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Abstract 
 
With the ongoing implementation of the 1998 National Water Act in South Africa, irrigation 
water requirements of sugarcane are coming under increasing scrutiny. To provide some 
perspective to the many questions being posed, irrigated sugarcane production functions are 
presented in this paper. The production functions are unique in that they show not only the 
response of sugarcane to various levels of irrigation water applied, but include the impacts of 
irrigation systems that are either well or poorly maintained as indicated by the irrigation 
distribution uniformity. It was shown that poor irrigation distribution uniformities cannot be 
corrected by simply increasing the amount of water applied. Thus, the typical practice of 
increasing irrigation water application amount to account for low irrigation uniformities in net 
to gross irrigation water requirement calculations, can lead to substantial wastage. The 
impacts of reduced irrigation water allocations on crop yields should not be generalised, even 
for a specific location. For the case studies reported, near maximum crop yields in 
Komatipoort required at least 1 150 mm of irrigation water on shallow, 0.6 m deep sandy clay 
loam soils compared with only 900 mm on 1.2 m deep sandy clay loam soils. 
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Introduction 
 
With the ongoing implementation of the 1998 National Water Act in South Africa, and the 
associated initiatives to potentially re-allocate water, the irrigation water requirements of 
sugarcane are coming under increasing scrutiny. There are also uncertainties surrounding 
conversion of net irrigation water requirements to gross irrigation water requirements (Burt 
and Styles, 2007), i.e. water contributing to crop evapotranspiration requirements and yield 
versus water withdrawn from a source. To provide some perspective on these issues, irrigated 
sugarcane production functions which relate crop yield response to the gross amount of 
irrigation water exiting sprinkler nozzles or emitters, are presented in this paper. The 
production functions show the response of sugarcane to various levels of irrigation water 
applied and are for either well or poorly maintained irrigation systems and for deep and 
shallow soils. 
 

Methodology 
 
A sugarcane yield and irrigation systems simulation model named ZIMsched 2.0 was used for 
the analysis. ZIMsched 2.0 was developed by Lecler (2004) to predict how field derived 
indices of irrigation systems performance, such as the coefficient of uniformity (CU) 
(Koegelenberg and Breedt, 2003), impacted on sucrose yields and the various components of 
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the water balance. The model has been verified against trial data for a range of soil conditions, 
seasonal climates, and irrigation scheduling strategies. 
 
Fourteen years (1985-1999) of daily climate data from the Komatipoort (Tenbosh) weather 
station (25°22'S, 31°55'E) were used for the study reported here. Gross irrigation water 
applications of 42 mm, i.e. the amount of water exiting the sprinkler nozzles expressed as a 
depth equivalent value, were simulated to take place at various soil water depletion levels 
and/or irrigation cycle times in order to reflect different irrigation scheduling strategies and 
degrees of water stress. A sandy clay loam soil with a depth of 0.6 m and total available water 
content (TAWC) of 57 mm was assumed for the shallow soil scenario. A 1.2 m deep profile 
with a TAWC of 114 mm was assumed for the deep soil scenario. Poor system design and 
maintenance was represented by a CU of 60% and ideal system design and maintenance was 
represented by a CU of 80%. Based on research results reported by McNaughton (1981), Tolk 
et al. (1995) and Thompson et al. (1997) it was assumed that 10% of the water exiting the 
sprinkler nozzles was lost to non-beneficial spray evaporation and wind-drift. 
 

Results 
 
The results reported reflect the sugarcane response to the gross amounts of irrigation water 
exiting the sprinkler nozzles. Any conveyance losses within a field or between the field and 
the irrigation water source are not accounted for. Polynomial trend lines were fitted to the data 
using standard Microsoft Excel functionality. The simulated relationships between seasonal 
water applications either as the total amount of irrigation and rain water, or irrigation water 
only, and predicted sucrose yields, expressed as a percentage of the maximum potential 
sucrose yield, are shown in Figure 1. 
 
There were substantial differences in sucrose yields for different uniformities and soil depths, 
for the same water application amount. For instance, a seasonal water application of 1 100 
mm on the shallow soil resulted in 90% and 80% of the potential sucrose yield for well and 
poorly maintained sprinkler irrigation systems respectively. On a deep soil, the corresponding 
maximum sucrose yield was 98% and 85%. In both soils, a well maintained system, 
represented by a more uniform application of water, i.e. a CU of 80%, resulted in substantial 
gains in crop yield relative to the system with a CU of 60%. The impacts of uniformity were 
not as great on the deep soils relative to the shallow soils. 
 
Increasing the amount of irrigation water applied to compensate for non-uniform water 
application is a common practice or even recommendation (Burt and Styles, 2007). The 
results shown in Figure 1 illustrate that this practice resulted in only small increments of yield 
gain for a large amount of additional irrigation water. Furthermore, no matter how much 
additional water was applied, the yield potential of the irrigation system with a CU of 80% 
was never attained by the system with a CU of 60%. It is likely that, with poor uniformities, 
portions of a field that are receiving relatively low amounts of water and which benefit from 
increasing water applications are offset by yield losses on other parts of the field which then 
receive excessive water and suffer due to increasingly anaerobic soil conditions. 
 
For the shallow soil scenarios, sucrose yields declined rapidly when irrigation water 
applications were reduced to below approximately 1 150 mm. For the deep soil scenarios, the 
corresponding irrigation threshold was approximately 900 mm. This illustrates that crop 
response to water applications cannot be generalised and differences in crop response to 
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specific environments should be considered in assessing potential economic impacts of water 
allocations. 
 
The variation in the sucrose yield response to applied water increased when irrigation water 
applications were reduced. This highlights the increasing risk of economic losses with lower 
water applications when drought conditions occur. 
 

 
Figure 1. Sugarcane crop production functions for Komatipoort. The information shown is for 

sprinkler irrigation for soils with a TAWC of 57 mm and 112 mm and for irrigation uniformities 
represented by a CU of 60% and a CU of 80%. Irrigation and rain amounts are gross amounts. 

 
 

Conclusions 
 
The typical practice of simply increasing the amount of irrigation water applied to 
compensate for irrigation systems with a low CU was shown to be largely ineffective. Thus, 
when converting net irrigation water requirements to gross irrigation water requirements, no 
adjustment for low irrigation uniformities should be made. Low irrigation uniformity should 
be specifically addressed through better design, evaluation and maintenance practices. 
Improving the uniformity of irrigation water applications was shown to have substantial crop 
yield benefits, particularly on the relatively shallow soils. 
 
Crop yield response to irrigation cannot be generalised into one production function, even for 
a specific location. Thus, an allocation of water which may be suitable for a particular farm 
and soil may result in substantial yield penalties for another farm with a different soil, even 
where both farms are in the same climatic region. 
 
The production functions shown here are for different soils and irrigation uniformities, but for 
only one type of irrigation system. Application of appropriately representative crop yield and 
irrigation water balance simulation models such as ZIMsched 2.0 should be extended to 
investigate crop responses to different types of irrigation systems and operating strategies. 
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The results of such simulations provide the information necessary to determine optimum 
strategies for making the most effective and efficient use of water, and can be used in re-
allocation scenarios as part of the water licensing process. 
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