applications 1

(SEAA)

Malaysian Software Engineering Conference 1

(MySEC)

Proceedings of ISSM2000. Ninth

International Symposium on Semiconductor 1
Manufacturing

International Working Conference on
Transfer and Diffusion of IT

IFIP International Working Conference on
Business Agility and Information Technology 1
Diffusion

AIS SIGSAND Symposium on Research in
Systems Analysis and Design

In terms of journal publications, there are
about 2 different papers published in the same
journal which is IEEE Software journal. The
rest of the journals published one paper
related to the study topic as shown in Table 4.

Table: (4). Journals focused on Agile and Agility

Number of
Papers
IEEE Software 2

IEEE Transactions on Engineering
Management

Technological Forecasting and Social
Change

Public Relations Review

Production Economics

European Journal of Economics,
Finance and Administrative Sciences
Review of Managerial Science
Information Systems Frontiers
Research in Engineering Design
Technovation

Research Journal of Applied
Sciences, Engineering and
Technology

Academy of Management Annual
Meeting Proceedings

Journals Name

PR RRP R PR e B
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RQ2. What is the yearly distribution of
articles?

The papers included in this study were
published between 1999 and 2021. The
highest number of papers was published in
2018 at 4% in comparison with other years, as
shown in figure 4. In the meantime, the most
minimal number in this regard, was between
2001- 2003 and 2011-2012.

The yearly distribution of articles

4.5
3.5

25

-The yearly distribution

15 of articles

0.5
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2001
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2005
2007
2009
2011
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Figure. (4): Number of papers per year

RQ3. What is the country-wise distribution?
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The primary authors of the papers included in
the current study are from thirteen distinct
nations, as displayed in table 5. The vast
majority of the lead authors are from the
U.S.A and Portugal, followed by the United
Kingdom as nations having the highest
number of authors in this field of research.

Table: (5). Country wise distribution

Country Number of Journals and
Conference Publications

USA 6
Portugal

United Kingdom
Canada

India

Ireland

China

Singapore
Austria
Malaysia

Japan

R = = T = T = T = S S S SN O

Argentina

RQ4. How many researchers have a long-
term interest in Agile and Agility?

Long-term researchers are important,as they
have a greater chance to follow the area of
study in more depth, enhancing their results.

RQ5.What are the attributes of Agility?

In attempting to define the main attributes of
Agility, there was an initial analysis of Agile
organizations and unification of exploration
on Agility that has prompted ten tentative
attributes to serve as principal attributes of
Agility. These ten attributes are: a culture of
innovation, empowerment, tolerance for
ambiguity, vision, change management,
organizational communication, market
analysis and response, operations
management, structural fluidity, and the

development of a learning organization
(Harraf et al., 2015).

RQ6. Is Agile and Agility the same?

Agility can be identified in software
development as the capability of a software
developer to feel and respond to advanced
technical and business chances to remain
inventive and competitive in an unstable and
rapidly changing business climate (Lyytinen
& Rose, 2005). While Agile is a perspective
that centers on cooperation, recurrent
conveyance of value, and the capacity to
manage functionality changes. It comprises
rules, values, methods, and practices. At the
end of the day, Agile is a number of tools and
strategies that assist us with accomplishing
Agility (Laanti et al. 2013).

RQ7. Do we need a practical model to
achieve organizational Agility?

One of the primary integrated systems to
accomplish ~ Agility is presented by
(Gunasekaran, 1998), which shows how the
fundamental capabilities of Agile
industrialization, for example, collaboration,
worth- based pricing methodologies,
investments in individuals and data, and
organizational changes, ought to be confirmed
and integrated with proper lithe empowering
agents to evolve an adaptable association
(Gunasekaran, 1998; Sharifi & Zhang, 2001,
Zhang & Sharifi, 2000) evolved a 3-step
method  to implement  Agility in
industrialization associations, which ties
Agility drivers (i.e., changes or tensions from
the business climate that lead organizations to
embrace the Agility model) to four
fundamental Agile attributes, to be specific,
responsiveness, capability, elasticity, and
speed (Sharifi & Zhang, 2001; Zhang &
Sharifi, 2000).

In addition, one of the studies that propose a
technique to accomplish organizational
Agility is led by (Bottani, 2009). The Author
has evolved a model that links Agile attributes
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to Agile enablers utilizing the quality function
deployment (QFD) method and fuzzy logic
(Bottani, 2009).

RQ8.What are the dimensions that each of
Agile and Agility have?

Each of Agile and Agility has different
numbers of dimensions and different
dimensions. In Agile there are six dimensions
which are: Organization, Talent, Technology
enablers, Planning and  performance
management, Ways of working, and Risk and
compliance (Siegel, 2020). While, there are
four dimensions of business Agility which
are: The degree of Agility, Research &
development, Agility, Transformation Agility,
and Operation Agility (Gagnon & Hadaya,
2018).

DISCUSSION

To obtain the research publications on the
transformation from Agile to Agility, the
study explores six electronic databases IEEE
Xplore, ACM Digital, Springer, Science
Direct, Google Scholar, and Research Gate.
Initially, there were 149 research studies on
Agile and Agility. However, only 33 research
publications on the subject topic were
retrieved. The title, abstract, and conclusion
of each paper were examined to filter the
results and acquire the publications that
focused more on the research topic. A
substantial number of publications were
eliminated because they were not presented in
English, were not publicly available as a full
text, or were unrelated to the research subject
(transformation from Agile to Agility).
Following that, a spreadsheet was created to
extract the properties related to the research
questions. Generally, as can be seen from
table 2, the study discovers that 60.6% of the
results were accessed through IEEE Xplore
and Springer, while the remaining papers
were retrieved from the other databases.
Figure 2 shows that about half of the articles
examined in the present study (52%) are
conference papers, while the (39%) are

journal publications and the remainder are
books and workshops at (9.1%).

Apparently, as shown in table 3, the
(International Conference on Agile Software
Development) is the most focused conference
on transforming from Agile to Agility, with
three conference papers published.
Meanwhile, there are three conferences
(International  Conference on  Software
Engineering), (Agile Conference) and
(Conference of Extreme Programming and
Agile Methods), and each one of them
published two papers related to the topic of
research. IEEE, on the other hand, is the most
focused in terms of publishing journal papers,
where two research papers have been
published in the research relating to
transforming to Agility from Agile.

The study includes papers published between
1999 and 2021. It can be seen from Figure 3
that in the period 2016 - 2018, the number of
published papers increased by 4% when
compared to previous years. Meanwhile, the
periods with the lowest numbers in this regard
were 2001- 2003 and 2011-2012. Which
means there was an increase. Interestingly,
the great majority of the present study’s lead
authors are from the United States of
America, 6 out of 18 authors, which can be
seen in table 5. That is one-third of the lead
authors all over the world. Despite the
necessity of a long-term researcher with a
comprehensive understanding of the field and
its limitations, our research shows that there is
no dedicated author in the field of Agile to
Agility transition.

Following an initial analysis of Agile
businesses and organizations as well as the
consolidation of Agility research, the
investigation resulted in ten tentative
attributes to serve as the main attributes of
Agility. These ten characteristics are:
innovation culture, empowerment, ambiguity
tolerance, vision, change management,
organizational communication, market
analysis and response, operations
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management, structural fluidity, and the
formation of a learning organization.

(VanderMeer, 2008) found that Agile is not
equivalent to Agility while doing a detailed
theory-based investigation of the “Agile
manifesto” and developing the “Agility
principle”. In response to question 8, the
finding shows that Agile and Agility differ in
terms of the number of dimensions and the
dimensions themselves. It has been found
that: degree of Agility, research and
development Agility, transformation Agility
and operation Agility are the four dimensions
of business Agility (Gagnon & Hadaya,
2018), while Agile has six dimensions which
are: Organization, Talent, technology enabler,
planning and performance management, ways
of working, and risk and compliance (Siegel,
2020).

The study addressed the subject of whether or
not a practical model for organizational
Agility was required. It was shown that many
studies suggest and evaluate practical models
during their research. (Gunasekaran, 1998)
presents one of the key integrated systems for
achieving Agility. In addition, a three steps
model for implementing  Agility in
industrialized  organizations has  been
developed by (Gandomani & Nafchi, 2014;
Sharifi & Zhang, 2001; Zhang & Sharifi,
2000) create an assessment model that can
simply be used to compute a company’s
Agility based on 44 Agile practices and their
values that have been implemented in the
companies’ software.

THREATS TO VALIDITY

The validity issues are fundamentally in the
papers' picked cycle. Especially, the issue
identified with the chance of losing relevant
papers. To ensure the totality of our paper
archive, the most known scholarly web
indexes, including IEEE Xplore, Research
gate, and so forth, are chosen. In addition,
different mixes of the subject of interest and

their equivalent words identified with Agile
and Agility are utilized.

CONCLUSION, LIMITATIONS, AND
FUTURE WORK

In recent years, the software development
industry has seen a significant increase in the
use of Agile methods. Almost all software
companies claim to be *’Agile’” on some level
and employ Agile practices in their software
development processes. With globalization,
technology, and outsourcing all contributing
to uncertainty and unpredictability in all
sectors, an organization's ability to adapt to
unexpected change is critical to achieving and
maintaining a competitive advantage. This
concept of adapting to unforeseen changes
has resulted in the evolution of one of the
most recent concepts in business strategies,
which is known as the concept of >’ Agility’’.
As a result, transitioning from Agile to
Agility improves an organization’s ability to
respond quickly and effectively to unexpected
variants in business requests.

Our search shows there are no researchers
who have a long-term interest in the
transformation from Agile toward Agility.
This, we believe, is due to the confusion that
Agile and Agility are synonyms, which has
been discussed in our research and we found
that they are not. The findings clearly show
that Agile and Agility differ in terms of
definitions, attributes, number of dimensions,
and the dimensions in themselves.

During the search process, the most popular
electronic databases were searched (IEEE
Xplore, ACM Digital, Springer, Science
Direct, Google Scholar, and Research Gate).
However, we might have missed some related
papers published in these databases during the
elimination process either because of the
constraints imposed by some of them, such as
the paper’s full-text accessibility, or because
they were not written in English . In terms of
future work, examining the success and
failure factors of adopting Agility in software
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organizations would be interesting. As a
result, these factors can be used to measure
the success of software organizations that
have adopted Agility. Also, further research
needs to be done to know if Agility can work
well with large organizations.
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'_?S-FI;I\SLE HIS- Apstract: Drinking bottled water has become both popular and increasingly controver-
sial. as a result of the use of these techniques, some of the necessary elements in water
are exposed to remove it such as fluoride. For this reason, the present study aimed to

(F;f(g“t/eg: 2022 determine the fluoride content in both Tap Water and some types of Bottled water
CLoDer (Commercial) in the Baninah area -Benghazi. Six different types of bottled water from
Accented: the local market, and three sampling point of tap water (water network supply) were col-
ptea lected for analysis of pH, electrical conductivity (EC), total dissolved solids (TDS), and
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fluoride for all samples. The results revealed a decrease in total dissolved salts in some
Kevwords: types of bottled water compared to the Libyan standard specifications for the quality of
Fla,(\)l\rlide 'I-'a drinking water. While the Fluoride content in bottled water and tap water showed fluo-
Water B,ottle% ride concentrations lower than 1.5 mg/l according to the WHO standards and Libyan
' standards for drinking water. This requires a medical study to know the other sources

Water, Ja

Baninah. that compensate for the lack of fluoride in the water (tap water network supply - bottled

water).
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brackish and seawater is playing an increas-

INTRODUCTION ing role. Bottling water began in 1820 in the

o United States and was fairly popular in the

Global demands for trusted drinking water Nineteenth Century. Whilst the 1980s, bot-
are widening and the inability to meet sup- tled water became a ‘craze’ and products
plies is important to increasing water con- rapidly sprang up to meet the demand. (Nutt
flicts (Sivakumar, 2011). Usual groundwa- and Wilson, 2010; Wehr, 2011). Drinking
ter and surface water are the essential drink- bottled water has become both continuously

ing water sources, whereas desalination of
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accepted and continuously argumentative
(Askari et al., 2021). In comparison with
other countries, Libyan markets aren't an
outlandish case. Despite the improved quali-
ty of drinking water in water distribution
systems, the use of bottled water is progres-
sively expanding (Collins and Wright, 2014;
Hu et al., 2011). Some people believe, espe-
cially those living in locations where tap
water quality standards have been violated
of bottled water is safer or tastes better for
this reason people choose to pay for a good
(bottled water) (Bach et al., 2012). The
growing consumption of bottled water is
due to Perceptions of the safety, taste, and
convenience of bottled water. Users are
more doubtless to believe that bottled water
is safer and tastes greater if tap water or
they live in states with more widespread vi-
olations of water quality standards (Viscusi
et al., 2015).

