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Abstract

Smart Farming is a revolutionary paradigm in the agri-food sector that
integrates real-time data collection through various sensors and sources (i.e.,
the Internet of Things technologies (loT) such as automation systems, farm
bots, drones, and technological computer infrastructure). These integrated
solutions support more intelligent decisions in the agricultural sector,
increasing competitiveness and productivity in rural areas. However, there are
difficulties with interoperability, security, data governance, farming practices
diversity, farmer capacitation, and technology diffusion. End-users are
heterogeneous, from illiterate producers to farm enterprises, which involves a
custom ICT adoption strategy for each potential customer. This paper presents
a systematic literature review that identifies the opportunities and barriers to
adopting Smart Farming solutions in rural areas, highlighting the need to
implement centered-user design strategies to increase the technology adoption
considering two different types of farmers.

Keywords: IoT Adoption, DOI, Smart farming, TAM, UTAUT.

Introduction

Smart Farming, Smart Agriculture, Digital Agriculture, e-Agriculture, Agriculture 4.0, or
Agri-food 4.0 (Lezoche et al., 2020; Saiz-Rubio & Rovira-Mas, 2020; Sott et al., 2020; van
der Burg et al., 2019) It is a paradigm shift for the agri-food sector that focuses on optimal
farm management cycle. (Lioutas & Charatsari, 2020). The decision-making across the value
food chain implies a cyber-physical system, which means that smart devices connected to the
Internet control the farm system (Wolfert et al., 2017). Hence, SF transforms traditional
physical-social farming systems into cyber-physical-social systems. Smart Farming
technologies indicate loT-based solutions in Agrobusiness according to the cyclic system
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technologies of Precision Agriculture (PA) (Kolipaka, 2020; Lioutas et al., 2019): Data
acquisition, Data analysis, and evaluation, and Precision application.

Taking into account the Food Agriculture Organization (FAO) recommendations related to
Information and Communications Technology (ICT) adoption in agriculture; precisely, the
e-Agriculture strategy to transform agriculture and food production based on ubiquity,
portability, and mobility of digital technologies for optimal decision-making (FAO, 2018)
and the International Telecommunication Union (ITU) strategies fostering ICT-centric
innovation and smart and sustainable development (ITU, 2018b, 2018a). This work suggests
a better understanding of farmers' opportunities and barriers to Smart Farming Adoption.
With this aim in mind, in this paper, we explore a new unified approach for deploying IoT
solutions in farms, considering technologies' perceived usefulness.

1.Aims and objectives

Some studies observed a relationship between Smart Farming Adoption and some critical
variables: Firstly is the perception of economic and commercial barriers (Caffaro & Cavallo,
2019, 2020). Secondly is the farmers' education in technology (Pivoto et al., 2019;
Suebsombut et al., 2020). Thirdly is smart technologies' perception of use and the potential
for radical changes in farm management [6], [17]. Fourthly is the hard use and interpretation
of data due to their volume and complexity (Van Es & Woodard, 2017). Fifthly is the farm
assets, covering investment capability, land scale (size), and previous technology
implementation (Eastwood & Renwick, 2020; Wolfert et al., 2017). Thus, Smart Farming
Adoption as another technology requires prior diffusion. Hence, there is relevant to consider
the Diffusion of Innovation theory (DOI) (Rogers, 1983). Then the variables that can
influence technology adoption in the agricultural sector must be analyzed, considering the
end-user. There is broad theoretical and experimental evidence in the literature to support
two types of Farmers: Smallholder farmers and Business farmers. Depending on the end-user
category, there are theoretical references that explain the adoption of technologies, such as
The Unified Theory of Acceptance and Use of Technology (UTAUT) (Venkatesh et al.,
2003) and the Technology Acceptance Model (TAM) (Davis, 1989).

