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1 Introduction

In 1974 the first FAO-Unesco soil map of the world (scale 1:5 Million) was
published. It was a compilation of all soil survey information that was
available at that time. In the meantime countries have embarked upon
systematic soil resources mapping at national scale and have recorded their
growing knowledge in national geographical data sets and soil description
systems. One of the major obstacles to exchange all this new information is
the lack of standardization in describing and recording data. Therefore
there is an urgent need to collate and correlate thes- national and regional
geographical soil data and to bring them under a common denominator.

It looks like if SOTER is going to be the answer to this demand. This World

Soils and Terrain Digital Database, which is still in a stage of development

will have the following characteristics (Sombroek, 1986 a):

1 a flexible scale, however the average will be 1:1 Million.

2 compatible with data bases of other environmental resources

3 amenable to updating '

4 accessible to international, regional and national decision- and policy-
makers responsible for the development, management and conservation of
environmental resources.

One of the first tasks to be undertaken in the early stages of the SOTER
project, is the development of a universal soils and terrain mapping legend,
which can accomodate all major (national) classification systems. Besides,
the definition and selection of attributes to be entered into the database,
needs a lot of attention.

Both aspects are elaborated in this study, by giving a review of collected
literature, which can be used for SOTER in order to construct a definitive
legend. .

2 Methodologz

2.1 Hierarchy within the database

A hierarchical system of the soil and terrain database has already been
proposed (Sombroek, 1986). This means that various entries of the base
structure ("legend") at a different level can be recognized. The major entry
within the legend corresponds to the highest level (A). The different legend
levels are:

Physiography

Regional parent material and parent rock

Regional climate

Regional vegetation / land use

Soil profile site

Individual soil horizons

Substrate material

H Diagnostic soil properties

QD

In the present paper most attention is paid to level E and F: the soil
profile site and the individual soil horizons. At the same time other
studies are made to describe and code the physiography (level A) and the
regional parent material and parent rock (level B).
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Independantly of this hierarchy some other parameters can be identified to
build up the legend, namely the land qualities, also called compound
properties. The way the distinguished land qualities of this study are
related to the different properties is explained in chapter 3.

2.2 Land and soil properties

Each legend level is described by different land and/or soil properties. For
instance, the substrate material (level G) comprises the properties grain
size, porosity, strength, mineral composition, lithology and alteration.

According to the "Framework for land evalutation” (FAO, 1976) a property or
characteristic is an attribute of land that can be measured or estimated.
This implies that there is often a unit in which the property can be
expressed. Such a quantification has as an advantage that the result is
rather objective, complete and clear.

If properties are employed directly in land evaluation studies or
suitability classifications, problems arise from the interaction between
properties. Therefore it is recommended that the comparison of land with
land use should be carried out in terms of land qualities. A land quality is
a complex attribute of land which acts in a distinct manner in its influence
on the suitability of land for a specific kind of use (FAO, 1976).

A problem is caused by those properties that have to be observed over
periods of time. e.g. soil temperature, soil moisture content. They behave
in a dynamical way throughout the year, so the final result is a kind of
summary. (Beek et al, 1979; Haans, 1979).

Most of the properties based on soil physics and soil chemistry are derived
from the standard laboratory analyses employed to characterize soil mapping
units. Such data need to be treated with caution for two reasons: the high

variability of physical and chemical properties within a soil type and the

use of different analytical methods (FAO, 1983).

As already been stated, many national geographical data sets and soil
description systems do already exist. For this study as much as possible
different sets and systems were collected and compared to each other. As a
starting point the properties out of which each system is built up, have
been chosen, because properties are the key to the different legend levels.
A comparative review of all properties is given in section 3.2.

In view of the fact that the study time was restricted, the information
collection was stopped at a certain moment. Therefore, this study has not
the pretention to be complete and for that reason it is called a discussion
paper. Indoubtedly more national/local systems or methods exist, that are
not dealt with.

2.3 Existing and proposed class groupings

If all of the words of each property were transcribed directly into the
SOTER database a very large number of letters and digits would be required
for each record. Since the cost of converting and storing data is
proportional to the volume considerable saving can be effected by minimizing
this volume. The most obvious way to achieve this is by coding as much data
as possible (FAO, 1986). In this report, matters haven't gone so far as that
yet. Only each property has been indicated by a combination of a letter and
a number. The letter refers to the level of the legend (A until H), the
number to the property itself, as well as a further subdivision of the
property.

