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Abstract
Motivation: Trait data are fundamental to the quantitative description of plant form 
and function. Although root traits capture key dimensions related to plant responses 
to changing environmental conditions and effects on ecosystem processes, they have 
rarely been included in large-scale comparative studies and global models. For in-
stance, root traits remain absent from nearly all studies that define the global spec-
trum of plant form and function. Thus, to overcome conceptual and methodological 
roadblocks preventing a widespread integration of root trait data into large-scale 
analyses we created the Global Root Trait (GRooT) Database. GRooT provides ready-
to-use data by combining the expertise of root ecologists with data mobilization and 
curation. Specifically, we (a) determined a set of core root traits relevant to the de-
scription of plant form and function based on an assessment by experts, (b) maxi-
mized species coverage through data standardization within and among traits, and (c) 
implemented data quality checks.
Main types of variables contained: GRooT contains 114,222 trait records on 38 con-
tinuous root traits.

mailto:kirana1015@gmail.com
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1  | INTRODUC TION

Plant traits have been used for describing multiple aspects of plant spe-
cies’ fitness and realized performance, including growth, survival and 
reproduction (Adler et al., 2014; Calow, 1987; Díaz et al., 2016; Geber 
& Griffen, 2003; Grime, 1977; Reich et al., 2003). Moreover, traits can 
illustrate how species respond to environmental variability and distur-
bances (Bruelheide et al., 2018; Grime, 1974; Keddy, 1992; Minden & 
Olde Venterink, 2019; Pausas et al., 2004; Wieczynski et al., 2019) and 
reveal species effects on ecosystem functions (Breitschwerdt et al., 
2018; Craven et al., 2018; Díaz & Cabido, 2001; Lavorel & Garnier, 
2002). Although root traits are likely to capture key dimensions of 
plant form and function, plant evolutionary history and responses to 
environmental variability (Bardgett et al., 2014; Freschet et al., 2017; 
Kong et al., 2019; Laliberté, 2016; Ma et al., 2018; Valverde-Barrantes 
et al., 2017), they remain underrepresented in large-scale comparative 
studies and global models. Accordingly, root traits remain absent from 
nearly all existing studies that define the global spectrum of plant form 
and function (Chave et al., 2009; Díaz et al., 2016; Reich, 2014; Wright 
et al., 2004; but see Averill et al., 2019).

Conceptual and methodological challenges have deterred wide-
spread data integration of root traits into global trait databases. 
Conceptually, the functional importance of some root traits has 
yet to be established formally, which might preclude their use in 
large-scale analyses (Aubin et al., 2016). Methodologically, quan-
tificatio of root traits is labour intensive, and there are technical 
difficulties in obtaining accurate measurements (e.g., Delory et al., 
2017). Furthermore, large variation in methodologies precludes data 
standardization and integration within traits. Specifically, although 
traits are characteristics measurable at the level of the individual 
plant (Violle et al., 2007), root traits can be measured in different 
ways, increasing the number of trait variables. For example, data for 

root nitrogen uptake are separated into eight trait variables (Iversen 
et al., 2017). Although coordinated initiatives, such as the Fine-Root 
Ecology Database (FRED; Iversen et al., 2017) and the Plant Trait 
Database (TRY; Kattge et al., 2011, 2020), have compiled valuable 
root trait data, these databases still face many of these conceptual 
and methodological challenges associated with root traits.

FRED has been essential in terms of mobilization of fine-root trait 
data and is the largest contributor of root trait data to TRY (Kattge 
et al., 2020). FRED contains ~300 root trait variables; this high res-
olution of root variables allows users to investigate a broad set of 
research questions. However, barriers remain when using these root 
trait data in the context of large-scale comparative studies. For ex-
ample, the number of trait variables can be overwhelming, particu-
larly for non-root specialists. Furthermore, a large number of trait 
variables have few data records, limiting data-quality checks. For ex-
ample, TRY performs data standardization and intensive data-quality 
checks for traits with > 1,000 records (Kattge et al., 2020), but most 
root traits have fewer records than this threshold. In addition, some 
trait variables that are not directly comparable in terms of definitions 
and units have been aggregated by type on TRY, such as root type/
root architecture. Therefore, using these data requires that one first 
disaggregates these traits (e.g., by establishing links between trait 
names and definitions) and then standardizes trait values. Finally, ac-
curate global assessments on root trait data availability, in terms of 
geographical or phylogenetic coverage, are essential to identify data 
gaps and to work towards increasing representativeness in large-
scale comparative studies and dynamic global vegetation models.

