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Abstract

Purpose: Many academic and technical studies have explored informa-
tion and communications technology (ICT) applications in the agri-food 
sector from the farmers’ perspective. However, the technology supplier 
perspective on the ICT application has been largely overlooked. This 
paper aims to analyze how digital technologies are used within the agri-
food value chain and their benefits and advantages from the technology 
supplier perspective.
Originality/value: First, the study analyzed the benefits of ICT for the 
agri-food sector from the technology supplier perspective. Second, it 
comprised the integrated analysis of the complete set of ICT applied to 
the entire agri-food value chain. Third, we guaranteed the study’s repli-
cability by using a straightforward methodological approach.
Design/methodology/approach: Exploratory study with a descriptive 
approach was employed to map the complete set of digital technologies 
commercialized by 131 agri-food technology companies. The Organisa-
tion for Economic Co-operation and Development’s (OECD) (2018) 
typology for ICT solutions was used to identify technology types. The 
NVIVO software cluster analysis was applied to the data related to  
the benefits and advantages of the firms’ ICT solutions.
Findings: We identified that cost reduction and rapid decision-making 
are the essential benefits of ICT. It was found that the ICT field in the 
agri-food sector is composed of different companies’ generations, and 
many are not startups. We identified two new phenomena: agricultural 
servitization, which comprehends the increasing importance of services 
as crucial input for agricultural production, and agricultural manufac
turing, which refers to increasing control over production factors in agri-
culture.

 Keywords: agri-food, ICT, AgTech, value chain, innovation
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Resumo

Objetivo: Diversos estudos técnicos e acadêmicos exploraram as aplica-
ções das tecnologias da informação e comunicação (TIC) no setor agro-
alimentar do ponto de vista dos agricultores. No entanto, a perspectiva 
do fornecedor de tecnologia na aplicação de TIC foi amplamente esque-
cida. O objetivo deste artigo é analisar como as tecnologias digitais estão 
sendo utilizadas na cadeia de valor agroalimentar e quais são seus bene-
fícios e vantagens na perspectiva dos fornecedores de tecnologia.
Originalidade/valor: Em primeiro lugar, o estudo analisou os benefícios 
das TIC para o setor agroalimentar na perspectiva dos fornecedores de 
tecnologia, permitindo a análise integrada do conjunto completo de TIC 
aplicadas em toda a cadeia de valor agroalimentar. Finalmente, usando 
uma abordagem metodológica robusta, garantimos a replicabilidade do 
estudo.
Design/metodologia/abordagem: Foi empregado um estudo exploratório 
com abordagem descritiva para mapear o conjunto completo das tecno-
logias digitais comercializadas por 131 empresas de tecnologia agroali-
mentar. Usou-se a tipologia da Organização para a Cooperação e Desen-
volvimento Econômico (OCDE) (2018) para classificar os tipos de 
tecnologias. Por meio do software NVIVO, a análise de cluster foi aplicada 
aos dados de benefícios e vantagens das soluções digitais comerciali-
zadas pelas empresas.
Resultados: Identificaram-se a redução de custos e a rápida tomada de 
decisão como os benefícios mais importantes das TIC. No setor agroali-
mentar, essas tecnologias são criadas por diferentes gerações de empre-
sas, sendo a maioria delas startups. Identificaram-se os fenômenos de 
servitização agrícola, compreendendo a crescente importância dos servi-
ços como insumo-chave para a produção agrícola, e de manufaturização 
agrícola, que trata do incremento do controle sobre os fatores de produ-
ção na agricultura.

 Palavras-chave: agroalimentar, TIC, AgTech, cadeia de valor, inovação
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INTRODUCTION

The information and communication technologies (ICT) revolution has 
transformed the agri-food value chains worldwide. New technologies such 
as big data, the internet of things (IoT), and so on allow the creation of dis-
ruptive solutions for agri-food value chains (Kamilaris et al., 2017; Sarker et 
al., 2020; Wolfert et al., 2017). The emergence of ICT marked the transition 
from the techno-economic paradigm based on mass production of tangible 
goods to the paradigm based on creating services (Freeman & Perez, 1988; 
Perez, 2004). 

Until recently, the phenomenon of industry convergence in the agri-
food sector was quite limited, as raw commodity production relied on tradi-
tional agricultural knowledge fields, such as biological, chemical, and 
mechanical (Evenson, 1974). In turn, the use of ICT has spread among the 
global economy since the 1980s; however, only recently has it enabled a 
greater convergence among different agri-food subsectors, which enhances 
the process of value creation and delivery (Boehlje et al., 2011).

The ICT revolution in the agri-food sector is only possible because many 
agricultural technology companies, mostly AgTechs, are developing radical 
innovations for agriculture (Mikhailov et al., 2018). This new set of tech-
nologies is helping agricultural firms increase their productivity and effi-
ciency and facilitating their innovative performance (Dutia, 2014; Pham & 
Stack, 2018; Yadav et al., 2021).

There are three main groups of actors when considering the creation, 
application, benefits, and advantages of using ICT in the agri-food sector. 
The first one comprises the scientific community, universities, and research 
centers, which focus on developing state-of-art knowledge about the possi-
bilities of new technologies for the agri-food sector (Mikhailov, Oliveira, 
Padula & Reichert, 2021; Shepherd et al., 2020). There are also plenty of 
papers that have proposed new technical solutions for agriculture and some 
empirical studies that analyzed the practical and potential applications of a 
given set of ICT to agricultural production through bibliographic reviews 
and technical and academic perspectives (Basnet & Bang, 2018; Bronson & 
Knezevic, 2016; Deichmann et al., 2016; Kamilaris et al., 2017; Mukherjee 
et al., 2021; Sarker et al., 2020; Weersink et al., 2018; Wolfert et al., 2017). 