This work considers a sustainable food value chain to context the stakeholder's relationship.
Thus, FAO's structure is a helpful framework for reference due to its four main components
(FAO, 2014). Therefore, this work proposes a comprehensive definition to describe this
technology phenomenon: Smart Farming Adoption is the design, development, and
deployment of affordable, scalable, and easily accessible information and communication
technologies to support intelligent decisions in the agricultural sector, which transforms the
traditional physical-social farming systems into cyber-physical-social systems using loT-
based solutions in the cyclic system of Precision Agriculture. to identify Opportunities and
Barriers of Smart Farming Adoption.

2022, Editorial Universitat Politécnica de Valéncia |{cc) BASTIN

54



Talero Sarmiento, L. H.; Parra-Sanchez, D.T.; Lamos-Diaz, H.

2.Methodology

For the Systematic Literature Review process, this work has the following search protocol:
guiding research questions, research strategy, selection criteria, classification, and synthesis
of the selected studies. Hence, for the development of this study, the four guiding questions
are: Q1: What are the primary studies on implementing Smart Farming solutions and their
perception of use? Q2: How are the different actors in the agricultural value chain interrelated
regarding Smart Farming solutions uses? Q3: What are the theoretical references for the
Adoption of Smart Farming solutions in rural areas? Q4: What loT technologies have been
implemented in rural areas to support the work of farmers?

For this study, we extract the selected documents from the Scopus database. It allowed us to
identify the technological trend and find papers published in prestigious databases such
as [EEE Xplore, ScienceDirect, Springer Link, and other publishers such as MDPI that
publish in Open Access. We manually reviewed the selected documents to obtain the
information that would allow answering the guiding questions. To select these documents,
we take into consideration scientific articles, or conference proceedings in English, published
during the 2016-2021 period, belonging to the following disciplines: Computer Science,
Engineering, Agricultural and Biological Sciences, Social Sciences, Mathematics, Energy,
Environmental  Science,  Business, =~ Management and  Accounting,  Decision
Sciences, y Economics, and Econometrics and Finance. In this preliminary search, we only
used the descriptor "Smart Farming" to explore the study subject. We selected 2016 as the
initial year of the investigation due to the increasing number of published documents.
Therefore, the final search equation was:

TITLE — ABS — KEY ("Smart farming") AND (LIMIT

—TO (PUBYEAR,2021) OR LIMIT —TO (PUBYEAR,2020 ) OR LIMIT

—TO (PUBYEAR,2019) OR LIMIT —TO (PUBYEAR ,2018 ) OR LIMIT 1
—TO (PUBYEAR,2017 ) OR LIMIT —TO (PUBYEAR ,2016 )) AND ( LIMIT @
—TO (LANGUAGE ,"English")) AND (LIMIT — TO (SRCTYPE,"j") OR LIMIT

—TO (SRCTYPE ,"p")) AND (EXCLUDE (SUBJAREA,"PHYS" ) OR EXCLUDE (SUBJAREA,

Initially, we reviewed the title, abstract, and keywords of the 409 documents retrieved. Later,
we reviewed the articles according to each abstract's scope and its relation to our study topic.
We select the final works based on the following inclusion (i.e., Articles covering rigorous
research methods focused on adopting Smart Farming solutions in rural areas, which consider
TAM or UTAUT, implementing as a unit of analysis farmers as end-users) and exclusion
criteria like (i) articles focused on the technical evaluation of technological deployments
without highlighting the interaction with farmers nither, (ii) Survey-type literature review
article without proposing (i) theoretical frameworks, (ii) behavioral or statistical perception
models, or (iii) Letters to the editor, event summaries, or additional documents that do not
match the search equation.
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3.Results
This work draws the results accordingly to the research questions as follows:

3.1.Q1:What are the primary studies on implementing Smart Farming
solutions and their perception of use?