To overcome these roadblocks, we have created the Global Root 
Trait (GRooT) Database. The main objective of GRooT is to make root 
trait data ready to use, particularly in the context of large-scale anal-
yses. To do so, we first provide a set of core root traits that are con-
sidered to be relevant for describing plant form and function. Trait 

Spatial location and grain: Global coverage with data from arid, continental, polar, 
temperate and tropical biomes. Data on root traits were derived from experimental 
studies and field studies.
Time period and grain: Data were recorded between 1911 and 2019.
Major taxa and level of measurement: GRooT includes root trait data for which taxo-
nomic information is available. Trait records vary in their taxonomic resolution, with 
subspecies or varieties being the highest and genera the lowest taxonomic resolution 
available. It contains information for 184 subspecies or varieties, 6,214 species, 1,967 
genera and 254 families. Owing to variation in data sources, trait records in the data-
base include both individual observations and mean values.
Software format: GRooT includes two csv files. A GitHub repository contains the csv 
files and a script in R to query the database.

K E Y W O R D S

Belowground ecology, functional biogeography, macroecological studies, plant form and 
function, publicly-available database, root traits
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selection builds on the compilation of standardized trait measurements 
in a new handbook on root traits (Freschet et al., 2020) and an assess-
ment by experts on root traits. In addition, we improve data coverage 
by compiling information from existing databases, mobilizing new data 
and standardizing data across methodologies within and among traits. 
Furthermore, we curate and perform data quality checks for each root 
trait in GRooT and make these data publicly available. Secondly, we 
provide within GRooT a unique overview of global root trait availabil-
ity in terms of geographical and phylogenetic coverage. We envision 
that our advanced root trait database will be informative to global trait-
based models and help to guide future measurement initiatives.

2  | METHODS

2.1 | Data acquisition and compilation

GRooT includes root trait data provided directly from researchers, 
extracted from literature, or from large databases, such as FRED 
v.2.3 (https://roots.ornl.gov/; Iversen et al., 2017, 2018) and TRY 
v.4.1 (https://www.try-db.org; Kattge et al., 2011, 2020). In total, 
GRooT includes data from 919 publications via FRED, 38 datasets 
via TRY and 12 additional datasets (Appendix 1, Data References).

GRooT was assembled by initially determining which root traits are 
most relevant in terms of describing plant form and function (Table 1; 
Supporting Information Tables S1 and S2). To build towards an ontol-
ogy of root traits, we standardized trait names across data sources 
(Supporting Information Table S3) and matched them with names from 
the new handbook of root traits (Freschet et al., 2020). Subsequently, 
we checked available trait variables (> 700) to establish: (a) which vari-
able was associated with preselected root traits relevant to the de-
scription of plant form and function; (b) which variables would be the 
most pertinent for each root trait in terms of available methodologies, 
standardized definitions and units, which were based mostly on the 
handbook of root traits (Freschet et al., 2020); and (c) which variables 
could be standardized across methodologies within or among traits. 
Within traits, we aggregated comparable trait variables into a single 
unique trait (e.g., specific root respiration was combined into a unique 
trait, independent of it being measured as O2 consumption or CO2 
release; Supporting Information Table S3). Among traits, we recalcu-
lated values for traits that could be standardized, such as: (a) data on 
the root-to-shoot ratio for the calculation of root mass fraction (RMF); 
and (b) data on stele diameter for the calculation of the stele fraction 
(Supporting Information Table S3; Figure S1). After this process, we re-
tained those relevant traits with data for > 50 plant species in the data-
base (Table 1), because traits with lower species coverage seemed less 
helpful for large-scale analyses involving many species. Traits below 
this threshold, but still relevant, are currently excluded from GRooT 
(Supporting Information Table S2).

