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Pedology, soil physics and hydrology cannot solve water 
management issues at landscape scale in a piecemeal 
manner (Lin et al. 2015; van Tol et al. 2018). The synergistic 
integration of these disciplines, resulted in the emergence of 
a relatively new discipline called hydropedology (Lin 2003). 
Hydropedology relies on a system approach where 
interactive pedologic and hydrological processes are studied 
at different scales. In essence, hydropedological studies 
aim to address two important research questions: 1) How 
do soil properties and their spatial distribution (vertical and 
horizontal) influence hydrological processes (fluxes, storage, 
biogeochemical processes and ecological functions)? 
2) What are the impact these hydrological processes on soil 
genesis over space and time? (Lin 2012; Ma et al. 2017)

During the past 15 years, these questions received 
considerable national and international attention. With the 
increasing demand on water resources, there is a great 
need to understand, characterize and quantify hydrological 
processes. Soils are a first-order control on hydrological 
processes due to the ability of soils to ‘store, filter and 
transform nutrients, substances and water’ (European 
Commission 2006). This enables soils to provide valuable 
ecosystem services such as flood mitigation, detoxification 
of wastes, filtering of contaminants and storing water for 
transpiration. These services are crucial for sustainable 
development (Keestra et al. 2016) and are closely 
aligned with the United Nations Sustainable Development 
Goals (SDGs); especially SDG#6 which aims to ‘ensure 
availability and sustainable management of water and 

sanitation for all’ by 2030 (United Nations 2017). Several 
targets, such as implementing of Integrated Water 
Resource Management (IWRM), protection of water-linked 
ecosystems and reducing pollution, accompany SDG#6. 

Hydropedological research in South Africa can contribute 
to achieving the targets associated with SDG#6, and help 
to solve water management issues at landscape scale (van 
Tol et al. 2018). Since the last South African review paper 
on hydropedology (van Huyssteen 2008 – which focus 
on international advances for application in South Africa), 
significant progress has been made in hydropedological 
research in South Africa. The research was also readily 
adopted by industry and government; to such an extent 
that a hydropedological survey is now required as part of 
the Environmental Impact Assessment (EIA) and Water 
Use Licence Application (WULA) processes where drastic 
land-use change (such as open-cast mining) is foreseen. It 
is therefore timely to provide a comprehensive review of the 
advances of hydropedology in South Africa. The objective 
of this paper will then be to provide a brief history of the 
development of hydropedology in South Africa, highlight 
some of the key research outcomes and applications of 
hydropedology and to identify research opportunities to 
advance this interdisciplinary field further.

Development of hydropedology in South Africa

The interactive relationships between soil morphological 
properties, soil physics and hydrology have been studied 
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for more than 100 years. For example in 1864, Schumacher 
noted that infiltration occurred mainly through large pores 
i.e. preferential flow (Beven and Germann 1982). Today, 
quantification and extrapolation of preferential flow is still 
considered one of the important aspects and a key theme 
of hydropedological research (Ma et al. 2017). The term 
‘hydropedology’ was already defined more than 50 years ago 
(Kutilek 1966 in Kutilek and Nielsen 2007). It was however 
only after the publication of the paper ‘Hydropedology: 
synergistic integration of pedology and hydrology’ (Lin 
2003), when this discipline received considerable national 
recognition.

Hydropedology in the South African soil classification
In South Africa, van Huyssteen et al. (2005) first used 
the term ‘hydropedology’. Relationships between soil 
morphology, soil classification and soil water regimes were 
however established long before that (see for example the 
interpretation of perched gley, Firm gley and Soft plinthic B 
horizons in the Soils of the Tugela Basin (van der Eyk et 
al. 1969). In the first official edition of the South African soil 
classification system (MacVicar et al. 1977), an E horizon 
was associated with ‘a temporary build-up of water above 
the B horizon takes place after rain, and discharge occurs 
in a predominantly lateral direction’ (p. 17). A G horizon is 
‘saturated with water for long periods in most years unless 
drained artificially’ (p. 18) and a soft plinthic B horizon 
forms due to periodic saturation with water i.e. fluctuating 
water table. Red and yellow brown apedal B horizons are 
associated with a ‘well drained oxidizing environment’ and 
‘very moist (but non-gleying) soil regime’, respectively 
(pp 19 & 21). The soil water regime was therefore a key 
consideration in the binomial soil classification edition. 

The next edition of the South African classification system 
(Soil Classification Working Group 1991) built on these 
relationships between soil morphology and hydrology. The 
1991 edition also introduced soil families for all the soil 
forms. Some of the soil family differentia contain valuable 
information about the hydrology of the soils e.g. bleached A 
horizons, grey vs yellow E horizons and signs of wetness. 

