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1. General background

1.1 Objectives

This protocol is designed for soil sampling in forests. The objective is the collection of accurate
and statistically representative information on physical, chemical and biological soil
characteristics. This document is established within the frame of the Horizon Europe
WILDCARD project and integrates the soil sampling designs of ICP Forests (Cools and De
Vos, 2020) for the assessment of physicochemical properties and the SoilBON methodology
(Potapov et al. 2022) and LUCAS soil biodiversity approach (LUCAS 2022, Orgiazzi et al.
2022) for biological evaluations.

The WILDCARD soil sampling protocol will be applied in a single soil survey on 200 so-called
“HIS” sites (High Intensity Sites) in proforestation forests (WILDCARD WP2) and at least 100
sites in abandoned agricultural land (WILDCARD WP3) across Europe. The local partners are
responsible for the final selection of one representative sampling plot within each of these
sites. While different local partners (WILDCARD partners as well as external partners) are
expected to perform the field work according to this protocol, soil samples (both dried and
frozen samples) will be shipped by the partners to central labs for laboratory analyses. Costs
for sampling and shipment are included in the service payments for each partner.

This protocol intends to gather information at the plot scale (~1000 m?) on the forest floor and
on four belowground fixed-depth layers covering the depth range of 0 - 100 cm, or up to lithic
contact (bedrock) if shallower. The field work is carried out in 2024 and 2025 after preliminary
validation of this protocol during a testing phase in spring and summer 2024. In addition, a soil
sampling workshop is organised in April 2025 by VUK at one non-stony and one stony site
near Brno, Czech Republic, to give partners the opportunity to test the protocol together.

Important: due to the strong seasonal variability of biological soil properties, it is mandatory to
carry out the field work during the growing season (April and September), ideally before
summer. October could be considered for sampling only if weather conditions are favourable
to microbial activity and vegetation is still active. In fact, it is highly recommended to consider
the following aspects when planning the sampling campaign: (i) always sample during the
active growing season (i.e. while the leaves are fully unfolded and the temperatures are mild
enough to support microbial activity); (ii) avoid any extreme weather events (e.g. summer
drought); and (iii) sample plots within any chronosequence consecutively (e.g. within the same
week) to minimise weather-related variability.

For regular plots, we recommend conducting the field work with a team of four people: two
physically strong persons (one person for disturbed soil sampling and one person for
undisturbed soil sampling), one person for forest floor sampling and small profile pit
assessments, and one person to assist the others, such as by taking notes. The field work
should be feasible in one field visit per plot and is estimated to take about four hours on-site
per plot, depending on the forest and soil type. Please note that surveys of stony soils may be
more physically demanding but should not take longer to complete.

The data collected in the field have to be directly entered into the ArcGIS Surveyl23
application on smartphone or tablet (which also works offline). In addition, field information
can be written down on the printable field forms provided along with this protocol. Afterwards,
the surveyors are expected to temporarily store (e.g. soil samples for eDNA at —20 °C) and
pre-treat the samples, and to send any collected data, metadata and photos to the task
leaders, following the descriptions in this protocol.
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In addition, all samples of WP2 plots must be shipped to the central lab of INBO in Belgium
(address in section 4.1.4) for physicochemical and eDNA analyses. In WP3, samples for
physicochemical analyses must be shipped to the central lab of VUK in Czech Republic
(address in section 4.1.4), while WP3 samples for eDNA analyses must also be shipped to
INBO. INBO will subsequently exchange eDNA samples with ETH Zirich (WP2 and WP3) and
with VUK (WP3). The deadline for sample shipments is mid-October 2025, but you are
encouraged to send samples in intermediate shipments as soon as they are ready.

The final objective of this work is to evaluate how the forest soil evolves after human
abandonment, as evidenced by soil organic carbon and nitrogen stocks as well as soil
biodiversity and composition indices by eDNA metabarcoding. The collected belowground
data will be further distributed within the WILDCARD consortium and complemented with
aboveground data, with especially the volume of deadwood as an important factor determining
both soil organic carbon stocks and biodiversity assessments.

1.2 Terminology

e Site: homogenous area in terms of environmental conditions, land use (forest or
agriculture) and time since abandonment (TSA). For the soil sampling purposes of the
WILDCARD project, one plot is selected per site.

e Plot: portion of a site within which stand and/or soil data are collected and that is
considered representative for that specific site. Each plot for soil sampling should be
identifiable by a unigue plot ID. The plot usually contains 9 sampling points and has an
area of 500 — 1000 m?,

e Layer: Distinct zone in the soil, parallel to the soil surface and defined by two depth
limits (representing the outermost boundaries of the depth range covered by the soll
layer). A layer may be defined by fixed depth or by pedogenetic properties. In the latter
case, the layer is also called a horizon.

e Soil horizon: A layer in the soil, approximately parallel to the soil surface, with
properties different from layers above and/or below it. If at least one of these properties
is the result of soil-forming processes or specific lithology, the layer is called a soll
horizon.

o Forest floor (O horizon): The ectorganic layer formed under woody vegetation by
fallen leaves, needles, branches and other necromass (i.e. dead biomass), located
above the surface of the mineral soil. Fine woody debris (less than 2.5 cm in diameter)
is considered part of the forest floor, whereas coarse woody debris (larger than 2.5
cm) is considered part of the deadwood compartment. A forest floor can exist on top
of a peat soil (Histosol).

e Belowground: The zone below the forest floor. Within this protocol, we assume the O-
cm depth to be located below the OH horizon and at the top of the mineral A horizon
in a terrestrial forest soil. Note that this is not in agreement with FAO/WRB, which
assumes the top of the OF/OFH layer to be the 0-cm line.
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Mineral soil: Soil with less than 20 % soil organic carbon (by mass; relative to the total
of fine earth plus the dead organic remnants of any length and a diameter of less or
equal to 5 mm). The properties of mineral soil are dominated by mineral components.

Peat soil: Soil that is consisting mostly of peat material. Peat is an accumulation of
partially decayed organic matter, primarily consisting of dead plant material, such as
mosses, sedges, and other wetland vegetation, which forms in waterlogged conditions
where the lack of oxygen slows down the decomposition process. Over time, the
partially decomposed organic material builds up into a thick layer, forming a peat soil
(Histosol). The term peatland is a more universal term for any terrain dominated by
peat to a depth of > 40 cm, even if it has been completely drained. So, a peatland can
be completely drained and covered by forests.

OL layer (with “L” referring to “litter”; “Oi” following FAO terminology): loose forest floor
layer containing > 90 % (by volume) recognisable dead plant tissues (e.qg.
undecomposed leaves). There may be some fragmentation, but the plant species can
still be identified. Most of the original biomass structures are easily discernible. Leaves
and/or needles may be discoloured and slightly fragmented. The non-recognisable
organic material amounts to less than 10 % by volume. Dead plant material still
connected to living plants (e.g. dead parts of Sphagnum mosses) is not considered
part of the litter layer (Zanella 2011, 2018).

OF layer (with “F” referring to “fragmentation” or “fermentation”; “Oe” following FAO
terminology): forest floor layer immediately below the litter layer (OL), characterised by
an accumulation of partly decomposed (i.e. fragmented, bleached, spotted) organic
material derived mainly from leaves/needles, twigs and woody materials. The material
is sufficiently well-preserved to permit identification as being of plant origin, though
identification of the plant species is not possible. The proportion of hon-recognisable
organic matter is between 10 % and 70 % by volume (Zanella 2011, 2018).

OH layer (with “H” referring to “humus”, “humification”; “Oa” following FAO
terminology): forest floor layer below the fragmentation layer (OF), characterised by an
accumulation of dark, well-decomposed, amorphous organic matter. It is partially
coprogenic (i.e. the organic material has passed through the bodies of soil fauna). The
humified OH horizon can have a friable crumb structure and may contain considerable
amounts of mineral materials. To qualify as an organic horizon, it should contain at
least 20 % (by mass) total organic carbon. The original structures and materials are
not discernible, with non-recognisable organic matter comprising more than 70 % by
volume. The OH is either sharply delineated from the mineral soil, with humification
dependent on fungal activity (Mor), or it is partly incorporated into the mineral soil
(Moder) (Zanella 2011, 2018).

A horizon: The A horizon is defined as a mineral (or organo-mineral) horizon formed
at the soil surface, or below an O horizon, in which all or much of the original structure
of the underlying rocks or geological deposits have been obliterated. It shows one or
more of the following features: an accumulation of humified organic matter mixed with
the mineral fraction (i.e. relatively dark in colour); properties resulting from cultivation,
pasturing, or similar disturbance; or a morphology different from that of the underlying
E, B, or C horizons, resulting from the processes related to the soil surface (IUSS
Working Group WRB, 2015). In this protocol, the depth level at which you identify the
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A horizon when removing forest floor materials, marks the “0-cm line”. Everything
above this line is considered forest floor, while materials below this line are considered
(belowground) mineral or peat soil.

Humus form: A group of humus profiles that share similar morphological
characteristics and biological functioning. A humus profile is the upper part of a soil
profile and comprises organic (OL, OF, OH) and organo-mineral (A) horizons.

Zoogenically transformed material: Materials consisting of recognisable remains
and humic components passed through the bodies of soil fauna (eukaryotic,
heterotrophic and aerobic organisms in soll, i.e. excluding fungi, bacteria and archaea).
Such materials include plant residues such as leaves and needles that have been more
or less degraded by soil fauna, mixed with animal droppings. In the terminal stages of
faunal transformation within an organic horizon, the material typically has a fine,
powdered and/or granular structure (smaller than 1 mm). At this last stage of
biotransformation, the substrate of the OH horizon is largely composed of organic
animal droppings of various sizes. In particular, droppings of epigeic earthworms,
macro-arthropods (such as millipedes, woodlice and insect larvae), micro-arthropods
(such as mites and springtails) and enchytraeids are dominant. Within organo-mineral
horizons (typically A horizons), animal activity influences the types of A horizons,
depending on the animals’ ability to mix organic and mineral matter through their
digging and feeding activities.

Non-zoogenically transformed material: Materials consisting of recognisable
remains and humic components processed by fungi or other non-faunal organisms
(e.g. bacteria or archaea). Such materials include plant residues such as leaves and
needles that have been more or less fragmented and transformed into fibrous matter
by fungi. Fungal hyphae may be visible as white, brown or yellow strands within the
organic or organo-mineral substrates. Traces of animal activity (e.g. droppings, bite
marks, mucus) are usually absent or only marginally detectable. In the last stages of
biodegradation of an organic horizon, non-zoogenic material is often composed of
brown, dry plant residues that are more or less in powder form or finely fragmented.

Semi-terrestrial: Refers to areas that are saturated with water for prolonged periods,
typically more than six months per year. This water saturation significantly influences
soil properties and biological activity.

Terrestrial: Refers to areas that are primarily well-drained or not significantly
influenced by prolonged water saturation. Soil properties and biological activity are
predominantly shaped by typical land-based (i.e. terrestrial) processes and aerobic
organisms.

Plot layer: Throughout this protocol, this refers to a certain soil layer of a certain plot
(i.e. soil between two depth limits, approximated by taking subsamples at the given
depth range of the given plot).

Effective soil depth: The depth (in cm) of the soil profile until lithic contact or
continuous bedrock. This is the depth above which soil is available for exploration by
plant roots.
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Lithic contact: The boundary between soil and a coherent underlying material such
as bedrock, i.e., a material that “when moist, makes hand-digging with a spade
impractical” (Soil Survey Staff, 2014, p. 28).

Continuous bedrock: Solid rock underlying the soil (exclusive of cemented or
indurated pedogenetic layers) or underneath loose deposits such as alluvium. The
material is considered continuous only if cracks into which roots can enter are on
average = 10 cm apart and occupy < 20 % (by volume) of the continuous rock, with no
significant displacement of the rock having taken place (IUSS Working Group WRB,
2015).

Soil core: The quantity of material taken by one action of soil augering or coring.

Composite sample: The amount of material resulting from combining and mixing
different soil cores, by which the identity of the original soil core is lost.

Sample: A quantity of material that is finally selected for individual (lab) analysis. This
gquantity can be a subselection of a larger quantity of material and may be referred to
as a subsample.

Disturbed soil sample: Soil sample that is collected using an auger and manually
removed from the auger. The forces involved in these actions disturb the natural
arrangement of the soil. Disturbed soil samples are suitable for assessing chemical
properties, biological properties, and certain physical properties (e.g. soil texture)
which do not require the soil to remain in its natural physical arrangement.

