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Abstract. The article discusses the construction of a fuzzy logic model for assessing soil population. The developed model 

for assessing soil salinity, based on the Mamdani fuzzy logic apparatus, represents a significant step in solving the problem 

of classifying and assessing the degree of soil salinity. Fuzzy logic allows for uncertainty and fuzziness in data and rules 

to be taken into account, which is especially important in areas where precise numerical values can be difficult to determine. 

The model works with linguistic data, such as “low” or “medium” salinity, which makes the results more visual and 

understandable for users. The "black box" characterization of the model makes it easy to interpret results without the need 

for deep mathematical knowledge, making it accessible to a wide range of users. The model's flexibility and adaptability 

allow rules and inputs to be quickly changed to adapt to different situations and conditions. It is important to note that the 

model not only provides qualitative estimates, but also allows you to obtain quantitative results in a fuzzy form, which 

enriches the information and increases the accuracy of the conclusions. The use of fuzzy set theory provides a scientific 

basis for the model, making it more consistent and reliable. These advantages make the Mamdani fuzzy logic model a 

powerful tool for estimating soil salinity. It can be useful in various fields, including agriculture, ecology and land 

management, where the analysis and recording of soil salinity is important for decision-making and improving the quality 

of land resources. 

Keywords. Assessment, fuzzy set theory, mamdani logic model, membership function, soil salinization. 

INTRODUCTION 

Assessing soil salinity in the Republic of Uzbekistan is important given current agricultural activities and the use 

of irrigated land, which constitute a small part of the country's total area (9.7%). Soil salinity is a serious problem as 

it can lead to reduced yields and deterioration of soil quality. 

To increase biomass productivity and maintain soil fertility, it is necessary to systematically assess salinity levels. 

It is important to account for and replenish nutrients in the soil that may be lost due to salinization and exploitation of 

agricultural crops. This is important for maintaining the sustainability of agriculture and ensuring food security in the 

country. 

Therefore, it is necessary to carry out measures to control and manage soil quality in Uzbekistan, taking into 

account the limited available irrigated land and its role in agriculture [1].  

Assessing soil salinity to improve biomass productivity and replenish soil nutrients for crop production is relevant 

and critical for sustainable agriculture and food security. Soil salinity can significantly reduce crop yields because salt 

can increase the osmotic pressure in the soil, making it difficult for plants to get water and nutrients. This leads to 

reduced growth and yield. Assessing salinity levels allows agricultural workers to take soil management measures, 

such as optimizing irrigation, using salt-tolerant crop varieties, and implementing soil salt management techniques. 

Replenishing nutrients in the soil is necessary to maintain fertility and yield levels. If nutrients are carried away by 

plants at harvest and not returned to the soil, this can lead to poor soil quality and reduced future yields. Given limited 

land resources in Uzbekistan and the need to ensure food security, effective soil management becomes critical to 
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increasing agricultural yields and productivity. Soil salinity assessment and soil nutrient replenishment are key aspects 

of sustainable agriculture and food security in resource-limited settings [2]. 

The use of soil salinity classification when assessing their suitability is important and makes it possible to more 

accurately take into account the salt tolerance of plants when planning agricultural activities [3]. This classification 

helps determine which crops can be grown successfully on certain areas of land, given the level of salinity in the soil. 

Salt Tolerant Soils have low salinity levels and can support the cultivation of a wide range of crops without significant 

salt stress problems. A variety of crops such as grains, vegetables and fruits can be grown here. Moderately saline 

soils have salinity levels that can negatively impact some crops. It is important to select salt-tolerant plant varieties 

for growing in such areas or to use irrigation and drainage methods to reduce salt stress. Saline soils have high levels 

of salinity and may be unsuitable for growing most crops. However, in such areas you can try to grow salt-tolerant 

crops, such as some types of salt-loving plants [4]. 

Problems that professionals face when solving classification problems include the following aspects: 

Lack of up-to-date, real-time information: Effective classification requires access to up-to-date data. The lack of 

such real-time information can hinder the classification process, especially in the case of tasks involving rapidly 

changing environments, such as medical diagnostics or financial analytics [5]. 

Lack of documented information databases and automated decision support systems: The presence of documented 

information and automated decision support systems can significantly simplify the classification process. The absence 

of such a system can lead to the need for manual analysis and decision-making, which requires a lot of time and effort. 