Some works emphasize that farm technology usability improves facilities and agricultural
technology implementation. Smart Farming Technologies must simultaneously solve
multiple management and planning tasks.(Caffaro et al., 2020; Kampker et al., 2019; Pivoto
etal., 2019; Zhai et al., 2020). Hence, it is essential to address an initial requirement analysis
to avoid cumbersome user experiences. Suakanto et al. (2016) For Decision Support Systems
in Data sensor networks, the tech solution must be easy to implement and configure. A good
requirement analysis can improve the user experience. Thus, the: Ease of use and user
experience are key for end-users to adopt Smart Farming.(Xin & Zazueta, 2016). Some end-
users consider Smart Farming Adoption's benefits, especially its usability. Smart Farming
could be: Farming-friendly, Increase productivity due to reduced input costs, helps make
better management decisions because correct data gathering provides better information,
improves farm impact on nature while increasing crop yield, and improves farmers' work
comfort, work processes, and workload. (Kernecker et al., 2020; Knierim et al., 2019).
Despite farm distance from cities, lack of information, and farmers' mental barriers, SFA has
clear benefits (Sarri et al., 2020).

Xin and Zazueta (2016) suggest a relation between User experience and Smart Farming
Adoption backed up by evidence to develop a knowledge-based hybrid cloud architecture.
The authors conclude: "A customized solution is key so that farmers can select apps they
need and use their farm-specific data, citizen forums, workshops, surveys, internet forums,
interest group representation on steering committees, and user-centered design."
Accordingly, the design must go through a unique and holistic co-creation process to tune up
the User Experience by adopting a Smart Farming Solution. For this, the sustainable
stakeholders of the food value chain framework must select the most appropriate set of tools,
devices, components, and data sources (Makinde et al., 2019; Roussaki et al., 2019). Besides
the stakeholder integration process to improve User Experience, there are some essential
guidelines to improve the Ease of Use of Online Knowledge Sharing systems. The following
lessons are fundamental: Provide content that the users find relevant and valuable, Have a
user-friendly interface, Make information meaningful, Tackle the research — user gap and
specify Smart Farming Technology added value, Provide local contextualization — tackle
spatial/temporal variation, and Provide up to date information (Bruce, 2016; Kernecker et al.,
2020). A brief conclusion to the advantages and challenges described above indicates
successful cases of applying Smart Farming Technologies and their perception of ease of use
and User experience as a strategy to improve Smart Farming Adoption.
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3.2.Q2:How are the different actors in the agricultural value chain interrelated
regarding Smart Farming solutions uses?

The available evidence of retrieved works points to most actors in the sustainable food value
chain belonging to the Production Link considering the FAO's framework (FAO, 2014).
Those stakeholders are diverse in roles, from internal farmworkers to external institutions.
One aspect of farmer-stakeholder relationships is the technology used for data and
information sharing.(Bruce, 2016; Kruize et al., 2016; Roussaki et al., 2019). This idea
implies the existence of Technology suppliers, which can own farming software or develop
a technical platform, the Application Components, and the Devices/ Nodes (Barreto &
Amaral, 2018; Braun et al., 2018; Kruize et al., 2016; Wolfert et al., 2017). Technology
suppliers must create custom, efficient hardware and software. A single, precise description
from stakeholders can optimize functionality, implementation, and piece partitioning. Based
on the above, centered-user design or co-design, it is necessary to capture the whole set of
tools, devices, components, and data sources needed by farmers and agronomists.(Andrieu et
al., 2019; Ayre et al., 2019; Barreto & Amaral, 2018; Braun et al., 2018; Bruce, 2016; Jakku
et al., 2019; Kernecker et al., 2020; Knierim et al., 2019; Makinde et al., 2019; Rose &
Chilvers, 2018; Roussaki et al., 2019). More, to ensure the best practices during the
requirements analysis phase, it is essential to desegregate the different Farmer types.

Even if the growers aim to increase the agricultural ecosystem in efficiency and production
sustainability, at least there are two different grower profiles: Farmer and Farm enterprises.
The first profile includes synonymies as small-scale farmers, conventional production
farmers, family farmers, and family units (Andrieu et al., 2019; Braun et al., 2018; Eastwood
& Renwick, 2020; Jakku et al., 2019; Sarri et al., 2020). This profile is critical to improving
farm management. According to FAO, about 90 percent of the world's 570 million farms are
owned and operated by families. Moreover, many smallholder family farmers are poor and
food insecure, having limited access to markets and services (2020). Therefore, Smart
Farming Adoption's ultimate challenge is considering this unique profile during the SFT
design process, making technologies accessible and usable.