In the latest edition of soil classification for South Africa 
namely Soil Classification: A Natural and Anthropogenic 
System for South Africa (Soil Classification Working 
Group 2018), several additions and amendments were 
made to facilitate the application of soil classification in 
hydropedological assessments. This includes for example 
the ‘open-ended’ structure, where several horizon 
sequences are recognised, differentiation between gleyed 
and gleyic horizons and recognising the presence of 
hydromorphic properties at the soil/bedrock interface at 
family level (saprolithic/geolithic/gleylithic). 

Hydropedological interpretation of morphological 
properties
Van Huyssteen and Ellis (1997) reported on the 
relationships between soil colour and the presence of 
free water in three catenas in the Western Cape. Average 
duration of free water was 1.3%, 18.8%, 42.4% and 54.2% 
of the time for red, yellow-brown, yellow E and grey E 
horizons respectively. Dry soil Munsel colour was a good 
indicator for the duration of free water in these structureless 

horizons and could be predicted with some accuracy 
(r = 0.77) using (van Huyssteen et al. 1997):

In the Weatherly catchment, north Eastern Cape, water 
contents were measured weekly for six years in 28 profiles 
at 300 mm depth intervals (van Huyssteen et al. 2005). This 
valuable dataset emphasised the relationship between soil 
morphological properties, as captured in the diagnostic 
horizons of the South African soil classification system (Soil 
Classification Working Group 1991), and soil water regime 
(Figure 1). 

Surface horizons that overlie freely drained subsoils 
[ot(d)] are typically the driest followed by oximorphic 
neocutanic (ne) horizons (Figure 1). Red apedal (re) and 
yellow-brown apedal (ye) horizons typically have the same 
physical properties (e.g. texture and porosity), but there 
are considerable differences in their duration of saturation 
(Figure 1) – highlighting the importance of morphological 
descriptions. Gleyed horizons (uw and gh) and their 
overlying surface horizons [ot(w)] are saturated the longest. 

Van Huyssteen et al. (2010) proposed a regression 
equation to predict the annual duration of saturation (above 
0.7 of porosity ADs>0.7):

where Cl:Sa is the ratio clay to sand, DH is the diagnostic 
horizon and DHu is the underlying diagnostic horizon.

Van Huyssteen (2012) used the same dataset to classify 
orthic A horizons of the Weatherley catchment into four 
wetness classes based on the morphological characteristics 
of the A and underlying diagnostic horizons. The colour of 
the A horizon, presence of Fe mottles, diagnostic B horizon 
and the depth to the impervious layer gave a good indication 
of the duration of saturation in orthic A horizons. Van der 
Waals (2013) studied colour patterns between top and 
subsoils in a plinthic catena on the Mpumalanga highveld 
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Figure 1: Number of days/year that different diagnostic horizons 
are saturated above 0.7 of porosity in the Weatherley catchment 
(van Huyssteen et al. 2005).
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and found that A horizons overlying yellow-brown apedal 
B horizons tend to be more grey (bleached) than those 
overlying red apedal B horizons. The difference in surface 
colour could be attributed to a wetter moisture regime in the 
bleached A horizon associated with interflow from upslope 
land segments. Similar trends were observed in the Eastern 
Cape where van Tol et al. (2010a) found that the colour of 
the A horizon is a good indication of soil depth and storage 
in the Bedford catchments. The bleached A horizons were 
indicative of deeper Mispah and Glenrosa soils (Leptsols) 
where infiltration and temporal storage of water prevails 
during the rainy season. Reddish A horizons in Mispah soils 
signify shallow soils where overland flow is dominant. 

Kuenene et al. (2013) studied the relationship between 
soil water regime and selected soil properties in the 
Cathedral Peak VI catchment and concluded that red 
colours and low pH values were indicative of freely drained 
soils. Iron and manganese redoximorphic features in the 
lower horizons are indicative of short periods of water 
saturation. In the same catchment, Kuenene et al. (2011) 
compared soil drainage curve with stream hydrographs 
during rain free periods. During three of the four years 
studied, outflow from the soil corresponded very well 
with the recession curve of the stream hydrograph. This 
highlights the importance of discharge from soils to low 
flows of this catchment. Van Huyssteen et al. (2007) found 
that in the Weatherley catchment, soils next to the stream 
are contributing more to overlandflow and hence peakflow 
rather to interflow due to saturation excess. 

