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Abstract. In this study, the Influence of three different hydrolyzed forms 
of acrylamide and acrylic acid copolymers synthesized at a 5:1 monomer 
ratio on soil structure were studied. These copolymers were tested on soils 
of the Karauzyak and Amudara regions of the Republic of Karakalpakstan, 
which differ in chemical and mineralogical composition and degree of 
contamination. Commercial water-soluble polymers PAA GS Flokulyant 
and its hydrolyzed form were used as controls. The main focus of the study 
was to study the effect of these copolymers on the soil structural coefficient, 
which is an indicator of the aggregate state of the soil, and on the change in 
the structural composition of the surface layer of the soil after treatment with 
polymer solutions. The results showed that the introduction of polymers 
significantly improves the structural condition of the soil, especially when 
using hydrolyzed forms of copolymers, which is confirmed by an increase 
in the structural coefficient and the proportion of mesoaggregates. It was 
also found that an increase in the concentration of polymer solutions 
improves the structural characteristics of the soil, this was especially 
noticeable for potash forms of copolymers, which indicates the high 
effectiveness of these additives in strengthening the soil structure and 
improving their agronomic value. In addition, the study showed that soil 
treatment with polyelectrolytes increases its water retention capacity, which 
is especially important in conditions of limited water resources. 

1 Introduction 

Polymers are recognized as effective materials for reducing erosion, improving fertility by 
creating a stable structure in the soil and sand system [1, 2]. Water-soluble polymers (WSP), 
due to their unique characteristics, have shown impressive results in protecting soil and water, 
maintaining moisture and maintaining a loose soil structure [3]. More and more countries and 
researchers are involved in the work on preventing sand erosion using polymer materials [3, 
4]. 
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Polyacrylamide, polyethylene glycol, polyvinyl alcohol, polyvinylpyrrolidone are 
especially popular among the used WSP, which are widely used in various industries [5]. The 
stability of soil aggregates depends on the composition and structural features of the soil, and 
water-soluble polymers significantly affect the soil structure due to their ability to adsorb 
water in a volume significantly exceeding their mass. This affects the rate of infiltration, 
evaporation, density, porosity and structure of the soil system [6]. 

Tillage with polymer solutions changes the shape, size and nature of adhesion between 
aggregates. The effectiveness of the interaction of macromolecules with soil particles 
depends on the surface area of the dispersed soil system [7]. It is observed that the bond of 
polymers with large soil particles is limited, while adsorption on more dispersed clays is 
significantly higher [8]. Thus, more significant changes can be expected in soils with a high 
content of adsorptively active clays compared to sandy soils. 

Polyacrylamide (PAА), which is a polymer obtained by polymerization of acrylamide 
(formed by hydration of acrylonitrile [9-11], exists in various forms: anionic, neutral and 
cationic molecules. The structure of PAА can be linear or crosslinked, and linear molecules 
are soluble in water, unlike crosslinked ones, which absorb water but do not dissolve in it 
[12]. PAА is used in drinking water purification, paper production, mineral flotation, 
improving oil production efficiency, stabilizing steep slopes and road slopes, strengthening 
weak soils, improving load-bearing capacity and preventing soil erosion [13]. The polymer 
is often used to strengthen weak soils and prevent erosion, being the most commonly used 
synthetic polymer in geotechnical applications [14]. PAА is effective, inexpensive and 
requires less to achieve the desired result. Cationic PAА molecules are not suitable for 
erosion control due to their toxicity to aquatic life, while anionic PAА is less toxic [15]. 

In recent years, the relevance of research in the field of conservation and improvement of 
soil fertility has increased significantly against the background of increasing anthropogenic 
impact and climate change. An important aspect in this field is the study of ways to increase 
the water resistance of soil aggregates, which directly affects its structural stability, moisture 
retention capacity and, as a result, the general state of fertility. The use of polyelectrolytes, 
in particular acrylamide copolymers, represents an innovative approach to solving this 
problem. 

The purpose of these studies is to study the processes of synthesis of the copolymer of 
acrylamide and acrylic acid in aqueous solutions and to establish the effect of synthesized 
copolymers on soil characteristics. 

2 Experimental work. Material 

Three different hydrolyzed forms of acrylamide (AA) and acrylic acid (ACА) copolymers 
were used in the study, which were synthesized at a monomer ratio of 5:1. The copolymers 
had the following molecular weight distributions. 

Table 1. Molecular weight distributions of copolymers. 

Copolymer The molecular weight of the 
reaction products, kDa 

The content in the system, % 
by weight. 

