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Abstract: This study aims to identify and analyze the adoption of digital agriculture in Latin
America, focusing on Brazil, by examining barriers and drivers across diverse biomes. It
identifies key factors influencing technology integration using a mixed-methods approach,
including a literature review and empirical data from selected Brazilian municipalities. The
central barriers include limited digital literacy, financial constraints, labor shortages, service
provider accessibility, and infrastructure inadequacies. Drivers encompass productivity
gains, cost reduction, improved management, infrastructure availability, and producer
education. This research highlights the need for strategic policy interventions to address
these barriers, enhancing digital literacy, infrastructure, and connectivity. Overcoming
these challenges is crucial for realizing the transformative potential of digital agriculture
and promoting productivity, sustainability, and economic development in the region.

Keywords: climate-smart practices; smart agriculture; AI in agriculture; digital technologies;
sustainable agriculture

1. Introduction
Information and communication technologies in agriculture have become increasingly

frequent, driving the shift from traditional to digital agriculture. Digital agriculture, also
known as smart agriculture, refers to the use of digital technologies that enhance sustain-
ability, productivity and optimization, encompassing everything from pre-production to
post-production, transforming traditional agriculture into a more efficient and environmen-
tally friendly sector [1,2].

The central pillar of digital agriculture refers to the availability of connectivity linked
to the use of digital technologies (such as big data, artificial intelligence, machine learning,
remote sensing, and internet of things), which provide rural producers with access to data
that allows them to make computerized decisions, as well as the possibility of optimizing
their production practices [1,3–5]. However, incorporating these digital technologies is
a complex process permeated by a series of challenges and opportunities, including the
transformation of the traditional paradigms of the sector. (The traditional paradigms refer
to the practices and beliefs established in agriculture prior to the introduction of digital
agriculture. These paradigms include decisions based primarily on personal experience
and local knowledge, manual land management, limited access to information and connec-
tivity, reliance on manual labor, and linear supply chains with little transparency. Digital
agriculture challenges these paradigms by introducing data-driven decisions, automated
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management, robust connectivity, new technological skills, and more efficient and trans-
parent supply chains [6]). Among the main challenges are issues related to privacy and
data security [4], the adaptation and development of technological capabilities [6], and
economic, financial, and infrastructure issues linked to their adoption [7].

Against this backdrop, this paper aims to identify and analyze the main drivers of
and barriers to adopting digital agriculture, considering the context of Latin American
countries. Furthermore, an effort will be made to compare the findings from the litera-
ture with the barriers identified in adopting digital agriculture technologies within the
Agro-Technological Districts (DATs) of the Center of Science for Development in Digital
Agriculture (Semear Digital Center/Brazil). In other words, it will seek to answer the
following questions: RQ1: “Based on the specific scientific literature on the Latin American
context, what are the main drivers and barriers to the adoption of Digital Agriculture?” and
RQ2: “Which of the barriers identified in the literature are present within the operational
context of the Semear Digital Center?”.

Although there have been previous studies on the subject, there is a gap in the literature
about identifying the main barriers and factors in the adoption of digital agriculture,
specifically considering the context being addressed. From a methodological point of view,
the study adopts an exploratory approach and was conducted using a bibliometric review,
documentary research, and the specific analysis of the Semear Digital Center. The structure
of the paper comprises three parts, in addition to this introduction and conclusions. The
first part presents the theoretical framework used to conduct the research, presenting the
main concepts and their characteristics. The second part deals with the methodological
approach adopted in this study. The third part presents the results and discussions obtained
through bibliometric analysis and compares the results with identifying barriers within the
Semear Digital Center.

