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1. Introduction 

The main objective of the Public Policy Project in Bioeconomy (PPPBio) is to 

develop a Roadmap of the Bioeconomy for Brazil focusing on São Paulo State and more 

specifically on Campinas Region. The main idea is to create the basis for a world-class 

ecosystem in bioeconomy for Brazil that could be replicated in other regions and serve a 

model to boost Brazilian economic development. 

Considering the necessary global effort and Brazilian Government commitments, the 

PPPBio Project proposes the following vision: 

The Brazilian economy, in the next 10-35 years, will experiment a transition 

towards the bioeconomy in substitution of petroleum-based (fossil) economy. This 

transition will take place with the promotion of high value sustainable bio-based 

products, derived from agriculture, food, health, bioenergy, and green chemistry, 

will have to be effective, efficient, and advantageous from the environmental, 

social, and economic points of view, in order to consolidate the expansion of the 

Brazilian economy and its participation worldwide. 

From this Vision, three objectives arise: (i) reduce GHG emission, (ii) increase 

number of formal jobs and (iii) create new products (Cortez, 2016): 

 

One of the important research topics considered in this project, previously selected 

and considered relevant by the group of researchers from the members of the Agropolo 

Campinas-Brazil, are technology development for precision agriculture. The main 

goal of the 6th Workshop was to stimulate debates on present actions, challenges, 

opportunities, and strategies for development of innovative technologies for precision 

agriculture, to facilitate precision farming adoption by growers with different profiles, size 

of farms and levels of in-field technology adoption. Further, to structure project research 

themes and to allow a good interaction with private sector. 
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Thus, the content expressed here is based on what was discussed in the workshop 

(WS) sections mixed with the opinions of the WS coordinators. Further, the summarized 

information presented here will serve as basic information for the Bioeconomy Roadmap, 

which is the main goal of Agropolo initiative at this beginning stage. 

This WR presents the Desired products, technologies or processes, the Critical 

System Requirements, Large Technological Areas and corresponding Technology 

Drivers, Present Scientific and Technological Capabilities, Gaps and Barriers, and an 

Analysis of Technological Development Strategies. 

Section I – Desired products, technologies or processes 

Precision Agriculture (PA) is a modern farming management concept using digital 
techniques to monitor and optimize agricultural production processes. PA methods 
promise to increase the quantity and quality of agricultural output while optimizing input 
usage (water, energy, fertilizers, pesticides…). A wide range of enabling technologies for 
PA are available. These technologies are used for object identification, geo-referencing, 
measurement of specific parameters, Global Navigation Satellite Systems (GNSS), 
connectivity, data storage and analysis, advisory systems, robotics and autonomous 
navigation, and the Internet of Things (Banu, 2015; Schrijver, 2016). The aim is to 
increase profits, reduce environmental impact and produce more and better food. Today 
the PA market is fully embraced by the sector and investors, but the full potential of PA 
has not yet been harnessed (Banu, 2015; Schrijver, 2016).  

Farmers usually are aware that their fields have variable yields across the 
landscape. These variations can be traced to management practices, soil properties, 
sanity issues and/or environmental characteristics. A farmer’s mental information 
database about how to treat different areas in a field required years of observation and 
implementation through trial-and error; but it is not feasible on large areas. Precision 
agriculture offers the potential to automate and simplify the collection and analysis of 
information. It allows management decisions to be made and quickly implemented on 
small areas within larger fields. Moreover, PA allows small landholders to better 
understand why such specific management have to be done on a certain portion of the 
field, allowing management optimization. 

Precision agriculture aims to manage agricultural fields considering their spatial 

and temporal variability. To make feasible and promote PA adoption with the needed 

information detail, tools for soil and crop sensing are demanded as well as crop 

monitoring techniques. Thus, academy, research and development institutes, and 

companies show high potential for establishing partnerships aiming technology 

development to improve precision agriculture suitability for growers with different profiles, 

size of farms and levels of in-field technology adoption. Therefore, PA shows potential to 

increase job positions, optimize profits, aggregate value to agricultural products, and 

reduce environmental impacts due to rational use of inputs. 

For such, many gaps must be fulfilled. Growers frequently face problems when 

trying to use PA tools that were designed for huge enterprises, since data resolution 

achieved in a suitable way frequently do not allow the optimum return. Thus, proper 
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equipment and techniques have to be developed. On the other hand, small landholders 

often do not adopt PA approach because the available technology was build looking to 

big or high-tech (intensive) farmers from other parts of the Globe. Thus, it is mandatory 

technology development looking to the particularities of the Brazilian small growers that 

generally are very low-technology practitioners. 

Under this scope and taking into account the amount of research that has been 

done around the World, we believe that three main processes need to be addressed in 

order to allow a proper precision agriculture development and a quick return of the 

investment by the growers: Soil spatial characterization; Crop monitoring and Site-

specific pest management and can be considered the critical points for further 

development of PA. 

Soil spatial characterization 

Soil is the basis for plant production. Thus, its characterization under PA concept 

of high spatial resolution data is mandatory. The most globally used PA technique is the 

variable-rate fertilizer application, which are mainly based on grid sampling proceeded by 

soil lab analysis. Such approach shows a lot of limitations due to the cost of such survey 

on the demanded scale, related to sampling procedure and lab costs (Heege, 2011; 

Nanni et al., 2011). Thus, it is mandatory to develop techniques for such soil fertility 

characterization. Moreover, other soil parameters, like soil compaction and classification, 

can improve PA profits and need to be proposed.   

The problem of the current approach for soil characterization is that it is completely 

based on “manual” sampling, where the technician has to go to the field to collect the 

data. Besides, often samples are collected and send to laboratory analysis. Such 

procedure is costly and time consuming. As a result, the spatial variability, represented by 

variability or prescription maps frequently show low quality (high uncertainty).  Thus, an 

alternative costly effective technology for soil characterization needs to allow very dense 

data collection in order to provide proper spatial variability scale measurement with an 

affordable cost. Also, it needs to provide accurate measurements. However, its accuracy 

can be lower than other reference techniques but its cheapness allow high data collect 

density, compensating the accuracy issue. In addition, it has to suit both large and small 

farms/fields; thus, allow quick data collection and present low prices for small landholders 

(familiar growers).  

