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Interpolyelectrolyte Complex Chitosan — Alginate for Soil Structuring

The interpolyelectrolyte complex of the composition [chitosan]:[alginate] = [1]:[4] was prepared by mixing a
hydrochloric acid solution of cationic polyelectrolyte chitosan and an aqueous solution of anionic polyelectro-
lyte sodium alginate. The complex of chitosan and sodium alginate biopolymers was first used as a soil
structurizer. Due to low humus and light mechanical composition, the dark chestnut soil of the dry-steppe
zone of the East Kazakhstan region is subjected to erosion. Introducing a polymer complex into the specified
soil contributed to the improvement of wind resistance, an increase in humidity, and a decrease in water per-
meability. The soil surface treated with a complex of biopolymers showed pronounced resistance to the action
of planar and trickle water erosion due to aggregation of particles with a diameter of < 0.01 mm. The fraction
of soil particles obtained by mechanical destruction of structured aggregates with a diameter of 3-1 mm has a
well-expressed ability to self-aggregate during the humidification - drying process. The results of the vegeta-
tion and field experience in tillage with an interpolyelectrolyte complex showed a positive effect of the com-
plex on the growth and development of radish of the Rubin variety and, as a result, an increase in radish yield
by 2 times was achieved. The obtained results indicate the effectiveness of the structuring action of the chi-
tosan-alginate complex for poorly structured soils.

Keywords: biopolymers, polysaccharides, interpolymer complex, vegetation experience, dark chestnut soil,
radish.

Introduction

The physical and mechanical properties of soil, in particular its structure, are important conditions for
the demonstration of soil fertility. The most complete provision of plants with moisture, air, and mineral nu-
trition occurs precisely on structural soils [1]. Such a valuable agroecological property of the soil as the de-
gree of resistance to water and wind erosion is closely related to the structural state of the soil.

One of the modern and promising ways to improve the structural and aggregate state of the soil is the
treatment of the surface soil layer with interpolyelectrolyte complexes (IPECs), which promote the gluing
and aggregation of dusty particles into macro aggregates [2—4], thereby preventing wind and water transfer
of poorly structured soils. The introduction of IPEC into the soil improves the water and air regimes of the
soil, increasing its fertility and contributing to the improvement of plant growth and development [5].

Kabanov et al. [6] selected qualitative and quantitative compositions of polymer mixtures of variously
charged synthetic and natural polymers suitable for the production of polymer binders. Moreover, special
attention of the authors is paid to the search for ways of applying various polymer coatings to the surface
layer of the soil.

There are two methods of introducing IPEC into the soil. In the sprinkling method [3], an IPEC solution
is prepared by mixing aqueous solutions of anionic and cationic polyelectrolytes in the presence of a water-
soluble alkali metal salt, ammonium, calcium, or magnesium. The resulting water-salt solution of IPEC is
simultaneously applied to the soil surface, followed by washing out the salt with water. In the two-solution
method, aqueous solutions of polyelectrolytes are prepared separately, while observing the total equimolar
charge-charge ratio [4]. The soil is infused with a solution of the first polyelectrolyte until full saturation and
then treated with the second. The insoluble complex is formed directly in the surface layer of the soil after
applying a solution of the second polyelectrolyte.

To protect soils from erosion, separate synthetic polymers were used, for example, modified poly-
acrylamide [7], which attaches well to negatively charged soil particles. However, cationic polyelectrolytes
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are easily washed off the soil surface by rain or irrigation water [3]. Nonetheless, the IPECs of synthetic pol-
ymers proved to be effective structure-forming agents of longer-acting soils [3, 5, 6].

IPECs of synthetic polymers with natural ones, such as a complex of sodium carboxymethylcellulose
(Na-CMC) with urea—formaldehyde oligomers (UFOs) [8], poly(dimethyldiallylammonium chloride) with
potassium humates [9], were also used to consolidate soils. We studied the structuring of the soil of IPEC
chitosan with polyacrylic acid and obtained positive results [10].

