Soil as indicator of hillslope hydrological behaviour in
the Weatherley Catchment, Eastern Cape, South Africa
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Abstract
There is an interactive relationship between soil and hydrology. Identifying and interpreting soil properties active in this
relationship can enhance our understanding of the hydrological behaviour of soils and the hillslopes in which they occur.
This study was conducted in the Weatherley research catchment, South Africa, where a hillslope in the upper part of the
catchment was selected for detailed study. Soil properties and their spatial distribution in the hillslope were interpreted and
related to their predicted hydrological response. From these interpretations a conceptual model of hillslope hydrological
behaviour was developed. Vertical drainage was considered to be dominant in the upper areas of the hillslope as indicated
by the presence of freely-drained apedal soils. These soils recharge the mid- and lower slope. Soils showing clear indications of interflow (A/B and soil/bedrock interface) dominate on the midslope. The valley bottom is covered by gleyed soils
which is an indication of long periods of saturation. These saturated conditions favour overland flow due to saturation
impairing infiltration. The conceptual model was then evaluated using hydrometric measurements in the form of tensiometers and streamflow hydrographs. Results confirm the reliability of the model and accentuate the contribution that soil
science can make to the science of hydrology.
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The incorporation of realistic residence time estimates into
hydrological models leads to better predictions of hydrological
processes (Asano et al., 2002; McGuire et al., 2005). Ideally
these hydrological models could best be developed incorporating processes learned from measurements of the surface
and subsurface lateral flow paths, water table fluctuations and
the residence flow time of water through the landscape. Such
measurements are, however, expensive and time-consuming,
since these processes are dynamic in nature with strong temporal variation (Park and Van de Giesen, 2004; Ticehurst et al.,
2007). The need for predictions of these processes is becoming
increasingly important, especially predictions in ungauged
basins (PUB). Ungauged basins are catchments with insufficient hydrological observations to allow for the computation
of hydrological variables accurate enough for practical water
resource management (Sivapalan et al., 2003).
There is a strong correlation between the relative importance of the various pathways and the residence time. The
nature (length, topology and type) of the dominant pathways
will determine the residence time of water and the extent of
contribution to streamflow (Karvonen et al., 1999; Lin et al.,
2006; Ticehurst et al., 2007). Soil characteristics determine the
relative importance of the various pathways (Mosley, 1982),
and therefore residence time distributions. Hydrologists agree
that the spatial variety of soil properties significantly influences
hydrological processes but they lack the skill to gather and
interpret soil information (Lilly et al., 1998; Dunn and Lilly,
2001; Asano et al., 2002; Maréchal and Holman, 2005; Quinn
et al., 2005; Chirico et al., 2006; Pachepsky, 2006; Ticehurst et
al., 2007; Clothier et al., 2008; Severson et al., 2008; Soulsby
and Tetzlaff, 2008; Vepraskas and Caldwell, 2008). Pedologists
therefore have the opportunity to contribute valuable information to the science of hydrology by interpreting and relating soil
properties to hydrological behaviour (Lin et al., 2006).
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Introduction
The National Water Act (RSA, 1998) requires a clear understanding of key hydrological processes for effective water
resource management. This understanding involves the identification, definition and quantification of the pathways, connectivity, thresholds and residence times of components of flow making up stream discharge. It is also essential that these aspects be
efficiently captured in hydrological models for accurate water
resource prediction, estimating the hydrologic sensitivity of the
land to cultivation, contamination and development, and for
quantifying low flow mechanisms (Lorentz et al., 2007).
Soils integrate the influences of parent material, topography, vegetation/land use, and climate and can therefore act as
a first-order control on the partitioning of hydrological flow
paths, residence time distributions and water storage (Schulze,
1995; Park et al., 2001; Sivapalan, 2003; Soulsby et al., 2006).
The relationship between soil and hydrology is interactive.
Water is a primary agent in soil genesis, resulting in the formation of soil properties containing unique signatures of the way
they formed. The formation of these properties exhibits a common form of organisation and symmetry where the distribution
of soil properties associated with topography combines to form
pedosequences or catenas. In these toposequences the network
of preferred flowpaths in the soil and in the underlying material governs the hydrological processes. The hillslope forms
the backbone of process hydrological studies and should form
the basic building block for catchment models (Mosley, 1982;
Sivapalan, 2003).

