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A smart ant mechanism of action to support the management of water
resources in the Syrian coastal region during and after crises

Abstract: At least 2.7 billion people worldwide suffer from an ever-
increasing water scarcity crisis, which is likely to cause conflict and war
between most of the world's nations competing for access to ever-
diminishing water resources. The pressures are seriously increasing on
these resources that are of strategic importance for the comprehensive
development in Syria, and the current and future pressures can be many
and complex (for example, sudden floods, collapse of dams,
overexploitation of groundwater, diminishing surface water, seawater
intrusion, leaching and deteriorating water quality, climate change, social
and economic development pressures, the impact of wars and ongoing
crises on the water sector coinciding with the outbreak of the pandemics,
etc.). This paper presents an applied scientific methodology using the
principle of ant work based on artificial intelligence and geo-information
to support decision-making in finding practical solutions to improve
planning and sustainable development of water resources in the Syrian
coastal area. This methodology aims to meet the basic needs of water uses,
with the possibility of its application in all arid and semi-arid regions in
Syria and Arab countries, especially during the occurrence of disasters and
crises (e.g., the outbreak of the pandemics and diseases) that can increase
water problems and complications.

Key words: water resources, arid and semi-arid regions, Syrian Coastal Region, outbreak of
pandemics, artificial intelligence, ant system algorithm, and geoinformatics technologies.
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Abstract

Mesquite (Prosopis juliflora) is a global invasive plant threatening native floral diversity and
agricultural lands in arid and semi-arid areas where it has been flourishing extensively.
Nevertheless, its potential effects on the indigenous trees in such areas have been overlooked.
Here, seeds of two predominant plants (Prosopis cineraria and Vachellia tortilis) were exposed
to aqueous leaves/pods extracts (10 and 100 mg/L) of P. juliflora, and the geminated seedlings
were allowed to grow for 28 days. Seed germination and seedlings growth of both species were
not significantly affected by the presence of aqueous extracts. While the exposed V. tortilis
seedlings had higher content of chlorophylls a and b particularly with pod extracts, an increased
carotenoids content was observed for P. cineraria seedlings. As indicated by proline levels,
neither P. cineraria nor V. tortilis seedlings appeared to be stressed by P. juliflora extracts. The
low levels of extracts employed as well as exclusion of organic-soluble allelochemicals in
aqueous extracts may not impede processes responsible for root elongation and shoot
development of the studied plants. Our reported inconsistent findings urge for further studies to

be carried out in field soils sampled near or under the canopy of P. juliflora.
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1. Introduction

The convention on Biological Diversity defines invasive alien species (IAS) as those whose
existence and spread threaten biological diversity because of their high potential for development
and adaptation outside their usual range or current distribution. Usually, the movement of I1AS to
new habitat for reproduction and wide distribution is the cause driving biological invasions
(Mack et al., 2000). Consequently, they may significantly reduce the abundance of native flora
and fauna species by affecting the energy transfer of original ecosystem, the balance of nutrient
recycling and hydrology (Mack et al., 2000). Globally, IAS are considered a major cause of
environmental change as they increase in abundance and extend distribution (Mack et al., 2000),
leading to damage to ecosystems, economic activities, and landscapes.

Mesquite (Prosopis juliflora Sw.) is one of the most harmful global IAS widely spreading in
most parts of the world (Shackleton et al., 2015). Nowadays, P. juliflora, is found in subtropical
and tropical regions of Africa, South America, North America, and Southwest Asia and Middle
East, where it is known as “algaroba” or “mesquite” (Batista et al., 2018). In Oman, P. juliflora
is highly adaptable to extreme environmental conditions (e.g. high summer temperatures and
drought), and grow rapidly and produce massive quantity of seeds. Its seeds are coated in thick
impermeable pods which help increase seed dormancy and germination when conditions are

favorable. One of the reasons the growth of P. juliflora tree is not affected by harsh
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environmental factors is due to its ability to adapt to variable circumstances and likely because of
a rapid nitrogen fixation associated with its roots (Tajbakhsh et al., 2015). The tree has been
introduced into many areas including the Arabian Peninsula, including Oman, for various
reasons, notably desertification control, soil treatment, landscaping, as well as an ornamental
plant (Ghandafar, 1996). A Few reports stated that it can be used as animal feed (Batista et al.,
2018), however this may not be the case as it is widely spreading and distributing especially in
the coastal areas of Oman. Nevertheless, this does not exclude that cattle can help spread P.
juliflora (Whitford and Duval, 2020), probably by enhancing their germination after passing
through the ruminant’s digestive track. The P. juliflora can reach 12 meters high and contains
solitary and sharp thorns, while its branches have binious leaves. Its flowers appear neatly in
spikes of a light-yellow color and its fruits or pods are indehiscent (Mendes, 1989).

As an invasive species, P. juliflora competes with local plant species, delay the growth of
adjacent plants by influencing seed germination and reducing the growth of their vegetative
parts, and replaces nearby plants and local species (Inderjit et al., 2008; Mwangi and Swallow,
2005). Such characteristics make P. juliflora a threat to biodiversity. It is believed that secondary
chemicals, commonly known as allelochemicals, are blamed for driving the invasiveness of
mesquite. Stems, roots, leaves, seeds, and flowers produce such substances that have been
demonstrated to negatively affect various plant species (Inderjit et al., 2008; Goel et al., 1989;
Nakano et al., 2004; Al Abdali et al., 2019; Al Musalmi et al., 2023). This phenomenon is
referred to as allelopathy. Extracts of different solvents of various parts of P. juliflora have
exhibited reduction of seed germination, stunted growth and/or mortality of seedlings
(Nascimento et al., 2014; Al Abdali et al., 2019).

The plant diversity in Oman have been exposed to increasing threats mainly habitat loss due to
increased use of land for industry, housing, and roads, as well as the increase in livestock and the
spread of invasive plant species (Ghazanfar, 1997). For example, local Prosopis species (P.
cineraria) and a closely related species (Vachellia tortilis) are the predominant trees in most of
Oman with several benefits and ecological services. Whether caused by anthropogenic activities
or invasive species, loss of vegetation cover may lead to enhanced soil erosion as well as loss of
the ecosystem services associated with such species. Accelerated distribution and widespread of

P. juliflora has urged the Omani Government to launch an eradication campaign for this IAS
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worth of OMR 2.0 million (US$ 5.2 million) in 2016. Nevertheless, how the native species (P.
cineraria and V. tortilis) respond to the invasive species has not been examined sufficiently.
Only a few investigations (e.g., Al-Abdali et al., 2019) have been conducted to understand how
P. juliflora interferes with the local flora. Here, we are aiming to determine the allelopathic
effects of aqueous extracts of P. juliflora leaves and pods on seed germination, root length and
chlorophyll contents of P. cineraria and V. tortilis seedlings, and to measure the levels of
proline, as stress biomarker, of P. cineraria and V. tortilis seedlings after their exposure to

aqueous extracts.

2. Materials and Methods
2.1 Collection and Processing of plant materials

Leaves and pods of P. juliflora as well as seeds of P. cineraria and V. tortilis were collected
from northern Oman. At least 3-5 individual trees were sampled to get the specimens (i.e., leaves
and seed pods) of the three species (P. cineraria; P. juliflora, and V. tortilis). Fresh leaves and
pods of P. juliflora were dried fully in shade for at least two weeks. Then, leaves were detached
from the stems and individual leaflets were collected and ground into powder using a coffee
grinder. Similarly, the dried pods were ground using the grinder. The powdered leaves and pods

were stored in the fridge at 4 °C until their use.

2.2 Preparations before experiments

For potting media preparation, sandy soil (from Al Batinah North Governorate) was mixed with
compost (Potgrond potting substrate with NPK 12:14:24 plus trace elements, and pH 5.5-5.9,
Holland) in 1:1 ratio to prepare a bulky amount. Three treatments were prepared, namely control
(mixed soil: compost media alone), 0.5 and 5% w/w of P. juliflora leaf/pod mixed with soil:
compost media. Total weight of mixed soil: compost media was determined, and the weight of
the required leaf/pod powder was then calculated, added and mixed homogeneously. At least
three replicates were prepared for each treatment, each consisting of ten seeds of P. juliflora or

V. tortilis. Seed germination was observed daily and irrigated, if necessary.
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2.3 Preparations before experiments

Following the method of Al-Abdali et al (2019), 150 g of powdered leaves and pods were
dissolved separately in 2.0 L of deionized water and kept in the fridge for 24 hours. Then, the
solutions were filtered in several steps to get rid of the suspended or undissolved solids. First, the
solutions were filtered with plastic or tea strainer sieve with stainless steel mesh. Second, the
strainer was used to filter the solution. Third, a sieve size of 45 um was used to filter the
solution. After that, it was filtered using a sieve with the size of 25 um. Finally, the leaf and pod
filtrates were centrifuged (Centrifuge 5804, Eppendorf, Germany) at a speed of 4000 rpm for 10
minutes. The extracts were stored in the fridge prior to freeze-drying. Each sample was
transferred in small volumes into glass containers and frozen at —40 °C and then placed in the
freeze-dryer (LABCONCO®, Canada, North America) for a week to get extract powder or
flakes. The resultant leaf and pod extract powders were 12.1165 and 11.9884 ¢, respectively.
Finally, the powdered extracts were stored in tightly closed, tinted bottles at 4 °C for further

experiments.

