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Abstract

The article presents the results of secondary salinization and reduction of salinity of soils that 
were again exposed to salinization phenomenon by using industrial waste root from the boat as a 
natural sorbent. Scientific research was carried out on secondary saline soils of the Gulistan farm 
association of Lebap velayat. During the experiments, the total amount of salts in soils with secondary 
salinity was 12.03-16.09%. In newly saline soils, the total amount of salts remains within 7.1-8.5%. 
After experimental work , it was found that the total amount of salts is reduced to 2.53-6.35%.

As a result of our research, it was revealed that the use of licorice root production waste as a 
natural sorbent in preventing secondary soil salinization is of great importance. When soil sorbents 
are sprayed with easily decomposable substances, they are able to quickly absorb salts from saline 
soils. Then, the remains of the roots that have absorbed the salts are broken down over time by 
microorganisms living in the soil. This leads to an increase in the humus content in the soil and serves 
as an additional fertilizer for the soil.
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Introduction

In the countries of Central Asia, 2% of the fertile soil of agricultural land is lost annually due to 
land salinization. Irrigation of agricultural fields leads to excess accumulation of salts in the soil as a 
result of excessive water use, rising groundwater and human activities. This leads to severe salinization 
of land and an increase in areas unsuitable for agriculture. To restore such saline lands in agriculture, 
technical means and large investments are needed (Kushiev, Noble, Abdullaev, Toshbekov, 2005; 
Ташбеков, Алтмишев, 2017).

Due to the impact of various factors on agricultural lands, the level of crop yields in areas 
with secondary salinization is very low. According to studies, crop yields are reduced by 15-20% 
in low salinity areas, 35-40% in moderate salinity areas and 70-80% in high salinity areas. Even 
a high concentration of toxic salts in the soil can affect the quality of the crop (Михайлова, 1966; 
Пономарева и др., 2016).

One of the main scientific tasks in this area is to study the prevalence of soils with secondary 
salinity, determine the types of appropriate reclamation measures and their implementation in 
agricultural fields.

Currently, our country is conducting fundamental scientific research related to the use of effective 
work to restore the fertility and productivity of saline lands. Also, to improve the reclamation of 
saline areas, many salt-tolerant plants are grown. One of the most effective and convenient measures 
for phytoreclamation is the cultivation of licorice glabra on secondary saline soils. Licorice is also 
distinguished by belonging to the group of valuable plant materials and medicinal plants. In addition, 
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it is used in food processing, dyeing, surface feed, etc. It is widely used (Атаев, Дурдыев, Арзямова, 
2022).

Licorice naked , widespread along the banks of the Amu Darya River, is a perennial plant and 
belongs to the legume family. The total length of its branched stem reaches 100-150 (180) cm. The 
upper surface of the stems is smooth or spiny, covered with short hairs. Its complexly structured 
leaves are 8-20 cm long. There are up to 3-8 leaves in a pair, their length is 2-4 cm, width 1-2 cm. The 
corolla is pink or white. The pods contain 2-8 seeds. The seeds are brown or green-gray. Their length 
is 3-3.5 cm, width up to 2 mm. The total weight of 1000 seeds reaches 6.5-7.2 grams.

Licorice g naked - refers to rhizomatous plants . During its development, underground organs 
are formed : main and lateral roots, as well as complex multilayer (layered) rhizomes , spreading in 
horizontal and vertical directions (Надежина, 1965).

In the second half of March, the growing season of licorice begins along the barges of the Amu 
Darya . At the beginning of April the flowers bloom. Mass flowering was observed in mid-April. At 
the beginning of May, the first flowers open, and by the end of May mass flowering begins. Young 
shoots with many seeds can be seen in June. By the end of July - beginning of August, the seeds of this 
plant are fully ripened. Leaves begin to drop in September. After the first frost in October, the surface 
part of the licorice dries out in November. Thus, the total growing season of a plant from a boat ranges 
from 207 to 260 days (Гладышев, Кербабаев, 1974).

Along with phytomeliorative measures in agriculture, the maintenance of high soil fertility 
is facilitated by the regular and correct use of hydraulic engineering, chemical and agrobiological 
measures (Доспехов, 1985).

