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Background
[bookmark: OLE_LINK5]This protocol aims to systematise the compilation of a database of whole-plant hydraulic conductance (kplant) from published sources compiled through a literature search. Data collection will be distributed among several contributors.
In the protocol we outline the data sources, the criteria for literature search, the folder structure for data management, the rules for paper assignment, the procedures and criteria for data extraction. We also explain the data curation process, and the final data aggregation of the database.
[bookmark: OLE_LINK6]This database would potentially be used to analyse the roles of kplant in regulating water use at the plant level and how it varies across functional groups (e.g. angiosperms, gymnosperms), phylogeny, climate and tree size at the global scale. The KPLANT database also has the potential to be integrated with other databases for various research purposes, such as combining with stem-level xylem hydraulic conductivity to scale across different levels, or integrating with whole-plant capacitance to assess plant vulnerability to drought. It can be also used to constrain hydraulic vegetation models.
Studies conducted using the database during this time will be coordinated among all contributors to avoid overlap.
Data sources
Data are obtained from published, peer-reviewed literature. We use studies that report estimates of whole-plant hydraulic conductance (kplant) based on sap flow data and water potentials. Some studies may also report whole-plant resistance, which is the inverse of kplant. If kplant has already been calculated, we extract it directly from the text, tables, supplementary material, or figures. Otherwise, we calculate it from flux and water potential measurements.
kplant reporting formats
kplant can be reported using different units and scaled at different levels. The typically units for kplant include:
1. Plant level (Water flow / Water potential / plant) 
Using these units kplant depends on plant size.
a) Sapwood area level (Water flow / Water potential / sapwood area)
These units are commonly used when sap flow is included in kplant calculation. Variants of these units depend on how water flow is expressed:
· Sap flux density (e.g., cm3 cm−2 s−1)
· Sap flux velocity (e.g., cm s−1)
If the sapwood is assumed to be fully conducting and has uniform properties, sap flux density and sap flux velocity can be considered numerically equivalent. However, if water flow is expressed as cm3 s−1 (sap flow), then kplant would correspond to the plant level rather than the sapwood area level.
b) Wood area level (Water flow / Water potential / wood area)
Similar to the sapwood area level but expressed as a function of the wood area instead of the sapwood area.
c) Leaf area level (Water flow / Water potential / leaf area)
These units are typically used when water fluxes are obtained from gas exchange measurements. Water fluxes could be given as transpiration (e.g., mol cm−2 s−1) or more frequently as stomatal conductance (e.g., mol Pa-1 cm−2 s−1). When stomatal conductance is reported, atmospheric or leaf-level vapour pressure deficit (VPD) is required to convert conductance into water flow. It is important to check whether stomatal conductance is reported with pressure units. If not, the water flow calculation must be normalised by atmospheric pressure. Leaf area level can also be calculated using sap flow and huber value.
d) Ground area level (Water flow / Water potential / ground area)
Normalised units per unit of ground area. This format will not be common as it will represent some sort of ecosystem level conductance. However, if we have stem density (e.g. stems ha-1) and Plant level units, or basal area (eg. m2wood m-2ground) and Wood area level units, we can scale up to Ground area level.

