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ARBSTRACT

Seil salinization is a serious eco-pedological limiting factor, particularly for plants sensitive 1o even very low salt

concentrations. [n the Etosha National Park in northern Namibia eight soil types can be distinguished that show different levels

of the electrical conductivity (ECS) and a typical vertical distribution of salts in the soil profile. The spatial configuration of

salts and electrical conductivity values is controlled by the distance of the soiis fromthe Etosha Pan and their location to the

main wind direction as well as by the internal structural and textural charscteristics of the soils.

National land use planning might be forced to extend agriculture fand use in those areas in northern Namibia, which are today

part of the Etosha National Park. Due 1o the great variability of rainfall and low mean annual precipitation in the study area,

irrigation i necessary 1o tap the maximum agricultural potential. However, the use ofregional extremely saline ground water

in the study area will enhance the natural effects ofsalinization. As a consequence, irrigation will lead 10 soil salinization, a

rapid decrease in crop yields, soil sealing, and enhanced soil erosion. A potential agricultural use ofthe central westem parts

of the Etosha National Park and siratiar areas in the adjacent southerm Owambo region can only be successful if the landscape-

ecological limitations and economical risks are thought to be acceptable. However, the ‘soil/plant/irrigation water’ interactions

have to be investigated not only under the present-day environmental conditions but especially in the light of possible future

global climatic change.

INTRODUCTION

Salinization is recognized as one of the most limiting

factors for the agricultural and ecological potential of

soils (Leser 1980; Landon 1984; FAOQ/UNESCO 1988;

Scheffer & Schachischabel 1989; Goudie (990; Buch

1993a). This paper therefore describes salinization and

related phenomena as a major eco-pedological risk. In-

tensified by human impact, secondary salinization leads

to land and soil degradation and, consequently, to de-

creasing crop yields (Thomas & Middleton 1993). In

contrast to most of the crop species,the natural vegetation

as it appears in the Etosha National Park (thereafter

refered asthe Etosha N.P.}, is generally far higheradapted

10 prevailing soil conditions {e.g. increased electrical

conductivity values) and, as a rule, represents the climax

orsub-climax vegetation ofan undisturbed habitat, There-

fore, it would be a fateful misinterpretation just as well,

10 deduce good crop growing and/or pasture conditions

from a temporal and local dense vegetation cover (often

grass species) in the Etosha N. P. at certain times ofthe

year or after a good rainy season.

{nappropriate Urigation practises and subsequent salini-

zation constifule a serious national hazard for a country of

the so-called third world, particularly with the background

of possible furure global climatic change. Some serious

socio-economic problems are already recognized in Na-

mibia, such as rapid population growth (3% per year;

Marsh & Seely 1992}, misuse of land, inappropriate culti-

vation practises, overgrazing and increasing demands on

groundwater resources. The just mentioned socic-eco-

nomic issues combined with the semi-arid to arid climatic

condifions in most regions of Namibia are accelerated by

a continuos period of below-average rainfall since the

eighties (Buch 1993a; Engert 1997). The northern regions

ofNamibia are presently in particular prone todesertification

and economic decline. Sustainable land use by appropriate

ecological technigues should be a major national goal.

Hence, understanding the causes of increased salt content

in soils and resultant effecis on the ecosystemare of vital

importance. Even the Etosha N. P. in northernNamibia is

facing salinization hazards, and therefore seems to be an

ideal test area 1o studythe problem of soil salinization and

related phenomena and their consequences.

The rapidly growing population in nosthern Namibia re-

sults in increasing dermand for pastural and arable land. As

a consequence, Namibian national land use planning is

challenged in order o intensify the productivity in the

communal areas in such a way that it still meets the

requirernents for an environmental sound and sustainable

agriculture management. Futhermore, national land use

planning might be forced to extend agriculture land use in

those areas innorthern Namibia, which are todaypart ofthe

Etosha N.P. Here,in particular the central western part of

the Etosha N.P. has become a matter of discussion. Due to

the lowaverage annual amount of rainfall of the area under

discussion with 380 mm (Engert 1997), the highly variable

nature ofrainfalls and the high evaporation rates {see also

Marsh & Seely 1992) it might be inevitable to establish

irrigation schemes. Consequently, salinization problems

witl becorne a focal point of land use planning.

