Additional file 2: Details regarding network analyses to assess seasonal dynamics of soil microbiome associations, and SEM to determine the importance of abiotic and biotic factors on the significant reductions in the alpha diversity of the protist community.

Methods:
Network analysis
In order to reveal the effects of seasonal variances on soil microbiome associations  in the three soil types, the underlying co-occurrences/associations among protist, bacterial and fungal taxa were depicted through network analyses using the CoNet plug-in in Cytoscape [1, 2]. Data filtering was performed prior to network construction to avoid zero values that could result in spurious correlations and to mitigate the variances of nitrogen fertilization effects, and therefore taxa detected in less than two-thirds of all samples and the sum of taxa counts in all samples less than 10 were discarded [3]. Only those correlations that were significant (P < 0.05) by at least three correlation methods were reserved to construct the final network [1, 5]. The other analysis procedures were same as in the description of network analyses in the main text. Furthermore, in order to investigate associations between protists and other microorganisms that can reflect the potential predatory-prey interactions, the protist nodes that linked to the bacterial or fungal taxa appeared in at least two networks were calculated.
Structural equation model (SEM) construction 
[bookmark: _Hlk523090440][bookmark: _Hlk523003784]In order to quantify the importance of abiotic factors (nitrogen fertilizers, soil physicochemical properties), and biotic factors (bacterial community, fungal community) on the significant reductions (P < 0.05) in the alpha (phylogenetic, faith_pd index) diversity of the protist community in the black and red soil in summer, in the fluvo-aquic and red soil in autumn, SEMs were constructed. Based on current knowledge, the a priori and theoretical model was assumed that (i) nitrogen fertilizers could directly influence the alpha diversity of soil protist communities, (ii) nitrogen fertilizers could indirectly affect the alpha diversity of soil protist communities by changing soil physicochemical properties, (iii) nitrogen fertilizers could indirectly influence the alpha diversity of soil protist communities by altering soil bacterial and fungal prey communities (iv) nitrogen fertilizers could indirectly affect soil bacterial and fungal communities by changing soil physicochemical properties. The fertilizers variable was created by assigning the value 0 to the control treatment, 1 to the nitrogen addition treatment, and 2 to the nitrogen plus straw addition treatment. The variances of bacterial and fungal communities were represented by the first NMDS axis based on the unweighted unifrac distance according to the phylogenetic tree at OTU level. Other variables were prepared as described in the main text. 
Results and discussion:
Network analysis 
[bookmark: _Hlk527675856]In comparison to summer, the clustering coefficient and network density of microbiome networks in autumn were decreased by 0.051±0.044, 0.013±0.022, respectively, indicating that soil microbiome connections were tighter in summer than in autumn (Fig. S4, Table S8). The percentage of edges linking protist with bacterial or fungal nodes was higher in autumn than in summer in all soil types (bacteria: 3.3±2.69 %; fungi: 1.6±0.97 %; Table S8). We did not detect any consistent links of protist with bacteria or fungi taxa across seasons in any soil type. However, the protist families Euglyphidae, Paracercomonadidae, Sandonidae, Thaumatomonadidae, two unknown families within the order Euglyphida and the class Oomycota were identified as potential key protist taxa, as they were found in more than two networks, but associated with different bacterial or fungal taxa depending on soil type or season (Table S9).
Protist diversity and microbiome network complexity was different between summer and autumn, corresponding to large variation in precipitation and soil nitrogen content in two seasons. Therefore, we inferred that soil desiccation and high nitrogen availability drove the seasonal differences in protist diversity, and subsequently changed microbiome associations. This enforces the notion that protists are key controllers of the soil microbiome. However, our results were in contrast with a previous study showing that microbial network became more complex with increased precipitation in grassland soils [9]. These differences might have resulted from the fact that the previous study constructed networks based on the bacterial community alone, while we investigated entire soil microbiomes. 
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