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Fig.S1 Design of the field experiment. a) field location b) plot layout c) weather conditions across the growing season 
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Fig.S2 Bacterial taxonomic community composition at family level in Spring and Winter panels. The relative abundance of top 15 abundant families from each panel are shown in the figure.
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Fig. S3 Fungal taxonomic community composition at family level in Spring and Winter panels. The relative abundance of top 15 abundant families from each panel are shown in the figure.
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Fig.S4. Principal coordinate analysis (PCoA) of barley genotypes based on Provesti’s genetic distance using SNP data.
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Fig.S5. Mantel correlations between host genetic distance and microbiome composition at the genotype level. Pairwise Prevosti’s genetic distances between barley genotypes were correlated with Bray-Curtis dissimilarities in microbial community composition for bacterial and fungal communities in SpringPan and WinterPan. Each point represents one pairwise genotype comparison, and green lines indicate the fitted linear trend. Mantel tests were performed using vegan::mantel, with spearman correlation and using 9999 permutations. Significant positive correlations were detected in SpringPan for both bacteria and fungi, whereas no significant relationships were observed in WinterPan.


Table S1 PERMANOVA on effect of subplot location (North or South) on microbial communities
	Organism
	Trial
	R2
	Pr(>F)

	Bacteria
	SpringPan
	0.00132
	<0.001

	
	WinterPan
	0.00142
	0.003

	Fungi
	SpringPan
	0.00174
	<0.001

	
	WinterPan
	0.00712
	<0.001


PERMANOVA was performed based on Bray-Curtis dissimilarities with 999 permutations. To account for plot-level spatial structure, permutations were constrained within plots using the strata argument (strata = Plot). Constraining permutations by plot ensured that north and south subplots within the same plot were not treated as independent samples


Table S2 Plot layout and plots sampled for soil property determination. Blue cells were plots that were sampled for soil chemistry analysis, numbers in the cells are plot-ID used in the experiment. The spring and winter panels used the same layout.
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Fig.S6 a) Spearman correlation between Principal Coordinates of Neighbourhood Matrix (PCNM) axis and soil properties across the 60 selected plots. b) Cumulative explained variation (adjusted R²) of SNP-PCoA axes and spatial PCNM axes selected by forward selection in distance-based redundancy analysis (dbRDA). Dashed lines indicate the total adjusted R² of the dbRDA models when all SNP-PCoA axes or all spatial PCNM axes were included. During forward selection, additional axes were not retained once the cumulative adjusted R² exceeded these values, thereby avoiding model overfitting.
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Fig.S7 Spatial-context dependence of host genetic effects across geographic and PCNM-defined gradients. For each organism-panel combination, pairwise microbial community dissimilarity was regressed against host genetic distance within three spatial-context groups defined by tertiles (Near, Mid, and Far) for raw geographic distance (XY distance) and for each of the top 10 PCNM axes. Left panels show group-specific regressions after z-score standardization of both host genetic distance and community dissimilarity; coloured lines indicate the three spatial-context groups and the dashed black line indicates the overall regression across all sample pairs. Right panels summarize the corresponding group-specific slopes with 95% confidence intervals, with dashed vertical lines indicating the overall slope for the corresponding organism-panel combination. PCNMs are ordered by forward-selection rank within each panel.
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Fig.S8 Representative example illustrating how host selection strength and within genotype divergence was quantified. A representative barley genotype (ALANDA) from the SpringPan bacterial dataset is shown. Left, the field positions of root samples from the highlighted genotype (red triangles) and bulk-soil samples are displayed. Blue dashed lines connect each root sample to its six geographically nearest bulk-soil samples (dark-blue points), which were used to calculate local host selection strength. Right, the same samples are projected in microbial community ordination space. Grey points represent root microbiomes from other genotypes, dark-blue points represent the linked local bulk-soil communities, and red triangles represent root microbiomes of the highlighted genotype. Blue dashed lines show root-to-local-bulk community distances, whereas red lines connect the highlighted root samples to their genotype centroid (red star), illustrating within-genotype community dispersion.
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Fig.S9. Sensitivity of host selection–dispersion regressions to z-score standardization and outlier removal. Outliers were defined within each community-by-trial panel as observations exceeding the 99% chi-square cutoff of the bivariate Mahalanobis distance based on host selection strength and distance to genotype centroid.
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Fig.S10 Barley above ground biomass in SpringPan (a) and WinterPan (b). The black dots represent individual biomass of each replicate, while the green lines indicate the mean biomass per genotype.
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Fig. S11 Correlation between barley biomass and bacterial and fungal community composition in spring (a, c) and winter (b, d) panels. PCoA and PERMANOVA were performed based on Bray-Curtis dissimilarities. Correlations between PCoA axes and biomass were conducted using Spearman’s correlation test. Point size and color were illustrated corresponding to biomass values per five plants. 
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Fig. S12. Spatial distribution of the SNP-associated positive biomarkers in bulk soil across the 60 selected plot
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Figure S13 Comparison of full- and reduced-PCNM models for spatial effects on host genetic-associated positive biomarkers. Each point represents one SNP-associated positive biomarker. Spatial effects were evaluated using linear mixed-effects models fitted to rclr-transformed biomarker abundance, with genotype included as a random intercept. Spatial structure was represented by principal coordinates of neighbour matrices (PCNMs) selected separately for each organism-panel combination by forward selection in dbRDA. Three model comparisons are shown: differences in marginal R² between spatial models and the genotype-only null model (Δ marginal R²), differences in Akaike information criterion (ΔAIC), and differences in Bayesian information criterion (ΔBIC). In the left panel, Δ marginal R² of the full-PCNM model is plotted against that of the reduced top10-PCNM model. In the middle and right panels, ΔAIC and ΔBIC are shown for the full-PCNM and top10-PCNM models relative to the genotype-only null model; positive values indicate improvement over the null model. Dashed diagonal lines indicate equality between model versions. The reduced model included the first 10 forward-selected PCNM axes for the corresponding organism-panel combination, whereas the full model included all forward-selected PCNM axes. Points are coloured by organism and shaped by trial.
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