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1. HoliSoils test sites 
In the HoliSoils project the impact of Climate Smart Forestry (CSF) management on soil properties and soil functioning has been studied 
with test sites (Table 1) under WP4. The impact of disturbances on soil GHG exchange, soil health and soil functioning has been evaluated 
under WP5 (Table 2).   
 
Table 1. HoliSoils’ twelve categories of forest management test sites (TS) at different locations studied in WP4. 
 

TS Location & organisation Tree species Soil type Current 
management  Experimentation (treatment) 

TS-A FI: Ränskälänkorpi (Luke) P. abies, P. sylvestris, B. 
pubescens Drained fen 

Drained peatland 
forestry  

Manipulating water table depth with 
continuous cover thinning 

TS-B DE: Buchenhorst (TI) A. glutinosa Even-aged 
management Rewetting vs. control TS-C DE: Eisenstraßenmoor (TI) P. abies Drained peat bog  

TS-D SK: Dobroc Municipality 
(TUZVO) 

F. sylvatica, P. abies, 
A. alba Deep cambisols  Spruce 

monoculture as a 
control 

Mixed stand w/ broadleaved species 

TS-E DE: Five locations along 
precipitation gradient (TUM) P. abies, F. sylvatica Cambisols, luvisols Mixed stands broadleaved species, 

experimental drought, (Kranzberg) 

TS-F 

NL: Ugchelen, Kroondomein, 
Hoge Veluwe, Buunderkamp, 
Zwolse Bos, Weerterheide, 
Bergeijk, Mastbos, Dorst (WR) 

P. sylvestris, P. menziesii, F. 
sylvatica  Poor sandy 

management on 
water-limited soils Different thinning intensities 

TS-G FR: St. Mitre (AMU) P. halepensis Sandy loamy 
calcareous 

TS-H ES: Three locations (CTFC) 

P. nigra Loamy carbonate TS-I ES: Three locations (CTFC) 
Management on 
fire-prone 
ecosystem 

Debris management using 
prescribed fire 

TS-J FI: Karstula (Luke) P. sylvestris Sandy – sandy 
loamy Even-aged 

management 
Fertilisation since 1960 w/ NPK 

TS-K LT: Kacergine (VMU) P. sylvestris Poor sandy Fertilisation w/ ash 

TS-L UY: Paysandu, Rio Negro & 
Tacuarembo Regions (INIA) E. grandis, E. dunnii Sandy loam, fine  Degraded native 

grassland Afforestation w/ eucalyptus 
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Table 2. HoliSoils’ six disturbance test sites (TS) studied in WP5. The current post-disturbance practice (PDP) at all sites is salvage logging.  
 

TS  Location & organisation  Tree species  Soil type  Disturbances  Proposed 
PDP  

TS-
M  FI: Ränskälänkorpi (Luke)  P. abies  Drained fen  Windthrow  Fallen trees 

remaining in 
forest  TS-

N  FR: O3HP (AMU)  Q. pubescens, 
A. monspessulanum  Calcosol  Drought interacting 

w/ thunderstorm  
TS-
O  ES: Ódena (UB)  P. halepensis  Fluventic Haploxerept  

Fire  

Standing 
trees 
remaining  

TS-
P  ES: Montserrat (UB)  P. halepensis, Q. ilex  Loamy carbonate   Standing 

trees, woody 
debris 
remaining  

TS-
Q  

ES: Mendiguren (BC3, CEA 
Vitoria)  P. sylvestris  Lluvisol  

Drought-induced 
tree mortality  TS-

R  
RO: Sinca, Brasov county 
(UTBV)  

F. sylvatica, A. alba, 
P. abies  Cambisoil  

Standing 
trees 
remaining  

TS-
X 

SK: Dobroc Municipality 
(TUZVO) 

F. sylvatica, P. abies, 
A. alba Deep cambisols  Bark beetle 

invasion Replanting 
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2. Measurements and measurement protocol 
 
