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Abstract 
Didactic tools that help the student to understand the rationale behind solving specific problems may 
have a major role in the process of teaching-learning in Agricultural science and engineering. Water 
management that looks for an efficient use of resources and a minimum environmental impact is crucial 
to ensure the sustainability of irrigated cropping systems. But calculating crop water requirements and 
selecting the best irrigation schedule is a complex task, as it requires information on crop characteristics 
and environmental conditions that determine the water demand. The aim of this study is to describe the 
potential application of a didactic tool that integrates knowledge on crops, climate, and soils to teach 
water management in higher education degrees related to agriculture. The didactic tool is an Excel book 
that allows the student to choose a particular location and to design a crop rotation for which the student 
can modify the field size and relevant irrigation parameters (i.e., efficiency, time, etc.). Water 
requirements tailored to the student designed case study are calculated and plotted, allowing 
comparison of the various selected combinations. Additionally, calculations can be done based on actual 
climate data collected from the national meteorological stations network or based on future climate 
conditions estimated by the Delta methodology. The didactic tool is available in English and Spanish 
and allows designing case studies in the main irrigated areas of the Iberian Peninsula. Access to a 
manual and the bibliographic material in which the program is based is also provided. The present work 
will discuss the use of the application with undergraduate students and some of the exercises proposed 
for the use with students. The didactic tool showed high potential for teaching as it allows the students 
to have an active role in designing the case studies and contributes to understanding the concepts 
behind water management in cropping systems. 
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1 INTRODUCTION 
Water and nutrient availability are the most limiting crop growth factors at the global scale [1]. Water 
management is crucial to ensure the sustainability of irrigated agricultural systems, looking for strategies that 
allow maintaining crop productivity, an efficient use of resources and a minimum environmental impact [2]. 
Crop growth is linearly related to water transpiration; therefore, crop water deficit leads to biomass and yield 
reduction [3]. Excessive irrigation enhances water percolation below the root zone and leaching losses of 
agrochemicals (nitrates, herbicides, etc.) that may have a large impact in the quality of water bodies [4]. 
Additionally, whereas low water application may enhance soil conditions that favour salts accumulation [5], 
excessive application may favour conditions that favour denitrification and emissions of greenhouse gases 
[6]. A crucial strategy for maintaining economic profitability, increasing water use efficiency, and minimizing 
environmental impact is adjusting water application to accurately meet crop requirements. Because of that, 
all University degrees related to agricultural sciences and engineering include courses in which guiding 
irrigation and training the students to sustainable water management are the main goals.   

However, sustainable water management is a complex task, as it requires integrating knowledge on 
crops, climate, soils and agricultural practices. The main concepts and methods for calculating crop 
water requirements were published by the FAO (Food and Agriculture Organization) in two excellent 
monographs [7, 8] that are the bases for the irrigation chapters in many textbooks on agronomy [9] and 
computer programs aimed to support water management [10]. However, the regional and local 
information needed for the calculations is frequently hard to compile as it is dispersed in different 
literature sources. In addition, multiple combinations appear when all this knowledge is tailored to a 
particular crop rotation, climate and soil conditions. The time available in the academic courses is usually 
limited and only allows covering a few study cases that serve as example for a practical application of 
the concepts studied in theoretical seminars. Because of that, there is a need for didactic tools that allow 
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the students to design their own crop rotations and play with different combinations of climate and soil 
conditions to better understand their effect on water management. 

The didactic tool presented in this work calculates the water requirements for a crop rotation designed 
by the student in a location of his/her choice. It includes a dataset with a large number of crops from 
which the user can pick as many as needed to create a crop rotation. The student can modify the size 
of the fields and relevant irrigation parameters (i.e., efficiency, time, journey, etc.) as well as some soil 
characteristics relevant for water management. The didactic tool was originally developed using a limited 
set of climatic data [11] and it has been enlarged to include future climate conditions estimated by the 
delta methodology. A more detailed description of the tool will be provided in the Material and Methods 
section, but what is relevant is that the didactic tool has several characteristics that make it suitable for 
the pedagogical purposes, such as flexibility to design different crop rotations, adaptability to integrate 
various climate situations, and facility to use for a student with basic knowledge in Agronomy. 
Additionally, through this application, students will have the opportunity to perform an unlimited number 
of case studies, different from those performed in class, allowing them to compare and reflect on the 
solutions obtained in each of them. Also, students will be able to better visualize and comprehend the 
results obtained with the various tables and graphs that are provided.  

