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Appendix S2 – Dataset

On eventual acceptance the “global Amax” trait-soil-climate dataset will either be released as Supplementary Information on the journal website or be lodged as a Data Package at the DRYAD Digital Respository (http://datadryad.org/) 

Appendix S3 – Details on soil and climate variables and their biogeographic representation

Table S3-1: Description of soil and climate variables used in this study. 
	Variable
	Description
	Unit
	Database

	
	
	
	

	Complex driver
	
	
	

	ELEV
	Elevation
	m
	OS

	LAT
	Latitude
	˚
	OS

	
	
	
	

	Temperature
	
	
	

	TMPmean
	Mean annual temperature
	ºC
	OS > CRU

	TMPmin
	Minimal monthly temperature
	ºC
	CRU

	TMPmax
	Maximal monthly temperature
	ºC
	CRU

	TMPgs
	Cumulative daily temperature above 0˚C (TMP0gs) or 5˚C (TMP5gs)
	ºC
	Calculated

	TMPnb
	Number of days with daily temperature above 0˚C (TMP0nb) or 5˚C (TMP5nb)
	#
	Calculated

	TMPrange
	Mean diurnal temperature range (Σ (TMPmax –TMPmin) / 12)
	ºC
	Calculated

	TMPiso
	Isothermality (TMPrange/(TMPmax –TMPmin))*0
	-
	Calculated

	Precipitation
	
	
	

	PPTmean
	Mean annual precipitation
	mm
	OS > CRU

	PPTmin
	Minimum monthly precipitation
	mm
	CRU

	PPTmax
	Maximum monthly precipitation
	mm
	CRU

	PPTcv
	Coefficient of variation of monthly precipitation
	mm
	CRU

	PPTseason
	Seasonality of precipitation: seasonal concentration of precipitation over the year (PPTseason = 1, all the precipitation are concentrated on one month)
	0-1
	Calculated

	Radiation
	
	
	

	SUNmean
	Mean annual fractional sunshine duration (measured sunshine hours / theoretical maximum duration of sunshine hours)
	%
	CRU

	SUNmin
	Mean monthly fractional sunshine duration
	%
	CRU

	SUNmax
	Maximum monthly fractional sunshine duration
	%
	CRU

	SUNrange
	Range of monthly fractional sunshine duration Σ (SUNmax-SUNmin) / 12
	%
	CRU

	PAR
	Cumulative photosynthetically active radiation with daily temperature above 0 ˚C (PAR0) or 5˚C (PAR5)
	W m-2
	Calculated

	RAD
	Global radiation
	W m-2
	Calculated

	Aridity
	
	
	

	RH
	Relative humidity
	%
	CRU

	PETF
	Potential evapotranspiration (Penman Monteith equation)
	mm month-1
	FAO 2004

	PETQ
	Equilibrium evapotranspiration (Prentice equation)
	mm month-1
	Calculated

	MIF
	Moisture index (MIF =  PPTmean / PETF) 
	mm mm-1
	FAO 2004

	MIQ
	Moisture index (MIQ =  PPTmean / PETQ) 
	mm mm-1
	Calculated

	
	
	
	

	Soil structure - texture
	
	
	

	BULK
	Bulk density
	kg dm-3
	SoilGrids

	AWHC
	Available water holding capacity (-33 to -1500 kPa; USDA standard)
	mm m-1
	ISRIC

	CLAY
	Clay content
	%wt
	SoilGrids

	SILT
	Silt content
	%wt
	SoilGrids

	SAND
	Sand content
	%wt
	SoilGrids

	GRAVEL
	Gravel content
	%wt
	SoilGrids

	DEPTH
	Depth to the parent rock
	cm
	SoilGrids

	Soil ion exchange capacity
	
	
	

	pH
	Soil pH measured in H2O solution
	0-14
	SoilGrids

	TBA
	Total exchangeable bases
	cmol kg-1
	HWSD > ISRIC

	SBA
	Base saturation as percentage of CECS
	%
	HWSD > ISRIC

	CECS
	Cation exchange capacity
	cmolc kg-1
	SoilGrids

	CECC
	Cation exchange capacity of clay size fraction, corrected from contribution of organic matter
	cmol+ kg-1
	HWSD > ISRIC

	SALT
	Salinity measured by the electrical conductivity of the soil
	dS m-1
	HWSD > ISRIC

	SODIUM
	Sodicity measured by the exchangeable sodium percentage
	% of ECEC
	HWSD > ISRIC

	ALU
	Exchangeable aluminium percentage 
	% of ECEC
	ISRIC

	CARB
	Calcium carbonate content
	g  kg-1
	HWSD > ISRIC

	Soil chemistry
	
	
	

	Corg
	Organic carbon content
	gC kg-1
	SoilGrids

	Ntot
	Total nitrogen content
	gN kg-1
	ISRIC

	CN
	CN ratio
	gC gN-1
	ISRIC

	Pavail
	Available soil phosphate content
	mgP2O5 kg-1
	see App. S4


For the 288 sites of our study we obtained the variables from the following climate and soil international databases: Global map of monthly reference evapotranspiration (FAO, 2004); Climatic Research Unit (CRU, New et al., 2002); Harmonised World Soil Database (HWSD, FAO et al., 2012); ISRIC-WISE database (ISRIC, Batjes, 2012); SoilGrids (ISRIC, 2013). Latitude and altitude were obtained from original sources (OS). For most of the sites, mean annual temperature and precipitation were also obtained from the original sources. Otherwise, they were obtained from the CRU dataset, with TMPmean corrected where necessary assuming an altitudinal lapse rate of 0.6°C per 100m. The symbol ‘>’ indicates the order of database utilisation to obtain a full site-matrix of values. Some climatic variables were calculated (indexed ‘calculated’ in the table) using monthly values of temperature, sunshine duration and precipitation (originated from the CRU database) and formulae from Wang et al. (2014).
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Figure S3-1: Geographical distribution of the 288 study sites on the Earth map representing the variation of soil pH at a 30’’*30’’ geographical resolution (SoilGrids, ISRIC 2013).
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Figure S3-2: Representation of the 288 study sites within (a) the Whittaker (1975)’s temperature-precipitation diagram; (b) the Albrecht (1957 in Huston, 2012)’s conceptual model of soil development and degradation; and (c) the soil texture triangle.
Table S3-1: Representation of soil types encountered in the plant trait dataset. Soil information was extracted from SoilGrids (ISRIC, 2013) and corresponded to the soil taxonomy from the world reference base (WRB) and the United State Department of Agriculture (USDA)
	WRB
	
	USDA

	Soil group
	site #
	
	Soil order
	site #

	Acrisols
	35
	
	Alfisols
	53

	Alisols
	7
	
	Andisols
	17

	Andosols
	18
	
	Aridisols
	18

	Anthrosols
	1
	
	Entisols
	16

	Arenosols
	6
	
	Gelisols
	2

	Calcisols
	2
	
	Histosols
	1

	Cambisols
	59
	
	Inceptisols
	25

	Chernozems
	1
	
	Mollisols
	58

	Cryosols
	13
	
	Oxisols
	53

	Ferralsols
	16
	
	Spodosol
	12

	Fluvisols
	2
	
	Ultisols
	32

	Gleysols
	3
	
	Vertisols
	1

	Histosols
	1
	
	
	

	Kastanozems
	5
	
	
	

	Leptosols
	22
	
	
	

	Luvisols
	28
	
	
	

	Nitisols
	3
	
	
	

	Phaeozems
	5
	
	
	

	Planosols
	1
	
	
	

	Podzols
	21
	
	
	

	Regosols
	32
	
	
	

	Solonchaks
	3
	
	
	

	Umbrisols
	2
	
	
	

	Vertisols
	1
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Appendix S4 – Details on soil available phosphorus data
1. Method
We assembled different sources of soil profile data to obtain a global representation of soil phosphorus. We first assembled geo-located soil profiles from (i) ISRIC-WISE v1.1 (South-African and South-American soils, Batjes, 2002), (ii) a large international soil P database (North American soils, Batjes, 2011a), (iii) an European topsoil survey (LUCAS, Tóth et al., 2013), (iv) a Chinese soil dataset (Shangguan et al., 2013) and (v) an Amazonian soil survey (Quesada et al., 2010). 
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Figure S4-1: Representation of the different datasets used to get P data for our plant trait sites (red circles). ISRIC 2002 (orange); ISRIC 2011 (grey); LUCAS 2009 (blue); Quesada 2010 (purple); Shangguan 2013 (black square).

Using the ‘Point Distance’ tool in ArcGis 10.1, we recorded the nearest soil profiles for each site in the plant trait dataset. We did a literature survey to search for data from closer locations when the distance from the nearest profile was more than 100 km.