Fluoride is the ionic form of the element
fluorine. Fluoride is found everywhere in
the air, water, soil and foodstuff. In the
1930s the first study linked the Natural fluo-
ride concentration of drinking water with
decreased caries occurrence in teeth (O
Mullane et al.,, 2016). Geological infor-
mation may supply info proper for estimat-
ing doubtless drinking water fluoride con-
centrations, utilizing information on the dis-
tribution of rock types to point to doubtless
fluorine, calcium, and sodium exposures
from which the population fluoride vulnera-
bility could be derived. Correct geological
information of this nature isn't accessible at
the global level (Fewtrell et al., 2006).
Groundwater is the main source of water in
the study area, as it is fed from the Sidi
Mansour field and some wells in the Ba-
ninah field. In addition, the local population
uses bottled water for drinking. Drinking
water generally contributes the most to daily
fluoride intake (Murray., 1986). The World
Health Organization specifies a maximum
acceptable concentration of fluoride in
drinking water of 1.5 mg/L (Organization,
2004). For example, high or low levels of

certain ions, such as fluoride, chloride,
magnesium and calcium, can lead to various
diseases, hardness and other health prob-
lems due to water drinking consumption
(Sengupta, 2013). Fluoride levels in
groundwater vary depending on the miner-
als in the rocks and ores through which the
water flows (Fawell et al., 2006; Vural and
Gundogdu, 2020). High levels of fluoride in
groundwater can cause dental fluorosis
(staining of teeth). On the other hand, fluo-
ride in drinking water is deficient. Because
fluoride enters the body primarily from
drinking water sources, the geochemical
state of fluoride in a given area or neigh-
borhood is extremely important for studying
the incidence of dental disease in that area
(Dissanayake, 1991). Reverse osmosis (RO)
helps remove fluoride and other chemical
contaminants from drinking water supplies
because their molecules are larger than wa-
ter molecules. On the other hand, the bene-
ficial effects of fluoride in reducing dental
caries may require supplementation when
drinking water is exposed to water purifica-
tion systems that reduce fluoride to well be-
low optimal levels (Khairnar et al., 2018).
This study attempted to identify Fluoride
Concentration in both Tap Water and Some
Types of Bottled Water (Commercial) in the
Baninah area -Benghazi.

MATERIALS AND METHODS

Study Area: Baninah is a town east of Ben-
ghazi in Libya, about 15 km east of the city
centre. The study area is located in the area
coordination of latitude 32.08.4570 and longi-
tude 20.25.5113 in the Baninah area, North-
eastern Libya. The study area depends on
groundwater for the main water supply in the
public water network as a source of domestic
water. In addition, the residents of the area
depend on bottled water as a source of drink-

ing.
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Figure: (1) The sampling location at Baninah Village.

Sampling and Analysis.: A total of 9 water
samples were collected as follows: 6 different
types of bottled water (local market), and 3
samples from tap water (a water distribution
network). Tap water (water network supply)
was collected in August 2022 from 3 points
sampling in the Baninah region. The infor-
mation about the location of these points
sampling (coordinates) of the tap water (water
network supply) is given in table (1).

Table (1). Coordinates the point sampling (water net-
work supply).

Points sampling Latitude Longitude
Tap water (Number 1) 32.07748  20.25980
Tap water (Number 2) 32.08610  20.25998
Tap water (Number 3) 32.08 742  20.25226

Each sample was analyzed three times. con-
ductivity and the Total dissolved solids(TDS)
by using Microprocessor HI 9835 (HANNA)
meter were measured while the Fluoride con-
centration of water samples was measured
using the SPADES method using DR 3900
spectrophotometer. according to the standard
method(APHA, 1999). All the samples were
analyzed in the laboratory of the agriculture
faculty at Benghazi university.

RESULTS AND DISCUSSION

Groundwater is the primary source of drink-
ing water in this area and some people are
using bottled water for drinking. Tables (2

and 3) illustrate four parameters determined
for 3 taps of water and determined for 6
Types of Bottled Water (Commercial) in the
Baninah area -Benghazi which was the most
used in the study area.

Table: (2) Mean of conductivity EC, pH, T.D.S and F
at some Taps Water in Baninah Village.

Location T.D.S EC pH F

Tap Water in Baninah 1344 2320 7.95 1.03
Village (Number 1)

Tap Water in Baninah 1410 2429 7.97 0.63
Village (Number 2)

Tap Water in Baninah 1385 2386 8.02 0.62
Village (Number 3)

Permissible level 1000 - 6.5- 15
(mg/L) 8.5

All the Parameters Value are Expressed in mg/l; Except pH, and
Conductivity EC (uS cm-1).

Table: (3) Mean of conductivity EC, pH, T.D.S and F
in Some Types of Bottled Water (Commercial) in the
Baninah area -Benghazi.

Location TDs EC pH F

Bottled Water 176 7.49 <0.01
102

(Aseel)

Bottled Water 107 7.43 <0.01
63

(Areen)

Bottled Water 78 135 7.42 <0.01

(Aquafine)

Bottled Water 176 7.32 <0.01

. 102

(Alain)

Bottled Water 124 7.30 0.07
72

(Pure)

Bottled Water 9% 165 7.6 0.04

(Kharoba)

Permissible level 100 - 6.5-7.5 15

(mg/L)

All the Parameters Value are Expressed in mg/l; Except pH, and
Conductivity EC (uS cm-1).

The pH values : The pH of water is a crucial
factor in determining different types of uses,
including drinking, bathing, cooking, wash-
ing, and agriculture, among others (WHO,
2011). The pH values of the Tap water in Ba-
ninah village in the study area ranged from
7.97 to 8.03 with an average of 7.98 (Table
2). This shows that the Tap water in Baninah
village in the study area is mainly alkaline.
According to (WHO, 2011), the safe limit of
the pH lies between 6.5 and 8.5 pH. It is indi-
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cating the neutral nature of pH throughout the
area of study. This water is suitable for drink-
ing, and this is confirmed. On the whole,
Groundwater quality catchment is affected by
geology with very little anthropogenic influ-
ence(Zakaria et al., 2021). The geology of the
catchment region and the water's ability to act
as a buffer generally have an impact on the
pH of groundwater(Weber Jr and Stumm,
1963).

Electrical conductivity (EC): Electrical con-
ductivity (EC) is related to the concentration
of ions in the water. The EC is an excellent
index of the amounts of TDS in water, with a
high EC indicating a high level of TDS in the
water. The higher value of EC is due to the
high dissolved solids which may subscribe to
the conductivity(Srinivas et al., 2000). Table
(2) shows the high amount of Electric Con-
ductivity (EC) in the water supply in the study
area (2429 pS/ cm) in the tap water of the
study area. These conductive ions come from
dissolved salts and inorganic substances such
as alkalis, chlorides, sulfides, and carbonate
compounds.

Total Dissolved Solids (TDS): Table (2) and
figure (2) show the high amount of total dis-
solved solids (TDS) in the water supply in the
study area was (1410 mg/l). which is com-
pared to WHO and Libyan standards (WHO,
2011). The type and quantity of dissolved
salts originate from the dissolving or weather-
ing of the soil's minerals, such as gypsum,
lime, and other slowly dissolved ones(Joshi et
al., 2009). In another meaning, TDS in drink-
ing water originate from natural sources, ur-
ban runoff, industrial wastewater, and sew-
age(WHO, 2011). This increase in the con-
centration of total dissolved salts and the low
quality of tap water is reflected in the volume
of bottled water consumption. Not surprising-
ly, the consumption of bottled water is some-
times higher in communities with serious
problems with tap water(Colburn and Ka-
vouras, 2021; Doria, 2006).

Mean Of Total Dissolved Soild (T.D.S) (Mg/L) IN Some Taps Water In Baninah
Village
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1 Tap Water in Baninah Village u Permissible level [mg/L)

Figure (2) The mean of total dissolved solids (T.D.S
mg/l) compared with Permissible level (mg/L) in some
Taps of Water at Baninah Village.

Table (3) and Figure (3) show the total dis-
solved solids (TDS) in bottled water. Where
the highest amount of dissolved salts was rec-
orded at 102 mg/litres of Alain Company, and
the lowest amount of salts recorded in Areen
Company's sample was 63, which was less
than the permissible limits in the Libyan spec-
ification for bottled water (Center, I. N. 2008).
Minerals are therefore necessary for good
taste and to make up for the deficiency in the
public's health (Islam et al., 2016). However,
if there aren't any minerals in the water, the
body won't get what it needs, and there won't
be any flavor.

The Mean Of Total Dissolved Solid [T.0.5 Mg/L) Compared With Permissible Level
[Mg/L) In In The Bottled Water At Baninah Village

102 102 9 100
= 7 71
= |- I
E
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0 —_—

0 Bottled Water (Aseel) W Bottled Water [Areen] 1 Bottled Water [Aquafine]
Bottled Water (Alain) W Bottled Water (Pure) 1 Bottled Water (Kharaba)
B Permissible level (mg/L)

Figure (3) the mean of total dissolved solids (T.D.S
mg/l) compared with the Permissible level (mg/L) in
the bottled water at Baninah Village.

Fluoride Concentration: In this study, Fluo-
ride concentrations were determined in three
points of tap water. Figure 4 shows The re-
sult of the samples analyzed in the study ar-
ea. The highest concentration of fluoride in
Tap water was (1.03 mg/L) in Baninah vil-
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lage. In addition, the average fluoride was
0.76 mg/L in tap water. Naturally, fluoride in
drinking water is known to reduce dental car-
ies among consumers, but excessive fluoride
intake can cause skeletal and dental fluorosis
that may either benefit or harm the health of
consumers. (Guissouma et al., 2017; Sham et
al., 2021; Vishali et al., 2020). The permissi-
ble limits of fluoride (1.5 mg/L) are set by
the WHO and Libyan standards (WHO,
2011).

Mean Of Flouride Concentrationmg/L) At Some Taps Water In Baninah Village.

1.6 15

103

0.63 0.62

W Tap Water in Baninah Village HTap Water in Baninah Village

mTap Water in Baninah Village = Permissible level (mg/L)

Figure (4) the mean Fluoride Concentration F (mg/l)
compared with the Permissible level (mg/L) in some

Taps Water at Baninah Village.

The lowest Fluoride Concentration observed
in the bottled water as Aseel, Areen, Aquafin,
and ALAIN was (< 0.01 mg/L) while the rest
of the bottled water was 0.07 and 0.04 in bot-
tled water as Pure and kharoba respectively.
that shown in Figure (5).

Mean OFf Flouride Concentration{mg/L) in Some Types Of Bottled Water
(Commercial) In Beninah Area -Benghazi

mgfl
FoT =y =i W =

0 0 0 0 007 0.04

F
m Bottled Water (Aseel]  mBottled Water (Areen)  mBottled Water [Aquafing)
Bottled Water (Alain) B Bottled Water [Pure) B Bottled Water [Kharoba)

W Permissible level {mgfl)

Figure (5) the mean Fluoride Concentration F (mg/l)
compared with the Permissible level (mg/L) in the bot-
tled water at Baninah Village.

CONCLUSION

The objective of this study was to determine
Fluoride Concentration in both Tap Water and
Some Types of Bottled Water (Commercial)
in the Baninah area -Benghazi. The main con-
clusions follow.

. To conclude, six Types of Bottled Wa-
ter (Commercial) in the Baninah area -
Benghazi were investigated in terms of fluo-
ride parameters and compared with the WHO
guidelines for drinking water quality.

. The decrease in total dissolved salts in
some types of bottled water compared to the
Libyan standard specifications for the quality
of drinking water(Standardization, 2008), and
this in turn leads to serious health problems
when you continue to rely on it completely.

. Fluoride measurements in bottled wa-
ter showed that some of the samples had fluo-
ride levels below 0.01 mg/L in bottled water
ASEEL, AREEN, AQUAFINE, and ALAIN.
whereas bottled water KHAROBA and PURE
showed that the samples had fluoride levels of
0.04 mg/l and 0.07 mg/l respectively. Again,
the lowest fluoride levels were in Bottled Wa-
ter (Commercial) in the study area.

. Reverse osmosis system is an effec-
tive method of de-fluoridation. Given the
beneficial effect of fluorides in reducing tooth
decay, when drinking water is exposed to wa-
ter purification systems that significantly re-
duce fluoride to a suboptimal level, it may be
necessary to use fluoride supplementation if
necessary.

. In tap water, fluoride concentration in
the public drinking water supply (tap water)
was found to be in the range of 0.62-1.03
ppm, which is far below the recommended
levels of Libyan Standard (1.5 ppm) (Center,
L. N. 1992; WHO, 2011).

