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L INTRODUCTION

This paper provides a tentative approach for an extended and regionally adapted soil clas-
sification system for Etosha/northern Namibia based on the updated FAO/UNESCO world
soil map legend (FAO 1988). The revised FAO system, which is designed up to a scale of
1:1 million, is a three level taxonomic system, where quantitative criteria of diagnostic soil
horizons and properties serve as the basis for classification. Although the system is not as
complete or flexible as the USDA Soil Taxonomy (Soil Survey Staff 1975), it is widely ac-
cepted and used as a framework for national and regional soil surveys due to its compre-
hensible nomenclature, easy applicability and its openness towards changes (Van Wam-
beke 1989:187).

The FAO soil classification system is based on a great number of regional and national soil
surveys and maps and thus cannot be seen to represent adequately all soils in the different
parts of the world at the same detail. Especially in regions, that are vast, sparsely populated
and quite inaccessible like the humid or semi-arid Tropics, the existing classification sy-
stems do not represent the variety and diversity of soils well, due to a lack of information
and quantitative data (Richter & Babbar 1991). To serve the specific needs of national and
regional maps, a tentative third-level taxa is proposed by the FAO (1988:56), which allows
the local application of the legend. An example for a national application gives the Revised
General Soil Legend of Botswana (Verbeek & Remmelzwaal 1990), where the FAQ classifi-
cation system has been extended and slightly modified to describe more adequately the
range of soils present in Botswana.

II. ANEED FOR A REGIONAL ADOPTED SOIL CLASSIFICATION SYSTEM FOR
NAMIBIA

Although absolutely necessary, soil survey for the purpose of land evaluation and land use
planning still is at the beginning in Namibia. Apart from a small number of more detailled
studies on single development schemes (compiled by Schneider 1990, see also Buch
1993b) only groundwork has been done so far (Schneider 1989). Thus a comprehensive
and regionally adapted system for soil survey and soil classification applicable on a
medium to small scale is lacking in Namibia.

Starting in 1989 soil surveys on different scales and related eco-pedological research as
well as geomorphological-sedimentological studies were carried out in quasi-natural eco-
system of the Etosha National Park and adjacent areas in northern Namibia (Beugler in
prep., Beugler & Buch 1993, Buch 1993a, Trippner in prep.). This work was done within the
frame of the present and foregoing cooperation projects between the Etosha Ecological In-
stitute/Republic of Namibia and the University of Regensburg/Germany. With the back-
ground of the collected experience and data and considering the lack of an adequate clas-
sification system in Namibia, there arises the need to outline a system that meets the fol-

lowing requirements:

- It should well be able to describe and classify the range and diversity of the soil types
and their properties in the semi-arid zone of northern Namibia at various levels, with the
aim to allow statements on potential productivity and potential hazards of the different
soil types or mapping units. Thus morphological or effective soil properties are pre-
ferable to genetical properties for classification, like clearly shown in the Soil Taxonomy
(Soil Survey Staff 1975:7-11) or the FAO system, esp. at its lower levels. Although the
separation of soil units in the the FAO classification relates to general principles of soil
genesis, only the effects of soil forming processes are taken as identification criteria

(FAO 1988:20).

" - The nomenclature and definitions proposed by the FAO(1988) with only slight modifica-
tions have to be taken over, at least at the two highest levels; modifications and extensi-
ons at the third or lower levels have to be defined in quantitative terms.




- The system has to be clearly structured and defined to avoid confusion and to allow a
rapid and easy correlation with the USDA Soll Taxonomy (Soil Survey Staff 1975) or the
South African Binomal System (Macvicar et al. 1977), as well as with other national soil
classification systems in Southern Africa (SARCCUS 1984).

- Flexibility, i.e. applicability of the system on different scales (1:1.000.000 to 1:50.000 or
even larger) and the possibility for an extension or change when necessary has t0 be
required in order to allow its use in other paris of the country. As the classification of
soils in northern Namibia is based on the present state of knowledge, modifications
would be necessary with a growing database.

HE. CLASSIFICATION STRUCTURE

The proposed classification partly follows the system developed by Petermann (1988) for
arid soils in the Libyan part of the Sahara. He extended and modified the FAO classification
up to seven hierarchical levels and made stronger adjustments to the USDA Soil Taxonomy
in order to incorporate the different arid soil properties and to allow exact statements on
large scale suitability of the soils for irrigation (Petermann 1988:66-85). Due to a less de-
tailed spatial resolution of the soil observations in the study area and in order o maintain
clearness and simplicity, Petermann’s classification was simplified, esp. at the lower cate-
gories (from Groups downward).