Table S4-1: Sources of soil available phosphorus data used in our study. In the literature survey, phosphorus data were extracted either from the original sources (OS) where the plant traits were measured or from other resources / studies (OR) that included soil available P measurements at the proximity of the site where plant traits were measured.
	Row Labels
	Number of sites

	ISRIC11
	97

	ISRIC02
	55

	Shangguan13
	35

	LUCA09
	43

	Original Source (OS)
	29

	Other resource (OR)
	28

	Quesada10
	1



Despite issues of scale, as described further in Appendix S5, this protocol yielded a relatively accurate soil phosphorus dataset (Figure S4-2).
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Figure S4-2: Distance between plant trait sites and soil available P sites, before and after the literature survey.

A limited availability of soil P to plants may be due to deficiency and/or severe P-retention. Therefore it is unlikely that a single extractant for measuring soil available P will suit all soils and ecosystems (Fairhurst et al., 1999). Indeed, the data for plant available soil P held in the above-mentioned databases were measured using a variety of chemical extraction methods, with methods normally chosen as most appropriate for local conditions (e.g. pH). Table S4-2 shows that five different methods were used of which the Bray I method most frequently. Soil properties (e.g. pH, soil mineralogy) affecting the selection of the appropriate P-test and recommended methods are described elsewhere (Elrashidi, 2010). 

Table S4-2: Chemical extraction procedures to measure plant available soil phosphorus. Mean pH and Max pH are the average and the maximum values of soil pH observed for the respective P-analysis methods in our dataset. Abbreviation Si:St means soil to solution ratio.
	Row Labels
	Brief protocol of the chemical extraction
	Sites #
	Mean pH
	Max pH

	Bray I
	0.03M NH4F, 0.025M HCl, 1:10 SiSt, 5min
	139
	5.9
	7.7

	Olsen
	0.5M NaHCO3, pH 8.5, , 1:20 SiSt, 30min
	98
	6.3
	8.4

	Bray II
	0.03M NH4F, 0.080M HCl, 1:10 SiSt, 5min
	15
	5.3
	6.4

	Colwell
	0.5 M NaHCO3, pH 8.5, , 1:100 SiSt, 16h
	18
	5.8
	7.9

	Mehlich III
	0.2M CH3COOH, 0.25M NH4NO3, 0.015M NH4F, 0.013M HNO3, 0.001M EDTA, , 1:10 SiSt, 5min
	18
	5.9
	7.7



For our study, global in scope, these data were harmonized to the Bray I method based on published conversion factors. In view of the range in chemical extraction protocols (Table S4-2), we had to harmonize the various values to a common ‘standard’. Several conversion factors are available for this (e.g. Mallarino, 1995), but these are often region specific. As the Bray I method is most widely used in our dataset we selected it as the “target” method to which all P-values should be converted. Based on a literature survey and some initial analyses we opted to use a mean conversion factor. That is, we could not consider a globally consistent pH-threshold for this (see Table S4-3); there simply is no consensus for this in the literature.

Table S4-3: Conversion factors between Bray I method and other chemical extraction methods used to measure soil P values. Among studies, linear equations (Bray 1 = b*P.method + a) are used considering either the intercept a different of zero or not. To avoid calculation issues (negative values) linked with the value of the intercept, we calculated a new slope value (new b) considering no intercept (a = 0).
	Bray I - Mehlich III
	b
	a
	new b
	Comment

	Mallarino 1995
	1.14
	-6.25
	1.06
	North Dakota soils, pH < 7.5

	Kleinman 2001
	0.89
	-0.84
	0.88
	Comparison of 9 labs and states, USA soils

	Wolf 1985
	2
	
	2.00
	USA soils, pH < 7.5

	Alvey 2013
	0.9
	-8.4
	0.79
	North America soils, pH < 7.5

	Cade-Menun 2008
	0.88
	
	0.88
	Canada soils, spodosols, pH < 7.5

	Ayodele 1981
	1.04
	
	1.04
	African savannah soils

	Mickaelson 1991
	1
	-4
	0.95
	Alaska soils

	Gutierrez 2011
	0.77
	
	0.77
	Argentina, pampean soils, Mollisols

	Sawyer 1999
	1.05
	-2
	1.02
	America soils, pH < 7.3

	Wunschler 2013
	1.25
	
	1.25
	Austria, Germany soils, 6.1 < pH < 8

	Sabbe 1998
	0.94
	-1.13
	0.90
	Arkansas soils

	Mallarino 1997
	1.03
	-3.09
	0.91
	Iowa soils, pH < 7.5

	Michaelson 1987
	0.76
	-1.21
	0.74
	Alaska soils

	Matejovic 1994
	1.74
	-3.14
	1.68
	Slovakia soils

	Average
	
	
	1.06
	

	
	
	
	
	

	Bray I - Olsen
	b
	a
	new b
	Comment

	Mallarino 1995
	2.27
	-7.05
	2.22
	North Dakota USA, pH < 7.5

	Kleinman 2001
	1.34
	13.5
	1.43
	Comparison of 9 labs and states, USA

	Wolf 1985
	2.5
	
	2.5
	USA, pH < 7.5

	Ayodele 1981
	1.34
	
	1.34
	African savannah soils

	Magyar 2011
	1.37
	10.2
	1.44
	Hungary soils

	Sawyer 1999
	1.74
	-2
	1.73
	America soils, pH < 7.3

	van Lierop 1988
	2.43
	1.95
	2.39
	British Columbia soils

	da Silva 1999
	1.25
	2.14
	1.21
	Brazil soils

	Average
	
	
	1.78
	

	
	
	
	
	

	Bray I - Bray II
	b
	a
	new b
	Comment

	Wunschler 2013
	0.855
	
	0.86
	Austria, Germany 6.1 < pH < 8

	
	
	
	
	

	Bray I - Colwell
	b
	a
	new b
	Comment

	Moody 2013
	0.62
	1.81
	0.63
	Australia pH < 7.5

	Moody 2013
	1.27
	-11.29
	1.20
	Australia, pH > 7.6

	Average
	
	
	0.92
	


2. Evaluation of the P dataset
The broad-scale reliability of the harmonised P data was confirmed using categorical information: the global distribution of soil P retention potential (Batjes, 2011b) and the weathering stage associated with the soil orders of plant trait sites. As indicated in Appendix S5, the assumption here (as for all the soils data) is that the overall correlations between “actual” and dataset values should be robust and probably without strong systematic bias, although the accuracy of individual estimates presumably varies rather widely.

Table S4-4: Representation of soil types encountered in the plant trait dataset and their corresponding weathering stage. Soil taxonomical information was extracted from Soilgrids (ISRIC 2013) and is defined according to the soil taxonomy from the United State Department of Agriculture (USDA, Soil Survey Staff, 2010). Subsequently, the weathering stage of each soil type has been attributed following Cross & Schlesinger (1995) and Yang & Post (2011).
	Soil order
	Site #
	Weathering stage
	
	Soil order
	Site #
	Weathering stage

	Alfisols
	53
	Intermediate
	
	Inceptisols
	25
	Low

	Andisols
	17
	Low
	
	Mollisols
	58
	Intermediate

	Aridisols
	18
	Intermediate
	
	Oxisols
	53
	High

	Entisols
	16
	Low
	
	Spodosol
	12
	High

	Gelisols
	2
	Low
	
	Ultisols
	32
	High

	Histosols
	1
	Low
	
	Vertisols
	1
	Intermediate
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Figure S4-4: Soil available P data (after resolution improvement and method harmonization) among the 288 sites grouped according to the inferred soil P retention class (Batjes, 2011) resp. soil weathering stage (Yang et al., 2011).

Soil P and soil P retention
Recent studies based on analyses of a large soil profile database have concluded that it is not yet possible to derivate meaningful/accurate values of soil available phosphorus at the global scale (Batjes, 2010, Batjes, 2011a). Alternatively, it is possible to classify the ability of soils to retain P based on their mineralogy, pH and clay content (Batjes, 2011b). Four classes, rated from low to very high, have been proposed for this at the global scale. For the present study, we have extracted the P-retention class at the 288 trait sites to evaluate if our new soil P continuous (i.e. harmonised) data are in accordance with the categorical P retention classes. Overall, we expected lower soil available P in soils with a very high P retention and higher values for available P in low P retention soils.