As a result of the first National Workshop to combat

Desertification in Namibia in 1994 it was pointed out that

soil salinization is a major environmental threar in

northern Namibia that will expose these regions 1o soil
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degradation and desertification (Wolters 1994). There-

fore it is of ultimate importance to investigate the soils in

the concerned areas with regard to their potential

salinization hazards.

As a first approach to the problem it is important to

differentiate between natural and human induced

salinization problems. This paper presents the first results

of investigations between 1991 and 1992 on potential

salinization hazards in four study areas in the Etosha N.

P. (Fig. 1). Etosha N.P. represents a ‘semi-natural’ eco-

system of high biological diversity. where the natural soil

conditions and the natural ecological potentials can be

studied under the conditions of a minimized human

impact. In terms of the basic landscape-ecological de-

sign, the four selected study areas within the present

boundaries of the Etosha N.P. are representative for those

areas in northern Namibia, which already today experi-

ence tremendous human pressure.

The management of Etosha N.P. is guided by the major

aim to preserve the biodiversity of the ecosystem. Man-

agements activities are therefore restricted, including the

management of waterholes,the artifical burning of cer-

tain areas that have not experienced natural veld fires

during a periode often years as well as the construction

of roads for tourists. Nevertheless, all these activities

have only local effects on the environment and are mainly

concentrated on the surroundings of the tourist rest camps

Okaukuejo, Halali and Namutoni.

FIELD AND LABORATORY METHODS

The investigation of the salinity hazards in the Etosha

N.P. is based on 365 soil samples taken during the years

1991-1992 (Trippner 1993/94) with an Eijkelkamp drill
augerset following standard soil science procedures. The

soil samples were dried at 35°C in a drying oven and

homogenized with a pestle and mortar, prior to chemical

analyses. For the determination of the electrical conduc-

tivity 20 g of a subsample ofthe total soil sample (grain

size < 2 mm) were mixed with 100 ml of demineralized

water on a sample shaker for two hours and then

centrifugated to separate the solution from the mineral

soil. The resulting soil:water extract of the ratio 1:5 (ECS)

is measured with a salinity meter, and the EC5 values are

quoted in mS/cm at 25°C (Kretzschmar 1983, Landon

1984). The salt content of the soil samples is calculated by

the formula

(EC5:0.064-100)0 i =

% salt /100 g soil mass of the sample
(Kretzschmar 1983)

RESULTS AND DISCUSSION

Effects of salinization on soils and plants

Increased salt content in soils hinders plant growth,

reduces pore space and decreases productivity (Table 1).

because the increased osmotic potential of the soil water

affects the absorption of water and nutrients by the plants

(Fink 1963; Scheffer & Schachtschabel 1989). Maize.

sorghum and wheat,classified as medium tolerantto salt,

show drastic (50%) yield reductions at an ECS of 1,25

mS/cm in the soil (=0,40% salt/100g soil). Barley, date

palm, sugarbeet and cotton, classified as highly tolerant

tosalts show yield reductions of50% at electrical conduc-

tivities of 2,72 mS/cmcorresponding to 0,87% salt/100g
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FIGURE 2: Typical vertical distribution of ECS values of major soil types in the Etosha National Park.

soil (Acland 1971; Landon 1984; Russe! 1973). High salt

contents in soils cause nearly vegetation free areas so that

erosion processes by wind and/or sheet floods will increase

(FAO/UNESCO 1979). The accumulation ofsalts in soils

causes interactions between the individual cations ofthe

salts and the clay minerals in such a way that exchangeable

cationslike Ca, K, Mg (= plant nutrients) are replaced by

phytotoxic sodium (Fink 1963). This effect raises the soil

reaction (pH), destabilizes soil structure, reduces aggre-

gate stability (Singer et al. 1982) under wet conditions,

leading to surface sealing and crusting and in consequence

to an increased soil erodibility (Werger & Coetzee 1978).

Underdry semi-arid climatic conditions, as they are present

in Namibia, all these effects together accelerate soil ero-

ston (Russel 1973; Thomas & Middleton 1993).

