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Photovoltaic (PV) park construction has a profound impact on the regional microclimate and ecosystem carbon cycle. Meanwhile, biological soil crusts (BSCs) also play a crucial role in the carbon and nitrogen cycles of desert ecosystems. However, the response mechanism of algal BSC microbial communities to PV panel construction is still poorly elucidated. In this study, high-throughput sequencing was utilized to explore the mechanism underlying the effects of PV panel construction on algal BSC microbial communities in the Talatan PV Base. The results showed that the predominant bacterial phyla of algal BSCs in desert grassland were Actinobacteriota and Proteobacteria. PV panel construction changed the structure of algal BSC bacterial communities, which significantly increased the relative abundance of Proteobacteria and enhanced the interconnectivity between bacterial species. Nevertheless, the response of bacterial community diversity to the construction of PV panels was not significant (P > 0.05). PV panel construction altered the microenvironment by significantly increasing temperatures under the panels while significantly reducing soil carbon stocks. In addition, temperature and carbon content were the most important factors influencing the structure and diversity of algal BSC bacterial communities in alpine desert grasslands. In summary, the installation of photovoltaic panels led to a notable elevation in the temperature underneath them. This temperature increase, in turn, enhanced the stability of the bacterial communities within the algal BSC in alpine desert grasslands. Simultaneously, it significantly reduced the carbon storage capacity in these grasslands, thus exerting a dual-edged impact on the ecological environment of the region.
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1 INTRODUCTION
Grassland ecosystems are widely regarded as among the ecosystems most sensitive to climate change (Piao et al., 2012; Chen et al., 2013). They play a pivotal role in soil and water conservation, as well as climate regulation (Wang et al., 2020; Che et al., 2018). The Qinghai-Tibetan Plateau (QTP) stands as a globally significant ecological region. Alpine grassland ecosystems cover approximately 60% of its territory (Dong et al., 2022; Dong et al., 2010; Zhao et al., 2017). Characterized by cold and humid habitats, the ecosystems in this region are fragile and extremely sensitive to environmental changes (Zeng et al., 2013; Ganjurjav et al., 2016a; Ganjurjav et al., 2016b; He et al., 2016). Desert steppes, being one of the major land cover types of QTP grasslands, have a critical influence the plateau’s climate regulation and water conservation (Gao et al., 2016). Furthermore, their unique regionality renders them highly vulnerable to external environmental disturbances (Chang et al., 2020). In recent decades, due to climate change, improper grazing management, and other human activities, at least one-third of the alpine grasslands on the QTP have undergone degradation (Liu et al., 2020; Wang and Wesche, 2016; Qiu, 2016; Yang and Sun, 2021). This degradation has had a direct impact on the carbon and nitrogen cycling processes in alpine grassland ecosystems (Ding et al., 2016).
Biological soil crusts (BSCs) represent complex assemblages of surface soil microorganisms. These remarkable entities act as the primary catalysts for the biogeochemical cycling of carbon, nitrogen, and phosphorus within dryland ecosystems, while also playing a pivotal role in soil and water conservation (Eldridge et al., 2020; Li et al., 2021). Consequently, they are fundamental to maintaining the fertility and stability of drylands (Weber et al., 2016). As an important reservoir of organic carbon and nitrogen in desert soils, BSCs are vital to the carbon and nitrogen cycles of desert ecosystems (Yan et al., 2013; Zhao et al., 2016). It is estimated that BSCs cover approximately 12% of the global terrestrial surface area and contribute 15% of global terrestrial net primary productivity (Elbert et al., 2012; Rodriguez-Caballero et al., 2018). In addition, they provide ecosystem services that influence biogeochemical fluxes on a global scale (Grote et al., 2010; Castillo-Monroy et al., 2011; Elbert et al., 2012; Weber et al., 2015; Mogul et al., 2017; Maier et al., 2018). The microorganisms inhabiting in BSCs perform several important ecological functions, such as fixing atmospheric carbon and nitrogen, and also producing polymeric substances such as exopolysaccharides and glycoproteins. These substances, especially the latter, can enhance soil aggregate stability by binding together soil minerals particles. As a result, they significantly mitigate soil erodibility (Bowker et al., 2008; Mager and Thomas, 2011).
