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INTRODUCTION 
 
In March 2005 the Research Institute for Nature and Forest (former Institute for Forestry and Game 
Management) started up a study within the Forest Focus regulation, phase 2003 – 2004, called “F4 
Further development of a data quality strategy for forest soil survey (phase 1)”. The project was 
finalised in May 2006 (15 months). 
 
The aim of the activities was to prepare a second Pan-European Forest Soil Survey. The task of the 
surveyors needed to be facilitated by harmonised methodologies transparent for all users. This was 
realised through a quality assurance and quality control programme and by the testing and refinement 
of the Manual on Sampling and Analysis of Soil (FSCC, 2003). The manual was tested by practical 
experience and improved accordingly. The ultimate goal is to improve the quality of the European 
Forest Soil Database which currently contains detailed soil information on 5289 Level I plots (16 x 16 
km grid across Europe). A next survey should allow monitoring purposes and an extension and quality 
improvement of the database. 
 
The proposed project consisted of two phases, one in each Forest Focus programme phase, of which 
however only the first phase was approved by the Commission and executed by the Research Institute 
for Nature and Forest. (INBO) Four activities were proposed for the first phase: 
 
Activity 1: The Manual on Sampling and Analysis of Soils (FSCC, 2003) should be put into 
practise and tested.  
- Application of updated methods on Flemish forest soils as a case study for a regional level I grid.  
- Evaluation will define possible problems, bottlenecks and pitfalls. 
- Suggestions will arise to update the manual to avoid problems in the future. 
- Obtained information related to costs, necessary equipment, personnel, additional laboratory analyses 
and time requirements will be evaluated. 
 
Activity 2: Developing and testing of user-friendly guidelines for pedological 
characterisation. 
The Soil Manual asks for a general characterisation, including a detailed site description and a profile 
description according to the FAO guidelines. The soils should be classified according to the World 
Reference Base for Soil Resources (WRB). Based on the results of activity 1, activity 2 will facilitate 
the characterisation by the compilation of a detailed reference manual with: 
• Site and soil profile description forms in a format which facilitates the job of the terrain 
worker and allows direct data entry into the forest soil condition database; 
• Identification of links to data needs of other programmes operating on the same plots; 
• Priority list of required chemical and physical analyses for soil classification following WRB, 
other than the mandatory parameters of the FSCC manual (FSCC, 2003); 
• Information on related costs, necessary equipment, expert knowledge, field assistants, and 
time schedules; 
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Activity 3: Monitoring activities related to forest soils within the European Union Soil 
Thematic Strategy  
In its communication "Towards a Thematic Strategy for Soil Protection" the EC emphasises the need 
for the establishment of a comprehensive soil monitoring system which should build on existing 
information systems and databases. The existing Forest Soil Condition Database (16 x 16 km grid) and 
the planning of a second Pan European Forest Soil Survey serve the objectives of both the Forest 
Focus and the European Soil Strategy programme. This third activity followed the evolution within the 
European Soil Strategy in order to promote co-operation between the two programmes related to forest 
soil monitoring. This activity was realized by maintaining regular contacts with the Joint Research 
Centre in Ispra. 
 
Activity 4: Study the contribution of spatial variability when monitoring temporal changes 
in soil properties (Phase 1). 
A new pan-European forest soil inventory will only be at use for monitoring purposes if the temporal 
variation is larger than the sum of the spatial variance and methodological variance plus an error term 
containing noise due to undefined causes. By keeping all sources of variability constant except one, 
the magnitude of each of the sources of variation will be estimated: 
• Temporal variance by repetition of the forest soil survey at the Level I plots after 11 years 
(Phase 1); 
• Methodological variation by comparing different laboratorial techniques that measure the 
same parameter (Phase 1). 
 
Since the project proposal for the second phase of Activity 4 was not accepted (at the benefit of the 
Forest Focus demonstration project ‘BioSoil’), and because of the delay in the start of the Forest Focus 
project 2003-2004, Activity 4 was filled in by the organisation of the 4th FSCC Interlaboratory 
Comparison. This means that the variability between different laboratories was assessed under 
Activity 4 in stead of the spatial variability. It was absolutely necessary that this ring test was 
conducted in 2005, prior to the actual start of the BioSoil demonstration project. Namely, to be able to 
participate in the BioSoil project, a laboratory needed to prove its proficiency by participating in one 
of the FSCC Interlaboratory Comparsions before the start of BioSoil. Therefore the 4th FSCC 
Interlaboratory Comparison was conducted during the execution of this project. The results are also 
presented in this report. 
 



 

 

UNITED NATIONS ECONOMIC COMMISSION FOR EUROPE 
CONVENTION ON LONG-RANGE TRANSBOUNDARY AIR POLLUTION 
INTERNATIONAL CO-OPERATIVE PROGRAMME ON ASSESSMENT AND 

MONITORING OF AIR POLLUTION EFFECTS ON FORESTS 
 

 

REGULATION OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL 
CONCERNING MONITORING OF FORESTS AND ENVIRONMENTAL INTERACTIONS 

IN THE COMMUNITY (FOREST FOCUS)  

 
 
 
 

Evaluation of the MANUAL 
 

on methods and criteria for harmonized sampling, assessment,  
monitoring and analysis of the effects of air pollution on forests 

Part IIIa: Sampling and Analysis of Soil 
and 

Recommendations 
 

IBW.Bb.R.2005.013 

 
 
 
 

 

Nathalie Cools 
December 2005 

FOREST SOIL CO-ORDINATING CENTRE  
INSTITUTE FOR FORESTRY AND GAME MANAGEMENT 

OF THE FLEMISH COMMUNITY 



2   Evaluation of the manual 

 

 
 
 
 
 
 
 
 

COLOFON 
 
Nathalie Cools  

Forest Soil Co-ordinating Centre 

Instituut voor Bosbouw en Wildbeheer 

Wetenschappelijke Instelling van de Vlaamse Gemeenschap 

Gaverstraat 4, 9500 Geraardsbergen 

http://ibw.inbo.be/fscc/ 

e-mail : fscc@inbo.be 

 

Wijze van citeren: Cools, N., 2005. Evaluation of the MANUAL on methods and criteria for 
harmonized sampling, assessment, monitoring and analysis of the effects of air pollution on 
forests Part IIIa: Sampling and Analysis of Soil and Recommendations. IBW.Bb.R.2005.013. 
Forest Soil Co-ordinating Centre, Instituut voor Bosbouw en Wildbeheer. 

Depotnummer D/2005/3241/300 

In opdracht van UNECE Convention on Long-Range Transboundary Air Pollution 
International Co-operative programme on assessment and monitoring of air pollution effects 
on forests, de Regulation of the European Parliament and of the Council Concerning 
Monitoring of Forests and Environmental Interactions in the Community (FOREST FOCUS) 
en Bos & Groen, Ministerie van de Vlaamse Gemeenschap.  

 

 
Keywords: ICP Forests, Forest Soil Expert Panel, Forest Soil Co-ordinating Centre, BioSoil, Manual, 
Sampling, Analysis, Soil 



Evaluation of the Manual  3 

TABLE OF CONTENT 
 
1 Introduction                  5 
2 Sampling                  6 

2.1 Pedological characterisation of the plots ............................................................................... 6 
2.2 Soil sampling ....................................................................................................................... 12 

2.2.1Allocation of soil sampling sites ........................................................................................... 12 
2.2.2Sampling time ........................................................................................................................ 12 
2.2.3Sampled layers ...................................................................................................................... 13 
2.2.4Number of Samples and Sample size .................................................................................... 16 

2.3 Conservation and preparation of the samples ...................................................................... 18 
3 Physical and chemical characterisation            22 

3.1 Physical Characterization of the Organic Layer .................................................................. 22 
3.1.1Amount of Organic Layer ..................................................................................................... 22 

3.2 Physical characterization of the Mineral Layer ................................................................... 22 
3.2.1Particle size distribution ........................................................................................................ 22 
3.2.2Bulk density ........................................................................................................................... 22 
3.2.3Coarse fragments ................................................................................................................... 22 

3.3 Chemical characterization of Collected Samples ................................................................. 23 
3.3.1Selected Key Soil Parameters for the Survey ........................................................................ 23 
3.3.2Reference analytical methods ................................................................................................ 24 

4 Quality assurance and quality control            25 
5 Related costs and time involved             25 

5.1.1Sampling in the field ............................................................................................................. 25 
5.1.2Laboratory Analysis .............................................................................................................. 27 

Annex 1: Methods for Soil Analysis              29 
SA01 Pre-treatment of Samples ........................................................................................................ 29 

Sieving ........................................................................................................................................... 29 
Milling ........................................................................................................................................... 29 

SA02 Determination of Soil Moisture Content ................................................................................. 32 
SA03 Determination of Particle Size Distribution ............................................................................ 33 
SA04 Determination of Bulk Density ............................................................................................... 34 
SA05 Determination of Coarse Fragments ........................................................................................ 34 
SA06 Determination of Soil pH ........................................................................................................ 35 
SA07 Determination of Carbonate Content ...................................................................................... 36 
SA08 Determination of Organic Carbon Content ............................................................................. 36 
SA09 Determination of Total Nitrogen Content ............................................................................... 36 
SA10 Determination of Exchangeable Acidity, Exchangeable Cations and Free H+ Acidity ........... 37 
SA11 Aqua Regia Extractant Determinations ................................................................................... 40 
SA12 Determination of Total Elements ............................................................................................ 40 
SA13 Acid oxalate Extractable Fe and Al ......................................................................................... 40 

Annex 2: Forms and Data reporting              42 
ASCII-format .................................................................................................................................... 42 
Content of reduced plot file (form 4a) ............................................................................................... 42 

6 – 7: Country code ....................................................................................................................... 42 
14 – 19: Date: ................................................................................................................................ 42 



4   Evaluation of the manual 

21-27// 29-35 Latitude/Longitude ................................................................................................. 42 
40 – 50: Soil unit: .......................................................................................................................... 43 

Parent material codes ......................................................................................................................... 43 
54: Humus ......................................................................................................................................... 43 
Content of datafile with soil analysis information (form 4b and 4c) ................................................. 43 

Date of analysis ............................................................................................................................. 43 
Organic layer ................................................................................................................................. 43 

Annex 3: Explanatory items               46 
(1) Country code ............................................................................................................................ 46 
(6) Humus type .............................................................................................................................. 47 
(10) Soil unit .................................................................................................................................. 50 
(1) Country code ............................................................................................................................ 51 
(10) Soil unit .................................................................................................................................. 51 
DAR-Q .......................................................................................................................................... 53 

References                 54 
Acknowledgements                55 
Annex: Chemical and physical analysis conducted in the testing phase         56 

10 Level I plots .................................................................................................................................. 56 
I.1. Physical soil parameters .......................................................................................................... 56 
I.2. Chemical soil parameters ........................................................................................................ 59 

II. 5 Level II plots .............................................................................................................................. 62 
II.1 Physical soil parameters.......................................................................................................... 62 
II.2. Chemical soil properties ........................................................................................................ 66 

 



Evaluation of the Manual  5 

1 INTRODUCTION 
In June 2003, ICP Forests published the revised version of the Manual on Sampling and Analysis of 
Soil (Part IIIa). Within the framework of the EU Forest Focus Regulation (programme phase 2003-
2004, Individual request Belgium N° F4), the FSCC conducted a testing phase of the manual: 

1) To apply the updated methods on a selection of Flemish forest soils as a case study;  
2) To define possible problems, bottlenecks and pitfalls; 
3) To formulate suggestions to be included in the next update of the manual; 
4) To obtain information related to costs, necessary equipment, personnel, additional laboratory 

analyses and time requirements. 
 
During the execution of the programme phase 2003-2004 of Forest Focus, the proposal for the BioSoil 
demonstration project (Forest Focus Regulation programme phase 2005-2006) was developed. In 
order to serve better the preparation of the BioSoil demonstration project, FSCC used the opportunity 
of this testing phase to compare the compatibility of the ICP Forests manual with other European 
databases such as the Soil Geographical Database of Europe (version 2, June 2000) containing among 
others a module on soil profile descriptions (Soil Profile Analytical Database of Europe – SPADE).  
 
In Flanders the international 16x16 km² grid of the ICP Forests monitoring programme has been 
intensified to a partial 8 x 8 km² and a partial 4 x 4 km² national crown condition network of 72 crown 
assessment plots (Sioen and Roskams, 2000). We tested the ICP Forest Manual on Sampling and 
Analysis of Soil (Part III a, update 2003) on 10 of these Flemish crown assessment plots which are not 
part of the international 16x16 km² grid. Additional, the manual was tested on 5 Level II monitoring 
plots. Three of these Level II plots are part of the permanent monitoring on international level (plots 
11, 15 and 19), two plots are not (plots 12 and 13). The three plots which will be part of BioSoil – soil 
part – on Level II are plot numbers 14, 16 and 21 and are not included in this testing phase. 
 
Based on this document amendments and/or modifications to the next update of the manual will be 
suggested to 1) the Forest Soil Expert Panel of ICP Forests and 2) the steering group of the BioSoil 
demonstration project. For ease of reference, the structure of this report follows the structure of the 
manual (ICP Forests, 2003) Each paragraph first depicts the problem and then formulates 
recommendations or suggestions for amendments to the manual or to undertake other future actions. 
 
 

 
 
 
 
 
 

FSCC 
December 2005 
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2 SAMPLING 

2.1 Pedological characterisation of the plots 
The pedological characterisation of the plots was tested on 10 plots following the FAO guidelines for 
Soil Description (FAO, 1990). On five national Level I plots new profile descriptions have been made. 
Samples were taken from each horizon for laboratory analyses of physical and chemical properties. On 
the five Level II plots, a detailed profile description had been made in 1991. Based on this description, 
the profiles were reclassified according to the World Reference Base for Soil Resources (FAO et al., 
1998). 
 
The manual asks for a description following the FAO guidelines (FAO, 1990). There are three major 
drawbacks of the use of these guidelines: 1) the 1990 guidelines are out of print, a new version is 
currently under development and will not be published before July 2006 at the next World Soil 
Congress in Philadelphia; 2) the FAO guidelines are mainly based on agricultural soils and do not 
cover all necessary aspect of forest soils e.g. description of the humus layer; and 3) the guidelines do 
not 100 % correspond to the ICP Forests manual on sampling and analysis of soil e.g. with respect to 
notation of date, country codes, parent material codes, etc. Also the level of details for the description 
of certain characteristics can be different. For example, both the FAO guidelines and the ICP Forests 
manual recommend the use of the USDA texture triangle. But, while the ‘FAO Guidelines for Soil 
Description' (FAO 1990, pg. 45), suggest the use of the texture class to the level of the USDA texture 
subclasses, the ICP Forests manual asks for the texture classes only. 
 
Another conflict is the definition of the 0 cm line. The FAO guidelines take the 0 depth above the 
organic horizons, which is different from the depth measurements within the ICP Forests programme 
where the 0 cm line is located at the boundary between the organic and the mineral soil layers. 
One studied profile (Level II, plot n° 11, Wijnendale) illustrates the problem. The profile is 
characterised by a plaggen topsoil of 47 cm, covered by an OF horizon of 4 cm thick and a OH 
horizon of 1 cm thick. The plaggic horizon should have a minimum thickness of 50 cm to be classified 
as an Anthrosol (FAO, ISRIC, ISSS, 1998). On the other hand, gleyic properties are seen starting from 
43 cm below the top of the mineral soil. When the top of the mineral soil would be at the soil surface, 
the profile keys out as a Gleysol. This means that when the 0 cm line = boundary between the O and A 
layer, the soil is a Plaggic Gleysol. But when the 0 cm line = boundary between the OL and OF layer, 
the soil will be 5 cm thicker and meets the minimum requirements of an Anthrosol.  
In October 2005, this issue was discussed at the WRB training course organised by the Federal 
Research Centre for Forests in Austria with participation of the WRB experts. There is was suggested 
that for soil classification, the 0 cm line should be at the top of the organic layer, which makes this soil 
a Gleyi-Plaggic Anthrosol. On the other hand, this approach finds a lot of opposition within the 
forestry community. 
 
In the previous version of the manual (ICP Forests 1998) it was already explicitly stated that a profile 
description was mandatory for all Level II plots. The profile description had to be carried out only 



Evaluation of the Manual  7 

once before starting any other measurements. This means that for many of the Level II plots, a profile 
description should already be available. The same is valid for the Flemish Level II plots. The soils 
were at the time of the first survey classified according to the Revised Legend of the Soil Map of the 
World (FAO, 1988). The updated manual (2003) asks for a soil classification according to the World 
Reference Base for Soil Resources (FAO, ISRIC, ISSS, 1998). By means of a test, the 5 Level II soil 
profiles were reclassified in Table 1 based on the existing information.  

Table 1: Five Level II soil plots classified according to the Revised legend of the soil map of the 
World (FAO, 1988) and reclassified according to the World Reference Base for Soil Resources 
(FAO, ISSS, ISRIC, 1998) 

 FAO Revised Legend of the soil map of the World  WRB (1998) 
Plot Classification 

at field 
description 

Reported to 
FIMCI (1995) 

Van Slycken 
en Van Ranst 
(1997) 

Groenbos 
database 

Testing phase 
manual 

11 Wijnendalebos Gleyic 
Anthropic 
Cambisol  

Dystric 
Cambisol 

Gleyic, Dystric 
Cambisol 

Gleyic Antropic 
Cambisol 

Plaggic Gleysol 
or Gleyi-
Plaggic 
Anthrosol 

12 Meerdaalwoud Orthic Acrisol/ 
Luvisol 

Haplic Alisol Haplic Alisol Orthic 
Acrisol/Luvisol 

Silti - Fragic 
Albeluvisol 

13 Hallerbos Haplic Alisol Haplic Alisol Haplic Alisol Dystric 
Cambisol on 
Luvisol 

Silti - Fragic 
Albeluvisol 

15 De Inslag Umbric 
Regosol/Haplic 
Podzol 

Haplic Podzol Umbric 
Regosol 

Haplic Podzol Gleyi-Plaggic 
Umbrisol 

19 Pijnven Carbic Podzol Carbic Podzol Haplic Podzol Cambic Podzol Carbic Podzol 

 
In 1991 the soil profile was described in detail following the FAO guidelines (1990) and was classified 
in the field based on morphological properties (Table 1, 2nd column) following the FAO Legend. In 
1995, with the first data submission to FIMCI, the profiles have been reclassified according to the 
Revised FAO Legend (FAO, 1988). When in 1997 a national report was published on the research 
activities on the Flemish Level II plots, a slightly different version was published. But in the database 
storing the Flemish Level II data ‘Groenbos’ again different soil units have been reported. In the 
current testing phase, the soils were classified following WRB (FAO, ISRIC, ISSS, 1998), which 
again gave rise to a new series of soil names. 
 
Generally, it was possible to reclassify the soil profile according to WRB, based on good quality 
pictures AND a detailed profile description AND physical AND chemical soil analyses, although 
additional observations in the field are always helpful. The pictures of these profiles were of low 
quality because the soil profile pits were not properly cleaned before taking the photographs. 
In case of reclassification based on already available data, there are always some data gaps. For 
example, profiles N° 12 and 13 probably have albeluvic tonguing and a fragipan. But because the 
colour dry was not measured, the diagnostic properties for the Albic horizon could not be fully tested. 
Also, related to the fragipan, the WRB did refine the definitions. To check all diagnostic properties 
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additional observations need to be made (complementary to the FAO guidelines of 1990) as the 
measurement of penetration resistance and a slaking test of air-dry clods.  
 
The pedological characterisation requires additional physical and chemical analyses to the analyses 
currently described in the manual. The type of analyses depends on the soil type. The most efficient 
way of characterising the soil profile is that a soil expert who has a good knowledge of the FAO or 
WRB classification system carries out a good quality description. After the description, the expert will 
be able to define which additional analyses need to be conducted. This is illustrated below in two 
examples.  
 
Another approach is that based on existing soil information, such as national soil inventories, the 
surveyor can already, before going into the field, obtain a good picture of what kind of diagnostic 
horizons he will meet during the field survey. This allows already an estimation of what kind of 
chemical and physical laboratory analyses would be required. 
 
Profile N° 15 has an organic layer of 8 cm thickness and a thick, organic carbon rich topsoil. It meets 
the requirements of a Umbric horizon and probably also those of a Plaggic horizon. However, the data 
on the P2O5 content were not available from the previous survey and should by consequence be 
analysed before a final conclusion can be drawn. Below 50 cm gleyic properties are seen. The soil 
would key out as a Gleyi-Plaggic Umbrisol but unfortunately the “Plaggic” qualifier is not in the 
priority list of the Umbrisols. 
 
The profile description of profile N° 19 describes a continuous cemented Bh1 and Bh2 horizon. An 
additional ignition test will be required to check the requirements for the “Carbic” qualifier where the 
soil should not turn redder on ignition. Also the oxalate extractable Fe and Al should be determined in 
the Bh1 and the above laying horizons. Gleyic properties are observed, but below 100 cm, which 
means that these properties will not be expressed by a qualifier. 
 
In most of the cases, texture analyses of the separate horizons will be necessary. Texture is already 
analysed for the mixed sample at fixed depth, mandatory till 20 cm and optional till 80 cm. Though, 
these analyses were not found adequately to serve the aims of the pedological characterisation. Texture 
analyses of up to 20 cm is insufficient for soil classification. For example, to check the requirements 
of the Argic horizon, the clay content and clay difference with the overlying horizon should be 
compared which is only possible when samples according to horizons have been taken. See example 
presented in Table 2. 
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Table 2: Comparison of texture analyses on samples taken at fixed depths and samples taken 
according to the observed horizons during the soil profile description in Hallerbos (plot N° 13) 

Layer From To clay (%) silt (%) sand (%) Texture class 
M05 0 5 25.4 68.3 6.2 silt loam 
M51 5 10 24.0 70.1 5.8 silt loam 
M12 10 20 22.8 72.4 4.8 silt loam 
M24 20 40 21.3 73.2 5.4 silt loam 
M48 40 80 21.8 72.6 5.6 silt loam 
Horizon       
A1 0 3 12.78 76.74 10.48 silt loam 
A2 3 8 9.97 78.82 11.21 silt loam 
Bw 8 30 11.61 78.45 9.94 silt loam 
2EBtg(Bt-part) 30 60 23.13 71.43 5.44 silt loam 
2EBtg(matrix) 30 60 13.34 78.11 8.55 silt loam 
2EBtg(E-part) 30 60 13.11 78.22 8.67 silt loam 
2Bt1 60 105 22.94 71.15 5.91 silt loam 
2Bt2 105 155 23.36 70.16 6.48 silt loam 

 
From the column ‘Texture class’ both sets of analyses seem to be very homogeneous. Studying the 
column giving the clay content, shows a decreasing clay content in the analysis of the fixed depth 
samples while on the contrary a clay “jump” is observed in the analyses of the horizon samples. This 
clay jump [between Bw and 2Ebtg(Btpart)] is essential in the characterisation of this soil profile. 
 
Another example is the analysis of acid oxalate extractable Fe and Al or alternatively the 
determination of the optical density of the oxalate extract (ODOE). Both methods are described by 
Van Reeuwijk (ISRIC, 2002). These analyses are required to identify the spodic horizon, which is a 
diagnostic horizon for the Podzols WRB Major Reference Group, an very wide spread forest soil type 
in Europe. After description in the field, the soil surveyor will be able to decide whether this particular 
analysis is necessary or not for soil classification. 
 
Another bottleneck the determination of the CEC on a buffered (at pH=7) NH4OAC solution and the 
base saturation, which is not a reference method in the manual but which is an important analysis for 
soil classification. This method was developed for agricultural soils, which are often limned to a pH 
6.5 or higher, while forest soils are rarely limned and often acidic. Using a solution at pH = 7 for forest 
soils results in artificially high CECs in soils high in organic matter and low pH, due to increases in 
pH dependent charges (Skinner et al., 2001). 
 
Tamminen and Starr (1990) applied both methods on forest soil samples from southern Finland. 
Although the content of the basic cations were rather similar for both methods, the acid cations were 
clearly not. For example, BaCl2 aluminium contents were, on average, 17, 12, 4, 3 and 4 times greater 
compared with the acetate extraction for the humus to 60-70 cm layers, respectively. They attributed 
this difference in the acidity and buffering of these two extractants to the solubility of aluminium and 
iron which is pH-dependent. The amounts of the extracted cations varied also with the effectiveness of 
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the exchanging ion used. Ba2+ being particularly effective. Tamminen and Starr (1990) defined the 
effective cation exchange capacity (CECe) as the sum of the BaCl2 extracted bases and acid cations. 
The potential cation exchange capacity (CECp) was defined as the sum of acetate-extractable base 
cations plus total acidities (TA) from the acetate extraction by titration to an endpoint of pH = 7.00. 
BSe and BSp are the corresponding base cation saturations. Some median acidity and cation exchange 
parameters by sampling layer are presented in Table 3. 

Table 3: Median acidity and exchange parameters by sampling layers; Range in parentheses 
(Tamminen and Starr, 1990) 

Layer pH EA TA CECe CECp BSe BSp 
 H2O (1:2 v/v) cmol(+)/kg (or meq/100 g) oven-dry soil % % 
Humus 4.17 7.0 65.6 27.8 82.8 77 20 
 (3.6 – 5.8) (2.0 – 15.9) (25.4 – 97.7) (15.8 – 44.3) (36.7 – 118.8) (50 – 95) (11 – 56) 
0 – 5 cm 4.35 3.1 9.9 3.8 10.9 21 7 
 (3.6 – 5.4) (1.0 – 10.9) (3.1 – 28.4) (1.9 – 14.8) (3.5 – 30.2) (5 – 93) (2 – 51) 
5 – 20 cm 4.94 1.2 5.9 1.9 6.5 27 7 
 (4.3 – 5.5) (0.2 – 3.7) (2.0 – 13.7) (0.2 – 16.0) (2.1 – 20.6) (6 – 97) (2 – 71) 
20 – 40 cm 5.25 0.5 3.3 0.8 3.7 35 9 
 (4.8 – 6.6) (0.0 – 2.2) (1.2 – 8.2) (0.2 – 18.3) (1.4 – 23.0) (10 – 100) (2 – 88) 
60 – 70 cm 5.56 0.3 2.1 0.6 2.5 42 13 
 (4.0 – 7.4) (0.0 – 1.8) (0.6 – 7.4) (0.1 – 20.9) (0.7 – 20.2) (8 – 100) (3 – 94) 
EA: exchangeable acidity by titration of the BaCl2 extract to a pH = 7.00 

 
There are clear differences between the effective and the potential CEC and BS values, especially for 
the humus layer. This will have consequence for soil classification according to WRB, for example the 
identification of the mollic (BS > 50%) versus the umbric (BS < 50%) diagnostic surface horizon 
which will have consequence at the level of the Major Soil Reference Groups, which is the highest 
level of classification of WRB. 
 
Recommendations 
• Since the internationally accepted Guidelines for Soil Profile Description (FAO, 1990) are out of 

print and since the 4th edition of these guidelines is still under development, and since the FAO 
guidelines are general purpose guidelines, FSCC is drafting field guidelines for soil profile 
description to be used in the EU Forest Focus BioSoil demonstration project. These field 
guidelines will include site, humus, soil profile and horizon description. 

• To be conform with the structure of the manual, the table with the parent material codes should 
move to Annex III. Additionally some changes to the codes are necessary. At the moment two 
code number ‘11’ exist. It would be better to convert everything into a tree digit code. In the 
reporting form an extra column for the parent material needs to be foreseen. Alternatively, the 
FSCC strongly recommends the use of the system of SPADE which would increase the 
compatibility of the Forest Soil Condition Database and Soil Geographical Database of Europe 
(SPADE). There the parent material code must be selected from a list which evolved from a 
number of approximations using experiences from several pilot projects. The current version has 
been prepared as the reference list in the Manual for the Soil Geographical Database for Europe at 
1 :250.000, version 1.1. It includes four levels: Major Class, Group, Type and Subtype. Depending 
on the level of detail available to describe the dominant and secondary parent materials, i.e. Major 
Class or Group or Type or Sub-type, the user will choose any one of the codes provided in the 
table. Whenever possible, it is recommended to identify as precisely as possible the exact type of 
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parent material, using the full 4 digit code. For example, calcareous sandstone (1211) is preferable 
to sandstone (1210) or to psammite (1200). The later should be used either if the type of sandstone 
has not been precisely defined on the soil maps, or when more than one type of sandstone is 
present.  

• When conflicts are met between the manual and other guidelines (e.g. Soil Geographical Database 
of Europe), there should be no problem when priority is given to the manual certainly when a 
simple one-to-one relation allows fast and easy conversion. For example, notation of date, country 
code, level of detail of the texture triangle.  

• In the section on the sampling in the manual, the 0 cm line is set at the border between the organic 
and the mineral layer. Since the FAO guidelines are not prepared for describing forest soils, no 
specific attention has been given to the depth of 0 cm. FAO starts numbering at the contact 
between air and soil, which implies that 0 cm is the upper boundary of the litter layer. Since the 
thickness of the OL layers depends on the season, drawing the 0 cm line at the upper boundary of 
the OF layer can possibly make more sense. During the classification of the profile, the soil 
scientist has to be aware of this difference. So related to the profile classification only, the 0 cm 
line is – at the moment - fixed at the boundary between the OL and OF layer. In the profile 
description itself FSCC recommends to use for the thickness of the litter layer negative values 
(e.g. OL - 8 till - 6 cm, OF -6 till -2 cm, OF -2 cm to 0 cm).  

• The testing phase showed the importance of a combined high quality soil profile description AND 
physical AND chemical analyses following WRB methods AND high quality pictures. FSCC 
recommends to collect all this information because soil classification is not static. When any of 
this information is lacking, additional observation in the field are indispensable to be able to 
reclassify the profile following new guidelines or classification systems. 

• The methods for chemical analysis in the manual and the methods required by WRB can be 
different e.g. the exchangeable cations by NH4OAc buffered at pH=7. FSCC suggests to use the 
methods described in the manual even if it differs from the methods recommended in the ISRIC 
(2000) manual. But note that the analyses for soil profile classification should be conducted on the 
samples of the genetic horizons and not on the mixed samples at fixed sampling depth. FSCC also 
recommends that further correlation work should be done between the different analytical methods 
especially for cation exchange capacity and base saturation. 

• Related to organic carbon, the WRB ask for analyses by the Walkley and Black procedure. 
Though, the ISRIC manual recognises the incomplete destruction of organic carbon by Walkley 
and Black and asks to apply a correction factor of 1.3 (ISRIC, 2002). Note that this conversion 
factor is a compromise and varies with the soil texture, the land use, sampling depth and type of 
organic matter. So when the total organic carbon is determined by the procedure described in the 
ICP Forests manual no correction factor needs to be applied. 
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2.2 Soil sampling 

2.2.1 Allocation of soil sampling sites 
The design of soil sampling on the Flemish test Level I plots was as follows: On each plot, 12 bores 
were taken in the four wind directions (three bore holes per group of six numbered trees, see Figure 1). 
The sampling sites were located in the plots itself, not in the buffer zone. Sites around tree stems and 
animal holes and other disturbances were avoided. Organic layer samples were taken at five locations: 
one in each group of six numbered trees in each of the four main wind directions and one organic soil 
sample was taken in the centre of the plot. A record of the places sampled was kept on a sketch of the 
sampling site. 
At the 12th FSEPM in Brussels, it was decided to place two sampling site more than 5 meter apart. 
However, this would mean that in stony soil 5 pits need to be made. Such a disturbance of the plot is 
in most cases unacceptable.  

 

Figure 1: Example of sampling design of organic (∆) and mineral soil layers (▲)by augering 

 

2.2.2 Sampling time 
Since this was a testing phase and the first time that soil samples were taken at the national Level I 
sites, sampling was done during winter, a period of low biological activity. On the Level II plots, the 
sampling was done in summer because this was the time of the previous sampling campaign. 
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2.2.3 Sampled layers 

2.2.3.1 General 

The sampling was done according to the optional sampling depths: 0-5 cm, 5 – 10 cm, 10 – 20 cm, 20 
– 40 cm and 40 – 80 cm. 

2.2.3.2 Organic layer sampling 

The organic layers (L, F and H) had to be sampled separately. Because the thickness of the H was 
nearly always less than 1 cm, the F and H layers have been sampled together (see pg. 9, 2nd line, 
manual). Though, an aspect which has been overlooked during the field work was that the thickness of 
the F and H still needed to be reported separately. Also the report forms in the manual do no foresee 
the necessary space to provide this information. So for these plots, only the combined thickness of F 
and H has been reported. The thickness of the H layer was only reported when thicker than 1 cm. As 
recommended in the manual on pg. 9, a frame of 25 cm by 25 cm has been used for sampling the 
organic layer.  
It should be noted that sometimes problems are met when 'other than standard forest plots' are visited. 
Most forest plots in Flanders are not water saturated, though one exception was plot 714 in Bochelt. 
The methodology on such a soil is different and care should be taken when this happens. 
The chemical analysis on plot 714 in Bocholt showed more that 18% OC in the upper 20 cm of the 
soil. By definition, this soil material is organic soil material. So these 20 cm are still part of the organic 
layer. Remarkable is that on this plot, the surveyors do not describe a F or H layer. This suggests a 
mistake made by the surveyors, causing deviant results. On this plot, bulk densities were only taken in 
the upper 5 cm (so in the F layer!), not in deeper layers because the soil was too wet (water saturated). 
This resulted in the reporting of extremely low bulk densities (Table 4). 
 

 

Picture 1: Water saturated soil in Bochelt (plot 714) 
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Table 4: Consequences of sampling errors in Bochelt 

 Organic Carbon (g/kg) Total N (g/kg) Mean Bulk density (kg/m³) 
0 – 5 cm layer 196.4 90.9 329 
5 – 10 cm layer 224.1 92.1 - 
10 – 20 cm layer 211.5 68.4 - 
20 – 40 cm layer 107.3 52.3 - 
40 – 80 cm layer 53.0 20.5 - 
 
The manual introduced uniform definitions in order to define the F, H and L horizon and distinguish 
between the O and H layer but lacks a classification of the humus forms. Although the reporting forms 
in Annex II request to provide the type of humus (mull, moder, mor, anmor, peat, raw humus and 
‘other’), none of these definitions are explained any where in the manual. Therefore it is suggested to 
add a section to the manual with a uniform definition of these humus types, following the 
recommendations made by the European Humus Research Group. The nomenclature of 'mull, moder 
and mor' has been used in many national and international systems. However their definitions might 
vary (for a more detailed discussion see Annex 4 of the minutes of the 8th FSEPM).  
 
There is also a problem with the FAO definition of organic soil material (§ 2.2.3.2. Box 2). The 
majority of the scientific community agrees with the boundary 30 % organic soil material. But when 
using the 0.58 (or 1/1.72) conversion factor, the corresponding organic carbon content is 17% AND 
NOT 18%. Additionally, the FAO definition of the organic layer, differs with the % clay content, 
where the minimum requirement for the organic layer is 12% when the mineral fraction does not 
contain any clay to 18% when the mineral fraction contains 60 % or more clay. 
 

2.2.3.3 Mineral layer sampling 

In Flanders we did not meet many problems in sampling the mineral layers but note that we did not 
encounter very stony soils in this testing phase. Also note, that when samples are taken according to 
fixed depth, that even within one plot, one - and certainly composite - sample might exist of parts of 
different genetic horizons. 
For the upper 10 cm, we sampled at 0-5 cm (M05) and 5-10 cm (M51). In the data storage small 
problems were met in the nomenclature of the 5 - 10 cm layer relating to sorting. The statistical 
software package S-plus did always sort the “M51” layers after the “M48”, so there was a need to add 
an extra layer number.  

2.2.3.4 Sampling for bulk density 

One problem was a conflict within the manual. In § 2.2.3.4, 2nd line, is written that per plot an per 
layer, three samples need to be taken. But in Annex 1 'Methods for Soil Analysis, SA04' is written that 
at least six core samples need to be taken. While in the testing phase on five plots six core samples 
were taken, we took on the other five Level I plots only three replications. Figure 2 shows that the 
variability of the bulk density increases when more replicates are taken. So in order to cover the 
within-plot variability, a repetition of three bulk density measurements per layer is not sufficient. In 
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November 2004, this conflict was presented to the 12th FSEPM and agreed to take at least five core 
samples per layer. 
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Figure 2: The mean standard deviations of the bulk densities on five Level I plots: 3 versus 6 
replicates per plot in the five mineral soil layers 

On Level I, the possibility is given to use pedotranferfunctions (PTF’s). In the pedotransferfunction of 
Adams (1973) the percentage organic matter is used. Since the parameter 'organic carbon' is 
mandatory and not the organic matter, one should agree on one unique conversion factor. At the 12th 
FSEPM it was agreed to convert the Adams formula based on organic matter using the conversion 
factor OM = TOC * 1.72. 
 
The Adams (1973) formula has only been added to the manual by means of an example. If the Adams 
formula is used, it should be validated locally by testing and calibration. FSCC compared the bulk 
density of 360 measured mineral soil samples with the results obtained by applying the Adams 
formula (see Figure 3). The organic carbon was determined (by TOC analyser) and soil texture (by 
laser diffraction) and bulk density was measured by at least 3 core samples per layer and per plot. The 
results show that the Adams function is overestimating the actual measured soil bulk density by the 
use of Kopecky rings. This means that, in this case, the function needs to be adjusted before it can be 
applied on Flemish forest soils. 
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Figure 3: Relation between the measured (sampled by Kopecky rings) and estimated (based on 
the Adams equation) bulk densities on 360 soil samples 

 

2.2.4 Number of Samples and Sample size 

2.2.4.1 Number of samples in composite 

In the manual, this paragraph discusses the number of samples of the organic layer together with the 
samples of the mineral layer, assuming that these numbers are equal. However, in the testing phase we 
decided to take a lower number of samples of the organic layer compared to the mineral soil layer. 
At the 12th FSEPM is was agreed that the samples should cover the whole plot area and that the 
distance between 2 sampling points should be at least 5 meter in order to avoid autocorrelation. When 
it was suggested to add this to the manual at the Joint Biodiversity-Soil BioSoil meeting in Ispra on 
13-14 October 2005, the proposal received a lot of opposition, especially from the countries which 
have a lot of stony soils. 
Austria suggested that the “5 m distance” could be a recommendation (especially for sampling by 
auger) but not a mandatory rule. For them, it would be feasible, to make 3 pits with a distance of at 
least 5 m and where from the 4 side walls subsamples are taken. In these pits, they will take samples 
down to 80 cm. In case that the 5 m minimum distance is mandatory, it would be possible for them to 
sample according to the mandatory depth 0 – 10 cm and 10 – 20 cm only. 
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2.2.4.2 Sample Size 

The sample size of the organic layer is not mentioned. When five subsamples of the L-layer are taken 
by 25 x 25 cm frames, the minimum weight of 500 g of fresh sample was reached in 90 % of the 
sampling plots. Also note that drying of large quantities of organic material requires a lot of time and a 
lot of space in the drying ovens. 
 
What is the statistical benefit on the Level II plots of eight subsamples into three composite samples? 
How should the eight subsamples spatially be distributed? Should they cover the whole plot area? 
 
In the testing phase on the Level II plots, the eight subsamples covered the whole plot area. This 
would imply that the differences between the composite samples should be minimal. Based on the 
three composite samples, it is possible to estimate a standard deviation for each of the assessed 
parameters. The information on the standard deviation is essential for assessing spatial and/or temporal 
variability. 
 
The chemical analyses have been done on the three composite samples, each consisting of 8 
subsamples. Table 5 shows the results of the aqua regia extractable Fe on the 5 test Level II plots. 
 
Table 5: Mean extractable Fe content and coefficient of variation of the three composite samples 
within the plots 
Mean extractable Fe content (mg/kg) Layer 
Plotid L F+H M05 M51 M12 M24 M48 

11 658.83 2337 (F) and 5464 (H) 6919 7370 7185 7429 11614 
12  8167 16281 17158 17031 18901 23179 
13 982.74 10077 15027 14417 13506 14951 22009 
15 514.71 3778 2853 2650 2610 2159 8519 
19 998 4513 2267 2741 2605 6984 7958 

Coefficient of variation (St. dev./mean)      
Plotid L F+H M05 M51 M12 M24 M48 

11 4.8 18.1 (F) and 1.1 (H) 8.6 4.5 19.5 10.2 15.0 
12  7.1 2.1 5.2 2.7 2.9 2.7 
13 7.9 12.9 1.8 4.3 6.5 10.3 4.6 
15 58.3 8.8 29.5 10.2 11.8 19.3 35.9 
19 10.2 13.4 60.9 59.0 55.8 5.7 9.0 

 
When using the coefficients of variation as a measure for the within-plot variability, we see that 
sometimes they can be very high, especially when the iron content is low. 
 
Recommendations 
• In the field it was not always easy to distinguish between the different organic layers and between 

the organic and the mineral soil layer, especially not when the soil was wet. Different practical 
solutions to this problem exist. In Austria one states that the difference in hue and chroma in the 
field should be at least 1. Others will sample the ‘transition’ horizon separately for the organic 
matter content and subsequently, place the ‘transition’ horizon under the correct horizon 
accordingly.  
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• Sampling of peatlands 
 According to WRB, a soil with an organic layer (histic or folic horizon) thicker than 40 cm (if not 

overlying a lithic or paralithic contact) is classified as an organic soil or a HISTOSOL. FSCC 
suggests to apply this definition on the peatlands. 

      In case a plot is located on a peatland, FSCC recommends to sample the organic following fixed 
depths (0 – 10 cm, 10 – 20 cm and 20 – 40 cm as mandatory and, if deeper layers are present to 
sample these optionally at 40 – 80 cm). When the mineral soil allows sampling (which can be 
difficult when mineral soil is water saturated), the mineral soil shall be sampled as agreed for 
mineral layers. 

      This means that the reporting forms have to be adjusted. New fixed depths arise e.g. H01, H12 and 
H24. 

• FSCC is tempted to replace the 18% boundary by 17% organic carbon but then the problem with 
the lower boundary of 12 % organic carbon when the mineral fraction does not contain any clay 
remains. 

• The samples should cover the whole plot area and the distance between 2 sampling points should 
be at least 5 meter in order to avoid autocorrelation: Taking into account the recommendations of 
Austria, there are two possibilities for the distribution of the samples in a stony soils: 

General rule: On Level I, the minimum of five subsamples should cover the whole plot area and the 
distance between 2 sampling points should be at least 5 meter. 
Exceptions: 
1/ In stony soils, when sampling by auger is not possible, samples need to be taken from at least 3 pits. 
When sampling the pits, subsamples should be taken form the four side walls of the pit, which will 
make a bulk sample of 12 subsamples, per plot per layer. 
2/ In case it is agreed to keep the minimum distance of 5 meter between two subsampling points, it 
will not be possible on stony soils to sample deeper than the mandatory sampling depth of 20 cm. 
• The eight subsamples which build up one of the three replicated on the Level II plots, should 

cover the whole plot area. 
 
Editorial suggestions 
• Determination of the organic layer weight (pg. 9) 

The total fresh weight of each organic layer (F, L and H) delete LH 
write 'together with the thickness of each of the organic layers( L, F and H)' 

The reporting form should foresee the reporting of the thickness of L, F and H layer, even when 
bulking of the F and H samples is allowed.  
• In § 2.2.3.4, 2nd line: 'three samples per layer per plot' => five 
• Add a standard conversion ratio between OC:OM of e.g. 1:1.7 or 1:1.72 (see study B. De Vos) 
• The Adams functions needs to be locally calibrated before it can be applied. 
 

2.3 Conservation and preparation of the samples 
The drying temperature of the organic samples to determine the moisture content caused some 
confusion. According to ISO, organic soil material needs to be dried at 50°C to obtain the oven-dry 
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weight. However, even in foliar analysis within the ICP-Forests programme, foliar samples have 
always been dried at 105°C, comparable to the mineral soil samples (See also Klinka et al. 1981 
Appendix II).  
 
The second paragraph says that samples ‘may’ be milled or ground immediately before analysis for 
those analyses for which finely ground material is required. This should be further clarified. If samples 
are milled, this should be done in a harmonised way. Otherwise it will be better not to mill at all and 
conduct all analyses on the sieved < 2 mm fraction. This problem will be discussed into more detail in 
Annex I, SA01, Pretreatment of samples.  
 
Related to the storing of the soil samples, FSCC made a small literature review to gain a better insight 
in the effect of storage on the results of the chemical analyses: 
 
The manual recommends to dry the soil samples in air ambient or slightly higher (e.g. 40°C) 
temperatures and then store them 'air-dry'. Ideally to preserve the biological properties of the soils, 
they should be stored frozen, but unfortunately this is not realistic because of the high costs involved. 
Therefore, air-drying seemed to be the best compromise as it has been incorporated in the manual.  
Two important sources of variation related to sample storage are discussed in literature 1) the effect of 
the method of storing at the laboratory (air-drying versus freezing) and 2) time of sample storage. 
 
Investigations where air-drying and freezing were compared with immediate analysis have given 
contrasting results of the effect of the two treatments. Lundell (1987) studied the differences between 
"easily "available phosphorus and potassium (extracted in ammonium lactate) and the "relatively 
available" fractions (extracted y 2 M HCl) on forest humus and mineral soil samples in Northern 
Sweden. In this study the concentrations of easily available P an NH4-N were 51% and 76% higher in 
samples which had been frozen than in those which had bee air-dried while the concentrations of NO3-
N were 75% higher in air-dried than in frozen samples. But on the contrary, an earlier study showed 
larger concentrations of P, K and NH4-N in air-dried than in frozen humus samples. Lundell saw the 
difference in the drying and freezing temperatures as the explanation for the contrasting results. In the 
earlier study the samples were stored at +50°C and -15°C, compared to +35°C and -20°C in the 
investigation of Lundell. Rechcigl et al. (1992) demonstrated that both freezing and air-drying change 
the chemical properties of the soil sample and indicated that the effect varies with soil type. 
 
A diversity of experiments on the storage time of soil samples has been published. Blake et al. (2000) 
found - based on literature - that research to date has demonstrated that significant physico-chemical 
changes in soils occur during drying and for a few weeks afterwards. Most chemical properties 
stabilized after about 16 weeks but some changes appear to continue for longer. Therefore, he tested 
the long-term stability or instability of an archive of samples by the repeated analysis of some of those 
samples. He concluded that after drying and attaining equilibrium, any changes in the chemical 
properties of air-dried, archived soil samples are smaller than those caused by management, 
atmospheric and other inputs. The major problem however is the constant modification through 
'improvement' of analytical methods, and lack of cross-checking with standard samples when 
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techniques do change. So any research reporting changes in soils with time should be able to 
demonstrate either continuity of techniques or analyses to monitor and account for changes caused by 
analytical technique. Changes found by Blake et al. (2000) were the slight increase of exchangeable 
cations, the doubling of the amount of exchangeable Mn2+ during storage for 32 years and a decrease 
of ≤ 0.4 pH units of acid soils. He did not measure significant changes for total C and N. 
 
In Hungary Szucs and Szucs (2003, a and b) did not find significant changes of soil humus content, pH 
values, soluble K and P after storing soil samples of farm fields over a time interval of 26-31 years. 
 
In Norway, Ogner et al. (2001) came to different conclusions. To ensure the quality of extraction 
analyses of air-dried acidic forest soil samples, it is important to set a storage time of less than 50 days 
of storage at room temperature. Long-term storage of air-dried forest soil samples should take place at 
-20°C or lower, preferably in airtight containers, to ensure the stability of organic and inorganic bound 
elements, especially C, P and S. 
 
Related to exchangeable cations, no references were found on the BaCl2 method. Meyer and Arp 
(1994) compared concentrations of Ca, Mg, K, Na, Al, Fe, Mn, and Si extractable with 1 N 
ammonium chloride (NH4Cl, pH 4.5) and 1 N ammonium acetate (NH4OAc, pH 4.5) of forest soil 
samples. He suggested that CEC values are best determined with fresh, non-dried samples. Allowing 
for storage caused a noticeable reduction of CEC values. He recommends to use NH4Cl extracts or 
neutral salt extracts and to calculate CEC from the sum of the cation equivalents in the resulting 
extracts. These results contrast with the results of Ogner et al. (2001), where the CEC increased with 
time of storage when extracted with 1 M NH4NO3. Ross et al. (2001) concluded that drying and 
storage causes reduction of Mn oxides. In their experiment, air drying at room temperature (25°C ± 
3°C) causes an increase of extractable Mn(II) with pH 4.8 NH4OAc over 264 days from 0.2 mmol kg-
1 to as high as 2.3 mmol kg-1. 
 
Houba and Novozamsky (1998) tested the influence of storage time and temperature of air-dried soils 
on pH and extractable nutrients using 0.01 mol/l CaCl2 and concluded that for this type of analyses the 
dried soil samples should be stored at low temperatures of at least 4°C to certify that no changes take 
place. 
 
Van Ranst et al. (1999) recommend storing the soil samples in air-conditioned circumstance to avoid 
changes in relative air humidity. Samples of volcanic soils should never be dried before analysis 
(Baize, 2000). 
 
Recommendations 
FSCC feels the need to conduct additional studies to improve the manual with regard to 1) the 
preparation and 2) conservation of soil samples, both for organic and mineral samples. 
1. The differences between milling (at different mesh sizes) – grinding – sieving on the results of the 

chemical analysis should be better investigated. 
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2. Tests on the storage of soil samples specifically for the methods used in the survey should be 
conducted. 

The samples of this testing phase have been stored air-dried, sheltered from incident light. These 
samples can be reanalysed after two year of storage. 
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3 PHYSICAL AND CHEMICAL CHARACTERISATION 

3.1 Physical Characterization of the Organic Layer 

3.1.1 Amount of Organic Layer 
§ 3.1.1. does not mention whether the reporting of the weight of the organic layer should be based on 
air-dry or oven dry weight. Since the manual always asks for oven-dry weight, FSCC recommends to 
add this requirement to § 3.1.1. 
 
Recommendations 
The difference between ‘texture class’, ‘particle size class’ and ‘particle size distribution’ can be 
defined more clearly. The particle size classes' are defined in §3.2.1. 
While texture classes are the fine earth classes (fraction < 2 mm), the particle size distribution 
encompasses the whole soil, including both the fine earth fraction (< 2 mm) and rock fragments (> 
2mm). 
 
Small editorial suggestions The same editorial remarks as in § 2.2.3.2 are made. 
• The total fresh weight of each organic layer (F, L and H) delete LH 
• write 'together with the thickness of each of the organic layers( L, F and H)' 

3.2 Physical characterization of the Mineral Layer 

3.2.1 Particle size distribution 
Since on Level I, the determination of the granulometry according to the reference method is not 
mandatory, we used this opportunity to analyse the Flemish soil samples by a non-reference method, 
namely by laser diffraction. More and more soil laboratories start exploring this relative new method, 
especially interesting because it is less time consuming than the reference method. For this reason, the 
idea was risen to organise an additional methodological test with participation of several laboratories 
who have the equipment to conduct the laser diffraction method. Some conversion problems between 
the reference and the non-reference method are discussed by Vandecasteele et al. (2003, unpublished). 

3.2.2 Bulk density 
Here a minimum of three core samples is mentioned (see problem discussed in § 2.2.3.4). 

3.2.3 Coarse fragments 
The estimation of the coarse fragments according to the USDA-FAO classes did not receive enough 
attention in this testing phase. The main reason is that no profile description was included in the first 
phase (sampling according to fixed depths by soil augers and soil core samples). The best estimation 
of the coarse fragments is done during the soil profile description. 
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During the training course in Austria (October 2005), the rod penetration method has been quickly 
tested on two stony sites. The results of the rod penetration rod were compared with the visual 
estimation of the stone content in the profile pits. Table 6 shows an underestimation by the rod 
penetration method compared to the visual estimation in the profile pit in Merkenstein and a 
overestimation in Aspang. 
 
Table 6: Estimation of stone content: visual estimation in profile pit versus rod penetration 
method 
Site 
Depth 

Merkenstein 
Visual estimation 
in pit (%) 

Merkenstein 
Rod penetration 
method (%) 

Site 
Depth 

Aspang 
Visual estimation 
in pit (%) 

Aspang 
Rod penetration 
method (%) 

0 – 17 cm 70 0 – 30 cm:  23  0 – 8.5 cm 15 0 – 30 cm: 65 
17 – 50 cm 80 8.5 – 18.5 

cm 
30 

50 – 64 cm 80  18;5 – 51,5 
cm 

60 

64 + cm 90  51,5 – (+73) 
cm 

70  

 
 
Recommendations 
• Organise a separate ‘ring test’ to explore the possibilities of texture analysis by laser diffraction. 
• § 3.2.2. change ‘three’ core samples into ‘five’ 
• The Finnish method or Rod penetration method for the estimation of the stone content must be 

tested and calibrated before it can be applied on other soils than the Finnish till soils for which the 
method has been developed. 

 

3.3 Chemical characterization of Collected Samples 

3.3.1 Selected Key Soil Parameters for the Survey 
Table 7 shows the analyses conducted in this testing phase. The analyses indicated by a bold 'X' are 
mandatory; the ones by an italic 'X' are optional. All mandatory and optional analyses have been 
conducted, though the optional parameters not always according to the reference method. For 
example, soil texture analysis has been done by laser diffraction.  
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Table 7: Chemical and physical analysis conducted in the testing phase 

Parameter Level I – Mandatory and Optional Parameters 
 Organic Layer Mineral Layer 

 
L F+H 

0-5 cm 
5-10cm 

10-20 cm 
20-40 cm 
40-80 cm 

Physical soil parameter      
Organic layer weight X X    
Coarse fragments   X X X 
Bulk density   X X X 
Particle size distribution    X X X 
Clay Content   X X X 
Silt Content   X X X 
Sand Content   X X X 
      
Chemical soil parameter      
pH(CaCl2)  X X X X 
Organic carbon  X X X X 
Total nitrogen  X X X X 
Carbonates  X X X X 
Aqua Regia extracted P, Ca, K, Mg, Mn X X X X X 
Aqua Regia extracted Cu, Pb, Cd, Zn X X X   
Aqua Regia extracted Al, Fe, Cr, Ni, S, Hg, Na X X X   
Exchangeable Acidity  X X X X 
Exchangeable Cations: Ca, Mg, K, Na, Al, Fe, 
Mn, H  

 X X X X 

pH(H2O)  X X X X 
Total Elements: Ca, Mg, Na, K, Al, Fe, Mn      
Oxalate extractable Fe, Al   X X X X 

 

3.3.2 Reference analytical methods 
The modified Kjeldahl method has been added to the list of the reference methods (11th FSEPM, Gent, 
March 2003) but has not been added to the table 'Overview of reference methods' (Table 6, pg. 17). 
The ‘German’ method was removed from the Annexes in the previous update of the manual but it was 
not removed from Table 6 in the manual. The information in Table 6 related to the determination of 
the Free H+ is rather confusing.  
 
Recommendations 
• Table 6 should be revised and should follow the updated methods in Annex I. 
• The ISO methods uses the BaCl2 extract for the determination of the exchangeable elements. Also 

the alternative ‘German’ method to determine the free H+ starts from the BaCl2 extract. So 
probably the ‘1 M KCl’: (H+Al) titration minus (Al) titrated’ should be removed because this is 
referring to an old method when extraction with KCl was still allowed. 
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• It should be clarified whether the use of the ‘German’ method is allowed or not. The method is 
described in Handbuch “Forstliche Analytik” (2005, HFA A.3.2.1.4) (in German only). The 
results of the 4th FSCC Interlaboratory Comparison are expected to give information on the 
comparability between the reference method and the ‘German method’. In case the method is 
accepted, this method should be described in detail in the manual. 

• The Modified Kjeldahl method should be added to Table 6. 

4 QUALITY ASSURANCE AND QUALITY CONTROL 
Further recommendations will be made after the 4th FSCC Interlaboratory Comparison (2005-2006). 
 
With the new version of the manual, more parameters need to be reported compared to the first survey. 
To be able to enter the data of the second survey (or of the Forest Focus BioSoil demonstration 
project) in the Forest Soil Condition Database, structural changes/additions to the old database are 
required. 
 
 

5 RELATED COSTS AND TIME INVOLVED 

5.1.1 Sampling in the field 
 
Depending on the travel distance and the access to the Level I plot, two to three plots could be 
sampled per day, excluding the profile description. In the office, each visit was well prepared (letter 
for approval by forest owner, telephone call to the forester (forest keeper). Labels were printed, 
Flemish field forms were prepared and soil sampling equipment was collected. After the field visit, the 
names of the pictures, the fresh weight and the thickness of the organic and other field notes were 
entered in the database. Soil samples were prepared for analysis by drying and sieving. 
In the test phase, the profile description on the Level I plots took one full day per profile. However, 
many countries will during the survey combine the sampling with the profile description. Based on the 
experience from this test phase, FSCC estimates that a team of three technicians and one scientist is 
required to complete all the sampling and pedological characterisation work within one day (5 – 6 
hours effective time spent on the plot). 
 
The estimation of the travel and maintenance costs of the four-wheel drive pick-up, was based on the 
kilometre allowance set by the Ministry of the Flemish Community (0.28 € per km). The average 
travel distance (based on 10 plots) from the Institute of Forestry and Game Management to the plots is 
117 km one-way. In case one plot is sampled per day (including the profile description), there is an 
average cost of  65.5 euro per plot.  
 
The field technicians receive a daily allowed of 13 euro per lunch. A team consist of two technicians 
and one scientist. So the cost of the daily allowances per plot is 39 euro. 
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We describe here a possible coordination of the work. The work start with the localisation and digging 
of the profile pit (1 hour, two technicians). At the same time the scientists conducts the site 
description. When the technicians take the samples at fixed depths (organic and mineral soil samples, 
minimum five repetitions, weighing of organic samples, measuring thickness of organic layer, mixing 
soil samples and taking subsamples, soil core sampling for bulk density), the scientist makes the 
profile, humus and horizon description and the field classification of the soil type (4 hours). Related to 
personnel costs, this means that per plot three man-days of technical personnel and one man-day for a 
scientist should be calculated. 
 
Table 8 shows an example of a checklist of field material required for the sampling and the 
pedological characterisation. 
 
Table 8: Checklist sampling and profile description equipment 
Field form for sampling, site and profile description 
Field note book 
Field guidelines for site and soil profile description 
Written permission of the forest owner  
Pencils 
Permanent marker 
Measuring tape 
Tape measure for profile pit 
Knife (pocket and one large knife) 
Spades and shovels for opening and closing of profile pit 
GPS 
Clinometer or Abney level 
Altimeter (pocket) 
Compass 
Digital camera, memory sticks and spare batteries  
Augers (30 cm – 60 cm – 90 cm) 
Hammer 
Scrapers 
Metal frame for sampling forest soil (25 cm x 25 cm) 
Field weighing scale (KERN 440-47) and spare batteries 
Kopecky cores for sampling of bulk density (# 25) 
Kopecky core sampling set for bulk density sampling 
Plastic boxes to transport organic and mineral soil samples (# > 7) 
Large bags or boxes allowing the mixing of the bulk samples before subsampling for laboratory 
analysis (# > 7) 
Small sample bags 
Munsell® soil colour chart 
Field kit for chemical analysis (HCl, H2O2, α- α dipyridyl, and pH indicator) 
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Large plastic sheet for temporal storage of soil coming from the profile pit 
Water bottle for moistening the soil when required 
Brush for cleaning the soil profile before description  
Hand Lens (10X or combination lenses)  

 
Personal Protective Gear 
Small First Aid Kit 
Leather Gloves 
Sunglasses 
Insect Repellent 
Sunscreen 
Rain gear, umbrella 
Hat 
Drinking water 
Comfi or other type of field seat 

5.1.2 Laboratory Analysis 

5.1.2.1 On disturbed samples  

Below Table 9 shows the estimate cost on a level I plot (in Euro). On the Level II plots these analyses 
are conducted in triplicate (costs * 3). 
 
Table 9: Estimated cost of required laboratory analyses on mixed samples at the Level I plots 
Parameter Organic Layer 5 Mineral Layers   
  L F+H  (M05, M51, M12,   
      M24, M48) Total 
Physical soil parameter     
Moisture content 6.2 6.2 6.2  
Particle size distribution (FAO, 1990a)   45  
      
Chemical soil parameter     
pH(CaCl2) and pH(H2O)  10 10  
Organic carbon  14.2 14.2  
Total nitrogen  20 20  
Carbonates     
Aqua Regia extracted P, Ca, K, Mg, Mn 120 120 120  
Exchangeable Cations: Ca, Mg, K, Na, Al, 
Fe, Mn and acidity  50 50  
Oxalate extractable Fe, Al   24 24   
  126.2 244.4 289.4 per layer 1818 
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5.1.2.2 On soil core samples 

Table 10: Estimated cost of required laboratory analyses on undisturbed samples at the Level I 
and II plots 
Level N° core samples Cost of bulk density 

measurement 
Total cost per plot 

Level I plot 5 repetitions * 5 layers = 25  7.9 euro 197.5 euro 
Level II plot 5 repetitions * 5 layers = 25  7.9 euro 197.5 euro 
 

5.1.2.3 On grab samples from the profile pit 

The type of laboratory analyses depend on the soil type. The number of samples will depend on the 
number of genetic horizons. For most soil types the following analyses will be required: soil texture, 
soil organic carbon, soil reaction (pH) and exchangeable element (to determine the base saturation). In 
case of Podzols, the oxalate extractable Fe and Al is required too. A first rough estimation is a cost of 
150 euro per layer. In case of 6 layers or horizons, this comes to 900 euro per profile. 
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ANNEX 1: METHODS FOR SOIL ANALYSIS 

SA01 Pre-treatment of Samples 
The manual asks for sieving, followed by grinding if desirable.  

Sieving 
For heavy textured soils, sieving of dried samples is often not possible. After drying the soil becomes 
very hard and asks for hard labour to pass it through the 2 mm sieve. Sandy soil samples on the other 
hand pass easily through a 2 mm sieve. In the testing phase clayey soil samples have been grounded 
above a 2 mm sieve. Note that according to ISO11464 on which the manual is based, writes that 
clayey samples should be sieved when the sample is still damp. The manual however, does not 
mention this damp sieving. So the latter should be added. 

Milling 
Another problem is "The fraction smaller than 2 mm is used for soil analysis. Samples may be milled 
or ground immediately before analysis for those analyses for which finely ground material is 
required." 
 
The ICP Forests manual does not mention for which analyses this is required. The ISO 11464 (1994) 
however mentions that this is the case for the analyses on sample material less than 2 g. In that case, 
milling to < 250 micrometer is required [see ISO 11464 (1994)]. Therefore a second sieving/milling is 
necessary for N analysis, CEC and total elements. The manual mentions this for the first method of N 
determination (SA09A) but not for the second (SA09B - Modified Kjeldahl). For the CEC the manual 
explicitly mentions that the soil fraction should be < 2 mm (this is not according the ISO method 
11464). The total elements determination (SA12A) explicitly required milling as fine as possible and 
method SA12B milling to < 0.4 mm. Since this analysis is only optional for the Level II plots, this 
analysis will not be conducted within the BioSoil project. 
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Table 11: Required particle size of the test sample for laboratory analysis 
SA Analysis ISO reference Required particle size of sample 

SA02 Soil moisture content ISO11465 fine earth < 2 mm 
SA03 Particle size analysis ISO11277 fine earth < 2 mm 
SA06 pH ISO10390 fine earth < 2 mm 
SA07 Carbonates ISO10693 fine earth < 2 mm 
SA08 Organic Carbon ISO10694 fine earth < 2 mm 
SA09A Total N ISO13878 fine earth < 2 mm 
SA09B Modified Kjeldahl N ISO11261 fine earth < 2 mm 
SA10 Exchangealbe cations,  

acidity and H+ 
ISO11260  
and ISO14254 

fine earth < 2 mm 

SA11 Aqua regia ISO11466 fine earth < 2 mm or< 150 µm 
SA12 Totale elementen ISO14869 grinded as fine as possible 
SA13 Oxalaat extraheerbaar Al en Fe ISRIC 1992 fine earth < 2 mm 
 
For routine analyses, the IFG soil laboratory works on the fraction < 2 mm after milling above a 2 mm 
sieve. Following the ICP Forests manual, 35 samples were first hand sieved to determine the fraction > 
2 mm and subsequently milled above a 2 mm sieve. The soil texture of these 35 soil samples was 
measured using the laser diffraction method, before and after milling. There was a clear difference in 
soil texture between the two methods. 
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Figure 4: Soil texture of 35 soil samples after manual sieving with a 2 mm sieve (clay < 2 µm; silt 
2 - 63 µm and sand 63 - 2000 µm)  
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Figure 5: Soil texture of 35 soil samples after grinding in the sample mill (clay < 2 µm; silt 2 - 63 
µm and sand 63 - 2000 µm)  

After grinding the soil samples, it appeared that mainly the sandy soil textures like sandy loam and 
loamy sand moved towards the loamy or silt loam textural classes. The table on the right shows the 
changes into more detail. 

Sieved on 2 mm sieve

loam

loamy sand

sandy loam

silt loam

Grinded on 2 mm sieve

 

Frequency 
after 
sieving   

after 
grinding 

loam 1 sandy loam 1 
loamy sand 10 sandy loam 4 
  loamy sand 3 
   silt loam 3 
sandy loam 19 sandy loam 9 
  loamy sand 1 
  silt loam 3 
   loam 6 
silt loam 5 silt loam 5 
Total 35   35 

Figure 6: Relative distribution of the texture classes of 35 soil samples 1) sieved on a 2 mm sieve 
and 2) grinded in a mill above a 2 mm sieve 

 
Organic samples have been milled to 2 mm and subsequently pulverised to 0.5 mm. Note that the 
manual does not provide instructions concerning the preparation of the organic samples. The three 
topsoil samples of Ichtegem (7, 8 and 9) have accidentally been pulverised to 0.5 mm. A protocol was 
agreed at the 12th FSEPM. In the field parts of the forest floor > 2 cm were removed from the sample. 
Subsequently the samples are dried and sieved above a 2 mm sieve. 
 
The procedure asks for spreading the material in a layer not thicker than 15 mm. Since the oven is 
constantly used by different people, the samples of the survey could not use the entire space in the 



32   Evaluation of the manual 

oven. Often the thickness of the material in the boxes was more than 15 mm. Organic samples often 
required one whole week to be air-dry. 
 

Recommendation 
• The damp sieving should be added to the manual (as decided at the 12th FSEPM, Brussels, 2004)  
• It should be clearly stated whether the samples must or cannot be milled. Are different treatments 

for different methods allowed? 
• For the organic samples it is not clear whether they should be sieved, pulverised or milled above a 

2 mm sieve. 
• The process of homogenisation probably asks for more details? How should this homogenisation 

been done? Should the homogeneity be checked? 
 

SA02 Determination of Soil Moisture Content 
To determine the soil moisture content of the organic layer, the ISO reference method asks for drying 
at 50°C. However, as mentioned before, within the ICP Forests programme the moisture content for 
foliar samples has always been determined by drying at 105°C. One of the questions is whether it 
makes any sense to dry a organic layer sample at 50°C after it has already been dried at 40°C. The 
average moisture correction factor of 72 organic samples to convert from the air-dry weight at 40°C to 
the oven-dry weight at 105°C was 1.06 (+/- 0.04). 
 
A second problem is that the manual writes in section SA02 that the calculation and reporting of the 
results of soil analysis is done based on the "oven-dry" soil. Though, as it is written now, most of the 
analyses seem to ask the results on an air-dry basis. Therefore FSCC suggested at the 12th FSEPM 
(Brussels, 2004) to mention clearly, in each reporting section, that the reporting should be done on 
oven-dry basis. At the moment, the section on the calculation, often ends with the calculation of the 
results on air-dried basis. The expert panel agreed and decided to amend the manual accordingly. 
 

Recommendations 
• The manual describes the method (SA02) to determine the moisture correction factor. Based on its 

experience in the 3rd Interlaboratory Comparison, FSCC recommends using the formula to convert 
results based on air-dried soil samples into results based on oven-dry samples:  

 
Result on oven-dry basis = Result on air-dry basis * mcf 
Where mcf = moisture correction factor = (100 + %moist)/100 
 
This rule applies on most of the analytical methods as C, N, carbonates, exchangeable and extractable 
elements but not on pH and particle size distribution. It its 4th Interlaboratory Comparison, FSCC 
included the moisture content in the mandatory parameters (cfr manual). 
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• An additional test comparing the moisture content of air-dried organic sample at 40°C versus dried 
at 50°C should be conducted. Based on this results, we would be able to make further 
recommendations for drying organic samples. 

 

SA03 Determination of Particle Size Distribution 
Referring to the problem introduced in § 2.1, the annex mentions that particle size has to be reported 
according to the tree major particle size classes: percentage clay, silt and sand. On Level I, finger test 
estimation of soil texture classified according to the USDA-FAO texture triangle is allowed.  
 

Recommendations 
It would be good to include the description of the finger test in the manual and/or in the field 
guidelines of the BioSoil project. The report form should take into account the two methods for 
assessing soil texture. Note also that only the clay content is mandatory at Level I (not the silt or sand 
content). This can be estimated by the finger test as well. See Table 12. 
However, since BioSoil asks for mandatory and organic parameters, the soil texture should be 
analysed. 
 

Table 12: Key to the soil texture classes (adapted from Schlichting et al., 1995) 

1. Not possible to roll a wire of about 7 mm in diameter (approx. diameter of a pencil)  ~% clay 
  1.1 not dirty, not floury, no fine material in the finger rills S <5 
- if grain sizes are mixed: unsorted sand  US <5 
- if most grains are very coarse (>0.6 mm): very coarse and coarse sand  CS <5 
- if most grains are of medium size (0.2-0.6 mm): medium sand  MS <5 
- if most grains are of fine size (<0.2 mm) but still grainy: fine sand  FS <5 
- if most grains are of very fine size (<0.12 mm), tending to be floury: very fine sand VFS <5 
  1.2 not floury, grainy, scarcely fine material in the finger rills, weakly shapeable, 
adheres slightly to the fingers: loamy sand 

LS < 12 

  1.3 as 1.2 but moderately floury: sandy loam  (clay-poor)  SL < 10 
   
2. Possible to roll a wire of about 3 to 7 mm in diameter (about half the diameter of a 
pencil) but breaks when trying to form a ring, moderate cohesive, adheres to the fingers 

  

  2.1 is very floury and not cohesive   
- some grains to feel: silt loam (clay-poor)  SiL < 10 
- no grains to feel: silt Si < 12 
  2.2 is moderate cohesive, adheres to the fingers, has a rough and ripped surface after 
squeezing between fingers and 

  

- is very grainy and not sticky: sandy loam (clay-rich) SL 10-25 
- has moderate sand grains: loam L 8-27 
- is not grainy but distinctly floury and somewhat sticky: silt loam (clay-rich) SiL 10-27 
  2.3 has a rough and moderate shiny surface after squeezing between fingers and is 
sticky and grainy to very grainy: sandy clay loam 

SCL 20-35 
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3. Possible to roll a wire smaller than 3 mm in diameter (less than half of that of a 
pencil) and to form the wire to a ring of about 2-3 cm in diameter, cohesive, sticky, gnashes 
between teeth, has a moderate shiny surface after squeezing between fingers 

  

  3.1 is very grainy: sandy clay SC 35-55 
  3.2 grains can be seen and felt: clay loam CL 25-40 
  3.3 no grains to see and to feel, low plasticity: silty clay loam SiCL 25-40 
  3.4 no grains to see and to feel, high plasticity: silty clay SiC 40-60 
   
4. Has a shiny surface after squeezing between fingers and a high plasticity   
  4.1 some grains to see or to feel, gnashes between teeth: clay C 40-60 
  4.2 no grains to see or to feel, does not gnash between teeth: heavy clay  HC >60 
 

SA04 Determination of Bulk Density 
The problem of the number of core samples has already been raised above (§ 3.2.2). 
 

cf(vol%)-1
BD%)vol(cfBD

BD cfs
fe

⋅−
=  

 
where: BDs = bulk density of the soil (kg/m3) 
 BDcf= bulk density of the coarse fragments (approximated by 2650 kg/m3) 
 BDfe= bulk density of the fine earth (kg/m3) 

cf(vol%) = volumetric percentage of coarse fragments in the soil (%) This definition is not 
correct. When there are 20% coarse fragments in the soil, the formula should use cf(vol%) = 0.2 and 
not 20! This problem takes us to the question of the units for reporting. The first survey used % coarse 
fragments. When this is noted as cf(vol%), the formula above needs corrections. 
Also note that now BD needs to be reported in kg/m³ while in the Forest Soil Condition Database BD 
values are stored in kg/dm³. 
 

Recommendations 
• Annex 1, SA04: VII. Report:.... the bulk density of the coarse fragments 
• Correct the formula for bulk density 
 

SA05 Determination of Coarse Fragments 
In Flanders we had soil samples that were clayey in nature. After drying, cloths could be very hard. 
According to the manual, cloths need to be manually crushed in the mortar before sieving. In our 
laboratory, such samples are usually milled directly. The determination of the coarse fragments is then 
based on the undisturbed samples with an exact volume of 100 cm³. After drying, the weight of the 
mineral fragments > 2 mm is determined. 
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The “Finnish method” or the “Rod Penetration Method” has been added to the previous update of the 
manual but the description of the method was not detailed enough. The equation was only valid for a 
limited set of soils and should be validated and calibrated before using it on other soil types. 
 

Recommendations 
• The manual has to elaborate more on the “Finnish method” or the “Rod Penetration Method”. 
• It should be written that the regression equation should be tested and calibrated for the soils on 

which the equation will be used. 
• Also attention should be given to the way of reporting the results of this method. All results should 

be reported per depth layer. The “Rod Penetration Method” allows only an estimation at the 0-10 
cm, 0 – 20 cm or 0 – 30 cm depth. 

 

SA06 Determination of Soil pH 
Routine pH measurements in the laboratory of the Institute for Forestry and Game Management (IFG) 
are done on samples placed on a carousel after shaking of one hour. The standard procedure in the 
manual is based on mechanical shaking or shaking by mixer for 5 minutes and measuring after 2 
hours. The major difference is that in the first method, the measurement is done while the soil is more 
or less homogeneously 'dissolved' in the sample tube, while in the latter method the pH is measured in 
the solution above the soil sediment in the sample tube. 
 
On 55 soil samples of 11 locations in Flanders, the pH was measured according to the two methods. 
The samples were selected in a way that a wide range of forest soil pH values was covered. The 
laboratory purchased a mechanical shaker and analyses were conducted according to the reference 
method. 
Concerning the results measured in CaCl2 no significant differences were detected between the two 
methods. However, significant differences were seen when the pH was measured in water. This would 
mean that the reference method reports lower pH values in water than the routine method used in the 
laboratory of the IFG. 
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Figure 7: Comparison of pH measurements of 55 soil samples on the left by the carrousel, on the 
right by shaking for 5 minutes and waited 2 h before measuring 

 

Recommendation 
• The reference method need to be applied strictly because significant differences between different 

methods have been observed. 

SA07 Determination of Carbonate Content 
This method was not tested because the laboratory of the Institute of Forestry and Game Management 
does not follow the reference method which can be explained by the low importance carbonate 
containing soils play in Flanders. The analysis is only required for 1.5% of the Flemish forest soils.  

SA08 Determination of Organic Carbon Content 
Since HCl is harmful for the equipment, the laboratory uses H3PO4 in stead of HCl for the preparation 
of the soil samples.  

Recommendation 
Small editorial suggestions 
II. Principle 
… by heating the soil to at least 900 °C. 
 

SA09 Determination of Total Nitrogen Content 
Two methods are accepted by the FSEP.  
 

Recommendation 
• ISO 13878 (dry combustion) recommends to further mill the sample to the size specified in the 

manufacturer’s manual. The milling needs to be further specified. 
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SA10 Determination of Exchangeable Acidity, Exchangeable Cations and 
Free H+ Acidity 
Although, the “German method” is not described in detail in the Annex, the German laboratories have 
been using this calculation method in the 3rd and in the 4th FSCC Interlaboratory Comparison. N. 
König, who recommends this method for the German national forest soil inventory (Handbuch 
Forstliche Analytik, 2005), claims that this method gives comparable results. The results of the 4th 
FSCC Interlaboratory Comparison will have to prove the validity of this hypothesis. 
 