Undisturbed soil sample: Soil sample that is collected in an intact way, i.e. with the
least possible disturbance to the natural arrangement of the soil particles, using
sampling cylinders or steel rings. Because of the assumption that the sampling process
does not affect the structure, density, stress state and moisture properties of an
undisturbed soil sample, they are suitable for assessing certain physical properties,
such as the bulk density and porosity, and certain biological and chemical properties
that depend on the redox state of the soil.

eDNA (soil) sample: A soil sample from which environmental DNA will be extracted.
eDNA extract: environmental DNA extracted from an eDNA soil sample.

eDNA molecular sample: eDNA sample amplified by primers to target a specific soil
(functional) group (e.g. one for bacteria, one for fungi)

Sampling point or unit: Specific location within a soil sampling plot where replicate
samples are collected from different soil layers. For the soil sampling purposes of the
WILDCARD project, each plot contains multiple sampling points. The sampling points
are systematically established using a fixed sampling grid, designed to maximally
capture the horizontal variability within the plot. As a result, the composite sample
created from the samples originating from different sampling points is assumed to
accurately represent the soil properties of the given depth range of that plot.
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2. Preparation

2.1 Selection of study sites and sampling plots

Within WP2 of the WILDCARD project, 200 so-called “High Intensity Sites (HIS)” are selected
based on some minimum and additional selection criteria. Specifically, the site must be non-
managed, permit soil sampling, and have recent basic dendrometric data available. The entire
site should moreover be located within a single homogenous habitat type (not a transition) and
be minimally 50 m wide (in WP2) or 15 m wide (in WP3), to accommodate a SoilBON grid-
based plot (30 x 30 m) for soil sampling within the boundaries of the site. Subsequently, each
potential site is classified in advance by time since abandonment (TSA), biogeographical
region, European forest type category (EFTC), soil fertility status (nutrient-rich versus nutrient-
poor) and soil moisture status (dry, mesic or wet). These classes are used to make the
selection of sites with the purpose of ensuring a balanced statistical design, but do not
necessarily need to be retained for the eventual data analyses.

Within the boundaries of each WP2 HIS site, one representative plot for soil sampling must
be selected from the existing plots (large permanent plot or circular plots) by the responsible
local scientist. This plot is assumed to be representative for the site and therefore suitable to
investigate it. The soil sampling location must coincide with the centre of the sample plot. In
addition, the plot centre for soil sampling must also be co-located with the plot centre for
aboveground assessments within WILDCARD, so that statistical evaluations for carbon stocks
and biodiversity indices can be performed at the same spatiotemporal scale. The plot should
also be disturbed or compacted as little as possible (e.g. from field work activities) and the
trees should be generally healthy (i.e. not recently disturbed/not significantly affected by
diseases or pests).

Within WILDCARD, each WP2 soil sampling plot should be identifiable by a complete unique
“address” of the plot, which consists of: (i) a code for its institute (e.g. “INBO”); (ii) a code
referring to the forest reserve (res_ID_inst in the WILDCARD WP2 metadata table; e.g. “17);
(iii) an 1D referring to the HIS site within the forest reserve (WILDCARD_sub_ID in WILDCARD
WP2 metadata table; e.g. “OldCore”); and (iv) an (existing) ID for the selected plot within the
site (e.g. “2051”). This information must be mentioned in all communication related to the plot
(e.g. field forms), and can be combined into a single plot code, e.g. “INBO_1_OIdCore_2051".
In addition, for communication with the local partners, it is often useful to also include the full
name of the forest reserve (e.g. “Zonienwoud-JosephZwaenepoelreservaat”).

In WP3, soils are surveyed in detail at 50-200 HIS. The unique identification of each soil
property and sample is based on the definition of Chronosequence ID / Site ID / Plot ID /
Sampling point ID / layer+depth / type of sample.

Please note that the field work must take place between April and September, and preferably
before summer. This is mandatory due to the substantial seasonal variation in forest soll
biological properties. If this is impossible for any reason, kindly get in touch with the central
lab, so that we can try to find a solution.

2.2 Sampling permissions

Each surveyor needs to have the proper licences and permissions to perform the sampling on
the specific sampling plots as described in this protocol:
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Therefore, it is mandatory to:

¢ Obtain the necessary (written) permissions and access to the plot by contacting the
owners or responsible persons (e.g. permits for sampling in protected areas;
agreement with a landowner for collecting on private property).

¢ Obtain the permission to take soil samples and to transport and analyse these for
scientific work (this may require also canton, state or country-level permissions).
Partners doing the soil sampling in a different (usually neighbouring) country must also
make sure that the samples can legally cross any country borders back to their institute
(if applicable).

e If you intend to transfer ownership of the samples to the central lab (as explained in
Section 2.3), make sure that your local sampling permissions also allow this.

¢ Obtain the permission to take photographs of the plot and its surroundings and the
sampled soil layers.

The logistics and shipping costs are foreseen within the WILDCARD budget of the partners or
within the service payment for external partners that take the samples in each plot.

Each surveyor should be able to explain and justify their mission and to present it to the
forester, landowner or local authorities by means of an ID card, institutional ID or other relevant
documents.

2.3 Shipping permissions

Since soil samples contain genetic material, each shipment to the central lab — whether cold
shipments (with dry ice) or regular shipments — must include a physical copy of one or more
valid and signed Material Transfer Agreement (MTA) documents for WP2/WP3 shipments
to Belgium, or a Letter of Authority for WP3 shipments to the Czech Republic. Therefore,
sampling partners must complete the provided MTA templates and obtain signatures from
both the central lab and their legal representatives.

Each partner must prepare a separate MTA for shipments to the central lab at INBO. Within
WP2, this is required for all soil samples. Within WP3, this is limited to an MTA for frozen soll
samples (for eDNA analysis) sent to INBO. For shipments of physicochemical soil samples
from WP3 to the central lab at VUK, a Letter of Authority and no MTA is required. The central
lab at VUK will distribute the Letters of Authority from the Czech authorities to each partner
involved in the WP3 soil sampling.

Important: two types of MTA templates for soil samples shipped to INBO are available within
WILDCARD - one WITH transfer of ownership and one WITH NO transfer of ownership.

e When ownership is not transferred, the partners retain ownership of their samples
and their derivatives (e.g., DNA extracts) during the project. For WP2, all (remaining)
samples (i.e. soil, frozen soil, DNA extracts) are destroyed at the latest two years after
completion of the project. For WP3, all remaining samples (i.e. frozen soil, DNA
extracts) will be transported to VUK where they will be stored for an agreed period of
time (maximum 7 years after the end of the project), during which a financial source
will be sought for their further analysis. Subsequently, the samples will be (i) returned
to the partners (transportation is paid by the partner), (ii) archived, (iii) or destroyed,
according to the partners' statements.

e Only for WP2: When ownership is transferred, partners donate the samples (and
their derivatives, i.e. DNA extracts) to the receiving institute (central lab), where they

10
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will be archived into the Natural Science collection of the central lab. When archived
in a Natural Science collection, the soil or DNA specimens of the WILDCARD project
will be available for reuse for other scientific studies (i.e., hon-commercial research)
after the project. The metadata (e.g. locality, land use) of the archived soil specimens
are to be published openly (e.g. via DiISSCo and/or Geocase), to facilitate reuse with
the ultimate purpose of advancement of scientific research.

Within WP2, each partner can choose which MTA version they prefer, although transfer of
ownership to INBO is encouraged, as it implies that the samples will become available for
future scientific research, which aligns with open science principles and adds value to the
scientific community. Note that the option with transfer of ownership is only possible if your
local sampling permissions allow this. In WP3, partners can only choose for an agreement
without transfer of ownership to INBO.

However, when archiving and hence using the MTA with transfer in ownership, we must
complete the Nagoya administration as we are dealing with genetic resources that cross
country borders. The central lab at INBO will initiate this process either by following the
published procedures on the Clearing house website or by contacting the National Focal points
if no procedures are published of the countries of the institutes that wish to archive their
samples, with the responsible scientist in cc.

The following templates are available:

e Template MTAL: MTA without transfer of ownership from partner institute to INBO (first
option for WP2 soil samples).

e Template MTA2: MTA with transfer of ownership from partner institute to INBO
(second option for WP2 soil samples). Eventually, normal soil samples (for
physicochemical analysis) and DNA extracts from INBO and ETH Zirich will be
archived at INBO.

e Template MTA5: MTA without transfer of ownership from partner institute to INBO
(only option for frozen WP3 soil samples for eDNA analysis).

The Letter of Authority required by the Czech authorities when sending standard soil samples
to the central laboratory of WP3 in Brno (Czech Republic) will be provided by the staff of VUK.
The active participation of the staff of the partner organization is essential. The permit will be
covered by VUK.

Attached to the MTA form (for shipments to INBO), partners must also include a list of samples
to be analysed exclusively by the recipient lab, and/or a list of samples that will be transferred
to a third party (i.e. frozen eDNA samples to be transferred from INBO to ETH Zirich),
following the supplementary templates.

In addition, it is advisable to arrange other shipping logistics in advance, by deciding on
shipping companies (one for a normal shipment and one for shipment on dry ice), and
confirming if any additional administration is required (e.g. declarations for customs or
phytosanitary certificates). Any local collection permits (Section 2.2) must also be appended
to each shipment.

The central labs will contact the partners in the future to provide further guidance on the
shipping process.

11
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2.4 Collection of field data

Surveyors must record information on the sampling while they are in the field, using the digital
field survey in the Survey123 app (by ArcGIS, created by the project partners at VUK) (more
information below). Besides, it is possible to additionally complete printed WILDCARD field
forms (as described below). For safety reasons, it is recommended to always bring a complete
empty set of printed field forms to the field. A printed version of Field form C (sampling plot
and field observations) or any printed version of a locally available map with trees (and their
numbers) is useful to make a sketch of the locations of noteworthy objects or phenomena
(such as dead wood, stumps, roads, soil perturbations, uncommon landscape features) inside
the plot. A printed version of Field form G is useful to guide you with the final humus form
classification. While the digital survey in the Survey123 app is in English, the printable field
forms are provided in a digital form to the different partners, and the responsible scientist is
free to translate them to the local language of their field crew. It is strongly recommended to
also complete all printed field forms when using the Surveyl123 app, in case of failure of the
app or device.

Photos taken within the Survey123 app will automatically be annotated correctly. However,
field surveyors must make sure that any additional photos (taken outside the app) can be
properly described. This is possible by recording the time a photo was taken, along with a
short description (including the exact location or sampling point). Alternatively, surveyors can
choose to consistently take a second photo (or make a copy) and use a markup or annotation
tool on their device to immediately write a brief description on the second photo.

The digital survey form can be used after installing the ArcGIS Survey123 app, which is freely
available for Android and iOS systems. The app can be installed on a mobile phone, tablet or
even on a laptop (which is less recommendable since the location and photography function
will not work). After submitting the digital survey form, the data arrive in a digital form at VUK,
and the partners will no longer be able to adjust it. Therefore, it is crucial for surveyors to
thoroughly check the completed information in the digital field survey before clicking
the “submit” button.

For the installation of the application and uploading the soil sampling protocol, the following
procedure must be followed:

1. Go to the Google Play (for Android) or App Store (for iOS).

2 Search for the “ArcGIS Survey123” app.

3. Download and install the app on your device.

4, Open the app and select “Continue without signing in”.

5 In the app, you will see a search window with a QR code icon. (If not, allow the
app to use your camera in the settings of your device.) Tap the QR code icon and
scan the QR code in Figure 1.

6. This should load a survey called "SoilSamplingProtocol_3.0" (If the installation
process is still running after a few minutes, close and reopen the application. The
form should then be successfully installed).

7. Tap on the survey icon; then tap the “Collect” icon (a big plus in a blue circle).
8. You can now begin collecting data in the survey.
9. Later, you can always collect more data offline and upload it. Collected data can

be edited as long as the survey has not been submitted.

10. When you have completed the data collection and you are sure everything is
correct, tap the “Confirmation” icon to send the data to the central database at
VUK.
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Figure 1: QR code of the soil sampling protocol for the ArcGIS Survey123 application (version 3.1).

2.5 Equipment

All partners involved in soil sampling are expected to foresee all required equipment
themselves, using the allocated budget. Essential material is indicated in bold. It is
recommended to clean augers, buckets, scrapers and other tools with water and ethanol, and
to label bags and buckets (for mixing) before starting the field work on a new site. Else,
these tasks need to be done in the field.

