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Abstract: Reduction of soil characteristics, degradation due to water and wind erosion is a global 
problem of our time. Degradation of soil from moderate to severe affects almost 2 billion hectares 
of arable and pasture lands. One of the ways to improve soil characteristics, increase the stability 
of soil aggregates, fixing mobile sands,  stabilize clays is to treat them with polymer materials. 
This review is aimed at studying the erosive destruction of soil and methods of treatment with 
polymer materials and their impact on the stability of aggregates, runoff and infiltration indicators 
of the soil system. Polyacrylamide polymers, etc. were analyzed as a structure-forming agent, the 
behavior of polymer macromolecules in the polymer during stabilization and structure formation. 
Comparative characteristics of stabilization under the influence of bio- and synthetic polymer 
solutions are highlighted. It is shown that the synergetic improvement of soil characteristics from 
the treatment of a mixture of polymers compared to individual polymers. 
Keywords: polymers, structure–forming agents, stabilization, aggregates, degradation, water-
soluble polymers, soil water-strong aggregates 
 
Introduction. Soil is a dispersed system, a fertile layer of the earth. The top layer of soil is 
considered to be the most fertile, where basically all physical and chemical processes take place. 
The upper layer is the most suitable place for the development of plants, various crops, because it 
is here that the main amounts of minerals, humus, etc. are concentrated. Soil erosion is a natural 
phenomenon: it has been occurring for thousands of years as part of geological processes and 
climate change. As is known, the modern anthropogenic load has led to the inability of the natural 
self-regulation of the biosphere. As a result, there is a rapid increase in the processes of soil 
degradation, a sharp decrease in their fertility. However, erosion has now become more serious: 
on a global scale, soil degradation from moderate to severe affects almost 2 billion hectares of 
arable and pasture lands. More than 55 percent of this damage is caused by water erosion and 
almost 33% by wind erosion. Over the past year, soil erosion has covered more than 5.8 million 
hectares of land [1]. 
The ecological problem associated with the reduction of vegetation cover, as well as agricultural 
production for its development, imposes certain requirements for increasing the potential and 
effective fertility of the soil. Scientific research is looking for solutions to reduce erosion, which 
poses a threat in the form of reduced stability [2, 3]. Practical agriculture needs developments on 
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adaptive regulation of soil fertility and maintenance of geochemical, hydrological and erosion 
cycles in a stable state [4]. In this regard, it became necessary to substantiate theoretical provisions 
and practical approaches to the rational development of methods for increasing soil fertility, 
increasing agricultural productivity in arid, semi-arid zones and in areas with increased 
precipitation. 
The structural stability of the soil is one of the main criteria against the erosion destruction of the 
earth layer. It is known that phytomelioration (mobile sands, arid regions), the formation of a 
surface crust with the help of various natural and chemical additives improves the stability of 
aggregates [5, 6]. 
Soil degradation under the influence of various factors leads to loss of its productivity. Heavy 
metal pollution processes contribute to the degradation of soil suitable for plants: iron, manganese, 
copper, zinc, lead, cadmium, chromium, cobalt, nickel [7,8]. Soil protection measures are aimed 
at improving the soil structure, increasing the amount of water-bearing aggregates, the density of 
microorganisms, trace elements and organic carbon in the soil. Therefore, by preserving these 
characteristics, it is possible to improve or preserve the original characteristics of fertile land. At 
the same time, the quality and structure of the soil is closely related to the environment, since soil 
degradation is an indirect indicator of problems associated with water and air pollution by dust. 
Soil water-strong aggregates (WSA)  and organic carbon are considered to be the main factors of 
soil quality [9]. Aggregates are a structural unit, the number, location and distribution of which 
determines the porous structure, hydraulic properties and permeability of the soil, infiltration 
processes in them. All these characteristics affect the activity of the microflora and fauna of the 
soil, as well as the supply of trace elements [10]. 
Polymers have been called useful materials for reducing erosion processes, improving fertility due 
to the formation of a strong structure in the soil and sand system [11, 12]. Water-soluble polymers 
(WSP) with their unique characteristics and structure have shown excellent results in protecting 
soil and water, while maintaining moisture and loose soil structure, etc. [13]. It should be answered 
that more and more countries and researchers are joining the research on preventing sand erosion 
using polymer materials [13, 14]. 
Among the available water-soluble polymers (WSP): polyacrylamide, polyethylene glycol, 
polyvinyl alcohol, polyvinylpyrrolidone are the most widespread and polymeric materials that 
have found wide application in the sectors of the national economy [15-17]. 
