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Fig. S1. The design and outlooks of the experimental plots in this study.



Fig. S2. The relative abundances (A, B) and OTU richness (C, D) of the top 7 bacterial (A, C) and fungal

(B, D) taxa. The significant differences between the dry and wet seasons were signified with the “*”

meaning P < 0.05, “**” meaning P < 0.01, and “***” meaning P < 0.001 (permutation-based two-way

ANOVA) above the bars. The significant differences between different treatments within the dry or wet

season were signified by the blue line with the two ends linking the two different treatments

(permutation-based pairwise t test, P < 0.05).



Fig. S3. The volcano plots showing the significantly enriched and depleted OTUs in each treatment in

comparison with the control. The bacterial (A-F) and fungal (G-L) OTUs were checked significances

through the fold-change and moderated t-statistic. The comparisons were done for treatment pairs between

the control and N (A, D, G, J), the control and PC (B, E, H, K), and the control and NPC (C, F, I, L).



Fig. S4. The network-level topological traits calculated on the sub-network for each sample. The significant

differences between different treatments within the dry or wet season were signified with the “*” meaning

P < 0.05, “**” meaning P < 0.01, and “***” meaning P < 0.001 (permutation-based two-way ANOVA)

above the boxes. Centr. degree, degree centralization; Centr. clo, closeness centralization. The short

introduction and description of network traits can be found in the Table S3.The meanings of the treatment

abbreviations can be found in the legend of Fig. 1.



Fig. S5. The linear relationships between bacterial alpha diversity (Shannon index) with soil

physicochemical properties and enzymatic activities. The regressions were done based on samples within

each season (the dry season: red lines, and the wet season: blue lines) and all the samples (black lines),

respectively. The fitted R square and P values were shown. The meanings of the abbreviations for soil

physicochemical properties and enzymatic activities can be found in the legend of Fig. 1.



Fig. S6. The linear relationships between fungal alpha diversity (Shannon index) with soil physicochemical

properties and enzymatic activities. The regressions were done based on samples within each season (the

dry season: red lines, and the wet season: blue lines) and all the samples (black lines), respectively. The

fitted R square and P values were shown. The meanings of the abbreviations for soil physicochemical

properties and enzymatic activities can be found in the legend of Fig. 1.



Fig. S7. The linear relationships between the relative abundance of Acidobacteriota with soil

physicochemical properties and enzymatic activities. The regressions were done based on samples within

each season (the dry season: red lines, and the wet season: blue lines) and all the samples (black lines),

respectively. The fitted R square and P values were shown. The meanings of the abbreviations for soil

physicochemical properties and enzymatic activities can be found in the legend of Fig. 1.



Fig. S8. The linear relationships between the relative abundance of Gammaproteobacteria with soil

physicochemical properties and enzymatic activities. The regressions were done based on samples within

each season (the dry season: red lines, and the wet season: blue lines) and all the samples (black lines),

respectively. The fitted R square and P values were shown. The meanings of the abbreviations for soil

physicochemical properties and enzymatic activities can be found in the legend of Fig. 1.



Fig. S9. The linear relationships between the relative abundance of Planctomycetota with soil

physicochemical properties and enzymatic activities. The regressions were done based on samples within

each season (the dry season: red lines, and the wet season: blue lines) and all the samples (black lines),

respectively. The fitted R square and P values were shown. The meanings of the abbreviations for soil

physicochemical properties and enzymatic activities can be found in the legend of Fig. 1.



Fig. S10. The linear relationships between the relative abundance of Verrucomicrobiota with soil

physicochemical properties and enzymatic activities. The regressions were done based on samples within

each season (the dry season: red lines, and the wet season: blue lines) and all the samples (black lines),

respectively. The fitted R square and P values were shown. The meanings of the abbreviations for soil

physicochemical properties and enzymatic activities can be found in the legend of Fig. 1.