TABLE I: Interpretation of the Electrical Conductivities in Soils of the

Etosha N. P. (modified after Kretzschmar 1983, Landon 1984).

 

 

Electrical Salinization Crop reaction

Conductivity hazard

(ECS; mS/cm)

0-1.0 low Salinityeffects are mostly negligi-

ble. except for the most sensitive

plants

1.0-2.0 medium yields of many crops restricted

2.0-4.0 strong Only salt tolerant crops yield

sufficiently

>4.0 extreme Only very salt tolerant crops

yield sufficiently
 

Another effect of soil salinization and/or high sodium

(Na*) contents may be a decreasing number of soil micro-

organisms (Scheffer & Schachtschabel 1989). Further-

more in some strongly alkaline soil environments (pH >

8,5) with high contents of calcium carbonate (CaCO, >

25%), salinization provides a breeding ground for para-

sites and diseases, e.g. anthrax, particularly around

waterholes (Seifert 1991).

Salt in the soils of the study area

Eight major soil types in the study areas in the Etosha

National Park namely Cambisols, Arenosols, Leptosols,

Regosols, Vertisols, Para-Vertisols, Fluvisols and

Solonchaks can be distinguished and classified according

to the revised legend of the FAO/UNESCO Soil map of

the world (FAO/UNESCO 1988). The German part ofthe

Etosha Research Group, i. e. Buch, Beugler-Bell &

Trippner, modified the FAQ nomenclature due to the

special requirements of the soils in this semi-arid region
of northern Namibia. A detailed description of the soil

types mentioned aboveis given by Beugler-Bell & Buch

(1997).

All the above mentioned soils types are influenced to a

certain degree by the phenomenon of salinization related

to the proximity to the Etosha Pan,to the textural charac-

teristics and to the individual water infiltration character-

istics. Figure 2 shows the vertical distribution ofelectri-

cal conductivity as an indication of salt content in mS/cm

inasoil dilution of 1:5 (ECS) in the studied soils in Etosha

(Trippner 1993/94). The absolute level of the electrical

conductivities (EC5) might vary within a certain map-

ping unit, but the typical distribution of salts in soil

profiles as illustrated in Figure 2 is significant. Due to the

varying ECS5 values in the studied soils and the changing

soil depths,the calibration of the abscissas and ordinates

in Figure 2 is different.

Leptosols, which are the preferred locations of the Mopane

tree (Colophospermum mopane), are characterized by a

maximum soil depth of 30 cm (Fig. 2) and show variable

salinization risks depending on their proximity to the

Etosha Pan. Only soils within a distance of some 100 m

to the Etosha Pan show an elevated salt content in the first

five centimetres of the soil profile, this increase being
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FIGURE 3: Salinity and sodicity parameters of majorsoil types in the Etosha N. P..

caused by airborne sedimentation from the Pan. As the

result of their silty loam to sandy loam texture, the

internal drainage of these soils is sufficiently high so that

there are usually no higher concentrations of salt in the

lower parts or at the basis of the soil profile. Figure 3

characterizes the Leptosols in the study area by very low

contents of exchangeable sodium (Na*) and ESP values

(exchangeable sodium percentage) as well as by low

electrical conductivities of around 0,4 mS/cm. Therefore

the Leptosols show no or only modest eco-pedological

limitations by salinization respectively and the main

limiting factors in this soil type are high contents in

skeleton (up to 75 Vol.-%}) and the shallow profile depth

(3-30 cm).

As a consequence of water percolation and the related

processes of solution and precipitation of salts (Landon

1984; Petermann 1988; Scheffer & Schachtschabel 1989)

the Regosols in Etosha, showing a maximum profile

depth of around 80 cm, often have their highest electrical

conductivity values (and therefore salt contents) at a

contact zone between the mineral soil and the parent

limestone bedrock (Fig. 2). As demonstrated in Figure 3

the saltcontents of the Regosols average lower than those

of the Leptosols but may reach values up to 1,2 %/100 g

soil (= 3,8 mS/cm). These extreme values are severely

limiting to toxic for most plants (Landon 1984; Russell

1973).

