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Resumo: A Quarta Revolugao Industrial estimulou o desenvolvimento de novas tecnologias e técnicas que estao
mudando o sistema de produgao global. O objetivo deste artigo é analisar o fluxo de inovacao da Agricultura 4.0, bem
como sua origem e caracteristicas, e descrever um caso especifico, o do Vale Agtech de Piracicaba. A Agricultura 4.0 é um
modelo digital de producao agricola pautado pela manufatura de alto desempenho e é resultado de um longo processo
histérico de desenvolvimento tecnoldgico. A inovagao no setor agricola no Brasil é essencial para a manutencao de
sua competitividade. No entanto, o conceito de producao 4.0 ainda é um desafio que o pais precisa superar. As Agtechs
estao trabalhando como uma solucao para difusdo de tecnologia. A Agtech do Vale do Piracicaba, no estado de Sao
Paulo, é um case de sucesso no desenvolvimento do conceito Agriculture 4.0.
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Introduction

Innovation is a process, which happens from a creative idea, of creating or changing an activity
developed in the past, which can result in improvements both internally, such as increasing
efficiency, and externally, such as the formation of a brand positioning (Jung, 2017). Each new idea
causes the generation of other new ideas (Fischer, 1989). Schumpeter (1997) emphasizes that the
innovative agent breaks with the circular and stationary flow of economic life. When this agent
brings new products to the market, either through new production combinations or the application
of some invention or technology, consumers are encouraged to desire new things (which differs
from the stationary habit of the past). Thus, the author also mentions that for this reason, innovation
prescribes ‘creative destruction’, that is, the replacement of old patterns influences the process of
economic development.

Bono (2003) identifies two elements that link innovation to the economy: production process
and insertion of added value. The first refers to operations carried out in a new way, be it simpler
or more economical. The second is related to the attribution of added value, which may be through
a new product, the modification of an existing product, a new production operation or a new form
of sale.

The Fourth Industrial Revolution has stimulated the development of new technologies and
techniques that are changing the global production system. The Industry 4.0 is a concept that
arose in 2011 as a part of German strategic initiative of high technological development in the
manufacturing and it quickly spread throughout the world (Rojko, 2017). Industry 4.0 consists of a
set of smart processes in production and management. Its results are digitization and integration of
vertical and horizontal value chains, digitization of product and service offerings and digital business
models and customer access. According to Salkin et al. (2018), a coordinated system following the
4.0 concept allows autonomy in the processes and real time decisions making. In addition, through
the integration of supply chain, facilities, and service systems, it enables the establishment of added
value networks.

Agriculture 4.0 (also known as farming 4.0) consists of employing cyber-physical characteristics
in agriculture. It refers to a set of digital technologies integrated and connected by software,
systems and equipment capable of optimizing agricultural production, upstream, midstream, and
downstream.

Due to the deep transformation that is emerging in the agricultural way of production, the
objective of this paper is to analyze the stream of innovation of Agriculture 4.0, as well as its origin
and features, and describe a specific case, the Piracicaba Agtech Valley. This work has a descriptive
and explained approach. Hence, the article is organized in 5 sections, including this introduction.
The following section describes the methodology of this paper. The third section presents a
literature review, which describes the origin and main characteristics of Agriculture 4.0, as well as
the worldwide perspective. The fourth section describes the Brazilian main features of Agriculture
4.0 adoption and the Agtech Valley. The final remarks are in the last section of this paper.

Methodology

This article uses the theoretical framework of discourse analysis. We understand discourse as
being a collection of texts that bring meaning to an object, as well as its distribution through the
environment (Parker, 1992). In this sense, institutions produce discourses, which can be texts (reports,
articles, interviews, etc.) that foster the field for the creation of new technologies (Munir and Phillips,
2005; Phillips et al., 2004).

Institutions can be defined as “historical accretions of past practices and understandings that set
conditions on action”, in which they “gradually acquire the moral and ontological status of taken-for-
granted facts which, in turn, shape future interactions and negotiations” (Barley and Tolbert, 1997, p. 94;
Meyer and Rowan, 1977). The construction of the Agriculture 4.0 is a mixture of different discourses, from
teaching and research institutions, agribusiness multinationals, researchers, entrepreneurs, and other
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innovation players. In this environment, each one contributes with an isolated idea, by connecting these
set of thoughts, we create the Agriculture 4.0 institution.