However, the low biodegradability of synthetic polymers and their complexes makes them unsuitable
for soil structuring. In this connection, to date, complexes of natural polymers and their derivatives are the
most promising and environmentally safe for agroecological purposes among IPEC-soil structurizers [11,
12]. They are an affordable alternative to synthetic polymers and can be successfully used for soil structur-
ing. In addition to high aggregating capacity, simple methods of operation, long-term action, biopolymer
structure-forming agents have biocompatibility and biodegradability as a result of natural microbiological
and biochemical processes, while the soil is not polluted by further polymer decomposition products. The
widespread use of biopolymers is also facilitated by certain technological advantages, namely, the presence
of a widespread and annually renewable raw material base, cheapness and the availability of production [12].

Polysaccharides and their derivatives — chitosan [4, 13], sodium carboxymethylcellulose [8, 11], gellan
[14], alginates [15], etc. — are used in various practical applications from natural complexing polymers that
are widely distributed and reproduced in nature.

The natural polymer chitosan (Ch) has proved to be an effective material for reducing water erosion
[4, 16] and wind erosion of soils [17]. The introduction of chitosan into clay soil led to an increase in
interparticle cohesion, and consequently, an improvement in the mechanical properties of the soil. However,
its effect turned out to be short-term in conditions of moist soils [13].

The possibility of using sodium alginate (SA) for the restoration of abandoned lands has been studied
[18]. It is shown that alginate easily forms a film on the surface of sandy soil, increases the compressive
strength of sand. In addition, the studied polymer has a positive effect on the growth of cyanobacteria, there-
by contributing to the restoration of abandoned lands.

Chitosan-alginate complexes are mainly used in medicine as drug delivery systems [19, 20] and for the
preparation of wound dressings [21, 22]. In addition, chitosan-alginate complexes can be used in ecology as
effective sorbents for water purification from pollutants [23].

Chitosan-alginate IPECs with unique biological properties of both biopolymers are of interest as prom-
ising environmentally safe binders of soil dispersions. In addition, experimental data on the restoration of
optimal water-resistant and wind-resistant soil structures using the IPEC of these biopolymers are practically
absent.

Earlier, we discovered complexation in the chitosan — sodium alginate system of molar composition
[Ch]:[SA] = [1]:[4] using a set of physicochemical methods. It was revealed that alginate-chitosan polyionic
complexes are formed due to ion-ion interaction between the carboxyl groups of alginate and amino groups
of chitosan [24, 25].

In [26], we prepared an IPEC of the composition [Ch]:[SA] = [2]:[3]. To prepare it, chitosan was dis-
solved in citric acid. Laboratory experiments have shown that this IPEC increases soil resistance to water
erosion and has a positive effect on the growth and development of cucumber [26].

This paper presents the results of studying the influence of IPEC Ch-SA on the water-physical and ag-
rochemical properties of the dark chestnut soil of the dry-steppe zone of the East Kazakhstan region, as well
as on the growth, development and yield of radishes in the conditions of a vegetation field experiment.

Experimental

The object of the study is the dark chestnut soil of the dry steppe zone of the East Kazakhstan region.
The climate of the region is continental and arid. The average annual temperature is 2.5-3 °C, the duration of
the warm period is 200 days, and 250-300 mm of precipitation falls per year. The soil sample was taken on a
virgin plot located 18.3 km west of Semey (N 50°29°, E 79°56). The color of the soil is brownish-brownish.
The power of the upper horizon is 20-22 cm. Soils are characterized by low humus, mainly light mechanical
composition. However, on these soils, when carrying out measures for the accumulation and preservation of
moisture, and when applying mineral and organic fertilizers, it is possible to successfully grow a wide range
of agricultural crops: cereals (wheat, corn, barley), technical, vegetable, fruit.

Sigma Aldrich chitosan (USA), M = 500 kDa, 85 % deacetylation degree, was used without additional
purification.
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Sigma Aldrich (USA) sodium alginate, M = 250,000 kDa, was used without additional purification.

The selection of five-point soil samples with a total mass of at least 1 kg was carried out on a 100 m?
site from the upper layer (0—20 cm) diagonally so that the combined sample was a typical sample for the ara-
ble horizon of this genetic soil type. The average sample of air-dry soil was taken by double quartering, the
resulting sample was sifted through an appropriate sieve and placed in a jar with a ground stopper.

