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In 1985 the European Communities now the European Union
published a soil map covering all the Community countries. This
map has been digitized, but for modelling purposes it was
necessary io compile a Soil Profile Analytical Darabase con-
nected to the European Communities Soil Map. This compilation
commenced in 1992 following a decade of expert group meetings
concerning European soil and land data. This account describes
the events that led to the decision to develop this database, and
how it was compiled.
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Introduction
During this century, national or regional soil surveys have
been established in most of the European Union (EU)
member states. Today national soil maps at large scales
exist in full in many member states such as the Nether-
lands, Belgium and Denmark; in other countries like Spain,
France and Ireland only minor parts have been mapped and
published (Hodgson 1991). The map scale and survey me-
thodology used differ from one country to another, and it
is not possible simply to combine the national maps to
cover the whole of the EU. Today national soil mapping
within the EU has almost ceased, only in a few countries
like Greece (Aggelides & Theocharopoulos 1991) a nation-
wide mapping of soils is still taking place. During the last
two decades, some of the national soil maps have been
computerized and in the following years it must be ex-
pecled that most of the other national soil survey maps will
be digitized. Furthermore, national soil profile and ana-
Iytical databases have been established in some of the
member states. In most cases these databases are not com-
patible with each other because different analytical me-
thods have been used in order to determine the soil pro-
perties.

Because the different national soil classification systems
around the world are not compatible, an international soil

classification system was developed in the 1960s and at the
beginning of the 1970s world soil maps at scale
1:5,000,000 were elaborated (FAO-Unesco 1974). Based
on the FAO-concept, the Commission of the European
Communities decided to make a soil map of the entire
European Communities at scale 1:1,000,000. This soil map
was called the European Communities Soil Map or the EC
Soil Map until 1992 when the European Communities be-
came the European Union. The name of the soil map then
changed to the European Union Soil Map or EU Soil Map.
[n the following sections EC and EU are used synony-
mously, but normally EC is used for events happening
before 1992 and EU for events happening after 1992,

For an optimal use of the EC Soil Map, for example by
transforming it into different thematic maps using pedo-
transfer functions, it is necessary to establish a soil profile
analytical database connected to the EC Soil Map. Very
few international soil databases have been compiled, these
include the USDA-SCS database, the ISRIC-ISIS database
and the FAO-SDB database. Proposals for a systematic
collection of soil and terrain data have been developed at
the International Soil Reference and Information Centre
(ISRIC) (Van Engelen & Wen 1993), also published simul-
taneously as World Soil Resource Report 74 (FAO 1993),
A global soil database has been compiled at ISRIC for the
geographical quantification of soil factors and processes
that control fluxes of greenhouse gases under the title of
World Inventory of Soil Emission Potentials (WISE) (Bat-
jes & Bridges 1994). However, it was not possible to use
these data sets in the compilation of the soil analytical
database connected to the EC Soil Map.

This paper describes the methodology used for compi-
lation of a soil profile analytical database connected to the
EC or EU Soil Map.

European Communities (EC) Soil Map.

In 1978, a working group on land use and rural resources
of the European Communities proposed that a soil map of
the member states should be prepared using the FAO
legend and data already collected by FAO. In 1985, the
soil map covering the entire European Communities was
published, at a scale of 1:1,000,000, in seven map sheets
and two legend sheets (Commission of the European
Communities 1983). This EC Soil Map portrays the dis-
tribution of more than 120 different soil types, most of
them defined in FAQ-Unesco (1974), but about 40 new
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soil types were defined, for example, Plaggensols and
Stagno-Eutric Gleysols. Combinations of the various soil
types are used to define more the 300 different map units
in the legend which relates to more than 16,000 soil poly-
gons on the map.

