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1. Supplementary methods
S1.1 Characteristics of the gradient sites
The study was conducted in alpine wetland meadows in Maqin County, Qinghai Province, Tibetan Plateau, China. This region has a cold, arid climate with a mean annual precipitation of 580 mm and an air temperature of -0.6°C (Guo et al., 2019). The native vegetation is dominated by sedges, forbs, and grasses adapted to seasonally waterlogged soils (Liu et al., 2018). However, climate change and anthropogenic activities have led to grasslandification and the replacement of wetland plant species in many areas (Wang et al., 2022). Wetland meadows have been affected by climate change and anthropogenic activities during the grasslandification of alpine wetland meadows (Wu et al., 2021). The alpine wetland meadow had a high cover of wetland species, including Kobresia tibetica and K. pygmaea, K. humilis, Carex moorcroftii, Caltha scaposa, Cremanthodium ellisii, and C. lineare. Alpine meadow had an intermediate cover of these wetland species and an increased cover of mesic meadow species such as Poa pratensis and Festuca rubra. Degraded meadow was dominated by grassland species, including Elymus nutans and Poaceae barnhart, with a few wetland species.
S1.2 Soil and vegetation sampling
[bookmark: _Hlk203661735]Before bulk soil sampling, the above-ground vegetation was removed, and five random cores within each plot were collected with a metal auger (inner diameter of 3.5 cm) from depth of 0-10 and 10-20 cm. The tools were sterilized between subplots using 70% ethanol to prevent cross-contamination. The soil cores were combined for each soil layer within each plot, and therefore, there were 108 samples in total (3 plots × 3 sites × 6 samples/layer × 2 layers). The samples were sieved through a 2 mm screen, homogenized, and divided into two subsamples for chemical and microbial analyses. Additionally, three dominant plant species were selected for the rhizosphere and rhizoplane soil sampling: C. ellisii, C. scaposa, and C. lineare. All three species are herbaceous high-elevation wetland meadow plants, with C. ellisii and C. lineare belonging to the family Asteraceae and C. scaposa belonging to the family Ranunculaceae. At each site, we selected three random healthy, mature individuals of each species from each subplot within each of the three replicated plots. Individual plants were selected to ensure biological and spatial replication, and only those free from visible disease or root damage were included. Immediately after collection, plants were excavated using sterilized tools placed in a sterilized bag to minimize root disturbance and to prevent cross-contamination between samples.
Root sampling was standardized by targeting fine roots (diameter <2mm) from the upper 15 cm soil profile, where root density was highest. Each sample was kept separate and processed individually. The rhizosphere was defined as the soil closely adhering to the roots, comprising the microbial community associated with the root surface. The rhizoplane was defined as the root surface itself, including the tightly adhered microbial community directly interacting with the root epidermis. Rhizosphere soil was collected by shaking the roots three times for 60 sec to release loosely adhering soil, capturing microbes associated with the root surface (Oh et al., 2012). The soil was then vortexed, and the supernatant was discarded to collect the rhizosphere sample. Rhizoplane samples were collected by washing the roots three times with a 50 mL phosphate buffer saline (PBS, 140 mM NaCl, 3 mM KCl, 8 mM Na₂HPO₄, 1.5 mM NaH₂PO₄, pH 7.0) to remove loosely adhering soil, followed by shaking (350 rpm), vortexing, and sonication (Branson 2800 Ultrasonic Cleaner, Branson Ultrasonics, Richmond, Virginia, USA) every 30 s for 3 min to detach tightly adhered microbial cells from the root surface (Kaiser et al., 2001). The suspension was then filtered through a nylon mesh (pore size, 200 µm, Spectrum Europe BV) to separate microbial cells and was centrifuged at 3,150×g for 15 min at 4 °C. The cell pellets were washed twice with a PBS buffer and stored at -20°C. With three plant species per plot and three plots per site, 81 rhizosphere and 81 rhizoplane samples were prepared (3 plant species × 3 plots × 3 sites). For microbial analysis, the samples were placed immediately in liquid nitrogen in the field, transported to the lab, and stored at -80 °C until further processing.
S1.3 Soil and plant analyses 
[bookmark: _Hlk205301203][bookmark: _Hlk205301290][bookmark: _Hlk205301352]The soil samples were analyzed for a suite of properties, including soil water content (SWC), total nitrogen (TN), total potassium (TK), total phosphorus (TP), electrical conductivity (EC), pH, soil organic carbon (SOC), microbial biomass carbon (MBC), and microbial biomass nitrogen (MBN). Soil water content (SWC) was determined gravimetrically by oven-drying fresh soil at 105 °C for 24 hours (Li et al., 2022). Total nitrogen (TN) and total potassium (TK) were measured by macro-Kjeldahl digestion with sulphuric acid followed by flow injection auto-analyzer (FIAstar 5000 Analyzer, Foss Tecator AB, Hillerød, Denmark) (Ferreira et al., 1996). Total phosphorus (TP) was determined using perchloric acid digestion and colorimetry following Murphy and Riley (1962). Electrical conductivity (EC) and pH of the soil filtrate were determined in a 1:2.5 (w/v) soil-water suspension. 
[bookmark: _Hlk205301697]Soil organic carbon (SOC) was determined by the potassium dichromate titration method  (Ruirui and Xiaoting, 2022). Microbial biomass carbon (MBC) and microbial biomass nitrogen (MBN) were determined by fumigation extraction (Vance et al., 1987) and analyzed using the Elementar Vario EL cube elemental analyzer (Langenselbold, Hesse, Germany) and the Skalar Automatic Analytical Analyzer (BV, Breda, Netherlands). The above-ground vegetation status was determined using three random quadrats (50 cm × 50 cm) following the standard field vegetation survey method (Liu et al., 2018). Vegetation cover (%) and height (cm) were recorded in five quadrats per plot. All plants were identified at the species level, clipped at ground level, sorted into sedges, forbs, and grasses, and oven-dried at 65 °C to constant weight. Vegetation species richness was recorded as the number of species per plot, while the vegetation species diversity was calculated using the Shannon diversity index (H):

where  is the relative cover of species .
S1.4. Microbial analysis
Total genomic DNA was extracted from the two-depth intervals and the rhizosphere and rhizoplane soil of three plants using the DNeasy® PowerSoil® Pro-Kit (QIAGEN, Germantown, MD, USA) as directed by the manufacturer. A Nanodrop-2000 UV-VIS spectrophotometer (Thermo Scientific, Wilmington, DE, USA) was used to determine the concentration and purity of isolated genomic DNA, with A260/A280 and A260/A230 ratios between 1.8-2.0 considered adequate purity. The 338F (5’-ACTCCTACGGGAGGCAGCAG-3′) and 806R (5'-GGACTACHVGGGTWTCTAAT-3′) and ArBa515F (5ʹ-GTGCCAGCMGCCGCGGTAA-3ʹ) and Arch806R (5ʹ-GGACTACVSGGGTATCTAAT-3ʹ) primers targeted the V3-V4 regions of the 16s rRNA of the bacteria and archaea. In contrast, ITS1 (TCCGTAGGTGAACCTGCGG) and ITS2 (GCTGCGTTCTTCATCGATGC) targeted the internal transcribed spacer (ITS) region of fungi with Illumina Miseq (Jiang et al., 2021; Mori et al., 2014; White et al., 1990) through ABI GeneAmp® 9700 Polymerase chain reaction (PCR) thermocycler (ABI, CA, USA). 
The PCR was performed in a GeneAmp 9700 thermocycler (Applied Biosystems, Foster City, CA, USA) following the Earth Microbiome Project standard protocols (Thompson et al., 2017). Amplicons were pooled in equimolar concentrations and sequenced on the Illumina MiSeq platform (2×300 bp paired-end reads) at MajorBio Bio-Pharm Technology (Shanghai, China). Raw paired-end reads were merged with FLASH software (v1.2.11), and merged reads were filtered for quality and chimera removal using QIIME (v2) and Fastp (version 0.19.6). Operational taxonomic units (OTUs) were clustered at 97% similarity with UPARSE (http://www.drive5.com/uparse/). The OTUs were assigned to different taxonomic schemes at a 70% confidence threshold using the ribosomal database project (RDP) classifier (http://rdp.cme. msu.edu/) against the Silva database (Release138 http://www.arb-silva.de) for bacteria and archaea, and the ITS fungi database (Unite 8.0) (Zhou et al., 2023) for fungi. Additionally, the OTUs were screened for non-archaeal OTUs to obtain archaeal OTUs.
S1.5 Bioinformatics and data analysis
[bookmark: _Hlk202977954]Normality assumptions were tested using Shapiro-Wilk tests, and when assumptions were violated, non-parametric tests were employed. Soil properties and plant characteristics were analyzed using one-way and two-way analyses of variance (ANOVA) by comparing means among sites, rhizospheres, and rhizoplanes, and between depths. Post-hoc comparisons were conducted using Tukey’s honest significant difference (HSD) test at p < 0.05. Soil multifunctionality (SMF) was calculated using five soil variables: SOC, MBC, MBN, SWC that represent water storage, nutrient levels, organic matter cycling mediated by soil microbial communities (Garland et al., 2021; Reid, 2005), while plant biomass served as a proxy for plant productivity. 
Each function was rescaled from 0 to 1 based on minimum and maximum values across all samples. The multifunctionality index for each sample was calculated as the average of normalized values for the five soil variables, following the averaging approach of Wu et al. (2023). SMF was treated as a distinct response variable in subsequent analyses, avoiding redundancy with individual variables used as predictors. Microbial interaction networks were constructed to examine co-occurrence patterns across grasslandification gradient sites, depths, and plant root compartments. Networks were constructed using Spearman's rank correlations with the "psych" package in R v4.3.2. (Revelle, 2024). 
Nodes represented microbial genera and edges denoted significant correlations. While correlation-based networks do not fully distinguish direct biotic interactions from shared environmental responses, we employed a conservative correlation threshold (|r| ≥ 0.4, p < 0.05) with strict false discovery rate (FDR) correction (q < 0.05) to reduce the inclusion of spurious edges. Positive interactions (green, r ≥ +0.4, p < 0.05) and negative interactions (red, r ≤ -0.4, p < 0.05) were visualized in Gephi v0.10.1 using Fruchterman-Reingold algorithms. Cross-compartment networks with keystone taxa were generated with nodes representing individual microbial taxa and edges indicating significant correlations (FDR < 0.05) between taxa. Network centrality metrics, including degree, betweenness centrality, and eigenvector centrality, were calculated for each node to identify highly connected hub taxa (Banerjee et al., 2018). Network connectance was calculated as:

where N = nodes, and E = edges, providing a size-normalized measure of interaction density that is independent of network size (Berry and Widder, 2014; Dunne et al., 2002). Moreover, network density was expressed as the edge-to-node ratio (E/N) to facilitate comparison of interaction richness per taxon across compartments and gradient sites.
Keystone taxa were identified as nodes within the top 10% of the degree distribution, following established protocols (Agler et al., 2016; Berry and Widder, 2014). To characterize network topology, five key metrics were calculated: (1) mean degree, indicating the average number of connections per node; (2) mean clustering coefficient, assessing local network cohesiveness; (3) mean path length, reflecting the average shortest distance between node pairs; (4) diameter, representing the longest shortest path in the network; and (5) modularity, measuring the extent of network compartmentalization. These metrics were computed using standard algorithms in "igraph," with modularity determined via the Louvain community detection algorithm. Network robustness was evaluated by simulating random edge removals and monitoring the resulting size of the largest connected component (LCC) at each step. This approach models the gradual, non-selective deterioration of microbial co-occurrence under environmental stress, which is consistent with the diffuse abiotic deterioration characterizing grasslandification.
For each network, edge lists were imported and converted into undirected graph objects using the "igraph" package in R v4.3.2. A batch edge removal protocol was implemented: at each iteration, a fixed number of edges was selected randomly and removed from the network. After each batch removal, the LCC was identified using the "components()" function, and its size was normalized by the total number of nodes. This process was repeated for 500 iterations to account for stochastic variability. Robustness was quantified by calculating the area under the curve (AUC) of the mean LCC size as a function of edges removed using the trapezoidal rule.

