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Abstract  
Nowadays the use of drones and satellites equipped with Vis and NIR cameras and hyperspectral 
imaging are becoming essential tools for professionals and researchers in agronomy to manage 
crop health and productivity. In the last decade, the popularization of smartphones and the 
consequent increase of affordability of this technology has allowed the mainstream use of 
applications based on image capture and geo-localization among other technologies in both, 
research and agronomical industry. Regrettably, although affordable or free apps allow plant 
identification, leaf/canopy measure, disease mapping and fertilization calculation there is a lack of 
information and availability of this kind innovative tools in the academic program of Agronomical 
engineering, and students are not introduced to this type of technology. The proposed aim of this 
work is that the students learn about these technologies through research activities at the beginning 
of their careers. As a first step to prepare students to cope with those advances in technological 
tools we decided to prepare an introductory theoretical session to this kind of applications and later, 
take advantage of practical sessions to show some practical uses of this technology. With this aim 
we acquired a thermal camera attached to a smartphone to acquire thermal images of plants in an 
experiment using well-nourished plants and groups of plants under deficit of some macro or micro 
elements. In this practical session students must characterize the anatomical and physiological 
consequences of each deficiency by measuring growth parameters and acquiring images of 
characteristic lesions with their phones. On top of that we used thermal imaging to assess 
differences in leaf temperature that would be associated with nutrient deficiency in the field as a 
nondestructive and fast method to assess the health of a commercial crop. 
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1 INTRODUCTION  
In the last decades the agronomical industry has embraced the use of state-of-the-art technologies 
to accomplish marked demands of constantly increasing production and more ecologically friendly 
practices which implies lower use of chemical products like pesticides and fertilizers. In a world with 
increased variability in weather patterns, including extreme variations in temperature and 
precipitations [1] these goals of quality and production need the use of best practices and 
technology to reach what is known as precision farming [2]. Precision agriculture or precision 
farming is a farming management concept based on observing, measuring and responding to 
variability (among fields or areas and in time) in crops. The goal of this management practice is to 
optimizing returns while preserving resources. 

The possibilities driven by precision farming were largely enabled by the widespread use of the 
GPS, as the ability to locate a position in the field allows to create maps of variables of interest like 
yield, soil moisture, levels of mineral nutrients like phosphorous or nitrogen. The recent 
development and popularization of relatively inexpensive unmanned aerial vehicles equipped with 
RGB or hyperspectral cameras has also led to the capture of large amounts of information that can 
be processed to create vegetation maps. 

Smartphone applications are becoming very popular in precision farming. A smartphone is 
affordable, portable and has a relatively high computing power, also by definition smartphones have 
a camera, a GPS, a microphone and an accelerometer which allows to run applications such as field 
mapping, obtaining weather and crop information. 

Given this scenario, we aim to provide our Agronomical Science students with the knowledge and 
tools necessaries for then to be competitive in a quickly developing industry. Regretfully, the rate of 
innovation of an industry or field surpasses the ability of some institutions to adapt the content of the 
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subjects to better serve the goals of their students. To fill that gap we decided to start with this 
initiative as a first contact to explore the implantation of courses or themes within pre-existing 
courses related to new technologies in precision farming and imaging technologies. One of the aims 
of these activities was to get some feedback from the students to have some data about the 
potential interest in these topics and their point of view about the feasibility of our project. 

2 METHODOLOGY 
Two activities were designed as a starting point of our educational project of introduction to Apps 
related to agriculture within the Degree in Agricultural Engineering. First a lecture of one hour in 
which we introduced the main concepts of precision agriculture and imaging technologies to the 
students of the course of Plant Breeding, a second-year course within the Degree. 

In the first activity a lecture dealing with applications and new technologies in agriculture, the main 
points of the lecture were: 1) Types of applications and its use in agriculture 2) Use of Google maps 
as a tool to manage a field 3) Theory and applications of hyperspectral imaging. After the theoretical 
explanation we spent 20 minutes debating with the students about their opinion on the applicability 
of this technologies in their future careers and if this type of content needs to win more weight in our 
Degree. 

The second activity developed was a practical session within a preexisting activity of 
characterization of the responses of tomato plants to several nutrient deficiencies. Briefly, students 
must plant tomato plants in an inert substrate (perlite), divide the plants into groups of three and 
water them for two months (twice a week) with nutrient solutions. Each of the nutrient solutions is 
deficient in a macro or micro nutrient [3] except the control that has all necessary nutrients. After two 
months plants are compared by characterizing size, weight and characteristic injuries in the leaves. 

To introduce new technologies related to imaging and precision farming we purchased an InfraRed 
(IR) camera (Flir One Pro. Flir Systems. Massachusetts, USA). IR cameras and thermography are 
used to detect differences in temperature. This technology has been very popular in Engineering to 
detect electrical and water leaks. In agriculture leaf surface temperature is inversely related with 
transpiration, when a plant is transpiring water its leaf surface decreased. Accordingly, IR imaging 
can be used to evaluate plant water status in a non-destructive way. 

In this activity we made a demonstration of the camera use and encouraged the students to 
evaluate if there were differences between the control group or any of the treatments (Figure 1). 

After the activities we passed a test to the students to get some data about their opinion on the 
topics of these activities and how they believe that these topics must be introduced, if so, in the 
degree. 
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Figure 1. Thermal images of tomato plants under healthy conditions (BD) and under stress (AC). Blue tones 

denote low temperatures associated with transpiration and red tones denote higher temperatures 
associated with lower transpiration. 

3 RESULTS 
To get some feedback from our students we evaluated their impressions with the results on a 
mandatory test after the activities and some informal conversations. The test consisted of four 
questions with a possible answer of yes, no or I don’t know/I don’t care to a total of 26 students of 
Plant Breeding. The questions proposed were: 

• Q 1. Were you familiar with this kind of Apps and technology in the context of Plant Breeding?  
• Q 2. Do you see a relation between these topics and the context of the degree?  

• Q 3. Do you think this kind of content is attractive as a Plant Breeding student? 
• Q 4. Do you think that this kind of contend must be included in the Degree as a subject or within 

other courses? 

 
Figure 2. Responses to the test after the activities. 
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The results of the test were mostly positive (Figure 1 Q1), although most students were aware of some 
of these techniques, most of them did not know the context of its use or the real applications of these 
techniques within a workflow with the aim to get data. Most students showed an interest of this kind of 
technology and applications but in a vague way as responses to Q4 although positive showed that a 
majority of students don’t see the point in a deeper knowledge in this topic or really don’t know or care.  

This detachment from a topic that seems interesting to a lack of enthusiasm about its inclusion 
somehow in the agenda was further explained in the informal talk with the students. According to 
some responses that seem to represent a majority, students don’t relate to the use of this technology 
in the context of the local industry, as this kind of management is more extended in countries like USA 
and UK and local/regional industry does not use these techniques, they do not feel that this is going to 
be of any use or that the applicability of this will be of little use. 

4 CONCLUSIONS 
The main conclusion from these activities and the test is that there is a general lack of engagement to 
the incorporation of this topics to the curricula. To avoid this, we consider that one of the best ways to 
increase the interest is to set practical examples of use, trying to show how these technologies can 
improve the professional work in the local-to-regional context. 
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