Lack of knowledge bases and rule bases: Classification often requires the use of knowledge and rules that can be 

formulated based on experience and expert opinion. Lack of access to such knowledge bases and rules can limit 

automation and classification accuracy [6]. 

Lack of integrated software systems: In some cases, classification tasks may require the integration of different 

software systems and tools. The lack of such integration can complicate the classification process and reduce its 

efficiency. 

Solving these problems may require the development and implementation of specialized information systems, 

automated algorithms and machine learning methods, as well as providing access to up-to-date data and knowledge 

bases. This will make the classification process more efficient and accurate, which in turn can lead to improved 

decision making in a variety of fields, including medicine, finance, science and industry [7]. 

Using soil salinity classification allows agricultural specialists to optimize the use of land resources, select 

appropriate soil and crop management methods, and minimize the negative impact of salinity on crop yields and 

productivity. It is an important tool for ensuring sustainable and efficient agriculture in conditions where soil salinity 

can be a serious problem [2,8-11]. 

METHODS 

We consider the problem of assessing soil salinity, which is described by the Mamdani fuzzy logic model: 

,

1 1

jk n

i i jp jp j

p i

x a c weight w y d
= =

 
= − → = 

 
∪ ∩  

Here: ,i jpa  - term in conjunction string  ( 1,
j

jp k= ).  

Using Mamdani fuzzy logic model to estimate soil salinity is a common and effective method [12]. This model 

allows for uncertainty and fuzziness in data to be taken into account when estimating soil salinity. Here's how to 

consider applying the Mamdani model to the problem of estimating soil salinity: 

Input Variables: To assess soil salinity, various input variables can be used, such as the level of soil electrical 

conductivity, salt content in the soil sample, climatic factors, etc. These variables can be represented in the form of 

fuzzy sets, for example, “low”, “medium” " and "high" level of electrical conductivity. 

Output Variable: The output variable in the Mamdani model can represent the degree of soil salinity, such as “low”, 

“medium” and “high” salinity levels. 

An algorithm has been developed for the task of assessing soil salinity. 

1 – creating a selection: Incoming ( , )j jX r , 1,j M= , selection - generating experimental data, in which 

,1 ,2 ,( , ,..., )j j j j nX x x x= - j −  the incoming vector in the string and jr - value of its output vector, respectively. When 

getting a selection, the data in it can consist of integers, floating point numbers, real numbers, and values in linguistic 

form. All values of the resulting sample are normalized to a certain common range. 
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2 - normalization: In this case, the incoming sample and the r  vectors corresponding to it are normalized to the 

interval [0,1] . 

min

max min

k

k i

i

x x
u l

x x

−
=

−
, 

min

max min

k

k r r
u l

r r

−
=

−
. 

Here 
min max

,x x - X is the maximum and minimum elements of the input data matrix, 
min max, rr  - are the maximum 

and minimum elements of the output vector r .  

3 – facification: Normalized 
k

iu  and 
ku  based on the data, the fuzzification process is carried out using the 

relevance function. In this case, a bell-shaped function was obtained intuitively (based on intuition) as a function of 

relevance. In many cases, it is the problems solved using the bell-shaped relevance function that have the highest level 

of accuracy and performance. 
2

2

1
( ) exp ,

2

1
( ) exp ,

2

0,1,2,..., .

k

i jj k

i

j

k

jj k

j

u c
u

u c
u

j l

µ
σ

µ
σ

  −
 = −      

  −
 = −      

=

 

Here jc  and jσ  parameters of the function are calculated and they are adjusted using neural networks in the next 

stages of the algorithm. 

4 – maximization: according to the results of fazification, an appropriate maximization operation is performed: 
*
( ) max ( )

k j k

i i
j

u uµ µ= , 

*
( ) max ( ).

k j k

j
u uµ µ=  

5 - evaluation of the conclusion: In this process, the execution of the conclusions based on the maximized data and 

rules is evaluated: 
* * * *

1 2( ) ( ) ... ( ) ( )k k k k k

nSP u u u uµ µ µ µ= ⋅ × × ⋅ . 

Here k  ( 1,k M= ) – rule number. In the next stages of the algorithm, the process of normalization of the obtained 

rule base is carried out again. 

