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Abstract:

The research presents a vision of developing natural resources within the
framework of environmental sustainability to achieve food and water
security in arid and semi-arid regions in Syria. Providing irrigation water in
sandy sites is a major problem, as often most of water are lost either by
evaporation or by its seepage down into the subsoil without benefiting of it
in the process of plant growth. Therefore, to ensure sufficient water
availability to support plant growth, water is compensated by irrigation and
this consumed freshwater resources and threaten water security. Various
technologies for enhancing the water-use efficiency of irrigated agriculture
have been used to control the problem of wasting water, but most of them
are expensive and causing environmental problems. Hence, the importance
of the research in benefiting from the experiences of Arab and foreign
countries in this field, and finding a technology that suits the reality in Syria
and satisfy rationalization of irrigation water consumption using cheap and
locally available materials. The research aims to highlight the feasibility of
using wax-coated sand in achieving the desired sustainable development in
arid and semi-arid areas in Syria. Since wax is available as a by-product of
the oil refining process, and it is non-toxic material, friendly environmentally,
good water repellent and capable to reduce the permeability of sand which is
widely spread in Syria therefore it is suitable to reduce irrigation water
consumption in sandy sits. The coating process of sand particles with a layer
of wax is done by melting the wax and applying it to the sand by using
special techniques. In conclusion, the use of wax-coated sand on the surface
of sand reducing water evaporation from the upper soil, increasing soil
moisture the yield of crops of plants with shallow roots, and this proves the
feasibility of using it to provide irrigation water and achieve water security
and food security.

Key Words: Wax-Coated Sand, Water Scarcity, Water Security, Food
Security, Sustainable Development.
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1.Introduction:

Irrigated agriculture plays an important role in
achieving food security around the world,
contributing (30-40) % of the total global food
production.[26] Many lands have been invested as
agricultural centres in arid and semi-arid regions by
exploiting freshwater resources[25], and due to the
large scale of agricultural operations, irrigation of
crops consumes 70% of global freshwater
withdrawals annually[4,12], which in turn poses the
risk of depleting freshwater supplies around the
world.[12,20]

Sandy soils are widespread in Syria, and arid and
semi-arid areas suffer from water shortages when
cultivated. Sandy soils are characterised by their low
capacity to store water, as sand composed of
hydrophilic silica attracts water and facilitates its
flow in the ground [6,13], which negatively affects
crops even with expensive irrigation systems such as
sprinkling or drip [8]. High temperatures and dry
winds in these areas also cause significant losses of
irrigation water through evapotranspiration and
evaporation without the plant benefiting from it for
its growth, which requires compensation with
additional irrigation processes that increase the
consumption of freshwater stocks [20] In addition to
the loss of irrigation  water  through
evapotranspiration, it is also lost through leaching
down to the root zone. Various methods have been
used to increase the water retention capacity of
sandy soils, but the emergence of some
environmental issues when using them, in addition
to their high cost, limited their application
[14,15,18]. Based on the concern to preserve fresh
water resources for irrigation, much attention has
been directed to search for ways to control water
waste and achieve water and food security through
the application of sustainable technology to enhance
water use efficiency in arid land agriculture [2,5,9].
Since transpiration is important for photosynthesis, it
is counterproductive to minimise it, so attention has
been focused on minimizing Leaching and
evaporation. Leaching can be reduced by applying a
water barrier layer below the root zone of the plant
[8,13], but this method is expensive and labour
intensive, so the best way to reduce water loss is to
minimise evaporation. Applying a barrier to the
topsoil to prevent evaporation enhances soil
moisture content, promotes transpiration and
improves plant root growth, which improves water
and nutrient uptake from the soil as well as
photosynthesis [7,23,26]. Low-density polyethylene

