Effects of tillage on runoff from a bare clayey soil on a
semi-arid ecotope in the Limpopo Province of South Africa
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Abstract
Runoff constitutes one of the major water losses from agricultural fields in semi-arid areas. However, by adopting appropriate soil management practices, the runoff can be harnessed for improving crop yields. The main objective of this study
was to quantify rainfall-runoff relationships under in-field rainwater harvesting (IRWH) using simulated rainfall, and to
compare these results to those obtained with annually tilled conventional tillage (CON) (control). IRWH is a special type of
no-till (NT) crop production practice that promotes runoff from a crusted runoff strip into basins where the water infiltrates
beyond evaporation but is available for crop use. Runoff was related to time to runoff, total runoff, final runoff rate and
runoff coefficient. This experiment demonstrated that by adopting IRWH production technique smallholder farmers could
harness an additional 45.54 m3∙ha-1 of water compared to the CON system. The extra water harvested could meet about 1%
of maize water requirements.
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Introduction
Water scarcity is a major constraint in semi-arid areas, leading
to a natural focus on in-field rainwater conservation (Jensen
et al., 2003). Runoff constitutes one of the major water losses
in semi-arid areas, causing the loss of valuable water, soil
and nutrients (Schiettecatte et al., 2005; Vahabi and Mahdian,
2008). Research results from semi-arid regions have shown
that runoff losses can be as high as 50% of the rainfall on bare
untilled lands (Stroosnijder, 2003). Excessive runoff not only
limits the water available for crop production, but also constitutes an erosion hazard (Rao et al., 1998). However, the goal
of water harvesting (WH) is to convert runoff water ‘loss’ into
productive use by storing it in basins where it can infiltrate and
become available for crop use (Hensley et al., 2000). Water
harvesting, based on the collection of runoff from a prepared
catchment surface and its storage in the adjacent crop area,
has been used successfully for crop and tree improvement in
other parts of the world (Li et al., 2000; Li and Gong, 2002;
Schiettecatte et al., 2005). Among the various water harvesting
technologies available, in-field rainwater harvesting (IRWH)
has been shown to be an efficient water conservation crop
production technique especially appropriate for rural poor
households (Botha et al., 2003). It was therefore selected for
this study.
In-field rainwater harvesting (IRWH) is a relatively new
in-situ water harvesting technique developed in South Africa
(Hensley et al., 2000). The IRWH system is regarded as a
special form of water harvesting. It is also known as minicatchment runoff farming (Oweis et al., 1999). IRWH has been
tested in South Africa on clay and duplex soils in semi-arid
areas where it has given maize yield increases of between 25%
and 50% compared to conventional tillage practices (Hensley et
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al., 2000; Botha et al., 2003). The technique is illustrated in
Fig. 2. The technique combines the advantages of water harvesting from the no-till, flat, crusted runoff strip, and decreased
evaporation from the deeply infiltrating runoff water which
accumulates in the basin (Hensley et al., 2000). Thus the IRWH
partitions rainfall into runoff (on the no-till runoff strip) and
run-on (in the basin).
Runoff is an important water balance component in semiarid environments (Bennie and Hensley, 2001). Zere et al.
(2005) used runoff data to simulate the long-term yields for
crops planted on conventional tilled soil and under in-field rainwater harvesting on Glen/Tukulu ecotope. They concluded that
the PutuRun Model can be used with reasonable confidence,
after calibration, to simulate long-term runoff on conventionally tilled and bare untilled plots on the Glen/Tukulu ecotopes,
using daily rainfall data. In Ethiopia, Welderufael et al. (2008)
used 2-year runoff data to predict a maize yield increase of
between 25% and 35% under IRWH compared with conventional tillage. Some rainfall-runoff relationships from semiarid ecotopes are summarised in Table 1. The research results
presented in Table 1 clearly indicate that the IRWH technique
is a promising soil management technology under certain soil
conditions, and that it needs to be explored further to promote
sustainable crop production in marginal areas.
Results obtained with water harvesting techniques are
not always transferable from one set of conditions (i.e. from
a particular ecotope) to another, because of the differences in
local characteristics (Ojasvi et al., 1999). An ecotope has been
described as an area of land on which the climate, topography
and soil are reasonably homogenous (McVicar et al., 1974).
Considerable IRWH research has been done on specific ecotopes in the Free State Province of South Africa. It is, however,
uncertain how the technique will perform on Ferralsols in the
Limpopo province.
The agricultural industry in the Limpopo Province is made
up of 2 sectors, namely, the large scale commercial and the
smallholder farming systems. There were 5 000 commercial
farming units and 273 000 small-scale farmers operating in
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