Radish of the Rubin variety (Ukraine, the Poisk company) is a widely cultivated precocious variety with
a growing season of 26-28 days.

The agrochemical properties of the soil before and after the introduction of IPEC were determined ac-
cording to the generally accepted methods [27].

Preparation of polymer solutions with a concentration of 10~ mol/I

To prepare 1 liter of a solution 0.161 g of dry chitosan was transferred to a 1-liter volumetric flask,
filled with a small amount of hydrochloric acid (10 mol/l) and stirred on a magnetic stirrer until the poly-
mer was completely dissolved. After that, the volume of liquid in the flask was brought to the mark with a
solution of hydrochloric acid (10* mol/l).

To prepare 1 liter of a solution 0.198 g of dry sodium alginate was transferred to a 1-liter volumetric
flask, filled with a small amount of distilled water and after complete dissolution of the polymer, the volume
of liquid in the flask was brought to the mark with distilled water. Then the solutions were kept at room tem-
perature for 24 hours, after which solutions were used to structure the soil.

The treatment of the surface layer of the soil with biopolymers and IPEC based on them was carried out
in a two-solution method by sequentially applying equimolar polymer solutions using a spray gun [6]. The
synthesis of IPEC took place directly in the soil at the time of application of a sodium alginate solution to a
surface previously saturated with a chitosan solution. At the same time, the volumes of equimolar polymer
solutions used contain chitosan and sodium alginate in molar ratios [Ch]:[SA] = [1]:[4] [24, 25].

Investigation of mechanical strength of soil structurates

To obtain the structure, a 0.5 m soil fraction was poured into a Petri dish with a 1.5 cm layer and treated
with a two-solution method. The resulting structurates were dried at room temperature for 3 days, then me-
chanical strength tests were carried out using the TAXT texture analyzer (Stable Micro Systems, UK) in
compression mode at a speed of 0.01 mm/sec using the P5/S nozzle.

Determination of resistance to water flushing of soil structurates formed as a result of tillage of IPEC
Ch-SA was carried out according to the methodology described in the papers of Panova [9].

The Petri dish was filled with a 50 g soil sample passed through a sieve with holes d = 0.25 mm, the
thickness of the soil layer was 0.5 cm. Soil treatment with polymers and IPEC was carried out in the follow-
ing variants:

1. Control (soil not treated with biopolymers and IPEC);

2. Soil treated with IPEC [Ch]:[SA] = [1]:[4];

3. Soil treated with hydrochloric acid solution Ch (10~ mol/I);

4. Soil treated with an aqueous solution of SA (10~ mol/l).

The treated soil in Petri dishes was dried for 5 days, then cups with soil were installed at an angle of 15°
and subjected to flushing by spraying with 100 ml water while collecting the flowing water from the cups.
The remaining soil in the cups was dried at room temperature for 5 days, after which it was weighed.

Calculation of soil resistance to flushing was carried out according to the formula (1):

R, %=-2.100, )
M
where R — the resistance of the soil to flushing, %; m — the mass of the remaining soil after the test, g; M —
the mass of the soil sample, g.

The model experiment on trickle water erosion was carried out in the same sequence, while the flushing
of soil structures with water was carried out by a drip method on a special installation (Fig. 1).

The ability of soil structurates to self-aggregation was studied after soil treatment with polymers and
IPEC [27]. The soil sample was passed through a sieve with a hole diameter of 0.25 mm. 20 g of the ob-
tained fraction of “free particles” (FP) were poured into 4 Petri dishes and 20 ml of water, sodium alginate,
chitosan and IPEC were treated, respectively. The treated soil was dried at room temperature for 2 days.