1АААК 2700-2800 
166 

12-15 

85 
13 
~2 

2АААК 2900-3000 
60 
~1 

92 
6 
≤2 

 
For comparison, commercial water-soluble polymers PAA GS Flokulyant (Ts 00203849 

- 29:2014, "Navoiazot") and its hydrolyzed form with KOH solution at a temperature of 70 
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°C were selected. For the experiments, the soil of the Karauzyak (SK) and Amudarya (SA) 
regions of the Republic of Karakalpakstan was used, which differ in chemical and 
mineralogical composition and degree of contamination. 

3 Method 

The value of the structural coefficient and the number of water-resistant aggregates were 
determined by the method [16].  

The value of the structural coefficient helps to qualitatively assess the structure of the 
soil, where a value of more than 1.5 indicates an excellent aggregate state, values from 1.5 to 
0.67 indicate a good aggregate state, and indicators less than 0.67 characterize an 
unsatisfactory aggregate state of the soil. The soil structure coefficient is the ratio between 
the percentage of mesoaggregates in the soil (0.25≤10 mm) and the total percentage of 
structural elements of less than 0.25 mm and more than 10 mm in size. 

The introduction of polymer solutions (0.4-1.0%) into the soil was carried out by 
spraying. The consumption of the solution ranged from 100 to 500 kg/Ha. 

Table 2. Changes in the structural composition of the surface layer of the soil during processing (dry 
sieving)* 

Sample С, % Fraction size (mm), % CS
** 

≥10 0,25<10 ≤0,25  
Water - 21,8 28,5 49,7 0,40 

PAA GS 0,3 23,3 44,4 32,3 0,80 
0,6 16,5 30,2 53,3 0,43 

PAA GS1 0,3 11,2 48,9 39,9 0,96 
0,6 12,9 56,5 30,6 1,30 

1АААК 0,3 15,5 59 25,5 1,44 
0,6 13,2 47 39,8 0,89 

2АААК 0,3 19,8 46,6 33,6 0,87 
0,6 17,5 49,3 33,2 0,97 

1АААКК 0,3 19,9 59,3 20,8 1,46 
0,6 14,1 63,7 22,2 1,75 

2АААКК 0,3 15,5 63,4 21,1 1,73 
0,6 7,8 72,6 19,6 2,65 

*- the consumption of solutions was 200 kg/Ha; **- the coefficient of structurality. PAA GS1 
– hydrolyzed PAA GS. 

Analysis of Table 2 showing changes in the structural composition of the surface soil 
layer during treatment with various polyacrylamides (PAА) and copolymers of acrylamide 
and acrylic acid (AA:ACA), reveals important patterns in the effect of these polymers on the 
soil structure. All treated soils showed a change in the distribution of fraction sizes compared 
to the control water treatment, while the number of mesoaggregates increased significantly 
(0.25<10 mm). 

Samples treated with hydrolyzed polyacrylamides and copolymers, especially in higher 
concentrations (0.6%), show a higher percentage of fractions in the range 0.25<10 mm, 
indicating an improvement in soil structure. 

Water as a control showed the lowest CS (0.40), which reflects the poor aggregate state 
of the soil. Treatment with polyacrylamides and their hydrolyzed forms improved the 
structural condition of the soil, as can be seen from the increase in copolymers, especially 
when using copolymers and their potassium forms (1AAAKK and 2AAAKK), where the 
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structural coefficient reaches values of 1.46 and 2.65, respectively, at a concentration of 
0.6%. 

An increase in the concentration of polymer solutions in some cases leads to an 
improvement in the structural characteristics of the soil (for example, 2AAAKK at a 
concentration of 0.6% showed CS 2.65, which is the highest value in the table 3.). However, 
not in all cases, an increase in concentration contributes to an improvement in CS, which 
emphasizes the need to optimize dosages to achieve the best results. 

Table 3. Changes in the structural composition of the surface layer of the SK soil during processing 
(dry sieving) 

Sample С, % Fraction size (mm), % Сs** 

≥10 0,25<10 ≤0,25  
Water - 22,60 11,90 65,50 0,14 

PAA GS 0,3 21,18 22,32 56,50 0,29 
0,6 15,00 33,80 51,20 0,51 

PAA GS1 0,3 10,18 40,32 49,50 0,68 
0,6 11,73 47,71 40,56 0,91 

1АААК 0,3 14,09 41,41 44,50 0,71 
0,6 12,00 46,80 41,20 0,88 

2АААК 0,3 18,00 36,40 45,60 0,57 
0,6 15,91 42,59 41,50 0,74 

1АААКК 0,3 18,09 53,91 28,00 1,17 
0,6 9,09 69,39 21,52 2,27 

2АААКК 0,3 14,09 60,36 25,55 1,52 
0,6 7,09 70,61 22,30 2,40 

 
The analysis of Table 3, representing the change in the structural composition of the 

surface layer of the SK soil after treatment with various polyelectrolytes, shows that all types 
of tillage led to a decrease in the proportion of small fractions (≤0.25 mm) and an increase in 
the proportion of mesoaggregates (0.25<10 mm), which indicates an improvement in the soil 
structure compared with control water treatment. 