Each map unit, an association of soil units occurring
within the limits of a discrete physiographic entity, is given
a number and a colour on the printed map. Each associa-
tion is composed of a dominant soil unit and of subdomi-
nant associated soils, each of the latter covering at least
10% but less than 50% of the area. Important soils which
cover less than 10% of the area are noted as inclusions.
The percentage share of the dominant soil type, the asso-
ciated soil types and the inclusions are generally indicated.
The texture class of the dominant soil and a slope class are
given for each association. Phases are used where indurat-
ed layers of hard rock occur at shallow depth and to indi-
cate stoniness, salinity, alkalinity, a high content of stones
or concretions.

As a part of the CORINE Project (Briggs & Martin 1988),
the EC Soil Map was digitized in 1986 in order to establish
a comprehensive geographical database to assist environ-
mental protection in the European Communities. The digi-
tization of the soil map was carried out by the Ministry of
Agriculture, Bureau of Land Data (ADK) in Denmark (Pla-
tou et al. 1989) in cooperation with Birkbeck College, Lon-
don University, a main contractor in the CORINE Project
maintaining the GIS development (Wiggins et al. 1985).

The computerization of the EC Soil Map has several
advantages. It is relatively easy to make area calculations
and to reproduce maps at different scales, and it is possible
to make interpretations of the soil map on various themes,
for example land suitability and environmental risk assess-
ment (Lee 1984, Briggs et al. 1989, Jones & Biagi 1989,
King & Daroussin 1989, Madsen et. al 1989, Proctor et al.
1989, van Lanen et al 1989, Verheye 1989). Furthermore
it is possible to update the soil map relatively easily when
new knowledge becomes available. For example, in
Denmark new EC Soil Map units have been constructed
(Madsen & Jensen 1995), in Germany a new soil map
including the former German Democratic Republic (East
Germany) has been elaborated (Eckelmann & Adler 1994,
Hartwich et al. 1995), and King et al. (1995) has expanded
the soil attributes based on archive studies and data from
national representatives. The printed soil maps therefore
are outdated as a means of communication for today’s
needs.
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Proposal for an EC Seil Profile and Soil Analytical
Database
In order to collate soil and land data for the EC and in
particular to improve the utilization of the computerized
EC Soil Map, a Computerization of Land Data Group was
set up. This comprised technical experts from the member
states and a series of meetings was held in the 1980s to
discuss the general availability of land data in computeriz-
ed form throughout the European Communities. At the end
of the 1980s, additional meetings of experts were con-
vened to advise the Commission on the establishment of a
soil profile and analytical database connected to the EC
Soil Map. The participants at these additional meetings
were Prof. H. Breuning-Madsen (DK) (chairman), Prof. W.
Verheye (B), Prof. J. Bouma (NL), Dr. R.J.A. Jones (UK),
Dr. B. Biagi (I}, and Eng. J. Gil Pas (P). Dr. A K. Bregt
(NL) substituted Prof. J. Bourna (NL) at several meetings.
The meetings were held under the European Communiti-
es Exchange of Scientists Programme at the request of the
Land and Water Use and Management Programme Com-
mittee of Directorate-General VI (Agriculture). The first
meeting took place in Brussels in November 1986 and the
second meeting was held in May 1987 during the Com-
puterization of Land Data Group meeting in Pisa (Jones &
Biagi 1989). Different methods for storing soil profile
descriptions and soil analytical data were discussed, and at
the third meeting in October 1988 in Brussels, a metho-
dology was agreed upon for elaboration of an European
Communities soil profile and analytical database. This is
as follows:

I.  The database should be compiled in phases, firstly at
level 1, secondly at level 2 and so on.

II. The European Communities should be divided into
several regions, in the first phase the member states.
Within each region a soil profile and analytical data-
base is elaborated. In later phases the member states
might be subdivided into minor regions.

III. Within each region a typical soil profile description
and soil analytical data should be identified for each
soil type present. In the first phase data may be pro-
vided on the dominant soil types, but in later phases
soil types present as associations and inclusions
should also be described.

IV. The profile descriptions should be given according to
the FAQ-system and the soil analytical data according
to international standards.



V. The construction of typical profiles including analy-
tical data should be made by local experts, such as
national soil survey bodies or local soil scientists.