2.4 Exposure of P. cineraria and V. tortilis to P. juliflora extract solutions

Stock solutions (400 mg/L) were prepared from the lyophilized powdered extracts. About 0.1
grams of powdered leaf/pod was dissolved in a 250 ml volumetric flask and diluted with
deionized water to the meniscus. The solutions were stored in the fridge until carrying out the
experiments. Two different concentrations (10 and 100 mg/L) were prepared from the stock
solution by dilution with deionized water. Randomly selected seeds of P. cineraria and V. tortilis
were soaked in the 10 and 100 mg/L of leaf or pod extracts for 48 hours. We refer to the
treatments as follows: Leaf 10 and Leaf 100, and Pod 10 and Pod 100 for 10 and 100 mg/L leaf
and pod extracts, respectively. Similarly, seeds of P. cineraria and V. tortilis were soaked in
deionized water (control). After 48 hours, they were planted in mixed media (1:1 sandy soil:
compost media). Each treatment was done in three replicates, each with ten seeds. Seed

germination were observed on a daily basis and irrigated, if necessary.
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2.5 Growth parameters of P. cineraria and V. tortilis seedlings

Seedlings were allowed to grow outside the laboratory (College of Science, Sultan Qaboos
University, Oman) for 28 days post germination. For P. cineraria experiments, the mean (+
standard deviation) of temperature, humidity, and wind speed were 28.37 £ 1.62 °C, 62.61 + 9.52
% and 5.71 + 1.57 knots, respectively. For V. tortilis experiments, the average values of
temperature, humidity, and wind speed were 30.00 + 1.22 °C, 66.31 £+ 10.13 % and 5.84 + 1.82
knots, respectively. Seedlings were irrigated daily, if necessary. At the end of the experiments,
the seedlings were carefully uprooted, and their total fresh mass (in grams) and root length (in
cm) were recorded using an analytical balance (Analytical Series) and a ruler, respectively.
Finally, each plant was separately kept in a plastic bag and stored in the freezer (-20 °C) for
subsequent analysis. Also, the ratio of the length to fresh mass (L/M ratio) was calculated for
each seedling of each species from all treatments using the specific root length (SRL) equation:
SRL = L/M. SRL is considered one of the widely used morphological parameters in measuring
fine roots (Ostonen et al., 2007).

2.6 Chlorophyll contents measurement

The chlorophylls measurement was carried out according to Lichtenthaler and Wellburn (1983)
method. The leaves of each individual seedling were weighed using the analytical balance and
were then ground using mortar and pestle with the addition of 10 ml of 80% acetone (prepared
from 100% acetone, VWR Chemicals, USA). The homogenized mixture was filtered through
filter paper (Whatman® filter paper, 9 cm diameter) using vacuum filtration through a Buchner
funnel. The filtrate of each sample was stored in the refrigerator until reading the absorbance.
Using a glass cuvette, each sample was scanned at the wavelength range of 450-670 nm using
the ultraviolet-visible spectrophotometer (UV-3100PC, VWR, USA). The content of chlorophyll
a (Chl a), chlorophyll b (Chl b) and carotenoids (Cx+c) of P. cineraria and V. tortilis seedlings
were calculated using the following formula (Sudhakar et al., 2016):

Chl a (mg/g) = 12.7 (Des3) — 2.69 (Deass) x V / 1000 x W

Chl b (mg/g) = 22.9 (Dess) — 4.68 (Dess) x V / 1000 x W
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Cx+c (Mg/g) = [1000 (D470) - 1.9 Chl a—63.14 Chl b] / 214
Where D refers to the measured absorbance values at the specified wavelength.

2.7 Proline content measurement

The free proline protocol (Bates et al., 1973) was employed to estimate the proline contents of P.
cineraria and V. tortilis seedlings. Briefly, the stems and roots of the seedling were pooled and
weighed using an analytical balance and then homogenized in 5 ml of 3% sulfosalicylic acid by
the mortar and pestle. Then, the homogenate was filtered through the filter paper (Whatman®
filter paper, 9 cm diameter), using vacuum filtration through a Buchner funnel. After that, 2 ml
of the filtrate was taken in a test tube and 2 ml of glacial acetic acid with 2 ml of ninhydrin
reagent were added to the same test tube. Then, the test tubes of the samples were treated
similarly as described above for the proline standards. The absorbance reading of standards and
samples were taken at 520 nm against toluene blank using the spectrophotometer. The free
proline content of P. cineraria and V. tortilis seedlings were estimated by referring to a standard
curve made from known concentrations of proline and incorporating the estimated readings in
the following formula (Bates et al., 1973):

pmoles/g tissue = [{(ug proline/ml) x ml toluene} / (115.5 pg/umole)] + (g sample / 5)

2.8 Statistical analysis

The parameters of germination percentage, root length, SRL, fresh mass, chlorophylls content
and proline content of the seedlings were calculated and graphed using Microsoft Excel software
(version 2016) and the values were reported as mean + standard error (SE) for both plant species
(P. cineraria and V. tortilis). For analyzing the data statistically, SigmaStat software for
Windows (Version 3.5, Systat) was employed for two-way analysis of variance (two-way
ANOVA) for comparing parameters between the treatments (control, 0.5% and 5%) and species
(i.e., P. cineraria and V. tortilis). Data were checked for assumptions (normality and equal
variance) while performing the two-way ANOVA. In the case of failed tests for normality and/or
equal variance, transformation of data was carried out using logio, reciprocal or rank. Whenever
significant differences were detected, post hoc multiple comparisons were conducted using

Tukey’s test. The differences were considered significant at P < 0.05.
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3. Results

3.1 Effect of P. juliflora extracts on seed germination and seedlings growth P. cineraria and
V. tortilis

Figure 3.1 demonstrates seed germination of P. cineraria and V. tortilis when exposed to P.
juliflora leaf and pod extracts at 10 and 100 mg/L. Compared to P. cineraria, an increasing trend
in germination was observed for V. tortilis particularly for leaf extract (Fig. 3.1). Nevertheless,
germinations percentages were not significantly different from the control for both species (Two-
way ANOVA, P > 0.05, Fig. 3.1). The germination % of P. cineraria in control and 10 mg/L leaf
and pod treatments is higher than that for V. tortilis (Fig. 3.1).
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Figure 3.1: Germination (%) of P. cineraria and V. tortilis seeds after exposure to P. juliflora
leaf and pod extracts at two concentrations (10 and 100 mg/L). The values are mean + SE of n =
3 replicates/determinations. Within a species, bars sharing the same letter (uppercase for P.
cineraria and lowercase for V. tortilis) are not statistically different. The asterisk (*) indicates the
differences between both species in each treatment.

42



Figure 3.2 illustrates the effect of leaf and pod extracts of P. juliflora on the root length of P.
cineraria and V. tortilis seedlings. On average, the control seedlings of P. juliflora and V. tortilis
had root length of 5.6 £ 1.9 and 6.3 + 1.5 cm, respectively. For the treatments, the length ranged
between 4.8 £ 0.6 to 9.1 + 2.0 cm (P. juliflora) and 3.6 £ 0.2 to 9.2 + 1.3 cm (V. tortilis). For
both species, no significant difference was detected between the control and the treatments
(Two-way ANOVA, F =1.591, P = 0.196). In addition, no differences were found in root length
of both species at various treatments (Two-way ANOVA, F = 2.4 x 10%°, P = 0. 996, Fig. 3.2).
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Figure 3.2: Root length of P. cineraria and V. tortilis seedlings after exposure to leaf and pod
extracts of P. juliflora at two concentrations (10 and 100 mg/L). The values are mean = SE of n
= 3 replicates/seedlings. Within a species, bars sharing the same letter (uppercase for P.
cineraria and lowercase for V. tortilis) are not statistically different.

While no difference was detected between treatments for both species, significant statistical
differences in specific root length (i.e. root length-to- fresh mass ratio or L/M ratio) were
revealed between the species (Two-way ANOVA, F = 16.333, P < 0.001, Fig. 3.3). V. tortilis

43



seedlings had significantly higher L/M ratio in both pod extracts (10 and 100 mg/L, P < 0.001,
Fig. 3.3).
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Figure 3.3: Root length-to-mass ratio (L/M ratio) of P. cineraria and V. tortilis seedlings after
exposure to leaf and pod extracts of P. juliflora at two concentrations (10 and 100 mg/L). The
values are mean + SE of n = 3 replicates/seedlings. Within a species, bars sharing the same letter
(uppercase for P. cineraria and lowercase for V. tortilis) are not statistically different. The

asterisk (*) indicates the differences between both species in each treatment.

When exposed to the extracts of P. juliflora, similar total fresh mass of the P. cineraria and V.
tortilis seedlings were measured in all treatments (Two-way ANOVA, P > 0.05, Fig. 3.4).
Interestingly, fresh masses of P. cineraria seedlings were significantly higher than that of V.
tortilis in all treatments with exception of the control (i.e. leaf or pod extract-free treatment) (P <
0.05, Fig. 3.4).
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Figure 3.4: Fresh mass of P. cineraria and V. tortilis seedlings after exposure to leaf and pod
extracts of P. juliflora at two concentrations (10 and 100 mg/L). The values are mean = SE of n
= 3 replicates/seedlings. Within a species, bars sharing the same letter (uppercase for P.
cineraria and lowercase for V. tortilis) are not statistically different. The asterisk (*) indicates the

differences between both species in each treatment.

3.2 Effect of P. juliflora extracts on chlorophylls of P. cineraria and V. tortilis seedlings

After exposure to leaf and pod extracts of P. juliflora, chlorophyll a content of P. cineraria and
V. tortilis seedlings appeared to have increased significantly from control especially in pod
extract treatments (Two-way ANOVA, P < 0.001, Fig. 3.5). For instance, P. cineraria seedlings
exposed to 100 mg/L pod extract contained significantly higher chlorophyll a than those exposed
to the leaf extracts at 10 mg/L (Fig. 3.3). Although a higher average chlorophyll a content was
also estimated for V. tortilis seedlings at both concentrations of pod extract, the wide variability

masked the statistical significance (Fig. 3.3).
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Figure 3.5: Chlorophyll a content of P. cineraria and V. tortilis seedlings after exposure to leaf
and pod extracts of P. juliflora at two concentrations (10 and100 mg/L). The values are mean +
SE of n = 3 replicates/seedlings. Within a species, bars sharing the same letter (uppercase for P.

cineraria and lowercase for V. tortilis) are not statistically different.