In contrast, the second grower profile is Farm enterprises or Agribusiness. It can be an arable
farm, livestock farm, horticultural farm, wild fauna, and flora (Kruize et al., 2016). Snapp
and Pound say production models are crucial (2017) "Diversifying farm enterprises will boost
mixed-enterprise farming systems' output." (Snapp & Pound, 2017). Then, some studies and
reviews leave smart farming technology readiness implicit.(Barreto & Amaral, 2018; Braun
et al., 2018; Caffaro et al., 2020; Ingram & Maye, 2020; Jakku et al., 2019; Kernecker et al.,
2020; Kruize et al., 2016; Lioutas & Charatsari, 2020; Rose & Chilvers, 2018; Wiseman et
al., 2019). Developing SFT for Farm enterprises could improve farming systems quickly;
however, based on global farm composition, SFT for smallholder farmers is required to
achieve Sustainable Development Goals.
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In summary, to facilitate the Smart Farming Adoption process, it is necessary to develop
technology center-user designed or co-designed, particularly considering the educational,
social, economic, and technological challenges in smallholder farming. This participatory
design requires collaboration between actors across the food value chain. Innovative agri-
tech (Bacco et al., 2018; Braun et al., 2018; Jakku et al., 2019; Rose & Chilvers, 2018;
Roussaki et al., 2019), Corporate Venture Firms (Braun et al., 2018; Jakku et al., 2019;
Knierim et al., 2019; Rose & Chilvers, 2018; Wolfert et al., 2017), Incubators (Braun et al.,
2018; Jakku et al., 2019; Rose & Chilvers, 2018; Roussaki et al., 2019; Wolfert et al., 2017),
University (Barreto & Amaral, 2018; Braun et al., 2018; Ingram & Maye, 2020; Jakku et al.,
2019; Kernecker et al., 2020; Knierim et al., 2019), Venture Capital Firms (Braun et al., 2018;
Jakku et al., 2019; Knierim et al., 2019; Rose & Chilvers, 2018; Wolfert et al., 2017), and
Business accelerators (Braun et al., 2018; Jakku et al., 2019; Rose & Chilvers, 2018;
Roussaki et al., 2019; Wolfert et al., 2017). A holistic vision can help develop affordable,
scalable, and easily accessible solutions for Smart Farming.

3.3.Q3:What are the theoretical references for the Adoption of Smart Farming
solutions in rural areas?

Once we selected the retrieved papers related to technology adoption, this research identifies
theoretical references applying the snowball methodology (Lewis-Beck et al., 2004).
Considering the idea of compatibility as a decisive factor for the innovation adoption process
(Lioutas & Charatsari, 2020), We can go back to the theoretical framework of diffusion of
innovations proposed by Rogers (Rogers, 1983). This theory explains how new ideas and
technologies spread and why. This theory is essential due to current tools or procedures for
improving technology adoption. (Balafoutis et al., 2020). Smart Farming Adoption also
involves adopting, using, and adapting digital technologies on-farm. (Klerkx et al., 2019).
Last, these are the main theoretical and methodological perspectives. Last, these are the main
theoretical and methodological perspectives. (Klerkx et al., 2019): (i) adoption and diffusion
theory. (ii) Behavioral psychology. (iii) Practice theory. (iv) Assemblage theory. (v) Cost and
benefit modeling. (vi) Econometrics, Evolutionary economics. And (vii) Innovation systems
(Klerkx et al., 2019). Based on the snowball method and early adoption on smallholder farms,
we highlight internet penetration and training as essential for SFA and a knowledge source
in transitional agriculture.(Janc et al., 2019; Knierim et al., 2019).