Polymers have been called useful materials for reducing erosion processes, improving fertility due 
to the formation of a strong structure in the soil and sand system [11, 12]. Water-soluble polymers 
(WSP) with their unique characteristics and structure have shown excellent results in protecting 
soil and water, while maintaining moisture and loose soil structure, etc. [13]. It should be answered 
that more and more countries and researchers are joining the research on preventing sand erosion 
using polymer materials [13, 14]. 
This review highlights the main polymer materials that have been confirmed and used as a soil 
structure-fomatoin to improve their characteristics and fertility. 
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Fundamentals of polymer-soil interaction 
The stability of soil aggregates depends on its composition and structural features of the soil. 
Water-soluble polymer structure-forming agents strongly affect the structure of the soil due to the 
ability to adsorb water in an amount more than 400 times its mass. Due to this amount of adsorbed 
moisture, the rate of infiltration and evaporation, density and porosity, as well as the structure of 
the soil system change [18]. 
The rate of infiltration is an important indicator, because it determines the amount of runoff and 
affects the water erosion of the soil [19], thereby directly affecting degradation. All hydrodynamic 
processes lead to the destruction of the structure of aggregates. Existing views associate the 
formation of structural compaction with mechanisms: 1) destruction of surface soil aggregates due 
to the impact energy of raindrops (physical interaction); 2) destruction of particles as a result of 
wetting of the soil surface; 3) leaching of surface particles of some soil components with water 
from the surface part and clogging of the lower pores (physico-chemical dispersion) [20]. 
The mechanism of soil structure stabilization under the influence of synthetic polymers is based 
on the adsorption of macromolecules on soil particles [19, 21]. 
The potential advantages of polymers in the process of structure-formation depend on the 
molecular weight, the structure of the macromolecule and the charge density [22-24]. 
The adsorption of humic acid from dilute aqueous solutions was studied on the example of gray 
forest soil and its components (silty fraction and parent rock), as well as black soil. As noted, the 
adsorption of humic acid depends on the interaction time, the concentration of humic acid. The 
structure and properties of the solid phase play an important role, because it depends on the amount 
of its ion exchange. As a result, it is shown that the stability of suspensions increases with an 
increase in the concentration of humic acid [25]. 
It is known that tillage with polymer solutions leads to a change in its shape, size and nature of 
adhesion between aggregates. The interaction of macromolecules of the structure-forming agent 
and soil particles occurs on the surface, so the values of the surface area of the dispersed soil 
system is a key factor [26] At the same time, it has been established that the bond of polymers with 
large soil particles (sand, silt) is insignificant, while the number of directly associated with more 
dispersed clays is much greater [27]. Large changes should be expected in treated soils with a 
higher content of adsorptively active clays than in sands. 
Steric stabilization of colloidal particles is observed during tillage with a polymer solution. Clay 
minerals act as colloidal fractions of the soil and in this process, polymer macromolecules adsorbed 
on the surface of minerals prevent the convergence of these particles by preventing their 
aggregation [28]. Steric stabilization and its degree depend on many factors, but the main ones are 
always considered: the strength of the adsorption bond of polymers with the surface of the 
dispersed phase, the surface area of the dispersed phase, which directly interacts with the stabilizer 
macromolecules, the thickness of the adsorption layer, as well as the state of the polymer solution, 
because the nature of the solvent and the concentration of the polymer to create bonds head-head, 
tail-tail. 
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Suspensions of polymer and clay particles were used to understand the mechanism of steric 
stabilization in soils [28]. As a result of these studies, it was found that the convergence of clay 
particles by more than a distance exceeding the thickness of the adsorption layer on the surface, 
the polymer chains of both surfaces begin to block each other. As the values of the Gibbs free 
energy of the system increase, therefore, the system will tend to a more energetically favorable 
state while remaining at a certain distance of the contacting particles.  
Aggregates of mineral dispersed systems treated with polymer structures are more stable compared 
to particles treated with electrolytes. Since in the case of polymers, bridging flocculation is 
observed due to the binding of one macromolecule of several soil aggregates [29]. Depending on 
the amount of polymer, high rates of bridging flocculation are achieved, which leads to an increase 
in the strength of aggregates, or an excess of the polymer saturation capacity, which contributes to 
the detection of lubricating characteristics and the sliding of soil particles over each other [30]. 
A commercial liquid polymer SS299 was used to increase the strength of the Malaysian residual 
soil. A study of the effect of SS299 and the plasticity index on time-independent compressive 
strength showed that the addition of a 6% polymer additive significantly increases the compressive 
strength after 7 days of curing. Based on the micrography of the processed samples, it was possible 
to see that polymer treatment changes the structure formation in the system and the formation of 
lighter layers on the soil surface is observed. 
