DFG/GTZ Research Cooperation Project 'Environmental Change in the Etosha National
Park/Northern Namibia' (Az. Bu 659/4-1+4-2)

Semi-detailed Soil Survey and Landscape Ecological Risk Evaluation in the
South-Western and Ceniral-Western Parts of the Etosha National Park/N-
Namibia

Part 2

by

C. Trippner




it

TABLE OF CONTENTS

Caption of Figures, Tables and MAPS..coeeeeeeereerreeneennne e v

PRELIMINARY REMARKS

THE STUDY AREA

1.1. The Owambo-Pans-Plain (sheet Ngandjela 1815 CB)..oovviiiciiciiiiinccicceiie 1
1.1.1. The Marginal Pan Zone..........ccccoeceerimnmiinnininntirrini s envenssescesies 2
L2 PIAIDS ..ottt 3
L L3 HERY ATCS. oot sb s er s s et a e 3

1.2. Soils and Soil Associations in the Ngandjela Area .........cocoveeiieniiinicininn 4
L.2.1 SOMUIHE AZ..ooiiiiiiioieeieceeere et ss et rese s ra s ens s st 4
1.2.2. SOMUIEE A7....oeoieeeeeeieecrece st nc e sn e s s 5
1.2.3. SOMUBEE AT.oouiiiiieiee e e et nen b e 6
1.2.4, S0l umit ALO...ouiciiereceecee e s 6
L2.5. Soil it D2 ..ot e 7

2.1. The Etosha Pan Area (sheet Okaukuejo 1915BB)......cccoooveiiicrrvieeerrere e 7
2.1.1. The Marginal Pan Zomne.............cccoceveeivrieeriiiienisnsevreen e sssnensae st ensensens 8
2 1.2, PIAIIS ...ttt e e e e et s st s e e naee s ea 9
213 HILY AT@S...ccciiiiiiiieceiieie ettt s ee e e e et 9

2.2. Soils and Soil Associations in the Okaukuejo Area..........cccoovivinieccinicnniinnnn 11
22,1 S0 UL A8t ettt as 11
2.2.2. SoHUIIE Cl..iiiiiiiiiicen et e b e 11
2.2.3. S0l UL €3 et e 12
224, Soilunit C4. ..ot s R 13
2.2.5. SO Umit €5, ettt ettt e e e 14
2.2.6. Soil unit C6..........ccooceeneene. etrteerreteestebeereeaae e es e e eneese et ceanaete s reerenan 15
2.2.7. Soil unit D1 ..o s 15
2.2.8. 801l unit EL.....uoiiiiiiciiienerieree et s e s s e enee e e 16

3.1. The Karstveld (sheet Ondongab 1916 AA...........ccooiiir i 16
3.1.1. The Marginal Pan Zone..........o...ooiiiiiiiiiriiisieeeeccecrrecteseeeeee e eenreeniens 17
3 L2, PlAIDS....cocicies et eee et s et et e e e s e e arenr e s st e e et anesaraseenns 17
3.1.3. The Hilly ATeas.....covvcvvriiieieieciiccien e ccrrre s rtscsnre s sseesssesesssesesssseesnsseenns 17

3.2. Soils and Soil Associations in the Ondongab Area.........cccooveverecereeecerieeemreeeanne. 19
3.2.1 S0t unit €St 19

3.2.2. SoI UMt €Ottt e s 20




iii

3.2.3. Sotl umit Cd. .o 20
3.2.4. Sotlunit D2 .. 21

3.2.5. S0 MR B .coii e iieiierieeeei et e b et 21

THE LANDSCAPE ECOLOGICAL RISK EVALUATION

1. The Ngandjela AT .......coocciiiiiiiiiiiir i 22
1.1. The Soil Physical Degradation Risk..........cooovieiii 22
1.2. The Soil Chemical Degradation Risk ... 23
1.3. The Erosion/Flood RiSK ..........cc oot 23
1.4, The CHmAatic RISK ....oviiiiirireieieiieerrreescene it et s ass e 23
1.5. The Water Availability and Quality Risk........c.ocooriniiininn 25
1.6. The Vegetation RiSK .........cccceivriiiiiiiiiiiiiienecsn s 25
1.7. The Zoological Risk................. e eerrerreteeasaeibesreaee oot reteeie st esbaerte s 25 -
1.8. The Mean Integrated Landscape Ecological RISKS v veeeeresnnnes 25
1.9. Implicatioﬁs ............................................................................................ 25

2. The Okaukuejo Area.............. et teeeeeeeestesseeeresimeeteenereeeteiie i et era e e b 26
2.1.The Soil Physical Degradation Risk..........ccoooviiiiinin 26
2.2. The Soil Chemical Degradation Risk........ccccoiiviinminiriernninne 27
2.3. The Erosion/Flood Risk .........cocieeieniriiiinii e 29
2.4, The CHMAtIc RISK .....ocveirieeieiiieer et e a st 29
2.5. The Water Availability and Quality Risk........c..c.oocooviminiiin 29
2.6. The Vegetation RiSK ........ccooviiiiiinniiicnienseii s 29
2.7. The Zoological RISK........ooeeioeerimniiniriiinre e 29
2.8. The Mean Integrated Landscape Ecological Risks...........cooooieiiiiiies 30
2.9, IMPHCAtIONS ......ocvrreiiiiicniiniine et TUTUUTUOPPORPIS 30

3. The Ondongab AT ......c.coiiiiiiiciiiiiiiiie e et 31
3.1. The Soil Physical Degradation Risk................... et ser e 31
3.2. The Soil Chemical Degradation Risk........cc.coconiiiiniiiiininie 31
3.3. The Erosion/Flood RisK ......c..cocvveiveeincnnvnnnenns et aaeans 31
3.4, The CHMAtic RISK ......coviveerieiieiiiiereiiersreee et sns e eras e s senraen s aseens 32
3.5. The Water Availability and Quality Risk..........ccccocovmninniiini 32
3.6. The Vegetation RisK ........cccoiiimiiiniiiiniiin et 32
3.7. The Zoological Risk.........ccccoviiiimiiiiiiiineini s 32
3.8. The Mean Integrated Landscape Ecological Risks..........ccccocvvieveineicnneen 32
3.9, IMPHCAHONS ....eovieneeerirreeiett ettt e et 34

REFERENCES oo e ersser et 35




£
i
i
i

i

Appendix A: The Soil Physical and Soil Chemical Data of the Soil Samples in the Study Areas
Appendix B: Figures 1-30

Caption of Figures, Tables and Maps

Figures (Appendix B):

Figure 1:
Figure 2:
Figure 3:
Figure 4:
Figure 5
Figure 6:
Figure 7:
Figure 8:
Figure 9:

Figure 10:
Figure 11:
Figure 12:
Figure 13:
Figure 14:
Figure 15:
Figure 16:
Figure 17:
Figure 18:
Figure 19:
Figure 20:
Figure 21:
Figure 22:
Figure 23:
Figure 24:
Figure 25:
Figure 26:
Figure 27:
Figure 28:

Figure 29

Figure 30:

Physical and Chemical Soil Properties of Nga 4
Physical and Chemical Soil Properties of Nga 5
Physical and Chemical Soil Properties of Nga 8
Physical and Chemical Soil Properties of Nga 13
Physical and Chemical Soil Properties of Nga 14
Physical and Chemical Soil Properties of Nga 3
Physical and Chemical Soil Properties of Oka 40
SW-NE Toposequence Karstveld-Etosha Pan (sheet 1915 BB Okaukuejo)
Physical and Chemical Soil Properties of Oka 47
Physical and Chemical Soil Properties of Oka 46
Physical and Chemical Soil Properties of Oka 25
Physical and Chemical Soil Properties of Oka 28
Physical and Chemical Soil Properties of Oka 33
Physical and Chemical Soil Properties of Oka 29
Physical and Chemical Seil Properties of Oka 3
Physical and Chemical Soil Properties of Oka 56
Physical and Chemical Soil Properties of Oka 4
Physical and Chemical Soil Properties of Oka 37
Physical and Chemical Soil Properties of Oka 68
Physical and Chemical Soil Properties of Oka 70
Physical and Chemical Soil Properties of Oka 60
Physical and Chemical Soil Properties of Odo 42
Physical and Chemical Soil Properties of Odo 46
Physical and Chemical Soil Properties of Odo 32
Physical and Chemical Soil Properties of Odo 4
Physical and Chemical Soil Properties of Odo 8
Physical and Chemical Soil Properties of Odo 16
Physical and Chemical Soil Properties of Odo 17

: Physical and Chemical Soil Properties of Odo 19

Physical and Chemical Soil Properties of Odo 25




Tables:

Table 1.
Table 2:
Table 3:
Table 4:
Table 5:

Table 6:
Table 7:

Table 8:
Table 9:

Maps:

Map IL:

Map 2:
Map 3:
Map 4:
Map 5:
Map 6.
Map 7.
Map 8:
Map 9:

Map 10:
Map 11:
Map 12:
Map 13:

Soil Units and Soil Types of the Ngandjela Area in the ENP

Soil Units and Soil Types of the Okaukuejo Area in the ENP

Soil Units and Soil Types of the Ondongab Area in the ENP

The Landscape Ecological Risk Evaluation for the Ngandjela Study Area

The Landscape Ecological Risk Ratings for the Soil Samples of the Ngandjela Study
Area

The Landscape Ecological Risk Evaluation for the Okaukuejo Study Area

The Landscape Ecological Risk Ratings for the Soil Samples of the Okaukuejo Study
Area

The Landscape Ecological Risk Evaluation for the Ondongab Study Area

The Landscape Ecological Risk Ratings for the Soil Samples of the Ondongab Study
Area : ' S :

Classification of Land Forms in the Etosha National Park (modified after BUCH
1993)
The Soil Sample Sites of the Ngandjela Area inside the Etosha National Park
The Soil Sample Sites of the Okaukuejo Area
The Location of the Soil Sample Sites of the Ondongab Area
Photo-Interpretation Map of Sheet 1915BB Okaukuejo
Semi-detailed Soil Map of the Okaukuejb Area
Photo-Inerpretation Map of Sheet 1815CB Ngandjela
Semi-detailed Soil Map of the Ngandjela Area
Photo-Inerpretation Map of Sheet 1916AA Ondongab
Semi-detailed Soil Map of the Ondongab Area
Integrated Landscape Ecological Risk of the Ngandjela Study Area
Integrated Landscape Ecological Risk of the Okaukuejo Study Area
Integrated Landscape Ecological Risk of the Ondongab Study Area




PRELIMINARY REMARIE

The second part of the Etosha final report deals with the remaining three study areas
Ngandjela (South West Afiica 1:50000 sheet 1815 CB), Okaukuejo (South West Aftica
1:50000 sheet 1915 BB) and Ondongab (South West Afiica 1:50000 sheet 1916 AA).
The physical and chemical properties of the occurring soils in these regions are deseribed
and characterized. Due to these soil properties the soil types were divided into different
groups and units. In Appendix A a complete classification of all soil groups and soil units
occurring in the study areas is given. From these informations soil associations were de-
fined and mapped as soil units. Tn a second step the individual eco-pedological risks of
each soil unit resp. variation within a specific soil unit were evaluated by LERIS (BUCH
& LINDEQUE 1993), and transferred into maps. These maps show the integrated
landscape-ecological risks of a specific region in the study areas, where the main risks of
a mapping unit/variation is indicated by particular lefters. An assessment and discussion
of the landscape-ecological risks is giveﬁl at the end of this report. '

THE STUDY AREA

Part I of this final report describes the landscape and the land units of the Sonderkop
study area that is part of the so-called 'Owambo-Pans-Plain’' (BUCH 1993). The south-
eastern part of the Ngandjela study area (Topographical map 1815 CB) is also part of the
'Owambo-Pans-Plain’' whereas the northern and north-western comer of this area and the
adjacent Owambo region belongs to the land unit of the so-called 'Owambo Sandveld
(BUCH 1993). The Okaukuejo study area (Topographic map 1915 BB) principally be-
longs to the land unit of the "Etosha Pan in a wider sense” (BUCH 1993), only the ele-
vated region in the south-west of this sheet is part of the so-called 'Karstveld' (BUCH
1993). Most of the area of sheet Ondongab (1916 AA) is part of the 'Karstveld' and only
the areas that adjoin to the southern edge of the Etosha Pan are part of the land unit
"Etosha Pan in 2 wider sense” (Map 1 after BUCH 1993, modified).

1.1. The Owambo-Pans-Plain (sheet Ngandjela 1815 CB)

The Ngandjela area, situated in the Central Western Part of the Etosha N. P., is the
northern continuation of the Sonderkop area up to the game proof fence of the ENP at
the northern border to the adjacent Owambo region. This area receives a mean apnual
precipitation of 400 mm (ENGERT 1993) and the vegetation consists of a mopane shrub
land savanna (Community 21, 22, 23, LE ROUX 1980; DU PLESSIS 1992) where C.
mopane bushes dominate the shape of the vegetation. A more detailed description of this




land unit is given in the first part of this report (BUCH & LINDEQUE 1993; Part 1II).
The north-western area of sheet Ngandjela in the area around Paradys Pan is part of the
Owambo Sauvdveld with C. mopane bushes and Terminalia spec. (Commmunity 17)
developed as trees (>2m) as the most prominent vegetation. The geological underground
is Ftosha Limestone characterized by a sandy phase and/or sandstone, which belongs to
the 'Andoni Formation' (BUCH 1993) sometimes mixed with Silistone components.

The geomorphology of this area is characterized by a gently rolling to undulating relief,
differentiated by distinct levels with low hills and gentle longitudinal dunes in the north-
western part of this region. These levels of different altitude sometime show small circu-
lar shallow depressions.

The Ngandjela area in addition is characterized by eight smaller pans: the Sonderkop
Pan, the Paradys Pan, the Onaiso Pan, the Ngandjela Pan, the Fence Pan and Owambo
Pan 1, 2 and 3. All these local pans have one or two low dune ridges at their western
margin, In general it can be observed, that the landscape surface is slightly terraced. The
different levels are becoming gradual more extended and change over into a plain from
the higher southemn edge of the Ngandjela sheet to the northern end in the Owambo re-
gion (Map 7). Therefore it must be stated that the whole landscape in the Ngandjela
study area is very homogeneous and -from a morphological point of view- is only slightly
differentiated.

In principle the soils in the Ngandjela area are characterized by non calcareous and deep
sands although some soils show a loamy to clayey texture and have a medmum depth. A

typical feature of all soil types and an indicator for the recent aeolian activity in the re-
| gion, is a young aeolian sand cover on top of the surface, often forming micro-dunes
around bushes. Due to the strong geomorphological and environmental similarity be-
tween the Sonderkop and the Ngandjela area and the fact that land units and soil asso-
ciations are closely related, almost the same land units and soil associations occur in both
regions.

1.1.1. The Marginal Pan Zone

Land unit V is situated at the lowest level (1063 - 1099 m a.s.1.) of the Ngand]ela study
area around all the local small pans and is clearly distinct from the surrounding areas by a
sharp edge (Map 7). This nearly flat and even land unit covers 5.9 % of the total study
area (Table 1) and is dissected by some drainage lines and marginal gully erosion. Due to
the morphodynamics of backward erosion sometimes small remmants of the surrounding
areas are present within land unit V. The soil substratum is clayey to loamy with 'high'
contents of salt. Therefore the surface often is soft and powdery with salt accumulations




sometimes forming salt crusts, on the top. Another phenomena are sealing crusts and
polygonal shrinking and swelling cracks. Due to these extreme soil physical and chemical
conditions the vegetation cover in land unit V is sparse and scattered (<10%) and only
salt adapted plants can tolerate these ecological factors.

1.1.2, Plains

Land unit IV describes an almost flat plain with slopes <0.5° and differences in elevation
less then 5 m. Some very smooth hills and some flat depressions are the only irregulari-
ties in this landscape that is dissected by a clearly marked drainage line which runs from
the west to the east and ends in Onaiso Pan. The plain has an elevation between 1090-
1110 m a.s.l.. With an area of 37.6 % land type IV is most widespread in the Ngandjela
area. The meso-topography of mapping unit IV is slightly undulating. A thin surface
crust overlain by young aeolian sands is an expression of the recent aeolian activity in
this region. Like at many other places in Ftosha, these aeolian sands form little dunes |
(10-20 ¢m high) around bushes and tufts of grass. The vegetation consists of mopane
bushes, various grasses and Catophractes alexandri at the edges of the drainage line as a
result of higher calcium carbonate content in the drainage line soils.

