Supplement

Table S1: Selected characteristics of the substrates loam and sand after establishment of soil plot experiment in the field (modified from Vetterlein et al. (2021)). Standard errors of mean are given in brackets for the field plots (n=12).

	
	Depth
	Bulk
density
	pH (CaCl2)
	Carbonate
	Sand
	Silt
	Clay
	CEC
	Corg
	Nt
	P
plant available
	K
plant available
	Feo


	
	[cm]
	[g cm-³]
	
	[g kg-1]
	[%]
	[%]
	[%]
	[mmolc kg-1]
	[%]
	[%]
	[mg kg-1]
	[mg kg-1]
	[g kg-1]

	 Loam
	5–10
	1.39
(0.01)
	6.37

	<1
(0. 0)
	32.5
(0.36)
	47.9
(0.17)
	19.5
(0.26)
	98.6
(4.7)
	0.85
(0.01)
	0.083
(0.001)
	32.69
(0.40)
	28.51
(0.72)
	1.32
(0.01)

	Sand
	5–10
	1.50
(0.01)
	6.29

	<1
(0. 0)
	91.8
(0.51)
	5.6
(0.35)
	2.6
(0.17)
	33.1
(2.6)
	0.15
(0.01)
	0.017
(0.001)
	8.29
(0.37)
	7.84
(0.61)
	0.25
(0.01)





Table S2: Substrate specific fertilisation of soil plot experiments. Fertilization was conducted in the same way in 2019 and 2020. 50% of the fertiliser was applied prior to seeding, 50% after first sampling (BBCH 14); modified from Vetterlein et al. (2021).

	Substrate
	Nutrient
	Application rate
[kg nutrient ha-1]
	Type

	Loam
	N
	50
	Calcium ammonium nitrate

	
	P
	12
	Triple superphosphate

	
	K
	50
	60s corn potash

	
	Mg
	18
	Epsom salt

	
	Ca
	27
	(applied with other fertilisers)

	Sand
	N
	100
	Calcium ammonium nitrate

	
	P
	24
	Triple superphosphate

	
	K
	100
	60s corn potash

	
	Mg
	33
	Epsom salt

	
	Ca
	52
	(applied with other fertilisers)

	
	Micron.
	50
	Excello





Table S3: Impact of substrate (loam, sand) and maize genotype (wild-type—WT, root hair mutant rth3–rth3) on nutrient removal by above ground biomass at different stages of plant development (BBCH 14, BBCH 19, BBCH 59, BBCH 83) in 2019. Standard errors of mean are provided in brackets, n=6. For comparison nutrient input via fertilizer application is shown.

	Treatment
	Fertilizer 
[kg ha-1]
	Removal by above ground biomass [kg ha-1]

	
	N
	BBCH 14
	BBCH 19
	BBCH 59
	BBCH 83

	L_WT
	50
	1.9 (0.1)
	47.0 (3.5)
	136.4 (19.3)
	127.1 (10.8)

	L_rth3
	50
	1.3 (0.1)
	25.6 (3.4)
	81.9 (4.3)
	80.1 (4.8)

	S_WT
	100
	1.6 (0.3)
	16.2 (3.3)
	57.1 (2.4)
	75.6 (7.4)

	S_rth3
	100
	0.7 (0.1)
	7.8 (1.3)
	45.1 (4.3)
	65.8 (9.9)

	
	
	
	
	
	

	
	P
	
	
	
	

	L_WT
	12
	0.11 (0.01)
	4.4 (0.3)
	17.1 (2.4)
	16.1 (1.9)

	L_rth3
	12
	0.06 (0.01)
	2.4 (0.3)
	10.0 (0.6)
	10.3 (0.7)

	S_WT
	24
	0.11 (0.02)
	1.0 (0.2)
	6.8 (0.4)
	9.2 (1.1)

	S_rth3
	24
	0.06 (0.01)
	0.4 (0.1) 
	5.5 (0.5)
	9.0 (1.4)

	
	
	
	
	
	

	
	K
	
	
	
	

	L_WT
	50
	0.9 (0.1)
	27.6 (3.0)
	107.1 (12.0)
	77.5 (8.0)

	L_rth3
	50
	0.4 (0.1)
	12.4 (2.0)
	53.4 (4.3)
	42.0 (4.4)

	S_WT
	100
	1.0 (0.2)
	10.4 (2.5)
	42.6 (2.6)
	46.4 (6.1)

	S_rth3
	100
	0.4 (0.1)
	4.4 (0.6)
	24.2 (1.1)
	32.2 (4.6)





[bookmark: _GoBack]Table S4: Studies relating root diameter (RD) to soil texture. + denotes an increase of RD with increasing particle size, or a negative correlation of root diameter with root length, respectively. 
	Reference
	Scale
	Textures/soil type
	Plant species
	Research focus
	Methods, remarks
	RD with coarser texture
	Trade-off RD and length