Crop monitoring 

Monitoring crop development and sanity is mandatory for site-specific 

management decisions during the same season. Only with this kind of monitoring will be 

possible to optimize food production under a sustainable point of view. However, even on 

large scale (i.e. whole farm) such monitoring is rarely practiced and the inputs are used 

without many agronomical criterions. This is due to the lack of technology that suits the 
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lots of grower profiles demands linked to the fact that more traditional Brazilian growers 

are not familiar with high technology on the farm. Thus, friendly, cheap and useful 

equipment need to be developed. 

On the international market, there are a lot of sensors available for crop 

monitoring, mainly based on the concept of mesh network, which demands stations 

installation. However, no final product attends the requirements of the various grower 

profiles that exist in Brazil, since it requires too high investment to cover areas in the 

proper density to allow site-specific management. The mesh network concept was 

developed for small and high-technified growers; however, such characteristics is 

basically opposite to the Brazilian growers, where the most technified growers are the 

large ones. Thus, such technology need to be improved to attend both contradicting 

grower characteristics (small and large landholders). Thus, some characteristics are 

mandatory: friendly interface and data collection and maintenance, practical data 

connectivity and transfer, low cost, weather resistant, and usage flexibility (fitness to 

various sensor types). 

Site-specific pest management 

Pest attack (i.e. insects, diseases and weeds) are one of the main decreasing 

causes on crop yield and, at the same time, an important factor on production cost 

increase. Even though, its management many times are performed without too much 

criterions, which must reduce its efficiency and increase environmental impact. Thus, it is 

mandatory to perform pest management using integrated approaches as well as taking 

into account the spatial and temporal variability. For such, many products and processes 

need to be proposed, studied and validated.   

Pest monitoring is challenging due to some peculiarities: there are several kinds of 

pests that can occur in specific crops and regions; climate conditions mostly influence the 

incidence; they can spread quickly; they can prejudice the plants and impact crop yield in 

a very short time (few days); the adequate moment to control the pest attack may be very 

restrict. Thus, time-intensive monitoring is demanded as well as an effective decision 

support. The requirements for “crop monitoring” above mentioned applies here as well. 

Moreover, technical knowledge is mandatory. 

The Breakout Session also resulted in the identification of many opportunities in 

each of the aforementioned components, as can be seen in Table 1. 
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Table 1 Opportunities from Breakout Session 

COMPONENT OPPORTUNITIES 

Soil spatial 
characterization 

Field 
- New soil fertilization “rules” for site-specific management 
- Evolution of guidelines / parameters for characterization of soil fertility (new indexes) 
- Definition of the crop needs considering the main soil chemical attributes  
Startups - Entrepreneurship 
- Develop selective ion sensors 
- Develop sensors to detect "available" soil elements for the plant 
- Development of new sensors and enhancement of existing sensors 
- Development of field-use sensors to estimate soil chemical attributes, with rapid response and allowing 

immediate action or planning 
- Develop tools for detailed soil mapping 
- Development of methods and tools for: drones, satellites, sensors, spectral techniques, real-time 
Research centers 
- Map “Champion” small farmers in SP green belt and try to obtain benchmark for best practices 
- Use of new technologies: XRF, LIBS, Electrochemical (ISFET) 
- Test data fusion of multiple sensors 
- Better understanding of the relationship of apparent electrical conductivity of soil with other soil attributes 
- Development of models for use of electrical conductivity data 
- Image to determine the variations between and in the same soil types 
Job opportunities  
- Laboratory Services (jobs) 
- Survey of ECa of the main Brazilian soils 
- Training using new sensors for measurement and economics of field sampling, including soil physics and 

chemistry 
- Use of equipment for surveying soil information such as those used in electrical conductivity and in different 

reliefs 

Crop 
monitoring 

 

Startups – Entrepreneurship 
- Integration of data collected in the field with images for local management 
- Integration of drone (georeferenced) images with satellite imagery for unified map generation (continuous 
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COMPONENT OPPORTUNITIES 

 
 
 
 
 
 
 
 

Crop 
monitoring 

 

zoom) and rectification of drone images 
- Development of application for conversion of images coming from drones and / or satellite to enter the Geo 

Node. Images should be lighter and faster in the system 
- Drones with affordable and simple technology for small producers. Ex. Productivity (maps), nutritional 

deficiency, etc. 
- Development of image processing for 3D analysis of plants 
- Imaging applications for field and use on smartphones 
- Color images + 3D 
- Characterization of images and photos 
- Use of sensors for early detection of diseases, nutritional deficiency, to assist in crop management and decision 

making 
Research centers 
- Use of sensors to detect pests using VANT (thermal sensors? Image analysis?) 
- Autonomous pest identification 
- Availability of satellite image series sentinel 2 
- New multi spectral sensors: light, cost effective 
- Determination of management (logistics, supplies, etc.) with exactness: variable rate application, need for 
intervention and where 

 
 

Agro-
environmental 

Monitoring, 
Monitoring, 
Pest Alert& 

Site-Specific 
Management 

 
 
 
 

Startups - Entrepreneurship 
- Use of sensors that seek other methods besides the visual 
- Robust solutions for monitoring sugarcane productivity 
- Development of more robust and cheap wireless sensors 
- Network of RFID sensors for data collection 
- Animal health monitoring 
- Use of virtualization technologies for monitoring, control and simulation of agricultural systems 
- Apps for field data collection 
- Sensors monitor infestation and use of specific products from productive chains such as fruit growing, coffee, 

etc. 
Research centers 
- Agricultural Zoning, Improve Competitiveness 
- Monitoring corn disease 
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COMPONENT OPPORTUNITIES 

 
 
 
 
 

Agro-
environmental 

Monitoring, 
Monitoring, 
Pest Alert& 

Site-Specific 
Management 

 
 

- Whitefly monitoring 
- Monitoring quarantine pest infestations 
- Eradicate diseases 
- Detection of new diseases and control 
- Data to enrich the CAR database 
- New techniques and methodologies applied to plant phenotyping 
- Connect agro-environmental monitoring with provision and payment for environmental services 
- Creation of ecological corridors 
- Air quality monitoring using IOT 
- Data sharing for common good 
Job opportunities  
- Integration of multidisciplinary teams for the area. Established competence and HR training 
- Broad data visualization and environmental quality (e.g. water, GHG emissions), social (e.g. qualified 

employment opportunities) and economic (e.g. security and seasonality of income), second spatial distribution 
of monitoring 

- Definition of research demands (via edict induction) from the results of regionally referenced environmental 
analyzes 

- Data analysis more efficiently (Data Science, Machine Learning) 

Source: authors and Breakout session. 
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Section II – Critical system requirements 

Once the “product” is defined – new technologies for soil spatial characterization, 

crop monitoring and Site-specific pest management – the goal of this section is to identify 

what are the critical qualities that it must possess, named critical system requirements 

(CSR). Here, a small set of functional and performance requirements is identified, 

characterizing the high level dimensions that the “product” of this specific Technology 

roadmapping (TRM) component must seek, as well as its long-term targets, preferably 

quantitative. 