Figure 3.6 illustrates the effect of leaf and pod extracts of P. juliflora on chlorophyll b content of
P. cineraria and V. tortilis seedlings. Chlorophyll b content in P. cineraria showed a reduction
trend particularly in the presence of pod extracts. Significant differences were reported between
treatments and species (Two-way ANOVA, F = 3.312, P < 0.05 and F = 24.104, P < 0.001,
respectively). For example, V. tortilis seedlings in the presence of 10 mg/L pod extract contained
significantly higher chlorophyll b compared to other treatments (Fig. 3.6). Furthermore, V.
tortilis seedlings exposed to 10 and 100 mg/L pod extract had significantly higher chlorophyll b

levels than P. cineraria counterparts (P < 0.001, Fig. 3.6).
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Figure 3.6: Chlorophyll b content of P. cineraria and V. tortilis seedlings after exposure to leaf
and pod extracts of P. juliflora at two concentrations (10 and100 mg/L). The values are mean +
SE of n = 3 replicates/seedlings. Within a species, bars sharing the same letter (uppercase for P.
cineraria and lowercase for V. tortilis) are not statistically different. The asterisk (*) indicates the

differences between both species in each treatment.

The effect of leaf and pod extracts of P. juliflora on carotenoids content of P. cineraria and V.
tortilis seedlings is presented in Figure 3.7. Carotenoids content of P. cineraria seedlings
increased in almost all treatments and seedlings in the 100 mg/L pod extract contained
significantly higher level of carotenoids than their counterparts in 100 mg/L leaf extract (Two-
way ANOVA, F = 5163, P = 0.002, Fig. 3.7). No significant difference was detected for
carotenoids content of within V. tortilis treatments (P > 0.05, Fig. 3.7).
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Figure 3.7: Carotenoids content of P. cineraria and V. tortilis seedlings after exposure to leaf
and pod extracts of P. juliflora at two concentrations (10 and 100 mg/L). The values are mean *
SE of n = 3 replicates/seedlings. Within a species, bars sharing the same letter (uppercase for P.

cineraria and lowercase for V. tortilis) are not statistically different.

3.3 Effect of P. juliflora extracts on proline content of P. cineraria and V. tortilis seedlings

The proline content in P. cineraria and V. tortilis seedlings under exposure to P. juliflora leaf
and pod extracts is presented in Figures 3.8. For both species, proline contents of the seedlings
were similar in all extract treatments with range of 3.97-8.74 umol/g (P. cineraria) and 8.26-
10.26 pumol/g (V. tortilis) (Fig. 3.8). The exception was that P. cineraria seedlings exhibit an
average drop in proline content by 50% in the 100 mg/L pod treatment (Fig. 3.8). Nonetheless,
no significant differences were observed between treatments (Two-way ANOVA, F = 1.696, P =
0.171). On the other hand, statistical significance was seen between species (Two-way ANOVA,
F = 8.393, P = 0.006). Significantly lower proline content was estimated for P. cineraria
seedlings at 100 mg/L pod extract (Fig. 3.8). These seedlings had also substantially lower proline
content relative to V. tortilis seedlings at the higher level of pod treatment (P < 0.001, Fig. 3.8).
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Figure 3.8: Proline content of P. cineraria and V. tortilis seedlings after exposure to leaf and
pod extracts of P. juliflora at two concentrations (10 and 100 mg/L). The values are mean = SE
of n = 3 replicates/seedlings. Within a species, bars sharing the same letter (uppercase for P.
cineraria and lowercase for V. tortilis) are not statistically different. The asterisk (*) indicates the

differences between both species in each treatment.

4. Discussion

Mesquite or P. juliflora is one of the most invasive plant species in many areas around the world,
including Oman, where it has been considered a potential threat to native flora and agricultural
lands. The present study summarizes experiments that were carried out on seed germination and
seedlings growth of two predominant woody trees (P. cineraria and V. tortilis) when exposed to
the extracts of the invasive species (P. juliflora). Following exposure to leaf and pod extracts (at
10 and 100 mg/L) and germination, P. cineraria and V. tortilis seedlings grew for 28 days and
exhibited consistent no effect of P. juliflora extracts with a few exceptions discussed below.

It was predicted with the presence of P. juliflora, there would be limited seed germinations due

to presence of allelochemicals from the extracts. However, aqueous extracts of P. juliflora did
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not affect the seed germination of both species (P. cineraria and V. tortilis) (Fig. 3.1), suggesting
that allelochemicals/extracts of the invasive species may not interfere with their seed
germination. The environmentally low concentrations (10 and 100 mg/L) relative to what
reported in previous investigations, and the limited exposure time (seed soaking for 48 hrs.)
could be responsible for observed lack of effect on the germination of P. cineraria and V. tortilis
seeds. The strength of the impact of P. juliflora allelochemicals varies depending on their
concentrations (Inderjit and Mallik, 1996). Fries et al. (1997) stated that high concentrations of
these substances negatively affect other plants by preventing them from germination while low
concentrations may enhance their growth. Experiments conducted on the same species (P.
cineraria) in the presence of higher concentrations (2.5-15 g/100 ml) of P. juliflora pods extract
showed concentration-dependent seed germination inhibition and the highest level (15 g/100 ml)
resulted in complete germination failure (Al-Abdali et al., 2019). Also, there was an inhibitory
effect on seed germination of V. tortilis caused by accumulated unleached litter of Prosopis
species while the leached litter had no effect (Muturi et al., 2017). P. juliflora releases
allelochemical compounds from the leaves, bark, and roots, but with variable quantities, and
likely the inhibitory effects recorded with the leaves are more than that with bark and roots
(Getachew et al., 2012).

Generally, results demonstrated low germination percentage for both P. cineraria and V. tortilis
in all treatments including the control (Fig. 3.1). Exceptionally low seed germination rate (up to
19%) has been documented for V. tortilis (Andersen et al., 2015; Kruger et al., 2018). However,
relatively higher germination percentages (40-60%) have been reported for P. cineraria (Sacheti
and Al-Areimi, 2000). Seeds of such arid plant species undergo dormancy, a state when normal
vital functions are suspended or slowed down for a period (Kruger et al., 2018). Therefore,
dormancy is likely explaining the low germination observed for P. cineraria and V. tortilis seeds
in the current. In addition, it seems that the seed coat may have protected the seeds against
moisture as well as allelochemicals int extracts to which they were exposed for only 48 hours.
The dormancy could have been broken by several scarification pre-germination treatments to
improve germination (Vilela and Ravetta, 2001), but this was not carried out in our experiments
to avoid any cofounding factors on the measured endpoint (i.e. influence of P. juliflora extracts

on seed germination).
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Similarly, root lengths of P. cineraria and V. tortilis seedlings were not affected by the pod and
leaf extracts (Fig. 3.2). The absence of the effect of invasive species on root growth of P.
cineraria and V. tortilis seedlings could be attributed to two main possibilities. First,
allelochemicals in P. juliflora extracts or powders do not interfere directly with mitosis, the
process by which root tips is actively dividing, adding more cells and, hence elongating. While
roots are the most vulnerable part to stress, dehydration, and direct soil contamination (Meloni et
al., 2004), this was not the case for exposures to leaf and pod extracts since seeds were only
soaked for limited time (48 hrs.) before being planted in the potting media. This could have
resulted in negligible allelopathic effects on the root length of seedlings for both species.

While generally higher L/M ratio or SRL were observed for V. tortilis comparative to P.
cineraria (Fig. 3.3), P. cineraria seedlings grew better than V. tortilis counterparts under the
exposure to the extracts of the invasive plant species (P. juliflora) based on fresh mass
measurement (Fig. 3.4). According to Ostonen et al. (2007), SRL was calculated for different
tree species under various environmental conditions like heavy mineral stress, high temperatures,
elevated carbon dioxide, and physical soil disturbance. Similarly, it was employed in the present
study as an indicator for stress situation imposed by the presence of P. juliflora allelochemicals.
However, not much could be interpreted from the SRL as the effect on root length and fresh
mass was statistically insignificant.