Six hierarchial levels are proposed for the study area, where the four highest taxa are ap-
plied for soil mapping on a scale 1:50.000 or larger.

The taxa are from the highest level downward: MAJOR UNITS - UNITS - GROUPS - SUB-
GROUPS - FORMS - SERIES. Most Phases, describing limiting factors for land use (FAO
1988:60-63), are incorporated into the third or lower classification levels. Analogous to the
phases, potential eco-pedological risks like erosion, salinization, alkalinization and flooding
additionally are mapped as 'HAZARDS’, taken into account the special ecological frame
conditions and land use potential of the study area.

1. MAJOR UNITS

The Major Units are identical with the Major Soil Groupings of the revised FAQ Legend. As
mentioned above, they are identified by the presence or absence of diagnostic horizons
and morphological properties, that express the kind and effects of dominant soil forming
processes (FAQ 1988:4; Petermann 1988:77; see also the definition of ‘Orders’ in Soil Sur-
vey Staff 1975:71). From the twenty-eight Major Soil Groupings (FAQ 1988:14-15) ten could
be identified in central northern Namibia, namely REGOSOLS, ARENOSOLS, FLUVISOLS,
VERTISOLS, LEPTOSOLS, CAMBISOLS, CALCISOLS, PLANOSOLS, SOLONETZS and
SOLONCHAKS. PARA-VERTISOLS were introduced and defined as the eleventh Major Unit

in thsha.

2. UNITS

Units represent soils with similar types and combinations of diagnostic horizons and pro-
perties. They represent a special soil dynamic and allow to classify sails by considering ge-
netically and/or ecologically important properties (Petermann 1988:77). The units are
exclusive to each other, i.e. they are not used in combinations.

Modifications on the Unit level were necessary concerning the Regosols and Arenosols,
where the hypercalcaric unit is defined. The hypersalic unit is introduced for highly saline
Fluvisols and the rhodic unit is defined for intensively weathered Cambisols




3. GROUPS

At the group level pedological and ecological soil attributes are outlined, that have not been
considered at any higher classification level, but are nevertheless important for soil ecology
and management (e.g. texture, skeleton content, colour of B-horizon, organic matter con-
tent etc.). Consequently most of the Phases, which represent limiting factors related to
surface or subsurface features of the fand (FAO 1988:60), are taken up into the Group ca-
tegory.

According to the concept of the Subunits, that were introduced in the revised FAO-classifi-
cation to meet the specific needs at national and regional levels (FAO 1988:56-59), the
Groups incorporate intergrades (for def. see Soil Survey Staff 1975:79) between Major
Units and intergrades between different Units. Additionally new characteristics are marked
or other higher level properties are specified to seperate extragrades (for def. see Soil Sur-
vey Staff 1975:80). Thus the groups represent the Great Group and Subgroup level of the
Soil Taxonomy (Soil Survey Staff 1975:77-80) or the Group and Subgroup level of Peter-
mann (1988:77). In contrast to Petermann (1988) and Soil Survey Staff (1975), climatic
factors, I.e. moisture and temperature regimes, are not considered at this or higher levels.
Groups normally do not exclude each other and combinations within one Unit are possible,
if not otherwise stated. If combinations occur, more important properties should be placed
before the less important (subjective choice). For the Etosha soils most of the maodifications
and extensions proposed in this paper are defined at the Group level.

4. SUBGROUPS

Deviating from the earlier version of the FAO/UNESCO Soil Map of the World (FAQ 1974),
all climatic criteria for classification, except permafrost, were eliminated from the revised
FAQ legend (FAO 1988:6). The reason for this is the difficulty of measuring soil temperature
and soil moisture regimes and the problems of classification due to a lack of information.
This trend, that is also followed by a number of national classifications (Van Wambeke
1988:181), is in contrast to the concept of the Soil Taxonomy, where soil moisture and
temperature regime are important factors of classification.

Especially in a semi-arid environment like northern Namibia the soil-moisture regime is the
most important ecological factor, that is governing plant growth (=effective productivity)
and the distribution of vegetation. Besides the spatial distribution and variability of rainfall
(characterised by a E-W gradient of mean annual precipitation with high seasonal and spa-
tial variability) (Engert 1993), soil morphological features like profile depth, texture and
structure (internal drainage and water holding capacity) as well as site characteristics
(external drainage) are crucial for the soil moisture regime at any site and its spatial variabi-
lity.