The recommendations and the proposed methodology were
then presented and further discussed at the following two
meetings: the Computerization of Land Data Group mee-
ting held in Wageningen in November 1988, with the
theme Application of computerized EC Soil Map and
climate data (Van Lanen & Bregt 1989), and the European
Communities meeting for the European Heads of Soil
Surveys held in Silsoe (UK) in December 1989 (Hodgson
1991). The final document for compiling an European
Communities soil profile and analytical database described
in detail the methodology, but no proformas and guidelines
were elaborated (Madsen 1991).

Principles for Establishing a Soil Profile Analytical
Database in Connection with the MARS Project

At the end of the 1980's a 10 year research project on the
application of remote sensing in agriculture statistics was
initiated. Called the MARS Project - Monitoring Agri-
culture with Remote Sensing - it has been and continues to
be funded by the Commission of the European Communi-
ties Directorate-General for Science Research and Devel-
opment. The main contractor is the Joint Research Centre
(JRC), Ispra Establishment. The MARS Project is divided
into different actions, one of these being a research and de-
velopment activity on agrometeorological models aimed at
establishing of a system for the forecasting of the yields of
the principal crops in the Community countries.

This specific action is to be realised through internal
studies and external study contracts, and scientific working
groups to support the MARS Project were established. One
of these, the Soil and Geographical Information Systems
(GIS) Support Group, had the objective to study the pedo-
logical parameters that, when combined with other en-
vironmental data at a scale covering the 12 EC countries,
will enable the yield forecasting models to operate.

The basic data for the project should be the EC Soil Map,
but the Seil and GIS Support Group should evaluate the
archives used in preparation of the EC Soil Map and pro-
pose a work plan for updating the description of the carto-
graphic units of the 1:1,000,000 EC Soil Map. Further-
more, the group should propose a number of pedotransfer
functions or rules for mapping the available water content

in the root zone, to model the water balance and other soil
attributes.

The Support Group was coordinated Dr. D. King of the
Institute National Recherches Agronomique (INRA,
France). Dr P. Vossen and A. Burrill represented The Joint
Research Centre, Ispra. The other members of the group
included: R.J.A. Jones (UK), A.J. Thomasson (UK), J.
Daroussin (F), M. Jamagne (F), M.R.T. Bessa (P), A. Bregt
(NL), E. van Ranst (B), W. Eckelmann (D), H. Breuning-
Madsen (DK}, D. Magaldi (I}, 1.J. Ibanez (E), J. Boixadera
(E), F.O. Nachtergale (FAO, Rome)

The first meeting of the Soil and GIS Support Group was
held at the Joint Research Centre in Ispra in autumn 1990,
the second in Ghent in April 1991, At that meeting it was
proposed to compile a soil profile analytical database ex-
clusively connected to the EC Soil Map. Compared to the
methodology proposed by the expert group at the end of
the 1980s, soil profile descriptions were excluded, only the
part concerning soil profile analyses should be included. A
proposal for the establishment of such a database was
made to the next meeting of the Support Group, which was
held in at the Joint Research Centre, Ispra, in September
1991, The proposal was discussed and the types of ana-
lyses that should be present in the database were agreed in
principle.

In June 1992, a contract was made with the Joint Re-
search Centre, Ispra for the establishment of a soil profile
analytical database connected to the EC Soil Map. Con-
tractors were the authors of this paper, and the soil profile
analytical database was to be established according to the
following recommendations:

I.  The database should exclusively be related to the EC
Soil Map.

II. The database should be a first-level database only
containing data from dominant soil types on the EC
Soil Map. In a later phase data from soil types present
only as associated soils or inclusions can be incor-
porated in the soil database.

III. If the land use type agriculture exists on at least some
part of the dominant soil type, data for a farmland seil
should be given

IV. Two soil analytical databases should be established,
one containing estimated mean values for typical soil
profiles (Proforma I) and one based on measured data
from selected soil profiles (Proforma II}.