Jennings et al. (2007) studied the relationship between 
redox response (indicated by dissolved Fe2+) and rainfall 
in a Kroonstad soil form (orthic A/E/G horizon) in the 
Weatherley catchment. The redox response of the A 
horizon could be related to specific rain events. The redox 
response of the G horizon was seasonally driven (wet and 
dry season). Reducing conditions were more pronounced 
in the E horizon and redox fluctuations were subject to a 
time lag following rain events. This could be attributed to 
subsurface lateral flow from upslope positions, where 
infiltrated water migrate in the near surface from upslope 
positions and become reduced in the process. 

In terms of plinthite formation, le Roux and du Preez 
(2008) found micromorphological evidence of active plinthite 
formation (oxidation-reduction activity) even in the border 
zone between arid and semi-arid bioclimates. They did 
however found that there is a definite correlation between 
the mottling in plithite and present day climatic conditions, 
debunking the theory that mottles in plinthic horizons 
represent relict climates (le Roux and du Preez 2006). 
Mudalay (2015) found that Mn contributed to redox buffering 
and prevention of mottle formation. She concluded that soils 
with high Mn contents will have a greater oxidative capacity, 
and will therefore prevent Fe mottle formation. This will have 
implications for wetland delineation guidelines.   

Bouwer et al. 2015 postulated that soil chemistry might 
be a better indicator of soil water regime than the soil 
morphology. This is because chemical properties are not 
buffered against environmental changes as well as soil 
morphological properties. The pH and base saturation 
of 15 profiles were used to indicate leaching (flowpaths), 
ferrolysis (fluctuating water table) and acid weathering and 

accumulation (saturation). Duration of water saturation 
was inferred from Fe and Mn contents. The distribution of 
chemical properties was used to construct a conceptual 
hydrological response model which was compared against 
hydrometrical measurements. In general it was found that 
the chemistry was more sensitive to changes in soil water 
regimes than morphological properties and Bouwer et al. 
(2015), proposed that soil chemistry should be used in 
conjunction with morphology in hydropedological studies. 
van Tol et al. 2010a, found that the occurrence and position 
of CaCO3 accumulations are a good indication of dominant 
flowpaths in semi-arid areas.

Soil classification and hydrological parameters
In recognition that soil is a prime regulator in catchment’s 
hydrological response, Schulze (1985) and Schulze et al. 
(1985), made a remarkable effort to derive and deduce 
hydrological characteristics for the 501 soil series of the 
1977 binomial system of soil classification (MacVicar et 
al. 1977). The soil series were first grouped into one of 
seven groups based on runoff generation mechanisms and 
peak discharge, similar to the SCS models (United States 
Department of Agriculture – Soil Conservation Services). 
The potential to generate interflow was then assigned to 
each of the soil forms (Schulze 1985). Three qualitative 
groupings (namely unlikely, low and high - interflow 
potential), were assigned to each of the soil series based 
on the interpretation of soil morphology, sequence of 
horizons and tacit knowledge. In addition, the soil series 
were assigned into one of five vertical clay distribution 
models. These models were further divided into 
subclasses based on the typical clay percentages of top 
and subsoils respectively (Schulze et al. 1985). For each 
of these subclasses three soil water retention constants 
(porosity, field capacity and wilting point) were derived 
from existing pedotransfer functions (PTFs) presented by 
Hutson (1984). The hydrological characteristics of the 501 
soil series were mainly used for parameterisation of the 
ACRU hydrological model.

Hydrological soil groups of South Africa

In a review of advances in hydropedology for applications 
in South Africa, van Huyssteen (2008) concluded that 
HOST classes should be defined and validated for 
South African soils. HOST refers to Hydrology of Soil 
Types, a classification of soils of the United Kingdom to 
aid hydrological studies and analysis (Boornman et al. 
1995). In HOST, soils were divided into three conceptual 
models based on the drainage rate and the depth of the 
water table below the surface. These three models were 
then subdivided into 11 response models, based on soil 
properties, and again into 29 HOST classes, based on 
geology and other soil properties. The soil properties 
included, depth to gleyed layer, presence of peat layers, 
macroporosity and soil parent material (soil/hydro/
geological setting) (Boorman et al. 1995).

In South Africa, HOST served as foundation for initial 
grouping of soil forms (van Tol et al. 2011). Direct adoption 
of HOST classes in South Africa was however not possible 
for several reasons; 
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1) the soil forming processes in South Africa e.g., climate, 
time and geology are completely different than that of 
the UK resulting in completely different soil properties.

2) HOST focus on pedon scale hydrological response, 
whereas the hydrological response of soils at hillslope 
scale were considered more important than pedon scale 
behaviour. 

3) Conceptualising often requires simplification and 
searching for the key functions/first order controls 
(McDonnel et al. 2007), the 29 classes of the 
HOST system was considered too many to simplify 
hydrological response of hillslope soils. Currently seven 
soil types are recognised in South Africa (van Tol and le 
Roux 2019).  

