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Table 1. Intensity of Thinning in different Phases and Treatments
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Table 2. Statistical analysis of the General linear model (GLM) of soil physical attributes (2017)
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Table 3. Statistical analysis of the General linear model (GLM) of soil physical attributes (2021)
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Figure 3. Comparative chart of sand and soil moisture between treatments by Paired t-test in 2021
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Table 4. Paired t-test comparison of soil physical properties between 2017 and 2021
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Figure 4. Comparative chart of clay and soil moisture by Paired t-test between 2017 and 2021
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Figure 5. Comparative chart of Soil saturation by Paired t-test between 2017 and 2021
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Table 5- General linear model of some soil chemical traits between different treatments (2021)
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Table 6. Paired t-test comparison of soil elements and chemical properties between 2017 and 2021
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Figure 6. Paired t-test comparison graphs of soil elements and characteristics between 2019 and 2021
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Extended abstract

Background and objectives: Human interventions and intense exploitation of the Zagros forests have
led to a loss of their natural stability, transforming them into sensitive ecosystems. Severe degradation
of vegetation and soil erosion are among the outcomes of these conditions. Branching forests reduce soil
fertility due to higher mineral consumption and, at high densities, cannot adequately support the growth
substrate. Thinning can improve conditions and reduce competition among trees. Forest management
has both direct and indirect impacts on soil physical and chemical properties. This study aims to examine
the impact of thinning on soil properties in the northern Zagros oak forests and evaluate its effects on
the management of branching oak forests. Assessing the impact of forestry operations on ecosystem
services addresses part of the scientific needs for sustainable forest management.

Methodology: This research investigated the effects of different thinning intensities on soil properties
in a pure, young branching oak stand (Quercus brantii) in the Rikhilan Marivan forests, a representative
of the degraded Zagros forests. The study was conducted using a randomized complete block design
with three thinning levels (increasing, decreasing, control) over two four-year phases, spanning eight
years. Soil samples (36 per phase) were collected from the 0-15 cm depth and analyzed for physical and
chemical properties. Two-way ANOVA (GLM) and paired t-tests were used to analyze the effects of
thinning, and multivariate methods were applied to assess correlations between variables.

Results: The effects of thinning on physical soil properties showed no significant differences in sand,
silt, clay, and soil moisture between treatments in 1395. However, after eight years, significant
differences in sand and soil moisture were observed. The increasing thinning treatment had the least
negative changes in soil properties compared to the decreasing and control treatments. In terms of
chemical elements, there were no significant differences in 1395, but after eight years, the increasing
thinning treatment showed the best results for total nitrogen, sodium, lime, potassium, and available
phosphorus. The control treatment reduced surface soil moisture, while the decreasing treatment, due to
reduced canopy cover, also decreased soil moisture. Clay content decreased in thinning treatments and
slightly increased in the control. Generally, increasing thinning showed the best results in terms of
physical properties and soil moisture. For chemical factors, it appears that less soluble compounds like
lime are less leached, and the relative percentage of clay may increase due to the loss of fine soil
particles. Although lime content increased in all treatments, the pH did not increase as expected due to
soil buffering properties, and there was a slight decrease in pH over the years. Sodium's detrimental
effects on soil structure are more pronounced at higher pH levels, suggesting that thinning positively
affects soil improvement and fertility. Regarding total nitrogen, removing many shoots and reducing
canopy cover increased sunlight on the soil surface, reducing soil nitrate levels.

* Corresponding author Tel: +984432770555
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Conclusion: Thinning had long-term effects on certain physical and chemical soil indices. Increasing
thinning intensity resulted in the least negative changes in desirable forest soil indices compared to

decreasing thinning and control treatments.
Keywords: Quercus brantii lindl., North Zagros, Soil characteristics, Sprout-Clumps, Thinning.
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