where x is the vector of edges removed, and y is the vector of mean LCC sizes. Higher AUC values indicate greater network robustness, as more of the network remains connected throughout the removal process. The robustness was visualized via line plots of the mean relative LCC size versus the number of edges removed, with shaded bands representing ±1 SD, using the “ggplot2” package in R v4.3.2. 
Topological roles of nodes within microbial interaction networks were determined using ZiPi analysis following Wu et al. (2023). For each node, the within-module degree (Zi) was calculated as the standardized number of connections to other nodes within its own module. The participation coefficient (Pi) was computed to quantify the distribution of a node's links across different modules using the formula:

where kim, is the number of links from node i to module m, and ki is the total degree of node i. The topological roles of different nodes were classified into four sub-categories based on their within-module degree (Zi) and among-module connectivity (Pi) threshold values: network hubs (Zi > 2.5; Pi > 0.62), module hubs (Zi > 2.5; Pi < 0.62), connectors (Zi < 2.5; Pi > 0.62), and peripherals (Zi < 2.5; Pi < 0.62) (Wu et al., 2023). The distribution of these roles was visualized through scatter plots in R (v4.3.2), displaying Zi versus Pi, with nodes color-coded by their assigned topological role.
The effects of grasslandification sites (alpine wetland meadow, alpine meadow, and degraded meadow), microbes (archaea, bacteria, and fungi), and compartments (0-10 cm, 10-20 cm depth, rhizosphere, and rhizoplane) on multiple microbial network metrics (mean degree, mean path length, modularity, network complexity, network diameter, and robustness) were examined using a linear mixed model (LMM) framework. Sites, microbes, and compartments were considered fixed effects, including all main effects and their interactions. Factor coding used orthogonal polynomial coding (-1, 0, +1).
The LMM was expressed as:

where Yijkl is the observed network metric, μ is the overall mean, αi is the effect of the ith site (Alpine wetland meadow, alpine meadow, degraded meadow), βj is the effect of the jth microbe (Archaea, bacteria, fungi), γk is the effect of the kth compartment (0-10 cm, 10-20 cm, rhizosphere, rhizoplane), and the subsequent terms represent all two-way and three-way interactions. The residuals εijkl are assumed to be independent and distributed normally with a mean of zero and variance of σ2. 
Model fit was evaluated using the standard deviation of residuals (S), the coefficients of determination (R2), adjusted R2, and predicted R2 to assess explanatory and predictive performances. The significance of effects was tested via ANOVA (F-values, * p < 0.05, ** p < 0.01, *** p < 0.001). All analyses used Minitab (v17). While the LMM approach offered detailed insights into how each factor and its interactions influence individual network properties, it does not consider potential correlations among multiple network metrics. To address these potential correlations and gain a more comprehensive understanding of how factors collectively affect microbial community network topology, a multivariate mixed model (MVMM) was applied using Bayesian inference. 
This approach is particularly justified when response variables are not independent, as it enhances statistical power and controls for Type I error. Network data were reorganized from wide to long format to fit the multivariate framework, with network metrics treated as correlated response variables. The model included fixed effects for sites, microbes, and compartments, as well as their interactions with metrics, and a random effect for site, allowing for unstructured covariance among metrics. The model was:

where yijklm is the vector of observed metric values for metric m, site i, microbe j, and compartment k; X and Z are design matrices for fixed and random effects, β is the vector of fixed effects, ul ~ N (0, G) are random site effects with unstructured covariance G, and ϵ ~ N (0, R) are residuals with unstructured covariance R across metrics. 
Informative priors were assigned to both G and R as scaled inverse-Wishart distributions with a low scale (0.1) and degrees of freedom equal to the number of traits plus a small constant, ensuring model identifiability and convergence. Model fitting used Bayesian inference through Markov Chain Monte Carlo (MCMC) “glmm” (nitt = 13,000, burnin = 3,000, thin = 10). Model fit was assessed by the deviance information criterion (DIC), with additional DIC plots created by systematically removing fixed or random effects to evaluate their contribution. All predicted means, 95% credible intervals, significant predicted means, and significant contrasts were tabulated, and visualizations of significant contrasts and predicted means were produced using “ggplot2” in R v4.3.2.
Structural equation models (SEM) were constructed using AMOS software to test a priori conceptual models of how grasslandification gradient sites, depths, and plant-associated root compartments influence SMF and network attributes through both direct and indirect relationships involving soil properties, and microbial community features. The priori model (Figure S5) hypothesized that grasslandification sites, depths, and root compartments affect soil properties directly; soil properties then mediate microbial community responses; and microbial communities, soil properties collectively drive SMF and network attributes. Separate SEMs were generated for gradient sites, depths, and root compartments because their distinct ecological roles likely mediate grasslandification effects differently (De Vries et al., 2012).
The variables "site, depth, and root compartments" were treated as categorical treatment factors representing the grasslandification gradient, two depths, and plant root compartments. These were operationalized as dummy-coded variables with three levels: gradient sites (1 = alpine wetland meadow, 2 = alpine meadow, 3 = degraded meadow), two depths (1 = 0-10 cm, 2 = 10-20 cm), and root compartments (1 = rhizosphere, 2 = rhizoplane) (Grace, 2006). To address collinearity among soil variables (SOC, TN, TP, TK, EC, pH), microbial carbon-nitrogen fractions (MBC and MBN), microbial richness (archaea, bacteria, and fungi), and network attributes (network complexity and modularity of archaea, bacteria, and fungi), principal component analysis (PCA) was first used to create multivariate indices. PCA composites were extracted using a correlation matrix with varimax rotation after confirming factorability via Barlett’s test of sphericity (p < 0.05). This dimensionality reduction approach was specifically employed to collapse multicollinearity in SEM pathways (Grace, 2006). The first principal component (PC1) for soil properties, microbial C-N fractions, microbial richness, and network attributes explained >50% of the total variance (Table S14), which was then subsequently used for SEM analysis as composite response variables. 
Secondly, we used variance inflation factors (VIF) using linear regression with multifunctionality as the dependent variable and all predictors as independent variables. VIF values were obtained from SPSS (IBM SPSS Statistics v22) with collinearity diagnostic enabled. Values below 5 were considered indicative of low collinearity; values between 5 and 10 indicated moderate collinearity but are generally acceptable in exploratory ecological SEM when accompanied by bootstrap validation. Model stability and potential overfitting was evaluated via bootstrap validation with 999 iterations using AMOS. For each iteration, the model was re-estimated on a resampled dataset, and the following were recorded: standardized path coefficient, 95% confidence intervals, and the square multiple correlation (R2) for multifunctionality. The mean R2 across bootstrap iteration is reported as the bootstrap-adjusted R2 with standard error of the estimate, which provides an estimate of expected shrinkage due to overfitting. Models were fitted using maximum likelihood estimation, with data grouped by grasslandification gradient sites and soil depths (0-10 cm, 10-20 cm), as well as gradient sites and root compartments (rhizosphere and rhizoplane. Standardized path coefficients indicated the significance of each relationship; direct, indirect, and total effects were calculated to determine the relative influence of predictors on multifunctionality and network attributes.
S1.6 Statistical analysis and data processing
Differences in multifunctionality among grasslandification gradient sites and between depths were tested using pairwise Wilcoxon signed-rank tests with Benjamini-Hochberg correction for multiple comparisons in R v4.3.2. Relationships between multifunctionality and individual soil, plant, microbial richness, and microbial network metrics were assessed using linear regression analysis. Statistical differences in network properties among grasslandification gradient sites were assessed using Kruskal-Wallis tests. Post-hoc pairwise comparisons were conducted using Dunn's test with Benjamini-Hochberg false discovery rate correction to control multiple comparisons using the "dunn.test" package and base R stats functions. Network metric patterns across sites were visualized using radar plots via "ggplot2" in R v4.3.2 by normalizing network matrices to a 0-1 scale, enabling direct comparison across different metric scales. All analyses were performed in R v4.3.2, with significance set at p = 0.05, and results reported as: * p < 0.05, ** p < 0.01, *** p < 0.001.
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Figure. S1. Location and characteristics of the study sites.
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Figure. S2. Patterns of cross-domain and -compartments interactions of archaea, bacteria and fungi in (a) alpine wetland meadow, (b) alpine meadow, and (c) degraded meadow.
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Figure. S3. Predicted means of network topological matrices via multivariate mixed model using Bayesian inference at 95% confidence intervals.
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Figure. S4. Variations in multifunctionality of (a) bulk soil (Depth-I: 0-10 cm and Depth-II: 10-20 cm), and (b) plant root compartments across grasslandification gradient sites using pairwise Wilcoxon signed-rank tests with Benjamini-Hochberg correction for multiple comparisons.


[image: A diagram of different types of objects

AI-generated content may be incorrect.]
Figure. S5. A priori structural equation models (SEM) for the influence of grasslandification gradients sites, soil depths, plant root compartments and causal relationships of soil chemistry, plant biomass, microbial biomass carbon/nitrogen and microbial richness on network attributes and multifunctionality in bulk soil (a), and (b) plant roots (rhizosphere and rhizoplane). The model hypothesizes that grasslandification gradient sites (1 = alpine wetland meadow, 2 = alpine meadow, 3 = degraded meadow), two depths (1 = 0-10 cm, 2 = 10-20 cm), and root compartments (1 = rhizosphere, 2 = rhizoplane) categorical-dummy coded variables affect soil properties and plant biomass; soil properties and plant biomass then mediate microbial community responses; microbial communities, soil properties, and plant characteristics collectively drive SMF and network attributes. Soil chemistry, microbial biomass fractions, microbial richness and network attributes are PCA-derived indices (PC1 >50%) to avoid collinearity, and SMF is a composite response variable, ensuring no redundancy with predictors.


Table S1. Distribution and characteristics of sampling sites.
	Sampling sites
	Latitude (N)
	Longitude 
(E)
	Altitude (m)
	Dominant plant species

	AWM
	34°27ʹ
	100°12ʹ
	3737
	Kobresia tibetica, Kobresia pygmaea, Kobresia humilis, Carex moorcroftii, Cremanthodium ellisii, Cremanthodium lineare, Caltha scaposa

	AM
	34°19ʹ
	100°14ʹ
	3938
	Poa pratensis, Festuca rubra, Cremanthodium ellisii, Cremanthodium lineare, Caltha scaposa

	DM
	34°16ʹ
	100°17ʹ
	4134
	Poa Pratensis, Festuca rubra, Puccinellia tenuiflora


AWM: Alpine Wetland Meadow, AM: Alpine Meadow, DM: Degraded Meadow.

Table S2. Summary of sampling design and sample distribution.
	Site type
	Plots per site
	Bulk soil
	Plant-associated soil
	Total samples per site

	
	
	Depths
	Samples
	Species
	Compartments
	

	Alpine wetland meadow 
(Undisturbed wetland)
	3
	0-10, 10-20 cm
	36
	3 species, 3 individuals each
	Rhizosphere: 27, rhizoplane: 27
	90

	Alpine meadow 
(Mixed vegetation)
	3
	0-10, 10-20 cm
	36
	3 species, 3 individuals each
	Rhizosphere: 27, rhizoplane: 27
	90

	Degraded meadow 
(Grassland dominated)
	3
	0-10, 10-20 cm
	36
	3 species, 3 individuals each
	Rhizosphere: 27, rhizoplane: 27
	90

	Total
	9
	2-depths
	108
	9 species groups
	Rhizosphere: 81, rhizoplane: 81
	270



[bookmark: _Toc161614576][bookmark: _Toc161614909][bookmark: _Toc163451399]Table S3. Characteristics of the bulk soil properties across grasslandification gradient sites and two depths.
	Soil depth
	Sites
	SOC 
(g/kg)
	TN 
(g/kg)
	TP 
(mg/kg)
	TK 
(mg/kg)
	MBC (mg/kg)
	MBN (mg/kg)
	EC
 (ds/m)
	pH
	SWC 
(%)

	0-10 cm 

	AWM
	87.7 ± 0.83 a
	7.36 ± 0.06 a
	1.31 ± 
0.04 a
	2226 ± 11.42 a
	379.0 ± 2.45 a
	96.5 ± 0.85 a
	0.22 ± 0.01 a
	7.39 ± 0.04 a
	1.38 ± 0.01 a

	
	AM
	68.0 ± 1.02 b
	6.61 ± 0.06 b
	0.95 ± 
0.03 b
	2187 ± 11.80 b
	371.3 ± 2.21 b
	86.0 ± 0.69 b
	0.18 ± 0.01 b
	7.15 ± 0.05 b
	0.63 ± 0.01 b

	
	DM
	50.4 ± 0.57 c
	5.70 ± 0.05 c
	0.81 ± 
0.02 c
	2156 ± 11.15 c
	363.6 ± 2.00 c
	76.8 ± 0.54 c
	0.14 ± 0.01 c
	6.93 ± 0.03 c
	0.47 ± 0.01 c

	10-20 cm
	AWM
	79.4 ± 0.49 a
	5.49 ± 0.06 a
	1.09 ± 
0.02 a
	2172 ± 12.07 a
	358.7 ± 2.04 a
	82.7 ± 0.42 a
	0.14 ± 0.01 a
	6.76 ± 0.03 a
	0.82 ± 0.02 a

	
	AM
	52.3 ± 0.49 b
	5.34 ± 0.05 b
	0.73 ± 
0.02 b
	2142 ± 11.67 b
	349.2 ± 2.25 b
	68.1 ± 0.39 b
	0.11 ± 0.01 b
	6.68 ± 0.03 b
	0.42 ± 0.01 b