Recharge soils
In these soils, vertical flow into, through and out of the 
profile into the underlying bedrock is the dominant flow 
direction. These soils will then ‘recharge’ groundwater 

aquifers or wetlands in valley bottoms. These soils do not 
have any morphological properties indicative of saturation 
(i.e. no mottles or grey colours). These soils can either be 
deep freely drained soils that can contribute significantly 
to evapotranspiration (Figure 2-a, e.g. Hutton or Clovelly 
soil forms), or shallow soils on fractured rock with limited 
contribution to evapotranspiration (Figure 2-b, e.g. Glenrosa 
or Nomanci).

Interflow soils
Subsurface lateral flow (SLF) is the dominant flow direction 
in interflow soils. SLF can either occur at the A/B horizon 
interface, where the vertical anisotropy in conductivity will 
result in a temporal build-up of water above the B horizon 
(Figure 2-c). In these cases a E  horizon (albic) will normally 
form (van Tol et al. 2013a) such as in the Estcourt soil form. 

In the second, freely drained soils overlie relatively 
impermeable bedrock which promotes SLF generation 
on the soil/bedrock interface (Figure 2-d). These soils are 

Figure 2: Hydropedological soil groups of South Africa: a) Recharge [deep]; b) Recharge [shallow]; c) Interflow [A/B]; d)  Interflow [soil/
bedrock]; e) Responsive [wet]; f) Responsive [shallow] and g) Stagnating.
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typically marked by hydromorphic properties associated 
with a water table at the soil bedrock/interface e.g. 
Avalon or Tukulu soil forms. The duration and magnitude 
of lateral flow in interflow soils depend on the position in 
the hillslope (lateral addition/release), slope angle, rate of 
evapotranspiration as well as the anisotropy in permeability 
between the conducting and impeding layer.

Responsive soils
These soils ‘respond’ quickly to rain events and are 
responsible for overland flow generation during typical 
rain events. Soils with morphological indications of long 
periods of saturation (e.g. Katspruit, Champagne and 
other ‘wetland’ soils) are close to saturation during most 
of the rain season (van Huyssteen et al. 2005). Additional 
precipitation on these soils will typically flow overland due to 
saturation excess (Figure 2-e).

Shallow soils that overlie relatively impermeable bedrock 
(e.g. Mispah), will saturate quickly due to limited storage 
capacity and promote overland flow (van Tol et al. 2010a). 
Soils with very low infiltration rates due to swelling (e.g. in 
vertic A horizons) or crusting will also generate overland 
flow (Figure 2-f).   

Stagnating soils
In these soils the A and/or B horizons are permeable but 
morphological indicators suggest that recharge and interflow 
are not dominant hydrological flowpaths (Figure 2-g). 
These soils will typically occur in areas with low rainfall 
and high evaporative demands. Morphological properties 
associated with these soils include carbonate accumulations 
in the subsoil, accumulation and cementation by silica, and 
precipitation of iron as concretions and layers. These soils 
are deep drainage of water is limited or restricted. Although 
infiltration occurs readily, the dominant hydrological flowpath 
in the soil is upward, driven by evapotranspiration (van Tol 
and le Roux 2019).

Hydropedology of hillslopes
The hillslope or catena is generally accepted as a 

fundamental landscape unit to study the hydrological cycle 
holistically. The particular mix of different hillslopes (shapes, 
sizes and distribution patterns) determines the hydrological 
response of catchments (Sivapalan 2003). The interaction 
between topography, soils and climate results in soil 
distribution patterns which contain valuable information on 
the hydropedological functioning of hillslopes. These soil 
distribution patterns were the basis of the land type survey 
of South Africa (Land Type Survey Staff 1972–2004). 
Numerous (>100) hillslope hydropedological studies have 
been conducted in the past 20 years. Van Tol et al. (2013b) 
strived to classify the hydropedological response of studied 
hillslopes through identification of dominant flowpaths 
(Figure 3). This hillslope classification was based on the 
occurrence and coverage of different hydrological soil types 
(Figure 2) on the studied hillslopes. Figure 3 also presents 
an anticipated hillslope response function associated with a 
specific hillslope class.
1. Class 1 hillslopes (are dominated by soils overlying 

slowly permeable bedrock which restricts vertical 
drainage to the bedrock. SLF causes saturation in the 

valley bottom and the generation of saturation excess 
overland flow. 

2. Class 2 hillslopes are marked by shallow soils with 
limited storage capacity. These slopes will typically 
promote overland flow across the most of the slope 
during significant rainfall. Hillslopes with soils prone 
to surface sealing, which generate infiltration excess 
overland flow will also form part of this hillslope class. 