http://journal.damascusuniversity.edu.sy

mulching films with a thickness of 0.1 mm have
been widely used in developed and developing
countries around the world [10,27]. However, as
plastics are non-biodegradable and have adverse
effects on soil quality and microbial activity in the
long term, their use is considered an unsustainable
solution [24]. Therefore, it has become necessary to
search for sustainable mulching technologies
[2,15,20]. Recently, the use of hydrophobic sand has
been emphasised [5,6], to reduce leaching and
evaporation and mitigate irrigation water wastage
[9]. Hydrophobic sand is obtained by treating sand
with water-resistant materials or compounds that
ensure that the sand particles adhere to each other
and form a layer that does not allow water to seep
through, but water droplets collect on the surface
without penetrating it [2,519,22]. Waterproof sand is
formed in different ways such as adding a chemical
substance to the sand and allowing it to build
chemical bonds between the sand particles (there is a
special factory in the Emirate of Al Ain in the
Arabian Gulf region where waterproof sand is
prepared by treating sand with organic silica
compounds)[1]. However, concerns about the risk of
chemical contamination of soil and groundwater as a
result of leaching of the chemical organic
compounds used in sand encapsulation have limited
its use[1,24]. Since wax is a low-cost, non-toxic and
environmentally friendly material, interest has been
directed to its use with sandy soils to improve their
hydraulic properties and its use in agriculture to
improve irrigation efficiency and alleviate the issue
of wasting irrigation water and environmental issues,
hence the importance of the research. The process of
coating sand particles with a layer of wax is a
physical process, and we get Wax-coated sand by
melting the wax and applying it to sand with special
techniques [3,11,17]. The research aims to evaluate
the possibility of using wax-coated sand to control
water wastage in areas with sandy soils in Syria by
studying the results of research conducted in
different regions in the Middle East and the world,
which in turn constitutes a promising research topic
of global importance to achieve sustainable
development.

2. Research Objective and Importance:

The research aims to shed light on successful Arab
and international experiences in the application of
sustainable soil mulching technology to reduce
water evaporation in arid and semi-arid land
conditions, with the aim of reaching the most
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economically and environmentally appropriate
method to be used in Syria, through which
rationalising the use of irrigation water and
increasing the required agricultural productivity
through the use of cheap and locally available
materials. The importance of the research comes in
choosing the method of using sand coated with
paraffin wax and evaluating its effectiveness in
achieving the sustainability of food and water
resources in a way that suits the specificity of local
conditions, especially since sandy soils are
widespread in Syria and wax can be extracted from
the oil refining process in oil refineries in Syria,
which is economically important from an economic
point of view.

3. Materials and Methods:

This research is based on the results of international
reference studies [6,12,16,18] and a pilot study
conducted in laboratories in Saudi Arabia [8,16].
The wax-coated sand was prepared according to [9].
Clean silica sand with a grain size of 100-700 nm
was used in the study, and paraffin wax was used.
To prepare the wax-coated sand, the paraffin wax
was melted in a container using a natural solvent
(hexane) that was added to the wax, then the sand
was added to the wax in a ratio of 1:600, the mixture
was mixed and the wax-coated sand was formed.
The solution (hexane) was then removed by
reducing the pressure and increasing the
temperature, leaving the wax-coated sand (the
solution is retained to be reused again).
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Figure 1: Wax-coated sand
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Figure 3: Characterisation of paraffin wax

We can also form wax-coated sand based on the
reference study [21] where sand and wax with a wax
ratio of 5% by weight of dry sand are placed in a
container and the mixture is heated to a temperature
above the melting point of the wax (°C62), after
which it is mixed using an automatic mixer at 60
rpm for 15 minutes, then the heat source is removed
and the mixing continues for a few more minutes
until the mixture softens, forming wax-coated sand
particles.

Sand particle
Sand (Hydrophilic) \

QO

&

Wax Coating

Figure 3: A thin layer of water-repellent wax
encapsulates the sand particles
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Figure 4: Stabilisation of a water droplet on the surface of
a layer of wax-coated sand

To form the wax-coated sand according to the
previous method, sand brought from the city of
Latakia was used. A set of laboratory experiments
were conducted on the sand, and as a result of the
tests, the sand was classified according to the
Unified Classification System (USCS) as poorly
graded sand SP medium to well graded, and its
specifications are shown in the following table:

Table 1: The properties of sand

Figure 5: Some of the waxes tested in the research

Table 2: The properties of the wax used,
Paraffin Wax FA 569

Testing Specification ASTM

Methods | Minimum | Maximum | Method
Physical State Solid

(25°C)
Melting Point 60 62 D 87

Q)
Needle 15 20 D 1321
penetration

(mm, at 25°c)

Oil (%) 0.5 D721

Property Quantity

Natural moisture content, (%) 58-6
Specific gravity, Gs 2.69-2.7
Natural density ( KN/m®) 17-17.1

Dry method ~ 0.93

Relative density Dy Wet method ~ 0.56

Sand equivalent ( % ) SE 97.62 -98.4
Porosity coefficient e 0.64 —0.65
Uniformity coefficient, Cu 21-23
Curvature coefficient, C, 0.74-0.94
Percent Passing through #200 198 -1.81

sieve,(%)

Paraffin Wax (FA 569) was used. Due to its
availability, effective performance and low cost
compared to other waxes, this research is oriented
towards the use of wax from oil refining in the oil
refineries located in Syria.