In symbiosis the methodology of discourse analysis for the Agriculture 4.0 institution, we use the
practical case study of the Agtech valley. That is, we use a specific case as a sample of a larger process
(Yin, 1986). In this attempt, we seek to show the movements and technological evolutions that have been
occurring in Brazil, especially in the surroundings of the city of Piracicaba and Campinas in the process
of construction of Agriculture 4.0.

Literature Review

In the early 2010s, a new stage in the agricultural evolution started, the Agriculture 4.0. In general,
this revolution is related to the introduction of digital technologies, such as the employment of high-
performance computational methods, machine-to-machine (M2M) communication, sensor networks,
connectivity between mobile devices, automation and agricultural robotics, cloud computing and big data
techniques, and Internet of Things (IoT) that combined with artificial intelligence and machine learning
can generate better insights for the growers and specific recommendations regarding farm management,
machineries performance, seeds and fertilizers scripts, diseases and bug scouting management and water
management as some examples.

Moreover, it will contribute to raising productivity rates, efficiency in the use of inputs, reducing labor
costs, improving the quality of work and the safety of workers and reducing impacts on the environment
(Massruha and Leite, 2017).

Agriculture 4.0, as a vision of agricultural development, is related to the increasing competitiveness,
and implemented through the use of modern information technology (Piwowar, 2018). In addition, it
has great potential for limiting harmful pollution of the natural environment, due the multidimensional
transformation in agricultural activity, making the complete production chain more sustainable.

However, this digital model of agricultural production is guided by high-performance manufacturing
and is a result of a long historical process of technological development. (Rapela, 2019) analyses the
development of smart agricultural production into four stages, as follows below.

The Agriculture 1.0, up to the 1950 decade, was characterized by a relatively low energy intensity,
low productivity (Rapela, 2019), labor intensive and land extensive.Zambon et al. (2019) giving ideas and
considerations for the future. This paper analyses the specific challenges facing agriculture along the
farming supply chain to permit the operative implementation of Industry 4.0 guidelines. The subsequent
scientific value is an investigation of how Industry 4.0 approaches can be improved and be pertinent to
the agricultural sector. However, industry is progressing at a much faster rate than agriculture. In fact,
already today experts talk about Industry 5.0. On the other hand, the 4.0 revolution in agriculture is still
limited to a few innovative firms. For this reason, this work deals with how technological development
affects different sectors (industry and agriculture add the use of animal force in model 1.0 of agriculture).
Moreover, given the low technological availability, hand tools were widely used both in land preparing
for planting or for harvesting. The most used tools were the hoe, the manual plow, the pitchfork, the rake
and the scythe (Gianezini et al., 2014).

The use of fossil energy (agrochemicals, machinery, fertilizers), and the first-generation genetics
and hybridization emerged in the Agriculture 2.0 stage, in the 1960s, which resulted in a significant
productivity increase (Rapela, 2019). According to Vieira Filho and Fishlow (2017), the tropicalization of
soy allowed the expansion of this crop to the Cerrado biome in Brazil, that is, soy production became
possible also in regions with a hot climate.

The biological nitrogen fixation was also an important advance in the second stage of agricultural
evolution. Lantinga et al. (2013) and Whitmore (2000) describe the nitrogen effect in soil fertility
maximization, as well as its benefits.
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The expansion of the use of agricultural machinery also marked Agriculture 2.0 for the most diverse
operations such as soil preparation, planting, cultivation, harvesting, threshing, and etc. Tractors with an
explosion engine, which used gasoline or diesel oil as fuel, started to perform two main functions in rural
work: i) served as stationary sources of energy, moving, for example, (by means of a belt transmission
system), grain processors; and ii) they replaced animal traction in plows and other agricultural machines.
Thus, combustion engine tractors have gained worldwide prominence for their versatility, as they can be
coupled to the most diverse implements, such as the plow, planter, cultivator, harvester, among others
(Gianezini et al., 2014).

