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Effects of photovoltaic panel height on soil physicochemical properties in rocky
desertification areas with different slopes during dry season

Gao Wenjiao', Wang Yan', Liu Yungen"*, Hu Jun', Zhang Jiaxu', Luo Zhifeng', Huang Caishuang'
(1.College of Soil and Water Conservation, Southwest Forestry University,
Kunming, Yunnan 650224, China; 2.Key Laboratory of Evolution and Pollution Control of

Mountain Rural Ecological Environment in Yunnan Province, Kunming, Yunnan 650224, China)

Abstract: [ Objective] Soil moisture characteristics, nutrient changes beneath photovoltaic (PV) panels in rocky
desertification areas, and their key influencing factors were analyzed. The effects of PV panel height and terrain
slope on soil physicochemical properties during the dry season were evaluated to provide a scientific basis and
theoretical support for ecological restoration and green industry development in this region. [ Methods] A PV
demonstration base in Shilin Yi Autonomous County, Yunnan Province, which had been under construction for 8
years, was selected as the study area, and soil samples were taken from beneath PV panels of differing heights

Chigh panel: front eave height 2.4 m, rear eave 3.1 m; low panel: front eave height 0.5 m, rear eave 1.2 m; tilt
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angle of 24°) on both flat slopes and steep slopes during drought period. The responses of soil moisture and
nutrients to PV panel heights in association with different slope gradients were analyzed using analysis of variance
(ANOVA) and redundancy analysis (RDA). [Results] @ In karst rocky desertification areas during the dry
season, PV panel height significantly influenced soil moisture and nutrient content (p<Z0.05). Compared with non-
shaded areas, PV panel shading was associated with significantly increased soil volumetric water content,
saturated water-holding capacity, capillary water-holding capacity, and field capacity. Notably, soil moisture
levels beneath low PV panels on shallow terrain gradients were consistently higher than those at the other sampling
sites. @ Soil total nitrogen (TN) and total phosphorus (TP) contents exhibited significant decreases with
increasing PV panel height throughout the dry season, and displayed maximum values beneath low PV panels on
flat slopes. However, soil organic carbon (SOC) content in shaded areas decreased by 35% compared with
control regions by the end of the drought period. @ Correlation analysis revealed that PV panel installation
primarily altered soil bulk density, porosity, pH value, and enzyme activities, thereby driving changes in soil
moisture and nutrient characteristics. [ Conclusion] The construction of low-PV panels in rocky desertification

areas during the dry season was more conducive to reducing water evaporation and fixing nutrients compared to

high-PV panels, especially in flat slope areas.
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Table 1 Overview of study area
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Table 2 Soil moisture characteristics of each sample plot at beginning of drought.

FE b RRRE KRR % MR K /(g o kg ') TERRKE/ (g kg D) FT ] ¢ K /(g o kg t)
DD 31.96+0.96" 464.11421.88" 409.02422.95" 345.104+17.46"

GD 24.2140.80% 419.52432.92" 356.49+20.95% 283.23+14.46%

DP 35.23+£0.55" 559.50451.34" 416.89+11.29* 325.08+12.16™

GP 25.21+0.94° 424.42+23.04" 376.80+15.55" 311.30+£26.97"

CK, 20.56+0.89° 383.07+11.36° 345.15+18.45° 261.93+6.45"

CK, 23.13+1.28" 415.90+£70.78" 380.22+£16.07" 301.52+3.10"

TE R P A b 22 . RIS R/ NG T3R8 2 R W (p<<0.05). T,

R3 TEAREEETEKSEE

Table 3 Soil moisture characteristics of each sample plot at end of drought period

FEH ARSI/ % MR K/ (g o kg ') TEFPKE/(g kg D) FT ] 5 7K 3 /(g = kg ')
DD 12.53+1.09" 194.37+48.40™ 147.48+19.14" 85.95+6.57"

GD 8.74+1.74° 182.99+48.70" 123.174+22.29" 55.20+10.88"

DP 13.63+0.84" 276.124+79.32% 179.17+14.12* 97.304-4.18"

GP 10.76+1.44" 268.77+68.26™ 193.83+£51.52° 73.5047.68°

CK, 6.86+0.09 176.14+8.39° 114.08+1.91° 45.72+2.80"

CK, 7.57+0.51 192.33+8.89" 140.01+5.14" 53.61+2.75"
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Fig.1 Nutrient content of different sample plots at beginning and end of drought period
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Fig.2 Redundancy analysis of impact factors with soil moisture of different sample plots
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Fig.3 Redundancy analysis of impact factors and soil nutrients of differnt sample plots
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