FSCC applied both method on three test samples (2 * 6 repetitions) and compared the results but 
found significant difference between the calculation and the titration method. Also, in the 4th FSCC 
Interlaboratory Comparison, the laboratory of the IFG applied both methods and found significant 
differences between both methods. At the moment we can however not say whether this is really due 
to the method. It was not clear whether the results of the titration method were of good quality. 
Therefore the results of the IFG laboratory in the 4th FSCC interlaboratory comparison should be 
evaluated before any conclusions can be drawn. 
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Figure 8: Free H+ determined by titration compared with the German calculation metod of free 
H+ 
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Table 13: Results of H+ determination by 1) the ‘German’ calculation method and 2) by the 
titration method 
  H+ by German calculation 

method 
FreeH+ by titration 

Sample:sample A Min 0.02 0.13 
 Mean 0.48 0.14 
 Median 0.53 0.14 
 Max 0.68 0.15 
 N 12 12 
 NAs 0 0 
 StDev 0.22 0.01 
Sample:sample B Min 0.00 0.04 
 Mean 0.00 0.10 
 Median 0.00 0.10 
 Max 0.00 0.15 
 N 12 12 
 NAs 0 0 
 StDev 0.00 0.04 
Sample: zonbod1    
 Min 0.01 0.20 
 Mean 0.35 0.22 
 Median 0.40 0.21 
 Max 0.49 0.29 
 N 12 12 
 NAs 0 0 
 StDev 0.16 0.03 

 
SA10 is based on ISO11260. ISO11260 describes the determination of CEC and the exchangeable 
cations, while we use this method for all (acid and base) exchangeable cations. Though, in case a 
laboratory wants to use this method to determine the CEC directly, one very important remarks have 
to be taken into account. “Based on 2.5 g of air-dried soil, the CEC should not be more than 40 
cmol(+)/kg. If the CEC exceeds 40 cmol(+)/kg, repeat the determination using less soil, adjusting the 
calculation accordingly.” 
 
Another point is that the manual does not provide information on how to work with organic samples. 
FSCC tested on two organic samples the effect of the test sample weight (1 g versus 2 g). Two 
different rotor were used. Each treatment was 5 times repeated. Sample C is an sample of a humus 
layer formed under a coniferous forest (Scots Pine) on a sandy soil and Sample Z was taken under 
deciduous forest (Beech) on a loamy soil. 
 
Table 14: Effect of sample weight on CEC values of organic samples 

    Sample C  Sample Z  
  weight (g) mean st dev CV  mean st dev CV  
    cmol(+)/kg % cmol(+)/kg % 

Rotor 1 1 17.2 11.8 68.8 31.0 5.2 16.9 
  2 18.3 2.9 15.8 27.6 1.8 6.7 

Rotor 2 1 10.3 4.4 42.4 27.5 2.1 7.8 
  2 19.5 6.1 31.4 24.1 1.8 7.4 
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The variation on Sample C was unacceptably high, the coefficient of variation varied between 16 and 
69 %. 
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Figure 9: Effect of sample weight on CEC results 
 
As was expected, the CEC values of Sample Z (deciduous forest on a loamy soil) are higher than the 
CEC values of Sample C (pine forest on a sandy soil). 
For sample C, no significant effect of weight of the test sample or rotor on the measured CEC values 
could be detected. For sample Z, there were significant effects of the weight of the test sample and of 
the rotor on the 0.05 significance level (both p-values of 0.02). This test confirmed a trend we have 
detected before in forest floor samples of coniferous forest: the less the weight of the organic test 
sample, the higher the measured CEC values.  
 
The coming survey is mainly interested in the concentrations of the individual exchangeable cations. 
In the calculation section, the manual asks to calculate the content of exchangeable cations in 
cmol(+)/kg (based on oven-dried soil) “according to the apparatus.” No specifications have been made 
related to the valencies of the cations, necessary to convert from the concentration in mg/l or mg/g to 
cmol positive charges per kilogram soil (cmol(+)/kg soil). 
Therefore FSCC recommends to specify the equivalent weights 1(= the weight of one mole of positive 
charges) of the elements: 

Na+ = 22.99 Ca2+ = 20.04 Fe3+ = 18.62 Al3+ = 8.99 
K+ = 39,10 Mg2+ = 12.16 Mn 2+ = 27.47 H+ = 1,01 

 
 

                                                      
1 Using two decimals (as recommended in the Handbuch Forstliche Analytik, 2005). 
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Recommendation 
The validity of the ‘German’ method to determine free H+ needs to be checked. In case the method 
yields comparable results, a detailed description should be added to the manual. 
Editorial suggestions 
II. Procedure 
 Determination of free H+ acidity 
  Titrate a blank in the same way. 
 

SA11 Aqua Regia Extractant Determinations 
The manual asks for a reflux condenser while in the IFG laboratory the microwave method has been 
used. 
Recommendations 
• The effect of milling on the results should be clarified. Shall the two possibilities (particle size < 

2mm or < 150 micrometer) be included? To solve this problem, additional analyses are required. 
• Is the use of microwave digestion allowed? 
 

SA12 Determination of Total Elements 
This analysis has not been tested because the laboratory of the IFG does not have the necessary 
equipment. Since the determination of total elements is only optional at the Level II plots, the method 
has no high importance.  

SA13 Acid oxalate Extractable Fe and Al 
With the co-operation of laboratories participating at the 4th FSCC Interlaboratory Comparison, several 
problems have been met and recommendations formulated.  
 
Recommendations 
• Potassium suppressant solution is only required if the analysis is done by atomic absorption and 

not for ICP-OES (with which interferences are far less). 
• There is some discrepancies in the final matrix for the dilution by 20. The final solution matrix 

should be made of 0.04 Molar of Oxalic acid and 2% of Conc. Hydrochloric acid as in the dilution 
by 5. The dilution by 20 solution is composed of  210 ml of 0.2M of oxalic acid in 1000ml giving 
0.042 M of Oxalic acid. As the sample extract is made of 0.2 M of oxalic acid, we have for the 20 
times dilution: 1 ml of sample x 0.2 M/20 ml + 19 ml of diluent x 0.042/20 ml =0.0499. The error 
comes from not having accounted for the Oxalic acid in the sample extract.  Therefore it would be 
158 ml of Oxalic acid to use in the diluents solution by 20 rather than 210 ml. 

• Editorial suggestions (pg. 92) 
50 l centrifuge tube must be '50 ml centrifuge tube' 
'205 ml' should be '250 ml'  
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Diluent solution (20 x): Make 2.01 g KCl, 158 ml acid ammonium oxalate solution and 21 ml 
conc. HCl to 1 l with water. 
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ANNEX 2: FORMS AND DATA REPORTING 

ASCII-format 
To assure fluent data exchange, the 12th Forest Soil Expert Panel Meeting (Brussels, 29-30 November 
2004) decided to stick to ASCII-format. Depending on the structure of the database on national level, 
the procedure to come to the uniform format will be different. FSCC stored it test data in an MS 
Access-database and compiled the test reports by querying the database.  
 
Specific problems for Flanders 
The laboratory reports the results in a number of Excel-sheet. Subsequently the data have to be put in 
the correct format before the data can be submitted. 
• The Belgian national methods use Lambert Coordinates, while the Manual asks for Geographical 

Co-ordinates. Conversion is required. 
• The altitude of the plots has not been recorded, neither the water availability or humus content. 
• The results reported by the laboratory are based on air-dried weight but the manual asks to report 

on a oven dried basis. Therefore the results of most of the analysis had to be multiplied by the soil 
moisture correction factor (≥ 1.00) determined by SA02. Pay attention! This conversion does not 
apply to pH, BS, texture. 

• In Belgium we usually talk about L, F and H layer. In the reporting form the O or H symbol 
needed to be added. 

Pay attention with format of the field for dates, etc… 
 

Content of reduced plot file (form 4a) 
6 – 7: Country code: See also problem ‘Annex 3: Explanatory Items’, Item N° 1. The country 
code system is a numerical system different from the ISO coding system (two character code). On the 
other hand, it can not be a problem to convert this one-to-one relational code from the ICP Forest 
system into the ISO codes. Therefore the ISO codes can be added to the explanatory notes for ease of 
reference. 
 

14 – 19: Date: The date of the sampling must be given in DDMMYY which is all right.  
 

21-27// 29-35 Latitude/Longitude 
Not always that easy: The required conversions depends on format stored in national database. The 
Excel function ‘LEFT, RIGHT, MID’ might help. 
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40 – 50: Soil unit: See also problem ‘Annex 3: Explanatory Items’, Item N° 10. The width of the 
column ‘Soil unit’ will depend on the agreed level of detail. The ESD only foresees a maximum of 6 
characters. 

Parent material codes 
The manual asks for information on the soil parent material using the codes given in Table 1 pg. 6. 
This system is different (simplified) from the system used in the first survey. In the first survey the 
parent material was reported afterwards, using separate forms (see FINAL FSCC PROJECT REPORT 
5/01 – Annex 3). This explains why the parent material was forgotten in the update of the forms. 
Additional problem is the coding system itself, which is different from the system used in the ESD, 
different from the SOTER system (recommended by FAO) and different from the first survey. See 
also ‘confrontation FSCDB and SGDBE’ (Wiedeman et al. 2001).  
 

54: Humus 
Definitions will be added. See Annex 3 “Explanatory notes”. 

Content of datafile with soil analysis information (form 4b and 4c) 
The tables on pg. 98 and 101 might cause confusion. The fact whether a parameter is optional or 
mandatory depends, besides on the Level (I or II), also on the soil depth which is not mentioned in 
these tables. Therefore it would probably be better to remove these tables and refer to Table 4 (pg. 15) 
and 6 (pg. 17). 
The tables miss a column to note the thickness of the L, F and H layer. The column referring to the 
layer should allow for referring to the F and H layer separately and to the optional depth layers M05 
and M51. 

Date of analysis 
The problem is that most laboratories work for routine analyses per type of analysis and not according 
to sample ID. More exact that +/- 2 months is not possible. For the testing phase most of the analyses 
were done between Jan 2004 and June 2004. We recommend to fill in the date when the results of the 
laboratory analyses have been reported by the laboratory. 

Organic layer 
The forms asks for the organic layer weight (kg/m²) but the manual also asks to determine the 
thickness ($2.2.3.2). Therefore extra cells need to be added to the reporting form. 
 
Remark 
The forms use a ‘sequence number’ for the identification of the records. For Level I, one record talks 
about one layer on one plot. But note that the results may come from different samples e.g. disturbed 
and undisturbed samples, the full bulk sample or only a subsample. We used the laboratory number as 
unique id for the chemical analyses. To link the chemical data with the physical data (BD, coarse 
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fragments) coming from the Kopecky-rings and with the organic layer data (weights recorded in the 
field) an unique qualifier in the three data set is required. The laboratory number can be used but be 
careful: we do not talk about exactly the same sample material. 
On Level II, there should be three records per depth layer per plot. Since bulk density needs to be 
measured at least by 5 replications, extra columns need to be foreseen in the reporting forms.  
 
Recommendations 
• ASCII-format 
Most of the countries will store their data in MS Excel files or in a MS Access database. It can be 
useful to provide guidelines on how to export the data in the correct format into ASCII-format. 
 
• Content of reduced plot file (Form 4a and form 9a) 
For the country code and the date, FSCC recommends to stick to the general ICP-F guidelines. 
Conversion is easily made later one. For the soil unit, the level of detail needs to be agreed. 
 
• Parent Material Codes 
First of all one needs to agree on the system. The system currently in the manual is relatively easy (3 
number code) while the ESD uses a 4 number code and SOTER a hierarchical coding system built of 
two letter and one number. The necessary columns need to be added to form 4a. 
 
 ICP-F manual 

1998 
ICP-F manual 2003 ESD Instruction 

Guide 
SOTER (2005) 
recommended by 
FAO 

Structure 3 digit code 3 digit code 4 number code 3 character code: 
2 letters and 1 
number 

Complexity Evaluated as 
being to detailed 
(11th FSEPM) 

Simple, more easy to 
define in the field 

Flexible: from 
simple (1st Level) 
to complex (4th 
Level) 

Flexible: from 
simple (1st Level) 
to complex (3rd 

Level) 
Application Used in FSCDB 

and in Level II 
database 

Not yet tested. Needs 
some clarifications on 
the coding system. 
Organic materials need 
refinement. 

Organic material 
is included. 

No organic 
marerial included. 

 
If the system of the ICP-F Manual of 2003 will be retained, the coding should be made clearer: e.g. 
010 = Plutonic rocks, 011 = Granitoid,… 110 = organic materials,… 
 
To be conform with the structure of the manual, the table with the codes should be moved to Annex 3 
‘Explanatory Items’. 
 
• Humus 
A proper definition of the major humus types is necessary. See further. 
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• Content of datafile (form 4b and 4c) with soil analysis information  
- The tables on pg. 98 and on pg. 101 might cause confusion. It will be better to take it out and refer to 
Table 4 and Table 6. 
- The thickness of the L, F and H layer should be included in the reporting forms. 
- Extra columns need to be foreseen for reporting of the bulk density measurements (at least 5 
repetitions) 
- The BioSoil demonstration project will include both optional and mandatory parameters on Level I 
and only the mandatory parameters on Level II. FSCC suggest to make, based on the existing forms 4b 
and 4c, two new forms including all mandatory parameters within the BioSoil project. 
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ANNEX 3: EXPLANATORY ITEMS 

 (1) Country code 
Missing countries codes are: 

Albania 69 
Andorra 68 
Cyprus 66 
Liechtenstein 70 
Turkey 71 
Ukraine 72 
Serbia and Montenegro 67 

 
The ISO – country codes are: 

List of ISO COUNTRY codes 
AL ALBANIA 
DZ ALGERIA 
AT AUSTRIA 
BY BELARUS 
BE BELGIUM 
BA BOSNIA HERZEGOVINA 
BG BULGARIA 
HR CROATIA 
CZ CZECH REPUBLIC 
CY CYPRUS 
DK DENMARK 
EG EGYPT 
EE ESTONIA 
FI FINLAND 
FR FRANCE 
MK F.Y.R.O.M. (Former Yugoslav Republic of Macedonia) 
DE GERMANY 
GR GREECE 
HU HUNGARY 
IS ICELAND 
IE IRISH REPUBLIC 
IT ITALY 
LV LATVIA 
LT LITHUANIA 
LU LUXEMBOURG 
LY LYBIA 
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MT MALTA 
MD MOLDOVA 
NL NETHERLANDS 
NO NORWAY 
PL POLAND 
PT PORTUGAL 
RO ROMANIA 
RU RUSSIA 
SK SLOVAK REPUBLIC 
SI SLOVENIA 
ES SPAIN 
SE SWEDEN 
CH SWITZERLAND 
UA UKRAINE 
UK UNITED KINGDOM 
CS SERVIA AND MONTENEGRO 

 

(6) Humus type 
The following system is recommended by Michael Englisch, Klaus Katzensteiner, Bernard Jabiol, 
Augusto Zanella, Rein de Waal, Martin Wresowar with input from many other participants of the 
European Humus Research Group (October 2005).  
 

Terrestrial soils – Diagnostic horizons 

The following organic (O) master horizons are distinguished: OL, OF, OM, OH, H. 
 
These horizons are formed entirely (> 17% organic Carbon = 30% organic matter) from dead organic 
matter, mainly from leaves, needles, twigs, roots and, under certain circumstances, moss and lichens. 
They do not include a living moss layer 
 
OL (Litter, Förna): this organic horizon is characterised by an accumulation of mainly leaves/needles, 
twigs and woody materials. Most of the original biomass structures are easily discernible. Leaves 
and/or needles may be discoloured and slightly fragmented. 
Organic fine substance (in which the original organs are not recognisable with naked 
eye) amounts to less than 10 % by volume. 

OLn = new; OLv = slightly altered (vetus, verändert, old). 
OF (fragmented and/or altered): this organic horizon is characterised by an accumulation of partly 
decomposed (i.e. fragmented, bleached, spotted) organic matter derived mainly from leaves/needles, 
twigs and woody materials. The proportion of organic fine substance is 10 % to 70 % by volume. 
Depending on humus form, decomposition is mainly accomplished by soil fauna (mull, moder) or 
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cellulose-decomposing fungi. Slow decomposition is characterised by a partly decomposed matted 
layer, permeated by hyphae. 

OFz = zoogenous (decomposition mainly by soil fauna, mostly macro- and mesofauna, thus 
faunal droppings are easily recognisable); 

OFnoz = not zoogenous horizon, faunal droppings are sparse to absent ; fungal hyphae can be 
recognizable but most of them are not saprophytic ones). 

OFr = horizon mainly consisting of a felt of roots/rhizomes (living/dead) 
OFw = horizon including > 33 % decaying wood from coarse woody debris 

Indices l (10-30 % of org. fine substance) and n (30-70 %) may be used in addition to indicate the 
degree of fragmentation)  
OH (humus, humification): characterised by an accumulation of decomposed organic matter. The 
original structures and materials are not discernible. Organic fine substance amounts to more than 70 
% by volume. OH differs from the OF horizon by showing a more advanced humification due to the 
action of soil organisms 

OHz = zoogenous; droppings of soil fauna (epigeic earthworms, arthropods, etc.) dominate. A 
fine structure (less than 3 mm) is typical;  

OHnoz = no zoogenous properties, with poor microbial and animal activity. 
OHr: horizon mainly consisting of a felt of roots/rhizomes (living/dead) 
OHw = horizon including > 33 % decaying wood from coarse woody debris 

OM: designates more or less living moss layers or matted grass-roots/rhizomes on top of the humus 
profile, where the difference between living and dead organic matter is not easily possible and the 
distinction between OL, OF or OH is hampered. 
 
Humic mineral soil horizons (A), The A-horizon is a master mineral soil horizon formed near the soil 
surface and characterised by an accumulation of organic substances. The content of organic carbon in 
the soil fraction < 2mm is less than 17 % by mass. As a rule of thumb value and chroma of the soil 
sample differ at least 1 unit from an overlying H-horizon. 
 
Az (biomacrostructured A horizon), dark coloured clay-humus complexes are formed. Significant 
action of anecic and endogeic earthworms create a typical crumb structure 
 
Ajz = the transition from the OH horizon to the mineral soil is gradual; biogenous intermixing (by 
epigeic worms,  Arthropods or Enchytreids; juxtaposition of faecal pellets or particular organic matter 
with mineral particles) dominates over infiltration of humic substances 
 
Aze = the humus is mainly infiltrated, the horizon shows a weak podzolisation (diffuse bleached 
spots). While the Aze horizon is sharply delineated from the OH horizon the  transition to the B-
horizon is gradual. The structure is compact (coherent), sometimes platy 
 
Ae = The Ae horizon is podzolised, the colour of the bleached parts is greyish sometimes with a violet 
hue. The structure is in transition from coherent (minerals cemented with humic substances) towards 
loose single grain, structureless conditions (when podzolisation is well developed) 
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an added g letter indicates the presence of hydromorphic conditions 
 

Semiterrestrial Soils - Diagnostic horizons 

Aa = Characteristic horizon of ‘Anmoor’. This mineral horizon contains 8-17 % organic carbon (and 
is at least 20 cm thick. An Aa horizon is developed under the influence of stagnant water or fluctuating 
groundwater. The organic substance is highly humified, the consistence is greasy (smeary). The 
horizon may be biomacrostructured (Aaz) when the water table has fallen. 
 
H =  organic horizons formed under prolonged water saturation 
Hs (sapric) : largely well decomposed plant residues  
Hf  (fibric) : largely consisting of poorly decomposed plant residues 
Hfs: intermediate between Hf and Hs 
Hz (zoogenic): largely well decomposed plant residues with a high worm activity 
Hsl (limnic): largely well decomposed plant residues with high mineral content under aquatic 
conditions. 
 
 

Factor 1
Faunal activity
pH, nutrients
mineral content
litter quality

Factor 2
Water saturation
Anaerobiosis

Factor 3
Other factors that
hamper incorporation
of organic matter into
the mineral soil
(lack of clay, 
temporary drought, 
excess litter input etc.)

Eco-diagram of humus formation
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Mull no OH, Az from anecic and endogeic earthworms 
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Moder OH and Ajz/Aze, gradual transition OH-A 
OF, OHz if overlying bedrock/coarse debris 

Mor 
OH and Ae/E (with sharp transition to OH) 
soil macrofauna absent, low abundance or absence of mesofauna, Ae never
zoogenic 

Amphihumus 
OHz and Az 
thick holorganic horizon with more or less sharp transition to the below
zoogenous Az 

 

Anmoor 

Aa: contains 8-17% organ. carbon, at least 20 cm thik, developed under
influence of stagnant water or fluctuationg groundwater, organic substance
highly humified with greasy (smeary) consistence. horizon may be
biomacrostructured (Aaz) when water table has fallen 

Histomull 

Hz dominant with high faunal activity (anecic worms) 
Drained eutrophic peat sols with high content of clay (10-30) or peat with thin 
subdominant clay cover. 
Mostly grasslands, sometimes drained Elder woods 
Ectoorganic layers are rare or extremely thin 

Histomoder Hs dominant, faunal activity mainly springtails 

Histomor No or nearly no faunal activity 
fibric – mesic – sapric forms 

 

 (10) Soil unit 

Level of detail 

The coding system, used in the first survey, to define the soil unit according to the Revised Legend of 
the FAO-Unesco Soil Map of the World (FAO, 1988), was up to the level of the soil unit. When 
changing to WRB, this level of detail logically corresponds to the use of one qualifier. The 2003 
version of the manual allows the classification up to the level of a second qualifier. 
On the other hand, the European Soil Database (SGDBE) asks in its instruction guide the soil unit up 
to the level of one qualifier (with the possibility of adding one ‘complementary code’). 

Coding system 

When introduced in 1998, WRB proposed a unique letter coding system (two letter code for the 
Reference Soil Group preceded by a two to three letter code referring to the most important qualifier).  
The current manual (FSCC, 2003) recommends the used of the WRB coding system using characters. 

Revised legend 

The Scientific Committee of the European Soil Bureau decided to use both the World Reference Base 
(WRB) for Soil Resources, as recommended by the International Union of Soil Sciences (IUSS), and 
the FAO 1990 Soil Legend for defining soil names of the soil typological units in the ESD. It is 
mandatory to fill in the field with the ‘Soil Major Group’ code and the ‘Soil Unit’ code of the FAO 
1988 system. Nevertheless WRB is the most important reference for harmonisation.  
 



Evaluation of the Manual  51 

WRB 2006 

Related to some major reference groups e.g. Alisols, WRB 2006 will simplify the diagnostic criteria. 
WRB 1998 required an extensive set of chemical analysis as requirements to fit the diagnostic Alic 
properties (such as exchangeable cations in buffered NH4OAc and effective CEC, total element 
analysis, KCl extractable Al,…). The new version of WRB will probably skip the Alic properties and 
replaces them by a BS less than 50% between 25 and 100 cm soil depth. 
 

Recommendations 

(1) Country code 
Missing country codes should be added. 

(10) Soil unit 

Level of detail 

In favour of compatibility with other databases, FSCC recommends the use of two qualifiers. (or soil 
unit adjective codes). To the soil unit adjective codes, a specifier code can be added when applicable. 

Coding system 

The full WRB Soil Unit Code can consist of up to 9 characters:  
• The first two characters refer to the Reference Soil Group code and must be filled with a code 

selected from the list of the Reference Soil Groups (ICP-F Manual, explanatory Item 10.A)  
• The second two characters are filled with a code selected from the list of the Soil Unit Adjective 

Codes (ICP-F Manual, explanatory Item 10.B). 
• The fifth character may contain the Specifier code, which adds some more information and is 

optional (ICP-F Manual, explanatory Item 10.C). 
 

WRB-RREFERENCE SOL GROUP CODES and their meanings 

AC Acrisol FL Fluvisol PZ Podzol 
AB Albeluvisol GL Gleysol RG Regosol 
AL Alisol GY Gypsisol SC Solonchak 
AN Andosol HS Histosol SN Solonetz 
AT Anthrosol KS Kastanozem UM Umbrisol 
AR Arenosol LP Leptosol VR Vertisol 
CL Calcisol LX Lixisol   
CM Cambisol LV Luvisol   
CH Chernozem NT Nitisol   
CR Cryosol PH Phaeozem   
DU Durisol PL Planosol   
FR Ferralsol PT Plinthosol   
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• This means that first 4 characters may never be blank (un-informed). Only the fifth may remain 
blank when that level of detail is not available. 

 
WRB- Soil unit adjective codes  and their meanings 

ap Abruptic fr Ferric mz Mazic rs Rustic 
ae Aceric fi Fibric me Melanic sz Salic 
ac Acric fv Fluvic ms Mesotrophic sa Sapric 
ao Acroxic fo Folic mo Mollic si Silic 
ab Albic fg Fragic na Natric sl Siltic 
ax Alcalic fu Fulvic ni Nitic sk Skeletic 
al Alic ga Garbic oh Ochric so Sodic 
au Alumic ge Gelic om Ombric sd Spodic 
an Andic gt Gelistagnic or Orthic sp Spolic 
aq Anthraquic gr Geric oa Oxyaquic st Stagnic 
am Anthric gi Gibbsic ph Pachic su Sulphatic 
ah Anthropic gc Glacic pe Pellic ty Takyric 
ar Arenic gl Gleyic pt Petric tf Tephric 
ai Aric gs Glossic pc Petrocalcic tr Terric 
ad Aridic gz Greyic pd Petroduric ti Thionic 
az Arzic gm Grumic pg Petrogypsic tx Toxic 
ca Calcaric gy Gypsic pp Petroplinthic tu Turbic 
cc Calcic gp Gypsiric ps Petrosalic um Umbric 
cb Carbic ha Haplic pi Placic ub Urbic 
cn Carbonatic hi Histic pa Plaggic vm Vermic 
ch Chernic ht Hortic pn Planic vr Vertic 
cl Chloridic hu Humic pl Plinthic vt Vetic 
cr Chromic hg Hydragric po Posic vi Vitric 
cy Cryic hy Hydric pf Profondic xa Xanthic 
ct Cutanic hk Hyperskeletic pr Protic ye Yermic 
dn Densic ir Irragric rd Reductic   
du Duric II Lamellic rg Regic   
dy Dystric le Leptic rz Rendzic   
et Entic li Lithic rh Rheic   
eu Eutric Ix Lixic ro Rhodic   
es Eutrisilic Iv Luvic ru Rubic   
fl Ferralic mg Magnesic rp Ruptic   

 
WRB- SOIL UNIT SPECIFIER CODES and their meanings 

d Bathi r Para   
c Cumuli t Proto   
n Endo b Thapto   
p Epi     
h Hyper     
w Hypo     
o Orthi     
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• The sixth characters is a separator “-“. The seventh and eight character refer to the second Soil 
Adjective selected in the second table above. The ninth character refers to the Specifier code of the 
second adjective code, if appropriate.  

 
Note that for the sequence of the Soil Adjective Codes the priority rules (FAO/ISRIC/ISSS, 1998) 
have be to strictly applied. 
 

WRB 2006 

The second approximated to WRB will improve for many soil types (also for the Mediterranean Soils). 
Classifying according to WRB 2006 might be easier – and in some case require less chemical analysis 
– which makes the new approximation more interesting than WRB 1998. The question is whether we 
shall adopt WRB 2006 for the BioSoil project once it is officially published? 

DAR-Q 

Reporting of concentrations below detection limit 

The manual (version 1998 and version 2003) recommends to use the code ‘-1’ of values below 
detection limit and to put a ‘0’ or leave it blank for other missing values. 

There are problems when coding as ‘-1’ e.g. when calculations are necessary, the error and/or 
missing will not be detected e.g. by calculating the sum of basic cations, base saturation, etc... A 
similar problem occurs when leaving the cell blank or when putting a ‘0’ for missing values. 
Therefore, we would suggest to use ‘-9999’ for values below detection limit. In that case, the 
width of the ASCII file should be adjusted. An alternative possibility is reporting ‘-99.99’. 
 
The situation in the previous survey was different, where cells with missing values have been left 
blank in the Forest Soil Condition Database. But this did not immediately imply a problem with 
derived parameters because at that time, it was mandatory to report BS, ACE and BCE without 
reporting the individual concentrations. Now, the manual asks for the individual exchangeable 
elements and not for the derived parameters such as BS, ACE and BCE. 

 
When the analysis is not performed, or when the sample did not exist (eg organic sample in summer). 
Cell are preferentially left blank (For MS Access at least the best solution). 

Information on Sampling Analytical Method 

In the forms of the updated manual, information on Sampling Analytical Method has not been 
included. The major reason is that ALL ANALYSIS SHOULD BE ACCORING TO THE 
REFERENCE METHOD without the option of analysing according to alternative method. Other 
specification should be given in the DAR-Q (still to be updated). 
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ANNEX: CHEMICAL AND PHYSICAL ANALYSIS CONDUCTED IN THE TESTING PHASE 

10 Level I plots 

I.1. Physical soil parameters 

I.1.1. Weight of the organic layer 

Plot N° Layer Thickness 
(cm)

Fresh 
weight 
(kg/m2)

Air dry 
weight 
(kg/m2)

Oven dry 
weight 
(kg/m2)

104 L 5.9 3.03 0.79 0.72
104 F+H 0 - - -
203 L 2.0 6.21 1.84 1.70
203 F+H 4.3 20.11 7.49 7.15
214 L 3.7 1.85 0.42 0.39
214 F+H 1.3 5.84 1.35 1.27
215 L 3.4 1.65 0.51 0.47
215 F+H 2.8 9.99 2.66 2.55
302 L 4.6 3.63 0.78 0.71
302 F+H 3.1 6.85 2.36 2.27
412 L 0.5 0.66 0.23 0.21
412 F+H 0.3 0.71 0.29 0.27
502 L 3.2 6.13 2.10 1.93
502 F+H 6.1 31.71 15.24 14.62
612 L 4.3 2.71 0.86 0.79
612 F+H 4.8 17.77 8.54 8.20
714 L 1.1 1.50 0.29 0.27
714 F+H 0 - - -
804 L 3.6 2.88 0.79 0.73
804 F+H 8.5 27.81 12.53 12.20  
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I.1.2. Mineral Soil Bulk Density 

BD (kg/m3)
Plot_id Layer 1 2 3 4 5 6

104 M05 746 610 811
M51 898 802 699
M12 1128 804 644
M24 1243 986 852
M48 1477 1484 1460

203 M05 1244 1177 1025 1154 1204 890
M51 1278 1253 1038 1281 1304 1289
M12 1194 1349 1417 1337 1447 1453
M24 1410 1356 1542 1372 1358 1405
M48 1528 1370 1446 1539 1425 1444

214 M05 1055 1106 1052 1036 1165 1038
M51 1181 1160 1260 1200 877 1164
M12 1256 1316 1298 1332 1233 1354
M24 1308 1211 1044 1492 1414 1437
M48 1337 1240 1430 1341 1497 1243

215 M05 1359 1386 1383 1344 1427 1286
M51 1469 1232 1183 1118 1323 1389
M12 1149 1307 1192 1317 1395 1332
M24 1090 1078 1063 1371 1396 1371
M48 1480 1138 1444 1179 1562 1387

302 M05 907 733 988 642 1229 307
M51 948 962 1104 649 1070 293
M12 1203 921 1187 433 1327 294
M24 1303 771 1134 571 1195 301
M48 1424 1050 1129 819 1421 291

412 M05 962 875 1045
M51 1115 1107 986
M12 1272 1140 1031
M24 1178 1420 1199
M48 1252 1303 1321

502 M05 1299 1352 1034
M51 1339 1195 1212
M12 1295 1303 1061
M24 1293 1158 1153
M48 1334 1601 1511

612 M05 873 497 1299
M51 843 876 1340
M12 1215 886 1449
M24 1188 1022 1231
M48 1271 1518 1610

714 M05 361 342 284
M51 - (*) - (*) - (*)
M12 - (*) - (*) - (*)
M24 - (*) - (*) - (*)
M48 - (*) - (*) - (*)

804 M05 1345 1416 978 828 1315 936
M51 1308 1364 1316 1320 1392 1539
M12 1530 1413 1066 1357 1498 1354
M24 1591 1538 1477 1436 1612 1654
M48 1657 1665 1466 1587 1640 1405

(*): too wet to take undisturbed Kopecky samples

Replicate
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I.1.3. Particle size distribution (%) 
Plot id Layer Clay Silt Sand

104 M05 26.2 38.7 35.1 L loam
104 M51 25.0 38.5 36.5 L loam
104 M12 24.6 40.0 35.4 L loam
104 M24 19.8 41.5 38.8 L loam
104 M48 17.6 40.8 41.5 L loam
203 M05 3.9 11.9 84.2 LS loamy sand
203 M51 4.1 9.5 86.4 LS loamy sand
203 M12 4.2 10.9 84.9 LS loamy sand
203 M24 4.7 13.4 81.9 LS loamy sand
203 M48 4.4 13.5 82.2 LS loamy sand
214 M05 25.5 61.5 13.0 SiL silt loam
214 M51 26.7 58.5 14.8 SiL silt loam
214 M12 26.3 61.3 12.4 SiL silt loam
214 M24 26.1 61.0 13.0 SiL silt loam
214 M48 29.5 60.8 9.7 SiCL silty clay loam
215 M05 28.5 65.9 5.5 SiCL silty clay loam
215 M51 24.1 60.6 15.3 SiL silt loam
215 M12 24.6 62.3 13.1 SiL silt loam
215 M24 34.2 65.0 0.8 SiCL silty clay loam
215 M48 24.0 62.3 13.7 SiL silt loam
302 M05 23.1 58.9 18.0 SiL silt loam
302 M51 23.5 58.0 18.5 SiL silt loam
302 M12 23.7 52.2 24.1 SiL silt loam
302 M24 25.7 58.1 16.2 SiL silt loam
302 M48 24.7 63.5 11.8 SiL silt loam
412 M05 22.3 73.0 4.6 SiL silt loam
412 M51 20.1 73.3 6.6 SiL silt loam
412 M12 26.2 72.6 1.2 L silt loam
412 M24 22.2 71.7 6.1 SiL silt loam
412 M48 23.3 70.8 5.9 SiL silt loam
502 M05 6.6 27.7 65.7 SL sandy loam
502 M51 6.2 34.6 59.2 SL sandy loam
502 M12 6.4 26.1 67.5 SL sandy loam
502 M24 6.0 25.7 68.3 SL sandy loam
502 M48 6.9 24.6 68.5 SL sandy loam
612 M05 19.9 48.1 32.0 L loam
612 M51 18.2 30.1 51.7 L loam
612 M12 16.3 23.9 59.8 SL sandy loam
612 M24 16.8 28.2 55.0 SL sandy loam
612 M48 15.7 26.9 57.4 SL sandy loam
714 M05 28.9 44.2 26.9 CL clay loam
714 M51 27.0 48.8 24.2 L clay loam - loam
714 M12 26.2 49.8 24.0 L loam
714 M24 26.7 31.0 42.4 L loam
714 M48 10.7 26.8 62.5 SL sandy loam
804 M05 9.7 40.6 49.7 L loam
804 M51 11.3 36.3 52.4 L sandy loam
804 M12 11.0 40.0 48.9 L loam
804 M24 11.9 43.7 44.4 L loam
804 M48 8.5 46.2 45.3 L loam

Particle size class
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I.2. Chemical soil parameters 

I.2.1. pH, Total Organic Carbon, Total Nitrogen, Carbonates 

 
Plot Layer pH(CaCl2) pH(H2O) TOC (g/kg) Mod-N (g/kg) Carbonates (g/kg)
104 M05 5.1 5.5 93.7 6.6 ND
104 M51 5.1 5.5 77.8 5.8 ND
104 M12 5.3 5.7 62.2 5.1 ND
104 M24 5.7 6.1 30.1 2.3 ND
104 M48 6.1 6.4 16.3 1.2 10
203 F+H 2.9 3.8 340.8 12.9 ND
203 M05 3.0 3.7 34.6 1.5 ND
203 M51 3.2 3.7 18.0 1.1 ND
203 M12 3.5 3.8 18.7 0.9 ND
203 M24 3.6 3.9 17.6 0.7 ND
203 M48 3.8 3.8 13.8 0.7 ND
214 M05 3.3 3.4 72.0 2.8 ND
214 M51 3.3 3.5 33.1 1.7 ND
214 M12 3.4 3.5 17.2 1.3 ND
214 M24 3.5 3.7 10.6 1.0 ND
214 M48 3.7 4.0 7.4 0.7 ND
214 F+H 3.8 4.4 415.4 18.8 ND
215 M05 3.2 3.4 64.1 2.2 ND
215 M51 3.4 3.5 14.8 0.8 ND
215 F+H 3.5 4.3 463.8 19.4 ND
215 M12 3.7 3.7 6.9 0.4 ND
215 M24 3.7 3.7 8.1 0.5 ND
215 M48 3.8 3.8 8.8 0.4 ND
302 F+H 3.5 4.3 248.9 13.4 ND
302 M05 3.9 4.3 74.7 3.8 ND
302 M51 3.9 4.5 54.0 3.6 ND
302 M12 4.5 4.9 42.2 2.5 ND
302 M48 4.8 5.0 25.6 1.3 ND
302 M24 5.1 5.2 42.3 2.4 ND
412 M05 5.1 5.8 42.2 3.2 ND
412 F+H 5.4 6.1 299.6 13.2 ND
412 M51 5.4 6.0 29.0 2.2 ND
412 M12 5.7 6.2 20.9 1.9 ND
412 M24 6.3 7.1 13.0 1.4 19
412 M48 6.5 8.1 3.7 0.9 24
502 F+H 2.9 3.7 339.2 12.5 ND
502 M05 3.0 3.6 46.8 1.9 ND
502 M51 3.1 3.6 25.7 1.3 ND
502 M12 3.3 3.7 23.1 1.2 ND
502 M24 3.4 3.7 23.7 1.2 ND
502 M48 3.9 4.1 13.7 0.7 ND
612 M05 3.2 3.9 78.0 3.4 ND
612 M51 3.2 3.8 37.5 1.9 ND
612 M12 3.3 3.8 31.3 1.8 ND
612 M24 3.4 3.8 20.7 1.0 ND
612 M48 3.9 4.4 16.9 0.9 ND
612 F+H 4.3 4.7 203.8 10.3 ND
714 M05 3.9 4.2 196.4 9.1 ND
714 M51 4.2 4.4 224.1 9.2 ND
714 M12 4.5 4.8 211.5 6.8 ND
714 M48 4.5 4.8 53.6 2.1 ND
714 M24 4.6 4.9 106.2 5.2 ND
804 M05 2.8 3.6 34.8 1.7 ND
804 F+H 2.9 3.8 324.9 11.3 ND
804 M51 3.3 3.6 15.4 0.8 ND
804 M48 3.6 4.0 4.6 0.4 ND
804 M12 3.8 3.8 14.7 0.7 ND
804 M24 4.8 3.9 13.9 0.6 ND

ND: not determined because pH(CaCl2)<6 (mineral soil) or pH(CaCl2)<5.5 (organic layers)  
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1.2.2. Aqua regia extractable elements (ppm or mg/kg) 
plotnr Laag P Ca K Mg Mn Cu Pb Cd Zn Al Fe Cr Ni S Na

104 L 1102.1 29918.7 9038.3 2705.1 176.7 9.3 9.7 2.1 232.8 2385.4 3162.9 6.7 3.8 3212.9 1298.8
104 M05 924.1 7764.8 436.2 2771.0 224.6 12.9 43.9 0.7 120.4 27282.1 31306.5 44.6 19.0 1220.8 342.9
104 M51 788.6 7002.2 398.2 2684.7 215.8 11.6 39.3 0.5 102.3 26376.9 30514.8 42.0 18.6 1047.9 277.1
104 M12 655.9 6295.2 182.3 2656.1 183.8 10.3 33.6 0.6 96.3 28798.0 33493.8 48.4 18.8 882.5 286.0
104 M24 318.7 4958.2 318.4 2270.5 136.1 6.2 16.7 <0.50 64.9 19901.0 26879.3 37.3 16.0 431.2 158.5
104 M48 235.7 4680.3 241.6 2423.9 143.3 5.5 10.7 <0.50 65.7 20906.4 25016.8 39.4 16.6 347.1 249.1
203 L 773.2 3442.7 1227.2 711.9 372.1 14.1 73.4 0.6 71.6 808.6 1490.0 4.3 5.0 2073.1 153.8
203 F+H 472.9 1561.9 507.7 345.8 101.8 18.8 72.2 0.4 40.2 1295.6 2574.3 6.5 6.5 2884.2 116.5
203 M05 183.4 667.8 1992.7 275.5 33.7 5.0 25.3 <0.50 7.9 3563.8 2177.1 9.5 <5 394.4 <50
203 M51 192.2 649.2 1863.2 287.6 32.3 5.2 20.6 <0.50 8.4 3837.1 2051.7 13.2 <5 282.2 <50
203 M12 182.2 744.8 1867.3 336.1 42.0 4.3 17.5 <0.50 6.9 5158.2 2115.8 12.5 <5 211.9 <50
203 M24 173.9 653.3 1524.8 332.0 38.4 3.9 20.0 <0.50 6.2 5103.7 1808.8 10.2 <5 148.8 <50
203 M48 169.2 731.6 1532.4 382.3 34.0 3.8 15.0 <0.50 7.5 5173.3 1927.6 11.1 <5 147.2 <50
214 L 972.2 14428.1 2546.8 1903.7 2520.0 13.9 11.9 0.4 64.4 1716.4 2182.2 5.5 7.7 1855.8 236.9
214 F+H 832.3 7229.2 2034.5 1653.8 1091.6 21.0 61.9 0.7 74.6 4210.6 7213.8 14.1 11.8 2352.8 140.0
214 M05 459.2 1208.6 3301.2 3572.6 162.9 13.2 77.2 <0.50 58.5 27373.4 24196.0 47.0 16.2 734.0 52.1
214 M51 334.3 927.2 2083.9 3778.8 195.7 9.9 32.8 <0.50 57.2 28894.7 25816.2 49.4 14.9 387.8 184.8
214 M12 220.5 854.7 1616.5 3723.0 201.6 7.9 21.2 <0.50 59.1 25559.6 24741.8 53.2 15.4 230.4 117.0
214 M24 159.6 994.4 1954.9 4200.0 201.7 7.6 14.2 <0.50 54.8 32193.7 26678.3 54.8 18.6 135.3 174.7
214 M48 151.4 1659.8 2734.7 5747.8 212.6 9.3 13.7 <0.50 57.8 38556.1 33362.7 66.9 23.0 125.8 236.2
215 L 549.7 7426.3 2148.3 1052.5 678.0 10.8 14.8 0.4 63.7 435.4 653.8 2.5 <3.5 1618.6 241.6
215 F+H 634.8 5151.7 1560.9 969.2 350.2 17.5 108.6 0.9 97.3 3245.5 4868.6 10.9 9.0 2380.1 165.7
215 M05 213.7 1061.6 2047.6 2643.1 143.6 9.7 71.2 <0.50 53.1 23191.8 22951.7 46.5 15.3 558.0 178.3
215 M51 115.3 566.0 2364.8 2740.3 197.6 6.1 27.4 <0.50 41.5 21195.3 23931.5 38.6 13.4 170.2 105.8
215 M12 92.8 653.2 2252.8 2739.5 255.8 5.1 13.3 <0.50 37.7 23201.9 23426.9 38.7 13.9 184.5 <50
215 M24 92.3 735.9 1968.0 2255.3 173.6 4.2 9.8 <0.50 33.9 21932.7 23166.9 38.3 12.0 133.6 64.5
215 M48 106.9 744.8 2519.7 2904.7 160.9 5.7 11.8 <0.50 42.6 26083.2 25252.6 44.2 15.3 171.0 83.2
302 L 1193.6 17328.3 2414.6 1808.6 1393.3 12.7 17.7 0.6 149.6 600.0 937.4 3.2 5.6 2181.8 157.0
302 F+H 560.0 4069.7 843.2 650.4 180.3 18.5 101.3 0.6 79.3 2867.9 5936.5 14.2 6.5 2071.5 77.2
302 M05 439.2 3551.2 1248.1 1614.8 160.4 9.6 54.5 <0.50 59.1 14599.5 12648.5 31.7 11.6 860.5 69.4
302 M51 382.4 2851.3 2519.6 1679.1 129.1 9.0 37.3 <0.50 50.2 15486.5 13021.7 30.5 10.2 680.2 67.0
302 M12 290.0 3760.4 1628.1 1842.6 131.0 10.1 23.7 <0.50 48.1 18750.3 13117.8 35.3 14.4 612.5 80.3
302 M24 287.9 5315.2 2568.1 2057.2 159.4 7.9 18.1 <0.50 45.7 19955.4 13670.3 39.8 17.1 884.8 101.7
302 M48 143.4 3790.1 1874.7 2446.3 133.9 5.4 9.6 <0.50 36.9 19311.7 13633.4 33.3 15.6 810.5 130.6
412 L 1466.9 24766.6 6801.9 3347.3 355.1 12.1 8.4 0.4 67.3 2543.3 3374.5 7.1 4.9 1901.9 176.2
412 F+H 1179.6 10310.9 3771.8 2915.8 458.0 17.1 17.8 0.6 70.3 8452.4 9739.0 18.3 11.5 1331.7 169.3
412 M05 580.1 5347.2 466.2 3671.7 335.9 12.4 27.7 <0.50 71.9 19108.4 21665.2 34.8 21.0 417.2 217.4
412 M51 549.7 4837.6 313.8 3703.7 339.9 12.3 27.2 0.5 73.5 19158.4 21955.5 37.8 20.4 338.2 247.5
412 M12 513.4 4942.3 761.1 3902.1 343.9 11.9 22.9 <0.50 65.7 20618.0 23810.0 36.3 20.9 275.6 230.4
412 M24 467.3 7557.2 264.4 4395.7 342.8 11.2 14.9 <0.50 55.5 21402.4 24811.5 37.4 23.4 204.5 197.4
412 M48 453.4 12953.3 612.4 4644.8 389.7 10.9 9.7 <0.50 50.0 21594.8 30145.9 36.4 22.7 180.8 124.7
502 L 900.2 4130.8 1361.8 864.2 327.8 22.8 78.1 1.5 115.5 1042.8 1643.8 8.2 9.3 1932.8 173.1
502 F+H 666.4 1402.1 718.1 387.5 64.0 50.3 238.6 1.0 81.8 2551.8 5537.4 10.6 16.1 1915.8 118.3
502 M05 421.4 322.0 722.9 326.3 23.7 9.0 39.7 <0.50 7.7 3242.7 5956.8 9.6 <5 336.1 <50
502 M51 518.8 274.5 276.7 317.2 47.1 6.1 26.5 <0.50 <5 3300.4 8813.3 9.7 <5 235.1 <50
502 M12 496.7 329.6 542.5 338.9 42.2 6.3 24.8 <0.50 <5 3620.5 5780.8 9.5 <5 218.5 <50
502 M24 442.9 300.6 709.5 331.7 23.8 5.1 25.1 <0.50 <5 3572.6 5330.9 8.4 <5 229.9 <50
502 M48 199.1 238.9 619.3 458.9 16.2 <2.5 6.7 <0.50 <5 5037.1 5181.2 8.3 <5 133.3 <50
612 L 1198.2 18338.2 4797.1 1124.3 740.9 14.0 13.1 1.2 146.0 479.8 2263.4 3.0 4.5 1542.5 141.7
612 F+H 1025.7 7227.4 1861.9 791.1 241.1 32.3 112.3 1.0 134.7 3524.7 15448.7 17.6 8.9 1311.5 71.6
612 M05 1362.2 524.1 2900.5 1046.8 37.9 13.8 49.3 <0.50 26.5 7463.7 32500.9 15.8 <5 658.6 <50
612 M51 853.7 756.8 799.6 1136.6 37.8 5.4 18.8 <0.50 15.0 7333.3 28925.3 15.8 <5 395.3 <50
612 M12 891.9 569.2 377.9 648.8 45.6 4.0 11.8 <0.50 15.4 7367.4 34385.1 15.2 <5 321.4 <50
612 M24 767.0 616.6 792.4 1244.1 49.0 3.5 10.4 <0.50 14.8 8311.7 31537.8 16.8 <5 300.9 <50
612 M48 1504.2 1709.1 1449.6 1608.3 45.9 3.5 5.6 <0.50 20.4 9716.5 45276.2 20.0 5.7 258.5 <50
714 L 1313.6 19923.9 2138.1 1823.7 1577.8 21.0 7.8 1.9 370.0 830.9 2080.9 4.0 10.9 2622.5 104.5
714 M05 934.4 4002.9 4158.6 1418.2 225.5 25.8 68.2 2.3 152.3 19953.6 31792.8 63.7 36.4 2649.3 178.4
714 M51 1008.9 4881.8 2729.0 1567.7 223.0 29.8 82.2 3.1 184.5 22681.0 38768.8 71.2 43.5 3040.3 236.5
714 M12 641.8 5615.6 4020.4 1622.3 161.4 21.7 46.4 1.9 141.5 22090.0 33229.8 65.9 38.6 2736.0 213.8
714 M24 365.6 4146.7 3620.9 1505.6 104.9 15.2 21.7 1.1 113.3 18801.9 20895.9 51.2 26.7 1687.9 206.2
714 M48 125.4 1737.4 635.5 871.4 58.3 5.5 8.4 <0.50 29.8 9123.2 8810.2 29.9 11.3 807.4 137.7
804 L 658.2 5082.2 1144.2 451.6 1278.8 8.2 18.3 0.9 107.6 840.9 1301.0 3.8 <3.5 1776.1 59.4
804 F+H 469.7 1518.8 726.9 422.7 185.9 21.7 138.9 1.0 100.7 2865.9 4917.1 13.4 8.6 1623.3 104.6
804 M05 157.2 406.0 2377.2 404.1 49.5 7.6 58.4 <0.50 26.6 5128.1 5687.6 11.0 <5 318.9 68.6
804 M51 100.8 567.3 4778.9 446.9 51.3 3.2 23.8 <0.50 13.7 5606.3 4814.2 11.3 <5 134.6 158.2
804 M12 73.2 145.1 4341.3 226.3 34.0 <2.5 15.4 <0.50 10.6 3553.0 4619.4 5.7 <5 111.9 <50
804 M24 111.8 504.1 2622.8 428.0 101.6 <2.5 8.6 <0.50 16.5 8570.6 5793.2 11.2 <5 117.1 112.6
804 M48 108.8 466.9 4755.1 648.9 143.2 <2.5 5.0 <0.50 18.3 8525.9 6227.7 10.5 <5 136.5 124.6  
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I.2.3. Exchangeable elements and oxalate extractable Fe and Al 
Plot id Layer Ca Mg K Na Al Fe Mn Free H+ Exch.Ac Exch.Ac Oxalate extractable

cmol+/kg cmol+/kg cmol+/kg cmol+/kg cmol+/kg cmol+/kg cmol+/kg cmol+/kg cmol+/kg cmol+/kg Al (ppm) Fe (ppm)
104 M05 31.99 3.14 0.70 0.59 0.26 0.02 0.11 0.56 0.20 0.95 839.3 8861.9
104 M51 29.39 3.01 0.61 0.58 0.21 0.02 0.11 0.36 0.47 0.69 834.4 9692.3
104 M12 26.63 2.63 0.49 0.68 0.24 0.00 0.07 0.32 0.43 0.63 708.5 9511.0
104 M24 22.26 2.35 0.33 0.71 0.19 0.00 0.01 0.37 0.14 0.58 496.5 6313.9
104 M48 18.39 1.84 0.28 0.50 0.17 0.00 0.01 0.28 0.29 0.46 330.4 3470.3
203 F+H 5.55 1.68 0.68 0.28 1.39 0.23 0.25 0.00 0.00 1.88 713.5 1765.5
203 M05 0.40 0.12 0.09 0.07 1.77 0.17 0.01 1.05 3.04 2.99 430.4 540.3
203 M51 0.18 0.08 0.07 0.05 2.11 0.13 0.01 0.70 2.83 2.95 631.5 509.3
203 M12 0.09 0.04 0.05 0.05 2.48 0.08 0.01 0.25 2.86 2.82 1008.8 425.4
203 M24 0.08 0.04 0.04 0.05 2.35 0.05 0.01 0.16 2.71 2.56 1302.7 368.9
203 M48 0.08 0.06 0.03 0.05 1.74 0.03 0.01 0.14 2.05 1.92 1325.7 260.7
214 F+H 30.28 6.27 2.11 0.53 <0.7 <0.08 3.15 0.00 0.00 3.15 535.0 1481.7
214 M05 3.16 0.87 0.64 0.05 7.83 1.39 0.19 1.44 6.33 10.86 1335.2 4322.6
214 M51 1.76 0.51 0.46 0.04 8.48 1.04 0.13 0.97 6.80 10.63 1385.5 4105.3
214 M12 1.13 0.44 0.39 0.04 8.97 0.56 0.09 0.60 6.77 10.21 1545.6 3788.8
214 M24 1.56 0.67 0.35 0.03 8.03 0.12 0.08 0.28 6.19 8.50 1615.1 3189.0
214 M48 4.63 2.12 0.55 0.11 6.42 <0.04 0.08 0.23 4.65 6.73 1486.2 3112.7
215 F+H 22.46 3.77 1.84 0.64 1.54 0.26 1.05 0.00 0.00 2.85 901.4 881.7
215 M05 1.15 0.27 0.36 0.05 8.54 0.80 0.04 0.96 6.77 10.33 1712.3 2528.9
215 M51 0.29 0.14 0.23 0.04 6.71 0.31 0.02 0.24 6.88 7.27 1498.6 2580.4
215 M12 0.13 0.10 0.18 0.05 5.94 0.08 0.02 0.16 6.05 6.19 1511.0 2527.4
215 M24 0.08 0.07 0.13 0.08 4.61 0.07 0.01 0.18 4.68 4.86 1634.4 2503.2
215 M48 0.08 0.08 0.18 0.07 5.57 0.07 0.01 0.14 5.75 5.78 1742.5 2673.2
302 F+H 19.64 2.28 1.18 0.13 0.68 0.43 0.54 0.00 0.00 1.65 636.5 1625.5
302 M05 11.35 0.86 0.27 0.05 1.77 0.52 0.17 0.55 1.97 3.01 1025.7 3221.7
302 M51 8.72 0.54 0.19 0.03 2.29 0.49 0.12 0.26 2.47 3.16 1118.4 3443.4
302 M12 12.31 0.67 0.13 0.09 0.53 0.27 0.14 0.22 0.96 1.17 1122.4 3208.7
302 M24 17.14 0.98 0.16 0.11 0.06 0.10 0.17 0.14 0.45 0.48 988.6 2621.7
302 M48 13.27 0.96 0.17 0.10 0.01 0.01 0.04 0.16 0.32 0.22 907.6 1663.7
412 F+H 59.97 11.71 4.52 0.22 0.24 0.01 1.03 0.00 0.00 1.28 472.8 2182.1
412 M05 18.14 1.82 0.28 0.14 0.22 0.02 0.14 0.35 0.15 0.73 666.0 3601.1
412 M51 16.43 1.62 0.19 0.13 0.21 0.02 0.11 0.31 0.32 0.65 708.6 4003.6
412 M12 16.25 1.46 0.17 0.11 0.19 0.02 0.06 0.21 0.05 0.49 665.4 3915.3
412 M24 19.11 1.44 0.17 0.10 0.20 0.02 0.01 0.58 0.03 0.81 648.6 2663.7
412 M48 15.46 1.05 0.21 0.14 0.13 0.02 0.01 0.43 0.05 0.59 702.5 2660.1
502 F+H 4.78 1.15 0.86 0.49 3.56 0.85 0.17 0.00 0.00 4.59 930.0 1704.0
502 M05 0.38 0.10 0.13 0.08 2.15 0.32 0.01 1.21 3.49 3.70 490.9 1472.4
502 M51 0.15 0.06 0.08 0.06 1.68 0.24 0.01 0.66 2.63 2.59 507.0 1836.9
502 M12 0.08 0.06 0.06 0.05 1.65 0.17 0.01 0.46 2.77 2.29 616.9 1714.5
502 M24 0.08 0.04 0.05 0.05 2.13 0.15 0.01 0.29 2.20 2.57 932.5 1700.6
502 M48 0.04 0.05 0.03 0.04 1.64 0.06 0.01 0.16 1.39 1.85 1672.2 1025.2
612 F+H 26.99 0.97 1.30 0.21 0.06 0.28 0.42 0.00 0.00 0.76 509.0 6687.0
612 M05 4.01 0.29 0.24 0.09 2.10 0.69 0.02 1.25 3.80 4.05 525.2 13959.1
612 M51 1.62 0.15 0.14 0.07 2.21 0.71 0.01 0.96 3.92 3.89 462.4 12978.5
612 M12 0.96 0.16 0.14 0.05 2.67 0.73 0.01 0.92 3.91 4.33 507.5 11982.1
612 M24 0.73 0.09 0.09 0.07 2.88 0.36 0.01 0.48 3.65 3.72 705.9 12167.5
612 M48 4.07 0.36 0.15 0.14 0.79 0.17 0.02 0.24 1.36 1.22 516.0 12054.1
714 M05 16.00 1.23 0.37 0.19 2.62 1.22 0.30 1.10 6.55 5.24 1953.6 17471.8
714 M51 18.69 1.32 0.27 0.25 2.11 0.90 0.29 0.33 5.47 3.63 2405.5 23485.0
714 M12 24.06 1.62 0.17 0.34 0.27 0.67 0.27 0.08 3.39 1.29 2202.4 21408.6
714 M24 15.16 1.10 0.13 0.23 <0.15 0.43 0.14 0.33 0.73 0.89 1289.2 10438.3
714 M48 6.69 0.50 0.06 0.17 <0.15 0.24 0.06 0.27 0.45 0.56 472.3 3568.1
804 F+H 4.95 1.33 0.77 0.21 3.52 0.71 0.48 0.00 0.00 4.71 886.1 1422.1
804 M05 0.17 0.15 0.11 0.04 2.56 0.37 0.02 0.77 4.04 3.71 616.4 1809.7
804 M51 0.03 0.05 0.05 0.03 2.06 0.22 0.01 0.28 2.73 2.57 789.0 1828.6
804 M12 0.01 0.04 0.04 0.03 2.05 0.13 0.01 0.18 2.32 2.36 1170.4 2270.5
804 M24 0.01 0.03 0.03 0.03 1.29 0.05 0.01 0.07 1.49 1.42 1711.1 2217.6
804 M48 0.00 0.04 0.02 0.03 0.84 0.01 0.01 <0.025 1.01 0.86 1444.5 1577.9  
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II. 5 Level II plots 

II.1 Physical soil parameters 

II.1.1. Thickness of the organic layer 

(cm)      Composite sample (each 8 subsamples)  
Plot ID Layer 1 2 3 

11 L 3.38 2.88 2.75 
11 F 5.75 6.19 5.81 
11 H 2.81 1.67 1.81 
12 L - 0.50 - 
12 F+H 2.56 2.69 2.25 
13 L 3.38 2.63 2.81 
13 F 3.38 3.25 3.16 
13 H 0.43 0.26 0.33 
15 L 0.56 0.46 0.43 
15 F 4.44 4.94 5.44 
15 H 0.26 0.23 0.31 
19 L 1.69 1.31 1.63 
19 F 6.63 6.56 6.28 
19 H 0.14 0.13 0.06 

II.1.2. Weight of the organic layer 

Plot ID Layer 1 2 3 Average 1 2 3 Average 1 2 3 Average
11 L 1.07 1.00 1.13 1.07 0.68 0.66 0.71 0.69 0.63 0.61 0.65 0.63
11 F 33.08 24.61 25.69 27.80 9.75 8.23 8.31 8.80 8.92 7.58 7.62 8.08
11 H 21.29 10.56 16.07 15.97 7.47 4.48 6.51 6.24 7.11 4.28 6.22 5.95
12 F+H 7.55 7.56 7.35 7.49 2.74 2.90 2.94 2.86 2.59 2.75 2.80 2.71
13 L 0.64 0.72 0.78 0.71 0.48 0.54 0.55 0.52 0.44 0.49 0.51 0.48
13 F+H 14.44 11.25 13.48 13.06 5.78 4.48 5.47 5.24 5.46 4.23 5.17 4.95
15 L 2.05 2.22 1.29 1.86 0.73 0.93 0.59 0.75 0.68 0.88 0.55 0.71
15 F+H 18.09 20.12 22.40 20.20 6.98 7.48 8.39 7.62 6.58 7.06 7.92 7.19
19 L 1.90 1.55 1.84 1.76 1.24 0.96 1.46 1.20 1.13 0.87 1.36 1.10
19 F+H 25.48 25.84 22.82 24.71 11.53 11.38 10.27 11.06 10.86 10.68 9.71 10.42

Fresh weight (kg/m2) Air dry weight (kg/m2) Oven dry weight (kg/m2)
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II.1.3. Bulk Density of the fine earth 

BDfe (kg/m3)       
Plot N° Layer KO1 KO2 KO3 KO4 KO5 KO6 

11 M05 747 750 755 660 713 938 
11 M51 1310 1312 1227 1313 1548 1507 
11 M12 1355 1164 1218 1285 1406 1452 
11 M24 1266 1395 1393 1250 1545 1350 
11 M48 1374 1457 1467 1470 1346 1225 
12 M05 760 783 782 506 1112 967 
12 M51 1084 1222 1031 1144 1193 1200 
12 M12 1145 1320 1217 1383 1337 1228 
12 M24 1430 1522 1333 1389 1525 1332 
12 M48 1398 1450 1322 1403 1484 1575 
13 M05 1140 985 1110 1082 1061 1150 
13 M51 1185 1130 1271 1032 1235 1300 
13 M12 1328 1234 1183 1313 1083 1309 
13 M24 1319 1327 1261 1370 1294 1388 
13 M48 1353 1214 1200 1400 1486 1420 
15 M05 1426 1397 1292 1393 1428 1444 
15 M51 1451 1396 1554 1502 1320 1506 
15 M12 1389 1484 1456 1485 1441 1523 
15 M24 1323 1479 1505 1536 1544 1571 
15 M48 1402 1532 1484 1511 1592 1476 
19 M05 1470 1145 1519 1347 1431 1541 
19 M51 1444 1081 1386 1357 1467 1439 
19 M12 1365 1583 1389 1505 1490 1356 
19 M24 1521 1670 1324 1363 1315 1231 
19 M48 1308 1608 1246 1403 1299 1513 
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II.1.4. Particle size distribution and coarse fragments 
Plot ID Layer Composite Coarse 

fragments (%) 
Clay 
(%) 

Silt (%) Sand (%) Particle size Class 

11 M05 1 6 9.5 36.5 54.0 SL sandy loam 
11 M05 2 5 10.6 32.0 57.3 SL sandy loam 
11 M05 3 3 10.7 35.1 54.1 SL sandy loam 
11 M51 1 2 8.8 50.9 40.3 SiL silt loam 
11 M51 2 1 10.1 33.0 56.9 SL sandy loam 
11 M51 3 0 10.1 46.3 43.7 L loam 
11 M12 1 0 12.7 35.8 51.5 L loam 
11 M12 2 1 12.3 37.3 50.4 L loam 
11 M12 3 0 13.1 36.8 50.2 L loam 
11 M24 1 1 12.4 35.5 52.0 L loam 
11 M24 2 0 11.1 35.4 53.5 SL sandy loam 
11 M24 3 0 13.1 35.9 50.9 L loam 
11 M48 1 0 10.6 35.5 53.9 SL sandy loam 
11 M48 2 0 11.8 34.5 53.6 SL sandy loam 
11 M48 3 0 11.5 35.6 52.8 SL sandy loam 
12 M05 1 1 20.4 70.3 9.3 SiL silt loam 
12 M05 2 2 22.2 67.7 10.2 SiL silt loam 
12 M05 3 1 17.8 53.6 28.7 SiL silt loam 
12 M51 1 0 19.3 73.7 7.0 SiL silt loam 
12 M51 2 0 18.9 74.4 6.7 SiL silt loam 
12 M51 3 0 19.6 74.3 6.2 SiL silt loam 
12 M12 1 0 19.7 74.1 6.2 SiL silt loam 
12 M12 2 0 18.8 74.2 7.0 SiL silt loam 
12 M12 3 0 18.8 74.6 6.6 SiL silt loam 
12 M24 1 0 18.8 73.9 7.3 SiL silt loam 
12 M24 2 0 19.6 73.9 6.6 SiL silt loam 
12 M24 3 0 21.6 72.7 5.7 SiL silt loam 
12 M48 1 0 20.4 72.3 7.3 SiL silt loam 
12 M48 2 0 20.4 72.4 7.3 SiL silt loam 
12 M48 3 0 21.6 71.8 6.6 SiL silt loam 
13 M05 1 NA 27.7 67.1 5.1 SiCL silty clay loam 
13 M05 2 NA 24.3 65.9 9.7 SiL silt loam 
13 M05 3 NA 24.3 72.0 3.7 SiL silt loam 
13 M51 1 NA 24.1 69.7 6.2 SiL silt loam 
13 M51 2 NA 23.6 69.6 6.7 SiL silt loam 
13 M51 3 NA 24.4 71.1 4.5 SiL silt loam 
13 M12 1 NA 25.2 71.3 3.6 SiL silt loam 
13 M12 2 NA 22.6 72.6 4.8 SiL silt loam 
13 M12 3 NA 20.5 73.4 6.1 SiL silt loam 
13 M24 1 NA 21.5 73.0 5.6 SiL silt loam 
13 M24 2 NA 21.8 73.1 5.1 SiL silt loam 
13 M24 3 NA 20.7 73.6 5.6 SiL silt loam 
13 M48 1 NA 21.4 73.3 5.3 SiL silt loam 
13 M48 2 NA 21.9 72.2 6.0 SiL silt loam 
13 M48 3 NA 22.2 72.2 5.6 SiL silt loam 
15 M05 1 1 4.7 12.6 82.7 LS loamy sand 
15 M05 2 0 4.2 11.9 83.8 LS loamy sand 
15 M05 3 1 4.4 12.8 82.7 LS loamy sand 
15 M51 1 0 4.3 10.7 85.0 LS loamy sand 
15 M51 2 0 4.9 11.9 83.2 LS loamy sand 
15 M51 3 0 4.2 11.7 84.1 LS loamy sand 
15 M12 1 1 4.4 10.4 85.2 LS loamy sand 
15 M12 2 0 6.2 18.1 75.8 LS sandy loam 
15 M12 3 1 4.6 12.3 83.1 LS loamy sand 



Evaluation of the Manual  65 

Plot ID Layer Composite Coarse 
fragments (%) 

Clay 
(%) 

Silt (%) Sand (%) Particle 
size 

Class  
15 M24 1 1 4.2 9.6 86.2 LS loamy sand 
15 M24 2 0 4.4 12.6 83.0 LS loamy sand 
15 M24 3 0 4.4 14.0 81.6 LS loamy sand 
15 M48 1 0 3.8 10.8 85.4 LS loamy sand 
15 M48 2 0 6.0 14.6 79.5 LS loamy sand 
15 M48 3 0 6.7 15.4 78.0 LS loamy sand 
19 M05 1 1 5.5 18.7 75.7 LS loamy sand 
19 M05 2 1 7.2 32.2 60.6 SL sandy loam 
19 M05 3 0 5.4 27.0 67.6 SL sandy loam 
19 M51 1 1 6.3 29.0 64.6 SL sandy loam 
19 M51 2 0 7.5 30.8 61.7 SL sandy loam 
19 M51 3 0 4.6 17.3 78.2 LS loamy sand 
19 M12 1 0 5.8 21.2 73.1 SL sandy loam 
19 M12 2 1 6.7 28.6 64.7 SL sandy loam 
19 M12 3 0 6.3 25.3 68.4 SL sandy loam 
19 M24 1 0 7.5 29.9 62.5 SL sandy loam 
19 M24 2 1 7.6 31.4 61.0 SL sandy loam 
19 M24 3 0 10.6 41.2 48.2 L loam 
19 M48 1 1 7.7 31.2 61.2 SL sandy loam 
19 M48 2 1 8.4 34.7 56.9 SL sandy loam 
19 M48 3 1 9.2 36.5 54.2 SL sandy loam 
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II.2. Chemical soil properties 

II.2.1. pH, Total Organic Carbon, Total Nitrogen, Carbonates 

Since all pH(CaCl2) values were below 5.5 (organic layer) and 6.0 (mineral layer) there was no need 
for the analyses of the carbonate content. 
 