Then, Agriculture 3.0, which stretched from the end of the twentieth century to the beginning of
the twenty first century, were essentially recognized by the development of knowledge in all areas, such
as biology and various engineering disciplines. The convergence between digitalization and knowledge
was the basis for the development of productive strategies that effectively combined the demands for
higher productivity, efficiency, and sustainability (Rapela, 2019). Agricultural machinery gains a new
innovation at this stage, as it is equipped with a hydraulic system by which the operator performs heavy
tasks, such as displacing large volumes and blowing the straw from the seeds (Gianezini et al., 2014).

Agriculture 3.0 had a particular focus on the balance between high agricultural productivity and
better environmental performance. The bioeconomy and sustainable development emerged in this stage
(Rapela, 2019). McCormick and Kautto (2013) describes bioeconomy as an economy where the basic
elements for energy, chemicals and other materials are derived from renewable biological resources.
The authors also highlight the importance of a dialog between government, general public, and key
stakeholders to develop a sustainable and competitive bioeconomy. Business innovation also plays
an essential role. New biology-based value chains redefined the supply/product relations between
agriculture and industry (Rapela, 2019). The main characteristics of Agriculture 1.0, 2.0, and 3.0 are
summarized in Table 1.

Table 1. Agriculture 1.0 and 2.0 versus 3.0

Agriculture 1.0 and 2.0 Agriculture 3.0

Human resources Human capital

Machinery Information

Quaestum 2021; 2: 26750564

Physical work

Physical force

Real and factual

What we produce

Things

Mechanical work
Established and regulated
Rigid and hierarchical organizations
Autarchy

Top-down decisions
Reactive decisions

Linear dynamics

Fear of the unknown

Controlled risk
Source: Rapela (2019, p. 10)

Intellectual work

Emotional intelligence
Symbolic

How we produce

Concepts

Creative work

Experimenting

Flexible and horizontal organizations
Interrelated and open
Top-down, bottom-up decisions
Proactive decisions

Nonlinear dynamics

Accepting the challenge

Basic uncertainty

Zambon et al. (2019) giving ideas and considerations for the future. This paper analyses the specific

challenges facing agriculture along the farming supply chain to permit the operative implementation of
Industry 4.0 guidelines. The subsequent scientific value is an investigation of how Industry 4.0 approaches
can be improved and be pertinent to the agricultural sector. However, industry is progressing at a much
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faster rate than agriculture. In fact, already today experts talk about Industry 5.0. On the other hand, the 4.0
revolution in agriculture is still limited to a few innovative firms. For this reason, this work deals with how
technological development affects different sectors (industry and agriculture describe that Agriculture 4.0
is correlated to the Industry 4.0 transformation, based on smart manufacturing). According to the authors,
the Agriculture 4.0 offers digital information at all farm sectors and processes, as well as the combination
of internal and external interactions of farming operations (upstream, midstream, and downstream). Due
to the combination and integration of production technologies and devices, data and services in network
infrastructures, and information and communication systems, the agricultural sector becomes smarter,
more efficient, safer, and more environmentally sustainable. In order to remain competitive in the market,
the smart farm must be able to adapt to this technological transformation, autonomously, and in real-time
to these changes. In addition, an effective connection between all the actors, data-rich communication,
as well as virtualization are elements that contribute to the development of Agriculture 4.0 (Zambon
et al., 2019) giving ideas and considerations for the future. This paper analyses the specific challenges
facing agriculture along the farming supply chain to permit the operative implementation of Industry
4.0 guidelines. The subsequent scientific value is an investigation of how Industry 4.0 approaches can be
improved and be pertinent to the agricultural sector. However, industry is progressing at a much faster
rate than agriculture. In fact, already today experts talk about Industry 5.0. On the other hand, the 4.0
revolution in agriculture is still limited to a few innovative firms. For this reason, this work deals with how
technological development affects different sectors (industry and agriculture).

Smart farming technologies may contribute to agricultural sustainability and have a strong potential
to enhance economic performance of farming as they may increase precision of inputs to soils and crops
based on site-specific needs, and link these aspects to the farm management system (Knierim et al., 2019).