In short, CSR are high level parameters most critical to solve the problem of (i) 

creating new products that may contribute to the (ii) reduction of GHG emission and (iii) 

increase the number of formal jobs, in accordance to the Vision. Each CSR must be a 

reflection of the strategic goal (and corresponding targets) defined in the Vision, and also 

its long term target must be broken into intermediate ones: today, 2025 and 2050. 

For this TRM component the CSRs are: 

Table 2 Critical system requirements 

Critical System Requirement - CSR 
Current 

(2015) 
2025 

VISION 

(2050) 

Create new products with high 

aggregated value 

• CSR#1: precision farming 
products with multiple grower 
profiles* 

 

 

Low 
adoption 

 

 

 

Medium adoption 
in large farms 

Low adoption in 
small farms 

 

 

 

High 
adoption 

 

Increase number of formal jobs 

• CSR#2: Growth of precision 
farming jobs in technology suppliers 
and farmers* 
 

 

1 (reference) 
 

 

3x 
 

 

6x 
 

Contribute to GHG reduction 

• CSR#3: Input usage (water, 
energy, fertilizers, pesticide, etc)* 
 

 

High 
 

 

Medium-high 
 

 

Low 
 

(*) Studies need to be conducted to map the adoption of precision agriculture products in Brazilian farms, as 

well as the number of jobs in firms exploring this market and workers in farms working with such products, 

and also what is the current input usage. Such studies may provide the basis for developing quantitative 

indicators to substitute the ones provided in this table. 
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Section III – Large technological areas 

The mutual technology area that can be applied to the three most important 

processes addressed above is the sensing technology. This research field is probably the 

most promising one on PA scope.  There are several approaches being proposed in the 

last years that may use different platforms types, since equipment that must be carried by 

hand and shows site-specific calibration demands, passing through sensors coupled on 

agricultural machinery that allow real-time interventions, until dedicated cameras carried 

by remotely piloted aircrafts (RPA or drones) focusing on specific issues. This kind of 

sensing is referred on PA as proximal sensing. 

In this context, we believe that RPA systems and spectroscopy techniques are the 

key technologies to be addressed from an overall point of view due to their flexibility and 

many applications. They show enormous potential to be improved and adapted to 

agricultural usage.  

Regarding soil spatial characterization, in spite of spectroscopy (the hottest topic 

alternative), other types of sensing technology have been proposed. Soil apparent 

electrical conductivity and magnetic susceptibility are well-known technology to measure 

soil spatial variability, but that still shows many unexplored potential to assist in soil 

classification. Moreover, ion-selective sensors for soil nutrient availability has been 

proposed (Adamchuk and Viscarra Rossel, 2010) and demands more research efforts.   

For crop monitoring, the main technological areas that must be developed besides 

RPA imagery and spectroscopy techniques adaptations are the data communications and 

transfer, data analysis through data science approach and sensor robustness for field 

conditions. 

Site-specific pests management demands alternative techniques for pest 

monitoring besides RPA, like intelligent insect traps that quantify the pest pressure as well 

as machine learning techniques that provide, together with crop monitoring, alerts to the 

growers about the possible needs for pest control (mainly pesticides application). 

Moreover, suitable technology for mapping and site-specifically manage the pest is 

demanded autonomously, for example, RPA adapted for localized pesticide application or 

more agile vehicles to run into the field than the current tractors. 

Section IV – Technology drivers 

Based on the critical system requirement for the three most important processes 

selected, technological drivers are pointed out in the table below, focusing on a timeframe 

of their level of usage by the growers. Such expectations are due to their theoretically 

applications and importance. 
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Table 3. Technology drivers for each selected process to be addressed (technological 

area), showing the expected level of usage 

Selected 
Processes 

Technological Drivers 

Usage Status / 
Technology Development 

Current 2025 
Vision 
(2050) 

Soil spatial 
characterization  

Soil properties characterization 
by spectroscopy 

low high usual2 

Soil nutrient availability by ion-
selective 

none medium usual 

Soil classification by sensors 
(ECa and MS)1 

low high usual 

RPA for quantification and 
provide auxiliary data 

none high medium 

Crop monitoring 

Wireless sensing stations3 none medium high 

Data communication and 
transfer 

none low high 

Data interpretation/modelling none medium usual 

RPA for monitoring and 
provide auxiliary data 

low high medium 

Site-specific 
pests 
management 

Intelligent insect traps  none medium usual 

Pest alerts by modelling low high usual 

Autonomous site-specifically 
manage 

none medium high 

RPA for variability identification 
and provide auxiliary data 

none high medium 

1 ECa: Apparent electrical conductivity sensor; MR: Magnetic susceptibility sensor. 2 Indicates a vision that 

the technology will become usual for growers with widespread use. 3 To allow such technology development 

is mandatory to provide different kind of sensor to measure several crop, soil and weather properties, as 

well as to address their robustness for field operation. 

Section V – Present scientific and technological capabilities 

Soil properties characterization by spectroscopy 

The most used spectroscopy technique has been tested for soil characterization is 

the reflectance diffuse on the visible and near infrared region of the spectra. This 

approach shows several advantages when compared to the traditional wet-chemical lab 

analysis, like the no-dependency for soil sample preparation and the ability that with the 

same reading (spectra) is possible to infer about several properties (Ben-Dor et al., 2009; 

Soriano-Disla et al., 2014; Stenberg e Viscarra Rossel, 2010). Some groups are working 
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on this technology applied to soils in Brazil and there are several others around the world. 