Plotid Laag pH-
H2O 

pH-
CaCl2 

TOC 
(g/kg) 

Mod-N 
(g/kg) 

11 F 4.0 2.7 56.2 22.3 
11 F 3.9 2.6 51.7 21.4 
11 F 3.9 2.8 54.4 22.4 
11 H 3.8 2.9 32.6 14.7 
11 H 3.8 2.6 28.4 13.0 
11 H 3.8 2.6 30.1 13.4 
11 M05 3.7 2.6 10.9 5.2 
11 M05 3.6 2.5 15.8 7.7 
11 M05 3.6 2.6 9.0 4.7 
11 M51 3.7 2.7 3.4 1.8 
11 M51 3.6 2.6 4.6 2.5 
11 M51 3.6 2.8 3.0 1.7 
11 M12 3.8 3.0 1.9 1.2 
11 M12 3.8 3.0 1.7 1.1 
11 M12 3.8 3.0 1.9 1.2 
11 M24 3.9 3.3 1.8 1.0 
11 M24 4.0 3.4 1.8 0.9 
11 M24 3.9 3.3 1.8 1.1 
11 M48 4.2 3.7 0.5 <0.5 
11 M48 4.2 3.6 0.7 <0.5 
11 M48 4.1 3.6 0.9 0.7 
12 F+H 5.0 4.1 36.7 0.0 
12 F+H 4.8 4.0 34.8 0.0 
12 F+H 5.1 4.1 31.3 0.0 
12 M05 4.1 3.2 7.2 4.1 
12 M05 4.2 3.2 6.4 4.3 
12 M05 4.2 3.2 6.3 3.8 
12 M51 4.0 3.3 2.7 1.7 
12 M51 4.0 2.8 2.5 1.8 
12 M51 4.1 2.8 2.2 1.7 
12 M12 4.2 3.0 1.3 1.1 
12 M12 4.2 3.6 1.4 1.2 
12 M12 4.2 3.7 1.3 1.1 
12 M24 4.1 3.7 0.8 0.7 
12 M24 4.1 3.8 0.8 0.8 
12 M24 4.2 3.8 0.6 0.6 
12 M48 4.5 3.8 0.2 <0.5 
12 M48 4.2 3.8 0.3 <0.5 
12 M48 4.4 3.5 0.3 <0.5 
13 F+H 4.5 3.5 32.7 15.3 
13 F+H 4.5 3.5 36.6 16.7 
13 F+H 4.8 3.4 34.9 16.0 
13 M05 4.1 3.3 5.1 2.6 
13 M05 4.1 3.3 6.5 3.4 
13 M05 4.0 3.3 5.2 2.7 
13 M51 4.2 3.6 1.8 1.2 
13 M51 4.1 3.6 1.8 1.3 
13 M51 4.2 3.6 1.6 1.1 

 

Plotid Laag pH-
H2O 

pH-
CaCl2 

TOC 
(g/kg) 

Mod-N 
(g/kg) 

13 M12 4.3 3.7 1.1 0.7 
13 M12 4.3 3.7 0.9 0.8 
13 M12 4.3 3.7 1.1 0.7 
13 M24 4.3 3.8 0.5 <0.5 
13 M24 4.3 3.8 0.5 <0.5 
13 M24 4.3 3.8 0.7 0.6 
13 M48 4.2 3.7 0.2 <0.5 
13 M48 4.3 3.7 0.2 <0.5 
13 M48 4.2 3.7 0.2 <0.5 
15 F+H 3.7 2.7 48.5 15.8 
15 F+H 3.6 2.7 50.7 16.6 
15 F+H 3.7 2.6 48.6 16.2 
15 M05 4.0 3.1 1.7 1.0 
15 M05 3.9 3.0 2.8 1.2 
15 M05 4.0 3.0 1.2 1.0 
15 M51 4.0 3.2 1.3 0.7 
15 M51 3.9 3.2 1.0 0.5 
15 M51 3.9 3.2 1.0 0.6 
15 M12 4.0 3.3 0.9 0.6 
15 M12 4.0 3.3 0.8 0.6 
15 M12 4.0 3.3 0.8 0.5 
15 M24 4.1 3.4 0.7 <0.5 
15 M24 4.0 3.4 0.8 0.5 
15 M24 4.0 3.3 0.7 <0.5 
15 M48 4.2 3.7 0.3 <0.5 
15 M48 4.3 3.6 0.4 <0.5 
15 M48 4.1 3.5 0.3 <0.5 
19 F+H 3.7 2.6 43.8 13.0 
19 F+H 3.8 2.6 47.2 12.7 
19 F+H 3.7 2.6 42.7 12.8 
19 M05 3.8 3.3 4.0 1.4 
19 M05 3.7 3.2 6.2 2.0 
19 M05 3.8 3.3 3.5 1.3 
19 M51 3.7 3.2 3.1 1.1 
19 M51 3.8 3.2 3.5 1.2 
19 M51 3.8 3.3 3.6 1.1 
19 M12 3.8 3.2 3.3 1.1 
19 M12 3.8 3.2 3.2 1.2 
19 M12 3.7 3.2 4.0 1.3 
19 M24 4.0 3.5 1.8 0.8 
19 M24 4.1 3.7 1.7 0.7 
19 M24 4.0 3.6 2.0 0.9 
19 M48 4.3 3.3 0.4 <0.5 
19 M48 4.3 3.3 0.4 <0.5 
19 M48 4.4 4.3 0.4 <0.5 



II.2.2. Aqua regia extractable elements (ppm or mg/kg) 

Plotid Layer P Ca K Mg Mn Cu Pb Cd Zn Al Fe Cr Ni S Na

11 L 1033.2 5453.6 1912.5 1228.4 185.9 10.3 11.2 < 0.5 64.1 356.1 623.1 1.9 < 5 1877.5 129.3
11 L 1016.1 5519.3 1653.1 1239.0 175.8 11.3 12.4 < 0.5 71.6 382.3 671.3 1.9 < 5 1995.3 102.2
11 L 1004.2 5506.4 1656.6 1213.1 177.7 10.8 12.3 < 0.5 66.8 405.7 682.1 1.9 < 5 2100.1 137.9
11 F 562.8 3008.8 568.8 526.9 65.2 16.2 58.2 < 0.5 61.2 1164.8 1857.6 3.5 < 5 2969.6 133.6
11 F 562.0 2367.2 576.7 625.8 51.7 12.7 56.2 < 0.5 59.9 1861.9 2654.9 5.3 4.8 2790.8 127.3
11 F 604.1 2797.7 592.6 603.7 65.1 17.0 87.7 < 0.5 65.9 1689.7 2498.5 4.7 6.8 3021.7 89.7
11 H 480.3 1493.9 793.6 555.7 39.2 16.6 164.0 < 0.5 48.1 4424.2 5398.2 12.2 8.0 2407.9 89.3
11 H 410.1 951.6 694.2 531.0 24.3 12.9 122.5 < 0.5 36.9 4204.7 5478.8 11.3 6.2 1874.9 125.7
11 H 453.4 1228.4 775.9 550.0 34.4 15.5 167.5 < 0.5 41.5 4220.2 5516.9 13.1 6.8 1997.2 144.7
11 M05 275.6 641.8 1543.6 662.3 40.3 7.4 80.1 < 0.5 14.0 6996.3 6883.7 18.6 6.4 702.8 102.7
11 M05 324.8 797.0 1518.5 646.9 34.4 9.9 64.9 < 0.5 18.3 7245.0 6345.0 21.4 10.3 995.9 114.4
11 M05 325.7 552.0 1513.3 694.6 26.2 6.9 86.9 < 0.5 11.9 7081.0 7527.4 20.4 7.6 627.7 92.4
11 M51 269.6 374.7 1465.5 663.5 24.8 4.8 42.3 < 0.5 7.9 7442.1 7604.3 18.3 < 5 379.6 64.7
11 M51 233.1 395.7 1540.3 659.4 25.3 4.2 28.2 < 0.5 9.5 7705.1 6994.2 19.8 < 5 335.0 73.6
11 M51 216.9 548.3 1419.5 658.3 25.4 3.3 31.1 < 0.5 13.6 7156.9 7511.4 18.2 6.7 243.3 81.0
11 M12 168.5 626.1 1644.5 770.8 28.6 2.8 12.6 < 0.5 14.2 8970.5 8174.3 21.0 < 5 187.5 94.9
11 M12 151.9 409.4 1677.7 736.7 31.9 2.6 9.7 < 0.5 < 5 9113.3 7799.9 21.0 < 5 169.5 109.8
11 M12 119.1 465.9 1155.6 565.5 15.8 < 2.5 9.5 < 0.5 < 5 5868.4 5580.3 13.3 < 5 117.7 218.0
11 M24 151.1 528.0 364.3 723.3 21.8 < 2.5 8.2 < 0.5 8.5 8210.4 6780.9 16.6 < 5 143.3 293.7
11 M24 138.5 626.2 341.8 725.5 19.1 < 2.5 6.6 < 0.5 10.6 8045.5 7246.2 16.6 < 5 142.8 286.4
11 M24 178.4 603.8 428.6 839.0 24.3 3.1 9.6 < 0.5 7.2 9902.3 8258.6 20.9 < 5 164.8 321.5
11 M48 93.5 601.9 512.2 870.3 44.7 2.7 3.8 < 0.5 9.1 9773.7 9601.8 19.5 < 5 103.7 249.8
11 M48 104.5 596.8 666.3 1180.6 31.6 2.6 4.8 < 0.5 11.0 11993.8 12632.8 25.7 < 5 126.6 312.9
11 M48 126.8 528.8 558.2 1070.0 37.5 2.9 6.7 < 0.5 9.6 11360.0 12608.1 24.7 < 5 153.7 202.6
12 F+H 1220.7 6873.8 2167.4 1565.8 2099.9 16.2 44.8 0.4 72.1 6857.4 8033.7 11.8 11.1 1885.3 142.7
12 F+H 1199.7 6751.5 2030.0 1544.7 2029.7 15.9 44.0 0.4 72.2 6356.7 8056.1 11.5 11.4 1811.5 146.5
12 F+H 1166.2 6520.6 1963.1 1485.9 1998.0 15.9 43.7 0.5 71.1 5577.6 7639.4 10.9 12.6 1770.1 183.7
12 F+H 1178.3 6359.8 2299.8 1585.3 1836.9 14.8 35.0 0.4 66.1 6982.7 8839.4 12.7 9.2 1676.7 89.8
12 F+H 1094.9 5744.0 2232.4 1550.7 1606.1 14.6 37.0 0.4 63.3 7259.7 8984.8 14.5 9.7 1584.0 109.2
12 F+H 1215.1 6364.1 2374.3 1524.3 1871.6 14.8 34.6 0.5 71.1 6538.9 8446.8 12.0 11.8 1758.7 97.7
12 F+H 1140.7 6208.8 2337.5 1646.7 1725.8 16.8 43.8 0.4 71.8 7249.7 7346.4 14.1 10.5 1704.8 170.4
12 F+H 1094.2 5736.7 2172.5 1563.8 1627.7 16.6 45.5 0.4 68.7 7200.6 7598.1 13.0 11.7 1675.9 106.4
12 F+H 1114.4 5988.7 2331.7 1586.2 1671.9 15.1 44.2 0.4 69.8 7083.1 8559.8 13.5 9.5 1730.6 82.2
12 M05 630.6 1728.3 937.5 1857.3 339.1 12.3 54.7 < 0.5 45.7 18523.6 15919.6 29.9 13.9 695.7 259.2
12 M05 650.2 1722.6 1000.9 1938.3 315.6 12.0 48.8 < 0.5 45.1 20206.6 16305.7 33.3 15.4 604.2 375.9
12 M05 663.1 1696.1 1042.7 1952.9 257.7 11.2 51.4 < 0.5 41.6 19971.1 16616.8 33.5 13.9 561.0 172.2
12 M51 417.1 1356.1 1149.2 2308.5 294.9 9.6 31.1 < 0.5 37.3 21110.3 17740.2 35.4 15.9 280.8 126.3
12 M51 423.0 1185.0 1033.2 2279.3 300.1 9.5 35.3 < 0.5 36.6 19225.8 17606.4 32.0 14.6 312.6 112.2
12 M51 382.7 1104.9 868.0 2042.7 340.0 8.0 29.8 < 0.5 34.1 17063.7 16127.5 27.7 12.2 249.1 80.0
12 M12 320.6 1229.9 1937.2 2342.1 461.4 6.7 14.8 < 0.5 34.2 21505.6 17283.2 34.6 16.1 169.9 109.7
12 M12 306.6 1121.7 848.2 2193.2 391.1 8.5 17.6 < 0.5 31.3 19958.4 16506.5 32.6 18.6 170.1 129.5
12 M12 333.2 1273.2 1097.2 2281.8 310.2 8.7 19.4 < 0.5 33.2 21199.2 17303.4 37.4 15.7 169.8 103.8
12 M24 290.7 1345.6 1324.9 2552.5 380.7 7.9 12.1 < 0.5 36.6 24378.9 18334.4 41.4 19.5 132.8 172.3
12 M24 287.9 1167.7 1288.2 2526.8 375.8 8.9 12.1 < 0.5 36.1 25551.1 19424.2 40.9 21.1 201.6 105.5
12 M24 274.9 1113.9 1197.3 2503.1 449.6 9.7 11.7 < 0.5 37.3 24266.4 18943.7 37.7 19.9 181.4 < 50
12 M48 343.5 1084.6 1381.4 3097.3 366.1 13.0 11.1 < 0.5 44.4 27293.4 23021.7 40.7 27.6 151.5 < 50
12 M48 378.5 987.0 1633.4 3066.8 367.8 13.3 11.8 < 0.5 48.0 29113.6 23856.8 48.6 27.0 163.0 56.6
12 M48 347.5 1184.7 1327.2 3174.0 386.4 13.4 11.4 < 0.5 45.0 26344.5 22658.3 43.5 28.5 125.8 < 50
13 L 1560.2 14104.5 1897.0 1776.1 3339.6 13.8 13.8 0.6 103.8 466.5 897.1 2.4 6.5 2075.2 74.5
13 L 1497.6 14208.5 1870.7 1677.7 3353.6 12.9 15.0 0.7 103.8 618.0 1048.8 2.6 5.6 2034.2 44.3
13 L 1498.9 14098.3 1839.6 1636.6 3546.4 12.8 15.0 0.7 105.8 522.4 1002.3 2.4 8.1 2142.0 56.8
13 F+H 1205.2 5487.0 1763.7 1188.2 1330.5 20.2 165.7 0.7 105.7 7191.2 11464.0 16.5 14.6 1887.8 122.9
13 F+H 1100.9 5387.4 1503.1 991.4 1212.2 21.1 165.8 0.7 111.8 5100.0 8878.7 13.7 15.5 2212.6 62.6
13 F+H 1047.0 4256.0 1516.2 920.4 1063.6 21.3 154.1 0.7 101.4 5725.8 9887.5 16.3 14.3 2142.2 85.1  

 



68   Evaluation of the manual 

Plotid Layer P Ca K Mg Mn Cu Pb Cd Zn Al Fe Cr Ni S Na

13 M05 481.5 1342.8 805.2 1582.8 319.5 10.8 74.5 < 0.5 36.5 18147.5 15220.2 36.0 14.2 433.9 < 50
13 M05 659.5 1337.1 700.6 1390.7 380.4 13.1 95.6 < 0.5 43.8 15196.3 15137.4 30.1 13.9 625.8 56.5
13 M05 516.7 1362.5 771.3 1473.5 252.9 11.6 68.8 < 0.5 36.6 17228.1 14724.1 33.6 13.2 477.1 < 50
13 M51 338.1 975.1 715.0 1660.0 626.4 7.2 36.8 < 0.5 28.5 17894.3 15135.0 29.6 14.1 229.2 < 50
13 M51 354.0 1178.6 869.4 1650.9 670.6 7.6 39.5 < 0.5 25.6 17738.1 14017.4 26.8 8.7 269.9 170.2
13 M51 277.5 1298.4 871.4 1720.7 463.8 6.2 29.7 < 0.5 26.7 18559.1 14099.0 29.8 8.3 244.1 135.1
13 M12 257.7 1030.7 825.2 1836.5 740.5 6.3 14.6 < 0.5 25.0 18876.0 14505.7 29.0 11.5 180.6 89.3
13 M12 253.6 1023.2 667.3 1563.3 729.1 4.6 19.4 < 0.5 21.9 16880.3 12860.7 25.5 11.7 151.9 60.9
13 M12 241.3 1121.5 729.8 1729.9 638.2 4.9 12.9 < 0.5 24.1 17848.0 13151.0 27.4 11.3 155.0 112.4
13 M24 250.1 947.6 937.4 2225.8 801.7 6.6 10.9 < 0.5 32.9 21277.0 16587.1 32.0 14.4 146.7 84.2
13 M24 236.1 1217.0 720.5 1810.1 790.5 7.6 10.7 < 0.5 40.6 17322.0 13534.9 26.2 13.6 343.9 403.5
13 M24 243.4 1031.2 914.9 2066.8 636.4 6.4 11.5 < 0.5 31.8 18466.5 14730.2 29.6 14.4 181.3 83.1
13 M48 309.1 1086.0 1516.9 3140.4 609.7 10.0 10.3 < 0.5 46.8 26707.7 21015.3 40.2 22.0 135.1 147.7
13 M48 288.4 1055.1 1489.2 3215.4 739.9 9.8 11.1 < 0.5 44.7 27699.5 21969.6 39.5 20.6 129.7 137.7
13 M48 271.3 1014.2 1472.5 3392.2 448.7 10.7 11.5 < 0.5 47.9 29289.2 23042.1 41.7 22.6 132.2 143.7
15 L 654.7 3197.0 948.9 554.1 66.5 15.5 47.5 1.4 89.9 421.4 858.9 3.5 4.5 1603.1 86.5
15 L 486.4 3068.2 841.3 417.8 48.3 13.2 33.5 1.1 73.3 297.9 378.6 2.2 5.3 1323.8 94.9
15 L 499.9 2890.4 790.2 439.9 51.7 12.3 20.9 1.1 70.7 272.3 306.6 2.1 4.1 1272.8 85.1
15 F+H 536.2 1676.8 409.6 360.0 37.9 36.3 269.4 1.3 97.3 2110.5 3645.6 7.0 16.0 2370.2 90.6
15 F+H 572.9 2186.5 430.1 408.7 44.1 39.6 224.2 1.6 117.4 2312.8 3531.5 9.0 19.5 2724.0 96.9
15 F+H 597.4 1857.1 469.0 409.6 38.7 42.9 260.9 1.5 105.4 2751.2 4158.1 8.7 19.5 2698.7 152.1
15 M05 70.0 289.4 229.9 182.5 6.4 5.3 23.9 < 0.5 < 5 2456.2 3552.2 4.4 < 5 156.3 < 50
15 M05 77.8 242.3 217.8 163.3 < 5 5.8 29.5 < 0.5 < 5 2266.7 3090.3 3.8 < 5 216.1 < 50
15 M05 59.9 304.0 223.6 170.2 < 5 4.4 23.9 < 0.5 < 5 2140.8 1917.5 4.3 < 5 152.1 < 50
15 M51 47.7 240.2 225.6 155.1 < 5 3.4 39.1 < 0.5 < 5 2401.8 2431.3 4.3 < 5 104.2 < 50
15 M51 52.8 352.5 256.1 193.5 6.2 4.2 14.4 < 0.5 < 5 2557.2 2951.7 5.5 < 5 134.5 116.6
15 M51 47.0 319.4 268.5 200.5 < 5 3.7 17.1 < 0.5 < 5 2639.4 2568.4 5.7 < 5 101.3 < 50
15 M12 48.2 464.6 212.6 226.0 11.7 < 2.5 9.8 < 0.5 5.4 2320.7 2918.6 5.6 < 5 103.9 109.1
15 M12 41.1 440.6 189.7 188.3 8.9 < 2.5 7.6 < 0.5 < 5 2070.0 2609.8 3.9 < 5 94.1 145.7
15 M12 43.4 456.9 156.6 213.2 11.5 < 2.5 15.5 < 0.5 < 5 2366.0 2302.6 4.2 < 5 94.1 96.3
15 M24 35.6 321.5 196.3 165.1 7.0 < 2.5 6.5 < 0.5 < 5 2122.7 2240.8 4.2 < 5 76.2 < 50
15 M24 39.6 416.7 163.5 204.7 9.7 < 2.5 6.1 < 0.5 < 5 2425.4 2528.7 4.9 < 5 84.4 102.5
15 M24 35.5 417.6 183.3 199.4 8.0 < 2.5 5.2 < 0.5 < 5 1850.8 1707.1 4.0 < 5 78.6 110.6
15 M48 27.0 319.0 338.9 219.5 11.1 < 2.5 3.3 < 0.5 < 5 3119.9 7009.6 6.6 < 5 65.7 52.4
15 M48 39.6 357.1 223.5 236.9 10.6 < 2.5 < 2.5 < 0.5 < 5 3536.0 12042.1 6.0 < 5 97.6 < 50
15 M48 30.7 624.2 240.6 348.9 14.9 2.6 3.2 < 0.5 8.9 4449.6 6505.9 7.1 < 5 93.9 111.0
19 L 987.6 3681.8 1737.6 592.2 247.7 15.2 33.3 3.5 234.1 956.6 950.6 4.2 4.4 1907.0 66.3
19 L 1026.9 3591.1 1571.8 616.9 249.5 15.5 37.7 3.5 244.4 1034.3 1115.1 3.5 < 5 2007.6 82.9
19 L 855.1 3768.2 1294.8 536.7 182.2 14.5 36.0 3.2 214.6 932.6 928.3 3.4 < 5 1741.8 56.4
19 F+H 619.4 1709.9 527.3 441.9 96.1 44.7 399.5 3.2 287.5 3815.0 5211.8 9.8 9.6 2346.2 74.8
19 F+H 565.9 1519.9 466.2 416.6 80.2 42.4 358.1 2.9 263.6 3291.9 4150.0 8.3 10.3 2194.2 93.6
19 F+H 569.3 1428.3 481.8 411.3 78.8 41.5 350.6 2.7 254.9 3372.5 4178.0 8.3 9.5 2238.4 79.1
19 M05 109.8 280.5 283.6 150.0 16.2 8.2 53.0 0.5 23.3 2117.2 1930.8 5.7 < 5 208.2 < 50
19 M05 181.1 321.1 438.1 241.7 19.4 14.5 101.7 < 0.5 36.8 3438.7 3785.4 8.5 < 5 207.4 < 50
19 M05 106.3 224.6 236.4 108.9 11.3 7.2 44.7 < 0.5 17.5 1766.2 1085.0 4.9 < 5 174.1 < 50
19 M51 98.7 248.0 250.5 167.4 16.4 3.5 28.0 < 0.5 8.8 2699.2 3023.8 7.0 < 5 170.4 < 50
19 M51 116.3 311.9 379.4 268.4 15.9 4.9 20.0 < 0.5 8.2 4100.2 4198.7 7.8 < 5 148.4 < 50
19 M51 84.4 240.9 200.9 109.2 16.8 3.9 27.0 0.6 11.3 1698.4 1001.9 6.5 < 5 157.4 74.2
19 M12 94.9 242.6 284.4 182.9 27.8 < 2.5 18.9 0.6 7.3 2912.7 2211.0 7.7 < 5 130.0 < 50
19 M12 114.5 286.1 416.2 265.9 27.4 < 2.5 8.8 0.5 7.8 4380.8 4212.9 7.9 < 5 132.4 < 50
19 M12 120.9 197.7 218.8 140.9 17.7 < 2.5 20.5 0.6 9.4 2885.5 1389.9 7.7 < 5 149.8 < 50
19 M24 117.7 451.4 690.3 531.2 33.8 < 2.5 9.6 < 0.5 8.5 6761.7 6700.3 10.4 < 5 109.3 < 50
19 M24 109.9 399.8 632.5 512.0 22.2 < 2.5 12.1 < 0.5 8.9 6290.2 7438.0 9.7 < 5 124.5 < 50
19 M24 149.4 509.0 630.1 466.0 25.7 < 2.5 7.7 < 0.5 11.5 6299.4 6814.2 11.4 < 5 147.7 60.0
19 M48 85.6 558.4 1166.2 834.1 35.9 < 2.5 3.4 < 0.5 10.1 8340.1 7183.0 12.7 < 5 58.5 < 50
19 M48 75.7 503.8 1236.8 962.7 36.7 < 2.5 3.3 < 0.5 8.5 9294.0 8088.2 12.7 < 5 77.4 < 50
19 M48 91.4 461.6 1060.0 882.7 30.6 < 2.5 2.7 < 0.5 8.6 8420.2 8602.9 12.2 < 5 98.7 < 50  
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II.2.3. Exchangeable elements and oxalate extractable Fe and Al 
Plot ID Layer Ca Mg K Na Al Fe Mn Free H+ Exch.Ac. Oxal. Al Oxal. Fe

11 F 10.29 1.98 0.82 0.71 <0.54 0.35 0.20 3.34 3.88 40.1 471.0
11 F 8.21 2.35 0.74 0.62 0.71 0.46 0.16 3.47 4.80 32.8 623.5
11 F 9.33 1.84 0.81 0.67 <0.55 0.42 0.22 3.47 4.12 171.6 596.7
11 M05 1.62 0.44 0.24 0.15 2.62 0.68 0.04 1.04 4.37 474.8 1616.0
11 M05 1.97 0.69 0.27 0.18 3.36 0.69 0.04 1.55 5.64 573.4 1241.0
11 M05 1.17 <0.30 0.23 < 0.10 3.20 0.70 0.03 1.46 5.39 484.0 1521.9
11 M51 0.30 <0.30 0.12 < 0.10 2.18 0.56 0.01 1.10 3.85 403.0 1780.3
11 M51 0.35 <0.30 0.11 < 0.10 2.43 0.58 < 0.01 1.24 4.25 418.7 1536.9
11 M51 0.22 <0.30 0.10 < 0.10 2.47 0.57 < 0.01 0.44 3.49 398.8 1814.7
11 M12 0.12 <0.30 0.07 < 0.10 2.60 0.38 < 0.01 0.40 3.38 597.3 2059.4
11 M12 0.12 <0.30 0.07 < 0.10 2.81 0.39 < 0.01 0.42 3.62 651.7 2169.7
11 M12 0.11 <0.30 0.06 < 0.10 2.93 0.44 < 0.01 0.44 3.81 602.7 1896.3
11 M24 <0.10 <0.30 0.05 < 0.10 2.90 0.27 < 0.01 0.06 3.22 883.0 2096.4
11 M24 <0.10 <0.30 0.04 < 0.10 2.74 0.20 < 0.01 0.05 2.99 979.8 1893.9
11 M24 <0.10 <0.30 0.06 < 0.10 3.06 0.22 < 0.01 0.06 3.34 1040.3 1907.8
11 M48 <0.10 <0.30 0.05 < 0.10 1.92 0.06 < 0.01 < 0.02 1.98 1220.6 1835.1
11 M48 <0.10 <0.30 0.08 < 0.10 2.75 0.09 < 0.01 0.02 2.86 1421.0 2848.6
11 M48 <0.10 <0.30 0.05 < 0.10 2.69 0.13 < 0.01 0.02 2.83 1222.6 2108.0
11 H 4.57 0.89 0.49 0.45 2.97 0.77 0.07 3.23 7.05 123.4 1202.6
11 H 3.23 1.07 0.41 0.43 3.33 0.79 0.04 3.00 7.16 1051.3 1689.1
11 H 3.77 0.65 0.42 0.37 3.04 0.72 0.06 2.75 6.57 1131.9 1688.1
12 F+H 15.37 4.38 2.29 0.57 <0.55 <0.2 4.18 0.79 4.97 721.7 1607.7
12 F+H 20.57 4.62 2.24 <0.33 <0.56 <0.2 4.19 0.80 4.99 659.1 1433.5
12 F+H 17.38 4.53 2.07 0.32 <0.54 <0.19 4.30 0.70 5.00 662.9 1403.0
12 F+H 17.66 5.01 2.36 <0.31 <0.53 <0.19 3.47 0.92 4.39 581.7 1348.5
12 F+H 18.48 4.17 2.94 <0.31 <0.53 <0.19 3.35 0.71 4.07 696.3 1625.4
12 F+H 8.58 4.75 2.35 <0.32 <0.55 <0.2 3.82 0.74 4.57 646.5 1489.7
12 F+H 11.79 4.59 3.17 <0.32 <0.54 <0.19 3.05 0.46 3.51 673.2 1518.9
12 F+H 12.71 4.59 3.07 <0.32 <0.55 <0.2 3.30 0.56 3.86 756.5 1641.2
12 F+H 17.57 4.68 3.02 <0.31 <0.53 <0.19 2.96 0.61 3.57 747.0 1726.5
12 M05 2.08 0.53 0.44 <0.10 3.62 0.19 0.37 0.20 4.39 1354.3 2976.1
12 M05 2.09 0.53 0.41 <0.10 3.96 0.12 0.37 0.20 4.65 1372.6 3382.2
12 M05 1.92 0.45 0.35 <0.10 3.79 0.14 0.27 0.17 4.37 1392.5 5141.0
12 M51 0.31 <0.30 0.17 <0.10 5.30 0.05 0.10 0.06 5.51 1358.9 3434.6
12 M51 0.46 <0.30 0.19 <0.10 5.17 0.03 0.13 0.07 5.41 1625.8 3139.7
12 M51 0.35 <0.30 0.16 <0.10 3.92 0.03 0.09 0.05 4.09 1595.0 591.5
12 M12 0.21 <0.30 0.11 <0.10 4.44 0.01 0.08 < 0.02 4.53 1487.5 3268.4
12 M12 0.31 <0.30 0.13 <0.10 4.35 0.01 0.09 < 0.02 4.45 1552.4 3305.0
12 M12 0.26 <0.30 0.11 <0.10 4.20 0.01 0.08 < 0.02 4.30 1567.8 3045.1
12 M24 0.19 <0.30 0.13 <0.10 4.28 < 0.01 0.08 < 0.02 4.36 1550.2 2954.0
12 M24 0.22 <0.30 0.13 <0.10 4.09 0.01 0.10 < 0.02 4.20 1538.3 2286.7
12 M24 0.19 <0.30 0.11 <0.10 3.92 < 0.01 0.09 < 0.02 4.01 1452.7 3133.3
12 M48 0.92 0.57 0.16 <0.10 4.18 < 0.01 0.06 < 0.02 4.24 1474.8 2440.4
12 M48 0.45 <0.30 0.16 <0.10 4.80 < 0.01 0.09 < 0.02 4.89 1513.2 2462.8
12 M48 1.41 0.76 0.16 <0.10 3.53 < 0.01 0.09 < 0.02 3.62 1633.8 2608.2
13 F+H 16.21 2.75 1.87 <0.32 <0.55 0.24 2.44 0.79 3.47 1505.6 2756.2
13 F+H 16.54 2.76 1.97 <0.33 <0.56 <0.2 2.54 0.90 3.44 823.2 2413.5
13 F+H 7.91 2.55 1.71 <0.31 <0.53 <0.19 2.17 0.91 3.09 798.3 2471.4
13 M05 1.50 <0.30 0.20 <0.10 4.16 0.27 0.24 0.19 4.85 1256.5 4889.1
13 M05 1.99 0.35 0.24 <0.10 2.57 0.21 0.34 0.27 3.39 1090.7 3866.1
13 M05 1.47 <0.30 0.23 <0.10 2.52 0.45 0.19 0.33 3.48 1139.2 4118.6  
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Plot ID Layer Ca Mg K Na Al Fe Mn Free H+ Exch.Ac. Oxal. Al Oxal. Fe
13 M51 0.44 <0.30 0.09 <0.10 2.25 0.04 0.21 0.06 2.57 1377.6 4419.1
13 M51 0.41 <0.30 0.13 <0.10 2.65 0.03 0.28 0.07 3.02 1109.4 4115.9
13 M51 0.31 <0.30 0.10 <0.10 0.73 0.04 0.20 0.05 1.02 1204.8 4317.9
13 M12 0.21 <0.30 0.07 <0.10 0.75 0.01 0.15 0.03 0.94 1431.6 4030.3
13 M12 0.17 <0.30 0.07 <0.10 2.59 0.01 0.15 0.03 2.78 1345.4 4396.3
13 M12 0.16 <0.30 0.06 <0.10 2.80 0.01 0.12 0.03 2.96 1454.0 4073.5
13 M24 0.17 <0.30 0.11 <0.10 2.11 <0.01 0.09 0.02 2.22 1519.1 4038.5
13 M24 0.14 <0.30 0.08 <0.10 2.52 <0.01 0.09 < 0.02 2.61 1386.8 4186.0
13 M24 0.18 <0.30 0.09 <0.10 2.12 0.01 0.11 0.02 2.25 1364.3 4015.1
13 M48 0.26 <0.30 0.19 <0.10 5.88 <0.01 0.08 0.04 5.99 1917.1 3253.7
13 M48 0.19 <0.30 0.17 <0.10 6.52 <0.01 0.08 0.03 6.63 2112.1 3543.3
13 M48 0.18 <0.30 0.18 <0.10 5.28 <0.01 0.07 0.03 5.38 2046.9 2986.8
15 F+H 6.19 1.61 0.66 0.36 1.32 0.67 0.08 3.08 5.15 637.9 924.0
15 F+H 8.58 1.37 0.70 0.47 1.56 0.71 0.09 3.44 5.81 779.8 1115.6
15 F+H 6.98 1.45 0.67 0.46 0.97 0.59 0.07 3.39 5.03 807.5 1157.8
15 M05 0.11 <0.30 0.03 <0.10 0.51 0.15 < 0.01 0.20 0.86 169.2 832.9
15 M05 0.21 <0.30 0.04 <0.10 0.68 0.16 < 0.01 0.27 1.10 198.5 741.0
15 M05 0.15 <0.30 0.03 <0.10 0.63 0.13 < 0.01 0.23 0.99 147.2 486.2
15 M51 <0.10 <0.30 0.02 <0.10 0.72 0.18 < 0.01 0.17 1.06 140.7 884.6
15 M51 <0.10 <0.30 0.02 <0.10 0.65 0.16 < 0.01 0.15 0.96 146.4 752.4
15 M51 <0.10 <0.30 0.02 <0.10 0.71 0.17 < 0.01 0.16 1.04 139.3 353.8
15 M12 <0.10 <0.30 0.02 <0.10 0.75 0.19 < 0.01 0.13 1.07 164.7 559.2
15 M12 <0.10 <0.30 0.02 <0.10 0.64 0.18 < 0.01 0.08 0.90 158.4 1081.5
15 M12 <0.10 <0.30 0.02 <0.10 0.63 0.16 < 0.01 0.09 0.88 150.1 856.7
15 M24 <0.10 <0.30 <0.02 <0.10 0.78 0.12 < 0.01 0.03 0.93 204.3 890.4
15 M24 <0.10 <0.30 0.02 <0.10 0.89 0.14 < 0.01 0.07 1.11 205.9 1119.1
15 M24 <0.10 <0.30 0.02 <0.10 0.92 0.10 < 0.01 0.06 1.08 165.1 779.6
15 M48 <0.10 <0.30 <0.02 <0.10 0.75 0.06 < 0.01 < 0.02 0.81 177.5 1415.0
15 M48 <0.10 <0.30 <0.02 <0.10 0.92 0.07 < 0.01 < 0.02 1.00 259.9 1073.8
15 M48 <0.10 <0.30 0.02 <0.10 1.02 0.10 < 0.01 < 0.02 1.12 220.4 994.3
19 F+H 5.93 0.93 0.56 <0.32 4.34 0.48 0.17 2.60 7.60 1210.1 1372.9
19 F+H 5.82 1.10 0.75 <0.32 4.36 0.52 0.15 2.83 7.86 1369.1 1283.3
19 F+H 4.97 0.94 0.55 <0.32 3.86 0.45 0.14 2.68 7.12 1430.2 1419.0
19 M05 0.35 <0.30 0.04 <0.10 2.13 0.14 < 0.01 0.30 2.57 386.3 650.6
19 M05 0.45 <0.30 0.07 <0.10 4.16 0.24 < 0.01 0.40 4.81 807.3 1470.7
19 M05 0.22 <0.30 0.04 <0.10 2.77 0.07 < 0.01 0.32 3.16 473.8 444.4
19 M51 0.12 <0.30 0.02 <0.10 3.26 0.13 < 0.01 0.14 3.52 717.5 1402.8
19 M51 0.15 <0.30 0.03 <0.10 5.10 0.17 < 0.01 0.15 5.43 1183.9 1939.3
19 M51 0.15 <0.30 0.04 <0.10 2.34 0.08 < 0.01 0.28 2.70 4005.4 4437.5
19 M12 <0.10 <0.30 0.02 <0.10 3.60 0.09 < 0.01 0.13 3.82 887.4 1021.3
19 M12 <0.10 <0.30 0.02 <0.10 4.86 0.11 < 0.01 0.09 5.06 1253.7 1744.5
19 M12 0.12 <0.30 0.03 <0.10 5.09 0.09 < 0.01 0.19 5.37 1056.8 579.5
19 M24 <0.10 <0.30 0.02 <0.10 2.28 0.06 < 0.01 0.03 2.37 1810.5 2254.5
19 M24 <0.10 <0.30 0.02 <0.10 2.20 0.08 < 0.01 0.04 2.32 1646.1 3021.8
19 M24 <0.10 <0.30 0.02 <0.10 3.19 0.11 < 0.01 0.05 3.35 1996.4 3231.4
19 M48 <0.10 <0.30 <0.02 <0.10 0.72 0.01 < 0.01 < 0.02 0.73 1647.0 1164.3
19 M48 <0.10 <0.30 <0.02 <0.10 0.64 <0.01 < 0.01 < 0.02 0.64 1564.4 1068.7
19 M48 <0.10 <0.30 <0.02 <0.10 0.61 0.01 < 0.01 < 0.02 0.62 1547.3 1312.3  
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1. Introduction 

The present part of the manual outlines the sampling, analysis and reporting procedures for a set of 
soil parameters.  
 
The purpose of the large-scale representative soil survey (Level I) is first of all the assessment of basic 
information on the chemical soil status and its changes over time, and secondly the assessment of soil 
properties which determine the forest soil’s sensitivity to air pollution. Besides providing soil data for 
the study of atmospheric deposition effects at the broader scale, the soil survey will serve other 
purposes, as studies related to climate change (e.g. inventory of carbon storage) and sustainable forest 
management (e.g. in addition to acidification status, also nitrogen studies and nutrient imbalances).  
 
The intensive soil studies are conducted in selected areas on permanent plots (Level II) where other 
measurements for the analysis of the forest ecosystem are concentrated. The objectives of the special 
forest ecosystem analysis are the verification of hypotheses and in-depth analyses of damage 
mechanisms and the derivation of fundamental knowledge of forecasting future developments. 
 
A third major objective of the large-scale representative soil survey (Level I) is to allow the evaluation 
of the (quality of) forest soils on a European scale. For the sake of data comparability between 
countries, a prime prerequisite is that the same methods for soil sampling and analysis are used 
throughout the network. As such, analytical results obtained by national methods, different from those 
described in this manual, cannot directly be compared with analytical results obtained by the 
international reference methods in this manual. Notwithstanding, the participating countries are 
encouraged to make efforts (where necessary and possible) to allow the comparison of the data 
obtained in the first survey with those of future surveys. 
 

2. Sampling 

2.1. Georeferencing 

• One common datum, the World Geodetic System 1984 (WGS84) will be applied and no projection 
system (geographical lat/long coordinates in degrees, minutes, seconds). A GPS measurement (if 
technically possible) should be taken in the centre of the plot. 

• Information on the precision should be provided in the Data Accompanying Report Questionnaire 
(DAR-Q).  

• For Level I, the coordinates of crown condition survey plots should coincide.  

2.2. Pedological Characterization of the plots 

The pedological characterization: 
• Is mandatory for Level I and Level II plots; 
• Should be a general characterization, including a detailed site description with information on soil 

parent material (See Annex 3 “Explanatory Items N° 16”) and at least one profile description 
according to the FAO guidelines (FAO, 1990a). The soils should then be classified according to 
the most recent official version of the World Reference Base of Soil Resources (WRB)-
classification system. All qualifiers need to be reported. The DAR-Q will mention which official 
version of WRB (FAO et al. 1998, IUSS Working Group WRB 2006) has been used. 

• Has to be carried out only once before the start of the first sampling activities, given all necessary 
information to allow for soil classification according to WRB is available.  

• The described soil profile(s) should be located at a location which is representative for the 
dominant soil type in the actual sampling area. For Level II this should be in the buffer zone of the 
plot.  
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• The analytical data for soil classification should be reported. 
• Includes the identification of the dominant humus form on the observation plot (See Annex 3 

“Explanatory Items” N° 6) according to the adopted description and classification guidelines.  
 
Note: In the framework of the EU Forest Focus Demonstration Project. BIOSOIL, FSCC developed 
Guidelines for Forest Soil Profile Description, adapted for optimal field observations which are partly 
based on the 4th edition of the Guidelines for Soil Profile Description and Classification (FAO, In 
Press). In the BioSoil project it is recommended to use these guidelines in stead of the above 
mentioned FAO guidelines of 1990. 
 

2.3. Soil sampling 

2.3.1. Allocation of Soil Sampling Sites 
Level I:  
• judgmental design; 
• sampling sites may be located within the plot area, but only if samples are collected from bores. 

Sites that should be avoided are areas around tree stems (1m) and animal holes, disturbances like 
wind-thrown trees and trails. A record of the places sampled should be kept, so that they will not 
be resampled at a later date. 

 
Level II:  
• random design or systematic design with a random component; 
• sampling sites have to be located in the buffer zone of the plot; sites to be avoided: see Level I. 
 

2.3.2. Sampling Time 
In order to reduce temporal variations, especially in the organic layer, sampling activities should be 
confined to periods with low biological activity, e.g. winter or dry season, based on expert judgement. 
However, the countries that participated in the first survey, have to carry out the sampling activities in 
the same period (season) as for the first survey. The sampling dates have to be reported in the reduced 
plot file (form 4a). 
 

2.3.3. Sampled Layers 

2.3.3.1. General 

The organic layer at the soil surface, which may consist of one or more of the following organic 
horizons: litter (OL), fermentation horizon (OF) and/or humus (OH) in aerated organic layers and Hf, 
Hfs or Hs in water saturated organic layers, is sampled separately from the underlying mineral soil. 
Buried organic layers are sampled in the same way as mineral layers. Material discarded for the 
representative sample can be used to refill bore holes or pits.  

2.3.3.2. Organic Layer Sampling 

A distinction has to be made between an organic layer that is saturated (H) or not saturated (O) with 
water according to the FAO-definition (FAO 1990a). The thickness of the different horizons OL, OF 
and OH or Hf, Hfs and Hs, constituting the organic layer and as defined in Box 1, has to be measured 
and reported. 
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Box 1: Definitions of the organic layers 
 
Distinction between saturated (H) and aerated (O) organic layers 
 
A distinction is made between the water saturated organic layers, designated as ‘H’, and the aerated 
organic materials indicated as ‘O’ (FAO, 1990a): 
 

• Organic O-layers or horizons are dominated by organic material, consisting of undecomposed or 
partially decomposed litter, such as leaves, needles, twigs, mosses and lichens, which has 
accumulated on the soil surface; they may be on top of either mineral or organic soils. O horizons are 
not saturated with water for prolonged periods. The mineral fraction of such material is only a small 
percentage of the volume of the material and generally is much less than half of the weight. 

An O layer may be at the surface of a mineral soil or at any depth beneath the surface if it is 
buried. A horizon formed by illuviation of organic material into a mineral soil is not an O 
horizon, though some horizons formed in this manner contain much organic matter. 

 

• Organic H-layers or horizons are dominated by organic material, formed from accumulations of 
undecomposed or partially decomposed organic material at the soil surface which may be under 
water. All H horizons are saturated with water for prolonged periods or were once saturated but are 
now artificially drained. An H horizon may be on top of mineral soils or at any depth beneath the 
surface if it is buried. 
 
Distinction of fresh, partly -, and well decomposed horizons in the organic O-layers 
 
A subdivision of the organic O-layers is made according to the following definitions (partly based on 
Jabiol et al., 2004): 
 
OL-horizon (Litter, Förna): this organic horizon is characterised by an accumulation of mainly 
leaves/needles, twigs and woody materials (including bark), fruits etc. This sublayer is generally 
indicated as litter. It must be recognized that, while the litter is essentially unaltered, it is in some stage 
of decomposition from the moment it hits the floor and therefore it should be considered as part of the 
humus layer. There may be some fragmentation, but the plant species can still be identified. So most of 
the original biomass structures are easily discernible. Leaves and/or needles may be discoloured and 
slightly fragmented. Organic fine substance (in which the original organs are not recognisable with 
naked eye) amounts to less than 10 % by volume. 

Note: this horizon is generally called the litter layer (Klinka et al., 1981, Green et al., 1993, Jabiol et 
al., 1995, Delecour, 1980). 
 
OF-horizon (fragmented and/or altered) is a zone immediately below the litter layer. This organic 
horizon is characterised by an accumulation of partly decomposed (i.e. fragmented, bleached, spotted) 
organic matter derived mainly from leaves/needles, twigs and woody materials. The material is 
sufficiently well preserved to permit identification as being of plant origin (no identification of plant 
species).The proportion of organic fine substance is 10 % to 70 % by volume. Depending on humus 
form, decomposition is mainly accomplished by soil fauna (mull, moder) or cellulose-decomposing 
fungi. Slow decomposition is characterised by a partly decomposed matted layer, permeated by hyphae.

Note: this is the fragmented layer in non-saturated soils (Klinka et al., 1981, Green et al., 1993, 
Jabiol et al., 1995, Delecour, 1980)  
 

 OH-horizon (humus, humification): characterised by an accumulation of well-decomposed, 
amorphous organic matter. It is partially coprogenic, whereas the F horizon has not yet passed 
through the bodies of soil fauna. The humified H horizon is often not recognized as such because it 
can have friable crumb structure and may contain considerable amounts of mineral materials. It is 
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therefore often misinterpreted and designated as the Ah horizon of the mineral soil and not as part of 
the forest floor as such. To qualify as organic horizon, it should fulfil the FAO requirement, as 
described above. The original structures and materials are not discernible. Organic fine substance 
amounts to more than 70 % by volume. The OH is either sharply delineated from the mineral soil 
where humification is dependent on fungal activity (mor) or partly incorporated into the mineral soil 
(moder). 

Note: This horizon coincides with what is called the humus layer (Klinka et al., 1981, Green et al., 
1993, Jabiol et al., 1995, Delecour, 1980) 
 
Distinction of subhorizons in the organic H-layers (Englisch et al., 2005): 
 
Hf horizon (fibric): consists largely of poorly decomposed plant residues (tissues recognizable at 
naked eye) 
 
Note: this horizon coincides with what is classified as fibric (Klinka et al., 1981, Green et al., 1993) 
or fibrist (Delecour, 1980). 
 
Hs horizon (sapric): consists largely of well decomposed plant residues  
 
Note: This horizon coincides with what is classified as humic (Klinka et al., 1981, Green et al., 
1993) or saprist (Delecour, 1980). 
 
Hfs horizon: decomposition of plant residues is intermediate between Hf and Hs, consists of 
fragmentized and partly oxidized peat 
 
Note: This horizon coincides with what is classified as  mesic (Klinka et al., 1981, Green et al., 
1993) or hemist layer in saturated soils;  
 
The following two horizons can be seen as special cases of the Hs horizon: 
 
Hz horizon (zoogenic): consists of largely well decomposed plant residues with high and well 
recognisable earthworm activity (casts) 
 
Hsl horizon (limnic): consists of largely well decomposed plant residues with high mineral content 
under aquatic conditions. 
 

 
The OL-horizon has to be sampled separately. The OH-horizon has to be sampled separately only if it 
is thicker than 1 cm; otherwise, it may be sampled together with the OF-horizon. Optionally, the 
individual horizons (OL, OF, OH) may be sampled and analysed separately. 
 
Note: For the BioSoil project the OF and OH layer can be sampled together (OF -layer). 
 
For the submission of data, these horizons are designated as OL, OF, OFH and OH for the aerated 
organic (O) layers and as Hf, Hs, Hfs for the saturated H-layers. 
 
Separation of the mineral and the organic layer 
Care should be taken to correctly separate the organic layer from the mineral soil material. Separation 
will be done in the field, but will be checked in the laboratory, following the internationally accepted 
criteria (WRB definitions, see Box 2) to make a distinction between both layers. 
 

Box 2: Definition of organic soil materials 
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Organic soil material (FAO et al., 1998) consists of organic debris which accumulates at the 
surface under either wet or dry conditions and in which the mineral component does not 
significantly influence the soil properties. 
 
Diagnostic criteria. Organic soil material must have one of the two following: 
 
1. if saturated with water for long periods (unless artificially drained), and excluding live roots, 
either: 
a. 18 percent organic carbon (30 percent organic matter) or more if the mineral fraction comprises 
60 percent or more clay; or 
b. 12 percent organic carbon (20 percent organic matter) or more if the mineral fraction has no 
clay; or 
c. a proportional lower limit of organic carbon content between 12 and 18 percent if the clay 
content of the mineral fraction is between 0 and 60 percent; or 
 
2. if never saturated with water for more than a few days, 20 percent or more organic carbon. 
 

 
According to these criteria, organic carbon determination (which is mandatory for both Levels of the 
survey) has to be used to check whether the separation has been done correctly. If necessary, clay 
analysis is required to guarantee a proper separation. If the separation was not done correctly, a new 
sample has to be taken. 
 
Sampling method 
A frame of 25 by 25 cm is recommended, but alternatives with a minimum total surface of 500 cm2 are 
acceptable; for mor humus, an auger with a diameter of 8 cm can be used. 
 
Determination of the organic layer weight 
In the field, the total fresh weight of each layer (OL, OF, OH or H) has to be determined, preferably 
together with the thickness of each organic layer (OL, OF, OH or H) (see also § 3.1.1.). Of each layer 
a subsample is collected for determination of moisture content (weight %) in the lab. Based on the 
result of the moisture content, the total dry weight (kg/m2) of each layer can be calculated. 
 
Note: For the BioSoil project the OF and OH layer can be sampled together (OFH layer). 
 

2.3.3.3. Mineral Layer Sampling 

Location 
Where possible, the organic and mineral soil should be sampled at exactly the same locations, i.e. 
sample the mineral soil underneath the organic layer that has already been removed for sampling.  
 
Procedure 
Sampling should be done by fixed depth. The top of the mineral soil corresponds with the zero level 
for depth measurements. 
 
Mineral soil layers are designated as ‘Mij’, where i is the first number of the upper depth limit and j is 
the first number of the lower depth limit (e.g. M01 corresponds to the 0-10 cm layer). Table 1 shows 
the layers that should be sampled. 
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Table 1: Status of layers to be sampled in both levels 

Level I (1) Level II (1) 
Mandatory Optional Mandatory Optional

0-10 cm 
10-20 cm 

0-5 cm 
5-10 cm 

20-40 cm (2) 

40-80 cm (2) 

0-10 cm 
10-20 cm 

20-40 cm (3) 

40-80 cm (3) 

0-5 cm 
5-10 cm 

1 Note that the entire thickness of the predetermined depth should be sampled and not the central part 
of the layer only. 

2 Optional, but recommended if big changes between topsoil and subsoil are to be expected  
3 Only mandatory for a first assessment, not to be repeated (optional) for a second survey if all 

mandatory parameters were determined with the reference method, see also par. 3.3.1., key soil 
parameters 

 
If the upper surface of an indurated horizon (e.g. parent rock) is above the lower limit of sampled soil 
(20 cm for Level I; 80 cm for Level II), the soil is to be sampled till the depth of the limiting horizon. 
For example, a M48 layer subsample taken at a location where the rock surface reaches up to 65 cm 
below the soil surface is composed of material from the mineral soil between 40 and 65 cm depth. The 
depth range of the upper limit of the indurated horizon is reported under ‘Observations’ in form 4b. 
 
Sampling method 
Augering preferred but pits are allowed, especially in case of stony soils where augerings are 
impossible. 
 

2.3.3.4.  Sampling of peatlands 

The sampling design is based on the WRB definition of Histosols (= peat soils) which is based on the 
40 cm boundary. As long as the peatlayer is less than 40 cm the existing sampling design for mineral 
forest soils shall be applied (separate sampling of the organic layers and mineral soil according to the 
fixed depth layers). From the moment the peat is ≥ 40 cm, the peatlayer shall be sampled according to 
the PEATLAND SAMPLING DESIGN.  
 
This means that the peatlayer is sampled at fixed depths, mandatory 0 – 10 and 10 – 20 cm and 
optionally at 20 – 40 and 40 – 80 cm. In the reporting forms a separate name for the peatlayers shall be 
used, namely H01, H12, H24 and H48 in the records for the organic layers. The list of parameters 
(mandatory and optional) follow the rules for the OF, OH or OFH layer. 
 
If the conditions allow (lower water table), the mineral soil below the peat soil (> 40 cm) can be 
further sampled according to the standard depths (M01, M12, M24, M48). 
 

2.3.3.5. Sampling for Bulk Density 

For the determination of bulk density, the sampling scheme deviates from the one for the mineral layer 
sampling that is needed for the analyses of all other parameters. Per plot, five samples with a minimal 
volume of 100 cm3 have to be taken from the mineral topsoil (0-10 cm) of non-stony soils using the 
core or excavation method (Soil Analysis Method 4 in Annex 1). Determination of bulk density by 
measurement is mandatory for level II, but if this measurement has been done according to the 
reference methods for the first survey, it has not to be repeated. For Level I, bulk density is a 
mandatory parameter too, but it can be estimated using pedo-transfer functions (see also § 3.2.2). A 
typical example of a pedotransfer function is the Adams (1973) equation: 
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Where %OC is the percentage total organic carbon and MBD is the mineral bulk density (usually 
estimated at 1.33 kg/m3 or determined based on the ‘Mineral Bulk Density Chart’ developed by Rawls 
and Brakensiek, 1985 – See Table 2). 
 
Table 2: Mineral Bulk Density Chart (Rawls and Brakensiek, 1985) 

sand 
clay % 10 20 30 40 50 60 70 80 90 100 

10 1.4 1.2 1.25 1.27 1.4 1.52 1.58 1.69 1.65 1.53 
20 1.4 1.25 1.35 1.45 1.53 1.6 1.67 1.72   
30 1.4 1.3 1.4 1.5 1.57 1.63 1.68    
40 1.4 1.35 1.44 1.55 1.61 1.68     
50 1.4 1.35 1.44 1.53 1.62      

 
If pedotransfer functions are used, regional calibration and validation are necessary. Information on 
how to determine the usefulness and predictive quality of bulk density  PTFs for forest soils can be 
found in De Vos et al (2005). 
 

2.3.4. Number of Samples and Sample Size 

2.3.4.1. Number of Samples in Composite 

Level I: For every layer, mandatory 5 subsamples have to be taken (a composite of 5 is allowed) (e.g. 
if taken with an auger >= 8 cm diameter), but more subsamples are required according to the 
variability of the site. Mandatory 1 composite sample has to be analysed and reported, more 
can be analysed optionally to determine the variability of the site. In case of very stony soils 
where sampling by auger is not possible, 1 composite of at least 3 subsamples can be 
accepted for the optional depth layers (M24 and M48) only. 

 
Level II: For every layer, mandatory a MINIMUM of 24 subsamples has to be taken, to be combined 

in at least three composite samples (i.e. at least 3 composites of each 8 subsamples or 4 
composite samples of each 6 subsamples). Mandatory at least 3 values have to be reported (1 
from each composite), to obtain information on the sampling variability. The samples should 
be representative for the whole plot area. The distance between 2 sampling points should be 
at least 5 meter in order to avoid autocorrelation. 

 
The subsamples have to be of equal weight, except for situations with a variable lower depth limit. In 
such a case (e.g. an indurated horizon within the depth range of the sampled layer), the weight of each 
subsample is function of the thickness of the actually sampled layer. In the above example (section 
2.2.3.3 last part), the weight of the subsample taken should be a fraction equal to (65-40)/(80-40) of 
the normal weight.  
 

2.3.4.2. Sample Size 

The minimum weight of each representative sample should be large enough for all analyses 
(mandatory and optional parameters) and possible repetitions or reanalyses in time. It is also advisable 
to keep the sample in a storeroom. The ISO 11464 method (Soil quality – Pretreatment of samples for 
physico-chemical analysis) recommends a sample size of at least 500 g of fresh soil for each sample.  
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2.4. Conservation and Preparation of Samples 

Preparation of soil samples is based on the ISO 11464 method (Soil quality – pretreatment of samples 
for physico-chemical analysis). Collected samples should be transported to the laboratory as soon as 
possible and be air dried or dried at a temperature of 40 °C (ISO 11464, 1994). They can then be 
stored until analysis. To recalculate the analysis results on weight basis, the moisture content of the 
sample has to be determined by oven-drying the sample once at 105°C (ISO 11465, 1993). 
 
Living macroscopic roots and all particles, mineral and organic, with a diameter larger than 2 mm, 
should be removed from the samples by dry sieving as a preparation for analysis. The particles not 
passing the 2-mm sieve are weighed separately for the determination of the coarse fragments content 
(required for bulk density). To guarantee a harmonised approach, samples should not be further milled 
or ground. For those analyses for which finely ground material is required [this is Carbonate Content 
(SA07), Total Organic Carbon (SA08), Total Nitrogen (SA09) and Total Elements (SA12] further 
milling or grounding is allowed. 
 
The sample materials for storage should be kept without preservative under normal room conditions 
with minimal temperature and humidity fluctuations, shielded from incident light. 
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3. Physical and Chemical Characterization  

3.1. Physical Characterization of the Organic Layer 

3.1.1. Amount of Organic Layer 
Parameter 
Determination of the weight of the organic layer (volume-dry weight, kg/m2). For method of soil 
moisture content, see Annex I SA02). 
 
Method 
In the field, the total fresh weight of each layer (OL, OF and OH or Hf, Hsf, and Hs) has to be 
determined, preferably together with the thickness of each organic layer (OL, OF and OH or Hf, Hsf, 
and Hs) (see also § 2.2.3.2.). Of each layer a subsample is collected for determination of moisture 
content (weight %) in the lab. Based on the result of the moisture content, the total dry weight (kg/m2) 
of each layer can be calculated. 
 
Note: For the BioSoil project the OF and OH layer can be sampled together (OFH layer). 

3.2. Physical Characterization of the Mineral Layer 

3.2.1. Particle Size Distribution 
Parameters to be determined 
The determination of the soil granulometry and classification according to the USDA-FAO textural 
classes (Figure 1) is mandatory for the mineral layers for Level II, only if not already determined for 
the first survey (no repetition required if this parameter was already measured). 
 
For Level I, information on textural class for the mineral layers is mandatory too (though again only if 
not done in the first survey). However, for Level I an estimate based on the finger test in the field on 1 
composite of each layer can be accepted for classifying the soil texture according to the USDA-FAO 
textural classes. In addition an estimate of the clay content is mandatory as well. Practical guidelines 
can be consulted in the Guidelines for Forest Soil Profile Description (Mikkelsen et al., 2006). 
 
Relevance 
Texture is needed for the profile description and WRB classification (mandatory for both Levels). In 
addition texture, and in particular the clay content, is required for the determination of nutrient 
exchange ability of the soil (interpretation of other - mandatory - parameters). 
 

Box 3: Definition of particle size classes 
 
The particle size classes of the fine earth fraction (< 2 mm) are defined as follows (FAO, 1990a): 
 
Clay <  2 µm 
Silt 2 – 63 µm 
Sand 63 – 2000 µm 

 
Method 
Level I: finger test for estimation of soil texture classified according to USDA-FAO texture triangle 

(FAO, 1990a), and for estimation of the clay content (%). Optional: reference method as 
described for Level II. 

Level II: reference method as described in Soil Manual of ICP forests (Annex 1: SA03)  
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Practicability 
Repetition of the determination of the granulometry is not required. For Level I, extra time and costs 
are minimised if estimated by finger test. 
 

 
Figure 1: Textural classes according to USDA (1951) and adopted by FAO (FAO, 1990a) 

 
3.2.2. Bulk Density of the total mineral soil 

Optional and mandatory parameters  
One value of bulk density has to be reported mandatory for the mineral topsoil (0-10 cm) of non-stony 
soils. For Level I, this value may be obtained either by estimation, pedotransfer functions or 
measurement. For Level II, the bulk density has to be measured. Determination of the bulk density of 
the deeper layers is optional for both Levels. No re-measurement is required if this parameter was 
determined according to the reference method for the first survey.  
 
Methodology 
For measurement: five samples have to be taken with a minimal volume of 100 cm3 per plot and per 
layer. In addition, the determination of bulk density requires estimation of coarse fragments according 
to the USDA-FAO classes (FAO, 1990a). This can be measured or estimated in the soil profile. This 
estimation according to the fixed depths shall be done in addition to the normal profile description 
which follows the genetic layers. 
 
Definition 
Bulk density is defined as the mass (weight) of a unit volume of oven dry soil. The volume includes 
both solids and pores. In mineral soils with no coarse fragment content the bulk density of the total 
mineral soil is equal to the bulk density of the fine earth. 
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Relevance 
The physical arrangement of the soil components is important for determining the nutrient supply to 
plants and in calculation of stocks. In addition, bulk density has an indirect influence on the 
concentrations of air pollutants in the soil (Vanmechelen et al., 1997). 
 

3.2.3. Coarse Fragments 
Report the amount of coarse fragments (boulders, stones and gravel with a diameter > 2mm) of the 
individual mineral layers in volume %. The abundance of coarse fragments can be measured in the 
laboratory, but is usually estimated during routine soil profile observations. In the case that very 
coarse materials are present (stones and boulders), the quantity of these materials has to be estimated 
in the field (e.g. method established in Finland, as described in Annex 1: SA05 or in Germany, see 
Annex1: SA04).  
The determination of coarse fragments is mandatory for the 0-10 cm mineral layer and optional for 10-
80 cm mineral layer in both Level I and Level II. In case of re-assessment (if this parameter was 
already measured according to the reference method in first survey) the parameter is optional. For 
Level I the parameter may be estimated, for Level II it must be measured using the methods described 
in Annex 1: SA05.  
 

3.2.4. Combined approach to estimate bulk density, coarse fragments and fine earth stock 
in stony soils 

Relevance 
Recent investigations (Riek and Wolff, 2006) have revealed that the soil physical parameters (in this 
case bulk density and fine earth stock) can only be recorded with field methods at specific locations in 
an inadequate or scarcely reproducible manner. This applies to soils with a high content of coarse 
gravel (2 – 6 cm) and/or the presence of stones (6 – 20 cm) and boulders (> 20 cm). Because of their 
low volume, the core samplers normally used in forest monitoring are not able to representatively 
collect stones or large portions of coarse fragments in the field. In these cases, the excavation method 
may produce good results but it is probably too expensive, time-consuming and destructive in the 
framework of large-scale monitoring. 
 
Methodology 
The combined approach can improve the determination of these parameters at locations with a high 
content of coarse gravel and/or the presence of stones and boulders and lead to a better approximation 
of the real coarse fragments content.  
In the case of a high content of coarse gravel and/or the presence of stones and boulders, the quantity 
of bulk density of both fine earth and coarse fragments has to be estimated / sampled in the field. 
Methods should be selected according to the prevailing conditions (i.e. coarse fragment content and 
size) at each individual sampling site.  
In the analysis each method or each combined method leads to the determination of (partially) 
different parameters which means that different calculation formulas are needed. A description of the 
different methods and/or combined methods, the related parameters and calculation methods are 
described in Annex SA04.  
 
If the mineral soil contains no coarse fragments or the (estimated) coarse fragment portion is less than 
5 % (case 1), then the bulk density of the fine earth (BDfe) is approximately equivalent to the bulk 
density of the total mineral soil (BDs) (see paragraph 3.2.2). 
 
In case of mineral soils with a coarse fragment content of more than 5% which can be sampled with a 
core sampler or any other (representative) sampler with coarse fragments < 20 mm (case 2), a 
representative volume sampling with core sampler, root auger, AMS core sampler with liner or hollow 
stem auger is done. When calculating the bulk density of the fine earth, the volume of the coarse 
fragment content is subtracted from the total volume of the sampler and the mass of the coarse 
fragments subtracted from the mass of the fine earth referring to this volume.  
 
In case the mineral soil cannot be representatively sampled with a core sampler or any other samples 
(coarse fragments > 20 mm) (case 3), there are two possibilities of taking the coarse fragments into 
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account. The amount of coarse fragments has to be estimated in the field or be determined by 
additional sampling with a shovel or a spade (representative volume sampling). 
 
When representative volume sampling is not possible, sampling with mini-core samplers and 
estimation at the profile (coarse fragments > 60 mm) is required (case 4). The bulk density of the fine 
earth in the spaces between the coarse material [soil skeleton] is determined with a mini-core sampler. 
In addition, a disturbed spade /shovel sample is taken in order to determine factor f (correction factor 
for a possible coarse fragment portion in the mini-core sampler). Furthermore, the coarse fraction 
portion > 60 mm is estimated at the profile. 
 

3.3. Chemical Characterization of Collected Samples 

3.3.1. Selected Key Soil Parameters for the Level I and II Survey 
An overview of the key parameters to be measured is presented in Table 3. The key parameters CEC 
and Base Saturation will be calculated from the data reported, and as such do not have to be submitted 
and are not included in the table. Note that the minimum requirement for a number of the mandatory 
parameters, indicate that in the mineral layers below 20 cm the parameters should be measured once 
and not necessarily be re-measured a second time. Temporal changes are in the first place expected in 
the upper layers. Mandatory Level II parameters of the deeper layers (20-40 and 40-80 cm) that were 
already measured with the reference method for the first survey, do not have to be determined again. 
This means that if all the mandatory parameters of these deeper layers were assessed with the 
reference method, re-sampling of these layers is not needed. 
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Table 3: Chemical and physical key soil parameters (1) 

Parameter Unit Decimals Level I Level II 
Organic Layer Mineral Layer Organic Layer Mineral Layer 

OL OF+OH, H-
layers  (2) 

0-10 cm 10-20 cm 20-40 cm 
40-80 cm 

OL OF+OH, 
H-layers (2)

0-10 cm 10-20 cm 20-40 cm (3) 
40-80 cm (3) 

Physical soil parameter             
Organic layer weight kg/m2 2 O M - - - O M - - - 
Coarse fragments % 0 - - M (3), (4) O (3), (4) O - - M  O (3), (4) O (3), (4) 
Bulk density of the fine earth kg/m3 0 - - M (3), (5), (6) O (4) O - - M (3), (5) O O 
Particle size distribution (FAO, 1990a) - - - - M (3), (7) M (3), (7) O - - M (3) M (3) M (3) 
 Clay content % 0 - - M (7) M (7) O - - M M M 
 Silt Content % 0 - - O O O - - M M M 
 Sand Content % 0 - - O O O - - M M M 
Chemical soil parameter             
pH(CaCl2) - 1 - M M M O - M M M M 
Organic carbon g/kg 1 - M M M O - M M M O 
Total nitrogen g/kg 1 - M M M O - M M M O 
Carbonates g/kg 0 - M (8) M (9) M (9) O - M (8) M (9) M (9) O 
Aqua Regia extracted  
 P, Ca, K, Mg, Mn 

mg/kg 1 O M O O O O M O O - 

Aqua Regia extracted  
 Cu, Pb, Cd, Zn 

mg/kg 1 O M M - - O M M - - 

Aqua Regia extracted  
 Al, Fe, Cr, Ni, S, Hg, Na 

mg/kg 1 O O O - - O O O - - 

Exchangeable Acidity cmol(+)/
kg 

2 - M (10) M M O - M (10) M M M 

Exchangeable Cations:  
 Ca, Mg, K, Na, Al, Fe, Mn, H  

cmol(+)/
kg 

2 - M (10) M M O - M (10) M M M 

pH(H2O) - 2 - O O O O - O O O O 
Total Elements:  
 Ca, Mg, Na, K, Al, Fe, Mn 

mg/kg 1 - - - - - - - O O O 

Oxalate extractable Fe, Al mg/kg 1 - O O O O - O M M M 
1 Abbreviations : M = mandatory parameter, O = optional parameter 
2 If the OH - horizon > 1 cm, the OF - and the OH - horizons should be analysed separately and each value has to be reported 
3 In case of a re-assessment (if the parameter was already measured according to the reference method for the first survey) , the measurement is optional  
4 May be obtained by estimation or measurement 
5  Mandatory only in non-stony soils  
6  May be obtained by estimation, pedo-transfer function or measurement 
7 May be obtained by finger test, consists of texture classified according to USDA-FAO texture triangle  
8  Only mandatory if pH(CaCl2) > 5.5 

9 Only mandatory if pH(CaCl2) > 6   10 In calcareous soil, the measurement of this parameter is optional 
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Relevance 
The relevance of the key parameters is given in Table 4.  
 
With regard to the nutrients, the amount extracted by aqua regia has been made mandatory for the 
OF+OH horizons and H layers of the organic layer and optional for the mineral topsoil. While from 
this extraction not the real total content is obtained, it is useful as an estimate of the nutrient stock. 
Extra costs and work are minimal as it can be measured from the same extraction to be made for the 
heavy metals (mandatory for both the OF+OH horizons, H-layers and the mineral topsoil). For the 
determination of the 'real' total amounts, more specialised material and skill are required. As these 
'real' total contents are important for the calculation of weathering rates and critical loads, they have 
been made optional for Level II. 
 
Note that the measurement of Carbonates is required also for the correction of the organic carbon 
content if the pH(CaCl2) > 5.5 in the organic and > 6 in the mineral layer. 
 
For the determination of the pH, measurement on a CaCl2-extract is recommended. pH(H2O) has been 
made an optional parameter for reasons of comparability, as this is mostly used in literature. 
 

Table 4: Relevance of the key parameters 

Type of 
parameter Key parameters Layer Relevance 

Carbon  and 
nitrogen 

Ctot, Ntot, (Carbonates) Organic Forest nutrition, atmospheric N deposition, 
climate change 

Mineral Forest nutrition (0-20 cm), C- & N sinks 
Nutrients Total P, Ca, Mg, K, Mn Organic Atmospheric deposition of basic cations, 

stock of main nutrients 
Mineral Weathering rates, critical loads of acidity, 

stock of main nutrients 
Acidity, Exchange 
characteristics 

pH, Carbonates, CEC, BS, 
Exchangeable cations, Exchangeable 
Acidity 

Organic 
 

 
 
 
Buffering acid input 
  

pH, Carbonates, CEC, BS, 
Exchangeable cations, Exchangeable 
Acidity, Alox, Feox 

Mineral 

Heavy metals Pb, Cu, Zn, Cd Organic Atmospheric metal deposition 
Mineral Atmospheric metal deposition, calculation 

critical loads (0-20 cm), deficiency of oligo 
elements 

Physical soil 
parameters 

Organic layer weight 
 

Organic  
 
Calculation of stocks Bulk density of the fine earth (BDfe) 

and the coarse fragment content 
Mineral 

 
Practicability 
Elements that require special equipment or particular skill to determine correctly have been made 
optional or were skipped altogether.  
 

3.3.2. Reference analytical methods 
The analytical methods proposed as the reference methods for the 1st survey are proposed again for the 
second survey, though adapted to ISO methods. The full description of the reference methods is given 
in Annex 1. 
 
Table 5 gives an overview of the reference methods. Note that the parameters are grouped according 
to the analysis method. As such it is made clear which elements can be measured in the same run, 
without additional costs and hardly extra work involved. 
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Table 5: Overview of reference methods for the chemical parameters 
Parameter 
 

Reference Analysis Method 1 Unit 2 
Extractant Measurement method(s) 3 

pH(CaCl2) 0.01 M CaCl2 pH-electrode  
pH(H2O) H2O pH-electrode 
Total nitrogen - Dry Combustion or Modified Kjeldahl g/kg 
Organic carbon4 - Dry Combustion at ≥ 900 °C  
Carbonates HCl Calcimeter 
P 

Aqua Regia 
ICP 

Colorimetry mg/kg 
K, Ca 

AAS 
 

Mg 
Mn 
Heavy metals: Cu, Cd, Pb, Zn 
Other: Al, Fe, Cr, Ni, Na 
Hg Cold vapour AAS  
S ICP 

CNS - analyser  
Free Acidity (or sum of AC5) and free H+ 0.1 M BaCl2 titration to pH 7.8 

or 'German' method (difference in pH 
before and after extraction and model) 

cmol+/kg  

Exchangeable Cations  Al, Fe, Mn,  
0.1 M BaCl2 ICP, AAS 

-  
K, Ca, Mg, Na FES 

Reactive Fe and Al Acid oxalate AAS, ICP mg/kg 
Total Elements: Ca, Mg, Na, K, Al, Fe, Mn Method using HF or Lithium metaborate, that brings all 

elements into solution 
mg/kg 

1 Full descriptions are given in Annex  
2 Results have to be expressed on an oven dry basis 
3 For the measurement of a number of parameters there are several alternatives for the equipment that can be used 
4 Note that for organic carbon a correction has to be made for carbonates  
5 Alternative for the titration of the exchangeable acidity is the sum of the exchangeable Al, Fe, Mn and H (=Acid Cations) 
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4. Quality assurance, quality control 

4.1. Objectives 

The guidelines below are based on the guidelines for quality assurance and control in the field and in 
the laboratory, as dealt with in detail in the submanual on the Measurement of Deposition (Annex VI.4 
Quality Assurance and Quality Control for Atmospheric Deposition Monitoring by E. Ulrich and R. 
Mosello). The guidelines are intended to be used by the laboratories working on the analysis of the soil 
samples of the various assessments of the Pan European Monitoring Programme. In this paragraph, the 
focus is put on the analysis of the soil samples. These guidelines should allow the laboratories to 
develop their own methods to control the quality of soil analysis and should improve comparability of 
analysed data over the Programme. 

4.2. Starting points 

Quality assurance and Quality Control (QA/QC) are national issues. The National Focal centre (NFC) 
is responsible to select an adequate laboratory, the laboratories are responsible for the QA/QC. 
Laboratories use the proper equipment and the reference methods for the digestion and chemical 
analysis of samples. The laboratories set up good methods to control the quality of the analysis carried 
out. Proof of the obtained quality is documented and submitted to European level. 
Laboratories apply local, national and international reference material to ensure the quality over time 
and comparability on (inter-)national level. 

4.3. Principles 

Repetitive analysis of reference materials is the basis of a good QA/QC programme. The repeated 
digestion/analysis over time of the same sample will provide insight in the random and systematic 
deviation from the average over time. 
When the mean stays the same over a longer period of time, no trend is taking place. The measured 
values allow the calculation of the standard deviation around this mean.  
 
Mapping of the values of the repeated analysed samples will show trends in time. The standard 
deviation can be used to define the limits (e.g 2 x SD) outside where the encountered value is highly 
improbable. Values outside this range function therefore as a warning signal. It indicates that 
something different then 'normal' has taken place. There are many possible reasons and such a warning 
signal has to be followed by proper laboratory actions. 

4.4. Reference materials 

Reference materials come in various sorts and prices. International Reference Materials (IRM) are 
expensive and should be used only when really needed. In many cases the concentrations are not in the 
ranges encountered in the daily practices. 
National Reference Materials (NRM) are in many cases easier to get and often not so expensive as 
IRM. They are in most cases issued by national laboratories and very useful to ensure the quality over 
the laboratories within a country.  
Local Reference Materials (LRM) are (to be) prepared by the laboratory itself and can be easily 
prepared in large quantities, very cheaply. It can also be made in the correct concentration ranges for 
the more important parameters.  
Especially these LRM have a high importance for the QA/QC activities. 
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4.4.1. Preparation of Local Reference Material 
Due to the nature of the soil samples and its two-step analysis LRM samples of both the solid phase 
(to control the quality of digestion) and the liquid phase (to control the quality of the chemical 
analysis) is needed. 
Solid phase LRM:  Take several larger samples from a site (e.g L/H horizons, mineral soil: 0-10 cm 
and 20-40 cm). Dry all sampled material and homogenise the sample material to ensure a uniform 
mixed sample. Split or riffle the sample in several parts and store in cool and dry place. It may be 
useful to prepare several LRM-sets for the different soil types and concentration regimes in the 
country (e.g. a LRM for the samples of a clay soil in the coastal area with high concentration of sea 
salt versus a LRM on sandy soil in and inland situation). 
Liquid phases LRM: After digestion of larger part of the solid phase LRM, store the liquid LRM in a 
cool and dark place.  
 
In general, no control of high concentrations is done, because the errors are higher the lower the 
concentration is. Often, higher concentrated solutions are diluted in order to reduce the concentration 
so that they fit into the ranges for which the analysers were calibrated. 
 
The quantity of the LRM has to be large enough to be used for a longer period of time (preferably up 
to one year). The needed annual quantity will depend on the type of analytical equipment and method 
used by the laboratory. The sample should be stored in such conditions that no (or minimal) changes 
take place over time. 
 

 
 
4.4.2. Initiation of Local Reference Material 

When the LRM-sample has been prepared, a test run has to be made. For this initiation the equipment 
has to be calibrated as good as possible. A number of replicates (e.g.5 repetition of the solid phase and 
30 of the liquid phase) of the LRM is to be analysed plus at least one (but preferably more) samples of 
a NRM or even an IRM. All relevant parameters are analysed. 
From the results of the NRM and IRM the accuracy in absolute sense is determined for each 
parameter. The spread of the results of the LRM gives an indication on the SD. Naturally the smaller 
the SD, the better the results. The results of this first test-run should be treated according to the ISO 
standard 8258 (1991) (Shewhart control charts). The mean value of the parameter in the LRM is of 
less importance, but should be in the same range as the values of the real samples. 
From this point each parameter has a SD. This could result in an evaluation of the included parameters 
and the relevance of the analysis by the methods applied. When the SD is significant larger then the 
expected values the relevance to analyse the parameter is small. Other methods/equipment may have 
to be used to analyse the parameter within an acceptable range. 
This procedure is to be repeated whenever equipment is changed, important parts are replaced or when 
trends seem to have taken place over time. In the latter case the absolute values obtained from the 
NRM and IRM are of high importance. 
 

4.4.3. Implementation of the Local Reference Material 
After the successful initiation of the LRM a systematic re-sampling of the LRM (liquid phase) takes 
place in every batch or series. Depending on the number of samples to be analysed and the methods 
and equipment used, this could be in the range of one LRM per 10 analysed real samples to 1:20. For 
the solid phase (digestion and analysis) this could be reduced to 1:100. 
The results of the repeated analysis of the LRM allow the evaluation of the stability of the 
method/equipment over time. It is therefore important that no changes take place in the LRM sample 
over time. It is therefore strongly recommended that every analysis of the LRM is mapped in a graph 
over time (see ISO 8258). The example in Figure 4 shows lines with the mean (10), the 1*SD (9 and 
11) and 2*SD (8 and 12) are indicated as a result of the initiation of the LRM.  

Note: a small standard deviation around the mean is very nice and an indicator of 
very accurate and precise work, but not the first objective of this QA/QC.
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Figure 4: Example of a control graph for medium chloride concentrations in countries near the 
sea (in mg/l) with the mean around 10 and a SD on 0.9. The dots are the daily means of the 
measured values of the LRM over time. 

 
4.4.4. Basic principles for use of the Shewhart control chart  

Assuming that the concentrations in the LRM do not change and the methods/equipment remain the 
same, the spread of the measured values should be within the range of 1*SD (68%) and randomly 
distributed around the mean. These two requirements need to be tested every time a set of samples is 
processed. The graph visualises these things easily, but statistical calculation will be needed to 
calculate the probability of the occasion. 
This means that when measured values fall (far) outside the 1*SD lines a problem has occurred. 
Similarly when the mean value (of e.g. the last 10 values) is drifting away from the original mean, 
systematic changes are taking place.  
A check of methods/equipment has to be carried out. If the values fall out of the 2*SD range, the 
equipment must be checked entirely and re-calibrated. Further on, the whole series of samples having 
been analysed during the time when the 2*SD range was exceeded, has to be reanalysed. 
 

4.4.5. Translating the results of the repeated sampling of Local Reference Material into 
QA/QC 

The mapping of the values of the repeated sampling of the LRM over time is a proof of consistent 
analysis. Evaluation of the results per parameter leads now to a quality statement per parameter. This 
statement is only valid for the concentration range of the concerned LRM. It is therefore recommended 
to use in very different concentration situations more LRM’s. In general, it is sufficient to use two 
sample concentrations, one for low concentrations and one for medium concentrations (e.g. for 
nitrogen 1 and 5 g/kg). Samples with higher concentrations are regularly diluted by the lab technicians 
in order to fit in the calibrated concentration range. Moreover, higher concentrations have a much 
smaller percentage of error/variation (reproducibility: 1-5%) than low concentrations (reproducibility: 
5-10 %) or very low concentrations (reproducibility: 10-20%). 
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Box 4: Definition of reproducibility 
 

The analytical results are obtained by the same method, using the same LRM, but not at the same moment 
(sometimes with days or weeks of delay between two subsequent analyses) and sometimes by different 
persons in the laboratory. The percentage of reproducibility is the variation coefficient of the annual mean 
of one LRM. 

4.5. Co-operation with neighbouring laboratories 

As mentioned before, the NRM and IRM may not have concentrations in the right ranges. This makes 
the tests less valuable. On the other hand when well initiated LRM are available, these could be used 
in neighbouring labs as an additional NRM or IRM. The cost is of course minimal and at the same 
time regional coverage with good samples is achieved. In a further step of cooperation, the analysis of 
parameters for which special equipment is needed (e.g. low concentrations of heavy metals), could be 
concentrated in a limited number of labs. In many cases pooled samples can be used to further reduce 
costs. 

4.6. Submission of information on quality to European Level 

Besides the actual measured values of the samples, also information on the QA/QC will be requested 
at European Level. This information consists of: 
• Complete description of the methods applied in view of the QA/QC, using a fixed coding system, 

in the form of a Data Accompanying Report Questionnaire (DAR-Q) 
• Description of the complete procedures of handling of the sample, including information on 

storage and delay time; produce a flow chart of the way the samples go from the field till the end 
of the different determinations; this chart should show the flow in time and space 

• Shewhart control charts of the LRM for the various parameters (including the statistical analysis 
such as initial Mean and SD, differences of the mean over time, points of action/re-
measurement/calibration and or re-initiation) 

• Calculation of the coefficient of variation (reproducibility, definition see above) for all LRM, 
depending on the concentration (for each concentration a CV has to be calculated). 

 
 

5. Data reporting 

The following rules apply:  
• Data will be reported separately for the H- and O-horizons and for the mineral soil. 
• For the organic layers reporting is done according to the OL-, OF-, OH-, OFH-, Hf, Hs, Hfs 

horizons or as described in Box 1 of this manual. 
• For the mineral soil reporting is done according to the defined mandatory depth layers. 
• For the peat layers, reporting is done according to the defined depth layers (Mandatory: H01, H12 

and Optional: H24 or H48) and following the parameter list for the OF, OH and H-layers of the 
organic horizons. 

 
Data shall be submitted using the forms in Annex 2.  
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Annex 1                                   

Methods for Soil Analysis 



IIIa Sampling and Analysis of Soil – update 2006 

updated 06/2006 

98 



IIIa Sampling and Analysis of Soil – update 2006 
 

updated 06/2006 

99

 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

Soil Analysis Method 1 (SA01)                                                 

Pre-treatment of Samples 
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Pre-treatment of Samples 
Method sheet SA01 

Reference methods  ISO 11464 

Method suitable for   Organic Layer;  Mineral Layer 
 

I. Relevance in ICP Forests 

All samples (organic and mineral) have to be prepared according to the standard methodology in order 
to maintain comparability between participating countries. 
 
Priority Level I Level II 
Organic Layer Mandatory Mandatory 
Mineral layer Mandatory Mandatory 

II. Principle 

Organic layer 

After removal of living material (such as mosses, roots, etc.) and objects > 2 cm, collected samples 
(preferably not less than 500 g fresh material) should be transported to the laboratory as soon as 
possible and should be air dried or dried at a temperature of 40 °C. They can then be stored until 
analysis. The sample is subsequently crushed or milled to size < 2 mm. 

b. Mineral layer 

After removal of living material (such as mosses, roots, etc.) and objects > 2 cm, collected samples 
(preferably not less than 500 g fresh soil) should be transported to the laboratory as soon as possible 
and should be air dried or dried at a temperature of 40 °C. They can then be stored until analysis.  
 