4 The discussion of the results 

As in the previous case, significant changes are observed when processing with potassium 
forms of copolymers 1AAAKK and 2AAAKK, where the percentage of mesoaggregates 
increases to 69.39% and 70.61%, respectively, at a concentration of 0.6%. The structural 
coefficient also improved significantly after treatment, especially noticeably when using 
copolymers with potassium (K), where CS reaches values of 2.27 and 2.40 for 1AAAKK and 
2AAAKK, respectively, at a higher concentration (0.6%). This indicates the high efficiency 
of these treatments in improving the aggregate state of the soil. 

An increase in the concentration of the polymer solution from 0.3% to 0.6% in most cases 
leads to an improvement in the structural characteristics of the soil, which is reflected in an 
increase in the proportion of mesoaggregates and an improvement in the structural 
coefficient. 

Both soil samples react to treatment with polymer solutions by improving the structural 
composition by increasing the proportion of mesoaggregates and reducing the proportion of 
small and large fractions. However, the degree of variation and the effectiveness of the 
treatment vary depending on the type of soil and the polymer used. 

At the same time, SK soil samples (second soil) show a more pronounced increase in the 
proportion of mesoaggregates and the coefficient of structurality after treatment compared 
with SA soil. 
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A significant improvement in the structural coefficient is observed in SK soil samples 
after treatment, especially when using potassium forms of copolymers. At the same time, the 
soil of the SA also shows improvement, but to a lesser extent. This may be due to differences 
in the initial physical and chemical properties of soils. 

An increase in the proportion of mesoaggregates and an improvement in the structural 
coefficient indicate an improvement in the agronomic value of both types of soils after 
treatment. However, the SK soil shows more pronounced improvements, which makes it 
potentially more suitable for agricultural use after treatment with copolymers. 

Figure 1 shows the change in the water-resistant aggregates (WRA) of a soil sample of 
PA when treated with different solutions of polyelectrolytes. It can be seen that with an 
increase in the concentration of polyelectrolyte solutions (C, %), the percentage of water-
bearing aggregates in the soil increases for all the studied samples. 

 

 
Fig. 1. Change in the WRA of a soil sample during treatment with solutions:1) PAA GS; 2) PAA GS1; 
3) 1АААК; 4) 2АААКК; 5) 1АААК; 6) 2АААКК. 

Samples 1 and 2 (PAA GS and PAA GS1) show a relatively slower growth of WRA with 
increasing concentration, while samples 3 and 5 (1AAAKK and 2AAAKK) show a steeper 
increase in WRA, which may indicate their higher effectiveness in improving the structural 
properties of the soil. Samples 4 and 6 (1AAAKK and 2AAAKK), where K denotes the 
potassium form of the polymer, show the highest growth of water-bearing aggregates at all 
concentrations, which may indicate the presence of potassium, which improves the properties 
of the polymer in soil structure formation. 

It can be assumed that the presence of potassium in polymer chains (in samples 4 and 6) 
contributes to the formation of cross-links between polymer chains, which improves the 
formation of water-tight aggregates and contributes to a more effective strengthening of the 
soil structure [17]. This assumption is supported by the fact that potash forms of polymers 
show better results compared to their non-potash counterparts. 

Thus, the study shows that the use of polyelectrolytes, especially their potassium forms, 
can be promising for improving the water resistance and structural properties of the soil. 
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Fig. 2. Change in the WPA of a SK soil sample during treatment with solutions: 1) PAA GS; 2) PAA 
GS1; 3) 1АААК; 4) 2АААКК; 5) 1АААК; 6) 2АААКК. 

Similar results were also obtained for the SK soil sample, which are shown in Fig. 2. The 
general trend for all samples is similar: with an increase in the concentration of 
polyelectrolyte solutions, the percentage of water-resistant aggregates increases. However, 
compared to the SA soil, the curves in the graph for the SK soil have a lower steepness, which 
may indicate lower reactivity or different initial conditions of the SK soil. Samples 1 (PAA 
GS) and 2 (PAA GS1) show the smallest increase in WRA, which is consistent with previous 
results. While samples 3 (1AAAK) and 5 (2AAAK) show higher values of WRA at all 
concentrations. 