	Anderson et al. (2007)
	lab
	sandy loam, loam, loamy sand 
	Digitaria spec., Themeda spec.  
	Adaptation
	smaller proportion of fine roots if share of sand increases
	+
	

	Atwell (1990)
	field
	loamy sand
	Triticum aestivum
	compaction
	Microscopy; 47 d after sowing
	
	+

	Chassot et al. (2001)
	field, 
	silt loam, loam soil
	Zea mays
	tillage system

	median root diameter  317 to 447; increases with depth; 
	
	±

	Chimungu et al. (2014)
	lab, field
	
	Zea mays, diff. genotypes
	drought
	root cortical cell file number – reduces metabolic costs
	
	

	Dal Ferro et al. (2014)
	field 
	sandy loam
	Zea mays
	Tillage system
	root diameters decreased with increasing bulk denstiy; 
	
	

	Dwyer et al. (1988)
	field
	sandy, clay, loam, till
	Zea mays 
	water, rooting depth
	root length:
sandy> loam, clay 
	
	

	Lipiec et al. (2012)
	lab
	silt loam 
	Zea mays and 4 other species
	compaction
	observed root deformation
	
	±

	Lipiec et al. (2016)
	lab
	sand (shape of grains) 
	Triticum aestivum
	mech. resis.
	microscopy
	+
	+

	Marin et al. (2020)
	field
	sandy loam, clay loam
	Zea mays
	root hairs
	shorter root length in clay loam
	
	

	Materechera et al. (1991)
	lab
	siliceous sandy soil, vermiculite
	22 plant species
	mech. resis.
	microscopy
	
	+

	Materechera et al. (1992)
	lab
	sandy loam
	8 species
	compaction
	penetration ability relates to RD
	
	

	Qin et al. (2005)
	field
	loamy silt, sandy loam
	Zea mays
	Tillage system
	Root diameter differed between years
	+
	

	Rogers et al. (2016)
	lab
	granular substrates sieved; silica beads
	Oryza sativa
	particle size
	X-ray CT, 7-day old plants
	±
	

	Sene et al. (1985)
	field

	sand, sandy loam, loamy sand, silt loam 
	Zea mays
	tillage system
	root properties are discussed, only yield data
	
	

	Tracy et al. (2012a)
	lab
	sandy loam,
bulk densities
	Triticum aestivum
	bulk density
	X-ray CT
	
	+

	Tracy et al. (2012b)
	lab
	loamy sand, clay loam
	Solanum lycopersicum
	bulk density
	
	-
	+

	Veen (1982)
	lab
	glass beads; pressure 
	Zea mays
	mech. resis. 
	
	
	+

	Warnaars and Eavis (1972)
	lab
	five types of sand
	Pisum sativum, Zea mays, grass
	particle size distribution
	
	+
	+

	Xie et al. (2012)
	lab 
	sand, clay
	Gossypium spec.
	allometry
	specific root length
	-
	




References in Table S4, which are not cited in the main manuscript	

Atwell B (1990) The effect of soil compaction on wheat during early tillering: I. Growth, development and root structure. New Phytologist 115: 29-35.
Dal Ferro N, Sartori L, Simonetti G, Berti A, Morari F (2014) Soil macro-and microstructure as affected by different tillage systems and their effects on maize root growth. Soil and Tillage Research 140: 55-65.
Lipiec J, Horn R, Pietrusiewicz J, Siczek A (2012) Effects of soil compaction on root elongation and anatomy of different cereal plant species. Soil and Tillage Research 121: 74-81.
Materechera S, Alston A, Kirby J, Dexter A (1992) Influence of root diameter on the penetration of seminal roots into a compacted subsoil. Plant and Soil 144: 297-303.
Materechera S, Dexter A, Alston AM (1991) Penetration of very strong soils by seedling roots of different plant species. Plant and Soil 135: 31-41.
Tracy SR, Black CR, Roberts JA, McNeill A, Davidson R, Tester M, Samec M, Korošak D, Sturrock C, Mooney SJ (2012a) Quantifying the effect of soil compaction on three varieties of wheat (Triticum aestivum L.) using X-ray Micro Computed Tomography (CT). Plant and Soil 353: 195-208.
Tracy SR, Black CR, Roberts JA, Sturrock C, Mairhofer S, Craigon J, Mooney SJ (2012b) Quantifying the impact of soil compaction on root system architecture in tomato (Solanum lycopersicum) by X-ray micro-computed tomography. Annals of Botany 110: 511-519.
Veen B (1982) The influence of mechanical impedance on the growth of maize roots. Plant and Soil 66: 101-109.
Xie J, Tang L, Wang Z, Xu G, Li Y (2012) Distinguishing the biomass allocation variance resulting from ontogenetic drift or acclimation to soil texture. Plos One 7: e41502.