Each surveying crew should have:

e Suitable vehicle to reach the sampling plot, including, where relevant, through
unpaved roads (e.g. 4x4 car)

e Car navigator with licensed maps of the survey area and road maps for efficient route
planning

e Mobile phone for each surveyor (with working camera and the ArcGIS Survey123
app installed)

¢ A mobile GPS navigation device for locating the site and plot and recording their
coordinates. GPS readings from your smartphone are sufficiently accurate. We
recommend to use a location averaging app (for example onAverage - GPS
Averaging for iOS or GPS Average for Android; which take averages from your
smartphone GPS readings) with at least 100 repetitions, as this is considerably more
accurate. (In combination with fixing the center of the plot with a metal rod hammered
fully into the soil)

¢ Digital camera or smartphone with good camera

e Extra batteries (e.g. for field balance) and 12V rechargers

e Any permits, keys or information to access the WILDCARD plot

e Magnetic compass (a smartphone compass with built-in compass option is
sufficient)

¢ Inclinometer

e USB stick for data backup

e Backpack
o Safety equipment (e.qg. first-aid kit, reflective coat, lantern, whistle, insect repellent,
etc.)

o Additional safety gear if the site is located in a remote area: satellite phone,
emergency blanket

Required materials for the physicochemical soil sampling:
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9 x (bamboo) sticks to mark the sampling points (possibly marked with a colourful
ribbon to easily find them back in the field, and numbered 1 to 9 for fast orientation)
3 x Pencils

1 x Permanent marker (ethanol-resistant)

3 x Clipboard (possibly with waterproof cover)

1 x Measuring tape (> 15 m), or alternatively an ultrasonic range finder or laser
distance meter (to set out the sampling points)

3 x Folding rule

Plastic sheets or tarps (to temporarily collect excavated soil when digging a pit)

1 x Shovel or hand trowel

1 x Spade for digging soil profile pits

1 x Pickaxe (in case of stony soils)

2 x Soil gouge auger (Fig. 2) at least 2.5 cm wide and covering the depth range up
to 100 cm to take disturbed samples. A combination of a 0-30 cm gouge auger
(diameter 3 cm) and one or two smaller gouge auger(s) covering the remaining depth
range up to 100 cm (diameter 2.5 cm) works well. It is recommended to indicate the
upper depths of the sampling intervals (relative to the tip of the gouge auger) with
colourful tape (at 10, 30, 60 and 100 cm).

1 x Edelman auger (Fig. 3, No. 2) (up to a depth of 100 cm) or alternatively 1 x
Riverside auger (Fig 3., No. 5).

1 x Closed ring holder (Fig. 3, No. 3) (heavy-duty) compatible with (Kopecky) rings
(Fig. 3, No. 4). It is recommended to indicate the upper ring depths of the sampling
intervals (relative to the tip of the auger) with colourful tape (ensuring the middle of
the rings to be located at a depth of 5, 20, 45 and 80 cm, respectively). The open ring
holder is connected to a sleeve in which the rings are placed, and there are several
options for connecting them. The most robust and user-friendly method to connect
the sleeve to the ring holder in forest soils is by means of a hex key (Allen wrench).
In this case, a hex key is also required.

1 x Forest floor sampling frame (stainless steel frame: 25 cm x 25 cm square): this
can be self-constructed (should be ~15 cm high) - alternatively wooden frame but
cannot be inserted in soil. Can also have a different shape or surface area, as long
as itis 2 0.0625 m? (~ 25 cm x 25 cm).

1 x Knife (to cut the forest floor)

1 x Secateur or pruning shears (to cut ground vegetation)

2 x Soil scraper (Fig. 3, No. 7) spatula/knife) to remove soil from augers

1 x Field balance or hanging scale (up to 3 kg, with an accuracy of 1 g, and with
batteries if needed, and a large bag and rope for the hanging scale)

2 x Hammer (Fig. 3, No. 6; impact-absorbing to avoid disturbance of the soil core)
5 x (Kopecky) rings i.e. metal cylinders with known volume for undisturbed soil
sampling and bulk density assessment). One ring will be reused in the field, so no
lids are needed. The characteristic volume of a Kopecky ring is 100 cm?2,

1 x Colourful tape to indicate the height of the soil surface (0-cm line) on soil
augers/corers

1 x Duct tape (useful in the field, e.g. when something breaks)

1 x Wire brush (small hand brush to clean tools and buckets in the field)

1 x Sheet with sticker labels (heavy duty; preprinted) with 2 preprinted labels per
sample, for a total of 16 samples per plot. Check details in section 2.5. A separate
set is required at each plot.
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e 6 xBig buckets or boxes (at least 20 L) to collect soil cores (belowground) and mix
them into composite samples + to collect and weigh forest floor samples per
sampling point, before transferring them to a bigger box for mixing. Indicate the target
layers with permanent markers on each of the buckets (OL, OFH, 0 - 10 cm, 10 - 30
cm, 30 - 60 cm, 60 - 100 cm).

e 20 x Strong plastic ziploc bags (XL) (2 x 10) as recipients (with double bagging and
dual labelling per sample) for the 2 forest floor samples for
flammability/physicochemical analysis + 4 undisturbed soil samples + 4 disturbed soll
samples for physicochemical analysis. Each of the samples should be stored in two
bags with two copies of the sticker label (one sticker label attached to each bag; with
information on the sample type, depth level, etc), to prevent leaks and mistakes in
sample labelling. Take some spare bags._A separate set is required at each plot.

e 2 x Strong boxes (50 L) to collect and mix the forest floor material (one for OL and
one for OFH) + to carry all the samples to the vehicle afterwards.

o 1 x Bucket for garbage (e.g. paper towels)

Extra material required for eDNA soil sampling:

¢ Disposable gloves (latex of nitrile) - Large or Extra Large (or adapted to hands of
surveyors). Take several pairs per sampling plot as you may need to change them
quite often.

e 2L of 70 % ethanol for sterilising

o 2L water

e 2 nebulisers (i.e. spray bottles; 1 for ethanol and 1 for water)

e 6 xlarge sterile 50-mL tubes with screw cap (e.g. Falcon, Eppendorf; for roughly
50 g soil) for eDNA samples. Whirlpack plastic bags are an alternative option but less
convenient for smooth processing in the lab. Take some spare ones. Each of the
falcon tubes be labelled with a sticker label (with information on the sample type) and
should be stored in a small ziploc bag with a second copy of the sticker label, to
prevent leaks and mistakes in sample labelling. A separate set is required at each
plot.

o 6 x small plastic ziploc bags (with sticker label) to store the sterile tubes for eDNA
(one tube per bag), to prevent leaks. Take some spare ones. A separate set is
required at each plot.

e Roll of paper towel

o Car-based freezer (until -20°C) (e.g. “Dometic”) with cooling elements, and a
portable power station (e.g. “Goal Zero”) that needs to provide energy for a
sufficiently long time. Alternative: a foam cooler and ice packs. In case of field trips
of multiple days, try to provide a solution to freeze samples as soon as possible
(ideally within a few hours).

e Optional: Mobile coolbox with cooling elements to temporarily store soil samples for
eDNA analysis in the field

o Big container for disinfecting material

Apart from the above-mentioned field equipment, partners are also expected to have some
basic lab equipment at their disposal: a freezer (until -20 °C), an oven, a lab balance, heat-
resistant trays with clear labels (for use in the oven), and a clean spoon for transferring
samples.
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Figure 2: Gouge auger with scraper and hammer for disturbed sample collection in hard soils. A long
gouge of 100 cm is essential for WILDCARD survey and may be accompanied with 30 cm gouge with
slightly larger diameter. Image source: Eijkelkamp

Figure 3: Heavy duty soil sampling material for undisturbed sampling with (1) hammering head for rings
with conical screw thread connection; (2) Edelman auger; (3) close and open ring holder; (4) set of 100
cm?3 Kopecky steel rings; (5) Riverside auger; (6) impact absorbing hammer; (7) scraper. Image source:
model C53 - Eijkelkamp company
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2.6 Tasks before field work

The following tasks should be completed before leaving to the field:

e Decide on the sampling locations. Retrieve the unique plot ID within the site and the
precise coordinates of the plot centre (in agreement with the aboveground survey).

e One week to a few days in advance: check the weather forecast for the plot both before
and on the planned sampling day. This may be useful (i) to adjust your planning in
case of extreme weather events as far as possible; and (i) to fill in the “past weather
conditions” field in the Survey123 app.

¢ Load maps to find the site/plot and coordinates in GPS.

e Collect all the equipment (see “checklist equipment” in Field form A) and load them in
the car.

¢ Print labels for the ziploc bags and sterile tubes. Note that each sample should receive
double bagging and dual labelling: a bag or sterile tube with sticker label containing a
sample should be stored in another ziploc bag with the same sticker label for security.
Labels should include the appropriate unique plot coding as specified in the meta-
data table, along with the date and project name. Use the following sample IDs for
the 16 different samples per plot: OL; OFH; OFH-eDNA1; OFH-eDNA2; OFH-eDNA;
MO01; MO1-eDNA1; MO1-eDNA2; MO1-eDNA; M13; M36; M61; BD-M01; BD-M13; BD-
M36; BD-M61. Since each sample gets the same sticker label twice, there should be
32 stickers per plot.

¢ Recommended: label the recipients (ziploc bag or sterile tube) before heading to the
field.

e Recommended: disinfect sampling materials required for the OFH and MO1 layers
using 70 % ethanol.

o Recommended: write down the mass of each of the empty containers and recipients
on the respective recipient with ethanol-resistant permanent marker. This is convenient
when you need to record the net mass of their content in the field.

e Connect the car freezer to an electricity outlet overnight.

¢ Charge the portable power station for the car freezer.

¢ Load and test the Surveyl123 app and print the field forms.

¢ If needed, turn on the freezer (-20 °C) in advance to ensure it reaches the correct
temperature by the end of the field work. The oven can be switched on when you are
ready to use it. Else, make sure there is sufficient space in a running oven and freezer
for the samples.

e Before conducting the soil sampling, it is recommended to figure out for each plot:

o whether the soil has a low pH (pH-H2O < 5) or not

o whether the parent material is rather calcareous or not.
This will help in accurately classifying the humus form, which depends on the soil pH.
You can refer to soil maps or consult local soil/geological experts for this. It is also
possible to bring a portable pH electrode to the field.

3. Soil sampling procedure

In this section, the soil sampling procedure is described with reference to the printable field
forms (Annexes). Here, we assume that the location of the sampling plot within the site has
been appointed by the responsible scientist.
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3.1 Plot and sample point establishment

e Navigate to the centre of the plot or the approximate centre where the sampling plot
has to be established using GPS. Define the central point (No. 1) of the plot and mark
this location using a bamboo stick. Open the Survey123 app and start a new survey.

¢ Write down plot information along with local weather and terrain conditions in the digital
Survey123 form (and optionally in Field form B):

o PlotID

o Institute

o ForWP2: name of the forest reserve + its “res_ID_inst” + “WILDCARD_sub_ID”

(referring to the site within a reserve),

Date and time of the start of the sampling (important if multiple plots per day)

LAT-LONG coordinates (WGS84 decimal degrees) of central point

Names of surveyors/crew

Current and past weather condition (just encircle valid options)

Air temperature (in °C) (an estimate from your smartphone is sufficiently

accurate)

o Soil conditions

o Location in landscape (macro-relief)

o Other observations at the soil surface

e Determine the soil sampling points according to the square SoilBON scheme (Fig. 4),
using compass and measuring tape, and mark each of them with a bamboo stick. From
the centre (No. 1), the points in the cardinal directions (No. 2-5) are 15 m apart, and
the points No. 6-9 exactly 21.2 m. A laser distance meter or range finder can facilitate
positioning of the bamboo sticks. Make sure each bamboo stick is well visible during
the field work, e.g. by marking them with colour tape or a glove.

o For WP3 (proforestation of agricultural soils) only: if the desired area with the site is
narrower than 30 m, establish the plot using the triangular plot scheme (Fig. 5). Mark
the soil sampling points with bamboo sticks.

e |If sampling is not feasible at any of the theoretical sampling points, establish an
alternative sampling point one meter further in the north, east, south or west direction
respectively (with decreasing preference). Basically, stay away from:

o Standing tree stems by at least 2 m (to avoid big roots)

o Logs (in decay class 1-4), stumps, boulders, fresh tree-throw pit mound forms
and other objects that hide the soil surface (lying tree trunks in the last 5th stage
of decay are considered as part of the forest floor; old gradually elevated tree-
throw pit mounds are considered to be a part of surface)

o Drains or ditches. Instead, place your sampling point on elevated ridges. Such
soil management practices should be absent in abandoned land by definition
but may still be present from before to the time of abandonment.

o Other significant local depressions (e.g. holes left by decayed tree stumps)

o Areas with vegetation which is significantly different from the target vegetation
(which may appear in WP3, which is sometimes located on small strips of
abandoned agricultural land)

¢ If none of the possible alternative sampling points at one meter distance solves the
problem (e.g. irregular sites in WP3), it is okay to omit the respective sampling point
from the theoretical grid, with a maximum of 1 omitted sampling point per plot, and
provided that the sampling point is one of the sampling points numbered from 6 — 9
(Figure 4 and Figure 5).

e OnField form C: sketch a map of the plot with standing trees, deadwood logs, stumps,
major boulders, ditches, and the 9 effectively sampled locations (with numbers, N, E,

O O O O O
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S and W directions) or use map of tree stems based on dendrometric tree census or
terrestrial laser scanning.
o |If trees or logs have IDs for dendrometric assessments, please indicate them
also on the sketch.
o If (soil) sensors or other equipment are installed, please indicate them also with
their IDs.
o The location of any (small) profile pit, old one or newly installed, should also be
indicated on the sketch and the exact coordinates measured with GPS
o If the sampling point deviates from the theoretical sampling scheme, also
indicate the new sampling point on the map.

e Take photos of the plot from the central point, directed towards the cardinal directions
N (azimuth = 0°), E (azimuth = 90°), S (azimuth = 180°) and W (azimuth = 270°),
respectively, even if the sampling scheme is directed otherwise for WP3 plots. The
quality criteria for the photos are:

o Check settings of the camera (correct date, time, picture size, high resolution
and in .png or .jpg file format)

o Digital photo should have EXIF data tags for derivation of (approximate)
coordinates.

o All pictures should be taken horizontally (landscape format) and untilted.

o The photos should not display any recognisable feature (i.e. faces of persons,
vehicle license plates).