As an initial contextualization, the Semear Digital Center (The Semear Digital Cen-
ter, through a multi-institutional collaboration combining cutting-edge research, applied
agri-digital expertise, telecommunications innovation, and academic rigor, aims to drive
equitable digital transformation in Latin American agriculture. Focusing on scalable solu-
tions for smallholder farmers, the center addresses technical and social barriers, such as
connectivity, tool accessibility, digital literacy, and policy gaps. With a 5-year horizon, the
Center aims to achieve systemic impact through interoperable technologies, supportive
policies, and human capital development, ensuring that innovations are technologically
robust, economically viable, and culturally adapted to Latin America’s diverse agricultural
contexts.) is funded by the São Paulo Research Foundation (FAPESP) and involves seven
Brazilian institutions: Embrapa digital agriculture (host institution), University of São
Paulo/Luiz de Queiroz College of Agriculture (USP/Esalq, Piracicaba, Brazil), CPQD,
National Telecommunication Institute (Inatel, Santa Rita do Sapucaí, Brazil), Agricultural
Economics Institute (IEA, São Paulo, Brazil), Agronomy Institute (IAC/Apta, Campinas,
Brazil), and Federal University of Lavras (UFLA, Lavras, Brazil). The Center’s 5-year oper-
ation began in November 2022 and aims to overcome inequalities in agriculture through
research, development, and innovation in Information and Communication Technology to
increase the production and productivity of small and medium farmers.

2. Theoretical Background
Agriculture is one of the sectors most significantly affected by the growing adoption

of Information and Communication Technologies [1,8]. This phenomenon involves the use
of digital technologies and the optimization of agricultural processes, considering the use
of several tools, such as artificial intelligence, sensors, and drones, to improve production
efficiency, reduce costs, and provide more sustainable practices for the sector [9].
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Digital agriculture has, therefore, emerged as a “guiding thread for the demands of
consumer markets attentive to the sustainability of production in the countryside” [1]
(p. 61). Its implementation allows, for instance, farmers to monitor their crops in real
time, analyze climate data, automate agricultural tasks, and optimize the use of inputs.
Producers can make computerized decisions by collecting and analyzing data, resulting in
greater profitability and, consequently, healthier and more sustainable harvests [10].

In other words, digital agriculture represents a revolution in the agricultural sector
and can be defined as “the use of detailed digital information to guide decisions along the
agricultural value chain” [11] (p. 5084). The potential benefits of digital transformation
in agricultural production chains are highlighted by Bolfe and Massruhá [12]: (i) at the
level of input manufacturers, optimization of resources, greater production efficiency,
development of disruptive solutions, new products and markets, greater safety and quality;
(ii) at the level of rural producers, greater efficiency in agricultural productivity, rural
sustainability, possibilities for new job opportunities, optimization of decision-making,
and greater possibilities for rural succession; (iii) at the level of processors, planning and
management actions, adding value, reducing losses, food and drink quality, greater safety,
and certifications; (iv) at the level of distributors, product diversity, new market niches,
use of different marketing platforms, efficient deliveries, and traceability; (v) at the level
of end consumers, urban–rural connectivity, digital protagonism, cultural appreciation,
transparency and engagement, and new businesses.

Its implementation, however, requires the availability of infrastructure and connectiv-
ity on the rural properties, and depending on the technology, technical knowledge, and
digital literacy for its operationalization, as well as specificities concerning the type of
soil and climate. The high initial investment, maintenance, and management costs also
appear to challenge producers to overcome [13]. Another issue is related to the possibility
of widening economic and social inequalities, especially in the case of small and medium-
sized properties (as well as isolated properties), given their low access to connectivity and
infrastructure [14]. In this regard, state action is required to implement public policies
capable of supporting this transformation, and creating a favorable environment for the
adoption of these digital technologies. The type of organization (e.g., cooperatives) in
which producers participate is also seen as a driver for the adoption of these technologies
in the field, enabling collaboration, the exchange of knowledge and experiences, as well as
the shared use of technologies [2,3,15–17].

As mentioned above, some studies have sought to identify such barriers and drivers of
adoption [2,3,13,15], among others, but few have explicitly focused on the Latin American
context, mainly conducting a bibliometric and empirical analysis.

Regarding the scope of this paper-Latin American countries-it can be seen that there
has been an increase in internet access in recent years, but this has not yet reached 100%
of rural properties. Given the region investigated, this data exemplifies just one of the
challenges that permeate digital transformation in agriculture. Considering this context,
it is essential to identify and analyze the obstacles hindering this adoption, as well as the
drivers that motivate rural producers to implement these technologies, considering the
region’s specific characteristics.

3. Materials and Methods
This paper employs a mixed-methods approach, integrating bibliometric research,

document analysis, and empirical research, to thoroughly understand the barriers and
drivers of digital agriculture in the specific context of Latin American countries. In this
regard, the study was developed through four stages: 1. data collection and processing,
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2. data eligibility, 3. bibliometric analysis, and 4. comparison between the identified
barriers.