Although the above mentioned difficulties of measuring soil climate are also existing in the
study area, the soil moisture regimes were taken up into the soil classification as a own
taxa: the Subgroup. This allows to drop the Subgroup category without touching the three
higher classification levels, if it is not possible to determine or estimate the soil moisture re-
gime exactly by using standard climatic records (Newhall 1972; Van Wambeke 1982). Ne-
vertheless it is important for future studies both to initiate soil climate measurements and
experiments, and to interprete already existing records in order to get better information on
soil climatic properties. The integration of climatic data into the soil classification might be
cancelled by combining soil information with agro-ecological zone maps (Van Wambeke
1988:182), but these maps do not exist for the study area so far.

In northern Namibia the aridic and ustic moisture regimes oceur (for definition see Soil Sur-

vey Staff 1975:51-57).

5. FORMS

The Soil Form differentiates soils by their speciai site characteristics like relief position,
slope, landscape unit, substrate, as well as additional soil properties like texture class, mi-
neralogy and others. Thus the soils are grouped on similar physical and chemical proper-




ties, which affect their responses to management and manipulation for use (see the defini-
tion of *Families’ in Soil Survey Staff 1975:80,383-389). Additionally some special soil site
characteristics like ’buried’ (recent aeolian, fluvial or colluvial cover of >30 cm) or
truncated’ (obvious removal of topsoil by soil erosion) may be outlined if possible. This is
very difficult in the semi-arid area of northern Namibia, where aeolian, fluvial and colluvial
redeposition are more or less normal features in soil profile genesis. The weak horizon
differentiation and mostly low contents of organic matter in the epipedon normally inhibit
clear statements concerning the extent of erosion and aggradation at a site.

B. SERIES

At the lowest level, the Series, locally observed ecological important properties like thick-
ness and depth of horizons, the nature of horizon boundaries or type and properties like
the size of motiles or nodules are described. Soils from one Subgroup can be differentiated
and classified according to one or more of their properties, whose ranges are defined and
restricted to a special Serie (Soil Survey Staff 1975:80-81). Local names are possible to se-
parate soil Series. At a scale 1:50.000 or smaller the soils are normally not mapped at the
Series level, except where the environmental conditions and the soils are very uniform over
a large area, as it is the case in some regions of central northern Namibia.

V. HAZARDS

Keeping in mind the special background of the project 'Soils and Environmental Change in
the Etosha National Park/Namibia’, emphasis is given on the determination and mapping
of potential eco-pedological risks, their severity, their effects on present and future land use
and their distribution. In the Etosha National Park and surrounding areas the primary land
use is wildlife management, inside and extensive goat and cattle farming outside the park.
These Kkinds of land use mainly are dependent on the productivity of the natural ecosy-
stems, which is mostly affected by erosion, salinization, alkalinization and partly flooding
(taken into account areas outside the park, that are suitable for irrigation crop farming). Al-
though some of these attributes like salinization or alkalinization are already considered in
the soil classification (e.g. by "salic and natric properties’), their special performance on the
soil maps should ease the interpretation of the informations for potential (non-soil scientist)
users like wildife management, environmental planners or local farmers. Areas, types and
degree of degradation and desertification risks are clearly outlined and might act as a help-
ful tool for management desicions. The Hazards are a kind of special interpretation of soil
data, but should not anticipate a land capability or suitability classification, where a wider
range of factors for land use potentialities and limitations have to be considered.

On the soil map the Hazards are superimposed to the soil mapping units and printed as si-
gnature overprints. They may appear single or in combination. The classes and class limits
proposed here may be subject to change if necessary (e.g. when applied to other areas
with different landscape and different land use patterns).

1. EROSION HAZARD

Wind and water erosion probably are the most important factors, that affects ecosystem
productivity and limits land use in the study area (Beugler & Buch 1993). When estimating
wind and water erosion, the actual vegetation cover is not taken into account, as
vegetation, esp. the grass cover, which is the most important element influencing the
degree and extent of erosion, is extremely dynamic and subject to interseasonal change.
On the other hand vegetation is the factor, that is primarily, directly or indirectly, influenced
by management actions. For the calculation of the potential erosion hazard an intermediate
cover of 40% is used to calculate mean water erosion as long as more detailed information
on vegetation density and its dynamics are not available in the area of interest.
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The degree of water erosion (sheet wash) is expressed in 'Potential Erosion Hazard Units’
(PEHU) and estimated by using the K- and X-submodels of the SLEMSA model (Stocking
et al. 1988) (Fig.1). This takes into account the factors soil erodibility (Beugler & Buch 1993)
(Fig.2), rainfall energy (Stocking et al. 1988:177) (Fig.3a) and mean slope length and
steepness (Ebenda:180) (Fig.3c). The impact of changing vegetation cover on soil loss,
expressed as energy interception, has to be read from Figure 3d (Ebenda:179). The
PEHUSs can be treated as equivalent to soil loss in tons/ha/year beeing applied at the field
level, but for the erosion assessment of larger areas they overestimate net soil loss due to
the fact, that both erosion and deposition occur on real slopes (Ebenda:179).

