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3.2.13. Deficit irrigation. 

 

3.2.13.1. Description.

Because of the costs associated with irrigation development, most irrigation systems are designed to apply sufficient water to meet crop 
needs (ETc). However, in cases where there is a structural deficit of water resources, for instance an increase of irrigated area without 
increasing water availability, or occasional shortages during a drought, deficit irrigation (DI) is used as an irrigation management 
technique that, by applying insufficient water causes crop transpiration to be below its maximum, unstressed value (Fereres and 
Villalobos, 2016). DI is a strategy to optimize the limited water supply and to cope with water shortages which may be temporary or 
permanent. In all cases DI requires a good understanding of the determination of crop water requirements, crop physiology and the 
yield response to water. The basic concept of DI is that, given that the reduction in yield for a given reduction in crop evapotranspiration 
(ET), ETc, will vary depending on the crop physiological stage (Figure 3.2.13.1). The reduced amount of water should be applied when 
the crop is least sensitive to water deficits. 

 
Figure 3.2.13.1. Response of crop yield to increasing deficit and application of this deficit to phenological 

periods of higher sensitivity to water stress (arrow direction). Source: Fereres and Villalobos (2016).   
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There is a major distinction in DI between annual and tree crops. In both types of crops, proper implementation of DI relies on 
experimental information on specific crops and conditions. This information can be complemented with modelling analysis with crop 
simulation models, providing that they have been calibrated locally. In most annual crops the most sensitive stages to water deficits are 
those at which yield-determining processes occur (flowering, fruit set and fruit growth).
There is much less flexibility in tree crops as a opposed to field crops to respond to water shortage condition e.g. by reducing the 
planted area. Additionally, in tree crops the impact of DI in a given year will impact subsequent yields in future years. The response 
of tree crops yield to deficit irrigation is much more complex than that of annual crops, and their yield determining processes are less 
well understood. In tree crops, deficit irrigation is usually synonymous with Regulated Deficit Irrigation (RDI) in which the available 
irrigated water is distributed differently in different growing periods with the objective of concentrating the water deficits in the periods 
in which the tree crop is least sensitive to it (Figure 3.2.13.2). Thus, RDI is different to a sustained (or continuous) DI strategy in which 
a fraction of the water available for irrigation is distributed uniformly and proportionally to the crop ETc during the growing season. 
The DI approach, which distributes the available water uniformly, might result (depending on climate and soil conditions) in having 
water stress in some yield sensitive periods. 

The formulation of a DI strategy as a BMP requires substantial knowledge of crop response and of the anticipated water availability. 
As a general rule, DI aims to concentrates the water resource in a way capable to provide 50-70% of ETc of the crop.

 
Figure 3.2.13.1. Response of tree crop yield to water stress in different phenological periods, from null (A) to 

very sensitive (C). Source: Fereres and Villalobos (2016). 
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