The second group is the farmer itself, responsible for agricultural pro-
duction and commercialization. Thus, the adoption of new technologies by 
the farmer and their perspective on digital technology has been intensively 
studied by academic scholars (Aubert et al., 2012; Jayashankar et al., 2019; 
Kernecker et al., 2020; Michels et al., 2020; Micheels & Nolan, 2016; Pivoto 
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et al., 2019; Zeng et al., 2017). These studies focus on the users’ perspective 
to determine these digital solutions’ adoption success (or not). 

The third group encompasses the suppliers of technologies, agri-food 
technology firms, which develop technologies that support phases of pro-
duction and commercialization (Mikhailov et al., 2018; Pham & Stack, 
2018). This group of actors is significant because, differently from the scien-
tific community (who possess theoretical knowledge) and farmers (who 
have market knowledge), it includes both technological and market knowl-
edge and is the main responsible for transforming state-of-art scientific 
knowledge into innovative solutions that transform the agri-food value chain. 

However, the technology supplier perspective on the application, bene-
fits, and advantages of ICT in the agri-food sector has been largely unex-
plored. It is particularly true for large emerging economies, such as Brazil. 
Also, previous studies often analyzed just one specific sub-sector or one 
value chain link (e.g., farm). They did not provide evidence on how firms 
position their solutions in the market. This raises some questions: 

•	 What agricultural technology companies are commercializing digital 
technologies for each link in the agri-food chain? 

•	 What are the advantages and benefits they might bring to the tech-
nology user? 

Therefore, this paper aims to analyze how digital technologies are being 
applied in the agri-food sector and determine its core benefits and advan-
tages from the technology supplier perspective. To achieve it, we conducted 
an exploratory study with a descriptive approach in Brazil, the fourth-largest 
agricultural raw product producer (Food and Agriculture Organization of 
the United Nations [FAO], 2009) and is the hometown of AgTech Valley – 
one of the largest agriculture technology hubs of Latin American Countries 
(LAC). The country is the world’s leader in raw agricultural production and 
has a vast network of agricultural research centers (Empresa Brasileira de 
Pesquisa Agropecuária – Embrapa, 2020; Vieira Filho & Fishlow, 2017). Due 
to its climatic issues and variety of soil and weather conditions, the tech-
nologies developed by the country have a high potential for application in 
most developing countries of the global south, especially for those related to 
tropical agriculture production (Vieira Filho & Fishlow, 2017).

With this study, we expect to fill the literature gap by bringing empirical 
evidence about how ICT allows agri-food firms to enhance their efficiency 
and productivity from the point of view of agri-food technology suppliers. 
The results show that most agri-food technology companies focus on solving 
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issues inside the farm by developing software-based and not hardware-based 
solutions. We highlight that agricultural technology companies have dif-
ferences in their foundation dates for each value chain position. It suggests 
the possibility of existing different technological generations of companies, 
which reinforces the ongoing paradigm shift. 

Likewise, the analysis of the benefits and advantages of ICT for agri-
food value chains suggests two new phenomena in the field: agricultural ser
vitization and agricultural manufacturingmanufacturing. The former refers to the 
increasing importance of services as crucial input for agricultural produc-
tion. The latter comprehends the growing control over production factors in 
agriculture. By using cluster analysis techniques to identify the benefits of 
ICT for the agri-food sector, we guaranteed the study’s replicability. Further-
more, the study comprises the integrated analysis of the whole set of ICT 
and not of a given technology in an isolated manner.

THEORETICAL BACKGROUND

Two subsections compose the theoretical background. The first describes 
transitions of technological paradigms in the agri-food sector. The second 
explains the application of digital technologies in the agri-food sector

Technological paradigms

Freeman and Perez (1988) argue that innovation can be incremental or 
radical. Incremental innovations occur more or less in a continuous manner 
in any business activity through “learning by doing” and “learning by using.” 
Incremental innovations are essential to the overall growth of efficiency and 
productivity of a given technology (e.g., product, service, process, etc.). In 
contrast, radical innovations usually emerge from planned research and 
development (R&D) activity (Dosi, 1982; Freeman & Perez, 1988).

When combined, successive incremental and radical changes may affect 
the whole technological system of production in several sectors, modifying 
the patterns of technical change (Freeman & Perez, 1988; Pavitt, 1984). 
Some changes in technology systems are so profound that they impact the 
entire economy. These changes are called techno-economic paradigms1 
(Freeman & Perez, 1988; Perez, 2004). 

1 This term should not be confused with “paradigm innovation” defined by Bessant (2003), which 
relates to different ways of thinking, usually from the firm’s perspective.
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A techno-economic paradigm or technological revolution relates to a 
long-term change that transforms the dominant model on how technical 
progress and economic systems should behave. Each techno-economic para-
digm leads to profound changes in the world’s economy. A technological 
change must fulfill conditions such as high potential use of new critical fac-
tors of production, cost reduction, quality changes, and unlimited resource 
availability over long periods to become a paradigm (Freeman & Perez, 1988). 