HoliSoils project conducted various measurements from test sites. The description of these 
measurements can be found from various deliverables, from address: 
www.holisoils.eu/deliverables/  

• D1.2 Methodologies for characterisation of soil organic matter properties & 
identification of those responding to forest management 

• D1.3 Harmonised methodologies for quantification of biomass of key trophic groups 
• D1.4 Harmonised methodologies for analysis of soil biodiversity, functional 

redundancy & community resilience in forest soils 
• D4.1 Protocol of site, soil property & GHG measurements at management test sites 

 
 
3. Data on site and soil property with HoliSoils test sites 
 
Results from the HoliSoils test sites will be reported in the scientific journals and as part of 
the publishing process, and data on site and soil properties will be published in an open access 
data repository (mainly under Zenodo or in Dryad when relevant). 
   
 

 
 
Figure 1. Zenodo HoliSoils community was created in order to make all data generated by the 
project publicly available (https://zenodo.org/communities/holisoils/).  
 
Soil microbial data is stored as described in the data management plan for HoliSoils under 
ELIXIR service: https://elixir-europe.org/. 

http://www.holisoils.eu/deliverables/
https://zenodo.org/communities/holisoils
https://elixir-europe.org/
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Data on soil chemistry, nutrient stocks, microbial biomass and community composition, 
enzymatic activities and microbial expression at 300 studied locations is compiled (Luke and 
all partners) and shared with participating partners. 
   
A common database of all these records will be established for WP4 and WP5. The size of 
data is estimated at 5 GB that will be stored on an IMIC server accessible to consortium 
partners. At the time of publication, FAIR data will be deposited in global public repositories 
such as Zenodo, Dryad, Figshare and NCBI.  
 
 
4. Structure of the soil respiration database  
4.1 Where is it and how can it be accesses  
 

The database is running on a cloud-based MS Azure server, and it is accessible 
through either a web interface (for data upload and visualization) or through an API and a set 
of commands build around it for downloading and accessing the whole dataset. Some 
commands for interfacing with the API have been collected into an R package.  

The database is accessible only from the members of the project for data upload and 
visualization via web, and from the internal LUKE network via the API requests. 

The web interface is designed for centralized data collection and has some layers for 
processing the data before storing them to ensure data consistency (the user needs to go 
through multiple validation steps to ensure that all data are uniformed to the project standard). 
The trimming of each time series (discarding heads and tails of each measurement that would 
contain noise or false measurements that would pollute the final result, which is the calculated 
respiration rate) is done through the interface and is responsibility of each uploader. 

4.2 How is it designed  

4.2.1 Fundamental data unit 
The structure of the database is designed around one measurement series as 

fundamental data unit. A measurement series has a list of point attributes (such as one key id, 
site attributes, etc.), and a unidimensional time series constituted by the actual measurements 
from each instrument. This requires the use of an array data type for the measurement series. 
The variables stored for each measurement series are the following: 

 
Column Name Description 

Id Key ID of each measurement 
Measurements Date of the measurement 
Siteid Name of the site (string) 
Subsiteid Name of the treatment (string) 
Point Identifier of a collar (string) 
Gas Descriptor of the measured gas 
Start_time Starting time of the measurement 
End_time Ending time of the measurement 
Start_temp Temperature at the beginning of the measurement 
End_temp Temperature at the end of the measurement 
Unit Unit of the gas flux measurement (typically "ppm") 
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Env 

Environmental variables (e.g., point descriptor like 
"trenched"/"untrenched", soil temperature at 5 and 30 cm, 
water table) 

Volume Volume of the measurement cuvette 
Area Area of the measurement cuvette 

Pad_head 
Additional time point (padding) before the start of the 
actual measurement 

Pad_tail 
Additional time point (padding) after the end of the actual 
measurement 

Values Actual reading from the instrument at a given time 
Valid Automatically updated, set to "false" if there are errors 

 
Where "measurements" is the variable stored as an array type and contains the whole time 
series of each measurement. 