Soil P and soil weathering
Soil orders following the soil taxonomy of the United State Department of Agriculture (USDA) were extracted for our 288 sites from SoilGrids (ISRIC, 2013). This information has been be used to determine the weathering stage according to rules published by Cross & Schlesinger (1995) and Yang & Post (2011). Then, we could evaluate if our soil available P data follow the decrease in soil available P that is expected along the weathering process.
As expected, Figure S4-4a shows that soils with a high inferred potential for P-retention , overall, have lower soil available P levels than soils belonging to the high and low P-retention classs (p < 0.01, Tukey test). Similarly, as we can expect from soil development models (Walker and Syers, 1976), Figure S4-4b shows that soil available P levels tend to increase from low to intermediately soil weathering  class, while it decreases significantly in the highly weathered soil class (p < 0.05, Tukey test) leading to lower soil available P values compared with slightly and intermediately weathered soil class. Considering proximal and distal soil P sites from plant trait sites, results slightly changed as shown in Fig. S4-5. Overall, our selection of soil available phosphorus data is in accord with what we could expect from chemical and soil development characteristics of the soil.
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Figure S4-5: Soil harmonized available P data among the 288 sites, grouped according to soil P-retention class (Batjes, 2011) and soil weathering class (Yang et al., 2011), clustered according to  proximity of plant trait sites (Upper panel: < 25 km; Lower panels:>=25 km).


3. Linking soil P with leaf photosynthetic traits
The covariation of the harmonised available soil P data with the stomatal conductance and the leaf P content is shown in Figure S4-6.
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Figure S4-6: Relationship between soil harmonized available phosphorus and leaf stomatal conductance and between soil harmonized available phosphorus and leaf phosphorus content.  log gs = -0.24 log Pavail + 2.58, p < 0.001, r2 = 0.18; log Parea = -0.19 log Pavail -1.17, p < 0.001, r2 = 0.18.

The covariation of Pavail with the stomatal conductance and leaf P, split between the different sources the soil P values, is show in figure S4-6. Importantly, the significance of the relationships observed above are not only driven by the original sources (OS, see Table S4-1), where available soil P was measured in-situ.
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Figure S4-7: Relationship between soil harmonized available phosphorus and leaf stomatal conductance, observed for the different data sources.
LUCAS : r2 = 0.44, log Yt = -0.25 log X + 2.78, p < 0.001
OR : r2 = 0.04, log Yt = -0.14 log X + 2.29, p = ns
OS : r2 = 0.40, log Yt = -0.60 log X + 3.14, p < 0.001
ISRIC02 : r2 = 0.04, log Yt = -0.06 log X + 2.34, p = ns
ISRIC11: r2 = 0.20, log Yt = -0.19 log X + 2.53, p < 0.001
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Figure S4-8: Relationship between harmonized soil available phosphorus and leaf P content, observed for the different data sources.
LUCAS : r2 = 0.07, log Yt = 0.19 log X – 1.10, p = ns
OR : r2 = 0.07, log Yt = -0.15 log X – 0.92, p = ns 
OS : r2 = 0.32, log Yt = 0.18 log X -1.23, p < 0.01
China: r2 = 0.03, log Yt = 0.10 log X -1.08, p = ns
ISRIC02 : r2 = 0.44, log Yt = 0.55 log X -1.47, p < 0.05
ISRIC11: r2 = 0.32, log Yt = 0.37 log X -1.18, p < 0.001 

The covariation of Pavail with the stomatal conductance (Fig. S4-9) and leaf P split (Fig. S4-10) between the different methods used to measure soil P is shown below. 
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Figure S4-9: Relationship between soil harmonized available phosphorus and leaf stomatal conductance, observed for the different data sources.
Mehlich III : r2 = 0.19, log Yt = -0.18 log X + 2.43, p = ns
Olsen : r2 = 0.39, log Yt = -0.31 log X + 2.75, p < 0.001
Bray I : r2 = 0.18, log Yt = -0.22 log X + 2.54, p < 0.001
Bray II : r2 = 0.02, log Yt = 0.06 log X + 2.28, p = ns
Colwell: r2 = 0.29, log Yt = -0.34 log X + 2.71, p = ns
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Figure S4-10: Relationship between soil harmonized available phosphorus and leaf P content, observed for the different data sources.
Mehlich III : r2 = 0.68, log Yt = 0.39 log X – 1.14, p = ns
Olsen : r2 = 0.00, log Yt = 0.03 log X – 0.92, p = ns 
Bray I : r2 = 0.27, log Yt = 0.31 log X -1.29, p < 0.001
Colwell: r2 = 0.05, log Yt = 1.11 log X -1.90, p = ns


Figures S4-11 and S4-12 present the covariation of soil harmonized available P (Pavail) with the stomatal conductance and leaf P content for different distances proximity classes between the sites where soil P information has been measured and the plant trait sites. Irrespective of site proximity, the figures show that Pavail is negatively related with stomatal conductance and positively related with leaf phosphorus. [image: ]
Figure S4-11: Relationship between soil harmonized available phosphorus and leaf stomatal conductance, considering different selection of soil data based on the distance between plant trait sites and soil P sites.

[image: ]
Figure S4-12: Relationship between soil harmonized available phosphorus and leaf P content, considering different selection of soil data based on the distance between plant trait sites and soil P sites.
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Appendix S5 - Quality of soil data
Underpinning the use of gridded soils data in soil-trait analyses is the assumption that, while the various individual estimates of “actual” site properties must surely vary widely in accuracy, the overall correlations between “actual” and gridded values should be robust and without strong systematic bias – especially when considering sites that vary so broadly in soil properties. Of course, the same assumption is made when using climate data from gridded datasets. Soil data were extracted from global soils datasets for each location where trait data had been measured. These soil datasets vary in spatial resolution (SoilGrids and HWSD: 30 arc-second; ISRIC-WISE v1.2: 5 arc-minute) but have in common that they are interpolated GIS surfaces underpinned by analyses of large soil profile datasets. Despite the relatively high spatial resolution datasets of this kind inherently imply some level of generalisation; further, their reliability and accuracy are determined by the availability and quality of the underlying spatial and attribute data, which itself may vary from region to region, as well as the adopted mapping approach (Cambardella & Karlen, 1999; Sanchez et al., 2009; Omuto et al., 2012; Hengl et al., 2014).
	Different relationships can be considered to evaluate the reliability and quality of our soil data. The relationship observed between soil variables and geographical coordinates of the plant trait sites can be considered as a first test in regards to the theoretical models of soil / ecosystem development (e.g. Peltzer et al., 2010; Huston, 2012). We observed that lower latitude and altitude soils tend to be more acidic and have lower Pavail (Table S7-4). This is in agreement with the geographic history of the Earth locating, on average, younger and thinner soils with higher soil pH and higher soil P content at high latitude and altitude (Sanchez, 1976; Huston, 2012). 
Relationships observed between soil and climate variables that were extracted from independent datasets can provide a second way to evaluate the suitability of our soil data for the present analyses. Following well-known regional or global relationships (e.g. Jenny, 1941; Post et al., 1982; Jobbagy & Jackson, 2000), soil pH was strongly, negatively related with precipitation and moisture index, while accumulation of soil organic C was positively related with precipitation and negatively related with temperature (Table S7-4).
Third, some relationships between soil variables and leaf traits observed in our study were in line with previous studies, where soil variables were measured in-situ. As such, several regional studies in Africa and South America show that TBA (and soil pH) increase Narea and Parea (Mantlana et al., 2008; Patino et al., 2012). Moreover, it has been already observed that soil total nitrogen content negatively covaries with Narea (Santiago et al., 2005; Ordoñez et al., 2009). The highest accumulation of soil OM is observed in soils where precipitation is high, temperature is low and soil pH is acidic, and where water-saturated, low oxygen environments are unfavourable to microbial activity and organic matter decomposition, such as in Histosols.
Finally, despite the soil P data being at lower spatial resolution than other variables, and only representing available inorganic P (not, e.g. organic fractions), Pavail was positively related with Parea and with absolute latitude and altitude (Table S7-4; Kitayama et al., 2002; Buendia et al., 2010), suggesting the data were of sufficient quality to encompass the main geological difference found at the global scale that can impact leaf traits. Appendix 4 deals with soil P data in more details.
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Appendix S6 Details on data analysis

This appendix includes details on the data analyses section of the main text. First, we detail the power transformation that had been applied to each of the soil and climate variable before statistical analysis. Second, we present in details the methods, their benefits and limitations to answer the different questions tackled by our study. 

1. Power transformation of environmental variables
Environmental variables were subjected to the Yeo-Johnson transformation using the ‘car’ package (R core team, 2013): 
Yt = [(Y+1)λ   1]/ λ								[Eq. 1]
The transformation provides a powerful way of reducing skewness and can be applied to variables that include negative values (e.g. temperature). Values of λ for each variable are given in Table S6-1.