Literature searching criteria
We conducted a Web of Science search using the following query: TS=("whole plant hydraulic conductance") OR TS=("whole plant hydraulic conductances") OR TS=("hydraulic plant conductance") OR TS=("whole plant hydraulic conductivity") OR TS=("hydraulic conductances") OR TS=("leaf specific hydraulic conductance") OR TS=(“total hydraulic conductance”) OR TS=("whole tree hydraulic conductance") OR TS=("whole tree hydraulic conductivity") OR TS=("soil to leaf conductance") OR TS=("soil to leaf hydraulic conductance") OR TS=("tree conductivity") OR TS=("plant conductivity") OR TS=("soil to canopy conductance") OR TS = ("water potential" AND ("sap flow" OR "sap flux")) OR TS = ("water potential" AND ("sapwood water balance")) OR TS = ("water potential" AND ("resistance to flow"))  OR TS = ("xylem water potential" AND ("transpiration")) OR TS = ("whole plant hydraulic resistance") OR TS=("whole tree hydraulic resistance") OR TS=("soil to leaf resistance") OR TS=("soil to canopy resistance")
(https://www.webofscience.com/wos/alldb/summary/001fec63-0ba1-44c9-a88d-1f28a37a55ee-0147749ab5/relevance/1). A search conducted on 06/02/2025 yielded 1,980 hits. We then compared these results with references from Wolfe et al. (2023) and Mencuccini et al. (2003), adding only the papers not already present. This brought the total to 1,991.
One team (Classification team) will screen the references based on their titles, abstracts and main text excluding those publications that do not present directly kplant values or concomitant sap flow/transpiration/gas exchange and water potential measures.
For review publications, we used them to extract original references for inclusion in the database if they were not already included. Subsequently, the review publications were retained on the list only if they provided new, unpublished data.
The resulting filtered list of references was distributed among database contributors according to paper assignment rules (see below).
Some contributors will share personal unpublished data.
Project structure
Folders structure
All the project files are stored in a Google Drive shared folder, and the link is: https://drive.google.com/drive/u/1/folders/1dW97HOkT90AoxXl3FOgoEILtIjIUX_C7
The working directory is organised into several folders and subfolders. The parent directory is named KPLANT Database, and it contains the following five folders:
1. 01_papers: This folder stores the PDFs of the papers that will be used for data extraction. The papers are within a subfolder named Include. PFDs files are named using the format: IDref_firstauthorname_yearofpublication.pdf (e.g., 403_Smith_2023.pdf). It also includes the file KPLANT_PapersAssigned_09052023.xlsx, which lists the final filtered set of papers and assigns them to contributors. This file includes the IDref for each paper, a unique numeric identifier that must not be altered.
a) 02_protocol: This folder contains the current version of the protocol, along with older versions stored in a subfolder called old_protocols. Additionally, the folder contains a template spreadsheet named KPLANT_database_template.xlsx. This template must not be modified directly; contributors should create a copy before use.
b) 03_data_extraction: This folder contains two subfolders: one for the CLASSIFICATION_GROUP and another for the EXTRACTION_GROUP. Each contributor is assigned to one of these groups and has a personal subfolder within the corresponding group folder. For the CLASSIFICATION_GROUP, each contributor has a file containing the assigned papers for classification, as well as a final list of classified papers with a quality control check, named Contributorname_REFS_VF.xlsx. Contributors in the EXTRACTION_GROUP store different versions of their extracted data within their respective subfolders. Each paper has a dedicated subfolder identified by its IDref. Data files must be labeled with the date and IDref, and the final version of each file must be named master. Each contributor's subfolder may also contain Excel files with intermediate calculations. Changes between data versions should be documented in a text file named contributor_log, which must be stored in the same subfolder. Additionally, each subfolder includes a plots folder for storing plots related to each paper. Plot file names should be descriptive to facilitate easy identification of the reference, figure number, species, site, etc."
c) 04_data_quality: This folder contains the final versions of each contributor's dataset, along with quality-controlled versions that include any changes.
d) 05_final_dataset: This folder stores different versions of the merged datasets.
Data template structure
The data template includes various sheets to facilitate data extraction:
1. thesaurus: Contains a description of the data fields, their definitions, units, and allowed values.
a) data: Stores the actual data and metadata entered by each contributor.
b) tools: Includes functions to assist with data extraction.
c) metadata_values: A helper sheet storing drop-down list values. This sheet is protected and must not be modified.

