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© Whole-plant hydraulic conductance (kpiane) quantifies the water transport capacity along the

. soil-plant-atmosphere continuum, and is a key trait determining plant water use and drought
. response strategies, as well as an essential parameter in ecosystem models. However,

. globally harmonised data are lacking. Here, we present the *KPLANT Dataset”, unifying

. data from 357 studies including 425 species, spanning 6 continents and multiple biomes,

. and comprising 3841 observations from 1970 to 2025. The dataset is dominated by woody

. species (90.71%), particularly trees (81.28%), but also includes graminoids (5.29%), and other
. growth forms (7 total growth forms). k., values are given as originally reported, together

. with water flux and/or water potentials, plant-level dimensional and allometric traits (height,
- diameter, basal area, leaf area, sapwood area, Huber value) and stand characteristics (plant
density, leaf area index, basal area). k,,,; values are additionally expressed on common

: normalisation bases, including leaf area, sapwood area, wood area and ground area, as

: well as on a non-normalised whole-plant basis. We describe the dataset, its strengths and

. limitations, and provide some examples of its potential uses.

: Background & Summary

. The plant hydraulic system mediates the uptake, transport, storage, and loss of water along the
. soil-plant-atmosphere continuum, thereby regulating the plant water balance and contributing substantially to
© terrestrial ecosystem water and carbon exchange'?. The water transport capacity of this pathway is quantified by
. the hydraulic conductance of the whole plant (k,,,» kg s~' MPa™"), which determines water flux (F, kg s™") for
: agiven root-to-leaf water potential difference (AW, MPa)**. k,,,, is an integrative property of plant hydraulic
© architecture that combines the contributions of roots, stems, branches, and leaves along the flow path’. Soil and
. soil-root interface hydraulic conductances are not directly measured, but they are important components that
. potentially influence k,,,, values under unsaturated soil conditions. k,,, impacts multiple aspects of plant per-
- formance. For instance, during periods of heat and drought, declines in k,,,, due to xylem damage may lead to
: plant mortality®®, and declines in k,,, can constrain carbon assimilation rates by limiting maximum stomatal
. conductance®'’. Thus, k,,, is an important parameter in process-based models for predicting stomatal behav-
iour, plant water use, growth, and drought-induced mortality'-1*.

: Despite its importance, k,,,,, remains one of the least systematically quantified components of the plant
. hydraulic system'>""”. This is partly because estimating k,,, requires concurrent measurements of F and A¥
. at the whole-plant level, quantities that vary over time. This makes k,,,, more difficult to characterise than
. organ-level hydraulic traits, which can be more readily measured on excised tissues. Indeed, most hydrau-
. lic conductance measurements are obtained at the organ-level, including quantification of the separate con-
. tributions of root, stem, branches, and leaf hydraulic conductance, or, more commonly, their path-length
. and cross-section-normalised conductivities'®-*. Although organ-level conductivities are closely related to
. whole-plant water use, they cannot be readily scaled to k,,,*. Scaling from organ conductivities to whole-plant
: level is complex due to variability in hydraulic traits along the plant’s vertical axis*>**, substantial uncertainty
. introduced by allometric scaling, and the involvement of multiple tissues and cell types in water transport
. through apoplastic and symplastic pathways*.

: In addition, long-term monitoring and comparative assessments of k,,,, across contrasting environmental
* conditions and genotypes remain scarce>!*!8. This limitation is further compounded by the diversity of meth-
. odological approaches used to estimate k,,,, and by its high variability across ontogeny and plant structure'®?,

: #Afulllist of authors and their affiliations appears at the end of the paper.
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which often hinders data comparison among studies. Previous attempts, including Mencuccini'® and Wolfe,
et al.?®, provided valuable foundations but were limited in taxonomic and geographic coverage.

The increasing number of studies reporting either k,,, values or the combination of Fand AV, together with
recent works highlighting the central role of k,,,, in regulating plant water use and responses to soil and atmos-
pheric drought®*”?%, have motivated this new data compilation initiative. Additionally, some publicly available
datasets provide complementary sources for estimating k. For instance, the SAPFLUXNET dataset* provides
global measurements of whole-plant water use based on sap flow that, when combined with measurements of
leaf water potential (W) (19 sites currently available), enable the estimation of k,,,, across species from diverse
climates and biomes.

