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Abstract

Soil and water salinity is one of the major agricultural challenges in Iran and worldwide, and reclaiming saline soils
requires substantial water consumption. Therefore, re-evaluating reclamation methods in the light of water resource
limitations is essential. This study examined the effects of three tillage systems (conventional tillage, reduced tillage,
and no-tillage) on the physical properties of a saline soil in Isfahan over four years. The studied soil properties included
pore size distribution, field capacity (frc), permanent wilting point (@pwp), available water content (AWC), and water
retention curve (WRC). The management practices included residue removal in conventional tillage and residue
retention in reduced tillage and no-tillage systems. The results showed that the macroporosity (Macro-P) values in the
reduced tillage, no-tillage, and conventional tillage treatments were 0.032, 0.029, and 0.022 cm? cm3, respectively. The
reduced tillage treatment also had the highest mesoporosity (Meso-P) and the k¢ values in reduced tillage and no-
tillage (0.250 and 0.247 cm® cm™, respectively) were significantly higher than in the conventional tillage (0.238 cm?
cm ). The AWC, g values were similar across the treatments, but the highest value was for the no-tillage treatment
(0.210 cm?® cm™3). In the third and fourth years, more distinct differences were observed in the WRCs, particularly at
low matric suctions. Conservation tillage treatments increased the macropores and mesopores and improved the soil
hydraulic indices. The results indicate that conservation tillage can serve as a suitable alternative to conventional tillage
in the dry and saline conditions, improving soil conditions and water resource efficiency.
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Background and Objective: One of the major agricultural challenges in Iran and the world is soil and water salinity.
Reclamation of saline soils requires significant amounts of water, making it essential to reconsider reclamation methods
in the light of water resource limitations. Conservation tillage can improve soil physical quality and enhance water
retention (Steponaviciené et al., 2024). Researchers have reported an increase in macropores in no-tillage systems and
an increase in micropores in conventional tillage systems (Bhattacharyya et al., 2006). Considering the salinity of soils
and the arid and semi-arid climate in Iran, preserving plant residues and using conservation tillage methods could help
prevent related problems. This study examines the effects of three types of tillage systems on the physical properties a
saline soil in Isfahan.

Methods: This research was conducted over four years at the Kabutarabad agricultural research station to examine the
effects of three tillage systems (conventional tillage, reduced tillage, and no-tillage) on soil physical properties,
including pore size distribution, field capacity (6rc), permanent wilting point (Gpwp), available water content (AWC),
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and water retention curve (WRC). In the conventional tillage, the soil was fully plowed and all crop residues were
removed. In the reduced tillage, a chisel plow was used, and in the no-tillage, direct seeding was performed with
minimal traffic and standing residues of the previous crop (about 5 tons per hectare) were retained. The cropping pattern
followed a rotation of barley in the first and third years, and safflower in the second and fourth years. Soil pores were
classified into three major groups: macropores (Macro-P), mesopores (Meso-P), and micropores (Micro-P), based on
the WRC data. The study was conducted using a split-plot design in a completely randomized block design with three
replications.

Results: The Macro-P values in the reduced tillage, no-tillage, and conventional tillage treatments were 0.032, 0.029,
and 0.022 cm?® cm3, respectively, attributed to the increased soil organic matter in the reduced tillage and no-tillage
treatments. The reduced tillage also had the highest Meso-P (0.141 cm® cm™), with a significant increase, especially in
the fourth year. Over time, tillage systems had a greater impact on coarse and medium pores. The Grc values in reduced
tillage and no-tillage (0.250 and 0.247 cm?® cm3, respectively) were significantly higher than in the conventional tillage
(0.238 cm?® cm™3). The presence of organic matter in the reduced tillage and no-tillage treatments led to a significant
increase in frc compared to conventional tillage. There was no significant difference between the Gpwp values among
the reduced tillage and no-tillage treatments, but they were higher than those in the conventional tillage. The AWCioo
values were similar across the treatments, but the highest value was for the no-tillage (0.210 cm*® cm™). In the first and
second years, there was little difference in the WRCs among the treatments. However, in the third and fourth years,
more distinct differences were observed, particularly at low matric suctions. In these years, the no-tillage and reduced
tillage had higher soil water retention at low matric suctions compared to the conventional tillage. Conventional tillage
had lower saturated water content compared to the reduced tillage and no-tillage treatments. Over time, especially from
the third year onward, saturated water content increased, which is attributed to the accumulation of soil organic matter
and increased porosity.

Conclusions: This study investigated the impact of different tillage systems on soil physical and hydraulic properties
over four years. The results showed that conservation tillage systems increased the macroporosity and mesoporosity,
and improved soil hydraulic indices such as saturation water content, field capacity, permanent wilting point, and
available water content. Other benefits of these systems include the improvement of saline conditions through increased
soil organic matter and reduced evaporation. Additionally, conservation tillage, by preserving plant cover and
minimizing soil disturbance, helps reduce moisture loss and enhance water use efficiency. These findings suggest that
conservation tillage can serve as a suitable alternative to conventional tillage in dry and saline conditions, improving
soil conditions and water resource efficiency.
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Fig. 1. Water retention curves in the first (a), second (b), third (c) and fourth (d) years of the experiment; The points are measured
data and the curves show the fit of the van Genuchten-Kosugi model (the curves are the average of experimental replications). CT:
Conventional tillage, LT: Low tillage, NT: No tillage.
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