V. The Proforma I database is proposed so that a data-
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database for comparative use across the European
Communities can be compiled for farmland. There-
fore the experts are requested to complete Proforma I
in full by transforming measured data according to a
methodology given in the guidelines as well as on the
basis of expert knowledge.

V1. The Proforma II database is proposed for recording
measured data. It is accepted that data will be missing
for some analyses or even for whole profiles.

VII. The collection and construction of the analytical data
should be made by local experts, such as represen-
tatives of national soil survey bodies or local soil
scientists.

During the second part of 1992, work concentrated on the
establishment of guidelines and the development of
suitable proformas for compiling the necessary data. The
work was carried out in consultation with the following
representatives from the member states: D. Magaldi (I), N.
Yassoglou (GR), J.J. Ibanez (E), M.R.T. Bessa (P), M.
Jamagne (F), E. van Ranst (B+L), A K. Bregt (NL}, W.
Eckelmann (D), H. Breuning-Madsen (DK), R.J.A. Jones
(UK), J. Lee (IRL).

The proformas were constructed as spreadsheets in Mi-
crosoft Excel. Together with the guidelines they were cir-
culated in the summer 1992 and, by the autumn, some
completed proformas were received from the member
states as a test of the system. During the meeting of the
Soil and GIS Support Group in Madrid in December 1992,
a consensus was reached on the final form of the pro-
formas and the associated guidelines. Following the meet-
ing in Madrid minor revisions of the proformas and guide-
lines were circulated, and a final version was completed at
the end of February 1993,

This finalized version was then circulated on paper and
on diskette to the national representatives. Each repre-
sentative was requested to complete the proformas over the
next half year and return the completed proformas on disk-
ette to the contractors. Some data were returned on paper
only and subsequently had to be key punched before they
could be stored in the computer, but most of the data were
returned on diskette and easily stored directly in a simple
database.

Results
An example of completed Proformas I and II is shown on
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the next page. The profomas show the data for an orthic
podzol in Denmark. Proforma I is completed in full as it
should be according to the recommendations. In Proforma
I some data are missing as they have not been measured
or recorded. Guidelines 1 and 2 show the guidelines for
filling in the two proformas.

The collection of data took more than a year because
difficulties were encounted by some member states in
meeting the proposed timescale. The difficulties varied
from one member state to another: for example in some
cases, new information necessitated redrawing the soil map
before establishing the soil profile analytical database, and
in other cases national soil surveys no longer exist and it
was difficult to find appropriate national experts who could
respond to the requests for information. Furthermore, very
limited funds were available for completing the proformas
at national level and this made it impossible for some
experts to reschedule national soil research programmes
quickly enough to meet the proposed timescales.

Table 1 shows the number of proformas received by 1
January 1995. Information is still awaited from Greece,
Portugal and Ireland. Greece has agreed to deliver the mis-
sing proformas in 1995; the national soil survey in Ireland
no longer exists and the local scil scientists have suggested
requesting information for Ireland previously submitted to
the WISE Project, International Soil Reference and Infor-
mation Centre (ISRIC) (Batjes & Bridges 1994), Data from
Portugal are now being prepared. For some of the other

Table 1: National returns of soil profile data (as at I January,
1995)

Country Proforma I Proforma IT
UK 64 90
Denmark 9 8
Belgium 34 34
France 118 0
Germany 69 50
Italy 21 17
Netherlands 20 19
Spain 25 25
Luxembourg 13 13
Greece 0 19
Portugal 0 0
Ireland 0 0




Example of completed Proformas I and II:

Proforma I for Soil Analytical Data: Estimated
Soil name: Orthic Podzol
Country: Denmark