Papers assignment
Contributors are assigned a list of papers to review. The list of assigned papers can be found in the file KPLANT_PapersAssigned_24032025.xlsx located in the 01_papers folder.
Papers are assigned based on the following criteria:
1. Papers where a contributor is a coauthor are assigned directly to that contributor. Giving priority to the first author
a) The remaining papers are sorted alphabetically by the first author's family name.
b) Contributors are sorted alphabetically by their family name.
Each contributor is allocated an equal number of papers, adjusted for any papers already assigned due to prior processing (testing phase) or co-authorship. The allocation process ensures that each contributor receives a fair number of papers:
1. The specific number of papers allocated to each contributor is determined by subtracting the previously assigned papers from the total allocation.
a) The remaining papers are distributed alphabetically by the first author’s family name and then matched to contributors alphabetically by their family name until their assigned quota is reached.

Data extraction protocol
Criteria for paper inclusion
Before beginning data extraction, each contributor must double-check the following:
1. Ensure Relevant Measurements
· Confirm that the paper contains measurements of:
· Whole-plant hydraulic conductance, and/or
· Concurrent whole-plant water fluxes (e.g. sap flow), gas exchange, leaf water potentials (predawn and midday), and/or soil water potentials.
· Search for measured values within the text, tables, and figures. Only measured hydraulic variables are considered—papers reporting theoretical conductance alone should not be included.
· If the paper lacks actual measured values, it should not be used for data extraction.
a) Requirements for Gas Exchange or Porometer Methods
· Leaf water potentials must be measured on the same or nearby leaves as those used to measure fluxes. Water potentials measured using bagged leaves should be excluded.
b) In Case of Exclusion
· If, after an initial examination, the paper appears not to contain useful data, retain a record of the following fields:
· IDref
· SpeciesName
· PaperDOI
· Reference_title
· Mark "no" in the Included metadata field and provide a brief explanation in the Observations metadata field.
Organising intermediate steps in data extraction
To ensure a clear and traceable data extraction process, we recommend the following practice:
1. Each paper should have its own subfolder named after its IDref.
a) For each paper with data, the entire data extraction process should be performed within a single spreadsheet file named after the corresponding IDref.
b) This spreadsheet should include all intermediate data manipulations and calculations (using as many individual sheets as needed), with documentation wherever possible. This practice helps track any issues that may arise during data extraction for a specific paper.

Data digitising software
In cases where data is not available from tables or supplementary files, we will have to use digitising software. Some of us with more recent experience with digitising data from published sources have used WebPlotDigitizer (https://automeris.io/WebPlotDigitizer/).

WebPlotDigitizer can be used as a web app or installed locally on your PC. It’s easy to use and it has a lot of functionalities. It seems especially suitable for automatic point detection. Check this tutorial for more information: https://www.youtube.com/watch?v=P7GbGdMvopU&feature=youtu.be&t=30s

There is also a recent package (metaDigitise) with an accompanying paper in Methods in Ecology and Evolution (https://besjournals.onlinelibrary.wiley.com/doi/10.1111/2041-210X.13118); also preprint available (https://www.biorxiv.org/content/early/2018/01/15/247775). Apart from presenting a new promising R package for digitising, the paper lists and compares among the available software options.

WebPlotDigitizer works really well, although it is not designed for digitizing mean/error plots; metaDigitise does allow to digitise mean/error plots and the overall workflow is well suited for this (including group labels and sample sizes). However, one can use WebPlotDigitizer to plot means and the upper value of error bars, quickly paste data onto a spreadsheet and calculate error values there.

This kind of figure digitising software can introduce errors due to lack of precision in setting the graph axes and marking the data points. For this reason, we recommend taking three measurements. If the values show a high variability, we recommend averaging the three measurements.

