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Abstract: The study area is dominated by Juniperus sp and Pistacia sp, the two species, the
study aimed to investigate the effect of chemical defences on the density of insect herbivores,
and the results showed that the two species differed very much in their levels of phenols. Pis-
tacia had the highest concentrations (overall 2308 + 43 ppm, n = 45), with Juniperus quite a
bit lower (1516 + 43, n = 45). Overall levels of phenols were highest in plants from the middle
and lowest in those from the bottom elevation level. This effect of the level was significant,
showing that the two species showed the same pattern with elevation. There were substantial
differences among plots within levels. This has affected the numerical density of the insects,
where it was observed that their density on the tested Juniperus sp shrubs was more than the
intensity on the tested Pistacia sp shrubs.

Keywords: Phenolic defences; Juniperus and Pistacia; insect Herbivores; Al Jabal Al

Akhdar, Libya

INTRODUCTION
Plants in natural populations are frequently
attacked by a huge number of natural ene-
mies, comprising both pathogens and herbi-
vores at all periods of their life cycles. Pest
stress can be devastating, as demonstrated by
the epidemics of insects and diseases in
farmed crops, and in the success of weed
control by biological control (Levin, 1976).
Outbreaks or episodes of intensive herbivory
may lead straight to the local extinction of a
plant species, or weaken plants and make
them vulnerable to subsequent ecological
pressures (Levin, 1976). The lowering of pho-
tosynthetic ability due to disease or partial
defoliation reduces resistance to biotic stress-
es or infection by other pests, and decreases
competitive capacity (Levin, 1976). From a

user perspective, varied stands lead to mixed
resources within which herbivores choose
their favored individuals. It is well recog-
nized that the amount of herbivory is strongly
determined by leaf chemical and physical
characters counting how they differ within a
given host species with rising plant diversity,
competition or facilitation among species
could activate changes in plant nutritional
quality or the creation of secondary metabo-
lites (Muiruri et al., 2019).

Mediterranean climate regions experience
reducing rainfall with decreasing latitude to-
wards the equator, and there is a gradual
change in vegetation toward plants that are
adapted to semi-arid and desert conditions
(Dallman, 1998). The local vegetation of the
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Mediterranean lands is adapted to survive
long hot summer droughts and prolonged wet
periods in winter (Martinez, 2002).The
amount of energy allocated by Mediterranean
plants to growth and maintenance is com-
paratively high-low resource accessibility
may either be a cue for a plastic response that
leads to, or a selection pressure for the evolu-
tion of, a greater investment in protection
against biotic agents, that is shown by greater
investment in defensive chemicals such as
phenols, alkaloids, etc.(Dallman, 1998).
Lack of water might also be involved; per-
haps by restricting growth rate, this might
also lead to the accumulation of defense
compounds for greater resistance against nat-
ural enemies. Therefore, the cost of produc-
ing chemical defenses might be predicted to
be higher in Mediterranean species than in
those living in more favorable biomes.
Mediterranean habitats vary in several char-
acteristics; if these include nutrient and water
availability, we might predict differences in
the chemical defenses of Mediterranean plant
species. Thus, plants at different elevations
should invest different amounts in defense
because of the availability of water and nutri-
ents (Martinez, 2002).

Mediterranean plants have experienced high
levels of herbivory by wild and domesticated
ungulates over thousands of years (Massei,
Hartley, & Bacon, 2000). We might expect,
therefore, the existence of evolved interac-
tions with mammals, but actually, very little
attention has been paid to plant-mammal in-
teractions in Mediterranean ecosystems. Phe-
nolic concentrations were consistently higher
in winter than in spring, and in new rather
than old leaves, just when browsing is more
probable (Glyphis & Puttick, 1988; Massei et
al., 2000). These compounds reduce the pal-
atability of plants to mammalian herbivores,
but there is no evidence that they are induced
by browsing (Massei et al., 2000; Rohner &
Ward, 1997), although regrowth foliage fol-
lowing browsing may have decreased levels

of phenolics in other ecosystems(Bryant,
Heitkonig, Kuropat, & Owen-Smith, 1991;
Bryant, Reichardt, & Clausen, 1992).
(Glyphis & Puttick, 1988) showed that levels
of phenolic compounds in shrub leaves are
higher in winter than spring, and in new than
older leaves, in only half of the species they
checked.

The current study was carried out in the Al
Jabal Al Akhdar region of Libya that consists
of a high density of evergreen species of
shrub and trees. We analysed variation
among individual plants, among plots, and
among elevations in the phenol levels of the
two dominant species, that there will be dif-
ferences in phenol concentrations in Juni-
perus and Pistacia within elevation. After
testing this prediction, I will go on to test the
impact of that plant chemistry (in the form of
tannin levels) have on the density and distri-
bution of insect herbivores on Pistacia atlan-
tica and Juniperus phoenicea. Insects her-
bivory rates are affected by plant traits (such
as levels of chemical defenses).

This research aims to study the effect of
chemical defenses (phenols) on the types of
insect herbivory among the top, middle and
bottom elevations sampled in the Al Jabal Al
Akhdar region of Libya.

MATERIALS AND METHODS

The study was carried out in the Al Jabal Al
Akhdar in northeastern Libya (32°49'N;
21°51'E). The climate is Mediterranean: mean
temperatures vary between 25 °C in February
and 33 °C in July, and rainfall ranges between
520 and 600 mm per year (Faituri, 2002). The
study area is dominated by Juniperus phoe-
nicea and Pistacia sp. plants of each species
were selected randomly and marked perma-
nently in each of the nine plots at three differ-
ent elevations (bottom 0-200 m, middle 200-
400 m, and top 400-880 m above sea level). At
each elevation, three plots were placed ran-
domly that each was more than 1km away from
the others. Ten fresh leaves per shrub/tree were
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collected from each marked plant: Juniperus (n
=45) and Pistacia (n = 45). Leaves were oven-
dried at 60 °C for 48 hours, milled and ana-
lyzed at the Plant Protection Department at
Omar Al Mukhtar University.

For collecting free-living insects, the methods
used were sweep nets and beating. Collected
specimens were killed by freezing, then pinned,
labeled, and subsequently identified at the Nat-
ural History Museum in London. We selected
elevations in a random order but were visited.
The strategy was first to walk around the
tree/shrub and observe what insects were pre-
sent, and catching those which are reachable
without disturbance. Then we worked through
the foliage by hand, starting from the top, thor-
oughly and systematically turning over leaves
and branches initially until the range had been
fully appreciated, all insects were collected
from each tree/shrub, and after that, we count-
ed the number of each type. It took more than
one day to sample five plants. Every individual
insect was given an identification code that
tracked when, where, and on which plant it was
collected. Some individual insects were main-
tained alive to ascertain whether the species
was a herbivore of Juniperus or Pistacia. We
placed a single insect in a Petri dish with some
cut pieces of uneaten leaf material and a wad of
wet tissue. The insects were checked periodi-
cally, and after 48 hours, we noted which ones
have or have not fed. All were then frozen and
pinned. The distinction between true herbivores
and other insects is made clear in the results
section. The assessment of the numbers of var-
ious insect pest species was done by carefully
examining the selected host plants, leaf by leaf,
and turning of leaves as well to collect any in-
sects from the under-surface of the leaves. The
insect herbivores collected from each plot were
identified, counted and recorded. This study
focuses on the insect herbivores that feed on
the leaves of Pistacia and Juniperus, and others
that attack the trunk, if found. There are insect
herbivores that were not studied for the lack of
time, such as those that feed on seeds, fruits,
roots or that live under the bark.

Leaf samples were analyzed for total phenolics
measured by detecting phenolate ions. Tannic
acid was used as a standard, and the extraction
of dried leaf material was carried out using
50% aqueous methanol. Phenolic content was
expressed as % dry weight (calculated as mg
tannic acid equivalents per mg dry leaf mass X
100). The Phenolic assay was conducted ac-
cording to the Folin-Ciocalteau method
(Waterman & Mole, 1994). The protocol fol-
lowed for this study was as follows: A stand-
ardized Phenolic solution was prepared with 10
+ 0.3 mg tannic acid in 100ml water. The pre-
cise amount used was recorded for use in later
calculations. A ‘blank’ 4.2 ml cuvette was pre-
pared with 3 ml DI water. A series of cuvettes
were prepared with 50-450 ml tannic acid solu-
tion in 50 ml increments and made up to 3 ml
with DI water; and used to produce a standard
line of tannic acid concentration by regression.
For each sample to be analyzed, 15 + 0.3 mg of
ground leaf material was taken, and the precise
amount used was recorded. Each sample was
shaken with 10 ml of 50% methanol solution
and phenolics extracted by standing in a sealed
boiling tube in a water bath at 80°C for 30
minutes. Samples were immediately transferred
to centrifuge tubes and spun at 3000 rpm for 15
mins, and 100 ml of each sample was placed in
two cuvettes. These were made up to 3 ml with
DI water and 0.25 ml saturated CaCO, solution
and 0.25 ml Folin-Ciocalteau reagents added to
each cuvette. The cuvettes were covered in
parafilm and mixed, then left to stand. After 1
hr, the absorbance at 760 nm was measured for
each cuvette against the blank prepared earlier.
The mean value between the two replicates of
each sample was taken. If the difference in ab-
sorbance between the two samples exceeded
0.05, the entire run was repeated, although in
practice the two values were usually very close.
The percentage of dry mass phenolics (%DM)
in each sample were calculated by comparison
with the standard line according to the formula:

%DM:T—AX|:A76O_C:|

w m
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Where TA is the amount of tannic acid used in
mg, W is the initial sample mass in mg, A760
is the mean absorbance for each sample, m and
c are the gradients, and y-intercept of the
standard line. Standard lines were produced at
the start and the end of each day to confirm the
consistency of measurements. Results are pre-
sented here as the parts per million of leaf dry
weight that is made up of phenolics (or, more
strictly, tannic acid equivalents).

We analyzed the phenolic content in the two
species using GLM implemented in SPSS16.
The design of the analysis was species + level
+ plot (level) + species*level. The data were
not normal (Shapiro-Wilk = 0.955, df = 90,
p<0.001).

RESULTS

The two species differed greatly in their levels
of phenols: Pistacia had the highest concentra-
tions (overall 2308 + 43 ppm, n = 45), with Ju-
niperus was quite a bit lower (1516 + 43, n =
45). Overall levels of phenols were highest in
plants from the middle, and lowest in those
from the bottom elevational level (figure 1).
This effect of level was significant, showing
that the two species showed the same pattern
with elevation (Table 1). There were substan-
tial differences among plots within levels (Ta-
ble 1). The density of insect herbivores on Ju-
niperus was higher than that on Pistacia shrub,
that possibly because of the low level of phenol

in the Juniperus shrubs than in Pistacia shablss2:

figure (2).

mmmm Juniperus
mmm Pistacia

3000 4

2500 -

2000 -

1500 1
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Figure 1:Phenolic content (parts per million) of leaves of
Juniperus phoenicea and Pistacia atlantica shrubs/trees in

the Al Jabal AlAkhdar region of Libya at three different
elevational levels.

Table 1: Analysis of variation in the total phenolic con-
tent of Juniperus and Pistacia at three elevational levels
in the Al Jabal Al Akhdar region of Libya.

Tests of Model Effects

Type
Source Wald Chi-Square df Sig.
Species 165.616 1 .000
Level 21.924 2 .000
Plot(level) 33.589 6 .000
Level * species 2.371 2 .306

400 1

300 -

— T,

—@— Juniperus
—@— Pistacia

200 A

100 4

e——— ¥

Mean number of insects per plant

Bottom Middle Top

Elevation of plots

Figure 2: Average number (+ s.e.)of individual insects
discovered on marked trees of Juniperus and Pistacia in
permanent plots at three different elevations in the Al
Jabal Al Akhdar study site. The standard errors are too
small to be seen.

DISCUSSION

Our data suggest that phenol concentrations
were consistently higher in Pistacia atlantica
than in Juniperus phoenicea, over and above
spatial variation, among and within elevations.
Overall levels of phenols were highest in plants
from the middle and lowest in those from the
bottom elevational level. This effect of level
was significant, but there was no species-level
interaction, showing that the two species
showed the same pattern with elevation. There
were substantial differences among plots with-
in levels, but no effect on plant volume. Alt-

© 2019 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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hough there may indeed be spatial and/or tem-
poral differences in the defensive chemistry of
plants in response to the risk of herbivory
(Coley, Bryant, & Chapin, 1985; Wold &
Marquis, 1997) attempts to document such ef-
fects in Mediterranean areas have not been
very successful (Dement & Mooney, 1974;
Glyphis & Puttick, 1988). (Avi Perevolotsky,
1994) could not find any seasonal or age-
related differences in the concentration of tan-
nins in a variety of Mediterranean species, in-
cluding Pistacia, Phillyrea, and Quercus. (Avi
Perevolotsky, 1994) thought that constitutive
were more likely in the Mediterranean than in-
ducible defenses. Although our study was not
designed explicitly to test this, we observed
constancy of defense chemical differences for
these two Mediterranean plants over a wide
range of environmental conditions.