N
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Figure 4: Square plot scheme with soil sampling points (SoilBON). Points 6, 7, 8 and 9 are 21.2 m away
from the plot centre (point 1).
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15m

Figure 5: Prolonged triangular plot scheme with soil sampling points for rectangular plots in WP3 (if
square plot scheme is not possible). The plot scheme follows the orientation of the abandoned site and
does not have a fixed N-S orientation (unlike the square plot scheme). The azimuth from point 1 (the
plot centre) to point 2 will be entered into the form.

3.2 Collection of forest floor and soil samples

3.2.1 Overall rules

e If you suspect that your plot contains a considerable content of coarse fragments
(boulders, gravel...), first consult Section 3.2.6 to determine whether the modified
protocol for stony soils should be followed.

e The “O-cm line” (distinguishing positive versus negative depths in centimeters) is
located at the transition between the forest floor and the upper mineral A horizon. This
is the common approach by forest soil scientists and in agreement with the ICP Forests
manual and data (Cools & De Vos, 2020).

¢ Insloping terrain, all belowground depths should be measured in a plumb-vertical way,
and not perpendicular to the local slope gradient. Similarly, all belowground activities
(e.g., augering for belowground sampling, and excavating pits) should be conducted
in a vertical way, which may not always align with the direction perpendicular to the
local slope gradient. When excavating a pit in a sloping terrain, consider the middle of
the pit (horizontally) as the starting point (0-cm line) for measuring depths.

e The forest floor sampling excludes coarse fragments (stones and gravel) and coarse
living materials, such as roots, mosses and ground vegetation. Fine woody debris
(twigs, fruits, bark) until a diameter of 2.5 cm should be included in both the OFH and
OL forest floor samples. Vegetation must be cut with pruning shears (i.e. not plucked,
as this leads to disturbance and mixing of organic and mineral horizons) and their
coarse living remains must be carefully removed.

¢ For eDNA sampling, all sampling material and recipients need to be sterilised with 70
% ethanol between sampling plots and depth layers (not between sampling points),
and surveyors need to wear gloves when sampling. Hence, all sampling materials
(including gloves, buckets, augers, soil scrapers...) need to be sufficiently disinfected
and subsequently dried again ahead of any new sampling action (Fig. 6). To be more
efficient, it is advisable to bring pre-cleaned materials to the field, and to change gloves
regularly.

o Keep buckets with sampled materials in the shadow as much as possible.
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¢ Throughout the soil sampling procedures, masses of the sampled materials have to be
recorded. These masses always refer to net masses. As such, it is important to write
down masses of recipients (buckets, plastic bags, tubes), e.g. by directly writing this
on each recipient with a permanent marker.

e Horizontal variation between sampling points within a plot is assumed to be minimal,
as a plot is established within the boundaries of a site, which is assumed to represent
homogenous forest and soil conditions. However, some degree of variation is
inevitable, even when adhering to the correct site definition. By combining samples
from different systematically established sampling points within a plot, the extracted
data are expected to represent the overall average conditions of the site.

e Since peat (hydromorphic) soil is expected to be rare among the selected WILDCARD
sites, this soil sampling protocol considers materials below the forest floor as mineral.
However, if the materials collected below the 0-cm line are predominantly organic in
nature, rather than mineral, they should still be collected and processed according to
the procedures outlined in this protocol. There is no need to treat them differently. For
sites that are flooded more than six months per year, partners can designate “semi-
terrestrial” as the humus form.

e If the materials collected during the disturbed soil sampling are insufficient for all
subsamples that need to be taken to the lab, return to the five main sampling points
(1-5) and repeat the sampling next to the original sampling locations.

o Before leaving the plot after sampling, please use the field checklist (Field form A) to
count the number of samples (16 composite samples per plot) and their proper
labelling, and double check if all field forms are properly completed and the required
photos taken.

o Always try to use the same approaches as consistently as possible across different
plots, particularly for plots with a different Time Since Abandonment within the same
region (i.e., chronosequences).

Figure 6: Before moving to a new depth layer (OFH and M01), disinfecting gloves, buckets and sampling
equipment with nebulizer is required for proper eDNA soil sampling.

3.2.2 Sample types and coding

The various samples taken at fixed depths along with their coding are shown in Figure 7.
Disturbed samples are taken from the forest floor (OFH and OL), and these have negative
depths with reference to the 0-cm line at the top of the mineral horizon. The disturbed samples
of the mineral layers (coded M01, M13, M36 and M61) are taken over their whole depth range,
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whereas the undisturbed samples (rings) for assessing the bulk density are taken in the middle
of the depth range of each layer.

Conform with the IPCC guidelines for SOC stock estimation, we consider the topsoil as the
depth range between 0 and 30 cm (the M0O1 and M13 layers) and the subsoil as the depth
range from 30 to 100 cm (M36 and M61).

If the lithic contact (continuous bedrock) is shallower than a depth of 100 cm, it is possible that
not all four depth ranges can be sampled for (un)disturbed soil. If field surveyors encounter
the continuous bedrock (i.e. shallower than 100 cm), the effective soil depth must be
recorded (in the Surveyl123 app, in the “Depth of bedrock” field, which appears after selecting
the “bedrock” checkbox under the layer characteristics; and optionally in Field Form F), and
the depth range that includes the effective soil depth still must be sampled until the depth of
the lithic contact. For example, if lithic contact appears at a depth of 38 cm, partners are
requested to take disturbed and undisturbed samples from M01, M13 and M36 (with M36
ranging from 30 to 38 cm), but not from M61. If no continuous bedrock is encountered within
the sampled profile (upper 100 cm), the continuous bedrock is assumed to be deeper than
100 cm in the further data analyses. Note that, according to its definition, continuous bedrock
contains < 20 vol% cracks.

Presence of a (perched) water table or reductomorphic properties (gleyic, stagnic properties)
should be mentioned in the Surveyl123 app and optionally in Field Form F as well.

Layer Depth Physicochemical/ eDNA Code layer Upper Lower
type (cm) flammability analysis layer limit layer limit
analyses (cm) (cm)
.
oL Y X
(-Y <X
Forest 2
floor OFH X 0
[ =
MO1 0 10
10 -
: O M13 10 30
30 4
Below- T
ground | M36 30 60
(mineral or 7
peat) 60 -
. | Mé61 60 100
\ 100 H

Undisturbed soil core (for bulk density assessment)
(5 repetitions per layer per plot)

Number of subsamples in composite sample
(per layer per plot)

Figure 7: Overview of fixed depth layers to be sampled for disturbed and undisturbed soil samples within
WILDCARD, and their corresponding layer code.
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3.2.3 Collection of forest floor samples

Instruction video: VIDEO 1 — Sampling the forest floor

The objectives are (i) to measure the thickness of the OL and OFH layers of the forest floor
on the five main sampling points (1-5); and (ii) to collect forest floor samples of both the OL
and OFH layers (using the 25 x 25 cm metal frame) at sampling points 1-5. Record information
in the Survey123 app (and optionally in Field form D).

e Put on gloves and disinfect all sampling material (including gloves, buckets, ...) with a
nebulizer filled with 70 % ethanol

o If the forest floor (OL, OFH or both) is absent (which is possible in the initial stages of
development on abandoned agriculture land in WP3): explicitly indicate this in the
Survey123 app and optionally in Field form D by entering O as the thickness and mass
of the respective layer, or by ticking the checkbox stating that the respective layer is
absent. In that case, you can skip the related parts of Section 3.2.3.

e Since you will have to determine the net mass of the field-moist forest floor (both for
OL and OFH) representing a surface area of 0.3125 m2 (5 sampling points x 25 cm X
25 cm), it is recommended to use two big disinfected and labelled buckets for the
collection of OL and OFH materials, respectively, in which it is possible to mix the
materials into a composite sample. The most convenient approach is to collect the
materials at each sampling point into a smaller bucket (one for OL and one for OFH),
and to subsequently transfer the materials to the corresponding big bucket after each
sampling point. Be careful not to mix OL materials with OFH materials.

¢ Record the mass of each of the buckets (tare) before sampling, so that you can
calculate the net mass (field-moist forest floor materials) by subtracting the mass of
the empty buckets from the gross mass (bucket with forest floor materials) after
sampling.

¢ Repeat the following steps at each of the five sampling points (characteristically
central, N, E, S, W; if plot is elongated as in Fig. 5, follow and record orientation of the
plot) in the given order:

o Place the forest floor sampling frame (25 cm x 25 cm) directly on top of the
forest floor.

o Pressthe sampling frame down firmly and cut with a sharp knife along the sides
of the frame to separate materials (e.g. roots and branches) inside the frame
from those outside the frame (in order to exclude sections that are outside).

o For any branches within the frame thicker than 25 mm: separate sections with
a diameter less than 25 mm (by cutting or breaking). Exclude any parts thicker
than 25 mm.

o Collect any loose largely intact organic materials on top (OL layer) and transfer
them to the container for OL layers (smaller empty bucket, since OL materials
from any previous sampling points of the given plot should be transferred to the
big bucket). This includes all twigs, branches and other woody debris (e.g.
fruits, bark) with a diameter below 2.5 cm.

o Collect all the remaining organic materials inside the frame (OFH layer; i.e. no
distinguishing between OF and OH layer is needed) and transfer them to a
clean container (smaller empty bucket, which you empty in the big bucket after
each sampling point). Stop the removal of the OFH materials at the depth level
where you notice the A horizon, i.e. the “0-cm line”. While the transition of forest
floor to mineral soil is gradual and it is not easy and to some extent arbitrary to
establish the 0-cm line, you can assume that the forest floor ends and the A
horizon starts when the properties of the materials change (become heavier
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and more compact; the colour changes, “pepper and salt” colour on sandy
soils). Try to be as consequent as possible. The transition between OH and A
may not be straight, use spatulas or a brush to clean the transition even in local
depressions.

o Weigh the (small) buckets with the forest floor materials sampled from the
current sampling point and record their mass (net, fresh weight; one bucket for
OL and one for OFH).

o Remove the square forest floor sampling frame. Measure the thickness of the
OL and OFH layers of the forest floor starting from the 0-cm line at the 4 sides
of the rectangle. Write down the average thickness (in cm, with accuracy to 5
mm).

o Take a photo of at least one (representative) of the replicate forest floor profiles
(after removing the forest floor sampling frame) together with the folding rule to
indicate the thickness (layer depth) of both the OL and OFH layers.

o Write down special observations (e.g. biological activity, dominance of decayed
wood in some point)

e After finishing these steps at the five sampling points, record the mass of:

o The big container with the 5 replicate materials from the OL layer (representing
a surface of 25 cm x 25 cm each, i.e. 0.3125 m2 together). Make sure that you
can calculate the net mass of the field-moist OL layer materials representing
the surface area of five forest floor sampling frames (i.e. excluding the mass of
the empty bucket).

o The big container filled with 5 replicate forest floor materials from the OFH layer
(representing a known surface area of at least 25 cm x 25 cm each, i.e. 0.3125
m2 together). Make sure that you can calculate the net mass of the field-moist
OFH layer (so without OL layer) materials representing the surface area of five
forest floor sampling frames (i.e. excluding the mass of the empty buckets).