Groundwater level: Highest: 5 Lowest: 5 Landuse: Agriculture
Parent material: Outwash plain
Henzen Depsh Texture pm 203« | Siones + | Strue- | OM T CaC03 Adlive Cab03 pHIH20) EC SAR | ESP
fcm) <3 | 330 | 2080 | Sk 200 2000 | Gaavel Dte L M b Cala3 IHIO d8im
A =20 1 k4 2 hui ] T | 5 47 1% 1] L] n 55 [ o <10
E 10-30 1 1 1 2l 73 1 3 [¥] 2 1 1] 1] 55 I |«d <10
Bhs 1-50 2 ] 4 34 hT) | 1 (K] 25 1] 1] 0 51 ] <4 =10
c 0200 | 1 1 i 1] 58 i 1 p2 | a [ 0 50 I et e
Oingin of Data 3 1 k) 2 3 2 ] 2 T 5 2 2 ] 5
Exch. Basex Wolumelrie Water Cosilent (%) Tzl Bulk
Deepith emol +g Soil Waler Relentioa {k Pa) Parazity Density
fem)y [#] Mg [ N CEC HE I [14] 100 1500 EC k3 &’tm'
020 o 03 0. g2 0 4 36 18 13 5 [ 42 135
2030 13 | o2 |ooz |00 so 3 hx} 10 7 4 13 a1 1.58
3050 L& n.3 0.05 0 17 5 32 15 & L] 17 40 L&
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Mean Toeal o0 % 90 50
Proforma II for Soil Analytical Data: Measured
Soil name: Po-1
Country: Denmark Longitude:
Groundwater level: Highest: 5 Lowest: 5 Latitude: Landuse: Agriculture
Parent material: Qutwash plain Alitude:
Hegizon [Depih | Texture_| Texiure_2 Texbare 3 Teahare 4 Texture 5 Stones $lracl C N CalC03 Casid H EC SAR | ESP
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Bs? | 4880 | 3 2 I 20 1 63 3 J2o0) 93 |2000| <0 A oaz] az o | as | -1 ssfan) .l I
Bsl | s020 | 3 2 I 0 1 63 s |0 f oo |20 <0 L jos | a2 0 | a6 | o sshanz) - T
Bsd | 20-150 r 2 | bt 1 1 3 20 9] 000 =10 ! x 1] A -1 55 1 a1l =l x| -1
[ | S0 2 1 | pli] 1 63 5 20 9l 00 <10 -| 1] A «l 51 | A1l =1 -l -1
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member states, there are still missing data on the Profor-
mas I but efforts are under way to fill these gaps.

All data have been checked and minor errors have been
corrected. The Proforma I data will be particularly impor-
tant for modelling because most of the data are present and
recorded for the same analytical methodology. However,
the missing Proforma I data might give some minor pro-
blems, but the database is sufficiently complete to be use-
able. For the countries where Proforma I data are unavail-
able, it is suggested that appropriate data from neighbour-
ing countries are used.

Future Work

In 1995-96, the EU soil profile analytical database will be
expanded to include Eastern and Central Europe and the
remaining part of Scandinavia. In doing this the database
will be expanded from 12 to 29 countries.

For each of the EU member states a continuous updating
of the database should be maintained. A completely revis-
ed soil map of Denmark is now available and a new soil
profile analytical database has been constructed. Soil
scientists in Germany have prepared a new version of their
part of an EU Soil Map including Eastern Germany, and
soil analytical data from Greece and Portugal will probably

Guideline 1:

Guideline for Proforma I: Estimated
Data

Give data for the profile representative of the
dominant soil type in the mapping unit.

Soil Name

The name of the soil type is indicated inclusive
of the texture lass. For example: Be-4, Lo-2.
Some soil types do not have a lexture class i.e.
histosols.

Country
Use the international abbreviation of your country
name, ie. F, 1, DK, D.

Groundwater Level

The mean highest and mean lowest permanent or
perched groundwater table is indicated. That
should be the mean of at least 10 years. Generally
such information is lacking and so you will nor-
mally have to estimate or guess (guesstimate) the
values. Please use the following classes:

0-50cm
50-100 cm
100 -150 ¢m
150 -200 cm
200 cm

groundwater table between:
groundwater table between:
groundwater table between:
groundwater table between:
groundwater table below:

A b Ll B e

For example, If you estimate the mean groundwater
level in winter to be 70 cm and in summer 190 cm
you record;

Highest: 2 Lowest: 4

become available in 1995,

Parent Material

Write in words what you believe is the parent ma-
terial. For example: fluvial deposit, dune sand,
boulder clay.