Living macroscopic roots and all material, mineral and organic, with a diameter larger than 2 mm, 
should be removed from the samples by dry or wet sieving. The particles not passing the 2-mm sieve 
(after crushing), may be weighed separately for the determination of the coarse fragments content 
(SA05). The fraction smaller than 2 mm is used for the soil analysis. The mineral soil samples should 
not be milled. Only sieving above a 2 mm sieve is allowed. No further grinding will be allowed except 
for the analysis of Carbonate Content (SA07), Total Organic Carbon (SA08), total Nitrogen (SA09) 
and Total Elements (SA12).  
 
The sample materials for storage should be kept without preservative under normal room conditions 
with minimal temperature and humidity fluctuations, shielded from incident light. 

III. Apparatus 

Drying oven. 
Crusher, mill, mortar and pestle. 
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Plate sieve, mesh sieve 

IV. Reagents 

No reagents. 

V. Procedure 

Drying 
Spread the material in a layer not thicker than 15 mm. If necessary, the sample is crushed while still 
damp and friable and again after drying. Dry the complete sample in drying oven at a temperature of 
40 ° C, until the loss in mass of the sample is not greater than 5 % (m/m) per 24 h. Break down the 
size of larger clods (greater than 15 mm) to accelerate the drying process.  
 
Removal of fraction < 2 mm 
Remove stones and large objects by hand picking and sieving (< 2 mm). Minimise the amount of fine 
material adhered. Weigh separately the fraction not passing the 2 mm sieve for determination of coarse 
fragment content. Crush (not ground) the clods greater than 2 mm taking care that crushing of original 
particles is minimised. Homogenise the < 2 mm fraction. 
 
Sieving and Milling 
The organic sample is crushed or milled to size < 2 mm. 
 
The mineral soil samples should not be milled. Only sieving above a 2 mm sieve is allowed. No 
further grinding will be allowed except for the analysis of Total Organic Carbon (SA08), Total 
Nitrogen (SA09) and Total Elements (SA12). 
 
Subsampling 
For the preparation of an analysis subsample, split up (by hand, using a sample divider or by 
mechanical subsampling) the sample into representative portions until the required sample number and 
sample size is obtained.  

 

VI. Calculation 

No calculations. 

VII. Report 

The mineral fractions (> 2 mm) obtained after sieving with a 2 mm sieve may be used for 
determination of coarse fragments (SA05). 

VIII. Reference 

ISO 11464. 1994. Soil Quality – Pretreatment of samples for physico-chemical analysis. International 
Organization for Standardization. Geneva, Switzerland. 9 p. (available at www.iso.ch)
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Soil Analysis Method 2 (SA02)                                                 

Determination of Soil Moisture Content 
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Soil Moisture Content 
Method sheet SA02 

Reference methods  ISO 11465 

Method suitable for   Organic Layer; Mineral Layer 
 
I. Relevance in ICP Forests 
Recalculation of results obtained by lab analysis to “oven-dry weight”. 
 
Priority Level I Level II 
Organic Layer Mandatory Mandatory 
Mineral layer Mandatory Mandatory 

II. Principle 

Calculation and reporting of the results of soil analysis is done on basis of "oven-dry" soil. The 
moisture content of air-dry soil is determined prior to soil analysis. To recalculate the analysis results 
on dry weight basis, the moisture content of the sample has to be determined by oven-drying a sample 
to constant mass. The difference in mass is used to calculate water content on a mass basis.  

III. Apparatus 

Moisture tins or flasks (25 – 100 ml) with closely fitting lid 
Drying oven 
Analytical balance (accuracy 0.001 g) 
 
Note: The use of an automated apparatus for measuring soil moisture content is allowed as long as it 
is based on the same principle. 
 

IV. Reagents 

No reagents. 

V. Procedure 

Mineral Layer: Transfer 5-15 g air-dried fine earth (fraction < 2 mm) to a dried, tared moisture tin 
and weigh. Dry at 105±5 °C (lid removed) until constant mass is reached. 
 
Organic Layer : Transfer 5 – 10 g air dried organic layer material to a dried, tared moisture tin and 
weigh. Dry at 105 °C (lid removed) for 24 hours. 
 
Remove tin from oven, close with lid, cool in desiccator and weigh. 

VI. Calculation 

The moisture content in weight percentage is obtained by : 
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tin tareB

BA%Moist
−

−
=

 
 
Where:  

A : Weight of tared moisture tin and air-dried soil sample 
  B : Weight of tared moisture tin and oven-dried soil sample  
 
The corresponding correction factor for analytical results or for amount of sample to be weighed in for 
analysis is: 
 

moisture correction factor(MCF)  = 
100

%100 moist+
 

  
Note: when reporting the results of Carbonate Content (SA07), Total Organic Carbon (SA08), Total 
Nitrogen (SA09), Exchangeable acidity, Free H+, exchangeable elements (SA10), Aqua Regia 
Extractable elements (SA11), Total elements (SA12), Acid Oxalate Extractable Fe and Al (SA13), the 
results on air-dry basis should be multiplied by the moisture correction factor (MCF) to obtain the 
result on oven-dry basis. 
 

VII. Report 

Report moisture content (in %) with 1 decimal place. 

VIII. Reference 

ISO 11465. 1993. Soil Quality – Determination of dry matter and water content on a mass basis – 
Gravimetric method. International Organization for Standardization. Geneva, Switzerland. 3 p. 
(available at www.iso.ch) 
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Soil Analysis Method 3 (SA03)                                                 

Determination of Particle Size Distribution 
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Particle Size Distribution  
Method sheet    SA03 

Reference methods ISO 11277 

Method suitable for   Mineral Layer 
 

I. Relevance in ICP Forests 

 

Particle Size Distribution : Clay Percentage 

Priority Level I Level II 
Organic Layer - - 
Mineral layer Mandatory1, 2 Mandatory1 
1 if not determined in the first soil survey 
2 an estimation of clay content based on finger test is allowed 
 
Particle Size Distribution : Silt Percentage 

Priority Level I Level II 
Organic Layer - - 
Mineral layer Optional Mandatory1 
1 if not determined in the first soil survey 
 
Particle Size Distribution : Sand Percentage 

Priority Level I Level II 
Organic Layer - - 
Mineral layer Optional Mandatory1 
1 if not determined in the first soil survey 
 
Particle Size Distribution : USDA-FAO texture Classification 

Priority Level I Level II 
Organic Layer - - 
Mineral layer Mandatory1, 2 Mandatory1 
1 if not determined in the first soil survey 
2 an estimation of granulometry based on finger test is allowed 

II. Principle 

Separation of the mineral part of the soil into various size fractions and determination of the 
proportion of these fractions. The analysis includes all soil material, i.e. including gravel and coarser 
material, but the procedure below is applied to the fine earth (< 2 mm) only. Of paramount importance 
in this analysis is the pretreatment of the sample aimed at complete dispersion of the primary particles. 
Therefore, generally, cementing materials (usually of secondary origin) such as organic matter, salts, 
iron oxides and carbonates such as calcium carbonate are removed. After shaking with a dispersing 
agent, sand (63 µm-2 mm) is separated from clay and silt with a 63 µm sieve (wet sieving). The clay 
(< 2 µm) and silt (2-63 µm) fractions are determined by the pipette method (sedimentation). 
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III. Apparatus 

Sampling pipette (10 to 50 ml) with safety bulb and water reservoir, held in frame 
Constant temperature room or thermoregulated bath (20 – 30 °C ± 0.5 °C) 
Glass sedimentation cylinders (approx. diam. 50 mm, approx. length 350 mm) graduated 500 ml 

volume with rubber bungs or stirrer) 
Stirrer and rod 
Glass weighing vessels (with masses known to 0.0001 g)  
Mechanical shaker (30 – 60 revolutions/min) 

Sieves (2 mm – 63 µm) 
Balance (accuracy 0.0001 g) 
Drying oven 
Stopwatch (accuracy 1 s) 

Glass filter funnel capable of holding the 63 µm sieve 
Wash bottle 
Desiccator 
650 ml glass beaker with cover glass, 100 ml measuring cylinder, 25 ml pipette 
Hot plate or bunsen burner 
Electrical conductivity meter (accuracy 0.1 dS/m) 
Optional: Centrifuge and 300 ml centrifuge bottle 

IV. Reagents 

Hydrogen peroxide (H2O2), 30% volume fraction. 
Dispersing agent: 3.3 % sodium hexametaphosphate  and 0.7 % soda solution:  

Dissolve 33 g sodium hexametaphosphate (NaPO3)6 and 7 g soda (Na2CO3) in water in a 1 l 
volumetric flask and make to volume. Both chemicals should be dried overnight at 105 °C prior to 
use. This solution is unstable and shall be replaced after one month. 

Antifoaming agent (preferably octan-2-ol, alternatives are ethanol or methanol)  
Calcium chloride solution (CaCl2), conc. 1 mol/l 
Hydrochloric acid (HCl), conc. 1 mol/l 

V. Procedure 

Test sample 
Depending on the soil type, weigh 10 (clay) to 30 g (sand) soil of the air-dried soil (fraction < 2 mm). 
Place the sample in the 650 ml glass beaker or 300 ml centrifuge bottle. 

 
Destruction of organic matter  

Add 30 ml water to the test sample (add if necessary a few drops of octan-2-ol to allow thoroughly 
wetting). Add 30 ml of the 30 % hydrogen peroxide solution and mix using the glass or plastic rod 
(add if necessary a few drops of octan-2-ol to control foaming). Cover and leave overnight. The next 
day, place the vessel on hot plate or bunsen burner and warm. Control foaming with octan-2-ol and stir 
frequently. To avoid drying out, add water if necessary. Bring the suspension to a gentle boil until all 
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signs of bubbling due to the decomposition of hydrogen peroxide have ceased. If undecomposed 
organic material is still present, cool the beaker and repeat the treatment with hydrogen peroxide. 
If using a centrifuge bring the volume to 150 – 200 ml by addition of water. Centrifuge the bottle until 
obtaining a clear supernatant (recommended 15 min at a minimum relative centrifugal force (RCF) of 
400 g) and remove this supernatant by decanting or by using a suction device.  
If a centrifuge is not available the mineral residues may be flocculated by adding 25 ml of 1 mol/l 
calcium chloride solution, stirring and bringing to about 250 ml with water. Let stand until the 
supernatant is clear, then siphon or decant this from the residue. Add another 250 ml of water and 
repeat the washing procedure until the dark residues of the decomposed organic matter have gone (if 
using this method, take care to check the electrical conductivity (next step) before adding the salt).  
 
Removal of soluble salts and gypsum 
After destruction of organic matter add water until obtaining a soil:water ratio of 1:4 – 1:6 (v:v). Shake 
for 1 h using shaking machine. Centrifuge to obtain a clear supernatant and measure electrical 
conductivity (Ec) on this supernatant. If Ec > 0.4 dS/m soluble salts and gypsum is present in 
considerable amounts and have to be removed. Remove the supernatant, add 250 ml water and shake 
for 1 h. Centrifuge and measure electrical conductivity again. Repeat this washing procedure until Ec <  
0.4 dS/m. 
 
Removal of carbonates  
A distinction is made on basis of the presence or absence of calcium carbonate: 
(1) Calcareous soils: pH(H2O) > 6.8 
(2) Non-calcareous soils: pH(H2O) < 6.8 
 
Where the carbonate content is greater than about 2 % mass fraction, add to the washed, centrifuged 
soil (above) 4 ml of 1 mol/l hydrochloric acid for each percent of carbonate, plus an excess of 25 ml of 
acid. Make up to about 250 ml with water, and place the suspension on the water bath at about 80 °C 
for 15 min, stirring the suspension from time to time. Leave the suspension to stand overnight. If the 
soil flocculates sufficiently to leave a perfectly clear supernatant, then this can be siphoned off or 
decanted, otherwise centrifugation and decantation will be necessary. Repeat the washing and 
decantation with water until the Ec of the supernatant is less than 0,4 dS/m.  
If the carbonate content is less than about 2 % mass fraction, then only an initial 25 ml of 1 mol/l 
hydrochloric acid solution is required. It is recommended, therefore, that 20 ml of 1 mol/l calcium 
chloride solution is added at the same time as the acid. The rest of the procedure is identical as for a 
higher carbonate content.  
 
Note: if the carbonate content is that high that the results of the particle size distribution become 
unreliable, this should be mentioned in the Data Accompanying Report. 
 
Dispersion 
Add sufficient water to the vessel so that the total volume is between 150 ml and 200 ml, shake the 
contents until all the soil is in suspension, and add 25 ml of dispersing agent from a pipette. Shake the 
bottle for 18 h on the end-over-end shaker. 
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Wet sieving at 63 µm 
Place a 63 µm aperture sieve in the large glass funnel, and place the funnel in the stand so that the 
neck of the funnel is inside one of the 500 ml sedimentation tubes. Transfer the dispersed suspension 
from the centrifuge bottle quantitatively onto the sieve, and wash the soil using a jet of water from the 
wash-bottle until the water runs clear. The total volume of the 
washings should not exceed 500 ml.  
Remove the sieve from the funnel and wash the residue on the sieve into an evaporating dish by means 
of a gentle spray from the wash-bottle. To alleviate sieve blockage, use the glass or plastic rod and 
rubber sleeve. Place this dish in an oven between 105 °C and 110 °C until the residue is dry. Record 
the mass to 0.0001 g (mfs). 
Wash any particles adhering to the inside of the funnel into the sedimentation tube. Make up the 
suspension in the sedimentation tube to 500 ml with water. 
 
Calibration 
Calibration sampling pipette 
Clean and dry the pipette thoroughly and immerse the tip in water. Draw water into the pipette into the 
safety bulb. Drain off the water in the safety bulb through the outlet tube. Drain the pipette into a 
weighing bottle of known mass, and determine the internal volume of the pipette. Repeat this exercise 
three times and take the average of the three volumes as the internal volume of the pipette to the 
nearest 0.05 ml ( Vc ml). 
 
Calibration dispersing agent 
Pipette 25 ml of dispersing agent solution into one of the glass sedimentation tubes, and fill the tube to 
the 500 ml mark with water. Mix the contents of the tube thoroughly. Place the tube in the constant 
temperature environment, and leave the tube for at least 1 h. Between any of the times at which 
samples may be taken from the sampling tube (Table SA03-1), take a sample (Vc ml) of the dispersing 
agent solution from the sedimentation tube using the sampling pipette. Drain the pipette into a 
weighing vessel of known mass, and dry the contents of the vessel between 105 °C and 110 °C. Allow 
the vessel to cool in the desiccator and determine the mass of the residue in the vessel to 0.0001 g (mr). 
Follow this procedure each time a new batch of dispersing agent is prepared. 
 
Sedimentation 
Place the sedimentation tube in the constant temperature environment. Agitate (at least 30 times/min 
for a minimum of 2 min ) the contents of the sedimentation tube vigorously, either by means of the 
stirrer, or by inserting a bung in the tube, followed by end-over-end shaking. Replace the tube upright 
in the constant-temperature environment and start the timer.  
About 15 s before a sample is to be taken (Table SA03-1), lower the pipette, with the tap of the safety 
bulb closed, vertically into the soil suspension, and centrally in the sedimentation tube, until the tip is 
the appropriate depth (± 1 mm) below the suspension surface (Table SA03-1). Take care to disturb the 
suspension as little as possible, and complete the operation within about 10 s. Open the tap of the 
safety bulb and withdraw a sample of the suspension such that the pipette and a part of the safety bulb 
are full. This sampling operation shall take about 10 s. Withdraw the pipette from the suspension so 



IIIa Sampling and Analysis of Soil – update 2006 
 

updated 06/2006 

113

that the tip of the pipette is clear of the top of the sedimentation tube. Run the surplus present in the 
safety bulb into a small beaker by the outlet tube. Wash with water from the water reservoir until no 
suspension remains in this part of the system. 
Place a weighing vessel of known mass (to 0.0001 g) under the tip of the pipette and open the tap so 
that the contents of the pipette are delivered to the vessel. Wash any suspension left on the inner walls 
of the pipette into the vessel by allowing water from the water reservoir to run through the system. 
Place the weighing vessel and contents in the oven between 105 °C and 110 °C, and evaporate to 
dryness. Cool the vessel in the desiccator, weigh the vessel and its contents to the nearest 0.0001 g, 
and determine the mass of the residue the nearest 0.0001 g (ms1). Clean the outside of the pipette of 
any adhering sediment, and take the other sample (fraction < 2 µm), in accordance with the times 
given in Table SA03-1, using the same pipetting procedure given above. Call the additional sample 
masse ms2. 
 
Table SA03-1 Pipette sampling times and fraction at different temperatures 

Temperature (°C) Time (after mixing) of starting sampling operation 
 Fraction : < 63 µm Fraction : < 2 µm 
 Sampling depth 200 mm ± 1 mm Sampling depth 100 mm ± 1 mm 

20 56 s 7 h 44 min 16 s 
21 54 s 7 h 34 min 04 s 
22 53 s 7 h 23 min 53 s 
23 52 s 7 h 13 min 13 s 
24 51 s 7 h 03 min 02 s 
25 49 s 6 h 52 min 50 s 
26 48 s 6 h 44 min 02 s 
27 47 s 6 h 35 min 42 s 
28 46 s 6 h 26 min 53 s 
29 45 s 6 h 18 min 33 s 
30 44 s 6 h 09 min 45 s 

VI. Calculation 

Fractions < 63 µm 
Calculate the mass of solids in suspension in 500 ml (mf1 , mf2) in grams, for each pipette sampling 
time from the equation: 
 
Mass < 63 µm in 500 ml : mf1 = ms1 (500/Vc) 
Mass < 2 µm in 500 ml : mf2 = ms2 (500/Vc) 
 
where: 
mfx is the mass (g) of solid in suspension in 500 ml; 
msx is the mass (g) of material from the xth pipette sampling; 
Vc is the calibrated volume of the pipette. 
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Each fraction however, still contains a part of dispersing agent, which has to be corrected. The mass of 
solid material in 500 ml of dispersant solution, md, in grams, is given by: 
 
Mass dispersing agent in 500 ml : : md = mr (500/Vc) 
  
where: 
mr is the mass of residue, in grams; 
Vc is the calibrated volume of the pipette, in millilitres. 
 
This gives the final fraction masses:  
Clay Mass fraction < 2 µm   =  mf2 - md 
Silt Mass fraction 2 – 63 µm  =  mf1 - mf2  
 
Fraction 63 µm - 2 mm   
Mass of the fraction 63 µm - 2 mm =  mfs  
 
Proportion of fraction 
The method of calculation assumes that the sample mass is the sum of the constituent fractions, and 
not the mass of the test sample. The mass of sample < 2 mm is thus the sum of the masses of the 
fractions obtained by wet sieving at 63 µm and the masses of the fractions obtained by calculation. 
Denote this total sample mass as mt in grams. 
 
Calculate the proportion in each fraction <2 mm as follows: 
Proportions = mass of fraction/mt 

VII. Report 

It is an agreed convention that the percentage of each particle size grade is reported on the basis of 
oven-dry (or air dry) soil free of organic matter (1 decimal place). 
 
Note: With this calculation, the clay, silt and sand fractions are obtained in percentage of the sum of the constituent fractions 
(minus carbonate and organic matter which have been removed).  

 
USDA-FAO texture classification is based on the USDA-FAO textural triangle (FAO, 1990) as shown 
in Figure 1. 
 

VIII. References 

ISO 11277. 1998. Soil Quality – Determination of particle size distribution in mineral soil material – 
Method by sieving and sedimentation. International Organization for Standardization. Geneva, 
Switzerland. 30 p. (available at www.iso.ch) 

FAO. 1990. Guidelines for soil description, 3rd (revised) edition. 
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Soil Analysis Method 4 (SA04)                                                

Determination of Bulk Density 
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Bulk Density  
Method sheet   SA04 

Reference methods  ISO 11272 

Method suitable for  Mineral Layer  

I. Relevance in ICP Forests 

Priority Level I Level II 
Organic Layer - - 
Mineral layer Mandatory1,2 Mandatory2 
1 for Level I, bulk density may also be obtained by using pedo-transfer functions  
2 only mandatory in non-stony soils 

II. Principle 

The dry bulk density (BD) is the ratio between the mass of oven dry soil material and the volume of 
the undisturbed fresh sample. The ISO defines dry bulk density as the ratio of the oven-dry mass of the 
solids to the volume (the bulk volume includes the volume of the solids and of the pore space) of the 
soil. 
 
Non-gravely soils (when coarse fragments content < 5%) 
 
Several methods can be applied for the determination of bulk density, going from simple methods such 
as digging out holes of known volume to sophisticated gamma radiometry methods. The 
recommended method (core method) uses steel cylinders of known volume (100 cm3, 400 cm3) that 
are driven in the soil vertically or horizontally by percussion. Sampling large volumes results in 
smaller relative errors but requires heavy equipment. The method cannot be used if stones or large 
roots are present or when the soil is too dry or too hard.  
 
Soils with high stone or root content or when the soil is too dry or too hard 
 
In these conditions it is advised to use measuring methods based on the following principle 
(excavation method): a hole on a horizontal surface is dug and then filled with a material with a known 
density (e.g. sand which packs to a calibrated volume or water separated from the soil material by an 
elastic membrane). The obtained soil from the hole, is dried to remove the water and the dry mass is 
weighed. Methods measuring the volume of clods or aggregates should be avoided because they tend 
to underestimate macroporosity. 
The volumetric percentage of the coarse fragments needs to be determined in order to calculate the 
bulk density of the fine earth. 
 
Stony soils 
 
Soils with a high content of coarse gravel (2 – 6 cm) and/or the presence of stones (6 – 20 cm) and 
boulders (> 20 cm), have a low volume of fine earth. Core samplers normally used in forest 
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monitoring are not able to representatively collect stones or large portions of coarse fragments in the 
field. In these cases, the above recommended excavation method will produce good results but may be 
considered very expensive, time-consuming and destructive. So, alternatively, a combined approach is 
described where the quantity of bulk density of both fine earth and coarse fragments (SA05) has to be 
estimated / sampled in the field.  
 
Methods are according to the prevailing conditions (i.e. coarse fragment content and size) at each 
individual sampling site: 
o In case of coarse fragment content of more than 5 %, the fine earth fraction must be sieved and 

weighed. Its volume must then be determined either directly or indirectly by establishing the 
coarse fragment volume. Furthermore, the density of the coarse fragments (specific weight) must 
be known or established.  

o In case of content of coarse fragments > 20 mm, representative sampling is no longer possible 
with a core sampler. Then the coarse fragment content must be determined by additional sampling 
using a shovel or spade and/or estimations in the soil profile.  

o In case of coarse fragments content of > 60 mm, representative volume sampling is not possible 
and sampling with mini-core samplers is combined with an estimation in the profile pit. 

 
In the analysis each method or each combined method leads to the determination of (partially) 
different parameters which means that different calculation formulas are needed.  
 
Note: The determination of the bulk density of the fine earth is incorrect when the sample contains 
significant portions of roots in addition to the coarse fragment portions. In these cases, this must be 
corrected 

III. Apparatus 

Core sample holders, thin-walled metal cylinders with a volume of 100 cm3 to 400 cm3, a steel cap for 
driving into the soil, and a driver 

(or root auger, hollow stem auger, AMS core sampler with liner or alike) 
Oven (heated and ventilated, temperature 105 ± 2 °C) 
Desiccator 
Balance (accuracy 1/1000 of measured value). 
Spade, shovel 
Metal sieves (2 mm, 20 mm, 60 mm) 

IV. Reagents 

No reagents. 
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V. Procedure 

Case 1: Non-gravely soils (when coarse fragments content < 5%) 
 
Press or drive a core sample holder of known volume without deflection and compaction into either a 
vertical or horizontal soil surface far enough to fill the sampler. Carefully remove the sample holder 
and its contents to preserve the natural structure, and trim the soil extending beyond each end of the 
sample holder with a straight-edged knife or sharp spatula. The soil sample volume is thus equal to the 
volume of the sample holder. Take at least five core samples from each soil layer. Place the holders 
containing the samples in an oven at 105 °C until constant mass is reached (minimum 48 h). Remove 
the samples from the oven and allow them to cool in the desiccator. Weigh the samples on the balance 
immediately after removal from the desiccator (mt). Control mass is reached when the differences in 
successive weighings of the cooled sample, at intervals of 4 h, do not exceed 0,01% of the original 
mass of the sample. 
 
Case 2: Mineral soil with a coarse fragment content of more than 5% that can be sampled with a 
core sampler or any other representative sampler (coarse  fragments < 20 mm) 
 
The mineral soil sample is collected in the field with core samplers from the undisturbed soil. In the 
laboratory the sample is then dried at a temperature of 105 °C for at least 48 hours to constant weight 
and weighed. 
The sample is then passed through a 2 mm metal sieve and the sieve residue washed in order to break 
down clumpy fine earth material and to rinse off earth adhering to the stones. The washed sieve 
residue (= coarse fragment portion) is shaken into a beaker, dried at a temperature of 105°C in a 
drying oven and then weighed. 
 
Case 3: Mineral soil, which cannot be sampled with a core sampler or any other representative 
sampler (coarse fragments > 20 mm) 
 
Case 3.1.: Combination of representative volume sampling with a core sampler and estimation of 
coarse fragments > 20 mm 
 
The mineral soil sample is collected in the field with core samplers from the undisturbed soil. In the 
laboratory the sample is dried at a temperature of 105 °C for at least 48 hours to constant weight and 
weighed. 
The sample is passed through a 2 mm metal sieve and the sieve residue washed in order to break down 
clumpy fine earth material and to rinse off earth adhering to the stones. The washed sieve residue (= 
coarse fragment portion) is shaken into a beaker, dried at a temperature of 105 °C in a drying oven and 
then weighed. After that, the sieve residue is passed through a 20 mm sieve and the 2 – 20 mm sieve 
fraction (fine and medium gravel) weighed. 
For the coarse fragment portion > 20 mm an estimation from the profile must be available. 
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Case 3.2.: Combination of representative volume sampling with a core sampler, disturbed sample and 
estimation of coarse fragments more than 60 mm at the profile 
 
The mineral soil sample is collected in the field with a core sampler from the undisturbed soil. In 
addition, a larger sample volume, which must be representative for the coarse fragment fraction 2 – 60 
mm (gravel), is collected with a shovel or a spade. In the laboratory the two samples are then dried at a 
temperature of 105 °C for at least 48 hours to constant weight and weighed. 
The core sample is then passed through a 2 mm metal sieve and the sieve residue is washed in order to 
break down clumpy fine earth material and wash off earth adhering to the stones. The washed sieve 
residue (= coarse fragment portion) is shaken into a beaker, dried in a drying oven at a temperature of 
105 °C and then weighed. 
The spade sample is also dried at a temperature of 105 °C to constant weight and then weighed. The 
spade sample is then passed through a 2 mm sieve and the sieve residue through a 60 mm sieve. The 
coarse fragment fraction 2 – 60 mm obtained in this way is weighed. For the coarse fragment content 
> 60 mm an estimation from the profile pit must be available. 
 
Case 4: Representative volume sampling not possible, Sampling with mini-core samplers 
 
With core sampler caps or mini-core samplers (n ≥ 5) several samples are taken from the undisturbed 
soil. In addition, a larger sample volume, which must be representative for the coarse fragment 
fraction 2 – 60 mm, is collected with a shovel or a spade. 
In the laboratory the core sampler caps together with their contents are dried at a temperature of 105 
°C for at least 48 hours to constant weight and then weighed together. The empty weight of the core 
sampler caps is then deducted from the total weight. 
The spade sample is dried at a temperature of 105 °C for at least 48 hours to constant weight and then 
weighed. The sample is then passed through a 2 mm sieve and the sieve residue through a 6 mm sieve. 
The sieve residue is then passed through a 60 mm sieve as well. The fractions obtained < 2 mm (fine 
earth), 2 – 6 mm (fine gravel) and 6 – 60 mm (medium and coarse gravel) are weighed. 
 
Alternative to the combined approach of case 2 till case 4 in soils with high stone or root content 
or if the soil is too dry or too hard 
In case of gravely or stony soils an alternative excavation method consist of excavating a quantity of 
soil, drying and weighing it, and determining the volume of the excavation by filling it with sand (cf. 
ISO 11272 – excavation method). Note that the excavation method measures the total dry bulk 
density 
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VI. Calculation 

Case 1: Non-gravely soils (when coarse fragments content < 5%) 
 
In case of measurements, the bulk density of the fine earth (BDfe) is approximately equal to the bulk 
density of total soil. The bulk density (BDs) the for non-gravely soils is calculated as follows: 
 

s

s
fes V

M
BDBD ==                   (equation SA04.01) 

 
where: 

BDs = Bulk Density of the sample (kg/m3) 
BDfe = Bulk Density of the fine earth (kg/m3) 
Ms = Mass of the sample (kg) 
Vs = Volume of the sample (m3) 

 
 
 
Case 2: Mineral soil with a coarse fragment content of more than 5% that can be sampled with a 
core sampler or any other representative sampler (coarse  fragments < 20 mm) 
 
In case of measurement with a core sampler, the bulk density of the fine earth of gravely soils (BDfe) is 
calculated as follows: 
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where:  

BDfe = Bulk density of the fine earth (kg/m3) 
Mfe = Mass of the fine earth taken with core sampler (kg) 
Vfe = Volume of the undisturbed fine earth (m3) 
Ms = Mass of the soil sample with gravel taken with core sampler (kg) 
Mcf = Mass of the coarse fragments taken with the core sampler (kg) 
Vs = Volume of core sampler (m3) 
Vcf  = Volume of the coarse fragments taken with the core sampler (kg) 
ρcf = Density of the coarse fragments (approximated by 2650 kg/m3) 

  
The fine earth stock (FES) is the amount (kg) of fine earth in the soil layer under consideration 
expressed per ha. In stony soils, a correction for the volume of coarse fragments is required. It is 
calculated as follows: 
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where:  

FES = Fine earth stock (t/ha) 
BDfe = Bulk density of fine earth (kg/m3) 
d = Thickness of the sampled layer (m) 
Vcf  = Volume of coarse fragment taken with core sampler (respectively core of root auger) 

(m3) 
Mcf  =  Mass of coarse fragment taken with core sampler (respectively core of root auger) (kg) 
ρcf   = Density of the coarse fragments (approximated by 2650 kg/m3) 
Vs  = Volume of core sampler (m3) 

 
Notes: 
o If the core sampler sample cakes strongly as a consequence of drying, it might make sense to 

pulverise the sample with a crusher prior to sieving. The big stones should be removed 
beforehand. . 

o In the case of non-cohesive soil (sand), there is no need to wash or dry the stones. 
 
 
 
Case 3: Mineral soil, which cannot be sampled with a core sampler or any other representative 
sampler (coarse fragments > 20 mm) 
 
Case 3.1. Combination of representative volume sampling with a core sampler and estimation of 
coarse fragments > 20 mm 
 
The bulk density of the fine earth (BDfe) is calculated using equation SA04.02. 
 
The FES is calculated as follows: 
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where:  

FES  = Fine earth stock (t/ha) 
BDfe  = Bulk density of fine earth (kg/m3) 
d  =  Thickness of the sampled layer (m) 
Mcf(2-20)  =  Mass of coarse fragment between 2 and 20 mm taken with core sampler (respectively 

core of root auger) (kg)  
Vcf>20 = Percentage volume of coarse fragment of the fraction > 20 mm estimated at the profile 

(%) 
ρcf = Density of the coarse fragments (approximated by 2650 kg/m3) 
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Vs = Volume of core sampler (m3) 
 
Notes: see Case 2 
 
 
Case 3.2. Combination of representative volume sampling with a core sampler, disturbed sample and 
estimation of coarse fragments more than 60 mm at the profile 
 
The bulk density of the fine earth (BDfe) is calculated using equation SA04.02. 
 
The fine earth stock (FES) is calculated as follows: 
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(equation SA04.05) 
 
where: 

FES = fine earth stock (t/ha) 
BDfe  = bulk density of fine earth (kg/m3) 
d  =  thickness of the sampled layer (m) 
Mds(2-60) =  mass of coarse fragment between 2 and 60 mm of the disturbed sample (kg) 
Vcf>60  = percentage volume of coarse fragment > 60 mm estimated at the profile (%) 
ρcf  = bulk density of the coarse fragments (approximated by 2650 kg/m3) 
Mds = total mass of the disturbed sample (kg) 

 
Notes: see Case 2 
 
Case 4: Representative volume sampling not possible, Sampling with mini-core samplers 
 
From the weight of the sample < 6 mm and the weight of the coarse fragment fraction 2 mm – 6 mm, 
factor f, which is approximately the coarse fragment portion in the core sampler cap, is calculated as 
follows: 
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where:  

Mds(2-6) = mass of coarse fragment of the fraction 2 - 6 mm of the disturbed sample (kg) 
Mds(<6)  = mass of the sample < 6 mm in the aliquot of the disturbed sample (kg) 
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For the coarse fragment content > 60 mm an estimation from the profile must be available. 
 
The bulk density of the fine earth (BDfe) is calculated using the following formula: 
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where: 

MTOTMINI  = Mass of mini-core sampler (kg) 
VTOTMINI   = Volume of mini-core sampler (m3) 
ρcf    = Density of the coarse fragments (kg/m3) (approximated by 2650 kg/m3) 

 
The fine earth stock (FES) is calculated using equation SA04.05. 
 

VII. Report 

The dry bulk density (BD) is recorded in kg · m-3 (kg/m3) with no decimal places. 
 
In the case of stony or gravely soils the bulk density of the fine earth fraction (< 2 mm) should be 
reported together with the coarse fragment content (vol %) (See also SA05).  
 
Furthermore, the bulk density of the coarse fragments should be known, but this may be approximated 
as 2650 kg.m-3. In the case that pedotransfer functions are used (Level I), the calculation procedure 
should be reported as well. 
 
Note that the “excavation method” described in ISO11272, asks for the total dry bulk density of the 
soil, while in this programme the bulk density of the fine earth should be reported. 

VIII. Reference 

ISO 11272. 1993. Soil Quality – Determination of dry bulk density. International Organization for 
Standardization. Geneva, Switzerland. 10 p. (available at www.iso.ch) 

DIN ISO 11272, Normenausschuß Wasserwesen (NAW) in the Dt. Inst. für Normung e.V. [Eds.] 
(2001): Bodenbeschaffenheit - Bestimmung der Trockenrohdichte (Soil composition, 
Determination of bulk density) 

W. Riek, B. Wolff (2006): Evaluierung von Verfahren zur Erfassung des Grobbodenanteils von 
Waldböden – Erarbeitung von Empfehlungen für die Anwendung dieser Verfahren im 
Rahmen der Bodenzustandserhebung im Wald (BZE II)“.  Eberswalde (Evaluation of 
methods to determine the coarse fragment portion of forest soils – Drawing up 
recommendations for the use of these methods in forest soil surveys) 
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Soil Analysis Method 5 (SA05)                                                 

Determination of Coarse Fragments 
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Coarse Fragments  
Method sheet   SA05 

Reference methods  ISO 11464, ISO 11277 

Method suitable for  Mineral horizons  

I. Relevance in ICP Forests 

Priority Level I Level II 
Organic Layer - - 
Mineral layer Mandatory1 Mandatory 
1 for Level I, coarse fragments content may also be obtained by estimation  

II. Principle 

The abundance of coarse fragments can be measured in the laboratory, but is usually estimated during 
routine soil profile description (see Mikkelsen et al., 2006). When the estimation is based on such a 
visual observation, one should take into account the volume of the macropores (packing pores between 
the stones) which is often underestimated. 
 
The most straightforward way to determine the volumes in the field of stones and boulders is by 
digging pits. This method, however, encounters practical problems such as hard manual work and 
destructive sampling. The 'Finnish method' or 'rod penetration method' is described here as an example 
of a non-destructive method. This method estimates the proportion (volume %) of coarse gravel, stones 
and boulders (coarse fragments > 2 cm) in the 0 – 30 cm mineral layer by pushing a graduated metal 
rod down through the organic layer and as far as possible into the mineral soil. 
 
Coarse fragments are separated from the fine earth fraction during the preparation of soil samples 
(SA01). The content of coarse fragments, cf. (weight %), is determined by weighing the residue left on 
a 2 mm sieve after washing and drying in the laboratory. 
 

III. Apparatus 

Field estimation: The 'Finnish method' or 'rod penetration method' 
graduated metal rod (diameter 10 mm, length 80 – 100 cm) 
 
Laboratory measurement 
No apparatus, using data obtained in preparation of soil sample (SA01). 

IV. Reagents 

Field estimation: The 'Finnish method' or 'rod penetration method' 
No reagents. 
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Laboratory measurement 
No reagents, using data obtained in preparation of soil sample (SA01). 

V. Procedure 

Field estimation: The 'Finnish method' or 'rod penetration method' 
 
The volume of stones is estimated in the 0-30 cm mineral soil layer. A steel rod (d = 10 mm, length = 
80…100 cm, with a tip of hard metal, gradation lines at 10 cm intervals, see Fig. 1) is pushed down 
(through the organic layer) into the mineral soil with sufficient force that the rod will stop if it comes 
into contact with a stone of 2 cm or larger (moderate push). The measuring rod is pushed down into 
the mineral soil at e.g. 20 or 30 systematically located (using a tape measure or even paces) points. 
The depth of penetration is measured with respect to the surface of the ground. If there is an organic 
layer present, then its thickness has to be measured using the rod or by taking a sample of the organic 
layer and measuring its thickness, and then subtracted from the penetration depth. In Finland, 
penetration is measured and organic layer samples are taken at the same time. The average penetration 
value and stoniness of the 0-30 cm mineral soil layer is calculated as follows (only 5 points in this 
example): 
 
Penetration depth 
(cm) 

Organic layer 
thickness (cm) 

Penetration depth – organic 
layer thickness (cm) 

Penetration in the 
≤30 layer (cm) 

12 2 10 10 
40 4 36 30 
4 4 0 0 
35 3 32 30 
22 5 17 17 
   Average = 17.4 

 
The great advantage of the rod method is that a large number of measurements can be made easily and 
quickly over the whole plot. The inaccuracy and other drawbacks of the method outweigh the lack of 
representability involved in measuring (estimating) stoniness in a very restricted number of soil pits. 
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Figure 2: Tip of the penetration rod 
 
 
 
 
 
 
 
 
Figure 1: Penetration rod 

 
 
Laboratory measurement 
 
No procedure, using data obtained in preparation of soil sample (SA01). 

VI. Calculation 

Field estimation 
 
0 – 30 cm layer 
 

Volume of stones (%) = 83 - 2.75 * average penetration (cm)                      [Equation SA05.01] 
 
The volume of stones in the example  = 83 - 2.75 * 17.4 = 35 % in the 0-30 cm layer. According to 
equation SA05.01, the volume of stones is 0.5 % when the average penetration into the mineral soil is 
30 cm, and volume of stones is 83 % when the average penetration is 0 cm.  
 
It is possible to estimate the stoniness of thinner layers if the empirical relationship between 
penetration depth and volumetric stone percentage remains the same. The relevant equations are as 
follows: 
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0-10 cm layer 
Volume of stones (%) = 83 - 8.25 * average penetration (cm) for the layer 

 
0-20 cm layer 

Volume of stones (%) = 83 - 4.125 * average penetration (cm) for the layer. 
 
The constant maximum depth of each penetration should be set so that it reaches the target mineral 
soil depth, i.e. 30, 20 or 10 cm, through the thickest possible organic layer. On upland soils an extra 10 
cm is commonly added to the target depth, i.e. there is a target depth of 40 cm if the studied layer is 0-
30 cm, or to 30 cm if the layer is 0-20 cm.  
 
Note: Equation SA05.01 is based on a very limited material [Finnish till (morainic) soils] and it has 
not been tested on other soils, and in some respects it is somewhat illogical (see Eriksson and 
Holmgren, 1996). It is therefore of utmost importance that the equation is calibrated locally before it 
can be applied on other soil types.. 
 
Laboratory measurement 
The content of coarse fragments, cf (weight%), is determined by weighing the residue left on a 2 mm 
sieve after washing and drying according to: 
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In order to convert the content by weight to an expression by volume, the bulk density of both the 
coarse fragments and the fine earth should be determined. 
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where: 
 BDs = Bulk density of the total soil (kg/m3) 
 BDcf =  Bulk density of the coarse fragments (approximated by 2650 kg/m3) 
 cf(vol%)  =  Volumetric percentage of coarse fragments in the soil (%) 

cf(weight%) =  Weight percentage of coarse fragments in the soil (%) 
 

VII. Report 

The amount of coarse fragments (stones and gravel with a diameter> 2 mm) has to be reported for the 
individual mineral layers in volume %.  
 
Note: The Rod penetration method only allows reporting for the 0 – 10 cm, 0 – 20 cm or 0- 30 cm 
layer and for the coarse fragments > 2 cm 
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Soil Analysis Method 6 (SA06)                                                 

Determination of Soil pH 
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pH   
Method sheet   SA06 

Reference methods ISO 10390 

Method suitable for  Organic Layer;  Mineral Layer 

I. Relevance in ICP Forests 

pH(CaCl2) 
Priority Level I Level II 
Organic Layer Mandatory Mandatory 
Mineral layer Mandatory Mandatory 
 
pH(H2O) 
Priority Level I Level II 
Organic Layer Optional Optional 
Mineral layer Optional Optional 

II. Principle  

The pH of the soil is potentiometrically measured in the supernatant suspension of a  
1:5 soil : liquid (v/v) mixture. This liquid is made up of a 0.01 mol/l solution of calcium chloride in 
water pH(CaCl2) or water pH(H2O).   

III. Apparatus 

End-over-end shaking machine 
pH meter with appropriate electrode 
Thermometer (accuracy 1 °C) 
Sample bottle (capacity at least 50 ml) with cap  
Spoon 

IV. Reagents 

Water (grade 2) 
Calcium chloride (CaCl2), conc. 0.01 mol/l 
 make a solution of 1.47 g CaCl2.2H2O/liter water 
pH buffer solutions 

V. Procedure 

Preparation of the suspension 
Take a representative sample (at least a volume of 5 ml) of the air-dried soil (fraction < 2 mm). Place 
the test sample in the sample bottle and add five times its volume of calcium chloride solution (pH-
CaCl2) or water (pH-H2O). Shake or mix the suspension vigorously, for 5 min, using the mechanical 
shaker or mixer, and wait for 2 h. 
 
Calibration of pH meter 
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Calibrate the pH-meter as prescribed in the manufacturer’ s manual, using the buffer solutions.  
 
pH measurement  
Adjust the pH-meter as indicated in the manufacturer’ s manual. Measure the temperature of the 
suspension and take care that the temperature of the buffer solution and the soil suspension does not 
differ by more than 1 °C. Shake the suspension thoroughly just before measurement of the pH. 
Measure the pH in the settling suspension. Read the pH after stabilisation is reached.  

VI. Calculations 

No calculations. 

VII. Report 

Note the recorded values to one decimal place. 

VIII. Reference 

ISO 10390. 1994. Soil Quality – Determination of pH. International Organization for Standardization. 
Geneva, Switzerland. 5 p. (available at www.iso.ch) 
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Soil Analysis Method 7 (SA07)                                                 

Determination of Carbonate Content 
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Carbonates   

Method sheet   SA07 

Reference methods  ISO  10693 

Method suitable for  Organic Layer, Mineral Layer 

I. Relevance in ICP Forests 

Priority Level I Level II 
Organic Layer Mandatory (if pH-CaCl2 > 5.5) Mandatory (if pH-CaCl2 > 5.5)
Mineral layer Mandatory (if pH-CaCl2 > 6) Mandatory (if pH-CaCl2 > 6)

II. Principle 

The soil sample is treated with a strong acid. The volume of the carbon dioxide produced is measured 
by using a calcimeter (Scheibler unit), and is compared with the volume of carbon dioxide produced 
by pure calcium carbonate. 

III. Apparatus 

Calcimeter (Scheibler unit) 
Analytical balance (accuracy 0.0001 g) 
Reaction vessels (capacity 150 ml) 
Plastic cups (which can pass through the neck of the reaction vessel) 
Tong 
Watch glass 

IV. Reagents 

Distilled water 
Hydrochloric acid (HCl), conc. 4 mol/l 
 Dilute 340 ml of concentrated hydrochloric acid (ρ = 1 ,I 9 g/ml) to 1000 ml with water. 
Calcium carbonate (CaCO3), pure. 

V. Procedure 

Preparation 
The mass of the test portion is determined based on the carbonate content. For a preliminary test on 
carbonate content, add some hydrochloric acid  to a portion of the soil on a watch glass. The carbonate 
content of the sample can be estimated on the basis of the intensity and duration of effervescence 
(Table SA07-1). Determine from table SA07-1 the mass of test portion (air-dried soil fraction < 2 
mm). 
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Table SA07-1 Mass of test portion for determination of carbonate content based on intensity of 
effervescence 
Intensity of effervescence Carbonate content (g/kg) Mass of test sample (g) 
None or only limited < 20 10 
Clear, but for a short time 20 – 80 5 
Strong, for a long time 80 – 160 2.5 
Very strong, for a long time > 160 ≤11 
1 use sample that is crushed to a particle size of less than 250 µm 
 
 
Measurement 
Transfer the sample into the reaction vessels and add 20 ml of water. Fill the plastic cup with 7 ml of 
hydrochloric acid and place this, using tongs in the reaction vessel containing the test portion. Take 
care that there is no contact between the hydrochloric acid and the soil before the reaction vessel is 
connected to the calcimeter (Scheibler unit). Warm the reaction vessel by hand. 
Connect the reaction vessel to the calcimeter. Carefully add the hydrochloric acid from the cup to the 
soil by tilting the reaction vessel at an angle. The gas produced will lower the water level in the tube 
on the right and at the same time will raise the water level in the tube on the left. Shake for 5 min and 
note the volume when it no longer varies. If it still varies, continue shaking until the volume is stable, 
but not longer than 1 h. At the end of the shaking period, bring the water level in both tubes to the 
same height and measure the volume of gas in the calibrated tube with an accuracy of 0.1 ml. 
 
Calibration 
Determinations of samples, blanks and the calcium carbonate used as standard material, shall be 
performed simultaneously in a room where temperature and pressure do not vary too much during the 
measurement.  
Weigh the standards of 0.200 g and 0.400 g of calcium carbonate, transfer these amounts into the 
reaction vessels and add 20 ml of water. For the blank determinations, use reaction vessels containing 
20 ml of water. 

VI. Calculations 

)(
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1000)CaCO(
321

312
3

V-Vm
VVm

w
−

×=  

 
w(CaCO3) = carbonate content of sample (g/kg) on basis of air dried soil 

  m1 = mass (g) of test sample 
m2 = mean mass (g) of standards 
V1 = volume (ml) of CO2 produced by test sample 
V2 = mean volume (ml) of CO2 produced by standards 
V3 = volume change (ml) in blank determinations (can be negative) 
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VII. Report 

The results of the carbonate (g/kg) must be reported without decimals on the basis of oven-dried soil. 

VIII. Reference 

ISO 10693. 1994. Soil Quality – Determination of carbonate content - Volumetric method.  
International Organization for Standardization. Geneva, Switzerland. 7 p. (available at 
www.iso.ch) 
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Soil Analysis Method 8 (SA08)                                                 

Determination of Organic Carbon Content 
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Organic Carbon  

Method sheet SA08 

Reference methods  ISO 10694 

Method suitable for   Organic Layer, Mineral Layer 

I. Relevance in ICP Forests 

Priority Level I Level II 
Organic Layer Mandatory Mandatory 
Mineral layer Mandatory Mandatory 

II. Principle 

The carbon present in the soil is oxidised to carbon dioxide (CO2) by heating the soil to at least 900 °C 
in a flow of oxygen-containing gas that is free from carbon dioxide. The amount of carbon dioxide 
released is then measured by titrimetry, gravimetry, conductometry, gas chromatography or using an 
infrared detection method, depending on the apparatus used. 
When the soil is heated to a temperature of at least 900 °C, any carbonates present are completely 
decomposed. 
 
Total organic carbon can be determined directly or indirectly. Direct determination consists of 
previous removal of any carbonates present by treating the soil with hydrochloric acid. Indirect 
determination consists of a correction of the total carbon content for the carbonates present. 

III. Apparatus 

Glassware 
Analytical balance (accuracy 0.0001 or 0.00001 g) 
Apparatus for determination of total carbon content (temperature at least 900 °C)  
Crucibles proper for the apparatus 

IV. Reagents 

Combustion gas - chemicals and catalysts proper to the apparatus 
Calibration substances 
Hydrochloric acid (HCl), conc. 4 mol/l 

V. Procedure 

Laboratory sample 
Use sample of air-dried soil (fraction < 2 mm) of known moisture and carbonate content. 
 
Calibration of the apparatus 
Calibrate the apparatus as described in the relevant manual using the calibration substances. 
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Direct determination of organic carbon content 
Add an excess of hydrochloric acid (4 mol/l) to the crucible containing a weighed quantity of air-dried 
soil and mix. Wait 4 h and dry the crucible for 16 h at a temperature of 60 °C to 70 °C. The amount of 
test portion taken for analysis depends on the expected carbon content and on the apparatus used. 
Weigh out m1 g of the air-dried sample in a crucible. Carry out the analyses in accordance with the 
manufacturer’s manual for the apparatus. 
 
Indirect determination of organic carbon content 
The procedure is identical to the direct determination of organic carbon content, without adding 
hydrochloric acid.  The measured total carbon content is calculated according to the amount of test 
portion taken for analysis which depends on the expected total carbon content and on the apparatus 
used. Weigh out m1 g of the air-dried sample in a crucible. Carry out the analyses in accordance with 
the manufacturer’s manual for the apparatus. 

VI. Calculation 

Direct determination of organic carbon content 
The organic carbon content (on basis of air-dried soil) is obtained by :  
 

2727.01000
1

2
××=

m
mwC,o  

where 
 wC,o  = Organic carbon content (g/kg) on basis of air-dried soil 
 m1 = Mass (g) of test portion 
 m2  = Mass (g) of released CO2 

 0.2727 = Conversion factor for CO2 to C 
 
Indirect determination of organic carbon content 
The total carbon content (on basis of air-dried soil) is obtained by :  
 

2727.01000
1

2
××=

m
mwC,t  

where 
 wC,t = Total carbon content (g/kg) on basis of air-dried soil 
 m1 = Mass (g) of test portion 
 m2   = Mass (g) of released CO2 

 0.2727  = Conversion factor for CO2 to C 
 
Calculate the organic carbon content of the sample using a correction for carbonates. The organic 
carbon content (on basis of air dried soil) is calculated by: 
 

)12.0( 3,, CaCOtCoC www ×−=  
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where 
 wC,o = Organic carbon content (g/kg) on basis of air-dried soil 
 wC,t  = Total carbon content (g/kg) on basis of air-dried soil 
 0.12  = Conversion factor  
 wCaCO3  = Carbonate content (g/kg) on basis of air-dried soil 

VII. Report 

Report organic carbon content (in g/kg) with 1 decimal place on the basis of oven-dried soil. 

VIII. Reference 

ISO 10694. 1995. Soil Quality – Determination of organic and total carbon after dry combustion 
(elementary analysis). International Organization for Standardization. Geneva, Switzerland. 7 
p. (available at www.iso.ch) 
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Soil Analysis Method 9 (SA09)                                                 

Determination of Total Nitrogen Content 
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Total Nitrogen  

Method sheet SA09A 

Reference methods  ISO 13878 

Method suitable for   Organic Layer, Mineral Layer 

I. Relevance in ICP Forests 

Priority Level I Level II 
Organic Layer Mandatory Mandatory 
Mineral layer Mandatory Mandatory 

II. Principle 

The nitrogen content of a soil is determined by heating to a temperature of at least 900 °C in the 
presence of oxygen gas. Mineral and organic nitrogen compounds are oxidised and/or volatilised. The 
combustion products are oxides of nitrogen (NOx) and molecular nitrogen (N2). After transforming all 
nitrogen forms into N2, the content of total nitrogen is measured using thermal conductivity. 

III. Apparatus 

Laboratory glassware 
Analytical balance (accuracy 0.0001 or 0.00001 mg) 
Apparatus for determination of total nitrogen content (temperature at least 900 °C)  
Crucibles proper for the apparatus 

IV. Reagents 

Combustion gas - chemicals and catalysts proper to the apparatus 
Calibration substances 

V. Procedure 

Laboratory sample 
Use fraction of air-dried soil (fraction <  2 mm) of known moisture content. If a soil mass of less than 
2 g is required for nitrogen analysis, mill a representative subsample further, to pass a sieve of an 
aperture specified in the manufacturer’s manual to ensure sufficient test reproducibility. 
 
Calibration of the apparatus 
Calibrate the apparatus as described in the relevant manual using the calibration substances. 
 
Determination of total nitrogen content 
The amount of test sample for analysis depends on the expected total nitrogen content and on the 
apparatus used. Weigh out m1 g of the air-dried sample or subsample into a crucible. Carry out the 
analyses in accordance with the manufacturer’s manual for the apparatus. 
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Normally the primary results are given as milligrams nitrogen (X1) or a mass fraction of nitrogen (X2), 
expressed as a percentage, referred to the mass of air-dry soil used (m1). 

VI. Calculation 

Calculate the total content of nitrogen (wN), in milligrams per gram, on the basis of the air-dried soil 
according to the following equations: 
 
- For primary results given in milligrams of nitrogen: 
 

1

1

m
XwN =  

 
- For primary results, given as percent mass fraction of nitrogen: 
 

2.10 XwN =  

 
where 
 wN : total nitrogen content (g/kg) on basis of air-dried soil 
 m1 :  mass (g) of test portion 
 X1 :  primary result as milligrams N 
 X2 :  primary result as percentage N 

VII. Report 

Report total nitrogen (in g/kg) with 1 decimal place on the basis of oven-dried soil. 

VIII. Reference 

ISO 13878. 1998. Soil Quality – Determination of total nitrogen content by dry combustion 
("elemental analysis"). International Organization for Standardization. Geneva, Switzerland. 5 
p. (available at www.iso.ch) 
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Total Nitrogen 

Modified Kjeldahl method 

 

Method sheet    SA09B 

Reference methods  ISO 11261 

Method suitable for   Organic Layer, Mineral Layer 

I. Relevance in ICP Forests 

Priority Level I Level II 
Organic Layer Mandatory Mandatory 
Mineral layer Mandatory Mandatory 

II. Principle 

The modified Kjeldahl method determines the total nitrogen content (including ammonium-N, nitrate-
N, nitrite-N and organic N) of a soil. The method is based on a Kjeldahl digestion, but instead of 
selenium (Kjeldahl method) titanium dioxide is used as the catalyst. 

III. Apparatus 

Digestion flasks or tubes (50 ml) 
Digestion stand 
Distillation apparatus 
Burette (intervals of 0.01ml or smaller) 

IV. Reagents 

• Salicylic acid / Sulfuric acid: Dissolve 25g of salicylic acid in 1 litre of concentrated 
sulfuric acid (ρ = 1.84 g/cm3) 

• Potassium sulfate catalyst mixture: Grind and thoroughly mix the following substances;  

- 200 g of potassium sulfate 

- 6 g of copper (II) sulfate pentahydrate 

- 6 g of titanium dioxide with the crystal structure of anatase 

• Sodium thiosulfate pentahydrate: Crush the crystals of Sodium thiosulfate pentahydrate 
until they form a powder that passes through a sieve with an aperture of 0.25mm 

• Sodium hydroxide: c(NaOH) = 10 mol/l 

• Boric acid solution: ρ(H3BO3) = 20g/l 

• Mixed indicator: Dissolve 0.1g of bromocresol green and 0.02 g of methyl red in 100 ml 
of ethanol  
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• Sulfuric acid: c (H+) = 0.01 mol/l 

 

V. Procedure 

Place a test portion from 0.2g (expected N-content 0.5%) to 1g (expected N-content of 0.1%) of the 
air-dried soil sample in the digestion flask. 

Add 4 ml of salycylic/sulfuric acid and swirl the flask until the acid is thoroughly mixed with the soil. 
Let the mixture stand for at least several hours (or overnight). 

Add 0.5 g of sodium thiosulfate trough a dry funnel with a long stem that reaches down into the bulb 
of the digestion flask. Heat the mixture cautiously on the digestion stand until frothing has ceased. 

Cool the flask and add 1.1g of the catalyst mixture, heat until the digestion mixture becomes clear. 

Boil the mixture gently for up to 5 h. (in most cases a boiling period of 2h. is sufficient) so that the 
sulfuric acid condenses about 1/3 of the way up to the neck of the flask. Make sure that the 
temperature of the solution does not exceed 400°C. 

Allow the flask to cool down after the digestion and add about 20ml of water slowly while shaking. 
Then swirl the flask to bring any insoluble material into suspension and transfer then the contents to 
the distillation apparatus. Rinse tree time with water to complete the transfer. 

Add 5 ml of boric acid to a 100 ml conical flask. Place the flask under the condenser of the distillation 
apparatus, make sure that the end of the condenser dips into the solution.  

Add 20 ml of sodium hydroxide to the funnel of the apparatus and run the alkali slowly into the 
distillation chamber.    

Distil about 40 ml of the condensate and rinse the end of the condenser. 

Add a few drops of indicator to the distillate and titrate with sulfuric acid to a violet endpoint or use a 
potentiometric titration with endpoint pH=5. 
 
Notes: 
• Carry out a blank test in which the same procedure is performed without soil. 
• A potentiometric titration is also possible (endpoint of titration should be pH=5). 
• If steam distillation is used, a distillation rate up to about 25ml/min is applicable. Stop the 

distillation when about 100ml of distillate have been collected. 

VI. Calculation 

The total nitrogen content is calculated by use of the following formula:  
 
 

100
100)()( 201 OHN

N
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WHERE 

 WN  = The total nitrogen content (mg/g = g/kg) 
 V1  = Volume of the sulfuric acid used in the titration of the sample (ml) 
 V0  = Volume of the sulfuric acid used in the titration of the blank sample (ml) 
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 c(H+) = Concentration of H+ in the sulfuric acid (moles/litre) 
 MN = The molar mass of nitrogen (= 14 g/mol) 
 m  = Mass of the air-dried soil sample (g) 
 wH2O = Water content of the soil sample, based on oven-dried soil (% by mass) 

VII. Report 

Report total nitrogen in g/kg with 1 decimal place on the basis of oven-dried oil. 

VIII. Reference 

ISO 11261. 1995. Soil Quality – Determination of total nitrogen – Modified Kjeldahl method. 
International Organization for Standardization. Geneva, Switzerland. 4p. (available at www.iso.ch)  
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Soil Analysis Method 10 (SA10)                                                

Determination of Exchangeable Cations (Al, Ca, Fe, K, Mg, Mn, Na), 

Free H+ and Exchangeable Acidity 
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Exchangeable acidity and exchangeable cations 
Method sheet   SA10 

Reference Methods ISO11260 & ISO 14254 

Method suitable for   Organic Layer, Mineral Layer 

I. Relevance in ICP Forests 

Exchangeable cations (Ca, Mg, K, Na, Al, Fe, Mn) 
 
Priority Level I Level II 
Organic Layer Mandatory1 Mandatory1 
Mineral layer Mandatory Mandatory 
1 in calcareous soil, this parameter is optional  
 
Determination of free H+ acidity 
 
Priority Level I Level II 
Organic Layer Mandatory1 Mandatory1 
Mineral layer Mandatory Mandatory 
1 in calcareous soil, this parameter is optional  
 
Exchangeable acidity 
 
Priority Level I Level II 
Organic Layer Mandatory1 Mandatory1 
Mineral layer Mandatory Mandatory 
1 in calcareous soil, this parameter is optional  

II. Principle 

The soil is first saturated with respect to barium by treating the soil one single time with a 0,1 mol/l 
barium chloride solution.  
 
Concentrations of the exchangeable basic cations sodium, potassium, calcium and magnesium and the 
exchangeable acid cations iron, manganese, aluminium are determined in the 0.1 mol/l barium 
chloride extract of the soil using spectrometry. 
 
To determine free acidity, the 0.1 mol/l extract is titrated with a 0.05 mol/l NaOH solution up to pH = 
7.8. Determination of the free H+ acidity is realised using a method in which sodium fluoride is added 
to the soil extract before the titration (Aluminium ions are complexed and only the H+ acidity is 
detected during the titration process). 
 
Note: the reference method deviates from ISO ISO11260 & ISO 14254 in the sense that one single 
barium chloride extraction must be used in stead of three extractions 
 
Alternatively the free H+ acidity can be determined by the “German calculation method” based on the 
pH of the barium chloride solution before and after extraction (König et al. 2005). The free acidity is 
subsequently calculated based on the sum of the acid cations and the free H+. 
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III. Apparatus 

Centrifuge + centrifuge tubes 
Mechanical shaker 
Laboratory glassware 
Magnetic stirrer 
pH-meter 
Burette 
Atomic Absorption Spectrometer (AAS) / Flame Emission Spectrometer (FES) / Inductively Coupled 
Plasma Spectrometer (ICP)  

IV. Reagents 

Barium chloride (BaCl2) solution, conc. 0.1 mol/l 
Sodium hydroxide (NaOH) solution, conc.  0.05 mol/l 
Sodium fluoride (NaF) solution, conc. 1 mol/l  
pH buffer solutions 
Calibration substances 

V. Procedure 

Laboratory sample 
Use 2.5 g air-dried soil (particle size < 2 mm) of known moisture content.  
 
Leaching procedure 
Place the laboratory sample in a 50 ml centrifuge tube. Add 30 ml barium chloride solution and shake 
for 2 hours. Centrifuge at 3000 g for 10 min. Transfer the supernatant liquid to a 100 ml volumetric 
flask. Make up to the volume of the volumetric flask with barium chloride solution and mix and filter 
the extract. Retain the extract for analysis (Volume V).  
 
Note: According to ISO11260 & ISO 14254 three BaCl2 extractions should be done and each time 
shaken for 1 hour. 
 
Determination of exchangeable cations (Ca, Mg, K, Na, Al, Fe, Mn) 
Measure the exchangeable cations in the extract using one of the spectrometric determination methods. 
 
Determination of free H+  
Pipette 25 ml of the extract (Volume Vs). Add 1.25 ml of the sodium fluoride (1 mol/l) solution. 
Titrate with the sodium hydroxide (0.05 mol/l) solution to a pH value of 7.8. Titrate a blank in the 
same way. 
 
Note: If 25 ml is not sufficient for the titration, new BaCl2 extract, in accordance to ISO 11260, should 
be obtained and used. 
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Determination of exchangeable acidity 
Pipette 25 ml of the extract into a container of sufficient capacity to also receive the electrodes of the 
pH-meter. Insert the electrodes and titrate with the sodium hydroxide (0.05 mol/l) solution until a pH 
value of 7.8 is reached and remains stable for 30 s. Repeat the procedure for a blank 0.1 mol/l BaCl2 

solution extract. 
 
Note: If 25 ml is not sufficient for the titration, new BaCl2 extract, in accordance to ISO 11260, should 
be obtained and used.    

VI. Calculation 

Determination of exchangeable cations (Ca, Mg, K, Na, Al, Fe, Mn) 
 
Calculation according to apparatus taking into account following equivalent weights in g/mol: 
 
Na+ = 22,99  Ca2+ = 20,04  Fe3+ = 18,62  Al3+ = 8,99 
K+ = 39,10  Mg2+ = 12,16  Mn2+ = 27,47  H+ = 1,01 
 
 
Determination of exchangeable acidity 
The total exchangeable acidity on basis of air-dried soil is given by: 
 

mV
VcVV

E
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NaOHBa
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.
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=  

 
where 
 EA : total exchangeable acidity (cmol/kg) of the soil on basis of air-dried soil 
 VA : volume NaOH (ml) used for the test sample 
 VB : volume NaOH (ml) used for the blank 
 cNaOH : concentration of NaOH (mol/l) 
 VS : volume (ml) pipetted for analysis 
 m : mass (g) of the laboratory sample 
 V : final volume (ml) of the extract 
 
Determination of free H+ 
For free H+ acidity use the same equation as for exchangeable acidity but use the volumes Va and Vb 
for the volume NaOH used in the titration for free acidity. 
 
Alternative method for the determination of free H+ (“German” calculation method) 
 
Calculation of the Proton equivalent per gram soil: 
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where F = the Ulrich/Prenzel factor. Values of the F factor for different pH values can be read from 
Table SA10-1. 
 
H+ = Free H+ in µmol/g 
pHP = pH-value of the BaCl2 extract after the leaching procedure 
pH0 = pH-value of the pure BaCl2-extract 
V = Final Volume of the extract in ml (100 ml) 
m = Mass of the laboratory sample in g (2.5 g) 
c(Al) = Concentration of the Aluminium in the BaCl2 extract in mg/l 
M(Al) = Molecular weight of Aluminium in g/mol (26,98 g/mol) 
F = Ulrich/Prenzel factor (cf. Table SA10-1) 
 
Note: 
As alternative method, the exchangeable acidity can be calculated as the sum of the exchangeable acid 
cations (Al, Fe, Mn, H). 
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Table SA10-1: The Ulrich/Prenzel factor (F) for a range of pHp values (König and Fortman, 
1996) 
 

pH F  pH F  pH F pH F pH F  pH F 
   4,6 18,8  4,1 57,2 3,6 179 3,1 563  2,6 1774 
   4,59 19,2  4,09 58,5 3,59 1 83 3,09 576  2,59 1816 
   4,58 19,6  4,08 59,9 3,58 187 3,08 590  2,58 1858 
   4,57 20,1  4,07 61,3 3,57 192 3,07 604  2,57 1900 
   4,56 20,5  4,06 62,7 3,56 196 3,06 618  2,56 1943 
   4,55 21  4,05 64,1 3,55 201 3,05 632  2,55 1993 
   4,54 21,4  4,04 65,6 3,54 205 3,04 647  2,54 2035 
   4,53 21,9  4,03 67,1 3,53 210 3,03 662  2,53 2084 
   4,52 22,4  4,02 68,6 3,52 215 3,02 677  2,52 2134 
   4,51 22,9  4,01 70,2 3,51 220 3,01 693  2,51 2183 
   4,50 23,4  4 71,8 3,5 225 3 709  2,5 2233 
   4,49 23,9  3,99 73,5 3,49 230 2,99 721  2,49 2289 
   4,48 24,4  3,98 75,1 3,48 235 2,98 743  2,48 2341 
   4,47 25  3,97 76,9 3,47 241 2,97 757  2,47 2401 
   4,46 25,5  3,96 78,6 3,46 246 2,96 778  2,46 2451 
   4,45 26,1  3,95 80,4 3,45 252 2,95 792  2,45 2511 
   4,44 26,7  3,94 82,3 3,44 258 2,94 813  2,44 2571 
   4,43 27,3  3,93 84,2 3,43 264 2,93 827  2,43 2631 
   4,42 27,9  3,92 86,2 3,42 270 2,92 848  2,42 2691 
   4,41 28,5  3,91 88,1 3,41 276 2,91 870  2,41 2751 
   4,4 29,2  3,9 90,1 3,4 283 2,9 891  2,4 2821 
   4,39 29,8  3,89 92,2 3,39 289 2,89 912  2,39 2881 
   4,38 30,5  3,88 94,3 3,38 296 2,88 933  2,38 2961 
   4,37 31,2  3,87 96,5 3,37 303 2,87 954  2,37 3021 
   4,36 31,9  3,86 98,7 3,36 310 2,86 976  2,36 3091 
   4,35 32,6  3,85 101 3,35 317 2,85 997  2,35 3161 
   4,34 33,4  3,84 103 3,34 325 2,84 1024  2,34 3241 
   4,33 34,1  3,83 106 3,33 332 2,83 1046  2,33 3311 
   4,32 34,9  3,82 108 3,32 340 2,82 1067  2,32 3391 
   4,31 35,7  3,81 111 3,31 348 2,81 1095  2,31 3471 
   4 3 36,5  3,8 113 3,3 356 2,8 1117  2,30 3551 

4,8 12,2  4,29  37,3  3,79 116 3,29 364 2,79 1145  2,29 3631 
4,79   4,28 38,2  3,78 118 3,28 373 2,78 1173  2,28 3721 
4,78   4,27 39  3,77 121 3,27 381 2,77 1202  2,27 3801 
4,77 13  4,26 39,9  3,76 124 3,26 390 2,76 1230  2,26 3891 
4,76 13,3  4,25 40,8  3,75 127 3,25 399 2,75 1258  2,25 3981 
4,75 13,6  4,24 41,7  3,74 130 3,24 408 2,74 1286  2,24 4071 
4,74 13,9  4,23 42,7  3,73 133 3,23 418 2,73 1315  2,23 4171 
4,73 14,2  4,22 43,9  3,72 136 3,22 430 2,72 1350  2,22 4271 
4,72 14,5  4,21 44,7  3,71 139 3,21 438 2,71 1378  2,21 4371 
4,71 14,8  4,20 45,1  3,70 142 3,20 448 2,70 1413  2,20 4471 
4,7 15,1  4,19 46,7  3,69 146 3,19 458 2,69 1442  2,19 4571 
4,69 15,5  4,18 47,3  3,68 149 3,18 469 2,68 1477  2,18 4681 
4,68 15,8  4,17 48,9  3,67 152 3,17 480 2,67 1512  2,17 4791 
4,67 16,1  4,16 50  3,66 156 3,16 491 2,66 1548  2,16 4901 
4,66 16,5  4,15 51,1  3,65 159 3,15 502 2,65 1583  2,15 5001 
4,65 16,8  4,14 52,3  3,64 163 3,14 514 2,64 1618  2,14 5131 
4,64 17,2  4,13 53,5  3,63 167 3,13 526 2,63 1654  2,13 5251 
4,63 17,6  4,12 54,7  3,62 170 3,12 538 2,62 1695  2,12 5371 
4,62 18  4,11 56  3,61 175 3,11 551 2,61 1731  2,11 5501 
4,61 18,4  4,10 57,2  3,60 179 3,10 563 2,60 1774  2,10 5621 
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VII. Report 

Report (in cmol(+)/kg) total exchangeable acidity, exchangeable cations and free H+ with 2 decimal 
places on the basis of oven-dried soil. 
 

VIII. References 

ISO 11260. 1994. Soil Quality – Determination of effective cation exchange capacity and base 
saturation level using barium chloride solution. International Organization for Standardization. 
Geneva, Switzerland. 10 p. (available at www.iso.ch) 

ISO 14254. 1994. Soil Quality – Determination of exchangeable acidity in barium chloride extracts. 
International Organization for Standardization. Geneva, Switzerland. 5 p. (available at 
www.iso.ch) 

König and Fortmann 1996. Probenvorbereitungs-, Untersuchungs- und 
Element-bestimmungsmethoden des Umweltlabors der Niedersächsischen Forstlichen 
Versuchsanstalt und des Zentrallabors II des Forschungszentrums Waldökosysteme, Teil 4: 
Probenvorbereitungs- und Untersuchungsmethoden, Qualitätskontrolle und 
Datenverarbeitung; Berichte des Forschungszentrums Waldökosyst. B, Bd. 49, 
Untersuchungsmethode Boden AKEG1.1 

König, N. and Bartners, H. Eds. 2005. Eine Handbuch Forsliche Analytik. Loseblatt-Sammlung der 
Analysemethoden im Forestbereich, Herausgegeben vom Gutacherausschuss Forstliche 
Analytik. 433 pg. (Method A3.2.1.3) 
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Soil Analysis Method 11 (SA11)                                                

Aqua Regia Extractant Determinations                                         

P, Ca, K, Mg, Mn,                                                            

Cu, Pb, Cd, Zn,                                                             

Al, Fe, Cr, Ni, S, Hg, Na 
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Aqua Regia extractant determinations P, Ca, K, Mg, Mn, Cu, Pb, Cd, Zn, Al, 
Fe, Cr, Ni, S, Hg, Na 
Method sheet    SA11 

Reference methods  ISO 11466 

Method suitable for  Organic Layer, Mineral Layer 

I. Relevance in ICP Forests 

Aqua Regia extractant determinations (P, Ca, K, Mg, Mn) 
 
Priority Level I Level II 
Organic Layer Mandatory Mandatory 
Mineral layer Optional Optional 
 
Aqua Regia extractant determinations (Cu, Pb, Cd, Zn) 
 
Priority Level I Level II 
Organic Layer Mandatory Mandatory 
Mineral layer Mandatory Mandatory 
 
Aqua Regia extractant determinations (Al, Fe, Cr, Ni, S, Hg, Na) 
 
Priority Level I Level II 
Organic Layer Optional Optional 
Mineral layer Optional Optional 

II. Principle 

The dried Sample is extracted with a hydrochloric/nitric acid mixture by standing for 16 h at room 
temperature, followed by boiling under reflux for 2 h. The extract is then clarified and made up to 
volume with nitric acid. Elements are determined by spectrometry.  
 

III. Apparatus 

Analytical balance (accuracy 0.001 g) 
Desiccator (2 l) 
Reaction vessel (250 ml) 
Reflux condenser 
Absorption vessel, non return type, containing 15 ml of nitric acid (0.5 mol/l) (only necessary for 

determination of mercury) 
Roughened glass beads or antibumping granules 
Temperature-controlled heating apparatus 
Funnel (diam. approx. 110 cm) 
Volumetric flask (110 ml) 
Filter paper (diam. 150 mm, pore size approx. 8 µm) 
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Atomic Absorption Spectrometer (AAS) / Flame Emission Spectrometer (FES) / Inductively Coupled 
Plasma Spectrometer (ICP) / Colorimeter 

IV. Reagents 

Water (grade 2) 
Hydrochloric acid (HCl) concentration 12 mol/l, ρ ≈ 1.19 g/ml 
Nitric acid (HNO3) concentration 15.8 mol/l, ρ ≈1.42 g/ml 
Nitric acid (HNO3) concentration 0.5 mol/l 

V. Procedure 

Laboratory sample 
Weigh 3,000 g air-dried soil (particle size < 2 mm) of known moisture content in the 250 ml reaction 
vessel. 
 
Note: Because we are interested in the easily available elements, it is not allowed to mill the < 2mm 
sample. This deviates from the ISO norm.   
 
Aqua regia extraction 
Moisten with about 0.5 ml to 1.0 ml of water and add, while mixing, 21 ml of hydrochloric acid 
followed by 7 ml of nitric acid (15.8 mol/l), drop by drop if necessary, to reduce foaming. Connect the 
condenser (and the absorption vessel) to the reaction vessel, and allow to stand for 16 h at room 
temperature to allow for slow oxidation of the organic matter in the soil. 
 
The amount of aqua regia is sufficient only for oxidation of about 0.5 g of organic carbon. If there is 
more than 0.5 g of organic carbon in the 3 g subsample, proceed as follows. Allow the first reaction 
with the aqua regia to subside. Then add an extra 1 ml of nitric acid (15.8 mol/l) only to every 0.1 g of 
organic carbon above 0.5 g. Do not add more than 10 ml of nitric acid at any time, and allow any 
reaction to subside before proceeding further. 
 
Raise the temperature of the reaction mixture slowly until reflux conditions are reached and maintain 
for 2 h, ensuring that the condensation zone is lower than 1/3 of the height of the condenser, then 
allow to cool. 
 
Allow the reaction vessel to stand so that most of any insoluble residue settles out of suspension. (Add 
the contents of the absorption vessel to the reaction vessel, via the condenser, rinsing both the 
absorption vessel and condenser with a further 10 ml of nitric acid (0.5 mol/l)). Decant the relatively 
sediment-free supernatant carefully onto a filter paper, collecting the filtrate in a 100 ml volumetric 
flask. Allow all the initial filtrate to pass through the filter paper, then wash the insoluble residue onto 
the filter paper with a minimum of nitric acid (0.5 mol/l). Collect this filtrate with the first. before 
proceeding further. The extract thus prepared is ready for the determination of trace elements, by an 
appropriate method. 
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Determination of elements (P, Ca, K, Mg, Mn, Cu, Pb, Cd, Zn, Al, Fe, Cr, Ni, S, Hg, Na) 
Measure the elements cations in the extract using one of the spectrometric determination methods. 
Note: ISO 11047 can be used as a guideline for the determination of Cd, Cr, Cu, Pb, Mn, Ni and Zn. 

VI. Calculation 

Determination of elements (P, Ca, K, Mg, Mn, Cu, Pb, Cd, Zn, Al, Fe, Cr, Ni, S, Hg, Na) 
Calculation according to apparatus. 

VII. Report 

Report aqua regia extract determinations (mg/kg) with 1 decimal place on the basis of oven-dried soil.  
 