A very common soil type in Etosha, especially in the

central western parts, are the Arenosols, which support

predominately grasses and shrub species. Because of

their coarse-grained texture (sandy loam or coarser) they

are well drained and, ifthe profiles are deep enough, show

a very typical distribution ofsalts (Fig. 2). As a result of

episodical heavy rainfalls, salts are washed down to the

lower part of the soil by percolation and then are precipi-

tated in the B-horizon by evaporation under seasonally

hyperarid conditions, because the transport of water in the

top soil only takes place in the gaseous phase (Petermann

1988; Scheffer & Schachtschabel 1989). The electrical

conductivity of most of the Arenosols is very low, in

average 0,15 mS/cm (Fig. 3), but near the western margin

of the Etosha Pan (soil mapping unit A6 ‘Okondeka

Duneveld’, Beugler & Buch 1997) values of 3,5 mS/cm

can be reached, indicating limiting conditions for plant

growth. Generally the Arenosols in the studied areas

show no pedological limitations by salinization and/or

increased sodium contents.

Associated with Leptosols that occur on slightly elevated

relief positions, the Vertisols in Etosha appear only in

depressions. They represent an ‘in situ’ soil formation

from limestone, but also incorporating sediments that are

washed in from the adjacent Leptosols. The Vertisols

show a mean electrical conductivity of 0,45 mS/em with

maxima upto4,0 mS/cm (Fig. 3). Suchelectrical conduc-

tivity values in general indicate only little Jimitationsin

relation to the vegetation (Table 1), although the maxi-

mum ECS5 values are severely limiting to most plants.

Due to their clay content up to 80 % and related phenom-

ena (cracks, gilgai relief, extremely hard when dry/very

muddy when wet), the Vertisols might be either free of

vegetation and only support a grass vegetation that is

adapted to these specific conditions. Thus, salinization is

not a major limiting factor in Vertisols compared to the

extreme soil physical characteristics of this soil type. The

distribution of salts in the soil profile (Fig. 2) is not very

differentiated due to the mixing (self-mulching) effects in

this soil type (Scheffer & Schachtschabel 1989).

Closely related to the Vertisols are the Para-Vertisols (see

Beugler & Buch 1997). According to their textural and

hydrological conditions the Para-Vertisols show a distri-

bution of salts as described in Figure 2. As an effect of

atmospheric airborne input (Goudie 1990), the upper

profile zones show slightly increased salt contents, Due

to the coarser-grained matrix and, in most, due to the

existence of a compacted horizon in the deeper profile

zones, soluble salts are percolating downward with the

rainwater and concentrating above the layer with the

highest bulk density. As displayed in Figure 3, the aver-

age ECS of a Para-Vertisol was determined at 0,48 mS/

¢m, but maximum conductivity values of nearly 2,0 mS/

cm will restrict the growth of many plants and/or crops.

Eco-pedological limitations for extremely sodium sensi-

tive plants like deciduous fruit, nuts, cassava or citrus are

expected for ESP-values in the subsoil of around 5%

(Landon 1984). As already mentioned above,the effects

of low to medium sodium contents and/or increased salt

concentrations on the natural vegetation are far less

severe than on cultivated plants (Dye & Walker 1980).

The Cambisols in Etosha can be characterized by atypical

vertical distribution of the electrical conductivity with

maximum values between 35-70 cm of the soil profile

(Fig. 2). Increased clay contents and thereby higher bulk

densities in this zone cause a concentrationof percolated

soluble salts. Although the EC5 values ofthis soil type



indicate only very slight salinization problems(in average

0,35 mS/cm), the accumulation of salts above this ex-

tremely compacted horizon with electrical conductivities

up to 1,2 mS/cm and sodium concentrations (ESP) of

around 4%, together with an increased bulk density act as

serious limiting elements for the plant growth at such

locattons (Russell 1973; Scheffer & Schachtschabel 1989).

Consequently, the natural vegetation on Cambisols in the

central western parts ofthe Etosha N. P. is a community

dominated by Colophospermum mopane shrubs with a

mean height of 30-40 cm and various annual grasses like

Aristida spp., Chlorisvirgata, Schmidtia kalahariensis.

The electrical conductivities of the remaiming soil types

Fluvisols and Solonchaks vary according to their geo-

graphical positions. The content of exchangeable sodium

between 1.5 and 3 me/100 g soil as well as ESP values

ranging from 10-40% indicates extreme sodicity in these

soils (Table 3).