In GRooT, we included only trait records for which taxonomic infor-
mation was available and excluded trait records where data was taken 
at the community level (i.e., from species mixtures). Trait records varied 
in their taxonomic resolution, with subspecies or varieties and genera 

being the highest and lowest taxonomic resolution available, respec-
tively. We used the generic term of “root”, which includes any type of 
root entity (e.g., established using diameter cut-offs, orders or func-
tionality). Although the need to analyse root entities separately (e.g., 
separating between fine and coarse roots; root orders or diameter cut-
offs; or absorptive and transport roots) is generally recommended by 
a range of recent syntheses (Freschet & Roumet, 2017; McCormack 
et al., 2015), which entity is most suitable can vary greatly depend-
ing on the research question (Freschet & Roumet, 2017). Therefore, 
we have included information in GRooT that allows one to select data 
based on root entities (Supporting Information Table S4). We urge fu-
ture data contributors to provide information about root entities and 
data users to consider this issue carefully.

GRooT includes selected meta-data for each trait record, when 
available, such as taxonomic information, experimental conditions, 
sampling procedure, geographical location and date, in addition 
to climatic and soil variables (Supporting Information Table S5). 
Moreover, we have included additional information for each trait 
record, such as species growth form, photosynthetic pathway and 
woodiness (Supporting Information Table S5). We extracted this in-
formation from TRY and the Global Inventory of Floras and Traits 
(GIFT; http://gift.uni-goett ingen.de/home; Weigelt et al., 2019) 
or from general Web research [e.g., Flora of China (www.eflor 
as.org), SEINet (swbiodiversity.org), United States Department of 
Agriculture (USDA; plants.usda.gov), and Southwest Desert Flora 
(southwestdesertflora.com)] when the information was not available 
in the aforementioned databases. We also included the present or 
absent ability to grow clonally and bud-bearing information at the 
species level on GRooT based on the CLO-PLA Database (CLO-PLA; 
http://clopla.butbn.cas.cz/; Klimešová & Bello, 2009; Klimešová 
et al., 2017, 2019). For data collected in field conditions, biome clas-
sification according to Köppen–Geiger was included using the “kgc” 
R Package (Bryant et al., 2017).

We added information on qualitative root traits as mycorrhizal 
association type and nitrogen (N2)-fixing capacity by interconnect-
ing existing databases. For mycorrhizal type, we extracted data 
from the “FungalRoot: Global online database of plant mycorrhizal 
associations” (Soudzilovskaia et al., 2020). Mycorrhizal assignments 
were made at the genus level for plant species for which the mycor-
rhizal status is, according to current knowledge, conserved at this 
level (Soudzilovskaia et al., 2020). We included both standardized 
mycorrhizal types (named: mycorrhizalAssociationTypeFungalRoot) 
and mycorrhizal type from the original source (named: mycorrhiza-
lAssociationType) in the database. For N2-fixation capacity, we ex-
tracted data from the “Global database of plants with root-symbiotic 
nitrogen fixation: NodDB Database” (v.1.3a; Tedersoo et al., 2018) 
at the genus level.

2.2 | Data curation and quality control

We cross-checked references associated with each dataset to avoid 
data redundancy, which was mostly generated by: (a) a dataset being 

https://roots.ornl.gov/
https://www.try-db.org
http://gift.uni-goettingen.de/home
http://www.efloras.org
http://www.efloras.org
http://clopla.butbn.cas.cz/
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TA B L E  1   Root traits included in GRooT

Trait Units
Number of 
species

Number of Species 
by site Mean

Quantile 
(.25) Median

Quantile 
(.75)