1.1.3. Hilly Areas

The southern half of the study area is dominated by the hilly areas of the morphological
unit T¥ that can be distinguished into several levels. One of the more extended levels is
mapped between 1110 m a.s.L. to 1120 m a.s1 and between 1120 to 1130 m a.s.1. The
marginal pan or umette' dunes take a special position within land unit I because they
oceur as clearly visible, albeit gentle and flat ridges (Map 7), often lying on a lower lev-
elled land unit (IV). The total area occupied by hilly areas comprise 40.7 % of the study
area and of that the dunes have a share of 4.9 %. The relief is slightly rolling with some
indistinct drainage lines. The surface of a single level can be described as more or less
even and the meso-topography appears as slightly undulating with some flat depressions.
The hilly regions also possess a sandy top layer originated from recent aeolian mor-
phodynamics and a thin sealing crust is very common. The vegetation cover in this part
of the Ngandjela area is a very dense (20-30%) bush savanna consisting of mopane
bushes, acacia bushes and various grasses (e.g. Anthephora pubescens) including some
tree species of Acacia spec. and Terminalia prunioides. Acacia and Terminalia trees
(>2m) often form small ‘forest’-like vegetation units on the pans edge dunes as it can be
observed west of Paradys Pan.

Table 1 summarizes the Ngandjela land units and soil units with their percentage share of
the study area in total.




Table 1: Soil units and soil types of the Ngandjela area (sheet 1815CB) in the Etosha N.

P
Land unit | Soil Unit Soil Types Soil Profiles | Arvea | Area
Nga km? %
1A A2 Psammi-Humic Cambisol 2, 4,59, 12 03.9 78.3
Psammi-Vertic Cambisol
Hanihi-Cambic Arenosol
Haplic Arenosol
Cambic Arenosol
Various AT Eutric Para-Vertisol 3 6.9 2.1
Ruiric Vertisol
T, i, Tk, AD Cambic Arenosol 1, 6, 7,10, 13, 1189 | 358
m Rhodi-Cambic Arenosol 14
(incl.)
Psammi-Vertic Cambisol
(incl))
Id Al10 Rhodi-Cambic Arenosol 11 16.3 4.9
Ve All no samples nmym 14.3 4.3
Vo D2 Motlic Fluvisol 3 16.6 5.0
A% El( A6) Calcic Solonchak no samples taken | 19,6 59
see Sonderkop
Pan £2 Sodic Solonchak no samples taken | 45,5 13.7
see Sonderkop
Total 332 100

1.2. Soils and Soil Associations in the Ngandjela Area

The soil map of Ngandjela (Map 8) shows the spatial distribution of the soils in this re-
gion. The dominating soils are Arenosols and Cambisols i association with Para-Verti-
sols and Vertisols. Table 1 shows the assoziation of the soils in a single mapping unit.
Soils which. cover less than 20% of the area of a soil unit are described as inclusions
(FAO/UNESCO 1988). Map 2 shows the locations of the soil profile descriptions in the

Ngandjela area..

1.2.1. Soil unit A2

This soil mapping unit, situated in the lower positions (plains) is characterized by
Psammi-Humic Cambisols and Psammi-Vertic Cambisols. These brown (10YR 3/3-
4/3) soils have an average depth of 80 cm and the content of Co ranges from 0.73% to
0.50%. The content of nitrogen (N) in the topseil is ‘very low’ 0.03% and the phosphate
(P) content (PDL) is almost zero. The fertility status is low with a cation exchange ca-
pacity of about 2.9 me/100g soil. The mean electrical conductivity of 1.0 mS/cm is me-
dium and indicates a certain salinization risk in the subsoil, where bulk density is increas-
ing and coﬁsequently salts (NaCl) may accumulate. Also some slight effects of impound-
water, bleaching and mottling, can be observed in the subsoil. Most of the Cambisols




could not be augered down to the parent bedrock of the profile due to this increased bulk
density. Some of these soils are slightly calciferous, (1.6% CaCO3), as the result of aeo-
tian input of calcium carbonates. Most interesting in this context is that the soil reaction
changes from pH 8.3 for carbonatic soils and to pH 4.5 for non calcareous Cambisols. As
mentioned above most of the Cambisols have a thin sand layer on top of the profile and
therefore the texture ranges from sandy loam in the first 20 cm to sandy clay loam in the
lower profile zones. The available field capacity (AFC) of the effective rooting zone var-
ies around 78 mm and is to classify as low'. The total pore space (TPS) was determined
at 40 Vol.-% and therefore the water holding capacity of this soil type is rated 'low’, with
a sufficient imternal drainage. Figure 1 presents Mga 4 showing the soil analytical data of

a typical Cambisol. L

PR )

In soil unit A2 the Xaunthi-Cambic Arenosols, the Haplic Arenosols and the Cambic
Arenosols occur as low ridges, which aré built up by aeolian accumulation. These yel-
low-grey-brown soil types with a ‘very low' content of organic C (approximately 0.3%)

show a great variety in depth that ranges from 270 cm to 120 cm. In the topsoil the N-
'~ content of 0.03% is also 'very low' and phosphate (PDL) is almost absent with maximum
1.7 ppm. The cation exchange capacity of around 2.9 me/100g soil indicates a ‘very low'
fertility status. Due to the good internal drainage the EC5 values of the first 90 centime-
tres were measured at 0.4 mS/cm (at 25°C) what is to evaluate as 'very low' with an in-
crease at 100 cm to moderate values. All the Arenosols in the study area are free of cal-
cium carbonates and show an average soil reaction around 5.0. The single grained sandy
texture of the Arenosols results in AFC-scores of close to 125-300 mm. The total pore
space was determined at 50% and the water holding capacity is very good with a satis-
factorily drainage. In Figure 2 the soil analytical data of the soil profile Nga 5, a typical
Arenosol of the Ngandjela study area, is given.

1.2.2. Soil unit A7

The Eutric Para-Vertisols and the Eutric Vertisols of soil unit A7 occur in cyclic de-
pressions that are scattered over the whole Ngandjela mapping area. These soils show a
dark brown to greyish colour (10YR 3/1-4/1 - 2.5Y 5/2-4/2) and have a medium depth
of 150 cm. The content of Cos. in the topsoil was measured at 0.8% that means slightly
humic and the N-content shows ‘very low' values of 0.04%. Phosphate (PDL) was
quantified with 7.7 ppm a content which is to evaluate as ‘very low". These two soil types
are non calcareous with a pH close to 5.0 and a CEC of 26.0 mS/cm together with a base
saturation >50% indicating a medum status of fertility. The electrical conductivity is low
< 0.5 mS/cm but with increased values at a depth of about 100 cm. The texture of the
Para-Vertisols and the Vertisols is sandy clay in the upper (0-70 cm) profile parts and
sandy clay loam in the lower profile zones. Due to the higher sand contents the structure
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is subangular to slightly polyhedral. The available field capacity was determined at 113
mm and together with a TPS of 48 Vol-% a good water holding capacity is guaranteed
but a share of 25% unavailable water reduces these qualities. The soil analytical features
of a typical Para-Vertisol are described in Figure 3.

1.2.3. Seil unit A2
The most dominating soil type in the Ngandjela study area is the Cambic Arenosol.
With a colour of 10YR 4/2 this greyish-brown soil has a mean depth of 120 cm and low
Cos. contents of 0.5% indicate a weak accumulation of organic matier. The N-(0.03%)
and P-scores (0.5 ppm) range around zero indicating low biological activity and poor soil
conditions. The Cambic Arenosols in the study area are non calcareous, slightly acid to
neutral (pH 4.5-7.3) and the fertility status is with approximately 4.0 me/100g soil ‘very
low'. The average ECs-content was measured at 0.5 mS/cm in the upper 50 cm with
maximum values of 0.9 mS/cm in the subsoil what is to mterpret as low to no saliniza-
tion. In the upper profile position (0-40 cm) the Cambic Arenosols of the Ngandjela area
show a single grained, sandy texture. Tn contrast the sandy clay loam in the deeper zone
of the profile is characterized by a subangular structure. The available field capacity was
determined at 173 mm and the total pore space is about 45 Vol.-% with a clear reduction
in the deeper profile zones as a consequence of increased clay contents. The water hold-
ing capacity is medium with a sufficient internal dramage. The soil analytical description
of Nga 13 in Figure 4 shows the typical features of Cambic Arenosols.
In soil unit AS Rhodi-Cambic Arenosols occur at elevated positions in this area. They
take less then 20% of this soil unit, the reason why they are described as inclusions. This
soil type with a mean depth of 180 cm is typified by a red colour (5YR 4/6) in the B-ho-
tizon. ‘very low’ contents of organic C (0.1-0.4%), and just traces of N (0.02) and P (0.4
ppm) characterize the topsoil. The soil reaction is very acid (max. pH 3.9) and calcium
carbonates are absent. The CEC is'low and ranges between 2.9 and 4.0 me/100g soil.
The ECs-values are nearly zero so that this soil type can be called almost free of soluble
salts. The texture is fine sand with a single grained to weakly subangular structure and
the AFC is medium (170 mm) with a sufficient TPS of close to 40 Vol-%. Nga 14 in
Figure 5 gives a graphical impression of the analytical characteristics of this soil type in
unit A9.
The Psammi-Vertic Cambisols, also an inclusion in seil unit A9 and occurring at deeper
morphological positions, are very similar to the Cambisols in soil unit A2, where a de-
tailed description of this soil type is given.

1.2.4 Soil unit A10
This soil unit describes the Rhodi-Cambic Arenosols that occur west of the small local
pans in the study area as marginal lunette’ dunes. The soil physical and chemical features




of the Rhodi-Cambic Arenosols with their distinct red colour (SYR 4/6-2.5YR 4/8) are
nearly identical to those of soil unit A9 where they are described m detail.

1.2.5. Soil unit D2 7

This mapping unit describes the Mollic Fluvisols of the sheet Ngandjela that show a
medium depth of 80 cm, a dark brown (10YR 3/3-3/2) colour with medivm high con-
tents (1.5%) of Cos . The content of nitrogen (0.08) and phosphate (15 ppm) is 'very
low', but nevertheless reach the highest scores in the whole Ngandjela area. The soil re-
action around pH 7.5 is neutral and a cation exchange capacity of approximately 30
me/100g soil attesis a good feriility status. The ECs varies around 0.6 mS/cm and is
‘very low'. The single grained texiure is sandy clay and the bulk density is highly in-
creased at a depth of 50 cm. The AFC is low (118 mm), the total pore space was deter-
mined at 58 Vol.-% and with 25 Vol.-% of unavailable water (UW) the water holding
capacity is sufficient. Figure 6 (Nga 3) shows a compilation of all relevant soil analytical
data of a typical Mollic Fluvisol.

The soil units E1 and E2 were already described in Part I of this report for the Son-
derkop area. Due to the high similarity of the soil units at sheet Sonderkop and Ngand-
jela that are situated close to the local pans, no soil samples were taken in the study area
under discussion.

2.1. Thei_iEtosha Pan Area (sheet Okaukuejo 1915 BB)

The study area of Okaukuejo, situated west and south-west of the Etosha Pan, is in the
north-eastern part mainly characterized by low levelled plains belonging to the land unit
- of the so called 'Etosha Pan in the wider sense' (BUCH 1993) and by the 'Karstveld' in
the south-western part of this sheet. The mean annual precipitation in this area varies
around 380 mm (ENGERT 1992). The vegetation of the plains is grassland savanna
(Community 1: sweet grassveld on lime; LE ROUX 1980, DU PLESSIS 1992) with
various grasses as the dominating species, scattered Acacia trees and bushes, Cato-
phractes bushes and miscellaneous shrubs like e.g. Leucosphaera bainesii. The vegeta-
tion of the 'Karstveld' is identified by dominating Colophospermum mopane, Acacia
spec. and Catophractes bushes (Community 8: Mopane treeveld; LE ROUX 1980, DU
PLESSIS 1992). The very homogeneous geological underground consists of Etosha
Limestone that sometimes, especially in the lowest parts of the landscape near the Etosha
Pan, is grading into a greenish siltstone facies of the ‘Andoni Formation'.




The morphology of the plains in the Okaukuejo study area can be outlined as very even
and flat with shallow depressions and a systeni of smooth drainage lines i directed to the
Etosha Pan. At the northern part of this sheet the ridges of the western marginal dunes of
the Btosha Pan reach the study area (Map 5). Only from the southermn edge of the map
and from the mid western part of the area some larger drainage lines {omurambas) flow
in direction of the Etosha Pan. As it is illustrated in Figure 8 the morphological form of
the higher situated marginal 'Karstveld' is slightly hilly with a rolling and undulating
meso-topography in the shape of weakly developed plateaus that are gradually more ele-
vated from the north-east to the south-west. Figure 8 also shows the local distribution of
soil associations in the Okaukuejo study area where the highest morphological positions
(1140-1125 m a.s.l.) are dominated by Regosols. The next lower level extending from
1125-1100 m a.s.l. shows a soil association were Leptosols occur in combination with
Fluvisols integrated in a wide spread pattern of flat and shallow drainage lines. Limestone
outcrops are very common at this morphological 'terrace' level. The lowest level is..
reaching from 1100-1080 m a.s.l. and Solonchaks are the predominant soil type. This soil
type with rooting depths of approximately 50 cm and located in the main wind direction
principally is made up by aitborne sediments from the Etosha Pan. This saline Etosha Pan
outblow must be considered as the controlling factor for the sometimes extremely in-
creased salt contents in these soils.

On the one hand the soils in the study area can be described as calcareous, medium deep
to shallow, mostly with a high content of skeleton material and a loamy to silty texture in
the plains and on the other hand as calcareous, shallow, and stony with a loamy to clayey
texture at the "Karstveld. Only the soils developed in the substratum of the marginal
western dune ridges are free skeleton (>2mm), sandy, deep and calcareous. Due to the
recent aeolian dynamics and the permanent input of aeolian sediments as a result of out-
blow from the Ftosha Pan (TRIPPNER in press), small micro-dunes have built up
around bushes and tufts of grass. The existence of a sand cover on top of the surface like
it has been observed in the Sonderkop and Ngandjela area could not be proved by field
evidence. However, more detailed soil physical analyses in the laboratory clearly showed
that most of the topsoils are influenced in the upper five centimetres by aeolian activity
which lead to an increased sand content in relation to the underlying subsoil.

2.1.1. The Marginal Pan Zone

Land unit V, the marginal zone between the Etosha Pan and the higher situated plams is

developed as a broad belt in the south-west that is getting smaller in northemn direction

along the Pan (Map 5). This very flat and uniform landscape is only dissected by some
_drainage lines and the meso-topography is slightly uneven to easy rolling. In the northern
part of this land unit the surface is locally affected by gully erosion. Land unit V shows
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mean slopes <0.3°, is elevated from 1080-1090 m a.s.l. and includes an area of 62 km’
corresponding to 8.5% of the study area in total (Table 2).

Like in the 'Marginal Pan Zones' of the Sonderkop and Ngandjela Pan the soils in this
land unit are clayey to loamy with a powdery and frothy surface and often with a pris-
matic structure what indicates high salt contents. Sealing crusts as well as shrinking and
swelling cracks are very comimon in this land unit. The vegetation cover is thin (5%) and

only salt adapted plants are able to handle these ecological circumstances.

2.1.2, Plains

The 'Plains' expressed with the signature IV describe a land unit that is even and flat with
a pattern of small and shallow drainage lines and flat depressions on the surface. The
mean slope is <0.5° with &E@rencéé--m"elevation of less than 5 m. Land unit IV shares
28.8 % of the Okaukuejo study area in total and occurs at an elevation between
1090-1105 m a.s.1. (Table 2). The plains at sheet Okaukusjo are divided by some larger
drainage lines (omurambas) in the south-west and in the west and at some places particu-
larly at the northern part of unit TV gully erosion forms up to 80-100 cm depth can be
observed. The meso-topography is slightly undulating with young sand accumulations
forming micro-dunes on top of the surface. Thin (1-2 mm) sealing crusts as a result of
sheet wash are wide spread. These sealing crusts often have a thin alga-lichen-skin on
their top a fact that reduces the water intake rate of the soils. The loamy and silty soil
substratum predominantly is loose and powdery with a high bulk density. The vegetation
cover is medium dense (5-15%), dominated by various grasses and small shrubs like
Leucosphaerum bainesii.