Both P. juliflora and P. cineraria are from the same genus (Prosopis) and possess
allelochemicals. This may explain that the presence of low concentrations of P. juliflora extracts
is slightly stimulating the growth of P. cineraria seedlings but not V. tortilis seedlings especially
for fresh mass (Fig. 3.4). Chemical analysis for both P. cineraria and P. juliflora extracts showed
a phenolic nature of allelopathic compounds (Goel et al., 1989). Interestingly, P. cineraria does
not have as strong allelopathic effect as P. juliflora on other plants (Goel et al., 1989).
Nevertheless, Ghazanfar (1996) stated that seedlings of both P. cineraria and P. juliflora can
coexist under arid, dry conditions. P. cineraria can also tolerate a wide range of soil salinities
(Brown, 1991), implying its ability to adapt well under variable harsh environmental conditions

including exposure to P. juliflora extracts.
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Levels of photosynthetic pigments in plants are widely employed as a physiological parameter in
response to environmental stress including exposure to P. juliflora extracts. Although not
statistically significant from the control, considerably higher content of chlorophylls a and b in
V. tortilis seedlings in the presence of pod extracts was observed, which was not seen in the leaf
extracts (Fig. 3.5 and Fig. 3.6). In fact, V. tortilis seedlings in both levels of leaf extracts
exhibited lower chlorophyll a content (Fig. 3.5). Opposite to predictions, explaining such
observations is quite challenging as the low chlorophylls content is an indicator that the plant is
negatively affected or stressed. For instance, a decrease in the chlorophylls content was observed
for both (P. cineraria and V. tortilis) as the result of exposure to increased salinity levels (Alsaidi
et al., 2006). Similarly, lower chlorophylls content was considered one of the primary signs of
cadmium toxicity for its effect on photosynthesis (Lagriffoul et al., 1998). Odhiambo et al.
(2018) explained that plants in very cold environmental conditions suffer from a detrimental
effect on their growth properties by production of a low level of chlorophylls. Though
insignificant, the consistent rise of stimulated content of chlorophylls a and b of V. tortilis
seedlings especially in pod extracts and powders may imply that influence is somehow
cumulative. In other terms, what happens to chlorophyll a may be associated with effect on
chlorophyll b since the latter is synthesized from the precursor or chlorophyll a (Tanaka and
Tanaka, 2011). Consequently, this may explain the similarity of the augmented content of both
chlorophylls a and b. Similar to no effect on root length and fresh mass on P. cineraria
seedlings, relatively low concentrations of P. juliflora extracts applied in our study may explain
the lack of influence on their chlorophyll a and b contents. Generally, the presence of relatively
low levels of allelochemicals results in no effect or positive influence or stimulation (e.g. Cheng
and Cheng, 2015). As the absorption spectrum differs from chlorophyll b to chlorophyll a, where
chlorophyll b is used in wild plants to enable the harvesting of a wider range of light.
Chlorophyll a does not absorb light as efficiently at 450 nm as chlorophyll b, which has a strong
absorption around this region (Tanaka and Tanaka, 2011). The chlorophyll decomposition
process is basic and of great importance to photosynthesis (Tanaka and Tanaka, 2011), so any
effect on the content of chlorophylls a and b consequently affecting the efficiency of
photosynthesis.

A general increase in carotenoids content after exposure to the extracts was observed. The

increase in the presence of extracts would be included under stimulatory effect because of low
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concentrations used and the tendency of water-soluble or aqueous plant extracts to be less
harmful when compared to organic extracts (Damasceno et al., 2017). There is an observed
increasing trend in the content of carotenoids in the V. tortilis seedlings, yet it was not
significantly different from the control (Fig. 3.7), probably their carotenoids are less influenced
by P. juliflora pod extracts than chlorophylls. Similar observations have been already reported in
literature (Kachout et al., 2015). Carotenoids are protecting the plants from the photochemical
damage and reactive chemical species generated during metabolic pathways under exposure to
environmental contaminants (e.g. exposure to heavy metals) (Kachout et al., 2015) and hence
less effect observed on carotenoids of V. tortilis might suggest a role against oxidative stress

induced by the exposure to leaf and pod extracts of the invasive species (P. juliflora).

While allelopathic effects have been widely and broadly investigated, limited studies have
measured and reported proline content as physiological parameter. In this study, the proline
content of both P. cineraria and V. tortilis seedlings under the influence of P. juliflora extracts
was determined to clarify the extent of allelochemicals of the invasive species (P. juliflora) as
environmental stress. The P. juliflora extracts did not influence the proline content of both
species with a notable exception for significant drop of proline content of P. cineraria seedlings
exposed to 100 mg/L pod extract (Fig. 3.8). This may suggest that the allelochemicals in aqueous
extracts may not considered harmful, likely because organic-soluble allelochemicals were
excluded during the preparation of aqueous extracts. Interestingly, the P. cineraria seedlings
were stressed when exposed to P. juliflora powders (i.e., non-fractioned or unleached materials
with all water-soluble and organic soluble allelochemicals present), with higher contents of
proline accumulated in all treatments relative to the control (Al Musalami et al., 2023). Earlier
studies (Damasceno et al., 2017) showed that the aqueous extract of P. juliflora leaf helps in
managing the diseases of many crop plants because of its significant antibacterial activity. Once
Again, concentrations used in the experiments of extracts were relatively low for environmental
relevance.

When plants are challenged by stress, they release proline in their parts as a physiological
response (Kandowangko et al., 2009). At the beginning of stress, proline content starts to
increase slowly and continues to increase dramatically after or with prolonged exposure to

situations such as dehydration and drought (Yang and Kao, 1999), water stress (Farouk et al.,
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2009), coldness, and the presence of heavy metals (Kishor et al., 2005), and salinity stress
(Alsaidi et al., 2006). Proline is abundant in plants with high resistance, while stressed plants
have lower content of proline (Yoshiba et al., 1997). Therefore, it serves as stress biomarker and
it seems to detect the stress induced by exposure with powders of the invasive species (P.
juliflora) to P. cineraria seedlings (Al Musalami et al., 2023) but not its aqueous extracts.
Nevertheless, this may not be universal for all Prosopis species depending on the type of
stressful situation. For example, proline content in Prosopis alba tree was not significantly
affected when exposed to salinity, and this was explained that proline is not important and may
not participate in the salt tolerance mechanism of P. alba (Meloni et al., 2004). Similarly, there
was no effective role for proline in helping tomato plants to cope with the stress of salinity
(Heuer, 2003).

5. Conclusion

Allelopathic effects of P. juliflora, a global IAS, using its leaf and pod aqueous extracts on two
native plant species in Oman (P. cineraria and V. tortilis) were investigated. Generally, the
relatively low concentrations of water extracts (10 and 100 mg/L) did not affect seed germination
and growth parameters (root length, SRL and fresh mass) of both species’ seedlings. While V.
tortilis seedlings had slightly higher chlorophylls a and b contents, P. cineraria seedlings
showed increasing trends for carotenoids. For proline as a physiological response and stress
biomarker, neither P. cineraria nor V. tortilis seedlings appeared to be stressed by the presence
of P. juliflora extracts, likely because water-soluble allelochemicals are not as effective as
organic-soluble allelochemicals to induce proline production. Overall, the results indicate no
effects of water extracts of P. juliflora leaves and pods on two predominant woody trees (P.

cineraria and V. tortilis) in arid and semi-arid areas.
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The role of postgraduate programs in Omani universities in promoting

community partnership to achieve the goals of sustainable development

Abstract

The study aimed to identify the role of postgraduate programs in promoting community
partnership and community service in order to achieve sustainable development. It also
revealed the challenges faced by postgraduate programs in developing community
partnership. It also identified the requirements for developing this aspect. The study relied on
the qualitative approach by conducting interviews with a sample of (25) postgraduate
students. The results showed that postgraduate programs have a significant role in enhancing
community partnership and community service. The results also revealed some challenges
such as high academic burdens on students and academics, the lack of awareness, and the
limited communication with community institutions. The results also reached a number of
procedures to develop this aspect, such as opening more channels of communication with the
community, including community partnership within the university's policies, intensifying

community service activities.
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Abstract:

Geography is an interdisciplinary science that studies the human being and the earth in
the context of complex interactions, intersects with several disciplines on different research
issues, and supports other disciplines' methodological tools, such as statistics, mathematics,
engineering, and media, and is thus undoubtedly accompanied by scientific and technical
developments accompanying scientific progress, in terms of teaching methods, training and
research methods. In this context, the geography people of the University of Morocco have
found themselves as compelled as they are in the world, in the wake of the Coronavirus
pandemic, COVID-19, to engage extensively in the use and adaptation of digital methods to
the characteristics of the educational and formative process of geographical specialization.

This was an occasion for many Moroccan university institutions to engage in the use of
interactive digital education platforms in order to cover the teaching and training needs of
students as the educational process ceased. These platforms include: Google Classroom,
Google Meet, and Moodel. They vary in terms of their possibilities for teaching and
communicating remotely with different categories of students. Although these electronic
platforms have responded to the requirements of the teaching methodology of some units,
particularly theory, they still have limited responsiveness and compatibility with the
particularities of applied geographical materials, which calls for the search for methods that
are more responsive and compatible with the specificities of some subjects that may require
special programs and specific tools. Thus, through this research paper, we will undertake a
comparative study of these three electronic platforms in the field of distance learning by
highlighting some of the practical models tested in geography divisions, highlighting their
positive aspects on the one hand, and diagnosing their shortcomings that prevent the
achievement of some of the educational objectives at the level of some of the basic units of
geographical composition on the other.

Keywords: Moroccan university, curriculum development, methodological tools,
digital education platforms, distance learning.
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Abstract:

Coastal areas such as Fnidek, M’dik, Martil, and Oued laou are becoming increasingly
populated. However, they are facing several environmental constraints like coastal
degradation, excessive waste production, depletion of water, increased flood risk, and plante
degradation. These issues are the result of two factors: The first is the fragility of
environment, and the second is the misuse of natural resources by humans. Although the local
political actors are aware of these problems, they have not given enough attention to
environmental concerns in their development programs. This lack of attention was evident
when examining the political parties’ programs or communal councils’ action plans. Residents
have also expressed their dissatisfaction with the mismanagement of the environmental issue

and have raised concerns about the critical situation.

Keywords: Political actors, management, environmental constraints, urban areas.
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Abstract

Text classification automates the categorization of documents based on their textual
content, often involving the exploration of large datasets. While English text classification
techniques have demonstrated efficiency and validity with high accuracy, applying the
same methods to Arabic text presented challenges due to the language's complexity,
including morphology, prefix, suffix, “el-hamzash”, “el-modod”, and other linguistic
nuances. Convolutional neural networks have been investigated in recent publications as a
potential solution to these problems in Arabic text classification. While some studies
integrated machine learning methods like Support Vector Machines, others included
optimization strategies like Genetic Algorithms. Accuracy was improved by the Ensemble
technique, which included several models; the Convolutional Neural Networks achieved an
impressive accuracy of 99.9%. This study, however, examines the topic of whether this
precision is achievable. Additionally, the paper delves into specific challenges unique to
Arabic language processing and examines advancements in Convolutional Neural Network
models designed for Arabic text categorization from 2018 to 2023. It explores the impact
of pre-trained techniques, transfer learning, and ensemble approaches on performance
enhancement. The study concludes by proposing potential research directions in
classification for Arabic text using Convolutional Neural Networks.