The most noticeable increase in water-tight aggregates is observed for samples 4 
(1АААКК) and 6 (2АААКК), where K denotes the potassium form of the polymer. This is 
consistent with the assumption that potash forms of polyelectrolytes effectively improve the 
structural properties of the soil. 

Differences in the reaction of SA and SK soil samples to treatment with polyelectrolytes 
may be related to their chemical and mineralogical composition. The soil of the SA contains 
more clay and sand, but less silt compared to the soil of the SK. This may affect the ability 
of polyelectrolytes to interact with the soil and form water-bearing aggregates. Clay has a 
larger surface area and can form more water-tight bonds with polyelectrolytes, while silt can 
contribute to a more dense packing of soil particles. Sand, having large particles and a smaller 
surface area, can contribute less to the formation of water-bearing aggregates. Thus, a higher 
clay content in the soil of SA may facilitate the formation of larger and more water-resistant 
aggregates compared to the soil of SK, which may explain the higher values of WRA for SA 
in experimental conditions. 

In conditions of limited water resources, research aimed at studying and improving the 
water retention capacity of soils is becoming especially relevant. Structure-forming additives 
such as synthetic polyelectrolytes can play a key role in maintaining soil moisture and 
increasing watering intervals.  

The ability of soil to retain water has a direct impact on fertility and productivity, as well 
as on the resilience of ecosystems to climate change. The effective use of structurants can 
contribute to an increase in soil moisture reserves, reduce the frequency of irrigation and, as 
a result, increase the efficiency of water use in agriculture. 

The experiments include methods such as determining field soil moisture and 
centrifugation methods for measuring water retention pressure. The results of the 
determination of field moisture and structural porosity of the soil are given in Table 4. 
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Table 4. Structural and porous characteristics of soil samples treated with 2AAAКК* 

Sample ρair, 
g/сm3 

ρ water, 
g/сm3 

Ρben, 
g/сm3 

ρр, 
g/сm3 Λ1, % Λ2, % ΣV, сm3/g 

SК 1,26 2,41 2,78 0,95 0,477 0,658 0,055 
SА 1,11 2,18 2,62 0,86 0,491 0,672 0,077 

*- the consumption of solutions was 200 kg/ha. 
Having studied the structural and porous characteristics of the soil samples of SK and SA 

after treatment with 2AAAKK solutions, the following changes can be noted compared to 
the initial untreated soils: the density in air decreased significantly for both samples compared 
to the initial values (1.71 g/cm3 for SK and 1.56 g/cm3 for SA), indicating a decrease in the 
total soil compaction and increased porosity after treatment. Air density decreased by 26.3% 
for SK (from 1.71 to 1.26 g/cm3) and by 28.8% for SA (from 1.56 to 1.11 g/cm3). 

ρwater has also decreased, which indicates a decrease in the density of the solid phase of 
the soil. This may indicate a change in the mineral composition or an increase in pores filled 
with water. 

Densities for benzene and mercury show an increase for treated samples, especially 
noticeable for SK soil. This may reflect changes in the structure of pores and their 
distribution, especially in the increase in micropores, which can be filled more efficiently 
with benzene and mercury. 

The percentage of porosity and porosity increased significantly for the treated samples, 
indicating an improvement in the pore structure and an increase in the proportion of 
micropores and macropores. For SK, Λ1 increased by 43.7% (from 0.332 to 0.477%), and 
Λ2 by 137.6% (from 0.277 to 0.658%). For PA, Λ1 increased by 32.3% (from 0.371 to 
0.491%), and Λ2 by 77.3% (from 0.379 to 0.672%). This improves soil aeration and promotes 
better water retention. The total pore volume ΣV increased more than 2.5 times for SK (from 
0.022 to 0.055 cm3/g) and 9.6 times for SA (from 0.008 to 0.077 cm3/g). 

5 Conclusion 

The study of the effect of polymer solutions on the soil structure showed that the use of 
copolymers of acrylamide and acrylic acid significantly improves the aggregate state of the 
soil, especially at high concentrations. Treatment with polyacrylamides and their hydrolyzed 
forms increases the coefficient of structurality, which indicates an improvement in the 
structural characteristics of the soil and contributes to an increase in its agronomic value. 
Optimizing the concentration of polymer solutions and choosing the appropriate type of 
polymer are key to achieving the best results. This discovery provides important directions 
for improving soil structure, important for agricultural applications, especially in conditions 
of limited water resources. 