2,1.3. Hilly Areas

The hilly areas with the signature II are located in the south-western quarter of the map
sheet Okaukuejo and belong to the land unit of the Karstveld'. As a ramp-shaped asso-
ciation of individual morphological forms, it is extended over elevations between 1105-
1177 m a.s.l.. The mean slopes range between 1-5° and the differences in altitude of the
landscape vary between 5-40m. Land unit II has a share of about 40% of the whole
study area and is rolling to undulating with a several ramified drainage lines in the south-
western part, The meso-tepography is flat to slightly rolling with some Iarger but shallow
depressions. A thin sealed layer with an alga-lichen-skin often can be observed on top of
the soils. Micro-dunes of youngest acolian accumulation occur on top of the surface.
Gravels and stones (length 10-90 cm) as well as limestone outcrops are very common in
this land unit.
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Consequently the loamy to clayey soil substratum comprises a high content of skeleton
material (>2mm), which often results in a loose structure of the solum. In most of the
cases, the soil profiles are very shallow. The vegetation cover shows densities between
10-20%. The most prominent plant species is C. mopane which grow as trees (> 2m) and
higher bushes (> 1.5m). Vegetation variations show assoziations with Catophractes al-
exandri, dense and high grass species and as well as dense bushes of Acacia spec..

Table 2 lists all the sampled soil profiles of the Okaukuejo area together with the per-

centage distribution of the land and soil units.

Table 2: Soil units and soil types of the Okaukuejo area (sheet 1915BB) in the Etosha
National Park

Land anit { Soil Unit Soeil Types Soil Profiles Area | Area
Oka km? %o
Iid 1a A8 Humi-Calcaric Arenosol 6, 40, 41, 49 38 572
I 1b/ C1 Calcaric Regosol 44, 45,46, 47, 48 55
IV 1b Calcaric Arenosol 40
2 Rendzic Leptosol 5,12,17. 20, 21,
Eutric Leptosol 22,32, 34, 35, 38, 180 24.7
Calcaric Fluvisol 39, 65
Im 1b C3 Eutric Regosol 11, 18, 23, 24, 25,
Hypercalcaric Regosol 28,29, 30, 31, 33,
Calcaric Regosel 36, 63, 67,72
Calcaric Fluvisol incl. 922 12.6
Calcic Solonchak incl.
Rendzic Leptoso] incl. :
C4 Eutric Leptosol 1,2, 3,13, 14, 56,
Rendgzic Leptosol 58,71 56 77
Mollic Leptosol '
Vm 1b Hypercalcaric Regosol incl.
Cs Calcaric Regosol 4,9, 43,50, 61
Eutric Regosol 60 )
Hypercalcaric Regosol
Eutric Leptosol incl.
Various C6 Eutric Vertisol (WP) 57, 59, 68 7 1.0
IVo 1b D1 Hypersalic Fluvisol 70 37 5.1
VYm 1b 03 | Calcic Solonchak 8,52, 53, 54, 55, 62 8.5
60, 64
Etosha E2 Sodic Solonchak BUCH 1993 157 21.5
Pan
Total 729 100

The locations of the soil profiles of the sheet Okaukuejo is given in Map 3.
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2.2. Soils and Soil Associations in the Okaukuejo Area

2.2.1. Soil unit A8 |

Soil unit A8 is characterized by Humi-Calearic Arenosols which are located in the
northern part of the Okaukuejo study area, west of the Etosha Pan (Map 6). The mean
depth of this greyish-brown (10YR 3/2) soils varies around 120 cm. These soils are
slightly humic with a Ceg.-content of 1.1%. With a mean content of 45% CaCO3 the soils
are very strongly calciferous throughout the profile. The N-content of the topsoil is
0.06% and the phosphate content is still low with. 16.4 ppm. Due to the very high
CaCO content the soil reaction is alkaline with values around pH 8.5. The ECs-values
of the Humi-Calcaric Arenosols are low to moderate (0.1 mS/cm topsoil - 2.0 mS/cm
subsoil). The fertility status is characterized by low CEC values around 9.0 me/100g soil
i The texture of the soil in this mapping unit is sandy loam to sandy clay loam in the
deeper profile zones, with a single grained structure in the topsoil and single grained to
subangular structure in the subsoil. In general the available field capacity of the Humi-
Calcaric Arenosols of the soil unit A8 is high with values around 275 mm. The total pore
space ranges around 55 Vol.-%. Therefore the water holding capacity of this soil type is
very good, with an excellent internal drainage. Soil profile Oka 40 in Figure 7 illustrates
the soil analytical properties of a Humi-Calcaric Arenosol.

2.2.2. Soil unit C1 .

Soil unit C1 includes the soil types Calcaric Regosol and Humi-Calearic Arenosol.
The Calcaric Regosols are characterized by a brownish grey (10YR 5/3-4/3) colour, an
average depth of 70 cm and are moderately humic (1.9%). The N-contents vary close to
0.12% and the content of phosphate is 'very low' with 13 ppm. The CaCO3-content of
the Regosols in this soil unit reach 14.8% and the pH is about 7.9. The scores of electri-
cal conductivity range around 0.2 mS/cm what indicates no salinization. The CEC was
measured at 12.4 me/100g soil indicating low fertility. The texture is clayey loam with a
single grained and loose structure, sometimes with low contents of skeleton material
around 2 weight-%. The low AFC of 79 mm and the TPS about 50 Vol.-%, give values
that show that the water holding capacity and the internal drainage of the Regosols in
this unit is sufficient. Oka 47 in Figure 9 represents the typical features of this soil type.
The other soil type in this mapping unit are the Humi-Calcaric Arenosols with a mean
depth of 50 cm, a dark greyish-brown (10YR 3/3) colour and medium to high Cog.-
scores of 2.0%. The N- (0.09%) and the P-values (16 ppm) are both 'very low' and the

Hn most of the Okaukuejo soils it was problematic to analyse the CEC correctly because of an extreme
oversaturation of the clay minerals with calcium and magnesium. The reason for this might be the
callapse of dolomite minerals due to chemical preparation of the samples (personal information Dr.
Rose, Staatl. Institut fiir Mineralogie Regensburg). This effect leads to base saturations >100% (in sote
cases more than 290%). Therefore the CEC-values of the single ions as well as the base saturation was
recalculated to values of 100%. Recalculated CEC-vaiues are indicated by a' * ',
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CEC* ranges around 21.9 mS/cm indicating a 'moderate’ supply of nutrients. The
CaCO3-content of the Arenosols in this unit give moderate values of 14.6% and the soil
reaction is slightly alkaline with pH-values up to 8. The skeleton free texture is sandy
loam and the structure is single grained to slightly subangular. The AFC was calculated
at 127 mm (‘moderate') and the TPS scores around 49 Vol.-% indicating sufficiently
good soil water and drainage conditions. Oka 46 a typical Arenssol of this soil unit is
shown in Figure 10.

2.2.3. Seil unit C3! ‘

In this soil unit Eutric Regosols, Hypercalcaric Regosols, Calcarie Regosols, Calcaric
Fluvisols, Calcic Solonchaks and Rendzic Leptosols are associated. Fluvisols, Solon-
chaks and Leptosols occur as inclusions. The mean depth of the grey brown Regosols in
this soil unit ranges around 50 cm and the content of organic C is moderate to high with
values of 1-2% in average in the topsoil. The content of N varies between 0.04% and
0.13% from 'very low’ to low. The P-content is ‘very low' with 19 ppm. The content of
calcium carbonates ranges from zero, non calcareous, to 53% hypercalcaric and conse-
quently the soil reaction is neutral to slightly alkaline (pH 6.5-8.4). The cation exchange
capacity is moderate and ranges around 20.0 me/100g soil. The ECj analyses show
maximum values of 0.5 mS/cm indicating nearly salt free soil conditions for the Regosols
within this soil unit. The texture of the Regosols is clayey to loamy, sometimes silty
clayey, and the structure is powdery single grained to Jﬁoose. The drainage and water
holding conditions of the Regosols in the soil unit C3 are poor (AFC approximately
50 mm; total pore space 50 Vol.-%). Figure 11 gives a graphical description of a typical
Regosol (Oka 25) of this mapping unit. Appendix A gives further information on the
physical and chemical properties of the Regosols at different mapping levels (‘unit',
'group’).

The Calearic Fluvisols have a brown (10YR 4/2-3/2) colour and a mean depth of 90
cm. The content of Cos. is medium with values around 1.6%. Nitregen and phosphate are
both very low. The fertility status of the Fluvisols in this soil unit is classified as
moderate, with CEC-values of 32,2 me/100g soil in average. The high CaCO3-content of
this soil type was determined at 25% and the pH oscillates around 8.3. The electrical
conductivity was measured at 0.4 mS/cm and is very low. The texture of the Fluvisols is
clay with a subangular structure and traces of skeleton material (0.1%). The available
field capacity was determined at 137 mm and the total pore space ranges around 53 Vol.-
%, so the water holding capacity and the internal drainage is sufficiently high. Soil profile
Oka 28 in Figure 12 gives an impression of the analytical features.

The Calcic Solonchaks of soil unit C3 are brown (10YR 4/3-3/3) with a touch of grey
and show a depth of approximately 50 cm. They have a medium C-content of 1.5% and
low values of nitrogen and phosphate. The CEC* is medium with values of 25 me/100g




i3

soil. The soil reaction is slightly alkaline (pH 8.1) and the electrical conductivity is mod-
erate to high (3.5 mS/cm). Those salinity values may have serious effects on plant
growth (PETERMANN 1988; THOMAS & MIDDLETON 1993), so that these sites are
mainly covered by a salt adapted vegetation. The texture of the Fluvisols in this unit is
clayey and loamy with a subangular to prismatic structure. The available field capacity is
low (78 mm) and the TPS is around 50 Vol-% what makes the water holding capacity
and the drainage poor and insufficient. Figure 13 shows Oka 33, a typical Fluvisol of soil
unit C3. :

The Rendzic Leptosols of this soil unit are greyish-brown (10YR 5/2) and very shallow
with a depth of 17 cm. Organic C contents are moderate (1.4%) and N as well as phos-
phate are very low in content. The cation exchange capacity of this soil type is charac-
terized as moderate (20 me/100g soil) and a pH of 8.0 is measured. The ECs is 'very
low' and ranges around 0.3 mS/cm. The CaCO3-content of the Leptosols is moderate to
high with 23%. The textural and structural features are a single grained clay loam with
about 28% skeleton material. The AFC of 32 mm is to evaluate as low and the TPS of
56 Vol.-% classifies the water capacity as insufficient but the drainage is satisfactorily. In
Figure 14 of soil profile Oka 29 the analytical data are presented.

2.2.4 Soil unit C4

Soil unit C4 comprises Eutric Leptosols, Rendzic Leptosols, and Mollic Leptosols and
furthermore Hypercalearic Regosols as inclusions. The Leptosols as major soils of this
mapping unit can be distinguished into different units and groups as there are Rudi-
Psammi-Futric Leptosols, Rendzic Leptosols, Rudi-Mollic Leptosols and Psammi-Mollic
Leptosols (Appendix A).

The Leptosols in mapping unit C4 have a dark brown (10YR 3/3-3/2) colour, depths
between 8-27 cm and a Corg.-content that may reach values of up to 2.1%-3.5%
(= group level Mollic), what classifies these soils as highly humic. In contrast to the soil
types described already, the Leptosols in soil unit C4 show N-contents of 0.12%-0.17%
and P-contents up to 28 ppm. These values are still to be classified as low, but they are
the highest values of all the Etosha soils analysed so far. The high percentage of CaCO3
is approximately 25% and the soil reaction is pH 7.8-8.0 (slightly alkaline). The cation
exchange capacity may reach values up to 24 me/100g soil (= group level Eutric) with a
basic saturation of more than 50% in most of the cases, which indicates moderate fertility
conditions. The ECs-value of 0.3 mS/om in average can be classified as 'very low'. The
texture of the Leptosols in the mapping unit is silty loamy to clayey loamy and the
structure single grained to weakly subangular. The average skeleton contents range from
14% to 60% (= group level Rudi) and most of the Leptosols show slightly increased
sand contents in the upper 4 cm of the soil profile (= group level Psammi). The AFC was
calculated at maximum values of 40 mm (for most of the Leptosols the values are lower)
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and the total pore space approximates at 50 Vol.-%, so that the water holding and the
internal drainage conditions are poor. The soil analytical data of profile Oka 3 in Figure
15 presents the average properties of a Leptosol in this soil unit under discussion.

The Regosols in soil unit C4 are greyish-brown (10YR 3/3-3/4), roughly 40 cm deep
and are highly humic with 2.3% organic matter. The N-content is low at 0.15% and the
P-content is 'very low' at 13 ppm. The CaCOg-content of the Regosols i this wmit
reaches 30% (= unit level hypercalcaric) and the soil reaction is slightly alkaline 8.0. As
an indication of the fertility status, moderate CEC-values of around 20 me/100 g soil
were measured. The average electrical conductivity is 0.4 mS/cm (at 25°C). The Hyper-
calcaric Regosols usually are free of skeleton material and the texture can be described as
clayey loam with a loose powdery and single grained structure. The available field ca-
pacity was determined at 29 mm and the TPS is 56 Vol.-%. Therefore the water holding
conditions are poor and the internal drainage is good. Figure 16 which shows soil profile
Oka 56 gives a graphical impression of the soil analytical data.

2.2.5. Soil unit CS!

The soil unit C5 is dominated by Calearic Regosols, Eutric Regosols, Hypercalcaric
Regosols and furthermore Eutriec Leptosols which occur as an inclusion.

The mean depth of the Regosols in this soil unit is 60 cm and they have a greyish brown
(10YR 5/3-4/3) colour. This soil type is moderately humic within the topsoil with ap-
proximately 1.4% of C.s.. The content of nitrogen varies between 0.06% and 0.13%.
The content of phosphate is to classify as low and vares around 23 ppm. The calcium
carbonate contents range from 7% to 56% (= unit level Aypercalcaric) and the soil reac-
tion is about pH 8.0. The cation exchange capacity of 14 me/100g soil indicates a low
fertility status. The EC5 values were measured at about 0.3 mS/cm (25°C). The texture
of the Regosols is a clayey loam with a subangular structure and a skeleton percentage of
about 5% or less. The AFC reaches values up to 60 mm and the TPS was calculated at
approximately 50 Vol.-%. The analytical data of a Regosol (Oka 4) are given in Figure
17.

The brown to yellowish-brown (10YR 3/2-4/2) Leptosols of soil unit C5 have a medium
depth of 11 cm. The organic C-content shows high values of 2.2% and nitrogen as well
as plant available phosphate is low in content. In general the Leptosols in this soil unit
are only slightly calciferous (1.8%) and the soil reaction is nearly neutral (pH 7.6). The
CEC of 14 me/100g soil indicates low soil fertility and with ECs-values around 0.1
mS/cm (25° C), no salinization hazards were identified. The soil texture a is silty loam
with a single grained structure. The available field capacity of 24 mm is low and the total
pore space gives values around 50 Vol.-%. The soil profile Oka 37 represents a typical
Eutric Leptosol (Figure 18).




15

2.2.6 Soil unit C6

This soil unit is dominated by the dark grey (10YR 6/3-5/2) Euftrie Vertisols with a
mean depth of 50 cm. The content of Cop. gives moderate values around 1.5% and the
N-values are low to 'very low' (0.03-0.12%) with a wide range of the phosphate contents
from ‘very low' to low (12.7-37.2 ppm). The Eutric Vertisols in soil unit Cé are very
highly calciferous with values up to 50%? and the soil reaction is slightly alkaline with
pH-values close to 8.0. The fertility status is indicated by a high CEC of 40 me/100g soil.
The EC5 is ranging from 3.6 mS/cm to 15.1 mS/cm what is to interpreted as an extreme
salinization. These extremely high electrical conductivity values might be caused by the
fact that during the rainy season the Vertisol sites are filled with water over a longer pe-
riod of time. Game uses these flat water filled depressions as a natural water hole crush-
ing and destroying the topsoil with their hoofs when the water hole drys up. By this
mechanism soluble salts are washed out and crystallize in the upper profile zones. The
texture of the Eutric Vertisols in this soil unit is clay and the structure is polyhedral to
columnar. The AFC was calculated at 37 mm with a TPS of about 45 Vol.-% and 34
Vol.-% unavailable water. Therefore this soil type (Figure 19 Oka 68) is an almost un-
suitable location for most of the plants.