Both soil types sometimes show extremely high conduc-

tivities with maximum values at 28,7 mS/cm (Fluvisol)

and 30 mS/cm (Solonchaks) and average values around

5 mS/em (Fig. 3), which render such soils completely

unsuitable as plant habitats. Even halophytic plants such as

the saltbush (Salsola etoshensis) use these soil types only

in some places. The vertical distribution of salts in the soil

profiles of Fluvisols and Solonchaksis mainly determined

by increased bulk density of distinct horizons and capillary

processes due to evaporation.

The spatial distribution of electrical conductivity va-

lues

The spatial distribution of the electrical conductivity

values of soils in the Etosha N.P. is shown in Figure 4.

SALT CONFENT IN ETOSHA SOILS 109

The distribution is based on the present soil map of the

Etosha N.P. (4th approximation by Beugler-Bell &

Buch 1997} and represents the average maximum EC5

values measured in individual profiles of the mapping

units. Apart from specific soil properties, salinization of

a certain site depends on its proximity to the Etosha Pan

and its orientation in relation of the leeward site ofthe

Pan. The soils west ofthe pan, located in the main wind

direction from north-east (Engert 1992), on average

show higher salt contents than the soils south of the

EtoshaPan (Fig. 4). The highest EC5 values occurin the

soils along the immediate margin of the Etosha Pan.

The salinization hazards of the other soil units need a

more detailed interpretation. The narrow strip with low

soil salinity values between the zones of high and

medium salinization in the south of the Etosha N.P

reflects well-drained soils ((Psammi) Lithic/Rendzic

Leptosols) and an already reduced airborne sedimenta-

tion. The again elevated (medium) electrical con-

ductivitiy values further south are ofstatistical origin

because the Vertisols in this region sometimes show

extremely high electrical conductivity values, which

raise the regional average. In contrast to the soils west of

the large Etosha Pan (see above), soil salinization west

of the smaller pans in the central western part of the

Etosha N. P. (Sonderkop Pan, Paradys Pan, Onaiso Pan)

is only medium. The reasons for this observation are

seen in the lower aeolian input from these pans with a

smaller blowout area and the good drainage of the

mainly sandy soils in these locations. Soils presently

still showing low salt contents occur in central western

Etosha, but associated ground water in this region is

known to have high salt contents up to 10,6 g/l, indica-

ting a potentially extremely high salinization risk when

used forirrigation purposes (see below).
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Reasons for the salinization of soils in Etosha

Salinization of soils can be the result of different mecha-

nisms. In arid and semi-arid environments salinization is

mainly caused by the aeolian input (airborne sedimenta-

tion), capillary rise of ground water, and precipitation

from episodic heavy rains (Thomas & Middleton 1993).

These heavy rains in combination with enhanced evapo-

ration might lead to salt accumulationsin the central part

of a soil profile, rather than on the soil surface (Petermann

1988; Scheffer & Schachtschabel 1989). As demon-

strated for the Etosha region of northern Namibia, the

variation in salt content of the soils is furthermore con-

trolled by the soil type with its individual soil texture and

bulk density characteristics of specific horizons that

influence the intemal drainage of the solum (see also

Landon 1984).

Under natural conditions Goudie (1990) identified aeolian

input and/or salt accumulations by evaporation as the most

prominent cause for salinization processes. In the ‘semi-

natural’ ecosystem ofthe Etosha N.P. the large flat area of

the mostly unvegetated Etosha Pan in the eastern part ofthe

park is undoubtly a major source for aeolian redeposition

(Buch 1993a). Although Etosha Pan is not a typical salt pan

(Buch 1997), salty enriched airborne sediments blown out

from the Etosha Pan cause an elevated salt content insoils

in the vicinity of the source area.

In order to test this hypothesis and to stimulate more

sophisticated experiments in future, the annual distribu-

tion of aeolian salts and sediments were collected in

simple constructed wind erosion traps (Buch 1990)at the

three locations along the western margin of the Etosha

Pan. Figure 5 displays the results ofthe experiment at the

Okaukuejo Airfield between August 1991 and August
1992.