	
	DM
	37.1 ± 0.42 c
	5.17 ± 0.06 c
	0.55 ± 0.02 c
	2086 ± 11.15 c
	340.3 ± 2.32 c
	58.0 ± 0.45 c
	0.11 ± 0.01 b
	6.57 ± 0.03 c
	0.28 ± 0.01 c

	ANOVA
	Depths
	1376.4 (***)
	63.65 (***)
	234.4 (***)
	23.30 
(***)
	29.68
 (***)
	627.9
 (***)
	13.82 (***)
	31.43 (***)
	473.2 (***)

	
	Sites
	401.2 
(***)
	288.86 (***)
	134.7 (***)
	33.95 
(***)
	148.95
 (***)
	1077.6 (***)
	72.69 (***)
	217.76 (***)
	248.0 (***)


SOC = Soil organic carbon, TN = Total nitrogen, TK = Total potassium, TP = Total phosphorus, MBC = Microbial biomass carbon, MBN = Microbial biomass nitrogen, EC = Electrical conductivity, SWC = Soil water content, AWM = Alpine wetland meadow, AM = Alpine meadow, DM = Degraded meadow, Level of significance = F-values (p), * p <0.05, ** p <0.01, and *** p <0.001, letters are based on Tukey’s post-hoc test.
Table S4. Properties of soil in the rhizosphere and rhizoplane associated with C. ellisii, C. lineare, and C. scaposa across grasslandification gradient sites.
	Sites
	Plants
	SOC (g/kg)
	TN 
(g/kg)
	pH
	SWC 
(%)
	MBC (mg/kg)
	MBN (mg/kg)
	TP 
(mg/kg)
	TK 
(mg/kg)
	EC 
(ds/m)

	Rhizosphere

	AWM
	A
	89.6 ± 1.90 a
	13.34 ± 0.20 a
	7.31 ± 0.04 a
	1.40 ± 0.06 a
	472.8 ± 3.34 b
	116.1 ± 2.07 a
	7.31 ± 0.02 a
	1.40 ± 0.03 a
	0.16 ± 0.0012 b

	
	B
	87.4 ± 1.06 a
	13.92 ± 0.39 a
	7.31 ± 0.05 a
	1.39 ± 0.04 a
	480.6 ± 2.99 a
	115.7 ± 2.08 a
	7.31 ± 0.03 a
	1.39 ± 0.03 a
	0.17 ± 0.0013 a

	
	C
	88.3 ± 1.16 a
	13.37 ± 0.20 a
	7.27 ± 0.04 a
	1.31 ± 0.06 a
	471.4 ± 2.96 b
	116.3 ± 2.30 a
	7.27 ± 0.02 a
	1.31 ± 0.03 b
	0.17 ± 0.0012 a

	AM
	A
	81.8 ± 1.75 a
	12.78 ± 0.20 a
	7.14 ± 0.04 a
	1.14 ± 0.04 a
	424.0 ± 4.60 a
	95.4 ± 2.72 a
	7.14 ± 0.02 a
	1.14 ± 0.02 a
	0.17 ± 0.0014 a

	
	B
	81.2 ± 1.39 a
	12.51 ± 0.18 a
	7.13 ± 0.03 a
	1.10 ± 0.04 a
	415.6 ± 5.52 a
	95.5 ± 2.77 a
	7.13 ± 0.01 a
	1.10 ± 0.02 a
	0.17 ± 0.0014 a

	
	C
	80.2 ± 1.80 a
	12.42 ± 0.19 a
	7.13 ± 0.05 a
	1.11 ± 0.04 a
	423.2 ± 3.64 a
	95.4 ± 8.29 a
	7.13 ± 0.03 a
	1.11 ± 0.02 a
	0.17 ± 0.0012 a

	DM
	A
	68.4 ± 1.39 a
	11.58 ± 0.27 a
	7.01 ± 0.05 a
	0.96 ± 0.02 a
	377.6 ± 3.50 a
	97.0 ± 2.84 a
	7.01 ± 0.03 a
	0.96 ± 0.01 a
	0.16 ± 0.001 b

	
	B
	67.0 ± 1.64 a
	11.50 ± 0.19 a
	7.04 ± 0.04 a
	0.94 ± 0.02 a
	377.7 ± 4.79 a
	98.9 ± 1.76 a
	7.04 ± 0.02 a
	0.94 ± 0.01 a
	0.17 ± 0.001 a

	
	C
	67.0 ± 1.68 a
	11.35 ± 0.19 a
	7.03 ± 0.03 a
	0.88 ± 0.02 b
	374.5 ± 2.88 a
	94.5 ± 2.01 ab
	7.03 ± 0.02 a
	0.88 ± 0.01 b
	0.16 ± 0.0008 b

	ANOVA
	Sites
	195.9 (***)
	125.9 (***)
	54.3 (***)
	44.25 (***)
	545.5 (***)
	17.8 (***)
	100.2 (***)
	269.4 (***)
	0.141 (ns)

	
	Plants
	1.8 (ns)
	5.7 (*)
	0.8 (ns)
	0.1 (ns)
	0.6 (ns)
	0.6 (ns)
	0.4 (ns)
	6.3 (**)
	0.03 (ns)

	
	S × P
	0.6 (ns)
	1.3 (ns)
	0.7 (ns)
	1.8 (ns)
	1.9 (ns)
	0.4 (ns)
	0.5 (ns)
	1.1 (ns)
	0.1 (ns)

	Rhizoplane

	AWM
	A
	79.6 ± 0.78 a
	10.81 ± 0.15 a
	7.22 ± 0.04 a
	0.84 ± 0.02 a
	402.5 ± 5.97 a
	83.1 ± 1.89 a
	7.22 ± 0.02 a
	0.84 ± 0.01 a
	0.1 ± 0.001 a

	
	B
	79.4 ± 0.54 a
	10.72 ± 0.12 a
	7.26 ± 0.04 a
	0.81 ± 0.02 a
	405.2 ± 4.57 a
	84.4 ± 2.86 a
	7.26 ± 0.02 a
	0.81 ± 0.01 b
	0.1 ± 0.001 a

	
	C
	75.9 ± 0.51 b
	10.65 ± 0.15 a
	7.25 ± 0.02 a
	0.76 ± 0.02 b
	398.0 ± 4.75 a
	87.7 ± 2.22 a
	7.25 ± 0.01 a
	0.76 ± 0.01 c
	0.09 ± 0.0012 b

	AM
	A
	70.6 ± 1.02 a
	8.65 ± 0.17 a
	7.05 ± 0.02 a
	0.71 ± 0.04 a
	335.8 ± 3.41 a
	67.2 ± 2.15 a
	7.05 ± 0.01 a
	0.71 ± 0.02 a
	0.1 ± 0.0013 b

	
	B
	71.4 ± 0.88 a
	8.73 ± 0.18 a
	7.02 ± 0.03 a
	0.65 ± 0.04 a
	331.4 ± 2.85 b
	68.5 ± 2.69 a
	7.02 ± 0.02 a
	0.65 ± 0.02 b
	0.11 ± 0.0012 a

	
	C
	71.6 ± 1.07 a
	8.63 ± 0.23 a
	7.03 ± 0.04 a
	0.62 ± 0.04 a
	330.5 ± 3.73 c
	67.5 ± 3.71 a
	7.03 ± 0.02 a
	0.62 ± 0.02 b
	0.1 ± 0.0014 b

	DM
	A
	57.4 ± 0.95 a
	7.40 ± 0.15 a
	6.79 ± 0.04 a
	0.68 ± 0.02 a
	306.0 ± 3.32 a
	50.1 ± 2.38 a
	6.79 ±0.02 a
	0.68 ± 0.01 a
	0.09 ± 0.0014 b

	
	B
	56.8 ± 1.00 a
	7.24 ± 0.14 a
	6.74 ± 0.03 a
	0.60 ± 0.04 b
	308.8 ± 3.54 a
	54.1 ± 1.87 a
	6.74 ± 0.02 b
	0.60 ± 0.02 b
	0.09 ± 0.001 b

	
	C
	58.3 ± 0.80 a
	7.36 ± 0.08 a
	6.73 ± 0.04 a
	0.61 ± 0.02 b
	306.4 ± 2.40 a
	52.6 ± 2.17 a
	6.73 ± 0.02 b
	0.61 ± 0.01 b
	0.1 ± 0.001 a

	ANOVA
	Sites
	453.9 (***)
	172.9 (***)
	36.6
 (***)
	34.0 
(***)
	187.1 (***)
	87.3
(***)
	480.7 
(***)
	92.4 
(***)
	0.3 
(ns)

	
	Plants
	0.5
 (ns)
	0.1
 (ns)
	0.5 
(ns)
	7.3 
(**)
	0.5 
(ns)
	0.4 
(ns)
	0.4 
(ns)
	17.3
 (***)
	0.01 
(ns)

	
	S × P
	3.3 
(*)
	0.3 
(ns)
	0.2 
(ns)
	2.9 
(ns)
	0.3 
(ns)
	0.8 
(ns)
	1.9
 (ns)
	1.0 
(ns)
	1.0 
(ns)


According to Tukey's test, the mean ± std with different letters in a column within rhizosphere and rhizoplane are statistically different at p <0.05. Plants such as A = C. ellisii, B = C. lineare, C = C. scaposa, SOC = Soil organic carbon, TN = Total nitrogen, SWC = Soil water content, MBC = Microbial biomass carbon, MBN = Microbial biomass nitrogen, AWM = Alpine wetland meadow, AM = Alpine meadow, DM = Degraded meadow, Level of significance = F-values (p), * p <0.05, ** p <0.01, and *** p <0.001, respectively.


[bookmark: _Toc161614910][bookmark: _Toc163451400]Table S5. Vegetation biomass and cover, species richness and Shannon diversity index across grasslandification gradient sites.
	Sites
	Plant biomass (g/m2)
	Plant vegetation cover (%)
	Plant species richness
	Shannon

	AWM
	107.30 ± 1.91 a
	0.93 ± 0.01 a
	9.56 ± 0.11 b
	1.96 ± 0.04 a

	AM
	90.77 ± 1.08 b
	0.80 ± 0.01 b
	11.67 ± 0.10 a
	1.80 ± 0.03 b

	DM
	56.58 ± 0.70 c
	0.53 ± 0.02 c
	7.11 ± 0.15 c
	1.63 ± 0.02 c


The level of significance is based on ANOVA with Tukey’s post-hoc test, mean ± std with means within a column with different letters differ from each other (p <0.05); AWM = Alpine wetland meadow, AM = Alpine meadow, DM = Degraded meadow.

Table S6. Network connectance, edge-to-node ratio, and percentage loss along the grasslandification gradient.
	Metric
	AWM
	AM
	DM
	Change (%)

	
	
	
	
	AWM-AM
	AWM-DM

	Nodes
	684
	644
	673
	-5.8%
	-1.6%

	Edges
	31,580
	28,121
	22,246
	-11.0%
	-29.6%

	E/N
	46.17
	43.67
	33.05
	-5.4%
	-28.4%

	Connectance
	0.1352 (13.52%)
	0.1358 (13.58%)
	0.0984 (9.84%)
	+0.5%
	-27.2%


AWM = Alpine wetland meadow, AM = Alpine meadow, DM = Degraded meadow


Table S7. Average correlation of keystone taxa across compartments and microbes in grasslandification gradients sites.
	Microbes
	Compartments
	Alpine wetland meadow
	Alpine meadow
	Degraded meadow