To conduct the bibliometric research (steps 1 to 3), the Scopus, Web of Science, Dimen-
sions, and Scielo databases were used, with the results filtered and standardized using the
VOSviewer 1.6.19 software. Data were collected in February 2024, using a combination
of keywords in English, Portuguese, and Spanish (Query equation (English, Portuguese,
and Spanish): (“Latin America” OR “Argentina” OR “Bolivia” OR “Brazil” OR “Chile” OR
“Colombia” OR “Costa Rica” OR “Cuba” OR “Ecuador” OR “El Salvador” OR “Guatemala”
OR “Haiti” OR “Honduras” OR “Mexico” OR “Nicaragua” OR “Panama” OR “Paraguay”
OR “Peru” OR “Dominican Republic” OR “Uruguay” OR “Venezuela”) AND (“digital
agriculture” OR “smart farming” OR “ smart agriculture” OR “agriculture 4.0” OR “agri-
culture 5.0”) AND (“constraints” OR “driver” OR “adoption” OR “barrier” OR “use” OR
“application” OR “willingness” OR “intention”)). After compiling the results (n = 140), the
publications were screened based on the reading of titles and abstracts (n = 104), keeping
those that dealt exclusively with the adoption of digital technologies by the agricultural
sector, considering both studies on experiences of use and studies on barriers and adoption
factors in the context above.

The data were parameterized using the VOSviewer software to analyze the co-
occurrence of authors’ keywords, generating a visualization (Network Visualization) that
represents the frequency of occurrence of keywords. The proximity of the terms indicates
their association in the same cluster based on the frequency of co-occurrence [18,19]. The
software parameter was set to a minimum threshold of 2 occurrences per keyword, yielding
7 clusters and identifying 39 keywords.

Subsequently, considering the publications screened, we categorized the barriers and
adoption factors identified, presenting an overview of the main determinants and obstacles
to implementing digital agriculture in Latin American countries. The final step compares
the barriers identified through bibliometric analysis with those identified in the Semear
Digital Center’s implementation context. Figure 1 details the methodological design of the
research, presenting the processes carried out to obtain the results.
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The integrated mixed-methods approach adopted in this paper provides a more ro-
bust and nuanced understanding of digital agriculture adoption in Latin America than
any single method could achieve alone. This methodology bridges the gap between the-
oretical discourse and practical implementation challenges by triangulating quantitative
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bibliometric patterns with qualitative document analysis and on-the-ground insights from
the Semear Digital Center. The systematic comparison between literature-derived bar-
riers and empirical findings exposes critical gaps in the regional innovation ecosystem,
while the multilingual, multi-database approach ensures comprehensive coverage of Latin
American scholarship.

This triangulation addresses a critical gap in Latin American literature by: (1) vali-
dating theoretical barriers (e.g., infrastructure) with empirical data from DATs, revealing
understudied challenges like land tenure insecurity (e.g., DAT Jacupiranga); (2) identifying
divergences (e.g., climate adaptation prominent in bibliometric clusters but less visible in
DATs); and (3) enabling context-specific policy design, such as prioritizing connectivity
investments in mountainous regions (e.g., DAT Caconde).

4. Results and Discussion
The results obtained are presented in two parts. The first is the bibliometric analysis.

The second part presents a compilation of the main results regarding the barriers and adop-
tion factors of digital agriculture in the Latin American context, with a special emphasis on
the Brazilian case.

4.1. Bibliometric Analysis

Figure 2 shows the analysis of the co-occurrence of keywords used by the authors
identified in the bibliometric research carried out, with a view to the topic of this study.
In addition to the barriers and adoption factors of digital agriculture, the bibliographic
productions identified also deal with experiences of using and implementing these digital
technologies in the field. The data from this research generated this network graph, which
comprises seven interconnected clusters, highlighted in different colors.
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The red cluster, composed of nine keywords, shows the relationship between the
concept of ‘climate-smart agriculture’, climate change, and the need to adapt traditional
agriculture to more sustainable agriculture. Although this concept is not explored in this
article, this cluster presents a series of research studies that can be highlighted, such as
Acosta et al. [20] and Mosso et al. [21], which deal with the issue of gender inequality in
the agricultural sector and its relationship with the adoption of sustainable practices in
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Latin American communities. In this particular cluster, the dimension of sustainability and
global climate change is emphasized, given the activities linked to the agricultural sector.