Here, we present a dataset compiling k,,;,,, measurements under conditions approaching maximum hydraulic
capacity, either estimated directly or calculated from source variables, from 357 studies, encompassing 3841
observations across 425 species and 245 genera. The dataset spans multiple biomes across six continents, cov-
ering woody and herbaceous species across seven growth forms (tree, shrub, liana, graminoid, forb, stem suc-
culent, and fern). Data were compiled from peer-reviewed publications, theses, and publicly available studies
following a standardised extraction protocol. The dataset includes k,,,, values, the methods used to estimate
them, the underlying F and AV measurements, and plant and stand-level allometric traits (height, diameter,
basal area, leaf area, sapwood area, Huber value, plant density and leaf area index) when reported. Many studies
included repeated observations reflecting temporal or treatment variation. These are retained and identifia-
ble through the associated metadata. However, systematic coverage of drought-induced conductance loss is
not provided; users interested in hydraulic vulnerability should consider that k,,,, under water stress may be
substantially lower. The dataset enables comparative analyses of k,,,,, across and within taxa and with hydrocli-
matic variability and experimental conditions. It also allows evaluations of k,,, at large scales''*, and fulfils a
long-standing demand from plant hydraulics modellers®'. When measurements are unavailable, k,,,, has tradi-
tionally been estimated by upscaling organ-level values and making many assumptions regarding unmeasured
organs. This dataset will help constrain those estimates to improve process-based model predictions of vegeta-
tion functioning. Information on the availability of complementary functional traits in source publications is
also provided. All data underwent quality control including validation of the data types reported, geographic
coordinate checks and verification of unit conversion.

Methods
Dataset construction comprised five stages (Fig. 1): bibliographic search and screening, data extraction and
derivation of k,,,,, scaling and unit standardisation, and quality control.

Bibliographic search and screening. A comprehensive literature search was conducted in February
2025 in Web of Science following the publication indexing terms specified for the search (Table 1). Our search
yielded 1,980 publications; the search record is available at: https://www.webofscience.com/wos/alldb/summa-
ry/001fec63-0bal-44c9-a88d-1f28a37a55¢ee-0147749ab5/relevance/1. Following literature search, the data com-
pilation effort involved 56 participants. A detailed protocol specifying the compilation procedures is provided in
the Zenodo repository.

During the initial screening, both the main text and the supplementary materials of the publications were
assessed. We excluded studies that did not report either k,,,, values, or simultaneous measurements of F and
paired measurements of predawn leaf water potential (W, cq,n) OF soil water potential (¥,,;) and midday
leaf water potential (W,,q44y)> as well as those presenting only model-simulated k. Literature reviews were
included only if they provided new data. With these criteria, 330 publications out of the 1,980 were selected
for data extraction. In addition, 27 publicly available ,,,,, studies were contributed by co-authors, including 19
studies derived from SAPFLUXNET.

Data extraction and derivation of k;j,,;. Publications were allocated among data extraction partici-
pants, and when participants were co-authors of a source publication, that publication was assigned to them.
The extracted data were reported in a standardised Excel spreadsheet template, and the Extraction_template is
available in the Zenodo repository. Each participant received a copy of the template. Completed templates were
treated as independent studies, each with a unique ID, and were submitted to the coordination team for quality
control before integration into the final dataset.

Data were extracted from text, tables, or figures in the main manuscript and/or the supplementary materials.
When data were presented in figures, we used WebPlotDigitizer (https://automeris.io/WebPlotDigitizer/) to
extract the data. k,,,, was reported in different formats across publications: as a function of time (e.g. diurnal or
seasonal measurements), or for specific treatments, individuals or sites, either as disaggregated observations or
as aggregated values (e.g. means).

We extracted k,,,, values prioritising periods of high transpiration demand (typically midday during peak
growing season under non-limiting soil water). When data were reported for multiple treatments, individuals,
sites, or time points, all observations were kept at the resolution provided in the source publication. All relevant
metadata (e.g. treatment, measurement date, soil water status) are provided to enable appropriate filtering.

When k,,,, was not explicitly reported, we calculated it from the maximum instantaneous midday F and the
concurrent AW for each treatment or aggregation level.

In such cases, k,,,, was calculated using either the ratio or slope method. For paired F and AV measure-
ments, the ratio method was applied:
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Workflow of k., database construction
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Fig. 1 Workflow of k,,,, dataset construction.

k=L
Ay (1)
When data allowed to plot linear relationships between instantaneous F and instantaneous W, the slope
method was applied:
F=a+ bd)leaf + e (2)

taking the slope b as the estimate of k,,,,» @ as the intercept (e.g. accounting for capacitance effects) and e repre-
senting the residual error.