	Archaea-Archaea
	0-10 cm-10-20 cm
	0.725
	0.717
	NA

	Archaea-Archaea
	0-10 cm-Rhizosphere
	0.647
	NA
	NA

	Archaea-Archaea
	0-10 cm-Rhizoplane
	0.667
	NA
	NA

	Archaea-Bacteria
	0-10 cm-10-20 cm
	0.737
	0.728
	0.721


	Archaea-Bacteria
	0-10 cm-Rhizosphere
	-0.517
	-0.700
	NA

	Archaea-Bacteria
	0-10 cm-Rhizoplane
	0.141
	-0.649
	0.618


	Archaea-Bacteria
	10-20 cm-Rhizosphere
	-0.684
	-0.599
	-0.629


	Archaea-Bacteria
	10-20 cm-Rhizoplane
	-0.478
	-0.495
	0.625


	Archaea-Bacteria
	Rhizosphere-Rhizoplane
	0.251
	0.625
	NA

	Archaea-Fungi
	0-10 cm-10-20 cm
	0.704
	0.711
	0.734


	Archaea-Fungi
	0-10 cm-Rhizosphere
	0.144
	NA
	NA

	Archaea-Fungi
	0-10 cm-Rhizoplane
	-0.399
	NA
	0.605


	Archaea-Fungi
	10-20 cm-Rhizosphere
	-0.560
	0.325
	-0.631


	Archaea-Fungi
	10-20 cm-Rhizoplane
	-0.663
	-0.673
	NA

	Archaea-Fungi
	Rhizosphere-Rhizoplane
	0.516
	NA
	NA

	Bacteria-Bacteria
	0-10 cm-10-20 cm
	0.726
	0.717
	0.727


	Bacteria-Bacteria
	0-10 cm-Rhizosphere
	-0.513
	-0.609
	0.372


	Bacteria-Bacteria
	0-10 cm-Rhizoplane
	-0.170
	-0.355
	-0.234


	Bacteria-Bacteria
	10-20 cm-Rhizosphere
	-0.453
	-0.637
	0.403


	Bacteria-Bacteria
	10-20 cm-Rhizoplane
	-0.438
	-0.376
	-0.213


	Bacteria-Bacteria
	Rhizosphere-Rhizoplane
	0.431
	0.389
	NA

	Bacteria-Fungi
	0-10 cm-10-20 cm
	0.739
	0.709
	0.730


	Bacteria-Fungi
	0-10 cm-Rhizosphere
	-0.417
	-0.584
	0.253


	Bacteria-Fungi
	0-10 cm-Rhizoplane
	-0.504
	0.109
	-0.020


	Bacteria-Fungi
	10-20 cm-Rhizosphere
	-0.402
	-0.540
	0.101


	Bacteria-Fungi
	10-20 cm-Rhizoplane
	-0.581
	-0.188
	0.112


	Bacteria-Fungi
	Rhizosphere-Rhizoplane
	0.470
	NA
	NA

	Fungi-Fungi
	0-10 cm-10-20 cm
	0.719
	0.717
	0.717


	Fungi-Fungi
	0-10 cm-Rhizosphere
	0.179
	-0.272
	-0.072


	Fungi-Fungi
	0-10 cm-Rhizoplane
	-0.618
	0.641
	0.648


	Fungi-Fungi
	10-20 cm-Rhizosphere
	-0.258
	0.351
	0.058


	Fungi-Fungi
	10-20 cm-Rhizoplane
	-0.676
	0.659
	0.661


	Fungi-Fungi
	Rhizosphere-Rhizoplane
	0.479
	NA
	NA


The average correlation values are extracted based on top 10% of highest degree nodes and significant false discovery rate (FDR < 0.05). NA = Not available.


Table S8. Summary of network robustness.
	Networks
	Robustness (AUC)
	Final Mean (LCC)
	After 100 Edge Removal
	Maximum Comparable Edge Removal (223 edges)

	
	
	
	LCC
	Reduction (%)
	LCC
	Reduction (%)

	AWM
	282.9
	0.803
	0.926
		4.14



		0.858



		10.95




	AM
	243.2
	0.773
	0.884
		7.53



		0.805



		14.99




	DM
	200.0
	0.815
	0.903
	  5.69
	  0.815
	  14.49


Values are based on the area under the curve (AUC) of the mean largest connected component (LCC) across all edge removals (number of iterations = 500).


Table S9. Predicted means of network metrices based on multivariate mixed model across sites, microbes and compartments.
	Network Metric
	Sites
	Microbes
	Compartments
	Predicted Mean ± SD
	95% Credible Interval

	Mean Degree
	AWM
	Archaea
	0-10 cm
	15.97 ± 9.50 
	[-2.66, 34.59] 

	Mean Path Length
	AWM
	Archaea
	0-10 cm
	-0.11 ± 7.87 
	[-15.53, 15.31] 

	Modularity
	AWM
	Archaea
	0-10 cm
	-0.19 ± 10.32 
	[-20.42, 20.05] 

	Network Complexity
	AWM
	Archaea
	0-10 cm
	1.24 ± 9.80 
	[-17.98, 20.46] 

	Network Diameter
	AWM
	Archaea
	0-10 cm
	0.32 ± 7.44 
	[-14.26, 14.90] 

	Robustness
	AWM
	Archaea
	0-10 cm
	0.77 ± 8.64 
	[-16.17, 17.71] 

	Mean Degree
	AM
	Archaea
	0-10 cm
	14.78 ± 5.53 
	[3.94, 25.61] 

	Mean Path Length
	AM
	Archaea
	0-10 cm
	1.11 ± 4.62 
	[-7.95, 10.17] 

	Modularity
	AM
	Archaea
	0-10 cm
	0.38 ± 6.28 
	[-11.92; 12.69] 

	Network Complexity
	AM
	Archaea
	0-10 cm
	1.07 ± 5.39 
	[-9.49, 11.63] 

	Network Diameter
	AM
	Archaea
	0-10 cm
	0.79 ± 4.91 
	[-8.83, 10.40] 

	Robustness
	AM
	Archaea
	0-10 cm
	0.75 ± 5.39 
	[-9.81, 11.32] 

	Mean Degree
	DM
	Archaea
	0-10 cm
	11.62 ± 9.91 
	[-7.80, 31.03] 

	Mean Path Length
	DM
	Archaea
	0-10 cm
	1.84 ± 7.90 
	[-13.64, 17.32] 

	Modularity
	DM
	Archaea
	0-10 cm
	0.18 ± 9.79 
	[-19.01, 19.36] 

	Network Complexity
	DM
	Archaea
	0-10 cm
	0.88 ± 8.95 
	[-16.66, 18.41] 

	Network Diameter
	DM
	Archaea
	0-10 cm
	1.83 ± 7.88 
	[-13.62, 17.28] 

	Robustness
	DM
	Archaea
	0-10 cm
	1.14 ± 8.82 
	[-16.16, 18.43] 

	Mean Degree
	AWM
	Bacteria
	0-10 cm
	39.89 ± 9.68 
	[20.91, 58.87] 

	Mean Path Length
	AWM
	Bacteria
	0-10 cm
	0.23 ± 7.87 
	[-15.19, 15.65] 

	Modularity
	AWM
	Bacteria
	0-10 cm
	-0.31 ± 10.32 
	[-20.54, 19.92] 

	Network Complexity
	AWM
	Bacteria
	0-10 cm
	1.18 ± 9.80 
	[-18.03, 20.40] 

	Network Diameter
	AWM
	Bacteria
	0-10 cm
	1.91 ± 7.45 
	[-12.68, 16.50] 

	Robustness
	AWM
	Bacteria
	0-10 cm
	1.04 ± 8.64 
	[-15.90, 17.98] 

	Mean Degree
	AM
	Bacteria
	0-10 cm
	38.70 ± 5.84 
	[27.26, 50.14] 

	Mean Path Length
	AM
	Bacteria
	0-10 cm
	1.45 ± 4.62 
	[-7.61, 10.51] 

	Modularity
	AM
	Bacteria
	0-10 cm
	0.26 ± 6.28 
	[-12.05, 12.56] 

	Network Complexity
	AM
	Bacteria
	0-10 cm
	1.01 ± 5.39 
	[-9.55, 11.57] 

	Network Diameter
	AM
	Bacteria
	0-10 cm
	2.37 ± 4.91 
	[-7.25, 12.00]

	Robustness
	AM
	Bacteria
	0-10 cm
	1.02 ± 5.39 
	[-9.54, 11.59] 

	Mean Degree
	DM
	Bacteria
	0-10 cm
	35.54 ± 10.08 
	[15.78, 55.30] 

	Mean Path Length
	DM
	Bacteria
	0-10 cm
	2.18 ± 7.90 
	[-13.30, 17.66] 

	Modularity
	DM
	Bacteria
	0-10 cm
	0.05 ± 9.79 
	[-19.13, 19.23] 

	Network Complexity
	DM
	Bacteria
	0-10 cm
	0.82 ± 8.95 
	[-16.72, 18.36] 

	Network Diameter
	DM
	Bacteria
	0-10 cm
	3.42 ± 7.89 
	[-12.04, 18.88] 

	Robustness
	DM
	Bacteria
	0-10 cm
	1.40 ± 8.82 
	[-15.89, 18.70] 

	Mean Degree
	AWM
	Fungi
	0-10 cm
	35.49 ± 9.74 
	[16.40, 54.59] 

	Mean Path Length
	AWM
	Fungi
	0-10 cm
	0.93 ± 7.87 
	[-14.48, 16.35] 

	Modularity
	AWM
	Fungi
	0-10 cm
	-0.09 ± 10.32 
	[-20.32, 20.14] 

	Network Complexity
	AWM
	Fungi
	0-10 cm
	0.95 ± 9.80 
	[-18.27, 20.17] 

	Network Diameter
	AWM
	Fungi
	0-10 cm
	4.37 ± 7.45 
	[-10.22, 18.97] 

	Robustness
	AWM
	Fungi
	0-10 cm
	0.86 ± 8.64 
	[-16.08, 17.80] 

	Mean Degree
	AM
	Fungi
	0-10 cm
	34.30 ± 5.93 
	[22.68, 45.93] 

	Mean Path Length
	AM
	Fungi
	0-10 cm
	2.15 ± 4.62 
	[-6.91, 11.21] 

	Modularity
	AM
	Fungi
	0-10 cm
	0.48 ± 6.28 
	[-11.82, 12.78] 

	Network Complexity
	AM
	Fungi
	0-10 cm
	0.78 ± 5.39 
	[-9.78, 11.34] 

	Network Diameter
	AM
	Fungi
	0-10 cm
	4.84 ± 4.91 
	[-4.79, 14.47] 

	Robustness
	AM
	Fungi
	0-10 cm
	0.84 ± 5.39 
	[-9.72, 11.40] 

	Mean Degree
	DM
	Fungi
	0-10 cm
	31.14 ± 10.14 
	[11.27, 51.01] 

	Mean Path Length
	DM
	Fungi
	0-10 cm
	2.88 ± 7.90 
	[-12.60, 18.37] 

	Modularity
	DM
	Fungi
	0-10 cm
	0.27 ± 9.79 
	[-18.91, 19.45] 

	Network Complexity
	DM
	Fungi
	0-10 cm
	0.58 ± 8.95 
	[-16.95, 18.12] 

	Network Diameter
	DM
	Fungi
	0-10 cm
	5.88 ± 7.89 
	[-9.58, 21.34] 

	Robustness
	DM
	Fungi
	0-10 cm
	1.22 ± 8.82 
	[-16.07, 18.52] 

	Mean Degree
	AWM
	Archaea
	10-20 cm
	11.25 ± 9.75 
	[-7.87, 30.37] 

	Mean Path Length
	AWM
	Archaea
	10-20 cm
	-0.11 ± 7.87 
	[-15.52, 15.31] 

	Modularity
	AWM
	Archaea
	10-20 cm
	-0.20 ± 10.32 
	[-20.43, 20.03] 

	Network Complexity
	AWM
	Archaea
	10-20 cm
	1.24 ± 9.80 
	[-17.98, 20.45] 

	Network Diameter
	AWM
	Archaea
	10-20 cm
	0.48 ± 7.45 
	[-14.12, 15.08] 

	Robustness
	AWM
	Archaea
	10-20 cm
	0.80 ± 8.64 
	[-16.14, 17.74] 

	Mean Degree
	AM
	Archaea
	10-20 cm
	10.06 ± 5.95 
	[-1.61, 21.73] 

	Mean Path Length
	AM
	Archaea
	10-20 cm
	1.11 ± 4.62 
	[-7.95, 10.17] 

	Modularity
	AM
	Archaea
	10-20 cm
	0.37 ± 6.28 
	[-11.94, 12.67] 

	Network Complexity
	AM
	Archaea
	10-20 cm
	1.06 ± 5.39 
	[-9.50, 11.62] 

	Network Diameter
	AM
	Archaea
	10-20 cm
	0.95 ± 4.92 
	[-8.69, 10.59] 

	Robustness
	AM
	Archaea
	10-20 cm
	0.78 ± 5.39 
	[-9.78, 11.35] 

	Mean Degree
	DM
	Archaea
	10-20 cm
	6.90 ± 10.15 
	[-12.99, 26.80] 

	Mean Path Length
	DM
	Archaea
	10-20 cm
	1.85 ± 7.90 
	[-13.64, 17.33] 

	Modularity
	DM
	Archaea
	10-20 cm
	0.16 ± 9.79 
	[-19.02, 19.34] 

	Network Complexity
	DM
	Archaea
	10-20 cm
	0.87 ± 8.95 
	[-16.67, 18.41] 

	Network Diameter
	DM
	Archaea
	10-20 cm
	1.99 ± 7.89 
	[-13.47, 17.46] 

	Robustness
	DM
	Archaea
	10-20 cm
	1.16 ± 8.82 
	[-16.13, 18.46] 

	Mean Degree
	AWM
	Bacteria
	10-20 cm
	35.18 ± 9.93 
	[15.71, 54.65] 