The *Water Erosion Potential’ (EP) class limits are kept low (Tab.1), keeping in mind the
slow soil formation rates under semi-arid conditions. The lower limit of PEHU 4 is adjusted
to the low rates of soil formation reported by various authors for semi-arid climates (2
tons/ha/year in Botswana after Radcliffe 1992:3; even lower rates of <0,3 tons/ha/year for
semi-arid regions are cited by Morgan 1986:163):

TABLE 1: Classes of Water Erosion Potential (EP)

Class 1: PEHU = 4 - 8 (low=1)
Class 2: PEHU = 9 - 15 (medium =2}
Class 3: PEHU = > 15 (high=3)
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When estimating potential wind erosion, only the erodibility by wind can be considered, as
other relevant factors and their interactions like wind speed, surface roughness and relief
cannct be quantified so far. The effect of vegetation is similarily important as for water ero-
sion. The soils’ susceptibility towards wind erosion is estimated from soil texture (Skidmore
1988:207) (Tab.2), which is an indicator for the percentage of dry aggregates bigger than
0,84 mm. The seven Wind Erodibility Groups (WEG) are grouped into three classes of Wind
Erosion Potential (WP) (Tab.3).

TABLE 2: Estimating the erodibility by wind (from: Skidmore 1988:207),

Dry Soil Wind
Aggregates  Erodibilily

Predominant Svil Texture Class > 0.84 mm Index, [

WEC of Surface Layer (%) (Mg/ha)
1 Very fine sand, fine sand, or coarse sand 1 695
2 560
3 493
5 404
7 339
2 Loamy very fine sand, loamy fine sund, 10 o0

foamy sand, loamy coarse sand, or sapric
soil materials

3 Very fine sand Joam, fine sandy loam, 25 183
sandy loam, or coarse sandy loam

4 Clay, silty clay, noncalcareous clay loam, 25 193
or silty clay loam with more than 35
percent clay content

4L, Calcareous loam and silt loam or 25 193
calcareous clay loam and silty elay loam

5 Noncaleareous loam and silt loam with less 40 126
than 20 percent clay content or sandy
clay loam, sandy clay, and hemic
organic soil materials

6 Noncalcerous loam and silt loam with more 45 108
than 20 percent clay content or
noncalcerecus clay loam with less than
35 percent clay content

7 Sitt, noncalcareous silty clay loam with less 50 85
than 35 percent clay content, and fibrie
organic soil material

8 Soils not susceptible to wind >80 0

TARBLE 3: Classes of Wind Erosion Potential (WP)

Class 1: WEG 7 - 5 (low=1)
Class 2: WEG 4 - 3 (medium=2)
Class 3: WEG 2 - 1 (high=3)

The Mean Potential Soi! Erosion (MPE) is calculated from the degree of potential water
and wind erosion (Equation 1), weighted against the Effective Rooting Depth (ERD) and
expressed in three Mean Potential Erosion Severity classes (MPES) (T ab.4). To avoid
underestimation of Mean Potential Soll Erosion (MPE), transitions between two classes are
grouped into the higher class (e.g. MPE=1,5 --> MPE=2 = medium).

(1) (EP+WP)/2 = MPE
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EP= Water Erosion Potential ffow =1, moderate =2, high=3)
WP= Wind Erosion Potential {ow =1, moderate=2, high=3)
MPE= Mean Potential Erosion Class (low= 1, moderate =2, high=3)
ERD= The Effective Rooting Depth or Rooting Zone is the part of the soil body, that plant roots are able to penetrate. Limitations
for the rooting zone are either continuous hard rock, a strongly ¢alcic or petrocaleic herizon, & duripan, or a horizon with
high concentrations of salts or toxic elements (e.g. SHC4 or AHZ3), The maximum effective rooting depth is taken at 2m

for deep sandy soils,

TABLE 4: Mean Potential Erosion Severity (MPES)

ERD MPE 1 MPE 2 MPE 3
<30 cm 3 3 3
30-60 cm 2 3 3
60-100 cm - 1 2
>100 cm - - 1

MPES classes: 1=low, 2=moderate, 3=severe

It seems problematic to combine two factors with different content and accuracy of infor-
mation (EP and WP) to calculate the Mean Potential Soil Erosion. But as far as no better
model to estimate the potential wind erosion exists, the proposed method should be ade-
quate to allow generalized statements on the potential erosion hazard at a scale 1:50.000
or smaller.