F data included sap flow (SF), transpiration (E) measured using gas exchange systems, porometers, or gravi-
metric water balance methods, and flow rates measured using the high-pressure flow meter (HPFM). AV was
calculated as the difference between U, .4, 0F Wi and U, 44, When multiple F methods were reported, we
prioritised SF, followed by E, and finally the water balance methods and HPFM, as SF provides more direct and
continuous measurements of whole-plant F under field conditions. When both W4, and ¥, were reported,
we prioritised W, g, OVer W, because it reflects the bulk soil ¥ experienced by the entire root system, whereas
W, is typically measured at specific depths or locations that may not represent the rooting zone. Since we tar-
geted measurements during periods of maximum transpiration rates, deviations from soil-plant equilibrium at
predawn (i.e. between U, .4, OVver W) are expected to be minimal.

All variables and their associated standard errors (when available) were recorded in their original units and
then standardised (Tables 2 and 3, see below). F and water potential data (¥, eduym Wsoit and Wiyiqaay) were included
regardless of whether k,,,, was directly extracted or calculated. Directly extracted k,,,, values were prioritized
over calculated values when both were available.

In addition to ky,,, (Table 3), Uy eqann> Ysoit> Yiniaday @nd F measurements (Table 2), we recorded the follow-
ing metadata on site and experimental conditions, including location and sampling date (Table 4); plant-scale
and stand-scale characteristics, including taxon and growth form (Table 5); and soil information, concurrent
environmental and physiological measurements, and data availability of other hydraulic traits in the original
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Water potential (y)

Water flux (F)

Hydraulic conductance or resistance

Whole plant hydraulic conductance

Hydraulic plant conductance

Whole plant hydraulic conductivity

Hydraulic conductance

Leaf specific hydraulic conductance

Total hydraulic conductance

Whole tree hydraulic conductance

Whole tree hydraulic conductivity

Soil to leaf conductance

Soil to leaf hydraulic conductance

Tree conductivity

Plant conductivity

Soil to canopy conductance

Whole plant hydraulic resistance

Whole tree hydraulic resistance

Soil to leaf resistance

Soil to canopy resistance

Water potential

Sap flow

Water potential

Sap flux

Water potential

Sapwood water
balance

Water potential

Resistance to flow

Xylem water potential

Transpiration

Table 1. Literature search words.

publications (Table 6). We also recorded data extraction details, including the data extractor name, DOI, publi-
cation title, and notes (Table 7).

The descriptions of variables with their default values are shown in the Extraction_template. All numeric
variables were standardised to specified units (Tables 2-6). When allometric values were only reported as ranges,
we used their mean values for our metadata. When measurement dates were reported as ranges, both starting
and ending dates were recorded.

Scaling and unit standardisation. The k,,,, values reported in publications were in different units and fol-
lowed different normalisation levels. They could be leaf-area specific, sapwood-area specific, wood-area specific,
and ground-area specific hydraulic conductance, or simply per plant (without area normalisation). We recorded
the original normalisation level for k,,,; as “normalisation_level” and retained original k,,, values as reported.
Then, we standardised the original units to kg m™> s=' MPa™" for the leaf (k,jau_teap)> $aPWOOd (Kppant_sapwood)>
W00d (Kpant_yooa) and ground (Kpjam_grouna) Specific hydraulic conductance, and to kg s=! MPa™! for the overall
whole-plant hydraulic conductance without area normalisation (k). Where allometric or stand metadata were
available we performed conversions to other levels. For example, kyjq;_sapwood 30d Kpjan_1eqp were multiplied by plant
sapwood area (pl_SA) or plant leaf area (pl_LA), respectively, to obtain k. Similarly, k,,,, was divided by plant
basal area (pl_basal_area) or multiplied by stand density (st_density), to obtain kyjau_eoa A0d Kpjant_grouna> TESPeC-
tively. The normalisation_level variable identifies the normalisation basis reported in the original study and can
therefore be used to distinguish directly standardised values from values derived through cross-normalisation,
which carry additional uncertainty due to assumptions and additional measurement errors embedded in allomet-
ric conversions. All possible conversion combinations are summarised (Table 8).
If possible, we interconverted plant allometric characteristics:

(1) Interconversion between pl_basal_area and diameter at breast height (pI_DBH) assuming a circular
cross-section area:

|_DBH )’
pl_basal_area = 7 [p_—]
? (3)
(2) Interconversion among pl_SA, pl_LA, and pl_huber_value:
1_SA
pl_huber_value = ploA
plLLA @