The green cluster, comprising eight keywords, deals with the use of digital technologies
in the countryside, the relationship between digital exclusion in different contexts in Latin
American countries, and sustainability. Publications by Engås et al. [22] and Florez et al. [23]
are examples of studies that explore the difficulty of access to digital technologies in
developing countries and their potential consequences concerning this inequality.

The blue cluster, made up of six keywords, addresses the relationship between digital
agriculture, the implementation of IoT technologies, the connection of wireless sensors, the
use of these technologies for irrigation, as well as the monitoring of these different types
of use. Among the central studies identified, Chacho et al. [24] deal with experiences of
using digital technologies in monitoring and controlling production applied to traditional
properties in Ecuador. Collado et al. [25] provide an insight into the potential and challenges
of implementing digital agriculture in Panama, and Ahmed et al. [26] explore the use of
sensors and IoT technologies in Chile, paying special attention to their benefits, such as
improving the decision-making process and validating advanced forecasting algorithms.

The yellow cluster, made up of five keywords, highlights the interconnection between
Industry 4.0, technological development, innovative processes, and the prospect of future
agriculture. In this regard, the relationships between the use and development of these
technologies for the field, the challenges inherent in the contexts of Latin American countries
(such as the lack of resources, infrastructure, and digital literacy), and the need to foster
innovation in the 4.0 segment are explored [27–29].

The purple cluster, made up of four keywords, deals with the relationship between
machine learning technologies and their use in different types of crops. Among the promi-
nent studies, De Macedo [30] specifies that the use of remote sensing, in conjunction with
machine learning algorithms, makes it possible to deal with agricultural operations data
more quickly and at a lower cost. Smith et al. [31] explore the use of these technologies
as tools capable of generating soil and crop data, which can make it possible to draw up
specific recommendations for certain contexts, guaranteeing profitable production for small
and medium-sized farmers.

The ciano cluster, comprising four keywords, shows the relationship between the
adoption of digital technologies in the field, such as precision agriculture technologies, and
their technical efficiency. An example of this relationship is the study by Carrer et al. [32],
which suggests that adopting Precision Agriculture Technologies can enhance farmers’
decision-making, increasing the efficiency of the resources used in the production process,
and economic and environmental sustainability. However, among the obstacles to this
adoption are aspects related to the farmer’s education level, the property size, and the
availability of specialized technical assistance.

Finally, the orange cluster, made up of three keywords, specifically addresses the
relationship between the barriers to adopting these digital technologies in agricultural
production, with more studies on the Brazilian case. These specific studies are explored in
the next section of this article.

Although the clusters are differentiated by color, the analysis shows a direct intercon-
nection between them. This interconnection reveals the direct relationship between terms
encompassing both the concept of ‘digital agriculture’ and the concept of ‘climate-smart
agriculture’. Focusing more on ‘digital agriculture’, makes it clear that it correlates with the
adoption of different digital technologies, and their potential, challenges, and experiences
linked to each use and cluster identified.

Based on the studies identified, several barriers and factors affect the adoption of digi-
tal agriculture technologies in the Latin American context. Specifically, regarding adoption



Sustainability 2025, 17, 3676 7 of 18

barriers, firstly, the owner’s lack of digital literacy and technological knowledge stands
out, especially regarding digital and technological platforms [9,12,13,33]. Secondly, the
economic and financial conditions are associated with the high costs of installations, skilled
labor, operating components, sustainable energy sources, and management/maintenance
of the technologies incorporated [2,13,17,29]. Thirdly, a lack of qualified labor and a limited
number of companies providing services [12,13,33–35]. Fourthly, there is a lack of trust
and uncertainty about the usefulness and benefits of technology, as well as cultural issues
linked to family traditions [22,34]. Fifthly, matters related to the available technological
infrastructure [2,17,36].

Other barriers are also mentioned by the publications identified, such as environmen-
tal, ethical, and social issues, age of the producer, educational background, interruption of
work in progress [2,17,36], lack of state support, regional issues and lack of local economic
development [34] political challenges and/or lack of procedures and agreements on data
use [2,17,36], need to foster R&D and innovative business models and insufficient interac-
tions between the actors of the technological innovation system [2,17,34,36], necessity of
tests and an action plan for technology implementation [2,17,36], and negative opinions
from relatives, neighbors, and friends [29].