3. In semi-arid areas, groundwater and surface water 
are often not connected. Class 3 hillslopes present an 
example where recharge to the groundwater or fractured 
rock aquifer is dominant, but the groundwater is not 
connected to the stream.

4. In Class 4 hillslopes, recharge is dominant on the upper 
slopes, but feeds wetlands and streams downslope via 
a fractured rock flowpath. The wetlands in the valley 
bottom of these hillslopes are typically associated with 
very long periods of saturation due to the constant 
supply of water from the recharge zone.

5. Class 5 hillslopes are also marked by a prominent 
recharge zone. Return flow occurs however higher in 
the landscape (midslope positions). Lateral flow at the 
soil bedrock interface is consequently generated from 
the return flow to the solum. 

6. Rapid near surface lateral flow is the dominant 
streamflow generation process as indicated by bleached 
eluvial horizons at the A/B horizon interface in Class 6 
hillslopes. 

In many cases the hillslope classification were supported 
with soil hydraulic, hydrometric and geochemistry measure-
ments (e.g. van Tol et al. 2010b, Kuenene et al. 2013, 
Freese 2013). Although this hillslope hydrological response 
classification system only presents qualitative descrip-
tions of flows, it can be used as a basis for quantification 
of EWRs, configure distributed catchment scale models, 
and assist with assessing the impact of land-use change, 
especially in ungauged areas (van Tol and Lorentz 2018). 

Applications of hydropedology and hydropedological 
assessments
Groundwater-surface water interactions
Charater isat ion of  groundwater-sur face water 
(GW–SW) interactions is important for effective water 
resource management, but difficult due to heterogeneities 
in landscapes and challenges associated with measuring 
hydrological processes at different scales. Van Tol and 
Lorentz 2018 used regional soil information to conceptualise 
groundwater–surface water interactions in 21 catchments 
with different geologies and climates. They found good 
relationships between soil parameters (area covered by 
different hydropedological soil types, soil depth and clay 
contents) and stream attributes indicative of GW–SW 
interactions. Based on the regional soil information the 
21 catchments could be divided into three conceptual 
models of GW–SW interactions (Figure 4). In the first 
(Figure 4a), recharge soil occur on upper slopes with return 
flow to the soil layers in low lying positions; both soil and 
groundwater contribute to streamflow and the wetlands in 
the valley bottom are occupied by soils showing evidence 
of long periods of saturation. In the second (Figure 4b), 
groundwater is mainly contributing to streamflow. Recharge 
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occur throughout the hillslope, even in the wetland. This is 
typically associated with permeable geological layers that 
promotes fast vertical percolation out of the soil profile. In 
the last conceptual model (Figure 4c), lateral flow at a slowly 
permeable bedrock interface is the dominant flowpath. There 
is limited contribution of groundwater to the stream resulting 
high variability in the streamflow (van Tol and Lorentz 2018).  

Hydropedological information in modelling
In hydrological studies, data collection (e.g. soil hydraulic 
properties or water table depths) and monitoring occurs at 
point scale (soil horizon or profile). Watershed modelling 
requires upscaling from point to catchment scale and this 
often rely on mapping (Ma et al. 2017). 

Le Roux et al. (2011) tested the contribution of two levels 
of soil information to the efficiency of four hydrological 
models in four different catchments. The soil information 
was regional 1:250 000 scale land type data and data from 
more detailed hydropedological soil surveys. The models 
tested were ACRU in the Weatherley and Craigieburn 
catchments, Pitman in the Bedford catchments and ACRU, 
SWAT and WAVES in the Two Streams Catchment (le 
Roux et al. 2011). 

In the Weatherley catchment, more detailed soil 
information improved ACRU model performance 
considerably. The R2-values derived from the regression 
analysis of observed vs. measured streamflow values 
increased from 0.66 to 0.73. This improvement was 
largely due to the inclusion of an intermediate layer which 
accounts for lateral flows at the soil/bedrock interface (le 
Roux et al. 2011). In the Craigieburn catchment there was 
also an increase in the R2 (0.81 to 0.83) when detailed soil 
information was used as model input, but the improvement 
to the Nash−Sutcliffe (NS) value was noteworthy (from 
−0.184 to 0.824). 