. The increase in total dissolved salts in
the public drinking water supply (tap water)
compared to the Libyan standard specifica-

© 2023 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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tions for the quality of drinking water.
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Abstract: This study looks at spawning patterns, egg mass shape, and embryo devel-
opment to learn more about the reproductive biology of the A. fasciata species that
lives in Libya's coastal waters. In June 2022, eight mature Aplysia fasciata collected
from Tajura coast and kept into aquarium contain aerated seawater and marine algae
(Ulva lactuca). After five days, a mating couple was seen in the aquarium, and, a mass
of fertilized eggs were produced. The clusters eggs were transfer to new aquarium.
After few hours, the eggs started development to embryo and at 10 day the egg masses
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colour changed to a brownish as the embryo developed to the trochophore stage and
started to rotate inside capsules. After 16 day of spawning the trochophore broke the
egg capsules to hatch as free swimming larvae (the veliger stage). Unfortunately, after
25 day of fertilized eggs all larvae died as veliger. Probably, the result of inadequate
conditions for rearing or lack an availability of appropriate food. Whereas A. fasciata
has never been recorded before in the Libyan waters.
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‘ class Heterobranchia, Infraclass Euthyneura,

INTRODUCTION Subterclass Tectipleura, Order Aplysiida, Su-

perfamily Aplysioidea, Family Aplysiidae,

The sea hares, members of the Aplysidae
family, are important grazers (Kajino et al.,
2022). The genus Aplysia, often known as sea
hares, is made up of 50 species that are found
all over the world and graze primarily in the
tidal and subtidal zones. Grouping under the
following categories: Class Gastropoda, Sub-

Genus Aplysia, and Species Aplysia fasciata.
The benthic herbivorous Opisthobranchia,
Aplysia, is found primarily in tropical and
subtropical marine regions. (Beeman, 1968;
Klussmann-Kolb, 2004; Lee et al., 2014). The
Aplysia sp. it is a member of the Opisthobran-
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chia subclass, and the he reproduction, meta-
morphosis, growth, fecundity, and seasonal
abundance of several aplysiid species have all
been studied in various parts of the world
(Kempf, 1981; Lee et al., 2011; Nimbs et al.,
2017; Switzer-Dunlap & Hadfield, 1977;
Yusa, 1996). Most gastropod exhibit gono-
chorism, and some clades as Opisthobranchia
and Pulmonata are typically simultaneous
hermaphrodites (Lee et al. 2014). The Ap-
lysia sp. uses a variety of mechanisms, includ-
ing inks, to avoid predators (Derby & Aggio,
2011). These organisms create eggs and
sperm concurrently, but they often do not
self-fertilize. Instead, they cross fertilize by
copulating with another individual (Berry et
al., 1994; Hadfield et al., 1984; Klussmann-
Kolb, 2004; Kress & Schmekel, 1992; Painter
et al., 1985; Plaut et al., 1995). The female
role includes producing gelatinous egg masses
in series and storing all sperm for transfer to
another animal and the male is responsible for
inducing the creation and transfer of aut
sperm (Carefoot, 1987) and (Yusa, 1994).

In order to protect their fertilized eggs from
severe environmental changes like salinity,
temperature, desiccation, and water flow,
many intertidal gastropod species encase their
eggs in capsular egg masses (Lee et al., 2014;
Przeslawski, 2004; Przeslawski &
Benkendorff, 2005; Rawlings, 1999). Many
marine invertebrate groups commonly encap-
sulate fertilized eggs, and the composition and
shape of egg mass vary between species
(Klussmann-Kolb & Waégele, 2001; Lee et al.,
2014; Przeslawski, 2004; Przeslawski &
Benkendorff, 2005) Egg capsules come in a
variety of sizes and designs that range from
millimeters to centimeters in length, from flat,
hemispherical disks to towering, upright vases
(Switzer-Dunlap & Hadfield, 1977).

Sea hare distribution in the Western Atlantic,
which stretches from New Jersey to Brazil,
and the Eastern Atlantic, which includes the
Mediterranean Sea and the coast of West Af-
rica (Valdes et al., 2013). Some individuals
assume that A. brasiliana, a species found

along the Atlantic coast of the Americas, is
simply A. fasciata with a different regional
colour pattern. Spread along the French At-
lantic coast, in the Mediterranean, in West
Africa, and on occasion, in the southern Brit-
ish Isles (Susswein et al., 1993). Aplysia
punctata species found along the Catalan
coast (NE Spain, Western Mediterranean Sea)
exhibit unique color variants that differ in
size, mating style, egg mass, and larval colour
(Gonzalez et al., 2022).

Genus Aplysia's body colour is black and the
parapodia, feet, and cephalic tentacles have a
red border. The body occasionally has a few
pale patches. The parapodial lobes are consid-
erably apart from one another both anteriorly
and laterally. Can grow to be 40 centimetres
long (Bebbington & Hughes, 1973; Beeman,
1968; Klussmann-Kolb, 2004). The reproduc-
tion, metamorphosis, growth, fecundity, and
seasonal abundance of several aplysiid spe-
cies have all been studied in various parts of
the world (Kempf, 1981; Kriegstein et al.,
1974; Lee et al., 2011; Yusa, 1996). However,
little is known about the reproductive traits
and embryogenesis within egg masses of A.
fasciata.

This study looks at spawning patterns, egg
mass shape, and embryo development to learn
more about the reproductive biology of the A.
fasciata species that lives in Libya's coastal
waters. One of the least researched species of
Libyan fauna as Aplysia sp. There are reports
of the spotted sea hare A. dactylomela in four
different places in the maritime borders of
Libya (Rizgalla et al., 2019). Whereas A. fas-
ciata has never been recorded before in the
Libyan waters.

MATERIALS AND METHODS

Adults of A. fasciata specimens were collect-
ed alive on June, 2022 from Tajura shore at
Marine Research Centre, east of Tripoli, Lib-
ya (32°.89'61.31"N 13°.34'95.66"E) and
transferred in seawater tanksto laboratory.
Eight adult of A. fasciata were incubated in
aquarium under control conditions (salinity

© 2023 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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37 ppt £1, pH 7.8, water temperature 21°C
+1, and aeration). Water of the aquaria was
changed daily. A. fasciata were fed daily with
fresh greenalgae (Ulva lactuca) based on
(Gonzalez et al., 2022).

After five days, a mating was seen between
couple of A. fasciata in the aquarium and, a
mass of fertilized eggs was produced. The
Egg clusters were removed from old aquari-
ums to new one under the same condition as
above (Ghory et al., 2020). After the eggs
hatched, the larvae removed and placed in 1L
flasks contain filtered seawater and microal-
gae (Dunaliella salina) as food. Leica binocu-
lar microscopes (Leica Microscope MZ9.5
With Tilting Binocular Head and Dual Illu-
minated Stand) and a digital camera (an
Olympus TG4 compact camera and it is an
automatic stacking feature). Were used to
track the development and hatching eggs eve-

ry day.
RESULTS

The body of A. fasciata was black colour, and
the foot are very soft and flabby. Head and
neck Wide and short. The well developed,
flat, leaf-like cephalic tentacles. Tiny and dis-
tinct eyes; Foot is thin, thick, squishy, but
hardens upon contraction, with well-defined
edges, rounded front edges, and a short, blunt
tail (Fig.1 A and B). A secretion from the ink
gland that is dark purple, A. fasciata feeding
on macroalgae of other surfaces. Egg masses
appear as a long (15 cm) and yellowish mass-
es, with jelly capsules (Fig.2 A and B). Mor-
phological feature of eggs after fertilized were
longs as noodle (Fig.1 F). Each capsule car-
ried 18 to 25 egg, and there were 60 capsules
per one centimetre (Fig.2B andC). The
masses were bright yellow after spawning
(Fig.3 A). And this colour remained the same
until embryos reached trochophore stage
(Fig.3 B).

A. fasciata produced fertilized eggs through
internal fertilization through copulation (Fig.1

C and D). After spawning, the egg masses
were yellow in colour (Fig. 1), but as they
developed, their colour changed (Fig.2 and 3).
Embryogenesis at spawning, the fertilized
eggs were spherical and had a diameter of
around 80 um (Fig.2 A). There was an une-
qual spiral cleavage during the cell division.
About 12 hour after spawning, the first cleav-
age and development of a compact 2 cell em-
bryo occurred (Fig.2 E). The cleavage of the
two blastomeres was not synchronized during
the second cleavage (Fig.2 E). After spawn-
ing, it takes around 18 hour for a compact 3
cell embryo to form (Fig.2 F). The four little
blastomeres were split from the animal pole
of each large blastomere during the third
cleavage, which happened spirally. The first
quartet was called by these tiny blastomeres.
After spawning, it takes around 24 hour for a
compact 8 cell embryo to form, and takes
around 6 hour more to reach a 16 cell embryo
(Fig.2 G).

At 10" day after spawning, the colour of the
egg masses changed to a brownish colour as
the embryos progressed from the trochophore
stage to the wveliger stage. The embryo
reached the trochophore stage and started ro-
tating inside the egg capsule (Fig.3 A and B),
and the trochophore larva develops to the vel-
iger stage than broke the egg capsule and
hatched as free swimming larva (Fig.3 C).
They entered the veliger stage three more
days later. The veliger between 12 and 15 day
after hatch develop the prevelum in larva than
becomes the velum at 16-17 day (Fig.3 D).
Hatching larva has shell foot stick out and the
velum covered with cilia; and there is inside
digestive gland surrounded by jelly matrix
(Fig.3 E and F). After 25™ day sadly, all larva
died as veliger perphases.

© 2023 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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Parapodium

Tentacular
fold

/

Visceral
hump

Fig (1). Morphological feature of A. fasciata (a, b), pair (male and female) (c), Penis of male (d), Egg masses after
spawning (e) and masses of threads containing fertilized eggs (f).
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Fig. (2). Development of egg masses of A. fasciata in tank (A), formation of coupling chain and egg masses just after
spawning (B), Change in colour of egg masses over developmental stage (C), Early developmental stage of A. fasciata
fertilized egg (D), 2-cell stage embryo talks about 12hr after spawning (E), Beginning of 3 to 4 cell stage (F) and 8-cell
and 16 cell ended with Trochophore stage (G). Scale bars indicate 300 um. [Ec= Egg capsule, Jm= Jelly matrix and Fe
= Fertilized egg / Scale bars indicate 10 cm].

© 2023 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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16 -17 days 18 days

18 — 19 days

Fig. (3). Early developmental stage of A. fasciata (A), trochophore stage (B), veliger stage (C), and (D, E and F) hatch-
ing larva. [Cl= cilia; FO= foot; JM= jelly matrix; LA= larva; PR= prevelum; SH= shell; VE= velum. Scale bars indicate

20 pm (A) and 500 um (B to F).
DISCUSSION

The body of A. fasciata was black colour, and
the foot are very soft and flabby and the Head
and neck Wide and short. The well developed,
flat, leaf-like cephalic tentacles. Tiny and dis-
tinct eyes; Foot is thin, thick, squishy, but
hardens upon contraction, with well-defined
edges, rounded front edges, and a short, blunt
tail (Fig.1 A and B). A secretion from the ink
gland that is dark purple. The first study of A.
fasciata was made on March 12, 2022, when
discovered adult animal of this species in the
intertidal zone of the Tajura shore. This ani-
mal was kept in a laboratory with filtered
seawater that was changed daily and was fed
by green algae U. lactuca on a daily with con-
tinuously aerated. After a few days, spawned
egg masses seen in the aquarium, A. fasciata's

egg mass structure and egg development were
observed under a light microscope, but no
eggs were developing. Although the majority
of opisthobranchia, including aplysiids, are
simultaneous hermaphrodites, an adult animal
has both a functioning female reproductive
system and a functional male reproductive
system. However, it produces egg masses
through internal cross fertilization during
copulation (Hadfield et al., 1984). According
to the direction of facing, the varieties of cop-
ulation in opisthobranchia are either unilateral
or reciprocal. In reciprocal copulation, two
animals face one other in opposing directions;
insert their penises into one another's common
genital apertures, and exchange sperm
(Eyster, 1986; Kandel, 1979; Lalli &
Conover, 1973; Yusa, 1996), Aplysia spp. is
the principal species that participate in unilat-
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eral copulation. If there are more than two
individuals present, a coupling chain is fre-
quently created (Blankenship et al., 1983).
This study A. fasciata participated in unilat-
eral copulation with chain creation as part of
it is mating behaviour. In chain copulation,
the first animal assumed the role of a female
while the second animal served as a sperm
donor male to a female.