The objective of this study was to describe and assess the potential application of the didactic tool to 
teach water management in Bachelor degrees related to agriculture. This will contribute to attain the 
Sustainable Development Goals (SDG 6: Ensure availability and sustainable management of water).    

2 METHODOLOGY 

2.1 Description of the didactic tool 
The didactic tool is an Excel book that contains several sheets with a user-friendly interface. The crop 
evapotranspiration and water requirements are calculated following the FAO methodology [7, 8] and 
details are provided in the manual that accompanies the didactic tool. Therefore, this section includes a 
brief description of the tool and will focus on the aspects that emphasizes its pedagogical abilities.  

The first sheet contains an irrigation exercise that follows the pattern of the case studies solved in the 
classroom, so a connection between the in-person teaching and the didactic tool is ensured. The 
following sheets are assigned to sections of calculations or contain gathered information necessary for 
the calculations. In the first section (Figure 1) the student works with a fixed crop rotation and can select 
the location by picking from a list of 15 meteorological stations located in Spain. The program takes the 
monthly average reference evapotranspiration (ET0) and the effective precipitation (Pef) from the Climate 
data sheet. Them, monthly and annual evapotranspiration (mm) are calculated for each crop and their 
evolution throughout the year provided to the student as a plot.   

 
Figure 1. Detail of the first section of the didactic tool in which the student picks a meteorological station from a 

list and the program calculates and plots the monthly crop evapotranspiration for a given crop rotation. 
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In this first section the crop water requirements (mm) are also calculated and plotted. The student can 
choose the number and duration of the irrigation events and the program will provide a table showing 
the net water flow per surface area (L/s ha) to irrigate the proposed rotation. The student can also select 
the irrigation efficiency so that the net water flow will be corrected and become the gross water flow per 
surface area (L/s ha). Subsequently, based on the surface area of the farm (ha) defined by the student, 
the gross water flow (L/s) and the water required (m3) to irrigate each crop and the whole farm are 
calculated. Finally, the Climate data sheet has been enlarged to include future climate conditions 
estimated by the delta methodology, so the students can compare the water requirements of the crop 
rotation in the chosen location under current and future climate scenarios. 

The second section is like the previous one but gives the opportunity to the student to design the crops 
cultivated in the farm. The student will create a crop rotation for three plots irrigated with pivots by picking 
three arable crops from a list of fourteen and will pick a permanent woody crop for a drip irrigated plot 
from a list of five (Figure 2). The monthly crop coefficients of these crops for various regions in Spain 
have been collected from different sources [7, 8] and are gathered in the sheet named Crop coefficients. 
The program will pick the monthly crop coefficients of the crops selected and calculate the 
evapotranspiration for each crop and rotation. The crop coefficients also provide information on the crop 
cycle (sowing and harvesting for arable crops, leaf development and fall for woody crops) for the various 
locations helping the student to apply the crop phenology knowledge acquired in other subjects of the 
academic curriculum. Likewise in the previous section, once the location and crop rotation are chosen 
the student can modify the size of the plots, the number and duration of the irrigation events and the 
irrigation efficiency to compare the effect of these changes over the irrigation needs, water flow and 
water required to irrigate the plots and the farm.       

 
Figure 2. Detail of the second section of the didactic tool with two examples of crop rotations selected  

by the student by picking crops from the list shown. 

The third section of the application calculates the irrigation scheduling for maize during the months of 
July and August. The ET0 and Pef monthly data correspond to the farm location chosen in the first 
section. The crop coefficients for maize in the chosen location during those two months are used for 
establishing the monthly (mm/month) and daily (mm/day) irrigation requirements. The net irrigation dose 
is calculated based on the available water (AW), the allowable depletion level (ADL) and the depth of 
the root system. With this and the water requirement, the frequency of irrigation is calculated and 
rounded down to obtain a realistic value called adjusted frequency. The adjusted dose is obtained by 
multiplying the adjusted frequency by the daily irrigation requirement.  

To calculate the first day of irrigation, the program uses the soil humidity condition for June 30. The AW 
is calculated as the difference between the total soil water and the non-available water, which is always 
zero when the total soil water is less than the non-available water. The dose for the first irrigation will 
then be the same as the adjusted dose when the AW is equal to or greater than zero, otherwise, it will 
be calculated as the adjusted dose plus the difference between the non-available water and the total 
soil water. Finally, the program relies on the first irrigation day to calculate the irrigation schedule from 
the already calculated irrigation frequency and provides a calendar with the dates and irrigation dose 
that should be applied. 