When discussing the impacts of shifts in techno-economic paradigms 
on the agri-food sector, it is essential to understand the structure of its value 
chains. The agri-food value chain is generally composed of actors accommo-
dated within three value chain links. The first is the ‘before the farm’ link, 
which includes suppliers’ tangible and intangible inputs for agricultural pro-
duction (Pham & Stack, 2018; Boehlje & Broring, 2011). The second is the 
farm and farmers themselves, called “inside the farm”. The third link 
includes “after the farm” actors, such as processors, retailers, and consumers 
(Gereffi et al., 2009; Pham & Stack, 2018).

During the 20th century, farm inputs were provided by large companies, 
particularly in the chemical field (Pham & Stack, 2018). Before the emer-
gence of AgTechs, the farm input market was composed of two large players: 
machinery and equipment producers and chemical and biological input 
companies. With the emergence of ICT, digital technology became one of the 
fundamental pillars of agricultural innovation, creating a transition to agricul-
ture 4.0 (Klerkx & Rose, 2020; Weersink et al., 2018). New companies 
arrived in the market, diversifying the number of solutions offered and the 
pace of innovation creation. As a matter of fact, in Brazil alone, 328 agri-food 
technology companies develop innovative solutions to the value chain (Jardim, 
2018). Many of these companies are AgTechs (Mikhailov et al., 2018). The 
core technology used by agri-food technology companies relies on ICT. From 
now the word ICT is used interchangeably with digital technology.

During the 21st century, two discontinuities emerged in the agri-food 
sector. The first discontinuity was the development of ICT. This first discon-
tinuity derived from ICT and made the production of sensors, low-cost 
internet-connected devices, and data storage become cheaper (Bronson & 
Knezevic, 2016; Deichmann et al., 2016; Oliveira et al., 2017; Weersink et al., 
2018; Wolfert et al., 2017), allowing small companies to engage in pursuing 
the creation of radical innovation with the use of high-tech devices. This 
discontinuity contributed to the rise of a second discontinuity, which is the 
emergence of AgTechs (Mikhailov et al., 2018; Mikhailov et al., 2019; Wolfert 
et al., 2017). AgTechs are technology companies engaged in improving any 



8

The application and benefits of digital technologies for agri-food value chain: Evidence from an emerging country

ISSN 1678-6971 (electronic version) • RAM, São Paulo, 23(5), eRAMR220114, 2022
https://doi.org/10.1590/1678-6971/eRAMR220114.en

phase of agricultural production and distribution or farm management 
(Mikhailov et al., 2018). These different landscapes of agriculture are shown 
in Figure 1.

Figure 1
Transition in the landscape of agricultural inputs from the 20th to the 21st 
century

AG 3.0 AG 4.0

Machinery and 
equipment

Chemical & 
biological  

inputs

Chemical & 
biological  

inputs

Machinery and 
equipment

Digital 
technology

Farm

Startup Startup

Startup Startup

Startup

FArM

Source: Based on Pham and Stack (2018) and Wolfert et al. (2017).

The application of digital technologies in the agri-food sector

Gokhberg et al. (2013) suggested that all technologies can be catego-
rized in three types. The first type is emerging technology, which is a rapidly 
evolving technology with the potential to cause broad societal and economic 
impacts. When created in the 1980s, ICT could be considered an emerging 
set of technologies. The second technology type is called enabling technolo-
gies. It includes technologies based on already-available inventions and inno-
vations that are about to increase its user’s capabilities in using other tech-
nologies radically. The third type is general-purpose technology, which has a 
high pervasiveness, innovation-spawning effect, and scope for improvement 
(Bresnahan, 2019; Gokhberg et al., 2013; Helpman & Trajtenberg, 1994). 

ICT, in some way, may fit all previous categories of technologies. It is 
extended to virtually all industries; it is still subject to rapid evolution. 
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Moreover, in the case of agri-food value chains, it can be considered an ena-
bling technology, and the major advances in this chain usually require the 
use of ICT. Particularly in the agri-food sector, these technologies have been 
applied since the beginning of the 21st century, with a large increase in use 
in the last years (Sarker et al., 2020; Pham & Stack, 2018; Zhang, 2020).

ICT in agriculture includes solutions based on big data, IoT, machine 
learning, blockchain, remote sensing systems, drones, and agricultural 
robots (OECD, 2018). These technologies increase efficiency and help 
reduce transaction costs and deliver value to most actors in agribusiness. 
ICT allows increased control over different production factors, such as ani-
mal health, soil conditions, harvest, and sowing periods through real-time 
monitoring of the farmland, crops, animals, and equipment used for the 
production (Wolfert et al., 2017 ). 

According to the OECD (2018), ICT applied to agri-food value chains 
can be understood as various tools and devices. Table 1 describes these tech-
nologies.

Table 1
Description of ICTs in agriculture as suggested by OECD

Type of technology Description

Digital platforms Digital platforms collect data and provide broader access to information 
and services. These platforms enable commercial and non-commercial 
transactions in B2B, B2C, and C2C markets.

Sensors Sensors allow us to transform the properties of physical world into data. 
The use of sensors allows for better soil and plant analysis and for 
gathering valuable data that will be used to predict yields (Basnet &  
Bang, 2018).