¢ Mix the materials in both containers thoroughly into a composite forest floor sample.
Instruction video: VIDEO 3 - Mixing composite soil samples and taking subsamples
o From the well-mixed OFH (no OL included), take the following subsamples:

o Take a subsample of the mixed OFH material by filling a large plastic bag
(labelled with correct tag), record its net fresh mass in the field, and seal the
bag. The lab needs a minimum of 200 g fresh matter for physicochemical
analyses (bulk sample). Put this bag in a larger standard ziploc bag. Put
another (identical) label in this bag (double labelling)

o Take a sterile tube (with label) and fill it well with fresh OFH material for
microbiome (eDNAL; at least 20 g fresh mass). Put this tube in a larger
standard ziploc bag. Also label this bag. Freeze the sample using a cold pack
and as soon as possible store the sample at -20 °C.

o Take a second sterile tube (with label) and likewise fill it well with fresh OFH
material for mesobiome (eDNAZ2; at least 20 g fresh mass) analyses, and put
this tube in a larger standard ziploc bag. Also label this bag. Freeze the sample
using a cold pack and as soon as possible store the sample at -20 °C.

o Recommended: take a back-up sample (“eDNA”) and keep it frozen at the local
institute, for in case something goes totally wrong during shipping. The protocol
assumes that all soil sampling partners keep a back-up sample at -20 °C at the
local institute.

o Transfer a representative subsample of the (unsieved) composite OL sample, record
its net fresh mass in the field (approximately 200 g), store it into a large plastic ziploc
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bag (labelled with correct tag), and in a second ziploc bag with the same label for
security.

¢ Empty the containers and bucket with the remaining forest floor samples. You can use
the big container to place your samples inside.

Figure 8: Steel metal frame (left) to collect replicate samples of the areal mass of forest floor. The five
replicate samples are composited in a disinfected box.

Figure 9: Collecting the forest floor OL layer separately, and OF and OH layer combined for
composite samples in dedicated containers. The look and feel of the OL, OF and OH layer is shown in
the picture at the right.
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Figure 10: Measurements of the thickness of the forest floor after removal (sampling) of forest floor
materials using the forest floor sampling frame.

Figure 11: When the mineral Ah horizon is exposed after removal of the forest floor, the sampling of the
mineral soil can start (i.e. from a depth of 0 cm onwards).

3.2.4 Collection of undisturbed samples for bulk density analysis

Instruction video: VIDEO 2 — Taking undisturbed soil samples

The mineral soil samples with a given volume (e.g. Kopecky rings with a known volume of 100
cm?). The samples should include any coarse fragments (smaller than 5 cm), since these will
be used to estimate the coarse fragment content. Record information in the Survey123 app
(and optionally in Field form E).

o Write down the volume (in cm3) and height (in cm) of the sampling ring in the
Surveyl123 app and optionally in Field form E.

o Write down the mass of the empty recipient (plastic bag) in which the undisturbed
samples will be collected, for each depth layer.

e Use tape to indicate the targeted upper depths of the depth ranges at which the
undisturbed soil cores should be taken (in the middle of each depth layer), on the soil
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corer for undisturbed sampling. For a ring with a height of 5 cm, tape should be applied
at2.5cm, 17.5 cm, 42.5 cm and 77.5 cm from the tip of the ring holder.

o Repeat the following steps at each of the five sampling points (characteristically
central, N, E, S, W; if the plot is elongate — Fig. 5, follow and record orientation of the
plot), in the given order:

o Use the area where the forest floor was previously sampled using the forest
floor sampling frame.

o Place the ring inside the ring holder of the soil corer.

o Use the Edelman or Riverside auger to remove any unneeded mineral soil on
top of the desired sampling depths. If the coloured tape for the given sampling
depth is at the soil surface (depth of 0 cm), the ring should be at the correct soil
depth to start taking the undisturbed soil sample.

o Carefully insert the soil corer with the sampling ring in the soil, so that the ring
covers a depth range of 2.5 - 7.5 cm (if the ring height is 5 cm). If needed, use
an impact-absorbing hammer but try to be careful in order not to disturb the soil
inside the corer.

o Carefully take the soil corer out of the hole and remove the ring with soil. Make
sure that the ring is fully filled in a natural (undisturbed) way, as if it would be
inside the soil. Use a spatula to remove any soil material outside the volume of
the Kopecky ring. Cut off the roots with scissors, and do not pull them out, as
this disturbs the sample. Keep coarse fragments (< 5 cm) inside the volume of
the ring.

o Write down special observations in the ring and the corresponding observation
depth

o Empty the ring by transferring the bulk density sample (with a known volume;
including any coarse fragments) into the bag for undisturbed samples of the
correct depth, in order to obtain a cumulative net mass of the 5 undisturbed
samples per layer. From this point onwards, it is not a problem if the sample
gets disturbed, because we know that the mass corresponds to the volume of
the ring at one of the sampling points for the given depth. Keep the bag closed
as much as possible, as the field moisture content also has to be determined
from these samples as soon as possible.

o Repeat these steps for the M13, M36 and M61 depth layers (i.e. with the ring
covering depth ranges of 17.5 - 22.5 cm; 42.5 - 47.5 cm; 77.5 - 82.5 cm if the
ring has a height of 5 cm). Make sure the sampling ring is clean if you reuse
the same ring.

e Record the cumulative net mass of the five undisturbed fresh samples.

¢ In soils with a significant amount of coarse fragments, for which the specific density is
expected to deviate considerably from the common reference density of 2.65 g cm,
partners can take some rock fragments (representative for the whole plot) to the lab.
There, they can determine the specific density of coarse fragments by dividing their
dry mass by their volume (measured using the water displacement method). This value
can be entered in the Survey123 app, or sent via e-mail if this value was determined
after submission of the Survey123 app form.

3.2.5 Collection of disturbed belowground samples

Instruction video: VIDEO 4 — Taking disturbed soil samples
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The aim of this step is to sample soil at fixed depths (0 - 10 cm; 10 - 30 cm, 30 - 60 cm; 60 -
100 cm) using a soil auger. This has to be performed at nine sampling points, i.e. at the five
sampling points (1-5) where the forest floor has been removed using the forest floor sampling
frame (use the exact locations where the “0-cm line” is visible) and at the four extra sampling
points (6-9) in the corners of the square plot scheme (Fig. 4). Record information in the
Survey123 app (and optionally in Field form F).

Instead of the sequence suggested below (sampling all four depth layers per sampling point
before moving to the next sampling point), it may also be convenient to first sample all the
MO1 (0 — 10 cm depth range) layers across the nine sampling points, since the sampling of
this layer has to happen in a sterile way, avoiding any cross-contamination. After this, you can
proceed to sample the remaining layers (M13, M36, M61 at sampling points 1 — 5) or layer
(M13 at sampling points 6 — 9) per sampling point, for which sampling materials do not need
to be disinfected.

¢ Repeat the following steps for those nine sampling points:

o Make sure all sampling material (including gloves, buckets, ...) is disinfected
with a nebulizer filled with 70 % ethanol when you start with the MO1 layer
(since this will be analysed for eDNA).

o If the sampling point is at one of the corners of the sampling grid (6-9; where
the forest floor is possibly still present): remove any forest floor so that the 0-
cm line (top of the A horizon) becomes visible. Else, use the location where the
forest floor was removed for the forest floor sample collection.

o Insert the soil gouge auger up to a depth of 10 cm starting from a depth of 0
cm. Note that the entire depth range must be sampled, so not only the central
part!

o Transfer the soil core (including coarse fragments) to the big bucket for the
given depth layer (which may already contain soil materials from previous
sampling points) (Figure 12).

o Remove any organisms, roots and artefacts (plastics, bricks, ...).

o Write down any other special observations (e.g. charcoal) and their depth. If
you think you encountered the bedrock, record the exact depth of the bedrock
in the field form (in the Survey123 app, in the “Depth of bedrock” field, which
appears after selecting the “bedrock” checkbox under the layer characteristics;
and optionally in Field Form F). Include the samples of the current layer (up to
the depth of the bedrock). Any remaining deeper fixed-depth layers (up to 100
cm) can be ignored, as it is not possible to penetrate the bedrock with the sail
auger.

o If the sampling point is at one of the corners of the sampling grid: repeat the
last four steps for the 10 - 30 cm depth range only. Else, repeat them for the 10
- 30 cm depth range, the 30 - 60 cm depth range, and the 60 - 100 cm depth
range in case of a deep soil, or to lithic contact (bedrock) in shallow soils.

o After finishing these steps at the nine sampling points, make sure there is sufficient
material for all the subsamples that need to be taken to the lab. If the collected material
weighs < 600 g fresh mass (for MO1) or < 500 g fresh mass (for M13, M36, M61), return
to sampling points 1-5 and collect additional soil next to the original sampling locations,
following the steps outlined above.

¢ Thoroughly mix the materials into a composite soil sample for each fixed-depth layer.
Instruction video: VIDEO 3 - Mixing composite soil samples and taking subsamples

¢ From each composite soil sample:
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o Sample at least 500 g of representative composite soil per layer by filling the
plastic ziploc bags (labelled with correct tag). Place it inside another plastic
ziploc bag with identical label to prevent leaks.

o Only for the O - 10 cm layer:

= Fill a sterile tube (eDNA1 sample; with the correct label) with fresh MO1
material. Put the tube in a ziploc bag (with the same label). Freeze the
sample using a cold pack and store the sample as soon as possible at
-20 °C.

= Fill another sterile tube (eDNA2 sample; with the correct label) with
fresh MO1 material. Put the tube in a ziploc bag (with the same label).
Freeze the sample using a cold pack and store the sample as soon as
possible at -20 °C.

» Recommended: take a back-up sample (“eDNA”) and keep it frozen at
the local institute, for in case something goes totally wrong during
shipping. The protocol assumes that all soil sampling partners keep a
back-up sample at —20 °C at the local institute.

o Record the mass of each of the samples.

¢ Optionally, partners can take additional back-up samples for each depth layer to store
at their institute.
e Transfer the remaining composite sample to fill the bore holes in the field.

Figure 12: Use the soil scraper (spatula) to transfer the disturbed soil from the auger to the bucket.
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Figure 13: Overview of all samples. For both the MO1 and the OFH layers, one bulk sample (for
physicochemical analysis), one eDNA sample for microbial analysis (eDNA1), one eDNA sample for
mesofauna analysis (eDNA2) and one back-up sample (eDNA) must be taken after thoroughly mixing
the composite samples. Note that eDNA samples need to be stored in sterile tubes with screw cap (with
label) inside a ziploc bag (with the same label).

3.2.6 Special case: stony soils

Augering for disturbed and undisturbed soil samples is obviously challenging in soils with a
high content of coarse fragments. To address this, we propose a modification to the above-
mentioned methodology for disturbed and undisturbed belowground sampling in stony soils.

Soils are considered 'sufficiently stony' if coarse fragments (>2 mm) make up 240 % by volume
in any depth range being sampled, or if the WRB (2022) qualifier “Skeletic” applies. However,
since this may be difficult to determine without any prior information, we propose the following
steps to assess whether your plot qualifies as “stony”:

1. Use the soil gouge augers, or any of the soil augers available to you, to collect
disturbed samples until a depth of 100 cm, as described in Section 3.2.5. If it is not
possible to auger to a depth of 100 cm in at least 3 out of 5 sampling points due to the
auger being significantly blocked, proceed to the next step.

2. Excavate the small profile pit (up to a depth of minimum 40 cm) at the plot centre (i.e.,
the small profile pit required for humus form classification and coarse fragments
content assessment), following the description in Section 3.3. If 240 vol% coarse
fragments are observed in any depth range of this small profile pit, follow the protocol
for stony soils, as described below. If not, it is reasonable to assume that the augers
were blocked by continuous rock (lithic contact), i.e. any obstacle below which the
organic matter content is assumed to be negligible.

If your plot qualifies as “stony”, the following steps may be followed:

Select “Sampling stony soils” in the ArcGIS Survey123 app, and follow the structure provided.
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Collection of undisturbed belowground samples:

e 0-10 cm and 10-30 cm depth ranges: follow the standard procedure, covering 5
sampling points for undisturbed samples, if possible.
o Deeper sampling (30-60 cm and 60-100 cm depth ranges, if any):

o If permitted, use the small profile pit at the plot centre to excavate a deeper pit,
extending until 80 cm or until bedrock is reached, whichever is shallower. The
location of this pit is assumed to be representative of the entire plot.

