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Physical analysis of undisturbed soil samples (central |ab)

Reference methods

e SO 11272 (2017)
e 1SO 11277 (2020)

Result variables

e Dbulk density: Dry bulk density of the fine earth (in kg m3), i.e. the ratio of the oven-
dry mass of the fine earth (<2 mm) to the volume of fine earth and voids of the soil

e coarse fragment vol ring: Fraction (vol%) of coarse fragments (diameter < 50 mm),
determined using one or multiple sampling rings of known volume

Consumables per sample

e Oven-safe and clean container with lid
e Uniform label with the unique sample_id

Procedure

e Undisturbed samples must represent a precise amount of material corresponding to a
known volume (typically 5 samples x 100 cm? each). They must have been removed
from the sampling ring immediately after field sampling and are therefore no longer
truly undisturbed.

e |n order to harmonise the recipients across the samples, attach a unique label to a new
container per sample and record the mass of each empty container (without the lid).

e Transfer each sample to the container(s) with corresponding label. Make sure that no
soil residue remains in the original recipient, since the sample mass is essential.

e |f the samples contain stones and are not air-dry, air-dry them with the lid loosely
placed on top.

e Sieve the samples at 2 mm or manually separate them into the following fractions:

o Fine earth (< 2 mm)
o Coarse fragments (> 2 mm)
o Living roots (> 2 mm)

e Weigh each fraction separately and record the masses.
Dry the fine earth fraction at 105 °C until completely dry.

e Once dry, weigh the fine earth fraction and record the mass, within a maximum of 4
hours after removal from the oven.

e After processing, all remaining undisturbed samples may be discarded.

Calculation

The bulk density [kg m?] can be calculated based on the mass of fine earth (< 2 mm) [kg] and
the stone-free volume [m?] in the sampling ring, as follows:

mass of fine earth (< 2mm)

mass of coarse fragments = mass of roots
(voln-ng X N) — ( f 0 frag + f )
S

bulk_density =

pTOOtS
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where:

voling = Volume of one sampling ring [m?]

N = Number of rings in sample

ps = Particle density [kg m=]

Proots = Density of air-dry roots (assumption: 1400 kg m=)
The fraction (mass%) of coarse fragments (cf) can be calculated based on the mass of coarse
fragments and all solids (dry) in the “undisturbed samples”, as follows:

mass of coarse fragments (> 2 mm)
cf [mass%]| = - x 100 %
mass of all solids

The volume fraction (vol%) of coarse fragments can be derived from the mass fraction
(mass%) of coarse fragments, using the bulk_density [kg m?®] (as determined above) and
particle density (ps; taken from Survey123 app data, with a default value of 2650 kg m3), as
follows:

cf [mass%] x bulk_density
ps —0.01 X cf[mass%] X (ps — bulk_density)

coarse_fragment_vol_ring [vol%] =

Pre-treatment of disturbed soil samples for
physicochemical analysis (central lab)

1. Pre-treatment of mineral soil samples

Reference methods

e SO 11464 (2006)

Consumables per sample

e One or multiple oven-safe and clean containers (depending on the volume)
e Uniform label(s) with the unique sample_id
e One extra container with label for ball-milled subsample
e Optional: one extra recipient with label for archive
Procedure

e Homogenised samples must have been dried at 40 °C for at least 48 hours (done
locally by WILDCARD partners). Any undesired materials must have been removed
from the sample.

e |n order to harmonise the recipients across the samples, attach a unique label to one
or multiple new containers per sample (depending on the volume).

e Transfer each sample to the container(s) with corresponding label.
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Dry the samples again at 40 °C to ensure uniform drying across the samples (if
necessary).
If aggregates with a diameter > 9 cm are observed, refine the sample by crushing it
inside a mortar with a pestle.
Refine the mineral materials using a jaw crusher (e.g. Retch BB 200; jaws must be 2
mm apart).
Sieve the samples at 2 mm, and homogenise by stirring with a spatula.
Note: residues remaining on the 2-mm sieve do not have to be kept nor weighed, since
we have information about this from the undisturbed samples.
Take two subsamples (e.g. using a splitter):
o One smaller subsample for total organic C and N analysis, which requires ball-
milling
o One subsample for other lab analyses, which does not require ball-milling
o Optionally: split another subsample for archiving (provided that partners gave
their consent for local archiving)
Further refine the subsample for C and N analysis using a ball mill (e.g. Planetary
Mono Mill PULVERISETTE 6 classic line — Fritsch.