Fig. S11. The linear relationships between the relative abundance of Eurotiomycetes with soil

physicochemical properties and enzymatic activities. The regressions were done based on samples within

each season (the dry season: red lines, and the wet season: blue lines) and all the samples (black lines),

respectively. The fitted R square and P values were shown. The meanings of the abbreviations for soil

physicochemical properties and enzymatic activities can be found in the legend of Fig. 1.



Table S1. The effects of N addition (N treatment), precipitation seasonality change (water (W) treatment),

and their interaction (N×W) in affecting soil properties and enzymatic activities. The significance value in

the table cell was calculated from the permutation-based Two-way analysis of variance. Significant values

were indicated by bold values (P < 0.05).

Dry season Wet season

N W N×W N W N×W

SWC 0.035 <0.001 <0.001 0.246 0.432 0.842

pH 0.018 0.007 0.038 0.089 0.013 0.539

SOC 0.606 0.656 0.986 0.149 0.401 0.882

DOC 0.267 0.037 0.216 0.005 0.826 0.553

MBC 0.074 0.392 0.491 0.643 0.519 0.024

TN 0.523 0.639 0.421 0.189 0.651 0.454

NH4+ 0.25 0.024 1 0.026 0.585 0.417

NO3- 0.149 0.725 0.116 0.061 0.187 0.026

TP 0.563 0.631 0.491 0.359 0.156 0.156

AP 0.041 0.814 0.175 0.881 0.787 0.881

BG 0.183 0.006 0.091 0.445 0.312 0.296

NAG 0.089 0.254 0.512 0.517 0.635 0.153

ALP 0.32 0.096 0.266 0.693 0.821 0.47

ACP 0.599 0.108 0.051 0.483 0.508 0.208



Table S2. The effects of N addition (N treatment), precipitation seasonality change (water (W) treatment),

and their interaction (N×W) in affecting the relative abundance and OTU richness of the top bacterial

phylum (subphylum) and fungal class. The significance value in the table cell was calculated from the

permutation-based Two-way analysis of variance. Significant values were indicated by bold values (P <

0.05).

Dry season Wet season

N W N×W N W N×W

Relative abundance
Acidobacteriota 0.208 0.666 0.473 1.000 0.450 0.921

Alphaproteobacteria 0.007 0.554 0.705 0.642 0.764 0.803
Chloroflexi 0.010 0.341 0.660 0.461 0.312 0.141

Actinobacteriota 0.359 0.393 0.137 0.902 0.571 1.000
Gammaproteobacteria 0.226 0.725 0.072 0.705 0.594 0.010

Verrucomicrobiota 0.843 0.292 0.862 0.188 0.411 0.226
Planctomycetota 0.016 0.154 0.980 0.005 0.633 0.084

Archaeorhizomycetes 1.000 0.196 0.843 0.068 0.160 0.505
Dothideomycetes 0.902 0.182 0.843 0.843 0.353 0.153
Agaricomycetes 0.377 0.050 0.367 0.745 0.171 0.843

Unclassified Ascomycota 0.562 0.065 0.882 0.745 0.196 0.473
Eurotiomycetes 0.002 0.005 0.006 0.527 0.823 0.216
Sordariomycetes 0.097 1.000 0.250 0.862 0.220 1.000
Tremellomycetes 0.160 1.000 0.382 0.862 0.941 0.009

OTU richness
Acidobacteriota 0.521 0.438 0.423 0.583 0.004 0.637

Alphaproteobacteria 0.547 0.619 0.564 0.181 0.049 0.686
Chloroflexi 0.349 0.387 0.325 0.666 0.784 0.633

Actinobacteriota 0.198 0.154 0.745 0.289 0.073 0.882
Gammaproteobacteria 0.312 0.660 0.533 0.921 0.076 0.134

Verrucomicrobiota 0.686 0.241 0.490 0.686 0.705 0.619
Planctomycetota 0.002 0.136 0.803 0.163 0.823 0.323

Archaeorhizomycetes 1.000 0.803 0.921 0.505 0.426 0.725
Dothideomycetes 0.745 0.155 0.092 0.333 0.166 0.282
Agaricomycetes 0.882 0.090 0.008 0.379 0.069 0.666

Unclassified Ascomycota 0.292 0.224 0.001 0.451 0.194 0.486
Eurotiomycetes 0.051 0.469 0.033 0.297 0.058 0.120
Sordariomycetes 0.666 0.921 0.005 0.921 0.140 0.212
Tremellomycetes 0.705 1.000 0.882 0.357 0.510 0.591



Table S3. The node-level and network-level topological traits used in this study and their descriptions.