The characteristic of egg mass at spawning,
the fertilized eggs were spherical and had a
diameter of around 80 um (Fig.1 F). The eggs
embedded in jelly capsules that formed a cy-
lindrical string (Fig.2 A and B). Each capsule
carried 18 to 25 eggs, and there were 60 cap-
sules per centimetre (Fig.2 B and C). The egg
masses were a bright yellow colour after
spawning (Fig.3 A). The colour of this egg
mass remained the same until embryos devel-
opment to trochophore stage (Fig.3 B). Many
marine invertebrates commonly encapsulate
their eggs within benthic egg capsules. Dif-
ferent opisthobranch has different egg masses
structures and compositions. The Aplysiid's
fertilized eggs are contained in capsules that
are placed between layers of Mucopolysac-
charide jelly to create a cylindrical string
known as an egg masses (Przeslawski, 2004).
The shape and structure of the egg mass of
different Aplysiid species are very similar, but
the proportion of capsules to egg mass and the
quantity of eggs in each capsule differ be-
tween them. According to (Bridges, 1975 ;
Lee et al., 2014; Switzer-Dunlap & Hadfield,
1977). There is an inverse link between size
and egg count per capsule, however for many
species with smaller eggs, the relationship is
unclear. Additionally, the quantity of eggs per
capsule increased with increasing animal
body size as in A. californica, A. brasiliana
(Capo et al., 2009).

At spawning, the spherical embryos and ferti-
lized eggs had a diameter of around 80 pum
(Fig.2 A). There was an irregular spiral cleav-
age during the cell division. The most of mol-
luscs have been through spiral holoblastic
cleavage, and egg size and temperature effect

how an embryo develops. In opisthobranchia,
the hatching size similarly rises with increas-
ing embryonic time, and the egg diameter
positively correlates with the size of the
hatched veliger larvae (Hadfield et al., 1984).
In a study of the growth of four Aplysiid spe-
cies, it was shown that, at the same tempera-
ture, the embryonic periods vary between
species with smaller and larger eggs, being
shorter for the former and longer for the latter
(Switzer-Dunlap & Hadfield, 1977). About 12
hour after spawning, the first cleavage and
development of a compact 2 cell embryo oc-
curred (Fig. 2E). The two blastomeres in the
second cleavage did not split at the same
time; the smaller blastomere split five hour
after the development of the 2 cell embryo
(Fig.2 E). After spawning, it takes around 18
hour for a compact 3 cell embryo to form
(Fig.2 F). The four little blastomeres were
split from the animal pole of each large blas-
tomere during the third cleavage, which hap-
pened spirally. The first quartet was called by
these little blastomeres. After spawning, it
takes around 24 hour for a compact 8 cell em-
bryo to form, and takes around 6 hour more to
reach a 16 cell embryo (Fig.2 G).

A. fasciata larva produced fertilized eggs
through internal fertilization through copula-
tion (Fig.1 C and D). The mass of fertilized
eggs was laid out in the shape of a string and
were yellow colour (Fig. 1), but as they de-
veloped their colour changed to a brownish
colour as the embryos development from the
trochophore stage to the veliger stage (Fig.2
and 3). At 10" day after spawning, the colour
of the egg masses changed to a brownish col-
our as the embryos progressed from the
trochophore stage to the veliger stage. The
embryo reached the trochophore stage and
started rotating inside the egg capsule (Fig.3
A and B), and the trochophore larva develops
to the veliger stage than broke the egg capsule
and hatched as free swimming larva (Fig.3 C).
They entered the veliger stage three more
days later. The veliger between 12 and 15 day
after hatch develop the prevelum in larva than
becomes the velum at 16-17 day (Fig.3 D).
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Hatching larva has shell foot stick out and the
velum covered with cilia; and there is inside
digestive gland surrounded by jelly matrix
(Fig.3 E and F). After 20" day sadly, all larva
died as veliger per phase.

Although the particular time from egg laying
to hatching varies between Aplysiid species,
the range does not, it is typically around 16
days. The fertilized eggs of A. fasciata species
underwent spiral cleavage, like those of other
gastropod, but with unequal cell division.
Within the range of other Aplysiids, the eggs
hatched after 10 days spawning (Reverol et
al., 2004). Unfortunately all larvae died as
veliger stage, probably as a result of the unfa-
vourable conditions of their rearing, such as
contaminated water or lack of suitable food
produce, as well as their longer developmen-
tal time to adult stage, suggesting that these
stages may be especially sensitive to envi-
ronmental changes.

CONCLUSION

Aplysia fasciata is one of the species, it has
appeared recently in western coast of Libya
and that has received less research. Therefore,
this research focused on the spawning behav-
iour, number of eggs per capsule, egg masses
structure, and egg growth and development.
Moreover, the results of present study showed
preliminary information about the reproduc-
tive of the A. fasciata, but unfortunately, all
larvae died as veliger stage, possibly as a re-
sult of the unfavourable conditions in which
they have been grown.
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Abstract: This study was aime to measure the accumulation of endogenous salicylic
acid, as indicator for systemic acquired re-sistance of wheat plants of “Utique” variety.
The plant was sprayed with salicylic acid (SA) or water as control, at the five-leaf
stage, later infected with leaf blight caused by Alternaria triticina. Leaf samples were
removed after 10, 20, and 30 days of inoculation to test their endogenous content of
salicylic acid as it is the primary internal signal indicating the emergence of systemic
acquired resistance in plants, by the spectrophotometer measuring. Endogenous SA
values were ascending dramatically from 10 days to 20 days and maximum with 30th
day significantly, while control plants exhibit lower values in all day periods, insignif-
icantly. SA treatments proved reduction in disease incidence after 10 days with 54%
and after 20 days with 64%, while after 30 days the reduction recorded high percent-
age of 80%. In comparison between the time intervals, disease severity was clearly
reduction and reached to 83% after 10 days of inoculation then decreased to 72% for
both 20th and maintained its stability on the 30th day of inoculation by 72%. This
study was proved the reduction of wheat leaf blight incidence and disease severity as a
result of treatment by using 1Millimolar (mM) of SA was leading to accumulation of
significant levels of endogenous SA as indicator for internal induced resistance in
plant.
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family grown throughout the world includ-

INTRODUCTION ing Libya. It is one of the most important
Wheat (Triticum aestivum L.) is one of the winter crops which are sensitive to tempera-
most important cereal crops under Poaceae ture. In 2019 the world production of wheat
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was reached 765 million tons, making it the
second most-produced cereal after maize
(1.1 billion tons) (Faostat, 2019). In Libya,
the average yield and total production of
wheat have been estimated at 5510 tones on
average area, 5312 hectares (Faostat, 2019).
It is being a favorite food for millions of
people which contains large amounts of
carbohydrates and protein. There are several
restrictions limiting the potential yield of
wheat. Among them, foliar blight has re-
cently emerged as a major concern through-
out the world (Dubin & Ginkel, 1991).

The disease initially appears as small and
irregularly scattered chlorotic lesions on the
leaves in late December. As the disease ad-
vances, several spots are merge and cover
the whole or part of the leaf showing a
blighted appearance. Heavily infected fields
show a burnt appearance (Kakraliya et al.,
2017). Alternaria triticina is the causal
agent of wheat leaf blight, and a small num-
ber of related cereals (Prasada & Prabhu,
1962). Infection occurs through seed-borne
transmission, planting into infected soil, or
from infested crop residues, where rain
splash or leaves direct contact with the soil
leads to infection. A. triticina is unable to
infect young wheat seedlings under four
weeks of age, with symptoms not seen until
plants were reached seven weeks of age.
Susceptibility was increased with plant age
(Murray, 2009).

Following inoculation with A. triticina,
phenol content increased in resistant leaves
and decreased in susceptible ones. Free
amino acids, especially those involved in
aromatic metabolism, are raised markedly in
resistant cultivars. In resistant cultivars, dis-
ease progress stopped after 5 days and
changes in phenol and nitrogen content per-
sisted for up to 10 days. Phenolic com-
pounds accumulated more rapidly in re-
sistant cultivars than in susceptible cultivars
as a result of infection (Chalkley, 2012).

Systemic acquired resistance (SAR) is an

inducible form of plant defense that confers
broad-spectrum immunity to secondary in-
fections beyond the initial infection site
(Wang et al., 2018; Yasuda, 2007) summa-
rized that in incompatible interactions be-
tween plants and pathogenic microorgan-
isms, plants recognize the virulence gene
products of individual pathogens using spe-
cific receptors, the R gene products. This
interaction causes, at the infection site, a
burst of reactive oxygen species (ROS), the
rapid induction of a hypersensitive response
(HR) involving controlled cell death, and
the expression of pathogenesis-related (PR)
genes. Following these events in the infect-
ed leaves, the uninoculated leaves exhibit an
increased level of PR gene expression and
usually develop long-lasting enhanced re-
sistance to further attacks by pathogens,
termed systemic acquired resistance SAR
(Yasuda et al., 2008). Activation of SAR
needs accumulation of the endogenous sig-
naling molecule salicylic acid (SA). Exoge-
nous application of SA is sufficient to trig-
ger SAR and the concurrent induction of
defense-associated genes (van den Burg &
Takken, 2009). SAR can be induced by ei-
ther pathogen infection or treatment with
salicylic acid (SA) or its functional ana-
logs 2,6-dichloroisonicotinic acid (INA)
and benzothiadiazole (BTH), which is as-
sociated with transcriptional activation of
pathogenesis-related (PR) genes (Fu &
Dong, 2013).

(Malamy et al., 1990) reported that the first
evidence that SA is an endogenous signal
molecule in plant defense came from studies
with pathogen-challenged tobacco and cu-
cumber plants. The detection of SA levels
were increased in systemic leaves and in the
phloem led many researchers to believe that
SA might be a systemic signal for SAR
(Ghanbari et al., 2015). Because A. triticina,
is a seed-borne pathogen, and causes major
damage to susceptible wheat varieties under
wet or dry conditions. It is necessary to rely
on stimulating systemic plant resistance
through treatment with chemical inducers,
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so this study was conducted to measure the
accumulation of endogenous salicylic acid,
as indicator for systemic acquired re-
sistance.

MATERIALS AND METHODS

Wheat variety source: Seeds of wheat varie-
ty “Utique” F1 were obtained from Central
Mutual Company of Seeds (Cosem), Manou-
ba — Tunisia.

Experimental design: The experiment was
conducted in complete randomized block de-
sign, by planting two basins with an area of
60 * 30 cm, at a rate of 300 wheat seeds in
each basin, and irrigated by flooding method.
The irrigation was continued once every five
days.

Exogenous SA preparation and spray: Sal-
icylic acid (SA) Sigma-Aldrich chemie-
France was purchased from Sigma Co.
branch, Cairo. The shoot system at the five-
leaf stage plants in the first block was sprayed
with Salicylic acid (ImM), while the other
block was sprayed with sterile water.

Fungal isolate: Alternaria triticina isolate
was obtained from fresh infection of wild
wheat plants grown near the research station
of the faculty of Agriculture farm. lIsolation
was carried out on fresh wheat leaves, show-
ing early blight symptoms, carefully washed
in running tap water, then surface sterilized
with 10% sodium hypochlorite. The infected
parts were cut into small pieces by using a
sterilized scalpel at the zone of infection, then
washed several times in sterile distilled water
and dried between two sterilized filter papers,
and transferred to the surface of Potato Dex-
trose Agar (PDA) medium in Petri dishes and
incubated at 25 °C for 4-7 days to enhancing
sporulation. Wheat plants of Utique variety
(60 days old) which treated with SA or H,O
before, were inoculated with fungal spore
suspension. A modified technique of (Fritz,
2005) was applied through this experiment.
Fungal spores of 10 day-old cultures were

harvested by gentle brushing to separate the
spores from the mycelium. The spore suspen-
sion was quantified using a haemocytometer
to 10* spores/ml. Plant leaves were inoculated
by spraying the spore suspension until run-
off. To ensure good spore germination, the
plants were covered with transparent plastic
bags for 24 hours to increase the relative hu-
midity.

Plant extraction: Plant extraction was done
according to the modified methodology of
(Warrier et al., 2013). Leaf samples of wheat
were cutting and grounded in 70% ethanol
solvent to ensure the solubility of SA from
tissues in the presence of interfering sub-
stances. Samples were mixed well in the sol-
vent followed by centrifugation at 10,0009 for
10 min. The supernatant was kept in ice for
SA measurement.

Calibration curve of SA: The free phenolic
hydroxyl group present in salicylic acid reacts
with ferric chloride and forms a violet-colored
mixture i.e., ferric salicylate which is propor-
tional to the concentration of salicylic acid.
The calibration curve of SA was constructed
according to the method of (Venkataswamy,
2018). Ferric chloride reagent is prepared by
adding 1 gm of FeCl; to 100 ml of 1% hydro-
chloric acid (HCL). Stock solution 1: Stock
solution of salicylic acid (Lmg/ml) is prepared
by dissolving 100 mg of salicylic acid in a
few ml of methanol and completed to 100 ml
with distilled water in a volumetric flask.
Stock solution 2: 10 ml of this stock solution
1 is diluted with 100 ml distilled water to get
100 pg/ml of salicylic acid solutions. Dilu-
tions: The respective samples (Iml, 2ml, 3ml,
4ml, 5ml, and 6ml) each transferred in a test
tube, reagent and distilled water were added
to make a total volume of 10 ml to produce
10pg/ml,  20pg/ml,  30pg/ml, 40 pg/mi,
50pg/ml, and 60pg/ml.

