A catchment-scale irrigation systems model for sugarcane
Part 2: Model application
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Abstract
In the face of growing uncertainty regarding water availability to irrigated agriculture in South Africa, a computer simulation
model, ACRUCane, has been developed to provide management information to irrigators of sugarcane and catchment water
managers. ACRUCane can be used to simulate catchment hydrology, sugarcane yield, irrigation water requirement and water
supply. The development and verification of the model is described in a companion paper. In order to illustrate the application of the model, it was configured to represent a catchment in northern KwaZulu-Natal (Pongola) with runoff feeding into a
dam which supplied water for a dragline irrigation system. Various ‘what if’ scenarios representing potential changes to the
irrigation system or management practice were assessed. Analysis of the simulated scenarios showed the interdependencies
between irrigation application uniformity and irrigation scheduling. Improved application uniformities needed to be combined with improved scheduling to obtain maximum benefit, estimated to be approximately R3 000/ha. Improved scheduling
resulted in fewer seasons with water shortages and crop yield reductions. Replacing the dragline system with subsurface drip
(SSD) resulted in gains in the proportion of applied water used beneficially and a small increase in crop yields. However, the
amount of water applied using both types of irrigation system and the impacts on the dam storage levels were very similar.
The increased capital cost of the SSD system relative to the dragline system resulted in marginally lower profits.
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Introduction
In light of the increasing pressure facing sugarcane irrigation
farmers in South Africa to use water more effectively and to
justify existing water use, reliable integrated water management
information for both irrigators and water managers is necessary. Many modelling tools have been developed to model the
growth of sugarcane and/or to manage water resources. However, until recently no models used in South Africa were capable
of providing the necessary management information in an integrated fashion. For this reason, ACRUCane (Moult et al., 2009),
a catchment-scale agro-hydrological model for sugarcane, was
developed. This model was developed to operate as a sub-model
within the ACRU model (Schulze, 1995) and has the capacity
to account for the impact of different soils, seasonal weather,
irrigation systems and water management strategies on the profitability of irrigated sugarcane, in an integrated catchment context.
The development and results of a verification study for
the ACRUCane model are described in a companion paper
(Moult et al., 2009). In this paper, a case study is used to illustrate how the ACRUCane model can be used to provide decision support information to irrigators and water resource
managers, by being able to account for different types of irrigation systems performing at different levels of efficiency,
with different scheduling strategies and different water supply
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constraints. In order to illustrate this, a scenario consisting of a
dragline irrigation system with supply constraints, assumed to
be in northern KwaZulu-Natal (Pongola) was simulated using
observed climatic data for a hypothetical catchment. The irrigator, wanting to improve profit, could utilise and potentially
benefit considerably from economic comparisons of his current
system with alternative irrigation scenarios. The new scenarios, representing potentially beneficial changes which could be
implemented, were simulated by changing:
• Application uniformity, represented by an improvement in
distribution uniformity (DU)
• Scheduling, represented by using an improved demandbased schedule
• Irrigation system type, represented by changing to a subsurface drip irrigation system.

Description of hypothetical catchment and
irrigated area
The primary objective of the work reported in this paper was to
illustrate the potential of the ACRUCane model as a decision support tool. The model development and verification is reported
in another companion paper by Moult et al. (2009). It was thus
decided to create a hypothetical catchment based on realistic
input parameters, rather than configuring a real catchment and
irrigation systems for the ACRU modelling system. Several simplifying assumptions were made and are presented below.
The land cover of a hypothetical 200 km 2 catchment was
assumed to be veld in good condition. Daily values of maximum and minimum temperature, relative humidity, rainfall,
and radiation data from Pongola (27º24’S, 31º18’E) were used to
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