Keywords: Arabic Natural Language Processing, Arabic Text Classification,

Convolutional Neural Network.
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1. Introduction

Text classification is known as the set of steps to organizing documents into categories or
classes according to the content of documents. These steps are becoming increasingly
significant due to the abundance of textual material available online. Improving
classification accuracy is the primary challenge in text classification. This problem has
been solved in English by several suggested and realized algorithms. However, limited
successful research has been done on Arabic text classification and categorization, that’s
due to the difficulties in text preprocessing. Technically, text classification is divided into
two parts (Biniz et al., 2018; Boukil et al., 2018). The first part involves applying feature
selection, feature reduction, and feature weighting algorithms to select several unique
features from among all the features present in the text. The selected features are subjected
to classification algorithms in the next step. Despite the significance of the Arabic
language, there is still a gap in Arabic natural language processing (ANLP) due to its
difficulty, complexity, and many dialects, strong derivative character, and ambiguity
brought on by diacritical marks increase this complexity (Badaro et al., 2009). ANLP
(Mohamed et al., 2020) is becoming an important technique in many fields, including
classification, translation, named entity recognition, handwritten recognition, extract
information, summarization, etc. The initial study employing the convolutional neural

network (CNN) for Arabic text classification (ATC) was different compared to English
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because of the particular context of the Arabic language. Research conducted by Wahdan
and Hamed (2015) represented a pioneering effort in the utilization of Convolutional
Neural Networks (CNN) for the purpose of Arabic text categorization. Two distinct
methods that were used for text classification were CNN and Support Vector Machines
(SVM). SVM s useful for categorizing the data, whereas CNN appears to be good at
extracting features from the input. Moreover, the normalization applied to Arabic text may
change the meaning, several deep learning (DL) algorithms have been developed to build
specific models for ATC, including CNNs and Recurrent Neural Networks (RNNs) by
applying machine learning (ML) techniques, and domain expertise, and utilizing a
combination of linguistic analysis, it can be improving the accuracy of ATC and
addressing these limitations. The main motivation of this paper is to provide a
comprehensive survey to classify Arabic text using CNNs. To the best of my knowledge
there have not been any surveys conducted regarding the CNN investigation on Arabic
Text Classification within the preceding five years. Furthermore, there are also many
recent studies that needed to be studied and organized according to a specific taxonomy, as
the last survey study was in the year 2020 by the Iraqi researcher and His colleagues
classified Arabic text using machine learning and deep learning. The contribution of this

survey paper can bring:

1. A complete literature review of recent studies that use CNNs to categorize Arabic
text in the last five years.

2. Analyzing and identifying challenges specific to text classification in Arabic
language processing.

3. Highlighting CNN Architectures for ATC and comparing various CNN-based
models and techniques to assess their performance.

4. Analyzing the widely used datasets for ATC research from 2011 to 2022.

5. Identifying the unresolved research questions and prospects in the field.

The sections of the paper are organizing as follows: Section 2 background. Section 3
methodology Section 4, related work. Section 5 discussion, limitations, and future research
directions are explained. In Section 6, the conclusion is presented. The organization of this

paper's sections is shown in Figure 1.

113



Figure 1

Organization Paper Design

Arabic Language |

Background

Arabic NLP | Arabic Text Process |

Classification Mothods |

Arabic Language complixety |

Avrabic Text Classification

—i Mthodolgy

CNN Architectures for ATC Different CNN Architectures Used

in A

| ATC Datasets and Preprocessing

- Advancements in CNN-Based on
Related Work ATC

N N CMNN Challenges in Arabic Text
% | Clasification
| Conclusion |

| Future Research Directions

Arabie Text Classification Using CNN
I

2. Background

Text classification methods are categorized into two types, including manual techniques
and machine learning techniques. The manual techniques known as the statistical and
queries needed to be set manually to classify the text (define the features rules), but this
technique is limited to single documents and small texts (Abdeen et al., 2019). In recent
years, the mass of data has increased and traditional classification methods become invalid.
Machine learning algorithms replaced the previous methods to overcome this issue, and
ML algorithms classified into two types which are supervised and un-supervised.
Supervised learning techniques use labeled data. An example of a supervised learning
technique such as a Deep Neural Network (DNN). A DNN is a neural network set in
several layers including input, hidden, and output layers. In hidden layers can added
perform more calculations or optimize algorithm to enhance and perform complex
problems. There are many types of DNN available with the different connections between
the neurons (Abdeen et al., 2019). On the other hand, un-supervised learning is a type of
ML method that utilizes algorithms to learn patterns from data that is not labeled (Kim et
al., 2020), unsupervised learning uses unlabeled data. The use of unsupervised learning in
NLP has enabled the development of systems that can process language with human-like
nuance and complexity. The development of systems that can translate between thousands
of languages has been made possible by approaches such as word embeddings, neural

machine translation, topic modeling, and language generation.

2.1 Arabic Language and Complexity
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Arabic is one of the famous spoken languages, Arabic is the sixth spoken language in the
world, and the fourth spoken on the internet. Furthermore, Arabic is expected to be used by
more than 372 million people in 2023 (Lingua Language Center; Berlitz, 2023). Arabic has
special spellings. Unlike English, French, and all other Western languages. Arabic writing is
from right to left, and Arabic letters do not have lowercase or uppercase character. Arabic
letters have no vowels. Instead, diacritics are a sited above or below the characters. Modern
writers have abandoned these phonetic symbols. in this case, readers will be understanding
the missing diacritics based on their knowledge of the language. This feature leads to
ambiguity in Arabic texts for both structural and lexical, as different phonetic symbols can
lead to different meanings (Sahu et al., 2013). Most letter shapes can change according
based on their position in the word, such as the letter « ¢ can be written in four different
format based on its position within the word: at the beginning “ sheep, <A :£”, in the
middle “special, uedl ;3= and at the end “history, &b :& | peach, ¢ :&” of the word.
The Arabic language is including a rich morphology, complex syntax, and difficult
semantics. Arabic language categorized into types Modern Standard Arabic (MSA) and

various regional Arabic dialects, each written differently and using different words.

Additionally, Arabic letters change shape depending on dots position within a word, which
makes the analysis and automated processing extremely difficult and complex. The use of
dots for characters in Arabic adds a layer of complexity. Due to many letters have similar
structures, letters are distinguished by the dots num, and place. That is the letters (b-<, n-g,
t-=, th-&) all have the same structure but differ in the position and dots num. Arabic also
uses certain inflections. Typically, terms can be specified as a combination of prefixes (such
as articles, prepositions, and conjunctions), lemmas, and suffixes (such as objects and
personal/possessive anaphors).

2.2 Arabic Natural Language Processing

Arabic Natural Language Processing (ANLP) are set of tools and techniques for developing
and analyzing Arabic in written and spoken formats. ANLP is important contributions to
amount of development applications and, provides Arabic and non-Arabic speakers with
useful and practical tools which used in different fields. DL algorithms are increasingly
being used in NLP these days due to their high accuracy and ease of implementation. Data
must be carefully organized. Generally, several techniques are used to improve the
application of NLP including statistical methods, word embeddings, and graph
representations. (Luo, 2021). ANLP is part of NLP that analyzes and processes the Arabic
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language. Therefore, NLP tools developed for other languages are difficult to use for the

Arabic language (Farghaly & Shaalan, 2009).

2.3 Classification Methods

A classification method (Bouchiha et al., 2022) is defined as a technique that set pre-defined
classes or labels to input data based on character. This is used to model new hidden instances
of ML predefined classes. There are several ML techniques used for text classification, such
as Naive Bayes (NBs) (Qu et al., 2018; Biniz et al., 2018). These are support vector machines
(SVMs), probabilistic models that use Bayes' theorem, which assumes independence between
features. (Bouchiha et al., 2022; Kowsari et al., 2019) is a famous ML algorithm for text
classification. SVMs search for best hyper-plane that separates different classes in the feature
space. Decision trees (DTs) are hierarchical structures that can be used for ATC by learning
decision rules from labeled training data, and random forests are ensemble learning methods
that combine multiple DTs to make predictions (Kowsari et al., 2019). Overfitting is reduced
and classification accuracy is improved. Other methods for text classification are DL
techniques, CNNs are gaining popularity in text classification because they can capture local
and global context information through convolutional layers. CNNs looking for relationships
and patterns between data elements based on their main positions. CNN has been used for the
classification of image data (unstructured data) (Kim, 2014), and sequential data modeling
(data changes over time), and RNN is the most popular architecture in NLP (Liu et al., 2016).
RNNSs process information bidirectionally, learning information from both the previous and
next states. CRNN is a model by Elnagar et al. (2020), that combines CNN and the RNN to
improve real-time text classification.

The final model is a Transformer-based model. For example, the BERT model (Bidirectional
Encoder Representation of Transformers) effectively preserves context information (Harrag et
al., 2020).