Landuse

This will be agriculture for dominantly agricultural
units but record any non-agricultural use for units
which are not used for agriculture.

Origin of Data for Deseription of Horizon
Proporties

The soil profile data available might be from actual
profiles or modal ones. Furthermore, some data
might be real analytical values, others might be es-
timates or even guesstimates - because of lack of
information. The following categories are sug-
gested:

average of a number of profiles;

-

from a single representative profile;

3: prediction derived from mathematical func-
tions;

4: prediction derived from relationships between
horizons and class functions (e.g. texture and
density class);

5: expen judgement,

The codes 1, 2 3, 4 or 5 should be entered on
Proforma | to identily the engin of the data.

Horizon
Name the different horizons according to the FAOQ
system,
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For example: The horizon sequence of a luvisol:
Ap, E, Bt, C. Please choose or construct your
benchmark soils, so they have as few horizons as
possible.

Depth
Indicate the soil depth in cm.

For example: 0 - 30 or 30 - 50 or 50 - 120 em.
The deepest horizon stops at a depth of 2 metre, i.c.
the last horizon may be 50 - 200 em.

Texture

Estimate the % of different grain sizes (<2mm} to
the nearest integer (or 'whole' number i.e. without
giving decimals).

For example: clay 28%, not 27.8%. The contenls
of all the texture grades should add up 1o 1005%

Stones + Gravel
Eslimale the percentage stones and gravel in the
soil.

Use the folowing codes to record the amount of
stones + gravel for each horizon:

Cade Class

I: very few < 5% by volume

few 5-75% by volume

frequent or many 15 - 40% by volume
very frequent, 40 - 80% by valume

> 80% by vilume

LA

dominant or skeletal

Do not describe the mineralogy, size or weathering
status.



Structure

Describe the type of structure according to the fol-
lowing list FAD (1986). Do not describe size or
stability but use the numeric cade for the structure
class.

Code  Class

I: platy
prisrmatic
columnar
angular blocky
subangular blocky
granular
crumb

massive

ol e = o A o

single grain
wedge shaped

=

Organic Matter (OM)

Estimate the organic matter content (%) [not the
organic carbon content) in each horizon o one
decimal place e.g. 3.8%,

Carbon/Nitrogen (C/N) Ratio
Record the C/N ratio to nearest whole number,

CaCO, and Ca50,.2H,0

The calcium carbonate equivalent (CaCO,) and
gypsum content (CaSO4.2H,0) should be given to
the nearest integer i.e. 36.

Active CaCO,

The methed of Druincau (1942) modified by
Gehu-Frank (1959) is suggested. A 10g subsample
or soil i5 shaken (for 2h) in 250m] of ammonium
oxalate. A 20ml aliquot of filtrate is then treated
with acidic potassium permanganate (60-70 deg C).
Active calcium carbonate is then determined from
the following equation:

Active CaCO, (%) = (A - B} N 50 (0.125}) where:
A =ml KMnO, in the blank (oxalae only)
B = ml KMnO, in sample

Guideline 2:

Guideline for Proforma II: Meas-
ured Data (existing soil profiles only)

The structure of this proforma is similar to that pro-
posed for estimated data except for the introduction

N = normality
50 = equivalent weight of CaCQO,

SAR and ESP

Sedium adsorption ratio (SAR) should be recorded
to the nearest integer. In humid areas, SAR is
usually less than 4. Unless data for these areas
indicate otherwise, enter '<4’,

Exchangeable sodium percentage (ESP), the pro-
portion of exchangeable sodium as a percentage of
the cation exchange capacity, should be recorded to
the nearest integer. In humid areas, ESP is normal-
ly less than 15% and should be recorded as ‘<10

Only one of these parameters, SAR or ESP,
should be recorded.

pH (H,0)

pH measured in water, soil: water ratio 1:2.5. Il
you do not have information on pH in water but in
another medium estimate the pH(H,Q} from meas-
ured pH data. Based on several thousand analyses
in Denmark ie. the following algorithm can be

used:

pH (H,0) = pH (0.01 M CaCL) + 0.5 = pH (1
M KCl) +0.9.