L I o ! { i ! ' ] dan i B . i
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For interpretative purposes the value of all the properties should be
presented as estimates within a limited number of classes (class-ratings or
-groupings), rather than as actual figures of field and laboratory analysis.‘

It has become clear that the limits of a particular class are different in
the various systems and databases studied. In some cases this results in
more than 20 ways of grouping. E.g. many of the slope limits are related to
erosion risk; erosion is however less of a problem in for instance Britain,
and the slope limits there are set according to the feasibility of using
agricultural machinery rather than on erosion hazard. On the other hand for
a few properties it has been impossible to find any form of class grouping
in the available literature.

Besides making a review of already existing class groupings, an important
aim of this study was to stimulate the discussion on the definitive
selection of one particular way of grouping, one that is universally
acceptable and suitable for application in the legend of the SOTER database.
So in this paper room is left to add a final proposal, that might be an
already existing grouping, a completely new, or a compromise one.

3 Described and rated properties

3.1 The table-concept

In this chapter an extensive list is given of all those properties that

can be distinguished at the different legend levels. Many properties can be
further subdivided, e.g. surface stoniness (E2) can be separated into the
abundance (E2.1), the size (E2.2) and the shape (E2.3) of the stones on the
surface.

A list of land qualities related to land productivity for three kinds of
land use and to management and inputs is included. Most of the land
qualities are described by means of properties. Behind each quality,
therefore, those properties are indicated which have an influence on it.

In the second part of this chapter, those properties which are related to
the soil profile site or the individual soil horizons (level E and F) are
separately presented in a table form. In most cases also a definition is
given.

On the horizontal axis of each table all collected references are indicated
by a number. The numbers correspond to a literature reference at the foot of
each table. For a few properties it was impossible to find any form of
reference.

On the vertical axis the classes are reproduced. The maximum number of
classes is 12, so when in literature a grouping with more than 12 classes is
given, this reference is left out of consideration. In each table, room is
also left for a class grouping proposal.
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3.2 Listing of all studied properties and qualities

Hierarchy:

A. Physiography

B. Regional parent material and parent rock
C. Regional climate

D. Regional vegetation/land use

E. Soil profile site

F. Individual soil horizons

G. Substrate material

H. Diagnostic soil properties

Land qualities/compound properties:

I. Land qualities related to productivity from crops or other plant growth
II. Land qualities related to domestic animal productivity

III. Land qualities related to forest productivity

IV. Land qualities related to management and inputs

A. Physiography (McDonald et al, 1984; FAO, 1977; Soil Conservation Service,
1979)
1. Regional physiography
2. Local landform
2.1 physiographic position of the site
2.2 topography of the surrounding country
Mode of geomorphological activity
Status of geomorphological activity
Geomorphological agent
Slope on which profile is sited
6.1 length
6.2 gradient
6.3 form
6.4 pattern
6.5 aspect
6.6 exposition
7. Elevation
7.1 median
7.2 range

[oXRC IR |

B. Regional parent material and parent rock (Soil Conservation Service,
1979, Spaargaren, 1980).

1. Depth (below soil cover)
2. Parent material
2.1 origin or source
2.2 mode of accumulation or deposition
2.3 texture
%. Weathering
3.1 degree
%.2 resistance
4. Bedrock inclination
4.1 degree
4.2 direction
5. Bedrock fracturing
6. Mineralogy
6.1 abundance
6.2 size
6.3 form
7. Geological formation

4 | i | i ' ] ] ] o
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C. Regional climate (FAO, 1983; McRae and Burnham, 1981)

1. Short-wave radiation
2. Sunghine hours
3. Daylength
+ Air temperature
» Frost incidence
+ Rainfall
6.1 amount
6.2 timing (distribution)
6.3 intensity
7. Rainfall aggressivity
8. Storm incidence
9. Evapotranspiration
9.1 actual
9.2 potential
9.3 deficit
10. Moisture surplus/deficit
11. Length of humid/dry seasons
12. Incidence of dry periods
13. Relative humidity
14. Wind speed & direction
15. Hail/snow
16. Soil temperature
17. Soil temperature regime
18. So0il moisture regime
19. Climate classification

