Modelling the economic tradeoffs between allocating water
for crop production or leaching for salinity management
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Abstract
Salinisation threatens the sustainability of irrigation agriculture and needs to be managed through leaching practices. Under
conditions of water scarcity a tradeoff exists between allocating water for salinity management and production. Currently
no model in South Africa is able to model explicitly the impact of salinity management through leaching on the economic
efficiency of irrigation farming, taking the opportunity cost of water under limited water supply conditions into consideration. The main objective of this paper is to develop a robust non-linear optimisation model that is able to determine endogenously the impact of declining irrigation water quality on the economic efficiency of irrigation farming. A data envelopment framework was used to integrate recently developed soil water salinity crop-yield production functions and leaching
functions to model the complex interactions involved in water allocation decisions. Results showed that it is profitable to
reduce the area irrigated under limited water supply conditions in order to release water for leaching purposes. When more
water, but still a limited amount of water, is allocated to the farmer, his willingness to pay for water will increase if irrigation water deteriorates. Thus, the conclusion is that leaching is profitable irrespective of the water supply conditions.

Keywords: salinity, leaching, economics, trade-off, non-linear optimisation, data envelopment analysis

Introduction
Salinisation is a worldwide problem (Marcum, 2006), which
also affects South African irrigation land. It has been estimated that between 5% and 12% of the total irrigation area of
South Africa is moderately affected and between 1% and 12%
is severely water-logged (WRC, 1996). Under water-logged
conditions salt migrates to the rivers through natural pathways
and artificial drainage systems (Smedema and Shiati, 2002).
Because of the use and reuse of water for irrigation, water quality deteriorates temporally and spatially along river systems as
farmers extract large amounts of water from the rivers for irrigation (Van Rensburg et al., 2008; Le Roux et al., 2007). Saline
water affects crops indirectly through the osmotic component
of the total soil water potential that reduces the plant-available
water in the soil (West et al., 1986). Under severe salinity conditions, it will induce water stress and hence yield reductions
as shown by Ehlers et al. (2007) and Dikgwatlhe et al. (2008).
Soils are mainly affected through the impact of the salt on flocculation of soil particles or the dispersion of aggregates. Sodic
water tends to disperse soil aggregates and hence restrict both
the infiltrability and hydraulic conductivity of the soils, and by
doing so increases the potential for greater runoff and waterlogging (Nelson and Ham, 2000).
Irrigation management has become complex in the light of
deteriorating water quality and demands research of an interdisciplinary nature to support decision-making. Historically,
decisions on when and how much to irrigate were mainly based
on the biophysical conditions within the soil-plant-atmospheric
continuum (Hillel, 2000). These include factors such as the
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evaporative demand of the crop, the storage capacity of the soil
or plant available water and the sensitivity of specific growth
stages, or the crop in general, to water stress (Stegman, 1983).
Typically, the objective of irrigation scheduling was to maximise crop yield or to minimise crop water stress. English et
al. (2002) argue that irrigation based on economic efficiency
principles will be the new paradigm that will govern irrigation management in the light of limited water supplies that are
threatened by deteriorating water quality. Economic efficiency
requires the decision-maker to explicitly consider costs, revenues and the opportunity cost of water in his decisions.
Irrigators can mitigate the effect of salinity on profit margins through the introduction of more salt-tolerant crops or by
managing the level of salt in the soil through leaching (Young,
2005). Under limited water supply conditions, the irrigator
needs to decide between using the water to plant the maximum
area, with reduced crop yield per hectare, or reducing the crop
area thereby releasing some water for leaching purposes, which
will increase the crop yield per hectare. Such a tradeoff is
typically evaluated with an optimisation model. Critical to the
analysis is the modelling of the non-linear relationship between
the increasing leaching requirement, resulting from soil water
salinity, and final crop yield as affected by soil water salinity.
Within a South African context, Armour and Viljoen (2002;
2007) developed an optimisation model to evaluate on-farm
options to mitigate salinisation. Due to a lack of data to quantify a continuous relationship that characterises the leaching
requirement, expert opinion was employed to generate several
activities, representing different combinations of soil and
leaching fraction, in order to model the relationship. Potential
problems exist with such a procedure with regard to robustness and the transferability of the generated database to other
applications.
The main objective of this paper is to develop a robust
non-linear optimisation model that is able to endogenously
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