Photovoltaic (PV) power generation has emerged as one of the most favored clean energy sources globally. Characterized by its inexhaustible nature and non - polluting properties (Dhar et al., 2020; Armstrong et al., 2016), it holds great promise as a viable solution for humanity’s transition towards a low - carbon future. Natural grasslands, boasting abundant light resources and relatively low land costs, have become prime locations for the establishment of PV power plants. Nevertheless, PV parks, with their dark, sunlight - absorbing panels covering a significant portion of the soil surface, can substantially modify the original surface topography of the local area. This, in turn, exerts far - reaching effects on the local microclimate, the ecosystem carbon cycle, biodiversity, soil weathering processes, and the flow of energy within the ecosystem (Armstrong et al., 2014; Salamanca et al., 2016). Moreover, the construction areas of PV facilities not only disrupt the original characteristics of plant communities but also damage the soil structure, thereby causing harm to the native ecosystems (Xu et al., 2008). The rapid expansion of the PV industry has led to an increasingly profound impact on terrestrial ecosystems. In addition, the installation of PV panels can exacerbate the uneven accumulation of atmospheric precipitation (Liu et al., 2019). Considering the far - reaching influence of climate change on various ecosystem processes (Watson et al., 2020; HMa et al., 2020), it is of utmost importance to comprehensively explore the impacts of PV construction on soil microbial communities. This exploration is essential for better understanding the complex ecological consequences of PV development and for formulating more sustainable strategies for the integration of clean energy and ecosystem conservation.
Currently, the climate and environmental impact of PV power plants is of great concern. But the mechanism of how PV park construction affects BSC microbial communities is barely studied. Understanding how PV panel construction influences the dynamic changes of algal BSC microbial communities in alpine desert steppes is vital for keeping grassland ecosystem functions. Our study focuses on China’s largest PV base in Talatan, Gonghe Basin, northeastern QTP. We used high - throughput sequencing to analyze the 16S rRNA of bacterial communities and measured soil biogeochemical properties. The study aims to address the following questions: (1) how microbial community characteristics in alpine desert grasslands respond to PV panel construction? (2) how PV - construction - induced soil property changes impact microbial communities in these grasslands? (3) how the microbial community assembled and what the changes will occur in their interaction networks due to PV panel constructions? By comparing microbial community responses in areas with different PV panel installations, we aim to uncover how PV panel construction impacts microbial community diversity, structure, function, assembly, and interaction networks in alpine desert grasslands. This research will offer theoretical support for dealing with global climate change and protecting desert grassland ecosystems.
2 MATERIALS AND METHODS
2.1 Study area profile
The study area was located in Talatan, Gonghe County, Qinghai Province in the northeastern region of the QTP. Its geographical coordinates range from 98°54′–101°22′E in longitude and 35°46′–37°10′N in latitude. Characterized by a gourd - shaped topography, it is broad in the east and narrow in the west. This area is known as the “throat of the QTP”. The average annual precipitation in Talatan is 303 mm, with precipitation being unevenly distributed both within a year and across different years. Regionally, precipitation is higher in southeast Talatan, and lower in the northwest. The average annual evaporation reaches 1,800 mm, and the annual sunshine duration of 2,772.2 h. Spring has the most sunshine hours, followed by summer and autumn, with winter having the least. The climate is mainly arid and semi-arid, with an average annual temperature of 4.1°C and an average annual frost-free period of 91 days. The average annual number of windy days is 207. Under the influence of the northwest wind, quicksand invades in the southeast direction. The soil in this area is mainly chestnut soil, and the thickness of the soil development layer generally ranges from 50 to 70 cm. The dominant vegetation species mainly consist of Achnatherum splendens (Trin.) Nevski, Stipa breviflora Griseb, Orinus thoroldii (Stapf ex Hemsl.) Bor, Leymus secalinus (Georgi) Tzvelev, Artemisia frigida Willd, among others.