N\

D. Regional vegetation/land use (v.Waveren, 1986 and McDonald et al, 1984).

Floristic composition (presence or absence of species)
Vegetation type

Vegetation status

Dominant specie(s)

Vegetation structure/physiognomy

5.1 spacing (folliage cover or crown seperation)
5.2 growth form

5.3 height

6. Land utilization type

T. Crops

8. Rotation

9. Irrigation

10. Other improvements

11. Agro-ecological classification

BN
« e o o

E. Soil profile site

Surface characteristics
1. Microrelief
1.1 height
1.2 density
1.3 kind
1.4 pattern
2. Surface stoniness
2.1 abundance
2.2 size
2.3 shape
3. Rock outcrops



4.

Surface sealing and crusting
4.1 degree

4.2 thickness

4.3 induration

Surface cracking

5.1 wide

5.2 depth

5.3 spacing

Hydrology

6.

7.

8
9.

10.
1.

Water table

6 o depth

6.2 kind
Inundation

7.1 frequency

7.2 duration

7.3 depth

7.4 water quality

. Surface run-off

Internal drainage

9.1 permeability

9.2 drainage class
Moigture condition
Water-retention difference

Transport processes

12.
13.
14.
15.

Actual water erosion
Actual wind erosion
Aggradation

Mass movements

Miscellaneous information

16.
17.

Effective soil depth
Depth of regolith

F. Individual soil horizons

1.

4.

Depth of horizon
1.1 upper limit
1.2 lower limit

. Nature of boundary with horizon below

2.1 distinction

2.2 topography

Colour (dry/moist)

3.1 hue

3.2 value

3.3 chroma

Mottles

4.1 abundance

4.2 size

4.% contrast between mottles
4.4 sharpness mottle boundaries
Particle size

5.1 grade

5.2 distribution

5.3 class

61 . I | g 'K |
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10.

1.
12.

13.

14.

15.

16.

17.

Stoniness in the profile
6.1 abundance
6.2 size

6.3 degree of weathering
Structure

T.1 grade

7.2 type

7.3 size
Surface features
8.1 abundance
8.2 thickness
8.3 continuity
8.4 distinctness
8.5 type

6 location
rosity

.1 abundance
2 size
3 continuity

4 orientation

5 distribution

6 morphology

T type

Fissures

10.1 abundance

10.2 width

Shrink-swell potential
Consistence

12.1 stickiness

12.2 plasticity

12.3 friability

12.4 fragility

12.5 smeariness

12.6 fluidity
Concentrations within the matrix
13.1 abundance

13.2 size

13.3 hardness

13.4 shape

13.5 type

13.6 composition
Cementation

14.1 degree

14.2 extent

Cemented pans

15.1 continuity

15.2 structure

15.3 cementation

15.4 type

Roots

16.1 abundance

16.2 size

16.3 orientation

16.4 distribution
Effervescence

17.1 degree

17.2 location

8.
Po
9

9.
9.
9.
9.
9.
9.
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18. Acidity
182 pi 20
-2 PH ya
19. Bulk den31%y
20. Organic matter
20.1 abundance
20.2 kind
20.3 decomposition
21. Organic carbon
22. Nitrogen
23. C/N ratio
24. Salinity
25. Sodicity
26. Exchangeable Sodium Percentage
27. Carbonates
28. Gypsum
29. Cation Exchange Capacity
29.1 CEC soil
29.2 CEC clay
30. Anion Exchange Capacity
31. Base saturation
32. Exchangeable Calcium
33. Exchangeable Magnesium
34. Exchangeable Potassium
35. Exchangeable Sodium
36. Exchangeable Aluminium
37. Available phosphorus
38. Toxic constituents

G. Substrate material (McDonald et al, 1984)

1. Grain sisze

2. Porosity

3. Strength/Consistence
. Mineral composition
. Lithology'

. Alteration

N\t >

H. Diagnostic soil properties (FAO, 1985 and USDA, 1976)

1. Abrupt textural change

2. Albic material

3. Andic soil material

4. Ferralic properties

5. Ferric properties

6. Fluvic properties

7. High salinity --» F28

8. Hydromorphic properties --» 9
9. Interfingering

10. Organic soil materials --» F24
11. Permafrost

12. Plinthite

13. Slickensides --» Fi12

14. Smeary consistence --» F16.5
15. Soft powdery lime ~-» F31

16. Sulfidic materials.

17. Takyric features --» E11

s . I, | . ' | oo



18.
19.