In this section, the program allows the variation of soil water storage on June 30th and the depth of the 
root system, so the student can see how these two parameters determine the results obtained. By 
combining changes on these variables with the various locations (section 1) the student can obtain 
multiple irrigation schedules. 
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In the fourth section, the program analyses the effect of the water stress on the yield of the four crops 
in the rotation of the first section (maize, alfalfa, wheat, and vineyards). For such, the following Stewart 
relation is used:  

 

where: 

: Relative attainable yield, being the ratio between the actual yield (Y) and maximum yield 
with no water availability restrictions (Ymax) 

: Crop evapotranspiration with no restriction in water availability (mm) 

: Crop evapotranspiration with limited water availability (mm) 

: Factor of crop’s response to water restriction 

The student has two options. In the first place, it is possible to choose an attainable relative yield for 
each crop and the program calculates the water supply required to achieve them. In the second place, 
the students choose a reduction in water supply and the program calculates how this reduction affects 
crop yield. Finally, the student types this data into a table for the various crops and the program builds 
a plot to better visualize and comprehend the results.    

 
Figure 3. Crop response to a reduction in water application for several crops that 

 can be obtained by the student in section four. 

2.2 Pedagogical activities and evaluation 
The pedagogical activities were developed for 9 hours, involving: i) lectures (4 hours) explaining the 
concepts for irrigation scheduling and the water requirement calculations, ii) solving an irrigation 
exercise in the classroom (4 hours) that corresponds to the case study included in the first sheet of the 
didactic tool, iii) lecture (1 hour) explaining the didactic tool and practice of the students by themselves 
to get familiarized. The students then used the program during a minimum of 2 hours as personal work. 
Finally, a survey to collect the opinion of the students about the didactical tool and a discussion of the 
results with the teacher took place in which comments on the usefulness and limits of the program were 
collected. 

The didactic tool was tested in a group of 51 students of the third year of the School of Agriculture 
Engineering (Universidad Politécnica de Madrid). The effect as a learning tool was evaluated by 
comparing the student marks on the irrigation exercise of the final exam. Students were divided into 
three groups: (1) Not attendant, neither attended to the training lectures or did not work with the didactic 
tool; (2) Lectures only, attended to the lectures but did not do the work with the didactic tool; and (3) 
Lectures + work, attended to the lectures and did the work with the didactic tool. 

max/ 1 (1 / )y adj máxY Y K ET ET= - -

max/Y Y

máxET

adjET

yK
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3 RESULTS 
From the 51 students that took the final exam, 42 attended the training lectures including both, concept-
lectures and the ones solving the exercise; among those were 36 that in addition to attending the lectures 
presented a homework in which they applied the didactic tool to design their own crop rotations. The 
irrigation exercise in the final exam was passed by 94% of the students that attended the class and 
presented the work with the didactic tool, whereas only by 50% of the students that attended the class 
but did not present the work (Figure 4). No more than 15% of the students that did not attend the lectures 
passed the irrigation exercise in the final exam. The average grade of the students that attended to the 
lectures and did the work with the didactic tool was 7.1 over 10, whereas for the students that only 
attended to the lectures was 4.3. 

It is possible that the students that presented the work with the didactic tool already had, before doing 
the work, more interest in the subject that the students that only attended the lectures; therefore, some 
bias in the results could be expected. Nevertheless, the didactic tool seems to have a positive effect as 
a learning tool as it enhanced the performance of the students that used it. To mitigate the potential bias 
caused by the former student interest on the subject, other evaluation methodologies such as the pre-
test-post-test control group design might be more suitable to assess the effect of the didactic tool on the 
learning process [12, 13].      

 
Figure 4. Percentage of students that passed the irrigation exercise in the final exam that neither attended to the 
training lectures or did the work with the didactic tool (Not attendant), attended to the lectures but did not do the 

work (Lectures only) or attended to the lectures and did the work with the didactic tool (Lectures + work). 

4 CONCLUSIONS 
The didactic tool showed high potential for being used as a teaching tool since it helps understanding 
the rationale behind water management. After attending a short explanatory lesson (1 hour) and using 
the didactic tool the students increased their knowledge in water management, improving their 
performance in the irrigation exercise of the final exam. The irrigation exercise was passed by 94% of 
the students that attended the class and presented the work with the didactic tool, whereas by 50% of 
the students that attended the class but did not present the work. Finally, students enjoyed using the 
didactic tool and remarked that water management is one of the most important subjects in their career 
and the didactic tool contributed to connect many of the concepts seen in theory. 
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