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Short-term and long-term disturbances following forest harvesting, such as soil
disturbances, damage to soil and trees, reduce the resilience of forest ecosystems to climate
change. This study evaluated the process of soil biological indicators (including earthworm
density and dry biomass, soil microbial respiration, and fine root biomass) in compacted
soils across five elevational gradients (700, 900, 1100, 1300, and 1500 meters asl) and
three traffic intensities (low, moderate, and high) seven years after logging operations in
skid trails, compared to undisturbed (control) areas in the Kheyrud and Watershed No. 46,
pure beech forest in northern Iran at a soil depth of 0-10 cm. Results from two-way
ANOVA revealed that the influence of elevational gradient and traffic intensity on soil
biological indicators in pure beech forests indicated a sharp decline in biological indicators
with increasing elevation. Elevation increases from 700 to 1500 meters led to a 56—73%
reduction in earthworm density (n m?) and biomass (mg m2), microbial respiration, and
fine root biomass (the highest decline was in fine root biomass (72.2%) and the lowest in
microbial respiration (56.8%)). Pearson correlation analysis demonstrated strong,
significant negative correlations (P<0.05) between all biological indicators and the
interaction effect of altitudinal gradient and traffic intensity. The elevational gradient
emerged as a key determinant of soil health in beech forests, with elevations above 1300
meters displaying the highest vulnerability due to harsh environmental conditions and
sensitivity to machine traffic. The impacts of machinery traffic persisted even after seven
years, and recovery at higher elevations is projected to require > 7 years. These findings
underscore the necessity for comprehensive forest management approaches that explicitly
account for altitudinal gradients, soil characteristics, and plant species.
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