The authors concluded that the moisture content in the initial soil will play an important role in the 
process of structure formation and for the stability of the formed aggregates [31, 32]. It is shown 
that the yield of soil particles after successive precipitation cycles was greater compared to the 
values after the first precipitation. This may be due to non-drying between each cycle of sediment 
and a decrease in the stability of aggregates. 
One of the functions of the soil is the particle size distribution affects the hydraulic conductivity 
of the soil [66]. Changes in the structure formation in the soil under the influence of a polymer 
solution can change the hydraulic conductivity of soils and treated soil can absorb more water [67, 
68]. In [69-71], it is also noted that the degree of moisture release from treated soils is lower than 
that of untreated soils, which also confirms the change in structure formation in the system of 
polymer-treated soil. 
Polyacrylamide polymers for structure formation in soil dispersions 
Polyacrylamide (PAA) against soil erosion has been used since the 50 years of the last century 
[33] due to its effectiveness in improving the structure of aggregates and their stability even at low 
costs for soil surface treatment [34, 35]. The data shows that flocculating materials like PAA are 
able to bind soil particles and thereby reduce adverse physico-chemical effects [36], while 
aggregation increases porosity between contacting particles and the rate of water infiltration, which 
also increases the stability of soil aggregates [37]. 
Polyacrylamides increase the stability of soil aggregates by 17-18%, by increasing the rate of 
infiltration by more than 2 times. The best stability characteristic was shown by the cationic form 
of polyacrylamide [38]. 



 
 
 

2801 
 

Ann. For. Res. 65(1): 2797-2810, 2022 
ISSN: 18448135, 20652445 

ANNALS OF FOREST RESEARCH 
https://www.e-afr.org/ 

© ICAS 2022 

Treatment with PAA in arid soils has a positive effect on plant growth and their survival [18, 39]. 
They are widely used as a soil stabilizer in agriculture. As a structure for water retention by the 
soil system in the fields, and wastewater treatment [40]. 
To maintain the stability of the soil, it is not necessary to use polymer solutions for the entire period 
of the plant season. Studies of distilled water rain flows on Arlington sandy soil treated with 
solutions of polymers T-4141, CP-14, cationic polysaccharide and anionic PAA were carried out. 
The maximum effect of various classes of polymers used at a concentration of 10 g/m3 on irrigation 
maintenance is reduced in the order: T-4141>CP-14>PAA [19]. Based on the data obtained, it is 
possible to assume the adsorption of cationic and nonionic polymers on the surface of soil particles, 
increasing interactions between particles, contributing to stable aggregation of the system. The 
efficiency of treatment with T-41 and CP-14 in subsequent showers of distilled water is lower than 
the first, and in the case of treatment with PAA and the first and second showers, the protective 
characteristics have been preserved. 
The scientific basis of the influence of acrylic polymers on soil microbiocenosis has been 
developed. PAA hydrogels in laboratory experiments have shown a slight stimulation of the 
growth of bacteria of the genus «Pseudomonas». The authors of the studies [41, 42]. 
Along with industrial traditional polymer materials, a polymer emulsion has been introduced. The 
aim of the work [43] is to study the effectiveness of stabilization of laterite soil treated with liquid 
soil stabilizers «Canlite» and «Probase». As a result of the study of these polymers, it was shown 
that an additional amount of canlite and probase improves the physical properties, yield strength 
and unlimited compressive strength (UCS) of laterite soil and at the same time, the performance-
enhancing ability of the last is much higher. 
PAA-based structurant improves soil quality, especially processing during the sowing period 
prevents the formation of a crust before the plant shoots, by increasing resistance to not only water 
erosion, but also wind erosion. It is possible to show an increased value of water-tight aggregates, 
which improves filtration and permeability of the system as a whole [44]. 
Numerous studies to prevent soil erosion have been carried out using polymers in laboratory and 
soft field conditions. Little is known about the effect of polymers on soil aggregates in extreme 
precipitation conditions. In [31], measures were taken to compare the effect of PAA and polyvinyl 
alcohol (PVA) on the initial activation of the soil erosion process. The studied areas – sheets with 
soil were placed on a 15% slope, and successive simulated precipitation (in dry and wet conditions) 
was applied for 12 minutes. The results show that the efficiency of PVS in reducing the total runoff 
during the first precipitation is significantly lower than that of PAA. With successive precipitation, 
almost previously obtained results are also preserved. It was found that the dispersion of the initial 
soil also affects the effectiveness of polymer treatment. The highest results are achieved when 
stabilizing aggregates with a diameter of 6.4 mm [31]. 
