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Abstract
In arid and semi-arid regions irrigation tends to degrade soil and water quality through salt accumulation with devastating
effects on some crops. This is, according to irrigators, also the case along the lower Vaal River in South Africa. Properly
calibrated and tested salinity models could assist the agricultural community in improving salinity management under irrigation.
This paper reports on, firstly, salt balances of soils in this region being irrigated for different time periods, and secondly,
salt content changes that can be expected as a consequence of future irrigation. Two empirical models, viz. a general and
specific salt-balance model were used together with existing water- and soil-quality data to generate such information. The
soils selected for this study had been irrigated for periods of between 17 to 53 years. Over these periods addition of salts as a
result of farming practices varied between 79 and 280 t·ha-1, with irrigation water being the major contributor. Between 78%
to 87% of the salts added to the soils had been leached from the root zone
Despite these large amounts of salts that have been removed, certain irrigation practices have promoted the buildup of salts in some of the soils. The freely drained sandy soils irrigated by centre pivot are of particular interest. Poor
management of this system can reduce crop yields. On account of inadequate leaching salts are building up to levels that
impair the potential evapotranspiration level of maize. Predictions also show that irrigation should rather be withdrawn
from soils with poor internal drainage properties, such as the Arcadia soil at Spitskop. In contrast, flood irrigation on
certain duplex soils, such as the Valsrivier at Vaalharts, with relatively good internal drainage properties, can improve
their quality.
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Introduction
It is known that in arid and semi-arid regions irrigation tends to
degrade soil and water quality through salt accumulation (Flowers and Yeo, 1986). Most irrigated crops are non-halophytes,
which are affected by salt stress and need to be managed accordingly. Properly calibrated and tested salinity models could help
the agricultural community to improve salinity management
under irrigation.
A vast number of salinity models have been developed over
the past 2 decades. Wagenet and Hutson (1987) encouraged
researchers to understand the aim of modelling, because a lack
of appreciation for different modelling approaches has caused
confusion and disarray in modelling efforts. Models can broadly
be categorised into two groups according to the purpose for
which they were developed (Jones et al., 1987).
The 1st group of models aim to provide a better understanding of the dynamic nature of the biological, chemical and
physical environment in which crops grow and are therefore
process based. These models vary widely in their conceptual
approaches and degree of complexity and are strongly influenced by environmental factors as well as the experience and
bias of their developers (Clarke, 1973; Addiscot and Wagenet
1985; Wagenet and Rao, 1990). A short list of such models
include MINEQL (Westall et al., 1976), EQ3/NR (Wolery,
1983), MINTEQ (Felmy et al., 1984), SHARON (De Rooy,
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1991), LEACHM (Wagenet and Hutson, 1987), SWIM (Verburg et al., 1996), SOWATSAL (Hanks et al., 1991) and SWB
(Barnard et al., 1997). These process-based models can be
used to extrapolate results over non-related sites when properly calibrated and tested.
The 2nd group of models aim towards the prediction of the
system’s behaviour to be applied in improving the management
thereof and are therefore problem orientated. Most of the empirical models fall in this category. Examples of such models are
the equation for calculating the leaching requirement which
had been applied in the Coachella Valley of California (Reeves,
1957) and the salt regime equation of Szabolcs (1986). It is also
possible to calculate the accumulation of salts in soil using
assumptions based on the mass balance equation of Aragües
(1996). These empirical models have the disadvantage that they
are site specific, which can restrict the extrapolation of results.
The aim of this paper is to present calculated salt balances of
soils along the lower Vaal River in South Africa that had been irrigated for different time periods, and to predict salt content changes
expected in these soils as a consequence of future irrigation.

Material and methods
The location of the study area within South Africa is shown in
Fig. 1. In the lower Vaal River, starting at the Bloemhof Dam
downstream to the confluence with the Orange River, water
quality is influenced largely by inflows from other rivers. For
this study the lower Vaal River was therefore divided into four
segments, namely V1: from Bloemhof Dam, downstream to the
Vaalharts Weir near Warrenton; V2: from Vaalharts Weir, downstream to the Vaal-Harts confluence at Delportshoop; V3: from
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