Extracting the data
For each paper, we will fill in a row for each individual kplant measurement reported.
1. Direct Extraction of kplant
· [bookmark: OLE_LINK1]When kplant values are available in the text or tables, extract them directly.
· kplant should always be recorded in the original units. Unit conversions will be performed at the end of the data extraction process, standardising values to kg/(m² MPa s). Sometimes area normalisation may require calculation, for instance if DBH and sapwood depth is provided.
a) kplant Values from Plots
· If kplant is reported in plots, use data digitising software (refer to the Data Digitizing Software section) to extract the values.
· Gather all available kplant values. The standard error should be extracted if provided; otherwise, it should be calculated based on the extracted kplant values and filled into the "Standard Error" column.
b) Calculating kplant from Plots
· If kplant is not directly reported in plots, but fluxes and water potentials are available, digitise the flux and water potential values. Then calculate kplant using the ratio method:

· In case one WP pair (predawn + midday), and a transpiration estimate for the same leaf, and/or sap flow is reported, we will give priority to sap flow, followed by transpiration.
· For time-series plots, include an additional row for each plant/species/treatment using the slope method:

· [bookmark: OLE_LINK3][bookmark: OLE_LINK76]When kplant is reported using the ratio and the slope methods, each kplant estimate should be filled in one individual row.
· [bookmark: OLE_LINK7]Convert the original units into standardised units in the columns corresponding to the different levels whenever possible: kplant_leaf, kplant_sapwood, kplant, kplant_wood, and kplant_ground.
· When kplant is reported for multiple treatments, individuals, or sites, data should be extracted at the resolution provided in the original study (i.e., keep them aggregated or disaggregated exactly as the authors reported).
· [bookmark: OLE_LINK80][bookmark: OLE_LINK81]When kplant varies within a day, extract the highest recorded value (the diurnal maximum, typically at or near midday) to reflect the maximum kplant.
c) Filling Metadata and Data Values
· Once kplant values are added to the sheet, fill in the remaining metadata and data fields.
· Column species names should be filled in with the scientific name.
· If there are no treatments, contributors should set NA in the si_treatment column.
· If available, state the plant code. If measures were performed in a traceable plant but the plant name is not provided the contributor may create a working name.
· [bookmark: OLE_LINK79]When possible, state the sampling date in the column ‘date’. If the measure is an aggregation of several dates, we will set the cell value as corresponding date range.
· If soil texture information is available, report the percentage of clay, silt, sand, organic matter, bulk density, and soil type.
· If certain values are not directly reported in the paper, contributors should search for other reliable sources to complete the metadata where possible (e.g. papers published by the same group on the same study system).
· Indicate whether the paper provides information on other traits such as P50, Pmin, TLP, Gsmax, and Ks. Simply set "yes" or "no" in the metadata. This can be useful for revisiting these studies in the future to extract these data.
d) Reporting Multiple Plots
· If more than one plot reports kplant data, ensure that the specific conditions for each value from each plot are documented.
Examples of plots and tables
[image: ]
This figure shows an example of a time series reporting kplant (Isarangkool et al. 2011). In this example, we will extract all the kplant values. The minimum to report is the highest value. Although it is not essential to report the WP values, we will include them as they provide a proxy for the environmental context reflected in the pd values.
[image: ]
In this case (Roberts J. 1977), we would use 1/(2.23 x 105) cm Pa-1 s-1. It is a mean resistance, however if we want to extract the maximum kplant we should take 1/(1.59 x 105) cm Pa-1 s-1.
[bookmark: _heading=h.30j0zll]
Data and Metadata variables to extract
	VARIABLE
	DESCRIPTION

	IDref
	Reference identifier

	Included
	Is the reference included?

	si_country
	Country name

	si_lat
	Latitude in decimal format

	si_long
	Longitude in decimal format

	si_altitude
	Altitude with respect to sea level

	si_site
	Code characterising each site/sub-site (or population) within a study

	si_treatment
	Treatment of the measures

	pl_name
	Name/code of the plant

	pl_species_original
	Species scientific name

	pl_growth_form
	Plant growth form

	pl_age_mean
	Age of the sample

	pl_height_mean
	Average plant height for the target species

	pl_basal_area_mean
	Average basal area

	pl_DBH_mean
	Average diameter at breast height for the target species

	st_LAI
	Leaf area index

	LAI_methods
	Method used to estimate LAI

	pl_LA_mean
	Leaf area

	pl_SA_mean
	Sapwood area

	SA_methods
	Method used to estimate Sapwood area

	pl_huber_value_mean
	SA/LA

	pl_devstage
	Developmental stage

	pl_experimental_conditions
	Experimental conditions

	st_density
	Stand tree density

	soil_sand_perc
	Soil sand percentage

	soil_silt_perc
	Soil silt percentage

	soil_clay_perc
	Soil clay percentage

	soil_om_perc
	Soil organic matter percentage

	soil_bulk_density
	Bulk density of the soil

	soil_type
	Soil category based on the dominant size of the particles within a soil

