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capacity, Nanobiochar, Due to the increasing trend of agricultural soil degradation caused by rising salinity and
Nanosilica. declining structural quality, the application of soil amendments has become essential
for restoring soil physical and hydraulic balance. In this regard, nanotechnology has
emerged as a promising approach, attracting considerable attention for its potential to
improve soil properties. Accordingly, the present study was conducted to evaluate the
effect of both organic and inorganic amendment materials at nano and conventional
scales -including biochar and pomegranate peel-derived nanobiochar, nanobentonite,
zeolite, microsilica, and nanosilica- on the physical and hydraulic characteristics of a
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17 May 2025 saline loam soil.
. Materials and Methods
Revised:
6 Jun 2025 In this study, the effects of various mineral and organic amendments, including both
nano- and non-nano-scale materials, on saline loamy soil were evaluated. Soil samples
Accepted: were collected from a depth of 5-30 cm in the agricultural area of Hassanlangi village,
28 Jun 2025 located in the eastern part of Bandar Abbas. Following collection, the samples were

transferred to the Soil and Water Laboratory at the Faculty of Agriculture and Natural
Resources, University of Hormozgan, and air-dried under ambient conditions. To ensure
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homogeneity and prepare the samples for physicochemical analyses, they were passed through a 2
mm sieve. The soil was then treated with biochar, nanobiochar, nanobentonite, zeolite, microsilica,
and nanosilica at a concentration of 4 g/L, applied in suspension form. The treated soil samples
were placed into polyethylene columns (35 cm X 10 cm) arranged in a completely randomized
design with three replicates. To simulate field moisture fluctuations and stabilize soil conditions,
the samples were subjected to alternating wetting and drying cycles, ranging between field capacity
and 50% of field capacity for 100 days, under controlled laboratory conditions at a temperature
of 18-25 °C. At the end of the incubation period, the relevant physical and hydraulic parameters
were measured. For statistical analysis, one-way analysis of variance (ANOVA) was performed,
followed by Duncan’s multiple range test at the 5% significance level to compare treatment means.

All statistical computations were carried out using SPSS software (version 16).

Results and Discussion

The analysis of variance revealed that all soil amendments applied in the experiment had a
statistically significant effect on the measured soil properties. These properties included the mean
weight diameter of aggregates under both dry and wet conditions, the water-stable aggregate index,
bulk density, field capacity, permanent wilting point, and available water capacity. The significance
of these effects was confirmed at the 1% probability level (P <0.01). The obtained results indicated
that all applied amendments significantly improved the mean weight diameter of soil aggregates,
enhanced the soil aggregate stability index in water, and optimized key soil moisture parameters,
including field capacity, permanent wilting point, and available water capacity. The highest value of
the water stable aggregate index was observed in the nanosilica treatment, which represented a 35%
increase compared to the control. Additionally, the lowest bulk density (1.5 g/cm?®) was recorded in
this same treatment. On the other hand, the highest field capacity was observed in the nano-silica
treatment (24.61%), which showed a significant difference compared to the other treatments. The
lowest permanent wilting point was associated with the micro silica treatment, showing a statistically
significant difference from other treatments at the 5% probability level. Moreover, the application
of both nano and non-nano scale amendments, except for biochar, resulted in a significant increase
in field capacity at the 5% significance level compared to the control. Data also revealed that the
incorporation of nano and non-nano amendments, excluding conventional biochar, significantly

increased the available water capacity in saline conditions.

Conclusion
This study evaluated the impacts of organic, inorganic, and nanoscale soil amendments on the physical

and hydraulic properties of saline loamy soils. The results demonstrated that these amendments
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significantly improved soil structure, enhanced aggregate stability, increased tillage efficiency,
and expanded available water capacity. Among the applied materials, nanosilica exhibited the
most favorable performance, primarily due to its ultrafine particle size, high specific surface area,
and suitable chemical reactivity. These characteristics promoted stronger inter-particle bonding,
improved soil workability, and enhanced water field capacity features, particularly critical in arid
and semi-arid regions. Nano-bentonite and zeolite also produced beneficial effects, although their
performance was less pronounced than that of nanosilica. Nano-biochar outperformed conventional
biochar; however, the latter may exert adverse effects on saline-alkali soils under certain conditions.
Overall, the results indicate that nanotechnology, and particularly nanosilica application, holds
promising potential as an innovative tool for improving water use efficiency. Findings from this
study contribute to the mitigation of soil erosion and the sustainable management of saline-affected

soils.
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