Note: Laboratories which have the possibility to determine the Cu content up to 2 decimal places and 
the Hg content up to 3 decimal places, are given the opportunity to report accordingly. 

VIII. Reference 

ISO 11466. 1995. Soil Quality – Extraction of trace elements soluble in aqua regia. International 
Organization for Standardization. Geneva, Switzerland. 6 p. (available at www.iso.ch) 

ISO 11047. 1998. Soil Quality – Determination of cadmium, chromium, cobalt, copper, lead, 
manganese nickel and zinc. Flame and electrothermal atomic absorption spectrometric 
methods. International Organization for Standardization. Geneva, Switzerland. 6 p. (available at 
www.iso.ch) 
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Soil Analysis Method 12 (SA12)                                                

Determination of Total Elements                                               

Ca, Mg, Na, K, Al, Fe, Mn 
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Total Elements: Ca, Mg, Na, K, Al, Fe, Mn 
Method 1 : Dissolution with hydrofluoric and perchloric acids 

Method sheet    SA12A 

Reference methods  ISO 14869  

Method suitable for  Organic Layer, Mineral Layer 
 

I. Relevance in ICP Forests 

Priority Level I Level II 
Organic Layer - - 
Mineral layer - Optional 
 

 

II. Principle 
 
This method specifies the complete dissolution, using hydrofluoric and perchloric acids, of the 
following elements in soils: 
 
Al, Ba, Cd, Ca, Cs, Cr, Co, Cu, Fe, K, Li, Mg, Mn, Na, Ni, P, Pb, Sr, V, Zn. 
 
This procedure may be appropriate for the subsequent determination of other elements provided their 
concentrations are high enough relative to the sensitivity of the methods of measurement. The low acid 
concentration of the final solution allows the use of a large range of analytical devices and the 
volatilisation of silicon simplifies analytical procedures. 
 
The dried and ground sample is pre-treated to destroy organic matter, and then digested with a mixture 
of hydrofluoric and perchloric acids. After evaporation to near dryness, the residue is dissolved in 
dilute hydrochloric or nitric acid. Hydrofluoric acid decomposes silicates by the reaction of F with Si 
to form volatile SiF4. As it evaporates last, perchloric acid forms readily-soluble perchlorate salts. 
 
To minimise the danger of acid ejection due to violent oxidation of organic matter by perchloric acid, 
two alternative procedures have been adopted to destroy organic matter prior to digestion: 
- dry ashing at 450 °C; 
- pretreatment with nitric acid. 
 
 
III. Apparatus 
 
Mill 
Drying oven and desiccator 
Analytical balance (accuracy 0.0001 g) 
Crucible of fused silica or platinum (10 - 30 ml) 
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Furnace (temperature 450 °C) 
Evaporating dishes made of polytetrafluoroethylene (PTFE) 
Hot plate (150 °C) 
Fume hood 
Volumetric flask of polypropylene (50 ml) 
Atomic Absorption Spectrometer (AAS) / Flame Emission Spectrometer (FES) / Inductively Coupled 
Plasma Spectrometer (ICP)  
 
 
 
IV. Reagents 
 
Water (grade 2) 
Hydrofluoric acid (HF), conc. 27.8 mol/l, ρ = 1.16 g/ml 
Perchloric acid (HClO4), conc. 11.6 mol/l, ρ = 1.67 g/ml 
Hydrochloric acid (HCl), conc. 12.1 mol/l, ρ = 1.19 g/ml 
Nitric acid (HNO3), conc. 15.2 mol/l, ρ = 1.41 g/ml 
 
 
V. Procedure 
 
Attention ! 
Always use latex gloves while working with HF and keep the ointment against HF acid bites 
ready for eventual accidents ! 
 
Laboratory sample 
Use air-dried soil milled as fine as possible. Weigh precisely 0.250 g of the milled sample.  
 
Destruction organic matter 
 
Dry ashing 
Transfer soil sample to a crucible. Place the crucible in the furnace and allow the temperature to reach 
450 °C, progressively over 1 h. Maintain this temperature for 3 h. Allow the furnace to cool to room 
temperature and transfer the ash quantitatively to a PTFE evaporating dish with a minimum amount of 
water. Using a platinum crucible of about 30 ml avoids ash being transferred to a PTFE dish and 
allows digestion to be performed in the same container as dry ashing. 
 
Nitric acid pre-treatment 
Transfer soil sample to an evaporating dish and add 5 ml of nitric acid. Place the dish on the hot plate 
at 150 °C and evaporate until approximately 1 ml of nitric acid remains. Note that several successive 
additions of nitric acid may be necessary until the emission of nitrous vapours ceases to remove all the 
organic matter. In such cases, remove the dish from the hot plate and cool to room temperature before 
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adding the next portion of nitric acid. After the last addition of nitric acid, remove the dish from the 
hot plate and cool to room temperature. 
 
Total digestion 
Add 5 ml of hydrofluoric acid and 1.5 ml of perchloric acid to the pretreated test portion in the PTFE 
dish or the 30 ml platinum crucible. Heat this mixture on the hot plate until the dense fumes of 
perchloric acid and silicon tetrafluoride cease. Do not allow the mixture to evaporate to complete 
dryness. Remove the dish from the hot plate, allow to cool, add 1 ml of hydrochloric acid or 1 ml of 
nitric acid and approximately 5 ml of water to dissolve the residue. Warm the dish briefly on the hot 
plate to assist dissolution. Transfer this solution quantitatively to the 50 ml volumetric flask, fill to the 
mark and mix well. 
 
A solid phase remaining in the resultant solution indicates incomplete dissolution. It may be of no 
importance with respect to the elements of interest, especially when pure silica constitutes the solid 
phase, but in that case, the procedure shall be completed by one of the following stages. 
 
• The procedure is stopped at this point and failure of total dissolution with a possible effect on the 

determination of total contents is noted in the test report. 
 
• The procedure is adjusted to improve the dissolution. One or a combination of the three following 

treatments is carried out. 
- The procedure is started again with a new test portion but a further dose of 5 ml of hydrofluoric 

acid and 1.5 ml of perchloric acid is added after evaporation of the first one to near dryness. The 
second dose is also evaporated as above and the procedure is carried on as described above. 

- The procedure is started again with a new test portion but after the addition of hydrofluoric and 
perchloric acids the mixture is left overnight at room temperature before being heated as 
described above. 

- The whole procedure is not changed but the mass of the test portion is reduced. 
If a solid phase remains in spite of these further treatments, then failure of total dissolution is 
mentioned in the test report. 

 
 
Blank test 
Use the same procedure, without the sample, to perform at least one blank test within each batch of 
digestions. 
 
Determination of total elements (Ca, Mg, K, Na, Al, Fe, Mn) 
Measure the total elements in the extract using one of the spectrometric determination methods.   

VI. Calculation 

Determination of total elements (Ca, Mg, K, Na, Al, Fe, Mn) 
Calculation according to apparatus. 

VII. Report 
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Report total elements (mg/kg) with one decimal place on the basis of oven-dried soil. 

VIII. References 

ISO 14869-1. 2001. Soil Quality – Dissolution for the determination of total element content - Part 1: 
Dissolution with hydrofluoric and perchloric acids. International Organization for 
Standardization. Geneva, Switzerland. 5 p. (available at www.iso.ch) 
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Total Elements: Ca, Mg, Na, K, Al, Fe, Mn 
Method 2 : Total element analysis by fusion with lithium metaborate 

Method sheet    SA12B 

Reference methods  ISO 14869  

Method suitable for  Organic Layer, Mineral Layer 

I. Relevance in ICP Forests 

Priority Level I Level II 
Organic Layer - - 
Mineral layer - Optional 
 
II. Principle 
 
 
III. Apparatus 
 
Platinum crucibles 
Muffle furnace  
Magnetic stirring devices 
Analytical balance (accuracy 0.0001 g) 
Filter paper prewashed (with a 10% HNO3 or HCl solution) 
 
 
IV. Reagents 
 
Lithium metaborate (LiBO2) on powder 
Nitric acid (HNO3), 4 % 
 
 
V. Procedure 
 
Laboratory sample 
Use air-dried soil (milled < 0.4 mm). Weigh 0.4 g of the milled sample.  
 
Destruction organic matter 
The sample is put to each platinum crucible and pre-ignited at 850°C for 30 min as to avoid damaging 
the platinum crucible when it would be mixed with lithium metaborate. The reason for this is that the 
soil organic matter can cause reduction of the platinum during the fusion. 
 
Fusion 
After the crucibles are cooled (usually it takes one night) the preignited soil is mixed thoroughly (by 
means of a pipette tip) with 2 g of lithium metaborate powder in a platinum crucible and fused for 15 
min at 950°C in a preheated muffle furnace.  The crucible and flux that is formed are allowed to cool 
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for one night.  The reason for this is that if we try to remove them from the furnace immediately after 
heating by means of something metallic, there will be a reaction between the platinum and the metal.  
The crucibles are immersed in a 100 ml beaker and covered with 70-80 ml of 4% nitric acid. A 
magnetic stirring bar is then placed inside the crucible and stirring can begin immediately.  The flux is 
dissolved in 3 to 4 hr (occasionally it might take a little more) and the solution is made up to 100 ml, 
filtered through a prewashed (with a 10% HNO3 or HCl solution) paper filter of 0.45 mm and stored 
for analysis. 
 
 
Blank test 
Use the same procedure, without the sample, to perform at least one blank test within each batch of 
digestions. 
 
Determination of total elements (Ca, Mg, K, Na, Al, Fe, Mn) 
Measure the total elements in the extract using one of the spectrometric determination methods. 

VI. Calculation 

Determination of total elements (Ca, Mg, K, Na, Al, Fe, Mn) 
Calculation according to apparatus. 
 

IX. VII. Report 

Report total elements (mg/kg) with one decimal place on the basis of oven-dried soil. 

X. VIII. References 

Michopoulos, P. 1995. Studies on manganese cycling in forest soils. PhD Thesis. University of 
Aberdeen. 

Potts, P.J. 1987. A handbook of Silicate Rock Analysis. Blackie, New York. 
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Soil Analysis Method 13 (SA13)                                                

Acid Oxalate Extractable Fe and Al 
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Acid Oxalate Extractable Fe and Al 
Method sheet    SA13 

Reference methods  ISRIC, 1992 

Method suitable for  Organic Layer, Mineral Layer 

I. Relevance in ICP Forests 

Priority Level I Level II
Organic Layer Optional Optional
Mineral layer Optional Mandatory

II. Principle 

The sample is shaken with a complexing acid ammonium oxalate solution dissolving the "active" or 
"short range order" (≈ "amorphous") compounds of Fe, Al (and Si) which are determined in the extract 
by AAS or ICP.  

III. Apparatus 

Reciprocating shaking machine 
Centrifuge 
Atomic absorption spectrophotometer (with nitrous oxide/acetylene flame) 
Polythene shaking bottles, wide mouth, 100 and/or 250 ml 

IV. Reagents 

In this procedure distilled water is used since deionised water may contain Si. 
 
Acid ammonium oxalate solution, 0.2 M in oxalate, pH 3: 
 Dissolve 81 g (COONH4)2.H2O and 54 g (COOH)2.2H2O in 4.5 l water and make to 5 l. Prepare 1 l 

of two separate 0.2 M solutions of NH4-oxalate (28 g/l) and oxalic acid (25 g/l) and add some of 
either solution to the mixture until the pH is 3. 

Potassium suppressant solution, 10,000 mg/l K: 
 Dissolve 19 g KCl in 800 ml water and make up to 1 l. 
"Superfloc" solution, 0.2%: 
 Dissolve 0.1 g superfloc flocculent (e.g. Cyanamid Superfloc N-100 and Floerger Kemflock 

FA20H) in 50 ml water. Stir overnight in the dark. (Note: store in the dark. This solution can be 
kept for about a week). 

 Superfloc is a flocculent used in waste water treatment. E.g. Cyanamid Superfloc N-100 and 
Floerger Kemflock FA 20H  

Diluent solution (5x):  
 Make 2.38 g KCl and 25 ml conc. HCl to 1 l with water. 
Diluent solution (20x): 
 Make 2.01 g KCl, 158 ml acid ammonium oxalate solution and 21 ml conc. HCl to 1l with water. 
Standard solutions Fe and Al, 250 mg/l: 
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 Dilute standard analytical concentrate ampoules (1g/l) according to instruction to make 1000 mg/l 
solutions. Dilute each to 250 mg/l by pipetting 50 ml into a 200 ml volumetric flask and making up 
to volume with water. 

Mixed standard series of Fe and Al: 
 1. To each of five 250 ml volumetric flasks add 50 ml of the acid oxalate reagent, 25 ml of the KCl 

suppressant solution and 5 ml conc. HCl (or 10 ml 6 M HCl) 
 2. Of each 250 mg/l standard solution pipette 0-5-10-25-50 ml into the 250 ml volumetric flask 

(same volumes into same flasks respectively) and make to volume with water. 
 The standard series are then: Fe, Al, 0-5-10-25-50 mg/l. 

V. Procedure 

1. Weigh 1 g of fine earth (accuracy 0.01 g) into a 100 ml shaking bottle. Include two blanks and a 
control sample. 

2.  Add 50.0 ml oxalate reagent and close the bottle. (Note: for soils with relatively high contents of 
oxalate-extractable material (Al, Fe>2%) use 100.0 ml oxalate reagent and a 250 ml shaking 
bottle). 

3. Shale for four hours in the dark. 
4. Transfer about 35 ml to a 50 ml centrifuge tube  
5. Add 3-4 drops of superfloc solution and swirl well (preferably on a Vortex mixer) and centrifuge 
6. Prepare 5x and 20x dilutions: 
  5x dilution 
  Pipette 1 ml of the clear supernatant and 4 ml of the diluent solution (5x) into a test tube and 

homogenise. 
  20x dilution 
  Pipette 1 ml of the clear supernatant solution and 19 ml ( by varispencer or burette) of the 

diluent solution (20x) into a wide test tube and homogenise 
7. Measure Fe by AAS at 248.3 nm using an air/acetylene flame 
8. Measure Al by AAS at 309.3 nm using a nitrous oxide/acetylene flame 
 
Note: In case of overranged (diluted) extracts, dilute these once more 1+1 with the zero standard 
solution. Therefore, of the latter an extra 250 or 500 ml should be prepared. Change the calculation 
accordingly. 

VI. Calculation 

Calculate the oxalate extractable Fe and Al, on the basis of the air-dried soil according to the following 
equation: 

s
baoxml

s
dfbaAlFe 50)(%100

1000
.)((%), ×−

=××
×−

=  

 
where 
a = mg/l Fe, Al in diluted sample extract 
b = ditto in diluted blank 
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df = dilution factor (5 or 20) 
ml ox. = ml of oxalate reagent used (50 or 100) 
s = air dry sample weight in milligram 
 
Conversion factors: 
 % Fe2O3 = 1.43 x % Fe 
 % Al2O3 = 1.89 x % Al 

VII. Report 

Report oxalate extractable Fe and Al (mg/kg) with one decimal place on the basis of oven-dried soil. 

VIII. Reference 

ISRIC, FAO. 1995. Procedures for soil analysis. Fifth ed. ISRIC Technical Paper 9. L.P. Van 
Reeuwijk (ed). Wageningen, The Netherlands. 
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Annex 2                                           
Forms  
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CONTENTS OF REDUCED PLOT FILE FORM 4A  
 
Proposal for comment line: 
!Sequence, country, plot number, date, latitude, longitude, altitude, soil unit, parent material, water, humus, profile no., other_obs 

XX2006.PLS 
 
 

 
Wa-
ter

Hu-
mus

D D M M Y Y +/- D D M M S S +/- D D M M S S
1 2 3 4 6 7 9 10 11 12 14 15 16 17 18 19 21 22 23 24 25 26 27 29 30 31 32 33 34 35 37 38 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 68 69 70 71 73 75 77 78 79 81-130

1 L V c r - c a h ( , , )
2 - ( , , )
3 - ( , , )
4 - ( , , )
5 - ( , , )
6 - ( , , )
7 - ( , , )
8 - ( , , )
9 - ( , , )

1 0 - ( , , )
1 1 - ( , , )
1 2 - ( , , )
1 3 - ( , , )
1 4 - ( , , )
1 5 - ( , , )
1 6 - ( , , )
1 7 - ( , , )
1 8 - ( , , )
1 9 - ( , , )
2 0 - ( , , )
2 1 - ( , , )
2 2 - ( , , )
2 3 - ( , , )
2 4 - ( , , )

Soil unit ObservationsProfile 
number

Se-
quence

Coun-
try

Observation 
Plot number Latitude Coordinate Longitude Coordinate Alti-

tudeSampling Date Parent Material 



IIIa Sampling and Analysis of Soil – update 2006 

updated 06/2006 

184 

 
Column See explanatory Item N°

(Annex 3)
 1-4  Sequence number of plots (1 to 9999)   
 6-7  Country code        (1) 
 9-12  Plot number (max. 9999)       (2) 

14-19  Date of sampling in DDMMYY (e.g. 220690)    (3) 
21-27  Latitude in +DDMMSS (e.g. + 505852)     (4) 
29-35  Longitude in (+ or -) DDMMSS (e.g. + 035531)    (4) 
37-38  Altitude (in 50 meter classes from 1 to 51)     (7) 
40-66  Soil unit (e.g. Hypercalcaric-Chromic LUVISOL becomes: LVcr  –cah ) 

40-41  Reference soil group code (e.g. LV) 
42-43  Most important soil unit adjective code (e.g. chromic =cr) 
44-45 Most important soil unit specifier codes (if relevant) 
47-48  Second most important soil unit adjective code (e.g. calcaric = ca) 
49-50 Second most important soil unit specifier codes (if relevant) (e.g. hyper = h ) 

         
 52-55, 57-60, 62-65 Additional soil unit adjective and specifier codes (if relevant) (10) 
68-71  Parent material code       (16) 
73  Water availability (insufficient = 1, sufficient = 2, excessive = 3)  (5) 
75  Humus type ( Mull = 1, Moder = 2, etc.)     (6) 
77 – 78  ID of soil profile used for the pedological characterisation (e.g. P04) 

 
In the last column a remark on the plot can be included: 
 81-130  Other observations       (99)
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Contents of datafile with soil analysis information (Mandatory and optional as required by the BioSoil project)           Form 4b 
Proposal for comment line: 
!Sequence, , plot number, layer, date,.moisture, clay, sand, silt, texture, bulk, coarse, org. Layer, ph(CaCl2), ph(Hs0), organic carbon, total N, carbonates, free 
acidity, exchangeable Al, exchangeable Ca, exchangeable....., Free h acidity, extractable Al, extractable Ca, extractable ..., reactive Al, reactive Fe, other_obs 

Level I                         XX2006.SOM 
(1) 
 

1 2 3 4 5 7 8 9 10 12 13 14 16 17 18 19 20 21 23 24 25 26 28 29 30 31 33 34 35 36 38 39 40 41 43 44 45 46 48 49 50 51 53 54 56 57 58 59 60 62 63 64 65 67 68 69 70 72 73 74 75 76

D D M M Y Y
1 O L . . . . . . . .
2 Other O or H-layers (2) . . . . . . . .
3 M 0 1 (3) . . . . (4) (4, 6, 7) (4, 5) . . . .
4 M 1 2 . . . . (4) (5) (4, 5) . . . .
5 M 2 4 . . . . . . . .
6 M 4 8 . . . . . . . .

9 9 9 9 9 9 9 9 9 M 4 8 3 9 1 9 9 9 9 9 . 9 9 9 . 9 9 9 . 9 9 9 . 9 9 9 9 9 9 9 9 9 . 9 9 9 9 . 9 9 9 . 9 9 9 9 . 9

Mean Bulk 
Density

kg/m³

Moisture 
ContentSequence Number Plot number Layer Date of analysis

% % vol%

Particle Size 
Clay

Particle Size 
Sand

Particle Size 
Silt

%%

Texture Class Organic Carbon

g/kgkg/m²

Organic Layer 
Weight

pH(CaCl2) pH(H2O)Coarse 
frag.

 
 

78 79 80 81 82 84 85 86 88 89 90 91 92 93 95 96 97 98 99 100 102 103 104 105 106 107 109 110 111 112 113 114 116 117 118 119 120 121 123 124 125 126 127 128 130 131 132 133 134 135 137 138 139 140 141 142 144 145 146 147 148 149

. . . . . . . . . .

. (8) (10) . (10) . (10) . (10) . (10) . (10) . (10) . (10) . (10) .

. (9) . . . . . . . . .

. (9) . . . . . . . . .

. . . . . . . . . .

. . . . . . . . . .
9 9 9 . 9 9 9 9 9 9 9 . 9 9 9 9 9 . 9 9 9 9 9 . 9 9 9 9 9 . 9 9 9 9 9 . 9 9 9 9 9 . 9 9 9 9 9 . 9 9 9 9 9 . 9 9 9 9 9 . 9 9

cmol(+)/kgcmol(+)/kg cmol(+)/kg

Free H+ AcidityExchangeabe Mn Exchangeable Na

g/kg g/kg cmol(+)/kg cmol(+)/kg

Exchangeable Mg

cmol(+)/kg cmol(+)/kg cmol(+)/kg cmol(+)/kg

Exchangeable Al Exchangeable Ca Exchangeable Fe Exchangeable KTotal N Carbona- 
tes Exchangeable Acidity

 

151 152 153 154 155 156 157 158 160 161 162 163 164 165 166 167 169 170 171 172 174 175 176 177 178 180 181 182 183 184 185 186 188 189 190 191 192 193 194 195 197 198 199 200 201 202 204 205 206 207 208 209 210 212 213 214 215 216 217 218 219

. . . . . . . . .

. . . . . . . . .

. . . . . . . . .

. . . . . . . . .

. . . . . . . . .

. . . . . . . . .
9 9 9 9 9 9 . 9 9 9 9 9 9 9 . 9 9 9 . 9 9 9 9 . 9 9 9 9 9 . 9 9 9 9 9 9 9 9 . 9 9 9 . 9 9 9 9 9 9 9 9 . 9 9 9 9 9 9 9 . 9

mg/kgmg/kg

Extractable MgExtractable K

mg/kg

Extractable Ca

mg/kg

Extractable Fe Extractable Hg

mg/kg

Extractable Cd Extractable Cr Extractable Cu

mg/kg mg/kg mg/kg mg/kg

Extractable Al

 
 

Observation
221 222 223 224 225 226 227 229 230 231 232 233 234 236 237 238 239 240 242 243 244 245 246 247 249 250 251 252 253 254 256 257 258 259 260 261 263 264 265 266 267 268 270 271 272 273 274 275 276 278 279 280 281 282 283 284 286-300

. . . . . . . . . (12)

. . . . . . . . .

. . . . . . . . .

. . . . . . . . .

. . . . . . . . .

. . . . . . . . .
9 9 9 9 9 . 9 9 9 9 9 . 9 9 9 9 . 9 9 9 9 9 . 9 9 9 9 9 . 9 9 9 9 9 . 9 9 9 9 9 . 9 9 9 9 9 9 . 9 9 9 9 9 9 . 9 (11)

Extractable Zn

mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg

Reactive Al

mg/kg

Reactive FeExtractable Mn Extractable Na Extractable Ni Extractable P Extractable Pb Extractable S

mg/kg
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Column                See explanatory Item N° (Annex 3) 
1-5  Sequence number       
7-10  Observation plot number              (2) 
12-14  Layer; code for depth level           (21) 
16-21  Date of analysis (DDMMYY)             (3) 
 
(1)  The BioSoil project requires on Level I both the optional and mandatory parameters of Table 3 pg. 17. Grey 

cells: not to be filled in, White cells need to be completed. All results are based on oven-dry weight.  
 
(2)  OF, OH, or OFH layer for aerated organic layers or Hs or Hfs for water saturated organic layers or H01, H12 

for peat layers (H24 and H48 optional). If the OH - horizon > 1 cm, the OF - and the OH - horizons should be 
analysed separately and each value has to be reported. In the BioSoil project however, the OF and OH-
horizons can be sampled and analysed together (OFH-layer). 

 
(3)  May be optionally split in M05 and M51 
 
(4) In case of a re-assessment (if the parameter was already measured according to the reference method for the 

first survey) , the measurement is optional  
 
(5) May be obtained by estimation or measurement 
 
(6)  Mandatory only in non-stony soils  
 
(7)  May be obtained by estimation, pedo-transfer function or measurement 
 
(8)  Only mandatory if pH(CaCl2) > 5.5 
 
(9) Only mandatory if pH(CaCl2) > 6 
 
(10) In calcareous soil, the measurement of this parameter is optional in the organic layer 
 
(11)  Maximum values as mentioned in the bottom line of the table are to be used whenever the actually measured 

value is equal or higher than the maximum possible values in these columns. When the actual registered value 
is below the minimum value that could be entered, the minimum value shall be used. In both cases, the exact 
value should be reported either in the column ‘observation’ or in written form in the Data Accompanying 
Report. If the concentration could not be measured reliably (i.e. below the limit of quantification) a special 
code “- ‘value of the limit of quantification’ ” will be used. When no analysis has been carried out for this 
parameter a blank shall be used. 

 
(12) Methods and recomputations that have been used shall be described in detail in the Data Accompanying 

Report.  
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Contents of datafile with soil analysis information (Mandatory)                                                                                                          Form 4b 
Proposal for comment line: 
!Sequence, plot no, layer, rep., date, moisture, clay, sand, slit, texture, mean bulk density, coarse frag., org. Layer, pH(CaCl2), pH(H20), organic carbon, total 
N, carbonates, free acidity, exchangeable Al, eschangeable Ca, eschangeable ..., free H, extractable Al, extractable Ca, extractable ..., reactive Al, reactive Fe, 
other_obs 

Level II XX2006.SOM 
1) 

Rep.

1 2 3 4 5 7 8 9 10 12 13 14 16 18 19 20 21 22 23 25 26 27 28 30 31 32 33 35 36 37 38 40 41 42 43 45 46 47 48 50 51 52 53 55 56 58 59 60 61 62 64 65 66 67 69 70 71 72 74 75 76 77 78

D D M M Y Y
1 Org. Lay. (2) 1 (4) . . . . . . . .
2 Org. Lay. (2) 2 . . . . . . . .
3 Org. Lay. (2) 3 . . . . . . . .
4 M 0 1 (3) 1 . (5) . (5) . (5) . (5) (5, 6) (5) . . . .
5 M 0 1 (3) 2 . (5) . (5) . (5) . (5) (5, 6) (5) . . . .
6 M 0 1 (3) 3 . (5) . (5) . (5) . (5) (5, 6) (5) . . . .
7 M 1 2 1 . (5) . (5) . (5) . (5) (5, 6) (5) . . . .
8 M 1 2 2 . (5) . (5) . (5) . (5) (5, 6) (5) . . . .
9 M 1 2 3 . (5) . (5) . (5) . (5) (5, 6) (5) . . . .

10 M 2 4 1 . (5) . (5) . (5) . (5) (5, 6) (5) . . . .
11 M 2 4 2 . (5) . (5) . (5) . (5) (5, 6) (5) . . . .
12 M 2 4 3 . (5) . (5) . (5) . (5) (5, 6) (5) . . . .
13 M 4 8 1 . (5) . (5) . (5) . (5) (5, 6) (5) . . . .
14 M 4 8 2 . (5) . (5) . (5) . (5) (5, 6) (5) . . . .
15 M 4 8 3 . (5) . (5) . (5) . (5) (5, 6) (5) . . . .

9 9 9 9 9 9 9 9 9 M 4 8 9 3 9 1 9 9 9 9 9 . 9 9 9 . 9 9 9 . 9 9 9 . 9 9 9 9 9 9 9 9 9 . 9 9 9 9 . 9 9 9 . 9 9 9 9 . 9

g/kgkg/m²

pH(H2O)

%% % % vol%

Particle Size 
Clay

Particle Size 
Sand

Particle Size 
Silt Texture Class Coarse 

frag.Sequence Number Plot number Layer Date of analysis Moisture 
Content Organic CarbonOrganic Layer 

Weight
pH(CaCl2)

Mean Bulk 
Density

kg/m³
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86 87 88 90 91 92 93 94 95 97 98 99 100 101 102 104 105 106 107 108 109 111 112 113 114 115 116 118 119 120 121 122 123 125 126 127 128 129 130 132 133 134 135 136 137 139 140 141 142 143 144 146 147 148 149 150 151

. . . . . . . . .

. . . . . . . . .

. . . . . . . . .

. . . . . . . . .

. . . . . . . . .

. . . . . . . . .

. . . . . . . . .

. . . . . . . . .

. . . . . . . . .

. . . . . . . . .

. . . . . . . . .

. . . . . . . . .
(6) . . . . . . . . .
(6) . . . . . . . . .
(6) . . . . . . . . .
(6) . . . . . . . . .
(6) . . . . . . . . .
(6) . . . . . . . . .
9 9 9 9 9 9 . 9 9 9 9 9 . 9 9 9 9 9 . 9 9 9 9 9 . 9 9 9 9 9 . 9 9 9 9 9 . 9 9 9 9 9 . 9 9 9 9 9 . 9 9 9 9 9 . 9 9

Carbona- 
tes Exchangeable Acidity Exchangeable Al Exchangeable Ca Exchangeable Fe Exchangeable K Exchangeable Mg

cmol(+)/kg cmol(+)/kg cmol(+)/kg cmol(+)/kgg/kg cmol(+)/kg cmol(+)/kg cmol(+)/kg cmol(+)/kg

Free H+ Exchangeabe Mn Exchangeable Na

cmol(+)/kg

 

 
 

153 154 155 156 157 158 159 160 162 163 164 165 166 167 168 169 171 172 173 174 176 177 178 179 180 182 183 184 185 186 187 188 190 191 192 193 194 195 196 197 199 200 201 202 203 204 206 207 208 209 210 211 212 214 215 216 217 218 219 220 221

. . . . . . . . .

. . . . . . . . .

. . . . . . . . .

. . . . . . . . .

. . . . . . . . .

. . . . . . . . .

. . . . . . . . .

. . . . . . . . .

. . . . . . . . .

. . . . . . . . .

. . . . . . . . .

. . . . . . . . .

. . . . . . . . .

. . . . . . . . .

. . . . . . . . .
9 9 9 9 9 9 . 9 9 9 9 9 9 9 . 9 9 9 . 9 9 9 9 . 9 9 9 9 9 . 9 9 9 9 9 9 9 9 . 9 9 9 . 9 9 9 9 9 9 9 9 . 9 9 9 9 9 9 9 . 9

Extractable Al Extractable Cd Extractable Cr Extractable Cu

mg/kg mg/kg mg/kg mg/kg mg/kg

Extractable Ca

mg/kg

Extractable Fe Extractable Hg

mg/kg mg/kgmg/kg

Extractable MgExtractable K

 
 



IIIa Sampling and Analysis of Soil – update 2006 
 

updated 06/2006 

189

Observation
223 224 225 226 227 228 229 # 231 232 233 234 235 236 # 238 239 240 241 242 # 244 245 246 247 248 249 # 251 252 253 254 255 256 # 258 259 260 261 262 263 # 265 266 267 268 269 270 # 272 273 274 275 276 277 278 # 280 281 282 283 284 285 286 288-303

. . . . . . . . . (11)

. . . . . . . . .

. . . . . . . . .

. . . . . . . . .

. . . . . . . . .

. . . . . . . . .

. . . . . . . . .

. . . . . . . . .

. . . . . . . . .

. . . . . . . . .

. . . . . . . . .

. . . . . . . . .

. . . . . . . . .

. . . . . . . . .

. . . . . . . . .
9 9 9 9 9 . 9 9 9 9 9 . 9 9 9 9 . 9 9 9 9 9 . 9 9 9 9 9 . 9 9 9 9 9 . 9 9 9 9 9 . 9 9 9 9 9 9 . 9 9 9 9 9 9 . 9 (10)

Extractable Zn

mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg

Reactive Al

mg/kg

Reactive FeExtractable Mn Extractable Na Extractable Ni Extractable P Extractable Pb Extractable S

mg/kg
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Column                See explanatory Item N° (Annex 3) 
1-5  Sequence number       
7-10  Observation plot number              (2) 
12-14  Layer; code for depth level           (21) 
16  Repetition of analysis (1, 2, 3, etc.) since analyses have to be done at least in triplicate 
18-23  Date of analysis (DDMMYY)             (3) 
 
(1)  Grey cells: not to be filled in, White cells need to be completed. All results are based on oven-dry 

weight.  
 
(2)  OF, OH, or OFH layer for aerated organic layers or Hs or Hfs for water saturated organic layers or H01, 

H12 for peat layers. If the OH - horizon > 1 cm, the OF - and the OH - horizons should be analysed 
separately and each value has to be reported.  

 
(3)  May be optionally split in M05 and M51 
 
(4) Minimum 3 replicates per layer are required, more can be reported 
 
(5) In case of a re-assessment (if the parameter was already measured according to the reference method for 

the first survey) , the measurement is optional  
 
(6) Mandatory only in non-stony soils 
 
(7)  Only mandatory if pH(CaCl2) > 5.5 
 
(8) Only mandatory if pH(CaCl2) > 6 
 
(9) In calcareous soil, the measurement of this parameter is optional in the organic layer 
 
(10)  Maximum values as mentioned in the bottom line of the table are to be used whenever the actually 

measured value is equal or higher than the maximum possible values in these columns. When the actual 
registered value is below the minimum value that could be entered, the minimum value shall be used. In 
both cases, the exact value should be reported either in the column ‘observation’ or in written form in 
the Data Accompanying Report. If the concentration could not be measured reliably (i.e. below the limit 
of quantification) a special code “- ‘value of the limit of quantification’ ” will be used. When no 
analysis has been carried out for this parameter a blank shall be used. 

 
(11) Methods and recomputations that have been used shall be described in detail in the Data Accompanying 

Report.  
( 



IIIa Sampling and Analysis of Soil – update 2006 
 

updated 06/2006 

191 

Contents of datafile with soil analysis information (Optional)                                                                                                          Form 4c 
Proposal for comment line: 
!Sequence, plot no, layer, rep., date, moisture, clay, sand, slit, texture, mean bulk density, coarse frag., org. Layer, pH(CaCl2), pH(H20), organic carbon, total 
N, carbonates, free acidity, exchangeable Al, exchangeable Ca, exchangeable ..., free H, extractable Al, extractable Ca, extractable ..., reactive Al, reactive Fe, 
total Al, total Ca, total ..., other_obs 

Level II XX2006.SOO 
Rep.

1 2 3 4 5 7 8 9 10 12 13 14 16 18 19 20 21 22 23 25 26 27 28 30 31 32 33 35 36 37 38 40 41 42 43 45 46 47 48 50 51 52 53 55 56 58 59 60 61 62 64 65 66 67 69 70 71 72 74 75 76 77 78 80 81 82 83 84

D D M M Y Y
1 OL or Hf 1 (4) . . . . . . . . .
2 OL or Hf 2 . . . . . . . . .
3 OL or Hf 3 . . . . . . . . .
4 Other Org. Lay(2) . . . . . . . . .
5 Other Org. Lay(2) . . . . . . . . .
6 Other Org. Lay(2) . . . . . . . . .
7 M 0 1 (3) 1 . . . . . . . . .
8 M 0 1 (3) 2 . . . . . . . . .
9 M 0 1 (3) 3 . . . . . . . . .

10 M 1 2 1 . . . . (5) . . . . .
11 M 1 2 2 . . . . (5) . . . . .
12 M 1 2 3 . . . . (5) . . . . .
13 M 2 4 1 . . . . (5) . . . . .
14 M 2 4 2 . . . . (5) . . . . .
15 M 2 4 3 . . . . (5) . . . . .
16 M 4 8 1 . . . . (5) . . . . .
17 M 4 8 2 . . . . (5) . . . . .
18 M 4 8 3 . . . . (5) . . . . .

9 9 9 9 9 9 9 9 9 M 4 8 9 3 9 1 9 9 9 9 9 . 9 9 9 . 9 9 9 . 9 9 9 . 9 9 9 9 9 9 9 9 9 . 9 9 9 9 . 9 9 9 . 9 9 9 9 . 9 9 9 9 . 9

Mean Bulk 
Density

kg/m³ g/kg

Moisture 
Content Total NOrganic CarbonOrganic Layer 

Weight
pH(CaCl2)Sequence Number Plot number Layer Date of analysis

% % vol%

Particle Size 
Clay

Particle Size 
Sand

Particle Size 
Silt Texture Class Coarse 

frag.

%% g/kgkg/m²

pH(H2O)

 
 

86 87 88 90 91 92 93 94 95 97 98 99 100 101 102 104 105 106 107 108 109 111 112 113 114 115 116 118 119 120 121 122 123 125 126 127 128 129 130 132 133 134 135 136 137 139 140 141 142 143 144 146 147 148 149 150 151 153 154 155 156 157 158 159 160

. . . . . . . . . .

. . . . . . . . . .

. . . . . . . . . .

. . . . . . . . . .

. . . . . . . . . .

. . . . . . . . . .

. . . . . . . . . .

. . . . . . . . . .

. . . . . . . . . .

. . . . . . . . . .

. . . . . . . . . .

. . . . . . . . . .
(6) . . . . . . . . . .
(6) . . . . . . . . . .
(6) . . . . . . . . . .
(6) . . . . . . . . . .
(6) . . . . . . . . . .
(6) . . . . . . . . . .
9 9 9 9 9 9 . 9 9 9 9 9 . 9 9 9 9 9 . 9 9 9 9 9 . 9 9 9 9 9 . 9 9 9 9 9 . 9 9 9 9 9 . 9 9 9 9 9 . 9 9 9 9 9 . 9 9 9 9 9 9 9 9 . 9

Carbona- 
tes Exchangeable Acidity Exchangeable Al Exchangeable Ca Exchangeable Fe Exchangeable K Exchangeable Mg

cmol(+)/kg cmol(+)/kg cmol(+)/kg cmol(+)/kgg/kg cmol(+)/kg cmol(+)/kg cmol(+)/kg cmol(+)/kg

Free H+ Extractable AlExchangeabe Mn Exchangeable Na

cmol(+)/kg mg/kg
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171 172 173 174 176 177 178 179 180 182 183 184 185 186 187 188 190 191 192 193 194 195 196 197 199 200 201 202 203 204 206 207 208 209 210 211 212 214 215 216 217 218 219 220 221 223 224 225 226 227 228 229 # 231 232 233 234 235 236 238 239 240 241 242 244 245 246 247 248 249 251 252 253 254 255 256

. . . . . . . . . . . .

. . . . . . . . . . . .

. . . . . . . . . . . .

. . . . . . . . . . . .

. . . . . . . . . . . .

. . . . . . . . . . . .

. . . . . . . . . . . .

. . . . . . . . . . . .

. . . . . . . . . . . .

. . . . . . . . . . . .

. . . . . . . . . . . .

. . . . . . . . . . . .

. . . . . . . . . . . .

. . . . . . . . . . . .

. . . . . . . . . . . .

. . . . . . . . . . . .

. . . . . . . . . . . .

. . . . . . . . . . . .
9 9 . 9 9 9 9 . 9 9 9 9 9 . 9 9 9 9 9 9 9 9 . 9 9 9 . 9 9 9 9 9 9 9 9 . 9 9 9 9 9 9 9 . 9 9 9 9 9 9 . 9 9 9 9 9 . 9 9 9 9 . 9 9 9 9 9 . 9 9 9 9 9 . 9

Extractable Pb

mg/kg

Extractable Ni

mg/kg

Extractable P

mg/kg

Extractable Mn

mg/kg

Extractable Na

mg/kgmg/kgmg/kg

Extractable MgExtractable K

mg/kg mg/kg

Extractable Fe Extractable HgExtractable 
Cd Extractable Cr Extractable Cu

mg/kg mg/kg mg/kg

 
Observation

258 259 260 261 262 263 265 266 267 268 269 272 273 274 275 276 277 278 280 281 282 283 284 285 286 288 289 290 291 292 293 294 295 297 298 299 300 301 302 303 304 306 307 308 309 310 311 312 313 315 316 317 318 319 320 321 322 324 325 326 327 328 329 330 331 333 334 335 336 337 338 339 340 342 343 344 345 346 347 348 349 351-375

. . . . . . . . . . . (8)

. . . . . . . . . . .

. . . . . . . . . . .

. . . . . . . . . . .

. . . . . . . . . . .

. . . . . . . . . . .

. . . . . . . . . . .

. . . . . . . . . . .

. . . . . . . . . . .

. . . . . . . . . . .

. . . . . . . . . . .

. . . . . . . . . . .

. . . . . . . . . . .

. . . . . . . . . . .

. . . . . . . . . . .

. . . . . . . . . . .

. . . . . . . . . . .

. . . . . . . . . . .
9 9 9 9 . 9 9 9 9 9 . 9 9 9 9 9 9 . 9 9 9 9 9 9 . 9 (7) 9 9 9 9 9 9 . 9 9 9 9 9 9 9 . 9 9 9 9 9 9 9 . 9 9 9 9 9 9 9 . 9 9 9 9 9 9 9 . 9 9 9 9 9 9 9 . 9 9 9 9 9 9 9 . 9

Total Al Total Ca Total Fe Total K Total Mg Total Mn Total Na

mg/kgmg/kg mg/kg mg/kgmg/kg mg/kg mg/kg

Reactive Al

mg/kg

Reactive FeExtractable S

mg/kg

Extractable Zn

mg/kg mg/kg
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Column                See explanatory Item N° (Annex 3) 
1-5  Sequence number       
7-10  Observation plot number              (2) 
12-14  Layer; code for depth level           (21) 
16  Repetition of analysis (1, 2, 3, etc.) since analyses have to be done at least in triplicate 
18-23  Date of analysis (DDMMYY)             (3) 
 
(1)  Grey cells: not to be filled in, White cells need to be completed. All results are based on oven-dry weight.  
 
(2)  OF, OH, or OFH layer for aerated organic layers or Hs or Hfs for water saturated organic layers or H01, 

H12 for peat layers. If the OH - horizon > 1 cm, the OF - and the OH - horizons should be analysed 
separately and each value has to be reported.  

 
(3)  May be optionally split in M05 and M51 
 
(4) Minimum 3 replicates per layer are required, more can be reported 
 
(5) In case of a re-assessment (if the parameter was already measured according to the reference method for the 

first survey) , the measurement is optional  
 
(6) Only if pH(CaCl2) > 6 
 
(7)  Maximum values as mentioned in the bottom line of the table are to be used whenever the actually 

measured value is equal or higher than the maximum possible values in these columns. When the actual 
registered value is below the minimum value that could be entered, the minimum value shall be used. In 
both cases, the exact value should be reported either in the column ‘observation’ or in written form in the 
Data Accompanying Report. If the concentration could not be measured reliably (i.e. below the limit of 
quantification) a special code “- ‘value of the limit of quantification’ ” will be used. When no analysis has 
been carried out for this parameter a blank shall be used. 

 
(8) Methods and recomputations that have been used shall be described in detail in the Data Accompanying 

Report.  
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(1) Country codes 
 

 1  France 
 2  Belgium 
 3  Netherlands 
 4  Germany 
 5  Italy  
 6  United Kingdom 
 7  Ireland 
 8  Denmark 
 9  Greece 
10 Portugal 
11 Spain 

12 Luxembourg 
13 Sweden 
14 Austria 
15 Finland 
50 Switzerland 
51 Hungary 
52 Romania 
53 Poland 
54 Slovak Republic 
55 Norway 
56 Lithuania 

57 Croatia 
58 Czech Republic 
59 Estonia 
60 Slovenia 
61 Republic of Moldova 
62 Russia 
63 Bulgaria 
64 Latvia 
65 Belarus 
95 Canaries (Spain) 
96 Azores (Portugal) 

 
 
(2) Observation plot number 
 

The observation plot number corresponds to a unique number given to the permanent plot during the 
selection or installation. 
 
 
(3) Date of observation, date of assessment, date of analysis 
 

Dates shall be completed in the following order day, month and year: 
 

Day Month Year
08 09 94

 
To conduct all laboratory analyses on one sample, may take several weeks. In that case, the date of 
analysis is the end date of the laboratory analyses done on the sample. 
 
(4) Latitude-/ longitude co-ordinates 
 

Fill in the full six figure latitude and longitude co-ordinates of the centre of the observation 
plot. The datum used is WGS 84 and no map projection system is used.  e.g: 
 
 +/- Degrees Minutes Seconds 
— latitude + 5 0 2 0 2 7 
— longitude - 0 1 1 5 3 2 
 

the first box is used to indicate a + or - co-ordinate 
 
 
(5) Availability of water to principal species (estimate)  
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1: Insufficient 
2: Sufficient 
3: Excessive 

 
(6) Humus type  
 

9 types of humus forms are defined, 4 terrestrial forms and 5 semiterrestrial forms. The definitions of 
the humus forms are based on recommendation of the European Humus Research Group (Englisch et 
al., October 2005). 
 
Terrestrial humus forms 
 

Code Humus form  Description 

1 Mull o No presence of OH and 
o Presence of Az from anecic and endogeic earthworms 

2 Moder 
o Presence of OH and Ajz/Aze, gradual transition between OH

and mineral A or 
o Presence of OF, OHz if overlying bedrock/coarse debris 

3 Mor 
o Presence of OH and Ae/E (with sharp transition to OH) and 
o Soil macrofauna absent, low abundance or absence of 

mesofauna, Ae never zoogenic 

4 
Amphi (or 
Amphihumus) 

o Presence of OHz and Az and 
o Thick holorganic horizon with more or less sharp transition to 

the below zoogenous Az 
 

Semiterrestrial humus forms 
 

5 Anmoor 

o Presence of a Aa horizon. An Aa horizon contains 8-17% 
organ. carbon, is at least 20 cm thick and is developed under 
influence of stagnant water or fluctuating groundwater, 
organic substance highly humified with greasy (smeary) 
consistence. An Aa horizon may be biomacrostructured 
(=Aaz) when water table has fallen. 

6 Histomull 

o Hz dominant with high faunal activity (anecic worms) 
o Drained eutrophic peat soils with high content of clay (10-

30%) or peat with thin subdominant clay cover. 
o Mostly grasslands, sometimes drained Elder woods 
o Ectoorganic layers are rare or extremely thin 

7 Histomoder o Hs dominant, faunal activity mainly springtails 

8 Histomor o No or nearly no faunal activity 
o Fibric (Hf) – mesic (Hfs) – sapric forms (Hs) 

9 Histoamphi o Aa or Aaz is dominant 
o Presence of a Hz arthropod activity and a Aaz horizon 
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Factor 1
Faunal activity
pH, nutrients
mineral content
litter quality

Factor 2
Water saturation
Anaerobiosis

Factor 3
Other factors that
hamper incorporation
of organic matter into
the mineral soil
(lack of clay, 
temporary drought, 
excess litter input etc.)

Eco-diagram of humus formation
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permanently
saturated or

artifical drained
Aa, H dominant 

within 40 cm

no

yes

upland
humus forms

semiterrestrial
humus forms

OH present

no
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yes

1: Mull

non Mull
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+ Aaz Aa
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4: Amphihumus

2: Moder

3: Mor
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no
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to Ae/E
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Aa or Aaz dominant
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OM >15% if origin
from peat

Peat

8: Histomor7: Histomoder6: Histomull5: Anmoor

Hz dominant
worm activity Hs dominant low/no

faunal activity

no

9: Histoamphi

Hz arthropod activity
+ Aaz Aa

yes

4: Amphihumus

2: Moder

3: Mor

 

 

Terrestrial soils – Diagnostic horizons 

 
OH (humus, humification): characterised by an accumulation of decomposed organic matter. The 
original structures and materials are not discernible. Organic fine substance amounts to more than 70 
% by volume. OH differs from the OF horizon by showing a more advanced humification due to the 
action of soil organisms 

OHz = zoogenous; droppings of soil fauna (epigeic earthworms, arthropods, etc.) dominate. A 
fine structure (less than 3 mm) is typical;  
 

 
Humic mineral soil horizons (A) 
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The A-horizon is a master mineral soil horizon formed near the soil surface and characterised by an 
accumulation of organic substances. The content of organic carbon in the soil fraction < 2mm is less 
than 17 % by mass. As a rule of thumb value and chroma of the soil sample differ at least 1 unit from 
an overlying H-horizon. 
 
Az (biomacrostructured A horizon), dark coloured clay-humus complexes are formed. Significant 
action of anecic and endogeic earthworms create a typical crumb structure 
 
Ajz = the transition from the OH horizon to the mineral or organo-mineral A horizon is gradual; 
biogenous intermixing (by epigeic worms, Arthropods or Enchytreids; juxtaposition of faecal pellets 
or particular organic matter with mineral particles) dominates over infiltration of humic substances 
 
Aze = the humus is mainly infiltrated, the horizon shows a weak podzolisation (diffuse bleached 
spots). While the Aze horizon is sharply delineated from the OH horizon the transition to the B-
horizon is gradual. The structure is compact (coherent), sometimes platy 
 
Ae = The Ae horizon is podzolised, the colour of the bleached parts is greyish sometimes with a violet 
hue. The structure is in transition from coherent (minerals cemented with humic substances) towards 
loose single grain, structureless conditions (when podzolisation is well developed) 
 

Semiterrestrial Soils - Diagnostic horizons 

 
Aa = Characteristic horizon of ‘Anmoor’. This mineral horizon contains 8-17 % organic carbon (and 
is at least 20 cm thick). An Aa horizon is developed under the influence of stagnant water or 
fluctuating groundwater. The organic substance is highly humified, the consistence is greasy (smeary).  

Aaz:  With evidence of zoogenic activity and transformation (biomacrostructured) 
when the water table has fallen 

 
H =  organic horizons formed under prolonged water saturation 

Hs (sapric): largely well decomposed plant residues  
Hf (fibric):   largely consisting of poorly decomposed plant residues (tissues recognisable at 

naked eye) 
Hfs:  decomposition of plant residues intermediate between Hf and Hs 
Hz (zoogenic):largely well decomposed plant residues with a high and well recognisable 

earthworm activity (casts) 
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(7) Altitude 
 

1: ≤ 50 m 14: 651 — 700 m 27: 1301 — 1350 m 40: 1951 — 2000 m 
2: 51 — 100 m 15: 701 — 750 m 28: 1351 — 1400 m 41: 2001 — 2050 m 
3: 101 — 150 m 16: 751 — 800 m 29: 1401 — 1450 m 42: 2051 — 2100 m 
4: 151 — 200 m 17: 801 — 850 m 30: 1451 — 1500 m 43: 2101 — 2150 m 
5: 201 — 250 m 18: 851 — 900 m 31: 1501 — 1550 m 44: 2151 — 2200 m 
6: 251 — 300 m 19: 901 — 950 m 32: 1551 — 1600 m 45: 2201 — 2250 m 
7: 301 — 350 m 20: 951 — 1000 m 33: 1601 — 1650 m 46: 2251 — 2300 m 
8: 351 — 400 m 21: 1001 — 1050 m 34: 1651 — 1700 m 47: 2301 — 2350 m 
9: 401 — 450 m 22: 1051 — 1100 m 35: 1701 — 1750 m 48: 2351 — 2400 m 
10: 451 — 500 m 23: 1101 — 1150 m 36: 1751 — 1800 m 49: 2401 — 2450 m 
11: 501 — 550 m 24: 1151 — 1200 m 37: 1801 — 1850 m 50: 2451 — 2500 m 
12: 551 — 600 m 25: 1201 — 1250 m 38: 1851 — 1900 m 51: > 2500 m 
13: 601 — 650 m 26: 1251 — 1300 m 39: 1901 — 1950 m    

 
(10) Soil unit 
 

The soils have to be classified according to the World Reference Base for Soil Resources. A full 
description of the WRB classification system (World Soil Resource Report volume 84 (1998) or 103 
(2006) can be consulted at the WRB website: http://www.fao.org/ag/agl/agll/wrb/ and 
http://www.fao.org/ag/agl/agll/doc/wrb2006final.pdf. The same documents can be downloaded from 
the FAO ftp- website: 
ftp://ftp.fao.org/agl/agll/docs/ 
in English: wsrr84e.pdf 
in French: wsrr84f.pdf 
in Spanish: wsrr84s.pdf 
and the 2006 version ftp:/ftp/fao.org/agl/agll/docs/wsrr103e.pdf 
 
(10) A. Reference Soil Group Codes (WRB 1998) 
Code Soil Group  Code Soil Group 
AC Acrisol  HS Histosol 
AB Albeluvisol  KS Kastanozem 
AL Alisol  LP Leptosol 
AN Andosol  LX Lixisol 
AT Anthrosol  LV Luvisol 
AR Arenosol  NT Nitisol 
CL Calcisol  PH Phaeozem 
CM Cambisol  PL Planosol 
CH Chernozem  PT Plinthosol 
CR Cryosol  PZ Podzol 
DU Durisol  RG Regosol 
FR Ferralsol  SC Solonchak 
FL Fluvisol  SN Solonetz 
GL Gleysol  UM Umbrisol 
GY Gypsisol  VR Vertisol 
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(10) B. Soil Unit Adjectives Codes (WRB 1998) 
Code Soil Unit Adjective  Code Soil Unit Adjective  Code Soil Unit Adjective 
ap Abruptic  gr Geric  ps Petrosalic 
ae Aceric  gi Gibbsic  pi Placic 
ac Acric  gc Glacic  pa Plaggic 
ao Acroxic  gl Gleyic  pn Planic 
ab Albic    gln   Endogleyic  pl Plinthic 
  abh   Hyperalbic    glp   Epigleyic    plp   Epiplinthic 
  abg   Glossalbic  gs Glossic    plh   Hyperplinthic 
ax Alcalic    gsm   Molliglossic    plo   Orthiplinthic 
al Alic    gsu   Umbriglossic    plr   Paraplinthic 
au Alumic  gz Greyic  po Posic 
an Andic  gm Grumic  pf Profondic 
  ana Aluandic  gy Gypsic  pr Protic 
  ans Silandic    gyh   Hypergypsic  rd Reductic 
aq Anthraquic    gyw   Hypogypsic  rg Regic 
am Anthric  gp Gypsiric  rz Rendzic 
ah Anthropic  ha Haplic  rh Rheic 
ai Aric  hi Histic  ro Rhodic 
ar Arenic    hif   Fibrihistic  ru Rubic 
ad Aridic    his   Saprihistic  rp Ruptic 
az Arzic    hib   Thaptohistic  rs Rustic 
ca Calcaric  ht Hortic  sz Salic 
cc Calcic  hu Humic    szn   Endosalic 
  cch   Hypercalcic    hum   Mollihumic    szp   Episalic 
  ccw   Hypocalcic    huu   Umbrihumic    szw   Hyposalic 
  cco   Orthicalcic  hg Hydragric  sa Sapric 
cb Carbic  hy Hydric  si Silic 
cn Carbonatic  hk Hyperskeletic  sl Siltic 
ch Chernic  ir Irragric  sk Skeletic 
cl Chloridic  ii Lamellic    skn   Endoskeletic 
cr Chromic  le Leptic    skp   Episkeletic 
cy Cryic    len   Endoleptic  so Sodic 
ct Cutanic    lep   Epileptic    son   Endosodic 
dn Densic  li Lithic    sow   Hyposodic 
du Duric    lip   Paralithic  sd Spodic 
dy Dystric  ix Lixic  sp Spolic 
  dye   Epidystric  iv Luvic  st Stagnic 
  dyh   Hyperdystric    ivw   Hypoluvic    stn   Endostagnic 
  dyo   Orthidystric  mg Magnesic  su Sulphatic 
et Entic  mz Mazic  ty Takyric 
eu Eutric  me Melanic  tf Tephric 
  eun   Endoeutric  ms Mesotrophic  tr Terric 
  euh   Hypereutric  mo Mollic  ti Thionic 
  euo   Orthieutric  na Natric    tio   Orthithionic 
es Eutrisilic  ni Nitic    tit   Protothionic 
fl Ferralic  oh Ochric  tx Toxic 
  flh   Hyperferralic    ohh   Hyperochric  tu Turbic 
  flw   Hypoferralic  om Ombric  um Umbric 
fr Ferric  or Orthic  ub Urbic 
  frh Hyperferric  oa   Oxyaquic  vt Vetic 
fi Fibric  ph Pachic  vm Vermic 
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fo Folic  pe Pellic  vr Vertic 
fv Fluvic  pt Petric  vi Vitric 
fg Fragic    ptp   Epipetric  xa Xanthic 
fu Fulvic  pc Petrocalcic  ye Yermic 
ga Garbic  pd Petroduric    yes   Nudiyermic 
ge Gelic  pg Petrogypsic    
gt Gelistagnic  pp Petroplinthic    
 
 
C. Soil Unit Specifier Codes (WRB 1998) 
Code Soil Unit Specifier  Code Soil Unit Specifier  Code Soil Unit Specifier 
d Bathi  h Hyper  t Proto 
c Cumuli  w Hypo  b Thapto 
n Endo  o Orthi    
p Epi  r Para    

(11) Codes for FAO Texture Classes 
 
The FAO Texture Triangle distinguished 12 classes of which the codes are given below (FAO, 1990): 
 
Texture Class  Code Texture Class  Code 
Clay = C Silty clay loam = SiCL 
Loam = L Sandy clay  = SC 
Clay loam = CL Sandy clay loam = SCL 
Silt = Si Sandy loam = SL 
Silt loam  SiL Loamy sand = LS 
Silty clay = SiC Sand = S 
 
 
(21) Code for depth level 
 

OL = Not saturated organic layer, litter horizon 1,3   
OF = Not saturated organic layer, fermented horizon 1,4 
OFH = Not saturated organic layer, fermented plus humus horizon (sampled together if OH 

horizon is not thicker than 1 cm)1,4+5 
OH = Not saturated organic layer, humus horizon 1,5 
Hf = Saturated organic layer, poorly decomposed (Explanatory Item N°6) 
Hfs = Saturated organic layer, fragmentized and partly oxidized (Explanatory Item N°6) 
Hs = Saturated organic layer, well decomposed (Explanatory Item N°6) 
H05 = Organic (peat) soil between 0 and 5 cm (optional) 
H51 = Organic (peat) soil between 5 and 10 cm (optional) 
H01 = Organic (peat) soil between 0 and 10 cm (mandatory) 
H12 = Organic (peat) soil between 10 and 20 cm (mandatory) 
H24 = Organic (peat) soil between 20 and 40 cm (optional) 
H48 = Organic (peat) soil between 40 and 80 cm (optional) 
M05 = Mineral soil between 0 and 5 cm (optional) 
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M51 = Mineral soil between 5 and 10 cm (optional) 
M01 = Mineral soil between 0 and 10 cm (mandatory) 
M12 = Mineral soil between 10 and 20 cm (mandatory) 
M24 = Mineral soil between 20 and 40 cm (mandatory) 
M48 = Mineral soil between 40 and 80 cm (mandatory) 

 
1
  O- layers:  layers dominated by organic material, consisting of undecomposed litter, such as leaves, 

needles, twigs, moss and lichens, which has accumulated on the surface; they may be on top of either 
mineral or organic soils. O-horizons are not saturated with water for prolonged periods. The mineral 
fraction of such material is only a small percentage of the volume of the material and generally is 
much less than half of the weight. An O-layer may be at the surface of a soil or at any depth beneath 
the surface if it is buried. An horizon formed by illuviation of organic material subsoil is not an O-
horizon, though some horizons formed in this matter contain much organic matter.  
 
2  H- layers:  layers dominated by organic material, formed from accumulations of undecomposed or 
partially decomposed organic material at the soil surface which may be underwater. All H-horizons are 
saturated with water for prolonged periods or were once saturated but are now artifically drained. An 
H-horizon may be on the top of mineral soils or at any depth beneath the surface if it is buried.  
 
3  OL - horizon:  this part of the organic layer consists of unaltered dead remains of plants (leaves, 
fruits, bark, etc..). This horizon is generally indicated as litter. It must be recognized that, while the 
litter is essentially unaltered, it is in some stage of decomposition from the moment it hits the floor and 
therefore it should be considered as part of the humus layer. There may be some fragmentation, but the 
plant species can still be identified. 
 
4  OF - horizon:  zone immediately below the litter consisting of fragmented, partly decomposed 
organic materials that are sufficiently well preserved to permit identification as being of plant origin 
(not identification of plant species). 
 
5 OH - horizon:  consists largely of well-decomposed, amorphous organic matter. It is largely 
coprogenic, whereas the F horizon has not yet passed through the bodies of soil fauna. The humified H 
horizon is often not recognized as such because it can have friable crumb structure and may contain 
considerable amounts of mineral materials. It is therefore often misinterpreted and designated as the 
Ah horizon of the mineral soil and not as part of the forest floor as such. To qualify as organic horizon, 
it should fulfil the FAO requirement, as described above.  
 
(16) Code for Parent Material (after Lambert et al., 2003(*) 
 
• The parent material code must be selected from the list provided below. It includes four levels: 
Major Class, Group, Type and Subtype. 
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• Depending on the level of detail available to describe the dominant and secondary parent 
materials, i.e. Major Class or Group or Type or Sub-type, the user will choose any one of the codes 
provided in the table. 
• Whenever possible, it is recommended to identify as precisely as possible the exact type of 
parent material, using the full 4 digit code. For example, calcareous sandstone (1211) is preferable to 
sandstone (1210) or to psammite (1200). The later should be used either if the type of sandstone has 
can precisely been defined, or when more than one type of sandstone is present in the plot. 
 

Major 
Class 
level  

Group 
level  

Type 
level  

Sub-type 
level  

0000 No information 0000 No information 0000 No information 0000 No information 
1000 consolidated-clastic- 

sedimentary rocks 
1100 psephite or rudite 1110 conglomerate 1111 pudding stone 

    1120 breccia   
  1200 psammite or arenite 1210 sandstone 1211 calcareous sandstone 
      1212 ferruginous sandstone 
      1213 clayey sandstone 
      1214 quartzitic sandstone / 

orthoquartzite 
      1215 micaceous sandstone 
    1220 arkose   
    1230 graywacke 1231 feldspathic graywacke 
  1300 pelite, lutite or argilite 1310 claystone / mudstone 1311 Kaolinite 
      1312 Bentonite 
    1320 siltstone   
  1400 facies bound rock 1410 flysch 1411 sandy flisch 
      1412 clayey and silty flysch 
      1413 conglomeratic flysch 
    1420 molasse   

2000 sedimentary rocks
(chemically precipitated,
evaporated, or
organogenic or biogenic
in origin) 

2100 calcareous rocks 2110 limestone 2111 hard limestone 

      2112 soft limestone 
      2113 marly limestone 
      2114 chalky limestone 
      2115 detrital limestone  
      2116 carbonaceous limestone  
      2117 lacustrine or freshwater  

limestone 
      2118 Travertine/calcareous sinter  
      2119 Cavernous limestone 
     2120 dolomite 2121 Cavernous dolomite 
      2122 calcareous dolomite 
    2130 marlstone   
    2140 marl 2141 chalk marl  
      2142 gypsiferous marl 
    2150 chalk   
  2200 evaporites 2210 gypsum   
    2220 anhydrite   
    2230 halite   
  2300 siliceous rocks 2310 chert, hornstone, flint   
    2320 diatomite / radiolarite   



IIIa Sampling and Analysis of Soil – update 2006 
 

updated 06/2006 

207

3000 igneous rocks 3100 acid to intermediate 
plutonic rocks 

3110 granite   

    3120 granodiorite    
    3130 diorite 3131 quartz diorite 
      3132 gabbro diorite 
    3140 syenite   
  3200 basic plutonic rocks 3210 gabbro   
  3300 ultrabasic plutonic rocks 3310 peridotite   
    3320 pyroxenite   
  3400 acid to intermediate 

volcanic rocks 
3410 rhyolite 3411 Obsidian 

      3412 quartz porphyrite 
    3420 dacite   
    3430 andesite 3431 porphyrite (interm,) 
    3440 phonolite 3441 tephritic phonolite 
    3450 trachyte   
  3500 basic to ultrabasic 

volcanic rocks 
3510 basalt   

    3520 diabase   
    3530 pikrite   
  3600 dike rocks 3610 aplite   
    3620 pegmatite   
    3630 lamprophyre   
  3700 pyroclastic rocks (tephra) 3710 tuff/tuffstone 3711 agglomeratic tuff 
      3712 block tuff 
      3713 lapilli tuff 
    3720 tuffite 3721 sandy tuffite 
      3722 silty tuffite 
      3723 clayey tuffite 
    3730 volcanic scoria/ volcanic 

breccia 
  

    3740 volcanic ash   
    3750 ignimbrite   
    3760 pumice   

4000 metamorphic rocks 4100 weakly metamorphic 
rocks 

4110 (meta-)shale / argilite   

    4120 slate 4121 graphitic slate 
  4200 acid regional 

metamorphic rocks  
4210 (meta-)quartzite  4211 quartzite schist 

    4220 phyllite   
    4230 micaschist   
    4240 gneiss   
    4250 granulite (sensu stricto)   
    4260 migmatite   
  4300 basic regional 

metamorphic rocks 
4310 greenschist 4311 Prasinite 

      4312 Chlorite 
      4313 talc schist 
    4320 amphibolite   
    4330 eclogite   
  4400 ultrabasic regional 

metamorphic rocks 
4410 serpentinite 4411 greenstone 

  4500 calcareous regional 
metamorphic rocks 

4510 marble    

    4520  calcschist, skam   
  4600 rocks formed by contact 

metamorphism 
4610 contact slate 4611 nodular slate 

    4620 hornfels    
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    4630 calsilicate rocks   
  4700 tectogenetic 

metamorphism rocks or 
cataclasmic 
metamorphism 

4710 tectonic breccia   

    4720 cataclasite    
    4730 mylonite   

5000 unconsolidated deposits 
(alluvium, weathering 
residuum and slope 
deposits) 

5100 marine and estuarine 
sands 

5110 pre-quaternary sand 5111 tertiary sand  

    5120 quaternary sand 5121 holocene coastal sand with 
shells 

      5122 delta sand 
  5200 marine and estuarine 

clays and silts 
5210 pre-quaternary clay and 

silt 
5211 tertiary clay 

      5212  tertiary silt 
    5220 quaternary clay and silt  5221 Holocene clay 
      5222 Holocene silt 
  5300 fluvial sands and gravels 5310 river terrace sand or 

gravel 
5311 river terrace sand 

      5312 river terrace gravel 
    5320 floodplain sand or 

gravel 
5321 floodplain sand 

      5322 floodplain gravel 
  5400 fluvial clays, silts and 

loams 
5410 river   clay and silt 5411 terrace clay and silt 

      5412 floodplain clay and silt 
    5420 river loam 5421 terrace loam 
        
    5430 overbank deposit 5431 floodplain clay and silt 
      5432 floodplain loam 
  5500 lake deposits 5510 lake sand and delta sand   
    5520 lake marl, bog lime   
    5530 lake silt   
  5600 residual and redeposited 

loams from silicate 
rocks 

5610 residual loam 5611 stony loam  

      5612 clayey loam  
    5620 redeposited loam 5621 running-ground 
  5700 residual and redeposited 

clays from calcareous 
rocks 

5710 residual clay 5711 clay with flints 

      5712 ferruginous residual clay 
      5713 calcareous clay 
      5714 non-calcareous clay 
      5715 marly clay 
    5720 redeposited clay 5721 stony clay 
  5800 slope deposits 5810 slope-wash alluvium   
    5820 colluvial deposit   
    5830 talus scree 5831 Stratified slope deposits 

6000 unconsolidated glacial 
deposits / glacial drift 

6100 morainic deposits 6110 glacial till 6111 boulder clay 
6120 glacial debris   

  6200 glaciofluvial deposits 6210 outwash sand, glacial 
sand 

  

    6220 outwash gravels glacial 
gravels 
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  6300 glaciolacustrine deposits 6310 varves   
7000 eolian deposits 7100 loess 7110 loamy loess   

    7120 sandy loess   
  7200 eolian sands 7210 dune sand   
    7220 cover sand   

8000 organic materials 8100 peat (mires) 8110 rainwater fed moor peat 
(raised bog) 

8111 folic peat 

      8112 fibric peat 
      8113 terric peat 
    8120 groundwater fed bog 

peat 
  

  8200 slime and ooze deposits 8210 gyttja, sapropel   
  8300 carbonaceaous rocks 

(caustobiolite) 
8310 lignite (brown coal)   

    8320 hard coal   
    8330 anthracite   

9000 anthropogenic deposits 9100 redeposited natural 
materials 

9110 sand and gravel fill   

    9120 loamy fill   
  9200 dump deposits 9210 rubble/rubbish   
    9220 industrial ashes and slag   
    9230 industrial sludge   
    9240 industrial waste   
  9300 anthropogenic organic 

materials 
    

 
(*) J.J. Lambert, J. Daroussin, M. Eimberck, C. Le Bas, M. Jamagne, D. King and L. Montanarella. 
2003. Soil Geographical Database for Eurasia & The Mediterranean: Instructions Guide for 
Elaboration at scale 1:1,000,000, Version 4.0. European Soil Bureau  Research Report N°8.  EUR 
20422 EN 64 pp. Office for Official Publications of the European Communities, Luxembourg. 
 
(38)  First and final dates of the monitoring period 
 

The first and final dates of each monitoring period shall be stated on the forms, using the same format 
as the date of observation, assessment and analysis (see item 3). 
A monitoring period shall consist of one or more measuring periods. The measuring periods within 
one monitoring period should have the same length. The minimum length of a measuring period is one 
week, the maximum one month.  
When it is necessary to use different measuring periods during the year (e.g. weekly in summer and 
monthly in winter), two separate monitoring periods shall be identified and the results shall be 
reported separately on the forms.  
 
 
(39) Number of measuring periods 
 

The number of measuring periods in each monitoring period shall be indicated in the forms.  
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(40) Period 
 

The measuring period number in which the sample has been collected shall be stated. Each year (on or 
around 1 January) a new set of measuring periods will be stated. When samples from several 
measuring periods are combined before analysis, the exact details of the mixing shall be stated in the 
Annex to the document with background information. The number of the first measuring period shall 
be used to indicate the period for analysis (e.g. when the samples from period 9, 10, 11, and 12 are 
combined into a single sample for the analysis, this sample will be given the period number 9).  
 
 
(51) Sampler number 
 

The samplers in the plot shall be numbered in a permanent way (1-99).  
 
 
(52) Sampler code 
 

The following codes shall be used for the samplers for soil solution: 
 

1 Tension lysimeter 
2 Zero tension lysimeter 
3 Centrifugation 
4 Saturation extraction 

 
 
(53) Sampling depth 
 

The sampling depth in metres below the surface of the mineral soil (e.g. -0.40).  
 
 
(99) Other observations 
Any supplementary comments. 
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List of Abbreviations and Acronyms 
 
AAS Atomic Absorption Spectrometer  
BD  Bulk Density 
BS  Base Saturation 
CEC Cation Exchange Capacity 
DAR-Q Data Accompanying Report Questionnaire 
Ec  Electrical conductivity 
F  Fermentation horizon 
FAO Food and Agriculture Organization 
FES Flame Emission Spectrometer 
GPS Global Positioning System 
H  Humus horizon 
ICP  Inductivity Coupled Plasma Spectrometer 
IRM International Reference Material 
ISO International Organization for Standardization 
JRC Joint Research Centre, Ispra, European Commission 
L  Litter horizon 
LRM Local Reference Material 
M  Mandatory parameter 
MBD  Mineral Bulk Density 
NFC National Focal Centre of the Intensive Monitoring Programme 
NRM National Reference Material 
O  Optional parameter 
OM Organic Matter 
QA/QC Quality Assurance and Quality Control 
SA  Soil Analysis method 
SAG Scientific Advisory Group of the Intensive Monitoring Programme 
SD  Standard Deviation 
SFC Standing Forestry Committee 
WRB World Reference Base for Soil Resources 
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Introduction 

 
In the following chapters, all parameters are divided into mandatory or optional recordings (see table 
below). Mandatory are those parameters, which are basic for a proper classification according to the 
World Reference Base (FAO/ISRIC/ISSS, 1998). Optional parameters are those, which are important 
to record in order to characterize the soil, but not essential for this project. 
For clarification, at the headline of each (sub)chapter the reference(s) from where the parameters 
derive are indicated. 
 
Symbol Description 
M Mandatory to record and report 
MP Mandatory to record and report if applicable/present 
MC Mandatory to record and report. Data is similar to those recorded for the Crown Condition 

Assessment (EU/ICP-Forest Level 1 plots; UN-ECE, 2004) 
O Optional or voluntary to record and report 
OL Optional or voluntary to record and report IF laboratory data are provided, otherwise the 

information are mandatory to record in the field 
 
Each parameter to be recorded in the field has been dedicated a code. Some of these codes are 
identical to the ones handled by the Soil Geographical Database for Eurasia & the Mediterranean (SG-
DBEM, 2003) and are in this document encircled with a thick greyish speckled line . For the BioSoil 
project more information are recorded, than what has been defined for the above mentioned database. 
Therefore, additional codes are constructed with respect to the existing ones. The codes are used on 
the field recording sheets (appendix C) and on the Excel data reporting sheets (appendix D). In this 
document they are listed together with the respective headings and subheadings (outlined to the right). 
E.g. the ‘profile number’ has the code [P-NO].  
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Chapter 1 

General site information, registration and location 
 
M 1.1 Profile number (modified from FAO, in press; UN-ECE, 2004)  [P-NO; PLOT] 
 The profile number should be composed of the following elements: the observation plot number 

(which is the unique number given to each plot), the country code following the codes prescribed 
by the Forest Focus Database (Table 1), and finished by a P for profile and the profile number. 
N.B. The observation plot is reported with 4 digits, the country code with 2 digits and the profile 
number with P and two digits.  

 Example: 001202P01 (Observation plot number [0012]- Country code [02]- Profile number [P01]). 
MC Table 1: The country codes to be used for the profile numbering. 

Code Country Code Country Code Country 
01 France 15 Finland 63 Bulgaria 
02 Belgium 50 Switzerland 64 Latvia 
03 Netherlands 51 Hungary 65 Belarus 
04 Germany 52 Romania 66 Cyprus 
05 Italy 53 Poland 67 Serbia and Montenegro 
06 United Kingdom 54 Slovak Republic 68 Andorra 
07 Ireland 55 Norway 69 Albania 
08 Denmark 56 Lithuania 70 Liechtenstein 
09 Greece 57 Croatia 71 Turkey 
10 Portugal 58 Czech Republic 72 Ukraine 
11 Spain 59 Estonia   
12 Luxembourg 60 Slovenia   
13 Sweden 61 Republic of Moldavia 95 Canaries (Spain) 
14 Austria 62 Russia 96 Azores (Portugal) 

 
M 1.2 Date of description (modified from FAO, in press; UN-ECE, 2004) [DATE]  
 The date of description informs how old the data are and in what season they are recorded. The 

date of description is given as ddmmyy (6 digits). 
 Example: 160504 (16 May 2004) 
M 1.3 Author(s) (FAO, in press)      [AUT] 
 The person(s) who perform(s) the description should be acknowledged in future uses of the data, 

and should hold responsibility for the quality of the data. Give the name(s) of the author(s). 
M 1.4 Location (FAO, in press)      [LOCA] 
 The soil location should be given as precisely as possible in terms of distance (in metres) with 

respect to the BioSoil experimental observation plot. Preferentially the location of the profile 
should be linked to permanent features recognizable in the field and on the topographic map. 
Distances along roads or traverses relate to a marked reference point (0.0 km). The description of 
the location should enable readers who are unfamiliar with the area to locate the site. The 
administrative units, such as region, province, district, or locality can be given. 
 

MC 1.5 Profile  coordinates (modified from FAO, in press)   [LAT; LONG] 
 The latitude and longitude of the site are given as accurately as possible (in degrees, minutes and 

seconds). They can be derived from topographical maps or by use of a Global Positioning System 
(GPS). 

 
Latitude geographic coordinates (+/-DDMMSS) [WGS84] 
Longitude geographic coordinates (+/-DDMMSS) [WGS84] 
 

 SG-DBEM (2003) requires: Latitude [LAT] and longitude [LONG]   

 Example: Latitude: 51° 23´ 30.84´´ N 
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 Longitude: 11° 52´ 40.16´´ E 
MC 1.6 Elevation (modified from FAO, in press; UN-ECE, 2004)   [ELEV] 
 The elevation (m) of the site relative to sea level should be obtained as accurately as possible, 

preferably from detailed topographic maps. Although the precise altitude is wishful, it is sufficient 
if it is provided according to the altitude classes as prescribed in the Forest Focus manual (Table 
2). 