On the other hand, the perceived usefulness (such as increased productivity, reduced
costs, faster work, and reduced workload) and the expectations of the producer are consid-
ered to be the main factors in the adoption of digital agriculture [13,29]. In second place is
the need to improve farm management and organization, followed by the availability of
technological infrastructure [29,37], education background [9,37,38], property size [9,37,39],
economic and financial conditions [9], age of the producer [38], facilitating conditions [38],
facilitating conditions (ease of use and testing) [40], personal and formal source of infor-
mation (training courses/seminars, consultants, farmers’ associations) [38], propensity to
take risks and innovate [38,39], experience of the producer [9], and type of organization to
which the producers are linked (whether cooperative or individual) [38,39].

These adoption factors are in line with the study conducted by Schroeder et al. [14],
which highlights elements linked to the producer’s profile (age, education, gender, will-
ingness to take risks), property characteristics (property size, type of property, level of
debt, resource endowment), social relations (local cultures, social environment, attitudes),
support institutions, the legal environment (laws and regulations); economic factors (cost
of investment, return on investment and profitability), dimensions related to technological
infrastructure (ease of use, perceived usefulness, availability of technical support, com-
plexity of the system, compatibility with other technologies), information on technological
availability (exhibitions, fairs, seminars and demonstrations), and decision support systems
(ease of data processing, support for decision-making).

Figure 3 summarizes the main barriers and adoption factors for digital agriculture
in the context discussed, considering the highest frequencies presented for each element.
It is interesting to note that, in both cases, some elements (in bold) can act as barriers to
adoption and adoption factors, such as the producer’s economic and financial conditions,
the technological infrastructure available, and the producer’s educational level.

The aspects addressed by these studies are interconnected, making it possible to outline
a multifaceted scenario of various elements that play essential roles in adopting digital
technologies in the countryside. However, two relevant aspects should be highlighted:
1. Membership of cooperative networks tends to favor the adoption of digital technologies
by rural producers [2,17,36,38,39]; 2. The need for these digital technologies to be adapted
to the needs of producers [2,17,36].

Cooperative networks are recognized as environments that facilitate the incorporation
of these technologies without necessarily relying on government funding. In this context,
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it is argued that the dynamics of these networks can help to mitigate some of the barriers
previously identified, such as limited economic and financial resources, as well as limita-
tions related to producers’ technological knowledge, as can be seen in some Brazilian case
studies [17,36,38,40].
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For the second point, it is crucial to consider that a solution to any issue is not defined
by its sophistication, but rather by its effectiveness in meeting the specific needs of the
producer and his community. Therefore, when a given technological solution is not suited
to the context and needs of the producer, it creates obstacles to the implementation of other
technologies, becoming new barriers to adoption.

Generally speaking, although these findings are relevant for formulating public poli-
cies for the sector, it is important to recognize that the sources of information in the studies
identified focus on the perspective of the rural producers interviewed and may be subject
to a specific bias. In this sense, it is argued that there is a need to use data that is secondary
to the methodology adopted by the studies analyzed, such as the development of digital
agriculture adoption indicators and the use of official government data.

4.2. Barriers to the Adoption of Digital Technologies in the Context of the Semear Digital Center

As previously indicated, this section will specifically address the barriers to the adop-
tion of digital technologies within the context of the Semear Digital Center. Among the
Center’s primary objectives are as follows:

• To map and select production chains that require digital solutions in various areas;
• To develop digital solutions through partnerships;
• To identify connectivity bottlenecks and propose communication solutions;
• To research, develop, and validate enabling technologies for digital solutions;
• To train farmers, agricultural technicians, and consultants on digital technologies

through farmer associations, cooperatives, and public and private extension offices.
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To achieve these goals, 10 Agro-Technological Districts (DATs) were selected to host
the Center, distributed throughout all regions of Brazil. A DAT is a system integrating
hardware, software, and connectivity, established in a specific region (generally limited to a
single municipality) to address the real needs of farmers. It serves as a model or showcase
for technologies and digital services focused on solving farm problems that can be easily
adopted and integrated into production processes.