IoT The IoT allows us to connect different digital and physical devices into a 
unique information network. Within the farm, IoT helps monitor the 
location of animals, humans, and production processes.

robotics and drones robots are small-sized automatic machines that can substitute traditional 
agricultural machinery in different farm activities. Drones, also known as 
unmanned aerial vehicles (UAV), can support the application of precision 
agriculture techniques. UAV allows to obtain images of large agricultural 
areas and gather information about soil quality and plant diseases 
(Gašparović et al., 2020; Zhang & Kovacs, 2012).

(continue)
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Type of technology Description

Big data big data is formed by large quantities of information collected from 
sensors, agricultural equipment, agricultural machinery and by monitoring 
dairy farming activities. It includes a wide range of information, such as 
the incidence of pests, crop management, production results, and 
information on agricultural commodities prices (Kamilaris et al., 2017). 
When analyzed through data analytics, it supports the farmer’s decision-
making process ( Newton et al., 2020; Sarker et al., 2020).

Cloud computing Cloud computing offers the capacity required for data storage and data 
integration. In this way, cloud computing supports big data analytics 
(OECD, 2018).

Artificial intelligence Artificial intelligence is defined as the ability to acquire and apply 
knowledge and carry out the so-called “intelligent” behavior (OECD, 2018). 

Blockchain refers to the distributed database operated jointly by the users. In the 
agri-food sector, it serves to execute programs such as smart contracts 
(Mukherjee et al., 2021; Zhang, 2020).

Source: Based on OECD (2018).

The advent of digital platforms for agri-food products constitutes one of 
the most important innovations affecting most value chain elements. For 
instance, small-scale farmers usually face more difficulties achieving proper 
profit margins than large-scale producers. This happens due to the lack of 
information on the products’ prices, lack of connections with the target 
market, and high transaction costs (Markelova et al., 2009). Thus, digital 
platforms decrease these disadvantages, notably by connecting farmers 
directly to consumers without intermediates (Mukherjee et al., 2021; Zeng 
et al., 2017). They also connect farmers to upstream value chain elements 
(OECD, 2018). 

Blockchain is a distributed database replicated across many locations 
and operated by users. It allows “smart contracts” and digital currency to 
perform transactions and access financial resources. The advantages of 
blockchain technology over traditional financial mechanisms are the authen-
ticity and transparency of the information of transactions, which in turn 
show significant reductions in cost (Manski, 2017; Mukherjee et al., 2021; 
Zhang, 2020). Blockchain allows us to evaluate food origins better, improving 
the value to final customers.

Table 1 (conclusion)

Description of ICTs in agriculture as suggested by OECD
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Altogether, ICT applied to the agri-food sector can be represented as a 
“package” of technologies that aim to increase the productivity of farming 
enterprises and agricultural commodities, food products distribution, and 
commercialization (Basnet & Bang, 2018; Deichmann et al., 2016; Kamilaris 
et al., 2017; Ogundari & Bolarinwa, 2018; Wolfert et al., 2017).

Despite the availability of information on new digital technologies 
applied to the agri-food sector, literature still has not yet explored the per-
spective of technology suppliers regarding the knowledge about the benefits 
and advantages of these technologies. Therefore, it becomes essential to go 
deeper into this issue.

METHODS

To identify how digital technologies are being applied in the agri-food 
sector and their benefits, we mapped ICTs solutions for agriculture that  
Brazilian agri-food technology companies developed. These firms developed 
many new technologies within the agribusiness sector and thus offered a 
wide range of digital technologies.

The geographical delimitation of this study in Brazil is because the 
country figures as the third largest agricultural producer in the world (United 
States Department of Agriculture [USDA], 2017), is also the leader in tropical 
agricultural research, and concentrate many AgTechs (Embrapa, 2020). 
Studies show that 24% of Brazilian GDP comes from agribusiness (Instituto 
Brasileiro de Geografia e Estatística – IBGE, 2017). Likewise, the country is 
the hometown of the AgTech Valley, the main center of agricultural tech-
nology research in Latin America (Jardim, 2018). To achieve our objective, 
the method was divided into three steps, represented in Figure 2.
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Figure 2
Research design

Agfunder database:
• 338 companies
• 31 types of solutions

Preliminary database: 
• 194 companies
• 17 types of solutions

Final database:
• 131 companies
• 17 types of solutions

Inclusion criteria: 
Solutions being 
commercialized 

Inclusion criteria: 
OECD ICT typology

Website: companies’ description, 
commercialized product or service 
and benefits/advantages of the 

proposed solutions

National register of Legal Entities 
Database: foundation, initial capital 
investment, economic activity code

Descriptive analysis 
(SPSS)

Clustering 
analysis
(NVIVO)

1. Sample 
selection

2. Data  
collection

3. Data  
analysis

Source: Elaborated by the authors.

Population and sample

We used an agricultural technology company open database provided by 
Jardim (2018), one of the world’s largest agribusiness venture capital plat-
forms. Of the 338 agri-food technology companies in Brazil, the Agfunder 
methodology identified and defined 31 different types of solutions. Nine of 
those solutions were related to the “before the farm” value chain. Another 
twelve were developed for the “inside the farm” value chain. And ten were 
linked to the “after the farm” value chain, mainly related to food and agricul-
tural product distribution.

Then, we used the OECD’s2 ICT typology to identify what technologies 
are at the core of those solutions offered by the companies. The OECD’s 

2 OECD’s (2018) typology is not based on technical criteria.
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typology describes seven types of ICT for agriculture: digital platforms, 
robotics, and drones, IoT, big data, artificial intelligence, cloud computing, 
and sensors. 