(3) Conversion between plant and stand level parameters using st_density, including transformations between
pl_basal_area and st_basal_area, as well as between pl_LA and st_LAL
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Field name Definition Data type | Units Possible range | Number of observations
wp_leaf_midday Leaf water potential at midday numeric MPa <0 2296
wp_leaf_predawn Leaf water potential at predawn numeric MPa <=0 2250
wp_soil Soil water potential numeric MPa <=0 466
wp_soil_depth The depth of soil water potential measurement numeric m — 112
wp_leaf_midday_standard_error | The standard error of leaf water potential at midday | numeric MPa — 914
wp_leaf_predawn_standard_error | The standard error of leaf water potential at predawn | numeric MPa — 782
wp_soil_standard_error The standard error of soil water potential numeric MPa — 75
deltaWP Water potential difference (predawn/soil-midday) numeric MPa >0 2142
WaterFlux Water flux required to calculate k numeric Original units | >0 1962
WaterFlux_standard_error The standard error of water flux numeric Original units | >=0 745
Flux_original_units Units of water flux as given in reference string Original units | — 2020
Table 2. Water potential and water flux variables.
pl_basal_area = st_basal_area/(st_density) (5)
StLAI = plLA X Stdensity (6)

Quality control.  Following the data extraction phase, we applied a quality control (QC) to each individual
dataset. We implemented an automatic procedure in R (available at https://github.com/vflo/Kwp_QC), to gener-
ate reports performing three checks:

(1) Data type and range validation: variables were verified as either numeric or text, and numerical values fall-
ing outside pre-established plausible ranges (Tables 2-6) were flagged as potential outliers or input errors.

(2) Geographic validation: country names and geographic coordinates were cross-checked for consistency.

(3) Unit conversion check: based on the original k,,,, normalisation level and units, and the allometric and
stand characteristics available, all possible unit conversion pathways were listed and verified.

Identified errors were corrected and the QC performed again until no issues remained.

After completing QC for each individual dataset, all the data were consolidated into a single dataset. We
performed an outlier detection on this dataset, flagging values below the 5th percentile or above the 95" per-
centile for each numerical variable. Flagged values were reviewed; when errors were confirmed, values were
corrected in the individual studies. Missing values in compulsory variables (Tables 3 and 5) were addressed by
revisiting original publications. Species names were standardised using the “taxize” R package® with the Global
Biodiversity Information Facility (GBIF) backbone taxonomy*. Original names as reported in source publica-
tions were retained in pl_species_original, while standardised accepted names were recorded in pl_species_cor-
rected. Synonyms were updated to currently accepted names. We also added the species family (pl_family) and
the GBIF id (GBIF_id).

Data records

The dataset is available through Zenodo®*. The repository contains the main dataset and associated supporting
files (Table 9).

Data overview

The KPLANT dataset contains 3841 observations from 357 datasets across 425 species and 245 genera, repre-
senting 100 plant families. Observations span 6 continents (Fig. 2a). Europe is the most represented region with
123 studies across 14 countries (1375 observations; 35.80%), followed by North America with 100 studies across
5 countries (767 observations; 19.97%). The dataset includes 2788 observations from field studies, 574 from
greenhouse experiments, 129 from plantations, and 350 from outdoor potted plant experiments. The studies
span all terrestrial biomes (Fig. 2b). Data from woodland/shrubland were the most numerous, while tropical
rainforests, temperate rainforests, and boreal forests are underrepresented.

The dataset covers seven plant growth forms: trees, shrubs, lianas, graminoids, forbs, and stem succulents.
Woody species (trees, shrubs and lianas) account for 81.28% of observations with trees representing 80.39% of
the dataset. The most represented genera are Pinus and Quercus, with 507 observations (13.20%) and 489 obser-
vations (12.73%), respectively. The most frequently sampled species are Quercus ilex, Robinia pseudoacacia and
Olea europaea, with 217 (5.65%), 211 (5.49%) and 167 (4.35%) observations respectively.

The ky,,, values included in the dataset were originally reported at different normalisation levels: leaf-area
specific (52.72%), sapwood-area specific (24.94%), whole-plant (21.11%), wood-area specific (0.60%), and
ground-area specific (0.62%). k,,,, was derived using either the ratio method (89.56%) or the slope method
(10.44%). F measurements included sap flow (61.70%), infrared gas analyser (20.62%), porometry (10.86%),
gravimetry (6.38%), and HPFM (0.44%). Within sap flow methods, thermal dissipation was most common
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Field name Definition Data type Units Possible range | Number of observations
Organ area by which the original
normalisation_level* | whole-plant hydraulic conductance is factor — — 3841

normalised

Aggregation level of the data, either
temporal, stand or individual. If measures
from several days were reported as an
average whether for a single tree or across
Aggregation*® multiple trees, it is named “temporal’; if | factor — — 3793
they were averaged from different trees
in one day, it is named “stand”; and if
they were averaged from different leaves/
shoots it is named “individual”.