Nationally the most expert in this issue is professor José Alexandre Melo Demattê from 

ESALQ/USP (Demattê and Terra, 2014; Terra et al., 2015; Viscarra Rossel et al., 2016). 

Other punctual groups are located on UNICAMP, UNESP Jaboticabal and UEM.  

Moreover, EMBRAPA in partnership with the private sector recently launched a 

technology package with the promise of quantify several soil properties in just a few 

seconds, called SpecSolo (EMBRAPA, 2017). However, the spectroscopy technique 

proposed faces some limitations that can make this approach unfeasible. Its accuracy in 

quantifying most of the soil fertility properties is impaired by other soil properties 

variations, like humidity, organic matter and mineralogy (TERHOEVEN-URSELMANS et 

al., 2010; MARÍN-GONZÁLEZ et al., 2013). Further, this technique do not show sensibility 

for low concentration elements and its applicability is dependent of a huge dataset 

submitted to multivariate analysis (chemometrics) (Viscarra Rossel and Behrens, 2010). 

Thus, other approaches can be evaluated, like laser induced breakdown 

spectroscopy (LIBS - Knadel et al., 2017), x-ray spectroscopy (Sharma et al., 2014), mid-

infrared spectroscopy (Dhawale et al., 2015), impedance spectroscopy (Braunger et al., 

2017) and so on. 

Soil nutrient availability by ion-selective 

This kind of technology is an alternative to spectroscopy, since the last faces 

difficulties to quantify some specific elements in the soil and tends to correlate to the total 

amount of the element in the soil instead of the amount of nutrient available to the plants, 

which is the important measurement for most of the agricultural applications. Some 

research was developed seeking sensors for nitrate and potassium (Adamchuk and 

Viscarra Rossel, 2010), or sensitive electrodes, assembled in layer-by-layer films making 

a microfluidic electronic tongue based on impedance measurements which is capable of 

distinguishing soil samples enriched with plant macronutrients (Braunger et al., 2017); but 

those techniques still presenting several limitations.  

Veris Technologies company offers a commercial product to this end, but it hasn´t 

proved to be efficient, even more on Tropical soils.  Based on Veris product, the group of 

professor José Paulo Molin at ESALQ/USP has conducted some research on this issue, 

but without great success so far. Thus, there is space to the development of suitable 

sensors.  

Soil classification by sensors 

Apparent Electrical Conductivity sensors (ECa) has been proposed for several 

application under PA scope (Corwin and Lesch, 2005; Corwin and Plant, 2005; Molin and 

Rabello, 2011, Sanches et al. 2016). Similarly, Magnetic Susceptibility (MS) 

measurements has been pointed out as an aditional information to map soil mineralogy 
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and other specific properties (Camargo et al., 2015). Both of the technologies show 

similar potential for measure soil variability as a whole, regardless their different kind of 

measurement. There are some equipment internationally commercialized for ECa 

measurements while many research groups and service providers are using or testing 

such technology in Brazil. Nationally, Falker has recently launched a trawl equipment 

(Falker, 2017) and EMBRAPA has the technology for static measurements and 

machinery adaptation (Rabello et al., 2014). For MS, on the other hand, commercial 

equipment are available for lab analysis and the group of professor José Marques Junior 

from UNESP/Jaboticabal is the only one testing this kind of device. 

Nevertheless, we believe that the real potential is to invest on application for this 

kind of sensing technique. It may assist soil sampling for fertility mapping, classification 

mapping, variable-rate irrigation, management zones delineation, etc. 

Wireless Sensor Networks - WSN 

The development of Wireless Sensors Networks (WSN) makes it possible to make 

decisions to solve many agricultural problems related to resources optimization. This 

approach provides real-time information about the lands and crops that helps farmers 

make right decisions leading to increasing efficiency, productivity and profitability in many 

agricultural production systems while undesirable impacts on the environment are 

reduced. There are still many problems to deploy this technology in a large agricultural 

use, especially in countries like Brazil, due to large areas and bad infrastructure. Hence, 

there is a lot of opportunities to development focusing on Brazilian agricultural production 

systems. Several research groups have been working on this topic all over the world and 

in Brazil. For example, research groups led by Prof. Luis Orozco (UCLM, Spain) and Prof. 

Bruno Tisseyre (INRA Montepellier SupAgro, France) have been working on this topic. In 

Brazil, one can be mentioned Poli-USP (LAA, Laboratório de Automação Agrícola), CPqD 

(Centro de Pesquisa e Desenvolvimento em Telecomunicações) e Unicamp (Feagri e 

FEEC), but there are still many technical issues to be overcome when this technology is 

applied in agricultural fields. 

Data communication and transfer 

This is a worldwide issue. Wireless technology and data collection are facing huge 

development. We are proposing here that sensing station should be a technology driver, 

but such technology is completely dependent on connectivity and data transfer. Many 

efforts have been dispensed in order to improve data transferability for different 

applications. However, agricultural areas face many challenges about connectivity, thus, 

impairing data communication and transfer. Many Brazilian sectors are working on this 

topic, like CPqD (Centro de Pesquisa e Desenvolvimento em Telecomunicações) and 

Instituto Eldorado, but we are not close to reach a solution for agricultural areas in 

general.  
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Data interpretation and modelling 

Sensing stations supported by proper data transfer allows data interpretation in 

real time through modelling. Once the signal of different types of sensors provide constant 

amount of data is possible to work with data science to predict a future occurrence to the 

field as well as indicate a certain management practice to be adopted in the proper time. 

One approach that might be followed involves a web server which provides information on 

pest, disease infestation and weather forecasts; farmers could download the information 

directly via Internet and use them for operation scheduling (Banu, 2015). This is the kind 

of products that has a lot of potential to be developed. EMBRAPA and UNICAMP, for 

example, present some groups working on Data Science field and, more specifically, on 

data mining techniques focusing on agricultural applications. 

Pest alerts by modelling 

Insect attack and disease infestation can be predicted by weather forecasts and 

some sensing readings. This allows pesticide application in the right moment which avoid 

environmental impact and increase agricultural activity profits, since pesticides presents 

an important part of the production costs. However, this approach demands a lot of 

knowledge regarding specificities of the pests as well as a trustful data communication 

and database to allow adequate modelling and alert on real time. We are not aware of 

research groups working on this issue in Brazil, thus there are a lot of potential to 

development. Nevertheless, something has been done by Monsanto as well as by 

Fundação ABC Cooperative, but with a lack of data provided to the public.  

