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Abstract: Geotextiles are a commonly used green material which can improve the water
holding capacity of soil. However, the effects of density on evaporation and cracking
of geotextile–soil composites are still unclear. The results indicate that the addition of
geotextiles divides the soil water evaporation into five stages: constant loss stage, rapid
deceleration stage, secondary deceleration stage, tertiary deceleration stage, and residual
loss stage. When the geotextile density was 0, 200, 400 and 600 g/m2, the deceleration stage
accounted for 55.7%, 64.3%, 70.4% and 74.8%, respectively, of the total evaporation time of
water in the soil. Compared with soil without geotextiles when the geotextile density was
200, 400 and 600 g/m2, the soil average residual water content rose by 34.8%, 127.1% and
247.0%, respectively. When the geotextile density was 600 g/m2, the crack rate and fractal
dimension were reduced by 44.44% and 18.39%, respectively. Geotextiles can provide fiber
interleaving points and pore spaces, and high-density geotextiles can effectively prevent the
movement of fine particles and form a thicker layer of fine particles to enhance the water
retention and crack resistance of the soil, so that the geological environment contributes
to sustainable development. The application of geotextile–soil composites can achieve
long-term sustainable protection against soil evaporation and cracking.

Keywords: geotextiles; soil cracks; evaporation; high density

1. Introduction
Geotextiles are made from natural or synthetic fibers. The greatest advantage of

synthetic fibers is that they are often produced from petrochemical products, can achieve
uniform strength, length and color, and can be easily customized for specific applications.
Geotextiles have good tensile strength, good corrosion resistance and anti-aging properties,
and can be adapted to soils with different pH. Because there is a gap between the fibers,
geotextiles have good water permeability and filtration isolation function. The geotextile
is placed between the surface soil layer and the adjacent soil layer as a filter material,
which can effectively prevent the passage of soil particles, while the water and gas can be
discharged freely, reducing the damage to the soil environment. Geotextile coverings for
moisture conservation can reduce soil water evaporation, prevent the loss of soil nutrients,
and maintain soil nutrients [1,2]. Geotextiles can effectively prevent the water in the soil
from evaporating and improve the efficiency of water use in soil, especially in arid areas
or areas with scarce water resources [3–5]. Geotextiles can also reduce the erosion of soil
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by wind and rain, maintain the structural integrity of the soil, and prevent soil erosion
and slope landslides [6,7]. Geotextiles buried in soil can increase the friction within the
soil and improve the stability of buildings. Geotextiles can also be used as a reinforced
material with high tensile strength and low elongation, and have the characteristics of low
creep performance, good durability and high interfacial friction coefficient. In addition,
geotextiles can provide good soil retention, increase the fastness of plant roots, and further
strengthen the soil’s ability to resist erosion. In addition to the above applications in soil
and water moisture retention, geotextiles have also been used in various engineering fields.
In civil engineering, geotextiles can protect the stability and durability of engineering
structures. In railways and dams and other projects, geotextiles can be used to prevent
soil seepage and erosion and to prevent water intrusion into the soil that results in soil
loosening, settlement or damage [8]. In pavement engineering, the moisture maintenance
of geotextiles can maintain the soil moisture and stability, and extend the service life of
the project.

The most direct harm caused by water loss in soil is the cracking phenomenon in
some farmland, resulting in a decline in soil quality, reducing crop quality, yield and
agricultural harvests [9–11]. Extreme soil drought will threaten human survival. Water
loss from the soil further worsens the ecological environment. Water loss from soil leads to
the degradation of grassland vegetation, and the climate drought aggravates the process
of land desertification [12–14]. There has been a trend of soil water loss and damage for
many years in China, and droughts occur in all seasons, which is very unfavorable to the
ecological environment [15,16]. Long-term water loss can further degrade the soil and
even have the adverse effect of permanently reducing water retention in the soil of these
lands [17].

Climate change has a huge impact on soil structure, especially when soil water is lost
in large amounts during drought [18]. After the soil dries and loses water, the shrinkage
and separation of soil particles produce cracks, and the formation of cracks further increases
the soil water evaporation. Soil cracking can damage the integrity, strength and stability of
soils and cause geotechnical and geological environmental problems such as damage to
embankments and shallow foundation buildings [19]. If the soil cracks near the surface
of landfill and the impervious layer of waste isolation, the soil cracks greatly increase the
water conductivity and permeability, which leads to the risk of pollutants leaking and
environmental pollution [20,21]. Soil cracks will change the soil texture and pore structure,
and then change the soil’s internal flow channels and hydraulic properties [22–24]. The
cracking characteristics during evaporation are affected by the soil mineral composition
and the surrounding environment. Factors such as the clay content in soil, mineral compo-
sition, content, modifiers, texture and organic carbon all affect soil cracking [25,26]. The
alternations of dry and wet in the surrounding environment, vegetation growth, wind
speed, humidity and temperature are also environmental parameters that affect the drying
and cracking of soil [27,28].