Soil aggregates 3—1 mm were crushed in a mortar and passed through a 0.25 mm sieve. Thus, the so-
called fraction of aggregates particles (AP) was obtained. Then the AP fraction was also processed, as well
as the FP fraction.
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To separate self-aggregating particles and loosely bonded soil particles,
the attachments from Petri dishes were transferred to centrifuge tubes, then
B shaken on a LOIP LS-110 rotator (Russia) for 90 minutes at 25 rpm, after
which the soil was transferred to a 0.25 mm sieve, the remaining soil on the
sieve was sifted and weighed.
The resulting self-assembled aggregates were transferred to a pre-
moistened 0.25 mm sieve and waited for the water held between the sieve

' cells to moisten the suspension of the aggregates, then the sieve with the ag-
é gregates was immersed in water for 10 minutes. Next, the aggregates were
(e ) sifted in water, moving the sieve up and down and left and right 10 times.
Water-tight aggregates capable of self-assembly after mechanical destruction
H remained on the sieve. The obtained water-tight aggregates, as well as the
suspension with particles <0.25 mm passed through the sieve, were dried at a

e temperature of 105°C and weighed.
Figure 1. A model laboratory The number of self-assembling units was calculated according to the

installation for studying formula (2):
trickle water erosion m,

N, =1 100%, )

where n, — the number of aggregates capable of self-assembly, %; m, — the mass of self-assembled soil

aggregates, g; M — the mass of the soil sample, g.
The number of water—bearing aggregates capable of self-assembly was calculated by the formula (3):

n, =—-100%, ®)

c

where n, — the number of water-bearing aggregates capable of self-assembly, %; m — the mass of water-

bearing self-assembled soil aggregates, g.

Investigation of the effect of IPEC on radish yield in vegetation and field conditions. Experiments with
radish were carried out in the open ground on microplots measuring 20x20 cm? in 3-fold replication. A plot
with a homogeneous plain relief is selected. Before laying the experimental plots, the site was dug up, weeds
were removed. The marking of the experimental plots was carried out by the randomized square method ac-
cording to the following scheme (Figure 2):

CONTROL IPEC CONTROL

IPEC CONTROL IPEC

Figure 2. Layout diagram of experimental plots in the vegetation experiment

The dividing boundaries between the individual plots were 10 cm.

The culture was sown in dry, windless weather. All variants of the experiment were laid down in one
day along with planting seeds and making IPEC.

The duration of the experiment from sowing seeds to harvesting was 1 month. Care (watering, weeding
from weeds) and recording of biometric and phenological observations were carried out daily for all variants
of the experiment while considering the following indicators:

« the appearance of the first shoots of plants according to the experience options;

* the appearance of mass shoots of plants according to the variants of the experiment;

» dynamics of growth and onset of the main phenological phases according to the variants of the exper-
iment;

* evaluation of the yield according to the variants of the experiment (30 days after sowing).
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Before weighing, the plants were washed from the soil and dried with filter paper. The determination of
the raw biomass of root crops and tops was carried out within 1-2 hours after digging to avoid weight loss
during drying.

Statistical processing of the data. Statistical processing of the results was performed automatically us-
ing Origin Pro™ Data Analysis and Graphing Software. For mean value and standard deviation determina-
tion, the following parameters were used: confidence probability — 0.95; interpolation of quantiles — empiri-
cal distribution with averaging.

Results and Discussion

IPEC Ch — SA was successfully used for structuring dark chestnut soil of the dry steppe zone of the
East Kazakhstan region.

The main agrochemical parameters of the soil before and after the introduction of IPEC were studied:
mechanical composition, moisture capacity, humidity, acidity, water permeability, organic matter content,
exchangeable ammonium, and mobile phosphorus.

Table 1 presents the analysis results of the mechanical composition of the dark chestnut soil of the dry
steppe zone of the East Kazakhstan region before and after the introduction of IPEC.

Table 1

Content (%) of fractions of soil particles (mm) in untreated soil (control) and after application of IPEC

Physical Sand Physical Clay
. Coarse and . . ]
Variant . Fine sand, Coarse dust, Medium dust, Fine dust,
meg'zugf f%”d’ 0.05-0.25 0.01-0.05 0.005-0.01 | 0.001-0005 | Mud.<0.001
Control 27.95 41.75 19.65 5.04 3.95 1.66
89.35 % 10.65 %
IPEC 31.10 | 45.04 | 17.85 2.08 | 2.51 | 1.42
93.99 % 6.01 %

Depending on the content and ratio of various fractions of soil particles, in particular, on the ratio of
physical sand (particle diameter >0.01 mm) and physical clay (particle diameter <0.01 mm), according to the
agronomic classification of N.A. Kachinsky, a variety of soil is determined by mechanical composition. The
studied soil by its mechanical composition belongs to sandy loam soils (in soils of the steppe type of soil
formation) since the content of physical clay (10.65 %) is in the range from 10 to 20 %. Such soil is charac-
terized by a low content of moisture and nutrients, is easily exposed to water and wind erosion [11].

