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Spatial gradient effects of construction and long-term operation of alpine

wind farms on vegetation and soil physicochemical properties

—A case study of Modou Mountain, Yunnan Province

Yang Chen, ShiJuan, Zhao Jueheng, Zhang Yunlong, Jing Jingying
(College of Grassland Science and Technology, China Agricultural University, Beijing 100193, China)

Abstract: [ Objective | The effects of wind farm construction and operation on alpine meadow vegetation and soil
nutrients were investigated in order to provide a theoretical basis for the restoration of degraded grasslands in alpine
wind farm areas. [ Methods] Three turbine plots and three control plots without turbines were selected in the
Moudou Mountain wind farm of Yuxi City, Yunnan Province. Within each plot, sampling points were established
at four directions (northwest, northeast, southeast, southwest) and at distances of 0, 20, 50, and 100 meters
from the turbine base Cor central point for control plots). A comparative analysis of vegetation characteristics and

soil nutrients was conducted to elucidate the ecological effects of wind farm construction and operation on local
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vegetation and soil. [Results] @ Wind farm construction significantly reduced aboveground biomass (p<Z0.01)
and plant community diversity (p<<0.05). Within turbine plots, aboveground biomass increased significantly with
distance (p<<0.01), reaching its highest level at 100 m. The diversity index varied significantly by direction (p<<
0.05), with the southwest direction showing the highest values. @ Soil organic matter, total nitrogen, and water
content were significantly reduced (»p<0.001) , while soil pH value was significantly increased (p<<0.05). The
contents of soil organic matter, total nitrogen and water content increased with increasing distance from the
turbine. @ Soil available potassium content differed significantly at different radiation radii of the turbine (p<<
0.05), showing an increasing trend with increasing radius. @ The presence of turbines had no significant effect on
soil available phosphorus (AP) content (»=>0.05). [ Conclusion] The construction and operation of the wind farm
has significant negative effects on surrounding vegetation, particularly aboveground biomass and community
diversity, as well as on key soil physicochemical properties, including organic matter, total nitrogen, and moisture
content. The intensity of these effects diminishes with increasing distance from the turbine. Therefore, ecological
restoration should follow a zoned strategy. In the high-intensity disturbance zone within 20 m of the turbine, active
interventions such as soil amelioration and vegetation reconstruction are recommended. In the moderate- to low-

intensity disturbance zone (20—100 m) , natural recovery should be prioritized, supplemented with human-

assisted measures.

Keywords: wind farm; vegetation; soil nutrients; spatial gradient; ecological restoration
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Fig.1 Schematic diagram of sampling point locations
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Fig.2 Effects of wind turbine presence, distance from wind turbine, and orientation on vegetation
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Fig.3 Effects of wind turbine presence and distance from wind turbine on soil physicochemical properties
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Fig.4 Effects of wind turbine orientation and distance from wind turbine on soil physicochemical properties
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