Geotextiles are widely used in the filtration layer of modern municipal solid waste
landfill, highway maintenance and soil and water conservation in farmland [29,30]. Geotex-
tiles have excellent corrosion resistance, and acid and alkali resistance, which can resist the
erosion by a variety of chemical substances. Geotextiles have strong tensile ductility and
anti-ultraviolet, anti-aging ability. The capillary boundary and preferential flow formed by
geotextiles in the soil are used to protect and reduce the infiltration of rainwater into the
soil structure, so as to maintain the stability of the soil structure [31,32]. The application
of geotextiles to soil mainly has the function of leakage and drainage, isolation, filtration
and reinforcement. Geotextiles allow water to drain rapidly and flat along drainage chan-
nels inside the geotextiles. Geotextiles have high tensile resistance, tear resistance, good
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toughness and erosion resistance, and can separate two materials with greater permeability
than the geotextile itself so that they can play their respective roles. When the water flows
through the geotextile, the soil particles that can effectively stop the water flow maintain
the stability of soil and water engineering. When the geotextile is in the tension state, it
produces an effect similar to the lateral constraint pressure on the soil, which causes the soil
to have a higher shear strength and deformation modulus and increases the integrity and
stability of the soil as a whole. Even when shear failure occurs in the soil, geotextiles can be
attached to the soil surface to resist the emergence of soil shear surfaces, thus decreasing
the risk of geological hazards in the area.

For example, in water-stressed countries such as Israel, geotextiles are used to mulch
agricultural irrigation systems by covering the soil surface to reduce evaporation loss
of water, improve water retention, and extend irrigation cycles. In some vineyards in
California, geotextiles are used as soil surface coverings to slow water evaporation and
keep the soil moist, especially during the hot, dry summer months. This method helps
farmers save irrigation water and increases the stability of crop growth. In arid areas
of Australia, geotextiles are used to prevent soil erosion, especially in soil and water
conservation works in arid areas. Geotextiles can effectively stabilize the soil, reduce the
erosion of the topsoil by water flow, and prevent soil erosion. These application cases show
that geotextiles can effectively control water evaporation, reduce soil wind erosion and soil
erosion. Through the use of geotextiles, it is possible to achieve effective use of resources
and improve land productivity and ecological stability, especially in arid and semi-arid
areas. However, geotextiles with different densities affect the evaporation rate of water
from soil due to their varying water absorption. Geotextiles with different densities of the
same cover layer will affect the drying and cracking characteristics of soil by changing the
water evaporation from soil.

Therefore, the aim of this paper was to clarify the influence geotextiles of different
densities on soil water evaporation and cracking in order to assess their effectiveness for soil
and water conservation. On the basis of laboratory experiments, the influence of different
density geotextiles on soil water evaporation and cracking properties in arid areas, as well
as their mechanisms, were studied in detail.