2.4 Arabic Text Classification (Categorization)

Arabic text classification (ATC) is a main section in an ANLP which used to understand
user comments or classify different articles and news predefined. This process involves
assigning predefined labels or classes to text documents (El-Alami & El Alaoui, 2018).
Creating and sharing information exposes communities to a flow of content, requiring
automated text classification algorithms. Automatic classification systems for Arabic
documents have gained great importance in the fields of health, education, and information

sciences. Building text classification (TC) systems face major challenges, such as the high-
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dimensional of the feature space, and the presence of redundant and noisy features that get
low accuracy result. Various feature representation methods have been proposed to address
these issues. The most common representations are word embeddings, doc2vec, and Bag-of-
Words (BoW). An example of this field is the hadith classifier that classifies the speeches of
the Al-Rasowal Muhammad “#” (Belkebir and Guessoum, 2013). The preprocessing and
feature selection steps for Arabic web-based document are very important to improve the
classification process. Although the preprocessing phase is implemented, it has little effect
on the document. The selection of features used in some recent studies was based on the
term frequency-inverse document frequency (TF-IDF) algorithm. This algorithm has little
impact on the classification process compared to another advance algorithm (Ghareb et al.,
2018).

2.4.1 Arabic Text Classification Process: The following figure (Figure 2) illustrates the

main steps in the text classification process.

Figure 2
ANLP Text Classification Process
Data Data Pr- Dtat DL .
Collection ] processing ] Represenation Calssification ] [ Evalution ]

Note: Adopted from Deem Alsaleh & Marie-Sainte (2021).

1. Data Collection: The text documents collected from different sources.
2. Data Preprocessing: There are some steps to prepare the data for processing by
the classifier:
a. Cleaning: Remove or correct missing data.
b. Normalization: Transform the text in basic form.
c. Tokenization: The main process that break down the statement into some
word (token). The word boundary sets based on a white space character for
most languages (Webster and Kit, 1992).
d. Stemming: The prefixes and suffixes from the words are removed, and each
word returns to the base-form (stem/ root).
3. Data Representation: All words on the document converted to vectors, to use in
classifier, each vector will be represented words in the same meaning.
4. Classification: The ML or DL classifier can assign class to text based on content

of documents.
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5. Evaluation: the output of classifier or result evaluated by using one or some of

the measures that are shown in Table 1.

Table 1
Predictive Performance Evaluation methods for text classification
Evaluation Description Equation
Method
Accuracy The correct classified rate to the accuracy = —24
a+b+c+d
overall datasets.
1)
Precision The true positive rate results from precision = —
a+b
overall the total rate of positive )
results.
Recall ~ the num of correctly classified rates recall = —=—
a+c
from a class divided by the total num @)
of rates in that class.
F1-Score The test accuracy measuring, F1- Foeasure =
Score using the recall result and the (4) ZLprecision-ecall
\ : precision+recall
precision result. The higher F1-Score
means the model is good.
Note: - aisanum of doc correctly assigned to this class.

- b is the num of doc incorrectly assigned to this class.

- cisthe num of doc incorrectly rejected from this class.

- dis the num of correctly rejected doc from this class.

2.5 CNN Architectures for Arabic Text Classification

CNN architecture for text classification (Alhawarat & Aseeri, 2020) involves encoding a

text document into a real-valued matrix and applying convolutional, pooling, and fully

connected layers for classification.
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Figure 3

The Basic architecture of CNN

Pooling

Features
Map

Note: Adopted from (Alhawarat & Aseeri, 2020)

Figure 3 shows the basic architecture of CNN. The process begins by encoding the
document into a matrix representation. Feature maps are generated by applying filters to
the matrix that is passed through convolutional layers. Pooling layers are utilized to
decrease the number of parameters and regulate overfitting. To speed up training, use a
non-linear activation such as a rectified linear unit (ReLU) to loop over the out-put of the
pooling layer. The feature map is then transmitted through fully connected layers that have
a SoftMax activation layer for classification. The process begins by encoding the document
into a matrix representation. Feature maps are generated by applying filters to the matrix
that is passed through convolutional layers. Pooling layers are utilized to decrease the
number of parameters and regulate overfitting. To speed up training, use a nonlinear
activation layer such as a rectified linear unit (ReLU) to loop over the output of the pooling
layer. The feature map is then transmitted through fully-connected layers that have a Soft-
Max activation layer for classification.

2.5.1 Different CNN Architectures Used in Arabic Text Classification: There are many
CNN architectures employed in Arabic text classification, each with its unique approach
and performance. The following are some of the CNN architectures employed in ATC:

1. Narrow CNN: The purpose of this CNN architecture is to categorize sentiment in

Arabic dialects. This structure includes three convolutional layers, where every layer
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followed by a max-pooling layer. This model was able to achieve high recall rates by
using the SemEval-2017 Arabic dialect Twitter dataset (ALALI et al., 2020).
Multi-Kernel CNN: Superior Arabic text categorization deep model (SATCDM) has
been developed applying CNN, N-gram, and word embedding as a multi-Kernel. The
goal of this architecture is to improve representation of the words and employ word
embedding techniques for Arabic text.

This model was able to achieve a classification accuracy of 97.58% to 99.9% after
being tested on 15 public datasets (original and stemmed text) (Alhawarat & Aseeri,
2020).

. Genetic Algorithm-based CNN: A hybrid classification model for ATC created by
optimizing a CNN parameter with the help of Genetic Algorithms. When tested on two
large datasets, the model showed a 4-5% improvement in classification accuracy
(Alsaleh & Marie-Sainte, 2021).

Recurrent Convolutional Neural Networks (RCNNs): The model combines the
CNN with recurrent neural network (RNN) for tasks of text classification. This model
is called Ensemble model, RCNN allowing to capture of both local and global context
and has an accuracy rate of 99.84% (Al-Niazi et al., 2023).

. Convolutional Neural Network with Recurrent Neural Network (CRNN): An
ensemble model that can be effectively using CNN and RNN architecture, to capture
and incorporate the input text's spatial features and sequential dependencies, the CRNN
model has an accuracy rate of 98.92% (Al-Oazi et al., 2023).

Hierarchical Convolutional Neural Network (HCNN): The ability of HCNNs to
handle hierarchical structures in text data can be advantageous for specific types of
Arabic text classification tasks, HCNN was proposed based on two hierarchical levels,
HCNN is two classifiers worked at the same time for training the model.

The HCNN evaluated three case studies and has achieved outperforms results, the
HCNN accuracy is 99.82% (Wen et al., 2020).

Hyperparameter Tuned Hybrid Deep Learning for an Automated Arabic Text
Classification (AATC-HTHDL) model: An ensemble model that that using a
combination of CNN and LSTM models for manage ATC. The AATC-HTHDL model
was successful in achieving an average accuracy of 98.37%. This model achieved
outperforms results compared to five ML and DL models (Al-Onazi et al., 2023).

2.6 Arabic Text Classification Datasets and Preprocessing

120



The study of ATC is a popular one, and several datasets are available for it. Table 2 listing

some datasets available in ATC.

Table 2

Datasets available in Arabic text classification

Dataset Name Size Description Ref
ArSenTD 4,000 tweets Arabic Sentiment Baly et al.
Twitter Dataset (2019)
(positive & Negative
and neutral sentiment
labels)
AraVec 1.6-million-word Arabic Word Mourad et al.
embeddings Embedding Models (2017)
Aljazeera 111,728 docs and News articles from Badaro et al.
Dataset 319,254,124 Aljazeera website (2019)
words
Arabic News 4,000 docs Arabic news articles Hmeidi et al.
Categorization (2015)
Saudi Press 3,000 docs A collection of news Al-Twairesh
Agency articles from the Saudi et al. (2015)
Press Agency
Arabic Varies Arabic Corpus Zaidan &
Wikipedia extracted from Callison-
Corpus Wikipedia Burch (2011)
Hadith Texts 4072 Collections of Hadith Mazlin, et al.
texts and Quran-verse (2021)

121



Dataset Name Size Description Ref
Masrawi 451,230 docs News Abdulghani
& Abdullah,
(2022)
Moroccan 111,728 docs News Jbene et al
News-papers (2021)
Articles
Dataset
(MNAD)
Saudi News - 45,935 News Alsaleh &
papers Articles docs Larabi-
Dataset Marie-Sainte
(SNAD) (2021)

These datasets still have some challenges like morphological complexity, dialectal

variation, lack of standardization, limited labeled data, and data sparsity.

Preprocessing techniques for Arabic text, such as tokenization and normalization, are
crucial steps in NLP tasks. There are several approaches and techniques used to organize

text datasets, the table 3 explains some of them as examples.
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Table3 Tokenization and segmentation approach and tools

linguistic Handling Example Rel
Feature Approach
Affix Fule-based ALl > [ T Remove prefix Hahash
methods (ARMadinah) Haoot {Madinah) where "dI" (al-) (201107
[ preti,
suttix)
Morphologica "hagglis” Means Their book
| analy»ers {kntdbuhummi) >
- Stanford Arabic Morphological Analyzer (SAMA) analyzer as:
Riot: "edS" (katab) (meaning "to write")
Prefix: "sg" (hum) {indicating "their")
Soffix: "W (8) (indicating "dual™ in this case)
Chitics Lexical For example, lexicons or dictionanies for words or characters. Diarwish
resources Clitic "2 {ka) Means "Like” adjectives ct al.
“Ef " (agsar e "Faster aF Lns (2014)
ka) thian™
Contextual Use the clitic's surrounding context in a sentence or discourse to infer
clues Its proper connection to the host word.
"l aiylac ™ ( Atayiuhu al-kitab) Means “I gave him the
Clitic "s"=» (hu) - verb "ube > i
{A'tayt) “him™ - 1 gawe™
Dhacritics Diacritic s S Al yim" "1 wrote Darwish
remaval { katabtu risilah) > { katabtu a letter” etal
rizflah) (2014)
short vowels and other ambiguity and
phonetic imfonmation loss of
information
Digcritic Restores the onginal vowel sounds, pronunciateon, and grammatical
restoration features of Arabic text by adding digeritic marks.