N Number qu lant individuals sampled numeric Number of individuals >0 3378
(sample size)

k_original* Leaf, sapwood or whole-plant hydraulic numeric Original units >0 3841
conductance

k_standard_error The standard error ofleaf, sapwood or numeric Original units >0 1222
whole-plant hydraulic conductance

k_original_units* Units of whole-plant hydraulic string Original units — 3841
conductance as given in reference

k_plant_leaf Leaf-spec1ﬁ§ hydraulic conductance in numeric kg mLeaf-2 MPa~!s™! >0 2869
standard units

_speci ; -2 -1

k_plant_sapwood _Sapwood spec1_ﬁc hydraulic conductance numeric kiglmsapwood MPa -0 1681
in standard units s

k_plant_wood WOOd_SPeCI.ﬂC hydraulic conductance in numeric kg mwood 2 MPa~'s™! >0 2155
standard units
Ground area-specific hydraulic . 2 I

k_plant_ground conductance in standard units numeric kg mground—> MPa~'s >0 1562

k_plant Whole—planF hydraulic conductance in numeric kg MPa~! 5! -0 1243
standard units

k_method* hMethod'used to estimate whole-plant factor _ _ 3841

ydraulic conductance from sap flow
Flux_method* Method used to estimate the water flux factor — — 3841
SF_method Sap flow method factor — — 2374

Table 3. ky,, related variables. Compulsory variables are marked with an asterisk (*). Variable names with the
underscore after k indicate the values as recorded in the dataset table, whereas the corresponding names without
this underscore indicate the same values as referred to in the text. For example, k_plant_sapwood corresponds
t0 Kpjant_sapwooas a1 k_plant_leaf corresponds to ki jeqs:

(50.93%), followed by stem heat balance (24.05%), compensation heat pulse (13.40%), heat ratio (4.51%) and
transient thermal dissipation (4.21%) (Fig. 3).

The proportions of observations with available data for each plant trait were: height (61.08%), DBH (52.25%),
plant basal area (54.80%), leaf area (33.30%), sapwood area (25.28%), Huber value (23.35%), and age (57.07%).
For stand-level characteristics, data availabilities were: LAI (33.35%), stand density (36.87%), and stand basal
area (20.54%). Value ranges for all the variables are provided in Table 5.

Technical Validation
Multiple sources of error could affect the quality of the k,,,, data compiled in the dataset. One source
of uncertainty is the data extraction itself, as some data were digitised from published figures using
WebPlotDigitizer. WebPlotDigitizer minimises digitisation error, by performing careful axis calibra-
tion and zooming in to increase cursor precision. Digitisation precision was tested using 10 synthetic plots
(5bar charts, 5 scatter plots) with known true Y-axis values spanning the typical range of Ky e (1 x 1076
to 1 x 107*kgm™2 s7! MPa™!) (https://github.com/vflo/Kplant_database/blob/main/digitalization_error_
evaluation.R). Each synthetic plot was digitised by 4 independent observers. A linear mixed model was
fitted to the digitisation error (digitised minus true value) with observer and plot as crossed random inter-
cepts. The mean digitisation bias was -6.5 x 107°kgm™=2 s™! MPa~! (95% CI: -5.4 x 1078 to 4.1 x 1078),
not significantly different from zero, indicating no systematic over- or underestimation. The total stand-
ard deviation of digitisation error, combining between-observer (6 =3.8 x 1078 kg m~2 s=! MPa™!),
between-plot (0 =4.2 x 107® kg m™2 s~! MPa™!) and residual (6 =1.1 x 1077 kg m™? s~! MPa™!)
variability, was 1.2 X 10 7 kg m~2s~! MPa™! (0.12% of the Y-axis range).