2.2 Sample collection
The layout of the field plots is presented in Supplementary Figure S1. In November 2023, during the wilting period, soil samples were collected. A 3,000 - meter sampling line was established between the areas (Supplementary Figure S2) and directly under the panels (Supplementary Figure S3) within the PV panel - constructed regions of the desert grasslands, as well as in the non - PV panel - constructed areas (natural control, Supplementary Figure S4). Algal BSCs were collected from nine sites along the sampling line, with each site located 500 m apart and the samples from these sites were then mixed. Samples in each site were collected using the five - point sampling method from the soil layer of 0–5 cm depth for experimental analysis. The samples were named GJCZ (algal BSCs between panels), GXCZ (algal BSCs under panels), and FCZ (natural control) according to the grouping. The experiment incorporated three treatments, each with five replicates. Consequently, a total of 15 soil algal BSC samples were collected. All samples were divided into two portions. They were stored in ice packs and promptly transported back to the laboratory. One portion of the samples was refrigerated at 4°C for the determination of physicochemical properties, while the other portion was stored at −80°C for DNA extraction.
2.3 Determination of soil physicochemical properties
pH was measured using a 1:2.5 soil-deionized water mixture (AZ8601, AZ Instrument, China). Total carbon (TC) and total nitrogen (TN) content was quantified using an elemental analyzer (Vario EL III, Elementar). Dissolved organic carbon (DOC) was extracted from unfumigated algal BSCs, and soil organic carbon (SOC) was determined by the exothermic (170°C–180°C) dichromate oxidation method and ferrous ammonium sulfate titration method. Soil available nitrogen [NH4+-N (AN) and NO3–-N (NN)] was determined using a Foss FIAstar 5000 automatic flow injection analyzer (Foss, Denmark) and calculated based on soil dry weight. Soil temperature (Tem) and moisture (Moi) were measured using a dedicated Zhengda soil temperature/moisture (water content) detector (ZD-1608, China).
2.4 DNA extraction and polymerase chain reaction (PCR)
Microbial DNA of algal BSCs was extracted using the E. Z.N.A.® (Omega Biotek, Norcross, GA, USA) kit. The V3–V4 hypervariable region of the bacterial 16S rRNA gene was amplified with a thermocycler PCR system (GeneAmp 9700, ABI, USA) using the specific primers 341F (5′-CCTAYGGGRBGCASCAG-3′) and 806R (5′-GGACTACNNGGGGTATCTAAT-3′). Purified amplicons were pooled in equal amounts and paired-end sequencing was performed on the Illumina MiSeq platform. The raw data were analyzed using QIIME software (v 1.9.0). Using the denoising algorithm (DADA2 method) of the QIIME2 pipeline, the raw reads of all samples were subjected to quality control, denoising, ligation and chimera removal to define the amplicon sequence variants (ASVs) (Han et al., 2024).
2.5 Statistical analysis
Data analyses were conducted using the R software (version 4.3.2). Alpha diversity indices including the ACE, Chao1, Simpson, and Shannon indices, were calculated based on Amplicon Sequence Variant (ASV) using the MicrobiotaProcess package. One-way analysis of variance (ANOVA) was performed to determine if there were significant differences between groups. Principal component analysis (PCA) was carried out using the PCA tools package. Non-metric multidimensional scaling (NMDS), Adonis results were calculated based on the Bray-Curtis distance using the vegan package, in order to verify the grouping validity. Functional taxa of algal BSC microorganisms were predicted by FAPROTAX (Liang et al., 2020). The circlize package was then utilized to create circus plots for a clear visualization of the functional taxonomic data.
For further exploration, we plotted ASV distribution maps using the UpSetR package. To analyze the relationships between environmental factors and microbial communities, we plotted mantel correlation heatmaps with the linkET package. The psych package was used to calculate the interspecies correlation. For a more in - depth analysis of the relationships between microbial species, we created network diagrams using Gephi software, version 1.0. To comprehensively evaluate the specific impacts of PV panel construction and physicochemical factors on the diversity and structure of algal BSC bacterial communities, we carried out hierarchical partitioning of the specific effects. This was achieved through a generalized linear mixed - effects model, using the rdacca. hp package in R. This allowed us to precisely assess the relative contributions of different factors to the observed variations in the microbial communities.