Intelligent insect traps 

An alternative to not stay restricted to pest attack prediction is to actually monitor 

their incidence. Monitoring and predicting approaches can be complementary. In order to 

do such monitoring there is the alternative to adapt the kind of traps conventionally 

available to agriculture. These traps through autonomous pest identification could allow 

the estimation of the pressure (presence) of certain pest (insect or disease), providing 

more accurate pests alerts as well as indicating were pesticides should be applied. 

However, it is a completely unexplored research field in Brazil. 

Autonomous site-specifically management 

Since localized pesticides recommendation can be performed using the 

abovementioned promising technologies, it is mandatory to be available a practical 

equipment for such application. The current application technology (sprayer machinery) 

demands that the tractor enter into the field to reach the application focus. This increase 

soil compaction and production costs (fuel consumption), since it has to travel until the 

control spot following machinery paths and crop rows. Thus, alternative technology is 

mandatory. Some RPA systems (drones) are been proposed to this end, but still with low 
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autonomy as the main limitation, regarding both load (pesticide) and energy capacity. 

There are some foreign equipment for that, mainly Chinese ones, while EMBRAPA has 

developed some equipment as well. However, other kind of vehicle or application 

technique (instead of sprayers) can be proposed. 

PA systems and application 

Remote sensing is collection of data from a distance. Data sensors can simply be 

hand-held devices, mounted on aircraft, remotely piloted aircraft (RPA or drone) or 

satellite-based. Basically, remotely-sensed data provide a tool for evaluating crop 

production factors and health. Yet, RPA systems are facing a huge development in the 

last years and is today one of the hottest topic in every technology fair for agriculture. 

According to Banu (2015), there are a lot of RPA potentialities: plant stress related to 

moisture, nutrients, compaction, crop diseases and other plant health concerns are often 

detected in overhead images; cameras can also record near infrared images that are 

highly correlated with healthy plant tissue; new image sensors with high spectral 

resolution are increasing the applications; remote sensing can reveal in-season variability 

that affects crop yield and can be timely enough to make management decisions that 

improve profitability for the current crop; remotely-sensed images can help determine the 

location and extent of crop stress and, through scouting, can help determine the cause of 

the problem; the images can then be used to develop and implement a spot treatment 

plan that optimizes the use of agricultural chemicals. Furthermore, such technology can 

provide data and information for all abovementioned technology drivers.  

Many research groups are working with RPA technologies and seeking practical 

application for it on agricultural areas. Many users/growers are buying such technology 

and then realizing how to work with it by themselves. One of the experts in this topic in 

Brazil are the researchers Lucio Jorge and Ricardo Inamasu, both from EMBRAPA.  

Section VI – Gaps and barriers 

Every technology drivers have their own gaps and barriers, summarized in the 

previous section. Here is exposed the most prominent issues about precision agriculture 

development and adoption in Brazilian farmers. 

The main technological gap and barrier highlighted was the lack of Research 

and Development investment in the following fields: 

• Sensing technologies for soil properties characterization (spectroscopy, soil 

nutrient availability by ion-selective, soil classification by sensors - ECa and MS) 

• Data communication and transfer and Wireless sensor networks 

• Data interpretation and modeling 
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• RPA (drones) for monitoring, variability identification and provide auxiliary data 

• Intelligent insect traps and Pest alerts by modeling 

•  Autonomous site-specifically manage 

• RPA for variability identification and provide auxiliary data 

During the Breakout session, the most frequent issues pointed out by attendees 

were: 

• Soil spatial characterization 

- overcome the traditional procedure for soil analysis in the lab and the fertilizer 

recommendation standards; 

- challenge in quantifying nutrients availability in the soil; 

- cost and time consuming techniques for soil variability characterization; 

- soil electric conductivity (survey of soils in Brazil, modelling, etc.); 

- wide variability in terms of soil classes within the Brazilian territory, mostly “old” 

soils with high content of oxides and hydroxides of Fe and Al. 

• Crop monitoring 

- majority of low-income agricultural activity within Brazilian farmers (low 

investment potential); 

- demands for new sensors (development of new cost effective multispectral 

sensors and improvement of available sensors, development of low cost 

wireless sensor networks, etc); 

- none or low data connectivity on rural areas; 

- difficulties on data processing and transfer; 

- availability of reliable data for analysis and modeling; 

- development of techniques for image processing and analysis, capturing, etc. 

• Site-specific pest management 

- difficulties in monitoring pests due the specific dispersion capability of each 

specific specie; 

- low drone payload; 

- sensor calibration, standards & methods; 

- availability of reliable data for analysis and modeling. 

Many of PA equipment and techniques are imported from countries with different 

kind of agricultural characteristics than Brazil. Most of the technology is focused on large-

area growers, like North-American ones, or high-detailed and profitable crop production 

system (specialty crops) using high technology in the fields, like European ones. 

Technology has not been developed for the specific characteristics of Brazilian growers, 

mainly the small ones that are responsible for almost a half of the food product in the 
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country. Thus, it is mandatory to develop specific technology to attend the demand of the 

Brazilians. For such, it is needed public and private investment in research and 

development.  

Moreover, in order to really reach the growers with new technologies, it is 

mandatory to improve the agricultural extension service in Brazil (extension and technical 

assistance). This kind of service rarely achieve its main goal in transfer technology from 

academic research to the growers in the field. 

The main non-technological gaps and barriers are explored below: 

• Lack of a specific policy for tax incentives and financial support to local 

equipment development as well as for equipment and components 

importation. 

• Investments need to be guided to human resources formation. ‘Human 

Resources’ was also pointed out in the Breakout Session, with mentions to 

multidisciplinary team integration, training and education. 

• Lack of a current scenario mapping is one of the main gaps related to PA, since 

there is absence of a reliable and complete survey about PA adoption in Brazil, 

seeking to characterize how growers manage their fields with PA approach and 

what kind of technology they are using and demanding. Only with such information 

public policies and financial assistance could be direct to the adequate field of 

research. Moreover, private sector would be well-guided by this survey to indicate 

where to apply research and development investments. A tentative survey was 

performed by Kleffman Group and analyzed by Molin (2017). However, such 

survey shows a lot of deficiencies, like do not represent Brazil as a whole, it was 

made by phone interview and already has 4 years since the survey (2013).  

