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Fig. S1 Partial residual plots for leaf traits (all-species) in relation to in situ measured soil properties.

Coefficients and standard errors for the fitted lines are given in Supporting Information Table S4.

Eoe.

e Sites with 0-20 observations
@ Sites with 21-40 observations
. Sites with 41-60 observations

‘ Sites with > 60 observations -

Fig. S2 Geographic distribution of sampling sites. The area coverage was scaled by number of

observations at each site. Sites with in situ soil measurements are in blue; others in red.
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Fig. S3 The response of variable Z to the predictor variables x and y according to the minimum

model represented by equation (12), with k£ = 10.
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Table S1 Partitioning of trait variation unexplained by fixed effects. Iterative mixed-effects models

used a common structure: with climate, leaf or soil trait components as the fixed terms (Figs 1-3 and

S1) and a crossed-random design, which provides random intercepts for individual species and sites.

Response trait Vemaxas Bias Bias Narea Puea
Units pumol m2s™! % % gm? gm?
Explanatory factor Climates Climates | Nutrients Soil Soil
Figure No. 1 2 3 S1 S1
Random component: % % % % %
Species 22 20 20 37 12
Site 50 42 41 16 40
Residual 28 38 39 47 48

Table S2 Summary of linear regressions and minimum-function regressions between area-based
photosynthetic capacity (Vemaxzs; pmol m=2 s7') and leaf traits (Narea and Paea; g m~2), for log-
transformed site-mean and site-species data. Analysis of site-mean data was conducted by Ordinary
least squares multiple linear regression (Im). Analysis of site-species data was carried out by a linear
mixed-effects regression (Imer), with sites and species as random intercepts. An interactive model of
Vemaxas versus Narea and Paea Was provided in site-mean and all-species data separately. A non-linear
minimum function model (nlm) of Narea and Parea for predicting Vemax2s was also conducted in both site-

mean and all-species data (see ‘log-sum-exp’ formula in Equation 12).

Im (site-mean) a b c d r> (Im) r’> (nlm)
Vemaxas = a+b*Narea 3.8 0.21 0.015

Vemaxas = @+b*Parea 454 0.28" 0.099

Vemax2s = a+b*Nareat ¢ *Parea 4437 0.12 027" 0.104 0.121
Vemaas = @b *NareatC*Pareatd*Nasea: Parea . 4.54° —0.04 032" —0.08 0.105

Imer (all-species) a b c d r> (lmer)  r?(nlm)
Vemaxas = a+b*Narea 3737 025 0.035 /

Vemaxas = a+b*Parea 416" 0.13™ 0.017 /

Vemax2s = @+b*Nareat ¢ *Parea 3.89" 021" 0.07™ 0.038 0.050
Vemax2s = @+ *Narca ¢ *Pareatd*Narea: Parca | 3.887 02377 0.06™ 0.01 0.038
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Table S3 Number of species recorded in each plant functional type within the leaf trait measurements

dataset. The classification of species to plant functional types was performed using the TRY

Categorical Traits Dataset (https://www.try-db.org/).

Plant functional type No. species
Angiosperm evergreen trees 816
Angiosperm deciduous trees 191
Angiosperm evergreen shrubs 289
Angiosperm deciduous shrubs 127
Graminoids 27
Forbs 136
Pteridophytes 8
Gymnosperm evergreen trees 34
Gymnosperm deciduous trees 4
Gymnosperm evergreen shrubs 5
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Table S4 Summary statistics for the relationships shown in Figs 1-4 and S1. All variables were log-

transformed except 7y and soil pH. All-species analyses: degrees of freedom (Df) = 2509 (full data set)

or 1188 (subset with in situ soils data). Site-mean analyses: Df = 262 (full data set) or 101 (subset with

in situ soils data).

Predictor of Vemaxs Coefficient Std. Error t value P Fig. No.
Intercept -1.13 1.37 -0.82 0.41

PPFD 0.99 0.22 4.49 <0.001 la
T, (K™ -0.04 0.01 -7.83 <0.001 1b
D 0.13 0.06 1.93 0.05 Ic
R-Squared: 0.168 Df: 2509

Predictor of Vemax2s

Intercept -1.20 1.31 -0.92 0.36

PPFD 1.02 0.21 4.88 <0.001 1d
T, (K™ -0.04 0.01 -8.48 <0.001 le
D 0.13 0.06 2.06 0.04 1f
R-Squared: 0.314 Df: 262

Predictor of Bias

Intercept 14.56 50.21 0.29 0.77

PPFD 0.32 8.08 0.04 0.97 2a
T, (K™ -0.14 0.17 -0.78 0.44 2b
D -3.65 2.35 -1.56 0.12 2¢
R-Squared: 0.017 Df: 2509

Predictor of Bias

Intercept 7.66 39.23 0.20 0.85

PPFD 0.62 6.30 0.10 0.92 2d
T, (K™ -0.08 0.14 -0.56 0.57 e
D -3.31 1.92 -1.72 0.09 2f
R-Squared: 0.034 Df: 262

Predictor of Bias

Intercept 3.37 1.99 1.70 0.09

Narea -6.35 0.94 -6.77 <0.001 3a
Parea -1.74 0.68 -2.58 0.01 3b
R-Squared: 0.035 Df: 2509

Predictor of Bias

Intercept -2.85 3.19 -0.89 0.37

Narea -3.95 2.29 -1.73 0.09 3c
Parea -3.50 1.23 -2.85 0.005 3d
R-Squared: 0.048 Df: 263

Predictor of Narea Coefficient Std. Error t value P Fig. No.
Intercept 0.84 0.25 3.37 0.001

C:N -0.02 0.06 -0.38 0.70 4a
Total P 0.05 0.02 2.47 0.02 4b
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pH -0.05 0.02 -2.23 0.03 4¢
R-Squared: 0.108 Df: 101

Predictor of Nurea

Intercept 0.64 0.22 2.95 0.004

C:N 0.02 0.05 0.39 0.70 Sla
Total P 0.05 0.02 3.03 0.003 S1b
pH -0.05 0.02 -2.14 0.03 Slc
R-Squared: 0.032 Df: 1188

Predictor of Parea

Intercept -4.13 0.50 -8.24 <0.001

C:N 0.25 0.12 2.00 0.05 4d
Total P 0.14 0.04 3.65 <0.001 4e
pH 0.11 0.05 2.44 0.02 4f
R-Squared: 0.163 Df: 101

Predictor of Parea

Intercept -4.20 0.49 -8.53 <0.001

C:N 0.26 0.12 2.08 0.04 S1d
Total P 0.13 0.04 3.66 <0.001 Sle
pH 0.11 0.05 2.36 0.02 S1f
R-Squared: 0.084 Df: 1188
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Table S5 Model performance: comparisons using different k£ values in Eq. 12.

Site-mean
k=5
k=10
k=20
k=50
k=100
All-species
k=5
k=10
k=20
k=50
k=100

Intercept [Vareal
4.00
391
3.90
3.92
3.92
Intercept [Varea]
3.72
3.68
3.67
3.67
3.66

Slope [Narea]
1.24
1.09
1.00
0.91
0.89
Slope [Nareal
0.28
0.27
0.26
0.26
0.26

Intercept [Pareal
4.61
4.62
4.62
4.62
4.63
Intercept [Pareal
4.68
4.54
4.50
448
447

Slope [Pareal
0.31
0.31
0.32
0.32
0.32
Slope [Pareal
0.32
0.30
0.30
0.29
0.29

0.11
0.12
0.12
0.12
0.12

0.04
0.05

0.05

0.05
0.05