2.2.7. Soil unit D1 -

This soil unit is characterized by Calecari-Hypersalic Fluvisols that occur in broad
drainage lines and in smaller channels. The colour is greyish brown (10YR 6/2-5/2) and
the depth reaches up to 60 cm. The content of C... was measured at moderate values of
1.3% and the N-values are ‘very low (0.04%), whereas the phosphate contents reach
very high values of 78.3 ppm, probably as the result of washed in plant residuals. The
average CaCOz-content of the soils in this unit varies near to 55% and the pH is alkaline
around 8.9. The CEC of 32.8 me/100g soil indicates moderate to high fertility, but elec-
trical conductivity values of 16.6 mS/cm make this soil type suitable only for some very
salt adapted plants. The content of skeleton material varies around 10% and stones (-35
cm length) on top of the surface are very common. The texture is classified as clay to
silty clay with a polyhedral to colummar structure. The AFC of 63 mm and the TPS
around 45 Vol.-% and more than 30 Vol.-% of unavailable water characterizes the Cal-
cari-Hypersalic Fluvisols as a very problematic site for vegetation. Figure 20 gives the
soil analytical data of the profile Oka 70, which represents a typicai soil of this mapping
unit,

2Due to the usually non-calcaric Vertisols in the Etosha National Park the guideline for soil
classification (BEUGLER, BUCH & TRIPPNER 1993; Part III) did not consider Vertisols with high
CaCO3-contents. Future soil mappings should take into account, that some Eutric Vertisols might have
high calcium carbonate contents. Therefore Vertisols with CaCO3-contents of more than 25% sould be
classified as with the prefix Hypercalcari (unit level).
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2.2.8. Soil unit E1

This soil unit is dominated by the soil type Caleie Solonchak that shows a mean depth of
60 cm and has a light brown colour (10YR 5/3). This soil type is moderately humic with
approximately 1.4% C.. and 'very low' N-contents (0.1%). This soil type is very highly
calciferous with values of up to 65% CaCO+ and the soil reaction is very alkaline (pH
9.3). The CEC* ranges around 30 me/100g soil and the electrical conductivity reaches
extremely high values of 13 mS/cm. These soils are free of skeleton material and have a
texture of sandy clay loam with a subangular, polyhedral structure that sometimes alters
into a columnar structure. The available field capacity is very high at 209 mm and the
TPS ranges close to 48 Vol.-%, but 35 Vol.-% unavailable water classifies the Calcic
Solonchaks as a problematic location for plants from the view of the soil physical condi-
tions. In Figure 21 the analytical data of the soil profile Oka 60 are illustrated.

3.1. The Karstveld (sheet Ondongab 1916AA) |

The Ondongab study area forms the eastern contimuation of sheet Okaukuejo and is
situated southerly of the Etosha Pan. Most of the area belongs to the land unit of the
Karstveld'. Only a small belt running from west to east along the Etosha Pan belongs to
the Etosha Pan region in a wide sense' (see above; Map 1). The mean annual precipita-
tion is measured around 380 mm and the vegetation consists in most of the areas of
mopane savanna with mopane bushes, mopane trees and acacia bushes. Smaller areas
belong to the vegetation community of the 'sweet grasveld on lime' (LE ROUX 1980,
DU PLESSIS 1992) which is dominated by various grass species. As it is in the
Okaukuejo area, the geological underground is build up by Etosha Limestone.

The land unit Karstveld' shows a hilly morphology with numerous limestone hilltops,
shallow drainage lines and flat depressions. The lower situated Etosha Pan land unit
shows a flat and even morphology also with a network of small drainage lines. Due to
the recent acolian activity the micro-topography of the Ondongab study area shows a lot
of micro-dunes and a thin layer of aeolian sand on top of the surface at most of the loca-
tions. Limestone outcrops as well as stone pavements are very common at some places
of the Ondongab area especially around the catchment areas of waterholes. The mean
slopes range between 1-5° and the differences in elevation vary between 5-40 m. Nearly
30% of the study area Ondongab is occupied by the Etosha Pan were a greenish siltstone
forms the parent sedimentary rock (Table 3).

Most of the soils in the investigation area can be described as calcareous, shallow and
stony with a clayey to loamy texture. Only some soils of the land unit 'Etosha Pan in a
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wider sense' are medium deep, and somehow more sandy with less skeleton matesial
compared to the soils of the Karstveld'.

3.1.1. The Marginal Pan Zone

The marginal areas running along the Etosha Pan’s edge in a west-east direction (Map 9)
are indicated by the signature V. They are very flat and even, divided by gully erosion
and include an area of 12.3%. The elevation ranges between 1085-1090 m a.s.l with
mean slopes <0.5° and at some places in land wnit V, small remnants of the higher ele-
vated plain area (see below) are present. The soils in this land unit are shallow with a
clayey and loamy texture, sometimes with a powdery surface, sometimes with a hard
sealed surface with polygonal cracks and salt impregnations on the top. The vegetation
cover is thin (5%) with salt adapted plants like Salsola efoshensis.

3.1.2. The Plains

The plains IV occupying 9.7% of the study area (Table 3) and extending in southern di-
rection of land unit V mesh with the higher elevated hilly areas in the shape of little coves
(Map 9). The plains that belong to the land unit "Etosha Pan in a wider sense’ in a further
sense are elevated from 1090-1100 m a.s.l. and they are divided by some larger drainage
lines (IVo) which occupy 3.7% of the whole Ondongab area. The meso-topography is
slightly rolling with some flat depressions and thin sand accumulations on the top of the
surface. Fine sealing crusts and alga-lichen-skins as the result of sheet wash are wide
spread in the plains area. The soils are medium deep to shallow, frequently with a pow-
dery topsoil and a subsoil that shows high bulk densities. The texture is loamy to silty
predominantly with a low skeleton content. 7

The surface of the drainage lines (IVo) is rolling with swelling and shrinking cracks and
with abundant stones (-15 cm length) on top of the surface. The soils are loamy to clayey
with a prismatic structure and high salt contents throughout the soil profile. The vegeta-
tion cover of the plains particularly around waterholes is sparse (5-10%) and dominated
by various grasses and shrubs like Leucosphaerum bainesii. The omurambas (IVo) show
a vegetation that is adapted to high salt concentrations (Salsola etoshensis, Petalidium

engleranum),
3.1.3. The Hilly Areas

The hilly areas, elevated between 1100-1120 m a.s.l, are dominating the south-eastern
part of map sheet of Ondongab and have the signature IX. In the westem part of sheet
Ondongab, where the plains cut up land unit II, little islands have developed as small
remnants of the 'Karstveld'. The hilly areas take a share of 45% of the study area i fotal
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(Table 3). The average slopes range between 1° and 5° and the surface is rolling nuroer-
ous limestone ridges (3-6 m high) alternated with depressions that are filled up with ero-
sion material from the hills, The depressions M occupy an area of 1.9%, so that the
whole area belonging to the land form unit XX summarizes up to 46.9% of the entire
study area.

A south-north directed pattern of small and shallow drainage lines characterizes the
meso-topography as well as the occurrence of limestone outcrops, stones up to 100 cm
length and younger aeolian CaCO3-free(!) sand accumulations on top of the surface. The
sand accumulations often mixed up with wide spread thin alga-lichen-skins that seal the
surface. The soils are mainly calcareous, very shallow and rich of skeleton material and
are often developed in small concavities of the limestone outcrops. The texture of these
soils is loamy to silty often with rock fragments on top of the surface. The soils in the
depressions are clayey and non calcareous nearly free of skeleton and reach a depth of
80-120 cm. They show polygonal cracks and indications of strong shrinking and swelling
dynamics. The vegetation cover of land unit IT is dense (25%) and dominated by C.
mopane in combination with various grasses. Due to the exceptional soil dynamics in
sub-land unit In the depressions are almost free of vegetation.

Table 3: Soil units and soil types in the Ondongab area (sheet 1916AA) in the Etosha
National Park

Land unit Soil Unit Soil Types Soil Sample | Area | Area
Odo km?* %
IIm 5 Eutric Leptosol 2,6,7,9,10, | 328 45 0
Lithic Leptosol 11, 28,30, 31,
Rendzic Leptosol 33, 34, 35, 36,
Mollic Leptosol 37,38, 39, 40,
Dystric Vertisol 41, 42, 43, 44,
Eutric Vertisol 45, 46, 47, 48,
50, 51
In C6 Eutric Vertisol 32 13 1.9
IVm C4 Mollic Leptosol 1,3,4,5,8, 71 97
Lithic Leptosol 12,13, 14, 15,
Rendzic Leptosol 21,22, 23, 24,
Hypercalcaric Regosol 49
Calcaric Regosol
IV o D2 Hypersalic Fluvisol 16 27 3.7
Vm El Calcic Solonchak 17,18, 19, 20, 20 12.3
Rendzic Leptosol 25,27,29
Hypercalcaric Regosol
(incl.)
Etosha ‘ E2 Sodic Solonchak see Buch 1993 | 200 274
Total 729 100




3.2 Soils and Soil Asseciations in the Ondongab Area

The spatial distribution of all sampled the soil profile points at the map sheet of Ondon-
gab is given in Map 4.

3.2.1. Soil unit C5
This mapping unit is dominated by Leptosols and Vertisols that occur in a typical spatial
distribution pattern (Map 10). The Vertisols are located in flat to medium deep depres-
sions, where the solum mainly developed ' situ’ and some soil material is washed i
from the surrounding hilltops. In contrast to the Vertisols, the Leptosols are located at
the higher relief positions and on top of low limesione ridges. Due to the soil physical
and chemical properties of the Leptosols, numerous variations of this soil type can be ™
distinguished, as there are Lithic Leptosols, Rendzic Leptosols, Eutric Leptesols, and
Mollic Leptosols (Table 3). Due to their base saturation the Vertisols are differentiated
into Dystric Leptosols (base saturation < 50%) and Eatric Leptosols (base saturation
>50%).
The mean depth of the Leptosols in soil unit C5 ranges from 6-60 cm and the soils have a
greyish black (10YR 2/2-3/2) colour. The content of Cog. is highly humic (maximum
around 5%) and the N-values are Tow' to ‘moderate’ up to 0.32%. Most of the Leptosols
have low to moderate P-contents with a maximum of up to more than 200 ppm. The
CaCOs3-contents of the Leptosols ranges close to 30% (strongly calciferous), although
the Eutric Leptosols usually are already free of calcium carbonates. The soil reaction
shows pH-values between 6.3 and 8.3. The CEC of approximately 15 me/100g soil indi-
cates a low fertility status. The electrical conductivity of this soil type is 'very low' to low
with maxima of 0.6 mS/cm. The Leptosols have high contents of coarse fragments with a
mean share of 35% and top values of 78%. The texture is a loam to clay loam with a
- powdery single grained, coherent to subangular structure. The AFC is low (about 40
mm) and the TPS varies around 50 Vol-%, so that the water holding capacity is very
low with a good internal drainage. Figure 22 (soil profile Odo 42) describes a Leptosol
of the C5 soil unit.
The Vertisols of soil unit C5 show a mean depth of 60 cm and have a dark grey (10YR
3/1-2/2) colour. They have moderate contents of organic C (1.5%) and very low con-
tents of N and phosphate. Some Vertisols in this soil unit may be fiee of CaCO3 or show
only traces of calcium carbonates and consequently the soil reaction is slightly acid with
approximately pH 6.5. The CEC* varies close to 30 me/100g soil what indicates moder-
ate to high nutrient conditions. In general the EC5 values are low at about 0.3 mS/cm
(25° C). The usually skeleton free texture is clay with a polyhedral structure. The topsoil
of the Vertisols frequently shows increased sand contents and due to the shrinking and
swelling dynamics of such soils limestone fragments are present in the solum and pedo-
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turbated on top of the soil surface. Deep and wide (60 cm * 10 cm) shrinking cracks,
forming polygons of more than 80 cm in diameter, are also very common. Odo 46 in
Figure 23 presents the soil analytical data of a typical Vertisol in this soil unit.

3.2.2. Soil unit €6

This soil unit is restricied to circular depressions of a diameters up to 400 m that mainly
occur in the eastern part of the map sheet Ondongab. Due to the high bulk density and
the high clay contents of the soils in these depressions, which makes them extremely hard
when drying up, it is often net possible to auger down the whole soil profile. The Eutric
Vertisols with a minimum depth of 60 cm and a blackish grey colour (10YR 6/1-5/1)
have Cos. contents around 0.9%. The content of nitrogen is 'very low' 0.04% and the P-
contents are close to zero. The Vertisols in soil unit C6 are very highly calciferous with
values around 40% and have pH-values of 8.6. The CEC ranges around 47 me/100g soil,
indicating moderate to high fertility;-but the- extreme bulk density in combination with
electrical conductivities around 15 mS/cm is responsible for the fact that the Vertisol
sites are almost free of vegetation. The texture is clay with a polyhedral to columnar
structure. The content of the coarse fragments ranges around 20 weight-%. The available
field capacity of 59 mm together with a TPS of 58 Vol-% and 40 Vol.-% unavailable
water characterizes insufficient water availability conditions at these locations. Figure 24
of soil profile Odo 32 shows the soil analytical data of one of these Eutric Vertisols.

3.2.3. Soil unit C4

This soil unit is dominated by Leptosols (Mollic, Lithic, Rendzic) in assoziation with
Regosols (Hypercalcaric, Calcaric).

The Leptosols have a greyish brown (10YR 3/3-4/3) colour and depths between 6 and
30 ¢m. The average amount of orgaﬁic C is 2.2% with maxima of 4,3%. N was meas-
ured at low to very low values around 0.05-0.13%. The Leptosols in this soil unit have
moderate P-contents of 40 ppm. The CaCO3 contents range close to 40% and the pH
was measured at approximately 8.0. Many Leptosols in this unit have moderate EC5-
values of 1.1 mS/cm. The CEC of the Leptosols in this soil unit was not determined in
the laboratory but probably reaches the values of other well known Leptosols and is
therefore classified as 'moderate’. The structure is single grained with a loamy to clayey
texture and skeleton contents of up to 72%. The AFC calculation gives values around 50
mm and the total pore space is 50-60 Vol.-%. The Leptosols therefore are characterized
by good internal drainage conditions and an insufficient water holding capacity (Figure
25). '

The Regosols in this mapping unit are yellow-brown (10YR 5/3-5/2) in colour and ap-
proximately 40 cm deep. They are moderately humic with 1.5% of organic C, show low
N-values and only traces of phosphate (9.4 ppm). The content of CaCO3 ranges between
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35-60% and the soil reaction varies around pH 8.1, The average electrical conductivities
reach up to 0,27 mS/cm indicating very low to no salinization hazard. The texture of the
Regosols is a clayey loam with a powdery single grained to weakly subangular structure
usually with no coarse fragments (<5 weight-%). The AFC varies close to 70 mm and
the TPS is 56 Vol.-% so the water holding conditions are to evaluate as 'poor’. The soil
analytical data of soil profile Odo 8 is given . Figure 26.

3.2.4. Soil unit D2

This soil unit describes Hypersalic Fluvisols that show a mean depth of 30 cm and a
greyish-brown (10YR 3/3-4/3) colour. The Cor. approximates at 1.8% and the N-values
of 0.05% are very low. Phosphate (PDL) is detected only in traces. These soils are me-
dium calciferous at 15% and are alkaline at pH 9.0. An electrical conductivity of 28
mS/cm indicates extreme sahmzatlon problems and the fertility status is moderate at ap-
proximately 30 me/100g soil. The texture is a silty clay loam with a subangular to poly-
hedral structure and about 7% stones on top of the surface as the result of fluvial geo-
morphodynamics. With an AFC of 14 mm and a TPS of 50 Vol.-% poor soil-water
conditions are indicated. In Figure 27 the soil profile Odo 16 illustrates a typical Fluvisol.

3.2.5. Soil unit E1

This soil unit describes an association of Calcic Solonchaks and Rendzie Leptosols and
furthermore Hypercalcaric Regosols as inclusions.