It is clear, that with changing vegetation cover the Mean Erosion Severity of an area is
changed towards a higher (decreasing vegetation cover) or lower (increasing vegetation
cover) MPES class, In the case of water erosion the effects of changing cover can be de-
duced from tables (Fig.3¢) or, after an adequate vegetation survey, can be incorporated to
calculate the actual Erosion Hazard Units (EHU) of an area. On the other hand, by mani-
pulating vegetation, the management has the opportunity to reduce the Mean Erosion Se-
verity to a desired level.

2. SALINIZATION HAZARD

Contents of soluble salts are severe plant limiting factors when exceeding a given level, as
they contain ions, which are harmful to crops and raise the osmotic pressure of the solution
around the roots. Especially in the semi-arid environment of northern Namibia low rainfall
and high evaporation rates favour salt accumulation, esp. in fine-textured sails of low lying
topographic positions. Additionally the strong outblow of salt-bearing sediments from the
bare floor of the Etosha Pan and other smaller pans enhance the risk of salinizatione, which
can be worsened by direct or indirect human impact (e.g. vegetation and climate change
due to greenhouse warming, irrigation) (Trippner 1993).

Fach individual plant reacts different to increasing contents of soluble salts (Landon
1984:159-162), but to allow general statements, the mean effects of salinity on crop yields
have to be taken as representative to determine four salinity hazard classes (Tab.5)
(Kretschmer 1983%179). It has to be assumed, that grazing capacity is reduced with increa-
. sing salinization, which is limiting growth conditions for most palatable species similar as for

crops.
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TABLE 5:  Salinity hazard classes (SHC) (after Kretschmer 1983%179; see also Landon

1984:158))
EC5 total salt

Class (msS/cm)" content (in %)" effects

low (1) 0,5-1,0 0,3-0,6 Yields of many crops
restricted

moderate (2) 1,1-2,0 0,7 -1,3 Only tolerant crops
yield satisfactorily

high (3) 2,1-4,0 1,4-2,6 Only very tolerant
crops yield
satisfactorily

extremely >4,0 >2,6 Yields of all crops

high (4) restricted

ThMean values for horizons with a thickness of 15¢m or more occuring in the rooting zone or mean value for the whole soil depth, when
effective rooting depth is less than 15em.

3. ALKALINIZATION HAZARD

A high content of sodium in the exchange complex not only has a dispersing and deteriora-
ting effect on soil structure, but also is toxic for most plants at high concentration. The up-
take of nutrients and trace elements is restricted by the high pH-values. Alkalinization, i.e.
an enrichment of sodium, is favoured by a changing ground water table with high salinity
groundwater or by (aeofian) input of salts (mostly NaCl) with subsequent solution, transport
and recristallisation in a seasonal rhythm. Obviously a semi-arid climate favoures alkaliniza-
tion. A measure to classify the degree of alkalinization is the Exchangeable Sodium Per-
centage (ESP), or with less accuracy, the pH-value (Tab.6). As the effect of the actual pro-
portion of exchangable sodium is differing from plant to plant and is depending on sqil pro-
Eerties (e.g. salt content, amount and type of clay) only generalized values can be given
ere.

TABLE 6: Alkalinization hazard classes (AHC)

approximate

_ Class ESPY pH(KC)"?
low (1) 6-15 8,1-8,5
moderate (2) 15-25 > 8,5
high (3) > 25 > 8,5

IjMean values for horizons with a thickness of 15cm or more occuring in
the rooting zone or mean value for the whole soil depth when the ef-
fective rooting depth is less than 15cm.
Values for non-saline seiis, pH values for saline-sodic soils are
norrally [ower
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4, FLOOD HAZARD

Land that is subject to seasonal or episodical flooding and induration during the growing
season bears a high risk of crop damage. Normally flooding has no or only little effect on
the range conditions (just a short time reduction of grazing area like in the Andoniviakte)
and only has a meaning for cultivated agricuitural areas. Thus the flood hazard has no im-
portance for the Etosha National Park. Regions that might be subject to flooding outside
the ENP are situated at revier floodplaines in the mountainous area of the Great Es-
carpment (Damaraland, Kaokoland). Although no fand suitability evaluation for irrigation
agriculture has been done so far, there might exist some small areas, esp. on river flood-
plains, with good suitability for irrigation. Other areas subject to flooding with a potential for
irrigation are situated north of the ENP in Owamboland.

