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Extended Abstract

Background

Surface water quality is a critical determinant of agricultural sustainability, particularly in
semi-arid regions where water scarcity and high salinity levels pose significant challenges.
The chemical composition of surface waters influences soil health, crop productivity, and
long-term agricultural viability. Understanding the hydrochemical processes that govern water
composition is essential for devising effective water management strategies and mitigating
soil degradation. Despite its importance, there is a scarcity of comprehensive studies that
combine hydrochemical characterization with practical assessments of irrigation suitability in
semi-arid basins.

Objective

This study aims to evaluate the chemical characteristics of surface waters at three stations—
Mehrabad, Chamshur Shadiabad, and Chamshur Delbaran—identify the dominant
hydrochemical processes, and assess the suitability of these waters for irrigation. The study
also seeks to provide actionable insights for sustainable water resource management and soil
conservation in semi-arid agricultural areas.

Methods

Surface water samples were collected from the three stations and analyzed for major ions,
including sodium, potassium, calcium, chloride, sulfate, and bicarbonate. Hydrochemical data
were interpreted using Piper, Durfor, Gibbs, Stiff, and USSL diagrams. Agricultural indices
were applied to assess irrigation suitability, and ion ratios along with chemical evolution
patterns were examined to identify the key processes controlling water composition.

Results

The analysis revealed a dominance of sodium and potassium cations and chloride and sulfate
anions, whereas calcium and bicarbonate were detected only at limited locations. These
results highlight the substantial influence of ion exchange and carbonate dissolution on water
chemistry. Durfor and Gibbs diagrams demonstrated that evaporation, salinity increase, ion
exchange, and dissolution of evaporite and carbonate minerals drive the evolution from Ca-—
HCO:s to Na—Cl/Na—SO4+ water types. Based on the USSL diagram and agricultural indices,
most water samples fall within medium to high salinity classes (C3-C4) and high sodium
hazard classes (S2-S3), suggesting limited direct applicability for irrigation without soil
management interventions.

Conclusions

Water quality in this semi-arid basin is predominantly controlled by natural geochemical
processes and interactions with saline sources. These findings underscore the necessity of
integrated water management strategies to prevent soil salinization and sodicity, ensuring
long-term agricultural productivity.

Implications

By linking detailed hydrochemical assessment with practical irrigation suitability, this study
provides valuable guidance for policymakers, water resource managers, and agricultural
planners. Implementing the study’s recommendations can optimize water use, safeguard soil
health, and promote sustainable agricultural practices in semi-arid environments.
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