3 RESULTS
3.1 Analysis of differences in physicochemical properties of algal BSCs in different areas of PV panel construction
PV panel construction caused significant differences in the physicochemical properties of algal BSCs (Figure 1). AN content increased by 1.3-fold (from 33.47 mg/kg to 43.53 mg/kg), while temperature (Tem) increased by 1.6-fold (from 8.12°C to 13.06°C), with AN and Tem showing consistent trends. DOC, NN and TC contents were all highest between the panels and lowest under the panels. Compared with the non-PV area, the contents of the three properties had increased by 1.1-fold (from 30.62 mg/kg to 32.31 mg/kg), 1.2-fold (from 184.84 mg/kg to 217.30 mg/kg) and 1.1-fold (from 26.62 g/kg to 28.53 g/kg), and decreased by 1.4-fold (from 30.62 mg/kg to 22.36 mg/kg), 1.2-fold (from 184.84 mg/kg to 151.56 mg/kg) and 1.5-fold (from 26.62 g/kg to 47.43 g/kg), respectively. TN content was highest in the non-PV area, with a 2.3-fold decrease (from 2.29 to 1.01 g/kg) between the panels and a 1.2-fold decrease (from 2.29 to 1.99 g/kg) under the panels. In addition, moisture (Moi), pH and SOC of algal BSCs did not respond significantly to PV panel construction.
[image: Figure 1]FIGURE 1 | Physicochemical properties of algal BSCs in different areas of PV panel construction. Note: TN, total nitrogen of algal BSCs; TC, total carbon of algal BSCs; SOC, soil organic carbon of algal BSCs; NN, nitrate nitrogen; AN, ammonium nitrogen; Moi, moisture of algal BSCs; pH, pH value of algal BSCs; DOC, dissolved organic carbon of algal BSCs; Tem, temperature of algal BSCs. Different lowercase letters for the same factor indicate significant differences (P < 0.05) between different areas of PV panel construction.
3.2 Diversity analysis of algal crust bacterial communities in different areas of PV panel construction
The rarefaction curves of individual samples reaching a plateau indicated that the sequencing depths were sufficient (Figure 2a). The impact of PV panel construction on the Alpha diversity of the bacterial communities was relatively small (Figure 2b, P > 0.05). Within the context of PV panel construction, the richness of microbial species increased under the panels and decreased between the panels; the species evenness of microorganisms was the highest in the non-PV area and decreased in the presence of PV panel construction (Figure 2b). PCA revealed that the heterogeneity of algal BSCs in desert grasslands was relatively large, and the bacterial communities of algal BSCs were affected by PV panel construction (Figure 2c). Grouping validity was further verified by NMDS, Adonis and Anosim, which showed that the construction of PV panels led to significant differences in bacterial communities (P < 0.05; Figure 2d).
[image: Figure 2]FIGURE 2 | Characteristics of algal BSC bacterial diversity in different areas of PV panel construction; (a) sample dilution curves; (b) Alpha diversity indices; (c) PCA, principal component analysis; (d) Analysis of variance between groups. Note: NS indicates P > 0.05.
3.3 Analysis of bacterial community composition and differences of algal BSCs in different areas of PV panel construction
The dominant bacterial phyla of algal BSCs in desert grasslands (Figure 3) included Actinobacteriota (29.70%), Proteobacteria (17.86%), Chloroflexi (13.21%), Gemmatimonadota (11.36%) and Acidobacteriota (10.20%), which accounted for more than 70% of the total sequences. At the genus level, uncultivated bacteria accounted for the highest percentage in desert grasslands, with a relative abundance of 14.90%. Linear discriminant analysis effect size (LefSe) (Figure 4b) showed that 12 taxa were significantly affected by PV panel construction, and the number of differential taxa from the phylum to the genus level was 3, 3, 2, 2, 2 and 2, respectively. The differential taxa at the phylum and genus levels were all dominant taxa of desert grasslands. Among which, the phylum Proteobacteria and Myxococcota had the highest relative abundance under the panels (GXCZ), whereas the remaining taxa were more dominant under natural conditions (FCZ). In addition, the number of sequences obtained from the bacterial communities of the 15 samples ranged between 119,550 -140,701. Sequences were clustered into ASVs by the DADA2 method. The number of ASVs shared among the different groups was 2,408. The total number of ASVs for FCZ, GXCZ and GJCZ were 14,736, 15,652 and 14,873, respectively, while the number of unique ASVs were 10,575, 11,513 and 10,255, respectively (Figure 4a). The highest number of total ASVs and unique ASVs were found under the PV panel.