= |tis convenient to place one or multiple plastic sheets or tarps around
the excavation site to collect the excavated soil, in order to help you
with refilling the pit afterward.

= |f possible, take 5 undisturbed samples per depth range using the ring
holder. Make sure they are representative of the depth range as much
as possible (including fine earth and small coarse fragments in a
representative way). If the high rock fragment content does not allow
for the collection of all 5 intact samples, enter this reason in the ArcGIS
Survey 123 application, along with the number of samples (sampling
rings) that could be collected. The number of bulk density samples can
be even zero for a given depth layer.

= Record the depth of the continuous bedrock.

o If digging a deeper pit is not permitted at your site: attempt to take undisturbed
samples (5 per depth range) starting from the bottom of the small profile pit (at
a depth of 40 cm, Section 3.3).

Collection of disturbed belowground samples:

e 0-10 cm and 10-30 cm depth ranges: follow the standard procedure, covering 9
sampling points.
o Deeper sampling (30-60 cm and 60-100 cm depth ranges, if any):
o Use the above-mentioned deeper soil pit to collect disturbed samples for the
30 — 60 cm depth range (if present) from the different walls of the pit, e.g. using
a shovel or trowel. Make sure that the disturbed samples represent the entire
depth range.
o For the 60 — 100 cm depth range (if present), use the same approach for the
upper section (60 — 80 cm; assuming that the pit is 80 cm deep). For the 80 —
100 cm section, collect an equivalent volume of soil by augering from the
bottom of the pit to a depth of 100 cm, and combine the two subsamples.
o If digging a deeper pit is not permitted at your site: attempt to collect disturbed
samples by augering deeper, starting from the bottom of the small profile pit (at
a depth of 40 cm, Section 3.3).

Note that, as mentioned in Section 3.2.2, only fixed-depth layers above or including the depth
of the bedrock need to be sampled. According to its WRB definition, continuous bedrock
contains <20 vol% cracks. Therefore, within WILCARD, the depth of lithic contact (the upper
boundary of the continuous bedrock) is assumed to be the upper depth where the coarse
fragments content exceeds 80 vol%.

This alternative approach should lead to a similar workload for the field team, but comes at
the expense of the “representativity” of samples from deeper depth ranges, since only one
sampling location within the plot (i.e., the deeper pit) is used. However, partners are free to
excavate more than one deeper soil pit if time and resources allow (not mandatory).
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Do not forget to refill the pit after assessing the humus form and content of coarse fragments,
as described in Section 3.3.

3.2.7 Special case: control sites in WP3

Soil data on control sites are collected exclusively in WP3 in situations where the time since
abandonment of the youngest site > 10 years. In these cases, soil data are mandatory
collected at (control) sites with active management, where TSA = 0. For chronosequences
where the TSA of the youngest area is <10 years, the control site is only recommended.

Select “Sampling control sites” in the ArcGIS Survey123, and follow the structure provided.

Due to the need to reduce disturbance of managed land, the number of sampling points on
control sites is limited to 5 (1, 2, 3, 4, 5, see Fig. 4, 5) for the forest floor and the depth ranges
between 0 — 30 cm. Points 6-9 are not considered for sampling. Collection of disturbed and
undisturbed, organic and mineral samples is carried out at points 1-5 according to the
methodology described in sections 3.2.1 - 3.2.5. Collection of disturbed and undisturbed
mineral samples in layers 30-60 cm and 60-100 cm is carried out only in the central small
profile pit, in accordance with Section 3.2.6 (following the scenario where digging a deeper pit
is not allowed). After sampling, the sampling profiles are carefully filled with soil again and
cleaned up.

3.3 Small profile pit assessments

o If not already present in the plot, dig a small soil profile pit at sampling point 1 (centre)
of the plot or at a representative location nearby, up to a depth of 40 cm (or up to the
bedrock if this is shallower than 40 cm). Choose a location that shows no or limited
disturbance by humans. Make sure the pit has a vertical wall suitable for describing
the humus form. If you assume the profile has been disturbed, try to make a new small
pit one meter further.

¢ If anold profile pit is present, re-excavate the pit and put one wall for profile description
at least 50 cm beyond the original wall (to be sure you are observing the original,
undisturbed soil profile). Use this wall to describe the humus form (and the soil profile)
as described below.

e Classify the humus form (following the highest level of terrestrial humus forms by
Zanella et al., 2022; based on the simplified approach in the ICP Forests manual,
update 2025, in preparation by Cools & De Vos) and complete the Survey123 app
and, optionally, Field form G. Field form G is a tool to assist with humus form
classification, and a link to this field form is also included in the Surveyl123 app. Also
the instruction video (VIDEO 5) about the description and classification of terrestrial
humus forms may be helpful:

o Instruction video: VIDEQ 5 - Description & classification of terrestrial humus forms

o For the humus form classification, it is helpful to know the approximate soil pH
and optionally whether the parent material is rather calcareous (e.g. often in
mountains) or not.

o Take clear photos of the forest floor and the A horizon (and E horizon if
present), using a folding rule to indicate the depths.

o Humus form classification is only required for terrestrial humus forms. If your
plot is saturated with water for more than 6 months per year, you can consider
the humus form as “semi-terrestrial”.
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o Describe the forest floor harizons and A horizon using the first part of Field form
G. Refer to the terminology list (section 1.2) for more details about the different
terms. Note that the OH horizon is a key horizon for humus form classification
(especially its presence and thickness). Therefore, it is crucial to recognise this
horizon and distinguish it from the OF horizon and the A horizon. The OH
horizon consists of a homogenous, crumbly, dark and highly decomposed form
of organic matter, with a negligible amount of recognisable original plant
structures (< 30 %), resembling compost. In contrast, the OF horizon does
contain 30 — 90 % fragmented recognisable pieces of original plant structure,
such as leaves, and is therefore typically lighter in colour than the OH horizon.
The OF horizon feels more fibrous and structured and is less homogenous
compared to the OH horizon. The depth below which you designate the soil as
the “A horizon” should be consistent with the 0-cm depth used during the earlier
sample collection. In addition, it is important that you can recognise whether
the materials of the forest floor and A horizon have been zoogenically
transformed (i.e. show a high activity by soil fauna with limited visible
involvement of fungi or other micro-organisms). Section 1.2 includes more
details on how you can distinguish this.

o Check which of the typical characteristics of different humus forms match your
observations using the second part of Field form G. These observations should
assist you with the final humus form classification.

Use the profile pit to visually estimate the volumetric percentage of coarse fragments
> 2 mm and the volumetric percentage of coarse fragments > 50 mm for depth layers
MO1 and M13, based on Fig. 15. Record this information in the Survey123 app and
optionally in Field form G. Subsequently estimate and record the volumetric
percentage of both coarse fragment size ranges (> 2 mm and > 50 mm) for depth
layers M36 and M61 using any preferred method, e.g. by extending the soil profile pit
until a depth of 100 cm, or by augering (e.g. disturbed soil samples).

If you observe anything special, such as reduction patches, indicate this (along with
the depth) in the Survey123 app and optionally in Field form F.

Optional: Follow WRB 2022 (IUSS Working Group WRB, 2022; Annex 1: Field Guide)
to perform the soil profile description and classification. It is sufficient to assess the
WRB reference soil group, but it is preferable to also provide the most important
gualifier. If classification in the field is possible, write down the WRB Reference Soil
Group in the Survey123 app and optionally in Field form G and provide any additional
information/documentation collected in the field to the central lab. Take clear photos of
the profile pit, using a folding rule to indicate the depths.

Before leaving the plot, check the field checklist (Field Form A) to make sure you are
taking back all the required samples, photos and data. Do not leave any traces and
make sure that any pits and bore holes are filled again.
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Figure 15: Reference guide for the visual assessment of the volumetric percentage of coarse fragments.
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4. Post-field work activities

4.1 Soil sample processing by partner

4.1.1 Disturbed soil and forest floor samples for biological analyses (eDNA)

o Samples for eDNA must be stored in a freezer (-20 °C) at the partner institute until
their shipment to the central lab. The back-up samples should remain frozen at the
partner institute until all eDNA analyses at the central labs are completed.

o All eDNA samples with appropriate labelling must be shipped on dry ice in their
corresponding recipients to the central lab (i.e. INBO for both WP2 and WP3 sites).
INBO will further transfer the eDNA1 microbiome samples to ETH Zirich. Partners can
either send all their eDNA samples in one compiled shipment at the end of the
sampling campaign or distribute them over multiple shipments. The deadline for
sample shipments is mid-October 2025, but you are encouraged to send samples in
intermediate shipments as soon as they are ready. Before shipping, partners should
inform the central lab about the estimated arrival of their cold shipment(s) and send a
digital version of the sample list(s) mentioned in the bullet below and of the fully signed
MTA and any local collection permits. Make sure that the package is completely sealed
to avoid any leakages. The reception of the central lab at INBO (Belgium) is staffed on
working days (Monday-Friday) between 08:00 and 16:00. Deliveries are not possible
outside these hours, e.g. during the weekend or public holidays. This way, shipments
on dry ice can be transferred to a freezer immediately upon delivery. We also
recommend shipping at the beginning of the week, to limit the risk of your shipment
being delayed without dry ice replenishment over the weekend.

e Each cold shipment on dry ice must also contain the following printed documents:

o The “Material Transfer Agreement” for INBO (either based on template MTAL,
MTAZ2 or MTAS)

o A complete list with the samples in the shipment that should be used by the
recipient lab (i.e., the so-called “eDNA2” samples; see template
“cold_shipment_samples_list_for_recipient_use”). This table should also
include details on the “temperature history” of each sample.

o A complete list with the samples in the shipment that should be transferred to
and used by the third party (ETH Zirich) after arrival at the recipient lab (i.e.,
the so-called “eDNA1” samples; see template
“cold_shipment_samples_list_for_third_party”). This table should also include
details on the “temperature history” of each sample.

o Any other permits or administration (for which the central lab will provide
further guidelines).

4.1.2 Undisturbed samples for bulk density

e Partners must send their undisturbed samples (including any coarse fragments) to the
central labs (INBO lab for WP2 plots; VUK lab for WP3 plots). The undisturbed samples
do not need to be dried in advance, although we recommend to air-dry them or to dry
them in an oven to limit shipping costs. Each sample bag (per layer) should contain
exactly the quantity of soil corresponding with the volume of five sampling rings in the
field.

e At least one shipment (normal shipment at room temperature) of the bulk density
samples, together with the dried samples of forest floor and disturbed mineral sall, is
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expected from each partner. More details about the normal shipment are provided
below in section 4.1.3.

The central labs will determine the dry weight at 105 °C of the composite samples
and the mass and volume percentage of coarse fragments.

Disturbed soil and forest floor samples for physical and chemical analysis

In the local lab, manually separate the OL sample into three subsamples:
o “OL-leaves” (which contains all leaves and needles)
o “OL-twigs-medium” (which contains all twigs and other woody debris such as
fruits between a diameter of 6 and 25 mm)
o “OL-twigs-small” (which contains all twigs and other woody debris such as
fruits with a diameter smaller than 6 mm)
Twigs (smaller than 25 mm) must be cut or broken according to the threshold of 6
mm, so that only parts of twigs with a diameter between 6 mm and 25 mm go to the
category “OL-twigs-medium™ and only parts of twigs with a diameter below 6 mm go
to the category “OL-twigs-small”.
Dry the disturbed mineral soil samples and the forest floor samples (“OL-leaves”,
“OL-twigs-medium”, “OL-twigs-small” and “OFH”) at max. 40 °C until the mass hardly
changes (at least 48 hours).
For the forest floor samples (OL-leaves, OL-twigs-medium, OL-twigs-small and
OFH), the dry mass of the sample (matching the quantity of the sample for which the
fresh mass was recorded in the field) after leaving the oven must be recorded in the
data form “forest_floor_data”. This is necessary for the calculation of the moisture
content in the field and the areal mass. After this, the OL samples (OL-leaves, OL-
twigs-medium, OL-twigs-small) can be discarded.
The dried samples (except “OL-leaves”, “OL-twigs-medium” and “OL-twigs-small”)
must be sent as regular mail to the central laboratory (see address in section 4.1.4.),
together with the undisturbed samples for bulk density, with the appropriate labelling
and distributed over one or multiple shipments. The deadline for sample shipments is
mid-October 2025, but you are encouraged to send samples in intermediate
shipments as soon as they are ready. Partners are free to keep a small subsample at
their institute in case something goes wrong during shipment of the samples. Before
shipping, partners should inform the central lab (contact details in the section 4.1.4)
about the estimated arrival date of their normal shipment and send a digital version of
the sample list mentioned in the bullet below. Wait for the latest instructions for
shipments to VUK. For shipments to the central lab at INBO (Belgium), you should
also send a digital version of the fully signed MTA and any local collection permits.
Make sure that the package is completely sealed to avoid any leakages. The
reception of the central lab at INBO (Belgium) is staffed on working days (Monday-
Friday) between 08:00 and 16:00. Deliveries are not possible outside these hours,
e.g. during the weekend or public holidays.
Each normal shipment must also contain the following printed documents:
o The “Material Transfer Agreement” for INBO (either based on template MTA1
or template MTA2) in WP2, or the Letter of Authority for VUK in WP3
o A complete list with the samples in the shipment (see template
“normal_shipment_samples_list”)
o Any other permits or administration (for which the central lab will provide
further guidelines).
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o All other processing (e.g. laboratory analyses) will be done by the central labs (INBO
and VUK). Partners will receive a report of the analysed data.