At the moment we have not a satisfying knowledge of the time, duration, variability and ex-
tent of flooding or induration. Therefore the proposed three flood hazard classes are more
or less arbitrary (Tab.7) and exact information should be collected from the local population
like farmers or rangers before the flood hazard is mapped in a special area.

TABLE 7: Flood hazard classes (FHC)

Class Type Description

fow (1) ephermal flooding occurs once in five years (statistical
mean) during the growing period with a
duration of at least five days

moderate (2) episodical flooding occurs at least in two of five years du-
ring the growing period with a duration of at
least five days or once in five years with a dura-
tion of at teast ten days

high (3) periodical flooding occurs once every year during the
growing period with a duration of at least five

days
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V. THE MODIFICATIONS

Table 8 shows the different Major Units, Units, Groups and Subgroups, that are mapped in
central northern Namibia so far. The modifications and supplements, which are defined and
discussed below, are printed in italic letters. If not otherwise statet the diagnostic horizons
and properties are defined after FAO (1988).

1)

Cambisols: To have a proper separation from the Leptosols, the base of the cambic
horizon has to be at least 30 cm below the surface instead of 25 crm recommended by
the FAO (1988:24), The new Unit of Rhodic Cambisols is defined by the colour of their
B horizon to allow a proper classification of strongly weathered Cambisols which do
not show ferralic properties.

Rhodic: Cambisols which follow the same requirements like Chromic Cambisols (FAQ
1988:42), but have a B horizon with Hues of 10R or redder. Consequently Cambisols
which are Rhodic are excluded from the Chromic Cambisols.

Due to less intensive weathering and high geomorphodynamic activity in the semi-arid cli-
mate, the soils often are quite shallow and rich in coarse (> 2mm) material, esp. on slopes.
According to the requirements of the submitted classification (see chapter 1), the relevant
phases (FAO 1988:60-63) were partly redefined and classified into the Group level:

3)

7)

8)

Rudi: 40% or more by volume of skeletic material > 2mm are present at the soil sur-
face or within 20cm of the surface. The rudi-Group excludes the lithi-Group. Gravel (0.2
- 6cm) may be separated from stones and boulders (> 8cm) at the Forms level, as this
is an important property for soil management purposes (note the differences to the
rudic phase’ in FAO 1988:62).

Skeleti: Same definition like the rudi-Group, but with a presence of 40% or more skele-
tic material oceuring between 20 and 50cm below the surface. The skeleti-Group
excludes the lithi-Group.

Lithi: Continuous hard rock (see definition FAO 1988:29) or a slowly permeable hori-
zon (see Planosols) is occuring within 50cm of the surface.

Psammi: The psammi-Group is mapped for soils (Cambisols, Leptosols, Regosols,
Vertisols), which show a refative enrichment of sand and silt (10% or more) within the
upper 50% of the soil depth due to high aeolian sediment input. This property is map-
ped at the Group level, as it is an important eco-pedological attribute, that improves
drainage, aeration and water holding capacity of the soils. Psammi-Groups are lacking
signs of illuvial translocation of clay within the profile as well as the destruction or se-
lective erosion of clay in the surface horizons (see the definition of the argic B horizon
in FAO 1988:22). Additionally there is no abrupt textural change as defined for Plano-
sols (FAQ 1988:28).

Within the Major Units of the Leptosols, the rudi-Group is not used for Lithic Leptosols,
as those soils normally have high contents of skeletic material.

Fluvisols: As stated above and shown with the separation of psammi-Groups, most of
the soils in semi-arid northern Namibia are influenced by erosion, accumulation and re-
deposition by water and wind due to the special ecological environment (extreme
seasonality, convective type of rainfall, partly sparse vegetation cover, dry soif surface).
An accumulation of fresh material at regular intervals consequently cannot be used
alone to describe fluvic properties (FAO 1988:29). Additionally a clear differentiation
between in situ weathered soils and redeposited soils sometimes is not possible just by
regarding their morphology or pedological properties. Many shallow soils of small, epi-




