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Groundwater quality is as important and essential as its quantity for usability in various
applications. Therefore, qualitative monitoring of groundwater resources is of paramount
importance, and classification of groundwater quality in different regions for drinking and
agricultural purposes greatly aids land-use planners and the protection of groundwater
resources. In this study, qualitative and quantitative data from the 2015-2016 and 2019-
2020 water years for the groundwater of the Mashhad Plain were used. The spatial and
temporal variations of groundwater quality parameters in the Mashhad Plain were
investigated using ordinary kriging and point cokriging methods within a GIS environment.
Temporal changes in groundwater quality of the Mashhad Plain indicated a decline in
groundwater quality from the 2015-2016 water year to the 2019-2020 water year.
Furthermore, the groundwater quality map of the plain for agricultural purposes showed that
70% of the total groundwater in the Mashhad Plain was suitable to moderately suitable for
agriculture, while 30% was unsuitable. Currently, some areas of this plain are at risk of
salinization. If groundwater from these areas is used for agricultural purposes, these regions
will require special management measures, including the cultivation of salt-tolerant plants
and proper drainage.
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Introduction

Groundwater quality is as essential as its quantity for determining usability across various applications, particularly in arid and semi-
arid regions where surface water resources are limited. In Iran, which is situated in the arid and semi-arid belt of the world, water
scarcity coupled with declining quality poses a significant obstacle to agricultural and economic development. The Mashhad Plain,
located in Khorasan Razavi Province, is one of Iran's most important agricultural regions, yet it faces critical groundwater challenges
including continuous water table decline, increasing salinity, and deteriorating water quality. These issues arise from excessive
groundwater extraction, intensive agricultural activities, and insufficient attention to water quality monitoring. The qualitative
assessment of groundwater resources is of paramount importance for land-use planning and resource protection, as water quality
parameters are influenced by factors including recharge rates, discharge patterns, evaporation, temperature, chemical reactions, and
seasonal pollution. Numerous studies have examined groundwater quality in various regions; however, comprehensive spatial and
temporal assessments of groundwater quality specifically for agricultural purposes remain limited. This study aims to investigate
spatiotemporal changes in groundwater quality in the Mashhad Plain using geographic information systems (GIS) and geostatistical
methods, with particular emphasis on identifying areas suitable for agricultural applications. By analyzing qualitative and quantitative
data from the 2015-2016 and 2019-2020 water years, this research seeks to provide practical tools for water resource managers, land-
use planners, and agricultural policymakers to enable sustainable groundwater management and informed decision-making regarding
irrigation water suitability across the plain.

Methodology

This study utilized qualitative and quantitative groundwater data from 95 deep wells across the Mashhad Plain, collected during the
2015-2016 and 2019-2020 water years, obtained from Iran's Water Resources Management Company. Key water quality parameters
including Electrical Conductivity (EC), Total Dissolved Solids (TDS), Sodium Adsorption Ratio (SAR), Total Hardness (TH), and
major cations and anions were analyzed. Spatial and temporal variations of groundwater quality were investigated using ordinary
kriging and point cokriging geostatistical methods within a GIS environment. Cokriging, which incorporates auxiliary variables to
improve estimation accuracy, was preferred for generating continuous surface maps. Model performance was evaluated using Root
Mean Square Error (RMSE) and Mean Bias Error (MBE), with lower values indicating higher prediction accuracy. For agricultural
water quality classification, EC and SAR values were categorized according to standard irrigation water quality classes (C1-C4 for
salinity and S1-S4 for sodium hazard). Spatial layers for EC and SAR were overlaid to produce comprehensive agricultural suitability
maps. Additionally, integrated maps combining drinking and agricultural water quality were generated through overlay analysis in
GIS, enabling identification of areas suitable for both uses, suitable only for agriculture, moderately suitable, or unsuitable for both
purposes, providing a comprehensive framework for water resource planning.

Results and Discussion

Geostatistical analysis demonstrated that point cokriging outperformed ordinary kriging for all parameters, as evidenced by
consistently lower RMSE and MBE values, confirming the effectiveness of using auxiliary variables to enhance estimation precision.
Temporal analysis revealed a significant decline in groundwater quality from the 2015-2016 to the 2019-2020 water years. Agricultural
suitability mapping showed that 77% of groundwater was suitable for agriculture in 2015-2016, decreasing to 70% by 2019-2020,
representing a substantial loss of approximately 10% of suitable water resources over four years. Currently, some areas of the plain are
at risk of salinization, with 30% of total groundwater classified as unsuitable for agricultural purposes. These areas require special
management measures including cultivation of salt-tolerant crops and proper drainage systems. The decline in groundwater quality is
primarily attributed to continuous water table decline caused by excessive extraction, which concentrates dissolved solids, coupled
with intensive agricultural activities and inadequate management practices. Integrated suitability maps for both drinking and
agricultural purposes showed that suitable areas for both uses decreased from 18% in 2015-2016 to 12.5% in 2019-2020, while
unsuitable areas increased from 23% to 30% over the same period. Areas suitable only for agriculture remained relatively stable at
approximately 22-24.5%, and moderately suitable areas decreased from 37% to 33%. These findings indicate that if current trends
continue, high-quality groundwater suitable for both drinking and agriculture may become increasingly scarce in this productive plain.
The spatial patterns revealed that degradation is most pronounced in areas with intensive cultivation and proximity to urban centers.
Regions currently at risk of salinization require immediate management interventions, including adoption of efficient irrigation
methods, controlled fertilizer application, and implementation of groundwater recharge programs.

Conclusion

This study demonstrates that groundwater quality in the Mashhad Plain has significantly declined over the four-year period from 2015-
2016 to 2019-2020, with approximately 30% of current groundwater resources unsuitable for agricultural use and increasing areas at
risk of salinization. The cokriging method proved more accurate than ordinary kriging for spatial interpolation of groundwater quality
parameters, confirming the value of incorporating auxiliary variables in similar studies. The GIS-based approach developed in this
research provides an effective framework for groundwater quality monitoring and mapping in moderately sized plains, offering
practical tools for identifying priority areas requiring management interventions. To mitigate further degradation, several measures are
essential: implementation of treated wastewater reuse for agriculture, reduction of extraction by regulating and decommissioning
excessive wells, adoption of efficient irrigation technologies, controlled use of chemical fertilizers to prevent contamination, and
implementation of groundwater recharge programs to balance water budgets and prevent continued water table decline. Areas with
unsuitable groundwater quality require cultivation of salt-tolerant crops and proper drainage management. The integrated suitability
maps developed in this study serve as valuable decision-support tools for agricultural planners, water resource managers, and land-use
policymakers. Continued monitoring using the established GIS-based framework is essential for tracking future quality changes and
evaluating the effectiveness of management interventions, ultimately supporting sustainable groundwater management in the Mashhad
Plain and similar agricultural regions across Iran.
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