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Abstract

Khorasan Razavi Province, as one of the most important agricultural hubs in the
country, plays a key role in Iran's food security and production of strategic
products. Climate change, increased soil salinity, and decreased water quality
have made it increasingly clear that it is necessary to use new approaches based
on smart technologies to increase fertilizer productivity and soil nutrition. This
study aimed to spatially analyze soil properties (including organic carbon,
electrical conductivity, pH, clay percentage, silt percentage, sand percentage,
available phosphorus, and potassium) using the inverse distance weighting (IDW)
geostatistical method and to provide solutions for integrating soil laboratory data
into an integrated database and an agricultural spatial data infrastructure in an
organizational environment. The data used was extracted from 2728 soil samples
collected from reputable laboratories in Khorasan Razavi Province, with an
emphasis on using existing data. The results showed that the spatial distribution
of soil parameters in the province is heterogeneous and requires regional
management. The establishment of an integrated system for soil data collection,
improving fertilizer recommendations, and reducing the use of chemical inputs
are among the suggestions of this study. The innovation of this research is that
for the first time in the country, existing data has been used for analysis and
decision-making, and to reduce the costs of soil sampling for the community and
the operator.
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Extended Abstract

1.1 Introduction

Agriculture, as one of the oldest and most vital human activities, has always been influenced by various
factors. Among them, soil, as the main substrate for agricultural production, plays a key role in determining
the success or failure of farmers. As technology advances and the need to produce more food for the world's
growing population increases, the use of soil data as a powerful tool in agricultural decision-making has
become increasingly important. As one of the most important sources of information in agriculture, soil
data plays a vital role in improving decision-making and increasing agricultural productivity. By using this
data, farmers can optimize their resources, increase crop yields, and at the same time protect the
environment. On the other hand, scattered data from soil laboratories, which are often stored in the form of
non-spatial reports, do not allow for the analysis of spatial patterns. This article aims to investigate the
necessity of using native spatial soil data available in Khorasan Razavi Province to identify spatial patterns
of soil properties using the IDW method and evaluate the use of these data to provide a framework for
integrating laboratory data and converting them into operational recommendations and spatial information
infrastructure.

1.2 Research Methodology

To prepare a soil properties map, all available information related to soil studies, soil monitoring, and data
from private laboratories that had geographical coordinates were collected across the province, totaling
2728 soil samples. All soil samples were collected from the surface (0-30 cm depth) of agricultural and
garden lands. Since soil sampling was not carried out uniformly, maps were not prepared in some areas,
including Sarakhs, Salehabad, Gonabad, Bojestan, and Kohsorkh counties, due to the lack of sufficient
coordinate data. Using the inverse distance weighting (IDW) geostatistical method, soil property maps were
prepared and solutions were presented for integrating soil laboratory data into an integrated database and
an agricultural spatial data infrastructure in an organizational environment.

1.3 Research Findings

The results indicate that collecting long-term, high-quality data on soil physical and chemical parameters
in Khorasan Razavi Province can allow for more accurate predictions of input distribution or fertilizer
recommendations. The findings confirm that soil heterogeneity in Khorasan Razavi Province is such that
uniform fertilizer recommendations for the entire region are useless. For example, in the northern regions
with higher organic carbon, a reduction in nitrogen fertilizer use and an increase in sulfur fertilizers are
recommended, while the south and center of the province require salinity correction programs and
phosphorus addition.

By creating, designing, and developing soil management software and soil databases based on the climatic
and agricultural conditions of Khorasan Razavi, comprehensive and practical information can be provided
to farmers and managers. In addition, it reduces fertilizer and water consumption by providing optimal
solutions for nutrition and irrigation. Studies show that farmers who use soil test-based recommendations
save up to 35% on fertilizer use. From a managerial perspective, the results of this study emphasize that the
use of data and expert knowledge can serve as an efficient tool in improving agricultural decision-making.
These tools are able to analyze extensive and complex soil data to provide practical and scientific
recommendations that lead to increased productivity, reduced costs, and environmental protection. Also,
accurate predictions can help policymakers formulate sustainable agricultural programs and optimize the
use of soil and water resources.
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1.4 Conclusion

The use of spatial soil data in Khorasan Razavi shows the necessity of precision agriculture due to the
extreme soil heterogeneity in this province, so that recommending the same fertilizer for the entire region
is useless. By integrating data into an integrated system and integrating geostatistical methods and digital
technologies, specific fertilizer recommendations can be made (such as nitrogen reduction in the north and
salinity management in the center and south). This approach increases productivity and reduces negative
environmental impacts. However, there are challenges such as high cost, need for expertise, and limited
access to technology. The solution is to create a collaborative data ecosystem, implement a pilot in
Mashhad, train farmers, and integrate climate and management data to develop more advanced models.
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