A vegetation of these plant communities usual-
ly consists of 20-25 shrub species in the Medi-
terranean region, but typically only six or seven
species are dominant (Quercus ilex, Erica mul-
tiflora, Arbutus unedo, Juniperus phoeniceae,
Viburnum tinus, Pistacia lentiscus, and Hedera
helix) (Rogosic, Pfister, Provenza, & Grbesa,
2006). However, utilization of the Mediterra-
nean shrubs is often limited by secondary com-
pounds such as tannins, terpenes, and saponins
(A Perevolotsky et al., 1993).

Mediterranean woody evergreens are predicted
to have strong primary (constitutive) defenses
because, in contrast to deciduous woody plants,
they keep more nutrients and carbon in their
leaves. Herbivory is, therefore, more damaging
to evergreens than to deciduous plants (Bryant
et al., 1992; Herms & Mattson, 1992). Several
studies have shown that the leaves of Quercus
spp. are high in phenolic compounds (Wold &
Marquis, 1997), and we found that Pistacia had
even higher concentrations of phenolics than
reported for Quercus, whilst Juniperus had
much lower concentrations. Some studies seem
to show that nitrogen content varies with sea-
son and leafage, but not among species

(Dement & Mooney, 1974; Meletiou-Christou,
Rhizopoulou, & Diamantoglou, 1994). Con-
centrated study of the defense chemistry of
Mediterranean plants is necessary before gen-
eralizations can be made.

The commonest species on Juniperus of sam-
pling was Xylomeira sp. (Bostrichidae), a spe-
cies that attacks live and dead wood. This
might be a significant herbivore that could af-
fect the survival and life-history of juniper in
Al Jabal Al Akhdar. In fact, nearly all the
commonest species on juniper were beetles in-
cluding many wood-boring species, such as
Agrilus  (Xeragrilus) sp. (Buprestidae) and
Purpuricenusdesfontainii (Cerambycidae).
Clearly, juniper is a major resource for beetles
in this area.

On Pistacia, on the other hand, the commonest
species varied between years, with Orthoptera
heading the list in the first sampling year: Par-
acinipe (Acinipe) orientalis, QOedopodacae
rulescens, and Scintharistano tabilis. A set of
wood-boring beetles were commonest in the
second year of sampling, some of which were
the same as those on juniper. This variability
may indicate that the quality of Pistacia as a
host varies among years, but we do not really
have any real indication as to its basis.

Geography is clearly one of the major influ-
ences on the distribution of the insect herbivore
fauna of Al Jabal Al Akhdar in the Mediterra-
nean ecosystem. The number of recorded spe-
cies broadly increases with elevation, while
middle elevations had the greatest insect abun-
dances. Insect damage to plants also increased
with elevation, possibly due to a decrease in
the number of Pistacia, which is observed in
study area.

CONCLUSION

The study area is dominated by Juniperus sp
and Pistacia sp, the two species selected for the
study. Leaves were sampled for chemical anal-
ysis of their phenol (tannin) content. The re-

© 2019 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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sults showed that Tannin levels were much
higher in Pistacia than in Juniperus, and there
were effects of elevation as well. Plants from
middle elevation plots had the highest levels,
while those from the lowest elevation at the
coast had the lowest levels of tannins. The den-
sity of insects on Juniperus sp was higher than
that on Pistacia sp.
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Abstract: Poor performance in athletic horses due to musculoskeletal affections is very
common in Libya. Two mature thoroughbred horses suffering from poor performance and
history of moderate degree forelimb lameness were admitted to the Aswany Private Equine
clinic in Tripoli, Libya. The study is aiming for presenting a simple, time effective, cost
effective surgical procedure to treat distal simple splint bone fracture in thoroughbred horses.
Horses were examined thoroughly for the common muscle, hoof, and tendons affections. A
progressed unilateral left forelimb swelling involving the lateral distal part of the fourth
metacarpal bones was noticed. Three radiographs were taken to each horse including latero-
medial, dorsolateral-palmaromedial, and palmarolateral-dorsomedial views to assess both
splint bones. The radiographs showed that there is a complete fracture involving the distal
extremity (button) of the fourth metacarpal bones. Surgical excisions of the fractured part of
the splint bones have been decided to treat these horses. To precisely locate the site of the
bone fragments, 1.5 mm stainless steel wires were placed over the distal part of splint prior to
taking the radiographs. The surgical sites were aseptically prepared, and the horses were then
sedated via intravenous injection of xylazine at a dose rate of 1 mg/kg body weight. The site
of surgical incision was infiltrated with 2% lidocaine. The bone fragments were then removed
after performing the surgical incision. The sharp end at the distal end of the proximal part of
the splint bone was then smoothening with a scissor. The surgical incisions were then
routinely closed and the post-operative care and radiographs were taken. The surgical incision
made complete healing within two weeks. Both horses were followed up for up to three years
post-operation, and they did well compared to what has been done in other studies. We
concluded that the surgical technique used to treat the two horses with splint bone fracture
enrolled in the current study is a simple and effective procedure.

Keywords: forelimb lameness, distal splint bone fracture, surgical ostectomy,

INTRODUCTION (K. Bowman, L. Evans, & M. E. Herring,
Fracture of the second and fourth metacarpal 1982; F. Verschooten, Gasthuys, & De Moor,
bones (splint bones) is relatively common in 1984). The most common site of this fracture
thoroughbred horses and can occur at any age is the distal part of the splint bone (K.
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Bowman et al.,, 1982; Jenson, Gaughan,
Lillich, & Bryant, 2004; F. Verschooten et
al., 1984). Additionally, splint bone fracture
involving the distal part of the bone is mostly
simple (Baxter 2011). Furthermore, it has
been reported that distal splint bone fracture
occurs mainly in horses aged between 5 to 7
years, which is proposed due to the decrease
pliability of the suspensory ligament. This
type of fracture occurs more frequently in
forelimbs than hindlimbs and occurs mainly
in the lateral splint bone of the left forelimb
(Baxter, 2011).

It has been found that the distal splint bone
fracture occurs either due to internal trauma
resulting from excessive pulling of the bone
with carpal extension by suspensory ligament
and its fascial attachments during exercise,
particularly in forelimb or external direct
trauma (K. F. Bowman, L. H. Evans, & M. E.
Herring, 1982; F Verschooten, Gasthuys, &
Moor, 1984). Additionally, distal splint bone
fracture can occur because of interosseous
ligament desmitis and decreasing of its
pliability (Auer, 2012).

Distal splint bone fracture 1is usually
characterized by local pain, swelling around
the distal end of splint bone and heat in acute
cases. Additionally, lameness may be
observed in the acute stage of affection.
However, all these findings are usually either
not obvious or disappear in chronic cases
(Baxter, 2011). Lameness may or may not be
observed during trot or fast circling
depending on the acuteness of the fracture
(Baxter, 2011). In some chronic cases, the
fracture site may create callus and cause hard
swelling, which may confuse the veterinarian
with other affections known as splints (Auer,
2012). The best diagnostic tool used to
confirm the lesion is the radiography.
Dorsolateral-palmaromedial and
palmarolateral-dorsomedial views are
required to confirm these fractures in the
second or fourth metacarpal bones (Butler,

Colles, Dyson, Kold, & Poulos, 2017).

Distal splint bone fracture associated with
lameness is usually required intervention
using distal splint bone osteotomy (Auer,
2012; K. F. Bowman et al., 1982; Jenson et
al., 2004; F Verschooten et al., 1984).

MATERIALS AND METHODS

Case history and signalmen:

Two thoroughbred horses were admitted to
Aswany Private Equine Clinic in Tripoli,
Libya with a history of moderate lameness
and localized pain and swelling around the
distal end of the fourth splint bone. The
horses were subjected to courses of anti-
inflammatory  without any  obvious
improvement. The first case was a 5 years
old, male TB racing horse suffering from left
forelimb lameness and localized swelling just
in the dorsal to the palmaro-lateral aspect of
the fetlock. The second case was a 7-years
old, TB racing horse with similar clinical
signs to the former case.

Radiographic examination:

Two views were taken to each horse, namely
dorsolateral-palmaromedial oblique view,
and palmarolateral-dorsomedial oblique view
(Figure 1 A and B). One stainless steel wire
was placed over the swollen area and a
number of short wires were then attached to
the main wire in an attempt to localize the
exact location of the fracture site (Figure
2A).

Surgical procedure:

The surgical sites were aseptically prepared.
A dose of 1 mg/kg xylazine (Adwia, Egypt)
was injected intravenously. The incision site
was desensitized by local infiltration of 2%
lidocaine hydrochloride (Vetquinol,
Belgium). The incision is made over the
distal part of lateral splint bone and the bone
fragment was separated from the attached
muscles and removed. The incision is
routinely closed using absorbable and non-

© 2019 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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absorbable sutures. The follow up includes
systemic antibiotic, local wound dressing,
and complete rest for two week. The two
cases were followed up for approximately
three years via phone calls.

RESULTS

Clinical examinations of both horses revealed
moderate degree of left forelimb lameness
with localized painful swelling proximal to
the fetlock on the palmar aspect at the distal
end of the left-fourth metacarpal bones.

The radiographs show that there is a
complete non-displaced fracture involving
the distal of fourth metacarpal bones (Figures
1 A and B). The surgical wounds made full
recovery after two weeks with no
complications. The follow-up radiographs at
few months post-surgery showed that there is
no bony reaction of the excision site (Figure
1 E). Additionally, follow up via phone
conversation with the owners revealed that
both horses were back to normal work after 2
months, and they did well with no lameness
or swelling.

DISCUSSION AND CONCLUSION

The results of the current study correlated
well with the previously published data.
Both horses have no history of trauma, which
indicates that both fractures are not
traumatic. This finding agrees with that
mentioned in the literature regarding the
cause of this type of fracture (Auer, 2012; K.
F. Bowman et al., 1982; F Verschooten et al.,
1984). Distal splint bone fracture may
associate with a moderate degree of lameness
(Auer, 2012; K. F. Bowman et al., 1982;
Jenson et al., 2004; F Verschooten et al.,
1984), which is what we found in this study
where the two horses suffered from lameness.
It has been reviewed that the best treatment
for distal splint bone fracture is the surgical
excision (Auer, 2012). Our findings support

this conclusion as both horses did well post-
surgery without any complication.
Additionally, the most interesting finding of
the current study is that the surgical
procedure for both operations was performed
under sedation and local anesthesia without
any difficulties. This surgical approach has
many advantages as it avoids the surgeons
the risks and cost of general anesthesia in
equine.

© 2019 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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Figure (1). A. Dorsolateral - palmaromedial oblique view of the metacarpal region shows that there is a slightly
displaced fracture on the distal fourth of the fourth splint bone. B. Dorsomedial - palmarolateral oblique view of the
same horse shows a normal second splint bone. C. Dorsomedial - palmarolateral oblique view shows the stainless steel
wire over the distal third of MC3 fracture site to precisely locate the bone fragment prior to surgery. D. Dorsomedial -

palmarolateral oblique view post-surgery shows the fractured splint bone after the surgical removal of the bone
fragment. E. Dorsomedial - palmarolateral oblique view acquired 3 months post-surgery shows that there is no bony
reaction at the osteoectomy site.

© 2019 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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Figure (2): Illustrates the preparation of the surgical site prior to surgery and the surgical excision of fractured splint
bone in thoroughbred horses. A. Preparation of surgical side and placing the stainless steel wire above the distal half of
splint bone to precisely locate the site of the bone fragment. B. Shows the surgical incision. C. Shows the procedure of
blind dissection in order to loose the under skin tissues. D. Shows the removal of the bone fragment after detaching it
from the surrounding tissues. E. Shows the suturing of the surgical wound. F. Shows the dressing and bandaging
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Abstract: Artificial intelligence is an appealing area of research in computer science because
it is concerned with the discovering of effective techniques that have been mainly motivated
from human beings or their living environments to solve problems that have special nature. In
this research, we aim first to introduce and analyze the common characteristics of problems
that artificial intelligence interested in, and then we will highlight how to prepare such prob-
lems to solve them by search. The main goal of our study is helping us to decide which search
strategy is better through investigating the behavior of most popular search strategies to find
out the desired solution for two examples of a simple artificial intelligence problem. Our ex-
periments presented that the required time and memory space to solve the problem mainly af-
fected by many factors such as the applied search mechanism, the solution position, the num-
ber of available solutions, and the complexity in search.

Keywords: Al problem, Search problem, Exhaustive search, Heuristic search.

INTRODUCTION

While computer science ,as a research area, is
concentrated around the automation of routine
and complex humans tasks to make their daily
life comfortable and rapid, the branch of Artifi-
cial Intelligence (AI) is concerned with finding
out applicable ways to solve problems that
have a special nature and informally called Al
problems. In contrast to traditional problems,
Al problems lack an obvious algorithm to solve
them (Konar, 2000). In other words, artificial
intelligence is interested in problems that intel-
ligent humans cannot tell us exactly how are
they going to solve them, nor how did they ex-
tract the applied strategy? Therefore, we can-
not classify some problems that require intelli-
gence to solve them as Al problems, because
they have a straightforward solving algorithm
such as the popular River-Crossing puzzles.
The absence of a satisfactory algorithm for Al
problems is an outcome of many reasons,

which are first; solving an Al problem includes
a huge number of possibilities that we should
take into account within the suggested algo-
rithm to be useful. In 1950, Claude Shannon
stated that a typical chess game involved about
10'*° possible moves would require 3 x 10'%
years to make the first move using a computer
that can examine one move per microsecond
(Negnevitsky, 2005). However, such an algo-
rithm conflicts with human nature that always
looks for concise, simple, and fast ways to
solve a problem. Second, artificial intelligence
problems may include communicating with an
opponent or a dynamic environment such as
two-player games or the navigational planning
problem (Konar, 2000).

