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Abstract

As a result of experiments conducted in 2022–2023 to prevent soil salinization, it was found 
that salts are adsorbed based on the adsorbent properties of plant residues. Salinity content in the 
saline soil was 12,55–15,04%, and it was found that salinity reduction changes from 5,56–1,31% 
when treated with licorice root residue and 3,56–0,97%  with cotton residue. It was identified that 
decomposition of plant residues involves halophilic bacteria, micromycete and actinomycete fungi, 
soil amoebae, soil grasshoppers, collembola and other invertebrates, and salts are assimilated due 
to metabolism and their level of retention in the soil decreases. It was found that the development 
of biotechnology for the artificial propagation of species belonging to the microorganism groups 
Halobabacillus sp., Salinicola sp., Trichoderma sp., and their use to accelerate decomposition in 
adsorbent plant waste is of great importance in preventing salinization.
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Introduction

The problems related to the occurrence of secondary salinization of the soil in irrigated agriculture 
and its prevention have not lost their importance even in the 21st century. Studying the problems of 
soil, which is the main source of abundant harvests from agricultural crops, and its salinization is of 
particular importance in all countries, including Central Asia, which is an important center of ancient 
agriculture. In recent years, scientists have published many scientific works in this field (Глазовский, 
1987; Звягинцев, Бабьева, Зенова, 2005; Клочко, 2010; Панкова, Айдаров, Ямнова и др., 
1996; Панкова, 2016). In soil science, these problems are analyzed in different contexts (Астапов, 
Спенглер, 1996; Ковда, 2021; Минашина, 1995; Панкова, Конюшкова, 2013; Egamberdieva, 
Kucharova, 2009). In our country, the role of land reclamation by preventing soil salinization, as well 
as studies related to the cultivation of halophilic plants have been conducted (Бабаев, Рахимова, 
Арзямова, Ёллыбаев, 2018; Ёллыбаев, Гурбанов, 2018; Лавров, Орловский, 1985; Муратова, 
1976; Панкова, 1992; Рабочев, 1964; Agakişiýew, 1989). It is known that until now the problems 
related to the use of adsorbent properties of plant residues in the prevention of soil salinization and 
the development of biotechnologies in this field have not been thoroughly studied.
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Test methods. In 2022-2023, experiments on the prevention of soil salinization were carried 
out at the scientific production laboratory of the Turkmen State Pedagogical Institute named after 
S. Seydi. The experiments were intended to test the adsorbent properties of plant residues to control 
salinity. As adsorbent products in the scientific research work, plant residues from the processing of 
raw materials were used in Buyan village industrial complex in Lebap, as well as residues from the 
cotton spinning factory in Turkmenabad were used. Experiments were Region conducted in a 0,10 ha 
saline field. In turn, the experimental field was divided into five small ponds, and 70-cm-high ponds 
were drawn into them. Adsorbent manure and cotton residues were placed on top of the soil in the 
amount of 2,0–2,5 kg per square meter of the experimental fields in the second decade of December. 
Thus, after 30 days, that is, when the wastes started to rot naturally, they were mixed into the soil 
at a depth of 15–20 cm. At the end of January, the soil was turned again and watered between the 
rows for the first time. On the third day of February, the soil in the ponds was softened, barley seeds 
were sown in it, and the second water was given. In the first decade of May, the barley was harvested 
before ripening and the soil was softened. Maize seeds were then sown in the fertile soil. Indicators 
of soil salinity were checked every 15 days by taking soil samples from the top 10 cm layer and 
conducting chemical analyses. Soil salinization was tested by dissolving the soil in water and titrating 
the amount of cations and anions in the solution in m/mol. (Базилевич, Панкова, 1972; Манжина, 
2021; Варгаса, Панковой и др., 2017). Chemical analyzes were carried out at the Biotechnologies 
Laboratory of the Technology Center of the Academy of Sciences of Turkmenistan. The content of 
salts, cations and anions in the soil – water solution was determined using modern equipment in the 
laboratory, and hydrogen ion concentration (pH) was measured. Mass ratios of oxides and elements 
stored in dry soil were also determined using XRF equipment.

Discussions of the results. The obtained data are presented in Tables 1–9. As can be seen from 
the data in the tables, the placement of plant residues in the soil, due to its gradual absorption of 
salts, leads to a decrease in the amount of salts in the soil and an increase in the suitability of the soil 
for cultivation. In our opinion, when light substances with fast dispersing and adsorbent properties 
are sprinkled on the soil, they quickly absorb the salts. In the course of decomposition, halophilic 
bacteria, actinomycetes, and micromycete fungi mix with it and multiply there by forming local 
foci. Microorganisms grow best when soil temperature is between 50 C and 250 C and humidity is  
65–70%. There are 3 ecological groups of living organisms that use plant residues from the soil as a 
food source: detritophages, mycetobacteriphages and saprophages.