2. Materials and Methods
2.1. Materials

The effects of different density geotextiles (Shengbin Geotechnical Materials Co., Ltd.,
Shijiazhuang, Hebei, China) on soil evaporation and cracking were investigated. In this
experiment, three nonwoven filament geotextiles of different densities were studied. The
geotextile fiber type was polyester fiber. This geotextile has good stabilization function,
and is often used for water retention in landscaping. The density of a geotextile its mass per
cubic meter, which can be calculated by a straightedge and an electronic balance. The den-
sities of the three geotextile samples were 200, 400, 600 g/m2, respectively. The geotextile
was placed on the reference plate, and a circular press-foot parallel to the reference plate
was used to apply a pressure of 400 cN to the sample; the press-foot area was 2000 mm2,
the compression time was 30 s, and the distance between the two plates was used as the
thickness measurement value of the geotextile sample. The pore sizes of different geotex-
tiles were measured using a movable fabric density mirror (a 5× magnifying glass with
a marker line). The thicknesses of the geotextile samples with three different densities of
200, 400 and 600 g/m2 were 1.7, 3.0 and 4.1 mm, respectively. The pore sizes of the 200, 400
and 600 g/m2 geotextile samples were 12.1, 10.2 and 8.7 mm, respectively. The breaking
strength, CBR bursting strength and tearing strength of the sample were measured by the
CMT-50 electronic strength testing machine. In the breaking strength test, the geotextile
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was cut into a sample of 200 mm × 140 mm, and the upper and lower ends of the sample
were protected by 200 mm × 20 mm kraft paper to avoid stress concentration causing
damage to the sample at the clamp. During the CBR bursting strength test, a geotextile
sample with a diameter of 150 mm was cut and fixed in the ring fixture with an inner
diameter of 200 mm. Then the cylindrical top press rod with a diameter of 50 mm was
vertically pushed towards the geotextile sample at a speed of 50 mm/min. The test was
stopped when the force dropped to 0 N. During the tearing strength test, each geotextile
sample of size 200 mm × 75 mm was cut with a 15 mm long incision in the middle, and
the tensile speed was set to 50 mm/min. Table 1 shows the corresponding parameters
of the geotextiles. Two geotextile samples with uniform texture were selected for each
of the three different weights to cut into a circle. Geotextiles of different densities were
placed in the middle of different groups of soil samples (silt 2 cm above the geotextile and
silt 2 cm below). The soil layer was levelled and treated before the geotextile was placed.
The soil was not compacted, and the H2025G electric mixer was used for stirring until the
mud slurry was stirred evenly and there were no bubbles. At this time, the soil layer was
maintained in a flat state.

Table 1. Corresponding parameters of geotextiles.

No. Densities
/g·m−2

Thickness
/mm

Pore
Size/mm

Breaking Strength
/kN·m−1

CBR Bursting Strength
/kN

Tearing Strength
/kN

A 200 1.7 12.1 6.5 0.9 0.16
B 400 3.0 10.2 12.5 2.1 0.33
C 600 4.1 8.7 19.0 3.2 0.46

The soil samples were taken from Hanzhong, Shaanxi Province, which is located in the
southwest of Shaanxi Province with a total area of 27,246 km2. Hanzhong is about 1200 km
away from the southeast sea, in the north of subtropical China, and has a warm temperate
continental monsoon climate. The climate in this region has obvious characteristics of a
monsoon climate, and the four seasons are more obvious than those in tropical areas. In
general, the spring and autumn are slightly shorter, while the winter and summer are
slightly longer. The winter is cold and dry, and the late spring to autumn is hot and rainy.
Extreme weather such as droughts, autumn rain and heavy rain often occur. The Hanzhong
Basin, hills and low mountainous areas have four distinct seasons. The average temperature
distribution in Hanzhong City is lower in the northern and southern mountains than in
the hills, and higher in the southern slopes of the Qinling Mountains than in the northern
slopes of the Bashan Mountains. The temperature of the hills is between 14.4 ◦C and
14.7 ◦C, and in the southern slopes of Qinling, it is lower than 12.0 ◦C, while the northern
slopes of Bashan have temperatures lower than 14.0 ◦C. The soil samples were taken 10 cm
below the surface. The corresponding properties of the soil are shown in Table 2. The grain
size distribution of soil is shown in Figure 1. According to the USCS soil classification, this
test soil is a high-plasticity clay (CH).

Table 2. Corresponding parameters of soil.

Bulk Density
/g·cm−3

Field Water
Capacity/%

Organic Matter
/g·kg−1

Soil Particle Gradation/%
0.05–2 mm 0.002–0.05 mm <0.002 mm

1.42 21.54 38.68 13.2 29.5 57.3
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Figure 1. Grain size distribution curve of soil.

2.2. Experiments
2.2.1. Test Process

In this study, soil was prepared into a muck state by adding suitable distilled water,
and then air-dried to a muck slurry with a saturation of 70%. The slurry was poured into a
round container, and the height of the silt was 4 cm. As shown in Figure 2a, geotextile A,
B and C (200, 400, 600 g/m2) of different densities were placed in the middle of different
groups of soil samples (silt 2 cm above the geotextile and silt 2 cm below). All the samples
were stored in a multifunctional climate simulation laboratory with a temperature of 20 ◦C.
Each experimental group included a set of parallel samples, that is, each sample was tested
twice. The p value and standard deviations in statistical analysis were calculated on SPSS
22.0 version. The multifunctional climate laboratory can simulate the actual soil evaporation
environment, allowing study of the cracks in the process of soil sample shrinkage in real
time. At the same time, the weight change of the sample was monitored in real time. Table 3
shows the experimental variables and experimental conditions.
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Table 3. Experimental variables and experimental conditions.