6 – normalization: The obtained rule base is normalized to the interval [0,1] : 

min

max min

k

k SP SP
l

SP SP
η

−
=

−
. 

7 – fuzzification: The normalized rule base is fuzzified with the appropriate relevance function: 

1
( )

( )
1

j k

k j

j

c
µ η

η

σ

=
−

+

. 

8. Necessary rules: Experts and agronomists can determine the necessary rules for estimating salinity based on 

input variables. For example, “if the electrical conductivity level is high and the salt content in the soil is high, then 

the degree of salinity is high.” 

9. Use of linguistic variables: An important part of Mamdani's model is the definition of linguistic variables that 

describe the fuzzy sets and rules used for estimation. These variables and rules can be formulated based on the 

knowledge of experts in the field of soil science. 

10. Aggregation and output: Mamdani model aggregates the rules and outputs a fuzzy output representing the 

degree of soil salinity based on the input data and rules. 

11. Defuzzification: Defuzzification is used to convert the fuzzy output into a specific numerical value that can be 

used to estimate the degree of soil salinity. 
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12.Validation and Tuning: The Mamdani model can be tuned and validated using available soil salinity data to 

ensure its accuracy and reliability. 

This is a general method for applying the Mamdani fuzzy logic model to the problem of soil salinity estimation. It 

allows you to take into account uncertainty and fuzziness in data, which is especially important in problems associated 

with natural and agricultural systems. 

RESULTS 

A Mamdani fuzzy logic model for assessing soil salinity was constructed. 

If 

11 11 12 12 18 18

1 1 1

1 2 8

11 12 18

1 1 1

( ) ( ) ( )

...

( ) ( ) ( )

q q q
j j j j j j

j j j

q q q
j j j

j j j

a a a a a a

x x x

a a a

µ µ µ

µ µ µ

= = =

= = =

 
 
 = ∧ = ∧ ∧ =
 
 
 

∑ ∑ ∑

∑ ∑ ∑
 

Then y =  Non-saline soils, 

If

21 21 22 22 28 28

1 1 1

1 2 8

21 22 28

1 1 1

( ) ( ) ( )

...

( ) ( ) ( )

q q q
j j j j j j

j j j

q q q
j j j

j j j

a a a a a a

x x x

a a a

µ µ µ

µ µ µ

= = =

= = =

 
 
 = ∧ = ∧ ∧ =
 
 
 

∑ ∑ ∑
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Then y =  The degree of soil salinity is weak, 

If 

31 31 32 32 38 38

1 1 1

1 2 8

31 32 38

1 1 1

( ) ( ) ( )

...

( ) ( ) ( )

q q q
j j j j j j

j j j

q q q
j j j

j j j

a a a a a a

x x x

a a a

µ µ µ

µ µ µ

= = =

= = =

 
 
 = ∧ = ∧ ∧ =
 
 
 

∑ ∑ ∑
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Then y =  The degree of soil salinity is average, 

If  

41 41 42 42 48 48

1 1 1

1 2 8

41 42 48

1 1 1

( ) ( ) ( )

...

( ) ( ) ( )

q q q
j j j j j j

j j j

q q q
j j j

j j j

a a a a a a

x x x

a a a

µ µ µ

µ µ µ

= = =

= = =

 
 
 = ∧ = ∧ ∧ =
 
 
 

∑ ∑ ∑

∑ ∑ ∑
 

Then y =  The degree of soil salinity is strong, 

If  

51 51 52 52 58 58

1 1 1

1 2 8

51 52 58

1 1 1

( ) ( ) ( )

...

( ) ( ) ( )

q q q
j j j j j j

j j j

q q q
j j j

j j j

a a a a a a

x x x

a a a

µ µ µ

µ µ µ

= = =

= = =

 
 
 = ∧ = ∧ ∧ =
 
 
 

∑ ∑ ∑

∑ ∑ ∑
 

Then y =  The degree of soil salinity is very strong. 