The greyish-brown (10YR 4/3-3/2) Solonchaks in soil unit E1 have a medium depth of
40 cm and Ce.-contents between 1.8% and 2.7%. The N-values range between 0.04 and
0.11%. Plant available phosphate (PDL) reaches low values of 22 ppm in average,
which nevertheless belong to the highest values in the Etosha National Park. The
CaCO3-content varies around 50% and the pH is close to 8.5. The CEC of 41 me/100g
soil indicates moderate to high fertility conditions. The ECs-values were measured at
approximately 7.1 mS/cm with maxima of 16 mS/cm attesting the typical extreme salini-
zation hazards of Solonchaks. The texture is clayey and the structure can be described as
polyhedral to subangular sometimes columnar. The skeleton content ranges around 8
weight-%. Obviously depending on the depth of the soil profile, the AFC varies from
- medium 134 mm to low 20 mm with about 60 Vol-% TPS. The Figure 28 describes a
typical profile of the soil unit E1 (Odo 17).

The Rudi-Rendzic Leptosols of the mapping unit E1 in the Ondongab area are
characterized to be brown (10YR 4/4-4/3), shallow (-15 cm) and bighly humic (2.7%)
soils. Nitrogen as well as phosphate are classified as low (0.12% / 23 ppm). The mean
CaCO3-content was measured at 45%, what is strongly calciferous, and the pH ranges
around 8.1. The electrical conductivity is very low with 0.4 mS/cm and about 43
weight-% coarse fragments are present within the solum. The texture is a loam with a
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single grained to coherent structure. The AFC is very low (20 mm) and the TPS is 30
Vol.-%. Therefore the water holding conditions are poor. Soil profile Odo 19 in Figure
29 gives the soil analytical data of this soil type.

The shallow (in average 30cm) and highly hwmic (=2.4% C.s) Lithi-Hypercalcaric
Regosols in the soil unit E1 are characterized as greyish-brown (10YR 4/3-5/3). The N-
values are very low and only traces of phosphate were measured. The CaCOg3-content
varies around 50% and the pH is alkaline at 8.2. The EC5 was measured at low values of
0.6 mS/ecm. The texture is clayey with a coherent structure and about 6.8 weight-% of
skeleton material. The AFC was calculated at 66 mm and the TPS reach 63 Vol-% so
the soil-water conditions can be described as poor. Figure 30 (soil profile Odo 25) gives
an impression of the soil analytical properties of the Regesols in this soil unit.

No samples were taken from the profiles of the soil unit E2, where Sodic Solonchaks
dominate the soil mapping unit (sce BUCH 1993).

THE LANDSCAPE ECOLOGICAL RISK EVALUATION
1. The Ngandjela Area

The landscape ecological risk for the 'Ngandjela’ area was evaluated only for the south-
ern part, which is situated inside the Etosha National Park, Only here, soil analytical data
are available up to now. For this report assessments were only made concerning the in-
tegrated landscape ecological risks, because this information is of a higher evidence than
the single risk evaluation (BUCH & LINDEQUE 1993; Part I). The classified average
integrated landscape ecological risks is illustrated in Map 11, where the main limiting
factors are indicated by letters (e.g. P, C, Z means serious soil physical risks, severe soil
chemical risks and heavy risks by game pressure for this mapping unit). A detailed listing
of the individual integrated landscape ecological risks in the Ngandjela study area is
given in Table 4.

" 1.1. The Soil Physical Degradation Risk

In general, the soil physical degradation risk in this study area range from low to high,
with the lowest values in the south-eastern corner of the Ngandjela map with soil unit A9
soils and the Eutric Para-Vertisols/Eutric Vertisols of unit A7. The highest scores in
mapping unit A10, where Rhodi-Cambic Arenosols are present, are caused by the high
erodibility by wind erosion, the low available field capacity and the low basic mfiltration
rates (Table 4). The Cambic Arenosols and the Psammi-Vertic Cambisols in soil unit A2
and A9 as well as the Mollic Fluvisols in unit D2 show moderate soil physical degrada-
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tion risks. In these soil units the wind erosion risk (as a consequence of the finer-grained
texture) is moderate, the AFC is better and the basic infiltration rate is higher for most of
the soil profiles.

Table 4: The Landscape Ecological Risk Evaluation for the Ngandjela Study Area

Mapping | Var ]SoilPhys | SoilChem |Evoston | ErosRelief { Rnin | Water | Vegetat | GamePr [
unit + + + + -+ 4+ 4 pdh
A2 1| 040 ] 051 |025] 1,00 [0,30] 1,00} 0,20 | 0,00 B, W
A7 1 | 020 053 | 045 | 1,00 [030] 1,08 020 [ 0,00 Ed E,W
AG 1 | 040 | 051 | 025 | 1,00 [0,30] 1,00 020 | 0,00 |
2 | 026 051 |o000| 000 |030] 100} 02 | 000 [ W
A0 | T [ 051 { 051 [025] 1,00 ]030} 1,00 | 0,20 | 0,00
D2 1 [ 043 | 1,00 | 040 | 1,00 |030} 1,60 020 | 0,00 E, W

1.2. The Soil Chemical Degradation Risk

Due to the low nutrient status, especially the very low contents of N and P, the low con-
tent of Cox., the absence of CaCO3 and the low CEC values the soil chemncal risk give
moderate to high ratings from 0.42 to 0.53. The electrical conductivity values as well as
the exchangeable sodium percentage are very low in all of the soils and must be consid-
ered as a secondary factor. Thus, salinization and alkalinization hazards are not to be ex-
pected for the soils in the Ngandjela mapping area (Table 4).

1.3. The Erosion/Flood Risk
The erosion and/or flooding risks (topographical risk) of a2 mapping unit mainly is con-
trolled by its topographic position in the field, the texture, structure and organic content

of the soil substratum/sediment and the vegetation cover. As a consequence of a very

high wind erosion hazard or a certain degree of sheet wash hazard (unit A7, D2) for
nearly all the map'piilg-units (exept A9 in the south-eastem comer of the soil Map §;
Ngandjela), the erosion risk was rated very high (1.0). Due to the very uniform landscape
with very low inclination gradients, erosion by sheet wash and/or gully erosion plays a
minor role in this study area.

1.4. The Climatic Risk ,

The climatic risk was calculated as a combination of long-term seasonal amount of rain-
fall and the rainfall variability. Due to the relatively high amount of rainfall (about 400
mm), the long-term seasonal amount of precipitation was rated 2 and the variability of
20-30% was rated 1. Both ratings give a low to moderate climatic risk of 0.30 which is
valid for the whole of the Ngandjela study area (Table 5).
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1.5. The Water Availability and Quality Risk

Tn the Ngandjela study area iside the Etosha National Park only the Onaiso spring sea-
sonally supplies water. However this groundwater is of very bad chemical quality
(electrical conductivity class E = >900 mS/cm). Thus the availability and chemical quality
risk for water in the study area has to be rated as 'very high' (1.0).

1.6. The Vegetation Risk

Due to the excellent vegetation status (standing crop annuals/perennials, basal cover an-
nuals/perennials, forage factor, fuel factor and vegetation degradation status) in all map-
ping units of the Ngandjela siudy area with scores between 0 and 1, the vegetation risk is
rated very low 0.2 (Table 5).

1.7. The Zoological Risk

The game pressure in a certain region is controlled by the availability, quality and palat-
ability of the forage plants, but is -at least for most of the game- much more determined
by the quality and the availability of water. Despite the high tolerance of game towards
poor water quality, the water at the Onaiso spring is so unsuitable and uncertain that the
game pressure for this area is rated zero. In the Ngandjela area larger populations of
game are missing or just migrating through, as long as the animals have the opportunity
to find alternatives at other water holes in the surrounding areas of the Etosha N. P..

1.8, The Mean Integrated Landscape Ecological Risk

The soil units A9 and A11 in the eastern part of Map 11 show the lowest total rating for
the landscape ecological risks as a consequence of low soil physical risk, soil erosion
hazard and vegetation risks. The soil units A2, A7 and the rest of A9 -that make up most
of the study area- are rated 'moderate’ due to a high soil risk rating (0.41-0.46) and very
- high erosion hazard respectively water quality/quantity risk ratings (1.0). High integrated
risks are indicated for the soil units A10 and D2 with scores of 0.50 and 0.56. The rea-
son for this is found in the high to very high soil risks, very high erosion hazard risks
(A10 'wind erosion’, D2 'sheet wash' and 'flooding’) and very high water qual-
ity/availability risks. Due to the experiences with soil profiles from the Senderkop Pan
(Part I of this report; TRIPPNER 1993) and the Etosha Pan (BUCH 1993) the risk val-
ues of soil unit E1 were rated very high (>0.75).

1.9. Implications::

In general, the integrated landscape ecological risk of the Ngandjela study area is mod-
erate with sufficiently good soil conditions, an excellent vegetation status and very low
game pressure although the nutrient status is low and the erodibility risk is high at most
of the locations. However the water quality and availability is extremely poor. Thus pos-




26

sible plannings for irrigation schemes in future (for agricultural use) or for extended
farming activities, must be considered very critical. According to the experience so far, it
must be expected that irrigation water of such a high electrical conductivity, as it is
known from the Ngandjela area, will lead to soil salinization hazards within some years.
An increased uiilization pressure by farming activities with high cattle stockings, together
with the expected salinization hazards by irrigation would increase erosion and vegeta-
tion degradation rigks to a greai extent.

At the moment the Ngandjela area is not in the area of tourism and/or farming activities,
thus future development planning should be carried out carefully with the background of

an environmentally sound management.

2. The Okaukuejo Area

The integrated landscape ecological risk in the Okaukuejo area in general, is rated low to
moderate (Map 12). However it must be mentioned here that in the south-eastern corner
of this map, where the map sheet Ondongab is adjoining, the mean integrated risks is un-
derestimated because the assessment of the soil risks is based on only one sampled soil
profile (Oka 71) with a comparatively low risk rating (indicated by question marks).
When compared with the very high mean integrated risk ratings in the Ondongab area
(Map 13) it is clear that the mean landscape ecological risks in the south-eastern comer
of the Okaukuejo map should be upgraded to a final risk rating of moderate to high.

2.1. The Soil Physical Degradation Risk

In general the soil physical degradation risk in the Okaukuejo area is considered to be
low to moderate (Table 6), with high values in mapping unit A8 at the westernmost dune
ridge (Oka 40). Here a high water erosion rating (F-index), a high wind erosion rating
(4) and very high (5) AFC and BIR scores are combined. Due to the shallowness of the
soil profiles and the low available field conditions as a consequence of high clay contents
in the soil unit C3 (profiles Oka 23, 24, 25), the soil physical degradation risk is rated
1.00 (Table 6). Mapping unit C4 around the Okaukuejo tourist camp, where most of the
soils are shallow and stony, shows very high soil depth (5) and high (4) skeleton scores,
which give a final rating of 1.00. On account of the high water erodibility and AFC
scores (5) in the soil unit D1, the soil physical risk here is also rated 1.00.




Table 6: The Landscape Ecological Risk Evaluation for the Okaukuejo Study Area

Mapping | Var. |SoilPhys | SoilChem RBrosion | ErosRelisf Raln | Water | Vegt | GamePr Main Risk
Unit -+ + + + + +
A8 1 | 0.66 | 044 | 045 | 1,00 {070]0,00]0,17| 1,00 E,Z
2 0,00 0,40 0,00 0,00 (0,70 0,00 {0,771 0,00
©1 | 1 ] 023 | 024 | 0,00 | 000 [0,70]0,00 0,17} 0,00
1 0,26 0,18 0,00 0,00 0,60} 0,2010,69] 0,60
¢z | 2 | 034 | 024 | 000 | 000 [040]0,00{089| 0,00
3 0,31 0,18 0,00 0,00 10,70| 0,000,201 0,00
i [ 01a | 024 | 000 | 000 [070}0,00]049] 0,00
2 | 1,00 | 033 | 025 | 1,00 }050]0,20[0,26| 1,00 P,E,Z
¢3 | 3 1031 | 022 | 0,00 | 000 [050]000{049 0,00
4 0,23 0,24 0,00 0,06 |0,70] 0,000,031 0,00
1 1,00 0,30 0,15 1,00 [0,30} 0,00{0,89] 1,00 PE Z
4 2 0,26 0,11 0,00 0,00 10,30 0,00 {0,49| 0,00
1 0,23 0,31 0,00 0,00 0,70} 0,000,171 0,00
s 2 0,37 0,33 0,45 1,00 10,70] 0,00 |1,00} 1,00 EV,Z
3 0,23 0,20 0,00 0,00 |0,50} 0,000,201 0,00
Co6 I 0,37 0,60 0,00 0,00 |0,30}0,00]0,66{ 0,00
Pi | 1 | 1,00 | 1,00 | 025 | 025 ]030]0,00]0,69 0,60 P, C
11 014 | 1,00 | 0,00 | 0,00 [070]0,00 1,00} 0,00 C,V
El 2 0,20 1,00 0,00 0,00 |0,30} 0,000,201 0,00 C

2.2. The Soil Chemical Degradation Risk

The soil chemical degradation risk in the Okaukuejo area ranges from low to moderate
with increased ratings in soil units C6, D1 and E1. Due to the high salinization scores (4~
5) in the topsoils of soil units C6, D1, E1, the additional high alcalinization scores in soil
unit E1 (5) and the low N-contents (score 5), these mapping units are rated 1.00. All the
other soil units on the Okaukuejo map show reasonable chemical risk ratings (0-3), al-

though the N-content is high at most sites (Table 7).
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2.3. The Erosion/Flood Risk

Due to the even and flat topography in the Okaukuejo area the erosion and flood risks is
rated zero {low) in most mapping wnits of the study area. The westernmost dune ridge in
mapping unit A8 shows high sheet wash and wind erosion scores and is therefore rated
1.00. Soil unit C3 (Oka 23, 24, 25) with high sheet wash scores (5) is rated 1.00 as well.
The areas around the Okaukuejo camp with sheet wash ratings of 3 m combination with
low soil depths is also assessed with an erosion risk of 1.00. Soil unit C5 near the Etosha
Pan (Oka 51) shows sheet wash ratings of 5 and wind erosion ratings of 4, which give
also an integrated erosion/flood rating of 1.00.

2.4. The Climatic Risk

Tn the Okaukuejo area the long-term mean annual precipitation of about 380 mm gives a
rainfall risk scores. of 2. Together with high rainfall variability scores of 3-5 at most of
the sites in this study area, the climatic risk is rated high with values between 0.50-0.70
for most of the soil mapping units.

2.5. The Water Availability and Quality Risk

Due to the high availability and relatively good chemical quality of the water (natural and
artificial sources) in the Okaukuejo area, the water risk in general is rated low. However
it must be pointed out that the nearby waterholes 'Gemsbokvlakte' and "New Browni' {on
map sheet Ondongab; see below) produce water of very poor chemical quality (-900
mS/m) and despite the high availability of this water, it is neither drinkable for humans
nor acceptable for irrigation purposes,

2.6. The Vegetation Risk

The vegetation risk in the Okaukuejo areas in general is moderate to very high, with
comparative good scores for the basal vegetation cover (annuals/perennials) in most of
the units. Only during the dry season of 1993 the mapping uait E1 around "Wolfsnes' had
high risk ratings (5) for all vegetation parameters (Table 7). In general the highest risk
scores occur in the vicinity of the waterholes with an increased game pressure. Thus,
around Okaukuejo, the areas west and south (the direction to Ombika) of the tourist
camp and in the 'Wolfsnes' area in direction to the 'Okondeka' waterhole the highest
scores are reached with vegetation risk ratings between 0.69 and 1.00 (Table 6).

2.7. The Zoological Risk

The game pressure on map sheet Okaukuejo is mainly controlled by the distance from the
waterholes and the vegetation status and palatability. Therefore the westernmost dunc
ridge of soil unit A8, which is influenced by the '‘Okondeka' waterhole, the southern spot
of C3, the area around the tourist camp of Okaukuejo and the areas around "Wolfsnes'
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show high game pressure scores, hence they are rated 1.00. Mapping units C2 and D1
show medium game pressure scores (3) and are rated 0.6.