Experimental Conditions Parameter

Geotextile densities/g·m−2 200, 400, 600
Soil type Clayey soil

Soil depth 10 cm
Soil preparation methods leveled

Water content measurement techniques Gravimetric
Crack analysis methods Box-counting

2.2.2. Parameter Calculation

The weight of each sample was measured at 4 h intervals by an electronic balance test.
The evaporation rate (Ev) and water content (w) were calculated based on the change in
sample weight. The evaporation rate and water content of the sample is as follows:

Ev =
∆m

t
(1)

w =
m0 − ∆m

md
(2)

where t is evaporation time, ∆m is the difference in the sample weight, m0 is the initial
water weight, and md is the dry soil weight.

A digital camera was used at a distance of 20 cm from the sample to take images
at specific time intervals to observe crack development. The image processing process
is shown in Figure 2b. The cracks were recognized based on the color contrast between
cracked and non-cracked areas of the soil sample surface. The crack analysis and calculation
were all performed by the box-counting method. The crack rate and fractal dimension (FD)
were used to describe the crack evolution. The crack rate is the percentage of the crack area
divided by the sample total surface area. The crack rate (CD) can be calculated according to
the dark pixels in the crack region as:

CD =
ND

NT
(3)

where ND is the area of dark pixels and NT is the total area of pixels.
In nature and human activities, irregular shapes of complex materials are common,

such as winding rivers and rolling mountains, and these have fractal characteristics. Fractal
features refer to the fact that things have self-similarity, that is, they are globally and locally
similar objects. At present, fractals describe the irregular phenomenon that things have
certain rules. These phenomena with fractal characteristics exist in many areas, and it is
difficult to describe them with traditional geometric knowledge. Traditional Euclidean
geometry and topological geometry have difficulty describing them. In order to better
describe this kind of matter, fractal theory came into being. Therefore, fractal theory has
been developed in various fields, such as mathematics, materials science and geology. With
the development of science, fractal theory has been introduced into various disciplines
to reveal the deep laws of complex phenomena in nature. Among them, quantitative
parameters such as FD can be used to quantitatively study the complex structure of things.
In geology, fractal theory is mainly applied to the complexity of geological structures. In
recent years, the study of fractal theory in China and globally is still in the initial stages.
In this study, FD is used to study the characteristics of soil cracking. To further quantify
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cracks, FD are used. The box counting dimension (D) is used to quantify the FD. The box
count size is defined as:

D = lim
r→0

log N(r)
log(1/r)

(4)

where N(r) is the number of boxes containing the crack, and r is the box side length.
According to the calculation, the number of grid cells of cracks for geotextile soils of

different densities is shown in Table 4. The corresponding FD can be calculated according
to the logarithmic relationship between grid cell size and number of grid cells.

Table 4. The number of grid cells in the samples of cracking for geotextile soils of different densities.

Grid Cell Size 1 2 3 4 5 6

Number of grid cells (No geotextile) 908,027 237,557 109,566 63,577 41,856 29,746

Number of grid cells (Geotextile Density = 200 g/m2) 871,336 234,507 110,586 65,420 43,723 31,671

Number of grid cells (Geotextile Density = 400 g/m2) 568,246 152,189 71,067 41,783 27,674 19,861

Number of grid cells (Geotextile Density = 600 g/m2) 157,238 42,267 19,844 11,766 7915 5714