In this context, using a set of indicators related to the available infrastructure, technical
assistance, socioeconomic and educational data, 10 DATs were selected, as shown in
Figure 4.
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Concerning the barriers identified in the baseline Time Zero (T0) assessment (the
moment T0 refers to one of the preliminary stages of the project, which aims to identify the
rural properties that will be part of the project, as well as to collect data on socioeconomic
aspects in the municipality, identify the main productive crops, the profile of the producers,
the analysis of value added, the analysis of agricultural income, local governance, the use of
digital technologies in the field, and the assessment of rural producers’ demands), data are
available from nine DATs already visited by the Center’s team (Excluding DAT Breves-PA,
which has not yet been mapped due to logistical issues.). These barriers are depicted in
Appendix A, including the characterization of them.

The comparison of the results reveals that the barriers identified in the bibliometric
analysis align with most of those found in the context of the DATs of the Semear Digital



Sustainability 2025, 17, 3676 10 of 18

Center. The lack of technological infrastructure, particularly the absence of rural connec-
tivity, stands out as a major obstacle to the adoption of digital technologies. The high
costs associated with implementation and maintenance, as well as the shortage of technical
training, skilled labor, digital literacy, and collaboration with other stakeholders in the
innovation system (such as the lack of industrial investment) are additional challenges.

Age and generation also hinder the adoption of digital agriculture, along with the lack
of government support. Specific issues include the absence of public policies, excessive
bureaucracy, and limited rural credit for digital transformation. Other barriers were also
identified, differing from those in the bibliometric analysis, including the following:

• Land management issues that hinder the implementation of computerized systems,
along with a lack of standardized production processes;

• A lack of organization and collaboration among producers, who could share informa-
tion and technologies;

• An absence of technologies specifically tailored to the needs of rural producers;
• The region’s topography, which may hinder the adoption of certain digital technologies;
• Limited access to information, particularly regarding the existence of such technologies;
• Secure land tenure, essential for accessing rural credit and agricultural development

projects; and,
• Diversity in production systems and/or a focus on a single crop, as some crops

benefit more from digital technologies than others, making it difficult to adapt these
technologies to other crops.

Figure 5 summarizes the comparison of barriers identified in both contexts.
More specifically, Figure 6 presents the comparison between the clusters identified in

the bibliometric analysis and the results obtained from the empirical analysis of the DATs.
Although not all barriers linked to the bibliometric analysis were identified in the field,

other important barriers were added to the analyzed context. In any case, the main barriers
to the adoption of digital agriculture refer to those presented in both analyses, addressing
technological, economic, political, and social dimensions involved in the adoption of these
technologies.

It is worth noting that although the role of the State is important for providing rural
credit and implementing public policies capable of encouraging the adoption of these
technologies in the countryside, the organization among rural producers also proves to be
an important tool for such digital transformation [3].

Besides from that, these mixed-methods approach directly address our research questions:
RQ1: The green and orange clusters (digital divide/localized barriers) map to per-

vasive adoption challenges (e.g., connectivity), while blue (IoT) highlights drivers like
irrigation efficiency (aligned with Chile’s LoRa successes [26]).

RQ2: Divergences—such as land tenure (absent in clusters but critical in DATs)—
underscore how bibliometric trends may overlook contextual realities, necessitating empiri-
cal validation.
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5. Conclusions
This study analyzed the adoption of digital agricultural technologies in Latin America,

focusing on Brazil. The research combined bibliometric analysis of the existing literature
with empirical data from Brazil’s Semear Digital Center to identify both barriers and
drivers of technology adoption in the region. In general, the literature indicated that several
challenges and opportunities characterize the transition to digital agriculture. Among the
main barriers identified in this study were the lack of technological knowledge and digital
literacy on the part of producers, their economic and financial conditions (considering the
high costs of installation, maintenance, and hiring skilled labor and management), the lack
of qualified labor to operate these technologies, as well as the limited number of companies
providing services in this area. In addition to these factors, the lack of reliability, the
presence of uncertainties and cultural issues related to the preservation of family traditions,
and the lack of technological infrastructure and connectivity, are also highlighted among
the main factors hindering the adoption of digital agriculture in Latin American countries,
especially in the case of Brazil.