Here: 

1
x  - neutral salinity acidity indicator; 

 
2

x - total amount of salts during chloride, sulfate-chloride salinity; soils by ion ratio, mmol(eq)/100 g soil; 

3
x - total amount of salts during chloride-sulfate salinization of soils according to the ratio of ions, mmol 

(equiv)/100 g of soil; 

4
x  - total amount of salts during sulfate salinization of soils according to the ratio of ions, mmol (equiv)/100 g of 

soil; 

5
x  - indicator of acidity of alkaline salinity; 

6
x - the total amount of salts during soda and soda-chloride salinization of soils according to the ratio of ions, 

mmol (equiv)/100 g of soil; 
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7
x - total amount of salts during sulfate-soda and soda-sulfate salinization of soils according to the ratio of ions, 

mmol (equiv)/100 g of soil; 

8
x - the total amount of salts during sulfate-chloride-carbonate salinization of soils according to the ratio of ions, 

mmol (equiv)/100 g of soil. 

Here: 

( )

11

111 2

11 11

1, 8.5,
( )

[1 ( 8.5)] , 8.5.

j
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a
a a

µ −
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0.001
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The results of classification using the Mamdani fuzzy logic model were obtained and a comparative analysis was 

carried out. 

 
 TABLE 1. Accuracy of results calculated using Mamdani neuro-fuzzy model (%) 

№ Value of σ  
Number of terms 

   3    5    7    9 

1 0.10 91.54 92.64 92.52 96.32 

2 0.20 92.45 92.52 92.44 96.31 

3 0.30 90.56 92.44 92.54 96.29 

4 0.40 88.47 92.54 92.34 96.21 

5 0.50 86.49 92.34 92.32 96.19 

6 0.60 86.45 92.32 92.31 95.55 

7 0.70 86.47 92.31 92.29 95.57 

8 0.80 86.65 92.29 92.21 95.32 

9        0.90 86.77 92.27 92.19 95.31 

10        1.00 86.94 92.11 90.55 95.73 

 95.75 95.74 95.57 96.77 

According to forecast data, the area of saline lands will change in the period from 2022 to 2025. Here are the 

forecast indicators: 

In 2022, the area of saline lands is expected to be 1,884 thousand hectares. 

In 2025, the area of saline lands is projected to decrease and amount to 1,810 thousand hectares. 

These data can be useful for developing strategies and interventions to manage and combat soil salinity, as well as 

predicting potential impacts on agriculture and the environment. 
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CONCLUSION  

The developed model for assessing soil salinity using the Mamdani fuzzy logic apparatus represents a significant 

step towards an effective solution to the problem of assessing and classifying the degree of soil salinity. Fuzzy logic 

allows for fuzziness in data and rules to be taken into account, which is especially useful in problems where precise 

numerical values may be difficult to determine. This allows the model to work with linguistic data, such as “low” or 

“medium” salinity, which is more visual and understandable to humans. Characterizing the model's operation as a 

"black box" means that users can understand and interpret its output without the need to know complex mathematical 

or statistical techniques. This increases the accessibility and suitability of the model for a wide range of users. Fuzzy 

systems allow rules and inputs to the model to be easily manipulated and changed. This allows you to quickly adapt 

the model to different situations and conditions. Despite the fact that the model works with linguistic data, it allows 

obtaining quantitative estimates in a fuzzy form. This allows you to obtain more accurate and informative results than 

just qualitative estimates. The use of fuzzy set theory provides a mathematical basis for the model, which makes it 

more harmonious and scientifically sound. These advantages make the Mamdani fuzzy logic model an excellent tool 

for assessing and classifying the degree of soil salinity.It can be useful in various fields such as agriculture, ecology 

and land management, where soil salinity needs to be taken into account and analyzed for decision making. Soil 

salinization can negatively affect agriculture and the environment. The development of assessment models makes it 

possible to effectively manage land resources and minimize the negative consequences of salinization. Building fuzzy 

models and checking their correctness and adequacy is important to ensure the accuracy and reliability of the results. 

This allows you to trust the models and make informed decisions based on them. Integration of the developed models 

with standard algorithms and programs makes them more accessible and convenient for use in various fields, including 

agriculture, ecology and geology. The development and use of fuzzy models contributes to scientific research in the 

field of soil salinity by promoting better understanding and prediction of this phenomenon. Thus, the development of 

a fuzzy logic model for assessing soil salinity with automation of the formation of fuzzy rules, checking their 

correctness and integration with programs is a current direction and allows solving important problems in various 

areas related to soil salinization. 
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