2.8. The Mean Integrated Landscape Ecological Risks

In general, most of the Okaukuejo area show low to medinm mean integrated risk ratings
as a consequence of maiunly low individual landscape ecological risks. However it must
be kept in mind that even in those areas some individual landscape ecological risks might
be dramatically increased (Table 6). The highest risk ratings occur (as it was described in
the chapters above) in the vicinity of the waterholes, in areas close to the Etosha Pan and
in the animal migration areas with ratings between 0.41 and 0.61. Again, it must be
pointed out that the landscape ecological risk for south-eastern corner of the Okaukuejo
map is underestimated due to a single soil profile with good risk ratings. Coming from
the Ondongab area with very high risk scores, the adjacent Okaukuejo areas are in the
transition zone from very high (Ondongab) to low (Okaukuejo) ratings. Therefore this
zone must be assessed more precisely with a moderate to high mean integrated landscape
ecological risk rating, The area under discussion is marked by question marks in Map 13.

2.9, Implications

Although most of the mapping units in the Okaukuejo area show low to moderate land-
scape ecological risk ratings, special attention should be directed to certain soil units
where individual landscape ecological risks may cause severe degradation hazards. For
the Okaukuejo mapping area the most prominent degradation hazards are vast damages
by soil erosion and soil degradation around waterholes as it can be observed around
Okaukuejo. The dominating soil physical and chemical degradation risks (shallow soil
depth, high skeleton content, salinization hazards) in combination with a high vegetation
degradation status and high game pressure at some locations (like waterholes and game
 migration areas) may cause -respectively have already caused in the past- irreversible
damages to the ecosystem of Etosha. An ecological and environmental sound manage-
ment and planning activity therefore should take into consideration, whether some wa-
terholes could be closed (Okaukuejo) or if it is reasonable to open new waterholes (New
Browni) which may attract additional game in overutilized areas at the map sheet
Okaukuejo. In order to reduce the high game pressure in the endangered areas of the
Okaukuejo map, it is thought to discuss the opening of new waterholes (probably in the
todays non-touristic areas of the Etosha N. P.) more intensively against the background
of landscape ecological risks. The distribution of the present game populations of the
Okaukuejo area over large regions of the central southern part of the Etosha National
Park (directed by artificial waterholes) may help to facilitate a regeneration of the eco-
logical stressed areas.
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3. The Ondongab Area

The Ondongab area, which is adjoining the Okaukuejo area to the east, is characterized
by the highest integrated landscape ecological risk (ratings from inoderate to high to very
high) for all the four study areas investigated by the author. The exceptional high scores
are mainly caused by soil physical, erosion, chemical water quality, vegetation status and
zoological bazards as the dominating risks (Map 13).

3.1, The Soil Physical Degradation Risk

Due to the shallow, skeleton rich soils that are susceptible to wind and water erosion to-
gether with a high scored (5) AFC risk, the soil physical degradation hazard i all of the
soil units and especially around the waterholes Gemsbokflakte and Olifantsbad, is rated
very high (1.00; Table 8).

Table 8: The Landscape Ecological Risk Evaluation for the Ondongab Study Area

Mapping | Var. | SeilPhys | SeilChem { Erosion ErosReher Rain | Water | Vegetat | GamePr Main Risk
Unit + + + + + +
C4 1 | 1,00 0,27 0,45 1,00 0,50} 1,00 | 1,00 | 1,60 P,E,WV,Z
21 100 | 022 {035 | 100 [050]1,00] 1,00 | 1,00 P,E,W,V,Z
1 1,00 0,24 0,35 1,00 }0,50] 1,00 | 1,00 | 1,00 P,EWVZ
cs | 2| 1,00 024 | 045 | 1,00 [0,50) 060 1,00 | 1,00 P,E,V,Z
3| 1,00 0,38 0,45 1,60 10,50| 1,00 ; 1,00 | 1,00 P,EWV,Z
C6 | L | 1,00 | 1,00 | 045 | 1,00 [050]040] 1,00 | 1,00 P,C,E, V,Z
D2 | 1| 1,00 | 042 | 010 | 010 [030]0,60] 0,60 | 0,60 P
1 i 1,00 1,00 0,45 1,00 |0,50] L,o0 | 1,00 | 1,00 P,CE, WV,
Z
21 1,00 0,40 0,45 1,00 0,50} 1,00 { 1,00 | 0,60 P,E, W,V

3.2. The Soil Chemical Degradation Risk

As a result of high calcium carbonate contents and low N-values, the soil chemical haz-
ards in the soil units C4, C5 and D2 range from low to moderate (0.22-0.42). The salini-
zation risk (score 1), the alkalinization hazards (1), the fertility status (1-3) as well as the
content of organic matter (score 0) indicate sufficiently good chemical properties within
these soil units. The high salinization and alkalinization scores (5), together with high
scores of the nitrogen and plant available phosphate values cause a high risk rating (1.00)
for soil units C6 and E1 (Table 8, Table 9).

3.3. The Erosion/Flood Risk

Due to the very high sheet and wind erosion hazards, scores between 2 and 5 m all map-
ping units -exept soil unit D2- the erosion risk in the Ondongab mapping area is rated
1.00. Soil unit D2 with a high wind erosion score of 4 and some flooding risk is rated
0.25.
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3.4. The Climatic Risk
A mean long-term seasonal rainfall of about 400 mm and a high rainfall variability of
30-40% in the Ondongab area results in a climatic risk rating of 0.30-0.50 (Table 8).

3.5, The Water Availability and Quality Risk

T the Ondongab mapping area the water availability is very good with a sirong perennial
flow at most of the waterholes. However the chemical water quality is poor (-900
mS/m). Especially the waterholes at the edge of the Etosha Pan, 'Kapupuhedi' and
'Ondongab', are characterized by a seasonal flow of water with an extremely poor quality
(>900 m$/m). Therefore the water availability and quality scores of 5 are rated 1.00,
what means that the water is normally not suitable for animals, but due to missing alter-

natives this water is consumed by game.

3.6. The Vegetation Risk
The vegetation in the Ondongab area is highly degraded and also the total vegetation
status give high risk scores of 5. Consequently, the vegetation conditions are rated 1.00.

3.7. The Zoological Risk (Game Pressure)

As the water availability is very high and the supply of vegetation is still sufficiently high,
many animals are attracted to the Ondongab study area, This causes a high game pres-
sure on nearly afl soil units in this area. Thus, also the zoological risk is assessed to a
value of 1.00.

3.8. The Mean Integrated Landscape Ecological Risk

The mean integrated landscape ecological risk in the Ondongab study is rated more than
0.50 for most of the mapping units and often shows scores of 1.00. Thus, the combina-
tion (integration) of the individual landscape ecological parameters attest heavy ecologi-
cal hazards for the entire region. The main risks for the ecosystém are identified with the
soil physical, the erosion, the water quality, the vegetation and the game pressure risks.
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3.9. Implications

As a consequence of the above described landscape ecological risks management and
planning activities in the Ondongab area should be lead out very carefully, i.c. no new
waterholes attracting more animals than today should be opened and it should be seri-
ously thought about closing waterholes like 'Gemsbokflakte', 'Olifantsbad' and 'Aus’
where the degradation process of the soils and the vegetation already reaches a maxi-
mum. These measurements are surely not very popular, especially under the aspect of
expanding tourism in the Etosha National Park, but it is thought that this kind of conser-
vation practises are necessary, in order i¢ protect and stabilize this unique and fragile
ecosystem for future generations.
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Map 5 - 10

see plastic sac at the end of this report




Map 11: The Ngandjela Area in the Central Western Part

of the Ftosha National Park

Integrated Landscape Ecological Risks

75720

15°3¢°

s

18°35"—

OWAMEB O

18°40"—

rac4s’

Came Fenee

faesn

— 18°35"

- r8eay

18*45"

i5°15'

Landscape Ecological Risk Rating:

very high 0.75-1.00

high 0.60-<0.75

moderate to high 0.50-<0.60

moderate

low to moderate

low

0.40-<0.50

0.25-<0.40

<0.25

Carlographip: C.Trippner (994
Dvaggw L.E[hjngr:r 1504

Maln limiting Risk:
Soil Physical Risk
Eresion/Flood Risk
Climatic Risk
Water Risk
Vegetation Risk
Game Pressure

N<gTmAN




Map 12: The Okaukuejo Area and the South-West of the Etosha Pan
i the Etosha National Park

Integrated Landscape Ecological Risks
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Map 13: The Ondongab Area South-West of the Etosha Pan
in the Etosha National Park

Integrated Landscape Ecological Risks
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0-23
35-45
55-63
74-83
93-104
118-130
138-154
168-175
178
0-i9
19-28
28-35
45-50
7%

0-15
43-57
75
0-24
39-50
70-79
25-108
110
0-20
3747
68-72
72
G-16
36-44
62-65
9

0-18
26-31
36-40
77
0-19
32-38
47-54

Colour
7.5YR 3/0-2.5YR 4/0
FSYR3/0-2.5YR4/0
T.3YR 3/0-4/0
I0YR 3/1
2.5Y 5/2-4/0
2.5Y 6/3
2.5Y&/3

2.5Y 5/2
Limestone
10YR 3/2
10YR 3/2
16YR 3/2
1I0YR 3/2

too dense
I0YR 31
I0YR 3/3
Limestone
10YR 3/1-3/2
1I0YR 4/1-4/2
10YR 4/2-5/2
10YR 5/2
Limestone
I0YR 3/2
1I0YR 3/2-4/2
I0YR 4/2
Limestone
10VR 2/1-311
10YR 2/1
10YR 2/1

too dense
10YR 3/2
TIYR 32
TSYR3/Z

too dense
I0YR 3/2
I0YR 4/2-75YR 42
TEYR &2

Scil Analytical Data of the Soil Samples in the Etosha NP

C(%) N(%) P(ppm) pH Ca
12,40 5,67
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0,20
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0,00
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0,00
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0,00
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0,58
0,32
0,26
0,00
0,79
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0,77
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5,90
5,39
6,68
7,22
6,77
1,07
7,09
0,00
5,98
5,45
5,47
5,62
0,00
0,00
0,00
0,00
6,16
7,60
7,72
7,73
0,00
7,82
7,88
7,96
0,00
4,39
6,14
6,04
0,00
5,75
6,53
5,20
0,00
5,57
6,50
6,53

0,0
0,0
0,0
0.2
0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,4
0,6
3,0
0,0
1.9
38
10,3
0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0

ECS
0,25
0,10
0,40
0,32
0,36
021
0,19
0,22
0,00
0,18
0,19
0,17
0,17
0,00
0,00
0,00
0,00
0,28
0,61
0,32
0,29
0,00
0,29
0,22
0,20
0,00
1,12
0,32
0,40
0,00
0,19
0,07
0,12
0,00
0,16
0,05
0,06

Sk
0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0

0,0

0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0

39,0
37,6
36,4
35,5
37,8
73,2
70,1
69,0
0,0

81,9
78,2
74,1
72,3
0,0

0,0

0,0

0,0

73,0
66,5
66,9
64,5
0,0

77,1
73,7
69,2
0,0

25,8
23,9
21,8
0,0

86,0
80,0
85,6
0,0

85,7
81,3
81,5

Si

90 52,0C

8,0 544 C
9,5 54,1 C

9,1 553C
92 529C
21,552 LS/SL
19,8 10,1 SL
20,4 10,6 SL
0,0 0,0

7.8 10,3 SL/LS
6,7 15,1 SL
6,4 19,5 SCL
7,2 20,5 SCL
0,0 0,0

0,0 0,0

0,0 0,0

0,0 0,0

7,0 20,0 SL/SCL
77 258 SCL
7,6 25,5 SCL
8,6 2638 SCL
0,0 0,0

11,6 11,3 SL
7,0 19,3 SL/SCL
11,5 19,4 SCL/SL
00 0,0

15,2 59,0 C
143 61,8 C
14,8 634 C

0,0 0,0

73 66 LS
0,0 0,0 SL
52 92 LS
0,0 0,0

48 95 LS
55 13,2 SL
54 13,1 SL

C Texture Soil Type

* = no measure

Psammi-Eutric Vertisol

Cambic Arenosol

Eutric Vertisol

Psammi-Vertic Cambisol

Psammi-Vertic Cambisol

Eutric Vertisol

Xanthi-Cambic Arenosol

Xanthi-Cambic Arenosol
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Som
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Son
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Son

I9
i9
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21
21
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23
23
23
23
24
24
24
24
24
24
24
24

d
65-68
77
0-20
34-46
62-69
83-83
88
0-5
5-20
39-47
57-67
50-100
27
G-18
26-30
37-41
77

EXROWErXUOWPEXNUAW P KU

B0 26-34
C0 38-43

0A 5-0
0-18
32-38
43-49
61-68
74-84
84-87
87

pOM I U O W

Colour
7.5Yr 4/2

too dense

5Y 4/4-7.5YR 4/4
Y 4/4

5Y 4/e

5 4/6
Limestone
2.5Y &/3-6/4
2.5Y 6/3-6/4
5Y 7/3-6/3
5Y 6/3

5Y 6/3
Siltstein
10YR 3/1-3/2
I0YR 3/2
10YR 5/2-5/1
too dense
I0YR 3/2
10YR 3/2-3/3
I0YR 4/2

too dense
10YR 5/2-6/2
10YR 2/1-3/1
10YR 4/1
10YR 4/1
10YR 4/1-5/2
10YR 5/2
10YR 5/2
Limestone

Soil Analytical Data of the Soil Sampies in the Etosha NP

C(%) N(%) P{ppm) pH

0,29
0,00
0,31
0,21
0,20
0,17
0,00
1,11
0,60
0,29
0,15
0,07
0,00
0,74
0,53
0,51
0,00
0,00
0,00
0,00
0,00
0,00
0,66
0,56
0,52
6,35
0,38
0,35
0,00

P

0,00
0,02

*
*

2,00
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553
0,00
4,84
5,48
5,52
6,13
0,00
9,92
9,67
8,94
9,03
8,92
0,00
5.86
3,68
4,65
0,00
0,00
0,00
0,00
0,00
0,00
6,02
6,21
5,88
6,29
6,41
747
0,00

Ca EC5 Sk
0,0 042 0,0
0,0 000 00
0,0 015 0,0
0,0 005 0,0
0,0 003 0,0
0,0 0,03 0,0
0,0 000 00
35 69,40 00
2,1 12,02 0,0
45 691 0,0
92 379 0,0
10,2 2,39 0,0
0,0 000 0,0
0,0 0118 0,0
0,0 047 0,0
0,0 038 0,0
0,0 000 0,0
0,0 000 0,0
0,0 000 0,0
0,0 0,00 0,0
0,0 0,00 0,0
0,0 000 0,0
0,0 0,12 00
0,0 024 0,0
0,0 030 0,0
0,0 0,17 0,0
0,0 040 0,0
g0 000 0,0
0,0 000 0,0

793
0,0
90,7
90,0
88,4
88,7
0,0
13,1
49

6,7
25,4

42,1

0,0
83,9
83,2
73,3
0,0

>

0,0
0,0
0,0
0,0
0,0
79,7
74,2
72,5
70,0
71,0
72,5

0,0

Si € Texture Soil Type

54 153 SL
0,0 0,0

46 4,7 FS
46 54 FS
46 70 FS
40 73 FS
0,0 0,0

3,9 83,0C
53 893 C
75 858 C
10,6 60,0 C
11,3 46,1 C
0,0 0,0

88 73 LS
93 7,5 LS
5,7 209 SCL
0,0 0,0

0,0 0,0

0,0 0,0

0,0 0,0

0,0 0,0

0,0 0,0

9,6 10,8 SL/LS
4,9 20,8 SCL
5,5 22,0 SCL
5,7 244 SCL
8,3 20,8 SCL/SL
11,5 15,9 SL
0,0 0,0

* = no measure

Rhodi-Cambic Arenosol

Calcic Solonchak

Psammi-Vertic Cambisol

Psammi-Vertic Cambisol

Psammi-Vertic Cambisol
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Figure 1: Reference Profile Nga 4

Profili.  Nga 04 |Site Ovamibo-Pans-Plain Lon. Lat. Date
Mumber of Semples: 5 |4,8 kin B Binmind. i, Pardse IBR . 15°1834"  18°40'53" 110,92
Soll FAO Mapplng Unit SA: Riek Class.
Claseificatlon:  Psanmmi-Humic Combisol Ad USDA:

Physical Soil Properties

Nga 04
Depih (om) Graln Stze Dlsirlbutlon %Skeleton Texture Munsall {wet} Structure
A 019 ] —_ 8L,  10YR3A sig
B 3142 — SCL 10YR 4/ sip
& 3866 - SCI. 10¥YR 3543 sig|
D 7. — SCL 10YR6/M sig
X — - too dense _
0 _ - — - —_
0 — — — —
[y - - - —
Dllé W% 40'% 60‘% uDI% 100%
Parlicle Frequency Distrlbution
ooy : uw
18 /,;;/
/'} “
p AFC
5 [
/.ﬁ
25 Ligpanpmyperinesssss _4_:’_‘:: _____ 0 AC
0 m 0
T ] ] U w s N " "
2 6,3 20 63 200 630 2000 0 10 20 3o 40 30
Infiltration: IR(15 Min.): R{30 Min.): BasicIR: 26,3 Erodibility: 7.5
{emh) (e} (ah) {F-ladec)
Chemical Soil Properties
%Humus %Nitrogen %Cac03 pH {1 n KC}) ECS Phosphate (PDL)
in ppm
A [
B o
c o
D °
X 0
0
0
0
[} a5 1

Na |6 Na (0 HNa i0 Na [0

Mg |0 Mg {6 Mg [0 Mg |0

Calo Ca o Calio Ca [0

CEC {0 CEC |0 CEC [0 CEC (¢
6 02 04 06 OF I 0 0z 04 86 8T 1 ¢ 02 04 06 03 1 v 02 o4 05 o% 1
|
[ 50 100 [ 30 100 0 30 160 ] 50 100
I

Base Saturation in % I




Figure 2 Reference Profile Nga 5

Profil:. Nga 05 |Site Ovambo-Pans-Plain Lon. Lat. Date
Number of Sanples: 7 1 km E Kreuz N Sokopfamne, r. 15°2131"  18°40739° 1.1092
Soll FAC Mapplng Unkt Sh: Risk Class.
Classificatlon: Haplic Arenosol A4 UsDA:
Physical Soil Properties
Nga 05
Depth {cm) Graln Size Dlstribution “4Skeleton Tenfure Munseli {(weat) Structure
A o0a9 : ' T e B e FS  2.5Y4/2 sig
8 3s4r s — L8 25Y42 sig|
C 35972 s B — LS  2.5Y4n sig-sub
B3 9g-107 o8l B — LS  2.5Y4/3 sig-sub
E 138150 1 el — LS 25753 sig
F 161169 TR i R— LS 2.5V 5/3-63 sigsub’
X 169 TP - — w-  sandstone —
0 - — — - _
0'.% 20% -1(;% 0% 0% iﬂl;%
- Particte Frequency Distributlon Total Pore Volume (%)
'y : , A [ uw
i H oA g &
LR S
AFC
30 4 ﬂm]}
2’ AC
3 W BU o By, w8 2nu'|;m 0 1 2 30 M 50 s
Infiltration: UR(15 Min.): HR{30 Min.): Basic IR: 29,4 Erodibllity: 7,5
{emh) temh) (et (T-lnde)
Chemical Soil Properties
%Humus %Nitrogen %CaCO3 pH {1 nKCl) - ECs Phosphate (PDL}
in ppm

{(mSicm, 25°C)

A o L
B o 0
C o R 0303 0
D ) 0
E [ 0325 0
F o 0
X o 0
0
0 05 Io H ie [ 05 1
D
Ki0
Na [0 HNa |0 Na 0 Na t0
My [0 Mg [0 Mg o M o
Cajo Ca 0 Cal0 Ca |0
CEC {0 CEC {8 CEC |0 CEC |0
Y B4 06 03 I 0 02 04 06 01 1 0 02 04 05 0F 1 0 02 04 06 03 1
L
0 50 100 0 % 100 0 10 100 0 50 100
| Base Saturation in % J




Figure 3: Reference Profile Nga 8

Profil: Nga 08 |[Site Ovambo-Pans-Plain Lon. Lat. Date
Number of Samples; 8 4,8 km E Kreuz N Sokopfanne 1., Senke 15°2326" 18°4129" 10.10.92
Soll FAD Mappling Unit SA: Risk Class.
Classlfication: Psammi-Futric Para-Vestisol M4 USDA:
Physical Soil Properties
Nga 08
Depth (cm) Graln Size Distribution Y%Sheleton Texture Munsell {wet) Siructure
A o1z ’ e [ o SCL  10YR 3/1-4/1 sig-sub
B 3647 s — 8C  10YR4/1-511 sub
C 6514 is B SC  5Y4/1-51 sig-sub
0 74m ] esi BY SCL  2.5Y 5/2-4/2 sig-sub
E 142t i —_ SCL  2.5Y 5/2-6/2 gg-sub
F 136-140 1 O - SL 2.5Y5/2-6/2 sig-sub
G 161167 c B @ - SCL  2.5Y 6/3-6/4 sig-sub
X 1s0 - o sandstone (calcareous) —
0% 20% 0% 0% 0% 160%
Particle Frequency Distrlbution Total Pore Volume (%)
Y%
100 UW,
o =
AFC
(A
! AC
Th s ™o g B g ™ e 25 0 10 2 0 40 10 s
Infiltration: HR(18 Min.): 1IR(30 Min.); Basic IR: 16,3 Erodibility: 1
(o) {cwh) (anh} (F-ind=)
Chemical Soil Properties
%Humus %Nitrogen %Caco3 pH (1 n KCI) EC 5 Phosphate (PDL)

HXOTMmMmoOoOQOE P

In ppm

{mSicm, 26°C)

! Base Saturatlon in %




Figure 4: Reference Profile Nga 13

Profil: Nga 13 [Site Ovambo Sandveld Lon. Lat. Date
Number of Samiples: 5 2,3 ki N Pardsekreuz 1. 15°20'56" 18°39"23" 20.10.92
Soll FAC Mapping Unit SA: Rlgk Class.
Classiflcation: Cambic Areaosol Ad USDA:
Physical Soil Properties
Nga 13
Reptlh {cm} Graln Slze Disgtribution %Skeleton Texture Munsall (wet) Sfruciure
A oax (B TEE es [ FS  10YR 4/4-4/6 sig
B 3543 T ows (0 - TS  10YR3M sig-sub
G 5260 Tw B FS  10YR3M4-7.5YR3/4 sub
B 5067 1 o8l B8 — LS  10YR3/M-T5YR3/4 sub
X &7 o 17— o limestone (sandy) —
0 - S - — - —
0 - c B - —
0 - — —_— —_
u;;vs 2(;% 40% 6(;% 80% 10;)%
Particle Frequency Distribution
mu% UW
s
3 o GO TR
/ AFC
10 / [ SRR [mﬂl
¥ V2N B SRR 0 AC
o sseomse o senspm s EEiSS ———0 3
Tt o wtf £U s e P y y
2 63 20 63 200 630 2000 0 10 0 30 40 36
Infiltration: HR{15 Min.): HR(30 Min.): Basic IR: 34,2 Erodibliity: 8
(emh} {anh) (emh) (F-Indext)
Chemical Soil Properiies
%Nitrogen %LaCo3 pH {1 n KCI) EC 5 Phosphate (PDL)

cooxXOoOmP

{mSicm, 26°C} In ppm

04 0 L3 1 L] 03 1 0 b1

1

! Base Saturation In %




Figure 5: Reference Profile Nga 14

Profil: Nga 14 {Site Ovambo Sandveld Lon. Lat. Date
Niunber of Samples: 6 5,8 ki N Pardsekreuz, Amhdhe 15°2131" 18°3722" 20,1092
Soll FAO Mapping Unit SA: Risk Clase.
Classlfication: Rhodi-Cambic Arenosol Al USDA:
Physical Soil Properties
Nga 14
Bepth (cm) Graln Slze Digtribution %Skeleton Texiure Munsall {wet) Struciure
A 021 il es £ - TS  7.5YR3/ sig
B sg79 1 ow o T8  5YR4/6 sig
€ 106114 s B - FS  S5YRS5MB sig-sub
D 150-160 LY T == — FS  5YRS5/8 sub
E 1851938 1 msi - F8  5YR 5/8-6/8 sub
X » LTI o — «n  loss of soil material —
0 - c B — . J— _—
0 - — — _

0% HWhe 40% 60% 0% £00%

Particle Fregquency Distribution

Total Pore Volume (%)

%

100 \ : , uw
73 g
/ AFC
2% ‘—J ..... 0 AC
L i S0 3
Ty Wy ™y 8V B ™ o B b 10 2 30 10 50
Infiltration:  NR{16 Min.): HR(30 Min.): Baslc IR: 20 Erodinility: 7
(o) (et (et} (Foinde)
Chemical Soil Properties
%Humus %Nitrogen %Caco3 pH {1 n KCI) EC & Phesphate (PDL)

(mSicm, 25°C) in ppm

0,055

D

K [¢ K|0 K0 K |0
Na |0 Na {¢ Ma 0 Na |0
M o Mg [0 Mz |0 Mg Jo
Ca {0 Ca [0 Ca |0 Ca 0
CEC {0 CHC (0 CEC |0 CEC |0

02 04 06 03 1 ¢ 02 04 05 08 1 ¢ 02 04 45 03 1 P 62 04 85 6 1
) 50 163 ¢ 50 106 0 30 100 D) 30 100

{ Base Saturatlon In %




Figure 6: Reference Profile Nga 3

Profii: Nga 03 (Site Ovambo-Pens-Plain Lon. Lat. Date
Number of Samples: 5 1,5 km B v.Eipm. i Pardse FBR 1., Rinne 15°16'48" 18°40'52" 1.10.92
Soll FAO Mapping Unit SA; Risk Claes.
Classiflcatlon: Mollic Fluvisol Dé USDA:

Physical Soil Properiies

Moa 03
Bepth (em) Grain Slze Distrlbutlon %Skeleton Tenture Mansell {wet} Strueture
A o020 iy R o8 £ 5C  10YR 3332 sig
B 2738 7} ms — SC  10YR3/3 sig
C a5 m B - 8¢ 10YR 3/3-3/4 sig
D 6876 oo BR - SC  10YR4/3 sig
X s0 wal - — limestone -
0 - TS W R — e -
0 - c B — - e
0 — — — — —
o 0% 0% 0% 0% 100%
Particle Frequency Distribution Total Pare Volume (%)
mo% e \ A [
R T T B
75 LIS F. B c
/ _________ b
50 e I - x
T -——-0
” FRRRE 0 AG
' =0 S ,
Toy W U g 89 By 0 B (3 10 20 30 40 a0 60
Infiitration: IR(15 Min.): HR(30 Min.): Baslic IR: 20,6 Erodibliity: 2
(aanh) femvy ) (F-index)

Chemical Soil Properties

%Humus %Nitrogen %CaCo3 pH (1 n KCI) ECS Phosphate (PDL.)
{mSlcm, 26°C) in ppm

4 0,705 a

03 1 ¢ 3 10 Ly

D
K|0
Na @ Na [0 Na i@ Na |0
Mg [0 Mg |0 Mg (0 Mg 10
Ca [0 Ca 30 Ca |0 Ca (0
CEC |0 cEC [0 CEC {0 cic o
e} 92 o4 06 08 1 0 02 04 06 68 1 e 02 04 06 o 1 0 02 04 06 0% 1
o 30 100 0 30 100 L} 0 100 8 50 100

Base Saturation In % ]




Figare 7. Reference Profile Oka 40

Brofil: Oka 40 |Site Etosha Pan Lon. Lat. Date
Number of Samples: S 5.9 kan . NW-Abaw, v, Leeubr.- Okend., links 15°48'24" 19°0035" 8.6.91
Soll FAO Mapping Unit SA: Risk Class.
Classlfication: Humi-Calcaric Arenosol AB USDA:

Physical Soil Properties

Gka 40
Depii (om) Graln Slze Distribution “Skeleion Texture RMunsell {wet) Structure
A o090 o v wenimniT] s [300 0,1 SL 10YR 5/4 -+ 10YR 5/3- sig
B ass1 : we B3 01 LS/SL 2.5Y6/4 - IOYR 5/4-6 sig
C 5183 m o ol SL  10YRGM sig,
B 900 esi BB 126 SL  10YR 6/4-G/3' sig
X 100 wial B n = linedone e
0 T won [ —_— e —
0 - c B 2 — —_— - -
0 - — - —_ —
% 2% 40% 0% 10% 100%
Particle Frequency Distrlbution Total Pore Volume (%)
100% o A e
I D EER B
13 : .».'v".‘: .................. C
7 D
ly . pe R - X
. —— o
----- 0 AC
; -0 I ,
Ty W ™o 89 B g ™ g B 0 10 b 30 40 50
Infiltration: {IR{15 Min.): HR{30 Min.}): Basic IR: 12,3 Frodibliity: 6,5
(amhy Gy (cmh) (F-lade)
Chemical Scoil Properties
%Mitrogen %CaCO3 pH (1 n KCI) ECS Phosphate (PDL)
{m$Sicm, 26°C) In ppan

i 0.107

oo XOOWP

! Base Saturation In % —




Figure 9: Reference Profile Oka 47

Profil: QOka 47 |Site Karstveld Lon. Lat. Date
Number of Samples: 2 5,5 kmn.Leeubr,a. Adam FBR, 300m rechis 15°01'49" 19°01'51" 10.6.91
Soil FAOD Mapping Unit SA: Risk Class.
Classiflcatlon: Psammi-Calcaric Regosol (#] USDA:
Physical Soil Properties
Oka 47
Depth (cm) Grain Size Dlstribution “%Sketeton Texture Munsell (wet) Structuse
& 020 2 TEH s 1 2,6 CL  10YR 5/3-4/3 sig-keh
X o ms - —  limestone —
L1 J— s B o — —
¢ — esi B9 o —— - —
6 — msi - - e —
¢ — 1 I (- — e —
0 - c B - - e —
G - — — _
0% 20% 40% 60% 0% ID‘D%
Particle Frequency Distribution Total Pore Volume (%}
:nn% A UW
— |l X i
7 T s 0
Js A S P 0 AFC
30 o JR— -0 [ﬂ]]]]
—— ———0
28 b _____ 0 AC
0 0 S,
Tl W ™oy 8V g B M B 9 10 20 30 40 S 0
Infiltration; HIR(16 Mn.): HR(30 Min.): Basic IR: 15,7 Erodiblilty: i
() (o) {cx) (Flade)
Chemical Soil Properties
%Humus %hNitrogen %CaCo3 pH (1 n KCl) EC 5 Phosphate (PDL)
{mSiem, 26°C) in ppm
A FREE—— A
Xl o o o o
0
0
0
0
0
0
0 i 2 a 0,03 o 015 [} 5 o 13 a 3 10 0 01 02 03 d 03 k

0

K

Ha

Mg

Ca

CiC
02 04 06 03 1 ¢ 02 04 06 6% 1 0 02 04 06 o8 t ¢ 0z 04 06 08 1
10 e o L] 100 0 5 100 0 ) 100
Base Saturation In % ]




Figure 10: Reference Profile Oka 46

Profil: Oka 46 |Site Karstveld Lon. Lat. Date
Number of Saples: 5 4,0km n. Leeubr.auf Adamax FBR,100m Ui - 15002'17" 19°02'28° 10.6.91
Soll FRO Mapplng Unit SA: Rigk Class.
Classification: Humi-Caleario Arencsol ch USbA:

Physical Soil Properties

Cka 46
Dapth {cm) Grain Size Distribution %Skeleton Texture Munsel (wet) Structure
A o019 2 = - L 10YR 313 sig-sub'
B 1933 0,1 L 10YR 4/3-353 suly
G 3345 0,1 L 10YR 413 sub’
D 4552 0,1 L LOYR 5/4 mit 10YR 5/ sub'
X sz - —  limestone —
0 - — — —
0 — — — — —_
0 - —_ — e —
0;6 20‘% 40% 60‘% 0% 1060%
Particle Frequency Distribution Total Pore Volume (%)
WWWWW B [ |
e O
--------- D AFC
........... X HH]B
—— )

----- 0 AC
0 : pm 0 . L]

Trg W gy wU o 80 o Ly mS o 8 0 16 20 " 0 50

Infiltration: HR{15 Min.): HR{30 Min.): Basic IR: 222 Erodibility: 1
(rvhs) (enh) (emh) {F-lodcx)
Chemical Soil Properties
%Humus %Nitrogen %CaCo3 pH {1 n KCI) ECs Phosphate (PDL)

{m$S/cm, 25°C}) in ppm

CocoxUoOmP

L3 3 16 i o 5 10 0 05 1 ¢ [+5-] t

Base Saturation in % ]