Because of the unexpected reactions, we can-
not specify precisely the required steps to solve
an Al problem in prior. Finally, the scope of
most Al problems is not completely known in
advance. For example, real-world problems
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such as diagnosis and forecasting usually rely
on an incomplete, uncertain, conflict or ambig-
uous knowledge (facts and rules) about the
problem to make a suitable decision or conclu-
sion (Negnevitsky, 2005). Consequently, solv-
ing an Al problem requires intelligence that
primarily based on intuition (Konar, 2000). The
main role of intuition is to filter and rearrange
the acquired knowledge in a proper sequence to
solve the problem at hand, where the reliability
of an intuition-based decision is strongly influ-
enced by the experience (trial and error) in the
problem domain.

As an expected result of continued and hard
efforts of Al scientists, the field of artificial
intelligence has been enriched with variant
techniques to solve Al problems (Negnevitsky,
2005; Russell & Norvig, 2010). The main in-
spirational resource of Al techniques is the
human being. Whereas, most of Al scientists
focus on how a human can solve an intelligent
problem? Some of them concerned with the
question, how the human's brain works? On
this context, they have presented many suc-
cessful techniques such as expert system and
artificial neural network. However, genetic al-
gorithm and simulated annealing were motivat-
ed by the natural phenomena as a secondary
resource of Al techniques. From a practical
standpoint, we can consider the proposed
search strategies are an easier and more Sys-
tematic way to solve Al problems without los-
ing the ability to explain the solution. The term
'search' generally refers to the process of find-
ing a legal sequence of steps to solve a problem
among all candidate configurations. While, the
term 'solution' stands for a path of intermediate
states between the start state and the goal state,
or an artifact state that satisfies some condi-
tions (Russell & Norvig, 2010; Tim, 2008).
Solving an Al problem by search requires re-
formulating it in the form of a search problem
by deriving three main requirements (Russell &
Norvig, 2010), and based on the nature of the
given problem, they may be obvious or require
deep insight to be recognized. First, specifying

the start state that represents the initial status to
solve the problem. In some cases, the start state
is a part of the problem. However, if we have
the choice to choose the start state of the
search, we should select a start point from
which the search can achieve the desired solu-
tion faster. Second, we have to determine the
operators (actions) that we will apply to each
state to yield new states. We also should select
the operators of a problem carefully, because
they are primarily responsible for expanding
the search space that should consist of all the
problem states that can lead to the target solu-
tion. Finally, identifying the goal test, which
refers to when the search process should ter-
minate and present the results? Usually, the
search will terminate if it achieved the desired
solution, or overcame a specified threshold
even if the goal has not been found. After pre-
paring an Al problem, we can now apply a
search strategy to solve it. Our study aims to
enhance and compare the performance of main
search techniques based on the required time
and memory to solve the same Al problem.

MATERIALS AND METHODS

During the journey of looking for a solution,
each search strategy specifies a mechanism to
discover the search space. Based on the applied
mechanism, we can classify the Al search
strategies to exhaustive and heuristic search
(Chijindu, 2012). In general, exhaustive search
strategies aim to solve an Al problem by ex-
ploring the whole search space a level-by-level
or a branch-by-branch according to the se-
quence of chosen operators. The problem-
solving procedure of exhaustive search strate-
gies depends on the principle of 'compare and
expand'. In more details, it includes a compari-
son between each state in the problem search
space and the predefined goal state. If there is
no matching, the current state will expand by
selecting the appropriate operators to produce
legal states. Regardless of the generated states
are new or previously visited many times, they
will be stored to check them later. The process
of comparing and expanding will continue until
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the termination criterion is satisfied. Due to the
comprehensive exploration of a problem space,
exhaustive search strategies usually guarantee
finding a solution to the problem, if there is
one. On the other hand, some of them require
much space of memory to store unvisited states
or a very long time to reach the goal. Further-
more, exhaustive search strategies are blind in
that they give all available states an equal
chance to discover them, as well as they may
leave the goal state behind due to their asser-
tion to follow a deterministic arrangement to
explore the search space. Figurel (a) views the
search space of a virtual problem in a tree rep-

Depth (Level)

i
u

resentation that includes two paths to reach the
goal state (G). The different ways of exhaustive
search strategies to explore the proposed search
space are presented in figuresl (b) and (c),
where the numbers of labeled states refer to the
order by which the search will visit the states
according to each way. Whereas, unlabeled
states denote to undiscovered states that still
occupy space of the memory. As shown in fig-
urel, a level-by-level search could find the
shortest path (often is not the cheapest) to the
goal with more stored states than a branch-by-
branch search that traced a longer path to reach
the desired solution after visiting more states.

Eoot (Start State)

.-""
Mode (State)
.--"'
.  Arc(Operator)

e Leaf (Fringe)

)

(a) A tree search space.

(b) A level-by-level zearch.

{c) A branch-byv-branch search.

Figurel. The different ways of exhaustive search strategies for a virtual problem.

In contrast to exhaustive search strategies, heu-
ristic search strategies rely on intelligent
knowledge to efficiently prune the search space

of a problem and focus on the most promising
branches for a solution. Consequently, when
we decide to apply a heuristic search strategy
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to solve an Al problem, we should take into
account a fourth preparing step that is specify-
ing the appropriate heuristic function of the
problem. The heuristic function represents a
measure by which a heuristic search strategy
can evaluate the quality of a state from the
search space to be a suitable piece of a legal
chain, which will finally lead the search to the
goal state. Unfortunately, identifying the ade-
quate heuristic function to guide the search
professionally toward the solution is usually a
difficult task, because it requires a deep under-
standing of the problem and human intelli-
gence. While a carefully selected heuristic
function can lead the search directly to find an
optimal solution path with fewer visited states,
an inefficient measurement will mislead the
search toward unpromising branches that may
require much effort to reach the goal than ex-
haustive search strategies due to the additional
time of computations. Figure2 views an ideal
performance of heuristic search strategies for
the search space presented in figurel (a).
Where, the order of evaluated states and their
scores, in comparative expressions, show
above each state. However, the numbers within
the virtual states denote to the arrangement of
expanded states.

1: Far

2: Good 3: Better

4: Best 5: Worse

Figure2. An ideal performance of heuristic search strat-
egies for the virtual problem.

As shown in figure2, the heuristic search strat-
egies follow a nondeterministic order to dis-
cover the search space of the given problem
based on the principle 'evaluate and expand'.
For each state in a problem search space, heu-
ristic search strategies employ the proposed

heuristic function to estimate the closeness of
the current state from the goal. If the approxi-
mated distance is more than zero, the state will
expand and its children are evaluated according
to the same measurement. The process of eval-
uating and then expanding will be in progress
until the search reaches the target state (a state
that scores zero distance for its evaluation).
Where, we can utilize this mechanism to look
for the cheapest solution of a problem by in-
serting the exact cost of generating each state
from the start state into the total evaluation of
them (Poole & Mackworth, 2017). There are
two manners of search to exploit the foreseen
readings of a heuristic measure and decide the
next state toward the solution. First, the local
search (choose among children) that focuses on
selecting the best newborn child of the current
state to follow it. Although the local search has
the ability to reach the target state faster
(Russell & Norvig, 2010), if it starts with dis-
covering the correct branch, the search may
confuse when it faces some obstacles such as a
trap at local maxima or reaching a plateau
(Chijindu, 2012; Konar, 2000). As shown in
figure3 (a), trap the search at local maxima
means that the evaluation of a parent is better
than its children scores. Whereas, reaching a
plateau implies that the evaluation of a state
and its offspring is identical, see figure3 (b).
Second, the global search (choose among
fringes) depends on a wide set of possibilities
includes all unexpanded states in the search
space to decide the nearest state to the goal.
However, through solving a problem, the glob-
al search sometimes loses the path toward the
goal state before tracing it again after exploring
a number of redundant states (Chijindu, 2012;
Russell & Norvig, 2010).
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(a) Trap at local maxima.
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(b) Eeaching a plateau.

Figure3. The main obstacles of local heuristic search
strategies.

RESULTS AND DISCUSSION

At this moment, we are going to illustrate the
basic concepts of main Al search strategies
based on a variant of the popular numbers-
puzzle that known as the 4-puzzle game
(Konar, 2000). As shown in figrue4, the 4-
Puzzle game includes a squared board contains
three cells labeled with the numbers 1, 2 and 3,
where there is one place on the board left free
(which here is distinguished by the letter B) to
provide the ability to move the other cells. The
point of this game is to rearrange the numbered
cells that presented in the start state to match
the goal state by moving them up, down, left,
and right. The 4-Puzzle game is a simple ex-
ample of an Al problem because there is no
obvious algorithm to tell us each time, in ad-
vance, how we should move the cells to get the
goal arrangement, so it depends on the player
intuition.

As we mentioned early, we have to reformulate
the problem before applying a search strategy
to solve it. For the example of the 4-Puzzle
problem that viewed in figure4, we already
know the start point of the search and the form
of the desired solution is the sequence of ap-
plied movements to reach the specified goal
state. To gradually generate the search space,

we can use a wide set of operators includes
twelve actions that represent the four available
movements for each numbered cell. However,
this will require much time to examine the abil-
ity of applying each operator on the current
state to produce a new one. Also, using a wide
set of operators may cause a huge search space
that needs much memory space. On the other
hand, if we based on a very small set of opera-
tors, it may reduce the chance of achieving the
target state or increase the efforts to reach the
solution. Therefore, we should carefully choose
an adequate set of operators to guarantee solv-
ing the problem as soon as possible with fewer
memory requirements. Consequently, we will
rely on four operators to rearrange the 4-Puzzle
cells, which are move Blank-Up (BU), move
Blank-Down (BD), move Blank-Right (BR),
and move Blank-Left (BL). Actually, we can-
not move the blank space, but we can replace
its position with one of the cells around it.
Generally, the search terminates when it reach-
es the goal state. However, we should have an
auxiliary condition that usually associated with
the applied strategy to interrupt the search even
though it has not found the goal state yet. In a
level-by-level exhaustive search or the global
heuristic search, the search process will termi-
nate if there is no new region to discover it.
This condition is applicable, if and only if, we
supported the search with an additional proce-
dure to filter new states among the old ones.
Whereas, the search will interrupt if we apply a
branch-by-branch exhaustive search when it
explores all search space branches until a spec-
ified max depth. Although the max depth is a
common termination criterion, it usually re-
quires deep insight to specify it. Because
choosing a big depth to explore each branch
will maximize the chance of finding the desired
state but minimize the probability to reach a
short path to the solution, and vice versa if we
decided to discover a small fraction of the
search space. Finally, the auxiliary termination
condition of the local heuristic search is that
stop visiting new states of the search space if
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there is no improvement in the evaluation re-
sults of generated states.

3| B Solution Path 1| B

—
1 (2 2|3

Start State Groal State

Figure4. An example of the 4-Puzzle problem.

After preparing the 4-Puzzle problem for
search, we can now clarify the performance of
different search strategies to solve it. First, we
are going to apply the variant techniques of ex-
haustive search strategies to solve the problem.
However, in the beginning, we will introduce
some suggestions to improve the behavior of
these techniques (Russell & Norvig, 2010;
Tim, 2008). As we previously stated, exhaus-
tive search strategies do not distinguish be-
tween new and old states during solving an Al
problem. Where, accepting duplicated states is
usually responsible for the explosion growing
of the search space, which then requires a lot of
time and memory to find a solution. As well as,
it may trap the search at an infinite loop of re-
peated states that prevents the ability of a
branch-by-branch search to reach the goal. On
the other hand, if the search can focus only on
visiting unique states and using an additional
procedure, it will achieve the solution faster.
Although identifying repeated states requires
keeping in memory all states that previously
expanded or those waiting to expand later, sur-
prisingly, it usually needs a less memory space
than visiting old states many times. keeping in
mind that the role of eliminating previously
visited states will decrease or be useless if the
number of duplicated states is very small com-
pared to new ones. The second proposition to
enhance the performance of exhaustive search
is that we can make the search more conscious
or not blind if we force it to compare each re-
cently generated state to the goal state before
storing it in the memory, in case there is n
Store the start state in the waiting list

match between them. Consequently, an exhaus-
tive search strategy will terminate the process
of discovering the search space directly if it
realized the goal state without any delay be-
cause it follows a specific order to solve the
problem. Based on these suggestions, we are
going to apply the basic algorithm of exhaus-
tive search strategies that presented below to
find a solution path of the 4-Puzzle problem.