• In addition, regulatory issues have to be addressed, such as: telecommunication 

regulations about frequency/spectrum usage and services applied to agriculture; 

normalization about data privacy, who is the owner of the data collected in the 

field; sustainability incentives and compliance to growers adopting PA techniques; 

and so on. ‘Regulatory’ was also mentioned in the Breakout Session in terms of 

drones and UAV, Satellite, data sharing for common good, etc. 

These gaps and barriers add to the ones identified during the Breakout Session 

during the workshop, as can be seen in Table 4 and Table 5. 
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Table 4. Technical challenges from Breakout Session 

Component Technical challenges 

Soil spatial 
characterization 

Laboratory level 
- Adaption of laboratory techniques into portable equipment  
- Reduction the number of soil samples needed for adequate characterization 
- Develop low costs and portable equipment for in loco soil attributes definition  

Field level 
- Methodology for ECa’s instrument calibration and reading  
- Guidelines for conducting an ECa survey 
- Methodology for site-specific soil sampling using several sources of ancillary information 
- Improve sensors robustness 
- ECa’s relations for the spatiotemporal characterization of edaphic and anthropogenic properties that 

influence crop response  
- Fast incorporation of low cost sensors in conventional equipment/machines 

Images (satellites, aerial and drones) 
- Develop easy-to-handle and low-cost equipment to generate easily interpreted information 
- Reduce costs, improve working range, improve speed of data collection 

Data sharing for development of new models, techniques and methods 
Fertilizers 
- Variable distribution rate systems (sensors, equipment, modelling, hardware and software) 

Crop monitoring 

Cameras 
- Costs reduction  
- Weeds detection and control 
- Definition of physical-morphological characteristics of the plants in 3D 
- Low-cost multispectral and hyperspectral cameras 
- Improve availability of thermal cameras 
Data acquisition 
- Low bandwidth solutions 
- Sensor calibration, standards & methods  
- Data processing and transfer to cloud storage systems. 
- Common language for precision agriculture and communication between equipment (ISO) 



                                                                                                                                                                                                  
 

18 

Component Technical challenges 
Drones 
- Improve UAVs autonomy  
- Increase drone Payload: cameras (RGB, multispectral, hyperspectral, etc.) 
- High efficient equipment (details and accuracy)  
- Reduce energy demand and improve battery autonomy  

Site-specific pest 
management 

Database  
- improve data availability, mainly reliable data 
- develop continental infrastructure  
- understanding of variability, geo-statistics and other data analysis 
- truly worldwide network 
- improve data transfer protocol 
Decision making models and tools 
- Innovations developments based on bioeconomy concepts 
- Tools for PA’s economic analysis 
- Establish protocols with the use of new techniques and methodologies for plant phenotyping 
- Emphasize the plant's response based on multiple factors (including, product quality) 
- Development of reliable models for crop response estimation and yield and quality prediction 
New technologies 
- Integration between technology, modality and applications 
- Integration and miniaturization of electronic circuits  
- Producer tech adoption “user experience” 
- Cost reduction of the high accuracy DGPS signal 
- Chemical products for specific crops (minor crops) 
- Plant diseases: detection based on plant VOCs (volatile organic compounds)  
- Use of entomological radar: perspectives, potentialities and limitations  
Human resources 
- Diffusion of new technologies and training courses for producers and technician for stimulating using 

PA 
- Performance x data acquisition capacity 
- Use of airplanes for image collection in large areas 

Development of specific technologies for tropical ecosystems 
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Table 5. Non-technical challenges from Breakout Session 

Component Non-technical challenges 

Soil spatial 
characterization 

- Lack of training and education;  
- Lack of financial support for CEa mapping of Brazilian soils 

Crop monitoring 

- API licensing agreement 
- Image ownership 
- High-cost of equipment 
- Lack of communication: PA’s potential and technical and financial benefits 
- Regulation: drone, UAV and satellite use 
- Producer data confidentiality 
- Common language for PA data and communication between equipment (ISO) 
- Information (soil, crops, weather, etc.) translation into decision support for farmers (what should he do) 

Site-specific pest 
management 

- Data sharing (are producers willing to share the data?) 
- Lack of pilot facilities for testing 
- Low interface between “private sector-research centers” and “private sector-investors” 
- Lack of communication: UAV/drone’s limitation and potential 
- Integration between areas 
- Lack of financial resources 
- Lack of skilled professionals and training in PA and automation 
- Subsidies/incentives for improving sustainability using variable fertilizers distribution rate systems 

(example: carbon credit) 
- Improve international cooperation 
- Data commercialization versus producer information security and property 
- Reduce barriers for registration of new products (software and equipment) 
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Section VII – Analysis of technological alternatives and recommendation 

Precision agriculture comprises a bunch of technologies with the goal of optimize 

agricultural production with low environmental harm. To increase PA adoption in Brazil, 

the development of innovative technology is mandatory. For such, three main 

technological areas are presented: soil characterization, crop monitoring, and site-specific 

pests management. The impact on food production efficiency and agriculture 

sustainability would be enormous. At the same time such, new technologies development 

for PA represent a great opportunity for national and international companies and 

startups, increasing job positions. All these opportunities raise a scenario to allow 

aggregate value products development, since yielding higher quality agricultural products 

until high-technology products for agriculture that might be exported. 

Several technical and non-technical challenges are shown and, to overcome such 

barriers, academic, private and public sectors have to work together to create an 

environment friendly to research and development. 

The timeframe presented on Tables 2 and 3 shows that it is expected a short 

maturation time to most of the technology drivers proposed in this document due to their 

potential. Thus, in a vision to 2050 precision agriculture will no longer be taken as a 

different kind of agriculture, but an optimized and usual agriculture. 

Conclusion 

A PA adoption survey integrated to a market survey is mandatory to guide public 

policies about new technologies to PA. There is a lot of possibilities, but a complete 

reflection about the whole picture depend on that.  

There is a lot of opportunities to product and processes development, but to be 

achieved it demands integration between academy, industry, and government. 