Table S6-1: Value of lambda λ for the transformation of the environmental variables. See table S3-1 for abbreviations.
	Climate 
	Lambda
	
	Soil
	lambda

	MIF
	-0.833
	
	ALU
	0.500

	MIQ
	-0.717
	
	AWHC
	-1.000

	PAR0
	1.588
	
	BULK
	6.467

	PAR5
	1.472
	
	CARB
	0.330

	PETF
	1.000
	
	CECC
	0.771

	PPTcv
	-1.343
	
	CECS
	0.330

	PETQ
	1.184
	
	CLAY
	0.894

	PPTmax
	0.140
	
	CN
	0.000

	PPTmean
	0.067
	
	Corg
	-0.153

	PPTmin
	0.082
	
	DEPTH
	0.274

	PPTseason
	-1.546
	
	GRAV
	0.093

	RAD
	2.831
	
	Ntot
	-1.281

	RH
	2.492
	
	Pavail
	-0.160

	SUNmax
	1.000
	
	pH
	1.000

	SUNmean
	1.000
	
	SALT
	-2.097

	SUNmin
	1.232
	
	SAND
	0.500

	SUNrange
	0.000
	
	SBA
	1.000

	TMP0gs
	0.640
	
	SILT
	1.000

	TMP5gs
	0.500
	
	SODIUM
	-0.767

	TMPiso
	-0.205
	
	TBA
	0.122

	TMPmax
	2.138
	
	ALU
	0.500

	TMPmean
	1.073
	
	
	

	TMPmin
	1.000
	
	
	

	TMP0nb
	7.556
	
	
	

	TMP5nb
	4.417
	
	
	

	TMPrange
	0.500
	
	
	






2. Step-by-step statistical approach
 
Our study asks the following questions: (1) How do leaf traits vary together with facets of soil fertility? (2) What are the most important soil and climate variables to explain the variation of leaf traits? (3) How is leaf trait variation shared between soil and climate? As climate and soil covary, the joined effect of soil-climate may dominate the pure effects of climate and soil (Reich & Oleksyn 2004). As different soils are encountered in a given climatic envelop, a significant pure effect of soils may be expected. (4) Photosynthetic rates depends both on leaf N and gs, two strategic independent dimensions. Are these two dimensions promoted by independent climate and soil dimensions? (5) Finally, what is the minimal set of environmental and trait variables to represent the hypothesis structure for photosynthetic rate and associated traits? To answer each question, a step-by-step statistical approach has been followed and is presented in Table S6-2 with the ultimate aim to disentangle soil and climate effects on leaf traits and photosynthetic rates. Teasing apart the independent role of soil from the one of climate is certainly limited by the causality linking soil to climate in such broad scale investigation. The use of path analysis is appropriate in that exercise, while multiple mixed regressions were not but allowed accounting for the unbalanced structure of the dataset (Table S6-2). Together, our overall approach showed that an independent role of soil on leaf traits can be fairly considered.

Table S6-2 Step-by-step summary of statistical methods including the form of the underlying statistical models, and the benefits and limitations of each analysis type.
	Aim: Determine and quantify the role of key environmental variables on leaf photosynthetic traits and rates

	Step
	Model
	Benefit
	Limitation

	1. Defining key dimensions of soil fertility and quantifying their relationships with leaf traits (using mixed regression models)

	
	Y = X
	- Accounts for the hierarchical structure of the data
	- Does not account for collinearity between explanatory variables

	2. Selecting the most important climatic and soil variables for explaining leaf trait variation (stepwise procedure using multiple mixed regression models)

	
	Y = 
[X1,  X2, …, Xn]
	- Accounts for the hierarchical structure of the data
	- Does not account for causality between explanatory variables

	3. Quantifying unique and joint effects of soils and climate in explaining variation in each leaf trait (using variation partitioning with the most important environmental variables selected at step 2)

	
	Y = 
[X1,  X2, …, Xn]
	- Accounts for the hierarchical structure of the data 
	- Does not account for causality between explanatory variables

	4. Quantifying the explanatory power of soils and climate (selected at step 2) for the matrix of leaf traits (using redundancy analysis)

	
	[Y1, Y2, …, Yn] = [X1,  X2, …, Xn]
	- With no a-priori, allows one to explain covariance structure in a trait matrix with covariance structure of soil and climate matrices
	- Does not account for causality between explanatory variables
- Does not account for the hierarchical structure of the data

	5. Disentangling direct and indirect effects of leaf traits, soil and climate (selected at step 4) on photosynthetic rate ‘Aarea’ (using path analysis)

	
	[Y1, Y2, …, Yn] = [X1,  X2, …, Xn]
	- Accounts for the causality between Y1 and Yn, between X1 and Xn and between Yn and Xn.
	- An a-priori approach, i.e. one linked with the knowledge limits of the scientist.
- Does not account for the hierarchical structure of the data


Appendix S7 Ordination analyses of climatic and edaphic variable

This appendix includes the different analyses between environmental variables. Principal component analyses identified the principal dimensions among climate variables, and those among soil variables. The matrices of correlation between environmental variables are also given.

1. Correlations between environmental variables

a. Principal component analyses of climatic and edaphic variables

Table S7-1: Principal component analyses of climate variables and soil variables. Each PCA included 20 variables that were power-transformed (Table S6-1) and was based on the correlation matrix and considered a Varimax rotation. PCA has been computed with the ‘psych’ R package (R core team, 2013). The proportion of the variation explained by each axis and its corresponding eigenvalues are given. For each variable, bold text denotes its highest contribution among the PCA axes. Note that PETF, MIF, TMP0gs, TMP0nb, PAR0, PPTcv as being highly redundant with PETQ, MIQ, TMP5gs, TMP5nb, PAR5, PPTseason, respectively (Table S7-3). See table S3-1 for abbreviations.
	PCA of climatic variables
	
	Axis 1
	Axis 2
	Axis 3

	
	40 %
	32 %
	8 %

	Variable
	8.0
	6.8
	1.3

	TMPmean
	0.91
	0.16
	-0.05

	TMPmin
	0.93
	0.29
	0.02

	TMPmax
	0.82
	-0.12
	-0.21

	TMPrange
	-0.09
	-0.76
	0.17

	TMPISO
	0.81
	0.20
	0.20

	TMP5gs
	0.95
	0.15
	-0.

	TMP5nb
	0.88
	0.16
	-0.

	PPTmean
	0.43
	0.80
	0.00

	PPTmin
	0.18
	0.70
	-0.55

	PPTmax
	0.48
	0.75
	0.28

	PPTseason
	-0.07
	-0.26
	0.91

	RH
	0.15
	0.88
	-0.18

	PETQ
	0.90
	-0.26
	0.18

	MIQ
	0.07
	0.91
	-0.09

	SUNmean
	0.41
	-0.84
	0.17

	SUNmin
	0.48
	-0.72
	0.01

	SUNmax
	0.29
	-0.83
	0.26

	SUNrange
	-0.30
	0.25
	-0.24

	PAR5
	0.95
	-0.18
	-0.03

	RAD
	0.74
	-0.47
	0.28



	PCA of soil variables
	
	Axis 1
	Axis 2
	Axis 3
	Axis 4
	Axis 5

	
	21%
	18%
	13%
	11%
	9%

	Variable
	4.7
	3.3
	2.4
	1.6
	1.2

	ALU
	0.15
	-0.20
	-0.14
	-0.69
	-0.02

	AWHC
	0.83
	0.04
	0.12
	0.03
	-0.01

	BULK
	-0.46
	0.27
	0.04
	0.05
	-0.68

	CARB
	-0.17
	0.53
	-0.23
	-0.28
	0.51

	CECC
	0.40
	0.66
	-0.13
	0.19
	-0.07

	CECS
	0.29
	0.69
	0.34
	-0.07
	0.11

	CLAY
	-0.50
	-0.31
	0.52
	-0.28
	0.02

	CN
	0.71
	-0.25
	-0.19
	-0.16
	-0.03

	Corg
	0.84
	-0.12
	0.11
	0.00
	0.26

	DEPTH
	0.01
	-0.13
	0.34
	-0.56
	0.08

	GRAV
	0.05
	-0.05
	0.11
	0.20
	0.62

	Ntot
	0.81
	0.06
	0.06
	0.00
	0.01

	Pavail
	0.12
	0.01
	-0.13
	0.71
	0.37

	pH
	-0.42
	0.77
	-0.11
	0.14
	-0.1

	SALT
	-0.32
	-0.04
	0.11
	0.00
	0.33

	SAND
	0.06
	-0.03
	-0.96
	0.13
	-0.04

	SBA
	-0.45
	0.70
	0.15
	0.34
	-0.16

	SILT
	0.34
	0.33
	0.74
	0.07
	0.05

	SODIUM
	-0.43
	0.23
	-0.17
	0.32
	0.16

	TBA
	-0.21
	0.76
	0.17
	0.34
	-0.17






b. 
c. Correlation matrix between climatic variables

Table S7-2: Pearson correlation matrix between the 26 climate variables (n = 288). All variables were power-transformed (see Table S6-1). Latitude and altitude are also considered here. See table S3-1 for abbreviations. *, p < 0.05; **, p < 0.01; ***, p < 0.001; ns, not significant.
[image: ]


d. Correlation matrix between soil variables

Table S7-3: Pearson correlation matrix between the 20 soil variables (n = 288). All variables were power-transformed (see Table S6-1). See table S3-1 for abbreviations. *, p < 0.05; **, p < 0.01; ***, p < 0.001; ns, not significant.
	 