[image: Figure 3]FIGURE 3 | Phylum-level bacterial community composition of algal BSCs in different areas of PV panel construction.
[image: Figure 4]FIGURE 4 | Differences in algal BSC bacterial communities in different areas of PV panel construction and correlation analysis with physicochemical factors; (a) ASV distribution map; (b) LEfSe differential taxa analysis; (c) Correlation analysis between bacterial community structure and physicochemical factors. Note: * indicates P < 0.05, *** indicates P < 0.001.
3.4 Correlation analysis between physicochemical properties of algal BSCs and bacterial community composition in different areas of PV panel construction
Mantel correlation analysis (Figure 4c) showed that dominant phyla were mainly and significantly influenced by AN and Tem. Conversely, the dominant genera were mainly and significantly affected by AN only. Environmental factors were mostly negatively correlated with each other, but this correlation was not significant. In addition, AN showed a significant positive correlation with Tem, while NN and DOC exhibited highly significant positive correlations with TC. In order to analyze the specific effects of environmental factors on bacterial communities, hierarchical partitioning analysis was performed using a generalized linear model (Figure 5). The results showed that PV panel construction, TC, DOC and Tem explained most of the variation in the bacterial community structure of desert grasslands. Community structure was strongly affected by PV construction, while TC was the most important environmental factor, followed by DOC and Tem (Figure 5a). Bacterial community diversity did not respond significantly to PV panel construction. Tem and SOC were the predominant drivers of community diversity, while Moi was also an important driver (Figure 5b).
[image: Figure 5]FIGURE 5 | Hierarchical partitioning analysis of factors influencing the bacterial community structure and diversity of algal BSCs; (a) Hierarchical partitioning analysis of factors influencing bacterial community structure; (b) Hierarchical partitioning analysis of factors influencing bacterial community diversity.
3.5 Functional group analysis of algal BSC bacterial communities in different areas of PV panel construction
Functional taxonomic annotation of algal BSC bacteria in alpine grasslands (Figure 6a) revealed that the functions of the bacterial communities were primarily concentrated in several key areas. These included chemoheterotrophy (32.40%), aerobic_chemoheterotrophy (31.72%), phototrophy (5.38%), photoautotrophy (5.19%), oxygenic_photoautotrophy (5.12%), photosynthetic_cyanobacteria (5.12%), nitrate_reduction (4.76%), chloroplasts (1.94%), aromatic_compound_degradation (1.44%), and predatory_or_exoparasitic (1.08%). Collectively, these functions accounted for over 90% of the total sequences. Statistical analysis (Figure 6b) indicated that PV construction significantly changed the relative abundance of nitrate_reduction and chloroplasts. Regarding nitrate_reduction, it had the highest relative abundance in the non - PV area and the lowest under the PV panels, with a significant difference between these two conditions. The relative abundance between the panels was intermediate, and the differences were not significant. In contrast, the pattern for chloroplasts was the opposite. Reverse localization analysis showed that these two functional groups were mainly distributed among 18 genus - level taxa from eight phyla. Among them, only the chloroplasts of Cyanobacteria exhibited the chloroplast function (Figure 6c).