The inclusion of measured soil hydraulic parameters 
(porosity and infiltration rate), did improve the performance 
of the Pitman model in the Bedford catchments slightly 
(reducing the overestimation of monthly flows from 10% 
to 4%). In the Two Streams catchment, improved soil 
information resulted in a reduction of model accuracy when 
simulated and observed streamflows where compared. For 
example, using detailed soil information in ACRU resulted 
in a 30% overestimation in streamflow over an 8 year 
period, compared to a 5% underestimation using regional 
information. With SWAT2000 the overestimation was 50% 

Responsive (shallow): Shallow soils overlying
relatively impermeable bedrock. Limited storage
capacity results in the generation of overlandflow
after rain events

Responsive (wet): Soils saturated for long
periods, especially during rainy season. Generate
overlandflow due to saturation excess

HYDROLOGICAL SOIL TYPES

HILLSLOPE RESPONSE CLASSES

Recharge: vertical flow through and out of the
profile dominant, underlying rock permeable;
recharge of groundwater likely

Interflow (A/B): Duplex soils where textural
discontinuity facilitate build-up and lateral 
drainage at the A/B horizon interface

Interflow (soil/bedrock): Soils overlying 
relatively
impermeable bedrock. Saturation occur at the
soil/bedrock interface with discharge in
predominantly lateral direction

1

2

3

4

5

6

Figure 3: Hydropedological soil groups and hillslope classes (adapted from van Tol et al. 2013b).
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during the same period whilst the underestimation using 
regional soil information was the same as with ACRU. Le 
Roux et al.  (2011) attributed communication gaps between 
the modeller and the soil scientist as a major reason for 
the poor model performance in Two Streams. They also 
argue that the scale of simulation and the model in question 
determine the contribution of ‘improved’ soil data. Malan 
(2016), who aimed to develop a high-resolution terrain 
map from land type information to assist with hydrological 
modelling, shares this sentiment. At the end the map was 
found to be too complex for incorporation in the model.  

Van Zijl and le Roux (2014) created a hydrological soil 
map for the Stevenson-Hamilton Research Supersite in the 
Kruger National Park, South Africa using expert knowledge 
Digital Soil Mapping. A ‘hillslope hydropedological response 
model map’ was created after dividing the soils into 
seven classes based on their dominant hydropedological 
behavior. This soil map as well as regional soil information, 
was used as soil inputs for hydrological modelling using 
ACRU (van Tol et al. 2015). The aim was to evaluate the 
impact of different soil information datasets on modelling 
results in different order catchments. In general, the model 
produced better predictions when compared to measured 
streamflow and soil water contents, with more detailed soil 
information. In the second-order catchment, R2 increased 
from 0.57 to 0.87 and NS from 0.52 to 0.79 when detailed 
hydropedological information was used. In the third-order 
catchment the improvement was from 0.82 to 0.91 and 0.67 
to 0.73 for R2 and NS respectively. The improvements to 
simulated soil water contents were not drastic with small 

improvements to the Pearsons product moment correlation 
coefficient of around 0.02 (van Tol et al., 2015). An added 
advantage of using DSM produced soil maps in modelling, 
is that the maps provide an accuracy description (typically 
not available for conventional soil maps). This certainty 
measurement could be factored into certainty evaluations of 
modelling results (van Zijl et al. 2016). 

Pollution monitoring
A hydropedological assessment was used to determine the 
potential impact of the proposed Ntabelanga dam on water 
pollution from pit latrines (Mamera and van Tol 2018). Four 
transect hydropedological surveys, downslope of pit latrines 
were conducted. On two of these transects, freely drained 
apedal soils (recharge soils) suggested that deep drainage 
is dominant and organic pollutants could potentially impact 
groundwater sources. The low feacal coliform and E.coli 
levels in the soils below the pit latrine supported this theory. 
Low feacal coliform and E.coli counts (<1 CFU.g–1 soil) were 
also detected in a transect dominated by interflow (soil/
bedrock) soils where quick lateral flow to the stream was 
the dominant process. In the last transect, high clay content 
soils with slow internal drainage resulted in adsorption of 
significant amounts of E.coli and feacal coliforms in the soil 
profiles. The differences in the hydropedological behaviour 
of these transects is important to take into consideration 
when strategies to limit organic pollution are developed. 

In another study Lorentz et al. (2015), also used 
hydropedological assessments to understand the conditions 
and processes involved in the migration of organic 
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Figure 4: Three conceptual models of groundwater-surface water interactions derived from regional soil information (adapted from van Tol 
and Lorentz 2018).
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pollutants from pit latrines in the KwaZulu-Natal province 
of South Africa. Freely drained Ferralsols (recharge 
soils) with hydraulic conductivities exceeding 50 mm.h–1 
dominated upper slopes of the studied transect (Figure 5-1). 
Gleysols (Responsive wet) in the valley bottom indicated 
long periods of saturation caused by lateral flow water via 
a bedrock flowpath (Figure 5-2&3). The hydropedological 
assessment revealed that faecal coliforms and other 
nutrients from the pit latrines will quickly through the soil 
profiles and into the underlying bedrock from where migrate 
towards the valley bottom and accumulate in the gleyed 
soils. Biochemical analysis confirmed the correctness of 
the conceptual understanding. Nitrate levels, for example, 
were very low in the recharge soils but reached >90 mg.l–1 
in the toeslope after significant rain evets whereas E.coli 
concentrations were in excess of 18 000 MPN.100 ml–1 in 
toeslope positions (Lorentz et al. 2015). 