	ALU
	AWHC
	BULK
	CARB
	CECC
	CECS
	CLAY
	CN
	Corg
	DEPTH
	GRAV
	Ntot
	Pavail
	pH
	SALT
	SAND
	SILT
	SODIUM

	ALU
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	AWHC
	0.11ns
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	BULK
	-0.12* 
	-0.33***
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	CARB
	0.01ns
	-0.18** 
	0.02ns
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	CECC
	-0.14* 
	 0.31***
	0.01ns
	 0.13* 
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	CECS
	0.09ns
	 0.31***
	0.04ns
	 0.24***
	 0.42***
	
	
	
	
	
	
	
	
	
	
	
	
	

	CLAY
	0.10ns
	-0.31***
	0.05ns
	0.05ns
	-0.50***
	0.06ns
	
	
	
	
	
	
	
	
	
	
	
	

	CN
	 0.21***
	 0.52***
	-0.36***
	0.11ns
	0.08ns
	0.00ns
	-0.25***
	
	
	
	
	
	
	
	
	
	
	

	Corg
	 0.17** 
	 0.62***
	-0.55***
	0.05ns
	 0.18** 
	 0.27***
	-0.27***
	 0.53***
	
	
	
	
	
	
	
	
	
	

	DEPTH
	 0.29***
	0.03ns
	0.07ns
	0.06ns
	-0.17** 
	0.03ns
	 0.23***
	0.04ns
	0.04ns
	
	
	
	
	
	
	
	
	

	GRAV
	0.10ns
	0.05ns
	-0.32***
	0.09ns
	0.05ns
	0.02ns
	0.09ns
	0.05ns
	 0.19** 
	0.02ns
	
	
	
	
	
	
	
	

	Ntot
	0.05ns
	 0.74***
	-0.34***
	0.08ns
	 0.34***
	 0.24***
	-0.28***
	 0.54***
	 0.61***
	0.09ns
	0.01ns
	
	
	
	
	
	
	

	Pavail
	-0.31***
	0.03ns
	0.10ns
	0.10ns
	 0.12* 
	0.03ns
	-0.26***
	0.00ns
	 0.15** 
	-0.20***
	 0.19***
	0.04ns
	
	
	
	
	
	

	pH
	-0.31***
	-0.29***
	 0.42***
	 0.31***
	 0.31***
	 0.35***
	-0.15* 
	-0.41***
	-0.57***
	-0.14* 
	0.06ns
	-0.28***
	0.06ns
	
	
	
	
	

	SALT
	0.06ns
	0.09ns
	0.02ns
	0.08ns
	0.04ns
	-0.13* 
	 0.20***
	-0.21***
	-0.26***
	0.10ns
	0.10ns
	0.05ns
	0.05ns
	0.05ns
	
	
	
	

	SAND
	0.01ns
	0.05ns
	-0.04
	0.06ns
	 0.13* 
	-0.32***
	-0.61***
	 0.17** 
	0.09ns
	-0.30***
	0.07ns
	0.02ns
	 0.15* 
	0.09ns
	0.10ns
	
	
	

	SILT
	0.09ns
	 0.32***
	0.02ns
	0.01ns
	 0.25***
	 0.47***
	0.08ns
	0.02ns
	 0.35***
	 0.19** 
	 0.17** 
	 0.26***
	0.05ns
	0.03ns
	0.05ns
	-0.74***
	
	

	SODIUM
	-0.25***
	-0.22***
	 0.15* 
	 0.16** 
	0.05ns
	0.01ns
	0.07ns
	-0.31***
	-0.35***
	-0.27***
	0.04ns
	-0.25***
	 0.14* 
	 0.38***
	0.10ns
	0.10ns
	-0.17** 
	

	TBA
	-0.44***
	0.11ns
	 0.35***
	 0.21***
	 0.39***
	 0.39***
	0.11ns
	-0.38***
	-0.28***
	-0.25***
	0.06ns
	0.11ns
	0.07ns
	 0.70***
	0.02ns
	-0.12* 
	 0.24***
	 0.21***



 

e. 
f. Correlation matrix between key climate and key soil variables

Table S7-4: Pearson correlation between key soil and climate variables across sites (n = 288). The correlation between soil and absolute latitude (aLAT) and altitude are also presented. For explanation of variable abbreviations, see Table S3-1. *, p < 0.05; **, p < 0.01; ***, p < 0.001; ns, not significant.
	
	pH
	Corg
	SAND
	BULK
	Pavail

	TMP5gs
	-0.30***
	-0.27***
	-0.12*
	0.14*
	-0.45***

	MIQ
	-0.74***
	0.59***
	-0.15*
	0.48***
	-0.02ns

	PPTseason
	0.29***
	-0.20***
	0.03ns
	0.03ns
	-0.07ns

	aLAT
	0.37***
	0.20***
	0.15*
	0.05ns
	0.31***

	ELEV
	0.20***
	0.05ns
	0.00ns
	-0.13*
	0.24***













Appendix S8: Details on plant trait – environment analyses

In this appendix we present the various regressions of leaf photosynthetic rate (Aarea), leaf nitrogen and phosphorus content (Narea and Parea, respectively), stomatal conductance (gs) and specific leaf area (SLA) on the soil and climate variables analysed in this study. First, bivariate relationships between each functional trait and each environmental variable are presented. We used mixed regression models (see main text) and test alternatively linear and quadratic effect of the environmental variable on the plant trait.

[image: ]
Figure S8-1: Bivariate models of linear mixed regression of Aarea, Narea and gs, and Aarea, Parea and SLA with each of the climatic and environmental variables. Variables are ranked from the highest to the lowest coefficient of determination (r2) in the regression model explaining Aarea.. Details on model equations are given in Table S8-1. See table S3-1 for abbreviations. 

[image: ]
Figure S8-2: Bivariate models of quadratic mixed regression of Aarea, Narea and gs, and Aarea, Parea and SLA with each of the climatic and environmental variables. Variables are ranked from the highest to the lowest coefficient of determination (r2) in the regression model explaining Aarea. Details on model equations are given in Table S8-2. See table S3-1 for abbreviations.



Table S8-1: Details on the bivariate linear models presented in Fig S8-1.
[image: ]



Table S8-2: Details on the bivariate quadratic models presented in Fig S8-2[image: ]


Details of multiple regression models

Table S8-4: Estimate, standard error, t-ratio and significance of the multiple regression models between leaf functional traits (Aarea, gs, Narea, Parea and SLA) and, climate variables (following a stepwise procedure selecting among the 26 climate variables), which are presented in table 1.
log Aarea
	Term
	
	Estimate
	Std Error
	t Ratio
	Prob > |t|

	Intercept
	 
	1.28E+00
	1.45E-01
	8.8
	<0.001

	MIF
	 
	-3.70E-01
	8.11E-02
	-4.6
	<0.001

	TMPrange
	 
	-1.43E-02
	6.03E-03
	-2.6
	<0.05

	SUNmax
	
	2.32E-03
	1.24E-03
	1.9
	<0.1


log gs 
	Term
	
	Estimate
	Std Error
	t Ratio
	Prob > |t|

	Intercept
	 
	2.15E+00
	9.80E-02
	22.0
	<0.001

	TMPmax
	 
	4.93E-04
	1.67E-04
	3.0
	<0.001

	TMP0nb
	 
	-4.43E-07
	1.90E-07
	-2.3
	<0.05

	PPTseason
	
	7.88E-01
	2.80E-01
	2.8
	<0.001


log Narea 
	Term
	
	Estimate
	Std Error
	t Ratio
	Prob > |t|

	Intercept
	 
	5.64E-01
	5.01E-02
	11.3
	<0.001

	MIQ
	
	-4.37E-01
	5.95E-02
	-7.4
	<0.001

	TMPrange
	 
	-1.05E-02
	4.46E-03
	-2.4
	<0.05


log Parea 
	Term
	
	Estimate
	Std Error
	t Ratio
	Prob > |t|

	Intercept
	 
	-7.09E-01
	6.57E-02
	-10.8
	<0.001

	MIQ
	
	-1.13
	2.14E-01
	-5.3
	<0.001

	RH
	
	2.63E-05
	6.51E-06
	4.0
	<0.001


log SLA
	Term
	
	Estimate
	Std Error
	t Ratio
	Prob > |t|

	Intercept
	 
	2.44
	6.23E-03
	39.2
	<0.001

	SUNmax
	 
	-5.81E-03
	9.05E-04
	-6.4
	<0.001

	TMPmax
	 
	2.98E-04
	8.07E-05
	3.6
	<0.001

	TMP0nb
	
	-4.48E-07
	8.07E-08
	-5.6
	<0.001




Table S8-5: Estimate, standard error, t-ratio and significance of the multiple regression models between leaf functional traits (Aarea, gs, Narea, Parea and SLA) and, soil variables (following a stepwise procedure selecting among the 20 soil variables), which are presented in table 1.
log Aarea
	Term
	