21,
22.
23.
24.
25.
26.
27.
28.
29.
30.
31,
32.
33.

- 11 -

Tonguing
Vertic properties
Weatherable minerals --» F44

Amorphous material dominant in the exchange complex
Coefficient of linear extensibility, COLE --» F15

Durinodes
Gilgai --» E1.3
Lithic contact --» F3

Mottles that have chroma of 2 or less --» F5

n value

Paralithic contact

Petroferric contact

Sequium

Soil moisture regimes --» C17

Soil temperature regimes --» (18

Thixotropy --» F16.5

Land qualities/compound properties (FAO, 1976 & 1983; McRae et al, 1981)
(Behind each quality the code of those properties are given which may be
employed to assess the quality concerned).

I. Land qualities related to productivity from crops or other plant growth

1.
2.
3.

4-
5.

6.
7.

8.
9.
10.

11.
12.

13.
14.
15.

16.
17.

18.

19-

Radiation regime
Temperature regime
Moisture availability

Oxygen availability to roots
Nutrient availability

Nutrient retention capacity
Rooting conditions

Conditions affecting germination
or establishment

Air humidity as affecting plant

growth

Conditions for ripening of crops
Flood hazard

Climatic hazards affecting plant
growth

Excess of salts

Soil toxicities

Pest and diseases related to the
land

Soil workability

Conditions for land preparation

or clearance

Erosion hazard

Soil degradation hazard

A6, C1, C2, C3, C19

A6, A7, C4, C16, C17, C19

A6, B1, C4, C6, C9, C10, C11, C12,
c18, D8, E6, E10, E11, E16, F5, F7
A6, D9, E6, E7, E9, E16, F4, F5
B, E14, F18, F20, F21, F22, ¥23,
F31, F32, F33, F34, F35, F37

c6, D7, F5, F20, F21, F¥29, F31

Bi, E16, F5, F6, F7, F9, F12, F14
F15, P9

B1, C4, C16, E4, F5, F7, Fi2

c13

A6, C4, C6, C13
cé6, E7, E8
A6, A7, C5, 8, C14, C15

¢5, C6, E6, E9, F18, F24, F25, F26
F8, F27, F28, F38
c6, C13, D1, ¥5, F18

C4, ¥5, ¥, F7, F12
A6, D1, E1, E2, E3

A4, A6, C6, CT, C14, D1, D4, E9, E12
E13, F5, F7, F9, F12, Fi4, F15, F19
E4, E9, F5, F7, F9, F12, F20, F21



IT.
20.

21.
22.
23.
24.
25.
26.

27

III.

28.
29.
30.
31.
32.
33.
34.
Iv.

35.
36.

38.

39.
40.

- 12 -
Land qualities related to domestic animal productivity

Productivity of grazing 1and (a resultant of many qualities listed

under I)

Climatic hardhips affecting animals ¢5, ¢6, C7, C8, C15
Endemic pests and diseases ¢6, C13
Nutritive value of grazing land B6, E9, E16, F5, F18, F29, F30
Toxicity of grazing land F38
Availibility of drinking water cs, c6, Ct0, C11, E6, ET, E8
Resistance to soil erosion under A6, D1, D2, E9, E12
grazing conditions
Resistance to degradation of ¢c10, D1, D2
vegetation

Land qualities related to forest productivity
Mean annual increment of timber species (a resultant of many qualities

listed under I)
Types and quanties of indigenous D1, D2, D3
timber species

Site factors affecting E6, F5
establishment of young trees
Pest and diseases c4, 13, D1, D3, F18
Climatic hazards - fire c6, €9, C11
- frost AT, C5, C15
- wind A6, C8, C14
Erosion hazard A, A6, C6, CT, C14, D1, E9, E12,
El3, ¥5, F7, F9, F12, F14, F15, F19
Tolerance to vegetation degradation D2, D4

Land qualities related to management and inputs

Potential for mechanization A6, B1, E2, E3, F5
Conditions for storage and c6, C13, ¥5, F6
processing '

Conditions affecting timing of c2, ¢4, C5, C11, Ci6
production

Access within the production unit A6, F5

Size of potential management units A6, F6
Location in relation to markets A6
and supplies of inputs

¢ | . ! ! i [BER Tt i '
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