Keep in mind that storing and retrieving a state
from the waiting list must serve the search
mechanism of the applied strategy. Figure5 (a)
and (b) views the performance of both exhaus-
tive search strategies, a level-by-level and a
branch-by-branch respectively, where we dis-
tinguish the solution path by a disconnected
line between the start state and the goal state.
Beside each arc, we presented the applied op-
erator to generate a new state from the parent
state. For a level-by-level exhaustive search,
the search process will stop if it found the de-
sired solution or there is no new region to dis-
cover. As expected, a level-by-level search
traced the shortest path to the goal, where the
search recognized the target state at the fourth
level during expanding the states of the third
level. Due to avoiding duplicated states, the
search rapidly achieved the solution after ex-
panding seven states while only a state is wait-
ing in memory. In a branch-by-branch exhaus-
tive search, the search will continue exploring
each branch five levels (new states at the max
depth will not expand) to give a chance for
other branches to discover them, so we need to
update the above algorithm slightly to ensure
that. Moreover, when we support a branch-by-
branch search with a procedure to prevent re-
petitive states, the search will discard only the
state that previously visited at a higher level.
As shown in figure5 (b), although the applied
strategy also achieved the shortest path to the
goal, the search spent much effort to realize it
where the strategy expanded eight states to
reach the goal state without any waited states.
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Do
Retrieve a state from the waiting list and call it the current state
Do
Apply an operator to the current state to generate another state
If (the generated state is the goal state) then
present the discovered solution and interrupt the search
If (the generated state is new) then
Store the generated state in the waiting list
While (there is a new operator to apply to the current state)
Store the current state in the visited list
While (there is a state in the waiting list)
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(b} A branch-by-branch search.

Figure 5. Solve the 4-Puzzle problem by the enhanced exhaustive search strategies.
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Figure 5 showed a solving example of the 4-
Puzzle problem by different exhaustive search
strategies that successfully guided the search
without any assistance knowledge. Suppose we
can provide the search process with simple
knowledge to evaluate each state in the search
space based on the principle, how match the
current state the goal state? In other words, we
can use a heuristic search strategy to solve the
same example of the 4-Puzzle based on a sim-
ple heuristic function that evaluates the good-
ness of a state by counting the number of mis-
matched cells comparing to the goal state. We
are going first to apply the local heuristic
search, where the primary termination criterion
will be finding out a solution whereas the sec-
ondary one is interrupting the search if all
search space's branches expanded ten levels
without any improvement. During the search, if
there are many candidate children to follow (all
of them have the least distance to the goal

state), the search will choose the first generated
state according to the arrangement of applied
operators. Furthermore, since our simple meas-
ure is unable to provide the search with an ac-
curate reading of a state closeness from the
goal, it may give repeated states a chance to
expand them again, therefore we need a sup-
plementary procedure to explore each state
once as described in the next algorithm. Fig-
ure6 displays how the proposed heuristic func-
tion led the search toward the solution, while
the numbers upper of states denote to their
evaluations. As you see, the search kept visit-
ing states with the same score for five levels,
after that, the states evaluations continued im-
proving until reaching the goal state at the
eighth level. We conclude that the imprecise
evaluations and the mechanism of selection
together misled the search toward a longer so-
lution path that required more computational
time in contrast to exhaustive search strategies.

Store the start state in the waiting list after evaluating it

Do

Retrieve the closest state to the goal from the waiting list and call it the current state

If (the current state is the goal state) then

present the discovered solution and interrupt the search

Do

Apply an operator to the current state to generate another state

If (the generated state is new) then

Evaluate its closeness from the goal state

While (there is a new operator to apply to the current state)

If (the current branch is not useless) then

Store new generated states in the waiting list in ascending order based on their evaluations

Store the current state in the visited list
While (there is a state in the waiting list)
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Figure 6. Solving the 4-Puzzle problem based on local heuristic search.

The algorithm presented above needs a little
change to be suitable for the global heuristic
search too, which is saving the new generated
states unconditionally in the waiting list. Con-
sequently, the global search will stop if either it
found a solution or the waiting list is empty.
Where, if the search faced occasionally a num-
ber of fringes with identical evaluations to
choose among them the next state, it will select
the oldest state in the memory. As shown in
figure7, the global heuristic search presented a
better performance than local heuristic search
to solve the 4-Puzzle problem based on our
simple heuristic function. At the beginning, the
search missed the solution path to discover a
redundant state before correcting its trajectory
toward the goal state directly. Although the ad-
ditional efforts of evaluations, the global heu-

ristic search presented a better performance
than the adjusted level-by-level blind search

On the other hand, if we rely on proper
knowledge to trace the best choice among
available children, a heuristic search will real-
ize a concise path to the solution without ex-
panding any redundant states. Therefore, we
are going now to solve the 4-Puzzle problem
with an advanced heuristic function that uses
an alternative principle to precisely evaluate
the search space which is, how far is the cur-
rent state from the goal state? As described in
the algorithm below, the heuristic function will
compute the total evaluation of a state based on
how each of its cells is far from its equivalent
cell in the target state. In this context, the eval-
uation of the start state that presented in fig-
ure4, clockwise, starting from the cell at the
upper left is (2+1+1=4). As we expected, the
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new heuristic function perfectly led the search
toward the desired state, review figures.
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Figure7. Solving the 4-Puzzle problem based on global heuristic search.
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Figure8. Solving the 4-Puzzle problem based on advanced heuristic function.
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Figure9. Solving another example of 4-Puzzle using the advanced heuristic function.
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Figurel0. Comparing the performance of all search strategies over two examples of the 4-Puzzle problem.
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Because of our new measure always guides the
search to explore new states that have better
evaluations than previously discovered ones,
we do not expect to trap the search at local
maxima. Moreover, if the search got a number
of newborn children that have the best evalua-
tion, this means there are many paths to reach
the goal state at the same level so we can
choose any one of them at random. As demon-
strated in figure9, the proposed heuristic func-
tion could provide the search with accurate
readings about the search space for a new ex-
ample of the 4-Puzzle problem where we de-
cided to explore both branches at the first level
to examine the quality of the applied fitness
measurement. Even though our advanced
measurement does not visit a state twice, we
will accomplish the last two experiments with
discarding repeated states to reduce the evalua-
tion efforts. Where, the significance of avoid-
ing duplications increases when the evaluation
process is very complicated and requires a long
time (Poole & Mackworth, 2017). Unfortunate-
ly, the applied strategy spent slightly much
time than the global search to reach the goal
state in the first example of the 4-Puzzle, but its
performance was better than other search strat-
egies that we examined earlier. To ensure that
our results are more reliable, we decided to ap-
ply all search strategies again to the example
that is presented in figure9. Figurel0 showed a
comparison of all search mechanisms over the
two 4-Puzzle examples based on the required
time and memory to solve them.

As shown in figure 10(a), a branch-by-branch
exhaustive search had the best performance in
the second example because of it started with
exploring the shortest solution path. As well as,
for the same reason, the local heuristic search
presented a better performance than the first
example. On the other hand, the level-by-level
exhaustive search showed the worst behavior
due to its need to look for the solution deeply.
Unfortunately, the global heuristic search had a
worse performance than the first example be-
cause there were many solution paths to trace.

Finally, the advanced heuristic search showed a
better performance than global and level-by-
level searches because it was based on an accu-
rate measure to guide the search directly to-
ward the solution. However, because of the
evaluation efforts, its performance was worse
than local and branch-by-branch searches. Fig-
ure 10(b) demonstrated that avoiding duplicat-
ed states decreases the number of stored states
where the branch-by-branch search had a little
better chance to store fewer numbers of states
than the advanced heuristic search if it discov-
ered the adequate path first.

CONCLUSION

In this paper, we discussed the performance of
different search techniques to solve two exam-
ples of a simple artificial intelligence problem.
However, deciding which strategy is an ade-
quate to solve an Al problem relies on two im-
portant factors: your ability to provide the
search with an assistant knowledge about the
given problem (simple or complex), and the
main characteristic of the desired solution (the
shortest, the fastest or the least memory). Alt-
hough exhaustive search strategies, in general,
guarantee finding an adequate solution for a
problem without any a prior knowledge except
its specification, they are wusually time-
consuming and memory wasting strategies. Al-
ternatively, heuristic search strategies are more
efficient in guiding the search toward the de-
sired solution based on an intelligent
knowledge in the form of a heuristic function
that receives a state and returns its evaluation.
Unfortunately, inexact knowledge may get the
search away from the target path, whereas pre-
cise knowledge requires much time to solve the
given problem.
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Abstract: Exclusive breastfeeding (EBF) is strongly recommended by the World Health Organiza-
tion, United Nation Children's Fund (UNICEF), and American Academy of Pediatrics during the
first six months of life. Breastfeeding should continue up to two years for optimal growth and de-
velopment while it is suggested to start supplementary foods beginning from the seventh month.
The study aimed to determine the frequency and examine the affecting factors of EBF in infants
who attended the pediatrics outpatient clinic in Althawra Hospital in Albaida city, Libya. A cross-
sectional study was conducted in eight months period among 223 breastfeeding mothers, with in-
fants aged 6-24 months, who attended the pediatrics Outpatient clinic. Mothers’ perceptions about
breastfeeding, complementary feeding practices, and demographic characteristics were collected by
interviews with them. EBF periods were 1-45 weeks, Median week was 17 weeks. Six months EBF
rate was 32,28%. Younger mother (< 20) or older (=35) ages, and mothers having chronic diseases
had a shorter median week of EBF. The median duration of breastfeeding was 9 months (0-24
months). The most frequent reason of the early interruption of EBF was, according to mother’s per-
ceptions, for having inadequate breast milk (50.3 %). The study indicates that the frequency of 6
months EBF (32,28%) and the median duration of breastfeeding (17 weeks) are low in Albaida. A
local strategy must be developed to overcome mothers negative perceptions about EBF in the first 6
months of age.

Keywords: Exclusive breastfeeding, Infant, Nutrition

INTRODUCTION non-breastfed peers (James & Lessen, 2009).
To enable mothers for establishing and sustain-

Exclusi tfeedi is important fi . . . .
xclusive  breastfeeding is  important for ing exclusive breastfeeding for six months,

healthy growth and development in young in-

fants (WHO, 2003). It is one of the interven-
tions that reduce infant morbidity and mortality
and allows the infant to receive breast milk on-
ly with no other liquids or foods, not even wa-
ter, except drops of syrups, vitamins, minerals
or medicines (Pediatrics, 2005). Muslim coun-
tries are expected to support, promote, and pro-
tect breastfeeding based on religion. Infants
exclusively breastfed for 6 months presented
with fewer infectious episodes such as acute
respiratory infection, acute otitis media, and
gastroenteritis than their partially breastfed or

WHO and UNICEF recommended early initia-
tion of breastfeeding within the first hour of
infant life. The infant only receives breast milk
without any additional food or drink, not even
water, and breastfeeding on demand.
(Organization, 2010). In Libya, we have lim-
ited data about breastfeeding practices; hence,
understanding the factors that influence EBF is
essential to help in the development of strate-
gies to promote EBF practices in Libya. The
purpose of the present study is to determine
EBF frequency in infants who attended a pedi-
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atric outpatient clinic in Albaida city to exam-
ine factors affecting EBF and to determine the
measures to increase EBF prevalence to 90%
which is recommended by the WHO

MATERIALS AND METHODS

Albaida city is in the center of Aljabal Ala-
khdar, eastern part of Libya. This study had
been conducted in a pediatrics outpatient clinic
in Althawra Teaching Hospital over eight
months period (from May 2018 to January
2019).

The study population consisted of children
from this area that were enrolled in this pro-
spective and cross-sectional study. Healthy
breastfed infants without oral feeding prob-
lems, ages between 6-24 months, who attended
the pediatric outpatient clinic during the eight
months period were included in the study.
Mothers signed written informed consent. The
age, sex, birth weight, recent anthropometries
of the babies, time of weaning, the type of the
first food other than breast milk, the time of
interrupting EBF, perceptions of mothers to
interrupt EBF, and the duration of breastfeed-
ing were noted with a standard interview ques-
tionnaire sheet which was developed and used
by the researchers after reviewing the related
literatures that assessed prevalence and mater-
nal concerns about exclusive breastfeeding.
Demographic features of the mother including
age (<20 years, 20-34 years, and >35 years
old), working status (housewife or working),
education level (primary, secondary, university
graduate), economic level (low, middle, high),
habit, existence of a chronic disease, and the
number and type of deliveries were also deter-
mined.

Analytical analysis

The data obtained from the study were ana-
lyzed with SPSS 15.0. Categorical values were
compared with the Chi-square test. A p-value
of less than 0.05 was considered significant.