Level Traits Description

Node-level Degree The number of neighbors

Betweenness The number of shortest paths between any two nodes
in the graph passing through that node

Closeness The average distance of this node to any other node,
is defined by the inverse of the average length of the
shortest paths to/from all the other vertices in the
graph

Percent of positive edges The proportion (percent) of positive edges in the
total edges for a node in the network

Network-level Vertex number The number of nodes (OTUs) in the network

Edge number The number of edges (links) in the network

Diameter The diameter is the longest of the shortest paths
across all pairs of nodes for the entire network

Edge density The ratio of the number of edges and the number of
possible edges

Cluster number The number of clusters. Cluster was also known as
module which contains nodes having much more
links between nodes within the cluster than links
between nodes outside the cluster

Centr. clo (Closeness
centralization)

The mean of closeness values for all nodes

Centr. degree (Degree
centralization)

Creating a graph level centralization measure from
the centrality scores of the nodes



Table S4. The effects of N and water (precipitation change) factors in affecting network-level traits. These traits were calculated from each subnets extracted from the meta

community network for all samples. The significance value for each trait was calculated from the permutation-based Two-way analysis of variance. Dc, degree centralization;

Ed, edge density; Cc, closeness centralization; Cn, cluster number; Di, diameter; Vn, vertex number; En, edge number. Significance codes: 0 ‘***’, 0.001 ‘**’, 0.01 ‘*’, no

significant ‘-’.
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Dry Season

N - - - - - - - - - - - - - - * - - - - - - - - * ** - - -

PC - - - - - - - * - - - - - - - - - - - - - - ** - - * - -

N×PC - - - - - - - - - - - - * * ** * - - - * - - - - - * - -

Wet season

N - - - - - - - - - - - - - - - - - - - - - - - - - * - -

PC - - - - - - - - - - - - - - - - - - - - - - - - - - - -

N×PC - - - - - - - * - - - - * - - - * - - - - - - - - * - -



Table S5. The top 10 edges from the between fungi and bacterial network. The edge betweenness, which is defined by the number of geodesics (shortest paths) going through

an edge, was calculated for every edge in the network.

Fungal OTU Fungal taxa Bacterial OTU Bacterial taxa Relationship Betweenness

FOtu0131 Archaeorhizomyces (Ascomycota) BOtu00063 KF-JG30-C25 (Gammaproteobacteria) Positive 655

FOtu0172 unclassified Fungi BOtu00097 Pedosphaeraceae (Verrucomicrobiota) Positive 628

FOtu0009 Trichoderma_spirale (Ascomycota) BOtu00103 Elsterales (Alphaproteobacteria) Positive 474

FOtu0279 unclassified Ascomycota BOtu00166 Gemmatimonas (Gemmatimonadota) Negative 470

FOtu0401 Rozellomycota (Rozellomycota) BOtu00182 Gemmataceae (Planctomycetota) Positive 425

FOtu0610 Chaetomiaceae (Ascomycota) BOtu00218 Elsterales (Alphaproteobacteria) Negative 360

FOtu0123 unclassified Ascomycota BOtu00227 WPS-2 (WPS-2) Negative 349

FOtu0527 unclassified Ascomycota BOtu00333 Ktedonobacteraceae (Chloroflexi) Negative 344

FOtu0212 Herpotrichiellaceae (Ascomycota) BOtu00336 Elsterales (Alphaproteobacteria) Negative 318

FOtu0121 Clavicipitaceae (Ascomycota) BOtu00375 Mycobacterium (Actinobacteriota) Positive 318