3. Results
3.1. Influence of Geotextiles on Soil Water Evaporation

The change in water loss processes of geotextile soils with different densities over time
is shown in Figure 3. The water loss rate of samples with different densities of geotextiles
showed disparate stage trends. With or without the addition of geotextiles, the water loss
rate of samples showed a step-like decreasing trend over time. As shown in Figure 3a,
under ideal conditions, water evaporation in normal soil shows three stages. 0~96 h is
the constant rate stage, 96~352 h is the deceleration stage, and 352~460 h is the residual
stage. The average evaporation rate of normal soil (Figure 3a) in the constant rate stage
is 0.306 g/h, and in the deceleration stage it is 0.142 g/h, while the average evaporation
rate in the residual stage is 0.010 g/h. After the addition of geotextiles (Figure 3b–d), the
slope of the deceleration stage of normal soil evaporation obviously decreased three times,
and the evaporation rate of the soil water decreased significantly. The evaporation rate
of a geotextile soil during the whole process can be described in five stages: “constant
loss stage, rapid deceleration stage, secondary deceleration stage, tertiary deceleration
stage and residual loss stage. The different evaporation stages are defined by the slope
change of the soil evaporation rate. The slope of the initial evaporation rate of the soil is 0,
and the uniform evaporation in this stage is a constant loss stage. Then, the evaporation
rate decreases during the rapid deceleration, second deceleration and tertiary deceleration
stages, and the last stage of evaporation is the residual loss stage. The average evaporation
rate for each stage is the average of the evaporation rates for all data points in that stage.
The combined stages of rapid deceleration, secondary deceleration and tertiary deceleration
of water evaporation in the geotextile soil can also be called the deceleration stage. The
water content of soil gradually decreases to the residual state, and the sample water content
tends to be basically unchanged.

Figure 4 shows that for higher densities of geotextiles, the rate of water loss in each
stage of the soil sample gradually decreased. When the density of the geotextile was 200,
400 and 600 g/m2, the average evaporation rate of soil in the deceleration stage (rapid
deceleration stage, secondary deceleration stage and tertiary deceleration stage) was 0.127,
0.095 and 0.094 g/h, respectively. When the geotextile density was 0, 200, 400 and 600 g/m2,
the deceleration stage accounted for 55.7%, 64.3%, 70.4% and 74.8% of the total evaporation
time of water in the soil, respectively. After the soil deceleration stage, the water content
in the soil was 5.88%, 7.03%, 11.45% and 17.16%, respectively. When the soil deceleration
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stage was over, the water continued to decline, entering the residual loss stage. When
the geotextile density was 200, 400 and 600 g/m2 (Figure 5), the average residual water
content descended by 34.8%, 127.1% and 247.0%, respectively, compared with soils without
geotextiles. With increasing geotextile density, the water retention of soil becomes better,
and a high-density geotextile is beneficial for the water retention of soil.
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3.2. Influence of Geotextiles on Soil Cracking

As shown in Figure 6, the crack propagation patterns of geotextiles with different
densities were similar. With the loss of water from the soil, the soil gradually began to
produce a main fracture. In the sample without geotextiles, the main fracture began to
expand from a position near the center of the sample. After the addition of geotextiles,
the main fracture was mainly produced in the periphery. Then, with the further loss of
water, secondary fractures began to gradually expand around the main fracture. When the
density of the geotextile was 200 g/m2, in samples without geotextiles, secondary cracks
penetrated through the central surface of the sample. However, when the density of the
geotextile was 400 and 600 g/m2, the cracks on the surface of the soil sample were largely
reduced, and the cracks mainly developed around the sample, but did not penetrate the
central surface. With an increase in the density of geotextiles, the water content of initial
cracks in the soil samples decreased gradually, and the shape of soil cracks became simpler.
When the geotextile density was 0, 200, 400 and 600 g/m2, the initial crack moisture content
was 39.9%, 36.9%, 29.5% and 29.3%, respectively.
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As shown in Figure 7, with the extension of water loss time, the crack development
trend in soil samples with different density geotextiles was similar, and the crack rate of
the soil gradually increases with the drying time. With water evaporation from the soil,
the water content decreased gradually, and the propagation speed of soil cracks gradually
slowed down. With increases in the density of the geotextile, the crack rate of the soil
decreased. When the geotextile density was 200, 400 and 600 g/m2, the crack rate was
reduced by 11.11%, 27.78% and 44.44%, respectively. Figure 8 shows that the FD of soil
gradually increases with time. Increasing the density of the geotextile can decrease the
soil cracks FD. When the geotextile density was 200, 400 and 600 g/m2, the crack FD was
reduced by 7.88%, 12.12% and 18.39%, respectively. This shows that the randomness and
complexity of cracks can be decreased with increases in geotextile density. At the same
time, it indicates that water evaporation can cause soil cracking, and the better the water
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retention of the soil, the lower the initial crack water content, crack growth rate, final
crack rate, disorder and complexity. The standard deviation of all the data is less than 0.5,
which meets the data error requirement. The p value of water content and crack rate, water
content and crack FD of geotextile soils with different densities is 0, which indicates that
the relationship between water content and crack rate and the relationship between water
content and crack FD are statistically significant.
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Figure 7. Changes in soil crack average crack rate with different geotextile densities over time.
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Figure 8. Changes in soil crack average FD with different geotextile densities over time.