RESULTS

Mean age of the 223 infants comprising the
study population was 6-24 months, 44,39% of
them were girls (n= 99). Overall six months
EBF frequency was 32,28%. When the factors
that affected interrupting EBF were investigat-
ed, the incidence of interrupting EBF was
higher among mothers with higher income
(68.4%) than mothers with middle income
(67.97%), and low income (65.38%) although
this difference was not statistically significant
(p=0.23) (Table 1). The median age of EBF
was 17 weeks (1-45 weeks). Mothers between
age 20- 34.9 years had a longer median dura-
tion of EBF (p=0.001) (Table 3). Regarding
Mother’s education level, poorly educated
mothers have the shortest median duration of
EBF (Fig 2). Mothers with chronic diseases
(n=36)(16.1) interrupted EBF earlier than
mothers without chronic diseases (p=0.01).
These chronic diseases included diabetes melli-
tus, asthma, goiter, and hypertension. Mothers
who interrupted EBF had a shorter median du-
ration of breastfeeding (median: 10, range 0-24
months) than EBF group (median: 14, range 6-
24 months) (p=0.001). Mothers who interrupt-
ed EBF were asked why they had introduced
supplementary foods earlier. The most frequent
answer was mother’s perceptions of having in-
adequate breast milk (50.3%) (Table 2). The
most frequent first complementary feeding giv-
en to the baby by EBF mothers was rice (29%),
whereas it was a commercial infant formula
(33%) among non-EBF mothers (p=0.001).
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Table (1). Characteristics of the EBF and non-EBF babies

Exclusively breastfed infants P
No Yes
n 151 (67.7) % n72(32,28) %
Gender Boy 76 (61, 29) 48 (38.7)
Girl 75 (75,7) 24 (24.2)
Mother age (yr) <20 9 (81.8) 2(18.2) 0.090
20.1- 34.9 125 (66.1) 64 (33.9)
>35 17 (73.9) 6 (26.1)
Mother’s working status
Housewife 8 (66.6) 4(33.4) 0.93
Employed 143 (67.7) 68 (32.3)
Mother’s education level
Primary school 13 (81.25) 3 (18.75) 0.65
Secondary school 79 (63.2) 46 (36.8)
University graduate 59 (71.9) 23 (28.1)
Mother’s chronic diseases
Present 30(76.9) 9(23.1) 0.175
Absent 121 (65.7) 63(34.3)
Economic level of the family
Low 17 (65.38) 9 (34.62) 0.23
Middle 121(67.97) 57(32.03)
High 13(68.4) 6(31.6)
Order of child
First 68 (70.8) 28(29.2) 0.386
Second or more 83(65.35) 44(34.65)

© 2019 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
ISSN: online 2617-2186 print 2617-2178

107



Al-Mukhtar Journal of Sciences 34 (2): 105-111, 2019

Table (2). Perceptions of non-EBF mothers about why they had interrupted EBF (n=151).

Reason Number %
Breast milk was inadequate 76 50.3
Infant does not suck 23 15.2
Mother’s own decision 4 2,6
Infant had a health problem 5 33
Infant had inadequate weight gain 27 17.8
Being twin 3 1.9
Mother’s health problems 7 6.6
Mother was pregnant 6 3.9
Total 151 100
Table (3). Factors affecting median week of EBF
Characteristic n, (%) Median week of EBF p

(n=223)
Gender Boy 124(55.6) 17
Girl 99(44.4) 16
Mother’s age (years)
<19 8(3.6) 14 0.001
20.1- 34.9 192(86) 19
>35 23(10.4) 15
Mother’s working status
Housewife 12(5.4) 20
Employed 211 (94.6) 17
Mother’s education level
Primary school 16(7.2) 19
Secondary school 125(56) 16
University graduate 82(36.8) 20
Mather’s chronic diseases
Present 36(16.1) 11 0.0046
Absent 187(83.9) 18
Economic level
Low 26(11.7) 24
Middle 178(79.8) 17
High 19(8.5) 17
DISCUSSION mixed feeding (breast plus artificial) was prac-

The reasons why mothers introduced foods ear-
lier and the duration of breastfeeding were in-
vestigated in Libyan infants in our region, in
Albaida city. In the present study sample, the
frequency of six months EBF was 32%, the
mean EBF was 3.6 months, and the predomi-
nant EBF (received breast milk and plain wa-
ter, water-based liquids, and/or juice only (ex-
cludes other milk)) was 4.2 months for all. A
previous study in Benghazi— Libya showed that

ticed by most of the mothers (61.5 to 79.2%)
starting from 4 months to 24 months after birth
(Shembesh, Balo, & Singh, 1997). In mothers
with chronic health problems, breastfeeding for
more than six months was found to be only
23.1% compared to 34.3% for infants of moth-
ers who did not have a disease. These results
suggest that chronic maternal diseases are as-
sociated with low breastfeeding rates because
of social and economic inequalities which
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worsen pregnancy and child-related outcomes.
In some international studies, mothers with a
chronic illness like diabetes and low EBF rates
were found to be due to the factors including
infants admission to the neonatal intensive care
unit, and maternal- infant separation (Oza-
Frank, Chertok, & Bartley, 2015). In another
study, mothers concerns about illness or the
need to take medicine were found to be one of
the main reasons for the early termination of
breastfeeding (Odom, Li, Scanlon, Perrine, &
Grummer-Strawn, 2013). So, Health care ser-
vices should especially take into account the
needs of mothers with chronic diseases, and to
inform about the misconceptions about breast-
feeding and support them. Also in our study
group, mothers aged <20 years had a shorter
EBF duration than mothers aged between 20-
35 years (Fig 1). The breastfeeding rate among
adolescent mothers (aged <20 years) in the US
was reported to be low and has been dropping
(Smith, Coley, Labbok, Cupito, & Nwokah,
2012) . The stated reasons for this age group
were poor breastfeeding knowledge and skills,
inadequate health care, being unprepared for
the demands of motherhood. When non-EBF
mothers were asked why they had interrupted
EBF, the most frequent reasons were the
thought of not producing adequate breast milk
(50.3%) and that the infant does not suck
(15.2%). Compared to results from other coun-
tries, Maternal anxiety of inadequate breast
milk was stated to be the main reason to stop
EBF in Sri Lanka (Perera, Abeyweera,
Fernando, Warnakulasuriya, & Ranathunga,
2012). In Turkey, the most frequent reason was
inadequate breast milk (42.6%) (Neslihan,
Rukiye, & Yildiz, 2015). In Iran, the most fre-
quently cited reasons for mothers for discon-
tinuing EBF were physicians recommendation
(54%) and insufficient breast milk (28%)
(Olang, Heidarzadeh, Strandvik, & Yngve,
2012). In the US, mothers who discontinued
EBF were more likely to have experienced
problems with their infant latching on or suck-
ing or reported that a health care provider rec-
ommended formula supplementation(Taveras

et al., 2004). Physicians and other health pro-
fessionals have an important role to play in en-
couraging and supporting mothers to maintain
breastfeeding. More than 95% of women are
biologically capable of producing a sufficient
quantity of milk or are able to accomplish ade-
quate infant weight gain through breastfeeding
alone. Anyhow, when a mother perceives that
she is not providing an adequate quality or
quantity of milk to her infant, she is likely to
stop breastfeeding regardless of the infant’s age
(Odom et al., 2013).

CONCLUSION

In our study group, EBF rates and duration of
breastfeeding was found to be low among
breastfeeding mothers who attended outpatient
pediatric clinics. Children were unnecessarily
introduced to supplementary foods earlier alt-
hough mothers breast milk was adequate. The
study indicated that the frequency of 6 months
EBF (32.28%) and the median duration of
breastfeeding (9 months) are low in our region,
in Albaida city. We must develop a local strat-
egy to overcome mothers’ negative perceptions
about EBF by increasing interviews with them
about breastfeeding. It is essential to educate
new mothers and prospective mothers about
infant feeding. We believe that many health
problems can be prevented by minimizing mis-
takes made in infant nutrition.
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Abstract: Anemia is one of the main public health issues among children in the world. The causes
of anemia are multifactorial, but iron deficiency is the most common one. There are direct
proportions between iron and body mass. The paper aimed at determining anemia prevalence in
children aged 1-144 months in Al-wahda Hospital in Derna city during the first quarter of 2017, as
well as determining the type of anemia. A sample of 129 children aged 1-144 M was tested for
hemoglobin levels to diagnose anemia. Mean corporal values were measured to determine the type
of anemia, and data were collected based on independent variables such as age and sex. The
frequency was created, and comparisons were tested using chi-square. Anemia prevalence of
overall sample was 65.11%. It was significantly higher in children aged (1-3 months) than those
aged (4-6 months), and (7-144 months) (p =.001). Significant differences were found in anemia
prevalence among boys and girls, where prevalence was higher in girls than in boys (P=.008).
Prevalence of Microcytic hypochromic anemia was higher (69.4 %) compared to Normocytic
normochromic (28.57%), and Macrocytic hyperchromic anemia (2.38%). Prevalence of anemia of
the overall sample is considered as sever based on World Health Organization anemia
classification. In addition, increased anemia prevalence in children less than 3 months shud be
taken care of the Libyan government to prevent and control anemia in pregnant women. The high
prevalence of Microcytic hypochromic in the overall sample was observed. Further estimation of
iron and ferritin should do, and further evalution is needed to identify the causes of anemia in
children under 12 years

Keywords: Anemia, children, Derna.

INTRODUCTION multifactoral. The most prevalence form of
anemia throughout the world is iron-deficiency
anemia, it is estimated as 50% of anemia cases
worldwide, and it particularly affects women
and children.

Anemia remains a public nutritional problem
throughout the world (Habib et al., 2016;
Ngesa & Mwambi, 2014). There are >1.5
billion people affected by anemia worldwide
(Li et al., 2017). Anemia is common in infants
young children-, and pregnant.(Li et al., 2017).
Prevalence of anemia in children under 5 years

Iron is an essential mineral in infancy where it
plays a significant role in the stages of
; ) X . . neurogenesis and cell differentiation in various
is 24% in developing countries (Li et al., areas of the brain (Al-Qaoud, Al-Shami, &

2017). , , _ Prakash, 2015; Pita et al., 2014).
Most children with anemia are asymptomatic.
Anemia is classified as microcytic, normocytic, There is a direct proportional between iron and

and macrocytic basF:d on the mean corp}lscular body mass, so infants with low birth weight
volume. The etiologies of anemia are have less total iron than infants with normal
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birth weight. This may lead to irreversible body
development including that for the brain and
may lead to serious problems such as cognitive,
motor, and behavioral problems (Al-Qaoud et
al., 2015; Li et al., 2017).

WHO has developed a classification system to
facilitate international comparisons of anemia
as a public health problem. The problem is
considered severe if anemia prevalence is >
40%, moderate from 20 to 39.9%, and mild
from 5 to 19.9% (Pita et al., 2014).

Hemoglobin may not always be the most
appropriate indicator for anemia because of its
low sensitivity to iron deficiency and
individuals health. Since iron, deficiency is
only one of many disorders that can cause
anemia.

In Libya, as in many other developing counties,
hemoglobin levels can be an appropriate,
inexpensive, and simple indicator of both iron
status and anemia (Pita et al., 2014).

The objective of our research was to determine
the prevalence of anemia in children under 12
years who were admitted to Derna's Al-wahda
hospital and to determine which type is more
common to provide more insights to the nature
and types of policies that we can put up to
prevent and treat anemia.

MATERIALS AND METHODS

The research was conducted in the period from
January-March 2017. 129 children under 12
years, who were admitted to the pediatric
department of Al-wahda hospital in Derna city,
were included in this study.

Sml of blood were collected from all children
in EDTA containers. By using automated cell
counter (SYSMEX 21), hemoglobin and RBC
indices were estimated.

The dependent variable was anemia, Mean
corpuscular volume, and the independent
variables were sex and age (Tablel).

RESULTS

Eighty-two children of 129 (65.11%) were
anemic.

Table (1). Study variable

Variable Category
Age group 1-3
(months completed) 4-6
7-12
Sex Male, Female
Anemia -1-3 months

Yes: Hb <l6pg/dl
No: Hb>16 pg/dl
-4-6 months

Yes: Hb<9 pg/dl
No: Hb>9 pg/dl
-7-144months
Yes: Hb<12 pg/dl
No: Hb>12 pg/dl

The mean level of hemoglobin concentration
was 13.04 (SD = 11.94) ranging from 12.9 g/dl
(SD=2.65) in the group aged 1-3 months, to
11.094 in the group aged (7-144 months), to
10.47 in age group 4-144 months.

The prevalence of anemia was significantly
high among children aged 1-3 months than
those observed in the group aged 4-6 months
and the group aged 7-144 months (P=.001)
(Table 2).

Table 2. Prevalence of anemia according to age

Percentage of

Age Children Anemic :
(months) tested children f}i?crlrrnei

1-3 20 16 80%
4-6 9 1 11.11%

7-144 100 65 65%

Female children were found to have a higher
prevalence rate than male children (P =.008)
(Table 3).
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Table 3. Prevalence of anemia according to sex

Proportion
Sex Children Anemic of Anemic
tested children Children
Female 72 54 75%
Male 57 28 49.12%

According to Mean Corpuscular Volume
(mean 78.57, SD=11.9), Microcytic
hypochromic anemia was higher than both
Normocytic normochromic and Macrocytic
hypochromic anemia (Table 4).

Table4.Prevalence of anemia by mean corpuscular

value.
Anemia type T?Sted Aqemlc Percentage
children Children
Microctic
Hypochrom- 82 57 69.51%
ic
Normocytic
Normochro- 82 23 28.04 %
mic
Macrocytic
Hyperchro- 82 2 2.38%
mic
DISCUSSION

The present study showed that the overall
prevalence of anemia among hospitalized
children was 65.11%. This rate is markedly
higher than the prevalence data reported by
industrial countries such as Austria 10.5% and
Belgium 8.7%. However, it is still lower than
the prevalence data reported by south Asian
countries such as India 74.3% (Al-Qaoud et al.,
2015).