During the onset ofthe rainy season (the so-called ‘early

rainy season’ between September and December) as well

as during the major part of rainy season between January

and March,the electrical conductivity values of sediment

samples (sandy sediments of the ground bottle traps)

fluctuate between 0,5 mS/ecm and 1,3 mS/cm. Although

sediment redeposition was excellerated during Novem-

berand the first part of Dezember 1991, ECS values never

exceeded 1,3 mS/cm. Corresponding to a higher sedi-

mentationrate (bottle A and B) during the second part of

March. ECS values start to increase respectively. The
comparatively low rate of aeolian redeposition in

April contrasts with the electrical conductivity peak

(3,5 mS/cm) ofthis cycle, showing clearly that the high-

est electrical conductivity values occur at the end ofthe

main rainy season (March/April).

These observations contrast considerable to an expected

direct correlation between airborne sedimentation and

salt content of these sediments. During the rainy season

at least parts ofthe total floorof the Etosha Pan (formed

in clay-rich sediments of the Andoni Formation) experi-

ence shallow surface water inundation (Buch 1993a).

Surface water inundation as well as local rainfall on the

pan leads to a descending transport of soluble salts to the

deeper parts of the pan’s profile. This mechanism is well

reflected in the vertical distribution of the electrical



conductivity ofthe Solonchaks of the Etosha Pan with

maximum ECS5 values around 50 cm and 80 cm below the

surface (Fig. 2). With the onset of the dry season, when

the pan’s surface is drying up, capillary rise causes an

accumulation of soluble salts in a thin layer on the

surface. This thin surface crust (or ‘salt impregnation’) is

rapidly eroded by wind action. Consequently, EC5 values

of the aeolian sediments at the Okaukuejo Airfield in

1992 reached a maximum during April (Fig. 5). After the

thin salt crust is eroded in the source areas of the Etosha

Pan, the ECS5 values decline, although during August (the

‘windy month” at Okaukuejo) the redeposition rate in-

creased. The described mechanism ofthe formation and

erosion ofa thin salt crust at the end ofthe rainy season

is also identified during the early rainy season when the

pan dries up betweenindividual rainstorm events.

Another source of salt accumulation in the Etosha N.P.

originates from lateral sediment supply and concentra-

tion in shallow channels mainly directed to the Etosha

Pan. Commonly saline soils of the Fluvisol type (Hyper)

Salic Fluvisols of mapping unit D4 (Beugler-Bell &

Buch 1997) occur in these channels and watercourses. In

the south-western corner of the Etosha Pan Hypersalic

Fluvisols reach the pan floor (Fig. 4), where the salts

are washed out and precipitate.

As itis apparent for many soil types (except Fluvisols and

Solonchaks) in the study areas of the Etosha N.P., the mean

electrical conductivitiy values today do not reach a level

which indicates really serious, eco-pedological limiting

salt concentrations. Saline aeolian sediment input to the

soils is a natural process operating during the entire periode

of the Quaternary (the last 2 million years), when Etosha

Pan was excavated as an erosion form (Buch 1993a). Thus,

the natural vegetation communities of the Etosha N.P.

seems to be in equilibrium with the seasonal rhythm of

salty aeolian sediment input to the soils and the percolation

by rainfall. Specific vegetation communities are well

adapted to the locally limiting salt conditions.

In general, the main controlling factors of saline sediment

input from the Etosha Pan into soils in the surrounding

areas are the supply oflateral saline water and the variable

moisture conditions on the floor of the Etosha Pan. A

change in the total amount and/or salinity of sediment

output from the Etosha Pan will be initiated by every

process that supports or hinders lateral salt accumulation

and that prolongs or reduces the availability of readily

soluble surface salts. Future global climatic change could

be the motor of those variations in the saline sediment

output of the Pan and consequently influences the

salinization of the soils affected by the Etosha Pan. Even

though it is not yet possible to give an exact prediction of

the effects of a worldwide climatic change, most likely

there will be an temporal accentuation of precipitation and

increased wind velocities (Buch 1993a). As aconsequence

the process ofsaline sediment blowout from the Etosha Pan

may intensify. Together with a possibly increased evapo-

ration due to global warming, the redeposition of pan

sediments and the related salt input into the solum might

enhance the salinization hazards ofthe soils in Etosha.
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Salinization can also be caused by the use of irrigation

water with high total salt content (>0,75 mS/cm = 0,05

% salt; Russell 1973; Scheffer & Schachtschabel 1989),

but this problemis not present in Etosha yet, because no

areas outside the tourist camps are being irrigated. The

irrigation of uncultivated land with 300 mm water/a that

shows a low salt content of 0,3 g/l (= 0.47 mS/cm)

causes an accumulation of 90 g salts per year per m?.