Detritophagous microorganisms include soil bacteria, micromycete fungi, and actinomycetes. 
The industrial waste of cotton spinning mills is dominated by cellulose. There fore, they are subject 
to rapid decomposition in field conditions, as under the biological activity of cellulose-decomposing 
aerobic microorganisms initially turns into a brown sandy substance, which contains sand and 
dead microorganisms. In our observations, all the fibers take on a brown color in the distribution 
(Григорян, Батаева, Яковлева, Шляхов, 2018; Добровольская, Звягинцев, Чернов, Головченко, 
Зенова, Лысак, Манучарова, Марфенина, Полянская, Степанов, Умаров, 2015). Anaerobic oil 
bacteries are actively involved in the decomposition of licorice root and cotton fiber in the soil layers. 
The accumulated salts in the soil are converted by halophilic microorganisms in the soil. Salinicola, 
Marinobacter, Microbacterium, Salinibacterium, Bacillus, Planomicrobium, Halobabacillus, 
Salegentibacter, Microbispora, Alcaligenes, Sallimicrobium genera are frequently found in plant 
residues in meadow irrigated soils (Халилова, Котенко, Исламмагомедова, Гасанов, Абакарова, 
Аливердиева, 2017; Ходжимуродова, Хакимова, Тураева, 2021). They carry out their vital activity 
through cell breakdown.

Aspergilla sp., Fusarium sp., Trichoderma sp. related to micromycete and actinomycete fungi and 
others are frequently found in plant remains. In their increasing places, licorice and cotton wastes turn 
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to black. Actinomycetes fungi thrive in alkaline environments with low humidity. They are aerobes 
often found in the upper layers of the soil. Based on the biological activity of actinomycetes, plant 
residues are converted into substances in the soil. (Figure 1).

A the second stage of decomposition, myceto-bacteriophage halophilic invertebrates: amoebae, 
soil nematodes, prothracheonicus orientalis, wasps, soil grasshoppers accumulate on the substrate. 
Myceto-bacteriophagous soil invertebrate species feed on fungal mycelia, bacterial colonies, and begin 
to grow. According to our studies, species of grasshoppers of the genera Pavania, Premicrodispus, 
Tarsonemus, Scutacarus nest in the soil and feed on the mycelia of fungi contained in the decay. In 
February-March, the number of locusts can reach 300–500 individuals per 10 cm square area of the 
substrate.

Table 1

Average salinity, pH, and sand content of soil samples

Amount of water 
poured, ml

Weight of soil, g Salinity, % 
(m,mol)

pH Humus, g

Zone for testing 150 30,0085 12,55 6,61 2,875280
Zone for testing 150 30,0081 15,04 6,30 1,763945
I sample 1-10 150 30,0029 3,73 6,67 6,560176
I sample 11-20 150 30,0033 3,34 6,74 6,385456
I sample 21-30 150 30,0030 4,35 6,88 6,295496
I sample 31-40 150 30,0046 4,66 7,05 6,069576
I sample 41-50 150 30,0023 5,56 7,04 5,124967
I sample 51-60 150 30,0037 4,74 7,22 6,074128
I sample 61-70 150 30,0016 3,33 7,33 6,438927
I sample 71-80 150 30,0034 1,31 7,35 6,441106
I sample 81-90 150 30,0010 1,93 7,25 6,384521
I sample 91-100 150 30,0012 1,85 7,63 6,124362
II sample 1-10 150 30,0027 1,03 7,54 6,943207
II sample 11-20 150 30,0051 2,72 7,60 7,79277
II sample 21-30 150 30,0072 3,56 7,78 7,23211
II sample 31-40 150 30,0095 0,97 8,00 8,039398
II sample 41-50 150 30,0075 3,38 7,60 7,993961
II sample 51-60 150 30,0057 3,20 8,04 7,403952
II sample 61-70 150 30,0069 3,00 8,14 8,022360
II sample 71-80 150 30,0082 3,36 8,16 6,544378
II sample 81-90 150 30,0048 3,05 8,21 6,765543
II sample 91-100 150 30,0073 2,79 7,99 6,889349

Note: Samples I are soil samples obtained from the use of rootstock residues; Samples II are soil 
samples obtained from cotton waste utilization