As for the drivers, the most significant emphasis was placed on the perceived use-
fulness and expectations of the producer when it comes to implementing these digital
technologies (especially when it comes to increasing productivity, reducing costs and the
workload), as well as the need to improve the management and organization of the prop-
erty, the technological infrastructure and connectivity available, the size of the property and
the educational background of the producer. In both cases, some factors act both as barriers
to implementation and as adoption factors, such as economic and financial conditions and
the technological infrastructure available.

The barriers identified in the bibliometric analysis are very similar to those observed in
the DATs of the Semear Digital Center, especially regarding the technological infrastructure
available, the economic factors (high implementation and maintenance costs), the social
factors (technical training and digital literacy), and the policy-related factors (lack of public
policies, excessive bureaucracy, and limited government support). Major challenges include
land management, producer-related factors (lack of organization, collaboration, and access
to appropriate technologies), geographic factors (topographical constraints), secure land
tenure, and production diversity (related to the challenges in adapting digital technologies
to diverse crops).

Four actionable recommendations emerge:

• Digital literacy programs: Partner with cooperatives to deliver localized training,
addressing age-related barriers.

• Rural connectivity PPPs: Leverage public–private partnerships to expand connectivity.
• Tailored financial instruments: Develop microloans for smallholders, informed by

credit constraints.
• Land tenure formalization: Integrate tenure security with digital adoption policies to

unlock credit access.

In light of the findings, in terms of practical recommendations, Latin American pol-
icymakers should prioritize investments in rural connectivity, digital literacy training
programs, financial support mechanisms, and context-specific technology solutions.
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dation, T.D.; formal analysis, T.D.; investigation, T.D.; data curation, T.D.; writing—original draft
preparation, T.D.; writing—review and editing, T.D. and L.R.; visualization, T.D.; supervision, L.R.
and S.M.; project administration, S.M.; funding acquisition, S.M. All authors have read and agreed to
the published version of the manuscript.



Sustainability 2025, 17, 3676 14 of 18

Funding: This work was funded by the São Paulo Research Foundation (FAPESP) under grant
numbers 2023/08686-0 and 2022/09319-9.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The original contributions presented in this study are included in the
article. Further inquiries can be directed to the corresponding author.

Conflicts of Interest: Authors Luciana Romani and Silvia Massruhá are employed by Embrapa.
Author Thais Dibbern is employed by the University of Campinas. The remaining authors declare
that the research was conducted in the absence of any commercial or financial relationships that
could be construed as a potential conflict of interest.

Appendix A

Table A1. Barriers to adopting digital technologies in DATs (Semear Digital Center). Author’s
elaboration.

DAT N. Agricultural
Establishments Production Chains Biome Barriers to Adopting Digital Technologies

Alto Alegre
(São Paulo) 468

Sugarcane, peanut,
banana, corn,

watermelon, rubber,
and coffee

Atlantic Forest

Connectivity and infrastructure constraints:
Limited rural connectivity, and inadequate
infrastructure, including electricity and
mobile internet.
Digital literacy: Low digital literacy
among producers.
Cost barriers: High equipment and software
costs, along with internet connection fees.
Lack of collaboration and producer
organizations: A demand exists for platforms
to share information, negotiate collectively,
and access technologies.
Management challenges: Producers face
difficulties in tracking production costs
and income.

Boa Vista do
Tupim (Bahia) 2.536

Cassava, tomato,
watermelon, corn,
beans, and goats

Caatinga

Connectivity and infrastructure constraints:
Limited rural connectivity, and inadequate
infrastructure, including electricity and
cellular networks.
Digital literacy: Digital literacy is a critical
need for farmers.
Lack of collaboration and producer
organizations: Producers seek platforms for
knowledge sharing, collective bargaining, and
technology access.

Caconde (São
Paulo) 1.262 Coffee and fish

farming (tilapia) Atlantic Forest

Connectivity and infrastructure constraints:
Despite high digital technology adoption for
weather forecasting and planning, limited
rural connectivity hinders the full potential of
digital agriculture.
Digital literacy: Farmers require more training
in production, management, and marketing to
effectively use digital tools.
Cost barriers: High costs and complexity limit
farmers’ access to advanced technologies.
Industry investment: Insufficient industry
investment in digital agriculture solutions.
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Table A1. Cont.