Wetland delineation and management
The linkages between terrestrial soils and wetlands 
are important considerations in understanding wetland 
functioning and ultimately in wetland delineation and 
functioning (Job et al. 2018). Wetlands are encapsulated in 
the landscape and cannot be managed/studied as separate 
entities from the landscape in which they occur. With this 
as context, Job and le Roux (2018), proposed a seven-step 
approach to capture the hydropedological behaviour of the 
entire landscape in order to understand and management 
wetlands better. These steps, summarised from Job and le 
Roux (2018) are:
1. Identification of the general climatic and geological regions 

as well as the land type/s in which the wetland occur.
2. Delineating the wetland and wetland catchment 

boundary
3. Dividing the wetland catchment into dominant hillslopes 

and each of these hillslopes into different terrain 
morphological units (TMU).

4. Disaggregating the land type information by linking the 
soils of the land type inventory to the appropriate TMU.

5. Conceptualise the hydrological response (dominant 
flowpaths and residence times) of each hillslope using 
hydropedological expertise. This step will involve 
reclassification of soil forms into hydropedological soil 
types (van Tol and le Roux 2019) and hydropedological 
hillslopes (van Tol et al. 2013b).

6. Include additional controls (e.g. groundwater feedback 
or channel influxes) in the conceptualisations.

7. Estimate the contribution of individual hillslopes to the 
water regime of the wetlands.

This approach provides a qualitative framework for 
converting existing soil information into hydropedolog-
ical response information which can be applied in wetland 
management. It should also serve as a basis for quantita-
tive studies of linkages between terrestrial and wetland 
water regimes. 

The link between terrestrial soils and wetland soils 
will differ between different climates, geologies and 
environments. These factors will also impact on how 
saturation/reduction is reflected in morphological properties 
(i.e. wetland soil properties will look different in different 
regions). Van der Waals et al. (2018) consequently 
presented a framework for regional wetland classification 
and delineation criteria. Although this framework is only in 
the discussion phase it provides the foundation for inclusion 
of improved understanding of hydropedological processes 
in wetland delineation. 

Research opportunities – the way forward

The previous sections describe the considerable progress 
that has been made in hydropedological research in the 
recent past. There is however still more that could be 
done to ensure that this exciting research field continues 
to contribute to sustainable management of water 
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Figure 5: Conceptual hydropedological response model of migration of pollutants from pit latrines (adapted from Lorentz et al. 2015).
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resources. In my opinion there are three key areas on 
which hydropedology should focus. These are quantification 
of hydropedological  propert ies and processes, 
characterisation of the lower vadose zone and mapping 
of hydropedological properties. The overall aim of these 
quantifications, characterisations and mapping, should be 
to configure and parameterise hydrological models in order 
to quantify the impacts of change (climate or land-use) on 
water resources. 

Quantification of hydropedological properties and 
processes
Most of the hydropedological research in South Africa were 
qualitative, or, in some cases, semi-quantitative (e.g. Bouwer 
et al. 2015; van Tol et al. 2013a). Notable exceptions are 
the studies on quantification of the interpretation of soil 
colour in terms of the duration of saturation (van Huyssteen 
et al. 2010). These quantitative interpretations of soil 
morphological properties should be the focus of future 
research, answering questions such as:
• What should the degree and duration of saturation be to 

form mottles of different colours, sizes and frequencies 
in different soils in different environments?

• What is the level of water table fluctuation in soils 
expressing various redoximorphic properties?

• How can relative vertical colour differences between 
horizons be related to infiltration and evaporation rates?

• What is the minimum duration of saturation to produce 
redoximorphic properties in dry climates?

• When, how much and how long will lateral flows 
contribute to streams and wetlands in different soils and 
hillslopes?

• What is the impact of structure on infiltration and 
conductivity rates in different horizons?

Answering these questions would certainly contribute to 
the interpretation of soil information that is captured in soil 
profile descriptions and soil maps. This information should 
then be converted into parameters, which can be fed into 
hydrological models. This will improve the applicability 
of soil information in management decisions which deal 
with land-use and climate change. This will also assists 
soil scientists to distinguish between recent and relict soil 
morphological properties and to derive site/region specific 
guidelines for soil management e.g. wetland delineation 
guidelines (van der Waals et al. 2018). 