The introduction of IPEC on the soil surface contributed to the aggregation of physical clay (<0.01 mm
6.01 %). The aggregating effect of IPEC when applied to the soil is associated with the formation of a soil-
polymer crust due to the interaction of structural fragments (hydrophilic, hydrophobic, positively and nega-
tively charged) of IPEC with particles of the dispersed phase of the soil [14].

Table 2 demonstrates the main agrochemical indicators of dark chestnut soil before and after the intro-
duction of IPEC.

Table 2
Agrochemical indicators of untreated and treated IPEC soil
. . . Content, mg/kg of soil .

. Soil moisture, Moisture Organic K10,

Variant % capacity, % PHro | pHie NH,* exghgnge matter, % | mm-mn
25
Control 1.44 40.45 7.16 7.45 28.0 89.2 1.63 1.5
IPEC 1.62 52.60 7.24 7.21 33.9 91.7 1.65 0.4

According to the results of the study of agrochemical indicators of untreated soil, the following agro-
chemical characteristics were obtained: sandy loam mechanical composition, good water permeability, low
organic matter content, slightly alkaline reaction of soil solution, low content of mobile nitrogen and ex-
changeable phosphorus. The obtained results also indicate a weak structural condition of the soil and a strong
susceptibility to deflation and water erosion [11].
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When applying chitosan — sodium alginate to the soil surface of IPEC, there is an increase in the content
of mobile ammonium nitrogen by ~ 6 % and exchangeable phosphorus by 2.7 %, a relatively small increase
in humidity (~ 0.2 %) and moisture capacity (1.3 %), as well as a pronounced decrease in water permeability
(by 73%) of the soil after treatment with IPEC. The value of the filtration coefficient is reduced by almost 4
times (Table 2).

The increase in nitrogen and phosphorus content may be due to the presence of amino groups in the chi-
tosan macromolecule, as well as saturation and retention of macronutrients in the surface layer of the soil as
a result of gluing soil particles with a polymer complex.

The improvement of the water properties of the treated soil may be a consequence of the enlargement of
soil pores and filling them with IPEC, hydrophilic fragments which have the ability to absorb and retain
moisture.

Thus, when using IPEC as a structuring agent, the top layer of soil is saturated with water and the mois-
ture necessary for vegetation is preserved, which contributes to the rationalization of the water regime of
plants during their growing season.

Mechanical properties of soil-polymer structurators

An important characteristic of the aggregating properties of soil structurators is the mechanical strength
of the formed soil structurates. For this purpose, the mechanical properties of soil samples treated with water,
chitosan solutions, sodium alginate and IPEC [Ch]:[SA] = [1]:[4] were studied (Figure 3).
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Soil structuring agent

Figure 3. Mechanical properties of soil structurates

As can be seen from Figure 3, structures based on IPEC (68.74 kPa) exhibit the greatest mechanical
strength, in comparison with structures treated with individual polymers, as well as water. It is important to
note that for a short period of time, water is a good structuring agent [28].

Anti-erosion resistance of soil-polymer structurates

The resistance to planar and trickle erosion of soil structurates formed as a result of tillage with individ-
ual polymers and an interpolymer complex of chitosan — sodium alginate has been investigated. Figures 4
and 5 illustrate the results of the resistance of the soil treated with polymers and IPEC to water flushing.

Control IPEC

Figure 4. Resistance of soil aggregates to planar (upper row) and trickle erosion (lower row)

CHEMISTRY Series. No. 3(107)/2022 107



B.Kh. Mussabayeva, Zh.S. Kassymova et al.

