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Abstract 
 
Water use of rain-fed sugarcane has come under the spotlight in South Africa, largely as a 
result of changes in legislation and a focus on streamflow reduction activities. In this study, 
Thompson’s (1976) relationship between sugarcane yield and evapotranspiration is applied in 
conjunction with regional cane production records. These were used to provide regional 
estimates of water use of commercial rain-fed and irrigated sugarcane as affected by 
environmental limitations. The mean water use of sugarcane at an industry scale was 
598 mm/annum. This included irrigated cane and is approximately 40% of the mean industry 
potential evapotranspiration for a full canopy crop. An estimate of water use of rain-fed cane 
is approximately 36% of potential evapotranspiration. The results given in this paper provide 
strong evidence that simple comparisons of the potential evapotranspiration of different crops 
or land covers are of little value in determining potential hydrological impacts. 
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Introduction 
 
The water use of rain-fed sugarcane has come into focus in South Africa, largely as a result of 
the 1998 South African Water Act which, inter alia, regulates streamflow reduction activities 
(SFRA). Kruger et al. (2000) used Potential Evapotranspiration (PET) rates of different land 
uses to target potential SFRA. Sugarcane has high PET rates and was targeted for further 
investigation. A key question, however, is to establish whether PET is a reasonable parameter 
to estimate hydrological impacts. 
 
This short communication reports on the work by Bezuidenhout et al. (2006). Thompson’s 
(1976) robust relationship between sugarcane yield and actual evapotranspiration (AET) was 
applied in conjunction with historical cane yield records to provide regional estimates of the 
actual water use of sugarcane as affected by environmental limitations. The hypothesis was 
that, in reality, growing conditions are seldom ideal and, as a result, the actual water use/AET 
of a crop is distinctly different to PET. In addition, the AET of different crops can be similar 
when grown under water limited conditions, such as in shallow soils, despite large 
differences in PET rates. 
 

                                                 
* First published in Water SA, 2006, 32(2). 
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Methodology 
 
Thompson (1976) derived a robust relationship between sugarcane yield and AET (Eq. 1). 
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(1)

where: 
ΣEP (mm) is total AET since crop initiation 
Yield (t/ha) is cane yield 

 
Equation 1 is representative of the typical harvesting windows in commercial sugarcane crops 
in South Africa, and provided a reputable benchmark for several research studies (e.g. 
Coombs, 1984; Schulze, 1995; Lumsden et al, 1998; Singels and Bezuidenhout, 2002). 
Thompson’s model has been widely referenced and acknowledged, including in Brazil 
(Scarpari and de Beauclair, 2004), Australia (Muchow et al, 1994; Robertson et al, 1996; 
Evensen et al, 1997), Thailand (Brzesowsky and van Vilsteren, 1988), the USA (Legendre 
and Burner, 1995) and Mauritius (Cheeroo-Nayamuth et al, 2000). 
 
Regional total annual sugarcane production from 1979 to 2002 was estimated from annual 
historical mill crush data. The estimates were corrected for seedcane schemes, cane spillages, 
losses associated with harvest to crush delays, changes in milling configurations and changes 
to crop age (Bezuidenhout et al, 2006). 
 

Results and Discussion 
 
The mean water use of sugarcane at an industry scale was 598 mm/annum. This estimate, 
which includes irrigated cane, is 40% of 1400 mm/a potential water use of a fully canopied 
crop, as calculated using the Penman-Monteith equation (McGlinchey and Inman-Bamber, 
1996). Figures 1a-e depict probability of non-exceedance plots of AET for the South African 
sugarcane growing regions. The mean AET values are illustrated in Figure 2 to depict spatial 
trends. 
 
Water use in the Northern Irrigated regions of Mpumalanga and Pongola is significantly 
higher than in the other regions. Zululand (Figure 1b) has a wide range of climatic regions, 
stretching from high altitude mistbelt conditions at Entumeni to floodplain and large irrigated 
areas at Umfolozi. It was noted that water use on the South Coast is similar to that of the 
Midlands, even though the evaporative demand on the coast is higher. This is probably 
attributed to: 
 
• poorer sandy soils and hence more water stress on the coast 
• the inclusion of some irrigated cane in the Midlands. 
 
The South Coast is the only region where the influence of irrigated cane on water use 
estimates can be neglected. The median water use as a percentage of PET in this region is 
36%. 
 
It is apparent that soil water availability is limiting in the evapotranspiration process for rain-
fed sugarcane in South Africa. This implies that, although differences between the AET of 
different crops may be small, the PET of these crops may be distinctively different. 
Furthermore, rooting characteristics of different crops, which affect soil water availability, 
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are important determinants of hydrological impacts and are, under rain-fed conditions, 
probably more important than any differences in PET. 
 
The use of PET to determine potential SFRAs is over-simplified. Comprehensive systems 
analyses with representative process-based hydrological models are needed to determine 
whether or not there are any significant differences between the AET of different crops, and 
how these differences will impact on water availability between competing users. The results 
of this paper provide a good benchmark of AET for sugarcane, which will be valuable in such 
a modelling exercise. 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Probability of non-exceedance plots of mean annual regional water use based on the 
1978 to 2002 seasons. Solid lines to the right of these plots depict long-term mean potential 

water use values (from Bezuidenhout et al, 2006). 
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Figure 2. Spatial distribution of annual estimated water use by sugarcane (black areas in pie 
charts) relative to mean annual potential evapotranspiration (PET) (indicated by the size of 

each pie chart) (from Bezuidenhout et al, 2006). 
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