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UO‘K: 631.4

Kholdorov Sh., Jabbarov Z., Abdullayev Sh.
Department of Soil science, The National University of Uzbekistan, named after Mirzo Ulugbek, Tashkent, 100174, Uzbekistan

ESTIMATION OF SALT-ACCUMULATED SOILS BASED ON SATELLITE IMAGE
ANALYSIS IN MINGBULAK DISTRICT OF UZBEKISTAN.

Abstract. Soil salinization poses a significant environmental challenge in arid and semi-arid regions, particularly in
irrigated areas. This study aims to develop a cost-effective and efficient method for assessing soil salinity in the Mingbulak
district of Namangan, Uzbekistan. Traditional soil salinity measurement methods are time-consuming, costly, and labor-
intensive. We utilized Landsat 8 OLI and Sentinel-2A satellite imagery to derive salinity indices, estimate soil electrical
conductivity (EC), and quantify the concentrations of salinity-related cations and anions. Our findings indicate that the
Normalized Difference Salinity Index (NDSI) from Landsat 8 outperforms other indices, with an R? of 0.715 for the 0-30 cm
soil layer. The study successfully validated a model to create salinity maps, revealing similar patterns to government maps,
and demonstrating that satellite-based methods are a viable alternative to traditional approaches.

Keywords. Soil salinization, remote sensing, Landsat 8, Sentinel-2A, soil electrical conductivity, salinity indices, soil

mapping, Mingbulak, Uzbekistan, NDSI, GIS.

Introduction. Soil salinization is a major environmental
threat in irrigated areas, particularly in arid and semi-arid
regions. In Uzbekistan, nearly half of the country's 4.3 million
hectares of irrigated land is salinized to varying degrees. In Soil
salinity is measured in the laboratory using a variety traditional
method in Uzbekistan. Traditional methods for mapping and
monitoring geographical and temporal changes of soil salinity
are slow, expensive, and labour intensive. Remote sensing (RS)
methods have grown in popularity in recent years, particularly
for soil analysis using satellite imagery. RS methods are less
expensive, faster, and enough accurate.

Research objectives. The objective of this study was to
develop an efficient and cost-effective method for assessing soil
salinity in the Mingbulak district of Namangan, Uzbekistan. The
objective was to compare and validate the accuracy of the
indices derived from Landsat 8 OLI and Sentinel-2A satellite
data, to determine the most effective salinity index, to estimate
soil electrical conductivity values (EC), to quantify the
concentrations of salinity-related cations and anions, and to
produce an EC and salinity map showing the distribution of
anions responsible for soil salinity. Compare the results of the
satellite-based approach with the salinity maps produced by
relevant institutions in Uzbekistan.

Materials and Methods.

Study area. The study was conducted in Mingbulak district
of Namangan region in Uzbekistan. The region is critical for
agriculture, with cotton, wheat, rice, and corn being the main
crops. Most of the irrigated soils are gleysols or solanchaks.

Soil sampling and laboratory analysis. Soil samples were
collected 76 points in a 52580-hectare research area between
October 10 and 20, 2019. EC was measured using EC meter after
samples were collected at depths of 0-30, 30-60, and 60-90 cm.
The soil samples were analyzed using various methods to
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quantify the anions and cations of water-soluble salts. In this
study, different combination sets of 58 out of 74 samples were
utilized to create the model, while the remaining 16 samples
were preserved to validate it.

Seattleite images. Landsat8 OLI and Sentinel-2A MSI data
were used for this study. The Landsat 8 OLI L1 image was
downloaded on October 15, 2019, and the Sentinel-2A image
was downloaded on October 19, 2019. In this study, we
examined the blue, green, red, NIR, SWIR1, SWIR2 bands and
16 salinity indices to select the one with the best correlation with
the EC values.

The study used regression analysis to develop models
explaining soil EC from salinity index data from two satellites.
The models were validated using samples, and the coefficient of
determination was used to compare predictions. Spearman's
correlation was used to establish the relationship between
soluble ion species and soil salinization.

Results and discussion.

Laboratory results. The soil samples taken from the three
layers for modeling had EC values ranging from 0.59 to 15.95
dS/m™ (0-30 cm), 0.59 to 19.73 dS/m™ (30-60 cm), and 0.58 to
18.43 dS/m™ (60-90 cm). Soil samples taken for validation
ranged from 0.53 to 15.74 dS m™, with the 0-30 cm depth
having the highest EC. Ca* and SO,* ions was found to be
significantly more abundant at depths 0-30, 30-60, and 60-90
cm, compared to other anions.

Regression analysis and validation results. The results
revealed that SI12 and the NDSI from Landsat 8 were superior to
the others (R?=0.715) for 0-30 cm (Fig.1). The accuracy of the
single band B2 and that of salinity indices SI1 and SI8 of
Landsat 8 and Sentinel-2A were higher in the deeper layers than
in the upper. NDSI was used to model the relationship between
soil salinity (EC) and the prominent salt ion. The model was
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validated successfully R>=0.67 and R>=0.70 respectively, and a
soil salinity map was created. According to the findings, the
NDSI provided more accurate information on soil salinity than
the other salinity indices, and the blue band was successful in
depicting sublayers and the overall salinity of the region. The
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comparison between the Salinity Maps developed by our study
and the Government institution of Uzbekistan in 2017 reveals
similar salinity patterns across the district, with the north being
mostly non-saline and the south exhibiting moderate to strong
salinity levels.
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Fig. 1. Results of linear regression EC in soil layers of 0-30, 30-60, and 60—90
cm with the selected (a) Landsat 8 and (b) Sentinel-2A bands and indices.

Conclusion. The study shows Landsat 8 satellite images are
more accurate for assessing soil salinity in Mingbulak than
Sentinel-2A images. The NDSI index outperforms other indices,
particularly the blue band, which effectively represents sublayers
and overall salinity. The study validates a simple approach for

quantifying salinity-causing salt ions using the NDSI index.
Despite using limited soil samples, our model remains resource
and time-saving compared to the existing traditional extensive
data collection.
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