	Estimate
	Std Error
	t Ratio
	Prob > |t|

	Intercept
	 
	3.54E-01
	9.39E-02
	3.8
	<0.001

	pH
	 
	1.18E-01
	1.25E-02
	9.5
	<0.001

	Ntot
	 
	4.69E-01
	1.07E-01
	4.4
	<0.001

	CECS
	
	-6.96E-02
	1.38E-02
	-5.1
	<0.001


log gs 
	Term
	
	Estimate
	Std Error
	t Ratio
	Prob > |t|

	Intercept
	 
	2.06
	1.70E-01
	12.1
	<0.001

	pH
	 
	1.10E-01
	2.08E-02
	5.3
	<0.001

	Ntot
	
	9.10E-01
	1.83E-01
	5.0
	<0.001

	CECS
	 
	-1.04E-01
	2.37E-02
	-4.4
	<0.001

	Pavail
	 
	-1.83E-01
	2.24E-02
	-8.2
	<0.001


log Narea 
	Term
	
	Estimate
	Std Error
	t Ratio
	Prob > |t|

	Intercept
	 
	-5.96E-02
	9.41E-02
	-0.6
	ns

	pH
	
	6.87E-02
	1.11E-02
	6.2
	<0.001

	Ntot
	
	-2.31E-01
	7.56E-02
	-2.3
	<0.05

	SALT
	 
	2.29E-01
	7.57E-02
	3.0
	<0.01


log Parea 
	Term
	
	Estimate
	Std Error
	t Ratio
	Prob > |t|

	Intercept
	 
	-1.26
	2.67E-01
	-4.7
	<0.001

	pH
	
	8.15E-02
	2.47E-02
	3.3
	<0.01

	Pavail
	 
	1.38E-01
	3.13E-02
	4.4
	<0.001

	SAND
	
	-4.41E-02
	1.64E-02
	-2.7
	<0.01

	SALT
	
	4.50E-01
	1.73E-01
	2.6
	<0.05


log SLA
	Term
	
	Estimate
	Std Error
	t Ratio
	Prob > |t|

	Intercept
	 
	1.97
	1.03E-01
	19.5
	<0.001

	pH
	
	-5.01E-02
	1.28E-02
	-3.9
	<0.001

	Ntot
	 
	2.08E-01
	1.15E-01
	1.8
	<0.001

	SILT
	
	5.20E-03
	1.37E-03
	3.8
	<0.05

	BULK
	
	2.01E-03
	9.02E-04
	2.2
	<0.1
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A

area

g

s

N

area

P

area

SLA

r2 Slope Interc. r2 Slope Interc. r2 Slope Interc. r2 Slope Interc. r2 Slope Interc.