 Table 2: The altitude classes as handled in the Forest Focus manual. The altitude is described in classes of 
50 m intervals. 

1: ≤ 50 m 
2: 51— 100 m 
3: 101— 150 m 
4: 151— 200 m 
5: 201— 250 m 
6: 251— 300 m 
7: 301— 350 m 
8: 351— 400 m 
9: 401— 450 m 
10: 451— 500 m 
11: 501— 550 m 
12: 551— 600 m 
13: 601— 650 m 
 

14: 651— 700 m 
15: 701— 750 m 
16: 751— 800 m 
17: 801— 850 m 
18: 851— 900 m 
19: 901— 950 m 
20: 951—1 000 m 
21: 1 001—1 050 m 
22: 1 051—1 100 m 
23: 1 101—1 150 m 
24: 1 151—1 200 m 
25: 1 201—1 250 m 
26: 1 251—1 300 m 

27: 1 301—1 350 m 
28: 1 351—1 400 m  
29: 1 401—1 450 m 
30: 1 451—1 500 m 
31: 1 501—1 550 m 
32: 1 551—1 600 m 
33: 1 601—1 650 m 
34: 1 651—1 700 m 
35: 1 701—1 750 m 
36: 1 751—1 800 m 
37: 1 801—1 850 m 
38: 1 851—1 900 m 
39: 1 901—1 950 m 
 

40: 1 951—2 000 m 
41: 2 001—2 050 m 
42: 2 051—2 100 m 
43: 2 101—2 150 m 
44: 2 151—2 200 m 
45: 2 201—2 250 m 
46: 2 251—2 300 m 
47: 2 301—2 350 m 
48: 2 351—2 400 m 
49: 2 401—2 450 m 
50: 2 451—2 500 m 
51: >2 500 m 

 

SG-DBEM (2003) requires: Elevation [ELEV] recorded in metres above Mean Sea Level  
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Chapter 2 

Soil forming factors 
 
M/O 2.1 Atmospheric climate and weather conditions  
M Climatic data         [TEMP; RAIN] 
 From the nearest meteorological station, climatic data should be taken on: the mean temperatures 

(in °C) and the mean precipitation (in mm) for each month of the year. Remember to describe the 
altitude and location of the climatic station with respect to the soil profile (e.g. located at 360 m 
altitude, 12.5 km to the NNE from …) 

O Present weather conditions (modified after Schoeneberger et al., 2002) [WETH] 
 SU  SUNNY/CLEAR PC  PARTLY CLOUDY OV  OVERCAST 

RA  RAIN  SL      SLEET1 HA       HAIL2 
SN  SNOW  

O Antecedent weather conditions (AG-Boden, 2004)    [WETH-ANT] 
 1 no rain during the last month 

2  no rain during the last week 
3  no rain during the last 24 hours 
4  little rain during the last 24 hours 
5  strong rain or rainstorm during the last 24 hours 
6  extremely rainy or snow melting 

M/O 2.2 Soil climate  
MP Cryic horizon 
 Providing information on the soil climate is optional, except for those soils that may have a cryic 

horizon3. A cryic horizon has following definition with respect to soil temperature: 
 

A cryic horizon must have a soil temperature at or 
below 0°C for two or more years in succession. 

 
O Soil climate classification (FAO, in press)     [STR; SMR] 
 The soil climate classification should be indicated, if applicable. The soil moisture and 

temperature regimes according to the USDA Keys to Soil Taxonomy (Soil Survey Staff, 2003) 
may be used. Where such information is not available or cannot be derived from representative 
climatic data with confidence, it is better to leave the space blank. Other agro-climatic parameters 
worth mentioning would be a local climate class, the agro-climatic zone, length of growing period.

                                                      
1 Sleet refers to snow that has partially melted on its fall to the ground, due to surrounding air that is sufficiently 
warm to partially melt it while falling, but not warm enough to fully melt droplets into rain. Thus it refers to 
partially melted droplets, a mixture of snow and rain. It does not tend to form a layer on the ground, unless the 
ground has a temperature that is below freezing, when it can form a dangerous layer of invisible ice on surfaces 
known as 'black ice'. This similarly occurs when rain freezes upon contact with the ground (freezing rain) 
(http://en.wikipedia.org/). 
 
2 Hail is a type of graupel, a form of precipitation, composed of spears or irregular lumps of ice. It occurs when 
supercooled water droplets (remaining in a liquid state despite being below the freezing point, 0 °C) in a storm 
cloud aggregates around some solid object, such as a dust particle or an already-forming hailstone. The water 
then freezes around the object. Depending on the wind patterns within the cloud, the hailstone may continue to 
circulate for some time, increasing in size. Eventually, the hailstone falls to the ground, when the updraft is no 
longer strong enough to support its weight (http://en.wikipedia.org/). 
 
3 Note that the temperature requirement for a cryic diagnostic horizon is different than for a cryic soil 
temperature regime. Whereas the temperature for the cryic soil temperature regime is measured at 50 cm depth, 
the cryic horizon may be present in all depths within the upper 100 cm to qualify for Cryosols, or within the 
upper 200 cm for other reference soil groups. 



Adapted Guidelines for Soil Profile Description  

 

220

 Soil Temperature Regime    Soil Moisture Regime 
 PG Pergelic     AQ    Aquic  PQ Peraquic 
 CR Cryic    AR    Aridic 
 FR  Frigid  IF Isofrigid TO     Torric 
 ME Mesic  IM Isomesic  UD    Udic  PU Perudic 
 TH Thermic IT Isothermic US    Ustic 
 HT Hyperthermic IH Isohyperthermic XE    Xeric 
M 2.3 Topography  
M Terrain position (FAO, in press)      [TERR] 
 The relative position of the site within the terrain should be indicated. The position affects the 

hydrology of the site (external and internal drainage, e.g. subsurface runoff), which may be 
interpreted as being predominantly water receiving, water shedding or neither of these.  

  
CR UP

MS

LS
TS BO

LS

MS

UP CR

Channel

Alluvium

US US

 
Figure 1: Slope positions in undulating and mountainous terrain  

(Modifed from Schoeneberger et al., 2002, who adapted it from Ruhe, 1975) 
 Position in undulating to Position in flat or almost  

mountainous terrain (Figure 1) flat terrain 
CR Crest (summit) HI Higher part (rise)  
UP Upper slope (shoulder) IN Intermediate part  
MS Middle slope LO Lower part (and dip)  
LS Lower slope (foot slope) BO Bottom (drainage line)  
TS Toe slope 
BO Bottom (flat) 

M Slope form (Schoeneberger et al., 2002)      [SLP-FRM] 
 The slope shape is described in two directions: up and down slope, which is perpendicular to the 

contour, and across slope, which is along the horizontal contour (Figure 2). The following slope 
shape classes are distinguished: 
S Straight 
C Concave 
V Convex 
T Terraced 
X Complex         (irregular) 

 
 

SS 

VS 

CS 

SV 

VV 

CV 

SC 

VC 

CC 
           surface flow pathway 

 
Figure 2: Slope forms and surface drainage pathways (after 
Schoeneberger et al., 2002) 
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M Slope gradient (FAO, in press)       [SLP-GRD] 

 The slope gradient refers to the slope of the land immediately surrounding the site. It is measured 
using a clinometer aimed in the direction of the steepest slope. If clinometer readings are not 
possible, field estimates should be matched against calculated gradients from contour maps. 
Slope gradients in almost flat terrain are often overestimated. In open plains, slope gradients of 0.2 
% are usually clearly visible. The proper recording of minor slope gradient variations is important, 
especially for erosion, irrigation and drainage. 

 The slope gradient is recorded in two ways. The first and most important is by means of the 
actual, measured value, and the second by entering in one of the following classes; they may need 
to be modified to fit the local topography: 

 01 Flat   0-0.2 % 06 Sloping   5-10 % 
02 Level 0.2-0.5 % 07 Strongly sloping 10-15 % 
03 Nearly level 0.5-1.0 % 08 Moderately steep 15-30 % 
04 Very gently sloping 1.0-2 % 09 Steep 30-60 % 
05 Gently sloping 2-5 % 10 Very steep >60 % 

M Slope length (FAO, in press)       [SLP-LGT] 
 In addition to the above attributes of slope, the slope length (particularly above the site) is 

recorded in meters. 
MC Slope orientation (FAO, in press)      [SLP-ORI] 
 The slope orientation should be recorded too. The orientation influences, for instance, 

precipitation, temperature regime, or risk for wind impact. The orientation of a slope is coded 
with: N for north, E for east, S for south and W for west, and combinations of these. 

M/O 2.4  Land use (strongly modified from FAO, in press) [USE; WILDLIFE; GRAZING] 
 Land use applies to the current use of the land. Land use greatly influences the direction and rate 

of soil formation; its recording greatly enhances the interpretative value of the soil data. The land-
use should be described according to following list: 
50  Natural forest and woodland (mostly natural regeneration) 
 51 Natural forest and woodland with no felling 
 52 Natural forest and woodland with selective felling 
 53 Natural forest and woodland with clear felling 
60  Plantation forestry (mostly planted) 
 61 Plantation forestry with no felling 
 62 Plantation forestry with selective felling 
 63 Plantation forestry with clear felling 
70  Agro-forestry 
80  Nature protection 
90  Other (explain) 
Further information: 
 Is the wildlife protected or not? (Y/N) 
 Is grazing by e.g. cattle, pigs… practised, or not? (Y/N) 
Example:  62; Y; N; (Plantation forestry with selective felling; wildlife is protected; no 
grazing) 

 
SG-DBEM (2003) requires: The dominant land use reported under the code 
[USE]. The land-use codes are listed above (bold numbers). The above list 
comprises a number of additional codes to allow a more detailed forestry codex 
than what is handled at present by the SG-DBEM (2003). 

 
O 2.5 Human influence (modified from FAO, in press)    [HUM-INF] 
 This item refers to any evidence of human activity, which is likely to have affected the landscape 

or the physical and chemical properties of the soil. Erosion is dealt with separately. For various 
environments it is useful to indicate the degree of disturbance of the natural vegetation. The 
existing vegetation is described in section 2.6. Below are examples of human influences with their 
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recommended codes. One or more of these codes can be selected, or additional codes can be 
defined to facilitate national needs. Please report the definitions of any additional codes applied.  

 NI No influence  
NK Not known BR Burning 
VS Vegetation slightly disturbed TE Terracing 
VM Vegetation moderately disturbed PL Ploughing 
VE Vegetation strongly disturbed MP Plaggen 
VU Vegetation disturbed (not specified) MR Raised beds  
MS Sand additions  FE Application of fertilizers 
MU Mineral additions (not specified)  LF Land fill  
MO Organic additions (not specified)  LV Levelling 

 PO Pollution 
IU Irrigation (not specified) CL Clearing  
AD Artificial drainage  OT Others (explain)  

 2.6 Vegetation  
M Vegetation type (FAO, in press)       [VEG-TYP] 
 F Closed forest 1) 

 FE Evergreen forest 
 FS Semi-deciduous forest 
 FD Deciduous forest 
 FX Xeromorphic forest 
W Woodland 2) 

 WE Evergreen woodland 
 WS Semi-deciduous woodland 
 WD Deciduous woodland 
 WX Xeromorphic woodland 
S Shrub 
 SE Evergreen shrub 
 SS Semi-deciduous shrub 
 SD Deciduous shrub 
 SX Xeromorphic shrub  
D Dwarf shrub 
 DE Evergreen dwarf shrub 
 DS Semi-deciduous dwarf shrub 
 DD Deciduous dwarf shrub 
 DX Xeromorphic dwarf shrub 
 DT Tundra 

H  Herbaceous 
 HT Tall grassland 
 HM Medium grassland 
 HS Short grassland 
 HF Herbs 

 
1) Continuous tree layer, crowns overlapping, large number of tree and shrub species in distinct 
layers 
2) Continuous tree layer, crowns usually not touching, understorey may be present  
 

O Tree species composition (UN-ECE, 2004)   [TREE1, TREE1-FRQ, TREE1-CNP; 
TREE2, TREE2-FRQ, TREE2-CNP; TREE3, TREE3-FRQ, TREE3-CNP] 

 For the tree vegetation, following information can be recorded:  
a)  The tree species present in the close surroundings of the soil profile. Indicate the species 
number according to the list presented in appendix A 
b)  the frequency of the tree-species, divided into 3 classes: 
 1 <10%  
 2 10-50%  
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 3 >50%  
c) The recorded tree species with respect to the canopy, and divided into following 4 
categories: 
 PD Pre-dominant (including free standing trees) trees with upper crown standing  
   above the general level of the canopy 
 DO Dominant trees with crowns forming the general level of the canopy 
 CD Co-dominant trees extending into the canopy and receiving some light from  
   above but shorter than PD or DO 
 SP Suppressed trees with crowns below the general level of the canopy, receiving 
   no direct light from above 

 
 Example: 

134 > 50%  dominant 
010 < 10%  suppressed 

M 2.7 Parent material (originating from SG-DBEM, 2003)   [PAR-MAT] 
 This is the material from which the soil has been derived. There are two groups of parent material: 

either unlithified materials (mostly sediments), or weathering materials overlying the hard rock 
from which they originate. There are also restored natural soil materials or sediments as well as 
technogenic materials.  
The detailed table on parent material applied by the Soil Geographical Data Base (SG-DBEM, 
2003) is presented in appendix B. The parent material should be described at least on the major 
class level. The 9 major classes summarised below are not listed hierarchically: 

 Code Major Class level 
0000  No information 
1000   Consolidated-clastic- sedimentary rocks 
2000  Other Sedimentary rocks (chemically precipitated, evaporated, or organo-genic or 
 biogenic in origin) 
3000  Igneous rocks 
4000   Metamorphic rocks 
5000  Unconsolidated deposits (alluvium, weathering residuum and slope deposits) 
6000  Unconsolidated glacial deposits / glacial drift 
7000  Aeolian deposits 
8000  Organic materials 
9000  Anthropogenic deposits 
 

SG-DBEM (2003) requires: The parent material [PAR-MAT] provided as a 4-digit code  
 

O 2.8  Drainage Classes (FAO, in press)     [DRA-CLAS] 
 Soil drainage is usually reflected by soil colour, but relict features may persist after natural or 

artificial changes in drainage. The depth of occurrence and intensity of gley features usually 
indicate the drainage status of the soil but not always: some soil materials will not develop strong 
features of gleying because of their specific chemical composition, texture, structure or porosity, 
other mottles may be the results of weathering minerals, rather than an impact of drainage 
conditions. 

 E  Excessively drained - Water is removed from the soil very rapidly. Internal free 
(“gravitational”) water commonly is very rare or very deep. The soils are commonly 
coarse-textured, and have very high saturated hydraulic conductivity (≥ 360 mm hr-1), or 
are very shallow.  

S  Somewhat excessively drained - Water is removed from soil rapidly. Internal free water 
commonly is very rare or very deep. The soils are commonly coarse-textured, and have 
high saturated hydraulic conductivity (36.0 to < 360 mm hr-1), or are very shallow.  

W  Well drained - Water is removed from the soil readily, but not rapidly. Internal free water 
 commonly is deep or very deep; annual duration is not specified. Wetness does not inhibit 
 growth of roots for significant periods during most growing seasons.  
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 M  Moderately well drained - Water is removed from the soil somewhat slowly during some 
periods of the year. Internal free water commonly is moderately deep and may be 
transitory or permanent. The soil is wet for only a short time within the rooting depth 
during the growing season, but long enough that most mesophytic crops are affected. The 
soil commonly has a moderately low (0.36 to 3.6 mm hr-1), or lower saturated hydraulic 
conductivity within 1 m of the surface, or periodically receives high rainfall, or both.  

I   Somewhat poorly drained – The soil is wet at a shallow depth for significant periods 
 during the growing  season. Internal free water is commonly shallow to moderately deep 
 and transitory to permanent. Unless  the soil is artificially drained, the growth of most 
 mesophytic plants is markedly restricted. The soil  commonly has a low or very low 
 saturated hydraulic conductivity (< 0.036 mm hr-1), or a high water  table, or receives 
 water from lateral flow, or persistent rainfall, or some combination of these factors.  

 P  Poorly drained - The soil is wet at shallow depths periodically during the growing season 
or remains wet for long periods. Internal free water is shallow to very shallow and 
common or persistent. Unless the soil is artificially drained, most mesophytic crops cannot 
be grown. The soil, however, is not continuously wet directly below ploughing depth. The 
water table is commonly the result of low or very low saturated hydraulic conductivity (< 
0.036 mm hr-1), or persistent rainfall, or a combination of both factors.  

V  Very poorly drained - Water is at or near the soil surface during much of the growing 
season. Internal free water is very shallow and persistent or permanent. Unless the soil is 
artificially drained, most mesophytic crops cannot be grown. Commonly, the soil occupies 
a depression, or is level. If rainfall is persistent or high, the soil can be sloping. 

MC Availability of water to principal tree species in the growing season (estimate) (UN-ECE, 
2004)         [WATER-AV] 

 1. Insufficient 
2. Sufficient 
3. Excessive 

O 2.9  Internal Drainage (FAO, in press)  
 In the description of drainage classes, the combination of two features the period when the soil is 

saturated or very wet, and the rate of movement of water through the soil, is not satisfactory, 
especially where the rainfall is strongly seasonal or irregular. Very permeable sands may be 
permanently or seasonally waterlogged and impermeable clays may never be saturated or only for 
a few days a year. A more specific description of drainage conditions should therefore distinguish 
between the existing (or recent) conditions of wetness, and the rate at which water can move 
through the soil expressed as permeability or hydraulic conductivity (if it is measured). The 
following descriptions are proposed.  

O Period of saturation       [SATU] 
 The period during which the soil near the surface is saturated should be indicated, based on local 

information or judgment supplemented by gleying features in the profile:  
W  Never saturated  
R Rarely saturated (a few days in some years)  
S Saturated for short periods in most years (up to 30 days)  
L Saturated for long periods every year  
V Always saturated   
N Not known  

O 2.10  External drainage (FAO, in press)     [EXT-DRA] 
 The external drainage of a site refers to its relative position in the landscape and consequent 

movement of surface water, in which the site is in a receiving or shedding position. The following 
classes are suggested for the description of external drainage, but should be further elaborated to 
accommodate local needs: 

 P Ponded (run-on site)  
N  Neither receiving nor shedding water  
S  Slow run-off  
M  Moderately rapid run-off  
R Rapid run-off  
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O 2.11  Flooding (FAO, in press)  
 Flooding is described according to its frequency, duration and depth. At most sites it is difficult to 

assess flooding accurately. Information may be obtained from records of past flooding or from 
local enquiry. The frequency and duration classes give an indication of the average occurrence of 
flooding. 

 Frequency         [FLO-FRQ] 
 N  None      B Biennially  

D  Daily      F  Once every 2-4 years  
W  Weekly     T  Once every 5-10 years  
M  Monthly     R  Rare (less than once in 10 years)  
A  Annually     N  Not known  

 Duration   [FLO-DUR]  Depth (of standing water) [D-WATER] 
 1  Less than 1 day    1  Very shallow 0 -25 cm   

2  1- 15 days     2  Shallow 25 -50 cm  
3  15- 30 days     3  Moderately deep 50 -100 cm  
4  30- 90 days     4  Deep 100 -150 cm  
5  90 -180 days     5  Very deep > 150 cm  
6  180- 360 days     6  Continuous  

M 2.12  Groundwater depth (originating from SG-DBEM, 2003)  
 The groundwater table level within or below a soil profile often varies in time. Therefore, the 

mean highest and mean lowest permanent or perched groundwater table level should be the 
average for at least the past 10 years. Generally such information is lacking though, so these 
values need generally to be estimated by an expert.  
The different Groundwater table classes to be used are as follows: 

 Depth          [HGWL; LGWL] 

 Suggested depth classes for groundwater for mean lowest and mean highest depth levels are:  
0  No groundwater table 
1  Very shallow to shallow  0 - 50 cm  
2  Moderately deep    50 - 100 cm  

 3  Deep      100 - 150 cm  
4  Very deep     150 - 200 cm 
5  Extremely deep    >200 cm 

 
SG-DBEM (2003) requires: The ground water table level reported as the mean 
highest groundwater table [HGWL] and the mean lowest groundwater table 
[LGWL]. Both levels are associated with the depth code as in the above table 
(classes 0-5) 

 
 Type of water table       [TWT] 

 0  No water table 
1  Perched water table  
2  Permanent water table 

 
SG-DBEM (2003) requires: knowledge on the type of water table, reported under 
[TWT], using the above classes. 

 
O 2.13 Rock outcrops (FAO, in press)    [ROCK-COV; ROCK-DIS] 
 Rock outcrops should be described in terms of percentage surface cover, size and spacing of the 

individual outcrops. 
Recommended classes of percentage of surface cover and of average distance between rock 
outcrops (single or clusters) are: 

 Surface cover    Distance between rock outcrops 
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N None  0 %    1 >50 m 
V Very few   0 –   2 %   2  20 – 50 m 
F Few  2 –   5 %   3 20 – 50 m 
C Common 5 – 15 %   4 5 – 20 m 
M Many  15 – 40 %    5 2 –   5 m 
A Abundant 40 – 80 %   6 <2 m 
D Dominant >80 %    
 

MP 2.14 Coarse surface fragments (FAO, in press)    [STO-COV; STO-SIZE] 
 Coarse surface fragments, including those that are partly buried, should be described in terms of 

percentage of surface cover and size of the fragments. Classes of occurrence of coarse surface 
fragments are the same as those for rock outcrops: 

 Surface cover  Size classes (indicating the greatest dimension) 
N None  0 %   F  Fine gravel 0.2 – 0.6 cm 
V Very few 0 – 2 %   M Medium gravel 0.6 – 2 cm 
F Few  2 – 5 %   C Coarse gravel 2 – 6 cm 
C Common 5 – 15 %  S Stones  6 – 20 cm 
M Many  15 – 40 %  B Boulders 20 – 60 cm 
A Abundant 40 – 80 %  L Large boulders 60 – 200 cm 
D Dominant > 80%   X Mixed (heterogeneous size distribution) 
 

MP 2.15 Erosion & sedimentation (modified from FAO, in press) [ERO] 
 Main categories 
 Erosion and sedimentation can be described according to the agency - water, wind, mass 

movements (landslides and related phenomena). In forested sites the major or only erosion may 
occur along patches, roads, timber tracks etc. Description should also include deposition of 
transported material: 

 N No evidence of erosion  M Mass movement (landslides and similar  
NK Not known  phenomena) 
W Water erosion/sedimentation A Wind erosion/sedimentation 
WS Sheet erosion  AD Sedimentation by wind 
WR Rill erosion   AM Wind erosion/sedimentation 
WG Gully erosion  AS Shifting sands 
WT Tunnel erosion  AZ Salt deposition 
WD Sedimentation by water O Other erosion/sedimentation, related to  
WA Water and wind erosion/sedimentation  human activities (directly or indirectly) 

 Area affected         [ERO-AREA] 

 The proportion of total area affected by erosion/sedimentation is estimated: 
  0 0 % 3 10 – 25 % 

 1   0 –   5 % 4 25 – 50 % 
 2   5 – 10 % 5        > 50 % 

 Degree         [ERO-DEG] 

 It is difficult to define classes of the degree of erosion which are equally appropriate for all soils, 
environments, and the various types of erosion. Classes may have to be defined further for each 
type or combination of erosion and sedimentation and specific environment. For example, in the 
case of gully and rill erosion, the depth and spacing may be recorded; for sheet erosion the loss of 
topsoil; for dunes the height; for sedimentation the thickness of the layer. The following classes 
are recommended to describe the degree of erosion: 

  S Slight: Some evidence of damage to the topsoil; original biotic functions largely 
intact 
 M Moderate: Removal of topsoil; original biotic functions partly destroyed 
 V Severe: Surface layers completely removed and subsurface layers exposed 
 E Extreme: Substantial removal of deeper subsurface horizons (badlands) 
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 Activity         [ERO-ACT] 

 The period of activity of accelerated erosion, or sedimentation, may be described as follows: 
 A Active at present 
 R Active in recent past (previous 50 - 100 years) 
 H Active in historical times 
 N Period of activity not known 
 X Accelerated and natural erosion not observed 

MP 2.16 Surface sealing (FAO, in press)    [SEL-THK; SEL-CONS] 
 Surface sealing is used to describe crusts that develop at the soil surface when the topsoil dries 

out. These crusts may inhibit seed germination, reduce water infiltration and increase run-off. The 
consistency when dry and thickness of the crust are described as follows (definitions of dry 
consistency are given under section consistence: ch. 3.11): 

  Thickness  Consistency 

  N None   S Slightly hard 
 F Thin <2 mm  H Hard 
 M Medium 2 –   5 mm  V Very hard 
 C Thick 5 – 20 mm  E Extremely hard 
 V Very thick >20 mm 

MP 2.17 Surface cracks (FAO, in press)     [CRK-SIZE; CRK-DIS] 
 Surface cracks develop in many clay-rich soils during drying. The width (average, or average 

width and maximum width) of the cracks, and the average spacing between cracks are indicated in 
centimetres and metres. Following classes apply: 

 Width   Distance between cracks 
 F Fine   < 1 cm C Very closely spaced  < 0.2 m 

M Medium  1  –   2 cm D Closely spaced  0.2 – 0.5 m 
W Wide  2  –   5 cm M Moderately widely spaced 0.5 – 2    m 
V Very wide 5  – 10 cm W Widely spaced  2  – 5    m 
E Extremely wide > 10 cm V Very widely spaced  > 5    m  

MP 2.18 Salt (FAO, in press)    [SALT-COV; SALT-THK; SALT-TYP] 
 The occurrence of surface salt may be described in terms of cover, appearance and type of salt. 

Classes for the percentage of surface cover and thickness are: 
 Cover   Thickness 
 0 None 0 –   2 % F  Thin <2 mm 

1 Low 2 – 15 % M Medium 2 –   5 mm 
2 Moderate 15 – 40 % C Thick 5 – 20 mm 
3 High 40 – 80 % V Very thick >20 mm 
4 Dominant >80 %    
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Chapter 3 
Soil horizon description 

 
In the following chapter, the parameters forming the soil horizon description are presented. The 
sequence is different from those presented in the FAO guidelines (FAO, 1990; in press). After 
preparing and cleaning of the profile the recommended sequence of description is as follows: 

a) delineation and description of the horizon boundaries,  
b) photographic recordings of the soil in general and of special features in detail,  
c) colour measurements,  
d) from this stage on, the profile wall is gently broken apart to record texture, rock fragments, 

structure, consistence, porosity, cutans, cementations and nodules, this is followed by 
e) roots and other biological activity, and by information on  
f) carbonates, gypsum and salts,  
g) at the end each horizon is designated one or more horizon symbols and the necessary samples 

are collected. 
 
M 3.1 Horizon boundary (modified from FAO, in press) 
 The nature of the boundaries between soil layers, or horizons, may indicate the processes 

that have formed the soil. In some cases, they reflect anthropogenic impacts. Horizon 
boundaries are described in terms of depth, distinctness and topography. 

M Number         HOR-NO] 
 After delineation of the horizon boundaries each horizon is labelled with a “H” (from 

“horizon”) and an arabic number: H1, H2, H3 etc. While the horizon symbols may change 
according to new information, the horizon number is not to be changed anymore at any 
point of the further profile description and sampling. The numbering starts from the 
interface between air and soil whether the surface horizon is an organic or a mineral 
horizon (see Figure 3).  
If at a later stage, it is necessary to subdivide a horizon, it should by preference done 
without loosing the original number, e.g. H2 becomes H2a and H2b. If later a very different 
new horizon is discovered between H2 and H3, it is given a horizon number not yet in use, 
e.g. the vertical sequence becomes H1, H2, H10, H3. 

M Depth        [D-HOR-U; D-HOR-L; D-HOR] 
 The depth of the upper and lower boundary of each horizon is given measured from the 

surface of the mineral soil.  
If the soil is covered with (an) organic layer(s), either: 
a. 10 cm or more thick from the soil surface to a lithic or paralithic contact, or 
b. 40 cm or more thick, 
then the depth is measured from the surface of the organic cover. The depth requirements 
correspond to the limit for Histosols (organic soils) in WRB (1998). 
If the organic layer(s) is (are) too shallow to fulfil the above depth requirement(s), then its 
depth is recorded from the zero-point and upwards (see Figure 3), using negative depths.  
The depth is measured perpendicular to the slope the profile is situated upon.  
Most soil boundaries are zones of transition rather than sharp breaks.  
If required, ranges in depth should be given in addition to the average depth, for instance 28 
(25-31) cm to 45 (39-51) cm. 
 

SG-DBEM (2003) requires: The soil horizon depth [D-HOR], which is the lower 
boundary of the horizon indicated in cm. NOTICE the depth to report consider 
the 0 cm at the contact between the atmosphere and the soil with no distinction 
whether the upper horizon is organic or mineral. 
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 Note for classification purposes: important boundary depths are 10, 25, 50, 100, and 200 cm. 
 Note for sampling purposes: the depths handled are measured from top of the mineral soil 0-10 cm; 

10-20 cm; 20-40 cm and 40-80 cm.  
 Depth H1: OL -7-0 cm

Depth
H1: OL +30-26 cm

Depth
H2: OH +26-0 cm

H1: A 0-12 cm H3: A 0-12 cm H2: A 42-54 cm H3: A 42-54 cm

H2: E 12-20 cm H4: E 12-20 cm H3: E 54-62 cm H4: E 54-62 cm

H3: B 20-70 cm H5: B 20-70 cm H4: B 62-112 cm H5: B 62-112 cm

H4: C 70-100 cm H6: C 70-100 cm H5: C 112-142 cm H6 C 112-142 cm

H 0-42 cm0-42 cmHH1: H2:

Figure 3: Three examples on how the horizon depth should be recorded in the field. These depths 
are important for the profile description and for the sampling. For classification purposes the depth 
always begins at the surface of any soil horizon whether it is an organic or a mineral layer.  

M Distinctness and topography     [HOR-DIST; HOR-TOPO] 
 The distinctness of the boundary refers to the thickness of the boundary zone in between 

adjacent horizons.The topography of the boundary indicates its shape (see Figure 4). 

A Abrupt 0 -   2 cm S Smooth Nearly plane surface
C Clear 2 -   5 cm W Wavy Pockets shallower than they are wide
G Gradual 5 - 15 cm I Irregular Pockets deeper than they are wide
D Diffuse    > 15 cm B Broken Discontinuous

X     Complex    

TopographyDistinctness

 

 
Figure 4: Illustration of the most common horizon topographies, which is the laterail undulation 
and continuity of the boundary between horizons (after Schoeneberger et al. 2002) 
 

M/O 3.2 Photographic recordings  
 Quality photographs are essential for the soil database. A scale is needed on all photos, 

preferentially a bicoloured centimetre-scale. The use of tools for scaling should be avoided. 
If a tool e.g. a spade is used anyway the length of the spade should be indicated in the photo 
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legend. 
Partly shade partly sunshine on the profile wall should at any cost be avoided, use eventual 
an umbrella to shade the profile. If possible avoid the use of a camera flash. If an analogue 
camera is used, try always to use the same type of film rolls. If using a digital camera, use a 
high resolution and a camera with a good quality lens. The photographic database 
can/should include following images: 

O General photo illustrating the geomorphology and vegetation of the area surrounding the 
profile  

M Photo of the immediate vicinity of the profile 
M The profile after cleaning and before the soil horizons are delineated on the profile wall. 
O The profile after the soil horizons are outlined gently on the profile wall with e.g. a knife 
O The profile with partly visible structure partly with a cleaned surface 
O The profile with indications where to sample  
O Close-up of the organic topsoil horizon(s) 
O Horizontal sections, e.g. in de depths where the bulk density (BD) is sampled  
O Special features 
M 3.3 Soil colour (modified from FAO, in press)  [M-COL; D-COL; W-COL] 
 The colour of the soil matrix in each horizon should be recorded in moist and dry condition 

using the Munsell notation (e.g. Munsell, 2000). For classification purposes and for some 
horizons, also the broken, crushed and rubbed colours may be necessary (see Table 4). Hue 
is the dominant spectral colour (red, yellow, green, blue, violet), value is the lightness or 
darkness of colour ranging from 1 (dark) to 8 (light), and chroma is the purity or strength of 
colour ranging from 1 (pale) to 8 (bright). If there is no dominant colour, the horizon is 
described as mottled and two or more colours are given. In addition to the colour notations, 
the standard Munsell colour names should be given. 

 Colour should be determined, if possible, under uniform conditions out of direct sunlight. 
Early morning and late evening readings are not accurate. Determination of colour has 
proven to be often inconsistent between individuals or, even for the same person. Since 
colour is significant with respect to many soil properties and for soil classification, routine 
cross-checks are recommended. To safe time in the field and to improve the colour 
measurements, it is recommended to measure the colours in the laboratory. Let fragments of 
the soil air-dry before the dry colours are measured, then gently add vaporised water to 
moistened the sample to field capacity. The wet colour can be measured after saturation of 
the sample with water. Colours for waterlogged soils should be measured immediately 
before the soil gets oxidised. 

  
Table 4: Required colour measurements. For all horizons, as a minimum, the moist colours should 
be recorded (if the soil is arid or wet, respectively dry and wet colours may replace the moist ones). 
In those soils where one or more diagnostic horizons or properties might be present, additional 
colours are mandatory as summarised in the table. As an example, for a soil with a spodic horizon 
(diagnostic for Podzols), information on the moist crushed colour is required according to the WRB. 
 
Soil Measured
moisture 
condition

colour O, H A E B C

Dry Matrix (broken) 2a, 2b 4 5 3
Crushed 2a, 2b

Moist Matrix (broken) 1 1, 2a, 2b 1 1 1
Crushed 2a, 2b 6

Wet Matrix 1b 1b 1b 1b 1b

Horizons for which colours are required

 
 1.  Moist colours should always be recorded for all horizons in the profile, except for those soils 

 that 1b) naturally are wet (e.g. Gleysols, Histosols). For those soils, the wet colours are 
 measured instead of moist colours. The matrix colour can be considered the same as the 
 broken colour. 
2.  2a) Broken colours are mandatory to record if the soil has a dark topsoil with colours of 
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 3.5/3.5 (value/chroma) or less when moist, and a value of 5.5 or darker when dry.  
  2b) If the soil may have aridic properties (relative low organic carbon content, evidences of 
 aeolian activity, high base saturation…) these colour measurements are required too. 
3. Should be measured if the topsoil have colours of 3.5/3.5 (value/chroma) or less when moist, 
 and a value of 5.5 or darker when dry (see 2a). If no C-horizon is present, the colour should 
 be measured for the horizon immediately underlying the surface horizon(s). 
4.  If the eluvial horizon has a colour value of 4 or more and a chroma of 4 or less, then 
 measure also  the dry colour. 
5.  If the moist colour is redder than 5YR (3.5YR or redder) then also the dry colour should be 
 measured (required for the rhodic qualifier). 
6.  If the soil may have a spodic horizon (required for Podzols), then the crushed colour is 
 mandatory to record. The colour required for a spodic horizon (moist) is 10YR or redder 
 with value of 3 or less and chroma of 2 or less. If the colour is 7.5YR or redder the value 
 required is 5 or less and the chroma 4 or less. 

 
SG-DBEM (2003) requires: Soil colours, using the Munsell notations for 
moist [M-COL] and dry [D-COL] soil. 

 
  

Note for classification: 
Intermediate colours should be recorded for the distinction between horizons and for classification 
and interpretation. Intermediate hues (important for chromic, rhodic, cambic B horizon, etc.) which 
may be used are: 3.5YR, 4YR, 6YR, 6.5YR, 8.5YR and 9YR. When for instance 3.5YR is noted, it 
means that the intermediate hue is closer to 2.5YR than 5YR; 4YR means closer to 5YR, and so on. 
Some important diagnostic hues, values and chromas (moist) are: 
Hue of N1 to N8, 2.5Y, 5Y, 5G, 5B     reductomorphic properties 
Value 4 and 5      albic horizons and hydromorphic properties 
Chroma <3.5 and value <3.5    mollic and umbric horizons 
Chroma 1 and 2      hydromorphic properties 
Chroma 2 or less      Chernozems 
Value 3.5 or less and chroma 1.5 or less   Pellic Vertisols 
Hue 7.5YR or redder, chroma >4    Chromic 
Hue redder than 5YR, value <3.5    Rhodic  
 

MP/O 3.4 Mottling (FAO, in press) 
 Mottles are spots or blotches of different colours interspersed with the dominant colour of 

the soil. They commonly indicate that the soil has been subject to alternate wet (reducing) 
and dry (oxidizing) conditions. Other mottles can be a result of rock weathering, clay 
(+iron) migration and accumulation, selective decay by fungi of organic matter etc. 
Mottling is described in terms of abundance, size, contrast, boundary and colour. In 
addition, the shape, position or any other feature may be recorded. 
Redoximorphic mottles are mandatory to record, other mottle types not due to oxido-
reduction are optional to describe. 

 Note for classification: 
In the WRB, mottling is diagnostic for gleyic, stagnic and oximorphic properties 

M Colour         [MOT-COL] 
 It is usually enough to describe colour in general terms, corresponding with the Munsell 

Soil Color Charts.  
M Abundance         [MOT-ABU] 
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 Abundance is described as an exact figure or in classes indicating the percentage of the 
exposed surface occupied by the mottles. 
N None  0 %   C Common 5 - 15 % 
V Very few 0 -   2 %  M Many  15 - 40 % 
F Few  2 -   5 %  A Abundant >40 % 
When mottles are so abundant that distinction of matrix and mottle colour is not possible, 
the predominant colours should be described as soil matrix colours. 

O Size          [MOT-SIZE] 
 The following classes are used to indicate the approximate diameters of individual mottles. 

V Very fine  <2 mm   M Medium 6 - 20 mm 
F Fine   2 -   6 mm  C Coarse  >20 mm 

O Contrast         [MOT-CNT] 
 The colour contrast between mottles and soil matrix can be described as: 

F Faint: mottles are evident only on close examination. Soil colours in both the matrix 
 and mottles are similar. 
D Distinct: although not striking, the mottles are readily seen. The hue, chroma or 
 value of the matrix is easily  distinguished from the mottles. They may vary by 
 as much as 2.5 units of hue or several units in chroma or value. 
P Prominent: the mottles are conspicuous. Hue, chroma and value, alone or in 
 combination, are several  units apart. 

O Boundary         [MOT-BDR] 
 The boundary between mottle and matrix is described according to the width of the 

transition zone. 
 S Sharp  <0,5 mm 
 C Clear  0,5-2 mm 
 D Diffuse  >2 mm 

 
MP 

3.5 Soil redox potential, oximorphic and/or reductomorphic properties (simplified 
from FAO, in press; FAO/ISRIC/ISSS, 1998)  [MOT-OXIM; MOT-REDU] 

 Soil redox potential characterizes soil aeration status and availability of some nutrients; it is 
also used in WRB to classify redoximorphic soils. 
Following field recordings are required to be able to classify the soil according to the WRB 
system: 

o Either a test on the reducing conditions either by measuring the rH (by measuring 
the Eh of a soil solution)5, or 

 o Testing the presence of Fe2+ ions by spraying the freshly exposed soil surface with 
a 0.2% (M/V) α,α dipyridyl solution in 10% (V/V) acetic acid solution. The test 
yields a striking reddish-orange colour in the presence of Fe2+ ions (be careful, the 
chemical is slightly toxic), and 

o Recording the presence of oximorphic and/or reductomorphic mottles as described 
                                                      
5 Drive a hole into the soil using a stainless steel rod (20-100 cm in length with a diameter that is 2 mm greater than the redox 
electrodes) to a depth about 1 cm less than the desired depth of measurement. Clean the platinum surface of the redox 
electrode with sandpaper and insert the electrode about 1 cm deeper than the prepared hole. At least 2 electrodes should be 
installed for each depth being measured. After 30 minutes, measure the redox potential with a millivoltmeter against a 
reference electrode (e.g. Ag/AgCl in KCl of the glass electrode of pH measurements), installed in a small hole in the topsoil 
which was filled with 1M KCl solution. For dry topsoil, a salt bridge (plastic tube 2 cm in diameter and with open ends, filled 
with 0.5 % (M/M) agar in KCl solution) should be installed in a hole beside and at the depth of the platinum electrodes. The 
reference electrode should be installed in this tube. The measured voltage (Em) is related to the voltage of the standard 
hydrogen electrode by adding the potential of the reference electrode (e.g. + 244 millivolt at 10°C of Ag/AgCl in 1M KCl, + 
287 of Calomel electrode) = Eh in mV at 25 °C. 
For interpretation, the results should be transformed to rH values using the formula 

rH = 2pH + Eh/29 
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for mottles (see chapter 3.4). Notice gleyic mottles should be recorded as fast as 
possible after the profile has been prepared, sometimes even while digging the 
profile, due to the fast oxidation of certain minerals. 

The above described field tests may to some degree illustrate the actual redoximorphic 
conditions at the moment of fieldwork, rather than the general condition of the soil. For the 
same reason it is strongly recommended in case of gley soils to give special attention to: 

o roots (presence/absence), and  
o the soil water (indications of a fluctuating or permanent water table etc.) 

 Note for classification: 
An rH value of <19, or the presence of Fe2+ shown by field tests is diagnostic for gleyic and stagnic 
(reductomorphic) properties. Gleysols, Planosols, stagnic and gleyic units of other soil reference 
groups are identified by this field method. 

OL 3.6 Texture of the fine-earth fraction (simplified from FAO, in press) [TEX-CLAS; 
TEX-MT] 

 Soil texture refers to the proportion of the various particle-size classes in a given soil 
volume and is described as soil textural classes (see Figure 5). The 2000 – 63 – 2 µm 
system for particle-size fractions is used.  
The names of the textural classes, which describe combined particle-size classes, are coded 
as in Figure 5. The figure also shows the relationship between textural class and percentage 
sand, silt and clay. 
In addition to the textural class, a field estimate of the percentage of clay is given. This esti-
mate is useful to indicate increases or decreases in clay content within textural classes, and 
to compare field estimates with analytical results. 
  

The SG-DBEM (2003) requires: information on the texture. Values are 
entered for the [CLAY, SILT, SAND-1, SAND-2 and SAND-3] as percent of 
the fine earth fraction (with one decimal). NOTICE, the data to report are not 
the field estimates, but the laboratory data. 

 
 Note for classification: 

Important diagnostic properties derived from the texture class are: 
- a texture which is loamy sand or coarser to a depth of at least 100 cm  → Arenosol 
- having texture of loamy fine sand or coarser throughout the upper 50 cm  → Arenic 
- having 40 % or more silt in a horizon more than 30 cm thick, within 100 cm  → Siltic 
- 30 % or more clay (in case of shrink-swell clays) ... over a thickness of 25 cm within 100 cm  
 → Vertic, Vertisol 

 Field estimate of textural classes      [TEX-MT= FING] 
 The textural class can be estimated in the field by feel. For this, the soil sample must be 

moist (as close as possible but not exceeding the field capacity). Fragments >2 mm must be 
removed. 
Clay: Soil can be rubbed, is sticky, can be moulded but is stiff (high plasticity), smeared 
surface is shiny 
Silt: Soil can be rubbed, is non-sticky, and feels floury (like talc) 
Sand: Cannot be moulded, does not soil fingers and feels gritty 

 Key to the soil texture classes (adapted from Schlichting et al., 1995) 
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1. Cannot be rolled into a ball    
  ~% clay 
 Not dirty, not floury, no fine material adhering to fingers  S  <5 
 - if grain sizes are mixed: unsorted sand  US  <5 
 - if most grains are very coarse (>0.6 mm): very coarse and coarse sand  CS  <5 
 -if most grains are of medium size (0.2-0.6 mm): medium sand  MS <5 
 -if most grains are of fine size (<0.2 mm) but still grainy: fine sand  FS  <5 
 -if most grains are of very fine size (<0.12 mm), almost floury:  
 very fine sand  VFS <5 
 
2. Can be rolled into a ball but not into a wire      
 - not floury, grainy, scarcely any fine material sticking to fingers,  
  forms a ball weakly, adheres slightly to the fingers: loamy sand  LS  <12 
 - as 2.1 but floury: sandy loam SL (clay-poor) <10 
 
3. Can be rolled into a wire of about 3 to 7 mm in diameter (about half the diameter of a pencil) 
but breaks when trying to bend into a ring, sticks to the fingers 
 Floury and not cohesive    
 - some grains to feel: silt loam  SiL(clay-poor)  <10 
 - floury and not cohesive, no grains to feel: silt   Si  <12 
 Cohesive, sticks to the fingers, has a rough and smeared surface after squeezing between fingers 
 - is very grainy and not sticky: sandy loam  SL (clay-rich) 10-25 
 - neutral feel, neither sticky, nor gritty, nor floury: loam  L  8-27 
 - is not grainy but distinctly floury and somewhat sticky: silt loam  SiL(clay-rich) 10-27 
 - is very grainy and not sticky: sandy loam  SL (clay-rich)  10-25 
 Sticky and grainy to very grainy: sandy clay loam  SCL 20-35 
 
4. Can be rolled into a wire smaller than 3 mm in diameter (less than half of that of a pencil) 
and bent to form a ring of about 2-3 cm in diameter, cohesive, sticky, shiny smeared surface 
 - very grainy: sandy clay  SC 35-55 
 - grains can be seen and felt: clay loam  CL 25-40 
 - no grains to see and to feel, low plasticity: silty clay loam  SiCL 25-40 
 - no grains to see and to feel, high plasticity: silty clay  SiC 40-60 
 
5. Shiny smeared surface and high plasticity  
 - some grains to see or to feel, grates between teeth: clay  C  40-60 
 - no grains to see or to feel, does not grate between teeth: heavy clay  HC  >60 
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Figure 5: The fine earth by size and defining textural classes  

MP/O 3.7 Rock fragments (modified from FAO, in press) 
 The presence of rock fragments influences the nutrient status, permeability, use and 

management of the soil; it also reflects its origin and stage of development. Large fragments 
(>2 mm) are described according to abundance, size, shape, state of weathering and nature 
of the fragments. The abundance classes correspond with those for surface coarse fragments 
and mineral nodules. 
Estimation of the percentage of stones and gravel [GRAVEL] is mandatory to report to the 
SG-DBEM (2003) database. The abundance classes listed below are used to record the 
estimate for each horizon. 
 

MP Abundance         [GRAVEL] 

 (by volume), for estimation see Figure 6. Optimally the exact figure is provided rather than 
abundance classes. 
 0 None   0 % 
 1 Very few to few 0 -   5 % 
 2 Common  5 - 15 % 
 3 Many   15 - 40 % 
 4 Abundant  40 - 80 % 
 5 Dominant  >80 % 

 Note for classification: 
Diagnostic properties derived from the amount of rock fragments: 
- Less than 10 % (by volume) fine earth to a depth of 75 cm  → Leptosols 
- 40 - 80 % (by volume) gravel or other coarse fragments 
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to a depth of 100 cm  → Skeletic 
in a depth of 50 - 100 cm  → Endoskeletic  
in a depth of 20 - 50 cm  → Episkeletic 
- More than 80 % (by volume) gravel or other coarse fragments → Hyperskeletic 

 

25 % 30 %

40 % 50 % 75 % 90 %

1 % 3 % 5 % 10 %

15 % 20 %

 
Figure 6: Charts for estimating proportions of coarse fragments, mottles or other elements 

O Size of rock fragments    [GRAVEL-SIZE] 
 Code Classes   Combination of classes (examples) 

F Fine gravel 0.2-0.6 cm  FM  Fine and medium gravel  
M  Medium gravel 0.6-   2 cm MC Medium and coarse gravel 
C  Coarse gravel 2   -   6 cm CS Coarse gravel and stones 
S  Stones  6   - 20 cm SB Stones and boulders 
B  Boulders 20   - 60 cm BL Boulders and large boulders 
L  Large boulders >60 cm  FC Fine to coarse gravel 
 

O Dominant shape of rock fragments     [GRAVEL-SHP] 
 The shape may be described as: 

 F Flat  S Sub-rounded 
 A Angular R Rounded 

O State of weathering of rock fragments    [GRAVEL-SHP] 
 The state of weathering is described as: 
 F Fresh or slightly weathered: fragments show little or no signs of weathering 

W Weathered: partial weathering is indicated by discolouration and loss of crystal 
 form in the outer parts of the  fragments while the centres remain relatively fresh; 
 fragments have lost little of their original strength. 
S Strongly weathered: all but the most resistant minerals are strongly discoloured and 
 altered throughout; the  fragments tend to disintegrate under hand pressure. 

O Nature (type) of rock fragments  [GRAVEL-TYP1; GRAVEL-TYP2; GRAVEL-
TYP3] 
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 The nature of rock fragments is described by the same terminology as for the rock type (see 
section 2.5.1). For primary mineral fragments, other codes may be used, e.g.: 
 QU Quartz 
 MI Mica 
 FE Feldspar 
Fragments of individual weatherable minerals (e.g., feldspars or micas) may be smaller than 
2 mm in diameter. Nevertheless, if present in appreciable quantity, such fragments should 
be mentioned separately in the description.  

O 3.8 Soil odour (after Schoeneberger et al., 2002)    [ODOUR] 
 Record the presence of any strong odour, by horizon. 

Odour - kind Code Criteria 
None  N No odour detected 
Petrochemical P Presence of gaseous or liquid gasoline, oil, creosote, etc. 
Sulphurous S Presence of H2S (hydrogen sulphide; stinks of rotten eggs;  
   commonly associated with strongly reduced soil containing sulphur 
   compounds 
 

MP 3.9 Andic material (modified from FAO, in press)    [ANDIC] 
 Soils formed from young volcanic materials often have andic properties: a bulk density of 

0.9 kg dm–3 or less, and <10 % clay with a smeary consistence (caused by allophane and/or 
ferrihydrite). Surface horizons with andic material are normally black because of the 
combination of allophane with humic material, or humic material immobilized by 
aluminium. Andic material may exhibit thixotropy, changing under pressure, or by rubbing, 
from a plastic solid into a liquefied stage and back into the solid condition. 
If the soil may contain andic material, it should be recorded in the field if the soil is 
thixotropic6 or not, and if the bulk density is exceptionally low (<1.0 g/cc).  

M/O 3.10 Soil structure (modified from FAO, in press)   
 Soil structure refers to the natural aggregation of soil particles into discrete soil units (peds). 

The aggregates are separated from each other by pores or voids.  

 It is best to describe the structure when the soil is dry or slightly moist. In moist or wet 
conditions, it is advisable to leave the description of structure to a later time when the soil 
will have dried. For the description of soil structure, a large lump of the soil should be taken 
from the profile, from various parts of the horizon if necessary, rather than observing the 
soil structure in situ. 

 Soil structure is described in terms of grade, size and type of aggregates. When a soil 
horizon contains aggregates of more than one grade, size or type, the different kinds of 
aggregates should be described separately and their relationship indicated. 

O Grade          [STRUCT-GRD] 

 In describing the grade or development of the structure, the first division is into structured 
and structureless soils. 
In structureless soil, no aggregates are observable in place and there is no definite 
arrangement of natural surfaces of weakness. Structureless soils are subdivided into single 
grain and massive (see figure 7).  

  (Figure 7) soil material (SG) has a loose, soft or very friable consistence and consists on 
rupture of more than 50 % discrete mineral particles. Massive (Figure 7) soil material (MA) 
has normally a stronger consistence and is more coherent on rupture. Massive soil material 
may be further defined by consistence (section 3.13).  

                                                      
6 Thixotropy can be tested by pushing a knife into a moist soil. If the knife is removed suddenly it only has a 
staining of muddy water, if pressed into the soil and slowly pulled out, a large mass of soil adheres to the blade 
(Soil Taxonomy, 1975, p. 64) 
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 Figure 7: Absence of structure, either as single 
grain (left) or as massive (right) soil material 
(http://soil.gsfc.nasa.gov). 
 
 

 

  
Grades of structured soil materials are defined as follows: 
WE Weak: Aggregates are barely observable in place and there is only a weak 
 arrangement of natural surfaces of  weakness. When gently disturbed, the soil 
 material breaks into a mixture of few entire aggregates, many  broken  aggregates, 
 and much material without aggregate faces. 
MO Moderate: Aggregates are observable in place and there is a distinct arrangement 
 of natural surfaces of  weakness. When disturbed, the soil material breaks into a 
 mixture of many entire aggregates, some broken  aggregates, and little 
 material without aggregates faces. Aggregates’ surfaces generally show distinct 
 differences with their interiors.  
ST Strong: Aggregates are clearly observable in place and there is a prominent 
 arrangement of natural surfaces  of weakness. When disturbed, the soil 
 material separates mainly into entire aggregates. Aggregates’ surfaces  generally 
 differ markedly from their interiors. 

 Combined classes may be constructed as follows: 
 WM Weak to moderate 
 MS Moderate to strong 

M Type      [STRUCT-TYP] 
 The natural types of structure are defined as follows (Figure 8): 

Granular: Spheroids or polyhedrons, having curved or irregular surfaces which are not 
 casts of the faces of surrounding aggregates. Units do not fit into each other. 
Crumbs: granular pedality with very high inped porosity.  
Blocky: Blocks or polyhedrons, nearly equidimensional, having flat or slightly rounded 
 surfaces which are casts of the faces of the surrounding aggregates. Subdivision is 
 recommended into angular, with faces intersecting at relatively sharp angles, and 
 subangular blocky, with rounded faces.  
Prismatic: the dimensions are greater in the vertical than horizontal direction; vertical faces 
 well defined, having flat or slightly rounded surfaces which are casts of the faces of 
 the surrounding aggregates. Faces normally intersect at relatively sharp angles. 
 Prismatic structures with rounded caps are distinguished as Columnar. 
Wedge-shaped: elliptical, interlocking lenses that terminate in sharp angles, bounded by 
 slickensides; not limited to vertic materials. 
Platy: Flat with vertical dimensions limited; generally oriented parallel to soil surface 
 horizontally and, usually, overlapping with other structure types. 
Rock structure: Rock structure includes fine stratification in unlithified sediment, and 
 pseudomorphs of weathered minerals retaining their positions relative to each other 
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 and to unweathered minerals in saprolite. 
 

 

 
 

   

  

 

 
 
 
 
 
Figure 8: Illustrations of some of the most 
common types of soil structures. From top to 
bottom, these are granular, blocky, prismatic, 
columnar and platy (http://soil.gsfc.nasa.gov).   

 If required, special cases or combinations of structures may be distinguished, which are 
subdivisions of the basic structures. The following codes are recommended:  

 1 Platy   6 Granular 
2 Prismatic  7 Crumbly 
3 Columnar  8 Massive 
4 Angular blocky  9 Single grain 
5 Subangular blocky 10 Wedge-shaped (e.g. slickensides) 
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The type of structure [STRUCT] is described according to the above table and the 
numeric code for the structure class (classes 1-11) is reported to the SG-DBEM 
(2003) database. 

 
M Size     [STRUCT-SIZE] 
 Size classes vary with the structure type. For prismatic, columnar and platy structures the 

size classes refer to the measurements of the smallest dimension of the aggregate. 
  Symbol Class Granular/ Prismatic/Columnar Blocky/  

    Platy  Wedge-shaped  Crumbly 
    mm   mm   mm 
VF Very fine or thin < 1       < 10    < 5 
FI Fine or thin  1 -  2   10 -   20  5 - 10 
ME Medium  2 -  5   20 -   50  10 - 20 
CO Coarse or thick   5 - 10   50 - 100  20 - 50 
VC Very coarse or thick   > 10   100 - 500  > 50  
EC Extremely coarse -      > 500   -  

 Combined classes may be constructed as follows: 
  FF Very fine and fine VM Very fine to medium 

 FM Fine and medium FC Fine to coarse 
 MC Medium and coarse MV Medium to very coarse 
 CV Coarse and very coarse 

M Compound structure relationship     [STRUCT-RLS] 
 If a second structure is present, its relation to the first structure is described. The first and 

second structures may both be present (for example columnar and prismatic structures); the 
primary structure may break down into a secondary structure (for example prismatic 
breaking into blocky); the first structure may merge into the second structure (for example 
platy merging into prismatic). These may be indicated as: 
3  P  2 Both structures present one besides the other   (where: P= present)
2  B  4 Primary  breaking into secondary structure   (where: B= breaking)
1  M 2 One structure merging into the other    (where: M= merging) 

O 3.11 Consistence (FAO, in press)  
 Consistence refers to the degree of cohesion or adhesion of the soil mass - friability, 

plasticity, stickiness and resistance to compression. It depends on the amount and type of 
clay, organic matter and moisture content of the soil. 
For reference descriptions, a recording of consistence is required for the dry, moist and wet 
(stickiness and plasticity) states. If applicable, thixotropy may be recorded. For routine 
descriptions, the soil consistence in the natural moisture condition of the profile is 
described. Wet consistence can always be described, and moist conditions if the soil is dry, 
by adding water to the soil sample. 

O Consistence when dry        [D-CONS] 
 This is determined by breaking the air-dried soil in the hand: 

LO Loose: Non-coherent. 
SO Soft: Very weakly coherent and fragile; breaks to powder or individual grains under 
very slight pressure. 
SHA Slightly hard: Weakly resistant to pressure; easily broken between thumb and 
forefinger.  
HA Hard: Moderately resistant to pressure; can be broken in the hands but not between 
thumb and forefinger. 
VHA Very hard: Very resistant to pressure; can be broken in the hands only with 
difficulty. 
EHA Extremely hard: Extremely resistant to pressure; cannot be broken in the hands. 
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 Additional codes, needed occasionally to distinguish between two horizons or layers, are: 
 SSH Soft to slightly hard. 
 SHH Slightly hard to hard. 
 HVH Hard to very hard. 

O Consistence when moist       [M-CONS] 
 This is determined by squeezing a mass of moist soil material: 

LO Loose: Non-coherent. 
VFR Very friable: Soil material crushes under very gentle pressure, but coheres when 
pressed together. 
FR Friable: Soil material crushes easily under gentle pressure between thumb and 
forefinger, and coheres when pressed together. 
FI Firm: Soil material crushes under moderate pressure between thumb and forefinger, 
but distinct resistance is felt. 
VFI Very firm: Soil material crushes under strong pressure; barely crushable between 
thumb and forefinger. 
EFI Extremely firm: Soil material crushes only under very strong pressure; cannot be 
crushed between thumb and forefinger. 

 Additional codes are:  
 VFF Very friable to friable. 
 FRF Friable to firm. 
 FVF Firm to very firm 

O Consistence when wet      [W-CONS-S; W-CONS-PL] 
 Stickiness depends on water content and the extent to which soil structure is broken down. 

Wet consistence is described in terms of stickiness and plasticity. It should be assessed 
under standard conditions on a soil sample in which structure is completely destroyed and 
which contains just enough water to create maximum stickiness. 

 Stickiness is the quality of adhesion of the soil to other objects, assessed by noting its 
adherence when pressed between thumb and finger. 

 NST Non sticky: After release of pressure, practically no soil material adheres to thumb 
and finger. 
SST Slightly sticky: After pressure, soil adheres to both thumb and finger but comes off 
one or the other rather  cleanly; it is not appreciably stretched when the digits are separated. 
ST Sticky: Soil adheres to both thumb and finger and tends to stretch and pull apart 
rather than pulling free. 
VST Very sticky: Soil adheres strongly to both thumb and finger and is decidedly 
stretched when they are separated. 
 
Additional codes are: 
SSS Slightly sticky to sticky. 
SVS Sticky to very sticky. 
 

 Plasticity is the ability of soil material to change shape continuously under stress and to 
retain the given shape on removal of stress. It is determined by rolling the soil into a wire 
about 3 mm in diameter, then bending the wire. 

 NPL Non plastic: Will not form a wire. 
SPL Slightly plastic: Wire can be formed but immediately breaks if bent; soil deformed 
by very slight force. 
PL Plastic: Wire can be formed but breaks if bent into a ring; slight to moderate force 
required for deformation of  the soil mass. 
VPL Very plastic: Wire formed and can be bent into a ring; strong force required for 
deformation of the soil. 
 
Additional codes are: 
SPP Slightly plastic to plastic. 
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PVP Plastic to very plastic. 
 

MP/O 3.12 Cutanic features (FAO, in press) 
 This section describes clay or mixed-clay illuviation features, coatings of other composition 

such as calcium carbonate, manganese, organics or silt; reorientations such as slickensides 
and pressure faces, and concentrations associated with surfaces but occurring as stains in the 
matrix (hypodermic coatings). All these features are described according to their abundance, 
contrast, nature, and location. 

O Abundance      [CUT-ABU] 
 For coatings (cutans), an estimate is made how much of the faces of soil aggregates, stones, 

or pores is covered. Similarly, the proportion of the soil layer occupied by lamellae is 
estimated. 
N None  0 %   M Many   15 - 40 % 
V Very few 0   -   2 %  A Abundant 40 - 80 % 
F Few  2   -   5 %  D Dominant   > 80 % 
C Common 5   - 15 % 

O Contrast     [CUT-CNT] 
 F Faint: Surface of coating shows little contrast with the adjacent surface. Fine sand 

 grains are readily apparent in the coating. Lamellae are less than 2 mm thick. 
D Distinct: Surface of coating is smoother than, or different in colour from the 
 adjacent surface. Fine sand grains  are enveloped but their outlines are visible. 
 Lamellae are between 2 and 5 mm thick. 
P Prominent: Surface of coating contrasts strongly in smoothness or colour with the 
 adjacent surface. Outlines of  fine sand grains are not visible. Lamellae are more 
 than 5 mm thick. 

M Nature (type)      [CUT-TYP] 
 The nature of coatings may be described, following Schoeneberger et al. (2002), as: 

C Clay PF Pressure faces 
CC Calcium carbonate SA Sand coatings
CH Clay and humus SF Shiny faces (as in nitic properties)
CS Clay and iron oxides SI Slickensides, predominantly  intersecting
GB Gibbsite SL Silica (opal)  
JA Jarosite SN Slickensides, non-intersecting
MN Manganese oxide SP Slickensides, partly intersecting
OR Organic ST Silt coatings   

M Location      [CUT-LOCA] 
 The location of the coatings is indicated. For pressure faces and slickensides no location is 

given since they are, by definition, located on the faces of structural aggregates (ped faces). 
 BR Bridges between sand grains  P Ped faces  
 CF Coarse fragments   PH Horizontal ped faces 
 LA Lamellae (clay bands)  PV Vertical ped faces 
 NS No specific location  VO Voids 
If located on stones: 
 AB Above on stones  
 BL Below on stones 
 AL All around on stones 
 

M 3.13 Porosity (simplified from FAO, in press)   
 Voids are related to the arrangement of the primary soil constituents and aggregates. They 

are the results of rooting, burrowing of animals and other soil forming processes such as 
cracking, translocation, leaching. The term void includes all air and water-filled spaces in 
the soil; the term pore is often used in a more restrictive way and does not include fissures 
or planes. 
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For many purposes, a qualitative description of porosity will suffice. For reference 
descriptions, voids are described in terms of type, size and abundance; continuity and 
orientation may also be recorded. 
The porosity is an indication of the total volume of voids discernible with a x10 hand lens 
assessed by area and recorded as the percentage of the surface occupied by pores. 
 

Total porosity [POR] should be reported to the SG-DBEM (2003) database per 
horizon and in percent using the abundance classes below. 

 
M Abundance      [POR] 
   

1  Very low <2 % 
2  Low 2-5 % 
3  Medium 5–15 % 
4  High 15–40 % 
5  Very high >  40 % 
 
  

MP/O 3.14 Cementation (modified from FAO, in press) 
 The occurrence of cementation, as pans or otherwise, is described according to their nature, 

continuity, structure, agent and degree. Cemented material does not slake after one hour of 
immersion in water. 
 

MP Continuity     [CEM-CTN] 
 B Broken: The layer is less than 50 % cemented and appears irregular 

D Discontinuous: The layer is 50 - 90 % cemented and appears regular  
C Continuous: The layer is more than 90 % cemented, and is little cracked 

O Structure     [CEM-STRUCT] 
 The structure (or fabric) of the cemented layer may be described as: 

N None: Massive without recognizable orientation 
P Platy: The cemented parts are plate-like with more or less horizontal orientation 
V Vesicular: The layer has large, equidimensional voids which may be filled with 
 uncemented material 
P Pisolithic: The layer is composed of cemented, spherical nodules 
D Nodular: The layer is composed of cemented nodules or concretions of irregular 
 shape 

MP Nature (type)      [CEM-TYP] 
 The cementing agent is described: 
  K Carbonates  GY Gypsum 

 Q Silica   OM Organic matter 
 F Iron oxides   
 FM Iron-manganese oxides NK Not known 
 FO Iron-organic matter OT Others   

OL Degree      [CEM-DEG; OBS] 
 N Non-cemented: No compaction is observed (slakes in water) 

W Weakly cemented: Cemented mass is brittle and hard, but can be broken in the 
 hands 
M Moderately cemented: Cemented mass cannot be broken in the hands but is 
 discontinuous (less than 90 % of soil mass) 
C Cemented: Cemented mass cannot be broken in the hands and is continuous (more 
 than 90 % of soil mass) 
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The SG-DBEM (2003) requires (in cm) information on depth to any limiting horizon 
(e.g. petrocalcic horizon), other than bedrock. The information are recorded under 
[OBS]. 

 

MP/O 3.15  Nodules (FAO, in press) 
 Mineral nodules cover a large variety of secondary concentrations. There are gradual 

transitions with mottles. Nodules are described according to their abundance, kind, size, 
shape, hardness, nature and colour, as well as their presence within the horizon should also 
be noted: 

MP Abundance (by volume)     [NOD-ABU] 
  N None  0 %   M Many  15 - 40 % 

 V Very few  0 -   2 %  A Abundan 40 - 80 % 
 F Few  2 -   5 %  D Dominant  > 80 % 
 C Common 2 - 15 % 

O Kind     [NOD-KIND] 
  T Crystal 

 C Concretion: A discrete body with a concentric internal structure, generally 
  cemented 
 S Soft segregation: Differs from the surrounding soil mass in colour and  
  composition but is not easily separated as a discrete body 
 N Nodule: Discrete body without an internal organization 
 R Residual rock fragment: Discrete body still showing rock structure 

O Size  [NOD-SIZE]    Shape   [NOD-SHP] 
  V Very fine < 2 mm  R Rounded (spherical) 

 F Fine  2 -   6 mm  E Elongate 
 M Medium  6 - 20 mm  F Flat 
 C Coarse  > 20 mm  I Irregular 
      A Angular 

O Hardness      [NOD-HARD] 
  H Hard: Cannot be broken in the fingers 

 S Soft: Can be broken between forefinger and thumb nail 
 B Both hard and soft 

MP Nature (type)      [NOD-TYP] 
 Nodules are described according to their composition or impregnating substance. Examples: 
  K Carbonates   S Sulphur 

 KQ Carbonates-silica Q Silica 
 C Clay    F Iron oxides 
 CS Clay-oxides  FM Iron-manganese oxides  
 GY Gypsum  M Manganese oxides 
 SA Salt   NK Not known 
 

O Colour      [NOD-COL] 
 General colour names are usually sufficient to describe nodules, in the same way as mottles: 
  WH White     RY Reddish yellow  

 RE Red      GE Green    
 YR Yellowish red    GR Grey 
 BR Brown     BU Blue 
 RB Reddish brown    BB Bluish-black 
 YB Yellowish brown   BL Black   
 YE Yellow 

M 3.16 Roots (modified from FAO, in press) 
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 Presence/absence is the most essential information to record. If there is a sudden change in 
the quantity and/or size of the roots it is very important to explain why. Possible root 
limiting factors are: densification (check the bulk density), cementations, a discontinuous 
pore system etc. A qualitative description of the size and the abundance of roots is 
important. Sometimes it may be useful to record additional information, such as an abrupt 
change in root orientation. 

 The abundance of roots can only be compared within the same size class. The abundance of 
fine and very fine roots may be recorded in the same way as for voids, expressed in the 
number of roots per decimetre square. 

M Size (diameter)     
  VF Very fine < 0.5 mm  Additional codes are:

 F Fine  0.5 - 2    mm  FF Very fine and fine
 M Medium  2    - 5    mm  FM Fine and medium
 C Coarse > 5    mm  MC Medium and coarse 

M Abundance (number of roots/dm2) [ROO-ABU1; ROO-ABU2; ROO-ABU3; ROO-
ABU4] 

      < 2 mm  > 2 mm 
 N None   0    0 
 V Very few  1 -   20   1-   2 
 F Few   20 -   50  2-   5 
 C Common  50 - 200  5- 20 
 M Many   >200   >20 

M Rooting depth         [ROO] 
 The effective rooting depth may be defined as the depth of the soil at which root growth is 

strongly inhibited. Rooting depth being plant specific, it is recommended that representative 
species are used to indicate the effective rooting depth of the soil. The effective rooting 
depth is governed by such factors as the presence of cemented, toxic or compacted layers, 
hard rock, or indurated gravel layers. A high permanent water table may also control the 
rooting depth, but may change after drainage. The effective hydrological depth may be 
much greater. Apart from obvious situations such as the presence of hard rock, it is realized 
that the estimation of effective soil depth is subject to individual interpretation.  
 

The SG-DBEM (2003) requires (in cm): The depth of soil available for rooting, 
recorded under [ROO], with a maximum of 200 cm. The depth to the underlying 
bedrock, recorded under [ROC]. Depth to any other limiting horizon, such as a 
petrocalcic horizon, recorded under [OBS]. 

 
MP 3.17 Other biological features (FAO, in press)   [BIO-ABU; BIO-KIND] 
 Krotovinas, termite burrows, insect nests, worm casts, or burrows of larger animals are 

described in terms of abundance and kind. In addition, specific locations, patterns, size, 
composition or any other characteristic may be recorded. 

MP Abundance      [BIO-ABU] 
 Abundance of biological activity is recorded in the following general descriptive terms: 

 N  None  C    Common 
 F  Few  M     Many 

MP Kind      [BIO-KIND] 
 Examples of biological features are the following: 
  B Burrows (unspecified) E Earthworm channels  

 BO Open large burrows P Pedotubules  
 BI Infilled large burrows T Termite or ant channels and nests  
 C Charcoal  I Other insect activity 
 

MP/O 3.18 Carbonates (modified from FAO, in press) [CAR-PR; CAR-SEC; CAR-TYP] 
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 The presence of calcium carbonate (CaCO3) is established by adding some drops of 10% 
HCl to the soil. Following information should be collected per horizon: 

MP Is the matrix calcareous or non-calcareous (the exact quantity on carbonates will be tested in 
the laboratory). If traces are found in at least one horizon of the profile, the 
presence/absence should be recorded for all horizons.  
Is the carbonate at least partly secondary (pedogenic). 

O The type of carbonate (pseudo mycelia, pendants…) 
 Note for classification: 

Important carbonate contents for classification are 
- more than 2 % calcium carbonate     → calcaric soil material 
- more than 15 % calcium carbonate equivalent in the fine earth,  
at least partly secondary     → calcic horizon 

MP/O 3.19 Gypsum (modified from FAO, in press)      
 Gypsum (CaSO4·2H2O) may occur as residual, gypsous parent material or as newly formed 

features -  pseudomycelia, coarse crystals (commonly as nests, beards or coatings, or as 
elongated groups of fibrous crystals), or loose to compact powdery accumulations.  

MP Presence   [GYP-PR] 
 In the field it is sufficient to record if gypsum is present yes or no. If yes, where it is present 

(in which horizons…) and how it is present (crystals, powder,…; is it primary or secondary 
etc.). If gypsum is present in the soil at this stage recommendations should be made for the 
laboratory on which samples the content of gypsum should be tested.  

OL Content 
 If more readily soluble salts are absent, gypsum can be estimated in the field by measuring 

the electrical conductivity (EC in dS m-1 at 25ºC) of a soil suspension (10 g soil in 25 cm3 
water) after 30 minutes. 

 Note for classification: 
Important contents of gypsum for classification are: 
- more than 5 % (by volume) gypsum →  gypsiric soil material
- more than 15 % gypsum and more than 5 %  secondary gypsum →  gypsic horizon
- gypsic horizon with  less than 25 %  gypsum →  hypogypsic
- gypsic horizon with more than 60 %  gypsum →  hypergypsic  

OL 3.20 Readily soluble salts (modified from FAO, in press)   [SALT-PR] 
 Readily soluble salts are more soluble than gypsum only; the most common ones are 

chlorides. The salt content of the soil can be estimated from the electrical conductivity (EC 
in dS m-1 = mS cm-1) measured in a saturated soil paste or a more diluted suspension of 
soil in water. Most classification values as well as data about salt sensitivity of crops refer to 
EC of the saturation extract, measured in the laboratory (ECe). 

 If during the fieldwork it is realised that the soil may have soluble salts recommendations 
should be done for the laboratory on which samples should be tested for electrical 
conductivity. 
 

 Note for classification: 
Threshold values of ECe at 25oC of 8 and 15 dS m-1    →_salic-
horizon 
more than 4 dS m-1 in at least some subhorizons within 100 cm  →_hyposalic 
more than 30 dS m-1 in at least some subhorizons within 100 cm 
 →_hypersalic  

O 3.21 Man-made materials (simplified from FAO, in press)   [MMM] 
 The areas dominated or significantly changed by human activity are rapidly extending, 

especially in urban and mining areas. Of particular importance are the man-made materials 
found in soils; their age, amount, state and composition determine their durability and 
environmental impact. Any human impact on the soil should be recorded. Examples are: 
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 Evidences of past agriculture 
Presence of artefacts (e.g. ceramics) 
Remains of past structures (e.g. postholes) 
Other features of possible human origin (e.g. charcoal)  

O 3.22 Human-transported material (simplified from FAO, in press)  [HTM] 
 This is any material brought onto the site. This may be for agricultural purposes (e.g. large-

scale terracing, mine spoil…), for human settlement, or simply to dispose of material (e.g. 
dredgings). It is a soil parent material in the same way as alluvium. 

M 3.23  Soil horizon designation (Langohr, 1994; Schoeneberger et al., 2002; Soil Survey 
Staff, 2003; Englisch et al., 2005; FAO, in press) 

 The term horizon indicates a soil layer presumed to bear the imprint of soil forming 
processes, as opposed to layers that are laid down by sedimentation, volcanic activity or 
other geological events. 
Horizons are identified by symbols that consist of one or two capital letters for the master 
horizon and lower case letter suffixes for subordinate distinctions, with or without a figure 
suffix.  
SG-DBEM (2003) requires: that the horizon symbols per horizon are recorded under the 
attribute [HOR] 

M Master horizons and layers      [HOR-MAS; ROC] 
 The capital letters H, O, A, E, B, C, R and I represent the master horizons or layers. The 

capital letters are the base symbols to which other characters are added to complete the 
designation. Most horizons and layers are given a single capital letter symbol but some 
require two. 
The master horizons and their subdivisions represent layers which show evidence of change 
and some layers which have not been changed. This reflects a qualitative judgement about 
the kind of changes which have taken place. Genetic horizons are not equivalent to 
diagnostic horizons, although they may be identical in soil profiles. Diagnostic horizons 
are quantitatively defined features used in classification. 

 H horizon: Dominated by organic material, formed from accumulations of undecomposed 
or partially decomposed organic material at the soil surface (which may be under water). All 
H horizons are saturated with water for prolonged periods or were once saturated but are 
now drained. A H horizon may be on top of mineral soils or at any depth beneath the 
surface if it is buried.  

 O horizon: Dominated by organic material, consisting of undecomposed or partially 
decomposed litter (such as leaves, needles, twigs, moss, and lichens) that has accumulated 
on the surface; it may be on top of either mineral or organic soil. It is not saturated with 
water for prolonged periods. The mineral fraction of such material is only a small part of the 
volume of the material and generally is much less than half of the mass.  
An O layer may be at the surface of a mineral soil or at any depth beneath the surface if it is 
buried. A horizon formed by illuviation of organic material into mineral subsoil is not an O 
horizon. 
A subdivision of the O layer is made according to the following definitions: 
OL (Litter, Förna): this organic horizon is characterised by an accumulation of mainly 
leaves/needles, twigs and woody materials. Most of the original biomass structures are 
easily discernible. Leaves and/or needles may be discoloured and slightly fragmented. 
Organic fine substance (in which the original organs are not recognisable with naked eye) 
amounts to less than 10 % by volume. 
 