By using this criterion to select only companies with ICT as their main 
technological core, 14 solutions that did not meet the OECD’s typology 
were excluded from the analysis, totaling 194 companies. The remained 
types of solutions were: content and education; distribution management; 
e-grocery; farm management; financial services; food safety and traceability; 
image diagnosis; industry 4.0; IoT; loyalty program; meteorology and irriga-
tion; precision farming; restaurant marketplace; scouting; sharing economy; 
telemetry and automation; unmanned aerial vehicles (UAV). 

In situations where it was impossible to identify exact or similar terms 
to OECD’s typology, the researchers used keywords to define the technology 
type applied by the company. For instance, once they identified words such 
as “SaaS,” “software,” or “platform,” the researchers inferred the use of a 
“digital platform” technology by the company. Expressions such as “real-
time access” suggested the “cloud computing” technology. The “machine 
learning” technology was allocated into the “artificial intelligence” category. 

Then, we selected only the companies already commercializing their 
products and services. We assume that it is only possible to consider com-
panies with validated business models that are effectively influencing the 
specific link of the value chain because, in the startup scene, it is very usual 
to launch prototypes that may (or may not) provide the expected benefits 
for technology users and bring profits for the company. We pre-screened the 
companies’ websites to analyze if they offer solutions and if their National 
Register of Legal Entities code is active. The final sample included 131 agri-
cultural technology companies. 

Data collection 

To achieve our objective, we collected both quantitative and qualitative 
data from three different sources between November 2018 and March 2019. 
First, the Agfunder database allowed us to identify the companies’ value 
chain position and solution types to define and characterize the sample. 

Second, through the agricultural technology companies websites, it was 
possible to obtain information related to their field area, the main commer-
cialized product or service list, and the benefits/advantages of their solu-
tions. It is essential to highlight that these data embrace the institutional 
perspective of companies on how they communicate information about their 
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history, solutions, and competitive advantages to target audiences. Third, 
through the National Register of Legal Entities Database, it was possible to 
extract data on companies’ foundations, initial capital investment, and eco-
nomic activity code. 

All information was compiled into a new database to enable compara-
tive analyses. 

Data analysis

Researchers used the description of companies, the definition of its 
solutions and the description of benefits provided by the commercialized 
products and services and OECD (2018) criteria to define technology types 
applied by the analyzed companies. Data on age, value chain position, value 
chain types, initial capital invested, and solution types of agri-food tech-
nology were analyzed using the IBM SPSS 17 software.

Furthermore, we codified the data related to the benefits and advan-
tages of the leading solutions offered by each firm through the NVIVO soft-
ware. We considered the 250 most frequent derived words to create codes 
and linked them to the previous literature. Then, we performed a cluster 
analysis based on Pearson’s correlation parameters, which enabled the crea-
tion of a dendrogram with the codes. After finishing the previously described 
analysis, the data were triangulated with the current literature to identify 
how digital technologies are being applied in the agri-food sector.

RESULTS AND DISCUSSION

Description of agricultural technology companies

The results show that most companies (77.01% of firms) focus on  
solving the issues inside the farm (Table 2). 13.74% of agricultural technology 
companies develop solutions for agents located after the farm. The solutions 
for upstream agri-food value chains are developed by twelve companies, cor-
responding to approximately 9.16% of the total number of companies.

Likewise, 10 out of 17 types of ICT-based solutions are developed for 
the farm. We highlight that almost half of the agricultural technology com-
panies (47%) provide answers to monitor the operations, decrease the waste 
of resources, and predict potential issues such as farm management, UAV-
based, and meteorology and irrigation technologies. In contrast, two agri-
cultural technology companies developed solutions focused on industry 4.0, 
image diagnosis, and loyalty programs.
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Table 2
Number of agri-food technology companies per type of solution and 
position in the value chain 

Type of solution Before the farm Inside the farm After the farm Total

Farm management 30 30

UAV 22 22

Meteorology and irrigation 10 10

IoT 9 9

E-grocery 8 8

Precision farming  7 7

Telemetry and automation  7 7

Scouting  6 6

Financial services 5 5

Food safety and traceability 5 5

Distribution management  5 5

Sharing economy 5 5

restaurant marketplace 3 3

Content and education  3 3

Image diagnosis  2 2

Industry 4.0 2 2

Loyalty program 2 2

Total 12(9%) 101 (77%) 18 (14%) 131

Source: Elaborated by the authors.

Besides that, 86.26% of agricultural technology companies develop 
solutions for crop production and the rest for animal production. The com-
panies are exploiting ICT to solve climate variability, pest control, soil fer-
tility, etc. This focus on crop production instead of animal production is 
congruent with the higher proportion of the crop production within the 
total revenue in agriculture compared to animal production value.

When looking into the age of agri-food technology companies per solu-
tion type (Table 3), it is possible to observe vast differences among solution 
types. While the companies engaged in distribution management solutions 
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present a mean age of 20.3 years, the sharing economy and loyalty program 
companies have a mean age of no more than three years. The overall mean 
age of the analyzed agricultural technology companies is 7.3 years. It is 
essential to add that many scholars agree that the limit of age for considering 
a technology company to be a new one is about six years (Dai et al., 2017; 
Saemundsson & Candi, 2017; Zahra et al., 2000). Almost 40% of the total 
companies (39.2%) had more than six years by the research time. Hence, 
even when considering that most AgTechs may present lower scalability and 
longer product development life cycle than other new ventures (Mikhailov 
et al., 2018), it is suggested that a great number of Brazilian agri-food tech-
nology companies are not startups anymore. 