The distribution of anemia by age in the
present study showed that in the prevalence
rate was high in group aged 1-3 months than
other groups. This results were consistent with
findings from other study in other countries (Li
et al., 2017). Increased anemia prevalence in
group aged 1-3 months could be due to the low
hemoglobin level in the mother during
pregnancy. This was consistent with a study in

Brazil which found that one of the factors
contributing to low levels in a child was
maternal anemia, highlighting the need to
prevent anemia before, during, and after
pregnancy (Pita et al., 2014).

Boys are reported to be more susceptible to
iron deficiency than girls due to their more
rapid growth in the first months of life (Pita et
al., 2014), but this was inconsistent with our
finding where the prevalence was significantly
higher in girls than in boys.

The present study showed a high prevalence
rate of Microcytic hypochromic anemia among
anemic children. This result is consistent with
World Health Organization which shows that
iron deficiency is the most common cause of
anemia (Pita et al., 2014).

CONCLUSION

Based on World Health Organization
classification of anemia, the prevalence of
anemia in our study is considered as severe (>
40). Anemia prevalence in group aged 1-3
months was high compared with those aged 4-6
months and 7-144 months. There was an
Increased prevalence of Microcytic
Hypochromic anemia of overall anemic
samples. Further research is needed to know
the exact causes of anemia in children under
12 years among this area. We recommend
taking more action to control anemia in women
of childbearing age.
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Abstract: Pharmacists are supposed to deliver services, like counseling, dispensing, and managing
patients care plans. During daily routine they face problems that can hinder their job, e.g., work
overload stress, or unorganized drug shelves, and unclear written prescription, which may lead to
errors during drug dispensing. These errors are traumatic for the pharmacist and patient; therefore,
it is crucial to reduce them and any circumstances that leads to them. In this study, we aimed to
study some of the problems that face Libyan pharmacists in their daily routine and prevent them
from performing their main roles as community pharmacists. An online cross-sectional survey of
pharmacists in Libya was conducted over a period of four months. This online questionnaire was
built using the “Google forms” application and was distributed to participants using social network
groups of pharmacists. 182 pharmacists responded to this questionnaire. Almost (45%)of the re-
spondents found it difficult to educate patients on their medicines and any related health issues.
Meanwhile, the bulk majority (82%) stated that the major problem that faced them was getting a
prescription written with very bad handwriting. About (59.4%) of the responding pharmacists stated
that they did not have enough time to educate patients about their medications during drug dispens-
ing. In conclusion, this study reveals some of the main challenges that face pharmacists during their
daily work. Generally, it shows that it is necessary to make pharmacists aware of social and envi-
ronmental factors that may complicate their work. This can be done by educating practicing phar-
macists about “good pharmacy practices” through workshops and continuous learning programs.
Additionally, regulating authorities should also play a role in establishing policies and laws that
regulate the design of retail pharmacies.

Keywords: Drug Dispensing, Dispensing errors, Pharmacy practice

INTRODUCTION (APHA, 2006). In addition, They are responsi-

In the recent years, the pharmacists’ role has
changed from just compounding and dispensing
pharmaceutical products to managing therapy
plans, and this role has evolved to include: pa-
tient education, patient counseling, and com-
munity services (Wiedenmayer et al., 2000).
Pharmacists also act as first responders, provid-
ing clinical advice to over-the-counter (OTC)
relief, which helps in decreasing unnecessary
emergency room visits for common conditions

ble for ensuring the quality of pharmaceuti-
cals/medicines supplied to patients as per the
government policies/regulation and patients,
pharmaceutical education including counseling
of patients (Thamby & Subramani, 2014).

In order to ensure the safe and correct use of
medicine, pharmacists should be able to freely
communicate with patients so they can re-
spond to symptoms, discuss patient health-
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related and social problems that have an im-
pact on health status, and empower individuals
to be active in health promotion and preserva-
tion (Kerr et al., 2017) since the well-informed
patients are more likely to use their medica-
tions correctly. Additionally, the pharmacist's
intervention in the provision of advice on
medicines improves medicine safety (Az-
zopardi, 2010).

Dispensing medications to patients is a complex
process, that happens under the supervision of
the pharmacist (National Patient Safety Agency,
2007). During the drug dispensing, pharmacists
are faced with some challenging tasks that need
to be coordinated and performed together with
accuracy. Some of these tasks are including;
dispensing the correct medicines, checking oth-
er medicines e.g., for drug interactions, and pa-
tient advice (WHO).

Errors can arise at any stage during the dis-
pensing process. if the medication dispensed
to a patient is inappropriate (e.g. due to incor-
rect interpretation of the prescription), this can
be called a “Dispensing error”’(Azzopardi,
2010). Dispensing errors include any incon-
sistencies or deviations from the prescription
order, such as dispensing the incorrect drug,
dose, dosage form, wrong quantity, or inap-
propriate, incorrect, or inadequate labelling.
Also, confusing or inadequate directions for
pharmaceutical preparation use, incorrect or
inappropriate preparation, packaging, or stor-
age of medication prior to dispensing are con-
sidered to be errors (Szeinbach, Seoane-
Vazquez, Parekh, & Herderick, 2007). Anoth-
er type of errors is dispensing the right drug to
the wrong patient. These errors when not de-
tected and corrected prior to the patient leav-
ing the pharmacy may lead to sub-optimal
outcomes of treatment for the patient, or even
deadly damage (James et al., 2009). Dispens-
ing the wrong drug, which often involve the
substitution of another drug with a sound-alike
name, accounted for 43.8% of all claims paid
as a result of the injuries caused (Webb,
2015).

Many of the reasons for dispensing errors re-
main anecdotal. Noise, distractions, poor
packaging, and workload have all been put
forward as causes of errors. Many errors are
blameless, and effective risk management re-
quires a reporting culture (Al-Arifi, 2014). For
example, a change in packaging by a manufac-
turer could trigger a group of dispensing er-
rors. In an individual pharmacy, the pharma-
cist in control would only experience a single
error in isolation. Across a wider sample of
pharmacies, multiple errors may highlight
problems which can be rectified to prevent
future occurrences (Cox & Marriott, 2000).

The most common factors that are associated
with dispensing errors including high work-
load, low-staff numbers, a mix-up of look-
alike/sound-alike drugs, and dispensary staff's
lack of knowledge/experience (Aldhwaihi,
Schifano, Pezzolesi, & Umaru, 2016). Also in
a study that surveyed pharmacists attitudes
toward dispensing errors in a community
pharmacy settings in Saudi Arabia, the major
factors associated with dispensing errors were
not having a pharmacist assistant (82.2%),
high workload (72.5%) (Al-Arifi, 2014), pres-
sure to work too quickly particularly when
there is a long line of patients, patient misiden-
tification (Webb, 2015), and patient
knowledge deficits (Azzopardi, 2010). How-
ever, the pharmacist may face a lot of prob-
lems that can restrict his/her work such as
stress due to work overload, crowded pharma-
cy, or unorganized drug shelves which may
lead to errors during the dispensing process.
Hence, this study tries to detect some of the
main problems that face Libyan pharmacists
during their daily work that may hinder the
efficiency of their job.

This study had the aim to:

1. Recognize some of the problems facing Lib-
yan pharmacists in private and hospital phar-
macies that prevent them from performing their
main roles.
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2. Detect the awareness of Libyan pharmacists
about these problems that may affect the dis-
pensing process and can lead to errors in it.

MATERIALS AND METHODS

A preliminary draft of the questionnaire was
piloted on convenience of 12 practicing phar-
macists to check for readability, understand-
ing, question design, and the length of the
questionnaire. Based on the result of this pilot
study, the questionnaire was used with some
modifications, and the final questionnaire was
distributed to participants. An online ques-
tionnaire for Libyan pharmacists was conduct-
ed over a period of 2 months. Because of the
low response rate, the questionnaire was fur-
ther redistributed as a second phase to increase
the response rate for another 2 months.

The questionnaire was constructed using the
“Google forms” (Google©, 2018) application.
This application collected the data and ana-
lyzed them. The questionnaire consisted of a
series of questions where most of them were
of closed multiple choice type. The question-
naire included 12 items about the pharmacist's
role in the community and the challenges they
face in accomplishing this role. Demographic
information of the pharmacist was collected
too. The first five questions were about age,
gender, degree, experience, and the sector they
work in. The rest of the questions asked about
many aspects regarding the difficulties phar-
macists find while practicing their role, prob-
lems they face while dispensing medications,
circumstances that help them in their work,
what prevents them from educating the patient
about his/her medicine, what additional infor-
mation they may require during dispensing , if
they would hesitate to dispense an incomplete
prescription, and what information would
make them consider not dispensing the medi-
cation, if incomplete. The survey responses
were treated, and the data from all the re-
spondents were analyzed by "Google forms”.
Descriptive statistics, including percentages

and frequency distribution, was calculated for
each of the variables.

RESULTS

182 respondents have responded to this ques-
tionnaire. The majority of the respondents
were young adults (age group of 20-30 years)
contributing about 79.7% of the respondents,
while older age groups (older than 50 years)
were only 1.6%. About 62% of the respond-
ents were females, while approximately 38%
were males. The vast majority of the respond-
ents had a Bachelor degree (97.8%). More
than half of respondents had a work experi-
ence of 5-10 years (65%), and about 25% had
experience of work from 5-10 years. Approx-
imately 64%of the responding pharmacists
worked in the private sector and about 32%
worked in public health facilities. The whole
demographic data are shown in Table 1.

Table (1). Socio-demographic data.

Parameter Percentage(%)
Age (years)
20-30 79.7%
30-40 16.3%
40-50 2.2%
more than 50 1.6%
Gender
Male 37.9%
Female 62.1%
Degree
Bachelor degree 97.8%
Other. 2.2%
Work Experience
5-10 years 69%
10-15 years 25.4%
15-20 years 2.8%
more than 20 years 2.8%
Work Sector
Private Pharmacy 64.3%
Public Health Facilities 31.9%
Both 3.8

Opinions were sought on which of the phar-
macists' role they found more difficult to ful-
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fill, and 44.5% of the respondents found it dif-
ficult to educate patients on their medicines
and other related health issues. Around 29% of
the responding pharmacists exclaimed finding
it hard to participate in the encouragement and
improvement of patients health, while only
11.8% found it difficult to supply patients with
medicines and medical appliances.

@ Encouraging and
improving the
health of patients

@ Providing patients
with medicines &
medical devices
Educating patients
about their
medicines & their

@ Improving the
dispensing process

Figure(1). The distribution of respondents when asked
about the role of pharmacists they find difficult to fulfill.

Similarly, opinions were sought on which
problems they face while dispensing drugs,
and the bulk majority (81.7%) said that getting
a prescription written with very bad handwrit-
ing was considered the major difficulty they
would face while doing their job. Only a mi-
nority of the respondents stated that drugs with
similar names and different generics posed a
challenge for them in their daily work, with
(3.3%) and (1.7%) respectively. The different
problems that pharmacist face with the respec-
tive percentages are shown in Figure2.

Similar
medicines’ 17
names
Many
commercial 3.3
equivalents
Traffic
customers & 6.1
noise
Interruptions
during
dispensing
Prescription is
unclear & bad
handwriting

0 25 50 75 100

Figure (2). The distribution of respondents when asked
about the problems they face while dispensing drugs.

When the respondents were asked “What
would help them and support their work?”,
39.3% stated that the design and arrangement
of the pharmacy would support their work
while about 24.7% thought that having com-
puter programs or pharmaceutical application
would assist them in their work.

@ Thepresence of an
assistant
pharmacist in the
pharmacy

@ Use of computer
programs &
applications that
help in the
Pharmacy design &
organization of
medicines in it

@ All of the above

Figure (3). The distribution of respondents when asked
about factors that support their work.

When asked about the difficulties that phar-
macists face while educating the patients
about their medications, the bulk majority
(59.4%) of respondents found it difficult to
have enough time to educate the patients about
their medications. Approximately 21.1% stat-
ed that the design of the pharmacy did not help
them have the needed privacy in order to edu-
cate the patient on his/her medication.

No time to
talk with the
patient

The
pharmacy
design does
not give

No internet or
medical
information
programs in

Figure (4).The distribution of respondents when asked
about environmental factors that make the process of
patient counseling difficult.
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Checking for further medication before dis-
pensing is an important step, accordingly, the
majority (66.5%) of the respondents in this
study did not miss that. But about 14.5% of
the respondents would not ask any questions
during the dispensing process. Table 2. shows
the distribution of the respondents to the ques-
tion "What further information they ask the

patient before dispensing a medication?".

Table (2). The distribution of respondents when asked
about the additional information that they need to know
from the patient during dispensing.

Questions asked before dispensing ~ Percentage(%)

any other medications 66.5%
any allergies 19%
No questions are asked 14.5%

74.4% of the respondents answered "Yes" to the
question "Would you hesitate to dispense an
incomplete prescription?", whereas approxi-
mately, 12% said that they would not hesitate to
do that at all.

