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ABSTRACT

Loess is a sedimentary deposit composed largely of silt-size grains that are loosely cemented by different materials. . Therefore, this
study was conducted with the purpose of applying bentonite, lime, cyanobacteria, zeolite and red clay in stabilization of loess soils.
These treatments were mixed in a laboratory flume with dimensions of 300 x 75 x 75 cm and were exposed to the runoff by mixing
specific percentages (10% bentonite, 10% lime, 10% zeolite, 100gr per square meter cyanobacteria) with the regional soil. To
investigate the erosion reduction treatments, the mean weight diameter (MWD), geometric mean diameter of soil (GMD) and the
sediment content of erosion were used. The results showed that lime treatment had the greatest effect on two parameters of soil
include MWD and GMD compared to other treatments. Also, the cyanobacteria and red clay had no significant effect on the soil
MWD compared to control treatment. Therefore, lime treatment with three times increase, had the greatest effect on soil MWD. After
that, bentonite and zeolite increased the mean weight diameter of soil by 2.1 and 1.5 times, respectively, compared to the control
treatment. Lime found to increase the consistency and stability of the soil, while I being cheap and easily available and can be used
on a large scale. Therefore, lime was introduced as the most effective treatment that can create a good connection between this
sensitive soil particles and decrease considerably soil erosion as well as dust with their fixation that is an important challenge in the
study area.
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1. Introduction depth of wetting, the content of potential settlement of
subsoil and the sensitivity of structure to settlement
(Pawlak, 1998). Reducing the risk of damage during
construction is always cheaper than the future repairs,
and this phenomenon should be tackled. On the other
hand, the possibility of soil improvement for projects
depends on the site conditions, structure specifications,
operational considerations, economic status and the level
of risk-taking (Houston et al., 2001). There are various
methods to improve the structure of loess soils, which

. Lf?ess ldepo'sllts lm the ddry' regions ar'ld Cal?se include: saturating these soils, dynamic compaction,
significantly soil volume reduction O,r compaction W 'en injection and stabilization them as well as control water
saturated. The settlement of these soils due to saturation surface (Akbari Gorgani, 2013).

leads to decrease in the carrying capacity of soils in arid
and semi-arid regions. These soils are scattered in the
north-east part of Iran (Management and Planning
Organization of Iran, 2003). If the moisture content of
these soils increases, their structure collapses and in

A loess is a clastic, predominantly silt-sized sediment
that is formed by the accumulation of wind-blown dust
(Frechen, 2011). Ten percent of Earth's surface is
covered by loess (Vasiljevic et al., 2011). Therefore, the
investigation of loess soils is so important with regard to
the expansion of these soils, the design of dams,
irrigation canals, development of urbanization and water
and sewage (Derbyshire, 2001).

One way of stabilizing the fine-grained soils like
loess is amending it with bentonite, and with this method,
the plasticity index of the soil increases. Bentonite is a
clay mineral of the montmorillonite family with

. . . : expansion properties that is formed by the weathering of
addition to reducing th? bearing capacity, they have a volcanic ash (Gueddouda et al., 2008). The structural
great settlement. The high settlement and reduction of

bearing capacity can cause problems for dam foundations
as well as structures (Iranian National Committee for
Large Dams, 2014). In order to predict settlement several
factors should be considered, such as the handling of the
sample, the content of initial moisture, the extent and

units of this clay include two tetrahedral sheets of silica,
which cover an octahedral sheet of alumina. Bentonite,
due to its unique properties, can be useful in increasing
the plasticity index of soils. In the research conducted by
Gueddouda et al., (2008), the effect of using seven
different types of bentonites on the permeability
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characteristics of five soils with different grain sizes was
investigated. They concluded that the use of 15%
bentonite mixed with 85% sand has increased the
stability of soil region.

Mishra et al., (2010) evaluated the effect of physical
and chemical properties of bentonite, including liquid
limit, expansion and sodium exchangeable percentage on
soil consolidation parameters (t, CC, CV). They
concluded that the use of 10% bentonite has increased
soil stability.