Some of the attributes are needed for calculating the respiration rate from each 
measurement, namely start and end timestamp of the measurement series, volume and area of 
the cuvette, and temperature. The main complication of the data structure remains, anyway, 
storing not homogenous time for each measurement series. This makes impossible to build a 
regular multidimensional array structure, hence requires the use of the array data type that 
allows to store in one single cell a whole time series. 

4.2.2 General database design and metadata table structure 
The database structure is shared with other LUKE projects that monitor GHG flux 
measurements. Therefore, we use project identificators at general level to make a distinction 
between different project uploads in the database. Depending on the user, there will be 
different project sign-in to access specific project repository, one of which will be Holisoils. 
Within a project there will be different measurements uploaded. This level is the one that 
corresponds to the information inserted in the "field form", and the corresponding table has 
these fields: 
 

COLUMN NAME DESCRIPTION 
ID Key ID of each measurement 
MEASURER Numeric ID of the person taking the measurement 
MEASURER_NAME Name of the person taking the measurement 

PROJECT 
ID of the project (among the projects assigned to each 
user) 

PROJECT_NAME Name of the project 
DATE Timestamp of the upload 
MEASURE_DATE Date of the measurement 

STATUS 
Status in the processing workflow ("accepted", 
"submitted", "retracted") 

COMMENT Free comment field 
DATASTATUS Indicates if the data file is valid or invalid 
DATAORIGNAME Name of the origin file for the measurement time series 
FIELDSTATUS Indicates if the field form file is valid or invalid 
FIELDORIGNAME Name of the origin file for the field form information 
SITEID Name of the site 
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ERRORS 
Indicates if there are file reading errors after file 
submission 

PROCESSED 

After submission, if status is "submitted", "processed" is 
"false". Once "check" is clicked, it becomes "true", and the 
errors field is updated. Only updated by the user. 

VALID 
Status in the workflow, boolean. When there are no errors 
and everything is completed, this is automatically updated. 

 
Each row of this table corresponds to one fundamental data unit described above. 

 
5. Future of the data and database  
5.1 Data storage 

The LUKE GHG database is part of an effort where multiple projects use this data 
storage. Data will be therefore stored long-term in LUKE IT infrastructure, and access from 
within LUKE network will be ensured. 

5.2 Data access from outside and opening the database 
All data collected within HoliSoils will to be publicly available at the end of the 

project. However, direct access to the LUKE database will not be viable due to limitations of 
assigning static DOI identifiers (which cannot be assigned to the LUKE internal database) and 
the architecture of the infrastructure which does not allow for direct access to the database 
from outside the LUKE network. The database structure is anyway quite complicated to 
access for end users and more accessible options are advisable.  

For future publication, we are considering some options from which the easiest will be 
to publish the calculated respiration flux for each measurement. This would simplify the 
database structure by avoiding the use of array data types (since each fundamental data unit 
would be reduced to a single real number) and make the data relatively easy to publish in 
static tables extracted from it in Zenodo, with an associated DOI.  

To keep the complex relational structure of the database, and the array type cells for 
storing the time series, while still having it publicly accessible might require a much bigger 
technical effort, such as running a relatively advanced ad-hoc DBMS server (e.g. 
PostgreSQL) with array capabilities. This seems not advisable because of the technical 
complexity of the task, but most importantly for the difficulty of ensuring a long-term 
continuity since maintaining this infrastructure would require continuous funding. A viable 
solution might be developing a specific file structure serving the same function (organized in 
folder and subfolders), with key tables referencing each file for storing metadata. Ideally one 
file would correspond to one series of measurements. This structure would be static (very 
suitable for Zenodo), easily stored and user friendly. This approach would make the dataset 
quite accessible from the end users, but poses problems due to the amount of data, but we are 
experimenting with newer file formats (such as Apache Parquet) that could make it possible. 
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