Anatomy

Root cortex thickness μm 151 180 207.8 76.9 153.2 300.4

Root stele diameter μm 318 491 185.9 57.9 104.1 204.4

Root stele fraction % 352 534 0.13 0.05 0.08 0.15

Root xylem vessel 
numbera 

number/mm2 96 97 4,438 2,325 3,828 5,847

Root vessel diametera  μm 125 125 9.2 4.2 6.5 9.1

Architecture

Root branching ratio number/number 173 189 3.52 2.45 3.12 4.30

Root branching 
densityb 

number/cm 216 247 2.79 1.62 2.17 3.35

Belowground allocation

Root mass fraction g/g 1,348 3,527 0.40 0.24 0.36 0.54

Chemistry

Root structural 
carbohydrate 
concentration

mg/g 185 228 567.9 443.1 620.0 692.6

Root lignin 
concentration

mg/g 311 401 164.2 96.5 153.5 203.2

Root carbon 
concentration

mg/g 1,099 2,328 417.3 388.2 416.7 455.5

Root nitrogen 
concentration

mg/g 1,719 3,619 12.5 7.8 10.8 15.5

Root phosphorus 
concentration

mg/g 486 1,284 1.33 0.74 1.10 1.61

Root carbon-to-
nitrogen ratio

mg/mg 925 1,308 41.6 25.3 35.8 51.5

Root nitrogen-to-
phosphorus ratio

mg/mg 154 154 13.7 6.0 10.6 19.0

Root calcium 
concentration

mg/g 169 915 5.10 2.44 3.38 5.57

Root potassium 
concentration

mg/g 167 891 6.88 3.65 5.95 8.92

Root magnesium 
concentration

mg/g 146 862 2.55 1.39 2.09 3.27

Root manganese 
concentration

mg/g 52 89 0.22 0.10 0.16 0.29

Dynamics and 
decomposition

Root productionc  g/m2/year 116 201 397.5 116.6 230.0 436.8

Root lifespan mean days 80 98 696.2 252.5 377.0 734.5

Root lifespan median days 60 65 324.8 149.5 255.7 357.9

Root turnover rate /year 126 251 0.79 0.21 0.55 1.04

Root litter mass loss 
rate

/year 232 289 1.92 0.27 0.67 2.51

Horizontal plant mobility

Lateral spreadd  cm/year 1,398 1,398 7.92 0.50 6.80 13.0

Microbial associationse 

(Continues)
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submitted to multiple databases; or (b) databases including the 
dataset from different sources (e.g., submitted by the main authors 
versus extracted from literature, or the same data being used in 
multiple papers). When datasets or references appeared in multiple 
data sources, we performed manual checks to ensure the removal 
of redundant measurements while ensuring that complementary in-
formation was not removed. In some cases, data contributors were 
contacted directly to avoid dataset overlaps. Despite these efforts, 
there is the possibility that some redundant information remains in 
GRooT, which is most likely to be restricted to instances where data 
have been used in multiple publications.

GRooT contains original species names (as provided by the main 
source) and standardized species names. We standardized original 
species names using the Taxonomic Name Resolution Service v.4.0 
(i.e., TNRS; http://tnrs.iplan tcoll abora tive.org/; accessed September 
2019; Boyle et al., 2013), selecting the best match among The Plant 

List v.1.1 (http://www.thepl antli st.org/; accessed: 19 August 2015), 
Global Compositae Checklist (GCC; http://compo sitae.landc arere 
search.co.nz/Defau lt.aspx; accessed 21 August 2015), International 
Legume Database and Information Service (ILDIS; http://www.ildis.
org/; accessed 21 August 2015), Missouri Botanical Garden’s Tropicos 
Database (http://www.tropi cos.org; accessed 19 December 2014) 
and the USDA’s Plant Database (http://plants.usda.gov; accessed 17 
January 2015). In addition, we obtained plant taxonomic order from 
the “taxize” R package v.0.9.4 (Chamberlain & Szöcs, 2013).

We checked trait records to ensure that data were in standard-
ized units. Potential mistakes were checked in the original sources, 
corrected when possible or excluded when values were unreason-
able (e.g., negative values for nutrient concentrations or percentages 
> 100). We calculated the error risk as the number of mean stan-
dard deviations (across all species within trait) from the respective 
species mean (named: errorRisk), following the TRY protocol (TRY; 

Trait Units
Number of 
species

Number of Species 
by site Mean

Quantile 
(.25) Median

Quantile 
(.75)