For studies that did not report whole-plant hydraulic conductance directly, k,,,, was calculated using Eq. 1.
In some cases, a small temporal mismatch between F and AV measurements may also introduce additional
uncertainty. In addition, uncertainties in F and/or AW could propagate into the final estimates of k,,,,. These
uncertainty estimates are provided only in the original units reported by each study and were not converted
across normalisation levels. When standard errors (SE) for ky,,, were not reported in the original sources, these
were calculated as follows:
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Field name Definition Data type | Units Possible range | Number of unique records
IDref Reference identifier numeric — — 357

si_country Country name factor — (-90,90) 40

si_lat Latitude in decimal format numeric decimal degrees | (-180,180) 290

si_long Longitude in decimal format numeric decimal degrees | — 298

si_altitude Altitude above sea level numeric m — 164

Code characterising each site/sub-site

si_site (or population) within a study string - - 327
si_treatment Treatment of the measures string — (-90,90) 458
Date Date of the measure factor YYYYMMDD — 1024

Table 4. Site, treatment and measurement time metadata.

Field name

Definition Data type | Units Possible range | Number of observations | Median Range

pl_name

Name/code of the plant string — — 397 — —

Species scientific name as in the

pl_species_original* source string — — 495 — —
pl_family Family name string — — 100 — —
gbif_id GBIF unique numeric identifier | string — — 424 — —
pl_species_corrected Corrected species name string — — 425 — —
pl_genus Genus of the species string — — 245 — —
pl_growth_form* Plant growth form factor — — 7 — —
pl_age_mean Average age of the samples numeric year >0 2192 8 0-708
pl_height_mean SAP":Cr;%e plantheight for the target | |\ i | M >0 2346 7.8 0.1-82
pl_basal_area_mean Average basal area numeric m? >0 2105 0.0224 0-16.62

Average diameter at breast height

pl_DBH_mean in trees or average stem diameter | numeric Cm >0 2007 17.3 0.2-460

in other plant forms
pl_LLA_mean Average plant leaf area numeric m? >0 1279 6.94 1x107%-4102
pl_SA_mean Average sapwood area numeric | m? >0 971 0.012 5.73 x 107°-1.23
pl_huber_value_mean pl_SA/pl_LA numeric m?m~2 >0 897 6.00x 10~* | 7.98 x 107°-0.066

Method used to estimate

SA_methods Sapwood area factor — — 1157 — —
pl_devstage* Developmental stage factor — — 3760 — -
pl_experimental_conditions* | Experimental conditions factor — — 3841 — —
st_basal_area Stand basal area numeric m?ha~! — 789 27.3 0.77-339.74
st_LAI Leaf area index numeric | m*m? >0 1281 2.66 0.10-16.54
st_density Stand tree density numeric | plantsha™! | — 1416 1425 20-1 x 10°
LAI_methods Method used to estimate LAI factor — — 1070 — —

Table 5. Plant-scale and Stand-scale characteristics. Compulsory variables are marked with an asterisk (¥).

2 2
SE K=|K]|, [—SEF‘F] + [—SEA—iw] -

F measurements originate from leaf-, stem-, and whole-plant scales, each associated with specific method-
ological uncertainties. At the leaf scale, gas-exchange systems based on Infrared gas analysers may be affected
by non-steady state conditions, imperfect chamber sealing, and uncertainties in boundary-layer conductance
and leaf temperature®. For instance, measurements of air and leaf temperature using LI-6400XT can show sys-
tematic bias affecting estimates of stomatal conductance?®. Porometers infer stomatal conductance from water
vapour diffusion within a small and rapidly perturbed microclimate chamber, making them sensitive to humid-
ity fluctuations, equilibration time, and leakage”. At the stem scale, sap flow methods carry uncertainties associ-
ated with probe installation, wounding effects, sensor parameterisation, radial and circumferential sap-velocity
variability affecting the upscaling of point measurements to whole-stem flow?”*. A further source of uncer-
tainty is that sap flow may lag behind or deviate from actual canopy-level transpiration because internal water
capacitance buffers short-term fluxes, potentially leading to an underestimation of k,,,”*. At the whole-plant
scale, gravimetric methods provide accurate estimates of F, but container-based measurements may restrict root
growth and alter soil-plant boundary conditions, potentially biasing flux estimates relative to field conditions®.
These uncertainties are largely unavoidable at the dataset level, and method-level biases cannot be corrected
retrospectively. They are expected to contribute to between-study variation in k,,,, and should therefore be
considered when comparing results across studies.
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Field name Definition Data type | Unit Possible range | Number of records
soil_sand_perc Soil sand percentage numeric | % — 1391
soil_silt_perc Soil silt percentage numeric | % — 1320
soil_clay_perc Soil clay percentage numeric | % — 1417
soil_om_perc Soil organic matter percentage numeric | % — 377
soil_bulk_density | Bulk density of the soil numeric | cgem™? — 549
soil_type 5911 category based on the dominant size of the particles string _ _ 2329
within a soil.
stomatal conductance per unit leaf area durin, . mol m~?
& measurement P ¢ DUMETIC o1 >0 944
-2
E transpiration per unit leaf area during measurement numeric :‘i{n"l m >0 515
VPD Vapour pressure deficit recorded during measurement numeric | kPa >0 692
CO, Atmospheric CO, concentration numeric | ppm >0 186
R, : " -
P, Avallabl!lt_y of water potential at 50% loss of hydraulic factor _ _ 261
conductivity data
Poin Availability of Minimum water potential data factor — — 402
TLP Availability of Turgor loss point data factor — — 231
Gimax Availability of maximum stomatal conductance data factor — — 562
K, Availability of shoot hydraulic conductivity data factor — — 460