4.1.4 Address and contact information central labs

e [INBOlab
Dr. Heleen Deroo (heleen.deroo@inbo.be)
Research Institute for Nature and Forest (INBO)
Gaverstraat 4
9500 Geraardsbergen
Belgium

e VUK lab
Dr. Tahsin Karimi Nezhad (tahsin.karimi@gmail.com - transfer arrangement in
English) and Petra Dolezelova (dolezelova@vukoz.cz - for local communication in
Czech)
Department of Forest Ecology
Landscape Research Institute
Lidicka 25/27
602 00 Brno
Czech Republic

e ETH Zirich
Dr. Johan van den Hoogen
Laboratory ETH Zurich
c/o Dr. Camille Delavaux (camille.delavaux@usys.ethz.ch)
Global Ecosystem Ecology
CHN G66
Universitatstrasse 16
8092 Ziirich
Switzerland

4.2 Data submission by partner

By submitting the digital Survey123 app, all digitally collected field data and photos (with
correct photo ID) will arrive at the central VUK account, after which it will be shared within the
shared project drives. Note that it is not possible to correct data after submission, so partners
should carefully check the information in the Survey123 app prior to submission. However, the
submitted form is still stored on the device. Its contents can be copied to a new form and
edited.

Next to this, it is mandatory for all partners to send the following information to the central lab
or upload it on the shared project drive:

o After drying the forest floor (OFH, OL-leaves, OL-twigs-medium, OL-twigs-small)
subsamples in the lab, the dry mass of each sample (with the same quantity as the
sample for which the field-moist mass was recorded in the field) has to be recorded in
data form “forest floor_data” (renamed as “forest_floor_data_[institute]”), in the
columns “mass_dry_ofh” (for OFH), “mass_dry leaves ol” (for OL-leaves),
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“‘mass_dry twigs_medium_ol” (for OL-twigs-medium) and “mass_dry_twigs_small_ol”
(for OL-twigs-small). Include information on the sample ID. Other columns are optional.

Optional: It is also possible to share any additional data collected or photos taken outside of
the digital Survey123 app. Such additional documents must be sentin a zipped folder named
“WILDCARD_soil_[institute]” to the central lab or uploaded on the shared project drive.
Please organise the files as follows:

e Any photos taken (outside the Surveyl23 app) should be added to a folder with
“photos_[reserve_name]_[plot ID]” as name. Partners with multiple plots should
store the different photos in folders per plot ID. Each of the photos should have a
unique name.

e |If photos are provided, partners should complete a data form
‘photo_catalogue_Jinstitute]” (one file for all plots), which contains a column with the
unique names of each photo, and a column with a corresponding detailed description
of what each photo shows in English.

e Any notes or sketches on paper (e.g. in field forms), have to be scanned, either as a
single pdf file per plot (hamed “notes_[plot ID]’), or as multiple pdf files added to a
folder with “notes_[reserve_name]_[plot ID]” as name. Scanned notes for different
plots have to be stored in different folders per plot ID.

5. List of supplementary documents

The following general templates are provided along with this protocol:

o field forms_soil _sampling_v7.xIsx - Printable field forms in Excel format, which can
be downloaded and translated in the local language

e forest floor_data.xIsx - Data form with information for forest floor layers (OL-leaves,
OL-twigs-medium, OL-twigs-small and OFH) from the partner lab

e photo_catalogue.xlsx - Description of all relevant photos taken and provided by the
partner (outside the Survey123 app)

e [INBO_MTAl.docx - Material Transfer Agreement WITH NO transfer of ownership
from WP2 partner to INBO — to be completed by partner and included with any cold
(on dry ice) or regular shipments to INBO (within WP2).

o INBO_MTA2.docx - Material Transfer Agreement WITH transfer of ownership from
WP2 partner to INBO — to be completed by partner and included with any cold (on dry
ice) or regular shipments to INBO (within WP2).

o INBO_MTAS.docx - Material Transfer Agreement WITH NO transfer of ownership
from WP3 partner to INBO — to be completed by partner and included with any cold
(on dry ice) shipment to INBO (within WP3).

e normal_shipment_samples_list.xIsx - List of samples included in any regular
shipment — to be completed by partner and included with any regular shipments along
with the MTA.

e cold_shipment_samples_list_for_recipient_use.xlsx - List of samples included in
any cold shipment (i.e. on dry ice) to INBO for use by INBO — to be completed by
partner and included with any cold shipments to INBO along with the MTA.

e cold_shipment_samples_list_for_third_party.xlsx - List of samples included in any
cold shipment (i.e. on dry ice) to INBO for transfer to the third party (ETH Zirich) —to
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be completed by partner and included with any cold shipments to INBO along with the
MTA.

The following instruction videos are provided along with this protocol:

e VIDEO 1: Sampling the forest floor

e VIDEO 2: Taking undisturbed soil samples

¢ VIDEO 3: Mixing composite samples and taking subsamples

e VIDEO 4: Taking disturbed soil samples

e VIDEO 5: Description and classification of terrestrial humus forms
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7. Annexes

7.1
7.1.1

Oo0o00oOooOoOoOoOoOoooooooooood

O

Oooooooooooooooaono

Field form A: checklists

Checklist equipment

9 (bamboo) sticks to mark the sampling points

Measuring tape (> 15 m)

Straight spade for digging soil profile pits

Soil gouge auger(s) (at least 3 cm wide and up to a depth of 100 cm)
Edelman auger (up to a depth of 100 cm); alternatively Riverside auger
Closed ring holder for undisturbed sampling

Hex key for the closed ring holder

(Kopecky) rings

Hammer for soil sampling (impact-absorbing)

Forest floor sampling frame (stainless steel frame: 25 cm x 25 cm square)
Sharp knife

2 soil scrapers (spatulas)

Folding rule

Plastic sheets or tarps (to temporarily collect excavated soil when digging a pit)
Secateur or pruning shears to cut ground vegetation

Pencil + ethanol-resistant permanent marker

Clipboard (possibly with waterproof cover)

Plastic ziploc bags (at least 20 XL bags + 6 smaller bags)

Sticker labels (heavy duty; preprinted)

Pick axe (optional)

Field balance or hanging scale for weighing (with batteries as needed, and a big bag
and rope for the hanging scale)

Buckets (at least 6 normal buckets for disturbed soil and forest floor samples + 2 big
buckets for compiling the forest floor samples from different sampling points + 1 bucket
for collecting garbage)

Colourful tape to indicate the height of the soil surface (0-cm line) on soil augers/corers
Duct tape

Wire brush (to remove soil from tools and buckets in the field)
Compass

GPS

Inclinometer

Permits, keys or information to access the WILDCARD site/plot
Shovel / hand trowel

Lab gloves (latex of nitrile) - L/XL

2 L ethanol 70%

2 L water

2 nebulisers (1 for ethanol and 1 for water)

Sterile 50-mL tubes with screw cap (e.g. “Falcon”, “Eppendorf”)

Roll of paper towel

Car-based freezer (until -20°C) (e.g. “Dometic”) with cooling elements
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0 Small mobile coolbox where cooling elements fit in
0 Portable power station (e.g. “Goal Zero”) with sufficient energy for the car freezer.
O Big container for disinfecting material

7.1.2 Checklist before leaving the field

When you leave the plot, check if everything is loaded in the car (checklist equipment) and if
you have all the correct samples, photos and data. Make sure that all samples are stored in
two bags (to prevent leaks) with clear dual labelling. Take all your belongings with you and do
not leave any trash or temporary marks in the field.

¢ Photographs should be available from:

O PlotinN, E, S, W directions from the plot centre

L1 Side (profile) photo from the forest floor after removing the forest floor materials
inside the forest floor sampling frame and the forest floor sampling frame (at
least at 1 representative sampling point) to show the thickness of the different
forest floor layers

L1 Side (profile) photo from the O and A horizons in the small pit (until 40 cm) for
humus form classification

L Any other special observations (e.g. coarse fragments, roots, bioturbation,
oxidation and reduction patches...) directly from the soil (pit) or from augered
material. Make sure you remember what the photos show.

e Field forms are filled (or “ArcGIS Survey123” survey is saved/submitted - please submit
as soon as possible if you do not have internet access in the field, after making sure
all the information is correct)

L0 Field conditions are recorded.

O Thicknesses of OL and OFH layers at 5 sampling points are recorded.

O Fresh mass of OL and OFH materials in forest floor sampling frame at 5
sampling points is recorded.

0 Mass of subsample from composite field-moist OL and OFH materials that is
taken to the lab for drying (without recipient), is recorded (this is needed to
assess the moisture content).

O Field-moist mass of undisturbed mineral soil samples with the same volume as
ring at 5 sampling points per layer is recorded.

[l Effective soil depth (i.e. depth of lithic contact) is recorded if shallower than 100
cm.

1 Depth of stony layers is recorded
[0 Other special observations while augering, and their depth, are recorded
OO Humus form is classified

o 1 plastic bag with sample from the OL layer for flammability analysis:

O “OL” (= 200 g) — to be manually separated into “OL-leaves” versus “OL-twigs-
medium” versus “OL-twigs-small"; then dried at 40 °C (= 7 days) after which
the net dry mass of both OL fractions must be recorded; then they can be
discarded
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e 5 plastic bags with organic/soil samples for physicochemical analysis (OFH, 0-10, 10-
30, 30-60, 60-100 cm)
O “OFH” (= 200 g) — to be dried at 40 °C (= 7 days) asap after which its net dry
mass must be recorded + shipped to central lab (room temperature)
O “MO01” (= 500 g) — to be dried at 40 °C (= 48 hours) asap + shipped to central
lab (room temperature)
O “M13” (= 500 g) — to be dried at 40 °C (= 48 hours) asap + shipped to central
lab (room temperature)
O “M36” (=2 500 g) — to be dried at 40 °C (= 48 hours) asap + shipped to central
lab (room temperature)
O “M61” (= 500 g) — to be dried at 40 °C (= 48 hours) asap + shipped to central
lab (room temperature)
e 4 plastic bags with composite soil samples for bulk density (0-10, 10-30, 30-60, 60-100
cm) (including coarse fragments)
O “BD-M01” — to be shipped to central lab (room temperature) as it is
O “BD-M13” — to be shipped to central lab (room temperature) as it is
O “BD-M36" — to be shipped to central lab (room temperature) as it is
O “BD-M61" — to be shipped to central lab (room temperature) as it is
o 2 full tubes for immediate storage in the freezer (-20°C) for microbiome eDNA analysis
O “OFH-eDNAL1” — to be stored at —20 °C asap + shipped to central lab (dry ice)
O “MO01-eDNAL1” — to be stored at —20 °C asap + shipped to central lab (dry ice)
e 2 full tubes for immediate storage in the freezer (-20°C) for meso-biome and
macrofauna eDNA analysis
L0 “OFH-eDNA2” — to be stored at —20 °C asap + shipped to central lab (dry ice)
O “MO01-eDNA2” — to be stored at —20 °C asap + shipped to central lab (dry ice)
e 2 tubes for immediate storage in the freezer (-20°C) with a back-up sample for eDNA
analysis to store locally
O “OFH-eDNA” — to be stored at —20 °C asap (keep as a back-up in partner lab
until eDNA analyses are processed)
O “MO01-eDNA” — to be stored at —20 °C asap (keep as a back-up in partner lab
until eDNA analyses are processed)

This leads to a total of 16 samples per plot (Fig. 13). From each plot, ca. 6 kg of fresh samples
needs to be taken from the field and transported to the lab (provided that the effective soll
depth is more than or almost 100 cm).