Table 3
Mean age of agri-food technology companies per solution type (age and 
standard deviation)

Solution Mean St. Dev. Minimum Maximum

Distribution management 20.25 10.84 5 28

Industry 4.0 11 2.83 9 13

Telemetry and automation 10.57 7.59 2 20

Food safety and traceability 8.80 5.80 2 14

Farm management 8.50 6.23 1 24

Scouting 8.00 7.92 2 23

Precision farming 7.50 5.21 2 14

Image diagnosis 7.00 0.00 7 7

UAV 6.11 3.49 2 8

Meteorology and irrigation 6.10 4.63 2 14

IoT 5.38 2.97 2 10

Financial services 4.80 2.78 2 9

restaurant marketplace 4.33 3.22 2 8

E-grocery 3.88 1.81 2 7

Content and education 3.00 0.00 3 3

Loyalty program 3.00 0.00 3 3

Shared economy 2.33 1.16 1 3

Overall 7.28 5.86 1 28

Source: Elaborated by the authors.
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Consequently, the ICT field in the agri-food sector comprises different 
generations of these companies. Some of the solutions are being developed 
almost exclusively by young companies, such as those engaged in sharing 
economy, e-grocery, content, and education solutions. The companies 
involved in farm management and precision management solutions are 
young and relatively mature organizations. Finally, the dis tribution manage-
ment solution is composed mainly of relatively mature companies. 

Moreover, when analyzing the mean age per position of solution in the 
value chain, it is observed that inside-the-farm companies present the highest 
one, equal to 8.2 years. The average age for companies that create solutions 
for after-the-farm agents is 5.9 years, and those that focus on before-the-farm 
solutions are 3.7 years.

It is important to argue that the presence of many relatively mature 
companies in the agri-food technology value chain (39,2%) can be justified 
by the necessity of more mature companies to develop radically new solu-
tions due to the high pace of technological development advances in this 
field. Still, even with many mature companies in the ICT field, the rate of 
AgTechs creation remains relatively high, as 27.6% of the analyzed agri-food 
technology companies were founded less than three years ago. It shows that 
the agri-food technology sectors continue to grow and develop.

At the same time, it is possible to observe a rate of diversity in terms of 
economic activity codes amongst the analyzed agri-food technology compa-
nies since many of them are not registered as software firms within the 
national activity classification catalog. Therefore, similarly to the world’s 
landscape of big data in agribusiness (Wolfert et al., 2017), the Brazilian land-
scape of agri-food technology companies engaged in ICT is diverse in age, 
size, and the original economic activity of the organizations.

Types of commercialized technologies

By mapping ICT-based solutions commercialized, it was possible to 
identify the wide range of technologies applied to agri-food and, particularly, 
to agricultural production. In agriculture, as in other economic sectors, 
obtaining the required information at the “right” time has gained crucial 
relevance for the overall performance of food production and distribution.

Farms are the main focus of ICT-based solutions compared to other 
upstream and downstream value chain actors. Likewise, it is observed that 
“inside the farm” is the only value chain position that receives solutions 
based on all OECD’s (2018) technology types. As shown in Table 4, most 
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agri-food technology companies (80.7%) argued for using digital platform 
technology to provide innovative solutions to customers. More than 70% of 
firms stated to big data in their answers. Cloud computing technology  
is used by 30.7% of firms. Hardware-based solutions, including sensors, 
robotics, and drones, are developed by 41 companies. The least applied tech-
nology is the blockchain, with only three companies. 

Table 4
Number of companies offering the given technology per value chain 
position3 

Type of technology Before the farm Inside the farm After the farm Total

Digital platforms 8 81 16 105

Big data 9 69 15 93

Cloud computing 6 29 5 40

IoT 4 21 3 28

Sensors 2 21 4 27

robotics and drones 4 20 0 24

Artificial intelligence 7 12 1 20

Blockchain 1  2 0 3

Source: Elaborated by the authors.

From the results, we argue that the emergence of ICT makes the inside 
the farm the most impacted stage of the value chain. In this sense, the struc-
ture of production function in agriculture moves from the rationale of using 
physical inputs to the increasing importance of service-based solutions. This 
technology trend suggests that soon farms will become heavy users of ICT 
while transforming agricultural production into a more servitized economic 
activity than it is today. 

In turn, these changes may affect the decision-making process for agri-
cultural production. In the past, farmers were the main ones responsible for 

3 The present table is based on the statistics on technologies argued by companies themselves in their 
websites as those that bring benefits to consumers. Therefore, the numbers concerning companies 
applying a given technology refers exclusively to the number of companies that state to use this tech-
nology in the description of their solutions and solution’s benefits in their website, and not to the 
technical nature of the solutions themselves.
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decisions regarding farming and harvesting activities. The rise of digital 
platforms, big data, IoT, and artificial intelligence in agriculture will upgrade 
farmers’ decision-making procedures. It is possible to suppose that soon the 
farmers’ decisions will concern technology adoption issues at least as much 
as the decisions related to production issues.

Benefits and advantages of ICT in agri-food

After describing the types of digital technologies, we focused on analyzing 
the main benefits and advantages of different solutions offered by the selected 
companies. The most frequent words extracted from their websites were 
data, information, control, system, management, and costs (Figure 3). 