The second way for rehabilitating these soils is to
combine them with chemical agents such as lime. This
factor is usually potential receptors that effectively
connect soil compounds. Therefore, with addition of
lime, soil characteristics such as particle size distribution
is improved and the excessive contraction and expansion
of the soil is controlled (Ajayi, 2012). Also, lime is added
to soil in certain percentages as a common and cheap
technique to improve the soil characteristics (Farooq et

al., 2011).
The 3th solution is to wuse a green and
environmentally biological ammendments

(cyanobacteria) (DeJong et al., 2010). In recent years,
autotroph species are used to stabilize the silty and sandy
soils. For example, different species of Cyanobacteria
has been considered due to grow in harsh environmental
conditions in terms of temperature and precipitation.
Cyanobacteria cause atmospheric carbon deposition
through photosynthesis and most of this deposited carbon
is added to the soil as extracellular metabolites
(polysaccharides). Extracellular polysaccharides increase
the stability of soils and their resistance to water and
wind erosion with connecting soil particles to each other
(Mager, 2010).

Chamizo et al., (2012) reported that the presence of
cyanobacteria and lichens have increased the stability of
the soil surface in the desert areas of Spain.

The 4th recommending ammendment is zeolite, as of
the most common mineral materials to improve the
physical characteristics of soils, especially increases the
water storage capacity of soil. Zeolite is an alkaline
aluminosilicate which made of a wide three-dimensional
network of AlO4! and SiO4? tetragons that are connected
each other with sharing the oxygen atoms (Kazemian,
2004), with connected channels and cavities. These
spaces are occupied by cations and water molecules, with
the ability to move, anion exchange and reversible
dehydration (Mumpton, 1999).

The 5th solution is to use red clay to increase the
stability of soil particles. Red clay has a good plasticity,
it exists near the river and can be used without any
special operations. Red clay has a large amount of iron
oxides (Wei, 2019), which plays a curtail role in
increasing the adhesion of soil particles, especially in

1. Aluminium oxide
2. silicon-oxygen tetrahedron

light textured soils. Therefore, this study was conducted
with the aim of stabilizing loess soils and reducing their
erosion by using bentonite, lime, cyanobacteria, zeolite
and red clay.

2. Materials and Methods
2.1. Description of the study area

A loess is a silt-sized sediment that is formed by the
accumulation of wind-blown dust.!! Ten percent of
Earth's land area is covered by loesses or similar deposits
(Khormali and Kehl, 2011).

The loess soils of Golestan province are located in the
geographical region among the Gonbad-Dashli-Brun
from the east to Kalaleh-Maraveh-Tepeh from the west,
the Kope-dagh Mountains in the north and Gorganrud in
the south. These soils are attributed to the early
Pleistocene period that identified for the first time in the
north part of Iran by Khormali and Kehl, (2011).

2.2. Soil sampling and analysis

Loess soil was sampled from Maraveh-Tepeh of
Golestan province with a latitude of 37° 28” N and a
longitude of 54°42” E. In the laboratory, a metal box
with dimensions of 300 x 75 x 75 cm was used to
produce artificial runoff (Figure 1). The box part of this
flume was filled with treated soils in specified
percentages and then it was placed against the artificial
runoff produced by this device with certain and constant
intensities for all treatments. Also, we had six treatments
(bentonite, lime, zeolite and red clay, cyanobacteria and
control) that mixed with loess soil to evaluate the soil
resistance to erosion specially water erosion. In all stages
of this experiment, the slope of the flume was 30 degrees
and the flow of water entering the device was 5 liters per
minute.

2.3. Treatments:

- Bentonite, lime and zeolite each with 10% content and
red clay with 20% content was mixed with loess.

- Cyanobacteria (Nostoc sp.) was collected from Inche
Barun region of Golestan province (Figure 1) and placed
on soil surface inside the box and after three weeks (100
g was of the samples used per square meter). The content
of sediment and soil resistance were measured under
these biological and mineral treatments.

2.4. Control with no treatment

In each experiment, samples were taken from the runoff
containing sediment at specific time intervals using a
stopwatch and collection containers. The duration of each
experiment varied between 30 and 120 minutes,
depending on the time required to reach the steady state.
Runoff samples containing sediment were collected in
specific containers and weighed after drying for
comparison and statistical analysis.

14



Investigating the methods of increasing the resistance of ...

T5cm

30em [gH En]

Figure. 1. Laboratory flume and the cyanobacteria applied to the soil.