In our scientific work, we also considered the use of industrial plant waste as a natural sorbent to 
combat soil salinization. It was established to use licorice root residues processed in the Buyan agro-
industrial complex of Lebap velayat as a sorbent.

Products made from licorice root collected on the two banks of the Am u Darya River in the 
«Buyan» agricultural complex named after S.A.Niyazov association «Turkmendermansenad» of 
the Ministry of Health and Medical Industry of Turkmenistan, exported to the USA, China, Japan, 
France, India, Serbia, etc. In the Buyan agro-industrial complex, licorice root is harvested in a group 
way. The root of ten groups of ah, included in this industry, is collected. Procurement of root crops 
is carried out from spring to the end of November from Koytendag places to Darganata etrap. The 
collected roots are collected and used in production using cargo ships and vehicles moving along the 
Amu Darya River (Аширова, 1971).

According to research results, the moisture content of plant roots extracted from the soil reaches 
an average of 65%. The roots are dried in packaging using special methods and techniques until their 
moisture content is reduced to 12%. After this the roots Licorice is ready for industrial processing.

The agro-industrial complex produces 3 types of products. These are the bound roots of licorice 
and its thick and dry extracts.

A significant part of the products of this complex is exported abroad, and a certain part is used 
in the preparation of nutritious syrups and healing teas in the pharmaceutical industry and «Saglyk».

In the Buyan agro-industrial complex, approximately 498-500 kg of waste is obtained from each 
ton of licorice root. This waste is collected in warehouses and is often used as fertilizer.

As a result of our research, it was revealed that the use of licorice root production waste as a 
natural sorbent in preventing secondary soil salinization is of great importance. When soil sorbents 
are sprayed with substances that can easily disperse (decompose), they are able to quickly absorb salts 
from saline soils. Then, the remains of the roots that have absorbed the salts are broken down over 
time by microorganisms living in the soil. This increases the amount of humus in the soil and serves 
as an additional fertilizer for the soil.
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Test methods

The experiment was carried out in 2022-2024 in areas with saline soil and new salinity on an area 
of 0.30 hectares belonging to the Gulistan farm association of the Sayat etrap.

Our experiment was carried out in two forms . Initially, experimental work was carried out on 
soils secondary to salinity from the groundwater aquifer. To prepare a natural sorbent from industrial 
waste, licorice was heated at a temperature of 60-65°C until completely dry. It is then grown to a size 
of 2-3.5 cm. The crop residue product was planted at a height of 7-8 cm in two areas with saline soil, 
divided into ten separate ponds and piles 80 cm thick were formed. Irrigation work was carried out 
continuously and watered 7-8 months a year. As a result of natural rain, snow water and irrigation 
work, after the roots began to rot from the boat , excavation work was carried out to a depth of 25-30 
cm.

Secondly, in experimental work on newly saline soils, in order to protect against the accumulation 
of salts in the upper layer of soil due to the rise of groundwater and their evaporation, 30-35 cm 
of roots and licorice at a height of 9-10 cm and carried out deep plowing. The main reason for 
carrying out deep tillage work is to ensure the adsorption of various salts that are carried by the 
roots, transported by water evaporation and stored in small quantities on the soil surface. As a result, 
salinization of soils prone to secondary salinization is prevented. After the partial restoration of such 
saline areas, the cultivation of halophilic plants such as barley and corn was established to further 
increase soil fertility. This helps improve the salt content of the soil. Also, the decomposition of plant 
roots left in the soil by microorganisms over time leads to enrichment of the soil with rotting. The 
qualitative indicators of saline soils were checked by conducting chemical analyzes of corresponding 
soil samples. Chemical analyzes were carried out at the Biotechnology Laboratory of the International 
Science and Technology Park of the Academy of Sciences of Turkmenistan.

Discussions took place

According to the results of studies, the fields of secondary salinity of the Gulistan agricultural 
association of the Sayat etrap, according to the degree of salt retention, are classified as areas of 
medium salinity. The total amount of salts in these saline soils is 12.03-16.09%. In newly saline soils, 
the total amount of salts is within the range of 7.01-8.05%. After experimental work, it was noted that 
the total amount of salts stored in the soil is reduced to 2.53-6.35%. The average gross concentrations 
of oxides and elements in secondary saline soils are presented in Tables 1 and 2.