Table 6. Soil information, concurrent environmental and physiological measurements, and data availability of
other hydraulic traits in the original publications.

Field name Definition

Contributor Name of contributor who extracted the data from the paper

Reference_title | Title of the paper

Source DOI or reference of the paper

Observations Any further observation regarding methodological issues

Table 7. Dataset details.

Source level \ Targetlevel | Ky, Koptant tear Kptant_sapwood Kytant_wood s gt
Koptant — pl_LA pl_SA pl_basal_area | st_density
kp,u,,,ilmf pLLLA — pl_huber_value | — pl_LAI
Kotant_sapwood pL_SA pl_huber_value | — — —

kplanrﬁwaad pl_basal_area | — — _ _
Kytant_ground st_density pl_LAI — — _

Table 8. Whole-plant hydraulic conductance normalisation level conversions and mediators.

Estimation of k,,,, also requires measurements of W,,,.. In most studies, ¥, was measured on excised tissues
using a pressure chamber, which provides functionally relevant estimates that are compatible with transpiration
and sap-flow measurements*"*2. A smaller subset of observations relied on dew-point psychrometers, applied
either to excised tissues or in situ. While psychrometers can be highly precise under controlled conditions, they
are sensitive to temperature gradients and tissue-level biases, particularly under field conditions, and therefore
require experienced operators to obtain reliable data*. Gravitational effects are also an important component
of AW, but no additional correction was applied to k,,,, calculations in this dataset. Gravitational effects based
on canopy height are typically already been accounted for in studies calculating AW from ¥,; and ¥4,y and
cancel out when AW is calculated from W, 4o, and 44, measured at similar heights.

Potential errors also arise depending on whether k,,,, was calculated using ratio-based or slope-based
approaches. Ratio-based estimates represent instantaneous apparent k,,,, and are sensitive to non-steady-state
effects and errors in ¥, when gradients are very small. Internal water storage causes stem sap flow to lag behind
canopy transpiration, resulting in time-dependent bias in k,,,, estimates. In contrast, slope-based estimates
integrate multiple observations across a range of ¥, (generally within a single day) and typically provide a
more robust characterisation of whole-plant hydraulic efficiency for that period, although hysteretic behaviour
may still influence these estimates because they are less sensitive to individual measurements. However, because
they integrate measurements over several hours, they may be less directly comparable to instantaneous mid-
day estimates, and hysteretic behaviour may still influence the resulting estimates. Despite these differences,
discrepancies between the two approaches are expected to be small under comparable conditions*%. To assess
agreement between methods, we compared ratio-based (Kpjqu_rario) and slope-based (kyjan_siope) €stimates across 9
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KPLANT_dataset.csv Main dataset containing all k,,,, observations and metadata

Extraction_template.xlsx Standardised template used for data extraction

Extraction_protocol. docx | Standardised protocol used for data extraction

Individual_studies.zip Compressed Zip file containing individual xlsx studies

Qc_reports.zip Compressed Zip file containing HTML reports for individual datasets

Table 9. Database repository structure.

Species Number
c105010@ 20 @ 30

(a)90°N (b)5000
Whittaker biomes
Tundra
60°N & - >
.“’ L a ~ _ 400071 | soreal forest
“ ° oo %t se@ £ . Temperate seasonal forest

3O°N = X ". LS E . Temperate rain forest
N - . § ; = 3000 o
o] o . Tropical rain forest
3 by : .o S
= Oo 6 e 'E; - Tropical seasonal forest/savanna
© 1 ® = [ subtropical desert
= LY 22000 P

3005 Q s b @ ... e 8 Temperate grassland/dese

: ® < & . Woodland/shrubland
60°S 1000
€e'oe
90°5L— - 0 .
180°W  120°W  60°W 0° 60°E 120°E  180°E -20 -10 0 10
Longitude Temperature (°C)

Fig. 2 (a) Geographic distribution and (b) Whittaker biomes distribution of the k,,,, measures under field
conditions included in the dataset. The size of the dots in (a) and (b) show the number of species available at
each location.