	Date
	Date of the measure

	wp_leaf_midday
	Leaf water potential in midday

	wp_leaf_predawn
	Leaf water potential in predawn

	wp_soil
	Soil water potential (alternatively, predawn leaf water potential)

	wp_soil_depth
	The depth of soil water potential measurement

	wp_leaf_midday_standard_error
	The standard error of leaf water potential in midday

	wp_leaf_predawn_standard_error
	The standard error of leaf water potential in predawn

	wp_soil_standard_error
	The standard error of soil water potential

	deltaWP
	Water potential difference (soil-md)

	WaterFlux
	Water flux value. Required to calculate Kwp

	WaterFlux_standard_error
	The standard error of water flux value

	Flux_original_units
	Units of water flux as given in reference

	normalisation_level
	Organ area by which the original whole-plant hydraulic conductance is normalised

	Aggregation
	Aggregation level of the data, either temporal, stand or tree. If measures from several days were reposted as an average it would be “temporal”, if they were from different trees it would be “stand”, and if they were from different leaves/shoot it would be “tree”.

	N
	Number of plant individuals sampled (sample size)

	k_original
	Leaf, sapwood or whole-plant hydraulic conductance

	k_original_standard_error
	The standard error of whole-plant hydraulic conductance

	k_original_units
	Units of whole-plant hydraulic conductance as given in reference

	k_plant_leaf
	Leaf specific hydraulic conductance in standard units

	k_plant_sapwood
	Sapwood specific hydraulic conductance in standard units

	k_plant
	Whole-plant hydraulic conductance in standard units

	k_plant_wood
	Wood specific hydraulic conductance in standard units

	k_plant_ground
	Ground area specific hydraulic conductance in standard units

	k_method
	Method used to estimate whole-plant hydraulic conductance from sap flow

	Flux_method
	Method used to estimate the water flux

	SF_method
	Sap flow method

	gs
	stomatal conductance per unit leaf area during measure

	E
	transpiration per unit leaf area during measure

	VPD
	Vapour pressure deficit recorded during measurement

	CO2
	Atmospheric CO2 concentration

	P50
	Is P50 available?

	Pmin
	Is Pmin available?

	TLP
	Is turgor loss point available?

	Gsmax
	Is maximum stomatal conductance available?

	Ks
	Is shoot conductance available?

	Contributor
	Name of contributor who extracted the data from the paper

	Reference_title
	Title of the paper

	PaperDOI
	DOI of the paper

	Observations
	Any further observation regarding methodological issues



Data curation
1. Contributor Submission
· Once a contributor has completed the data extraction process, they must create a folder within the 04_data_quality directory named after themselves.
· This folder should contain the final spreadsheets for all their assigned papers.
a) Data Quality Control and Integration
· After all contributors have finished their data extraction and created their respective folders, VF and YZ will perform a quality control check on the submitted datasets.
· Following the quality control process, all datasets will be combined into a single, unified database.

Backups
We will make backup copies every week. However, it is important that everyone keeps a copy of their work on their local drive.
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TABLE 2. Whole plant resistances and components (105 Pa s cm™1) estimated from
plant water potential and evaporation data from the summer of 1973.

Loss data is a mean of periods when water potential is falling and recovery when rising. Means
of these figures are also presented. Means of tree cutting data are also given.

Root Stem Branch Total Root as 9, total
Loss 0-94 0-51 0-14 1-59 59%
Recovery 1-34 1-16 0-36 2-87 47%

Means 114 0-84 0-25 2-23 53%