100 =

80 o I

60 o

Soil resistance, %

20 o

Control IPEC Ch SA
Sample

Figure 5. Diagram of soil resistance to trickle erosion

The maximum flushing of soil particles is observed in the variant with control and soil treated with SA.
In the sample of soil treated with Ch, the soil washability is lower in comparison with the control and the soil
treated with SA. The behavior of Ch in soil is related to its cationic characteristics, which provide electrical
interaction between the biopolymer and the diffuse double layer of soil minerals (charged surface and dis-
tributed charge in the adjacent phase), which determines the interparticle behavior of the treated soil. It is
assumed that upon contact of a negatively charged soil particle with a positively charged chitosan, the distri-
bution of polymer cations concentrates on the surface of the soil particles, which leads to a balance in the
overall electrical neutrality of the system. However, the distance from the charged particle leads to a gradual
decrease in the concentration of counterions to the same conditions as in the Ch volume. This mechanism
leads to an increase in mechanical properties due to the ionic bond between the biopolymer and soil particles.

The greatest soil washout with water in the case of using SA solution is caused by the same charge of
SA macromolecules and the surface charge of soil particles [13].

Thus, the introduction of the Ch-SA complex on the soil surface helps to strengthen the upper layer of
the soil by aggregating it and increases its resistance to water flushing.

The results of self-assembly of soil aggregates of natural composition <0.25 mm and from pre-
destroyed structural lumps of 3-1 mm treated with polymers and IPEC, after moistening — drying, as well as
the values of water-resistant self-assembled aggregates from the above-mentioned fractions are shown in
Figure 6.

12- Self assembled particles
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FP from structureless particles <0.25 mm in natural soil composition;
FA obtained by mechanical destruction of soil fractions 3-1 mm

Figure 6. The ability to self-aggregate FP and AP and the water resistance of self-assembled aggregates
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As can be seen from Figure 6, structureless FP, regardless of the polymer composition introduced for
structuring, in almost all cases have a minimal aggregation ability and no water-resistant particles were
found among them. On the contrary, according to experimental data, AP have a well-expressed ability to
self-assemble after the humidification-drying process. When using IPEC, the water resistance index of self-
assembled aggregates is the highest, which indicates the structuring of the IPEC soil. After IPEC treatment,
self-organized AP of arable dark chestnut soil contain almost 4 times more water-resistant particles com-
pared to AP structured with water.

Thus, when using biopolymers and IPEC, artificially destructured soil aggregates have a greater ability
to self-aggregate than natural soil microaggregates. In this regard, polymer structure-forming agents can be
recommended for effective use on soils with a destroyed structure.

Influence of the interpolyelectrolyte complex on radish development

From a practical point of view, the impact of IPEC Ch-SA introduced into the soil on the growth and
development of plants that grow on it is important. In this work, radish (Raphanus sativus) of the “Ruby”
variety was used as a model plant. Figures 7, 8 and Table 3 show data on the growth and development of rad-
ishes on dark chestnut soil treated with water and IPEC [Ch]:[SA] = [1]:[4] in a vegetative field experiment.
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Figure 7. Dynamics of growth and development Figure 8. The average weight of the radish
of radish of the “Rubin" variety variety “Rubin” on the plots, g
Table 3
The influence of IPEC on the development of the radish variety “Rubin”
Parameter Variant
Control IPEC
Height, cm/vessel 18.50 19.10
Weight of the tops, g 35.13 51.8
Weight of root crops, g 6.43 20.78
Specific weight, g/unit 1.07 3.47
The period before the emergence of seedlings, a day 6 5
Germination, % 60 80

The results of daily monitoring of biometric indicators of radish development showed that the introduc-
tion of IPEC into the soil contributed to the best plant growth since radish seedlings were obtained earlier,
and the height and weight of plants were more pronounced than in the control variant.

The yield of radish turned out to be 2 times higher than the control in the case of introduction of IPEC
into the soil.

The positive effect on the growth and development of radish of the Rubin variety during tillage of IPEC
may be due to its effect on the retention of moisture reserves in the soil by reducing evaporation and improv-
ing water absorption.
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The results indicate that the use of environmentally friendly biodegradable IPEC Ch-SA had contribut-
ed to the growth of the plant, so seedlings were obtained 1 day earlier, and the height and weight of plants
were greater than in the control variant, a 3-fold increase in fruit weight, a 2-fold increase in yield were
achieved. Examples of the use of biodegradable polymer as floating row covers in field production of radish
based on aliphatic-aromatic polyesters [29] and IPEC based on chitosan and sodium carboxymethylcellulose
[30] are known. These systems lead to an increase in fruit weight by 2.9 and 1.45 times, respectively. Thus,
the developed technology has significant advantages among known analogues.