A strategic agenda was developed by the workshop’s attendees. The objective 

was to make a proposal for what has been called ‘National Precision Agriculture 

Program’, identifying what must be done, who are the main stakeholders and the time 

horizon for each activity. Table 5 summarizes the discussion (next step agenda). 
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Table 5. Next step agenda 

WHAT needs to be done WHO should be in charge 
WHEN it should 

be effective 

1 
National Precision Agricultural Program Ministry of Agriculture (CBAP/MAPA), MCTIC Short-term 

(up to 5 years) 

2 
Brazilian PA mapping: practices and 
equipment adoption 

Ministry of Agriculture (MAPA), IBGE AsBraAP ABPSAP, John 
Deere, AGCO, Jacto, Stara, Cooperatives, Agriculture Agencies, 
EMBRAPA, other 

Short-term 
(up to 5 years) 

3 

Research and Development  
(a) Research incentive 
 
 
(b) Technological transfer 
 
(c) Extension 

 
(a) Fapesp, FINEP, CAPS, CNPq, BNDES, EMBRAPII, 

Cooperatives, International Research Funding Organizations 
(NWO, BE-Basic Foundation, Private Sector 

(b) CATI, SENAR, ICTs (SAA/APTA, CPqD, Federal Institutes 
(IFs), EMBRAPA), INPI 

(c) CATI, SENAR, EMBRAPA 

Medium-term 
(up to 10 years) 

4 
Hightech companies developments: tax 
incentives, financial support, local equipment 
development, import facilitation 

Government, FIESP, SEBRAE, FAPESP, BNDES, FINEP, 
EMBRAPII 

Medium-term 
(up to 10 years) 

5 

Regulatory issues: ii) Telecom (ex: 
spectrum, service regulation); ii) Privacy (data 
ownership); iii) Sustainability incentives & 
compliance; iv) RPAs regulations 

ANATEL, MCTIC, MMA, ANAC 
Medium-term 

(up to 10 years) 

6 

Human resources formation 
(a) Specialized courses 
 
(b) Entrepreneurship 

 
(a) FATEC, SEBRAE, Universities, SENAR, Federal Institutes 

(IFs), EMBRAPA 
(b) SENAR, SEBRAE 

Long-term 
(up to 20 years) 
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Annex I - Workshop Sessions – Presentations & Debates Summary 

The Workshop was divided in two days, 24th and 25th of May 2017. The WS started 

after a short opening ceremony realized at 8:45 AM with S1 “an overview of Precision 

Agriculture”. At this section Dra Lilian C. Anefalos representing the Agropolo Campinas 

presented a quick summary about the main goals of this interinstitucional platform, based 

on the concept of collaborative innovation as a strategy to promote research. She was 

followed by Eng. Marcio Albuquerque the chairman of the Brazilian Precision Agriculture 

Commission (CBAP). Mr. Albuquerque presented the structure of the CBAP, officially a 

Consulting Commission of Brazilian Ministry of Agriculture, Livestock, and Supply, which 

includes multiple stakeholders, and its agenda and key results obtained up to date. After 

these two introductory speakers, Dr. Molin from Esalq/USP presented an overview of PA 

in Brazil. From his presentation, based on a Kleffmann Group survey realized 4 years ago 

on grain producers in Brazil (mainly soybean and corn), it was clear that PA needs to be 

more widespread among the farms in this country. Many of them are awareness about 

the technology, but does not fully understand its concept and benefits. Demonstrating that 

there still a lot of space to be exploited by spreading the technology already available, 

which could bring gains to the growers. The next speaker was Dr. Cavalett from CTBE 

presenting the economic and environmental assessment of PA application. According to 

COP-21, “Brazil intends to commit to reduce greenhouse gas emissions by 43% below 

2005 levels in 2030”.  This commitment is directly linked to agricultural practices and PA 

technology can bring a significant contribution to this sector. Among the research 

programs under development at CTBE the life cycle assessment is a method used to 

quantify and model the relevant environmental impacts of a product, process, or service, 

which can be used to evaluate the benefits of the adoption of PA technology and its 

environmental impacts. 

After the coffee break, the section restarted with a presentation by Rafael Costa 

from SENAR (the National Rural Learning Service). He brings to the audience an 

overview of the farmers situation in Brazil, their limitations and perspectives, showing how 

SENAR, which is responsible for technical diffusion among farmers, are contributing to 

spread the PA technology around rural population by: defining the customer profile and 

his needs; getting job and market information; exchanging information among technicians; 

and helping the farmer use technology in practice. Today they have 15 special programs 

focusing on various themes: protection of wellsprings, environmental legislation, low-

carbon agriculture, agriculture, digital inclusion, management, and entrepreneurship, 

strengthening of unions, men’s, and women’s health. The next speaker was José Tomé 

from AgTech Garage talking about “Entrepreneurship in agribusiness: potential & 

challenges". He represents a platform which brings together innovative products and 

services, created by technology-based startups, that are making agribusiness of the 
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future. In addition to exposing the startups to the market they promote the engagement of 

the community of entrepreneurs behind the startups, through an exclusive group of 

founders who participate in the showcase. The last presentation of this first section was 

Mr. Marlon Adamy from Precision Ag Intelligent Solutions Group John Deere. Mr. Adamy 

shows how the John Deere Group are investing in to PA technology and helping farmers 

to accesses digital information which can help them to improve productivity and reduce 

agricultural costs. 

The technical sections took place in the afternoon, starting S2 “Equipment and 

techniques to aid soil spatial characterization”. At this section, we had Professor Marques 

Jr from Unesp-Jaboticabal as a speaker and Denis Sakuma (CIAg), Paulo Graziano 

Magalhães (FEAGRI/UNICAMP), Mateus Tonini (SmartAgri) as panelists. Dr Marques Jr 

direct his presentation to the need of knowing the soil spatial variability and how it is 

possible with different technologies to obtain this information. How the spatial variability 

affects the crop productivity and what scale it is necessary to obtain that information. After 

his presentation, the panelists made their interventions and afterwards the section was 

open to the audience to promote the debate. The main conclusion of this section was 

that, many knowledges are available for scientific investigation, and satisfactory results 

can be obtained to determine the soil spatial variability, but this is not a technology 

available to the ordinary consumers, and the cost of its implementation is still not 

accessible. New and easy to use (plug-and-play) sensors still need to be developed, so 

this technology, which is not difficult to be understood and applied, could be used by 

farmers and consultants. There are already some initiatives to spread this tools in Brazil, 

with at least two companies investing in the sector, Falker and Stara, but what is 

necessary is more entrepreneurs to invest in more disruptive technologies, to facilitate the 

access and interpretation of this information about soil spatial variability. 