3. Methodology

In this paper, the researcher uses the descriptive analytical method to study and analyze

techniques related to the subject of the study. The paper investigates the effectiveness of

CNNs in classifying Arabic text, we collected about 44 research papers online, and we took

about 23 papers from them that can be divided into groups. The main group explains the

researchers’ work on models, including 7 studies, and the rest of the papers discussed the

steps for processing Arabic text, extracting features, and the ML and DL algorithms used to

get the contributions of this paper.
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4. Related Work

Convolutional neural networks (CNNs) are one of the most popular DL algorithms that
have been applied in many fields, including ANLP. Biniz et al. (2018) advanced an
innovative method for classifying Arabic texts. They used the word root algorithm to
extract, select, and reduce the required features. Then, as a feature weighting method, they
use the TF-IDF method. Finally, in the classification step, CNN was used along with the
hyperparameter tuning process, and the model achieved excellent results on several
benchmarks. The dataset is a Modern Arabic (MAD) collection. The text consists of
alphabets, symbol words, and numbers. The dataset has 319,254,124 words and 111,728
docs structured in text files from three Arabic online newspapers. The choice of
hyperparameters for a CNN model can affect the classification performance. In their
experiments, the authors used Stochastic gradient descent (SGD) to train the network and
used a back-propagation algorithm to compute the gradients. The researchers choose two
important parameters are filter size and feature map. They found that as the num of feature
maps increases, it takes longer to train the model. To test the effect of dataset size, the
researchers trained a model in datasets on different sizes. The highest accuracy was
achieved for CNN, SVM, and linear regression (LR) when the dataset size was large. The
CNN model achieved the best results at all sizes. Moreover, compared with traditional
methods based on BoW models, CNN models can effectively create semantic
representations of texts and obtain more context information about features. Training and
testing data come from different sources, and documents are often divided into multiple
classes. Considering these difficult cross-domain classification tasks, an accuracy of over
92% is satisfactory. In 2020, Superior Arabic Text Categorization Deep Model
(SATCDM) was employed to categorize Arabic text docs by applying multi-kernel CNN
and word embedding (Alhawarat & Aseeri, 2020). SATCDM used Arabic news text
documents in MSA format. Among these datasets were small and medium original text
datasets, root text datasets, and large original text datasets. The model is evaluated using
datasets that covered different text document sizes, unique terms, and preprocessing
methods. High accuracy ranging between 97.58% and 99.90% are achieved by the model,
the SATCDM model has superior performance over traditional machine learning
algorithms such as Naive Bayes (NB), stochastic gradient descent (SGD), and SVMs. This
model is stable for Arabic text docs, regardless of preprocessing, normalization, and
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rooting algorithms. The limitation of this model is that it may not have been tested on

diverse Arabic text genres or domains. (Alhawarat & Aseeri, 2020).

In another study, Alsaleh & Marie-Sainte (2021) demonstrated the improved accuracy of a
new classification model network technique by proposing a new hybrid Arabic
classification model based on CNN and genetic algorithm (GA). Genetic algorithms are the
most famous optimizations algorithms which have been proven their efficiency in many
fields. The researchers used GA to optimize the CNN weight vector to improve the
classification accuracy. The proposed model is validated on two large datasets derived
from the MSA format. The newly released Saudi Arabian Newspaper Articles Dataset
(SNAD) consists of 45,935 documents and the Moroccan Newspaper Articles Dataset
(MNAD) consists of 111,728 documents. The study combining CNN and GA is the first in
ATC. In this model, Glove technique is used for data representation. They achieved a 4-5%
improvement in classification accuracy compared to the CNN model without Gloves and
the CNN model with Glove. However, the combination of CNN and GA was validated to
improve the classification accuracy and RMSE. GA-CNN performs GA in the
training/validation phase, so it requires more computation time than the baseline to

generate optimal weights.

El Alami et al. (2020) investigated the combination of CNN and long short-term memory
(LSTM) for ATC. Furthermore, this study covers the morphological diversity of Arabic by
examining word embedding models using positional weights and sub-word information.
Word embedding technology can capture the contextual information within the text and fill
in the gaps related to missing semantic issues. By incorporating postfixes as a post-
processing step to improve word representation, they have the advantage of combining
implicit and explicit semantics. Experiments on the OSAC dataset show that the CNN
model with 128 filters and retrofit achieves good performance, achieving an F-score of up
to 99%. These results tend to suggest that retrofitting improves overall text classification
performance by bringing semantically similar words closer to the representation space,
promoting the proximity of similarity vectors. Additionally, the combination of CNN and
LSTM affects both the CNN's ability to define local patterns and the LSTM's ability to
order content. However, the layer order plays an important role in the model performance,
as the LSTM-CNN model achieves 7% accuracy and 1% lower accuracy than CNN-LSTM
and LSTM models. Likewise, Wahdan et al. (2021) aimed to solve the challenges faced in
ATC and study the impact of using CNN. they also aimed to get the most efficient DL
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algorithm to classifying and categorizing the Arabic text. Researchers ask research
questions to create a qualitative search. Generally, in this study the uses three methods to

answer questions. Therefore, every question requires a specific method.

Furthermore, training the model requires a powerful computing device because the
training process in CNN is complex and time-consuming. The research also includes plans
to conduct experiments to deploy an ATC model using DL. In the analysis part, the
researcher explained in detail the sub-steps that need to be implemented to build the model.
Besides that, Getting the most efficient neural network requires preprocessing and model
building that covers all types of neural networks. In a similar research field, Al-Onazi et al.
(2022) proposed the AATC-HTHDL model. The importance objective in the study is to
identify different class labels for Arabic texts. The researchers faced two challenges in the
ATC process, low accuracy and high feature dimensionality. The AATC-HTHDL model
effectively identified different class labels in Arabic text. The model includes various
operating phases. First, data preprocessing is performed to transform the input data into a
useful format, the datasets consist of 5,690 documents from Single-label Arabic News
Articles Dataset (SANAD) and News Articles Dataset in Arabic for Multi-Label (NADIA).
Next, apply the TF-IDF model to extract the feature vector. Next, the CRNN model is
utilized for Arabic text classification. Finally, the researcher used the Crow Search

Algorithm (CSA) to fine-tune the hyperparameters included in the CRNN model.

The proposed AATC-HTHDL model was experimentally verified and the results were
discussed from various aspects. The results of the comparative study highlight that the
performance of the model is promising compared to other models, with accuracy of the
model up to 98.95%.

4.1 Advancements in CNN-based Arabic Text Classification

1. Handling Language Models and Transfer Learning: By using large Arabic text
corpora as training grounds, language models can be tuned to capture the morphological
nuances and contextual information specific to Arabic. Generative Pre-trained
Transformers (GPTs) and Bidirectional Encoder Representations from Transformers
(BERTS) can effectively learn to encode and use morphological features for Arabic text
classification tasks (Harrag et al., 2020; Lan et al., 2019).

2.  Handling Unbalanced Data: There are multiple techniques for handling unbalanced
data in Arabic text classification using CNN. To balance the class distribution in the

training data, it is commonly used to use oversampling or under-sampling. Oversampling
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reproduces instances of the minority class, while under-sampling reduces the instances
num of the majority class. Furthermore, the researchers addressed unbalanced data for the
class distribution of the datasets by using the Synthetic minority over-sampling technique
(SMOTE) to balance the class. SMOTE includes generating synthetic samples for the
minority class to get a more balanced distribution of classes that can improve the
performance of the classification model (Alsaleh & Larabi-Marie-Sainte, 2021).

3. Ensemble Techniques: The combination of multiple classifiers or models that use
different approaches to handle morphological complexity can often result in improved
performance. Using ensemble techniques like voting, stacking, or bagging (Bootstrap
Aggregating), multiple models can be combined for improved classification accuracy.
There are two ways to achieve diversity in ensemble methods which are either by using
diverse training algorithms or different training data (Alsaleh & Larabi-Marie-Sainte,
2021; Abdulghani & Abdullah, 2022).

5. Discussion
Recent studies proposed new hybrid classification modules that are tested using large
datasets. Expanding on the previous works, all studies worked tuning with 3 or 4
parameters such as batch size, filter number, kernel size, and rate of learning. based on
that, the hyper-parameter selection and tuning need to be investigated in future studies.
Furthermore, CNNs lack interpretation and explanation of the output results because are
generally like black-box and extract features automatically. In general, Following
describes to CNNs challenges and future work for ATC:

5.1 CNN Challenges in Arabic Text Classification

Text classification tasks are commonly performed using CNNs as they can learn
hierarchical representations of input data. However, the use of CNNs for Arabic text
classification presents several challenges and limitations such as the absence of annotated
data, non-standard orthography, and ambiguity of certain words are present. In addition,
the process of classifying Arabic texts is confronted with challenges such as a lack of
standardization in the language, multiple dialects, a comprehensive list of Arabic stop-

words, and cultural and contextual sensitivities.
5.2 Future Research Directions

The future research for ATC, the absence of generally available preprocessing and tools of

selection features and re-usable libraries for Arabic text documents is a big problem. To
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achieve a high accuracy level, Researchers need to build preprocessing steps from scratch,

which takes a significant amount of time and effort.

In the future direction, Arabic text classification in NLP can be improved by using various

approaches:

1.

6.