It then discusses internet penetration and its benefits. Michels et al. results were comparable
(Michels et al., 2020) because co-design must consider Internet penetration due to age, farm
size, location, and Internet familiarity are risks associated with mobile internet adoption in
agriculture. Indeed, "Identifying factors influencing mobile internet adoption can help
policymakers and businesses develop marketing strategies for mobile farm equipment
(Michels et al., 2020). To close this question, we return to the idea of Klerkx et al. (2012)
(Klerkx et al., 2012). The authors researched methods of Agricultural Innovation Systems
(AIS). This work presents an in-depth analysis of the main elements: The evolution in
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thinking on systems approaches as a co-evolutionary process (i.e., combined technological,
social, economic, and institutional change). The AIS' differences in conceptualization and
operationalization and the interactions between multi-actor, infrastructures, policies, and
institutions. Key enablers and disablers of AIS. Methods for researching AIS. Moreover,
Interventions at different levels stimulate AIS. This viewpoint provides a comprehensive and
extensive view of actors and factors that co-determine innovation because of potential
adopters' values, experiences, and need to improve Smart Farming Adoption (Lioutas &
Charatsari, 2020).

3.4.Q4:What IoT technologies have been implemented in rural areas to support
the work of farmers

This work investigates and explores Smart Farming Technologies available on retrieved
documents. As a first approximation, all technologies applied to Smart Farming can be nested
with the Agriculture Internet of things Domain (J. Doshi et al., 2019; Kamilaris et al., 2016;
Talavera et al., 2017). However, a more detailed analysis is required to determine SFT. We
present the main groups of technologies considering their application to research work or
their highlighted importance: (i) Wireless Sensor Networks (Bacco et al., 2018; Choi & Jie,
2016; Roussaki et al., 2019; Suakanto et al., 2016). App (Alves et al., 2019; Bruce, 2016;
Caffaro et al., 2020; Marimuthu et al., 2017; Roussaki et al., 2019). (ii) Big Data (Caffaro et
al., 2020; Wolfert et al., 2017). (iii) Cloud computing (Alves et al., 2019; Caffaro et al., 2020;
Roussaki et al., 2019; Suakanto et al., 2016). (iv) Databases and terminals (Alves et al., 2019;
Barreto & Amaral, 2018; Choi & Jie, 2016; Wiseman et al., 2019). (v) Digital Twins (Alves
etal., 2019). (vi) Decision Support systems (Alves et al., 2019; Caffaro et al., 2020; Z. Doshi
et al., 2018; Roussaki et al., 2019; Suakanto et al., 2016; Zhai et al., 2020). (vii) Embedded
system (Caffaro et al., 2020; Choi & Jie, 2016). (viii) Internet, website, and Social networks
(Braun et al., 2018; Bruce, 2016; Janc et al., 2019; Knierim et al., 2019; Marimuthu et al.,
2017; Michels et al., 2020; Musat et al., 2018). (ix) IoT (Bacco et al., 2018; Braun et al.,
2018; Caffaro et al., 2020; Lioutas & Charatsari, 2020). (x) Sensors (Choi & Jie, 2016;
Roussaki et al., 2019). (xi) Software as a service (Caffaro et al., 2020; Kruize et al., 2016;
Roussaki et al., 2019). (xii) UAV and UGV (Bacco et al., 2018; Caffaro et al., 2020)

Conclusions

Based on the findings, the main conclusion for this work is that developing Smart Farming
Technologies to fulfill sustainable development goals requires a change of focus to
smallholder farm requirements. This transition is necessary to apply methodologies such as
co-design, user-centered design, and participatory design, considering the whole perspectives
of sustainable food value chain stakeholders. Furthermore, Smart Farming solutions will not
include only the engineer perspective but also integrate social science to facilitate technology
adoption in an on-site context. The overcoming challenges include: (i) Adopting knowledge
from experienced experts. (ii) Enhance accessibility, Improve usability. (iii) Enriching
Decision Supports Systems. (iv) Reduce technology acquisition costs and improve Resource
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efficiency. (v) Guarantee Cyber-security. (vi) Improve Business Continuity, Crisis
Management, Leadership, and Governance.
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