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Fig.1 Schematic diagram of sampling under different photovoltaic layouts
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Fig.2 Changes in vegetation characteristics in different photovoltaic environments
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Fig.3 Comparison of soil physical and chemical properties in different photovoltaic environments
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Vegetation-soil coupling characteristics of photovoltaic power stations
in the semi-arid region of Yili, Xinjiang, China

Tong Yongshang', Chen Yuefang', Li Zhengsheng', Zhang Shengying’,

Li Yule', Niu Kechang'*, Bayarta', Duan Peiqi'
(1. College of Biological Science and Technology/ Key Laboratory of Plant Resources Protection and Utilization in Xinji-
ang Yili Valley, Yili Normal University, Yining 835000, Xinjiang, China; 2. Grassland Workstation of Nilka County,
Nilka 835700, Xinjiang, China; 3.School of Life Sciences, Nanjing University, Nanjing 210023, China)

Abstract: To elucidate the mechanisms by which photovoltaic development affects the vegetation-soil system in
the semi-arid Yili region of Xinjiang, a photovoltaic power station in Nilka County, Yili, Xinjiang, that has
been in operation for five years was selected as the study site. Three microhabitats, namely beneath the photovol-
taic panels, between the panel rows, and outside the photovoltaic station, were established for comparison. Veg-
etation community characteristics and soil physicochemical properties were measured, and their coupling rela-
tionships and driving mechanisms were further explored using redundancy analysis (RDA) , variance partition-
ing analysis (VPA), and structural equation modeling (SEM). The results showed that vegetation and soil attri-
butes differed significantly among the three photovoltaic microhabitats. Soil moisture content, vegetation cover,
and aboveground biomass were highest beneath the photovoltaic panels, whereas vegetation height and soil avail-
able nutrients were more prominent between the panel rows. Species richness was highest outside the photovolta-
ic station. Soil pH, electrical conductivity, and soil moisture content were identified as the key soil factors affect-
ing vegetation variation, and the joint explanatory power of soil moisture and available nutrients for vegetation
characteristic variation reached 52%. Furthermore, the SEM results demonstrated that the photovoltaic environ-
ment indirectly influenced changes in vegetation cover and aboveground biomass primarily by regulating soil
moisture and available nutrients. This study reveals the regulatory effects of photovoltaic microhabitats on the
vegetation-soil system in the semi-arid Yili region and provides a scientific basis for ecological management and
the coordinated development of energy production and ecosystem functions in photovoltaic power stations in this
region.

Key words: Yili; semi-arid region; photovoltaic power plant; photovoltaic microhabitat; vegetation-soil cou-

pling