Engineering of Feature: Effective feature design can increase the performance of the
classifiers by capturing the morphological characteristics of Arabic. The features that
are specific to Arabic may include stem-based expressions, N-grams, affixes, and other
language indicators. Effective feature design can increase the performance of the
classifiers by capturing the morphological characteristics of Arabic. The features that
are specific to Arabic may include stem-based expressions, N-grams, affixes, and other
language indicators. Using available tools, morphological analysis can offer a more in-
depth understanding of Arabic words by decomposing them into their constituent
morphemes. Capturing the inherent structure of words and improving the
representation of complex Arabic morphological forms can be achieved through this.
Handling Tuning the CNN hyper-parameters: using bio-inspired algorithms with
CNN can perform tasks. Handling Tuning the CNN hyper-parameters: using bio-
inspired algorithms can improve the performance of CNN tasks for ATC. Bio-inspired
optimization algorithms are techniques that mimic natural processes such as swarm or
evolution behavior to find optimal solutions. There are several bio-inspired algorithms
including GA, Ant Colony Optimization (ACO), Particle Swarm Optimization (PSO),
or Simulated Annealing (SA). Selecting suitable algorithm based on problem to solve
and resources.

Handling Transfer Learning: Select a pre-trained CNN model that has been trained
on a large-dataset and fine-tune the pre-trained CNN model by replacing the last fully
connected layers with a new layer that suits your ATC task (Lan et al.,2019). There are
several Arabic language resources and datasets that can be used for transfer learning in
CNN, for example Arabic Giga-word Corpus, Multi-Domain Sentiment Dataset
(MDSD), and others.

Handling Language Models: by involving incorporating pre-trained language models,
such as BERT or GPT, into the CNN architecture (Devlin et al., 2018).

Conclusion
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In this research, the researcher studied the classification of Arabic texts. ATC is an
important area of his ANLP and can be used in many areas, such as understanding user
comments and classifying various predefined articles and messages. As explained in the
study, the classification of Arabic texts takes place in several stages. The researcher also
highlighted a recent study that introduced his CNN algorithm for ATC classification. They
used the Arabic root algorithm to extract, select, and reduce features in the dataset. Other
studies aimed to find out the challenges faced by ANLP text classification and investigate
the impact of using deep learning in ANLP text classification. On the other hand, research
is also being conducted with the aim of introducing new network techniques into
classification models. Through this study, CNN was introduced for Arabic text
classification. The study shows how CNN models can achieve high accuracy when
classifying Arabic text documents. Additionally, the efficiency of CNN models has been
improved by incorporating GA and other optimization strategies. Future directions for
CNNs in ATC include experimenting with deep learning algorithms, creating different
Arabic corpora, using word embedding techniques, and leveraging semi-supervised
learning approaches. The study also highlights the importance of technical features,
accommodating morphological complexity, handling language models, transfer learning

and ensemble techniques to improve CNN models for ATC.
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Abstract:

The world is going through many crisis; climactic ones like the successive drought,
epidemic ones namely the effect of Covid 19 virus which has led to a worldwide economic
recession, and political crises like the Russia-Ukrian war. All this is threatening the food security
mainly the agriculture one. Therefore, this research paper will deal with the issue of food

security and its link with rainfall variability in Morocco semi-dry areas, Khouribga as a case
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study. In this respect, the main question to be raised is to what extent does rainfall variability
affect food security? This paper aims at describing yield and grain production being attributed to
rainfall variability since it is considered to be a structural continuous phenomenon, relying on
many documents taken from official authorities and the results of the field work done in 2021 on
121 case about 30% of the statistical population. The research has also been conducted by
statistical data analysis and get to the following conclusion that cereal cultivation is an important
factor in food security mainly barley for its adaptation with semi-dry areas. Moreover, the
unsteady yield and cereal production in Khouribga is specified by the amount of rain the fact that
necessitates an intervention to evaluate the unirrigated (bour) fields and to move to sustainable

unirrigated cultivation.

Keyowords: Agricultural Security; Farmers’ Choices; Rainfall Variability; Khouribga

Province.
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Abstract:

This study includes a presentation of the most important greenhouse gas emissions emitted from the
buildings and constructions sector, and awareness of the causes and sustainable treatments
mentioned in many reports of relevant international organizations and frameworks, which were also
included in some scientific articles and publications. Based on these reports, articles and scientific
publications, this study concluded that there are two types of gas emissions emitted from this
sector: those emitted during construction, transportation and manufacturing of building materials
(embodied emissions), and those emitted throughout the life of the building from daily activities
that take place inside it (operational emissions). This study also concluded that the reason for these
emissions is due to the increasing consumption of fossil fuel energy, as well as the chemical
reactions that occur during the manufacturing processes of building materials, especially the cement,
iron and steel industries. Regarding sustainable treatments, all international reports, research and
scientific articles have agreed that there are three basic practices and procedures (emissions
reduction, emissions capture and removal, in addition to carbon pricing) that must be taken to reach
net zero emissions by 2050 in the buildings and construction sector, as well as increasing financial
support and incentives to support this transformation and ensure the effectiveness of these practices
and procedures. Many international studies and reports indicate that embodied emissions resulting
from the building materials industry can only be reduced by using emission-free alternatives to
fossil fuels, using renewable raw materials and adopting recycling. On the other hand, studies
have also indicated that the shift to using renewable energy sources and other clean fuels as
alternatives to fossil fuels, and engineering design that provides the greatest amount of lighting,
ventilation, and thermal insulation, as well as using sustainable (green) materials in the restoration,
renovation, furnishing and equipping of these buildings are the only way to reduce operational
emissions. In order for these procedures and practices to be effective and sustainable, this study
recommends including sustainability clauses and conditions in construction contracts and
permits, adopting them in a law or proposed legislation, or including them in documents and the

state’s national development strategy. This study also recommends establishing governance
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mechanisms and institutional arrangements to periodically evaluate the extent of
implementation of these procedures and practices during the construction period. In addition,
the study recommends qualifying cadres in this field from contractors in government and private
companies, construction workers and engineers in the field of architecture, urban planning and
decoration, and making the building materials industry one of the priorities of supported

scientific research.

Keywords: Greenhouse gas (GHG) emissions, GHG emissions from buildings, causes of GHG
emissions, sustainable solutions for building emissions.
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Greenhouse gases (GHG) semiconductor
and their sources manufaching
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5 The global warming potential (GWP) of each GHG ;
is measured using the equation ‘Tg CO,Eq" » aluminium P
Each gas's GWP is measured against the reference gas, CO,.
+4 ° €O, is measured in 1million metric tons. s
‘1 metric ton is 1000 kilograms = average weight of a female giraffe.

s

Source: cemsyimf.blob.core.windows.net., From www.e-education.psu.edu
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World GHG Emissions Flow Chart
Sector End Use/Activity Gas

Source: https://coolinfographics.com;https://www.wri.org/data/world-greenhouse-gas-
emissions-2005; IEA, 2023d.
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Iron Ore Limestone
Hematite Fe,O3 or Magnetite Fe304 CaCOgg

O2()

Roasted ore,
coke, limestone

15 ft.

945°C 1300°C m
(1) |35 1t. Exothermic
Reaction
=+ CO,CO,.N,
CaOi + COyq) COy)
et
125°C 865°C
SiO, Coﬁll(c(s)?indothermic
25 ft. 45 ft. (rm Reaction
CaSiO; (Slag) 2C0O(9)

3Fe,04 20°C

* 75 ft
I . ==——e Outlet
Molten iron co, + W + CO, T

41000 65 ft.
CO

55 ft)
525°C

Fe (Molten) + CO, *

Source: Author

Iron ore (Fe,0,)
Coke (C)
Limestone (CaCO,) Wt

Waste Gases (CO,, CO)

Step 5: CaO (from thermal decomposition of CaCO,)
| —————— reacts with acidic impurities to form molten slag

= = = Step 3: 3CO(g) + Fe,054(s) >3CO,(g) + 2Fe(l)

= = Step 2: CO,(s)+ C(s) = 2CO(g)

= = | Step 1: C(s) + O,(g) > CO,(g)

7 Mot air blast at base _ Mot air blast at base

-t
Source: https://www .askiitians.com
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2Fe,0
ZCH4 + 02 — B . (ZCO + 4H2 J#» 4Fe + 2C02 + 4H20

Fe,03 + 3H, ———— 2Fe + 3H,0
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Green Hydrogen by Electrolysis of Water
lall § paall deliva i daladiul g elall o jeSU Jdailly a1 s g gl 14 Jaladia

2H,0()) Electrolysis

> 2H + TO
(Oxidation Reduction Reaction) 20) 2(9)

hydrogen axygEn
How? H3 H O® ﬁ 0,

2H,0(1)
l Electrolysis

4H™aq) + 20%(ag) q o

1 & )

[202'(aq.) —Oxidation Oz(g)T + 46] TZHz(g) Reduction yaviag)  + 4%

Fe,0; + 3H, ——— > 2Fe + 3H,0
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Green Iron by Electrolysis of Molten Oxide
(MOE)
Baal) ) ggeaal gl Jalailly pad¥) yaall ;5 ki

Electrolysis
2Fe,05(l) —— y_ =  4Fe(s) + T302(g)
(Oxidation Reduction Reaction)
How?
2F6203(|)

l Electrolysis

4Fed*(agq) + 60%(aq.)

AN

[ )

[602'(6161.) =9 =302(9)T * 12% [4':6(8) < Reductionre3+aq) + 12e}

Electrification

Oxygen
Bubbles

Iron Ore

Inert
Anode

Tapping
Electrolyte Liquid Iron

Molten

Iron Cathode

QoS paus] AU i) A 3) g Slada) (3.2.2
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https://www.moenergy.gov.sa/ar/MediaCenter/ClimateWeek/Pages/The-Government-of-the-

Kingdom-of-Saudi-Arabia-Joins-the-Global-CCS-Institute.aspx
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How does carbon capture work?
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Source: https://climate.mit.edu/explainers/carbon-capture
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https://www.worldbank.org/en/news/feature/2022/05/17/what-you-need-to-know-about-article-6-of-the-paris-agreement?cid=ccg_tt_climatechange_en_ext
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