Endogenous SA measurement by spectro-
photometer: Measuring the absorbance of the
prepared samples (violet-colored complex)
was done by UV-Visible spectrophotometer

© 2023 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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(Jenway-Model 6305) at a wavelength of 540
nm against blank sample (without salicylic
acid). Using Microsoft Excel software, plot-
ting a graph with the absorbance on Y-axis
and concentration on X-axis, results in an
equation formatted as follows: y= 0.0298x +
0.3466, where solving for x determines the
SA concentration of the sample.

Disease incidence and severity: Disease in-
cidence (I = X x/N) was the proportion of dis-
eased plants, which consisted of the number
of diseased plants (x) divided by the total
number evaluated (N). Disease severity (S)
was estimated by the equation S = X (xi *
ni)/N, in which xi represented disease grade
(0 = free of infection, 1= trace - 25% leaf area
spotted, 2= 26-50%, 3= 51-75%, 4= 76-100%
leaf areas killed; ni, represented the number
of diseased plants on the grades of disease
scale and N was the total number of diseased
plants evaluated (Cardoso et al., 1998).

Statistical analysis: Data obtained were sub-
jected to ANOVA and statistically analyzed
(Gomez & Gomez, 1984) SA absorbance val-
ues were compared by Tukey HSD test, while
disease incidence and severity were compared
by Least Significant Difference (LSD) test at
a confidence level of 95%. The package used
for analysis was NCSS version 2021.

RESULTS

To detect the initiation of signaling pathway
and plant response, a fast, sensitive method is
required for determination of SA in the plant
at different times. For the determination of
endogenous salicylic acid, the property of its
violet color production when bound to ferric
chloride facilitates its detection by spectro-
photometer.

In the present work, wheat plants infected
with Alternaria leaf blight pre-treated with
salicylic acid spray or water as control. Leaf
samples were removed after 10, 20, and 30
days of Alternaria inoculation to test their
endogenous content of salicylic acid by

measuring the absorbance of UV light at 540
nm by spectrophotometer. Table (1) showed
the increase of endogenous SA absorbance
values by spectrophotometer over the days
and more in the case of treatment with salicyl-
ic acid than distilled water (control). SA ap-
plication compared to distilled water proved
its success in recording high levels in endoge-
nous SA after 10, 20, and 30 days of inocula-
tion, (37.45, 45.31, 52.64) and were differs
significantly. Therefore a spray of wheat
leaves with H,O (control) exhibit lower val-
ues (16.34, 16.62, 18.26) in all day's periods,
respectively without significant differences
between time intervals.

Table: (1). Colorimetric absorbance (540 nm) of en-
dogenous SA of wheat leaves treated with SA or H,O
(control) after three time intervals (10, 20, and 30 days)
of inoculation.

Days after treatment

Treatments 10 20 30

SA 37.45%  4531%  52.64%
H,O (control) 16.34%*  16.62**"  18.26**
According to Tukey HSD test (0=0.05): (*), (**) indi-
cate significance in the same column, while rows with
the same letters don’t differ significantly.

As shown in Table 2, disease incidence values
recorded at three periods; 10, 20, and 30 days
of inoculation for wheat treated with exoge-
nous salicylic acid indicated that Alternaria
leaf blight disease was significantly de-
creased, it showed a low value of 4.19 after
10 days of inoculation, this value increased
significantly after 20 days of inoculation
(7.76), It has continued to increase signifi-
cantly until the 30th day by 10.62. On the
other hand, the use of water instead of salicyl-
ic acid showed high values of disease inci-
dence with highest significant differences in
all time periods during the experiment (9.05
after 10 days, 21.84 after 20 days and 54.15
after 30 days). Disease incidence reduction
was 54% after 10 days, followed by 64%, af-
ter 20 days and 80% after 30 days.

Table: (2). Leaf blight disease incidence at three time
intervals (10, 20, and 30 days) of inoculation in treated
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plants with exogenous SA compared to plants treated
with H,O (control).

Treatments Disease Incidence LSD
10 20 30  (0=0.05)
SA 419* 7.76°  10.62° 2.81
H,O (control) D05 51849 5415 9.99
LSD
(00.05) 1.5 737 1027

Rows and columns with the same letters don’t differ signifi-
cantly, according to LSD test (a=0.05).

Disease severity values listed in Table (3) in-
dicated the decrease trend in disease severity
for the plants were treated with a concentra-
tion of 1 Mm of salicylic acid compared to
untreated plants with statistically significant
differences. It is evident from Table (3) that
the disease severity after 10 days recorded a
low value of 2.43 and increased after 20 days
of inoculation to 5.86 and then to 12.73 on
day 30th of Alternaria inoculation with a sig-
nificant difference between them. On the oth-
er hand, untreated plants (control) exhibited
high values of disease severity in all periods,
where it recorded 14.34, 21.13, and 46.04 in
the day periods, respectively, with significant
differences between them, except 10th and
20th day. In comparison between the time in-
tervals, it is clear the severity reduced by 83%
after 10 days of inoculation followed decrease
to 72% for both the 20th and 30th days of in-
oculation compared to control.

Table: (3). Leaf blight disease severity at three time
intervals (10, 20 , and 30 days) of inoculation, in treat-
ed plants with exogenous SA compared to plants treat-
ed with H,O (control).

Treatment Disease Severity LSD
reatments

10 20 30 (0=0.05)
SA 243  586° 12.73°  3.06
HO(Con- 1) a0 01130 46045 1042
trol)
LSD
(@0.0%) 5.17 9.3 8.12

Rows or columns with the same letters don’t differs signifi-
cantly according to LSD test (0¢=0.05).

DISCUSSION

In plants, the positive correlation between en-
dogenous levels of SA and resistance re-
sponses against biotrophic and hemibi-
otrophic pathogens is well established
(Glazebrook, 2005). In this study, the applied
of exogenous SA was suitable at concentra-
tion (ImM) as a plant activator to induce in-
ternal systemic resistance in wheat plants
against leaf blight disease by enhancing sig-
nificant levels of endogenous SA, which
plays a key role in the emergence of systemic
acquired resistance. (Vallad & Goodman,
2004) explained that exogenous application of
SA on plants due to induction of endogenous
SA accumulation causes SAR genes activa-
tion which leads to resistance against different
kinds of pathogens. Exogenous application of
SA or one of its active analogs is acceptable
to induce plant defense against biotrophic and
semibiotrophic pathogens (Koo et al., 2020;
Lu, 2009; Vallad & Goodman, 2004) en-
dorsed the use of SA at a concentration of 2
mM, stating that it was not only induces en-
hanced disease resistance but also has adverse
effects on plant growth and productivity,
which caused by imbalance between cost and
benefit of limited energy that plant can use.

In this study a simple technique to detect en-
dogenous SA in plant extraction by using the
colorimetric method with a spectrophotometer
was used, although there are other advanced
techniques used in SA estimation such as
HPLC, GC-MS; this was similar to (Warrier
et al., 2013) who used the spectrophotometric
method in comparison with the well-known
sophisticated methods like HPLC, GC, MS;
these extraction procedures are very cumber-
some and time-consuming, the spectrophoto-
metric method is simple, fast, reliable and ac-
curate. Accumulation of endogenous SA lev-
el, throughout the present work, was associat-
ed with significant activation of systemic re-
sistance against A. triticina in wheat plants
grown under experimental conditions. SA was
known to be an important signal molecule and
its level may increase endogenously prior to
the activation of SAR in each of the host-
pathogen interactions (Malamy et al., 1990;
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Métraux et al., 1990) Other authors concluded
that endogenous levels of methyl salicylic ac-
id (MeSA) increase in plants resisting patho-
gen infection (Tripathi et al., 2010; van den
Burg & Takken, 2009). SA has been found to
activate through a redox mechanism (Hadi &
Balali, 2010). According to (Sticher et al.,
1997), the SA signaling pathway can be trig-
gered by exogenous SA, which improves dis-
ease resistance, because this pathway is relat-
ed to systemic acquired resistance (SAR),
which can emerge when endogenous SA ac-
cumulation and is triggered after plant patho-
gen infection.

In this experiment, after application of SA in
wheat infected with A. triticina showed that
an increase in the endogenous SA levels, the
results agreement with (Gholamnezhad et al.,
2016), who recorded increase in the endoge-
nous SA levels which led to oxidation of phe-
nolic compounds, that may limit the fungal
growth. (Sahu & Sabat, 2011), after applying
the SA in wheat plants, they found increased
roots, superoxide dismutase (SOD) and
malondialdehyde (MDA) activity, these en-
zymes protect the cell from oxidative stress

CONCLUSION

Our study proved the reduction wheat leaf
blight incidence and severity as a result of
treatment with 1mM of SA which leading to
accumulation of significant levels of endoge-
nous SA in which, it is the key role in initia-
tion of systemic acquired resistance. It rec-
ommend to further investigations to determine
the induced compounds responsible of re-
sistance and other induced structures which,
prevents the disease progression in the plant,
and due to the lack of appropriate facilities,
we were unable to make those estimates in
our study.
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ARTICLE HIS-

TORY Abstract: The present study aimed to determine the effect on different blood parame-

ters (WBCs, RBC, HGB, HCT, MCV, MCH, and MCHC) in fingerlings of common
carp (Cyprinus carpio) weighing 13.5 + 1 g with pomegranate peels (Punica gran-
atum) in their different forms, raw (PPR), alcoholic (PPA) and water (PPW), which
were added to their feed as 0.5% and 1% respectively, in addition to the control treat-
ment (21 replicates). A commercial diet was used containing 35% crude protein, 6%
lipid, 12% Ash and 50 TVN for ten weeks. At the end of the experiment, blood was
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drawn from the heart of the fish, and analyses were performed. The results showed that
RBCs, HGB and HCT improved significantly (P< 0.05), while there were no signifi-

Egm;::;éte cant differences (P> 0.05) in WBCs, MCH, and MCHC. In short, we recommend add-
ing pomegranate peels or extracts (alcoholic or agqueous) to common carp food at a rate

peel; WBC; not exceeding 1%.
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INTRODUCTION dling, transport, and osmotic changes in water
(Pickering, 1993; Everly and Lating, 2013).
The fish individual's integrated stress re-
sponse, which consists of behavioral, neuro-
logical, hormonal, and physiological compo-
nents, can alter the fish's health status and di-
minish its resistance to diseases and stress. It

In the intensive aquaculture industry, several
environmental stressors influence the fish
species. Fish have stress reactions when ex-
posed to harmful stimuli such as temperature
fluctuations, pH variations, decreases in oxy-
gen levels, increases in ammonia levels, han-
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also takes some time for the fish to get back
to normal. (Lebelo et al., 2001; Suljevi¢ et al.
2016). Additionally, antibiotics are frequently
used to treat fish infections, despite having
adverse side effects. As a result, scientists
have looked for cheaper, safer, and more effi-
cient natural alternatives, such as herbs, vege-
tables, and other edible plants, to employ as
growth stimulants or immunostimulants
(Badrey et al., 2019). Pomegranate (Punica
granatum) peel products have higher antioxi-
dant levels than pomegranate juice, making
them attractive candidates as a nutritional
supplement for animal feed (Badawi and
Gomaa 2016). However, Tiirkyilmaz et al.,
(2013) reported pomegranate peel is also a
good source of flavonoids, phenolic acids,
and tannins (ellagitannins as punicalin, puni-
calagin, gallic acid, and ellagic acid). There-
fore, pomegranate peel's beneficial compo-
nents make it a potential candidate for the
discovery of new natural agents with a variety
of biological functions, antibacterial activity,
and potential health benefits (Kaderides et al.,
2015). Pomegranate peel extract has been ex-
tensively studied, in particular, for its potent
anti-microbial effect, high anti-oxidant activi-
ty, cytotoxic effect, hypoglycemic effect
(Rajput et al., 2011) hypolipidemic effect
(Belal et al., 2009), hepatoprotective effect,
and anti-inflammatory activity (lbrahim,
2010; Jurenka, 2008).