@ Yes, | may hesitate, but |
ask the patient about the
missing information.

@ HNo, | don't hesitate.
Maybe, | would ask the
patient to ask his doctor

to complete the missing
information.

Figure (6). The distribution of responding pharmacists
when asked if they would hesitate to dispense an in-
complete prescription.

Table 3. The distribution of respondents when asked
about the information that may let the pharmacist not
dispense the medicine.

Reason for not dispensing medi- Percentage(%)
cine
The name, age and address of the 9.6
patient
The name of medicine & dose 40.9
The name &address of the doctor 1.7
The dosage form of drug 17.4

DISCUSSION

Pharmacists are in charge of medication dis-
pensing, and they often deal directly with pa-
tients with health conditions and treatment that
are closely related to their personal and social
status (Deans, 2010). During this critical pro-
cess, they face a lot of challenges that may
hinder them from performing these tasks effi-
ciently.

In our study, we tried to detect the difficulties
that face pharmacists in their daily work espe-
cially during drug dispensing in pharmacy, and
prevent them from performing their job proper-
ly, and may lead to errors in their main daily
task.

One of the essential roles of pharmacists is to
educate the patients on medication use and oth-
er issues related to their health. In our study,
about 45% of the responding pharmacists found
it difficult to fulfill this task. This can be at-
tributed to many reasons, such as lack of time,
lack of privacy, and the design of the dispensary
area. These factors were considered by the re-
spondents as the main causes that jeopardize
having a good environment for patient educa-
tion. They were also considered among the fac-
tors contributing to dispensing errors according
to a Saudi study that studied the attitude of
pharmacists toward dispensing errors(Al-Arifi,
2014).

A major finding in our study is that approxi-
mately 82% of responding pharmacists consid-
ered getting a prescription with very bad hand-
writing as the major problem that they face in
their daily work. It is well known that illegible,
inaccurate prescriptions are sources of errors
during drug dispensing. Reports of injuries,
secondary to poor handwriting, continued to
accumulate in the regulatory literature to the
point that the Institute for Safe Medication
Practices (ISMP) published a call to action to
eliminate handwritten prescriptions by 2003
(Teichman & Caffee, 2002). Actually, pharma-
cists considered improving the illegibility of the
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prescriptions as one of the most appreciated fac-
tors in decreasing dispensing errors and improv-
ing doctors' handwriting (Al-Arifi, 2014). Now-
adays, the electronization of prescription writ-
ing in most developed and some developing
countries has become a must.

Most of the respondents emphasized the im-
portance of the design of the pharmacy and the
organization of the dispensary. This factor has
also been stressed in the literature (Nair,
Kappil, & Woods, 2010), and it seems to be a
point that needs to be further scrutinized on a
national basis.

As known, patient education during medication
dispensing is the main role of pharmacists in
their communities, but it seems that Libyan
pharmacists find it hard to carry out this task.
This was evident with 59.4% of the respondents
claiming that "they do not have enough time for
patient education". This seems to be a problem
that faces pharmacists not only nationally but
internationally (Berger, 2009).Another factor
that has been highlighted in this regard was “not
having privacy for patient education”, which
leads us back to the previously mentioned point
of pharmacy design. In this context, it seems
that pharmacies in Libya lack the special re-
quired aspects that help pharmacists to perform
their job efficiently (Abood, 1996).

Regarding the questions to be asked about any
further information that the pharmacist need
for effective patient education, Libyan phar-
macists seemed to have an acceptable
knowledge about good pharmacy practice,
with almost 67% asking about other medica-
tion, and 19% asking about any allergies. Sur-
prisingly, around 15% seemed to not practice
this at all, which implies a negative attitude
towards this practice from some of the re-
sponding pharmacists.

An incomplete prescription renders the pharma-
cist confused, which makes him/her hesitating
to dispense it. This was the case with about 72%
of the respondents, and some of them would try

to complete the missing information from the
patient or even the prescriber. Typically, the
two most important information that would
make the dispensing impossible without were
"drug name and dose" and "the dosage form"
with 41% and 17.4%, respectively.

Generally, an online questionnaire has the ad-
vantage that the respondents feel more com-
fortable answering the questions anonymously
because, in the preparation phase of the ques-
tionnaire, we had the problem that the inter-
viewed pharmacists were hesitant to answer
the questionnaire, even though they were as-
sured that the data was anonymously handled.
Also, an online survey is less time consuming
and requires fewer logistics.

This study had numerous disadvantages, firstly
being an online survey, where we could not be
sure about the credibility of the answers, e.g.,
some of the respondents could not be pharma-
cists at all. Secondly, the survey was formulated
with closed-ended questions, which make it
have a lower validity rate than other question
types, e.g. open-ended questions. Additionally,
survey question-answer options could lead to
unclear data because certain answer options
may be interpreted differently by respondents.
An important drawback of this study is the
small number of respondents, which may render
the results either not representative, or not con-
clusive.

CONCLUSION

This study can be considered as a priori that
approached an important topic about pharma-
cy practice, that is the challenges and difficul-
ties that face pharmacists during their daily
work. That, in turn, may lead to errors during
drug dispensing, leading to possible unwanted
events. Thus it is imperative for pharmacists to
be aware of social and environmental factors
that may complicate their work. This can be
done by educating practicing pharmacists
about "good pharmacy practices" through
workshops, leaflets, and/or continuous learn-
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ing programs. Additionally, regulating au-
thorities should also play a role by establishing
policies and laws that regulate the design of
retail pharmacies. Also, data on dispensing
errors should be gathered and reviewed so that
risk-reduction strategies can be developed to
assure the quality and safety of patient care.
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Abstract: Carob tree (Ceratonia siliqua L., 2n=24) is an evergreen endemic species found
naturally in El-Jabal El-Akhdar region which is located immediately south of the coastal belt
in the northeastern region of Libya. Morphological characteristics have been the main descrip-
tive tool to characterize a given collection or germplasm, or to identify and differentiate wild
type populations. Eighteen carob population were collected from six different sites in El-Jabal
El-Akhdar area. Seven characters on discriminative pods were measured: the length, width,
thickness, number of seeds, weight of pulp, and yield as well as one character to seeds: the
weight seeds. The present study showed that the choice of pod characters to assess Libyan
carob diversity is a useful and powerful tool. The means and standard deviations of morpho-
metric characters measured in Libyan carob showed highly significant differences among the
studied populations for all the examined characteristics. Differences in morphometric traits of
carob pods and seeds among Libyan carob populations are primarily caused by genetic fac-
tors. The pod size of Libyan carob is considered to be the medium size (10.89 — 17.55cm).

Key words: Carob, Ceratonia siliqua, morphological traits, genetic variation.

INTRODUCTION

The carob tree is a slowly growing, woody
evergreen, sclerophyll, and widespread spe-
cies occurring as a native plant in the Medi-
terranean Basin (Ramoén-Laca & Mabberley,
2004). It has been grown since antiquity in
most countries of the Mediterranecan basin,
usually in mild and dry places with poor
soils. Its value was recognized by the ancient
Greeks, who brought it from its native Mid-
dle East to Greece and Italy and by the Arabs,
who disseminated it along the North African
coast and north into Spain and Portugal. It
was spread in recent times to other Mediter-
ranean-like regions such as California, Ari-
zona, Mexico, Chile and Argentina by Span-
iards, to parts of Australia by Mediterranean
emigrants and to South Africa and India by
the English (Battle & Tous, 1997).

The carob tree (Ceratonia siliqua L. 2n = 24)

is an angiosperm, dicotyledonous belonging
to the order Rosales, family Fabaceae (SreCec
et al., 2016). It tolerates drought explaining
its large distribution in the arid and semi-arid
Mediterranean climate (Correia & Martins-
Loucao, 1994; Lo Gullo & Salleo, 1988).
Whose origin seems to be the eastern Medi-
terranean has been domesticated since 4000
BC, and his extensive dates from at least
2000 BC culture, its longevity is considerable
(up to 200 years), and it can reach up to fif-
teen meters high. It is formerly operated in
particular through its feed and food qualities.
Thus the tree is useful in human and animal
food (El Kahkahi, Zouhair, Ait Chitt, &
Errakhi, 2014).

The carob tree is an important component of
the Mediterranean vegetation. Traditionally,
carob pods with their sugary pulp are a staple
in the diet of farm animals and are eaten by
children as snacks or by people in times of
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famine. However, currently, the main interest
is seed production for gum extraction. Fur-
thermore, Carob is well known in the Medi-
terranean countries for its ornamental, nutri-
tional, and medicinal value (Batista, Amaral,
& Proenca Da Cunha, 1996; Battle & Tous,
1997). Carob pods were also used in ancient
Egypt, where the pulp of the pods was mixed
in porridge, with little honey and wax, as a
treatment for diarrhea and some other diseas-
es. The trees are also useful as ornamentals,
landscaping, windbreaks, and in aforestation.
Cattle can browse on leaves, and the wood is
suitable for fuel (Kahkah, Zouhair, Diouri,
Ait Chitt, & Errakhi, 2015).

Phenotypic characteristics have been and
continue to be used as essential components
in the final classification of living organisms.
Till today, morphological characteristics have
been the main descriptive tool to characterize
a given collection or germplasm and to iden-
tify and differentiate wild type populations
(Tous, Romero, Plana, & Batlle, 1996). Mor-
phological characters of pods and seeds were
widely used as quantitative markers to identi-
fy the variation of carob according to certain
criteria in several wild populations and col-
lections (Garbgallom et al., 1997; Barracosa,
Osorio, & Cravador, 2007; Sidina et al.,
2009). Morphological traits of pods and seeds
show a very high diversity in the population
of Tunisian carob; type and geographical
origin of the trees are considered as the
source of the variation (Naghmouchi, Khouja,
Romero, Tous, & Boussaid, 2009). In Spain,
(Albanell, Caja, & Plaixats, 1991) found a
high diversity in morphological parameters of
pods and seeds. Forty seven Moroccan carob
populations from different sites were studied
to assess their genetic variation based on
pods and kernels measures. Most of the pa-
rameters measured showed a significant dif-
ference that indicates a high genetic diversity
(El Kahkahi et al., 2014; Elfazazi, Jbilou,
Assaidi, Benbati, & Harrak, 2017).

In Libya, the carob tree is found naturally in
El-Jabal El-Akhdar area which is located
immediately south of the coastal belt in the
northeastern region of the country. El-Jabal
El-Akhdar extends on the coast belt to about
300 km and rises to about 881 m above sea
level. It is generally rocky and stony, and in-
tersected frequently by many valleys. The
average rainfall ranges between 250-600 mm,
and the soils are terra-rossa or heavy clay
(Johnson, 1973; Sharaf, 1971 ; El-Zwaam,
1995). The carob trees are scattered in the
area of El-Jabal El-Akhdar in association
with many wild species such as olive (Olea
europaea), mastic (Pistacia lentiscus ) and
juniper (Junipurus phoenicea).

The objective of the present study was to
evaluate the morphological characterization
of the fruit of carob tree, and to establish cor-
relations between different morphological
parameters of the Libyan carob.

MATERIALS AND METHODS

Plant material: The plant material consists of
pods of carob tree. It was collected from six
different locations in El-Jabal El-Akhdar (Ta-
ble 1). So we brought in the samples to the la-
boratory. Thirty pods were taken randomly
from each site, and seven characters on dis-
criminative pods were measured to know the
length, width, thickness, number of seeds,
weight of pulp, and yield (seeds weight/ pod
weight x 100), as well as one character to
seeds: the weight seeds.

© 2019 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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Table (1). Sites of the examined carob populations

Population Region Latitude N Longitude W Altitude(m) Rainfall (mm)
P1 Al Haniyah 32°837.99" 0°21" 53" 280 270
P2 Al Haniyah 32°837.99” 0°21" 53" 280 270
P3 Al Haniyah 32°837.99" 0°21" 53" 280 270
P4 Al Waseta 32°52°.79" 0°21" 43" 248 270
P5 Al Waseta 32°52°.82" 0°21" 43" 252 270
P6 Al Waseta 32°52°.82" 0°21" 43" 252 270
P7 Zawiatalargwb 32° 837.53” 0°21" 60" 280 236
P8 Zawiatalargwb 32° 837.53” 0°21" 60" 280 236
P9 Zawiatalargwb 32° 837.53" 0°21" 60" 280 236
P10 Albaqgara 32°79°.39" 0°21" 84~ 280 236
P11 Albagara 32°79°.39" 0°21" 84" 280 236
P12 Albagara 32°79°.39" 0°21" 84" 280 236
P13 Al Faedea 32°36°.43" 0°21" 56" 780 236
P14 Al Faedea 32°36°.43" 0°21" 56" 780 236
P15 Al Faedea 32°36°.45" 0°21" 56" 787 236
P16 Sadi M. Alhamry 32° 38°.38" 0°21° 50" 841 650
P17 Sadi M. Alhamry 32°36°.52" 0°21" 54" 795 650
P18 Sadi M. Alhamry 32°36°.52" 0°21" 56" 795 650

Data analysis: The numerical values obtained
from various parameters measured were ana-
lyzed by Minitab software to calculate averag-
es and standard deviations, which facilitated
the comparison of fruit trees together along
with each character. Furthermore, correlation
between different studied morphological pa-
rameters was evaluated using Pearson correla-
tion coefficient.