The exploratory literature review about extant social science by Klerkx et al.(2019) showed five thematic
clusters on digitalization in agriculture, namely: i) adoption, adaptation and use of digital technologies
on farm; ii) effects of digitalization on farmer identity, skills and work; iii) ethics, privacy, power and
ownership in digitizing agricultural production systems, as well as the value chains; iv) innovation systems
and agricultural and digitalization knowledge; and v) value chains and economics and management of
digitalized agricultural production systems. In addition, digital agriculture socio-cyber-physical-ecological
systems; digital agriculture policy processes; digitally enabled agricultural transition pathways; and global
geography of digital agriculture development are also highlighted as a future research agenda by the
authors.

Sponchioni et al. (2019) highlight that Agriculture 4.0 has multiple perspectives. The authors classify
literature related to the 4.0 revolution in agriculture into six perspectives, such as: i) precision farming
evolution; ii) industry 4.0 in agriculture; iii) digital technologies; iv) informed decision-making; v)
beyond the farm boundaries; vi) ultimate goal (profitability and sustainability). In this way, the authors
summarize the Agricultural 4.0 concept as an evolution of precision farming by the use of smart and
digital technologies of Industry 4.0.

The generation of knowledge supports the farmer in the decision-making process not only in
farm enterprise, but also when dealing with different players in the agricultural and food value chain.
The Cyber-Physical System, as well as the automated collection, integration and analysis of data
silos from farming, and equipment sensors, are technological tools that must boost the capability of
farmer’s decision-making. The main focus is to enhance profitability and economic-environmental-
social sustainability of agriculture.

The Agriculture 4.0 concept of production is the data connection in real time, collected by
digitaltechnologies.ltis the development of loT in rural activities.Agriculture must be autonomous.
The connected equipment, with the support of artificial intelligence and machine learning, will
analyze the data in the production chain and make decisions. It will be up to the farmer to monitor
and endorse the ongoing processes (Zaparolli, 2020).

The European Commission (2017) highlight three main points of Agriculture 4.0, that
are: i) digitalization of agriculture; ii) connecting machines and farms; and iii) challenges to
adoption; described as follows below.
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Connected tractors, as well as connectivity and localization technologies (GPS), automation, which
increases productivity and reduces the need for the human workforce, and new measurement tools (the
ability to collect more data and measurement about the production through sensors, drones, and satellite
imagery) are key instruments of agricultural digitalization. Thus, communication networks covering rural
areas efficiently is an loT requirement (European Commission, 2017).

Porter and Heppelmann (2014) exemplify the linking chain of Agriculture 4.0 in a tractor company,
which may find itself competing in a broader farm automation industry. A simple product gets a system of
systems through the inclusion of algorithms e connectivity. The connected products, besides increasing
the smart farming, reshape competition within industries and expand industry boundaries (Porter and
Heppelmann, 2014).

Transparency of product, preventive maintenance, and shared knowledge are consequences of the
Agricultural 4.0 model of production, due to the ability to remotely collect, use and exchange data.
These digital tools increased food traceability through the publication of detailed information on goods,
origins, and quality (European Commission, 2017).

Thus, the digitalization and connectivity of agricultural tools enable the development of precision
agriculture and increase the transparency of the sector (Jakku et al., 2019). However, they also face
significant challenges in the key necessity to enable data exchanges in the business ecosystem and the
need to invest in new infrastructure and tools. Among the challenges to adoption, there are the need for
standards of technologies, the ability of farmers to invest in equipment modernization and supporting
infrastructures (European Commission, 2017).

The Nayyar et al. (2018) highlight the need to transform food production systems. The need for
industrialization and intensification of the agricultural sector has risen due to the increasing demand
for food, both in terms of quantity and quality.

Among the new technologies that creates effective production systems following the 4.0 concept,
Nayyar et al. (2018) cite the precision agriculture for input and water use optimization, gene-editing for
multi-trait seed improvements, microbiome technologies to enhance crop resilience, biological-based
crop protection and micronutrients for soil management, off-grid renewable energy generation and
storage for access to electricity.

Tzounis et al. (2017) point out the main elements to modernize agricultural production and to
improve its productivity, such as the loT. Given the capability of loT to offer many solutions to agriculture,
research institutions and scientific groups as well as the industry, are in a race trying to deliver more and
more connected products to supply the agricultural business stakeholders.