As can be seen from the data in Table 1, salts are stored at a high level of 12,55–15,04% in the 
field set for testing. Then, the salinity changes from 1,31 to 5,56% when the root residue is sprinkled 
as a result of the decomposition of plant residues. Salinity is reduced to 0,97–3,56% when cotton 
residue is sprinkled on the soil. The pH values gradually increase. Along with the removal of soil salt, 
the retention rate of sand in it increases from 2,875280 to 8,039398.
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The average amount of ions stored in soil salts is given in Table 2.
Table 2

Average concentration of salt-forming ions in soil (m.mol/100 g soil – water solution) (2022–2023)

I zone for testing 1-10 Mg2+ Cl– SO4
2– K+ Ca2+ PO4

3–

±2,308 ±2,341 ±3,053 ±3,699 ±23,082 ±0,762
I sample 1-100 ±2,160 ±1,344 ±1,788 ±3,562 ±20,897 ±0,819
II sample 1-100 ±1,773 ±1,042 ±1,477 ±3,265 ±20,312 ±0,898

As is shown in Table 2, the amount of Mg2+ ions decreases from ±2,308 to ±1,773. The amount 
of Cl- ions decreases from ±2,341 to ±1,042. The obtained data prove that the secondary salinization 
of the soil occurs under the effect of chloride ions.

During the investigation, XRF analysis was carried out to analyze the preservation level of 
various oxides of minerals in the soil samples. The obtained data are presented in Tables 3–5.

Table 3

Average concentration of oxides in 100 g of soil samples (1–10)  
taken from the test site (2022–2023)

Ga2O3 Al2O3 SiO2 Fe2O3 MnO NiO CuO TiO2 V2O5 Cr2O3 PbO
40,1 
ppm

8,278 
%

34,085 
%

10,531 
%

0,191 
%

105,4 
ppm

150,7 
ppm

1,064 
%

294,6 
ppm

290,5 
ppm

41,9 
ppm

ZnO Br As2O3 Rb2O SrO Y2O3 ZrO2 In2O3 BaO Eu2O3 L,O,I
219,2 
ppm

21,1 
ppm

38,9 
ppm

218,4 
ppm

0,137 
%

63,0 
ppm

454,0 
ppm

0,288 
%

641,5 
ppm

593,8 
ppm

14,76 
%

Table 4

Average content of salt-forming oxides (1–30) in 100 g of soil samples (2022–2023)  
according to the results of the use of licorice root residue

Fe2O3 Al2O3 SiO2 MnO NiO CuO Ga2O3 TiO2 V2O5 Cr2O3 PbO
10,266 

%
8,451 

%
34,229 

%
0,180 

%
115,8 
ppm

170,8 
ppm

43,1 
ppm

1,019 
%

279,7 
ppm

261,5 
ppm

39,9 
ppm

ZnO Br As2O3 Rb2O SrO Y2O3 ZrO2 In2O3 BaO Eu2O3 L,O,I
212,5 
ppm

24,6 
ppm

51,0 
ppm

215,8 
ppm

0,113 
%

54,3 
ppm

421,8 
ppm

0,282 
%

643,4 
ppm

559,0 
ppm

14,02 
%

Table 5

Average content of oxides (1–30) in 100 g of soil samples (2022–2023)  
based on the results of using cotton processing residues

Ga2O3 Al2O3 SiO2 Fe2O3 MnO NiO CuO TiO2 V2O5 Cr2O3 PbO
35,1 
ppm

6,852 
%

31,324 
%

7,494 
%

0,146 
%

68,9 
ppm

120,3 
ppm

0,860 
%

220,7 
ppm

221,3 
ppm

31,3 
ppm

ZnO Br As2O3 Rb2O SrO Y2O3 ZrO2 In2O3 BaO Eu2O3 L,O,I
210,9 
ppm

27,6 
ppm

27,4 
ppm

157,8 
ppm

0,145 
%

45,1 
ppm

357,0 
ppm

0,336 
%

702,2 
ppm

371,1 
ppm

19,47 
%
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As can be seen from the data in Tables 3-5, the amount of Al2O3 in different soils is  
8,278–6,852%; Fe2O3 content is 10,531–7,494%; The MnO content varies in the range of 0.191–0.146%.