	Mean Path Length
	AWM
	Bacteria
	10-20 cm
	0.24 ± 7.87 
	[-15.18, 15.66] 

	Modularity
	AWM
	Bacteria
	10-20 cm
	-0.33 ± 10.32 
	[-20.56, 19.90] 

	Network Complexity
	AWM
	Bacteria
	10-20 cm
	1.18 ± 9.80 
	[-18.04, 20.40] 

	Network Diameter
	AWM
	Bacteria
	10-20 cm
	2.07 ± 7.45 
	[-12.54, 16.68] 

	Robustness
	AWM
	Bacteria
	10-20 cm
	1.07 ± 8.64 
	[-15.87, 18.01] 

	Mean Degree
	AM
	Bacteria
	10-20 cm
	33.98 ± 6.24 
	[21.75, 46.22] 

	Mean Path Length
	AM
	Bacteria
	10-20 cm
	1.46 ± 4.62 
	[-7.61, 10.52] 

	Modularity
	AM
	Bacteria
	10-20 cm
	0.24 ± 6.28 
	[-12.06, 12.55] 

	Network Complexity
	AM
	Bacteria
	10-20 cm
	1.01 ± 5.39 
	[-9.55, 11.57] 

	Network Diameter
	AM
	Bacteria
	10-20 cm
	2.54 ± 4.92 
	[-7.11, 12.19] 

	Robustness
	AM
	Bacteria
	10-20 cm
	1.05 ± 5.39 
	[-9.51, 11.61] 

	Mean Degree
	DM
	Bacteria
	10-20 cm
	30.83 ± 10.32 
	[10.60, 51.06] 

	Mean Path Length
	DM
	Bacteria
	10-20 cm
	2.19 ± 7.90 
	[-13.30, 17.67] 

	Modularity
	DM
	Bacteria
	10-20 cm
	0.03 ± 9.79 
	[-19.15, 19.21] 

	Network Complexity
	DM
	Bacteria
	10-20 cm
	0.86 ± 8.95 
	[-16.72, 18.35] 

	Network Diameter
	DM
	Bacteria
	10-20 cm
	3.58 ± 7.90 
	[-11.89, 19.06] 

	Robustness
	DM
	Bacteria
	10-20 cm
	1.43 ± 8.82 
	[-15.86, 18.73] 

	Mean Degree
	AWM
	Fungi
	10-20 cm
	30.78 ± 9.99 
	[11.20, 50.36] 

	Mean Path Length
	AWM
	Fungi
	10-20 cm
	0.94 ± 7.87 
	[-14.48, 16.36] 

	Modularity
	AWM
	Fungi
	10-20 cm
	-0.11 ± 10.32 
	[-20.34, 20.13] 

	Network Complexity
	AWM
	Fungi
	10-20 cm
	0.94 ± 9.80 
	[-18.27, 20.16] 

	Network Diameter
	AWM
	Fungi
	10-20 cm
	4.54 ± 7.45 
	[-10.07, 19.15] 

	Robustness
	AWM
	Fungi
	10-20 cm
	0.89 ± 8.64 
	[-16.05, 17.83] 

	Mean Degree
	AM
	Fungi
	10-20 cm
	29.59 ± 6.33 
	[17.18, 41.99] 

	Mean Path Length
	AM
	Fungi
	10-20 cm
	2.16 ± 4.62 
	[-6.90, 11.22] 

	Modularity
	AM
	Fungi
	10-20 cm
	0.46 ± 6.28 
	[-11.84, 12.77] 

	Network Complexity
	AM
	Fungi
	10-20 cm
	0.77 ± 5.39 
	[-9.79, 11.33] 

	Network Diameter
	AM
	Fungi
	10-20 cm
	5.00 ± 4.92 
	[-4.65, 14.65] 

	Robustness
	AM
	Fungi
	10-20 cm
	0.87 ± 5.39 
	[-9.69, 11.43] 

	Mean Degree
	DM
	Fungi
	10-20 cm
	26.43 ± 10.38 
	[6.09, 46.76] 

	Mean Path Length
	DM
	Fungi
	10-20 cm
	2.89 ± 7.90 
	[-12.59, 18.37] 

	Modularity
	DM
	Fungi
	10-20 cm
	0.25 ± 9.79 
	[-18.93, 19.44] 

	Network Complexity
	DM
	Fungi
	10-20 cm
	0.58 ± 8.95 
	[-16.96, 18.12] 

	Network Diameter
	DM
	Fungi
	10-20 cm
	6.05 ± 7.90 
	[-9.43, 21.52] 

	Robustness
	DM
	Fungi
	10-20 cm
	1.25 ± 8.82 
	[-16.04, 18.55] 

	Mean Degree
	AWM
	Archaea
	Rhizosphere
	-0.22 ± 9.77 
	[-19.37, 18.93] 

	Mean Path Length
	AWM
	Archaea
	Rhizosphere
	0.48 ± 7.87 
	[-14.94, 15.89] 

	Modularity
	AWM
	Archaea
	Rhizosphere
	0.09 ± 10.32 
	[-20.15, 20.32] 

	Network Complexity
	AWM
	Archaea
	Rhizosphere
	0.86 ± 9.80 
	[-18.35, 20.08] 

	Network Diameter
	AWM
	Archaea
	Rhizosphere
	2.70 ± 7.45 
	[-11.90, 17.30] 

	Robustness
	AWM
	Archaea
	Rhizosphere
	0.52 ± 8.64 
	[-16.42, 17.46] 

	Mean Degree
	AM
	Archaea
	Rhizosphere
	-1.41 ± 5.98 
	[-13.13, 10.30] 

	Mean Path Length
	AM
	Archaea
	Rhizosphere
	1.70 ± 4.62 
	[-7.36, 10.76] 

	Modularity
	AM
	Archaea
	Rhizosphere
	0.66 ± 6.28 
	[-11.65, 12.96] 

	Network Complexity
	AM
	Archaea
	Rhizosphere
	0.69 ± 5.39 
	[-9.87, 11.25] 

	Network Diameter
	AM
	Archaea
	Rhizosphere
	3.17 ± 4.92 
	[-6.47, 12.80] 

	Robustness
	AM
	Archaea
	Rhizosphere
	0.50 ± 5.39 
	[-10.07, 11.06] 

	Mean Degree
	DM
	Archaea
	Rhizosphere
	-4.57 ± 10.16 
	[-24.49, 15.35] 

	Mean Path Length
	DM
	Archaea
	Rhizosphere
	2.43 ± 7.90 
	[-13.05, 17.91] 

	Modularity
	DM
	Archaea
	Rhizosphere
	0.45 ± 9.79 
	[-18.74, 19.63] 

	Network Complexity
	DM
	Archaea
	Rhizosphere
	0.50 ± 8.95 
	[-17.04, 18.03] 

	Network Diameter
	DM
	Archaea
	Rhizosphere
	4.21 ± 7.89 
	[-11.26, 19.68] 

	Robustness
	DM
	Archaea
	Rhizosphere
	0.88 ± 8.82 
	[-16.42, 18.17] 

	Mean Degree
	AWM
	Bacteria
	Rhizosphere
	23.71 ± 9.95 
	[4.21, 43.20] 

	Mean Path Length
	AWM
	Bacteria
	Rhizosphere
	0.82 ± 7.87 
	[-14.60, 16.24] 

	Modularity
	AWM
	Bacteria
	Rhizosphere
	-0.04 ± 10.32 
	[-20.27, 20.19] 

	Network Complexity
	AWM
	Bacteria
	Rhizosphere
	0.81 ± 9.80 
	[-18.41, 20.02] 

	Network Diameter
	AWM
	Bacteria
	Rhizosphere
	4.29 ± 7.45 
	[-10.32, 18.90] 

	Robustness
	AWM
	Bacteria
	Rhizosphere
	0.79 ± 8.64 
	[-16.15, 17.73] 

	Mean Degree
	AM
	Bacteria
	Rhizosphere
	22.51 ± 6.26 
	[10.24, 34.79] 

	Mean Path Length
	AM
	Bacteria
	Rhizosphere
	2.04 ± 4.62 
	[-7.02, 11.10] 

	Modularity
	AM
	Bacteria
	Rhizosphere
	0.53 ± 6.28 
	[-11.77, 12.83] 

	Network Complexity
	AM
	Bacteria
	Rhizosphere
	0.63 ± 5.39 
	[-9.93, 11.19] 

	Network Diameter
	AM
	Bacteria
	Rhizosphere
	4.76 ± 4.92 
	[-4.90, 14.41] 

	Robustness
	AM
	Bacteria
	Rhizosphere
	0.76 ± 5.39 
	[-9.80, 11.33] 

	Mean Degree
	DM
	Bacteria
	Rhizosphere
	19.35 ± 10.34 
	[-0.90, 39.61] 

	Mean Path Length
	DM
	Bacteria
	Rhizosphere
	2.77 ± 7.90 
	[-12.71, 18.25] 

	Modularity
	DM
	Bacteria
	Rhizosphere
	0.32 ± 9.79 
	[-18.86, 19.50] 

	Network Complexity
	DM
	Bacteria
	Rhizosphere
	0.44 ± 8.95 
	[-17.09, 17.98] 

	Network Diameter
	DM
	Bacteria
	Rhizosphere
	5.80 ± 7.90 
	[-9.68, 21.27] 

	Robustness
	DM
	Bacteria
	Rhizosphere
	1.15 ± 8.82 
	[-16.15, 18.44] 

	Mean Degree
	AWM
	Fungi
	Rhizosphere
	19.31 ± 10.00 
	[-0.30, 38.91] 

	Mean Path Length
	AWM
	Fungi
	Rhizosphere
	1.52 ± 7.87 
	[-13.90, 16.94] 

	Modularity
	AWM
	Fungi
	Rhizosphere
	0.18 ± 10.32 
	[-20.05, 20.41] 

	Network Complexity
	AWM
	Fungi
	Rhizosphere
	0.57 ± 9.80 
	[-18.65, 19.79] 

	Network Diameter
	AWM
	Fungi
	Rhizosphere
	6.76 ± 7.45 
	[-7.85, 21.37] 

	Robustness
	AWM
	Fungi
	Rhizosphere
	0.60 ± 8.64 
	[-16.34, 17.54] 

	Mean Degree
	AM
	Fungi
	Rhizosphere
	18.11 ± 6.35 
	[5.67, 30.56] 

	Mean Path Length
	AM
	Fungi
	Rhizosphere
	2.74 ± 4.62 
	[-6.32, 11.80] 

	Modularity
	AM
	Fungi
	Rhizosphere
	0.75 ± 6.28 
	[-11.55, 13.06] 

	Network Complexity
	AM
	Fungi
	Rhizosphere
	0.40 ± 5.39 
	[-10.16, 10.96] 

	Network Diameter
	AM
	Fungi
	Rhizosphere
	7.22 ± 4.92 
	[-2.43, 16.87] 

	Robustness
	AM
	Fungi
	Rhizosphere
	0.58 ± 5.39 
	[-9.98, 11.15] 

	Mean Degree
	DM
	Fungi
	Rhizosphere
	14.96 ± 10.39 
	[-5.41, 35.32] 

	Mean Path Length
	DM
	Fungi
	Rhizosphere
	3.47 ± 7.90 
	[-12.01, 18.95] 

	Modularity
	DM
	Fungi
	Rhizosphere
	0.54 ± 9.79 
	[-18.64, 19.72] 

	Network Complexity
	DM
	Fungi
	Rhizosphere
	0.21 ± 8.95 
	[-17.33, 17.74] 

	Network Diameter
	DM
	Fungi
	Rhizosphere
	8.26 ± 7.90 
	[-7.21, 23.74] 

	Robustness
	DM
	Fungi
	Rhizosphere
	0.97 ± 8.82 
	[-16.33, 18.26] 

	Mean Degree
	AWM
	Archaea
	Rhizoplane
	-7.36 ± 9.72 
	[-26.41, 11.69] 

	Mean Path Length
	AWM
	Archaea
	Rhizoplane
	0.78 ± 7.87 
	[-14.64, 16.20] 

	Modularity
	AWM
	Archaea
	Rhizoplane
	0.14 ± 10.32 
	[-20.09, 20.37] 

	Network Complexity
	AWM
	Archaea
	Rhizoplane
	0.78 ± 9.80 
	[-18.44, 19.99] 

	Network Diameter
	AWM
	Archaea
	Rhizoplane
	3.59 ± 7.45 
	[-11.02, 18.19] 

	Robustness
	AWM
	Archaea
	Rhizoplane
	0.53 ± 8.64 
	[-16.41, 17.47] 

	Mean Degree
	AM
	Archaea
	Rhizoplane
	-8.55 ± 5.90 
	[-20.11, 3.00] 

	Mean Path Length
	AM
	Archaea
	Rhizoplane
	2.00 ± 4.62 
	[-7.06, 11.06] 