Climate

MI

F

0.077 -3.75E-01 1.16 0.008 -2.02E-01 2.41 0.146 -3.54E-01 0.46 0.136 -2.59E-01 -0.76 0.057 2.23E-01 1.89

MI

Q

0.071 -3.41E-01 1.16 0.010 -2.02E-01 2.42 0.153 -3.20E-01 0.46 0.207 -2.99E-01 -0.73 0.046 1.83E-01 1.90

RH 0.064 -9.51E-06 1.14 0.001 3.10E-06 2.27 0.060 -1.37E-05 0.39 0.032 -3.04E-05 -0.84 0.034 1.01E-05 1.92

PPT

min

0.061 -3.82E-02 1.11 0.037 -4.15E-02 2.46 0.097 -2.57E-02 0.37 0.206 -1.96E-02 -0.79 0.022 1.39E-02 1.95

PPT

mean

0.057 -5.56E-02 1.46 0.002 -1.71E-02 2.50 0.116 -4.25E-02 0.68 0.189 -1.03E-02 -0.62 0.028 1.85E-02 1.82

SUN

max

0.054 4.41E-03 0.68 0.008 1.16E-04 2.25 0.092 1.34E-02 -0.13 0.079 3.02E-01 -2.17 0.080 -4.20E-02 2.61

SUN

mean

0.045 4.33E-03 0.74 -0.004 -1.75E-04 2.36 0.073 4.98E-03 -0.01 0.043 2.27E-01 -1.82 0.058 -5.45E-03 2.31

PPT

max

0.040 -3.48E-02 1.23 -0.001 -6.75E-03 2.37 0.067 -4.80E-02 0.57 0.143 -8.74E-03 -0.69 0.008 1.65E-02 1.90

PPT

cv

0.022 3.85E-01 0.86 0.048 4.16E-01 2.18 0.033 2.08E-01 0.20 0.071 1.17E+00 -1.17 0.013 -1.60E-01 2.06

PPT

season

0.019 4.28E-01 0.89 0.058 6.26E-01 2.19 0.024 2.21E-01 0.22 0.076 1.32E+00 -1.12 0.011 -1.89E-01 2.05

SUN

range

0.019 9.49E-02 0.68 0.020 4.88E-02 2.05 0.012 2.96E-02 0.17 0.134 5.17E-01 -1.91 0.018 -5.29E-02 2.17

RAD 0.014 1.31E-07 0.90 0.000 -1.05E-09 2.33 0.043 1.94E-07 0.16 0.001 -2.14E-08 -0.9 0.047 -3.40E-07 2.13

SUN

min

0.013 8.32E-04 0.90 -0.004 -1.10E-03 2.41 0.037 1.24E-03 0.14 0.011 4.80E-04 -0.97 0.026 -1.50E-03 2.13

PET

F

0.009 6.64E-05 0.90 0.009 7.58E-07 2.26 0.013 6.91E-05 0.19 0.016 -4.67E-06 -0.85 0.031 -1.11E-04 2.14

TMP

iso

0.007 -1.96E-01 1.49 0.001 -4.20E-03 2.35 0.000 1.83E-02 0.23 0.081 -2.46E-02 -0.61 0.008 -9.54E-02 2.29

TMP5

gs

0.005 -1.34E-03 1.02 0.007 1.01E-03 2.23 0.001 -1.95E-04 0.28 0.104 -8.71E-04 -0.81 0.002 -7.26E-04 2.05

TMP0

gs

0.005 -6.82E-04 1.02 0.005 2.76E-04 2.24 0.001 -8.65E-05 0.28 0.104 -2.64E-04 -0.8 0.003 -3.57E-04 2.06

PAR0 0.003 7.09E-07 0.94 0.000 6.97E-09 2.31 0.016 1.27E-07 0.19 0.005 4.67E-09 -0.96 0.034 -2.26E-07 2.15

PAR5 0.002 1.16E-06 0.95 0.001 5.10E-08 2.29 0.014 3.11E-07 0.21 0.002 -3.01E-08 -0.9 0.038 -1.84E-07 2.11

TMP

mean

0.002 -7.41E-04 0.99 0.004 1.93E-03 2.27 0.001 -3.89E-04 0.27 0.090 -3.85E-03 -0.84 0.003 -1.83E-03 2.04

TMP

min

0.000 -1.85E-03 0.99 0.001 1.36E-03 2.30 0.001 -3.70E-04 0.27 0.111 -4.35E-03 -0.87 0.004 -1.62E-03 2.02

PET

Q

0.000 4.99E-07 0.97 0.008 5.98E-07 2.26 0.003 1.50E-05 0.20 0.003 -1.97E-08 -0.9 0.004 -1.26E-05 2.07

TMP

max

-0.001 3.75E-05 0.96 0.028 2.60E-04 2.17 -0.001 8.63E-06 0.26 0.066 -8.35E-05 -0.84 -0.001 -2.98E-05 2.03

TMP

range

-0.005 1.06E-02 0.77 0.002 -1.01E-02 2.51 -0.015 1.43E-02 -0.01 0.052 4.31E-03 -1.42 0.022 -3.48E-02 2.40

TMP0

nb

-0.002 -4.00E-08 1.01 0.008 -2.78E-12 2.38 0.000 1.19E-10 0.25 0.026 -1.40E-07 -0.86 0.045 -3.04E-07 2.13

TMP5

nb

-0.001 -4.00E-05 0.98 -0.002 1.99E-08 2.30 0.002 3.05E-06 0.26 0.083 -3.67E-04 -0.79 0.049 -2.82E-04 2.11

Soil

pH 0.123 8.10E-02 0.49 0.017 5.49E-03 2.18 0.172 4.00E-02 -0.10 0.162 5.66E-01 -1.99 0.061 -1.75E-02 2.20

SBA 0.066 2.00E-03 0.82 0.021 1.06E-03 2.25 0.065 3.00E-03 0.14 0.193 1.45E-01 -1.49 0.000 8.64E-05 2.01

TBA 0.053 5.20E-02 0.83 0.004 1.65E-02 2.28 0.072 4.80E-02 0.14 0.112 8.64E-02 -1.09 -0.001 2.60E-03 2.00

BULK 0.032 3.00E-03 0.85 0.041 2.13E-03 2.21 -0.009 2.00E-03 0.20 0.070 7.78E-03 -1.10 0.010 4.63E-04 1.99

C

org

0.028 -1.00E-01 1.22 0.006 -1.07E-01 2.52 0.064 -1.14E-01 0.56 0.035 -1.47E-01 -0.56 0.040 8.78E-02 1.78

SODIUM 0.023 2.80E-01 0.78 0.011 2.53E-01 2.16 0.033 2.75E-01 0.06 0.033 3.21E-01 -1.19 0.035 -2.12E-01 2.16

CARB 0.017 1.00E-02 0.90 -0.027 1.34E-02 2.26 0.054 1.30E-02 0.20 0.050 2.26E-02 -1.00 0.003 -1.55E-03 2.02

SAND 0.013 1.50E-02 0.79 0.029 -1.98E-02 2.56 0.000 0.00E+00 0.26 0.102 -1.43E-04 -0.72 0.032 -2.40E-02 2.29

GRAV 0.008 -3.30E-02 1.06 0.030 -4.84E-02 2.46 0.010 3.40E-02 0.18 -0.001 2.90E-02 -1.05 0.005 -2.86E-02 2.08

SILT 0.007 -1.00E-03 1.01 0.028 4.29E-03 2.20 0.004 -2.00E-03 0.30 0.047 6.34E-01 -2.18 0.058 5.86E-03 1.84

AWHC 0.005 -1.11E+00 2.01 0.000 8.99E-01 1.48 0.039 -2.60E+00 2.69 0.084 -2.17E-01 -0.31 0.005 1.32E+00 0.78

CECC 0.002 2.00E-03 0.93 0.001 -3.75E-04 2.33 0.000 0.00E+00 0.27 -0.002 8.93E-04 -0.94 0.005 -8.41E-04 2.03

N

tot

0.002 5.20E-02 0.94 0.029 3.87E-01 2.10 0.026 -3.76E-01 0.46 0.059 -2.28E-01 -0.75 0.014 3.00E-01 1.85

CN 0.002 -2.01E-01 1.18 0.000 4.02E+00 0.32 -0.002 -4.16E-01 0.70 0.061 -7.00E+01 33.87 -0.006 3.79E+00 -0.24

CLAY 0.000 -3.00E-03 1.02 0.002 6.46E-04 2.30 0.017 2.00E-03 0.21 0.037 5.42E-03 -1.04 0.000 -2.17E-04 2.01

SALT 0.000 4.00E-02 0.96 -0.001 4.58E-02 2.31 -0.014 1.99E-01 0.23 -0.112 1.96E-01 -0.96 0.008 -1.98E-01 2.04

DEPTH -0.001 -4.00E-03 1.01 0.003 3.95E-02 2.03 0.017 -2.00E-02 0.44 -0.004 -1.13E-01 -0.64 0.010 1.50E-02 1.87

P

avail

-0.001 4.00E-03 0.96 0.176 -1.78E-01 2.70 -0.007 1.90E-02 0.22 0.214 8.82E-02 -1.19 0.000 -3.04E-03 2.02

ALU -0.001 -4.00E-03 0.99 -0.010 1.00E-02 2.23 0.023 -7.00E-03 0.33 0.139 -1.70E-02 -0.76 0.000 3.69E-04 2.01

CECS -0.001 -6.00E-03 1.00 -0.004 -5.44E-02 2.47 0.031 4.60E-02 0.13 0.059 3.57E-01 -1.45 -0.002 4.45E-03 1.99
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Variable r2 Slope X2 Slope X Inter. r2 Slope X2 Slope X Inter. r2 Slope X2 Slope X Inter. r2 Slope X2 Slope X Inter. r2 Slope X2 Slope X Inter.

Clinate

MI

F

0.076 8.00E-02 -4.60E-01 1.18 0.054 -1.30E+001.00E+00 2.18 0.189 7.10E-01-1.10E+00 0.64 0.116 -8.27E-011.15E+00 1.66 0.267 1.20E+00-2.02E+00-0.24

MI

Q

0.074 7.60E-02 -4.30E-01 1.18 0.058 -1.10E+009.10E-01 2.18 0.188 4.90E-01 -9.20E-01 0.61 0.084 -5.72E-01 8.65E-01 1.73 0.295 1.22E+00-2.03E+00-0.24

RH 0.069 -3.20E-10 1.20E-06 1.06 0.026 -8.50E-10 2.80E-05 2.12 0.066 1.10E-09 -3.30E-05 0.46 0.039 -5.95E-10 2.09E-05 1.87 0.031 1.26E-08 -9.38E-05 -0.77

PPT

min

0.066 -2.10E-03-2.30E-02 1.09 0.037 3.60E-04 -4.40E-02 2.47 0.098 -8.20E-04-1.90E-02 0.36 0.023 1.95E-03 -2.70E-03 1.98 0.229 2.26E-03 -5.50E-02 -0.71

PPT

mean

0.061 -5.10E-03 3.50E-02 1.07 0.012 -3.60E-03 5.90E-02 2.11 0.13 7.40E-03 -1.90E-01 1.38 0.044 -6.26E-03 1.48E-01 1.17 0.290 1.56E-03 -1.05E-01 0.66

SUN

max

0.056 3.50E-05 -1.60E-04 0.82 0.021 -9.20E-07 1.10E-03 2 0.108 1.20E-03 -5.40E-02 0.82 0.112 -1.50E-02 3.78E-01 -0.29 0.211 1.81E+00-1.45E+0127.96

SUN

mean

0.047 5.60E-05 -1.60E-03 0.89 0.003 -1.90E-06 7.60E-04 2.25 0.087 1.40E-04 -1.00E-02 0.39 0.061 -1.04E-04 5.76E-03 2.02 0.295 1.99E+00-1.54E+0128.78

PPT

max

0.038 4.70E-03 -1.00E-01 1.46 -0.001 2.60E-04 -1.10E-02 2.38 0.079 1.40E-02 -2.20E-01 1.08 0.023 -1.30E-02 1.84E-01 1.38 0.204 1.02E-03 -6.34E-02 -0.06

TMP

iso

0.034 -7.60E-013.80E+00 -3.77 0.01 3.60E-02 -5.70E-01 4.54 0.034 -2.30E+009.90E+00 -0.4 0.072 1.11E+00-6.61E+0011.75 0.086 -2.57E-03 4.10E-02 -1.02

TMP

min

0.024 -1.10E-04-8.80E-04 1.01 0.011 1.80E-04 -3.30E-03 2.29 0.005 -8.40E-05 4.00E-04 0.28 0.019 1.92E-04 -3.65E-03 1.99 0.113 -7.22E-05-2.87E-03 -0.86

SUN

range

0.022 2.50E-02 -6.10E-02 0.91 0.021 2.10E-03 2.50E-02 2.11 0.027 8.50E-02 -5.00E-01 0.97 0.027 -1.49E-01 8.62E-01 0.80 0.161 1.66E+00-5.71E+00 3.88

PPT

season

0.022 -9.30E-01 8.20E-01 0.85 0.118 -7.50E+003.90E+00 1.91 0.026 8.10E-01 -1.20E-01 0.25 0.012 3.73E-01 -3.31E-01 2.06 0.149 1.24E+01-2.28E+00-0.90

PPT

cv

0.021 4.40E-01 1.20E-01 0.89 0.091 -3.40E+002.80E+00 1.82 0.034 3.10E-01 7.40E-03 0.23 0.020 1.38E+00-9.77E-01 2.16 0.131 9.25E+00-2.71E+00-0.80

RAD 0.015 1.90E-13 7.20E-08 0.92 0.005 7.20E-13 5.20E-07 0.92 0.057 3.10E-13 -1.30E-07 0.23 0.053 -6.86E-13 1.61E-07 2.06 0.102 2.42E-12 -1.78E-06 -0.63

