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Supplementary Fig. 1 Relationships between absorptive root diameter and root tissue density and root N concentration across all species (a,b),
for woody species (c,d) and for non-woody species (e,f) using phylogenetic independent contrasts.
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Supplementary Fig. 2 Relationships between root diameter and root tissue density (RTD) and root N concentration (RN) for woody and
non-woody species (a,b) and for different mycorrhizal types (NM = non-mycorrhiza; AM = arbuscular mycorrhiza; EM = ectomycorrhiza; ERM
= ericoid mycorrhiza; and Unknown = unknown mycorrhizal status) for all species (c,d). See Supplementary Data 2 for the regression equations.
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Supplementary Fig. 3 Relationships between absorptive root diameter and root tissue density (a), and root nitrogen concentration (b) in woody
species. Studies using the 1* order roots are indicated by red circles, and studies using up to the 3" order of roots are indicated by blue circles.

See Table S1 for the data source and Supplementary Data 2 for the regression equations.
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Supplementary Fig. 4 Theoretical relationship between root diameter (x) and root dry mass (y) for absorptive roots using randomly simulated
data (a), root anatomical data (b) and measured root mass (c) for woody species. The relationship is based on individual absorptive roots, i.e., the
single 1% order roots. In panel (a), root dry mass is expressed as the product of root volume (v) and root tissue density (p): y=pv. Root length (RL)
has been shown to be positively related to root diameter'*: RL=k,x. Root tissue density is proportional to the proportion of root cross-sectional
area occupied by the steles (i.e., PRS): p=k,xPRS=k,(0.5-k-c/x)?, where k=0.43 and ¢=-0.016 (see Introduction and Supplementary Data 2).
Then, root dry mass can be expressed as: y=pv=rnk;k»x"(0.5-k-c/x)’. It can also be rearranged to the following cubic function:
y=nkk>((0.5-k)*x*-2¢(0.5-k)x*+c*x). In panel (a), y is simulated by randomly generating x values from 0 to 2 with an interval of 0.1. In panel (b),
we examine the relationship between root dry mass and root diameter using the following function: y=pv= 0.251k kox’xPRS. Root diameter and
PRS in the function are from studies’** in the Supplementary References. In panel (c), we fit the relationship between the 1** order root
diameter and root mass in a cubic regression using data from Kong’s study” as well as the Source Data for 96 woody species. Source data are
provided as a Source Data file.
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Supplementary Fig. 5 Relationship between root lifespan (log-transformed) and root diameter (a) and root tissue density (b) for absorptive roots
of woody species. Data are from studies™®"*%!*!! in the Supplementary References.



0.6

”)
R"=0.32, p<0.001 o

‘?A

£

(&)

2 04

=y

[72]

c

()]

T

(]

=

@ 02

-

i’

o

o

(14

60 70 80 90 100

Cell wall fraction for absorptive roots (%)

Supplementary Fig. 6 Relationship between root cell wall fraction and root tissue density. Root cell wall fraction is the sum of the acid-soluble

5,12,13,14

fraction and the acid insoluble fraction. Data are from studies in the Supplementary References. These data are largely from woody species.
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Supplementary Fig. 7 Relationships of specific root length with root tissue density (a), root N concentration (b) and absorptive root diameter (c) for
woody species. See Supplementary Data 1 for the data sources.



Supplementary Table 1 Results of phylogenetic generalized least squares and ordinary least squares analyses for the effects of root diameter
(Diameter), Growth form (woody vs. non-woody) and mycorrhizal type (AM, EM and ERM) on root tissue density (RTD) and root nitrogen

concentration (RN).

Phylogenetic generalized least squares

Ordinary least squares

RTD RN RTD RN

df F p F p F p F p
Intercept 1 57.89 <.0001 48.23 <.0001 2042.49  <.0001 4403.27  <.0001
Diameter 1 49.69 <.0001 1.39 0.24 72.08 <.0001 6.44 0.011
Growth form 1 1.37 0.24 18.27 <.0001 1.08 0.3 56.40 <.0001
Mycorrhizal type 3 2.64 0.049 3.11 0.026 4.65 0.0032 6.31 0.0003
Diameter x Growth form 1 12.37 0.0005 1.19 0.28 8.76 0.0032 5.92 0.015
Diameter X Mycorrhizal type 3 5.95 0.0005 231 0.076 5.38 0.0012 3.77 0.011




Supplementary Table 2 Results of phylogenetic generalized least squares and ordinary least squares analyses for the effects of root diameter
(Diameter) and mycorrhizal type (AM, EM and ERM) on root tissue density (RTD) and root nitrogen concentration (RN) in non-woody species.

Phylogenetic generalized least squares

Ordinary least squares

p

RTD
df F
Intercept 1 9.64
Diameter 1 0.22
Mycorrhizal type 1 0.40
Diameter x Mycorrhizal type 1 0.46

<.0001
0.18
0.23
0.52




Supplementary Table 3 Results of phylogenetic generalized least squares and ordinary least squares analyses for the effects of root diameter
(Diameter) and mycorrhizal type (AM, EM and ERM) on root tissue density (RTD) and root nitrogen concentration (RN) in woody species

Phylogenetic generalized least squares Ordinary least squares

RTD RN RTD RN

df F p F p F p F D
Intercept 1 188.54 <.0001 47.86 <.0001 194474  <.0001 3480.589  <.0001
Diameter 1 110.76 <.0001 0.0032 0.96 123.97 <.0001 14.17 0.0002
Mycorrhizal type 3 2.95 0.033 2.44 0.064 4.70 0.0031  4.79 0.0027
Diameter x Mycorrhizal type 3

9.01 <.0001 291 0.035 8.30 <.0001 4.37 0.0049
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Supplementary Table 4 Results from linear mixed models testing the effects of data sources, root sampling and climatic zone on root tissue
density (RTD) and root N concentration (RN).

F p
RTD Root diameter 4.02 *
Data source 5.21
Root sampling 0.20 ns
Climatic zone 0.90 ns
Root diameter x Data source 13.60 *kok
Root diameter x Root sampling 0.36 ns
RN Root diameter 9.02 w3
Data source 0.25 ns
Root sampling 12.76 *x
Climatic zone 2.04 ns
Root diameter x Data source 1.97 ns
Root diameter x Root sampling 0.53 ns

k% *F* and * indicate significant levels at p <0.001, p <0.01, and p < 0.05, ns indicates not significant (» > 0.05). See Supplementary Data 1 for
the definition of data source, root sampling and climatic zone; also see Introduction of the main text for details of the linear mixed models.
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