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Abstract

The reclamation of saline soils is of great importance from the standpoint of
conserving water and soil resources, as these soils pose a serious barrier to
agricultural productivity in arid and semi-arid regions. Soil salinity significantly
reduces crop yields, damages agricultural equipment, threatens food security, and
ultimately renders land unsuitable for cultivation. Many farmers in dry regions
lack the financial resources to rehabilitate saline soils. The use of wastewater as
an alternative water source in agriculture not only meets part of the sector's water
demand but also contributes to water conservation and resource sustainability.
This study aimed to evaluate the effectiveness of leaching using different water
sources (drainage water and well water) and the role of drainage systems in the
reclamation of saline soils in the Buin Zahra region of Qazvin Province, Iran. Soil
samples were collected with minimal disturbance from a depth of 0 to 30 cm and
packed into six PVC columns. The columns were alternately designed with and
without gravel drainage layers. To simulate water and solute movement during
the leaching process, the HYDRUS-1D model was employed. Leaching
experiments were done on six soil columns filled with salty soil that had an initial
electrical conductivity (EC) of 64 dS/m and a pH of 8. Three types of irrigation
water were used: drainage water (pH = 7.9, EC =57 dS/m), well water (pH="7.1,
EC = 2.54 dS/m), and a 1:1 mixture of the two (pH = 7.6, EC = 32 dS/m).
Simulation results indicated that the treatment using well water combined with a
gravel drainage system led to a significant reduction in soil salinity, with EC
values decreasing to 2.8 dS/m at the surface and 28.5 dS/m at a depth of 30 cm.
In contrast, treatments without drainage or those using saline drainage water for
leaching showed comparatively lower reductions in soil salinity. Moreover,
statistical indicators of the HYDRUS model, such as the coefficient of
determination (R? > 0.9 in most treatments) and root mean square error (RMSE
close to zero), confirmed the model's high accuracy in predicting soil salinity.
These findings can serve as effective strategies for optimizing leaching practices
in saline lands and offer practical insights for farmers and natural resource
managers.
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1. Introduction

The reclamation of saline soils is of great importance from the perspective of water and soil resource
conservation, as saline soils represent a significant barrier to agricultural production in arid and semi-
arid regions. Soil salinity severely reduces crop yields, damages farm equipment, threatens food
security, and renders soil unsuitable for agriculture. However, many farmers in arid and semi-arid
regions cannot afford the high costs associated with saline soil reclamation. Thus, the present study
aims to conduct applied research to assist the farming community of the Qazvin saline plain. The study
seeks to reduce costs, facilitate the leaching process, and conserve freshwater and groundwater
resources using available regional resources, including drainage effluents from farmland drainage
systems. Comprehensive investigations were carried out under regional conditions, including varying
drainage scenarios and the necessity of their establishment, as well as the use of water with different
qualities for soil desalination. To evaluate the leaching process and simulate water and solute
movement, the HYDRUS-1D software was employed as a key modeling tool in this study. The final
results were documented as an applied model using HYDRUS software.

2. Materials and Methods

Buin Zahra County, located in the southern part of Qazvin Province, faces challenges such as high soil
salinity due to its arid and semi-arid climate, resulting in reduced land productivity and accelerated
desertification. In this study, soil sampling was conducted in saline agricultural lands using custom-
designed sampling cylinders to obtain undisturbed samples for laboratory analyses. The physical and
chemical tests of the soil, including measurements of EC, pH, and major ion concentrations, revealed
severe soil salinity and its dependency on drainage conditions. To examine the effects of drainage and
water quality on the leaching process, laboratory PVC columns were designed, and three types of water
drainage water, fresh water, and their mixture were utilized. The drainage water had an EC of 57 dS/m
and pH of 7.9, well water had an EC of 2.54 dS/m and pH of 7.1, and the mixed water had an EC of 32
dS/m and pH of 7.6. Numerical modeling was performed using the HYDRUS software to simulate the
long-term movement of water and solutes under saturated and unsaturated conditions. The model
accurately simulated changes in soil salinity under varying water quality and drainage scenarios. The
results indicate that optimal drainage conditions and higher-quality water can effectively facilitate the
leaching process and significantly reduce soil salinity. The findings of this applied research can provide
valuable insights for farmers in the region to optimize the use of water and soil resources and mitigate
the adverse effects of salinity.

3. Results

The results of this study demonstrated that the HYDRUS model exhibits high accuracy and efficiency
in simulating and predicting soil salinity changes under various leaching conditions and drainage
management scenarios. Simulations revealed that using high-quality water and proper drainage
significantly reduces soil salinity. In the treatment involving well water leaching with sandy drainage,
soil salinity was reduced to desirable levels, indicating the effectiveness of this method for moderately
saline lands. For example, in the treatment using well water with sandy drainage, surface soil EC was
reduced to 2.8 dS/m, while EC at 30 cm depth reached 28.5 dS/m, demonstrating significant salt
removal efficiency. Conversely, treatments without sandy drainage or using drainage water for leaching
showed limited salinity reduction due to salt accumulation in lower soil layers and slower drainage
rates. These findings highlight the critical role of adequate drainage and appropriate leaching water
quality in the success of leaching operations in heavy-textured and highly saline soils. Furthermore, the
statistical evaluation of the HYDRUS model revealed a high correlation between simulated and
observed salinity data during calibration and validation phases. R? values exceeding 0.9 and RMSE
values close to zero in most treatments confirmed the model's high precision in predicting salinity
changes. The notable differences in treatments without sandy drainage underline the impact of drainage
limitations on salinity variation. This study provides practical insights and actionable solutions for water
and soil resource management in saline and semi-saline lands. It can guide farmers and natural resource
managers in selecting optimal leaching strategies and salinity management practices.
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4. Discussion and Conclusion

The analysis of the data and graphs indicates that the HY DRUS model performed with higher accuracy
in simulating post-leaching soil salinity compared to simulating drainage water depth and infiltrated
water depth. The simulated salinity values closely matched the measured values, reflecting the model’s
superior precision and efficiency in this aspect of the study. This demonstrates that the model exhibits
greater sensitivity and accuracy in simulating salt movement than water movement. Notably, the heavy
and fine-textured soil caused a delay in water infiltration, as infiltration and drainage did not commence
during the initial 24 hours after water application. Instead, infiltration occurred predominantly in the
second 24 hours, emphasizing the prolonged leaching process required in heavy clay soils. This
observation underscores the importance of accounting for delayed water penetration during leaching
operations in such soils. The leaching process further revealed that water infiltration was slower during
the first round of leaching compared to the second round, despite the same volume of applied water.
This difference led to a shorter duration for the second round of leaching. The salinity graphs across
treatments show a consistent pattern: lower soil salinity at the surface and higher electrical conductivity
at greater depths. This indicates that dissolved salts migrate downward, accumulating in deeper layers.
Over time and on a larger scale, this phenomenon could result in secondary salinization due to capillary
rise in the absence of adequate drainage, stressing the critical need for proper drainage management to
prevent long-term soil degradation. These findings validate the use of HYDRUS-1D as a reliable
decision-support tool for planning and optimizing leaching strategies in saline soils under arid
conditions.
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