Conclusions

To conclude, the analysis of the results of laboratory and vegetation-field studies confirms the possibil-
ity of using IPEC chitosan — sodium alginate for aggregation of poorly structured soils to create an erosion-
resistant, agronomically valuable soil structure and ensure optimal water and air regimes for the cultivation
of agricultural crops. The results of the application of soil treatment technology with biopolymers and IPEC
show the need for further research on other agricultural soils and crops.
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b.X. Mycab6aega, XX.C. KacsimoBa, JI.K. Opa3xaHoBa,
A.H. Knusenko, A.H. Cabutosa, b.b. basxmeTosa

XWTO03aH — aJIbITMHAT HHTEPIOJIUIIEKTPOJIUTTI KOMILIEKCI
TONBIPAKTHI KYPbLIbIMAAY YIIiH

Kypambl [xurosan]:[anbrudar] = [1]:[4] uHTepHONUIIEKTPONIUTTI KOMIUIEKCI KATHOH/BIK ITOJUIJIEKTPOIIUT
XUTO3aHHBIH TY3 KBIIIKBUIIBI €PITIHAICIH KOHE aHHOHIBIK IOJIMAICKTPOINTI HATPUHA aTbTUHATHIHBIH CYJIBI
epITIHAICIH apanacThIPy apKbUIBI aTBIHIBL. XHUTO3aH XKOHE HATPHUI AJITHHATHI OMOMIOIMMEpIIEPiHiH KOMIIIEKC]
aNFall peT TOMbIpak Ty3yun peTiHae mnaiinamaHeuigpl. [eireic Kasakcran OOJNBICHIHBIH KYPFaK ajaibl
allMarpIHBIH KYHTIPT-KYPEH TOMBIPAFbIHIA KapallipiKTiH TOMEH OONyBIHAH KOHE JKEHIT MEXaHUKAJBIK
KYpPaMHBIH CaJIIapbIHaH dPO3HUsFa YIIbIparaH. ATaJFaH TONBIPAKKa IMOJMMeEpIi KOMIUIEKCTIH €HTi31Tyi jkenre
TO3IMALTIKTI JKaKCapTyFa, BUIFAJJBUIBIKTHI apTTHIPyFa JKOHE Cy OTKI3TIIUTITH TOMEHJAETyre BIKIal eTTi.
buononumepiep KoMmIUIeKCiMeH eHIenreH Tombipak Oeri  guamerpi <0,01 MM Oemmiektepaiy
arperanysulaHyblHa GallJIaHBICTBI JKA3bIKTBIK JKOHE arbIHIbI CY SPO3HACHIHBIH OCepiHE aMKbIH KapChUIBIK
kepcetTi. JuameTpi 3—1 MM KypbUIBIMIAIFaH arperarTapblH MEXaHHKAJIBIK OY3bUTYbIMEH aJIbIHFAH TOTIBIPAK
OemmiekTepiHiH (paKUUsICH BUFANIAHABIPY—KENTipy NpOLECiHAe ©31H—631 peTTeyre J>MAakchl KaOijeTTi.
TomBIpakTel HMHTEPIIONUIICKTPOIUTTI KOMIUICKCIIEH ©HJACYIEri BEeTeTalMsUIBIK-TalalblK TOKipUOCHIH
HOTIDKENIepl KOMIUIEKCTIH PyOMH COpTTHI mIagFaMHBIH ©CyiHE >KOHE JaMyblHAa OH 9CepiH KOPCETKEH,
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B.Kh. Mussabayeva, Zh.S. Kassymova et al.

HOTIDKECIH/E INAIFaMHBIH OHIMIUNINi 2 ece apTThl. AJIBIHFaH HOTIDKEJIep Halap KypbUIBIMAAIFaH
TOIBIPAKTApFa apHaIFaH XUTO3aH-aJIbIMHAT KOMIUICKCIHIH KYPBUIBIMABIK SCEPiHiH THIMAUTITH KopceTe .