Thus, cloud computing gets also essential to sustain, store and analyze the huge amounts of
data generated by loT devices. The analysis and management of loT data - Big Data - must be used to
predict situations, automate processes, and improve many activities and productivity. In other words, by
producing intuition, intelligence, and insights, the big data has the potential to reformat conventional
process-driven agriculture to a smarter and data-driven farming (Lioutas et al., 2019). The example
presented by (Tzounis et al., 2017) describes three 10T solutions for controlled environment, agriculture,
and livestock.

Firstly, the controlled environment affects the productivity of plants. The loT solution consists in
climate monitoring and climate optimization based on cloud analytics services. The data come from
sensors and weather stations, and the user can interact remotely through a wide variety of devices, such
as laptops, smartphones, tablets, etc. (Tzounis et al., 2017).

The second is related to the monitoring in open field agriculture, the characteristics of the soil,
how exactly, at different depths. Water is preserved through optimizing irrigation system control, due
to the exact supply of water quantity to the plant. Moreover, optical sensors are used for mapping of
the situation in the field, to provide additional information on crop reflectance or remote temperature
sensing (Tzounis et al., 2017).
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Origin and features

As a third example, loT solutions for livestock includes animal and climate monitoring and control, as
well as field monitoring for optimal feeding practices. In addition, it must include the instrumentation, animal
tracking and behavioral analysis, as well as odor and hazardous gas monitoring (Tzounis et al., 2017).

In sum, Figure 1 presents the main features that determine the agricultural evolution. The plowing
procedure transformation over time is a good example of agricultural stages from 1.0 to 4.0.

Stage Example Features
- o + Use of' hand tools, such as the plow; * Animal force;
jrgricmiuce 1.0 o + Labor intensive; + Low energy intensil
(Until the 1950s) ADOT TN SIVE) gy Intensity;
Vd AN ¢if. « Land extensive. * Low productivity.
+ 'Tropicalization' of soybean cultivation; | + Machinery force;
Agriculture 2.0 + Biological nitrogen fixation. * The first-generation of genetic
(From the 1960s to * Use oftractors; manipulation and hybridization;
1980s) + Use of'agrochemicals;
+ Use of fertilizers.
« Use ofuse of tractors, seeders, * Development of knowledge;
sprayers, and harvesters; * Bioeconomy;
Agriculture 3.0 + Integrated crop-livestock-forest * Sustainable development;
(From the 1990s to systems; * New biology-based value chains;
2000s) ¢ No-till farming; * Nonlinear dynamics.
* Genetic improvement in plants and
animals.
W s, “‘?ﬁ“ ¢ E-learning machines; * Digitalization;
[{O)] « Artificial intelligence that supports * Cloud computing and big data;
Agricatured:d ]d)ecisim}-making; + JoT arlld clonnectivity, . _
(From the 2010s) * Drones; . . Loca.h_.zanon le.chnologws (GPS);
+ Plant/animal, soil, and weather sensors; | * Precision farming;
+ Geoprocessing; * Automation;
+ Connected devices/machines. * Cyber-Physical System.

Figure 1. Agricultural evolution over time
Source: Prepared by the authors

The technological change in agriculture works as a treadmill. That is, to remain competitive, the
farmers must innovate agricultural operations. These innovations will result in a reduction cost and a
displacement up the production frontier. That is the Treadmill Effect proposed by (Cochrane, 1958). Thus,
the 4.0 model of production applied in agriculture must be a watershed.

To remain on the treadmill working, it is necessaryto invest in innovation.AgFunderis a venture capital
company whose mission is to invest in technologies to rapidly transform our food and agriculture system,
such as agtech. Agtech, i.e., agricultural technology, consists in a set of tools ranging from machinery
and implements to electronic data capturing devices, which supports the farming management systems,
decision making, and to monitor the environmental footprint of agriculture (Rizzo et al., 2020). The
connection, automation, mobile devices for augmented data-driven agriculture, use of cyber-physical
interfaces and precision agriculture, provided by agtech, are the vanguard among modern elements
currently available. Figure 2 shows the global farm tech funding from 2012 to 2019.
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Figure 2. Global farm tech funding from 2012 to 2019 (US$)
Source: Pepared by the authors; adapted AgFunder (2020)

© 2021



I.R. Alcantara et al.