Root mycorrhizal 
colonization intensityf 

% 2,405 2,529 40.5 9.4 40.0 64.5

Morphology

Mean root diameter mm 1,628 2,845 0.44 0.22 0.36 0.55

Root dry matter 
content

g/g1 431 1,499 0.22 0.15 0.22 0.28

Root tissue density g/cm3 1,465 3,291 0.25 0.11 0.20 0.34

Specific root area cm2/g 477 707 617.7 179.1 385.8 728.4

Specific root length m/g 1,973 3,407 88.7 18.9 47.4 113.0

Physiology and 
respiration

Net uptake rate of 
nitrogen

µmol/g/day 68 68 49.5 32.3 52.6 64.8

Specific root respiration nmol/g/s 248 408 21.7 7.0 14.6 32.7

System and distribution

Fine root mass-to-leaf 
mass ratio

g/g 143 176 2.39 0.08 0.32 2.30

Coarse-to-fine root 
mass ratio

g/g 128 130 10.6 1.7 5.0 12.8

Root mass density g/cm3 152 260 0.13 0.0001 0.02 0.13

Root length density cm/cm3 122 178 4.10 0.43 1.82 5.80

Maximum rooting 
depth

m 1,024 1,782 2.21 0.50 1.10 2.00

For each trait, standardized units, number of species and number of species-by-site mean values are presented. Traits are categorized based on 
McCormack et al. (2017) and Freschet et al. (2020). See the Supporting Information (Table S1) for trait definitions.
aThis information can be used to calculate theoretical root specific hydraulic conductance (Valenzuela-Estrada et al., 2009). 
bThis information needs to be interpreted with caution, because the included total root length can vary across studies. 
cThis trait can be measured via minirhizotrons or ingrowth cores, and both measurements lead to contrasting results. 
dLateral spread by clonal growth; although this trait is not categorized as a trait of the root system per se, it was included because of its influence on 
root growth (Klimešová & Bello, 2009). 
eQualitative microbial association traits, including mycorrhizal association type and nitrogen-fixing capacity, are included in GRooT (see Supporting 
Information Table S5). 
fMycorrhizal colonization intensity is based mostly on data for arbuscular mycorrhizal colonization. 

TA B L E  1   (Continued)

http://tnrs.iplantcollaborative.org/
http://www.theplantlist.org/
http://compositae.landcareresearch.co.nz/Default.aspx
http://compositae.landcareresearch.co.nz/Default.aspx
http://www.ildis.org/
http://www.ildis.org/
http://www.tropicos.org
http://plants.usda.gov
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Kattge et al., 2011, 2020), but not implemented across root traits 
in TRY. We reported the number of data entries used to calculate 
the error risk per species (named: ErrorRiskEntries), with error risk 
robustness increasing when based on multiple replicates (preferably 
> 10 data entries). Normal distribution was checked for each trait, 
and logarithmic transformations were used before calculating error 
risk scores when required. Large error risk scores can indicate po-
tential measurement errors, but they can also reflect intraspecific 
variation. Thus, we did not use error risk scores to remove trait re-
cords from the database but provide them to be used at the users’ 
discretion.

2.3 | Data use guidelines and data availability

GRooT contains two csv files and an R script. The first csv file, 
named GRooTFullVersion.csv, provides root trait data at the high-
est resolution available (either trait values from individual rep-
licates or mean values per study), information to filter data by 
entities (Supporting Information Table S4), meta-data (Supporting 
Information Table S5) and error risk scores. The second file, named 
GRooTAggregateSpeciesVersion.csv, provides the mean, median 
and quantiles (.25 and .75) of species values. The R script, named 
GRooTExtraction, includes code to calculate error risk and the steps 
to calculate the mean, median and quantiles (.25 and .75) of spe-
cies values. The code of the R script is customizable, including op-
tions to calculate mean values by excluding trait records based on 
the error risk, and to select data based on root entities (Supporting 
Information Table S4) or relevant covariables, such as root vitality 
(McCormack et al., 2015).

GRooT is publicly available but should be referenced by citing this 
paper. We suggest citing the original data sources that contributed a 
substantial proportion to the analysis. GRooT is located and will be 
maintained and updated in a GitHub repository (https://groot -datab 
ase.github.io/GRooT/). We encourage users to report mistakes and 
suggestions to improve the database and to contribute data.

3  | DESCRIPTION OF THE DATA

GRooT includes 38 root traits, with 38,276 species-by-site mean val-
ues based on 114,222 trait records (Table 1; Supporting Information 

Figures S2–S14). GRooT includes > 1,000 species with data on the 
following nine traits: root mass fraction, root carbon and nitrogen 
concentration, lateral spread, root mycorrhizal colonization inten-
sity, mean root diameter, root tissue density, specific root length and 
maximum rooting depth. Data were collected in experimental micro-
cosm studies (20.2 and 1.3% of species-by-site mean values from 
potted and hydroponic experiments, respectively) or field studies 
(71.4% of species-by-site mean values, including field observations 
and field or common garden experiments) or were unspecified (7.1% 
of species-by-site mean values). Root trait coverage from field stud-
ies varies geographically across the globe (Figure 1). Regions such as 
North America, Europe and Asia are well covered, whereas there are 
consistent gaps in other regions, such as Africa and South America. 
These geographical patterns are observed in terms of the number of 
species and the number of traits measured per site.