Figure 3
Word cloud of most frequent words
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Source: Elaborated by the authors. 
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systematized and analyzed. Depending on the purpose of the solution, these software or 

integrated platforms provide valuable information which can be used to make more proactive 

decisions. 

Through production control and monitoring, it is possible to increase productivity, 

reduce costs and improve product quality. These technologies enable users to speed up and gain 

agility by ensuring greater precision and safety throughout the production processes. Indeed, it 

is possible to optimize the processes and adjust some of the activities related to farming because 

every strategy and its consequent implementation can be based on real-time information. These 

most frequent words were used to create the codes presented in Table 5. 

 
Table 5 
Benefits and advantages of using ICT in the agri-food sector  

Benefits and 
advantages 

References 

Data analysis and decision 

making 

 

Basnet and Bang (2018), Kamilaris et al. (2017), Kernecker et al. (2020), 

Kittipanya-ngam and Tan (2019), Newton et al. (2020), Sarker et al. (2020), 

Wolfert et al. (2017). 

Costs reduction 

 

Basnet and Bang (2018), Jayashankar et al. (2019), Kamilaris et al. (2017), 

Kernecker et al. (2020), Sarker et al. (2020), Weersink et al. (2018), Zhang 

Source: Elaborated by the authors.

From the results, it seems clear that implementing these digital tech-
nologies in the different links of the value chain can bring operational and 
managerial benefits to its users. These solutions offer the possibility of col-
lecting data from other sources, which are systematized and analyzed. 
Depending on the purpose of the solution, these software or integrated plat-
forms provide valuable information which can be used to make more proac-
tive decisions.
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Through production control and monitoring, it is possible to increase 
productivity, reduce costs and improve product quality. These technologies 
enable users to speed up and gain agility by ensuring greater precision and 
safety throughout the production processes. Indeed, it is possible to opti-
mize the processes and adjust some of the activities related to farming 
because every strategy and its consequent implementation can be based on 
real-time information. These most frequent words were used to create the 
codes presented in Table 5.

Table 5
Benefits and advantages of using ICT in the agri-food sector 

Benefits and advantages References

Data analysis and decision 
making

Basnet and Bang (2018), Kamilaris et al. (2017), Kernecker et al. 
(2020), Kittipanya-ngam and Tan (2019), Newton et al. (2020), 
Sarker et al. (2020), Wolfert et al. (2017).

Costs reduction Basnet and Bang (2018), Jayashankar et al. (2019), Kamilaris et al. 
(2017), Kernecker et al. (2020), Sarker et al. (2020), Weersink et al. 
(2018), Zhang (2020).

Information and data Kamilaris et al. (2017), Kittipanya-ngam and Tan (2019), Sarker et al. 
(2020), Scuderi et al. (2019), Jayashankar et al. (2019), Yadav et al. 
(2021), Wolfert et al. (2017).

Planning and management Kamilaris et al. (2017), Kumar et al. (2020), Sarker et al. (2020).

Control and monitoring Gašparović et al. (2020), Kamilaris et al. (2017), Sarker et al. (2020), 
Scuderi et al. (2019), Yadav et al. (2021), Wolfert et al. (2017).

Quality improvement Basnet and Bang (2018), Kamilaris et al. (2017), Kittipanya-ngam 
and Tan (2019), Sarker et al. (2020), Yadaev et al. (2021), Weersink 
et al. (2018), Zhang (2020).

Processes optimization and 
time reduction

Kamilaris et al. (2017), Kernecker et al. (2020), Scuderi et al. (2019), 
Yadaev et al. (2021), Zhang (2020).

Precision Gašparović et al. (2020), Kamilaris et al. (2017), Yadaev et al. (2021), 
Weersink et al. (2018).

Productivity Kamilaris et al. (2017), Kernecker et al. (2020), Yadaev et al. (2021), 
Weersink et al. (2018).

Speed and agility Kamilaris et al. (2017), Kittipanya-ngam and Tan (2019),  
Mukherjee et al. (2021), Scuderi et al. (2019), Wolfert et al. (2017), 
Zhang (2020).

Security and safety Basnet and Bang (2018), Kamilaris et al. (2017), Kittipanya-ngam 
and Tan (2019), Mukherjee et al. (2021), Scuderi et al. (2019) 
Weersink et al. (2018), Zhang (2020).

Source: Elaborated by the authors.
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From these created codes, we sought to identify if they are correlated 
and what this relationship looks like. We performed a clustering analysis in 
the form of a dendrogram. A dendrogram diagram shows the hierarchical 
relationship between coded words (Figure 4). 

Figure 4

Cluster analysis by word similarity

Management, control  
and monitoring

Precision
Quality improvement

Security and safety

Information and data
Productivity

Process improvement and time reduction

System
Speed and agility

Analysis and decision making
Costs

Source: Elaborated by the authors.

The most important benefits that companies intend to provide to tech-
nology users are cost reduction and rapid decision-making. It occurs because 
the processes performed by farm producers are systematized on digital  
platforms. When these systems are implemented, they change how most 
production and management activities are done, leading to gains in produc-
tivity and time. Due to digitalization, companies need to improve or change 
some processes, which allows them to harness the full potential of these 
solutions.