The growth in agtech financing has been consistent over the years, with big leaps in 2017 and 2018,
and reaching US$ 4.7 billion in 2019, due to the increase in venture capital in various economic sectors.
Biotechnology, novel farming systems and farm management software, sensing and loT were the main
focus of these investments when analyzing agtech categories (Agfunder, 2020), as shown in Figure 3.

» Ag Biotechnology

USsS 179 M (4%) USS 99 M (2%)

28 deals USS 41 M (1%
70 deals o dealg 9 « Novel Farming Systems

USS 202 M(4%)

35 deals = Farm Management S oftware,
Sensing & IoT
USS 1,1 B (23%) T
123 deas Agribusiness Marketplaces
USS 632 M (13%)
63 deals ) = Bioenergy & Biomaterials
» Farm-to-Consumer eGrocery
USS 672 M (14%)
72 deals USS 945 M (20%) » Farm Robotics. Mechanization &
7% deals

Equipment
= Midstream Technologies

USS 886 M (19%)
211 deals

= Miscellaneous

Figure 3. Agtech categories investments (2019)
Source: Pepared by the authors; adapted AgFunder (2020)

Ag (agricultural) biotechnology is all the operations related to on-farm inputs for crop
and animal ag including genetics, microbiome, breeding, animal health. The investment in ag
biotechnology exceeded US$ 1 billion distributed into 122 deals. The average of each deal is
about US$ 9 million.

When analyzing the indoor farms, aquaculture, insect, and algae production, that is, novel
farming systems, the average of each deal is almost US$ 12 million, i.e., the highest verified
according to the data. In 2019, one fifth of the agtech investments were applied in this category.

Farm management software, sensing and loT is the category which received US$ 886 million
into 211 deals, in order to apply and improve the usage of agricultural data capturing devices,
decision support software, big data analytics.

Agribusiness marketplaces (commodities trading platforms, online input procurement,
equipment leasing), and bioenergy and biomaterials (on-farm ag waste processing, biomaterials
production, anaerobic digesters) received more than US$ 600 million each one. The average of
investment per deal was about US$ 9 million.

Farm-to-consumer eGrocery (online platforms for farmers to market and deliver their produce
direct to consumers), farm robotics, mechanization and equipment (on-farm machinery, automation,
drone manufacturers, grow equipment), midstream technologies (food safety and traceability tech,
logistics and transport services used by farmers), and miscellaneous (e.g. fintech for farmers)
received altogether more than US$ 500 million of the agtech investments in 2019 distributed into
145 deals.

Brazil and the Agtech Valley
Until the 1980s, Brazil was a net food importer. The intensive use of science and technology

has resulted in significant productivity gains (Vieira Filho and Fishlow, 2017) . The trajectory
of Brazilian agriculture is marked by productivity gains (Gasques et al., 2012).
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Gasques et al. (2012) analyze the main sources of agricultural growth of Brazilian
agriculture from 1975 to 2016. In this period, many transformations have occurred, e.g. the
creation of the Brazilian Agricultural Research Corporation (Embrapa) in 1973; the boom and
bust of agricultural subsidy policy; the economic opening from the 1980s; and the economic
stabilization plans from 1986 to 1994 (Gasques et al., 2012, 2014, 2018). The reduction of
government participation in rural credit and price policies resulted in the loss of importance of
public financing for agriculture. In this way, the participation of the private sector in financing
and marketing increased (Gasques et al., 2018; Schimidt and Cangado, 2019).

As a consequence of these transformations, significant increases in productivity placed
Brazil among the most competitive countries in the world in the agricultural sector. (Gasques
et al., 2018) highlight those investments in research, development and innovation (RD&I) -
public and private - are the main source for productivity growth in the Brazilian agriculture
between 1975 and 2016. The increase in agribusiness R&D expenditure is directly related to
the increase in TFP (Dias Avila and Evenson, 2010; Fuglie et al., 2020) we incorporate schooling
capital to yield two new indexes: Invention-Innovation Capital and Technology Mastery. We
find that TFP performance is strongly related to technological capital and that technological
capital is required for TFP and cost reduction growth. Investments in technological capital
require long-term (20-to 40-year). Aradjo et al. (2003) have found that every real invested in
research generates nearly twelve reais in return in the agricultural production value.