Most of the boreholes in Etosha yield water with salt

contents that are much higher (extreme value 10,6 g/l =

1660 mS/m) than those in the example above (Auer

1997). Thus, potential new agricultural areas in the

future in the central western part of the Etosha N.P.,

which are designed as irrigation schemes, involve high

eco-pedological risks and must therefore be considered

very critical. The use of irrigation water from the

boreholes Arendsnes and Sonderkop (EC 400-900 mS/

mi. e. 2,6-5,7 g/l; Rahm & Buch 1997) or Good Hope,
Bitterwater and Narawandu that all show conductivities

of more than 900 mS/m (>5,7 g/1), will lead to rapid soil

salinization within a few years. Even good water quali-

ties as they occur around Okaukuejo (150-300 mS/m:

0,9-19 g/l) create considerable salinization hazards,

when used as irrigation water.

CONCLUSIONS

Figure 4 illustrates that large areas of the Etosha National

Park show medium to high electrical conductivity values

that in principle indicate limitations on plant growth and

increased risks of accelerated soil erosion and soil degra-

dation under inappropriate land management. Underthe

conditions of the present day ‘semi-natural’ ecosystem of

the Etosha N.P., this type of eco-pedological risk is not

yet relevant, as the vegetation communities are well

adapted to the soil conditions.

However, any kind of land use change must considerthe

already elevated salinization status of many soils in the

study area. The medium to extremely high electrical

conductivity values ofthe ground water ofthe region in

mind, and due to their soil physical characteristics as

well as their natural salt contents, nearly all soil types

under discussion are completely unsuitable for irriga-

tion purposes. The only exception are the Arenosols that

usually show very low salt concentrations. only little

accumulation of sodium in the soil profile and reason-

able soil physical properties (high plant available field

capacity, good internal drainage).

In order to ensure a downward water movement which

avoids capillary rise of salt enriched water due to eva-

poration processes, flood irrigation practises might be

recommended for Arenosols. However, for coarse

textured soils like Arenosols with high infiltration

rates of 20-30 cm/h this irrigation method must be

disregarded as being ecologically ineffective and/or

economically unsuitable (Petermann 1988). Underthe

semi-arid climate conditions of northern Namibia,

flood irrigation practises would require the substrac-

tion of groundwater in a dimension that can in no way

be justified. Alternatively, drip irrigation practises
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first of all require major investments and an appropriate

management but might be still impracticable because of

the high salt and mineral content of irrigation water that

would block up the ierigation pipes within shortest time.

Apart from the above mentioned risks of soil salinization

by trrigation waler, it must be stated in general that water

with such an enrichment of sodium, sulphate and chio-

ride, as it occurs at many borcholes in the Erosha N.P. and

particularly inthe central regions ofthe park, will directly

damage cultivated plants and reduce crop yields to a great

exient. In contrast, the present natural vegetation is far

higheradapted to prevailing soil conditions than any crop

species (Acland 1977; Dye & Walker 1980:; Landon

984: Thomas & Middieton {933). Most of the plants in

the “semi-natural’ ecosystemEtosha are well adapted to

even medium salt contents. As far as salinization risks

already exist, the use of saline imgation water will

delinitely increase the salinization hazard ofthe soils.

Especially in the central western regions of the Etosha

N.P.. which are considered to be potential new agricul-

tural areas for the rapidly growing population of the

communal areas of northern Namibia, the soils will be

affected by salinization if the extremely saline ground

wateris used for irrigation. In thiscase it must be expected

that the crop yields will drop dramatically within some

years with all the negative consequences for feeding and

prosperity of people in this region.
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