Table 6

Average retention of various elements in 100 g of soil samples (1–10) 
at the test site (2022–2023)

Mg Al Si P S Cl K Ca Ti V Cr Mn Fe Ni
1,899 

%
6,176 

%
23,608 

%
0,529 

%
0,953 

%
2,212 

%
5,072 

%
27,038 

%
1,256 

%
330,6 
ppm

392,1 
ppm

0,299 
%

15,001 
%

187,2 
ppm

Cu Zn Ga As Br Rb Sr Y Zr In Ba Eu Pb L,O,I
258,9 
ppm

378,7 
ppm

64,2 
ppm

63,5 
ppm

45,5 
ppm

432,5 
ppm

0,251 
%

107,7 
ppm

728,8 
ppm

0,421 
%

0,115 
%

0,103 
%

84,1 
ppm

14,76 
%

Table 7

Average storage of various elements in 100 g of soil samples obtained by the results  
of application of the rootstock residue (1–30) (2022–2023)

Mg Al Si P S Cl K Ca
1,769 % 6,274 % 23,617 % 0,567% 1,150% 3,842% 5,276% 26,287%

Ti V Cr Mn Fe Ni As Rb
1,200% 313,0ppm 352,0ppm 0,300% 14,571% 203,9ppm 82,9ppm 425,4ppm

Sr Y Zr In Ba Eu Pb L,O,I
0,205% 109,3ppm 673,6ppm 0,413% 0,114% 963,1ppm 79,7ppm 14,02%

Table 8

Average retention of various elements in 100 g of soil samples (1–30)  
after application of cotton processing residue (2022–2023)

Mg Al Si P S Cl K Ca Ti V Cr Mn Fe Ni
1,448 

%
5,072 

%
21,544 

%
0,622 

%
1,967 

%
1,721 

%
4,668 

%
30,18 

%
1,037 

%
252,5 
ppm

305,3 
ppm

0,232 
%

10,838 
%

123,0 
ppm

Cu Zn Ga As Br Rb Sr Y Zr In Ba Eu Pb L,O,I
207,7 
ppm

366,1 
ppm

56,4 
ppm

44,9 
ppm

60,0 
ppm

314,2 
ppm

0,268 
%

77,6 
ppm

575,9 
ppm

0,496 
%

0,128 
%

652,8 
%

63,1 
ppm

19,47 
%

As can be seen from the data in Table 6-8, the amount of copper and zinc in the soil varies with 
the decomposition of plant residues.

Table 9

Comparison of mean value of overall salinity decline (2022–2023)

Indicators №1 Test №2 Sprayed Fertilizer 
residue

№3 Sprinkled cotton 
residue 

pH 8,89 7,65 7,56
Conductivity, μs/sm 5510,4 3170,6 1742,0
Amount of salts % 2,618 2,012 1,604
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The data in Table 9 prove that the level of electrical current conductivity of 2,618% of the 
amount of salts of the soil taken for testing is 5510,4 μs/cm, and as a result of the decrease in salts, it 
decreases by 3170,6–1742,0 μs/cm and 2,012–1,604%.

a b c d

Figure 1: a –saline, b – soil sprinkled with cotton fiber; c – corn planted in saline field, 
d – corn planted in cotton fiber field

At the last third stage of decomposition of plant residues, decay is completely destroyed by 
saprophagous feeding of oligochaetes, collembola and insect larvae.

As a result, bacteria, fungi, and various invertebrates in the soil transfer the accumulated salts of 
adsorbent plant residues to their bodies by engaging in mutual trophic relations. They soften the soil 
by moving it vertically and horizontally, improving its aeration.

The development of biotechnology to artificially soil microorganisms Halobabacillus sp., 
Salinicola sp., Trichoderma sp. groups and use them to accelerate decomposition in adsorbent plant 
residues is an important area in the prevention of soil salinization.

In the experimental plots, additional salinity was removed by first planting salinity-tolerant barley 
and then maize during the decomposition of adsorbent residues. As a result, the salinity of the soil is 
removed, and suitable conditions are created for the cultivation of various cereals and technical crops.

Results

1.	 It has been found that the amount of salts that cause soil salinization can be reduced by 
absorbing plant residues specially placed in the upper fertile part of the soil and then ensuring their 
assimilation by various halophilic microorganisms.

2.	 It was found that when the average amount of 200-250 g of plant residues is sprinkled per 1m2 
of the topsoil, the degree of retention of salts in it is reduced.

3.	Based on experiments, it was recorded that the concentration of salts was 12,55–15,04% in the 
field of saline soil, and it was found that salinity decreased to 1,31–5,56% after placing the residue of 
sorghum root, as well as to 0,97–3,56% when cotton residue was sprinkled on the soil.

4.	Due to the adsorption of salts accumulated on the top of the soil during the winter season, 
due to the adsorption of salts collected on the top of the soil during the winter season, the complete 
disintegration of halophilic bacteria, micromycetes and actinomycetes, soil amoebae, soil nematodes, 
oligochaetes, enhydrids, wasps, soil beetles, collembola, and insect larvae occurs. It was found that 
during the process of metabolism, salts are assimilated and their retention rate in the soil decreases.
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