TMP0

gs

0.014 -2.90E-05 3.50E-03 0.9 0.011 2.30E-06 -1.10E-03 2.4 0.009 -6.60E-06 1.50E-03 0.2 0.044 1.80E-05 -4.89E-03 2.29 0.107 -3.13E-07 7.78E-06 -0.84

SUN

min

0.013 2.40E-06 4.20E-04 0.92 -0.01 1.20E-05 -3.10E-03 2.48 0.054 1.80E-05 -2.30E-03 0.29 0.025 -1.07E-05 2.29E-04 2.07 0.210 6.24E-05 -1.42E-02 -0.23

PET

F

0.013 1.00E-07 -1.70E-04 1.02 0.009 -6.40E-12 1.80E-06 2.22 0.012 -1.60E-08 1.10E-04 0.16 0.030 8.67E-08 -3.20E-04 2.25 0.023 1.62E-10 -9.41E-06 -0.82

TMP5

gs

0.013 -1.30E-04 6.50E-03 0.92 0.01 1.70E-05 -1.80E-03 2.34 0.009 -2.90E-05 2.60E-03 0.22 0.038 8.51E-05 -9.28E-03 2.21 0.107 -3.41E-06-4.34E-05 -0.84

TMP

mean

0.012 4.20E-04 -1.30E-02 1.03 0.001 2.00E-03 -1.40E-02 2.33 0.012 1.60E-03 -2.00E-02 0.31 0.024 3.41E-04 -1.28E-02 2.09 0.093 -6.66E-05-1.11E-03 -0.85

PET

Q

0.01 -1.40E-04 3.40E-03 0.97 0.005 8.20E-05 -2.50E-03 2.31 0.002 -1.10E-04 3.00E-03 0.26 0.013 5.14E-09 -6.25E-05 2.18 0.030 1.87E-13 -3.00E-07 -0.82

PAR0 0.01 -1.80E-08 1.20E-04 0.79 0.011 -1.00E-11 2.60E-06 2.17 0.003 -3.20E-09 4.10E-05 0.16 0.034 1.47E-13 -3.97E-07 2.19 0.196 2.44E-15 -5.48E-08 -0.72

PAR5 0.003 2.60E-12 5.00E-07 0.95 0.007 -2.70E-13 3.50E-07 2.22 0.037 4.00E-13 -3.40E-07 0.3 0.045 3.55E-13 -5.57E-07 2.18 0.083 5.17E-13 -5.52E-07 -0.82

TMP

range

0.003 6.40E-11 -1.00E-06 0.97 0.002 -1.30E-13 2.10E-07 2.25 0.028 3.10E-12 -6.30E-07 0.27 0.019 -7.72E-03 1.39E-01 1.43 0.148 1.14E-04 -2.27E-02 0.10

TMP

max

0.002 2.10E-03 -6.80E-02 1.51 0.003 -5.70E-04 1.20E-02 2.3 0.014 5.50E-03 -2.00E-01 1.96 0.010 2.42E-07 -3.34E-04 2.10 0.065 -4.42E-08 4.26E-06 -0.86

Soil

pH 0.123 1.26E-03 6.60E-02 0.531 0.025 -3.21E-04 2.17E-02 1.998 0.194 7.64E-03 -9.84E-02 0.5 0.081 -3.62E-03 6.32E-02 1.78 0.081 -3.62E-03 6.32E-02 1.78

SBA 0.071 4.71E-05 -3.45E-030.964 0.036 -5.63E-05 8.10E-03 2.073 0.075 1.80E-04 -9.18E-03 0.32 0.005 -1.03E-04 7.12E-03 1.90 0.005 -1.03E-04 7.12E-03 1.90

TBA 0.053 1.82E-02 -4.83E-020.953 0.052 1.59E-01 -7.14E-013.048 0.073 -2.98E-03 6.32E-02 0.124 0.004 8.41E-03 -4.07E-02 2.05 0.004 8.41E-03 -4.07E-02 2.05

SAND 0.033 -5.30E-03 1.41E-01 0.058 0.034 6.35E-03 -1.75E-013.478 0.002 -4.68E-03 1.12E-01 -0.4 0.031 7.81E-04 -4.28E-02 2.40 0.031 7.81E-04 -4.28E-02 2.40

BUlLK 0.031 -1.25E-05 4.01E-03 0.838 0.034 -6.03E-05 8.46E-03 2.07 -0.011 1.38E-05 4.96E-04 0.219 0.011 6.53E-06 -1.71E-04 2.00 0.011 6.53E-06 -1.71E-04 2.00

C

org

0.031 3.82E-02 -2.90E-011.448 0.035 -4.35E-011.52E+00 1.04 0.090 8.05E-02 -5.29E-011.074 0.063 -7.01E-02 4.47E-01 1.34 0.063 -7.01E-02 4.47E-01 1.34

CARB 0.030 1.16E-03 -3.41E-030.933 -0.043 -2.21E-03 3.23E-02 2.231 0.052 1.24E-03 1.30E-03 0.214 0.032 3.93E-03 -3.56E-02 2.07 0.032 3.93E-03 -3.56E-02 2.07

CECS 0.028 -2.26E-02 2.13E-01 0.489 0.013 1.76E-01-1.05E+003.864 0.068 -2.18E-011.27E+00 -1.56 0.009 3.39E-02 -2.40E-01 2.42 0.009 3.39E-02 -2.40E-01 2.42

SILT 0.024 -1.13E-04 4.87E-03 0.933 0.030 1.12E-04 -1.36E-032.262 0.006 -1.94E-04 4.14E-03 0.251 0.064 -1.84E-04 1.59E-02 1.72 0.064 -1.84E-04 1.59E-02 1.72

SALT 0.024 -2.81E+001.53E+00 0.844 0.005 1.14E+00-5.95E-012.364 0.080 -3.18E+001.96E+00 0.087 0.037 1.95E+00-1.18E+00 2.11 0.037 1.95E+00-1.18E+00 2.11

SODIUM 0.023 2.07E-01 3.84E-03 0.866 0.031 -1.72E+002.35E+00 1.551 0.076 8.31E-01 -9.28E-010.474 0.070 -8.26E-01 9.73E-01 1.76 0.070 -8.26E-01 9.73E-01 1.76

DEPTH 0.019 3.85E-03 -8.39E-021.408 0.018 9.92E-03 -1.04E-012.536 0.030 4.23E-03 -9.11E-020.723 0.012 -3.69E-03 8.59E-02 1.54 0.012 -3.69E-03 8.59E-02 1.54

CN 0.016 7.32E-01-1.83E+00 2.1 0.008 -3.96E+008.65E+00 -2.4 0.003 3.03E+00-7.10E+00 4.4 0.091 5.23E+00-1.24E+01 6.33 -0.003 -7.35E-011.72E+00 1.72

GRAV 0.013 1.13E-02 -9.50E-021.138 0.026 -1.30E-02 2.40E-02 2.364 0.010 1.59E-03 2.60E-02 0.187 0.003 -1.57E-02 4.48E-02 2.00 0.003 -1.57E-02 4.48E-02 2.00

N

tot

0.012 -9.58E-011.05E+00 0.694 0.036 -6.68E-011.18E+00 1.878 0.027 -1.05E-01-2.65E-010.428 0.018 -1.16E+001.59E+00 1.51 0.018 -1.16E+001.59E+00 1.51

AWHC 0.004 2.78E+00-6.32E+004.441 0.000 1.57E+01-2.85E+0115.19 0.038 5.36E+00-1.26E+01 7.37 0.006 -4.06E+017.73E+01-34.70 0.006 -4.06E+017.73E+01-34.70

P

avail

0.000 -1.20E-02 5.33E-02 0.917 0.182 -1.17E-02-1.29E-012.655 -0.015 -1.17E-02 7.23E-02 0.163 -0.002 3.73E-03 -1.90E-02 2.03 -0.002 3.73E-03 -1.90E-02 2.03

ALU 0.000 -3.39E-04-1.95E-040.983 -0.007 -6.36E-04 2.22E-02 2.179 0.024 6.23E-04 -1.93E-020.377 0.010 -1.33E-03 2.50E-02 1.91 0.010 -1.33E-03 2.50E-02 1.91

CECC -0.001 -9.91E-05 6.32E-03 0.883 -0.007 -5.86E-04 2.22E-02 2.139 -0.004 -1.01E-04 5.01E-03 0.207 0.007 1.25E-04 -6.30E-03 2.08 0.007 1.25E-04 -6.30E-03 2.08

CLAY -0.002 -5.04E-04 1.55E-02 0.871 0.003 -1.69E-04 8.74E-03 2.218 0.018 1.72E-05 1.13E-03 0.222 0.001 -2.22E-05 8.40E-04 2.00 0.001 -2.22E-05 8.40E-04 2.00
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