4. Discussion
As shown in Figure 9, increasing the density of geotextiles can significantly increase

the water retention of samples and reduce the crack rate and FD. With the increase in
geotextile density, the fiber interleaving points and pore space of the geotextile itself also
increase, improving the water storage capacity of soil geotextile and thus improving the
water retention of the soil. At the same time, geotextiles can form a more compact covering
layer and decrease the soil evaporation rate. The greater the density of the geotextile, the
better the evaporation inhibition effect of the geotextile cover. The better the water retention
of the soil, the better its cracking resistance. With increases in the density of the geotextiles,
the crack rate and FD both decrease. With the increase in geotextile density from 200, 400 to
600 g/m2, the crack rate of the soil decreased by 11.1%, 27.8% and 44.4%, respectively. The
FD of soil decreased by 7.9%, 12.1% and 18.4%, respectively. The R of the geotextile density
and crack rate is −0.996, and the significance p value is 0.04. The R of geotextile density and
FD is −0.994, and the significance p value is 0.06. In the geotextile–soil combination, the
geotextiles closely interact with the soil, forming interface friction. The greater the density
of geotextile, the greater the breaking strength, CBR bursting strength and tearing strength
of the geotextile (Table 1), and the greater the friction and tensile strength formed by the
soil–geotextile interface, which ultimately produces the reduction in soil crack rate and FD.
The interaction structure of the soil–geotextile combination can raise the water retention of
soil, and reduce the crack size, disorder and complexity of soil shrinkage cracking.

As can be seen in Figure 6, when the geotextile density is 200 g/m2, secondary
fractures of the sample run through the central surface of the sample. When the density of
the geotextile is 400 and 600 g/m2, the cracks on the surface of soil sample are reduced in
a large area, and the cracks mainly develop around the surface, but do not penetrate the
central surface. This is because under the action of water (Figure 10), a certain thickness
of overhead layer composed of coarse soil particles forms above the soil layer. The fine
particles of soil move through the overhead layer to the geotextile, and eventually form
a fine-particle soil layer, and restrict the movement of adjacent soil particles. The higher
the density of the geotextile, the more effective it is at preventing the movement of the
fine-particle layer, and correspondingly, the thicker the fine particles formed above the
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geotextile. The higher the density of the geotextile, the thicker the fine particles deposited
above it, the better the water retention of the soil, the lower the crack rate, and the simpler
the crack shape.
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To further investigate the results of this study on the effects of different density
geotextiles on the evaporative cracking characteristics of soil, we applied them in the field
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for a large area test. The results of the field tests are consistent with those of the laboratory
tests, both showing that the higher the density of the geotextile, the better the water
retention and the less the cracking degree of the soil. High-density geotextiles can reduce
soil water evaporation and prevent soil cracking, and maintain soil structure and water
balance by limiting the formation of surface cracks. However, their performance is affected
by climate, soil type and other factors, and the performance is different [3]. In arid areas,
the soil water evaporation rate is high and water loss is serious. Geotextiles can reduce the
evaporation loss of water, can keep the soil moist to a certain extent, reduce soil cracking,
and improve the water use efficiency of crops [3]. At extreme temperatures, however,
geotextiles may lose some of their effectiveness through thermal expansion or aging [33]. In
temperate climates, the evaporation rate of soil water is relatively low and the precipitation
is moderate [34]. In this environment, the effect of geotextiles may not be as obvious as
in dry climates, but they can still effectively protect the soil from excessive water loss,
especially during winter soil freezing or summer drought [3]. However, in temperate zones,
where precipitation is relatively high, geotextiles may reduce water penetration and cause
groundwater levels to rise, thereby affecting soil permeability and root growth [35]. Soil
type also has a significant influence on reducing evaporation and cracking of geotextiles,
mainly reflected in soil permeability, particle distribution and stability [36]. Geotextiles
in this sand can effectively prevent water evaporation, and by reducing water loss, keep
the soil moist and reduce soil cracking. However, due to the strong drainage of sand,
geotextiles may not be in good contact with the soil, which may lead to water accumulation,
thus affecting groundwater flow. Clay soil has a strong water retention ability, but it easily
forms surface crusts and cracks [36]. In this type of soil, the role of geotextiles is mainly
to reduce water loss and prevent excessive water penetration to avoid water loss due to
surface cracks. However, clay tends to adhere to geotextiles, which can lead to breakage or
reduced permeability of the fabric.