DAT N. Agricultural
Establishments Production Chains Biome Barriers to Adopting Digital Technologies

Guia Lopes da
Laguna (Mato
Grosso do Sul)

672

Soybean, corn,
crop-livestock-forest
integration, cassava,
sugarcane, coconut,

tomato, banana,
watermelon, sweet

potato, and
beekeeping

Cerrado

Connectivity and infrastructure constraints:
Limited fiber optic infrastructure in rural areas
restricts access to high-quality internet.
Cost barriers: High deployment costs limit
internet service providers’ investments in
rural areas.
Digital literacy: Low digital literacy among
small-scale producers.
Information access: Limited internet access
restricts access to digital resources and tools
for farm management.
Lack of tailored solutions and standardization:
Existing digital solutions often do not meet the
specific needs of small-scale farmers.

Ingaí (Minas
Gerais) 236 Dairy cattle farming,

corn, and soybean Atlantic Forest

Digital literacy: Low digital literacy
among producers.
Age and generational gap: The age of
producers is a significant challenge to digital
agriculture adoption.
Skills gap/lack of skilled labor: Producers
require specific training to use digital tools and
there is a demand for skilled labor.
Credit constraints: Limited access to credit
hinders technology investments.

Jacupiranga
(São Paulo) 505

Banana, heart of
palm, cassava, corn,
rubber, passion fruit,

rice, coconut,
sugarcane, guava,

and buffalo

Atlantic Forest

Connectivity and infrastructure constraints:
While internet coverage is adequate, digital
adoption is primarily focused on drone-based
spraying, with untapped potential in other
areas. Limited roads and electricity restrict
technology adoption.
Digital literacy: Low digital literacy, especially
for invoicing and app usage.
Skills gap/lack of skilled labor: Producers
require training in crop management, drone
operations, and management software.
Management challenges: Lack of a centralized
database hinders data-driven decision-making.
Land tenure: Secure land tenure is essential for
accessing credit and development projects.
Cost barriers: High production costs and
limited credit hinder technology investments.
Topographic challenges: Rugged terrain limits
technology adoption in certain areas.
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Table A1. Cont.

DAT N. Agricultural
Establishments Production Chains Biome Barriers to Adopting Digital Technologies

Lagoinha (São
Paulo) 257

Corn, dairy cattle
farming, cassava,
tangerine, tomato,
beans, pigs, and

laying hens

Atlantic Forest

Connectivity and infrastructure constraints:
Uneven fiber optic coverage creates a digital
divide. Limited data infrastructure hinders the
implementation of advanced digital solutions.
Cost barriers: High equipment costs and
internet fees limit technology adoption.
Digital literacy: Low digital literacy among
producers, especially older ones.
Skills gap/lack of skilled labor: Producers
require training in various areas to effectively
use digital tools.
Credit constraints: Limited access to credit
hinders technology investments.
Diverse production systems: The diversity of
agricultural activities requires tailored
technological solutions.
Lack of tailored solutions and standardization:
Varied production practices and products
hinder large-scale technology implementation.

São Miguel
Arcanjo (São

Paulo)
1.916 Fruit and vegetable

cultivation Atlantic Forest

Connectivity and infrastructure constraints:
Uneven internet coverage limits digital access.
Lack of infrastructure limits agricultural
development and technology use.
Digital literacy: Low digital literacy among
producers is a major barrier.
Cost barriers: High costs of technology
hinder adoption.
Bureaucratic hurdles and policy gaps:
Complex regulations hinder production and
marketing. Insufficient government support
discourages technology adoption.
Lack of collaboration and producer
organizations: Individualism limits
negotiation and resource access.
Credit constraints: Limited access to credit
hinders investments.

Vacaria (Rio
Grande do Sul) 1.039

Apple, grape,
blackberry, blueberry,
soybean, corn, wheat,
potato, oats, barley,

beans, onion, tomato,
pear, peach, orange,
tangerine, cassava,
persimmon, and

sweet potato

Atlantic Forest

Connectivity and infrastructure constraints:
Limited connectivity hinders digital tool
access and data collection.
Focus on a single crop: The apple chain is a
leading adopter of digital technologies, but
other crops lag.
Digital literacy: Low digital literacy among
small-scale producers.
Skills gap/lack of skilled labor: Producers
require training in various areas to effectively
use digital tools.
Cost barriers: High equipment costs and
internet fees limit technology adoption.
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