Effect of irrigation on soil salinity profiles along the
Lower Vaal River, South Africa
PAL le Roux*, CC du Preez, MG Strydom, LD van Rensburg and ATP Bennie

Department of Soil, Crop and Climate Sciences, University of the Free State, PO Box 339, Bloemfontein 9300, South Africa

Abstract
The impact of long-term irrigation on semi-arid soils along the Lower Vaal River in central South Africa was assessed. Irrigated sandy and clayey soils representative of relatively homogeneous agro-ecosystems were sampled at 200 mm intervals
to a depth of 2 m wherever possible. To serve as a reference, adjacent virgin soils were sampled wherever possible. All the
samples were analysed for common salinity indicators. Soils irrigated for more than 20 years with water varying in electrical
conductivity (EC) from 52 to 74 mS·m-1 and sodium adsorption ration (SAR) of < 5 reacted differently. Salts were generally less and more evenly distributed in the virgin profiles than in their irrigated equivalents. In the irrigated clayey soil at
Spitskop the salt content increased with depth. In the irrigated sandy soil at Vaalharts maximum salt accumulation occurred
above the water table, whereas in the centre pivot irrigated sandy soil at Wildeklawer it occurred at 400 to 800 mm depth. In
the latter case the salt accumulation is linked to water uptake by crops probably due to limited water application. In the irrigated sandy soil at Zandbult salt accumulation at 1 100 mm depth was linked to a period of irrigation with low quality water.
In spite of a general increase in salinity the soils were not physically severely degraded. Where water tables occurred in sands
the salinity reached levels where it will affect sensitive crops. In the Spitskopdam clay soil it reached levels affecting tolerant
crops. However, the accumulated salt load varied between sand and clay soils and improved irrigation scheduling practices
that do not allow additional water for salt leaching; this may lead to increased salinity and degradation of the irrigated soils.
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Introduction
The natural resource base, in particular soil and water, together
with the entrepreneurial capacity forms the basis for economic
activities related to irrigation (Backeberg, 2003). Surveys conducted by Nell and Van den Berg (2001) on land potentially
available for irrigation in South Africa, revealed that a total of
1.6 x 106 ha, comprised of 1.1 x 106 ha for temporary irrigation
and 0.5 x 106 ha for permanent irrigation (sugar-cane included).
Backtracking land allocation to the eighties showed that an area
of 1.23 x 106 ha was irrigated, with a possible expansion of 0.25
x 106 ha (Scotney and Van der Merwe, 1995). Department of
Water Affairs (DWAF, 1996), as cited by Backeberg (2003), projected that the potential for irrigation to expand was limited by
water availability, as official estimates indicated an expansion of
irrigated land by 178 000 ha. However, all these studies had a
similar deduction, namely that the natural resources, water and
soil, allocated for irrigation were used to their fullest potential,
and that maintenance of its quality needed all the attention it
deserves. This conclusion was supported by salinity research,
which indicates that between 1% and 12% of the total irrigation area, depending on the provinces, is severely water-logged
or salt-affected, and 5% to 20% is moderately affected (Water
Research Commission, 1996).
Several factors could influence the salinity levels of irrigated land. One of the factors is the irrigation method. A recent
survey showed that sprinkler systems cover 53% of the total area
under irrigation, while surface irrigation systems account for
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28.5% and micro- and drip-systems for 18.5% (Water Research
Commission, 1999). The efficiency levels of irrigation systems
vary between 55 and 65% for surface irrigation, 70 and 85% for
sprinkler irrigation and 85 and 95% for micro/drip irrigation.
Irrigators compensate for the inefficiency of irrigation systems
by applying more water than the potential crop water demand.
Hence, it can be expected that over-irrigation occurs where flood
irrigation is practiced and a lack of leaching could occur where
more sophisticated methods are used. Soil characteristics such
as inherent salt content, internal and external drainage also play
an important role in ensuring sustainable soil salinity levels.
Fortunately, very strict soil suitability standards were used for
the allocation of irrigation land. Today, 87% of the total area
under irrigation is classified as suitable to very suitable for its
purpose (Water Research Commission, 1996).
Scotney and Van der Merwe (1995) stated that water quality poses one of the greatest threats to the sustainable use of
irrigated soils. A comprehensive investigation, which focused
amongst other factors, on the change in water quality of the
Lower Vaal River and its tributaries, confirmed their concern
regarding water quality (Du Preez et al., 2000). This study
showed that the quality of water in the Lower Vaal River has
deteriorated over the past 20 years and that it is expected to
deteriorate even further. This deterioration was expected
since most of the wastewater of Gauteng, South Africa’s most
densely populated province, ends up in the Lower Vaal River,
which serves as water source for a significant portion of the
country’s irrigation land. Periodic supply of irrigation water
with poor quality has resulted in crop failures along the Lower
Vaal River and the sustainability of irrigation farming in this
region has become questionable. This paper reports on the
impact of irrigation in this region on soil quality, more specifically the redistribution and accumulation of salts in sandy and
clayey soils.
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