TABLE 8:  Major Units, Units and Groups occuring in central northern Namibia
MAJOR UNITS UNITS GROUPS SUBGROUP
CM CAMBISOLSY e Eutric w Rudi® ustic
¢ Dystric s Skeleti¥ torric
v Vertic U Lithi®
u Humic p Psammi®
¥ Chromic
o Rhodic?
o Calearic
LP LEPTOSOLS e Eutric w Rud”
g Lithic p Psammi
k Rendzic
m Mollic
FL FLUVISOLS® e Eutric a Areni'
m Mollic i Lithi
¢ Calcaric v Verti?
z Salic? ¢ Calcari’™®
z! Hypersalic'® g Gleyi'™
AR ARENOSOLS™ | h Haplic t Xanthi'®
b Cambic X Chromi'®
¢ Calcaric'® o Rhodi®™®
¢! Hypercalcaric' u Humi??
[ Lithi
RG REGOSOLS ¢ Calcaric® w Rudi
¢! Hypercalcaric® s Skeleti
e Eutric I Lithi
p Psammi
CL CALCISOLS* h Haplic z Sali®®
p Petric w Rudi
s Skeleti
| Lithi
SN SOLONETZS i Stagnic%’ z Sali®"
k Calcic K Calci®®
SC SOLONCHAKS h Haplic k Calci®
k Calcic
n Sodic
PL PLANQSOLS e Eutric k Calci®®
d Dystric z Sali®)
n Natri®®
b Lithi®
a Areni®
VR VERTISOLS e Eutric | Lithi
d Dystric p FPsammi
¢ Calearic




TABLE 8: Continued

PV PARA-VERTISOLS®P e Eutric | Lithi
d Dystric 0 Psammi
¢ Calcaric

drainage lines or depressions and colluvial soils at footslopes do not show a clear stra-
tification in at least 25% of the soil volume within 125cm of the surface as re-
commended by the FAQ (1988:29) for Fluvisols. In this case, and in contrast to the nor-
mal classification principles (Chapter I}, the relative relief position and the geomor-
phological principle of correlate sediments have to be used as an additional atiribute
for the classification of Fluvisols. Mineralogical investigations might be necessary 10
allow a clear classification of allochtonous sediments (Buch 1993a).

The great variety of pedological properties, which can be outlined for soils classified as Flu-
visols offer a wide range of ecological site conditions. This fact has to be considered in the
classification by defining a large number of Groups:

9)  salic: Salic properties refer to an electrical conductivity of 1:5 soil/waterdest solution at
25°C of more than 2mS/cm within the rooting zone to a maximum depth of 100cm or of
more than 0.5mS/cm if pH exceeds 8.5. The minimum thickness of the required salt
concentration (EC5 >2 / 0.5mS/cm) has to be at least 30cm or the whole rooting zone
for soils with ERD less than 30cm (note the difference to the definition by FAO
1988:33). Salic Fluvisols as Fluvisols having salic properties are classified in preference
to calcaric properties (FAQ 1988:36).

1O)l-iy;)ersaii{:: Hypersalic properties refer to an electrical conductivity of 1:5 soil/waterdest
solution at 25°C of more than 4mS/cm within the rooting zone to a maximum depth of
100cm or of more than 2mS/cm if pH exceeds 8,5. The thickness requirements are the

same as for salic properties.

) Aren: Eutric, Mollic, Calcaric and Salic Fluvisols having a texture which is coarser than
sandy loam at least within 50cm of the surface.

2)verti: Eutric, Mollic, Calcaric and Salic Fluvisols having vertic properties at least within
50cm of the surface.

13)Calcari: Salic Fluvisols which are calcareous at least between 20 and 50cm from the
surface.

1‘Iﬁ)Gieyi: Eutric, Mollic, Calcaric and Salic Fluvisols having gleyic properties (FAO 1988:30)
with an upper boundary between 50 and 125cm from the surface.

15) Arenosols are sandy soils with a texture coarser than sandy loam, exclusive of mater-
ials which show fluvic or andic properties. In contrast to the definition of the FAO
(1988:30) and in correspondence with the classification of Arenosols in Botswana
(Verbeek & Remmelzwaal 1990:15-186), gravelly soils having more than 35% rock frag-
ments or other coarse fragments should be excluded. As the colour of the B horizon is
an important feature for the distinction of Arenosols in Namibia, Cambic and Ferralic
Arenosols are classified into Groups by their colour. Also a differentiation into Calcaric
and Hypercalcaric Arenosols seems t0 be useful. Like in Botswana, calcic and petro-
calcic horizons should be permitted for Arenosols (Ebenda:16) in order to group all
sandy soils into one Major Unit except the areni-Group of the Fluvisols. Additionally the
fithi-Group should be allowed.

16)calcaric: Arenosols which contain 2 - 20% calcium carbonate equivalent at least
throughout a depth between 20 and 50cm.
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17)Hypercalcaric: Arenosols which contain more than 20% calcium carbonate equivalent
at least throughout a depth between 20 and 50cm.

18)ytanthi: Cambic and Ferralic Arenosols which B horizon has the following colour requi-

rements.
a Hue of 7,5YR with a Chroma smaller than 8 or a Hue of 5YR with a Chroma smaller

than 6.