[image: Figure 6]FIGURE 6 | Functional groups of algal BSC bacteria in PV construction area; (a) Main functional groups of algal BSC bacteria; (b) Differential functional groups of algal BSC bacteria in different PV construction areas; (c) Algal BSC microbial taxa corresponding to differential functional groups. Note: ab indicates significance, the same letter indicates P > 0.05, and different letters indicate P < 0.05.
3.6 Network analysis of algal BSC bacterial communities in different areas of PV panel construction
The topological properties exhibited distinct trends among different treatments (Figure 7). PV panel construction led to an increase in the complexity of the bacterial network in algal BSCs under the panels, with tighter connectivity between species, whereas a decrease in network complexity was found between panels (Figure 7). This was manifested by a tighter connectivity among species. In contrast, a decrease in network complexity was observed between the panels. Specifically, the bacterial network under the panels was characterized by an augmentation in both the total number of nodes and edges. Between the panels, although the total number of nodes increased, the total number of edges decreased, especially a reduction in the number of negative correlations (Figure 7). Furthermore, the bacterial network under the panels showed an increase in average degree and modularization (Figure 7), suggesting that PV plate construction enhanced the interconnectivity between bacterial species. In the bacterial network of algal BSCs, the proportion of positive correlations increased from 47.98% (non-PV area) to 53.97% (between PV panels) and decreased to 50.29% (under PV panels).
[image: Figure 7]FIGURE 7 | Bacterial network patterns (a) and main topological characteristics (b) of algal BSCs in different PV construction areas. Note: The size of the nodes indicates the degree. Node colors represent different modules. Edge colors indicate positive or negative correlation, with red for positive correlation and green for negative correlation. GXCZ, under PV panels; GJCZ, between PV panels; FCZ, non-PV construction area.
4 DISCUSSION
4.1 Effect of PV panels on microbial diversity and structure of algal BSCs
The biodiversity and richness of microbial communities play a crucial role in maintaining the integrity, function, and long - term sustainability of soil ecosystems. However, they are often subject to changes due to environmental disturbances (Zhao et al., 2014). In this study, we observed distinct changes in microbial characteristics. Compared with the natural control, the richness of microbial species increased under the PV panels but decreased between the panels. The evenness of microbial species was highest in the area without PV panel construction and declined in the presence of PV panels. This change might be due to the redistribution of precipitation caused by the orientation of the PV panels. The results of previous studies on this topic are inconsistent. For example, Jia et al. (2024) investigated the bacterial community in the PV panel construction area of the Songnen Plain and found a decreasing trend in bacterial Alpha diversity indices under the PV panels, which contradicts our findings. In contrast, Wang et al. (2024) examined soil bacterial communities in PV arrays in western Jilin and showed that PV panel construction increased soil bacterial Alpha diversity indices, opposing the results of Jia et al. Bai et al. (2022) also conducted research in the PV panel construction area of the Songnen Plain. They found that PV panels increased bacterial richness under the panels while reducing the bacterial evenness index, which supports our findings.
Under the influence of PV panel construction, the dominant bacterial phyla in BSCs were Actinobacteriota and Proteobacteria. This result is consistent with previous studies (Jia et al., 2024; Bai et al., 2022; Ding and Liu, 2021). Actinobacteria is a highly abundant bacterial phylum. It can utilize carbon and nitrogen substances such as lignin, hemicellulose, protein, and cellulose to grow rapidly and regulate the soil nutrient balance (Dai et al., 2018; Liu et al., 2021). Proteobacteria has been reported to be significantly enriched in disturbed environments. Their extensive biodegradation and metabolic properties enable them to utilize a wide range of carbon sources and quickly adapt to various habitats (Xiao et al., 2021; Sinkko et al., 2013). These characteristics further explain their high abundance in our study. The LEfSe analysis indicated that the relative abundance of three phyla changed significantly. The relative abundance of Proteobacteria and Myxococcota increased significantly, while that of Chloroflexi decreased significantly under the PV panels. This suggests that PV panel construction had a significant impact on the bacterial community structure of BSCs. Co-occurrence network analyses can reveal potential co-existence patterns, showing how microorganisms interact not only between paired taxa but also across different domains (Faust, 2021; Neu et al., 2021). In alpine desert grasslands, PV panel construction led to an increase in the complexity of the bacterial network in algal BSCs under the panels, with closer connectivity between species. In contrast, the network complexity decreased between the panels. This finding implies that PV panel construction enhances the stability of the microbial community under the panels but reduces it between the panels (Yuan et al., 2021). Moreover, it offers an effective approach for in - depth analysis of how the development of BSCs affects the structure of bacterial communities.