Kinm ce30ep: OuomonumMep, NOJIMCAXapUATEP, HHTEPIIONMMEPIi KOMIUIEKC, BETETAIMSUIBIK ToXipHOE,
KYHTIPT-KYPEH TONBIPAK, [IAJIFaM.

b.X. Mycabaega, XX.C. KaceimoBa, JI.K. Opa3z:xaHoBa,
A H. Knusenko, A.H. Caburosa, b.b. basxmerosa

NHTEepnou3IeKTPOJIUTHBIA KOMILIEKC XUTO3aH—AJbIHHAT
JJISL CTPYKTYPHPOBAHMS I0YBBI

MHTEepIONMMANeKTPOIUTHBIN KOMIUIEKC cocTaBa [xuTo3aH|:[anpruHat] = [1]:[4] moay4mnn MeTomoM cmerie-
HUSI COJITHOKHCIIOTO PacTBOpa KaTHOHHOTO MOJMAICKTPOINTa XUTO3aHa U BOJHOTO PACTBOPAa aHUOHHOTO T10-
JU3JICKTPOJINTA ajbrUHaTa HaTpus. KoMIuiekc OWOMOIMMEPOB XWUTO3aHA WM albIHMHATA HATPUS BICPBBIC
HCIIOJIb30BaH B KAUeCTBE CTPYKTYpooOpa3oBarelis MouBsl. BeleacTBHE MaOryMyCHOCTH U JISTKOTO MEXaHHU-
YECKOT0 COCTaBa TeMHO-KAIITAHOBas IOUBa CYXOCTEMHOH 30HBI BocTrouno-KaszaxcraHckoit obiacTu noasep-
JKeHa 9po3ud. BHeceHne B yKa3aHHYIO MOYBY MOJIMMEPHOT0 KOMIUIEKCA CIIOCOOCTBOBAIIO YIIyUIICHUIO BETPO-
YCTOWYUBOCTH, YBEIHUYCHHIO BIAKHOCTH U CHI)KECHHIO BOJONPOHHIIAEMOCTH. [[oBepXHOCTh MO4YBBI, 00pabo-
TaHHAsE KOMIUIEKCOM OHMOIMOJIMMEPOB, MPOSIBISIA BBIPAKEHHYIO YCTOWYMBOCTD K NEHCTBUIO IIOCKOCTHOW U
CTpyituaToil BOAHOM 3pO3MHU 3a cyUeT arperupoBanus dactuin auameTpoMm < 0,01 mm. Dpakius MOYBEHHBIX
YaCTUII, TOMyYCHHAs MEXaHHUECKIM Pa3pyNICHUEM CTPYKTYPUPOBAHHBIX arperaToB auameTpom 3—1 M, 00-
JIAJTaeT XOPOIIO BBIPAXKCHHON CIIOCOOHOCTHIO CaMOarperupoBaThCs B IPOIECCe YBIAXKHCHASI—BBICYIIINBAHHS.
Pe3ynbpTaThl BEreTaliOHHO-TIOJICBOTO OMBITA MO 00PabOTKE MOYBBI HHTECPIIOIUIICKTPOIUTHBIM KOMILICKCOM
MOKAa3aJIH TIOJIOKUTEIbHOE BIMSHHE KOMIUIEKCA Ha POCT M Pa3BUTHE peauca copta «PyOunH» M, Kak Cieact-
BHE, JOCTHTHYTO MOBBIIICHHE ypoxkaiiHocTH peanca B 2 pasa. [lomyueHHBIE pe3yabTaThl CBHICTEIBCTBYIOT
006 3(h(eKTUBHOCTH CTPYKTYPUPYIOIIETO ISUCTBUSI XUTO3aH-aIbIMHATHOTO KOMIUIEKCa Uil Cl1ab0CTPyKTypH-
POBAHHBIX MTOYB.

Kniouesvie crosa. 6I/IOHOHI/IM€p, nojmcaxapuibl, I/IHTepHOJII/IMCpHHﬁ KOMIIJICKC, BETCTAIlMOHHBIN OIIBIT, TCM-
HO-KalllITaHOBas Io4Ba, peauc.
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