2. Pre-treatment of forest floor samples

Reference methods

ISO 11464 (2006)

Consumables per sample

One or multiple oven-safe and clean containers (depending on the volume)
Uniform label(s) with the unique sample_id
Optional: one extra recipient with label for archive

Procedure

Homogenised samples must have been dried at 40 °C for at least 48 hours (done
locally by WILDCARD partners). Any undesired materials must have been removed
from the sample.
In order to harmonise the recipients across the samples, attach a unique label to one
or multiple new containers per sample (depending on the volume).
Transfer each sample to the container(s) with corresponding label.
Refine the organic materials, either using a cutting mill (e.g. Retch SM 2000)
equipped with a 2-mm sieve.
Take two subsamples (e.g., using a splitter):
o One smaller subsample for total organic C and N analysis, which requires
further refinement
o One subsample for other lab analyses
o Optionally: split another subsample for archiving (if partners gave their consent
for local archiving)
Further refine the subsample for C and N analysis as fine as possible using a knife
mill (e.g., Retch Grindomix GM 200).
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Physicochemical analysis of soil samples (central lab)

1. Total organic carbon and nitrogen content

Reference methods
e C:ISO 10694 (2021)
e N:ISO 13878 (2020)
Result variables
e cC_organic_total - Total organic carbon content (in g C kg™ dry soil)
e n_total - Total nitrogen content (in g N kg™ dry soil)
Procedure

The total carbon (C) and nitrogen (N) contents are measured following the ISO 10694:2021
protocol for both mineral and organic samples.

Total organic C is determined using the indirect method, as the difference between total C and
total inorganic C (with total inorganic C, i.e., the carbonate content, determined as described
in the next section). Briefly, the total C content (including both organic and inorganic C) is
determined after dry combustion with a non-dispersive infrared detector (in a combined
carbon/nitrogen analyser; e.g., Primacs SNC-100 by Skalar). Hereby, the C present in the soil
is oxidised to carbon dioxide by heating the soil to a temperature of at least 900 °C in a flow
of oxygen-containing gas.

The total N content (including both organic and inorganic nitrogen) is determined
simultaneously with the total C content, as described above. During dry combustion, the N
present in the soil is transformed to nitrogen gas by heating the soil to a temperature of at
least 900 °C in a flow of oxygen-containing gas. Subsequently, a thermal conductivity detector
is used for the detection of N. No distinction between organic and inorganic N is made.

In addition, the gravimetric moisture content of another subsample is determined by drying at
105 °C for 24 hours, to convert the total C and N contents to a dry-mass basis.
Limits of quantification EV-INBO
e C:0.59gCkg-1dry sall
e N:0.1g N kg-1 dry soil
Limits of quantification VUK
e C:0.19gCkg-1dry sall
e N:0.1g N kg-1 dry soil

Calculation

Results are corrected for residual moisture as follows:
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Total C[Chg~' d 1] = total C measurement [g C kg~* soil] « 1000
ota g ~arysoul = DS1os5 g dry soil kg=1 soil]

Total N[N kg1 d 1] = total N measurement [g N kg~! soil] « 1000
ota g ~arysoul = DS10s5 g dry soil kg=1 soil]

where:

DSi0s = dry matter content at 105 °C (g dry soil kg* soil)

The total organic C content is calculated as follows:

c_organic_total = total C[g Ckg~'drysoil] — c_inorganic_total [g C kg~! dry soil]

2. Total inorganic carbon content

Reference methods

e 1SO 10693 (2021)
e EN 15936 (2012)

Result variables

e c _inorganic_total - Total inorganic carbon content (in g C kg* dry soil)

Procedure

The total inorganic C content (i.e., all carbonates and bicarbonates) is measured based on the
ISO 10693:2021 and EN 15936 protocols for mineral samples with pH-CaCl, = 5.5. In other

samples, this is assumed to be absent. Briefly, a strong acid (e.g., phosphoric acid) is added
to the soil sample and reacts with any present carbonates to release carbon dioxide. The
evolved carbon dioxide is then quantified, e.g., using a Scheibler apparatus or using the same
carbon/nitrogen analyser with non-dispersive infrared detector as used for the C and N
analysis, equipped with a total inorganic C reactor.

In addition, the gravimetric moisture content of another subsample is determined by drying at
105 °C for 24 hours, to convert the total C and N contents to a dry-mass basis.

Limits of quantification INBO

e Inorganic C: 0.1 g C kg-1 dry sall

Limits of quantification VUK

e |norganic C: 0.1 g C kg-1 dry soil
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Calculation
Results are corrected for residual moisture as follows:

) _ total inorganic C measurement [g C kg™ soil]
c_inorganic_total = ——— , x 1000
DS;05 [g dry soil kg=1 soil]

where:

DSi0s = dry matter content at 105 °C (g dry soil kg soil)

3. pH in CaCl;

Reference methods

e 1SO 10390 (2021)

Result variables

e pH_CaCl, - pH measured in CaCl,

Procedure

The acidity (pH) is measured following the 1SO 10390:2021 protocol for both mineral and
organic samples. Briefly, hydrogen ions are extracted using 0.01 M calcium chloride (CaCly),
with a 1:5 volume/volume ratio for mineral soil (20 mL in 100 mL) and a 1:10 ratio for organic
samples (5 mL in 50 mL). The pH is potentiometrically measured in the supernatant
suspension using a robot (e.g., Robot pH SP-2000-3 of Skalar) or titrator (e.g., Titrator T90).