7.1.3 Checklist tasks immediately after field work

o Sterile tubes (incl. back-up samples) must be stored in the freezer at - 20° C as soon
as possible (after max. 24 hours).

o The disturbed samples for physicochemical analysis (including forest floor) must be
dried at 40 °C as soon as possible (for at least 48 hours; until the mass hardly
changes). Note that the OL sample first needs to be manually separated into the
fraction with leaves (“OL-leaves”), the remaining organic materials such as twigs
between 6 and 25 mm (“OL-twigs-medium”), and those between 0 and 6 mm (“OL-
twigs-small”). Ideally, the samples should enter the oven within a week after sampling,
and can be stored in a fridge until then.

o Prepare for the next day:
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Plot ID and coordinates should be known.

Maps to find site/plot and coordinates should be loaded in the GPS.

Sampling materials required for the OFH and MO1 layers should be cleaned
and disinfected.

Car freezer should be connected to an electricity outlet overnight.

Portable power station for freezer should be charged.

Digital survey in Survey123 app should be loaded and tested, and field forms
should be printed.

Recipients (ziplock bags and sterile tubes) should be labelled.

Car should be loaded with the complete set of equipment (checklist equipment)
(cleaned and disinfected if needed).

Freezer (-20 °C) should be switched on to bring them to the right temperature
for the samples of the next sampling day. Or sufficient space should be
available in a running freezer (-20 °C).

An oven (40 °C) with sufficient space should be available for the samples of
the next sampling day. It is sufficient to switch it on once you need it.
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7.1.6 Overview sample flow — undisturbed belowground samples

Undisturbed belowground samples

Field

5 sampling points
(known volume;
record mass)

5 sampling peints
(known volume;
record mass)

5 sampling points
(known volume;
record mass)

5 sampling points
(known volume;
record mass)

Local lab

—>
Optional:
dry (40 °C)

—

Optional:
dry (40 °C)

N

Optional:
dry (40 °C)

ey
Optional:
dry (40 °C)

Normal
shipment
(WP2 to INBO;
WP3 to VUK)

Normal
shipment
(WP2 to INBO;
WP3 tc VUK)

Normal
shipment
(WP2 to INBO;
WP3 to VUK)

Normal
shipment
(WP2 to INBO;
WP3 to VUK)

—>

—>

—

—>

Central lab (INBO / VUK)

Bulk density,
coarse fragments

Bulk density,
coarse fragments

Bulk density,
coarse fragments

Bulk density,
coarse fragments
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7.2 Field form B: plot establishment and observations

‘ W% L Field form B: Plot establishment and observations

9 Country: Institute:
( A R i Reserve name: res_ID_inst:

Plot ID: sub_ID:
Date (YYYY-MM-DD): Time (local HH:MM):
Latitude (decimal WGS84): Longitude (decimal WGS84):
Surveyors/team: |
Field conditions
Actual weather Past weather Soil condition Soil disturbance
0 SU (sunny/clear) 0 WC1 (no rain in the last month) 0 NO (normal) 0 NO (none)
0 PC (partly cloudy) 0 WC2 (no rain in the last week) 0 WS (water-saturated) 0 TR (trodden)
o0 OV (overcast) 0 WC3 (no rain in the last 24 hours) o FR (frozen) o GR (grazing)
o FO (fog) 0 WC4 (rainy without heavy rain in the last 24 hours) 0 IN (inundated) O CU (cultivated)

0 WCS (heavier rain for some days or rainstorm in the o IN (injured; e.g. litter

0 RA (rain) last 24 hours) O DE (dessicated) removal)
. L . o DI (digging, excavation; e.g.
o VA (variable, showers) 0 WC6 (extremely rainy time or snow melting) o SN (snow-covered) ditching, raising beds, ..
0 SL (sleet) Other remark: 0 ND (natural disturbances; e.
g. wind throw, burrows, earth
0 SN (snow) holes,...)

Macro-relief: o flat o depression (dry/wet) 0 plateau o slope o top

In case of slope: O convex o linear 0 concave

Time of plot photos directed towards N, E, S, W, resp.:

Air temperature (°C) (estimated average during sampling):
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7.3 Field form C: sketch of sampling plot and field observations

W¥ L Sketch sampling plot and field observations N
& Plot Id: Date:

CAR I

: 10m :

6 02 07

o2 e 03

o8 04 09

Indicate on sketch with symbols: (S) exact sampling location near number 1-9; (PP) profile
pit; (T) tree trunk location; (DW) dead wood logs - outline and direction; (B) boulders or rock
outcrops; (D) depressions/ditches; (P) walking path; (1) instruments installed (soil sensors,
piezometer, equipment...); all other meaningful objects or natural phenomena.

49



Funded by

WILDCARD — Soil sampling protocol the European Union

7.4 Field form D: forest floor sampling

Field form D: Forest floor sampling

Plot ID: Date (YYYY*MM*DD):|:|
Reserve name:E
Recipient Check if Sampling point Total net mass
mass (fresh) over five
empty () | 22 1 2 3 4 5 points (g)
Thickness of OL layer (cm): a]
Thickness of OFH layer (cm):
OL net mass at sampling point (g)
OFH netmass at sampling point (g)
Time of side profile photo forest floor (at least 1 sampling point)
Special observations in sampling point
Remarks on forest floor (sampling):
Forest floor subsample after thorough mixing Sample ID RE:IFIEM{;‘;SS empty N::::IZ::::;F':Z:;}
OL subsample for areal mass (min. 200 g): oL
OFH subsample for physicochemical analysis (min. 200 g): OFH
OFH subsample for eDNAL analysis: OFH-eDNA1 — Freeze immediately!
OFH subsample for eDNA2 analysis: OFH-eDNAZ2 — Freeze immediately!
OFH back-up subsample for eDNA: OFH-eDNA —» Freeze immediately!
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7.5 Field form E: undisturbed soil sampling

Field form E: Undisturbed mineral soil sampling

Plot ID: | | Reserve name:
Date (YYYY-MM-DD):
Standard volume of steel ring: cm3
Height ring: cm
Specific density of rock fragments: gcom-3

Target upper depth | Recipient mass Total net mass (fresh) over five
i e » . . . Sample ID
of ring (in cm) empty (g) sampling points (g) (incl. stones)

MO1 (middle of 0-10 cm) BD-MO01
M13 (middle of 10-30 cm) BD-M13
M36 (middle of 30-60 cm) BD-M36

Mé61 (middle of 60-100 cm) BD-M61

* Take the middle of the layer's depth range, and subtract half of the ring's height. For
example, for a ring with a height of 5 cm in layer M13, the upper side of the ring should be
positioned at a depth of roughly 17.5 cm (i.e. 20 cm - 2.5 cm). It is recommended to
indicate these target depths with coloured tape on the soil corer (starting from the tip).

The tape should be at the 0-cm level (soil surface) before you start inserting the soil corer
to fill it.
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7.6 Field form F: mineral soil sampling (disturbed)

Field form F: Mineral soil sampling (disturbed)

Plot ID: Date (vvv-mm-DD):[ |

Reserve name:

Soil characteristics Depth (in cm) a;::;f::a:::;:zzi:jnc is observed Other general observations
R: Continuous bedrock from O g;gper than o Erosion o Cultivation (Ap)
cm
S: Stony layer from to o Colluvium o Buried horizons
Co: Compaction from to o Calcium carbonates o Waste/plastics
Hb: Humus band from to 0 Bioturbation O Biogalleries
BC: Charcoal/black carbon from to
Re: Reduction from to Other observations:
WT: Ground water table from to
Cl: Clay layer from to
H: Peat layer from to
RT: Roots from to

Observed soil characteristics per sampling point (write down the codes listed above)
Mineral soil disturbed sampling 1 2 3 4 5 6 7 8 9
MO1 (0-10 cm)
M13 (10-30 cm)
M36 (30-60 cm)
M61 (60-100 cm)

Recipient mass Mass subsample

Soil subsample after thorough mixing Sample ID empty (g) () (fresh; net)

MO1 subsample for physicochemical analysis (min. 500 g): Mo1

MO1 subsample for eDNA1 analysis: M01-eDNA1 — Freeze immediately

MO1 subsample for eDNA2 analysis: MO1-eDNAZ — Freeze immediately

MO1 back-up subsample for eDNA: MO1-eDNA — Freeze immediately
M13 subsample for physicochemical analysis (min. 500 g): M13
M36 subsample for physicochemical analysis (min. 500 g): M36
M61 subsample for physicochemical analysis (min. 500 g): Mé61
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1.7

Field form G: Small profile pit assessments - part 1

Plot ID:

Reserve name:

Photo (profile with O and A horizons)

Field form G: small profile pit assessments

Funded by
the European Union

Date (YYYY-MM-DD): |

Time photo taken;[

Description of horizons for terrestrial humus form classification

(if semi-terrestrial, i.e. flooded > 6 months per year, check box: o)

Thickness (em):

(If absent, check box: o)
Main species in OL:
% of main species:
Any observations:

OF (fragmentation)

Thickness (cm):

(If absent, check box: o)

Type

o

Zoogenic (> 10% zoogenically transformed)

o Non-zoogenic (< 10% zoogenically transformed)

Observations
o Roots
o Animals

1 Fungi (fungal mycelia)

o

Faunal droppings
o Corpses
0 Bitten leaf fragments
Other observations:
Thickness (em):
(If absent, check box: o)
Observations
O Roots
o Animals
0O Fungi (fungal mycelia)
0 Faunal droppings
U Corpses
O Bitten leaf fragments
Other observations:

A (mineral horizon at soil surface with organic matter accumulation)

Thickness (cm):
(If absent, check box: o)
Transition O to A
1 Very sharp (<3 mm)
o Sharp (23 mm and <5 mm)

o Gradual (25 mm)

Type of structure

Zoogenic structure (crumbly, worm casts, granular,
small aggregates, many pores)

Non-zoogenic structure (platy, blocky, prismatic,
columnar, wedge-shaped)

No structure (single grain, i.e. non-coherent/loose; or
massive, i.e. coherent structureless mass)

How strong are aggregates when you take some soil
from the profile wall with your knife?

o Weak (mainly loose material with few aggregates)

o Moderate

Structure grade

o Strong (mainly aggregates)
Size of peds (biologically
built structures)
O @<1mm
O lmm<@<4mm
o0 @>4mm
Observations
Earthworms
Other fauna
Fungi / mycorrhiza
Earthworm galleries

Faunal droppings

O o oo o aag

Roots
pH (if roughly known):

Other observations:
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Field form G: Small profile pit assessments - part 2

Plot ID:
Reserve name:
Date (YYYY-MM-DD):

Typical humus form morpho-functional characteristics

Check the boxes matching your observations. Characteristics in bold are more important for identifying the humus form than
other characteristics.

MULL

O OH horizon is absent
A horizon contains large zoogenic aggregates and clear zoogenic activity (e.g. earthworm casts
or arthropod droppings > 1 mm)

0 pH-H,0 of A harizon 25

[m]

Presence of both zoogenic OH and OF horizons
OH horizon is less than half the thickness of A

(m]

[m

High amount of large (> 1 mm) aggregates in the zoogenic A horizon

m]

pH-H,0 of A horizon 25

[m]

Generally on calcareous parent material

TANGEL

Presence of both zoogenic OH and OF horizons

OH horizon more than twice the thickness of A

A horizon is possible at the bottom of the profile (bedrock contact)
pH-H,0 of A horizon 25

Generally on calcareous parent material

o o o o o

Presence of both zoogenic OH and OF horizons

[m]

[m]

Zoogenic aggregates in A horizon are small (£ 1 mm)
0 Transition between OH and A horizons is gradual (> 5 mm)
pH-Hz0 of A horizon <5

(m]

[m]

Generally on acidic parent material

o Low or no zoogenic activity (with no or rare faunal droppings) in OH and OF horizons, but
fungal activity may be visible

If an A (or AE) horizon is present, it is devoid of faunal droppings

Transition between OH and A horizons is very sharp (< 3 mm)

pH-H,0 of A horizon < 5

o 0o o o

Generally on acidic parent material

Humus form:
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Field form G: Small profile pit assessments - part 3

Plot ID:

Reserve name:
Date (YYYY-MM-DD):

Estimated volume % of coarse fragments (field estimation)

Coarse fragments > 2 mm Coarse fragments > 50 mm

Depth range Volume %, estimated using small profile pit
0-10cm:
10-30cm:

Volume %, estimated using any preferred method (e.g. based on augering)

30-60cm:
60 - 100 cm:

Optional - WRB Reference Soil
Group:

Optional - WRB 1st qualifier:
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