The following section, S3 Challenges for image conversion in management data, 

the speakers were Gilles Rabaltel e Sylvan Labbe from the National Research Institute of 

Science and Technology for Environment et Agriculture (IRSTEA) from Montpellier 

France with panellists: George A. Longhitano (G-Drones), Tiago Garzella (APAgri), 

Jansle V. Rocha (FEAGRI/UNICAMP). The speakers first gave a brief explanation about 

IRSTEA its mission, and objectives and then pass on to the main point of the talk, dividing 

it in two parts: 1 – “UAV image acquisition for agricultural monitoring: what technologies?” 

in this part they presented an overview of the available technologies, kind of cameras and 

the information which is possible to obtain with each type of device, its limitations and 

advantages comparing with other solutions. At the second part, “UAV Applications to 

precision agriculture”, the speakers explained the various kinds of UAV, regulatory and 

economic issues, its applications in precision agriculture and in environmental field. For 

each solution, they discuss about the development stage and needs for further 

improvement.  
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The last session discusses the topic “Equipment and techniques for agro-

environmental monitoring, pest alert and site-specific management”. The speaker: 

Rodrigo Yoiti Tsukahara from Fundação ABC and panellists, Antonio Mauro Saraiva 

(Poli/USP), Leonardo Mariote (CPqD), Daniel Costa (Instituto Eldorado). Fundação ABC 

is a cooperative that represents 4,313 farmers for an area over 400,000 ha, and has 150 

agronomists to support the farmers with technical assistance. Their mission is “to develop 

solutions in the agricultural sector which supply competitive differentials to the associated 

farmers”. Among their research sector there is one specific for Precision Agriculture. 

Based on their initiatives and solutions presented to the farmers the local productivity 

increased significantly in the last 35 years (corn and wheat 135% and soybean 125%). Mr 

Tsukahara presented a system, which the cooperative developed for their associates, for 

agro-environmental monitoring and pest alert based on sensors, remote sensing and 

statistic knowledge. They also use, with successes, some of the technologies mentioned 

in the second section of the workshop to aid soil spatial characterization. After Mr 

Tsukahara presentation, the panelists comment on the example of Fundação ABC where 

PA being applied to small and medium farms, and the benefits of using this technology 

can be quantified. They also mention the gaps that need to be fulfilled for new 

developments to be achieved. 
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Annex II – Breakout session 

During the Breakout session, attendees had the opportunity to point out issues 

they think should be discussed according to the themes of the Workshop: (i) Equipment 

and techniques to aid soil spatial characterization, (ii) Challenges for image conversion in 

management data and (iii) Equipment and techniques for agro-environmental monitoring, 

pests alert and site-specific management.  

In the first phase of the breakout for each theme, attendees presented issues 

concerning ‘Opportunities’ and ‘Challenges’ (‘Technical’ and ‘Non-Technical’ Challenges) 

(Figure 2). 

   

Figure 2. Breakout session 

During the second phase of the breakout, attendees discussed the main topics that 

were pointed out in the first phase and grouped them. In this phase, the objective was to 

make a proposal for what has been called ‘National Precision Agriculture Program’, 

identifying what must be done, who are the main stakeholders and the time horizon for 

each activity (Figure 3). 
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Figure 3. Next step agenda 
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Luis Felipe A. de Genaro Usina Iracema - Grupo São Martinho 

Luis Henrique Bassoi EMBRAPA Instrumentação 

Luiz Henrique A. Rodrigues FEAGRI/UNICAMP 

Marcelo de A. Pierossi Lidera Consultoria e Projetos 

Márcio Albuquerque CBAP/MAPA 

Marcos A. Neris Coutinho FEAGRI/UNICAMP 

Marcos Antonio S. Vieira UFSCar 

Marcos Nascimbem Smart Agri 

Maria Thereza FEAGRI/UNICAMP 

Mariana S. Pfitzner BOSCH 

Marie D. Mesidor Pesquisadora 

Marlon Adamy John Deere 

Martha Bambini EMBRAPA Informatica 

Mateus Tonini SmartAgri 

Matheus Mendes Reis FEAGRI/UNICAMP 

Maurício Paula Arruda UNICAMP 

Micael Felipe de Souza UNICAMP 

Michael A. Oliveira Instituto Akatu 

Monique Cain FEAGRI/UNICAMP 

Murillo G. Rocha Feagri/UNICAMP 

Natalia Macan FEAGRI/UNICAMP 

Otávio Cavallett CTBE-CNPEM 

Paulo Ricardo S. Martinez FEAGRI/UNICAMP 

Paulo S. Graziano Magalhães FEAGRI/UNICAMP 

Paulo S. P. Herrmann Jr EMBRAPA Instrumentação 

Pedro Nepomuceno e Silva UNICAMP 

Peter Pennings Instituto de Pesquisas Eldorado 

Rafael Christofoletti Instituto de Pesquisas Eldorado 
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NAME FILIATION 

Rafael Costa SENAR 

Rafaela Martins Leite FEAGRI/UNICAMP 

Ramon Gerrits Embaixada do Reino dos Países Baixos 

Ricardo Baldassin Jr Agropolo Campinas-Brasil 

Roberta Pierry Uzzo Instituto Agronômico 

Rodrigo Leal Agropolo Campinas-Brasil 

Rodrigo Y. Tsukahara Fundação ABC 

Ruy B. A. Camargo Neto Impact Hub 

Samantha Mendes FEAGRI/UNICAMP 

Sérgio Carbonell IAC/Agropolo 

Sylvain Labbe IRSTEA 

Thiago Luis Brasco UNICAMP 

Thiago Pontes Machado UNICAMP 

Thiago Teixeira Santos EMBRAPA Informática Agropecuária 

Thiago W. A. Balsalobre PMGCA/UFSCar/RIDESA 

Tiago Garzella APAgri 

Tiago Rodrigues Tavares ESALQ/USP 

Vitor Gonçalves da Silva FEAGRI / UNICAMP 

Wilian França Costa USP 

 