The hematological variables can be used as an
indicator for assessing the health conditions
of aquatic organisms. However, this can be
very difficult due to many endogenous and
exogenous factors. According to Fernandes
and Mazon (2003), the blood traits of fish are
closely related to environmental and biologi-
cal factors. Physiological changes can be a re-
sult of stress, and several blood characteristics
are used to determine these conditions. Ad-
ams et al., (1996) stressed the importance of
using hematology as a tool to track changes in
fish diet, water quality, and disease while also
monitoring their biological state. Since fish
are closely entwined with their environment,
they are subject to physical and chemical

changes that may be reflected in the compo-
nents of blood cells. Other factors, including
behavior, environment, and climate, can also
affect blood values (Fazio, 2019). Therefore,
the aim of the present study was to investigate
how supplementing pomegranate peel to the
diet of common carp (Cyprinus carpio) influ-
enced hematological parameters.

MATERIALS AND METHODS

Preparation of pomegranate peels extract
Water extract (PPW): The aqueous extract
was created by mixing 25 g of pomegranate
peel powder with 250 ml of distilled water
(1:10), shaking the mixture for 30 minutes at
a speed of 150 cycles per minute, and letting
it soak for 24 hours in the refrigerator, as de-
scribed by Handa et al. (2008). A concentrat-
ed extract was then obtained at the bottom of
the drying vessel after the mixture had been
filtered through several layers of gauze to re-
move the insoluble plant matter, and again us-
ing filter papers (Whatmann No. 2). The filter
was then removed and dried in an electric ov-
en at 40 C° until it was no longer visible. The
extract was then put in clean, opaque glass
bottles and kept in the refrigerator at 4 C° un-
til use. The process was then repeated using
the same steps and conditions until a suffi-
cient amount of extract was obtained.

Alcoholic extract (PPA): The method of Gu-
Icin et al., (2003) was used in the preparation,
as 25 gm of pomegranate peel powder was
mixed with 250 ml of ethanol alcohol with a
concentration of 96%. The mixture was
stirred for 24 hours on a magnetic stirrer and
then filtered through gauze two successive
times, then using filter paper (Whatmann
No.1). The filtrate was then concentrated us-
ing the rotary evaporator and then dried in the
electric oven at a temperature of 40 C° and
placed in sealed opaque bottles and kept in
the refrigerator until use. The process was re-
peated by following the same steps and condi-
tions until a sufficient amount was reached
from the extract.

© 2023 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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Experimental fish: The fingerlings of com-
mon carp used in the experiments were ob-
tained from the aquaculture station of the Col-
lege of Agriculture. Fish that were highly
stressed or oversized were excluded. The fish
were placed in a bowl of water and individu-
ally weighed to the nearest 13.5+1 g on an
electronic scale. The fish were divided into
seven treatments, each treatment had three
replicates (five fish). The fish were allowed to
acclimate to the laboratory conditions for two
weeks before the start of the experiment. 60 x
40 x 50 cm aquaria (experimental units) were
used where fish were distributed.

Fish diets and feeding regime: An lIranian
commercial diet of known chemical composi-
tion was used, as shown in Table (1). Seven
experimental diets were supplemented by
pomegranate peel powder (PP) at (0.5% and
1%) and its aqueous and alcohol extracts
(0.5% and 1%), as well as the control diet (C).
The fish were fed diets two times daily (9 am
and 4 pm) at a rate of 2 % of body weight for
ten weeks. Water quality parameters meas-
ured during the trial period (pH = 8.78, EC =
2.71 ds\cm, DO= 9.43 ppm, Temp = 24.34
Ce, Sal. =1.30 psu).

Table (1). The proximate chemical compaosition of the
commercial diet used in the experiment

Nutrition Amount
Moisture (Max) 10
Crude protein % 35
Ash (Max) 12
TVN (Max) mg/100g 50
Metabolizable Energy (Kcal/kg) 3700
Crude Fiber (Max)% 55
Crude Fat % 6
TVN (Max) mg/100g 50
Lysine % 1.8
Methionine % 0.48
Threonine % 1.15

Composition: Wheat Flour, Barley, Corn Gluten, Vegetable Meal,
Fish Meal, Yeast, Fish Oil, Vegetable Oil, Choline Chloride, Lysine,
Methionine, Threonine, Vitamin Premix, Special Mineral Premix,
Anti-Oxidant, Inositol.

Hematological analysis: In test tubes con-
taining an anticoagulant, blood samples from
the heart were collected using a 2-ml glass sy-

ringe. The Mindrary- BC-30S hematology an-
alyzer was used to measure the hemoglobin
concentration (HGB), hemocrit (HCT), mean
corpuscular volume (MCV), mean corpuscu-
lar hemoglobin (MCH), mean corpuscular
hemoglobin concentration (MCHC), red
blood cells (RBC) and white blood cells
(WBC).

Statistical analysis: Data were presented as
mean £SD. The results were subjected to a
one-way analysis of variance (ANOVA) to
test the effect of treatment inclusion on fish
performance. Data were analyzed using IBM
SPSS (2013) program, Version 22. Differ-
ences between means were compared using
LSD’s multiple range tests at P< 0.05 level.

RESULTS AND DISCUSSION

Figure (1) of the results shows the values for
RBCs, WBCs, MCV, and HGB. The inclu-
sion of PP and PPE has been shown to im-
prove blood hematological parameters. Ex-
cept for PP1, the increase in RBC coefficients
was not significant (P>0.05) when compared
with the control (C) treatments. In terms of
WBCs, no significant differences (P>0.05)
were found between any of the treatments.
There were no significant differences
(P>0.05) in MCV. Both the PPA1 % and the
water extract treatments enhanced HGB.

In aquaculture, hematology is gaining im-
portance because of the ease and reliability of
monitoring the health status of cultured spe-
cies (Hrubec et al., 2000). WBCs are circula-
tory cells that function as a cellular defense,
aid in acquired and inherent immunological
responses, and are correlated with BMI. The
thymus, spleen, and kidneys are additional
organs where WBCs are made (Esmaeili,
2021). The findings revealed that the WBCs
values in the blood of carp fish did not differ
significantly (P>0.05). The active components
in the pomegranate peel may have decreased
free radicals compared to the control group,
which may have decreased the vulnerability
to stress brought on by the buildup of free

© 2023 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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radicals. Fish subjected to stress will have de-
creased blood WBC counts, especially lym-
phocytes (Esmaeili, 2021). Additionally, no
bacterial infections were present in the fish
used in the experiment. According to Hrubec
et al., (2000) exposure to low-quality water
with a high bacterial load affects the WBCs
count and tends to lower the number of
RBCs. The present findings are consistent
with the study of Shafiei et al., (2016) who
used PPE in the diets of common carp finger-
lings. This result agrees with the findings of
Badrey et al., (2019), which indicated that the
increase in WBC in the blood of monosex ti-
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lapia (Oreochromis niloticus) fed on PPR is a
result of a possible immune modification in
its body. The results of Sonmez et al., (2022)
on rainbow trout (Oncorhynchus mykiss),
Avazeh et al., (2021) indicated an increase in
WBC with increased levels of PPR in rain-
bow trout (O. mykiss) diets, which indicated
the immunomodulatory effect of PPR, while
the results of Harikrishnan et al., (2012) found
that the olive flounder (Paralichythys oliva-
ceus) had increased resistance against Philas-
terides dicentrarchi due to the increase in
WABCs after feeding with pomegranate peels.
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Figure: (1). Changes in the white blood cell (WBC), red blood cell (RBC), hemoglobin (HGB) and mean corpuscular
volume (MCV) in treatments fed supplementation with (PPR) and (PPE) pomegranate diets. Data are represented as
meanSD. (n = 3, in replicate). The ab Mean in the same columns with different superscripts are significantly different
at (P<0.05).
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RBCs, HGB, and HCT are measures of oxy-
gen-carrying capacity and general health.
PVC, RBCs, and HGB levels in the blood are
absolutely necessary for MCV, MCH, and
MCHC to function (Tavares-Dias 2006;
Singh et al., 2020). The absorption of iron,
that the body needs, due to the compounds in
pomegranate peels, or the effect of antioxi-
dants in the peels that can reduce the dissolu-
tion of blood cells due to hydrogen peroxide
H,0, caused by oxidative stress in RBCs,
could be the reasons why HGB was improved
by the aqueous extract treatments in addition
to PPA at 1% (Ma et al, 2000).
The polyphenolic compounds found in plant
components have the capacity to form com-
plexes with metal ions like iron and obstruct
physiological processes involving iron and
other minerals (Satyakeerthy, 1999). When
several polyphenolic compounds interact with
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the cell membrane's surface, they can act as a
barrier against soluble free radicals (Shafiei et
al., 2016).

According to Gallaugher et al., (1992), MCV
and MCHC are indicators of RBCs size. The
present results showed no significant (P>0.05)
differences in the values between the treat-
ments. Therefore, it appears that the concen-
tration of pomegranate peels had an impact on
that; when it was increased in the ration, it
decreased MCV and MCHC. Pomegranate
peels contain tannic acid, which lowers the
bioavailability of iron and results in a drop in
RBCs. According to Lee et al., (2010), con-
suming 125, 250, 500, and 1000 TA/kg of
tannic acid lowers iron levels in the blood. As
a result, RBCs, HGB, and HCT counts will
fall. Tannin levels also lower RBCs, HGB,
and PCV quantities (Delimont et al., 2017).

—JwicH
90 4
a a
20 b
a a a
70 -
a
50
Eso B
g 40 4
30
20 4
10
o T T T T T T T
c PP 12 PF1  FPA % PPA1 PPW ' PPWA

Treatments

Figure: (2). Changes in the hematocrit (HCT), mean corpuscular hemoglobin (MCH) and mean corpuscular hemoglo-
bin concentration (MCHC) in treatments fed supplementation with (PPR) and (PPE) pomegranate diets. Data are repre-
sented as mean+SD. (n = 3, in replicate). See Figure. (1) for statistical information.
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CONCLUSION

The present study showed that adding pome-
granate peels, whether raw or extracts (alco-
holic or aqueous), improved hematological
parameters of common carp without exceed-
ing 1%. In addition, more studies should be
conducted to verify the ideal ratios in fish di-
ets to improve immunity and health of fish
cultured using plant additives rather than re-
sorting to antibiotics.
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ARTICLE Abstract: Soil judging is a field area of soil science, which is a diverse discipline for
HISTORY soil science education that combines geology, physics, chemistry, and biology to im-
Received: prove th_e und_erstanding _and_ protegtion of_ natural resources. Adaptation of Soil Judg-
07 Januar'y 2023 ing to Libya involves tailoring Soil Judging materials to the country's local context.
The objectives of this study were to adapt Soil Judging to Libya and evaluate it in var-
Accepted: ious locations in Libya. Different soil judging handbooks from the United States (US)
16 March 2023 were used to develop teaching materials for Libya (including tables of soil physical
and chemical properties and scorecards). The soil judging scorecard was enhanced by
Keywords: adding more specific information relevant to Libya (e.g., soil salinity, calcium car-
Africa; bonate, etc.). Libyan users were asked to complete a survey on the usefulness of Soil
Aridisols; Judging in Libya. Eighty-two percent of those surveyed were unaware of Soil Judging
Entisols; Agf" prior to this study. After completing Soil Judging trials in various locations in Libya,
culture; Envi- 95% of those surveyed indicated that Soil Judging is helpful in natural science educa-
ronment; Edl_J' tion in Libya. Future improvements to Soil Judging should include better equipment
cation; Farming; and explanation.
Land use.
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soil knowledge worldwide. Field descrip-
tions and laboratory analysis results are the
foundation of soil classification. Soil judg-

INTRODUCTION
Soil classification is an important compo-
nent in the exchange and advancement of
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ing can be defined as a field area of soil sci-
ence, which is a diverse discipline for soil
science education that combines geology,
physics, chemistry, and biology to improve
the understanding and protection of natural
resources. Soil judging (Evaluation) helps us
better understand and protect the natural re-
source that sustains us all. Soil judging is a
national collegiate soil judging contest in the
USA held at different host institutions each
year since 1961 (Post et al., 1974).

In this competition, the soil judging teams
compete in contests that test their knowledge
of basic soil properties, such as texture, col-
or, and structure, and the student's ability to
make interpretations based on these proper-
ties and local site characteristics. Soil Judg-
ing is used in several countries of the world
(e.g., the U.S. and Germany) to train soil
scientists on how to describe, classify, and
interpret soil for different uses in the field.
The first International Soil Judging Contest
took place in June 2014 at the 20th World
Congress of Soil Science in Korea, with a
limited number of countries participating in
it (USA, Japan, China, Korea, South Africa,
Australia, Taiwan, Mexico, Hungary, and
the United Kingdom). Currently, Libya does
not have Soil Judging, and adaptation of soil
judging to Libya can improve soil science
knowledge exchange and can potentially al-
leviate land use problems in Libya by edu-
cating students and planners about important
soil properties related to land use, such as:
soil infiltration rate, hydraulic conductivity,
available water, soil wetness class, and soil
interpretations related to suitability for
dwellings with basements, septic tank ab-
sorption field, and local roads and streets.
Numerous studies documented various bene-
fits of soil judging and field trips to enhance
soil science learning in the US (Cavinder et
al., 2011; Cooper & Dolan, 2003; Galbraith,
2012), and it would be beneficial to use this
experience in other parts of the world. Adap-
tation of educational materials to other coun-
tries is a necessary process, which can be
divided into the following steps: 1) identifi-

cation of a reason for adaptation of envi-
ronmental materials; 2) identification of
people that need to be involved; 3) identifi-
cation of critical environmental issues; 4)
identification of solutions to environmental
problems; 5) identification, screening, and
selecting environmental education materials;
6) copyright issues; 7) adapting and testing
materials; 8) implementing an environmental
education program; 9) evaluating a program
and the effectiveness of adapted materials;
10) following principles of successful adap-
tation (Corps, 1999). Examples of adapta-
tions of educational materials can range
from lessons to programs (Corps, 1999).