OF (fragmented and/or altered): this organic horizon is characterised by an accumulation of 
partly decomposed (i.e. fragmented, bleached, spotted) organic matter derived mainly from 
leaves/needles, twigs and woody materials. The proportion of organic fine substance is 10 
% to 70 % by volume. Depending on humus form, decomposition is mainly accomplished 
by soil fauna (mull, moder) or cellulose-decomposing fungi. Slow decomposition is 
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characterised by a partly decomposed matted layer, permeated by hyphae. 
 
OH (humus, humification): characterised by an accumulation of decomposed organic 
matter. The original structures and materials are not discernible. Organic fine substance 
amounts to more than 70 % by volume. OH differs from the OF horizon by showing a more 
advanced humification due to the action of soil organisms 

 A horizon: A mineral horizon formed at the surface or below an O horizon, in which all or 
much of the original structure of the parent material has been obliterated and characterized 
by one or more of the following: 

o An accumulation of humified organic matter intimately mixed with the mineral 
fraction and not displaying properties characteristic of E or B horizons (see below); 

o Properties resulting from cultivation, pasturing, or similar kinds of disturbance;  
o A morphology that is different from the underlying B or C horizon, resulting from 

processes related to its surface position. 
 

 If a surface horizon has properties of both A and E horizons but the dominant feature is an 
accumulation of humified organic matter, it is designated an A horizon. Where the climate 
is warm and arid, the undisturbed surface horizon may be less dark than the underlying 
horizon and contains only small amounts of organic matter. It has a morphology distinct 
from the C layer, though the mineral fraction may be unaltered or only slightly altered by 
weathering; such a horizon is designated A because it is at the surface. Examples of surface 
horizons which may have a different structure or morphology due to surface processes are 
Vertisols, soils in pans or playas with little vegetation, and soils in deserts.  
Recent alluvial, colluvial or aeolian deposits that retain fine stratification are not considered 
to be an A horizon unless cultivated. 

 E horizon: A mineral horizon in which the main feature is loss of clay, iron, aluminium, or 
some combination of these, leaving a concentration of coarse particles, and in which all or 
much of the original structure of the parent material has been obliterated. 
An E horizon is usually, but not necessarily, lighter in colour than an underlying B horizon. 
In some soils, the colour is that of the sand and silt particles but, in many soils, coatings of 
iron oxides or other compounds mask the colour of the primary particles. An E horizon is 
most commonly differentiated from an underlying B horizon in the same soil profile by 
colour of higher value or lower chroma, or both; by coarser texture; or by a combination of 
these properties. An E horizon is commonly near the surface, below an O or A horizon and 
above a B horizon, but the symbol E may be used without regard to position in the profile 
for any horizon that meets the requirements and that has resulted from soil processes. 

 B horizon: A horizon formed below an A, E, H or O horizon, and in which the dominant 
features are the obliteration of all or much of the original structure of the parent material, 
together with one or a combination of the following: 
Illuvial concentration of clay, iron, aluminium, humus, carbonates, gypsum, silica or some 
combination of these; 

o Evidence of removal of carbonates; 
o Residual concentration of iron and aluminium oxides; 
o Coatings of humus and/or oxides that make the horizon conspicuously lower in 

value, higher in chroma, or redder in hue than overlying and underlying horizons; 
o Alteration that forms silicate clay or liberates oxides or both, and that forms a 

granular, blocky, or prismatic structure if volume changes accompany changes in 
moisture content; 

o Brittle consistence. 
All kinds of B horizons are, or were originally, subsurface horizons. Included as B horizons 
are layers of illuvial concentration of carbonates, gypsum, or silica (these horizons may or 
may not be cemented) and brittle horizons that have other evidence of alteration, such as 
prismatic structure or illuvial accumulation of clay. 
Examples of layers that are not B horizons are layers in which clay films either coat rock 
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fragments or are on finely stratified unconsolidated sediments, whether the films were 
formed in place or by illuviation; layers into which carbonates have been illuviated but that 
are not contiguous with an overlying pedogenetic horizon; and layers with gley colours but 
no other pedogenetic changes. 

 C horizon: A horizon, excluding hard bedrock, that is little affected by pedogenetic 
processes (lacks properties of H, O, A, E, or B horizon). The material of C layers may be 
either like or unlike that from which the soil is presumed to have formed. A C layer may 
have been modified even if there is no evidence of pedogenesis. Plant roots can penetrate C 
layers, which provide an important growing medium. 
Included as C layers are sediments, saprolite, and unlithified geological materials that, 
commonly, slake within 24 hours when air-dry chunks are placed in water and, when moist, 
can be dug with a spade, as well as some siliceous and calcareous layers such as shells, 
coral and diatomaceous earth when they occur at the surface. When submerged, they are 
considered an L layer (see below). Some soils form in material that is already highly 
weathered; such material that does not meet the requirements of A, E or B horizons is 
designated C. Changes not considered pedogenetic are those not related to overlying 
horizons. Layers having accumulations of silica, carbonates, or gypsum, even if indurated, 
may be included in C layers, unless the layer is obviously affected by pedogenetic 
processes; then it is a B horizon. 

 R layer: Hard bedrock underlying the soil. 
Granite, basalt, quartzite and indurated limestone or sandstone are examples of bedrock that 
are designated R. Air-dry or drier bits of an R layer, when placed in water, will not slake 
within 24 hours and is resistant to pressure with the fingers. The R layer is sufficiently 
coherent when moist to make digging with a spade impractical, although it may be chipped 
or scraped. Some R layers can be ripped with heavy power equipment. The bedrock may be 
fissured, but few roots can penetrate. The cracks may be coated or filled with clay or other 
material. 
 

The depth to the underlying bedrock is recorded (in cm) for the SG-DBEM (2003) 
under [ROC] 

 
 I layer: Ice lenses and wedges that contain at least 75% ice (by volume) and that distinctly 

separate organic or mineral layers in the soil. 
In areas affected by permafrost, ice bodies may form lenses of wedges that separate entire 
soil layers. Where such ice concentrations occur within the depth of soil description, they 
can be designated as I layer. 

MP Transitional horizons  
 There are two kinds of transitional horizons: those with properties of two horizons super-

imposed and those with the two properties separate.  
For horizons dominated by properties of one master horizon but having subordinate 
properties of another, two capital letter symbols are used, such as AB, EB, BE and BC. The 
master horizon symbol that is given first designates the dominant properties: an AB horizon, 
for example, has characteristics of both an overlying A horizon and an underlying B 
horizon, but is more like the A than like the B. 
In some cases, a horizon can be designated as transitional even if one of the master horizons 
to which it is apparently transitional is not present. A BE horizon may be recognized in a 
truncated soil if its properties are similar to those of a BE horizon in a soil in which the 
overlying E horizon has not been removed. An AB or a BA horizon may be recognized 
where bedrock underlies the transitional horizon. A BC horizon may be recognized even if 
no underlying C horizon is present; it is transitional to assumed parent material. A CR 
horizon can be used for weathered bedrock which can be dug with a spade though roots 
cannot penetrate except along fracture planes. 
Horizons or layers in which distinct parts have recognizable properties of two kinds of 
master horizons are indicated as above, but the two capital letters are separated by a stroke 
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(/), as E/B, B/E, B/C or C/R. Commonly, most of the individual parts of one component are 
surrounded by the other material. 

M Subordinate characteristics within master horizons and layers  [HOR-SOR] 
 Designations of subordinate distinctions and features within the master horizons and layers 

are based on characteristics observable in the field. Lower case letters are used as suffixes 
to designate specific kinds of master horizons and layers, and other features. The list of 
symbols and terms is shown in  table 5 and explanations are given below: 

 Table 5: Subordinate characteristics within master horizons 
 a Evidence of cryoturbation 

b Buried horizon 
c Concretions or nodules 
d Dense horizon (physically root-restrictive; not used in combination with m) 
f Frozen soil (not used in combination with I) 
g Strong gleying 
h Accumulation of organic matter 
i Slickensides 
j Jarosite accumulation 
k Accumulation of pedogenetic carbonates 
m Strong cementation or induration (pedogenetic,massive) 
n Pedogenetic accumulation of exchangeable sodium  
o Residual accumulation of sesquioxides 
p Ploughing or other artificial disturbance 
q Accumulation of pedogenetic silica 
r Strong reduction 
s Illuvial accumulation of sesquioxides 
t Illuvial accumulation of clay  
u Urban and other man-made materials 
v Plinthite 
w Development of colour or structure in B (only used with B) 
x Fragipan  
y Pedogenetic accumulation of gypsum 
z Pedogenetic accumulation of salts more soluble than gypsum 

 a Evidence of cryoturbation: Irregular or broken boundaries, sorted rock fragments 
 (patterned ground), or rganic matter in the lower boundary between the active layer 
 and permafrost layer. 

 b Buried horizon: Used in mineral soils to indicate identifiable buried horizons with 
 characteristics that were formed before burial. Horizons may or may not have 
 developed in the overlying materials which  may be either like, or unlike, the 
 assumed parent material of the buried soil. The symbol is not used in organic soils 
 or to separate an organic layer from a mineral layer, in cryoturbated soils, or with C 
 layers. 

 c Concretions or nodules: In mineral soil it indicates a significant accumulation of 
 concretions or of nodules. The nature and consistence of the nodules is specified by 
 other suffixes and in the horizon description. 

 d Dense layer: Used in mineral soils to indicate a layer of relatively unaltered, mostly 
 earthy material  that is not cemented but that has such bulk density or internal 
 organization that roots cannot enter except in cracks; the symbol is not used in 
 combination with the symbols m (cementation) and x (fragipan). 

 f Frozen soil: Designates a horizon or layer that contains permanent ice or is perenni-
 ally colder than 0°C. It is not used for seasonally frozen layers or for bedrock (R). 
 Dry frozen soil layers may be labelled (f). 

 g Strong gleying: Designates a horizon with a distinct pattern of mottling that reflects 
 alternating conditions of oxidation and reduction, caused by seasonal waterlogging. 

 h Accumulation of organic matter: Designates the accumulation of organic matter in a 
 mineral horizon. The accumulation may occur in a surface horizon or in subsurface 



Adapted Guidelines for Soil Profile Description  

 

251

 horizons (through illuviation). 
 i Slickensides: In mineral soils, denotes the occurrence of slickensides, i.e. oblique 

 shear faces caused by the shrink-swell action of clay; wedge-shaped polished peds 
 and seasonal surface cracks are commonly present.  

 j Jarosite: Indicates the presence of jarosite (straw-yellow) mottles, coatings or 
 hypodermic coatings. 

 k Accumulation of pedogenetic carbonates: Indicates an accumulation of alkaline 
 earth carbonates, commonly calcium carbonate. 

 m Strong cementation or induration: In mineral soils, indicates continuous or nearly 
 continuous cementation - used only for horizons that are more than 90 % cemented, 
 though they may be fractured. The layer restricts rooting to fracture planes. The 
 single predominant or co-dominant cementing agent may be indicated using defined 
 letter suffixes single or in pairs. If the horizon is cemented by carbonates km is 
 used; by silica, qm; by iron, sm; by gypsum, ym; by both lime and silica, kqm; by 
 salts more soluble than gypsum, zm. 

 n Pedogenetic accumulation of exchangeable sodium. 
 o Residual accumulation of iron/aluminium oxides: Indicates residual accumulation 

 of sesquioxides, as opposed to the symbol s, which indicates illuvial accumulation 
 of oxides or organic and oxide mixture. 

 p Ploughing or other artificial disturbance: Indicates mixing of the surface layer by 
 ploughing or other tillage practices. A disturbed organic horizon is designated Op or 
 Hp. A disturbed mineral horizon, even though clearly originally an E, B or C, is 
 designated Ap.  

 q Accumulation of pedogenetic silica: If silica cements the layer and cementation is 
 continuous or nearly  continuous, qm is used. 

 r Strong reduction: Indicates presence of iron in reduced state. If r is used with B, 
 pedogenetic change in  addition to reduction is implied; if no other change has 
 taken place, the horizon is designated Cr. 

 s Illuvial accumulation of iron/aluminium oxides: Used with B to indicate the 
 accumulation of illuvial, amorphous, dispersible organic matter-oxide complexes if 
 the value and chroma of the horizon are more than 3. The symbol is also used in 
 combination with h as Bhs if both the organic matter and oxide  components are 
 significant and both value and chroma are approximately 3 or less. 

 t Accumulation of clay: Used with B or C to indicate an accumulation of clay that 
 either has formed in the horizon or has been moved into it by illuviation, or both. At 
 least some part should show evidence of clay accumulation in the form of coatings 
 on ped surfaces or in pores, as lamellae, or as bridges between mineral grains. 

 u Urban and other man-made materials: Used to indicate the dominant presence of 
 man-made materials.  

 v Plinthite: Indicates the presence of iron-rich, humus-poor material that is firm or 
 very firm when moist and that hardens irreversibly when exposed to the 
 atmosphere. When hardened, it is no longer called plinthite but a hardpan, 
 ironstone, a petroferric or a skeletic phase – in which case v is used in combination 
 with m. 

 w Development of colour or structure in B: Indicates development of colour or 
 structure, or both, in B horizons lacking other diagnostic characteristics. It is not 
 used to indicate a transitional horizon. 

 x Fragipan: Brittle consistency or high bulk density attributed to pedogenetic 
 processes. 

 y Pedogenetic accumulation of gypsum. 
 z Pedogenetic accumulation of salts more soluble than gypsum. 
 Conventions for using letter suffixes 
 Many master horizons and layers that are symbolized by a single capital letter will have one 

or more lowercase letter suffixes. More than three suffixes is cumbersome. The following 
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rules apply: 
 o Letter suffixes should immediately follow the capital letter; 
 o A B horizon that has significant accumulation of clay and also shows evidence of 

development of colour or structure, or both, is designated Bt (t has precedence over 
w, s and h); 

o Suffixes are listed alphabetically; 
 Vertical subdivisions        [HOR-VER] 
 A horizon or layer designated by a single combination of letter symbols can be subdivided 

using arabic numerals following the letters. Within a C, for example, successive layers 
could be C1, C2, C3, etc.; or if the lower part is gleyed and the upper part is not, the 
designations could be C1-C2-Cg1-Cg2 or C-Cg1-Cg2-R. 
These conventions apply whatever the purpose of subdivision. A horizon identified by a 
single set of letter symbols may be subdivided on the basis of morphology, such as 
structure, colour, or texture. These subdivisions are numbered consecutively. The 
numbering starts with 1 at whatever level in the profile. Thus Bt1-Bt2-Btk1-Btk2 is used, 
not Bt1-Bt2-Btk3-Btk4.  
The numbering of vertical subdivisions within a horizon is not interrupted at a discontinuity 
(indicated by a numerical prefix) if the same letter combination is used in both materials: 
Bs1-Bs2-2Bs3-2Bs4 is used, not Bs1-Bs2-2Bs1-2Bs2. A and E horizons can be subdivided 
similarly, for example Ap1, A1, A2, Ap2, A3; and E1, E2, Eg1, Eg2. 

 Discontinuities        [HOR-DISC] 
 In mineral soils, arabic numerals are used as prefixes to indicate discontinuities. Wherever 

needed, they are used preceding A, E, B, C and R. They are not used with I, although this 
symbol clearly indicate a discontinuity. These prefixes are distinct from arabic numerals 
used as suffixes to denote vertical subdivisions. 
A discontinuity is a significant change in particle size distribution or mineralogy that 
indicates a difference in the material from which the horizons formed or a significant 
difference in age, or both -unless that difference in age is indicated by the suffix b. Symbols 
to identify discontinuities are used only when they will contribute substantially to the 
reader’s understanding of relationships among horizons. The stratification common in soils 
formed in alluvium is not designated as discontinuities - unless particle size distribution 
differs markedly from layer to layer - even though genetic horizons have formed in the 
contrasting layers. 
Where a soil has formed entirely in one kind of material, no prefix is used (the whole profile 
is material 1). Similarly, the uppermost material in a profile having two or more contrasting 
materials is understood to be material 1, but the number is omitted. Numbering starts with 
the second layer of contrasting material, which is designated 2. Underlying contrasting 
layers are numbered consecutively. Even though a layer below material 2 is similar to 
material 1, it is designated 3 in the sequence. The numbers indicate a change in the material, 
not the type of material. Where two or more consecutive horizons formed in one kind of 
material, the same prefix number applies to all of the horizon designations in that material, 
e.g. Ap-E-Bt1-2Bt2-2Bt3-2BC. The number suffixes designating subdivisions of the Bt 
horizon continue in consecutive order across the discontinuity. 
 

 If an R layer is below a soil that formed in residuum and the material of the R layer is 
judged to be like that from which the material of the soil weathered, the arabic number 
prefix is not used. If the R layer would not produce material like that in the solum, the 
number prefix is used, as in A-Bt-C-2R or A-Bt-2R. If part of the solum formed in 
residuum, R is given the appropriate prefix: Ap-Bt1-2Bt2-2Bt3-2C1-2C2-2R. 
In organic soils, discontinuities between different kinds of layers are not identified. In most 
cases the differences are shown by the letter suffix designations, if the different layers are 
organic, or by the master symbol if the different layers are mineral. 

M 3.24 Sampling 
 Quality sampling 
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 Quality sampling in the field is essential for the representativity and reliability of the 
laboratory data and the final results of the survey. After the field sampling, the indoor 
preparation of the samples for further laboratory work is a step that should also receive 
special care.  
One should keep in mind that adequate sampling can only be performed when the questions 
that have to be answered are raised in advance. Sampling for classification purposes 
involves different strategies than sampling for soil fertility. 

 Important: In the field all samples either in bags, boxes, metal rings etc. should never be left 
exposed to the sun. Otherwise water will evaporate from the sample and condense in the 
same bag or recipient, and there is a risk of ultra-desiccation. The warming up of the sample 
will also activate the biologic activity within the sample. 

 Sample types (examples) 
 Samples for chemical and physical analyses: Samples for standard soil laboratory analyses 

are mostly kept either in plastic bags or plastic boxes. If using plastic bags the preferred 
types are those with a closing zipper and with a special label for writing the sample code. 
Also feasible is sampling and transporting of the samples in plastic bags and then 
transferring into plastic boxes for drying and laboratory treatments. By using a knife and a 
tray the soil is gently loosened from the respective horizon. By using the tray any material 
that accidentally is included in the sampled material can easily be removed before the 
material is brought into the bag. 
As a general rule, and surely for taxanomic classification purposes, at least one sample per 
horizon should be taken. If a horizon is particular heterogeneous, e.g. due to strong 
mottling, it may be necessary to take several subsamples 

 Samples for bulk density, the core method: The core method is applicable for stoneless and 
slightly stony soils. The samples are taken with standard bulk density (BD) rings, which are 
metal rings with in general, a volume of 100 cm3. Mostly these samples are collected on 
horizontal sections, but vertical sampling, although more difficult is possible as well7. On 
vertical sections the chances that the sample will collapse is also greater. A horizontal 
section is prepared at the level where the sampling is requested. For a homogeneous 
horizon, 5 samples are sufficient; in more heterogeneous soils 8 or more samples are 
necessary. If a horizon is very heterogeneous it is strongly recommended to keep the content 
of each ring separate throughout the complete laboratory process. In the interpretative 
phase, any outliers, e.g. due to a high content of gravels, or due to an overrepresentation of 
biogalleries, can be excluded when the mean BD is calculated.  

 The rings are gently hammered straight into the soil and a bit more, so to allow a clean cut. 
It is very important to avoid any compaction during the insertion. The samples are then 
careful cut loose. If only BD has to be measured the sample may be disturbed, at the 
condition to keep the whole sample of 100 cm3 together. In this case the sample should be 
transferred into closed plastic bags, take care that the soil moisture is unable to escape! If 
the samples are kept in the metal rings, they are closed on both sides with a plastic cover 
and transported to the laboratory, if it takes several days before the sample reaches the 
laboratory, and the samples can not be stored in an refrigerator it is advisable to seale the 
rings with scouts tape if the actual water content will be recorded. Keeping the samples in 
the rings will allow the field work to progress faster, but with the important disadvantages 
that the rings add up to the transporting weight, and that it can become costly to purchase 
sufficient stock of rings. 

 Samples for bulk density, the excavation method: Sampling of bulk density in stony soils is 
much more delicate, and surely much more time consuming than sampling in soils with 
none or a small coarse fraction.  
First a careful levelled horizontal section is prepared. A soil volume is then excavated. The 
volume required is in function of the general gravel and stone content, with an increasing 

                                                      
7 Be careful, if water retention is measured on the samples, by sampling on the vertical profile wall the samples 
will provide information on the lateral water flow. 
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coarse fraction the sample size increases too. As an example if the coarse fraction makes up 
about 30% of the soil volume, a sample of 20 dm3 should be sufficient. While excavating 
the sample compaction of the sides should be avoided. The sample is stored in plastic bags.  
is stored in plastic bags, avoiding any compaction. Line toe excavation hole with a thin but 
strong plastic film, fill the hole to excess with a known volume of sand. The hole is filled 
using a funnel kept 5 cm above the ground, level the surface and avoid compaction. Remove 
the excess sand into a graduated measuring cylinder, and read the volume. Calculate the 
total volume of sand filled into the excavation hole(Description of method based on 
Reference Number ISO 11272:1998).  

 Sample strategies 
 Samples for chemical analyses can be collected in various ways. The mode of sampling 

should be recorded, as an example on a sample list and by means of a either a simple sketch 
or by special photos (see chapter 3.2 on photographic recordings). The chosen sampling 
procedure should reflect the soil variability within the horizon and naturally the purpose of 
the prospection. 

 The composite sample: several soil samples are collected throughout the horizon. These 
samples can be kept separate. If, as an example, from profile 12 the 4 sub-samples a, b, c 
and d are collected in horizon 2, this can be labelled P12H2a, P12H2b, P12H2c, P12H2d, or 
they can be mixed together in one bag and label e.g. P12H2. 
The “weighted average” sample: is a sample taken throughout the whole (vertical) 
thickness of the horizon.  
The “middle” sample: is a sample taken more or less in the middle of the horizon, there 
where the characteristics of the horizon is best developed. For the purpose of classifying the 
soil, as prescribed for the BioSoil project, the “middle” sampling strategy is recommended. 

 Sample weight 
 The size of the sample depends on:  

1. the purpose of the research to be carried out on the samples,  
2. the possibility for transporting them (including the available budget), and  
3. the type of soils. 

On samples with no or little gravel, as a guideline, the absolute minimum weight of the 
samples (field weight) should be 200 grams, 500 grams is preferred and 1 kg recommended 
for important (reference) samples.  

 Sample labelling 
 A proper sample code is very important, there should be left no room for doubt to the origin 

of a sample. Therefore the sample recipient, by example a plastic bag is beforehand 
labelled, the code should be comprehensive. An example is explained in the following:   

 Location of the profile:   ZF (Zonian Forest) 
Profile number:    P09 
Horizon number:    H6 
Depth of sample:    64-73 cm 
Written on the sample recipient like: ZF/P09/H6/64-73 cm 
 

  
M 3.25 WRB classification (FAO/ISRIC/ISSS, 1998) 
 The soil is classified according to the WRB (1998). Following classification parameters are 

mandatory to report: 
 All diagnostic horizons, properties and materials that are present in the soil 
 All qualifiers from the respective priority list which are fulfilled  

 
1st ranking qualifier is reported to the SG-DBEM (2003) as [WRB-ADJ] 

 
 The full classification name (composing of 2nd ranked qualifier-1st ranked qualifier 

Reference Soil Group name (3rd ranked qualifier; 4th ranked qualifier….) 
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The Reference Soil Group name is reported to the SG-DBEM (2003) as [WRB-GRP] 

 
 Any prefixes that may apply should be added to the respective aqualifier (e.g. Bathi, 

Cumuli, Endo…) 
 

If the 1st qualifier carries a prefix it is reported to the SG-DBEM, 2003 as [WRB-SPE] 
 

 The DAR-Q of the classification name (see later document) 
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APPENDIX A: Tree Species and their classification codes 
 
Tree Species and their classification codes (Reference Flora Europaea) 
Broadleaves   
001: Acer campestre  067: Tamarix africana  
002: Acer monspessulanum  068: Tilia cordata  
003: Acer opalus  069: Tilia platyphyllos 
004: Acer platanoides  070: Ulmus glabra (U. scabra, U. montana)  
005: Acer pseudoplatanus  071: Ulmus laevis (U. effusa) 
006: Alnus cordata  072: Ulmus minor (U. campestris, U. carpinifolia) 
007: Alnus glutinosa  073: Arbutus unedo 
008: Alnus incana  074: Arbutus andrachne  
009: Alnus viridis  075: Ceratonia siliqua  
010: Betula pendula  076: Cercis siliquastrum  
011: Betula pubescens  077: Erica arborea  
012: Buxus sempervirens  078: Erica scoparia  
013: Carpinus betulus  079: Erica manipuliflora  
014: Carpinus orientalis 080: Laurus nobilis  
015: Castanea sativa (C. vesca)  081: Myrtus communis  
016: Corylus avellana  082: Phillyrea latifolia  
017: Eucalyptus sp.  083: Phillyrea angustifolia  
018: Fagus moesiaca  084: Pistacia lentiscus  
019: Fagus orientalis 085: Pistacia terebinthus  
020: Fagus sylvatica  086: Rhamnus oleoides  
021: Fraxinus angustifolia spp. oxycarpa (F. 
oxyphylla)  

087: Rhamnus alaternus  

022: Fraxinus excelsior  099: Other broadleaves 
023: Fraxius ornus   
024: Ilex aquifolium Conifers  
025: Juglans nigra  100: Abies alba  
026: Juglans regia  101: Abies borisii-regis  
027: Malus domestica  102: Abies cephalonica  
028: Olea europaea  103: Abies grandis 
029: Ostrya carpinifolia  104: Abies nordmanniana  
030: Platanus orientalis  105: Abies pinsapo  
031: Populus alba  106: Abies procera  
032: Populus canescens  107: Cedrus atlantica  
033: Populus hybrides  108: Cedrus deodara  
034: Populus nigra  109: Cupressus lusitanica  
035: Populus tremula  110: Cupressus sempervirens  
036: Prunus avium  111: Juniperus communis  
037: Prunus dulcis (Amygdalus communis)  112: Juniperus oxycedrus  
038: Prunus padus 113: Juniperus phoenicea  
039: Prunus serotina 114: Juniperus sabina  
040: Pyrus communis 041: Quercus cerris  115: Juniperus thurifera  
042: Quercus coccifera (Q. calliprinos)  116: Larix decidua  
043: Quercus faginea  117: Larix kaempferi (L. leptolepis)  
044: Quercus frainetto (Q. conferta)  118: Picea abies (P. excelsa)  
045: Quercus fruticosa (Q. lusitanica)  119: Picea omorika  
046: Quercus ilex  120: Picea sitchensis  
047: Quercus macrolepis (Q. aegilops)  121: Pinus brutia  
048: Quercus petraea  122: Pinus canariensis  
049: Quercus pubescens  123: Pinus cembra  
050: Quercus pyrenaica (Q. toza)  124: Pinus contorta  
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051: Quercus robur (Q. peduculata)  125: Pinus halepensis 
052: Quercus rotundifolia  126: Pinus heldreichii  
053: Quercus rubra  127: Pinus leucodermis 
054: Quercus suber  128: Pinus mugo (P. montana)  
055: Quercus trojana 129: Pinus nigra 
056: Robinia pseudoacacia  130: Pinus pinaster 
057: Salix alba  131: Pinus pinea 
058: Salix caprea  132: Pinus radiata (P. insignis) 
059: Salix cinerea  133: Pinus strobus  
060: Salix eleagnos  134: Pinus sylvestris 
061: Salix fragilis  135: Pinus uncinata 
062: Salix sp.  136: Pseudotsuga menziesii 
063: Sorbus aria 137: Taxus baccata  
064: Sorbus aucuparia  138: Thuya sp.  
065: Sorbus domestica  139: Tsuga sp.  
066: Sorbus torminalis  199: Other conifers 
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APPENDIX B: Parent material  
• The parent material code must be selected from the list provided below. This list has evolved from 

a number of approximations using experiences from several pilot projects. The current version has 
been prepared as the reference list in the Manual for the Georeferenced Soil Database for Europe 
at 1 :250.000, version 1.1. It includes four levels: Major Class, Group, Type and Subtype. 

• Depending on the level of detail available to describe the dominant and secondary parent materials 
of the STU, i.e. Major Class or Group or Type or Sub-type, the user will choose any one of the 
codes provided in the table. 

Whenever possible, it is recommended to identify as precisely as possible the exact type of parent 
material, using the full 4 digit code. For example, calcareous sandstone (1211) is preferable to 
sandstone (1210) or to psammite (1200). The latter should be used either if the type of 
sandstone has not been precisely defined on the soil maps, or when more than one type of 
sandstone is present in the STU. 

The parent material (Reference Soil Geographical Data Base) 
Major 
Class 
level  

Group 
level  

Type 
level  

Sub-
type 
level  

0000 No information 0000 No information 0000 No information 0000 No information 
1000 consolidated-clastic- 

sedimentary rocks 
1100 psephite or rudite 1110 conglomerate 1111 pudding stone 

    1120 breccia   
  1200 psammite or arenite 1210 sandstone 1211 calcareous sandstone 
      1212 ferruginous sandstone 
      1213 clayey sandstone 
      1214 quartzitic sandstone / 

orthoquartzite 
      1215 micaceous sandstone 
    1220 arkose   
    1230 graywacke 1231 feldspathic graywacke 
  1300 pelite, lutite or

argilite 
1310 claystone / mudstone 1311 Kaolinite 

      1312 Bentonite 
    1320 siltstone   
  1400 facies bound rock 1410 flysch 1411 sandy flisch 
      1412 clayey and silty flysch 
      1413 conglomeratic flysch 
    1420 molasse   

2000 sedimentary rocks 
(chemically 
precipitated, 
evaporated, or 
organogenic or 
biogenic in origin) 

2100 calcareous rocks 2110 limestone 2111 hard limestone 

      2112 soft limestone 
      2113 marly limestone 
      2114 chalky limestone 
      2115 detrital limestone  
      2116 carbonaceous limestone  
      2117 lacustrine or freshwater 

limestone 
      2118 Travertine/calcareous sinter 
      2119 Cavernous limestone 
     2120 dolomite 2121 Cavernous dolomite 
      2122 calcareous dolomite 
    2130 marlstone   
    2140 marl 2141 chalk marl  
      2142 gypsiferous marl 
    2150 chalk   
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  2200 evaporites 2210 gypsum   
    2220 anhydrite   
    2230 halite   
  2300 siliceous rocks 2310 chert, hornstone, 

flint 
  

    2320 diatomite / 
radiolarite 

  

3000 igneous rocks 3100 acid to intermediate
plutonic rocks 

3110 granite   

    3120 granodiorite    
    3130 diorite 3131 quartz diorite 
      3132 gabbro diorite 
    3140 syenite   
  3200 basic plutonic rocks 3210 gabbro   
  3300 ultrabasic plutonic

rocks 
3310 peridotite   

    3320 pyroxenite   
  3400 acid to intermediate

volcanic rocks 
3410 rhyolite 3411 Obsidian 

      3412 quartz porphyrite 
    3420 dacite   
    3430 andesite 3431 porphyrite (interm,) 
    3440 phonolite 3441 tephritic phonolite 
    3450 trachyte   
  3500 basic to ultrabasic

volcanic rocks 
3510 basalt   

    3520 diabase   
    3530 pikrite   
  3600 dike rocks 3610 aplite   
    3620 pegmatite   
    3630 lamprophyre   
  3700 pyroclastic rocks

(tephra) 
3710 tuff/tuffstone 3711 agglomeratic tuff 

      3712 block tuff 
      3713 lapilli tuff 
    3720 tuffite 3721 sandy tuffite 
      3722 silty tuffite 
      3723 clayey tuffite 
    3730 volcanic scoria/ 

volcanic breccia 
  

    3740 volcanic ash   
    3750 ignimbrite   
    3760 pumice   

4000 metamorphic rocks 4100 weakly metamorphic
rocks 

4110 (meta-)shale / 
argilite 

  

    4120 slate 4121 graphitic slate 
  4200 acid regional

metamorphic rocks  
4210 (meta-)quartzite  4211 quartzite schist 

    4220 phyllite   
    4230 micaschist   
    4240 gneiss   
    4250 granulite (sensu 

stricto) 
  

    4260 migmatite   
  4300 basic regional

metamorphic rocks 
4310 greenschist 4311 Prasinite 

      4312 Chlorite 
      4313 talc schist 
    4320 amphibolite   
    4330 eclogite   
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  4400 ultrabasic regional
metamorphic rocks 

4410 serpentinite 4411 greenstone 

  4500 calcareous regional
metamorphic rocks 

4510 marble    

    4520  calcschist, skam   
  4600 rocks formed by

contact 
metamorphism 

4610 contact slate 4611 nodular slate 

    4620 hornfels    
    4630 calsilicate rocks   
  4700 tectogenetic 

metamorphism rocks
or cataclasmic
metamorphism 

4710 tectonic breccia   

    4720 cataclasite    
    4730 mylonite   

5000 unconsolidated 
deposits (alluvium, 
weathering 
residuum and slope 
deposits) 

5100 marine and 
estuarine sands 

5110 pre-quaternary 
sand 

5111 tertiary sand  

    5120 quaternary sand 5121 holocene coastal sand with 
shells 

      5122 delta sand 
  5200 marine and 

estuarine clays and 
silts 

5210 pre-quaternary clay 
and silt 

5211 tertiary clay 

      5212  tertiary silt 
    5220 quaternary clay and 

silt  
5221 Holocene clay 

      5222 Holocene silt 
  5300 fluvial sands and 

gravels 
5310 river terrace sand 

or gravel 
5311 river terrace sand 

      5312 river terrace gravel 
    5320 floodplain sand or 

gravel 
5321 floodplain sand 

      5322 floodplain gravel 
  5400 fluvial clays, silts 

and loams 
5410 river   clay and silt 5411 terrace clay and silt 

      5412 floodplain clay and silt 
    5420 river loam 5421 terrace loam 
        
    5430 overbank deposit 5431 floodplain clay and silt 
      5432 floodplain loam 
  5500 lake deposits 5510 lake sand and delta 

sand 
  

    5520 lake marl, bog lime   
    5530 lake silt   
  5600 residual and 

redeposited loams 
from silicate rocks 

5610 residual loam 5611 stony loam  

      5612 clayey loam  
    5620 redeposited loam 5621 running-ground 
  5700 residual and 

redeposited clays 
from calcareous 
rocks 

5710 residual clay 5711 clay with flints 

      5712 ferruginous residual clay 
      5713 calcareous clay 
      5714 non-calcareous clay 



Adapted Guidelines for Soil Profile Description  

 

 

262 

      5715 marly clay 
    5720 redeposited clay 5721 stony clay 
  5800 slope deposits 5810 slope-wash 

alluvium 
  

    5820 colluvial deposit   
    5830 talus scree 5831 Stratified slope deposits 

6000 unconsolidated 
glacial deposits / 
glacial drift 

6100 morainic deposits 6110 glacial till 6111 boulder clay 
6120 glacial debris   

  6200 glaciofluvial 
deposits 

6210 outwash sand, 
glacial sand 

  

    6220 outwash gravels 
glacial gravels 

  

  6300 glaciolacustrine 
deposits 

6310 varves   

7000 eolian deposits 7100 loess 7110 loamy loess   
    7120 sandy loess   
  7200 eolian sands 7210 dune sand   
    7220 cover sand   

8000 organic materials 8100 peat (mires) 8110 rainwater fed moor 
peat (raised bog) 

8111 folic peat 

      8112 fibric peat 
      8113 terric peat 
    8120 groundwater fed 

bog peat 
  

  8200 slime and ooze 
deposits 

8210 gyttja, sapropel   

  8300 carbonaceaous 
rocks 
(caustobiolite) 

8310 lignite (brown coal)   

    8320 hard coal   
    8330 anthracite   

9000 anthropogenic 
deposits 

9100 redeposited natural 
materials 

9110 sand and gravel fill   

    9120 loamy fill   
  9200 dump deposits 9210 rubble/rubbish   
    9220 industrial ashes and 

slag  
  

    9230 industrial sludge   
    9240 industrial waste   
  9300 anthropogenic 

organic materials 
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APPENDIX C: Field forms 

 
Example of a field recording sheet for profile site descriptions: 
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Example for a field recording sheet for profile horizon descriptions: 
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Table: List of abbrevations used for the field work tables
ABU abundance MMM man made material
ACT activity MOI moisture
ANDIC andic MOT mottling
ANT antecedent MT method
AREA area NO number
AUT author(s) NOD nodules
AV availability OBS depth to limiting horizon (obstable)
BDR boundary ODOUR odour
BIO (Other) biological (activity) OR oximorphic, reductomorphic
CAR carbonates ORI orientation
CEM cementation P profile
CLAS class PAR parent
CNP canopy PL plasticity
CNT contrast PLOT plot
COL colour POR porosity
CONS consistency PR present
COUNTRY country RAIN rainfall (mean annual precipitation)
COV coverage/cover RED reducing
CRK cracks RLS relation
CTN continuity ROC Depth to bedrock
CUT cutanic ROCK rock
D depth/dry ROO roots
DATE Date S stickiness
DEG degree SALT salts
DIS distance SATU saturation
DISC discontinuities SEC secondary
DIST distinctness SEL sealing
DRA drainage SHP shape
DUR duration SIZE size
ELEV elevation SLP slope
ERO erosion SMR soil moisture regime
EXT external SOR subordinate
FLO flooding STO stones (coarse surface fragments)
FRM form STR soil temperature regime
FRQ frequency STRUCT structure
GRAVEL rock fragments TEMP temperature (mean annual)
GRAZING grazing TERR terrain
GRD grade TEX texture
GYP gypsum THK thickness
HARD hardness TOPO topography
HGWL (mean) highest groundwater level TREE1 tree, most common species
HOR horizon TREE2 tree, second most common species
HTM human transported material TREE3 tree, third most common species
HUM human TWT Type of water table
INF influence TYP type
KIND kind U upper
L lower USE landuse
LAT latitude VEG vegetation
LGT length VER vertical subdivision
LGWL (mean) lowest groundwater level W wet
LOCA location WATER water 
LONG longitude WETH weather
M moist WILDLIFE wildlife
MAS master WTH weathering
MAT material
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APPENDIX D: Database forms 
Summary description of the data contained in the soil profile database: partim site description. 

No. Name Description Size 
1 COUNTRY Country code (e.g. 05= Italy) 2 
2 PLOT Observation plot (e.g. 0012) 4 
3 P-NO Profile number (e.g. P12= 12) 4 
4 DATE Date of description (ddmmyy) 6 
5 AUT Author(s) (use initials) 8 
6 LOCA Location, user defined (e.g. municipality, village or forest name) 20 
7 LAT Latitude profile coordinates (in decimal degrees) 10 
8 LONG Longitude profile coordinates (in decimal degrees) 10 
9 ELEV Elevation in metres above mean sea level. If altitude classes are 

provided instead of the exact altitude, then start the code with AC 
(e.g. AC17= 801-850 m) 

4 

10 TEMP Mean annual temperature in °C, always indicated with one digit after 
the comma (e.g. 10.9°C) 

4 

11 RAIN Mean annual precipitation (in mm) 4 
12 WETH Present weather condition (e.g. SU= sunny/clear) 2 
13 WETH-ANT Antecedent weather condition (e.g. 1= no rain during the last month) 1 
14 STR Soil temperature regime (e.g. ME= Mesic) 2 
15 SMR Soil moisture regime (e.g. US= Ustic) 2 
16 TERR Terrain position (e.g. MS= middle slope) 2 
17 SLP-FRM Slope form (e.g. S= straight; VS= convex-straight) 2 
18 SLP-GRD Slope gradient (e.g. 05=gently sloping, 2-5%) 2 
19 SLP-LGT Slope length  4 
20 SLP-ORI Slope orientation (e.g. E; NE; ENE) 3 
21 USE Type of land use (e.g. 51= natural forest and woodland with no 

felling) 
2 

22 WILDLIFE Protected wildlife (use: Yes= Y; No= N) 1 
23 GRAZING Is grazing practised (use: Yes= Y; No= N) 1 
24 HUM-INF Human influence (e.g. MUPL= mineral additions and ploughing) 8 
25 VEG-TYP Vegetation type (e.g. FD= deciduous forest) 2 
26 TREE1 Most common tree species (e.g. 051= Quercus robur) 3 
27 TREE1-FRQ Frequency of most common tree species (e.g. 2= 10-50%) 1 
28 TREE1-CNP Canopy position of most common tree species (e.g. DO= dominant) 2 
29 TREE2 Second most common tree species 3 
30 TREE2-FRQ Frequency of second most common tree species 1 
31 TREE2-CNP Canopy position of second most common tree species 2 
32 TREE3 Third most common tree species 3 
33 TREE3-FRQ Frequency of third most common tree species 1 
34 TREE3-CNP Canopy position of third most common tree species 2 
35 PAR-MAT Parent material (e.g. 2112= soft limestone) 4 
36 DRA-CLAS Drainage class (e.g. W= well drained) 1 
37 WATER-AV Availability of water to principal tree species in the growing season 

(e.g. 2= sufficient) 
1 

38 SATU Period of saturation (e.g. W= never saturated) 1 
39 EXT-DRA External drainage (e.g. R= rapid run-off) 1 
40 FLO-FRQ Frequency of flooding (e.g. N= none) 1 
41 FLO-DUR Duration of flooding (e.g. 2= 1-15 days) 1 
42 D-WATER Depth of standing water (e.g. 2= shallow, 25-50 cm) 1 
43 HGWL Mean highest groundwater depth in cm (e.g. 2= moderately deep, 50-

100 cm)   
1 
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44 LGWL Mean lowest groundwater depth in cm (e.g. 3= deep, 100-150 cm) 1 
45 TWT Type of ground water 1 
46 ROCK-COV Rock outcrop, surface cover (e.g. M= many) 1 
47 ROCK-DIS Rock outcrop, distance between rock outcrop (e.g. 4= 2-5 m) 1 
48 STO-COV Coarse surface fragments, surface cover 1 
49 STO-SIZE Coarse surface fragments, size classes (e.g. B= boulders, 20-60 cm) 1 
50 ERO Main categories of erosion and sedimentation (e.g. WS= Sheet 

erosion) 
2 

51 ERO-AREA Area affected by surface erosion (e.g. 0= 0%) 1 
52 ERO-DEG Degree of surface erosion (e.g. severe) 1 
53 ERO-ACT Activity of surface erosion (e.g. A= active at present) 1 
54 SEL-THK Thickness of surface sealing (e.g. M= medium, 2-5 mm) 1 
55 SEL-CONS Consistency of surface sealing (e.g. E= extremely hard) 1 
56 CRK-SIZE Width of surface cracks (e.g. E= Extremely wide) 1 
57 CRK-DIS Distance between surface cracks (e.g. D= closely packed) 1 
58 SALT-COV Salt coverage (e.g. 1= low, 2-15%) 1 
59 SALT-THK Salt coverage thickness (M= medium, 2-5 mm) 1 
60 SALT-TYP Salt type (e.g. CL= chlorides) 2 
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Summary description of the data contained in the soil profile database: partim soil horizon 
description: 

No. Name Description Size 
1 COUNTRY country code 2 
2 PLOT Observation plot 4 
3 P-NO Profile number 2 
4 HOR-NO Horizon number 2 
5 D-HOR-U Upper boundary of the horizon in cm. Organic surface horizons are 

indicated with negative depth values. The zero depth is per definition at 
the contact between the organic and the mineral soil.  

3 

6 D-HOR-L Lower boundary of the horizon in cm. Organic surface horizons are 
indicated with negative depth values. The zero depth is per definition at 
the contact between the organic and the mineral soil. 

3 

7 D-HOR Lower boundary of the horizon in cm, measured from the contact of the 
upper horizon either organic or mineral and the atmosphere.  

3 

8 HOR-DIST Distinctness of the horizon (use: A, C, G, D) 1 
9 HOR-TOPO Topography of the horizon (use S, W, I, B, X) 1 
10 M-COL Moist colour (e.g. 7.5YR5.5/6 becomes 7.5YR5.5-6.0) 12 
11 D-COL Dry colour (e.g. 1.5Y4/2.5 becomes 1.5Y4.0-2.5) 12 
12 W-COL Wet colour (e.g. 5BG6/1 becomes 5BG6.0-1.0) 12 
13 MOT-COL Colour of mottles (10YR6.0-6.0) 12 
14 MOT-MOI Moisture status of soil when colours were measured of mottles (use: M= 

moist; D= dry; W= wet) 
1 

15 MOT-ABU Abundance of mottles (use: N, V, F, C, M, A) 1 
16 MOT-SIZE Size of mottles (V, F, M, C) 1 
17 MOT-CNT Contrast of mottles (F, D, P) 1 
18 MOT-BDR Boundary of mottles (S, C, D) 1 
19 MOT-RED Reducing conditions present (use: Yes= Y; No= N) 1 
20 MOT-OXIM Oximorphic mottles present (use: Yes= Y; No= N)  1 
21 MOT-REDU Reductomorphic mottles present (use: Yes= Y; No= N)  1 
22 TEX-CLAS Texture class (e.g. S= sand; SiL= Silty loam; SiCL= Silty Clay Loam) 4 
23 TEX-MT Method used to determine the texture (use: FT= Finger Test; LD= 

Laboratory Data) 
2 

24 GRAVEL Abundance of rock fragments (use: 0, 1, 2, 3, 4, 5, 6) 1 
25 GRAVEL-SIZE Size of rock fragments (use single code or combination codes) 2 
26 GRAVEL-SHP Dominant shape of rock fragments (use: F, A, S, R) 1 
27 GRAVEL-WTH State of weathering of rock fragments (use: F, W, S) 1 
28 GRAVEL-TYP1 Nature of rock fragments, most common mineral (e.g. QU= quartz) 2 
29 GRAVEL-TYP2 Nature of rock fragments, second most common mineral 2 
30 GRAVEL-TYP3 Nature of rock fragments, third most common mineral 2 
31 ODOUR Soil Odour (use: N, P, S) 1 
32 ANDIC Andic properties (use: yes=Y; no:= No) 1 
33 STRUCT Primary soil structure, type (use: a defined number between 1-10) 2 
34 STRUCT-GRD Primary soil structure, grade (use: WE, MO, ST). If no structure present 

use SG= single grain; or MA= massive and leave following 6 structure 
columns blank. 

2 

35 STRUCT-SIZE Primary soil structure, size (use a single or a combined size class) 2 
36 STRUCT-RLS Relation between primary and secondary structure (use: A= ‘and’ both 

present one besides the other; B= ‘breaking’, primary breaking into 
secondary structure; M= ‘merging’) 

1 

37 STRUCT2 Secondary soil structure, type 2 
38 STRUCT2-GRD Secondary soil structure, grade 2 



Adapted Guidelines for Soil Profile Description  

 

 

272 

39 STRUCT2-SIZE Secondary soil structure, size 2 
40 D-CONS Consistency when dry (e.g. SHA= slightly hard) 3 
41 M-CONS Consistency when moist (e.g. FR= friable) 3 
42 W-CONS-S Consistency when wet, stickiness (e.g. SNT= non sticky 3 
43 W-CONS-PL Consistency when wet, plasticity (e.g. SPP= slightly plastic to plastic) 3 
44 CUT-ABU Cutanic features, abundance (e.g. V= very few) 1 
45 CUT-CNT Cutanic features, contrast (e.g. F= faint) 1 
46 CUT-TYP Cutanic features, nature/type (e.g. CS= clay and iron oxides) 2 
47 CUT-LOCA Cutanic features, location (e.g. BL= below on stones) 2 
48 POR Total porosity, abundance (e.g. 3= medium) 1 
49 CEM-CTN Cementation, continuity (e.g. D= discontinuous) 1 
50 CEM-STRUCT Cementation, structure (e.g. D= nodular) 1 
51 CEM-TYP Cementation, nature/type ((e.g. K= carbonates) 2 
52 CEM-DEG Cementation, degree (e.g. C= cemented) 1 
53 OBS Depth to any limiting horizon (e.g. 150 cm) 3 
54 NOD-ABU Nodules, abundance (e.g. N= none) 1 
55 NOD-KIND Nodules, kind (T= crystal) 1 
56 NOD-SIZE Nodules, size (e.g. V= very fine) 1 
57 NOD-SHP Nodules, shape (e.g. R= rounded) 1 
58 NOD-HARD Nodules, hardness (e.g. H= hard) 1 
59 NOD-TYP Nodules, nature/type (e.g. C= clay) 2 
60 NOD-COL Nodules, colour (e.g. YE= yellow) 2 
61 ROO-ABU1 Very fine roots, abundance (V= very few) 1 
62 ROO-ABU2 Fine roots, abundance 1 
63 ROO-ABU3 Medium roots, abundance  1 
64 ROO-ABU4 Coarse roots, abundance 1 
65 ROO Effective rooting depth (in cm) 3 
66 BIO-ABU Other biological features, abundance 1 
67 BIO-KIND Other biological features, kind 2 
68 CAR-PR Carbonates: matrix calcareous (Y= yes; N= no) 1 
69 CAR-SEC Carbonates, at least partly secondary (Y= yes; N= no) 1 
70 CAR-TYP Carbonates, type. User defined, please provide translation of used codes 

(e.g. PS-MYC= pseudo mycelia) 
8 

71 GYP-PR Gypsum, presence (Y= yes; N= no) 1 
72 SALT-PR Readily soluble salts, presence (Y= yes; N= no) 1 
73 MMM Man made materials. User defined, please provide translation of used 

codes (e.g. AR= presence of artefacts) 
4 

74 HTM Human transported material. User defined please provide translation of 
used codes (e.g. MS= mine spoil) 

4 

75 HOR-DISC Soil horizon designation, discontinuities (e.g. A-B-2B-3B-3C) 1 
76 HOR-MAS Soil horizon designation, master symbol (e.g. A, E, B, C, EB, E/B)  3 
77 HOR-SOR Soil horizon designation, subordinate symbols (e.g. Bhs) 4 
78 HOR-VER Soil horizon designation, vertical subdivision (e.g. A-E-B1-B2…) 1 
79 ROC Depth to underlying bedrock (e.g. 150 cm), if less than 200 cm 3 
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Example of a data reporting sheet, partim Site Description: 
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Example of a data reporting sheet, partim Soil Horizon Description: 
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SUMMARY 
 
52 laboratories participated in the 4th FSCC Interlaboratory Comparison 2005-2006. Seven 
laboratories reported outliers and stragglers for more than 20 % of the analyses, based on the between-
laboratory variability, and six laboratories based on the within-laboratory variability. Problem 
parameters are (1) the heavy metals and S extracted by Aqua Regia, (2) the exchangeable elements, (3) 
carbon content in samples with low organic carbon content and (4) the calcium carbonate 
determinations. Three years after the 3rd FSCC Interlaboratory Comparison 2002-2003, more 
laboratories use the reference methods, have a higher experience with these reference methods, make 
more use of reference material and control charts but less laboratories are accredited for the reference 
methods. The coefficients of variation of all groups of analysis have improved except for the total 
nitrogen which was probably due to the fact that three samples had very low nitrogen content. 
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1 INTRODUCTION 
ICP-Forests of UN-ECE initialised in collaboration with the EC a programme for the assessment and 
monitoring of air pollution effects on forest ecosystems in Europe. The major objective of the 
programme was to realise a better understanding of the air pollution processes. The study of the forest 
soil condition is an important part of this forest monitoring programme.  
 
During the period 1985 – 1998 a first European-wide forest soil survey was carried out (participation 
of 31 countries). Two intercalibration exercises have been done within the framework of this survey. 
A first Intercalibration exercise, with 22 participating countries, used 4 standard soil samples and 
aimed at comparing different national analysis methods (Van der Velden and Van Orshoven, 1992). 
This comparison revealed a high variance between the results obtained by different methods and 
established the need for harmonisation of the methodologies. Therefore a second Intercalibration 
Exercise (Vanmechelen et al., 1997), with 26 participating laboratories, using 2 soil samples, was 
conducted in 1993, simultaneously with the analysis of the collected soil samples of the Level I plots. 
Laboratories using national methods were recommended to analyse the standard soil samples with 
both national and reference methods, in order to provide a basis for comparison. Once more the 
existing variance, especially between different methods, asked for the uniform use of reference 
methods. 
 
In view of a second European wide soil survey, harmonisation and improvement of the analytical 
techniques is indispensable. In order to assure the quality of the data obtained by soil analysis, the 10th 
Forest Soil Expert Panel (Warsaw, 2000) decided to proceed to a third Intercalibration Exercise. 
This third ring test (2002-2003) provided insight in the quality of soil analysis results and thus the 
quality of the future Forest Soil Database. A revision of the ‘Manual on sampling and analysis of soil’ 
(FSCC, 2003) was a first step in this harmonisation process. All participating countries in the third 
ring test were requested to use the recently proposed reference methods which are mainly based on 
ISO-standards. The laboratories improved for the ‘easy’ parameters such as pH, organic carbon and 
total nitrogen. However, in the analyses of extractable and exchangeable elements no clear 
improvements could be demonstrated. 
 
On the onset of the EC Forest Focus demonstration project “BioSoil”, the FSCC proceeded in 2005 
the FSCC with a fourth Interlaboratory Comparison. All analyses in the BioSoil project will need 
to be done by laboratories which perform well in the FSCC Intercalibration Exercises. The analytical 
methods allowed in this interlaboarotry comparison were exactly the same as in 2002-2003. Also the 
methodology of the statistical analysis of the ring test was exactly the same, allowing to detect 
possible progress. 

2 MATERIALS AND METHODS 

2.1 Selection of the laboratories 

FSCC asked the National Focal Centres (NFC) of ICP Forests to select laboratories for the ring test. 
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Initially 55 laboratories from 27 European countries registered by the end of May 2005. Three 
laboratories (n° 17, 25 and 65) registered but did not further participate in the ring test. These 
laboratories will not be mentioned in the further discussion. This means that a total of fifty two 
laboratories analysed the soil samples and reported their results to FSCC. Their addresses are listed in 
Annex 1. 

2.2 Sample characterisation 

2.2.1 Sampling location 

Seven samples were sent to each of the participating laboratories in June 2005. This included 4 
mineral soil samples (A, B, C and D), one forest floor sample (E) and two digested samples in an 
Aqua Regia extraction (F and G). These samples were taken under forest conditions in different 
regions of Europe (Austria, France, Belgium, Norway, Germany). Since the previous ring test was 
criticised for its selection of extreme soil samples - sample A was very poor in nutrients, and sample B 
was very calcareous – more moderate soil samples were selected.  
 
Sample A was taken from the 20-40 cm depth layer in a monoculture beech (Fagus sylvatica) forest in 
Austria. This silty clay sample is a relatively nutrient rich forest soil sample (CEC > 25 cmol(+)/kg 
soil). Sample B is a loamy soil sample also taken from the 20 -40 cm layer of a mixed Flemish 
deciduous forest where Pedunculate oak (Quercus robur) and beech (Fagus sylvatica) dominate. 
Sample C is a sandy loam soil from a mixed beech (Fagus sylvatica) and Sessile oak (Quercus 
petraea)  in north France. The soil profile is decarbonated following an irregular boundary and shows 
clay elevation/illuviation [FAO (1989) Calcic Luvisol]. Sample D is a poor sandy soil sample from 
Germany. Sample E is a Flemish forest floor sample from the F-layer of a beech forest (Fagus 
sylvatica). Samples F and G were samples which have been distributed after digestion for the analysis 
of aqua regia extractable elements only. Sample F is the same sample as Sample B. Sample G comes 
from the B horizon, enriched in Fe and Al, of a Cambic Arenosol in Norway. 
 
Table 1 gives an overview of the properties of the seven soil samples, based on the results of the 
analyses of all participating laboratories in the 4th FSCC Interlaboratory Comparison, making 
abstraction of the outliers. 
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Table 6: List of measured parameters with per sample, the mean value and the number of 
laboratories (N°) on which the values are based after outliers had been excluded 

Element   A B C D E  F   G 
    N° Mean N° Mean N° Mean N° Mean N° Mean N° Mean   N° Mean   
Moisture content  % 36 3.7 39 0.8 39 0.6 36 0.4 39 3.0             
Particle size: clay % 32 40.4 31 10.7 31 10.1 27 3.9                 
Particle size: sand % 27 10.9 29 44.4 32 55.5 29 88.5               
Particle size: silt % 31 43.0 28 41.4 30 32.8 30 7.4                 
pH(CaCl2)   45 5.7 46 3.8 47 4.1 46 4.3 45 3.7             
pH(H2O)   42 6.4 41 4.3 43 4.9 42 4.6 43 4.5             
Carbonates g/kg 20 1.5 21 1.5 20 1.4 21 1.6 19 1.7             
Organic Carbon g/kg 41 45.4 39 6.5 36 5.9 34 1.7 37 244.1             
Total N g/kg 45 3.4 42 0.4 43 0.4 47 0.2 43 11.1             
Exchangeable Ac. cmol(+)/kg 34 0.27 36 3.64 37 1.83 38 0.76 38 4.06             
Exchangeable Al cmol(+)/kg 36 0.04 36 3.41 33 1.56 38 0.58 37 1.16           
Exchangeable Ca cmol(+)/kg 42 21.17 38 0.12 43 2.60 33 0.04 44 15.35           
Exchangeable Fe cmol(+)/kg 35 0.02 37 0.11 40 0.07 39 0.02 40 0.33           
Exchangeable K cmol(+)/kg 37 0.47 37 0.07 35 0.06 36 0.02 38 1.49           
Exchangeable Mg cmol(+)/kg 37 3.72 32 0.04 35 0.14 35 0.03 39 2.87           
Exchangeable Mn cmol(+)/kg 40 0.25 33 0.03 28 0.02 41 0.03 36 1.52           
Exchangeable Na cmol(+)/kg 38 0.12 31 0.04 36 0.06 36 0.04 35 0.25           
Free H+ acidity cmol(+)/kg 34 0.16 35 0.31 30 0.27 35 0.21 35 2.28             
Extractable Al mg/kg 33 28719 31 8429 32 7940 32 6495 32 4911.4 28 118.6 mg/l 29 193.6 mg/l
Extractable Ca mg/kg 38 4153.8 37 258.6 38 717.1 38 360.9 42 3413.2 31 8.3 mg/l 37 29.6 mg/l
Extractable Cd mg/kg 31 0.542 28 0.116 30 0.130 30 0.128 33 0.403 25 0.01 mg/l 27 0.003 mg/l
Extractable Cr mg/kg 35 49.8 35 20.4 34 15.9 30 6.3 36 21.6 30 0.3 mg/l 29 0.3 mg/l
Extractable Cu mg/kg 39 40.5 40 2.8 41 2.5 37 1.9 39 13.6 28 0.04 mg/l 31 0.1 mg/l
Extractable Fe mg/kg 34 34952 37 11556 36 7788 36 7392 37 9307.4 32 129.9 mg/l 36 219.2 mg/l
Extractable Hg mg/kg 14 0.158 14 0.154 13 0.022 12 0.020 13 0.210 7 0.0003 mg/l 8 0.0002 mg/l
Extractable K mg/kg 39 3321.5 39 1351.3 39 697.9 39 321.2 41 1734.7 32 24.2 mg/l 33 29.2 mg/l
Extractable Mg mg/kg 37 4482.7 41 1231.1 39 878.9 38 1544.8 38 1345.2 31 16.0 mg/l 33 37.6 mg/l
Extractable Mn mg/kg 38 1987.4 41 106.4 40 74.3 41 255.8 41 500.7 32 1.2 mg/l 32 5.1 mg/l
Extractable Na mg/kg 32 184.9 34 51.9 35 52.9 29 36.3 31 86.1 28 4.6 mg/l 30 4.5 mg/l
Extractable Ni mg/kg 34 45.6 35 4.9 33 6.0 33 7.0 33 10.2 23 0.1 mg/l 27 0.2 mg/l
Extractable P mg/kg 33 489.4 33 101.6 31 66.9 33 272.4 33 635.6 28 1.2 mg/l 26 7.5 mg/l
Extractable Pb mg/kg 35 45.7 41 8.0 37 7.3 37 3.3 40 59.3 30 0.1 mg/l 32 0.1 mg/l
Extractable S mg/kg 22 357.2 16 76.7 21 52.5 18 76.0 24 1195.0 18 1.1 mg/l 19 1.3 mg/l
Extractable Zn mg/kg 36 117.4 41 19.0 41 16.6 42 20.3 41 59.8 33 0.3 mg/l 31 0.7 mg/l
Reactive Al mg/kg 24 2487.8 21 1365.2 23 743.6 23 1082.3 21 733.7             
Reactive Fe mg/kg 25 6876.4 21 2834.6 24 935.3 24 1855.4 24 2204.9             

2.2.2 Sample preparation and homogenisation 

Prior to sending the soil samples to the laboratories, the samples were checked for homogeneity. 
Samples were air dried at 40°C and subsequently milled above a 2 mm sieve. The samples have been 
homogenised by riffling and divided over 100 subsamples (2 riffling cycles). Of each of the five 
sample (A, B, C, D and E), 8 subsamples were selected at random and sent to the laboratory for 
organic carbon and Modified Kjeldahl N. The variation between the subsamples was not bigger than 
the variation within the sample and therefore they were considered to be homogeneous. 

2.2.3 Distribution of samples and submission of results 

Samples were sent to the participating laboratories on the 22nd of June 2005, one week later than 
initially announced. Since FSCC was late to distribute the soil samples, the submission deadline was 
postponed with two weeks, 28 October 2005 instead of the initially announced deadline of 14 October 
2005, for both the questionnaire and the ring test results. 
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2.3 Soil Analysis Methods 

2.3.1 Guidelines for soil sampling and analysis 

Laboratories were requested to use the methods as described in the revised ‘Submanual on Sampling 
and Analysis of Soil’ (FSCC, 2003). As seen from Table 2, all these methods are based on the ISO-
standards. In contrast to the previous interlaboratory comparison, the analysis of total elements was 
not included in this comparison because these parameters are of no immediate relevance for the 
“BioSoil” project (where total elements are only optional parameters on Level II plots). However this 
did not increase the overall participation in the ring test. Many laboratories analysed only a limited set 
of parameters, which is worrying toward the upcoming BioSoil survey where all mandatory and 
optional parameters on all Level I plots should be analysed following the reference methods. For 
example only 69 % (36 laboratories) did determine the soil texture by analytical laboratory 
procedures. Not more than 26 of these laboratories used the reference method, which is the pipette 
method, which means that only 50% of the laboratories could analyse soil texture according to the 
reference method.  
 

Table 7: Methods recommended by the manual on soil sampling and analysis 

Analysis Reference 
Method 

Decription

Particle Size Distribution ISO 11277 Pipette method 
Soil pH ISO 10390 Potentiometric pH (volumetric) 
Carbonate Content ISO 10693 Calcimeter 
Organic Carbon Content ISO 10694 Total Organic Carbon by dry combustion 
Total Nitrogen Content ISO 13878 

ISO 11261 
Elemental analysis by dry combustion 
Modified Kjeldahl method 

Exchangeable Acidity and Free H+ Acidity 
Exchangeable Cations 

ISO 14254 
ISO 11260 

Titration or German method 
Extraction by 0.1 M BaCl2 

Aqua Regia Extractant Determinations ISO 11466 Extraction by Aqua Regia 
Reactive Fe and Al  ISRIC 1992 Extraction by Acid Oxalate  

 

Although the use of the reference methods will be mandatory during the next soil survey, not all the 
laboratories used these reference methods for all types of analysis. More details on the use of the 
reference methods in this interlaboratory comparison can be consulted in Annex 2 and 3. Annex 3 
contains a proposal for a coding system on the methodology. This coding system is based on the 
system proposed by Fürst (2006).  

2.3.2 Questionnaire 

All participating laboratories were asked to fill in a questionnaire in which they were asked to provide 
additional information to the FSCC on the laboratory practices. Questions were arranged according to 
eight groups of analyses. In contrast to the previous FSCC Interlaboratory Comparison, the group N° 8 
of the Total elements was not included. The full questionnaire can be consulted in Annex 6 of the 
report, which can be found on the attached CD. 
 
The questionnaire addressed the following topics: 
– General information on the laboratory: 

o Statute of the laboratory (university, government, private and other) 
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o Type of the laboratory (soil, plant or general laboratory) 

o Whether the laboratory is specified in forestry or not 

o N° of laboratory personnel 

o Since when the laboratory is operational 

o Whether the laboratory is certified  

o Whether the laboratory participates in other interlaboratory comparisons 

 

– Information on the conducted analyses: 

o Analysis performed by own laboratory or subcontracted 

o Used methods (reference methods versus non-reference methods) 

o Accreditations 

o Frequency of use of the reference method (daily, weekly, monthly, few times a year, 
annually, less than once a year) 

o Information on the used laboratory equipment 

o Experience of the laboratory with the reference method 

o Quality assurance programme: 

 Use of reference material (international, national or local reference material) 

 Type of reference material (matrix or method reference material) 

 Use of calibration standards 

 Use of control charts 

 Repeatability/reproducibility conditions  

2.3.3 Data reporting 

Each parameter had to be measured in three replicates. Laboratories reported the values of the three 
replicates of each analytical in a preformatted Excel-spreadsheet or as a hard copy, using a separate 
sheet for each soil sample by the end of October 2005. 

2.3.4 Problems of rounding  

Laboratories reported the fixed number of digital numbers according to manual. However, 
concentrations were sometimes very low, especially of the aqua regia extractable Cd, Hg and Cu. The 
manual requires results of the aqua regia elements of up to one digit after the comma (unit = mg/kg). 
In these few case, reporting a limited fixed number of digits, caused a false reporting of null values. 
Therefore FSCC suggests to increase the number of digits to at least one significant digit. Otherwise 
no distinction can be made between real null values (reported as “0”) and false null values (truncated 
small values) once the data have been entered in the database.  

2.3.5 Problems of quantification limit 

Laboratories were asked to indicate a negative value sign in front of the measured value, when the 
concentration of the parameter was below quantification limit. However, still some zero values have 
been reported when these values were no real zero’s (see also 2.4.2). Therefore it would be better to 
follow the methodology which is also applied in the other disciplines of the ICP Forests programme. 
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When a laboratory measures 0.4 ppm and its quantification limit is 0.5 ppm, the laboratory should 
report “<0.5 ppm”. Information on the reported LOQ values is given in Table 3. 
 

Table 8: Average of reported LOQ values 

 Sample 
Element A B C D E F G 
Moisture content 0.1 0.1 0.1 0.1 0.1   
Particle size: clay 1.5 0.6 0.6 0.6    
Particle size: sand 1.5 0.6 0.6 0.6    
Particle size: silt 0.4 0.4 0.4 0.4    
pH(CaCl2) 0.3 0.3 0.3 0.3 0.3   
pH(H2O) 0.3 0.3 0.3 0.3 0.3   
Carbonates 2.5 2.8 2.8 2.8 3.2   
Organic Carbon 1.3 1.2 1.2 1.2 1.7   
Total N 0.1 0.1 0.2 0.1 0.5   
Exchangeable Acidity 0.20 0.21 0.21 0.21 0.23   
Exchangeable Aluminium 0.21 0.20 0.20 0.20 0.22   
Exchangeable Ca 0.22 0.21 0.23 0.22 0.25   
Exchangeable Fe 0.05 0.04 0.05 0.04 0.05   
Exchangeable K 0.23 0.23 0.23 0.23 0.23   
Exchangeable Mg 0.18 0.18 0.18 0.18 0.19   
Exchangeable Mn 0.03 0.03 0.03 0.03 0.03   
Exchangeable Na 0.18 0.18 0.18 0.17 0.18   
Free H+ acidity 0.21 0.25 0.23 0.21 0.25   
Extractable Al 77.0 78.4 76.9 77.1 76.1 1.7 1.9 
Extractable Ca 52.8 50.4 49.6 49.6 45.9 8.0 7.8 
Extractable Cd 0.53 0.48 0.52 0.52 0.52 0.30 0.29 
Extractable Cr 3.1 3.2 3.3 3.3 3.3 2.2 2.2 
Extractable Cu 2.2 1.9 2.0 2.0 1.9 1.3 1.3 
Extractable Fe 118.0 74.0 86.8 78.3 75.5 0.9 1.5 
Extractable Hg 0.34 0.24 0.34 0.34 0.34 0.04 0.04 
Extractable K 96.7 81.3 81.4 80.4 74.2 30.8 29.9 
Extractable Mg 42.9 38.3 38.1 38.6 33.3 9.1 8.9 
Extractable Mn 17.9 7.6 7.5 8.0 7.2 0.6 0.6 
Extractable Na 21.7 20.9 21.3 20.9 20.6 4.0 4.0 
Extractable Ni 1.6 1.5 1.6 1.6 1.5 0.8 0.4 
Extractable P 41.6 35.3 35.0 34.3 32.8 0.5 0.5 
Extractable Pb 2.5 2.4 2.4 2.4 2.4 0.4 0.4 
Extractable S 135.0 136.0 134.2 134.2 128.6 0.5 0.5 
Extractable Zn 2.2 2.0 2.0 2.2 2.0 0.4 0.4 
Reactive Al 44.6 44.6 44.6 44.6 44.6   
Reactive Fe 48.4 48.4 48.4 48.4 48.4   

 

2.3.6 Data entering and data integrity check 

After data have been entered in the database, each of the laboratories received a copy of their data in a 
PDF-file by the 16th of December 2005. The documents were in exactly the same format (same 
number of digits, etc.) as the data were entered in the system. Laboratories could check, comment and 
correct the reported values if needed till the 6th of January 2006. 
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2.4 Statistical data analysis 

2.4.1 General characteristics of data analysis methodology 

The statistical data analysis was based on the international standard ISO 5725-2 ‘Accuracy (trueness 
and precision) of measurement methods and results – part 2: Basic method for determination of 
repeatability and reproducibility of a standard measurement method’ (ISO, 1994c). Data analysis was 
done by means of the statistical software package S-plus 6.2 Professional (2003). 
This transparent and easily to interpret add some specific items to the classical procedure: 
1. The interpretation of statistics has been facilitated by graphs integrating multiple statistical 

parameters. 
2. The procedure is iterative. The presence of very deviant outliers can distort the view of the whole 

distribution. Multiple outliers can mask each other; by eliminating outliers, new outliers and 
stragglers may pop up. After outliers are eliminated, the statistical analysis is repeated to study the 
distributions in order to trace ‘new’ outliers or stragglers. This iterative procedure will continue 
until no new outliers are found. 

3. The procedure allows the comparison of different sources of variance:  
sRepr2=sLab2 + sRep2 

 
where sRepr2 estimation of the reproducibility variance  

  sLab2 estimation of the between-laboratory variance 
sRep2 estimation of the repeatability (within-laboratory) variance 
 

The reproducibility (Repr) is a measure of agreement between the results obtained with the same 
method or identical test or reference material under different conditions (execution by different 
persons, in different laboratories, with different equipment and at different times). The repeatability 
(Rep) is a measure of agreement between results obtained with the same method the same conditions 
(job done by one person, in the same laboratory, with the same equipment, at the same time or with 
only a short time interval). The between-laboratory variance is a measure of agreement between the 
results obtained with the same method or identical test or reference material in different laboratories.  

2.4.2 Treatment of reported zero’s, detection limits and missing values  

“Zero” values: Many laboratories reported “zero’s”. The chance that these “zero’s” are real zero’s is 
very small. A real zero means that the analysed element is not present in the soil sample. This is not 
easy to detect because each method has its own quantification limit below which the measurement can 
not be quantified in a reliable way. Usually reported zero’s are truncated small values. A truncated 
small value is a small measured value (but still higher than the quantification limit) that, by rounding 
to a certain precision is truncated to a zero in the database.  
After the first statistical analysis, all laboratories reporting zero values have been contacted. In most 
of the cases the truncated small values could be defined and have been replace by the small positive 
values if above the quantification limit. This means that the number of zero’s in the  dataset is 
minimized.  
“Values below quantification limit”: Laboratories have been asked to indicate a negative value when 
the concentration of a certain parameter was below detection limit and to report the quantification 
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limit. However, this rule was not always consistently applied by all laboratories. To guarantee 
consistency throughout the dataset, FSCC replace the values below the quantification limit (whether 
they were negative values, zero’s or small positive values) by the “LOQ/2”. 
“Missing values”: Parameters which where not analysed by a certain laboratory have been removed 
from the dataset for the statistical analysis.  
All analyses had to be analysed in triplicate. However some laboratories reported for certain 
parameters only one or two replicates. When only one replicate was reported, this observation could 
not be included in the final evaluation of the inter- and intralaboratory variability for basic statistical 
reasons. When two observations have been reported, the parameter was included in the statistical 
analysis.  
During the first analysis round, some “missing values” did received also the LOQ/2 values because in 
some cases laboratories did report LOQ values but no measurement. The replacement by LOQ/2 was 
performed automatically but erroneously on these empty cells. In the next analytical round, these false 
observations had been removed from the dataset. 

2.4.3 Coefficients of variation (CV) 

Based on the general mean (Mgen) and the reproducibility variance (sRepr), the coefficient of 
variation could be calculated. This parameter allows a rough comparison with previous ring tests. The 
coefficient of variation is defined as:  

CV = 100×
µ
σ

 = 100Re
×

Mgen
prs

 

Where  σ = General standard deviation (estimated by the sRepr in the Mandels h/k plot) 
µ =  General mean  (estimated by the Mgen in the Mandels h/k plot) 

 
The CV provides an idea of the average deviation for a certain parameter. As the CV is standardised, it 
is possible to compare the CV’s of the different parameters, and rank the analysed parameters 
according to their CV. 

2.5 Research objectives 

The aim of the statistical analysis is to investigate three research questions: 
Which laboratories are performing well and which poorly? These questions will be answered 

according to the between-laboratory variance (Mandel’s h) and according to the within-

laboratory variance (Mandel’s k). 

Since the laboratories were assumed to report results obtained under repeatability conditions, it is 

expected that the variance within the laboratories (sRep2) will be smaller than the variance 

between de laboratories (sLab2) in the equation: 

sRepr2=sLab2 + sRep2   Where :  sRep2 < sLab2 
In other words, we expect that laboratories will be rather discarded from the laboratory population 

– and the calculation of the mean and standard deviation - based on the between-laboratory 
variance and not on the within-laboratory variance. Since the FSCC does not have any 
information on the repeatability conditions, a few additional questions were added to the 
questionnaire. 
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Not all the laboratories reported all parameters. Can laboratories improve their performance in the 

statistical analysis by reporting less parameters, especially of more complex analysis methods, 

in order to lower the risk of being evaluated as a poor performing laboratory? 
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3 RESULTS AND DISCUSSION 

3.1 Questionnaire 

3.1.1 Participation 

Table 4 gives an overview of the registered and participating laboratories of each country. The column 
‘questionnaire’ shows whether the laboratories delivered a completed questionnaire or not. Contact 
addresses of the participating laboratories can be consulted in Annex 1. Three laboratories (N° 48, 49 
and 68) did not send in the questionnaire. When analyses were conducted by a subcontractor, the 
information related to the subcontracted analyses, has been filled under the name of the head 
laboratory. One exception is for the case of the UK where a second subcontractor for texture analyses 
joined the ring test later and received its own laboratory number. 
 

Table 9: List of participating countries 

Country Registered Results Questionnaire
Austria 1 1 1 
Belarus 1 0 0 
Belgium 3 2 2 
Bulgaria 3 3 3 
Croatia 1 1 1 
Cyprus 1 1 1 
Czech Republic 1 1 1 
Denmark 1 1 1 
Estonia 1 1 1 
Finland 2 2 2 
France 1 1 1 
Germany 15 14 12 
Greece 1 1 1 
Hungary 2 2 2 
Ireland 1 1 1 
Italy 2 2 2 
Latvia 2 2 2 
Lithuania 1 1 1 
Poland 1 1 1 
Portugal 1 1 1 
Romania 1 1 1 
Russia 3 3 2 
Serbia and Montenegro 1 1 1 
Slovak Republic 1 1 1 
Slovenia 1 1 1 
Spain 2 2 2 
Sweden 1 1 1 
United Kingdom 3 3 3 
Total 55 52 49 
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3.1.2 General information on the laboratory 

The general information on the laboratories is summarized in Table 5. 69 % of the laboratories are 
governmental institutes. Most of the participant laboratories are forestry laboratories, which conduct 
besides soil and plant analysis also other types of analyses. The majority of them is participating in 
other ring tests too. The size of the laboratories varies largely: from 1 to 60 laboratory workers. 
 

