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INTRODUCTION 
Soil plays a fundamental role in the agricultural 
system of the Republic of Karakalpakstan, as it 
is the main natural resource that determines 
crop productivity, ecological stability, and long-
term sustainability of farming. According to 
analytical reports and strategic environmental 
assessments published by international 
organizations such as the Food and Agriculture 
Organization of the United Nations (FAO, 2021-
2023), the United Nations Convention to 
Combat Desertification (UNCCD, 2022), and 
regional environmental monitoring programs, 
the agricultural lands of Karakalpakstan are 
significantly affected by soil salinization, 
desertification, and water scarcity, largely due 
to the Aral Sea crisis and inefficient irrigation 
practices. 
From a scientific perspective, soil in 
Karakalpakstan is characterized by low organic 
matter content, high mineralization, and 
increasing salinity levels. These conditions 
directly influence plant root development, 
nutrient absorption capacity, and overall crop 
yield stability. FAO soil assessment frameworks 

(2022) indicate that salinity levels in some 
irrigated areas exceed critical agricultural 
thresholds, leading to reduced productivity of 
cotton, wheat, and fodder crops.  
MAIN PART 
 A key experimental analysis model was 
developed to evaluate soil conservation 
effectiveness under local conditions. The 
experiment was structured into two 
comparative systems: traditional irrigation 
agriculture and improved sustainable soil 
management practice. 
In the traditional system, fields were irrigated 
using uncontrolled flood irrigation methods. 
Soil samples showed high electrical 
conductivity values (EC), indicating increased 
salinity stress. Organic matter content was low, 
microbial activity was reduced, and soil 
compaction was observed. Crop yield variability 
was high, and plant stress indicators such as 
chlorophyll reduction and stunted growth were 
frequently recorded. 
In contrast, the improved system implemented 
soil conservation measures based on FAO 
recommendations (2021–2023) and UNCCD 
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land restoration principles (2022). These 
measures included regulated drip irrigation, 
crop rotation (especially legumes to enhance 
nitrogen fixation), application of organic 
fertilizers, and periodic soil leaching techniques 
to reduce salt concentration. In this system, soil 
moisture retention improved, salinity levels 
decreased gradually, and microbial biodiversity 
increased, leading to more stable crop 
development. 
Comparative analysis of the two systems 
showed significant differences. Soil salinity 
reduction efficiency was considerably higher in 
the improved system, while water use efficiency 
increased due to controlled irrigation methods. 
Crop productivity stability index improved, and 
soil degradation rate slowed down compared to 
traditional practices. These results confirm that 
sustainable soil management is not only an 
environmental necessity but also an economic 
requirement for agricultural stability in the 
region. 
Further analysis highlights that soil 
conservation in Karakalpakstan must be 
integrated with climate adaptation strategies. 
Rising temperatures, reduced water inflow from 
upstream rivers, and frequent drought 
conditions intensify soil degradation processes. 
Therefore, international frameworks such as 
the UN Sustainable Development Goals (SDG 2 
and SDG 15, 2023 updates) emphasize the 
importance of land restoration, sustainable 
irrigation, and ecosystem-based agricultural 
management. 
An experimental agroecological study was 
conducted to analyze the role of soil in 
agricultural productivity and to evaluate soil 
conservation measures in the Republic of 
Karakalpakstan under controlled and field-
based conditions. The research design was 
based on internationally accepted soil science 
frameworks, including FAO soil evaluation 
guidelines (2021–2023), UNCCD land 
degradation neutrality concepts (2022), and 
modern precision agriculture methodologies. 
The experimental model employed advanced 
soil science terminology, including soil salinity 
index (SSI), electrical conductivity (EC), soil 
organic matter (SOM), soil organic carbon 
(SOC), cation exchange capacity (CEC), 

hydraulic conductivity (HC), nutrient 
bioavailability, soil moisture retention capacity, 
evapotranspiration rate, microbial biomass 
activity, and soil structure stability index (SSSI). 
These indicators were used to evaluate soil 
quality dynamics and conservation efficiency 
under different agricultural management 
systems. 
The experiment was organized in a sequential 
multi-stage structure. In the first stage, baseline 
soil diagnostics were performed in 
representative agricultural zones of 
Karakalpakstan. Soil samples were collected 
from irrigated and non-irrigated fields, followed 
by laboratory analysis of salinity levels, pH 
balance, organic matter content, and moisture 
retention characteristics. The results indicated 
elevated soil salinization, low humus content, 
reduced microbial activity, and deteriorated soil 
structure stability, which are typical 
characteristics of Aral Sea basin 
agroecosystems. 
In the second stage, a traditional agricultural 
practice model was analyzed under real field 
conditions. This model included surface 
irrigation methods, limited crop rotation, and 
minimal use of organic amendments. 
Observations revealed high evapotranspiration 
losses, inefficient water use, and increased salt 
accumulation in the upper soil horizons. Crop 
productivity response was unstable, and soil 
degradation rate remained high. 
In the third stage, a sustainable soil 
conservation model was implemented based on 
international best practices from developed 
agricultural systems. This model incorporated 
drip irrigation technology, crop rotation with 
leguminous plants, organic fertilization, 
mulching techniques, and controlled leaching 
practices to reduce soil salinity. Continuous soil 
monitoring was carried out using digital sensors 
and laboratory spectroscopy methods to track 
real-time changes in soil parameters. 
In the fourth stage, a comparative performance 
assessment was conducted between the 
traditional Karakalpakstan system and the 
improved conservation-based system. The 
results showed that soil salinity index 
significantly decreased in the improved system, 
while soil moisture retention capacity and 
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microbial biomass activity increased. Hydraulic 
conductivity and nutrient bioavailability also 
improved, leading to more stable crop 
development and higher yield consistency. 

Soil Role and Soil Conservation in 
Karakalpakstan Agriculture: 
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Conclusion 
 The experimental and analytical study on 
the role of soil in agriculture and soil 
conservation measures in the Republic of 
Karakalpakstan demonstrates that soil is the 
fundamental ecological and productive 
resource determining agricultural stability, crop 
yield, and long-term sustainability. The findings 
clearly indicate that soil degradation processes 
such as salinization, loss of organic matter, 
reduced microbial activity, and declining 
hydraulic conductivity are the primary limiting 
factors for agricultural development in the 
region. 
The comparative experimental analysis 
between traditional irrigation-based farming 
systems and modern conservation-oriented 
agricultural models confirms significant 
differences in soil health indicators. In 
traditional systems, high electrical conductivity, 
elevated soil salinity index, and low soil organic 
carbon levels were consistently observed, 
resulting in unstable crop productivity and 
increased land degradation rates. In contrast, 
systems applying precision agriculture 
techniques, including drip irrigation, crop 
rotation, organic fertilization, and soil moisture 
monitoring, showed improved soil structure 
stability, higher nutrient bioavailability, and 
enhanced microbial biomass activity. 
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