	Modularity
	AM
	Archaea
	Rhizoplane
	0.71 ± 6.28 
	[-11.60, 13.01] 

	Network Complexity
	AM
	Archaea
	Rhizoplane
	0.60 ± 5.39 
	[-9.96, 11.16] 

	Network Diameter
	AM
	Archaea
	Rhizoplane
	4.05 ± 4.92 
	[-5.59, 13.69] 

	Robustness
	AM
	Archaea
	Rhizoplane
	0.51 ± 5.39 
	[-10.05, 11.08] 

	Mean Degree
	DM
	Archaea
	Rhizoplane
	-11.71 ± 10.12 
	[-31.54, 8.12] 

	Mean Path Length
	DM
	Archaea
	Rhizoplane
	2.73 ± 7.90 
	[-12.75, 18.21] 

	Modularity
	DM
	Archaea
	Rhizoplane
	0.50 ± 9.79 
	[-18.68, 19.68] 

	Network Complexity
	DM
	Archaea
	Rhizoplane
	0.41 ± 8.95 
	[-17.12, 17.95] 

	Network Diameter
	DM
	Archaea
	Rhizoplane
	5.09 ± 7.89 
	[-10.37, 20.56] 

	Robustness
	DM
	Archaea
	Rhizoplane
	0.90 ± 8.82 
	[-16.40, 18.19] 

	Mean Degree
	AWM
	Bacteria
	Rhizoplane
	16.56 ± 9.90 
	[-2.84, 35.96] 

	Mean Path Length
	AWM
	Bacteria
	Rhizoplane
	1.12 ± 7.87 
	[-14.30, 16.54] 

	Modularity
	AWM
	Bacteria
	Rhizoplane
	0.01 ± 10.32 
	[-20.22, 20.24] 

	Network Complexity
	AWM
	Bacteria
	Rhizoplane
	0.72 ± 9.80 
	[-18.50, 19.94] 

	Network Diameter
	AWM
	Bacteria
	Rhizoplane,
	5.17 ± 7.45 
	[-9.44, 19.79] 

	Robustness
	AWM
	Bacteria
	Rhizoplane
	0.80 ± 8.64 
	[-16.14, 17.74] 

	Mean Degree
	AM
	Bacteria
	Rhizoplane
	15.37 ± 6.19 
	[3.25, 27.50] 

	Mean Path Length
	AM
	Bacteria
	Rhizoplane
	2.34 ± 4.62 
	[-6.72, 11.40] 

	Modularity
	AM
	Bacteria
	Rhizoplane
	0.58 ± 6.28 
	[-11.72, 12.89] 

	Network Complexity
	AM
	Bacteria
	Rhizoplane
	0.55 ± 5.39 
	[-10.01, 11.11] 

	Network Diameter
	AM
	Bacteria
	Rhizoplane
	5.64 ± 4.93 
	[-4.01, 15.29] 

	Robustness
	AM
	Bacteria
	Rhizoplane
	0.78 ± 5.39 
	[-9.78, 11.34] 

	Mean Degree
	DM
	Bacteria
	Rhizoplane
	12.21 ± 10.29 
	[-7.95, 32.38] 

	Mean Path Length
	DM
	Bacteria
	Rhizoplane
	3.07 ± 7.90 
	[-12.41, 18.56] 

	Modularity
	DM
	Bacteria
	Rhizoplane
	0.37 ± 9.79 
	[-18.81, 19.55] 

	Network Complexity
	DM
	Bacteria
	Rhizoplane
	0.36 ± 8.95 
	[-17.18, 17.89] 

	Network Diameter
	DM
	Bacteria
	Rhizoplane
	6.68 ± 7.90 
	[-8.79, 22.16] 

	Robustness
	DM
	Bacteria
	Rhizoplane
	1.16 ± 8.82 
	[-16.13, 18.46] 

	Mean Degree
	AWM
	Fungi
	Rhizoplane
	12.16 ± 9.95 
	[-7.35 31.67] 

	Mean Path Length
	AWM
	Fungi
	Rhizoplane
	1.83 ± 7.87 
	[-13.59, 17.25] 

	Modularity
	AWM
	Fungi
	Rhizoplane
	0.23 ± 10.32 
	[-20.00, 20.47] 

	Network Complexity
	AWM
	Fungi
	Rhizoplane
	0.49 ± 9.80 
	[-18.73, 19.70] 

	Network Diameter
	AWM
	Fungi
	Rhizoplane
	7.64 ± 7.45 
	[-6.97, 22.25] 

	Robustness
	AWM
	Fungi
	Rhizoplane
	0.62 ± 8.64 
	[-16.32, 17.56] 

	Mean Degree
	AM
	Fungi
	Rhizoplane
	10.97 ± 6.27 
	[-1.33, 23.27] 

	Mean Path Length
	AM
	Fungi
	Rhizoplane
	3.05 ± 4.62 
	[-6.02, 12.11] 

	Modularity
	AM
	Fungi
	Rhizoplane
	0.80 ± 6.28 
	[-11.50, 13.11] 

	Network Complexity
	AM
	Fungi
	Rhizoplane
	0.31 ± 5.39 
	[-10.25, 10.87] 

	Network Diameter
	AM
	Fungi
	Rhizoplane
	8.11 ± 4.93 
	[-1.55, 17.76] 

	Robustness
	AM
	Fungi
	Rhizoplane
	0.60 ± 5.39 
	[-9.96, 11.16] 

	Mean Degree
	DM
	Fungi
	Rhizoplane
	7.81 ± 10.34 
	[-12.46, 28.08] 

	Mean Path Length
	DM
	Fungi
	Rhizoplane
	3.78 ± 7.90 
	[-11.71, 19.26] 

	Modularity
	DM
	Fungi
	Rhizoplane
	0.60 ± 9.79 
	[-18.59, 19.78] 

	Network Complexity
	DM
	Fungi
	Rhizoplane
	0.12 ± 8.95 
	[-17.41, 17.66] 

	Network Diameter
	DM
	Fungi
	Rhizoplane
	9.15 ± 7.90 
	[-6.33, 24.63] 

	Robustness
	DM
	Fungi
	Rhizoplane
	0.98 ± 8.82 
	[-16.31, 18.28] 


Mean values ± SD are presented for each network metric, sites (AWM = Alpine wetland meadow, AM = Alpine meadow, DM = Degraded meadow), microbes and compartments. The 95% credible intervals (CI) represent the Bayesian credible intervals within which the true metric value is estimated to lie with 95% probability.


Table S10. Significant predicted means of network metrics across sites, microbes and compartments.
	Network Metric
	Sites
	Microbes
	Compartments
	Predicted mean ± SD
	95% Credible interval

	Mean Degree
	AM
	Archaea
	0-10 cm
	14.78 ± 5.53 
	[3.94, 25.61]

	Mean Degree
	AWM
	Bacteria
	0-10 cm
	39.89 ± 9.68
	[20.91, 58.87]

	Mean Degree
	AM
	Bacteria
	0-10 cm
	38.70 ± 5.84
	[27.26, 50.14]

	Mean Degree
	DM
	Bacteria
	0-10 cm
	35.54 ± 10.08
	[15.78, 55.30]

	Mean Degree
	AWM
	Fungi
	0-10 cm
	35.49 ± 9.74
	[16.40, 54.59]

	Mean Degree
	AM
	Fungi
	0-10 cm
	34.30 ± 5.93
	[22.68, 45.93]

	Mean Degree
	DM
	Fungi
	0-10 cm
	31.14 ± 10.14
	[11.27, 51.01]

	Mean Degree
	AWM
	Bacteria
	10-20 cm
	35.18 ± 9.93
	[15.71, 54.65]

	Mean Degree
	AM
	Bacteria
	10-20 cm
	33.99 ± 6.24
	[21.75, 46.22]

	Mean Degree
	DM
	Bacteria
	10-20 cm
	30.83 ± 10.32 
	[10.60, 51.06]

	Mean Degree
	AWM
	Fungi
	10-20 cm
	30.78 ± 9.99
	[11.20, 50.36]

	Mean Degree
	AM
	Fungi
	10-20 cm
	29.59 ± 6.33
	[17.18, 41.99]

	Mean Degree
	DM
	Fungi
	10-20 cm
	26.43 ± 10.38 
	[6.09, 46.76]

	Mean Degree
	AWM
	Bacteria
	Rhizosphere
	23.71 ± 9.95
	[4.21, 43.20]

	Mean Degree
	AM
	Bacteria
	Rhizosphere
	22.51 ± 6.26
	[10.24, 34.79]

	Mean Degree
	AM
	Fungi
	Rhizosphere
	18.11 ± 6.35
	[5.67, 30.56]

	Mean Degree
	AM
	Bacteria
	Rhizoplane
	15.37 ± 6.19
	[3.25, 27.50]


Mean values ± SD are presented for each network metric, sites (AWM = Alpine wetland meadow, AM = Alpine meadow, DM = Degraded meadow), microbes and compartments. The 95% credible intervals (CI) represent the Bayesian credible intervals within which the true metric value is estimated to lie with 95% probability.


Table S11. Summary of significant contrast based on multivariate mixed model among sites, microbes and compartments for network metrics.
	Contrast
	Difference
	95% Credible Interval
	Metric
	Microbes
	Compartments
	Factors
	Sites

	Archaea vs Bacteria
	-23.93
	[-39.68, -8.17]
	Mean degree
	NA
	0-10 cm
	Microbe
	AM

	Archaea vs Fungi
	-19.53
	[-35.42, -3.63]
	Mean degree
	NA
	0-10 cm
	Microbe
	AM

	Archaea × Fungi vs Bacteria
	-14.16
	[-28.09, - 0.23]
	Mean degree
	NA
	0-10 cm
	Microbe
	AM

	Bacteria × Fungi vs Archaea
	21.73
	[8.16, 35.29]

	Mean degree
	Archaea
	NA
	Compartment
	AM

	0-10 cm vs Rhizosphere
	16.19
	[0.23, 32.14]

	Mean degree
	Archaea
	NA
	Compartment
	AM

	0-10 cm vs Rhizoplane
	23.33
	[7.49, 39.17]

	Mean degree
	Archaea
	NA
	Compartment
	AM

	10-20 cm vs Rhizoplane
	18.61
	[2.19, 35.03]
	Mean degree
	Archaea
	NA
	Compartment
	AM

	0-10 cm × 10-20 cm vs Rhizosphere × Rhizoplane
	17.40
	[5.95, 28.85]
	Mean degree
	Archaea
	NA
	Compartment
	AM

	Rhizosphere × Rhizoplane vs 0-10 cm × 10-20 cm
	-17.40
	[-28.85, -5.95]
	Mean degree
	Archaea
	NA
	Compartment
	AM

	0-10 cm × 10-20 cm × Rhizosphere vs Rhizoplane
	16.36
	[3.06, 29.66]
	Mean degree
	Archaea
	NA
	Compartment
	AM

	10-20 cm × Rhizosphere × Rhizoplane vs 0-10 cm
	-14.74
	[-27.50, -1.99]
	Mean degree
	NA
	10-20 cm
	Microbe
	AM

	Archaea vs Bacteria
	-23.93
	[-40.83, -7.02]
	Mean degree
	NA
	10-20 cm
	Microbe
	AM

	Archaea vs Fungi
	-19.53
	[-36.55, -2.50]
	Mean degree
	NA
	10-20 cm
	Microbe
	AM

	Bacteria × Fungi vs Archaea
	21.73
	[7.17, 36.29]
	Mean degree
	Archaea
	NA
	Compartment
	AM

	0-10 cm vs Rhizosphere
	16.19
	[0.23, 32.14]
	Mean degree
	Archaea
	NA
	Compartment
	AM

	0-10 cm vs Rhizoplane
	23.33
	[7.49, 39.17]
	Mean degree
	Archaea
	NA
	Compartment
	AM

	10-20 cm vs Rhizoplane
	18.61
	[2.19, 35.03]
	Mean degree
	Archaea
	NA
	Compartment
	AM

	0-10 cm×10-20 cm vs Rhizosphere × Rhizoplane
	17.40
	[5.95, 28.85]
	Mean degree
	Archaea
	NA
	Compartment
	AM

	Rhizosphere × Rhizoplane vs 0-10 cm×10-20 cm
	-17.40
	[-28.85, -5.95]
	Mean degree
	Archaea
	NA
	Compartment
	AM

	0-10 cm×10-20 cm × Rhizosphere vs Rhizoplane
	16.36
	[3.06, 29.66]
	Mean degree
	Archaea
	NA
	Compartment
	AM

	10-20 cm × Rhizosphere × Rhizoplane vs 0-10 cm
	-14.74
	[-27.50, -1.99]
	Mean degree
	NA
	Rhizosphere
	Microbe
	AM