The trajectory of Brazilian agriculture is marked by deep transformations, which have
made Brazil stop being a net food importer and become one of the world leaders in agro-
exports. The country has become one of the main players in global agribusiness. Several events
stimulated the advancement of science and technology and, as a result, expressive gain in
productivity was verified, as well as the offer of labor to other dynamic sectors of the economy
(Santos and Spolador, 2018). Embrapa played a crucial role in this process, being considered
a success case of induced innovation. Agricultural activities are decisive for the economic
performance of several Brazilian municipalities stimulated by exports. In short, the trajectory
of agriculture contributes to understanding the dynamization of the Brazilian economy and
space (Alcantara, 2020).

The Brazilian agribusiness is the main foreign currency generator for the country . Between
1997 and 2018, when verifying the Brazilian agribusiness trade balance, an increasing growth
can be noticed. In 1997, this balance was US$ 15.2 billion, passing to US$ 87.2 billion in 2018
(MAPA, 2019). In other words, the value of exports has grown considerably over time, while
imports have remained relatively stable.

The use of Information and Technology (IT) tools is increasing in Brazilian agricultural
sector mainly among commodity producers, such as soybean, maize, cotton, sugarcane, fruits,
coffee and meat. However, the sector still needs to take a new step toward Agriculture 4.0
(Zaparolli, 2020).

Besides the growth of 1.900% in internet accessibility in rural establishments in the last
between 2006 and 2017 (according to agricultural census), the digitization process and the
telecommunication infrastructure is still restricted in Brazil. Just 5% of agricultural lands are
connected to the internet. To expand coverage to about 90% of Brazilian territory, it would
be necessary to install about 16 thousand of transmission antennas, that is, an estimated
investment of over R$ 8 billion. Hence, the lack of connectivity is the biggest bottleneck for
the advancement of Agriculture 4.0 in Brazil (Zaparolli, 2020).

In Brazil, new agtechs are founded each year (Vasconcelos, 2019). When analyzing its
location, 35% are in their own headquarters, 21% in incubators, 15% in coworking locations,
13% are not yet headquartered, 9% in technological centers and 7% in company-sponsored
hubs. The main role of a startup is related to giving support for decision making, loT and
hardware, agricultural management software and precision agriculture. More than a half of
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Brazilian agtech startups have a relationship with educational centers. The startup agtech
focused on soy production is predominant in Brazil (46%), followed by corn production (41%),
sugar cane production (35%) and livestock (30%) (AgTech Garage, 2018). Figure 4 presents the
ideas to create the agribusiness startups in Brazil from (Start Agro, 2016).

Figure 4. Ideas to create startups
Source: Start Agro (2016), adapted
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The company in which one or some founders worked, school and/or universities, and observation of
other markets were the main core to development of new ideas for agribusiness startups in Brazil. The
innovation in Brazil happens through a decentralized network between researches, investors - public
and private. Figure 5 shows the main centers of Research, Development and Innovation (RD &) in Brazil.
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Figure 5. Educational and Research Institutions in Agricultural Technology in Brazil
Source: Dias et al. (2019)
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Origin and features

The innovation does not happen exclusively in the research laboratories of multinationals, but in a
complex system of partnerships in new ideas in different ways, that is, the open innovation (Aradjo and
NiColella, 2018; Chesbrough and Appleyard, 2007). The ESALQ (Luiz de Queiroz College of Agriculture),
FAPESP (Sao Paulo Research Foundation), and Embrapa (Brazilian Agricultural Research Corporation)
can be highlighted due the range of this institutions in the agricultural production (Chesbrough and
Appleyard, 2007).

Agtech are technology companies applied to agribusiness. The venture capital investment in Agtech
startups has grown, from US$ 6 billion in 2015 to US$ 80 billion in 2018 (Chesbrough and Appleyard,
2007; Dias, Cleidson Nogueira; Jardim, Francisco; Sakuda, 2019).