Normalization level Life form k method Flux method

Fig.3 Sankey diagram illustrating the distribution of plant records in the dataset across normalisation levels
(Leaf, Sapwood, and Plant), major life forms (Woody, Herbaceous), k,,, calculation methods (Ratio and Slope),
and water-flow measurement method, comprising GE (gas exchange), P (porometer), GRA (gravimetry), and
sap flow methods (SF). Each colour represents a different original normalisation level. Categories with relatively
few records were omitted for clarity, including high-pressure flow meter (HPFM) in the Flux method (17
records), and wood (23 records) and ground (24 records) in the normalisation level.

data sources reporting both. The ratio of kyu_ratio t0 Kpiant_siope ranged from 0.76 to 1.44 (Table 10), indicating that
method-related discrepancies can reach up to 44%.

Additional uncertainty could arise from the conversion of k,,,, across normalisation levels (Kya_eap Kpiant_sapwood>

Kotant_wood> Kptant_ground> Kpiant)> Which relied on the accuracy and precision of the scaling ratios, the normality of
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IDref | normalisation_level | Ky rario Kptant _stope Kptant_ratio | Kptant_stope
70 Sapwood 1.02x 107> |7.70x107° |1.33
471 Sapwood 339x107° | 235x107° 1.44
557 Plant 1.47 x 107 1.52x10°¢ ]0.97
803 Leaf 627 x107* | 530x 107* 1.18
804 Leaf 1.38 x 107 1.55x107* | 0.89
1212 Sapwood 6.42 x 1072 5.00 x 1072 1.28
1235 Leaf 5.57 X 107° 7.34x 107 | 0.76
1248 Plant 9.93x107* ] 9.55x107* 1.04
1661 Leaf 2.99x107° 3.79x 107 | 0.79

Table 10. Comparison of ratio- and slope-based estimates of k,,,,, for matched observations.

plant size trait distributions, and the allometric relationships used to convert among traits. Uncertainties asso-
ciated with these traits reflect methodological differences in their measurement and variation in their temporal
dynamics. For example, optical gap-fraction methods tend to underestimate leaf area index (LAI) due to leaf
clumping and saturation at high canopy densities**¢, while LAI estimates derived from litter-trap depend on
phenology, sampling design, and species identity*’. Allometric relationships embed site- and species-specific
assumptions that may not remain stable over time and not hold across environmental gradients***. Sapwood
area measurements may include non-conductive tissue when All_sapwood is used rather than Only_conduc-
tive_part, leading to underestimation of sapwood-specific hydraulic conductance and over-estimation of Huber
Values™.

Plant-level size traits were sometimes derived from stand-level data combined with plant density. In some
cases, reported forest density refers to the entire stand rather than the target species. This can introduce addi-
tional uncertainty during scaling, particularly in more diverse stands where the potential error is likely to be
greater. These uncertainties primarily affect absolute k,,,, values, while relative patterns, such as responses along
environmental gradients and scaling relationships with plant size, are expected to be more robust.

Data availability

The dataset generated is available in the Zenodo repository at https://doi.org/10.5281/zenodo.19816125. The
repository includes the main data file containing all k,,, observations and metadata (KPLANT_database.csv), a
standardised data extraction template (Extraction_template.xlsx), the extraction protocol (Extraction_protocol.
docx), a compressed zip file containing all the quality controlled individual studies in.xlsx format (Individual _
studies.zip), and a compressed zip file with dataset-specific quality control reports (Qc_reports.zip) (Table 9). Full
details of file contents and variable definitions are provided in the Data Records section and associated tables. All
files are provided under a Creative Commons Attribution 4.0 International (CC BY 4.0) licence.

Code availability

The R code used to generate the quality control reports described in this study is publicly available on GitHub at
https://github.com/vflo/Kwp_QC. The repository contains scripts implementing the automated quality control
procedure, including the three checks described in the Methods section, and produces the dataset-specific HTML
reports provided in the Qc_reports.zip file. All the code used to merge the final dataset and to create the figures is
publicly available on GitHub at https://github.com/vflo/Kplant_database.
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