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Supplementary information
S1 QSM parameter settings
We decided to use the same QSM parameter settings for all trees to allow for better reproducibility of our results and conducted a parameter optimisation test using a subset of each five trees from each study site by comparing the modelled QSMs with the original point cloud. Based on the optimisation, the following parameter values were used for all QSMs: first minimum patch size: 8 cm; second minimum patch size: 4 cm; second maximum patch size: 6 cm; relative cylinder length: 3 cm; relative radius for outlier removal: 4 cm, 5 cm. 
Supplementary figures
Figure S1 Overview of the study design including the Map of Germany with the location of the study area (a), position of the nine study sites within the study area (b), measurements at study site level (c) and measurements at plot level (d).
Supplementary tables
Table S1 Spearman rank correlation matrix for mean competition indices, mean aboveground tree traits and mean fine root traits of the plots (n = 27).
Table S2: Kendall rank correlation matrix for mean soil properties of the study sites (n = 9).
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[bookmark: _Toc229557967][bookmark: _Hlk228283368]Figure S1 Overview of the study design. (1.a) Location of the study area within Germany, including the three nearest weather stations (orange points). (2.a) Spatial distribution of the nine study sites within the study area. (3.a) Sampling design at the study site level (50 m × 50 m): Orange asterisks indicate positions of terrestrial laser scanning (TLS) and green triangles denote soil sampling points. Representative photographs show the TLS setup (3.b) and the soil sampling procedure (3.c). (4.a) Detailed sampling at the plot level (10 m radius, grey circle): The blue rectangle indicates the location of fine root sampling. Insets display a sampled fine root core (4.b) and the derivation of tree attributes via quantitative structure modelling (QSM, 4.c).
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[bookmark: _Toc220589686]Table S1 Spearman rank correlation matrix for mean aboveground belowground traits of the plots (n = 27). 
	
	HCI 
	CCI 
	DBH 
	Basal area 
	CPA 
	Branch volume 
	FRB
	RTD
	SRL 
	SRA 
	FRD

	HCI
	 1.00   
	
	
	
	
	
	
	
	
	
	

	CCI
	 0.88***
	 1.00   
	
	
	
	
	
	
	
	
	

	DBH
	–0.57** 
	–0.47*  
	 1.00   
	
	
	
	
	
	
	
	

	Basal area
	 0.14   
	 0.21   
	 0.26   
	 1.00   
	
	
	
	
	
	
	

	CPA
	–0.51** 
	–0.44*  
	 0.89***
	 0.15   
	 1.00   
	
	
	
	
	
	

	Branch volume
	–0.53** 
	–0.43*  
	 0.86***
	–0.07   
	 0.90***
	 1.00   
	
	
	
	
	

	FRB
	 0.05   
	 0.20   
	–0.02   
	 0.06   
	–0.09   
	 0.09   
	 1.00   
	
	
	
	

	RTD
	–0.19   
	–0.15   
	 0.20   
	 0.30   
	 0.13   
	 0.10   
	 0.23   
	 1.00   
	
	
	

	SRL
	 0.27   
	 0.14   
	–0.24   
	–0.08   
	–0.29   
	–0.41*  
	–0.57** 
	–0.27   
	 1.00   
	
	

	SRA
	 0.28   
	 0.18   
	–0.30   
	–0.11   
	–0.33   
	–0.43*  
	–0.44*  
	–0.27   
	 0.94***
	 1.00   
	

	FRD
	–0.23   
	–0.07   
	 0.18   
	 0.14   
	 0.19   
	 0.26   
	 0.63***
	 0.49*  
	–0.56** 
	–0.36   
	 1.00   


HCI = Hegyi competition index, CCI = Crown-based competition index, DBH = Diameter at breast height, CPA = Crown projection area, FRB = Fine root biomass, RTD = Root tissue density, SRL = Specific root length, SRA = Specific root area, FRD = Fine root diameter. * p-value < 0.05, ** p-value < 0.01, *** p-value < 0.001





[bookmark: _Toc220589687]Table S2 Kendall rank correlation matrix for mean soil properties of the study sites (n = 9).
	
	Sand
	Silt
	Clay
	Available water 
capacity
	Bulk density

	Sand
	1.00
	
	
	
	

	Silt
	[bookmark: OLE_LINK722]–0.96***
	1.00
	
	
	

	Clay
	–0.68***
	0.52**
	1.00
	
	

	Available water capacity
	–0.16
	0.04
	–0.09
	1.00
	

	Bulk density
	0.37
	–0.50**
	0.15
	–0.24
	1.00


* p-value < 0.05, ** p-value < 0.01, *** p-value < 0.001
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