Table 1

Total average retention of oxides in secondary saline soilsy

MgO Al2O3 SiO2 P2O5 SO3 K2O CaO
2.308 % 8.278 % 34.085 % 0.762 % 1.477 % 3.562 % 20.897 %

TiO2 V2O5 Cr2O3 MnO Fe2O3 NiO CuO
1.064 % 294.6 ppm 290.5 ppm 0.191 % 10.531 % 105.4 ppm 150.7 ppm

ZnO Ga2O3 As2O3 Rb2O SrO Y2O3 ZrO2

219.2 ppm 40.1 ppm 38.9 ppm 218.4 ppm 0.137 % 63.0 ppm 454.0 ppm
In2O3 BaO Eu2O3 PbO Cl Br L.O.I

0.288 % 641.5 ppm 593.8 ppm 41.9 ppm 1.344  % 21.1 ppm 14.76 %
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Table 2

Average retention of chemical elements in secondary saline soils

Mg Al Si P S Cl K
1.899 % 6.176 % 23.608 % 0.529 % 0.953 % 2.212 % 5.072 %

Ca Ti V Cr Mn Fe Ni
27.038 % 1.256 % 330.6 ppm 392.1 ppm 0.299 % 15.001 % 187.2 ppm

Cu Zn Ga As Br Rb Sr
258.9 ppm 378.7 ppm 64.2 ppm 63.5 ppm 45.5 ppm 432.5 ppm 0.251 %

Y Zr In Ba Eu Pb L.O.I
107.7 ppm 728.8 ppm 0.421 % 0.115 % 987,7 % 84.1 ppm 14.76 %

Tables 3 and 4 show the average values of the total retention of oxides and elements in newly 
saline soils.

Table 3

Total average retention of oxides in newly saline soils

MgO Al2O3 SiO2 P2O5 SO3 K2O CaO
1.105 % 3.608 % 13.064 % 0.372 % 0.43 % 1.504 % 14.708 %

TiO2 V2O5 Cr2O3 MnO Fe2O3 NiO CuO
0.05 % 78.5 ppm 79.8 ppm 0.113% 5.304 % 75.46 ppm 78.85 ppm
ZnO Ga2O3 As2O3 Rb2O SrO Y2O3 ZrO2

85.1 ppm 21.4 ppm 18.5 ppm 121.3 ppm 0.75 % 32.0 ppm 213.0 ppm
In2O3 BaO Eu2O3 PbO Cl Br L.O.I

0.124% 403.2 ppm 211.4 ppm 23.5 ppm 0.33 % 16.2 ppm 9.81 %

Table 4

Average retention of chemical elements in newly saline soils

Mg Al Si P S Cl K
1.089 % 5.076 % 20.409 % 0.256 % 0.457 % 2.111 % 3.031 %

Ca Ti V Cr Mn Fe Ni
19.038% 1.143% 255.7 ppm 304.3 ppm 0.256% 10.787% 127.2 ppm

Cu Zn Ga As Br Rb Sr
199.5 ppm 334.7 ppm 45.2 ppm 40.5 ppm 38.6 ppm 301.5 ppm 0.122%

Y Zr In Ba Eu Pb L.O.I
68.3 ppm 550.8 ppm 0.305% 0.101% 499,7 % 59.1 ppm 18.48%

Table 5

Reduction of total salinity in soils with secondary salinity

Indicators Test zone Area of practice
Ph 8,90 8,66
Conductivity, μs/cm 5510,2 3168,1
Salts % 2,55 1,95
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As can be seen from table. 5, the total amount of salts in secondary saline soils is 2.55%. 
According to the results of the experiments, it was 1.95% due to a decrease in the amount of salts.

CONCLUSION

1.	It has been established that the amount of salts can be reduced by using industrial waste as a 
natural sorbent in saline soils.

2.	The total amount of salts in secondary saline soils is 12.03-16.09%, and in newly saline soils 
- 7.01-8.05%. After adding a natural sorbent, the total amount of salts decreased to 2.53-6.35%.

3.	On secondary saline soils, industrial waste root from a boat was crushed to a size of 2-3.5 cm 
and felled at a height of 7-8 cm. On newly saline soils, roots 30-35 cm long were cut at a height of 
9-10 cm and deep plowing was carried out.
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