Progress towards quantification of our interpretations 
of soil morphological properties could be advanced 
significantly if we join hands with sister disciplines. For 
example, botanists can determine water regimes from the 
plant species composition, microbiologists understand 
the relationship between soil environments and microbial 
communities and the geotechnical studies by engineers 
can quantify the drainage rates from different soils 
and hillslopes. A mass of information regarding the 
hydropedological behaviour of soils is imbedded in the 
people living and working on the soils (e.g. farmers or 
property owners). This information could be extracted 
through properly developed sociological surveys.   

In addition, there is a need to improve PedoTransfer 
Functions (PTFs) for hydraulic properties under South 
African conditions. PTFs emphasize the link between soil 

survey (pedology) data and soil hydrology (Bouma 2004). 
Numerous PTFs exist which uses easily observable and 
measurable properties (e.g. texture, bulk density and 
organic carbon) to estimate processes which are more 
difficult and time consuming to measure (see van Looy et 
al. 2017 for a recent review on the use of PTFs in Earth 
Sciences). Often these PTFs are only applicable in the 
areas/environments in which they were developed. It would 
certainly be worthwhile to commence with a dedicated effort 
to capture pedological descriptions and hydraulic properties 
which has been measured in our research institutions in 
order to develop a national database with hydropedological 
properties.

Characterisation of the intermediate vadose zone
Although there is a strong drive towards holistic 
understanding of the complex hydrological system, through 
surface water, soil water (hydropedological) and groundwater 
(geohydrological) studies, very little attention was given 
to the transitional layer between the upper vadose zone 
(surface and soil layers) and lower vadose zone (geological 
layers). This intermediate vadose zone (IVZ - often referred 
to as saprolite) is seldom studied in soil research and 
measurements are normally only conducted in pedogenetic 
horizons.  The IVZ will however control preferred pathway 
of water once it exits the soil. It is therefore pivotal in 
determining the amount and rate of recharge to groundwater, 
lateral flow to streams and return flow to the solum in 
downslope positions. Ignoring the impact of this zone could 
be detrimental to progress in the study of groundwater/
surface water interactions (Dippenaar 2012). 

The character of the IVZ is determined by the nature 
weathering of the parent material, which in turn is influenced 
by the climate (precipitation and evapotranspiration) 
and topography. These complex interactions reduce the 
extrapolation value of the properties of the intermediate 
vadose zone i.e. the weathering of the same parent material 
will differ between climatic regions and different landscape 
positions (even in the same climatic regions). Traditional 
PedoTransfer Functions (PTFs), often used to derive 
important hydrological soil properties, are not effective to 
predict the hydrological properties of IVZ as this layer is a 
combination of soil and parent material. The depth at which 
this layer normally occurs also hinders measurements of 
hydrological properties in the IVZ. There is consequently very 
little information available on the hydrological characteristics of 
the IVZ and our understanding of the hydrological behaviour of 
this layer and future research in this regard is justified. 

Hydropedology mapping of South Africa
South Africa is fortunate in having a soil dataset covering 
the entire country, namely the Land Type Database (Land 
Type Survey Staff 1972–2002). A land type represents an 
area with homogenous macroclimate, terrain type and soil 
distribution patterns. South Africa consists of more than 
7000 land types based on approximately 400 000 soil 
observations (Patterson et al. 2015). For hydropedological 
purposes, the soil catena, which formed the backbone of 
the land type survey, is of particular relevance. The catena 
concept (topo- or hydrosequence or hillslope) also forms 
the scientific basis for many process hydrological studies 
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and this was the motivation for the hydropedological 
classification of South African hillslopes (van Tol et al. 
2013b). Noteworthy efforts were made to convert the soil 
information in the land type inventories into hydrological 
information (e.g. Schulze et al. 1985) for parameterisation 
of the hydrological model ACRU.  

To advance the science of hydropedology, there is 
however, a need to disaggregate the land types in order 
to provide the spatial distribution of various hillslopes and 
hydrological soil types within a land type (see for example 
van Zijl et al. 2013). Advances in the information technology 
fields (satellite imagery, digital elevation models, geostatistics 
etc.) led to the development of the relatively new field of 
digital soil mapping (DSM). DSM techniques should be used 
to map the spatial distribution of hydraulic properties of soils, 
hydropedological soil types and hillslopes. The produced 
DSM maps should be in the applicable format to ensure that 
they can appropriately parameterise spatially distributed 
hydrological models (e.g. SWAT). It would be sensible to 
start with hydropedological mapping in strategic water source 
areas (Le Maitre et al. 2018), especially in the areas where 
both groundwater and surface water are of importance. 
These hydropedological maps will enable and contribute to 
the understanding and the quantification of the impacts of 
land-use and climate change on these water resources of 
national importance.
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