The pH - values should be given to one decimal
place, i.e. 5.9.

Electrical Conduetivity (EC)

EC measured in saturated paste extract; group the
soil horizons into the following classes and record
the numeric code. In non marine humid areas
code 1 should be entered if analytical data are
absent.

Code Range Class
dS m-1 ar 25 deg C
1 0-4 free
2 4- 8 slightly affected
3 §-15 moderately affected
4 > 15 strongly affected

of a second column 10 record a code defining the
type, method and/or units of measurement.

In general, under "VAL', abbreviation for value,
record the result of the measurement and under
'‘COLY, abbreviation lor code, list details, units or a
code defining the measurement, eg under CEC,

Exchangeable Bases

The exchangeable bases should be given for an
extraction with 1M NH,AOc at pH 7.0. The values
should be given to one decimal place only except
when the values are lower than 0.1 emel+/kg.

Cation Exchange Capacity (CEC) and Base
Saturation (BS)

CEC is given to one decimal place for each horizon
as the sum of exchangeable bases and the
exchangeable acidity at pH 8.1. Base saturation is
calculated as the percentage of the CEC taken up
by exchangeable bases.

BS = (TEB/CEC)100

TEB - total exchangeable bases

BS is expressed as an integer (mass)
(or whole number)

Soil Water Retention

The volume percent of water in the soil horizons at
1, 10, 100, 1500 kPa and field capacity (FC) are
estimated to the nearest integer value eg 38, 32, 20,
10. Indicate the most appropriate value for field
capacity.

Porosity and Bulk Density
‘The porosity (%) is given (o the nearest integer; the
bulk density to two decimal places.

Root Depth

Two root depths are indicated for selected crops.
The effective root depth is defined as the depth of
soil in which the plant available water (field capa-
city - permanent wilting point) is equal to the a-
mount of soil water utilized by the plants until wilt-
ing oceurs due to lack of water. The mean total root
depth is self evident. Depths are given for the dif-
ferent types of vegetation (indicated on the scheme)
which may grow on the soil type. If no crop is
growing enter -1°. In arid arcas, where there is
usually linle or no leaching, effective rooting depth
has no significance and should not be recorded.

1" under '"CODY could be the measurement in an
extract from I[N NH,AOc at pH 7.0. [f it is self-
evident that the measured value would be zero but
no analysis has been carried out, record "0 in the
"WAL' column and 'NA' under "COD. Record
missing values as '-17
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Longitude, Latitude and Altitude

Longitude and latitude should be recorded in the
traditional way using degrees and minutes in re-
lation to the Greenwich Meridian and the Equator.
Altitude should be recorded in metres above Mean
Sea Level.

Soil name, Country, Groundwater Level, Parent
Material and Land Use

These should be recorded as on the proforma for
estimated data (described above). Horizon notation
should be recorded according to FAQ system.
Record the lower depth, in cm (to nearest integer
value), for each horizon in the soil.

Texture

Record measurements for 5 fractions - clay, silt,
and 3 sand fractions to one place of decimals.
Under 'esd’, an abbreviation for equivalent sphe-
rical diameter, record the upper limit (lo the nearest
integer), eg 2um for clay, 50 or 60 um for silt, 200,
600, 2000um or other (eg 200, 500 um) relevant
limnits for sand.

Stones and Gravel, and Structure
Record these using the same codes as for the esti-
mated proforma.