Table 10: General information on the laboratories 

Statute N° Labs % 
Governmental Institute 34 69 
University 9 18 
Other 3 6 
Private laboratory 3 6 
Type N° Labs % 
General 23 47 
Plant & Soil 16 33 
Soil 10 20 
Forestry N° Labs % 
Specialised in forestry 35 71 
Not specialised in forestry 14 29 
Permission public use info N° Labs % 
Yes 25 51 
No 24 49 
Participation other RT N° Labs % 
Yes 44 90 
No 5 10 
  N° personnel Working since 
Average 14 1970 
Median 7 1972 
Max 60 1999 
Min 1 1857 

 

3.1.3 Use of the reference methods 

Although the use of the reference methods was mandatory for the ring test, still several laboratories 
used the national methods. Of all analyses, 82% was done according to the manual while in the 3rd 
FSCC Interlaboratory Comparison this was only 65%. Figure 1 gives an overview of the use of the 
reference methods for the different groups of types of analyses. Annex 2 provides this information for 
each laboratory. 
As shown in Figure 1 the reference method is nearly always used for the determination of the pH. The 
calcium carbonate analysis by the use of the calcimeter is the least successful reference method. Of 
the non reference method users, most laboratories used an element analyser (e.g. LECO) or titration, a 
TOC analyser or by colorimetric detection of CO2 for the carbonate determination. More information 
on the methods used can be found in Annex 3. 
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Figure 1: Use of the reference methods 

The experience of the laboratories with the reference methods is shown in Figure 2. Only laboratories 
that effectively used the reference methods are included in this figure. 
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Figure 2: Experience with the reference methods 

 
Three years after the previous ring test, laboratories have become more familiar with the reference 
methods. They report to have a high level of experience with the reference method in 47 % (>< 3RT: 
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30%) of the analyses, normal level of experience in 43 % (>< 3RT: 45%) and low level of experience 
in 8 % (>< 3RT: 24%) of the analyses. 

3.1.4 Quality assurance and quality control 

Reference materials come in various sorts and prices. International Reference Materials (IRM) are 
expensive and are only used when really needed. National Reference Materials (NRM) are in many 
cases easier to get and often not that expensive. They are in most cases issued by national laboratories 
and very useful to ensure the quality over the laboratories within a country. Local Reference Materials 
(LRM) are (to be) prepared by the laboratory itself and can be easily prepared in large quantities, very 
cheaply. It can also be made in the correct concentration ranges for the more important parameters. 
Especially these LRM have a high importance for the QA/QC activities. Guidelines for the preparation 
of local reference materials are included in the FSCC Manual on sampling analysis and of soils 
(FSCC, 2003). 
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Figure 3: Use of reference material for the different parameters 

 
Figure 3 provides an overview of the types of reference material used in the 4th FSCC Interlaboratory 
Comparison. Overall, reference material is used for 86 % of the analyses. For 71 % of the analyses, 
local reference material has been used, either on its own, or in combination with NRM or IRM. In the 
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3rd FSCC Interlaboratory Comparison reference material was only used in 77 % of the analyses. The 
use of reference material is common for most of the analyses, but rather on the poor side for texture 
analysis. 
 
The most common and transparent follow up of LRM is through control charts. The LRM is 
systematically resampled in each batch or series of soil samples. The results of the repeated analysis of 
the LRM allow the evaluation of the stability of the method/equipment overtime. The manual strongly 
recommends to map all LRM analyses over time in a control chart. There is an improvement in the use 
of control charts. For 65% of all analyses, control charts were used to evaluate the internal variance of 
the laboratory, compared to 50 % in the 3rd FSCC Interlaboratory Comparison (see Figure 4).  
 
Calibration standards are commonly used, as 63% of the analyses included internal calibration 
standards, compared to 73 % in the previous FSCC Interlaboratory Comparison (see Figure 5).  
 
It seems that only a small minority of the participating laboratories has received an accreditation for 
one of the reference methods. Only 11% of the analyses were done by laboratories that were specially 
accredited for these particular analyses compared to 13 % in the previous FSCC Interlaboratory 
Comparison.  
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Figure 4: Use of control charts Figure 5: Use of calibration standards 
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3.1.5 Repeatability and/or reproducibility conditions in the laboratories 

This ring test evaluates the laboratories both on the interlaboratory (between the laboratories) and on 
the intralaboratory variability (within the laboratory). However, within the laboratory there are also 
different levels of variability. One possibility is that the three replicates should have been analysed on 
different days, and by a different operator. Another possibility are perfect repeatability conditions: 
same operator and same day. Since FSCC can impossibly check these conditions, two simple 
questions have been added to the questionnaire: 

1. Have the 3 replicates been conducted simultaneously (i.e. on the same day)? 

2. Have the 3 replicates been analysed by the same operator? 

 
Some laboratories prefer to maximise the within laboratory variability by analysing the soil samples 
on different days and by different operators. But most laboratories tried to minimise this variability by 
analysing the soil samples on one day and conducted by the same operator (See Figure 6). To improve 
the comparability of the ring test results, one strategy should be maintained. Or perfect repeatability 
conditions should be maintained or the within-laboratory reproducibility should be maximised 
(different days, different operators). 
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Figures 6a and 6b: Information on the repeatability/ reproducibility conditions 

 

3.2 Statistical data analysis 

The data analysis within S-plus produced for each parameter (each analysed element) and each sample 
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(A, B, C, D, E, F and G) a total of 7 figures: one histogram and one boxplot of the mean of the three 
reported values, one histogram and one boxplot of the standard deviations, one dotplot of all reported 
values and one Mandel’s h and one Mandel’s k plot. Below the case of ‘particle size clay’ in sample C 
is given as an example. All the figures, arranged per parameter in the same sequence as discussed 
below, can be consulted in Annex 4 on the attached CD-rom. 

3.2.1 Exploratory Data Analysis  

The objectives of the exploratory data analysis are to ‘explore’ the observations. It allows a visual 
evaluation of the data and gives an indication of possible outliers. However, based on these 
exploratory analysis, no observations nor laboratories are excluded from further analysis. 
Two sources of variance are investigated: the inter-laboratory variance (between-laboratory variance) 
and the intra-laboratory variance (within-laboratory variance). Figure 7 and Figure 8 represent the 
inter-laboratory variance. They indicate the position of each laboratory in the population of all 
laboratories. Figure 9 and Figure 10 represent the standard deviations of each laboratory. They yield 
information on the within-laboratory variance. Figure 7 and 9 are histograms, while Figure 8 and 10 
are box-plots. This histograms provide a first rough overview of the distribution of all data reported 
for a certain parameter and sample. The information contained within the histograms is: 

• Visual outliers that are very deviant (lab N° between parentheses and parameter value) 

• Relative frequencies in each class (in %) 

• Density curve (smoothed trend-line) 

• N: Number of observations in the histogram 

• NA: Not Applicable 

• Z: Number of reported zero’s (see above) 

• E: Number of excluded observations from the presentation in the histogram; separately 

mentioned for upper and lower limits of distribution. The first number refers to the left side of 

the diagram, the second number to the right side of the histogram. 

• U: Number of used observations in the calculations of a, m and s 

• a: average value of the U observations 

• m: median value of the U observations 

• s: standard deviation of the U observations 
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Figure 7: Histogram showing relative percentages and a rescaled density curve of the mean of 3 
replicates of the measured parameter ‘Particle size – clay’ on Sample C. The units of the x-axis 
are in %.  
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Figure 8: Box-plot of the mean values reported for sample A for the parameter ‘Particle size - 
clay’. The units of the x-axis are in %. 

 
The information in the box-plot start from the dataset after the first rough cleaning done in the 
histograms where the very deviant visual outliers have been excluded. In this example of particle size, 
clay of sample C, it means that laboratories N° 20 and 71 are not included in the boxplot. The boxplot 
provides following information: 

• Visual outliers (lab N° between parentheses and parameter value). These are placed in the top 

left and top right corner of the figure. On the right side of the figure ‘O’ indicates the number 

of outliers excluded from the box plot, respectively on the lower and the higher range of the 

box-plot. 

• Percentiles Q1 (25%), Q2 (50% or median) and Q3 (75%) 

• N: Number of observations in the box-plot. This N is equal to the U=N-E in the histograms.  

 
Laboratories whose observations correspond to the median value, are put between brackets “< >”; 
observations between Q1 and Q2 are between “< <”, between Q2 and Q3 “> >” 
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Figure 9: Histogram showing relative percentages and a rescaled density curve of the standard 
deviation based on 3 replicates of the measured parameter ‘Particle size – clay’ on Sample C.  
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Figure 10: Box-plot of the standard deviations for sample C for the parameter ‘Particle size 
distribution – clay’. The units of the x-axis are in %. 
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Both histograms and box-plots are based on the observations after the ‘very deviant’ outliers have 
been excluded. ‘Very deviant’ outliers are located more then 3.5 times beyond the inter-quartile range 
(IQR). The IQR is defined as the distance from Q1 to Q3. The criterion to exclude observations is thus 
stronger then the criterion for ‘visual’ outliers as represented in the box-plot (Whiskers are placed at 
1.5 * IQR). It is possible that whiskers are placed on a closer distance than 1.5 * IQR from the box-
plot, in case there are no observations outside the 1.5 * IQR.  
From the text on the right side of Figure 7, can be observed that the histogram is based on results from 
N=33 laboratories. None of the reported values, was a “0” (Z: 0). Two laboratories (laboratory N° 20 
and 71) are excluded from the histogram, so U: 31 are used. Both laboratories reported extremely high 
clay content (35.3% and 53.1%). The average reported clay content of sample C is a: 12.16 %; the 
median clay content is m: 9.4 % and standard deviation s: 9.6 %. In order to allow calculations of 
average, standard deviation and the Mandel’s h and k statistics, data are supposed to have a normal 
distribution. The shape of the density curve (dotted line) should therefore approach the symmetrical 
shape of a normal distribution. 
Figure 8 shows that the laboratories N° 14, 36 and 7 reported the median value of 9.4%. Laboratories 
N° 38, 60, 11, 23, 52 and 58 reported values between the first quartile (Q1) and the median; 
laboratories N° 32, 40, 69, 31, 3 and 8 reported values between the median and the third quartile (Q3). 
Laboratories N° 42, 64, 72, 61, 24, 75 and 63 reported values below the first quartile (Q1) and 
laboratories N° 67, 33 and 59 reported clay contents above the third quartile (Q3). The laboratories 
outside the 1.5 * IQR whiskers, are given with their laboratory number and average value above the 
boxplot. Laboratory N° 12 reported a very low clay content of 1.1 % and laboratory N° 21 reported a 
clay content of 15.6 % which is rather high.  
 
Based on the histogram we would expect that laboratories 20 and 71 will be outliers in the in-depth 
statistical analysis. Based on the boxplots which are more severe, we see that also laboratories N° 12, 
21, 53, 49, 10 and 37 have doubtful results. 
A laboratory can check its performance compared to the other laboratories by studying the dot plots 
(Figure 11). Every dot represents a reported value of a specific parameter. The shape of the dot plot 
follows the sigmoid curve shape of a normal distribution. Laboratories are plotted on the y-axis, 
arranged according to the magnitude of the reported values. Two laboratories (N°20 and 71) reported 
extremely deviant results for the clay content of sample C. The values are given at the top of the graph 
Laboratory N° 20 reported 32.6, 36.7 and 36.7 % and laboratory N° 71 reported 52.3, 53.2 and 53.6 %. 
Values reported by other laboratories can be read on the x-axis. 50 % of the reported values are 
located between 8 % and 12.7 %. Again is seen that laboratories N° 12, 21, 53, 49, 10 and 37 tend to 
be outliers.  
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Figure 11: Dot plot of reported values for each laboratory, cumulatively ordered  

 
This figure also tells something about the internal variance within one laboratory. By way of an 
example, laboratory N° 33 reported three very different results – represented by 3 dots widely 
separated from each other – whereas laboratory N° 67 reported 3 very similar results – represented by 
3 dots very close to each other. For laboratory N° 58 we see only one dot, which probably are 3 dots 
on top of each other. We expect that laboratory N° 33 will have a poor within-laboratory repeatability 
whereas laboratory N° 67 and 58 will have a very good within-laboratory repeatability. 
 
For layout reasons, the dots of laboratory N° 20 and 71 have not been plotted. Their values are so 
deviant from the median value that showing these dots would completely disturb the figure. Therefore 
the reported values of laboratory n° 20 and 71 have been shown separately on top of the figure. 

3.2.2 In-depth statistical data analysis: Mandel’s h and Mandel’ k statistics 

Figure 12 and 13 present the Mandel’s h and k statistics for the parameter ‘Particle size - clay’ of the 
test sample C. The Mandel’s h statistics test the between-laboratory variance. The Mandel’s k statistic 
is a measure for the within-laboratory variance. The information contained within the two figures is: 

• Step x: Iteration number of runs; varies in this ring test from 0 till 7 
• Nlab: Number of laboratories after elimination of outliers 
• Mgen: General mean after outliers have been excluded 
• Fval: tests whether interlaboratory variance σL

2≠0, F test for laboratory effect 
• Pval: tests whether interlaboratory variance σL

2≠0, p value of the F test 
• sRep2: estimation of repeatability variance 
• sLab2: estimation of the between-laboratory variance 
• sRepr2: estimation of the reproducibility variance 
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• CV: coefficient of variation (σ/µ)*100 = sRepr/Mgen*100 
• Excluded laboratories: excluded observations that are statistical outliers, mentioning whether 

it was based on the h or k statistic: 
• “h (H) + Laboratory N°”: laboratory has been excluded based on the h statistics 
• “k (K) + Laboratory N°”: laboratory which has been excluded based on the k statistics 
• E: Excluded observations, mentioning whether it was based on the h or k statistics 
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Figure 12: Mandel’s h statistic for sample C for the parameter ‘Particle size – clay’ 
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Figure 13: Mandel’s k statistics for sample C for the parameter ‘Particle size – clay’ 

 
On both the Mandel’s h and k plots, 4 critical levels are indicated. When the critical level is exceeded, 
the H-null hypothesis “no difference between the mean values” will be rejected.  
(1) Critical value where H0 will be rejected at probability level of 95% 

(2) Critical value where H0 will be rejected at probability level of 99% 

(3) Critical value where H0 will be rejected at probability level of 95% after application of the 

Bonferroni rule. 

(4) Critical value where H0 will be rejected at probability level of 99% after application of the 

Bonferroni rule. 

Statistical outliers are the observations of which the h or k-statistic exceeds the critical value at 
probability level of 99% after application of the Bonferroni rule. Statistical stragglers are the 
observations of which the h or k-statistic are situated between the critical values of probability level 95 
and 99% after application of the Bonferroni-rule. Figures 12 and 13 form the core of the statistical 
analysis and contain all necessary information. They usually confirm the expectations after studying 
Figures 7 till 11. 
 

(1) 
(2) 
(3) 
(4) 

(4) 
(3) 
(2) 
(4) 
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The Mandel’s h statistic of laboratory N° 37 is high, but does not reach critical limit N° (3) (Figure 
12). Together with laboratories N° 10 and 49 it forms the tail of the distribution on the higher range. 
Laboratory N° 12 is located in the tail on the lower side. Laboratories N° 20 and 71 have been 
excluded from the statistical analysis based on the Mandel’s h and laboratory N° 20 also based on the 
Mandel’s k statistics (see lower right corner of Figure 12 (‘E: hk20, h71’). In the exploratory study, 
these same laboratories were indeed excluded from the histograms in Figure 7 (showing the between-
laboratory variance). Laboratory N° 20 was in Figure 10 (showing the within-laboratory variation) the 
one observation point on the right with st.dev. = 2.367.  
 
From Figure 13 is seen that laboratory N° 33 can be considered a straggler because the Mandel’s k 
value is located between the critical value of the 95% and 99% confidence limits. This was already 
expected by studying Figures 7 and 8, where the box plot of the mean values and the dotplot was 
given. Observed stragglers are indicated on the right side of the figure behind the symbol ‘S’. 
 
Note that in Figure 13, the critical limits for laboratory N° 11 and 24 are different. This happens when 
laboratories have reported only two replicates instead of three, which results in wider confidence 
limits. 
 
Remarks:  
1. In this example, no vertical ‘line’ is seen in the Mandel’s k plot for laboratory N° 58. This is 

because the calculated k values is close or equal to “0”. The limit becomes a dot which can 

disappear in the printed version of the output.  

2. Laboratories are excluded through an iterative procedure. A laboratory can, for example, be 

excluded based on the k statistic in the first step. In that case, it cannot be excluded any more in an 

subsequent step if it would have been an outlier for the h statistic in a subsequent step after a 

number of laboratories have been removed and the population composition was altered. A check 

has been included in the procedure where the excluded laboratory is compared with the laboratories 

left in the population, in this case, for the h statistic. If the laboratory appears to be an outlier for 

the h statistics as well, it receives a ‘h’ (in addition to the ‘k’) in front of its lab number. A similar 

procedure is applied when a laboratory is excluded based on the h statistic and checked for the k 

statistics in a later step (a ‘k’ in front of the ‘h + lab number’). 

Sometimes it happens that, when performing the check in subsequent steps, a laboratory which was 
an outlier before, suddenly is not an outlier any more. This is possible when many laboratories have 
been excluded from the population and confidence limits have become wider till the original outlier 
falls again within the normal population. In that case, the original exclusion is restored, indicated 
on the right side of the Figures showing the Mandel’s h statistics, by the laboratory number, 
followed by a small ‘k’ or ‘h’. 

3. In the case of calcium carbonate content of sample C and D, many laboratories reported a “0” 

value. In such a case, laboratories reporting positive values, have been excluded based on the h or k 

statistic. When during the check, these laboratories are compared to the population of laboratories 

reporting “0” values, a problem arises in calculating any of the statistics (mean of 0, standard 

deviations of 0,...). When this happens, the small ‘h’ or ‘k’ has been altered in a capital ‘H’ or ‘K’. 
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3.2.3 Laboratory performance based on the number of outliers 

The Mandel’s h and k plots in Annex 4 visualise the occurrence of outliers and stragglers. The 
Mandel’s h statistics inform about the performance of the laboratory compared to the whole 
population of laboratories. The Mandel’s k statistics provides information on the within-laboratory 
variance. When a laboratory is excluded from the h or k statistics, it is considered as an indicator of 
poor quality of that laboratory.  
Table 6 summarizes the Mandel’s h and k plots given in Annex 4. For each laboratory and each 
analysed parameters a score has been given based on the frequency that a laboratory has been 
excluded: 
(+++): all reported values are within the bulk of the data 
(++): between 80 and 100 % of the reported values are within the bulk of the data (80 % included) 
(+): between 60 and 80 % of the reported values are within the bulk of the data (60 % included) 
(-): between 40 and 60 % of the reported values are within the bulk of the data (40 % included) 
(--): between 0 and 40 % of the reported values are within the bulk of the data (0 % not included) 
(---): none of the reported values are within the bulk of the data. 
Empty cell = not analysed 
 
Based on the information in this table, the problem parameters for each individual laboratory can be 
identified. FSCC recommends to consult the more detailed graphs in Annex 4 to study the problem 
parameter more into detail. In Annex 4 for each sample the reported values are visualize and can easily 
be compared with the bulk of the data. Details on the statistical procedures are given in Annex 5. 
 
Most of the laboratories measured many parameters. So it is interesting to study the frequencies of the 
exclusion of a laboratory. Figures 14 till 27 compare the performance of the 52 laboratories for each 
individual sample and separately for the between (based on the Mandel’s h statistics) and within-
laboratory variability (based on the Mandel’s k statistics), showing the absolute number of outliers.  
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Table 11: Scoring of the laboratories for each individual element 
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2       + +     +++ +++ ++ +++ +++ ++ +++ ++ +++ +++ 
3 +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ 
6       +++ +++       +++ +++ +++ +++ +++ ++ ++ +++ +++ 
7 +++ +++ +++ +++ +++ +++ +++ +++ ++ +++ +++ +++ +++ ++ +++ +++   
8 +++ +++ +++ ++ +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ 

10 +++ +++ +++ +++ +++ + --- + +++ +++ +++ + +++ ++ + +++ + 
11 +++ +++ +++ +++     +++ +++ +++ +++ +++ ++ ++ +++ - +++ +++ 
12 +++ - +++ +++ +++   +++ +++ +++   +++ +++ +++ +++ +++ +++ +++ 
13       +++ +++ +++ +++ +++ ++ +++ +++ ++ +++ +++ +++ +++ +++ 
14 +++ +++ +++ +++ +++ +++ +++ ++ +++ +++ +++ +++ +++ +++ +++ +++ +++ 
18       +++ ++   ++ +++                   
19       +++ +++   +++ +++   - + +++ - - - +++   
20 --- -   +++ +++   -- ++   ++ - +++ - - + ++ - 
21 +++ +++ +++ +++ +++   +++ ++                   
23 +++ +++ +++ +++ +++ +++ +++ ++ + ++ +++ ++   +++ +   +++ 
24 +++ + + +++ +++   +++ +++ +++ ++ +++ +++ -- +++ +++ --- +++ 
26       +++ +++ --- +++ +++ +++ +++ +++ +++ +++ +++ +++ + + 
30       +++ +++ +++ +++ +++ +++ ++ +++ + +++ ++ +++ +++ +++ 
31 +++ +++ +++ +++ +++ +++ +++ +++ + --- --- --- --- --- --- --- + 
32 +++ + + +++ ++ - +++ +++ +++ +++ +++ +++ ++ +++ ++ +++ +++ 
33 +++ + + +++ +++   +++ +++ ++ +++ +++ +++ +++ +++ +++ +++ +++ 
34       +++ +++ +++ +++ +++ +++ ++ +++ ++ ++ ++ + +++ +++ 
35       +++ +++ +++ ++ +++ +++ +++ +++ +++ +++ +++ + +++ +++ 
36 +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ 
37 + + + + +++ ++ ++ - +++ ++ +++ +++ ++ +++ ++ + +++ 
38 +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ 
40 +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ ++ +++ +++ +++ +++ 
42 +++ ++ +++ +++ -   ++ +++     ++   + +   ++   
45       +++ +++     +++ +++ +++ +++ +++ +++ +++ +++ ++   
48       +++ +++ +++ +++ +++   +++ ++ +++ ++ + + ++   
49 +++ +++ +++ +++ +++ -- + +++ +++ ++ + +++ +++ --- ++ - +++ 
52 +++ +++ +++ +++ +++   ++ +   +++ +++ +++ ++ +++ + --   
53 + + +++ +++ +++   --- +++                   
54       +++ +++     +++ +++ +++ +++ + +++ +++ +++ +++   
55       +++ ++     + +++ +++ +++ +++ +++ + - +++ + 
56       ++ +   +++ +++ - +++ +++ +++ +++ +++ +++ +++ + 
58 +++ +++ +++ +++   +++ ++ ++ +++ +++ +++ +++ +++ +++ +++ ++ +++ 
59 +++ +++ +++ +++ +++ +++ ++ ++ ++ - +++ +++ +++ +++ +++ ++ +++ 
60 +++ +++ +++ +++ +++ - + +++ ++ + ++ - ++ + - --- ++ 
61 + +++ +++ +++ +++   +++ +++ - +++ ++ +++ +++ + +++ --- - 
62             +++ ++     + +++ --- - + +++   
63 +++ +++ + ++ +++ +++ ++ +++ +++ + + ++ +++ - ++ ++ +++ 
64 +++ + +++ +++ - +++ +++ + ++ -- - -- -- -- --- ++ ++ 
67 +++ +++ +++ +++ ++ ++ +++ +++ +++ ++ ++ + +++ + +++ +++ ++ 
68       +++ +++ +++ +++ +++ +++ ++ +++ - +++ +++ +++ +++ +++ 
69 +++ +++ +++ +++ +++ + +++ +++ +++ +++ +++ ++ +++ +++ +++ +++ +++ 
70       + +   - +++                   
71 -- - +++ + - +++ - ++ +++   -- -- --- - + --- +++ 
72 +++ +++ +++ +++ +++ ++ +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ 
73                     --- -- --- --- --- ---   
74                 +++ +++ + +++ +++ --- ++ -- +++ 
75 +++ - -                             

(+++): all reported values are within the bulk of the data 
(++): between 80 and 100 % of the reported values are within the bulk of the data (80 % included) 
(+): between 60 and 80 % of the reported values are within the bulk of the data (60 % included) 
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Table 6 (continued): Scoring of the laboratories for each individual element 
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2 +++ +++ + ++ + +++ + +++ +++ +++ +++ +++ +++ +++   ++     
3 +++ +++ ++ +++ +++ +++   +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ +++
6 +++ +++ - +++ +++ +++ -- +++ +++ +++ +++ +++ +++ + +++ +++ +++ +++
7 +++ +++ +++ +++ +++ +++   +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ +++
8 - +++ +++ +++ +++ +++   + + +   +++ ++ +++ ++ + +++ +++

10 +++ +++ --- +++ ++ +++   +++ +++ + +++ --- +++ +++ -- +     
11 ++ +++ +++ - +++ ++   +++ +++ +++ ++   + +++ +++ +++ +++ +++
12   +++ ---   - ++   +++ - + - --   -   +     
13 ++ ++ +++ +++ +++ ++   +++ ++ +++ +++ ++ +++ +++ +++ +++ +++ +++
14 +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ ++ +++ +++ ++ +++ +++ +++
18     -- - -         ++   -- - -   +     
19   +++ +++   +++     +++ +++ +++     +++ +++   +++     
20   +++ --   - --   +++ - - +++   -- ++   -     
21                                     
23   ++ ++   ++     +++ +++ +++       -   -     
24 +++ +++   --- +++ +++   +++ +++ +++ + ++   +++   + +++ +++
26 +++ ++ +++ +++ +++ +++   +++ +++ +++ +++ +++ +++ +++ +++ +++     
30 +++ +++ ++ +++ +++ +++   +++ +++ +++ +++ ++ +++ +++ -- +++ +++ +++
31 +++ +++ +++ +++ +++ +++ ++ +++ +++ +++ ++ +++ +++ +++ ++ +++ +++ +++
32 +++ +++ - + + +++   +++ +++ +++ +++ + +++ + +++ +++ +++ +++
33 +++ +++ +++ +++ ++ +++   +++ +++ +++ + +++ +++ +++ + +++ +++ +++
34 +++ +++ +++ ++ ++ ++ ++ + +++ ++ +   - +++   +++     
35 +++ ++ +++ ++ ++ +++   +++ +++ +++ ++ ++ +++ ++   ++     
36 +++ ++ ++ +++ ++ +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ +++
37 ++ - +++ + +++ +   + + ++ -- +++ +++ +++ + +++ +++ +++
38   +++       +++   +++ --- --- ---               
40 +++ +++ - +++ +++ +++ + +++ +++ +++ ++ +++ +++ +++ +++ +++ +++ +++
42   +     + ---   + + + +         +   +++
45 ++ +++ +++ +++ +++ +++   +++ ++ +++ +++ +++ +++ +++   +++     
48 +++ ++ ++ ++ +++ +++ +++ +++ +++ ++ ++ +++ ++ +++ +++ ++     
49 +++ +++ ++ +++ - +++   ++ +++ ++ +++ +++   +++ --- +++     
52   +++ - ++ +++ +++   ++ - +++ ++ +++   ++ -- + + +++
53               +++         +           
54 ++ +++ +++ +++ +++ +++   +++ +++ +++ +++ +++ +++ +++ +++ +++     
55                                     
56 +++ ++ -- - + ++ -- +++ +++ +++ +++ ++ --- --   ++ +++ ++ 
58                                 +++ +++
59 - - + - ++ +++   - +++ +++   + - ++ + +++     
60     + +++ ++   ++         +++   +++   +++     
61 +++ +++ ++ +++ +++ +++ -- +++ ++ ++ +++ +++ ++ +++ +++ +++ +++ + 
62   + -- ++ +++ +++   +++ ++ +++ +++   +++ +++   +++     
63 ++ +++ - ++ ++ +++ ++ +++ +++ +++ +++ +++ +++ ++ ++ +++     
64 +++ + ++ - -- + +++ + + + + + + +++ ++ + -- - 
67 +++ ++ ++ +++ ++ +++ -- +++ +++ +++ ++ +++ +++ +   +++ + ++ 
68 +++ +++ ++ +++ +++ +++ +++ +++ ++ +++   ++ +++ +   +++ +++ +++
69 +++ +++ + +++ ++ +++ - +++ +++ +++ +++ ++ +++ ++   +++ +++ +++
70                                     
71   +++ + +++ -- +++   ++ + - ++ + - -   --     
72 +++ +++ +++ ++ +++ +++ + +++ +++ +++ +++ +++ +++ -- ++ +++ +++ +++
73 ++ +++ + +++ - ++ + + +++ +++ +++ + +++ +++ +++ +     
74                                     
75                                     

(-): between 40 and 60 % of the reported values are within the bulk of the data (40 % included) 
(--): between 0 and 40 % of the reported values are within the bulk of the data (0 % not included) 
(---): none of the reported values are within the bulk of the data; Empty cell = not analysed 
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Figure 14: Sample A – Absolute N° of outliers (o1), N° of stragglers (o5) and N° of tail values per 
laboratory for the between-laboratory variability. Laboratories that are not mentioned in this 
graph did not have any outlier, straggler or tail value. 
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Figure 15: Sample A – Absolute N° of outliers (o1), N° of stragglers (o5) and N° of tail values per 
laboratory for the within-laboratory variability. Laboratories that are not mentioned in this 
graph did not have any outlier, straggler or tail value. 
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Figure 16: Sample B – Absolute N° of outliers (o1), N° of stragglers (o5) and N° of tail values per 
laboratory for the between-laboratory variability. Laboratories that are not mentioned in this 
graph did not have any outlier, straggler or tail value. 
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Figure 17: Sample B – Absolute N° of outliers (o1), N° of stragglers (o5) and N° of tail values per 
laboratory for the within-laboratory variability. Laboratories that are not mentioned in this 
graph did not have any outlier, straggler or tail value. 
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Figure 18: Sample C – Absolute N° of outliers (o1), N° of stragglers (o5) and N° of tail values per 
laboratory for the between-laboratory variability. Laboratories that are not mentioned in this 
graph did not have any outlier, straggler or tail value. 
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Figure 19: Sample C – Absolute N° of outliers (o1), N° of stragglers (o5) and N° of tail values per 
laboratory for the within-laboratory variability. Laboratories that are not mentioned in this 
graph did not have any outlier, straggler or tail value. 
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Figure 20: Sample D – Absolute N° of outliers (o1), N° of stragglers (o5) and N° of tail values per 
laboratory for the between-laboratory variability. Laboratories that are not mentioned in this 
graph did not have any outlier, straggler or tail value. 
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Figure 21: Sample D – Absolute N° of outliers (o1), N° of stragglers (o5) and N° of tail values per 
laboratory for the within-laboratory variability. Laboratories that are not mentioned in this 
graph did not have any outlier, straggler or tail value. 
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Figure 22: Sample E – Absolute N° of outliers (o1), N° of stragglers (o5) and N° of tail values per 
laboratory for the between-laboratory variability. Laboratories that are not mentioned in this 
graph did not have any outlier, straggler or tail value. 
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Figure 23: Sample E – Absolute N° of outliers (o1), N° of stragglers (o5) and N° of tail values per 
laboratory for the within-laboratory variability. Laboratories that are not mentioned in this 
graph did not have any outlier, straggler or tail value. 
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Figure 24: Sample F – Absolute N° of outliers (o1), N° of stragglers (o5) and N° of tail values per 
laboratory for the between-laboratory variability. Laboratories that are not mentioned in this 
graph did not have any outlier, straggler or tail value. 
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Figure 25: Sample F – Absolute N° of outliers (o1), N° of stragglers (o5) and N° of tail values per 
laboratory for the within-laboratory variability. Laboratories that are not mentioned in this 
graph did not have any outlier, straggler or tail value. 
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Figure 26: Sample G – Absolute N° of outliers (o1), N° of stragglers (o5) and N° of tail values per 
laboratory for the between-laboratory variability. Laboratories that are not mentioned in this 
graph did not have any outlier, straggler or tail value. 
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Figure 27: Sample G – Absolute N° of outliers (o1), N° of stragglers (o5) and N° of tail values per 
laboratory for the within-laboratory variability. Laboratories that are not mentioned in this 
graph did not have any outlier, straggler or tail value. 
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3.2.4 ‘Percentage of outliers and stragglers’ as a measure of laboratory 

performance 

In order not to discriminate between laboratories which reported many parameters and laboratories 
which reported only a limited number of parameters, it is interesting to study the percentage of outliers 
versus the total number of reported parameters of each laboratory. Table 7 gives an overview of the 
total number of reported parameters per laboratory and per soil sample. A parameter was included 
when at least two replicates were reported.  
 

Table 12: N° reported parameters per sample by the individual laboratories 

  Sample    Sample 
Labo A B C D E F G  Labo A B C D E F G 

2 27 27 27 27 27 14 14  40 35 35 35 35 32 16 16
3 34 33 33 33 30 15 15  42 20 20 20 20 17 8 8
6 29 29 29 29 29 16 16  45 25 25 25 25 25 14 14
7 32 32 32 32 29 15 15  48 28 27 27 27 27 16 16
8 33 33 33 33 30 14 14  49 28 30 30 30 26     
10 32 31 31 32 28 15 15  52 29 29 29 29 26     
11 31 31 31 31 28 14 14  53 8 8 8 8 6     
12 26 26 26 26 23 11 11  54 22 26 24 24 26 15 15
13 31 31 31 31 31 15 15  55 12 12 12 12 12     
14 33 33 33 33 30 16 16  56 30 30 30 30 30 15 15
18 12 12 12 12 12 7 7  58 18 18 18 18 15     
19 15 15 15 15 20 3 3  59 31 31 31 31 28   13
20 23 25 25 25 23 9 9  60 22 22 23 23 21 6 6
21 7 7 7 7 4      61 34 34 34 34 31 16 16
23 23 23 23 23 18 8 8  62 20 20 20 19 14     
24 30 29 29 30 27 11 11  63 32 31 31 31 29 15 14
26 29 28 28 28 28 15 15  64 35 35 35 35 31 14 14
30 31 31 31 31 31 15 15  67 34 34 34 32 31 15 15
31 35 35 35 35 32 16 16  68 30 30 30 30 30 12 12
32 34 34 34 34 31 15 15  69 34 33 33 33 30 15 15
33 33 33 33 33 30 15 15  70 4 4 4 4       
34 28 28 28 28 28 13 13  71 28 28 28 28 25 13 13
35 28 28 28 28 28 14 14  72 35 35 35 35 32 16 16
36 35 35 35 35 32 16 16  73 22 22 22 22 22 16 16
37 34 34 34 34 31 15 15  74 9 9 9 9 9     
38 16 17 17 16 14 6 6  75 3 3 3 3       

 
The percentage of outliers and stragglers was calculated relatively to the number of reported 
parameters (excluding the moisture content). Figures 28 to 41 give nearly the same information as the 
previous figures but now expressed as a percentage of the total number of reported parameters 
excluding the moisture content. 
As was suggested by FSCC at the 12th FSEPM and as is also applied within the Needle/Leaf 
Interlaboratory Comparsions (Fürst, 2006), we can state that laboratories which have more than 20 % 
of their results outside the acceptable limits [outliers (o1) + stragglers (o5)], clearly have QA/QC 
problems and need follow-up. 
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Figure 28: Sample A – Percentage of outliers (o1), stragglers (o5) and tail values per laboratory 
for the between-laboratory variability.  
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Figure 29: Sample A – Percentage of outliers (o1), stragglers (o5) and tail values per laboratory 
for the within-laboratory variability.  
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Figure 30: Sample B – Percentage of outliers (o1), stragglers (o5) and tail values per laboratory 
for the between-laboratory variability.  
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Figure 31: Sample B – Percentage of outliers (o1), stragglers (o5) and tail values per laboratory 
for the within-laboratory variability.  
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Figure 32: Sample C – Percentage of outliers (o1), stragglers (o5) and tail values per laboratory 
for the between-laboratory variability.  
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Figure 33: Sample C – Percentage of outliers (o1), stragglers (o5) and tail values per laboratory 
for the within-laboratory variability.  
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Figure 34: Sample D – Percentage of outliers (o1), stragglers (o5) and tail values per laboratory 
for the between-laboratory variability.  
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Figure 35: Sample D – Percentage of outliers (o1), stragglers (o5) and tail values per laboratory 
for the within-laboratory variability.  
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Figure 36: Sample E – Percentage of outliers (o1), stragglers (o5) and tail values per laboratory 
for the between-laboratory variability.  
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Figure 37: Sample E – Percentage of outliers (o1), stragglers (o5) and tail values per laboratory 
for the within-laboratory variability.  
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Figure 38: Sample F – Percentage of outliers (o1), stragglers (o5) and tail values per laboratory 
for the between-laboratory variability.  
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Figure 39: Sample F – Percentage of outliers (o1), stragglers (o5) and tail values per laboratory 
for the within-laboratory variability.  



4th FSCC Interlaboratory Comparison 2005 –2006   

 

321

0

10

20

30

40

50

60

70

80

90

100

2 3 6 7 8 10 11 12 13 14 18 19 20 21 23 24 26 30 31 32 33 34 35 36 37 38 40 42 45 48 49 52 53 54 55 56 58 59 60 61 62 63 64 67 68 69 70 71 72 73 74 75

Laboratory N°

%

t5
t1
o5
o1

critical level of 20% outliers and stragglers

Figure 40: Sample G – Percentage of outliers (o1), stragglers (o5) and tail values per laboratory 
for the between-laboratory variability.  
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Figure 41: Sample G – Percentage of outliers (o1), stragglers (o5) and tail values per laboratory 
for the within-laboratory variability.  
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Table 13: Summary of % of outliers and stragglers per laboratory and per sample, separately 
for the between (Hvt) and the within laboratory (Kvt) variability. The last 2 columns give an 
average of all the samples. 

  Hvt Kvt Hvt Kvt Hvt Kvt Hvt Kvt Hvt Kvt Hvt Kvt Hvt Kvt Hvt Kvt 
Labo A A B B C C D D E E F F G G average average

2 7 4 4 7 4 7 7 4 0 0 0 7 0 14 3 6 
3 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 
6 7 7 0 7 3 14 3 3 3 3 6 6 6 0 4 6 
7 0 0 3 0 0 0 0 0 3 3 0 0 0 0 1 0 
8 0 3 0 6 0 0 0 3 0 0 21 29 29 7 7 7 
10 19 13 23 16 16 16 9 13 11 11 20 7 27 20 18 14 
11 3 3 0 3 0 6 0 6 7 7 0 7 7 0 3 5 
12 12 8 8 4 4 8 12 8 13 13 73 9 64 0 26 7 
13 0 6 0 0 0 0 0 0 0 0 0 27 0 7 0 6 
14 0 0 0 3 3 0 0 0 0 0 0 6 0 0 0 1 
18 0 25 0 25 0 42 0 17 8 8 71 0 71 0 22 17 
19 0 7 27 7 20 0 27 0 5 5 0 0 0 0 11 3 
20 39 30 36 44 36 28 36 36 35 35 0 0 0 0 26 25 
21 0 0 0 0 0 0 14 0 0 0 NA NA NA NA 3 0 
23 0 9 9 9 0 13 4 13 11 11 13 25 13 25 7 15 
24 10 17 14 7 10 10 10 7 15 15 9 0 9 9 11 9 
26 0 3 0 4 0 4 0 4 0 0 0 7 0 0 0 3 
30 0 10 3 6 0 3 0 6 0 0 7 13 0 0 1 6 
31 20 14 20 17 26 20 20 6 31 31 0 0 0 6 17 14 
32 0 3 0 9 0 9 0 0 0 0 33 27 33 33 10 12 
33 0 3 0 6 0 3 3 3 3 3 0 7 0 0 1 4 
34 0 4 0 7 0 14 0 4 0 0 0 31 0 31 0 13 
35 18 0 0 11 0 4 4 0 0 0 0 0 0 0 3 2 
36 0 0 0 0 0 0 0 0 0 0 6 13 0 0 1 2 
37 9 21 3 15 6 12 21 29 13 13 0 0 0 0 7 13 
38 0 0 0 0 0 0 0 0 0 0 50 0 50 0 14 0 
40 0 0 0 3 0 6 0 3 0 0 6 6 6 6 2 3 
42 5 10 10 15 5 10 10 15 6 6 88 100 88 100 30 37 
45 0 0 0 4 0 0 4 4 0 0 0 0 0 7 1 2 
48 0 7 0 4 0 4 0 11 0 0 0 19 6 19 1 9 
49 11 14 17 13 13 10 17 13 12 12 NA NA NA NA 14 12 
52 7 10 7 14 7 21 7 14 8 8 NA NA NA NA 7 13 
53 0 13 0 0 0 0 13 13 33 33 NA NA NA NA 9 12 
54 0 5 0 4 0 0 0 0 0 0 0 0 0 0 0 1 
55 8 8 8 25 8 17 0 8 8 8 NA NA NA NA 7 13 
56 17 43 7 17 13 7 13 13 10 10 27 0 27 7 16 14 
58 0 0 0 6 0 0 0 6 0 0 NA NA NA NA 0 2 
59 3 6 3 23 3 19 6 32 0 0 NA NA 8 0 4 13 
60 0 23 0 27 4 17 4 4 5 5 0 0 17 17 4 13 
61 6 12 9 15 6 15 9 12 6 6 0 6 0 0 5 9 
62 10 15 15 15 10 15 11 26 7 7 NA NA NA NA 11 16 
63 0 0 13 16 13 10 13 6 0 0 7 13 0 14 6 9 
64 14 17 31 11 29 14 26 9 16 16 71 0 79 7 38 11 
67 6 3 12 9 0 6 16 13 3 3 27 13 20 7 12 8 
68 0 3 0 0 0 7 0 7 3 0 0 17 0 8 0 6 
69 3 3 0 6 0 0 0 6 0 3 0 7 0 7 0 5 
70 0 25 25 0 25 0 25 25 NA NA NA NA NA NA 19 13 
71 46 36 18 32 14 32 21 25 20 20 0 31 15 31 19 30 
72 6 3 3 3 3 0 3 6 0 0 13 6 13 0 6 3 
73 23 23 27 23 27 23 27 18 27 27 6 31 6 31 21 25 
74 11 11 33 22 22 22 22 33 22 22 NA NA NA NA 22 22 
75 0 0 0 67 0 67 0 0 NA NA NA NA NA NA 0 33 

 
Based on the between laboratory variability, 7 laboratories reported outliers and stragglers for more 
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than 20% of the total number of reported parameters. These laboratories are N° 12, 18, 20, 42, 64, 71, 
73 and 74. These laboratories will be contacted by the FSCC and asked to fill in a questionnaire to 
trace the source of the problem. For example, for laboratory N° 42 it will be clear that the wrong 
reporting form and wrong units have been used. They used the old reporting form where units in 
mg/kg have been asked while the correct reporting units was mg/l. 
 
Six laboratories (Lab N° 20, 42, 71, 73, 74 and 75) reported outliers and stragglers for more than 20 
% of the analyses based on the within-laboratory variability. 
 
In Figure 42 the mean % of outliers and stragglers for the seven samples based on the Mandel’s k is 
plotted against the mean % of outliers and stragglers for the seven samples based on the Mandel’s h. 
The size of the circles is a measure of the mean number of reported parameters for each sample. The 
laboratories appearing in the upper right corners are the same laboratories as mentioned above. 
 
From the location of the observations in the scatter plot, is seen that the balance is slightly in favour of 
the ‘h strategists’; most of the observations are located above the 1:1 diagonal. This means that 
laboratories rather preferred to minimize the number of outliers concerning the between-laboratory 
variability (Mandel’s h statistic) in stead of focussing on a low within-laboratory variability (Mandel’s 
k statistics). Laboratories that are located in the centre of the ‘cloud’ are performing normally well. 
Laboratories situated in the perimeter of the graph, have performed relatively poor for the 4th 
Interlaboratory Test. 
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Figure 42: Scatter plot showing the ‘h and k strategists’ (above: all laboratories, below: zoom on 
0 – 10 % scale) 



4th FSCC Interlaboratory Comparison 2005 –2006   

 

325

Figure 43 and 44 provide an idea of the distribution of the laboratories in relation to the percentage of 
‘mistakes’ – outliers and stragglers according to the h statistics (Figure 43) and the k statistics (Figure 
44).  
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Figure 43: Outliers and stragglers based on Mandel’s h statistics 
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Figure 44: Outliers and stragglers based on Mandel’s k statistics 

3.2.5 Percentage of outliers and as a measure of difficulty of analysis 

Based on Table 9 the ‘problem ‘elements can be identified. For each element and sample, the 
percentage of outlying laboratories is given. Concerning the aqua regia elements, the heavy metals 
clearly pop-up as problem parameters: Cadmium (Cd), chrome (Cr), copper (Cu), mercury (Hg), 
nickel (Ni), lead (Pb), zink (Zn) but also sulphur (S). 
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Table 14: % of outliers (99% confidence) per element and per sample 

%  outliers Sample 
Element A B C D E F G 

Particle size: clay 3 6.1 6.1 16    
Particle size: sand 18 12 3 12    
Particle size: silt 3.1 13 6.3 3.2    

pH(CaCl2) 6.3 4.2 2.1 4.2 4.3   
pH(H2O) 8.7 11 6.5 8.7 4.4   

Carbonates 29 8.7 13 13 5   

Organic Carbon 4.7 9.3 16 21 12   

Total N 6.3 13 10 2.1 8.5   

Exchangeable Acidity 13 10 7.5 5 5   
Exchangeable Al 12 14 21 9.5 12   
Exchangeable Ca 11 19 8.5 30 4.3   
Exchangeable Fe 22 20 11 13 11   
Exchangeable K 20 20 22 20 16   
Exchangeable Mg 21 30 26 24 15   
Exchangeable Mn 13 28 39 11 20   
Exchangeable Na 16 31 20 22 22   
Free H+ acidity 5.6 7.9 21 5.4 7.9   

Extractable Al 2.9 6.1 3 5.9 5.9 9.7 9.4 
Extractable Ca 7.3 9.8 7.3 7.3 0 18 5.1 
Extractable Cd 24 32 27 27 20 31 27 
Extractable Cr 7.9 10 13 23 7.7 14 19 
Extractable Cu 11 9.1 6.8 16 11 30 24 
Extractable Fe 13 5.1 7.7 7.7 5.1 14 5.3 
Extractable Hg 22 22 28 33 28 50 43 
Extractable K 2.5 4.9 4.9 4.9 2.4 14 13 
Extractable Mg 9.8 0 4.9 7.3 9.5 18 15 
Extractable Mn 9.5 2.4 4.8 0 4.7 18 20 
Extractable Na 8.6 5.6 2.8 19 14 18 12 
Extractable Ni 8.1 5.4 11 11 11 32 23 
Extractable P 11 11 16 11 13 9.7 19 
Extractable Pb 17 2.4 14 14 7 23 20 
Extractable S 12 36 13 25 4 18 9.5 
Extractable Zn 16 6.8 6.8 4.5 6.8 18 24 

Reactive Al 0 13 4.2 4.2 13   
Reactive Fe 0 16 4 4 4   

 
The second group which deserves more attention for quality improvement are the exchangeable 
elements. Also the determination of the organic carbon content in a poor sandy sample was not 
without any problems. Which is also remarkable, is the carbonate content of sample A. There is only 
need to measure the carbonate content with the pH(CaCl2) > 6.0 (mineral soil sample) or > 5.5 
(organic soil sample). Since the average reported pH(CaCl2) of sample A was 5.7, there was no need 
for carbonate analysis. So measured concentrations were low and close to detection limit. On top of 
that different methods with varying precision have been used causing a high level of variation (CV = 
129 %) and a large number of outliers. 
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3.6 Coefficients of variation 
Table 10 provides the CV for each analysed parameter. The last column of the table gives the CV per 
group of analyses, calculated over all samples. In the last row, the average CV per sample is given. In 
general, the coefficients of variation for the different parameters are high which implies high 
deviations among the results of the participating laboratories. The inter-laboratory variation is thus an 
important source of variation. 

Table 15: Coefficients of variation 4th FSCC ring test 2005-2006 (CV = sRepr/Mgen) 

Element A B C D E F G  all samples  group 
Particle size: clay 32.7 40.1 45.2 67.3         46.3     
Particle size: sand 47.3 27.1 28.8 4.0      26.8   37 
Particle size: silt 28.7 37.5 39.6 50.9         39.2     
pH(CaCl2) 2.4 2.8 3.0 2.1 2.4       2.5     
pH(H2O) 3.1 3.9 3.7 4.2 3.4       3.7   3.1 
Carbonates 120.8 134.1 139.0 130.5 120.7     129.0   129 
Organic Carbon 9.6 11.8 7.5 25.9 9.9       12.9   13 
Total N 5.1 23.7 32.6 63.8 7.3     26.5   27 
Exchangeable Acidity 96.8 37.9 37.9 45.3 27.4       49.0     
Exchangeable Al 115.2 21.5 18.6 33.2 33.3     44.3     
Exchangeable Ca 18.7 60.6 27.3 90.8 24.2     44.3     
Exchangeable Fe 125.9 29.2 42.6 132.1 31.9     72.4   54 
Exchangeable K 30.6 34.9 38.4 66.0 13.3     36.6     
Exchangeable Mg 19.5 34.8 31.8 87.6 24.4     39.6     
Exchangeable Mn 25.7 32.3 35.6 25.1 13.0     26.3     
Exchangeable Na 55.8 72.5 70.8 126.5 25.8     70.3     
Free H+ acidity 147.7 96.1 91.4 131.0 48.6       103.0     
Extractable Al 30.4 19.7 20.7 17.3 29.8 7.3 7.7   19.0     
Extractable Ca 32.0 53.8 38.2 54.4 28.0 36.9 31.5  39.2     
Extractable Cd 24.0 126.4 102.3 121.2 21.7 155.1 132.1  97.5     
Extractable Cr 20.8 22.3 17.8 30.0 27.3 13.6 13.9  20.8     
Extractable Cu 8.5 27.2 36.9 38.0 13.0 54.0 22.9  28.6     
Extractable Fe 8.7 9.8 7.5 10.2 17.6 12.4 13.7  11.4     
Extractable Hg 19.7 357.5 52.6 52.6 15.7 53.4 45.3  85.3   33 
Extractable K 65.5 38.4 42.0 51.3 38.6 10.3 13.5  37.1     
Extractable Mg 16.2 23.4 25.3 17.4 20.3 9.1 6.9  17.0     
Extractable Mn 10.6 12.7 18.2 16.2 13.8 7.3 6.1  12.1     
Extractable Na 48.3 53.4 53.2 56.6 42.7 12.6 19.7  40.9     
Extractable Ni 11.7 24.1 20.7 17.1 14.3 58.2 15.0  23.0     
Extractable P 31.3 34.4 39.5 16.3 10.3 35.7 8.0  25.1     
Extractable Pb 12.0 37.0 28.3 52.6 14.5 32.1 33.0  29.9     
Extractable S 17.1 13.0 24.0 15.6 14.2 30.0 29.2  20.5     
Extractable Zn 11.7 15.3 20.9 21.3 15.0 18.3 8.6  15.8     
Reactive Al 16.6 7.4 11.6 10.6 7.6     10.7   12 
Reactive Fe 18.4 9.2 17.8 10.9 11.7       13.6     
Average per sample 37 45 36 48 23 34 25     

 
It is clear that the CV varies according to the analysed sample. Where sample E (23%), G (25%) have 
rather low CV’s and sample F (34%), A (37%) and C (36%) medium CV’s, the CV’s of B and D are 
rather large (respectively 45 and 48%). Sample F is the same sample as sample B. Sample B was 
extracted by Aqua Regia and bulked into one big extracted liquid sample. All the laboratories received 
a homogenous subsample. The average CV of the aqua regia elements of sample B is 54% and of 
sample F 34%. This means that 20 % of the variation of sample B finds its origin in the extraction 
procedure of the soil sample.  
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The extremely high CV of the calcium carbonate analysis is due to the extremely low concentration or 
even complete absence of carbonates. Not analysing the carbonate content when the pH(CaCl2) is 
below 6.0 or below 5.5 in the case of an organic sample, will give more reliable results. 
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4 DISCUSSION 

4.1 Evaluation by element 

All results which are discussed here are presented in Annex 4 which can be consulted on the attached 
CD-rom. See also Table 6 pg. 28 – 29. 

4.1.1 Moisture Content 

Although the moisture content was not included in the evaluation of the interlaboratory variability, a 
limited exploratory data evaluation provided QA/QC information. Three laboratories (N° 18, 31 and 
56) reported the dry matter instead of the moisture content.  
A few laboratories (N° 26, 30, 73 and 74) did not report the moisture content but did report results 
where this moisture content is required. 
Such a basic mistake can not be accepted. When laboratories do not succeed to report this correctly in 
an interlaboratory comparison, it is clear that during the data submission of the survey results this 
problem should be taken into account. This can easily be done by applying a simple data integrity rule 
on the moisture content. 

4.1.2 Particle size distribution 

A maximum of 32 results per soil sample have been included in the analysis (61.5 %). This is a slight 
improvement compared to the previous ring test where a maximum of 28 results per soil sample were 
included (54%). This number is lower than the information which was obtained based on the 
questionnaire. This means that some laboratories did complete the questionnaire but did not report the 
data. 
In the statistical analysis the three particle size fraction of the four mineral soil samples have been 
considered separately and in total 13 outlying laboratories have been identified (N° 12, 20, 24, 32, 33, 
37, 42, 53, 61, 63, 64, 71 and 75). This means that 41 % of the participating laboratories is outside the 
normal range for one or more samples. 
. 
Based on the questionnaire, we know that 5 of these laboratories (Lab N° 20, 24, 33, 37, 53) did not 
use the reference method. One of these laboratories (N° 20) did only recognise a sand and a clay 
particle size class and ignored completely the silt fraction. Their sand + clay fractions are equal to 100 
%. This laboratory already performed poorly in the previous ring test, but then they did not analyse the 
particle size distribution. Lab N° 24 (outlier Sample A, sand fraction) and N° 37 (outlier, sample D, all 
fractions) use the laser diffraction method. Lab N° 12 used the national method of which we do not 
know in how far it does correspond with the ISO standard. Lab N° 33 did not respond on the question 
whether they followed the reference method or not. 
Related to the reference material, six of them use local reference material and one used national 
reference material. Two laboratories did not answer the question and five laboratories said not to use 
any reference material. Of the seven laboratories which use reference material, not more than two 
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laboratories used control charts to follow up the quality of their analysis. So FSCC strongly 
recommends the use of control charts and to take actions accordingly.  
Remarkable is that although Lab N° 64 received an accreditation for this analysis following the ISO 
standard, they did report an outlier for the sand fraction for sample A. On the other hand Lab N° 64 
and 71 do not participate in any other ring tests besides the FSCC ring test. This could be a 
recommendation towards these two laboratories. Lab N° 71 had very extreme outliers with the clay 
and the sand fraction, but not with the silt fraction. It would be worthwhile to check whether both 
fractions have not been mixed by filling in the reporting form. 

4.1.3 Soil reaction 

The pH is a parameter with a small coefficient of variation. This makes statistical procedure for 
detecting outliers more strict. For pH(H2O) and pH(CaCl2) together, 13 laboratories have been 
excluded at least for one sample and one pH method: Lab N° 2, 8, 18, 32, 37, 42, 55, 56, 63, 64, 67, 
70 and 71. For this analysis it is important to differentiate between the within - and between-
laboratory variability. When tree replicates are measured, most laboratories will become exactly the 
same results for the pH or with maximum difference of 0.1 pH unit. So when a laboratory reports two 
values which differ more than 0.1 pH, they will be excluded based on the Mandel’s k statistic as is the 
case for Lab N° 18, 55, 56, 71, 42 and 64. The remaining laboratories however do have a problem in 
producing comparable results with the other laboratories. Laboratory N° 56 however, did not use the 
reference method. Four of the 13 laboratories did not use reference material and four (no necessarily 
the same) did not use control charts. 

4.1.4 Carbonate content 

The samples contained no or very little CaCO3. The majority of the laboratories did not measure the 
carbonate content (because of pH(CaCl2) values below 5.5 or 6.0) or reported values below the LOQ. 
Nine laboratories were excluded at least for one sample (Lab N° 32, 37, 49, 10, 60, 72, 26, 67, 69). 
Five of them purely based on the within laboratory variability (N° 32, 37, 60, 26, 67, 69), Lab N° 49 
reported unacceptably high values for all mineral samples. They did not send in a questionnaire. Lab 
N° 37, 10 and 72 reported too high CaCO3 content for Sample A. Lab N° 37, 67 and 72 did not use the 
reference method and only 4 of the 8 laboratories use control charts (N° 32, 37, 60 and 72). 

4.1.5 Organic carbon 

46 laboratories reported results for the organic carbon content. Fifteen laboratories reported for at least 
one sample outlying results (Lab N° 10, 18, 20, 35, 37, 42,49, 52, 53, 58, 60, 70 and 71). Lab N° 10 
probably reported in the wrong units because their results are more than a factor of 10 higher than the 
average reported result. Of them 14 Labs completed the questionnaire. Eight of them did not the 
reference method. When comparing this number with Figure 1, this means that only 3 laboratories 
using another method than the reference method manage to obtain acceptable results. 
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4.1.6 Total nitrogen content 

In total 13 laboratories of the 48 laboratories which reported N values have been excluded for at least 
one sample, namely Labs N° 10, 14, 20, 21, 23, 37, 52, 55, 58, 59, 62, 64 and 71. Lab N° 20 used the 
Kjeldahl method, which is not a reference method. Laboratories N° 10, 20, 23 and 64 do not use 
control charts although Lab N° 20, 23 and 64 do use reference material. Since it does not require such 
an big effort to monitor the evolution of the reference method throughout the year, FSCC recommends 
to follow the QA/QC guidelines related to the control charts as described in the manual.   

4.1.7 Exchangeable cations 

Except for laboratories N° 3, 8, 12, 14, 36 and 38, all laboratories reported outliers for at least one of 
the nine parameters in this group or for at least one of the five sample (A, B, C, D and E). 
From Table 6 we see immediately that there are quite some laboratories which are facing problems 
with the determination of the exchangeable cations. Laboratory N° 31 probably reported in the wrong 
units. Laboratory N° 73 did not follow the reference method, neither did they specify in the 
questionnaire which method they are using. Labs N° 64 and 71 did have very bad results for the 
exchangeable cations but reasonably good results for the exchangeable acidity and Free H+ which they 
determined by titration. Laboratories N° 19 and 20 used the reference method but unfortunately did 
not use any control charts. Laboratories N° 60, 61, 74 also had poor results although they used the 
reference method and make use of control charts. Laboratory N° 49 did not complete the 
questionnaire. Lab N° 24 had some analyses done by a subcontractor which gave reasonably good 
results but had mainly problems with two elements which Lab N° 24 analysed in its own laboratory, 
namely exchangeable K and Na. Lab N° 62 did not use the reference method and could only obtain 
comparable results for exchangeable Fe and Na. All other laboratories reported between 1 and 7 
outliers (out of a max. of 45). 

4.1.8 Aqua Regia extractable elements 

The aqua regia is the largest group of elements: 16 parameters have been determined on a maximum of 
7 sample, including mineral and organic samples and the digested soil samples. Although considered 
as one group, not all elements are measured by the same technique. For example, the extractable Hg 
was only measured by 18 laboratories. Nine of them used cold vapour absorption spectrometry (CV 
AAS), three used ICP-AES and four used atomic fluorescence spectrometry (AFS). See Annex 3. 
Of the six laboratories which were very successfully in the determination of exchangeable elements, 
we see that laboratories N° 8, 12 and 38 are remarkably less good. 
None of the laboratories that analysed all 16 parameters did have zero outliers. Lab N° 7 did not have 
any outliers but did not analyse mercury. Lab N° 19 analysed 9 parameters without any outlier. Labs 
N° 3, 26 and 54 did not analyse Hg and had only one outlier. Lab N° 14 and 45 had only 2 outliers 
(Lab N° 53 too but only reported extractable K and P). Lab N° 31 and 36 analysed all 16 parameters 
and had three outliers. 
On the other side of the scale, there are the laboratories which reported 20% or more outliers, therefore 
QA/QC measures should be taken. Lab N° 18 reported only 8 parameters but had 52% outliers. Based 
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on the questionnaire we do not see an immediate explanation. Lab N° 38 reported 6 parameters for 
sample F and G but had 50 % outliers. They did not fill in the questionnaire on the used method. 
Lab N° 12 reported results for 11 parameters and Lab N° 71 for 13 parameters but both had 30 
outliers (respectively 39 and 35%). They conduct this type of analyses only few times a year. Lab N° 
42 reported 7 parameters and had 38% outliers; they conduct the analysis only once a year. Lab N° 20 
also had 38 % percent outliers based on 11 parameters. The use of control charts could possibly 
improve the results of Lab N° 20. 
Lab N° 56 reported 33 outliers on 15 parameters. This makes 31 % outliers. This laboratory conducts 
this analysis less than once a year and does not use control charts (which is indeed not relevant for an 
analysis which is only done once a year). Lack of experience is possibly the main cause of the poor 
performance of this laboratory. 
Other laboratories with more than 20 % outliers for the aqua regia elements are 59 (28%), 64 (26%) 
and 10 (24%), Lab N° 37 had exactly 20 % outliers. Lab N° 59 did not use the reference method and 
Lab N° 64 and 10 could possibly improve their performance by the use of control charts. 

4.1.9 Reactive Fe and Al 

Although the reactive Fe and Al has been determined by less laboratories (N° = 25) than the other 
elements, it seems that there are not so many problems. Sample A did not have any outliers. 
Remarkable is the result of Lab N° 64, showing outliers for 70 % of the analyses while they 
laboratory is accredited and the analysis is been conducted on a weekly basis. Their results are usually 
50 % than the average of all participating laboratories. Lab N° 67 had three outliers (30%), Lab N° 52 
and 61 two outliers and Lab N° 56 one outlier. 
 

4.2 Comparison with the 3rd FSCC Interlaboratory Comparison 

4.2.1 Questionnaire 

Compared to the 3rd FSCC Interlaboratory Comparison, improvements have been made related to use 
of the reference method, the level of experience with the reference methods, the use of reference 
materials and control charts. 
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Table 16: Comparison between the questionnaire of the 3rd and the 4th FSCC Interlaboratory 
Comparison 

 3rd FSCC Interlaboratory 
Comparison (2002 - 2003) 

4th FSCC Interlaboratory 
Comparison (2005 - 2006) 

Use of reference method 65 % 82 % 
Experience level of reference 
methods 

30 % (high) 
45 % (normal) 

24 % (low) 

47 % (high) 
43 % (normal) 

8 % (low) 
2 % (no answer) 

Use of reference material 77 % 86 % 
Use of control charts 50 % 65 % 
Accreditation for the reference 
method 

13 % 11 % 

Use of calibration standards 73 % 63 % 
 
To improve the transparency of the applied analytical methods and detection techniques, the use of a 
coding system in the data accompanying report is suggested. See Annex 3. This coding system is 
based on the list which is used for the foliar ring test and has been elaborated for soil analysis. 
 

4.2.2 The group coefficients of variation 

The CV’s have improved except for total nitrogen (see Table 12). The high variation in the 4th FSCC 
ring test can be explained by the low nitrogen content of sample B, C and D (respectively 0.4, 0.4 and 
0.2 g/kg), while the LOQ varies between 0.01 and 2 g/kg (average 0.16 g/kg). Note, that this is only a 
very rough comparison, since it concerns the average of different soil samples and the CV largely 
depend on the kind of sample. 
 

Table 17: Group CV’s of the 2nd, 3rd and 4th FSCC Interlaboratory Comparison 

 2nd FSCC 
RT 

3rd FSCC RT 4th FSCC RT 

Group 1: Particle size distribution NA 53 37 
Group 2: pH 3.25 3.5 3.1 
Group 3: Carbonate content NA 206 129 
Group 4: Organic carbon 41.5 18 13 
Group 5: Total N 25 17 27 
Group 6: Exchangeable cations 52 71 54 
Group 7: Aqua regia extractable elements 35 47 33 
Group 9: Acid oxalate extractable Fe and Al NA 44 12 
 

4.3 Data Integrity Expert Rules  

Many of the defined outliers were due to errors which could easily be avoided by the application of 
data integrity expert rules on the reported results. Since the manual has been changed after the first 
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survey, these rules should be updated and new rules need to be defined. FSCC used the opportunity of 
the data submission for the 4th FSCC Interlaboratory Comparison, to test the data integrity rules.  
Although the previous ring test report contained 10 basic “Data Integrity Expert Rules” (see Table 13), 
it seems that the laboratories or contact persons who did submit the data for the ring test did not 
remember to check these 10 basic rules. When a system of direct web submission of data will be used, 
these rules need to be inserted because they can trace data problems in a very early stage. Often it 
concerns problems related to the reporting units. Laboratories routinely report in a certain unit 
according to the national methods and forget to convert the data into the proper unit.  
 

Table 18: Data integrity expert rules as defined in the Forest Soil Condition Report (Van 
Mechelen et al., 1997) 

Rule 
N° Parameter Description 

Permissible limit 
values Conditions for application 

lower upper

1 pH Checks pH results in presence of 
carbonates 

5.5 
6.0 

- 
- 

CaCO3>0 for Organic Horizons 
CaCO3>0 for Mineral Horizons 

2 Organic 
Carbon 

Checks organic C content (g/kg) in 
organic layers 80 - Organic Horizons 

3 C/N Checks the C/N ratio in organic 
and mineral layers 

5 
3 

100 
75 

Organic Horizons 
Mineral Horizons 

4 C/P Checks the C/P ratio in organic and 
mineral layers 

100 
10 

2500 
750 

Organic Horizons 
Mineral Horizons 

5 CaCO3 
Checks the carbonate content 
(g/kg) in soils with low pH 0 0 pH<5 

6 AcExc 
Checks the exchangeable acidity 
value(cmol(+)/kg)   in organic and 
mineral layers 

0.5 
0 

250 
150 

Organic Horizons 
Mineral Horizons 

7 ACE (1) 
Checks the exchangeable acid 
cation concentration (cmol(+)/kg) in 
organic and mineral layers 

0.5 
0 

250 
150 

Organic Horizons 
Mineral Horizons 

8 BCE (2) 
Checks the exchangeable basic 
cation concentration (cmol(+)/kg) in 
organic and mineral layers 

0.5 
0.1 

400 
150 

Organic Horizons 
Mineral Horizons 

9 CEC (3) 
Checks the cation exchange 
capacity (cmol(+)/kg) in organic and 
mineral layers 

1 
0.5 

400 
150 

Organic Horizons 
Mineral Horizons 

10 BS (4) Checks the base saturation (%) in 
presence of carbonates 90 100 CaCO3>0 

Legend: 
(1) ACE:Exchangeable acid cation concentration (cmol(+)/kg) =Sum of exchangeable acid cations (Al + Fe + Mn + H) 
(2) BCE:Exchangeable basic cation concentration (cmol(+)/kg) =Sum of exchangeable basic cations (Ca + K + Mg + Na) 
(3) CEC:Cation Exchange Capacity (cmol(+)/kg) =Sum of exchangeable cations (ACE + BCE) 
(4) BS:Base Saturation =100*BCE/CE 
 
The results of the data integrity expert rules conducted on the submitted ring test data are shown 
below: 
 
Rule 1 checks the pH in presence of carbonates: “if CaCO3 > 0 then the organic layer 
pH(CaCl2)> 5.5 or in mineral layer > 6.0”  
Twelve laboratories reported [CaCO3] > 0 but none of them measured a sufficienly high pH(CaCl2). 
See Table 14. 
 



4th FSCC Interlaboratory Comparison 2005 –2006   

 

335

Table 19: Laboratories reporting CaCO3 values > 0 with the reported pH(CaCl2) values 

    CaCO3 (g/kg)   pH(CaCl2) 
Lab A B C D E A B C D E 

3 4.0         5.8         
10 18.0   2.3  5.7   4.3   
26 3.3     5.7      
30 0.3     5.8      
32 5.4 2.0 2.2 2.2 2.8 5.6 4.3 3.9 3.8 3.6 
36 2.0     5.8      
37 19.6     5.4      
49 42.0 11.6 14.3 10.6  5.8 3.9 4.2 4.3   
60 5.0 5.3 3.7 5.0 3.0 5.9 4.3 4.1 3.9 3.7 
67 8.7    1.8 5.8    3.7 
69 1.0     5.8      
72 12.3         5.8         

 
On the other hand Lab N° 2 and N° 70 measured a pH(CaCl2) > 6.0 for the mineral soil Sample A but 
did not conduct any CaCO3 analysis. To be sure that laboratories are reporting significant amounts of 
CaCO3 the rule better includes “CaCO3 >  LOQ”. 
 
Rule 5 checks the carbonate content in soils with low pH “if pH(CaCl2) < 5 than CaCO3 should 
be 0” 
Several laboratories did submit significant CaCO3 concentration (above LOQ) when the pH(CaCl2) < 
5. See Table 14 for the sample B, C, D and E. 
 
Rule 2: “The organic carbon content in the organic layer should be at least 80 g/kg” 
This rule can be put even more strict, following the definitions of the manual where the OC content 
should be at least 120 g/kg. When this rule is applied on the OC results for sample E, all results passed 
the test. 
 
Rule 3: “The C/N ratio in the mineral layers should be between 3 and 75 and in the organic layer 
between 5 and 100. 
Lab N° 62 becomes for Sample B a C/N ratio of less than 3 because of the high reported concentration 
of N. The lab reports a concentration of 3.6 g/kg while the average reported values is 0.4 g/kg. Lab N° 
64, Sample C reports a N concentration of 2.0 g/kg which also results in a C/N ratio below 3. During 
the statistical analysis, the lab result of both laboratories was defined as an outlier for the between 
laboratory variability at the first step.  
 
Rule 4: “The C/P ratio in the mineral layer should be between 10 and 750 and in the organic 
layer between 100 and 2500.” 
Lab N° 10 reported for Sample C a C/P value above 750. This is due to their high OC content. The 
average reported OC content of sample C is 6 g/kg while this laboratory reports more than 60 g/kg.  
But applying this rule on sample D seems to be problematic. This rule was initially based on a 
different type of P measurement. For sample D, the average OC is 1.8 g/kg and the average extracted P 
by Aqua Regia is 0.27 g/kg, which results in a C/P proportion of 6.6 which is below 10 but probably 
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correct. This rule is probably only applicable on surface soil samples. So this rule should be adapted or 
removed form the list of the integrity rules. 
 
Rule 6, Rule 7, Rule 8 and Rule 9, related to the exchangeable elements 
Lab N° 31 reported for all its exchangeable cations in the wrong units (probably by a factor of 100). 
After sending the file for correction to the laboratory, they adjusted some wrong units for the 
extractable elements but did not correct any of the exchangeable elements. Especially when checking 
rule 7 (ACE),8 (BCE) and 9 (CEC) this becomes very clear. 
Lab N° 73 possibly has similar problems: their results of the exchangeable elements differ about a 
factor of 10 with the average reported values. When the results were sent for feedback to the 
laboratory, FSCC did not receive any comments. 
For sample D, Rule 9 might be difficult to apply since the nutrient content of this sample is extremely 
low. Therefore the values are often below detection limit which may results in CEC values below 0.5. 
So FSCC recommends to put the minimum equal to 0 and not 0.5. 
 
Rule 10 checks the base saturation (%) in presence of carbonates: should be between 90 and 100 
% when CaCO3 > 0 g/kg. 
The average CaCO3 content is 1 g/kg for sample A, D and E. Since the concentration of CaCO3  was 
extremely low this values often corresponds to the detection limit. Sample D and E cannot contain any 
(indicated by the low pH values). The measurement of CaCO3 was not mandatory for sample A but a 
concentration of 1 g/kg might be possible. So we should check rule 10 only on sample A. 
Nearly all results of Sample A fulfil this rule, except Lab N° 67. But since their own measurement of 
the CaCO3 was = 0, their BS of 89 % should still be accepted. 
 
Suggestions for additional quality rules 

1. In European forest soils the pH measured in water will always be larger (usually 0.5 pH unit) 

than the pH measured in CaCl2. When however, the difference between pH(H2O) and 

pH(CaCl2) is negative or zero, this may be a strong indication of a wrong pH measurement. 

For example, Lab N° 19 in Sample D measures both in CaCl2 and in H2O a pH of 4.4. 

2. When laboratories do not report the moisture content, they should not be able to report oven 

dry results (for example Lab N° 74). The determination of the moisture content is a 

prerequisite to be able to report carbonate content, OC, Total N, exchangeable, extractable 

elements, total elements and reactive Fe and Al. 

5 CONCLUSIONS 
52 laboratories participated in the 4th FSCC Interlaboratory Comparison 2005-2006. Seven 
laboratories reported outliers and stragglers for more than 20 % of the analyses, based on the between-
laboratory variability, and six laboratories based on the within-laboratory variability. Problem 
parameters are (1) the heavy metals and S extracted by Aqua Regia, (2) the exchangeable elements, (3) 
carbon content in samples with low organic carbon content and (4) the calcium carbonate 
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determinations. Three years after the 3rd FSCC Interlaboratory Comparison 2002-2003, more 
laboratories use the reference methods, have a higher experience with these reference methods, make 
more use of reference material and control charts but less laboratories are accredited for the reference 
methods. The coefficients of variation of all groups of analysis have improved except for the total 
nitrogen which was probably due to the fact that three samples had very low nitrogen content. 

6 RECOMMENDATIONS AND FOLLOW-UP 
1. The particle size distribution could probably improve strongly when all laboratories would use 

the reference method and would take more care of the quality control in the laboratory by the use 

of local reference material and simple control charts.  

2. Although the use of reference material and control charts has increased, the results of this ring 

test show that the quality could further improve by an even wider application of reference material 

and control charts. Many of the poor performing laboratories were not applying this simple control 

technique. Overall the use of reference material was 20 % higher than the use of control charts (86 

% versus 65%). As has been suggested by the QAQC group of the Expert Panel on Deposition and 

Soil Solution, FSCC wants to stimulate the efficient use of control charts. Suggested reading: 

• ISO 8258 (1991) Shewart control charts 

• ISO 7870 (1993) Control charts – General Guide and introduction 

• ISO 7873 Control charts for arithmetic average with warning limits 

• ISO 7966 Acceptance control charts 

• ISO 7871 Cumulative sum charts – Guidance on quality control and data analysis using 

CUSUM techniques – technical report 

• Internal Quality Control, Handbook for Chemical Laboratories, NT Technical report, TR 

569, 2005, revised for the demands of ISO/IEC 17025 standard. Handbook available at 

www.nordicinnovation.net/nordtest.cfm (choose Rapporter/NT tech 569) 

3. FSCC also suggests to use one common international reference material in all the laboratories 

participating in the BioSoil project. This reference material is being prepared by the FSCC. The 

reference material is sample B of this ring test. Eeach laboratory can receive a maximum amount 

of 5 kg. Laboratories should use this reference material to make control charts which should be 

reported to FSCC.  

4. Since many of the problems which showed up during the analysis of the ring test data, were due to 

the reporting of the data itself, it can be concluded that the quality of the data will benefit largely 

from the application of updated data integrity expert rules. Therefore it is absolutely needed that 

during the submission of the data, the data is checked by applying these few simple rules, 

preferably in an automated manner.  

5. To be able to report the heavy metals such as Hg and Cd, FSCC suggests to report to at least one 

significant number. 
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6. The nine laboratories which reported more than 20 % outliers (within- or between-laboratory 

variation) will be contacted by the FSCC and have to fill in a follow-up questionnaire to be able to 

trace back the problem(s). These poorly performing laboratories can receive new material from the 

4th FSCC ring test to reanalyse the samples. 

7. FSCC will try to create an internet platform as soon as possible. On this platform laboratories will 

be able to post questions and have discussions co-ordinated by the FSCC. 

8. At the 13th Forest Soil Expert Panel Meeting in Alton (UK) on 29-30 March was suggested to 

analyse the subset of the 14 German laboratories separately. Germany has developed a QA/QC 

programme by bringing the laboratory responsibles together. The results of this analysis can be an 

indication whether this approach works or not. In case the results are positive, Germany would 

recommend that the laboratories of neighbouring countries get in touch with each other and 

exchange experiences. FSCC should indicate for each region one well performing laboratory (can 

depend on the analysis). This laboratory will then be asked whether they are prepared to help the 

poorer performing laboratories. 
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