Soils in Libya are classified according to the
U.S. Soil Taxonomy (Zurgani et al., 2012).
Libya has six soil orders according to the
U.S. Soil Taxonomy (Entisols, Aridisols,
Alfisols, Inceptisols, Vertisols, and Molli-
sols) and the most common soil orders are
Entisols and Aridisols. Most Libyan soils
have a sandy or loamy sand texture with rap-
id soil infiltration. (Abdelnaser et al., 2011)
reported that rapid expansion of industry,
urbanization, and increasing population led
to dramatic increases in the amount of mu-
nicipal solid waste generated in Libya. Liby-
an soils texture are sands and loamy sands;
they have very low available water. Water
stress is a common factor limiting crop
yield, especially in arid and semi-arid areas
where the annual average precipitation does
not exceed 300 mm (Zurgani et al., 2019).
Septic tanks are used in many parts of Libya,
but there is a lack of appropriate wastewater
management including collection and treat-
ment facilities in the rural area, which could
cause environmental pollutions.

Soil salinity problems in Libya very often
result from extensive agricultural activities,
lack of precipitation and overdraw of fresh
groundwater to the extent of causing sea-
water intrusion. In addition, low amounts of
rainfall and high temperatures are also con-
tributed to soil salinity problems (Zurgani et
al., 2018). Sodicity also is common in
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semi - arid areas, particularly in sites where
incoming water containing dissolved salt is
lost by evaporation. The objectives of this
study were to adapt Soil Judging for Libya,
conduct Soil Judging in various locations in
Libya, and evaluate the effectiveness of
adapted materials using a survey.

MATERIALS AND METHODS

Study Area: Libya is situated in the northern
portion of the African continent and covers
1,759,540 million km? (Zurgani, 2021). Desert
covers more than 95% of the country while
cultivated areas cover slightly over 2% (Zur-
gani et al., 2019). The population is about
5,673,031 (13% is rural) (Bureau of Statistics
and Census Libya, 2012). There are four ad-
ministrative territories in Libya (Fig. 1). Libya
has an arid and semi-arid area climate influ-
enced by the Mediterranean climate (Xeric),
characterized by rainfall in the winter and al-
most no rainfall in the summer, which is the
major heat and drought period of the year
(Zurgani, 2021). However, the southern part of
Libya is under the (Torric) moisture regime
(Ben-Mahmoud, 1995).

s 7; ‘h.'IpDII Mediterranean Ses
| Benghazi 7

Figure (1). Map of Libya with soil pit location.

The average monthly temperatures range from
13.2 C° to 27.9 C° with an annual level of
20.7 C°, and the soil temperature regime in the
study area is thermic (Ben-Mahmoud, 1995).
The average annual rainfall varies from region
to region according to geographic position and
topography. Rainfall occurs during the winter
months (October to March) (Zurgani et al.,

2012). Land degradation and desertification
are the main soil threats facing agricultural
development.

Soil Judging Equipment and Materials:
Most Soil Judging equipment can be obtained
in Libya or ordered from suppliers (Fig. 2).
This set of equipment that must be provided
for each student involved in a soil judging
completion includes: a scorecard, official
rules, an Abney level or clinometer, garden
spade, bucket, clipboard, soil collection trays,
water bottle, measuring tape, a calculator, a
pencil, and a Mussel color chart. Soil samples
to provide soil physical and chemical data for
the students (Fig.3). These soil properties can
be analyzed in any one of the several soil nu-
trient analysis laboratories in Libya: Libyan
Universities Institutes, and Libyan Agriculture
Research Centers.

: -.:."r;.-F-‘- :l.‘:kt o
Figure (2). Soil Judging equipment.

PIT No. 3
No. of horizons __ 3

Depth to be described __70 ¢cm

Nail in 3" horizon @ __60cm

oc BS CaCOs ECe
HORIZON (%)  (meg/L) pH (%o) SAR (%) (dS/m)
1 0.19 29.21 71 38.51 22.04 4.00
2 0.01 337 7.5 36.75 15.85 0.25
3
Flooding: None Ponding: None

Figure: (3). Soil physical and chemical properties for
the soil pit No. 3 in Zuwarah, Libya (Zurgani, 2010).
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COURSES BACKGROUND

A soil judging course can be incorporated in
various soil science programs currently taught
in Libya, for example: University of Tripoli,
Omar Al-Mukhtar University, Sebha Universi-
ty, Al Zawia University, Sirte University,
University of Elmergib, University of Al-Jabal
Al-Gharbi, Higher Institute of agricultural
techniques (Al-Gheiran, Tripoli). All of these
institutions can use soil judging to improve the
soil courses such as Fundamentals of Soil Sci-
ence course or in a more specific course such
as Soil Survey Genesis and Classification
course. Soil judging education can directly
benefit the agriculture, housing and town
planning, transportation, and health services.
Computer laboratories and internet services in
most of Libyan universities can be used in
creating Modular Object-Oriented Dynamic
Learning Environment (Moodle). This envi-
ronment could be used for e-learning learning
(e.g. storing course materials and assessing
student’s learning via electronic quizzes and
tests).

RESULTSAND DISCUSSION

Libya - Specific Modifications to Soil Judg-
ing Scorecard: The main soil orders in Libya
are Entisols, Aridisols, Mollisols, Alfisols,
Vertisols, and Inceptisols (Agriculture—,
2003; Ben-Mahmoud, 1995; Export, 1980;
Zurgani et al., 2019). In general, apart from
the JabalAkhdar and some of the Tripoli
Mountains (JabalNafusah), the most com-
monly soil orders are Entisols and Aridisols
(Zurgani et al., 2018). Dry climatic condi-
tions and soil parent materials in Libya result
in high accumulation of calcium carbonate,
and the presence of gypsum in some areas
(Zurgani et al., 2018). The precipitation and
accumulation of calcium carbonate may re-
sult in the development of calcic/petrocalcic
horizons that vary in the extent of their de-
velopment depending on the circumstances
and composition. According to Ben
Mahmoud (1995) these soils generally cover
large areas in the northern region of the coun-
try. In order to adapt the soil judging score-

card to Libya, the following addi-
tions/modification were made to the already
existing soil judging scorecard: adding a col-
umn for testing of carbonates, plant sensitivi-
ty to salt-affected soils (Table 1), and wind
erosion potential classes (Table 2).

Table (1). Plant Sensitivity to salt affected soils
(Adapted from (Brady et al., 2008))

Degree of limitation

Factors Slight ~ Moderate Severe Elee)me
affecting 1) (2) (3) (Saline-
use (Normal  (Saline  (Sodic .

Soils)  Soils)  Soilsy  o0diC
Soils)
ECe
dsimy < 4 >4 <4 >4
pH <8.5 <8.5 >8.5 <8.5
SAR*
) <13 <13 >13 > 13

* If you are using Exchangeable Sodium Percentage (ESP) the degree
of should be 15 %
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Table (2). Wind erosion potential classes. Adopted from (Blanco-Canqui & Lal, 2008)*, (Ludwig et al., 1995)°.

. . . . Wind Erosion Potential Classes
Factors influence wind Erosion relative . 3
. Surface horizon texture class
to the surface horizon texture - - - - - -
.1 2 L, (SiL > 20 % clay), CL, Si, L, (SiL< 20 % clay), SCL, C, SiC, CL, (SiCL>35% L, SL, SiC,CL, S,LS
(Barriers™, surface roughness?) .
SiCL, SC clay)

- Vegetative barriers with feedlot wind-

break Very low Very low Very low Low Low
- Very Rough Soil surface

- Vegetative barriers (perennial plants

or annual plants combination) Low Low Low Medium Medium
- Rough Soil surface

: Ezgifrzoggsrgurface Medium Medium Medium High High

i IS_?::O?; ;2?;3:;::: High High High Very high Very high
: 5::§?r:ooth Soil surface Very high Very high Very high Veryhigh ~ Very high

Notes: This table did not take in the consideration of the slope and the water quantity in the\ surface horizon.

Soil Texture Abbreviations: Sand = S, Sandy Loam = SL, Sandy Clay Loam = SCL, Sandy Clay = SC, Silt = Si, Silt Loam = SiL, Silty Clay Loam = SiCL, Silty Clay = SiC,, Clay = C, Clay
Loam = CL, Loam = L, Sandy Clay = SC, and Loamy Sand = LS.

© 2023 The Author(s). This open access article is distributed under a CC BY-NC 4.0license.
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No. of Horizons 2

Depth to be desoribed 70 cm Contestant
Nail in 3rd horizon @ €0 cm
A. Morpheology
Horizon Texture Color Structure Consist Redox Festures CaCO2 Score
Rock Redox | Redox | Red |Hci 1N (N,
Lower | Bound, |fragmnt] USDA Clay conc. | dephn. | matrix |vsh, Sk, St,
Pre | Master | Sub | No. | depth | distnct. | modif. class content Hue | Val |Chr.| Grade Shape Moist y/n y/n y/n Vio)
1 3 2 1 3 1 1 2 1 1 1 1 2 2 1 1 1 1 3 2
- A P - 20 C - LS 22 75YR 5 4 SLS MA L M M M Vio
- c - 1 50 [~ - LS/S 6 75YR| 5 4 SLS MA L ] M M Vio
- [ - 2 70+ - - - - - - - - - - - -
B. Scil Profile and Interpretations
Infiltration Rate (5} Available W ater (5) Scil Interpretations (2 each) Part A
Rapid X VerylLow <T7.5om 2  Dwellings with Basements
X Medium Low >75and <150 cm 2 Septic Tank Absorption Field Part B
Slow Mcderate > 150and <225 cm 2 |Local Rosads and Streets
High >2.5cm 4 Flant Sensitivity tosalt affected scik PartC
{1 =shght. 2= mocderste, 2 =severe 4= Extreme)
Hydraulic Conductivity {5) Scil Wetness Classs (5) PartD
High X = 150 cm
Mcderate 101-150 em Total
X Low 51-100 cm
25-50 cm
<25cm
C. Site Characteristics D. Soil Classification
Position of Site (5) Epipedons (5)
Depression Mollic
Drainage Way X Ochric
Flood Plain Umbric
Footslope Anthropic
Stream Terrace
X Upland
Subsurface Horizons
Parent Material (5) and Characteristics (5 each)
Alluvium Albic
Colluvium Argillic
Residuum Cambic
X Loess Calcic
X Petrocalcic
Soil Slope (5) Gypsic
X Nearly Level (0 to 2%) Petrogypsic
Gently Sloping (>2 to 6%) Natric
Sloping (>6 to 12%) Salic
Moderately Sloping (=12 to 20%) Duripan
Strongly Sloping (>20 to 30%) Fragipan
Steep (>30%) Lithologic Discontinuity
Lithic Contact
Surface Water Runoff (5) Paralithic Contact
Ponded None
Very Slow
X Slow
Medium Order (5)
Rapid Alfisols
Very Rapid Entisols
Inceptisocls
Wind Erosion Potential (5) Mollisols
Very Low Vertisols
Low X Avridisols
Medium -
High
X Very High
Water Erosion Potential (5)
X Very Low
Low
Medium
High
Very High
Part C Score Part D Score

Figure (4). A) Example of the front side of completed scorecard for the soil pit No. 3 in Zuwarah, Libya (scorecard
adapted from (Karathanasis et al., 2013)). B). Example of the back side of completed scorecard for the soil pit No. 3 in
Zuwarah, Libya (scorecard adapted from (Karathanasis et al., 2013)).
© 2023 The Author(s). This open access article is distributed under a CC BY-NC 4.0license.
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The scorecard that used for grading in soil
judging competitions must be adapted to lo-
cal soils and classification. A newly devel-
oped soil judging scorecard (Fig. 4a and 4b)
is adapted for Libyan soils classified using
USDA/SCS Soil Taxonomy (Arabic version
in Appendix A). In order to demonstrate how
to use soil judging scorecard, soil pit No. 3
(Zurgani, 2010) was used to fill out the
“practice” soil scorecard (Fig. 4a and 4b).