2.5.pH and EC

The pH of the soil was determined using a digital pH
meter (model PH700 Benchtop pH Meter). Soil EC was
determined for an aqueous extract of soil using an EC
meter (Hanna Instruments, Model HI5321-02).

2.6. CEC, Na (exchange), OC and SAR

Cation exchange capacity (CEC) was calculated by
Bower's method (Rhoados, 1982), Organic carbon (OC)
by Walkley and Black's method (Nelson and Sommers,
1982), Exchangeable sodium by Acetate-ammonium (one
normal at pH=7) (Lavkulich, 1981) and sodium
absorption ratio (SAR) of soil was also calculated using
the following formula:

Exchangable sodium

\/Ca+Mg
2

SAR = (1]

15

2.7. Bulk density

Bulk density was found with (Methyl Ethyl Ketone)
solution method (Stewart et al., 2012).

2.8. Soil mean-weight diameter

The stability of soil grains was determined using the soil
mean-weight diameter of soil grains (MWD) method
(Franzluebbers, 2022).

2.9. Soil geometric mean diameter

Soil geometric mean diameter of soil grains was
determined using the Francisco et al., (2021) method.
2.10. Soil texture

The soil texture was determined by the hydrometric
method after the oxidation of organic matter with hot
H,0,* (Gangwar and Baskar, 2019).

3. Hydrogen peroxide
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Figure. 2. Effect of study treatments on soil pH Columns tapped with, similar letters are not significantly different (p<0.05).

Table 1. Physical and chemical characteristics of the studied

soil
Parameter Unit Amount
EC* dSm™! 4.1
pH" - 7.1
Na (exchange) (meq100g™! soil) 26.4
SAR* (meq/L) 20.87
CEC” (cmol (Mkg™) 10.52
oc* (gkg™! soil) 1.05
Bulk density (gem™) 1.39
Soil texture - Silty clay
Clay gkg! 470
Silt gkg! 4750
Sand gkg! 550

*EC: Electrical conductivity, * pH: Potential of hydrogen, SAR:
Sodium adsorption ratio, CEC: Cation exchange capacity, OC: Organic
carbon

2.11. Statistical analysis

Duncan's multiple range test was used for post hoc
comparisons. Multiple regression models were employed
to establish the relationship between different mineral
and biological treatments with soil attributes. Significant
differences were reported at p<0.05.

3. Result and Discussion

The results related to the physical and chemical attributes
of the studied soil are presented in Table 1.

3.1 The effect of study treatments on soil pH

The results of the effect of study treatments (bentonite,
lime, zeolite and red clay, cyanobacteria and control) on

soil pH values are shown in Figure 2. The pH values are
the average of three replicates. According on Figure 2, no
significant difference was observed among the pH values
under the influence of different mineral and biological
treatments at p<0.05.

3.2. The effect of study treatments on soil EC Red clay

The soil EC values under the influence of different
treatments are shown in Figure 3. Like pH, no significant
difference was observed among the soil EC values under
the influence of different treatments at p<0.05.

3.3. The effect of study treatments on soil mean
weight diameter (MWD)

A comparison of the effect of different treatments on soil
mean weight diameter is shown in Figure 4. A significant
difference at the 5% probability level was observed
among MWD values under the influence of mineral
(bentonite, lime, zeolite and red clay), biological
(cyanobacteria) and control treatments. Also, the highest
content of MWD was related to lime treatment that has
penetrated among soil particles and increased the
adhesion of them. However, there was no significant
difference between red clay, cyanobacteria and control
treatments.

3.4. The effect of study treatments on soil geometric
mean diameter (GMD)

Like mean weight diameter, the highest content of GMD
of soil was observed in the soil mixed with lime
treatment (Figure 5). Also, there was a significant
difference among the GMD values under lime, zeolite,
bentonite and cyanobacteria treatments at p<0.05.
However, no significant difference was observed
between clay and control treatments.
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Figure. 3. Effect of study treatments on soil electrical conductivity (EC), Columns tapped with similar letters are not significantly
different (p<0.05).
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Figure. 4. Effect of study treatments on soil MWD. Soils tapped with different letters indicate significant differences (p<0.05).
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Figure. 5. Effect of study treatments on soil GMD. Bars tapped with different letters indicate significant differences (p<0.05).
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Figure. 6. Effect of study treatments on weight of sediments collected from the runoff. Bars tapped with different letters indicate
significant differences (p<0.05).