Figure 11: Reference Profile Oka 25

profil: Oka 25 |Site Karstveld Lon. Lat. Date
Mumber of Samples: 5 14,3 kmn. Abzw. auf Okauk. FBR, rechis 15°48'02" 19°14'59° 28.5.91
Soil FAC Mappling Unit SA: Rigk Class.
Classification: Butric Regosol c2 USDA:

Phvsical Soil Properties

Oka 28

Denth {tm) Grain Size Distribution “%Sheleton Textwre Munsell {wat) Siruciure
& 020 i s A es 3 72 L 10¥R 4/2-3/2 sig
B 2036 ] 27 EET we 01 01 C  75YR3/2-10YR4R sig
L 3646 e B0l CL  10YR4/2 sig-sub’
B 46-54 A oest B 39 CL  I0YR3/3-3/2 sub'
x 54 w3 EA — - limestone —_
G — es1 [ - - o -
) J— c B S — —_
0 - —_ - — -

0;6 20% 40% 60% 0% 100%%

Particle Frequency Distribution Total Pore Volume (%)

- B
AFC
111
e 0 AC
; . . fm e 0 ]

! T A T I oS Bk

2 63 0 3 200 630 2000 0 10 20 3 40 50 60
Infiltration: WR{15 Min.): iIR{30 Min.}: Basic IR: 9.7 Erodibility: 1
(anh) (G (an/h) (F-Indx)
Chemical Soil Properties
%Humus %Nitrogen %CaCo3 pH {1 n KCI) EC 5 Phosphate (PDL}

{mSlcm, 25°C) in ppm

o458

0514 0

cCcooXOoOOEP

Q 05 1 0 1 4 & ] 02 04 (113 1] 2 4 [

D
K0
Na [@ Na |0
Mg |0 Mg [0
Cao Ca {0
CEC [0 CEC (0 CEC [0 CEC [0
0 062 04 06 0% 1 0 02 04 06 83 1 0 62 04 06 03 1 0 02z 04 06 05 1
0 50 100 0 50 100 o 50 100 ] 50 160

| Base Saturation In % |




Figure 12: Reference Profile Oka 28

Base Saturation in %

profi:.  Oka 28 |Site Etosha Pan Lon. Lat. Date
Numbes of Samples: 5 300 m ab Kreuz. Leesubr.-Sprook., lmks 15°49'00" 19°04'20" 4.6,91
Soil FAO Mapping Unit SA: Risk Class.
Classification: Calearic Fluvisol Cs USDA:
Physical Soil Properties
Oha 28
Depth {cm) Grain Size Distribution YSkeleton Texture Muneel (wet) Etructure
A 019 W e [3 01 CL  10YR4£2-3/2 sub
B 3147 ‘ 1 ws 0,1 C Kalkstein sub
G 4754 Tl o BB 0l C 1OYR 6/3-5/3 sub
D 786 esi B2 0.1 o 2.5Y 6/2~ 10YR 6/3 sub
X 86 mS| —_— e limestone —
¢ J— TR S— - — -
0 — c B 0 - _— e -
0 — — — —_ —
0% 0% 40% 50% 0% 100%
Particle Frequency Distribution Total Pore Volume (%)
' : - uW
e
AFC
i
T ] P T 3 s -
2 63 w ¥ e 00 ™ e 55 20 0 10 20 £ 40 50 60
Infiltration: WR{15 Min.): IR{30 Min.): Basic IR: 14,4 Erodibitity: 1
(ant) (anh) (anh) (Fidedy
Chemical Soil Properties
%Humus %Nitrogen %CaCo3 pH {1 n KCI) EC5 Phosphate (PDL)
{mSicm, 25°C) in ppm
A R onss 0
B {TEFTH 0437 0
Cc SRR o1 °
D BE D426 0
X o
0
0
0
0.6 o 95 1
c 2]
Elo Elo
Na |0 Ma [0
Mg j0 Mg [0
Ca |0 Cal0
CEC |t CEC |0
82 04 06 03 1 ] B2 64 06 05 1 0 02 64 05 0% 1
50 100 0 100 [ 5t "100




P
. ) i
Figure 13; Reference Profile Oka 33 o
Prefii. Oka 33 |Site Karstveld Lon. Lat. pat m
Number of Sanples: 4 5,5 kmn. Kr. Leeubr,-Sprock., 550m SW 15°46'39" 19°06103" 5.6
Soll FAO Mapping Unit SA: Risk Clar .
Classification: Calcic Selondak cs USDA: J
Physical Soil Properties
Oka 33 )
Depth (om) Grain Slze Distribution %S keleton Texture Munsell fwat) Stry
A 019 e 17.3 CL  10YR 4/3-33
B 1932 10,8 c 10YR 4/3-4/4
G 3242 19 C 10YR 6/4-5/4
X 49 . - limestcene
0 — — — -
0 - — —
0 — — -
0 _ —_ — =
0% 20% 40% 60% 30‘% lot‘)%
Particle Frequency Distribution Total Pore Volune (%)
mo% : R
s R -
50 / ........... 0
— =0
25 {
..... 0
. ——e O
i pm
Th, 0o ™o B g B P g B s 10 20 3 o
Infiliration: HR(15 Min.): 1IR(30 Min.): Basic IR: 13,4 Erodibl 1y:
(ant) (e} (e} [ 3
Chemical Soil Properties
%Humus “Nitrogen %CaCo3 pH {1 n KCI} EC 5

(mSicm, 25°C}

Base Saturation In %

Ko Kie Ko
M [0 Na [0 M [0
Mg 10 Mg (0 Mg |0
Calo Calo Cafo
CEC |0 CEC |b CEC |0
¢ 62 04 06 6% i 6 02 04 056 0¥ 1 0 02 G4 06 OF
l
[ 50 100 [} 30 100 [ 30
{

1w




Figure 14: Reference Profile Oka 29

Profil: Oka 29 |site Karstveld Lon. Lat. Date
Number of Sammples: 2 1,1 km n. Kreuz. Leeubr.-Sprook., 150 m links 15°4837 19°04317 4691
Soll FAO Mapplng Unit SA: Rigk Class.
Classificatlon: Rendzic Leptosol ‘ 5 UshA:

Physical Soil Properties

Oka 2%
Depth {em) Grain Size Distribution “Skeleton Texture  Munsell {(wet) Structure
A 017 e T es [ 28,5 CL  IOYR S5 sig
X w s — o limestone .
¢ — e B8 . s — —
[ J— esi BB — - e =
¢ — . msi — — e -
g — s [0 = - e -
¢ — c B _ - e
6 — - — — —
% 20% 0% 6% 2% 100%
Pariicte Frequency Distribution Fotal Pore Volume (%)
200 , : A A T .
i X
L 0 AFC
3 s () ]
: . — 0
25 L T 0 AC
: e 0 (]
T? T NS mS P " ”
2 63 20 63 200 630 2000 ] 1 20 k! 46 L1} 60
Infilration: HR{15 Min.): HR{30 Min.): Basic IR: 8.5 Erodibility: 1
(amn) () (k) (i)
Chemical Soil Properties
%HuEnus %Nitrogen %CaCo3 pi (1 n KCi) ECs Phosphate [PDL)
{mSicm, 25°C) in ppm
A G 0311 [}
X o o o 0
0
0
4]
0
0
0
] ] 1 15 0 0,05 1A} 0 10 20 39 L} 3 o D 02 04 - Q 05 1

)
K
Ha
Mg
Ca
CEC
li 02 04 06 o8 1 0 02 04 65 03 1 9 62 04 05 08 1 0 02 04 06 08 1
[ 58 160 [1} 50 100 0 30 100 0 50 100
|

Base Saturation in % J




Figare 15: Reference Profile Oka 3

profil: Oka 03 |[Site Btosha Pen Lon. Lat. Date
Number of Samples: 4 4 km N van Okauk.-Okond., 100 m W v. pad 15°54'15" 19°08'37* 14591
Soil FAD Mapping Unit SA: Risk Class.
Clagsification: Rudi-Mollic Eeptosol CE. USDA:

Physical Soil Properties

|- Base Saturation in % J

Oka 03
Danth (cm) Graln Size Distribution “%Skeleton Texture Munsail {wet} Structure
A o012 i R : TN es [ 117 siL 10YR3/3 sig
B 1294 2t ST ws 40,5 c 10YR 4/3.2.5Y 4/3' sub
G 2430 : 77 T w B 653 C 10YR 4/3-3/3 sub
X 30 esi B — — limesteme -
0 - sl — - —_
¢ - m 0 - - -
¢ - c B —_ — —
0 — —_ — - —
D‘.% 20% 40% 50% 80‘% !NII%
Particle Frequency Distribution Total Pore Yoltene {%)
IOD% A AT USRI || Uw
sanne S 5 b
s g e C
P e s X AFC
50 :’, o R 0 [ﬂi]]]
-——=-0
e P 0 AC
: —-— 0 (3
T? W . = . @ .. B s P :
2 63 29 63 200 830 2000 L] il 20 30 40 30 60
infiltration: IIR(1§ Min.): IR{30 Min.): Basic IR: 17,9 Erodibility: 1
(e (o) (ant) (F-Judem)
Chemical Soil Properties
“sHumus %Nitrogen %CaCo3 pH {1 n KCl) EC5 Phosphate {PDL)
{mS/cm, 26°C) in ppm
A} i = 037 2.5
B 165 Q
C i [RE] L]
X o
0
0
0
0
: D io 20 k] o 5 10 0 02 04 [1] 16 20 30
Cation Exchange Capacity (nmol{eq)/100g Soil)
B c X
Ko Elo Elo
Na {0 Mo Naio Na |0
Me |0 Mg |0 Mg [0 Mg {0
Ca |0 Calo Ca [0 Ca |0
CEC {0 CEC [0 CEC [o CEHC [0
02 04 06 03 1 0 02 04 05 03 1 o 02 04 05 03 1 0 62 04 06 0% 1
q 50 100 G hLJ 100 0 30 hiili] l.L 3 100




Figure 16: Reference Profile Oka 56

Profi:. Oka 56 |Site Etosha Pan Lom. Lat. Date
Niumnber of Samples: 2 2.1 kmn. Einmind. AF - Okand., 100 m rechts 15°54"14° 19°08'06" 13.6.91
Soil FAD Mapping Unit SA: Risk Class.
Classification: Hypercalcaric Regosol c6 USDA:
Physical Soil Properties
Oka 56
Dapth {om} Grain $ize Distribution %Skeleton Texture WMunesli (wef) Strueture
A o015 E e C T es [ — CL  10YR3/334 sig
£ 36 ws — — Tirnestone -
0 — TR — — e -
0 — csi BB i = - o
0 - msi = - - —
0 - s 1 — — —
0 — c B — — —
0 — — - o —
0% 26% 40'% 60% 806% 100%
Particle Frequency Distribution Total Pore Volume {%)
100 o R A T uw
By e X B
7 ; } -0
/ --------- 0 AFC
» : N o o
: ——=-0
B e S St S 0 ) Ac
e - ) ]
19 Fiij Py W B ms sk " ¥ "
2 63 63 200 630 2000 0 10 20 3 40 30 60
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Figure 17 Reference Profile Oka 4
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Figure 18: Reference Profile Oka 37

Profit: Oka 37 [Site Etosha Pan L.on. Lat. Date
Number of Samuples: 2 4,1 km v, Leeubr.-Okauk., 400 m links 15950'50" 19°05'50" 7691
Soil FAGQ Mapping Unlt Sh: Risgk Class.
Classification: Psammi-Futric Leptosol A6 USDA:
Physical Soil Properties
Oka 37
Depth (e} Grain Size Distribution %Skeleton Texture Munssll (vet) Structure
A 04 o les 03 — S/ 10YR 3/2-4/2 sig
X 11 #S - —  limestene -
[} J— s BE - — — .
0 —_ csl BEH - e — .
0 - s — _ - -
0o — w0 = - -
0 — c B _ - -
0 - — —_— —
% 0% 40% 0% 0% IOII)%
Particle Frequency Distribution Total Pore Volume (%)
w0 - : A SR uw
— X |
[ 7. T, [CPTTUROURMRRRCRNRS EASEPNISMPSSPPSRVPLPS: NAUNSNSSWRTSSSSSSHORS FRFSSISIOST-SVESE SRR S s SO 0
--------- 0 AFC
o i Mt e s et 0 I]H[l]
H : —-— 0
R T AC
[P -
TR R TR = A S ‘ !
2 63 20 63 200 630 2000 0 1¢ i 36 40 50 60
Infiltration: HR{15 Min.}): IR{30 Min.): Baslc IR: 23,2 Erodibllity: 1
(sm} ey {co) F-lnde)
Chemical Soil Properties
%Humus %Nitrogen %CaCO3 pH {1 n KCI) EC 5 Phosphate (PDL)
(mSicm, 25°C) in ppm
A 15 o33 o
X lo 0 0 4 0
o
0
0
0
0
0
o H 2 3 ] 0.05 [h] [+ 133 [ 1 1 ] 3 10 1] 2,05 01 0,15 1] 05 1
Cation Exchange Capacity {mmol{eq)/100g Soil}
X 0 0
K K K
Na i0 Na {0 Na Na
Mg |0 Mg {0 Mg Mg
Ca |0 Ca il Ca Ca
CEC [0 CEC lo CEC CEC
(i 02 B4 06 08 1 ¢ 02 04 06 03 i 0 o2 04 05 o 1 0 02 04 06 03 1
0 50 10 1!; o 100 ¢ 0 100 l s 100
| - Base Saturation in % I




Figure 19: Reference Profile Oka 68
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Figure 20: Reference Profile Oka 70
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Figure 21: Reference Profile Oka 60
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Figure 22: Reference Profile Odo 42

profil: QOdo 42 |Site Karstveld l.on. Lat. Date
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Figure 23: Reference Profile Odo 46

profil: QOdo 46 |Site Karstveld Lon. Lat, Date
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Figure 24: Reference Profile Odo 32

Profil: Odo 32 |Site Karstveld Lon. Lat. Date
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Figure 25: Reference Profile Odo 4
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Figure 26: Reference Profile Odo 8

Base Saturation in %
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Figure 27: Reference Profile Odo 16

Cation Exchange Capacity (mmol{eq)/100g Soil}
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Figure 28: Reference Profile Odo 17

Particle Frequency Distribution
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Figure 29: Reference Profile Odo 19

Base Saturation in %

Profil. QOdo 19 |[Site Kerstveld Lon. Lat. Date
Mumber of Samples: 2 7,5 kin W Abzw. Halapad, 300 mr. 16°0438" 19°07'39" 2.7.91
Soll FAO Mapping Unit SA: Risk Class.
Classification: Rendzic Rudi Leptosol CE USDA:
Physical Soil Properties
GOdo 19
‘Dapih (cm) Grain Size Distribution %Skeleton  Tewture Munsell {wet) Strueture
A o015 EEEE W i ss [ 427 L 10YR 4/4-4/3 kch
£ s ws @ - - limestone -
0 - o B — = —
0 . - — —
0 — — — - —
0 — — - —
0 — _ — -
0 — - S -
0% 20% 40% 60'% sol% 10;]%
Particle Frequency Distribution
wo% . A
P X
7 e )
--------- 0 AFC
e e I T aaa s S 0 H]}]ﬂ
: —-—-0
B I s PP 0 AC
—_—-— 0 ]
T° ] w0 =0 [ P R Sl ' " \
2 63 20 63 200 630 2000 0 10 13 20 23 20
Infiitration: UR(15 Min.): HR{30 Min.): Basic IR: 113 Erodibility: 2.5
(anh} (am} (emvh) (Fuladex)
Chemical Soil Properties
%Humus %Nitregen %CaCco3 pH {1 n KCl) EC s Phosphate {PDL)
{mSlcm, 25°C) n ppm
A E B0t B8 216
X |0 o 0 o o
0
0
0
0
0
0
Q ] 2 3 ¢ [iA41] 1] AR 0 20 40 &0 L] 5 to Q 02 04 Q 19 20 30
Catlon Exchange Capacity (mmol{eq)/100g Soil)
X 0 0
Kjo K b4
Ha [0 Ha Nz
Mg [0 Mg My
Ca |0 Cz [0 Cn Cas
CEC 0 CEC |0 CEC CEC
0 02 04 06 BF & é 02 04 06 6% 1 6 62 04 06 0F 1 6L0,2 4 06 05 1
l 50 100 [ 50 fLay ] 30 100 ] 0 100
I




Figure 30: Reference Profile Odo 25
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