In practical applications, although the use of geotextiles has significant advantages, it
also faces some practical challenges, which need to be fully considered in the application
process. The high cost of geotextiles, especially in large area applications, may become
a factor restricting their widespread use. For areas with limited economic conditions or
small-scale farms, the high cost of geotextiles may not make them economically viable. At
the same time, long-term exposure to sunlight, weathering, rain and other environmental
factors may result in geotextiles aging, degrading or suffering damage [33]. Especially in
areas with strong ultraviolet light, the strength and durability of geotextiles will decrease
with the passing of time, which may affect their long-term effectiveness [33]. During the
installation of geotextiles, some practical difficulties may be encountered. For example, the
laying and fixing of geotextiles becomes more difficult in complex terrain and in areas with
uneven soil or harsh climate conditions. If the installation process is not handled properly,
the geotextile may produce wrinkles or damage effects. The interaction of geotextiles
with soil can also be a challenge, especially in areas where the soil structure is unstable
or variable. Soil particles may penetrate into the geotextile, affecting the permeability of
the fabric, resulting in a decline in long-term use. In general, geotextiles have significant
advantages in reducing soil evaporation and preventing cracking, especially in arid areas
and sandy soils. However, differences in actual effects under different climate and soil
conditions need to be noted during use, while issues such as cost, degradation, installation
and soil interactions need to be addressed in practical applications. By fully considering
these factors, the use of geotextiles can be maximized and their actual value in agricultural
irrigation, soil protection and ecological restoration can be enhanced.

Geotextiles are usually made of synthetic fibers, which degrade with difficulty in the
natural environment and may persist in the soil for a long time [33]. Although geotextiles
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can be degraded under certain conditions (such as high temperature, ultraviolet irradiation,
etc.), the degradation rate is slow, and harmful substances such as additives and plastic
particles may be released during the degradation process, which may have a negative
impact on the environment [33]. At present, the recycling and reuse of geotextiles remains
a challenge. Due to the diversity of materials and the complexity of the environment in
which they are used, the recycling rate of geotextiles is relatively low, and many traditional
disposal methods may have adverse effects on the environment. Many used geotextiles
end up in landfills, but they take up a lot of landfill space, and the decomposition process
in landfills is slow. Some geotextiles can also be reused through mechanical recycling or
chemical treatment, but the recycling process involves high energy consumption and high
costs. The concept of green design can be promoted in the later stages of development,
and their lasting impact on the environment can be effectively reduced by using bio-based,
degradable materials to make geotextiles more environmentally friendly.

5. Conclusions
(1) As the density of geotextiles increases, the length of the moisture deceleration stage

increases. When the geotextile density was 0, 200, 400 and 600 g/m2, the deceleration
stage accounted for 55.7%, 64.3%, 70.4% and 74.8%, respectively, of the total evaporation
time of water in the soil. With increasing geotextiles, the evaporation rate is characterized
by five stages (constant loss stage, rapid deceleration stage, secondary deceleration stage,
tertiary deceleration stage and residual loss stage), which differs from the pattern seen in
normal soil.

(2) When the geotextile density was 200, 400 and 600 g/m2, the average residual water
content of samples increased by 34.8%, 127.1% and 247.0%, respectively, compared with
the soil without geotextiles. When the geotextile density was 200, 400 and 600 g/m2, the
crack rate was reduced by 11.11%, 27.78% and 44.44%, respectively. The FD of cracks
decreased with the increase in geotextile density. When the geotextile density was 200, 400
and 600 g/m2, the crack FD was reduced by 7.88%, 12.12% and 18.39%, respectively.

(3) Geotextiles themselves can provide fiber interleaving points and pore space, im-
prove the water storage capacity of soil–geotextile combination, and thus improve the water
retention capacity of soil. At the same time, geotextiles also form a relatively tight covering
layer, reducing the evaporation rate of water on the soil surface. High-density geotextiles
will form an overhead layer composed of coarse soil particles of a certain thickness above
the soil layer, and the fine particles of soil will move to the geotextile layer through the
overhead layer and eventually form a fine soil layer. This restricts the movement of adjacent
soil particles, enhancing the water retention and crack resistance of the soil. The tensile
strength of the geotextile itself also enhances the cracking resistance of the soil.
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