The combined use of synthetic polymers and biopolymers to improve soil characteristics 
The use of artificial structure-forming polymers, especially in combination with fertilizers, reduces 
the harmful anthropogenic impact on the soil, preserves its fertility and increases the productivity 
of agricultural crops [45, 46]. 
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The paper [47] presents the results of a study of an interpolymer complex from a chitosan 
biopolymer and a synthetic polymer of polyacrylic acid, which was used as a structure-forming 
agent in the soil systems of the territory of the East Kazakhstan region. This complex, which was 
called interpolymeric, consisted of equimolar solutions of various polymers. Based on the 
conducted studies, the optimal composition of the interpolymer complex was created, which has a 
ratio of chitosan/polyacrylic acid = 1/9. 
By mixing these natural and synthetic polymers, large values of the mechanical strength of the 
film are achieved compared to films based on individual polymers. The use of this solution to 
stabilize the strength of soil aggregates contributes to improving the strength characteristics of the 
soil by improving their structure. The improvement is associated with a significant increase in the 
anti-deflationary resistance of the treated soil. Comparison of treated and untreated soil with an 
interpolymer mixture showed a big difference against water erosion and in the case of treated soil, 
the degree of resistance to this type of erosion is at least 99%. Based on the results, a mixture based 
on a biopolymer and a synthetic polymer was recommended for structuring and improving the 
anti-erosion properties of degraded soils. 
The widespread use of synthetic water–soluble structurant polymers is limited due to their high 
cost [48]. Research in the direction of synthesis of polymers with organomineral fillers, because 
sawdust is promising due to cost reduction, as well as their biodegradation at a much higher rate 
represents an additional source of nutrition with trace elements and organic carbon. In addition, 
polyacrylamide gel is a fairly good carrier for most fertilizers, pesticides, fungicides, herbicides 
and insecticides [49]. 
Biopolymers are also used to stabilize dispersed systems, including soil. The swelling of 
biopolymers under the influence of the aquatic environment reduces the volume of the pore space 
of the soil, thereby limiting the flow of water through the pores of the soil, which serves to support 
the growth of vegetation [50]. Soil treatment with biopolymers is carried out both together with 
synthetic polymers and without them. 
 At the same time, it is possible to notice a synergistic increase in the indicators of soil water 
exchange and infiltration. The addition of biopolymers is very useful in terms of increasing the 
availability of the aqueous phase for plants [52]. Therefore, it is doubly advisable to use complex 
processing approaches using synthetic and biopolymers in arid regions and deserts. The retention 
of a large amount of water by hydrogels reduces runoff during precipitation, thereby reducing 
water erosion can be observed [53]. 
The authors [54] conducted studies of the influence of bio coal, oyster shells, biopolymers and 
PAA. The researchers noted that the use of PAA leads to a noticeable aggregation and an increase 
in the proportion of aggregates 1-2 mm, while the joint use of oyster shells and bio-coal increases 
the proportion of microaggregates with sizes < 0.25 mm. There is an increase in biological activity 
when dietary supplements are included due to an increase in the level of leucinaminopeptidase and 
chitinase [54]. 
Biopolymers are renewable raw materials for structure formation in the soil. Hydrogels based on 
natural biopolymers and/or synthetic polymers are able to retain large amounts of water and 
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nutrients and release them slowly. The distinctive features of natural biopolymers stitched with 
synthetic ones include both biodegradability and high values of functional characteristics [55, 56]. 
In [57, 58] it is noted that the hydrogel based on the waste of skin processing swells with an 
increase in weight by more than 20 times, while gelatin hydrogels increase in volume by no more 
than 8 times. 
In [59], the processes of chitosan isolation and the use of a hydrogel based on it to stabilize acidic 
soils were investigated. 
Hydrogels have been tested as a source of nutrients [60] in arid zones. It is shown that the growth 
of plants in nurseries and the field differ from each other, and the growth is observed in the field. 
A graft copolymer from solid waste from leather processing was used to fix mobile sands [61]. 
This copolymer was synthesized on the basis of gelatin from leather waste and a mixture of 
acrylamide with acrylic acid. The increased adhesion of the copolymer on the surface of sand 
particles provides good water retention and stabilization of the system, and this stabilizer is 
characterized by high degrees of biodegradability. 