Phylogenetically, data in GRooT cover all major clades of vascular 
plants (i.e., pteridophytes, gymnosperms, basal angiosperms, mono-
cots, magnoliids, basal eudicots, superrosids and superasterids; 
Figure 2a), with data for 254 families. However, phylogenetic gaps 
are observed for traits related to key categories, such as anatomy, 
architecture, dynamics and physiology. When accounting for the 
number of vascular species included in GRooT (n = 6,214 species 
across 254 families), the average number of traits per species within 
family ranges between two and 14, with an overall average of four 
traits for species across the phylogeny. When accounting for the 
number of vascular species accepted globally (based on The Plant 
List; n = 316,110 species across n = 442 families), the average num-
ber of traits per species within family ranges from zero to eight traits, 
with an overall average of less than one trait for species (Figure 2b).

4  | DISCUSSION

GRooT is a uniquely important step towards the inclusion of root 
traits in large-scale comparative studies and global models by inte-
grating expert knowledge, data mobilization, standardization, cura-
tion and open accessibility. In terms of geo-referenced data from 
field studies, GRooT has highest coverage in North America, Europe 
and Asia, especially for chemical and morphological traits, reflect-
ing the capability for large-scale studies in these regions. In terms 
of phylogenetic coverage, data in GRooT include the major clades 
of vascular plants with, on average, four traits included per species. 

F I G U R E  1   Maps depicting all geo-
referenced data from field studies 
included in the Global Root Trait (GRooT) 
Database. Circles indicate the range of 
species per site (e.g., one or two species, 
two to four species, successively) or traits 
per site (e.g., one or two traits, two to four 
traits, successively)

https://groot-database.github.io/GRooT/
https://groot-database.github.io/GRooT/
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Thereby, phylogenetic coverage in GRooT provides the possibility of 
using the data in large-scale phylogenetic studies, such as analyses 
of trait conservatism (Averill et al., 2019; Valverde-Barrantes et al., 
2017) or assessments of trait relationships and trade-offs across the 
phylogeny.

GRooT also helps to highlight the remaining barriers to integra-
tion of root trait data on global analyses. In particular, data avail-
ability of certain relevant but hard-to-measure root traits related to 
physiology, mechanical properties and root dynamics generally re-
main scarce (Supporting Information Table S2). Moreover, although 
GRooT contains global data with a wide geographical range, the 
species coverage in South America and Africa remains limited irre-
spective of trait type, reflecting overall biases in global ecological 
observations (Cornwell et al., 2019; Martin et al., 2012). Thus, tar-
geted initiatives in these regions, such as that by Addo-Danso et al. 
(2019), are fundamental. Although GRooT includes ~6,500 species, 
initiatives to increase the representativeness of species for families 

with the highest species richness, such as Fabaceae, Fagaceae, 
Orchidaceae and Poaceae, are also required.

GRooT can be used for (but is not restricted to) studying macro-
ecological and functional biogeography (Violle et al., 2014), assess-
ing global belowground trait–environmental relationships as known 
from aboveground approaches (Bruelheide et al., 2018), and detect-
ing fundamental ecological patterns, such as the root economic space 
(Bergmann et al., 2020) or trade-offs and coordination among organs 
in the plant economic spectrum (Freschet et al., 2010). Furthermore, 
GRooT facilitates the integration of root traits into studies of related 
scientific disciplines, such as soil science and agronomy (Martin & 
Isaac, 2018; Wood et al., 2015). The completion of this standardized, 
curated and publicly available database provides immediate benefit 
to the research community from ready-to-use data (Gallagher et al., 
2020) and provides additional direction, helping experts to identify 
gaps that need to be filled to increase completeness of global root 
trait data.

