Irrigation scheduling research:
South African experiences and future prospects
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Abstract
Many scheduling approaches have been developed with Water Research Commission funding over the past 4 decades and
deployed with varying levels of success; 2 approaches have won prestigious international awards. Soil-based approaches
which include measurement of matric potential (tensiometry), water content (neutron probes, capacitance sensors) and depth
of wetting (wetting front detectors) have been relatively well accepted by farmers. Atmospheric-based approaches apply,
through biophysical modelling of the soil-crop-atmosphere system, thermodynamic limits to the amount of water that can
evaporate from a cropped surface under particular environmental conditions. Modelling approaches have been quite empirical or somewhat more mechanistic, generic or crop specific, with pre-programmed (e.g. irrigation calendars) or real-time
output. Novel mechanisms have been developed to deliver recommendations to farmers, including resource-poor irrigators.
Although general adoption of objective irrigation scheduling in South Africa is still low, the high cost of electricity and
nitrogen, and scarcity of water is reviving the interest of consultants and irrigators in the application of these tools to use
water more efficiently. Where adoption has been relatively high, intensive support and farmer-researcher-consultant interactions have been key contributing factors. We propose 4 avenues in the R&D domain to ensure responsible water utilisation.
Firstly, there is a need to continue to advance existing soil-water measurement technology; and secondly, to further develop
new and emerging technologies, like the use of remote sensing. Thirdly, the user-friendliness should be improved as should
systems that support existing scheduling tools; and finally, we need to appreciate that farmers are intuitively adaptive managers, and we need to develop simple monitoring tools and conceptual frameworks that enable structured learning.
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Introduction
South Africa receives an average rainfall of 495 mm, well
below the global average of 860 mm/a. The total renewable
water available per inhabitant is just 1 106 m3/a, placing South
Africa among the driest quintile of countries in the world
(FAO, 2005). According to international criteria, over 90% of
South Africa is classified as dryland, i.e. arid to sub-humid,
with 82% being classified as arid to semi-arid (ARC-ISCW,
2005). Most of the country receives summer rain that is poorly
distributed, with droughts being common phenomena (Bennie
and Hensley, 2001). Most of the sub-humid to humid areas are
non-arable due to steep slopes and/or poor quality soils. Thus,
only around 13% (14 x 106 ha) of the country is suitable for
rain-fed cropping. Irrigation is practised on an estimated 1.5 x
106 ha and approximately 0.26 x 106 ha are affected by waterlogging and/or salinisation (FAO, 2005). A large proportion of
irrigated land is in areas that are too dry for rain-fed cropping,
and the area is limited mainly by water scarcity.
Irrigated agriculture is by far the biggest user of runoff
water in South Africa. In 2000 irrigated agriculture used 7
900 x 106 m3 of runoff, around 61% of the 12 900 x 106 m3
runoff used by all sectors during that year or just under 40%
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of the estimated 20 x 109 m3 exploitable runoff (DWAF, 2004).
Because of this large proportion of South Africa’s blue water
resources being used by irrigated agriculture, there is understandably a great deal of pressure to transfer water to other
sectors. This could have major implications for food security,
since a large proportion of several food crops is produced
under irrigation, e.g. about 90% of all fruit and vegetables
(Nieuwoudt et al., 2004). In view of the scarce water resources
and the huge demand by irrigated agriculture, South Africa’s
Water Research Commission (WRC) has over its 40-year history continuously invested in developing tools that can assist
water managers and growers to optimise irrigation water-use
efficiency.
The primary aim of irrigation scheduling is to minimise
wasteful losses of water (percolation beyond what is necessary
for salt leaching, surface runoff and evaporation) and maximise
transpiration, which is the beneficial loss of water due to its
direct link with dry matter production (Tanner and Sinclair,
1983). Scheduling, therefore, plays a fundamental role in determining crop water productivity (CWP), which is a performance
indicator used to describe the relationship between water
applied and agricultural product output.
The pioneering work of, inter alia, Gardner (1960),
Denmead and Shaw (1962) and Passioura (1988), set the
fundamental theoretical framework of soil-plant-water relations. Much of the research over the past few decades has
been to operationalise this framework, i.e. to make it useful to
irrigation farmers. This has involved the characterisation of
soil-water holding properties, the development of soil-water
monitoring tools and methods to predict plant-water use.
Although enormous progress has been made, and the scientific
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