The use of synthetic polymer materials, synthetic mixtures based on waste from various industries 
often leads to changes in the pH level of the soil, pollutes the soil and groundwater. At the same 
time, it should be noted that environmentally friendly methods of tillage are being created. A 
biopolymer based on xanthan gum has been studied for structure formation in soil dispersions. The 
effects of concentration in the range of 0.25-2.00% were studied. The results of the experiments 
demonstrated an improvement in the geotechnical properties of sand. Depending on the 
concentration of the biopolymer, the adhesion and strength of the treated sand increases, as well 
as its permeability decreases, and the higher the concentration of the biopolymer, the greater the 
number of adhesion per unit surface of the treated sand [62]. 
Improving the engineering properties of the soil is an inevitable process before construction on 
soft ground. Increasing the strength of the soil with the help of chemical stabilizing agents, such 
as cement, causes environmental problems. Therefore, sustainable solutions are in great demand. 
One of the promising solutions is the use of biopolymers. In this study, five types of biopolymers 
were investigated: xanthan gum, Beta 1,3/1,6 glucan, guar gum, chitosan and alginate. 
Their effect on increasing the strength of the soil was experimentally investigated by conducting 
tests for unlimited compression, tensile tensile, triaxial shear and direct shear. All tests were carried 
out with different concentrations of biopolymer and curing periods. In addition, in order to get an 
idea of the susceptibility to natural elements, samples of ordinary soil and biopolymer-treated 
samples were exposed to real atmospheric conditions. Extensive experimental results have shown 
that the strength of the soil tends to increase with increasing biopolymer concentration and with 
curing time. 
However, it has been shown that the strength of the soil does not change significantly after a certain 
level of biopolymer concentration and curing time. In addition, it was noticed that the samples 
treated with a biopolymer showed better resistance to environmental conditions. In general, 
xanthan gum, guar gum and Beta 1,3/1,6 glucan have demonstrated the most dominant effect and 
potential for future sustainable engineering [63]. 
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The increase in the amount of soil water retention during hydrogel treatment can be explained by 
the three-dimensional cross-linked structure of the polymer material [50]. At the same time, 
polymer materials with a high cross-linking content can absorb and retain up to 400 times more 
water by weight [64]. The increased sorption and complexing characteristics of polymers are 
associated with the functional groups of their macromolecule, such as hydroxyl, carboxyl, amide 
and sulfonic and their distribution over the macromolecule. The formation of a three-dimensional 
structure according to the system of treated soil contributes to the blocking of moisture and the 
directed movement of water molecules through the soil layers [65]. 
Conclusions 
Water and wind erosion are the main causes of soil degradation. Soil degradation leads to a 
decrease in yield, the area suitable for sowing crops. One of the measures to improve their quality, 
structure formation and stability is the treatment with polymer solutions. It is considered relevant 
to study the behavior of polymer materials in the soil system, their varieties, the method of 
obtaining and cultivating soil to create new polymer materials based on natural raw materials and 
synthetic chemicals. 
Water-soluble natural and synthetic polymers affect the particles of soil components mainly due 
to the adsorption of their active functional groups, thereby changing the mutual influence of soil 
particles. The polymer macromolecules serve as a bridge between aggregates and the stability of 
aggregates depends both on the characteristics of the polymer agent (molecular weight, active 
functional groups, their ratio and distribution over the macromolecule) and the soil itself, since 
both the chemical-mineralogical and dispersion composition, the distribution of pores and 
channels by size, etc. The interaction of macromolecules of the structure-forming agent and soil 
particles occurs on the surface, so the values of the surface area of the dispersed soil system is a 
key factor. 
The rate of infiltration determines the amount of runoff and affects the water erosion of the soil. 
Existing views associate the formation of structural compaction with the following mechanisms: 
destruction of surface soil aggregates due to the impact energy of water droplets; destruction of 
particles as a result of wetting the soil surface with water; leaching of surface particles of some 
soil components with water from the surface part and clogging of the lower pores. 
The analysis of widely used in the formation of structure in soils and the fixing of mobile sands 
shows the effectiveness of various forms of acrylamide polymers. Polyacrylamide treatment 
increases the stability of soil aggregates by increasing the rate of infiltration by more than 2 times. 
The use of synthetic structure-forming polymers, especially in combination with polymer water-
retaining components, fertilizers, reduces the harmful anthropogenic impact on the soil, preserves 
its fertility and increases the productivity of crops. Many studies have observed a synergistic 
increase in soil characteristics from treatment with mixtures of bio- and synthetic polymers. And 
in such cases, depending on the concentration of the biopolymer, the adhesion and strength of the 
treated soil, sand, and other dispersed systems increases. However, not all polymer products are 
characterized by high solubility, structure-forming characteristics and, of course, low cost, which 
make their use in large field areas problematic. Therefore, it is necessary to further study polymer 
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materials, ways to obtain them and to find more acceptable technologies based on available raw 
materials. 
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