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Abstract

The distribution of people, plants, animals and ecosystems maintenance is closely related to water
availability. In dry lands the most important source of water is groundwater. The growing human
population leads to increasing demand for water, both in terms of quantity and quality, especially for
drinking water. Therefore, water for people and for the environment is an important issue to be
considered in the framework of sustainable use of the resources. The effective management of water
for social and economic development, aswell as for protection and maintenance of natural ecosystems
is consequently important in order to meet human water needs.

Dry lands are characterised by a low and erratic rainfall with periodic droughts. Water is generally
scarce and surface water is available only during and shortly after the rainy season. Therefore the main
water supply comes from groundwater reservoirs. Water is a limited resource with differential spatial
and tempora distribution. It is known that vegetation has an influence on the hydrological cycle
through interception and transpiration. Severa questions related to the interaction between vegetation
and groundwater are still unknown. The evidences are that the skill of plants to tap groundwater
depends on the depth of the groundwater, soil characteristics as well as the capability of plants to
develop deep roots (Scott et al. 1998). It is known that root systems in arid and semiarid regions often
reach great depths (Cole, 1986). In Botswana Kaahari sands, cases of tree rooting depth have been
found. The most astonishing Kalahari sands record of rooting depth was found in central Botswana
The roots of most probably Boscia albitrunca were found at 68 m, and water at 141 m below the
surface (Scott et al. 1998).

The main objective of the present research is to assess the contribution of tree transpiration in open
savannah vegetation during dry season, in the east part of Kalahari Desert, Botswana. Specific
guestions about transpiration refer to what are the tree savannah water requirements? Are transpiration
rates tree-species specific and or vegetation type specific? Is it possible to assess the spatial
distribution of transpiration through the up scaling of tree sapflow measurements? In order to answer
those questions the vegetation and water interactions are analysed in three different phases of the up
scaling process. It stars with tree stem sapflow measurements (Level 1), continues to plot assessments
(Level 2) and finalises with the estimates of vegetation transpiration (Level 3).

The up scaling approach followed in this study showed to be a very useful technique to measure dry-
season transpiration in open savannah vegetation, since it was possible to identify transpiration
contributions by tree species and vegetation class. That is because tree is the main plant attribute
contributing to vegetation transpiration during the dry season. Main difficulties while estimating
vegetation transpiration were linked to two main sources. (1) sapflow estimates have an intrinsic
source of error, which is added when scaling up (e.g. plot, vegetation class) and, (2) underestimation
of the number of individuals per specie that characterize each vegetation class. Farther studies are
needed for a sustainable use of the water resources.
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1. Introduction

1.1. Background

The distribution of people, plants, animals and ecosystems maintenance is closely related to water
availability. In dry lands the most important source of water is groundwater. The growing human
population leads to increasing demand for water, both in terms of quantity and quality, especially for
drinking water. Therefore, water for people and for the environment is an important issue to be
considered in the framework of sustainable use of the resources. The effective management of water
for social and economic development, as well as for protection and maintenance of natural ecosystems
is consequently important in order to meet human water needs. It requires the devel opment of reliable
groundwater management strategies that consider groundwater supply and demand. These strategies
should be based on the factors involved in recharge and discharge of groundwater.

Arid and semiarid areas in Africa occupy 50% of the entire continent and support more than 35% of
the total population (CEC, 1986). Dry lands are characterised by a low and erratic rainfall with
periodic droughts. Water is generally scarce and surface water is available only during and shortly
after the rainy season. Therefore the main water supply comes from groundwater reservoirs. Savannah
vegetation, woodlands and sparse forest represent the natural vegetation. The increasing human and
animal populations and its demand for fodder and fuelwood has led to drastic declinations on the
vegetation cover. In (semi) arid regions soil fertility strongly depends upon water availability. Wind
and water erosion as well as surface compaction are the main soil problems (CEC, 1986).

Most of the countries in those regions present high population growth, which in combination with the
peculiar environmental factors as extreme daily temperature and low annual rainfall, lead to socia and
ecological problems. In semiarid areas, annual rainfal (350-900 mm), is the limited environmental
factor that allows rain fed agriculture and pastoral practices. In these areas the pressure on the natural
resources is particularly magnified due to the competition for land and water, among the two main
economical activities: agriculture and pastoralism. The intensity of these social activities varies on the
availability of water, where agricultural practices are the main water consumer.

Botswana as a semiarid country in southern Africa, presents most of the problems related to natural
resources management. In this country, land degradation is accelerated by population and livestock
growth. A study of desertification in Botswana by Ringrose (1986), pointed out overgrazing and
overstocking as two of the most relevant factors of land degradation.

Mining of diamonds have also increased the water requirements during the last 30 years (Young et al.
1993). The high level of dependence of this important industry on water resources is sufficient to
justify an efficient and reliable water management for the country.
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The main economy inputs (54.5% GDP) in Botswana are mineral exports (especialy gemstone
diamonds) and livestock. These two activities contribute to 92.3% of the country exports and 90% of
the country employments. The livestock sector is based on cattle raising to export beef products
mainly to the European Economical Community. The main water supply for these two economical
activities comes from groundwater (Young et al. 1993). Considering that Botswanal$ economic is
highly dependent on natural resources, their appropriate management is extremely important.
Nevertheless, as many of the arid and semiarid countries, Botswana presents a lack of information on
natural resources stock.

1.2. Water resources

Water is a limited resource with differential spatial and temporal distribution in the earth, present in
the 3 material phases (solid, liquid and gas). Water is an essential element for all living organisms.
Water management basically relies on fresh water management that is only around 3% of al the water
over the world. Approximately three-quarters of it are captured in the ice sheets and glaciers, and
about 23% occurs as groundwater, which is potentialy accessible for human needs (Dingman, 1994).

Water management requires a better understanding of the complex hydrological cycle. The water
cycle comprehends the interdependence and continuous flows of water, that in a simplified manner
includes the following main phases: water vapour condensate at the atmosphere, and may precipitate;
where the land cover as the vegetation cover intercept part of it. The precipitation that reaches the soil
will be redistributed to the deeper soil layers by percolation, extracted by plant roots and later on
transpired, or evaporated from the soil surface to the atmosphere.
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Figure 1-1. Trees water usage and water discharge and recharge