RESULTS

The means and standard deviation values of
all morphological characters in the studied
Libyan carob populations (accessions) are re-
ported in table 2. At the outset, we can note
that the results showed highly significant dif-
ferences among the populations (accessions)
for all the examined morphological characters.

The sizes of carob pods are variable from one
population to another. The pod length varies
between 10.89+3.10 cm for population 16 to

17.55£2.94 cm for population 14, and the
width varies between 1.23+0.11cm for popula-
tion 6 to 1.63+0.28 cm for population 11. The
pod thickness varies between 0.45+0.7 cm for
population 7 to 0.87+£0.12 c¢cm for population
12, the pod weight varies between 8.87+1.75 g
for population 4 to 16.06+5.56 g for popula-
tion 12.

Moreover, the morphological characteristics
of the seed (kernel) are also varied among the
examined populations. The seeds number per
pod varies from 6.80+3.43 for population 3 to
12.90£2.03 for population 11 and seed weight
varies from 1.07+0.4 g for population 16 to
2.44+0.29 g for population 8.

Values corresponding to the yield% and pulp
weight varies respectively (11.05+3.71% for
population 17 to 23.25+8.26% for population
15, and 7.39+1.65g to 14.66+5.33 for popula-
tion 13).
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Table 2: Morphological traits of Libyan carob (Ceratonia siliqua L.) populations

Pod P.Od .POd P(.)d Seeds Seeds . qup
Length Width Thickness Weight Number Weight Yield % Weight
cm cm cm g g

P1 11.9944.69 1.42+0.12 0.52+0.07 9.20+1.37 10.10+1.66 1.90+0.27 20.77£3.99 7.39+1.33
P2 16.65+2.93 1.62+0.15 0.48+0.04 12.54+1.69 12.00+1.83 2.27+0.27 18.36+£2.97 10.27+1.65
P3 13.88+1.57 1.43+0.13 0.57+£0.06 10.39+2.23 6.80+3.43 1.28+0.68 12.12+4.74 9.11+1.77
P4 16.30+£2.61 1.39+0.18 0.60+0.06 8.87+1.75 10.60+2.07 1.38+0.29 16.57+2.69 7.39+1.67
P5 16.70£1.91 1.44+0.12 0.47+0.05 9.27+1.62 11.70+2.71 2.14+0.49 22.95+2.42 7.13+1.18
P6 16.15+1.82 1.23+0.11 0.49+0.08 14.22+3.14 11.404+2.50 1.99+0.53 14.34+3.98 12.23+2.94
P7 16.10+2.20 1.31+0.15 0.45+£0.07 9.87+2.68 9.10+2.77 1.54+0.56 15.63+3.94 8.34+2.30
P8 16.20+2.37 1.35+0.21 0.48+0.06 10.63+0.95 11.50+1.84 2.44+0.29 22.96+2.21 8.19+0.79
P9 15.90+2.30 1.41+0.11 0.61+0.05 11.93+2.87 11.00+2.63 2.28+0.68 18.93+2.43 9.65+2.26
P10 13.35+1.49 1.48+0.25 0.47+0.09 10.76+x1.74 10.80+2.70 1.77+0.57 16.67+5.43 8.99+1.68
P11 13.62+1.18 1.63+0.28 0.52+0.08 9.22+2.33 12.90+2.03 1.96+0.53 21.66+4.61 7.26+2.01
P12 15.71+1.33 1.50+0.20 0.66+0.12 12.09+2.47 12.504+2.17 2.05+0.47 17.30+3.98 10.03+2.34
P13 14.75+295 1.61+£0.19 0.52+0.10 16.06+5.56 10.80+3.36 1.40+0.51 9.08+2.76 14.66+5.33
P14 17.55+2.94 1.49+0.08 0.66+0.11 15.65+4.53 10.90+2.03 1.53+0.34 10.27+2.54 14.12+4.34
P15 15.654+3.07 1.4440.15 0.48+0.08 9.73+2.54  9.00+1.49 2.14+0.56 23.23+8.26 7.59+2.54
P16 10.894+3.10 1.4340.27 0.49+0.07 9.12+3.45  7.40+1.43 1.07+0.41 12.06+3.47 8.05+3.20
P17 12.34+2.33 1.30+0.23 0.55+0.09 13.03+3.08 11.50+2.22 1.39+0.48 11.05+3.71 11.64+3.02
P18 13.82+2.48 1.60+0.27 0.51+0.10 14.42+4.20 9.50+1.96 1.38+0.29 10.41+3.89 13.04+4.12
LSD 2.25 0.16 0.07 2.56 2.06 0.42 3.54 2.40

The correlation matrix among all studied mor-
phological traits is summarized in table 3. The
pod length is correlated positively with the
pod weight, seed weight, and pulp weight
with respective linear regression coefficients
of r = 0.267, 0.220 and 0.229. Moreover, the
pod length showed a low correlation with pod
width and pod thickness (r = 0.184 and 0.165).
On the other hand, the pod length has no cor-
relation with seeds number and yield percent.

The pod width shows a positive low correla-
tion with the pod thickness (r=0.171), pod
weight (r=0.178), and pulp weight (r=0.139).
In contrast, the pod thickness shows no corre-
lation with seeds number, seed weight, and
yield percentage.

The pod thickness is positively correlated with
the pod weight (r=0.233) and pulp weight
(0.243). Moreover, the pod thickness is nega-
tively correlated with pod yield percentage (r

= -0,193) and has no correlation with seed
number and seed weight.

The pod weight is positively correlated with
the seeds number, seed weight, and pulp
weight with respective linear regression coef-
ficients of r = 0.365, 0.201 and 0.984. Fur-
thermore, the pod weight is negatively corre-
lated with the yield percentage (r=-0.468).

Seeds number shows a high correlation with
the seed weight (r=0.742), yield percent
(0.408), and pulp weight (0.246). Meanwhile,
seeds number has a high correlation with yield
percent (r=0.710) but has no correlation with
pulp weight. According to table 3 , the yield
percentage has a negative correlation with the
pulp weight (r=-0.602).
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Table 3: Pearson coefficient correlation for morphological characters of fruits (pods and seeds) of Libyan

carob.
Pod Pod Pod Pod Seeds Seeds Pulp
Length  Width Thickness  Weight number Weight Yield %  Weight
cm cm cm g g

Pod Lengthcm  1.000

Pod Widthecm ~ 0.184°  1.000

Pod Thickness 15 1717 1.000

cm

Pod Weightg  0.267 0.178°  0.233" 1.000

Seeds number  0.139  0.066 0.092 0.365"  1.000

Seeds Weightg  0.120  -0.020  -0.035 02017 0.742"  1.000

Yield % 0.028  -0.137  -0.193" -0.468"  0.408** 07107 1.000

Pulp Weightg  0.229 0.185°  0.243" 0.849 02467  0.033 -0.602  1.000
DISCUSSION populations (Naghmouchi et al., 2009). The

The present study showed that the choice of
pod characteristics to assess Libyan carob di-
versity is a useful and powerful tool. Several
authors had resort to the use of pod character-
istics to identify, label or to characterize dif-
ferent carob populations, collections, or ger-
maplasms (Battle & Tous, 1997; Gharnit, Et
Mtili, Ennabili, & Ennabili, 2001; Marakis,
Kalaitzakis, & Mitrakos, 1988; Tous et al.,
1996). Moreover, morphological characters of
pods and seeds are widely used as quantitative
markers to identify populations of carob ac-
cording to certain criteria such as productivity,
resistance to disease, and environmental stress
(Konat¢, Filali-Maltouf, & Berraho, 2007).

The means and standard deviations of mor-
phometric characters measured in the Libyan
carob showed highly significant differences
among the studied populations for all the ex-
amined characters. In agreement with our re-
sults, many authors have confirmed that carob
showed a high diversity in morphological pa-
rameters in Spanish (Albanell et al., 1991),
Italian (Garbgallo et al., 1997), Portuguese
(Barracosa et al., 2007),

Moroccan (Konaté et al., 2007), and Tunisian

pod size of the Libyan carob is considered to
be medium (10.89 — 17.55cm). Other studies
reported that the average pod size may range
from 10 to 30cm, and classified pods size into
three categories: long, medium, and short pods
(Battle & Tous, 1997).

The analysis of morphological characteristics
of pods and seeds has shown a large phenotyp-
ic variation in the Libyan carob. Differences
in morphometric traits of carob pods and seeds
among Libyan carob populations are primarily
caused by genetic factors. Since antiquity,
Libyan carob has been propagated naturally by
seeds. Thus, carob populations showed a high
genetic variation in all morphometric traits.

Furthermore, in this study and similar to other
studies, we also observed that the carob
showed a high genetic variation in morpholog-
ic and agronomic characters among popula-
tions of different sites (Batista et al., 1996;
Tous, Olarte, Truco, & Arts, 1992 ; Girolamo
et al., 2002), and at the same site(Barracosa et
al., 2007).

The Pearson coefficient correlation among
morphological parameters of the Libyan carob
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revealed that the characteristics describing the
pods showed a positive or negative correlation
among each other. On the other hand, there are
no correlations among characteristics describ-
ing the pods and those describing the seeds
except for pod weight. In agreement with our
results, many authors have underlined that
significant correlations, which were found
among characteristics describing pod (El
Kahkahi et al., 2014; Elfazazi et al., 2017;
Srecec et al., 2016).

The present study reported that analysis of
morphological diversity in the Libyan popula-
tions of carob showed significant differences
among all the analyzed characteristics. Those
differences in morphometric traits are caused
by genetic factors. The identification of ge-
netic variation in morphological characteris-
tics is necessary for the description of local
genetic resources.
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Effect of Nitrogen Fertilization Rates on Some Physiological Properties of
Barley Crop (Hordeum vulgare L.) in Marwa and Al-Wasitah Regions in Al-
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Abstract: The aim of this study is to investigate the barley crop (Hordeum vulgare L.)
behavior in different environments to the levels of nitrogen added in the form of urea 46%. A
field experiment was conducted in the areas of Marawah, south of Al-Jabal Al-Akhdar, and
Wesata which are located at 21 24,21 39 North ,32 20,32 47 East, and 508 , 185 m above
sea level for both sites respectively, to study the effect of nitrogen levels (0, 50, 100 and 150
kg ha) on some of the growth traits of barley( c.v Rehan) sown in the rate of 70kg ha™ by
drilling (15cm apart) during the growing season 2014/15. The experiment was laied out in
RCBD by 4 replicates with 25m? for each. The results showed significant differences in crop
growth rate (CGR), relative growth rate (RGR), photodegradation (NAR), leaf area index
(LAI) with 150 kg / h. Sustainable yield (BMD) significantly increased with the addition of
100 kg / h compared to non-fertilization in both study sites. leaves chlorophyll a , b and total
content responsed to nitrogen levels by significant increase (P<0.01) in chl a in both sites and
at Wesataincase of chl b and total , meanwhile chl b and total were not affected by nitrogen
levels in Marawa.

Keywords: Barley. Physiological behavior. Nitrogen levels.
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Abstract: This study was conducted during the season 2017-2018 to identification sooty mold
disease on planted trees and shrubs in University periphery i.e. Olive, fig, oleander, almond, carob,
rosemary, tuart, rose, aloe, conocarpus and other weeds. All samples were collected and checked
for disease and insects incidence. The fungal was isolated on PSA medium, and identification
depended on cultural and morphological characters, then it was tested on plant tissue infection. The
results indicated that the disease incidence with suckers insects on fig, olive and oleander, also
disease without insects was recorded on aloe and weeds. While, plants remainder were negative
infection. The highest infection (75.5%, 69%) was recorded on Olive trees following by Oleander
then Fig trees respectively. Isolation results showed to finding out Alternaria alternata on leaves,
meanwhile, symptoms of pathogenicity test was negative on host leaves.

Key words: Sooty mold disease, Alternaria alternata, Trees, Libya.
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Abstract: This study was conducted to determine the prevalence of intestinal parasitic
infections among the primary school children and to assess the clinical features and risk
factors related to the infection. A cross-sectional study was performed, and a total of 156
primary school children aged from 7 — 12 years were randomly selected from (3) primary
schools in Al-Qubbah city during the period from November 2017 to February 2018. Each
child was requested to provide one stool sample, and data collection was carried out by giving
an Administered Questionnaire Form to the parents of children included inquiries about socio-
demographic environmental conditions and behavioral sanitary habits. Each stool sample was
examined three times directly, stained with Lugol's iodine, and after flotation technique by
using a concentrated salt solution. The results showed that 30.8 % of the children were
infected with intestinal parasites. These parasites were A. lumbricoides (70.9%) Entamoeba
coli (12.5%) Blastocystis hominis (8.3%) Hymenolepis nana, Taenia spp, Giardia lamblia
(4.2%). Statistical analysis using Chi-square (P= 0.05) shows significant differences between
direct methods and concentration method to conclude that the prevalence of intestinal
parasitic infections was high among school children, especially males and younger children,
making this health problem a continuous one in the society in the absence of early diagnosis,
effective treatment, and health education.
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