19 ehromi: Cambic and Ferralic Arenosols which B horizon has the following colour requi-

remenis:
a Hue of 7,5YR with a Chroma of 8 or a Hue of 5YR with a Chroma of 6 or more.

20)mhodi: Cambic and Ferralic Arenosols which B horizon has the following colour recjui-

rements:
a Hue of 2,5YR, 10R, 7,5R or 5R

21} Humi: Arenosols which havs a content of 0.8% or maore organic carbon in the epipedon.

22)Galcaric: Regosols which contain 2 - 25% calcium carbonate equivalent at least
throughout a depth between 20 and 50cm.

23)Hypercalcaric: Regosols which contain more than 25% calcium carbonate equivalent at
least throughout a depth between 20 and 50 cm.

24)calcisols: As calcic and petrocalcic horizons are permitted in Arenosols, Calcisols are
soils which have a texture of sandy loam or finer, a calcic or petrocalcic horizon or con-
cretions of soft powdery lime within 125cm of the surface. In contrast to the definition of
FAO (1988:43), salic properties are allowed.

25)sali: Haplic and Petric Calcisols which have salic properties within the rooting zone.

28)Stagnic: Solonetz which show stagnic properties within 100cm of the surface. In the
case of a sandy epipedon with low contents of iron the signs of reduction and segrega-
tion of iron (FAQ 1988:30-31) as the effect of water saturation are not clearly develo-
ped, although seasonal waterlogging due to a dense natric sub-surface horizon is evi-
dent. Stagnic Solonetz show transitions to Natri-Dystric (Eutric) Planosols where the
same restrictions concerning their stagnic properties have to be made.

27)gali: Stagnic and Calcic Solonetz which show salic properties within the rooting zone.

28)calci: Stagnic Solonetz which have a calcic horizon or show an concentra:ion of soft
powdery lime within 125cm of the surface.

29)Calci: Sadic Solonchaks which have a calcic horizon or show an concetration of soft
powdery lime within 125cm of the surface.

30)caleari: Planosols which are calcareous within the rooting zone.
31)sali: Planosols which have salic properties within the rooting zone.

32)Natri: Planosols which have natric properties in the slowly permeable subsurface hori-
zon.

33)Lithi: Planosols with a slowly permeable horizon with an upper boundary within 50cm of
the surface.

34) Areni: Planosols which have a texture coarser than sandy loam in the rooting zone.




17

BpARA-VERTISOLS: In central northern Namibia in situ weathered Vertisols frequently
aceur in shallow circular depressions of different radius, esp. in limestone (Beugler &
Buch 1993; Buch 1993a). On the other hand dark, clay-rich soils without marked hori-
sontial differentiation can be observed in similar landscape positions, which do not
show typical properties of Vertisols like well developed cracks, slickensides, wedge-
shaped or parallelpiped structural aggregates or gilgai (FAQ 1988:41). Additionally
these soils often do not fulfill the textural requirements for Vertisols (>30% clay) and
normally show a high proportion of silt and sand.

It is necessary to classify the soils described above into the new Major Unit Para-Verti-
sols, a term proposed by Mickenhausen (1985%), as a proper grouping into other Ma-
jor Units (esp. Vertisols and Fluvisols) is not possible. The scopedological site condi-
tions, i.e. the chemical and physical properties differ significantly from those of the Ver-
tisols reflecting a different kind of pedogenesis.

No regular distribution patierns can be recognized so far and soil formation might
change from a Verisol-type soil to a Para-Vertisol between one shallow depression 10
the other near by (Trippner in prep.). Para-Vertisols seem to a greater degree be influ-
enced by sediment intake of surrounding higher positions, although in situ weathering
is dominant thus separating the Para-Vertisols from the Fluvisols.

Based on the present state of knowledge, the following definition is proposed for the
identification of Para-Vertisols: :

Para-Vertisols are soils having, when the upper 18cm have been mixed, 20% or more
clay to a depth of at least 50cm. They have dark colours with a value of 3 or less and a
chroma less than 4 in the upper 75% of the solum. The colour requirements may be
waved when finely devided calcium-carbonate is present. There is no obvious horizon-
tal differentiation except aeolian accumulation of sitt and sand in the topsoil (psammi
Group) or an ochric, mollic or umbric A horizon. Para-Vertisols have only weakly deve-
loped or no vertic properties like deep cracks, slickensides, wedge-shaped or parallel-
piped structural aggregates or gilgai. The clay fraction is dominated by lllite-type mine-
rals or Palligorskite. Swelling clay minerals of the smectite-type are not present or play
only a minor role.
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