F I G U R E  2    Phylogenetic coverage of 
root traits in Global Root Trait (GRooT). 
Panel (a) shows the average distribution 
of root traits per species in GRooT across 
the phylogeny (n = 6,214 species across 
n = 254 families) and panel (b) shows 
GRooT phylogenetic coverage based on 
the accepted species by The Plant List (n = 
316,110 species across n = 442 families). 
Tip and inner ring color depict mean 
number of traits per species in a family 
while dark blue colour indicates families 
with lower number of traits per species. 
The outer ring represents major clades of 
vascular plants and the bars in this ring 
represent the family size (proportional to 
the logarithm base 10) either based on 
the number of species per family included 
in GRooT or the number of accepted 
species per family globally (Panel a and 
b, respectively).
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BIOSKE TCH
The Global Root Trait Research Team is a group of root ecologists 
interested in contributing to the inclusion of root traits in large-scale 
comparative studies and global models by offering standardized and 
publicly curated data of key root traits. The team built GRooT during 
two synthesis workshops on root traits (sRoot working group) and with 
the help of external researchers. The team has also developed inter-
connections with other databases, creating innovative linkages and 
facilitating the use of complementary information among databases. 
The goal is to provide accessible information to overcome the concep-
tual and methodological roadblocks limiting the use of root traits by 
a wide community of ecologists and biogeographers assessing topics 
such as global belowground trait–environmental relationships, detect-
ing ecological patterns such as the root economic space or trade-offs 
and coordination among organs in the plant economic spectrum.

SUPPORTING INFORMATION
Additional supporting information may be found online in the 
Supporting Information section.
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TA B L E  A 1   Datasets included in GRooT from TRY

Dataset ID Datasets References

328 Root Traits of Grassland Species Smith et al. (2014)

162 Mycorrhizal Intensity Database Across the Former 
Soviet Union

Akhmetzhanova et al. (2012)

97 Plant Physiology Database Atkin et al. (1999); Loveys et al. (2003)

292 TOPIC (Traits of Plants in Canada) Aubin et al. (2012)

159 Traits of US Desert Woody Plant Species Butterfield and Briggs (2011)

354 Cedar Creek prairie plants (leaf, seed, dispersule, height, 
plant, root)

Catford et al. (2019; & unpublished)

73 Tundra Plant Traits Database Unpublished

72 Sheffield & Spain Woody Database Cornelissen et al. (2003)

10 Roots of the World (ROW) Database Craine et al. (2005)

130 Global 15N Database Craine et al. (2009)

167 Leaf N-Retention Database de Vries and Bardgett (2016)

108 The DIRECT Plant Trait Database Everwand et al. (2014); Fry et al. (2014)

265 Saskatchewan Plant Trait Database Guy et al. (2012)

115 Herbaceous Traits from the Öland Island Database Hickler (1999)

129 The Americas N & P Database Kerkhoff et al. (2006)

191 Baccara—Plant traits of European Forests Unpublished

12 ECOCRAFT Medlyn et al. (1999)

200 Altitudinal Vicariants Spain Milla and Reich (2011)

316 Element content of plant organs of halophytic species 
NW Germany

Minden and Kleyer (2014)

111 Leaf and Whole-Plant Traits Database: Hydraulic and 
Gas Exchange Physiology, Anatomy, Venation Structure

Sack (2004); Nakahashi et al. (2005); 
Quero et al. (2008)

91 Catalonian Mediterranean Forest Trait Database Ogaya and Peñuelas (2003)

27 BROT Plant Trait Database Paula et al. (2009); Tavşanoğlu and 
Pausas (2018)

131 Catalonian Mediterranean Shrubland Trait Database Unpublished

323 Rocky Mountain Biological Laboratory WSR/gradient 
plant traits

Unpublished

96 Global Respiration Database Reich et al. (2008)

376 Biomass allocation in beech and spruce seedlings Schall et al. (2012)

50 Leaf and Whole Plant Traits Database Shipley and Vu (2002)

313 Wood carbon content Database Thomas and Martin (2012)

163 Plant Traits for Grassland Species (Konza Prairie, Kansas, 
USA)

Tucker et al. (2011)

216 Traits for Common Grasses and Herbs in Spain Unpublished

56 Wetland Dunes Database van Bodegom et al. (2005)

330 Traits of Ukraine native and invasive plant species Unpublished

79 BIOME-BGC Parameterization Database White et al. (2000)

68 The Functional Ecology of Trees (FET) Database—Jena Wirth and Lichstein (2009)

221 Leaf Economic Traits Across Varying Environmental 
Conditions

Wright and Sutton-Grier (2012)

247 Traits of Halohytic Species in North-West-Germany Minden et al. (2012)

329 Plant traits from alpine plants on Mt. Malaya Khatipata Soudzilovskaia et al. (2013)

243 CLO-PLA: A Database of Clonal Growth in Plants Klimešová and Bello (2009); Klimešová 
et al. (2017, 2019)