Figure 6: Method o forming wax-coated sand

To study the effect of covering the surface layer of
sandy soil with a layer of wax-coated sand, based on
the study conducted in the fields of King Abdullah
University in Saudi Arabia [16], a set of samples
was prepared as a study model where tomato seeds
were planted in plastic pots placed in controlled
rooms with ambient environmental conditions that
mimic the environmental conditions in the desert
areas to be cultivated and greened in sustainable
ways to achieve food and water security. Half of the
samples were covered with a 1lcm thick layer of
wax-coated sand, while the other half of the samples
were not covered with this layer. Plant growth was
observed with subsurface irrigation systems placed
10 cm below the surface of the cultivated soil.
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Figure 7: Stages of growing a plant with mulch,
No mulch

4.Results and discussion:

Experimental results on plant growth, soil moisture,
transpiration, evapotranspiration, evapotranspiration,
leaching and plant productivity were observed with
and without wax-coated sand mulching. The daily
water loss through evaporation was estimated and
the water content in the soil was measured using a

special software and the data was analysed and
averaged over time. The experiments showed the
following results:
Applying a 5-10mm
surfacing layer resulted in:
-Root growth improved by 21% and larger woody
vessels increased hydraulic conductivity by 23%.
-Improved plant growth as plant height significantly
exceeded the maximum height and became larger
and healthier than plants grown in unmulched soil.
-Reduced evaporation by 56-78% and increased
moisture by 25-45%

-Increased crop yields by 17-73% using normal
irrigation.

-Wax-coated sand shows great water retention
capacity as a 2cm thick layer can maintain a water
column height of 35cm.

-Wax-coated sand shows very high thermal stability
when used for water storage.

-The wax melting test showed that during the
summer the temperature can reach 70 degrees
Celsius and more, which actually happened in the
experiments. However, this did not affect the wax
coating as the 20 nm thick wax films are bound to
the silica granules by strong intermolecular bonds,
which prevented melting, dripping or flowing.

-Root growth improved by 21% and larger woody
vessels increased hydraulic conductivity by 23%.
-Improved plant growth as plant height significantly
exceeded the maximum height and became larger
and healthier than plants grown in unmulched soil.
-Reduced evaporation by 56-78% and increased
moisture by 25-45%

-Increased crop vyields by 17-73% using normal
irrigation.

-Wax-coated sand shows great water retention
capacity as a 2cm thick layer can maintain a water
column height of 35cm.

-Wax-coated sand shows very high thermal stability
when used for water storage.

-The wax melting test showed that during the
summer the temperature can reach 70 degrees
Celsius and more, which actually happened in the
experiments. However, this did not affect the wax
coating as the 20 nm thick wax films are bound to
the silica granules by strong intermolecular bonds,
which prevented melting, dripping or flowing.

thick wax-coated sand

5. Conclusions and recommendations:
The study concluded with a set of conclusions, the
most important of which can be summarised as
follows:
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-Wax-coated sand has great water resistance, which
allows water to stay and flow on its surface without
any moisture or leakage .

-The effectiveness of wax-coated sand in reducing
the rate of evaporation, allowing the plant to benefit
from irrigation water as required without the need to
compensate for water loss, which in turn reduces the
consumption of irrigation water and contributes to
its rationalisation.

-The effectiveness of wax-coated sand in storing
and transporting water in desert areas.

-The increased production achieved when using
wax-coated sand confirms that the economics of its
use is good.

-The paraffin used in the study is easily
biodegradable and harmless to the environment,
unlike plastic sheeting, and does not affect microbial

communities in the soil, which encourages its use
without fear of environmental issues .

As a result, the use of sand coated with a nanocoat
of wax contributes to the rationalisation of irrigation
water consumption in a sustainable manner in arid
and semi-arid regions and can be proposed as a
promising method in Syria to achieve food and
water security.

As for the duration of the wax coated sand in the
ground, there will be a need to change it with each
plant at the time of planting seedlings, so it can be
suggested to make the wax coating thicker or add
materials to increase its lifespan in the ground.

In order to enrich this study to complete the
research, it is recommended to complete the research
with local field experiments in Syria that mimic
those of Arab and foreign countries and verify its

effectiveness in local conditions in Syria.
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