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Background and Objectives: Plant roots play a critical role in modifying
soil properties, leading to significant changes that influence soil erodibility,
land and crop management, and key soil-related processes such as
microbial activity and tillage. Soil structure is particularly important
because of its central role in soil health, sustainable agriculture, and
carbon sequestration. Given the importance of soil structural stability for
sustainable agricultural systems, and considering that plant root systems
are among the most influential factors affecting soil physical properties,
this study aimed to evaluate the effects of different root systems on soil
physicochemical properties and structural stability. Specifically, the root
systems of alfalfa, cumin, chickpea, wheat, and barley were investigated
across different soil depths to assess their influence on soil quality and
stability indices.

Materials and Methods: This study was conducted using a randomized
complete block design with three replications at the research farm of
Ferdowsi University of Mashhad, Khorasan Razavi Province. Experimental
plots measuring 10 x 100 m were managed with specific tillage systems,
and five plant species representing different root systems-alfalfa, cumin,
pea, wheat, and barley-were cultivated. At the end of the growing season
(harvest time), both disturbed and undisturbed soil samples were collected
at four depths (0-10, 10-20, 20-30, and 30-40 cm) from around the plant
roots. Root samples of each plant species were also taken. The soil
samples were analyzed for physicochemical properties, including
macronutrients, water infiltration, and structural stability indices. Root
traits, including root length density (RLD), were measured using root
scanning techniques. Data were analyzed using SAS and R statistical
software, and graphs were generated with Microsoft Excel.

Results: The findings showed that the highest soil salinity occurred under
wheat (2.3 dS m™) and barley (1.6 dS m™) cultivation within the 0-40 cm
soil depth. The soil under cumin exhibited the greatest organic carbon
content at 0-10 and 10-20 cm (0.79% and 0.76%, respectively), while the
lowest value (0.2%) was observed at 30-40 cm. Total nitrogen content was
highest under chickpea cultivation across 0-40 cm, with the maximum
value (0.1%) recorded at 30-40 cm, significantly exceeding other crops.
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Saturated hydraulic conductivity decreased with soil depth, with the
maximum value (2.44 cm min™) at 0-10 cm under alfalfa and the
minimum (0.49 cm min™) at 30-40 cm under wheat. The highest soil
structural stability index (2.15%) was recorded under cumin, while the
lowest (0.48%) was observed at 30-40 cm under alfalfa. On average, the
soil stability index across all studied crops remained below 5%, indicating
structural degradation due to insufficient organic carbon.

Conclusion: This study demonstrated that even crops with similar root
system types exert distinct influences on soil physicochemical properties.
Overall, cumin cultivation resulted in the lowest salinity, highest organic
matter, and consequently improved soil structural stability. Alfalfa roots,
in contrast, played a major role in generating macropores and enhancing
saturated hydraulic conductivity.
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Table 3. Mean comparisons of plant type effect (barley, wheat, cumin, pea & alfalfa) on root length diameter
& root density.
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Table 4. Analysis of variance for cultivated plant type and soil depth on soil properties.
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Table 5. Mean comparisons of the soil depth and plant type effect on soil pH.
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Figure 3. Interaction effect of the soil depth and plant type on soil calcium carbonate.
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Table 6. Analysis of variance for macronutrient concentration in soil affected by plant type and soil depth.
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Figure 4. Interaction effect of the soil depth and plant type on total soil N.
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Table 7. Analysis of variance for soil physical properties in plant types and different soil depths.
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