4. pH in KCI

(Only for WP3)
Reference methods

e SO 10390 (2021)

This standard specifies the determination of pH in a soil suspension using a KCI solution (the
standard typically uses 1M KCI, but the procedure is adaptable for 0.2 M KCI as a modified or
national method).

Result variables

« pH_KCI - pH measured in KCI

The acidity pH is measured following the 1ISO 10390:2021 principle. Hydrogen ions (including
exchangeable H* and AP*) are extracted using 0.2 M Potassium Chloride (KCI). Mineral soil

8
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(Standard Method): Use a 1:2.5 mass/volume ratio (e.g., 20 g of air-dried soil in 50 mL of 0.2
M KCI). Organic samples: A lower ratio may be used depending on local protocols (e.g., 1.5
or 1:10). The suspension is mixed vigorously (e.g., for 60 minutes), allowed to settle, and the
pH is potentiometrically measured in the supernatant suspension using a pH meter.

5. Texture

Reference methods

e Pipette method: 1ISO 11277 (2020)
e Laser diffraction: ISO 13320 (2020)
Note: ISO 13320 is for all suspensions, not specific for soil samples.

Result variables

e part_size clay - Clay fraction (mass% between 0 - 2 um according to the pipette
method; roughly equivalent with vol% between 0 - 6 um according to laser diffraction)

e part_size silt - Silt fraction (mass% between 2 - 50 um according to the pipette
method; roughly equivalent with vol% between 6 - 63 um according to laser diffraction)

e part size sand - Sand fraction (mass% between 50 - 2000 um according to the
pipette method; roughly equivalent with vol% between 63 - 2000 um according to laser
diffraction)

Procedure

The particle size fractions for clay, silt and sand are determined using the pipette method or
using the laser diffraction method in mineral samples.

The reference method for determining soil texture is the pipette method, for which the 1ISO
11277:2020 protocol is followed. Briefly, carbonates and organic matter are removed from the
mineral fraction before analysis, and a dispersing agent is added. Sand is separated from clay
and silt by wet sieving. The clay and silt fractions are determined by the pipette method, i.e.,
based on sedimentation rates. Hereby, soil particles are allowed to settle in a liquid within a
cylinder (using a Robinson Kéhn pipette). A specific fraction is then analysed by removing it
at a predetermined depth after a set time. The particle contents are determined gravimetrically.

A less labour-intensive alternative is the laser diffraction method, which is based on the ISO
13320:2020 protocol. To ensure good dispersion of the mineral soil, organic matter and
carbonates are first removed using hydrogen peroxide and hydrochloric acid, and a dispersion
agent is added. A cumulative particle size distribution curve is generated using a laser
diffraction device (e.g., Coulter Laser LS 13 320), and the volumetric proportion of each
fraction is then calculated using the Fraunhofer model. This method allows for the
determination of soil texture with particle sizes ranging from 0.4 to 2000 pm.

Due to the differences in measurement basis (mass versus volume) and the inherent methods
of particle separation, equivalent particle size limits are used for the pipette and laser
diffraction methods. The pipette method is based on mass percentage, with standard particle
sizes for clay, silt, and sand ranging from 0-2 um, 2-50 um, and 50-2000 um, respectively. In
contrast, laser diffraction uses volume percentages, and therefore, limits of 0-6 um for clay, 6-



Funded by
the European Union

WILDCARD - Standard Operating Procedures for soil physicochemical
analysis by the central labs

63 um for silt, and 63-2000 pm for sand are proposed to be equivalent to the standard pipette
method limits, based on tests by the INBO central lab.

However, full particle size distribution curves obtained via laser diffraction are foreseen to be
available at both central labs. This allows for potential adjustments to class boundaries in the
future, should methodological developments suggest the need, e.g., to better align with pipette
method limits used in ICP Forests (0 — 2 um, 2 — 63 pum, 63 — 2000 pum).

6. Intra-laboratory control of analytical quality

Approximately 10 % of the samples are analysed in duplicate to assess the reproducibility of
laboratory measurements, for which the second measurement must be in the 95-105 % range
of the first measurement. In addition, quality control measures include the use of control charts
to monitor analytical consistency, regular analysis of reference materials and internal
validation of the results.

7. Inter-laboratory comparison of analytical quality

To assess and compare the analytical quality of the two central laboratories, an inter-
laboratory comparison is conducted using reference materials from established ring tests (ICP
Forests, Wepal). Each laboratory will receive four reference materials, including one organic
sample and at least one sample containing inorganic carbon. Each laboratory will analyse the
provided reference materials at least two times (for total C, total N, total inorganic C) to
evaluate measurement consistency and reproducibility. The results must fall within the
accepted range defined by the ring test limits. If results fall outside these limits for any
parameter, the central laboratory is expected to revise and improve its analytical procedures.
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