In addition to the soil judging scorecard, oth-
er supplemental materials were used: 1) Soil
physical and chemical properties, 2) optional
topographic map of the area, 3) textural tri-
angle (not shown, but it is the same used in
Libya and USA), 4) abbreviations of dis-
tinctness of soil boundary, texture, modifiers
of rock fragment quantity and size, structure
grade, structure shape, consistence, redoxi-
morphic features (Appendix B), 5) tables of
surface and soil erosion potential classes,
and 6) tables of soil use interpretations for
dwellings with basement, septic absorption
fields, and local roads and streets. Soil pit
No. 3, which was one of soil profiles con-
ducted by Zurgani (2010) in the northwest of
Libya near the coastal strip. The soil pit has
been classified as NatricPetrocalcids in the
USDA/SCS Soil Taxonomy (1999). In part
B, the infiltration rate was determined to be
medium based on soil texture (LS/S) and soil
organic carbon content (0.19%) in the Ap
horizon (Karathanasis et al., 2013). Hydrau-
lic conductivity was determined to be low
based on subsurface horizon characteristics
(Karathanasis et al., 2013). Available water
was calculated based on depth of 70 cm x
0.05 = 3.5 cm (multiplier for LS and LS/S in
all of the horizons) (Karathanasis et al.,
2013). The soil wetness class is > 150 cm
(not wet at depths of less than 151 cm) be-
cause of lack of redoximorphic features
through the soil pit (Karathanasis et al.,
2013). Soil interpretation for dwellings with
basements was identified as “2 = moderate”
based on using the following criteria: flood-
ing or ponding (none), slope (< 6 %), depth
to seasonally high water table (> 100 cm),

and depth to duripan layer (kqm) )50 - 100
cm(, and depth to hard rock, R (cm) > 150
cm. Soil interpretation for septic tank ab-
sorption fields was identified as “3 = se-
vere”, based on using the following criteria:
flooding or ponding (none), slope (< 6 %),
depth to seasonally high water table (> 150
cm), the limiting hydraulic conductivity
“low”, and depth to duripan layer (kgm) 50 -
100 cm, and depth to hard rock, R (cm) >
150 cm. Soil interpretation for local roads
and streets was identified as “2 = moderate”
based on using the following criteria: flood-
ing or ponding (none), slope (< 6 %), depth
to seasonally high water table (> 100 cm),
and depth to duripan layer (kgm) 50 - 100
cm, and depth to hard rock, R (cm) > 150
cm. Soil interpretation for plant sensitivity to
salt affected soils was “4 = extreme” based
on the surface horizon, and using the follow-
ing criteria: pH = 7.1, SAR (%) = 22.04, and
the ECe (dS/m) = 4. In Part C, surface runoff
class was “slow” based on > 1 — 2 % slope
and “medium” infiltration determined in the
Part B of the scorecard. In Part C, erosion
potential was “very low” based “slow” sur-
face runoff and LS/S surface horizon texture
determined in the Part A of the scorecard.

In general, the U.S. scorecard can be used in
Libya and other countries which have the
same climatic conditions with necessary
modifications depending on the region and
soil interpretations to be used. The scorecard
can be further adapted to simultaneously
train the user to describe and classify soil in
multiple soil classifications. Soil Judging was
conducted by professors in soil science de-
partments in Libyan universities by various
participants: 54% were students, 23% were
researchers, 10% were educators, and 10%
were workers. Fifty percent of participants
had a high school degree, 35% had a bache-
lor’s degree, 11% had a master’s degree, and
four percent had a doctorate.

Initially, participants were asked about their
knowledge of soil science: 73% responded
that they had a fundamental soil science
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course before and 40% indicated that they
had conducted field work related to soil sci-
ence. Eighty-two percent of participants stat-
ed that they had no prior knowledge of Soil
Judging, and 95% stated that Soil Judging is
useful to natural science education in Libya
(Table 3)

Adapted materials (e.g., scorecard) and ex-
planatory materials were evaluated between
“good” and “excellent” (Table 4). The evalu-
ation of the soil judging equipment was be-

APPLICATION OF SOIL JUDGING INLIBYA

tween “poor” and “good” (Table 4) Specific
feedback (Appendix C) from the participants
is valuable to provide more specific guide-
lines on positive and negative aspects of the
project (Table 5).

Responses included the desire for additional
seminars to increase the awareness and po-
tential impact of Soil Judging in Libya as
well as including additional field locations.
Access to equipment including soil pH and
EC tests was listed as a need.

(a)

(b)

Figure (5). Participants are examining the soil pit during Soil Judging practice in Libya; (a) University of Tripoli, and

(b) University of Zawia

Table (3). Responses from Libyan users to questions about the Soil Judging project (total number of participants = 53).

Survey questions

Yes (%) No (%) N/AYT

1. Have you ever had a soil science course?
(Yes/ No)

2. Have you ever had field work related to soil science?
(Yes/ No)

3. Did you know about Soil Judging before this power point presentation?

(Yes/ No)

4. Is Soil Judging useful to natural science education in Libya?

(Yes/ No)

73 27 -
40 60 1
18 82 3
95 5 1

T N/A = not answered.
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Table (4). Responses about the quality of the Soil judging (total number of participants = 53).

Survey question

Mean +, SDt N/AT

1. Did you find the Soil Judging power point presentation informative?

(1 = not at all, 3 = somewhat, 5= very informative)
2. How did you find quality of explanation?
(1 = poor, 3 = good, 5 = excellent)

3. Did you find the field demonstration for Soil Judging informative?

(1 =not at all, 3 = somewhat, 5 = very informative)

4. How did you find quality of field demonstration and explanation?

(1 = poor, 3 = good, 5 = excellent)

5. Did you find the Soil Judging field work informative?

(1 =not at all, 3 = somewhat, 5 = very informative)

6. How did you find quality of Soil Judging equipment?

(1 = poor, 3 = good, 5 = excellent)

7. How did you find quality of the Soil Judging scorecard?

(1 = poor, 3 = good, 5 = excellent)

45+0.38 -
3710 -
46%0.9 1
38%1.0 1
45+09 -
20%+1.0 1
44+10 2

T SD = standard deviation; N/A = not answered.

Table (5). Specific recommendations to improve Soil Judging in Libya.

Do you have any suggestion to improve the adaptation of Soil Judging power point presentation (or suggestion for other
“field demonstration and explanation” and “field work related to Soil Judging”)

You should organize conferences and seminars about soil judging that will raise awareness about how it is importance
and how it is work for soil evaluation as big part of applied science.

I hope if you organize field trips and visits to different fields to practices on with different types of soil and places.

I wish next visit we have the necessary support for equipment and transportation.

You should seek to teach soil judging approach as field practices will help students recognize the importance of soil and

study its various properties evaluated.

It was very informative that will help me on both sides an academic and field work in my M.S. research.

We need to know more details about Soil Judging.
We need more field work.

Provide all the equipment that we needed in soil judging test.

Provide the hand measurement for the soil pH test and Soil EC test will help us a lot.
This is my first time | visit the field to study soil properties, and | like it a lot.

CONCLUSION

The introduction of soil judging in Libya
could have numerous benefits for the country.
One of the main advantages is the potential
for low-cost, non-traditional education in the
techniques of land management and use. This
could be especially useful for students and
government workers, as it would provide
them with hands-on experience and practical
knowledge in this important field. Besides,
Libya already has the necessary infrastructure
in place to support theimplementation of
soiljudging competitions in schools (including
middle and high schools, colleges, and uni-
versities), as well as in various government
sectors such as agriculture, health, road con-
struction, and building and town planning.

This makes it an ideal location to introduce
and promote the benefits of soil judging. Fur-
thermore, soil nutrient analysis data can be
easily obtained from any of the soil nutrient
analysis laboratories in Libya, making it pos-
sible to conduct accurate and comprehensive
soil assessments. Overall, the introduction of
soil judging to Libya has the potential to
greatly improve land management practices
and increase the country's overall sustainabil-

ity.
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Appendix A: The front (a) and back (b) sides of developed Libyan scorecards.
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Appendix B

Abbreviations (Adapted from Handbook for Collegiate Soils Contest, 2011).

Distinctness of Boundary

Abrupt=A Gradual = G

Clear=C Diffuse =D

Texture

Sand =S Silt =Si Clay=C Loam=L

Sandy Loam = SL Silt Loam = SiL Clay Loam = CL Sandy Clay = SC
Sandy Clay Loam = SCL Silty Clay Loam = SiCL Loamy Sand = LS
Sandy Clay = SC Silty Clay = SiC

Modifiers of Rock Fragment Quantity and Size

Gravelly = GR Cobbly = CB Stony = ST

Very Gravelly = VGR Very Cobbly = VCB Very Stony = VST

Extr. Gravelly = XGR Extr. Cobbly = XCB Extr. Stony = XST

Structure Grade

Structureless = SLS Weak = WK Moderate = MO Strong = ST
Structure Shape

Granular = GR Prismatic = PR Angular Blocky = ABK

Platy = PL Single Grain = SG Subangular Blocky = SBK

Massive = MA

Consistence

Loose = L Friable = FR Very Friable = VFR

Firm = Fi Very Firm = VFi Extremely Frim = EFi

Redoximorphic Features

Enter “Yes” (Y) if present, and “No” if none are present.
presence or absence of carbonates (e.g., CaCQO3)
Effervescence class

Non effervescent (N)

Very slightly effervescent (VSli)

Slightly effervescent (Sli)

Strongly effervescent (St)

Violently effervescent (Vio)

Criteria

No bubbles detected
Few bubbles seen
Bubbles readily seen
Bubbles from low foam
Thick foam from quickly

© 2023 The Author(s). This open access article is distributed under a CC BY-NC 4.0license.
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Appendix C

Soil Judging survey form.

Soil Judging Survey
Thank you for participating in this Survey of “Potential Adaptation of Soil Judging in Libya.”
Your responses will be very useful in further improvement and development of this project.
Please, fill in the bubble with your answers ®or circle the appropriate answer.
Part A. General Information.
I am a: o student; o farmer; o worker; o engineer; o educator; o researcher; o other
My highest education is: o school; o university; o M.S; o Ph.D.; o other:
My academic major or specialty is:
1. Have you ever had a soil science course? (Yes / No)
2. Have you ever had field work related to soil science? (Yes / No)
Part B. Questions about Soil Judging power point presentation.
3. Did you find the Soil Judging power point presentation informative?

1=notatall 3 = somewhat 5 = very informative
4. How did you find quality of explanation?
1 = poor 3 =good 5 = excellent

5. Did you know about Soil Judging before this power point presentation? (Yes / No)

6. Is Soil Judging useful to natural science education in Libya? (Yes/ No)?

7. Please, provide specific comments about further improvements to this power point presenta-
tion:

Part C. Questions about field demonstration:

8. Did you find the field demonstration for Soil Judging informative?

1=notatall 3 = somewhat 5 = very informative
9. How did you find quality of field demonstration and explanation?
1 = poor 3 =good 5 = excellent

10. Please, provide specific comments about further improvements to this field demonstration
and explanation:

Part D. Questions about field work.

11. Did you find the Soil Judging field work informative?
1=notatall 3 = somewhat 5 = very informative

12. How did you find quality of Soil Judging equipment?
1 = poor 3 =good 5 = excellent

13. How did you find quality of the Soil Judging scorecard?
1 = poor 3 =good 5 = excellent

14. Please, provide specific comments about further improvements to field work related to Soil
Judging:

© 2023 The Author(s). This open access article is distributed under a CC BY-NC 4.0license.
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Abstract: This study aims to estimate the concentration of some heavy metals in bee
honey and its various products and the possibility of inferring bees as a bioindicator in
determining pollution by these metals. Eight hives were distributed; seven were close to
different sources of pollution and one hive was in an agricultural site far control sample.
Twenty honey samples were collected from the mentioned sites during three seasons and
some samples of pollen, wax, and gum were also collected from one of the sites of
pollution sources and the control site. Obtained results indicated that most of the honey
samples were above the permissible limit for lead and cadmium compared to the
European Union (EU) standard (1.0) mg/kg and the Codex standard. It was found that all
samples contained relatively high concentrations of lead and cadmium in all sites. As for
copper and zinc, all samples contained concentrations less than the permissible limit
according to the Codex standard, which is (5.0) mg/kg. As for the concentration of these
elements in pollen, wax, and gum samples, the highest concentration was in bee gum
samples. It became clear through the results of this study those bees, and through their
various products: honey, pollen, beeswax, and gum, can be consider a bioindicator of the
environment to determine the extent of pollution by some heavy metals in the sites
surrounding the beehives.
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