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1. Introduction - In this study we used an internationally recognized FAO-56 guidelines to develop a 

smartphone application (hereafter called APP) to forecast the water requirements of apple orchards in the 

Western Cape, South Africa. Although adequate data were available to 

develop the APP, a major drawback was the lack of transferability of the 

crop coefficients (Kc) values between orchards. Orchard crop coefficients 

vary widely with canopy cover, row orientations, tree spacing, irrigation 

systems (i.e., wetted soil fraction), crop loads, cover crops, mulching etc. 

  To overcome this problem, we adopted and improved the method for 

transferring crop factors developed by Allen and Pereira [2009] (hereafter 

A&P). These authors effectively extended the FAO-56 approach by 

estimating Kc using a density coefficient (Kd) calculated using the fraction 

of ground covered by vegetation and plant height. They also included a 

stomatal sensitivity function which differentiates between the stomatal 

responses of different crop types to environmental stresses. The orchard water use APP developed in this 

study has the potential to improve irrigation scheduling and water allocation planning by providing 

detailed forecasts of the actual orchard evapotranspiration and its components. 

 

2. Experimental - A pilot version of the smartphone APP (image 1) was developed for apple orchards 

with varying age group using readily available data as inputs. The inputs include, orchard coordinates, an 

estimate of the fractional vegetation cover, average tree height, soil type, cover crop status and irrigation 

system. The user then decides how far ahead they wish to get the daily forecasts. We recommend a 

maximum of seven days ahead because the accuracy of the weather forecasts declines with longer 

forecasting intervals. The APP works on both Android and IOS platforms. The outputs from the APP 

include the daily orchard transpiration, evapotranspiration, and reference evapotranspiration. A weekly 

summary of the crop coefficients is also produced.  

 

3. Results and Discussion - Validation of the APP’s water use forecasts with field measurements yielded 

promising results, but further testing or improvements are needed to arrive at a fully operational tool. 

While the forecast reference evapotranspiration (ETo) closely matched the observed trends, the APP 

tended to slightly overestimate the ETo on hot dry days by just over 1.0 mm/d. In high density orchards in 

which individual tree canopy volumes were small, the APP’s forecasts of orchard transpiration were fairly 

accurate with the root mean square error less than ±1.0 mm/d. However, in a mature orchard in which row 

spacing was wide and hence the trees had large canopy sizes, the APP significantly under-estimated the 

transpiration rates, possibly because of the inaccurate estimates of the fractional vegetation cover.   

  

4. Conclusions -   While the need for a method to derive accurate crop coefficients using readily available 

information is essential for precise water resources management, this study demonstrates that there is also 

a need for a detailed understanding of the physiology of the specific crops. Different crops regulate their 

stomatal aperture in response to environmental stresses in different ways to balance CO2 gain and 

transpirational losses. 
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Image 1. Steps involved in developing 

Smart Water Use Application. 