Organic Carbon (OC)
Record measurement of organic carbon (not
humus) to one decimal place under "VAL' and one
of the following codes under 'COD":

Al Method of Walkley and Black

A2 Leco Method Tabatabai and Bremner

(1970}
A3 Other (specify on separate sheet)

Total Nitrogen (N)

Record measurement to one decimal place under
"WAL' and one of the following codes under 'COD":
Ad  Wet digestion (Kjeldahl method) (%)

A5 Other

Calcium Carbonate (CaC0O,)

Record measurement of total CaCO, to nearest
integer under "V AL' and one of the following
codes under 'COD":

A6 Calcimeter method (%) [measures  CO,

emitted]
AT Other
Gypsum (CaS0,.2H,0)

Record measurement to nearest infeger under

"WAL’ and one of the following codes under "COD":

A8 For soils with small quantities of
gypsum: By waler extraction: USDA
Handbook Mo 60, Diagnosis and Im-
provement of Saline and Alkaline Soils
(1954).

AYS  For highly gypsiferous soils: By loss of
erystallisation water between 40 & 110
deg C.

Al0  Other

Acidity pH
Record measurement 1o one decimal place under
'WAL' and one of the following codes under "COD":

All 1zl water (H,0)

Al2Z  1:2.5 water (H,O)

Al 1225000 M Caleium Chloride (CaCl,)
Ald4  1:2.5 IM Potassium Chloride (KC1)
Al5  Other

Electrical Conductivity (EC)
Record the measured EC value in dS m™'.

Al7 Inextract from sample saturated in water
Al Other

Exchangeable Calcium, Magnesium, Potassium
and Sodium

Record measurement to one place of decimals
under "VAL' and one of the following codes under
'‘COD"

Al9  Neuotral Ammonium Acetate (NH,AOc)
extract, cmol+kg
A20  Other

Cation Exchange Capacity (CEC)

Record measurement 1o one place of decimals
under "VAL’ and one of the following codes under
"COD:

A2l Distillation method {crmol+%g)

A22 Total Exchangeable Bases (TEB) +
Exchange Acidity

A23  Other

Base Saturation (BS)
Record measurement to nearest integer under
“VAL' and one of the following codes under 'COD":

A24  TEB/CEC (%)
A25  Other
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Soil Water Retention (WC_1, WC_2, WC_3,
WC_4, WC_4, WC_FC)

Because many different suctions are used for mea-
suring 501l waler relention, national correspondents
are requested to enter measurements for

water contents (WC_..), as percent by volume, at 5
suctions one (WC_FC) of which should be field
capacity (FC).

Record measurement to the nearest imeger under
'VAL' and under 'COD’ record the suction in kPa at
which the measurement was made eg : 5, 10, 40,
200, 1500 kPa. With ar least five measurements, a
soil water suction curve can be constructed from
which estimates at intermediate suctions can be

made.

Total Pore Space (TOT_POR)
Record the result of the measurement under "VAL'
and method under ‘COD":
A26 (1-DB/DP), % |DP is panicle density,
2.55 - 2.65gfcm’
A27  Other

Bulk Density (DB)

Record the result of the measurement 1o two deci-

mal places under 'V AL’ and method under ‘COD":
A28 Soil core in lab, giem’®
A29  Wet measurement in the field, gfem’
A30  Other

Root Depth

The depth of soil available for rooting should be
recorded o 2 m (200 cm); the depth in cm (10
nearest integer) to rock should recorded under
D_Rock and the depth (cm) to any other obstruc-
tion, such as a compact layer, under D_Cth_Cbs.

Analytical Codes

Any additional codes for analytical methods can be
introduced coding from A30 onwards. It will not
matter if these codes appear to be out of numerical
sequence as they will be setup as a relational table
which can be added to easily in the future.

FAQ (1986).Guidelines for the coding of soil data
(draft) proposals for an international soil data
bank. FAO Rome.

Diruineae (1942). Annales Agronomigue 12 ns., 441,

Gehe-Fronk { 1939}, Bulletin de la Societe Botanigue
que de France 106, 209,

Tabatabai, M.A. and Bremner, M. (1970). Soi
Science Society of America, Proceedings.

USDA Hardbook Ne 60 (1954), Diagnosis and
Improvement of Saline and Alkaline Soils (1954).
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