	Archaea vs Bacteria
	-23.93
	[-40.89, -6.96]
	Mean degree
	NA
	Rhizosphere
	Microbe
	AM

	Archaea vs Fungi
	-19.53
	[-36.62, -2.43]
	Mean degree
	NA
	Rhizosphere
	Microbe
	AM

	Bacteria × Fungi vs Archaea
	21.73
	[7.11, 36.34]
	Mean degree
	Archaea
	NA
	Compartment
	AM

	0-10 cm vs Rhizosphere
	16.19
	[0.23, 32.14]
	Mean degree
	Archaea
	NA
	Compartment
	AM

	0-10 cm vs Rhizoplane
	23.33
	[7.49, 39.17]
	Mean degree
	Archaea
	NA
	Compartment
	AM

	10-20 cm vs Rhizoplane
	18.61
	[2.19, 35.03]
	Mean degree
	Archaea
	NA
	Compartment
	AM

	0-10 cm×10-20 cm vs Rhizosphere × Rhizoplane
	17.40
	[5.95, 28.85]
	Mean degree
	Archaea
	NA
	Compartment
	AM

	Rhizosphere × Rhizoplane vs 0-10 cm×10-20 cm
	-17.40
	[-28.85, -5.95]

	Mean degree
	Archaea
	NA
	Compartment
	AM

	0-10 cm×10-20 cm × Rhizosphere vs Rhizoplane
	16.36
	[3.06, 29.66]
	Mean degree
	Archaea
	NA
	Compartment
	AM

	10-20 cm × Rhizosphere × Rhizoplane vs 0-10 cm
	-14.74
	[-27.50, -1.99]
	Mean degree
	NA
	Rhizoplane
	Microbe
	AM

	Archaea vs Bacteria
	-23.93
	[-40.67, -7.18]
	Mean degree
	NA
	Rhizoplane
	Microbe
	AM

	Archaea vs Fungi
	-19.53
	[-36.40, -2.65]
	Mean degree
	NA
	Rhizoplane
	Microbe
	AM

	Bacteria × Fungi vs Archaea
	21.73
	[7.30, 36.15]
	Mean degree
	Archaea
	NA
	Compartment
	AM

	0-10 cm vs Rhizosphere
	16.19
	[0.23, 32.14]
	Mean degree
	Archaea
	NA
	Compartment
	AM

	0-10 cm vs Rhizoplane
	23.33
	[7.49, 39.17]
	Mean degree
	Archaea
	NA
	Compartment
	AM

	10-20 cm vs Rhizoplane
	18.61
	[2.19, 35.03]
	Mean degree
	Archaea
	NA
	Compartment
	AM

	0-10 cm×10-20 cm vs Rhizosphere × Rhizoplane
	17.40
	[5.95, 28.85]
	Mean degree
	Archaea
	NA
	Compartment
	AM

	Rhizosphere × Rhizoplane vs 0-10 cm×10-20 cm
	-17.40
	[-28.85, -5.95]
	Mean degree
	Archaea
	NA
	Compartment
	AM

	0-10 cm×10-20 cm × Rhizosphere vs Rhizoplane
	16.36
	[3.06, 29.66]
	Mean degree
	Archaea
	NA
	Compartment
	AM

	10-20 cm × Rhizosphere × Rhizoplane vs 0-10 cm
	-14.74
	[-27.50, -1.99]
	Mean degree
	NA
	0-10 cm
	Microbe
	AM

	Archaea vs Bacteria
	-23.93
	[-39.68, -8.17]
	Mean degree
	NA
	0-10 cm
	Microbe
	AM

	Archaea vs Fungi
	-19.53
	[-35.42, -3.63]
	Mean degree
	NA
	0-10 cm
	Microbe
	AM

	Archaea × Fungi vs Bacteria
	-14.16
	[-28.09, -0.23]
	Mean degree
	NA
	0-10 cm
	Microbe
	AM

	Bacteria × Fungi vs Archaea
	21.73
	[8.16, 35.29]
	Mean degree
	Bacteria
	NA
	Compartment
	AM

	0-10 cm vs Rhizoplane
	23.33
	[6.66, 40.00]
	Mean degree
	Bacteria
	NA
	Compartment
	AM

	10-20 cm vs Rhizoplane
	18.61
	[1.39, 35.84]
	Mean degree
	Bacteria
	NA
	Compartment
	AM

	0-10 cm × 10-20 cm vs Rhizosphere × Rhizoplane
	17.40
	[5.38, 29.42]
	Mean degree
	Bacteria
	NA
	Compartment
	AM

	Rhizosphere × Rhizoplane vs 0-10 cm×10-20 cm
	-17.40
	[-29.42, -5.38]
	Mean degree
	Bacteria
	NA
	Compartment
	AM

	0-10 cm×10-20 cm × Rhizosphere vs Rhizoplane
	16.36
	[2.40, 30.32]
	Mean degree
	Bacteria
	NA
	Compartment
	AM

	10-20 cm × Rhizosphere × Rhizoplane vs 0-10 cm
	-14.74
	[-28.18, -1.31]
	Mean degree
	NA
	10-20 cm
	Microbe
	AM

	Archaea vs Bacteria
	-23.93
	[-40.83, -7.02]
	Mean degree
	NA
	10-20 cm
	Microbe
	AM

	Archaea vs Fungi
	-19.53
	[-36.55, -2.50]
	Mean degree
	NA
	10-20 cm
	Microbe
	AM

	Bacteria × Fungi vs Archaea
	21.73
	[7.17, 36.29]
	Mean degree
	Bacteria
	NA
	Compartment
	AM

	0-10 cm vs Rhizoplane
	23.33
	[6.66, 40.00]
	Mean degree
	Bacteria
	NA
	Compartment
	AM

	10-20 cm vs Rhizoplane
	18.61
	[1.39, 35.84]
	Mean degree
	Bacteria
	NA
	Compartment
	AM

	0-10 cm × 10-20 cm vs Rhizosphere × Rhizoplane
	17.40
	[5.38, 29.42]
	Mean degree
	Bacteria
	NA
	Compartment
	AM

	Rhizosphere × Rhizoplane vs 0-10 cm × 10-20 cm
	-17.40
	[-29.42, -5.38]
	Mean degree
	Bacteria
	NA
	Compartment
	AM

	0-10 cm×10-20 cm × Rhizosphere vs Rhizoplane
	16.36
	[2.40, 30.32]
	Mean degree
	Bacteria
	NA
	Compartment
	AM

	10-20 cm × Rhizosphere × Rhizoplane vs 0-10 cm
	-14.74
	[-28.18, -1.31]
	Mean degree
	NA
	Rhizosphere
	Microbe
	AM

	Archaea vs Bacteria
	-23.93
	[-40.89, -6.96]

	Mean degree
	NA
	Rhizosphere
	Microbe
	AM

	Archaea vs Fungi
	-19.53
	[-36.62, -2.43]
	Mean degree
	NA
	Rhizosphere
	Microbe
	AM

	Bacteria × Fungi vs Archaea
	21.73
	[7.11, 36.34]
	Mean degree
	Bacteria
	NA
	Compartment
	AM

	0-10 cm vs Rhizoplane
	23.33
	[6.66, 40.00]
	Mean degree
	Bacteria
	NA
	Compartment
	AM

	10-20 cm vs Rhizoplane
	18.61
	[1.39, 35.84]
	Mean degree
	Bacteria
	NA
	Compartment
	AM

	0-10 cm×10-20 cm vs Rhizosphere × Rhizoplane
	17.40
	[5.38, 29.42]
	Mean degree
	Bacteria
	NA
	Compartment
	AM

	Rhizosphere × Rhizoplane vs 0-10 cm×10-20 cm
	-17.40
	[-29.42, -5.38]
	Mean degree
	Bacteria
	NA
	Compartment
	AM

	0-10 cm×10-20 cm × Rhizosphere vs Rhizoplane
	16.36
	[2.40, 30.32]

	Mean degree
	Bacteria
	NA
	Compartment
	AM

	10-20 cm × Rhizosphere × Rhizoplane vs 0-10 cm
	-14.74
	[-28.18, -1.31]
	Mean degree
	NA
	Rhizoplane
	Microbe
	AM

	Archaea vs Bacteria
	-23.93
	[-40.67, -7.18]
	Mean degree
	NA
	Rhizoplane
	Microbe
	AM

	Archaea vs Fungi
	-19.53
	[-36.40, -2.65]
	Mean degree
	NA
	Rhizoplane
	Microbe
	AM

	Bacteria × Fungi vs Archaea
	21.73
	[7.30, 36.15]
	Mean degree
	Bacteria
	NA
	Compartment
	AM

	0-10 cm vs Rhizoplane
	23.33
	[6.66, 40.00]
	Mean degree
	Bacteria
	NA
	Compartment
	AM

	10-20 cm vs Rhizoplane
	18.61
	[1.39, 35.84]
	Mean degree
	Bacteria
	NA
	Compartment
	AM

	0-10 cm×10-20 cm vs Rhizosphere × Rhizoplane
	17.40
	[5.38, 29.42]
	Mean degree
	Bacteria
	NA
	Compartment
	AM

	Rhizosphere × Rhizoplane vs 0-10 cm×10-20 cm
	-17.40
	[-29.42, -5.38]
	Mean degree
	Bacteria
	NA
	Compartment
	AM

	0-10 cm×10-20 cm × Rhizosphere vs Rhizoplane
	16.36
	[2.40, 30.32]
	Mean degree
	Bacteria
	NA
	Compartment
	AM

	10-20 cm × Rhizosphere × Rhizoplane vs 0-10 cm
	-14.74
	[-28.18, -1.31]
	Mean degree
	NA
	0-10 cm
	Microbe
	AM

	Archaea vs Bacteria
	-23.93
	[-39.68, -8.17]
	Mean degree
	NA
	0-10 cm
	Microbe
	AM

	Archaea vs Fungi
	-19.53
	[-35.42, -3.63]
	Mean degree
	NA
	0-10 cm
	Microbe
	AM

	Archaea × Fungi vs Bacteria
	-14.16
	[-28.09, -0.23]
	Mean degree
	NA
	0-10 cm
	Microbe
	AM

	Bacteria × Fungi vs Archaea
	21.73
	[8.16, 35.29]
	Mean degree
	Fungi
	NA
	Compartment
	AM

	0-10 cm vs Rhizoplane
	23.33
	[6.41,40.25]
	Mean degree
	Fungi
	NA
	Compartment
	AM

	10-20 cm vs Rhizoplane
	18.61
	[1.15, 36.08]
	Mean degree
	Fungi
	NA
	Compartment
	AM

	0-10 cm×10-20 cm vs Rhizosphere × Rhizoplane
	17.40
	[5.20, 29.60]
	Mean degree
	Fungi
	NA
	Compartment
	AM

	Rhizosphere × Rhizoplane vs 0-10 cm×10-20 cm
	-17.40
	[-29.60, -5.20]

	Mean degree
	Fungi
	NA
	Compartment
	AM

	0-10 cm×10-20 cm × Rhizosphere vs Rhizoplane
	16.36
	[2.20, 30.52]
	Mean degree
	Fungi
	NA
	Compartment
	AM

	10-20 cm × Rhizosphere × Rhizoplane vs 0-10 cm
	-14.74
	[-28.39, -1.10]
	Mean degree
	NA
	10-20 cm
	Microbe
	AM

	Archaea vs Bacteria
	-23.93
	[-40.83, -7.02]
	Mean degree
	NA
	10-20 cm
	Microbe
	AM

	Archaea vs Fungi
	-19.53
	[-36.55, -2.50]
	Mean degree
	NA
	10-20 cm
	Microbe
	AM

	Bacteria × Fungi vs Archaea
	21.73
	[7.17, 36.29]
	Mean degree
	Fungi
	NA
	Compartment
	AM

	0-10 cm vs Rhizoplane
	23.33
	[6.41, 40.25]

	Mean degree
	Fungi
	NA
	Compartment
	AM

	10-20 cm vs Rhizoplane
	18.61
	[1.15, 36.08]
	Mean degree
	Fungi
	NA
	Compartment
	AM

	0-10 cm×10-20 cm vs Rhizosphere × Rhizoplane
	17.40
	[5.20, 29.60]
	Mean degree
	Fungi
	NA
	Compartment
	AM

	Rhizosphere × Rhizoplane vs 0-10 cm×10-20 cm
	-17.40
	[-29.60, -5.20]
	Mean degree
	Fungi
	NA
	Compartment
	AM

	0-10 cm×10-20 cm × Rhizosphere vs Rhizoplane
	16.36
	[-29.60, -5.20]
	Mean degree
	Fungi
	NA
	Compartment
	AM

	10-20 cm × Rhizosphere × Rhizoplane vs 0-10 cm
	-14.74
	[-28.39, -1.10]
	Mean degree
	NA
	Rhizosphere
	Microbe
	AM