When applied to a specific activity, these technologies, especially drones, 
sensors, and IoT, enable collection and storage of a significant amount of 
data (big data) on digital platforms. Therefore, that data can be analyzed in 
real-time due to cloud computing and artificial intelligence. Consequently, 
the entire agri-food value chain can produce products and services with 
higher quality and safety since they can monitor, control, and better manage 
their business 

Using these digital technologies allows exploiting data to obtain insights 
and information that will help companies in their planning process. It might 
bring a great revolution in the agri-food sector because every actor will raise 
their knowledge base and be interconnected to develop, produce and deliver 
cheaper high-quality products to the target market. 
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Considering the results shown in Table 2 (solution types) and Table 4 
(commercialized solutions), we suggest a new phenomenon occurring in 
the agri-food sector, particularly agricultural production. We call this phe-
nomenon agricultural servitization, as services become a critical factor of agri-
cultural production. For instance, financial services and sharing economy 
solutions allow farmers – particularly small ones – to obtain the financial 
resources necessary to promote agricultural production. By providing farmers 
with real-time data, digital platforms and farm management solutions allow 
them to manage their farms like a commercial firm. In turn, e-grocery, food 
safety, and traceability help farmers sell their products, improve the farm’s 
transactional capability, and improve customer experience.

At the same time, from the results presented in Table 5 (benefits and 
advantages of ICT use) and figures 3 (word cloud) and 4 (cluster of benefits 
and advantages of ICT use), we suggest that the phenomenon of agricultural 
servitization is helping to create another disruption in agricultural production. 
As shown above, intelligent machinery allows the farmer to learn about soil 
quality	and	plant	diseases	(Gašparović	et	al.,	2020;	Zhang	&	Kovacs,	2012)	
and, therefore, to better plant and harvest crops. Precision sensors monitor 
the farm and the cattle in real-time (Basnet & Bang, 2018). Big data analytics 
allows the farmer to improve and make faster the decision-making process 
(Kamilaris et al., 2017; Sarker et al., 2020). Overall, terms such as monitor 
and control, quality improvement, precision, security, and safety are very similar to 
those used by managers and engineers in the manufacturing industry.

Similar to what happened in the industrial sector during the late 19th 
and early 20th centuries, now it is possible to monitor the production phases 
in agriculture, access production indicators in real-time, and foresee the 
output according to the invested financial and physical resources. We argue 
that the identified phenomena related to the increasing control over produc-
tion factors in agriculture should be called agricultural manufacturing.

FINAL CONSIDERATIONS

The present study showed that the solutions commercialized by agricul-
tural technology companies aim to solve the technical and managerial issues 
of farms by improving interconnectivity and allowing lower resource con-
sumption through the intelligent use of equipment and machinery. Overall, 
they focus on farm management and transaction operations. We highlighted 
that the different groups of agricultural technology companies present sig-
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nificant differences in their mean age (Table 3). This suggests the possibility 
of existing different generations of agricultural technology companies, which 
reinforces the ongoing paradigm shift. 

Our research brought some theoretical contributions and practical 
implications. Firstly, it showed the perspective of technology suppliers on 
the benefits and advantages of ICT in the agri-food sector. Unlike academic 
scholars and farmers, technology suppliers possess a holistic view of techno-
logical, management, and market aspects of agri-food production and com-
mercialization. With that, their vision has paramount importance for the 
sector’s future. 

Secondly, it identified two new phenomena: agricultural servitization  
and agricultural manufacturing. We expect that the present article’s concept 
forming these phenomena will allow further studies. We may also question: 
will the digitalization gap between the farm and other sub-sectors of the 
agri-food value chain decrease over time? Before introducing ICT in agricul-
ture, farming was mainly based on physical production factors. Considering 
that farming is possibly the least digitized sector of the agri-food value chain, 
it represents a significant market opportunity for ICT companies.

Thirdly, similarly to the current global scenario (Pham & Stack, 2018; 
Wolfert et al., 2017), the Brazilian landscape of agricultural technology sup-
plies is diverse. There are different generations of agricultural technology 
companies in the field. Policymakers should pay attention to their peculiari-
ties regarding size, age, financial resources, and knowledge resources when 
formulating policies for the agri-food sector.

We also highlight that we focused on the firms’ perception of the  
benefits and advantages of their solutions and not on the users’ perception. 
This methodological approach can be replicated for other studies carried out 
worldwide.

We recognize that this study has some limitations. First, the present 
study used only secondary data. Therefore, we claim urgency for applying a 
survey with the analyzed companies to refine and validate the actual use of 
the identified technologies. Second, this research was performed with com-
panies that act in tropical agriculture environments. Thus, it would be inter-
esting to compare possible differences in the use of ICT among both types 
of agriculture.

For future studies, we suggest incorporating qualitative ICT analysis 
through the perception of experts and practitioners about the benefits of 
ICT applied to the agri-food sector. Once identified that there are different 
generations of agri-food technology companies, it would be interesting to 
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investigate the technological trajectory of incumbent firms when engaging 
in the development of new high-tech solutions for the agri-food sector. 

The new phenomena of agricultural manufacturing should be deeply 
explored. Which agricultural production processes will be the most similar 
in terms of management and control to the manufacturing sector? How can 
the impact of the development of industry 4.0 on agriculture 4.0 be 
enhanced? Where do industry 4.0 and agriculture 4.0 overlap, and what are 
their differences? Finally, considering the rapid pace of technological evolu-
tion in the sector, new studies could be conducted to identify the possible 
changes in the current situation.
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