The study highlights the importance of using polyelectrolytes, especially their potassium 
forms, to improve soil water retention aggregates. The results demonstrate that the 
concentration and presence of potassium in polymers significantly affect the increase in the 
proportion of water-bearing aggregates, which indicates an improvement in the structural 
properties of the soil. Thus, the use of these polymers can be considered a promising method 
to increase the effectiveness of strengthening the soil structure. Tillage with polymer 
solutions leads to a decrease in density and an increase in porosity, which contributes to better 
moisture retention and aeration. This is important for agriculture, especially in arid conditions 
where water is a limited resource, and can contribute to increasing yields and ecosystem 
resilience to climate change. 

7

E3S Web of Conferences 538, 03005 (2024)	 https://doi.org/10.1051/e3sconf/202453803005
IPFA 2024

RETRACTED



References 

1. Hueso-González, P.; Martínez-Murillo, J.F.; Ruiz-Sinoga, J.D.  Solid Earth 7, 1479–
1489 (2016) 

2. Cao, Y.; Wang, B.; Guo, H.; Xiao, H.; Wei, T. Ecol. Eng. 102, 270–279 (2017)  
3. Huang, He and Lihong Liu. “Application of Water-Soluble Polymers in the Soil 

Quality Improvement.” (2012). 2806  
4. I.L.Axmadjonov, A.B.Abdikamalova, A.I.Sharipova, Kh.I. Akbarov, 

Sh.A.Kuldasheva. //Alinteri Journal of Agriculture Sciences 36(1). 356-361 (2021) 
5. S.M. Lee, Z.C. Xing, Y.S. Shin, T.H. Gu, B.H. Lee, M.W. Huh, I.K. Kang, Polym. 

Korea 36 586 (2012) 
6. Kuldasheva, S., Jumabaev, B., Agzamkhodjayev, A., Aymirzaeva, L., Shomurodov, K. 

Journal of Chemical Technology and Metallurgy 50(3), 314–320 (2015) 
7. Chang, Ilhan; Im, Jooyoung; Cho, Gye-Chun, Sustainability. 8 (3): 251 (2016) 
8. Luckham, Paul F; Rossi, Sylvia (1999). Advances in Colloid and Interface Science. 82 

(1-3): 43–92. doi:10.1016/S0001-8686(99)00005-6.  
9. Daliri, K.; Pfannkuche, K.; Garipcan, B. Soft Matter 17, 1156–1172 (2021)  
10. Pramanik, S.; Dutta, J.; Chakraborty, P. Indian J. Pharm. Sci. 83, 473–482 (2021) 
11. Manson, J.; Brabec, M.J.; Buelke-Sam, J.; Carlson, G.P.; Chapin, R.E.; Favor, J.B.; 

Fischer, L.J.; Hattis, D.; Lees, P.S.; Perreault-Darney, S. Birth Defects Res. Part B 
Dev. Reprod. Toxicol. 74, 17–113 (2005) 

12. Sojka, R.E.; Bjorneberg, D.L.; Entry, J.A.; Lentz, R.D.; Orts, W.J. Agron. 92, 75–162 
(2007) 

13. Wiśniewska, M.; Chibowski, S.; Urban, T. Int. J. Environ. Sci. Technol. 13, 679–690 
(2016) 

14. Sojka, R.E.; Entry, J.A.; Orts, W.J.; Morishita, D.W.; Ross, C.W.; Horne, D.J. Water 
Sci. Technol. 51, 107–115 (2005) 

15. Kerr, J.L.; Lumsden, J.S.; Russell, S.K.; Jasinska, E.J.; Goss, G.G. Environ. Toxicol. 
Chem. 33, 1552–1562 (2014) 

16. Zykina N.G. 3 Soil characteristics: tasks for control and self-control of students. 
(Izhevsk: Udmurt University Publishing House, 2013) 

17. Kuldasheva, S., Abdikamalova, A., Abdikamalova, A., Eshmetov, I., ... Nortojiyeva, 
G. Investigation of changes in the viscosity properties of acrylamide (co)polymer and 
their hydrolyzed forms depending on the conditions of their preparation. Polymer 
Bulletin (2023). https://doi.org/10.1007/s00289-023-04875-6. 

8

E3S Web of Conferences 538, 03005 (2024)	 https://doi.org/10.1051/e3sconf/202453803005
IPFA 2024

RETRACTED