4.2 Correlation analysis of algal BSC microbial communities and environmental factors in the presence of PV panel construction
Microbial community changes are propelled by a complex interplay of multiple environmental factors in the habitat. Even a minor alteration in any single environmental factor can, to a certain degree, reshape the soil bacterial community (Li et al., 2017; Burns et al., 2013). In this study, we observed that PV panel construction brought about substantial changes to the soil microenvironment. Specifically, there were statistically significant differences in soil Available Nitrogen (AN), Nitrate Nitrogen (NN), Total Carbon (TC), Soil Organic Carbon (SOC), and Temperature (Tem) under the PV panels. Among these, the levels of NN, TC, and SOC decreased. This reduction might be attributed to the removal of top - soil during the construction of PV arrays, which disrupted the soil texture and subsequently led to changes in soil nutrient content (Choi et al., 2020).
Hierarchical partitioning analysis based on a generalized linear model revealed that TC, SOC, and Tem were the key determinants of the BSC bacterial community structure in alpine desert grasslands. Meanwhile, Tem, SOC, and Moisture (Moi) were the primary drivers of bacterial community diversity. These findings deviate from those of previous research. For instance, Zu et al. (2016) concluded that soil pH was the most reliable predictor of Alpha diversity. Jia et al. (2024) conducted a study in the PV construction area on the Songnen Plain and found that pH, salinity, and Total Nitrogen (TN) were significant factors influencing bacterial community composition. Wang et al. (2024) also explored the effects of PV arrays on the composition and diversity of soil bacterial communities in the Songnen Plain and identified soil pH, TC, TN, and SOC as the main factors affecting soil bacterial communities. However, Zhang et al. (2022), in their study of grassland soil microbial communities, did not find pH to be a crucial factor. Instead, they posited that high SOC enhances substrate availability, while soil moisture dictates soil texture, oxygen availability, and soil connectivity. These two factors can significantly impact microbial communities by altering nutrient availability.
Moreover, fluctuations in precipitation and temperature typically influence soil microbial communities by directly or indirectly modifying the growth and activities of soil microorganisms (Bardgett et al., 2008; Ren et al., 2018). The above results imply that the impact of PV panel construction on alpine desert grasslands differs somewhat from that in other regions. This discrepancy may stem from changes in certain key influencing factors within the ecosystem, such as precipitation, soil erosion, surface runoff, vegetation characteristics, and wind speed, in PV panel construction areas (Barron-Gafford et al., 2019; Moscatelli et al., 2022).
5 CONCLUSION
This study, centered on the Taratan PV construction park, comprehensively elucidated the underlying mechanism of how PV construction impacts the bacterial communities within algal Biological Soil Crusts (BSCs) in alpine desert grasslands. Notably, the diversity of the bacterial community did not exhibit a significant response to PV panel construction. However, the installation of PV panels significantly elevated the relative abundance of the phylum Proteobacteria and remarkably enhanced the interconnectivity among bacterial species. This enhancement played a crucial role in contributing to the stability of the alpine desert grassland ecosystem. Moreover, PV panel construction led to a significant increase in temperature and a significant reduction in soil carbon stock. These two factors, temperature and soil carbon stock, were identified as the two most crucial and significant elements influencing the structure and diversity of algal BSC bacterial communities in alpine desert grasslands. In summary, the construction of PV panels augmented the stability of algal BSC bacterial communities while decreasing the carbon stock in alpine desert steppes. This research offers novel insights into the regulatory mechanisms of PV panel construction on microorganisms within the alpine desert grassland ecosystem, thereby providing valuable theoretical support for a more in - depth understanding of the ecological impacts of PV development in such unique environments.
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