	Archaea vs Bacteria
	-23.93
	[-40.89, -6.96]
	Mean degree
	NA
	Rhizosphere
	Microbe
	AM

	Archaea vs Fungi
	-19.53
	[-36.62, -2.43]
	Mean degree
	NA
	Rhizosphere
	Microbe
	AM

	Bacteria × Fungi vs Archaea
	21.73
	[7.11, 36.34]
	Mean degree
	Fungi
	NA
	Compartment
	AM

	0-10 cm vs Rhizoplane
	23.33
	[6.41, 40.25]
	Mean degree
	Fungi
	NA
	Compartment
	AM

	10-20 cm vs Rhizoplane
	18.61
	[1.15, 36.08]
	Mean degree
	Fungi
	NA
	Compartment
	AM

	0-10 cm×10-20 cm vs Rhizosphere × Rhizoplane
	17.40
	[5.20, 29.60]
	Mean degree
	Fungi
	NA
	Compartment
	AM

	Rhizosphere × Rhizoplane vs 0-10 cm×10-20 cm
	-17.40
	[-29.60, -5.20]
	Mean degree
	Fungi
	NA
	Compartment
	AM

	0-10 cm×10-20 cm × Rhizosphere vs Rhizoplane
	16.36
	[2.20, 30.52]
	Mean degree
	Fungi
	NA
	Compartment
	AM

	10-20 cm × Rhizosphere × Rhizoplane vs 0-10 cm
	-14.74
	[-28.39, -1.10]
	Mean degree
	NA
	Rhizoplane
	Microbe
	AM

	Archaea vs Bacteria
	-23.93
	[-40.67, -7.18]
	Mean degree
	NA
	Rhizoplane
	Microbe
	AM

	Archaea vs Fungi
	-19.53
	[-36.40, -2.65]
	Mean degree
	NA
	Rhizoplane
	Microbe
	AM

	Bacteria × Fungi vs Archaea
	21.73
	[7.30, 36.15]
	Mean degree
	Fungi
	NA
	Compartment
	AM

	0-10 cm vs Rhizoplane
	23.33
	[6.41, 40.25]
	Mean degree
	Fungi
	NA
	Compartment
	AM

	10-20 cm vs Rhizoplane
	18.61
	[1.15, 36.08]
	Mean degree
	Fungi
	NA
	Compartment
	AM

	0-10 cm×10-20 cm vs Rhizosphere × Rhizoplane
	17.40
	[5.20, 29.60]
	Mean degree
	Fungi
	NA
	Compartment
	AM

	Rhizosphere × Rhizoplane vs 0-10 cm×10-20 cm
	-17.40
	[-29.60, -5.20]
	Mean degree
	Fungi
	NA
	Compartment
	AM

	0-10 cm×10-20 cm × Rhizosphere vs Rhizoplane
	16.36
	[2.20, 30.52]
	Mean degree
	Fungi
	NA
	Compartment
	AM

	10-20 cm × Rhizosphere × Rhizoplane vs 0-10 cm
	-14.74
	[-28.39, -1.10]
	Mean degree
	Fungi
	NA
	Compartment
	AM


Significance was determined using 95% credible intervals (CI) and posterior distributions. Credible intervals not overlapping zero are reported as significant.


Table S12. Linear regression results for multifunctionality against top predictor variables across sites and compartments.
	Variable
	Sites/Compartments
	Adjusted R2
	Slope ± SE
	t-value
	Significance

	SOC
	
	
	
	
	

	
	AWM × 0-10 cm
	0.24
	0.02 ± 0.01
	2.52
	*

	
	AM × 0-10 cm
	0.77
	0.02 ± 0.00
	7.60
	***

	
	DM × 0-10 cm
	-0.06
	0.00 ± 0.00
	0.16
	Ns

	
	AWM × 10-20 cm
	-0.05
	0.00 ± 0.01
	0.43
	Ns

	
	AM × 10-20 cm
	0.07
	0.01 ± 0.01
	1.50
	Ns

	
	DM × 10-20 cm
	0.18
	0.01 ± 0.01
	2.15
	*

	
	AWM × rhizosphere
	0.73
	0.04 ± 0.00
	8.39
	***

	
	AM × rhizosphere
	0.86
	0.05 ± 0.00
	12.88
	***

	
	DM × rhizosphere
	0.87
	0.05 ± 0.00
	13.73
	***

	
	AWM × rhizoplane
	0.92
	0.05 ± 0.00
	17.66
	**

	
	AM × rhizoplane
	0.86
	0.04 ± 0.00
	12.56
	***

	
	DM × rhizoplane
	0.78
	0.04 ± 0.00
	9.72
	***

	MBC
	
	
	
	
	

	
	AWM × 0-10 cm
	0.28
	0.01 ± 0.00
	2.76
	*

	
	AM × 0-10 cm
	0.26
	0.01 ± 0.00
	2.63
	*

	
	DM × 0-10 cm
	0.53
	0.00 ± 0.00
	4.45
	***

	
	AWM × 10-20 cm
	0.01
	0.00 ± 0.00
	1.07
	Ns

	
	AM × 10-20 cm
	0.03
	0.00 ± 0.00
	1.22
	Ns

	
	DM × 10-20 cm
	0.39
	0.00 ± 0.00
	3.45
	**

	
	AWM × rhizosphere
	0.82
	0.01 ± 0.00
	11.02
	***

	
	AM × rhizosphere
	0.96
	0.01 ± 0.00
	25.85
	***

	
	DM × rhizosphere
	0.98
	0.01 ± 0.00
	32.86
	***

	
	AWM × rhizoplane
	0.93
	0.01 ± 0.00
	17.99
	***

	
	AM × rhizoplane
	0.96
	0.01 ± 0.00
	23.51
	***

	
	DM × rhizoplane
	0.95
	0.01 ± 0.00
	22.79
	***

	MBN
	
	
	
	
	

	
	AWM × 0-10 cm
	0.31
	0.02 ± 0.01
	2.94
	**

	
	AM × 0-10 cm
	0.56
	0.03 ± 0.01
	4.78
	***

	
	DM × 0-10 cm
	0.41
	0.01 ± 0.00
	3.60
	**

	
	AWM × 10-20 cm
	-0.05
	0.00 ± 0.01
	0.40
	Ns

	
	AM × 10-20 cm
	0.03
	0.01 ± 0.01
	1.24
	Ns

	
	DM × 10-20 cm
	0.04
	0.01 ± 0.01
	1.31
	Ns

	
	AWM × rhizosphere
	0.51
	0.02 ± 0.00
	5.31
	***

	
	AM × rhizosphere
	0.91
	0.05 ± 0.00
	16.24
	***

	
	DM × rhizosphere
	0.87
	0.06 ± 0.00
	13.16
	***

	
	AWM × rhizoplane
	0.89
	0.03 ± 0.00
	14.66
	***

	
	AM × rhizoplane
	0.93
	0.03 ± 0.00
	18.57
	***

	
	DM × rhizoplane
	0.95
	0.03 ± 0.00
	21.46
	***

	SWC
	
	
	
	
	

	
	AWM × 0-10 cm
	0.11
	0.87 ± 0.50
	1.75
	Ns

	
	AM × 0-10 cm
	-0.04
	-0.31 ± 0.49
	-0.63
	Ns

	
	DM × 0-10 cm
	0.06
	0.29 ± 0.20
	1.42
	Ns

	
	AWM × 10-20 cm
	0.09
	0.32 ± 0.20
	1.62
	Ns

	
	AM × 10-20 cm
	0.01
	0.39 ± 0.35
	1.12
	Ns

	
	DM × 10-20 cm
	0.01
	0.25 ± 0.23
	1.07
	Ns

	
	AWM × rhizosphere
	0.78
	2.31 ± 0.24
	9.70
	***

	
	AM × rhizosphere
	0.96
	2.17 ± 0.08
	26.30
	***

	
	DM × rhizosphere
	0.85
	2.14 ± 0.18
	11.98
	***

	
	AWM × rhizoplane
	0.73
	4.31 ± 0.51
	8.39
	***

	
	AM × rhizoplane
	0.65
	3.31 ± 0.47
	7.00
	***

	
	DM × rhizoplane
	0.72
	4.26 ± 0.52
	8.15
	***		

	Plant biomass
	
	
	
	
	

	
	AWM × 0-10 cm
	0.47
	0.01 ± 0.00
	4.00
	**

	
	AM × 0-10 cm
	0.30
	0.01 ± 0.01
	2.88
	*

	
	DM × 0-10 cm
	0.05
	-0.01 ± 0.01
	-1.41
	Ns

	
	AWM × 10-20 cm
	0.53
	0.01 ± 0.00
	4.46
	***

	
	AM × 10-20 cm
	0.42
	0.01 ± 0.00
	3.66
	**

	
	DM × 10-20 cm
	-0.06
	0.00 ± 0.01
	0.21
	Ns

	
	AWM × rhizosphere
	0.03
	-0.02 ± 0.01
	-1.37
	Ns

	
	AM × rhizosphere
	-0.04
	0.00 ± 0.02
	-0.10
	Ns

	
	DM × rhizosphere
	-0.03
	0.02 ± 0.05
	0.48
	Ns

	
	AWM × rhizoplane
	0.05
	-0.02 ± 0.01
	-1.57
	Ns

	
	AM × rhizoplane
	-0.04
	0.00 ± 0.02
	0.08
	Ns

	
	DM × rhizoplane
	-0.02
	0.04 ± 0.05
	0.77
	Ns


Values are from linear regressions (multifunctionality ~ variable) fitted separately for each site-compartment combination. Slope (β) represents the change in multifunctionality per unit change in the variable, with standard error (SE), and t-value indicates whether slope is different from zero. Significance: * p < 0.05, ** p < 0.01, *** p < 0.001 (after FDR correction for multiple tests). Adjusted R2 indicates model fit. MBC = Microbial biomass carbon, MBN = Microbial biomass nitrogen, SOC = Soil organic carbon, SWC = Soil water content.


Table S13. Collinearity diagnostics and bootstrap validation for structural equation models of multifunctionality.
	Model
	Predictor
	Std. path coefficient 
	Bootstrap 95% CI
	VIF
	Original R2
	Bootstrap-adj. R2 ± std

	Bulk soil & depths
	
	
	
	
	
	

	
	Sites
	-0.53
	-0.63 – -0.47
	4.12
	0.991
	0.990 ± 0.82

	
	Depths
	-0.23
	-0.51 – -0.24
	3.54
	
	

	
	Soil
	0.27
	0.17 – 0.28
	4.36
	
	

	
	MCF
	0.18
	0.69 – 0.22
	4.81
	
	

	
	MR
	0.03
	0.00 – 0.04
	1.74
	
	

	
	Networks
	-0.01
	-0.27 – 0.04
	1.62
	
	

	Plant roots & compartments
	
	
	
	
	
	

	
	Sites
	-0.10
	-0.24 – -0.20
	1.65
	0.986
	0.982 ± 0.91

	
	Compartments
	-0.24
	-0.29 – -0.00
	2.86
	
	

	
	Soil
	0.27
	0.15 – 0.26
	4.73
	
	

	
	MCF
	0.63
	0.42 – 0.53
	3.64
	
	

	
	MR
	0.01
	-0.23 – 0.42
	4.55
	
	

	
	Networks
	-0.02
	-0.92 – 0.59
	3.92
	
	


Sites = Grasslandification gradients, Depth = 0-10 cm and 10-20 cm, Compartments = Rhizosphere and rhizoplane, Soil = Soil properties, MCF = Microbial C/N fractions, MR = Microbial richness (Archaea, bacteria and fungi), Networks = Network attributes (Complexity and modularity of archaea, bacteria and fungi networks). Bootstrap validation is based on 999 iterations (95% Cl), Bootstrap-adjusted R2 is the mean R2 from bootstrap iterations ± standard error of the estimate.


Table S14. Principal component analysis (PC1) variance explained across variable groups and sample types.
	Variable group
	Variables included
	Variance explained (%) by PC1

	
	
	Bulk Soil
	Plant root soil

	Soil chemistry
	SOC, TN, TP, TK, EC, pH
	75.85
	77.68

	Microbial biomass fractions
	MBC, MBN
	96.62
	93.97

	Microbial richness
	Archaea, bacteria, and fungi
	92.26
	83.82

	Network attributes
	Modularity and complexity (Archaea, bacteria, and fungi)
	66.32
	79.06


Values represent the percentage of variance explained by the first principal component (PC1) using correlation matrix with varimax rotation and Bartlett’s sphericity test for each variable group. SOC = Soil organic carbon, TN = Total nitrogen, TK = Total potassium, TP = Total phosphorus, EC = Electrical conductivity, MBC = Microbial biomass carbon, MBN = Microbial biomass nitrogen.
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