In Brazil, there is a chain of development and investment which form an ecosystem (AgTech
Garage, 2018; Distrito, 2018; Finistere Ventures, 2018; Startse, 2017). There are 1574 Agtech startups in
Brazil. Most of them, 45,6%, are downstream, while 41,6% are midstream and just 12,6% are upstream
(Figueiredo et al., 2021). Hence, there are challenges inside farms as much as outside farms (Dias et al.,
2019). Figure 6 presents the distribution of Agtech startups by region and federative units.
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Figure 6. Distribution of Agtech startups by region and federative units
Source: adapted Figueiredo et al. (2021),
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The Agtech startups are predominantly located in the Southeast, in state of Sao Paulo, specifically. This
phenomenon must be related to the proximity to RD&I centers, as noticed in Figure 6. But it’s important to
remember that new Agtech Hubs are growing in new regions such as the South and Central West due to the
strong agriculture industry and proximity to growers. These initiatives bring new ideas and startups into the
region, where it’s easier to validate the MVP’s (minimum viable product) and reach the market faster.

The Piracicaba Agtech Valley is considered as the agribusiness center of innovation (Barbosa and Pinheiro,
2020). It received this name because the agricultural technologies developed in Piracicaba (Sao Paulo - Brazil)
are compared to the Silicon Valley (California — USA) of computing. Beyond innovation, the essence of Piracicaba
Agtech Valley is related to entrepreneurship and cooperation supported by the private sector, universities and
society (Canciani, 2016).

Final Remarks

Since the objective of this paper, that was to analyze the stream of innovation of Agriculture 4.0, such as its
origin,features,and consequences, it was noticeable that innovation and technology is essential for the maintenance
of competitiveness in the agricultural sector. Agriculture 4.0 is a new concept of production which includes the
connectivity among remote devices (through loT), and artificial intelligence helps the control, management,
and decision-making based on big data available in Cloud. The interconnection among these elements drives
productivity increases in a sustainable way.

The productivity increase through innovation and technology is essential to nourish the world in a
sustainable way. The evolution from 1.0 to 4.0 significantly contributed to this challenge. Agriculture 4.0
is a result of a historical process of technological development. This concept of production has become
a reality for several production systems worldwide.

In the agriculture 4.0 revolution, a new development pattern for farms has emerged: the idea of
creating platforms that can communicate. Farmers are aware of the innovation storm.The more integrated
and connected are the farms, the greater the chances of success. The new vision for agriculture must
simultaneously deliver food security, environmental sustainability, and economic opportunity.

In Brazil agribusiness environment, there is a symbiosis between universities (ESALQ, UNICAMP,
etc.), development agencies (FAPESP, FINEP, EMBRAPA, CNPQ, etc.), research institutes (IPecege, IAC, etc.),
multinationals (Corteva, etc.) and startups. In general, this transformation process comes from research
centers, oriented by master’s, doctoral and postdoctoral studies.

The financing of Agriculture 4.0 innovation is made up of a mix of state and private funds. There
are postgraduate scholarships for researchers within universities, such as scholarships from FAPESP,
CAPES (Coordination for the Improvement of Higher Education Personnel) and CNPq (National Council
for Scientific and Technological Development). Moreover, there are funds for entrepreneurship projects,
such as FAPESP’s Innovative Research in Small Companies (PIPE), Studies and Projects Financing
(FINEP), and Brazilian Industrial Research and Innovation Company (EMBRAPII). When there is an already
proven technical viability, the venture capital resources are also investment funds from Institutes and
Multinationals.

Thus, the innovation in the agricultural sector in Brazil is essential to the maintenance of its
competitiveness. However, the 4.0 concept is still a challenge the country needs to overcome. Agtech
startups are working as a solution for technology diffusion. The Piracicaba Valley Agtech, in the state of
Sao Paulo, is a successful case of Agriculture 4.0 concept development.

This study is limited to focusing on innovation startups located in Brazil. As suggestions for future
research, it is recommended to explore the determinants of the foundation of agtech hubs, as well as the
regional characteristics that encourage the generation and diffusion of 4.0 technologies.
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