3.5. The effect of study treatments on weight of
sediment resulting from runoff

The effect of study treatments on weight of sediments
collected from runoff is shown in Figure 6. Like other
measured parameters, the lime treatment had the greatest
effect in reducing the content of sediment from the runoff
with a 30% reduction compared to the control treatment.
Bentonite, cyanobacteria and zeolite decreased the
content of sediment from runoff by 20, §, 10 and 15,
respectively. Also, the treatment of red clay by
infiltrating the fine pores of the soil causes them to be
blocked and by reducing the content of water infiltration,
it has increased the sedimentation by 4 percent (Figure 6).

The results showed that lime treatment had the
greatest effect on two parameters of soil include MWD
and GMD compared to other treatments. Also, the
cyanobacteria had no significant effect on the soil MWD
compared to control treatment. On the other hand, lime
treatment with three times increase, had the greatest
effect on soil MWD. After that, bentonite and zeolite
increased the mean weight diameter of soil by 2.1 and 1.5
times, respectively, compared to the control treatment.
Red clay like cyanobacteria had no significant effect on
the MWD of soil. In past studies, the polysaccharide
produced by cyanobacteria has caused the adhesion of
soil particles and increased the resistance of soil grains as
well as increased the MWD content of soils, which was
in contrast with the results of this research. It seems that
the method of sampling and the use of cyanobacteria
treatment is the main reason for this difference. In
research of Makubela et al., (2012), the native and
selected strain of cyanobacteria was transferred as a
solution on soil surface and physical properties analyzed
from a depth of 5 mm - which has the most contact with
runoff.

Lime can increase the stability of soil in different ways.
For example, lime reduces the air pressure in soil by the
absorption and capillarity and also increases the swelling
of soil as well as the mobility of exchangeable ions in
soil (Khazaei et al., 2008). Also, lime acts as a bridge
among soil components and increases the stability of soil
grains (Khazaei et al., 2008).

Saedi et al., (2016) with investigating the effect of
organic matter, clay, silt and lime content on water
erosion in different slops showed that the lime treatment
increased soil MWD.

Zeolite and bentonite are 2 to 1 clays that have a large
interlayer space and ability to absorb a lot of water in
their interlayer spaces. With increasing the amount of
clay in soil, the water holding power in soil increases and
the soil grains become more stable. Feizi et al., (2019)
reported that bentonite improves the stability and
formation of soil grains. Also, Amirahmadi et al., (2022)
reported that the use of zeolite in the application rate of 5
grams per kilogram of soil increased the MWD of soil
and soil stability to the runoff. Although the large amount
of zeolite in the soil due to the coarse size of its
components causes the destruction of structure,
dispersion of particles and increases the water waste,
which is probably the bentonite has been able to perform
better than the zeolite treatment in the stability of soil
(Amirahmadi et al., 2022).

Red clay has a very soft texture and it is easily
dispersed in water. Also, by penetrating through the soil
particles, it prevented the adhesion of them or by closing
the pores, it increased the runoff. Therefore, the MWD
and GMD of soil was the lowest, but it was not
significantly different with the control treatment. Also,
the results showed that the significant difference between
the treatment of cyanobacteria and red clay was only in
the GMD of soil
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The cyanobacteria that has settled on the soil surface,
prevented the direct contact of water with soil particles
and reduced the sediment of runoff which was consistent
with the results of Jafarpour et al. 2022. However, the
time of establishment of cyanobacteria was not enough to
cover the entire soil surface and it has not been able to
show the maximum efficiency as other treatments.

4. Conclusion

According to the results, lime treatment was the most
efficient treatment in erosion control. After lime,
bentonite was the most effective treatment to control
water erosion. Also, the results showed that bentonite
was almost two times more effective than the zeolite in
controlling water erosion. In the red clay treatment, the
percentage of sediment reduction compared to the control
treatment was negative so that cannot be used to compare
with other treatments. However, the red clay had the least
effect on erosion control and, as mentioned, increased the
sediments produced by the runoff. On the other hand, due
to the chemical reaction with water, lime is placed
between the soil particles and reacts with them therefore,
causes the soil particles connected to each other strongly.
Also, this material is cheap and can be used in large scale
to prevent soil erosion. Therefore, lime was the most
effective treatment in this study.
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